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Ââîäíîå ñëîâî ãëàâíîãî ðåäàêòîðà

ÑÅÌÜ ËÅÒ Â ÝÊÎËÎÃÈ×ÅÑÊÈ ×ÈÑÒÎÉ ÝÍÅÐÃÅÒÈÊÅ

Óâàæàåìûå ÷èòàòåëè
Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà

«Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»!

Â èþëå 2007 ãîäà àâòîìàòè÷åñêàÿ ñèñòåìà ðåãèñòðàöèè ïîñåùàåìîñòè àðõèâà ïîëíîòåê-
ñòîâûõ ýëåêòðîííûõ êîïèé íàøåãî æóðíàëà çà ïåðèîä 2000–2006 ãã. çàðåãèñòðèðîâàëà
650 òûñ. ïîñåòèòåëåé èç 100 ñòðàí ìèðà. Ïðè ýòîì òîëüêî çà îäèí ìåñÿö â îòêðûòîì ýëåêò-
ðîííîì äîñòóïå ðàñïðîñòðàíÿåòñÿ áîëåå 30 òûñ. êîïèé æóðíàëà. Ôèðìû-ðàñïðîñòðàíèòåëè
áóìàæíîé âåðñèè ÀÝÝ òàêæå îòìåòèëè ïîâûøåíèå ñïðîñà íà æóðíàë êàê â Ðîññèè, òàê è çà
ðóáåæîì. Îòðàäíî, ÷òî íåñìîòðÿ íà ýëåêòðîííûé äîñòóï ê ïîëíûì âåðñèÿì æóðíàëà, ñåãîä-
íÿ ìû ïî ýêñïîðòó òâåðäûõ êîïèé çà ðóáåæ îïåðåæàåì ìíîãèå íàó÷íûå æóðíàëû. Èìïàêò-
ôàêòîð ñàéòà æóðíàëà ISJAEE, êîòîðûé îïðåäåëÿåòñÿ âñåìè ïîèñêîâûìè ñèñòåìàìè «Èí-
òåðíåòà», ïðåâûøàåò èìïàêò-ôàêòîð ñàéòîâ ìíîãèõ íàó÷íûõ æóðíàëîâ Ðîññèè.

Ãîäîâàÿ ïîñåùàåìîñòü ñàéòîâ Ìåæäóíàðîäíîãî íàó÷íîãî è îáðàçîâàòåëüíîãî ïîðòàëà «Âî-
äîðîä», â ñîñòàâ êîòîðîãî âõîäèò ñàéò æóðíàëà, äîñòèãëà â 2006 ãîäó áîëåå îäíîãî ìèëëèîíà.

Âûñîêèé óðîâåíü ïóáëèêóåìûõ ìàòåðèàëîâ îáåñïå÷èâàåòñÿ, ïðåæäå âñåãî, îòáîðîì îðèãè-
íàëüíûõ ðóêîïèñåé ó÷åíûõ, èçâåñòíûõ â ìåæäóíàðîäíîì ñîáùåñòâå, à òàêæå íàó÷íûìè îáçî-
ðàìè ïðèãëàøåííûõ àâòîðîâ â ñïåöèàëüíûõ âûïóñêàõ æóðíàëà. Îñîáåííî âàæíûå òâîð÷åñêèå
èìïóëüñû ñîçäàþò ìíîãîïëàíîâûå ñòàòüè â ðàìêàõ Ìåæäóíàðîäíûõ íàó÷íûõ êîíêóðñîâ æóð-
íàëà, íàïðàâëÿåìûå ñî âñåõ óãîëêîâ ïëàíåòû ïî âñåì òåìàòè÷åñêèì íàïðàâëåíèÿì æóðíàëà.

Êîíñòðóêòèâíàÿ è äîáðîæåëàòåëüíàÿ ïîëèòèêà ìíîãîÿðóñíîãî ðåöåíçèðîâàíèÿ ðóêîïè-
ñåé âåäóùèìè ðåöåíçåíòàìè ðåäêîëëåãèè è ïîñëåäóþùàÿ ñîãëàñîâàííàÿ îáðàáîòêà ìàòåðèà-
ëà ïðîôåññèîíàëüíûìè äèçàéíåðàìè, ëèòåðàòóðíûìè ðåäàêòîðàìè, êîððåêòîðàìè è ýêñ-
ïåðòàìè îáåñïå÷èâàåò âûñîêèé íàó÷íûé óðîâåíü è êà÷åñòâî îïóáëèêîâàííûõ ìàòåðèàëîâ.

Ñòðóêòóðà Ìåæäóíàðîäíîé Ðåäêîëëåãèè æóðíàëà ïîëíîñòüþ óäîâëåòâîðÿåò òðåáîâàíè-
ÿì ñîâðåìåííîãî íàó÷íîãî ïåðèîäè÷åñêîãî èçäàíèÿ. Îêîëî ñòà ñîðîêà ó÷åíûõ è âûñîêîïðî-
ôåññèîíàëüíûõ èíæåíåðîâ èç 40 ñòðàí ìèðà âåäóò íàïðÿæåííóþ è êðîïîòëèâóþ ðàáîòó ïî
ðàçâèòèþ íàó÷íîé òåìàòèêè æóðíàëà è çà÷àñòóþ âûñòóïàþò ðîäîíà÷àëüíèêàìè íîâûõ íàó÷-
íûõ è íàó÷íî-òåõíè÷åñêèõ íàïðàâëåíèé. Ðåäêîëëåãèÿ àêòèâíî âåäåò ðàáîòó ïî ôîðìèðîâà-
íèþ ïîðòôåëÿ ïóáëèêàöèé, îðãàíèçàöèè è ïðîâåäåíèþ Ìåæäóíàðîäíûõ íàó÷íûõ êîíêóð-
ñîâ æóðíàëà, îðãàíèçàöèè è ïðîâåäåíèþ Ñåìèíàðîâ, Êîíôåðåíöèé, Ñèìïîçèóìîâ è Êîíã-
ðåññîâ æóðíàëà, èçäàíèþ Èíôîðìàöèîííûõ áþëëåòåíåé, ïðåññ-ðåëèçîâ, à òàêæå àêòèâíî
ó÷àñòâóþò â ïðîâåäåíèè ýêñïåðòèçû íàó÷íûõ è íàó÷íî-òåõíè÷åñêèõ ïðîåêòîâ, ïóáëèêóå-
ìûõ â æóðíàëå.

Îäíèì èç íàèáîëåå çíà÷èìûõ ñîáûòèé äëÿ Ðåäêîëëåãèè æóðíàëà ÿâëÿåòñÿ Ïåðâûé Âñå-
ìèðíûé Êîíãðåññ «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» (WCAEE-2006), ïðîâåäåííûé â
ôîðìå ïåðåäâèæíîãî ôîðóìà íà òåïëîõîäå «Ãåîðãèé Æóêîâ» ïî Âîëãå ïî ÷åòûðåì âàæíåé-
øèì ðåãèîíàì Ðîññèè: Íèæåãîðîäñêîé îáëàñòè, Òàòàðñòàíó, ×óâàøèè, Óëüÿíîâñêîé îáëàñ-
òè è ñîáðàâøåìó áîëåå 1000 ó÷åíûõ, èíæåíåðîâ, áèçíåñìåíîâ, ãîñóäàðñòâåííûõ, ðåëèãèîç-
íûõ è ïîëèòè÷åñêèõ äåÿòåëåé èç 16 ñòðàí ìèðà.

×åòâåðòûé íîìåð æóðíàëà íà÷èíàåòñÿ ëåêöèÿìè (Award Lecture of ISJAEE) âñåìèðíî
èçâåñòíûõ ó÷åíûõ è àâòîðñêèõ êîëëåêòèâîâ, íàãðàæäåííûõ â 2007 ãîäó âûñøèìè Ìåæäó-
íàðîäíûìè íàó÷íûìè íàãðàäàìè ðåäêîëëåãèè æóðíàëà ISJAEE:

— ëåêöèåé «21st Century’s energy: hydrogen energy system» Ïðåçèäåíòà Ìåæäóíàðîäíîé
àññîöèàöèè âîäîðîäíîé ýíåðãåòèêè, äèðåêòîðà Èíñòèòóòà ÷èñòîé ýíåðãèè óíèâåðñèòåòà Ìàé-
àìè ïðîôåññîðà Òóðõàíà Íåäæàòà Âåçèðîãëó (ÑØÀ, Óíèâåðñèòåò Ìàéàìè), íàãðàæäåííîãî
îðäåíîì Àíòóàíà äå Ñåíò-Ýêçþïåðè «Çà ïîâûøåíèå êà÷åñòâà æèçíè íà ïëàíåòå ëþäåé».

— ëåêöèåé «Íåïëàòèíîâûå êàòàëèçàòîðû äëÿ ýëåêòðîîêèñëåíèÿ áèîýòàíîëà è òîïëèâ-
íûå ýëåìåíòû íà èõ îñíîâå» àêàäåìèêà Ðîññèéñêîé àêàäåìèè íàóê, äèðåêòîðà Èíñòèòóòà
ôèçè÷åñêîé õèìèè è ýëåêòðîõèìèè ÐÀÍ èì. À. Í. Ôðóìêèíà Àñëàíà Þñóïîâè÷à Öèâàäçå
è àâòîðñêîãî êîëëåêòèâà Ì. Ð. Òàðàñåâè÷, Â. Í. Àíäðååâ, Â. À. Áîãäàíîâñêàÿ, Á. Í. Åôðå-
ìîâ, Í. À. Êàïóñòèíà, Â. Í. Òèòîâà, À. À. ßâè÷, Í. Í. Áåëîâà, Ï. Â. Ìàçèí (Àêàäåìèê
À. Þ. Öèâàäçå íàãðàæäåí Îðäåíîì àêàäåìèêà Ì. Â. Ëîìîíîñîâà, ÷ëåíû àâòîðñêîãî êîëëåê-
òèâà íàãðàæäåíû ìåäàëüþ æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»).
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— ëåêöèåé «Alloys for hydrogen separation, recovery and purification» ïðîôåññîðà Ìàéê-
ëà Äóãëàñà Õýìïòîíà (Óíèâåðñèòåò Îðëàíäî, ÑØÀ) è àâòîðñêîãî êîëëåêòèâà D. K. Slattery,
M. T. Oztek (ïðîôåññîð Ì. Ä. Õýìïòîí íàãðàæäåí îðäåíîì Ïåòðà Âåëèêîãî «Çà âêëàä â
ðàçâèòèå îòíîøåíèé ìåæäó ñòðàíàìè ïî îáìåíó ýíåðãåòè÷åñêèìè òåõíîëîãèÿìè», àâòîð-
ñêèé êîëëåêòèâ íàãðàæäåí ìåäàëÿìè æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»).

— ëåêöèåé «Semiconductor NOx Sensors» àêàäåìèêà ÍÀÍ Àðìåíèè Âëàäèìèðà Ìèõàé-
ëîâè÷à Àðóòþíÿíà (Åðåâàíñêèé Ãîñóäàðñòâåííûé Óíèâåðñèòåò, Àðìåíèÿ), íàãðàæäåííîãî
Îðäåíîì Âåðíàäñêîãî «Çà äîñòèæåíèÿ â îáëàñòè ãåîõèìèè ýêîëîãèè è ýíåðãåòèêè â ïëàíå-
òàðíîì ìàñøòàáå»

— ëåêöèåé «Direct conversion of nuclear energy to electricity» ïðîôåññîðà Óíèâåðñèòåòà
Ìèññóðè-Êîëàìáèÿ Ì. Ïðåëàñà, íàãðàæäåííîãî ìåäàëüþ Ô. Æîëèî-Êþðè «Çà âêëàä â ýô-
ôåêòèâíîå èñïîëüçîâàíèå ðàäèîàêòèâíûõ ýíåðãîðåñóðñîâ»

— ëåêöèåé «Âëèÿíèå ìåòîäà ñèíòåçà íà ýëåêòðîõèìè÷åñêèå õàðàêòåðèñòèêè êñåðîãå-
ëåé V2O5 ïðè âíåäðåíèè ëèòèÿ» äåéñòâèòåëüíîãî ÷ëåíà Ðîññèéñêîé àêàäåìèè íàóê, äåêàíà
ôàêóëüòåòà íàóê î ìàòåðèàëàõ ÌÃÓ èì. Ì. Â. Ëîìîíîñîâà ïðîôåññîðà Þ. Ä. Òðåòüÿêîâà (ÔÍÌ
ÌÃÓ, Ðîññèÿ) è àâòîðñêîãî êîëëåêòèâà: ÷ëåí-êîððåñïîíäåíò ÐÀÍ Å. À. Ãóäèëèí, Ò. Ë. Êó-
ëîâà, Ì. Ã. Êîçëîâà, Ä. À. Ñåìåíåíêî, Å. À. Ïîìåðàíöåâà, À. Â. Ãðèãîðüåâà, À. Ì. Ñêóíäèí,
(Àêàäåìèê Þ. Ä. Òðåòüÿêîâ íàãðàæäåí ìåäàëüþ Ä. È. Ìåíäåëååâà, àâòîðñêèé êîëëåêòèâ

ìåäàëüþ Ðåäêîëëåãèè æóðíàëà «Çà áîëüøîé âêëàä â àëü-
òåðíàòèâíóþ ýíåðãåòèêó è ýêîëîãèþ»).

Íåñêîëüêî óâåëè÷åííûé îáúåì ÷åòâåðòîãî íîìåðà æóð-
íàë ïîêà åùå íå «çàêðûâàåò» âñå òåìàòè÷åñêèå íàïðàâëå-
íèÿ æóðíàëà, îäíàêî ìû èñêðåííå ñòðåìèìñÿ ê ýòîìó è
îáðàùàåìñÿ ê àâòîðàì ñ ïðîñüáîé áîëåå êîìïàêòíîãî ïðåäî-
ñòàâëåíèÿ ìàòåðèàëà.

Ðîâíî ñåìü ëåò íàçàä 7 èþëÿ 2000 ãîäà áûëî ïðèíÿòî
ðåøåíèå èçäàâàòü Ìåæäóíàðîäíûé íàó÷íûé æóðíàë «Àëü-
òåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» è óæå 29 èþëÿ 2000
ãîäà âûøåë â ñâåò ïåðâûé íîìåð æóðíàëà. Îòìå÷àÿ
07.07.07 ã. ñåìèëåòèå ñî äíÿ ïðèíÿòèÿ ðåøåíèÿ î ñîçäà-
íèè æóðíàëà, ðåäêîëëåãèÿ æóðíàëà áûëà ïðèÿòíî óäèâëå-
íà òåì ôàêòîì, ÷òî çà ýòè ñåìü ëåò îïóáëèêîâàíî 777 íàó÷-
íûõ ñòàòåé, îáçîðîâ, òåçèñîâ êîíôåðåíöèé è èíôîðìàöèîí-
íî-àíàëèòè÷åñêèõ ìàòåðèàëîâ! Îòìå÷àÿ 27 èþëÿ ñåìèëåòèå
ñî äíÿ âûõîäà ïåðâîãî íîìåðà, ðåäêîëëåãèÿ æóðíàëà âûïó-
ñòèò â ñâåò þáèëåéíûé 50-òûé íîìåð æóðíàëà.

Âñå ñåìü ëåò ñ ìîìåíòà îáðàçîâàíèÿ ðåäêîëëåãèÿ ðàáî-
òàåò ïîä äåâèçîì «Àëüòåðíàòèâíûå ýíåðãîðåñóðñû, âûñî-

êèå ýíåðãåòè÷åñêèå òåõíîëîãèè è íàóêè î ìàòåðèàëàõ äëÿ óëó÷øåíèÿ êà÷å-
ñòâà æèçíè è ýêîëîãèè íà ïëàíåòå».

Êîíöåïöèÿ æóðíàëà ïðåäñòàâëåíà íà ñõåìå “Êîíöåïöèÿ è îñíîâíûå òå-
ìàòè÷åñêèå íàïðàâëåíèÿ Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ
ýíåðãåòèêà è ýêîëîãèÿ»”.

Ðåäêîëëåãèÿ æóðíàëà ïðåäëàãàåò ñîçäàòü Ìåæäóíàðîäíûé íàó÷íûé è
äåëîâîé êëóá àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè ïîä ýãèäîé æóðíàëà è
ïðèãëàøàåò âñòóïèòü â íåãî çàèíòåðåñîâàííûå íàó÷íûå è íàó÷íî-òåõíè÷åñ-
êèå îðãàíèçàöèè ìèðà. Ìû óâåðåíû, ÷òî ðîæäåíèå êëóáà è äåÿòåëüíîñòü
ó÷åíûõ, îáúåäèíåííûõ ïîä çíàìåíåì àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëî-
ãèè, ñäåëàåò áîëüøèíñòâî æèòåëåé Çåìëè ñ÷àñòëèâûìè, çäîðîâûìè, à òàê-
æå ïîìîæåò ñîõðàíèòü êðàñîòó ïðèðîäû äëÿ áóäóùèõ ïîêîëåíèé.

Ñîãëàñíî ïëàíó ðåäêîëëåãèè ISJAEE ïî èçäàíèþ ñïåöèàëüíûõ íîìåðîâ æóðíàëà, îäîá-
ðåííîìó Äåïàðòàìåíòîì Âîäîðîäíîé ýíåðãåòèêè îòäåëà ïðîìûøëåííîãî ðàçâèòèÿ ÎÎÍ
(UNIDO-ICHET), ýòîò íîìåð ïîñâÿùåí àëüòåðíàòèâíîé ýíåðãåòèêå è ýêîëîãèè Ñîåäèíåííûõ
Øòàòîâ Àìåðèêè.

Ñ óâàæåíèåì,

Àëåêñàíäð Ëåîíèäîâè÷ Ãóñåâ
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Introductory Remarks by Editor-in-Chief

SEVEN YEARS IN ENVIRONMENTALLY CLEAN ENERGY

Dear Readers of the International Scientific Journal
for Alternative Energy and Ecology,

On July 2007, the automatic guestbook of the electronic full-text archive of our Journal
recorded 650 thousand visitors from 100 countries of the world over the period from 2000
through 2006. The number of Journal copies distributed through free electronic access in only
one month is 30 thousand. Hard copy distributors of the Journal have also noticed the growing
demand for the Journal both in Russia and oversea. We are pleased that despite the full-text
electronic access to the Journal, we are still ahead of many scientific journals in exporting our
hard copies. The impact factor of the ISJAEE web site, which is determined by all search
engines on the Internet, exceeds that of the web sites of many scientific journals in Russia.

The annual number of visitors of the International Scientific and Educational Portal “Hy-
drogen”, including the Journal’s web site, in 2006 was more than one million.

The high quality of publications is primarily ensured by the pick-out of original manu-
scripts by internationally renowned scientists and scientific overviews by invited authors in
special issues of the Journal. A particularly creative impetus is produced by versatile articles
related to all topics of the Journal, submitted from around the world and published within the
framework of the Journal’s international competitions.

Constructive and well-intentioned policy of multi-level review of manuscripts by leading
referees of the Editorial Board and subsequent coordinated processing of materials by profes-
sional designers, script editors, correctors and experts provides the high scientific level and
quality of the publications.

The structure of the Journal’s Editorial Board completely meets the requirements to a
present-day scientific periodical.  About one hundred and forty scientists and highly profession-
al engineers from 40 countries of the world work hard to develop the scientific coverage of the
Journal, and often become pioneers of novel scientific and engineering directions. The Editorial
Board works actively to make a portfolio of contributions, arrange and conduct international
scientific competitions, conferences, symposia and congresses established by the Journal, pub-
lish bulletins, press releases, and participates in the review of R&D projects presented to the
Journal.

One of the most prominent events for the Journal’s Editorial Board is the First World
Congress on Alternative Energy and Ecology (WCAEE-2006) held in the form of a mobile forum
aboard the George Zhukov liner along the Volga River across the following four major regions of
Russia: Nizhniy Novgorod region, Tatarstan, Chuvashia and Uluyanovsk region. This Congress
brought together more than 1000 scientists, engineers, businessmen, public, governmental,
religious and political figures from 16 countries of the world.

The fourth issue of the Journal begins with the ISJAEE Award Lectures of world-wide
recognized scientists and research teams, who received the highest International Scientific
Awards of the Journal’s Editorial Board in 2007:

— “21st Century’s energy: hydrogen energy system” by Prof. Dr. T. Nejat Veziroglu, Pres-
ident of International Association for Hydrogen Energy, Director of Clean Energy Research
Institute, University of Miami, USA, awarded the Antoine de Saint Exupery Order for the
Improvement of Life Quality on the Planet of People.

— “Non-platinum catalysts for electrochemical oxidation of bioethanol and fuel cells on
their basis” by Member of Russian Academy of Sciences Aslan Yusupovich Tsivadze, Director of
A. N. Frumkin Institute of Physical Chemistry and Electrochemistry, RAS, and co-authors:
M. R. Tarasevich, V. N. Andreev, V. A. Bogdanovskaya, B. N. Efremov, N. A. Kapustina,
V. N. Titova, A. A. Yavich, N. N. Belova, P. V. Mazin (Member of Academy A. Yu. Tsivadze has
been awarded the Member of Academy M. V. Lomonosov Order, and the co-authors have been
awarded the Medal of the Journal for Alternative Energy and Ecology).

— “Alloys for hydrogen separation, recovery and purification” by Prof. Michael Douglas
Hampton, University of Orlando, USA, and co-authors: D. K. Slattery, M. T. Oztek
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(Prof. M. D. Hampton has been awarded the Peter the Great Order for the Contribution to the
Development of International Relations in Exchanging Energy Technologies, and the co-au-
thors have been awarded the Medal of the Journal for Alternative Energy and Ecology).

— “Semiconductor NOx Sensors” by Member of Armenian National Academy of Sciences
Vladimir Mikhailovich Aroutiounian (Yerevan State University, Armenia), awarded the Vernad-
sky Order for Accomplishments in Geochemistry, Ecology and Energy on the Global Scale.

— “Direct conversion of nuclear energy to electricity” by Prof. Mark Prelas, University of
Missouri-Columbia, awarded the F. Joliot-Curie Medal for Contribution in efficient use of radi-
oactive sources.

— “Electrophysical properties of V2O5 xerogels with lithium embedding as a function of the
synthesis process” by Full Member of Russian Academy of Sciences Prof. Yu. D. Tretiakov,
Chair of Materials Sciences Faculty, M. V. Lomonosov Moscow State University, Russia, and co-
authors: Corresponding Member of Russian Academy of Sciences E. A. Gudilin, T. L. Kulova,
M. G. Kozlova, D. A. Semenenko, E. A. Pomerantseva, A. V. Grigorieva, A. M. Skundin (Mem-
ber of Academy Yu. D. Tretiakov has been awarded the D. I. Mendeleev Medal, and the co-
authors have been awarded the Medal of the Journal’s Editorial Board for the Great Contribu-
tion to Alternative Energy and Ecology).

Even with its somewhat larger size, the fourth issue of
the Journal does not cover all the topics of the Journal, but
we sincerely strive for this and ask our authors to present
their materials in a more compact form.

Exactly seven years ago, on July 7, 2000, a decision was
taken to establish the International Scientific Journal for Al-
ternative Energy and Ecology, and as early as on July 29,
2000, the first issue of the journal was published. Celebrat-
ing the Seventh Anniversary of taking this decision on 07.07.07,
the Journal’s Editorial Board was amused to learn that the
number of scientific papers, overviews, abstracts and analyt-
ical reports published in the Journal over the period of seven
years amounted to 777! In order to celebrate the Seventh
Anniversary of publishing the first issue of the journal on
July 27, the Editorial Board will publish the 50-th issue ded-
icated to the Anniversary.

Over the period of seven years from the date of its estab-
lishing, the Editorial Board has been guided by the motto:
Alternative energy resources, high energy technologies and

materials sciences for better quality of life and ecology on the Globe!
The Journal’s concept is presented in the diagram “Concept and Major

Topics of the International Scientific Journal for Alternative Energy and
Ecology”.

The Journal’s Editorial Board suggests establishing an International Scien-
tific and Business Club of Alternative Energy and Ecology under the auspices
of the Journal and invites all concerned research and development institutions
of the world to join it. We are sure that the club and activities of scientists
brought together under the banner of alternative energy and ecology will help
make most of Earth’s inhabitants happy and healthy, and preserve the beauty of
Nature for future generations.

In accordance with the journal publication plan adopted by the Journal’s Editorial Board
and approved by the UNIDO-ICHET Department of Hydrogen Energy, this issue is focused on
the alternative energy and ecology studies in the United States of America.

Yours faithfully,

Alexander Leonidovich Gusev
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Æóðíàë çàðåãèñòðèðîâàí Ìåæäóíàðîäíûì öåíòðîì ÞÍÅÑÊÎ â 2000 ã. (íàçâàíèå: «Al’ternativnaâ  ènergetika i
ècologiâ», êðàòêîå íàçâàíèå: «Al’tern. ènerg. ècol.»), ISSN 1608-8298.

Òåìàòèêà æóðíàëà îäîáðåíà Ìåæäóíàðîäíîé àññîöèàöèåé âîäîðîäíîé ýíåðãåòèêè (ÌÀÂÝ) è Ìåæäóíàðîäíûì
öåíòðîì ðàçâèòèÿ âîäîðîäíîé ýíåðãåòèêè Äåïàðòàìåíòà ïî âîïðîñàì ïðîìûøëåííîãî ðàçâèòèÿ ÎÎÍ (UNIDO-ICHET).

Æóðíàë âêëþ÷åí â «Ïåðå÷åíü ïåðèîäè÷åñêèõ íàó÷íûõ è íàó÷íî-òåõíè÷åñêèõ èçäàíèé, âûïóñêàåìûõ â ÐÔ,
ðåêîìåíäîâàííûõ äëÿ ïóáëèêàöèè îñíîâíûõ ðåçóëüòàòîâ äèññåðòàöèé íà ñîèñêàíèå ó÷åíîé ñòåïåíè äîêòîðà
íàóê» ÂÀÊ (ðåäàêöèÿ ìàé 2007 ã.).

Æóðíàë âêëþ÷åí â Ðåôåðàòèâíûé æóðíàë è Áàçû äàííûõ ÂÈÍÈÒÈ. Ñâåäåíèÿ î æóðíàëå åæåãîäíî ïóáëèêóþòñÿ
â ìåæäóíàðîäíîé ñïðàâî÷íîé ñèñòåìå ïî ïåðèîäè÷åñêèì è ïðîäîëæàþùèìñÿ èçäàíèÿì «Ulrich’s Periodicals Directory».

Èìïàêò-ôàêòîð æóðíàëà — 2,8.
Èìïàêò-ôàêòîð æóðíàëà ïî ðåéòèíãó Íàó÷íîé ýëåêòðîííîé áèáëèîòåêè — 0,037.
Èìïàêò-ôàêòîð ñàéòà æóðíàëà ïî ðåéòèíãó ïîèñêîâîé ñèñòåìû «ßíäåêñ» — 30.
Æóðíàë âêëþ÷åí â êàòàëîãè: «Ðîñïå÷àòü» (èíäåêñ 20487), Îáúåäèíåííûé êàòàëîã «Ïðåññà Ðîññèè. Ðîññèéñêèå è

çàðóáåæíûå ãàçåòû è æóðíàëû» (èíäåêñ 41935), «Èíòåðïî÷òà-2003», «Àðòîñ-ÃÀË», «Äåëîâàÿ ïðåññà», «ÅÐÌÀÊ-ÏÐÅÑÑ».
Ïîëíûå ýëåêòðîííûå âåðñèè ñòàòåé ïðåäñòàâëåíû íà ñàéòå Íàó÷íîé ýëåêòðîííîé áèáëèîòåêè http://e-library.ru,

íà ñàéòå Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» http://www.isjaee.ru è íà
ñàéòå Ìåæäóíàðîäíîãî íàó÷íîãî è îáðàçîâàòåëüíîãî ïîðòàëà «Âîäîðîä» http://www.hydrogen.ru.

Æóðíàë çàðåãèñòðèðîâàí â Ôåäåðàëüíîé ñëóæáå ïî íàäçîðó çà ñîáëþäåíèåì çàêîíîäàòåëüñòâà â ñôåðå ìàññî-
âûõ êîììóíèêàöèé è îõðàíå êóëüòóðíîãî íàñëåäèÿ (ñâèäåòåëüñòâî ÏÈ ¹ ÔÑ77-21881) îò 14 ñåíòÿáðÿ 2005 ã.
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Ïîëîæåíèå î Íàãðàäíîé êîìèññèè ðåäêîëëåãèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðà-
íàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äå-
ëîâîãî êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè è Êîíñîðöèóìà «Âîäîðîä»

Ïîëîæåíèå î íàãðàäàõ ðåäêîëëåãèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðàíàëà «Àëüòåð-
íàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà
àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè è Êîíñîðöèóìà «Âîäîðîä»

Ïåðå÷åíü íàãðàä ðåäêîëëåãèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðàíàëà «Àëüòåðíà-
òèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà
àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè è Êîíñîðöèóìà «Âîäîðîä»

ÂÎÄÎÐÎÄÍÀß ÝÊÎÍÎÌÈÊÀ

Ò. Í. Âåçèðîãëó
Ýíåðãåòèêà 21-ãî âåêà: âîäîðîäíàÿ ýíåðãåòèêà

Ìåòîäû ïîëó÷åíèÿ âîäîðîäà

Ì. Ä. Õýìïòîí, Ä. Ê. Ñëýòòåðè, Ì. Ò. Îæòåê
Ñïëàâû äëÿ îòäåëåíèÿ, èçâëå÷åíèÿ è î÷èñòêè âîäîðîäà

ÀÒÎÌÍÀß ÝÍÅÐÃÅÒÈÊÀ

Ì. À. Ïðåëàñ
Ïðÿìàÿ êîíâåðñèÿ ÿäåðíîé ýíåðãèè â ýëåêòðè÷åñêóþ

ÊÀÒÀËÈÇ Â ÀËÜÒÅÐÍÀÒÈÂÍÎÉ ÝÍÅÐÃÅÒÈÊÅ

Êàòàëèç â òîïëèâíûõ ýëåìåíòàõ

À. Þ. Öèâàäçå, Ì. Ð. Òàðàñåâè÷, Â. Í. Àíäðååâ, Â. À. Áîãäàíîâñêàÿ, Á. Í. Åôðåìîâ,
Í. À. Êàïóñòèíà, Â. Í. Òèòîâà, À. À. ßâè÷, Í. Í. Áåëîâà, Ï. Â. Ìàçèí
Íåïëàòèíîâûå êàòàëèçàòîðû äëÿ ýëåêòðîîêèñëåíèÿ áèîýòàíîëà è òîïëèâíûå
ýëåìåíòû íà èõ îñíîâå

ÂÎÄÎÐÎÄÍÀß ÝÊÎÍÎÌÈÊÀ

Ãàçîàíàëèòè÷åñêèå ñèñòåìû è ñåíñîðû âîäîðîäà

Â. Ì. Àðóòþíÿí
Ïîëóïðîâîäíèêîâûå NOx ñåíñîðû

ÎÑÍÎÂÍÛÅ ÏÐÎÁËÅÌÛ ÝÍÅÐÃÅÒÈÊÈ È ÀËÜÒÅÐÍÀÒÈÂÍÎÉ ÝÍÅÐÃÅÒÈÊÈ

Àêêóìóëèðîâàíèå ýëåêòðè÷åñêîé ýíåðãèè

Ä. À. Ñåìåíåíêî, Ò. Ë. Êóëîâà, À. Ì. Ñêóíäèí, Ì. Ã. Êîçëîâà, Å. À. Ïîìåðàíöåâà,
À. Â. Ãðèãîðüåâà, Å. À. Ãóäèëèí, Þ. Ä. Òðåòüÿêîâ
Âëèÿíèå ìåòîäà ñèíòåçà íà ýëåêòðîõèìè÷åñêèå õàðàêòåðèñòèêè êñåðîãåëåé V2O5
ïðè âíåäðåíèè ëèòèÿ

ÂÎÄÎÐÎÄÍÀß ÝÊÎÍÎÌÈÊÀ

Òîïëèâíûå ýëåìåíòû

Ç. Òàíã, È. ßðîñëàâñêèé, À. Áàðãåññ, Î. Êåñëåð, Á. Óàéò, Í. Áåí-Îâåä
Ïðîèçâîäñòâî òâåðäîîêñèäíûõ òîïëèâíûõ ýëåìåíòîâ ñ èñïîëüçîâàíèåì ñèñòåìû
ðàñïûëåíèÿ ïëàçìû ñ àêñèàëüíîé èíæåêöèåé

Êîíñòðóêöèîííûå ìàòåðèàëû

Þ. Í. Øàëèìîâ, Å. Ë. Õàð÷åíêî, Þ. Â. Ëèòâèíîâ, À. Ë. Ãóñåâ, Â. Â. Ïåøêîâ
Î ìåõàíèçìå ýëåêòðîõèìè÷åñêîãî íàâîäîðîæèâàíèÿ ìåòàëëîâ è ñïëàâîâ

Ä. Ã. Êëåùåâ, Ð. Ð. Êëåùåâà, À. Â. Òîë÷åâ, Ð. Í. Ïëåòíåâ
Ôàçîâûå ïåðåõîäû â γ-FeOOH ïðè òåðìîîáðàáîòêå â âîäíûõ ðàñòâîðàõ NaOH

20○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

22○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

25○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

26○ ○ ○ ○ ○ ○

28○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

31○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

35○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

46○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

54○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

63○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

69○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

83○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

88○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

92○ ○ ○ ○ ○ ○ ○ ○ ○ ○

99○ ○ ○ ○ ○ ○ ○
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À. Â. Ñàáûëèíñêèé, Í. Ê. Ìîðîç, Ñ. Ã. Êîçëîâà, Ñ. Ï. Ãàáóäà
Äèíàìèêà è ôëóêòóàöèè äèôôóçèè íàíîêàïèëëÿðíîé âîäû â êàíàëàõ öåîëèòà ïî
äàííûì 1Í ßÌÐ

Â. Ì. ×åðòîâ
Öèíêîâàíèå: íîâûå ïðîöåññû

Âîäîðîä äëÿ îáåñïå÷åíèÿ çäàíèé, ñîîðóæåíèé, æèëûõ äîìîâ

À. ß. Ñòîëÿðåâñêèé, Â. À. Õóñíóòäèíîâ, Ì. À. Êàñàòêèí
Ðåãóëèðóþùèå ýíåðãåòè÷åñêèå óñòàíîâêè íà áàçå ýëåêòðîõèìè÷åñêèõ ãåíåðàòîðîâ
è ôîðìèðîâàíèå òåððèòîðèàëüíîé âîäîðîäíîé èíôðàñòðóêòóðû

ÀÒÎÌÍÀß ÝÍÅÐÃÅÒÈÊÀ

Ê. À. Íåêðàñîâ, Í. Â. Çäîáíóõèíà, À. ß. Êóïðÿæêèí, Ì. Â. Ðûæêîâ, Ñ. È. Ïîòàøíèêîâ
Âçàèìîäåéñòâèå ðàäèîãåííîãî àðãîíà ñ èîííûìè êðèñòàëëàìè

Å. Â. Ìîðãóíîâ
Î ïîâûøåíèè ðîëè àòîìíîé ýíåðãåòèêè Ðîññèè

ÑÎËÍÅ×ÍÀß ÝÍÅÐÃÅÒÈÊÀ

È. À. Òóðñóíáàåâ
Òåðìîäèíàìè÷åñêîå ïðåîáðàçîâàíèå ñîëíå÷íî-òåïëîâîé ýíåðãèè íà áàçå çàìêíóòûõ
öèêëîâ òåïëîâûõ äâèãàòåëåé Ñòèðëèíãà

Ñîëíå÷íî-âîäîðîäíàÿ ýíåðãåòèêà

Ò. Ñ. Äæàáèåâ, Ã. À. Êóðêèíà, À. Å. Øèëîâ
Êîíöåðòíîå îêèñëåíèå âîäû êëàñòåðàìè êîáàëüòà (III)

Ñîëíå÷íûå ýëåêòðîñòàíöèè

À. Ì. Ïåíäæèåâ, Á. Ä. Ìàìåäñàõàòîâ
Îñíîâíûå óñëîâèÿ è ôàêòîðû ðàçâèòèÿ ôîòîýíåðãåòèêè â Òóðêìåíèñòàíå

Íàçåìíûå ñîëíå÷íûå ñòàíöèè

À. Â. Ìàòâååâ, Â. Ì. Ïàõàëóåâ, Ñ. Å. Ùåêëåèí
Ðàáîòà ñîëíå÷íîãî êîëëåêòîðà â ðåæèìå åñòåñòâåííîé öèðêóëÿöèè òåïëîíîñèòåëÿ

ÌÀËÛÅ È ÌÈÊÐÎÃÈÄÐÎÝËÅÊÒÐÎÑÒÀÍÖÈÈ

Â. À. Ìèøèí, À. Á. Êëèìîâñêèé
Ýíåðãîîáåñïå÷åíèå î÷èñòíûõ ñîîðóæåíèé ñ èñïîëüçîâàíèåì âîçîáíîâëÿåìûõ èñ-
òî÷íèêîâ ýíåðãèè

ÀËÜÒÅÐÍÀÒÈÂÍÀß ÝÍÅÐÃÅÒÈÊÀ È ÝÊÎËÎÃÈß

Í. Ìàíóñîâà, Ë. Êèðåé÷åâà, Ì. Òóðíîïîëüñêèé, Ï. Çååâè, Î. Ôèãîâñêèé, Å. Ìàíó-
ñîâ, Á. Ìàðàø
Ýêîëîãî-èíæåíåðíàÿ ñèñòåìà ðåãèîíîâ ñ ïðåîáëàäàíèåì ãðóíòîâûõ âîäíûõ ðåñóðñîâ

Ñ. À. Ãàðåëèíà, È. È. Êëèìîâñêèé
Óãðîçà ãëîáàëüíîé õèìè÷åñêîé èíòîêñèêàöèè îêðóæàþùåé ñðåäû â Ðîññèè. Óñëî-
âèÿ åå ëèêâèäàöèè

Í. Í. Áàðàíîâ, È. È. Êëèìîâñêèé
Ýêîëîãè÷åñêèå ïðîáëåìû ñîòîâîé ñâÿçè â Ðîññèè

ÐÀÁÎÒÛ ÀÑÏÈÐÀÍÒÎÂ È ÑÎÈÑÊÀÒÅËÅÉ Ó×ÅÍÎÉ ÑÒÅÏÅÍÈ

Ã. Â. Íèêèòåíêî, À. Í. Ñèìèêèí
Ýíåðãîñáåðåæåíèå â ñîîðóæåíèÿõ çàùèùåííîãî ãðóíòà

Êîñìè÷åñêàÿ æèçíü ðîññèéñêîé âîäîðîäíîé ýíåðãåòèêè

Íîâîñòè íàóêè è òåõíèêè

ÎÁÐÀÇÎÂÀÍÈÅ È ÍÀÓ×ÍÎ-ÈÑÑËÅÄÎÂÀÒÅËÜÑÊÈÅ ÖÅÍÒÐÛ
Â ÎÁËÀÑÒÈ ÀËÜÒÅÐÍÀÒÈÂÍÎÉ ÝÍÅÐÃÅÒÈÊÈ

Óíèâåðñèòåò Óëñòåðà

Ïÿòàÿ öåðåìîíèÿ íàãðàæäåíèÿ ëàóðåàòîâ ïðåìèè «Ãëîáàëüíàÿ ýíåðãèÿ»

104○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

108○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

111○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

120○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

127○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

130○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

136○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

141○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

146○ ○ ○ ○ ○ ○ ○

150○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

154○ ○ ○ ○ ○ ○ ○

158○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

163○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

174○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

177○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

180○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

197○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

198○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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Ó÷ðåäèòåëü, èçäàòåëü è ðåäàêöèÿ
Íàó÷íî-òåõíè÷åñêèé öåíòð «TATA»
Ãåíåðàëüíûé äèðåêòîð À. Ë. Ãóñåâ
E-mail: gusev@hydrogen.ru
Ïî÷òîâûé àäðåñ:
607183, Ðîññèÿ, Íèæåãîðîäñêàÿ îáë.,
Ñàðîâ, à/ÿ 687, ÍÒÖ «ÒÀÒÀ»
Òåë.: 8 (83130) 63107, 97472 Ôàêñ: 8 (83130) 63107
Ìîá. òåë.: +7-962-50-77-914
http://www.hydrogen.ru

Çàâåäóþùèé ðåäàêöèåé, ãë. ðåäàêòîð ñàéòà
http://isjaee.hydrogen.ru
Àëåêñàíäð Ëåîíèäîâè÷ Ãóñåâ
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ÈÍÔÎÐÌÀÖÈß Â ÎÁËÀÑÒÈ ÀËÜÒÅÐÍÀÒÈÂÍÎÉ ÝÍÅÐÃÅÒÈÊÈ
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211○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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231○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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136○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

141○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

146○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

150○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

154○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

158○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

163○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

174○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

177○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

180○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

197○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

198○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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223○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

225○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

227○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

228○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

230○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

231○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

205○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

208○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

210○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

211○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

214○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

217○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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SALUTATORY FOREWORD

Presently, fossil fuels provide about eighty percent of the energy
requirements of the world economy. As the developing countries,
such as India and China, try to catch up with the industrial world,
thereby increasing their energy consumption, the fossil fuel resources
are being depleted fast. Since the supply is limited, and the demand is
increasing, fossil fuel prices are also rising. Two years ago, a barrel
of oil cost $18.00; now it is around $60 to $70, and is expected to
continue to rise.

Today the world average income, per capita, is about $7,000. It
was in the two digit range when the industrial revolution started in
1860. We owe this quite speedy increase in wealth to fossil fuels.  As
with most medicine, there is a side effect. Their utilization results in
air pollution, acid rains, global warming, ozone layer depletion and
oil spillage. The ice caps have already started melting, oceans are
rising, many island nations in the Pacific and Indian Ocean are

partially inundated by ocean waters, and are expected to be completely submerged by the middle of this
century. The annual global damage by fossil fuels stands at about five trillion dollars, and is increasing
with the fossil fuel consumption.

From the above descriptions, we can see that the world is facing two major problems: (1) speedy
depletion of fossil fuels, and (2) global environmental problems caused by their utilization. These are
related problems. Scientists around the world is working in order to alleviate and resolve them. In
general, we can say that the scientists today belong to two major camps. In one camp, the western
camp, where the scientific literature is published generally in English, and the other camp, the eastern
camp, where the scientific literature is published generally in Russian. A far sighted Russian scientist,
Dr. Alexander L. Gusev, has seen the need of resolving the above explained global problems and also
seen the need for bringing together works of the two scientific camps, so that scientific communication
is established between them in resolving speedily and in the best possible way the biggest problems
facing the humankind. For this purpose, Dr. Gusev established the International Scientific Journal for
Alternative Energy and Ecology (ISJAEE) in the year 2000. In this journal papers on alternative
energy and ecology are published either in English or in Russian, so that the communication between
the two scientific worlds are put into practice. ISJAEE has grown steadily and will soon publish its 50th

issue. In parallel with the publication of ISJAEE, Dr. Gusev has organized several international confe-
rences on alternative energy and ecology, where the both English Speaking and Russian Speaking
scientists come together.

I am very happy to see that in order to honor the scientists from all over the world, ISJAEE has
now established some two dozen awards named after internationally prominent personalities. This
noteworthy activity will recognize the achievements of the today’s scientists, as well as honoring those
of the past.

In conclusion, I would like to salute Dr. Alexander L. Gusev for his great contributions by
effectively bringing together the two scientific worlds together through conferences and publications in
ISJAEE, and also recognizing the past and present scientists and thinkers, who have contributed and
who are contributing to the well-being of the humankind.

Prof. Dr. T. Nejat Veziroglu
President, International Association for Hydrogen Energy
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ÏÐÈÂÅÒÑÒÂÅÍÍÎÅ ÑËÎÂÎ

Ñåãîäíÿ îáåñïå÷èâàåòñÿ îêîëî 80 ïðîöåíòîâ ýíåðãåòè÷åñêèõ
ïîòðåáíîñòåé ìèðîâîé ýêîíîìèêè. Ïîñêîëüêó ðàçâèâàþùèåñÿ ñòðà-
íû, íàïðèìåð, Èíäèÿ è Êèòàé, ïûòàþòñÿ äîãíàòü ïðîìûøëåííûé
ìèð, ïîòðåáëÿÿ ïðè ýòîì âñå áîëüøå ýíåðãèè, ðåñóðñû èñêîïàåìûõ
òîïëèâ áûñòðî èñòîùàþòñÿ. Òàê êàê çàïàñ îãðàíè÷åí, à ïîòðåáíî-
ñòè ðàñòóò, öåíû íà èñêîïàåìîå òîïëèâî òàêæå ïîâûøàþòñÿ. Äâà
ãîäà íàçàä áàððåëü íåôòè ñòîèë 18 äîëëàðîâ, à ñåé÷àñ åãî öåíà
ñîñòàâëÿåò îêîëî 60–70 äîëëàðîâ, è îæèäàåòñÿ, ÷òî öåíà áóäåò
ðàñòè è äàëüøå.

Ñðåäíèé äîõîä íà äóøó íàñåëåíèÿ â ìèðå ñåãîäíÿ ñîñòàâëÿåò
îêîëî 7 000 äîëëàðîâ. Íà ðàññâåòå ïðîìûøëåííîé ðåâîëþöèè,
êîòîðàÿ íà÷àëàñü â 1860 ãîäó, îí âûðàæàëñÿ äâóçíà÷íûì ÷èñëîì.
Òàêèì áûñòðûì ðîñòîì áëàãîñîñòîÿíèÿ ìû îáÿçàíû èñêîïàåìûì
âèäàì òîïëèâà. Êàê è â ñëó÷àå ïðèìåíåíèÿ áîëüøèíñòâà ëåêàð-
ñòâåííûõ ñðåäñòâ, çäåñü èìååòñÿ ïîáî÷íîå äåéñòâèå. Èñïîëüçîâà-

íèå èñêîïàåìûõ òîïëèâ âåäåò ê çàãðÿçíåíèþ âîçäóõà, âûïàäåíèþ êèñëîòíûõ äîæäåé, ãëîáàëüíîìó
ïîòåïëåíèþ, ðàçðóøåíèþ îçîíîâîãî ñëîÿ è ðàçëèâó íåôòè. Ëåäíèêîâûå øàïêè óæå íà÷àëè òàÿòü,
óðîâåíü âîäû â îêåàíàõ ðàñòåò, ìíîãèå îñòðîâíûå ãîñóäàðñòâà â Òèõîì è Èíäèéñêîì îêåàíàõ
÷àñòè÷íî çàòîïëåíû îêåàíñêîé âîäîé è ïðåäïîëîæèòåëüíî ê ñåðåäèíå ýòîãî âåêà ïîëíîñòüþ óéäóò
ïîä âîäó. Åæåãîäíûé ãëîáàëüíûé óùåðá, ñâÿçàííûé ñ èñêîïàåìûìè òîïëèâàìè, ñîñòàâëÿåò îêîëî
ïÿòè òðèëëèîíîâ äîëëàðîâ, è ïî ìåðå ðîñòà èõ ïîòðåáëåíèÿ îí óâåëè÷èâàåòñÿ.

Âñå ýòè ôàêòû ñâèäåòåëüñòâóþò î òîì, ÷òî ìèð ñòîëêíóëñÿ ñ äâóìÿ ñåðüåçíûìè ïðîáëåìàìè:
1) áûñòðîå èñòîùåíèå çàïàñîâ èñêîïàåìîãî òîïëèâà è 2) ãëîáàëüíûå ýêîëîãè÷åñêèå ïðîáëåìû,
âûçâàííûå åãî èñïîëüçîâàíèåì. Ýòè ïðîáëåìû âçàèìîñâÿçàíû. Ó÷åíûå âñåãî ìèðà ðàáîòàþò íàä èõ
ðåøåíèåì. Â îáùèõ ñëîâàõ ìîæíî ñêàçàòü, ÷òî ñåãîäíÿ ó÷åíûå ðàçäåëèëèñü íà äâà îñíîâíûõ
ëàãåðÿ. Îäèí ëàãåðü — çàïàäíûé, â êîòîðîì íàó÷íàÿ ëèòåðàòóðà ïóáëèêóåòñÿ â îñíîâíîì íà
àíãëèéñêîì ÿçûêå, à äðóãîé — âîñòî÷íûé, â êîòîðîì íàó÷íàÿ ëèòåðàòóðà ïóáëèêóåòñÿ â îñíîâíîì
íà ðóññêîì ÿçûêå. Äàëüíîâèäíûé ðîññèéñêèé ó÷åíûé Àëåêñàíäð Ãóñåâ óâèäåë íåîáõîäèìîñòü ðåøå-
íèÿ ïåðå÷èñëåííûõ âûøå ãëîáàëüíûõ ïðîáëåì, à òàêæå ïîòðåáíîñòü ñâåäåíèÿ âîåäèíî ðàáîò ó÷å-
íûõ èç äâóõ ëàãåðåé äëÿ îðãàíèçàöèè ìåæäó íèìè íàó÷íîãî îáùåíèÿ ñ öåëüþ íàèñêîðåéøåãî
ðåøåíèÿ ñåðüåçíåéøèõ ïðîáëåì, ñ êîòîðûìè ñòîëêíóëîñü ÷åëîâå÷åñòâî, íàèáîëåå ýôôåêòèâíûì
ïóòåì. Ñ ýòîé öåëüþ â 2000 ãîäó Àëåêñàíäð Ãóñåâ ñîçäàë Ìåæäóíàðîäíûé æóðíàë «Àëüòåðíàòèâ-
íàÿ ýíåðãåòèêà è ýêîëîãèÿ» (ISJAEE). Â ýòîì æóðíàëå ñòàòüè ïî àëüòåðíàòèâíîé ýíåðãåòèêå è
ýêîëîãèè ïóáëèêóþòñÿ íà àíãëèéñêîì èëè ðóññêîì ÿçûêå, ÷òî îáåñïå÷èâàåò ñâÿçü ìåæäó äâóìÿ
íàó÷íûìè ìèðàìè. Æóðíàë ISJAEE ïîñòåïåííî ðàçâèâàåòñÿ, è âñêîðå ïîÿâèòñÿ åãî 50 íîìåð.
Ïàðàëëåëüíî ñ âûïóñêîì æóðíàëà ISJAEE Àëåêñàíäð Ãóñåâ îðãàíèçîâàë íåñêîëüêî ìåæäóíàðîä-
íûõ êîíôåðåíöèé ïî àëüòåðíàòèâíîé ýíåðãåòèêå è ýêîëîãèè, â êîòîðûõ ó÷àñòâîâàëè êàê àíãëîãî-
âîðÿùèå, òàê è ðóññêîãîâîðÿùèå ó÷åíûå.

Ìíå î÷åíü ïðèÿòíî, ÷òî äëÿ âûðàæåíèÿ ïðèçíàíèÿ ó÷åíûõ ñî âñåãî ìèðà æóðíàëîì ISJAEE
áûëî ó÷ðåæäåíî îêîëî äâóõ äåñÿòêîâ íàãðàä, íîñÿùèõ èìåíà âûäàþùèõñÿ ëè÷íîñòåé ìèðîâîãî
ìàñøòàáà. Ýòî çàìå÷àòåëüíîå íà÷èíàíèå ïîçâîëÿåò çàñâèäåòåëüñòâîâàòü ïðèçíàíèå äîñòèæåíèé
ñîâðåìåííûõ ó÷åíûõ, à òàêæå ïî÷òèòü ïàìÿòü ó÷åíûõ ïðîøëîãî.

Â çàêëþ÷åíèå ÿ õîòåë áû âûðàçèòü ïðèçíàòåëüíîñòü Àëåêñàíäðó Ãóñåâó çà åãî áîëüøîé âêëàä
â ýôôåêòèâíîå îáúåäèíåíèå äâóõ íàó÷íûõ ìèðîâ ïóòåì ïðîâåäåíèÿ êîíôåðåíöèé è èçäàíèÿ æóðíà-
ëà ISJAEE, à òàêæå çà âûðàæåíèå ïðèçíàíèÿ ó÷åíûõ ïðîøëîãî è íàñòîÿùåãî è ìûñëèòåëåé,
êîòîðûå ñäåëàëè è äåëàþò âêëàä â áëàãîïîëó÷èå ÷åëîâå÷åñòâà.

Ïðîô. Äîêòîð. Ò. Íåäæàò Âåçèðîãëó
Ïðåçèäåíò Ìåæäóíàðîäíîé àññîöèàöèè
âîäîðîäíîé ýíåðãåòèêè
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SALUTATORY NOTE

The energy rich nature and the relative abundance of petroleum have re-
sulted in the development of a wealth of products and an amazingly high
standard of living in most of the world. Unfortunately, the extraction of
energy from petroleum does not come without a cost. Humans have been slow to
realize this cost. As a result, the unburned hydrocarbons, nitrogen oxides, and
carbon dioxide produced in the utilization of petroleum are now having an
enormous negative effect on our climate on a global scale.

Internationally, there has been a great deal of effort to develop alternative
energy sources. In World War II, Boris Schelishch worked out a way to run
trucks on hydrogen left over in balloons used to protect the city of Leningrad.

In 1989, Iceland committed to a hydrogen economy by 2030 and the year after that Germany opened
two hydrogen refueling stations. In 1999, with support from NATO, scientists from 18 nations met in
Katsiveli, Ukraine in an Advanced Research Workshop on Hydrogen Materials Science and Chemistry
of Metal Hydrides. Scientists and policy makers are working together around the world to solve the
energy problem. In 2000, Dr. Alexander L. Gusev established the International Scientific Journal for
Alternative Energy and Ecology (ISJAEE) as a mechanism for scientists in the east and the west to
exchange ideas and successes and to collaborate. The journal title clearly indicated the acknowledge-
ment that energy and ecology are inextricably linked. Additionally, Dr. Gusev has organized a number
of international conferences to encourage and support the international, concerted work needed to solve
the energy and environment problem. The journal and meetings have been tremendously successful in
allowing scientists to work together to develop solutions and to provide policy makers the information
and options needed to bring all nations together in a sane and balanced effort to develop clean and safe
alternative energy. Dr. Gusev has been recognized for his exemplary work and leadership in the
development of hydrogen as an energy carrier by the awarding of the Tsiolkovsky Medal, the highest
award of Federation of Astronautics of Russia.

In the United States, even though the effects of petroleum availability have been drastic, a concert-
ed effort to develop alternative energy has been slow. The hardships created by the oil embargo and the
resulting shortages of the 1970’s created an interest in alternative and more efficient energy technolo-
gies. That interest was not accompanied by national and international fervor and eventually died out.
President Ford attempted to pass legislation that would increase production of energy efficient cars,
convert petroleum fired power plants to coal, speed up development of coal gasification technology, and
increase the use of non-fossil fuels. This legislation was defeated. However, he did succeed in re-
establishing the White House Office of Science and Technology to improve the availability of scientific
and technical advising to the federal government. This office is still functioning today and the
interaction of scientists with government is functioning in many ways to accelerate development of
hydrogen energy. In 1977 the Department of Energy (DOE) was established and the following year the
federal hydrogen research and development program was transferred there from the National Science
Foundation (NSF). In 1989 the National Hydrogen Association was formed in order to begin bringing
all segments of the energy community together to work out the use of hydrogen as a fuel. In 1990,
congress passed the Matsunaga Hydrogen Research, Development, and Demonstration act and estab-
lished the Hydrogen Technical Advisory Panel. The act mandated a 5-year implementation plan for
hydrogen research and development in the US and the panel was to coordinate the effort. In 2002 the
FreedomCAR project was created. This was a joint venture between Daimler-Chrysler, Ford, General
Motors, the DOE, and the US Council for Automotive Research to enable development of technologies
for petroleum-free vehicles. In 2003, Secretary of Energy, Spencer Abraham, established the Internation-
al Partnership for the Hydrogen Economy to bring about global cooperation in the establishment of a
hydrogen economy. In 2004 the NSF hosted the Future Directions in Hydrogen Energy Research and
Education in order to determine how it could facilitate development of hydrogen energy. President Bush
has included a great deal of funding for energy research, including hydrogen, and the new congress has
magnified that effort. In this issue of the ISJAEE, papers have been included that will highlight the work
being done in the United States to move the world closer to safe, clean energy sources.

Prof. Dr. Michael D. Hampton
Department of Chemistry
University of Central Florida
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ÏÐÈÂÅÒÑÒÂÅÍÍÎÅ ÎÁÐÀÙÅÍÈÅ
Ýíåðãåòè÷åñêîå áîãàòñòâî ïðèðîäû è îòíîñèòåëüíî áîëüøèå çàïàñû íåôòè ïðè-

âåëè ê ïîÿâëåíèþ èçîáèëèÿ ïðîäóêòîâ è ïîðàçèòåëüíî âûñîêîìó óðîâíþ æèçíè â
áîëüøåé ÷àñòè ìèðà. Ê ñîæàëåíèþ, çà ïîëó÷åíèå ýíåðãèè èç íåôòè ïðèõîäèòñÿ
ïëàòèòü. Ëþäÿì ïîòðåáîâàëîñü ìíîãî âðåìåíè, ÷òîáû îñîçíàòü ðàçìåð ýòîé ïëàòû.
Êàê ñëåäñòâèå, íåñãîðåâøèå óãëåâîäîðîäû, îêèñëû àçîòà è óãëåêèñëûé ãàç, êîòî-
ðûå îáðàçóþòñÿ ïðè èñïîëüçîâàíèè íåôòè, ñåãîäíÿ îêàçûâàþò ÷óäîâèùíîå îòðèöà-
òåëüíîå âîçäåéñòâèå íà íàø êëèìàò â ãëîáàëüíîì ìàñøòàáå.

Âî âñåì ìèðå ïðèëàãàþòñÿ ñåðüåçíûå óñèëèÿ ïî ðàçâèòèþ àëüòåðíàòèâíûõ
èñòî÷íèêîâ ýíåðãèè. Âî âðåìÿ Âòîðîé ìèðîâîé âîéíû Áîðèñ Øåëèù ïðèäóìàë, êàê
èñïîëüçîâàòü âîäîðîä, îñòàâàâøèéñÿ â àýðîñòàòàõ, êîòîðûå ñëóæèëè äëÿ çàùèòû
ãîðîäà Ëåíèíãðàäà, â êà÷åñòâå òîïëèâà äëÿ ãðóçîâèêîâ. Â 1989 ãîäó Èñëàíäèÿ ïðè-

íÿëà ïðîãðàììó ïåðåõîäà ê âîäîðîäíîé ýêîíîìèêå ê 2030 ãîäó, à ãîäîì ïîçæå â Ãåðìàíèè îòêðûëèñü äâå
âîäîðîäíûå çàïðàâî÷íûå ñòàíöèè. Â 1999 ãîäó ïðè ïîääåðæêå ÍÀÒÎ ó÷åíûå èç 18 ãîñóäàðñòâ âñòðåòèëèñü â
Êàöèâåëè (Óêðàèíà) íà íàó÷íî-èññëåäîâàòåëüñêîì ñåìèíàðå ïî âîäîðîäíûì ìàòåðèàëàì è õèìèè ãèäðèäîâ
ìåòàëëîâ. Ó÷åíûå è ïîëèòèêè âî âñåì ìèðå ðàáîòàþò ñîîáùà íàä ðåøåíèåì ýíåðãåòè÷åñêîé ïðîáëåìû. Â
2000 ãîäó Àëåêñàíäð Ãóñåâ ó÷ðåäèë Ìåæäóíàðîäíûé íàó÷íûé æóðíàë «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëî-
ãèÿ» (ISJAEE), êîòîðûé ñòàë ñðåäñòâîì îáìåíà èäåÿìè è óñïåõàìè, à òàêæå èíñòðóìåíòîì ñîòðóäíè÷åñòâà
ìåæäó çàïàäíûìè è âîñòî÷íûìè ó÷åíûìè. Â íàçâàíèè æóðíàëà îò÷åòëèâî çâó÷èò ïðèçíàíèå ñóùåñòâîâàíèÿ
ñëîæíîé âçàèìîñâÿçè ìåæäó ýíåðãåòèêîé è ýêîëîãèåé. Êðîìå òîãî, Àëåêñàíäðîì Ãóñåâûì áûë îðãàíèçîâàí
ðÿä ìåæäóíàðîäíûõ êîíôåðåíöèé, íàïðàâëåííûõ íà ïîääåðæêó ñîâìåñòíîé ìåæäóíàðîäíîé äåÿòåëüíîñòè,
íåîáõîäèìîé äëÿ ðåøåíèÿ ýíåðãåòè÷åñêîé è ýêîëîãè÷åñêîé ïðîáëåìû. Ýòîò æóðíàë è ýòè âñòðå÷è èìåþò
îãðîìíûé óñïåõ, îáåñïå÷èâàÿ âîçìîæíîñòü îáúåäèíåíèÿ ó÷åíûõ â ïîèñêå ðåøåíèé è èíôîðìèðóÿ ïîëèòèêîâ
î âîçìîæíûõ ïîäõîäàõ ê îáúåäèíåíèþ âñåõ ãîñóäàðñòâ â çäðàâîé è ñáàëàíñèðîâàííîé ðàáîòå íàä ðàçâèòèåì
÷èñòîé è áåçîïàñíîé àëüòåðíàòèâíîé ýíåðãåòèêè. Àëåêñàíäð Ãóñåâ ïîëó÷èë ïðèçíàíèå çà åãî äîñòîéíóþ
ïîäðàæàíèÿ äåÿòåëüíîñòü è ëèäåðñòâî â ïðîäâèæåíèè âîäîðîäà â êà÷åñòâå ýíåðãîíîñèòåëÿ, î ÷åì ñâèäåòåëü-
ñòâóåò åãî íàãðàæäåíèå ìåäàëüþ Öèîëêîâñêîãî — âûñøåé íàãðàäîé Ôåäåðàöèè êîñìîíàâòèêè Ðîññèè.

Â Ñîåäèíåííûõ Øòàòàõ, íåñìîòðÿ íà ñåðüåçíûå ïîñëåäñòâèÿ äîñòóïíîñòè íåôòè, ñîâìåñòíûå ðàáîòû ïî
ðàçâèòèþ àëüòåðíàòèâíîé ýíåðãåòèêè ðàçâèâàëèñü ìåäëåííî. Òðóäíîñòè, ñâÿçàííûå ñ íàëîæåíèåì íåôòÿíî-
ãî ýìáàðãî, è îáóñëîâëåííûé ýòèì äåôèöèò â 70-õ ãîäàõ ïðîøëîãî ñòîëåòèÿ ïðèâåëè ê çàðîæäåíèþ èíòåðåñà
ê áîëåå ýôôåêòèâíûì àëüòåðíàòèâíûì ýíåðãåòè÷åñêèì òåõíîëîãèÿì. Íà ãîñóäàðñòâåííîì è ìåæäóíàðîäíîì
óðîâíå ýòîò èíòåðåñ íå áûë âñòðå÷åí ñ ýíòóçèàçìîì è â êîíöå êîíöîâ óòèõ. Ïðåçèäåíò Ôîðä ñäåëàë ïîïûòêó
ïðèíÿòü çàêîíû, êîòîðûå ìîãëè áû ñòèìóëèðîâàòü ðîñò ïðîèçâîäñòâà ýíåðãåòè÷åñêè ýôôåêòèâíûõ àâòîìîáè-
ëåé, ïåðåâîä ðàáîòàþùèõ íà íåôòè ýëåêòðîñòàíöèé íà óãîëü, ðàçâèòèå òåõíîëîãèè ãàçèôèêàöèè óãëÿ, à
òàêæå áîëåå øèðîêîå èñïîëüçîâàíèå íåèñêîïàåìûõ âèäîâ òîïëèâà. Ýòè çàêîíû íå áûëè ïðèíÿòû. Òåì íå
ìåíåå, åìó óäàëîñü âîññòàíîâèòü Îòäåë íàóêè è òåõíîëîãèè â Áåëîì äîìå äëÿ îáåñïå÷åíèÿ áîëåå ýôôåêòèâíî-
ãî íàó÷íî-òåõíè÷åñêîãî êîíñóëüòèðîâàíèÿ ôåäåðàëüíîãî Ïðàâèòåëüñòâà. Ýòîò îòäåë ðàáîòàåò è ñåãîäíÿ, è
âçàèìîäåéñòâèå ó÷åíûõ ñ ïðàâèòåëüñòâîì âî ìíîãîì ñïîñîáñòâóåò óñêîðåííîìó ðàçâèòèþ àëüòåðíàòèâíîé
ýíåðãåòèêè. Â 1977 ãîäó áûëî ñîçäàíî Ìèíèñòåðñòâî ýíåðãåòèêè (DOE), à íà ñëåäóþùèé ãîä â åãî âåäåíèå èç
Ãîñóäàðñòâåííîãî íàó÷íîãî ôîíäà (NSF) ïåðåøëà ôåäåðàëüíàÿ ïðîãðàììà íàó÷íûõ èññëåäîâàíèé è ðàçðàáî-
òîê â âîäîðîäíîé îáëàñòè. Â 1989 ãîäó ïîÿâèëàñü Ãîñóäàðñòâåííàÿ âîäîðîäíàÿ àññîöèàöèÿ, öåëüþ êîòîðîé
ñòàëî îáúåäèíåíèå âñåõ ñåãìåíòîâ ýíåðãåòè÷åñêîãî ñîîáùåñòâà äëÿ ïîèñêà ïóòåé èñïîëüçîâàíèÿ âîäîðîäà â
êà÷åñòâå òîïëèâà. Â 1990 ãîäó Êîíãðåññîì áûë ïðèíÿò çàêîí Ìàòñóíàãè î âîäîðîäíûõ èññëåäîâàíèÿõ, ðàçðà-
áîòêàõ è äåìîíñòðàöèÿõ è ñîçäàí Âîäîðîäíûé òåõíè÷åñêèé êîíñóëüòàòèâíûé Ñîâåò. Çàêîí ñàíêöèîíèðîâàë
ïðèíÿòèå ïÿòèëåòíåãî ïëàíà ðåàëèçàöèè ïðîãðàììû ÍÈÎÊÐ â âîäîðîäíîé îáëàñòè â ÑØÀ, è çàäà÷åé Ñîâåòà
ÿâëÿëàñü êîîðäèíàöèÿ ýòîé ðàáîòû. Â 2002 ãîäó íà÷àëàñü ðåàëèçàöèÿ ïðîåêòà «FreedomCAR». Ýòî áûëî
ñîâìåñòíûì ïðåäïðèÿòèåì Daimler-Chrysler, Ford, General Motors, DOE è Àìåðèêàíñêîãî ñîâåòà ïî àâòîìî-
áèëüíûì èññëåäîâàíèÿì äëÿ ðàçâèòèÿ òåõíîëîãèè ïðîèçâîäñòâà àâòîìîáèëåé, ðàáîòàþùèõ íå íà áåíçèíå.
Â 2003 ãîäó ìèíèñòðîì ýíåðãåòèêè Ñïåíñåðîì Àáðàõàìîì áûëî ó÷ðåæäåíî Ìåæäóíàðîäíîå ïàðòíåðñòâî ïî
âîäîðîäíîé ýêîíîìèêå, öåëüþ êîòîðîãî ñòàëî ñîçäàíèå ìåõàíèçìà ãëîáàëüíîãî ñîòðóäíè÷åñòâà äëÿ ðàçâèòèÿ
âîäîðîäíîé ýêîíîìèêè. Â 2004 ãîäó ôîíäîì NSF áûëî îðãàíèçîâàíî ñîâåùàíèå äëÿ îáñóæäåíèÿ áóäóùèõ
íàïðàâëåíèé íàó÷íûõ èññëåäîâàíèé è îáðàçîâàíèÿ â îáëàñòè âîäîðîäíîé ýíåðãåòèêè, ÷òîáû îïðåäåëèòü òå
ìåðû, êîòîðûå áûëè íåîáõîäèìû äëÿ ñîçäàíèÿ áîëåå áëàãîïðèÿòíûõ óñëîâèé äëÿ ðàçâèòèÿ âîäîðîäíîé ýíåð-
ãåòèêè. Ïðåçèäåíò Áóø âûäåëèë çíà÷èòåëüíûå ñðåäñòâà íà ïðîâåäåíèå ýíåðãåòè÷åñêèõ èññëåäîâàíèé, â òîì
÷èñëå â âîäîðîäíîé îáëàñòè, à íîâûé Êîíãðåññ óñèëèë ïîääåðæêó ýòîé äåÿòåëüíîñòè. Â ýòîò âûïóñê æóðíàëà
ISJAEE âîøëè ñòàòüè, êîòîðûå îñâåùàþò âåäóùèåñÿ â Ñîåäèíåííûõ Øòàòàõ ðàáîòû, íàïðàâëåííûå íà òî,
÷òîáû ïðèáëèçèòü ìèð ê áåçîïàñíûì è ÷èñòûì èñòî÷íèêàì ýíåðãèè.

Ïðîô. Äîêòîð. Ìàéêë Ä. Õýìïòîí
Îòäåëåíèå õèìèè
Óíèâåðñèòåò Öåíòðàëüíîé Ôëîðèäû
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CENTENNIAL MEMORANDUM
13 November 2006

To:  The Heads of G8 Countries:
Canada: Prime Minister Stephen Harper
France: President Jacques Chirac
Germany: Chancellor Angela Merkel
Italy: Prime Minister Romano Prodi
Japan: Prime Minister Shinzo Abe
Russian Federation: President Vladimir Putin
U.K.: Prime Minister Tony Blair
U.S.A.: President George W. Bush

Copy: U.N. Secretary General: Kofi A. Annan
UNIDO Director-General: Kandeh K. Yumkella
UNDP Administrator: Kemal Dervis
UNEP Executive Director: Achim Steiner

Subject: Upcoming Energy/Climate Catastrophe and Permanent Solution of Hydrogen Economy.

We, the undersigned, herewith ask the heads-of-state of the Heads of G8 Countries to put Hydrogen Energy on top of the
agenda of their respective states, individually or in common, and commit to Hydrogen Energy Technologies as a permanent
solution to the upcoming energy/climate catastrophe. The following are the two major problems facing the humankind at the
dawn of the twenty-first century:

• The anthropogenic climate change is real. The United Nations’ Intergovernmental Panel on Climate Change
expects a considerable temperature rise by the century’s end. Catastrophic consequences for humans, fauna and flora, and
the cultural heritage of humankind are expected, and

• The oligopolization of traditional fossil or nuclear primary fuel is exacerbated by being possessed by a few – not
a comfortable situation for the majority of energy using nations.

“Energy policy is technology politics” is exemplified by huge energy efficiency gains, by the cleaning-up of fossil
fuels, by safe and non-proliferating secured nuclear energy, and by renewable energies. On top of the progress in all these
areas is “Hydrogen Energy Technologies” for the following reasons:

• Hydrogen Energy is an environmentally and climatically clean transport fuel,
• Hydrogen Energy is the storage and transportation agent of so far dormant renewable sources which, thus, will

become a powerful contributor to the global energy trade, and
• Hydrogen Energy from renewable energies is the ultimate solution; it is, however, not the precondition for

entering the Hydrogen Energy Economy; environmentally compatible hydrogen could also be produced using nuclear
energy, and even fossil fuels with carbon capture and storage.

We, as members of the International Association for Hydrogen Energy and members of the Hydrogen Energy
Community are willing without hesitation to devote our further professional life to the furtherance of Hydrogen Energy
and its technologies through advising policy makers, serving as Advisory Board Members, and collaborating with
industry in implementing the necessary Hydrogen Energy infrastructure, because we share the conviction that

• Hydrogen Energy, once generated, is environmentally and climatically clean over the entire length of the
energy conversion chain, “from cradle-to-grave”,

• Hydrogen fuel cells activate dormant distributed virtual power,
• Hydrogen Energy eliminates land, sea, air and space transportation pollution,
• Hydrogen Energy facilitates the contribution of huge renewable sources to the global energy trade, and
• In one word: Hydrogen Energy Technologies provide abundant clean energy for humankind.

Respectfully Yours
Signed by:

Canada:                               Tapan Bose                              Ghazi Karim

France:                   Claude Etievant               Jacques Saint-Just                Claude Massot

Germany:          Juergen Garche                      Detlef Stolten                          Carl-Jochen Winter

Italy:                                  Cesare Marchetti                        Giuseppe Spazzafumo

Japan:                  Tokio Ohta                     Yasukazu Saito                            Kunio Yoshida

Russia:                          Alexander L. Gusev                        Stanislav Malyshenko

U.K.:                                   Peter Edwards                              David Hart

U.S.A.:          John O’M. Bockris                         Patrick Takahashi                     T. Nejat Veziroglu
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CENTENNIAL MEMORANDUM

Coordinates of Signatories

  Prof. Dr. John O’M. Bockris
  Haile Plantation
  10515 S. W. 55th Place
  Gainesville, FL 32608, U.S.A.
  Tel: 1 352 335 3843
  Fax: 1 352 335 6925
  E-mail: jbockris@cox.net

  Prof. Dr. Tapan Bose
  Director, Hydrogen Research Institute
  Universite du Quebec a Trois Rivieres
  P.O. Box 500 Trois Rivieres
  PQ G9A 5H7, Canada
  Tel: 1 819 376 5139
  Fax: 1 819 376 5164
  E-mail: tapan_bose@uqtr.ca

  Prof. P. P. Edwards, FRS
  Inorganic Chemistry Laboratory
  Department of Chemistry
  University of Oxford
  Wellington Square
  Oxford, OX1 2JD U.K.
  Tel: +44(0)1865 272680
  Fax: +44(0)1865 272656
  E-mail: peter.edwards@chemistry.oxford.ac.uk

  Dr. Claude Etievant
  Managing Director , CETH
  Compagnie Europeenne des Technologies
  de l’Hydrogene
  Innov’Valley Entreprises Bat. D0
  Route de Nozay
  91460 Marcoussis, France
  Tel : +33 1 69 63 68 64
  E-mail :  claude.etievant@ceth.fr

  Prof. Dr. Habil. Jürgen Garche
  Center for Solar Energy and Hydrogen Research
  Baden-Wuerttemberg
  Helmholtzstr. 8
  D-89081 Ulm, Germany
  Tel: +49 731 9530-606
  Fax: +49 731 9530-666
  E-mail: juergen.garche@zsw-bw.de

  Dr. Alexander L. Gusev
  Scientific Technical Centre "TATA"
  Post Box Office 687, Sarov
  Nizhny Novgorod Region
  607183 Russia
  Tel: 7 (83130) 63107
  Fax: 7 (83130) 63107
  E-mail: gusev@hydrogen.ru

  Dr. David Hart
  Royal School of Mines
  Dept. of Environmental Science & Technology
  Imperial College
  South Kensington, London, U.K.
  Tel: +44 020 7594 6781
  Fax: +44 020 7594 9334
  E-mail: david.hart@imperial.ac.uk

  Prof. Dr. Ghazi Karim
  Department of. Mechanical & Mfg. Engng.
  University of Calgary
  2500 University Dr., NW
  Calgary, Alberta T2N 1N4, Canada
  Tel: 1 403 220 5775
  Fax: 1 403 282 8406
  E-mail: karim@ucalgary.ca

 Prof. Dr. Stanislav Malyshenko
  Institute for High Temperatures
  RAS, Krasnokazarmenkaya 17a
  111116 Moscow, Russia
  Tel: 7 495 362 53 11
  Fax: 7 495 362 07 84
  E-mails: litp@iht.mpei.ac.ru
                litp@dataforce.net

  Prof. Dr. Cesare Marchetti
  Via di Monteloro 42
  I-500 64  Sieci  (FI), Italy
  Tel: +39 055 8367 292
  Fax: +39 055 8367 308
  E-mail: cesaremarchetti@tiscali.it

 

United Nations Industrial Development Organization
International Centre for Hydrogen Energy Technologies

(UNIDO-ICHET)



International Scientific Journal for Alternative Energy and Ecology ISJAEE ¹ 4(48) (2007)
Ìåæäóíàðîäíûé íàó÷íûé æóðíàë «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» ÀÝÝ ¹ 4(48) (2007) 25

©
 
2
0
0
7 

Sc
ie
n
tif
ic
 
T
ec
h
n
ic
a
l 
C
en
tr
e 

«
T
A
T
A
»

©
 
2
0
0
7 

Í
à
ó÷
í
î
-ò
å
õí
è
÷å
ñê
è
é
 
ö
å
í
òð
 
«
T
A
T
A
»

МЕМОРАНДУМ ВЕКА
13 ноября 2006

Кому: Главам стран Большой восьмерки:
Канада: Стефену Харперу, Премьер-министру
Франция: Жаку Шираку, Президенту
Германия: Ангеле Меркель, Канцлеру
Италия: Романо Проди, Премьер-министру
Япония: Шиндзо Абэ, Премьер-министру
Российская Федерация: Владимиру Путину, Президенту
Соединенное Королевство: Тони Блэру, Премьер-министру
Соединенные Штаты Америки: Джорджу Дж. Бушу, Президенту

Копии: ООН, Кофи А. Аннану, Генеральному Секретарю
ЮНИДО: Канде К. Юмкелла, Генеральному Директору
ПРООН: Кемалу Дервису, Руководителю
ЮНЕП: Акиму Штейнеру, Исполнительному Директору

Тема: Грядущий Энергетический Кризис / Глобальное Изменение Климата и Переход на Водородную
Энергетику

Мы, нижеподписавшиеся, настоящим обращаемся к главам государств Большой Восьмерки с предложением
включить вопрос по водородной энергетике в повестку дня своих государств каждого в отдельности или вместе
и стать приверженцами перехода на водородную энергетику как основную программу по предупреждению
грядущего энергетического кризиса и глобального изменения климата. Ниже приводятся две основные проблемы,
с которыми сталкивается  человечество на заре двадцать первого века.

• Антропогенное изменение климата очевидно. Межправительственная комиссия, созданная при Организации
Объединенных Наций по вопросам, касающимся изменения климата планеты, дает прогноз о значительном
повышении температуры в конце этого века. Ожидаются катастрофические последствия для человечества,
фауны и флоры планеты, а также культурных ценностей всего человечества.

• Олигополизация традиционного либо первичного ядерного топлива углубляется как результат владения
малым числом государств огромным количеством энергетических ресурсов, что является несправедливым по
отношению к большинству стран,  пользующихся этими ресурсами.

«Политика установления контроля над энергетическими ресурсами — политика контроля над разработкой
технологических процессов» является иллюстрацией извлечения огромной выгоды от использования
энергетических ресурсов, от очистки ископаемых видов топлива, примером использования безопасной ядерной
энергии в мирных, а не в военных целях, и возобновляемых источников энергии. Прогресс во всех этих
сферах обусловлен развитием водородной энергетики следующими причинами:

• Водородная энергия — это экологически чистое, не загрязняющее окружающую среду топливо для
транспортных средств.

• Водородная энергия — энергоноситель до сих пор потенциально скрытых ресурсов возобновляемой
энергии, который, таким образом, станет мощным вкладом в энергетическую сеть, способную обеспечить
потребности в энергии жителей планеты.

• Идея получения водородной энергии из возобновляемых источников энергии является чрезвычайно
важной, причем ее не следует рассматривать как предпосылку к вхождению в экономику водородной энергетики.
Экологически чистое водородное топливо можно получать, используя ядерную энергию и даже технологию
переработки ископаемого топлива с захватом углерода и последующего хранения в нем.

Мы, члены Международной ассоциации водородной энергетики и члены Общества водородной энергетики,
без колебаний выражаем желание посвятить свою дальнейшую профессиональную деятельность содействию,
развитию и внедрению водородной энергии и энергетики, давая рекомендации лицам, делающим политику,
и сотрудничая с производственниками как члены Консультативного комитета, внедрять в производство
необходимую инфраструктуру водородной энергетики, ибо мы придерживаемся такого мнения, что:

• однажды полученная водородная энергия останется экологически чистой и безопасной для окружающей
среды по всей цепочке механизма сохранения энергии «от колыбели до могилы»;

• водородные топливные элементы позволяют активно использовать скрытый энергетический потенциал;
• водородная энергия не загрязняет почву, моря, воздух и космическое пространство выхлопными газами

транспортных средств;
• водородная энергия способствует использованию возобновляемых источников энергии, внося огромный

вклад в энергетическую систему распределения энергии.
Одним словом, водородная энергетика способна обеспечивать человечество чистыми и неиссякаемыми

энергетическими ресурсами.
С уважением,

Канада: Тапан Боуз Гадзи Карим

Франция:       Клод Этива    Жак Сейнт-Джаст       Клод Массо

Германия:   Юрген Гархе           Детлиф Штолтен            Карл Йохан Винтер

Италия:       Чезаре Марчетти                      Джузеппе Спаззафумо

Япония:         Токио Охта                       Ясукадзу Сайто                Кунио Ёшида

Россия:          Александр Л. Гусев                    Станислав Малышенко

Соединённое Королевство:         Питер Эдвардс                       Дэвид Харт

США:     Джон О’М.Бокрис                   Патрик Такахаши          Т. Нейят Везироглу
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1. Наградная комиссия создана при главном редакторе Международного научного
журнала «Альтернативная энергетика и экология» для проведения международной обще-
ственной оценки наградных материалов, объективного определения заслуг и личного вклада
в мировую альтернативную энергетику и экологию ученых и общественных деятелей, пред-
ставленных к награждению наградами Международного научного журнала «Альтернатив-
ная энергетика и экология», Международного научного и делового клуба альтернативной
энергетики и экологии и Консорциума «Водород», и действует без ограничения срока.

Количественный и персональный состав Наградной комиссии (председатель, секретарь
и члены комиссии) определяется главным редактором Международного научного журнала
«Альтернативная энергетика и экология». Состав Комиссии при необходимости может кор-
ректироваться главным редактором. Комиссия работает на общественных началах.

Членами Наградной комиссии могут быть члены редколлегии Международного научного
журнала «Альтернативная энергетика и экология», выбранные главным редактором. В состав
Наградной комиссии включаются представители разных тематических направлений альтерна-
тивной энергетики из разных стран мира. Состав членов Наградной комиссии: 25 человек —
члены редколлегии Международного научного журнала «Альтернативная энергетика и эколо-
гия», 25 человек — представители организаций Международного научного и делового клуба
альтернативной энергетики и экологии, 25 человек — члены Консорциума «Водород».

2. Ходатайство о награждении наградами Международного научного журнала «Аль-
тернативная энергетика и экология», Международного научного и делового клуба альтер-
нативной энергетики и экологии и Консорциума «Водород» возбуждается в научных и науч-
но-исследовательских организациях различного уровня, в коллективах предприятий, уч-
реждений, организаций частной, государственной, муниципальной и иных форм
собственности, в коллективах администраций государственной власти всех уровней и орга-
нов местного самоуправления, а также членами редколлегии журнала. Ходатайство подпи-
сывают руководители предприятий, учреждений, организаций частной, государственной,
муниципальной и иных форм собственности, руководители органов государственной влас-
ти всех уровней и органов местного самоуправления, члены редколлегии журнала. Хода-
тайство о награждении согласовывается с главным редактором Международного научного
журнала «Альтернативная энергетика и экология».

При направлении ходатайства о награждении возбуждающая сторона представляет:
1) научный обзор работ кандидата по тематике журнала для публикации в журнале в

2007–2008 гг. объемом не более 40 страниц;
2) фотографии кандидата;
3) научную биографию (Curriculum Vitae);
4) 5 отзывов о кандидате от трех известных ученых из разных стран мира и двух

известных научных и научно-технических организаций из разных стран мира.
3. Награждение наградами Международного научного журнала «Альтернативная энер-

гетика и экология» и Консорциума «Водород» осуществляется 2 раза в год, а именно:
1) ко дню учреждения Международного научного журнала «Альтернативная энергети-

ка и экология» — 29 июля;
2) ко дню учреждения Научно-технического центра «ТАТА» (учредителя журнала) —

29 ноября.

ПОЛОЖЕНИЕ
о Наградной комиссии Редколлегии Международного научного журнала

«Альтернативная энергетика и экология», Международного научного и делового
клуба альтернативной энергетики и экологии и Консорциума «Водород»

Ìåæäóíàðîäíûé íàó÷íûé æóðíàë
«Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»
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4. В срок за полгода до указанных дат главный редактор Международного научного
журнала «Альтернативная энергетика и экология» извещает членов редколлегии о достоин-
стве и возможном числе наград, к которым могут быть представлены кандидаты на награж-
дение. Ежегодно Редколлегия ISJAEE присуждает не более одной высшей награды каждо-
го достоинства ученым, инженерам, научным, научно-техническим, производственным орга-
низациям мира, внесшим значительный вклад в мировую сокровищницу альтернативной
энергетики и экологии.

5. Ходатайства о награждении наградами Международного научного журнала «Аль-
тернативная энергетика и экология» и Консорциума «Водород» направляются почтой или
передаются нарочным в Наградную комиссию Международного научного журнала «Аль-
тернативная энергетика и экология» и Консорциума «Водород».

6. Ходатайства и наградные материалы, представленные в Наградную комиссию от орга-
низаций, не предоставивших в течение года в редакцию журнала ни одного материала для
публикации, Наградной комиссией не рассматриваются. Председатель Наградной комиссии
докладывает главному редактору о наградных материалах, поступивших в Наградную ко-
миссию, и организует работу Наградной комиссии по рассмотрению представленных мате-
риалов. Наградная комиссия в месячный срок рассматривает наградные материалы, подго-
тавливает проекты решений о награждении и докладывает о них главному редактору до
1 июля и 1 ноября текущего года.

7. Наградная комиссия по указанию главного редактора может рассматривать ходатай-
ства и наградные материалы на отдельных кандидатов в другие сроки (юбилейные даты и
события, особые достижения и др.). В этом случае ходатайства должны быть представлены в
Наградную комиссию не менее чем за десять дней до юбилейной даты, события, встречи и др.

8. Комиссия обязана тщательно, всесторонне и объективно рассматривать представ-
ления к наградам Международного научного журнала «Альтернативная энергетика и эко-
логия», Международного научного и делового клуба альтернативной энергетики и эколо-
гии и Консорциума «Водород», руководствуясь настоящим Положением и Положением о
наградах Международного научного журнала «Альтернативная энергетика и экология»,
Международного научного и делового клуба альтернативной энергетики и экологии и Кон-
сорциума «Водород».

9. Наградная комиссия имеет право сокращать списки лиц, представленных к
награждению.

10. Проекты решений Наградной комиссии подписывают председатель и секретарь На-
градной комиссии.

11. Решения Наградной комиссии о награждении являются юридическим основани-
ем для выдачи кандидатам, представленным к наградам, наград и удостоверений к ним.

12. Резюме и фотографии кандидатов, представленных к наградам, публикуются в Меж-
дународном научном журнале «Альтернативная энергетика и экология» и на сайте журнала.

13. Решения Наградной комиссии и наградные материалы подшиваются в отдельное
дело, которое бессрочно хранится в Научно-техническом центре «ТАТА», являющемся уч-
редителем и издателем Международного научного журнала «Альтернативная энергетика и
экология», членом Международного научного и делового клуба альтернативной энергетики
и экологии и членом Консорциума «Водород».

14. Учет, хранение и выдача нагрудных знаков (орденов и медалей), кубков, дипло-
мов и грамот осуществляется членами редколлегии Международного научного журнала
«Альтернативная энергетика и экология» и представителями Консорциума «Водород» в
установленном порядке.

Àëåêñàíäð Ëåîíèäîâè÷ Ãóñåâ
Ãëàâíûé ðåäàêòîð Ìåæäóíàðîäíîãî íàó÷íî-
ãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è
ýêîëîãèÿ»
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ПОЛОЖЕНИЕ
о наградах Редколлегии Международного научного журнала «Альтернативная

энергетика и экология», Международного научного и делового клуба
альтернативной энергетики и экологии и Консорциума «Водород»

Ìåæäóíàðîäíûé íàó÷íûé æóðíàë
«Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»

1. Íàãðàäû Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëî-
ãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè
è êîíñîðöèóìà «Âîäîðîä» ÿâëÿþòñÿ âûðàæåíèåì ïðèçíàòåëüíîñòè, óâàæåíèÿ è áëàãîäàð-
íîñòè ðåäêîëëåãèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêî-
ëîãèÿ» è êîíñîðöèóìà «Âîäîðîä» ñâîèì êîëëåãàì çà ïðîÿâëåííóþ ëþáîâü è âåðíîñòü ñëó-
æåíèþ íàóêå îá àëüòåðíàòèâíîé ýíåðãåòèêå è ýêîëîãèè, ÷åñòíîìó è äîñòîéíîìó èñïîëíå-
íèþ ñâîåãî ïðîôåññèîíàëüíîãî, ãðàæäàíñêîãî è íàó÷íîãî äîëãà, ñîõðàíåíèþ è ïðèóìíîæåíèþ
äóõîâíî-íðàâñòâåííûõ öåííîñòåé ðîññèéñêîé íàóêè, îñîáûé âêëàä, âíåñåííûé â äîñòîÿíèå
ðîññèéñêîé è ìèðîâîé íàóêè.

2. Íàãðàäû Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêî-
ëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëî-
ãèè è êîíñîðöèóìà «Âîäîðîä» ó÷ðåæäàþòñÿ ðåäêîëëåãèåé Ìåæäóíàðîäíîãî íàó÷íîãî æóð-
íàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíûì íàó÷íûì è äåëîâûì
êëóáîì àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóìîì «Âîäîðîä» íà îñíîâàíèè
ïðåäñòàâëåíèÿ Íàãðàäíîé êîìèññèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâ-
íàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåðíàòèâíîé
ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä».

3. Íàãðàäàìè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêî-
ëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëî-
ãèè è êîíñîðöèóìà «Âîäîðîä» ÿâëÿþòñÿ:

• îðäåíà,
• ìåäàëè,
• äèïëîìû.
4. Õîäàòàéñòâî î ïðèñâîåíèè íàãðàä Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíà-

òèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåðíàòèâ-
íîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä» ïîäàåòñÿ ôèçè÷åñêèìè ëèöàìè,
îðãàíèçàöèÿìè, îáùåñòâåííûìè îáúåäèíåíèÿìè, ñòðóêòóðàìè ãîñóäàðñòâåííîé è èñïîë-
íèòåëüíîé âëàñòè â Íàãðàäíóþ êîìèññèþ Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíà-
òèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåðíàòèâ-
íîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä».

5. Ïðåäñòàâëåíèå ê íàãðàäàì Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåð-
ãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè
è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä» ïðîèçâîäèòñÿ ðåãèîíàëüíûìè îòäåëåíèÿìè èëè îáùå-
ñòâåííûìè îáúåäèíåíèÿìè è íàïðàâëÿåòñÿ â Íàãðàäíóþ êîìèññèþ Ìåæäóíàðîäíîãî íàó÷-
íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâî-
ãî êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä» ñ óêàçàíèåì íàè-
ìåíîâàíèÿ íàãðàäû è ïîäðîáíûì îáîñíîâàíèåì çàñëóã, îïðåäåëÿþùèõ åå ïðèñâîåíèå.

6. Ïðåäñåäàòåëü Íàãðàäíîé êîìèññèè íàçíà÷àåòñÿ Ãëàâíûì ðåäàêòîðîì Ìåæäóíàðîäíî-
ãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» èç ñîñòàâà ÷ëåíîâ ðåäêîëëå-
ãèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», ñîñòàâ
Êîìèññèè óòâåðæäàåòñÿ Ãëàâíûì ðåäàêòîðîì Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåð-
íàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» ïî ïðåäñòàâëåíèþ ïðåäñåäàòåëÿ.

Íàãðàäíàÿ êîìèññèÿ:
• ãîòîâèò è ïðåäñòàâëÿåò ãëàâíîìó ðåäàêòîðó çàêëþ÷åíèå è ðåêîìåíäàöèè ê íàãðàæäåíèþ,

âîññòàíîâëåíèþ íàãðàäû â ïðàâàõ, ëèøåíèþ íàãðàäû, âûäà÷è äóáëèêàòîâ íàãðàäíûõ çíàêîâ;
• îðãàíèçóåò ðàáîòó è ãîòîâèò ìàòåðèàëû ïî ó÷ðåæäåíèþ íàãðàä Ìåæäóíàðîäíîãî

íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è
äåëîâîãî êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä»;
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• ðàçðàáàòûâàåò è îáñóæäàåò ïðîåêòû î íàãðàäíûõ çíàêàõ, ãîòîâèò ïðåäëîæåíèÿ ïî
èçìåíåíèþ è äîïîëíåíèþ Ïîëîæåíèÿ î íàãðàäíûõ çíàêàõ Ìåæäóíàðîäíîãî íàó÷íîãî
æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî
êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä».

7. Ê íàãðàäàì Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêî-
ëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëî-
ãèè è êîíñîðöèóìà «Âîäîðîä» ìîãóò áûòü ïðåäñòàâëåíû ãðàæäàíå Ðîññèéñêîé Ôåäåðàöèè,
èíîñòðàííûå ãðàæäàíå è ëèöà áåç ãðàæäàíñòâà íà îñíîâàíèè ðåøåíèé Íàãðàäíîé êîìèñ-
ñèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäó-
íàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèó-
ìà «Âîäîðîä».

8. Ïðåäñòàâëåíèÿ ê íàãðàæäåíèþ èíîñòðàííûõ ãðàæäàí è ëèö áåç ãðàæäàíñòâà, ïîñòî-
ÿííî ïðîæèâàþùèõ ïà òåððèòîðèè Ðîññèéñêîé Ôåäåðàöèè, ïðîèçâîäÿòñÿ íà îáùèõ îñíîâà-
íèÿõ. Ïðåäñòàâëåíèÿ ê íàãðàæäåíèþ èíîñòðàííûõ ãðàæäàí è ëèö áåç ãðàæäàíñòâà, ïðîæè-
âàþùèõ çà ãðàíèöåé, ïðîèçâîäÿòñÿ íà îáùèõ îñíîâàíèÿõ.

9. Îò èìåíè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëî-
ãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè
è êîíñîðöèóìà «Âîäîðîä» íàãðàäû ìîãóò âðó÷àòü:

• ïîëíîìî÷íûå ïðåäñòàâèòåëè ðåäêîëëåãèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëü-
òåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåð-
íàòèâíîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä»;

• Ãëàâíûé ðåäàêòîð Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêî-
ëîãèÿ», ïîëíîìî÷íûå ïðåäñòàâèòåëè è ëèöà, ïðåäñòàâëÿþùèå Ìåæäóíàðîäíûé íàó÷íûé æóð-
íàë «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíûé íàó÷íûé è äåëîâîé êëóá àëüòåð-
íàòèâíîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóì «Âîäîðîä»;

• Ïðåäñåäàòåëü Íàãðàäíîé êîìèññèè ïî íàãðàäàì Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà
«Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëü-
òåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä»;

• ðóêîâîäèòåëè îáùåñòâåííûõ îáúåäèíåíèé, ÿâëÿþùèåñÿ ÷ëåíàìè ðåäêîëëåãèè Ìåæäó-
íàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷-
íîãî è äåëîâîãî êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä»;

• ðóêîâîäèòåëè ôåäåðàëüíûõ ñòðóêòóð ãîñóäàðñòâåííîé âëàñòè;
• ðóêîâîäèòåëè ãîñóäàðñòâåííûõ ñòðóêòóð çàêîíîäàòåëüíîé è èñïîëíèòåëüíîé âëàñòè

ñóáúåêòîâ Ðîññèéñêîé Ôåäåðàöèè;
• ïîñëû Ðîññèéñêîé Ôåäåðàöèè.
Ãëàâíûé ðåäàêòîð Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è

ýêîëîãèÿ» ìîæåò ïîðó÷èòü âðó÷èòü íàãðàäû Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåð-
íàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåðíà-
òèâíîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä» èíûì ëèöàì, óïîëíîìî÷åííûì
ïðîèçâåñòè íàãðàæäåíèå.

Íàãðàäà Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»
è êîíñîðöèóìà «Âîäîðîä» âðó÷àåòñÿ íàãðàæäåííîìó íå ïîçäíåå 18 ìåñÿöåâ ñî äíÿ ïðèíÿ-
òèÿ Íàãðàäíîé êîìèññèåé ðåøåíèÿ î íàãðàæäåíèè.

Íàãðàäà Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»,
Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè è êîí-
ñîðöèóìà «Âîäîðîä» âðó÷àåòñÿ íàãðàæäåííîìó ëè÷íî ñ îäíîâðåìåííûì âðó÷åíèåì óäîñòî-
âåðåíèÿ ê íàãðàäå.

10. Íàãðàæäåíèå îðäåíîì èëè ìåäàëüþ ìîæåò áûòü ïðîèçâåäåíî ïîñìåðòíî çà îñîáûå
çàñëóãè â îáëàñòÿõ íàóêè è ýêîëîãèè è îáùåñòâåííîé äåÿòåëüíîñòè, ïðåäóñìîòðåííûõ äàí-
íûì Ïîëîæåíèåì î íàãðàäàõ. Â ñëó÷àå ïîñìåðòíîãî íàãðàæäåíèÿ, íàãðàäû Ìåæäóíàðîäíîãî
íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è
äåëîâîãî êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä» è óäîñòîâå-
ðåíèå î íàãðàæäåíèè âðó÷àþòñÿ áëèæàéøèì ÷ëåíàì ñåìüè íàãðàæäåííîãî.

11. Ëèöà, óäîñòîåííûå íàãðàä Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ
ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåðíàòèâíîé ýíåð-
ãåòèêè è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä», ïîëüçóþòñÿ ëüãîòàìè ïðè ïóáëèêàöèè ñâî-
èõ ðàáîò â Ìåæäóíàðîäíîì íàó÷íîì æóðíàëå «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ».

12. Äóáëèêàòû íàãðàä ìîãóò áûòü âûäàíû íàãðàæäåííîìó â ñëó÷àÿõ èõ óòðàòû â áîåâîé
îáñòàíîâêå, â ðåçóëüòàòå ñòèõèéíîãî áåäñòâèÿ ëèáî ïðè äðóãèõ îáñòîÿòåëüñòâàõ, êîãäà íå
áûëî âîçìîæíîñòè ïðåäîòâðàòèòü óòðàòó íàãðàäû. Äóáëèêàòû íàãðàä, ñîäåðæàùèõ äðàãî-
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öåííûå ìåòàëëû, íå âûäàþòñÿ; ïî ðåøåíèþ Êîìèññèè ïî íàãðàäàì ìîæåò áûòü ïðîèçâåäåí
ìóëÿæ íàãðàäíîãî çíàêà âçàìåí óòðà÷åííîãî. Äóáëèêàòû äîêóìåíòîâ ê íàãðàäàì Ìåæäóíà-
ðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íà-
ó÷íîãî è äåëîâîãî êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä»
âçàìåí óòðà÷åííûõ âûäàþòñÿ íàãðàæäåííûì íà îñíîâàíèè ðåøåíèÿ Íàãðàäíîé êîìèññèè.

Õîäàòàéñòâà î âûäà÷å äóáëèêàòîâ îðäåíîâ, ìåäàëåé, ïðîôåññèîíàëüíûõ çíàêîâ íàãðàæ-
äåííûì ëèöàì âîçáóæäàþòñÿ ðåãèîíàëüíûìè îòäåëåíèÿìè èëè îáùåñòâåííûìè îáúåäèíå-
íèÿìè, ÿâëÿþùèìèñÿ ÷ëåíàìè ðåäêîëëåãèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåð-
íàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», ÷ëåíàìè Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà
àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè è ÷ëåíàìè êîíñîðöèóìà «Âîäîðîä», íà îñíîâàíèè
çàÿâëåíèÿ íàãðàæäåííûõ ëèö è ïðîâåðêè îáñòîÿòåëüñòâ óòðàòû èìè íàãðàäû.

Â Íàãðàäíóþ êîìèññèþ Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåð-
ãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåðíàòèâíîé ýíåðãå-
òèêè è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä» ïðåäñòàâëÿåòñÿ, íàðÿäó ñ õîäàòàéñòâîì, çàÿâ-
ëåíèå íàãðàæäåííîãî, äîêóìåíòû î íàãðàæäåíèè, ñïðàâêè, ñâèäåòåëüñòâóþùèå î ïðè÷è-
íå óòðàòû íàãðàäû è çàêëþ÷åíèå êîìèññèè, èññëåäîâàâøåé ïðè÷èíó óòðàòû. Óòðà÷åííûå
è âïîñëåäñòâèè íàéäåííûå íàãðàäû ïðåäîñòàâëÿþòñÿ Êîìèññèè ïî íàãðàäàì ïðè ïðåçè-
äèóìå Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæ-
äóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè è êîíñîð-
öèóìà «Âîäîðîä».

13. Îðäåíà, ìåäàëè è äèïëîìû óìåðøåãî íàãðàæäåííîãî, à òàêæå äîêóìåíòû î íàãðàæäå-
íèè îñòàþòñÿ èëè ïåðåäàþòñÿ äëÿ õðàíåíèÿ êàê ïàìÿòü åãî íàñëåäíèêàì áåç ïðàâà íîøåíèÿ.

14. Ãðàæäàíå Ðîññèéñêîé Ôåäåðàöèè, èíîñòðàííûå ãðàæäàíå è ëèöà áåç ãðàæäàíñòâà,
âûåçæàþùèå èç Ðîññèéñêîé Ôåäåðàöèè çà ãðàíèöó, èìåþò ïðàâî âûâîçèòü ïðèíàäëåæà-
ùèå èì ëè÷íî íàãðàäû Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è
ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè è ýêî-
ëîãèè è êîíñîðöèóìà «Âîäîðîä» è ñîîòâåòñòâóþùèå íàãðàäíûå äîêóìåíòû. Íàñëåäíèêè
óìåðøåãî íàãðàæäåííîãî, âûåçæàþùèå èç Ðîññèéñêîé Ôåäåðàöèè çà ãðàíèöó íà ïîñòîÿí-
íîå æèòåëüñòâî, èìåþò ïðàâî âûâîçèòü äîêóìåíòû î íàãðàæäåíèè èõ óìåðøåãî ðîäñòâåí-
íèêà. Ïîðÿäîê âûâîçà íàãðàä èç äðàãîöåííûõ ìåòàëëîâ ðåãóëèðóåòñÿ çàêîíîäàòåëüñòâîì
Ðîññèéñêîé Ôåäåðàöèè.

15. Çàïðåùàåòñÿ ó÷ðåæäåíèå è ïðîèçâîäñòâî çíàêîâ, èìåþùèõ àíàëîãè÷íûå, ñõîæèå
íàçíà÷åíèÿ èëè âíåøíåå ñõîäñòâî ñ íàãðàäàìè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëü-
òåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåð-
íàòèâíîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä», à òàêæå íîøåíèå îðäåíà,
ìåäàëè è äèïëîìà ëèöàì, íå èìåþùèì íà òî ïðàâà. Óêàçàííûå äåéñòâèÿ âëåêóò îòâåò-
ñòâåííîñòü, óñòàíîâëåííóþ çàêîíîäàòåëüñòâîì Ðîññèéñêîé Ôåäåðàöèè.

16. Ïîâòîðíîå ïðåäñòàâëåíèå ê îäíîèìåííîé íàãðàäå íå ïðîèçâîäèòñÿ.
17. Îðäåíàì, ìåäàëÿì è óäîñòîâåðåíèÿì ïðèñâàèâàåòñÿ íîìåð.
18. Ëèöà, óäîñòîåííûå íàãðàä Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâ-

íàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåðíàòèâ-
íîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä», íîñÿò îðäåíà è ìåäàëè íà ëåâîé
ñòîðîíå ãðóäè.

19. Îðãàíû ôåäåðàëüíîé èñïîëíèòåëüíîé âëàñòè ñâîèìè ðåøåíèÿìè ìîãóò óñòàíàâ-
ëèâàòü ðàçëè÷íûå âèäû ïîîùðåíèÿ íàãðàæäåííûõ, â òîì ÷èñëå çâàíèÿ, íàãðóäíûå çíà-
êè, çíà÷êè, ìåäàëè, íå èìåþùèå ñõîäñòâà ñ íàãðàäàìè Ìåæäóíàðîäíîãî íàó÷íîãî æóð-
íàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî
êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä». Èõ óñòàíîâëå-
íèå ïðîèçâîäèòñÿ ïî ñîãëàñîâàíèþ ñ Íàãðàäíîé êîìèññèåé Ìåæäóíàðîäíîãî íàó÷íîãî
æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâî-
ãî êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä» è Ãîñóäàð-
ñòâåííîé ãåðàëüäèåé.

20. Ðåãèîíàëüíûå îòäåëåíèÿ è îáùåñòâåííûå îáúåäèíåíèÿ, ÿâëÿþùèåñÿ ÷ëåíàìè
Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíà-
ðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóìà
«Âîäîðîä», èíôîðìèðóþò íàó÷íóþ îáùåñòâåííîñòü ÷åðåç ñðåäñòâà ìàññîâîé èíôîðìàöèè
î íàãðàæäåíèè ñâîèõ ëó÷øèõ ïðåäñòàâèòåëåé íàãðàäàìè Ìåæäóíàðîäíîãî íàó÷íîãî æóð-
íàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ», Ìåæäóíàðîäíîãî íàó÷íîãî è äåëîâîãî êëóáà
àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè è êîíñîðöèóìà «Âîäîðîä».
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За большой вклад
в атомную энергетику

Ìåäàëü àêàäåìèêà
Ã. Å. Ëîçèíî-Ëîçèíñêîãî

За большой вклад в развитие
водородных транспортных средств
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Ìåäàëü
À. Ô. Ìîæàéñêîãî

За создание новых
авиационных

экологически чистых
систем
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ÂÎÄÎÐÎÄÍÀß ÝÊÎÍÎÌÈÊÀ

HYDROGEN ECONOMY

ÂÎÄÎÐÎÄÍÀß ÝÊÎÍÎÌÈÊÀ

HYDROGEN ECONOMY

21ST CENTURY’S ENERGY: HYDROGEN ENERGY SYSTEM

T. Nejat Veziroglu 

 Honorable Editor-in-Chief

Director, Clean Energy Research Institute, University of Miami
President, International Association for Hydrogen Energy

Fossil fuels (i. e., petroleum, natural gas and coal), which meet most of the world’s energy demand
today, are being depleted fast. Also, their combustion products are causing the global problems, such as
the greenhouse effect, ozone layer depletion, acid rains and pollution, which are posing great danger
for our environment and eventually for the life in our planet. Many engineers and scientists agree that
the solution to these global problems would be to replace the existing fossil fuel system by the Hydrogen
Energy System. Hydrogen is a very efficient and dean fuel. Its combustion will produce no greenhouse
gases, no ozone layer depleting chemicals, little or no acid rain ingredients and pollution. Hydrogen,
produced from renewable energy (e. g., solar) sources, would result in a permanent energy system,
which we would never have to change.

However, there are other energy systems proposed for the post-petroleum era, such as a synthetic
fossil fuel system. In this system, synthetic gasoline and synthetic natural gas will be produced using
abundant deposits of coal. In a way, this will ensure the continuation of the present fossil fuel system.

The two possible energy systems for the post-fossil fuel era (i.e., the solar hydrogen energy system
and the synthetic fossil fuel system) are compared with the present fossil fuel system by taking into
consideration production costs, environmental damages and utilization efficiencies. The results indicate
that the solar hydrogen energy system is the best energy system to ascertain a sustainable future, and
it should replace the fossil fuel system before the end of the 21st Century.

1. ENERGY RELATED GLOBAL PROBLEMS

Soon after the invention of the steam engine
in the 1860’s, when the Industrial Revolution start-
ed to replace humans’ and beasts’ toil with na-
ture’s energy sources, a bright future seemed to
be certain for humankind. More and more of na-
ture’s energy, initially in the form of wood and
coal, later as oil and natural gas, were being har-
nessed for the benefit of humans. This resulted in
mass production of goods, with corresponding re-
duction in prices and rising living standards.

Communities asked for factories, railroads,
highways, seaports and airports. These meant more
jobs, more income, more goods and more services.
The world’s standard of living was rising. When
the Industrial Revolution started, the annual gross
world product per capita was in some tens of dol-
lars; today, it is $6,600 and rising exponentially.

Fossil fuels, which fed this amazing economic
growth, were the medicine to cure deprivation.
But it was an untested medicine, at that. As the
planet Earth consumed more and more fossil fu-

els, two important predicaments started to emerge:
(1) the fossil fuels would be depleted in a foresee-
able future, and (2) the fossil fuels and their com-
bustion products were causing global environmen-
tal problems.

1.1. Depletion of Fossil Fuels

The demand for energy continues to rise be-
cause of two main reasons: (a) the continuing in-
crease in world population, and (b) the growing
demand by the developing countries in order to
improve their living standards. At the present time,
a large portion (about 65 %) of the world energy
demand is met by the fluid fossil fuels (i. e., pe-
troleum and natural gas), because of their availa-
bility and convenient use. However, it is expected
that the world fossil fuel production will soon peak,
and thereafter begin to decrease [1–4]. Fig. 1 shows
estimates of he production rates of the fossil fuels
and the world demand. It can be seen that the
fluid fossil fuel production worldwide will contin-
ue to rise for the next 15 years, and then will

Ëåêöèÿ äèðåêòîðà Èíñòèòóòà ÷èñòîé ýíåðãèè Óíèâåðñèòåòà Ìàéÿìè, ïðîôåññîðà Ò. Í. Âåçèðîãëó áóäåò ïðåäñòàâëåíà
âî âðåìÿ òîðæåñòâåííîé öåðåìîíèè íàãðàæäåíèÿ â Ãîñóäàðñòâåííîé Äóìå ÐÔ 29 íîÿáðÿ 2007 ã. â 1500.

Lecture of  Director of the Clean Energy Research Institute at the University of Miami, professor T. N. Veziroglu will be
presented during rewarding ceremony in the RF State Duma November 9, 2007 at 1500.
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Hydrogen economy

start to decrease. The coal production — because
of the environmental reasons — is expected to
remain nearly constant for the next decade and
then start to decrease.

Meantime, as a result of the growing world
population and the desires of the peoples to better
their living standards, the world demand for fluid
fuels is rising (Fig. 1). It is expected that the world
population (which is about 6 billion at the moment
and rising at 1.5 % per year) growth will slow
down and reach about 10 to 12 billions by the end
of the next century [5]. Consequently, the world
demand for fluid fuels will slow down and reach
around 1.6⋅1012 GJ1 per year. There will be a grow-
ing gap, starting within the next ten years, be-
tween the demand and production of fluid fuels.

1.2. Environmental Damage

The second predicament involving the fossil
fuels is the environmental damage being caused
by the fossil fuels and by their combustion prod-
ucts. Technologies for fossil fuel extraction, trans-
portation, processing and particularly their end
use (combustion), have harmful impacts on the
environment, which cause direct and indirect neg-
ative effects on the economy. Excavation of coal
devastates the land, which has to be reclaimed
and is out of use for several years. During the
extraction, transportation and storage of oil and
gas, spills and leakages occur, which cause water
and air pollution. Refining processes also have an
environmental impact. However, most of the fossil
fuel environmental damage occurs during the end
use. The end us of all fossil fuels is combustion,
irrespective of the final purpose (i. e., heating,
electricity production or motive power for trans-
portation). The main constituents of fossil fuels
are carbon and hydrogen, but also some other
ingredients, which are originally in the fuel (e. g.,
sulfur), or are added during refining (e. g., lead,
alcohols). Combustion of the fossil fuels produces
various gases (COx, SOx, NOx, CHx), soot and ash,
droplets of tar, and other organic compounds,

which are all released into the atmosphere and
cause air pollution. Air pollution may be defined
as the presence of some gases and particulates
which are not a natural constituent of the atmos-
phere, or even presence of the natural constituents
in an abnormal concentration. Air pollution causes
damage to human health, animals, crops, struc-
tures, reduces visibility, and so on.

Once in the atmosphere, triggered by sunlight
or by mixing with water and other atmospheric
compounds, the above stated primary pollutants
may undergo chemical reaction, change their form
and become secondary pollutants, like ozone, aer-
osols, peroxyacyl nitrates, various acids, etc. Pre-
cipitation of sulfur and nitrogen oxides, which
have dissolved in clouds and in rain droplets to
form sulfuric and nitric acids is called acid rain;
but also acid dew, acid fog and acid snow have
been recorded. Carbon dioxide in equilibrium with
water produces weak carbonic acid. Acid deposi-
tion (wet or dry) causes soil and water acidifica-
tion, resulting in damages to the aquatic and ter-
restrial ecosystems, affecting humans, animals,
vegetation and structures.

The remaining products of combustion in the
atmosphere, mainly carbon dioxide, together with
other so called greenhouse gases (methane, nitrogen
oxides and chlorofluorocarbons), result in thermal
changes by absorbing the infrared energy the Earth
radiates into the atmosphere, and by reradiating some
back to Earth, causing global temperatures to in-
crease. The effects of the temperature increase are
melting of the ice caps, sea level rise and climate
changes, which include heat waves, droughts, floods,
stronger storms, more wildfires, etc.

Using the studies by scores of environmental
scientists, the above stated damages have been cal-
culated for each of the fossil fuels [6]. Table 1
presents the results for each type of damage, in
1998 U.S. dollars. it can be seen that the environ-
mental damage for coal is $14.51 per GJ of coal
consumed, for petroleum $12.52 per GJ of petro-
leum consumed, for natural gas $8.26 per GJ of
natural gas consumed, and the weighted mean
damage in the world is $12.05 per GJ of fossil
fuel consumption. These damage costs are not in-
cluded in the prices of fossil fuels, but they are
paid for by the people directly or indirectly through
taxes, health expenditures, insurance premiums,
and through a reduced quality of life. In other
words, today fossil fuels are heavily subsidized.
If the respective environmental damages were in-
cluded in the fossil fuel prices, it would force
earlier introduction of cleaner fuels, such as hy-
drogen, with many benefits to the economy and
the environment.

In order to see the worldwide dimensions of
the fossil fuel environmental damage, Table II has
been prepared. It can be seen that 37 % of the
total damage is caused by coal, white the coal
consumption is 31 % of the total fossil fuel con-

Fig. 1. Estimates of World Fossil Fuel Production

1 1 GJ of energy is approximately equal to the energy contained m 3.4 gallons of petroleum.
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Environmental Damage 1998 $ per GJ 
Coal Petroleum Natural Gas Type of Damage (n) 

Itemized 
Damage 

Sub- 
Totals 

Itemized 
Damage 

Sub- 
Totals 

Itemized 
Damage 

Sub- 
Totals 

Effect on Humans  5.16  4.19  3.09 
Premature deaths 1.75  1.42  1.05  
Medical Expenses 1.75  1.42  1.05  
Loss of working efficiency 1.66  1.35  0.99  

Effect on Animals  0.75  0.63  0.45 
Loss of domestic live stock 0.25  0.21  0.15  
Loss of wildlife 0.50  0.42  0.30  

Effect on Plants and Forests  1.99  1.61  1.20 
Crop yield reduction — ozone 0.25  0.21  0.15  
Crop yield reduction — acid rains 0.13  0.10  0.07  
Effect on wild flora (plants) 0.77  0.62  0.46  
Forest decline (economic value) 0.27  0.22  0.16  
Forest decline (effect on biological        
diversity) 0.53  0.43  0.33  
Loss of recreational value 0.04  0.03  0.03  

Effect on Aquatic Ecosystems  0.26  1.55  0.16 
Oil spills —  0.44  —  
Underwater tanks leakages —  0.90  —  
Liming lakes 0.04  0.03  0.03  
Loss of fish population 0.04  0.03  0.03  
Effect on biological diversity 0.18  0.15  0.10  

Effect on Man-Made Structures  1.66  1.34  0.98 
Historical buildings and monuments       
degradation 0.18  0.15  0.10  
Buildings and houses' detriment 0.37  0.30  0.22  
Steel constructions corrosion 0.99  0.80  0.59  
Soiling of clothes, cars, etc. 0.12  0.09  0.07  

Other Air Pollution Costs  1.45  1.16  0.88 
Visibility reduction 0.30  0.23  0.18  
Air pollution abatement costs 1.15  0.93  0.70  

Effect of Strip Mining  0.73  —  — 
Effect of Climactic Changes  2.04  1.66  1.22 

Heat waves — effects on humans 0.27  0.22  0.16  
Droughts -       
Agricultural losses 0.16  0.13  0.10  
Livestock losses 0.13  0.10  0.07  
Forests losses 0.16  0.13  0.10  
Wild flora and fauna losses 0.93  0.75  0.56  
Water shortage and power production       
problems 0.25  0.21  0.15  
Floods 0.07  0.06  0.04  
Storms, hurricanes, tornadoes 0.07  0.06  0.04  

Effect of Sea Level Rise  0.47  0.38  0.28 
TOTALS  14.51  12.52  8.26 

 

Table 1
Environmental Damage Caused by Each of Fossil Fuels

sumption. On the other hand, only 20 % of the
damage is caused by natural gas, which has a
market share of 29 %. It is clear that increasing
the natural gas consumption at the expense of
coal and petroleum will be environmentally benefi-
cial. This would also prepare the way for greater
public acceptance of gaseous fuels, which would
result in a smoother change to hydrogen, also a
gaseous fuel. It can also be seen from Table 2 that
the annual worldwide environmental damage caused
by fossil fuels is 1998 $4,345 billion, or equal to
11 % of the gross world product. This is a very
large figure. Conversion to a cleaner fuel, such as
hydrogen, would enable the world to save this

enormous sum and perhaps use it to improve the
quality of life worldwide.

2. REASONS FOR HYDROGEN
ENERGY SYSTEM

Because of the foregoing, energy researchers
are looking at the possible alternative sources of
energy to replace the fossil fuels. There are quite
a number of primary energy sources available, such
as thermonuclear energy, nuclear breeders, solar
energy, wind energy, hydropower, geothermal en-
ergy, ocean currents, tides and waves.

At the consumer end, about one-quarter of
the primary energy is used as electricity and three-

T. N. Veziroglu
21st century’s energy: Hydrogen energy system
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Fossil Fuel Consumption 
World coal consumption 
World petroleum consumption 
World natural gas consumption 
World fossil fuel consumption 

(1018 J per year) 
112 
148 
105 
365 

Environmental/ Damage Estimate 
Damage due to coal 
Damage due to petroleum 
Damage due to natural gas 
Total Damage 

(1998 billion $) 
1,625 
1,853 
867 

4,345 

Demographic and Economic Data 
World population (in billions) 
Damage per capita 
World GWP (billion $) 
GWP per capita 
Damage/GWP 

 
5.96 
730 

$39,340 
$ 6,600 

0.11 

Table 2
Worldwide Fossil Fuel Consumption
and Environmental Damage for 1998

quarters as fuel. The above mentioned primary
energy sources must therefore by converted to these
energy carriers needed by the consumer. In con-
trast with the fossil fuels, none of the new prima-
ry energy sources can be directly used as a fuel,
e. g., for air transportation, land transportation.
Consequently, they must be used to manufacture a
fuel or fuels, as well as to generate electricity.

Since we need to manufacture a fuel for the
post fossil fuel era, we are in a position to select
the best possible fuel. There are many candidates,
such as synthetic gasoline, synthetic natural gas
(methane), methanol, ethanol and hydrogen. The
fuel of choice must satisfy the following condi-
tions [7]:

• It must be convenient fuel for transportation.
• It must be versatile or convert with ease to

other energy forms at the user end.
• It must have high utilization efficiency.
• It must be safe to use.
In addition, the resulting energy system must

be environmentally compatible and economical.

2.1. Transportation Fuel

Surface vehicles and airplanes must carry their
fuel for a certain distance before replenishing their
fuel supply. In the case of space transportation,
the space vehicles must carry their, fuel, as well
as the oxidant, necessary for their scheduled range.
Therefore, it is important that the transportation
fuel be as light as possible and also take as little
space as possible. We can combine these require-
ments in a dimensionless number, termed the mo-
tility factor [8]:

 

2
3

2
3

M

h h

h h

E E
M V

E E
M V

  
  
  φ =

  
  
  

 (1)

where E is the energy generated by the fuel, M
the mass of the fuel, V the volume of the fuel,

and the subscript h refers to hydrogen. The high-
er the motivity factor, the better the fuel for trans-
portation. Table 3 lists the pertinent properties of
some fuels, as well as the motivity factors calcu-
lated using Equation (1). It can be seen that among
the liquid fuels LH2 has the best motivity factor,
while methanol has the lowest motivity factor.
Among the gaseous fuels, GH2 has the best
motivity factor.

Consideration of the utilization efficiency ad-
vantage of hydrogen further improves hydrogen’s
standing as the best transportation fuel. Of course,
this is one of the reasons why hydrogen is the fuel
of choice for the space programs around the world,
even though presently it is more expensive than
fossil fuels.

2.2. Versatility

At the user end, all fuels must be converted
through a process (such as combustion) to other
forms of energy, e. g., thermal energy, mechani-
cal energy and electrical energy. If a fuel can be
converted through more than one process to vari-
ous forms of energy at the user end, it becomes
more versatile and more convenient to utilize. Ta-
ble 4 lists various fuels and processes by which
they can be converted to other forms of energy at
the user end. It can be seen that all the fuels,
except hydrogen, can be converted through one
process only, that of combustion. Hydrogen, how-
ever, can be converted to other forms of energy in
five different ways; i. e., in addition to flame com-
bustion, it can be converted directly to steam, con-
verted to heat through catalytic combustion, act
as a heat source and/or heat sink through chemi-
cal reactions, and converted directly to electricity
through electrochemical processes [9]. In other
words, hydrogen is the most versatile fuel.

2.3. Utilization Efficiency

In comparing the fuels, it is important to take
into account the utilization efficiencies at the user
end. For utilization by the user, fuels are convert-
ed to various energy forms, such as thermal, me-
chanical and electrical. Studies show that in al-
most every instance of utilization, hydrogen can
be converted to the desired energy form more effi-
ciently than other fuels [6].

Table 5 presents the utilization efficiency fac-
tors, defined as the fossil fuel utilization efficien-
cy divided by the hydrogen utilization efficiency,
for various applications. It can be seen that hy-
drogen is the most efficient fuel. This results in
conservation of resources, in addition to conserv-
ing energy.

2.4. Safety

The safety aspects of fuels involve their toxic-
ity on one hand and the fire hazard properties on
the other. In addition to the toxicity of their com-
bustion products, the fuels themselves can be tox-
ic. The toxicity increases as the carbon-to-hydro-
gen ratio increases. Hydrogen and its main com-
bustion product, water or water vapor, are not

Hydrogen economy
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Fuel Chemical
Formula

Energy per unit

Mass E
M

 
 
 

 J/kg

Energy per unit

volume E
V

 
 
 

 J/m3

Motivity
Factor

Mφ

Liquid Fuels
Fuel oil C≤20H≤42 45.5 38.65 0.78
Gasoline C5-10 H12-22 47.4 34.85 0.76
Jet fuel C10-15H22-32 46.5 35.30 0.75
LPG C3-4H8-10 48.8 24.40 0.62
LNG ∼CH4 50.0 23.00 0.61
Methanol CH3OH 22.3 18.10 0.23
Ethanol C2H5OH 29.9 23.60 0.37
LH2 H2 141.9 10.10 1.00

∼CH4 50.0 0.040 0.75
Gaseous Fuels

Natural gas
GH2 H2 141.9 0.013 1.00

Table 3
Energy Densities (HHV) and Motivity Factors for Liquid and Gaseous Fuels

Conversion Process Hydrogen Fossil Fuels 
Flame Combustion Yes Yes 
Direct Steam Production Yes No 
Catalytic Combustion Yes No 
Chemical Conversion (Hydriding) Yes No 
Electrochemical Conversion  
(Fuel Cells) Yes No 

Table 4
Versatility (Convertibility) of Fossil Fuels

Table 5
Utilization Efficiency Comparisons

of Fossil Fuels and Hydrogen

Application 

Utilization 
Efficiency 

Factor 
η

η
F

u
H

φ =   

Thermal Energy  
Flame Combustion 1.00 
Catalytic Combustion 0.80 
Steam Generation 0.80 

Electric Power, Fuel Cells 0.54 
Surface Transportation  

Internal Combustion Engines 0.82 
Fuel Cells/Electric Motor 0.40 

Subsonic Jet Transportation 0.84 
Supersonic Jet Transportation 0.72 

Weighted Average 0.72 
Hydrogen Utilization Efficiency Factor 1.00 
Fossil Fuel Utilization Efficiency Factor 0.72 

toxic. However, NOx, which can be produced
through the flame combustion of hydrogen (as
well as through the combustion of fossil fuels)
displays toxic effects.

Table 6 lists the characteristics of fuels relat-
ed to fire hazards. Lower density makes a fuel
safer, since it increases the buoyancy force for
speedy dispersal of the fuel in ease of a leak. For
the same reason, higher diffusion coefficients are
helpful. Higher specific heat causes a fuel to be
safer, sine e it slows down the temperature in-

creases for a given heat input. Wider ignition lim-
its, tower ignition energies, and tower ignition
temperatures make the fuels less safe, as they in-
crease the limits in which a fire could commence.
Higher flame temperature, higher explosion energy,
and higher flame emissivity make a fuel less safe as
well, since its fire would be more damaging.

Table 7 compares the safety of fuels. For each
of the toxic elements and fire hazard characteris-
tics, it ranks the fuels from 1 to 3, 1 being the
safest and 3 the least safe. These rankings have
been summed up for each fuel in order to arrive at
an overall ranking. The total rankings have been
prorated to obtain the safety factors, defined as
the ratio of the total Tanking for hydrogen to
that of a given fuel. It can be seen that hydrogen
becomes the safest fuel; white gasoline is the least
safe, methane being in between the two.

2.4. Best Fuel

When we look at the fuel options critically
under the criteria given above, it becomes clear
that hydrogen is the best transportation fuel, the
most versatile fuel, the most efficient fuel and the
safest fuel. In summary, hydrogen is the best fuel.

3. HYDROGEN ENERGY SYSTEM

As a result of the above discussion, it be-
comes clear that it would be expedient to manu-
facture hydrogen using any and all primary ener-
gy sources, in order to make up for their short-
comings. Such an energy system is then called the
“Hydrogen Energy System.”

Fig. 2 presents a schematic diagram of the
proposed hydrogen energy system. In this system,
hydrogen, (and oxygen) is produced in large in-
dustrial plants where the primary energy source
(solar, nuclear, and even fossil) and water (H2O),
the raw material, are available. For large scale
storage, hydrogen can be stored underground in
ex-mines, caverns and/or aquifers. Hydrogen is
then transported, by means of pipelines or super
tankers, to energy consumption centers. Subse-
quently, it is used in electricity, transportation,

T. N. Veziroglu
21st century’s energy: Hydrogen energy system
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Property Gasoline Methane Hydrogen 
Densitya (kg/m3) 4.40 0.65 0.084 
Diffusion Coefficient in Aira (cm2/sec) 0.05 0.16 0.610 
Specific Heat at Constant Pressurea (J/gK) 1.20 2.22 14.89 
Ignition Limits in Air (vol %) 1.0–7.6 5.3–15.0 4.0–75.0 
Ignition Energy in Air (mj) 0.24 0.29 0.02 
Ignition Temperature (°C) 228–471 540 585 
Flame Temperature in Air (°C) 2197 1875 2045 
Explosion Energyb (g TNT/kJ) 0.25 0.19 0.17 
Flame Emissivity (%) 34–43 25–33 17–25 

Table 6
Characteristics Related to Fire Hazard of Fuels

Table 7

Safety Ranking of Fuels

a At normal temperature and pressure.
b Theoretical maximum; actual 10 % of theoretical.

Fuel Rankinga 
Characteristic 

Gasoline Methane Hydrogen 
Toxicity of Fuel 3 2 1 
Toxicity of Combustion (CO, SOx, NOx, HC, PM) 3 2 1 
Density 3 2 1 
Diffusion Coefficient 3 2 1 
Specific Heat 3 2 1 
Ignition Limit 1 2 3 
Ignition Energy 2 1 3 
Ignition Temperature 3 2 1 
Flame Temperature 3 1 2 
Explosion Energy 3 2 1 
Flame Emissivity 3 2 1 
TOTALS 30 20 16 
Safety Factor sφ  0.53 0.80 1.00 

a 1 — safest; 2 — less safe; 3 — least safe.

Fig. 2. A Schematic Diagram of Hydrogen Energy System

industrial, residential and commercial sectors as a
fuel and/or an energy carrier. The by-product is
water or water vapor. If flame combustion of hydro-
gen is used, then some NOx is also produced. Water
and water vapor are recycled back, through rain,
rivers, lakes and oceans, to make up for the water
used in the first place to manufacture hydrogen.

The oxygen produced in the industrial plant
making hydrogen could either be released into the
atmosphere, or could be shipped or piped to indus-
trial and city centers for use in fuel cells (instead
of air) for electricity generation. This would have

the advantage of increasing the
utilization efficiency. The ox-
ygen could be used by indus-
try for non-energy applications,
and also for rejuvenating the
polluted rivers and lakes, or
speeding up sewage treatment.

It should be noted that in
the hydrogen energy system,
hydrogen is not a primary
source of energy. It is an inter-
mediary or secondary form of
energy or an energy carrier. Hy-
drogen complements the prima-
ry energy sources, and presents
them to the consumer in a con-
venient form at the desired lo-
cations and time.

Details of the hydrogen
energy system, including pro-
duction, storage, transporta-
tion, distribution, utilization,
environmental impact and econ-
omies, can be found in the pro-
ceedings of the THEME and
the World Hydrogen Energy
Conferences [10–22], and in
the books by Bockris, Vezirog-
lu and Smith [23], and Vezi-
roglu and Barbir [24].

4. COMPETING ENERGY
SYSTEMS

Essentially, there are three
contending energy systems: (1)
the present fossil fuel system,
(2) the coal/synthetic fossil fuel
system, and (3) the solar hy-
drogen energy system, which is
a special ease of the hydrogen
energy system.

4.1. Fossil Fuel System

A simplified version of to-
day’s energy system is shown
in Fig. 3. Fossil fuels are used
for transportation (mostly pe-
troleum products), for heat gen-
eration in residential, commer-
cial and industrial sectors, and
for electric power generation.
For transportation, mostly pe-

troleum products are used (gasoline, diesel fuel,
jet fuel, etc.). Heat generation includes space heat-
ing, domestic water heating, cooking, steam gen-
eration and direct heating and/or drying in vari-
ous industrial processes. All three forms of fossil
fuels are used for these purposes. In electric pow-
er generation, coal is used mainly for the base
load generation, and natural gas and heating oil
are used for peak load. Part of the electric power
is produced by hydro and nuclear power.

In comparing with other energy systems, it
can be assumed that 40 % of primary energy (in

Hydrogen economy
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fossil fuel equivalent units) will be used for ther-
mal energy generation, 30 % for electric power
generation, and 30 % for transportation (2/3 for
surface transportation and 1/3 for air transpor-
tation) [23]. Energy supplied by hydro and nucle-
ar power plants (mostly in the form of electric
power) and by other non-fossil fuel sources do not
have to be taken into account, since it is assumed
that it will be the same for the three systems con-
sidered. Actually, it is reasonable to expect that in
the future even more electrical energy will be sup-
plied by these sources.

When one considers the early 2000’s, it can
be expected that about one half of the thermal
energy will be supplied by natural gas, and the
rest by petroleum fuels (fuel oil and residual oil)
and coal. Coal is assumed to be the main energy
source for electricity generation, gasoline for sur-
face transportation and jet fuel for air transpor-
tation. This is of course a simplified version of
the fossil fuel energy system, but it is c1ose enough
to the present patterns of energy consumption,
and can be used as the basis for comparisons.

4.2. Coal/Synthetic Fossil Fuel System

Reserves of fossil fuels are finite, particularly
those of oil and natural gas. Known reserves of
oil and natural gas are about 8,000 El (1 El =
= 1018 l), which would be enough for the next
40 years at the current consumption rate [24]. If
the exponential population growth and the demand
growth are taken into account they would only
last about 25 years. Even if the estimated addi-
tional undiscovered resources were added, that
would satisfy energy needs for fluid fuels an ad-
ditional 30 years or so. Coal reserves are much
larger, known reserves are about 20,000 El, but
estimated ultimately recoverable resources add up
to 150,000 El. These large amounts of coal could
eventually be used to produce synthetic liquid fu-
els, allowing society to continue employing the
present energy system. Such a system is called the
coa1/synthetic fossil fuel system, since coal is to be
used to manufacture synthetic fossil fuels, as well
as to be directly used for electricity generation.

In this case, it can be assumed that the present
fossil fuel system will be continued by the substi-
tution with synthetic fuels derived from coal wher-
ever convenient and/or necessary. Patterns of en-
ergy consumption are also assumed to be un-
changed (see Fig. 4). Coal will be used extensively
for thermal power generation and for electric power
generation, because it is much cheaper than syn-
thetic fuels. However, some end-uses require fluid

Fig. 3. Fossil Fuel System

Fig. 4. Coal/Synthetic Fossil Fuel System

fuels. Therefore it has been assumed that synthet-
ic natural gas (SNG) will be used for some ther-
mal energy generation (primarily in the residential
sector) and also as fuel for surface transporta-
tion, where it will share the market with synthetic
gasoline. Synthetic jet fuel will be used in air trans-
portation.

4.3. Solar Hydrogen Energy System

If solar energy, in its direct and/or indirect
forms (e. g., hydro, wind, etc.), is used to manu-
facture hydrogen, then the resulting system is called
the “solar hydrogen energy system.” In this sys-
tem, both the primary and secondary energy sourc-
es are renewable and environmental1y compatible,
resulting in a dean and permanent energy system.
Fig. 5 presents a schematic of the solar hydrogen
energy system.

Fig. 5. Solar-Hydrogen Energy System

In this case, it is assumed that the conversion
to the hydrogen energy will take place, and one-
third of hydrogen needed will be produced from
hydropower (and/or wind power) and two-thirds
by direct and indirect (other than hydropower)
solar energy forms. The same percentage of ener-
gy demands by sectors as the above systems will
be assumed. It will further be assumed that one
half of the thermal energy will be achieved by
flame combustion, one quarter by steam genera-
tion with hydrogen/oxygen steam generation and
the last quarter by catalytic combustion; electric
power will be generated by fuel cells; one-half of
the surface transportation will use gaseous hydro-
gen burning internal combustion engines and the
other half will use fuel cells. In air transporta-
tion, both subsonic and supersonic, liquid hydro-
gen will be used.

T. N. Veziroglu
21st century’s energy: Hydrogen energy system
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5. COMPARISON OF ALTERNATIVES
ENVIRONMENTAL IMPACT OF ENERGY

It may be best to divide this into three sec-
tions, viz., pollution vapor generation and envi-
ronmental damage.

5.1. Pollution

Table 8 lists the pollutants for the three ener-
gy systems described. It can be seen that the coal/
synthetic fossil system is the worst from the envi-
ronmental point of view, while the solar-hydrogen
energy system is the best. The solar-hydrogen sys-
tem will not produce any CO2, CO, SOx, hydrocar-
bons or particulates, except some NOx. However,
the solar-hydrogen-produced NOx is much less than
those produced by the other energy systems. This
is due to the fact that in the solar hydrogen ener-
gy system only the flame combustion of hydrogen
in air will generate NOx. The other utilization proc-
esses (such as direct steam generation, use of hy-
drogen in fuel cells, hydriding processes, etc.) will
not produce any NOx.

Table 8

Pollutants Produced by Three Energy Systems

Pollutant 
Fossil Fuel  

System 
(kg/GJ) 

Coal/Synthetic 
Fossil System 

(kg/GJ) 

Solar-Hydrogen  
System (kg/GJ) 

CO2 72.40 100.00 0 
CO 0.80 0.65 0 
SO2 0.38 0.50 0 
NOx 0.34 0.32 0.10 
HC 0.20 0.12 0 
PM* 0.09 0.14 0 

5.2. Vapor Generation

There is a notion that the hydrogen energy
system would produce more water vapor than the
other energy systems, since the fuel is pure hydro-
gen. When on considers the problem in detail, it is
found to be not so.

Only the flame combustion of fuels in air or
in oxygen will produce water vapor. In the case of
hydrogen those other processes mentioned ear1ier
will not produce any water vapor. Consequently,
contrary to the popular belief, the solar-hydrogen
energy system will produce less water vapor than
the other systems.

* Particulate Matter

Table 9

Comparison of Vapor Generation by Three Energy Systems (For 1998 Energy Consumption)

Item Unit Fossil Fuel 
System 

Coal/Synthetic 
Fossil System 

Solar-Hydrogen 
System 

Annual Vapor Generation by Energy 
System 1012 kg 8.9 9.300 6.0 

Annual Vapor Generation due to 
Global Warming 1012 kg 3,900 3,900.000 0 

Total Vapor Generation due to Energy System  
and Global Warming 1012 kg 3,909 3,909.000 6.0 

Total Vapor Generation as Fraction of 
that Produced Naturally % 0.782 0.782 0.001 

 Note: Annual vapor generation due to solar heating is 5×1017 kg

Global warming, which is caused by the utili-
zation of fossil fuels, also causes an increase in
water vapor generation. Assuming that the Earth’s
mean temperature has increased by 0.5 °C since
the beginning of the Industrial revolution [25],
this additional water vapor generation and that
produced by the combustion of fuels have been
calculated. The results are presented in Table 9, it
can be seen that (1) the two fossil fuel systems
generate much more additional (above natural)
water vapor than the solar hydrogen energy sys-
tem, (2) the additional water vapor generated by
global warming is much greater than that pro-
duced by the combustion of fuels, (3) the amount
of water vapor generated by fuels is minimal com-
pared to that generated naturally, and (4) the so-
lar hydrogen system causes the smallest increase
in vapor generation. Again, when the additional
vapor generation is considered, the solar-hydro-
gen system becomes environmentally the most com-
patible system.

5.3. Environmental Damage

Table 10 presents the environmental damage
per gigajoule of the energy consumed for each of
the three energy systems considered and also for
their fuel components in 1998 US dollars, as well
as environmental compatibility factors, defined as
the ratio of the environmental damage due to the
hydrogen energy system to that due to a given
energy system. The environmental damage for the
solar-hydrogen energy system is due to the NOx

produced. It can be seen that the solar-hydrogen
energy system is environmentally the most com-
patible system.

It should be mentioned that hydrogen also
has the answer to the depletion of the ozone layer,
mainly caused by chlorofluorocarbons. Refrigera-
tion and air-conditioning systems based on the
hydriding property of hydrogen do not need chlo-
rofluorocarbons but need hydrogen, and any hy-
drogen leak would not cause ozone layer deple-
tion. Such refrigeration systems are also very qui-
et, since they do not have any moving machinery.

6. COMPARISON OF ECONOMICS OFENERGY
ALTERNATIVES

The economical comparison between compet-
ing energy system s should be based on the effec-

Hydrogen economy
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tive costs of the services these fuels provide. The
effective costs include the utilization energy, the
east of fuel, and the costs associated with fuel
consumption but which are not included in its price
(so-called external costs). External costs include
the costs of the physical damage done to humans,
fauna, flora and the environment due to harmful
emissions, oil spills and leaks, and coal strip min-
ing, as well as governmental expenditures for pol-
lution abatement and expenditures for military
protection of oil supplies.

In economic considerations, it is also impor-
tant to compare the future costs of hydrogen (which
will be considerably tower than they are today
because of the assumed market and technology
development) with the future costs, both internal
and external, of fossil fuels (which will unavoida-
bly be higher than today’s prices due to depletion,
international conflicts and environmental impact).

The effective east of a fuel can be calculated
using the following relationship:

 
η

( )
η

fk
r i e

sk

C C C= + , (2)

where Ci is the internal cost or the conventional
cost of the fuel, Ce the external cost including the
environmental damage caused by the fuel ηfk the
fossil fuel utilization efficiency for application k,
and ηsk the synthetic fuel (inducing hydrogen) uti-
lization efficiency for the same application or the
end use.

In order to evaluate the overall cost (C0) to
society, the three scenarios considered earlier will
be used. This cost can be calculated from the rela-
tionship:

 0
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α
n
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n
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=
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where an is the fraction of energy used by the
energy sector n, such as electricity generating,
heat producing, surface transportation, subsonic
air transportation, and supersonic air transporta-
tion. Since αn is a fraction, their sum is:
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Substituting Eq. (2) into Eq. (3), one obtains
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Table 10

Environmental Damage and Environmental
Compatibility Factors

Energy System and Fuel 
Environmental 

Damage  
(1998 $/GJ) 

Environmental 
Compatibility 

Factor, Eφ  
Fossil Fuel System 

Coal 
Oil 
Natural Gas 

12.4 7 
14.51 
12.52 
8.26 

0.055 

Coal/Synthetic Fossil System 
Syn-Gas 
SNG 

15.46 
20.34 
13.49 

0.044 

Solar-Hydrogen Energy System 
Hydrogen 

0.68 
0.68 

1.000 

Using Eqs. (2)–(5), Tables 11–13
have been prepared for the three energy
scenarios, i. e., the fossil fuel system,
the coal/synthetic fossil fuel system, and
the solar-hydrogen energy system in
1998 US dollars. Comparing the results,
it becomes dear that the solar-hydrogen
energy system is the most cost-effective
energy system, and results in the lowest
overall effective cost to society.

7. ADVANTAGES OF HYDROGEN
AND SOLAR-HYDROGEN ENERGY

SYSTEM

As a result of the investigation pre-
sented above, it can be seen that hydro-
gen as a fuel and the solar hydrogen

energy system have unmatched advantages as com-
pared with fossil fuels and the fossil fuel system
respectively.

Application Fuel 
Energy 

Consumption 
Fraction 

Effective Cost 
(1998 U.S. 

$/GJ) 

Thermal Energy 
Natural Gas 

Petroleum Fuels 
Coal 

0.20 
0.10 
0.10 

17.46 
27.56* 
17.75 

Electric Power Coal 0.30 17.25 
Surface 
Transportation Gasoline 0.20 31.61 

Air Transportation Jet Fuel 0.10 25.98 
TOTAL OF 
FRACTIONS  1.00  

OVERALL 
EFFECTIVE GOST   22.11 

Table 11

Effective East of Fossil Fuel System

* Average for residential and industrial sector.

Application Fuel 
Energy 

Consumption 
Factor 

Effective Cost 
(1998 

U.S.$/GJ) 
Thermal Energy Goal 

SNG 
0.30 
0.10 

17.75 
36.64 

Electric Power Goal 0.30 17.25 
Surface Transportation SNG 

Syn-gasoline 
0.10 
0.10 

36.64 
51.65 

Air Transportation Syn-jet 0.10 45.45 
TOTAL OF 
FRACTIONS  1.00  

OVERALL 
EFFEGTIVE COST   27.55 

Table 12

Effective Cost of Coal/Synthetic Fuel System

7.1. Hydrogen

The advantages of hydrogen vis a vis fossil
fuels can be listed as follows:

• Liquid hydrogen is the best transportation
fuel when compared to liquid fuels such as gaso-
line, jet fuel and alcohols; and gaseous hydrogen
in the best gaseous transportation fuel.

• While hydrogen can be converted to useful
energy forms (thermal, mechanical and electrical)
at the user end through five different processes,
fossil fuels can only be converted through one
process, i.e., flame combustion. In other words,
hydrogen is the most versatile fuel.

T. N. Veziroglu
21st century’s energy: Hydrogen energy system
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Table 13

Effective Cost of Solar-Hydrogen Energy System

Application Fuel* 
Energy 

Consumption 
Factor 

Effective Cost 
(1998 US$/GJ) 

Thermal Energy    
Flame Combustion GH2 0.20 26.04 
Steam Generation GH2 0.10 20.83 
Catalytic Combustion GH2 0.10 20.83 

Electric Power    
Fuel Cells GH2 0.30 14.06 

Surface Transportation    
IC Engines GH2 0.10 21.36 
Fuel Cells GH2 0.10 10.41 

Air Transportation    
Subsonic LH2 0.05 26.26 
Supersonic LH2 0.05 22.51 

TOTAL OF FRAGTIONS  1.00  
OVERALL EFFEGTIVE EAST   19.23 

* It has been assumed that 1/3 of hydrogen will be produced from hydropower
and/or wind power, and 2/3 from solar.

• Hydrogen has the highest utilization effi-
ciency when it comes to conversion to useful ener-
gy forms (thermal, mechanical and electrical) at
the user end. Overall, hydrogen is 39 % more ef-
ficient than fossil fuels. In other words, hydrogen
will save primary energy resources. It could also
be termed as the most energy conserving fuel.

• When fire hazards and toxicity are taken
into account, hydrogen becomes the safest fuel.

7.2. Solar Hydrogen Energy System

The advantages of the solar hydrogen energy
system vis a vis the present fossil fuel system and
synthetic fossil fuel system can be listed as fol-
lows:

• When the environmental impact is taken into
consideration, the solar hydrogen energy system
becomes the most environmentally compatible en-
ergy system. It will not produce greenhouse gases,
ozone layer damaging chemicals, oil spills, c1imate
change, and little or no acid rain ingredients and
pollution. It will actually reverse the global warm-
ing and bring the Earth back to its normal tem-
peratures by decreasing the CO2 in the atmosphere
to its pre-Industrial Revolution level.

• The solar hydrogen energy system has the
lowest effective cost, when environmental damage
and higher utilization efficiency of hydrogen are
taken into account. In other words, the solar hy-
drogen energy system will cost society least when
compared with the present fossil fuel system and
the synthetic fossil fuel system.
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INTERNATIONAL SYMPOSIUM ON MATERIALS
ISSUES IN A HYDROGEN ECONOMY

November 12-15, 2007, Richmond, Virginia

The growing demand for energy, brought about by the
rising standard of living and world-wide population growth,
has made it imperative that new sources beyond fossil fu-
els be found to sustain the current economy. The limited
supply of fossil fuels and its adverse effect on the environ-
ment makes it necessary that the new energy sources should
be abundant, renewable, secure, clean, safe, and cost effec-
tive. Hydrogen is considered to be a good energy resource
for the future. However, there are enormous problems in
the production, storage, and use of hydrogen in the trans-
portation sector of the economy.

The International Symposium on Materials Issues in a
Hydrogen Economy to be held in Richmond, Virginia during
November 12–15, 2007 will address fundamental scientific
issues concerning the production, storage, and use of hydro-
gen. Critical to these issues is our understanding of the
interaction of hydrogen with materials. The symposium will
bring together researchers from Physics, Chemistry, Mate-
rials Science, and Engineering to share their ideas and re-
sults, to delineate outstanding problems, and to guide the
future research. The symposium will also feature speakers
addressing the issues of safety, education, and economics.
There will be no parallel sessions so that the participants
can take part in the discussion of every issue central to the
hydrogen economy. The oral sessions will include invited
speakers and selected hot topics. Two poster sessions will
enable other participants to share their results.

This Symposium is part of the Richmond Conference
Series. Started in 1982, it is held every four years and
addresses cutting edge issues in Science and Technology.

TOPICS
Production and Delivery. Thermo-chemical, photoelec-

tro-chemical, nuclear, biomass, photo-biological.
Storage. Liquid, compressed gas and solid state (com-

plex light metal hydrides, zeolites, clathrates, metal-or-
ganic frameworks, carbon and boron-nitride based nanos-
tructures, chemical hydrides).

Fuel cells. Polymer electrolyte and hydro-carbon mem-
branes.

Cross-cutting. Catalysis, nanostructures.
Education and Safety.

DEADLINES
August 1, 2007 — Submission of abstracts
September 1, 2007 — Advance Registration
October 1, 2007 — Hotel reservation at conference rate
November 1, 2007 — Registration cancellation
November 12, 2007 — Submission of manuscripts

ABSTRACTS
The length limit is one page only.
Information on the acceptance/non-acceptance of the

abstracts will be sent to the submitting author.
A fifteen minute slot has been set aside at the end of

each session to allow presentations of late breaking news.
The papers to be presented here will be selected from the
contributed abstracts.

The abstract book will be prepared by direct photo re-
production from the originals submitted (or from the elec-
tronic submissions after suitable formatting). You are en-
couraged to submit the abstract electronically.

Instructions for typing the abstract:
Typing should be done single-spaced with a 12 point Times New

Roman typeface. The typescript should be contained within a column 14
cm wide and 20 cm high. This space should include the title, authors,
affiliations, footnotes, references, figure(s) etc. Also a margin of 4 cm is
required on the left side and on the top of the page.

Typing should be done in the following style. Begin with the title
using a capital letter to start each significant word. Leave one line space
and continue with the name of the author(s) followed by the name of the
affiliation. Please underline the name of the presenting author. Please
include the e-mail address of the submitting author at the end of the
section containing the affiliation. Leave two lines and start typing the
body of the abstract.

To submit the abstract electronically, please prepare the abstract as
above using Microsoft Word and attach the file to an e-mail sent to
ishe@vcu.edu.

If you choose to submit through hard copy, please print the ab-
stract using a laser printer and send two copies (unfolded) to:

Mailing address:
ISHE, c/o Dr. P. Jena

Physics Department, Virginia Commonwealth University
Richmond, Virginia 23284-2000, U.S.A.

Phone: (804) 828-8991
FAX: (804) 828-7073
E-mail: ishe@vcu.edu

http://www.has.vcu.edu/phy/ishe/index.html

T. N. Veziroglu
21st century’s energy: Hydrogen energy system
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ALLOYS FOR HYDROGEN SEPARATION,
RECOVERY AND PURIFICATION
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 Deputy-Editor-in-Chief

Department of Chemistry, University of Central Florida, Orlando, FL 32816, USA
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Dissertation:  “Synthesis, Crystal Structure, and Reactivity
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Hydrogen absorption properties of LaNi5 and LaNi5Alx intermetallics prepared by mechanical alloy-
ing have been investigated as a function of alloy preparation parameters and alloy composition in the
range of 0.9 to 33.3 atomic % Al in LaNi5Alx. LaNi5 and its aluminum added derivatives, powdered by
mechanical alloying, did not readily interact with H2. Activation has been achieved by thermal treat-
ment of the powdered samples. Interactions were rapid at 193 K and 5 atm. H2 pressure. Hydrogen
capacity was reduced slightly with the addition of Al, however the time of completion of the reaction
was unaffected. Formation of LaNi4Al has been verified by X-ray diffraction analysis. LaNi5 was tested
to selectively react with H2 in a stream of H2-He and it retained H2, producing pure He.

Introduction

Lanthanum nickel, LaNi5 has long been stud-
ied as a possible hydrogen storage material.  Un-
fortunately, because of its high mass, the weight
content of hydrogen is extremely low, making the
material unsuitable for automotive purposes. How-
ever, the material forms a hydride at room tem-
perature, or lower, with good kinetics. This makes
LaNi5 an excellent candidate for applications that

require rapid uptake under mild conditions. One
such use is for the recovery of hydrogen that is
lost during the purging of transfer lines, or is
lost due to boil-off during the storage of liquid
hydrogen.

At NASA’s Kennedy Space Center, KSC, hy-
drogen is used for the space shuttle and other
launch vehicles. As a result, huge quantities of
liquid hydrogen are transported, transferred and
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stored at KSC. During the transfer of the hydro-
gen from the trucks to the storage dewars, signif-
icant quantities of hydrogen are lost during the
cooldown of the transfer lines and from flash evap-
oration as the high pressure cryogenic liquid en-
ters the low pressure dewars. Additionally, dur-
ing storage, hydrogen is constantly lost because
of boil off.  Recovery of this lost hydrogen could
lead to substantial savings.

In addition to the hydrogen that is lost due to
transfer operations and boil off, NASA also loses
hydrogen during purge operations. Prior to fill-
ing lines with liquid hydrogen, they must be pre-
cooled with liquid helium. After an operation, the
residual hydrogen is purged, again with helium,
in order to safe the systems. Both the hydrogen
and helium in these operations is currently not
recovered, leading to additional losses.

It was the loss of this hydrogen and helium
that led to the study described here. LaNi5 ab-
sorbs hydrogen rapidly, reversibly and selectively.
As a result, it is capable of not only absorbing
hydrogen as it vaporizes during transfer opera-
tions, but also is potentially useful for separating
hydrogen from the helium purge gas. Selective
removal of the hydrogen would allow recovery of
helium, in high purity, for future use.

Background

Hydriding alloys of the AB5 type are suitable
materials for hydrogen storage applications because
of their large hydrogen capacity, easy activation
and rapid hydriding/dehydriding rates. One of those
representative compounds that has been extensively
studied is LaNi5 [1, 2]. It has been used as an
electrode in nickel metal hydride batteries and as
an absorber for gaseous hydrogen. LaNi5 rapidly
reaches equilibrium with hydrogen, even at low pres-
sures and temperatures, and the hydriding and de-
hydriding processes are reversible at H2 partial pres-
sures close to atmospheric [3].

Hydriding alloys are of great interest due to
the simplicity of tailoring the hydriding properties
by a variety of methods. One common method is
the partial substitution of one metal for another.
For example, the substitution of Ge, Zn or Al for
the Ni in LaNi5 was reported to have increased the
cycle life of the hydride with a slight decrease in
hydrogen capacity [4–6]. Partial substitution of La
by rare earth metals, however, deteriorated the hy-
driding properties and cycle life [7]. Another op-
tion to manipulate the characteristics is to change
the sample preparation method. Laboratory scale
possibilities include melting, annealing or mechani-
cal alloying, or a combination of several techniques
[8]. Further treatment after alloying is also neces-
sary for LaNi5 to readily react with hydrogen.

Hydrogen absorbing alloys reported previous-
ly were prepared by arc melting the elements, which
were analyzed after size reduction and several
hydriding-dehydriding cycles for activation. For
example, LaNi5-xAlx samples, prepared by arc melt-
ing followed by annealing and size reduction, were
activated by hydriding in pure hydrogen gas at
17 atm and dehydriding at 363 K three times [6].

Mechanical alloying is a low temperature acti-
vation method and has been reported to activate
FeTi, Mg2Ni and LaNi5, which are inert to hydro-
gen prior to milling. For FeTi, milling is believed
to give rise to Fe rich clusters on the surface and
the generation of new surfaces by cracking [9].
LaNi5 has been formed from elemental La and Ni
via milling at room temperature, and partially sub-
stituted La0.5Zr0.5Ni5 has been synthesized from
an equimolar mixture of LaNi5 and ZrNi5 [10].

In the present study, we had an interest in be-
ing able to selectively remove hydrogen from a hy-
drogen-helium stream, such as is generated when
helium is used to purge a system that has carried
hydrogen. These purge gases, a hydrogen-helium
mixture, are typically vented, resulting in a loss of
millions of dollars of resources. The ability to selec-
tively remove and capture the hydrogen would also
allow the helium to be reclaimed for further use.

Experimental

Sample preparation. Sample preparation in-
volved the ball milling of LaNi5 that had been pre-
alloyed by the manufacturer. Al and LaNi5 were
mechanically alloyed in changing proportions us-
ing a high energy ball mill. Al content is present-
ed as mole percentages, varying between approxi-
mately 0.9 and 33.3 % of the total number of
atoms in LaNi5Alx. The results of the effect of the
addition of Al to LaNi5 on hydriding capacity and
rate was analyzed by differential scanning calor-
imetry at 293 K and 5 atm initial H2 pressure.
LaNi5 (99.9 %, REacton) and Al (99.5 %,
-325 mesh) were obtained from Alfa Aesar and
stored under the Ar atmosphere of a Labconco
glove box. The mechanical activation of LaNi5 and
LaNi5Alx was done by ball milling in a high ener-
gy Spex 8000M Mixer/Mill. A 50-mL tungsten
carbide grinding vial obtained from Spex Certi
Prep Inc., Metuchen, NJ, was used with two
11.11 mm tungsten carbide balls as the high ener-
gy ball milling medium. The milling canisters were
loaded and unloaded in the glove box to avoid
contact with air and moisture. LaNi5 samples were
ball milled with the following durations and ball
to powder ratios, respectively: 10 minutes, 10:1;
10 minutes, 1:1; 30 minutes, 1:1. Approximately
200 mg of the milled powder was utilized for hy-
drogen uptake analysis.

LaNi5Alx samples were ball milled for 10 min-
utes with 10:1 ball to powder ratio and analyzed
for hydrogen uptake, followed by elemental analy-
sis. Five LaNi5 samples were milled for 3, 6, 10,
15 and 30 minutes with a ball to powder ratio of
10:1 for x-ray diffraction studies.

LaNi5 samples for use in the larger scale
U-tube reactor were prepared using a 50-mL stain-
less steel grinding vial with two 12.70 mm stain-
less steel balls. Samples were milled for 30 minu-
tes with a ball-to-powder ratio (BPR) of 1.7:1.

Equipment. Hydriding and dehydriding char-
acteristics of sample materials were determined
using a SETARAM DSC-111 Differential Scan-
ning Calorimeter. The DSC furnace was fitted with
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sample and reference cells made from 1/4” Hastelloy
C-22 seamless tubing. The cells were connected to
inlet and exit valves, with quick disconnects for
easy access. The inlet and exit valves were needle
and globe valves, respectively. The inlet valves were
connected to hydrogen and helium cylinders and
the exit valves opened to the atmosphere. All com-
ponents and fittings were made of 316 stainless
steel. Pressure was monitored with two Omega
type PX602 pressure transducers with a range up
to 13.6 atm. Pressure data were acquired with a
Dell 4200 PC using LabView software with a Na-
tional Instruments board. Thermal data were di-
rectly transferred to the PC from the DSC and
analyzed using Setsoft 2000 software. The amount
of hydrogen absorbed or released was calculated
and graphed using SigmaPlot software. Sample
boats for the DSC were made from 316 stainless
steel. The samples loaded into the boat were placed
into a hollow glass tube that was sealed at both
ends with plastic caps and then transferred from
the glove box to the DSC to prevent exposure of
the samples to air. Sample cell volume was deter-
mined by a water displacement method. Lateral
heat loss compensation curves were previously de-
termined.

A U-tube reactor was constructed from a seam-
less stainless steel pipe, 1 foot long, 1 inch O.D.,
that was bent into a U-shape to contain samples as
large as 300 g. The reactor was fitted with 0.5 mic-
ron pore size inline filters and needle valves on
each end. The downstream valve was connected to
a three neck flask for effluent gas collection. The
compositional analysis of the effluent gas was done
with a Buck Scientific type 910 gas chromatograph
fitted with a Hayesep DB 100/120, 30 ft, 1/8 inch
O.D. stainless steel column obtained from Alltech.
The GC utilized a TCD detector and the carrier gas
was argon. Sample injection was done with a gas
tight 100 µL syringe. The GC was connected to a
Dell GX110 PC and the data was recorded using
PeakSimple chromatography software.

Thermal activation. In the DSC, samples were
activated with a thermal cycle following milling.
This was done by placing the sample in the DSC in
a hydrogen atmosphere at approximately 5 atm, and
heating the furnace to 150 °C, followed by cooling
to ambient temperature. During this activation step,
samples were hydrided to some extent, if not com-
pletely. Therefore, these samples were heated up to
150 °C under a minimal flow of argon to ensure no
hydrogen was left in the sample.

For study in the U-tube reactor, samples were
ball milled in stainless steel vials with lower ball to
powder ratios and longer milling times. Approxi-
mately 200 grams of milled alloy were placed in a
Pyrex petri dish that was then transferred into a
2 L capacity Parr pressure reactor for activation.
Samples were heated to 250 °C under a hydrogen
pressure of approximately 20 atm. After the sys-
tem reached equilibrium, it was allowed to cool
under hydrogen pressure. After cooling, the sys-
tem was vented and heated to remove absorbed
hydrogen.

Hydriding procedure. Activated samples for
hydriding trials in the DSC were prepared by load-
ing 100 to 300 milligrams of sample into sample
boats under an argon atmosphere in the glove box.
The boats were transferred to the DSC after the
furnace temperature had been adjusted to between
20 to 25 °C. The boat was loaded into the cell under
a minimal hydrogen flow, which limited air expo-
sure of the samples and avoided blowing the samples
out of the boat. After inserting the boat, the exit
valves were closed, the system was adjusted to the
desired pressure and then the upstream valves and
the hydrogen source cylinder valve were closed.

The U-tube reactor was used to determine hy-
driding characteristics via continuous operation.
The U-tube was disconnected from the rest of the
structure by the quick disconnects and filled with
approximately 200 g of sample under an argon
atmosphere in the glove box. The rest of the struc-
ture was then assembled on both ends and the
reactor was removed from the glove box. After
purging the reactor with argon, a hydrogen/heli-
um mixture was allowed to flow through the reac-
tor. At the same time, samples were injected into
the GC continuously with appropriate one minute
intervals, determined by the start and end of a
hydrogen-helium peak pair. The flow rate through
the reactor was monitored with a Fisher Scientific
digital flow meter.

Dehydriding was accomplished by heating the
reactor to 150 °C under argon flow. The exit stream
was analyzed for hydrogen using the GC. As soon
as no hydrogen was detected in the stream, the
system was allowed cool to room temperature.

Sample Characterization and Analysis.
A Rigaku Multiflex x-ray diffractometer using
Cu-Kα radiation, was employed to characterize
LaNi5 + Al samples. Analysis was done over a 2θ
range of 20 ° to 80 °. The slit width and scanning
speed, respectively, were 0.020 mm and 2.400 de-
grees per minute. The x-ray generator voltage and
current were set to 40 kV and 30 mA, respective-
ly. Samples were supported on a metal sample holder
whose bottom was closed by scotch tape and the
sample was filled above it. Data were analyzed
with Jade analysis software.

Elemental analysis of LaNi5 and Al doped
LaNi5 was done by flame emission spectroscopy
using a Varian Inc. SpectrAA10 spectrometer. Lan-
thanum, nickel, and aluminum were determined
at 441.7, 341.5 and 396.1 nanometers, respec-
tively. An acetylene/nitrous oxide flame was used
with a slit width of 0.2 nm for all elements. Lan-
thanum standards were prepared by making dilu-
tions from a stock solution of La2O3 dissolved in
HNO3. Nickel and aluminum stock solutions were
prepared by dissolving pure elements in 1:1 HNO3

and then standards were prepared by making ap-
propriate dilutions. The interference of Ni on Al
determination and of Al on the determination of
La were accounted for by matching the concentra-
tions of the interferences in the standards to those
of samples.

Hydrogen economy
Hydrogen production methods
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Results and Discussion

During ball milling, it was noted that a sig-
nificant amount of material always coated the
grinding media and the walls of the vial.  Because
Al was the more malleable component of the two
and, therefore, more likely to stick to the media
and walls, elemental analysis was run after the
samples had been ball milled and used for hydro-
gen uptake. The composition of LaNi5Alx samples
initially and after ball milling are given in Table
1. The mole % Al after milling was less than
originally placed in the milling jar for all samples
except for Sample 4.. Apparently, during milling
the aluminum did coat the milling media and was
depleted from the bulk. The increase of Al content
in Sample 4 is assumed to be the result of non-
homogeneity of the milled product; the sample taken
for analysis may not have been representative of
the whole.

Table 1
Aluminum content of free powder in milling jar

Mole % Al 
Sample 

Initial mixture After milling 
1 0.87 0.77 
2 5.26 4.74 
3 14.29 12.00 
4 33.33 47.31 

LaNi5 samples, prepared with various milling
conditions, were reacted with H2 at 293 K and
5 atm H2 in the DSC. None of the samples showed
activity towards hydrogen after only ball milling.
However, ball milling followed by a single thermal
activation cycle resulted in a material that readily
reacted with hydrogen. The hydrogen uptake re-
action was observed to be rapid in all cases, reach-
ing completion within 10 minutes. On the other
hand, the total hydrogen absorption capacity was
affected by changes in milling settings. The re-
sults are listed in Table 2. When the ball to pow-
der ratio was decreased, a decrease in hydrogen
capacity was observed. This effect is believed to be
a consequence of the reduced number of collisions
between milling media and the particles, resulting
in relatively less stress being induced in the parti-
cles. This resulted in less activation of the sample.
Furthermore, the degree of activation of the sam-
ple was independent of the material from which
the milling jar and media were made. This indi-
cates that contamination with iron is not a factor
in the activation of the samples.

Table 2
Effects of various milling parameters on hydrogen capacity

Milling vial SS1 WC2 WC WC WC 

Milling time, min 30 Non 
milled 10 10 30 

Ball to powder ratio 1.7:1 n/a 10:1 1:1 1:1 
% H absorbed (wt %) 0.76 0 1.06 0.54 0.66 

1 Stainless steel 
2 Tungsten carbide 

 

Using the DSC, reactions between the samples
shown in Fig. 1 and hydrogen were carried out at
293 K and 5 atm H2. The weight percent of H
absorbed by the LaNi5Alx samples is listed in Table
3 and the uptake curves are given in Fig. 1. The
dependence of percent hydrogen absorbed on Al
content in LaNi5 is given in Fig. 2. The observed
amount of H2 absorbed remained constant at low
Al content, and then decreased as Al content in-
creased.

  Table 3
% H uptake values for different amounts of Al in LaNi

5

Mole % Al 0 0.77 4.74 12.00 47.31 

Average Wt % H 
absorbed 1.04 1.05 0.95 0.87 0.68 

Maximum Wt % 
H absorbed 1.09 1.13 0.98 0.92 0.69 

Fig. 1. Hydrogen uptake curves for LaNi
5
 samples with

various amounts of Al
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Fig. 2. Hydrogen capacity as a function of Al in LaNi
5

Four consecutive x-ray diffraction spectra were
obtained for a LaNi5 sample, Fig. 3. The spectra
were not consistent with each other, yet the ele-
mental analysis proved that the composition of the
sample was LaNi5. The inconsistencies may indi-
cate that the LaNi5 from Alfa Aesar was not in its
normal crystalline form and the energy from the
x-ray beam was inducing changes in the crystal
phase.
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After grinding LaNi5 with a mortar and pes-
tle in the glove box, three consecutive XRD scans
yielded peaks that were consistent with the report-
ed peak positions of LaNi5. However, the relative
intensity of the observed peaks did not match with
the reported ratios, and inconsistencies within the
spectra were observed.

Five more LaNi5 samples were prepared by ball
milling in the Spex8000M for 3, 6, 10, 15 and 30
minutes respectively. The XRD spectra of the sam-
ples are given in Fig. 4. As reference, the XRD
spectrum of non-milled LaNi5 that most closely
matches the expected spectrum is included. The
relative intensities of the peaks were observed to
approach the reported ratios for LaNi5 as milling
duration was increased. This suggests that the
normal phase of LaNi5, a CaCu5 phase was formed
as the milling proceeded. In contrast, the peaks
were observed to lose intensity and broaden, which
suggested the formation of an amorphous phase,
but the broadening effect could be because of par-
ticle size reduction.

Samples of LaNi5 mixed with 5.26, 14.29 and
33.33 mole % Al were examined with x-ray dif-
fractometry. The spectrum of LaNi5 with 33 mole %
Al is given in Fig. 5. The Bragg peak for LaNi5 at
42.5 ° was identified; as were peaks for Al. How-
ever, the intensities of other LaNi5 reflections were
not strong enough to be identified.

Fig. 3. XRD spectra of LaNi
5
: a — LaNi

5
 (reference), b, c, d,

e — non-milled sample

Fig. 4. XRD spectra of LaNi
5
 milled for various times

Fig. 5. XRD spectrum of non-milled LaNi
5
 with 33 mole % Al

In the XRD spectra of the milled samples, Fig. 6,
the intensity of the Al Bragg peak at 38.5 ° in-
creased with the increased Al content; however, its
intensity was less than the Bragg peak of LaNi5.
The angle of the Bragg peaks also changed from
42.5 ° to 42.0 °. This suggests the formation of
LaNi4Al for which the angle of the Bragg peak is at
42.0 °. The formation of LaNi4Al would lead to the
release of free Ni through LaNi5 + Al → LaNi4Al + Ni.
The formation of Ni could not be verified because
the Bragg peak for Ni, at 45.5 °, coincides with
one of the lines of LaNi5. However, for LaNi4Al, a
reflection expected at 44.5 ° was observed for LaNi5
milled with Al, also suggesting the formation of
LaNi4Al by ball milling. This peak is indicated
with an arrow in the figure.

Fig. 6. XRD spectra of milled LaNi
5
 containing Al

In order to determine the ability to selectively
absorb hydrogen, the U-tube was filled with ap-
proximately 190 grams of LaNi5 and then the flow
of 2 % (v/v) H2:He at about 9 atm was fed into it.
The flow out of the reactor was restricted to about
200 mL⋅min-1 by a pressure relief valve. The valve
maintained the pressure within the reactor, while
allowing a slow flow. The gas chromatogram of
multiple injections is given in Fig. 7. The single
peaks over the first 20 minutes were assigned to
helium as a result of their retention time. Hydro-
gen was not observed in the effluent because it

Hydrogen economy
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increase the hydrogen absorption in
the continuous system, a higher par-
tial pressure of H2 would be useful.
However, in this experiment, the ab-
sorption characteristics of the absorb-
ing material were sufficient to remove
the hydrogen from the feed stream
to levels below the limit of detection
of the gas chromatograph.

Conclusions

The alloy, LaNi5, was shown to
have the kinetics and capacity needed
to remove hydrogen from a flowing
stream of hydrogen and helium, thus
allowing purification of both gases.
Addition of aluminum to the alloy up
to a level of 47 mole % provided for
an improvement in the kinetics of hy-
drogen absorption without significant-
ly reducing capacity. This incorpora-
tion of aluminum into the lanthanum
nickel alloy will enormously reduce the
weight and cost of the alloy required
to purify hydrogen and helium.

In addition to being used to puri-
fy helium and hydrogen, LaNi5 could
also be used to capture the hydrogen
currently lost to boil-off. The hydro-
gen recovered could be used to auto-
mobiles or buses.
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was captured by LaNi5. When LaNi5 became satu-
rated with H2, peaks at the retention time for
hydrogen began to appear in the gas chromato-
grams of samples. The percent hydrogen values in
the effluent were calculated using peak area ra-
tios of H2 and He. The breakthrough curve is
plotted as a function of time, Fig. 8.

The LaNi5 in the U-tube reactor successfully
removed the hydrogen from the H2–He stream
and allowed the passage of pure He. The amount
of hydrogen retained in the reactor at the time of
saturation was calculated from material balance
as follows. The amount of helium leaving the
system was calculated using flow rate and time,
VHe (mL) = flow rate (mL⋅min-1) × time (min), which
was equal to the amount of He that entered the
system. Since the composition of the entering gas
mixture was known, the amount of H2 entered
was calculated using VHydrogen = VHe × (20/80) and
converted to the weight percent hydrogen in the
LaNi5.

The average percent hydrogen absorbed in four
trials with the same feed pressure was calculated
as 0.041 %. The low percent hydrogen of LaNi5
was possibly due to the low pressure of H2. To
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M. D. Hampton, D. K. Slattery, M. T. Oztek
Alloys for Hydrogen Separation, Recovery and Purification
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DIRECT CONVERSION OF NUCLEAR ENERGY TO ELECTRICITY

Mark A. Prelas

Nuclear Science and Engineering Institute
E2433 Lafferre Hall, University of Missouri-Columbia, Columbia, MO 65211 USA

E-mal: PrelasM@missouri.edu

Professor Prelas has been involved in nuclear energy conversion research since
1975. He has published over 300 articles and has numerous books to his credit. Some,
such as the Handbook of Industrial Diamond and Diamond Films (1997), are viewed as
the most influential text in their respective fields. He holds 13 US and international
patents and has 6 patents pending.

Early in his career he developed a keen interest in energy conversion. As part of
his undergraduate thesis he worked on the design and development of underwater
turbines for extracting energy from ocean currents. As a graduate student at the
University of Illinois from 1975-79, Professor Prelas worked with Professor George H.
Miley on nuclear pumped lasers which use radiation from nuclear processes as the
energy source for driving a laser. Professor Prelas’ pioneering work in the field of
nuclear-pumped lasers led the discovery of an atomic carbon laser driven directly by
ions from nuclear reactions.

In 1979, Professor Prelas joined the faculty at the University of Missouri-Columbia.
His early years at Missouri, he received grants to study the direct production of hydrogen from nuclear reactions
and published several influential papers. In 1981 he was awarded a Gas Research Institute (GRI) fellowship where
he participated in an advisory group mapping out future research directions in the production of fuels from
inorganic resources. As part of his work as a GRI fellow he focused on a concept which he had developed earlier in
his career using a two step process in which nuclear reactions first produce photons efficiently using an excimer
transition, then transport the photons to a transducer. He articulated three potential transducers. The first was to
produce hydrogen through direct or indirect chemical processes. The second was to produce electricity using UV
photovoltaic cells made with advanced materials. The third was to drive a laser with photolytic excitation. In 1981
he published the concept of a Nuclear Light Bulb, describing a new energy conversion method based on excimer
fluorescence sources driven directly with ions and the conversion of the fluorescence to electricity by wide band-
gap photovoltaic cells. During this time period he developed several reactor concepts for the nuclear light bulb
including an aerosol core reactor which utilized aerosol particles to produce the nuclear reaction and a surrounding
gas for producing a weak plasma and fluorescence.

In 1981 the McDonnell Douglas Foundation awarded Professor Prelas a one million dollar gift in support of a
superconducting magnetic fusion center. Professor Prelas raised $1,000,000 in matching monies including a gift
of $100,000 from Union Electric Corp., a gift of $100,000 from ARMCO, $500,000 from the National Science
Foundation. Professor Prelas and his students, pursuing his interest in direct conversion of fusion energy, built a
superconducting magnetic test facility and tested four solenoid superconducting coils (39 inches major diameter,
17 inch inner diameter with a peak field at center of 8 Tesla) for the purpose advancing Nuclear Light Bulb
research in the area of fusion. Professor Prelas and his students then built a supporting experiment called the
Missouri Magnetic Mirror Machine (with peak fields of 1.0 Tesla at center) to model the physics of electron ring
production.

In 1984 Professor Prelas was among the first group of the National Science Foundation’s Presidential Award
winners.

He continued his work on light production from nuclear reactions through funding from the National Science
Foundation and produced significant work in UV emissions from nuclear driven fluorescence sources, and continued
his work on transducers for the nuclear light bulb for the production of hydrogen, the development of ultraviolet
photovoltaic cells and on photolytic lasers. He received a patent on a remotely driven solid state laser with
fluorescence generated by nuclear reactions.

He received department of energy funding to develop a laser system using a microwave driven excimer
fluorescence source to drive solid state lasers. He was able to demonstrate high efficiency UV excimer sources driven
by microwaves. His pioneering work on the development of excimer fluorescence sources continues to draw interest.

Mark A. Prelas

Ëåêöèÿ ïðîôåññîðà Óíèâåðñèòåòà Ìèññóðè-Êîëàìáèèÿ, äîêòîðà Ì. À. Ïðåëàñà áóäåò ïðåäñòàâëåíà âî âðåìÿ
òîðæåñòâåííîé öåðåìîíèè íàãðàæäåíèÿ â Ãîñóäàðñòâåííîé Äóìå ÐÔ 29 íîÿáðÿ 2007 ã. â 1500.

Lecture of professor of the University of Missouri-Columbia, Dr. M. A. Prelas will be presented during rewarding
ceremony in the RF State Duma November 9, 2007 at 1500.
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1. Technical Discussion

Nuclear technology has been in search of a
technologically/economically feasible method of
converting the energy of nuclear reaction prod-
ucts directly into electricity for many years [1].
NASA has successfully used thermionics with the
Radioisotope Thermal Generator (RTG) systems
in a number of missions (e. g., Apollo-SNAP-27
generators, Voyager, and Cassini). The energy
resulting from the decay of radioisotopes for ex-
ample starts out as very high-grade energy: mul-
ti-MeV, heavy, and highly charged particles. How-
ever, in the usual embodiment of radioisotope fuel
in the RTG, as a solid, the charged particles are

absorbed in a very short distance (micrometers)

and thermalized to moderate temperatures (in the

range of 600 K). At this temperature, the energy

would be considered of significantly “lower grade”,

because the efficiency of the subsequent thermal

energy conversion process is low. This latter proc-

ess converts the heat into a more usable high-

grade form of energy — electricity.

Thermoelectric generation of electricity using

the Seebeck (thermocouple) effect has worked

successfully for a number of power packages for

satellites. Thermionic production of electricity

directly inside reactor cores is again being pursued

for space power applications.

A conceptual energy conversion technology, which converts the particulate radiation emitted
from nuclear reactions (e. g., fission, fusion and radioisotope decay) to electrical energy without
intermediate thermalization of the high-grade ion energy, is the topic of this paper. The potential
efficiency for this process, alone, is 40 %, nuclear energy to electrical energy. And, if combined with
high-temperature thermionic conversion the nuclear to electrical energy conversion efficiency can
approach 45 % while the overall size of the system will remain small. The key to the process is to first
convert the high-grade ion energy to photon energy, which can then be directly converted to electrical
energy. This process is called Photon-Intermediate Direct Energy Conversion (PIDEC). PIDEC is
usable with radioisotopes, ion-producing plasma (hot) fusion reactions, as well as fission. In addition
to improved efficiency, the PIDEC process also promises advantages in volume, mass, and cost.

This paper will focus on applications using radioisotopes for the PIDEC process. The radioisotope
can be introduced as a gas or a solid. Solid radioisotope can take the form of an aerosol (microspheres)
or thin films with scale lengths significantly shorter than the range of the alpha or beta particles,
dispersed in a fluorescer. In the first step of the process, the ion energy is transported to the fluorescer,
and produces photons. Then, in the second step of the process, the photons are transported out of the
flourescer to photovoltaic cells, which efficiently convert the photon energy to electricity. This mobile
power concept is called the Radioisotope Energy Conversion System (RECS).

Even though there are many possible solid, liquid or gaseous fluorescers that can be used, this
paper will focus on a particular gaseous fluorescer called excimers. Efficient production of excimer
(non self-absorbing) photons by ions has been demonstrated. Photovoltaics using wide band-gap mate-
rials — such as SiC, C (diamond), and AlN — have band-gaps that are acceptable matches for the
energy of the photons emitted by excimer fluorescers.

In 1985, Professor Prelas initiated a research effort aimed at the development of diamond and aluminum
nitride photovoltaic cells, the second part of his nuclear light bulb concept. He expanded the nuclear light bulb
concept to use radioisotopes in advanced nuclear battery concepts. In 1989, DOE supported the development of
diamond and aluminum nitride photovoltaic cells. Professor Prelas undertook the challenge of making n-type and
p-type diamond and aluminum nitride as building blocks for a UV photovoltaic cell. In this program he, his post
doctors, collaborators and students were able to solve some fundamental problems in doping wide band-gap materials.
They developed several unique doping methods such as Field Enhanced Diffusion with Optical Activation (FEDOA)
which was able to produce n-type diamond and p and n type aluminum nitride and contact diffusion which has been
used for impurity addition to crystalline materials in particulate form. They utilized FEDOA to produce a diamond
p-n junction in 1996. Wide band-gap materials have properties that are electronically favorable and have broader
applications than UV photovoltaic cells. Diamond for example would make a transistor that is more than 30 times
faster than a silicon transistor; operate at higher temperatures and at higher radiation levels. Professor Prelas has
been an important contributor to the development of wide band-gap materials for electronics, tooling,
electrochemistry, radiation resistant coatings, hydrogen storage, chemical sensors, biological sensors and energy
conversion. His work continues on all of these applications.

In 1992, Professor Prelas was selected as a Senior Fulbright Fellow and was a visiting Professor at the
University of New South Wales, Australia. There he worked with Professor Heinrich Hora and developed several
patents on direct energy conversion, solid-state lasers and wide band-gap electronics.

In early 1990’s, Professor Prelas and his colleagues began to look at diamond films for a variety of applications
in fuel cell technology. Some of this initial work demonstrated that diamond was capable of storing enormous
amounts of hydrogen. Additional work was focused on diamond as a suitable electrode material and a potential high
temperature replacement material for the proton exchange membrane. This research received funding from
Honda Corporation, Daimler Benz, Norton Diamond Film and Rhombic Corporation and continues to show promise.

M. A. Prelas
Direct conversion of nuclear energy to electricity
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Atomic energy

In contrast, fluorescence produced from the
charged particles from the decay of radioactive
isotopes has been used to produce low intensity
lights for remote applications, such as runway
lights. However, all of these applications involve
relatively low power output.

Given the inefficiency of thermionics, RTG
systems probably will be insufficient for future
sophisticated deep space missions. A potential
alternative which bridges the energy production
of an RTG and nuclear reactors is the radioisotope
energy conversion system (RECS), which uses
relatively safe isotopes, combined with wide-band-
gap photovoltaics. In initial design studies, it
appears that such a generator could produce up to
100 kW electric in a relatively compact package.

2. PIDEC and RECS

The pursuit of the production of electrical pow-
er from a nuclear light bulb was suggested by the
author in 1981. The nuclear light bulb was based
on the Photon-Intermediate Direct Energy Con-
version (PIDEC) process shown in Fig. 1, and was
conceived as a method of energy conversion for a
variety of nuclear reactions including fission, ad-
vanced fuel fusion and radioisotope decay [2].
Advanced-fuel high temperature fusion, however,
will not be available in the foreseeable future. Po-
tential sources of ions from fission reactions and
radioisotopes however, are viable near term ener-
gy sources. The nuclear-driven fluorescer concept,
which was initially suggested as a photolytic driv-
er for a nuclear-pumped laser in 1977 by George
Miley (the author’s mentor), the author and sev-
eral other students in Miley’s laboratory, was the
fundamental component of the nuclear light
bulb [3]. This concept makes feasible efficient ion-
driven photon sources by removing the nuclear
source material from the solid, where it prevented
transmission of the photons, and moving it to the
volume of the fluorescer gas by one of several
methods; a gaseous source, a source embedded in
thin films of arbitrary shape and size or as an
aerosol source (Fig. 2). A critical component of
the nuclear light bulb is that the scale lengths of
the solid sources are chosen small enough so that
most of the particulate energy escapes into the
surrounding gas creating a weak plasma which
produces photons. The coexistence of weak plasma
with an aerosol introduces a unique set of prob-
lems (dusty plasma). Another critical aspect of the
nuclear light bulb is that the combination of the

photon producing weak plasma and the aerosol
source or thin film source remains optically thin
to allow the photons to transport out of the sys-
tem. As will be discussed the nuclear light bulb
can be made optically thin. The nuclear light bulb
in conjunction with radioisotopes led to the devel-
opment of the Radioisotope Energy Conversion
System (RECS) [4], Fig. 3.

Fig. 1. Schematic Diagram of the Photon-Intermediate Direct
Energy Conversion (PIDEC) Process

Fig. 2. An illustration of the use of thin solid geometries,
which allow reaction products to escape the solid matrix
into a surrounding gas [5]

RECS utilizes a two-step method for directly
converting the energy of the charged particles from
nuclear reactions into a usable energy form such
as electricity, chemicals, or coherent light. In the
first step the ions produced by nuclear reactions
transfer their energy to an intermediate photon
generator — a fluorescer medium. This portion of
the RECS comprises what is called the nuclear-
driven fluorescer or NDF (a medium which produc-
es incoherent narrow-band electromagnetic radia-
tion). In the second step, the intermediate photons
from the nuclear-driven fluorescer are absorbed by
a material, which converts the photons into a use-
ful high-grade energy form. This portion of the
RECS is the photon energy converter.

Fig. 3. Schematic Diagram of the Radioisotope Energy
Conversion System (RECS) which uses the radioisotope in
aerosol form
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The efficiency of the two-step PIDEC process,
used for the RECS has two major advantages over
thermal energy conversion, which is a many step
process. These advantages are: 1) that it is a di-
rect process producing a high grade photon source
from a high grade ion source thus avoiding the
Carnot cycle efficiency limits imposed by thermal-
ization and 2) that it is mechanically simple, po-
tentially leading to more compact, more reliable,
and less expensive systems.

The advantage of the two step process over a
one-step direct energy conversion process is that
of feasibility. The scale length for the transport
of the primary high-grade ion source must gener-
ally match the geometrical scale of the energy con-
verter. Energetic ions have a transport length of
micrometers while useful energy converters, on
the other hand, have a scale length of fractions of
meters. For this reason direct conversion of nucle-
ar energy has not previously been possible. What
the nuclear light bulb concept provided was an
intermediate high-level energy converter that can
be intermingled with nuclear material on a mi-
crometer scale-length but produces an energy form
that can be transported to meter scale-length di-
rect converters producing useful energy output —
a sort of “impedance matching” for the scale length
of energy forms. With PIDEC that scale length
matching medium is a fluorescing gas, the nucle-
ar-driven fluorescer. The photons it produces can
be transported great distances, making it possible
to couple them to various energy conversion proc-
esses. Also, some conversion processes require great-
er power densities than the primary energy sourc-
es can provide. PIDEC can effectively implement
optical concentrators, enabling achievement of the
high threshold power density required for a con-
version process such as a photolytic laser [4].

The RECS concept of high efficiency produc-
tion of light from radioisotopes coupled to wide
band-gap photovoltaic cells makes the nuclear light
bulb especially useful for compact power supply
applications.

3. Nuclear-Driven Fluorescers

3.1. The Ion Source
As shown in Fig. 3, the RECS diagram de-

omonstrates that one type of ion source can come
from the decay of radioisotopes dispersed within a
fluorescer gas. Effective dispersal is essential so
that the ions produced by the isotope decay depos-
it most of their kinetic energy in the excimer gas
rather than in the radioisotope material. There
are several methods of achieving the desired dis-
persal: gaseous radioisotopes, radioisotopes em-
bedded in thin films, or microscopic aerosol of
radioisotopes. The efficiency of transport of the
ion energy from the radioisotope to the fluorescer
medium varies with the scale length of the thin
film or aerosol (or in the case of a gaseous radio-
isotope the transport distance of the particulate
radiation in the gas), the chemical form of the
radioisotope, and the uniformity of the radioiso-
tope density. The variation of ion energy trans-

port efficiency from a microsphere or thin film to
the fluorescer medium is discussed in Reference
6. Energy transport efficiencies are about 60 to
70 % for reasonably designed thin films and 70
to 80 % for reasonably designed microspheres. The
average atomic density in the medium must be on
the order of 1⋅1019 particles/cm–3, enough to
achieve reasonable power densities but not so great
as to significantly degrade the transport of the
fluorescence through the aerosol. Combining the
constraints of efficiency and optical transparency
determines scale length of the thin film or micro-
spheres and number density. For example, a mi-
crosphere diameter of 5 mm and number density
of 1⋅106 cm–3, which should not create significant
absorption of the fluorescence [7, 8], results in a
source density of 0.63 mg/cm–3, with quite rea-
sonable dimensions and a good average number
density (3.9⋅1019 atoms/cm–3) of the radioisotope.
It is also possible to enhance the average number
density by coating the microsphere particles with a
thin reflective optical material. In this way one
can overcome many of the optical problems that
would be encountered with a “dusty” plasma. An
alternative, which couples essentially 100 % of the
ion energy to the fluorescer medium, is a gaseous
radioisotope such as Kr-85. In this way the weak
plasma would be self generated with the decay of
the Kr-85 radioisotope.

3.2. Excimer Fluorescers

Excimer fluorescers are the most efficient op-
tical radiators known and, because of their un-
bound lower levels, do not self absorb. They radi-
ate in a single, relatively narrow band of wave-
length and are suitable for efficient photovoltaic
energy conversion (see Section 4). The intrinsic
fluorescence efficiencies of rare-gas and rare-gas
halide excimers, based on standard W-value theo-
ry, are listed in column 1 of Table 1. Achievable
efficiencies should be near the intrinsic values at
the power and electron densities characteristic of
nuclear reactions.

As will be discussed, experimental data on a
number of excimer fluorescers show that the meas-
ured efficiencies match well with theory. In fact
one group has reported measuring a nuclear-driv-
en rare-gas excimer fluorescence efficiency higher
than that predicted by theory (68 % for the Xe
excimer vs 50 % from theory) [9]. Experiments
with a variety of excitation sources (e. g. elec-
trons, fission fragments, protons) and particle
densities have given fluorescence efficiency values
ranging from a few percent to as high as 68 %
(see review paper by Prelas, et al. [10]). The most
efficient excimer fluorescers are the rare-gas exci-
mers. Nuclear-Driven Fluorescers are discussed in
much greater detail in the paper “Nuclear-Driven
Flashlamps” [10].

4. The Photon Energy Converter

The key to the feasibility of the RECS is the
photovoltaic Photon Energy Converter. The com-
mon impression of photovoltaics is that they can-
not be very efficient. This misunderstanding comes

M. A. Prelas
Direct conversion of nuclear energy to electricity
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from the fact that photovoltaics are most com-
monly employed as “solar cells.” And solar cells
are not very efficient, ranging from 5–10 % for
commercial units and reaching as high as about
25 % for laboratory cells. However the low effi-
ciency is more due to the characteristics of the
solar spectrum than to the photovoltaics devices
themselves, especially for the laboratory units with
efficiencies of ~25 %. The problem with the solar
spectrum is that it is very broadband — its ratio
of the average photon energy to the width (FWHM)
of the spectrum (Emean/∆E) is about 1. This is
good for color vision but quite bad for efficient
energy conversion. For excimers, however, this
ratio is greater than 10. Under these conditions
photovoltaics with a good band-gap match can have
intrinsic efficiencies of 75–95 %.

Photovoltaic cells for use in the photon-inter-
mediate direct energy conversion of electricity will
require the development of a doped semiconductor
material with a band-gap that matches the UV
photons from the fluorescer. With such photo-
voltaic cells, a system efficiency of 56 % for fu-
sion ion driven fluorescence has been projected [2,
11]. Studies of fission ion driven fluorescence in-
dicate that system efficiencies of about 40 % are
possible [4, 10].

 4.1. Photovoltaic Conversion of Narrowband
Fluorescence

For a given spectrum, the efficiency of con-
version is basically determined by the variation of
the irradiance with photon energy and by the sub-
strate band-gap energy, Eg, of the photovoltaic
converter. The solar spectrum ranges from the far
infrared to the ultra violet. Since most of the so-
lar spectrum lies above the band gap of a silicon
photovoltaic cell, this leads to two competing ef-
fects on the cell efficiency. The first effect is that
the energy of all photons with quantum energy
hν<Eg is lost because they do not have sufficient
energy to excite electrons from the valence band
to the conduction band. Competing with this ef-

fect however is the fact that, for the photons with
quantum energy hν>Eg that do contribute, the pho-
ton energy in excess of the band-gap energy is
lost. Thus the maximum intrinsic efficiency for
photovoltaic conversion or the solar spectrum is
limited to 30 % due to the spectral width of the
solar spectrum [12–14]. The approximately 30 %
maximum is thought to be an upper bound on the
ability of a single material junction to convert the
solar spectrum. The highest known conversion ef-
ficiency for silicon, to date, has been 26 % ob-
tained with a highly optimized MIS solar cell [15].
It is possible to layer photovoltaic cells with dif-
ferent band-gaps to improve the efficiency of
converting solar energy into electricity. A III-V sys-
tem based on InN and GaN has been projected as a
potential 50 % efficient solar conversion system.

If a narrow fluorescence source with an ener-
gy matched to the band-gap of the photovoltaic
cell, hν = Eg, is used, then the theoretical intrinsic
efficiency would be 100 %. The closest that we
can come in nature to a narrow band source is the
laser. A laser however is impractical due to the
fact that lasers typically have low energy conver-
sion efficiency. One of the best choices for a fluo-
rescer source is the use of excimers. Excimers have
a narrow width and they are produced very effi-
ciently. Since the lower state of an excimer is un-
bound, excimers do not have the problem of self-
absorption that other fluorescence sources have.

Reference 16 examines the coupling of pho-
tons generated with fusion reactors to wide band-
gap photovoltaic cells. Reference 17 examines the
coupling of photons generated with fission reac-
tors to wide band-gap photovoltaic cells. Both stud-
ies show that in contrast to the relatively low val-
ues for conversion of the solar spectrum, the pro-
posed method uses the narrow band spectrum of
excimer fluorescence to obtain efficiencies as high
as 80 % using wide band-gap p-n-junctions.

4.2. Wide Band-gap Photovoltaic Materials

Table 2 lists several potential wide band-gap
photovoltaic materials (15th Row). The author’s

Excimer η f Eλ (eV) Photovoltaic 
Material 

Band-gap 
Energy (eV) ηpv = Eg / Eλ ηie = η pv η f 

Ar2* 0.5 9.6 AlN 6.2 0.645 0.324 
Kr2* 0.47 8.4 AlN 6.2 0.789 0.345 

 0.47 8.4 Diamond 5.5 0.655 0.308 
Xe2* 0.48 7.2 AlN 6.2 0.861 0.413 

 0.48 7.2 Diamond 5.5 0.764 0.367 
ArF* 0.35 6.4 AlN 6.2 0.969 0.339 

 0.35 6.4 Diamond 5.5 0.859 0.301 
KrBr* 0.33 6 Diamond 5.5 0.917 0.302 
KrCl* 0.31 5.6 Diamond 5.5 0.982 0.304 
Na2* 0.46 2.84 ZnSe 2.7 0.951 0.437 

 0.46 2.84 SiC 2.4 0.845 0.389 
Li2* 0.42 2.7 CuAlSe2 2.6 0.963 0.404 

 0.42 2.7 SiC 2.4 0.889 0.373 
 Eλ (eV) is the average photon energy Eg is band-gap energy of the photovoltaic material.

Table 1
Theoretical maximum intrinsic photovoltaic, ηηηηη

pv
, and ion-to-electric, ηηηηη

ie
, efficiencies

for selected rare-gas and rare-gas halide excimer fluorescers
with matched wide-band-gap photovoltaic materials

Atomic energy
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group has been studying wide band-gap materials
such as diamond and aluminum nitride for photo-
voltaic applications since the early 1980’s [1, 2,
18, 19]. The most efficient excimer UV radiation
sources, the rare-gas excimers, have larger photon
energies (>7 eV) and hence the development of wide
band-gap photocells for these excimers is a necessi-
ty. Column 5 and 6 of Table 1 matches the more
efficient and desirable fluorescers from Column 1
of Table 1 to materials with appropriate band-gaps
from Column 4 of Table 1. The theoretical maxi-
mum intrinsic photovoltaic efficiency (the ratio of
the band-gap to the mean photon energy ranges
from 75 to 95 %) while the corresponding theoret-
ical maximum efficiency for conversion of ion en-
ergy to electrical energy (the product of the photo-

voltaic efficiency and the fluorescence efficiency)
ranges from 30 to 45 %. If the most optimistic
reported values of the fluorescence efficiency were
used, the maximum ion-to-electric efficiency would
increase to 56 %. The outlook for wide band-gap
photovoltaic cells are good given that SiC and GaN
LEDs have been in production for a number of
years and the author and his group have had suc-
cess in fabricating wide band-gap photovoltaics from
other materials as will be discussed. Rare-gas hali-
de excimers have lower photon energies (3.5 eV for
XeF*, 5.0 eV for KrF*, and 6.4 eV for ArF*) and,
while their fluorescence efficiency may be lower than
that of the rare-gas excimers, their photon energy
are good matches for semiconductor materials such
as SiC and GaN.

Property GaP 3C-SiC 6H-SiC 4H-SiC GaN ZnO Diamond AlN BN 

Crystal structure 
Zinc 

blende 
(Cubic) 

Zinc 
blende 
(Cubic) 

Wurtzite Wurtzite Wurtzite Wurtzite Diamon
d Wurtzite Zinc 

blende 

Group of 
symmetry 

2Td –
F43m 

2Td –
F43m 

4
6C v – 

P63mc 

4
6C v – 

P63mc 

4
6C v – 

P63mc 

4
6C v – 

P63mc 

7Oh –
Fd3m 

4
6C v – 

P63mc 

2Td – 
F43m 

Number of 
atoms per cm3 4.9·1022    8.9·1022  1.7·1023 9.6·1022  

Debye 
temperature, K 445 1200 1200 1300 600  1860 1150 1700 

Density, g/cm–3 4.14 3.166 3.21  6.15 5.642 3.515 3.255 3.48 
Dielectric const. 

(static) 11.1 9.72 9.66 9.66 8.9 8.75 5.7 9.14 7.1 

Dielectric const 
(high freq.) 9.11 6.52 6.52 6.52 5.35 3.75  4.84 4.5 

Effective 
longitudinal 

electron mass, 
ml 

1.12m0 0.68m0 0.20m0 0.29m0 0.20m0  1.40m0 0.4m0 0.35m0 

Effective 
transverse 

electron mass, 
mt 

0.22m0 0.25m0 0.42m0 0.42m0 0.20m0  0.36m0  0.24m0 

Effective heavy  
hole mass, mh 

0.79m0    1.4m0  2.12m0 3.53m0 0.37m0 

Effective light 
hole mass, mlp 

0.14m0    0.3m0  0.70m0 3.53 mo 0.150m0 

Electron 
affinity, eV 3.8    4.1  -0.070 0.6 4.5 

Lattice constant, 
Angstrom 5.4505 4.3596 a = 3.0730  

b = 10.053 
a = 3.0730  
b = 10.053 

a = 3.189  
c = 5.186 

a = 4.75 
c = 2.92 3.567 a = 3.11  

c = 4.98 3.6157 

Optical phonon 
energy, meV 51 102.8 104.2 104.2 91.2  160 99.2 130 

Band-Gap, eV 2.26 2.26 3.0 3.3 3.5 3.37 5.47 6.2 6.2–6.4 
Breakdown 

Volt. MV/cm ~1.1 ~2 ~3 ~3 ~3  1–10 1.2 2 

Electron 
Mobility, 

cm2⋅V–1⋅s–1 
250 1000 380 800 300 80 2200 300 200 

Hole Mobility 
cm2⋅V–1⋅s–1 150 50 40 140 350  2000 14 500 

Melting, °C 1457 2830 2830 2830 2500 1977 4373 3273 2973 
Thermal 

Conductivity, 
W⋅cm–1⋅C–1 

1.1 4.9 4.9 4.9 1.3 0.54 20 2.85 7.4 

Hardness Mohs 
Scale 5 9.2 9.2 9.2  4 10  9.5 

 

Table 2
Properties of Some Wide Band-Gap Materials (20)

M. A. Prelas
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Fig. 4. Estimation of RECS mass, size, and power decay time are shown for some isotopes Kr85, Sr90, Po210, and Pu238. The
geometry is assumed to be spherical with a diameter equal to the system scale estimation. Photovoltaic cells are assumed to
surround the fluorescer media and the vessel is shielded with lead

It is difficult to fabricate a wide band-gap
photovoltaic cell. However, the author’s group was
able to demonstrate a diamond photovoltaic cell in
the late 1990’s [18] and has made substantial
progress on an aluminum nitride photovoltaic cell.

Radiation damage to the photovoltaics from
particulate radiation is a concern. However, results
from the work of Khasiwinah et al. shows that one
wide band-gap material, diamond, is radiation re-
sistant [21]. In addition, the author and his group
have work on waveguide concepts that can trans-
port the photons around a radiation shield.

The author has identified two materials —
diamond, and aluminum nitride — with band-gaps
that are a reasonable match for the photon energy
of rare gas excimer fluorescence. The wide band-
gap of the materials does have some benefit in
radiation resistance in that it is more difficult to
break the bonds. However, the energies involved
in radiation damage are so large that the widest
band-gap semiconductor, BN, would still have con-

siderable displacement of atoms. Diamond has an
advantage in that when the material is annealed,
the structure of the unit cell would be maintained
when migrating carbon atoms fill in vacancies.
This is not true for the III-V materials (e. g., AlN).

The questions that remain to be answered are
many. Some significant ones are:

1) Can durable, radiation resistant ohmic con-
tacts be attached to the photovoltaic cells?

2) What is the optimum cell efficiency?
3) Is the cell efficiency reasonable
4) Can defect density in wide band-gap mate-

rials be minimized?
4) Does the cell efficiency degrade after pro-

longed exposure to UV radiation?

5. Integration of Ion Source to Photovoltaics

5.1. Ion Source

There are many potential ion sources, which
can be used for the nuclear light bulb conversion
method. It is possible to use fission reactions (e.g.,

Atomic energy
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U233(n, ffl)ffh, U235(n,ffl)ffh, or Pu239(n, ffl)ffh) [17],
fusion reactions [16], or radioisotopes [22] (e. g.,
Ar39, Kr85, Sr90, Po210, Pu238, etc.). The author has
chosen in this paper to focus on the use of radioiso-
topes because there a numerous near term applica-
tions for portable long-lived power sources.

In these studies the parameter which influ-
enced the systems scale and power source lifetime
was the radioisotope half-life (e.g., Kr85 —
10.76 yr., Sr90 — 29 yr., Po210 — 0.38 yr., and
Pu238 — 87.74 yr.). Both the scale size and the
gamma ray emitted from the reaction influenced
the system’s mass. A conservative approach was
used to estimate the personnel radiation shield by
requiring that the contact radiation be less than
2.5 millirems per hour. The gamma radiation dom-
inates the shielding problems the Bremsstrahlung
radiation problem contributes a small fraction.
Looking at the partial list of the most promising
isotopes considered, some have gamma radiation
and others do not:

– T3 — no γ;
– Kr85 — 0.514 MeV γ 0.38% of decays;
– Sr90 — no γ;
– Po210 — 0.802 MeV γ 0.0011 % of decays;
– Pu238 — 0.567 MeV γ 5⋅10–5 % of decays.

5.2 Coupling of Ion Energy
to the Fluorescence Source

Based upon the above criteria, the author sug-
gests that compact power sources can be made from
radioisotopes using the nuclear light bulb approach.
The radioisotope ion source can be gaseous (e.g.,
Kr85 with a half life of 10.76 years which emits a
0.67 MeV beta 100 % of the decays and a 0.514 MeV
gamma 0.38 % of the decays), or it can be in the
form of a solid (e. g., a thin film or as an aerosol —
see Fig. 2). Examples of types of solid radioisotopes
which can be used in the mobile power system are:
Sr90 with a half life of 29 years which emits only a
0.67 MeV beta; Po210 with a half life of 138.4 days
which emits a 5.305 MeV alpha 100 % of the de-
cays and a 0.803 MeV gamma 0.0011 % of the
decays; and Pu238 with a half life of 86.4 years
which emits a 5.5 MeV alpha 100 % of the decays
and a 0.77 MeV gamma 1⋅10–5 % of the decays.
A Pu238 source was used to power the RTG used in
the Voyager spacecraft. Three RTG units produced
7200 Watts of thermal power and 540 Watts of
electricity regulated to 30 volts from 12.900 grams
of the isotope. Using the RECS concept, 12.900
grams of Pu238 could produce 2.616 Watts of elec-
trical power with optimal combinations of source,
fluorescer and photovoltaic material.

Making an integrated system, which produces a
significant power density and remains optically thin
is a challenge. The use of thin films or aerosols along
with thin aluminum or silver coatings has been exam-
ined in [7]. With solid materials, an average atomic
density of approximately 5⋅1019 atoms/cm–3 can be
achieved for a reasonably optically thin system. A
thin coating of reflective can enhance the optical
transport properties of films or aerosols. Charged
particles can penetrate the thin reflective coating
without losing significant energy or significantly
affecting the coating [7, 10].

5.3 Cooling considerations

As shown in Table 1, about 30 to 40 % of the
energy released in the decay process can be convert-
ed into nuclear energy [22]. Thus 60 to 70 % of
the energy will heat the device. Since wide band-
gap photovoltaic will work at high temperatures
without a significant loss of performance (diamond
for example in a non-oxidizing atmosphere can op-
erate at temperature of 1000 °C) [23], it is feasible
to operate the device at very high temperatures.
The design of radiative heat transport surfaces RECS
would be similar to that of other types of power
systems. It is also possible to incorporate a second-
ary energy conversion cycle which can use the ther-
mal energy to enhance system efficiency (e.g., bry-
ton cycle, stirling cycle, Alkali Metal Thermoelec-
tric Converter, thermoelectric, etc.).

6. Conclusions

It has been 26 years since the nuclear light
bulb was suggested. Over those years a great deal
of progress has been made on a number of fronts:
system designs, excimer fluorescers, wide band-
gap photovoltaics and interfaces. The RECS has
significant near term prospects. The author has
been actively working with industries such as Brit-
ish Nuclear Fuel and Daimler Bentz [24] and re-
cently with U.S. Semiconductor Corp. on RECS
commercialization issues.
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Первая Всероссийская интернет-олимпиада «Нанотехнологии — шаг в будущее»
Ìîñêîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò èì. Ì. Â. Ëîìîíîñîâà

ïðîâîäèò Ïåðâóþ Âñåðîññèéñêóþ èíòåðíåò-îëèìïèàäó â îáëàñòè

íàíîìàòåðèàëîâ è íàíîòåõíîëîãèé (e-NANOΣ’07).

Öåëüþ îëèìïèàäû ÿâëÿåòñÿ ïîèñê ìîëîäûõ òàëàíòîâ, æåëàþùèõ
ó÷àñòâîâàòü â ðàçâèòèè íàíîòåõíîëîãèé. Â Îëèìïèàäå ìîæåò ïðèíÿòü
ó÷àñòèå ëþáîé ïîëüçîâàòåëü âñåìèðíîé ñåòè Èíòåðíåò â âîçðàñòå äî
27 ëåò, ïðè ýòîì äîïîëíèòåëüíî ïîáåäèòåëÿì-àáèòóðèåíòàì (ãðàæäà-
íàì ÐÔ) áóäóò äàíû ïðåèìóùåñòâà ïðè ïîñòóïëåíèè â ÌÃÓ, à ñòóäåí-
òû âóçîâ, ïîêàçàâøèå íàèëó÷øèå ðåçóëüòàòû, ïîëó÷àò, ïî èõ æåëà-
íèþ, âîçìîæíîñòü ïðîäîëæèòü ñâîþ ó÷åáó â ÌÃÓ. Îôèöèàëüíûì ÿçû-
êîì Îëèìïèàäû ÿâëÿåòñÿ ðóññêèé ÿçûê.

Â æþðè îëèìïèàäû âêëþ÷åíû âèäíûå ó÷åíûå è ñïåöèàëèñòû â
îáëàñòè íàíîìàòåðèàëîâ è íàíîòåõíîëîãèé, ÷ëåíû Ðîññèéñêîé Àêàäå-
ìèè íàóê, ïðîôåññîðà ÌÃÓ, äèðåêòîðà èííîâàöèîííûõ êîìïàíèé.http://www.nanometer.ru
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Ñâåäåíèÿ îá àâòîðå: äîêòîð õèì. íàóê, ïðîôåññîð, çàâ. ëàáîðàòîðèåé ýëåêò-
ðîêàòàëèçà è òîïëèâíûõ ýëåìåíòîâ ÈÔÕÝ ÐÀÍ.

Îáëàñòü íàó÷íûõ èíòåðåñîâ: ýëåêòðîêàòàëèç, áèîýëåêòðîêàòàëèç, òîïëèâ-
íûå ýëåìåíòû, ýëåêòðîõèìè÷åñêàÿ ýíåðãåòèêà.

Òàðàñåâè÷ Ìèõàèë
Ðîìàíîâè÷

Ñâåäåíèÿ îá àâòîðå: äîêòîð õèì. íàóê, çàâ. ëàáîðàòîðèåé ìåæôàçíûõ ãðà-
íèö è ýëåêòðîêàòàëèçà ÈÔÕÝ ÐÀÍ.

Îáëàñòü íàó÷íûõ èíòåðåñîâ: ñòðîåíèå ìåæôàçíûõ ãðàíèö, ýëåêòðîêàòàëèç,
êîìïîçèòíûå ïîëèìåðíûå ìåìáðàíû, òîïëèâíûå ýëåìåíòû.

Àíäðååâ Âëàäèìèð
Íèêîëàåâè÷

Ñâåäåíèÿ îá àâòîðå: êàíäèäàò õèì. íàóê, âåä. íàó÷. ñîòðóäíèê ÈÔÕÝ ÐÀÍ.
Îáëàñòü íàó÷íûõ èíòåðåñîâ: ýëåêòðîêàòàëèç, áèîýëåêòðîêàòàëèç, òîïëèâ-

íûå ýëåìåíòû.

Áîãäàíîâñêàÿ Âåðà
Àëåêñàíäðîâíà

Ñâåäåíèÿ îá àâòîðå: êàíäèäàò õèì. íàóê, ñò. íàó÷. ñîòðóäíèê ÈÔÕÝ ÐÀÍ.
Îáëàñòü íàó÷íûõ èíòåðåñîâ: ýëåêòðîêàòàëèç, òîïëèâíûå ýëåìåíòû, ýëåêò-

ðîõèìè÷åñêàÿ ýíåðãåòèêà.

Åôðåìîâ Áîðèñ
Íèêîëàåâè÷

Ëåêöèÿ äèðåêòîðà Èíñòèòóòà ôèçè÷åñêîé õèìèè è ýëåêòðîõèìèè ÐÀÍ, àêàäåìèêà ÐÀÍ À. Þ. Öèâàäçå áóäåò
ïðåäñòàâëåíà âî âðåìÿ òîðæåñòâåííîé öåðåìîíèè íàãðàæäåíèÿ â Ãîñóäàðñòâåííîé Äóìå ÐÔ 29 íîÿáðÿ 2007 ã. â 1500.

Lecture of director of the A. N. Frumkin Institute of physical chemistry and electrochemistry RAS, academician of the
RAS A. Yu. Tsivadze will be presented during rewarding ceremony in the RF State Duma November 9, 2007 at 1500.
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Êàòàëèç â àëüòåðíàòèâíîé ýíåðãåòèêå
Êàòàëèç â òîïëèâíûõ ýëåìåíòàõ

Ñâåäåíèÿ îá àâòîðå: ìë. íàó÷. ñîòðóäíèê ÈÔÕÝ ÐÀÍ.
Îáëàñòü íàó÷íûõ èíòåðåñîâ: ýëåêòðîêàòàëèç ðåàêöèè âîññòàíîâëåíèÿ êèñ-

ëîðîäà, ïåðâè÷íûå èñòî÷íèêè òîêà, òîïëèâíûå ýëåìåíòû.

Êàïóñòèíà
Íàòàëüÿ

Àëåêñàíäðîâíà

Ñâåäåíèÿ îá àâòîðå: êàíäèäàò õèì. íàóê, ñò. íàó÷. ñîòðóäíèê ÈÔÕÝ ÐÀÍ.
Îáëàñòü íàó÷íûõ èíòåðåñîâ: ýëåêòðîêàòàëèç, òîïëèâíûå ýëåìåíòû, ýëåêò-

ðîîñàæäåíèå ìåòàëëîâ.

Òèòîâà Âàëåíòèíà
Íèêîëàåâíà

Ñâåäåíèÿ îá àâòîðå: êàíäèäàò õèì. íàóê, íàó÷. ñîòðóäíèê ÈÔÕÝ ÐÀÍ.
Îáëàñòü íàó÷íûõ èíòåðåñîâ: ýëåêòðîêàòàëèç, òîïëèâíûå ýëåìåíòû, ýëåêò-

ðîîñàæäåíèå ìåòàëëîâ.

ßâè÷
Àäà Àðîíîâíà

Ñâåäåíèÿ îá àâòîðå: èíæåíåð ÈÔÕÝ ÐÀÍ.
Îáëàñòü íàó÷íûõ èíòåðåñîâ: ýëåêòðîêàòàëèç, ïåðâè÷íûå èñòî÷íèêè òîêà,

òîïëèâíûå ýëåìåíòû, âîññòàíîâëåíèå êèñëîðîäà.

Áåëîâà Íàäåæäà
Íèêîëàåâíà

Ñâåäåíèÿ îá àâòîðå: àñïèðàíò ÈÔÕÝ ÐÀÍ.
Îáëàñòü íàó÷íûõ èíòåðåñîâ: ýëåêòðîêàòàëèç ðåàêöèè âîññòàíîâëåíèÿ êèñ-

ëîðîäà, ïåðâè÷íûå èñòî÷íèêè òîêà, òîïëèâíûå ýëåìåíòû.

Ìàçèí
Ïåòð Âàäèìîâè÷

A direct ethanol–oxygen (air) fuel cell (FC) with alkaline electrolyte containing no platinum cata-
lysts has been developed for the first time. The FC electrodes were developed using catalysts synthe-
sized in the present work: a RuNi-based anode and a cathode based on a pyropolymer of cobalt tetra
(p-methoxyphenyl) porphyrin (CoN4). The RuNi catalyst provides efficient oxidation of such a fuel as
bioethanol. The cathodic catalyst (CoN4) is characterized by high specific characteristics in the oxygen
reduction reaction and tolerance towards ethanol. The developed ethanol–air FC with a Nafion mem-
brane possesses the power density of 25 mW/cm2

Ââåäåíèå

Áèîýòàíîë âñå ÷àùå ðàññìàòðèâàåòñÿ â êà÷å-
ñòâå ïåðñïåêòèâíîãî æèäêîãî òîïëèâà äëÿ òîï-
ëèâíûõ ýëåìåíòîâ (ÒÝ) [1]. Îí ëåãêî ïðîèçâî-
äèòñÿ â áîëüøèõ êîëè÷åñòâàõ ôåðìåíòàöèåé áèî-
ìàññ, ñîäåðæàùèõ óãëåâîäû. Â Áðàçèëèè è ÑØÀ
ôàêòè÷åñêè óæå èìåþòñÿ ñèñòåìû ðàñïðåäåëåíèÿ
áèîýòàíîëà íà àâòîçàïðàâî÷íûõ ñòàíöèÿõ, ïî-
ñêîëüêó òàì îí èñïîëüçóåòñÿ â êà÷åñòâå îñíîâ-
íîé äîáàâêè ê áåíçèíó. Ýêîëîãè÷åñêàÿ áåçîïàñ-
íîñòü ýòàíîëà îáóñëîâëèâàåò îïðåäåëåííûå ïðå-
èìóùåñòâà ïðè åãî èñïîëüçîâàíèè â ïîðòàòèâíûõ
ÒÝ ïî ñðàâíåíèþ ñ ìåòàíîëîì.

Ýòàíîëüíî-âîçäóøíûé ÒÝ (ÝÂÒÝ) ñ ïðÿìûì
îêèñëåíèåì ýòàíîëà â ùåëî÷íîé ñðåäå ïðåäñòàâ-

ëÿåò ñîáîé ýëåìåíò íîâîãî òèïà, íå èìåþùèé

àíàëîãîâ. Îäíàêî, õîòÿ ýòàíîë è ÿâëÿåòñÿ ñåðü-
åçíîé àëüòåðíàòèâîé ìåòàíîëó, ýôôåêòèâíûå
êàòàëèçàòîðû åãî îêèñëåíèÿ â íàñòîÿùåå âðåìÿ

îòñóòñòâóþò. Ýòî ñâÿçàíî ñ òåì, ÷òî êàòàëèçà-
òîð äîëæåí îáåñïå÷èâàòü ðàçðûâ Ñ–Ñ-ñâÿçè â
ìîëåêóëå ýòàíîëà è ïðè ýòîì íå îòðàâëÿòüñÿ

ïðîäóêòàìè îêèñëåíèÿ ýòàíîëà. Ìàêñèìàëüíàÿ
ýôôåêòèâíîñòü èñïîëüçîâàíèÿ ýòàíîëà äîñòèãà-
åòñÿ ïðè åãî ãëóáîêîì îêèñëåíèè ñ ïåðåíîñîì

12å– ýëåêòðîíîâ è îáðàçîâàíèåì ÑÎ2. Íà øèðî-
êî èñïîëüçóåìûõ ïëàòèíîâûõ êàòàëèçàòîðàõ
ðåàêöèÿ èäåò äî àöåòàëüäåãèäà (2å–) è óêñóñíîé

êèñëîòû (4å–), ïîýòîìó îíè íå ìîãóò ñ÷èòàòüñÿ
ýôôåêòèâíûìè. Ñ äðóãîé ñòîðîíû, àíîäíûå êà-
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òàëèçàòîðû íà îñíîâå äðóãèõ ìåòàëëîâ â êèñëîé
ñðåäå íåâîçìîæíî èñïîëüçîâàòü èç-çà èõ íåñòîé-
êîñòè. Åñòåñòâåííûì ðåøåíèåì äàííîé ïðîáëå-
ìû ÿâëÿåòñÿ çàìåíà êèñëîé ñðåäû íà ùåëî÷-
íóþ, êîòîðàÿ íå ñòîëü êîððîçèîííî àêòèâíà.

Öåíòðàëüíîé çàäà÷åé ñîçäàíèÿ ÝÂÒÝ, íåñîì-
íåííî, ÿâëÿåòñÿ ðàçðàáîòêà æèäêîñòíîãî ñïèð-
òîâîãî àíîäà, à èìåííî, âûáîð òèïà àíîäíîãî
êàòàëèçàòîðà, ðàçðàáîòêà êîíñòðóêöèè è ìåòîäà
èçãîòîâëåíèÿ àíîäà, à òàêæå îïòèìèçàöèÿ ñî-
ñòàâà. Â ðàáîòàõ ÈÔÕÝ ÐÀÍ èì. À. Í. Ôðóìêèíà
íåäàâíî áûëî ïîêàçàíî, ÷òî â ùåëî÷íûõ ñðåäàõ
âîçìîæíî ýôôåêòèâíîå ýëåêòðîîêèñëåíèå ýòàíîëà
ñ ïåðåíîñîì íå ìåíåå 8–10 å– íà îäíó ìîëåêóëó
ñïèðòà ïðè èñïîëüçîâàíèè â êà÷åñòâå àíîäíîãî
êàòàëèçàòîðà íàíîðàçìåðíîé RuNi-ñèñòåìû, ñèí-
òåçèðîâàííîé íà óãëåðîäíîì íîñèòåëå [2, 3].

Èññëåäîâàíèÿ ìû ðàçâèâàëè â äâóõ íàïðàâëå-
íèÿõ. Âî-ïåðâûõ, îïòèìèçèðîâàëè ìåòîä òåðìî-
õèìè÷åñêîãî ñèíòåçà RuNi-êàòàëèçàòîðà íà ñàæå
ÕÑ72 è îïðåäåëÿëè ñîñòàâ, ñòðóêòóðó êàòàëèçà-
òîðà è êîëè÷åñòâî ìåòàëëîâ íà óãëåðîäíîì íîñè-
òåëå [4]. Èçó÷àëè êèíåòèêó îêèñëåíèÿ ýòàíîëà â
ðàçëè÷íûõ óñëîâèÿõ ñ öåëüþ èäåíòèôèêàöèè ìå-
õàíèçìà ýëåêòðîêàòàëèòè÷åñêîãî äåéñòâèÿ êàòà-
ëèçàòîðîâ. Âî-âòîðûõ, ïðîâîäèëè îïòèìèçàöèþ
ýëåêòðîõèìè÷åñêèõ õàðàêòåðèñòèê ñïèðòîâîãî àíî-
äà è óñëîâèé åãî ðàáîòû, îáåñïå÷èâàþùèõ ïîâû-
øåíèå ãàáàðèòíûõ ïëîòíîñòåé òîêà.

Ñèíòåç è èññëåäîâàíèå àíîäíûõ
RuNi-êàòàëèçàòîðîâ

Ñèíòåç àíîäíûõ RuNi-êàòàëèçàòîðîâ îñóùå-
ñòâëÿëè íà ñàæå ÕÑ72 (Ñàbot) ñ óäåëüíîé ïîâåðõ-
íîñòüþ 215 ì2/ã ïðè òåìïåðàòóðå 430 °Ñ. Ýëåêòðî-
õèìè÷åñêèå èçìåðåíèÿ õàðàêòåðèñòèê êàòàëèçà-
òîðîâ ïðîâîäèëè íà ñåò÷àòûõ ìîäåëüíûõ ýëåêò-
ðîäàõ ñ ñîäåðæàíèåì êàòàëèçàòîðà äî 1 ìã/ñì2

[2]. Ýòî îáåñïå÷èâàëî ðàâíîäîñòóïíîñòü âíóò-
ðåííåé ïîâåðõíîñòè êàòàëèçàòîðà, áûñòðîå óñòà-
íîâëåíèå àäñîðáöèîííîãî ðàâíîâåñèÿ è ïðîòåêà-
íèå ðåàêöèè â êèíåòè÷åñêîì ðåæèìå. Áûëè èçó-
÷åíû êàòàëèçàòîðû ñ ðàçëè÷íûì àòîìíûì ñîîò-
íîøåíèåì Ru/Ni.

Íà ðèñ. 1 ïðåäñòàâëåíû çàâèñèìîñòè ýëåêò-
ðîõèìè÷åñêîé àêòèâíîñòè êàòàëèçàòîðîâ â ðåàê-
öèè îêèñëåíèÿ ýòàíîëà îò àòîìíîãî îòíîøåíèÿ
Ru/Ni. Â îáëàñòè îòíîñèòåëüíî ìàëûõ ïîëÿðè-
çàöèé (E = 0,23 Â) àêòèâíîñòü êàòàëèçàòîðîâ ïðè
ïåðåõîäå îò ÷èñòîãî ðóòåíèÿ ê ñèñòåìàì ñ íèêå-
ëåì ñíèæàåòñÿ, è êîìïîçèöèè, ñîäåðæàùèå ìåíü-
øå 20 àò. % Ru, ïðàêòè÷åñêè íå àêòèâíû. Ïðè
E = 0,43 Â, íåñìîòðÿ íà íåêîòîðûé ðàçáðîñ ýëåê-
òðîõèìè÷åñêèõ äàííûõ, íàáëþäàåòñÿ øèðîêèé
ìàêñèìóì ýëåêòðîêàòàëèòè÷åñêîé àêòèâíîñòè â
îáëàñòè 15–35 àò. % Ni, áîëåå êðóòîé ñî ñòîðî-
íû Ru è áîëåå ïîëîãèé ñî ñòîðîíû Ni. Ïðè ñî-
äåðæàíèè Ni > 35 àò. % àêòèâíîñòü RuNi-ñèñòå-
ìû ñíèæàåòñÿ.

Òàêæå áûëà èçó÷åíà ñêîðîñòü îêèñëåíèÿ ýòà-
íîëà ïðè ðàçëè÷íîì ñîäåðæàíèè ìåòàëëà íà óã-
ëåðîäíîì íîñèòåëå. Ïîêàçàíî, ÷òî ïðè ñîõðàíå-
íèè ìåõàíèçìà ðåàêöèè íàèáîëüøàÿ àêòèâíîñòü
íàáëþäàåòñÿ äëÿ êàòàëèçàòîðà ñ 15 ìàññ. % RuNi.

Ðèñ. 1. Çàâèñèìîñòè ýëåêòðîõèìè÷åñêîé àêòèâíîñòè
RuNi-êàòàëèçàòîðîâ â ðåàêöèè îêèñëåíèÿ ýòàíîëà îò
àòîìíîãî îòíîøåíèÿ Ru/Ni ïðè ïîòåíöèàëàõ, Â: 1 —
0,23; 2 — 0,43

Ðèñ. 2. Âîëüò-àìïåðíûå êðèâûå îêèñëåíèÿ ýòàíîëà íà
ðàçëè÷íûõ êàòàëèçàòîðàõ ñ 15(1), 20(3) è 30 ìàññ. %
(2) ìåòàëëà íà ñàæå ÕÑ72: 1 — Pt (Å-ÒÅÊ); 2 — RuNi
(ÈÔÕÝ); 3 — RuPt (Å-ÒÅÊ)

Ñîïîñòàâëåíèå óäåëüíîé àêòèâíîñòè (ìÀ/ìã)
ðàçðàáîòàííîãî â ÈÔÕÝ ÐÀÍ RuNi-êàòàëèçàòî-
ðà ñ àêòèâíîñòüþ êîììåð÷åñêèõ (Å-ÒÅÊ) ïëàòè-
íîâûõ êàòàëèçàòîðîâ Pt è RuPt (2/1) ïîêàçàëî
(ðèñ. 2), ÷òî RuNi-êàòàëèçàòîð (êðèâàÿ 2) ïðàê-
òè÷åñêè íå óñòóïàåò êîììåð÷åñêèì (êðèâûå 1, 3).
Íà âîëüò-àìïåðíûõ êðèâûõ ïðîÿâëÿåòñÿ è êà÷å-
ñòâåííîå èõ ðàçëè÷èå. Äëÿ êîììåð÷åñêèõ êàòà-
ëèçàòîðîâ, ñîäåðæàùèõ Pt, ïðè E > 0,4 Â íàáëþ-
äàåòñÿ ïðåäåëüíûé êèíåòè÷åñêèé òîê, îáóñëî-
âëåííûé îòðàâëåíèåì ïðîäóêòàìè íåïîëíîãî
îêèñëåíèÿ ýòàíîëà. Â ñëó÷àå RuNi-ñèñòåìû ýòî
íåæåëàòåëüíîå ÿâëåíèå îòñóòñòâóåò. Â ïåðåñ÷åòå
êàòàëèòè÷åñêîé àêòèâíîñòè íà 1 ìã äðàãîöåííî-
ãî ìåòàëëà ýòî ïðåâîñõîäñòâî ñòàíîâèòñÿ îñîáåí-
íî î÷åâèäíûì (ðèñ. 3).

Ìåòîäàìè ðåíòãåíîâñêîé ôîòîýëåêòðîííîé
ñïåêòðîñêîïèè (ÐÔÝÑ) è ðåíòãåíîâñêîãî äèôðàê-
öèîííîãî àíàëèçà (ÐÄÀ) áûë îïðåäåëåí ñîñòàâ
RuNi-êàòàëèçàòîðà. Ýíåðãèè ñâÿçè õàðàêòåðíûõ
ìàêñèìóìîâ â ñïåêòðàõ ÐÔÝÑ óêàçûâàþò íà òî,
÷òî âî âñåõ îáðàçöàõ Ru íàõîäèòñÿ â îñíîâíîì â
ìåòàëëè÷åñêîì ñîñòîÿíèè. Ýòî ïîäòâåðæäàåò
áëèçîñòü ýêñïåðèìåíòàëüíî íàáëþäàåìîé ýíåð-
ãèè ñâÿçè äëÿ Ru3d5/2 Eñâ = 280,5 ýÂ è ýíåðãèè
äëÿ ìàññèâíîãî Ru Eñâ = 280,2 ýÂ. Âñå ïàðàìåò-
ðû ëèíèé Ni2p3/2 — çíà÷åíèÿ Eñâ, îòíîøåíèÿ
èíòåíñèâíîñòåé ñàòåëëèòà ê èíòåíñèâíîñòè îñ-
íîâíîãî ïèêà (ðàâíûå 0,6–0,7), ðàçíîñòè ýíåð-
ãèé ñâÿçè ñàòåëëèòà è îñíîâíîãî ïèêà (ðàâíûå

À. Þ. Öèâàäçå, Ì. Ð. Òàðàñåâè÷, Â. Í. Àíäðååâ, Â. À. Áîãäàíîâñêàÿ, Á. Í. Åôðåìîâ, Í. À. Êàïóñòèíà, Â. Í. Òèòîâà, À. À. ßâè÷,
Í. Í. Áåëîâà, Ï. Â. Ìàçèí   Íåïëàòèíîâûå êàòàëèçàòîðû äëÿ ýëåêòðîîêèñëåíèÿ áèîýòàíîëà è òîïëèâíûå ýëåìåíòû íà èõ îñíîâå
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5,5–5,7 ýÂ) — îòâå÷àþò ÷àñòèöàì Ni2+. Òàêèì
îáðàçîì, èç àíàëèçà ñïåêòðîâ ÐÔÝÑ ñëåäóåò, ÷òî
â ñèíòåçèðîâàííîì íà ñàæå ÕÑ72 êàòàëèçàòîðå
ïðèñóòñòâóþò ìåòàëëè÷åñêèé Ru è Ni2+, ïî-âè-
äèìîìó, â îêñèäíîì ñîñòîÿíèè. Ê àíàëîãè÷íûì
âûâîäàì ïðèâîäÿò äàííûå ÐÄÀ. Îòíåñåíèå ìàê-
ñèìóìîâ äèôðàêöèîííîãî ñïåêòðà è ðàñ÷åò ïà-
ðàìåòðîâ ñîîòâåòñòâóþùèõ ðåøåòîê (aRu =
= 0,2700 íì) ïîäòâåðæäàþò íàëè÷èå ôàç ìåòàë-
ëè÷åñêîãî Ru è ãèäðîêñèäà Ni.

Ðàñ÷åò ðàçìåðà ÷àñòèö êàòàëèçàòîðà ïðîâî-
äèëè ïî ñïåêòðàì ÐÄÀ. Â çàâèñèìîñòè îò ñîñòà-
âà êàòàëèçàòîðà ðàçìåð åãî ÷àñòèö ñîñòàâëÿåò
2,4–6,2 íì (ðèñ. 4). Ââåäåíèå Ni â íåáîëüøèõ
êîëè÷åñòâàõ â ñîñòàâ êàòàëèçàòîðà ïðèâîäèëî ê
óìåíüøåíèþ ðàçìåðîâ ÷àñòèö Ru â 2 ðàçà, îäíà-
êî ïðè ñîäåðæàíèè Ni > 30 ìàñc. % íàáëþäàåò-
ñÿ óêðóïíåíèå ÷àñòèö Ru. Ïî äàííûì ÏÝÌ
(ðèñ. 4), ïðè îïòèìàëüíîì ñîäåðæàíèè RuNi ìå-
òàëë äîâîëüíî ðàâíîìåðíî ðàñïðåäåëÿåòñÿ ïî ïî-
âåðõíîñòè óãëåðîäíîãî íîñèòåëÿ.

Èññëåäîâàíèÿ ñ ïîìîùüþ ãàçî-æèäêîñòíîé
õðîìàòîãðàôèè ïîêàçàëè, ÷òî â ñèëüíî ùåëî÷íîì
ýëåêòðîëèòå íà RuNi-êàòàëèçàòîðå îêèñëåíèå ýòà-
íîëà ïðîòåêàåò ïî ïàðàëëåëüíîìó ìåõàíèçìó ñ
îáðàçîâàíèåì â êà÷åñòâå êîíå÷íûõ ïðîäóêòîâ óê-
ñóñíîé êèñëîòû (àöåòàòà) è äèîêñèäà óãëåðîäà (êàð-
áîíàòà). Äðóãèå ïðîäóêòû ðåàêöèè â ñêîëüêî-íè-
áóäü çàìåòíûõ êîëè÷åñòâàõ îòñóòñòâóþò (1).

(1)

Îäíîé èç çàäà÷ ïðè ñîçäàíèè ñïèðòîâîãî ÒÝ
ÿâëÿåòñÿ ðåàëèçàöèÿ óäîâëåòâîðèòåëüíîãî áàëàíñà
îêèñëåíèÿ ýòàíîëà (ïî îáðàçîâàíèþ óêñóñíîé êèñ-
ëîòû è äèîêñèäà óãëåðîäà) è îïðåäåëåíèå âëèÿíèÿ
îñíîâíûõ ðàáî÷èõ ïàðàìåòðîâ: ïîòåíöèàëà àíîäà,
òåìïåðàòóðû ýëåêòðîëèòà è êîíöåíòðàöèè ñïèðòà —
íà ñîîòíîøåíèå êîëè÷åñòâ ýëåêòðè÷åñòâà, ðàñõîäó-
åìûõ íà 4- è 12-ýëåêòðîííûå ðåàêöèè.

Áûëè ñîïîñòàâëåíû ðåçóëüòàòû, ïîêàçûâàþ-
ùèå ãëóáèíó îêèñëåíèÿ ýòàíîëà íà êàòàëèçàòî-
ðå RuNi è ÷èñòîì Ru, íàíåñåííûõ íà ñàæó ÕÑ72
â îäèíàêîâîì êîëè÷åñòâå. Èç ïîëó÷åííûõ äàí-
íûõ ñëåäóåò, ÷òî â îòñóòñòâèå Ni âûõîä óêñóñíîé
êèñëîòû âîçðàñòàåò, à îáðàçîâàíèå äèîêñèäà óã-

Ðèñ. 3. Âîëüò-àìïåðíûå êðèâûå, õàðàêòåðèçóþùèå ýô-
ôåêòèâíîñòü èñïîëüçîâàíèÿ äðàãìåòàëëîâ ïðè îêèñëå-
íèè ýòàíîëà íà êàòàëèçàòîðàõ: 1 — RuNi (ÈÔÕÝ);
2 — RuPt (E-TEK); 3 — Pt (E-TEK)

Ðèñ. 4. ÏÝÌ-èçîáðàæåíèå 15 % RuNi-êàòàëèçàòîðà è
ãèñòîãðàììà ðàñïðåäåëåíèÿ åãî ÷àñòèö ïî ðàçìåðàì

ëåðîäà ñíèæàåòñÿ. Ýòî ÷åòêî óêàçûâàåò íà òî,
êàêóþ ðîëü èãðàþò íèêåëü èëè åãî îêñèäû â ðàç-
ðûâå Ñ–Ñ-ñâÿçè è â óãëóáëåíèè ïðîöåññà îêèñëå-
íèÿ ýòèëîâîãî ñïèðòà.

Ïðè óâåëè÷åíèè òåìïåðàòóðû, êîíöåíòðàöèè
ýòàíîëà è óìåíüøåíèè ïîëÿðèçàöèè àíîäà âû-
õîä ÑÎ2 âîçðàñòàåò, à âûõîä óêñóñíîé êèñëîòû
ñíèæàåòñÿ. Ïðè ïîòåíöèàëå E = 0,23 Â êîëè÷å-
ñòâî ýëåêòðè÷åñòâà, ðàñõîäóåìîå íà îáðàçîâàíèå
ÑÎ2, QCO2

, âòðîå ïðåâûøàåò êîëè÷åñòâî ýëåêòðè-
÷åñòâà, ðàñõîäóåìîå íà îáðàçîâàíèå óêñóñíîé
êèñëîòû, QÑÍ3ÑÎÎÍ. Ýòî îçíà÷àåò, ÷òî ñðåäíåå
÷èñëî ýëåêòðîíîâ, îòäàâàåìûõ ìîëåêóëîé ýòàíî-
ëà, ñîñòàâëÿåò îêîëî 8, ÷òî ñîîòâåòñòâóåò ôàðàäå-
åâñêîé ýôôåêòèâíîñòè ~70 %. Ïðè ýòîì îòíî-
øåíèå êîëè÷åñòâ ýëåêòðè÷åñòâà QCO2

/QÑÍ3ÑÎÎÍ
îòðàæàåò, ïî-âèäèìîìó, ýôôåêòèâíîñòü àíîäíîãî
êàòàëèçàòîðà â îòíîøåíèè ðàçðûâà Ñ–Ñ-ñâÿçè.

Òàêèì îáðàçîì, óãëóáëåíèå ýëåêòðîîêèñëå-
íèÿ  ýòàíîëà äîñòèãàåòñÿ ïðè ïîâûøåíèè òåì-
ïåðàòóðû, êîíöåíòðàöèè ñïèðòà è óìåíüøåíèè
ïåðåíàïðÿæåíèÿ. Ýòî óêàçûâàåò íà òî, ÷òî â 12-
ýëåêòðîííîé ðåàêöèè ó÷àñòâóþò áîëåå ïðî÷íî àä-
ñîðáèðîâàííûå îðãàíè÷åñêèå ÷àñòèöû, ïîäâåðã-
íóòûå ãëóáîêîìó äåãèäðèðîâàíèþ.

Ñèíòåç è èññëåäîâàíèå êàòîäíûõ
CoN4-êàòàëèçàòîðîâ

Äðóãîé âàæíîé çàäà÷åé, îò ðåøåíèÿ êîòîðîé
çàâèñèò ýôôåêòèâíîñòü ðàáîòû ÝÂÒÝ, ÿâëÿåòñÿ
ïðèìåíåíèå òàêîãî êàòîäíîãî êàòàëèçàòîðà, êî-
òîðûé íå òîëüêî èìååò âûñîêóþ àêòèâíîñòü â
ðåàêöèè ýëåêòðîâîññòàíîâëåíèÿ êèñëîðîäà, íî è
òîëåðàíòåí ê ýòàíîëó. Ïîñëåäíåå òðåáîâàíèå ñâÿ-
çàíî ñ òåì, ÷òî ýòàíîë ïåðåíîñèòñÿ ÷åðåç òâåðäûé
ïîëèìåðíûé ýëåêòðîëèò (èîíîîáìåííóþ ìåìáðà-
íó) èç àíîäíîé êàìåðû â êàòîäíóþ (êðîññîâåð-
ýôôåêò) è ìîæåò îòðàâëÿòü êàòîä. Â ÈÔÕÝ ÐÀÍ
òàêîé êàòîäíûé êàòàëèçàòîð áûë ðàçðàáîòàí. Ýòî
ïèðîïîëèìåð òåòðàìåòîêñèôåíèëïîðôèðèíà êî-
áàëüòà (ÑîN4).

Ñèíòåç ÑîN4 êàòîäíûõ êàòàëèçàòîðîâ ïðî-
âîäèëè ïðè èñïîëüçîâàíèè N4-êîìïëåêñîâ íà
àêòèâèðîâàííîé ñàæå ÀÄ100 (Sóä = 150 ì2/ã) ëèáî
íà ñàæå ÕÑ72 (Sóä = 220 ì2/ã) ïðè òåìïåðàòóðå
800 °Ñ. Ýëåêòðîêàòàëèòè÷åñêóþ àêòèâíîñòü â ðå-
àêöèè âîññòàíîâëåíèÿ êèñëîðîäà è òîëåðàíò-
íîñòü â îòíîøåíèè ýòàíîëà èññëåäîâàëè â
ìîäåëüíûõ óñëîâèÿõ ñ èñïîëüçîâàíèåì âðàùàþ-

Êàòàëèç â àëüòåðíàòèâíîé ýíåðãåòèêå
Êàòàëèç â òîïëèâíûõ ýëåìåíòàõ
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ùåãîñÿ äèñêîâîãî ýëåêòðîäà ñ òîíêèì ñëîåì êà-
òàëèçàòîðà (100 ìêã/ñì2) ïî ìåòîäèêå, îïèñàí-
íîé â [5], â 1 Ì ùåëî÷è ïðè òåìïåðàòóðå 60 °Ñ.

Íàëè÷èå ÑîN4 ïðèâîäèò ê ðîñòó Eñò, ñäâèãó
ïîëÿðèçàöèîííîé êðèâîé â ñòîðîíó ïîëîæèòåëü-
íûõ ïîòåíöèàëîâ ïî ñðàâíåíèþ ñ ÷èñòîé ñàæåé è
ñíèæåíèþ âûõîäà ïåðîêñèäà âîäîðîäà, ÷òî ïðî-
ÿâëÿåòñÿ â ïðèáëèæåíèè âåëè÷èíû êîëè÷åñòâà
ýëåêòðîíîâ, ó÷àñòâóþùèõ â ðåàêöèè, ê 3–3,5.
Íà ðèñ. 5 è â òàáëèöå ïðåäñòàâëåíû ýêñïåðèìåí-
òàëüíûå ðåçóëüòàòû äëÿ ÑîN4, PtCo (7,3 % Pt) è
20 ìàñc. % Pt (êîììåð÷åñêèé êàòàëèçàòîð E-TEK)
[6]. Ñîãëàñíî ïîëó÷åííûì äàííûì, â àòìîñôåðå
êèñëîðîäà íàáëþäàåòñÿ ðÿä àêòèâíîñòè: Pt ≥
≥ PtCo > ÑîN4. Òàêîé æå ðÿä àêòèâíîñòè âûñòðà-
èâàåòñÿ è ïðè ýëåêòðîîêèñëåíèè ýòàíîëà. Ïîýòî-
ìó âëèÿíèå ýòàíîëà íà êàòîäíóþ ðåàêöèþ âîñ-
ñòàíîâëåíèÿ êèñëîðîäà íàèáîëåå âûðàæåíî â ñëó-
÷àå Pt è íàèìåíåå — â ñëó÷àå ÑîN4-ñèñòåìû. Â
ñëó÷àå Pt è PtCo îíî ñîïðîâîæäàåòñÿ ýôôåêòîì
îòðàâëåíèÿ Pt-ñîäåðæàùèõ êàòàëèçàòîðîâ â ïðè-
ñóòñòâèè ýòàíîëà. Êàê âèäíî èç ðèñ. 5, ïðè ýòîì
ïðîèñõîäèò ñíèæåíèå ñêîðîñòè ðîñòà òîêà ïðè
ïîòåíöèàëàõ áîëåå îòðèöàòåëüíûõ, ÷åì ïîòåíöè-
àëû îêèñëåíèÿ ýòàíîëà. Ïîýòîìó â Î2 + 0,5 Ì
Ñ2Í5ÎÍ èìååò ìåñòî äðóãîé ðÿä àêòèâíîñòè:
ÑîN4 > PtCo > Pt. Òàêèì îáðàçîì, íàèáîëüøóþ
òîëåðàíòíîñòü ïî îòíîøåíèþ ê ýòàíîëó ïðîÿâ-
ëÿåò ÑîN4.

Ðàçðàáîòêà ìåìáðàíî-ýëåêòðîäíîãî áëîêà
è èñïûòàíèÿ ÝÂÒÝ

Äëÿ ìåìáðàíî-ýëåêòðîäíîãî áëîêà (ÌÝÁ)
ÝÂÒÝ ñ òâåðäûì ïîëèìåðíûì ýëåêòðîëèòîì áûëè
ðàçðàáîòàíû îðèãèíàëüíûå êîíñòðóêöèè êàòîäà
è àíîäà. Ýôôåêòèâíîñòü èñïîëüçîâàíèÿ ýòàíîëà
â òàêîì ÝÂÒÝ â çíà÷èòåëüíîé ìåðå çàâèñèò îò
âûáîðà ñîîòâåòñòâóþùåé èîíîîáìåííîé ìåìáðà-
íû — ñ âûñîêîé ýëåêòðîïðîâîäíîñòüþ è õîðîøè-
ìè ðàçäåëèòåëüíûìè ñâîéñòâàìè â îòíîøåíèè ýòà-
íîëà. Êàê è â áîðãèäðèäíî-ùåëî÷íûõ ÒÝ, â ñî-
ñòàâå ÌÝÁ ÝÂÒÝ â êà÷åñòâå ýëåêòðîëèòà èñïîëü-
çîâàëè èîíîîáìåííóþ ìåìáðàíó Nafion 117 â
Nà+-ôîðìå. Ýòî îáñòîÿòåëüñòâî ó÷èòûâàëîñü â
äàëüíåéøåì ïðè ðàçðàáîòêå êàòîäîâ. Ïðè èñïîëü-
çîâàíèè êàòèîíîîáìåííîé ìåìáðàíû íà êàòîäå
îáðàçóåòñÿ ùåëî÷ü NaOH, ÷òî ñîçäàåò ïðîáëåìû,
ñâÿçàííûå ñ åå îòâîäîì, ïîñêîëüêó ùåëî÷ü ïî-
ñòåïåííî, ïî ìåðå åå íàðàáîòêè íà êàòîäå, íà-
êàïëèâàåòñÿ â àêòèâíîì ñëîå è çàòàïëèâàåò åãî.
Â ðåçóëüòàòå ðàáî÷àÿ ïîâåðõíîñòü, íà êîòîðîé
ãåíåðèðóåòñÿ òîê, ìîæåò óìåíüøèòüñÿ, à õàðàê-
òåðèñòèêè êàòîäà — ñíèçèòüñÿ. Ñ àíàëîãè÷íûìè
ïðîáëåìàìè ñòàëêèâàþòñÿ è ðàçðàáîò÷èêè áîð-
ãèäðèäíî-ùåëî÷íûõ ÒÝ. Âûáîð ìåìáðàíû Nafion

O2 O2 + 0,5 M C2H5OH 
Катализатор Ест, В I, А/см2   

(Е = 0,88 В) ∂Е/∂lgI, В Ест, В I, мА/см2 

(Е = 0,88 B) 

0,5 M С2Н5ОН 
I, мА/см2 

при Е = 0,95 В 
Pt 1,02 1,2 0,060; 0,110 0,87 0,04 0,35 

PtCo 0,97 0,7 0,060; 0,120 0,9 0,087 0,30 
СоN4 0,92 0,26 0,050; 0,110 0,91 0,18 0,039 

Ðèñ. 5. Ïîëÿðèçàöèîííûå êðèâûå âîññòàíîâëåíèÿ êèñ-
ëîðîäà (1–3, 1’’, 3’’) è îêèñëåíèÿ ýòàíîëà â ïðèñóò-
ñòâèè êèñëîðîäà (1’–3’), ïîëó÷åííûå â 1 Ì ÊÎÍ (1’’,
3’’) è â 1 Ì ÊÎÍ + 0,5 Ì Ñ

2
Í

5
ÎÍ (1–3; 1’–3’) íà âðàùà-

þùåìñÿ äèñêîâîì ýëåêòðîäå (m = 640 îá/ìèí) ñ òîí-
êèì (120 ìêã/ñì2) ñëîåì êàòàëèçàòîðîâ: 1, 1’, 1’’ — Pt
(E-TEK); 2, 2’ — Pt-CoN

4
(7,3 %); 3, 3’, 3’’ — ÑîN

4

Õàðàêòåðèñòèêè ðàçëè÷íûõ êàòîäíûõ ñèñòåì, ïîëó÷åííûå â îòñóòñòâèå è â ïðèñóòñòâèè
0,5 Ì C2H5OH (1 Ì ÊÎÍ, 60 °°°°°Ñ, àòìîñôåðà — Î2)

â Nà+-ôîðìå áîëüøèíñòâîì èññëåäîâàòåëåé, âè-
äèìî, ñâÿçàí ñ åå õîðîøåé ïðîâîäèìîñòüþ è íå-
ïëîõèìè ðàçäåëèòåëüíûìè ñâîéñòâàìè. Ïîñëåä-
íåå ñëåäóåò è èç íàøèõ äàííûõ ïî èçìåðåíèþ
êðîññîâåðà ýòàíîëà ÷åðåç ìåìáðàíó íåïîñðåä-
ñòâåííî â ÒÝ ïî ìåòîäèêå, îïèñàííîé â [7].
Îêèñëåíèå ýòàíîëà íà Pt-êàòîäå â îòñóòñòâèå êèñ-
ëîðîäà ïîçâîëÿåò îöåíèòü àíîäíûé òîê, îòâå÷à-
þùèé êðîññîâåðó ýòàíîëà. Ïðè êîíöåíòðàöèè ùå-
ëî÷íîãî ðàñòâîðà ýòàíîëà 1 Ì îí îêàçàëñÿ ðàâ-
íûì 3,7 ìÀ/ñì2 (60 °Ñ). Ñëåäóåò çàìåòèòü, ÷òî
ýòî â ~4 ðàçà íèæå çíà÷åíèÿ, ïîëó÷åííîãî â [7]
äëÿ ÝÂÒÝ ñ ïðîòîíïðîâîäÿùåé ìåìáðàíîé è ðà-
ñòâîðîì 1 M C2H5OH + Í2Î.

Òðóäíîñòåé ñ îòâîäîì ùåëî÷è èç êàòîäà ìîæ-
íî èçáåæàòü, åñëè âìåñòî êàòèîíîîáìåííîé ìåì-
áðàíû â êà÷åñòâå òâåðäîãî ýëåêòðîëèòà èñïîëü-
çîâàòü àíèîíîîáìåííóþ ìåìáðàíó. Â ýòîì ñëó-
÷àå ÎÍ–-èîíû, êîòîðûå ãåíåðèðóþòñÿ íà êàòîäå,
ïåðåíîñÿòñÿ ÷åðåç àíèîíîîáìåííóþ ìåìáðàíó â
àíîäíóþ êàìåðó ÝÂÒÝ, ãäå â èòîãå îáðàçóåòñÿ
âîäà. Â êàòîäíîé êàìåðå, òàêèì îáðàçîì, ùå-
ëî÷ü íå íàêàïëèâàåòñÿ.

Èñïûòàíèÿ ÌÝÁ ÝÂÒÝ ïðîâîäèëè â îäèíî÷-
íîì ýëåìåíòå ôèðìû «Arbin» ñ ïëîùàäüþ ýëåêò-
ðîäîâ 5 ñì2. Ñêîðîñòü öèðêóëÿöèè ýòàíîëüíî-ùå-
ëî÷íîé ñìåñè ñîñòàâëÿëà 1,2 ë/÷, òåìïåðàòóðà
ÿ÷åéêè 60 °Ñ. Êîíòðîëèðîâàëè òîê, íàïðÿæåíèå,
à òàêæå ïîòåíöèàë êàòîäà. (Âñå ïîòåíöèàëû ïðè-
âåäåíû îòíîñèòåëüíî îáðàòèìîãî âîäîðîäíîãî ýëåê-
òðîäà.)

Ýëåêòðîäû äëÿ ìåìáðàíî-ýëåêòðîäíîãî áëî-
êà èçãîòàâëèâàëè ñ èñïîëüçîâàíèåì â àêòèâíûõ
ñëîÿõ è êàòîäà, è àíîäà ðàñòâîðà Nafion. Â êà÷å-
ñòâå òîêîîòâîäà è ãàçîäèôôóçèîííîãî ñëîÿ ïðè-

À. Þ. Öèâàäçå, Ì. Ð. Òàðàñåâè÷, Â. Í. Àíäðååâ, Â. À. Áîãäàíîâñêàÿ, Á. Í. Åôðåìîâ, Í. À. Êàïóñòèíà, Â. Í. Òèòîâà, À. À. ßâè÷,
Í. Í. Áåëîâà, Ï. Â. Ìàçèí   Íåïëàòèíîâûå êàòàëèçàòîðû äëÿ ýëåêòðîîêèñëåíèÿ áèîýòàíîëà è òîïëèâíûå ýëåìåíòû íà èõ îñíîâå
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ìåíÿëè ãèäðîôîáèçèðîâàííóþ óãëåðîäíóþ áóìà-
ãó TORAY Carbon Paper òèïà EC-TP1T. Â ñîñòàâ
êîìïîçèöèè äëÿ ïðèãîòîâëåíèÿ àêòèâíîãî ñëîÿ
ýëåêòðîäîâ, êðîìå êàòàëèçàòîðà, âõîäèëè áèäè-
ñòèëëèðîâàííàÿ âîäà, ýòàíîë è 5 %-íûé ðàñòâîð
Nafion. Ïîñëå óëüòðàçâóêîâîé îáðàáîòêè ïîëó-
÷åííóþ ãîìîãåííóþ äèñïåðñèþ ïîñëîéíî íàíîñè-
ëè íà áóìàãó TORAY. Ãîòîâûé êàòîä ïðèïåêàëè
ê ìåìáðàíå ïðè 135 °Ñ, à àíîä ïðèæèìàëè ê íåé
ïðè ñáîðêå ÌÝÁ â ÒÝ.

Áûëî èññëåäîâàíî âëèÿíèå ñîäåðæàíèÿ RuNi-
êàòàëèçàòîðà â àêòèâíîì ñëîå íà ðàçðÿäíóþ õà-
ðàêòåðèñòèêó àíîäà. Ñîäåðæàíèå Nafion âî âñåõ
ñëó÷àÿõ îñòàâàëîñü íåèçìåííûì. Ëó÷øèé ðåçóëü-
òàò èìåë àíîä, ñîäåðæàùèé 20 ìã/ñì2 êàòàëèçà-
òîðà. Ïðè ìåíüøåì ñîäåðæàíèè àêòèâíîñòü áûëà
íèçêîé, à ïðè áîëüøåì, âåðîÿòíî, óõóäøàëèñü
óñëîâèÿ ïîäâîäà ýòàíîëà èç-çà ðîñòà òîëùèíû
àêòèâíîãî ñëîÿ. Õîòÿ áåñòîêîâûé ïîòåíöèàë âñåõ
èçó÷åííûõ àíîäîâ áûë äîñòàòî÷íî âûñîê (40–
50 ìÂ) è ìîæíî áûëî îæèäàòü ïîëó÷åíèÿ áîëü-
øèõ òîêîâ, â öåëîì íåäîñòàòî÷íàÿ àêòèâíîñòü
êàòàëèçàòîðà íå ïîçâîëèëà ýòîãî ñäåëàòü.

Ïîïûòêè óâåëè÷èòü àêòèâíîñòü êàòîäà, èçãî-
òîâëåííîãî íà îñíîâå ÑîN4, çà ñ÷åò ðîñòà åãî ñî-
äåðæàíèÿ â àêòèâíîì ñëîå (êàê ýòî áûëî ñäåëàíî
íà àíîäå) íå äàëè îùóòèìîãî ðåçóëüòàòà. Âîç-
ìîæíî, ýòî ñâÿçàíî ñ òåì, ÷òî ñ óâåëè÷åíèåì ñî-
äåðæàíèÿ ÑîN4 äîëæåí ðàñòè íå òîëüêî òîê, íî è
òîëùèíà àêòèâíîãî ñëîÿ êàòîäà. Ïîñëåäíåå, áå-
çóñëîâíî, çàòðóäíÿåò âîçìîæíîñòü ñâîåâðåìåííî-
ãî îòâîäà ùåëî÷è, îáðàçóþùåéñÿ â àêòèâíîì ñëîå
ñ Nafion, ÷òî ïðèâîäèò ê åãî ïîñòåïåííîìó çàòîï-
ëåíèþ è, êàê ñëåäñòâèå, ñíèæåíèþ òîêà.

Ïîñêîëüêó âàðüèðîâàíèå ñîäåðæàíèÿ Nafion
â àêòèâíîì ñëîå ïðàêòè÷åñêè íå âëèÿåò íà åãî
òîëùèíó, íî âëèÿåò íà âåëè÷èíó ðàáî÷åé ïîâåðõ-
íîñòè, ñëåäîâàëî îæèäàòü áîëåå çàìåòíûõ èçìå-
íåíèé âîëüò-àìïåðíîé êðèâîé êàòîäîâ ñ ðàçíûì
ñîäåðæàíèåì Nafion. Ëó÷øóþ âîëüò-àìïåðíóþ
êðèâóþ èìåë êàòîä ñ ñîäåðæàíèåì Nafion â àê-
òèâíîì ñëîå 25 ìàñc. %.

Îïòèìèçàöèÿ àíîäà, êàòîäà è óñëîâèé ðàáî-
òû ÝÂÒÝ, ïðè êîòîðûõ ðåàëèçóþòñÿ ìàêñèìàëü-
íûå ãàáàðèòíûå òîêè, ïîçâîëèëà ïîëó÷èòü ñëåäó-
þùèå õàðàêòåðèñòèêè ýòàíîëüíî-âîçäóøíîãî ÒÝ
ñ ìåìáðàíîé Nafion 117 (ðèñ. 6). Ïðè íàïðÿæå-
íèè ýëåìåíòà 0,5 Â ïëîòíîñòü òîêà ~45 ìÀ/ñì2

(êðèâàÿ 1), ìàêñèìàëüíàÿ óäåëüíàÿ ìîùíîñòü
(êðèâàÿ 2) ~25 ìÂò/ñì2. Ïðèìåðíî òàêèå æå ïà-
ðàìåòðû ïðèâåäåíû â [8] äëÿ áîðãèäðèäíîãî ÒÝ ñ
ìåìáðàíîé Nafion 115. Ó÷èòûâàÿ, ÷òî ðàçðàáîòàí-
íûé ÈÔÕÝ ÐÀÍ ÝÂÒÝ — ïåðâûé ÒÝ ïîäîáíîãî
òèïà, íà ýëåêòðîäàõ êîòîðîãî ïîëíîñòüþ îòñóò-
ñòâóåò Pt, äàííûé ðåçóëüòàò ïðåäñòàâëÿåòñÿ âïîëíå
óäîâëåòâîðèòåëüíûì è îáíàäåæèâàþùèì.

Çàêëþ÷åíèå

Ðåçþìèðóÿ èçëîæåííîå, ìîæíî çàêëþ÷èòü,
÷òî ïðîâåäåííûå èññëåäîâàíèÿ ïîçâîëèëè ñîçäàòü
íîâóþ àðõèòåêòóðó ýòàíîëüíî-âîçäóøíîãî ÒÝ è
ïîêàçàëè ïðèíöèïèàëüíóþ âîçìîæíîñòü ðåàëè-
çàöèè ÒÝ ñ êàòèîíîîáìåííîé ìåìáðàíîé äëÿ ïðÿ-
ìîãî îêèñëåíèÿ áèîýòàíîëà â ùåëî÷íîé ñðåäå

Ðèñ. 6. Âîëüò-àìïåðíûå êðèâûå (1, 1ê, 1à) è êðèâàÿ óäåëü-
íîé ìîùíîñòè (2) ùåëî÷íîãî ÝÂÒÝ ïðè 60 °Ñ ñ ìåìáðà-
íîé Nafion 117: 1 — íàïðÿæåíèå íà ÒÝ; 1ê, 1à — ïîòåí-
öèàëû êàòîäà (N

4
Co) è àíîäà (RuNi) ñîîòâåòñòâåííî.

1Ì Ñ
2
Í

5
ÎÍ + 6Ì NaOH.

áåç èñïîëüçîâàíèÿ Pt-êàòàëèçàòîðîâ. Ïîëó÷åí-
íûé ðåçóëüòàò ñòàë âîçìîæåí áëàãîäàðÿ ïðèìå-
íåíèþ ýôôåêòèâíîãî àíîäíîãî êàòàëèçàòîðà
RuNi è òîëåðàíòíîãî ê ýòàíîëó êàòîäíîãî êàòà-
ëèçàòîðà CoN4. Óëó÷øåíèå ðàçðÿäíûõ õàðàêòå-
ðèñòèê äàííîãî ÝÂÒÝ ìîæåò áûòü äîñòèãíóòî
ïðè äàëüíåéøåé îïòèìèçàöèè ìåìáðàíî-ýëåêò-
ðîäíîãî áëîêà, áîëåå äåòàëüíîì îáîñíîâàíèè
óñëîâèé ðàáîòû ÝÂÒÝ, à òàêæå ïðè èñïîëüçîâà-
íèè àíèîíîîáìåííîé ìåìáðàíû, îáåñïå÷èâàþùåé
ïðîäîëæèòåëüíóþ ðàáîòó êàòîäà.

Àâòîðû èñêðåííå áëàãîäàðíû îðãàíèçàöèÿì,
êîòîðûå íà ðàçíûõ ýòàïàõ ïðîÿâèëè èíòåðåñ è
îêàçàëè ïîääåðæêó ýòèì ðàáîòàì: Ïðåçèäèóìó ÐÀÍ
(Ïðîãðàììà 7); ÎÎÎ «Íàöèîíàëüíàÿ èííîâàöèîí-
íàÿ êîìïàíèÿ «Íîâûå ýíåðãåòè÷åñêèå ïðîåêòû»;
ÇÀÎ «Èíäåïåíäåíò Ïàóýð Òåõíîëîäæèñ»; Ôîíäó
ñîäåéñòâèÿ ðàçâèòèþ ÌÏ ÍÒÑ Áîðòíèêà È. Ì.
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Gas analytical systems and hydrogen sensors
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Gas analytical systems and hydrogen sensors

SEMICONDUCTOR NOX SENSORS
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0025, 1, A. Manoukyan, Yerevan, Armenia, e-mail: kisahar@ysu.am

Necessity in nitrogen semiconductor oxide and dioxide sensors with numerical output is very
important for science and technical systems. Present review paper gives information about sensitive
semiconductor materials, technology of their manufacturing and main parameters of sensors.

Introduction

Last 30 years, research and development of
gas-sensing devices is in the focus of activity of
scientists and engineers in many countries. Such
detectors can be used for different applications -
continuous monitoring of the concentration of gases
in the environment and premises, detection of tox-
ic dangerous gases, drugs, smoke and fire, ener-
gy saving, anti-terrorist defense, health, amenity,
control of automotive and industrial emissions as
well as precious technological processes in indus-
try. Gas sensors can be manufactured using dif-
ferent materials, technologies and phenomena
[1–9]. Sensing devices should be smaller and cheap-
er than the analytical devices currently used and
have high sensitivities. We considered earlier [4,
5, 7] and below semiconductor sensors, which
found soon remarkable positions in science and
technology as they allow producing fast, reliable,
non-expensive, low-maintenance devices using mod-
ern electron technologies. However many gas-sens-
ing micro-systems have not yet reached commer-
cial viability due to high consumed electric power
and working temperatures, inaccuracies and in-
herent characteristics of the sensors themselves.

So, suitable semiconductor materials with the re-
quired surface and bulk having higher sensitivity,
stability and selectivity are demanding today.

Hydrogen (H2), oxygen (O2), carbon monox-
ide (CO), hydrocarbon (including methane CH4)
sensors were reviewed by author in [5, 7]. Nitrous
oxide (NO) and nitrogen dioxide (NO2) gases are
also among the important gaseous species. Solid
state sensors (mainly metal oxide nitric devices)
are considered below.

Most of combustion processes result in the
formation of nitric oxides, commonly considered
inside the global label NOx. NO2 is the main gas to
be detected because NO is easily oxidized to NO2
in atmosphere. There is a complex relationship be-
tween emissions for NOx and the resulting concen-
trations of NO2. It transforms in the air to form
gaseous nitric acid and toxic organic nitrates. NO2
even at low concentration is a highly toxic gas.
Nitrogen oxide NOx (NO or NO2) can cause dis-
eases of respiratory system and leads to pulmo-
nary edema and death. NO2 catalyze the forma-
tion of toxic ozone in the troposphere, being one
of the causes of urban photochemical smog. Cu-
mulation of NOx is the main reason of acid rains.

Vladimir M. Aroutiounian received his physics-engineer MS degree from
Kiev Polytechnic Institute in 1964, the doctoral degree (Ph. D.) from Yerevan
State University in 1970 and Dr. Sc. degree from Vilnius State University,
Lithuania, in Physics of Semiconductors and Dielectrics in 1977. Academician of
National Academy of Sciences and Engineering Academy of Armenia.

He is currently the full professor, head of Department of Physics of Semicon-
ductors and Microelectronics and the research supervisor of Research Laboratory
of Physics of Semiconductor Materials and Devices at Yerevan State University.

His current research interests include chemical sensors, physical properties of
porous and quantum-well semiconductor structures, photoelectrochemical and
photoelectrical conversion of solar energy.

Aroutiounian
Vladimir M.

Ëåêöèÿ ïðîôåññîðà Åðåâàíñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà, àêàäåìèêà ÍÀÍ Àðìåíèè Â. Ì. Àðóòþíÿíà áóäåò
ïðåäñòàâëåíà âî âðåìÿ òîðæåñòâåííîé öåðåìîíèè íàãðàæäåíèÿ â Ãîñóäàðñòâåííîé Äóìå ÐÔ 29 íîÿáðÿ 2007 ã. â 1500.

Lecture of professor of the Yerevan State University, academician of the NAS of Armenia V. M. Aroutiounian will be
presented during rewarding ceremony in the RF State Duma November 9, 2007 at 1500.



International Scientific Journal for Alternative Energy and Ecology     ISJAEE ¹ 4(48) (2007)
Ìåæäóíàðîäíûé íàó÷íûé æóðíàë «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» ÀÝÝ ¹ 4(48) (2007)70

©
 
2
0
0
7 

Sc
ie
n
tif
ic
 
T
ec
h
n
ic
a
l 
C
en
tr
e 

«
T
A
T
A
»

©
 
2
0
0
7 

Í
à
ó÷
í
î
-ò
å
õí
è
÷å
ñê
è
é
 
ö
å
í
òð
 
«
T
A
T
A
»

Hydrogen economy
Gas analytical systems and hydrogen sensors

This gas also participates in a chain reaction that
destroys the protective stratospheric ozone layer,
resulting in an increase of ultraviolet radiation
reaching the surface of the earth. NO2 is often
found at higher levels indoors compared with out-
doors. Mainly this occurs in settings where gas
stoves and kerosene heaters are being used. In
this sense, the emission control and effective meth-
ods to detect nitrogen oxides are highly demand-
ed today to prevent environmental and health prob-
lems [10–12]. Therefore, to optimize combustion
and reduce emissions, it is necessary the precise
monitoring of exhaust gasses in boilers, heaters,
gas stoves, combustion furnaces, vehicles or auto-
mobile engines and their direction by controlling
initial reactant mixtures.

Therefore the development of portable fast-re-
sponse sensors that are robust, small sized, long
lifetime, quick in response and with sufficient sen-
sitivity for the detection of nitrogen dioxide in low
concentrations, such as few ppm, in the ambient is
necessary and demanded also in order to prevent
irreversible changes in the global atmosphere.

For this reason efforts made nowadays by sci-
entific research community in leading laboratories
all over the world have been focused on the devel-
opment and investigation of novel NO2 sensitive
materials suited for solid-state gas sensors, conse-
quently, their performances have to be improved
dramatically by adopting preparation conditions
and by controlling post-deposition processing.

Hence, there is a great interest in developing
chemoresistive gas sensor based on metal oxides
for the detection of low concentration of NO2 and
NOx for air-quality monitoring or exhaust-gas con-
trol. For the automotive exhaust monitoring, NOx

sensors should be able to detect NOx concentration
from 10 up to 2000 ppm in very harsh environ-
ment where the temperature fluctuates from about
500 °C up to 900 °C. The engine temperature may
occasionally reach up to 900 °C during vehicle ac-
celeration and may keep it for a while thereafter.
It is therefore inevitable that for a practical imple-
mentation of the reliable NOx sensor, high sensi-
tivity in the range of 100–1000 ppm as well as
high selectivity to NOx, long-term stability at high
temperatures, fast response and recovery rates
should be realized for demanded sensors. An ide-
al on-board NOx sensor should attain stability over
a long period of operating time (more than 10
years). Such compact and accurate sensors should
measure NOx levels in oxygen-rich exhausts to aid
in the precise dispensation of reducing agents.

Related also to environmental concern, a ne-
cessity in NOx and ammonia sensors is demanded
for combustion exhaust control in power plants,
where NOx is removed by a chemical treatment
with NH3 over catalysts. Also the need of gas
sensors suitable for safety and industrial process
control applications has been raised.

In actual case, the optimum sensor perform-
ance is not achieved well due to insufficient un-
derstandings of the SE–gas interactions as well
as the sensing mechanism. For instance, deposi-

tion techniques and processing parameters can af-
fect the chemical composition, the microstructure
and the morphology of metal oxide films, conse-
quently influencing the gas sensing properties.
Thus, it is important to study the microstructure
of the SE film for fabrication of practical NOx
sensors as well as for understanding of the sens-
ing mechanism.

Materials and Technologies

Promising materials for manufacture of sen-
sors and their form, parameters (operating tem-
perature range in °C), range of detection limit,
response time) as well as measured physical pa-
rameter are listed in Tables 1–3.

SnO2, In2O3 and In2O3–SnO2 sensors

SnO2 thin films for high-sensitivity gas sen-
sor structures were prepared in [36] using the
rheotaxial growth and thermal oxidation (RGTO)
method. Connections between agglomerates, so-
called necks created during the final oxidation. A
significant increase in size of the previously formed
particles was observed what results in almost 30 %
increase in the film thickness. That constituted
the paths for the electric current. The sensing
mechanism of such SnO2 thin films manufactured
by RGTO method proposed in [36]. The sensor
response of SnO2 thin film to NO2 is maximal at
200 °C working temperature for the Sn deposition
on Al2O3 substrate at between 265 and 275 °C,
what was in a good correlation with the value of
surface coverage by Sn droplets obtained in the
first step of RGTO process.

In2O3 and SnO2 have good stability and sens-
ing properties to NO2 and NO gases and satisfac-
tory selectivity suitable modifiable by noble metal/
catalyst or temperature modulated operation (see,
[37–43] in the Table 1 and references herein).
Both SnO2 and In2O3 oxide sensors are mainly based
on electrical resistive changes. Let us discuss re-
sults obtained in last years.

In recent years, a great attention has been
paid to the development of a new concept design
for gas sensors based on the use of two different
combined oxides instead of a single oxide as ac-
tive material in order to exploit the synergic effect
of the two different phases in the gas detection
mechanism. The advantages that can derive from
these mixed systems consist in the possibility of
increasing the sensitivity and the selectivity to-
wards specific gases, the availability of a double
receptor-transducer function in the same materi-
als system and the stabilization of the sensing
material, ensuring, for example, the maintenance
of a nanocrystalline structure.

Although both SnO2 and In2O3 thin films have
already been studied as gas sensors, their sensing
properties combined in a binary oxide are not com-
pletely known and, in particular, the potentials
are not fully exploited for NO2 gas detection. In2O3
shows electrophysical and chemical properties es-
sentially different compared to SnO2 and this dif-
ferent behavior seems to considerably modify the
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Material of work body 
Operating 

temperature 
range (°C) 

Range of 
detection limit 

Sensing element 
form 

Sensor 
physical 

parameter 

Response 
time  Reference 

1 2 3 4 5 6 7 

SnO2 

131–313 
300–450 

300 
150–300 

200 
130 

150–200 
200–700 
100–350 
350–550 

0.01–0.25 
Up to 9 ppm 

100 ppb 
 

25–100 ppb 
up to 100 ppm 
up to 800 ppb 

100 ppm 
5–800 ppb 

50–3000 ppm 

T–ck F 
TF 
TF 
TF 
TF 

nXl TF 
TF 

Disks 
TF 

ceramic 

R 
R 
R 
R 
R 
R 

WF 
R 

CVC 
R 

~1 h 
 
 

3 s 
~2 min 
~10 min 

 
~30 s 

~30 min 
20–60 s 

13, 14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

SnO1.85 525  T–ck F WF&R  24 

SnO2 <Pt, Au, Al> 250–400 1–10 ppm ThF, FET R <10 s 10, 25 
SnO2 –Pt 

 
35–160 
150–300 

 
 

FET 
TF 

R 
R 

 
 

26 
27, 28 

SnO2– Pt  300 10–1000 ppm JFET CVC <3 min 29 
SnO2 –Pd 225–500  SchB & R CVC  30, 31 

SnO2 –Rh/Pd 450–500 30–50 ppm TF R ~5 min 32 
SnO2 (Au) 550 up to 45 ppm TF R <20 s 33 

SnO2 (Pt, In, Au) 200–400 2–70 ppm TF R 1–2 min 34 
Pt, Ni, Au, Mo coated 

with SnO2 
20–280 up to 1000 

ppm TF R 
 

 
 

35 
 

SnO2 200  RGTO F   36 

0.5 wt. % SrO– SnO2 500 10–300 ppm ceramic R 20–60 s 23 
SnO2 – CdO 250–300 18–100 ppm TF CVC 1 37 

Sn–Zn–Sb–O 400&600 up to 5 ppm TF R ~1 min 38 

SnO2 – Al2O3 300 18–199 ppm TF CVC ~1 min 37 
In2O3 250 0.7–7 ppm nXl TF R ~5 min 39 

In2O3–SnO2 (NO2) 100–350 2–20 TF R  40 
In2O3–SnO2 (NO2) RT–400  1–3 ppm TF R 10 min 41 

In2O3 –SnO2 (NO) RT 60–2000 ppm TF FreqShif < 20 s 42 
In2O3, In2O3–MoO3 150–350 400–800 ppb TF R 1–4 min 43 

SnO2<Ru> RT  nanowire R  46 
In2O3   nanowire R  47 

CoO– In2O3 129 100 ppm Disks C ~ 4 min 49 

SnO2–Fe2O3 150–450 50 ppb–10 
ppm nanoXl R  50 

Fe2O3 (Au, Zn) 150–400 2–20 ppm TF t 2–5 min 51 
ZnO 

 
775 

200–400 
 

100 ppm 
 

Disk 
 

CVC 
 

<0.5 min 
52 
21 

ZnO(Er) 150–400 5 ppm TF R  53 

Zn–Sn–Sb–O 400&600 
300–700 

up to 5 ppm 
up to 3000 

ppm 

TF 
ElChCell 

R 
Current 

 
 

38 
54 

ZnO<Ir> 200–375 NO nano R  55 

Table 1

NO, NO2, NOx  sensors

The following notations are made in Tables: R — resistance, WF — work function, EMF — electromotive
force, FET — field effect transistor, TF — thin film, T — ck F — thick film, CVC — current-voltage characteristics.

traditional gas detection mechanism based on the
mediation of surface chemisorbed oxygen species.
An interaction mechanism manly based on redox
reactions reversibly changing the surface composi-
tion of the metal oxide film seems to be a more
realistic situation.

Systematic gas-sensing tests towards NO2 in
dry air have been carried out for In2O3–SnO2 ox-
ide based sensors. The gas-sensing properties of
these sensors to different NO2 concentrations at
different working temperatures have been analyzed
and compared with the corresponding properties

V. M. Aroutiounian
Semiconductor NOx sensors
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of the single oxide SnO2 and In2O3 based sensor.
All the sensors showed high responses to NO2. In
general, the best performances in terms of response,
sensitivity and low detection limit were found in
In2O3–SnO2 based sensor.

In paper [40] nanocrystalline SnO2, In2O3 and
In2O3–SnO2 (molar ratio 1:1) thin films have been
prepared by modified sol–gel methods. The struc-
tural and morphological properties of SnO2, In2O3
and In2O3–SnO2 oxide have been investigated in or-
der to characterize their sensing properties as NO2
gas sensor based on electrical resistive changes. Their
performances in the detection of nitrogen dioxide
(2–20 ppm in dry air) have been analyzed by electri-
cal characterization in controlled atmosphere.

The mean crystallite size in the heat-treated
powders was found equal to 3.5 nm for In2O3. Drop-
coating of the powders onto alumina substrates al-
lowed the fabrication of gas-sensing devices.

The SnO2 and In2O3 based devices were tested
to NO2, displaying outstanding responses even at
temperatures as low as 100 °C, and fast responses
and recovery times. Results of measurements are
shown in Figs. 1 and 2.

Gas-sensing nanocomposites of SnO2–In2O3
were prepared in [44] using a chemically control-
led co-precipitation method. Through manipulat-
ing the Sn/In cation ratio, metal salt total concen-
tration, precipitation pH value and aging condi-
tions, the nanocrystalline composite powder was
successfully derived with chemical homogeneity and
superior thermal stability compared to the single-
component oxides. The experimental results showed
that these nanocomposites exhibited high sensitiv-
ity and selectivity for the detection of CO and
NOx, and the sensitivity depended on the composi-
tion of the composites, calcination temperature and
operating temperature. The 40 % InO1.5 content,
calcination at 600 °C and operation at 250 °C and
200 °C were most optimal for CO and NO2 gas-
sensing, respectively. The incorporation of In2O3
as a secondary component suppressed the grain
growth of SnO2, thus resulting in the increased
sensitivity. Particularly, additives of Pd and Al2O3
as a dopants and a surface coating, respectively,
greatly improved the sensitivity and selectivity of
the optimized nanocomposite.

Mixed oxide (Sn–In)O + Pt with various com-
position Sn–In = 1:1, 2:1, 5:1 and 10:1 for sens-
ing materials were prepared in [45]. Fabricated
micro-gas sensor shows low resistance; gas sens-
ing characteristics have linearity for wide range
(0.5–20 ppm) of gas concentration.

Tin oxide has been synthesized in various
forms like whiskers, nanorods, nanotubes, nano-
diskettes, nanobelts and nanowires [46]. Such a
new generation of metal oxide semiconducting na-
nostructures has attracted the interest due to their
potential applications in sensor field. Because of
their peculiar structural characteristics, the effects
arising from size reduction result in novel physi-
cal properties for these materials. Newly devel-
oped metal oxide nano-belts and nanorings are
potential candidates for fabrication of nanoscale
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devices. Their extraordinary sensing properties have
been recently shown for ultra-sensitive gas and
DNA detection. Yang et al. have reported photo-
chemical gas sensing properties of single crystal-
line SnO2 nanowires towards NO2, where high sen-
sitivity and reversibility was achieved only at ele-
vated temperature or by exposure to the UV light
corresponding to energy near the SnO2 band-gap.
The synthesis of Ru-doped SnO2 nanowires and
their unique response towards NO2 and LPG was
reported in [46]. The incorporation of Ru in SnO2
thin film results in the low temperature crystalli-
zation implying the role of Ru as a promoter/
nucleating aid besides sensitizer. The gas sensing
properties of such wires were demonstrated by stud-
ying their response towards NO2 in air at room

Hydrogen economy
Gas analytical systems and hydrogen sensors
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temperature. Furthermore, Ru being one of the
excellent sensitizers towards LPG, these wires was
studied for their gas sensing behavior towards
LPG, which interestingly exhibited maximum sen-
sitivity towards LPG at 250 °C in agreement to the
results obtained for Ru-doped SnO2 thin film.

The SnO2 nanobelt sensor response was 900%
for 200 ppb NO2 at 300 °C [47]. It has been stud-
ied the variation of the response as a function of
the density of the nanobelts. The results demon-
strate the potential of fabricating nanosize sen-
sors using the integrity of a single nanobelt with
sensitivity at the level of a few ppb and the neces-
sity to control nanobelts density to optimize the
sensing performances.

Nano-wires of indium oxide for gas sensing
were proposed in [48]. Main attention has focused
on the influence of the deposition conditions (pres-
sure, evaporation temperature, gas flux and sub-
strates temperature) of these structures on the mor-
phological and electrical properties of the nanos-
tructures, highlighting that the response is strictly
dependent on the lateral dimensions of the wire.

The CoO–In2O3 system was also used for the
manufacture of NOx sensors [49].

Nanocomposites SnO2–Fe2O3 have been ob-
tained in [50] in whole concentration range (0–
100 mol. % Fe2O3) using wet chemical synthesis.
The gas sensor properties of nanocomposites to-
wards CO (40–150 ppm), ethanol (10–200 ppm),
H2S (2–10 ppm) and NO2 (50 ppb–10 ppm) have
been studied by conductance measurements in tem-

Material of work body 
Operating 

temperature 
range ( °C) 

Range of detection 
limit 

Sensing 
element form 

Sensor 
physical 

parameter 

Response 
time Reference 

1 2 3 4 5 6 7 
WO3–TiO2 

 
W–Ti–Mo–O 

350–800 
175–380 
350–800 

1–20 ppm 
up to 45 ppm 

1–10 ppm 

nXl TF 
T–ck F 

TF 

R 
R 
R 

 
1–2 min 
~2 min 

59 
60 
61 

WO3 <Au, Pd, Pt> 250–350 1–10 ppm Thick F R <10 s 10 

WO3 
100–250 

 
NO and NO2 

Up to 100 ppm 
SAW delay 

lines 
Output 
phase ~1–2 min 62, 63 

 

WO3 
200–450 
25–350 
100–300  

0.7–5.4 ppm 
2–300 ppm 
up to 5 ppm 

TF 
T–ck F 

TF 

R 
R 
R 

~5 min 
3–5 min 

~10 s 

64 
65, 66 
67, 68 

WO3 (Ag) 
WO3 (Al, Ti) 

250–300 
200–300 

40 ppm 
4 ppm 

Pellet 
TF 

R 
R 

20–30 m 
~1 min 

69 
70 

WO3 (with 1 % Metal 
Oxide) 350 40–80 ppm Powder onto 

Al Tu R ~2 min 71 

WO3 –Bi2O3 
WO3 –SiO2 
WO3 –TiO2 

25–350 
250–450 
350–800  
175–380  

2–300 ppm 
0.1–2 ppm 
1–20 ppm 

up to 45 ppm 

T–ck F 
TF 

n TF  
T–ck F 

R 
R 
R 
R 

3–5 min 
5–7 min 

 
1–2 min 

65 
72 
59 
60 

WO3 –ZrO2 500–700 5–1000 ppm ElChCell El–de ~1 min 73 

WO3 < In 100–200  n–part TF R  75 

WO3–TiO2 300–500 0.07–6 ppm NO2 
0.07–5 ppm NO TF R  79 

 

Table 2

NO, NO2, NOx  sensors

perature range 150–450 °C. Nanocomposites of
SnO2–Fe2O3 have been synthesized by wet chemi-
cal method and tested as gas sensors. Results
highlight that balancing the SnO2–Fe2O3 molar
ratio sensors performances can be tailored to ob-
tain materials suitable for different applications.
At x = 0.015 sample revealed the most sensitive
towards NO2. Fe2O3  <Au, Zn> sensing materials
were investigated in [51].

ZnO and tungsten trioxide sensors

ZnO has rather good stability and sensing
properties to NO2 and NO gases and satisfactory
selectivity (see, [21, 38, 52–54] in the Table and
References herein). The Ir-doped ZnO sample shows
no reaction towards NO2 over the whole temperature
range [55]. A significant signal upon exposure of
NO was observed from 200 to 325 °C. This behavior
makes Ir-doped ZnO a promising NO2-tolerant NO
sensing material in the temperature range from
200 to 375 °C.

NO2 can be detected with a high sensitivity on
samples Al-doped ZnO [56]. [57] is a first report
describing the formation of conductive tin-doped
zinc oxide thin films by SILAR technique and rapid
photothermal processing (RPP) and their NO2 gas
sensing applications. Gas sensor elements based
on the Sn-doped zinc oxide films were sensitive to
NO2 at room temperature. It was experimentally
demonstrated that tin impurities in ZnO films
improved sensors gas-sensing properties to NO2
and produce a shorter response time. It is possible

V. M. Aroutiounian
Semiconductor NOx sensors



International Scientific Journal for Alternative Energy and Ecology     ISJAEE ¹ 4(48) (2007)
Ìåæäóíàðîäíûé íàó÷íûé æóðíàë «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» ÀÝÝ ¹ 4(48) (2007)74

©
 
2
0
0
7 

Sc
ie
n
tif
ic
 
T
ec
h
n
ic
a
l 
C
en
tr
e 

«
T
A
T
A
»

©
 
2
0
0
7 

Í
à
ó÷
í
î
-ò
å
õí
è
÷å
ñê
è
é
 
ö
å
í
òð
 
«
T
A
T
A
»

to tune these parameters by varying the film
porosity and Sn concentrations in the solution:
highly porous film sensors have a high sensitivity,
but a longer response time. In situ patterned zinc
oxide thin films were prepared in [58] by
precipitation of Zn(NO3)2/urea aqueous solution
and by microcontact printing of self-assembled
monolayers on Al/SiO2/Si substrates. The ZnO gas
sensor was exposed to the concentrations of NO
(1000 ppm). The optimum operating temperature
of the NO sensor was 200 °C.

Sensing properties of WO3 to NO2 and NO
gases has investigated very intensive (see, [10,
59–73] in the Table 2 and References herein).
Consider results obtained in last years.

Pure and activated (doped) nanocrystalline WO3
films, produced by advanced reactive gas deposi-
tion, were investigated for gas sensing applica-
tions [74]. Activation took place by co-evaporation
of Al or Au with tungsten oxide as the particles
were produced. Test gases of H2S, NO2, and CO
were used at different concentrations on the ppm
level. Any overlap in its maximum gas-specific sen-
sitivities, which implies that chemical selectivity,
can be obtained when the sensor is operated at
400, 525, and 700 K (see Fig. 3).
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Fig. 3. Dependencies of sensitivity on operating tempera-
ture [74]

were selective to NO2 and CO when operated at
200 and 300 °C, respectively. In this case, the
selectivity of the sensors is determined by the de-
fects generated by indium impurities.

Other methods have been also used to prepare
nanometric WO3 thin films, including sol-gel, dc
and rf magnetron sputtering and thermal evapo-
ration. It has been reported that the sensitivity of
the WO3 thin film to NO2 was enhanced by the
addition of metals, such as Au, Al or Pt. It was
established that the WO3 thin film was monoclinic
and showed high sensitivity to low concentration
of NO2 [76, 77].

WO3 sensors can detect 0.5 ppm dilute NO2
with high sensitivity at 57–200 °C using a micro-
electrode [78]. Micro-gap electrode with various
gap sizes was fabricated on Si substrate by using
MEMS techniques (photolithography and FIB) and
deposited WO3 thick film on it to be micro-gas
sensor.

In the last years the interest in micromachined
gas sensors has become more and more important.

It is already known that the sensitivity to NO2
is many times higher than the one to NO and most
of the reported promoters are also known to be
good oxidation catalysts. As a result, one of the
roles of the noble metal additives may be to pro-
vide a surface for the catalytic conversion of NO
to NO2, which is responsible for the high sensitiv-
ity associated with the promotion.

Micromachined four-element integrated thick-
film gas sensors based on pure and modified with
noble metal additives WO3 and SnO2 were fabri-
cated on double-side polished p-type <100> Si sub-
strates [10]. The structure of the device basically
consists of the gas sensing layer, the electrodes,
insulating layers and a polysilicon heater. Differ-
ent noble metals (Pd, Pt and Au) and quantity
levels (1, 2 and 4 wt. %) were tested in order to
fabricate a reliable sensor with high sensitivity
and selectivity to NO2. The WO3 + 2 % Au sensors
showed very promising results for NO2 gas detec-
tion. Their responsiveness was high, while their
selectivity was as high as 0.97. Therefore, resis-
tive gas sensors based on WO3 + 2 % Au screen-
printed on micro-hotplates have a very interesting
potential for inexpensive hand-held gas monitors.

A screen printed n-type WO3/TiO2 mixed ox-
ide layer shown high sensitivity to NOx [79].

MoO3 and mixed oxide sensors

MoO3 films demonstrated to have good NO2
sensing capability [80, 81]. MoO3 exhibits a low
evaporating temperature, permitting only low op-
erating temperatures and it has a very high resis-
tivity.  A sintered sensor element based on molyb-
denum oxide (MoO3) has been fabricated. This sen-
sor showed a good sensitivity towards NO and
NO2 gases in the temperature range of 200–500 °C.
The resistance of the sensor element increased upon
the introduction of NO and NO2 gases. The sensor
was also found to be suitable for methane gas;
however, it showed a decrease in the resistance
upon introduction of the gas. Satisfactory per-

The gas sensing properties of pure and indi-
um-doped nanoparticle WO3 thick films were stud-
ied in [75]. As usual, the reduction of grain size
in metal oxide films was one of the key factors to
enhance the gas sensing properties of semiconduc-
tor layers. Thin metal oxide films with small grain
size by using a special regime of rf sputtering
from either metallic or metal oxide targets were
manufactured. Sensors were prepared using com-
mercial WO3 nanopowders and powder mixtures
with different concentrations of In (1.5, 3.0 and
5.0 wt. %). It was found that the pure WO3 sen-
sors responded to nitrogen dioxide even when op-
erated at room temperature. These sensors showed
a maximum sensitivity to NO2 when working at
100æ%C. The fact that pure WO3 sensing layers
show response to NO2 at low temperatures is due
to the small grain size and high surface area of
the WO3 nanopowders. Indium-doped WO3 sensors

Hydrogen economy
Gas analytical systems and hydrogen sensors
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formance of the present sensor to NO2, NO and
CH4 at concentrations of 100, 250 and 500 ppm,
respectively, was obtained [81].

The addition of a second element may improve
the gas sensor performances, varying the morphol-
ogy of the film, the grain size and the electrical
properties. MoO3 and WO3 are transition metal ox-
ides with similar physical and chemical properties;
in particular, they show n-type semiconducting prop-
erties related to the presence of lattice defects, mainly
oxygen defects. They are extensively studied for
their potential applicability in chemical gas sensor
devices. Recent studies focused on MoO3–WO3 mixed
oxides report on their promising gas sensing poten-
tial [82]. Parameters of sensors made of MoO3–
TiO2, V2O5–MoO3 and MoOx–SnO2 mixed oxides are
reported in [83–85]. Other mixed oxide sensors
have parameters shown in Table 3 [86–90]. The
VO2 samples with MoO3 were found to be sensitive
to NOx [91]. In paper [76], micro NO2 gas sensors
were fabricated with WO3-based thin films on sili-
con-based substrates. Vanadium pentoxide (V2O5)
was sputtered on the WO3 thin film as an additive.
The effect of the thickness of V2O5 layer on the
NO2 response has been investigated in order to de-
velop a thin film sensor that is more sensitive to
NO2. The grain size of WO3 thin film annealed at
600 °C is smaller than that of WO3 thin film an-
nealed at 400 °C. Coating with the V2O5 layer
changed the surface structure of WO3 thin film.
The WO3 thin film with the 20 nm V2O5 coating
layer annealed in air at 600 °C for 4 h was porous
than that of the pureWO3 thin films. Coating with
the 20 nm V2O5 layer improved the response of WO3
thin film to NO2.

Cuprous oxide layers are used in [192] as NO2
gas sensitive material in a novel gas sensor ele-
ment. They were fabricated by chemical deposition

Material of 
work body 

Operating 
temperature 
range ( °C) 

Range of 
detection limit 

Sensing 
element 

form 

Sensor 
physical 

parameter 

Respons
e time Reference 

1 2 3 4 5 6 7 
MoO3 200–400 5–10 ppm TF CVC ~2 min 80 

MoO3 –TiO2 150–370 1 ppm TF R 1 min 83 
MoOx–SnO2 150–400 20 mbar Pellet R 2–10 min 85 
Cr2O3–TiO2 350–400 100–10000ppm TF R 1–3 min 85 
TiO2– Nb 600 100–300 ppm TF R ~1 min 86, 87 

Ga2O3 –Ta2O5 600–1000 300 ppm TF R <1 min 88 
CdO–ZnO 100–330 3–300 ppm TF R  89 

NiOx 30 100 ppm MBE R  90 
ZrO2(Au, Pt, Cr) 300–700 up to 3000 ppm ElChCell Current  54 

NaSiCON 400 10–1000 ppm ElChCell EMF 30 s 98 
Ba2WO5 300–600 80&200 ppm Chips R 3–5 min 109 
BScCO 20–50 up to 10000ppm TF, FET CVC 24 s 110 

Pt–NaNO3–Ag 250 0.1–1000 ppm ElChCell EMF 2–10 s 111 
YCuO 550 up to 500 ppm Powder R 10 min 112 
YBCO 20–50 up to 1000 ppm TF FET 24 s 113 

 

Table 3

NO, NO2, NOx  sensors

and rapid photothermal processing (RPP) method.
Such technology not only allows green materials
preparation but also improves the performance and
reliability over conventional methods of the produc-
tion of sensors for continuous environmental mon-
itoring. A good sensitivity and response time was
found towards NO2 gas in the concentration range
of 1–2 ppm at relative low temperatures 150 ± 20 °C
for the samples treated by RPP.

By introduction of various dopants onto the
CoTiO3<La> surface changes in sensitivity were
observed in [93] with regard to the working tem-
perature of the sensor. Especially with Au-doping
a NO tolerant NO2-sensor can be achieved. Thin
films of barium strontium titanate deposited by
sol-gel spin coating technique have been found
sensitive to NO2 and ammonia [94].

Solid electrolyte based NOx sensors

ZrO2, YSZ (formulae: (ZrO2)0.92(Y2O3)0.08), oth-
er solid electrolyte materials and high temperature
NOx sensors made of them are produced on large-
scale level many years. Usually Pt catalyst dis-
persed onto their surface. Usually the traces of
NO in air oxidated on the sensing layer of the
sensor by reaching the thermodynamic equilibrium
over the whole working temperature range (opti-
mum temperature is equal to 600 °C) [54, 95–98].

A sensing element consisting of Nd2CuO4 and
Pt electrodes on opposite sides of an yttria-stabi-
lized zirconia (YSZ) disk. The presence of NOx
produced an increase in DC current at 400 °C. As
electrode is usually used LaFeO3 or CdCr2O4-coat-
ed Pt electrode. In [99] La0.85Sr0.15CrO3 is used in
high-temperature NOx sensing elements. A solid-
state planar sensor consisting of scandia-stabilised
zirconia (8 mol. % Sc2O3–ZrO2) solid electrolyte
sandwiched between CuO + CuCr2O4 mixed-oxide

V. M. Aroutiounian
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and Au foil electrodes has been tested in NO2 con-
taining gaseous atmosphere in the range of 100–
500 ppm NO2 at 611 and 658 °C [100]. The sen-
sor has been found to respond consistently to
change in concentration of NO2 in the oxygen rich
gas mixture within 8 s. The sensor showed negli-
gible cross-sensitivity to O2, CO and CH4 in the
gas stream. Mixed potential phenomena occurring
at the oxide/YSZ electrode in the presence of NOx
-containing air is explained in [101] in terms of
the absolute potential model, which demonstrates
how maintaining a non-equilibrium state with gas
phase, through catalytic inactiveness of the elec-
trode, is important to obtain a noticeable EMF
response to NO2 and NO. The YSZ-based NOx sen-
sor attached with NiO-SE was fabricated and test-
ed in [102] for detection of NO2 in different envi-
ronments. The sensing characteristics were exam-
ined in the temperature range of 800–900 °C under
dry condition as well as in the presence of 5 vol. %
water vapor. It was found that NiO-SE provided
the highest sensitivity to NO2 at such high temper-
atures among known single-oxides SEs. Proposed
sensor showed quicker recovery and higher sensi-
tivity to NO2 at 850 °C, if water vapor was present
in the sample gas. The sensor capable to detect NO2
on-board at high temperature in car exhausts.

A new solid electrolyte type nitrogen monox-
ide gas sensor which can operate in the intermedi-
ate temperature region was fabricated in [103] by
the combination of trivalent aluminum cation con-
ducting (Al0.2Zr0.8)20/19Nb(PO4)3 and divalent ox-
ide anion conducting yttria stabilized zirconia
(YSZ) with LiNO3-doped (Gd0.9La0.1)2O3 as the sens-
ing auxiliary electrode. The present sensor shows
such a practical performance of a rapid, stable,
continuous, and reproducible response as low as
at 523 K, and the linear relationship, which obeys
the Nernst theoretical relationship, was clearly ob-
served between the sensor EMF output and the log-
arithm of the NO concentration. Since the present
sensor using the LiNO3-doped (Gd0.9La0.1)2O3 aux-
iliary electrode shows such a high sensing perform-
ance, it is expected to be a new type of the NO gas
sensing device applicable in the intermediate tem-
perature range of around 523K.

Mixed potential sensors using dense, thin film
metal oxide working electrodes, Pt counter elec-
trodes, and thin film YSZ electrolytes on Al2O3
polycrystalline and sapphire substrates were pre-
pared and studied between 450 and 650 °C [104].
Their response to NO, NO2, CO, and C1 and C3
hydrocarbons in 10.4 % O2/N2 balance and in air
atmospheres was characterized. The lanthanum chr-
omite-based sensors showed preferential sensitivity
to NO2 with cross sensitivity to CO and non-meth-
ane hydrocarbons such as C3H6 and C3H8 with the
highest NOx sensitivity and minimal CO/HC cross
sensitivity exhibited by a sensor prepared with a
La0.8Sr0.2CrO3 working electrode. Studies of the Mg-
doped LaCrO3 devices conducted for up to 800 h at
600 °C showed minimal aging in these devices.

A new capacitive-type gas sensor for NO2 de-
tection was manufactured in [105, 106] by depos-

iting NaNO2-based solid electrolyte layer together
with an Au electrode over insulator–semiconduc-
tor structure. The resulting device exhibited ex-
pected metal–insulator–semiconductor (MIS) char-
acteristics at 130–160 °C in air. In NO2 contain-
ing air, the voltage at constant capacitance was
found to shift in negative direction in a well-con-
trolled manner as the NO2 concentration increased.
The voltage necessary to keep the capacitance was
found to decrease linearly with an increase in the
logarithm of NO2 concentration.

The activities of Pt/YSZ, PtAu/YSZ and
RhPtAu/YSZ thick film electrodes in O2, N2 and
NO, N2 gas mixtures at high temperatures were
investigated in [107]. A new amperometric NO
sensor with only one working electrode made of
RhPtAu mixture was tested in simulated gas mix-
tures containing NO, O2, N2, resulting in a linear
response to the NO concentration, which is nearly
independent of the O2 concentration.

YSZ-based electrochemical sensors with two
parallel Pt finger electrodes, one coated with WO3
thick film as sensing electrode, were fabricated
[108]. Measurements at an engine bench test at
air/fuel stoichiometric value and under lean and
rich conditions at different operating tempera-
tures, up to 700 °C, showed good performance in
terms of sensitivity, stability, reproducibility and
response time.

Other materials for NOx sensors

Many studies to detect low NO and NO2 con-
centration have been carried out on other oxides,
materials containing phthalocyanine coupled mainly
with SAW devices, high temperature superconduct-
ing oxides and nanotubes. Some references are
given in Table. Sensors based on semiconductor
oxides are generally low in cost and show high
stability, even in corrosive environments. The phys-
ical property to be transduced into the electronic
signal is the resistance change caused by gas ad-
sorption over the sensor surface. The disadvan-
tages of these sensors are: 1) a working tempera-
ture of hundreds of Celsius degrees and 2) the
interference with other gases. A stable, sensitive
sensor working at room temperature has not been
developed yet.

Low temperature annealing was performed in
[114] on CuPc films to evaluate the possible struc-
ture transformation of the sensing films during
the gas sensing period. The effects of heat an-
nealing, as well as the doping time of NO2, on the
sensing characteristics of copper phthalocyanine
films were investigated at a temperature as low as
100 °C. The structure transformation causes a de-
crease in film resistance and sensitivity to NO2,
but an increase in response rate. After the NO2
doping period, the CuPc films cannot recover com-
pletely to the original resistance.

Investigations of NOx sensors made of car-
bon nanotube (CNT) are at a beginning stage. In
[115] it is shown an efficient method for NOx

detection in single wall carbon nanotubes ordered
by mean of dielectrophoretical process after dis-

Hydrogen economy
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persion in clorophormium solution over gold inter-
digitates. The NOx flux induces resistance change.
It is well known that WO3 sensors are usually
operated at temperatures well above 250 °C. In
[116] it has shown that the addition of a suitable
quantity of MWCNTs in a WO3 film can lower the
sensor operating temperature. The response of the
hybrid films to NO2 was found to increase dra-
matically when only a few MWCNTs were added
into the WO3 films. For example, low concentra-
tions of hazardous gases such as 500 ppb of NO2

or 10 ppm of CO could be detected even when the
sensors were operated at ambient temperature.

The Al/CNT sensor response to NO2 gas was
characterized by fast and large resistance increase
at the moment of NO2 exposure, whereas the re-
sistance of the other metal/CNT sensors monoto-
nously decreased [117]. It was suggested that the
adsorbed NO2 molecules might alter the Schottky
barrier at the Al/CNT interface as well as the
positive hole density in the p-type semiconducting
CNT. The Al/CNT sensor response could be inter-
preted as a superposition of the Schottky contact
resistance and the CNT resistance, which were
differently influenced by the NO2 adsorption and
contributed to the overall sensor response. The
Schottky response of the Al/CNT sensor was ap-
proximately one order of magnitude faster than
the CNT response obtained using the other metal
electrodes. Sensitivity of MWNT films to NO2 were
investigated in [118].

Porous silicon and silicon carbide sensors

Physical phenomena in porous silicon (PS) and
its possible applications of it are in the focus of
many investigators (see for example [119]). Opti-
cal properties of PS have been considered more
extensively due to the intense visible photolumi-
nescence. Recently, more interest has been attract-
ed to the sensor properties of PS. The large sur-
face to volume ratio of PS gives PS the ability to
react with different gases and sense them (see our
publications [120–128] and many others. The fab-
rication (utilizing CMOS fabrication methods) of
porous silicon based sensors was discussed in lit-
eratures, which, while operating at room tempera-
ture, are selective to a wide variety of polluting
gases. A highly sensitive, rapidly responding room
temperature device based upon a porous silicon
interface that is able to repeatedly detect different
gases was manufactured. The advantages of PS
gas sensors are the low cost, low power consump-
tion compared with other type gas sensors due to
working without pre-heating of its work body (at
room temperature), and its compatibility with sili-
con device fabrication technology.

Several problems still exist for practical appli-
cations. The main problem is non-stability of sen-
sors in time due to oxidation of PS in time relative
humidity (RH) level interference significantly af-
fects the sensor behavior. Response times are in
the order of tens of minutes.

Nonetheless, the compatibility of the fabrica-
tion process with silicon standard technology has
not been investigated in detail. Note that single
crystal wafers of Si are very expensive materials

for gas sensing applications. So far, most studies
have been performed on the porous Si formation
on single crystal and poly-silicon substrate.

In particular, the electrical resistance of PS
samples has been observed to change in the pres-
ence of NO and NO2 gases [129–132]. Quenching
in photoluminescence of n-type PS in presence of
very low concentration of NO and NO in inert gas
(nitrogen) was also detected.

Recently, a new device — the adsorption po-
rous silicon FET (APSFET) — where a PS layer
was integrated in a FET structure by exploiting
an industrial process has been reported [132]. Dif-
ferently from other devices proposed in literature,
in the APSFET the measured quantity is a current
flowing not in the PS layer, but in the inversion
channel of the FET. Surface and drain were fabri-
cated before the PS formation, thus avoiding re-
producibility problems. Moreover, integration tech-
nology allows the miniaturization of sensor di-
mensions and then the fabrication of a sensor array
on the same chip as well as the integration, on the
same chip, of conditioning/driving electronic cir-
cuits. In this paper, detection of NO with the APS-
FET is demonstrated for the first time. NO con-
centration as low as 100 ppb was detected. Devic-
es with both as-grown and oxidized PS layers were
fabricated and compared in order to investigate
the effect of a low-temperature thermal oxidation
on the electrical performances of the sensor. No
degradation on the sensitivity of oxidized sam-
ples, with respect to non-oxidized ones, has been
observed. While non-oxidized sensors show a high
sensitivity only for fresh devices, which degrades
with the aging of the sample, oxidation of the PS
film improves the electrical performance of sen-
sors, in terms of stability, recovery time, and in-
terference with the RH level.

Conclusion

Intensive research and development of nitro-
gen oxide and dioxide sensitive materials were car-
ried out. Tin dioxide, zinc oxide, In2O3, tungsten
and molybdenum trioxide as well as mixed oxide
solid solutions In2O3–SnO2, MoOx–SnO2, MoO3–
TiO2 and Cr2O3–TiO2 were recommended as prom-
ising materials for NOx sensors working in work
body pre-heating temperatures range 200–400 °C.

Near-room temperature NOx sensors made of
SnO2<Pt>, In2O3–SnO2, WO3-Bi2O3, NiOx and high
temperature superconductors were realized.

Solid electrolyte based NOx sensors can suc-
cessfully work at 500–850 °C.

Porous silicon and silicon carbide sensors are
very interesting for realization of gas sensitive
integral circuits. It is necessary to improve the
stability of porous silicon sensors in time.

Interesting possibilities open possible use dif-
ferent nanosized systems, including nanotubes, as
NOx sensing materials.
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ÂËÈßÍÈÅ ÌÅÒÎÄÀ ÑÈÍÒÅÇÀ ÍÀ ÝËÅÊÒÐÎÕÈÌÈ×ÅÑÊÈÅ
ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ ÊÑÅÐÎÃÅËÅÉ V2O5 
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Ââåäåíèå

Ìàòåðèàëû íà îñíîâå êñåðîãåëåé îêñèäà âà-
íàäèÿ (V) ÿâëÿþòñÿ ïåðñïåêòèâíûìè îáúåêòàìè
èññëåäîâàíèé, ïîñêîëüêó îòêðûâàþò âîçìîæ-
íîñòü ïîëó÷åíèÿ íîâûõ ïîêîëåíèé õèìè÷åñêèõ
èñòî÷íèêîâ òîêà è ñåíñîðíûõ óñòðîéñòâ [1]. V2O5

â êà÷åñòâå êàòîäíîãî ìàòåðèàëà äëÿ ëèòèåâûõ
èñòî÷íèêîâ òîêà âïåðâûå ïðåäëîæèëè Äåé è Ñàë-
ëèâàí â 1972 ã., è ñ òåõ ïîð îí àêòèâíî èññëå-
äóåòñÿ [2]. V2O5 ñïîñîáåí ðàáîòàòü â øèðîêîì
äèàïàçîíå ïîòåíöèàëîâ îò 4,0 äî 1,5 Â, ïðè ýòîì
â ñòðóêòóðó V2O5 ìîæåò áûòü âíåäðåíî äî 3 ìî-
ëåé ëèòèÿ íà ìîëü îêñèäà. Òåîðåòè÷åñêàÿ ðàç-
ðÿäíàÿ åìêîñòü V2O5 â ðàñ÷åòå íà âíåäðåíèå òðåõ
àòîìîâ ëèòèÿ ñîñòàâëÿåò 442 ìÀ÷/ã. Îäíàêî ïðè
âíåäðåíèè óæå äâóõ àòîìîâ ëèòèÿ ñòðóêòóðà V2O5

íåîáðàòèìî èçìåíÿåòñÿ [3, 4].
Êñåðîãåëè V2O5 êàê ìîðôîëîãè÷åñêàÿ ðàçíî-

âèäíîñòü ïåíòîêñèäà âàíàäèÿ äîñòàòî÷íî óñïåø-
íî èçó÷àëèñü Ëèâàæåì è ñîòð. [5]. Â íàñòîÿùåå
âðåìÿ êñåðîãåëè èñïîëüçóþò êàê ïðåäøåñòâåí-
íèê äëÿ ñèíòåçà ðàçëè÷íûõ íàíîñòðóêòóðèðîâàí-
íûõ îêñèäîâ âàíàäèÿ, òàêèõ, êàê íàíîòðóáêè,
íàíîñòåðæíè, íàíîëåíòû [6, 7]. Õàðàêòåðíàÿ îñî-
áåííîñòü òàêèõ ñîåäèíåíèé — êâàçèîäíîìåðíàÿ
ñòðóêòóðà ñëîåâ è èõ òóðáîñòðàòíîå ðàçóïîðÿäî-
÷åíèå, âñëåäñòâèå ÷åãî ñòðóêòóðà ÿâëÿåòñÿ î÷åíü
ïîäâèæíîé è â íåå ìîæíî ëåãêî âíåäðèòü íå òîëü-

êî êàòèîíû, íî è ìîëåêóëû îðãàíè÷åñêèõ ñîåäè-
íåíèé, è òàêèì îáðàçîì ïîëó÷èòü íîâûé êëàññ
îðãàíî-íåîðãàíè÷åñêèõ ãèáðèäíûõ ìàòåðèàëîâ ñ
íîâûìè ôóíêöèîíàëüíûìè ñâîéñòâàìè [8–10]. Ýòî
ñâîéñòâî ñóùåñòâåííî îòëè÷àåò êñåðîãåëü îò êðè-
ñòàëëè÷åñêîãî V2O5, â ðåøåòêó êîòîðîãî ìîãóò
âíåäðÿòüñÿ ëèøü êàòèîíû ìåòàëëîâ. Äîñòîèí-
ñòâàìè êñåðîãåëåé ÿâëÿåòñÿ ñìåøàííûé, èîííî-
ýëåêòðîííûé òèï ïðîâîäèìîñòè è âîçìîæíîñòü
âûòåñíåíèÿ ìîëåêóë âîäû ãèäðîôèëüíûìè îðãà-
íè÷åñêèìè ðàñòâîðèòåëÿìè. Ðàçðÿäíàÿ (ñîîòâåò-
ñòâóþùàÿ âíåäðåíèþ ëèòèÿ) åìêîñòü êñåðîãåëÿ
V2O5 çàâèñèò îò ñïîñîáà óäàëåíèÿ âîäû èç êñå-
ðîãåëÿ V2O5.

Â íàñòîÿùåé ðàáîòå ïðåäëîæåí íîâûé ñïîñîá
ïîëó÷åíèÿ êñåðîãåëÿ V2O5, ïðèâîäÿùèé ê óëó÷-
øåíèþ åãî ýëåêòðîõèìè÷åñêèõ õàðàêòåðèñòèê.

Ìåòîäèêà ýêñïåðèìåíòà

Êñåðîãåëè áûëè ïîëó÷åíû ñ èñïîëüçîâàíè-
åì ìåòîäà èîííîãî îáìåíà è ðàçëè÷íûõ ñïîñî-
áîâ ñóøêè. Íà ïåðâîé ñòàäèè áûë ïîëó÷åí êîë-
ëîèäíûé ðàñòâîð ÷àñòèö èçîïîëèâàíàäèåâîé êèñ-
ëîòû V2O5⋅nH2O ïóòåì ïðîïóñêàíèÿ 200 ìë 0,2 Ì
ðàñòâîðà NaVO3 (õ. ÷.) ÷åðåç êîëîíêó, çàïîëíåí-
íóþ êàòèîíèòîì (êàòèîííîîáìåííîé ñìîëîé
Amberlite IR112) â ïðîòîíèðîâàííîé ôîðìå. Ðà-
ñòâîð, âûõîäÿùèé èç êîëîíêè, îêðàøèâàëñÿ â
æåëòûé öâåò, ÷òî ñâèäåòåëüñòâóåò î ïåðåõîäå

Electrochemical properties of V2O5 xerogels with different preparation history were investigated. It
was found that electrochemical characteristics of electrode materials based on the xerogels are  drasti-
cally different in the processes of Li+ intercalation – deintercalation as dependent on the manner of
xerogel drying. Particularly cryochemical technology gives xerogels with an improved microstructure
and functional properties as compared to conventional preparation approaches.

Ëåêöèÿ ïðîôåññîðà Ìîñêîâñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà èì. Ì. Â. Ëîìîíîñîâà, àêàäåìèêà ÐÀÍ Þ. Ä. Òðåòüÿêîâà
áóäåò ïðåäñòàâëåíà âî âðåìÿ òîðæåñòâåííîé öåðåìîíèè íàãðàæäåíèÿ â Ãîñóäàðñòâåííîé Äóìå ÐÔ 29 íîÿáðÿ 2007 ã. â 1500.

Lecture of professor of the M. V. Lomonosov Moscow State University, academician of the RAS Yu. D. Tretiakov will be
presented during rewarding ceremony in the RF State Duma November 9, 2007 at 1500.
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Îñíîâíûå ïðîáëåìû ýíåðãåòèêè è àëüòåðíàòèâíîé ýíåðãåòèêè
Àêêóìóëèðîâàíèå ýëåêòðè÷åñêîé ýíåðãèè

âàíàäèÿ â øåñòèêîîðäèíèðîâàííîå ñîñòîÿíèå.
Â òå÷åíèå 3–6 ÷àñîâ ïðîèñõîäèëî ïðåâðàùåíèå
ïîëó÷åííîãî êîëëîèäíîãî ðàñòâîðà â óñòîé÷è-
âûé ãåëü V2O5, ñîïðîâîæäàâøååñÿ îêðàøèâàíè-
åì â òåìíî-êðàñíûé öâåò. Îäíà ÷àñòü ðàñòâîðà
(ñèíòåç 1) áûëà ïîäâåðãíóòà çàìîðàæèâàíèþ â
æèäêîì àçîòå è ñóáëèìàöèîííîé ñóøêå â ëèî-
ôèëèçàòîðå FREEZONE (Ôðàíöèÿ) â òå÷åíèå
2 ñóòîê. Äðóãàÿ ÷àñòü ðàñòâîðà (ñèíòåç 2) áûëà
âûñóøåíà îáû÷íûì îáðàçîì ïðè 70 °Ñ íà âîçäó-
õå â òå÷åíèå 4 ÷ â ñóøèëüíîì øêàôó.

Èññëåäîâàíèå ìèêðîñòðóêòóðû è êîíòðîëü
õèìè÷åñêîãî ñîñòàâà îáðàçöîâ ïðîâîäèëè íà öèô-
ðîâîì ñêàíèðóþùåì ýëåêòðîííîì ìèêðîñêîïå ñ
àâòîýìèññèîííûì èñòî÷íèêîì LEO SUPRA 50VP,
îñíàùåííîì ðåíòãåíîâñêèì ñïåêòðîìåòðîì äëÿ
ìèêðîàíàëèçà (Inca, Oxford Instruments), ïðè
óñêîðÿþùåì íàïðÿæåíèè 5–25 êÂ. Èçîáðàæåíèÿ
ïîëó÷àëè âî âòîðè÷íûõ ýëåêòðîíàõ ïðè óâåëè-
÷åíèÿõ äî ×200000. Äëÿ ðåíòãåíîôàçîâîãî àíà-
ëèçà è îïðåäåëåíèÿ ïàðàìåòðîâ ðåøåòêè èñïîëü-
çîâàëè äèôðàêòîìåòð Rigaku D/MAX 2500
(Japan) ñ âðàùàþùèìñÿ àíîäîì (èçëó÷åíèå
CuKα1, øàã 2Θ 0,01°, äèàïàçîí ñúåìêè 3–100°).

ÈÊ-ñïåêòðîñêîïè÷åñêèå èññëåäîâàíèÿ îáðàç-
öîâ ïðîâîäèëè ñëåäóþùèì îáðàçîì: 1 ìã îáðàç-
öà òùàòåëüíî ñìåøèâàëè ñ âûñóøåííûì KBr è
ïðåññîâàëè â òàáëåòêè. Ñïåêòðû ðåãèñòðèðîâà-
ëèñü íà ôóðüå-ñïåêòðîìåòðå Perkin Elmer â äèà-
ïàçîíå 350–7000 ñì–1.

Òåðìîãðàâèìåòðè÷åñêèé àíàëèç (ÒÃÀ) è äèô-
ôåðåíöèàëüíî-òåðìè÷åñêèé àíàëèç (ÄÒÀ) îáðàç-
öîâ ïðîâîäèëè íà òåðìîàíàëèçàòîðå PYRIS
Diamond TG-DTA (PerkinElmer). Äëÿ ïðîâåäå-
íèÿ ýêñïåðèìåíòà èñïîëüçîâàëè ïëàòèíîâûå
òèãëè. Íàâåñêè îáðàçöîâ ñîñòàâëÿëè 10–15 ìã.
Äëÿ àíàëèçà áûë âûáðàí ðåæèì ëèíåéíî-ïîëè-
òåðìè÷åñêîãî íàãðåâà ñî ñêîðîñòüþ 5 °Ñ/ìèí.

Äëÿ ïðîâåäåíèÿ ýëåêòðîõèìè÷åñêèõ èçìåðå-
íèé àêòèâíóþ ìàññó äëÿ ðàáî÷èõ ýëåêòðîäîâ ãî-
òîâèëè ñìåøåíèåì 75 % àêòèâíîãî ìàòåðèàëà
(V2O5), 20 % ýëåêòðîïðîâîäÿùåé äîáàâêè (àöå-
òèëåíîâîé ñàæè) è 5 % ïîëèâèíèëèäåíôòîðèäà
(Aldrich) â êà÷åñòâå ñâÿçóþùåãî, ðàñòâîðåííîãî
â N-ìåòèëïèððîëèäîíå (Aldrich), c ïîñëåäóþùåé
ãîìîãåíèçàöèåé íà óëüòðàçâóêîâîì äèñïåðãàòîðå
ÓÇÄÍ-4Ä â òå÷åíèå 2 ìèí. Ãîòîâóþ ìàññó ñ ïî-
ìîùüþ ñêàëüïåëÿ íàìàçûâàëè íà îáå ñòîðîíû
òîêîïîäâîäà èç íèêåëåâîé ñåòêè (òîëùèíà ñåòêè
0,005 ñì). Äëÿ óäàëåíèÿ N-ìåòèëïèððîëèäîíà
ýëåêòðîäû ïåðâîíà÷àëüíî ñóøèëè â ñóøèëüíîì
øêàôó ïðè òåìïåðàòóðå 90 °Ñ â òå÷åíèå 5 ÷. Ïîñ-
ëå ýòîãî ýëåêòðîäû ïðåññîâàëè ïîä äàâëåíèåì
500 êã/ñì2 â òå÷åíèå 30 ñåê è ïîâòîðíî ñóøèëè â
âàêóóìå ïðè òåìïåðàòóðå 120 °Ñ â òå÷åíèå 8 ÷ äëÿ
óäàëåíèÿ ñëåäîâ âîäû. Äàííàÿ òåõíîëîãèÿ èçãî-
òîâëåíèÿ ýëåêòðîäîâ, êàê ïðàâèëî, ïðèâîäèò ê
íàíåñåíèþ íà ýëåêòðîäû ðàçìåðîì 1,5 × 1,5 ñì 7–
10 ìã àêòèâíîãî âåùåñòâà (V2O5).

Ïðîòèâîýëåêòðîäû è ýëåêòðîäû ñðàâíåíèÿ
ãîòîâèëè ïóòåì íàêàòêè òîíêèõ ëèòèåâûõ ïî-
ëîñ (ëèòèé ìàðêè ËÝ-1) îïðåäåëåííîé òîëùèíû
íà íèêåëåâóþ ñåòêó ñ ïðèâàðåííûì ê íåé òîêî-
ïîäâîäîì èç íèêåëåâîé ôîëüãè.

Èñïûòàíèÿ ýëåêòðîäîâ (ðåãèñòðàöèÿ çàðÿä-
íî-ðàçðÿäíûõ êðèâûõ è öèêëè÷åñêèõ âîëüòàì-
ïåðîãðàìì) ïðîâîäèëè â ãåðìåòè÷íûõ òåôëîíî-
âûõ ÿ÷åéêàõ, ñîäåðæàùèõ îäèí ðàáî÷èé ýëåêò-
ðîä (V2O5), äâà ïðîòèâîýëåêòðîäà è ýëåêòðîä
ñðàâíåíèÿ. Âñå ýëåêòðîäû ðàçäåëÿëèñü ñåïàðà-
òîðàìè èç ïîðèñòîãî ïîëèïðîïèëåíà ìàðêè
ÏÎÐÏ (ÍÏÎ «Óôèì», Ìîñêâà).

Âñå îïåðàöèè ïî ñáîðêå ÿ÷ååê ïðîâîäèëè â
ïåð÷àòî÷íîì áîêñå ñ àòìîñôåðîé àðãîíà. Â êà÷å-
ñòâå ýëåêòðîëèòà èñïîëüçîâàëè ñòàíäàðòíûé ýëåê-
òðîëèò ÎÀÎ «Ëèòèé-ýëåìåíò» (Ñàðàòîâ), ïðåä-
ñòàâëÿþùèé ðàñòâîð 1 Ì LiClO4 â ñìåñè ïðîïè-
ëåíêàðáîíàòà (ÏÊ) è äèìåòîêñèýòàíà (ÄÌÝ) (7:3).
Ñîäåðæàíèå âîäû â ýëåêòðîëèòå, èçìåðåííîå ìå-
òîäîì êóëîíîìåòðè÷åñêîãî òèòðîâàíèÿ ïî Ôèøå-
ðó (684 KF-Coulometer, Metrohm, Switzerland),
íå ïðåâûøàëî 50 ppm.

Ãàëüâàíîñòàòè÷åñêèå çàðÿäíî-ðàçðÿäíûå êðè-
âûå ðåãèñòðèðîâàëè ñ ïîìîùüþ ìíîãîêàíàëüíîé
êîìïüþòåðèçèðîâàííîé óñòàíîâêè äëÿ öèêëèðî-
âàíèÿ, èçãîòîâëåííîé â OAO «Áóñòåð» (Ñàíêò-
Ïåòåðáóðã). ß÷åéêè öèêëèðîâàëè â èíòåðâàëå
ïîòåíöèàëîâ ðàáî÷èõ (ïîëîæèòåëüíûõ) ýëåêòðî-
äîâ 1,5–4,0 Â ïðè òåìïåðàòóðå 20 °Ñ. Ïëîòíîñòü
òîêà ïðè öèêëèðîâàíèè ñîñòàâëÿëà 20 ìÀ íà 1 ã
V2O5, ÷òî ñîîòâåòñòâîâàëî 0,03–0,04 ìÀ/ñì2 .

Öèêëè÷åñêèå âîëüòàìïåðîãðàììû (ÖÂÀ) ðå-
ãèñòðèðîâàëè c ïîìîùüþ ïîòåíöèîñòàòà ÝË-2,
ðàçðàáîòàííîãî è èçãîòîâëåííîãî â Èíñòèòóòå ôè-
çè÷åñêîé õèìèè è ýëåêòðîõèìèè èì. À. Í. Ôðóì-
êèíà ÐÀÍ. Ñêîðîñòü ðàçâåðòêè ïîòåíöèàëà ñîñòàâ-
ëÿëà 0,13 ìÂ/ñ.

Äëÿ ðåíòãåíîãðàôè÷åñêèõ èññëåäîâàíèé ýëåê-
òðîäû ïîñëå ïîëÿðèçàöèè òùàòåëüíî îòìûâàëè
ÄÌÝ îò îñòàòêîâ ýëåêòðîëèòà è ñóøèëè íàä P2O5.
Âñå ýòè îïåðàöèè, íà÷èíàÿ ñ äåìîíòàæà ÿ÷åéêè,
ïðîâîäèëè â áîêñå ñ àòìîñôåðîé àðãîíà.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïîëó÷åííûé ñ ïîìîùüþ êðèîõèìè÷åñêîé
ñóøêè (ñèíòåç 1) îáðàçåö êñåðîãåëÿ (êñåðîãåëü
¹ 1) ïðåäñòàâëÿë ñîáîé ìÿãêîå âîëîêíèñòîå,
ïîõîæåå íà ãóáêó âåùåñòâî æåëòî-çåëåíîãî öâå-
òà (ðèñ. 1, à). Êñåðîãåëü ¹ 2, âûñóøåííûé íà
âîçäóõå (ñèíòåç 2), — ïëîòíóþ õðóïêóþ áëåñòÿ-
ùóþ ïëåíêó êðàñíî-îðàíæåâîãî öâåòà (ðèñ. 1, á).
Òàêîå îòëè÷èå ñâÿçàíî, ñêîðåå âñåãî, ñî ñêîðîñ-
òüþ óäàëåíèÿ ìîëåêóë âîäû èç ñòðóêòóðû ãåëÿ
è ôîðìèðîâàíèåì ðàçëè÷íûõ ìèêðîñòðóêòóð îá-
ðàçöîâ. Â ïðîöåññå ãåëåîáðàçîâàíèÿ â ðåçóëüòà-
òå íåýêâèâàëåíòíîñòè ãèäðîêñîãðóïï â îêòàýä-
ðè÷åñêîì îêðóæåíèè âàíàäèë-èîíà, êîíäåíñàöèÿ
âàíàäèåâîé êèñëîòû ïðîèñõîäèò â ïëîñêîñòè
ðàâíîïðàâíûõ OH-ãðóïï è ïðèâîäèò ê ïîÿâëå-
íèþ ïîäîáíûõ ëåíòàì ïîëèìåðíûõ öåïåé [8].
Òàêèå ëåíòî÷íûå îáðàçîâàíèÿ â èñõîäíîì ðà-
ñòâîðå ðàñïîëîæåíû õàîòè÷íî è îáðàçóþò íå-
óïîðÿäî÷åííóþ ñòðóêòóðó. Ïðè êðèîõèìè÷åñêîé
ñóøêå â âàêóóìå çàìîðîæåííîãî áëîêà ãåëÿ èñ-
ïàðåíèå âîäû ïðîèñõîäèò íàìíîãî áûñòðåå, ÷åì
ïðè òåïëîâîì èñïàðåíèè, è íåóïîðÿäî÷åííàÿ
ñòðóêòóðà ãåëÿ ñîõðàíÿåòñÿ (ðèñ. 1, à). Â ïðî-
öåññå ìåäëåííîãî èñïàðåíèÿ âîäû ïðè íàãðåâà-



International Scientific Journal for Alternative Energy and Ecology ISJAEE ¹ 4(48) (2007)
Ìåæäóíàðîäíûé íàó÷íûé æóðíàë «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» ÀÝÝ ¹ 4(48) (2007) 85

©
 
2
0
0
7 

Sc
ie
n
tif
ic
 
T
ec
h
n
ic
a
l 
C
en
tr
e 

«
T
A
T
A
»

©
 
2
0
0
7 

Í
à
ó÷
í
î
-ò
å
õí
è
÷å
ñê
è
é
 
ö
å
í
òð
 
«
T
A
T
A
»

Ðèñ. 1. Äàííûå ýëåêòðîííîé ñêàíèðóþùåé ìèêðîñêîïèè êñåðîãåëåé íà îñíîâå V
2
O

5
: à — èñïîëüçîâàíèå ñóáëèìàöèîí-

íîé ñóøêè, á — ïðîâåäåíèå ñòàíäàðòíîé ñóøêè íà âîçäóõå ïðè 70 °Ñ

íèè ïîëèìåðíûå öåïè óêëàäûâàþòñÿ â ñëîè,
ôîðìèðóþùèå «îáû÷íóþ» ñòðóêòóðó óïîðÿäî÷åí-
íîãî ãåëÿ [8]. Òàê, íà ïîâåðõíîñòè ãåëÿ âèäíû
óäëèíåííûå ÷àñòèöû, ñîîòâåòñòâóþùèå ïî ðàç-
ìåðàì «ëåíòàì» îêñèäà âàíàäèÿ (ðèñ. 1, á). Ðàñ-
ñòîÿíèå ìåæäó ñëîÿìè ïðè ýòîì çàâèñèò îò ñî-
äåðæàíèÿ âîäû è äëÿ ñîñòàâà V2O5 ⋅ 1,6 H2O ðàâ-
íî 11,57 Å [9].

Äàííûå ÐÔÀ (ðèñ. 2) ïîäòâåðæäàþò íàëè-
÷èå âûñîêîóïîðÿäî÷åííîé ñòðóêòóðû ïëåíêè â
ñëó÷àå êñåðîãåëÿ ¹ 2 (d ~ 11–12 Å) è àìîðôèçè-
ðîâàííîé ñòðóêòóðû äëÿ êñåðîãåëÿ ¹ 1. Ïðè ýòîì
íàáëþäàåòñÿ òàêæå íåêîòîðîå ñìåùåíèå îñíîâ-
íûõ ïèêîâ ïî ñðàâíåíèþ ñ óïîðÿäî÷åííîé ñòðóê-
òóðîé, ÷òî ñâèäåòåëüñòâóåò î íåáîëüøîì èçìå-
íåíèè ñòðóêòóðû â íàïðàâëåíèè, ïåðïåíäèêó-
ëÿðíîì «ëåíòàì».

Ïî äàííûì ÒÃÀ ìîæíî âûäåëèòü òðè ñòà-
äèè ïðåâðàùåíèÿ îáðàçöîâ ïðè íàãðåâàíèè. Ïðè
òåìïåðàòóðàõ äî ~100 °Ñ ïðîèñõîäèò óäàëåíèå
àäñîðáèðîâàííîé âîäû, çàòåì ïðîèñõîäèò óäàëå-
íèå âîäû, âõîäÿùåé â ñîñòàâ ïîëèìåðíûõ öå-
ïåé, ÷òî çàâåðøàåòñÿ êðèñòàëëèçàöèåé îêñèäà
âàíàäèÿ ïðè òåìïåðàòóðàõ 370–400 °Ñ. Êîíå÷-
íûì ïðîäóêòîì ðàçëîæåíèÿ êñåðîãåëåé ïî äàí-
íûì ÐÔÀ ÿâëÿåòñÿ ðîìáè÷åñêèé V2O5. Ñóììàð-
íàÿ ïîòåðÿ ìàññû ïðè íàãðåâàíèè äî 500 °Ñ ñî-

îòâåòñòâóåò ñîñòàâó V2O5 ⋅ nH2O (n = 1,7–2,1).
Ïðè ýòîì ñîäåðæàíèå âîäû â ïîëó÷åííûõ îáðàç-
öàõ îòëè÷àåòñÿ íåçíà÷èòåëüíî (ðèñ. 3).

Â ÈÊ-ñïåêòðàõ ïîëó÷åííûõ îáðàçöîâ (ðèñ. 4)
íàáëþäàþòñÿ êîëåáàíèÿ ñâÿçåé V–O, ñ ÷àñòîòà-
ìè, ñîîòâåòñòâóþùèìè ëèòåðàòóðíûì äàííûì.

Ðèñ. 2. Äàííûå ÐÔÀ êñåðîãåëåé íà îñíîâå V
2
O

5
: 1 — èñ-

ïîëüçîâàíèå ñóáëèìàöèîííîé ñóøêè, 2 — ïðîâåäåíèå
ñòàíäàðòíîé ñóøêè íà âîçäóõå ïðè 70 °Ñ. Íà ðèñóíêå
îáîçíà÷åíû îñíîâíûå ïèêè, ñîñòàâëÿþùèå ñåðèþ 00l.

Ðèñ. 3. Äàííûå òåðìè÷åñêîãî àíàëèçà êñåðîãåëåé íà îñ-
íîâå V

2
O

5
: 1 — èñïîëüçîâàíèå ñóáëèìàöèîííîé ñóøêè,

2 — ïðîâåäåíèå ñòàíäàðòíîé ñóøêè íà âîçäóõå ïðè 70 °Ñ

à á

Ðèñ. 4. Äàííûå ÈÊ-ñïåêòðîñêîïèè êñåðîãåëåé íà îñíîâå
V

2
O

5
: 1 — èñïîëüçîâàíèå ñóáëèìàöèîííîé ñóøêè, 2 —

ïðîâåäåíèå ñòàíäàðòíîé ñóøêè íà âîçäóõå ïðè 70 °Ñ

Ä. À. Ñåìåíåíêî, Ò. Ë. Êóëîâà, À. Ì. Ñêóíäèí, Ì. Ã. Êîçëîâà, Å. À. Ïîìåðàíöåâà, À. Â. Ãðèãîðüåâà, Å. À. Ãóäèëèí, Þ. Ä. Òðåòüÿêîâ
Âëèÿíèå ìåòîäà ñèíòåçà íà ýëåêòðîõèìè÷åñêèå õàðàêòåðèñòèêè êñåðîãåëåé V

2
O

5
 ïðè âíåäðåíèè ëèòèÿ
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Îñíîâíûå ïîëîñû ïîãëîùåíèÿ ÈÊ-èçëó÷åíèÿ äëÿ
êñåðîãåëÿ îêñèäà âàíàäèÿ (V) ïðè 1610, 1006,
758 è 531 ñì-1 ñîîòâåòñòâóþò ñëåäóþùèì êîëå-
áàíèÿì: δ(Í–Î–Í), v(V=O), v(V+5=O), δ(V–O–V)
è δ(V–Î) [9]. Íåáîëüøîé ïèê ïðè 975 ñì-1 ìî-
æåò ñîîòâåòñòâîâàòü êîëåáàíèÿì v(V+4=O). Â ÈÊ-
ñïåêòðàõ âñåõ îáðàçöîâ ïðèñóòñòâóåò ïîëîñà ïî-
ãëîùåíèÿ ïðè 1384 ñì-1, êîòîðàÿ ñîîòâåòñòâóåò
ïðèìåñè NO3

– â KBr. ×àñòîòû îñíîâíûõ ïîëîñ
ïîãëîùåíèÿ ñîâïàäàþò ñ ëèòåðàòóðíûìè äàííû-
ìè, ÷òî ïîäòâåðæäàåò îæèäàåìîå ñòðîåíèå ïîëó-
÷åííûõ ãåëåé íà ëîêàëüíîì óðîâíå.

Òàêèì îáðàçîì, îáà ïîëó÷åííûõ îáðàçöà, â
ïðèíöèïå, èìåþò ïðàêòè÷åñêè àíàëîãè÷íûé õè-
ìè÷åñêèé ñîñòàâ è ñîñòîÿò èç áëèçêèõ ñòðóêòóð-
íûõ ýëåìåíòîâ, ïðè ýòîì îíè ñóùåñòâåííûì îá-
ðàçîì îòëè÷àþòñÿ ïî ñâîåé ìèêðîñòðóêòóðå.

Ïîñëå ñáîðêè ÿ÷åéêè è çàëèâêè åå ýëåêòðîëè-
òîì ïîòåíöèàë V2O5-ýëåêòðîäà ñîñòàâèë îêîëî
3,40 Â, ÷òî õàðàêòåðíî äëÿ ýëåêòðîäîâ èç îêñèäà
âàíàäèÿ. Íà ðèñ. 5 ïðåäñòàâëåíû öèêëè÷åñêèå
âîëüòàìïåðîãðàììû ýëåêòðîäîâ èç êñåðîãåëåé V2O5,
ñèíòåçèðîâàííûõ ïî ðàçëè÷íûì ìåòîäèêàì (êñå-
ðîãåëü ¹ 1 è êñåðîãåëü ¹ 2). Ñêîðîñòü ðàçâåðòêè
ïîòåíöèàëà ñîñòàâëÿëà 0,13 ìÂ/ñ, ÷òî ïðèáëèçè-
òåëüíî ñîîòâåòñòâîâàëî ïÿòè÷àñîâîìó ðåæèìó çà-
ðÿäà-ðàçðÿäà ïðè ãàëüâàíîñòàòè÷åñêîì öèêëèðî-
âàíèè. Ïðè ðàçâåðòêå ïîòåíöèàëà â îòðèöàòåëü-
íóþ ñòîðîíó ïðîèñõîäèëî âíåäðåíèå ëèòèÿ ñ
îäíîâðåìåííûì ïîíèæåíèåì ñòåïåíè îêèñëåíèÿ
âàíàäèÿ. Ïðè ïîñëåäóþùåé ðàçâåðòêå ïîòåíöèà-
ëà â ïîëîæèòåëüíóþ ñòîðîíó ïðîèñõîäèëà ýêñò-
ðàêöèÿ ëèòèÿ èç V2O5 ñ îäíîâðåìåííûì ïîâûøå-
íèåì ñòåïåíè îêèñëåíèÿ âàíàäèÿ. Ôîðìà ÖÂÀ äëÿ
îáîèõ ýëåêòðîäîâ îêàçàëàñü ïðàêòè÷åñêè îäèíà-
êîâîé, à èìåííî, íà êàòîäíîé ÷àñòè êðèâîé, îò-
ðàæàþùåé âíåäðåíèå ëèòèÿ â ñòðóêòóðó V2O5, ðå-

Ðèñ. 5. Öèêëè÷åñêèå âîëüòàìïåðîãðàììû 1 è 2 öèêëîâ
ýëåêòðîäîâ èç êñåðîãåëÿ V

2
O

5
: 1 — èñïîëüçîâàíèå ñóáëèìà-

öèîííîé ñóøêè, 2 — ïðîâåäåíèå ñòàíäàðòíîé ñóøêè íà
âîçäóõå ïðè 70 °Ñ. Ñêîðîñòü ðàçâåðòêè ïîòåíöèàëà
0,13 ìÂ/ñ. Ýëåêòðîëèò — 1 Ì LiClO

4
 â ñìåñè ÏÊ-ÄÌÝ (7:3)

ãèñòðèðóþòñÿ äâà ïèêà ïðè ïîòåíöèàëàõ 2,82 è
2,42 Â. Íà àíîäíîé ÷àñòè êðèâîé, îòðàæàþùåé
ýêñòðàêöèþ ëèòèÿ èç V2O5, ðåãèñòðèðóþòñÿ îò-
âåòíûå ïèêè. Ïðè÷åì ïðè ïîòåíöèàëå 2,74 Â ïèê
òîêà âûðàæåí ñèëüíî, à â îáëàñòè ïîòåíöèàëîâ
2,90–2,95 Â — íåñêîëüêî ðàçìûò. Äëÿ îáîèõ ýëåê-
òðîäîâ ðàçíèöà ìåæäó ïîòåíöèàëîì àíîäíîãî ïèêà
è ïîòåíöèàëîì ñîîòâåòñòâóþùåãî åìó êàòîäíîãî
ïèêà ñîñòàâëÿåò 0,22 Â äëÿ ïåðâîãî ïèêà è 0,30 Â
äëÿ âòîðîãî. Òàêàÿ ðàçíèöà ïîòåíöèàëîâ òèïè÷íà
äëÿ èíòåðêàëÿöèîííûõ ìàòåðèàëîâ.

Ðàçëè÷èå ýëåêòðîõèìè÷åñêîãî ïîâåäåíèÿ èñ-
ñëåäóåìûõ ýëåêòðîäîâ çàêëþ÷àåòñÿ, â ïåðâóþ î÷å-
ðåäü, â êîëè÷åñòâå ëèòèÿ, êîòîðîå ìîæåò áûòü
âíåäðåíî â ñòðóêòóðó êñåðîãåëåé. Òàê, äëÿ êñåðî-
ãåëÿ ¹ 1 (ñóáëèìàöèîííàÿ ñóøêà) ðàçðÿäíàÿ åì-
êîñòü ñîñòàâèëà 240 ìÀ÷/ã íà ïåðâîì è 235 ìÀ÷/ã
íà âòîðîì öèêëå. Äëÿ êñåðîãåëåé, âûñóøåííûõ
íà âîçäóõå, åìêîñòü â êàòîäíîì ïîëóöèêëå áûëà
çíà÷èòåëüíî ìåíüøå — 128 ìÀ÷/ã íà ïåðâîì öèê-
ëå è 90 ìÀ÷/ã íà âòîðîì öèêëå. Êðîìå òîãî, äëÿ
ýëåêòðîäîâ íà îñíîâå îêñèäîâ âàíàäèÿ õàðàêòåð-
íî ÿâëåíèå íåîáðàòèìîé ïîòåðè åìêîñòè íà ïåð-
âîì öèêëå, ò. å. êîëè÷åñòâî ýëåêòðè÷åñòâà â êà-
òîäíîì ïîëóöèêëå (Qk) ïðåâûøàåò êîëè÷åñòâî
ýëåêòðè÷åñòâà â ñîîòâåòñòâóþùåì àíîäíîì ïîëó-
öèêëå (Qa). Ðàçíèöà ìåæäó Qk è Qa ñîñòàâëÿåò
íåîáðàòèìóþ åìêîñòü (Qirr). Äëÿ êñåðîãåëÿ ¹ 1
Qirr íå ïðåâûøàëà 5 ìÀ÷/ã, â òî âðåìÿ êàê äëÿ
êñåðîãåëÿ ¹ 2 Qirr ñîñòàâèëà îêîëî 40 ìÀ÷/ã.

Ïðèðîäà íåîáðàòèìîé åìêîñòè ýëåêòðîäîâ íà
îñíîâå îêñèäîâ âàíàäèÿ, êàê è äðóãèõ ïîëîæè-
òåëüíûõ ýëåêòðîäîâ ëèòèåâûõ ýëåêòðîõèìè÷åñ-
êèõ ñèñòåì, äîñòîâåðíî íå óñòàíîâëåíà. Ïî àíà-
ëîãèè ñ ïðîöåññàìè íà îòðèöàòåëüíûõ ýëåêòðî-
äàõ ìîæíî ïðåäïîëàãàòü, ÷òî ïðè ïåðâîé êàòîäíîé
ïîëÿðèçàöèè ýëåêòðîäà íà îñíîâå îêñèäà âàíà-
äèÿ íàðÿäó ñ ïðîöåññîì âíåäðåíèÿ ëèòèÿ ïðîòå-
êàåò òàêæå ïðîöåññ âîññòàíîâëåíèÿ êîìïîíåíòîâ
ýëåêòðîëèòà. Âåðîÿòíåå âñåãî, ýòî âîññòàíîâëå-
íèå ïðèìåñåé (ñëåäîâ âîäû è ò. ï.), õîòÿ íåëüçÿ
èñêëþ÷àòü è âîçìîæíîãî âîññòàíîâëåíèÿ ñòðóê-
òóðíîé âîäû, âõîäÿùåé â ñîñòàâ ñîáñòâåííî
êñåðîãåëÿ, èëè ñëåäîâ âîäû, íå óäàëåííûõ ïðè
ñóøêå êñåðîãåëÿ è èçãîòîâëåííûõ èç íåãî ýëåêò-
ðîäîâ. Ïðè ïðîòåêàíèè òàêèõ ïàðàëëåëüíûõ âîñ-
ñòàíîâèòåëüíûõ ïðîöåññîâ ìîãóò îáðàçîâûâàòüñÿ
êàê ðàñòâîðèìûå, òàê è íåðàñòâîðèìûå ïðîäóê-
òû, ïðè÷åì ïîñëåäíèå âõîäÿò â ñîñòàâ ïàññèâíîé
ïëåíêè. Òåîðåòè÷åñêàÿ ðàçðÿäíàÿ åìêîñòü V2O5 â
ðàñ÷åòå íà âíåäðåíèå îäíîãî àòîìà ëèòèÿ ñîñòàâ-
ëÿåò 147,3 ìÀ÷/ã (26,8 À÷/182 ã). Òàêèì îáðà-
çîì, ðàçðÿäíàÿ åìêîñòü, ðàâíàÿ 240–235 ìÀ÷/ã
äëÿ êñåðîãåëÿ ¹ 1 ñîîòâåòñòâóåò âíåäðåíèþ
1,6 àòîìîâ ëèòèÿ, èëè ôîðìóëå Li1,6V2O5, ïðè
ýòîì ñðåäíÿÿ ñòåïåíü îêèñëåíèÿ âàíàäèÿ ìåíÿ-
åòñÿ îò +5 äî +4,2. Äëÿ êñåðîãåëÿ ¹ 2 êîëè÷å-
ñòâî ëèòèÿ, âíåäðåííîãî â ñòðóêòóðó V2O5, ñîñòà-
âèëî ëèøü 0,6 àòîìîâ ëèòèÿ, ÷òî ñîîòâåòñòâóåò
ôîðìóëå Li0,6V2O5. Ñðåäíÿÿ ñòåïåíü îêèñëåíèÿ âà-
íàäèÿ ïðè ýòîì èçìåíèëàñü îò +5 äî 4,7.

Íà ðèñ. 6 ïðåäñòàâëåíû çàðÿäíî-ðàçðÿäíûå
êðèâûå êñåðîãåëåé ¹ 1 è ¹ 2, èç êîòîðûõ ñòà-
íîâèòñÿ î÷åâèäíûì, ÷òî îáðàçöû, ïîëó÷åííûå ñ

Îñíîâíûå ïðîáëåìû ýíåðãåòèêè è àëüòåðíàòèâíîé ýíåðãåòèêè
Àêêóìóëèðîâàíèå ýëåêòðè÷åñêîé ýíåðãèè
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èñïîëüçîâàíèåì ñóáëèìàöèîííîé ñóøêè ïðè ñèí-
òåçå êñåðîãåëåé V2O5, îáëàäàþò ñóùåñòâåííî ëó÷-
øèìè õàðàêòåðèñòèêàìè. Ñëåäóåò îòìåòèòü, ÷òî
ðåçóëüòàòû ãàëüâàíîñòàòè÷åñêîãî öèêëèðîâàíèÿ
õîðîøî ñîãëàñóþòñÿ ñ ðåçóëüòàòàìè öèêëè÷åñ-
êîé âîëüòàìïåðîìåòðèè.

Íà ðèñ. 7 ïðåäñòàâëåíû çàâèñèìîñòè ðàçðÿä-
íîé åìêîñòè ýëåêòðîäîâ íà îñíîâå êñåðîãåëåé V2O5

îò íîìåðà öèêëà ïðè öèêëèðîâàíèè. Áûëî ïîêà-

çàíî, ÷òî äëÿ êñåðîãåëÿ ¹ 2 (ñóøêà íà âîçäóõå)
åìêîñòü íà âòîðîì öèêëå ñóùåñòâåííî ìåíüøå,
÷åì íà ïåðâîì, ÷òî, êàê áûëî îòìå÷åíî âûøå,
ñâÿçàíî ñ íåîáðàòèìîé ïîòåðåé åìêîñòè íà ïåð-
âîì öèêëå. Â öåëîì ÿâëåíèå óìåíüøåíèÿ ðàçðÿä-
íîé åìêîñòè ïîñëå ïåðâîãî öèêëà õàðàêòåðíî äëÿ
ýëåêòðîäîâ íà îñíîâå îêñèäà âàíàäèÿ [6, 11–14].
Íåñìîòðÿ íà òî, ÷òî àáñîëþòíûå çíà÷åíèÿ ðàç-
ðÿäíîé åìêîñòè îáîèõ ýëåêòðîäîâ íåâåëèêè, è
äàæå äëÿ îáðàçöà ¹ 1 ðàçðÿäíàÿ åìêîñòü 238 ìÀ÷/
ã (ïîñëå ïåðâîãî öèêëà) ñíèçæàåòñÿ ê 20 öèêëó
äî 197 ìÀ÷/ã, òåì íå ìåíåå ïîëó÷åííûå äàííûå
ñâèäåòåëüñòâóåò î âûñîêîé ñòàáèëüíîñòè ýëåêò-
ðîäíîãî ìàòåðèàëà, ïîëó÷åííîãî ñ èñïîëüçîâàíè-
åì ñóáëèìàöèîííîé ñóøêè, è åãî ïîòåíöèàëüíîé
ïðàêòè÷åñêîé çíà÷èìîñòè äëÿ ðàçðàáîòêè âòîðè÷-
íûõ õèìè÷åñêèõ èñòî÷íèêîâ òîêà.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, ýëåêòðîõèìè÷åñêèå ñâîéñòâà
êñåðîãåëåé íà îñíîâå ïåíòîêñèäà âàíàäèÿ ñ ðàç-
ëè÷íîé ïðåäûñòîðèåé ïîëó÷åíèÿ ñóùåñòâåííî
îòëè÷àþòñÿ è çàâèñÿò îò ñïîñîáà âûñóøèâàíèÿ
ãåëÿ, ïðåäîïðåäåëÿþùåãî åãî ìèêðîñòðóêòóðíûå
îñîáåííîñòè. Êñåðîãåëü, ïîëó÷åííûé ïóòåì êðè-
îõèìè÷åñêîé ñóøêè, ÿâëÿåòñÿ áîëåå ïåðñïåêòèâ-
íûì äëÿ èñïîëüçîâàíèÿ âî âòîðè÷íûõ èñòî÷íè-
êàõ òîêà, ïðîÿâëÿÿ áîëüøóþ ðàçðÿäíóþ åìêîñòü
~200 ìÀ÷/ã è áîëüøóþ ñòàáèëüíîñòü ïðè öèê-
ëèðîâàíèè ïî ñðàâíåíèþ ñ îáû÷íûì êñåðîãåëåì,
âûñóøåííûì íà âîçäóõå.

Ðèñ. 6. Çàðÿäíî-ðàçðÿäíûå êðèâûå ýëåêòðîäîâ èç êñå-
ðîãåëÿ V

2
O

5
: 1 — èñïîëüçîâàíèå ñóáëèìàöèîííîé ñóø-

êè, 2 — ïðîâåäåíèå ñòàíäàðòíîé ñóøêè íà âîçäóõå
ïðè 70 °Ñ. Òðåòèé öèêë. Ýëåêòðîëèò — 1 Ì LiClO

4
 â

ñìåñè ÏÊ-ÄÌÝ (7:3)

Ðèñ. 7. Èçìåíåíèå ðàçðÿäíîé åìêîñòè ýëåêòðîäà èç êñå-
ðîãåëÿ V

2
O

5 
ïðè öèêëèðîâàíèè: 1 — èñïîëüçîâàíèå ñóá-

ëèìàöèîííîé ñóøêè, 2 — ïðîâåäåíèå ñòàíäàðòíîé ñóø-
êè íà âîçäóõå ïðè 70 °Ñ. Ýëåêòðîëèò — 1 Ì LiClO

4
 â

ñìåñè ÏÊ-ÄÌÝ (7:3). Ïëîòíîñòü òîêà 20 ìÀ/ã

Ðàáîòà ïîääåðæàíà ÐÔÔÈ (ãðàíò 07-03-
00749-à), ÔÖÍÒÏ è ïðîãðàììîé Ïðåçèäåíòà ÐÔ
ïîääåðæêè ìîëîäûõ ó÷åíûõ (ÌÄ 1264.2007.3).

Àâòîðû áëàãîäàðÿò À. Â. Âåðåñîâà, À. Â. Ãàð-
øåâà, À. Â. Êíîòüêî çà ïîìîùü â ïðîâåäåíèè èç-
ìåðåíèé è îáñóæäåíèè ïîëó÷åííûõ ðåçóëüòàòîâ.
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MANUFACTURING SOLID OXIDE FUEL CELLS
WITH AN AXIAL-INJECTION PLASMA SPRAY SYSTEM

Z. Tang1, I. Yaroslavsky1, A. Burgess1, O. Kesler2, 3, B. White2, N. Ben-Oved2

1 Northwest Mettech Corp., North Vancouver, BC, Canada

2 Dept of Mechanical Engineering, University of British Columbia, Vancouver, BC, Canada

3 National Research Council — Institute for Fuel Cell Innovation, Vancouver, BC, Canada

Atmospheric plasma spraying (APS) has emerged as a cost-effective alternative to traditional sinter-
ing processes for solid oxide fuel cell (SOFC) manufacturing. However, the use of plasma spraying for
SOFCs presents unique challenges, mainly due to the high porosity required for the electrodes and fully
dense coatings required for the electrolytes. By using optimized spray conditions combined with appropri-
ate feedstocks, SOFC electrolytes and electrodes with required composition and microstructure could be
deposited with an axial plasma spray system. In this paper, the challenges for manufacturing SOFC
anodes, electrolytes, and cathodes are addressed. The effects of plasma parameters and different feed-
stocks on coating microstructure are discussed, and examples of optimized coating microstructures are
given. Process was provided with APS Northwest Mettech Co. plasma system “Axial IIItm”. Northwest
Mettech’s Axial Plasma Technology has been demonstrated worldwide to have the highest production
capability of any thermal spray system on the market today. The same technology can be use also for the
production of the catalyst reactors for the Gas-To-Liquids, Fischer-Tropsch Processing.

Introduction

Plasma spraying is a widely used process to
deposit metallic and ceramic coatings for thermal
barrier and wear- and corrosion-resistant coatings.
In recent years, an increasing number of research
and development efforts have been devoted to man-
ufacturing solid oxide fuel cells (SOFCs) by plasma
spraying [1]. SOFCs are very highly efficient ener-
gy conversion devices that convert fuel electrochem-
ically to electricity with negligible pollution emis-
sions. Typically, SOFCs are produced using wet
ceramic techniques based on tape casting, screen
printing, and subsequent sintering processes [2].
The use of plasma spraying for SOFC manufactur-
ing presents many advantages over wet ceramic
processing with regards to both performance and
cost. One obvious advantage is the speed of process-
ing that results from elimination of the sintering
steps, so that the cell layers can be processed in
rapid succession, with the possibility of introduc-
ing functional gradients in both composition and
microstructure to improve thermo-mechanical and
electrochemical performance. The elimination of sin-
tering also facilitates the use of robust, inexpensive
metallic substrates as the mechanical support and
electrical interconnects of the cells, with the more
expensive active cell layers produced in thin layers.

The plasma spraying process is also rapid and easy
to automate, making the process potentially very
well suited for mass production [3].

However, the use of plasma spraying for SOFCs
presents significant challenges, mainly due to the
fully dense coatings required for electrolytes and
the high porosity required for the electrode layers.
Plasma sprayed coatings currently manufactured
for common applications such as thermal barrier
coatings typically exhibit porosities in the range
of 5–15 % [4]. However, for the successful pro-
duction of SOFCs, this range must be extended
down to 0 % open porosity for electrolytes, and
up to 40 % open porosity for optimal electrode
coatings. This significantly wider range of coat-
ing porosities requires substantial modification to
the spraying process from procedures that have
been established previously for other applications.
Significant work has been aimed at overcoming
these challenges and extending the range of po-
rosities with considerable success [5–9].

In this paper, efforts are focused on SOFC
deposition using a plasma torch with axial powder
feeding, which is capable of dense electrolyte dep-
osition with fine powders (<10 microns), and po-
rous anode and cathode deposition with powder
mixtures of very different particle sizes.
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Experimental Procedure

The atmospheric plasma spray system used for
these experiments was an Axial III Series 600
Torch (Northwest Mettech Corp., Vancouver, Can-
ada). As its name implies, this torch injects pow-
der axially, between 3 electrodes, ensuring that
virtually all of the powder injected passes through
the hottest part of the jet [10]. The Axial III
torch allows for the feeding of fine powders (<10
microns) in combination with an MPF powder feeder
(Thermico, Dortmund, Germany).

Yttria-stabilized zirconia (YSZ) powders
(8 mol. % Y2O3) with two different particle size
ranges of 5–25 and 3–5 microns were used for
electrolyte deposition. Both powders are fused and
crushed with irregular particle shapes. It is inter-
esting to note that the 3–5 micron fine powders
exhibited good flowability with the MPF powder
feeder.  For composite anode and cathode deposi-
tion, two different powders were dry mixed and
fed from a single hopper. YSZ and lanthanum
strontium manganite (LSM) powders were mixed
and used for cathode deposition, and YSZ and
Ni-C, or samaria-doped ceria (SDC) and CuO pow-
ders were used for anode deposition.

During spraying, the particle temperatures and
velocities were characterized with SprayWatch (Os-
eir, Finland). Deposition was carried out onto sand-
blasted stainless steel substrates mounted on a ro-
tating turntable. The surface topography and cross
section of as sprayed coatings were examined by
optical microscopy and scanning electron micros-
copy (SEM).

Results and Discussion

Most efforts were spent on the deposition of
the dense electrolyte with different feedstock and
plasma parameters. Fig. 1 shows the cross section
microstructures of sprayed coatings. Both coat-
ings were sprayed with the same high power plas-
ma (up to 140 kW), but with different particle
size ranges: (a) 5–25 microns, and (b) 3–5 mi-
crons. It is seen that at this spray condition, the
coating with powder of 5–25 microns is much
more porous than that with 3–5 microns. Fig. 2
shows the surface morphologies of both coatings,
which indicate that the finer powders resulted in
finer spray splats than those of the coarser ones.

The average in-flight particle temperature and
velocity were measured with SprayWatch, and the
results are summarized in Fig. 3. Both the average
particle temperature and velocity decreased signifi-
cantly at increasing stand-off distance (SOD). The
particle temperature profiles are very similar for
both powders. At a SOD of 100mm, which is the
spraying distance for both coatings, the mean par-
ticle temperature is up to 2700 °C, which is above
the meting point of YSZ. However, the average
particle velocity is much higher for finer powder
(420 m/s) than that for the coarse one (345 m/s).

Therefore, the process optimization was fo-
cused on the feedstock of 3–5 micron powder,
and a dense electrolyte was achieved. A typical
coating structure is shown in Fig. 4.

Fig. 1. Cross section microstructures of plasma sprayed
electrolyte using YSZ powders with the particle size range
of (a) 5–25 microns, and (b) 3–5 microns

Fig. 2. Surface morphologies of plasma sprayed electrolyte
using YSZ powders with the particle size range of (a) 5–25
microns, and (b) 3–5 microns

Z. Tang, I. Yaroslavsky, A. Burgess, O. Kesler, B. White, N. Ben-Oved
Manufacturing solid oxide fuel cells with an Axial-injection Plasma Spray System
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Hydrogen economy
Fuel cells

Fig. 3. In-flight particle temperature and velocity with different stand-
off distance (SOD)

Fig. 4. SEM micrograph of optimized electrolyte coatings
with 3–5 micron YSZ powders

Depositing the dense electrolyte is the biggest
challenge for plasma spraying processesing of
SOFCs. With plasma spraying, a dense coating is

only achievable with completely molten particles,
which are accelerated to a high velocity in the
plasma jet and therefore flatten into dense lamel-

lae on impact with the substrate. As shown above,
particle size is a very important factor affecting
the coating microstructure. It is seen that finer

powders result in finer splats and lamellae, and

Fig. 5. Coating Surface of YSZ-LSM cathode with high
porosity and surface area

Fig. 6. Coating surface of well-mixed, high surface area
anodes, (a) Ni-YSZ, and (b) Cu-SDC

exhibit higher particle velocities, which are
seen in Figs. 1 and 3, to benefit in the

deposition of a dense coating.
The principle challenge in producing

LSM/YSZ composite cathodes by plasma
spraying is achieving the desired cathode
composition (50/50 vol. %) and porosity
(~40 %). YSZ usually requires a very high
temperature plasma with hydrogen gas in
order to melt the powder feedstock. Howev-
er, plasma gas compositions with even as
little as 5 % hydrogen gas led to extensive
reduction and decomposition of the LSM.
The use of large LSM and small YSZ pow-
ders can be used to partially compensate for
the DE differences of the two materials. The
coatings produced using plasmas with
Ar-N2 gas mixtures at short standoff dis-

tances tend to have both LSM and YSZ particles
remaining partially solid during deposition, caus-
ing the coating to have much higher levels of po-
rosity, while still containing a sufficient amount of
YSZ (Fig. 5). This combination of high open poros-
ity and reasonably good YSZ content is most desir-
able for SOFC cathodes [6].

A composite consisting of YSZ and Ni is the
most common material combination for the anode.
Similarly to the co-deposition of YSZ and LSM, a
big challenge for Ni and YSZ co-deposition is ad-
dressing the large difference of their melting tem-
peratures, and the required high porosity (~40 %).
By adjusting plasma parameters, and using nick-
el-graphite as feedstock, in which graphite serves
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as a pore former, a desired Ni-YSZ microstruc-
ture was achieved (Fig. 6a). Furthermore, a CuO-
SDC composite was successfully co-deposited for
application in direct-oxidation SOFC anodes [8],
with a microstructure resulting in good anode per-
formance after reduction of the CuO to Cu, as
shown in Fig. 6b. This process will greatly simpli-
fy the current multi-step complex processing pro-
cedure of Cu based anodes.

As shown above, finer YSZ powder is pre-
ferred for the deposition of dense electrolytes, and
powder mixtures with optimal combinations of par-
ticle sizes result in anode and cathode layers with
sufficient porosity and desired compositions. Plas-
ma spray processing, traditionally, uses feedstock
with powder sizes in the range of 10–150 microns
that is injected into the plasma radially. In this
case, the coating quality and deposition efficiency
is sensitive to the injection position, angle, and
velocity in addition to the particle size and size
distribution. Axial powder feeding has advantag-
es over radial powder injection in the deposition
efficiency and coating quality [11]. Combined with
MPF powder feed technology, the axial powder
injection torch allows for the feeding of fine pow-
ders up to 3–5 microns, which is not achievable
by radial injection plasma systems. As the pow-
ders are immediately and completely entrained in
the plasma jet, the deposition efficiency and coat-
ing quality are not so sensitive to injection condi-
tions, and to particle size and size distribution.
This makes the configuration ideal for composite
electrode deposition using powder mixtures with
very different particle sizes, as well as for single
materials with a small particle size.

Conclusions

Axial injection plasma spraying was employed
for deposition of SOFC electrolytes and electrodes.
By using optimized spray conditions combined with
appropriate feedstocks, SOFC electrolytes and elec-
trodes were deposited with the required composi-
tions and microstructure. The axial injection plas-
ma system demonstrates the capability of dense
YSZ deposition using fine powders ranging from
3–5 microns in size, and composite electrode dep-
osition with powder mixture of very different par-
ticle sizes.  In cooperation with several SOFC com-
panies, process optimization is being refined in
relation to specific SOFC design and substrate spec-
ifications.
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In the work the questions of interaction of hydrogen with metals surveyed during their electro-

chemical reduction on the cathode. The estimate of a role of hydrogen is given at shaping galvaniza-
tions, and also the guesses are expressed and the experimental data about change of structure of metals
with magnification of duration of electrolysis are given. The experimental data on thermal of effect

being consequence electrochemical and chemical reactions in electrode systems are resulted.

Ñîãëàñíî êëàññè÷åñêîé òåîðèè ýëåêòðîâîñ-
ñòàíîâëåíèÿ ìåòàëëîâ, äëÿ áîëüøèíñòâà ìåòàë-
ëîâ, ñòîÿùèõ â ðÿäó íàïðÿæåíèé ëåâåå âîäîðî-
äà, íà êàòîäå ïðîòåêàþò êàê ìèíèìóì äâà ïðî-
öåññà: âîññòàíîâëåíèå êàòèîíà ìåòàëëà è èîíà
âîäîðîäà ïî ïðèâåäåííûì íèæå ñõåìàì:

 
0Ме Me ,n ne+ + →  (1)

 
0

22H O 2 2H 2OH ,e −+ → +  (2)

 
0 0

2H H H .+ →  (3)

Ïîñëåäíÿÿ ðåàêöèÿ ñîïðîâîæäàåòñÿ áîëü-
øèì òåïëîâûì ýôôåêòîì (–∆Í = 103 êêàë/ìîëü).

Íàëè÷èå ýôôåêòîâ òåïëîâûäåëåíèÿ íà ýëåê-
òðîäàõ ñóùåñòâåííî èçìåíÿåò óñëîâèÿ êèíåòè-
êè ýëåêòðîõèìè÷åñêèõ ïðîöåññîâ è, â ñâÿçè ñ
ýòèì, êëàññè÷åñêèå ïîäõîäû ê ìåõàíèçìàì âçà-
èìîäåéñòâèÿ âîäîðîäà ñ ìåòàëëàìè â ýëåêòðî-
õèìè÷åñêèõ ñèñòåìàõ. Òàê, ñîãëàñíî Íüþìåíó
[1], â îáùåì ñëó÷àå äëÿ ìíîãîêîìïîíåíòíîãî
ýëåêòðîëèòà óðàâíåíèå òåïëîâîãî ïðîöåññà ìîæ-
íî çàïèñàòü â âèäå:

 ( ) ( ),Д
i j

i i ij j i j i
T ijj j

c c
с K v v RT v v

c
⋅

⋅∇µ = − = −
⋅∑ ∑  (4)

ãäå µi — ýëåêòðîõèìè÷åñêèé ïîòåíöèàë êîìïî-

íåíòîâ i; Kij — êîýôôèöèåíòû òðåíèÿ èëè êîýô-
ôèöèåíòû âçàèìîäåéñòâèÿ; vi — ñðåäíÿÿ ñêîðîñòü
êîìïîíåíòîâ i (íî íå åå ìãíîâåííîå çíà÷åíèå äëÿ

îòäåëüíûõ ìîëåêóë). Ïîòîê êîìïîíåíòîâ îïðå-
äåëèòñÿ ïî ôîðìóëå:

 .i iN c v= ⋅  (5)

Ïîëíàÿ êîíöåíòðàöèÿ áóäåò ðàâíà:

 ,T i
i

c c= ∑  (6)

ãäå ñóììà âêëþ÷àåò ðàñòâîðèòåëü. Äij — êîýô-
ôèöèåíòû äèôôóçèè, îïèñûâàþùèå âçàèìîäåé-
ñòâèå êîìïîíåíòîâ i è j. Ýòè êîýôôèöèåíòû ÿâ-
ëÿþòñÿ ïðîñòî ïàðàìåòðàìè, êîòîðûå ìîãóò çà-
ìåíèòü êîýôôèöèåíòû òðåíèÿ Kij:

 .
Д
i j

ij
T ij

RTc c
K

c
⋅

=
⋅

 (7)

×ëåí ci∇µi â óðàâíåíèè (4) ìîæíî ðàññìàò-
ðèâàòü êàê äâèæóùóþ ñèëó íà åäèíèöó îáúåìà,
äåéñòâóþùóþ íà êîìïîíåíòû i è çàñòàâëÿþùóþ
èõ äâèãàòüñÿ ïî îòíîøåíèþ ê îêðóæàþùåé æèä-
êîñòè. Óðàâíåíèå (4) ñïðàâåäëèâî ïðè ïîñòîÿí-
íîì äàâëåíèè è òåìïåðàòóðå. Åãî îáîáùåíèåì
ìîæåò áûòü óðàâíåíèå âèäà:

 
Д Д ln ,

Д

i
i i i

T T
i j j i

j i
T ij j i

Mс S T P

c c
RT v v T

c

 
∇µ + ∇ − ∇ = ρ 

  ⋅
  = − + − ∇

  ⋅ ρ ρ  
∑  (8)

ãäå Si — ïàðöèàëüíàÿ ìîëÿðíàÿ ýíòðîïèÿ êîì-

ïîíåíòà i, ДT
i  — êîýôôèöèåíò òåðìîäèôôóçèè

êîìïîíåíòà i.
Ïåðâîå èçìåíåíèå ñîñòîèò â çàïèñè äâèæó-

ùåé ñèëû äëÿ ìèãðàöèè è äèôôóçèè, êîòîðàÿ
ñîîòâåòñòâóåò ëåâîé ÷àñòè óðàâíåíèÿ. Òåïåðü
ñóììà òàêèõ äâèæóùèõ ñèë ðàâíà íóëþ äàæå
ïðè ïåðåìåííûõ òåìïåðàòóðàõ è äàâëåíèÿõ. Êðî-
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ìå òîãî, îíè îïèñûâàþò ðàâíîâåñèå â ïîëå ñèë
ãðàâèòàöèè èëè âðàùåíèÿ. Âòîðîå èçìåíåíèå
ñîñòîèò â òîì, ÷òî ó÷òåíà òåðìîäèôôóçèÿ [2],
ïðåäñòàâëåííàÿ äâóìÿ ÷ëåíàìè â ñêîáêàõ â óðàâ-
íåíèè (8). Ãðàäèåíò òåìïåðàòóðû ÿâëÿåòñÿ íî-
âîé äâèæóùåé ñèëîé â äîïîëíåíèå ê (n – 1) äâè-

æóùèì ñèëàì i
i i i

Mс S T P 
∇µ + ∇ − ∇ ρ 

. Ãðàäèåíò

äàâëåíèÿ ñêîðåå âñåãî íå ÿâëÿåòñÿ äâèæóùåé
ñèëîé ìàññîïåðåíîñà, îí èãðàåò ðîëü äâèæó-
ùåé ñèëû äëÿ òå÷åíèÿ æèäêîñòè. Â ñâÿçè ñ
âûøåèçëîæåííûì, âçàèìîäåéñòâèå âîäîðîäà ñ
ìåòàëëîì ïðè åãî âîññòàíîâëåíèè íà êàòîäå íå
ïðåäñòàâëÿåòñÿ ïðîñòîé çàäà÷åé, ðåøåíèå êî-
òîðîé ìîæíî îñóùåñòâèòü ïðîñòûìè êëàññè÷åñ-
êèìè ñïîñîáàìè. Òåì áîëåå çàäà÷à óñëîæíÿåò-
ñÿ â ñâÿçè ñ âåðîÿòíûì èçìåíåíèåì ñêîðîñòåé
ðåàêöèè ìîëåêóëÿðíîãî âîäîðîäà èëè ìåòàëë-
âîäîðîäíûõ ñîåäèíåíèé. Äëÿ ðåøåíèÿ ýòîé
ñëîæíîé çàäà÷è íàìè ñôîðìóëèðîâàíû íåîáõî-
äèìûå ïðåäïîñûëêè è àëãîðèòì åå ðåøåíèÿ,
ïðåäñòàâëåííûé íà ðèñ. 1.

Àêòóàëüíîñòü ïîñòàâëåííîé çàäà÷è íå âû-
çûâàåò íèêàêèõ ñîìíåíèé, ïîñêîëüêó åå òåîðå-
òè÷åñêîå è ïðèêëàäíîå çíà÷åíèå îïðåäåëÿåò ïóòè
ðåøåíèÿ ïðîáëåì ïðàêòè÷åñêè âñåõ èçâåñòíûõ
ýëåêòðîõèìè÷åñêèõ ïðîöåññîâ. Íàèáîëåå ïðèîðè-
òåòíûìè áûëè âûáðàíû íèæåïåðå÷èñëåííûå íà-
ïðàâëåíèÿ èññëåäîâàíèé.

1. Óñòàíîâëåíèå ìåõàíèçìà âîçíèêíîâåíèÿ
òåðìîêèíåòè÷åñêèõ ýôôåêòîâ ïðè ïðîòåêàíèè
ýëåêòðîõèìè÷åñêèõ ðåàêöèé.

Òåîðåòè÷åñêîå è ýêñïåðèìåíòàëüíîå èññëåäîâàíèå
âçàèìíîãî âëèÿíèÿ òåïëîâûõ è ýëåêòðè÷åñêèõ

ïîëåé â óñëîâèÿõ èìïóëüñíîãî è
ýëåêòðîõèìè÷åñêîãî ôîðìîîáðàçîâàíèÿ.

Îïðåäåëåíèå èçìåíåíèé óñëîâèé òåïëîìàññîïåðåíîñà
â ðåçóëüòàòå âîçíèêàþùèõ òåðìîêèíåòè÷åñêèõ

ýôôåêòîâ â ñèñòåìàõ ýëåêòðîä – ýëåêòðîëèò

Èññëåäîâàíèå âçàèìî-
ñâÿçè ïàðàìåòðîâ
òåõíîëîãè÷åñêèõ

ïðîöåññîâ ýëåêòðîõèìè-
÷åñêîãî ôîðìîîáðàçîâà-

íèÿ ñ âåëè÷èíàìè
è çíàêàìè òåðìîêèíåòè-

÷åñêèõ ýôôåêòîâ

Óñòàíîâëåíèå ìåõàíèçìà
âîçíèêíîâåíèÿ òåðìîêèíåòè÷åñêèõ

ýôôåêòîâ íà ýëåêòðîäàõ
ïðè ïðîòåêàíèè

ýëåêòðîõèìè÷åñêèõ ðåàêöèé

Îïðåäåëåíèå âëèÿíèÿ
ïàðàìåòðîâ èìïóëüñíîãî

òîêà íà ïðîöåññû
íóêëåàöèè è ôîðìèðîâà-

íèÿ íîâûõ öåíòðîâ
ðàñòâîðåíèÿ â ðåàëüíûõ

ýëåêòðîõèìè÷åñêèõ
ñèñòåìàõ

Ïîñòðîåíèå ìàòåìàòè÷åñêèõ ìîäåëåé
èçó÷àåìûõ ïðîöåññîâ ñ öåëüþ

èõ èñïîëüçîâàíèÿ äëÿ ðåàëèçàöèè
â àíàëîãè÷íûõ òåõíîëîãè÷åñêèõ

ïðîöåññàõ

Ðèñ. 1. Àëãîðèòì ðåøåíèÿ ïðîáëåìû âçàèìîäåéñòâèÿ
âîäîðîäà ñ ìåòàëëîì ïðè ýëåêòðîõèìè÷åñêîì âîññòà-
íîâëåíèè íà êàòîäå

2. Èññëåäîâàíèå âçàèìîñâÿçè òåõíîëîãè÷åñ-
êèõ ïàðàìåòðîâ ýëåêòðîõèìè÷åñêèõ ïðîöåññîâ ñ
âåëè÷èíàìè è çíàêàìè òåðìîêèíåòè÷åñêèõ ýô-
ôåêòîâ.

3. Ïîñòðîåíèå ìàòåìàòè÷åñêèõ ìîäåëåé èñ-
ñëåäóåìûõ ïðîöåññîâ ñ öåëüþ èõ ïðèìåíåíèÿ äëÿ
àíàëîãè÷íûõ òåõíîëîãè÷åñêèõ ïðîöåññîâ.

Àíàëèç òèïè÷íûõ óðàâíåíèé êèíåòèêè ýëåê-
òðîõèìè÷åñêèõ ïðîöåññîâ (9)–(12) ïîêàçûâàåò,
÷òî âõîäÿùàÿ â íèõ â êà÷åñòâå îñíîâíîãî ïàðà-
ìåòðà òåìïåðàòóðà îêàçûâàåò âëèÿíèå íà ñêî-
ðîñòü ïðîöåññà:

 
( ) ,

d G
G H T

dT
∆

∆ = ∆ +  (9)

 
з

1 ,
А
RTi k e

−
=  (10)

 " ' 2 3 0
з 1 1

з

44 ln ,
3

CА А А r r RT
C

= − = π σ − π  (11)

 [ ] [ ]
( )

0 MeM .
i pZF f f

n RT
a si i x e

β −

=  (12)

Ïðîáëåìà èäåíòèôèêàöèè ðàññ÷èòàííûõ ïî
ýòèì óðàâíåíèÿì çíà÷åíèé ñêîðîñòè ïðîöåññà
çàêëþ÷àåòñÿ â òîì, ÷òî òåìïåðàòóðó â çîíå ðå-
àêöèè ýêñïåðèìåíòàëüíî òðóäíî èçìåðèòü.

Â ÷àñòíîñòè, ïðè èçó÷åíèè ïðîöåññîâ õðî-
ìèðîâàíèÿ íàìè áûëî óñòàíîâëåíî, ÷òî ýëåêò-
ðîëèò ïðåòåðïåâàåò ìîäèôèêàöèîííûå ïðåâðàùå-
íèÿ, â ðåçóëüòàòå ÷åãî ñêîðîñòü âûäåëåíèÿ õðî-
ìà ðåçêî ñíèæàåòñÿ. Óíèêàëüíîñòü ïðîöåññîâ
õðîìèðîâàíèÿ íà îñíîâå òðåõâàëåíòíûõ ñîåäè-
íåíèé — ýòî ïðîáëåìà, êîòîðàÿ â âåêå ïðîøëîì
è âåêå íûíåøíåì çàíèìàåò óìû è ñåðäöà âñåõ
ó÷åíûõ, ïîñêîëüêó òðåõâàëåíòíûå ýëåêòðîëèòû
ÿâëÿþòñÿ íàèáîëåå ïåðñïåêòèâíûìè äëÿ õðîìè-
ðîâàíèÿ, íî äî ñèõ ïîð â íàøåé ïðîìûøëåííîñ-
òè íå ñóùåñòâóåò íè îäíîãî ñïîñîáà, ãäå áû ýòîò
ýëåêòðîëèò áûë âíåäðåí â ïðîèçâîäñòâî. Âî-ïåð-
âûõ, ýòè ýëåêòðîëèòû ÿâëÿþòñÿ ýêîëîãè÷åñêè
áåçîïàñíûìè, ñîåäèíåíèÿ òðåõâàëåíòíîãî õðîìà
íå îòíîñÿòñÿ äàæå ê ïðîìûøëåííûì ÿäàì ïî
îòíîøåíèþ ê ðàñòâîðàì õðîìîâîé êèñëîòû, êî-
òîðûå, ïî ïðèçíàíèþ ìåäèêîâ, ñ÷èòàþòñÿ âåùå-
ñòâàìè, îòíîñÿùèìèñÿ ê êàíöåðîãåíàì. Åñëè áû
ýòîò ïðîöåññ áûë âíåäðåí â ïðîèçâîäñòâî, òî íå-
îñïîðèìî èìåë áû áîëüøîé óñïåõ. Êðîìå òîãî,
òðåõâàëåíòíûé ýëåêòðîëèò õðîìèðîâàíèÿ èìååò
ðÿä äðóãèõ ïðåèìóùåñòâ, à èìåííî: áîëåå âûñî-
êèé âûõîä ïî òîêó, áîëåå íèçêèå òåìïåðàòóðû
ïðè íåâûñîêîé êîíöåíòðàöèè ýëåêòðîëèòà è,
ñîîòâåòñòâåííî, áîëåå âûñîêèé ÊÏÄ ñàìîãî ïðî-
öåññà. Òå ïðîáëåìû, êîòîðûå âîçíèêàþò ïðè
âíåäðåíèè, çàñòàâèëè íàñ çàíÿòüñÿ èìåííî èçó-
÷åíèåì âëèÿíèÿ òåïëîâûõ ïîëåé, êîòîðûå ÿâ-
ëÿþòñÿ ñëåäñòâèåì ïðîòåêàþùèõ íà ýëåêòðîäàõ
ïðîöåññîâ. Âîçâðàùàÿñü ê óðàâíåíèÿì (9)–(12),
â êîòîðûõ çíà÷åíèå òåìïåðàòóðû, âõîäÿùåå â
íèõ êàê ïàðàìåòð, ïðàêòè÷åñêè íå äàåò îòâåòà
íà âîïðîñû î âåëè÷èíå òåìïåðàòóðû è íà êàêîì
ó÷àñòêå è â êàêîé çîíå ìû åå îïðåäåëÿåì. Êàê
ïðàâèëî, âñå îòíîñèòñÿ ê òåìïåðàòóðå ýëåêòðî-
ëèòà, íî ýòî îêàçûâàåòñÿ íå ñîâñåì âåðíî. Äåëî
â òîì, ÷òî â íàøèõ èññëåäîâàíèÿõ, êîòîðûå

Þ. Í. Øàëèìîâ, Å. Ë. Õàð÷åíêî, Þ. Â. Ëèòâèíîâ, À. Ë. Ãóñåâ, Â. Â. Ïåøêîâ
Î ìåõàíèçìå ýëåêòðîõèìè÷åñêîãî íàâîäîðîæèâàíèÿ ìåòàëëîâ è ñïëàâîâ
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Âîäîðîäíàÿ ýíåðãåòèêà è òðàíñïîðò
Êîíñòðóêöèîííûå ìàòåðèàëû

ïðîâîäèëèñü â òå÷åíèå äëèòåëüíîãî âðåìåíè,
óñòàíîâëåíî, ÷òî â çàâèñèìîñòè îò òîãî, êàêîâû
ðåæèìû ýëåêòðîëèçà, êàêîâ ñîñòàâ ýëåêòðîëèòà
è óñëîâèÿ ïðîòåêàíèÿ ïðîöåññà, òåìïåðàòóðà â
ïðèêàòîäíîì ñëîå ìîæåò îòëè÷àòüñÿ íà äåñÿòêè
ãðàäóñîâ. Òî åñòü, åñëè ìû ñòàâèì âîïðîñ î òåì-
ïåðàòóðå, òî äîëæíû çíàòü èñòèííóþ òåìïåðà-
òóðó íà ïîâåðõíîñòè ýëåêòðîäà, èìåííî â çîíå
âçàèìîäåéñòâèÿ. Åñëè ïðîàíàëèçèðîâàòü êðèâûå,
ïðèâåäåííûå íà ðèñ. 2, òî óâèäèì, ÷òî ýëåêòðî-
òåðìîãðàììû, òî åñòü çàâèñèìîñòè òåìïåðàòóðû
ïðèýëåêòðîäíîãî ñëîÿ îò âðåìåíè è ïëîòíîñòè
òîêà íà êàòîäå, èìåþò âîçðàñòàþùèé õàðàêòåð.
È ïî ìåðå óâåëè÷åíèÿ ïðîäîëæèòåëüíîñòè ýëåê-
òðîëèçà òåìïåðàòóðà äîñòèãàåò çíà÷åíèé ïîðÿä-
êà 40 °Ñ ïî ñðàâíåíèþ ñ òåìïåðàòóðîé â îáúåìå
ýëåêòðîëèòà.

Ýëåêòðîòåðìîãðàììû ïðèêàòîäíîãî ñëîÿ (çà-

âèñèìîñòè ( ),kT f i∆ = τ ) äëÿ âñåõ òèïîâ ýëåêòðî-

ëèòîâ íîñÿò ýêñïîíåíöèàëüíî âîçðàñòàþùèé õà-
ðàêòåð. Ïàðàìåòðû ýêñïîíåíòû îïðåäåëÿþòñÿ
õàðàêòåðîì ïðîòåêàþùèõ ïðîöåññîâ è çàâèñÿò
òàêæå îò òåïëîôèçè÷åñêèõ ñâîéñòâ ýëåêòðîõè-
ìè÷åñêîé ñèñòåìû. Ñ äðóãîé ñòîðîíû, ïàäàþùåå
çíà÷åíèå âûõîäà ïî òîêó õðîìà ñ óâåëè÷åíèåì
ïðîäîëæèòåëüíîñòè ýëåêòðîëèçà ïðè âñåõ çíà-
÷åíèÿõ ïîëÿðèçóþùåãî òîêà ñâèäåòåëüñòâóþò î
òîì, ÷òî ïåðåðàñïðåäåëåíèå òîêà â ýëåêòðîõè-
ìè÷åñêîé ñèñòåìå íà÷èíàåòñÿ óæå â ñàìîì íà÷à-
ëå ïðîöåññà (ðèñ. 3).

Àíàëèç õîäà êðèâûõ çàâèñèìîñòåé ( ),kT f i∆ = τ
è ( )0 ,kCr

A f i= τ  ïîçâîëÿåò ñäåëàòü ëîãè÷åñêèé âû-

âîä îá óìåíüøåíèè ñêîðîñòè âîññòàíîâëåíèÿ
õðîìà çà ñ÷åò ñíèæåíèÿ êîíöåíòðàöèè ðàçðÿæà-
þùèõñÿ èîíîâ ìåòàëëà ïðè óâåëè÷åíèè ïðîäîë-
æèòåëüíîñòè ýëåêòðîëèçà. Â áîëåå ðàííèõ ðàáî-
òàõ [3] íàìè áûëî óñòàíîâëåíî, ÷òî ïîâûøåíèå
òåìïåðàòóðû â ïðèêàòîäíîì ñëîå îáóñëîâëåíî
òåðìîêèíåòè÷åñêèìè ýôôåêòàìè, ôîðìèðóþùè-
ìè â ïðèýëåêòðîäíîé çîíå «òåïëîâîé áàðüåð».

Ìû óñòàíîâèëè, ÷òî ïðè÷èí âîçíèêíîâåíèÿ
òåïëîâûõ ýôôåêòîâ íà ýëåêòðîäàõ ìîæåò áûòü
íåñêîëüêî, â òîì ÷èñëå è òå, ÷òî ñ÷èòàþòñÿ òðà-
äèöèîííûìè — ýòî äæîóëåâû ïîòåðè â ýëåêòðî-
ëèòå, íî íå îíè îïðåäåëÿþò òåìïåðàòóðó íà ïî-
âåðõíîñòè ýëåêòðîäà. Äæîóëåâû òåïëîòû, òåïëî-
òû Ïåëüòüå, òåïëîòû ìîëèçàöèè ãàçîâ, êîòîðûå
íåïîñðåäñòâåííî âûäåëÿþòñÿ íà ýëåêòðîäàõ (êèñ-
ëîðîä — íà àíîäå è âîäîðîä — íà êàòîäå), òåï-

Ðèñ. 2. Çàâèñèìîñòü òåìïåðàòóðû â çîíå ýëåêòðîõèìè÷åñêîé ðåàêöèè îò õèìè÷åñêîãî ñîñòàâà ýëåêòðîëèòà,
ðåæèìîâ ýëåêòðîëèçà è åãî ïðîäîëæèòåëüíîñòè (öèôðû âîçëå êðèâûõ îçíà÷àþò ïëîòíîñòü êàòîäíîãî òîêà)

Стандартные электролиты

Продолжительность
электролиза, мин

T, °C
Перхлоратные электролиты

Продолжительность
электролиза, мин

T, °C
Сульфатные электролиты

Продолжительность
электролиза, мин

T, °C

Ðèñ. 3. Çàâèñèìîñòü âûõîäà ïî òîêó õðîìà îò ïëîòíî-
ñòè êàòîäíîãî òîêà è ïðîäîëæèòåëüíîñòè ýëåêòðî-
ëèçà â ñåðíîêèñëûõ ýëåêòðîëèòàõ õðîìèðîâàíèÿ

ëîòû ãèäðàòàöèè è äåãèäðàòàöèè — ýòî öåëûé
ðÿä êîìïîíåíòîâ, êîòîðûé îïðåäåëÿåò îáùèé òåì-
ïåðàòóðíûé ýôôåêò. Íà ðèñ. 4 ïîêàçàíî ðàñïðå-
äåëåíèå òåïëîâûõ ïîòîêîâ â îáû÷íîì ýëåêòðîëè-
çåðå. Òåïëîòà Äæîóëÿ äèññèïèðóåòñÿ â ìåæýëåê-
òðîäíîì ïðîñòðàíñòâå, à îñòàëüíûå ñîñòàâëÿþ-
ùèå ñîñðåäîòî÷åíû â çîíå ðåàêöèè. Ýêâèâàëåíò-
íàÿ òåïëîâàÿ ñõåìà çàìåùåíèÿ òåïëîâûõ ïîòîêîâ
ýëåêòðîõèìè÷åñêîé ñèñòåìû ïðåäñòàâëåíà íà
ðèñ. 5. Ñîãëàñíî ýòîé ñõåìå, îñíîâíûå òåïëîâûå
ïîòîêè ñîñðåäîòî÷åíû â ïðèýëåêòðîäíûõ çîíàõ.
Íàïðàâëåíèå grad T âñåãäà áóäåò îò öåíòðà ìåæ-
ýëåêòðîäíîãî ïðîñòðàíñòâà ê ýëåêòðîäàì, à òåïëî-
âûå ïîòîêè, íàîáîðîò, íàïðàâëåíû îò ýëåêòðî-
äîâ. Èñêëþ÷åíèå ñîñòàâëÿþò ëèøü ðåäêèå ýëåêòðî-
õèìè÷åñêèå ïðîöåññû â êîìïëåêñíûõ ýëåêòðîëè-
òàõ, ãäå ðåàêöèè íà àíîäå ïðîòåêàþò ñ ïîãëîùå-
íèåì òåïëîòû.

Òàêèì îáðàçîì, íà ãðàíèöå ðàçäåëà «ýëåêò-
ðîä – ýëåêòðîëèò» âñåãäà ñóùåñòâóåò òåïëîâîé
«ïîòåíöèàëüíûé áàðüåð», ñíèæàþùèé ñêîðîñòü
äèôôóçèè ðåàãèðóþùèõ ÷àñòèö ê ýëåêòðîäàì.

Â ñâÿçè ñ ýòèì ïðè ïîâûøåíèè òåìïåðàòó-
ðû â ïðèêàòîäíîì ñëîå âåðîÿòíîñòü óâåëè÷åíèÿ
êîíöåíòðàöèè èîíîâ Í+ ìîæåò áûòü ñâÿçàíà òàê-
æå ñ ýôôåêòîì Ñîðý, ñîãëàñíî êîòîðîìó ÷àñòè-
öû ñ ìàëûì âåñîì ñòðåìÿòñÿ â «ãîðÿ÷èå» îáëàñ-
òè, à ÷àñòèöû ñ áîëüøèì ìîëåêóëÿðíûì âåñîì
óñòðåìëÿþòñÿ â «õîëîäíûå» îáëàñòè.

×òî æå êàñàåòñÿ ëîêàëèçàöèè ñëîåâ ñ âûñî-
êîé òåìïåðàòóðîé â ýëåêòðîõèìè÷åñêèõ ñèñòå-
ìàõ, òî â ïîñëåäíåå âðåìÿ îïðåäåëèëèñü äâà ìíå-
íèÿ. Ïî ìíåíèþ áîëüøèíñòâà èññëåäîâàòåëåé,
ìàêñèìàëüíàÿ òåìïåðàòóðà ðåàëèçóåòñÿ íåïî-
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òðîëèò». Òàêîãî æå ìíåíèÿ ïðèäåðæèâàåòñÿ è
êëàññè÷åñêàÿ òåïëîôèçèêà. Îäíàêî ñóùåñòâóåò
ïðåäïîëîæåíèå î òîì, ÷òî ýêñòðåìàëüíàÿ çîíà
òåìïåðàòóðû íåñêîëüêî ñìåùåíà âãëóáü ýëåêò-
ðîëèòà (íà ìàëîì óäàëåíèè îò ýëåêòðîäà). Ýòî,
ïî-âèäèìîìó, ìîæíî îáúÿñíèòü ðàçëè÷èåì
óñëîâèé ýêñïåðèìåíòà. Íàïðèìåð, ñìåùåíèå ãî-
ðÿ÷åé çîíû âãëóáü ýëåêòðîëèòà ïðè ýëåêòðîõè-
ìè÷åñêîé îáðàáîòêå ìàññèâíûõ äåòàëåé ìîæíî
îáúÿñíèòü õîðîøèì òåïëîîòâîäîì çà ñ÷åò âûñî-
êîé òåïëîïðîâîäíîñòè ìàòåðèàëà ýëåêòðîäà, èç-
áûòêà òåïëîâîé ýíåðãèè. Ïðåäïîëîæåíèå æå î
òîì, ÷òî íåêîòîðûå ðåàêöèè ïðîòåêàþò íà áîëü-
øîì óäàëåíèè îò ýëåêòðîäà, ñëåäóåò ïðèçíàòü
íåñîñòîÿòåëüíûì, òàê êàê âðåìÿ ðåëàêñàöèè
èîíà (âðåìÿ ðåàêöèè) çíà÷èòåëüíî ìåíüøå âðå-
ìåíè åãî ïåðåìåùåíèÿ âãëóáü ýëåêòðîëèòà.

Ðèñ. 5. Ýêâèâàëåíòíàÿ òåïëîâàÿ ñõåìà çàìåùåíèÿ òåïëî-
âûõ ïîòîêîâ â ýëåêòðîõèìè÷åñêèõ ñèñòåìàõ, âîçíèêàþ-
ùèõ çà ñ÷åò òåðìîêèíåòè÷åñêèõ ýôôåêòîâ: Q

1
— òåïëî-

âîé ïîòîê çà ñ÷åò ïàññèâíîãî íàãðåâà ýëåêòðîäîâ; Q
2
—

òåïëîâûå ïîòîêè, îáóñëîâëåííûå ýëåêòðîõèìè÷åñêèìè ðå-
àêöèÿìè íà ýëåêòðîäàõ; Q

3
— òåïëîâûå ïîòîêè, îáóñëîâ-

ëåííûå ãàçîâûäåëåíèåì íà ýëåêòðîäàõ; Q
4
 — òåïëîâîé

ïîòîê ðàññåÿíèÿ íà àêòèâíîì ñîïðîòèâëåíèè ÿ÷åéêè

Ýëåêòðîõèìè÷åñêàÿ ñèñòåìà ÿâëÿåòñÿ
óíèêàëüíîé ñ òî÷êè çðåíèÿ ïîçíàíèÿ ïðî-
öåññîâ òåïëîìàññîïåðåíîñà. Çäåñü ìîæíî
ðåàëèçîâàòü ñèñòåìû, ïðè êîòîðûõ ïîâåðõ-
íîñòü ïîëó÷àåòñÿ ýêçîòè÷åñêîé â òîì ïëà-
íå, ÷òî îíà èìååò î÷åíü ìàëûå ðàçìåðû ïî
ôðîíòó ðàñïðîñòðàíåíèÿ òåïëîâîé âîëíû
(íàïðèìåð, ôîëüãà). Â òî æå âðåìÿ âîçíèê-
íîâåíèå òåïëà íà òàêîé áîëüøîé ïîâåðõ-
íîñòè ýëåêòðîäà äàåò âîçìîæíîñòü îöåíèòü
ýòè ïðîöåññû ñ òî÷êè çðåíèÿ òåïëîôèçèêè.
Íà ðèñ. 6 ïîêàçàíî äåéñòâèå èìïóëüñíîãî
òîêà íà ýëåêòðîõèìè÷åñêóþ ñèñòåìó è óñòà-
íîâëåíî, ÷òî ÷åì áîëüøå ñêâàæíîñòü èì-
ïóëüñîâ, òåì ñòàíîâèòñÿ âûøå ïðè òîé æå
ââîäèìîé ìîùíîñòè ïî ïîñòîÿííîé èíòåã-
ðàëüíîé òåïëîâîé áàðüåð, íî åãî ôðîíò ñòà-
íîâèòñÿ áîëåå óçêèì. Òî åñòü ìû èìååì
óçêèé ôðîíò ïðè áîëüøîì çíà÷åíèè òåì-
ïåðàòóðû â çîíå, íåïîñðåäñòâåííî ïðèìû-
êàþùåé ê ýëåêòðîäó.

Äëÿ îïðåäåëåíèÿ òåìïåðàòóðû â çîíå
ðåàêöèè ÷åðåç òåõíîëîãè÷åñêèå ïàðàìåòðû
(ïëîòíîñòü òîêà, ïðîäîëæèòåëüíîñòü ýëåê-
òðîëèçà, õèìè÷åñêèé ñîñòàâ ýëåêòðîëèòà)
íàìè ïðåäëîæåí àíàëèòè÷åñêèé ñïîñîá.

Çíàíèå èñòèííîé òåìïåðàòóðû íà ïî-
âåðõíîñòè ýëåêòðîäà ïîçâîëÿåò ïðîãíîçè-
ðîâàòü íå òîëüêî îñíîâíûå êèíåòè÷åñêèå

ïàðàìåòðû ïðîöåññà, íî è îöåíèòü âåðîÿòíîñòü
ïåðåðàñïðåäåëåíèÿ ñîñòàâëÿþùèõ êîìïîíåíòîâ
ñóììàðíîé ýëåêòðîõèìè÷åñêîé ðåàêöèè.

Ðèñ. 7. Çàâèñèìîñòü òåìïåðàòóðû ýëåêòðîäà îò ïëîò-
íîñòè àíîäíîãî òîêà è ïðîäîëæèòåëüíîñòè ýëåêòðî-
ëèçà ïðè ðàçëè÷íûõ çíà÷åíèÿõ ia. Öèôðû íà êðèâûõ
îçíà÷àþò ïëîòíîñòü òîêà íà ýëåêòðîäàõ, A/äì2

Ðèñ. 6. Ðàñïðåäåëåíèå òåïëîâîãî èìïóëüñà ïðè ðàçëè÷-
íûõ ðåæèìàõ èìïóëüñíîãî òîêà

Ðèñ. 4. Òåïëîâûå (òåðìîêèíåòè÷åñêèå) ýôôåêòû ðåàêöèé â ýëåê-
òðîõèìè÷åñêèõ ñèñòåìàõ: Ï, O, Z, S — ýôôåêò Ïåëüòå, Òîìñî-
íà, Çååáåêà, Ñîðý; ∆H

õåì
, Q

îõ–
, E

ñâ
(Í

2
), E

ñâ
(Î

2
), ∆Hh, ∆Hhd — òåïëî-

òû õåìîñîðáöèè, îêèñëèòåëüíî-âîññòàíîâèòåëüíûõ ðåàêöèé,
ìîëèçàöèè Í

2
, ìîëèçàöèè Î

2
, ãèäðàòàöèè èîíîâ, äåãèäðàòàöèè

èîíîâ; D — òåïëîâîé ýôôåêò Äæîóëÿ

Þ. Í. Øàëèìîâ, Å. Ë. Õàð÷åíêî, Þ. Â. Ëèòâèíîâ, À. Ë. Ãóñåâ, Â. Â. Ïåøêîâ
Î ìåõàíèçìå ýëåêòðîõèìè÷åñêîãî íàâîäîðîæèâàíèÿ ìåòàëëîâ è ñïëàâîâ
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Íà ðèñ. 7 ïðåäñòàâëåíû çàâèñèìîñòè òåìïå-
ðàòóðû â çîíå ýëåêòðîäíîé ðåàêöèè îò ïëîòíîñ-
òè òîêà è ïðîäîëæèòåëüíîñòè ýëåêòðîëèçà äëÿ
ïðîöåññà àíîäíîãî ðàñòâîðåíèÿ àëþìèíèÿ.

Êðèâûå òàêîãî òèïà ìîãóò áûòü îïèñàíû
óðàâíåíèåì âèäà:

 эксп

эксп
.aT

a b
τ

∆ =
+ ⋅ τ

 (13)

Â ýòîì óðàâíåíèè ìîæíî ïîëîæèòü, ÷òî
ïëîòíîñòü òîêà áóäåò îïðåäåëÿòüñÿ êîýôôèöè-
åíòîì b. Ïîñêîëüêó ∆Ta ñâÿçàíà ñ âåëè÷èíîé
ïëîòíîñòè êàòîäíîãî òîêà ïðÿìîé çàâèñèìîñòüþ,

òî ìîæíî ïðèíÿòü 1 ab i= , òîãäà âçàèìîñâÿçü ∆Ta
ñ òåõíîëîãè÷åñêèìè ïàðàìåòðàìè ïðîöåññà
îïðåäåëèòñÿ âûðàæåíèåì:

 эксп

эксп
.

1a
a

T
a i

τ
∆ =

+ τ
 (14)

Òàêèì îáðàçîì, âñå òåõíîëîãè÷åñêèå ïàðà-
ìåòðû ïðîöåññà îêàçûâàþòñÿ âçàèìîñâÿçàííû-
ìè ÷åðåç êîýôôèöèåíò a, êîòîðûé è îïðåäåëèì
äëÿ ðàçëè÷íûõ çíà÷åíèé óêàçàííûõ ïàðàìåòðîâ:

 
( )эксп эксп .a a

a

i T
a

T
τ − τ ∆

=
∆

 (15)

Îïðåäåëèì çíà÷åíèÿ êîýôôèöèåíòà a äëÿ
íèæíåãî è âåðõíåãî ïðåäåëîâ ïëîòíîñòè òîêà
ia = 5 è 50 À/äì2 ïðè ïðîìåæóòî÷íûõ çíà÷åíèÿõ
týë-çà = 3, 6, 9, 12, 15, 18, 21, 24, 27 è 30 ìèí.
Ðåçóëüòàòû âû÷èñëåíèé ñâåäåíû â òàáë. 1.

τ, мин а при iа = 5 А/дм2 а при iа = 50 А/дм2 
3 0,76 0,16 
6 0,49 0,146 
9 0,15 0,132 

12 –0,2 0,117 
15 –0,52 0,102 
18 –0,93 0,088 
21 –1,28 0,073 
24 –1,61 0,058 
27 –1,94 0,043 
30 –2,18 0,029 

Òàáëèöà 1

Çíà÷åíèå êîýôôèöèåíòà a â çàâèñèìîñòè
îò ïëîòíîñòè òîêà è ïðîäîëæèòåëüíîñòè

ýëåêòðîëèçà

Ãðàôè÷åñêèå çàâèñèìîñòè a = f (τ) ïðè ðàçëè÷-
íûõ çíà÷åíèÿõ ia ïðåäñòàâëåíû íà ðèñ. 8.

Îòêëîíåíèÿ çíà÷åíèé a íà ãðàôèêàõ îò ïðÿ-
ìîé ëèíåàðèçàöèè ôóíêöèè a = f (τ) ïðîâåðÿþòñÿ
ìåòîäîì îáðàòíûõ âû÷èñëåíèé àíàëèòè÷åñêèõ
çíà÷åíèé ôóíêöèè.

Òàêèì îáðàçîì, ïîäñòàâëÿÿ çíà÷åíèå a â âû-
ðàæåíèå (14), ìîæíî ðàññ÷èòàòü òåìïåðàòóðó íà
ïîâåðõíîñòè ýëåêòðîäà â ëþáîé çàäàííûé ìîìåíò
âðåìåíè ïðè èçâåñòíîé ïëîòíîñòè àíîäíîãî òîêà.

Çíà÷åíèå êîýôôèöèåíòà a îïðåäåëÿåòñÿ ñ
ïîìîùüþ ïðèâåäåííûõ íà ðèñ. 8 íîìîãðàìì,
ïðåäñòàâëÿþùèõ ñîáîé ñåðèþ îòðåçêîâ ïðÿìûõ
äëÿ êàæäîé ïëîòíîñòè òîêà, ïåðåñåêàþùèõ îñü
τ â ðàçëè÷íûõ òî÷êàõ.

Ðèñ. 8. Çàâèñèìîñòü a = f (τ) äëÿ ðàçëè÷íûõ çíà÷åíèé
ïëîòíîñòè àíîäíîãî òîêà (íîìîãðàììû àíàëèòè÷åñ-
êîãî ðàñ÷åòà òåìïåðàòóðû ýëåêòðîäà)

Ëèíåéíûé õàðàêòåð èçìåíåíèÿ a îò âðåìåíè
ýëåêòðîëèçà äàåò âîçìîæíîñòü êîððåêòèðîâêè
çíà÷åíèÿ òåìïåðàòóðû â ïðèýëåêòðîäíîì ñëîå äëÿ
òî÷åê, èìåþùèõ ñëó÷àéíûé âûáðîñ èç ñåðèè èç-
ìåðåíèé. Òàêèì îáðàçîì, ìàòåìàòè÷åñêàÿ ìîäåëü
ïðîöåññîâ òåïëîâûäåëåíèÿ íà ýëåêòðîäàõ, îïè-
ñûâàåìûõ â îáùåì âèäå êðèâûìè íàñûùåíèÿ,
ïðåîáðàçóåòñÿ îòíîñèòåëüíî ïðîñòî ñ ïîìîùüþ
óðàâíåíèÿ (14) è ãðàôèêà-íîìîãðàììû (ðèñ. 8) â
óäîáíóþ äëÿ ðàñ÷åòîâ ôîðìó, èñïîëüçóþùóþ òåõ-
íîëîãè÷åñêèå ïàðàìåòðû ïðîöåññà.

Ëîêàëüíîå çíà÷åíèå òåìïåðàòóðû â ïðèýëåê-
òðîäíîé çîíå îïðåäåëÿåò ðåàëüíûå óñëîâèÿ ïðî-
öåññà è ïîýòîìó ÿâëÿåòñÿ îäíèì èç îñíîâíûõ
çàäàâàåìûõ ïàðàìåòðîâ.

Ïîñòðîåíèå òåìïåðàòóðíîãî ïîëÿ â êîîðäè-
íàòàõ «òîê – âðåìÿ» ïîêàçàíî íà ðèñ. 9.

Ïîâåðõíîñòü, ïðåäñòàâëÿþùàÿ òåìïåðàòóð-
íîå ïîëå ýëåêòðîäà, îïèñûâàåòñÿ ñèñòåìîé äèô-
ôåðåíöèàëüíûõ óðàâíåíèé âòîðîãî ïîðÿäêà è
ïîçâîëÿåò îïðåäåëèòü òåìïåðàòóðó ýëåêòðîäà
àíàëèòè÷åñêè â ëþáîé ìîìåíò âðåìåíè ïðè ïðî-
èçâîëüíî âûáðàííîì çíà÷åíèè ïëîòíîñòè òîêà.

Плотность тока, А/дм 2
Продолжительность электролиза

Ðèñ. 9. Çàâèñèìîñòü òåìïåðàòóðû ýëåêòðîäà îò ïëîò-
íîñòè òîêà (i) è ïðîäîëæèòåëüíîñòè ýëåêòðîëèçà (τ)

Âîäîðîäíàÿ ýíåðãåòèêà è òðàíñïîðò
Êîíñòðóêöèîííûå ìàòåðèàëû
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Ôóíêöèè ∆T = f (ia) ïðè τ = const è ∆T = ϕ(τ)
ïðè ia = const íå èìåþò ðàçðûâà, ÷òî äàåò îñíî-
âàíèå ïðåäïîëàãàòü, ÷òî íà ïîâåðõíîñòè ∆T =
= f (i, τ) îòñóòñòâóþò àíîìàëüíûå òî÷êè. Ïîýòî-
ìó îïðåäåëåíèå ïðîìåæóòî÷íûõ çíà÷åíèé ∆T, ñî-
îòâåòñòâóþùèõ çíà÷åíèÿì i è τ, íå ëåæàùèõ
íåïîñðåäñòâåííî íà ëèíèÿõ îïðåäåëåíèÿ, ìîæ-
íî îñóùåñòâèòü ìåòîäîì àïïðîêñèìàöèè.

Â äàëüíåéøèõ ðàñ÷åòàõ ìîæíî èñïîëüçîâàòü
êëàññè÷åñêèå ôîðìóëû òåïëîìàññîïåðåíîñà. Â
ýòîì ñëó÷àå â óðàâíåíèå òåïëîìàññîïåðåíîñà íå-
îáõîäèìî ïîäñòàâèòü çíà÷åíèÿ òåìïåðàòóð â çîíå
ðåàêöèè, îïðåäåëåííûå àíàëèòè÷åñêè ÷åðåç òåõ-
íîëîãè÷åñêèå ïàðàìåòðû.

Äèôôåðåíöèàëüíîå óðàâíåíèå èçìåíåíèÿ
ýíåðãèè â êëàññè÷åñêîì âûðàæåíèè ìîæíî çà-
ïèñàòü â ñëåäóþùåì âèäå [4]:

 
2 1 div .x y z i i

i i i it j i
x y z

 ∂ λ ∂ ∂ ∂
= ∇ − ω + ω + ω − ⋅ ∂τ ρ ∂ ∂ ∂ ρ 

∑  (16)

Ïåðâûé ÷ëåí ïðàâîé ÷àñòè óðàâíåíèÿ ó÷èòû-
âàåò òåïëîïðîâîäíîñòü, âòîðîé — êîíâåêòèâíûé
ïåðåíîñ, à òðåòèé — ìîëåêóëÿðíóþ äèôôóçèþ.

Äëÿ ïîâûøåíèÿ äîñòîâåðíîñòè ðåçóëüòàòîâ

ïðè îïðåäåëåíèè i∂ ∂τ íåîáõîäèìî â óðàâíåíèå

(16) ïîäñòàâëÿòü çíà÷åíèÿ òåìïåðàòóðû, âû÷èñ-
ëåííûå ïî ïðåäëîæåííûì íàìè ôîðìóëàì, â
êîòîðûå âêëþ÷åíû ïàðàìåòðû òåõíîëîãè÷åñêî-
ãî ïðîöåññà.

Òåðìîãðàììà òåïëîâîãî ïîëÿ ïðè íåïðåðûâ-
íîì è èìïóëüñíîì ýëåêòðîëèçå ìîæåò áûòü ðàñ-
ñ÷èòàíà ïî ïðèâåäåííîé íèæå ôîðìóëå [5]:

( )
( )

( ) ( ) ( ) ( )

3

2 2 2

1, , ,
4

ξ,η,ζ exp .
4

Т x y z
a

x y z
f d d d

a

+∞

−∞

τ = ×
π τ

 − ξ + − η + − ζ
 × − ξ η ζ

τ  
∫ ∫ ∫ (17)

Â ýòîì ñëó÷àå èçìåíåíèå òåìïåðàòóðû ìîæ-
íî îïðåäåëèòü â òðåõìåðíîì ïðîñòðàíñòâå äëÿ
ëþáîé òî÷êè ýëåêòðîõèìè÷åñêîé ñèñòåìû. Õà-
ðàêòåð èçìåíåíèÿ çàâèñèìîñòè T(x, y, z) ïîçâîëÿ-
åò ðàññ÷èòàòü ãðàäèåíò òåìïåðàòóðíîãî ïîëÿ è
äàòü îöåíêó âåëè÷èíû òåðìîäèôôóçèîííîãî ïî-
òåíöèàëà, çíà÷åíèå êîòîðîãî ìîæåò îïðåäåëèòü
âåðîÿòíîñòü ïðîòåêàíèÿ ïðîöåññà. Òàê, ïðè èñ-
ñëåäîâàíèè ïðîöåññîâ ýëåêòðîêðèñòàëëèçàöèè
ìåòàëëîâ èç ðàñïëàâîâ ñîëåé àâòîðàìè [6] áûëî
îáíàðóæåíî, ÷òî ïðè çíà÷åíèè ãðàäèåíòà òåìïå-
ðàòóðû â çîíå ðåàêöèè, ðàâíîì èëè áîëüøåì
7,1 °Ñ/ñì, îáðàçîâàíèå öåíòðîâ êðèñòàëëèçàöèè
íà ìåòàëëå íåâîçìîæíî ïðè ëþáûõ çíà÷åíèÿõ
ïëîòíîñòè òîêà íà êàòîäå.

Ïðè èññëåäîâàíèè ïðîöåññîâ ýëåêòðîïåðåíîñà
(ìèãðàöèè èîíîâ âîäîðîäà) â ýëåêòðè÷åñêîì ïîëå
áûëî óñòàíîâëåíî, ÷òî ñèëà F âîçíèêàåò [7] ïðè
íàëè÷èè òîêà. Îíà ôåíîìåíîëîãè÷åñêè îïðåäå-
ëÿåòñÿ ýôôåêòèâíûì çàðÿäîì Z*:

 *gradФ,F eZ=  (18)

ãäå e — ýëåìåíòàðíûé (ïîëîæèòåëüíûé) çàðÿä;
grad Ô — ïðèëîæåííîå ýëåêòðè÷åñêîå ïîëå, âû-
çûâàþùåå òîê â ýëåêòðîõèìè÷åñêîé ñèñòåìå.

Âåëè÷èíà eZ* õàðàêòåðèçóåò ýëåêòðè÷åñêèé
çàðÿä, íà êîòîðûé òîëüêî ïðè íàëè÷èè âíåøíå-
ãî ïîëÿ äåéñòâîâàëè áû òå æå ñèëû, ÷òî è íà
àòîì âîäîðîäà, âíåäðåííûé â ìåòàëë. Ñîãëàñíî
ýòîìó ïðåäñòàâëåíèþ, îòðèöàòåëüíûé èëè ïî-
ëîæèòåëüíûé ýôôåêòèâíûé çàðÿä óêàçûâàåò íà
òî, ÷òî äåéñòâóþùàÿ ñèëà íàïðàâëåíà, ñîîòâåò-
ñòâåííî, ê àíîäó èëè êàòîäó.

Ýôôåêòèâíûé çàðÿä ââîäèòñÿ ÷èñòî ôåíîìå-
íîëîãè÷åñêè, ïîýòîìó åãî âåëè÷èíà ìîæåò ñèëüíî
îòëè÷àòüñÿ îò çàðÿäà âíåäðåííîãî èîíà âîäîðîäà.

Ïðè äåéñòâèè òåìïåðàòóðû ñèëà F âîçíèêà-
åò çà ñ÷åò ãðàäèåíòà òåìïåðàòóðû. Îíà îïðåäå-
ëÿåòñÿ òåïëîòîé ïåðåíîñà Q*:

 
* grad .TF Q

T
= −  (19)

Ïîëîæèòåëüíûå è îòðèöàòåëüíûå çíà÷åíèÿ
òåïëîòû ïåðåíîñà îòâå÷àþò, ñîîòâåòñòâåííî, ñè-
ëàì, íàïðàâëåííûì â ñòîðîíó áîëåå õîëîäíûõ
èëè áîëåå òåïëûõ ÷àñòåé îáðàçöà. Â ñëó÷àå îä-
íîâðåìåííîãî äåéñòâèÿ ýëåêòðè÷åñêîãî ïîëÿ è
òåìïåðàòóðíîãî ãðàäèåíòà íà àòîì âîäîðîäà èìååò
ìåñòî ëèíåéíàÿ ñóïåðïîçèöèÿ ñèë.

Ïîä äåéñòâèåì ñèëû F íàðÿäó ñ äèôôóçèîí-
íûì ïîòîêîì jdiff, âûçâàííûì ãðàäèåíòîì êîí-
öåíòðàöèè âîäîðîäà, âîçíèêàåò òàêæå äðåéôî-
âûé ïîòîê jdrift, è ïîëíûé ïîòîê âîäîðîäà ìîæåò
áûòü çàïèñàí â âèäå:

 grad ,diff driftj j j nD c ncMF= + = − +  (20)

ãäå n — ÷èñëî àòîìîâ ðåøåòêè ìåòàëëà â åäè-
íè÷íîì îáúåìå; c — êîíöåíòðàöèÿ âîäîðîäà; nc —
ïëîòíîñòü àòîìîâ âîäîðîäà; D — êîýôôèöèåíò
äèôôóçèè; M — ïîäâèæíîñòü âíåäðåííûõ àòî-
ìîâ âîäîðîäà.

Â îòñóòñòâèå äåéñòâóþùåé ñèëû F ïðèâå-
äåííîå âûøå óðàâíåíèå ñâîäèòñÿ ê çàêîíó Ôèêà.
Ñëåäóåò îòìåòèòü, ÷òî â óñëîâèÿõ ýëåêòðîõèìè-
÷åñêèõ ðåàêöèé îòñóòñòâèå ñèëû F ïîëíîñòüþ
èñêëþ÷àåòñÿ. Ïåðåõîä óðàâíåíèÿ (20) ê çàêîíó
Ôèêà âîçìîæåí òîëüêî äëÿ èäåàëèçèðîâàííîé
ýëåêòðîõèìè÷åñêîé ñèñòåìû. Â ðåàëüíûõ óñëî-
âèÿõ, êàê áûëî óñòàíîâëåíî íàìè ðàíåå [3], âåê-
òîðû ìèãðàöèè (ýëåêòðè÷åñêîãî ïîëÿ) è òåðìî-
äèôôóçèè â îòñóòñòâèå êîíâåêòèâíûõ ïîòîêîâ â
çîíå ðåàêöèè íàïðàâëåíû ñîãëàñîâàííî èëè ïðî-
òèâîïîëîæíî â çàâèñèìîñòè îò çíàêà òåðìîêè-
íåòè÷åñêîãî ýôôåêòà. Îäíàêî ñóììà ýòèõ âåêòî-
ðîâ çàâèñèò îò õàðàêòåðà ðàñïðåäåëåíèÿ òîêà è
òåìïåðàòóðû (ëîêàëüíîé) ïî ýëåêòðîõèìè÷åñêèì
ó÷àñòêàì ýëåêòðîäà. Çàâèñèìîñòü ýòà íîñèò äî-
âîëüíî ñëîæíûé õàðàêòåð, ïîýòîìó ðàñïðåäåëå-
íèå êîíöåíòðàöèè àòîìîâ âîäîðîäà â âèäå ôàçû
âíåäðåíèÿ èëè â âèäå ãèäðèäíûõ ñîåäèíåíèé
Me–H ðàçëè÷íî äëÿ îòäåëüíûõ ó÷àñòêîâ ýëåêò-
ðîäà. Íàëè÷èå ãèäðèäíîé ôàçû, íàïðèìåð, â
ñòðóêòóðå õðîìà áûëî ðàíåå îáíàðóæåíî àâòîðà-
ìè [8, 9]. Ïðè ýòîì âåðîÿòíîñòü îáðàçîâàíèÿ
ôàçû Cr–H çíà÷èòåëüíî áîëüøå, ÷åì îáðàçîâà-
íèÿ âîäîðîäà â âèäå âíåäðåííûõ àòîìîâ.

Äðåéôîâûé ïîòîê ñâÿçàí ñ äðåéôîâîé ñêî-
ðîñòüþ vdrift âíåäðåííûõ àòîìîâ âîäîðîäà, âîç-
íèêàþùåé ïîä äåéñòâèåì ñèëû F:

 .drift
drift

j
v MF

nc
= =  (21)

Þ. Í. Øàëèìîâ, Å. Ë. Õàð÷åíêî, Þ. Â. Ëèòâèíîâ, À. Ë. Ãóñåâ, Â. Â. Ïåøêîâ
Î ìåõàíèçìå ýëåêòðîõèìè÷åñêîãî íàâîäîðîæèâàíèÿ ìåòàëëîâ è ñïëàâîâ
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Ïåðåõîäÿ ê ïîäâèæíîñòè, ìîæíî çàïèñàòü:

 *.u MeZ=  (22)
Êîýôôèöèåíò äèôôóçèè D è ïîäâèæíîñòü M

ñâÿçàíû ìåæäó ñîáîé ÷åðåç õèìè÷åñêèé ïîòåí-
öèàë m âíåäðåííûõ àòîìîâ âîäîðîäà:

 .dD c M
dc
µ

=  (23)

Â ñîîòâåòñòâèè ñ ïîñëåäíèì óðàâíåíèåì ìîæ-
íî ñäåëàòü âûâîä î íåðàâíîìåðíîñòè ðàñïðåäå-
ëåíèÿ ñêîðîñòè äèôôóçèîííîãî ïðîöåññà ïî îò-
äåëüíûì ýëåìåíòàðíûì ó÷àñòêàì ýëåêòðîäîâ. Â
ñâÿçè ñ ýòèì ðåçóëüòàòû ýêñïåðèìåíòà îòäåëü-
íûõ èññëåäîâàòåëåé ìîãóò ñèëüíî ðàçëè÷àòüñÿ,
îñîáåííî äëÿ ìåòîäîâ, èñêëþ÷àþùèõ èíòåãðè-
ðîâàíèå ðåçóëüòàòîâ èçìåðåíèé ïî îòäåëüíûì
ó÷àñòêàì ïîâåðõíîñòè.

Ðåçþìèðóÿ èçëîæåííîå, ìîæíî ñêàçàòü, ÷òî
èçó÷åíèå ìåõàíèçìà âçàèìîäåéñòâèÿ âîäîðîäà ñ
ìåòàëëàìè òðåáóåò ïðîâåäåíèÿ äîïîëíèòåëüíûõ
êàê ýêñïåðèìåíòàëüíûõ, òàê è òåîðåòè÷åñêèõ
èññëåäîâàíèé.
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Fuel Cell 2007 is the fourth annual conference designed for
organizations interested in learning more about and applying
fuel cell technology. The conference provides an interactive
forum for OEMs, designers, engineers and integrators to discuss
the latest advancements in the industry. This event will feature
presentations from technology-leading companies discussing
the innovations behind portable, stationary and automotive
fuel cells.

This is an opportunity to network with peers, professionals
and potential business partners involved in technology solutions
serving a variety of applications.

See the latest products, services and technologies available
and discover what's coming next.

Learn the latest business and application developments in
fuel cell markets worldwide.

The conference will be held June 14-15, 2007 at the Hyatt
Regency, Rochester, N. Y. The event will be organized to provide
opportunities for constructive and creative networking
including refreshment and networking breaks, peer discussion
sessions, Q&A sessions with leading technology experts, daily
luncheons, reception, and tabletop or portable exhibits.

Key Subject Areas
• Codes, Standards and Regulations
• Fuel Cell Materials
• Fuel Cell Component Integration
• Market Trends/Outlook for the Fuel Cell Industry
• The Hydrogen Economy
• System Integration: Needs and Requirements
• Application Stories: Fuel Cells Currently in Use

http://www.fuelcell-magazine.com/fc_2007conf_index.htm

Who Will Attend
• OEM Design Engineers
• Developers and Integrators of Power Systems
• Power System Engineers
• Site and Facility Managers
• System Integrators, Value Added Resellers, Dealers
• Manufacturers and Distributors of fuel cells
• Manufacturers of  monitoring and testing equipment
• Providers of software systems for fuel cell  monitoring and

testing
• Testing laboratories
• Product Managers seeking new applications, technology

advancements and partnering opportunities
• Component providers

Benefits of Attending
• Select the right fuel cell strategies for your application
• Optimize your system performance and dependability
• Understand the latest capabilities of fuel cell systems
• Assure compliance with latest safety requirements and

best practices
• Anticipate new technology development
• Discuss your specific system needs with a variety of peers

and technology experts in an informal, educational setting
• Find out the latest market, pricing and manufacturing

trends worldwide

Contact Us
Attendees: Reserve your place now! Save time and money
by pre-registering. Team discounts available. Contact Ava
DiTomassi (ava@milomediapub.com) or Lindsey Anderson
(lindsey@milomediapub.com).

Exhibitors: Reserve your booth now! For information, contact
Greg Schriener (greg@milomediapub.com).

Speakers: For information on presentations, contact Lindsey
Anderson (lindsey@milomediapub.com).

Sponsors: For information on opportunities available, contact
Greg Schriener (lindsey@milomediapub.com).

Âîäîðîäíàÿ ýíåðãåòèêà è òðàíñïîðò
Êîíñòðóêöèîííûå ìàòåðèàëû
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PHASE TRANSITIONS OF γγγγγ-FeOOH DURING HEAT TREATMENT
IN NaOH AQUEOUS SOLUTIONS

D. G. Kleschev, R. R. Klescheva, A. V. Tolchev*, R. N. Pletnev**

 Department of Common and Experimental Physics,  Southern Urals State University
 76, Lenina av., 454080, Chelyabinsk, Russia

* Department of Engineering  Science, Chelyabinsk State Pedagogical University
454080, Chelyabinsk, Russia

** Institute of Solid State Chemistry, Ural Branch of the Russian Academy of Sciences
620219, Ekaterinburg, Russia

Phone: +7-351-267-93-07; fax: +7-351-265-59-50; e-mail: dgk@susu.ac.ru

The phase (into α-FeOOH) and chemical (into α-Fe2O3) transitions of the nonequilibrium phase
γ-FeOOH subjected to hydrothermal treatment in NaOH aqueous solutions with concentration 0 ≤ CNaOH ≤ 5
mole⋅l–1 at temperatures from 110 to 230 °C have been studied. The regions of formation of these
phases have been refined. Possible compositions of crystal-forming complexes, appearing in solutions,
and reactions occurring when they are built into different atomically smooth faces of α-FeOOH and
α-Fe2O3 crystals have been considered. Experimentally established dependences of the crystal habit,
phase and disperse composition of synthesized products on hydrothermal treatment parameters have
been interpreted on the basis of a proposed model.

1. Introduction

Nonequilibrium iron(III) oxyhydroxides of
γ- and δ-modifications, formed on oxidation of
aqueous solutions of iron(II) salts or iron(II) hy-
droxide suspensions under high oversaturation con-
ditions [1–4], undergo phase (PT) or chemical (CT)
transitions into equilibrium phases α-FeOOH or
α-Fe2O3 respectively when heat treated in alkaline
solutions. These phases have found extensive ap-
plication as inorganic pigments, starting materi-
als for magnetic powders, ceramics, etc. The syn-
thesis technique proposed allows a utilizing of the
alkali used for hydrogen energetics needs, among
them when producing hydrogen by the water-al-
kali or melt-alkali electrolysis. According to [2,
5–11], the kinetics and type of transition of the
nonequilibrium FeOOH, as well as the crystal size
and habit of the arising phases depend on numer-
ous parameters, the main of which are the temper-
ature of heat treatment, the concentration of al-
kali and FeOOH in suspension, the structure and
mean crystal size of initial iron(III) oxyhydrox-
ides. The aim of this work is to establish possible
reasons for multi-parameter dependence of the
phase composition and crystal habit of iron(III)
oxide compounds formed during hydrothermal
treatment of γ-FeOOH in NaOH solutions.

2. Experimetal

Single-phase (as evident from XRD and TEM
data) sample of γ-FeOOH with lamellar crystals
(the mean size of ~15 nm) was obtained after the
technique described elsewhere [4] by oxidation of

aqueous solution of iron(II) sulfate (chemical pu-
rity grade) by air at temperature 25 ± 2 °C and pH
of the reaction medium 7.3 ± 0.5 maintained by
continuous feed of aqueous solution of sodium
hydroxide (chemical purity grade) into the reac-
tor. The concentrations of FeSO4 and NaOH solu-
tions were 1.1 and 3.9 mole⋅l–1 respectively. The
oxidation took place in a reactor with a volume of
3 dm3 equipped with a mixing device. The average
oxidation rate of Fe2+ → Fe3+ was approximately
1.5 mole.l–1⋅h–1. The precipitate formed was sepa-
rated from the initial solution using a Buchner
funnel and water-washed until no sulfate-ions were
present in the filtrate. Then it was repulped in
distilled water and aqueous solutions of NaON with
concentration (CNaOH) from 0.1 to 5.0 mole⋅l–1.

Hydrothermal treatment of γ-FeOOH suspen-

sions was carried out in 0.07 dm3 capacity auto-

claves (coefficient of admission k = 0.8) at tempera-

tures (t) 110, 135, 170, 200, and 230 °C for 2.5 h.

The time of autoclave heating to a pre-assigned

temperature was not more than 0.5 h, the accura-

cy of temperature maintenance was ±5 °C.
XRD patterns were taken from samples using

a wide-angle X-ray powder diffractometer (model
DRON-3, filtered FeKα-radiation). The crystalline
phases were identified using the ASTM X-ray pow-
der diffraction data files (γ-FeOOH: 8–098;
α-FeOOH: 17–536; α-Fe2O3: 13–534). The mass
fraction (W) of α-Fe2O3 phase in heat-treated sam-
ples was determined by quantitative X-ray phase
analysis [12]. The mean crystal size of initial and
heat-treated products was evaluated from intrin-
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Hydrogen economy
Structural materials

sic broadening ∆2Θ of diffraction peaks by the
Scherrer formula [12] and TEM or SEM data.
The dispersion composition and the habit of indi-
vidual crystals were controlled by TEM (model
UEMV-100K) and SEM (model JEOL JSM-
6460LV). Volumetric analysis was used to deter-
mine the chemical composition of the solution, in-
itial and heat-treated samples.

3. Results and Discussion

It follows from the experimental data (Fig. 1)
that during hydrothermal treatment the γ-FeOOH

phase undergoes a phase or chemical transition
depending on CNaOH and t, these processes being
capable of running concurrently. Note that at a

fixed concentration of NaOH in solution the PT
γ- → α-FeOOH takes place at lower temperatures
as compared to the CT γ-FeOOH → α-Fe2O3. The

dependence of the phase formation sequence on
CNaOH at t = const in the interval 135 ≤ t ≤ 200 (°C)
is not monotonous: at CNaOH < 0.5 mole⋅l–1 and

CNaOH ≥ 3 mole⋅l–1 the γ-FeOOH phase undergoes a
CT into α-Fe2O3, whereas at the intermediate con-
centrations it transforms into α-FeOOH.

The mean crystal size and habit of the phases
formed also depend on heat treatment parameters.
In particular, α-FeOOH and α-Fe2O3, appearing

during hydrothermal treatment of γ-FeOOH in dis-
tilled water, are characterized by a columnar and
isometric crystal shape respectively. As CNaOH in

solution increases at t = const, the crystal habit of
these phases changes regularly. For α-FeOOH, this
shows up in the increased formfactor f of colum-

nar crystals from f = 2–4 at CNaOH = 0 to f = 6–8 at
CNaOH = 3 mole⋅l–1, whereas for α-Fe2O3 at CNaOH ≥
≥ 3 mole.l–1 the isometric crystal habit changes for

a lamellar one (Fig. 2). It was established that
when the temperature or NaOH concentration in
solution rises (the other parameter being constant),

the mean crystal size of α-FeOOH and α-Fe2O3

monotonously increases in the direction of their
preferred growth (Fig. 3).

Considerable changes in the crystal habit and
size of the initial phase (γ-FeOOH) and those
formed during hydrothermal treatment (α-Fe2O3

and α-FeOOH) indicate that the FT and CT of the
nonequilibrium FeOOH in alkaline and weak alka-
line solutions proceed by the “dissolution-precipi-

tation” mechanism (DPM) [7], which involves (as
elementary stages) dissolution of crystals of the
nonequilibrium phase, formation of crystal-form-

ing complexes (CFC) in solution, transfer of CFC
through solution and building them into the formed
crystals of the phase that is equilibrium for given

thermodynamic conditions. It is commonly recog-
nized [13] that the limiting stage of the layer-by-
layer mechanism of crystal growth is the forma-

tion of two-dimensional nuclei on an atomically
smooth face. Since for difficultly soluble compounds
including α-FeOOH and α-Fe2O3, the size of the

two-dimensional nucleus is comparable with that
of CFC in solution [7], the problem of its genesis

W
, %

CNaOH, mol/l

Fig. 1. Mass fraction (W) of the α-Fe
2
O

3
 phase in sumples

obtained during heat treatment at 110–230 °C as a function
of NaOH concentration in solution

Fig. 2. The TEM (a) and SEM (b) micrographs of α-Fe
2
O

3

crystals, formed during γ-FeOOH heat-treatment at 230 °C
in NaOH solution with concentration 0.5 (a) and 5.0 (b)
mole⋅l–1

CNaOH, mol/l

d,
 n

m

Fig. 3. The average size of α-Fe
2
O

3
 phase crystals (d) as a

function of NaOH concentration in solution

reduces to incorporation of CFC into the surface

layer of these crystals. Let us consider the struc-

ture of α-FeOOH and α-Fe2O3 faces, the composi-

tion and configuration of CFC in solutions of dif-

ferent compositions.

When the interaction between the crystal sur-
face and dispersion medium is negligibly small,
which is true of neutral solutions, distilled water
among them, the atomically smooth (001) face of
α-FeOOH consists of alternating rows of water
molecules (layer I) and hydroxyl groups (layer II),
while the (100) and (010) faces are made up of
three and two adjacent rows of hydroxyl groups
respectively, which are separated by one vacancy
row (Fig. 4,a). For α-Fe2O3, the (100) face in-
cludes alternating rows of water molecules (layer I)
and oxygen anions (layer II), whereas the (001)
face consists only of hydroxyl groups forming a
hexagonal net on it (Fig. 4,b). According to [14],
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the crystal-forming complex existing in these so-

lutions includes two octahedrons coupled along the

bi-pyramid base edge (Fig. 4,c) and has a compo-

sition of ( )
0

2 26Fe OH 4H O ⋅  . When CFC is built into

α-FeOOH crystals, on the (001) face the reaction

of olation proceeds in points 1–4; on the (100)

face the oxolation reaction takes place in points 5,

7 and the olation reaction in point 6; on the (010)

face the oxolation reaction runs in points 8, 10

and the olation reaction occurs in point 9. For

α-Fe2O3, the olation reaction takes place in points

1–3 and the dehydratation reaction in points 4, 5

on the (100) face; the oxolation reaction runs in

points 6–8 and the olation reaction in points 9, 10

on the (001) face.

In alkaline solutions, especially at high heat

treatment temperatures, sodium hydroxide may

react with ligands both located on the surface of

crystals and incorporated into crystal-forming com-

plexes. Therefore, on the one hand, in low-con-

centration solutions of NaOH, reactions of com-

plete or partial substitution of water molecules for

hydroxyl groups are expected to proceed on the

(001) face in α-FeOOH and the (100) face in

α-Fe2O3, whereas in high-concentration solutions,

along with substitution reactions one will also an-

a

b

        c                      d                      e

Fig. 4. Fragments of structures of the α-FeOOH (a) and
α-Fe

2
O

3
 (b) phases in polyhedral interpretation and the structure

of the crystal-forming complexes ( )
0

2 26Fe OH 4H O ⋅   (c),

( )2 27Fe OH 3H O
− ⋅   (d), and ( ) 2

2 28Fe OH 2H O
−

 ⋅   (e)

ticipate oxolation reactions between hydroxyl groups

of NaOH and the surface layer of (001), (010),

and (100) faces in α-FeOOH or the (001) face in

α-Fe2O3. As a result of these interactions, the above

faces acquire a negative charge, which is compen-

sated by Na+-ions located in the adsorption layer

near the crystal. This is likely to be the reason for

increased solubility of oxide compounds of iron(III)

in alkaline solutions as compared to neutral or

weak alkaline media, which manifests itself in high-

er equilibrium concentration of iron(III) hydrox-

oaquacomplexes (HAC) [15].
On the other hand, according to the data [16],

the interaction between alkali and electroneutral
HAC [Fe(OH)3]aq in alkaline solutions gives rise

also to negatively charged HAC ( )4 aq
Fe OH

−
   , the

concentration of which changes symbately as CNaOH
increases. Therefore it is possible to assume that

besides ÑFÑ of the composition ( )
0

2 2 36Fe OH 4H O ⋅  ,

negatively charged complexes ( )2 2 37Fe OH 3H O
−

 ⋅ 

(CFC’, Fig. 4,d) and ( ) 2
2 2 38Fe OH 2H O

−
 ⋅   (CFC”,

Fig. 4,e) can also be present in NaOH solutions,
the maximum concentration of CFC’ and CFC”
being achieved in low- and high-concentration so-
lutions of NaOH respectively.

In this connection, in alkaline media, as com-

pared to neutral media, the type of reactions oc-

curring when crystal-forming complexes are built

into the surface layer of crystals changes. In par-

ticular, in low-concentration solutions of NaOH,

when CFC’ are incorporated into the structure of

α-FeOOH, on the (001) face the olation reaction

runs in points 1–3 and the oxolation reaction in

point 4, whereas on the (100) and (010) faces in

points 5, 7 and 8, 10, respectively, the oxolation

reaction takes place, and in points 6 and 9 the

dehydroxylation reaction, as a result of which OH–-

groups of CFC’ pass into solution:

2 2
cr CFC cr solO OH O OH .− − − −+ → +

For α-Fe2O3, on the (100) face the oxolation

reaction proceeds in points 1–3 and the dehydra-
tion reaction in points 4, 5, whereas on the (001)
face in points 6–8 there occurs the oxolation reac-

tion and in points 9, 10 the olation reaction.
In high-concentration solutions of NaOH, when

CFC” are built into α-FeOOH, on the (001) face the

olation reaction runs in point 1, the dehydroxylation
reaction in points 2, 3, and the oxolation reaction in
point 4; on the (100) and (010) faces the dehydrox-

ylation reaction takes place in all points 5–10. For
α-Fe2O3, on the (100) face the type of the reactions
does not change, whereas on the (001) face the de-

hydroxylation reaction proceeds in points 6–8 and
the dehydratation reaction in points 9, 10.

Thus, the incorporation of crystal-forming
complexes into α-FeOOH and α-Fe2O3 crystals may
be accompanied by the competing reactions of de-
hydratation, olation, oxolation, and dehydroxyla-
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Phase Transitions of γ-FeOOH during Heat Treatment in NaOH Aqueous Solutions
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tion depending on the concentration of NaOH in
solution. In terms of thermodynamics, the most

advantageous reactions are the former two reac-
tions, during which instead of weak Van der Waals
bonds (Fe(III) – H2O), strong ol-bonds or oxo-bonds

between iron(III) ions of the crystal surface and
the crystal-forming complex are formed leading to
a decrease in the free energy F of the “crystal –

CFC” system. The reaction of oxolation

2
cr CFC cr 2 solOH OH O H O .− − −+ → +

accompanied by deprotonization of hydroxyl group

with a strong covalent bonding is characterized by
a higher activation energy in comparison with the
olation and dehydratation reactions and, as a con-

sequence, takes place at higher temperatures of
thermal treatment [17]. For the reaction of dehy-
droxylation ∆F ≈ 0, as its activation requires an

energy for disruption of Fe(III) – OH– bonds in
the CFC, which is comparable with the energy of
ol-bonds and oxo-bonds in crystal. Therefore this

reaction cannot compete with those discussed above.
Based on the number and type of reactions

occurring when CFC are built into the structure of

crystals, let us qualitatively evaluate the probabil-
ity of nucleation on different crystal faces and on
this basis analyze the experimental data. In par-

ticular, the decrease in the number of bonds formed
when CFC are incorporated into the (100) and
(010) faces (three bonds), as compared to the (001)

face (four bonds), is considered in [14] to be re-
sponsible for preferred growth of α-FeOOH crys-
tals in the crystallographic direction c, and, conse-

quently, for their columnar habit. An increase in
hydrothermal treatment temperature at CNaOH =
= const results in activation of all reactions in-

cluding oxolation reactions on the (100) and (010)
faces. This manifests itself both in the increased
mean length and decreased formfactor of α-FeOOH

crystals. In contrast, as the concentration of NaOH
in solution grows, the probability of nucleation on
the (100) and (010) faces lowers due to dehy-

droxylation reactions, which is the reason for an
increase in the formfactor of α-FeOOH crystals.

When complexes are built into the (100) and

(001) faces of α-Fe2O3, a similar number (five) of

bonds is formed. This results in the isometric shape

of α-Fe2O3 crystals arising during CT of γ-FeOOH

in neutral and low-concentration alkaline solutions.

In strongly alkaline media, the probability of nu-

cleation on the (001) face decreases because of the

dehydroxylation reactions, and lamellar α-Fe2O3

crystals are formed, in which the plane of plates,

as evidenced by X-ray studies [8, 9], is perpendic-

ular to the c direction.
The model of crystal-forming complexes also

permits interpreting the data on the effect of hy-

drothermal treatment parameters on the type of
γ-FeOOH transition in alkaline solutions. So, since
twice as much oxo-bonds arise on the average dur-

ing a-Fe2O3 crystal growth as compared to α-FeOOH,
at CNaOH = const the CT γ-FeOOH → α-Fe2O3 takes

place at higher temperatures than the PT γ- →
→ α-FeOOH. For neutral, low- (CNaOH < 1 mole⋅l–1),

and high-concentration (CNaOH ≥ 3 mole⋅l–1) solu-
tions of NaOH, the type and the number of reac-
tions occurring when CFC, CFC’, and CFC” are

built into the (001) face of α-FeOOH or the (100)
face of α-Fe2O3, change in the following sequence:
4 olation reactions → 3 olation reactions + 1 oxala-

tion reaction → 1 olation reaction + 1 dehydrata-
tion reaction + 2 dehydroxylation reactions and 3
olation reactions + 2 dehydratation reaction → 3 ox-

olation reactions + 2 dehydratation reactions (for
low- and high-concentration solutions of NaOH),
respectively. Therefore at t = const the probability

of α-Fe2O3 nucleation in comparison with α-FeOOH
is greater in neutral and high-concentration alka-
line media and smaller for NaOH solutions with

intermediate concentrations, which is in agreement
with the experimental data on phase formation in
the γ-FeOOH – H2O – NaOH system.

4. Conclusion

1. We have studied the phase (into α-FeOOH)
and chemical (into α-Fe2O3) transitions of the non-

equilibrium phase γ-FeOOH during hydrothermal
treatment in NaOH solutions with concentration
0 ≤ CNaOH ≤ 5 mole⋅l–1 at temperatures from 110 to

230 °C and refined the regions of formation of
these phases.

2. It was shown that the transitions of γ-FeOOH

in alkaline solutions take place by the “dissolu-
tion-precipitation” mechanism. Possible composi-
tion of crystal-forming complexes appearing in
solutions and reactions running when they are built

into different atomically smooth faces of α-FeOOH
and α-Fe2O3 have been considered. The data ob-
tained were used to interpret the established de-

pendences between the phase and dispersion com-
position of the products formed and the hydro-
thermal treatment parameters.
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It has been shown that by using of single crystals NMR spectroscopy data can be achieved high
accuracy of determination of jump diffusion frequencies compatible to the accuracy of the possibilities
of NMR-relaxation methods.

Ìîëåêóëÿðíàÿ äèíàìèêà â óñëîâèÿõ êâàí-
òîâîãî îãðàíè÷åíèÿ ÿâëÿåòñÿ îäíèì èç êëþ÷å-
âûõ ýëåìåíòîâ ôóíêöèîíèðîâàíèÿ íå âïîëíå ÿñ-
íîãî ìåõàíèçìà àêòèâíîãî òðàíñïîðòà âåùåñòâ
ñêâîçü ìåìáðàíû ñ èñïîëüçîâàíèåì êàíàëîâ ñå÷å-
íèåì ïîðÿäêà ðàçìåðîâ ñàìèõ ìîëåêóë. Ïîäîá-
íûå êàíàëû, çàïîëíåííûå öåïî÷êàìè ìîëåêóë
âîäû, âñòðå÷àþòñÿ òàêæå â ïîðèñòîé ñòðóêòóðå
êðèñòàëëîâ ñåìåéñòâà öåîëèòîâ [1]. Îñîáåííîñ-
òüþ íàíîêàïèëëÿðíîé âîäû â öåîëèòàõ ÿâëÿåòñÿ
íåêîòîðàÿ ðûõëîñòü ñòðóêòóðû è íàëè÷èå âàêàí-
ñèé [2, 3], àíàëîãè÷íûõ âàêàíñèÿì â ñòðóêòóðå
ëüäà. Êàê è âî ëüäó, ñòðóêòóðíûå âàêàíñèè â
öåîëèòàõ ìîãóò çàñåëÿòüñÿ äîïîëíèòåëüíûìè
ìîëåêóëàìè âîäû â óñëîâèÿõ ïîâûøåííîãî ãèä-
ðîñòàòè÷åñêîãî äàâëåíèÿ [4]. Çàñåëåíèå âàêàí-
ñèé ñîïðîâîæäàåòñÿ àíîìàëüíûì óâåëè÷åíèåì
äèôôóçèîííîé ïîäâèæíîñòè ìîëåêóë âîäû [4, 5].
Â äàííîé ðàáîòå îáíàðóæåíî, ÷òî àíîìàëüíîå óâå-
ëè÷åíèå ïîäâèæíîñòè ìîæåò âîçíèêàòü òàêæå â
íåðàâíîâåñíîì ñîñòîÿíèè öåîëèòà â ïðîöåññå åãî
äåãèäðàòàöèè. Ìåõàíèçì äàííîãî ÿâëåíèÿ òàêæå
ìîæåò áûòü ñâÿçàí ñ çàñåëåíèåì ñòðóêòóðíûõ
âàêàíñèé, ÷òî ïðèâîäèò ê íåîáû÷íîé ìîäóëÿöèè
äèíàìèêè ìîëåêóë âîäû â íàíîêàïèëëÿðàõ.

Â èññëåäîâàíèè èñïîëüçîâàëè îïòè÷åñêè
÷èñòûå ìîíîêðèñòàëëû ïðèðîäíîãî öåîëèòà íà-
òðîëèòà Na2[Al2Si3O10]

.2H2O (ìåñòîðîæäåíèå Ëî-
âîçåðî, Êîëüñêèé ïîëóîñòðîâ). Ñòðóêòóðà êðèñ-
òàëëîâ îáðàçîâàíà òðåõìåðíîé ïîëèìåðíîé âÿ-
çüþ òåòðàýäðîâ [SiO4] è [AlO4], ïð. ãð. Fdd2; Z = 8;
a = 18,30; b = 18,63; c = 6,60 Å [2]. Ìîëåêóëû
âîäû ðàñïîëàãàþòñÿ âíóòðè êàíàëîâ ñå÷åíèåì
~3×4 Å (ðèñ. 1), îðèåíòèðîâàííûõ âäîëü íàïðàâ-
ëåíèé [001]. Ïðè íîðìàëüíûõ óñëîâèÿõ ìîëå-
êóëû Í2Î ðàñïîëàãàþòñÿ â ñòðóêòóðíî ýêâèâà-
ëåíòíûõ ïîçèöèÿõ W1, à ïðè äàâëåíèÿõ âûøå
0,8–1,5 ÌÏà ìîãóò çàñåëÿòüñÿ òàêæå âîäíûå
âàêàíñèè èëè ïîçèöèè W2 [3] ñ ïåðåõîäîì êðèñ-

òàëëà â «ñóïåðãèäðàòèðîâàííîå» ñîñòîÿíèå

(ïð. ãð. F1d1) c ~3–4 H2O íà îäíó ôîðìóëüíóþ

åäèíèöó è óâåëè÷åííûìè íà ~5 % ïàðàìåòðàìè

ðåøåòêè [3–5]. Äåãèäðàòàöèÿ íàòðîëèòà (â èí-

òåðâàëå îò ~170 äî ~270 °Ñ) ñîïðîâîæäàåòñÿ åãî

ïîìóòíåíèåì, íåêîòîðûì óìåíüøåíèåì ðàçìåðîâ

è èçìåíåíèåì àêóñòè÷åñêèõ ñâîéñòâ. Ïðè ïëàâ-

íîì îõëàæäåíèè (íà âîçäóõå) êðèñòàëë ïîëíîñ-

òüþ ðåãèäðàòèðóåòñÿ, ïðè÷åì âèçóàëüíî «âîë-

íà» âîññòàíîâëåíèÿ åãî ïðîçðà÷íîñòè ðàñïðîñò-

ðàíÿåòñÿ âäîëü [001]. Òîïîëîãèÿ òðåõìåðíîãî

ïîëèìåðíîãî êàðêàñà íàòðîëèòà îñòàåòñÿ íåèç-

ìåííîé êàê ïðè ïåðåõîäå â ñóïåðãèäðàòèðîâàí-

íîå, òàê è â äåãèäðàòèðîâàííîå ñîñòîÿíèÿ, ñó-

ùåñòâåííî ìåíÿþòñÿ òîëüêî óãëû ñâÿçåé Si-O-Si

è Si-O-Al, êîîðäèíàòû Na è Í2Î è ïðîñòðàí-

ñòâåííàÿ ãðóïïà ñèììåòðèè. Â ÷àñòíîñòè, äëÿ

áåçâîäíîé ôàçû íàòðîëèòà Na2[Al2Si3O10] —

ïð. ãð. F112; Z = 8; a = 16,01; b = 16,42; c = 6,40 Å
(ïðè 20 °Ñ) [6].

Îáðàçöû èìåëè ôîðìó ïðèçì ðàçìåðàìè äî
~4×5×8 ìì3, îãðàíåííûõ ïëîñêîñòÿìè ñîâåðøåí-
íîé ñïàéíîñòè {110} è { }1 10  è íåñîâåðøåííîé
ñïàéíîñòè {001}. Ãðàíü {001} ïðèêëåèâàëè íà
òîðåö êðèñòàëëîâðàùàòåëÿ è þñòèðîâàëè ïî
ïëîñêîñòÿì ñïàéíîñòè; òî÷íîñòü èçìåðåíèÿ óã-
ëîâ ïðè ïîâîðîòå êðèñòàëëà âîêðóã îñè [001] íå
õóæå 6’. Íàãðåâ îáðàçöîâ îñóùåñòâëÿëè in situ
ïîòîêîì ãîðÿ÷åãî àçîòà, ïðîãîíÿåìîãî ÷åðåç äàò-
÷èê ñïåêòðîìåòðà ßÌÐ. Äëÿ èñêëþ÷åíèÿ ïðÿìî-
ãî êîíòàêòà ïîòîêà àçîòà ñ ïîâåðõíîñòüþ êðèñ-
òàëëà îáðàçåö ïîìåùàëè â îòêðûòóþ òîíêîñòåí-
íóþ àìïóëó. Êðèñòàëëû íàãðåâàëè äî ðàáî÷åé
òåìïåðàòóðû ñî ñêîðîñòüþ 0,5–1 ãðàä./ìèí. Êîí-
òðîëü òåìïåðàòóðû îñóùåñòâëÿëè äâóìÿ òåðìî-
ïàðàìè, îäíà èç êîòîðûõ ðàçìåùàëàñü â ïîòîêå
àçîòà, äðóãàÿ — âíóòðè àìïóëû íà ïîâåðõíîñòè
îáðàçöà. Ïðè äîñòèæåíèè çàäàííîé òåìïåðàòó-
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ðû ïðîâîäèëàñü åå ñòàáèëèçàöèÿ ñ òî÷íîñòüþ íå
õóæå ±0,5°. Èçìåðåíèÿ ÷àñòîòû äèôôóçèîííûõ
ïðûæêîâ νdif ìîëåêóë Í2Î ïðîâîäèëè íà îñíîâå
àíàëèçà øèðèíû ñïåêòðîâ 1Í ßÌÐ [7] ñ èñïîëü-
çîâàíèåì äàííûõ ïî çàâèñèìîñòè îò óãëà ïîâî-
ðîòà êðèñòàëëà, êàê îïèñàíî íèæå, â ìåòîäè-
÷åñêîé ÷àñòè ðàáîòû. Èçìåðåíèÿ ïðîâîäèëè ÷å-
ðåç êàæäûå 3–5 ìèí, ïîêà ÷àñòîòà νdif íå
âûõîäèëà íà ïëàòî. Ïîäîáíàÿ ðåëàêñàöèÿ îá-
ðàçöîâ çàíèìàëà îò 1 äî 10 ÷ â çàâèñèìîñòè îò
çíà÷åíèÿ ðàáî÷åé òåìïåðàòóðû è ðàçìåðîâ îá-
ðàçöà. Òèïè÷íàÿ êðèâàÿ ðåëàêñàöèè νdif ïðåä-
ñòàâëåíà íà ðèñ. 2.

Ïîëó÷åííûå êðèâûå ïðåäñòàâëÿþò õàðàêòåð
èçìåíåíèÿ ÷àñòîòû äèôôóçèîííûõ ïðûæêîâ νdif
ìîëåêóë âîäû â ïðîöåññå ðåëàêñàöèè âëàãîñî-
äåðæàíèÿ îáðàçöà îò íåêîòîðîãî íà÷àëüíîãî (íå-
ðàâíîâåñíîãî) äî çíà÷åíèÿ, ïðèáëèçèòåëüíî ñî-
îòâåòñòâóþùåãî ðàâíîâåñíîìó âëàãîñîäåðæàíèþ
ïðè çàäàííîé òåìïåðàòóðå. Âî âñåõ ñëó÷àÿõ íà-
áëþäàåòñÿ âðåìåííàÿ äèíàìèêà â ôîðìå ýêñïî-
íåíöèàëüíîãî ñïàäà νdif â òå÷åíèå ïåðèîäà îò ~1
äî 5–10 ÷. Äëÿ ñàìûõ êðóïíûõ îáðàçöîâ ýêñïî-
íåíöèàëüíûé ñïàä νdif ñîïðîâîæäàëñÿ ðÿäîì (äî
10) ñïîíòàííûõ «âñïëåñêîâ» ÷àñòîòû äèôôóçèè
äëèòåëüíîñòüþ äî 15–30 ìèí êàæäûé. Ïðè ýòîì
ïèêîâûå çíà÷åíèÿ àìïëèòóäû ÷àñòîòû ïðûæêîâ
Í2Î â ïåðèîä «âñïëåñêà» ïðåâûøàëè áàçîâîå
çíà÷åíèå νdif â ñðåäíåì íà ~50 %.

Ìåõàíèçì âîçíèêíîâåíèÿ àíîìàëüíûõ óâå-
ëè÷åíèé νdif â íåðàâíîâåñíîì ïî âëàãîñîäåðæà-
íèþ ñîñòîÿíèè êðèñòàëëà ìîæåò áûòü ñâÿçàí ñ
ôèçè÷åñêîé êèíåòèêîé ïðîöåññà äèôôóçèè. Ïî-
ñêîëüêó â íà÷àëüíîì ñîñòîÿíèè âñå ðåãóëÿðíûå
(W1) ïîçèöèè çàíÿòû, òî âûõîä ìîëåêóë Í2Î èç
îáúåìà êðèñòàëëà ìîæåò îñóùåñòâëÿòüñÿ òîëü-
êî çà ñ÷åò ïåðåõîäîâ Í2Î èç ðåãóëÿðíûõ ïîçè-
öèé W1 íà âàêàíòíûå W2, ñ ïîñëåäóþùåé äèô-

ôóçèåé ïî ýòèì ïîçèöèÿì. Â ðåçóëüòàòå ïåðåõî-
äîâ W1 → W2 ñòàíîâèòñÿ âîçìîæíûì îáìåí ìî-
ëåêóë Í2Î â ðåãóëÿðíûõ (W1) è âàêàíòíûõ (W2)
ïîçèöèÿõ, à îáùåå ÷èñëî âîçìîæíûõ ìåñò ëîêà-
ëèçàöèè ìîëåêóë Í2Î óäâàèâàåòñÿ ïî îòíîøå-
íèþ ê èñõîäíîìó ñîñòîÿíèþ. Â ðàìêàõ ìîäåëè
ðåøåòî÷íîãî ãàçà [8, 9] ýòî îçíà÷àåò, ÷òî çàñå-
ëåííîñòü ñóììû ïîçèöèé W1 è W2 îêàçûâàåòñÿ
áëèçêîé ê êðèòè÷åñêîìó çíà÷åíèþ ρc = 1/2, êîã-
äà ïàðàìåòð ïîðÿäêà è ìîëåêóëÿðíîå ïîëå ñòðå-
ìÿòñÿ ê íóëþ, à ðàñïîëîæåíèå ìîëåêóë â ðåãó-
ëÿðíûõ è âàêàíòíûõ ïîçèöèÿõ ñòàíîâèòñÿ íå-
óïîðÿäî÷åííûì.

 Ïîíèæåíèå âåëè÷èíû ìîëåêóëÿðíîãî ïîëÿ
âáëèçè êðèòè÷åñêîãî ñîñòîÿíèÿ ñ ρc = 1/2 ìîæåò
ñîïðîâîæäàòüñÿ ïîíèæåíèåì ïîòåíöèàëüíîãî
áàðüåðà Udif äëÿ ïðûæêà ìîëåêóëû èç çàíÿòîãî
óçëà íà ñîñåäíèé íåçàíÿòûé (âàêàíòíûé) óçåë.
Â ñîîòâåòñòâèè ñ çàêîíîì Àððåíèóñà νdif = ν0exp×
×(–Udif /RT), ïîíèæåíèå Udif âåäåò ê íàðàñòàíèþ
νdif. Îäíàêî ïðîöåññ íàðàñòàíèÿ νdif îãðàíè÷åí
èç-çà íåïðåðûâíîé ïîòåðè âîäû è ñíèæåíèÿ
ïëîòíîñòè çàïîëíåíèÿ êàíàëîâ äî çíà÷åíèé íèæå
êðèòè÷åñêîé ïëîòíîñòè ρc = 1/2, ÷òî âëå÷åò çà
ñîáîé ðîñò ïàðàìåòðà ïîðÿäêà è Udif. Âëèÿíèå
óïðóãîãî ïîëèìåðíîãî êàðêàñà öåîëèòà íà ïðî-
öåññ ïîòåðè âîäû ìîæåò ïðèâîäèòü ê ñâîåîáðàç-
íîé êîíäåíñàöèè îáðàçóþùèõñÿ âàêàíñèé è ê
ïåðåõîäó êðèñòàëëà â íåîäíîðîäíîå ñîñòîÿíèå,
â êîòîðîì âîçíèêàþò äîìåíû áåçâîäíûõ ó÷àñò-
êîâ, ïåðåìåæàåìûå ãèäðàòèðîâàííûìè ó÷àñòêà-
ìè ñòðóêòóðû. Ìîæíî îæèäàòü, ÷òî â èòîãå òà-
êîãî ïåðåðàñïðåäåëåíèÿ ïîäñèñòåìà ìîëåêóë âîäû
â ãèäðàòèðîâàííûõ ó÷àñòêàõ âîçâðàòèòñÿ â èñõîä-
íîå ñîñòîÿíèå, â êîòîðîì ñðåäíÿÿ çàñåëåííîñòü
ïîçèöèé W1 è W2 ñíîâà îêàæåòñÿ áëèçêîé ê çíà-
÷åíèþ ρc ≈ 1/2. Èç-çà ïðîäîëæàþùåéñÿ ïîòåðè
âîäû öèêë ïðîõîæäåíèÿ êðèòè÷åñêîãî ñîñòîÿíèÿ
ñ ρc = 1/2 äëÿ «äî÷åðíèõ» äîìåíîâ ãèäðàòèðîâàííîé
ñòðóêòóðû ìîæåò ìíîãîêðàòíî ïîâòîðÿòüñÿ ïî òèïó
ðåàêöèé Áåëîóñîâà – Æàáîòèíñêîãî [10] äî ïîë-
íîãî èñòîùåíèÿ çàïàñà âîäû â êðèñòàëëå.

Ðèñ. 1. Ïðîåêöèÿ ñòðóêòóðû íàòðîëèòà íà ïëîñêîñòü
001. Ðåãóëÿðíûå ïîçèöèè ìîëåêóë âîäû, îòíîñÿùèåñÿ ê
ñîñåäíèì êàíàëàì, îáîçíà÷åíû W1’ è W1”. Ïðè äàâëåíèè
âûøå 0,8 ÌÏà çàñåëÿþòñÿ âàêàíñèîííûå ïîçèöèè W2 â
îäíîé ïîëîâèíå êàíàëîâ, è ïðè äàâëåíèè âûøå 1,5 ÌÏà
çàñåëÿþòñÿ àíàëîãè÷íûå âàêàíñèîííûå ïîçèöèè (W2) â
äðóãîé ïîëîâèíå (íå ïîêàçàíû). Âîäîðîäíûå ñâÿçè ìîëå-
êóë W2 ïîêàçàíû ïóíêòèðîì; àòîìû êèñëîðîäà
[(Al, Si)Î

4
]∞-êàðêàñà ðàñïîëîæåíû â âåðøèíàõ òåòðà-

ýäðîâ, Al è Si – â èõ öåíòðàõ. Öèôðû — âûñîòû èîíîâ
Na+ è ìîëåêóë W2 â ñîòûõ äîëÿõ ïåðèîäà c êðèñòàëëà

νdif , кГц

t, мин

Ðèñ. 2. Ýêñïåðèìåíòàëüíàÿ çàâèñèìîñòü ÷àñòîòû äèôôó-
çèè νdif (t) â ìîíîêðèñòàëëå íàòðîëèòà ïðè òåìïåðàòóðå
210 °Ñ. Ñïëîøíàÿ êðèâàÿ ñîîòâåòñòâóåò îæèäàåìîìó ýêñ-
ïîíåíöèàëüíîìó óìåíüøåíèþ ÷àñòîòû äèôôóçèè ïî ìåðå
äåãèäðàòàöèè îáðàçöà ñ ïàðàìåòðàìè νdif (t) = 23,8 + 88,5 ×
× exp(t / 291), ãäå t — âðåìÿ îò ìîìåíòà, êîãäà òåìïåðàòó-
ðà îáðàçöà äîñòèãëà çàäàííîãî (ñòàáèëèçèðóåìîãî) çíà-
÷åíèÿ

À. Â. Ñàáûëèíñêèé, Í. Ê. Ìîðîç, Ñ. Ã. Êîçëîâà, Ñ. Ï. Ãàáóäà
Äèíàìèêà è ôëóêòóàöèè äèôôóçèè íàíîêàïèëëÿðíîé âîäû â êàíàëàõ öåîëèòà ïî äàííûì 1Í ßÌÐ
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Âîäîðîäíàÿ ýíåðãåòèêà è òðàíñïîðò
Êîíñòðóêöèîííûå ìàòåðèàëû

 Ýêñïîíåíöèàëüíàÿ çàâèñèìîñòü îò âðåìåíè,
íàáëþäàåìàÿ äëÿ «áàçîâûõ» è «ïèêîâûõ» çíà-
÷åíèé νdif (ðèñ. 2), òàêæå ìîæåò áûòü îáóñëîâëå-
íà âëèÿíèåì óïðóãîãî ïîëèìåðíîãî êàðêàñà íà
äèíàìèêó ìîëåêóë âîäû â ãèäðàòèðîâàííûõ
ó÷àñòêàõ ñòðóêòóðû. Ïîñêîëüêó ðàçìåðû ýëåìåí-
òàðíîé ÿ÷åéêè â îáåçâîæåííûõ ó÷àñòêàõ ñòðóê-
òóðû ìåíüøå, ÷åì â ãèäðàòèðîâàííûõ ó÷àñòêàõ,
òî ïîñëåäíèå ïîäâåðãàþòñÿ íåêîòîðîìó ñæàòèþ.
Â èòîãå ìîæåò ïðîèñõîäèòü ïîâûøåíèå áàðüå-
ðîâ äëÿ äèôôóçèè Í2Î, ÷òî äåéñòâèòåëüíî íà-
áëþäàåòñÿ. Â êîíöå êàæäîé ñåðèè «âñïëåñêîâ»
ñêîðîñòè äèôôóçèè, êîãäà ñîäåðæàíèå âîäû â
îáðàçöàõ äîñòèãàëî çíà÷åíèé, ïðèáëèçèòåëüíî
ñîîòâåòñòâóþùèõ ðàâíîâåñíîìó âëàãîñîäåðæàíèþ
ïðè çàäàííîé òåìïåðàòóðå, ïðîâîäèëîñü èçìåðå-
íèå âåëè÷èí Udif. Èñïîëüçîâàëè ñòàíäàðòíóþ
ìåòîäèêó [7] àíàëèçà çàâèñèìîñòè νdif îò òåìïå-
ðàòóðû, íî òîëüêî ïðè ïîíèæåíèè Ò, êîãäà çà-
âåäîìî èñêëþ÷àëàñü âîçìîæíîñòü èçìåíåíèÿ ñî-
äåðæàíèÿ âîäû â îáðàçöå. Áûëî óñòàíîâëåíî,
÷òî âî âñåõ ñëó÷àÿõ âûïîëíÿåòñÿ çàêîí Àððåíè-

óñà ( )0 expdif difU RTν = ν −  ñ ïàðàìåòðàìè:

ν0 = 10(13 ± 1) Ãö; Udif = 15 ± 2 êêàë/ìîëü
(ïðè 100 °Ñ),

ν0 = 10(16 ± 2) Ãö; Udif = 22 ± 2 êêàë/ìîëü
(ïðè 130 °Ñ),

ν0 = 10(24 ± 3) Ãö; Udif = 43 ± 4 êêàë/ìîëü
(ïðè 205 °Ñ).

Ðåçêîå íàðàñòàíèå ν0, êîðåëëèðóþùåå ñ óâå-
ëè÷åíèåì Udif, ìîæíî ñâÿçûâàòü ñ âëèÿíèåì òàê
íàçûâàåìîãî «ýíòðîïèéíîãî ôàêòîðà äèôôóçèè»

[11, 12], õàðàêòåðèçóþùåãî ïðîñòðàíñòâåííûå çà-
òðóäíåíèÿ äëÿ ïðûæêà ìîëåêóëû âîäû íà âàêàí-
òíûå óçëû ïî ìåðå îáåçâîæèâàíèÿ êðèñòàëëà.

Òàêèì îáðàçîì, ìîäóëÿöèÿ äèôôóçèîííîé
ïîäâèæíîñòè íàíîêàïèëëÿðíîé âîäû öåëèêîì
çàâèñèò îò íàëè÷èÿ âîäíûõ âàêàíñèé (W2), êî-

òîðûå ìîãóò çàñåëÿòüñÿ â íåðàâíîâåñíûõ äëÿ
äàííîé ñèñòåìû óñëîâèÿõ. Ñòåïåíü ýòîé íåðàâ-
íîâåñíîñòè èãðàåò ðîëü ñïóñêîâîãî êðþ÷êà, ïå-

ðåêëþ÷àþùåãî ìåõàíèçì äèôôóçèè ñ ìåäëåííî-
ãî ðåæèìà (ïî äåôåêòàì Øîòòêè ðåãóëÿðíûõ
ïîçèöèé W1) íà áûñòðûé, ñ èñïîëüçîâàíèåì âà-

êàíñèé, W2 (ìåæäîóçëèé), êîãäà ðåàëèçóþòñÿ
óñëîâèÿ îêîëîêðèòè÷åñêîãî ñîñòîÿíèÿ ñèñòåìû.
Ìîæíî ïðåäïîëàãàòü, ÷òî àíàëîãè÷íûé ìåõàíèçì

ìîäóëÿöèè äèôôóçèè ìîæåò ðåàëèçîâàòüñÿ òàê-
æå äëÿ ëüäà è äðóãèõ ñòðóêòóð ñ òåòðàýäðè÷åñ-
êîé êîîðäèíàöèåé ìîëåêóë H2O, â ñòðóêòóðå

êîòîðûõ âàêàíñèè (èëè ìåæäîóçëèÿ) äîñòóïíû
äëÿ çàñåëåíèÿ ìîëåêóëàìè H2O ïðè ïîâûøåí-
íûõ äàâëåíèÿõ. Âåðîÿòíî òàêæå, ÷òî ìåõàíèçì

ðåçêîãî (èëè òðèããåðíîãî) èçìåíåíèÿ ïðîíèöàå-
ìîñòè êàíàëîâ â áèîìåìáðàíàõ òàêæå ìîæåò ñâÿ-
çûâàòüñÿ ñ èçìåíåíèÿìè êèíåòè÷åñêèõ ñâîéñòâ

íàíîêàïèëëÿðíîé æèäêîñòè, à íå òîëüêî ñ èç-
ìåíåíèÿìè ãåîìåòðè÷åñêèõ ïàðàìåòðîâ êàíàëîâ
(â ôîðìå «âîðîòíîãî ìåõàíèçìà»), êàê ýòî ïî-

ñòóëèðóåòñÿ â ñóùåñòâóþùèõ ìîäåëÿõ [13].

 Ìåòîäè÷åñêàÿ ÷àñòü

Ïàðàìåòðû äèôôóçèè ìîëåêóë âîäû èçìå-
ðÿëè ìåòîäîì 1Í ßÌÐ ñ ïîìîùüþ ñïåêòðîìåòðà
øèðîêèõ ëèíèé íà ëàðìîðîâñêîé ÷àñòîòå
24 ÌÃö. Èñïîëüçîâàííûé íàìè ìåòîä èçìåðåíèÿ
÷àñòîòû ïðûæêîâ ìîëåêóë H2O îñíîâàí íà àíà-
ëèçå óãëîâîé çàâèñèìîñòè äèïîëü-äèïîëüíîãî
âçàèìîäåéñòâèÿ ïðîòîíîâ ìîëåêóë âîäû. Â îò-
ñóòñòâèå äèôôóçèè ýòî âçàèìîäåéñòâèå ïðèâî-
äèò ê äóáëåòíîé ñòðóêòóðå ñïåêòðîâ 1Í ßÌÐ,
ïðè÷åì ðàñùåïëåíèå äóáëåòîâ ∆B ðàâíî [7]:

 ( )3 2 2
0 03 2 3cos cos 1 ,i i

iB r−  ∆ = µ ϕ − ϕ δ − 
 (1)

ãäå µ — ìàãíèòíûé ìîìåíò ïðîòîíà, r — ðàñ-
ñòîÿíèå Í-Í â ìîëåêóëå H2O, ϕ — óãîë ìåæäó
íàïðàâëåíèåì âíåøíåãî ìàãíèòíîãî ïîëÿ è âû-

äåëåííîé îñüþ êðèñòàëëà [100], 0
iϕ  — óãîë ìåæäó

ïðîåêöèåé âåêòîðà ri íà ïëîñêîñòü âðàùåíèÿ

êðèñòàëëà (001) è îñüþ [100], 0
iδ  — óãîë íàêëî-

íà âåêòîðà ri ê ïëîñêîñòè (001). Äëÿ ñòðóêòóðû
íàòðîëèòà [2, 5] çíà÷åíèÿ ñòðóêòóðíûõ ïàðà-

ìåòðîâ ðàâíû: r = 1,58 Å; 0
iϕ = ±42°; 0

iδ = ±37°.
Ïðè ïðîèçâîëüíîé îðèåíòàöèè êðèñòàëëà ñïåê-
òðû 1Í ßÌÐ íàòðîëèòà ïðåäñòàâëåíû ñóììîé
÷åòûðåõ äóáëåòîâ, ñîîòâåòñòâóþùèõ ÷åòûðåì âà-

ðèàíòàì êîìáèíàöèè çíàêîâ äëÿ óãëîâ 0
iϕ  è 0

iδ .

×àñòíûé ñëó÷àé ïðåäñòàâëÿþò îðèåíòàöèè ìàã-
íèòíîãî ïîëÿ âäîëü îñåé ñèììåòðèè [100]; [010];
[001], äëÿ êîòîðûõ ðàñùåïëåíèÿ ∆Bi ñîâïàäàþò.
Ïðè ϕ = 0 (îðèåíòàöèÿ ìàãíèòíîãî ïîëÿ âäîëü îñè
[100]) ðàñùåïëåíèÿ ∆Bi ðàâíû ∆B = 1,1 Ãñ.

Ïðè ïîâîðîòå êðèñòàëëà âîêðóã îñè [001]
íà íåêîòîðûé óãîë ϕ ≠ 0 ñïåêòð ïðåäñòàâëÿåò ñî-
áîé ñóïåðïîçèöèþ äâóõ äóáëåòîâ ∆B1 è ∆B2, ðàñ-
ùåïëåíèÿ êîòîðûõ, â ñîîòâåòñòâèè ñ (1), èçìå-
íÿþòñÿ â ïðåäåëàõ îò 0 Ãñ (ïðè ϕ = ±3°) äî ìàê-
ñèìàëüíûõ çíà÷åíèé ∆B1 = 10,5 Ãñ è ∆B2 = –9,8 Ãñ
(ïðè ϕ = ±45°). Åñëè âêëþ÷àåòñÿ ïðîöåññ áûñòðîé
äèôôóçèè, çíà÷åíèÿ ∆B óñðåäíÿþòñÿ äî çíà÷å-

íèé ( )1 2 2B B B∆ = ∆ + ∆ . Êðèòåðèåì óñðåäíåíèÿ

ÿâëÿåòñÿ óñëîâèå ( )1 2c B Bν > γ ∆ − ∆ , ãäå νc — ÷àñòî-

òà äèôôóçèîííûõ ïðûæêîâ è γ = 4,26 êÃö/Ãñ —
ãèðîìàãíèòíîå îòíîøåíèå äëÿ ïðîòîíà [7]. Òà-

êèì îáðàçîì, ïðè ïîâîðîòå êðèñòàëëà íà íåêî-
òîðûé óãîë ϕ âñåãäà ìîæåò áûòü íàéäåíà òàêàÿ
îðèåíòàöèÿ êðèñòàëëà, ïðè êîòîðîé âûïîëíÿ-

åòñÿ êðèòåðèé äèôôóçèîííîãî óñðåäíåíèÿ ñïåê-
òðîâ 1Í ßÌÐ, à èç àíàëèçà èõ óãëîâîé çàâèñè-
ìîñòè ìîæíî îïðåäåëèòü çíà÷åíèÿ ÷àñòîò äèô-

ôóçèîííûõ ïðûæêîâ ìîëåêóë âîäû νc â øèðîêèõ
ïðåäåëàõ — îò íåñêîëüêèõ êèëîãåðö äî ~106 Ãö.
Äàííûé ìåòîä èçìåðåíèÿ ôàêòè÷åñêè ïðåäñòàâ-

ëÿåò ñîáîé ñêàíèðîâàíèå νdif ñïèíîâûì ãàìèëü-
òîíèàíîì ñèñòåìû, ñîáñòâåííûå çíà÷åíèÿ êîòî-
ðîãî îïèñûâàþòñÿ ôîðìóëîé (1). Òî÷íîñòü èçìå-

ðåíèÿ νdif îïðåäåëÿåòñÿ òî÷íîñòüþ èçìåðåíèÿ
ïîëóøèðèí êîìïîíåíò äóáëåòîâ, ñîñòàâëÿþùåé
~3 %. Äîïîëíèòåëüíûå äåòàëè èñïîëüçóåìîãî

àëãîðèòìà èçìåðåíèÿ ÷àñòîò νdif ïðåäñòàâëåíû â
ðàáîòå [14].
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требованиями к оформлению докладов можно ознакомиться на Интернет сайте симпозиума www.h2-symposium.ru.
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торов. От взноса освобождаются молодые ученые (до 35 лет), аспиранты и студенты.

Форму регистрации и доклады необходимо прислать на электронный адрес симпозиума h2-symposium@mail.ru.
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ÖÈÍÊÎÂÀÍÈÅ: ÍÎÂÛÅ ÏÐÎÖÅÑÑÛ

Â. Ì. ×åðòîâ 

 Member of the International Editorial Board

Ïðåäñòàâèòåëüñòâî ÄîíÈÔÖ (Ìîñêâà)

      Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ 13.06.2007 ã.              The article has entered in publishing office 13.06.2007.

Ïðîøåäøàÿ 15–18 ìàÿ â ÂÂÖ 5-ÿ ìåæäó-
íàðîäíàÿ ñïåöèàëèçèðîâàííàÿ âûñòàâêà «ÀÍ-
ÒÈÊÎÐ è ÃÀËÜÂÀÍÎÑÅÐÂÈÑ», êðîìå ïðåäñòàâ-
ëåíèÿ ìíîæåñòâà ïðîèçâîäèòåëåé íà ñòåíäàõ,
âêëþ÷àëà íàó÷íî-ïðàêòè÷åñêóþ êîíôåðåíöèþ
«Ñîâðåìåííûå ìåòîäû è òåõíîëîãèè çàùèòû îò
êîððîçèè â íåôòåãàçîâîé îòðàñëè è ýíåðãåòèêå».
Íà íåé âûñòóïèëè ñ ñîîáùåíèÿìè ðàçðàáîò÷èêè
íîâûõ òåõíîëîãè÷åñêèõ ïðîöåññîâ íàíåñåíèÿ
àíòèêîððîçèîííûõ ïîêðûòèé. Â íàñòîÿùåì îá-
çîðå îñîáîå âíèìàíèå óäåëåíî öèíêîâàíèþ.

Â ïðåäûäóùåé ñòàòüå [1] óæå îñâåùàëàñü
ïðîáëåìà âîäîðîäíîãî îõðóï÷èâàíèÿ âûñîêîïðî÷-
íîé ñòàëè ïðè öèíêîâàíèè, è ïðèâåäåíû ïðèìå-
ðû ïðåäîòâðàùåíèÿ ýòîãî îïàñíîãî ÿâëåíèÿ ïó-
òåì îïòèìèçàöèè òåõíîëîãèè òåðìè÷åñêîé îáðà-
áîòêè ïåðåä ýëåêòðîõèìè÷åñêîé îáðàáîòêîé.
Íèæå ïðèâåäåíî îïèñàíèå íîâûõ ðàçðàáîòîê
ïðîöåññîâ öèíêîâàíèÿ ïðè ñîõðàíåíèè òðàäè-
öèîííîé òåõíîëîãèè ïðåäâàðèòåëüíîé òåðìè÷åñ-
êîé îáðàáîòêè.

Ãîðÿ÷åå öèíêîâàíèå ïðåäñòàâëÿåò ñîáîé ïðî-
öåññ íàíåñåíèÿ öèíêà èç ðàñïëàâà íà ñòàëüíûå
èçäåëèÿ. Òåìïåðàòóðà ðàñïëàâà ðàâíà 440–
450 îÑ ïðè òåìïåðàòóðå ïëàâëåíèÿ öèíêà 419 îÑ.
Êîìïàíèÿ ÎÎÎ «ÂÎÑÒÎÊ ÖÌ» (Ìîñêâà) [2]
ïðåäñòàâèëà îïèñàíèå ïîñòàâëÿåìûõ åþ âûñî-
êîïðîèçâîäèòåëüíûõ ëèíèé è òåõíîëîãèè ãîðÿ-
÷åãî öèíêîâàíèÿ ìåòàëëîêîíñòðóêöèé ðàçëè÷-
íîãî íàçíà÷åíèÿ. Ëèíèÿ ñîñòîèò èç ñèñòåì î÷è-
ñòêè âîçäóõà è ïðèìåíÿåìûõ æèäêîñòåé, âàíí
òðàâëåíèÿ, ãîðÿ÷åãî êèñëîòíîãî îáåçæèðèâàíèÿ,
ïðîìûâêè, ôëþñîâàíèÿ ñ ïîäîãðåâîì, ïå÷è ãî-
ðÿ÷åãî öèíêîâàíèÿ, ñóøèëüíîé êàìåðû è âàí-
íû îõëàæäåíèÿ. Íà âñåõ ýòàïàõ öèêëà íàäåæ-
íûå ìåòîäû î÷èñòêè âûáðîñîâ çàùèùàþò ðàáîò-
íèêîâ è îêðóæàþùóþ ñðåäó. Ïðîöåññ ãîðÿ÷åãî
öèíêîâàíèÿ äëèòñÿ íåñêîëüêî ìèíóò, íî ÿâëÿ-
åòñÿ îòíîñèòåëüíî ýíåðãîåìêèì, ïîýòîìó íóæíî
îáðàáàòûâàòü äîñòàòî÷íî áîëüøîå êîëè÷åñòâî èç-
äåëèé ïðè âûñîêîé ïðîèçâîäèòåëüíîñòè. Ê ïðå-
èìóùåñòâàì ïðîöåññà îòíîñÿòñÿ: îòñóòñòâèå îò-
ñëîåíèé ïîêðûòèÿ è âîäîðîäíîãî îõðóï÷èâà-
íèÿ èçäåëèé, äîëãîâå÷íîñòü ïîêðûòèÿ (ñðîê
ñëóæáû áîëåå 30 ëåò, ïðè ñðåäíåé èíòåíñèâíîñ-
òè êîððîçèè, â çàâèñèìîñòè îò óñëîâèé ýêñïëó-
àòàöèè, 1–2 ìêì â ãîä). Òîëùèíà ïðèïàÿííîãî
ê ìåòàëëó öèíêîâîãî ïîêðûòèÿ — îò 70 äî
150 ìêì, ïðè÷åì ê èçäåëèþ ïðèìûêàåò ñïëàâ
öèíêà ñ ìàòåðèàëîì èçäåëèÿ, èìåþùèé ïîâû-
øåííóþ òâåðäîñòü, à íàðóæíûé ñëîé — ýòî ÷è-

ñòûé öèíê. Ýôôåêòèâíîñòü ýòîãî ñïîñîáà ïîä-
òâåðæäàåòñÿ â ðÿäå ñòðàí è íà ðÿäå ïðåäïðèÿ-
òèé, â òîì ÷èñëå, â Ðîññèè, íà÷èíàÿ ñ 1998 ãîäà.
Ïðè óòî÷íåíèè ïðèìåíèìîñòè ñïîñîáà äëÿ ðàç-
ëè÷íûõ èçäåëèé è ìàðîê ñòàëè óñòàíîâëåíî, ÷òî
ïîâûøåííîå ñîäåðæàíèå â ñòàëè óãëåðîäà è êðåì-
íèÿ ïðåïÿòñòâóåò íàíåñåíèþ êà÷åñòâåííîãî ïî-
êðûòèÿ. Î÷åâèäíî, ïðè÷èíîé ýòîãî ÿâëåíèÿ, ïðè
ïîâûøåíèè ñîäåðæàíèÿ óãëåðîäà, ÿâëÿåòñÿ íå-
áëàãîïðèÿòíîå âëèÿíèå ñòðóêòóðû (îáðàçîâàíèå
êàðáèäîâ èëè ìàðòåíñèòà, â çàâèñèìîñòè îò òâåð-
äîñòè), à ïðè ïîâûøåííîì ñîäåðæàíèè êðåì-
íèÿ — îáðàçîâàíèå ïðî÷íîé îêñèäíîé ïëåíêè,
ïðåïÿòñòâóþùåé ñïëàâëåíèþ öèíêà ñî ñòàëüþ.
Êðîìå òîãî, ïðîöåññ íåïðèìåíèì äëÿ âûñîêî-
ïðî÷íûõ ñòàëüíûõ èçäåëèé, òåìïåðàòóðà îòïóñ-
êà êîòîðûõ ïîñëå çàêàëêè íå ïðåâûøàåò 300–
350 îÑ: âûñîêîòåìïåðàòóðíûé íàãðåâ ïðè ãîðÿ-
÷åì öèíêîâàíèè íåäîïóñòèìî ñíèæàåò ïðî÷íîñòü
è ïëàñòè÷íîñòü. Ýòî ïðèìå÷àíèå íå îòíîñèòñÿ ê
ïðóæèíàì, îòïóñê êîòîðûõ ïîñëå çàêàëêè ïðî-
èçâîäèòñÿ ïðè 420–460 îÑ (ïðè óñëîâèè ñîîò-
âåòñòâóþùåãî ñíèæåíèÿ òåìïåðàòóðû ãîðÿ÷åãî
öèíêîâàíèÿ).

Ïîäîáíîå îáîðóäîâàíèå è òåõíîëîãèþ ïðåä-
ñòàâèëà íà âûñòàâêå è ãîëëàíäñêàÿ ôèðìà CIC
International [3], èìåþùàÿ îôèñ â Ìîñêâå. Êðî-
ìå ëèíèé ãîðÿ÷åãî öèíêîâàíèÿ ïî òåõíîëîãèè
GALVALUSION áåç êèñëîòíîãî òðàâëåíèÿ, ôèð-
ìà ïîñòàâëÿåò àâòîìàòè÷åñêèå ëèíèè öèíêîâà-
íèÿ ìàëûõ äåòàëåé, ðàçìåùàåìûå íà ïëîùàäè
14×12 ì, ïðåäíàçíà÷åííûå äëÿ ìåòèçíîé ïðîäóê-
öèè è âûñîêîïðî÷íûõ áîëòîâ.

Íà êîíôåðåíöèè ñîîáùåíèå î òåðìîäèôôó-
çèîííîì ñïîñîáå íàíåñåíèÿ öèíêîâûõ ïîêðûòèé
ïðåäñòàâèëà ôèðìà ÎÎÎ «ÐåìÝíåðãîÒîí» [4]. Ïî
ýòîìó ñïîñîáó îöèíêîâàíèå ïðîèçâîäÿò â áàðà-
áàíàõ, íàïîëíåííûõ ïîðîøêîâîé ñìåñüþ, ñîäåð-
æàùåé öèíê, ïðè òåìïåðàòóðå 360–480 oÑ. Òîë-
ùèíà ïîêðûòèÿ — îò 5 äî 150 ìêì — çàâèñèò
îò ñîñòàâà, îáúåìà ñìåñè, òåìïåðàòóðû è âðåìå-
íè ïðîöåññà. Àâòîðû îòìå÷àþò âûñîêóþ àäãå-
çèþ, äîëãîâå÷íîñòü â àãðåññèâíûé ñðåäàõ è ïî-
âûøåííóþ èçíîñîñòîéêîñòü êàê ïðåèìóùåñòâà
ñïîñîáà ïî ñðàâíåíèþ ñ ãîðÿ÷èì è ýëåêòðîõèìè-
÷åñêèì öèíêîâàíèåì. Îáúÿñíÿþò ïîâûøåíèå
ýòèõ õàðàêòåðèñòèê îáðàçîâàíèåì èíòåðìåòàë-
ëèäîâ ðàçëè÷íîãî ñîñòàâà ñ òâåðäîñòüþ 300–
350 ÍV. Îáðàçîâàíèå èíòåðìåòàëëèäîâ ïðîèñõî-
äèò â ïðèïîâåðõíîñòíîì ñëîå èçäåëèé áåç çíà-
÷èòåëüíîãî èçìåíåíèÿ èõ ðàçìåðîâ, ÷òî, ïðè
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îòíîñèòåëüíî íåáîëüøîé òîëùèíå ïîêðûòèÿ,
ïîçâîëÿåò ïðèìåíÿòü òàêóþ òåõíîëîãèþ äëÿ
ïðåöèçèîííûõ èçäåëèé. Äëÿ âûñîêîïðî÷íûõ
ìåòèçîâ, ïðèìåíÿåìûõ ïðè ñîîðóæåíèè ìîñòîâ
(ðå÷ü èäåò îá îòíîñèòåëüíî âûñîêîïðî÷íûõ ìå-
òèçàõ, íî íå îá èçäåëèÿõ ñ ïðî÷íîñòüþ áîëåå
1400 ÌÏà. — Â. ×.), ñîõðàíÿþòñÿ èñõîäíûå ìå-
õàíè÷åñêèå ñâîéñòâà, íå ïðîèñõîäèò íàâîäîðî-
æèâàíèÿ è îõðóï÷èâàíèÿ èçäåëèé, êàê ïðè ýëåê-
òðîõèìè÷åñêîì öèíêîâàíèè, è ñîõðàíÿåòñÿ ãåî-
ìåòðèÿ ðåçüáû, ÷òî íå âûïîëíÿåòñÿ ïðè ãîðÿ÷åì
öèíêîâàíèè. Ýòèì ñïîñîáîì ïðîèçâîäèòñÿ îöèí-
êîâàíèå âåñüìà êðóïíîãàáàðèòíûõ, äëèíîé äî
12 ì, èçäåëèé, ïðè÷åì ãàðàíòèðóåòñÿ ðàâíîìåð-
íàÿ òîëùèíà ñëîÿ öèíêà ïî âñåìó èçäåëèþ. Ðå-
ñóðñ èçäåëèé — íå ìåíåå 30 ëåò — äîñòèãàåòñÿ
ïðè òîëùèíå ïîêðûòèÿ 50–80 ìêì. Ê îáëàñòè
íåïðèìåíåíèÿ äàííîãî ñïîñîáà, ïî íàøåìó ìíå-
íèþ, âñå-òàêè ïðèäåòñÿ îòíåñòè íàíåñåíèå ïî-
êðûòèé íà âûñîêîïðî÷íûå ñòàëüíûå èçäåëèÿ,
òåìïåðàòóðà îòïóñêà êîòîðûõ ïîñëå çàêàëêè
íèæå òåìïåðàòóðû öèíêîâàíèÿ.

Îïèñàíèå ðàçðàáîòàííîãî ïðîöåññà òåðìîäèô-
ôóçèîííîãî öèíêîâàíèÿ ïðåäñòàâèëà òàêæå ôèð-
ìà «Äèñòýê» (×åëÿáèíñê) [5]. Åþ òàêæå ïðèìå-
íÿþòñÿ íàñûùàþùàÿ ñìåñü íà îñíîâå öèíêà,
ãåðìåòè÷íûé âðàùàþùèéñÿ â ïå÷è êîíòåéíåð è
ñïåöèàëüíî ñêîíñòðóèðîâàííàÿ ïå÷ü. Òåìïåðà-
òóðà ïðîöåññà — îò 330 äî 450 °Ñ, âðåìÿ — îò 3
äî 4,5 ÷, òîëùèíà ïîêðûòèÿ — îò 10 äî 120 ìêì.
Ïîêðûòèå ïðèãîäíî äëÿ ìåòèçîâ, êðåïåæà, ïðó-
æèííûõ æåëåçíîäîðîæíûõ êëåìì èç ñòàëè 50,
ïðóæèí èç ñòàëè 50 è 60 â ãàçîâûõ ðåçåðâóàðàõ
âûñîêîãî äàâëåíèÿ, öåïåé øàõòíûõ êîìáàéíîâ
èç ñòàëè 20ÕÃÍÌÀ, ïîëûõ äåòàëåé ñ ãëóõèìè
îòâåðñòèÿìè è ðåçüáîé, îáåñïå÷èâàÿ ñâèí÷èâàå-
ìîñòü è íå ìåíÿÿ èõ ãåîìåòðèþ.

Âåñüìà ïðèâëåêàòåëåí ñïîñîá çàìåíû òîêñè÷-
íûõ äåôèöèòíûõ êàäìèåâûõ ïîêðûòèé íà êîì-
áèíèðîâàííûå (îñíîâà — ëåãèðîâàííûé öèíê),
ðàçðàáîòàííûé â ÔÃÓÏ «ÂÈÀÌ» [6]. Â ñî÷åòà-
íèè ñ ìîäèôèöèðîâàííûì ôîñôàòíûì ïîêðûòè-
åì òàêîå êîìáèíèðîâàííîå ïîêðûòèå ïî ïðåäúÿâ-
ëÿåìûì òðåáîâàíèÿì íå óñòóïàåò êàäìèåâîìó.
Ïóòåì ïîñëîéíîãî îñàæäåíèÿ ïîëó÷åíû ïîêðû-
òèÿ íà îñíîâå öèíêà òîëùèíîé ïîðÿäêà 9 ìêì,
òàêæå ðåêîìåíäîâàííûå äëÿ çàìåíû êàäìèåâûõ.
Ñëîè öèíêà íàíîñèëèñü èç êèñëîãî èëè ùåëî÷-
íîãî áåñöèàíèñòîãî ýëåêòðîëèòà íà ëèñòîâûå
îáðàçöû èç ñòàëè 30ÕÃÑÀ, îáðàáîòàííûå íà ñðåä-
íþþ ïðî÷íîñòü ïîðÿäêà 1300 ÌÏà. Ñëåäóåò îò-
ìåòèòü ïîíèæåííûå ýêñïëóàòàöèîííûå è òåõíî-
ëîãè÷åñêèå õàðàêòåðèñòèêè ïðèìåíåííûõ ýëåê-
òðîëèòîâ ïî ñðàâíåíèþ ñ õëîðèñòî-àìîíèéíûìè
è öèàíèñòûìè. Ðåêîìåíäîâàòü ýòè ïîêðûòèÿ äëÿ
ïðèìåíåíèÿ íà âûñîêîïðî÷íûõ èçäåëèÿõ, ãäå
âåëèêà îïàñíîñòü âîäîðîäíîãî îõðóï÷èâàíèÿ,
òàêæå íå ïðåäñòàâëÿåòñÿ âîçìîæíûì.

Ïðèâåäåííûå ðåçóëüòàòû ïåðåêëèêàþòñÿ ñ
äàííûìè, ïîëó÷åííûìè â ÂÈÀÌå ïðè ðàçðàáîò-
êå ñïîñîáà ïðåäîòâðàùåíèÿ âîäîðîäíîãî îõðóï-
÷èâàíèÿ ñòàëè 30ÕÃÑÀ ñðåäíåé ïðî÷íîñòè [7].
Çà íèæíþþ ãðàíèöó ïðî÷íîñòè, ïðè êîòîðîé
âîçíèêàåò íåîáõîäèìîñòü îáåçâîäîðîæèâàíèÿ

ïîñëå öèíêîâàíèÿ èç ðàçëè÷íûõ ýëåêòðîëèòîâ,
àâòîðàìè ïðèíÿòî âðåìåííîå ñîïðîòèâëåíèå ðàç-
ðûâó, ðàâíîå 900 ÌÏà, è âåðõíåé ãðàíèöû íà
óðîâíå 1420 ÌÏà, âìåñòî ðàíåå ïðèíÿòîãî â íîð-
ìàòèâíîé äîêóìåíòàöèè òîãî æå ÂÈÀÌà íèæ-
íåãî óðîâíÿ 1400 ÌÏà. Ó ïîäàâëÿþùåãî áîëü-
øèíñòâà èññëåäîâàííûõ — êîìïëåêñíûõ è ñ
äîáàâêàìè ïîâåðõíîñòíî-àêòèâíûõ âåùåñòâ–
ýëåêòðîëèòîâ öèíêîâàíèÿ âûõîä ïî òîêó ïàäàåò
ñ 98 äî 90 % ïðè ïîâûøåíèè ïëîòíîñòè òîêà ñ
1 òîëüêî äî 2 À/äì2. Ýòî ÷åòêî óêàçûâàåò íà
ñóùåñòâåííîå óâåëè÷åíèå âûõîäà ïî âîäîðîäó è
ðîñò ñòåïåíè íàâîäîðîæèâàíèÿ îáðàçöîâ è èçäå-
ëèé. Äåéñòâèòåëüíî, â òàêîé ñèòóàöèè åäèí-
ñòâåííûì âûõîäîì ÿâëÿåòñÿ ïðîâåäåíèå îáåçâî-
äîðîæèâàíèÿ. Àâòîðàìè ïîêàçàíî, ÷òî äàæå ïîñ-
ëå ïðîãðåâà ïðè 150–250 °Ñ â òå÷åíèå 2 ÷ íå
óäàåòñÿ äîñòè÷ü íå òîëüêî èñõîäíîãî, ïîñëå òåð-
ìè÷åñêîé îáðàáîòêè, óðîâíÿ îòíîñèòåëüíîãî ñó-
æåíèÿ, ðàâíîãî 58 %, íî è óðîâíÿ 52 %. Ëèøü
âûäåðæêà â òå÷åíèå 24 ÷ ïîçâîëÿåò äîñòè÷ü óðîâ-
íÿ îòíîñèòåëüíîãî ñóæåíèÿ 55 %. Ñäåëàí âû-
âîä î äîïóñòèìîñòè ïðîãðåâà ïðè 200 °Ñ â òå÷å-
íèå 12 ÷ òîëüêî â ñëó÷àå ïðèìåíåíèÿ ùåëî÷íûõ
öèíêàòíûõ ýëåêòðîëèòîâ öèíêîâàíèÿ Ýêîìåò Ö1
ìàðêè À è Êàðàò-89. Íåîáõîäèìî îòìåòèòü, ÷òî
òåõíîëîãèÿ òåðìè÷åñêîé îáðàáîòêè îáðàçöîâ âñþ-
äó áûëà òðàäèöèîííîé: ýòî çàêàëêà â ìàñëå íà
ìàðòåíñèò è îòïóñê ïðè 400–450 °Ñ äî ïîëó÷å-
íèÿ çàäàííîé ïðî÷íîñòè. Ìåæäó òåì èçâåñòíî,
÷òî òàêàÿ ñòðóêòóðà ñîõðàíÿåò ñêëîííîñòü ê
âîäîðîäíîìó îõðóï÷èâàíèþ ïðè îòïóñêå âïëîòü
äî 500 °Ñ [8].

Íàó÷íî-ïðîèçâîäñòâåííûì ïðåäïðèÿòèåì
«ÝÊÎÌÅÒ» ðàçðàáîòàíà è äîïóùåíà ÂÈÀÌîì äëÿ
âûñîêîïðî÷íîé ñòàëè (ïðî÷íîñòü íå ìåíåå
1400 ÌÏà) òåõíîëîãèÿ öèíêîâàíèÿ «ÝÊÎÌÅÒ-Ö1»
[9]. Ýëåêòðîëèò ñîäåðæèò îêñèä öèíêà, ãèäðîîê-
ñèä íàòðèÿ è áëåñêîîáðàçóþùóþ äîáàâêó.

Ýëåêòðîëèò ýêîëîãè÷åñêè áåçîïàñåí, ïî ðàñ-

ñåèâàþùåé ñïîñîáíîñòè íå óñòóïàåò öèàíèäíûì,

òîëùèíà ïîêðûòèÿ äî 100 ìêì, äîïóñêàåìàÿ

ïëîòíîñòü òîêà — äî 20 À/ì2 (!). Ñëåäîâàòåëü-

íî, ýòîò ýëåêòðîëèò ÿâëÿåòñÿ ãîðàçäî ìåíåå

íàâîäîðîæèâàþùèì, ÷åì ìíîãèå äðóãèå ýëåêò-

ðîëèòû. Ïðè ýòîì, ïî óìîë÷àíèþ, ïîäðàçóìåâà-

åòñÿ, ÷òî îáåçâîäîðîæèâàþùèé ïðîãðåâ ïðîèç-

âîäèòñÿ ïî òðàäèöèîííîé òåõíîëîãèè, ò. å. ïðè

150–200 °Ñ. Ìåæäó òåì íàìè ïîëó÷åíû ñâåäå-

íèÿ î òîì, ÷òî íà ðÿäå ïðåäïðèÿòèé, â òîì ÷èñ-

ëå àâèàöèîííîé ïðîìûøëåííîñòè, òàêæå ïðè-

øëè ê âûâîäó î íåäîñòàòî÷íîñòè ïðîãðåâà ïðè

òàêîé íèçêîé òåìïåðàòóðå äëÿ õîòÿ áû ÷àñòè÷-

íîãî îáåçâîäîðîæèâàíèÿ è ñíèæåíèÿ ÷ðåçìåð-

íûõ îñòàòî÷íûõ íàïðÿæåíèé. Õðîìàòèðîâàíèå

öèíêîâûõ ïîêðûòèé ïðîèçâîäÿò íå ïîñëå öèí-

êîâàíèÿ, à ïîñëå ïðîãðåâà èçäåëèé ïðè 240 °Ñ,

ñ ïîñëåäóþùèì õðîìàòèðîâàíèåì. Òîãäà ñíèæà-

åòñÿ âåðîÿòíîñòü îõðóï÷èâàíèÿ, è íå ðàçðóøà-

åòñÿ õðîìàòíàÿ ïëåíêà. Ïðàâäà, ïðè ýòîì ïðè-

õîäèòñÿ ïðåðûâàòü ïðèâû÷íûé ïðîöåññ è íå-

ñêîëüêî ñíèæàòü ïðîèçâîäèòåëüíîñòü.

Â. Ì. ×åðòîâ
Öèíêîâàíèå: íîâûå ïðîöåññû



International Scientific Journal for Alternative Energy and Ecology     ISJAEE ¹ 4(48) (2007)
Ìåæäóíàðîäíûé íàó÷íûé æóðíàë «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» ÀÝÝ ¹ 4(48) (2007)110

©
 
2
0
0
7 

Sc
ie
n
tif
ic
 
T
ec
h
n
ic
a
l 
C
en
tr
e 

«
T
A
T
A
»

©
 
2
0
0
7 

Í
à
ó÷
í
î
-ò
å
õí
è
÷å
ñê
è
é
 
ö
å
í
òð
 
«
T
A
T
A
»

Íàêîíåö, îïðåäåëåííûå ïðåèìóùåñòâà ïåðåä
îñòàëüíûìè ñïîñîáàìè èìåþò òåõíîëîãèÿ è îáî-
ðóäîâàíèå ìåõàíîãàëüâàíè÷åñêîãî íàíåñåíèÿ
öèíêîâîãî ïîêðûòèÿ [10]. Èçäåëèÿ â áàðàáàíå,
êóäà ïîìåùåí âîäíûé ïîäêèñëåííûé ðàñòâîð è
ïîðîøîê öèíêà, îáêàòûâàþòñÿ ñòåêëÿííûìè
øàðèêàìè ìàëîãî äèàìåòðà, è ÷àñòèöû öèíêà
âõîëîäíóþ ïðèâàðèâàþòñÿ ê ïîâåðõíîñòè èçäå-
ëèé. Ïðè âçàèìîäåéñòâèè öèíêà ñ ïîâåðõíîñ-
òüþ èçäåëèé â ïðèñóòñòâèè êèñëîòû âûäåëÿåò-
ñÿ íåêîòîðîå êîëè÷åñòâî âîäîðîäà, Äëÿ ïîëíîãî
èñêëþ÷åíèÿ âçàèìîäåéñòâèÿ âîäîðîäà ñ ìàòåðè-
àëîì èçäåëèé (â òîì ÷èñëå ñ âûñîêîïðî÷íîé ïðó-
æèííîé ñòàëüþ) ïðèõîäèòñÿ íåñêîëüêî óñëîæ-
íÿòü ïðîöåññ: ïðåäâàðèòåëüíî íàíîñèòü íà èç-
äåëèÿ òîíêèé ïîäñëîé ìåäè èëè, ëó÷øå, îëîâà.
Â èòîãå ïîëó÷àåòñÿ ïëîòíûé ñëîé öèíêîâîãî
ïîêðûòèÿ íóæíîé òîëùèíû (ïëîòíîñòü è òîë-
ùèíà ñëîÿ çàâèñÿò òîëüêî îò âðåìåíè îáðàáîò-
êè) áåç ïðèìåíåíèÿ ýëåêòðîõèìè÷åñêîé òåõíî-
ëîãèè è áåç îõðóï÷èâàíèÿ.

Â çàêëþ÷åíèå çàìåòèì, ÷òî ìíîæåñòâî ðàç-
ðàáîòàííûõ è àïðîáèðîâàííûõ â ïðîèçâîäñòâåí-
íûõ óñëîâèÿõ ñïîñîáîâ öèíêîâàíèÿ ïîçâîëÿþò
ïîòðåáèòåëþ âûáðàòü òîò ñïîñîá, êîòîðûé íàè-
áîëåå ïðèåìëåì äëÿ îáðàáîòêè âûïóñêàåìûõ èì
èçäåëèé, ñ ó÷åòîì êàê ïðîèçâîäèòåëüíîñòè è
ýêîíîìè÷íîñòè, òàê è òåõíîëîãè÷íîñòè è îáåñ-
ïå÷åíèÿ âûñîêîãî êà÷åñòâà è íàäåæíîñòè.
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3rd Annual Conference
FUEL CELLS DURABILITY & PERFORMANCE 2007

November 14–16, 2007, Radisson Miami Biscayne Bay - Miami, FL

The 3rd annual meeting in The Knowledge Foundation’s Fuel Cells Durability
& Performance series will provide an interdisciplinary discussion forum for fuel
cell developers, manufacturers and suppliers working in the fields of fuel cells
materials, stacks, system design, fabrication, and testing. The objectives of
this meeting are: to discuss the latest innovations and emerging durability and
performance issues common for all fuel cell systems, and specific to different
types, designs, and sizes of fuel cells; to bring the attention of the testing
systems, standards, and regulations development community to the current
hurdles preventing fuel cells systems from large scale commercialization.

PROPOSED SCOPE AND MEETING STRUCTURE
This meeting’s technical program will examine the following issues current-

ly facing the fuel cells R&D community and the industry (to name a few):
Factors affecting fuel cells durability and performance across sys-

tem types and sizes
• Components, stacks, and system integration. Balance of plant
• “Start-stop” cycling and related issues
• Impact of freeze on the performance and durability of fuel cell compo-

nents and systems
• New materials for MEA and GDL to enhance freeze tolerance and

subfreezing operation
• Water management approaches
MEAs, electrodes, and GDL degradation, durability, and performance
• Membrane degradation mechanisms
• Advanced MEAs for operation at elevated temperatures and its low

cost fabrication
• Effect of operation conditions on membrane durability and stack performance
Polymer electrolytes and electrocatalysts: Issues and solutions
• Fuel cells durability effects at the polymer electrolyte – electrode interface
• Novel low-Pt and Pt-free electrocatalysts using materials-by-design approach
• Consumption of Pt catalyst under electrolysis and fuel cell operation
From materials, components, system integration and testing to

cost reduction
• Fuel cell stack and system membrane degradation and reliability
• Fuel cell life cycle – cost analysis
• Materials and manufacturing costs: bipolar plates, catalysts, MEAs and GDLs

The two-and-a-half-day meeting program will feature:
Four half-day Technical Sessions of the Main Conference Program
• Half-day Pre-Conference Workshop
• Exhibits and workshops in exhibit area
• Panel and round table discussions
• Networking opportunities
Should you have any suggestions regarding (1) proposed scope, and/or

(2) potential speakers you’d like to have invited and hear from do not
hesitate to let us know (include contact info for the person you want to be
invited to give a talk — E-mail/Tel). You may contribute into designing the
program the way you’d like it to be.

CALL FOR PRESENTERS
For potential speakers interested in presenting their latest achievements

in this emerging field of R&D, opportunities to speak at the Fuel Cells
Durability & Performance 2007 meeting remain. If you or a colleague are
interesting in participating as a speaker, we would like to encourage industry,
government and academic experts to look into the proposed scope of the
meeting and submit a talk proposal for the Program Committee’s consider-
ation (please see below simple guidelines for mini-abstract submission).

Submission Guidelines
In order to put together the Agenda and publish the conference brochure

we need to receive via E-mail:
• Title of your presentation
• Brief description (mini-abstract) — 70-80 words only
• Speaker’s title, affiliation and contact info
Deadline for all E-mail submissions is July 15, 2007
E-mail your materials to:
Fuel Cells Durability & Performance 2007
c/o Knowledge Foundation
(617) 232-7400 ext 211
span@KnowledgeFoundation.com
http://www.knowledgepress.com/events/1221448.htm

Âîäîðîäíàÿ ýíåðãåòèêà è òðàíñïîðò
Êîíñòðóêöèîííûå ìàòåðèàëû
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ÂÎÄÎÐÎÄÍÀß ÝÊÎÍÎÌÈÊÀ
Âîäîðîä äëÿ îáåñïå÷åíèÿ çäàíèé, ñîîðóæåíèé, æèëûõ äîìîâ

HYDROGEN ECONOMY
Hydrogen for providing buildings, structures and houses with energy

         Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ 29.09.2006 ã.          The article has entered in publishing office 29.09.2006.

ÐÅÃÓËÈÐÓÞÙÈÅ ÝÍÅÐÃÅÒÈ×ÅÑÊÈÅ ÓÑÒÀÍÎÂÊÈ ÍÀ ÁÀÇÅ
ÝËÅÊÒÐÎÕÈÌÈ×ÅÑÊÈÕ ÃÅÍÅÐÀÒÎÐÎÂ È ÔÎÐÌÈÐÎÂÀÍÈÅ

ÒÅÐÐÈÒÎÐÈÀËÜÍÎÉ ÂÎÄÎÐÎÄÍÎÉ ÈÍÔÐÀÑÒÐÓÊÒÓÐÛ

À. ß. Ñòîëÿðåâñêèé1 , Â. À. Õóñíóòäèíîâ2 , Ì. À. Êàñàòêèí3

 Members of the International Editorial Board

1 ÐÍÖ «Êóð÷àòîâñêèé èíñòèòóò», ã. Ìîñêâà
Òåë.: (495) 19 65 319; ôàêñ: (495) 19 64 977

 2 Äèðåêöèÿ ñòðîÿùèõñÿ ïëàâó÷èõ àòîìíûõ òåïëîýëåêòðîñòàíöèé êîíöåðíà «Ðîñýíåðãîàòîì», ã. Ìîñêâà
Òåë.: (495) 660 72 45

 3 ÔÃÓÏ «ÖÍÈÈ ÑÝÒ», ã. Ñàíêò-Ïåòåðáóðã
Òåë.: (812) 389-7603; ôàêñ (812) 389-0137

Ñâåäåíèÿ îá àâòîðå: êàíäèäàò òåõí. íàóê, íà÷àëüíèê îòäåëà èíâåñòèöèé
è êîðïîðàòèâíûõ îòíîøåíèé äèðåêöèè ñòðîÿùèõñÿ ïëàâó÷èõ àòîìíûõ òåï-
ëîýëåêòðîñòàíöèé êîíöåðíà «Ðîñýíåðãîàòîì».

Îáðàçîâàíèå: Âîåííûé èíæåíåðíûé èíñòèòóò èì. À. Ô. Ìîæàéñêîãî
(1979 ã.), àäúþíêòóðà (1987 ã.).

Îáëàñòü íàó÷íûõ èíòåðåñîâ: íåðàâíîâåñíàÿ òåðìîäèíàìèêà, ýíåðãåòè÷åñ-
êèå óñòàíîâêè, ýíåðãîòåõíîëîãè÷åñêèå êîìïëåêñû.

Ïóáëèêàöèè: îêîëî 15 ðàáîò.

Ñòîëÿðåâñêèé
Àíàòîëèé ßêîâëåâè÷

Õóñíóòäèíîâ
Âåíèàìèí Àëåêñååâè÷

Êàñàòêèí
Ìèõàèë Àëåêñååâè÷

Ñâåäåíèÿ îá àâòîðå: ãëàâíûé ñïåöèàëèñò íàïðàâëå-
íèÿ âîäîðîäíîé ýíåðãåòèêè ÔÃÓÏ «ÖÍÈÈ ÑÝÒ», ïî-
ìîùíèê ãåíåðàëüíîãî äèðåêòîðà ÎÎÎ «Íàó÷íî-ïðîèçâîäñòâåííûé öåíòð «Òîï-
ëèâíûå ýëåìåíòû è âîäîðîäíàÿ ýíåðãåòèêà».

Îáðàçîâàíèå: Âîåííûé èíæåíåðíûé èíñòèòóò èì. À. Ô. Ìîæàéñêîãî
(1979 ã.), âîåííûé èíæåíåð-ìåõàíèê ïî ñïåöèàëüíîñòè «Ëåòàòåëüíûå àïïàðà-
òû»; Ìîñêîâñêèé ôèíàíñîâûé èíñòèòóò; âîåííûå êóðñû ýêîíîìè÷åñêîãî ïëà-
íèðîâàíèÿ ïðîìûøëåííûõ ïðåäïðèÿòèé (1991 ã.).

Îáëàñòü íàó÷íûõ èíòåðåñîâ: òåõíîëîãèè ïðîèçâîäñòâà òîïëèâíûõ ýëå-
ìåíòîâ, ñèñòåìû õðàíåíèÿ è ãåíåðàöèè âîäîðîäà, ýíåðãåòè÷åñêèå óñòàíîâêè
íà òîïëèâíûõ ýëåìåíòàõ, ýêîíîìè÷åñêèå àñïåêòû ïðèìåíåíèÿ àëüòåðíàòèâ-
íûõ ýíåðãîñèñòåì.

Ïóáëèêàöèè: 3 ñòàòüè.

ÂÎÄÎÐÎÄÍÀß ÝÊÎÍÎÌÈÊÀ
Âîäîðîä äëÿ îáåñïå÷åíèÿ çäàíèé, ñîîðóæåíèé, æèëûõ äîìîâ

HYDROGEN ECONOMY
Hydrogen for providing buildings, structures and houses with energy

Ñâåäåíèÿ îá àâòîðå: ñ 1991 ã. — äèðåêòîð Öåíòðà êîìïëåêñíîãî ðàçâèòèÿ
òåõíîëîãèé è ýíåðãîòåõíîëîãè÷åñêèõ ñèñòåì (ÊÎÐÒÅÑ), êàíäèäàò òåõí. íàóê (1982 ã.).

Îáðàçîâàíèå: ôàêóëüòåò «Äâèãàòåëè ëåòàòåëüíûõ àïïàðàòîâ» ÌÀÈ (1973 ã.),
ñïåöèàëüíîñòü «Êîñìè÷åñêèå ýíåðãîóñòàíîâêè».

Ïðîôåññèîíàëüíûé îïûò: ñ 1973 ã. ïî íàñòîÿùåå âðåìÿ ðàáîòàåò â Èíñòè-
òóòå àòîìíîé ýíåðãèè èì. È. Â. Êóð÷àòîâà (ñ 1992 ã. — ÐÍÖ «Êóð÷àòîâñêèé
èíñòèòóò»); 1979 ã. — íà÷àëüíèê ãðóïïû; ñ 1982 ã. — íà÷àëüíèê ëàáîðàòîðèè
ýíåðãîòåõíîëîãè÷åñêèõ ñèñòåì, ÷ëåí Ìåæäóíàðîäíîé àññîöèàöèè ïî âîäîðîäíîé
ýíåðãåòèêå; ñ 1986 ã. — äèðåêòîð ñîâåòñêî-ãåðìàíñêîãî ïðîåêòà àòîìíîé ýíåðãî-
òåõíîëîãè÷åñêîé ñòàíöèè ñ ÂÒÃÐ; ñ 1991 ã. — âèöå-ïðåçèäåíò Ðîññèéñêîãî ýíåð-
ãîòåõíîëîãè÷åñêîãî êîíãðåññà.

Ïóáëèêàöèè: áîëåå 100 ñòàòåé è äîêëàäîâ, ñâûøå 30 ïàòåíòîâ íà èçîáðå-
òåíèÿ (ÿäåðíàÿ ýíåðãåòèêà, ïðåîáðàçîâàíèå ýíåðãèè).
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Âîäîðîäíàÿ ýêîíîìèêà
Âîäîðîä äëÿ ýíåðãîîáåñïå÷åíèÿ çäàíèé, ñîîðóæåíèé, æèëûõ äîìîâ: âîäîðîäíûå ìèíèýëåêòðîñòàíöèè íà áàçå òîïëèâíûõ ýëåìåíòîâ

Ââåäåíèå

Ðåàëèçàöèÿ íàöèîíàëüíûõ ïðîãðàìì ðàçâè-
òèÿ âîäîðîäíîé ýíåðãåòèêè áîëüøèíñòâà ðàçâè-
òûõ ñòðàí ïðîèñõîäèò âñåâîçðàñòàþùèìè òåì-
ïàìè. Òåõíîëîãè÷åñêîé îñíîâîé ïðîèçâîäñòâåí-
íîé áàçû âîäîðîäíîãî òîïëèâíîãî öèêëà è
ïåðåõîäà ê âîäîðîäíîé ýêîíîìèêå ìîãóò ñòàòü
àòîìíûå ýëåêòðîñòàíöèè (ÀÝÑ) ñ èñïîëüçîâàíè-
åì âûñîêîòåìïåðàòóðíûõ ãàçîîõëàæäàåìûõ ðå-
àêòîðîâ (ÂÒÃÐ) [1]. Èõ ñîçäàíèå è íà÷àëî ïðî-
ìûøëåííîãî èñïîëüçîâàíèÿ ïëàíèðóþòñÿ â
2015–2020 ãã.

Â ÷èñëî ñòðàòåãè÷åñêèõ çàäà÷ íà ïåðèîä ïå-
ðåõîäà ê âîäîðîäíîé ýêîíîìèêå âõîäèò ñîçäàíèå
îñíîâíûõ ýëåìåíòîâ ðàñïðåäåëèòåëüíîé è ïîòðå-
áèòåëüñêîé âîäîðîäíîé èíôðàñòðóêòóðû, îïûò-
íî-ïðîìûøëåííûõ âîäîðîäíûõ ýíåðãåòè÷åñêèõ
êîìïëåêñîâ, ðàáîòàþùèõ â ñîñòàâå òðàäèöèîí-
íûõ ñèñòåì ýíåðãîñíàáæåíèÿ. Òàêèå êîìïëåêñû
ìîãóò áûòü ñôîðìèðîâàíû, íàïðèìåð, â ðàñïðå-
äåëåííûõ ñèñòåìàõ ãåíåðàöèè ýëåêòðè÷åñêîé è
òåïëîâîé ýíåðãèè [2], îáåñïå÷èâàÿ óâåëè÷åíèå
íàäåæíîñòè, ïîääåðæàíèå îïåðàòèâíûõ òåõíî-
ëîãè÷åñêèõ ðåçåðâîâ ìîùíîñòè, ðåãóëèðîâàíèå
íàãðóçî÷íûõ ðåæèìîâ.

Äëÿ îáåñïå÷åíèÿ íåîáõîäèìîãî óðîâíÿ çà-
ãðóçêè îäíîãî îïûòíî-ïðîìûøëåííîãî ýíåðãîáëî-
êà ÂÒÃÐ — ÀÝÑ ñðåäíåé ìîùíîñòè, ïðåäíàçíà-
÷åííîãî äëÿ îäíîâðåìåííîãî ïðîèçâîäñòâà ýëåêò-
ðîýíåðãèè è âîäîðîäà, ïàðàëëåëüíî åãî ñòðîèòåëü-
ñòâó äîëæíà áûòü ñîçäàíà èíôðàñòðóêòóðà ñ
ïîòðåáëåíèåì 100–500 òûñ. ò âîäîðîäà â ãîä.

Âêëþ÷åíèå â ñîñòàâ òåððèòîðèàëüíîé âîäî-
ðîäíîé èíôðàñòðóêòóðû ñðåäñòâ ðàñïðåäåëåííîé
ãåíåðàöèè ýëåêòðè÷åñêîé è òåïëîâîé ýíåðãèè,
ðåãóëèðóåìûõ íàãðóçî÷íûõ ìîùíîñòåé è íàêî-
ïèòåëåé âîäîðîäà ïîçâîëèò ðàñøèðèòü âîçìîæ-
íîñòè ñèñòåìû ýíåðãîñíàáæåíèÿ â ÷àñòè ðåãóëè-
ðîâàíèÿ ðåæèìîâ è ðåçåðâèðîâàíèÿ.

Îñíîâíûì èñòî÷íèêîì èíâåñòèöèé â ñîçäà-
íèå òåððèòîðèàëüíûõ âîäîðîäíûõ ýíåðãåòè÷åñ-
êèõ êîìïëåêñîâ (ÒÂÝÊ) äîëæíû ñòàòü ñðåäñòâà
ôåäåðàëüíîé öåëåâîé ïðîãðàììû ðàçâèòèÿ âîäî-
ðîäíîé ýíåðãåòèêè. Òàêàÿ ïðîãðàììà, íåñîìíåí-
íî, äîëæíà áûòü ñôîðìèðîâàíà â Ðîññèè, êàê  â
áîëüøèíñòâå ðàçâèòûõ ñòðàí ìèðà. Â êà÷åñòâå
èñòî÷íèêîâ èíâåñòèöèé â ñîçäàíèå ðàñïðåäåëåí-
íûõ ñèñòåì ãåíåðàöèè íà áàçå âîäîðîäíûõ ýíåð-

ãåòè÷åñêèõ óñòàíîâîê (ÝÓ) ìîãóò áûòü äîïîëíè-
òåëüíî èñïîëüçîâàíû ñðåäñòâà íà ïîêðûòèå ñëå-
äóþùèõ çàòðàò:

– ïîääåðæàíèå ðåçåðâîâ ìîùíîñòè;
– îáåñïå÷åíèå ãàðàíòèðîâàííîãî ýíåðãîñíàá-

æåíèÿ;
– ðåãóëèðîâàíèå ðåæèìîâ â ðàñïðåäåëèòåëü-

íîé ñåòè;
– èíâåñòèöèè â ïðîåêòû ïî çàìåùåíèþ ïðè-

ðîäíîãî ãàçà â òîïëèâíîì áàëàíñå;
– èíâåñòèöèè â ðàçâèòèå âîçîáíîâëÿåìûõ

èñòî÷íèêîâ ýíåðãèè;
– êîìïåíñàöèè çà ñîêðàùåíèå âûáðîñîâ ïàð-

íèêîâûõ ãàçîâ.
Â ñòàòüå ïðåäñòàâëåíà ðåãóëèðóþùàÿ ýíåð-

ãåòè÷åñêàÿ óñòàíîâêà (ÐÝÓ) íà áàçå ýëåêòðîõè-
ìè÷åñêîãî ãåíåðàòîðà (ÝÕÃ) ñ òâåðäîïîëèìåðíû-
ìè òîïëèâíûìè ýëåìåíòàìè (ÒÝ), âêëþ÷àþùàÿ
õðàíèëèùå âîäîðîäà, à òàêæå ýëåêòðîëèçåð.
Ïîñëåäíèé èñïîëüçóåòñÿ íå òîëüêî êàê èñòî÷-
íèê âîäîðîäà, íî è êàê ðåãóëèðóåìàÿ ýëåêòðè-
÷åñêàÿ íàãðóçêà â ðàñïðåäåëåííîé ñèñòåìå ýëåê-
òðîñíàáæåíèÿ. ÝÕÃ è ýëåêòðîëèçåð ÿâëÿþòñÿ
èñòî÷íèêàìè òåïëà â ðàñïðåäåëåííîé ñèñòåìå ãî-
ðÿ÷åãî âîäîñíàáæåíèÿ (ÃÂÑ).

Îáîñíîâàíèå òåõíèêî-ýêîíîìè÷åñêèõ õàðàê-
òåðèñòèê ÐÝÓ ñ ÝÕÃ äîëæíî áûòü âûïîëíåíî ïðè-
ìåíèòåëüíî ê èõ èñïîëüçîâàíèþ â ñîñòàâå ÒÂÝÊ,
èíòåãðèðîâàííîãî â ñîñòàâ ñóùåñòâóþùèõ òðàäè-
öèîííûõ ñèñòåì ýíåðãîñíàáæåíèÿ è âêëþ÷àþùå-
ãî íåñêîëüêî ÐÝÓ ñ ÝÕÃ, îáúåäèíåííûõ òðàíñ-
ïîðòíî-ðàñïðåäåëèòåëüíîé òðóáîïðîâîäíîé ñåòüþ,
à òàêæå öåíòðàëèçîâàííûé èñòî÷íèê  âîäîðîäà.

1. Ðåãóëèðîâàíèå ðåæèìîâ
â ðàñïðåäåëèòåëüíûõ ýëåêòðè÷åñêèõ ñåòÿõ
ñèñòåì êîììóíàëüíîãî è ïðîìûøëåííîãî

ýëåêòðîñíàáæåíèÿ

Òåõíèêî-ýêîíîìè÷åñêèå õàðàêòåðèñòèêè èí-
âåñòèöèîííûõ ïðîåêòîâ ïî ñòðîèòåëüñòâó îáúåê-
òîâ ýíåðãîñíàáæåíèÿ â î÷åíü áîëüøîé ñòåïåíè
çàâèñÿò îò ðåæèìîâ ïîòðåáëåíèÿ, òðåáîâàíèé ê
íàäåæíîñòè è ñâÿçàííûõ ñ íèìè îãðàíè÷åíèé.

Ïðè ñîçäàíèè îáúåêòîâ ðàñïðåäåëåííûõ ñè-
ñòåì ýíåðãîñíàáæåíèÿ èñòî÷íèêè ýíåðãèè ìàê-
ñèìàëüíûì îáðàçîì ïðèáëèæàþòñÿ ê ïîòðåáè-
òåëÿì, ÷òî ïðèâîäèò ê ñîêðàùåíèþ çàòðàò íà
òðàíñïîðòèðîâêó, óâåëè÷åíèþ äîëè ïðîèçâîäè-
òåëÿ ýíåðãîðåñóðñîâ â îáùåì îáúåìå âûðó÷êè îò

Number of strategic tasks for the period of transition to hydrogen economy includes creation of
basic elements of a distributive and consumer hydrogen infrastructure, nuclear-hydrogen power com-
plexes working in structure of traditional systems of power supply. Such complexes can be generated,
for example, in the distributed systems of generation electrical and thermal energy, providing increase
of reliability, maintenance of operative technological reserves of capacity, regulation of load modes.

For maintenance of a necessary level of loading of a nuclear-hydrogen complex of average
capacity intended for simultaneous manufacture to the electric power and hydrogen, in parallel to its
construction the infrastructure with consumption 100–500 thousand tons of hydrogen per one year
should be created.

The inclusion in structure of a territorial hydrogen infrastructure of means of the distributed
generation electrical and thermal energy adjusted of loading capacities and stores of hydrogen will
allow to expand power supply system opportunities in a part of  load modes regulation and reserva-
tion demand.
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ðåàëèçàöèè ýíåðãèè, îäíàêî ýòî òðåáóåò äîïîë-
íèòåëüíûõ çàòðàò íà ñîçäàíèå ñèñòåìíûõ è ëî-
êàëüíûõ ñðåäñòâ ðåãóëèðîâàíèÿ ðåæèìîâ ïðîèç-
âîäñòâà — ïîòðåáëåíèÿ ýíåðãèè, îïåðàòèâíûõ
òåõíîëîãè÷åñêèõ ðåçåðâîâ.

Â õîäå íîâîãî ñòðîèòåëüñòâà è ðåêîíñòðóê-
öèè òåððèòîðèé êîìïëåêñíîé çàñòðîéêè ðîññèé-
ñêèõ ìåãàïîëèñîâ â ïåðâóþ î÷åðåäü ðàçâèâàþòñÿ
ñëåäóþùèå ãðóïïû ýíåðãîïîòðåáèòåëåé, îòíîñÿ-
ùèõñÿ ê 1 è 2 êàòåãîðèÿì íàäåæíîñòè ýëåêòðî-
ñíàáæåíèÿ è èìåþùèõ ñóùåñòâåííî íåðàâíîìåð-
íûå ðåæèìû ïîòðåáëåíèÿ:

– æèëûå êîìïëåêñû ñ îáúåêòàìè ñîöèàëü-
íîé èíôðàñòðóêòóðû,

– îôèñíûå, òîðãîâî-ðàçâëåêàòåëüíûå è ñïîðòèâ-
íûå öåíòðû,

– ìàëûå ïðîìûøëåííûå ïðåäïðèÿòèÿ ñ îäíî-
ñìåííûì ðåæèìîì ðàáîòû.

Ïàðàìåòðû ïðèñîåäèíåííîé íàãðóçêè (ìîù-
íîñòè) ýòèõ ïîòðåáèòåëåé N1–5, à èìåííî, ïî-
òðåáëÿåìûå ìîùíîñòè â ïåðèîäû ñóòî÷íûõ ìàê-
ñèìóìîâ è ìèíèìóìîâ, N1 — óòðåííåãî, N2 —
ïåðâîãî äíåâíîãî, N3 — âòîðîãî äíåâíîãî, N4 —
âå÷åðíåãî ìàêñèìóìîâ, N5 — íî÷íîãî ìèíèìóìà,
ñîîòíîñÿòñÿ ñ èõ óñòàíîâëåííîé ìîùíîñòüþ Nóñò
â ñîîòâåòñòâèè ñî ñëåäóþùèì ñîîòíîøåíèåì:

N1–5 = Nóñò ⋅ Êîäí ⋅ Êýêñïë ⋅ Ê1–5 ⋅ Êíåä ⋅ Êñåç, (1)

ãäå Êîäí — êîýôôèöèåíò îäíîâðåìåííîñòè âêëþ-
÷åíèÿ; Êýêñïë — êîýôôèöèåíò ýêñïëóàòàöèîííîé

Òàáëèöà 1

Îñíîâíûå òåõíè÷åñêèå òðåáîâàíèÿ ê ÐÝÓ, ïðåäíàçíà÷åííîé äëÿ âûðàâíèâàíèÿ
ñóòî÷íûõ íàãðóçî÷íûõ ðåæèìîâ è ðåçåðâíîãî ýíåðãîñíàáæåíèÿ ìèêðîðàéîíà

íà 10 òûñÿ÷ æèòåëåé

Параметр Размерность Требование 
Генерирующая мощность (ГМ) МВт Не менее 3,0 
Диапазон регулирования ГМ % 0–100 
Нагрузочная мощность (НМ) МВт Не менее 0,5 
Диапазон регулирования НМ % 0–100 
Эффективная емкость накопителя энергии  
(количество энергии, выдаваемой потребителю) кВт⋅ч Не менее 15000 

Эффективный КПД аккумуляционного цикла  
Не менее 0,60 с учетом тепловой 

энергии, не менее 0,25 по 
электрической энергии 

Время набора 50 и 100 % ГМ с Соответственно, 0,2 и 0,3 
Время замещения основного источника в режиме 
системы гарантированного электроснабжения с Не более 0,1 

Время приема 50 и 100 % НМ с Соответственно, 0,2 и 0,3 
Рабочее напряжение по соединению  
с внешними источниками и потребителями кВ Варианты: 20,  10,  6 

Габариты м 
В пределах транспортных 

габаритов 1СС: 6,058 (длина), 
2,438 (высота), 2,591 (ширина) 

Масса т Не более 12 
Пожаровзрывобезопасность сооружения Класс Не ниже В 11-а 
Степень защиты электрооборудования  
по ГОСТ 1424-80 Класс Не ниже 1Р54 

Автоматизация  Полная 
Ресурс: 

назначенный 
межремонтный, 
межрегламентный 

 
ч 

 
200000 
40000 
10000 

ãîòîâíîñòè; Ê1, Ê2, Ê3, Ê4, Ê5 — êîýôôèöèåíòû
ó÷àñòèÿ â ñóòî÷íûõ ìàêñèìóìàõ (ìèíèìóìàõ) —
óòðåííåì, ïåðâîì è âòîðîì äíåâíûõ, âå÷åðíåì
ìàêñèìóìàõ, íî÷íîì ìèíèìóìå ñîîòâåòñòâåííî;
Êíåä — êîýôôèöèåíò íåðàâíîìåðíîñòè â íåäåëü-
íîì öèêëå, Êñåç — êîýôôèöèåíò íåðàâíîìåðíîñ-
òè â ãîäîâîì öèêëå. Çíà÷åíèÿ óïîìÿíóòûõ êîýô-
ôèöèåíòîâ ïîäðîáíî ïðåäñòàâëåíû â [3].

Äëÿ òèïîâîãî 9-ýòàæíîãî æèëîãî çäàíèÿ
îáùåé ïëîùàäüþ îêîëî 16000 ì2:

Ê1 = 0,6–0,7;
Ê2 = 0,4–0,5;
Ê3 = 0,5–0,6;
Ê4 = 0,9–1,0;
Ê5 = 0,10–0,15;
Êîäí = 0,09–0,12;
Êýêñïë = 0,80–0,95;
Êíåä = 0,8–1,0 â çàâèñèìîñòè îò äíÿ íåäåëè;
Êñåç = 0,6–1,0 â çàâèñèìîñòè îò ìåñÿöà.
Èç (1) ñëåäóåò, ÷òî îòíîøåíèå ñóòî÷íîãî

ìèíèìóìà  ê ñóòî÷íîìó ìàêñèìóìó äëÿ æèëîãî
çäàíèÿ  ìîæåò äîñòèãàòü 0,05–0,1, à ñîîòíîøå-
íèå ìåæäó ëåòíèì íî÷íûì ìèíèìóìîì N5 è çèì-
íèì âå÷åðíèì ìàêñèìóìîì N4 0,02–0,04. Ïðè
òàêèõ íàãðóçî÷íûõ ðåæèìàõ èñïîëüçîâàíèå ìíî-
ãèõ ñîâðåìåííûõ ýíåðãîàãðåãàòîâ íåýôôåêòèâíî
èëè íåâîçìîæíî.

Êîýôôèöèåíòû èñïîëüçîâàíèÿ óñòàíîâëåí-
íîé ìîùíîñòè (ÊÈÓÌ), â äàííîì ñëó÷àå ðàçðå-
øåííîé íàãðóçî÷íîé ìîùíîñòè ïîòðåáèòåëÿ, â

À. ß. Ñòîëÿðåâñêèé, Â. À. Õóñíóòäèíîâ, Ì. À. Êàñàòêèí     Ðåãóëèðóþùèå ýíåðãåòè÷åñêèå óñòàíîâêè íà áàçå ýëåêòðîõèìè÷åñêèõ
ãåíåðàòîðîâ è ôîðìèðîâàíèå òåððèòîðèàëüíîé âîäîðîäíîé èíôðàñòðóêòóðû
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Значения Характеристики По ТЗ Достигнутые 
Мощность, кВт 10,0 10,0 
Тепловая мощность, кВт Не задана 14,0 
Параметры электрической энергии:   
        напряжение, В 220,0 220 
        частота, Гц 50,0 50 
Время запуска, с:   
      из горячего состояния при 5 °С 5,0 0,2 
Количество вводов/выводов 200 200 
Ресурс, ч: 
       назначенный 
       межремонтный 
       межрегламентный 

 
10000  

с доведением до 
30000–40000 

 
200 000  
40 000 
10 000 

Срок службы, лет 5 10 

Топливо 

Водород, 
конвертированное 
углеводородное 

топливо 

Водород, 
конвертированное 
углеводородное 

топливо 

Окислитель 
Кислород 

атмосферного 
воздуха 

Кислород 
атмосферного 

воздуха 
Температура окружающей среды, °С 5…40 –40…+40 
КПД ЭХГ, % 
        по электрической энергии 
        по электрической и тепловой 
        энергии 

 
 

Не задан 
Не задан 

 
 

0,35–0,48 
85,0–0,90 

Стоимость 1 кВт установленной 
мощности при серийном 
производстве в ценах на 2005 г., руб.  

 
15000 

 
15000 

Òàáëèöà 2

Ñîïîñòàâëåíèå ïðîåêòíûõ õàðàêòåðèñòèê ÝÓ ñ ÒÝ ìîäóëüíîé
êîíñòðóêöèè ñ òðåáîâàíèÿìè òåõíè÷åñêîãî çàäàíèÿ

ãîäîâîì öèêëå îáúåêòîâ ýëåêòðîñíàáæåíèÿ ìèê-
ðîðàéîíà èç 15 óïîìÿíóòûõ òèïîâûõ æèëûõ
çäàíèé ñîñòàâëÿþò:

– ïðèñîåäèíåííîé íàãðóçêè (ê ïèòàþùåé
ËÝÏ-10 ÊÂ) — 0,30–0,35,

– óñòàíîâëåííîé ìîùíîñòè ðàñïðåäåëèòåëü-
íûõ ïîäñòàíöèé 10/0,4 ÊÂ — 0,15–0,2.

Ïðè ïðîãíîçèðóåìîì íà ïåðèîä äî 2015 ã.
óðîâíå òàðèôîâ äîñòàòî÷íûé óðîâåíü ðåíòàáåëü-
íîñòè èíâåñòèöèé â ñòðîèòåëüñòâî îáúåêòîâ ýëåê-
òðîñíàáæåíèÿ äîñòèãàåòñÿ ïðè ÊÈÓÌ ãåíåðèðó-
þùèõ ìîùíîñòåé íå ìåíåå 0,60. Ïî÷òè äâóêðàò-
íàÿ ðàçíèöà â ïîòðåáíîì è ôàêòè÷åñêîì óðîâíÿõ
ÊÈÓÌ ãåíåðèðóþùèõ è íàãðóçî÷íûõ ìîùíîñ-
òåé äåëàåò ðåíòàáåëüíîñòü èíâåñòèöèé â ñîçäà-
íèå èñòî÷íèêîâ ýíåðãîñíàáæåíèÿ êîììóíàëüíûõ
ïîòðåáèòåëåé êðàéíå íèçêîé.

Îñíîâíàÿ öåëü âêëþ÷åíèÿ ÐÝÓ â ðàñïðåäå-
ëåííûå ñèñòåìû ýíåðãîñíàáæåíèÿ – óâåëè÷åíèå
ÊÈÓÌ ñ 0,30–0,35 äî 0,60 è áîëåå, ÷òî ñîîò-
âåòñòâóåò ñðîêàì îêóïàåìîñòè èíâåñòèöèé â ñî-
çäàíèå ýëåêòðîñòàíöèé è îáúåêòîâ ýëåêòðîñíàá-
æåíèÿ 8–10 ëåò.

Ñîãëàñíî ïðåäâàðèòåëüíûì îöåíêàì, îñíîâ-
íûå òåõíè÷åñêèå õàðàêòåðèñòèêè ÐÝÓ, ïðåäíà-
çíà÷åííûõ äëÿ âûðàâíèâàíèÿ ñóòî÷íûõ íàãðó-
çî÷íûõ ðåæèìîâ è ðåçåðâíîãî ýíåðãîñíàáæåíèÿ
óïîìÿíóòîãî ìèêðîðàéîíà â óñëîâèÿõ çèìíåãî
ìàêñèìóìà è îáåñïå÷èâàþùèõ çíà÷åíèå ÊÈÓÌ
âíåøíåãî èñòî÷íèêà ýëåêòðîñíàáæåíèÿ íå ìå-

íåå 0,6, äîëæíû ñîîòâåòñòâîâàòü ñëåäóþùèì
òðåáîâàíèÿì (òàáë. 1).

2. Äîñòèæèìûå òåõíè÷åñêèå õàðàêòåðèñòèêè
ÐÝÓ ñ ÝÕÃ

Ðîññèéñêèå è èíîñòðàííûå ðàçðàáîò÷èêè
ÝÕÃ ñ ÒÝ èìåþò áîëåå ÷åì òðèäöàòèëåòíèé îïûò
ñîçäàíèÿ è îïûòíîé ýêñïëóàòàöèè òàêèõ óñòà-
íîâîê. Ñåé÷àñ â ìèðå ýêñïëóàòèðóþòñÿ ñîòíè
îïûòíûõ ÝÕÃ ìîùíîñòüþ îò 0,01 äî 300 êÂò è
áîëåå. Ñòîèìîñòü óñòàíîâëåííîé ìîùíîñòè ñî-
ñòàâëÿåò 5–10 òûñ. äîëë. ÑØÀ çà 1 êÂò. Íà
ñåãîäíÿøíèé äåíü íè îäèí ïðîèçâîäèòåëü íå
ïðåäëîæèë ñâîþ ïðîäóêöèþ â ïðîìûøëåííîì
ìàñøòàáå, îäíàêî ñëåäóåò îæèäàòü åå ïîÿâëå-
íèÿ íà ðûíêå ñ 2010 ã.

Â Ðîññèè íà ñåãîäíÿøíèé äåíü ñëîæèëîñü
íåñêîëüêî ãðóïï ïðåäïðèÿòèé, âåäóùèõ ðàáîòû
íàä ñîçäàíèåì ÝÕÃ. Â ÷èñëî âåäóùèõ âõîäèò
êîîïåðàöèÿ ÔÃÓ ÐÍÖ «Êóð÷àòîâñêèé èíñòèòóò»
(íàó÷íûé ðóêîâîäèòåëü) è  ÔÃÓÏ «ÖÍÈÈ ÑÝÒ»
(ãîëîâíîé ðàçðàáîò÷èê). Êîîïåðàöèÿ ñïåöèàëè-
çèðóåòñÿ íà ñîçäàíèè ÝÕÃ äëÿ îáúåêòîâ ðàñïðå-
äåëåííîé ýíåðãåòèêè, ìîðñêîãî è àâòîìîáèëüíî-
ãî òðàíñïîðòà.

Â  ðàìêàõ ôåäåðàëüíîé öåëåâîé íàó÷íî-òåõ-
íè÷åñêîé ïðîãðàììû «Èññëåäîâàíèÿ è ðàçðàáîòêè
ïî ïðèîðèòåòíûì íàïðàâëåíèÿì ðàçâèòèÿ íàóêè
è òåõíèêè» íà 2002–2006 ãã. ÐÍÖ «Êóð÷àòîâ-
ñêèé èíñòèòóò» è ÔÃÓÏ «ÖÍÈÈ ÑÝÒ» âåäóò

Âîäîðîäíàÿ ýêîíîìèêà
Âîäîðîä äëÿ ýíåðãîîáåñïå÷åíèÿ çäàíèé, ñîîðóæåíèé, æèëûõ äîìîâ: âîäîðîäíûå ìèíèýëåêòðîñòàíöèè íà áàçå òîïëèâíûõ ýëåìåíòîâ
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Тип РЭУ 
Эффективный КПД (коэффициент 

использования энергии) 
аккумуляционного цикла 

Удельные затраты на создание 
накопителя электроэнергии 

емкостью 1 кВт⋅ч с мощностью  
1 кВт, долл. 

РЭУ с быстродействием до 0,1 с 

РЭУ на базе сверхпроводящих 
индукционных накопителей (СПИН) Около 0,85 Свыше 200000 

РЭУ на базе емкостных накопителей (ЕН) Около 0,85 Свыше 10000 
РЭУ на базе электрохимических 
аккумуляторных батарей (АБ) Около 0,60 500–750 

РЭУ с ЭХГ 0,25–0,40  
(около 0,75 с утилизацией тепла) 750–1500 

РЭУ с реверсивным ЭХГ /5/ 0,35–0,40  
(около 0,80 с утилизацией тепла) 500–1000 

Аккумулирующие электростанции и энергоагрегаты с быстродействием свыше 10 с 

Гидроаккумулирующие электростанции 
(ГАЭС) Около 0,75 150–200 

Теплоиспользующие аккумулирующие 
электростанции (ТАЭС) Около 0,40 (около 0,80) Около 500 

Воздушные аккумулирующие 
энергоагрегаты Около 0,50 (около 0,80) Около 500 

Механические аккумулирующие 
энергоагрегаты Около 0,60 Около 500 

Пиковые энергоагрегаты с быстродействием свыше 10 с 

Пиковые энергоагрегаты гидравлических 
электростанций (ГЭС) Нет Около 300 (условно) 

 
Пиковые энергоагрегаты на базе 
газотурбинных ЭУ Нет Около 300 (условно) 

 

Òàáëèöà 3

Íåêîòîðûå õàðàêòåðèñòèêè îñíîâíûõ òèïîâ ÐÝÓ

ðàáîòû ïî ïðîåêòó «Ðàçðàáîòêà ýíåðãîóñòàíî-
âîê ìîäóëüíîãî òèïà íà òîïëèâíûõ ýëåìåíòàõ ñ
òâåðäîïîëèìåðíûì ýëåêòðîëèòîì ñ èçãîòîâëåíè-
åì è èñïûòàíèÿìè ýíåðãîóñòàíîâêè ìîùíîñòüþ
äî 10 êÂò». Ïåðâûé îïûòíûé îáðàçåö ýíåðãîóñ-
òàíîâêè â ñîîòâåòñòâèè ñ êîíòðàêòîì ïîÿâèòñÿ
â 2006 ã., à ïðîìûøëåííîå ïðîèçâîäñòâî ïëà-
íèðóåòñÿ îðãàíèçîâàòü â òå÷åíèå 3–5 ëåò. Ðàç-
ðàáàòûâàåìàÿ óñòàíîâêà èìååò òåõíè÷åñêèå õà-
ðàêòåðèñòèêè, ïðåäñòàâëåííûå â òàáë. 2.

Ïî áîëüøèíñòâó òåõíè÷åñêèõ õàðàêòåðèñ-
òèê ðàçðàáàòûâàåìàÿ ÔÃÓÏ «ÖÍÈÈ ÑÝÒ» ÝÓ ñ
ÒÝ óäîâëåòâîðÿåò òðåáîâàíèÿì äëÿ ÐÝÓ ñ ÝÕÃ,
èçëîæåííûì â òàáë. 1, à òðåáóåìàÿ óñòàíîâëåí-
íàÿ ìîùíîñòü ìîæåò áûòü äîñòèãíóòà âêëþ÷å-
íèåì â ñîñòàâ ÝÓ íåîáõîäèìîãî êîëè÷åñòâà òè-
ïîâûõ ìîäóëåé-áàòàðåé ÒÝ. Ê 2010 ã. âîçìîæíî
íà÷àòü âûïóñê ýíåðãîóñòàíîâîê óñòàíîâëåííîé
ìîùíîñòüþ äî 5 ÌÂò.

Ñîñòàâ îñíîâíîãî îáîðóäîâàíèÿ òèïîâîãî ýëåê-
òðîòåïëîãåíåðàòîðà (ÝÒÃ) ñ ÒÝ (ðèñ. 1) âêëþ÷àåò:

– áàòàðåþ òîïëèâíûõ ýëåìåíòîâ ñ îáñëóæè-
âàþùèìè ñèñòåìàìè;

– ñèñòåìó ïîäãîòîâêè è ïîäà÷è òîïëèâà,
âêëþ÷àÿ òîïëèâíûé ïðîöåññîð è ñèñòåìó ãåíå-
ðàöèè òåïëîâîé ýíåðãèè;

– ñèñòåìó ïîäãîòîâêè è ïîäà÷è îêèñëèòåëÿ
(âîçäóõà), âêëþ÷àÿ âåíòèëÿòîð (êîìïðåññîð) è
ôèëüòð;

– ñèñòåìó âçðûâî- è ïîæàðîïðåäóïðåæäåíèÿ;
– ñèñòåìó ïðåîáðàçîâàíèÿ è êîììóòàöèè

ýëåêòðîýíåðãèè, âêëþ÷àÿ ïðåîáðàçîâàòåëü íàïðÿ-
æåíèÿ;

– ñèñòåìó óïðàâëåíèÿ, êîíòðîëÿ è çàùèòû.
Ïðîòîòèïîì îòå÷åñòâåííîãî ÝÒÃ ïîñëóæèëè

çàðóáåæíûå ðàçðàáîòêè îïûòíûõ îáðàçöîâ ýëåê-
òðîòåïëîãåíåðàòîðîâ. Ñîâìåñòíàÿ ðàçðàáîòêà
ÔÃÓÏ «ÖÍÈÈ ÑÝÒ» è ÔÃÓ «ÐÍÖ «Êóð÷àòîâ-
ñêèé èíñòèòóò» îòå÷åñòâåííîé ÝÓ ñ ÒÝ ìîäóëü-
íîé êîíñòðóêöèè ïî ñâîèì õàðàêòåðèñòèêàì íå
óñòóïàåò çàðóáåæíûì, íî èìååò áîëüøèå ïåðñ-
ïåêòèâû çà ñ÷åò ñíèæåíèÿ óäåëüíîé ñåáåñòîèìîñ-
òè èçãîòîâëåíèÿ íà 1 êÂò ìîùíîñòè (ðèñ. 2).

Àäàïòàöèÿ òàêîé ÝÓ ñ ÒÝ ê óñëîâèÿì ðàáî-
òû â ñîñòàâå òåððèòîðèàëüíîãî êîìïëåêñà âîäî-
ðîäíîé èíôðàñòðóêòóðû íå ïðåäñòàâëÿåò ñëîæ-
íîñòè è ìîæåò áûòü âûïîëíåíà ïî ñõåìàì, ïðåä-
ñòàâëåííûì íà ðèñ. 3 è 4.

Â òàáë. 3 ñîïîñòàâëåíû íåêîòîðûå òåõíèêî-
ýêîíîìè÷åñêèå õàðàêòåðèñòèêè îñíîâíûõ òèïîâ
ïðîìûøëåííûõ è îïûòíî-ïðîìûøëåííûõ ÐÝÓ è
àêêóìóëÿöèîííûõ ýíåðãåòè÷åñêèõ óñòàíîâîê [4].

Èç äàííûõ, ïðèâåäåííûõ â òàáë. 3, âèäíî,
÷òî ÐÝÓ ñ ÝÕÃ âïîëíå êîíêóðåíòíû â ñâîåì êëàñ-
ñå ýíåðãîóñòàíîâîê. ÐÝÓ íà áàçå ýëåêòðîõèìè-
÷åñêèõ àêêóìóëÿòîðíûõ áàòàðåé (ÀÁ) çíà÷èòåëüíî
ïðîèãðûâàþò ÐÝÓ ñ ÝÕÃ èç-çà ìàëîãî ðåñóðñà
(300–500 öèêëîâ) è ñëîæíîñòè îáåñïå÷åíèÿ

À. ß. Ñòîëÿðåâñêèé, Â. À. Õóñíóòäèíîâ, Ì. À. Êàñàòêèí     Ðåãóëèðóþùèå ýíåðãåòè÷åñêèå óñòàíîâêè íà áàçå ýëåêòðîõèìè÷åñêèõ
ãåíåðàòîðîâ è ôîðìèðîâàíèå òåððèòîðèàëüíîé âîäîðîäíîé èíôðàñòðóêòóðû
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Ðèñ. 1. Ïíåâìîãèäðàâëè÷åñêàÿ ñõåìà ÝÓ ñ ÒÝ ìîäóëüíîãî òèïà ñ êîíâåðòåðîì óãëåâîäîðîäíîãî òîïëèâà è óòèëèçà-
öèåé òåïëà. Îáîçíà÷åíèÿ: ÁÝÕÃ — áàòàðåÿ ýëåêòðîõèìè÷åñêîãî ãåíåðàòîðà; ÁÒÝ — áëîê òîïëèâíûõ ýëåìåíòîâ;
Í — íàñîñ; ÝÂ — ýëåêòðîâåíòèëÿòîð; ÏÐÖ — òîïëèâíûé ïðîöåññîð; ÅÊ — åìêîñòü êîìïåíñàöèîííàÿ; ÒÎ — òåï-
ëîîáìåííèê; Ô — ôèëüòð; Ê — êëàïàí; ÊÐ — êëàïàí ðåäóêöèîííûé; Á — áàëëîí; ÍÃ — íàãíåòàòåëü; ÓÂ — óâ-
ëàæíèòåëü; ÂÎ — âëàãîîòäåëèòåëü; ÌÍ — ìàíîìåòð; ÑÌ — ñìåñèòåëü; ÑÊ — åìêîñòü ñáðîñà êîíäåíñàòà; ÁÔ —
åìêîñòü áóôåðíàÿ; ÎÁ — îáîãðåâàòåëü; ÐÑÎ — ðåàêòîð ñåðîî÷èñòêè; ÝÇ — ýëåêòðîçàïàë; ÄÃ — äàò÷èê ãîðåíèÿ;
ÑÎ — äàò÷èê ÑÎ; Ð — äàò÷èê äàâëåíèÿ; Ò — äàò÷èê òåìïåðàòóðû; Ó — äàò÷èê óðîâíÿ; ÃÂ — äàò÷èê êîíöåíò-
ðàöèè âîäîðîäà; ÃÊ — äàò÷èê êîíöåíòðàöèè êèñëîðîäà; ÐÊ — ðåãóëèðîâî÷íûé êëàïàí

Ðèñ. 2. Ñîâðåìåííûå ýíåðãîóñòàíîâêè íà òîïëèâíûõ ýëåìåíòàõ ñ êîíâåðòåðîì ïðèðîäíîãî ãàçà: à — 5 êÂò óñòà-
íîâêà ñ ÒÝ «Idemitsu Kosan» (ßïîíèÿ); á — 10 êÂò óñòàíîâêà ñ ÒÝ, ðàçðàáàòûâàåìàÿ ÔÃÓÏ «ÖÍÈÈ ÑÝÒ»

                                    à                                                                              á

Âîäîðîäíàÿ ýêîíîìèêà
Âîäîðîä äëÿ ýíåðãîîáåñïå÷åíèÿ çäàíèé, ñîîðóæåíèé, æèëûõ äîìîâ: âîäîðîäíûå ìèíèýëåêòðîñòàíöèè íà áàçå òîïëèâíûõ ýëåìåíòîâ



International Scientific Journal for Alternative Energy and Ecology ISJAEE ¹ 4(48) (2007)
Ìåæäóíàðîäíûé íàó÷íûé æóðíàë «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» ÀÝÝ ¹ 4(48) (2007) 117

©
 
2
0
0
7 

Sc
ie
n
tif
ic
 
T
ec
h
n
ic
a
l 
C
en
tr
e 

«
T
A
T
A
»

©
 
2
0
0
7 

Í
à
ó÷
í
î
-ò
å
õí
è
÷å
ñê
è
é
 
ö
å
í
òð
 
«
T
A
T
A
»

Ðèñ. 4. Ñõåìà òåððèòîðèàëüíîãî âîäîðîäíîãî ýíåðãåòè-
÷åñêîãî êîìïëåêñà (ÒÂÝÊ)

óñëîâèé â ýëåêòðîñåòè äëÿ îáåñïå÷åíèÿ ïîëíîãî
öèêëà çàðÿäà-ðàçðÿäà. Óäåëüíûå çàòðàòû íà  ñî-
çäàíèå ÐÝÓ ñ ÝÕÃ ìîãóò áûòü ñóùåñòâåííî ñíè-
æåíû â ñëó÷àå èñïîëüçîâàíèÿ ðåâåðñèâíûõ ÝÕÃ,
óñòðîéñòâî êîòîðûõ îáåñïå÷èâàåò ïîñëåäîâàòåëü-
íîå âûïîëíåíèå ôóíêöèé ãåíåðàòîðà èëè ýëåêò-
ðîëèçåðà â åäèíîé ýëåêòðîõèìè÷åñêîé ÿ÷åéêå.

Ýôôåêòèâíîñòü èñïîëüçîâàíèÿ ÐÝÓ ñ ÝÕÃ â
ñîñòàâå ÒÂÝÊ çíà÷èòåëüíî ïîâûøàåòñÿ ïðè óòè-
ëèçàöèè òåïëîâîé ýíåðãèè, íàïðèìåð, äëÿ îòîï-
ëåíèÿ è ãîðÿ÷åãî âîäîñíàáæåíèÿ.

Îöåíî÷íûå ðàñ÷åòû ïîêàçûâàþò, ÷òî â ïå-
ðèîä ïîñëå çàâåðøåíèÿ ðåôîðìèðîâàíèÿ ýëåêò-
ðîýíåðãåòèêè è æèëèùíî-êîììóíàëüíîãî õîçÿé-
ñòâà ñòîèìîñòü òåïëîñíàáæåíèÿ ñ èñïîëüçîâà-
íèåì óòèëèçàöèîííîãî òåïëà ÐÝÓ ñ ÝÕÃ íå áóäåò
ïðåâûøàòü ïðîãíîçèðóåìûå ñðåäíåðûíî÷íûå òà-
ðèôû íà öåíòðàëèçîâàííîå òåïëîñíàáæåíèå â
áîëüøèíñòâå ðåãèîíîâ ÐÔ.

Çíà÷èòåëüíàÿ ÷àñòü ðåàëèçóåìûõ ïðîãðàìì
ñòðîèòåëüñòâà ýíåðãåòè÷åñêèõ óñòàíîâîê íà áàçå
âîäîðîäíûõ ÒÝ íàõîäèòñÿ â ñòàäèè ïðîâåäåíèÿ
èëè çàâåðøåíèÿ îïûòíî-ïðîìûøëåííîé îòðàáîò-
êè [6]. Èõ ïåðñïåêòèâíîñòü â óñëîâèÿõ çàïàä-
íîé ýêîíîìèêè äîêàçàíà ïðàêòè÷åñêè.

Âîçìîæíûì ïóòåì âêëþ÷åíèÿ òàêèõ óñòà-
íîâîê â ñóùåñòâóþùèå ñèñòåìû ýíåðãîñíàáæå-
íèÿ ÿâëÿåòñÿ ñîçäàíèå ÐÝÓ ñ ÝÕÃ ñ ïîñëåäóþ-
ùèì ðàçâèòèåì âîäîðîäíîé èíôðàñòðóêòóðû.

ÐÝÓ ñ ÝÕÃ öåëåñîîáðàçíî èñïîëüçîâàòü ïðè
ñëåäóþùèõ óñëîâèÿõ:

– ñ óòèëèçàöèåé òåïëà, ïðîèçâîäñòâîì è
êðóãëîãîäè÷íûì ïîòðåáëåíèåì òåïëîâîé ýíåðãèè;

– ïðè ãåíåðèðóþùåé ìîùíîñòè îäíîé ÐÝÓ
0,01–5,0 ÌÂò;

– â ñîñòàâå òåððèòîðèàëüíîãî êîìïëåêñà,
âêëþ÷àþùåãî öåíòðàëèçîâàííûé èñòî÷íèê
è õðàíèëèùå âîäîðîäà, à òàêæå îò 5–6 äî
300 ÐÝÓ ñ ÝÕÃ îáùåé ìîùíîñòüþ 30 è áîëåå
ÌÂò, óäàëåííûõ äðóã îò äðóãà íà ðàññòîÿíèå
0,1–3 êì, ñ èõ âçàèìíûì ðåçåðâèðîâàíèåì êàê
ïî ýëåêòðîýíåðãèè, òàê è ïî âîäîðîäó.

 3. Ñòðóêòóðà, õàðàêòåðèñòèêè è ïîðÿäîê
ôîðìèðîâàíèÿ ÒÂÝÊ íà áàçå

ÐÝÓ ñ ÝÕÃ

ÒÂÝÊ âõîäèò â ñîñòàâ èíæåíåðíîé èíôðà-
ñòðóêòóðû òåððèòîðèè êîìïëåêñíîé çàñòðîéêè,
ðàññ÷èòàííîé íà ïðîæèâàíèå 50–70 òûñÿ÷ æèòå-
ëåé, à òàêæå ðàçìåùåíèå 25–30 òûñÿ÷ ðàáî÷èõ
ìåñò â ñîñòàâå ïðîìûøëåííûõ ïðåäïðèÿòèé, êîì-
ìåð÷åñêèõ, ñîöèàëüíûõ, òðàíñïîðòíûõ è êîì-
ìóíàëüíûõ îáúåêòîâ. Îáùàÿ ïëîùàäü ïîäëåæà-
ùèõ ñòðîèòåëüñòâó îáúåêòîâ ñîñòàâëÿåò îêîëî
2 ìëí. ì2. Ïëîùàäü òåððèòîðèè êîìïëåêñíîé çà-
ñòðîéêè — îêîëî 350 ãà ñ ó÷åòîì òåððèòîðèé ïðî-
ìûøëåííûõ çîí è çîí îò÷óæäåíèÿ ñîãëàñíî ãðà-
äîñòðîèòåëüíûì è ñàíèòàðíûì íîðìàì.

Óñëîâíàÿ ñõåìà ÒÂÝÊ ïðåäñòàâëåíà íà
ðèñ. 4.

Â ñîñòàâ ÒÂÝÊ âõîäÿò:
– 5–300 ÐÝÓ ñ ÝÕÃ;
– óñòàíîâêà äëÿ öåíòðàëèçîâàííîãî ïðîèç-

âîäñòâà âîäîðîäà (ÓÖÏÂ), íàïðèìåð, ïóòåì êîí-

Ðèñ. 3. Ïðèíöèïèàëüíàÿ ñõåìà ïîäêëþ÷åíèÿ ÐÝÓ ñ ÝÕÃ
ê îáúåêòó ýëåêòðîòåïëîñíàáæåíèÿ

âåðñèè ïðèðîäíîãî ãàçà èëè óãëÿ, ìîùíîñòüþ
ïî òîâàðíîìó âîäîðîäó 0,8–1,0 ò/÷ (èñõîäÿ èç
êîíêðåòíûõ óñëîâèé ïðèâÿçêè, íà ïåðâîì ýòàïå
âîçìîæíî èñïîëüçîâàíèå èìåþùåéñÿ ãàçîïðî-
âîäíîé ñèñòåìû äëÿ ïðèìåíåíèÿ ÐÝÓ ñî âñòðî-
åííûì áëîêîì êîíâåðñèè ïðèðîäíîãî ãàçà);

– öåíòðàëèçîâàííîå õðàíèëèùå âîäîðîäà
(ÖÕÂ) âìåñòèìîñòüþ 20–25 ò;

– ïèòàþùèå è ðåçåðâèðóþùèå ëèíèè ýëåêò-
ðîïåðåäà÷è íàïðÿæåíèåì 6–20 êÂ, îáúåäèíÿþ-
ùèå ÐÝÓ ñ ÝÕÃ â åäèíûé êîìïëåêñ îáùåé ïðî-
òÿæåííîñòüþ 20–25 êì;

– òðóáîïðîâîäû äëÿ òðàíñïîðòèðîâêè âîäî-
ðîäà ÖÕÂ — ÐÝÓ ñ ÝÕÃ îáùåé ïðîòÿæåííîñ-
òüþ îêîëî 20 êì;

– òåïëîòðàññû îáùåé ïðîòÿæåííîñòüþ 15–
20 êì.

ÓÖÏÂ è ÖÕÂ äîëæíû áûòü óäàëåíû íà áå-
çîïàñíîå ðàññòîÿíèå îò òåððèòîðèè æèëîé çà-
ñòðîéêè (ïî àíàëîãèè ñ ÀÇÑ).

Îñíîâíûå çàäàííûå òåõíè÷åñêèå õàðàêòåðè-
ñòèêè ÒÂÝÊ ïðåäñòàâëåíû â òàáë. 4.

Ôîðìèðîâàíèå ÒÂÝÊ ìîæåò ïðîèçâîäèòüñÿ
ïîýòàïíî, â ñîñòàâå åäèíîãî ïëàíà ðàçâèòèÿ èí-
æåíåðíûõ ñåòåé òåððèòîðèè.

Íà ïåðâîì ýòàïå âîçìîæíà óñòàíîâêà îòäåëü-
íûõ àâòîíîìíûõ ÐÝÓ ñ ÝÕÃ, èìåþùèõ âçàèì-
íûå ñâÿçè ïî ðåçåðâèðóþùèì ëèíèÿì ýëåêòðî-
ïåðåäà÷, ñ ñîîòíîøåíèåì íàãðóçî÷íîé è ãåíåðè-
ðóþùåé ìîùíîñòè  3:1. Ïðè òàêîì ñîîòíîøåíèè

À. ß. Ñòîëÿðåâñêèé, Â. À. Õóñíóòäèíîâ, Ì. À. Êàñàòêèí     Ðåãóëèðóþùèå ýíåðãåòè÷åñêèå óñòàíîâêè íà áàçå ýëåêòðîõèìè÷åñêèõ
ãåíåðàòîðîâ è ôîðìèðîâàíèå òåððèòîðèàëüíîé âîäîðîäíîé èíôðàñòðóêòóðû
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Параметр Размерность Характеристика 
Генерирующая мощность (ГМ): 
        по электроэнергии  
        по тепловой энергии   

 
МВт 
Гкал/ч 

 
30–50 
35–50 

Нагрузочная мощность (НМ) МВт 3,0–5,0 
Емкость накопителя энергии (включая 
запас водорода в ЦХВ): 
         по электроэнергии 
         по тепловой энергии 

 
 

КВт⋅ч 
Гкал 

 
 

Около 500000 
Около 300 

Производительность УПЦВ по водороду: 
         суточная 
         почасовая 

 
т/сутки 
т/ч 

 
Около 10 (16 – РЭУ с ЭХГ) 

Около 1,0 
Обслуживающий персонал, количество шт.ед./смена 5 
Ресурс назначенный ч 200000 

Òàáëèöà 4

Çàäàííûå òåõíè÷åñêèå õàðàêòåðèñòèêè ÒÂÝÊ

ìîùíîñòåé äîñòèãàåòñÿ ñàìîîáåñïå÷åíèå ÝÕÃ
âîäîðîäîì.

Íà ïîñëåäóþùèõ ýòàïàõ, ïî ìåðå ñîçäàíèÿ

âîäîðîäíûõ ãàçîïðîâîäîâ (ðåêîíñòðóêöèè èìåþ-
ùèõñÿ ãàçîïðîâîäîâ), öåíòðàëèçîâàííûõ èñòî÷-
íèêîâ âîäîðîäà è ïîäñîåäèíåíèÿ ê íèì íåñêîëü-

êèõ ÐÝÓ ñ ÝÕÃ, ãåíåðèðóþùèå ìîùíîñòè ÐÝÓ
áóäóò ïîñòåïåííî íàðàùèâàòüñÿ äî îïòèìàëüíî-
ãî óðîâíÿ, ñîñòàâëÿþùåãî îêîëî 5 ÌÂò è ïîäëå-

æàùåãî óòî÷íåíèþ íà ñòàäèè ïðîåêòèðîâàíèÿ.
Âêëþ÷åíèå ÒÂÝÊ â ñîñòàâ ñèñòåìû ýíåðãî-

ñíàáæåíèÿ òåððèòîðèè îáåñïå÷èò:

• ñíèæåíèå óñòàíîâëåííûõ ìîùíîñòåé
– îñíîâíîãî èñòî÷íèêà ýëåêòðîñíàáæåíèÿ

(ýëåêòðîñòàíöèè), ïðåäíàçíà÷åííîãî äëÿ ýëåêò-

ðîñíàáæåíèÿ òåððèòîðèè, íå ìåíåå ÷åì â 2 ðàçà
(ñ 70–80 äî 35–40 ÌÂò);

– îñíîâíîãî èñòî÷íèêà òåïëîñíàáæåíèÿ —
íå ìåíåå ÷åì â 1,5 ðàçà;

• óâåëè÷åíèå ÊÈÓÌ îñíîâíîãî èñòî÷íèêà
ýëåêòðîñíàáæåíèÿ ñ 0,3 äî 0,6;

• ñîêðàùåíèå âðåäíûõ âûáðîñîâ â àòìîñôå-
ðó íå ìåíåå ÷åì â 2 ðàçà;

• óâåëè÷åíèå íàäåæíîñòè ñèñòåìû ýëåêòðî-
è òåïëîñíàáæåíèÿ òåððèòîðèè íå ìåíåå ÷åì â
2 ðàçà, â òîì ÷èñëå îáåñïå÷åíèå ïåðâîé êàòåãî-
ðèè íàäåæíîñòè ýëåêòðîñíàáæåíèÿ.

4. Çàòðàòû íà ñîçäàíèå ÒÂÝÊ
è èñòî÷íèêè èíâåñòèöèé

Ñòðóêòóðà è õàðàêòåðèñòèêà çàòðàò íà ñî-
çäàíèå ÒÂÝÊ â ñîñòàâå ñèñòåìû ýíåðãîñíàáæå-
íèÿ òåððèòîðèè êîìïëåêñíîé çàñòðîéêè (ñ òåõ-
íè÷åñêèìè õàðàêòåðèñòèêàìè, ñîãëàñíî òàáë. 2)
ïðåäñòàâëåíû â òàáë. 5 è 6. Çàòðàòû îöåíèâà-

Статья затрат Цена единицы, 
удельная цена Количество Затраты 

Стандартное оборудование 

Электролизер 0,8 за 1 КВт нагрузочной 
мощности 500 кВт 400 

АСУТП 150 1 150 
Инвертор-выпрямитель 100 1 100 
Прочее 150 1 150 

Нестандартное оборудование 

ЭХГ с ТПТЭ 0,6 за 1 кВт на генерирующей 
мощности 5000 кВт 3000 

Аккумулятор водорода 1100 на 1 т водорода 2 т водорода 2200 
Система утилизации 
тепла 500 1 500 

Прочее 700 1 700 
Строительно-монтажные работы 

Монтаж 300 1 300 
ПНР 200 1 200 

Проектные работы 
ОКР 300 1 300 
Проектирование 600 1 600 

ИТОГО: 8600 

Òàáëèöà 5

Ñòðóêòóðà è îöåíî÷íûå õàðàêòåðèñòèêè çàòðàò íà ñîçäàíèå ÐÝÓ
ñ ÝÕÃ ãåíåðèðóþùåé ìîùíîñòüþ 5 ÌÂò (òûñ. äîëë. áåç ÍÄÑ)

Âîäîðîäíàÿ ýêîíîìèêà
Âîäîðîä äëÿ ýíåðãîîáåñïå÷åíèÿ çäàíèé, ñîîðóæåíèé, æèëûõ äîìîâ: âîäîðîäíûå ìèíèýëåêòðîñòàíöèè íà áàçå òîïëèâíûõ ýëåìåíòîâ
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ëèñü ñ ó÷åòîì îïûòíî-ïðîìûøëåííîãî õàðàêòå-
ðà ðàáîò.

Ïðè âíåäðåíèè àâòîíîìíûõ ÐÝÓ ñ ÝÕÃ íà
ïåðâîì ýòàïå ñ ãåíåðèðóþùåé è íàãðóçî÷íîé ìîù-
íîñòÿìè îêîëî 0,20 è 0,50 ÌÂò, ñîîòâåòñòâåí-
íî (âîçìîæíîñòüþ äàëüíåéøåãî óâåëè÷åíèÿ ãå-
íåðèðóþùåé ìîùíîñòè äî 5 ÌÂò) ïîëíûå çàòðà-
òû ñîñòàâÿò îêîëî 5 ìëí. äîëë.

Â ñëó÷àå ñîçäàíèÿ îïûòíî-ïðîìûøëåííîé
ñåðèè çàòðàòû íà ñîçäàíèå îäíîé ÐÝÓ ñ ãåíåðèðó-
þùåé ìîùíîñòüþ 5 ÌÂò ñîñòàâÿò îêîëî 7,5 ìëí.
äîëë., ÷òî ñîîòâåòñòâóåò îêîëî 1500 äîëë. çà
1 êÂò ãåíåðèðóþùåé ìîùíîñòè.

Èñïîëüçîâàíèå â ñîñòàâå ÐÝÓ ðåâåðñèâíûõ
ÝÕÃ ïîçâîëèò ñíèçèòü îáùèå çàòðàòû äî óðîâíÿ
ìåíåå 1000 äîëë. çà 1 êÂò ãåíåðèðóþùåé ìîù-
íîñòè.

Ïîëíûå çàòðàòû íà ñîçäàíèå òðàäèöèîííîé
ñèñòåìû ýëåêòðîñíàáæåíèÿ òåððèòîðèè êîìïëåêñ-
íîé çàñòðîéêè ñ õàðàêòåðèñòèêàìè, ñîãëàñíî äàí-
íûì, ïðèâåäåííûì â ðàçäåëå 3, ñîñòàâëÿþò (îöå-
íî÷íî) îò 150 äî 180 ìëí. äîëë., èëè 5–7 % îá-
ùåãî îáúåìà êàïèòàëîâëîæåíèé â ñòðîèòåëüñòâî
èç ðàñ÷åòà 1300–1400 äîëë. çà 1 êÂò ïðèñîåäè-
íåííîé ìîùíîñòè.

Ïîêðûòèå çàòðàò íà ñîçäàíèå èíæåíåðíîé è
ñîöèàëüíîé èíôðàñòðóêòóð òåððèòîðèé êîìïëåêñ-
íîé çàñòðîéêè îáåñïå÷èâàåòñÿ, êàê ïðàâèëî, ïó-
òåì íàëîæåíèÿ äîïîëíèòåëüíûõ óñëîâèé (îáðå-
ìåíåíèé) â èíâåñòèöèîííûé êîíòðàêò ëèáî âêëþ-
÷åíèåì ýòèõ çàòðàò â ïîäëåæàùóþ îïëàòå
ñòîèìîñòü çåìåëüíîãî ó÷àñòêà. Ðàçìåð èíâåñòè-
öèîííûõ îáðåìåíåíèé â áîëüøèíñòâå ðîññèéñêèõ
ðåãèîíàëüíûõ öåíòðîâ ñîñòàâëÿåò 10–30 %.

Äëÿ ïîëíîãî ïîêðûòèÿ ðàñõîäîâ íà ñîçäà-
íèå ÒÂÝÊ íåîáõîäèìî îáåñïå÷èòü öåëåâîå ôè-
íàíñèðîâàíèå íà óðîâíå 50–60 % îáúåìà èíâåñ-
òèöèé â ñòðîèòåëüñòâî ñèñòåì ýëåêòðîòåïëîñíàá-
æåíèÿ. Ïðè ýòîì ïîëíàÿ ñóììà îáðåìåíåíèé
èíâåñòîðà íå âîçðàñòàåò.

Çàêëþ÷åíèå è âûâîäû

Äëÿ ïîòðåáëåíèÿ 100 000 ò âîäîðîäà â ãîä
íåîáõîäèìî ñîçäàíèå 5–6 ÒÂÝÊ ñ õàðàêòåðèñòè-
êàìè ñîãëàñíî òàáë. 4, ñ ïîñëåäóþùèì ÷àñòè÷íûì
ïåðåâîäîì ÐÝÓ ñ ÝÕÃ èç ðåæèìà ðåãóëèðîâàíèÿ â
ðåæèì ãåíåðàöèè â áàçîâîé ÷àñòè ñóòî÷íîãî ãðà-
ôèêà ïðîèçâîäñòâà/ïîòðåáëåíèÿ ýëåêòðîýíåðãèè.

ÐÝÓ ñ ÝÕÃ â ñîñòàâå ÒÂÝÊ êîíêóðåíòîñïî-
ñîáíû ïðè íîâîì ñòðîèòåëüñòâå è ðåêîíñòðóê-
öèè ñóùåñòâóþùèõ ñèñòåì ýëåêòðî- è òåïëîñíàá-
æåíèÿ ñ êðóãëîãîäè÷íûì ãàðàíòèðîâàííûì ïî-
òðåáëåíèåì òåïëîâîé ýíåðãèè.

Óæå ñåé÷àñ âîçìîæíî ñòðîèòåëüñòâî ÒÂÝÊ â
ñîñòàâå àâòîíîìíûõ ñèñòåì ýëåêòðîñíàáæåíèÿ äëÿ
ðåãóëèðîâàíèÿ ðåæèìîâ è îáåñïå÷åíèÿ ñîâìåñòè-
ìîñòè èñòî÷íèêà ýëåêòðîñíàáæåíèÿ è íàãðóçêè.

Ðåàëèçàöèÿ ïðîãðàììû ñîçäàíèÿ ÒÂÝÊ ïî-
çâîëèò íà÷àòü ôîðìèðîâàíèå èíôðàñòðóêòóðû
âîäîðîäíîé ýíåðãåòèêè è ïëàâíî ïåðåéòè ê øè-
ðîêîìó èñïîëüçîâàíèþ ýêîëîãè÷åñêè ÷èñòîãî è

Статья затрат Цена 
единицы Кол-во Затраты 

Оборудование 
ЭХГ-РЭУ 7,5 6 45 
УЦПВ 5 1 5 
ЦХВ 10 1 10 
ЛЭП 0,2 за 1 км 25 км 5 
Теплотрассы 0,2 за 1 км 20 км 4 
Водородные 
газопроводы 0,4 за 1 км 20 км 8 

Строительно-монтажные  работы 
Монтаж 6 1 6 
ПНР 5 1 5 

Проектные работы 
ОКР 2 1 2 
Проектирование 6 1 6 

ИТОГО: 96 

Òàáëèöà 6

Ñòðóêòóðà è îöåíî÷íûå õàðàêòåðèñòèêè
çàòðàò íà ñîçäàíèå ÒÂÝÊ

(ìëí. äîëë. áåç ÍÄÑ)

ýíåðãîåìêîãî âîäîðîäà â ýíåðãåòèêå, ïðîìûø-
ëåííîñòè, íà òðàíñïîðòå è â áûòó.

Äëÿ îñóùåñòâëåíèÿ ïðîãðàììû ïîòðåáóþòñÿ
ìåðû ãîñóäàðñòâåííîé ïîääåðæêè, êîòîðûå äîë-
æíû ïîìèìî äîëåâîãî ôèíàíñèðîâàíèÿ âêëþ÷àòü
ñòðàòåãèþ ðàçâèòèÿ âîäîðîäíîé ýíåðãåòèêè êàê
ñîñòàâíîé ÷àñòè ýíåðãåòè÷åñêîé ñòðàòåãèè Ðîñ-
ñèè [7], ñîçäàíèå íîðìàòèâíî-ïðàâîâîé áàçû âî-
äîðîäíîé ýíåðãåòèêè, ñèñòåìû òàðèôíîãî, íà-
ëîãîâîãî è èíâåñòèöèîííîãî ðåãóëèðîâàíèÿ íà
ôåäåðàëüíîì è ðåãèîíàëüíîì óðîâíÿõ.
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ÓÄÊ 539.196: [546.32’121+546.293]

ÂÇÀÈÌÎÄÅÉÑÒÂÈÅ ÐÀÄÈÎÃÅÍÍÎÃÎ ÀÐÃÎÍÀ
Ñ ÈÎÍÍÛÌÈ ÊÐÈÑÒÀËËÀÌÈ

Ê. À. Íåêðàñîâ, Í. Â. Çäîáíóõèíà, À. ß. Êóïðÿæêèí, Ì. Â. Ðûæêîâ, Ñ. È. Ïîòàøíèêîâ

ÃÎÓ ÂÏÎ «Óðàëüñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò – ÓÏÈ»
óë. Ìèðà, 19, ã. Åêàòåðèíáóðã, 620002, Ðîññèÿ
Òåë.: (343) 375-41-46; å-mail: kupr@dpt.ustu.ru

         Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ 27.02.2007 ã.          The article has entered in publishing office 27.02.2007.

Data on low temperature diffusion of radiogenic argon in neutron-irradiated KCl, KBr and KI
crystals are analyzed using the defect-trap model. Mechanisms of the diffusion are determined. The
interaction energies and static interaction potentials of Ar atoms with Cl–, Br–, I– anions and K+

cations are determined, for intermediate distances and interaction energies lower than 0.5 eV. The
binding energy obtained for Ar–K+ pair at the potential minimum is greater by an order than the Van
der Waals energy, which indicates chemical binding of argon in the crystals. The results are confirmed
by comparison with the known experimental data and quantum chemical calculations.

Ââåäåíèå

Îäíîé èç ýêîëîãè÷åñêèõ ïðîáëåì, ñâÿçàííûõ
ñ ðàáîòîé ÿäåðíûõ ðåàêòîðîâ, ÿâëÿåòñÿ óäåðæà-
íèå ðàäèîàêòèâíûõ áëàãîðîäíûõ ãàçîâ (ÐÁÃ),
îáðàçóþùèõñÿ â ðåçóëüòàòå ÿäåðíûõ ïðåâðàùå-
íèé â äåëÿùåìñÿ òîïëèâíîì ìàòåðèàëå. Ðàçðà-
áîòêà ìàòåðèàëîâ äëÿ óäåðæàíèÿ ÐÁÃ, à òàêæå
ïðîãíîçèðîâàíèå èõ âûõîäà èç òîïëèâà ñ ïîìî-
ùüþ ïîñòðîåíèÿ ôåíîìåíîëîãè÷åñêèõ ìîäåëåé è
ïðÿìîãî ìîëåêóëÿðíî-äèíàìè÷åñêîãî ìîäåëèðî-
âàíèÿ äåñîðáöèè ïðåäïîëàãàåò óñòàíîâëåíèå ìå-
õàíèçìîâ äèôôóçèè ýòèõ ãàçîâ â êðèñòàëëàõ è
ïîëó÷åíèå ýíåðãèé âçàèìîäåéñòâèÿ àòîìîâ ãàçîâ
ñ ÷àñòèöàìè, ñîñòàâëÿþùèìè êðèñòàëëû.

Äëÿ ïðîãíîçèðîâàíèÿ âçàèìîäåéñòâèÿ ãàçîâ ñ
èîííûìè êðèñòàëëàìè íà ìèêðîñêîïè÷åñêîì óðîâ-
íå íåîáõîäèìû äîñòîâåðíûå ïîòåíöèàëû âçàèìî-
äåéñòâèÿ àòîìîâ ñ èîíàìè (ñì., íàïðèìåð, [1]).
Òðàäèöèîííûå ìåòîäû âîññòàíîâëåíèÿ ýìïèðè÷åñ-
êèõ ïàðíûõ ïîòåíöèàëîâ âçàèìîäåéñòâèÿ íåéò-
ðàëüíûõ àòîìîâ ñ èîíàìè îñíîâàíû íà èçìåðåíèè
êîýôèöèåíòîâ ïåðåíîñà èîíîâ â ãàçàõ è ñå÷åíèé
óïðóãîãî ðàññåÿíèÿ èîíîâ íà àòîìàõ ïðè ñòîëêíî-
âåíèÿõ [2–4]. Â ñèëó ïðèñóùèõ òàêèì ìåòîäàì
îãðàíè÷åíèé ñîîòâåòñòâóþùèå ïîòåíöèàëû èçâåñ-
òíû äëÿ ñðàâíèòåëüíî ìàëûõ ðàññòîÿíèé ïðè ýíåð-
ãèÿõ âçàèìîäåéñòâèÿ áîëüøèõ, ÷åì 0,5 ýÂ [3].

Â ïðåäûäóùèõ ðàáîòàõ [5–7] íàìè áûë ïðåä-
ëîæåí ìåòîä âîññòàíîâëåíèÿ «ñòàòè÷åñêèõ»
ïîòåíöèàëîâ âçàèìîäåéñòâèÿ àòîìîâ èíåðòíûõ ãà-
çîâ ñ èîíàìè ïî äàííûì äèôôóçèè è ðàñòâîðèìî-
ñòè ãàçîâ â èîííûõ êðèñòàëëàõ. Áûëè âîññòà-
íîâëåíû íåêîòîðûå «ñòàòè÷åñêèå» ïîòåíöèàëû
âçàèìîäåéñòâèÿ ãåëèÿ ñ èîíàìè, â ðåçóëüòàòå ÷åãî
èçâåñòíûå ðàíåå «ãàçîâûå» ïîòåíöèàëû ïðîäîë-

æåíû â îáëàñòü ìàëûõ ýíåðãèé íà õàðàêòåðíûå
äëÿ êðèñòàëëîâ ðàññòîÿíèÿ ïîðÿäêà 2–3 Å. Ïðè
ýòîì áûëî ïîêàçàíî, ÷òî äàæå ãåëèé ìîæåò áûòü
ñâÿçàí â èîííûõ êðèñòàëëàõ. Ñ äðóãîé ñòîðîíû,
ïðèìåíåíèå ýòîãî ìåòîäà âîññòàíîâëåíèÿ «ñòàòè-
÷åñêèõ» ïîòåíöèàëîâ ê äðóãèì èíåðòíûì ãàçàì,
àòîìû êîòîðûõ áîëüøå àòîìà ãåëèÿ, îñëîæíåíî
î÷åíü íèçêèìè ðàñòâîðèìîñòÿìè ýòèõ ãàçîâ.

Òàêèì îáðàçîì, ïðåäñòàâëÿåò èíòåðåñ îáîá-
ùåíèå ìåòîäà ñ öåëüþ âîññòàíîâëåíèÿ ýíåðãèé
âçàèìîäåéñòâèÿ àòîìîâ ÐÁÃ ñ èîíàìè èç ýêñïå-
ðèìåíòàëüíûõ äàííûõ ïî äèôôóçèè ðàäèîãåííûõ
ãàçîâ â êðèñòàëëàõ, îáëó÷åííûõ íåéòðîíàìè. Â
íàñòîÿùåé ðàáîòå íà áàçå äàííûõ ïî âûõîäó ðà-
äèîãåííîãî àðãîíà ïðîàíàëèçèðîâàíû ìåõàíèçìû
äèôôóçèè è âîññòàíîâëåíû ïîòåíöèàëû âçàèìî-
äåéñòâèÿ àðãîíà ñ èîíàìè â êðèñòàëëàõ.

1. Àíàëèç ìåõàíèçìîâ äèôôóçèè ðàäèîãåííîãî
àðãîíà â èîííûõ êðèñòàëëàõ

Äëÿ âîññòàíîâëåíèÿ ïîòåíöèàëîâ âçàèìîäåé-
ñòâèÿ â íàñòîÿùåé ðàáîòå áûëè èñïîëüçîâàíû
òåìïåðàòóðíûå çàâèñèìîñòè êîýôôèöèåíòîâ äèô-
ôóçèè ðàäèîãåííîãî àðãîíà â êðèñòàëëàõ õëîðè-
äà, áðîìèäà è èîäèäà êàëèÿ ñ çàäàííûì ñîäåðæà-
íèåì ïðèìåñè ñòðîíöèÿ, ïîëó÷åííûå â ðàáîòå [8].
Ãðàôèêè ýòèõ çàâèñèìîñòåé ïðèâåäåíû íà ðèñ. 1.
Âèäíî, ÷òî îíè èìåþò ÿðêî âûðàæåííûå «àððå-
íèóñîâñêèå» ó÷àñòêè, îïèñûâàåìûå âûðàæåíèåì:

 ( ) { }0 exp .effeff effD T D E kT= −  (1)

Ó÷àñòêè õàðàêòåðèçóþòñÿ ðàçëè÷íûìè ýô-
ôåêòèâíûìè ýíåðãèÿìè àêòèâàöèè äèôôóçèè Eeff

ïðè íèçêèõ è âûñîêèõ òåìïåðàòóðàõ. Ïàðàìåò-

ðû 0
effD  è Eeff, îïðåäåëåííûå àâòîðàìè [8], à òàê-
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æå ðåçóëüòàòû íàøåé îáðàáîòêè ãðàôèêîâ, ïðî-
âåäåííîé äëÿ ïîëó÷åíèÿ íåîáõîäèìîé äîïîëíè-
òåëüíîé èíôîðìàöèè, ïðèâåäåíû â òàáë. 1.

Çàðåãèñòðèðîâàííîå ïîâåäåíèå êîýôôèöèåí-
òîâ äèôôóçèè õîðîøî îïèñûâàåòñÿ â ðàìêàõ äå-
ôåêòíî-ëîâóøå÷íîé ìîäåëè [9, 10], ïîêàçàííîé
íà ðèñ. 2. Ñîãëàñíî ýòîé ìîäåëè, ýôôåêòèâíûé
êîýôôèöèåíò äèôôóçèè ïðåäñòàâëÿåòñÿ ñîîòíî-
øåíèåì

 
1, 2,

,
1

eff i

v v
v

DD
k k

=
+ ∑  (2)

ãäå k1,v, k2,v — êîíñòàíòû çàõâàòà àòîìîâ ëî-
âóøêàìè òèïà v è âûõîäà àòîìîâ èç ýòèõ ëîâó-
øåê ïðè äèôôóçèè àðãîíà ïî ìåæäîóçåëüíîìó
ìåõàíèçìó «i» ñ êîýôôèöèåíòîì äèôôóçèè Di
(ñì., íàïðèìåð, [8–10]).

Ïðè äîñòàòî÷íî âûñîêèõ òåìïåðàòóðàõ àòî-
ìû ëåãêî âûõîäÿò èç ëîâóøåê è ðàñïîëàãàþòñÿ
ïðåèìóùåñòâåííî â ìåæäîóçåëüíûõ ïîçèöèÿõ.
Ýòîìó ñëó÷àþ ñîîòâåòñòâóåò ïðåäåë k2,v >> k1,v,

Ðèñ. 1. Çàâèñèìîñòè êîýôôèöèåíòîâ äèôôóçèè â êðèñ-
òàëëàõ KCl, KBr è KI îò òåìïåðàòóðû [8]: 1 — çíà÷å-
íèÿ êîýôôèöèåíòà äèôôóçèè àðãîíà Deff â ñðàâíèòåëü-
íî «÷èñòûõ» êðèñòàëëàõ; 2 — Deff äëÿ êðèñòàëëîâ, ëåãè-
ðîâàííûõ èîíàìè Sr2+; 3 — Deff äëÿ «÷èñòûõ» êðèñòàëëîâ,
îáëó÷åííûõ òåïëîâûìè íåéòðîíàìè (Ô⋅t = 3,1⋅1017 ñì2);
4 — Deff äëÿ îáðàçöîâ, îáëó÷åííûõ íåéòðîíàìè àíàëî-
ãè÷íî ï. 3, íî ëåãèðîâàííûõ ñòðîíöèåì

Кристалл Участок Диапазоны температур, К lnD0, см2/с Eeff, эВ Механизмы диффузии* 
a 675–1000 –8 ± 2 0,31 ± 0,1 i 
b 570–700 5 ± 1 1,10 ± 0,07  
c 600–775 17 ± 2 1,98 ± 0,07  

KCl 

d 610–935 8 ± 2 1,48 ± 0,09 ** cv 
a 655–1000 –7,1 ± 0,8 0,36 ± 0,06 i 
b 535–655 11 ± 2 1,4 ± 0,1 cv 
c 555–815 7 ± 1 1,29 ± 0,06 ** cv 

KBr 

d 555–920 5,7 ± 0,6 1,31 ± 0,03 cv 
a 715–920 –6 ± 2 0,31 ± 0,1 i 
b 500–715 2,0 ± 0,9 0,79 ± 0,05 cv 
c 710–920 –2 ± 1 0,68 ± 0,08 cv 

KI 

d 580–920 15 ± 2 1,8 ± 0,1 av 
 

Òàáëèöà 1

Òåìïåðàòóðíûå çàâèñèìîñòè êîýôôèöèåíòà äèôôóçèè àðãîíà â êðèñòàëëàõ õëîðèäà,
áðîìèäà è èîäèäà êàëèÿ

Ï ð è ì å ÷ à í è ÿ : * — êâàçèðàâíîâåñíûå ïîçèöèè àòîìîâ ïðè äåôåêòíî-ëîâóøå÷íîé äèôôóçèè: i —
ìåæäîóçëèÿ, cv — êàòèîííûå âàêàíñèè, av — àíèîííûå âàêàíñèè (ñì. ðèñ. 2); ** — oòìå÷åííûå çíà÷åíèÿ
ýíåðãèé áåç ïîãðåøíîñòåé ïðèâåäåíû â ðàáîòå [8]. Îñòàëüíûå çíà÷åíèÿ, à òàêæå âñå ïîãðåøíîñòè îïðåäåëåíû
â íàñòîÿùåé ðàáîòå ïî òî÷êàì íà ãðàôèêàõ èç ðàáîòû [8].

òàê ÷òî âûñîêîòåìïåðàòóðíûé êîýôôèöèåíò äèô-
ôóçèè ñîâïàäàåò ñ ìåæäîóçåëüíûì:

 { }0
exp / .eff D

i i iHigh TempD D D E kT= = −  (3)

Çäåñü 
0iD  è D

iE  — ïðåäýêñïîíåíöèàëüíûé

ìíîæèòåëü è ýíåðãèÿ àêòèâàöèè ìåæäîóçåëüíîé
äèôôóçèè (ðèñ. 2).

Óæå â ðàáîòå [8] áûëî óñòàíîâëåíî, ÷òî âû-
ñîêîòåìïåðàòóðíûå ó÷àñòêè a (ðèñ. 1) äëÿ âñåõ
òðåõ êðèñòàëëîâ ñîîòâåòñòâóþò èìåííî ìåæäîó-
çåëüíîìó ìåõàíèçìó äèôôóçèè àðãîíà. Íà ýòèõ
ó÷àñòêàõ êîýôôèöèåíòû äèôôóçèè àðãîíà íå çà-
âèñåëè íè îò êîíöåíòðàöèè ïðèìåñè ñòðîíöèÿ,
íè îò äëèòåëüíîñòè îáëó÷åíèÿ è îòæèãà îáðàç-
öîâ. Ýíåðãèè àêòèâàöèè äèôôóçèè àðãîíà íà
ó÷àñòêàõ a äëÿ ðàññìàòðèâàåìûõ êðèñòàëëîâ
áëèçêè ìåæäó ñîáîé è ñîñòàâëÿþò 0,3–0,35 ýÂ.

Ïðè ïîíèæåíèè òåìïåðàòóðû îáðàçöîâ äî
500–600 Ê ó÷àñòêè a íåïðåðûâíî ïåðåõîäÿò â
ó÷àñòêè b, õàðàêòåðèçóþùèåñÿ ñóùåñòâåííî

áîëüøèìè ýôôåêòèâíûìè ýíåðãèÿìè àêòèâàöèè

äèôôóçèè àðãîíà, îò Eeff = 0,8 ýÂ â KI äî

Eeff = 1,3 ýÂ â KBr. Òàêîå ïîâåäåíèå ãðàôèêîâ

(ðèñ. 1) ìîæíî îáúÿñíèòü ïåðåõîäîì ê ïðûæêî-

âîìó ìåõàíèçìó äèôôóçèè ïî íåêîòîðûì ëîâóø-

êàì «v» [10]. Òîãäà çàâèñèìîñòè Deff(T) îïèñûâà-

þòñÿ íèçêîòåìïåðàòóðíûì ïðåäåëîì ôîðìóëû
(2), ðåàëèçóþùèìñÿ ïðè k1,v >> k2,v:

 { }
0
2,

2,
1 exp ,
3 3σ

i veff D
i v v v

v v

a k
D a L k E kT

cν = = −  (4)

ãäå ai – ïåðèîä ðåøåòêè êðèñòàëëà, Lv — ýôôåê-
òèâíàÿ äëèíà ñâîáîäíîãî ïðîáåãà àòîìà ìåæäó
ëîâóøêàìè, σv — ñå÷åíèÿ çàõâàòà àòîìîâ ëî-

âóøêàìè, cv — êîíöåíòðàöèè ëîâóøåê, 0
2,vk  —

ïðåäýêñïîíåíöèàëüíûé ìíîæèòåëü, D
vE  — ýíåð-

ãèÿ âûõîäà àòîìà èç ëîâóøêè «v»-òèïà íà áàðü-
åð, ðàçäåëÿþùèé ìåæäîóçåëüíûå ïîçèöèè (ðèñ. 2).

Ïðè äèôôóçèè àðãîíà â êðèñòàëëàõ KCl è
KBr (ðèñ. 1) ó÷àñòêè b îòíîñÿòñÿ òîëüêî ê ñðàâ-
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Àòîìíàÿ ýíåðãåòèêà

íèòåëüíî «÷èñòûì» îáðàçöàì, íå ëåãèðîâàííûì
ïðèìåñüþ ñòðîíöèÿ. Ëåãèðîâàíèå êðèñòàëëîâ KBr
ïðèìåñüþ ñòðîíöèÿ ïðèâåëî ê îáðàçîâàíèþ
ó÷àñòêîâ c (0,05 % Sr2+) è d (0,5 % Sr2+), èìåâ-
øèõ â ïðåäåëàõ ïîãðåøíîñòè òîò æå íàêëîí,
÷òî è ó÷àñòîê b, íî ëåæàâøèõ íèæå è ïðèìû-
êàâøèõ ê ó÷àñòêó a ïðè áîëåå âûñîêèõ òåìïå-
ðàòóðàõ. Ñìåùåíèå ýòèõ ó÷àñòêîâ ìîæíî îáúÿñ-
íèòü óâåëè÷åíèåì êîíöåíòðàöèè ëîâóøåê. Êàê
áûëî ïîêàçàíî â ðàáîòå [8], íèçêîòåìïåðàòóð-
íûé êîýôôèöèåíò äèôôóçèè àðãîíà â KBr ïðè
ðàñòâîðåíèè Sr2+ èçìåíÿëñÿ ïðîïîðöèîíàëüíî èîí-
íîé ïðîâîäèìîñòè, ÷òî ñâèäåòåëüñòâóåò î ðåàëè-
çàöèè ïðûæêîâîé äèôôóçèè ïî îäèíî÷íûì êàòè-
îííûì âàêàíñèÿì, êîìïåíñèðîâàâøèì èçáûòî÷-
íûé çàðÿä èîíîâ Sr2+ ñ ýíåðãèåé àêòèâàöèè 1

DE .

Êðèñòàëëàì KCl, ëåãèðîâàííûì ñòðîíöèåì,

ñîîòâåòñòâóåò ó÷àñòîê d (ðèñ. 1), òàêæå ëåæà-

ùèé íèæå ó÷àñòêà b è ïðèìûêàþùèé ê ó÷àñòêó

a, îäíàêî õàðàêòåðèçóþùèéñÿ áîëüøåé, ÷åì íà

ó÷àñòêå b, ýíåðãèåé àêòèâàöèè äèôôóçèè

Eeff = 1,48 ýÂ. Êðîìå òîãî, äëÿ îáðàçöîâ KCl, íå

ëåãèðîâàííûõ ñòðîíöèåì, íî ïîäâåðãàâøèõñÿ

äëèòåëüíîìó îáëó÷åíèþ, â ðàáîòå [8] áûë ïîëó-

÷åí ó÷àñòîê c (ðèñ. 1), ðàñïîëîæåííûé ìåæäó

ó÷àñòêàìè b è d, ñ ýíåðãèåé àêòèâàöèè äèôôó-

çèè Eeff = 1,98 ýÂ. Ðàçëè÷èå ýíåðãèé àêòèâàöèè

äèôôóçèè ïîêàçûâàåò, ÷òî íà ó÷àñòêàõ b, c è d
â îáðàçöàõ KCl ïðåîáëàäàëè ëîâóøêè ðàçëè÷-

íûõ òèïîâ. Â ðåçóëüòàòå ëåãèðîâàíèÿ ñòðîíöè-

åì (ó÷àñòîê d íà ðèñ. 1) êîýôôèöèåíò äèôôóçèè

ïîíèçèëñÿ ïðîïîðöèîíàëüíî óâåëè÷åíèþ èîííîé

ïðîâîäèìîñòè, ÷òî óêàçûâàåò íà ïðûæêîâóþ äèô-

ôóçèþ àðãîíà ïî êàòèîííûì âàêàíñèÿì, àíàëî-

ãè÷íî KBr [8]. Äëÿ âûÿñíåíèÿ ìåõàíèçìîâ äèô-

ôóçèè àðãîíà íà ó÷àñòêàõ b è c â íàñòîÿùåé

ðàáîòå áûëè ïðîâåäåíû ñðàâíèòåëüíûå ðàñ÷åòû

ýíåðãèé âûõîäà àòîìîâ èç ðàçëè÷íûõ ëîâóøåê ñ

èñïîëüçîâàíèåì âîññòàíîâëåííûõ ïîòåíöèàëîâ

âçàèìîäåéñòâèÿ.
Èç ôîðìóë (2), (4) ñëåäóåò, ÷òî ïðè íàëè÷èè

äâóõ ðàçíûõ òèïîâ ëîâóøåê (v = 1, 2) ïîâûøåíèå
òåìïåðàòóðû êðèñòàëëîâ ìîãëî ñîïðîâîæäàòüñÿ
äâóìÿ èçìåíåíèÿìè ìåõàíèçìà äèôôóçèè àðãî-
íà, à èìåííî, ïåðåõîäîì îò ïðûæêîâ ïî ãëóáî-
êèì ëîâóøêàì ê ïðûæêàì ïî ìåëêèì ëîâóø-
êàì, à çàòåì è ê ìåæäîóçåëüíîìó ìåõàíèçìó
äèôôóçèè. Èçìåíåíèåì òèïà ëîâóøåê ïðè íèçêî-
òåìïåðàòóðíîé äèôôóçèè àðãîíà ìîæíî îáúÿñ-
íèòü õàðàêòåð çàâèñèìîñòåé Deff(T) â ñèñòåìå Ar–
KI (ðèñ. 1). Â íàñòîÿùåé ðàáîòå ìû ïðåäïîëîæè-
ëè, ÷òî ó÷àñòêè b è c äëÿ KI ñîîòâåòñòâóþò
ïðûæêîâîé äèôôóçèè àðãîíà ïî ëîâóøêàì îäíî-

ãî è òîãî æå òèïà 1, ïîñêîëüêó çíà÷åíèÿ Eeff = 1
DE

íà ýòèõ ó÷àñòêàõ â ïðåäåëàõ ïîãðåøíîñòè ñîâïà-
äàþò (òàáë. 1). Ó÷àñòîê c ëåæèò íèæå, ÷òî ñîîò-
âåòñòâóåò óâåëè÷åíèþ êîíöåíòðàöèè ëîâóøåê ïðè
ïîâûøåíèè äîçû îáëó÷åíèÿ îáðàçöîâ òåïëîâûìè
íåéòðîíàìè îò 6⋅1014 äî 4⋅1017 cì–2. Ïî-âèäèìî-
ìó, óâåëè÷åíèå äîçû îáëó÷åíèÿ îáðàçöîâ KI ïðèâî-
äèëî òàêæå ê ïîÿâëåíèþ áîëåå ãëóáîêèõ ëîâóøåê

òèïà 2, õàðàêòåðèçóþùèõñÿ ýíåðãèåé âûõîäà 2
DE .

Ðèñ. 2. Ïîçèöèè àòîìîâ è ïîòåíöèàëüíûå áàðüåðû ïðè
ìèãðàöèè àòîìîâ ãàçà â êðèñòàëëå. Ei, Ecv, Eav — ýíåð-
ãèè, íåîáõîäèìûå äëÿ ðàçìåùåíèÿ àòîìà â ìåæäîóçåëü-
íîé ïîçèöèè «i» è â ëîâóøêàõ — êàòèîííûõ (cv) è

àíèîííûõ (av) âàêàíñèÿõ; D
iE , D

cvE , D
avE  — ýíåðãèè àê-

òèâàöèè ïåðåõîäà àòîìà èç ìåæäîóçåëüíîé è âàêàíñè-
îííûõ ïîçèöèé â ìåæäîóçåëüíóþ ïîçèöèþ ÷åðåç ïîòåí-
öèàëüíûé áàðüåð «s»

Èìåííî ýòè ëîâóøêè îïðåäåëÿëè íèçêîòåìïåðà-
òóðíóþ äèôôóçèþ àðãîíà â ñèëüíî îáëó÷åííûõ
êðèñòàëëàõ KI (ó÷àñòîê d). Ïðè ïîâûøåíèè òåì-
ïåðàòóðû ïðîèñõîäèëî ïåðåðàñïðåäåëåíèå àòîìîâ
àðãîíà èç ãëóáîêèõ ëîâóøåê â áîëåå ìåëêèå, ñ
ïåðåõîäîì ê ó÷àñòêó c.

Èäåíòèôèêàöèþ òèïîâ ëîâóøåê â KI çàòðóä-
íÿåò íåçàâèñèìîñòü êîýôôèöèåíòîâ äèôôóçèè
àðãîíà íà âñåõ ó÷àñòêàõ îò êîíöåíòðàöèè ïðè-
ìåñè Sr2+. Ïðîâåñòè íåïðîòèâîðå÷èâîå âîññòàíîâ-
ëåíèå ïîòåíöèàëîâ âçàèìîäåéñòâèÿ àðãîíà ñ
èîíàìè â íàñòîÿùåé ðàáîòå íàì ïîçâîëèëî ïðåä-
ïîëîæåíèå, ÷òî ëîâóøêàìè òèïà 1 íà ó÷àñòêàõ
b è c â KI ÿâëÿëèñü êàòèîííûå âàêàíñèè, áîëü-
øàÿ ÷àñòü êîòîðûõ âîçíèêàëà â õîäå îáëó÷åíèÿ
ïðè çàõâàòå íåéòðîíà ÿäðîì êàëèÿ ñ îáðàçîâà-
íèåì àðãîíà. Ýòî ïðåäïîëîæåíèå íå ïðîòèâîðå-
÷èò äàííûì àâòîðîâ [8] ïî ýëåêòðîïðîâîäíîñòè,
ïîêàçûâàþùèì, ÷òî äàæå â ëåãèðîâàííûõ ñòðîí-
öèåì îáðàçöàõ KI ñîäåðæàíèå îäèíî÷íûõ êàòè-
îííûõ âàêàíñèé äî îáëó÷åíèÿ áûëî íà ïîðÿäîê
ìåíüøå, ÷åì â êðèñòàëëàõ KCl è KBr. Ýòî, ïî-
âèäèìîìó, áûëî ñâÿçàíî ñ áîëåå âûñîêîé ÷èñòî-
òîé êðèñòàëëîâ. Ìû òàêæå ñ÷èòàëè, ÷òî â ðåçóëü-
òàòå äëèòåëüíîãî îáëó÷åíèÿ âîçíèêàëè àíèîííûå
âàêàíñèè è, âîçìîæíî, âàêàíñèîííûå êëàñòåðû,
êîòîðûå áûëè îñíîâíûìè (ãëóáîêèìè) ëîâóøêà-
ìè òèïà 2 íà ó÷àñòêå d.

Ìåõàíèçìû äèôôóçèè àðãîíà, ðàññìîòðåí-
íûå âûøå, óêàçàíû â òàáë. 1. Ýòè ðåçóëüòàòû
âìåñòå ñ ýêñïåðèìåíòàëüíûìè çíà÷åíèÿìè ýíåð-
ãèé àêòèâàöèè äèôôóçèè àðãîíà áûëè èñïîëü-
çîâàíû â ðàáîòå êàê èñõîäíûå äàííûå äëÿ âîñ-
ñòàíîâëåíèÿ ïîòåíöèàëîâ âçàèìîäåéñòâèÿ àòî-
ìîâ àðãîíà ñ èîíàìè. Ïðàâèëüíîñòü îïðåäåëåíèÿ
ìåõàíèçìîâ äèôôóçèè ïîäòâåðæäàåòñÿ òåì, ÷òî
â ðàáîòå ïîëó÷åí óíèâåðñàëüíûé íàáîð ïîòåí-
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öèàëîâ âçàèìîäåéñòâèÿ {U[Ar–K+], U[Ar–Cl–],
U[Ar–Br ], U[Ar–I]}, ñ òî÷íîñòüþ äî ïîãðåøíîñ-
òåé èçìåðåíèÿ óäîâëåòâîðÿþùèé âñåì ðàññìîò-
ðåííûì ýêñïåðèìåíòàëüíûì äàííûì.

2. Ìåòîäèêà âîññòàíîâëåíèÿ ïîòåíöèàëîâ
âçàèìîäåéñòâèÿ

Äëÿ ñîïîñòàâëåíèÿ ýêñïåðèìåíòàëüíûõ äàí-
íûõ ïîòåíöèàëîâ âçàèìîäåéñòâèÿ àòîìà àðãîíà ñ
èîíàìè ìû ìîäåëèðîâàëè ìèãðàöèþ àòîìîâ â
êðèñòàëëàõ KCl, KBr è KI ìåòîäîì ñòàòèêè ðå-
øåòêè (ñì., íàïðèìåð, [11]) ñ ïðèìåíåíèåì îáî-
ëî÷å÷íîé ìîäåëè ÷àñòèö [12]. Ïðè ýòîì èñïîëü-
çîâàëè ïîòåíöèàëû âçàèìîäåéñòâèÿ è ïàðàìåòðû
îáîëî÷å÷íîé ìîäåëè èîíîâ èç ðàáîòû [13]. Ïàðà-
ìåòðû îáîëî÷å÷íîé ìîäåëè àòîìà àðãîíà çàäàâà-
ëè â ñîîòâåòñòâèè ñ ïîëÿðèçóåìîñòüþ ñâîáîäíîãî
àòîìà αAr = 4,00 Å3 [3] è ýôôåêòèâíûì êîëè÷å-
ñòâîì ýëåêòðîíîâ íà âíåøíåé îáîëî÷êå Neff = 6,106
[14]. Ïðèìåíÿëèñü ïåðèîäè÷åñêèå ãðàíè÷íûå óñ-
ëîâèÿ ñ ðàçìåðîì òðàíñëèðóåìîé ÿ÷åéêè L = 6a,
ãäå a — ïîñòîÿííàÿ èäåàëüíîé ðåøåòêè. Ðàñ÷åò
ýíåðãèé âûõîäà àòîìîâ èç ëîâóøåê, ñîñòîÿâøèõ
èç ìíîãèõ âàêàíñèé, è ïðîâåðêà ÷óâñòâèòåëüíîñ-
òè ïîëó÷åííûõ ïîòåíöèàëîâ ê ìåòîäó ìîäåëèðî-
âàíèÿ ïðîâîäèëèñü òàêæå ñ ãðàíè÷íûìè óñëîâè-
ÿìè Ìîòòà – Ëèòòëåòîíà [15]. Ìîäåëüíûå êðèñ-
òàëëèòû âêëþ÷àëè â ñåáÿ äî 9000 èîíîâ.

Ýíåðãèè àêòèâàöèè äèôôóçèè àðãîíà ðàññ÷è-
òûâàëè êàê ðàçíîñòè

 , , ,D
i v s i vE E E= −  (5)

ãäå Es — ìèíèìàëüíàÿ âîçìîæíàÿ ýíåðãèÿ ìî-
äåëüíîãî êðèñòàëëà ñ àòîìîì àðãîíà íà ïîòåíöè-
àëüíîì áàðüåðå; Ei,v — ìèíèìàëüíûå ýíåðãèè òîãî
æå êðèñòàëëà ïðè ðàçìåùåíèè àòîìà â ìåæäî-
óçåëüíîé ïîçèöèè èëè â ëîâóøêå (ðèñ. 2). Çíà÷å-
íèÿ Es, Ei, Ev ðàññ÷èòûâàëè ïî ôîðìóëàì âèäà:

( ) ( )

( ) ( )

Ar j Ar
1 1

2 2
Ar Ar Ar Ar Ar

1

, , ,

1 1 3 ,
2 2 2

N N N
SR S S S C S C

j jk k k j j
j j k j

N
Cul S C S C

j j j
j

E U U

E k k

−
= = >

=

= − + +

+ + − + − + ω

∑ ∑ ∑

∑

R R R R R R

R R R R ( 6 )

ãäå Ar
SR

jU −  — âîññòàíàâëèâàåìûå íåêóëîíîâñêèå

ïîòåíöèàëû âçàèìîäåéñòâèÿ àðãîíà ñ èîíàìè,
Ujk — ïîëíûå ïîòåíöèàëû âçàèìîäåéñòâèÿ j-ãî
è k-ãî èîíîâ, Ar

CulE  — êóëîíîâñêàÿ ýíåðãèÿ àòî-

ìà àðãîíà, îòëè÷íàÿ îò íóëÿ â ñëó÷àå åãî ïîëÿðè-

çàöèè, Ar3 2 ω  — ýíåðãèÿ íóëåâûõ êîëåáàíèé àòî-

ìà, S
jR , C

jR  — êîîðäèíàòû ÿäåð è îáîëî÷åê èîíîâ,

îáåñïå÷èâàþùèå ìèíèìóìû Es, Ei, Ev, ki,Ar — êîí-
ñòàíòû æåñòêîñòè óïðóãîé ñâÿçè ÿäåð ìîäåëüíûõ
÷àñòèö ñ îáîëî÷êàìè. Âûðàæåíèå (6) äëÿ ýíåðãèè
êðèñòàëëà ñ àòîìîì íà ïîòåíöèàëüíîì áàðüåðå Es
îòëè÷àåòñÿ îòñóòñòâèåì ñëàãàåìîãî Ar3 2 ω .

Äîïîëíèòåëüíûå óñëîâèÿ íà ïðîèçâîäíûå
âîññòàíàâëèâàåìûõ ïîòåíöèàëîâ â ðàâíîâåñíûõ
êîíôèãóðàöèÿõ îêðåñòíîñòè âíåäðåííîãî àòîìà:

 
( )Ar Ar Ar

Ar
Ar Ar

,
SR SS SSj j j Cul

kj jSS SS
k jj j

U − − −
−

≠− −

∂
= +

∂
∑

R R
F F

R R
 (7)

ãäå Ar
SS

j−R — êîîðäèíàòû îáîëî÷êè j-ãî èîíà îò-

íîñèòåëüíî îáîëî÷êè àòîìà Ar; kj
k j≠
∑ F  — ñóì-

ìàðíàÿ ñèëà, äåéñòâóþùàÿ íà j-é èîí ñî ñòîðî-
íû îñòàëüíûõ èîíîâ êðèñòàëëà, èñêëþ÷àÿ àòîì

àðãîíà, Ar
Cul

j−F  — êóëîíîâñêàÿ ñèëà, äåéñòâóþùàÿ

íà j-é èîí ñî ñòîðîíû àòîìà àðãîíà, îòëè÷íàÿ
îò íóëÿ, åñëè àòîì ïîëÿðèçîâàí.

Ýíåðãèè âçàèìîäåéñòâèÿ àòîìîâ àðãîíà ñ àíè-
îíàìè Cl–, Br–, I– ïðåäñòàâëÿëè â âèäå ñóììû:

 ( ) ( ) ( )Ar Ar Ar j ,SR Val GK
j jU R U R U R− − −= +  (8)

ãäå ( )Ar
Val

jU R−  — èñêîìûé ïîòåíöèàë âàëåíòíîãî

îòòàëêèâàíèÿ ïðè ïåðåêðûâàíèè ýëåêòðîííûõ

îáîëî÷åê; ( )Ar
GK

jU R−  — ðàññ÷èòûâàåìûé ïîòåíöè-

àë äèñïåðñèîííîãî ïðèòÿæåíèÿ, ïðåäëîæåííûé

Ãîðäîíîì è Êèìîì [16]. Ñëàãàåìûå ( )Ar
Val

jU R−

áûëè âîññòàíîâëåíû â ôîðìå:

( ) { }2 3
Ar Ar 1,Ar 2,Ar 3,Arexp ,Val

j j j j jU R A B R B R B R− − − − −= − + + (9)

îáåñïå÷èâøåé äîñòàòî÷íî àêêóðàòíîå ïðåäñòàâ-
ëåíèå ïîòåíöèàëîâ íà ñðåäíèõ ðàññòîÿíèÿõ.

Ïîòåíöèàë U[Ar–K+] âîññòàíîâèëè, èñïîëü-
çóÿ çàâèñèìîñòü:

{ }

( ) ( ){ }
{ } ( )

( ) { }(
( ){ })

3
1 0 0

1 0

1 0

6
0 6

Ar–K exp

exp 1 , при ,

Ar–K exp , при ,

где exp 2 ( )

2exp ,

U A BR

U R R R R R

U A BR U R R R

U R D R R

R R C R

+

+

−

  = − + 

+ −γ − ≤

  = − + > 
= − β − −

− −β − −

(10)

ïîòðåáîâàâøóþñÿ äëÿ òî÷íîãî îïèñàíèÿ ñðàâ-
íèòåëüíî ãëóáîêîãî ìèíèìóìà. Êîíñòàíòà äèñ-
ïåðñèîííîãî ïðèòÿæåíèÿ C6 áûëà ðàññ÷èòàíà ïî
ôîðìóëå Ñëåòåðà – Êèðêâóäà [17].

Â ñâÿçè ñ ìàëûì êîëè÷åñòâîì òî÷åê, ïîëó-
÷åííûõ èç ýêñïåðèìåíòà äëÿ âîññòàíîâëåíèÿ ïî-
òåíöèàëîâ U[Ar–Cl–] è U[Ar–Br], íà ýòè ïîòåí-
öèàëû íàêëàäûâàëè äîïîëíèòåëüíûå óñëîâèÿ
ñòûêîâêè íà ìàëûõ ðàññòîÿíèÿõ ñ ïîòåíöèàëà-
ìè, âîññòàíîâëåííûìè èç ãàçîâûõ èçìåðåíèé [3].
Ïàðàìåòðû A è B ïîòåíöèàëà U[Ar–K+] íå âàðüè-
ðîâàëèñü, à áûëè çàäàíû ðàâíûìè ïàðàìåòðàì
ýêñïîíåíöèàëüíîãî ïîòåíöèàëà îòòàëêèâàíèÿ [3].

Ïîèñê îïòèìàëüíûõ çíà÷åíèé ïàðàìåòðîâ
ïîòåíöèàëîâ (9–10) ïðîâîäèëè ñèìïëåêñ-ìåòî-
äîì Íåëäåðà è Ìèäà [18]. Êðèòåðèåì âûáîðà
ïàðàìåòðîâ áûë ìèíèìóì ñóììû êâàäðàòîâ îò-

êëîíåíèé çíà÷åíèé ,
D
i vE , ðàññ÷èòûâàåìûõ ïî ôîð-

ìóëàì (5)–(6), îò ýêñïåðèìåíòàëüíûõ äàííûõ.

3. Îáñóæäåíèå ðåçóëüòàòîâ âîññòàíîâëåíèÿ

Ãðàôèêè ïîëó÷åííûõ ïîòåíöèàëîâ U[Ar–Cl],
U[Ar–Br–], U[Ar–I–], U[Ar–K+] ïðèâåäåíû íà
ðèñ. 3–6, ïàðàìåòðû — â òàáë. 2, à ðåçóëüòàòû
ðàñ÷åòîâ ñ ýòèìè ïîòåíöèàëàìè — â òàáë. 3. Ýòè
ïîòåíöèàëû âïåðâûå âîññòàíîâëåíû íà «ñðåä-

Ê. À. Íåêðàñîâ, Í. Â. Çäîáíóõèíà, À. ß. Êóïðÿæêèí, Ì. Â. Ðûæêîâ, Ñ. È. Ïîòàøíèêîâ
Âçàèìîäåéñòâèå ðàäèîãåííîãî àðãîíà ñ èîííûìè êðèñòàëëàìè
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íèõ» ðàññòîÿíèÿõ, ïðè ìàëûõ ïîëîæèòåëüíûõ
ýíåðãèÿõ âçàèìîäåéñòâèÿ è â îáëàñòè ìèíèìóìà
(äëÿ ïàðû Ar–K+). Ìàêñèìàëüíûå ðàññòîÿíèÿ,
íà êîòîðûõ âîññòàíîâëåíû ïîòåíöèàëû, óâåëè-
÷åíû îò 2,7 äî 3,6 Å äëÿ ïàðû Ar–Cl, îò 2,8 äî
3,7 Å äëÿ Ar–Br, îò 3,2 äî 5 Å äëÿ Ar–I è îò
2,5 äî 5 Å äëÿ Ar–K+.

Ïðè èñïîëüçîâàíèè ïîëó÷åííûõ ïîòåíöèà-
ëîâ âçàèìîäåéñòâèÿ è îáîëî÷å÷íîé ìîäåëè ðàñ-
÷åòíûå çíà÷åíèÿ ýíåðãèé àêòèâàöèè äèôôóçèè
àðãîíà îòëè÷àþòñÿ îò ýêñïåðèìåíòàëüíûõ íå
áîëåå ÷åì íà ±0,04 ýÂ, ò. å. â ïðåäåëàõ 10 %
(òàáë. 3). Îäíîâðåìåííî ñ âûñîêîé òî÷íîñòüþ
âûïîëíåíî òðåáîâàíèå «ñòûêîâêè» ïîòåíöèàëîâ
U[Ar–Cl–] è U[Ar–Br–] íà ìàëûõ ðàññòîÿíèÿõ ñ
ïîòåíöèàëàìè [3], îïèñûâàþùèìè ðàññåÿíèå
èîíîâ íà àòîìàõ â ãàçîâîé ôàçå (ñì. ðèñ. 3–4,
òàáë. 2). Ïîòåíöèàëû U[Ar–I–] è U[Ar–K+], âîñ-
ñòàíîâëåííûå áåç “ïðèâÿçêè” ê êàêèì-ëèáî çà-
ðàíåå èçâåñòíûì ïîòåíöèàëàì, òàêæå áëèçêè ê
ïîòåíöèàëàì [3–4], ïîëó÷åííûì èç ïîäâèæíîñ-
òè èîíîâ â ãàçîâîé ôàçå (ðèñ. 5–6).

Ïàðàìåòðû âîññòàíîâëåííîãî ïîòåíöèàëà
U[Ar–K+] ìîæíî ñîïîñòàâèòü òàêæå ñ èçâåñòíû-
ìè ýêñïåðèìåíòàëüíûìè õàðàêòåðèñòèêàìè âàí-
äåð-âààëüñîâñêîãî ìîëåêóëÿðíîãî èîíà ArK+.
Ñîãëàñíî [3], ýíåðãèÿ ñâÿçè ýòîãî èîíà ñîñòàâëÿ-
åò 0,115 ýÂ, à ñîîòâåòñòâóþùåå ðàññòîÿíèå
Ar–K+ – rm = 3,0 Å. Êàê âèäíî èç ðèñ. 6, ýòè çíà-
÷åíèÿ î÷åíü áëèçêè ê ïàðàìåòðàì ìèíèìóìà âîñ-
ñòàíîâëåííîãî ïîòåíöèàëà U[Ar–K+], ÷òî ïîäòâåð-
æäàåò ðàáîòîñïîñîáíîñòü ïðîöåäóðû âîññòàíîâ-
ëåíèÿ è êîððåêòíîñòü ðåçóëüòàòîâ, ïîëó÷åííûõ
â ðàáîòå.

Íà ðèñ. 3–6 ïðîâåäåíî ñðàâíåíèå âîññòàíîâ-
ëåííûõ â ðàáîòå, à òàêæå èçâåñòíûõ ýìïèðè÷åñ-
êèõ ïîòåíöèàëîâ [3] ñ ïîòåíöèàëàìè, ðàññ÷è-
òàííûìè ìåòîäîì Dmol [19]. Ðàññ÷èòàííûé ìå-
òîäîì Dmol ïîòåíöèàë U[Ar–K+] ïî ôîðìå
ïðàêòè÷åñêè ñîâïàäàåò ñ ïîòåíöèàëîì, ïîëó÷åí-
íûì â íàñòîÿùåé ðàáîòå, è èìååò òî æå ñàìîå
ìèíèìàëüíîå çíà÷åíèå (ðèñ. 6). Ðàçëè÷èå ìåæäó
ýêñïåðèìåíòàëüíûìè è ðàñ÷åòíûì ïîòåíöèàëà-
ìè U[Ar–K+] ñîñòîèò òîëüêî â òîì, ÷òî ïîñëåä-
íèé ñìåùåí â îáëàñòü ìåíüøèõ ðàññòîÿíèé íà
0,15 Å. Ýòî ñðàâíåíèå ïîêàçûâàåò, ÷òî ìåòîä
Dmol êîððåêòíî îïèñûâàåò ìåõàíèçìû âçàèìî-
äåéñòâèÿ àòîìîâ àðãîíà ñ èîíàìè êàëèÿ.

Ïîëó÷åííûå ìåòîäîì Dmol ïîòåíöèàëû
U[Ar–Cl–], U[Ar–Br–], U[Ar–I–] îòëè÷àþòñÿ îò
ýêñïåðèìåíòàëüíûõ êàê ñìåùåíèåì â ñòîðîíó
ìåíüøèõ ðàññòîÿíèé, òàê è ñóùåñòâåííî áîëåå
ãëóáîêèìè ìèíèìóìàìè (îò –0,07 äî –0,09 ýÂ).

Пара A, эВ B1, Å–1 B2, Å–2 B3, Å–3 Rmin, Å Umin, эВ 
Ar–Cl– 1027 3,055 0,1808 –3,307⋅10–2 4,447 –4,702⋅10–3 
Ar–Br– 890,2 2,591 –3,374⋅10–3 –1,454⋅10–3 4,854 –3,526⋅10–3 
Ar–I– 54,54 1,9185 0,26985 –4,535⋅10–2 6,327 –1,161⋅10–3 
Пара A, эВ B, Å–1 С6, эВ⋅Å6 β, Å–1 D, эВ R0, Å 

Ar–K+ 2900 3,46 29,15 1,390 0,1288 3,050 

Òàáëèöà 2

Ïàðàìåòðû âîññòàíîâëåííûõ ïîòåíöèàëîâ âçàèìîäåéñòâèÿ àòîìîâ
àðãîíà ñ èîíàìè (9–10)

Ï ð è ì å ÷ à í è å : ïàðàìåòð γ äëÿ U[Ar–K+] ðàâåí 4,515.

Ðèñ. 3. Âîññòàíîâëåííûé ïîòåíöèàë U[Ar–Cl–]: 1–3 —
òî÷êè, ÷åðåç êîòîðûå ïîòåíöèàë äîëæåí ïðîõîäèòü äëÿ
òîãî, ÷òîáû ðàñ÷åòíûå ýíåðãèè àêòèâàöèè äèôôóçèè
àðãîíà (5–6) ñîâïàäàëè ñ ýêñïåðèìåíòàëüíûìè; òî÷êà
1 îòíîñèòñÿ ê ïîòåíöèàëüíîìó áàðüåðó «s», 2 — ê ìåæ-
äîóçåëüíîé ïîçèöèè «i», 3 — ê êàòèîííîé âàêàíñèè «cv»
(ðèñ. 2); íàêëîíû îòðåçêîâ, âêëþ÷åííûõ â ñèìâîëû, ïî-
êàçûâàþò çíà÷åíèÿ ïðîèçâîäíûõ ïîòåíöèàëà, òðåáóå-
ìûå óñëîâèåì ðàâíîâåñèÿ (7); ïîëîæåíèÿ òî÷åê íà îñè
R + DR ïîêàçûâàþò ðàññòîÿíèå îò àòîìà äî áëèæàé-
øèõ èîíîâ Cl– c ó÷åòîì ðåëàêñàöèè ðåøåòêè; 4 — ãðà-
ôèê âîññòàíîâëåííîãî ïîòåíöèàëà; 5 — ýêñòðàïîëÿöèÿ
ïîòåíöèàëà U[Ar–Cl–], èçâåñòíîãî èç ýêñïåðèìåíòîâ â
ãàçîâîé ôàçå [3] íà ðàññòîÿíèÿõ R ≤ 2,7 Å; 6 — ïîòåí-
öèàë [20], ðàññ÷èòàííûé ìåòîäîì Dmol

Àíàëîãè÷íûå ðàñõîæäåíèÿ ïîêàçûâàëî ñðàâíå-
íèå ïîòåíöèàëîâ Dmol ñ ïîòåíöèàëàìè U[He–F],
U[He–Cl], U[He–K+], âîññòàíîâëåííûìè â ïðå-
äûäóùèõ ðàáîòàõ [7, 20]. Äëÿ âûÿñíåíèÿ ïðè-
÷èí îòëè÷èÿ ïîòåíöèàëîâ Dmol, îñîáåííî, îïè-
ñûâàþùèõ âçàèìîäåéñòâèå àòîìîâ ñ àíèîíàìè,
îò ýêñïåðèìåíòàëüíûõ ïîòåíöèàëîâ, òðåáóþòñÿ
äîïîëíèòåëüíûå èññëåäîâàíèÿ.

Ñ èñïîëüçîâàíèåì âîññòàíîâëåííûõ ïîòåíöè-
àëîâ âçàèìîäåéñòâèÿ â ðàáîòå áûëè ðàññ÷èòàíû
ýíåðãèè ðàñòâîðåíèÿ àòîìîâ àðãîíà â àíèîííûõ
âàêàíñèÿõ õëîðèäà è áðîìèäà êàëèÿ, à òàêæå
ýíåðãèè âûõîäà àòîìîâ èç ýòèõ âàêàíñèé. Ðàñ-
ñ÷èòàííàÿ ýíåðãèÿ âûõîäà àòîìà èç îäèíî÷íîé

àíèîííîé âàêàíñèè KCl ( D
avE = 1,99 ýÂ) â ïðåäå-

ëàõ ïîãðåøíîñòè èçìåðåíèÿ ñîâïàëà ñ íàêëîíîì
ó÷àñòêà c (ðèñ. 1, òàáë. 1). Ýòîò ðåçóëüòàò ïî-
çâîëÿåò èäåíòèôèöèðîâàòü îñíîâíûå ëîâóøêè íà
ýòîì ó÷àñòêå (â «÷èñòûõ» îáðàçöàõ KCl, íå ëåãè-
ðîâàííûõ ñòðîíöèåì, íî ïîäâåðãàâøèõñÿ äëèòåëü-
íîìó îáëó÷åíèþ) êàê âîçíèêàâøèå â ðåçóëüòàòå
îáëó÷åíèÿ îäèíî÷íûå àíèîííûå âàêàíñèè. Äîñ-
òîâåðíàÿ èäåíòèôèêàöèÿ ýòîãî ìåõàíèçìà äèô-

Àòîìíàÿ ýíåðãåòèêà
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Ðèñ. 4. Âîññòàíîâëåííûé ïîòåíöèàë U[Ar–Br–]: 1–3 —
òî÷êè, àíàëîãè÷íûå òî÷êàì 1–3 íà ðèñ. 3; 4 — ãðàôèê
âîññòàíîâëåííîãî ïîòåíöèàëà; 5 — ýêñòðàïîëÿöèÿ ïî-
òåíöèàëà [3], èçâåñòíîãî èç ýêñïåðèìåíòîâ â ãàçîâîé
ôàçå íà ðàññòîÿíèÿõ R ≤ 2,85 Å; 6 — ïîòåíöèàë [20],
ðàññ÷èòàííûé ìåòîäîì Dmol

Ðèñ. 6. Âîññòàíîâëåííûé ïîòåíöèàë U[Ar–K+]: 1–10 —
òî÷êè, ñîîòâåòñòâóþùèå òåì æå ïîçèöèÿì àòîìà àð-
ãîíà, ÷òî 1–3 íà ðèñ. 3–4 è 1–4 íà ðèñ. 5, íî õàðàêòåðè-
çóþùèå âçàèìîäåéñòâèå ïàð Ar–K+; 11 — ãðàôèê âîññòà-
íîâëåííîãî ïîòåíöèàëà; 12 — ïîòåíöèàë, ðàññ÷èòàí-
íûé ìåòîäîì Dmol; 13 — ïîòåíöèàë âçàèìîäåéñòâèÿ
èçîýëåêòðîííîé ïàðû Ar–Ar [3]

D
iE , D

vE , эВ** D
iE , D

vE , эВ** Позиция Es, i, ν, расчет, эВ* 
Расчет Экспер. 

Позиция Es, i, ν, расчет, эВ* 
Расчет Экспер. 

KCl, «s» 1,16   KBr, «cv» –0,10 1,30 1,30 
KCl, «i» 0,87 0,29 0,31 KBr, «av» –0,74 1,94 — 
KCl, «cv» –0,31 1,47 1,48 KI,  «s» 1,38   
KCl, «av» –0,83 1,99 1,98*** KI,  «i» 1,05 0,33 0,31 
KBr, «s» 1,21   KI, «cv» 0,63 0,75 0,79 
KBr, «i» 0,83 0,38 0,36 KI, «av» –0,38 1,76 1,76 

Òàáëèöà 3

Ðåçóëüòàòû ìîäåëèðîâàíèÿ ðàñòâîðåíèÿ è ìèãðàöèè àðãîíà â êðèñòàëëàõ ñ èñïîëüçîâàíèåì
âîññòàíîâëåííûõ ïîòåíöèàëîâ âçàèìîäåéñòâèÿ

Ï ð è ì å ÷ à í è ÿ : * — ýíåðãèè âíåäðåíèÿ, ðàññ÷èòàííûå ïî ôîðìóëå (6); ** — ýíåðãèè âûõîäà, ôîðìóëû (5),
(6); *** — çíà÷åíèå íå èñïîëüçîâàëîñü ïðè âîññòàíîâëåíèè ïîòåíöèàëîâ (ñì. ïîÿñíåíèÿ â òåêñòå); «s» — ïîçèöèè
àòîìà íà ïîòåíöèàëüíîì áàðüåðå, «i» — ìåæäîóçåëüíûå ïîçèöèè, «cv» — ïîçèöèè â êàòèîííûõ, «av» — â àíèîí-
íûõ âàêàíñèÿõ.

ôóçèè íåçàâèñèìî ïîäòâåðæäàåò ïðàâèëüíîñòü
âîññòàíîâëåííûõ ïîòåíöèàëîâ âçàèìîäåéñòâèÿ.

Ïîñëå àíàëèçà ýêñïåðèìåíòàëüíûõ äàííûõ
îñòàëàñü íåâûÿñíåííîé ïðèðîäà ëîâóøåê, îïðå-
äåëÿâøèõ äèôôóçèþ àðãîíà â «÷èñòûõ» îáðàç-
öàõ KCl íà ó÷àñòêå b (òàáë. 1). Ýôôåêòèâíàÿ
ýíåðãèÿ àêòèâàöèè äèôôóçèè íà ýòîì ó÷àñòêå

( D
vE = 1,1 ýÂ) áëèçêà ê ðàñ÷åòíîé ýíåðãèè ðàçìå-

ùåíèÿ àòîìà íà ïîòåíöèàëüíîì áàðüåðå ïðè ìåæ-
äîóçåëüíîé äèôôóçèè Es[KCl] = 1,16 ýÂ. Îòñþäà
ñëåäóåò, ÷òî ïîòåíöèàëüíàÿ ýíåðãèÿ àòîìîâ àðãî-
íà â íåèçâåñòíûõ ëîâóøêàõ áëèçêà ê íóëþ (âû-
ðàæåíèå (5), ðèñ. 2). Òàêèìè ëîâóøêàìè ìîãëè
áûòü áîëüøèå âàêàíñèîííûå ïîëîñòè, îáðàçîâû-
âàâøèåñÿ â ðåçóëüòàòå îòæèãà âàêàíñèé. Â ðà-
áîòå [9] óêàçàíî, ÷òî ðàññìàòðèâàåìûå îáðàçöû
äåéñòâèòåëüíî ïîäâåðãàëèñü îòæèãó ïðè âûñî-
êèõ òåìïåðàòóðàõ â òå÷åíèå íåñêîëüêèõ ÷àñîâ.

Òàêèì îáðàçîì, ðåçóëüòàòû ðàáîòû ïîäòâåð-
æäàþò êàê êîððåêòíîñòü ïðåäëîæåííîé èíòåð-
ïðåòàöèè ýêñïåðèìåíòàëüíûõ äàííûõ, òàê è âîç-

Ðèñ. 5. Âîññòàíîâëåííûé ïîòåíöèàë U[Ar–I–]: 1–3 —
òî÷êè, àíàëîãè÷íûå òî÷êàì 1–3 íà ðèñ. 3–4; 4 — òî÷-
êà — ïîòåíöèàë ïðè ðàçìåùåíèè àòîìà â àíèîííîé âà-
êàíñèè «av»; 5 — ãðàôèê âîññòàíîâëåííîãî ïîòåíöèà-
ëà; 6 — ïîòåíöèàë U[Ar–I–], ïîëó÷åííûé èç ïîäâèæíî-
ñòè èîíîâ I– â àðãîíå äëÿ ðàññòîÿíèé 2,85 ≤ R ≤ 3 Å [4];
7 — ïîòåíöèàë [20], ðàññ÷èòàííûé ìåòîäîì Dmol

Ê. À. Íåêðàñîâ, Í. Â. Çäîáíóõèíà, À. ß. Êóïðÿæêèí, Ì. Â. Ðûæêîâ, Ñ. È. Ïîòàøíèêîâ
Âçàèìîäåéñòâèå ðàäèîãåííîãî àðãîíà ñ èîííûìè êðèñòàëëàìè



International Scientific Journal for Alternative Energy and Ecology     ISJAEE ¹ 4(48) (2007)
Ìåæäóíàðîäíûé íàó÷íûé æóðíàë «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» ÀÝÝ ¹ 4(48) (2007)126

©
 
2
0
0
7 

Sc
ie
n
tif
ic
 
T
ec
h
n
ic
a
l 
C
en
tr
e 

«
T
A
T
A
»

©
 
2
0
0
7 

Í
à
ó÷
í
î
-ò
å
õí
è
÷å
ñê
è
é
 
ö
å
í
òð
 
«
T
A
T
A
»

7. Íåêðàñîâ Ê. À., Êóïðÿæêèí À. ß. Âîññòà-
íîâëåíèå ïîòåíöèàëà âçàèìîäåéñòâèÿ àòîìîâ
ãåëèÿ ñ èîíàìè ôòîðà ïî äàííûì ìåæäîóçåëü-
íîé äèôôóçèè è ðàñòâîðèìîñòè ãåëèÿ âî ôòîðè-
äàõ ùåëî÷íîçåìåëüíûõ ìåòàëëîâ // ÒÂÒ. 2001.
Ò. 39, ¹ 2. Ñ. 229–234.

8. Felix F. W., Müller M. Interaction of rare
gas interstitials with lattice defects in Sr-doped
potassium halides // Phys. Stat. Sol. B. 1971.
Vol. 46. P. 265–271.

9. Norgett M. J., Lidiard A. B. The migration
of inert gases in ionic crystal // Phil. Mag. 1968.
Vol. 18. P. 1193–1210.

10. Êóïðÿæêèí À. ß., Øåèí È. Ð., Ïîïîâ Å. Â.
Ââåäåíèå ýôôåêòèâíûõ êîýôôèöèåíòîâ äèôôó-
çèè â íåñòàöèîíàðíûõ äèôôóçèîííûõ ýêñïåðè-
ìåíòàõ // ÆÒÔ. 1983. Ò. 53, ¹ 8. Ñ. 1578–1582.

11. Ãîëàíä À. Ñîâðåìåííîå èçó÷åíèå òî÷å÷-
íûõ äåôåêòîâ â ìåòàëëàõ // Òî÷å÷íûå äåôåêòû
â òâåðäûõ òåëàõ. Ì.: Ìèð, 1979. Ñ. 318–323.

12. Dick B. G., Overhauser A. W. Theory of
the dielectric constants of alkali halide crystals //
Phys. Rev. 1958. Vol. 112. P. 90–103.

13. Sangster M. J. L., Atwood R. M. Interionic
potentials for alkali halides: II Completly crystal
independent specification of Born-Mayer potentials //
J. Phys. C: Solid St. Phys. 1978. Vol. 11. P. 1541–
1555.

14. Fowler P. W., Harding J. H., Pyper N. C.
The polarizabilities and dispersion coefficients for
ions in the solid group IV oxides // J. Phys.:
Condens. Matter. 1994. Vol. 6. P. 10593–10606.

15. Mott N. F., Littleton M. J. Conduction in polar
crystals. I. Electrolitic conduction in solid salts //
Trans. Faraday Soc. 1938. Vol. 34. P. 485–499.

16. Kim Y. S., Gordon R. G. Unified theory
for the intermolecular forces between closed shell
atoms and ions // J. Chem. Phys. 1974. Vol. 61,
No. 1. P. 4323–4331.

17. Slater J. K., Kirkwood J. G. The van der
Waals forces in gases // Phys. Rev. 1931. Vol. 37.
P. 682–697.

18. Nelder J. A., Mead R. A simplex method
for function minimization // Computer J. 1964.

Vol. 7. P. 308–313.
19. Delley B. An all-electron numerical method

for solving the local density functional for

polyatomic molecules // J. Chem. Phys. 1990.
Vol. 92. P. 508–517.

20. Kupryazhkin A. Ya., Nekrassov K. A., Ryzh-

kov M. V. et al. Determination of potentials of
interaction between rare gases and multiply charged
ions // AIP Proc. 2003. Vol. 663. cd-rom.

21. Nekrassov K. A., Kupryazhkin A. Ya.
Joint  determination of Âeral interaction potentials
for gas-ion pairs from measurements of the gas

diffusion and solubility in ionic crystals // AIP
Proc. 2003. Vol. 663. cd-rom.

ìîæíîñòü ïðèìåíåíèÿ ïàðíûõ ïîòåíöèàëîâ äëÿ
îïèñàíèÿ âçàèìîäåéñòâèÿ àòîìîâ àðãîíà ñ îêðó-
æåíèåì â èîííûõ êðèñòàëëàõ.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, â ðàáîòå óñòàíîâëåíû ìåõà-

íèçìû äèôôóçèè ðàäèîãåííîãî àðãîíà â ùåëî÷-

íî-ãàëîèäíûõ êðèñòàëëàõ. Âïåðâûå îïðåäåëåíû

ýíåðãèè è ïîòåíöèàëû âçàèìîäåéñòâèÿ àòîìîâ

àðãîíà ñ èîíàìè íà «ñðåäíèõ» ðàññòîÿíèÿõ, ïðè

ýíåðãèÿõ, ìåíüøèõ 0,5 ýÂ. Âîññòàíîâëåííûå ïî-

òåíöèàëû ÿâëÿþòñÿ óíèâåðñàëüíûìè, ÷òî ïîä-

òâåðæäàåòñÿ èõ ñîâïàäåíèåì íà ìàëûõ ðàññòîÿ-

íèÿõ ñ ïîòåíöèàëàìè [3–4], îïèñûâàþùèìè

ñòîëêíîâåíèÿ â ãàçîâîé ôàçå.

Ïîêàçàíî, ÷òî ýíåðãèÿ âçàèìîäåéñòâèÿ ïàðû

Ar–K+ â ìèíèìóìå ïîòåíöèàëà âçàèìîäåéñòâèÿ

(Umin = 0,11 ýÂ) íà ïîðÿäîê ïðåâûøàåò ýíåðãèþ

ñâÿçè èçîýëåêòðîííîé âàí-äåð-âààëüñîâñêîé ìî-

ëåêóëû Ar–Ar (Umin[Ar–Ar] = –0,012 ýÂ [3]), ÷òî

óêàçûâàåò íà îáðàçîâàíèå õèìè÷åñêîé ñâÿçè

Ar–K+. Îòñþäà ñëåäóåò âîçìîæíîñòü ñâÿçûâà-

íèÿ èíåðòíûõ ãàçîâ èîííûìè êðèñòàëëàìè.

Âûâîä î ñðàâíèòåëüíî ñèëüíîì õèìè÷åñêîì

ñâÿçûâàíèè àðãîíà â êðèñòàëëàõ êà÷åñòâåííî

ñîãëàñóåòñÿ ñ ïîëó÷åííûìè ðàíåå ðåçóëüòàòàìè

âîññòàíîâëåíèÿ è ðàñ÷åòà ïîòåíöèàëîâ âçàèìî-

äåéñòâèÿ ãåëèÿ ñ êàòèîíàìè [20, 21], à òàêæå

ïîäòâåðæäàåòñÿ êâàíòîâî-õèìè÷åñêèìè ðàñ÷å-

òàìè.
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Î ÏÎÂÛØÅÍÈÈ ÐÎËÈ ÀÒÎÌÍÎÉ ÝÍÅÐÃÅÒÈÊÈ ÐÎÑÑÈÈ

Å. Â. Ìîðãóíîâ

Èíñòèòóò ïðîáëåì ðûíêà Ðîññèéñêîé Àêàäåìèè íàóê
Íàõèìîâñêèé ïð-ò, 47, Ìîñêâà, 117418, Ðîññèÿ

Òåë.: (495) 779-1438; e-mail: morgun1976@mail.ru

The savings of energy and replacement of hydrocarbonic sources with renewed sources, nuclear
and hydrogen power is one of mainstreams of industrial policy in 21st century. A modern condition of
nuclear power possesses a number of negative properties but if to start with a reality of basic exhaus-
tion not renewed and unprofitableness renewed power sources, under condition of introduction of the
new technologies based on closed fuel cycle, nuclear power should become a powerful element of the
future power structures.

         Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ 06.03.2007 ã.          The article has entered in publishing office 06.03.2007.

Íà ðóáåæå ÕÕ è ÕÕI ââ. îäíèìè èç îñíîâ-
íûõ êðèòåðèåâ áëàãîïîëó÷èÿ è ìîãóùåñòâà òîãî
èëè èíîãî ãîñóäàðñòâà ñòàëè ýíåðãîâîîðóæåí-
íîñòü è ýíåðãîýôôåêòèâíîñòü íàöèîíàëüíîé ýêî-
íîìèêè. Áîëüøèíñòâî ãîñóäàðñòâ ñòðîÿò ñâîþ
âíóòðåííþþ è âíåøíþþ ïîëèòèêó ñ ó÷åòîì âîç-
ðàñòàíèÿ ðîëè ýíåðãåòè÷åñêèõ ðåñóðñîâ â îáåñ-
ïå÷åíèè óñòîé÷èâîãî ýêîíîìè÷åñêîãî ðîñòà ñòðà-
íû. Áîëåå òîãî, êàæäîìó íîâîìó òåõíîëîãè÷åñ-
êîì óêëàäó ïðèñóùè íå òîëüêî êà÷åñòâåííûå
èçìåíåíèÿ â ñòðóêòóðå èñïîëüçîâàíèÿ è âèäàõ
ýíåðãîðåñóðñîâ, íî è êîëè÷åñòâåííûé ðîñò ýíåð-
ãîïîòðåáëåíèÿ, êîòîðûé â äóøåâîì èñ÷èñëåíèè
óâåëè÷èâàåòñÿ êðàòíî.

Â òî æå âðåìÿ ïðàêòè÷åñêè âñå ðåãèîíû ìèðà
ñòàëêèâàþòñÿ ñ ðèñêîì íåîáðàòèìîãî ðàçðóøå-
íèÿ îêðóæàþùåé ñðåäû. Óïðàâëåíèå ñîöèàëü-
íî-ýêîíîìè÷åñêèìè ñèñòåìàìè, íå ñîãëàñîâàí-
íîå ñ âîçìîæíîñòÿìè ïðèðîäíîé ñðåäû, åå âîñ-
ïðîèçâîäèòåëüíîé ñïîñîáíîñòüþ è çàêîíàìè
ïðèðîäû, ÿâèëîñü ïðè÷èíîé âîçíèêíîâåíèÿ òåí-
äåíöèé, âëèÿíèÿ êîòîðûõ íè ïëàíåòà, íè åå
íàñåëåíèå íå ñìîãóò äîëãî âûäåðæàòü: ýêñòåí-
ñèâíûé ýêîíîìè÷åñêèé ðîñò ðàçðóøàåò ïðèðîä-
íóþ ñðåäó, ïðèâîäèò ê ýêîëîãè÷åñêîé äåãðàäà-
öèè, à ýòî, â ñâîþ î÷åðåäü, ïîäðûâàåò ðåñóðñíóþ
áàçó è ïðîöåññ ýêîíîìè÷åñêîãî ðîñòà. Ïîýòîìó
áîëåå ïîëíîå èñïîëüçîâàíèå ýíåðãîðåñóðñîâ èëè
èõ ñáåðåæåíèå â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ îä-
íèì èç êðàåóãîëüíûõ êàìíåé ïðîìûøëåííîé
ïîëèòèêè âî âñåõ ðàçâèòûõ ñòðàíàõ, îñíîâîé
ñîâðåìåííîé ýêîíîìè÷åñêîé è ýíåðãåòè÷åñêîé
ôèëîñîôèè.

Ðàçðàáîòêà è âíåäðåíèå íîâûõ òåõíîëîãèé
ðàçâåäêè, äîáû÷è è èñïîëüçîâàíèÿ îðãàíè÷åñêîãî
òîïëèâà, áåçóñëîâíî, ñïîñîáñòâóþò ðîñòó ýíåðãî-
ýôôåêòèâíîñòè, îäíàêî â XXI âåêå, â îñîáåííîñòè
áëèæå ê åãî ñåðåäèíå, äåôèöèò íàèáîëåå öåííûõ
âèäîâ ýíåðãîðåñóðñîâ (íåôòè è ãàçà) ìîæåò îùó-
ùàòüñÿ âî ìíîãèõ ðåãèîíàõ ìèðà. Â ðåçóëüòàòå
ïðîèçâîäñòâî ýëåêòðîýíåðãèè íà áàçå ïðèðîäíîãî
ãàçà è ìàçóòà ìîæåò ñòàòü ñëèøêîì äîðîãèì.

Â ñòðàíàõ ñ òåïëûì êëèìàòîì îïðåäåëåí-
íûå ïåðñïåêòèâû ïðîèçâîäñòâà ýëåêòðîýíåðãèè
ñâÿçûâàþòñÿ ñ ñîëíå÷íîé ýíåðãåòèêîé, åñëè òåõ-
íîëîãèþ ïðîèçâîäñòâà ýëåêòðîýíåðãèè íà ñîë-
íå÷íûõ ýëåêòðîñòàíöèÿõ óäàñòñÿ ñäåëàòü äîñòà-
òî÷íî äåøåâîé. Äëÿ ñòðàí ñ õîëîäíûì è óìå-
ðåííûì êëèìàòîì òàêàÿ ïåðñïåêòèâà êàæåòñÿ
áîëåå ñîìíèòåëüíîé. Â ðåçóëüòàòå äëÿ ïîêðû-
òèÿ øèðîêîìàñøòàáíûõ ïîòðåáíîñòåé òàêèõ
ñòðàí â ýëåêòðîýíåðãèè íóæíû áóäóò äðóãèå èñ-
òî÷íèêè ïåðâè÷íîé ýíåðãèè. Îäíèì èç îñíîâíûõ
íàïðàâëåíèé â ýíåðãåòè÷åñêîé ïîëèòèêå âåäó-
ùèõ ðàçâèòûõ ñòðàí ðàññìàòðèâàåòñÿ çàìåùå-
íèå óãëåâîäîðîäíûõ èñòî÷íèêîâ ýíåðãèè íà âî-
çîáíîâëÿåìûå èñòî÷íèêè, àòîìíóþ è âîäîðîä-
íóþ ýíåðãåòèêó.

Â íàñòîÿùåå âðåìÿ àêòèâíî ïåðåñìàòðèâà-
åòñÿ íåãàòèâíûé ïîäõîä, ñëîæèâøèéñÿ ïîñëå
êðóïíûõ àâàðèé (íà î-âå Òðèìàéë â 1978 ã. è
×åðíîáûëüñêîé — â 1986 ã.) â îòíîøåíèè èñ-
ïîëüçîâàíèÿ àòîìíîé ýíåðãèè äëÿ îáåñïå÷åíèÿ
÷åëîâå÷åñêèõ ïîòðåáíîñòåé. Âî âñÿêîì ñëó÷àå, â
ðàìêàõ ïðîøåäøåãî â Ñàíêò-Ïåòåðáóðãå ñàììè-
òà G8 àòîìíàÿ ýíåðãåòèêà óæå ðàññìàòðèâàåòñÿ

Ñâåäåíèÿ îá àâòîðå: êàíäèäàò ýêîíîìè÷åñêèõ íàóê, ó÷åíûé ñåêðåòàðü Èí-
ñòèòóòà ïðîáëåì ðûíêà ÐÀÍ

Îáðàçîâàíèå: Èíñòèòóò ãîñóäàðñòâåííîãî è ìóíèöèïàëüíîãî óïðàâëåíèÿ Ãî-
ñóäàðñòâåííîãî óíèâåðñèòåòà óïðàâëåíèÿ (1999 ã.).

Îáëàñòü íàó÷íûõ èíòåðåñîâ: Èíñòèòóöèîíàëüíàÿ ýêîíîìèêà, ãîñóäàðñòâåí-
íîå óïðàâëåíèå, óïðàâëåíèå ñîáñòâåííîñòüþ, ýêîíîìèêà è óïðàâëåíèå ýíåðãåòè-
÷åñêèì ñåêòîðîì.

Ïóáëèêàöèè: 35 íàó÷íûõ ðàáîò.Ìîðãóíîâ
Åâãåíèé

Âëàäèìèðîâè÷
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Àòîìíàÿ ýíåðãåòèêà

â êà÷åñòâå îäíîãî èç ñòðàòåãè÷åñêèõ íàïðàâëå-
íèé ýíåðãîîáåñïå÷åíèÿ öèâèëèçàöèè áóäóùåãî.

Ìîòèâàöèÿ îòõîäà â ïîñëåäíèå äåñÿòèëåòèÿ
îò èñïîëüçîâàíèÿ àòîìíîé ýíåðãåòèêè çàêëþ÷à-
åòñÿ â òîì, ÷òî ñåãîäíÿøíåå åå ñîñòîÿíèå îáëà-
äàåò ðÿäîì íåãàòèâíûõ ñâîéñòâ, êîòîðûå íå ÿâ-
ëÿþòñÿ ýêîíîìè÷åñêè îïðàâäàííûìè è êîòîðûå
íå ïîçâîëÿþò â ïîëíîé ìåðå èñïîëüçîâàòü èìåííî
ñåãîäíÿøíþþ àòîìíóþ ýíåðãåòèêó äëÿ îáåñïå-
÷åíèÿ â áóäóùåì ýíåðãåòè÷åñêîé áåçîïàñíîñòè
êàê íàøåé ñòðàíû, òàê è âñåãî ìèðà.

Íî åñëè èñõîäèòü èç ðåàëüíîñòè ïðèíöèïè-
àëüíîãî èñ÷åðïàíèÿ íåâîçîáíîâëÿåìûõ îðãàíè-
÷åñêèõ èñòî÷íèêîâ ýíåðãèè, à âîçîáíîâëÿåìûå
ýíåðãåòè÷åñêèå èñòî÷íèêè åùå ñðàâíèòåëüíî äà-
ëåêè îò ðåíòàáåëüíîñòè, òî àòîìíàÿ ýíåðãåòèêà
(â åå ñðàâíèòåëüíî «áåçîïàñíûõ ôîðìàõ») ÿâëÿ-
åòñÿ åäèíñòâåííîé, ïî ñóòè äåëà, ðåàëüíîé àëü-
òåðíàòèâîé áóäóùèõ ýíåðãåòè÷åñêèõ ñòðóêòóð.

Ðå÷ü èäåò î òîì, ÷òîáû îáîñíîâàòü ñëåäóþ-
ùåå ïîëîæåíèå: ñîâåðøåíñòâîâàíèå òåõíîëîãèè
ôóíêöèîíèðîâàíèÿ àòîìíûõ ýëåêòðîñòàíöèé
ìîæåò ïðèíöèïèàëüíûì îáðàçîì ïîâûñèòü ñòå-
ïåíü èõ áåçîïàñíîñòè, èíûìè ñëîâàìè, âûõîä
íà óðîâåíü àäåêâàòíûõ òåõíèêî-òåõíîëîãè÷åñ-
êèõ ìåð áåçîïàñíîñòè (îïòèìàëüíàÿ ïåðåðàáîò-
êà ðàäèîàêòèâíûõ îòõîäîâ, ìèíèìèçàöèÿ íåãà-
òèâíûõ âîçäåéñòâèé ÀÝÑ íà ýêîñôåðó è äð.) ìî-
æåò îáåñïå÷èòü äîñòàòî÷íóþ áåçîïàñíîñòü
àòîìíûõ ýëåêòðîñòàíöèé.

Èìåííî â ýòîì êîíòåêñòå óòâåðæäàåòñÿ, ÷òî
òîëüêî àòîìíàÿ ýíåðãåòèêà, âûòåñíÿÿ áîëåå
«ãðÿçíûå» ýíåðãåòè÷åñêèå èñòî÷íèêè (ðå÷ü èäåò
î ñîâðåìåííûõ òåïëîâûõ ýëåêòðîñòàíöèÿõ, âû-
áðàñûâàþùèõ â àòìîñôåðó íåìàëî ðàäèîàêòèâ-
íûõ îòõîäîâ ñãîðàíèÿ ìàçóòà è óãëÿ), ìîæåò
îáåñïå÷èòü áîëåå «çäîðîâóþ æèçíü è ÷èñòóþ
îêðóæàþùóþ ñðåäó».

Àòîìíàÿ ýíåðãåòèêà — ýòî äîáû÷à óðàíî-
âîé ðóäû, ñîçäàíèå ÿäåðíîãî ãîðþ÷åãî, òðàíñ-
ïîðò åãî, èñïîëüçîâàíèå íà ÀÝÑ, õðàíåíèå, â
òîì ÷èñëå è òåõíîëîãè÷åñêîå. Ðåñóðñû âòîðè÷-
íîãî ñûðüÿ â ÿäåðíîé ýíåðãåòèêå êàê íèãäå âå-
ëèêè: â òîïëèâå ÿäåðíûõ ðåàêòîðîâ ïîñëå îäíî-
êðàòíîãî èñïîëüçîâàíèÿ ñîõðàíÿåòñÿ îêîëî 95 %
íà÷àëüíîãî ýíåðãåòè÷åñêîãî ïîòåíöèàëà, ÷òî ñî-
îòâåòñòâóåò áîëåå ÷åì ìèëëèîíó òîíí îðãàíè-
÷åñêîãî òîïëèâà íà òîííó ÿäåðíîãî.

Ñåé÷àñ ïîâñåìåñòíî ðàçâèòî äëèòåëüíîå õðà-
íåíèå îáëó÷åííîãî ÿäåðíîãî òîïëèâà (ÎßÒ), íî
åãî íóæíî è ïåðåðàáàòûâàòü. ÎßÒ — ýòî ìîù-
íûé ýíåðãåòè÷åñêèé ðåñóðñ. È, êàê ýòî íè ïàðà-
äîêñàëüíî çâó÷èò, òîëüêî ñ ïîìîùüþ ýíåðãåòè-
êè, â òîì ÷èñëå è àòîìíîé, ìîæíî ñåãîäíÿ î÷è-
ñòèòü âñå íàêîïèâøèåñÿ çàãðÿçíåíèÿ, âêëþ÷àÿ
è ðàäèîàêòèâíûå çàãðÿçíåíèÿ, îòõîäû. Ïðè÷åì
ýòè ðàäèîàêòèâíûå îòõîäû ãëàâíûì îáðàçîì
íàêîïèëèñü íå â àòîìíîé ýíåðãåòèêå, à ïðè ðåà-
ëèçàöèè âîåííûõ ïðîãðàìì — àòîìíàÿ áîìáà,
ïîäâîäíûå ëîäêè. Äîëÿ çàãðÿçíåíèé îò àòîì-
íîé ýíåðãåòèêè ñîñòàâëÿåò òûñÿ÷íûå äîëè âñåõ
ðàäèîàêòèâíûõ îòõîäîâ. Ïî ñðàâíåíèþ ñ òåïëî-
âûìè ýëåêòðîñòàíöèÿìè îáúåì îáðàçóþùèõñÿ
ðàäèîàêòèâíûõ îòõîäîâ íà ÀÝÑ ñîñòàâëÿåò î÷åíü
íåçíà÷èòåëüíóþ âåëè÷èíó. Òàê, âñå äåéñòâóþ-

ùèå ÀÝÑ ìèðà çà âåñü ïåðèîä ñâîåãî ñóùåñòâî-
âàíèÿ íàðàáîòàëè ïî÷òè â 9 ðàç ìåíüøå òâåð-
äûõ îòõîäîâ, ÷åì îäíà óãîëüíàÿ ÒÝÑ ìîùíîñ-
òüþ 1300 ÌÂò äàåò çà ãîä.

Ðàçâèòèå ñîâðåìåííîé íàóêè è òåõíèêè ïî-
çâîëÿåò èñïîëüçîâàòü â êà÷åñòâå ñâåæåãî òîïëè-
âà óæå îòðàáîòàííîå ÿäåðíîå òîïëèâî ïîñëå ìà-
ëîçàòðàòíîé òåõíîëîãè÷åñêîé îáðàáîòêè. Ïðè ýòîì
ðåøàåòñÿ ñðàçó íåñêîëüêî ïðîáëåì — ýêîëîãè-
÷åñêàÿ, ðåñóðñîñáåðåæåíèÿ è òîïëèâîîáåñïå÷åíèÿ,
à àòîìíàÿ ýíåðãåòèêà âûõîäèò â ñâîåì ðàçâèòèè
íà çàìêíóòûé òîïëèâíûé öèêë.

Îòíîøåíèå ê àòîìíîé ýíåðãåòèêå ñ ó÷åòîì
ýíåðãåòè÷åñêîãî êðèçèñà ñóùåñòâåííî ìåíÿåòñÿ
åùå è ïîòîìó, ÷òî àòîìíàÿ ýíåðãåòèêà äàåò íà
ñåãîäíÿøíèé äåíü ñàìîå äåøåâîå ýëåêòðè÷åñòâî.
Åñëè â òàðèôå îáû÷íîé (òåïëîâîé) ýíåðãåòèêè
íà îðãàíè÷åñêîì òîïëèâå îêîëî 60 % ñîñòàâëÿ-
åò ñòîèìîñòü ïðèðîäíûõ ðåñóðñîâ (â ýòîì òîïëè-
âå áîëüøàÿ äîëÿ ïðèðîäíî-ðåñóðñíîé ðåíòû, à
íå îïëàòû òðóäà), òî ñòîèìîñòü ïðèðîäíîé ñî-
ñòàâëÿþùåé â àòîìíîé ýíåðãåòèêå ñîñòàâëÿåò
15 %. È åñëè çàïàñîâ òîïëèâà äëÿ âñåé îðãàíè-
÷åñêîé ýíåðãåòèêè õâàòèò òîëüêî íà íåñêîëüêî
äåñÿòèëåòèé, òî äëÿ àòîìíîé ýíåðãåòèêè — íà
òûñÿ÷åëåòèÿ. Àòîìíàÿ ýíåðãåòèêà îáåñïå÷èâàåò
ðàáîòîé, âåäü äëÿ íåå â áîëüøåé ñòåïåíè âàæåí
âîçîáíîâëÿåìûé ðåñóðñ — ÷åëîâå÷åñêèé òðóä, à
íå ïðèðîäíûé ìàòåðèàë.

Íåîáõîäèìî òàêæå ó÷èòûâàòü, ÷òî àòîìíàÿ
ýíåðãåòèêà, íàïðèìåð, ýíåðãåòèêà íà áûñòðûõ
íåéòðîíàõ, ïîçâîëÿåò çàìêíóòü òîïëèâíûé öèêë
òàêèì îáðàçîì, ÷òîáû íàðàáàòûâàëîñü íîâîå òîï-
ëèâî, ÷òî ïðèâîäèò ê óâåëè÷åíèþ ýôôåêòèâíî-
ñòè òîïëèâîèñïîëüçîâàíèÿ è óìåíüøåíèþ êî-
ëè÷åñòâà îòõîäîâ. Òåõíîëîãè÷åñêèé ïðîãðåññ
ïîçâîëÿåò ïîëíîñòüþ èñïîëüçîâàòü âñå ïðåèìó-
ùåñòâà ýíåðãèè äåëåíèÿ àòîìíîãî ÿäðà, à íå ÷àñòü
èç íèõ, êàê â íàñòîÿùåå âðåìÿ, è ñäåëàòü ýòó
ÿäåðíóþ òåõíîëîãèþ äîñòàòî÷íî ïðèåìëåìîé ñ
òî÷êè çðåíèÿ ñòîèìîñòè, à âñÿ ñîâîêóïíîñòü
ôàêòîðîâ ïðåâðàùàåò ýíåðãåòèêó íà áûñòðûõ
íåéòðîíàõ â ÷ðåçâû÷àéíî àêòóàëüíûé ïðîäóêò.
Òàêàÿ ýíåðãåòèêà, âî-ïåðâûõ, íå áóäåò îòâåð-
ãàòüñÿ îáùåñòâîì è, âî-âòîðûõ, îáåñïå÷èò ãëó-
áîêîå ïëàíèðîâàíèå ðàçâèòèÿ îáùåñòâà â ÷àñòè
ýíåðãåòè÷åñêèõ ïîòðåáíîñòåé, ïðåäîñòàâëÿÿ ÷å-
ëîâå÷åñòâó öåëóþ ãàììó ðàçëè÷íûõ ïðåèìóùåñòâ.

Ñîâðåìåííûå òåõíîëîãèè ïîçâîëÿþò èñêëþ-
÷èòü èç ïðîöåññà ïåðåðàáîòêè îòðàáîòàííîãî ÿäåð-
íîãî òîïëèâà (ÎßÒ) ñòàäèþ âûäåëåíèÿ ïëóòî-
íèÿ, ÷òî ïîçâîëèò èçáåæàòü íàêîïëåíèÿ ýòîãî
ðàñùåïëÿþùåãîñÿ ìàòåðèàëà è, ñîîòâåòñòâåííî,
ñóùåñòâåííî óêðåïèòü ðåæèì ÿäåðíîãî íåðàñ-
ïðîñòðàíåíèÿ. Ñ ýòîé æå öåëüþ ìîæíî ïåðåéòè
â àòîìíîé ýíåðãåòèêå ê èñïîëüçîâàíèþ ÿäåðíî-
ãî òîïëèâà íà îñíîâå ïðèðîäíîãî óðàíà. Ïåðåðà-
áîòêà ÎßÒ ñ öåëüþ èçâëå÷åíèÿ ïîëåçíûõ êîì-
ïîíåíòîâ äëÿ èõ ïîñëåäóþùåãî èñïîëüçîâàíèÿ
ÿâëÿåòñÿ âûñîêîé òåõíîëîãèåé, îñâîåííîé â ïðî-
ìûøëåííîì ìàñøòàáå òîëüêî ëèøü â íåñêîëü-
êèõ âåäóùèõ ÿäåðíûõ äåðæàâàõ, â ÷èñëî êîòî-
ðûõ âõîäèò è Ðîññèÿ. Áîëåå òîãî, ÿäåðíàÿ ýíåð-
ãåòèêà ðåøàåò ïðîáëåìû ïîëó÷åíèÿ âîäîðîäà èç
âîäû è ïåðåõîäà ê âîäîðîäíîé ýíåðãåòèêå.
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Â ýêîíîìè÷åñêè ðàçâèòûõ ñòðàíàõ ìèðà, ïðî-
äîëæàÿ ïîääåðæèâàòü íà îñíîâå íîâûõ òåõíîëî-
ãèé òðàäèöèîííóþ óãëåâîäîðîäíóþ è àòîìíóþ
ýíåðãåòèêó, îäíîâðåìåííî àêòèâíî ãîòîâÿòñÿ ê
òîìó, ÷òîáû â êà÷åñòâå âåäóùåãî ýíåðãîíîñèòåëÿ
èñïîëüçîâàòü âîäîðîä. Â ÑØÀ, ßïîíèè, ñòðàíàõ
Åâðîñîþçà â ðàñ÷åòå íà áóäóùèé ïîêóïàòåëüñêèé
ñïðîñ åùå ñ 90-õ ãîäîâ ïðîøëîãî âåêà èäåò ôîð-
ìèðîâàíèå ìàññîâîãî «âîäîðîäíîãî ñîçíàíèÿ» ñ
ó÷åòîì ãëîáàëüíîé è ñîáñòâåííîé íàöèîíàëüíîé
ýíåðãîáåçîïàñíîñòè. Ýòî äåëàåòñÿ ïðåæäå âñåãî
ïóòåì ïðèâëå÷åíèÿ âíèìàíèÿ øèðîêèõ êðóãîâ
îáùåñòâåííîñòè ê ïðèíÿòûì â ýòèõ ñòðàíàõ ïðî-
ãðàììàì âîäîðîäíîé ýíåðãåòèêè.

9 èþíÿ 2006 ã. â ðàìêàõ Õ Ïåòåðáóðãñêîãî
Ìåæäóíàðîäíîãî ýêîíîìè÷åñêîãî ôîðóìà ïðîøëà
Ïåðâàÿ ìåæäóíàðîäíàÿ êîíôåðåíöèÿ è âûñòàâêà
«Âîäîðîäíàÿ ýíåðãåòèêà áóäóùåãî: ðåãèîíû è îò-
ðàñëè» («ÂÝÁÐÎ»), ïðèóðî÷åííûå ê Ñàììèòó-2006
«Ãðóïïû âîñüìè». Îáùóþ ñòðàòåãè÷åñêóþ ëèíèþ
ÂÝÁÐÎ îïðåäåëÿåò äåÿòåëüíîñòü Ðîññèè â îáëàñ-
òè ýíåðãîýêîëîãè÷åñêîé áåçîïàñíîñòè â ñîîòâåò-
ñòâèè ñ ïðèíÿòûì íà Ñàììèòå-2005 Ïëàíîì äåé-
ñòâèé «Ãðóïïû âîñüìè», îáåñïå÷èâàþùèì óñòîé-
÷èâîå ðàçâèòèå â óñëîâèÿõ íåáëàãîïðèÿòíûõ
êëèìàòè÷åñêèõ ïåðåìåí. Íàìå÷àåìîå â Ðîññèé-
ñêîé Ôåäåðàöèè óñêîðåííîå òåõíîëîãè÷åñêîå îá-
íîâëåíèå ýíåðãåòè÷åñêîé îòðàñëè îáÿçûâàåò ïðè-
öåëüíî ðàáîòàòü íà ïåðñïåêòèâíûõ íàïðàâëåíè-
ÿõ ýíåðãåòèêè — âîäîðîäíîì è òåðìîÿäåðíîì.

Ìèðîâîé ðûíîê âîäîðîäíûõ ýíåðãîíîñèòåëåé
óæå ñåãîäíÿ ðàçâèâàåòñÿ â óñëîâèÿõ îñòðîé êîí-
êóðåíöèè. Íà íåì ïðåäñòàâëåíû ïîäâîäíûå ëîä-
êè è ñàìîëåòû íà âîäîðîäíûõ äâèãàòåëÿõ, âîäî-
ðîäíûå àâòîñòðàäû è àâòîðàëëè, ëèíèè âîäîðîä-
íûõ àâòîáóñîâ ñî ñòàöèîíàðíûìè çàïðàâêàìè,
íîâûå àâòîìîáèëè, ñêóòåðû, èíâàëèäíûå êîëÿñ-
êè è äðóãàÿ âîäîðîäíàÿ òåõíèêà, òîïëèâíûå ýëå-
ìåíòû äëÿ êîìïüþòåðîâ è ìîáèëüíûõ òåëåôî-
íîâ, âîäîðîäíûå èãðóøêè è ò. ï. Â ïåðñïåêòèâ-
íîì ïëàíå ðîëü âîäîðîäíîé ýíåðãåòèêè â ðàçâèòûõ
ñòðàíàõ ñ ó÷åòîì ïåðåõîäà íà íîâûé òåõíîëîãè-
÷åñêèé óêëàä íåñîìíåííî áóäåò âîçðàñòàòü, ñîîò-
âåòñòâåííî, êàê è êîíêóðåíòíàÿ áîðüáà â âîäî-
ðîäíîé ýêîíîìèêå.

Â ýòîé ñâÿçè Ðîññèè òðåáóåòñÿ ïÿòèêðàòíîå
óâåëè÷åíèå ìîùíîñòåé ÀÝÑ è ïîëó÷åíèå íà íèõ
íå ìåíåå 50 % âîäîðîäà. Ïîýòîìó â «Îñíîâíûõ
íàïðàâëåíèÿõ ïîëèòèêè Ðîññèéñêîé Ôåäåðàöèè â
îáëàñòè ðàçâèòèÿ èííîâàöèîííîé ñèñòåìû äî
2010 ãîäà» (2005 ã.) îñîáî îòìå÷åíà íåîáõîäèìîñòü
óñèëåíèÿ ãîñóäàðñòâåííîãî ðåãóëèðîâàíèÿ è ïîä-
äåðæêè íàó÷íî-èññëåäîâàòåëüñêèõ è îïûòíî-êîí-
ñòðóêòîðñêèõ ðàáîò â êîíêóðåíòîñïîñîáíûõ îáëà-
ñòÿõ, ê êîòîðûì îòíîñèòñÿ è àòîìíàÿ ýíåðãåòèêà.
Öåëüþ ãîñóäàðñòâåííîé ïîëèòèêè â ýòîé ñôåðå
ÿâëÿåòñÿ ôîðìèðîâàíèå ýêîíîìè÷åñêèõ óñëîâèé
äëÿ ðåàëèçàöèè èííîâàöèé ïóòåì îáúåäèíåíèÿ
óñèëèé ãîñóäàðñòâà è ïðåäïðèíèìàòåëüñêîãî ñåê-
òîðà íà îñíîâå âçàèìîâûãîäíîãî ïàðòíåðñòâà.

28 ìàðòà 2006 ã. â ã. Âëàäèìèð Ìîñêîâñêèé
öåíòð Êàðíåãè ïðîâåë ñåìèíàð íà òåìó «Ãëîáàëü-

íîå ïàðòíåðñòâî ïî àòîìíîé ýíåðãèè», â õîäå êî-
òîðîãî ðîññèéñêèå è àìåðèêàíñêèå ñïåöèàëèñòû
îáñóäèëè èíèöèàòèâó, âûäâèíóòóþ àìåðèêàíñêîé
àäìèíèñòðàöèåé â ýòîé îáëàñòè. Âûñòóïèâøèå ñ
äîêëàäàìè íà ýòîì ñåìèíàðå ïðåäñòàâèòåëè Ìè-
íèñòåðñòâà ýíåðãåòèêè ÑØÀ ïîä÷åðêíóëè, ÷òî ïðè
ðåøåíèè ñîáñòâåííîé ýíåðãåòè÷åñêîé ïðîáëåìû
ÑØÀ âñå áîëåå ïîëàãàþòñÿ íà ðàçâèòèå àòîìíîé
ýíåðãåòèêè. Ýòî îáóñëîâëåíî íå òîëüêî îãðàíè-
÷åííîñòüþ çàïàñîâ óãëåâîäîðîäîâ, íî è íåîáõî-
äèìîñòüþ îáåñïå÷åíèÿ áëàãîïðèÿòíûõ óñëîâèé
îêðóæàþùåé ñðåäû (ýêîëîãèÿ, òåìïåðàòóðíûé
ðåæèì è ò. ï.). Ïðè÷åì ðîëü ïîñëåäíèõ ôàêòîðîâ
çíà÷èòåëüíî óñèëèëàñü çà ïîñëåäíèå 5–10 ëåò.

Ïî ìíåíèþ ïðåäñòàâèòåëåé Ìèíèñòåðñòâà
ýíåðãåòèêè ÑØÀ, â ðàìêàõ ãëîáàëüíîãî ïàðò-
íåðñòâà â îáëàñòè àòîìíîé ýíåðãèè íåîáõîäèìî
ðàçðàáîòàòü ìåõàíèçì êîîðäèíàöèè äåÿòåëüíîñ-
òè ðàçíûõ ñòðàí. Îíè ïîëàãàþò, ÷òî ãëîáàëüíîå
ïàðòíåðñòâî â îáëàñòè àòîìíîé ýíåðãèè ñîîòâåò-
ñòâóåò èíòåðåñàì è Ðîññèè, è ÑØÀ è ìîæåò ïî-
âûñèòü óðîâåíü íàøèõ âçàèìîîòíîøåíèé. Ðîñ-
ñèÿ èìååò áîëüøîé îïûò ðàáîòû ñ àòîìíîé ýíåð-
ãèåé è ïåðåäîâûå òåõíîëîãèè, çíà÷èòåëüíî
ñíèæàþùèå ðèñê ÿäåðíîãî íåðàñïðîñòðàíåíèÿ.
Â òî æå âðåìÿ çà ïåðèîä «õîëîäíîé âîéíû» ñòðà-
íà íàêîïèëà áîëüøîå êîëè÷åñòâî ðàñùåïëÿþ-
ùèõñÿ ìàòåðèàëîâ, êîòîðûå ìîãóò áûòü èñïîëü-
çîâàíû â ìèðíûõ öåëÿõ. Ó÷àñòèå Ðîññèè â òà-
êîé ïðîãðàììå ïîìîæåò åé ðåøèòü ñîáñòâåííóþ
ýíåðãåòè÷åñêóþ ïðîáëåìó, à òàêæå óòèëèçèðî-
âàòü èçáûòî÷íûå ÿäåðíûå ìàòåðèàëû îðóæåéíî-
ãî êà÷åñòâà. Èäåÿ òàêîãî ãëîáàëüíîãî ïàðòíåð-
ñòâà íàøëà ïîääåðæêó â Êîíãðåññå ÑØÀ, äëÿ åå
ðåàëèçàöèè â 2007 ã. çàïëàíèðîâàíî âûäåëèòü
250 ìëí. äîëë.

Òàêæå âàæíî ïîíèìàòü, ÷òî ñîçäàíèå ýêî-
íîìè÷åñêè ðåíòàáåëüíîãî ýíåðãåòè÷åñêîãî ðåàê-
òîðà íà áûñòðûõ íåéòðîíàõ ÿâëÿåòñÿ äîñòàòî÷-
íî ñëîæíîé òåõíè÷åñêîé çàäà÷åé. Ñåé÷àñ òîëü-
êî Ðîññèÿ èìååò ïðîìûøëåííûé îáðàçåö òàêîãî
ðåàêòîðà (ÁÍ-600, ôóíêöèîíèðóþùèé â êà÷å-
ñòâå òðåòüåãî ýíåðãîáëîêà Áåëîÿðñêîé àòîìíîé
ýëåêòðîñòàíöèè). Èñïîëüçîâàíèå ìåæäóíàðîäíîãî
îïûòà è ïåðåäîâûõ çàïàäíûõ òåõíîëîãèé ïîìî-
æåò Ðîññèè ðåøèòü ýòó ïðîáëåìó äåøåâëå è áû-
ñòðåå. Òåõíè÷åñêàÿ ñòîðîíà ðåàëèçàöèè èíèöèà-
òèâû àäìèíèñòðàöèè Äæ. Áóøà â îáëàñòè àòîì-
íîé ýíåðãèè òðåáóåò îòäåëüíîãî ðàññìîòðåíèÿ,
òàê êàê â íàñòîÿùåå âðåìÿ ñóùåñòâóþò ïðàâî-
âûå íåóâÿçêè, íî â ëþáîì ñëó÷àå íåîáõîäèìî
óñêîðèòü ðàçðàáîòêó ìåõàíèçìà ðåàëèçàöèè ïðåä-
ëîæåííîé èíèöèàòèâû ñ ó÷åòîì ìíåíèÿ çàèíòå-
ðåñîâàííûõ ñòðàí.

Â öåëîì, ñ íàøåé òî÷êè çðåíèÿ, ýíåðãîñáå-
ðåæåíèå è ïîñòåïåííîå çàìåùåíèå óãëåâîäîðîä-
íûõ èñòî÷íèêîâ íà âîçîáíîâëÿåìûå èñòî÷íèêè,
àòîìíóþ è âîäîðîäíóþ ýíåðãåòèêó ïðè óñëîâèè
âíåäðåíèÿ íîâûõ òåõíîëîãèé, îñíîâàííûõ íà
çàìêíóòîì òîïëèâíîì öèêëå, ÿâëÿåòñÿ îäíèì
èç ãëàâíûõ íàïðàâëåíèé ïðîìûøëåííîé ïîëè-
òèêè â XXI âåêå.

Å. Â. Ìîðãóíîâ
Î ïîâûøåíèè ðîëè àòîìíîé ýíåðãåòèêè Ðîññèè
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ÒÅÐÌÎÄÈÍÀÌÈ×ÅÑÊÎÅ ÏÐÅÎÁÐÀÇÎÂÀÍÈÅ
ÑÎËÍÅ×ÍÎ-ÒÅÏËÎÂÎÉ ÝÍÅÐÃÈÈ ÍÀ ÁÀÇÅ ÇÀÌÊÍÓÒÛÕ

ÖÈÊËÎÂ ÒÅÏËÎÂÛÕ ÄÂÈÃÀÒÅËÅÉ ÑÒÈÐËÈÍÃÀ

È. À. Òóðñóíáàåâ

Ôèçèêî-òåõíè÷åñêèé èíñòèòóò ÍÏÎ «Ôèçèêà-Ñîëíöå» Àêàäåìèè íàóê Ðåñïóáëèêè Óçáåêèñòàí
Ã. Ìàâëÿíîâà, 2 «Á»,  Òàøêåíò, 700084, Óçáåêèñòàí

Òåë. (998)-71-1357617; ôàêñ: (998) 71-1354291;  e-mail: tursunbaev@uzsci.net

The modern state of the work on  solar power units with Stirling engine  is presented. The level  of
the studies in this area in Physico-technical institute NPO «Physics-Sun» of Academy of the sciences of
Uzbekistan is presented. Perspective of the given directions of the studies is shown.

Ê íàñòîÿùåìó âðåìåíè â ìèðå íàèáîëåå ðàç-
âèòû äâå òåõíîëîãèè òåðìîäèíàìè÷åñêîãî ïðå-
îáðàçîâàíèÿ ñîëíå÷íîé ýíåðãèè:

– ñîëíå÷íûå è ñîëíå÷íî-òîïëèâíûå ýëåêòðè-
÷åñêèå ñòàíöèè (ÑÝÑ) â äèàïàçîíå ìîùíîñòåé îò
0,5 äî ñîòåí ÌÂò, îñíîâàííûå íà èñïîëüçîâà-
íèè èçâåñòíîãî öèêëà Ðåíêèíà;

– ñîëíå÷íûå àâòîíîìíûå ýíåðãåòè÷åñêèå
óñòàíîâêè (ÀÑÝÓ), îñíîâàííûå íà èñïîëüçîâàíèè
òåïëîâûõ äâèãàòåëåé, ðàáîòàþùèõ ïî òåðìîäèíà-
ìè÷åñêîìó öèêëó Ñòèðëèíãà, è ñîëíå÷íûå ýëåêò-
ðè÷åñêèå ìîäóëüíûå ñòàíöèè (ÑÝÌÑ) íà èõ îñíîâå.

Ïðèâëåêàòåëüíîñòü èñïîëüçîâàíèÿ äâèãàòåëÿ
Ñòèðëèíãà îáóñëîâëåíà, â ïåðâóþ î÷åðåäü, âûñî-
êèì òåðìîäèíàìè÷åñêèì ÊÏÄ, áåñøóìíîñòüþ ðà-
áîòû, íèçêèìè çàòðàòàìè ýíåðãèè íà ñîáñòâåííûå
íóæäû, âûñîêîé ýêîëîãè÷åñêîé ÷èñòîòîé, äàæå â
ñëó÷àå êîìáèíèðîâàííîãî òåïëîïîäâîäà (ñîëíå÷-
íîå èçëó÷åíèå – îðãàíè÷åñêîå òîïëèâî). Âñå âûñî-
êîðàçâèòûå ñòðàíû ìèðà èíòåíñèâíî ðàçâèâàþò
ýòî íàïðàâëåíèå ñîëíå÷íûõ ýíåðãåòè÷åñêèõ òåõ-
íîëîãèé. Íà ñåãîäíÿøíèé äåíü â ìèðå ïîñòðîåíî
áîëåå 20 ïèëîòíûõ îáðàçöîâ ÀÑÝÓ ÄÑ ýëåêòðè-
÷åñêîé ìîùíîñòüþ îò 0,5 äî 75 êÂò [1–5].

Ïåðå÷åíü ïðàêòè÷åñêè ðåàëèçîâàííûõ ïðîåê-
òîâ, âûïîëíåííûõ ðÿäîì âåäóùèõ ìèðîâûõ ôèðì:

– ëàáîðàòîðèÿ ðåàêòèâíîãî äâèæåíèÿ (Jet
Propulsion Lab.) Êàëèôîðíèéñêîãî òåõíîëîãè÷åñ-
êîãî èíñòèòóòà íà îñíîâå äâèãàòåëÿ Ñòèðëèíãà
(ÄÑ) Ð-40 ôèðìû «United Stirling» ðàçðàáîòàëà
è ïðîâåëà èñïûòàíèÿ ñîëíå÷íîé ýíåðãåòè÷åñêîé
óñòàíîâêè ìîùíîñòüþ 23,5 êÂò. Â õîäå ãîäè÷-
íûõ èñïûòàíèé ïîëó÷åí ðåêîðäíûé ðåçóëüòàò
ïî ýôôåêòèâíîñòè ïðåîáðàçîâàíèÿ ñîëíå÷íîé
ýíåðãèè 28 %;

– ôèðìà «Schlaich, Bergermann und Partner»
èç Ãåðìàíèè ðåàëèçîâàëà äâà ïðîåêòà: 3 óñòàíîâ-
êè ñ êîíöåíòðàòîðîì äèàìåòðîì 17 ì è ÄÑ Ð-75
ôèðìû «United Stirling» ìîùíîñòüþ 50 êÂò èñïû-
òàíû â Ãåðìàíèè è Ñàóäîâñêîé Àðàâèè, è 3 óñòà-
íîâêè ñ ìåìáðàííûì êîíöåíòðàòîðîì è ÄÑ V-160
èñïûòàíû íà ïîëèãîíå «Platforma Solar de Alme-
ria» â Èñïàíèè, íàðàáîòàí ðåñóðñ áîëåå 12000 ÷;

– ïðîåêò ñîëíå÷íîé ñòàíöèè ìîùíîñòüþ
1 ÌÂò íà îñíîâå ìîäóëÿ ñ ÄÑ Ð-75 è êîíöåíòðà-
òîðà äèàìåòðîì 18,6 ì, ñòàíöèÿ ñîñòîèò èç
18 ìîäóëåé, ðàñ÷åòíàÿ ñòîèìîñòü âûðàáàòûâàå-
ìîé ýëåêòðîýíåðãèè 0,0765 äîëëàðîâ ÑØÀ;

Ñâåäåíèÿ îá àâòîðå: êàíäèäàò òåõí. íàóê, çàâ. ëàáîðàòîðèåé ãåëèîòåõ-
íè÷åñêèõ êîíñòðóêöèé.

Îáðàçîâàíèå: ÌÝÈ (1964).
Îáëàñòü íàó÷íûõ èíòåðåñîâ: òåîðåòè÷åñêèå è ýêñïåðèìåíòàëüíûå èñ-

ñëåäîâàíèÿ â îáëàñòè òåðìîäèíàìè÷åñêîãî ïðåîáðàçîâàíèÿ ñîëíå÷íî-òåïëî-
âîé ýíåðãèè íà îñíîâå çàìêíóòîãî öèêëà òåïëîâîãî äâèãàòåëÿ Ñòèðëèíãà.
Ïî ýòîìó íàïðàâëåíèþ ïðè ó÷àñòèè àâòîðà âûïîëíåíî áîëåå 20 ïðîåêòîâ
ñîëíå÷íûõ òåïëîâûõ è ýíåðãåòè÷åñêèõ óñòàíîâîê íà áàçå äâèãàòåëåé Ñòèð-
ëèíãà â äèàïàçîíå ìîùíîñòåé 0,05–25 êÂò.

Ïóáëèêàöèè: áîëåå 60 ñòàòåé, 2 ìîíîãðàôèè è 36 ïàòåíòîâ è àâòîðñ-
êèõ ñâèäåòåëüñòâ.

Òóðñóíáàåâ
Èëüäàð Àáäóëëàåâè÷
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– ôèðìà «Cummins Power Generation, Inc.»
â êîîïåðàöèè ñ ðÿäîì äðóãèõ ôèðì âûïîëíÿåò
ïðîãðàììó ïî ñîçäàíèþ ñîëíå÷íîé ýíåðãîóñòà-
íîâêè ñ äâèãàòåëåì Ñòèðëèíãà ìîùíîñòüþ 5 êÂò
è îáúÿâèëà î íàìåðåíèè âûïóñêàòü íà ìèðîâîé
ðûíîê åæåãîäíî ïî 10 òûñÿ÷ 5-êèëîâàòòíûõ
óñòàíîâîê ïî öåíå 2500 $/êÂò ñ ÊÏÄ 17 % è
ðåñóðñîì 20 òûñ. ÷.

Â Êàëèôîðíèè â 2008–2012 ãã. íàìå÷åíî
ñòðîèòåëüñòâî äâóõ ìîäóëüíûõ ñîëíå÷íûõ ýëåê-
òðîñòàíöèé ìîùíîñòüþ 500 ÌÂò íà áàçå êîí-
öåíòðàòîðà äèàìåòðîì 15 ì è äâèãàòåëÿ Ñòèð-
ëèíãà ìîùíîñòüþ 25 ÊÂò. Êàæäàÿ ñòàíöèÿ áó-
äåò ñîñòîÿòü èç 20 òûñÿ÷ òàêèõ ìîäóëåé.

Èññëåäîâàíèÿ ïî äâèãàòåëÿì Ñòèðëèíãà (ÄÑ)
ïðîâîäÿòñÿ â Ôèçèêî-òåõíè÷åñêîì èíñòèòóòå
ÍÏÎ «Ôèçèêà-Ñîëíöå» Àêàäåìèè íàóê Ðåñïóá-
ëèêè Óçáåêèñòàí ñî âòîðîé ïîëîâèíû 1960-õ
ãîäîâ. Îñíîâíîé öåëüþ èññëåäîâàíèé ÿâëÿëîñü
ñîçäàíèå ýôôåêòèâíûõ ïðåîáðàçîâàòåëåé ñîëíå÷-
íîé ýíåðãèè. Ðàçâèòèå ðàáîò â ýòîì íàïðàâëå-
íèè â ëàáîðàòîðèè ãåëèîòåõíè÷åñêèõ êîíñòðóê-
öèé Ôèçèêî-òåõíè÷åñêîãî èíñòèòóòà íà÷èíàëîñü
ñ èçãîòîâëåíèÿ äåéñòâóþùèõ ìàêåòîâ äâèãàòå-
ëÿ Ñòèðëèíãà è àíàëèçà ðàáî÷åãî ïðîöåññà. Óæå
ïåðâûå èññëåäîâàíèÿ ïîêàçàëè ïåðñïåêòèâíîñòü
äàííîãî íàïðàâëåíèÿ. Áûëè ðàçðàáîòàíû îïûò-
íûå îáðàçöû ÄÑ ðàçëè÷íîãî ïðèìåíåíèÿ. Îäíî-
âðåìåííî ðàçðàáàòûâàëèñü ìàòåìàòè÷åñêèå ìî-
äåëè ðàáî÷åãî ïðîöåññà è ïðîãðàììû ðàñ÷åòà è
îïòèìèçàöèè êîíñòðóêòèâíûõ ïàðàìåòðîâ äâè-
ãàòåëÿ Ñòèðëèíãà [6]. 

Âàæíûé ýòàï ðàçâèòèÿ ÍÈÐ â ýòîì íàïðàâ-
ëåíèè ñâÿçàí ñ Ïðîãðàììîé ñîâåòñêî-èíäèéñêî-
ãî íàó÷íî-òåõíè÷åñêîãî ñîòðóäíè÷åñòâà, ïðèíÿ-
òîé ïðàâèòåëüñòâàìè äâóõ ñòðàí â 1979 ã. Ïî
ýòîé ïðîãðàììå ðàçðàáîòàíà è èñïûòàíà àâòî-
íîìíàÿ ñîëíå÷íàÿ ýíåðãåòè÷åñêàÿ óñòàíîâêà ñ
äâèãàòåëåì Ñòèðëèíãà ÀÑÝÓ-0,5 ïðîåêòíîé ìîù-
íîñòüþ 0,5 êÂò [5], à îïûòíûé îáðàçåö äâèãàòå-
ëÿ Ñòèðëèíãà áûë îòïðàâëåí â Èíäèþ äëÿ ïðîâå-
äåíèÿ èñïûòàíèé. Íà ðèñ. 1 ïîêàçàíà ÀÑÝÓ-0,5,
óñòàíîâëåííàÿ íà ãåëèîïîëèãîíå ÔÒÈ.

Ñëåäóþùèé øàã â ðàçâèòèè ÑÝÓ ñ ÄÑ —
ýòî ðàçðàáîòêà ñîëíå÷íîãî ÄÑ ñ ïðèâîäîì òèïà
«êîñàÿ øàéáà» ìîùíîñòüþ 5 êÂò äëÿ ïðîåêòè-
ðóåìîé â Ðîññèè áëî÷íî-ìîäóëüíîé ñîëíå÷íîé
ýëåêòðîñòàíöèè (ãîëîâíîé èñïîëíèòåëü ïî ñòàí-
öèè ÍÏÎ «Àñòðîôèçèêà»). Ýòî ÷åòûðåõöèëèíä-
ðîâûé äâèãàòåëü äâîéíîãî äåéñòâèÿ ñ ãåðìåòè÷-
íî âñòðîåííûì â êàðòåð íà îñíîâíîé âàë ýëåêò-
ðîãåíåðàòîðîì. Òàêàÿ êîìïîíîâêà îáåñïå÷èâàåò
ìèíèìàëüíûå ðàçìåðû, ìàññó è îñåâîå ðàçìåùå-
íèå êîëåí÷àòîãî âàëà è ýëåêòðîãåíåðàòîðà è, ñëå-
äîâàòåëüíî, ìèíèìàëüíóþ ïëîùàäü ïîïåðå÷íî-
ãî ñå÷åíèÿ äâèãàòåëÿ, ò. å. ìèíèìàëüíîå çàòåíå-
íèå êîíöåíòðàòîðà.

 Îñíîâíûì íåäîñòàòêîì ñîëíå÷íûõ ýíåðãîóñ-
òàíîâîê ÿâëÿåòñÿ ïðåðûâèñòûé â òå÷åíèå ñóòîê,
à òàêæå íåïîñòîÿííûé â òå÷åíèå äíÿ õàðàêòåð
ïîñòóïëåíèÿ ñîëíå÷íîé ðàäèàöèè. Êîìáèíèðîâàí-
íûå ñîëíå÷íî-òîïëèâíûå ýíåðãåòè÷åñêèå óñòàíîâ-
êè íà îñíîâå äâèãàòåëÿ Ñòèðëèíãà ëèøåíû ýòîãî
íåäîñòàòêà è ìîãóò îáåñïå÷èòü ñòàáèëüíîå ýíåð-

ãîñíàáæåíèå ïîòðåáèòåëåé. Ïðè ýòîì ïðàêòè÷åñ-
êè âñå îòâîäèìîå â öèêëå òåïëî, â òîì ÷èñëå
òåïëîòà âûõëîïíûõ ãàçîâ êàìåðû ñãîðàíèÿ èëè
òåïëîïîòåðè òåïëîïðèåìíèêà (þñòèðîâî÷íûå ïî-
òåðè è ïîòåðè çà ñ÷åò íåòî÷íîñòè  ñèñòåìû ñëå-
æåíèÿ) â ñëó÷àå ñîëíå÷íîãî òåïëîïîäâîäà, ìîãóò
áûòü óòèëèçèðîâàíû è èñïîëüçîâàíû â ñèñòåìå
îòîïëåíèÿ èëè ãîðÿ÷åãî âîäîñíàáæåíèÿ.

Â ñîâðåìåííûõ óñëîâèÿõ íàáëþäàåòñÿ óñòîé-
÷èâàÿ òåíäåíöèÿ ê äåöåíòðàëèçàöèè ñèñòåì îòîï-
ëåíèÿ è òåïëîñíàáæåíèÿ. Ýòî äåëàåò âåñüìà ïðè-
âëåêàòåëüíûì è ïåðñïåêòèâíûì ðàçâèòèå
ñèñòåì àâòîíîìíîãî ýëåêòðîòåïëîñíàáæåíèÿ íà
îñíîâå ÄÑ êàê ñ ñîëíå÷íî-òîïëèâíûì, òàê è ñ
÷èñòî òîïëèâíûì òåïëîïîäâîäîì.

Áûë âûïîëíåí àíàëèç ïðîèçâîäèòåëüíîñòè
ñîëíå÷íî-òîïëèâíîé ýíåðãîóñòàíîâêè ñ äâèãàòå-
ëåì Ñòèðëèíãà ìîùíîñòüþ 5 êÂò ñ ó÷åòîì ðåàëü-
íûõ êëèìàòè÷åñêèõ óñëîâèé äëÿ ðàéîíà ã. Òàø-
êåíò. Ïðè ýòîì áûëè èñïîëüçîâàíû ðåçóëüòàòû
îáðàáîòêè äàííûõ ìíîãîëåòíèõ (1981–1991 ãã.)
íàáëþäåíèé ïî ñóììàì ïðÿìîé ñîëíå÷íîé ðàäèà-
öèè äëÿ êàæäîãî ÷àñà ñóòîê êàê  ïðè  ÿñíîì
íåáå, òàê è ñ ó÷åòîì ðåàëüíûõ äàííûõ ïðîäîë-
æèòåëüíîñòè è ñóòî÷íîãî õîäà ñîëíå÷íîãî ñèÿ-
íèÿ [7]. Â ðåçóëüòàòå ïîëó÷åí ïðîãíîç ïî:

– ãîäîâîé ïðîèçâîäèòåëüíîñòè ïî ýëåêòðî-
ýíåðãèè — 11126 êÂò-÷ ïðè ðàáîòå â ðåæèìå ñîë-
íå÷íîé ýíåðãîóñòàíîâêè;

– ãîäîâîé ïðîèçâîäèòåëüíîñòè ïî òåïëó ïðè
ðàáîòå â ðåæèìå ñîëíå÷íî-òîïëèâíîãî òåïëîïîä-
âîäà íà íîìèíàëüíîé ìîùíîñòè 45466 êÂò-÷;

– ãîäîâîé ýêîíîìèè òîïëèâà äî 25 % çà ñ÷åò
èñïîëüçîâàíèÿ ñîëíå÷íîé ýíåðãèè â ñëó÷àå  êðóã-
ëîñóòî÷íîé ðàáîòû óñòàíîâêè â êîìáèíèðîâàí-
íîì ñîëíå÷íî-òîïëèâíîì ðåæèìå áåç ó÷åòà ïî-
ëó÷àåìîé òåïëîâîé ýíåðãèè.

Àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ ïîçâîëÿåò
ñäåëàòü ñëåäóþùèå âûâîäû:

– äëÿ ðàéîíà ã. Òàøêåíò èñïîëüçîâàíèå ñîë-
íå÷íûõ ýíåðãîóñòàíîâîê ñ ÄÑ íàèáîëåå ýôôåê-
òèâíî ñ ìàðòà ïî îêòÿáðü;

Ðèñ. 1. Ñîëíå÷íàÿ ýíåðãåòè÷åñêàÿ óñòàíîâêà ñ äâèãàòå-
ëåì Ñòèðëèíãà ÀÑÝÓ-0,5 

È. À. Òóðñóíáàåâ
Òåðìîäèíàìè÷åñêîå ïðåîáðàçîâàíèå ñîëíå÷íî-òåïëîâîé ýíåðãèè íà áàçå çàìêíóòûõ öèêëîâ òåïëîâûõ äâèãàòåëåé Ñòèðëèíãà



International Scientific Journal for Alternative Energy and Ecology     ISJAEE ¹ 4(48) (2007)
Ìåæäóíàðîäíûé íàó÷íûé æóðíàë «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» ÀÝÝ ¹ 4(48) (2007)132

©
 
2
0
0
7 

Sc
ie
n
tif
ic
 
T
ec
h
n
ic
a
l 
C
en
tr
e 

«
T
A
T
A
»

©
 
2
0
0
7 

Í
à
ó÷
í
î
-ò
å
õí
è
÷å
ñê
è
é
 
ö
å
í
òð
 
«
T
A
T
A
»

Ñîëíå÷íàÿ ýíåðãåòèêà

– ïðè ðàáîòå â êîìáèíèðîâàííîì ñîëíå÷íî-
òîïëèâíîì ðåæèìå íàèáîëåå ïîëíî óäîâëåòâîðÿ-
þòñÿ ïîòðåáíîñòè àâòîíîìíîãî ïîòðåáèòåëÿ ýíåð-
ãèè, òàê êàê ðåæèì ðàáîòû óñòàíîâêè ëåãêî ñî-
ãëàñóåòñÿ ñ ãðàôèêîì ïîòðåáëåíèÿ ýíåðãèè;

– èñïîëüçîâàíèå äàííûõ ìíîãîëåòíèõ íàáëþ-
äåíèé êëèìàòè÷åñêèõ ïàðàìåòðîâ ïîçâîëÿåò óæå
íà ýòàïå ðàçðàáîòêè òåõíèêî-ýêîíîìè÷åñêîãî
îáîñíîâàíèÿ âûïîëíèòü ïðîãíîçèðîâàíèå ýôôåê-
òèâíîñòè èñïîëüçîâàíèÿ ñîëíå÷íûõ èëè ñîëíå÷-
íî-òîïëèâíûõ ýíåðãîñèñòåì äëÿ êîíêðåòíûõ ðå-
ãèîíîâ ðåñïóáëèêè.

Ñîëíå÷íî-òîïëèâíûå ýíåðãåòè÷åñêèå óñòàíîâ-
êè ñ äâèãàòåëåì Ñòèðëèíãà (ÑÒÓÄÑ) ìîãóò áûòü
èñïîëüçîâàíû äëÿ êîìáèíèðîâàííîãî ýëåêòðî-
è òåïëîñíàáæåíèÿ àâòîíîìíîãî ïîòðåáèòåëÿ. Â
òàêèõ óñòàíîâêàõ äâèãàòåëü Ñòèðëèíãà, åãî ñè-
ñòåìà îõëàæäåíèÿ, ñîëíå÷íûé òåïëîïðèåìíèê è
òîïî÷íî-ãîðåëî÷íîå óñòðîéñòâî êîìïëåêòóþòñÿ
ñïåöèàëüíûì òåïëîîáìåííûì îáîðóäîâàíèåì, êî-
òîðîå ïîçâîëÿåò óòèëèçèðîâàòü ñáðàñûâàåìîå ñ
äâèãàòåëÿ íèçêîïîòåíöèàëüíîå òåïëî è ïîëó÷àòü
îäíîâðåìåííî ñ ýëåêòðîýíåðãèåé ãîðÿ÷óþ (55–
80 °Ñ) âîäó.

Ðàçðàáîòàíà ñõåìà ÑÒÓÄÑ (ðèñ. 2) íà áàçå ðàç-
ðàáîòàííîãî ëàáîðàòîðèåé ãåëèîòåõíè÷åñêèõ êîí-
ñòðóêöèé Ôèçèêî-òåõíè÷åñêîãî èíñòèòóòà 3 êÂò
äâèãàòåëÿ Ñòèðëèíãà è áèîãàçîâîé óñòàíîâêè. Äâè-
ãàòåëü Ñòèðëèíãà îáîðóäîâàí êîìáèíèðîâàííûì
ñîëíå÷íî-òîïëèâíûì ïîëîñòíûì òåïëîïðèåìíèêîì
(8), â ïîëîñòè êîòîðîãî ðàñïîëîæåí ãîðÿ÷èé òåï-
ëîîáìåííèê äâèãàòåëÿ, à òàêæå ñìîíòèðîâàíî ñïå-
öèàëüíîå òîïî÷íî-ãîðåëî÷íîå óñòðîéñòâî ñ ìèêðî-
ôàêåëüíûì ïîëåì ãîðåíèÿ. Ïíåâìîãèäðàâëè÷åñ-
êàÿ ñõåìà ÑÒÓÄÑ âûïîëíÿåòñÿ äâóõêîíòóðíîé è
âêëþ÷àåò âîäîãðåéíûé êîòåë-áîéëåð (4), òåïëîîá-
ìåííèê-ïîäîãðåâàòåëü áèîãàçîâîé óñòàíîâêè (5),
òåïëîîáìåííèê êîòëà-áîéëåðà (6), ðàäèàòîð òåï-
ëîñáðîñà ïåðåä âõîäîì â ñèñòåìó îõëàæäåíèÿ äâè-
ãàòåëÿ (7). Òåïëîîáìåííèê-ïîäîãðåâàòåëü áèîãà-
çîâîé óñòàíîâêè èñïîëüçóåò ÷àñòü óòèëèçèðîâàí-
íîãî òåïëà äëÿ ïîääåðæàíèÿ
òðåáóåìîãî òåìïåðàòóðíîãî ðå-
æèìà ðàáîòû áèîãàçîâîé óñòà-
íîâêè. Ðåçóëüòàòû ðàñ÷åòîâ ïà-
ðàìåòðîâ óñòàíîâêè ïðèâåäåíû
â òàáë. 1, 2.

Â ñâÿçè ñ òåíäåíöèåé äåöåí-
òðàëèçàöèè òåïëîñíàáæåíèÿ
áîëüøîé èíòåðåñ òàêæå ïðåä-
ñòàâëÿþò òîïëèâíûå ýíåðãîóñòà-
íîâêè íà áàçå äâèãàòåëÿ Ñòèð-
ëèíãà äëÿ êîìáèíèðîâàííîãî
àâòîíîìíîãî ýëåêòðîòåïëîñíàá-
æåíèÿ îòäåëüíûõ ïîòðåáèòåëåé.
Â ïðîöåññå âûïîëíåíèÿ ãðàíòîâ:
«INÑÎ ÑÎÐERNICUS» íà òåìó
«Development of Domestic Power
Generation System using Stirling
Engines and Combustion Cham-
bers of Natural Gas»; ïî ïðî-
ãðàììå ÍÀÒÎ «Íàóêà ðàäè
ìèðà» íà òåìó «Development of
a 3-kW energetic unit on the

basis of a Stirling engine and a combustion chamber
for the use in a fossil-biogas fuel/solar- dish/
Stirling engine system» ïðîâåäåíû èññëåäîâàíèÿ
óñòàíîâîê êîìáèíèðîâàííîãî ýëåêòðîòåïëîñíàá-
æåíèÿ íà áàçå äâèãàòåëåé Ñòèðëèíãà ìîùíîñ-
òüþ 1 è 3 êÂò (ðèñ. 3, 4).

Âûïîëíåí ãðàíò íà ðàçðàáîòêó äâèãàòåëÿ
Ñòèðëèíãà ìîùíîñòüþ 1 êÂò, ïðåäñòàâëåííûé
Óíèâåðñèòåòîì íàóêè è òåõíîëîãèé Êèòàÿ. Â
2003 ã. ýêñïåðèìåíòàëüíûé ÄÑ áûë ïîñòàâëåí
â Êèòàé, è óæå ïðîâåäåíû åãî íàëàäêà è èñ-
ïûòàíèÿ. Äâèãàòåëü ïîêàçàë ñîîòâåòñòâèå ïðî-
åêòíûì ïàðàìåòðàì: ìîùíîñòü 1000 Âò ïðè
1500 îá/ìèí.

Âìåñòå ñ òåì èññëåäîâàëèñü è äðóãèå âîçìîæ-
íîñòè ïðèìåíåíèÿ ÄÑ. Áûëè èçãîòîâëåíû  è èñ-
ïûòàíû ñëåäóþùèå ýêñïåðèìåíòàëüíûå îáðàçöû
ÄÑ: îäíîöèëèíäðîâûé ìîùíîñòüþ äî 1 êÂò —
äëÿ ðàäèîèçîòîïíîé ýíåðãîóñòàíîâêè; îäíîöèëèí-
äðîâûé äâèãàòåëü ìîùíîñòüþ äî 25 ë. ñ. — äëÿ
çàïóñêà ïðîìûøëåííîãî òðàêòîðà â óñëîâèÿõ
Ñåâåðà; îäíîöèëèíäðîâûé äâèãàòåëü ìîùíîñòüþ
äî 10 Âò ñ ðàäèîèçîòîïíûì òåïëîèñòî÷íèêîì —
äëÿ ïðèâîäà èñêóññòâåííîãî èìïëàíòèðóåìîãî
ñåðäöà; äâóõöèëèíäðîâûé äâèãàòåëü âûòåñíèòåëü-
íîãî òèïà ìîùíîñòüþ 0,5 êÂò — äëÿ ðàäèîèçî-
òîïíûõ è ñîëíå÷íûõ ýíåðãîóñòàíîâîê; äâóõöè-
ëèíäðîâûé òðåõïîðøíåâîé êîìáèíèðîâàííûé
ÄÑ — äëÿ ïîëó÷åíèÿ ìåõàíè÷åñêîé (ýëåêòðè÷åñ-
êîé) ýíåðãèè, òåïëà è õîëîäà. Âûïîëíåíî íå-
ñêîëüêî ïðîåêòîâ äëÿ ïðèìåíåíèÿ ÄÑ íà ìîðñ-
êîì òðàíñïîðòå è äëÿ ãëóáîêîâîäíûõ àïïàðàòîâ.
Áûë òàêæå âûïîëíåí ïðîåêò äâèãàòåëÿ Ñòèðëèíãà
äëÿ êîñìè÷åñêîãî ïðèìåíåíèÿ.

Íà áàçå êîìáèíèðîâàííîãî ÄÑ ðàçðàáîòàíî
ïðåäëîæåíèå ïî åãî ïðèìåíåíèþ äëÿ êîìïëåêñ-
íîãî ýíåðãîñíàáæåíèÿ ýëåêòðîýíåðãèåé, ãîðÿ÷åé
âîäîé è õîëîäîì íåáîëüøîé æèâîòíîâîä÷åñêîé
ôåðìû íà 50 ãîëîâ êðóïíîãî ðîãàòîãî ñêîòà. Ïðè
ýòîì â êà÷åñòâå òîïëèâà èñïîëüçóåòñÿ áèîãàç,
ïîëó÷àåìûé îò ïåðåðàáîòêè îòõîäîâ, è îáåñïå-
÷èâàåòñÿ ýêîëîãè÷åñêàÿ ÷èñòîòà.

Ðèñ. 2. Ïðèíöèïèàëüíàÿ ñõåìà ñîëíå÷íî-òîïëèâíîé ýíåðãåòè÷åñêîé óñòà-
íîâêè êîìáèíèðîâàííîãî ýëåêòðî-òåïëîñíàáæåíèÿ íà îñíîâå äâèãàòåëÿ
Ñòèðëèíãà, ñîëíå÷íîãî êîíöåíòðàòîðà è áèîãàçîâîé óñòàíîâêè
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Ес 
 Вт/м2 Qвх, кВт ηпр, 

% Qр.т., кВт Nэл, 
кВт ηДС Qюст, кВт Qдв, кВт Qутил, 

кВт Eсум 

300 7,650 76,400 5,845 0,300 0,039 0,478 3,145 3,623 0,513 

350 8,928 78,900 7,044 0,660 0,074 0,558 3,984 4,542 0,583 

400 10,200 81,490 8,312 1,008 0,099 0,638 4,904 5,541 0,642 

450 11,470 83,030 9,524 1,320 0,115 0,717 5,804 6,520 0,684 

500 12,750 84,260 10,743 1,650 0,129 0,797 6,693 7,490 0,717 

550 14,020 85,260 11,953 1,920 0,137 0,876 7,633 8,510 0,744 

600 15,300 86,110 13,175 2,208 0,144 0,956 8,567 9,523 0,767 

650 16,570 86,820 14,386 2,490 0,150 1,036 9,496 10,532 0,786 

700 17,850 87,430 15,606 2,820 0,158 1,116 10,386 11,502 0,802 

750 19,120 87,960 16,818 3,150 0,165 1,195 11,268 12,463 0,817 

800 20,400 88,420 18,038 3,420 0,168 1,275 12,218 13,493 0,829 

850 21,670 88,830 19,249 3,720 0,172 1,354 13,129 14,484 0,840 

900 22,950 89,200 20,471 4,020 0,175 1,434 14,051 15,486 0,850 

950 24,220 89,520 21,682 4,290 0,177 1,514 14,992 16,505 0,859 

1000 25,500 89,810 22,902 4,530 0,178 1,594 15,972 17,565 0,866 

 

Òàáëèöà 1

Ïðîèçâîäèòåëüíîñòü ñîëíå÷íîé ýíåðãåòè÷åñêîé óñòàíîâêè ìîùíîñòüþ 3 êÂò
ïî ýëåêòðîýíåðãèè è òåïëó ïðè ðàçëè÷íûõ ïëîòíîñòÿõ ñîëíå÷íîé ðàäèàöèè

Ï ð è ì å ÷ à í è å : E
ñ
 — ïëîòíîñòü ïðÿìîé ñîëíå÷íîé ðàäèàöèè;  Q

âõ
 — òåïëîâîé ëó÷èñòûé ïîòîê,

ïîïàäàþùèé â òåïëîïðèåìíèê; η
ïð
 — ÊÏÄ òåïëîïðèåìíèêà; Q

ð.ò.
 — òåïëîâîé ïîòîê, ïåðåäàííûé ðàáî÷å-

ìó òåëó äâèãàòåëÿ; N
ýë
 — ýëåêòðè÷åñêàÿ ìîùíîñòü ýíåðãîóñòàíîâêè; η

ÄÑ
  — ÊÏÄ äâèãàòåëÿ Ñòèðëèíãà;

Q
þñò

 — òåïëîâûå ïîòåðè îò íåòî÷íîñòè þñòèðîâêè è ñèñòåìû ñëåæåíèÿ; Q
äâ
 — òåïëîñáðîñ èç õîëîäèëü-

íèêà è ðóáàøåê îõëàæäåíèÿ äâèãàòåëÿ è ýëåêòðîãåíåðàòîðà; Q
óòèë

 — îáùàÿ òåïëîïðîèçâîäèòåëüíîñòü
çà ñ÷åò óòèëèçàöèè òåïëîñáðîñà; E

ñóìì
 — ñóììàðíàÿ ýôôåêòèâíîñòü èñïîëüçîâàíèÿ ïîäâîäèìîãî òåïëî-

âîãî ïîòîêà.

ηДС Nэл, 
кВт Eкс 

Qкс, 
кВт 

Qр.т., 
кВт 

Tдг, 
°С 

Qпот, 
кВт 

Qутил, 
кВт 

Qот-гв, 
кВт Eот Eсум 

0,15 3000 0,6649 30080 20000 1896 1702 8378 25378 0,84368 0,9434 

0,16 3000 0,6649 28200 18750 1896 1596 7854 23604 0,83703 0,9434 

0,17 3000 0,6649 26541 17647 1896 1502 7392 22039 0,83038 0,9434 

0,18 3000 0,6649 25066 16667 1896 1418 6981 20648 0,82373 0,9434 

0,19 3000 0,6649 23747 15789 1896 1344 6614 19403 0,81708 0,9434 

0,2 3000 0,6649 22560 15000 1896 1276 6283 18283 0,81043 0,9434 
0,21 3000 0,6649 21486 14286 1896 1216 5984 17270 0,80379 0,9434 

0,22 3000 0,6649 20509 13636 1896 1160 5712 16348 0,79714 0,9434 

0,23 3000 0,6649 19617 13043 1896 1110 5464 15507 0,79049 0,9434 

0,24 3000 0,6649 18800 12500 1896 1064 5236 14736 0,78384 0,9434 

0,25 3000 0,6649 18048 12000 1896 1021 5027 14027 0,77719 0,9434 

Òàáëèöà 2

Ïðîèçâîäèòåëüíîñòü ýíåðãåòè÷åñêîé óñòàíîâêè ñ äâèãàòåëåì Ñòèðëèíãà
ìîùíîñòüþ 3 êÂò ïî ýëåêòðîýíåðãèè è òåïëó â òîïëèâíîì ðåæèìå

Ï ð è ì å ÷ à í è å : η
ÄÑ

 — ÊÏÄ äâèãàòåëÿ Ñòèðëèíãà, ðàâíûé N
ýë
/Q

ð.ò.
; N

ýë
 — ýëåêòðè÷åñêàÿ ìîùíîñòü

óñòàíîâêè; Q
ð.ò.

 — òåïëîâîé ïîòîê, ïåðåäàííûé ðàáî÷åìó òåëó äâèãàòåëÿ; E
êñ
 — ÊÏÄ êàìåðû ñãîðà-

íèÿ; Q
êñ
 — òåïëîâàÿ ìîùíîñòü êàìåðû ñãîðàíèÿ; T

äã
 — ðàñ÷åòíàÿ òåìïåðàòóðà äûìîâûõ ãàçîâ;

Q
ïîò

— ïîòåðè òåïëà ñ âûõëîïíûìè ãàçàìè ïîñëå óòèëèçàòîðà; Q
óòèë

 — òåïëîïðîèçâîäèòåëüíîñòü çà
ñ÷åò óòèëèçàöèè âûõëîïíûõ ãàçîâ ïîñëå íàãðåâàòåëÿ ÄÑ; Q

îò-ãâ
 — òåïëîâàÿ ìîùíîñòü, ðåàëèçóåìàÿ

íà îòîïëåíèå è ãîðÿ÷åå âîäîñíàáæåíèå; E
îò
 — ýôôåêòèâíîñòü èñïîëüçîâàíèÿ òîïëèâà íà îòîïëåíèå;

E
ñóìì

 — ñóììàðíàÿ ýôôåêòèâíîñòü èñïîëüçîâàíèÿ ïîäâîäèìîãî òåïëîâîãî ïîòîêà.

È. À. Òóðñóíáàåâ
Òåðìîäèíàìè÷åñêîå ïðåîáðàçîâàíèå ñîëíå÷íî-òåïëîâîé ýíåðãèè íà áàçå çàìêíóòûõ öèêëîâ òåïëîâûõ äâèãàòåëåé Ñòèðëèíãà
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Ñîëíå÷íàÿ ýíåðãåòèêà

Â íàñòîÿùåå âðåìÿ ÍÈÐ ïî ÄÑ ïðîäîëæàþò
âûïîëíÿòüñÿ ïî ñëåäóþùèì íàïðàâëåíèÿì:

– ôóíäàìåíòàëüíûå èññëåäîâàíèÿ ðàáî÷åãî
ïðîöåññà, ðàçðàáîòêà ìàòìîäåëåé è óòî÷íåííûõ
ðàñ÷åòíûõ ïðîãðàìì ñîëíå÷íûõ è ñîëíå÷íî-òîï-
ëèâíûõ ýíåðãîóñòàíîâîê ñ ÄÑ;

– ñîâåðøåíñòâîâàíèå ýêñïåðèìåíòàëüíîé
áàçû, ñîçäàíèå àâòîìàòèçèðîâàííûõ ñèñòåì ñáî-
ðà è îáðàáîòêè ýêñïåðèìåíòàëüíûõ äàííûõ.

Íà ïðîòÿæåíèè ðÿäà ëåò ïðîâîäÿòñÿ òàêæå
èññëåäîâàíèÿ òåðìîäèíàìè÷åñêèõ ïðåîáðàçîâàòå-
ëåé íà îñíîâå äâèãàòåëÿ Ñòèðëèíãà ñ æèäêèìè
ïîðøíÿìè — ãèäðîïîðøíåâîãî ïðåîáðàçîâàòåëÿ
(ÃÏ). Ðàçðàáîòàíà è îòëàæåíà â èçîòåðìè÷åñêîì
ïðèáëèæåíèè ïðîãðàììà ðàñ÷åòà ðàáî÷åãî ïðî-
öåññà ãèäðîïîðøíåâîãî ïðåîáðàçîâàòåëÿ (ÃÏ) è
âûïîëíåíà ñåðèÿ ðàñ÷åòîâ íà ÏÝÂÌ ñ îïðåäåëå-
íèåì îáúåìîâ ðàáî÷èõ ïîëîñòåé è äàâëåíèÿ ðàáî-
÷åãî òåëà â çàâèñèìîñòè îò âðåìåíè, èíäèêàòîð-
íîé ðàáîòû â ïîëîñòÿõ è â öåëîì, ïîäâîäèìîé
òåïëîâîé ìîùíîñòè, à òàêæå òåïëîïîòåðü. Ñîïî-
ñòàâèòåëüíûé àíàëèç ïîêàçûâàåò õîðîøåå ñîãëà-
ñîâàíèå ýêñïåðèìåíòàëüíûõ è ðàñ÷åòíûõ ðåçóëü-
òàòîâ è ïîäòâåðæäàåò ðàáîòîñïîñîáíîñòü ðàñ÷åò-
íîé ìîäåëè. Ïî ðåçóëüòàòàì èññëåäîâàíèé ìîæíî
ñäåëàòü âûâîä î òîì, ÷òî öèêë ÃÏ ÿâëÿåòñÿ êîì-
áèíèðîâàííûì ïàðîãàçîâûì öèêëîì è ìîæåò áûòü
ðåàëèçîâàí îò ðàçëè÷íûõ òåïëîèñòî÷íèêîâ, â òîì
÷èñëå ñîëíå÷íûõ êîëëåêòîðîâ ñ òåìïåðàòóðîé òåï-
ëîíîñèòåëÿ 70–95 °C. Ýôôåêòèâíîñòü ïðîöåññîâ
ïðåîáðàçîâàíèÿ ýíåðãèè â ÷èñòî ãàçîâîì öèêëå
çíà÷èòåëüíî âûøå, ÷åì â ÷èñòî ïàðîâîì öèêëå,
íî ïðè ñóùåñòâåííî ìåíüøåé óäåëüíîé ðàáîòå íà
åäèíèöó îáúåìà. Ïîýòîìó ïîäáîðîì ñîîòíîøåíèÿ
êîìïîíåíò ðàáî÷åãî òåëà ÃÏ è åãî ïàðàìåòðîâ
ýôôåêòèâíûé ÊÏÄ öèêëà ìîæåò áûòü óâåëè÷åí
[8–13]. Ïîëó÷åí ðÿä ïàòåíòîâ íà îðèãèíàëüíûå
òåõíè÷åñêèå ðåøåíèÿ [14–19].

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïîêàçàëè,
÷òî ïðåðûâèñòîå ñ ÷àñòîòîé ~1 Ãö äâèæåíèå òåï-

ëîíîñèòåëÿ â ÃÏ èíòåíñèôèöèðóåò ïðîöåññû òåï-
ëîîáìåíà â ñîëíå÷íûõ êîëëåêòîðàõ è ïîâûøàåò
èõ òåïëîâóþ ýôôåêòèâíîñòü â öåëîì. Èñïîëüçî-
âàíèå ÃÏ â êà÷åñòâå öèðêóëÿöèîííîãî íàñîñà â
ñîëíå÷íûõ ñèñòåìàõ ãîðÿ÷åãî âîäîñíàáæåíèÿ ïî-
âûøàåò èõ ÊÏÄ çà ñ÷åò èíòåíñèôèêàöèè ïðî-
öåññîâ òåïëîîáìåíà è èçáàâëÿåò ñèñòåìó îò íå-
äîñòàòêîâ, ïðèñóùèõ ñèñòåìàì ñ åñòåñòâåííîé

Ðèñ. 3. Óñòàíîâêà êîìáèíèðîâàííîãî ýëåêòðîòåïëîñíàá-
æåíèÿ íà áàçå äâèãàòåëÿ Ñòèðëèíãà ìîùíîñòüþ 1 êÂò

Ðèñ. 4. Óñòàíîâêà êîìáèíèðîâàííîãî ýëåêòðîòåïëîñíàá-
æåíèÿ íà áàçå äâèãàòåëÿ Ñòèðëèíãà ìîùíîñòüþ 3 êÂò

Ðèñ. 5. Ïðèíöèïèàëüíàÿ ñõåìà ãèäðîïîðøíåâîãî ïðåîá-
ðàçîâàòåëÿ: 1 — ãîðÿ÷èé öèëèíäð; 2 — õîëîäíûé öè-
ëèíäð; 3 — êðûøêè öèëèíäðîâ; 4 — äíèùà öèëèíäðîâ;
5 — æèäêîñòíûå ïîëîñòè öèëèíäðîâ; 6 — ïàðîâîçäóø-
íûå ïîëîñòè öèëèíäðîâ; 7 — ãèäðàâëè÷åñêàÿ ìàãèñò-
ðàëü, ñîåäèíÿþùàÿ öèëèíäðû; 8 — ïåðåïóñêíàÿ ìàãèñò-
ðàëü; 9 — ðåãóëèðóþùèé êðàí; 10 — íàãðåâàòåëü; 11 —
ðåãåíåðàòîð; 12 — îõëàäèòåëü; 13 — ïîðøåíü; 14 —
ïðóæèíà; 15 — ñòóïåíü ïîðøíÿ; 16 — åìêîñòü; 17 —
ãèäðàâëè÷åñêèé öèëèíäð; 18 — ïðóæèíà; 19 — ïîðøåíü;
20, 21 — îáðàòíûå êëàïàíà; 22 — êîìïðåññèîííûé ñòîëá
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êîíâåêöèåé. Ïðèíöèïèàëüíàÿ ñõåìà ÃÏ ïîêà-
çàíà íà ðèñ. 5.

Ïî ðåçóëüòàòàì âûïîëíåííûõ èññëåäîâàíèé
ðàçðàáîòàíà ïðèíöèïèàëüíàÿ ñõåìà íîâîé òåõ-
íîëîãèè ïðåîáðàçîâàíèÿ ñîëíå÷íîé ýíåðãèè äëÿ
ñèñòåì ñîëíå÷íîãî òåïëîñíàáæåíèÿ (ðèñ. 6).

Â çàêëþ÷åíèå ñëåäóåò ñêàçàòü, ÷òî êîìïëåêñ-
íûé ñîïîñòàâèòåëüíûé àíàëèç ðåçóëüòàòîâ, ïî-
ëó÷åííûõ â ëàáîðàòîðèè, ïîçâîëÿåò ñäåëàòü
âûâîä î ïåðñïåêòèâíîñòè ðàçðàáîòîê êîìáèíè-
ðîâàííûõ ìíîãîôóíêöèîíàëüíûõ ñîëíå÷íî-òåï-
ëîâûõ ýíåðãåòè÷åñêèõ óñòàíîâîê íà îñíîâå òåð-
ìîäèíàìè÷åñêèõ ïðåîáðàçîâàòåëåé, ðàáîòàþùèõ
ïî òåïëîâûì öèêëàì Ñòèðëèíãà.
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The most promising method of the renewable energy obtaining is photocatalytic water decomposi-
tion to hydrogen and dioxygen according to photo-stimulated endergonic reaction: 2H2O → 2H2 + O2
(so named “artificial photosynthesis”). “Artificial photosynthesis” uses the solar light energy for gener-
ation of one-electron reductants and oxidants (for example, electrons and holes in n-type semiconduc-
tors). One-electron reductants can reduce protons from media to hydrogen, whereas holes should be able
oxidize water molecules. Four holes must be accumulated by special catalyst for the aim to obtain one
dioxygen molecule. In the coordination sphere of the special catalyst two water molecules should be then
oxidized to one dioxygen molecule. The role of such a catalyst can play the polynuclear clusters of Co(III).

In this communication the kinetics and mechanism of water oxidation by Co(III) compounds in
solutions of perchloric acid have been investigated. The conclusion has been made that the process is
realized in the coordination sphere of the IIICon  clusters with participation of several water molecules.
Practically in all cases water is oxidized in two parallel routes. However, sometimes one of these two
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Ââåäåíèå

Ïîñòîÿííî óâåëè÷èâàþùèåñÿ ýíåðãåòè÷åñêèå
ïîòðåáíîñòè ÷åëîâå÷åñòâà è îäíîâðåìåííî îïàñ-
íîñòü «ãëîáàëüíîãî ïîòåïëåíèÿ» çàñòàâëÿþò èñ-
êàòü íîâûå ïóòè èñïîëüçîâàíèÿ ñîëíå÷íîé ýíåð-
ãèè, èìåÿ â âèäó ïðåæäå âñåãî ìîäåëèðîâàíèå
ïðèðîäíîãî ôîòîñèíòåçà. Õèìè÷åñêèé ìåòîä ïðå-
îáðàçîâàíèÿ ñîëíå÷íîé ýíåðãèè â ïîòåíöèàëüíóþ
ýíåðãèþ ýêîëîãè÷åñêè ÷èñòîãî õèìè÷åñêîãî òîï-
ëèâà — âîäîðîäà — îñíîâàí íà ðåàêöèè ôîòîêà-
òàëèòè÷åñêîãî ðàçëîæåíèÿ âîäû íà êèñëîðîä è
âîäîðîä ïîä äåéñòâèåì êâàíòîâ ñîëíå÷íîãî ñâåòà:
2Í2Î → Î2 + 2Í2 [1]. Ýòîò òàê íàçûâàåìûé «èñ-
êóññòâåííûé ôîòîñèíòåç», êàê è ïðèðîäíûé ôî-
òîñèíòåç, äîëæåí âêëþ÷àòü â ñåáÿ ðÿä îñíîâíûõ
ñòàäèé: ñâåòîèíäóöèðîâàííîå ðàçäåëåíèå ýëåêò-
ðè÷åñêèõ çàðÿäîâ è èõ ñòàáèëèçàöèþ, âîññòàíîâ-
ëåíèå ïðîòîíîâ ñðåäû äî ìîëåêóëÿðíîãî âîäîðî-
äà ôîòîãåíåðèðîâàííûìè ýëåêòðîíàìè  (èëè äðó-
ãèìè õèìè÷åñêèìè âîññòàíîâèòåëÿìè), îêèñëåíèå
âîäû äî êèñëîðîäà ôîòîãåíåðèðîâàííûìè îêèñ-
ëèòåëÿìè («äûðêàìè»). Ïîñëåäíèé ïðîöåññ â èñ-
êóññòâåííîì ôîòîêàòàëèòè÷åñêîì ïðåîáðàçîâàòå-
ëå ñâåòîâîé ýíåðãèè â õèìè÷åñêóþ (ðèñ. 1 [2])
ïîòðåáóåò ïðèìåíåíèÿ ñïåöèàëüíîãî êàòàëèçàòî-
ðà ôîðìèðîâàíèÿ O2 ïîä äåéñòâèåì ôîòîãåíåðè-
ðîâàííûõ «äûðîê».

routes can significantly exceed the other in activity. In accordance of the experimental conditions one
can see different combinations of the two routes of dioxygen formation: (Ox, Ox2) → O2 + 2O2, (Ox,
Ox3) → O2 + 3O2, (Ox, Ox4) → O2 + 4O2, (Ox2, Ox4) → 2O2 + 4O2. Here, in parentheses, the clusters are
showed which take part in the two parallel reaction routes, at that Ox ≡ III

4Co . The investigated concerted
(sinergetic) processes present the case of multi-substrat reactions with producing of several dioxygen
molecules in elementary inter-cluster act. In such processes, the reaction’s activation energy is suffi-
ciently lover than in the few-substrat reactions.

Îäíèìè èç íàèáîëåå ïåðñïåêòèâíûõ êàòà-
ëèçàòîðîâ ôîðìèðîâàíèÿ ìîëåêóëÿðíîãî êèñëî-
ðîäà ïðè îêèñëåíèè âîäû îäíîýëåêòðîííûìè
îêèñëèòåëÿìè  ÿâëÿþòñÿ ïîëèÿäåðíûå êîìïëåê-
ñû Co(III) [3]. Äëÿ ñîçäàíèÿ âûñîêîýôôåêòèâíî-
ãî êàòàëèçàòîðà ôîðìèðîâàíèÿ ìîëåêóëÿðíûõ
ïðîäóêòîâ îêèñëåíèÿ âîäû íåîáõîäèìî äåòàëü-

Ðèñ. 1. Ïðèíöèïèàëüíàÿ ñõåìà èñêóññòâåííîãî ôîòîñèíòåçà

Fig. 1. Scheme of “artificial photosynthesis”

íîå çíàíèå ìåõàíèçìà îñóùåñòâëåíèÿ ýòîãî ïðî-
öåññà.

Â äàííîì ñîîáùåíèè ïðèâåäåíû íàøè ðå-
çóëüòàòû ïî êèíåòèêå è ìåõàíèçìó îêèñëåíèÿ
âîäû ñîåäèíåíèÿìè êîáàëüòà (III) â âîäíûõ ðà-
ñòâîðàõ õëîðíîé êèñëîòû.

Ìåòîäèêà ýêñïåðèìåíòà

Â ðàáîòå èñïîëüçîâàëè äèñòèëëèðîâàííóþ
âîäó, õëîðíóþ êèñëîòó ôèðìû Aldrich (ìàðêè
õ. ÷.) è âûñîêîî÷èùåííûé òðèôòîðèä êîáàëüòà
CoF3 ôèðìû Aldrich. Ñïåêòðîôîòîìåòðè÷åñêèå èç-
ìåðåíèÿ ïðîâîäèëè íà ïðèáîðå Specord M-40,
ðåàêöèîííóþ ñìåñü òåðìîñòàòèðîâàëè ñ òî÷íîñ-
òüþ ±0,2 °Ñ.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ðåàêöèÿ îêèñëåíèÿ âîäû ñîåäèíåíèÿìè CoIII

â êèñëûõ ðàñòâîðàõ èçó÷àåòñÿ óæå áîëåå 100
ëåò, îäíàêî ïîëíîé ÿñíîñòè ìåõàíèçìà ýòîãî ïðî-
öåññà äî ñèõ ïîð íåò. Ïî÷òè âñå èññëåäîâàòåëè â
XX âåêå ïðåäïîëàãàëè â õîäå ðåàêöèè îáðàçîâà-
íèå ÎÍ-ðàäèêàëîâ [4]: Co3+ + H2O = Co2+ + H+ + OH,
÷òî ïðîñòî íåâåðîÿòíî, åñëè ó÷åñòü ñòàíäàðòíûå
ðåäîêñ-ïîòåíöèàëû ïàð Co3+/Co2+ (E0 = 1,82 B) è
ÎÍ/Í2Î (E0 = 2,85 B) [5]. Ñâîáîäíàÿ ýíåðãèÿ Ãèá-
áñà ýòîé ðåàêöèè ðàâíà ïðèìåðíî 24 êêàë/ìîëü,
ïîýòîìó îíà ïðîñòî çàïðåùåíà òåðìîäèíàìè÷åñ-
êè. Òîëüêî â äâóõ ðàáîòàõ ïðåäïîëàãàëè òðåõ-
ýëåêòðîííîå îêèñëåíèå âîäû äî ÍÎ2-ðàäèêàëà
[6, 7], îäíàêî è ýòè ïðåäñòàâëåíèÿ âêëþ÷àþò â
ñåáÿ êàê âíóòðåííèå ïðîòèâîðå÷èÿ, òàê è íåñîã-
ëàñîâàííîñòü ñ äðóãèìè äàííûìè [8]. Ñïåêòðî-
ôîòîìåòðè÷åñêîå èññëåäîâàíèå ðàñòâîðîâ êîáàëü-
òà (III) ïîêàçàëî, ÷òî â ñëàáîêèñëûõ ðàñòâîðàõ
èîíû Co3+ ïðàêòè÷åñêè ïîëíîñòüþ âõîäÿò â ñî-
ñòàâ ïîëèÿäåðíûõ êëàñòåðîâ, ïî ìíåíèþ ìíî-
ãèõ èññëåäîâàòåëåé — â ñîñòàâ áèÿäåðíûõ êîì-
ïëåêñîâ (Co–O–Co)4+ [6].

Èçó÷åíèå êèíåòèêè îêèñëåíèÿ âîäû â õëîð-
íîêèñëûõ ðàñòâîðàõ ñîåäèíåíèé CoIII ïðèâåëî
íàñ ê âûâîäó, ÷òî ýòîò ïðîöåññ îñóùåñòâëÿåòñÿ
â êîîðäèíàöèîííûõ ñôåðàõ ïîëèÿäåðíûõ êëàñ-
òåðîâ III

4Co n , ãäå n = 1...6, ñ ó÷àñòèåì îäíîâðå-
ìåííî íåñêîëüêèõ ìîëåêóë âîäû â êîëëåêòèâ-
íîì ïðîöåññå.

Àíãëèéñêèå è èçðàèëüñêèå èññëåäîâàòåëè
ðàíåå áåçóñïåøíî ïûòàëèñü îïèñàòü èçó÷àåìóþ
ðåàêöèþ îäíèì ñòåõèîìåòðè÷åñêèì óðàâíåíèåì.
Îäíàêî îïûò ïîêàçûâàåò, ÷òî ïðàêòè÷åñêè âî
âñåõ ñëó÷àÿõ âîäà îêèñëÿåòñÿ ïî äâóì ïàðàë-
ëåëüíûì ìàðøðóòàì. Íà ðèñ. 2 ïðåäñòàâëåíà
êèíåòèêà ðåàêöèè âîññòàíîâëåíèÿ CoF3 â 1,7
ìîëÿðíîì âîäíîì ðàñòâîðå HClO4, èçìåðåííàÿ
ñïåêòðîôîòîìåòðè÷åñêè ïðè òåìïåðàòóðå 12 °Ñ

Ò. Ñ. Äæàáèåâ, Ã. À. Êóðêèíà, À. Å. Øèëîâ
Êîíöåðòíîå îêèñëåíèå âîäû êëàñòåðàìè êîáàëüòà (III)
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Ñîëíå÷íàÿ ýíåðãåòèêà
Ñîëíå÷íî-âîäîðîäíàÿ ýíåðãåòèêà

(êðèâàÿ 1). Êèíåòè÷åñêàÿ êðèâàÿ 1 ïðåäñòàâëÿ-
åò ñîáîé ñóììó äâóõ êèíåòè÷åñêèõ êðèâûõ: êðè-
âîé 2, îïèñûâàþùåé îäèí èç êàíàëîâ âîññòà-
íîâëåíèÿ CoIII â ñîñòàâå ïîëèÿäåðíîãî êëàñòåðà
Îõn, è ðàçíîñòè êðèâûõ 1 è 2, êîòîðàÿ îïèñû-
âàåò êèíåòèêó ýêñïîíåíöèàëüíîãî ðàñõîäîâàíèÿ
îêèñëèòåëÿ Îõ è âêëàäîì êîòîðîé â ñóììàðíûé
ïðîöåññ ïîñëå ÷åòâåðòîé ìèíóòû ìîæíî ïðåíåá-
ðå÷ü. Äëÿ íàãëÿäíîñòè êèíåòè÷åñêàÿ êðèâàÿ
ïåðâîãî (ýêñïîíåíöèàëüíîãî) êàíàëà èçîáðàæå-
íà îòäåëüíî êðèâîé 3. Ïðè ñïåêòðîôîòîìåòðè-
÷åñêîì îïðåäåëåíèè êîíöåíòðàöèè ñîåäèíåíèé
êîáàëüòà â õîäå ðåàêöèè ïî îïòè÷åñêîé ïëîòíî-
ñòè ðàñòâîðà D èñïîëüçîâàëè èçâåñòíûå ìîëÿð-
íûå êîýôôèöèåíòû ýêñòèíêöèè ñîåäèíåíèé CoIII

ε = 39 ë/ìîëü⋅ñì íà äëèíå âîëíû λ = 401 íì èëè
ε = 32,6 ë/ìîëü⋅ñì íà äëèíå âîëíû λ = 605 íì [6],
à òàêæå ε = 5,6 ë/ìîëü ïðè λ = 515 íì, êîòîðûé
áûë óñòàíîâëåí íàìè äëÿ CoII. Ýêñïîíåíöèàëü-
íàÿ êèíåòèêà (êðèâàÿ 3) âîññòàíîâëåíèÿ Co(III)
ïî ïåðâîìó êàíàëó ñâÿçàíà, ïî-âèäèìîìó, ñ ÷å-
òûðåõýëåêòðîííûì ïðîöåññîì îêèñëåíèÿ äâóõ
ìîëåêóë âîäû â êîîðäèíàöèîííîé ñôåðå òåòðàÿ-
äåðíîãî êëàñòåðà Ox4 (ïî íàøèì äàííûì, Ox
ïðåäñòàâëÿåò ñîáîé êëàñòåð CoIII

4, à íå áèÿäåð-
íûé êîìïëåêñ (Co–O–Co)4+, êàê ïðåäïîëàãàëîñü
ðàíåå âî ìíîãèõ ðàáîòàõ [4, 6, 7]): (Í2Î)2⋅CoIII

4 =
= CoII

4 + Î2 + 4Í+. Â ïîëüçó òàêîãî îáúÿñíåíèÿ
ãîâîðèò îáðàçîâàíèå â ýëåìåíòàðíîì àêòå âíóò-
ðèêëàñòåðíîãî ïðîöåññà âñåãî îäíîé ìîëåêóëû
êèñëîðîäà (÷èñëî îáðàçóþùèõñÿ ìîëåêóë Î2 îï-
ðåäåëÿëè ñ ïîìîùüþ ôàçîâîé òðàåêòîðèè, êîòî-
ðàÿ áûëà ïîñòðîåíà ïî êèíåòè÷åñêîé êðèâîé
íàêîïëåíèÿ Î2 ïî ýòîìó êàíàëó [9]).

Ðåàêöèÿ îêèñëåíèÿ âîäû ïî âòîðîìó êàíà-
ëó (êèíåòè÷åñêàÿ êðèâàÿ 2) èìèòèðóåò çàêîí
ðåàêöèè ÷åòâåðòîãî ïîðÿäêà è ñïðÿìëÿåòñÿ â
êîîðäèíàòàõ {[CoIII]-3, t}, (ëèíåéíàÿ àíàìîðôî-
çà 4 íà ðèñ. 2). Ñîñòàâ ðåàêöèîííîñïîñîáíîãî
êëàñòåðà Îõn âòîðîãî êàíàëà ëåãêî îïðåäåëèòü

Ðèñ. 2. Êèíåòèêà âîññòàíîâëåíèÿ ñîåäèíåíèé CoIII ïî
äâóì ïàðàëëåëüíûì ðåàêöèÿì (1), îäíà èç êîòîðûõ (êðè-
âàÿ 1 ìèíóñ êðèâàÿ 2) ÿâëÿåòñÿ ðåàêöèåé ïåðâîãî ïîðÿä-
êà ïî êîíöåíòðàöèè îêèñëèòåëÿ Îõ. Óñëîâèÿ: [CoIII] =
0,004 ìîëü/ë, [HClO

4
] = 1,7 ìîëü/ë, Ò = 12 °Ñ.

Fig. 2. Kinetics of CoIII compounds reduction on two parallel
reactions (1), one of which (curve 1 minus curve 2) is
monomolecular reaction on oxidant concentration ([Ox]).
Conditions: [CoIII] = 0.004 mol/l, [HClO

4
] = 1.7 mol/l,

Ò = 12 °Ñ.

Ðèñ. 3. Ôàçîâàÿ òðàåêòîðèÿ ïðîöåññà âîññòàíîâëåíèÿ
ñîåäèíåíèé CoIII âîäîé, ïîñòðîåííàÿ ïî êèíåòè÷åñêîé
êðèâîé 2 ðèñ. 2

Fig. 3. Phase trajectory of the process of CoIII reduction by
water (from curve 2 of fig. 2)

èç ôàçîâîé òðàåêòîðèè, ïîñòðîåííîé ïî êèíåòè-
÷åñêîé êðèâîé 2 íà ðèñ. 2 [9].

Ïîëó÷åííàÿ ôàçîâàÿ òðàåêòîðèÿ ïîêàçàíà íà
ðèñ. 3. Ïåðâàÿ ïðîèçâîäíàÿ áåçðàçìåðíîé ñêîðîñ-
òè ïðîöåññà w/w0 ïî ñòåïåíè ïðåâðàùåíèÿ (1 – õ)
â ñàìîì íà÷àëå ðåàêöèè (ïðÿìàÿ 2) ðàâíà ÷åòû-
ðåì, ÷òî ïðÿìî óêàçûâàåò íà ñîñòàâ ðåàêöèîííî-
ñïîñîáíîãî êëàñòåðà Îõ4, ñîáðàííîãî èç 4-õ êèíå-
òè÷åñêè íåçàâèñèìûõ îêèñëèòåëåé Oõ (ò. å. èç ÷å-
òûðåõ òåòðàÿäåðíûõ êëàñòåðîâ CoIII

4). Íà ðèñ. 3
ïî îñè àáñöèññ îòëîæåíà ñòåïåíü ïðåâðàùåíèÿ îêèñ-
ëèòåëÿ (1 – õ), ãäå õ = [CoIII] / ([CoIII] + [CoII]) —
ìîëüíàÿ äîëÿ CoIII â ðàñòâîðå, ñîäåðæàùåì òîëü-
êî CoIII è CoII. Òàêèì îáðàçîì, ýòîò ïðîöåññ (âòî-
ðîé ìàðøðóò ðåàêöèè) îïèñûâàåòñÿ óðàâíåíè-
åì: (Í2Î)8⋅ÑîIII

16 = 4ÑîII
4 + 4O2 +16H+. Â ýòîé

ðåàêöèè êëàñòåðîì CoIII
16 îäíîâðåìåííî àêòèâè-

ðóþòñÿ 8 ìîëåêóë Í2Î.
Â çàâèñèìîñòè îò óñëîâèé ïðîâåäåíèÿ îïû-

òîâ ìîæíî íàáëþäàòü ðàçëè÷íûå êîìáèíàöèè
äâóõ êàíàëîâ ôîðìèðîâàíèÿ êèñëîðîäà: (Îõ,
Îõ2) → Î2 + 2Î2, (Îõ, Îõ3) → Î2 + 3Î2, (Îõ, Îõ4) →
→ Î2 + 4Î2, (Îõ2, Îõ4) → 2Î2 + 4Î2. Çäåñü â ñêîá-
êàõ óêàçàíû òèïû êëàñòåðîâ, êîòîðûå îêèñëÿ-
þò âîäó ïî I è II ìàðøðóòàì. Ñïðàâà ïðèâåäåíû
êîëè÷åñòâà êèñëîðîäà, îáðàçóþùèõñÿ â ñóììàð-
íîì ïðîöåññå ïî ýòèì äâóì ìàðøðóòàì.

Êàê ïðàâèëî, ïðîöåññ îêèñëåíèÿ âîäû îñó-
ùåñòâëÿåòñÿ ïî äâóì êàíàëàì, õîòÿ â íåêîòî-
ðûõ ñëó÷àÿõ îäèí èç êàíàëîâ ìîæåò çíà÷èòåëü-
íî ïðåâîñõîäèòü äðóãîé ïî àêòèâíîñòè. Òàêîé
ïðèìåð ïðèâåäåí íà ðèñ. 4. Çäåñü ïîêàçàíà êè-
íåòèêà íàêîïëåíèÿ êèñëîðîäà ïðè îêèñëåíèè
âîäû â 5,5 ìë 0,145 ìîëÿðíîãî CoF3 â ðàñòâîðå
4,26 ìîëÿðíîé HClO4 ïðè òåìïåðàòóðå 43 °Ñ.
Ìàêñèìàëüíî âîçìîæíûé âûõîä O2 â ýòîì îïû-
òå ïðè ïîëíîì âîññòàíîâëåíèè CoIII â CoII ñî-
ñòàâëÿåò 5 ìë. Èç ôàçîâîé òðàåêòîðèè (êðèâàÿ 1
íà ðèñ. 5), ïîñòðîåííîé ïî êèíåòè÷åñêîé êðèâîé
îáðàçîâàíèÿ Î2 (ðèñ. 4), ñëåäóåò, ÷òî â ýòèõ óñ-
ëîâèÿõ ðåàêöèîííîñïîñîáíûé êëàñòåð ïðåä-
ñòàâëÿåò ñîáîé Îõ3 (ïåðâàÿ ïðîèçâîäíàÿ ôàçî-
âîé òðàåêòîðèè â íà÷àëå ïðîöåññà ðàâíà 3, ïðÿ-
ìàÿ 2 íà ðèñ. 5), è ïåðâûì ìàðøðóòîì ðåàêöèè
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Ðèñ. 4. Êèíåòèêà îáðàçîâàíèÿ êèñëîðîäà ïðè îêèñëåíèè
âîäû êëàñòåðàìè CoIII. Óñëîâèÿ: [CoIII] = 0,145 ìîëü/ë,
[HClO

4
] = 4,26 ìîëü/ë, òåìïåðàòóðà 43 °Ñ

Fig. 4. Kinetics of dioxygen generation by CoIII clusters at
[CoIII] = 0.145 mol/l, [HClO

4
] = 4.26 mol/l, temperature 43 °Ñ

ìîæíî ïîëíîñòüþ  ïðåíåáðå÷ü: (Í2Î)6⋅ÑîIII
12 =

= 3ÑîII
4 + 3Î2 + 12Í+.

Â ëèòåðàòóðå èìåþòñÿ ïðîòèâîðå÷èâûå ñâå-
äåíèÿ îá èíãèáèðóþùåì âëèÿíèè äîáàâîê CoII â
ðåàêöèîííóþ ñìåñü. Â îäíèõ ðàáîòàõ óòâåðæäà-
åòñÿ, ÷òî CoII íå âëèÿåò íà ñêîðîñòü âîññòàíîâ-
ëåíèÿ CoIII [4, 6, 7], òîãäà êàê â äðóãèõ óêàçû-
âàþò, ÷òî CoII èíãèáèðóåò ïðîöåññ îêèñëåíèÿ
âîäû [10]. Ìû óñòàíîâèëè, ÷òî ÷àñòü ïðîöåññà,
êîòîðàÿ îïèñûâàåòñÿ çàêîíîì ðåàêöèè ïåðâîãî
ïîðÿäêà (ïåðâûé ìàðøðóò ðåàêöèè), íå çàâèñèò
îò ïðèñóòñòâèÿ ïðîäóêòà ðåàêöèè CoII, òîãäà êàê
îêèñëåíèå âîäû êëàñòåðàìè CoIII

4n, ãäå n > 1
(âòîðîé ìàðøðóò), ñèëüíî òîðìîçèòñÿ ñîåäèíå-
íèÿìè CoII. Åñëè â ïðîöåññå ïðåâàëèðóåò ïåð-
âûé ìàðøðóò, òî âëèÿíèå ïðèìåñåé CoII ïðàê-
òè÷åñêè íå ñêàçûâàåòñÿ; åñëè æå âêëàä ïåðâîãî
ìàðøðóòà íåçíà÷èòåëåí (êàê â ñëó÷àå, ïðèâå-
äåííîì íà ðèñ. 4), òî òîðìîçÿùåå âëèÿíèå ñî-
åäèíåíèé Co(II) íà ñêîðîñòü îêèñëåíèÿ âîäû âå-
ëèêî, ÷òî ñîãëàñóåòñÿ ñ äàííûìè ýêñïåðèìåíòîâ
àâòîðîâ ðàáîòû [10].

Èçó÷åííûå êîíöåðòíûå, èëè ñèíåðãåòè÷åñ-
êèå (îò ãðå÷åñêîãî ñëîâà «ñèíåðãàñèÿ» — ñîâìå-

Ðèñ. 5. Ôàçîâàÿ òðàåêòîðèÿ ïðîöåññà îáðàçîâàíèÿ êèñ-
ëîðîäà (1), ïîñòðîåííàÿ ïî êèíåòè÷åñêîé êðèâîé ðèñ. 4,
è åå ïðîèçâîäíàÿ â íà÷àëüíûé ìîìåíò (2)

Fig. 5. Phase trajectory of dioxygen production (1), made
according to kinetic curve from fig. 4 and his first derivative
at initial moment (2)

ñòíîå èëè ñîãëàñîâàííîå äåéñòâèå [11]), ïðîöåñ-
ñû ïðåäñòàâëÿþò ñîáîé âíóòðèêëàñòåðíûå ìíî-
ãîñóáñòðàòíûå ðåàêöèè. Ïðè îïðåäåëåííûõ óñ-
ëîâèÿõ ýòè ïî ñóùåñòâó ìîíîêëàñòåðíûå ïðî-
öåññû ìîãóò èìèòèðîâàòü êëàññè÷åñêèå ðåàêöèè
n-ãî ïîðÿäêà, ïî ÷èñëó n êèíåòè÷åñêè íåçàâèñè-
ìûõ îêèñëèòåëåé Îõ (êîòîðûå ñàìè ìîãóò áûòü
ìíîãîÿäåðíûìè êëàñòåðàìè, êàê â íàøèõ îïû-
òàõ), ñîáðàííûõ â îäèí ðåàêöèîííîñïîñîáíûé
êëàñòåð Îõn. Êàê îòìå÷åíî âûøå, îäèí èç êàíà-
ëîâ îêèñëåíèÿ âîäû, ïðåäñòàâëåííûé êðèâîé 2
íà ðèñ. 2, èìèòèðóåò ðåàêöèþ IV ïîðÿäêà —
d[Ox]/dt = k[Ox]4. Ïðè ýòîì â ýëåìåíòàðíîé ñòà-
äèè ñèíåðãåòè÷åñêîãî ïðîöåññà îäíîâðåìåííî îá-
ðàçóþòñÿ ÷åòûðå ìîëåêóëû êèñëîðîäà. Îòìåòèì,
÷òî â íàøèõ ýêñïåðèìåíòàõ ïðè âûñîêèõ êîíöåí-
òðàöèÿõ êîáàëüòà è íèçêèõ òåìïåðàòóðàõ íàáëþ-
äàëèñü äàæå åùå áîëåå ìíîãîñóáñòðàòíûå êîëëåê-
òèâíûå ïðîöåññû, â ðåçóëüòàòå êîòîðûõ â êîîðäè-
íàöèîííîé ñôåðå êëàñòåðà ÑîIII

24 îáðàçîâûâàëèñü
îäíîâðåìåííî øåñòü ìîëåêóë êèñëîðîäà.

Óâåëè÷åíèå ÷èñëà ñóáñòðàòîâ, ó÷àñòâóþùèõ
â ñèíåðãåòè÷åñêîì ïðîöåññå, äîëæíî ïðèâîäèòü
ê ñíèæåíèþ ýíåðãèè àêòèâàöèè ðåàêöèè. Äåé-
ñòâèòåëüíî, ñâîáîäíûå ýíåðãèè Ãèááñà ∆Go îò-
äåëüíûõ ðåàêöèé 2Í2Î + Ox → Î2 â ñèíåðãåòè-
÷åñêîì ïðîöåññå îáðàçîâàíèÿ n ìîëåêóë Î2 ñêëà-
äûâàþòñÿ â n ðàç áîëüøóþ âåëè÷èíó n∆Gî. Åñëè
â êîîðäèíàöèîííîé ñôåðå êëàñòåðà îáðàçóåòñÿ
âñåãî îäíà ìîëåêóëà Î2, òî â ñîîòâåòñòâèè ñ èç-
âåñòíûì óðàâíåíèåì ( )o o o

2 1G nF E E∆ = − −  (ãäå n —
÷èñëî ïåðåíîñèìûõ â ðåäîêñ-ïðîöåññå ýëåêòðî-
íîâ, à F — ïîñòîÿííàÿ Ôàðàäåÿ) ïîëó÷àåì ÷èñ-
ëåííîå çíà÷åíèå ∆Go = 4⋅23,06⋅(1,23 – 1,82) =
= –54,4 êêàë/ìîëü, îäíàêî ïðè îáðàçîâàíèè äâóõ
ìîëåêóë Î2 (èëè îäíîé ìîëåêóëû îêñîçîíà Î4)
ýíåðãèÿ Ãèááñà ïðîöåññà óäâîèòñÿ è ñòàíåò ðàâ-
íîé –108,8 êêàë/ìîëü è ò. ä. Òàêèì îáðàçîì, ñ
óâåëè÷åíèåì ÷èñëà âîâëåêàåìûõ â ñèíåðãåòè÷åñ-
êîå âçàèìîäåéñòâèå ìîëåêóë ñóáñòðàòà òåðìîäè-
íàìèêà ïðîöåññà ñòàíîâèòñÿ âñå áîëåå áëàãîïðè-
ÿòíîé.

Ñëåäîâàòåëüíî, â ïîëíîì ñîîòâåòñòâèè ñ èç-
âåñòíûì êà÷åñòâåííûì ïðàâèëîì äëÿ îäíîòèï-
íûõ ðåàêöèé: «õîðîøàÿ òåðìîäèíàìèêà — õî-
ðîøàÿ êèíåòèêà» [12], ìîæíî íàäåÿòüñÿ íà ïî-
âûøåíèå ýôôåêòèâíîñòè êîíöåðòíîãî ïðîöåññà,
îñóùåñòâëÿåìîãî â êîîðäèíàöèîííîé ñôåðå ïî-
ëèÿäåðíîãî êëàñòåðà. Ýôôåêòèâíàÿ ýíåðãèÿ àê-
òèâàöèè ïðîöåññà Åà, ïðåäñòàâëåííîãî íà ðèñ. 4,
ðàâíà ïðèìåðíî 7 êêàë/ìîëü. Ìåæäó òåì â ëè-
òåðàòóðå äëÿ ðåàêöèè îêèñëåíèÿ âîäû ñîåäèíå-
íèÿìè Ñî(III) ïðèâîäÿòñÿ çíà÷åíèÿ Åà, ïðåâû-
øàþùèå 30 êêàë/ìîëü [13], äà è ó íàñ íàáëþ-
äàëèñü òàêèå æå ýôôåêòèâíûå ýíåðãèè àêòèâàöèè
Åà ïðè âûñîêèõ òåìïåðàòóðàõ, ïðè êîòîðûõ èñ-
êëþ÷åíî îáðàçîâàíèå êðóïíûõ êëàñòåðîâ. Ìû
âèäèì, ÷òî â ñèíåðãåòè÷åñêèõ ïðîöåññàõ â êîîð-
äèíàöèîííûõ ñôåðàõ ïîëèÿäåðíûõ êëàñòåðîâ
ïåðåõîäíûõ ìåòàëëîâ Îõn ñ óâåëè÷åíèåì ÷èñëà
n îäíîâðåìåííî ðåàãèðóþùèõ ìîëåêóë ñóáñòðà-
òà ìîæåò íàáëþäàòüñÿ  çàìåòíîå ñíèæåíèå íà-
áëþäàåìîé  ýíåðãèè àêòèâàöèè ðåàêöèè.

Ò. Ñ. Äæàáèåâ, Ã. À. Êóðêèíà, À. Å. Øèëîâ
Êîíöåðòíîå îêèñëåíèå âîäû êëàñòåðàìè êîáàëüòà (III)
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Çàêëþ÷åíèå

Òàêèì îáðàçîì, äëÿ ðàçðàáîòêè âûñîêîýô-
ôåêòèâíûõ êàòàëèçàòîðîâ ôîðìèðîâàíèÿ êèñëî-
ðîäà â èñêóññòâåííûõ ïðåîáðàçîâàòåëÿõ ñâåòî-
âîé ýíåðãèè â ïîòåíöèàëüíóþ ýíåðãèþ õèìè÷åñ-
êîãî òîïëèâà — âîäîðîäà — íàì êàæåòñÿ
ïåðñïåêòèâíûì ïîèñê êëàñòåðîâ ïåðåõîäíûõ ìå-
òàëëîâ, äåéñòâóþùèõ àíàëîãè÷íî êîôàêòîðàì
ìíîãèõ ïîëèÿäåðíûõ ìåòàëëîôåðìåíòîâ.

Ðàáîòà ïîääåðæàíà ãðàíòîì Îòäåëåíèÿ õè-
ìèè è íàóê î ìàòåðèàëàõ ÐÀÍ.
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Международный научный журнал«Альтернативная энергетика
и экология» открывает 2 новых тематических направления

  ЮВЕНАЛЬНЫЙ ВОДОРОД В ПРОЦЕССАХ ГЕОТЕКТОНИКИ И ГЕОХИМИИ

1. Ðîëü âîäîðîäà â õèìè÷åñêîì ñòðîåíèè ìèðîçäàíèÿ.
2. Äâèæóùèå ñèëû ðàçâèòèÿ Çåìëè è ïëàíåò.
3. Âîäîðîä â ÿäðå Çåìëè.
4. Ãåîëîãèÿ è ãåîõèìèÿ ïðèðîäíûõ ãàçîâ çîí ãëóáèííûõ ðàçëîìîâ.
5. Òðàíñïîðò þâåíàëüíîãî âîäîðîäà ÷åðåç òîëùó Çåìëè è ôîðìèðîâàíèå

ýëåêòðîçàðÿæåííûõ çîí.
6. Ïðèðîäíûé ñèíòåç óãëåðîäèñòûõ âåùåñòâ.
7. Ãëóáèííàÿ äåãàçàöèÿ Çåìëè, ãëîáàëüíûå êàòàñòðîôû è àíîìàëüíûå

ÿâëåíèÿ.

  БОРТОВЫЕ АККУМУЛЯТОРЫ ЭНЕРГИИ

1. òåïëîâûå àêêóìóëÿòîðû ýíåðãèè:
à) òåìïåðàòóðà âûøå 273 Ê;
á) òåìïåðàòóðà íèæå 273 Ê;
â) òåìïåðàòóðà íèæå 77 Ê.

2. Ìàõîâè÷íûå àêêóìóëÿòîðû ýíåðãèè.
3. Ýëåêòðè÷åñêèå àêêóìóëÿòîðû ýíåðãèè.
4. Ïðóæèííûå àêêóìóëÿòîðû ýíåðãèè.
5. Ïíåâìàòè÷åñêèå àêêóìóëÿòîðû ýíåðãèè.
6. Õèìè÷åñêèå àêêóìóëÿòîðû ýíåðãèè.

Приглашаем авторов работ!

Ñîëíå÷íàÿ ýíåðãåòèêà
Ñîëíå÷íî-âîäîðîäíàÿ ýíåðãåòèêà
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Ïåíäæèåâ
Àõìåò Ìûðàäîâè÷

In clause the basic conditions and factors of development of photopower in Turkmenistan and
opportunity of use of solar photo-electric station in various industries are considered(examined), and
also the  ecologo-economic accounts are resulted.

Íàöèîíàëüíûì ïëàíîì äåéñòâèé Ïðåçèäåí-
òà Òóðêìåíèñòàíà Ñàïàðìóðàòà Òóðêìåíáàøè ïî
îõðàíå îêðóæàþùåé ñðåäû (ÍÏÄÎÎÑ) îïðåäåëå-
íû íàïðàâëåíèÿ è çàäà÷è ïðèðîäîîõðàííîé ïî-
ëèòèêè Òóðêìåíèñòàíà è ñîñòàâëåí ïëàí äîëãî-
ñðî÷íûõ ìåðîïðèÿòèé. Îäíèì èç íàïðàâëåíèé
äàëüíåéøåãî ðàçâèòèÿ Òóðêìåíèñòàíà ÿâëÿåòñÿ
êîìïëåêñíîå ðåøåíèå ýêîíîìè÷åñêèõ, ýêîëîãè-
÷åñêèõ è ñîöèàëüíûõ çàäà÷ ýíåðãîñíàáæåíèÿ â
Òóðêìåíèñòàíå [6].

Â øåñòèäåñÿòûå ãîäû ïðîøëîãî ñòîëåòèÿ
âïåðâûå áûëà ðåàëèçîâàíà âîçìîæíîñòü ïðåîá-
ðàçîâàíèÿ ëó÷èñòîé ýíåðãèè Ñîëíöà â ýëåêòðè-
÷åñêóþ ñ ïîìîùüþ ïîëóïðîâîäíèêîâûõ ôîòîýëåê-
òðè÷åñêèõ ïðåîáðàçîâàòåëåé, ïîëó÷èâøèõ ïîòîì
íàçâàíèå «ñîëíå÷íûõ ýëåìåíòîâ». Ñåé÷àñ ñîë-
íå÷íàÿ ôîòîýíåðãåòèêà — íîâàÿ äèíàìè÷íî ðàç-
âèâàþùàÿñÿ îòðàñëü ýíåðãåòèêè, êîòîðàÿ â ïåð-
ñïåêòèâå ïðè îáúåìå âûïóñêà ñîëíå÷íûõ áàòà-
ðåé ñóììàðíîé ìîùíîñòüþ 42 ìëí. êÂò â ãîä
áóäåò èñïîëüçîâàòüñÿ äëÿ ïîêðûòèÿ ïèêîâîé íà-

ãðóçêè ýëåêòðîñèñòåì â äíåâíîå âðåìÿ è ðàññìàò-
ðèâàåòñÿ êàê àëüòåðíàòèâà òðàäèöèîííûì ìåòî-
äàì ïîëó÷åíèÿ ýëåêòðîýíåðãèè èç îðãàíè÷åñêîãî
òîïëèâà è ÿäåðíîé ýíåðãèè. Â 1984 ã. âûðàáîòêà
ýëåêòðîýíåðãèè îò ñîëíå÷íûõ áàòàðåé â ìèðå ñî-
ñòàâèëà 30 ÌÂò, óæå â 1999 ã. äîñòèãëà 200 ÌÂò
ïèêîâîé ìîùíîñòè ñ ÿâíîé òåíäåíöèåé ê äàëü-
íåéøåìó ðîñòó — 9,2 ÃÂò ê 2010 ãîäó [10].

Ïåðñïåêòèâíûé îáúåì ïðèìåíåíèÿ ñîëíå÷-
íûõ ôîòîýëåêòðè÷åñêèõ ñòàíöèé â ÑÍÃ â ñîîò-
âåòñòâèè ñ çàïàñàìè ïðåäïðèÿòèé ðàçëè÷íûõ
ìèíèñòåðñòâ è âåäîìñòâ ñîñòàâëÿåò óæå ñåé÷àñ
îêîëî 500 ÌÂò â ãîä, à â îáëàñòè ïðèìåíåíèÿ
îõâàòûâàåò áîëåå 40 ðàçëè÷íûõ âèäîâ ïîòðåáè-
òåëåé. Íåñìîòðÿ íà âåäóùèåñÿ â ñòðàíå èíòåí-
ñèâíûå ðàçðàáîòêè ïî ôîòîýêòðè÷åñòâó, îòñóò-
ñòâèå ó íàñ ñïåöèàëèçèðîâàííûõ ïðîèçâîäñòâ ïî
âûïóñêó ñîëíå÷íûõ ýëåìåíòîâ ñîçäàåò áîëüøèå
òðóäíîñòè äëÿ äàëüíåéøåãî ðàçâèòèÿ ñîëíå÷íîé
ôîòîýíåðãåòèêè. Îáúåì âûïóñêà ñîëíå÷íûõ ýëå-
ìåíòîâ íàçåìíîãî ïðèìåíåíèÿ â ÑÍÃ â 1000 ðàç
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Ñîëíå÷íàÿ ýíåðãåòèêà
Ñîëíå÷íûå ýëåêòðîñòàíöèè

ìåíüøå ìèðîâîãî óðîâíÿ è â 1985 ã. ñîñòàâèë
30 êÂò. Ó÷èòûâàÿ, ÷òî óðîâåíü èññëåäîâàíèé è
ðàçðàáîòîê ñîëíå÷íûõ ýëåìåíòîâ è ñîëíå÷íûõ
ôîòîýëåêòðè÷åñêèõ ñòàíöèé ó íàñ ñîîòâåòñòâóåò
ìèðîâîìó óðîâíþ, à ïî íåêîòîðûì òèïàì ñîë-
íå÷íûõ ýëåìåíòîâ (ìàòðè÷íûå, íà îñíîâå ãåòå-
ðîñòðóêòóð, ðàçðàáîòêè òåîðèè íîâûõ ìîäåëåé)
âûøå ìèðîâîãî óðîâíÿ; íåîáõîäèìî â áëèæàé-
øåå âðåìÿ ðåøèòü âîïðîñ î ñîçäàíèè íàöèî-
íàëüíîé íàó÷íî-èññëåäîâàòåëüñêîé, òåõíîëîãè-
÷åñêîé, ïðîåêòíî-êîíñòðóêòîðñêîé áàçû ïî ñòðî-
èòåëüñòâó ñåðèéíûõ çàâîäîâ ïî âûïóñêó
ñîëíå÷íûõ ýëåìåíòîâ è ñîëíå÷íûõ ôîòîýëåêò-
ðè÷åñêèõ ñòàíöèé.

Ìàêñèìàëüíûé ÊÏÄ ïðåîáðàçîâàíèÿ ñîëíå÷-
íîãî èçëó÷åíèÿ âáëèçè ïîâåðõíîñòè Çåìëè ñî-
ñòàâëÿåò ~28 % è ñîîòâåòñòâóåò çàïðåùåííîé çîíå
àðñåíèäà ãàëëèÿ E = 1,4 ýÂ, äëÿ êðåìíèÿ E =
= 1,1 ýÂ.

Ïðåîáðàçîâàíèå ñîëíå÷íîé ýíåðãèè â ýëåêò-
ðè÷åñêóþ ÿâëÿåòñÿ âàæíåéøèì íàïðàâëåíèåì â
ðåøåíèè ýíåðãåòè÷åñêèõ, ýêîíîìè÷åñêèõ, ýêîëî-
ãè÷åñêèõ è ñîöèàëüíûõ ïðîáëåì íàñåëåíèÿ, ïðî-
ìûøëåííîñòè è ñåëüñêîãî õîçÿéñòâà. Ôîòîýëåê-
òðè÷åñêèé ñïîñîá ïðåîáðàçîâàíèÿ ñîëíå÷íîé ýíåð-
ãèè ÿâëÿåòñÿ íå òîëüêî íàäåæíûì, äîëãîâå÷íûì
è ýêîëîãè÷åñêè ÷èñòûì, íî ìîæåò áûòü èñïîëü-
çîâàí äëÿ óëó÷øåíèÿ ýêîëîãè÷åñêîé îáñòàíîâêè
íà íåáîëüøîé òåððèòîðèè, à â ïåðñïåêòèâå —
äëÿ ðåãóëèðîâàíèÿ ýêîëîãè÷åñêèõ óñëîâèé íà
áîëüøèõ òåððèòîðèÿõ.

Â íàñòîÿùåå âðåìÿ â êà÷åñòâå ôèçè÷åñêîé
îñíîâû ôîòîýëåêòðè÷åñêîãî ïðåîáðàçîâàíèÿ ñîë-
íå÷íîé ýíåðãèè ïðèíèìàåòñÿ  ôîòîâîëüòè÷åñêèé
ýôôåêò â ïîëóïðîâîäíèêàõ, õîòÿ ñóùåñòâóþò è
ðàçâèâàþòñÿ è äðóãèå òàê íàçûâàåìûå «ïðÿìûå»
ìåòîäû ïðåîáðàçîâàíèÿ ñîëíå÷íîé ýíåðãèè â
ýëåêòðè÷åñêóþ: òåðìîýëåêòðè÷åñêèé, òåðìîôî-
òîýëåêòðè÷åñêèé, ôîòîýëåêòðîõèìè÷åñêèé è
ò. ä., êîòîðûå, îäíàêî, íå ïîëó÷èëè øèðîêîãî
ïðàêòè÷åñêîãî èñïîëüçîâàíèÿ [1–3, 10].

Àíàëèç ñîâðåìåííîãî ñîñòîÿíèÿ
ôîòîýíåðãåòèêè â Òóðêìåíèñòàíå

Â íàñòîÿùåå âðåìÿ â ñòðàíå íåò íè îäíîé
ïðîìûøëåííîé óñòàíîâêè, ïðåîáðàçóþùåé èëè
èñïîëüçóþùåé ýíåðãèþ Ñîëíöà. Íî áîëüøîå ÷èñ-
ëî ýêñïåðèìåíòàëüíûõ è îïûòíî-êîíñòðóêòîð-
ñêèõ ðàáîò ïðîõîäèò èñïûòàíèå íà ðàçëè÷íûõ
ïîëèãîíàõ ñòðàíû.

Òàê, íà êîëîäöàõ «Èíåð-÷àãà», «Òàçà ãóè»
è Êàððûãóëü îòãîííûõ ïàñòáèù Êàðàêóìîâ èñ-
ïûòûâàþòñÿ ñîëíå÷íûå âîäîïîäúåìíûå êîìïëåê-
ñû, ïðåäíàçíà÷åííûå äëÿ âîäîñíàáæåíèÿ îâöå-
âîäñòâà ðåñïóáëèêè. Çà ñóòêè îäíà òàêàÿ óñòà-
íîâêà ïîäíèìàåò íà âûñîòó 25 ì äî 3,5 ì3 âîäû
è òàêèì îáðàçîì ñïîñîáíà îáñëóæèòü îòàðó îâåö
èç 600–700 ãîëîâ. Âîäîïîäúåìíûå êîìïëåêñû
ðàáîòàþò îò ñîëíå÷íûõ ýëåêòðîñòàíöèé ðàçëè÷-
íûõ ìîäèôèêàöèé:

– íà êîëîäöàõ «Èíåð-÷àãà» è Êàððûãóëü —
îò ñîëíå÷íîé ýëåêòðîñòàíöèè (áåç ñëåæåíèÿ çà
Ñîëíöåì) ìîùíîñòüþ 300 Âò è 360 Âò;

– íà êîëîäöå «Òàçà ãóè» — îò ñîëíå÷íîé
ýëåêòðîñòàíöèè ñ àâòîìàòè÷åñêèì ñëåæåíèåì çà
Ñîëíöåì ìîùíîñòüþ 500 Âò. ×àñòü ýëåêòðîñòàí-
öèè ïèòàåò ñîëíå÷íûé âîäîïîäúåìíûé êîìïëåêñ
(220 Âò), äðóãàÿ ÷àñòü (280 Âò) èñïîëüçóåòñÿ äëÿ
îïðåñíåíèÿ ìèíåðàëèçîâàííûõ âîä êîëîäöà (0,5 ò
â ñóòêè).

Íà êîëîäöå «Èíåð-÷àãà» ñîëíå÷íàÿ ýëåêò-
ðîñòàíöèÿ ìîùíîñòüþ 500 Âò èñïîëüçóåòñÿ äëÿ
ýëåêòðîñíàáæåíèÿ ÷àáàíñêèõ ñåìåé. Îò ñîëíå÷-
íîé ýëåêòðîñòàíöèè ðàáîòàþò 7 ëàìïî÷åê, 2 òå-
ëåâèçîðà, õîëîäèëüíèê.

Ñîòðóäíèêè ãîñóäàðñòâåííîé àâòîèíñïåêöèè
ã. Àøõàáàäà èñïûòûâàþò 25 ïåðåíîñíûõ ðàäèî-
ñòàíöèé 70 ÐÒÏ-2-×Ì, ïåðåâåäåííûõ íà ïèòà-
íèå îò ñîëíå÷íûõ áàòàðåé. Ìíîãîëåòíèé îïûò
èõ ýêñïëóàòàöèè ïîêàçàë óëó÷øåíèå ýêñïëóà-
òàöèîííûõ õàðàêòåðèñòèê è âûñîêóþ ýêîíîìè-
÷åñêóþ ýôôåêòèâíîñòü ïåðåâîäà ðàäèîñòàíöèé íà
ïèòàíèå îò ñîëíå÷íûõ áàòàðåé.

Íà ïîëèãîíå îòäåëåíèÿ ÂÍÈÈÒ ã. Àøõàáà-
äà èñïûòûâàëèñü:

– ñîëíå÷íàÿ ýëåêòðîñòàíöèÿ íà îñíîâå ïàðà-
áîëîöèëèíäðè÷åñêèõ êîíöåíòðàòîðîâ ìîùíîñòüþ
1 êÂò; ñîîðóæàåòñÿ òàêàÿ æå ñòàíöèÿ ìîùíîñ-
òüþ 10 êÂò. Ýòè ñòàíöèè ïðåäíàçíà÷åíû äëÿ ýëåê-
òðîñíàáæåíèÿ îòäåëåíèÿ è îáîãðåâà òåïëèöû;

– ñîëíå÷íàÿ ýëåêòðîëèçíî-âîäíàÿ óñòàíîâêà
ÑÝÂÓ-120, ïðåäíàçíà÷åííàÿ äëÿ ïîëó÷åíèÿ òåï-
ëà íà îòãîííûõ ïàñòáèùàõ (ïðèãîòîâëåíèå
ïèùè), à òàêæå ãàçîïëàìåííîé ñâàðêè. Ïðîèç-
âîäèòåëüíîñòü óñòàíîâêè 120 ë âîäîðîäíî-êèñ-
ëîðîäíîé ñìåñè â ÷àñ, òåïëîâàÿ ýíåðãèÿ ïëàìå-
íè — 300 êêàë/÷, 350 Äæ/ñ. Ïîòðåáèòåëÿìè
ñîëíå÷íûõ ýëåêòðîëèçíî-âîäíûõ óñòàíîâîê íà
îòãîííûõ ïàñòáèùàõ ìîãóò áûòü:

– øêîëû (ïîëó÷åíèå òåïëà äëÿ ïðèãîòîâëå-
íèÿ ïèùè);

– ìåäèöèíñêèå ó÷ðåæäåíèÿ (ïîëó÷åíèå òåïëà
äëÿ ñòåðèëèçàöèè ìåäèöèíñêèõ èíñòðóìåíòîâ);

– ïîñòîÿííîå íàñåëåíèå îòãîííûõ ïàñòáèù
(ïîëó÷åíèå òåïëà äëÿ ïîëíîãî èëè ÷àñòè÷íîãî
ïðèãîòîâëåíèÿ ïèùè).

Íåñìîòðÿ íà òî, ÷òî ñîâðåìåííûå ñîëíå÷-
íûå ýëåêòðîñòàíöèè âûðàáàòûâàþò áîëåå äîðî-
ãóþ ýëåêòðîýíåðãèþ ïî ñðàâíåíèþ ñ îáû÷íûìè
ýëåêòðîñòàíöèÿìè (61,5 öåíòà ÑØÀ çà 1 êÂò⋅÷),
îíè ìîãóò äàòü îùóòèìûé ýêîíîìè÷åñêèé ýô-
ôåêò â áëèæàéøåå âðåìÿ. Ðàñ÷åòû ïîêàçûâàþò,
÷òî îæèäàåìûé ýêîíîìè÷åñêèé ýôôåêò îò âíå-
äðåíèÿ ñîëíå÷íûõ âîäîïîäúåìíûõ êîìïëåêñîâ
íà îòãîííûõ ïàñòáèùàõ ñòðàíû äëÿ âîäîñíàá-
æåíèÿ îâöåâîäñòâà äîñòèãàåò 1640 äîëë. ÑØÀ
â ãîä íà îäíó óñòàíîâêó. Ýêîíîìèÿ îðãàíè÷åñ-
êîãî òîïëèâà ðàâíà 0,2 ò ó. ò.

Ïåðåâîä ðàäèîñòàíöèé 70 ÐÒÏ-2-×Ì, ýêñïëó-
àòèðóåìûõ Ãîñàâòîèíñïåêöèåé ñòðàíû, íà ïèòà-
íèå îò ñîëíå÷íûõ áàòàðåé äàåò ýêîíîìè÷åñêèé
ýôôåêò â ðàçìåðå 16,4 äîëë. ÑØÀ â ãîä íà îäíó
ðàäèîñòàíöèþ; ïîçâîëÿåò ýêîíîìèòü îñòðîäåôè-
öèòíûå àêêóìóëÿòîðíûå áàòàðåè òèïà ÖÍÊ-
0.45-11-Ó2 (îäíó àêêóìóëÿòîðíóþ áàòàðåþ íà
ðàäèîñòàíöèþ â ãîä). Ðàñ÷åòû ïîêàçûâàþò, ÷òî
ýêîíîìè÷åñêè öåëåñîîáðàçåí ïåðåâîä âñåé áûòî-
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âîé ðàäèîàïïàðàòóðû, ðàáîòàþùåé îò õèìè÷åñ-
êèõ èñòî÷íèêîâ òîêà, íà ïèòàíèå îò ñîëíå÷íûõ
áàòàðåé. Ýêîíîìè÷åñêèé ýôôåêò ïî ýòîé ãðóïïå
òîâàðîâ äîñòèãàåò 98,4 äîëë. ÑØÀ â ãîä íà 1 øò.

Âíåäðåíèå ñîëíå÷íûõ ýëåêòðîëèçíî-âîäíûõ
óñòàíîâîê ÑÝÂÓ-120 íà îòãîííûõ ïàñòáèùàõ
ìîæåò äàòü ýêîíîìè÷åñêèé ýôôåêò äî 139,4 äîëë.
ÑØÀ â ãîä íà 1 óñòàíîâêó. Ýêîíîìèÿ îðãàíè-
÷åñêîãî òîïëèâà ñîñòàâèò 0,3 ò ó. ò. â ãîä [4–9].

Îñíîâíûå óñëîâèÿ è ôàêòîðû ðàçâèòèÿ
ôîòîýíåðãåòèêè â Òóðêìåíèñòàíå íà ïåðèîä

äî 2030 ã.

Îäíèì èç ãëàâíûõ ôàêòîðîâ, îáóñëîâëèâà-
þùèõ íåîáõîäèìîñòü ðàçâèòèÿ ñîëíå÷íîé ôîòî-
ýíåðãåòèêè â Òóðêìåíèñòàíå, ÿâëÿåòñÿ ñðàâíè-
òåëüíî áîëüøîé ãîäîâîé ïðèõîä ñîëíå÷íîé ñóì-
ìàðíîé ðàäèàöèè íà äåÿòåëüíóþ ïîâåðõíîñòü.
Äëÿ Òóðêìåíèñòàíà ýòîò ïîêàçàòåëü ñîñòàâëÿåò
6468 ìÄæ/ì2 â ãîä. Ãîäîâîé ïðèõîä ñóììàðíîé
ñîëíå÷íîé ðàäèàöèè íà âñþ ïëîùàäü Òóðêìåíè-
ñòàíà ðàâåí 3157⋅1012 ÌÄæ (òàáë. 1) è îïðåäå-
ëÿåò ïîòåíöèàëüíûå ôîòîýíåðãåòè÷åñêèå ðåñóð-
ñû ñòðàíû.

Характеристикa Значение 

1. Среднегодовой приход сум-
марной солнечной радиации на 
горизонтальную поверхность 

6468 мДж/м2 

2. Средняя многолетняя продол-
жительность солнечного сияния 2909 ч 

3. Площадь страны 488,1 тыс. км2 

4. Среднегодовой приход сум-
марной солнечной радиации на 
площадь страны 

3157⋅1012 МДж 

Òàáëèöà 1

Ðàäèàöèîííûé ðåæèì Òóðêìåíèñòàíà

Íî èç âñåé ýòîé ýíåðãèè Ñîëíöà, ïîñòóïàþ-
ùåé íà òåððèòîðèþ ñòðàíû, ñîëíå÷íûå ýëåìåí-
òû ïðåîáðàçóþò â ýëåêòðè÷åñêóþ ýíåðãèþ ëèøü
÷àñòü åå, îïðåäåëÿåìóþ èõ ÊÏÄ, êîòîðûé â íà-
ñòîÿùåå âðåìÿ ñîñòàâëÿåò 7 %. Êðîìå òîãî, ñîë-
íå÷íûå ýëåêòðîñòàíöèè èñïîëüçóþò ëèøü ÷àñòü
ïðîäîëæèòåëüíîñòè ñîëíå÷íîãî ñèÿíèÿ, îïðåäå-
ëÿåìóþ èõ âðåìåíåì ðàáîòû â ñóòêè (6 ÷) èëè â
ãîä (2190 ÷). Òàêèì îáðàçîì, ñòåïåíü èñïîëüçî-

âàíèÿ ïðîäîëæèòåëüíîñòè ñîëíå÷íîãî ñèÿíèÿ ñî-
ñòàâëÿåò:

2190 ÷ : 2909 ÷ = 0,75,

à ÊÏÄ ñîëíå÷íûõ ýëåêòðîñòàíöèé ñîñòàâèò:

0,07 ⋅ 0,75 = 0,0525.

Ýòîé âåëè÷èíîé îïðåäåëÿåòñÿ ñðåäíåãîäîâîé
óðîâåíü ôîòîýíåðãåòè÷åñêèõ ðåñóðñîâ Òóðêìåíè-
ñòàíà, òåõíè÷åñêè ïðèãîäíûõ ê èñïîëüçîâàíèþ
(òàáë. 1):

3157 ⋅ 1012 ÌÄæ ⋅ 0,525 = 165 ⋅ 1012 ÌÄæ,

èëè

4568,1 ⋅ 107 ìëí. êÂò⋅÷,

÷òî â 5 ìëí. ðàç ïðåâûøàåò ñîâðåìåííûé óðî-
âåíü ïðîèçâîäñòâà ýëåêòðîýíåðãèè â ÑÍÃ —
1418,1 ìëðä. êÂò⋅÷/ãîä.

Òàêèì îáðàçîì, äàëüíåéøåå ðàçâèòèå ñîë-
íå÷íîé ôîòîýíåðãåòèêè â Òóðêìåíèñòàíå òðåáóåò
ñîçäàíèÿ ïðîèçâîäñòâåííîé áàçû äëÿ âûïóñêà
ñîëíå÷íûõ ýëåêòðîñòàíöèé è áàòàðåé. Ïðîãðàì-
ìîé ðàáîò ïî îòðàñëè äîëæíî áûòü ïðåäóñìîò-
ðåíî ñòðîèòåëüñòâî è ââîä â äåéñòâèå 1-é î÷åðå-
äè çàâîäà ïî ïðîèçâîäñòâó ñîëíå÷íûõ áàòàðåé â
ã. Àøõàáàäå ñ ãîäîâûì îáúåìîì âûïóñêà ïðî-
äóêöèè íà ñóììó $41,0 ìëí. è îáùåé ìîùíîñ-
òüþ 1/13500 ÌÂò/ì2. Íåîáõîäèìî ïðåäóñìîò-
ðåòü ïîëíîå ðàçâèòèå çàâîäà ê íà÷àëó 2015 ã. ñ
ãîäîâûì îáúåìîì âûïóñêà ïðîäóêöèè íà ñóììó
$82 ìëí. è îáùåé ìîùíîñòüþ 1/27000 ÌÂò/ì2.
Ñìåòíàÿ ñòîèìîñòü ñòðîèòåëüñòâà çàâîäà —
$151,7 ìëí. (òàáë. 2), â òîì ÷èñëå ñòðîèòåëüíî-
ìîíòàæíûå ðàáîòû — $106 ìëí., îáîðóäîâà-
íèå — $45,1 ìëí. Òðåáóåìàÿ ÷èñëåííîñòü
ïåðñîíàëà — 8500 ÷åë., â òîì ÷èñëå ÈÒÐ —
1500 ÷åë., ðàáî÷èå — 7000 ÷åë.

Ñîçäàíèå çàâîäà ïî ïðîèçâîäñòâó ñîëíå÷íûõ
áàòàðåé ïîçâîëèò:

– åæåãîäíî, íà÷èíàÿ ñ 2020 ã., îñíàùàòü
ñîëíå÷íûìè âîäîïîäúåìíûìè êîìïëåêñàìè
1667 êîëîäöåâ èç 5200 äåéñòâóþùèõ â íàñòîÿ-
ùåå âðåìÿ íà îòãîííûõ ïàñòáèùàõ ñòðàíû è
òàêèì îáðàçîì óäîâëåòâîðèòü ~32 % ïîòðåáíîñ-
òè â íèõ. Ê 2020 ã. âîçìîæíî ïîëíîå óäîâëåò-
âîðåíèå ñîáñòâåííûõ ïîòðåáíîñòåé ñòðàíû â ñîë-
íå÷íûõ âîäîïîäúåìíûõ êîìïëåêñàõ;

– óëó÷øèòü ýëåêòðîñíàáæåíèå íàñåëåííûõ
ïóíêòîâ îòãîííûõ ïàñòáèù. Åæåãîäíûé âûïóñê
35 ìîäóëåé ñîëíå÷íûõ ýëåêòðîñòàíöèé ìîùíîñ-
òüþ 10000 Âò êàæäûé ïîçâîëèò óäîâëåòâîðÿòü
äî 3 % ïîòðåáíîñòè íàñåëåííûõ ïóíêòîâ îòãîí-

Промышленное 
строительство 

Жилищное  
строительство Сметная стоимость 

1-я очередь Полное 
развитие 1-я очередь Полное 

развитие 

Всего  
(полное развитие) 

1. Сметная стоимость 57,4 98,4  53,3 151,7 
2.Строительно-
монтажные работы 32,8 57,4  49,2 106,6 

3. Оборудование 24,6 41  4,1 45,1 

Òàáëèöà 2

Ñìåòíàÿ ñòîèìîñòü ñòðîèòåëüñòâà çàâîäà ïî ïðîèçâîäñòâó ñîëíå÷íûõ áàòàðåé
â ã. Àøõàáàäå (ìëí. äîëë. ÑØÀ)

À. Ì. Ïåíäæèåâ, Á. Ä. Ìàìåäñàõàòîâ
Îñíîâíûå óñëîâèÿ è ôàêòîðû ðàçâèòèÿ ôîòîýíåðãåòèêè â Òóðêìåíèñòàíå
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íûõ ïàñòáèù â ýëåêòðîñíàáæåíèè, à ê 2015–
2020 ãã. — äî 30 % ïåðåâåñòè íà ïèòàíèå îò ñîë-
íå÷íûõ áàòàðåé òðàíçèñòîðíóþ ðàäèîàïïàðàòóðó
ìîùíîñòüþ äî 2 Âò â îáúåìå, ïðåâûøàþùåì ñðåä-
íåãîäîâîå ïîñòóïëåíèå òîâàðîâ â ñòðàíó;

– ïåðåâåñòè íà ïèòàíèå îò ñîëíå÷íûõ áàòà-
ðåé áûòîâóþ ðàäèîàïïàðàòóðó ìîùíîñòüþ äî
40 Âò â îáúåìå, ïðåâûøàþùåì 20 % ñðåäíåãî-
äîâîãî ïîñòóïëåíèÿ ýòèõ òîâàðîâ â ñòðàíó;

– åæåãîäíî ïåðåâîäèòü íà ïèòàíèå îò ñîë-
íå÷íûõ áàòàðåé äî 30 % ñòàíöèé êàòîäíîé çà-
ùèòû ïîäçåìíûõ ñîîðóæåíèé ñòðàíû;

– ïîëíîñòüþ óäîâëåòâîðèòü ñîáñòâåííûå ïî-
òðåáíîñòè ñòðàíû â ïåðåâîäå ðå÷íîãî è ìîðñêîãî
íàâèãàöèîííîãî îáîðóäîâàíèÿ íà ïèòàíèå îò ñîë-
íå÷íûõ áàòàðåé.

Îæèäàåìûé ýêîíîìè÷åñêèé ýôôåêò îò âíåä-
ðåíèÿ ïðîäóêöèè çàâîäà ïî ïðîèçâîäñòâó ñîëíå÷-
íûõ áàòàðåé â íàðîäíîå õîçÿéñòâî Òóðêìåíè-
ñòàíà ñîñòàâèò (òàáë. 3):

– $1,9 ìëí. â ãîä îò âíåäðåíèÿ ñîëíå÷íûõ âî-
äîïîäúåìíûõ êîìïëåêñîâ äëÿ ïîäúåìà âîäû èç
êîëîäöåâ îòãîííûõ ïàñòáèù ñòðàíû. Ýêîíîìèÿ
îðãàíè÷åñêîãî òîïëèâà ñîñòàâèò 333,4 ò ó. ò. â ãîä
èëè ñîêðàòèò âûáðîñû íà 806 Ìã ÑÎ2 ýêâ. â ãîä;

– $1,3 ìëí. â ãîä îò âíåäðåíèÿ ìîäóëåé ñîë-
íå÷íûõ ýëåêòðîñòàíöèé ìîùíîñòüþ 10000 Âò
êàæäûé äëÿ ýíåðãîñíàáæåíèÿ íàñåëåííûõ ïóí-
êòîâ îòãîííûõ ïàñòáèù. Ýêîíîìèÿ îðãàíè÷åñ-
êîãî òîïëèâà ñîñòàâèò 230 ò ó. ò. â ãîä èëè ñî-
êðàòèò âûáðîñû íà 556,6 Ìã ÑÎ2 ýêâ. â ãîä;

– $0,41 ìëí. â ãîä îò ïåðåâîäà òðàíçèñòîð-
íîé ðàäèîàïïàðàòóðû ìîùíîñòüþ äî 20 Âò íà
ïèòàíèå îò ñîëíå÷íûõ áàòàðåé. Ýêîíîìèÿ õè-
ìè÷åñêèõ èñòî÷íèêîâ òîêà ñîñòàâèò 5 ìëí. ýëå-
ìåíòîâ è áàòàðåé â ãîä;

– $0,246 ìëí. â ãîä îò ïåðåâîäà òðàíçèñ-
òîðíîé ðàäèîàïïàðàòóðû ìîùíîñòüþ äî 40 Âò
íà ïèòàíèå îò ñîëíå÷íûõ áàòàðåé. Ýêîíîìèÿ
õèìè÷åñêèõ èñòî÷íèêîâ òîêà ñîñòàâèò 63 ìëí.
ýëåìåíòîâ è áàòàðåé â ãîä;

Ожидаемый экономический эффект Экономия органического 
топлива, т у. т. Суммарный,  

тыс. $ США 
Наименование  

2010–2015 гг. 2015–2020 гг. 

На 
единицу 
изделия,  
$ США 2010-2015 гг. 2015-2020 гг. 

Батареи солнечные БС-2 — — 4,1 410 410 
Батареи солнечные БС-40 — — 231,24 289,05 289,05 
Солнечные 
 электростанции СЭС-300 — 333,4 1131,6 — 1886,4 

Солнечные  
электростанции СЭС-1000 — 358,5 3772 — 1886 

Солнечные  
электростанции СЭС-2500 263 263 9430 1508,8 1508,8 

Модули СЭС-10000 для 
комплектования станций 
большой мощности 

230 230 377720 1320,2 1320,2 

ИТОГО: 493 1184,9 — 3528,05 7300,46 

Òàáëèöà 3

Îæèäàåìûé ãîäîâîé ýêîíîìè÷åñêèé ýôôåêò îò âíåäðåíèÿ ïðîäóêöèè çàâîäà
ïî ïðîèçâîäñòâó ñîëíå÷íûõ áàòàðåé

– $1,9 ìëí. â ãîä îò ïåðåâîäà ñòàíöèé êà-
òîäíîé çàùèòû ïîäçåìíûõ ñîîðóæåíèé íà ïèòà-
íèå îò ñîëíå÷íûõ ýëåêòðîñòàíöèé. Ýêîíîìèÿ îðãà-
íè÷åñêîãî òîïëèâà ñîñòàâèò 358,5 ò ó. ò. â ãîä
èëè ñîêðàòèò âûáðîñû íà 867 Ìã ÑÎ2 ýêâ. â ãîä;

– $1,5 ìëí. â ãîä îò ïåðåâîäà ðå÷íîãî è ìîð-
ñêîãî íàâèãàöèîííîãî îáîðóäîâàíèÿ íà ïèòàíèå
îò ñîëíå÷íûõ ýëåêòðîñòàíöèé. Ýêîíîìèÿ îðãà-
íè÷åñêîãî òîïëèâà ñîñòàâèò 263 ò ó. ò. â ãîä èëè
ñîêðàòèò âûáðîñû íà 741,6 Ìã ÑÎ2 ýêâ. â ãîä.

Ñóììàðíûé ýêîíîìè÷åñêèé ýôôåêò îò âíåä-
ðåíèÿ ïðîäóêöèè çàâîäà ïî ïðîèçâîäñòâó ñîë-
íå÷íûõ áàòàðåé ñîñòàâèò:

1-я очередь 
строительства завода $3,5 млн. в год 

Полное развитие $7,3 млн. в год 
Экономия органического топлива  

и сокращение выбросов CO2 

1-я очередь 
строительства завода 

493 т у. т. в год или 
сокращение выбросов на 
1193,1 Мг СО2 экв. в год 

Полное развитие 
производства 

1184,9 т у. т. в год или 
сокращение выбросов на 
2867 Мг СО2 экв.  в год 

Îáëàñòü èñïîëüçîâàíèÿ ñîëíå÷íûõ ýëåêòðî-
ñòàíöèé è ñîëíå÷íûõ áàòàðåé ìîæåò áûòü çíà-
÷èòåëüíî ðàñøèðåíà çà ñ÷åò èõ ïðèìåíåíèÿ äëÿ:

– ýëåêòðîïèòàíèÿ ñîëíå÷íûõ ýëåêòðîëèçíî-
âîäíûõ óñòàíîâîê ÑÝÑÓ-120 ïîòðåáëÿåìîé ìîù-
íîñòüþ 500 Âò è ïðîèçâîäèòåëüíîñòüþ 120 ë âî-
äîðîä-êèñëîðîäíîé ñìåñè â ÷àñ;

– ýëåêòðîïèòàíèÿ ýëåêòðîäèàëèçíûõ îïðåñ-
íèòåëüíûõ óñòàíîâîê ïîòðåáëÿåìîé ìîùíîñòüþ
500 Âò, ïðîèçâîäèòåëüíîñòüþ 1 ò ïðåñíîé âîäû
â ñóòêè;

– îñâåùåíèÿ êîøàð è ïèòàíèÿ ýëåêòðîèçãî-
ðîäè äëÿ îâåö;

– äëÿ ýíåðãîïèòàíèÿ ñåëüñêîõîçÿéñòâåííûõ
ìàøèí è ìåõàíèçìîâ: ýëåêòðîñòðèãàëüíîãî àã-
ðåãàòà ÝÑÀ-12Ã ïîòðåáëÿåìîé ìîùíîñòüþ 4 êÂò;
òðàíñïîðòåðà øåðñòè, ïîòðåáëÿåìîé ìîùíîñòüþ

Ñîëíå÷íàÿ ýíåðãåòèêà
Ñîëíå÷íûå ýëåêòðîñòàíöèè
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1,7 êÂò; ÷àåî÷èñòèòåëüíîé ìàøèíû ×Ï-300 ñóì-
ìàðíîé ïîòðåáëÿåìîé ìîùíîñòüþ 3,2 êÂò; ýëåê-
òðîìàãíèòíîé ñåìÿî÷èñòèòåëüíîé ìàøèíû ñóì-
ìàðíîé ïîòðåáëÿåìîé ìîùíîñòüþ 3,1 êÂò; ýëåê-
òðîìîòûãè ÝÌ-12 ïîòðåáëÿåìîé ìîùíîñòüþ
0,27 êÂò; ýëåêòðîôðåçû ÔÑ-07 ïîòðåáëÿåìîé
ìîùíîñòüþ 2,8 êÂò;

– äëÿ ïèòàíèÿ ìàøèí è ìåõàíèçìîâ æèâîò-
íîâîä÷åñêèõ ôåðì: óêëàä÷èêà ãðóáûõ êîðìîâ,
ïîòðåáëÿåìîé ìîùíîñòüþ 1,7 êÂò, ãðóçîïîäúåì-
íîñòüþ 250 êã, ïðîèçâîäèòåëüíîñòüþ ïðè ñêèð-
äîâàíèè ñåíà 6,5 ò/÷, ñîëîìû 2,8 ò/÷; ðàçäàò÷è-
êà êîðìîâ ÐÊÓ-200, ÐÊÑ-3000Ì, ïîòðåáëÿåìîé
ìîùíîñòüþ 3 êÂò, îáñëóæèâàþùåãî äî 1200 ãî-
ëîâ ñêîòà; äðóãèõ ñåëüñêîõîçÿéñòâåííûõ ìàøèí
è ìåõàíèçìîâ [6–9].

Îñíîâíûå òðåáîâàíèÿ
ðàçâèòèÿ ôîòîýíåðãåòèêè ê îòðàñëÿì

è ñôåðàì íàðîäíîãî õîçÿéñòâà

Òðåáîâàíèÿ ê íàóêå
1. Ðàçðàáîòàòü äåøåâóþ òåõíîëîãèþ èçãîòîâ-

ëåíèÿ ñîëíå÷íûõ ýëåìåíòîâ, ïîçâîëÿþùóþ ñíè-
çèòü èõ ñòîèìîñòü (41 äîëë. çà 1 Âò) íå ìåíåå
÷åì â 10 ðàç. Ñíèæåíèå ñòîèìîñòè ñîëíå÷íûõ
ýëåìåíòîâ ïðèâåäåò ê ïðîïîðöèîíàëüíîìó óäå-
øåâëåíèþ ñîëíå÷íûõ ýëåêòðîñòàíöèé è áàòàðåé
è ïîçâîëèò ðàñøèðèòü îáëàñòü èõ ïðèìåíåíèÿ.

2. Èçó÷èòü êîíúþíêòóðó ðûíêà ñáûòà ñîë-
íå÷íûõ ýëåêòðîñòàíöèé è áàòàðåé â ñòðàíå.

Òðåáîâàíèÿ ê ïðîìûøëåííîñòè, òðàíñïîð-
òó è äð.

1. Îñâîèòü ïðîèçâîäñòâî òåõíîëîãè÷åñêîãî
îáîðóäîâàíèÿ äëÿ ñîçäàíèÿ ñîëíå÷íûõ áàòàðåé,
â òîì ÷èñëå, àâòîìàòèçèðîâàííûõ ëèíèé ïî ïðî-
èçâîäñòâó ñîëíå÷íûõ ýëåìåíòîâ, àâòîìàòèçèðî-
âàííûõ ëèíèé ïî ñáîðêå ïëîñêèõ ñîëíå÷íûõ áà-
òàðåé.

2. Ñîîòâåòñòâóþùèì îòðàñëÿì ïðîìûøëåí-
íîñòè Òóðêìåíèñòàíà îñâîèòü ñóùåñòâóþùóþ
òåõíîëîãèþ ïîëó÷åíèÿ ñîëíå÷íûõ ýëåìåíòîâ èç
ìåñòíîãî ñûðüÿ — ïåñêà Êàðàêóìîâ.

Òðåáîâàíèÿ ê ïîäãîòîâêå êàäðîâ
Íåîáõîäèìî îðãàíèçîâàòü êóðñû ïîâûøåíèÿ

êâàëèôèêàöèè ïî ñïåöèàëüíîñòÿì: òåõíîëîãèÿ
èçãîòîâëåíèÿ ñîëíå÷íûõ ýëåìåíòîâ; óïðàâëåíèå
àâòîìàòèçèðîâàííîé ëèíèåé ïî ïðîèçâîäñòâó
ñîëíå÷íûõ ýëåìåíòîâ; óïðàâëåíèå àâòîìàòèçè-
ðîâàííîé ëèíèåé ïî ñáîðêå ïëîñêèõ ñîëíå÷íûõ
áàòàðåé.

Òðåáîâàíèÿ ïî ñîâåðøåíñòâîâàíèþ ñèñòå-
ìû óïðàâëåíèÿ ôîòîýíåðãåòèêîé

Íåîáõîäèìî ñîçäàòü íàó÷íî-ïðîèçâîäñòâåííîå
îáúåäèíåíèå â ã. Àøõàáàäå â ñîñòàâå íàó÷íî-èñ-
ñëåäîâàòåëüñêîãî öåíòðà, çàâîäà ïî ïðîèçâîäñòâó
ñîëíå÷íûõ áàòàðåé, ñïåöèàëüíîãî ïðîåêòíî-êîí-
ñòðóêòîðñêîãî è òåõíîëîãè÷åñêîãî áþðî.

Çàêëþ÷åíèå

Òóðêìåíèñòàí ðàñïîëàãàåò áîãàòåéøèìè ñîë-
íå÷íûìè ôîòîýíåðãåòè÷åñêèìè ðåñóðñàìè, íå
èñïîëüçóåìûìè â íàñòîÿùåå âðåìÿ. Îöåíêà èõ
ñðåäíåãîäîâîãî óðîâíÿ ðàâíà 3157⋅1012 ÌÄæ;

Äëÿ èñïîëüçîâàíèÿ ëèøü 0,005 ìèëëèàðä-
íîé äîëè ñîëíå÷íûõ ôîòîýíåðãåòè÷åñêèõ ðåñóð-
ñîâ ñòðàíû íåîáõîäèìî ñîçäàòü çàâîä ïî ïðîèç-
âîäñòâó ñîëíå÷íûõ áàòàðåé ñ ãîäîâîé ìîùíîñ-
òüþ 1 ìÂò/2700 ì2 è ãîäîâûì îáúåìîì âûïóñêà
ïðîäóêöèè $82 ìëí. Îáúåì êàïèòàëüíûõ âëî-
æåíèé íà ñòðîèòåëüñòâî çàâîäà — $151,7 ìëí.

Ñîçäàíèå çàâîäà ïî ïðîèçâîäñòâó ñîëíå÷íûõ
áàòàðåé ïîçâîëèò çà 2010–2030 ãã. ïîëíîñòüþ
óäîâëåòâîðèòü ïîòðåáíîñòè ñòðàíû â ñîëíå÷íûõ
âîäîïîäúåìíûõ êîìïëåêñàõ äëÿ ýëåêòðîñíàáæå-
íèÿ íàñåëåííûõ ïóíêòîâ îòãîííûõ ïàñòáèù, â
ýëåêòðîïèòàíèè ñòàíöèé êàòîäíîé çàùèòû ïîä-
çåìíûõ ñîîðóæåíèé, â ýëåêòðîïèòàíèè ðå÷íîãî
è ìîðñêîãî íàâèãàöèîííîãî îáîðóäîâàíèÿ è äð.

Îæèäàåìûé ýêîíîìè÷åñêèé ýôôåêò îò âíåä-
ðåíèÿ ïðîäóêöèè çàâîäà ïî ïðîèçâîäñòâó ñîëíå÷-
íûõ áàòàðåé ñîñòàâèò $74 ìëí./ãîä, ýêîíîìèÿ
îðãàíè÷åñêîãî òîïëèâà — 1200 ò ó. ò./ãîä èëè
ñîêðàùåíèå âûáðîñîâ íà 2904 Ìã ÑÎ2 ýêâ./ãîä;

Ãîäîâàÿ âûðàáîòêà ýëåêòðîýíåðãèè ñîëíå÷-
íûìè ôîòîýëåêòðè÷åñêèìè ñòàíöèÿìè è áàòàðåÿ-
ìè, ïëàíèðóåìûìè ê âûïóñêó çàâîäîì, ñîñòàâèò
4,4 ìëí. êÂò⋅÷ ïðè óñëîâèè èñïîëüçîâàíèÿ 2190 ÷
ñîëíå÷íîé ðàäèàöèè â ãîä. Ñåáåñòîèìîñòü âûðà-
áîòêè 1 êÂò⋅÷ ýëåêòðîýíåðãèè — 61,5 öåíòà.
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Ìàòâååâ Àíäðåé
Âàëåíòèíîâè÷

Ïàõàëóåâ Âàëåðèé
Ìàêñèìîâè÷

Ñâåäåíèÿ îá àâòîðå: àñïèðàíò êàôåäðû «Àòîìíàÿ ýíåðãåòèêà» Óðàëüñêî-
ãî ãîñóäàðñòâåííîãî òåõíè÷åñêîãî óíèâåðñèòåòà.

Îáðàçîâàíèå: Óðàëüñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò.
(ÓÃÒÓ-ÓÏÈ) (2004 ã.).

Îáëàñòü íàó÷íûõ èíòåðåñîâ: ìàëàÿ è íåòðàäèöèîííàÿ ýíåðãåòèêà, ýíåð-
ãåòè÷åñêèé àíàëèç ýôôåêòèâíîñòè óñòàíîâîê íåòðàäèöèîííîé ýíåðãåòèêè, ñîë-
íå÷íàÿ è âåòðîâàÿ ýíåðãåòèêà. Ó÷àñòíèê ðàçðàáîòîê ïàðîâûõ òóðáèí ìàëîé
ìîùíîñòè, ïðèçåð âñåðîññèéñêèõ âûñòàâîê è êîíôåðåíöèé, èìååò ãðàìîòû.

Ïóáëèêàöèè: 20 íàó÷íûõ ñòàòåé.

Ñâåäåíèÿ îá àâòîðå: äîêòîð òåõíè÷åñêèõ íàóê, ïðîôåññîð.
Îáðàçîâàíèå: Óðàëüñêèé ïîëèòåõíè÷åñêèé èíñòèòóò (ÓÃÒÓ-ÓÏÈ)(1961 ã.).
Îáëàñòü íàó÷íûõ èíòåðåñîâ: èññëåäîâàíèÿ òåïëîôèçè÷åñêèõ è ôèçèêî-

õèìè÷åñêèõ ïðîöåññîâ â òåïëîýíåðãåòèêå è ìåòàëëóðãè÷åñêîé òåïëîòåõíèêè,
ðàçðàáîòêà ôèçè÷åñêèõ îñíîâ íåòðàäèöèîííûõ è âîçîáíîâëÿåìûõ èñòî÷íè-
êîâ ýíåðãèè. Äåéñòâèòåëüíûé ÷ëåí Ìåæäóíàðîäíîé ÀÍ î ïðèðîäå è îáùå-
ñòâå.

Ïóáëèêàöèè: áîëåå 85 íàó÷íûõ òðóäîâ, â òîì ÷èñëå 1 ìîíîãðàôèÿ.

Ñâåäåíèÿ îá àâòîðå: äîêòîð òåõíè÷åñêèõ íàóê, ïðîôåññîð, çàâåäóþùèé
êàôåäðîé «Àòîìíàÿ ýíåðãåòèêà» ÓÃÒÓ-ÓÏÈ.

Îáðàçîâàíèå: Óðàëüñêèé ïîëèòåõíè÷åñêèé èíñòèòóò (ÓÃÒÓ-ÓÏÈ) (1972 ã.).
Îáëàñòü íàó÷íûõ èíòåðåñîâ: òåðìîäèíàìèêà ÿäåðíûõ ýíåðãåòè÷åñêèõ óñòà-

íîâîê, ïðîáëåìû àòîìíîé ýíåðãåòèêè è òåïëîôèçèêè äâóõôàçíûõ ïîòîêîâ, ïðî-
äëåíèå ðåñóðñà è ïîâûøåíèå íàäåæíîñòè îáîðóäîâàíèÿ ÀÝÑ, ñîëíå÷íàÿ ýíåðãå-
òèêà, âåòðîâàÿ ýíåðãåòèêà, áèîýíåðãåòèêà. Íàó÷íûé ðóêîâîäèòåëü ðÿäà ðåàëè-
çîâàííûõ èííîâàöèîííûõ ïðîåêòîâ, â òîì ÷èñëå «Ýíåðãîýôôåêòèâíûé äîì äëÿ
ñåëà», «Ñèñòåìû ñîëíå÷íîãî ýíåðãîñíàáæåíèÿ àâòîíîìíûõ ïîòðåáèòåëåé ñïå-
öèàëüíîãî íàçíà÷åíèÿ», «Ñîëíå÷íûå ñèñòåìû îõðàííîé ñèãíàëèçàöèè» è äð.
×ëåí ðåäêîëëåãèè æóðíàëà «Èçâåñòèÿ âóçîâ. ßäåðíàÿ ýíåðãåòèêà», ñáîðíèêà
òðóäîâ ÓÃÒÓ-ÓÏÈ «Òåïëîôèçèêà ÿäåðíûõ ýíåðãåòè÷åñêèõ óñòàíîâîê», íàó÷-

íî-òåõíè÷åñêîãî æóðíàëà «Ýíåðãîýôôåêòèâíîñòü è àíàëèç». Çàñëóæåííûé ýíåðãåòèê Ðîññèè, äåé-
ñòâèòåëüíûé ÷ëåí Ìåæäóíàðîäíîé ýíåðãåòè÷åñêîé àêàäåìèè.

Ïóáëèêàöèè: áîëåå 350 íàó÷íûõ òðóäîâ, â òîì ÷èñëå 2 ìîíîãðàôèè, 12 èçîáðåòåíèé.

Ùåêëåèí
Ñåðãåé Åâãåíüåâè÷

The investigation results of flat-plate solar collector operating in a coolant natural circulation mode
in the Urals region conditions are presented. A mathematical model describing the unit operation is
suggested. The calculation of the coolant flow changes during the day for the natural circulation mode
is presented.
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Ñðåäíåñóòî÷íûé ïîòîê ñîëíå÷íîé ýíåðãèè
íà çåìíóþ ïîâåðõíîñòü ñîñòàâëÿåò îò 100 äî
250 Âò/ì2, äîñòèãàÿ ïèêîâûõ çíà÷åíèé ïðè ÿñ-
íîì íåáå â ëþáîì (íåçàâèñèìî îò øèðîòû) ìåñòå
îêîëî 1000 Âò/ì2. Ïðîñòåéøèì è íàèáîëåå äå-
øåâûì ñïîñîáîì èñïîëüçîâàíèÿ ñîëíå÷íîé ýíåð-
ãèè ÿâëÿåòñÿ íàãðåâ âîäû äëÿ áûòîâûõ íóæä â
ïëîñêèõ ñîëíå÷íûõ êîëëåêòîðàõ (ÑÊ), ðàáîòàþ-
ùèõ íà òåðìîñèôîííîì ýôôåêòå. Ãåëèîóñòàíîâ-
êè ïîäîáíîãî òèïà ñîäåðæàò íåïîñðåäñòâåííî ñàì
êîëëåêòîð ñîëíå÷íîé ýíåðãèè, áàê-àêêóìóëÿòîð
ãîðÿ÷åé âîäû, ïîäúåìíóþ è îïóñêíóþ òðóáû è
ÿâëÿþòñÿ ñàìîðåãóëèðóþùèìèñÿ ñèñòåìàìè. Ðàñ-
õîä öèðêóëèðóþùåé æèäêîñòè â òàêèõ óñòàíîâ-
êàõ îïðåäåëÿåòñÿ èíòåíñèâíîñòüþ ïàäàþùåãî èç-
ëó÷åíèÿ, à òàêæå òåïëîòåõíè÷åñêèìè è ãèäðàâ-
ëè÷åñêèìè õàðàêòåðèñòèêàìè âñåõ åå ýëåìåíòîâ.

Ïðè ñîçäàíèè ñîëíå÷íûõ âîäîíàãðåâàòåëåé
âàæíî îöåíèòü îïòèìàëüíûå õàðàêòåðèñòèêè ñè-
ñòåìû íàãðåâà â óñëîâèÿõ, êîãäà èíòåíñèâíîñòü
ñîëíå÷íîãî èçëó÷åíèÿ ìåíÿåòñÿ â òå÷åíèå ñâåòî-
âîãî äíÿ. Ñîîòâåòñòâåííî, ìåíÿþòñÿ òåìïåðàòó-
ðà âîäû íà âõîäå è âûõîäå êîëëåêòîðà, à òàêæå
òåìïåðàòóðà âîäû â áàêå-àêêóìóëÿòîðå. Ïîëà-
ãàÿ, ÷òî â ëþáîé ìîìåíò âðåìåíè ðåæèì òå÷å-
íèÿ òåïëîíîñèòåëÿ â êîíòóðå ÿâëÿåòñÿ óñòàíî-
âèâøèìñÿ, ìîæíî ïðèðàâíÿòü âåëè÷èíó äâèæó-
ùåãî íàïîðà ∆Päâ, âîçíèêàþùåãî çà ñ÷åò ðàçíîñòè
ïëîòíîñòåé æèäêîñòè â êîëëåêòîðå, ê ñîîòâåò-
ñòâóþùåìó ñóììàðíîìó çíà÷åíèþ ãèäðàâëè÷åñ-
êîãî ñîïðîòèâëåíèÿ öèðêóëÿöèîííîãî êîíòóðà
∆PS, âêëþ÷àþùåãî ñîïðîòèâëåíèå ñîáñòâåííî
êîëëåêòîðà ∆Pê è îïóñêíîãî òðóáîïðîâîäà ñ áà-
êîì-àêêóìóëÿòîðîì ∆Pòð:
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∆ = ρ − ρ 
= ϕ; 
  λ ∆ = ∆ + ∆ = ξρ +    ξ     

, (1)

ãäå 1tρ , 2tρ  è tρ  — ïëîòíîñòè òåïëîíîñèòåëÿ ïðè

òåìïåðàòóðàõ âõîäà, âûõîäà èç êîëëåêòîðà è åå
çíà÷åíèå ïðè ñðåäíåé òåìïåðàòóðå â ÑÊ; Wê è
Lê — ñêîðîñòè äâèæåíèÿ òåïëîíîñèòåëÿ â êàíà-
ëàõ êîëëåêòîðà è åãî äëèíà; Wòð è Lòð — ñêî-
ðîñòü òåïëîíîñèòåëÿ â ñîåäèíèòåëüíûõ òðóáî-
ïðîâîäàõ è èõ äëèíà; ξ è λ — êîýôôèöèåíòû
ñîïðîòèâëåíèÿ êîëëåêòîðà è òðåíèÿ òðóáîïðî-
âîäîâ; ϕ — óãîë íàêëîíà êîëëåêòîðà ê ãîðèçîí-
òó; g — óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ.

Åñëè ïðåíåáðå÷ü ãèäðàâëè÷åñêèì ñîïðîòèâëå-
íèåì îïóñêíîãî òðóáîïðîâîäà è áàêà-àêêóìóëÿòî-
ðà, ÷òî âîçìîæíî ïðè тр тр 1L dλ ξ <  è тр к 1W W ≈ ,
ïîòåðè äàâëåíèÿ â êîíòóðå ìîæíî âûðàçèòü ÷å-
ðåç êîýôôèöèåíò ãèäðàâëè÷åñêîãî ñîïðîòèâëå-
íèÿ êîëëåêòîðà â óäîáíîé äëÿ äàëüíåéøåãî àíà-
ëèçà ôîðìå:

 ln ln ln Re,C nξ = −  (2)

ãäå Re — êðèòåðèé Ðåéíîëüäñà, îòíîñÿùèéñÿ ê
òå÷åíèþ æèäêîñòè â êàíàëàõ êîëëåêòîðà èëè
÷åðåç ïàòðóáêè ÑÊ; C è n — áåçðàçìåðíûå êîí-
ñòàíòû, çàâèñÿùèå îò êîíñòðóêöèè êîëëåêòîðà.

Äëÿ íàõîæäåíèÿ ðàñõîäà òåïëîíîñèòåëÿ â
ëþáîé ìîìåíò âðåìåíè âîñïîëüçóåìñÿ óðàâíåíè-
åì òåïëîâîãî áàëàíñà êîëëåêòîðà, à òàêæå çà-
âèñèìîñòüþ èçìåíåíèÿ ïëîòíîñòè òåïëîíîñèòå-
ëÿ îò åãî òåìïåðàòóðû:

 ( )p 2 1 кtc G t t qFρ − = η,  (3)

 ( )2 1
2 1 ,t t

t
t

t t
ρ − ρ

= β −
ρ

 (4)

ãäå q, Fê, G — èíòåíñèâíîñòü ïàäàþùåãî íà êîë-
ëåêòîð èçëó÷åíèÿ, ïëîùàäü ÑÊ è ðàñõîä òåïëî-
íîñèòåëÿ; η — ÊÏÄ ñîëíå÷íîãî êîëëåêòîðà; tβ ,

cp — êîýôôèöèåíò îáúåìíîãî ðàñøèðåíèÿ è òåï-
ëîåìêîñòü òåïëîíîñèòåëÿ; t1, t2 — òåìïåðàòóðû
æèäêîñòè íà âõîäå è âûõîäå èç ÑÊ.

Èñïîëüçóÿ ïîëó÷åííûå ñîîòíîøåíèÿ (1)–(4),
âûðàçèì ðàñõîä òåïëîíîñèòåëÿ â êîíòóðå â çàâè-
ñèìîñòè îò îñíîâíûõ êîíñòðóêòèâíûõ, òåïëîôè-
çè÷åñêèõ è ðåæèìíûõ ïàðàìåòðîâ, õàðàêòåðèçó-
þùèõ ðàáîòó ñîëíå÷íîãî êîëëåêòîðà â ðåæèìå
åñòåñòâåííîé öèðêóëÿöèè òåïëîíîñèòåëÿ:

 

1
2 3тр7 экв к

p

2
0,36 10  л/ч,

exp

n n
t

t t

f d gH F qG
C c

− −   β η
= ⋅   ν ρ   

 
(5)

ãäå C è n — ïàðàìåòðû êîýôôèöèåíòà ãèäðàâëè-
÷åñêîãî ñîïðîòèâëåíèÿ èç ôîðìóëû (2); fòð è
dýêâ — ñóììàðíàÿ ïëîùàäü ñå÷åíèÿ êàíàëîâ êîë-
ëåêòîðà è èõ ýêâèâàëåíòíûé äèàìåòð; tν  — êè-

íåìàòè÷åñêàÿ âÿçêîñòü òåïëîíîñèòåëÿ. Âñå âå-
ëè÷èíû â ôîðìóëå (5) äàíû â ÑÈ, à ìíîæèòåëü
ïåðåä ñêîáêîé ñëóæèò äëÿ ïåðåâîäà ðàñõîäà òåï-
ëîíîñèòåëÿ èç ì3/ñ â ë/÷.

Äëÿ ïðîâåäåíèÿ ðàñ÷åòîâ ïî ôîðìóëå (5)
íåîáõîäèìî èìåòü çàâèñèìîñòü ãèäðàâëè÷åñêîãî
ñîïðîòèâëåíèÿ êîëëåêòîðà â âèäå ñîîòíîøåíèÿ
(2), à òàêæå çíà÷åíèÿ èíòåíñèâíîñòè ñîëíå÷íî-
ãî èçëó÷åíèÿ è ÊÏÄ êîëëåêòîðà â òå÷åíèå ñâå-
òîâîãî äíÿ.

Ñîëíå÷íûå êîëëåêòîðû, èçãîòàâëèâàåìûå â
Ðîññèè è çà ðóáåæîì, îòëè÷àþòñÿ áîëüøèì ðàç-
íîîáðàçèåì êîíñòðóêöèé, òåõíîëîãèÿìè èçãîòîâ-
ëåíèÿ òåïëîâîñïðèíèìàþùèõ ïàíåëåé, èñïîëü-
çóåìûìè ìàòåðèàëàìè. Â êà÷åñòâå èñïûòóåìîãî
îáðàçöà èñïîëüçîâàëñÿ êîëëåêòîð ïðîèçâîäñòâà
ÎÀÎ «Êàìåíñê-Óðàëüñêèé ìåòàëëóðãè÷åñêèé çà-
âîä» (ÊÓÌÇ). Ïîãëîùàþùàÿ ïàíåëü ñîëíå÷íîãî
êîëëåêòîðà èçãîòîâëåíà èç êîððîçèîííîñòîéêîãî
àëþìèíèåâîãî ñïëàâà ìåòîäîì äèôôóçèîííî-ïðî-
êàòíîé ñâàðêè äâóõ ëèñòîâ òîëùèíîé 2,5 ìì ñ
ïîñëåäóþùèì ðàçäóòèåì êàíàëîâ. Ãàáàðèòíàÿ
ïëîùàäü ñîñòàâëÿåò 1,62 ì2, ñóììàðíîå ñå÷åíèå
êàíàëîâ îâàëüíîãî ïðîôèëÿ (10 × 30 ìì) äëÿ ïðî-
õîäà òåïëîíîñèòåëÿ ðàâíî 0,002 ì2. Êîëëåêòîð
èìååò îäèíàðíîå îñòåêëåíèå.

Ãèäðàâëè÷åñêèå èñïûòàíèÿ, ïðîâåäåííûå íà
ñïåöèàëüíîì ñòåíäå, ïîçâîëèëè ïîëó÷èòü çàâè-
ñèìîñòü äëÿ êîýôôèöèåíòà ãèäðàâëè÷åñêîãî ñî-
ïðîòèâëåíèÿ â âèäå

 ln 11,99 0,94ln Reξ = −  (6)

â äèàïàçîíå ÷èñåë Re îò 24 äî 270, ïðè÷åì çà
îïðåäåëÿþùèé ðàçìåð ïðèíèìàëñÿ âíóòðåííèé
ðàçìåð êàíàëîâ ñîëíå÷íîãî êîëëåêòîðà.

À. Â. Ìàòâååâ, Â. Ì. Ïàõàëóåâ, Ñ. Å. Ùåêëåèí
Ðàáîòà ñîëíå÷íîãî êîëëåêòîðà â ðåæèìå åñòåñòâåííîé öèðêóëÿöèè òåïëîíîñèòåëÿ
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Ñîëíå÷íàÿ ýíåðãåòèêà
Íàçåìíûå ñîëíå÷íûå ñòàíöèè

Òåïëîòåõíè÷åñêèå èñïûòàíèÿ êîëëåêòîðà
ïðîâîäèëèñü â ëåòíèé ïåðèîä â ïîñ. Ðàñòóùèé
(Ñâåðäëîâñêàÿ îáëàñòü), èìåþùåì êîîðäèíàòû
56°46’39,5’’ ñåâåðíîé øèðîòû è 60°56’53,8’’
âîñòî÷íîé äîëãîòû. Îðèåíòàöèÿ òåïëîâîñïðèíèìà-
þùåé ïîâåðõíîñòè ÑÊ áûëà íà þãî-âîñòîê, óãîë
íàêëîíà ê ãîðèçîíòó ñîñòàâèë 42°, ÷òî ïî äàííûì
ðÿäà àâòîðîâ ñîîòâåòñòâóåò îïòèìàëüíîìó ïîëîæå-
íèþ. Â ïðîöåññå èñïûòàíèé îñóùåñòâëÿëîñü èçìåðå-
íèå òåìïåðàòóðû âîäû íà âõîäå è âûõîäå êîëëåêòî-
ðà, òåìïåðàòóðû îêðóæàþùåé ñðåäû, èíòåíñèâíîñ-
òè ñîëíå÷íîé ðàäèàöèè, íîðìàëüíîé ê òåïëîâîñï-
ðèíèìàþùåé ïîâåðõíîñòè, à òàêæå èçìåíåíèå ñòà-
òè÷åñêîãî äàâëåíèÿ âîäû íà âõîäå è âûõîäå èç
êîëëåêòîðà, ÷òî ïîçâîëÿëî ðàññ÷èòûâàòü ðàñõîä
öèðêóëèðóþùåãî òåïëîíîñèòåëÿ ïî èçâåñòíîé çà-
âèñèìîñòè ãèäðàâëè÷åñêîãî ñîïðîòèâëåíèÿ.

Íà ðèñ. 1 ïðèâåäåíû ýêñïåðèìåíòàëüíûå äàí-
íûå â âèäå îòíîñèòåëüíîé èíòåíñèâíîñòè ñîë-
íå÷íîé ðàäèàöèè, ïîëó÷åííûå ñ ïîìîùüþ íåñå-
ëåêòèâíîãî ðàäèîìåòðà «Àðãóñ-03», îðèåíòèðî-
âàííîãî â ïëîñêîñòè êîëëåêòîðà. Çäåñü æå
íàíåñåíû äàííûå ïî ñóììàðíîé ñîëíå÷íîé ðàäè-
àöèè íà ïîâåðõíîñòü êîëëåêòîðîâ, íàêëîíåííóþ
ïîä óãëîì 45° ê ãîðèçîíòó, çà àâãóñò è ÿíâàðü
ìåñÿöû [2]. Â êà÷åñòâå íåçàâèñèìîé ïåðåìåííîé
âûáðàíû çíà÷åíèÿ òåêóùåãî âðåìåíè ñâåòîâîãî
äíÿ τ ïî îòíîøåíèþ ê ìîìåíòó âðåìåíè τì, ñî-
îòâåòñòâóþùåìó ìàêñèìóìó ñîëíå÷íîé ðàäèàöèè
íà íàêëîííîé ïîâåðõíîñòè êîëëåêòîðà ñ ó÷åòîì
äåêðåòíîãî âðåìåíè è ëåòíåãî ñäâèãà.

Ðåçóëüòàòû èçìåðåíèé ñîëíå÷íîé ðàäèàöèè
íà íîðìàëüíóþ ïî îòíîøåíèþ ê ëó÷ó ïîâåðõ-
íîñòü è ðàññåÿííîé ðàäèàöèè, ïðåäîñòàâëåííûå
ÃÓ Ñâåðäëîâñêèé ÖÃÌÑ-Ð ñ ìåòåîñòàíöèè â
ã. Âåðõíåå Äóáðîâî (ìåñòîïîëîæåíèå 56,7° ñ. ø.,
61,1° â. ä.) è îáðàáîòàííûå ïî èçâåñòíûì ñîîò-
íîøåíèÿì [3] ñ ó÷åòîì óãëîâ ñêëîíåíèÿ, íàêëî-
íà ïîâåðõíîñòè è øèðîòû ìåñòíîñòè, òàêæå ïðè-

âåäåíû íà ðèñ. 1, ÷òî âìåñòå ñ ïðåäûäóùèìè
îïûòíûìè äàííûìè ïîçâîëèëî ïðåäëîæèòü åäè-
íóþ àïïðîêñèìèðóþùóþ çàâèñèìîñòü èçìåíåíèÿ
îòíîñèòåëüíîé èíòåíñèâíîñòè ñîëíå÷íîãî èçëó-
÷åíèÿ íà íàêëîííóþ ïîâåðõíîñòü â ëåòíèé ïå-
ðèîä â ðåæèìå ðåàëüíîãî âðåìåíè â âèäå:

 

2 2

м c м
exp 18,6 1 ,q

q T

    τ τ = − −   τ    
 (7)

ãäå qì — ìàêñèìàëüíîå çíà÷åíèå ñîëíå÷íîé ðà-
äèàöèè (ìåñòíûé ïîëäåíü), ïàäàþùåé íà íàêëîí-
íóþ ïîâåðõíîñòü êîëëåêòîðà; τ, τì — çíà÷åíèÿ
òåêóùåãî âðåìåíè è âðåìåíè, îòâå÷àþùåãî ñîë-
íå÷íîìó ïîëóäíþ; Tñ — ïðîäîëæèòåëüíîñòü ñâå-
òîâîãî äíÿ (ñîëíå÷íîãî ñèÿíèÿ) äëÿ êîíêðåòíî-
ãî ÷èñëà ëåòíåãî ìåñÿöà, îïðåäåëÿåòñÿ ïî èçâåñ-
òíûì çàâèñèìîñòÿì (íàïðèìåð, [4]).

Ôîðìóëà (7) ïîëó÷åíà äëÿ ðàñ÷åòîâ ïðîèçâî-
äèòåëüíîñòè ñîëíå÷íîãî êîëëåêòîðà è íîñèò ýì-
ïèðè÷åñêèé õàðàêòåð, ñâÿçàííûé ñ îïðåäåëåíèåì
èíòåíñèâíîñòè ñîëíå÷íîé ðàäèàöèè â ëåòíèé ïå-
ðèîä. Ïîãðåøíîñòü àïïðîêñèìàöèè ïðèâåäåííûõ
îïûòíûõ äàííûõ íå ïðåâûøàåò 12–15 %. Ñ ïî-
ìîùüþ âûðàæåíèÿ (7) ëåãêî íàõîäÿòñÿ ñóòî÷íûå
è ìåñÿ÷íûå õàðàêòåðèñòèêè ñîëíå÷íîé ðàäèàöèè,
ïîñêîëüêó â ýòîì ñëó÷àå îïðåäåëÿþòñÿ çíà÷åíèÿ
èíòåãðàëà âåðîÿòíîñòè ñ ïîìîùüþ òàáëèö.

Àíàëîãè÷íàÿ çàâèñèìîñòü ïðåäëîæåíà äëÿ
îïèñàíèÿ èçìåíåíèÿ ÊÏÄ êîëëåêòîðà, çíà÷åíèÿ
êîòîðîãî ðàññ÷èòàíû ïî óðàâíåíèþ òåïëîâîãî
áàëàíñà (3) ñ ïîìîùüþ ïðåäâàðèòåëüíî íàéäåí-
íûõ âåëè÷èí ðàñõîäà âîäû â êîëëåêòîðå ÊÓÌÇ
ïî ìåòîäèêå, îïèñàííîé â ðàáîòå [1]:

 

2

м м
exp 2,2 1,2 .

  η τ = − − η τ   
 (8)

Ñëåäóåò îòìåòèòü, ÷òî â ôîðìóëå (7) ìàêñè-
ìóì èíòåíñèâíîñòè èçëó÷åíèÿ ïðèõîäèòñÿ íà

q/qм КПД

τ/τм
Ðèñ. 1. Èçìåíåíèå îòíîñèòåëüíîé èíòåíñèâíîñòè ñîëíå÷íîãî èçëó÷åíèÿ è ÊÏÄ êîë-
ëåêòîðà â òå÷åíèå ñâåòîâîãî äíÿ: , — îïûòíûå äàííûå ïîñ. Ðàñòóùèé îò 13.07.06 ã;

— äàííûå èç ðàáîòû [2]; — äàííûå ÃÓ Ñâåðäëîâñêîãî ÖÃÌÑ-Ð îò 13.07.06 ã.
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14 ÷ ñâåòîâîãî äíÿ (τ/τì = 1), à ñîîòâåòñòâóþùèé
ìàêñèìóì ÊÏÄ ïðèìåðíî íà 16,5 ÷ (τ/τì ≈ 1,2),
÷òî ñâÿçàíî ñ àêêóìóëÿöèåé òåïëîòû êîíñòðóê-
òèâíûìè ýëåìåíòàìè óñòàíîâêè è âëèÿíèåì âòî-
ðè÷íîãî èçëó÷åíèÿ îêðóæàþùåé ñðåäû íà ïî-
âåðõíîñòü êîëëåêòîðà.

Äëÿ èëëþñòðàöèè ïðèìåíåíèÿ ïðåäëîæåí-
íîé ìîäåëè ðàáîòû ñîëíå÷íîãî êîëëåêòîðà â
óñëîâèÿõ åñòåñòâåííîé öèðêóëÿöèè òåïëîíîñè-
òåëÿ íà ðèñ. 2 ïðèâåäåíà ðàñ÷åòíàÿ çàâèñèìîñòü
ðàñõîäà âîäû â êîëëåêòîðå ÊÓÌÇ äëÿ óñëîâèé
ìàêñèìóìà èíòåíñèâíîñòè ñîëíå÷íîãî èçëó÷åíèÿ
îò 250 äî 1000 Âò/ì2 è ñîîòâåòñòâóþùåãî ÊÏÄ,
ðàâíîãî ηì = 0,58. Òåïëîôèçè÷åñêèå ïàðàìåòðû
âîäû âûáèðàëèñü ïðè t = 40 °Ñ, à ñîîòâåòñòâóþ-
ùèå ïîñòîÿííûå êîýôôèöèåíòà ãèäðàâëè÷åñêî-
ãî ñîïðîòèâëåíèÿ ñîñòàâëÿëè C = 11,99 è n = 0,94.
Âûðàæåíèå äëÿ ðàñõîäà âîäû â êîíòóðå öèðêó-
ëÿöèè ïðèíèìàëî âèä:

 ( )0,485
м м м1,29  л/ч.G q η= ⋅  (9)

Èñïîëüçóÿ ïîíÿòèå èíòåãðàëà âåðîÿòíîñòè:

  
2* 0,51Ф ( )

2π

t
tt e dt−

−∞

= ∫ ,  (10)

íåòðóäíî ïîëó÷èòü âûðàæåíèå äëÿ ýíåðãåòè÷åñ-
êèõ ïàðàìåòðîâ ÑÊ çà âåñü ïåðèîä åãî ðàáîòû â
òå÷åíèå ñóòîê. Äëÿ ýòîãî äîñòàòî÷íî âûáðàòü
ïðåäåëû èíòåãðèðîâàíèÿ t/tì îò 0,5 äî 1,5,
÷òî ñîîòâåòñòâóåò ýôôåêòèâíîé ðàáîòå ÑÊ ïðè
q/qì ≥ 0,05. Çíà÷åíèå èíòåíñèâíîñòè ñîëíå÷íîé
ðàäèàöèè çà ýòîò ïåðèîä (ñâåòîâîé äåíü), ïàäà-
þùåé íà ïîâåðõíîñòü êîëëåêòîðà, èìååò âèä:

  
день
приход

π0,987
18,6м сQ q Т= ⋅ ⋅ ,  (12)

à ñîîòâåòñòâóþùàÿ òåïëîâàÿ ïðîèçâîäèòåëü-
íîñòü —

  
день

м м к сСК
π0,903 η

18,6
Q q F Т= ⋅ .  (13)

Ïðåäëîæåííàÿ ôèçè÷åñêàÿ ìîäåëü, îïèñû-
âàþùàÿ ðàáîòó ñîëíå÷íîãî êîëëåêòîðà â ðåæè-
ìå åñòåñòâåííîé öèðêóëÿöèè òåïëîíîñèòåëÿ,

áûëà ïðîâåðåíà â íàòóðíûõ óñëîâèÿõ è ïîêàçà-
ëà äîñòàòî÷íî õîðîøåå ñîîòâåòñòâèå ñ ðåçóëüòà-
òàìè ëàáîðàòîðíûõ ýêñïåðèìåíòîâ è ðåçóëüòà-
òàìè, ïîëó÷åííûìè äðóãèìè èññëåäîâàòåëÿìè. Íà-
ïðèìåð, â ðàáîòå [2] è äðóãèõ ðàáîòàõ ýòèõ àâòîðîâ
ïðèâîäÿòñÿ çíà÷åíèÿ ÊÏÄ âîäîíàãðåâàòåëüíîé óñ-
òàíîâêè ñ ïîñëåäîâàòåëüíî-ïàðàëëåëüíûì âêëþ-
÷åíèåì êîëëåêòîðîâ, ìåíÿþùèåñÿ îò 10 äî 45 %
ñ ìàêñèìóìîì, ïðèõîäÿùèìñÿ íà τ/τì ≈ 1,2. Îá-
ùèé âèä çàâèñèìîñòè ÊÏÄ àíàëîãè÷åí êðèâîé,
ïðèâåäåííîé íà ðèñ. 1, ÷òî ïîäòâåðæäàåò àäåêâàò-
íîñòü ïðåäëîæåííîé ìîäåëè ðåàëüíîìó ïðîöåññó
öèðêóëÿöèè. Ïîýòîìó ðàçðàáîòàííàÿ ìîäåëü ìî-
æåò áûòü èñïîëüçîâàíà äëÿ îöåíêè ýôôåêòèâíîñ-
òè ñîëíå÷íûõ êîëëåêòîðîâ ïîäîáíîé êîíñòðóêöèè,
à òàêæå äðóãèõ êîíñòðóêöèé ïðè ïðîâåäåíèè ðÿäà
ñîîòâåòñòâóþùèõ èñïûòàíèé äëÿ ðàçëè÷íûõ ïðè-
ðîäíî-êëèìàòè÷åñêèõ óñëîâèé.
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G/Gм

τ/τм

qм Gм, л/ч

Ðèñ. 2. Ðàñ÷åòíûå çíà÷åíèÿ èçìåíåíèÿ ðàñõîäà âîäû â êîëëåêòîðå ÊÓÌÇ: à —
îòíîñèòåëüíîå èçìåíåíèå ðàñõîäà âîäû â òå÷åíèå ñâåòîâîãî äíÿ;
á — ìàêñèìàëüíûé ðàñõîä âîäû, ïðèõîäÿùèéñÿ íà τ/τ

ì
= 1 (14 ÷ ïîñëå ïîëóäíÿ)

а

б
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Êëèìîâñêèé
Àíäðåé Áîðèñîâè÷

It is possible and expedient to solve the problem of preservation of national carbonic raw materials
and fuel store and decrease of its share in the total balance of electrical energy production owing to
development of use of renewable sources of energy for electrical and heat energy production. Small
hydro-power engineering is one of the most independent of external conditions (the Sun, wind, climatic
and geographic peculiarities) kind of renewable sources of energy among all kinds of renewable sources
of energy used in untraditional power engineering.

In towns situated on high banks of rivers the water of town sewage purification works is discharged
after purification to the river by pipes, as a rule, by gravity, from a height of 20-80 metres. At that
before discharge potential energy of water is transformed into kinetic energy which is able to do work.
If a turbine of a small hydroelectric power station is installed on the bank of the river, purified sewage
will produce electrical energy.

This very idea was realized in Ulyanovsk at the sewage purification works of the municipal unitary
enterprise “Ulyanovsk water-channel” situated on the high right bank of the river Volga. The innovation
project is realized by Ulyanovsk Region Technopark. The built module of the small hydroelectric power
station with the power 1.2 megawatts working on sewage of the town purification works with the
height of discharge 65 metres and the average daily flow 80 cubic metres per hour will permit to
generate 9.6 million K.W.H. of electrical energy per year. It will cover more than half of own needs of
the sewage purification works of the municipal unitary enterprise “Ulyanovsk water-channel”.



International Scientific Journal for Alternative Energy and Ecology ISJAEE ¹ 4(48) (2007)
Ìåæäóíàðîäíûé íàó÷íûé æóðíàë «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» ÀÝÝ ¹ 4(48) (2007) 151

©
 
2
0
0
7 

Sc
ie
n
tif
ic
 
T
ec
h
n
ic
a
l 
C
en
tr
e 

«
T
A
T
A
»

©
 
2
0
0
7 

Í
à
ó÷
í
î
-ò
å
õí
è
÷å
ñê
è
é
 
ö
å
í
òð
 
«
T
A
T
A
»

Îäíîé èç îñíîâíûõ ïðîáëåì ñîâðåìåííîãî
ñîñòîÿíèÿ ýíåðãåòè÷åñêèõ ñèñòåì Ðîññèè ÿâëÿåò-
ñÿ ïðîáëåìà ýíåðãîäåôèöèòà. Ýòî îáóñëîâëåíî
òåìè òåíäåíöèÿìè, êîòîðûå ñòàëè ôîðìèðîâàòü-
ñÿ â ýíåðãåòè÷åñêîì ñåêòîðå ýêîíîìèêè Ðîññèè.
Èñõîäÿ èç îöåíêè òåêóùåãî ñîñòîÿíèÿ òîïëèâ-
íî-ýíåðãåòè÷åñêîãî êîìïëåêñà è äèíàìèêè ìèðî-
âûõ öåí íà óãëåðîäíûå ýíåðãîíîñèòåëè, ìîæíî
ãîâîðèòü î çàäà÷å ñîõðàíåíèÿ ïîòåíöèàëà íàöèî-
íàëüíûõ çàïàñîâ óãëåðîäíîãî ñûðüÿ è òîïëèâà è
ñíèæåíèÿ èõ äîëè â îáùåì áàëàíñå âûðàáîòêè
ýëåêòðè÷åñêîé ýíåðãèè êàê ïðèîðèòåòíîé. Ðåøàòü
ýòó çàäà÷ó âîçìîæíî è öåëåñîîáðàçíî íå òîëüêî
çà ñ÷åò ïîâûøåíèÿ ýôôåêòèâíîñòè ïðîèçâîäñòâåí-
íîé äåÿòåëüíîñòè â ýíåðãåòèêå, ìåðîïðèÿòèé ïî
ýíåðãîñáåðåæåíèþ â ïðîìûøëåííîñòè, íî è çà
ñ÷åò èñïîëüçîâàíèÿ âîçîáíîâëÿåìûõ èñòî÷íèêîâ
ýíåðãèè (ÂÈÝ) äëÿ öåëåé ïðîèçâîäñòâà ýëåêòðè-
÷åñêîé è òåïëîâîé ýíåðãèè.

Íåîáõîäèìîñòü ðàñøèðåíèÿ ïðîèçâîäñòâà
ýíåðãèè íà îñíîâå ÂÈÝ îáóñëàâëèâàåòñÿ òàêæå
çàäà÷åé óëó÷øåíèÿ ýêîëîãèè âûðàáîòêè è ïî-
òðåáëåíèÿ ýíåðãèè è îáÿçàòåëüñòâàìè Ðîññèé-
ñêîé Ôåäåðàöèè ïî ñíèæåíèþ âûáðîñîâ ïàðíè-
êîâûõ ãàçîâ â ñâÿçè ñî âñòóïèâøèì â ñèëó
Êèîòñêèì ïðîòîêîëîì è èíûìè ìåæäóíàðîäíû-
ìè äîãîâîðàìè. Ïî ðåçóëüòàòàì àíàëèçà ðàçëè÷-
íûõ ñöåíàðèåâ ðàçâèòèÿ ìèðîâîé ýêîíîìèêè è
ðîñòà ýíåðãîïîòðåáëåíèÿ, ïðîâåäåííûì Ìåæäó-
íàðîäíûì ýíåðãåòè÷åñêèì àãåíòñòâîì ÎÝÑÐ, ïî-
ëó÷àåòñÿ, ÷òî ïðè ñîõðàíåíèè ñëîæèâøåéñÿ
ñòðóêòóðû è òåìïîâ ðîñòà ýíåðãîïîòðåáëåíèÿ ê
2050 ã. îáúåì âûáðîñîâ ÑÎ2 óâåëè÷èòñÿ íà
137 % — ñ 24,5 äî 58 ãèãàòîíí â ãîä.

Íèçêàÿ ñòåïåíü èñïîëüçîâàíèÿ ÂÈÝ âûäå-
ëåíà â êà÷åñòâå îäíîé èç îñíîâíûõ ïðîáëåì ÒÝÊ
â óòâåðæäåííîé Ðàñïîðÿæåíèåì Ïðàâèòåëüñòâà
ÐÔ îò 28 àâãóñòà 2003 ã. ¹ 1234-ð «Ýíåðãåòè-
÷åñêîé ñòðàòåãèè Ðîññèè äî 2020 ãîäà». Òàêæå
â óêàçàííîì äîêóìåíòå îòìå÷àåòñÿ, ÷òî îäíèì
èç îñíîâíûõ ðåçóëüòàòîâ ðåàëèçàöèè ãîñóäàð-
ñòâåííîé ýíåðãåòè÷åñêîé ïîëèòèêè äîëæíî ñòàòü
ñîçäàíèå áàçû äëÿ ñóùåñòâåííîãî óâåëè÷åíèÿ â
äàëüíåéøåì äîëè âîçîáíîâëÿåìûõ èñòî÷íèêîâ
ýíåðãèè è ïåðåõîäà ê ýíåðãåòèêå áóäóùåãî, ïðè
ýòîì ê 2020 ãîäó ñòàâèòñÿ çàäà÷à ïîëó÷åíèÿ 20 %
ýíåðãèè ñ èñïîëüçîâàíèåì ÂÈÝ.

Óâåëè÷èòü äîëþ ÂÈÝ â îáùåì îáúåìå ãåíå-
ðàöèè ìîæíî òîëüêî çà ñ÷åò ðàñøèðåíèÿ ââîäà
â ñòðîé ìîùíîñòåé ãåíåðàöèè íà îñíîâå ÂÈÝ
ïðîìûøëåííîãî ìàñøòàáà. Èìåííî òàê è îáåñ-
ïå÷èâàþòñÿ óñêîðåííûå òåìïû ðàçâèòèÿ âîçîá-
íîâëÿåìîé ýíåðãåòèêè â ïåðåäîâûõ â ýòîì îòíî-

øåíèè ñòðàíàõ. Â òî æå âðåìÿ èñòî÷íèêè ãåíå-
ðàöèè íà îñíîâå ÂÈÝ ìîãóò è äîëæíû ñûãðàòü
âàæíóþ ðîëü â «îçäîðîâëåíèè» àâòîíîìíîãî ïðî-
èçâîäñòâà ýíåðãèè è ñíèæåíèè çàòðàò íà íåãî.

Ê âîçîáíîâëÿåìûì èñòî÷íèêàì ýíåðãèè îò-
íîñÿòñÿ:

– ýíåðãèÿ ñîëíöà;
– ýíåðãèÿ âåòðà;
– ýíåðãèÿ âîäíûõ ïîòîêîâ, â òîì ÷èñëå ïðî-

ìûøëåííûõ è áûòîâûõ ïîòîêîâ è ñòîêîâ, çà
èñêëþ÷åíèåì ñëó÷àåâ èñïîëüçîâàíèÿ åå íà ãèä-
ðîàêêóìóëèðóþùèõ ýëåêòðîýíåðãåòè÷åñêèõ ñòàí-
öèÿõ ñ èñïîëüçîâàíèåì íàñîñîâ äëÿ çàïîëíåíèÿ;

– ýíåðãèÿ ìîðñêèõ ïðèëèâîâ;
– âîëíîâàÿ ýíåðãèÿ âîäîåìîâ, ðåê, ìîðåé è

îêåàíîâ;
– ñðåäíå- è âûñîêîïîòåíöèàëüíàÿ ãåîòåð-

ìàëüíàÿ ýíåðãèÿ;
– íèçêîïîòåíöèàëüíàÿ òåïëîâàÿ ýíåðãèÿ çåì-

ëè, âîçäóõà è âîäû.
– áèîìàññà, âêëþ÷àþùàÿ ñïåöèàëüíî âûðà-

ùèâàåìûå äëÿ öåëåé ïîëó÷åíèÿ ýíåðãèè ðàñòå-
íèÿ è äåðåâüÿ, à òàêæå îòõîäû ïðîìûøëåííîãî
ïðîèçâîäñòâà è áûòîâûå îòõîäû, çà èñêëþ÷åíè-
åì îòõîäîâ, ïîëó÷àåìûõ â ïðîöåññå èñïîëüçîâà-
íèÿ óãëåâîäîðîäíîãî ñûðüÿ è òîïëèâà;

– áèîãàç, ñâàëî÷íûé è øàõòíûé ãàç.
Ñðåäè âñåõ âèäîâ âîçîáíîâëÿåìûõ èñòî÷íè-

êîâ ýíåðãèè, èñïîëüçóåìûõ â íåòðàäèöèîííîé
ýíåðãåòèêå, îäíîé èç íàèáîëåå íåçàâèñèìûõ îò
âíåøíèõ óñëîâèé (ñîëíöà, âåòðà, êëèìàòè÷åñ-
êèõ è ãåîãðàôè÷åñêèõ îñîáåííîñòåé) ÿâëÿåòñÿ
ìàëàÿ ãèäðîýíåðãåòèêà.

Ê ìàëûì ãèäðîýëåêòðîñòàíöèÿì îòíîñÿòñÿ
ñòàíöèè óñòàíîâëåííîé ìîùíîñòüþ îò 200 êÂò
äî 10 ÌÂò. Ìàëàÿ ãèäðîýíåðãåòèêà çà ïîñëåäíèå
äåñÿòèëåòèÿ çàíÿëà óñòîé÷èâîå ïîëîæåíèå â
ýëåêòðîýíåðãåòèêå ìíîãèõ ñòðàí ìèðà. Ëèäèðó-
þùàÿ ðîëü â ðàçâèòèè ìàëîé ãèäðîýíåðãåòèêè

Ðèñ. 1. Ïóñê ìàëîé ÃÝÑ íà ñòî÷íûõ âîäàõ ãîðîäñêèõ
î÷èñòíûõ ñîîðóæåíèé â ã. Óëüÿíîâñêå

The peculiarity of functioning of the module of the small hydroelectric power station installed on
the discharge of the header of the town sewage purification works consists in using the automatic
control system, created in joint-stock company “UKBP”. It will permit to ensure reliable functioning of
the vitally important object of the town economy without constant presence of maintenance staff,
possibility of remote control.

The experience of the Ulyanovsk region shows that development of such small hydroelectric power
stations in Russia will in principle permit to solve energy and social problems — to accelerate creation of
autonomous sources of energy in distant regions (separate load, non-attended system), will raise appeal
of investments into small hydro-power engineering considerably (the price is two times less than the
price of foreign analogues) and serve the growth of new facilities being constructed (owing to broadening
of the territory being covered).

Â. À. Ìèøèí, À. Á. Êëèìîâñêèé
Ýíåðãîîáåñïå÷åíèå î÷èñòíûõ ñîîðóæåíèé ñ èñïîëüçîâàíèåì âîçîáíîâëÿåìûõ èñòî÷íèêîâ ýíåðãèè
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Ìàëûå è ìèêðîãèäðîýëåêòðîñòàíöèè

Ðèñ. 2. Ïëàí êîìïîíîâêè ìîäóëÿ ìàëîé ÃÝÑ

ïðèíàäëåæèò ÊÍÐ, ãäå ñóììàðíàÿ óñòàíîâëåí-
íàÿ ìîùíîñòü ìàëûõ ÃÝÑ ïðåâûøàåò 13 ìëí. êÂò.
Ïðåäïîëàãàåòñÿ, ÷òî ê 2010 ãîäó ìîùíîñòü âñåõ
ìàëûõ ÃÝÑ â Êèòàå äîñòèãíåò 35 ìëí. êÂò, à ê
2020 ãîäó âîçðàñòåò äî 50–55 ìëí. êÂò.

Èíòåðåñ â Ðîññèè ê ñòðîèòåëüñòâó ìàëûõ ÃÝÑ,
íà÷èíàÿ ñ 2000 ãîäà, òàêæå íåïðåðûâíî ðàñòåò.
Ïðè ñðàâíèòåëüíî íèçêîé ñòîèìîñòè óñòàíîâëåí-
íîãî êèëîâàòòà (â 5–7 ðàç, ïî ñðàâíåíèþ ñ áîëü-
øèìè ÃÝÑ) è êîðîòêîì ñðîêå îêóïàåìîñòè (4–
5 ëåò) ìàëûå ÃÝÑ ñòàíîâÿòñÿ ïðèâëåêàòåëüíûìè
äëÿ âíåøíèõ èíâåñòîðîâ. Ïðîãíîçèðóåìûé ðîñò
ïîòðåáíîñòè îòå÷åñòâåííûõ ïðîèçâîäèòåëåé ýëåê-
òðè÷åñêîé ýíåðãèè â íîâûõ ìîùíîñòÿõ, ãåíåðè-
ðóåìûõ ìàëûìè ÃÝÑ, â áëèæàéøèå 10–15 ëåò
ñîñòàâèò îêîëî 7 % â ãîä.

Òðàäèöèîííî ìàëûå ÃÝÑ âîçâîäÿòñÿ íà íå-
áîëüøèõ áûñòðûõ ðå÷êàõ è òðåáóþò äëÿ ñâîåãî
ôóíêöèîíèðîâàíèÿ íàëè÷èÿ îïðåäåëåííîãî ïåðå-
ïàäà âûñîò, ÷òî îáóñëàâëèâàåò èõ ïðèìåíåíèå
ïðåèìóùåñòâåííî â ãîðíîé ìåñòíîñòè. Â òî æå
âðåìÿ â ñòîðîíå îò ðàññìîòðåíèÿ îñòàåòñÿ îãðîì-
íàÿ íåçàíÿòàÿ íèøà èñïîëüçîâàíèÿ ìàëûõ ÃÝÑ.

Èç ôèçèêè èçâåñòíî, ÷òî áåðåãà âñåõ ðåê
àñèììåòðè÷íû. Â ñåâåðíîì ïîëóøàðèè ðåêè, òå-
êóùèå íà þã, èìåþò áîëåå âûñîêèé è êðóòîé
ïðàâûé áåðåã è áîëåå íèçêèé è ïîëîãèé ëåâûé
áåðåã. Ðåêè, òåêóùèå íà ñåâåð, äàþò îáðàòíóþ
êàðòèíó: áîëåå âûñîêèé è êðóòîé ëåâûé áåðåã è
áîëåå íèçêèé è ïîëîãèé ïðàâûé áåðåã. Ñîîòâåò-
ñòâåííî, äëÿ ðåê þæíîãî ïîëóøàðèÿ ñèòóàöèÿ
ïðîòèâîïîëîæíàÿ. Òàêèì îáðàçîì, âñëåäñòâèå
âðàùåíèÿ Çåìëè îäèí èç áåðåãîâ ðåê âñåãäà âû-
ñîêèé. Â ãîðîäàõ, ðàñïîëîæåííûõ íà âûñîêîì
áåðåãó, âîäà ãîðîäñêèõ î÷èñòíûõ ñîîðóæåíèé
êàíàëèçàöèè ïîñëå åå î÷èñòêè ñáðàñûâàåòñÿ â
ðåêó, êàê ïðàâèëî, ñàìîòåêîì ïî òðóáàì ñ âûñî-
òû 20–80 ì. Ïðè ýòîì ïîòåíöèàëüíàÿ ýíåðãèÿ

âîäû ïåðåä ñáðîñîì ïðåâðàùàåòñÿ â êèíåòè÷åñ-
êóþ ýíåðãèþ, ñïîñîáíóþ ñîâåðøàòü ðàáîòó, è åñëè
íà áåðåãó ðåêè óñòàíîâèòü òóðáèíó ìàëîé ÃÝÑ,
òî î÷èùåííûå ñòî÷íûå âîäû áóäóò ïðîèçâîäèòü
ýëåêòðîýíåðãèþ.

Èìåííî ýòà èäåÿ áûëà ðåàëèçîâàíà â ã. Óëü-
ÿíîâñêå íà î÷èñòíûõ ñîîðóæåíèÿõ êàíàëèçàöèè
ìóíèöèïàëüíîãî óíèòàðíîãî ïðåäïðèÿòèÿ «Óëü-
ÿíîâñêâîäîêàíàë», ðàñïîëîæåííûõ íà âûñîêîì
ïðàâîì áåðåãó ð. Âîëãà (ðèñ. 1). Èííîâàöèîííûé
ïðîåêò ðåàëèçîâàí Óëüÿíîâñêèì îáëàñòíûì òåõ-
íîïàðêîì, ÌÓÏ «Óëüÿíîâñêâîäîêàíàë», ÎÀÎ
«Óëüÿíîâñêîå êîíñòðóêòîðñêîå áþðî ïðèáîðîñò-
ðîåíèÿ» è ÎÀÎ «Äàãåñòàíñêàÿ ðåãèîíàëüíàÿ ãå-
íåðèðóþùàÿ êîìïàíèÿ».

Ðèñ. 3. Çäàíèå ñòàíöèîííîãî óçëà è ãèäðîàãðåãàòû ñ òóð-
áèíîé òèïà ÐÎ 230/791-Ã-50
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Ïîñòðîåííûé ìîäóëü ìàëîé ÃÝÑ (ðèñ. 2) ìîù-
íîñòüþ 1,2 ÌÂò íà ñòî÷íûõ âîäàõ ãîðîäñêèõ
î÷èñòíûõ ñîîðóæåíèé ñ âûñîòîé ñáðîñà 65 ì è
ñðåäíåñóòî÷íûì ðàñõîäîì 8000 ì3/÷ ïîçâîëèò ïî-
ëó÷èòü 9,6 ìëí. êÂò⋅÷/ãîä ýëåêòðîýíåðãèè, ÷òî
ïîêðîåò áîëåå ïîëîâèíû ñîáñòâåííûõ íóæä î÷èñò-
íûõ ñîîðóæåíèé ÌÓÏ «Óëüÿíîâñêâîäîêàíàë».

Îñíîâíûå óçëû ìîäóëÿ (ãèäðîòóðáèíà, ãåíå-
ðàòîð, ñèñòåìà óïðàâëåíèÿ, ñèñòåìà âîçáóæäå-
íèÿ è ò.ï.) ïðîøëè ïîëíóþ ïðîâåðêó è íàëàäêó
íà ïðåäïðèÿòèè-èçãîòîâèòåëå è áûëè ïîñòàâëå-
íû â ñîáðàííîì âèäå, ÷òî ïîçâîëèëî ñîêðàòèòü
âðåìÿ ìîíòàæíûõ è ïóñêî-íàëàäî÷íûõ ðàáîò.
Ñòðîèòåëüñòâî ìàëîé ÃÝÑ îò «ïåðâîãî êîëûø-
êà» äî ïðîáíîãî ïóñêà çàíÿëî âñåãî 3 ìåñÿöà.
Îáîðóäîâàíèå ìîäóëÿ óñòàíîâëåíî íà íåñóùåé
ðàìå, ñòåíû è êðûøà ìîäóëÿ âûïîëíåíû èç ñáîð-
íûõ ñýíäâè÷-ïàíåëåé (ðèñ. 3). Ìîäóëü ìàëîé ÃÝÑ
óñòàíîâëåí íà ôóíäàìåíòå. Ñèñòåìà àâòîìàòè-
÷åñêîãî óïðàâëåíèÿ (ÑÀÓ) îáåñïå÷èâàåò óïðàâ-
ëåíèå ãèäðîàãðåãàòîì, âñïîìîãàòåëüíûì îáîðó-
äîâàíèåì è ðàöèîíàëüíîå óïðàâëåíèå çàòâîðà-
ìè äëÿ ïåðåðàñïðåäåëåíèÿ ïîòîêà âîäû ìåæäó
òóðáèííûì âîäîâîäîì è âîäîâîäîì êîëëåêòîðà
î÷èñòíûõ ñîîðóæåíèé ñ öåëüþ îáåñïå÷åíèÿ íà-
äåæíîñòè ôóíêöèîíèðîâàíèÿ ñàìîãî êîëëåêòî-
ðà, ïîëó÷åíèÿ ìàêñèìàëüíîé âûðàáàòûâàåìîé
ìîùíîñòè è îáåñïå÷åíèÿ ãàðàíòèé ðåãóëèðîâà-
íèÿ ãèäðîàãðåãàòà.

Îñîáåííîñòü ôóíêöèîíèðîâàíèÿ ìîäóëÿ ìà-
ëîé ÃÝÑ, óñòàíîâëåííîãî íà âûïóñêå êîëëåêòîðà
ãîðîäñêèõ î÷èñòíûõ ñîîðóæåíèé, çàêëþ÷àåòñÿ â
îáåñïå÷åíèè ñîçäàííîé â ÎÀÎ «ÓÊÁÏ» ñèñòåìîé
àâòîìàòè÷åñêîãî óïðàâëåíèÿ, ñèíõðîííîãî âçàè-
ìîäåéñòâèÿ îñíîâíîãî è òóðáèííîãî çàòâîðîâ ïðè
îòêðûòèè è çàêðûòèè íàïðàâëÿþùåãî àïïàðàòà
íà âñåõ ýòàïàõ ôóíêöèîíèðîâàíèÿ ãèäðîàãðåãàòà
ìàëîé ÃÝÑ, ÷òî ïîçâîëèò îáåñïå÷èòü íàäåæíîå
ôóíêöèîíèðîâàíèå æèçíåííî âàæíîãî îáúåêòà
ãîðîäñêîãî õîçÿéñòâà. Ïðèìåíåíèå æå â ñèñòåìå
óïðàâëåíèÿ â êà÷åñòâå ñåðâîïðèâîäà íàïðàâëÿþ-
ùåãî àïïàðàòà ãèäðîòóðáèíû ýëåêòðîïðèâîäà ïî-
çâîëèëî èñêëþ÷èòü òðàäèöèîííûå äëÿ ýòèõ öå-
ëåé ìàñëîíàïîðíûå ñòàíöèè è, ñîîòâåòñòâåííî,
èñêëþ÷èòü ñâÿçàííûå ñ èõ ýêñïëóàòàöèåé âîç-

Ðèñ. 4. Ñòîéêè ñèñòåìû àâòîìàòè÷åñêîãî óïðàâëåíèÿ
ÑÓÃ-1Ì

ìîæíûå çàãðÿçíåíèÿ îêðóæàþùåé ñðåäû è ñîîò-
âåòñòâóþùåå óäîðîæàíèå ïðè îáñëóæèâàíèè.

Óñòàíîâëåííàÿ íà ìàëîé ÃÝÑ ñèñòåìà àâòî-
ìàòè÷åñêîãî óïðàâëåíèÿ îáåñïå÷èâàåò íàäåæíîå
ôóíêöèîíèðîâàíèå ãèäðîàãðåãàòà áåç ïîñòîÿííî-
ãî ïðèñóòñòâèÿ îáñëóæèâàþùåãî ïåðñîíàëà, âîç-
ìîæíîñòü äèñòàíöèîííîãî êîíòðîëÿ è óïðàâëå-
íèÿ. Ïðè âîçíèêíîâåíèè àâàðèéíîé ñèòóàöèè
ÑÀÓ îáåñïå÷èâàåò îñòàíîâêó ãèäðîàãðåãàòà è âû-
äàåò ñèãíàë íà ïóëüò äèñïåò÷åðà. Ñèñòåìà óïðàâ-
ëåíèÿ äîïóñêàåò óïðàâëåíèå íåñêîëüêèìè ìàëû-
ìè ÃÝÑ, ðàñïîëîæåííûìè â ðàäèóñå 20–30 êì
öåíòðàëèçîâàííî îò äèñïåò÷åðñêîãî ïóëüòà. Âñÿ
îñíîâíàÿ èíôîðìàöèÿ î òåêóùåì ñîñòîÿíèè ãèä-
ðîàãðåãàòîâ áóäåò òàêæå ñîáèðàòüñÿ íà ñåðâåðå
ñáîðà äàííûõ äèñïåò÷åðà. Ýòî ïîçâîëèò ñóùå-
ñòâåííî ñîêðàòèòü çàòðàòû íà ýêñïëóàòàöèþ ìî-
äóëÿ è ïîâûñèòü åãî ðåíòàáåëüíîñòü, ó÷èòûâàÿ
íåçíà÷èòåëüíóþ ìîùíîñòü ìàëîé ÃÝÑ. Ýêðàííàÿ
èíäèêàöèÿ âñåõ ýëåìåíòîâ ãèäðîýëåêòðîñòàíöèè
îáåñïå÷èâàåò ïîëíóþ èíôîðìàöèþ îá èõ ñîñòîÿ-
íèè ïðè ðàáîòå ãèäðîàãðåãàòà, à èìåííî: î ñîñòî-
ÿíèè ðåãóëÿòîðà ãèäðîòóðáèíû, ïðèâîäà, ãåíåðà-
òîðà, îñíîâíîãî è òóðáèííîãî çàòâîðîâ. Ñåíñîð-
íîå óïðàâëåíèå ýêðàííûì èíäèêàòîðîì ïîçâîëÿåò
îïåðàòèâíî èçìåíÿòü òåêóùèå íàñòðîéêè è ðå-
æèìû ðàáîòû ñèñòåìû óïðàâëåíèÿ ãèäðîàãðåãà-
òîì. Â ýêñïëóàòèðóåìîé ñèñòåìå óïðàâëåíèÿ èñ-
ïîëüçîâàíû ïàòåíòû íà ïîëåçíóþ ìîäåëü ¹ 51680
«Ðåãóëÿòîð ÷àñòîòû âðàùåíèÿ ãèäðîòóðáèíû» è
íà èçîáðåòåíèå ¹ 2292483 «Óñòðîéñòâî êîíòðî-
ëÿ ñêîðîñòè äëÿ ðåãóëÿòîðà ñêîðîñòè ãèäðîòóð-
áèíû» (ïàòåíòîîáëàäàòåëü — ÎÀÎ «ÓÊÁÏ»).

Èìåþùèéñÿ ê íàñòîÿùåìó ìîìåíòó îïûò
ðàçðàáîòêè, ïðîèçâîäñòâà è âíåäðåíèÿ îáîðóäî-
âàíèÿ ñèñòåì óïðàâëåíèÿ, ñèãíàëèçàöèè è òåðìî-
êîíòðîëÿ ãèäðîàãðåãàòîâ ïîçâîëèë ìèíèìèçè-
ðîâàòü òåõíè÷åñêèå ðèñêè è îáåñïå÷èòü ðåøåíèå
âñåõ íàó÷íî-òåõíè÷åñêèõ ïðîáëåì. Ñîçäàííàÿ ÎÀÎ
«ÓÊÁÏ» ÑÀÓ çíà÷èòåëüíî ïðåâîñõîäèò ïî ñâîèì
ôóíêöèîíàëüíûì ïîêàçàòåëÿì îòå÷åñòâåííûé
àíàëîã, ïðåäëàãàåìûé ÎÎÎ «ÌÀÃÈ-Ý», è ñîîò-
âåòñòâóåò ïðîäóêöèè ìèðîâîãî óðîâíÿ ôèðìû
ALSTOM (Ôðàíöèÿ) ïðè áîëåå íèçêîé ñòîèìîñòè
ïîñòàâêè è ïðîâåäåíèÿ ïóñêî-íàëàäî÷íûõ ðàáîò.
Íà VII Ìîñêîâñêîì ñàëîíå èííîâàöèé è èíâåñòè-
öèé â ôåâðàëå 2007 ã. ñèñòåìà àâòîìàòèçèðîâàí-
íîãî óïðàâëåíèÿ ìàëîé ÃÝÑ íàãðàæäåíà çîëîòîé
ìåäàëüþ è óäîñòîåíà ñïåöèàëüíîãî ïðèçà Êîðåé-
ñêîé àññîöèàöèè ïî ïîääåðæêå èíòåëëåêòóàëü-
íîé ñîáñòâåííîñòè è äèïëîìà Ôåäåðàëüíîãî àãåí-
òñòâà ïî ïàòåíòàì, òîâàðíûì çíàêàì è îáúåêòàì
èíòåëëåêòóàëüíîé ñîáñòâåííîñòè.

Îïûò Óëüÿíîâñêîé îáëàñòè ïîêàçûâàåò, ÷òî
ðàçâèòèå ïîäîáíûõ ìàëûõ ÃÝÑ â Ðîññèè â ïðèí-
öèïå ïîçâîëèò ðåøèòü ýíåðãåòè÷åñêèå è ñîöè-
àëüíûå ïðîáëåìû — óñêîðèòü ñîçäàíèå àâòîíîì-
íûõ èñòî÷íèêîâ ýëåêòðîýíåðãèè â óäàëåííûõ
ðàéîíàõ (èçîëèðîâàííàÿ íàãðóçêà, íåîáñëóæè-
âàåìàÿ ñèñòåìà), ñóùåñòâåííî ïîâûñèò ïðèâëå-
êàòåëüíîñòü èíâåñòèöèé â ìàëóþ ãèäðîýíåðãåòèêó
(öåíà â äâà ðàçà íèæå çàðóáåæíûõ àíàëîãîâ) è
ïîñëóæèò ðîñòó âíîâü ââîäèìûõ ìîùíîñòåé (çà
ñ÷åò ðàñøèðåíèÿ îõâàòûâàåìîé òåððèòîðèè).

Â. À. Ìèøèí, À. Á. Êëèìîâñêèé
Ýíåðãîîáåñïå÷åíèå î÷èñòíûõ ñîîðóæåíèé ñ èñïîëüçîâàíèåì âîçîáíîâëÿåìûõ èñòî÷íèêîâ ýíåðãèè
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There exists a wide scope of regions characterized as natural habitat with predominant under-
ground water resources in the form of aquifers. In these regions wastewater management is obviously
determined by the underground water quality, which depends on the methods of protection of these
underground water resources from pollution cased by subsoil water flows. Pollution of subsoil water
flows in its turn depends on their contact with all kinds of waste products including soiled wastes,
wastewater (both industrial and municipal) and even air pollution. The protection chain for under-
ground water resources constitutes a peculiar method of wastewater management.

1. Technogenic barriers
for environment protection

The notion of protection barriers was intro-
duced as a fundamental notion by A. I. Perelman
(Alexeyenko, 2003). This method is being widely
used in ecological geochemistry (Alexeyenko, 2000)
and practiced to protect underground water re-
sources and soils (Kireycheva et al. 2004, Manus-
ova et al., 2005; Manusov 2002).

We assume that the most efficient means of
protecting dumps are anti-filtration screen walls
erected according the “wall in soil” technology
(Fig. 1).

The issues related to geochemical protection
are especially acute in regions where underground
water resources are significant. There is an ur-

Fig. 1. Protection geo-chemical system “Wall in the ground”:
1 — trench; 2 — net container; 3 — sorbent granules

gent necessity to exclude the impact of technogen-
ic pollution on sweet water resources, i. e. to ex-
clude penetration of pollutants and injurious com-
ponents from dumps, solid particles coming with
waste water and precipitation containing such com-
ponents. In such regions any concept of socio-
economic development must be evaluated in rela-
tion to its ecological security, i. e. above all it is
necessary to clarify, what are the solid pollutants
dumped to the sewage and to the atmosphere, and
what are their quantitative values.

In accordance with the findings obtained, the
possibilities of developing technological schemes
are analyzed, to exterminate or to utilize the sources
of pollution. At this stage, the objects to be in-
volved in the technological scheme of socio-eco-
nomic development are selected. It must be taken
into consideration that regardless the structure
and the geological features of the landscape, it is
dangerous to exterminate solid pollutants in this
region by means of waste disposal; it is also inex-
pedient to remove waste water by means of distant
transportation.

Thus, for the purpose of comparison, there is
a need to leave objects permitting development of
local technological refinement schemes.

There is no version of socio-economic develop-
ment which provides ultimate extermination of solid
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industrial waste. In any case, solid particles of the
municipal (domestic) waste and, subsequently, solid
waste dumps are unavoidable. This means that the
vital necessity of protecting underground water
resources from the injurious impact of these dumps
keep in force.

The problem of protection of underground
water resources from sluicing water caused by
watering agricultural crops, as well as from down-
pour water flows, keeps in force too.

Besides, another important aspect of the prob-
lems above is protection of underground water
resources and of agricultural products from pesti-
cides and ions of heavy metals in the soil and in
the water used for irrigation.

The ultimate universal method for solving the
above problems is establishment of various sorp-
tion barriers with one universal sorbent. For the
time being, activated coal is used world-wide, and
for purification of the soil surface from oil prod-
ucts organic sorbents (such as rice husk, straw
etc.) and non-woven fabric are accepted.

Disadvantages of activated coal are produc-
tion expenses ($2000-3000 per ton) and complica-
cy of its regeneration.

The activated coal tends to premature exhaus-
tion because of formation of organic flakes on its
surface, requiring ablution and regeneration, which
renders to be impractical under conditions of sorb-
ent intrusion into the soil. Besides, the surface of
the activated coal creates ideal conditions for de-
velopment and growth of bacteria, which can cause
a considerable increase in concentration of micro-
flora in wash water.

Proposed herewith is use of special sorbents-
meliorants of the SORBEX and SAPROLEN types,
their advantages being as follows:

1. Universal character of their use for sys-
tems as specified above.

2. Long duration of their functioning after
having been inserted into the soil or onto protect-
ing installations (3 to 5 years, depending on the
specific quantity of pollution).

3. High capacity of cation exchange (250 mg/
equ per 100 g), high specific surface (160 m2/g),
fertilizing effect, availability and low cost of the
initial raw material.

4. Low price of the sorbent (about $100-200
per ton).

5. Possibility of utilization of the waste sorb-
ent used in protecting installations for road con-
struction and maintenance.

6. Increase in productivity of agricultural crops
and improvement of agricultural products quality.

In the USA, bentonite clay is used as sorbent,
in Frane and in Germany polymeric materials are
added to it.

Table 1 below indicates that the sorbent pro-
vides the fertilizing effect at the expense of K2O
and micro-elements. This is especially important
for specific sorbents-meliorants, which are used
not only for protection of water resources, but
also for detoxification of soil and agricultural prod-
ucts (Table 2).

Initial components Heavy 
metals Ceolite Sapropel Aluminum 

sulphate 
Cu 21 11 — 
Ni 24 24 10 
Pb 4.8 12 16 
Zn 60 28 20 
Cd Traces — — 

Cr 54 12 Not 
determined 

Hg Traces Traces — 
Co 6.9 0.9 — 
Mo 0.3 12 — 

MnO 500 300 150 
K2O 1450 1280 — 

Table 1

Raw materials composition in one
of the synthetic sorbents

Percent of reduction as related to control 
tests 

V
er

si
on

 

Insertion 
dozes, 
kg/m 2 Cu Zn Ni Pb Cd 

1 0.5 87.2 62.7 30.2 23.0 +25 
2 1.0 81.8 58.8 49.1 92.3 +20 
3 1.5 86.5 77.1 58.1 92.03 +5 
4 2.0 86.1 77.1 55.8 46.3 0 

Table 2

Reduction of heavy metals content in crops due
to the versions of sorbent-meliorant insertion,

as related to control tests

The data obtained enable to assert that for
detoxification of polluted hothouse soil 1–1.5 kg
of sorbent per 1 m2 is sufficiently enough. High
efficiency can be achieved to obtain ecologically
pure products on polluted soils, as well as to in-
crease their sorption capacity (or to erect artificial
buffer levels) for prophylactic purposes on territo-
ries with increased danger of pollution.

The mechanism of the proposed sorbents func-
tioning when inserted into the soil and their inter-
action with the soil solution is characterized by
various physico-chemical features: chemo-sorption
(absorption accompanied by formation of almost
insoluble compounds of heavy metals), mechanical
absorption (volume absorption of large molecules)
and ion-exchange processes (substitution of ions
of heavy metals for non-toxic ones in the soil-
absorbing complex).

The high absorbing capacity of the sorbents is
due to the regulated value of the cation exchange
capacity, their fine structure (i. e. high specific
surface), as well as the stabilizing effect on the
hydrogen index pH depending on the character of
pollution and on the existing reaction with the
purpose of preventing desorption of the most dan-
gerous pollutants.

The essence of the technological process of screen
walls erection lies in processing of a trench under
the protective thixotropic (usually, a loamy one)
mortar, with further submersion of a grid contain-
er with sorbent. The sorbent (usually granular) is

N. Manusova, L. Kireycheva, M. Turnopolsky, P. Zeevy, O. Figovsky, E. Manusov, B. Marash
Environment engineering system of regions with predominant underground water resources
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Alternative energy and ecology

supposed to absorb (detain) flows of injurious pol-
lution inside and on the periphery of the dump,
caused by rains, dew, high temperature etc.

The advantage of the technology is that works
can be implemented without digging foundation ditch-
es, under narrow circumstances (as, for instance,
urban areas), and practically in any kind of soil.

The best results are obtained when bringing
the barrier right down to the aquiclude (the per-
fect construction). The depth of the trench is de-
termined in accordance with the state of the soil
in the point of its contact with the aquiclude. The
incut into staunch aquicludes presented by clays,
heavy loams etc. is usually accepted as 1 m.

The width of the barriers must be determined
taking into consideration the filtration strength
of the sorbent. The minimum thickness of the walls,
as preconditioned by the equipment used, is 0.5 m.

The slot in the soil can be arranged both as a
continuous trench and as a successive coupling of
separate sections. The grid containers are filled
with the sorbent chosen in accordance with its
sorption characteristics, taking into account eco-
nomically sound considerations. The grid contain-
ers (1–3 m long) are filled with special granular
sorbent providing sorption of a wide range of in-
jurious substances discharged by the dump. Nor-
mally, the trench is blocked by protecting shields
leaning against flows of the trench external edge
and the border of the dump substrate, which is
separated along the perimeter by a skirting. The
sorbent without overload functions for about 2–3
years, then it is discharged, grinded and used for
production of border stones along motorways.

Use of protecting barriers of the type described
above, is restrained because of difficulties related
to efficient control of absorption capacities exhaus-
tion. ECOST (Israel), VIGM (Russia) and INSTEB
(Russia) developed a system of such control, ap-
plied to be registered as patent “Mechanized system
for installing and extracting of the “wall-in-soil”
or “wall-curtain” protecting system from the trench”
(L. Kireycheva, N. Manusova et al., 2000; E. Ma-
nusov 2002; L. Kireycheva, N. Manusova et al.,
2005).

The universal character of the “Sorbex” sor-
betn-meliorant  (see Table 2) enables to use it suc-
cessfully on surrounding fields and other agricul-
tural sights, such as canals and dried-up river-beds,

H
=

20
00

m = 2,5

2
1500

4000

10000

2500

1
3

h
=

13
90 m = 1

a0 = 0,11
h0 = 0,32

Fig. 2. The filter dam construction: 1 — layer of condensed
clay; 2 — layer of large swipes; 3 — granular sorbent

near dumps and channels transporting municipal waste
to the collective sewage disposal plants. For this pur-
pose, so-called filtration “dams” (FD) can be used
with the same sorbent-meliorant (see Fig. 2), which
will be also supplied with the above system for con-
trol of the sorbent protecting properties.

As shown above, the most commonly used sorp-
tion barrier must be that protecting dumps of the
trench type (“wall-in-soil”, or “wall-curtain”. But
the restraining factor hampering introduction of
these constructions is uncertainty as to the term
of their protecting effect, since this term depends
on the content and the concentration of pollution
in the distant dump, as well as on the weather-
climatic conditions.

In order to avoid skipping of injurious com-
pounds to the soil and to the underground water
resources, it is necessary to envisage that the term
of the protecting installation exploitation until its
replacement (τe) exceeds that term of the sorbent
layer protecting effect (τp). On the other hand,
(τe)<<(τp) is unprofitable. Thus, it was necessary
to develop a method of the sorbent control in the
processes of its exploitation.

The studies undertaken in the All-Russian In-
stitute for Hydro-Technique and Melioration revealed
that the best indices of the sorbent functioning are
those of relative change of its electric conductivity
from the beginning of its exploitation up to τe→τp
for above an order, while the change is that corre-
sponding to the exponential curve.

We developed a probing sensor. 6 to 9 such
sensors will be installed under loading of the con-
tainer, for further measurement of electric con-
ductivity in each point. Under value δ > 500 cm/m
in two or more points, the frequency of measure-
ment is doubled, and under δ ≥ 700 cm/m the con-
tainer with the sorbent is drawn out and substi-
tuted by a new one.

On using filtration dam, the probing sensor is
not installed, but 3 of them are inserted periodi-
cally into the piled-up layer of the sorbent upon
the dam. The border values of electric conductivi-
ty are lower in this case (about 500 cm/m), in
order to prevent skipping of considerable quanti-
ties of pollution passing with waste water through
the filtration dam.

2. Non-point pollution in natural habitat with
underground water resources

In any socio-economic complex, notwithstand-

ing its being part of developed or developing coun-

tries, there can appear regions liable to non-point

pollution. Pollutants penetrating into the layers

subsoil waters and causing liquid pollution expand-

ing to the depths can be determined as follows

hereinafter.
The mass transport modeling of pollution con-

centration ( )l
iC  in liquid phase (l) as a function of

advection, diffusion, absorption (adsorption), chem-
ical reaction as sources is given by Equation (1) in
the 3D formulation (i, j = 1, 2, 3).
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( ) ( ) ( )
( ) ,

l l l
li i i

i i ijk i i i i
j j

C C CR D R C Q
t x x k

δ δ δ δ
+ εν − + εν =

δ δ δ δ

where ( )1i iR k= ε + − ε  — retardation factor; ε —

porosity; ki — equilibrium coefficient; Dijk — dis-
persion tensor,

( ) ( )    ijk di Ti ii Li Ti j kD D d= ε + β ν + β + β εν ν ν ;

Ddi — diffusion coefficient; βLi — longitudinal
dispersion; βTi — transversal dispersion; νi — de-
cay rate; Qi — source term.

In order to solve Equation (1), the field veloc-
ity νj (j = 1, 2, 3) was estimated using the Darcy
equation. The main problems when solving Equa-
tion (1) are the unknown boundary conditions,
for flow and mass transport. 2D vertical modeling
provides a suitable model in this respect for stud-
ying adsorption and desorption processes taking
place in the landscape and their influence on com-
position of aquifer water.

Specific conditions of the local industrial de-
velopment encouraged rise of many small metal-
working enterprises with periodic operation mode,
resulting in a great amount of wastewater con-

taminated with toxic heavy metal ions. Such en-
terprises cannot use expensive electrochemical waste-
water treatment devices, while simple and cheap
galvanic coagulation devices (GCD) cannot be used
due to their periodic operation mode requiring spe-
cific capacities for wastewater accumulation. GCD
with continuous operation mode using new patent-
ed nonmetallic elements were developed (V. Lambrev
& E. Manusov, 1999). These elements provide the
necessary conditions for cupric and iron scraps
loaded in continuous GCD and forming numerous
galvanic couples. In these couples iron scrap parti-
cles serve as dissolved anode. After having been
reconstructed as proposed (taking into account the
necessary period for wastewater precipitation), the
perl-mill rotor provides productivity ranging from
0.6 to 1.8 m3 per hour. For pH = 3–4 in the initial
wastewater, under preliminary heating up to 40–
50 °C, the efficiency of heavy metal ions process-
ing increases to 97–99 %. Wastewater heating can
be obtained by means of a tube device supplied
with electric inductor. The device can also be used
for fresh water processing.
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Åðåâàí, 27-29 èþíÿ 2007Åðåâàí, 27-29 èþíÿ 2007Åðåâàí, 27-29 èþíÿ 2007Åðåâàí, 27-29 èþíÿ 2007Åðåâàí, 27-29 èþíÿ 2007

Общественный совет Армении по возобновляемой энер-
гии приглашает Вас принять участие в Третьей международ-
ной конференции и выставке по возобновляемым и чистым
источникам энергии 27–29 июня 2007 года в г. Ереване.

Задачей предстоящей конференции является освещение со-
временного состояния политики и технологий в области во-
зобновляемых и чистых источников энергии, а также вопро-
сов изменения климата, выявления возможностей междуна-
родного сотрудничества и многих других аспектов развития
возобновляемой энергии в Армении и в мире.

Конференция по возобновляемой энергетике сегодня при-
обрела значение этапного события и стала главной ареной меж-
дисциплинарных обменов для ученых, специалистов, предпри-
нимателей и всех тех, кто причастен к данной сфере экономики,
значение которой в последние годы стремительно возрастает.

Со времени проведения Второй конференции в 2005 году
заметно ускорились процессы совершенствования стратегии,
создания институциональных, финансовых и законодательных
инструментов, направленных на более эффективное удовлет-
ворение нужд развивающейся индустрии возобновляемой
энергетики. Тем не менее, еще предстоит выполнить боль-
шую работу для преодоления существующих трудностей.

В очередной раз нам вместе предстоит ответить на глав-
ные вопросы: достаточно ли развит наш рынок, достаточны
ли наши навыки в науке и достаточно ли созрела наша реши-
мость в достижении лучших мировых ориенторов в обозри-
мом будущем?

В отсутствие ископаемых энергетических ресурсов Арме-
ния в своих усилиях полагается на выявление другого важно-
го «природного» ресурса — талантливых ученых, инжене-
ров-новаторов, целеустремленных предпринимателей, про-
грессивных государственных деятелей.

Для ученых, специалистов и предпринимателей Конферен-
ция явится уникальным международным форумом, где каж-
дый участник имеет возможность поднимать и обсуждать воп-
росы, решение которых, возможно, будет во многом предоп-
ределять наши шансы на устойчивое развитие.

Ñåêðåòàðèàò êîíôåðåíöèè:Ñåêðåòàðèàò êîíôåðåíöèè:Ñåêðåòàðèàò êîíôåðåíöèè:Ñåêðåòàðèàò êîíôåðåíöèè:Ñåêðåòàðèàò êîíôåðåíöèè:
Àðìåíèÿ 0025 Åðåâàí, ïð. Ìÿñíèêÿíà 5/1
Òåë.: +374 10 566091
Ôàêñ: +374 10 565155
Ýë. ïî÷òà: piuesc@energinst.am

27/06 10:00 Открытие
12:00 Технический тур и обед
19:00 Торжественный ужин для гостей

28/06 9:30 Пленарная сессия.
13:30 Обеденный перерыв
14:30 Презентации. Дискуссионная сессия
19:00 Культурная программа

29/06 9:30 Пленарная сессия. Дискуссионная сессия
13:30 Обеденный перерыв
14:30 Презентации. Дискуссионная сессия
17:30 Заключительное заседание
19:00 Банкет

29/06 9:30 Регистрация
9:45 Тендер. Деловые встречи. Консультации
11:30 Закрытие
12:00 Экскурсия и обед

ПРОГРАММА МЕРОПРИЯТИЙ

• Политика, стратегия. Финансы. Рынок
• Вопросы энергетической безопасности
• Технологии
• Проблемы интегрирования
• Международное сотрудничество
• Вопросы практического применения: сетевое; коммерческое,
промышленное, сельскохозяйственное, коммунальное
• Распределенная генерация
• Вопросы экологии
• Примеры удавшихся (или провалившихся) проектов

ТЕМЫ КОНФЕРЕНЦИИ

N. Manusova, L. Kireycheva, M. Turnopolsky, P. Zeevy, O. Figovsky, E. Manusov, B. Marash
Environment engineering system of regions with predominant underground water resources
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èíñòèòóòà (1966 ã.).

Îáëàñòü íàó÷íûõ èíòåðåñîâ: ýêîëîãèÿ ãàëîãåíîñîäåðæàùèõ òîêñè÷íûõ
îðãàíè÷åñêèõ ñîåäèíåíèé, ýëåêòðîìàãíèòíàÿ ýêîëîãèÿ, ôàçîâûå ïåðåõîäû â
óãëåðîäå, ïûëåâàÿ ïëàçìà, ñîëíå÷íàÿ ýíåðãåòèêà, ëàçåðû íà ïàðàõ ìåòàëëîâ.

Ïóáëèêàöèè: 2 ìîíîãðàôèè, áîëåå 120 ñòàòåé, 5 ïàòåíòîâ.

Ñâåäåíèÿ îá àâòîðå: ïðåïîäàâàòåëü Àêàäåìèè ãðàæäàíñêîé çàùèòû Ì×Ñ.
Îáðàçîâàíèå: Ìîñêîâñêèé ïåäàãîãè÷åñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò,

ôèçè÷åñêèé ôàêóëüòåò (1998 ã.).
Îáëàñòü íàó÷íûõ èíòåðåñîâ: ôèçèêà è õèìèÿ ïëàçìû, ýêîëîãèÿ ãàëîãå-

íîñîäåðæàùèõ òîêñè÷íûõ îðãàíè÷åñêèõ ñîåäèíåíèé.
Ïóáëèêàöèè: 8 ïóáëèêàöèé, 3 ïàòåíòà.

ÓÃÐÎÇÀ ÃËÎÁÀËÜÍÎÉ ÕÈÌÈ×ÅÑÊÎÉ ÈÍÒÎÊÑÈÊÀÖÈÈ
ÎÊÐÓÆÀÞÙÅÉ ÑÐÅÄÛ Â ÐÎÑÑÈÈ.

ÓÑËÎÂÈß ÅÅ ËÈÊÂÈÄÀÖÈÈ

Ñ. À. Ãàðåëèíà*, È. È. Êëèìîâñêèé**

* Àêàäåìèÿ ãðàæäàíñêîé çàùèòû Ì×Ñ
Òåë.: (495) 570-81-98, 485-82-36; ôàêñ: (495) 485-79-90; å-mail: rolru@mail.ru

** Îáúåäèíåííûé èíñòèòóò âûñîêèõ òåìïåðàòóð ÐÀÍ (ÎÈÂÒ ÐÀÍ)
óë. Èæîðñêàÿ, 13/19, Ìîñêâà, 125412, Ðîññèÿ

Òåë.: (495) 485-82-36; ôàêñ: 485-79-90; å-mail: klimovskii@ihed.ras.ru

Ãàðåëèíà Ñâåòëàíà
Àëåêñàíäðîâíà

Êëèìîâñêèé
Èâàí Èâàíîâè÷

      Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ 04.02.2007 ã.              The article has entered in publishing office 04.02.2007.

Ââåäåíèå

Ñîãëàñíî äàííûì, ïðèâåäåííûì â [1], íà ñî-
ñòîÿâøåéñÿ â ÿíâàðå 2005 ã. Âñåìèðíîé êîíôå-
ðåíöèè ïî ïðåäîòâðàùåíèþ ïðèðîäíûõ êàòàñò-
ðîô áûëî çàñâèäåòåëüñòâîâàíî, ÷òî «÷åëîâå÷å-
ñòâî â íàñòîÿùåå âðåìÿ ñòàëêèâàåòñÿ ñî âñå áîëåå
âîçðàñòàþùåé ÷àñòîòîé è èíòåíñèâíîñòüþ ïðî-
ÿâëåíèÿ êàê ïðèðîäíûõ (çåìëåòðÿñåíèÿ, öóíà-
ìè, íàâîäíåíèÿ, çàñóõè), òàê è òåõíîãåííûõ
îïàñíûõ ïðîöåññîâ (ãëîáàëüíîå ïîòåïëåíèå êëè-
ìàòà, äåãðàäàöèÿ îêðóæàþùåé ñðåäû, íåêîíò-

ðîëèðóåìàÿ óðáàíèçàöèÿ)… çà ïðîøåäøåå äåñÿ-
òèëåòèå ïðèðîäíûå êàòàñòðîôû óíåñëè æèçíè
478100 ÷åëîâåê.., à ÷èñëî ïîñòðàäàâøèõ îò ïðè-
ðîäíûõ è òåõíîãåííûõ êàòàñòðîô ïðåâûøàåò
2,5 ìëðä. ÷åëîâåê».

Îòìå÷åííûé âûøå ðîñò ÷èñëà ïðèðîäíûõ è
òåõíîãåííûõ êàòàñòðîô ïðèâåë ê òîìó, ÷òî âî
ìíîãèõ ãîñóäàðñòâàõ, â òîì ÷èñëå è â Ðîññèè
(ñì., íàïðèìåð, [2]), ïðèðîäíàÿ è òåõíîãåííàÿ
áåçîïàñíîñòü ïðèîáðåëè ñòàòóñ âàæíåéøèõ ñî-
ñòàâëÿþùèõ ãîñóäàðñòâåííîé áåçîïàñíîñòè.

Now-a-day, several general sources exist of chemical intoxication of the RF environment including
chemical weapon (CW) and military toxic agent depositories and recycling plants; the plants generating
dioxins and furans in the industrial process; polymer waste depositories; depositories of composed danger
class toxic wastes. 3.6 thousands objects exist at the RF territory containing more than 1 million ton of
high-toxic chemicals and materials including those environmentally dangerous. All those substances are
toxic organic compounds (TOC), primarily, halogen containing TOC. Thus, the RF environmental protec-
tion from those TOC should be considered from universal position based primarily on the experience of the
CW annihilation summarized in the Proceedings of the two first research-practical conferences on “R&D
aspects of safety provision at chemical weapons annihilation, storing, and transportation” (years 2003,
2004). The present paper analyses both organizational and technical actions to be implemented in order to
leave out the danger of global chemical intoxication of the RF environment.
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Ñóäÿ ïî ìàòåðèàëàì X Ìåæäóíàðîäíîé íà-
ó÷íî-ïðàêòè÷åñêîé êîíôåðåíöèè ïî ïðîáëåìàì
çàùèòû íàñåëåíèÿ è òåððèòîðèé îò ÷ðåçâû÷àé-
íûõ ñèòóàöèé [3], èç ðàçëè÷íûõ òèïîâ òåõíî-
ãåííîãî âîçäåéñòâèÿ íà îêðóæàþùóþ ñðåäó (ÎÑ)
â ÐÔ íàèáîëåå êîíòðîëèðóåìûì è óïðàâëÿåìûì
ÿâëÿåòñÿ ðàäèîàêòèâíîå âîçäåéñòâèå. Îäíàêî
ìîæíî ïðåäïîëîæèòü, ÷òî â ÐÔ íå ìåíåå îïàñ-
íûì âîçäåéñòâèåì ÿâëÿåòñÿ õèìè÷åñêàÿ èíòîê-
ñèêàöèÿ îêðóæàþùåé ñðåäû ðàçíîîáðàçíûìè
òîêñè÷íûìè îðãàíè÷åñêèìè ñîåäèíåíèÿìè (ÒÎÑ).

Öåëü äàííîé ðàáîòû çàêëþ÷àåòñÿ â êëàññè-
ôèêàöèè îñíîâíûõ èñòî÷íèêîâ õèìè÷åñêîé èí-
òîêñèêàöèè îêðóæàþùåé ñðåäû â ÐÔ è àíàëèçå
óñëîâèé åå ëèêâèäàöèè.

1. Èñòî÷íèêè õèìè÷åñêîé èíòîêñèêàöèè
îêðóæàþùåé ñðåäû â Ðîññèè

Ðàçëè÷íûå ÒÎÑ ìîæíî ñãðóïïèðîâàòü â òðè
îñíîâíûõ ãðóïïû èñòî÷íèêîâ èíòîêñèêàöèè: íå-
ïîñðåäñòâåííîé (ïðîèñõîäÿùåé â íàñòîÿùåå âðå-
ìÿ), îòëîæåííîé è ïîòåíöèàëüíîé.

Ê èñòî÷íèêàì ïîòåíöèàëüíîé (êàòàñòðîôè-
÷åñêîé) èíòîêñèêàöèè ÎÑ â ïåðâóþ î÷åðåäü îò-
íîñÿòñÿ õèìè÷åñêèå ïðåäïðèÿòèÿ è ïðåäïðèÿ-
òèÿ, íà êîòîðûõ îñóùåñòâëÿåòñÿ óíè÷òîæåíèå
õèìè÷åñêîãî îðóæèÿ. Ñîãëàñíî äàííûì [4], â
ÐÔ íàñ÷èòûâàåòñÿ 45 òûñ. ïîòåíöèàëüíî îïàñ-
íûõ ïðîìûøëåííûõ îáúåêòîâ (ñðåäè íèõ áîëåå
3,6 òûñ. îáúåêòîâ, ñîäåðæàùèõ ñâûøå 1 ìëí. ò
âûñîêîòîêñè÷íûõ, â òîì ÷èñëå ýêîëîãè÷åñêè
îïàñíûõ õèìè÷åñêèõ âåùåñòâ è ìàòåðèàëîâ).

Êàê îòìå÷àåòñÿ â [5], òåõíîãåííûå àâàðèè íà
ïðåäïðèÿòèÿõ ñ ïîòåíöèàëüíî îïàñíûìè òåõíî-
ëîãèÿìè (ÏÏÎÒ) â õèìè÷åñêîé ïðîìûøëåííîñòè
ìîãóò èìåòü êàòàñòðîôè÷åñêèå ýêîíîìè÷åñêèå, ñî-
öèàëüíûå è ïîëèòè÷åñêèå ïîñëåäñòâèÿ. Îò 40 äî
80 % âñåõ èíöèäåíòîâ íà ïîòåíöèàëüíî îïàñíûõ
ïðîèçâîäñòâàõ ïðîèñõîäèò ïî âèíå ïåðñîíàëà.

Ïî äàííûì [6], äî 2012 ã. Ðîññèÿ äîëæíà
óíè÷òîæèòü 40 òûñ. ò áîåâûõ îòðàâëÿþùèõ âå-
ùåñòâ (ÎÂ), ïðåèìóùåñòâåííî ñîäåðæàùèõñÿ â
4,2 ìëí. øòóê àðòèëëåðèéñêèõ õèìè÷åñêèõ áî-
åïðèïàñîâ. Ê íàñòîÿùåìó âðåìåíè óíè÷òîæåíî
419,587 ò èïðèòà, 4844 àðòèëëåðèéñêèõ áîåïðè-
ïàñîâ, ñíàðÿæåííûõ ôîñãåíîì, 195 êàññåòíûõ
áîåïðèïàñîâ, ñíàðÿæåííûõ çîìàíîì, è 117262
åäèíèöû õèìè÷åñêîãî îðóæèÿ (ÕÎ) (áîëåå 94 ò
ÎÂ). Â 2007 ã. ïðåäïîëàãàåòñÿ çàâåðøèòü âòîðîé
ýòàï ïî óíè÷òîæåíèþ 8000 ò ÎÂ, à â 2008 ã. —
òðåòèé ýòàï ïî óíè÷òîæåíèþ 18000 ò ÎÂ.

Î÷åâèäíî, ÷òî ïðèìåíèòåëüíî ê õèìè÷åñêèì
ïðåäïðèÿòèÿì è ïðåäïðèÿòèÿì ïî óíè÷òîæåíèþ
ÕÎ ïðåäîòâðàùåíèå õèìè÷åñêîé èíòîêñèêàöèè
ÎÑ ðåøàåòñÿ çà ñ÷åò îáåñïå÷åíèÿ óñëîâèé áåçî-
ïàñíîé ðàáîòû íàçâàííûõ îáúåêòîâ.

Èñòî÷íèêàìè íåïîñðåäñòâåííîé èíòîêñèêà-
öèè ÎÑ ÿâëÿþòñÿ ïðåäïðèÿòèÿ, âûðàáàòûâàþ-
ùèå â ïðîöåññå ñâîåé äåÿòåëüíîñòè äèîêñèíû è
ôóðàíû, à òàêæå ìåñòà çàõîðîíåíèé (ñêëàäèðî-
âàíèÿ) ñòàðîãî ÕÎ.

Îáùåèçâåñòíî, ÷òî ïðè ñæèãàíèè â ìóñîðî-
ñæèãàòåëüíûõ ïå÷àõ 1 êã ïîëèâèíèëõëîðèäà îá-
ðàçóåòñÿ 50 ìêã äèîêñèíîâ. Ïðè ïðîèçâîäñòâå
1 ìëí. ò õëîðíîé ïðîäóêöèè (åå îáúåì â ÑÑÑÐ

ñîñòàâëÿë 2 ìëí. ò/ãîä) âûðàáàòûâàåòñÿ äî 1 ò
äèîêñèíîâ è ôóðàíîâ. Ïðè îòáåëèâàíèè 1 ò öåë-
ëþëîçû (ìèðîâîå ïðîèçâîäñòâî íå ìåíåå 50 ìëí. ò
â ãîä) âûðàáàòûâàåòñÿ 1 ã äèîêñèíîâ. Â íàñòîÿ-
ùåå âðåìÿ íå ñóùåñòâóåò ïðîìûøëåííûõ òåõíî-
ëîãèé óíè÷òîæåíèÿ äèîêñèíîâ.

Ïî íåîôèöèàëüíûì äàííûì, âî-ïåðâûõ, â
Ðîññèè ñóùåñòâóåò 393 òî÷êè çàõîðîíåíèÿ ñòà-
ðîãî ÕÎ, èçãîòîâëåííîãî äî 1.01.1946 ã. Âî-âòî-
ðûõ, íà òåððèòîðèè Ðîññèè êîëè÷åñòâî ÎÂ ñ ó÷å-
òîì ÎÂ, çàõîðîíåííûõ â ïåðèîä ñ 1918 ïî
1946 ãã., ñîñòàâëÿåò îêîëî 160 òûñ. ò. Êðîìå
òîãî, íà òåððèòîðèè Ðîññèè õðàíèòñÿ îêîëî
9 òûñ. ò èððèòàíòîâ è çàõîðîíåíî 3,2 òûñ. ò àäàì-
ñèòà. Òàêèì îáðàçîì, ïîñëå ëèêâèäàöèè 40 òûñ. ò
ÎÂ íà òåððèòîðèè Ðîññèè îñòàíåòñÿ îêîëî
132 òûñ. ò ÎÂ. Î÷åâèäíî, ÷òî êàêàÿ-òî ÷àñòü ñíà-
ðÿäîâ è êîíòåéíåðîâ ñî ñòàðûì ÕÎ, èçãîòîâëåí-
íûì â 1918–1946 ãã., íàõîäèòñÿ â àâàðèéíîì
ñîñòîÿíèè, âñëåäñòâèå ÷åãî ÎÂ, èñïîëüçîâàâøè-
åñÿ äëÿ ñíàðÿæåíèÿ ÕÎ, îñóùåñòâëÿþò íåïîñ-
ðåäñòâåííóþ èíòîêñèêàöèþ îêðóæàþùåé ñðåäû.

Äëÿ ïðåäîòâðàùåíèÿ èíòîêñèêàöèè ÎÑ äè-
îêñèíàìè, ôóðàíàìè è ÎÂ, ñîäåðæàùèìèñÿ â
ñòàðîì ÕÎ, íåîáõîäèìî ðàçðàáîòàòü ýôôåêòèâ-
íûå ýêîëîãè÷åñêè ÷èñòûå ñïîñîáû èõ óíè÷òî-
æåíèÿ.

Èñòî÷íèêàìè îòëîæåííîé èíòîêñèêàöèè ÎÑ
ÿâëÿþòñÿ ìåñòà õðàíåíèÿ ïîëèìåðíûõ îòõîäîâ
(ÏÎ) è òîêñè÷íûõ îòõîäîâ ñìåøàííûõ êëàññîâ
îïàñíîñòè (ÒÎÑÊÎ) è ìåñòà çàõîðîíåíèé ðåàê-
öèîííûõ ìàññ (ÐÌ), îáðàçóþùèõñÿ ïðè óíè÷òî-
æåíèè ÎÂ.

Ñóùåñòâóåò áîëåå 400 ðàçëè÷íûõ âèäîâ ÏÎ,
ñîñòàâëÿþùèõ â ÐÔ 8 % îò îáùåãî êîëè÷åñòâà
âûðàáàòûâàåìûõ îòõîäîâ (60 ìëí. ò â ãîä). Îñ-
íîâíóþ äîëþ ÏÎ ñîñòàâëÿþò: ïîëèýòèëåíòåðåô-
òàëàò (25 %), ïîëèýòèëåíû âûñîêîé (15 %) è
íèçêîé (15 %) ïëîòíîñòåé, ïîëèïðîïèëåí (13 %),
ïîëèñòèðîë (6 %), ïîëèâèíèëõëîðèä (ÏÂÕ)
(5 %), äðóãèå ïîëèìåðû (21 %). Îöåíêè ïîêà-
çûâàþò, ÷òî ïðîèçâîäñòâî ÏÂÕ ôàêòè÷åñêè ïðè-
âîäèò ê ïîòåíöèàëüíîìó íàêîïëåíèþ 12,5 ò äè-
îêñèíîâ â ãîä, êîòîðûå, â êîíå÷íîì ñ÷åòå, ïå-
ðåéäóò â ÎÑ ëèáî â ðåçóëüòàòå ñæèãàíèÿ ÏÂÕ,
ëèáî â ðåçóëüòàòå åãî åñòåñòâåííîãî ðàçëîæåíèÿ.

Ñîãëàñíî äàííûì [4], â Ðîññèè êîëè÷åñòâî
ÒÎÑÊÎ äîñòèãàåò 2 ìëðä. ò. Èç íèõ ïîä êîíòðî-
ëåì â ïðèíàäëåæàùèõ ïðåäïðèÿòèÿì õðàíèëè-
ùàõ, íàêîïèòåëÿõ, ñêëàäàõ, ìîãèëüíèêàõ, íà
ïîëèãîíàõ è äðóãèõ ïîäîáíûõ îáúåêòàõ íàõî-
äèòñÿ îêîëî 1400 ìëí. ò îòõîäîâ. Áîëåå 15 % ó÷-
òåííûõ îáúåêòîâ äëÿ õðàíåíèÿ (çàõîðîíåíèÿ) îò-
õîäîâ íå ñîîòâåòñòâóåò äåéñòâóþùèì íîðìàòè-
âàì. Ïî-âèäèìîìó, òîëüêî â ñàìîå ïîñëåäíåå âðåìÿ
ÒÎÑÊÎ ñòàëè èçó÷àòüñÿ íà ïðåäìåò èõ âîçìîæ-
íîãî âëèÿíèÿ íà ÎÑ â Ðîññèè [7].

Èç ðàçëè÷íûõ ÐÌ íàèáîëåå ñåðüåçíóþ îòëî-
æåííóþ óãðîçó äëÿ ÎÑ ïðåäñòàâëÿþò ÐÌ, îáðà-
çóþùèåñÿ ïðè óíè÷òîæåíèè ôîñôîðîðãàíè÷åñêèõ
ÎÂ (ÔÎÂ), ê êîòîðûì îòíîñÿòñÿ çîìàí, çàðèí è
Vx. Ïî áàçîâûì òåõíîëîãèÿì ýòè ÐÌ â êîíå÷-
íîì ñ÷åòå ïåðåâîäÿòñÿ â ïîäëåæàùèå çàõîðîíå-
íèþ áèòóìíî-ñîëåâûå ìàññû, îáúåì êîòîðûõ,
ñîãëàñíî [8], â 5–6 ðàç ïðåâîñõîäèò îáúåì èñõîä-
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Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ

íîãî ÎÂ è êîòîðûå íåëüçÿ ñ÷èòàòü ïîëíîñòüþ
ýêîëîãè÷åñêè áåçîïàñíûìè èç-çà ñîäåðæàùèõñÿ
â íèõ âîäîðàñòâîðèìûõ ñîåäèíåíèé. Áîëåå òîãî,
ïî äàííûì [9], â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè
«Êîíâåíöèè î çàïðåùåíèè ðàçðàáîòêè, ïðîèç-
âîäñòâà, íàêîïëåíèÿ è ïðèìåíåíèÿ õèìè÷åñêî-
ãî îðóæèÿ» ïåðåðàáîòêà ÔÎÂ â ðåàêöèîííûå
ìàññû íå ÿâëÿåòñÿ óíè÷òîæåíèåì ÕÎ, â ñâÿçè ñ
÷åì â íàñòîÿùåå âðåìÿ ïðåäïðèíèìàþòñÿ ïîïûò-
êè ðàçðàáîòàòü ìåòîäû ïåðåðàáîòêè ÐÌ, àëü-
òåðíàòèâíûå áèòóìèðîâàíèþ.

Â òàáëèöå ïðåäñòàâëåíû áðóòòî-ôîðìóëû íå-
êîòîðûõ ÒÎÑ, èõ òåìïåðàòóðû ïëàâëåíèÿ Tïë,
êèïåíèÿ Têèï, ðàçëîæåíèÿ Tðàçë, äàâëåíèÿ íàñû-
ùåííûõ ïàðîâ p, óäåëüíîé ïëîòíîñòè r è ÏÄÊ.
Îáðàùàåò íà ñåáÿ âíèìàíèå, ÷òî âñå ÒÎÑ îáðà-
çóþòñÿ îãðàíè÷åííûì íàáîðîì õèìè÷åñêèõ ýëå-
ìåíòîâ (â òîì ÷èñëå ãàëîãåíîâ), ÷òî ïîçâîëÿåò ñ
åäèíûõ ïîçèöèé ðàçðàáàòûâàòü ìåòîäû êîíòðî-
ëÿ è ñïîñîáû çàùèòû ÎÑ îò âîçäåéñòâèÿ ðàç-
ëè÷íûõ ÒÎÑ.

Î÷åâèäíî, ÷òî ýôôåêòèâíîñòü çàùèòû ÎÑ îò
èíòîêñèêàöèè ÒÎÑ áóäåò çàâèñåòü íå òîëüêî îò
ýôôåêòèâíîñòè ëèêâèäàöèé ×Ñ (òåõíîãåííûõ êà-
òàñòðîô), ñâÿçàííûõ ñ âûáðîñàìè â ÎÑ áîëüøèõ
êîëè÷åñòâ ÒÎÑ, íî è îò âîçìîæíîñòè óñïåøíîãî
ïðîãíîçà âîçíèêíîâåíèÿ è ðàçâèòèÿ òàêèõ ×Ñ.
Äëÿ ýòîãî íåîáõîäèìî ñîçäàíèå ñïåöèàëèçèðîâàí-
íîé ïîäñèñòåìû (ñòðóêòóðû) Ì×Ñ, êîòîðóþ
óñëîâíî ìîæíî íàçâàòü èíôîðìàöèîííî-îïåðàòèâ-
íîé ñèñòåìîé (ÈÎÑ) Ì×Ñ ïî ïðåäîòâðàùåíèþ è
ëèêâèäàöèè òåõíîãåííûõ õèìè÷åñêèõ êàòàñòðîô
(ÏËÒÕÊ), îáúåäèíÿþùåé â ñåáå ðàçëè÷íûå ñòðóê-
òóðû (íå òîëüêî îòíîñÿùèåñÿ ê Ì×Ñ).

2. Èíôîðìàöèîííàÿ ñèñòåìà Ì×Ñ ÏËÒÕÊ

Î÷åâèäíî, ÷òî ÈÑ Ì×Ñ ÏËÒÕÊ äîëæíà
âêëþ÷àòü â ñåáÿ áàçó äàííûõ ïî ðàçëè÷íûì ñâîé-
ñòâàì ÒÎÑ è öåíòð ïðîãíîçîâ âîçíèêíîâåíèÿ è
ðàçâèòèÿ ×Ñ íà ïðåäïðèÿòèÿõ ïî âûðàáîòêå è
õðàíåíèþ ÒÎÑ. Îäíèì èç óñëîâèé ñîçäàíèÿ òà-
êîé èíôîðìàöèîííîé ñèñòåìû ÿâëÿåòñÿ âûäåëå-
íèå â ñòðóêòóðå Ì×Ñ îðãàíèçàöèè, îòâåòñòâåí-
íîé çà åå ñîçäàíèå. Â ñëó÷àå, îòîáðàæåííîì íà
ðèñ. 1, ïðåäïîëàãàåòñÿ, ÷òî òàêîé îðãàíèçàöèåé
ÿâëÿåòñÿ Öåíòð ñòðàòåãè÷åñêèõ èññëåäîâàíèé
ãðàæäàíñêîé çàùèòû (ÖÑÈÃÇ) Ì×Ñ Ðîññèè.

Âîçìîæíî, ÷òî óæå â íàñòîÿùåå âðåìÿ öå-
ëåñîîáðàçíî ïîñòàâèòü âîïðîñ î ñîçäàíèè â Ì×Ñ
ñîáñòâåííîé íàó÷íî-òåõíè÷åñêîé áàçû, ñïîñîá-
íîé îáåñïå÷èòü ðåøåíèå ïðîáëåì ïî ëèêâèäà-
öèè ÒÎÑ è ïðåäîòâðàùåíèþ ÒÕÊ.

ТОС Брутто-
формула Тпл, °С Ткип, °С Тразл, °С P (t, °C), 

мм рт. ст. ρ, г/см3 ПДКр.з., мг/м3 

Зарин С4Н10FO2P –57 147  1,48 (20) 1,09 2⋅10–5 
Зоман С7Н16FO2P –80 190  0,92 (20) 1,03 1⋅10–5 
Vх С11Н26O2NSP –50 300   1,02 5⋅10–6 

Люизит С4Н8Cl2S –45 170 196 1,56 (25) 1,86 2⋅10–4 
Иприт С2Н2Cl3As 14 217  0,12 (20) 1,27 2⋅10–4 
Диоксины С12Н4Cl4О2* 200–400  1250   5⋅10–10** 
Пиридин  
2,4-диметил (СН3)2С5Н3N  159   0,93 0,94*** 

Íåêîòîðûå ôèçè÷åñêèå è òîêñè÷åñêèå ñâîéñòâà ðàçëè÷íûõ ÒÎÑ

Ðèñ. 1. Èíôîðìàöèîííàÿ ñèñòåìà Ì×Ñ ÏËÒÕÊ ñ áàçîé
äàííûõ è öåíòðîì ïðîãíîçîâ: ÀÃÇ Ì×Ñ — Àêàäåìèÿ
ãðàæäàíñêîé çàùèòû Ì×Ñ Ðîññèè; ÂÀÐÕÁÇ — Âîåí-
íàÿ àêàäåìèÿ ðàäèàöèîííîé, õèìè÷åñêîé è áèîëîãè÷åñ-
êîé çàùèòû; ÂÌÀ — Âîåííî-ìåäèöèíñêàÿ àêàäåìèÿ; Â×
61469 — âîéñêîâàÿ ÷àñòü 61469; ÃÓÈÒ — ÃÓ Èíñòè-
òóò òîêñèêîëîãèè Ìèíçäðàâà Ðîññèè; ÍÈÈÖÌÁÇ Ãîñ-
ÍÈÈÂÌ ÌÎ ÐÔ — Íàó÷íî-èññëåäîâàòåëüñêèé èñïûòà-
òåëüíûé öåíòð ìåäèêî-áèîëîãè÷åñêîé çàùèòû Ãîñ-
ÍÈÈÈ âîåííîé ìåäèöèíû ÌÎ ÐÔ; ÍÈÖÏÝÁ —
Íàó÷íî-èññëåäîâàòåëüñêèé öåíòð ïî ïðîáëåìàì ýêîëî-
ãè÷åñêîé áåçîïàñíîñòè Ìèíèñòåðñòâà ïðèðîäíûõ ðåñóð-
ñîâ Ðîññèéñêîé Ôåäåðàöèè (ÍÈÖ «Ýêîáåçîïàñíîñòü»),
ÍÒÖ ÔÓÏÁÕÓÕÎ — íàó÷íî-òåõíè÷åñêèé öåíòð Ôåäå-
ðàëüíîãî óïðàâëåíèÿ ïî áåçîïàñíîìó õðàíåíèþ è óíè÷-
òîæåíèþ õèìè÷åñêîãî îðóæèÿ; ÎÈÂÒ ÐÀÍ — Îáúåäè-
íåííûé èíñòèòóò âûñîêèõ òåìïåðàòóð ÐÀÍ; ÏÓ —
ïóíêò óïðàâëåíèÿ; ÐÕÒÓ — Ðîññèéñêèé õèìèêî-òåõíîëî-
ãè÷åñêèé óíèâåðñèòåò èì. Ä. È. Ìåíäåëååâà; ÑÂÈÐÕÁÇ —
Ñàðàòîâñêèé âîåííûé èíñòèòóò ðàäèàöèîííîé, õèìè-
÷åñêîé è áèîëîãè÷åñêîé çàùèòû; ÑÑÎÇÈ — ñèñòåìà
ñáîðà, îáðàáîòêè è çàùèòû èíôîðìàöèè; ÔÃÓ ÂÍÈÈ-
ÏÎ Ì×Ñ — ÔÃÓ ÂÍÈÈ ïðîòèâîïîæàðíîé îáîðîíû
Ì×Ñ Ðîññèè; ÖÑÈÃÇ Ì×Ñ — Öåíòð ñòðàòåãè÷åñêèõ
èññëåäîâàíèé ãðàæäàíñêîé çàùèòû Ì×Ñ Ðîññèè

Íà ðèñ. 1 ñõåìàòè÷åñêè èçîáðàæåíà ÈÑ Ì×Ñ
ÏËÒÕÊ, îñíîâàíèåì äëÿ ïîñòðîåíèÿ êîòîðîé
ÿâèëèñü ðàçëè÷íûå ïðåäïðèÿòèÿ è èíñòèòóòû,
ïðèíèìàâøèå ó÷àñòèå â Ïåðâîé è Âòîðîé íàó÷-
íî-ïðàêòè÷åñêèõ êîíôåðåíöèÿõ «Íàó÷íî-òåõíè-
÷åñêèå àñïåêòû îáåñïå÷åíèÿ áåçîïàñíîñòè ïðè
óíè÷òîæåíèè, õðàíåíèè è òðàíñïîðòèðîâêå õè-
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ìè÷åñêîãî îðóæèÿ», ñîñòîÿâøèõñÿ, ñîîòâåòñòâåí-
íî, 3–4 ñåíòÿáðÿ 2003 ã. è 6–8 îêòÿáðÿ 2004 ã.
â ã. Ìîñêâå. Ñõåìà ôóíêöèîíèðîâàíèÿ ÈÑ Ì×Ñ
ÏËÒÕÊ î÷åâèäíà èç ñàìîãî ðèñóíêà è, ïî-âèäè-
ìîìó, â êàêèõ-ëèáî äîïîëíèòåëüíûõ êîììåíòà-
ðèÿõ íå íóæäàåòñÿ.

Â ðàìêàõ äàííîé ñòàòüè íåâîçìîæíî ïåðå-
÷èñëèòü âñå ìåðîïðèÿòèÿ, êîòîðûå äîëæíû îáåñ-
ïå÷èòü ñîçäàíèå ÈÎÑ Ì×Ñ ÏËÒÕÊ. Îäíàêî íå-
êîòîðûå èç íèõ ïðåäñòàâëÿþòñÿ áîëåå èëè ìå-
íåå î÷åâèäíûìè è çàñëóæèâàþò òîãî, ÷òîáû áûòü
óïîìÿíóòûìè â äàííîé ñòàòüå.

1. Ðàçðàáîòêà ïðîåêòà Ôåäåðàëüíîé ïðîãðàì-
ìû «Õèìè÷åñêàÿ áåçîïàñíîñòü ÐÔ».

2. Ïåðåâîä â Ì×Ñ äî 2012–2015 ãã. êàêîé-
òî ÷àñòè âîéñê õèìè÷åñêîé çàùèòû, öåëåñîîá-
ðàçíîñòü ñóùåñòâîâàíèÿ êîòîðûõ â ðàìêàõ ðîñ-
ñèéñêîé àðìèè ïîñëå ïîëíîé ëèêâèäàöèè ÕÎ
ñòàíîâèòñÿ, ïî ìåíüøåé ìåðå, íåî÷åâèäíîé.

3. Îðãàíèçàöèÿ ðåãóëÿðíîé Âñåðîññèéñêîé
íàó÷íî-ïðàêòè÷åñêîé êîíôåðåíöèè «Õèìè÷åñêàÿ
áåçîïàñíîñòü Ðîññèè».

4. Îðãàíèçàöèÿ öåíòðà ïðîãíîçîâ âîçíèêíî-
âåíèÿ è ðàçâèòèÿ ×Ñ íà ïðåäïðèÿòèÿõ ïî âûðà-
áîòêå è õðàíåíèþ ÒÎÑ.

5. Ñîçäàíèå áàçû êîìïëåêñíûõ äàííûõ ïî
ðàçëè÷íûì ÒÎÑ.

6. Îðãàíèçàöèÿ ñèñòåìû êîñìè÷åñêîãî ìîíè-
òîðèíãà ÒÎÑ â àòìîñôåðå Çåìëè.

3. Îïåðàòèâíàÿ ñèñòåìà Ì×Ñ ÏËÒÕÊ

Î÷åâèäíî, ÷òî ýôôåêòèâíîñòü çàùèòû ÎÑ îò
èíòîêñèêàöèè ÒÎÑ áóäåò çàâèñåòü íå òîëüêî îò
ýôôåêòèâíîñòè ëèêâèäàöèé ÷ðåçâû÷àéíûõ ñèòó-
àöèé (×Ñ) è òåõíîãåííûõ êàòàñòðîô (ÒÊ), ñâÿ-
çàííûõ ñ âûáðîñàìè â ÎÑ áîëüøèõ êîëè÷åñòâ
ÒÎÑ, íî è îò âîçìîæíîñòè óñïåøíîãî ïðîãíîçà
âîçíèêíîâåíèÿ è ðàçâèòèÿ òàêèõ ×Ñ. Äëÿ ýòîãî
íåîáõîäèìî ñîçäàíèå åäèíîé îïåðàòèâíîé ñèñòå-
ìû, îáúåäèíÿþùåé â ñåáå â òîé èëè èíîé ñòåïå-
íè âñå ïðåäïðèÿòèÿ ÐÔ ïî âûðàáîòêå èëè õðàíå-
íèþ ÒÎÑ. Ïîñêîëüêó â ÐÔ âûðàáîòêà è ðåàëèçà-
öèÿ ãîñóäàðñòâåííîé ïîëèòèêè â îáëàñòè çàùèòû
íàñåëåíèÿ è òåððèòîðèé îò ÷ðåçâû÷àéíûõ ñèòóà-
öèé âîçëîæåíà íà Ì×Ñ Ðîññèè [3], òî ïðåäñòàâ-
ëÿåòñÿ öåëåñîîáðàçíûì èìåííî íà îñíîâå ýòîãî
ìèíèñòåðñòâà ñîçäàâàòü íàçâàííóþ îïåðàòèâíóþ
ñèñòåìó. Áîëåå òîãî, â ýòîé ñèñòåìå íåîáõîäèìî
ñîçäàòü (ïîäîáíî èíñòèòóòó âîåíïðåäîâ, ñóùåñòâó-
þùåìó â Ðîññèéñêîé àðìèè) èíñòèòóò «Ì×Ñ-ïðå-
äîâ», îñóùåñòâëÿþùèõ êîíòðîëü õèìè÷åñêîé
îáñòàíîâêè íà îñîáî îïàñíûõ ïðåäïðèÿòèÿõ ïî
õðàíåíèþ è âûðàáîòêå ÒÎÑ. Îäèí èç âîçìîæíûõ
âàðèàíòîâ åäèíîé îïåðàòèâíîé ñèñòåìû (ÅÎÑ)
ïðåäñòàâëåí íà ðèñ. 2. Ñìûñë ýòîãî âàðèàíòà ÿñåí
èç ñàìîãî ðèñóíêà è, ïî-âèäèìîìó, â äîïîëíè-
òåëüíûõ êîììåíòàðèÿõ íå íóæäàåòñÿ.

4. Îñíîâíîå óñëîâèå ìèíèìèçàöèè
âîçäåéñòâèÿ ÒÎÑ íà ÎÑ

Ñóäÿ ïî îñíîâíûì ïóòÿì âîçäåéñòâèÿ ÒÎÑ
íà ÎÑ (ðèñ. 3), ñóùåñòâóþò ðàçëè÷íûå ñïîñîáû
óìåíüøåíèÿ ýòîãî âîçäåéñòâèÿ: îò òðàäèöèîí-
íîé äåòîêñèêàöèè çàðàæåííîé ìåñòíîñòè äî ôè-

Ðèñ. 2. Îäèí èç âîçìîæíûõ âàðèàíòîâ åäèíîé îïåðàòèâ-
íîé ñèñòåìû: 1, 2, 3, 4, n, N — íîìåð èíôîðìàöèîííîãî
óðîâíÿ; 1-é óðîâåíü ñîîòâåòñòâóåò ðàáî÷åé çîíå (ÐÇ),
2-é — ÇÇÌ, 3-é — ÑÇÇ, 4-é — óðîâíè âñïîìîãàòåëüíûõ èí-
ôîðìàöèîííûõ ñèñòåì; ÏÏÊÀ — ïðîòèâîïîæàðíàÿ êîí-
òðîëüíàÿ àïïàðàòóðà, ÏÓ — ïóíêò óïðàâëåíèÿ, ÑÈÇ —
ñðåäñòâà èíäèâèäóàëüíîé çàùèòû, ÑÊÁÕ — ñðåäñòâà êîí-
òðîëÿ áåçîïàñíîñòè õðàíåíèÿ (âûðàáîòêè), ÑÊÊÒÎÑ —
ñðåäñòâà êîíòðîëÿ êîíöåíòðàöèé ÒÎÑ, ÑÊÍØÐÕ —
ñðåäñòâà êîíòðîëÿ íåøòàòíîãî ðåæèìà õðàíåíèÿ (âû-
ðàáîòêè) ÒÎÑ, ÑÊØÐÕ — ñðåäñòâà êîíòðîëÿ øòàòíî-
ãî ðåæèìà õðàíåíèÿ (âûðàáîòêè), ÑÍ — ñðåäñòâà íà-
áëþäåíèÿ, ÑÎÁÕ — ñðåäñòâà îáåñïå÷åíèÿ áåçîïàñíîñòè
õðàíåíèÿ (âûðàáîòêè), ÑÏ — ñðåäñòâà ïîâåðêè ðàçëè÷-
íûõ ñðåäñòâ êîíòðîëÿ è îáåñïå÷åíèÿ áåçîïàñíîñòè, ÑÑÎ-
ÇÈ — ñèñòåìà ñáîðà, îáðàáîòêè è çàùèòû èíôîðìàöèè

òîðåìåäèàöèè ïî÷â è âîäîåìîâ [10, 11]. Îäíàêî
î÷åâèäíî, ÷òî ìàêñèìàëüíûé ýôôåêò äîñòèãàåò-
ñÿ â òîì ñëó÷àå, êîãäà ÒÎÑ ëèáî óíè÷òîæàþòñÿ
â ìåñòàõ èõ îáðàçîâàíèÿ, ëèáî ñîáèðàþòñÿ è â
ñïåöèàëüíûõ êîíòåéíåðàõ äîñòàâëÿþòñÿ ê ìåñ-
òàì èõ óíè÷òîæåíèÿ. Äëÿ äîñòèæåíèÿ òàêîãî
ýôôåêòà íåîáõîäèìî ðàçðàáîòàòü óíèâåðñàëüíóþ
òåõíîëîãèþ óíè÷òîæåíèÿ ðàçëè÷íûõ ÒÎÑ, à åùå
ëó÷øå — óíèâåðñàëüíóþ òåõíîëîãèþ ïåðåðàáîò-
êè ðàçëè÷íûõ ÒÎÑ â ëèêâèäíóþ ïðîäóêöèþ.
Îñíîâû íàçâàííûõ òåõíîëîãèé ìîãóò ñîñòàâèòü
òåõíîëîãèè, ðàçðàáàòûâàåìûå äëÿ óíè÷òîæåíèÿ
ÐÌ, îáðàçóþùèõñÿ ïðè óíè÷òîæåíèè ÔÎÂ [8],
à òàêæå óíèâåðñàëüíàÿ òåõíîëîãèÿ ïåðåðàáîòêè
ÒÎÑ â ëèêâèäíóþ ïðîäóêöèþ, ðàçðàáàòûâàåìàÿ
â ÈÒÝÑ ÎÈÂÒ ÐÀÍ.

Çàêëþ÷åíèå

Â ðåçóëüòàòå ïðîâåäåííîãî àíàëèçà ïîêàçà-
íî, ÷òî çíà÷èòåëüíàÿ ãðóïïà òîêñè÷íûõ âåùåñòâ,
âûðàáàòûâàåìûõ è õðàíÿùèõñÿ íà òåððèòîðèè
ÐÔ, îáëàäàåò îáùèì ïðèçíàêîì — ýòî òîêñè÷-

Ñ. À. Ãàðåëèíà, È. È. Êëèìîâñêèé
Óãðîçà ãëîáàëüíîé õèìè÷åñêîé èíòîêñèêàöèè îêðóæàþùåé ñðåäû â Ðîññèè. Óñëîâèÿ åå ëèêâèäàöèè
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Ðèñ. 3. Îñíîâíûå ïóòè âîçäåéñòâèÿ ÒÎÑ íà îêðóæàþ-
ùóþ ñðåäó: →→→→→ — íåïîñðåäñòâåííîå âîçäåéñòâèå; – – →—
òðàíñôîðìàöèÿ (ìîäèôèêàöèÿ) ïîðàæàþùåãî ôàêòî-
ðà; – ⋅ → — îïîñðåäîâàííîå âîçäåéñòâèå; → — âíóòðè-
ñèñòåìíûå âçàèìîñâÿçè

íûå îðãàíè÷åñêèå ñîåäèíåíèÿ è ïðåæäå âñåãî ãà-
ëîãåíñîäåðæàùèå îðãàíè÷åñêèå ñîåäèíåíèÿ. Ýòî
îáñòîÿòåëüñòâî ïîçâîëÿåò ðàññìàòðèâàòü çàùè-
òó îêðóæàþùåé ñðåäû â ÐÔ îò âîçäåéñòâèÿ íà
íåå ðàçëè÷íûõ ÒÎÑ ñ åäèíûõ ïîçèöèé, îñíîâû-
âàÿñü, â ïåðâóþ î÷åðåäü, íà îïûòå óíè÷òîæåíèÿ
ÕÎ, îáîáùåííîì â òðóäàõ I-é è II-é íàó÷íî-ïðàê-
òè÷åñêèõ êîíôåðåíöèé «Íàó÷íî-òåõíè÷åñêèå àñ-
ïåêòû îáåñïå÷åíèÿ áåçîïàñíîñòè ïðè óíè÷òîæå-
íèè, õðàíåíèè è òðàíñïîðòèðîâêå õèìè÷åñêîãî
îðóæèÿ» (2003, 2004 ãã.). Ïðîäåìîíñòðèðîâàíî,
÷òî êîíòðîëü çà áåçîïàñíûì ôóíêöèîíèðîâàíè-
åì ïðåäïðèÿòèé ïî ïðîèçâîäñòâó è õðàíåíèþ ðàç-
ëè÷íûõ ÒÎÑ öåëåñîîáðàçíî ïðîâîäèòü â ðàìêàõ
åäèíîé èíôîðìàöèîííîé ñèñòåìû. Êðîìå òîãî,
óñòàíîâëåíî, ÷òî ýôôåêòèâíîå ïðåäîòâðàùåíèå
ãëîáàëüíîé èíòîêñèêàöèè îêðóæàþùåé ñðåäû â
ÐÔ ìîæåò áûòü îáåñïå÷åíî çà ñ÷åò ñîçäàíèÿ óíè-
âåðñàëüíîé òåõíîëîãèè óíè÷òîæåíèÿ ÒÎÑ èëè
ïåðåðàáîòêè èõ â ëèêâèäíóþ ïðîäóêöèþ.
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Ñâåäåíèÿ îá àâòîðå: äîêòîð òåõí. íàóê, ïðîôåññîð, ãëàâ. íàó÷. ñîòðóäíèê
ÎÈÂÒ ÐÀÍ.

Îáëàñòü íàó÷íûõ èíòåðåñîâ: ñïåöèàëèñò â îáëàñòè ìåòîäîâ ïðÿìîãî ïðå-
îáðàçîâàíèÿ âèäîâ ýíåðãèè è ïðîáëåì òåïëî- è ýëåêòðîôèçèêè.

Ïóáëèêàöèè: àâòîð áîëåå 80 íàó÷íûõ òðóäîâ è èçîáðåòåíèé.

Áàðàíîâ
Íèêîëàé Íèêîëàåâè÷

Ââåäåíèå

Â íàñòîÿùåå âðåìÿ ÷èñëî ïîëüçîâàòåëåé ðàç-
ëè÷íûõ ñèñòåì ñîòîâîé ñâÿçè (ÑÑÑ) â ÐÔ äî-
ñòèãëî îêîëî 130 ìëí. ÷åëîâåê. Ïðè ìîùíîñòè
ìîáèëüíîãî òåëåôîíà (ÌÒ) ñòàíäàðòà GSM-900/
1800 (áîëåå äåòàëüíî î ñòàíäàðòàõ ñîòîâîé ñâÿ-
çè áóäåò ñêàçàíî íèæå) — îñíîâíîãî ñòàíäàðòà,
èñïîëüçóåìîãî â ÐÔ, — 0.8, 2 Âò ñóììàðíàÿ
ìîùíîñòü âñåõ ÌÒ â ÐÔ ïðåâûøàåò 130 ÌÂò.
Òî åñòü äàæå áåç ó÷åòà èçëó÷åíèÿ áàçîâûõ ñòàí-
öèé (ÁÑ) è äðóãèõ èñòî÷íèêîâ ýëåêòðîìàãíèò-
íîãî èçëó÷åíèÿ èíòåãðàëüíàÿ ñèñòåìà ñîòîâîé
ñâÿçè ÐÔ ìîæåò ðàññìàòðèâàòüñÿ êàê îáîñîá-
ëåííàÿ ýíåðãåòè÷åñêàÿ ñèñòåìà. Åå ãëàâíûé ôàê-
òîð âîçäåéñòâèÿ íà îêðóæàþùóþ ñðåäó — ýëåê-
òðîìàãíèòíîå ïîëå (ÝÌÏ), ñïîñîáíîå îêàçàòü íå-
ãàòèâíîå âîçäåéñòâèå íà çäîðîâüå ëþäåé. Áîëåå
òîãî, ÷àñòîòû ÝÌÏ ÑÑÑ ëåæàò â äèàïàçîíå ïðè-
ìåðíî îò 0,5 äî 2 ÃÃö, òî åñòü ïåðåêðûâàþòñÿ ñ
äèàïàçîíîì ÷àñòîò ÝÌÏ, èñïîëüçóåìûõ â ðàäèî-
ëîêàöèîííûõ ñòàíöèÿõ. Îáùåèçâåñòíî, ÷òî òà-

êèå ýëåêòðîìàãíèòíûå ïîëÿ ïðè ïëîòíîñòÿõ ïî-
òîêà ýíåðãèè (ÏÏÝ), ïðåâûøàþùèõ èõ ïðåäåëü-
íî äîïóñòèìûå óðîâíè (ÏÄÓ), ìîãóò ïðåäñòàâ-
ëÿòü ñåðüåçíóþ îïàñíîñòü äëÿ çäîðîâüÿ ëþäåé.

Ïîñêîëüêó â ëèòåðàòóðå, ïîñâÿùåííîé èçó-
÷åíèþ òåõ èëè èíûõ ïðîáëåì (àñïåêòîâ) ÝÌÏ
ïðèìåíèòåëüíî ê äèàïàçîíó ÷àñòîò 0,3–300 ÃÃö,
èñïîëüçóåòñÿ ðàçëè÷íàÿ òåðìèíîëîãèÿ, òî ïðåæ-
äå ÷åì ïåðåéòè ê äàëüíåéøåìó ðàññìîòðåíèþ ïðî-
áëåìû, îáñóæäàåìîé â ñòàòüå, öåëåñîîáðàçíî
÷åòêî îáîçíà÷èòü òåðìèíû, êîòîðûå â äàëüíåé-
øåì áóäóò èñïîëüçîâàòüñÿ ïðèìåíèòåëüíî ê ÝÌÏ
ÌÒ. Êàê óæå îòìå÷àëîñü, äèàïàçîí ÷àñòîò ÝÌÏ
ìîáèëüíûõ òåëåôîíîâ ñîñòàâëÿåò ïðèìåðíî 0,5–
2 ÃÃö è âõîäèò â äèàïàçîí óëüòðàâûñîêèõ ÷àñòîò
ÓÂ× (0,3–3 ÃÃö), êîòîðûé ñ äèàïàçîíîì ñâåðõ-
âûñîêî÷àñòîòíîãî (ÑÂ×) èçëó÷åíèÿ (3–300 ÃÃö)
îáúåäèíÿåòñÿ â âûøåóêàçàííûé äèàïàçîí ÷àñòîò
0,3–300 ÃÃö. Â ñàíèòàðíûõ íîðìàõ è ïðàâèëàõ
[2] ÝÌÏ òàêîé äèàïàçîí ÷àñòîò îáúåäèíÿþò ïîä
îáùèì íàçâàíèåì «ÑÂ×-èçëó÷åíèå». Äëÿ òàêèõ
ÝÌÏ â ÐÔ ñóùåñòâóþò åäèíûå ÏÄÓ, èçìåðÿå-

The paper presents technical parameters of different cellular radiotelephone standards. By the
example of Moscow, microwave energy flux densities (EFD) are estimated that are generated by the
mobile telephones and impact the people who are present within the Moscow City area and don’t use
their own mobile telephones. The calculated EFD values are compare to the maximum permissible levels
of impact by the electromagnetic fields on the population. On the base of the comparison, the maximum
permissible duration of using the mobile telephones are determined for adults and children. The
conclusion is made that, with account for the cellular telephone standards in Russia as well as for the
pace of its development, the action of the microwave radiation from the mobile telephones on the
common health can grow up to a serious ecological problem.

The supplement contains several data on possible medico-biologic consequences of that wide expansion
of the cellular radiotelephone in the Russian Federation with the account for the fact that GSM-900/1800
is the prevalent standard of the communications.

The measures are discussed of individual protection against the electromagnetic radiation for the
users of the mobile telephones.
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Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ

ìûå â èíòåíñèâíîñòÿõ (ïëîòíîñòÿõ ïîòîêà ýíåð-
ãèè — ÏÏÝ) Âò/ñì2 [2–4], ÷òî óêàçûâàåò íà ñõîä-
ñòâî âëèÿíèÿ íà çäîðîâüå ëþäåé ÝÌÏ, îòíîñÿ-
ùèõñÿ êî âñåìó äèàïàçîíó ÷àñòîò 0,3–300 ÃÃö.
Çà ðóáåæîì, à èíîãäà è â îòå÷åñòâåííîé ëèòåðà-
òóðå, ÑÂ×-èçëó÷åíèå ñàíòèìåòðîâîãî äèàïàçîíà
è ÓÂ×-èçëó÷åíèå äåöèìåòðîâîãî äèàïàçîíà äëèí
âîëí îáúåäèíÿþòñÿ ïîä îáùèì òåðìèíîì «ìèê-
ðîâîëíîâîå èçëó÷åíèå» (ÌÂÈ). Ïîñêîëüêó, ñî-
ãëàñíî ïðèâåäåííîìó âûøå äèàïàçîíó ÷àñòîò, ÝÌÏ
ÌÒ îòíîñÿòñÿ ê äèàïàçîíó äåöèìåòðîâûõ âîëí,
òî â äàëüíåéøåì ýòè ÝÌÏ áóäóò íàçûâàòüñÿ «ìèê-
ðîâîëíîâûì èçëó÷åíèåì».

Êàçàëîñü áû, âîïðîñ î âðåäå ÝÌÏ ìîáèëü-
íûõ òåëåôîíîâ (ÌÒ) è áàçîâûõ ñòàíöèé (ÁÑ) äëÿ
çäîðîâüÿ ëþäåé ÿâëÿåòñÿ êëþ÷åâûì. Èìåííî îò
åãî ðåøåíèÿ çàâèñèò íå òîëüêî âûáîð òåõíè÷åñ-
êîãî íàïðàâëåíèÿ ðàçâèòèÿ ÑÑÑ, íî è, åñëè ìîæ-
íî òàê âûðàçèòüñÿ, âûðàáîòêà íàâûêîâ êóëüòó-
ðû ïîëüçîâàíèÿ ñîòîâîé ñâÿçüþ, åñëè íå èñêëþ-
÷àþùèõ ïîëíîñòüþ, òî õîòÿ áû óìåíüøàþùèõ
äî äîïóñòèìîãî óðîâíÿ âëèÿíèå ÝÌÏ ÑÑÑ íà çäî-
ðîâüå ëþäåé è, â ïåðâóþ î÷åðåäü, äåòåé.

Ê ñîæàëåíèþ, â íàñòîÿùåå âðåìÿ äàæå â íà-
ó÷íîé ëèòåðàòóðå, ïîñâÿùåííîé èçó÷åíèþ âîïðî-
ñà íåãàòèâíîãî âëèÿíèÿ ÝÌÏ ÑÑÑ íà çäîðîâüå
ëþäåé, îäíîçíà÷íîãî îòâåòà íà ñôîðìóëèðîâàí-
íûé âîïðîñ íåò. Íàïðèìåð, îöåíèâàÿ ïî ïåðâîé
ãëàâå [1] ìîíîãðàôèè «Ýëåêòðîìàãíèòíûå ïîëÿ
è çäîðîâüå ÷åëîâåêà», îïóáëèêîâàííîé â 2002 ã.,
ñëîæèâøèåñÿ ê ýòîìó ãîäó ìíåíèÿ ðàçëè÷íûõ
ïðåäñòàâèòåëåé íàóêè íà îïàñíîñòü è ñòåïåíü
âëèÿíèÿ íà çäîðîâüå íàñåëåíèÿ ýëåêòðîìàãíèò-
íûõ ïîëåé ÝÌÏ ÑÑÑ, ïðèõîäèòñÿ êîíñòàòèðî-
âàòü, ÷òî îíè íå òîëüêî îòëè÷àþòñÿ äðóã îò äðó-
ãà, íî è îòêðîâåííî ïðîòèâîðå÷àò äðóã äðóãó.

Ñóäÿ ïî òåìïàì ïðîâîäèìûõ â íàñòîÿùåå
âðåìÿ ðàçëè÷íûõ èññëåäîâàíèé î ïîñëåäñòâèÿõ
âëèÿíèÿ ÝÌÏ ÌÒ è ó÷èòûâàÿ ïðè ýòîì íåîáúÿñ-
íèìóþ ñ íàó÷íîé òî÷êè çðåíèÿ ïðîòèâîðå÷èâîñòü
ðåçóëüòàòîâ ýòèõ èññëåäîâàíèé, ìîæíî ïðåäïî-
ëîæèòü, ÷òî èçó÷åíèå âîïðîñà î õàðàêòåðå âëèÿ-
íèÿ ÝÌÏ êîíêðåòíûõ ìîáèëüíûõ òåëåôîíîâ íà
çäîðîâüå ëþäåé çàéìåò åùå íå îäíî äåñÿòèëåòèå.

Îäíàêî, åñëè îò ïîèñêîâ îòâåòà íà ñôîðìó-
ëèðîâàííûé âîïðîñ ïåðåéòè ê ïîèñêó îòâåòà íà
âîïðîñ î âëèÿíèè ÌÂÈ, ê êîòîðîìó, êàê óæå
îòìå÷àëîñü, îòíîñèòñÿ èçëó÷åíèå, èñïîëüçóåìîå
â ÑÑÑ, íà çäîðîâüå ëþäåé, òî îäíîçíà÷íûé îòâåò
íà ýòîò âîïðîñ, à ñëåäîâàòåëüíî, è íà âîïðîñ î
õàðàêòåðå âëèÿíèÿ ÝÌÏ ÑÑÑ íà çäîðîâüå ëþäåé,
ïîëó÷åí åùå 30–40 ëåò òîìó íàçàä â ÑÑÑÐ â
èññëåäîâàíèÿõ õàðàêòåðà âëèÿíèÿ ÑÂ×-èçëó÷å-
íèÿ ðàäèîëîêàöèîííûõ ñòàíöèé íà çäîðîâüå ïåð-
ñîíàëà, îáñëóæèâàþùåãî òå èëè èíûå èñòî÷íèêè
òàêîãî èçëó÷åíèÿ. Ê ñîæàëåíèþ, íè â [1], íè â
äðóãèõ ïîäîáíûõ ïóáëèêàöèÿõ ðåçóëüòàòû ïðî-
âåäåííûõ â ÑÑÑÐ â 60–70-õ ãîäàõ ÕÕ âåêà äîë-
ãîâðåìåííûõ íàáëþäåíèé çà áîëüøîé ãðóïïîé
ïðîôåññèîíàëîâ, ïîäâåðãàþùèõñÿ åæåäíåâíîìó
âîçäåéñòâèþ ÑÂ×-èçëó÷åíèÿ, äàæå íå óïîìèíà-
þòñÿ. Ýòè íàáëþäåíèÿ äàëè ÷ðåçâû÷àéíî èíòå-
ðåñíûå ðåçóëüòàòû è ïðåæäå âñåãî ïîçâîëèëè âû-
äåëèòü ñàìîñòîÿòåëüíóþ íîçîëîãè÷åñêóþ åäèíè-

öó áîëåçíè — ðàäèîâîëíîâóþ áîëåçíü (ÐÂÁ) [2],
êîòîðàÿ ðàçâèâàëàñü ó ÷àñòè ðàáîòíèêîâ, îáñëó-
æèâàþùèõ ðàçëè÷íûå èñòî÷íèêè ÑÂ×-èçëó÷åíèÿ
ïðè èíòåíñèâíîñòÿõ ÝÌÏ, íå ïðåâûøàþùèõ ñî-
òûõ äîëåé ìèëëèâàòòà íà êâàäðàòíûé ñàíòèìåòð.
Ñîãëàñíî äàííûì, ïîëó÷åííûì â ðåçóëüòàòå îá-
ñóæäàåìûõ íàáëþäåíèé, òîëüêî ÝÌÏ ñ ÏÏÝ ïî-
ðÿäêà 1 ìêÂò/ñì2 íå îêàçûâàëè íåãàòèâíîãî âëè-
ÿíèÿ íà çäîðîâüå ëþäåé.

Ãëàâíûì ôàêòîðîì, âëèÿþùèì íà ðàçâèòèå
îòäàëåííûõ ïîñëåäñòâèé âîçäåéñòâèÿ ÝÌÏ ÓÂ×
íà ëþäåé, ÿâëÿåòñÿ îáëó÷åíèå ãîëîâíîãî ìîçãà.
Áîëåå òðèäöàòè ëåò òîìó íàçàä áûëî íàäåæíî
óñòàíîâëåíî ñëåäóþùåå [3]: «Èññëåäîâàíèÿ ïî-
êàçûâàþò, ÷òî îñîáîé ÷óâñòâèòåëüíîñòüþ ê ÝÌÏ
îáëàäàþò îðãàíè÷åñêèå òåëà òîëüêî íà ìàêðî-
ñêîïè÷åñêîì óðîâíå… Â íàèáîëüøåé ñòåïåíè ýòà
÷óâñòâèòåëüíîñòü ïðîÿâëÿåòñÿ òîëüêî â öåëîñò-
íîì îðãàíèçìå… Ñ ðàçâèòèåì è óñëîæíåíèåì îðãà-
íèçìà, êðîìå ïðîñòåéøèõ ôèçèêî-õèìè÷åñêèõ
ìåõàíèçìîâ, âñå áîëüøåå è áîëüøåå âëèÿíèå íà
îðãàíèçì â öåëîì îêàçûâàþò ýôôåêòû, êîòîðûå
ïðèíÿòî ñâÿçûâàòü ñ ôèçèîëîãè÷åñêèìè è áèî-
ôèçè÷åñêèìè ìåõàíèçìàìè äåéñòâèÿ, âêëþ÷àþ-
ùèìè êàê íåðàçðûâíîå öåëîå èíôîðìàöèîííûé
àñïåêò ðàäèîâîëí». Ïî-âèäèìîìó, íè ó êîãî íå
ìîæåò âîçíèêíóòü ñîìíåíèå, ÷òî ÷åëîâå÷åñêèé
îðãàíèçì (îñîáåííî ÷åëîâå÷åñêèé ìîçã) ÿâëÿåò-
ñÿ íàìíîãî áîëåå ñëîæíûì îðãàíèçìîì, ÷åì îðãà-
íèçìû áîëüøèíñòâà æèâîòíûõ, è, ñëåäîâàòåëü-
íî, âîçäåéñòâèå ÌÂÈ íà ìîçã ÷åëîâåêà äîëæíî
áûòü áîëåå çíà÷èòåëüíûì, ÷åì íà ìîçã æèâîò-
íûõ.

Öåëü äàííîé ðàáîòû çàêëþ÷àåòñÿ, âî-ïåðâûõ,
â ïîïûòêå, åñëè ìîæíî òàê âûðàçèòüñÿ, îêîíòó-
ðèòü ïðîáëåìó íåãàòèâíîãî âîçäåéñòâèÿ ÝÌÏ ÑÑ
íà ëþäåé â ïðåäåëüíî äîñòóïíîé àâòîðàì äàííîé
ñòàòüè ïîëíîòå. Âî-âòîðûõ, â âûÿâëåíèè íàèáî-
ëåå ñåðüåçíûõ ïðîáëåì ñîòîâîé ñâÿçè, ðåøåíèå
êîòîðûõ ñäåëàåò òàêóþ ñâÿçü áåçîïàñíîé äëÿ åå
ïîëüçîâàòåëåé è, ïðåæäå âñåãî, äëÿ äåòåé*.

1. Íåêîòîðûå äàííûå î äèíàìèêå ðàçâèòèÿ
ñîòîâîé ñâÿçè â Ðîññèè. Îñíîâíûå ñòàíäàðòû

Äëÿ Ðîññèè ïîñëåäíåå äåñÿòèëåòèå õàðàêòå-
ðèçóåòñÿ øèðîêèì ïðîíèêíîâåíèåì â áûò åå
ãðàæäàí ìîáèëüíûõ òåëåôîíîâ. Íàïðèìåð, â äå-
êàáðå 2004 ã. [4] «…â Ðîññèè áûëî ïîäêëþ÷åíî
áîëåå 8,3 ìèëëèîíîâ àáîíåíòîâ — ýòî âäâîå
áîëüøå, ÷åì â íîÿáðå, è âòðîå áîëüøå, ÷åì â
äåêàáðå 2003 ã.». Â êîíöå 2004 ãîäà îáùåå ÷èñ-
ëî ïîëüçîâàòåëåé ðàçëè÷íûìè ñèñòåìàìè ñîòî-
âîé ñâÿçè (ÑÑÑ) â ÐÔ äîñòèãëî 73,9 ìëí. [5], â
òî âðåìÿ êàê [4] «…ïî ïðîãíîçàì Ìèíñâÿçè ÐÔ
äâóõëåòíåé äàâíîñòè, ê 2010 ãîäó â ñòðàíå äîëæ-
íî áûëî íàáðàòüñÿ 35 ìëí. ïîëüçîâàòåëåé ñîòî-
âîé ñâÿçüþ».

Ñîãëàñíî äàííûì, ïðèâåäåííûì â [5], â êîí-
öå 2004 ã. èç îáùåãî ÷èñëà àáîíåíòîâ ÑÑÑ íà

* Ïîñêîëüêó íàì íåèçâåñòíû íàó÷íûå ðàáîòû, ïðå-
ñëåäóþùèå àíàëîãè÷íûå öåëè, â äàííîé ðàáîòå äëÿ èõ
äîñòèæåíèÿ ïðèøëîñü ïîëüçîâàòüñÿ íå òîëüêî íàó÷íû-
ìè ïóáëèêàöèÿìè, íî è ìàòåðèàëàìè, îïóáëèêîâàííû-
ìè â ÑÌÈ è â Èíòåðíåòå.
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äîëþ êîìïàíèè ÌÒÑ ïðèõîäèëîñü 35,9 %, à íà
äîëþ êîìïàíèè «ÂûìïåëÊîì» — 34,8 %. Â
Ìîñêâå è Ìîñêîâñêîé îáëàñòè, ãäå ïðîæèâàþò
ñâûøå 17 ìëí. ÷åëîâåê, íàçâàííûå êîìïàíèè îá-
ñëóæèâàëè, ñîîòâåòñòâåííî, 6,985 è 6,960 ìëí.
ïîëüçîâàòåëåé. Èñïîëüçóÿ ïðèâåäåííûå äàííûå
è ïîëàãàÿ, ÷òî äîëè ðàçëè÷íûõ ôèðì â Ìîñêâå
è Ìîñêîâñêîé îáëàñòè òàêèå æå, êàê âî âñåé
Ðîññèè, ëåãêî ñîñ÷èòàòü, ÷òî îáùåå ÷èñëî àáî-
íåíòîâ ÑÑÑ â íàçâàííîì ðåãèîíå íà êîíåö 2004 ã.
ñîñòàâëÿëî îêîëî 19,7 ìëí. Ïîëó÷àåòñÿ, ÷òî óæå
â 2004 ã. ÷èñëî àáîíåíòîâ ÑÑÑ â Ìîñêâå è Ìîñ-
êîâñêîé îáëàñòè ïðèìåðíî íà äâà ìèëëèîíà ïðå-
âûñèëî ÷èñëî ïðîæèâàþùèõ â íèõ ëþäåé. Òà-
êîìó ðàñõîæäåíèþ ìîãóò ñïîñîáñòâîâàòü, ïî
ìåíüøåé ìåðå, äâå ïðè÷èíû. Âî-ïåðâûõ, äîëÿ
ó÷àñòèÿ êîìïàíèé ÌÒÑ è «ÂûìïåëÊîìà» â Ìîñ-
êâå è Ìîñêîâñêîé îáëàñòè çàìåòíî áîëüøå, ÷åì
ïî âñåé Ðîññèè. Âî-âòîðûõ, ÷àñòü àáîíåíòîâ íà-
çâàííûõ êîìïàíèé èìååò ïî íåñêîëüêî ìîáèëü-
íûõ òåëåôîíîâ. Îäíàêî, êàê áû íè áûëî íà ñà-
ìîì äåëå, íà÷èíàÿ ñ 2004 ã., ÷èñëî ìîáèëüíûõ
òåëåôîíîâ (àáîíåíòîâ ÑÑ) â Ìîñêâå ñ áîëüøîé
ñòåïåíüþ íàäåæíîñòè ìîæíî ïîëîæèòü ðàâíûì
10 ìëí. Êîððåêòíîñòü ïðèâåäåííîé öèôðû ïîä-
òâåðæäàåòñÿ ñîîáùåíèåì [4] î òîì, ÷òî â 2004 ã.
ïðîíèêíîâåíèå ñîòîâîé ñâÿçè â ñòîëè÷íîì ðåãè-
îíå äîñòèãëî 99 %.

Äèíàìèêà ðàçâèòèÿ îñíîâíûõ êîìïàíèé ñî-
òîâîé ñâÿçè â Ðîññèè îòîáðàæåíà íà ðèñ. 1 â
âèäå çàâèñèìîñòåé ÷èñëà àáîíåíòîâ ðàçëè÷íûõ
êîìïàíèé ñîòîâîé ñâÿçè îò âðåìåíè. Âèäíî, ÷òî
îáùåå ÷èñëî àáîíåíòîâ äàâíî ïðåâçîøëî îæèäà-
åìîå êîëè÷åñòâî.

Â òàáë. 1 ïðèâåäåíû íåêîòîðûå òåõíè÷åñêèå
õàðàêòåðèñòèêè ñòàíäàðòîâ ñîòîâîé ñâÿçè, èñ-
ïîëüçóþùèõñÿ â Ðîññèè. Äîñòîâåðíîñòü äàííûõ
ýòîé òàáëèöû ïîäòâåðæäàåòñÿ äàííûìè 1994 ã.
[6], êîãäà â ñîòîâîé ñâÿçè åùå íå èñïîëüçîâàë-
ñÿ ñòàíäàðò CDMA. Ñîãëàñíî ýòèì äàííûì, ìîù-
íîñòü èçëó÷åíèÿ ðó÷íûõ ðàäèîòåëåôîíîâ, èñïîëü-
çóåìûõ â òî âðåìÿ, ñîñòàâëÿëà 0,8–5 Âò.

Ìîùíîñòü P, èçëó÷àåìàÿ ìîáèëüíûì òåëå-
ôîíîì âî âðåìÿ ðàáîòû (âî âðåìÿ ðàçãîâîðà),
ÿâëÿåòñÿ ïðàêòè÷åñêè îäíîçíà÷íûì ïðèçíàêîì
ñîâåðøåíñòâà ÑÑÑ. Íà îñíîâàíèè òàáë. 1 ìîæ-
íî ñäåëàòü îäíîçíà÷íûé âûâîä î òîì, ÷òî â Ðîñ-
ñèè ïðåèìóùåñòâåííî èñïîëüçóþòñÿ íàèìåíåå
ñîâåðøåííûå è, ïî-âèäèìîìó, íàèáîëåå äåøå-
âûå ñèñòåìû ñîòîâîé ñâÿçè. Ïî íåïîíÿòíûì
ïðè÷èíàì âïîëíå óñïåøíàÿ Ñîòîâàÿ êîìïàíèÿ
«Ñîíåò», èñïîëüçîâàâøàÿ ïåðåäîâîé ñòàíäàðò
CDMA, áûëà ëèêâèäèðîâàíà âåñíîé 2005 ã.*

Ïîëàãàÿ ìîùíîñòü èçëó÷åíèÿ îòäåëüíîãî ÌÒ
ðàâíîé 1 Âò è ó÷èòûâàÿ ðàíåå ïðèâåäåííîå ÷èñ-
ëî ïîëüçîâàòåëåé ÑÑÑ â Ìîñêâå, ìîæíî îöå-
íèòü, ÷òî â ñëó÷àå îäíîâðåìåííîé ðàáîòû âñåõ
ÌÒ îáùàÿ ìîùíîñòü ÌÂÈ â ãîðîäå ñîñòàâèò
îêîëî 10 ÌÂò, à îáùàÿ ìîùíîñòü âñåõ ñîòîâûõ
òåëåôîíîâ, èñïîëüçóåìûõ â Ðîññèè, êàê óæå îò-
ìå÷àëîñü ðàíåå, äîñòèãàåò 130 ÌÂò.

* Ïî íåîôèöèàëüíûì äàííûì, êðîìå Ðîññèè, â íà-
ñòîÿùåå âðåìÿ ñòàíäàðò GSM ÿâëÿåòñÿ îñíîâíûì ñòàí-
äàðòîì ñîòîâîé ñâÿçè òîëüêî â ñòðàíàõ Àôðèêè.

Ðèñ. 1. Äèíàìèêà ðàçâèòèÿ îñíîâíûõ ñîòîâûõ êîìïà-
íèé Ðîññèè: 1 — ÀÎ «ÌÒÑ»; 2 — «ÂûìïåëÊîì» («Áè-
ëàéí»); 3 — ÀÎÇÒ «Ñåâåðî-Çàïàäíûé GSM-Ìåãàôîí»;
4 — ÇÀÎ «Ñðåäíåâîëæñêàÿ ìåæðåãèîíàëüíàÿ àññîöèàöèÿ
ðàäèîòåëåêîììóíèêàöèîííûõ ñèñòåì» (ÑÌÀÐÒÑ); 5 —
îáùåå êîëè÷åñòâî àáîíåíòîâ; 6 — ïðîãíîç (2003 ã.)
Ìèíñâÿçè ÐÔ íà 2010 ã.

Ñ ó÷åòîì ïðèâåäåííûõ çíà÷åíèé ñóììàðíûõ
ìîùíîñòåé ìîáèëüíûõ òåëåôîíîâ âîçíèêàåò åñ-
òåñòâåííûé âîïðîñ. Ìîãóò ëè ÝÌÏ, èñïîëüçóå-
ìûå â ÑÑÑ Ðîññèè, îêàçàòü íåãàòèâíîå âëèÿíèå
êàê íà çäîðîâüå èõ ïîëüçîâàòåëåé, òàê è íà çäî-
ðîâüå íå ïîëüçóþùèõñÿ ìîáèëüíûìè òåëåôîíà-
ìè æèòåëåé êðóïíûõ ãîðîäîâ Ðîññèè, â êîòî-
ðûõ îáùåå ÷èñëî ïîëüçîâàòåëåé ÑÑÑ ñîñòàâëÿ-
åò, íàïðèìåð, 1 ìëí. è áîëåå? ×òîáû îòâåòèòü
íà ýòè è ïîäîáíûå âîïðîñû, íåîáõîäèìî, ïðåæ-
äå âñåãî, óñòàíîâèòü ÏÄÓ âîçäåéñòâèÿ ÝÌÏ íà
ëþäåé.

2. Ïðåäåëüíî äîïóñòèìûå óðîâíè âîçäåéñòâèÿ
ÝÌÏ íà ëþäåé. Îöåíêè óðîâíåé ÏÏÝ ÝÌÏ
â êðóïíûõ ãîðîäàõ (íà ïðèìåðå ã. Ìîñêâû)

Èìåþòñÿ ðàçëè÷íûå íîðìàòèâíûå äîêóìåí-
òû, íàïðèìåð [6–9], â êîòîðûõ îïðåäåëÿþòñÿ
ïðåäåëüíî äîïóñòèìûå óðîâíè âîçäåéñòâèÿ ÌÂÈ
íà ëþäåé. Ïðåäñòàâèì èíôîðìàöèþ îá ýòèõ óðîâ-
íÿõ â îáîáùåííîì âèäå — òàê, êàê ýòî ñäåëàíî
â ñïðàâî÷íî-èíôîðìàöèîííîì èçäàíèè [10], ïî-
çàèìñòâîâàâ èç ýòîãî èçäàíèÿ òàáë. 2 è 3.

Íå âäàâàÿñü â äåòàëüíûé àíàëèç äàííûõ
òàáë. 2 è 3, îãðàíè÷èìñÿ äâóìÿ çàìå÷àíèÿìè.
Âî-ïåðâûõ, çíà÷åíèå ÏÄÓ äëÿ ïîëüçîâàòåëåé ðà-
äèîòåëåôîíîâ,  ïðèâåäåííîå â òàáë. 2, íîðìèðî-
âàíî íà 1 ÷ çà ñóòêè. ×òî ýòî îçíà÷àåò? Åñëè
ïëîòíîñòü ïîòîêà ýíåðãèè ÌÂÈ ó ãîëîâû ÷åëî-
âåêà, ðàçãîâàðèâàþùåãî ïî ìîáèëüíîìó òåëåôî-
íó, ðàâíà 100 ìêÂò/ñì2, òî îí ìîæåò ïîëüçî-
âàòüñÿ èì 1 ÷ â ñóòêè. Åñëè ÏÏÝ áîëüøå
100 ìêÂò/ñì2 (íàïðèìåð, 400 ìêÂò/ñì), òî ìî-
áèëüíûì òåëåôîíîì ìîæíî ïîëüçîâàòüñÿ 25 ìèí.
â ñóòêè. Åñëè ÏÏÝ ìåíüøå 100 ìêÂò/ñì2 (íà-
ïðèìåð, 50 ìêÂò/ñì2), òî ìîáèëüíûì òåëåôîíîì
ìîæíî ïîëüçîâàòüñÿ 2 ÷ â ñóòêè.

Âî-âòîðûõ, ðåáåíêà, äàæå ïîëüçóþùåãîñÿ
ìîáèëüíûì òåëåôîíîì, íåëüçÿ óïîäîáëÿòü âçðîñ-
ëîìó ÷åëîâåêó. Ïî-âèäèìîìó, ÂÄÓ äëÿ ðåáåíêà

Í. Í. Áàðàíîâ, È. È. Êëèìîâñêèé
Ýêîëîãè÷åñêèå ïðîáëåìû ñîòîâîé ñâÿçè â Ðîññèè
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äîëæíî áûòü ñðàâíèìî ñî çíà÷åíèåì ÏÄÓ
2 ìêÂò/ñì2 (òàáë. 3).

Ïîëàãàÿ äëÿ îïðåäåëåííîñòè, ÷òî ìîùíîñòü
P îòäåëüíîãî ÌÒ ñîñòàâëÿåò 1 Âò, à ðàññòîÿíèå
l îò ìîáèëüíîãî òåëåôîíà, ïðèæàòîãî ê óõó, äî
öåíòðà ãîëîâû ïîëüçîâàòåëÿ ñîñòàâëÿåò 10 ñì,
ïëîòíîñòü ïîòîêà ýíåðãèè I ìèêðîâîëíîâîãî èç-
ëó÷åíèÿ â öåíòðå ãîëîâû ïîëüçîâàòåëÿ, ðàññ÷è-
òàííàÿ ïî ôîðìóëå:

 2 ,
4

PI
l

≅
π

 (1)

ñîñòàâëÿåò 800 ìêÂò/ñì2. Ñîãëàñíî òàáë. 2, ïðè
òàêîì óðîâíå ÝÌÏ ïîëüçîâàòåëü ÑÑÑ ìîæåò
ïîëüçîâàòüñÿ ÌÒ ñòàíäàðòà NMT-450 íå áîëåå
2,5 ìèí â ñóòêè, ðåáåíîê — íå áîëåå 3 ñ. Äëÿ
ÑÑÑ ñòàíäàðòà CDMA ýòî âðåìÿ óâåëè÷èâàåòñÿ,
ñîîòâåòñòâåííî, äî 37,5 ìèí è 45 ñ.

Àíàëîãè÷íûå îöåíêè ïîêàçûâàþò, ÷òî ïðè
ìîùíîñòè èçëó÷åíèÿ 1 Âò íà ïîâåðõíîñòè ìîçãà
â îáëàñòè, ïðèëåãàþùåé ê óõó, ê êîòîðîìó ïðè-
êëàäûâàåòñÿ ÌÒ, ïëîòíîñòü ïîòîêà ýíåðãèè
ñîñòàâëÿåò îêîëî 600 ìêÂò/ñì2. Ïðè òàêîì óðîâ-
íå ÝÌÏ ïîëüçîâàòåëü ÑÑÑ ìîæåò ïîëüçîâàòüñÿ
ÌÒ ñòàíäàðòà NMT-450 íå áîëåå 3 ñ â ñóòêè,

Ðèñ. 2. Ñõåìà îïðåäåëåíèÿ ÏÏÝ â öåíòðå êðóãëîé òåð-
ðèòîðèè

Источник излучения Диапазон 
частот ПДУ Примечание 

30–300 кГц 25,0 В/м 
0,3–3 МГц 15,0 В/м 
3–30 МГц 10,0 В/м 

30–300 МГц 3,0 В/м 

 
Радиотехнические 
объекты 

0,3–30 ГГц 10 мкВт/см2 

СанПиН 2.2.4/2.1.8. 055-96 [5]. 
Для всех случаев облучения 

30 кГц–3 МГц 15,0 В/м 
3–30 МГц 10,0 В/м 

30–300 МГц 3,0 В/м 
0,3–300 ГГц 3 мкВт/см2 

СанПиН [6]. Территория города, 
общественные, служебные, 
производственные здания 

30 кГц–3 МГц 10,0 В/м 

3–30 МГц 7,0 В/м 

30–300 МГц 2,0 В/м 

 
Радиотехнические 
объекты  г. Москвы 

0,3–300 ГГц 2,0 кВт/см2 

СанПиН [6]. Жилые здания любого 
вида, детские образовательные и 
учебно-воспитательные учреждения 
стационарного типа и их территории, 
интернаты всех видов и их 
территории, гостиницы, другие 
учреждения, предназначенные для 
круглосуточного пребывания людей 

Òàáëèöà 3

Ïðåäåëüíî äîïóñòèìûå óðîâíè âîçäåéñòâèÿ ÝÌÏ, ñîçäàâàåìûõ
ðàäèîòåõíè÷åñêèìè îáúåêòàìè, äëÿ îñíîâíîãî íàñåëåíèÿ

ðåáåíîê — íå áîëåå 0,06 ñ. Äëÿ ÑÑÑ ñòàíäàðòà
CDMA ýòî âðåìÿ óâåëè÷èâàåòñÿ ñîîòâåòñòâåííî
äî 45 è 0,9 ñ.

Ìèêðîâîëíîâîå èçëó÷åíèå ìîáèëüíûõ òåëå-
ôîíîâ äåéñòâóåò íå òîëüêî íà èõ îáëàäàòåëåé,
íî è íà îêðóæàþùèõ ëþäåé. Ïðè îöåíêå ïëîò-
íîñòè ïîòîêà ýíåðãèè ÌÂÈ, âîçäåéñòâóþùåãî íà
ëþäåé, íàõîäÿùèõñÿ â çîíå äåéñòâèÿ ÑÑÑ, áó-
äåì èñõîäèòü èç ñëåäóþùèõ ïðåäïîëîæåíèé,
èëëþñòðèðóåìûõ ñ ïîìîùüþ ðèñóíêà è ñóùå-
ñòâåííî óïðîùàþùèõ ïðîâåäåíèå òàêîé îöåíêè.
×åëîâåê, îáîçíà÷åííûé íà ðèñ. 2 öèôðîé «1» è
ïîäâåðãàþùèéñÿ âîçäåéñòâèþ ÝÌÏ ðàçëè÷íûõ
ÑÑÑ, íàõîäèòñÿ â öåíòðå Ìîñêâû, òåððèòîðèÿ
êîòîðîé èìååò ôîðìó êðóãà ðàäèóñîì R è ïëî-
ùàäüþ S = 878,7 êì2, ðàâíîé ïëîùàäè Ìîñêâû â
1981 ã. [11]. Ìèíèìàëüíîå ðàññòîÿíèå rmin ìåæ-
äó ýòèì ÷åëîâåêîì è áëèæàéøèì ê íåìó ìî-
áèëüíûì òåëåôîíîì îïðåäåëèì êàê

 
2

min ,Rr
N

π
=  (2)

 ,SR =
π

 (3)

ãäå, êðîìå èçâåñòíûõ îáîçíà÷åíèé, N — ÷èñëî
ìîáèëüíûõ àïïàðàòîâ íà òåððèòîðèè Ìîñêâû.

Ïðåäïîëîæèì òàêæå, ÷òî ÌÂÈ ìîáèëüíûõ
òåëåôîíîâ ðàâíîìåðíî ðàñïðåäåëåíî ïî ïëîùàäè
Ìîñêâû â ïðåäåëàõ êîëüöà, îãðàíè÷åííîãî
îêðóæíîñòÿìè ðàäèóñàìè rmin è R (ñì. ðèñ. 2). Â
ñëó÷àå, êîãäà âûïîëíÿåòñÿ óñëîâèå rmin << R, ïî-
âåðõíîñòíóþ ïëîòíîñòü ìîùíîñòè ìèêðîâîëíî-
âîãî èçëó÷åíèÿ p ìîæíî ðàññ÷èòàòü ïî ôîðìóëå:

 .p NP S=  (4)

Êðîìå òîãî, ïðåäïîëîæèì, ÷òî êàæäûé «ýëå-
ìåíòàðíûé» ó÷àñòîê dS ïëîùàäè Ìîñêâû èçëó-
÷àåò êàê «ýëåìåíòàðíûé» âèáðàòîð Ãåðöà, ìîù-
íîñòü èçëó÷åíèÿ êîòîðîãî ðàññ÷èòûâàåòñÿ ïî
ôîðìóëå [12]:

Í. Í. Áàðàíîâ, È. È. Êëèìîâñêèé
Ýêîëîãè÷åñêèå ïðîáëåìû ñîòîâîé ñâÿçè â Ðîññèè
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2

2 280 ,Вт,A
lpdS I  = π  λ 

 (5)

ãäå IA — ýôôåêòèâíàÿ ñèëà òîêà â ïó÷íîñòè òîêà,
l è λ — ñîîòâåòñòâåííî, äëèíà âèáðàòîðà è äëè-
íà âîëíû èçëó÷åíèÿ, à àìïëèòóäà íàïðÿæåííî-
ñòè ýëåêòðè÷åñêîãî ïîëÿ E0, ñîçäàâàåìàÿ òàêèì
âèáðàòîðîì, â äàëüíåé çîíå (r >> λ) ðàññ÷èòûâà-
åòñÿ ïî ôîðìóëå [12]:

 0 266,4 sin ,  В/м,AI lE
r

= θ
λ

 (6)

ãäå, êðîìå èçâåñòíûõ îáîçíà÷åíèé, θ — óãîë ìåæ-
äó îñüþ äèïîëÿ è íàïðàâëåíèåì íà òî÷êó, â êî-
òîðîé îïðåäåëÿåòñÿ ïîëå.

Â äàëüíåéøèõ âûêëàäêàõ îãðàíè÷èìñÿ ðàñ-
ñìîòðåíèåì ñëó÷àÿ, êîãäà óãîë  θ = 0, è èñïîëü-
çóåì äëÿ ðàñ÷åòà èíòåíñèâíîñòè ìèêðîâîëíîâî-
ãî èçëó÷åíèÿ, ñîçäàâàåìîãî êàæäûì «ýëåìåíòàð-
íûì» âèáðàòîðîì â öåíòðå Ìîñêâû (ñì. ðèñ. 2),
èçâåñòíóþ ôîðìóëó äëÿ ðàñ÷åòà èíòåíñèâíîñòè
ïëîñêîé ëèíåéíî ïîëÿðèçîâàííîé ìîíîõðîìàòè-
÷åñêîé âîëíû â âîçäóõå:

 2 20
0

0

1 ,  В/м ,
2

J Eε
=

µ
 (7)

ãäå, êðîìå èçâåñòíûõ îáîçíà÷åíèé, ε0 è µ0 —
ñîîòâåòñòâåííî, ýëåêòðè÷åñêàÿ è ìàãíèòíàÿ ïî-
ñòîÿííûå.

Îïðåäåëÿÿ ïëîòíîñòü ïîòîêà ýíåðãèè I ìèê-
ðîâîëíîâîãî èçëó÷åíèÿ â öåíòðå Ìîñêâû êàê

 

1

,
S

I JdS= ∫  (8)

ãäå, êðîìå èçâåñòíûõ îáîçíà÷åíèé, S1 — ïëî-
ùàäü ÷àñòè êðóãà (ñì. ðèñ. 2), çàêëþ÷åííîé ìåæäó
îêðóæíîñòÿìè ðàäèóñàìè R è rmin, ìîæíî ñ ó÷å-
òîì ñäåëàííûõ ïðåäïîëîæåíèé ïîëó÷èòü ñîîò-
íîøåíèå, îïðåäåëÿþùåå ïëîòíîñòü ïîòîêà ýíåð-
ãèè ÌÂÈ, âîçäåéñòâóþùåãî íà ÷åëîâåêà, íàõî-
äÿùåãîñÿ â öåíòðå Ìîñêâû:

 
0,75 0,75ln ln .PN R PN NI

S r S
= =

π
 (9)

Ïîëàãàÿ P = 1 Âò, N = 107, S = 8,787⋅1012 ñì2,
ïîëó÷àåì I ≅ 7 ìêÂò/ñì2*. Òî åñòü â ñëó÷àå íåïðå-
ðûâíîé ðàáîòû âñåõ ìîáèëüíûõ òåëåôîíîâ íà òåð-
ðèòîðèè Ìîñêâû ïëîòíîñòü ïîòîêà ýíåðãèè ÌÂÈ
áîëüøå åå ïðåäåëüíî äîïóñòèìîãî çíà÷åíèÿ äëÿ
íàñåëåíèÿ (äåòåé) â 3,5 ðàçà. Ýòà öèôðà îçíà÷à-
åò, ÷òî â òîì ñëó÷àå, åñëè êàæäûé èç ìîáèëüíûõ
òåëåôîíîâ ðàáîòàåò áîëåå 7 ÷ â ñóòêè, èõ èçëó÷å-
íèå ñòàíîâèòñÿ îïàñíûì äëÿ âñåõ äåòåé, æèâó-

* Ïðè îöåíêå ðåàëüíî ñóùåñòâóþùèõ çíà÷åíèé ïëîò-
íîñòè ïîòîêà ýíåðãèè â êàæäîì êîíêðåòíîì ìåñòå íåîá-
õîäèìî ó÷èòûâàòü ìèêðîâîëíîâûå èçëó÷åíèÿ ïåðåäàò-
÷èêîâ àâòîìîáèëüíûõ ñòàíöèé (ìîùíîñòü èçëó÷åíèÿ 8–
20 Âò [3]), áàçîâûõ óñòàíîâîê ðàçëè÷íûõ ÑÑÑ, à òàêæå
èçëó÷åíèÿ äîìàøíèõ ðàäèîòåëåôîíîâ, êîñìè÷åñêèõ ñèñ-
òåì ñïóòíèêîâîãî òåëåâèäåíèÿ è ñïóòíèêîâîé ðàäèîñâÿ-
çè, ÷òî, ïî-âèäèìîìó, ìîæåò ïðîÿâèòüñÿ â çàìåòíîì óâå-
ëè÷åíèè ïðèâåäåííîãî çíà÷åíèÿ I. Ïðè íåîáõîäèìîñòè
I, êàê è äðóãèå âåëè÷èíû, ïðèâîäèìûå íèæå, ëåãêî ïå-
ðåñ÷èòûâàþòñÿ íà ëþáûå çíà÷åíèÿ ìîùíîñòè P ìèêðî-
âîëíîâîãî èçëó÷åíèÿ ìîáèëüíûõ òåëåôîíîâ.

ùèõ â öåíòðå Ìîñêâû. È íå òîëüêî â ñàìîì öåí-
òðå, íî è â ïðåäåëàõ öåíòðàëüíîé ÷àñòè Ìîñêâû,
ðàäèóñ êîòîðîé Rö óäîâëåòâîðÿåò óñëîâèþ Rö << R,
ò. å. ïðàêòè÷åñêè â ïðåäåëàõ âñåãî Ñàäîâîãî êîëü-
öà, äèàìåòð êîòîðîãî ñîñòàâëÿåò îêîëî 4 êì.

Áîëåå òîãî, åñëè ó÷åñòü, ÷òî äåëîâàÿ æèçíü
ïðåèìóùåñòâåííî ñîñðåäîòî÷åíà â öåíòðå Ìîñê-
âû, è ïðåäïîëîæèòü, ÷òî òðåòü ìîáèëüíûõ òåëå-
ôîíîâ Ìîñêâû ñîñðåäîòî÷åíà íà 0,1 ÷àñòè ïëî-
ùàäè ýòîãî ãîðîäà, òî ïëîòíîñòü ïîòîêà ýíåðãèè
ÌÂÈ â öåíòðå Ìîñêâû ïðè îäíîâðåìåííîé ðàáîòå
ýòîé òðåòüåé ÷àñòè ìîáèëüíûõ òåëåôîíîâ áóäåò
äîñòèãàòü 20 ìêÂò/ñì2. À ýòà öèôðà îçíà÷àåò,
÷òî óæå ïðè ðàáîòå êàæäîãî ÌÒ áîëåå 2,4 ÷ â
ñóòêè èõ èçëó÷åíèå ñòàíîâèòñÿ îïàñíûì äëÿ äå-
òåé, ïðîæèâàþùèõ â öåíòðå Ìîñêâû.

Íåîáõîäèìî îòìåòèòü, ÷òî ñäåëàííûå âûøå
îöåíêè, äàâøèå çíà÷åíèå I ≅ 7 ìêÂò/ñì2, íå ðàñ-
ïðîñòðàíÿþòñÿ íà òàê íàçûâàåìûõ äåëîâûõ ëþ-
äåé, ïðîôåññèîíàëüíàÿ äåÿòåëüíîñòü êîòîðûõ â
îñíîâíîì ïðîõîäèò â ìåñòàõ ñêîïëåíèÿ ïîëüçî-
âàòåëåé ÑÑÑ. Îöåíèâàÿ ïî ôîðìóëå (9) ïëîòíîñòü
ïîòîêà ýíåðãèè ÌÂÈ â öåíòðå êðóãîâîé òåððèòî-
ðèè ïëîùàäüþ 1000 ì2 è ïðåäïîëàãàÿ, ÷òî íà
ýòîé ïëîùàäè ðàçìåùåíî 500 ÌÒ, ïîëó÷àåì ïëîò-
íîñòü ïîòîêà ýíåðãèè â öåíòðå ðàññìàòðèâàåìîé
ïëîùàäè, ñîñòàâëÿþùóþ 95 ìêÂò/ñì2. Ñðåäíå-
ñóòî÷íîå çíà÷åíèå áóäåò ïðåâûøàòü ïðåäåëüíî
äîïóñòèìîå äëÿ ñëóæåáíûõ çäàíèé (3 ìêÂò/ñì2)
óæå â òîì ñëó÷àå, åñëè êàæäûé ìîáèëüíûé òåëå-
ôîí (èç ïÿòèñîò) ðàáîòàåò â ñóòêè áîëåå 45 ìèí.

Â ñëó÷àå ìíîãîýòàæíûõ äåëîâûõ öåíòðîâ âðå-
ìÿ äîïóñòèìîé ðàáîòû ÌÒ ëåãêî ìîæåò ñóùåñòâåí-
íî óìåíüøèòüñÿ. Óïîäîáëÿÿ ìíîãîýòàæíûå çäà-
íèÿ ñôåðå, ïðåäïîëàãàÿ, ÷òî ìîùíîñòü ÌÂÈ ìî-
áèëüíûõ òåëåôîíîâ ðàâíîìåðíî ðàñïðåäåëåíà ïî
ñôåðå ðàäèóñà R, ïåðåîïðåäåëÿÿ ñîîòâåòñòâóþùèì
îáðàçîì ôîðìóëó äëÿ ðàñ÷åòà çíà÷åíèÿ rmin è îñíî-
âûâàÿñü íà ðàíåå ñôîðìóëèðîâàííûõ äîïóùåíè-
ÿõ, ìîæíî ïîëó÷èòü ñîîòíîøåíèå, îïðåäåëÿþùåå
ïëîòíîñòü ïîòîêà ýíåðãèè â öåíòðå ñôåðû:

 
21,1 .PNI

R
=  (10)

Ïîëàãàÿ P = 1 Âò, N = 500 è R = 8 ì, èç ñîîò-
íîøåíèÿ (10) ïîëó÷àåì I = 8⋅102 ìêÂò/ñì2. Íå-
ñìîòðÿ íà ïðèáëèçèòåëüíîñòü ïðîâåäåííîé îöåí-
êè, îíà ïîêàçûâàåò, ÷òî â áîëüøèõ çäàíèÿõ âîç-
äåéñòâèå ìèêðîâîëíîâîãî èçëó÷åíèÿ íà ëþäåé,
íàõîäÿùèõñÿ âáëèçè öåíòðà ýòèõ çäàíèé, ìî-
æåò ñóùåñòâåííî âîçðàñòàòü ïî ñðàâíåíèþ ñ âîç-
äåéñòâèåì íà ëþäåé, íàõîäÿùèõñÿ â öåíòðå ïëîñ-
êèõ òåððèòîðèé.

Òàêèì îáðàçîì, â ìåñòàõ ñêîïëåíèÿ ïîëüçî-
âàòåëåé ÑÑÑ (îáùåñòâåííûå è ñëóæåáíûå çäà-
íèÿ) èçëó÷åíèå èõ ìîáèëüíûõ òåëåôîíîâ ìîæåò
ïðåäñòàâëÿòü óãðîçó íå òîëüêî äëÿ íèõ ñàìèõ,
íî è äëÿ ëþäåé, íå èìåþùèõ ìîáèëüíûõ òåëå-
ôîíîâ èëè íå ïîëüçóþùèõñÿ èìè.

Çàêëþ÷åíèå

Îòðèöàòåëüíîå âîçäåéñòâèå ÝÌÏ ÷àñòîòíûõ
äèàïàçîíîâ, èñïîëüçóåìûõ â ðàçëè÷íûõ ñèñòå-
ìàõ ÑÑÑ, áûëî äàâíî óñòàíîâëåíî. Èññëåäîâà-
íèÿ ïîñëåäíèõ ëåò ïîäòâåðæäàþò ýòîò âûâîä,

Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ
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ñäåëàííûé ñîâåòñêèì ó÷åíûìè áîëåå 30 ëåò òîìó
íàçàä. Ëþäè, óðîâåíü âîçäåéñòâèÿ ÝÌÏ íà êî-
òîðûõ ïðåâûøàåò ÏÄÓ, ïðèâåäåííûå â òàáë. 2,
ðèñêóþò ïðèîáðåñòè òå æå âûÿâëåííûå â ðåçóëü-
òàòå êîìïëåêñíûõ ìåäèêî-áèîëîãè÷åñêèõ èññëå-
äîâàíèé ïðîáëåìû ñî çäîðîâüåì, ÷òî è îáñëóæè-
âàþùèé  ïåðñîíàë ðàçëè÷íûõ èñòî÷íèêîâ ÌÂÈ.
Àíàëèç ýòèõ ïðîáëåì, ïðîâåäåííûé ïî ëèòåðà-
òóðíûì äàííûì, ïðåäñòàâëåí â ïðèëîæåíèè.

Ìîáèëüíûå òåëåôîíû, à òî÷íåå, èõ ÌÂÈ,
äåéñòâèòåëüíî âðåäíû äëÿ çäîðîâüÿ. Ó÷èòûâàÿ
êîëè÷åñòâî ÌÒ â Ðîññèè, ïðèõîäèòñÿ ïðèçíàòü,
÷òî îíè ìîãóò íàíåñòè âðåä çäîðîâüþ ïðèìåðíî
ïîëîâèíû åå ãðàæäàí, â òîì ÷èñëå è ëþäÿì, íå
èìåþùèì òàêèõ òåëåôîíîâ. Ñëåäîâàòåëüíî, ïðî-
áëåìà íåãàòèâíîãî âîçäåéñòâèÿ ÌÂÈ ìîáèëü-
íûõ òåëåôîíîâ íà çäîðîâüå ëþäåé ïî ñâîèì ìàñ-
øòàáàì ïåðåñòàåò áûòü ÷èñòî ìåäèöèíñêîé ïðî-
áëåìîé. Ó÷èòûâàÿ, ÷òî ÷èñëî ïîëüçîâàòåëåé
ÑÑÑ â Ðîññèè ñîñòàâëÿåò îêîëî 130 ìëí. ÷åëî-
âåê, ïðîáëåìà ìèêðîâîëíîâûõ ýëåêòðîìàãíèò-
íûõ ïîëåé, èçëó÷àåìûõ íå òîëüêî ìîáèëüíû-
ìè òåëåôîíàìè, íî è áàçîâûìè ñòàíöèÿìè ÑÑÑ,
ïåðåäàþùèìè àíòåííàìè êîñìè÷åñêîãî òåëåâè-
äåíèÿ è êîñìè÷åñêîé ñâÿçè è ò. ä., ìîæåò ñî
âðåìåíåì ïåðåðàñòè â îáùåðîññèéñêóþ ýêîëî-
ãè÷åñêóþ ïðîáëåìó — ïðîáëåìó ñîõðàíåíèÿ çäî-
ðîâüÿ ðîññèéñêîãî íàðîäà.

Ïîñêîëüêó íàçâàííàÿ âûøå ýêîëîãè÷åñêàÿ
ïðîáëåìà âîçíèêëà â ïåðâóþ î÷åðåäü â ñâÿçè ñ
ðàçâèòèåì ÑÑÑ, ïðèâåäøèì ê ïîÿâëåíèþ â ïðèðîä-
íîé ñðåäå, îêðóæàþùåé ÷åëîâåêà, íîâîãî, ðàíåå
îòñóòñòâîâàâøåãî ýêîëîãè÷åñêîãî ôàêòîðà àíò-
ðîïîãåííîãî ïðîèñõîæäåíèÿ — ìèêðîâîëíîâîãî
èçëó÷åíèÿ, ïðèõîäèòñÿ êîíñòàòèðîâàòü ïîÿâëåíèå
íà ðóáåæå XX–XXI ââ. íîâîé ôîðìû ýêîëîãèè,
åñòåñòâåííûì íàçâàíèåì äëÿ êîòîðîé ñëóæèò íà-
çâàíèå «ýëåêòðîìàãíèòíàÿ (ìèêðîâîëíîâàÿ) ýêî-
ëîãèÿ». Î÷åâèäíî, ÷òî ýôôåêòèâíîå ðåøåíèå ýòîé
ïðîáëåìû âîçìîæíî òîëüêî â òîì ñëó÷àå, åñëè â
ýòîì ðåøåíèè ïðèìóò àêòèâíîå ó÷àñòèå íå òîëü-
êî ìåäèêè è áèîôèçèêè, íî è ñïåöèàëèñòû â îá-
ëàñòÿõ ðàäèîòåõíèêè è ðàäèîôèçèêè.

Îñîáóþ àêòóàëüíîñòü ïðèîáðåòàåò ãèãèåíè-
÷åñêèé êîíòðîëü ìèêðîâîëíîâîé (ðàäèîâîëíîâîé)
îáñòàíîâêè íà òåððèòîðèè êðóïíûõ ãîðîäîâ, äëÿ
ýôôåêòèâíîãî îñóùåñòâëåíèÿ êîòîðîãî, ïî-âè-
äèìîìó, ïîòðåáóåòñÿ ðàçðàáîòàòü íîâûå òèïû
èçìåðèòåëüíîé ðàäèîòåõíè÷åñêîé àïïàðàòóðû.

ÏÐÈËÎÆÅÍÈÅ

1. Íåêîòîðûå ïîñëåäñòâèÿ âîçäåéñòâèÿ
ìèêðîâîëíîâîãî èçëó÷åíèÿ íà ëþäåé

è äðóãèå áèîëîãè÷åñêèå îáúåêòû
(ïî ëèòåðàòóðíûì äàííûì)

Ïðåæäå ÷åì ïåðåéòè ê ðàññìîòðåíèþ êîíê-
ðåòíûõ ðåçóëüòàòîâ âîçäåéñòâèÿ ÌÂÈ íà ëþäåé
è äðóãèå æèâûå îðãàíèçìû, íåîáõîäèìî îòìå-
òèòü, ÷òî çíà÷åíèÿì ÏÄÓ, ïðèíÿòûì â 1996 ã.,
ïðåäøåñòâîâàëè áîëåå æåñòêèå çíà÷åíèÿ. Ïî
äàííûì  ðàáîòû [3], ýòè çíà÷åíèÿ, ïî-âèäèìî-
ìó, ó÷òåííûå ïðè âûðàáîòêå ÏÄÓ 1970 ã., óñòà-
íîâëåíû íà îñíîâå êëèíèêî-ôèçèîëîãè÷åñêèõ

èññëåäîâàíèé ôóíêöèîíàëüíûõ èçìåíåíèé ó
ëþäåé, ïîäâåðãøèõñÿ âîçäåéñòâèþ ÝÌÏ 3- è
10-ñàíòèìåòðîâûõ äèàïàçîíîâ äëèí âîëí. Ïðè
ýòîì áûëî óñòàíîâëåíî, ÷òî íàèáîëåå ÷óâñòâè-
òåëüíûìè ê îáëó÷åíèþ ÿâëÿþòñÿ ãëàçà è ñåìåí-
íèêè. Êðîìå òîãî, óñòàíîâëåíî, ÷òî åñëè ðàñ-
ñìàòðèâàòü ÝÌÏ êàê íåïîñðåäñòâåííî ðàçäðàæà-
þùèé ôàêòîð öåíòðàëüíîé íåðâíîé ñèñòåìû
(ÖÍÑ), òî òåîðåòè÷åñêè óñòàíîâëåííîé ãðàíè-
öåé òàêîãî âîçäåéñòâèÿ ñ÷èòàþòñÿ 1000–
3000 ÌÃö. Òî åñòü ÝÌÏ 10-ñàíòèìåòðîâîãî äèà-
ïàçîíà ñîîòâåòñòâóþò ýòîé ãðàíèöå è, ïî-âèäè-
ìîìó, ñèëüíîãî íåïîñðåäñòâåííîãî âîçäåéñòâèÿ
íà ÖÍÑ íå îêàçûâàþò. Îäíàêî ÷àñòîòû ÝÌÏ,
èñïîëüçóåìûõ â ðàçëè÷íûõ ÑÑÑ, íèæå óêàçàí-
íîãî ïðåäåëà, ïîýòîìó èõ âîçäåéñòâèå íà ëþäåé
ìîæåò èìåòü ñî÷åòàííûé õàðàêòåð (îäíîâðåìåí-
íî íà îòäåëüíûå îðãàíû è íà ÖÍÑ) è, ñëåäîâà-
òåëüíî, áûòü áîëåå ñèëüíûì, ÷åì âîçäåéñòâèå
ÝÌÏ ñ ÷àñòîòàìè 3000 ÌÃö è áîëåå. Òàêîå ïðåä-
ïîëîæåíèå âûãëÿäèò òåì áîëåå îáîñíîâàííûì,
åñëè ó÷åñòü, ÷òî ÝÌÏ ñ ÷àñòîòàìè 0,5–1 ÃÃö
çíà÷èòåëüíî áîëåå ãëóáîêî ïðîíèêàþò â ÷åëîâå-
÷åñêèé ìîçã, ÷åì ÝÌÏ 3- è 10-ñàíòèìåòðîâîãî
äèàïàçîíîâ.

Îòñûëàÿ æåëàþùèõ ïîäðîáíî îçíàêîìèòü-
ñÿ ñ ðåçóëüòàòàìè èññëåäîâàíèé âîçäåéñòâèÿ ÌÂÈ
íà ëþäåé è æèâîòíûõ, ïðîâåäåííûìè äî íà÷àëà
1970-õ ãîäîâ, ê ìîíîãðàôèè [3], îãðàíè÷èìñÿ â
äàííîé ðàáîòå íåñêîëüêèìè öèòàòàìè, îòðàæà-
þùèìè íàèáîëåå îáùèå ïîñëåäñòâèÿ íàçâàííûõ
âîçäåéñòâèé.

1. ÌÂÈ «ÿâëÿåòñÿ òèïè÷íûì ñòðåññîðîì».
2. Ïðè óðîâíÿõ ÌÂÈ, ïðåâûøàþùèõ

5 ìÂò/ñì2, è «õðîíè÷åñêîì äåéñòâèè ïîëåé
ìåíüøåé èíòåíñèâíîñòè íàáëþäàåòñÿ... ïîâû-
øåííàÿ óòîìëÿåìîñòü, ñëàáîñòü, âÿëîñòü, ðàç-
áèòîñòü, à òàêæå ðàçäðàæèòåëüíîñòü, ãîëîâîê-
ðóæåíèå. Èíîãäà íàáëþäàþòñÿ ïðèëèâû ê ãî-
ëîâå, ÷óâñòâî æàðà, ïîëîâàÿ ñëàáîñòü (ïî òèïó
îñëàáëåíèÿ âëå÷åíèÿ), ïðèñòóïû òîøíîòû è
äàæå ïîòåìíåíèå â ãëàçàõ».

3. Ó ëþäåé, ïîäâåðãàþùèõñÿ âîçäåéñòâèþ
ÌÂÈ ñ ïëîòíîñòÿìè 3 ìÂò/ñì2 â òå÷åíèå 5–10 ëåò
íàáëþäàþòñÿ «íåêîòîðûå èçìåíåíèÿ ñî ñòîðîíû
íåðâíîé ñèñòåìû».

4. «Â îäíîé èç ëàáîðàòîðèé ÑØÀ ñåðüåçíî
èññëåäóåòñÿ âîïðîñ î êîððåëÿöèè ìåæäó ðîæäå-
íèåì ìîíãîëîèäíûõ äåòåé (áîëåçíü Äàóíà) ñ îá-
ëó÷åíèåì èõ îòöîâ ÑÂ× (ìèêðîâîëíîâîé — àâ-
òîðû) ýíåðãèåé. Íàéäåíî, ÷òî áîëüøèíñòâî òà-
êèõ äåòåé èìåþò îòöîâ, îáëó÷åííûõ âî âðåìÿ
Âòîðîé ìèðîâîé âîéíû ðàäèîïîëåì ëîêàòîðîâ».

Ñóäÿ ïî íåêîòîðûì äàííûì, ïðèâåäåííûì â
ðàáîòå [3], ê íà÷àëó 1970-õ ãîäîâ áûëà íåäîñòà-
òî÷íî èçó÷åíà ðîëü âðåìåíè îáëó÷åíèÿ (âðåìåí-
íûõ ïàðàìåòðîâ ÝÌÏ) íà ðåçóëüòàòû âîçäåéñòâèÿ
ÌÂÈ íà ëþäåé. Íåêîòîðûå èç ýòèõ ðåçóëüòàòîâ
áûëè îáðàòèìûìè è èñ÷åçàëè íà 3–4-é äåíü ïîñ-
ëå îáëó÷åíèÿ. Ñêîðåå âñåãî, ýòè äàííûå îòíî-
ñÿòñÿ ê èññëåäîâàíèÿì íåïðîäîëæèòåëüíûõ
âîçäåéñòâèé íà ëþäåé è æèâîòíûõ. Âûøåóêàçàí-
íàÿ êîððåëÿöèÿ ìåæäó ðîæäåíèåì ìîíãîëîèäíûõ
äåòåé è îáëó÷åíèåì (ñêîðåå âñåãî, ìíîãîëåòíèì)

Í. Í. Áàðàíîâ, È. È. Êëèìîâñêèé
Ýêîëîãè÷åñêèå ïðîáëåìû ñîòîâîé ñâÿçè â Ðîññèè
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èõ îòöîâ ðàäèîïîëåì ëîêàòîðîâ ñâèäåòåëüñòâóåò î
âîçìîæíîñòè íåîáðàòèìîãî âîçäåéñòâèÿ ÝÌÏ íà
ëþäåé.

Åùå îäíèì ïîäòâåðæäåíèåì, âî-ïåðâûõ, ñêà-
çàííîìó, à âî-âòîðûõ, îïàñíîé ñâîèìè ïîñëåä-
ñòâèÿìè «óÿçâèìîñòè äåòåé», ñëóæàò ñâåäåíèÿ,
ïðèâåäåííûå â ñòàòüå [13]: «Âåíãåðñêèå èññëå-
äîâàòåëè ïðåäñòàâèëè äàííûå î âîçìîæíîñòè
ðàçâèòèÿ îïóõîëè ãîëîâíîãî ìîçãà ó ïîëüçîâà-
òåëåé ñîòîâûõ òåëåôîíîâ. Èìè óñòàíîâëåíà ñâÿçü
ìåæäó ðàçâèòèåì îïóõîëè ãîëîâíîãî ìîçãà ó
ëþäåé îò 20 äî 29 ëåò, êîòîðûå èñïîëüçîâàëè
ñîòîâûå ñ äåòñêîãî âîçðàñòà».

Çàêîí÷èâ ðàññìîòðåíèå ïî÷åðïíóòûõ èç ðà-
áîò [3] è [13] ïðèìåðîâ íåãàòèâíîãî âîçäåéñòâèÿ
ÌÂÈ íà ëþäåé, îáðàòèìñÿ ê ðåçóëüòàòàì âû-
ïîëíåííûõ â íà÷àëå 1980-õ ãîäîâ èññëåäîâàíèé
âîçäåéñòâèÿ ÌÂÈ 7-ìèëëèìåòðîâîãî äèàïàçîíà
äëèí âîëí (÷àñòîòà îêîëî 40 ÃÃö) íà ðàçëè÷íûå
áèîëîãè÷åñêèå îáúåêòû. Ýòè ðåçóëüòàòû ïðåä-
ñòàâëÿþò áîëüøîé èíòåðåñ åùå è ïîòîìó, ÷òî
äî íàñòîÿùåãî âðåìåíè, ââèäó èõ òðóäíîé äî-
ñòóïíîñòè, îíè, ïî-âèäèìîìó, íå áûëè èçâåñò-
íû øèðîêîé ðîññèéñêîé îáùåñòâåííîñòè.

Ñóäÿ ïî ðåçóëüòàòàì íåêîòîðûõ èññëåäîâà-
íèé âîçäåéñòâèÿ ÌÂÈ ìèëëèìåòðîâîãî äèàïàçî-
íà äëèí âîëí íà áèîëîãè÷åñêèå îáúåêòû ñ òîé
èëè èíîé ïàòîëîãèåé â ñòðîãî êîíòðîëèðóåìûõ
óñëîâèÿõ, ýòî âîçäåéñòâèå ìîæåò íîñèòü áëàãî-
òâîðíûé õàðàêòåð. Íàïðèìåð, â ðàáîòå [14] «íà
áîëüøîì ýêñïåðèìåíòàëüíîì ìàòåðèàëå… ïîêà-
çàíî, ÷òî ðàäèîâîëíû ìèëëèìåòðîâîãî äèàïàçî-
íà (ÐÌÄ) îáëàäàþò ñïåöèôè÷åñêèì ðàçíîíàïðàâ-
ëåííûì äåéñòâèåì íà íîðìàëüíûå è îïóõîëåâûå
êëåòêè, ÷òî ïîçâîëèëî ðåêîìåíäîâàòü äàííûé
ìåòîä â ïðàêòèêó ëå÷åíèÿ îíêîëîãè÷åñêèõ áîëü-
íûõ. Äëÿ ïîëó÷åíèÿ ìàêñèìàëüíîãî áèîëîãè÷åñ-
êîãî ýôôåêòà (ÁÝ) íåîáõîäèìî ñòðîãî ñîáëþäàòü
ïàðàìåòðû îáëó÷åíèÿ (ïîä÷åðêíóòî íàìè — àâ-
òîðû), à èìåííî: ÷àñòîòó êîëåáàíèé, ïîðîãîâóþ
èíòåíñèâíîñòü è âðåìÿ îáëó÷åíèÿ. Â îñíîâå ÁÝ
ëåæèò îñòðîðåçîíàíñíûé õàðàêòåð âîçäåéñòâèÿ
ìì-âîëí íà áèîëîãè÷åñêèå ñòðóêòóðû.

Óñòàíîâëåíî, ÷òî ìì-âîëíû ïðè êîìáèíà-
öèè ñ ïðîòèâîîïóõîëåâûìè ïðåïàðàòàìè èëè
ðåíòãåíîâñêèì èçëó÷åíèåì âûçûâàþò òîðìîæå-
íèå ðîñòà îïóõîëåé íà 80–100 % è îäíîâðåìåí-
íî çàùèùàþò êðîâåòâîðíóþ ñèñòåìó. Ìåòîäàìè
ýêçî- è ýíäîãåííîãî êëîíèðîâàíèÿ â ñåëåçåíêå
ïîêàçàíî, ÷òî íîðìàëèçàöèÿ êðîâåòâîðåíèÿ îáóñ-
ëîâëåíà èíòåíñèôèêàöèåé ïðîöåññîâ ïðîëèôå-
ðàöèè ñòâîëîâûõ êëåòîê êîñòíîãî ìîçãà».

Ê ñîæàëåíèþ, âîçäåéñòâèå ÌÂÈ, èñïîëüçóå-
ìîãî â ÑÑÑ, íà ëþäåé ïðîèñõîäèò â àáñîëþòíî
íåêîíòðîëèðóåìûõ óñëîâèÿõ. Ñîãëàñíî ìàòåðèà-
ëàì V Âñåñîþçíîãî ñåìèíàðà «Èçó÷åíèå ìåõàíèç-
ìîâ íåòåïëîâîãî âîçäåéñòâèÿ ìèëëèìåòðîâîãî è
ñóáìèëëèìåòðîâîãî èçëó÷åíèÿ íà áèîëîãè÷åñêèå
îáúåêòû» (Ìîñêâà, 1983 ã.), òàêîå âîçäåéñòâèå
îêàçûâàåò íà çäîðîâûå áèîëîãè÷åñêèå îðãàíèçìû
ïðåèìóùåñòâåííî íåãàòèâíîå âëèÿíèå.

Íàïðèìåð, â ðàáîòå [15] ñ ó÷åòîì òîãî, ÷òî
«èçó÷åíèå ïàðàìåòðîâ èíàêòèâàöèè (÷àñòîòû
äîìèíàíòíûõ ëåòàëüíûõ ìóòàöèé) ó äðîçîôèë

ïîçâîëÿåò ñóäèòü î ìóòàãåííîì ýôôåêòå òîãî èëè
èíîãî âîçäåéñòâèÿ è â òî æå âðåìÿ äåìîíñòðè-
ðóåò ñîñòîÿíèå ñïåðìàãåíåçà* è åãî âëèÿíèå íà
îîãåíåç**», áûëè ïðîâåäåíû èññëåäîâàíèÿ «ïî
èçó÷åíèþ âëèÿíèÿ òðåõ÷àñîâîãî îáëó÷åíèÿ
ýëåêòðîìàãíèòíûìè âîëíàìè äëèíîé 7,2 ìì íà
ñïåðìàãåíåç äðîçîôèë ëèíèè R-86 (ïëîòíîñòü
0,5 ìÂò/ñì2)…

Ðàáîòà ïîêàçàëà, ÷òî ýëåêòðîìàãíèòíîå èç-
ëó÷åíèå â äàííîé ïîñòàíîâêå îïûòà, íå èíäóöè-
ðóÿ â ñïåðìå äðîçîôèë èñòèííî ãåíåòè÷åñêèõ
ñîáûòèé, èçìåíÿåò åå àêòèâíîñòü, ñïîñîáíîñòü
ê îïëîäîòâîðåíèþ è âëèÿíèå íà îîãåíåç».

Ñëåäóåò îòìåòèòü, ÷òî âûâîäû ðàáîòû [15]
äîñòàòî÷íî õîðîøî ñîãëàñóþòñÿ ñ ðàíåå ïðèâå-
äåííîé èíôîðìàöèåé î ïîëîâîé ñëàáîñòè, ðàç-
âèâàþùåéñÿ ó ëþäåé ïîä âîçäåéñòâèåì ÌÂÈ ñ
ïëîòíîñòüþ ïîòîêà ýíåðãèè 5 ìÂò/ñì2.

Ðåçóëüòàòû âîçäåéñòâèÿ ÌÂÈ íà äåòåé è
÷åëîâå÷åñêèå ýìáðèîíû, ïî-âèäèìîìó, íèêîãäà
íå èçó÷àëèñü. Îäíàêî â ðàáîòå [16] â ñâÿçè ñ
øèðîêèì èñïîëüçîâàíèåì ýëåêòðîíèêè â íàðîä-
íîì õîçÿéñòâå ïðîâåäåíû èññëåäîâàíèÿ ìóòàãåí-
íûõ ñâîéñòâ ýëåêòðîìàãíèòíîãî èçëó÷åíèÿ íà
ýìáðèîíàõ äðîçîôèë: «Ñîìàòè÷åñêèé ìîçàèöèçì
ó äðîçîôèë ÿâëÿåòñÿ îäíîé èç ÷óâñòâèòåëüíûõ
òåñò-ñèñòåì, ïîçâîëÿþùèõ îöåíèòü ìóòàãåííûé
ýôôåêò êàê õèìè÷åñêèõ, òàê è ôèçè÷åñêèõ ôàê-
òîðîâ. …Îáëó÷åíèå 16-÷àñîâûõ êëàäîê ïðîèçâî-
äèëîñü ïðè äëèíå âîëíû 7,2 ìì, ïðè ïëîòíîñòè
ìîùíîñòè 0,5 ìÂò/ñì2 â òå÷åíèå òðåõ ÷àñîâ…
Ðàáîòà ïîêàçàëà, ÷òî ïðè äàííûõ óñëîâèÿõ îá-
ëó÷åíèÿ íàáëþäàåòñÿ èíäóêöèÿ ñîìàòè÷åñêîãî
ìîçàèöèçìà…».

Â ñòàòüå [17] ïðèâåäåíî îïèñàíèå ýêñïåðè-
ìåíòà, ïðîâåäåííîãî â Ìîñêîâñêîì èíñòèòóòå
áèîôèçèêè Þ. Ãðèãîðüåâûì, êîòîðûé «ñäåëàë
äâà èíêóáàòîðà. Â êàæäûé ïîëîæèë ïî 63 êó-
ðèíûõ ÿéöà. Íàä îäíèì “ïòè÷üèì äîìèêîì” íà
âûñîòå 10 ñì ïîäâåñèëè ìîáèëüíèê ñòàíäàðòà
GSM (ìîùíîñòü èçëó÷åíèÿ 1–2 Âò). Òåëåôîí
ðàáîòàë â òàêîì ðåæèìå: 1,5 ìèí. âêëþ÷åí, ïîë-
ìèíóòû âûêëþ÷åí. Íàðóøåíèÿ ýìáðèîíàëüíîãî
ðàçâèòèÿ íà÷àëèñü íà òðåòèé äåíü. Âûëóïèëèñü
ëèøü 16 ïòè÷åê, êîòîðûå “ñëóøàëè” òåëåôîí.
Íî îíè îêàçàëèñü íåæèçíåñïîñîáíû. Äëÿ ñðàâ-
íåíèÿ: â èíêóáàòîðå, ãäå ÿéöà íå äîíèìàëè çâîí-
êàìè, áåç ïðîáëåì ïîÿâèëñÿ íà ñâåò 51 ïòåíåö».

Ïðîåöèðóÿ ïðèâåäåííûå ðåçóëüòàòû ðàáîò
[16] è [17] íà æåíùèí-ïîëüçîâàòåëåé ÑÑÑ, ìîæ-
íî ñ óâåðåííîñòüþ ñêàçàòü, ÷òî áåðåìåííûì æåí-
ùèíàì ïîëüçîâàíèå ìîáèëüíûìè òåëåôîíàìè
ïðîòèâîïîêàçàíî, è ÷åì ìåíüøå ìèíóò â äåíü
îíè áóäóò èìè ïîëüçîâàòüñÿ, òåì ëó÷øå äëÿ èõ
ïîòîìñòâà.

Â ìîíîãðàôèè [3] îòìå÷àåòñÿ: «Èññëåäîâà-
íèÿ ïîêàçûâàþò, ÷òî îñîáîé ÷óâñòâèòåëüíîñòüþ
ê ÝÌÏ îáëàäàþò îðãàíè÷åñêèå òåëà òîëüêî íà
ìàêðîñêîïè÷åñêîì óðîâíå… â íàèáîëüøåé ñòå-
ïåíè ýòà ÷óâñòâèòåëüíîñòü ïðîÿâëÿåòñÿ òîëüêî

* Ñïåðìàãåíåç — îáðàçîâàíèå ìóæñêèõ ïîëîâûõ êëå-
òîê (ñïåðìàòîçîèäîâ).

** Îîãåíåç — îáðàçîâàíèå æåíñêèõ ïîëîâûõ êëå-
òîê (ÿéöåêëåòîê).
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â öåëîñòíîì îðãàíèçìå… Ñ ðàçâèòèåì è óñëîæ-
íåíèåì îðãàíèçìà, êðîìå ïðîñòåéøèõ ôèçèêî-
õèìè÷åñêèõ ìåõàíèçìîâ, âñå áîëüøåå è áîëü-
øåå âëèÿíèå íà îðãàíèçì â öåëîì îêàçûâàþò
ýôôåêòû, êîòîðûå ïðèíÿòî ñâÿçûâàòü ñ ôèçèî-
ëîãè÷åñêèìè è áèîôèçè÷åñêèìè ìåõàíèçìàìè
äåéñòâèÿ, âêëþ÷àþùèìè êàê íåðàçðûâíîå öå-
ëîå èíôîðìàöèîííûé àñïåêò ðàäèîâîëí».

Íå êîììåíòèðóÿ îòäåëüíûå ñîñòàâëÿþùèå
ïðèâåäåííîé öèòàòû, îòìåòèì òîëüêî, ÷òî åå
ñîäåðæàíèå óêàçûâàåò íà óñèëåíèå âîçäåéñòâèÿ
ÝÌÏ íà áèîëîãè÷åñêèå îáúåêòû ïî ìåðå èõ
óñëîæíåíèÿ. Íà ýòî æå óêàçûâàåò ñîïîñòàâëå-
íèå ðåçóëüòàòîâ ðàíåå óïîìÿíóòûõ ðàáîò [16,
17] è ðàáîòû [18], â êîòîðîé «áûëî ïîêàçàíî,
÷òî îáëó÷åíèå ýëåêòðîìàãíèòíûìè âîëíàìè â
ìèëëèìåòðîâîì äèàïàçîíå ïðè äëèíå âîëíû 7,2;
7,3 ìì êóëüòóð ýóêàðèîòíûõ ìèêðîîðãàíèçìîâ
óñêîðÿåò ðîñò êëåòîê, ñîêðàùàåò ëàã-ôàçó, ñäâè-
ãàåò ìàêñèìóì ñèíòåçà ïðîòåîëèòè÷åñêèõ ôåð-
ìåíòîâ… Àâòîðû îòìå÷àëè, ÷òî èçìåíåíèÿ â ðàç-
âèòèè ìèêðîîðãàíèçìîâ ñîõðàíèëèñü ó îïûòíûõ
êóëüòóð â òå÷åíèå 6–30 ãåíåðàöèé è â òî æå
âðåìÿ íå îáíàðóæèëè ìóòàãåííîãî äåéñòâèÿ».

Îöåíèâàÿ íà îñíîâå ïðèâåäåííûõ âûøå äàí-
íûõ [16–18] íåãàòèâíûå ïîñëåäñòâèÿ âîçäåéñòâèÿ
ÌÂÈ ðàçëè÷íûõ ÑÌÑ íà ëþäåé, íåîáõîäèìî
îòìåòèòü, ÷òî èç-çà áîëüøåé óñëîæíåííîñòè ÷å-
ëîâå÷åñêîãî îðãàíèçìà ïî ñðàâíåíèþ ñ îðãàíèç-
ìàìè áèîëîãè÷åñêèõ îáúåêòîâ, èññëåäîâàííûõ
â  ðàáîòàõ [16–18], ýòè ïîñëåäñòâèÿ ìîãóò áûòü
ìíîãîêðàòíî óñèëåíû.

Ìèêðîâîëíîâûå ïîëÿ íå òîëüêî îáëàäàþò ñîá-
ñòâåííûìè ìóòàãåííûìè ñâîéñòâàìè, íî è çíà÷è-
òåëüíî óñèëèâàþò ìóòàãåííûå äåéñòâèÿ õèìè÷åñ-
êèõ ìóòàãåíòîâ. Â ðàáîòå [19] «…ïðèâåäåíû äàí-
íûå î âëèÿíèè ýëåêòðîìàãíèòíîãî ïîëÿ ñ äëèíîé
âîëíû 8 ìì èíòåãðàëüíîé ìîùíîñòüþ 1 ìÂò íà
ìóòàãåííîå äåéñòâèå N-ìåòèë- N’-íèòðî-N-íèòðî-
çîãóàíèäèíà íà êëåòêè øòàììà Candida tropicalis
Ä-2 ñ ðàçëè÷íûì êîëè÷åñòâîì âíóòðèêëåòî÷íûõ
ëèïèäîâ… Óñòàíîâëåíî, ÷òî ñîâìåñòíîå äåéñòâèå
íèòðîçîãóàíèäèíà è ÝÌÏ ïðèâîäèò ê ñóùåñòâåí-
íîìó óâåëè÷åíèþ ìóòàãåííîé àêòèâíîñòè. Îñîáåííî
ýòî çàìåòíî ïî îöåíêå ÷àñòîòû îáðàçîâàíèÿ ìó-
òàíòîâ ñ íåäîñòàòî÷íîñòüþ ïî äûõàíèþ… Ïðåä-
ïîëàãàåòñÿ, ÷òî â ýëåêòðîìàãíèòíîì ïîëå õèìè-
÷åñêèé ìóòàãåí â áîëüøèõ êîëè÷åñòâàõ ïðîíèêà-
åò â êëåòêó, èçìåíÿåòñÿ íàïðàâëåííîñòü åãî
äåéñòâèÿ, ñâÿçàííàÿ ñ îïîñðåäîâàííûì âëèÿíèåì
íà ÄÍÊ-ðåïëèêàòèâíûé êîìïëåêñ».

Ê ñêàçàííîìó â ðàáîòå [19] ìîæíî äîáàâèòü,
÷òî â êà÷åñòâå õèìè÷åñêèõ ìóòàãåíòîâ ìîãóò âû-
ñòóïèòü äèîêñèíû, êîíöåíòðàöèè êîòîðûõ â ìîñ-
êîâñêîé âîäîïðîâîäíîé âîäå áëèçêè èëè äàæå
ïðåâûøàþò èõ ïðåäåëüíî äîïóñòèìóþ êîíöåíò-
ðàöèþ. Ïî äàííûì ðàáîòû [20], íà êîíåö 1990-õ
ãîäîâ êîëè÷åñòâî äèîêñèíîâ, ñîäåðæàùèõñÿ â
âîäå, ïîñòóïàâøåé â Ìîñêâó îò Íîâîçàïàäíîé
âîäîïðîâîäíîé ñòàíöèè, ñîñòàâëÿëî 0,5 ïðåäåëü-
íî äîïóñòèìîé êîíöåíòðàöèè (ÏÄÊ), à â âîäå,
ïîñòóïàâøåé îò Âîñòî÷íîé âîäîïðîâîäíîé ñòàí-
öèè, — 1,1–4,0 ÏÄÊ.

4 ÿíâàðÿ 2005 ã. â ãàçåòå «Ìèð íîâîñòåé»
áûëà îïóáëèêîâàíà ñòàòüÿ [21], êðàòêîå èçëî-
æåíèå êîòîðîé âûãëÿäèò ñëåäóþùèì îáðàçîì:
«Ìîáèëüíûå òåëåôîíû ñïîñîáñòâóþò ðàçâèòèþ
îïóõîëåé. Îá ýòîì ñîîáùàþò ó÷åíûå Êàðîëèíñ-
êîãî óíèâåðñèòåòà (Ñòîêãîëüì), îïóáëèêîâàâøèå
ðåçóëüòàòû ñâîåãî èññëåäîâàíèÿ â “Ìåæäóíàðîä-
íîì æóðíàëå ýïèäåìèîëîãèè” (International
Journal of Epidemiology)… ðå÷ü èäåò íå î ðàêå, à
î íåâðèíîìå — äîáðîêà÷åñòâåííîé îïóõîëè ñëó-
õîâîãî íåðâà… Íåâðèíîìà ïîðàæàåò… ñëóõîâîé
íåðâ, âûõîäÿùèé èç ìîçãà… Ïåðâûì ñèìïòîìîì
íåâðèíîìû ñëóõîâîãî íåðâà îáû÷íî áûâàåò øóì
â óõå. Ïîòîì ðàçâèâàåòñÿ ñàìàÿ íàñòîÿùàÿ òó-
ãîóõîñòü. Ïî ìåðå ðîñòà îïóõîëè ìîãóò âîçíè-
êàòü íîâûå ñèìïòîìû. Íàïðèìåð, íà÷èíàåò íå-
ìåòü ëèöî èëè ïîÿâëÿþòñÿ ïðîáëåìû ñ ïîääåð-
æàíèåì ðàâíîâåñèÿ… ó÷åíûå îáíàðóæèëè
íåâðèíîìó ó 150 ÷åëîâåê… ó òåõ, êòî ïîëüçî-
âàëñÿ ìîáèëüíèêîì áîëåå 10 ëåò, ðèñê åå ðàçâè-
òèÿ áûë âäâîå âûøå. Åñëè æå ãîâîðèòü î âåðî-
ÿòíîñòè ðàçâèòèÿ îïóõîëè èìåííî íà òîé ñòîðî-
íå ãîëîâû, ê êîòîðîé ïîëüçîâàòåëü îáû÷íî
ïðèêëàäûâàåò òåëåôîí, òî ðèñê åå âîçíèêíîâå-
íèÿ óâåëè÷èâàåòñÿ â 4 ðàçà. Ó÷åíûå äåëàþò
îñòîðîæíûå çàÿâëåíèÿ, óòâåðæäàÿ, ÷òî íåîáõî-
äèìû äàëüíåéøèå èññëåäîâàíèÿ â ýòîì íàïðàâ-
ëåíèè. Îíè òàêæå óòî÷íÿþò, ÷òî ñèòóàöèÿ ñ ìî-
áèëüíîé ñâÿçüþ çà âðåìÿ èññëåäîâàíèé èçìåíè-
ëàñü. Áîëüøèíñòâî íàáëþäàåìûõ ïîëüçîâàëîñü
åùå àíàëîãîâûìè òåëåôîíàìè, èìåþùèìè áîëåå
ñèëüíîå ýëåêòðîìàãíèòíîå èçëó÷åíèå, ÷åì öèô-
ðîâûå ìîáèëüíèêè, ðàñïðîñòðàíåííûå ñåãîäíÿ».

Ñèòóàöèÿ, êîíå÷íî, èçìåíèëàñü, íî, ê ñî-
æàëåíèþ, íå â Ðîññèè. Íàãëÿäíûì ïîäòâåðæäå-
íèåì íèçêîãî êà÷åñòâà è â ïåðâóþ î÷åðåäü íèç-
êîé ïîìåõîçàùèùåííîñòè ñòàíäàðòîâ ñîòîâîé
ñâÿçè, ïðåèìóùåñòâåííî èñïîëüçóåìûõ â Ðîññèè,
ñëóæàò äåéñòâèÿ Ìèíþñòà, êîòîðûé, íà÷èíàÿ ñ
êîíöà 2004 ã., ïûòàåòñÿ ðåøèòü ïðîôåññèîíàëü-
íûå ïðîáëåìû, ïðè÷èíÿÿ ïðè ýòîì íåóäîáñòâà
ìîñêîâñêèì ïîëüçîâàòåëÿì ÑÑÑ [22]: «Óñòàâ
áîðîòüñÿ ñ ïåðåãîâîðàìè, çàïðåùåííûìè â òþðü-
ìàõ, Ìèíþñò ïðèìåíèë óñòðîéñòâà, ñîçäàþùèå
ïîìåõè ñîòîâîé ñâÿçè. Â èõ çîíó äåéñòâèÿ ïîïà-
ëè è ïîëüçîâàòåëè, íå èìåþùèå íèêàêîãî îòíî-
øåíèÿ ê èñïðàâèòåëüíûì ó÷ðåæäåíèÿì. Ãëóøèòü
ïåðåãîâîðû çàêëþ÷åííûõ ÷èíîâíèêè íà÷àëè â
êîíöå ïðîøëîãî ãîäà…». Ìîæíî ïðåäïîëîæèòü,
÷òî åñëè áû îáèòàòåëè ìîñêîâñêèõ ÑÈÇÎ è òþ-
ðåì ïîëüçîâàëèñü ìîáèëüíûìè òåëåôîíàìè ñòàí-
äàðòà CDMA, òî äåéñòâèÿ Ìèíþñòà ñêîðåå âñåãî
áûëè áû áåñïîëåçíûìè.

Èòàê, ïîëüçîâàòåëè (ïðåæäå âñåãî äåòè) íàè-
áîëåå ðàñïðîñòðàíåííîãî â Ðîññèè ñòàíäàðòà GSM
ïî-ïðåæíåìó ðèñêóþò ïðèîáðåñòè äîáðîêà÷åñòâåí-
íóþ îïóõîëü ñëóõîâîãî íåðâà, èìåíóåìóþ «íå-
âðèíîìîé».

Çàâåðøàÿ ðàññìîòðåíèå ðàçëè÷íûõ íåãàòèâ-
íûõ ïîñëåäñòâèé âîçäåéñòâèÿ ÌÂÈ ìîáèëüíûõ
òåëåôîíîâ íà çäîðîâüå ëþäåé, áûëî áû íåêîð-
ðåêòíûì íå óïîìÿíóòü ðÿä èññëåäîâàíèé, ïåðå-
÷èñëåííûõ, íàïðèìåð, â ñòàòüå [17], êîòîðûå íå
ïîäòâåðæäàþò íàëè÷èÿ âðåäíîãî âîçäåéñòâèÿ

Í. Í. Áàðàíîâ, È. È. Êëèìîâñêèé
Ýêîëîãè÷åñêèå ïðîáëåìû ñîòîâîé ñâÿçè â Ðîññèè
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ÌÂÈ ìîáèëüíûõ òåëåôîíîâ íà çäîðîâüå ëþäåé.
Îäíàêî, êàê îòìå÷àåòñÿ â íàçâàííîé ñòàòüå [17]:
«ïî ñòðàííîìó ñîâïàäåíèþ áîëüøèíñòâî òàêèõ
èññëåäîâàíèé îïëà÷åíî èç ôèðì-ïðîèçâîäèòåëåé
òðóáîê (ìîáèëüíûõ òåëåôîíîâ)».

Î÷åâèäíî, ÷òî çíàíèå ìåõàíèçìîâ âîçäåé-
ñòâèÿ ÌÂÈ ìîáèëüíûõ òåëåôîíîâ íà ëþäåé ìîã-
ëî áû ñïîñîáñòâîâàòü âûðàáîòêå ýôôåêòèâíûõ
ñðåäñòâ çàùèòû îò íåãî. Îäíàêî àíàëèç ìåõà-
íèçìîâ íåòåïëîâîãî âîçäåéñòâèÿ ÌÂÈ íà áèîëî-
ãè÷åñêèå îáúåêòû (â òîì ÷èñëå è íà ÷åëîâåêà),
íåêîòîðûå èç êîòîðûõ êðàòêî ðàññìîòðåíû â
ìîíîãðàôèè [3], âûõîäèò çà ðàìêè äàííîé ðàáî-
òû. Æåëàþùèì îçíàêîìèòüñÿ ñ ýòèìè ìåõàíèç-
ìàìè ëó÷øå âñåãî, ïî-âèäèìîìó, îáðàòèòüñÿ ê
àêàäåìèêó ÐÀÍ Þ. Â. Ãóëÿåâó, êîòîðûé åùå â
1983 ã. íà V Âñåñîþçíîì ñåìèíàðå «Èçó÷åíèå
ìåõàíèçìîâ íåòåïëîâîãî âîçäåéñòâèÿ ìèëëèìåò-
ðîâîãî è ñóáìèëëèìåòðîâîãî èçëó÷åíèÿ íà áèî-
ëîãè÷åñêèå îáúåêòû» âûñòóïèë ñ äîêëàäîì [23],
â êîòîðîì «ñ òî÷êè çðåíèÿ êâàíòîâîé ìåõàíèêè
è òåðìîäèíàìèêè ðàññìàòðèâàåòñÿ âîçìîæíîñòü
ðåçîíàíñíîãî âîçäåéñòâèÿ ìèëëèìåòðîâîãî èçëó-
÷åíèÿ íà ìîäåëüíûå ñèñòåìû ñî ñëîæíûì ñïåêò-
ðîì, êîãäà hv << kT*».

2. Âîçìîæíûå ìåðû çàùèòû
ïîëüçîâàòåëåé ÑÑÑ îò ìèêðîâîëíîâîãî

èçëó÷åíèÿ ìîáèëüíûõ òåëåôîíîâ

Ïðîáëåìà ýëåêòðîìàãíèòíîé ýêîëîãèè â Ðîñ-
ñèè òðåáóåò âñåñòîðîííåãî àíàëèçà è ðåøåíèÿ
êàê íà óðîâíå îòäåëüíûõ ïîëüçîâàòåëåé ÑÑÑ,
òàê è íà óðîâíå ðîññèéñêîé âëàñòè. Îäíàêî î÷å-
âèäíî, äëÿ ðîññèéñêèõ äåòåé ìîáèëüíûå òåëå-
ôîíû ñòàíäàðòîâ NMT-450, AMPS/NAMPS è
GSM â áëèæàéøèå ãîä-äâà äîëæíû áûòü çàìå-
íåíû íà ÌÒ ñòàíäàðòà CDMA èëè äðóãèõ ñòàí-
äàðòîâ, õàðàêòåðèçóþùèõñÿ íèçêîé ìîùíîñòüþ
ÌÂÈ. Íåîáõîäèìûå ïðåäïîñûëêè äëÿ òàêîãî
ïåðåõîäà èìåþòñÿ: ñîòîâàÿ êîìïàíèÿ «Ñîíåò»
èñïîëüçóåò ÌÒ ñòàíäàðòà CDMA.

Ìåðû ïî çàùèòå îò âðåäíîãî âîçäåéñòâèÿ
ìèêðîâîëíîâîãî èçëó÷åíèÿ ìîáèëüíûõ òåëåôî-
íîâ ïîäðàçäåëÿþòñÿ íà äâå êàòåãîðèè. Ïåðâàÿ
êàòåãîðèÿ — ìåðû èíäèâèäóàëüíîé çàùèòû, ñõî-
æèå ïî õàðàêòåðó ñ ìåðàìè çàùèòû êàæäîãî îò-
äåëüíîãî ÷åëîâåêà îò âðåäíîãî âëèÿíèÿ íà åãî
îðãàíèçì è íà îðãàíèçì åãî äåòåé òàáàêà è àë-
êîãîëÿ. Âòîðàÿ êàòåãîðèÿ — ìåðû ãîñóäàð-
ñòâåííîé çàùèòû.

Äëÿ îáåñïå÷åíèÿ õîòü êàêîé-òî ìèíèìàëü-
íîé ýôôåêòèâíîñòè ìåð ïåðâîé êàòåãîðèè öåëå-
ñîîáðàçíî, ÷òîáû Ìèíçäðàâ ïîìåùàë íà âñåõ
ïîñòóïàþùèõ â ïðîäàæó ìîáèëüíûõ òåëåôîíàõ
íàäïèñü òèïà: «Äëÿ Âàøåãî çäîðîâüÿ è çäîðî-
âüÿ Âàøèõ äåòåé îïàñíî èñïîëüçîâàòü äàííûé
ìîáèëüíûé òåëåôîí ñîîòâåòñòâåííî áîëåå 10 ìèí
â äåíü è áîëåå 5 ìèí â íåäåëþ».

Êðîìå òîãî, äëÿ ìàêñèìàëüíîãî óìåíüøå-
íèÿ ðèñêà äëÿ ñåáÿ è ñâîèõ äåòåé êàæäîìó âçðîñ-

ëîìó ïîëüçîâàòåëþ ÑÑÑ, âî-ïåðâûõ, íåîáõîäè-
ìî èñïîëüçîâàòü ìîáèëüíûå òåëåôîíû ñ ìèíè-
ìàëüíîé ìîùíîñòüþ èçëó÷åíèÿ è, âî-âòîðûõ,
ñâåñòè äî ìèíèìóìà, îïðåäåëÿåìîãî äàííûìè
òàáë. 2, ñóòî÷íîå ïîëüçîâàíèå ìîáèëüíûì òåëå-
ôîíîì. Åñëè ðîäèòåëè äåéñòâèòåëüíî îáåñïîêî-
åíû çäîðîâüåì ñâîèõ äåòåé, òî èì ñëåäóåò ñà-
ìûì ðåøèòåëüíûì îáðàçîì îãðàíè÷èâàòü äëÿ
ñâîèõ äåòåé âðåìÿ ïîëüçîâàíèÿ ìîáèëüíûìè òå-
ëåôîíàìè ÑÌÑ ñòàíäàðòîâ NMT-450, AMPS/
NAMPS è GSM íà óðîâíå 5 ìèí. â íåäåëþ. Òî
åñòü äåòè äîëæíû ïîëüçîâàòüñÿ ÌÒ òîëüêî â
îñîáûõ, ýêñòðåííûõ ñèòóàöèÿõ. Áåðåìåííûå æåí-
ùèíû òàêæå äîëæíû ñîêðàùàòü âðåìÿ ïîëüçî-
âàíèÿ ìîáèëüíûìè òåëåôîíàìè íàçâàííûõ ñèñ-
òåì äî íåñêîëüêèõ ìèíóò â äåíü.

Îòâåò íà âîïðîñ î âîçìîæíûõ ìåðàõ ãîñó-
äàðñòâåííîé çàùèòû çäîðîâüÿ âñåõ ãðàæäàí ÐÔ,
â òîì ÷èñëå è íå ïîëüçóþùèõñÿ ìîáèëüíûìè
òåëåôîíàìè, îò ìèêðîâîëíîâîãî èçëó÷åíèÿ òà-
êèõ òåëåôîíîâ è îá óñëîâèÿõ ðåàëèçàöèè òàêèõ
ìåð â ÐÔ òðåáóåò ïðîâåäåíèÿ áîëüøîé îòäåëü-
íîé ðàáîòû è âûõîäèò çà ðàìêè äàííîé ñòàòüè.
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Всероссийская конференция с международным Интернет-участием
«От наноструктур, наноматериалов и нанотехнологий к Наноиндустрии»

г. Ижевск, 27-29 июня 2007 г.

Уважаемые коллеги!
Приглашаем Вас принять участие в работе Всероссийской конфе-

ренции с международным Интернет-участием «От наноструктур, нано-
материалов и нанотехнологий к Наноиндустрии» в г. Ижевске с 27 по
29 июня 2007 г. В программу конференции будут включены доклады
российских и зарубежных ученых из крупнейших научных центров.
Научная программа конференции охватывает получение и производ-
ство наноструктур, наноматериаловедение, исследование наноструктур
и наноматериалов, развитие прогностического аппарата при получении
и исследовании нанопродуктов, а также применение нанопродуктов и
нанотехнологий в различных отраслях.

Цель конференции — обсуждение последних достижений в наноматери-
аловедении и нанотехнологии и проблем развития наноиндустрии в России.

Языки конференции
Официальными языками конференции являются русский и английс-

кий языки.
Представление тезисов докладов

Тезисы докладов на русском (английском) языке объемом 1 страни-
ца представляются в электронном варианте по e-mail: kodol@istu.ru.
Текст набирается через 1,5 интервала в текстовом редакторе Word97 или
Word2000 c использованием шрифта Times new Roman, 12. Поля: ле-
вое, правое, верхнее и нижнее — 20 мм.

Материалы конференции
Оргкомитет планирует публикацию докладов (устных, стендовых),

представленных на конференцию, в журналах «Химическая физика и
мезоскопия», «Российские нанотехнологии», «Нанотехника», Журнал
структурной химии, Журнал РХО им. Д.И. Менделеева, «Альтернатив-
ная энергетика и экология», «Строительные материалы». Текст статьи с
актом экспертизы в 2-х экземплярах и электронный вариант, оформлен-
ный согласно правилам этих журналов, необходимо представить при
регистрации в оргкомитет конференции (ученым секретарям).

Оргвзнос
Оргвзнос для участников 400 руб. (в оргвзнос не входит оплата за
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ÝÍÅÐÃÎÑÁÅÐÅÆÅÍÈÅ Â ÑÎÎÐÓÆÅÍÈßÕ
ÇÀÙÈÙÅÍÍÎÃÎ ÃÐÓÍÒÀ

Ã. Â. Íèêèòåíêî, À. Í. Ñèìèêèí

Ñòàâðîïîëüñêèé ãîñóäàðñòâåííûé àãðàðíûé óíèâåðñèòåò (ÑòÃÀÓ)
Òåë.: (88652) 34-65-09; e-mail: Simikin_AN@mail.ru, Simikin@gmail.com

Íèêèòåíêî Ãåííàäèé
Âëàäèìèðîâè÷

Ñèìèêèí
Àëåêñåé Íèêîëàåâè÷

Ñâåäåíèÿ îá àâòîðå: äîêòîð òåõí. íàóê, ïðîôåññîð, çàâ. êàôåäðîé «Ïðè-
ìåíåíèå ýëåêòðè÷åñêîé ýíåðãèè â ñåëüñêîì õîçÿéñòâå» (ÑòÃÀÓ).

Îáðàçîâàíèå: ôàêóëüòåò ýëåêòðèôèêàöèè ñåëüñêîãî õîçÿéñòâà Ñòàâðî-
ïîëüñêîãî ãîñóäàðñòâåííîãî ñåëüñêîõîçÿéñòâåííîãî èíñòèòóòà ïî ñïåöèàëü-
íîñòè «Ýëåêòðèôèêàöèÿ è àâòîìàòèçàöèÿ ñåëüñêîãî õîçÿéñòâà» (1982 ã.).

Îáëàñòü íàó÷íûõ èíòåðåñîâ: àïïàðàòû ìàãíèòíîé îáðàáîòêè âåùåñòâà,
ëèíåéíûå ýëåêòðîäâèãàòåëè, íåòðàäèöèîííàÿ ýíåðãåòèêà è ýíåðãîñáåðåãàþ-
ùèå òåõíîëîãèè.

Ïóáëèêàöèè: àâòîð áîëåå 100 ïóáëèêàöèé, â òîì ÷èñëå 2 ìîíîãðàôèé,
ó÷åáíîãî ïîñîáèÿ, 12 àâòîðñêèõ ñâèäåòåëüñòâ è ïàòåíòîâ íà èçîáðåòåíèÿ.

Using solar energy is one of the more perspective directions of energy. The ecological capacity,
renewing resources, absence of the expenses on repairing fotomoduls as minimum for the first 30 years
using and, in future,  reduction of the cost for traditional methods of the producing electric power —
all these are  positive sides of solar energy. One of the directions of the stimulation  growth of the plant
is a magnetic processing. After processing water changes such properties as conduction, surface pull,
density, viscosity, dissolving ability and others. These changes brighter denominate in water, more
saturating dissolved salt, since magnetic field acts not on water, but on mixing particles being in it,
which under influence by magnetic fields become as it were catalyst, accelerating chemical and biolog-
ical processes, raising and energy of the germination, intensify photosynthetic activity, activity ferment
and acid-reconstruction reaction in metabolism that brings about reinforcement of the growing vegeta-
ble cultures (the tomato, cucumber and others) till 40 %. Increasing of yield is explained that  when we
use magnetic water occurs the more intensive dissolution of minerals occurs in water.

Radiant energy of the Sun can be used for transformation in electric. For autonomous supply the
photoelectric converters approach best of all. The typical particularity of the renewed sources of energy
on territory of the Russia is their low density and non-control. This must be taken in consideration at
determination of the conditions of the efficient using these types of energy. So, at present time in the
world it is impossible to change the traditional power systems by renewed source of energy on more
than 10 %. Though  the programs offering through 10-30 years to satisfy the need for energy on half
to account of the renewed sources of energy exist but by the end of the century they will be dominant.

Ñâåäåíèÿ îá àâòîðå: àñïèðàíò 2-ãî ãîäà îáó÷åíèÿ, èíæåíåð ïî ýêñïëóàòà-
öèè ýëåêòðîîáîðóäîâàíèÿ êàôåäðû «Ïðèìåíåíèå ýëåêòðè÷åñêîé ýíåðãèè â ñåëü-
ñêîì õîçÿéñòâå».

Îáðàçîâàíèå: ôàêóëüòåò ýëåêòðèôèêàöèè ñåëüñêîãî õîçÿéñòâà Ñòàâðîïîëü-
ñêîãî ãîñóäàðñòâåííîãî àãðàðíîãî óíèâåðñèòåòà, ñïåöèàëüíîñòü «Ýëåêòðèôè-
êàöèÿ è àâòîìàòèçàöèÿ ñåëüñêîãî õîçÿéñòâà» (2005 ã.).

Îáëàñòü íàó÷íûõ èíòåðåñîâ: àïïàðàòû ìàãíèòíîé îáðàáîòêè âåùåñòâà,
íåòðàäèöèîííàÿ ýíåðãåòèêà è ýíåðãîñáåðåãàþùèå òåõíîëîãèè.

Ïóáëèêàöèè: àâòîð áîëåå 10 ïóáëèêàöèé, â òîì ÷èñëå 1 ïàòåíòà íà èçîá-
ðåòåíèÿ.
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Ñîãëàñíî íàó÷íî-îáîñíîâàííûì íîðìàì
ïèòàíèÿ ÷åëîâåê äîëæåí ðàâíîìåðíî â òå-
÷åíèå âñåãî ãîäà ïîòðåáèòü 130–150 êã îâî-
ùåé è 120 êã êàðòîôåëÿ. Îäíàêî êëèìà-
òè÷åñêèå óñëîâèÿ íå ïîçâîëÿþò ïîëó÷èòü
îâîùè èç îòêðûòîãî ãðóíòà ðàâíîìåðíî â
òå÷åíèå êðóãëîãî ãîäà. Òåïëèöû, îñîáåííî
çèìíèå, ïðåäñòàâëÿþò ñîáîé âåñüìà ñëîæ-
íûå äîðîãîñòîÿùèå è ýíåðãîåìêèå òåõíè-
÷åñêèå îáúåêòû ñ ðàçâåòâëåííûìè ñèñòå-
ìàìè ýëåêòðî-, òåïëîâîäîñíàáæåíèÿ è êà-
íàëèçàöèè.

Òåïëèöà — íàèáîëåå ñîâåðøåííûé è òåõ-
íè÷åñêè îñíàùåííûé âèä ñîîðóæåíèÿ çàùè-
ùåííîãî ãðóíòà. Îíà ïîçâîëÿåò ïðè ïîìî-
ùè òåõíè÷åñêèõ ñðåäñòâ âûðàùèâàòü ðàñòå-
íèÿ â ëþáîå âðåìÿ ãîäà.

Èñïîëüçîâàíèå ñîëíå÷íîé ýíåðãèè ÿâëÿ-
åòñÿ îäíèì èç âåñüìà ïåðñïåêòèâíûõ íàïðàâ-
ëåíèé ýíåðãåòèêè. Ýêîëîãè÷íîñòü, âîçîá-
íîâëÿåìîñòü ðåñóðñîâ, îòñóòñòâèå çàòðàò íà
êàïðåìîíò ôîòîìîäóëåé êàê ìèíèìóì â òå-
÷åíèå ïåðâûõ 30 ëåò ýêñïëóàòàöèè è, â ïåð-
ñïåêòèâå, ñíèæåíèå ñòîèìîñòè îòíîñèòåëü-
íî òðàäèöèîííûõ ìåòîäîâ ïîëó÷åíèÿ ýëåêòðî-
ýíåðãèè — âñå ýòî ÿâëÿåòñÿ ïîëîæèòåëüíûìè
ñòîðîíàìè ñîëíå÷íîé ýíåðãåòèêè [1].

Âàæíåéøèå ôàêòîðû, îïðåäåëÿþùèå ðîñò
ðàñòåíèé: òåìïåðàòóðà, îñâåùåííîñòü, âëàæíîñòü
âîçäóõà è ãàçîâûé ñîñòàâ îêðóæàþùåé ñðåäû.
Äëÿ ïîääåðæàíèÿ äàííûõ ïàðàìåòðîâ â ñîîðó-
æåíèÿõ çàùèùåííîãî ãðóíòà òðåáóåòñÿ ñóùå-
ñòâåííûå ðàñõîäû ýëåêòðîýíåðãèè. Â ñâÿçè ñ ýòèì
âîçíèêàåò íåîáõîäèìîñòü èñïîëüçîâàíèÿ íåòðà-
äèöèîííûõ èñòî÷íèêîâ ýíåðãèè â öåëÿõ ñíèæå-
íèÿ ñóììàðíûõ ýíåðãåòè÷åñêèõ çàòðàò [2].

Îäíèì èç íàïðàâëåíèé ñòèìóëèðîâàíèÿ ðîñ-
òà ðàñòåíèÿ ÿâëÿåòñÿ ìàãíèòíàÿ îáðàáîòêà. Ïîñ-
ëå îáðàáîòêè âîäà èçìåíÿåò ñâîè ôèçèêî-õèìè-
÷åñêèå ñâîéñòâà, òàêèå, êàê ýëåêòðîïðîâîäíîñòü,
ïîâåðõíîñòíîå íàòÿæåíèå, ïëîòíîñòü, âÿçêîñòü,
ðàñòâîðÿþùàÿ ñïîñîáíîñòü è äðóãèå. Ýòè èçìåíå-
íèÿ ÿð÷å âûðàæåíû ó âîäû, íàèáîëåå íàñûùåí-
íîé ðàñòâîðåííûìè ñîëÿìè, òàê êàê ìàãíèòíîå
ïîëå äåéñòâóåò íå íà âîäó, à íà íàõîäÿùèåñÿ â
íåé ïðèìåñíûå ÷àñòèöû, êîòîðûå ïîä âëèÿíèåì
ìàãíèòíûõ ïîëåé ñòàíîâÿòñÿ êàê áû êàòàëèçàòî-
ðàìè, óñêîðÿþùèìè õèìè÷åñêèå è áèîëîãè÷åñêèå
ïðîöåññû, ïîâûøàþò âñõîæåñòü è ýíåðãèþ ïðîðà-
ñòàíèÿ, óñèëèâàþò ôîòîñèíòåòè÷åñêóþ àêòèâíîñòü,
äåÿòåëüíîñòü ôåðìåíòîâ è îêèñëèòåëüíî-âîññòà-
íîâèòåëüíûõ ðåàêöèé â îáìåíå âåùåñòâ, ÷òî ïðè-
âîäèò ê óñèëåíèþ ðîñòà îãîðîäíûõ êóëüòóð (òî-
ìàòîâ, îãóðöîâ è äðóãèõ) äî 40 %. Ïîâûøåíèå
óðîæàéíîñòè îáúÿñíÿåòñÿ òåì, ÷òî ïðè ïðèìåíå-
íèè îìàãíè÷åííîé âîäû ïðîèñõîäèò áîëåå èíòåí-
ñèâíîå ðàñòâîðåíèå ìèíåðàëîâ â âîäå [3].

Â íàñòîÿùåå âðåìÿ äëÿ ïîëèâà ñåëüñêîõî-
çÿéñòâåííûõ êóëüòóð èñïîëüçóþòñÿ óñòàíîâêè
êàïåëüíîãî îðîøåíèÿ. Îñíîâíûå íåäîñòàòêè
ñóùåñòâóþùèõ ñèñòåì ïîëèâà: óñòàíîâêè ñíàá-
æåíû àïïàðàòàìè ìàãíèòíîé îáðàáîòêè âîäû
(ÀÌÎÂ) ñ óçêîùåëåâûìè çàçîðàìè, ÷òî çàòðóäíÿåò
äâèæåíèå æèäêîñòè è ïðèâîäèò ê áûñòðîìó çàñî-
ðåíèþ ðàáî÷åãî ïðîñòðàíñòâà; ïîäâîä ýëåêòðè÷åñ-
êîé ýíåðãèè îñóùåñòâëÿåòñÿ îò óäàëåííîãî èñ-

Ðèñ. 1. Îáùàÿ ñõåìà ðàñïîëîæåíèÿ îáîðóäîâàíèÿ â
òåïëèöå: 1 — îìûâàòåëü ñòåêëà; 2 — äâîðíèê;
3 — ñâåòèëüíèê ñ ëàìïîé íàêàëèâàíèÿ; 4 — àïïà-
ðàò ìàãíèòíîé îáðàáîòêè âîäû (ÀÌÎÂ); 5 — öåí-
òðîáåæíûé íàñîñ; 6 — âåíòèëüíûé êðàí; 7 — àê-
êóìóëÿòîðíàÿ áàòàðåÿ; 8 — èíâåðòîð; 9 — òðó-
áîïðîâîä; 10 — âîäîíàïîðíàÿ áàøíÿ

Ðèñ. 2. Òåõíîëîãè÷åñêàÿ ñõåìà: 1 — îìûâàòåëü ñòåêëà;
2 — ïðèâîä äâîðíèêà; 3 — ñâåòèëüíèê ñ ëàìïîé íàêàëè-
âàíèÿ; 4 — àïïàðàò ìàãíèòíîé îáðàáîòêè âîäû (ÀÌÎÂ);
5 — öåíòðîáåæíûé íàñîñ; 7 — àêêóìóëÿòîðíàÿ áàòà-
ðåÿ; 8 — èíâåðòîð; 11 — ïóëüò óïðàâëåíèÿ; 12 — îäíî-
ïîëþñíûé âûêëþ÷àòåëü; 13 — ñîëíå÷íàÿ áàòàðåÿ

òî÷íèêà ïèòàíèÿ ÷åðåç ãèáêèé êàáåëü; íåîáõîäè-
ìî ïåðèîäè÷åñêîå ïðåðûâàíèå òåõíîëîãè÷åñêîãî
ïðîöåññà äëÿ ðàçáîðêè è îò÷èñòêè ÀÌÎÂ. Îäíèì
èç ïóòåé ðåøåíèÿ èìåþùèõñÿ ïðîáëåì ìîæíî
ñ÷èòàòü âîçìîæíîñòü ìîäåðíèçàöèè ñóùåñòâóþ-
ùèõ ñèñòåì ïîëèâà ñåëüñêîõîçÿéñòâåííûõ êóëü-
òóð. Óëó÷øåíèå êîíñòðóêöèè ñâÿçàíî ñ ðàçðà-
áîòêîé ÀÌÎÂ, âíóòðåííèé äèàìåòð êîòîðîãî ñî-
îòâåòñòâóåò âåëè÷èíå ïðîõîäíîãî ñå÷åíèÿ
îñíîâíîãî òðóáîïðîâîäà, è ïðèìåíåíèþ àâòîíîì-
íîãî èñòî÷íèêà ïèòàíèÿ, ïðåîáðàçóþùåãî ñîë-
íå÷íóþ ðàäèàöèþ â ýëåêòðè÷åñêóþ ýíåðãèþ [4].

Ñèñòåìà äëÿ ìàãíèòíîé îáðàáîòêè âîäû ñî-
ñòîèò èç: àïïàðàòà 4 ìàãíèòíîé îáðàáîòêè âåùå-
ñòâà, ïóëüòà óïðàâëåíèÿ 11, èñòî÷íèêà òîêà â
âèäå àêêóìóëÿòîðíîé áàòàðåè 7, ñîëíå÷íîé áàòà-
ðåè 13. Ïðè ýòîì àïïàðàò 4 ìàãíèòíîé îáðàáîò-

Ã. Â. Íèêèòåíêî, À. Í. Ñèìèêèí
Ýíåðãîñáåðåæåíèå â ñîîðóæåíèÿõ çàùèùåííîãî ãðóíòà
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êè âåùåñòâà ñîñòîèò èç ÷åòûðåõ èäåíòè÷íûõ ìî-
äóëåé, íàìàãíè÷èâàþùåé êàòóøêè, Ï-îáðàçíûõ
ðàçáîðíûõ ìàãíèòîïðîâîäîâ è ïîëþñîâ, îõâàòû-
âàþùèõ âíåøíþþ ïîâåðõíîñòü ñòàëüíîãî òðóáî-
ïðîâîäà è èìåþùèõ îáìîòêè ïèòàíèÿ, ñîåäèíåí-
íûå ìåæäó ñîáîé ïàðàëëåëüíî è çàïèòàííûå îò
èñòî÷íèêà òîêà â âèäå àêêóìóëÿòîðíîé áàòàðåè
7, ÷åðåç ïóëüò óïðàâëåíèÿ 11.

Ïóëüò óïðàâëåíèÿ 11 èìååò ôîòîýëåìåíò,
êîòîðûé ðåàãèðóåò íà çàäàííóþ îñâåùåííîñòü è
âûïîëíÿåò êîììóòàöèþ çàðÿäà, ðàçðÿäà èñòî÷-
íèêà òîêà â âèäå àêêóìóëÿòîðíîé áàòàðåè 7. Â
äíåâíîå âðåìÿ ñóòîê îñóùåñòâëÿåòñÿ çàðÿäêà
èñòî÷íèêà òîêà îò ïðåîáðàçîâàòåëÿ íàïðÿæåíèÿ,
ñíèìàþùåãî ïîòåíöèàë ñ ñîëíå÷íîé áàòàðåè 13.
Ïðÿìîå ïðåîáðàçîâàíèå ñîëíå÷íîé ýíåðãèè â
ýëåêòðè÷åñêóþ îñóùåñòâëÿåòñÿ ñ èñïîëüçîâàíè-
åì ôîòîýëåêòðè÷åñêîãî ýôôåêòà. Ýëåìåíòû, èç-
ãîòîâëåííûå èç ñïåöèàëüíîãî ïîëóïðîâîäíèêî-
âîãî ìàòåðèàëà, íàïðèìåð, ñèëèêîíà, êðåìíèÿ,
ïðè ïðÿìîì ñîëíå÷íîì îáëó÷åíèè îáíàðóæèâà-
þò ðàçíîñòü ïîòåíöèàëîâ íà ïîâåðõíîñòè, ò. å.
íàëè÷èå ýëåêòðè÷åñêîãî òîêà.

Ïðè ïîëèâå êàê â äíåâíîå, òàê è â íî÷íîå
âðåìÿ ïèòàíèå àïïàðàòà 4 ïðîèçâîäèòñÿ îò èñ-
òî÷íèêà òîêà â âèäå àêêóìóëÿòîðíîé áàòàðåè 7.
Â äíåâíîå âðåìÿ îñóùåñòâëÿåòñÿ ïàðàëëåëüíàÿ
ïîäçàðÿäêà èñòî÷íèêà òîêà. Òàê êàê äëÿ îñâå-
ùåíèÿ ïîòðåáèòåëþ íåîáõîäèìî èìåòü ïåðåìåí-
íîå íàïðÿæåíèå, òî ê êîìïëåêòó äîáàâëÿåòñÿ
èíâåðòîð 8, ïðåîáðàçóþùèé ïîñòîÿííîå íàïðÿ-
æåíèå â ïåðåìåííîå.

Äëÿ óâåëè÷åíèÿ âûðàáîòêè ýëåêòðè÷åñêîé
ýíåðãèè ñîëíå÷íîé áàòàðååé èñïîëüçóåòñÿ ïðèíó-
äèòåëüíàÿ ñèñòåìà î÷èñòêè ïîâåðõíîñòè â ñâÿçè
ñ åå çàãðÿçíåíèåì ïî èñòå÷åíèè âðåìåíè. Â âåðõ-
íåé ÷àñòè ñîëíå÷íîé ïàíåëè ðàñïîëîæåíû äâà
ðàçáðûçãèâàòåëÿ 1 âîäíîé ìàññû, êîòîðûå ñìà-
÷èâàþò ïîâåðõíîñòü ïàíåëè, à ìåõàíè÷åñêîå î÷è-
ùåíèå ïðîèñõîäèò ïðè ïîìîùè äâîðíèêà 2, êî-
òîðûé äâèãàåòñÿ ïðàêòè÷åñêè ïî ãîðèçîíòàëè.

Ëó÷èñòàÿ ýíåðãèÿ Ñîëíöà ìîæåò èñïîëüçî-
âàòüñÿ äëÿ ïðåîáðàçîâàíèÿ â ýëåêòðè÷åñêóþ. Äëÿ
àâòîíîìíîãî ýëåêòðîñíàáæåíèÿ íàèáîëåå ïîäõî-
äÿò ôîòîýëåêòðè÷åñêèå ïðåîáðàçîâàòåëè.

Ïîëåçíàÿ ìîùíîñòü, îòâîäèìàÿ ñ åäèíèöû
ïëîùàäè êîëëåêòîðà, îïðåäåëÿåòñÿ êàê

C ОПТ ,K ТN N K K N= − ∆
ãäå NK — óäåëüíàÿ ïîëåçíàÿ ìîùíîñòü, Âò/ì2;
NC — èíòåíñèâíîñòü ñîëíå÷íîãî èçëó÷åíèÿ, ïà-
äàþùåãî íà ïðèåìíóþ ïàíåëü, Âò/ì2; KÎÏÒ –
îïòè÷åñêèé ÊÏÄ êîëëåêòîðà; KT — êîýôôèöè-
åíò ýôôåêòèâíîñòè ïðèåìíîé ïàíåëè, ðàâíûé îò-
íîøåíèþ òåïëîòû, ïåðåäàííîé òåïëîíîñèòåëþ,
ê ïîãëîùåííîé òåïëîòå; ∆N — ïëîòíîñòü òåï-
ëîâûõ ïîòåðü ñîëíå÷íîãî êîëëåêòîðà, Âò/ì2.

Â ñîâðåìåííûõ ñîëíå÷íûõ êîëëåêòîðàõ îï-
òè÷åñêèé ÊÏÄ áëèçîê ê åäèíèöå. Êîýôôèöèåíò
ïðèåìíîé ïàíåëè â íàñòîÿùåå âðåìÿ ïðåâûøàåò
0,9. Òàêèì îáðàçîì, ñîâðåìåííûå ñîëíå÷íûå êîë-
ëåêòîðû ïðàêòè÷åñêè äîñòèãëè ñîâåðøåíñòâà [1].

Õàðàêòåðíîé îñîáåííîñòüþ âîçîáíîâëÿåìûõ
èñòî÷íèêîâ ýíåðãèè íà òåððèòîðèè Ðîññèè ÿâ-
ëÿåòñÿ èõ íèçêàÿ ïëîòíîñòü è íåóïðàâëÿåìîñòü.

Ýòî äîëæíî ó÷èòûâàòüñÿ ïðè îïðåäåëåíèè óñëî-
âèé ýôôåêòèâíîãî ïðèìåíåíèÿ ýòèõ âèäîâ ýíåð-
ãèè. Â íàñòîÿùåå âðåìÿ â ìèðå íåâîçìîæíî çà-
ìåíèòü òðàäèöèîííûå ýíåðãîíîñèòåëè âîçîáíîâ-
ëÿåìûìè èñòî÷íèêàìè ýíåðãèè áîëåå, ÷åì íà
10 %. Õîòÿ ñóùåñòâóþò ïðîãðàììû, ïðåäëàãàþ-
ùèå ÷åðåç 10–30 ëåò óäîâëåòâîðÿòü ïîòðåáíîñ-
òè â ýíåðãèè íà ïîëîâèíó çà ñ÷åò âîçîáíîâëÿå-
ìûõ èñòî÷íèêîâ ýíåðãèè, à ê êîíöó ñòîëåòèÿ
ñäåëàòü èõ äîìèíèðóþùèìè.

Îäíàêî ó÷èòûâàÿ íèçêóþ ïëîòíîñòü âîçîá-
íîâëÿåìûõ èñòî÷íèêîâ ýíåðãèè, âñå æå áûëî áû
ñëèøêîì îïòèìèñòè÷íûì îæèäàòü íàìå÷àåìûõ
ïåðåìåí â èõ ïîëüçó. Ïðè÷åì ïðè÷èíû çäåñü ñêî-
ðåå êîììåð÷åñêèå, íåæåëè òåõíè÷åñêèå. Ýíåðãå-
òè÷åñêèå êîðïîðàöèè ÿâëþòñÿ ñàìûìè âëèÿòåëü-
íûìè êîðïîðàöèÿìè â ìèðå. Îòñòàèâàÿ ñâîè
èíòåðåñû, îíè, åñòåñòâåííî, ïðåïÿòñòâóþò ðàç-
âèòèþ àëüòåðíàòèâíûõ âèäîâ ýíåðãèè èëè, ïî
êðàéíåé ìåðå, ïðèòîðìàæèâàþò èõ ðàçâèòèå, äî-
áèâàÿñü ïîëó÷åíèÿ òåõíè÷åñêèõ ìàêñèìàëüíûõ
ïðèáûëåé â òðàäèöèîííîé ýíåðãåòèêå.

Òåì íå ìåíåå, ãëîáàëüíîå ïðèìåíåíèå âî-
çîáíîâëÿåìûõ èñòî÷íèêîâ ýíåðãèè îáúåêòèâíî
íåèçáåæíî è íàõîäèò âñå áîëüøåå ïîíèìàíèå â
ìèðå. Âîçîáíîâëÿåìûå èñòî÷íèêè ýíåðãèè, ñî-
âåðøåííî î÷åâèäíî, íå ïîäâåðæåíû èñòîùåíèþ,
ñëåäîâàòåëüíî, ýòà ÷àñòü ýíåðãåòè÷åñêîé ïðîáëå-
ìû ìîæåò áûòü óñòðàíåíà. Íåòðàäèöèîííàÿ ýíåð-
ãåòèêà ïðàêòè÷åñêè íå îêàçûâàåò âðåäîíîñíîãî
âëèÿíèÿ íà ýêîëîãèþ.

Ñëåäóåò îòìåòèòü, ÷òî äëÿ íåêîòîðûõ îáúåê-
òîâ, èìåþùèõ íåáîëüøóþ óñòàíîâëåííóþ ìîù-
íîñòü è óäàëåííûõ îò ýíåðãîñèñòåì íà çíà÷èòåëü-
íûå ðàññòîÿíèÿ, âîçìîæíî ïðèìåíåíèå òîëüêî
àâòîíîìíîãî ýëåêòðîñíàáæåíèÿ, òàê êàê ïîäêëþ-
÷åíèå èõ ê ýíåðãîñèñòåìàì òðåáóåò áîëüøèõ êà-
ïèòàëüíûõ çàòðàò, ñâÿçàííûõ ñî ñòðîèòåëüñòâîì
è ýêñïëóàòàöèåé ïðîòÿæåííûõ ýëåêòðîñåòåé è óñ-
òàíîâêîé òðàíñôîðìàòîðíûõ ïîäñòàíöèé çàâû-
øåííîé ìîùíîñòè. Äëÿ òàêèõ îáúåêòîâ ñòîèìîñòü
ýëåêòðîýíåðãèè, ïîëó÷àåìîé îò âîçîáíîâëÿåìûõ
èñòî÷íèêîâ ýíåðãèè, ñòàíîâèòñÿ ñîèçìåðèìîé ñî
ñòîèìîñòüþ ýëåêòðîýíåðãèè, ïîëó÷àåìîé îò ýíåð-
ãîñèñòåì, è ýòîò ôàêòîð ïåðåñòàåò áûòü ñäåðæè-
âàþùèì èõ ïðèìåíåíèå [1].
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«Íàíîìåòð» ïîçäðàâëÿåò ãëàâíîãî ðåäàêòîðà Ìåæäóíàðîäíîãî íàó÷íîãî è îáðàçî-
âàòåëüíîãî ïîðòàëà «Âîäîðîä» Ãóñåâà Àëåêñàíäðà Ëåîíèäîâè÷à ñ íàãðàæäåíèåì îäíîé
èç âûñøèõ íàãðàä Ôåäåðàöèè Êîñìîíàâòèêè Ðîññèè — ìåäàëüþ Ê. Ý. Öèîëêîâñêîãî!

Ðàçâèòèå âîäîðîäíîé ýíåðãåòèêè îòíîñèòñÿ
ê îäíîìó èç ïðèîðèòåòíûõ è ïðîñòî ïðèâëåêà-
òåëüíûõ íàïðàâëåíèé íàó÷íî-òåõíè÷åñêîãî ïðî-
ãðåññà â ñèëó óíèêàëüíîñòè õèìè÷åñêèõ («ýíåð-
ãîíàñûùåííîñòè» ïðîöåññà ãîðåíèÿ, ôîðìèðîâà-
íèÿ ãèäðèäîâ ñ ìåòàëëàìè è èíòåðìåòàëëèäàìè
è ïð.), ôèçè÷åñêèõ (ìîëåêóëà H2 — ñàìàÿ ìà-
ëåíüêàÿ èç âñåõ èçâåñòíûõ ìîëåêóë, åñëè íå ñ÷è-
òàòü èíåðòíîãî ãàçà ãåëèÿ, êîòîðûé âñåãäà íà-
õîäèòñÿ â àòîìàðíîì ñîñòîÿíèè) ñâîéñòâ âîäî-
ðîäà è åãî ýêîëîãè÷åñêîé áåçîïàñíîñòè — ïðè
ñãîðàíèè âîäîðîäà, êàê èçâåñòíî, îáðàçóåòñÿ
îáû÷íàÿ (è ïðè òîì — ÷èñòåéøàÿ!) âîäà. Îñíîâ-
íûìè ïðîáëåìàìè, ñâÿçàííûìè ñ ðàçâèòèåì âî-
äîðîäíîé ýíåðãåòèêè, ÿâëÿåòñÿ ñîçäàíèå åãî ýêî-
íîìè÷åñêè è ýêîëîãè÷åñêè îáîñíîâàííîãî ïðî-
èçâîäñòâà, à òàêæå áåçîïàñíàÿ òðàíñïîðòèðîâêà
è óäîáíîå õðàíåíèå. Ïîñëåäíåå — ïðîáëåìà âî-
äîðîäíûõ àêêóìóëÿòîðîâ — íàïðÿìóþ ñâÿçàíà
ñ ðàçðàáîòêîé íîâûõ è èñïîëüçîâàíèåì óæå èç-
âåñòíûõ íàíîìàòåðèàëîâ. Äî ñåãîäíÿøíåãî âðå-
ìåíè áûëè èçâåñòíû ïîïûòêè èñïîëüçîâàíèÿ
ìåòàëëîâ è èíòåðìåòàëëèäîâ äëÿ îáðàòèìîãî
ïîãëîùåíèÿ âîäîðîäà (ê ñëîâó, îäíèì èç ðåêîð-
äñìåíîâ ÿâëÿåòñÿ äðàãîöåííûé ìåòàëë ïàëëà-
äèé èç ñåìåéñòâà ïëàòèíîèäîâ — îäèí êóáè÷åñ-
êèé ñàíòèìåòð ïàëëàäèÿ ïîãëîùàåò áîëåå ñåìè-
ñîò êóáè÷åñêèõ ñàíòèìåòðîâ âîäîðîäà, ïðè ýòîì
ïðî÷íûé ìåòàëë óâåëè÷èâàåòñÿ â îáúåìå, âñïó-
÷èâàåòñÿ è äàæå äàåò òðåùèíû). Õèìè÷åñêè âî-
äîðîä ìîæíî õðàíèòü â ñîëåïîäîáíûõ ãèäðèä-
íûõ ñîåäèíåíèÿõ, íàïðèìåð, LiAlH4, êîòîðûå
íåîáðàòèìî ðåàãèðóþò ñ âîäîé ñ îáðàçîâàíèåì
âîäîðîäà, LiAlH4 + 4H2O = LiOH + Al(OH)3 + 4H2.
Â ïîñëåäíåå âðåìÿ äëÿ ýòîé öåëè ïðîïàãàíäèðó-
þò óãëåðîäíûå íàíîñòðóêòóðû, ìåòàëë-îðãàíè-
÷åñêèå êàðêàñû è ïð. Âñå ýòè ïîïûòêè áóäóò
îïðàâäàíû, åñëè ìàññîâîå ñîäåðæàíèå âîäîðîäà
áóäåò âûøå 4–5 % (à ìîëåêóëà H2, ê òîìó æå,
åùå è ñàìàÿ ëåãêàÿ, îíà èìååò îòíîñèòåëüíóþ
ìîëåêóëÿðíóþ ìàññó, ðàâíóþ âñåãî 2!).

Ìîæåò ëè âîäîðîäíàÿ ýíåðãåòèêà ðàçâèâàòü-
ñÿ â Ðîññèè? Âñå íàâåðíÿêà ñëûøàëè î íåäàâ-
íåì ðàçäåëåíèè «Íîðíèêåëÿ», ÷àñòü ðåñóðñîâ êî-
òîðîãî ñåé÷àñ è íàïðàâëåíà íà ðåøåíèå ýòîé ïðî-
áëåìû. Îäíàêî ìàëî êòî çíàåò (òî÷íåå, îá ýòîì
çíàþò âñå, íî íåñêîëüêî, âèäèìî, ïîäçàáûëè),
÷òî â Ðîññèè óæå äîñòàòî÷íî äàâíî ñóùåñòâóåò
ìîùíàÿ, óñïåøíàÿ è êîíêóðåíòîñïîñîáíàÿ îò-
ðàñëü âîäîðîäíîé ýíåðãåòèêè, ïðè÷åì íàïðÿìóþ
íàïðàâëåííàÿ íà äîñòèæåíèå ìå÷òû ðîìàíòèêîâ
âñåõ âðåìåí è íàðîäîâ — íà ïîêîðåíèå êîñìè-
÷åñêîãî ïðîñòðàíñòâà. Âåäü èìåííî ðàáîòû ñ ðà-
êåòíî-êîñìè÷åñêèì êîìïëåêñîì «Ýíåðãèÿ» — ñî-
çäàíèå ñàìîãî ìîùíîãî íîñèòåëÿ êîñìè÷åñêèõ
àïïàðàòîâ è çàïóñê ðîññèéñêîãî êîñìè÷åñêîãî
÷åëíîêà «Áóðàí» â ïîëíîñòüþ àâòîìàòè÷åñêîì

Ìåäàëü Öèîëêîâñ-
êîãî. Íàãðàäû Ôå-
äåðàöèè êîñìîíàâ-
òèêè Ðîññèè ÿâëÿ-
þòñÿ âûðàæåíèåì
îáùåñòâåííîãî ïðè-
çíàíèÿ çàñëóã ñïå-
öèàëèñòîâ è âåòå-
ðàíîâ îòå÷åñòâåí-
íîé êîñìîíàâòèêè
â ñîçäàíèè ðàêåò-
íî-êîñìè÷åñêîé
òåõíèêè, â ïðîïà-
ãàíäå äîñòèæåíèé
è èñòîðèè îòå÷å-
ñòâåííîé êîñìîíàâ-
òèêè, â âîñïèòà-
íèè ìîëîäåæè, åå
ïðîôåññèîíàëüíîé
îðèåíòàöèè íà êîñ-
ìè÷åñêóþ ïðîìûø-
ëåííîñòü è èíûõ
çàñëóã ïåðåä îòå÷å-
ñòâåííîé êîñìîíàâ-
òèêîé.

Ðîññèéñêèé êîñìè-
÷åñêèé ÷åëíîê «Áó-
ðàí» ïåðåä ñòàðòîì.
À. Ë. Ãóñåâ — èíæå-
íåð-èñïûòàòåëü â îá-
ëàñòè ýêñïëóàòàöèè
êîñìè÷åñêîé è ðàêåò-
íîé òåõíèêè: ýêñï-
ëóàòàöèè êîñìè÷åñ-
êèõ àïïàðàòîâ, êîñ-
ìè÷åñêèõ ñòàðòîâûõ
êîìïëåêñîâ, ñèñòåì
õðàíåíèÿ òîïëèâ,
òðàíñïîðòèðîâêè,
çàïðàâêè êðèîãåííû-
ìè êîìïîíåíòàìè
òîïëèâà, èñïûòàíèé
êîñìè÷åñêèõ ñòàí-
öèé è èõ ìîäóëåé íà
ãåðìåòè÷íîñòü, èñ-
ïûòàíèé êîñìè÷åñ-
êèõ ñêàôàíäðîâ (áîð-
òîâûõ ñêàôàíäðîâ è
äëÿ âûõîäà â êîñìîñ)
íà ãåðìåòè÷íîñòü.

Óäîñòîâåðåíèå ó÷àñòíèêà çàïóñêà ðàêåòû-íîñèòåëÿ
«Ýíåðãèÿ»
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Íà ôîòî 1982 ãîäà: â ïåðâîì ðÿäó ñëåâà íàïðàâî: È. Õîëîøà, À. Ïåòðîâ, Ñ. Êî÷åòîâ, À. Ãóñåâ, Þ. Äèàíîâ,
Â. Îâ÷àðåíêî, Ì. Äÿ÷óê, ëåò÷èê-êîñìîíàâò À. Ïîïîâ, ëåò÷èê-êîñìîíàâò Ñ. Ñàâèöêàÿ, ëåò÷èê-êîñìîíàâò
À. Ñåðåáðîâ, ëåò÷èê-êîñìîíàâò Âîëûíîâ, À. Ñîôüèí, Í. Ñàâèí, Â. Òèòîâ, À. Ãà÷åâñêèé, Ã. Øîåâ, À. Ìàëàõîâ-
ñêèé, âî âòîðîì ðÿäó ñëåâà íàïðàâî: Ñ. Íåïëþõèí, Â. Êëèìåíêî, Ï. Ãóç, Â. Áåçóãëûé, Î. Äìèòðèåâ, Â. Ñòåïàí÷åí-
êî, Þ. Ëóíèí, êóðàòîð ñòàæèðîâêè ïîäïîëêîâíèê Åìåëüÿíîâ, êîìàíäèð âîéñêîâîé ÷àñòè 25741 Þ. È. Ëóêüÿíîâ,
íà÷àëüíèê ïîëèòîòäåëà âîéñêîâîé ÷àñòè 25741 Ì. Êîùåíêî, Â. Ïîðîçîâ, À. Êîðîâèí, À. Òàðàñîâ, Â. Êîìàðîâ

ðåæèìå äîêàçàëè ýòî. Ãîðþ÷èì äëÿ «Ýíåðãèè»
ñëóæàò íå òîêñè÷íûå ïðîèçâîäíûå ãèäðàçèíîâ,
íå êåðîñèí, à ÷èñòûå âîäîðîä è êèñëîðîä, îõ-
ëàæäåííûå äî æèäêîãî ñîñòîÿíèÿ.

Ìîæíî ðèñîâàòü ôóòóðèñòè÷åñêèå êàðòèí-
êè ýêîëîãè÷åñêè ÷èñòîé «âîäîðîäíîé» ýêîíî-
ìèêè, ïðè ýòîì âïîëíå ðåàëüíî ðàçðàáàòûâàÿ
ýôôåêòèâíûå òîïëèâíûå ýëåìåíòû è äàæå óñ-
òàíàâëèâàÿ âñå ýòî íà çåìíûå òðàíñïîðòíûå

ñðåäñòâà, îäíàêî óæå íèêòî ó íàñ íå îòíèìåò
èñòîðè÷åñêîãî ôàêòà — Ðîññèéñêàÿ Ôåäåðàöèÿ
ïåðâàÿ ñîçäàëà ñâîþ ñïåöèàëüíóþ âîäîðîäíóþ
ýíåðãåòèêó äëÿ Êîñìîñà, «âîäîðîäíóþ ýíåðãèþ
ìå÷òû».

… à çåìíûå ïðèìåíåíèÿ âîäîðîäà åñòü è áó-
äóò, è èõ ÷èñëî áóäåò òîëüêî ìíîæèòüñÿ.

Å. À. Ãóäèëèí (ïî ìàòåðèàëàì ÍÒÖ «ÒÀÒÀ»)

Ãëóáîêîóâàæàåìûé
Àëåêñàíäð Ëåîíèäîâè÷!

Ïîçäðàâëÿþ Âàñ ñ ïîëó÷åíèåì îäíîé èç âûñ-
øèõ íàãðàä Ôåäåðàöèè Êîñìîíàâòèêè Ðîñ-
ñèè — ìåäàëè Ê. Ý. Öèîëêîâñêîãî. Æåëàþ Âàì
êðåïêîãî çäîðîâüÿ, áëàãîïîëó÷èÿ, ïëîäîòâîðíîé
ðàáîòû è íîâûõ êðóïíûõ äîñòèæåíèé â Âàøåé
äåÿòåëüíîñòè. Ïóñòü óäà÷à è óñïåõ ñîïóòñòâó-
þò Âàì âî âñåõ äåëàõ, à áîäðîñòü äóõà è õîðî-
øåå íàñòðîåíèå íå ïîêèäàþò Âàñ íèêîãäà.

Àêàäåìèê Ôîðòîâ Â. Å.

Ãëóáîêîóâàæàåìûé
Àëåêñàíäð Ëåîíèäîâè÷,

«Îáúåäèíåííûé Íàó÷íûé è Êîîðäèíàöè-
îííûé Ñîâåò ïî ïåðñïåêòèâàì ïåðåõîäà ê Âîäî-
ðîäíîé Ýêîíîìèêå» (ÎÍÊ-Ñîâåò) è Ìåæäóíà-
ðîäíàÿ àññîöèàöèÿ âîäîðîäíîé ýíåðãåòèêè
ïîçäðàâëÿþò Âàñ ñ íàãðàæäåíèåì ìåäàëüþ
Ê. Ý. Öèîëêîâñêîãî.

Ñîïðåäñåäàòåëü-èñïîëíèòåëü
ÎÍÊ-Ñîâåòà, ÷ëåí Ñîâåòà

äèðåêòîðîâ ÌÀÂÝ, àêàäåìèê ÌÈÀ,
ïðîôåññîð Â. À. Ãîëüöîâ

Ãë. ó÷åíûé ñåêðåòàðü ÎÍÊ-Ñîâåòà,
âåä. íàó÷í. ñîòð., êàíä. òåõí. íàóê

Ë. Ô. Ãîëüöîâà

Àëåêñàíäð,

ïðèìèòå ìîè èñêðåííèå ïîçäðàâëåíèÿ! Ìåäàëü
Öèîëêîâñêîãî — ýòî ñåðüåçíàÿ âåõà â Âàøåé
êàðüåðå. Òåïåðü Âû ìîæåòå îñâîáîäèòü ñåáÿ îò
ìíîãèõ ñóåòíûõ çàäà÷ è çàíÿòüñÿ îðãàíèçàöè-
åé åùå áîëåå ñåðüåçíûõ äåë, ÷åì ïåðâûé Êîíã-
ðåññ ïî âîäîðîäó. Õîòÿ, êóäà óæ åùå áîëåå ñå-
ðüåçíî? Ýòî ìåðîïðèÿòèå áûëî îðãàíèçîâàíî
Âàìè íà âûñî÷àéøåì óðîâíå, ÷òî ïîçâîëÿåò
æäàòü îò Âàñ åùå áîëåå ìàñøòàáíûõ íà÷èíàíèé.
Åùå ðàç ïîçäðàâëÿþ Âàñ! Âñåãäà â Âàøåì ðàñ-
ïîðÿæåíèè, ñ íàäåæäîé íà ïëîäîòâîðíîå ñîòóä-
íè÷åñòâî â áëèæàéøåì è äàëåêîì áóäóùåì.

Ñ óâàæåíèåì,
Èãîðü Øàìàíèí

Òîìñêèé ïîëèòåõíè÷åñêèé óíèâåðñèòåò

Óâàæàåìûé Àëåêñàíäð Ëåîíèäîâè÷!

Äèðåêöèÿ ïî ïëàâó÷èì àòîìíûì ýëåêò-
ðîñòàíöèÿì êîíöåðíà «Ðîñýíåðãîàòîì» ïðè-
ñîåäèíÿåòñÿ ê ïîçäðàâëåíèÿì ñ âûñîêîé íà-
ãðàäîé.

Æåëàåì äàëüíåéøèõ òâîð÷åñêèõ óñïåõîâ
â Âàøåé íåëåãêîé è î÷åíü íóæíîé ðàáîòå!

Âñåãî íàèëó÷øåãî.
Õóñíóòäèíîâ Â. À.
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Уважаемый
Александр Леонидович!

Примите мои сердечные поздравления в связи с награждением Вас
одной из высших наград Федерации Космонавтики России — медалью
К. Э. Циолковского.

Это награждение  убедительно  свидетельствует о том, что Федера-
ция Космонавтики России по достоинству оценила Ваши выдающиеся
заслуги и многолетнюю плодотворную инженерную, рационализатор-
скую и новаторскую деятельность в области ракетно-космической тех-
ники.

Отрадно, что Ваши открытия и изобретения имеют не только науч-
ное, но и важное практическое значение. В решении стоящих перед Вами
сложных задач Вы всегда проявляли и проявляете ответственное отно-
шение к порученному делу, глубокое понимание проблем, принципи-
альность, трудолюбие и целеустремленность.

Убежден, что Ваши знания, огромный научно-исследовательский
опыт, а также Ваш значительный вклад в развитие альтернативных ис-
точников энергии и популяризацию водородного движения будут и
впредь способствовать поддержанию высокого авторитета российской
науки на мировой арене.

Вместе с поздравлениями, уважаемый Александр Леонидович, при-
мите пожелания крепкого здоровья, счастья, благополучия, душевного
тепла, успехов в Вашей работе, свершения всего задуманного и удачи!

7 мая 2007 года

С искренним уважением,

Генеральный директор
Национальной инновационной компании
«Новые энергетические проекты»
Б. Кузык
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ÍÎÂÎÑÒÈ ÍÀÓÊÈ È ÒÅÕÍÈÊÈÍÎÂÎÑÒÈ ÍÀÓÊÈ È ÒÅÕÍÈÊÈ

ÃÈÁÐÈÄÍÛÅ ÂÎÄÎÐÎÄÍÛÅ ÀÂÒÎÁÓÑÛ
Â ÄÅËÀÂÅÐÅ È ÊÎÍÍÅÊÒÈÊÓÒÅ

Óíèâåðñèòåò Äåëàâåðà ïðåäñòàâèë ãèáðèäíûé àâ-
òîáóñ íà âîäîðîäíûõ òîïëèâíûõ ýëåìåíòàõ. Â ðàçðà-
áîòêå àâòîáóñà ïðèíèìàëè ó÷àñòèå EBus, Ballard Power
Systems (NASDAQ: BLDP), Electric Power Research
Institute (EPRI), Air Liquide (ïîñòàâùèê âîäîðîäà), è
Delaware Transit Corp.

Àâòîáóñ ñîçäàí íà áàçå 22-ôóòîâîãî EBus. EBus
ïðîèçâîäèò ýëåêòðè÷åñêèå àâòîáóñû äëÿ àýðîïîðòîâ.
Òîïëèâíûå ýëåìåíòû Mark9 SSL ïðîèçâîäñòâà êàíàäñ-
êîé êîìïàíèè Ballard Power ìîùíîñòüþ 19 êÂò. Íè-
êåëü-Êàäìèåâûå àêêóìóëÿòîðû 60 êÂò⋅÷. Íà êðûøå
àâòîáóñà õðàíèòñÿ 16 êã âîäîðîäà ïîä äàâëåíèåì
5000 psi, ÷òî äîñòàòî÷íî äëÿ 320 êì ïðîáåãà.

Àâòîáóñ ðàáîòàåò â ðåæèìå ýëåêòðîìîáèëÿ. Òîïëèâíûå ýëåìåíòû âêëþ÷àþòñÿ, êîãäà åìêîñòü
àêêóìóëÿòîðîâ ïàäàåò íèæå 60 %.

Â íà÷àëå àâòîáóñ áóäåò ýêñïëóàòèðîâàòüñÿ â óíèâåðñèòåòñêîì êàìïóñå. Óíèâåðñèòåò ñîáåðåò
äàííûå î ðàáîòå òîïëèâíûõ ýëåìåíòîâ: òåìïåðàòóðå, äàâëåíèè, âëàæíîñòè, è ò. ä.

Íà ñëåäóþùåì ýòàïå àâòîáóñ áóäåò ýêñïëóàòèðîâàòüñÿ çà ïðåäåëàìè óíèâåðñèòåòñêîãî ãîðîäêà.
Ïëàíèðóåòñÿ èçãîòîâëåíèå âòîðîãî àâòîáóñà.

Ôåäåðàëüíîå òðàíñïîðòíîå àãåíòñòâî (FTA) âûäåëèëî ïðîåêòó ãðàíò $ 1,7 ìëí.
Êîìïàíèÿ CTTRANSIT íà÷àëà ýêñïëóàòàöèþ àâòîáóñà íà âîäîðîäíûõ òîïëèâíûõ ýëåìåíòàõ.

40-ôóòîâûé àâòîáóñ áóäåò ýêñïëóàòèðîâàòüñÿ â ã. Õàðòôîðä.
Íà àâòîáóñå óñòàíîâëåíû òîïëèâíûå ýëåìåíòû PureMotion ïðîèçâîäñòâà êîìïàíèè UTC Power

(NYSE: UTX) ìîùíîñòüþ 120 êÂò. Íà êðûøå àâòîáóñà õðàíèòñÿ 50 êã âîäîðîäà ïîä äàâëåíèåì
5000 psi. Ýòîãî äîñòàòî÷íî äëÿ 400–480 êì ïðîáåãà. Ýëåêòðîäâèãàòåëü ìîùíîñòüþ 170 êÂò
(300 êÂò — ïèêîâàÿ ìîùíîñòü). Àâòîáóñ ðàçðàáîòàí ñîâìåñòíî ñ áåëüãèéñêèì ïðîèçâîäèòåëåì
àâòîáóñîâ Van Hool, ãèáðèäíàÿ ñõåìà êàëèôîðíèéñêîé êîìïàíèè ISE Corporation.

Ôåäåðàëüíîå òðàíñïîðòíîå àãåíòñòâî âûäåëèëî ãðàíò $ 2,9 ìëí. Òðàíñïîðòíîìó Îêðóãó Õàðò-
ôîðä íà ñòðîèòåëüñòâî âîäîðîäíîé èíôðàñòðóêòóðû è äåìîíñòðàöèîííûå ïðîåêòû. Öåëü FTA — ñ
2015 ãîäà 10 % çàêóïàåìûõ àâòîáóñîâ äîëæíû áûòü íà âîäîðîäíûõ òîïëèâíûõ ýëåìåíòàõ. Â 2005 ã.
Êîíãðåññ ÑØÀ ïðèíÿë Ïðîãðàììó ðàçâèòèÿ àâòîáóñîâ íà òîïëèâíûõ ýëåìåíòàõ.

UTC Power ïîñòàâèë àíàëîãè÷íûå àâòîáóñû â Êàëèôîðíèþ è ã. Âàøèíãòîí.

Источник: http://oborot.blogspot.com

Ðèñ. 1. Âîäîðîäíûé E-Bus

ÀÌÅÐÈÊÀÍÑÊÈÅ ÂÎÄÎÐÎÄÍÛÅ ÇÀÏÐÀÂÎ×ÍÛÅ ÑÒÀÍÖÈÈ

Ðèñ. 1. Çàïðàâî÷íàÿ ñòàíöèÿ H2Gen

Ñ íåäàâíèõ ïîð ïðàâèòåëüñòâî ÑØÀ âîçâåëî ýêîíîìèþ ýíåð-
ãèè â ðàíã íàöèîíàëüíîé ïîëèòèêè è ïðèçûâàåò àìåðèêàíñêèå
êîìïàíèè âñÿ÷åñêè âíåäðÿòü ýíåðãîñáåðåãàþùèå òåõíîëîãèè è ýêî-
ëîãè÷åñêè ÷èñòûå âèäû òîïëèâà.

Åñëè èçîáðåòåíèå êîìïàíèè H2Gen ïîëó÷èò ðàñïðîñòðàíå-
íèå, çàïðàâî÷íûå ñòàíöèè ñòàíóò âûðàáàòûâàòü âîäîðîä ïðÿìî
íà ìåñòå. Äîñòàòî÷íî ëèøü ïîäêëþ÷èòü èõ ê ãàçîâîé òðóáå.

Â ãîðîäå Àëåêñàíäðèÿ (øòàò Âèðäæèíèÿ) ðàñïîëîæåíà êîì-
ïàíèÿ H2Gen, çàíèìàþùàÿñÿ ðàçðàáîòêàìè â îáëàñòè âîäîðîä-
íûõ òåõíîëîãèé è ïðîïàãàíäîé «âîäîðîäíîãî» îáðàçà æèçíè.

Ïîñëåäíèì äîñòèæåíèåì êîìïàíèè ÿâëÿåòñÿ óñòàíîâêà ïî âûðàáîòêå âîäîðîäà èç ïðèðîäíîãî
ãàçà. Ñàìà ïî ñåáå èäåÿ íå íîâà, íî àâòîðû óòâåðæäàþò, ÷òî èì óäàëîñü çíà÷èòåëüíî ïîâûñèòü
ýôôåêòèâíîñòü ýòîãî ïðîöåññà, òàê ÷òî ñòàíîâèòñÿ âîçìîæíûì âûðàáàòûâàòü âîäîðîä íåïîñðåä-
ñòâåííî íà çàïðàâî÷íûõ ñòàíöèÿõ. Òàêèì îáðàçîì, îòïàäàåò íåîáõîäèìîñòü òðàíñïîðòèðîâêè âî-
äîðîäà ñ ïðîìûøëåííûõ ïðåäïðèÿòèé, ÷òî ñàìî ïî ñåáå ÿâëÿåòñÿ íå ñàìîé ïðîñòîé çàäà÷åé.

Ïåðâîå òàêîå óñòðîéñòâî óæå ôóíêöèîíèðóåò îêîëî àýðîïîðòà Îðëàíäî è ñïîñîáíî çà ñóòêè
âûðàáàòûâàòü 113 êã âîäîðîäà. Ýòîãî äîëæíî õâàòèòü íà çàïðàâêó 20 ëåãêîâûõ àâòîìîáèëåé èëè
3 àâòîáóñîâ. Åñëè îïûò îêàæåòñÿ óäà÷íûì, òî, ñêîðåå âñåãî, ñåòü âîäîðîäíûõ çàïðàâîê â Ñåâåðíîé
Àìåðèêå ðåçêî âûðàñòåò, à çíà÷èò, âîäîðîäíûå àâòîìîáèëè ïåðåñòàíóò áûòü ýêçîòèêîé.

Источник: http://www.drive.ru, hydrogenforecast.com
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ÃÈÁÐÈÄÍÛÉ ÊÐÎÑÑÎÂÅÐ FORD EDGE HYSERIES DRIVE

Òðàíñïîðòíîå ñðåäñòâî Edge HySeries
Drive ïðåäñòàâëÿåò ñîáîé êðîññîâåð,
îáîðóäîâàííûé ãèáðèäíîé ñèëîâîé óñòà-
íîâêîé. Â äâèæåíèå àâòîìîáèëü ïðèâî-
äèòñÿ ìîùíûìè ýëåêòðîìîòîðàìè, ïè-
òàþùèìèñÿ îò èîííî-ëèòèåâîãî àêêóìó-
ëÿòîðà âûñîêîé åìêîñòè. Çàðÿäà áàòàðåé
áóäåò äîñòàòî÷íî ïðèìåðíî íà 40 êì ïðî-
áåãà â ãîðîäñêîì öèêëå. Ïîñëå èñòîùå-
íèÿ çàïàñîâ ýíåðãèè â äåëî âñòóïàåò áîð-
òîâîé ýëåêòðîãåíåðàòîð íà âîäîðîäíûõ
òîïëèâíûõ ýëåìåíòàõ. Â ýòîì ñëó÷àå
îäíîé çàïðàâêè âîäîðîäîì õâàòèò åùå
íà 320 êì ïðîáåãà.

Âïðî÷åì, ïðè åæåäíåâíûõ ïîåçäêàõ
íà ðàáîòó è îáðàòíî çàïðàâëÿòü êðîñ-
ñîâåð âîäîðîäîì ïðèäåòñÿ íå ÷àùå äâóõ-
òðåõ ðàç â ìåñÿö. Äåëî â òîì, ÷òî èîí-
íî-ëèòèåâûå àêêóìóëÿòîðû ìîãóò ïîä-
çàðÿæàòüñÿ íå òîëüêî îò áîðòîâîãî ãåíåðàòîðà, íî è îò îáû÷íîé ýëåêòðè÷åñêîé ðîçåòêè, íàïðèìåð,
â ãàðàæå.

Íà ðàçðàáîòêó ãèáðèäíîãî àâòîìîáèëÿ Edge HySeries Drive ó êîìïàíèè Ford óøëè 2 ìëí.
äîëëàðîâ ÑØÀ. Íå èñêëþ÷åíî, ÷òî â ñåðèéíûõ ìîäèôèêàöèÿõ âìåñòî ýëåêòðîãåíåðàòîðîâ íà òîï-
ëèâíûõ ýëåìåíòàõ áóäóò ïðèìåíÿòüñÿ îáû÷íûå áåíçèíîâûå èëè äèçåëüíûå ãåíåðàòîðû. Ýòî ïîçâî-
ëèò óìåíüøèòü ñòîèìîñòü è óïðîñòèòü ïðîöåññ çàïðàâêè àâòîìîáèëÿ. Âïðî÷åì, âîçìîæíûå ñðîêè
ìàññîâîãî ïðîèçâîäñòâà Edge HySeries Drive ïîêà íå óòî÷íÿþòñÿ.

Источники: http://science.compulenta.ru, http://www.h2mobility.org

Ðèñ. 1. Ford Edge HySeries Drive

Ðèñ. 2. Ýëåêòðè÷åñêèé ðàçúåì
äëÿ çàðÿäêè áàòàðåé

Ðèñ. 3. Çàïðàâêà âîäîðîäîì

Ðèñ. 4. Ðàñïîëîæåíèå îñíîâíûõ
óçëîâ â àâòîìîáèëå

ÕÐÀÍÅÍÈÅ ÂÎÄÎÐÎÄÀ
Â ÌÅÒÀËË-ÎÐÃÀÍÈ×ÅÑÊÈÕ ÊÀÐÊÀÑÍÛÕ ÑÒÐÓÊÒÓÐÀÕ

Äëÿ ëþáûõ ñèñòåì, êîòîðûå ïîòåíöèàëüíî ìîãóò èñïîëüçîâàòüñÿ äëÿ õðà-
íåíèÿ âîäîðîäà, ïîãëîùàþùàÿ ñïîñîáíîñòü äîëæíà áûòü ñáàëëàíñèðîâàíà ïî
êèíåòèêå è òåðìîäèíàìèêå ïîãëîùåíèÿ è âûïóñêà.

Ìåòàëë-îðãàíè÷åñêèå êàðêàñíûå ñòðóêòóðû ïðåäñòàâëÿþò ñîáîé óíèêàëü-
íûå ñèñòåìû ñ áîëüøèì ñóììàðíûì îáúåìîì ïîð è ïëîùàäüþ ïîâåðõíîñòè,
èçìåíÿåìûì ðàçìåðîì ïîð è íàñòðàèâàåìûì âçàèìîäåéñòâèåì «êàðêàñíàÿ ñòðóê-
òóðà-àáñîðáàò» çà ñ÷åò ôóíêöèàëèçàöèè ëèãàíäà è âûáîðà ìåòàëëà.

Ýòè íåîáû÷íûå ìàòåðèàëû ìîãóò ïîòåíöèàëüíî çàïîëíèòü íèøó ìåæäó
äðóãèìè ñîðáåíòàìè ôèçè÷åñêîé ïðèðîäû, òàêèìè êàê àêòèâèðîâàííûé óãîëü,
êîòîðûå èìåþò áëèçêóþ àáñîðáèðóþùóþ ñïîñîáíîñòü ïðè íèçêèõ òåìïåðàòó-
ðàõ, íî íèçêîå ñðîäñòâî ê âîäîðîäó ïðè êîìíàòíîé òåìïåðàòóðå, è õèìè÷åñêè-
ìè ñîðáåíòàìè, òàêèìè êàê ãèäðèäû, êîòîðûå èìåþò âûñîêèå ïîãëîùàþùèå
ñïîñîáíîñòè ïî îòíîøåíèþ ê âîäîðîäó, íî íåæåëàòåëüíóþ êèíåòèêó è òåðìîäèíàìèêó âûïóñêà
âîäîðîäà.

Источник: Journal of Materials Chemistry,
http://www.nanometer.ru

Ðèñ. 1. Ìåòàëë-
îðãàíè÷åñêèå êàðêàñ-

íûå ñòðóêòóðû

Êîìïàíèÿ Viaspace îáúÿâèëà î òîì, ÷òî Êèòàé âûäàë Êàëèôîðíèéñêîìó òåõíîëîãè÷åñêîìó èíñòè-
òóòó ïàòåíò íà ìåòîäèêè, ñâÿçàííûå ñ ïðîèçâîäñòâîì òîïëèâíûõ ýëåìåíòîâ íà îðãàíè÷åñêîì òîïëèâå.

Ôèðìà Viaspace áûëà ñôîðìèðîâàíà â 1998 ãîäó ñ öåëüþ êîììåðöèàëèçàöèè òåõíîëîãèé, ïðî-
òåñòèðîâàííûõ Àìåðèêàíñêèì àýðîêîñìè÷åñêèì àãåíòñòâîì NASA, à òàêæå Ìèíèñòåðñòâîì îáîðî-
íû ÑØÀ. Ïî ñëîâàì èñïîëíèòåëüíîãî äèðåêòîðà Viaspace Êàðëà Êóêêîíåíà, êèòàéñêèé ïàòåíò ñ
íîìåðîì ZL94195212.6 îõâàòûâàåò òåõíîëîãèè, èñïîëüçóþùèåñÿ â òîïëèâíûõ ýëåìåíòàõ íà ëþ-
áûõ âèäàõ îðãàíè÷åñêîãî òîïëèâà, â òîì ÷èñëå ýòàíîëå, ìåòàíîëå è ìóðàâüèíîé êèñëîòå. Òàêèì
îáðàçîì, Êàëèôîðíèéñêèé òåõíîëîãè÷åñêèé èíñòèòóò âëàäååò ïî÷òè 60 ïàòåíòàìè, ñâÿçàííûìè ñ
ìåòîäèêàìè ïðîèçâîäñòâà òîïëèâíûõ ýëåìåíòîâ. Åùå ñòîëüêî æå ïàòåíòíûõ çàÿâîê íàõîäÿòñÿ íà
ñòàäèè ðàññìîòðåíèÿ.

ÊÈÒÀÉ ÂÛÄÀË ÏÀÒÅÍÒ ÊÀËÈÔÎÐÍÈÉÑÊÎÌÓ ÈÍÑÒÈÒÓÒÓ
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Òåõíîëîãèè, îïèñàííûå â ïàòåíòå ZL94195212.6, óæå áûëè ëèöåíçèðîâàíû êîìïàíèè Direct
Methanol Fuel Cell Corporation, ïîäðàçäåëåíèþ Viaspace. Ôèðìà Direct Methanol Fuel Cell Corporation
ñïåöèàëèçèðóåòñÿ íà âûïóñêå êàðòðèäæåé äëÿ òîïëèâíûõ ýëåìåíòîâ. Â íàñòîÿùåå âðåìÿ îñíîâíûå
óñèëèÿ êîìïàíèè ñôîêóñèðîâàíû íà êàðòðèäæàõ äëÿ ìåòàíîëà, îäíàêî â ïåðñïåêòèâå Direct Methanol
Fuel Cell Corporation íàìåðåíà íà÷àòü ïðîèçâîäñòâî àíàëîãè÷íûõ ðåçåðâóàðîâ äëÿ õðàíåíèÿ äðóãèõ
âèäîâ òîïëèâà.

Источник: http://science.compulenta.ru

ÑÈÍÒÅÇ-ÃÀÇ ÈÇ ÌÓÑÎÐÀ

Íîâàÿ ñèñòåìà äëÿ ïðîèçâîäñòâà ñèíòåç-ãàçà ìîæåò íå òîëüêî óìåíüøèòü êîëè÷åñòâî ìóñîðà,
ñêàïëèâàþùåãîñÿ íà ãîðîäñêèõ ñâàëêàõ, íî è ñýêîíîìèòü çíà÷èòåëüíîå êîëè÷åñòâî îðãàíè÷åñêîãî
òîïëèâà.

Òåõíîëîãèÿ, ðàçðàáîòàííàÿ èññëåäîâàòåëÿìè Ìàññà÷óñåòñêîãî òåõíîëîãè÷åñêîãî èíñòèòóòà è
Batelle Pacific Northwest National Labs (Ðè÷ìîíä, øòàò Âàøèíãòîí), îñíîâàíà íå íà ñæèãàíèè
îòõîäîâ è, â îòëè÷èå îò áîëåå ðàííèõ ïîïûòîê ïåðåðàáîòêè ìóñîðà â ýíåðãèþ, íå çàãðÿçíÿåò
àòìîñôåðó. Ìåòîä çàêëþ÷àåòñÿ â èñïàðåíèè îðãàíè÷åñêèõ ñîåäèíåíèé ñ îáðàçîâàíèåì òàê íàçûâàå-
ìîãî ñèíòåòè÷åñêîãî ãàçà, èëè ñèíòåç-ãàçà (ñìåñè âîäîðîäà è óãàðíîãî ãàçà). Ñèíòåç-ãàç ìîæíî
èñïîëüçîâàòü äëÿ ïðîèçâîäñòâà òîïëèâà è ðàçëè÷íûõ õèìè÷åñêèõ ñîåäèíåíèé.

Êðîìå ãîðîäñêîãî ìóñîðà, ìåòîä ïîçâîëÿåò èñïîëüçîâàòü â êà÷åñòâå ñûðüÿ ñåëüñêîõîçÿéñòâåí-
íûå îòõîäû, ïðè÷åì ñ áîëåå íèçêèìè ôèíàíñîâûìè çàòðàòàìè, ÷åì ñóùåñòâóþùèå â íàñòîÿùåå
âðåìÿ çàâîäû, ïðîèçâîäÿùèå áèîòîïëèâî èç êóêóðóçû è äðóãèõ ñåëüñêîõîçÿéñòâåííûõ êóëüòóð.

Ïðîèçâîäñòâî ñèíòåç-ãàçà ñ ïîìîùüþ íîâîãî ìåòîäà ïðîèñõîäèò â äâà ýòàïà. Ñíà÷àëà îòõîäû
íàãðåâàþòñÿ äî 1200 °Ñ â êàìåðå, ñîäåðæàùåé íåáîëüøîå êîëè÷åñòâî êèñëîðîäà, îáåñïå÷èâàþùåå
÷àñòè÷íîå îêèñëåíèå óãëåðîäà è îáðàçîâàíèå ñâîáîäíîãî âîäîðîäà. Íà ýòîé ñòàäèè ïðîèñõîäèò
ïåðåðàáîòêà òîëüêî ÷àñòè îðãàíè÷åñêîãî âåùåñòâà, îñòàâøàÿñÿ ÷àñòü ïðåâðàùàåòñÿ â óãëåïîäîá-
íûé ìàòåðèàë. Ýòîò «óãîëü» òàêæå ãàçèôèöèðóåòñÿ ïðè ïðîïóñêàíèè ÷åðåç ïëàçìó äóãîâîãî ðàçðÿ-
äà. Îñòàþùèéñÿ â èòîãå íåîðãàíè÷åñêèé ìàòåðèàë, ñîäåðæàùèé òîêñè÷åñêèå êîìïîíåíòû, îêèñëÿ-
åòñÿ è ïîìåùàåòñÿ â áåçîïàñíóþ äëÿ îêðóæàþùåé ñðåäû ñòåêëîìàññó, êîòîðóþ ïîñëå çàñòûâàíèÿ
ìîæíî èñïîëüçîâàòü ïðè ñòðîèòåëüñòâå äîðîã.

Äàëåå ñèíòåç-ãàç ñ ïîìîùüþ ñïåöèàëüíûõ ôåðìåíòîâ ïåðåðàáàòûâàåòñÿ â ýòàíîë è ìåòàíîë.
Ýòàíîë â íàñòîÿùåå âðåìÿ øèðîêî èñïîëüçóåòñÿ â êà÷åñòâå äîáàâêè ê òîïëèâó ëèáî êàê àëüòåðíà-
òèâà áåíçèíó. Ìåòàíîë íåîáõîäèì äëÿ ïðîèçâîäñòâà áèîäèçåëüíîãî òîïëèâà è îáû÷íî ïîëó÷àåòñÿ
èç ñîäåðæàùåãîñÿ â ïðèðîäíîì ãàçå ìåòàíà.

Íà ñåãîäíÿøíèé äåíü â ìèðå ïàðàëëåëüíî âåäåòñÿ áîëüøîå êîëè÷åñòâî ïðîåêòîâ, öåëüþ êîòî-
ðûõ ÿâëÿåòñÿ ïîèñê îïòèìàëüíîãî ìåòîäà ïåðåðàáîòêè ðàçëè÷íûõ îòõîäîâ â òîïëèâî. Ïîáåäèòåëü
ïîêà íåèçâåñòåí, è óñïåõ íîâîãî ïîäõîäà âî ìíîãîì çàâèñèò îò òîãî, óäàñòñÿ ëè åãî ñîçäàòåëÿì
ðàçðàáîòàòü ïîëíîöåííóþ ñèñòåìó, êîòîðàÿ îáåñïå÷èâàëà áû ïîëíûé öèêë, íà÷èíàÿ îò ïîëó÷åíèÿ
ñûðüÿ è çàêàí÷èâàÿ ñáûòîì ïðîèçâîäèìîãî â ïðîìûøëåííûõ ìàñøòàáàõ òîïëèâà.

Ðàçðàáîòêó ïðîìûøëåííîé óñòàíîâêè è êîììåðöèàëèçàöèþ îïèñàííîé òåõíîëîãèè áóäåò îñó-
ùåñòâëÿòü ôèðìà Integrated Environmental Technologies (Ðè÷ìîíä), ñïåöèàëèçèðóþùàÿñÿ íà ïåðå-
ðàáîòêå îòõîäîâ.

Источник: Интернет-журнал «Коммерческая биотехнология» (http://www.cbio.ru)

ÑÒÐÎÈÒÅËÜÑÒÂÎ ÑÀÌÎÉ ÁÎËÜØÎÉ Â ÌÈÐÅ ÔÀÁÐÈÊÈ
ÏÎ ÑÎÄÀÍÈÞ ÑÎËÍÅ×ÍÛÕ ÝËÅÌÅÍÒÎÂ

Êîìïàíèÿ Nanosolar, ðàñïîëîæåííàÿ â Êðåìíèåâîé Äîëèíå, âûèãðàëà èíâåñòèöèîííûé êîí-
êóðñ â ðàçìåðå 100 ìëí. äîëëàðîâ íà ñòðîèòåëüñòâî è îáñëóæèâàíèå íàèáîëüøåé â ìèðå ôàáðèêè
ïî ñîçäàíèþ äåøåâûõ ñîëíå÷íûõ ýëåìåíòîâ â ðàéîíå çàëèâà Ñàí-Ôðàíöèñêî. Ñóììàðíàÿ ìîùíîñòü

çàâîäà îêîëî 430 ÌÂò/ãîä, à ýòî âòðîå ïðåâûøàåò ñóììàðíûé
ãîäîâîé âûïóñê ñîëíå÷íûõ ýëåìåíòîâ â ÑØÀ. Âûïóñêàòü êîì-
ïàíèÿ áóäåò â ãîä äî 200 ìëí. ñîëíå÷íûõ ïàíåëåé. Êàê çàÿâëÿ-
þò ïðåäñòàâèòåëè êîìïàíèè è èíâåñòîðû, ñòðîèòåëüñòâî ôàáðè-
êè çàêîí÷èòñÿ â 2007 ãîäó.

Îñíîâàííàÿ â 2001 ãîäó ìîëîäàÿ, íî àìáèöèîçíàÿ êîìïà-
íèÿ Nanosolar óæå èìåëà ðÿä ïàòåíòîâ â îáëàñòè íàíîýëåêòðî-
íèêè è ñîëíå÷íûõ ýëåìåíòîâ. Ïîñëå òîãî, êàê èíâåñòèöèîííûå
ôèðìû è ÷àñòíûé èíâåñòîð Êðèñòèàí Ðåéòáóðãåð îáðàòèëè âíè-
ìàíèå íà ïåðñïåêòèâíóþ êîìïàíèþ, âëàäåþùóþ íîâûìè òåõíî-
ëîãèÿìè ïî èçãîòîâëåíèþ íåäîðîãèõ è ýôôåêòèâíûõ ñîëíå÷íûõ
ïàíåëåé, Nanosolar ïðèîáðåëà âåñ ñðåäè ïðîèçâîäèòåëåé «ñîë-
íå÷íîé» ìèêðîýëåêòðîíèêè. Òåì áîëåå, ÷òî â ÑØÀ ïðàâèòåëü-

Ðèñ. 1. Ïðîèçâîäñòâî ïëåíîê
ïî òåõíîëîãèè Nanosolar
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ñòâî è ÷àñòíûå êîìïàíèè óäåëÿþò áîëüøîå âíèìàíèå ôèíàíñèðîâàíèþ ïðîèçâîäñòâà ñîëíå÷íûõ ýëå-
ìåíòîâ, ÷òî, êàê ïîëàãàþò àíàëèòèêè, óëó÷øèò ïîçèöèè ñòðàíû â ïåðèîäû ýíåðãåòè÷åñêîãî êðèçèñà.

«Ó íàñ î÷åíü ïðî÷íàÿ ïîçèöèÿ äëÿ áóäóùåãî ëèäåðñòâà íà ðûíêå ïîëóïðîâîäíèêîâûõ ñîëíå÷-
íûõ ýëåìåíòîâ, — ãîâîðèò ãëàâà êîìïàíèè Ìàðòèí Ðîøåéñåí. — Áëàãîäàðÿ ðàçðàáîòàííûì íàìè
èííîâàöèÿì â ïðîèçâîäñòâåííîì ïðîöåññå, íàøè ñîëíå÷íûå ýëåìåíòû áîëåå ïðîèçâîäèòåëüíû, ÷åì
îñòàëüíûå, è, ÷òî ñàìîå ãëàâíîå, îòëè÷àþòñÿ íèçêîé ñåáåñòîèìîñòüþ».

Èííîâàöèÿ â òåõíîëîãèè ïðîèçâîäñòâà ñîëíå÷íûõ ýëåìåíòîâ çàêëþ÷àåòñÿ â èñïîëüçîâàíèè
ïëåíîê ìåäü–èíäèé–äèñåëåíèä ãàëëèÿ (CIGS-ïëåíêè). Ýòîò ïîëóïðîâîäíèê õàðàêòåðèçóåòñÿ íà
20 % áîëüøèì ôîòîýëåêòðè÷åñêèì ýôôåêòîì, ÷åì ñîâðåìåííûå ñîëíå÷íûå ýëåìåíòû. Òîíêàÿ ïëåí-
êà CIGS òîëùèíîé âñåãî 1 ìêì ïðîèçâîäèò ñòîëüêî æå ýëåêòðè÷åñòâà, ñêîëüêî 200–300 ìèêðîííàÿ
ïîëóïðîâîäíèêîâàÿ êðåìíèåâàÿ âàôëÿ.

Ñîâðåìåííûé ðûíîê êðåìíèåâûõ ïîëóïðîâîäíèêîâûõ ñîëíå÷íûõ ïàíåëåé ñîñòàâëÿåò 90 % îò
îáùåãî ìèðîâîãî ïîòðåáëåíèÿ ñîëíå÷íûõ ýëåìåíòîâ.

Îäíî èç ïðåèìóùåñòâ íîâîé òåõíîëîãèè ïðîèçâîäñòâà ïëåíîê — «ñàìîñáîðêà» ÷åðíèë, ñîñòîÿ-
ùèõ èç íàíî÷àñòèö, êîòîðûå ïîêðûâàþò ïîâåðõíîñòü CIGS. Áëàãîäàðÿ ýòîìó, ñîëíå÷íûå ýëåìåíòû
ìîãóò áûòü íàíåñåíû íà ãèáêóþ îñíîâó. À ýòî ïðàêòè÷åñêè íåâîçìîæíî ïðè èñïîëüçîâàíèè êðåì-
íèåâûõ ýëåìåíòîâ.

Êàê òîëüêî íà÷íåòñÿ ïðîèçâîäñòâî ñîëíå÷íûõ ïàíåëåé íà íîâîì çàâîäå êîìïàíèè, îíà ñìîæåò
âîéòè íà $ 11,2-ìèëëèàðäíûé ðûíîê (ïî äàííûì 2005 ã.) ôîòîýëåêòðîíèêè. Êàê ïðîãíîçèðóþò
ýêñïåðòû, ê 2007 ãîäó åãî îáúåì âûðàñòåò íà 55 %. Ìàðêåòîëîãè÷åñêèå èññëåäîâàíèÿ, âûïîëíåííûå
ôèðìîé Clean Edge ñâèäåòåëüñòâóþò î òîì, ÷òî ê 2015 ãîäó ðûíîê âûðàñòåò äî $ 51 ìëðä.

Ñåãîäíÿ ðóêîâîäñòâî êîìïàíèè Nanosolar áåñïîêîèòñÿ î òîì, ÷òîáû îáåñïå÷èòü íóæíûé òåìï
ïðîèçâîäñòâà ñðàçó æå ïîñëå çàâåðøåíèè ñòðîèòåëüñòâà çàâîäà.

Ðàíåå âåí÷óðíàÿ êîìïàíèÿ EverQ, ñâÿçûâàþùàÿ âîåäèíî òðè êðóïíåéøèå ïðîèçâîäñòâåííûå
êîìïàíèè ñîëíå÷íûõ ïàíåëåé, ïîñòðîèëà ñâîé ïåðâûé çàâîä â Òàëõåéìå (Ãåðìàíèÿ). Çàâîä ñòîèìî-
ñòüþ 70,5 ìëí. åâðî âûøåë íà ìîùíîñòü 30 ÌÂò/ãîä. Îí ïîääåðæàí ÷àñòè÷íî ãðàíòîì ïðàâèòåëü-
ñòâà Ãåðìàíèè â ðàçìåðå 27,5 ìëí. åâðî. Åñòåñòâåííî, ÷òî îòêðûòèå â 2007 ãîäó íîâîãî çàâîäà
Nanosolar ñ ìîùíîñòüþ 430 ÌÂò/ãîä ñèëüíî èçìåíèò ñëîæèâøèéñÿ ðûíîê ñîëíå÷íûõ ýëåìåíòîâ.

Источник: Nanosolar to build world’s largest solar cell factory (Nanotechweb.org)

ÍÀÍÎÌÀÍÕÝÒÒÅÍ ÏÎÂÛØÀÅÒ ÝÔÔÅÊÒÈÂÍÎÑÒÜ
ÑÎËÍÅ×ÍÛÕ ÁÀÒÀÐÅÉ

Äæàä Ðýäè (Jud Ready) è åãî êîëëåãè èç èññëåäîâàòåëüñêîãî èíñòèòó-
òà Äæîðäæèè (Georgia Tech Research Institute) ñîçäàëè «òðåõìåðíûå» ñîë-
íå÷íûå áàòàðåè (3D Solar Cells), îáëàäàþùèå âûñîêîé ýôôåêòèâíîñòüþ
ïðè ïàäåíèè ñâåòà ïîä îñòðûìè óãëàìè. Íåîáû÷íîñòü íîâûõ ôîòîýëåêòðè-
÷åñêèõ ïðåîáðàçîâàòåëåé ìîæíî óâèäåòü, òîëüêî åñëè ïîñìîòðåòü íà íèõ
ïîä ñèëüíûì ìèêðîñêîïîì.

Êàæäûé êâàäðàòíûé ñàíòèìåòð íîâîé ñîëíå÷íîé áàòàðåè ñîäåðæèò äå-
ñÿòêè òûñÿ÷ ìèêðîñêîïè÷åñêèõ «áàøåí», ñîñòàâëåííûõ, â ñâîþ î÷åðåäü,
èç ìèëëèîíîâ ñîåäèíåííûõ óãëåðîäíûõ íàíîòðóáîê êàæäàÿ. Êâàäðàòíûå
«áàøíè», èìåþò øèðèíó 40 ìêì, âûñîòó 100 ìêì è ðàçäåëåíû ðàññòîÿíè-
åì â 10 ìêì. Îíè èçãîòîâëåíû ìåòîäîì õèìè÷åñêîãî îñàæäåíèÿ ïàðà.

Ïîâåðõíîñòü íîâîé áàòàðåè, åñëè ïîñìîòðåòü íà íåå ñ áîëüøèì óâåëè÷åíèåì, íàïîìèíàåò
Ìàíõýòòåí ñ âûñîòû ïòè÷üåãî ïîëåòà: â óùåëüÿõ ìåæäó ìèðèàäàìè âûñîêèõ «íåáîñêðåáîâ» ñâåò
ïðîñòî òåðÿåòñÿ è ïî÷òè íå âûõîäèò îáðàòíî.

×òîáû «áàøíè» ïðåâðàòèëèñü â ñîëíå÷íûå ÿ÷åéêè, àâòîðû íîâîé áàòàðåè ïîêðûëè èõ òîí÷àé-
øèìè ñëîÿìè ïîëóïðîâîäíèêîâ: òåëëóðèäîì êàäìèÿ è ñóëüôèäîì êàäìèÿ. Â êà÷åñòâå ýëåêòðîäà
âûñòóïàåò ïîêðûòèå èç îêñèäà èíäèÿ è îëîâà.

Åñëè îáû÷íûå ñîëíå÷íûå áàòàðåè, íå îáëàäàþùèå ñèñòåìîé ïîâîðîòà âñëåä çà Ñîëíöåì, ïîêàçûâà-
þò íàèáîëüøóþ ýôôåêòèâíîñòü ëèøü â ïîëäåíü, êîãäà ñâåò ïàäàåò íà íèõ ïîä óãëîì 90 °, à äî è ïîñëå
ïîëóäíÿ ÊÏÄ áàòàðåé çàìåòíî ñíèæàåòñÿ, òî 3D Solar Cells âåäóò ñåáÿ ïðÿìî ïðîòèâîïîëîæíûì
îáðàçîì. Ïðè ïàäåíèè ñâåòà ïîä óãëîì 90 ° èõ ÊÏÄ îêàçàëñÿ ðàâíûì âñåãî 3,5 %, à âîò â ïåðâîé è âî
âòîðîé ïîëîâèíàõ äíÿ èõ ýôôåêòèâíîñòü áûëà âûøå (îíà äîõîäèëà äî 7 % ïðè óãëå ïàäåíèÿ ëó÷åé â
45 °). Òàêèì îáðàçîì, åñëè íåò âîçìîæíîñòè ïîâîðà÷èâàòü ñîëíå÷íûå ïàíåëè âñëåä çà Ñîëíöåì (íàïðè-
ìåð — îíè ïîêðûâàþò êðûøó çäàíèÿ), îáùàÿ çà äåíü ýôôåêòèâíîñòü ñîëíå÷íûõ áàòàðåé, ïîñòðîåííûõ
ïî ïðèíöèïó 3D Solar Cells, áóäåò âûøå, ÷åì ó îáû÷íûõ. Ïðàâäà, ÊÏÄ ïðåîáðàçîâàíèÿ íîâèíêè ïîêà
íå âïå÷àòëÿåò — óæå ñîçäàíû ñîëíå÷íûå áàòàðåè ñ ÊÏÄ 40,7 %. Íî Ðýäè ñ÷èòàåò ñîçäàííûå èì
áàòàðåè ëèøü ïðîòîòèïîì è ðàáîòàåò íàä îïòèìèçàöèåé êàê ïðîïîðöèé è ãåîìåòðèè «áàøåí», òàê è
ñîñòàâà èõ ïîêðûòèÿ (â ÷àñòíîñòè, îí íàìåðåí îòêàçàòüñÿ îò òîêñè÷íûõ êîìïîíåíòîâ).

Èññëåäîâàòåëü ïîëàãàåò, ÷òî â òå÷åíèå íåñêîëüêèõ ñëåäóþùèõ ëåò íîâóþ òåõíîëîãèþ ìîæíî
äîâåñòè äî êîììåð÷åñêîãî ïðèìåíåíèÿ. Îñîáåííî ýòî êàñàåòñÿ ñïóòíèêîâ, òàê êàê óñòðàíÿåò íåîá-
õîäèìîñòü â òî÷íîé îðèåíòàöèè ñîëíå÷íûõ ïàíåëåé íà íàøó ðîäíóþ çâåçäó.

Источник: http://www.membrana.ru

Ðèñ. 1. Îïûòíûé îáðàçåö
«Íàíîìàíõýòòåíà»
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ÑÏÎÑÎÁ ÏÅÐÅÐÀÁÎÒÊÈ ÄÈÎÊÑÈÄÀ ÓÃËÅÐÎÄÀ
ÏÐÈ ÏÎÌÎÙÈ ÝÍÅÐÃÈÈ ÑÎËÍÖÀ

Ãðóïïà ó÷åíûõ Êàëèôîðíèéñêîãî óíèâåðñèòåòà â Ñàí-Äèåãî (ÑØÀ) ïîä ðóêîâîäñòâîì Êëèô-
ôîðäà Êóáèàêà ïðåäëîæèëà íîâûé ñïîñîá êîíâåðòèðîâàíèÿ äèîêñèäà óãëåðîäà â ìîíîîêñèä óãëåðî-
äà è êèñëîðîä. Ñ ýòîé öåëüþ îíè ñîçäàëè óñòðîéñòâî, ñïîñîáíîå ïåðåâîäèòü ñîëíå÷íîå èçëó÷åíèå â
ýëåêòðîýíåðãèþ, êîòîðàÿ èñïîëüçóåòñÿ äëÿ ðàñùåïëåíèÿ CO2.

Óñòðîéñòâî, ïðåäëîæåííîå Êóáèàêîì, ñîñòîèò èç ïîëóïðîâîäíèêà è
äâóõ òîíêèõ ñëîåâ êàòàëèçàòîðà. Ñíà÷àëà ïîëóïðîâîäíèê çàõâàòûâàåò
ôîòîíû èç ñîëíå÷íîãî èçëó÷åíèÿ è, çàòåì, ïåðåâîäèò ýíåðãèþ ñâåòîâîãî
èçëó÷åíèÿ â ýëåêòðè÷åñêóþ. Íà ïîñëåäíåì ýòàïå ýëåêòðè÷åñòâî ïîäàåòñÿ
ê íèêåëü-ñîäåðæàùåìó êàòàëèçàòîðó, áëàãîäàðÿ ÷åìó íà åãî ïîâåðõíîñ-
òè ïðîèñõîäèò ðàñùåïëåíèå ìîëåêóëû äèîêñèäà óãëåðîäà íà CO è O2.

Íà ïåðâîì ýòàïå ðàáîòû èñïîëüçîâàëè êðåìíèåâûå ïîëóïðîâîäíèêè,
êîòîðûå íå îáåñïå÷èâàëè äîñòàòî÷íîãî êîëè÷åñòâà ýëåêòðîýíåðãèè äëÿ
ïðîâåäåíèÿ ðåàêöèè. Íåäîñòàþùàÿ ÷àñòü
ýíåðãèè ïîäàâàëàñü îò âíåøíåãî èñòî÷-

íèêà òîêà. Òåïåðü ó÷åíûå íàìåðåíû îïðîáîâàòü ãàëèé-ôîñôèäíûé
ïîëóïðîâîäíèê, êîòîðûé îáëàäàåò ëó÷øèìè õàðàêòåðèñòèêàìè ïî
ïîãëîùåíèþ âèäèìîãî ñâåòà è âäâîå áîëüøåé øèðèíîé çàïðåùåí-
íîé ýíåðãåòè÷åñêîé çîíû â ñðàâíåíèè ñ êðåìíèåì. Èññëåäîâàòåëè
íàäåþòñÿ, ÷òî âûðàáàòûâàåìîé èì ýíåðãèè áóäåò äîñòàòî÷íî äëÿ
ïðîâåäåíèÿ ðåàêöèè áåç ïðèâëå÷åíèÿ âíåøíåãî èñòî÷íèêà.

Ðàíåå, â ìàðòå 2007 ãîäà ïîÿâëÿëîñü ñîîáùåíèå î òîì, ÷òî
ãðóïïà ó÷åíûõ èç Ãåðìàíèè òàêæå ïðåäëîæèëà ñïîñîá ïîëó÷åíèÿ
èç CO2 ìîíîîêñèäà óãëåðîäà ñ èñïîëüçîâàíèåì àçîòñîäåðæàùèõ
êàòàëèçàòîðîâ. Îäíàêî, íåñìîòðÿ íà èñïîëüçîâàíèå ìåõàíèçìà, ñõîä-
íîãî ñ ôîòîñèíòåçîì, â ýòîé íàó÷íîé ðàáîòå ïîëó÷åíèå ýíåðãèè äëÿ
ðåàêöèè îò ñîëíå÷íîãî èçëó÷åíèÿ òîëüêî ïëàíèðóåòñÿ.

Â îáîèõ ñëó÷àÿõ ó÷åíûå ïîä÷åðêèâàëè âàæíîñòü ýòèõ ðàáîò äëÿ
ïåðåðàáîòêè ïàðíèêîâîãî ãàçà â ïðèãîäíûé äëÿ íåôòåõèìè÷åñêîãî
ñèíòåçà ðåàãåíò. Îñîáîå âíèìàíèå â îáîèõ ñëó÷àÿõ çàîñòðÿëîñü íà
âîçìîæíîñòè ïîëó÷åíèÿ èç CO æèäêèõ óãëåâîäîðîäîâ, ñ ïîìîùüþ îáëàãîðàæèâàíèÿ êîòîðûõ ìîæíî
ïîëó÷èòü òîâàðíûå òîïëèâà.

Источник: http://science.compulenta.ru

Ðèñ. 1. Óñòðîéñòâî äëÿ
êîíâåðñèè äèîêñèäà óãëåðîäà
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Ðèñ. 2. Ìåõàíèçì êîíâåðñèè
äèîêñèäà óãëåðîäà

ÝÍÅÐÃÎÍÅÇÀÂÈÑÈÌÛÉ ÄÎÌ Â ÍÜÞ-ÄÆÅÐÑÈ

Â ÑØÀ ïîÿâèëñÿ ïåðâûé ýíåðãîíåçàâèñèìûé äîì, êîòîðûé ïîçâîëÿåò îáèòàòåëÿì ïîëüçîâàòü-
ñÿ âñåìè áëàãàìè öèâèëèçàöèè è íå ïëàòèòü çà êîììóíàëüíûå óñëóãè. Îòîïëåíèå, êîíäèöèîíåð è
âñÿ áûòîâàÿ òåõíèêà ðàáîòàþò íà ýëåêòðè÷åñòâå, âûðàáàòûâàåìîì ñîëíå÷íûìè ïàíåëÿìè è òîï-
ëèâíûìè ýëåìåíòàìè. Äîì áûë ïîñòðîåí â ðàìêàõ Hopewell Project, çàïóùåííîãî â îêòÿáðå 2006 ã.
Õîçÿèí äîìà — Ìàéêë Ñòðèçêè, êîòîðûé âñþ æèçíü ïîñâÿòèë òîìó, ÷òîáû ñäåëàòü íàøó ïëàíåòó
÷èùå è ëó÷øå.

Íåîáû÷íîå æèëèùå ðàñïîëîæåíî â ãîðîäêå Õîóïâåëë (øòàò Íüþ-Äæåðñè) è âûãëÿäèò êàê
òðàäèöèîííûé äåðåâÿííûé äîì. Ðÿäîì ñ íèì íàõîäèòñÿ äîìàøíÿÿ ýëåêòðîñòàíöèÿ — íåáîëüøîå
ñòðîåíèå, êðûøà êîòîðîãî ïîëíîñòüþ ïîêðûòà ñîëíå÷íûìè ïàíåëÿìè, à âíóòðè çäàíèÿ íàõîäèòñÿ
ýëåêòðîëèçåð (óñòàíîâêà äëÿ ðàñùåïëåíèÿ âîäû). Ôîòîýëåìåíòû
ïðåîáðàçóþò ñîëíå÷íûé ñâåò â ýëåêòðîýíåðãèþ, êîòîðàÿ ïðè-
ìåíÿåòñÿ äëÿ ïîëó÷åíèÿ âîäîðîäà èç âîäû. Ëåòîì ñîëíå÷íûå
ïàíåëè ãåíåðèðóþò íà 60 % áîëüøå ýëåêòðîýíåðãèè, ÷åì òðå-
áóåòñÿ äîìó. Èçáûòîê õðàíèòñÿ â âèäå âîäîðîäà â ñïåöèàëü-
íûõ öèñòåðíàõ è èñïîëüçóåòñÿ çèìîé äëÿ âûðàáîòêè ýëåêòðè-
÷åñòâà òîïëèâíûìè ýëåìåíòàìè, êîãäà ñîëíå÷íîé ýíåðãèè íå-
äîñòàòî÷íî. Íà âîäîðîäå è òîïëèâíûõ ýëåìåíòàõ ðàáîòàåò è
àâòîìîáèëü Ñòðèçêè.

Ïðîòîòèï ýêîëîãè÷åñêè ÷èñòîãî äîìà îáîøåëñÿ îðãàíèçà-
òîðàì ïðîåêòà Hopewell Project â ïîëìèëëèîíà äîëëàðîâ ÑØÀ.
Îäíàêî òå äîìîâëàäåëüöû, êòî çàõî÷åò ñäåëàòü ñâîå æèëüå
ýíåðãîíåçàâèñèìûì, äîëæíû áóäóò èñòðàòèòü âñåãî $ 100 òûñ.
èëè $4 òûñ. â ãîä íà ïðîòÿæåíèè 25 ëåò — èìåííî íà òàêîé ñðîê ýêñïëóàòàöèè ðàññ÷èòàíî
îáîðóäîâàíèå. Äëÿ ñðàâíåíèÿ, â íàñòîÿùåå âðåìÿ ñðåäíèé àìåðèêàíåö ïëàòèò çà ýëåêòðè÷åñòâî
îêîëî $ 1500 â ãîä.

Ðèñ. 1. Ìàéêë Ñòðèçêè, æèëåö ýíåðãî-
íåçàâñèìîãî äîìà, ñ ñîëíå÷íîé ïàíåëüþ
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ÍÎÂÛÉ ÏÓÒÜ ÑÎÇÄÀÍÈß ÄÅØÅÂÛÕ ÑÎËÍÅ×ÍÛÕ ÁÀÒÀÐÅÉ

Ïðîôåññîð Ïðàøàíò Êàìàò (Prashant Kamat) è åãî êîëëåãè èç àìåðèêàíñêîãî Óíèâåðñèòåòà
Íîòð-Äàìà (University of Notre Dame) ñîçäàëè ýêñïåðèìåíòàëüíóþ ñîëíå÷íóþ áàòàðåþ, èñïîëüçóÿ
ñðàâíèòåëüíî äåøåâûå è ðàñïðîñòðàíåííûå ìàòåðèàëû.

Íàíî÷àñòèöû äèîêñèäà òèòàíà õîðîøî ïîãëîùàþò óëüòðà-
ôèîëåò, ãåíåðèðóÿ ïðè ýòîì ýëåêòðîíû. Îäíàêî ñäåëàòü èç òà-
êèõ ÷àñòèö ýôôåêòèâíóþ ñîëíå÷íóþ áàòàðåþ íå òàê-òî ïðîñòî,
ïîñêîëüêó î÷åíü íåìíîãèå âûáèòûå ñâåòîì ýëåêòðîíû ïðåîäî-
ëåâàþò ïîëîñó ïðåïÿòñòâèé â âèäå ìíîæåñòâà òåõ æå ñàìûõ
íàíî÷àñòèö è äîñòèãàþò ýëåêòðîäà.

Ó÷åíûå èç Íîòð-Äàìà ñóìåëè ðåçêî ïîâûñèòü ÊÏÄ òàêîé
ñèñòåìû, äîáàâèâ â íåå ìèðèàäû óãëåðîäíûõ íàíîòðóáîê, êîòî-
ðûå âûïîëíÿþò ðîëü ðàçâåòâëåííîãî ñáîðùèêà ýëåêòðîíîâ,
ïðîíèçûâàþùåãî âñþ òîëùó ïîêðûòèÿ èç íàíî÷àñòèö äèîêñè-
äà òèòàíà. Òàêèì îáðàçîì óëüòðàôèîëåòîâàÿ áàòàðåÿ íîâîãî
òèïà ïðåäñòàâëÿåò ñîáîé ýëåêòðîä, íà êîòîðîì áûë âûðàùåí ãóñòîé «êîâåð» èç íàíîòðóáîê, ïîâåðõ
êîòîðîãî áûëè íàíåñåíû íàíî÷àñòèöû äèîêñèäà òèòàíà.

Äàííóþ áàòàðåþ, ðåàãèðóþùóþ ëèøü íà óëüòðàôèîëåò, àâòîðû èññëåäîâàíèÿ ñ÷èòàþò ïðîìå-
æóòî÷íûì ýòàïîì. Îíè ïðîäåìîíñòðèðîâàëè ðàçíûå ïóòè ìîäèôèêàöèè äàííîãî ôîòîýëåêòðè÷åñêî-
ãî ïðåîáðàçîâàòåëÿ, ïîçâîëÿþùèå ðàñøèðèòü äèàïàçîí åãî ðàáîòû íà âèäèìûé ñâåò. Â ÷àñòíîñòè,
Êàìàò è êîëëåãè äîáàâèëè ê íàíî÷àñòèöàì äèîêñèäà òèòàíà òàê íàçûâàåìûå êâàíòîâûå òî÷êè —
íàíîêðèñòàëëû èç ïîëóïðîâîäíèêîâ.

Õîòÿ îïûòíûì îáðàçöàì, èñïûòàííûì â óíèâåðñèòåòå, äàëåêî äî ìàññîâîãî ïðîèçâîäñòâà,
àìåðèêàíñêèå èññëåäîâàòåëè ïîëàãàþò, ÷òî ñîëíå÷íûå áàòàðåè íà îñíîâå íàíî÷àñòèö äèîêñèäà
òèòàíà — ïåðñïåêòèâíîå íàïðàâëåíèå â îáëàñòè ñîëíå÷íîé ýíåðãåòèêè, âñëåäñòâèå áîëåå íèçêîé
ñòîèìîñòè ïî ñðàâíåíèþ ñ êðåìíèåâûìè.

Äîáàâèì, ÷òî ñïîñîáíîñòü äèîêñèäà òèòàíà ïîãëîùàòü óëüòðàôèîëåò, âûáðàñûâàÿ ýëåêòðîíû,
ëåæèò â îñíîâå òàêèõ èíòåðåñíûõ ïðåäìåòîâ, êàê ëàìïî÷êà ïðîòèâ çàïàõîâ, ñàìîî÷èùàþùàÿñÿ
îäåæäà, ñàìîìîþùèåñÿ îêíà è ñàìîî÷èùàþùèéñÿ áåòîí.

Источник: http://www.membrana.ru

Ðèñ. 1. Áàòàðåÿ
íà áàçå äèîêñèäà
òèòàíà (ñôåðû)
íåýôôåêòèâíà,

ïîñêîëüêó ýëåêòðî-
íàì òðóäíî ïî-

ïàñòü íà ýëåêòðîä
(ïëàñòèíà)

Ñåãîäíÿ ñîëíå÷íàÿ ýíåðãèÿ îáåñïå÷èâàåò ëèøü 0,1 % ýëåêòðîýíåðãèè, íåîáõîäèìîé Ñîåäèíåí-
íûì Øòàòàì. Îäíàêî ïîëó÷åíèå ýëåêòðè÷åñòâà èç âîçîáíîâëÿåìûõ èñòî÷íèêîâ ñòàíîâèòñÿ âñå áîëåå
ïîïóëÿðíûì — â 2006 ãîäó êîëè÷åñòâî óñòàíîâëåííûõ ôîòîýëåìåíòîâ â ñòðàíå âûðîñëî íà 20 %, à
ñòîèìîñòü ïðîèçâîäñòâà ñîëíå÷íûõ ïàíåëåé ñíèçèëàñü íà 7 %. Êðîìå òîãî, ó÷åíûå ðàáîòàþò íàä
ñîçäàíèåì ñâåðõýôôåêòèâíûõ ñîëíå÷íûõ áàòàðåé. Íàïðèìåð, â äåêàáðå êîìïàíèÿ Boeing-Spectrolab
ïðåäñòàâèëà ôîòîýëåìåíò, êîòîðûé ïðåîáðàçóåò 40,7 % ïîëó÷àåìîãî ñîëíå÷íîãî ñâåòà â ýëåêòðîýíåð-
ãèþ. Ìèðîâîé ðåêîðä ïî ýôôåêòèâíîñòè ñîëíå÷íîé áàòàðåè ïîäòâåðäèëè â Íàöèîíàëüíîé ëàáîðàòî-
ðèè âîçîáíîâëÿåìûõ èñòî÷íèêîâ ýíåðãèè Ìèíèñòåðñòâà ýíåðãåòèêè ÑØÀ. Ó ñàìûõ ðàñïðîñòðàíåí-
íûõ è äîñòóïíûõ ñåé÷àñ ñîëíå÷íûõ áàòàðåé ýôôåêòèâíîñòü ñîñòàâëÿåò ëèøü 13–22 %.

Источник: http://science.compulenta.ru

ËÅÒÀÞÙÀß ÂÅÒÐÎÝËÅÊÒÐÎÑÒÀÍÖÈß

Ðèñ. 1. Ìîäåëü âûñîòíîé ýëåêòðî-
ñòàíöèè ìîùíîñòüþ 220 êÂò

Àìåðèêàíñêàÿ êîìïàíèÿ Sky WindPower ïîä ðóêîâîäñòâîì
àâñòðàëèéñêîãî ïðîôåññîðà Áðàéàíà Ðîáåðòñà ðàçðàáàòûâàåò âû-
ñîòíûå âåòðÿíûå ýëåêòðîñòàíöèè, ïàðÿùèå íà âûñîòå 4,5 êì è
âûøå. Ïîêà èñïûòàí ëèøü ìàëîâûñîòíûé ïðîòîòèï, íî â ðà-
áîòå íàõîäèòñÿ è âûñîòíàÿ ýëåêòðîñòàíöèÿ ìîùíîñòüþ â
100 êÂò. Â ïåðñïåêòèâå ìîãóò ïîÿâèòüñÿ ýëåêòðîñòàíöèè ìîù-
íîñòüþ â íåñêîëüêî ìåãàâàòò.

Áîëüøå âñåãî ýëåêòðîñòàíöèè ïîõîæè íà ãèáðèä âîçäóøíî-
ãî çìåÿ è âåðòîëåòà. Ñ íàçåìíûìè ëèíèÿìè ýëåêòðîïåðåäà÷ èõ
ñîåäèíÿåò àëþìèíèåâûé êàáåëü. Ýëåêòðè÷åñòâî âûðàáàòûâàåò-
ñÿ ïðè ïîìîùè ãåíåðàòîðîâ, âðàùàåìûõ âåðòîëåòíûìè ðîòîðà-

ìè. Â íûíåøíåì ïðîåêòå ïðåäóñìîòðåíû ÷åòûðå ðîòîðà, ÷àñòü èç íèõ óäåðæèâàåò ýëåêòðîñòàíöèþ â
âîçäóõå (ñîîòâåòñòâóþùèå ãåíåðàòîðû ïðè ýòîì ïåðåêëþ÷àþòñÿ â ðåæèì ýëåêòðîäâèãàòåëÿ).

Источник: http://science.compulenta.ru

ØÎÑÑÅÉÍÀß ÝËÅÊÒÐÎÑÒÀÍÖÈß

Îäèí èç ñòóäåíòîâ Óíèâåðñèòåòà øòàòà Àðèçîíà â êà÷åñòâå î÷åðåäíîãî êóðñîâîãî ïðîåêòà
ðåøèë ðàçðàáîòàòü íîâûé òèï âåòðÿíûõ ýëåêòðîñòàíöèé. Äëÿ ïîëó÷åíèÿ ýëåêòðè÷åñòâà îíè äîëæ-
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íû èñïîëüçîâàòü ýíåðãèþ âîçäóøíûõ ïîòîêîâ, âîçíèêàþùèõ ïðè äâèæåíèè òðàíñïîðòà ïî êðóï-
íûì àâòîìàãèñòðàëÿì.

Ñîãëàñíî ïðîåêòó, ýëåêòðîñòàíöèè áóäóò èñïîëüçîâàòü ãîðèçîíòàëüíûå ãåíåðàòîðû, ñìîíòèðî-
âàííûå íàä äîðîãàìè. Ñîãëàñíî èìåþùèìñÿ ðàñ÷åòàì ïðè ñðåäíåé ñêîðîñòè òðàíñïîðòà â 112 êì/÷
ñêîðîñòü âåòðà íà óðîâíå ãåíåðàòîðîâ ñîñòàâèò íå ìåíåå 16 êì/÷. Â ãîä îäèí ãåíåðàòîð ñìîæåò
âûäàâàòü îêîëî 9600 êÂò⋅÷.

Источник: http://science.compulenta.ru

ÝÍÅÐÃÈß ÎÊÅÀÍÑÊÈÕ ÂÎËÍ

Áûâøèé àâñòðàëèéñêèé ñåðôèíãèñò Äæîðäæ Òýéëîð ðàçðàáîòàë óñòàíîâêó, ñ ïîìîùüþ êîòî-
ðîé äâèæåíèå îêåàíñêèõ âîëí ìîæíî ïåðåðàáàòûâàòü â ýëåêòðè÷åñòâî. Â 2007 ã. ÷àñòíûå äîìà è
çäàíèÿ Çàïàäíîãî ïîáåðåæüÿ ÑØÀ áóäóò îñâåùåíû èìåííî ýòèì ýëåêòðè÷åñòâîì. Ê 2010 ã. Òýéëîð
ïëàíèðóåò ïîñðåäñòâîì ñâîèõ óñòàíîâîê èçâëåêàòü îêîëî 500 êÂò ýíåðãèè, êîòîðûå îáîéäóòñÿ
äåøåâëå, ÷åì îñòàëüíûå åå âèäû. Èññëåäîâàòåëè ãîñóäàðñòâåííîãî óíèâåðñèòåòà Îðåãîíà ñ÷èòàþò,
÷òî 0,2 % ýíåðãèè Ìèðîâîãî îêåàíà õâàòèò íà òî, ÷òîáû îáåñïå÷èòü ýëåêòðîýíåðãèåé âåñü ìèð.

Источник: http://www.businesspress.ru

ÁÈÎÒÎÏËÈÂÎ ÈÇ ÁÈÎÏËÀÑÒÈÊÀ

Ó÷åíûå Áðóêëèíñêîãî ïîëèòåõíè÷åñêîãî óíèâåðñèòåòà, ðàáîòàþùèå ïîä ðóêîâîäñòâîì ïðîôåñ-
ñîðà Ðè÷àðäà Ãðîññà (Richard Gross), ðàçðàáîòàëè ìåòîä ïîñëåäîâàòåëüíîãî ïðåâðàùåíèÿ ðàñòè-
òåëüíûõ ìàñåë â áèîïëàñòèê, à ïîñëå — â áèîòîïëèâî. Ïî ñëîâàì Ãðîññà, èç ãàëëîíà ñîåâîãî ìàñëà
ïîëó÷àåòñÿ îäèíàêîâûé îáúåì áèîòîïëèâà, íåçàâèñèìî îò ïðèìåíÿåìîãî ìåòîäà: íåïîñðåäñòâåííîé
êîíâåðñèè èëè ïîýòàïíîãî ïðîöåññà ñ îáðàçîâàíèåì ïëàñòèêà â êà÷åñòâå ïðîìåæóòî÷íîãî ïðîäóêòà.

Ñåêðåò çàêëþ÷àåòñÿ â èçìåíåíèè ñòðóêòóðû âõîäÿùèõ â ñîñòàâ ðàñòèòåëüíûõ ìàñåë ìîëåêóë
æèðíûõ êèñëîò òàêèì îáðàçîì, ÷òîáû íà îäíîì èç êîíöîâ ìîëåêóëû ôîðìèðîâàëñÿ õèìè÷åñêèé
ýêâèâàëåíò «êðþ÷êà». Ñ ïîìîùüþ ïîäîáíûõ ñòðóêòóð ìîëåêóëû æèðíûõ êèñëîò ìîæíî îáúåäè-
íÿòü â äëèííûå öåïî÷êè, à äîáàâëåíèå ïðè ýòîì ïîïåðå÷íûõ ìåæìîëåêóëÿðíûõ ñâÿçåé ïðèâîäèò ê
ôîðìèðîâàíèþ ïëàñòèêà, êîòîðûé, â çàâèñèìîñòè îò õàðàêòåðà ñâÿçåé, ìîæåò ïðåäñòàâëÿòü ñîáîé
ëèáî ýëàñòè÷íóþ ïëåíêó, ëèáî æåñòêèé ìàòåðèàë.

Äëÿ ðàñùåïëåíèÿ ñîåâîãî ìàñëà íà æèðíûå êèñëîòû èñïîëüçóåòñÿ ôåðìåíò, ñèíòåçèðóåìûé
ãåíåòè÷åñêè ìîäèôèöèðîâàííûìè äðîææàìè, âûáîð êîòîðûõ îáóñëîâëåí òåì, ÷òî äëÿ ïîääåðæà-
íèÿ èõ æèçíåäåÿòåëüíîñòè è ôóíêöèîíèðîâàíèÿ íå òðåáóåòñÿ áîëüøèõ ôèíàíñîâûõ çàòðàò. Ïîñëå
ýòîãî ãåíåòè÷åñêè ìîäèôèöèðîâàííûå áàêòåðèè E.coli (êèøå÷íûå ïàëî÷êè), ñèíòåçèðóþùèå ôåð-
ìåíò, ïîçàèìñòâîâàííûé ó ãðèáêà Candida Antarctica, êîíâåðòèðóþò æèðíûå îêñèêèñëîòû â ïîëè-
ìåð èëè áèîïëàñòèê, êîòîðûé ìîæíî èñïîëüçîâàòü äëÿ èçãîòîâëåíèÿ óïàêîâî÷íîãî ìàòåðèàëà.

Èçìåëü÷åííûé (íàïðèìåð, ñ ïîìîùüþ áóìàãîóíè÷òîæàþùåé ìàøèíû) èñïîëüçîâàííûé óïàêî-
âî÷íûé ìàòåðèàë ïîìåùàþò â òåïëóþ âîäó, ñîäåðæàùóþ íåáîëüøîå êîëè÷åñòâî ôåðìåíòà êóòèíà-
çû. ×åðåç 3–5 äíåé ãîòîâîå áèîòîïëèâî ñîáèðàåòñÿ íà ïîâåðõíîñòè âîäû.

Â ïðèðîäå êóòèíàçà èñïîëüçóåòñÿ ïèòàþùèìèñÿ ñîêîì ðàñòåíèé ïàðàçèòàìè äëÿ ðàçðóøåíèÿ
ãëÿíöåâîé ïîâåðõíîñòè ëèñòüåâ. Äëÿ ïðîèçâîäñòâà ôåðìåíòà â ïðîìûøëåííûõ ìàñøòàáàõ êîäèðó-
þùèé åãî ãåí òàêæå âñòðîèëè â ãåíîì E.coli.

×òîáû ñîîòâåòñòâîâàòü òðåáîâàíèÿì Óïðàâëåíèÿ ïî îõðàíå îêðóæàþùåé ñðåäû ÑØÀ, ïîëó÷à-
þùååñÿ áèîòîïëèâî äîëæíî ïðîéòè äîïîëíèòåëüíóþ îáðàáîòêó. Îäíàêî ó÷åíûå ïëàíèðóþò óñîâåð-
øåíñòâîâàòü ïðîöåññ è íàäåþòñÿ, ÷òî èì óäàñòñÿ äîáèòüñÿ ïîëó÷åíèÿ òîïëèâà, ïðèãîäíîãî äëÿ
çàëèâà â áàê áåç äîïîëíèòåëüíîé îáðàáîòêè.

Ñïåöèàëèñòû Óïðàâëåíèÿ ïåðñïåêòèâíîãî ïëàíèðîâàíèÿ îáîðîííûõ íàó÷íî-èññëåäîâàòåëüñ-
êèõ ðàáîò ÑØÀ (DARPA) ñ÷èòàþò, ÷òî ðàçðàáîòàííûé ïðîöåññ ìîæåò áûòü î÷åíü âîñòðåáîâàí
âîîðóæåííûìè ñèëàìè ñòðàíû. Íàïðèìåð, îí ðåøàåò ñðàçó äâà âîïðîñà îáåñïå÷åíèÿ îòäàëåííûõ
âîåííûõ áàç: óïàêîâêó ïîñòàâëÿåìîãî ïðîâèàíòà è îáîðóäîâàíèÿ è ñíàáæåíèå òîïëèâîì.

Источник: Интернет-журнал «Коммерческая биотехнология» (http://www.cbio.ru)
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ÊÓÊÓÐÓÇÍÛÉ ÌÅÒÀÍÎÂÛÉ ÁÀÊ ÄËß ÀÂÒÎÌÎÁÈËß

Òÿæåëûå, ãðîìîçäêèå è äîðîãèå áàëëîíû äëÿ ñæàòîãî ìåòà-
íà ìîæíî çàìåíèòü äåøåâûìè ëåãêèìè áàêàìè, åñëè âîñïîëüçî-
âàòüñÿ íîâûì íàíîìàòåðèàëîì íà îñíîâå êóêóðóçíûõ êî÷åðû-
æåê. Ýòî äîêàçàëè ó÷åíûå èç óíèâåðñèòåòà Ìèññóðè-Êîëóìáèè
(MU) è èññëåäîâàòåëüñêîãî èíñòèòóòà Ñðåäíåãî çàïàäà (MRI),
ðàáîòàþùèå ïðè ïîääåðæêå àìåðèêàíñêîãî íàöèîíàëüíîãî íàó÷-
íîãî ôîíäà (NSF).

Ñæàòûé ïðèðîäíûé ãàç (ÑÏÃ) — îäèí èç ñàìûõ ñîâåðøåí-
íûõ âèäîâ àâòîìîáèëüíîãî òîïëèâà. Ñòîèò íåäîðîãî, îáåñïå÷è-
âàåò íèçêèé óðîâåíü âðåäíûõ âûáðîñîâ, ïðîäëåâàåò æèçíü ìîòî-
ðó. Îäíàêî áàëëîíû äëÿ ÑÏÃ (åñëè ðå÷ü èäåò î ëåãêîâûõ àâòî)
çàíèìàþò áîëüøóþ ÷àñòü áàãàæíèêà. Îíè òàêæå òÿæåëû, äîðî-
ãè (åñëè ìåòàëëè÷åñêèå), ëèáî ëåãêè, íî óæå î÷åíü äîðîãè (åñëè
ñäåëàíû èç óãëåâîëîêíà).

Àìåðèêàíñêèå ó÷åíûå îáíàðóæèëè, ÷òî ïåðåðàáîòàâ îñîáûì
ñïîñîáîì êóêóðóçíûå êî÷åðûæêè, ìîæíî ñîçäàòü ìàòåðèàë, ïðî-
íèçàííûé ìèðèàäàìè ïîð íàíîìåòðîâîãî ìàñøòàáà, ñîäåðæàùèõ
ìåòàí, ôîðìèðóþùèõ ôðàêòàëüíûå ñòðóêòóðû. Êóêóðóçíûé áðèêåò îêàçàëñÿ ñïîñîáåí ïîãëîòèòü
180 åäèíèö îáúåìà ìåòàíà íà îäíó ñîáñòâåííóþ åäèíèöó îáúåìà. Ïðè÷åì äàâëåíèå äëÿ ýòîãî ïîòðå-
áîâàëîñü â ñåìü ñ ëèøíèì ðàç ìåíüøåå, ÷åì â íûíåøíèõ áàëëîíàõ äëÿ ÑÏÃ, òî åñòü ïðèìåðíî
35 àòì âìåñòî 250. Ýòî çíà÷èò, ÷òî êóêóðóçíûå ãóáêè ìîæíî ôîðìîâàòü â âèäå î÷åíü ïëîñêèõ
áðèêåòîâ è íàïîëíÿòü èìè ñðàâíèòåëüíî ëåãêèå áàêè, ñõîäíûå ïî ôîðìå ñ îáû÷íûì áåíçîáàêîì,
÷òî íàõîäèòñÿ ïîä äíèùåì àâòîìîáèëÿ. Òàêèì îáðàçîì îñâîáîæäàåòñÿ áàãàæíèê. À íåóäîáñòâî
îáû÷íûõ áàëëîíîâ — îäíà èç ïðè÷èí íèçêîé ðàñïðîñòðàíåííîñòè àâòîìîáèëåé, ïîòðåáëÿþùèõ
ìåòàí.

Àâòîðû íîâàöèè óæå èñïûòûâàþò ìåòàíîâûé ïèêàï, îñíàùåííûé ýêñïåðèìåíòàëüíûìè åìêî-
ñòÿìè ñ êóêóðóçíûì íàïîëíèòåëåì. Ó÷åíûå òàêæå ðàáîòàþò íàä ñëåäóþùèì ïîêîëåíèåì ñâîèõ
áðèêåòîâ ñ öåëüþ ïîâûñèòü èõ ñïîñîáíîñòü âïèòûâàòü ãàç è åùå áîëüøå ñíèçèòü èõ ñòîèìîñòü.
Òàêæå èçîáðåòàòåëè íàìåðåíû èññëåäîâàòü âîçìîæíîñòü õðàíåíèÿ â òàêèõ æå áàêàõ âîäîðîäà.

Источник: http://www.membrana.ru

Ðèñ. 1. Ñõåìà íîâîé òåõíîëîãèè è
îïûòíûé ïèêàï ñ êóêóðóçíûì

ìåòàíîâûì áàêîì

ÁÈÎÒÎÏËÈÂÎ ÈÇ ÄÛÌÀ ÇÀÂÎÄÑÊÎÉ ÒÐÓÁÛ

Ðèñ. 1. Ýêñïåðèìåíòàëüíàÿ áàòàðåÿ áîëüøèõ êîëá ñ âîäîðîñëÿìè, ðàáîòàþùàÿ â Àðèçîíå, — ïèîíåð â íîâîé
ñèñòåìå ïðîèçâîäñòâà òîïëèâà èç âûõëîïà ýëåêòðîñòàíöèé, ïèòàòåëüíûõ âåùåñòâ è ñîëíå÷íîãî ñâåòà

Êîíöåíòðàò «çåëåíûõ» òåõíîëîãèé — ýêîíîìè÷åñêè ýôôåêòèâíûé ñïîñîá ïîëó÷åíèÿ áèîòîï-
ëèâà è ðàçíîîáðàçíîãî õèìè÷åñêîãî ñûðüÿ èç çàãðÿçíÿþùèõ àòìîñôåðó ïëàíåòû âûáðîñîâ òåïëî-
âûõ ýëåêòðîñòàíöèé è äðóãèõ ïðîèçâîäñòâ — óñïåøíî èñïûòûâàþò â ÑØÀ.

«Òåõíîëîãèÿ Emissions-to-Biofuels óíèêàëüíà â ñâîåé ñïîñîáíîñòè ñíèæàòü âûáðîñû óãëåêèñ-
ëîãî ãàçà ñ ïîëüçîé â âèäå âûðàáîòêè íîâîãî òîïëèâà», — ñîîáùàåò êîðïîðàöèÿ GreenFuel
Technologies (Ìàññà÷óñåòñ) è äîêàçûâàåò ýòîò òåçèñ íà äåëå.

Â òî âðåìÿ êàê ìíîãèå ïåðåäîâûå çàâîäû è ýëåêòðîñòàíöèè ïîäóìûâàþò î ïðîåêòàõ çàõîðîíå-
íèÿ ïàðíèêîâîãî ãàçà, âûáðîñû êîòîðîãî â ñîâðåìåííîì ìèðå ñòàëè ïðåäìåòîì òîðãîâëè è êâîòèðî-
âàíèÿ, àìåðèêàíñêàÿ êîìïàíèÿ ïðåäëàãàåò ïðåâðàùàòü íåóäîáíûå îòõîäû â î÷åíü äàæå âîñòðåáî-
âàííûå äîõîäû, à èìåííî — â òîïëèâî.

Â äåêàáðå 2006 êîìïàíèè GreenFuel Technologies è Arizona Public Service óñïåøíî ïðîâåëè
èñïûòàíèÿ áèîðåàêòîðà. Èñïûòàíèÿ ïðîâîäèëèñü íà ýëåêòðîñòàíöèè Redhawk ìîùíîñòüþ 1040 ÌÂò
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â Àðëèíãòîíå (ø. Àðèçîíà). Íà ýòîé îïûòíîé ïðîìûøëåííîé
óñòàíîâêå âûáðîñ òåïëîâîé ñòàíöèè ïðåâðàùàåòñÿ â áèîäè-
çåëüíîå ãîðþ÷åå. Èñààê Áåðçèí (Isaac Berzin) — îñíîâàòåëü
GreenFuel — çàÿâèë, ÷òî âïåðâûå íà êîììåð÷åñêîé ýëåêòðî-
ñòàíöèè èç âîäîðîñëåé áûëè ïîëó÷åíû è áèîäèçåëü è ýòàíîë.

Ýòèì ïðåâðàùåíèåì çàíèìàþòñÿ íåñêîëüêî òîíí âîäîðîñ-
ëåé, êîòîðûå ðàçìíîæàþòñÿ â ãèãàíòñêèõ ïðîçðà÷íûõ êîë-
áàõ, âûñòàâëåííûõ íà ñîëíöå. ×åðåç êîëáû, ñîäåðæàùèå, ïî-
ìèìî âîäîðîñëåé è âîäû, ïîñòîÿííî äîáàâëÿåìûå ïèòàòåëü-
íûå âåùåñòâà (ñåëüñêîõîçÿéñòâåííûå îòõîäû), ïðîïóñêàþò
äûìîâîé ãàç — íàïðÿìóþ èç ñòàíöèîííîé òðóáû. Êðîøå÷íûå
çåëåíûå êîìî÷êè ñ ðàäîñòüþ âïèòûâàþò CO2, áóðíî ðàçìíî-
æàÿñü. Äàëåå ýòîò çåëåíûé ñîñòàâ ïðîïóñêàþò ÷åðåç ïåðâè÷-
íóþ ñóøèëêó, êîòîðàÿ îòäåëÿåò âîäó è íàïðàâëÿåò åå îáðàòíî
â áèîðåàêòîð. Ïîëó÷åííûé âûñîêîêîíöåíòðèðîâàííûé ðàñòâîð
âîäîðîñëåé (çäåñü èõ êîíöåíòðàöèÿ â 10–30 ðàç âûøå, ÷åì â
ðåàêòîðå) ïîñòóïàåò â ñëåäóþùóþ ñåêöèþ óñòàíîâêè. Â äàí-
íîì ñëó÷àå — ýòî ñèñòåìà, ïðîèçâîäÿùàÿ èç áèîìàññû äè-
çåëüíîå òîïëèâî. Íî ñîçäàòåëè êîìïëåêñà ãîâîðÿò, ÷òî òóò
ìîæíî ñìîíòèðîâàòü ëþáîå îáîðóäîâàíèå è, ïîæàëóé, äàæå
íåñêîëüêî òèïîâ ñèñòåì ïåðåðàáîòêè ñðàçó.

Åñëè ÿïîíöû, íåäàâíî íà÷àâøèå âûðàáîòêó ýëåêòðîýíåðãèè
èç êóëüòèâèðóåìûõ â ÷àíàõ âîäîðîñëåé, îãðàíè÷èëèñü ñèíòåçîì
ìåòàíà, òî àìåðèêàíñêèå ó÷åíûå çàÿâëÿþò, ÷òî èõ ìåòîä ïîçâî-
ëèò ïîëó÷àòü: ñïèðòû, ìåòàí, áèîäèçåëü, âîäîðîä, ñèíòåç-ãàç, è
ïðîñòî — áðèêåòû òâåðäîé áèîìàññû äëÿ ðàçíîîáðàçíîãî äàëü-
íåéøåãî èñïîëüçîâàíèÿ. Òóò èìåþòñÿ ýêñòðàêöèÿ è ïåðåýòåðè-
ôèêàöèÿ, ôåðìåíòàöèÿ, àíàýðîáíàÿ ïåðåðàáîòêà, ãàçèôèêàöèÿ
è ñóøêà.

Îäíà èç çàäà÷ òåêóùåãî îïûòíîãî ïðîèçâîäñòâà — âûá-
ðàòü íàèáîëåå âûãîäíûé èõ âèä: íåêîòîðûå ñîäåðæàò ìíîãî
ëèïèäîâ, êðàõìàëà è áåëêîâ, ñõîäíûõ ñ òàêîâûìè ó ñîè è

êàíîëû, à ýòî — ïîäõîäÿùåå ñûðüå äëÿ ñèíòåçà ãîðþ÷åãî.
Íåäàâíî þæíîàôðèêàíñêàÿ êîìïàíèÿ De Beers Fuel Limited ïîëó÷èëà îò GreenFuel Technologies

ëèöåíçèþ íà òåõíîëîãèþ Emissions-to-
Biofuels. Ñïåöèàëèñòû èç ÞÀÐ íàìåðå-
íû ðàçâåðíóòü ó ñåáÿ àíàëîãè÷íîå ïðîèç-
âîäñòâî. Ñåé÷àñ îíè çàíèìàþòñÿ ñèíòå-
çîì ãîðþ÷åãî èç ðàñòèòåëüíûõ ìàñåë.

«Íî ñîÿ äàåò 48 ãàëëîíîâ ñûðüÿ (ìàñ-
ëà) ñ îäíîãî àêðà, êàíîëà — 140 ãàëëî-
íîâ, à âîäîðîñëè 10 òûñ. ãàëëîíîâ», —
ñîîáùàþò ñïåöèàëèñòû De Beers Fuel.

Òðè ãîäà íàçàä Èñààê Áåðçèí îðãàíè-
çîâàë ýêñïåðèìåíò ñ ìîðñêèìè âîäîðîñ-
ëÿìè íà Ìåæäóíàðîäíîé êîñìè÷åñêîé
ñòàíöèè è òîãäà çàäóìàëñÿ îá èõ óäèâè-
òåëüíîé ñïîñîáíîñòè ê áûñòðîìó ðàçìíî-
æåíèþ ñ ìèíèìóìîì òðåáîâàíèé ê ñðåäå
(íàïðèìåð, èì íå íóæíà îñîáî ÷èñòàÿ
âîäà). Â 2005-ì ïðåäïðèèì÷èâûé ó÷åíûé
äîãîâîðèëñÿ ñ âëàñòÿìè Àðèçîíû è çàïó-
ñòèë îïûòíóþ ñòàíöèþ äëÿ âûðàùèâà-
íèÿ âîäîðîñëåé. Ñ òåõ ïîð îí ýêñïåðè-
ìåíòèðóåò ñ íåîáû÷íûìè çåëåíûìè êîë-
áàìè, çàáèðàþùèìè ÷àñòü âûáðîñîâ
ìåñòíîé ýëåêòðîñòàíöèè.

Ïðîøëîé îñåíüþ çäåñü íà÷àëè ïîëó-
÷àòü ïðèãîäíûå äëÿ ïðîäàæè áèîäèçåëü
è ýòàíîë. Õîòÿ ïîêà ñèñòåìà ðàáîòàåò êàê
ýêñïåðèìåíò. Êýðè Áàëëîê (Cary Bullock),
äèðåêòîð GreenFuel Technologies, óòâåð-
æäàåò, ÷òî â ñëó÷àå ñîçäàíèÿ ìàññîâîé
ïðîìûøëåííîé óñòàíîâêè òàêîãî òèïà

Ðèñ. 2. Áèîðåàêòîð GreenFuel íà èñïûòà-
íèÿõ â Ìè÷èãàíñêîãîì òåõíîëîãè÷åñêîì
èíñòèòóòå (2004 ãîä). Ìîùíîñòü ýëåê-
òðîñòàíöèè 20 ÌÂò. Âûñîòà áèîðåàê-
òîðà 2,5 ì. Òðóáêè äëÿ âûðàùèâàíèÿ âî-
äîðîñëåé äèàìåòðîì 10–20 ñì. Äëèííàÿ
ñòîðîíà òðåóãîëüíèêà îðèåíòèðóåòñÿ
íà ñîëíöå. Âûõëîïíûå ãàçû ýëåêòðîñòàí-
öèè çàêà÷èâàþòñÿ â áèîðåàêòîð, ñîçäà-
âàÿ öèðêóëÿöèþ âîäû è âîäîðîñëåé â òðå-
óãîëüíèêå. «Ñîçðåâøèå» âîäîðîñëè âûïà-
äàþò â îñàäîê íà äíå òðåóãîëüíèêà.
Çàõâàòûâàåòñÿ äî 86 % îêñèäîâ àçîòà.

Ðèñ. 3. Ñõåìà òåõíîëîãè÷åñêîãî öèêëà Emissions-to-Biofuels: 1 —
äûìîâûå ãàçû òåïëîâîé ýëåêòðîñòàíöèè, 2 — áèîðåàêòîð ñ âî-
äîðîñëÿìè, 3 — âåíòèëÿòîð, 4 — âûõîä êèñëîðîäà è àçîòà, 5 —
ïåðâè÷íàÿ ñóøêà (ñòðåëêà, èäóùàÿ îáðàòíî â ðåàêòîð — ðåöèê-
ëèíã âîäû), 6 — áèîìàññà, 7 — ýòàíîë, ìåòàíîë, 8 — áèîäèçåëü,
9 — ïðîòåèíîâûé êîíöåíòðàò, 10 — äðóãèå ïðîäóêòû, 11 —
àâòîìîáèëüíîå òîïëèâî (âðîäå E85) (ñòðåëêà, èäóùàÿ îò ñïèð-
òîâ è áèîäèçåëÿ ê èçîáðàæåíèþ òåïëîâîé ñòàíöèè, îçíà÷àåò,
÷òî èõ ìîæíî íå òîëüêî ïðîäàâàòü àâòîìîáèëèñòàì, íî èñ-
ïîëüçîâàòü äëÿ âûðàáîòêè ýëåêòðè÷åñòâà)
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ÁÈÎÒÎÏËÈÂÎ ÈÇ ËÞÁÎÃÎ ÐÀÑÒÈÒÅËÜÍÎÃÎ ÑÛÐÜß

Ó÷åíûå óíèâåðñèòåòà Ìèííåñîòû ïîä ðóêîâîäñòâîì ïðîôåññîðà Ëýííè Øìèäòà (Lanny Schmidt)
ðàçðàáîòàëè ïðîöåññ ïèðîëèçà, ïîçâîëÿþùèé âûðàáàòûâàòü ñèíòåòè÷åñêèé ãàç (ñèíòåç-ãàç) — ñìåñü
âîäîðîäà è óãàðíîãî ãàçà (ÑÎ), èñïîëüçóþùèéñÿ äëÿ ïðîèçâîäñòâà ðàçëè÷íûõ õèìè÷åñêèõ ñîåäèíå-
íèé è òîïëèâà, â òîì ÷èñëå áåíçèíà. Åùå îäíèì ïðîäóêòîì ðåàêöèè ÿâëÿåòñÿ àììèàê — ñûðüå äëÿ
ïðîèçâîäñòâà àçîòíûõ óäîáðåíèé.

Âïåðâûå ãðóïïà Øìèäòà ïðèìåíèëà îïèñàííûé ìåòîä â 2004 ã. ïðè ñîçäàíèè ñõîäíîãî àïïàðà-
òà äëÿ ïîëó÷åíèÿ âîäîðîäà èç ýòàíîëà. À 3 íîÿáðÿ 2006 â æóðíàëå Science îïóáëèêîâàíà ñòàòüÿ î
íîâîì äîñòèæåíèè: ðàçðàáîòàí êàòàëèçàòîð, ïîçâîëÿþùèé îñóùåñòâëÿòü ïèðîëèç ëþáîé îðãàíèêè
ñî ñêîðîñòüþ, â 100 ðàç ïðåâûøàþùåé ïîêàçàòåëè ñóùåñòâóþùèõ óñòàíîâîê, è ïðè â 10 ðàç
ìåíüøåì îáúåìå ðåàêòîðà.

Çàâîäû ïî ïðîèçâîäñòâó äèçåëüíîãî áèîòîïëèâà èç ðàñòèòåëüíûõ ìàñåë ñåé÷àñ îòêðûâàþòñÿ
êàæäûé äåíü, íî íà êëþ÷åâîì ýòàïå òàêîãî ïðîèçâîäñòâà òðåáóåòñÿ äîáàâëåíèå ìåòàíîëà. Íîâûé
ìåòîä ïîçâîëÿåò ïðîïóñòèòü ýòîò ýòàï è ïðåâðàùàòü óãëåâîäíîå èëè óãëåâîäîðîäíîå ñûðüå íåïîñ-
ðåäñòâåííî â âîäîðîä è óãàðíûé ãàç ïóòåì íàãðåâàíèÿ äî 800–1000 °Ñ. Ïðè ýòîì â óãàðíûé ãàç
êîíâåðòèðóåòñÿ äî 70 % ñîäåðæàùåãîñÿ â ñûðüå óãëåðîäà.

Ñëîæíîñòü ïåðåðàáîòêè ðàñòèòåëüíîãî ñûðüÿ â ýòàíîë çàêëþ÷àåòñÿ â íåîáõîäèìîñòè ðàçðóøå-
íèÿ õèìè÷åñêèõ ñâÿçåé öåëëþëîçû — ìàòåðèàëà, îáåñïå÷èâàþùåãî æåñòêîñòü ðàñòèòåëüíûõ êëå-
òîê. Ðàçðóøåíèå ñâÿçåé ïðèâîäèò ê âûñâîáîæäåíèþ ìîëåêóë ïðîñòûõ ñàõàðîâ, êîòîðûå ñ ïîìîùüþ
ôåðìåíòàöèè ïåðåðàáàòûâàþòñÿ â ýòàíîë èëè äðóãèå âèäû òîïëèâà. Äëÿ ýòîãî òðåáóåòñÿ ãèäðîëèç
öåëëþëîçû ïîä âîçäåéñòâèåì âûñîêîé òåìïåðàòóðû è äàâëåíèÿ è äëèòåëüíàÿ îáðàáîòêà ñïåöèàëü-
íûìè ôåðìåíòàìè. Èñïîëüçóåìàÿ íîâûì ìåòîäîì âûñîêàÿ òåìïåðàòóðà ëåãêî ðàçðóøàåò õèìè÷åñ-
êèå ñâÿçè, ÷òî îçíà÷àåò âîçìîæíîñòü èñïîëüçîâàíèÿ öåëëþëîçû è äðóãèõ ðàñòèòåëüíûõ ìàòåðèà-
ëîâ â êà÷åñòâå ñûðüÿ äëÿ ïðîèçâîäñòâà áèîòîïëèâà.

Äëÿ çàïóñêà ïðîöåññà ìàñëî èëè ñàõàðíûé ñèðîï ðàñïûëÿþòñÿ ñ ïîìîùüþ àâòîìîáèëüíîãî
èíæåêòîðà íà ïîðèñòûé êåðàìè÷åñêèé äèñê, ïîêðûòûé êàòàëèçàòîðîì èç ðîäèÿ è öåðèÿ. Íàãðåâàíèå
êàòàëèçàòîðà íåîáõîäèìî òîëüêî äëÿ çàïóñêà ïðîöåññà, à ïîñëå íà÷àëà õèìè÷åñêîé ðåàêöèè âûñâî-
áîæäàåòñÿ äîñòàòî÷íî ýíåðãèè äëÿ ðàçëîæåíèÿ ñëåäóþùåé ïîðöèè ìîëåêóë ìàñëà èëè óãëåâîäà.

Ñåêðåò çàêëþ÷àåòñÿ â èñêëþ÷èòåëüíî áûñòðîì èñïàðåíèè èñõîäíîãî ìàòåðèàëà è ñìåøåíèè åãî
ñ âîçäóõîì äî âçàèìîäåéñòâèÿ ñ êàòàëèçàòîðîì, ÷òî èñêëþ÷àåò âåðîÿòíîñòü åãî îáóãëèâàíèÿ è
çàãðÿçíåíèÿ ðåàêöèîííîé ïîâåðõíîñòè. Ïèðîëèç ïðîòåêàåò ìåíåå ÷åì çà 50 ìñ; òåïëîîòäà÷à ïðî-
öåññà ñîñòàâëÿåò îêîëî îäíîãî 1 ÌÂò/ì2.

Â ïåðâûõ îïûòàõ èñïîëüçîâàëîñü ñîåâîå ìàñëî è ãóñòîé ñàõàðíûé ñèðîï, íî òåîðåòè÷åñêè â
êà÷åñòâå ñûðüÿ äëÿ ýòîé óñòàíîâêè ìîæíî èñïîëüçîâàòü îòðàáîòàííîå ìàñëî äëÿ æàðêè, îòõîäû
ñåëüñêîõîçÿéñòâåííîãî ïðîèçâîäñòâà, äðåâåñíûå îïèëêè.

Источник: Интернет-журнал «Коммерческая биотехнология» (http://www.cbio.ru)

Âîåííî-âîçäóøíûå ñèëû ÑØÀ ïëàíèðóþò äî êîíöà 2007 ã. ñåðòèôèöèðîâàòü âñå áîìáàðäèðîâ-
ùèêè Â-52 äëÿ ðàáîòû ñ 50 % ñìåñüþ ñèíòåòè÷åñêîãî òîïëèâà èç ïðèðîäíîãî ãàçà è ñòàíäàðòíîãî
âîåííîãî òîïëèâà JP8. Ðàíåå ÂÂÑ ÑØÀ ïðîâåëè íàçåìíûå è ëåòíûå èñïûòàíèÿ äâèãàòåëåé Â-52 ñ
íîâûì òîïëèâîì. ÂÂÑ â 2006 ã. áûëè òðåòüèì êðóïíåéøèì â ÑØÀ ïîêóïàòåëåì ÷èñòîé ýëåêòðî-
ýíåðãèè — áîëåå 990 000 ÌÂò⋅÷.

37 áàç ÂÂÑ â ÑØÀ ñàìîñòîÿòåëüíî ïðîèçâîäÿò ýíåðãèþ èç âîçîáíîâëÿåìûõ èñòî÷íèêîâ. Íà-
ïðèìåð, áàçû â Òåõàñå, Âàøèíãòîíå è Ñåâåðíîé Äàêîòå ïðîèçâîäÿò èç ýíåðãèè âåòðà ïðàêòè÷åñêè

ÁÈÎÒÎÏËÈÂÎ ÄËß ÂÂÑ ÑØÀ

ìîæíî áóäåò ïîëó÷àòü ïî 200 ò âîäîðîñëåé ñ àêðà ñâîáîäíîé ïëîùàäè â ãîä. Áàëëîê äîáàâëÿåò, ÷òî
êîììåð÷åñêîå ïðîèçâîäñòâî ïðîäóêöèè ïî ôèðìåííîé òåõíîëîãèè íà÷íåòñÿ â 2008 ãîäó: â Àðèçîíå,
à òàêæå ó ïàðòíåðîâ êîìïàíèè — â Àâñòðàëèè è Þæíîé Àôðèêå.

Ïðîÿâëÿþò èíòåðåñ ê àìåðèêàíñêîé òåõíîëîãèè è â Åâðîïå. Ïðè ýòîì ìàññà÷óñåòñêèå ýêñïåðè-
ìåíòàòîðû óòâåðæäàþò, ÷òî êàïèòàëüíûå çàòðàòû íà ñîçäàíèå òàêîé óñòàíîâêè íèçêè, ïîòðåáíîñ-
òè îáîðóäîâàíèÿ â ýëåêòðè÷åñòâå òàêæå íåâåëèêè, è óñòàíîâêà ïî âûðàùèâàíèþ âîäîðîñëåé íèêàê
íå âëèÿåò íà ðàáîòó òåïëîâîé ýëåêòðîñòàíöèè. Îêóïàòüñÿ òàêàÿ êîììåð÷åñêàÿ ñèñòåìà äîëæíà
áûñòðî. Áàëëîê òàêæå ãîâîðèò, ÷òî êîìïàíèè óäàëîñü ðåøèòü ðÿä ïðîáëåì, ñ êîòîðûìè ñòîëêíó-
ëèñü â äðóãèõ ëàáîðàòîðèÿõ è èíñòèòóòàõ ïðè ïîñòðîåíèè ñõîäíûõ ïî ïðèíöèïó äåéñòâèÿ ñèñòåì.
Ó äðóãèõ êîëëåêòèâîâ çàòðàòû ýíåðãèè íà ðàáîòó îáîðóäîâàíèÿ áûëè âûøå, äà è âîäîðîñëè íå
õîòåëè ðàñòè òàê, êàê íàäî. Â GreenFuel Technologies ýòè ïðîáëåìû áûëè ðåøåíû.

Источники: Интернет-журнал «Коммерческая биотехнология» (http://www.cbio.ru)
http://www.membrana.ru



International Scientific Journal for Alternative Energy and Ecology     ISJAEE ¹ 4(48) (2007)
Ìåæäóíàðîäíûé íàó÷íûé æóðíàë «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» ÀÝÝ ¹ 4(48) (2007)190

©
 
2
0
0
7 

Sc
ie
n
tif
ic
 
T
ec
h
n
ic
a
l 
C
en
tr
e 

«
T
A
T
A
»

©
 
2
0
0
7 

Í
à
ó÷
í
î
-ò
å
õí
è
÷å
ñê
è
é
 
ö
å
í
òð
 
«
T
A
T
A
»

ÏÅÐÅÄÂÈÆÍÎÉ ÃÅÍÅÐÀÒÎÐ ÏÐÅÂÐÀÙÀÅÒ ÌÓÑÎÐ
Â ÑÏÈÐÒ È ÝËÅÊÒÐÈ×ÅÑÒÂÎ

Èññëåäîâàòåëè èç Óíèâåðñèòåòà Ïåðäüþ (Èíäèàíà, ÑØÀ) îáúÿ-
âèëè î ðàçðàáîòêå ïåðåäâèæíîãî ýëåêòðîãåíåðàòîðà, â êà÷åñòâå òîï-
ëèâà ïîòðåáëÿþùåãî îáû÷íûé áûòîâîé ìóñîð. Ñàì ïî ñåáå ìóñîð
íå ÿâëÿåòñÿ òîïëèâîì, à ïîäâåðãàåòñÿ ïðåäâàðèòåëüíîé ïåðåðàáîò-
êå. Ïèùåâûå îòõîäû áðîäÿò ïîä äåéñòâèåì äðîææåé è ïðåâðàùà-
þòñÿ â ýòèëîâûé ñïèðò. Ïðî÷èé ìóñîð — áóìàãà, êàðòîí, ïëàñòèê
è ò. ï. — ïîäâåðãàåòñÿ íàãðåâó â îòñóòñòâèå êèñëîðîäà è ðàçëàãà-
åòñÿ, â îñíîâíîì, íà ìåòàí è ïðîïàí.

Ñïèðò è ãàçû, â ñâîþ î÷åðåäü, ñëóæàò òîïëèâîì äëÿ ìîäèôè-
öèðîâàííîãî äèçåëüíîãî äâèãàòåëÿ, âðàùàþùåãî âàë ãåíåðàòîðà.
Óñòàíîâêà ðàçðàáàòûâàëàñü ïî çàêàçó âîåííûõ, íî â ïåðñïåêòèâå ìîæåò íàéòè è ãðàæäàíñêîå
ïðèìåíåíèå. Âîò òîëüêî åñëè íîâèíêà äîáåðåòñÿ äî Ðîññèè, áëîê ïåðåðàáîòêè ïèùåâûõ îòõîäîâ ñ
íåå ëó÷øå áóäåò ñíÿòü.

Источник: http://science.compulenta.ru

Êîìïàíèÿ Citrus Energy ïëàíèðóåò ïîñòðîèòü çàâîä ïî ïðîèçâîäñòâó ýòàíîëà èç îòõîäîâ öèò-
ðóñîâûõ. Êîìïàíèÿ èùåò èíâåñòèöèè â ðàçìåðå $10 ìëí. äëÿ ñòðîèòåëüñòâà çàâîäà ìîùíîñòüþ
4 ìëí. ãàëëîíîâ (15,1 ìëí. ë) ýòàíîëà â ãîä.

Òåõíîëîãèþ ïîëó÷åíèÿ ýòàíîëà èç îòõîäîâ öèòðóñîâûõ ðàçðàáîòàëè ó÷åíûå Ñåëüñêîõîçÿé-
ñòâåííîé èññëåäîâàòåëüñêîé ñëóæáû Äåïàðòàìåíòà ñåëüñêîãî õîçÿéñòâà ÑØÀ. Ðàáîòû ïî ñîçäàíèþ
òåõíîëîãèè ïðîèçâîäñòâà ýòàíîëà èç àïåëüñèíîâûõ êîðîê íà÷àëèñü â 1992 ã., íî áûëè çàäåðæàíû
èç-çà íèçêèõ öåí íà áåíçèí. Èññëåäîâàíèÿ âîçîáíîâèëèñü â 2004. Áûëà ñîçäàíà ýêñïåðèìåíòàëü-
íàÿ óñòàíîâêà ìîùíîñòüþ 1000 ãàëëîíîâ ýòàíîëà.

Â îäíîì òîëüêî øòàòå Ôëîðèäà åæåãîäíî ïðîèçâîäèòñÿ îêîëî 5 ìëí. ò öèòðóñîâûõ îòõîäîâ,
ò. å. ïðèìåðíî 1,2 ìëí. ò â ñóõîì âåñå. Îòõîäû èñïîëüçóþòñÿ â êà÷åñòâå êîðìîâ äëÿ ñêîòà. Íîâàÿ
òåõíîëîãèÿ ïîçâîëèò åæåãîäíî ïðîèçâîäèòü èç öèòðóñîâûõ îòõîäîâ Ôëîðèäû 80 ìëí. ãàëëîíîâ
(300 ìëí. ë) ýòàíîëà. Öèòðóñîâûå áîãàòû ïåêòèíîì, öåëëþëîçîé è ïîëèñàõàðèäàìè, êîòîðûå ìî-
ãóò áûòü ãèäðîëèçîâàíû â ñàõàð è ôåðìåíòèðîâàíû â ýòàíîë. 

23 ôåâðàëÿ øòàò Ôëîðèäà âûäåëèë ãðàíò $0,99 ìëí. Ìåæäóíàðîäíîìó óíèâåðñèòåòó Ôëîðèäû
è êîìïàíèè Florida Crystals Corporation. Ïàðòíåðû èññëåäóþò òåõíè÷åñêóþ âîçìîæíîñòü êðóïíîãî
ïðîìûøëåííîãî ïðîèçâîäñòâà ýòàíîëà èç áàãàññû ñàõàðíîãî òðîñòíèêà.

Ñàõàðíàÿ èíäóñòðèÿ Ôëîðèäû åæåãîäíî ïðîèçâîäèò áîëåå 1 ìëí. ò áàãàññû (â ñóõîì âåñå).
Â íàñòîÿùåå âðåìÿ áàãàññà èñïîëüçóåòñÿ â êà÷åñòâå òîïëèâà íà òåïëî/ýëåêòðîñòàíöèÿõ.

Â 2006 ã. øòàò Ôëîðèäà ïðèíÿë Ýíåðãåòè÷åñêèé Àêò. Âñåãî áóäåò âûäåëåíî 8 ãðàíòîâ äëÿ
ïîäîáíûõ èññëåäîâàíèé.

Источник: http://subscribe.ru

ÝÒÀÍÎË ÈÇ ÎÒÕÎÄÀ ÖÈÒÐÓÑÎÂÛÕ

100 % ïîòðåáëÿåìîé ýëåêòðîýíåðãèè. 58 áàç ïîòðåáëÿþò Â20 (20 % áèîäèçåëü + 80 % äèçåëüíîãî
òîïëèâà), 16 áàç — Å85 (85 % ýòàíîë + 15 % áåíçèíà). Íà Â20 ïðèõîäèòñÿ 8 % òîïëèâà, ïîòðåá-
ëÿåìîãî ÂÂÑ ÑØÀ.

ÂÂÑ ÑØÀ ðàçðàáîòàëè ïëàí ñîêðàùåíèÿ ïîòðåáëåíèÿ òîïëèâà. Çà 6 ëåò ïîòðåáëåíèå òîïëèâà
äîëæíî ñîêðàòèòüñÿ íà 10 %. À 30 % íîâûõ àâòîìîáèëåé, ïîêóïàåìûõ ÂÂÑ, áóäóò íèçêîñêîðîñò-
íûìè ýëåêòðîìîáèëÿìè.

27 ôåâðàëÿ 2007 ýíåðãåòè÷åñêàÿ êîìïàíèÿ Pacific Gas and Electric Company (Êàëèôîðíèÿ)
ïðèîáðåëà äëÿ èñïûòàíèé 4 ýëåêòðîìîáèëÿ ïðîèçâîäñòâà Phoenix Motorcars. Íà ýëåêòðîìîáèëÿõ
Phoenix óñòàíîâëåíû ëèòèé-èîííûå àêêóìóëÿòîðû 35 êÂò⋅÷., ïðîèçâåäåííûå êîìïàíèåé Altairnano
ñ ïðèìåíåíèåì íàíî-òåõíîëîãèé. Äàëüíîñòü ïðîáåãà ýëåêòðîìîáèëÿ — 200 êì., âðåìÿ çàðÿäêè
àêêóìóëÿòîðîâ — îêîëî 10 ìèí.

Источник: http://subscribe.ru

ÓÃËÅÐÎÄÍÛÅ ÍÀÍÎÒÐÓÁÊÈ ÎÒÊÐÛÂÀÞÒ ÄÎÐÎÃÓ
ÑÀÌÎÂÎÑÑÒÀÍÀÂËÈÂÀÞÙÈÌÑß ÌÀÒÅÐÈÀËÀÌ

Ó÷åíûå èç Óíèâåðñèòåòà Äýëàâåðà (ÑØÀ) ðàçðàáîòàëè íîâûé ñïîñîá ìîíèòîðèíãà íàïðÿæåíèé
â êîìïîçèòíûõ ìàòåðèàëàõ. Êàê îêàçàëîñü, âíåäðåííûå â êîìïîçèòû ïó÷êè ìíîãîñëîéíûõ óãëå-
ðîäíûõ íàíîòðóáîê èçìåíÿþò ñâîþ ýëåêòðè÷åñêóþ ïðîâîäèìîñòü ïðè ìåõàíè÷åñêèõ ïîâðåæäåíèÿõ
ìàòåðèàëà.
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Êàê îòìåòèë ó÷åíûé Òñó-Âåé ×ó, íàíîòðóáêè äåéñòâóþò ïîäîáíî íåðâàì â æèâîì îðãàíèçìå.
Ìèêðîòðåùèíû è äåôîðìàöèè ìàòåðèàëà êîìïîçèòà âûçûâàþò ðàçðûâû îäèíî÷íûõ íàíîòðó-

áîê, âîò ïî÷åìó ýëåêòðîïðîâîäíîñòü âñåé ñèñòåìû èçìåíÿåòñÿ.
Ïîêà ó÷åíûìè ñîçäàíî «óìíîå ñòåêëî», â êîòîðîì íàíîòðóáêè-ñåíñîðû çàíèìàþò îêîëî 0,15 %

îáúåìà. Êàê óòâåðæäàåò ×ó, íîâàÿ òåõíîëîãèÿ ïîçâîëèò ó÷åíûì ïðèáëèçèòüñÿ ê ñîçäàíèþ «óìíûõ
ìàòåðèàëîâ», êîòîðûå ñìîãóò ñàìîñòîÿòåëüíî ðåìîíòèðîâàòüñÿ ïðè ìåõàíè÷åñêèõ ïîâðåæäåíèÿõ.

Источник: http://old.nanonewsnet.ru

ÌÀÑÑÈÂÛ ÍÀÍÎÒÐÓÁÎÊ ÊÀÊ ÐÅÖÅÏÒ ÓËÓ×ØÅÍÈß
ÈÍÒÅÃÐÀËÜÍÛÕ ÌÈÊÐÎÑÕÅÌ

Íåñìîòðÿ íà òî, ÷òî ýëåêòðè÷åñêèå è ìåõàíè÷åñêèå ñâîéñòâà óãëåðîä-
íûõ íàíîòðóáîê ñóëÿò íåâèäàííûå äîñåëå ïåðñïåêòèâû èñòîñêîâàâøåéñÿ
ïî òåõíè÷åñêèì ðåâîëþöèÿì îòðàñëè èíòåãðàëüíîé ýëåêòðîíèêè, èõ èí-
òåãðàöèÿ â ìàñøòàáèðóåìûå èíòåãðàëüíûå ñõåìû ïîêà ÷òî èäåò î÷åíü ìåä-
ëåííî.

Âïðî÷åì, ïîñëåäíåå äîñòèæåíèå èññëåäîâàòåëåé èç óíèâåðñèòåòîâ øòà-
òà Èëëèíîéñ, Lehigh è Purdue ìîæåò íåñêîëüêî óñêîðèòü ýòîò ïðîöåññ —
ó÷åíûå ñîîáùàþò î ñîçäàíèè ïëîòíûõ ìàññèâîâ ëèíåéíûõ íàíîòðóáîê â
âèäå òîíêîé ïîëóïðîâîäÿùåé ïëåíêè. Ýòà ïëåíêà ìîæåò áûòü íàíåñåíà íà
òðàäèöèîííûé (èëè íå î÷åíü) ìàòåðèàë — íàïðèìåð, íà ïëàñòèê, èç ÷åãî
ìîæíî ïîëó÷èòü, íàïðèìåð, ãîòîâûé ãèáêèé äèñïëåé.

Äëÿ ñîçäàíèÿ ìàññèâîâ íàíîòðóáîê èññëåäîâàòåëè èñïîëüçîâàëè ïîä-
ëîæêó èç ìîíîêðèñòàëëè÷åñêîãî êâàðöà, íà êîòîðóþ íàíîñèëèñü ïîëîñêè
æåëåçíûõ íàíî÷àñòèö (æåëåçî èãðàåò ðîëü êàòàëèçàòîðà ïðè âûðàùèâà-
íèè óãëåðîäíûõ íàíîòðóáîê CVD-ìåòîäîì).

Êàê òîëüêî íàíîòðóáêè «ïåðåðàñòàþò» ïîëîñêè æåëåçà, îíè ïðèñîåäè-
íÿþòñÿ ê êðèñòàëëó êâàðöà, íàïðàâëÿþùåìó èõ äàëüíåéøèé ðîñò. Ïîëó÷àþùèåñÿ â ðåçóëüòàòå
ìàññèâû ñîäåðæàò ñîòíè òûñÿ÷ ëèíåéíûõ íàíîòðóáîê äèàìåòðîì îêîëî 1 íì è äëèíîé äî 300 ìêì.
Ðàññòîÿíèå ìåæäó íàíîòðóáêàìè ñîñòàâëÿåò 100 íì.

Ìàññèâû âåäóò ñåáÿ êàê òîíêàÿ ïëåíêà ïîëóïðîâîäíèêà, â êîòîðîé çàðÿä ïåðåíîñèòñÿ âäîëü
êàæäîé èíäèâèäóàëüíîé íàíîòðóáêè. Â ýòîé êîíôèãóðàöèè, íàíîòðóáêè ìîãóò èíòåãðèðîâàòüñÿ â
èíòåãðàëüíûå ìèêðîñõåìû äîñòàòî÷íî ïðîñòûì îáðàçîì — â ðåçóëüòàòå äîïîëíèòåëüíîãî øàãà
íàïûëåíèÿ.

Èñïîëüçóÿ ìàññèâû íàíîòðóáîê, èññëåäîâàòåëè ñîçäàëè è ïðîòåñòèðîâàëè ñâîéñòâà ïîëåâûõ
òðàíçèñòîðîâ è äàæå ñîçäàëè íà èõ îñíîâå ëîãè÷åñêèå ýëåìåíòû. Îäíàêî, êàê ïîä÷åðêèâàåò Äæîí
Ðîäæåðñ (John A. Rogers), îäèí èç ñîàâòîðîâ ðàáîòû, ìàññèâû íàíîòðóáîê íå ñîâñåì äîëæíû áóäóò
çàìåíèòü êðåìíèé. Èõ ìîæíî áóäåò èñïîëüçîâàòü â íåêîòîðûõ ÷àñòÿõ ïîëóïðîâîäíèêîâîãî ÷èïà,
ãäå òðåáóåòñÿ âûñîêîå áûñòðîäåéñòâèå èëè áîëüøîé òîê.

Источники: iXBT.com, Nature Nanotechnology, University of Illinois at Urbana-Champaign, nanometer.ru

Ðèñ. 1. Îäíîñòåííûå óãëå-
ðîäíûå íàíîòðóáêè, ïîëó-
÷åííûå CVD ìåòîäîì íà
êðåìíèåâîé ïîäëîæêå

ÓÃËÅÐÎÄÍÛÅ ÍÀÍÎÒÐÓÁÊÈ: ÍÎÂÛÉ ÐÅÊÎÐÄ

Â University of Cincinnati áûë ïîñòàâëåí íîâûé ðåêîðä —
ïîëó÷åíû îðèåíòèðîâàííûå ïó÷êè ìíîãîñòåííûõ óãëåðîäíûõ íà-
íîòðóáîê äëèíîé 18 ìì.
Ïðåäûäóùèé ðåêîðä ñî-
ñòàâëÿë 7 ìì.

Ïó÷êè íàíîòðóáîê
âûçûâàþò áîëüøîé èíòå-
ðåñ ó èññëåäîâàòåëåé,
ò. ê. èç íèõ ìîæíî ñêðó-
òèòü âîëîêíà. Òåîðåòè÷åñ-
êè òàêèå âîëîêíà äîëæ-

íû áûòü ïðî÷íåå è ëåã÷å, ÷åì ëþáûå íûíå ñóùåñòâóþùèå.
Âäîáàâîê, òàêèå âîëîêíà ïðîâîäÿò ýëåêòðè÷åñêèé òîê.

Îðèåíòèðîâàííûå ïó÷êè íàíîòðóáîê ïîëó÷àþò ìåòîäîì
õèìè÷åñêîãî îñàæäåíèÿ èç ïàðîâîé ôàçû (CVD) íà ñïåöèàëü-
íûé øàáëîí. Â äàííîì ñëó÷àå øàáëîí ïðåäñòàâëÿë ñîáîé
ìíîãîñëîéíóþ ñòðóêòóðó — íà îêèñëåííóþ ïîâåðõíîñòü êðåì-
íèåâîé ïëàñòèíû íàíåñåí ñëîé ìåòàëëè÷åñêîãî ñïëàâà-êàòà-
ëèçàòîðà. Ïðîèçâîäñòâî øàáëîíà òðåáóåò íàëè÷èÿ ÷èñòîé êîì-

Ðèñ. 1. Òàê âûãëÿäèò íîâûé ðåêîðäñìåí

Ðèñ. 2. Ôîòîãðàôèÿ èç ðàáîòû «Ìíîãîôóí-
êöèîíàëüíàÿ ÓÍÒ ïðÿæà, ïîëó÷åííàÿ â
ìèêðîìàñøòàáå ïî äðåâíåé òåõíîëîãèè»,
(Mei Zhang, Ken R. Atkinson, Ray H.
Baughman. Science, 2004)
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ÕÎËÎÄÍÛÉ ÒÅÐÌÎßÄÅÐÍÛÉ ÑÈÍÒÅÇ ÌÎÆÅÒ ÑÒÀÒÜ
ÐÅÀËÜÍÎÑÒÜÞ

Àìåðèêàíñêèì ó÷åíûì, âîçìîæíî, óäàëîñü íàéòè ñïîñîá îñóùåñòâëåíèÿ òàê íàçûâàåìîé ðåàê-
öèè õîëîäíîãî òåðìîÿäåðíîãî ñèíòåçà.

Îáû÷íàÿ òåðìîÿäåðíàÿ ðåàêöèÿ ïðîòåêàåò ïðè î÷åíü âûñîêèõ òåìïåðàòóðå è äàâëåíèè. Â ïðî-
øëîì âåêå áûëè âûñêàçàíû ïðåäïîëîæåíèÿ î âîçìîæíîñòè îñóùåñòâëåíèÿ õîëîäíîé òåðìîÿäåðíîé
ðåàêöèè, ïðîòåêàþùåé ïðè êîìíàòíîé òåìïåðàòóðå è îáû÷íîì àòìîñôåðíîì äàâëåíèè. Îäíàêî,
íåñìîòðÿ íà ìíîãî÷èñëåííûå èññëåäîâàíèÿ â äàííîé îáëàñòè, íà ïðàêòèêå îñóùåñòâèòü ðåàêöèþ

íàòû è àïïàðàòóðû äëÿ îñàæäåíèÿ òîíêèõ ïëåíîê. Ñèíòåç íàíîòðóáîê ïðîòåêàåò ïðè òåìïåðàòóðå
750 °Ñ â àòìîñôåðå, ñîäåðæàùåé âîäîðîä, óãëåâîäîðîäû, âîäó è àðãîí. Òåõíîëîãèÿ ìîæåò áûòü ëåãêî
ìàñøòàáèðîâàíà äî ïðîìûøëåííûõ îáúåìîâ. Ñòîèò îòìåòèòü, ÷òî ïîñëå ðîñòà ïåðâîé ïàðòèè âîñåì-
íàäöàòè ìèëëèìåòðîâûõ íàíîòðóáîê, íà òîì æå øàáëîíå ìîæíî âûðàñòèòü íàíîòðóáêè äëèíîé
11 ìì, à ïîòîì åùå è 8 ìì. 

Ïðîäåìîíñòðèðîâàííûå äîñòèæåíèÿ äàþò íàäåæäó íà òî, ÷òî âîçìîæíî ïîëó÷åíèå óãëåðîäíûõ
íàíîòðóáîê ìåòðîâîé äëèíû.

Â äðóãèõ ðàáîòàõ ïðîâîäÿòñÿ «àëüòåðíàòèâíûå» ïîïûòêè ïîëó÷èòü äëèííûå íèòè èç óãëåðîä-
íûõ âîëîêîí, ÷òî îòíþäü íå ïðèáëèæàåò ãèïîòåòè÷åñêóþ èäåþ «êîñìè÷åñêîãî ëèôòà», îäíàêî
ìîæåò äàòü èíòåðåñíûå ðåçóëüòàòû â îáëàñòè êàòàëèçà, òîïëèâíûõ ýëåìåíòîâ, ÍÝÌÑ è ïð.

Источники: Nanower, nanometer.ru

Â ÑØÀ ÑÎÇÄÀËÈ ÏÎËÈÌÅÐÍÛÉ ËÅÄ

«Àìåðèêàíñêèå âîéñêà â Èðàêå ïîëó÷àò ïîëèìåðíûé ñîñòàâ, èìèòèðóþùèé ñâîéñòâà ëüäà», —
ñîîáùàåò BBC.

Ìàòåðèàë, ïîëó÷èâøèé íàçâàíèå «Black Ice («÷åðíûé ëåä»), ïîçâîëÿåò ïðè íàíåñåíèè íà ïîâåðõ-
íîñòü äîðîãè ìíîãîêðàòíî ïîíèçèòü êîýôôèöèåíò ñöåïëåíèÿ, èìèòèðóÿ ýôôåêò ãëàäêîãî ëüäà. Ïðèìå-
íåíèå ïîäîáíûõ ïîëèìåðîâ ïîçâîëÿåò òðàíñïîðòíîé èëè âîåííîé êîëîííå áûñòðî èçáàâèòüñÿ îò ïðå-
ñëåäîâàíèÿ èëè, íàîáîðîò, áûñòðî äîãíàòü ìàøèíó áîåâèêîâ, îáðàáîòàâ äîðîãó ïåðåä íåé.

Ïîëèìåð ñîõðàíÿåò ñâîè ñâîéñòâà â óñëîâèÿõ âûñîêèõ òåìïåðàòóð è ñèëüíîé çàïûëåííîñòè âîçäó-
õà, ÷òî ïîçâîëÿåò èñïîëüçîâàòü åãî â Àôãàíèñòàíå è Èðàêå. Ïðîôèëàêòè÷åñêàÿ îáðàáîòêà «÷åðíûì
ëüäîì» ó÷àñòêîâ äîðîã âûíóæäàåò âîäèòåëåé ñíèæàòü ñêîðîñòü äâèæåíèÿ âïëîòü äî ïîëíîé îñòàíîâ-
êè, ÷òî îáëåã÷àåò êîíòðîëü äâèæåíèÿ è çàùèòó áëîêïîñòîâ íà âàæíûõ ó÷àñòêàõ äîðîã.

Источник: http://www.rambler.ru

ÌÅÒÀËËÈ×ÅÑÊÈÅ ÊÐÈÑÒÀËËÛ ÄËß ÁÈÎÑÅÍÑÎÐÎÂ

Àìåðèêàíñêèå ó÷åíûå èç Pacific Northwest National Laboratory, ðàáîòàþùèå ïîä ðóêîâîäñòâîì
Ãðåãîðè Ýêñàðõîñà (Gregory Exarhos), èñïîëüçîâàëè îáðàáîòàííûå êèñëîòîé õëîïêîâûå âîëîêíà â
êà÷åñòâå íàòóðàëüíîãî òðàôàðåòà äëÿ áûñòðîãî âûðàùèâàíèÿ ìåòàëëè÷åñêèõ íàíîêðèñòàëëîâ çî-
ëîòà, ñåðåáðà, ïàëëàäèÿ, ïëàòèíû, ìåäè, íèêåëÿ è äðóãèõ ìåòàëëîâ, à òàêæå èõ îêñèäîâ. Ïîëó÷à-
åìûå êðèñòàëëû èìåëè îäèíàêîâóþ ôîðìó è ïðîÿâëÿëè êàòàëèòè÷åñêèå, ýëåêòðè÷åñêèå è îïòè÷åñ-
êèå ñâîéñòâà, íå ïðèñóùèå áîëåå êðóïíûì è áåñôîðìåííûì êðèñòàëëàì.

Ïðè îáðàáîòêå êèñëîòîé öåëëþëîçíîå âîëîêíî ïðåâðàùàåòñÿ â êðóïíûå ñòàáèëüíûå êðèñòàë-
ëèçèðîâàâøèåñÿ ìîëåêóëû, ñîäåðæàùèå áîëüøîå êîëè÷åñòâî ãèäðîêñèëüíûõ ãðóïï, ðàñïîëàãàþ-
ùèõñÿ âäîëü äëèííûõ ìîëåêóë öåëëþëîçû. Ïðè ïîìåùåíèè ðàñòâîðà, ñîäåðæàùåãî êðèñòàëëèçî-
âàííóþ öåëëþëîçó è ñîëü ìåòàëëà, â ãåðìåòèçèðîâàííóþ ïå÷ü è íàãðåâàíèè åå äî 70–200 °Ñ â
òå÷åíèå 4–16 ÷ (â çàâèñèìîñòè îò ìåòàëëà) íà ãèäðîêñèëüíûõ ó÷àñòêàõ ìîëåêóë öåëëþëîçû ôîðìè-
ðóþòñÿ èäåíòè÷íûå ïî ôîðìå è ðàçìåðó ìåòàëëè÷åñêèå êðèñòàëëû.

Ó÷åíûå íàçâàëè ðàçðàáîòàííûé èìè ìåòîä «ýêîëîãè÷åñêè ÷èñòûì», òàê êàê äëÿ åãî îñóùåñòâ-
ëåíèÿ òðåáóþòñÿ òîëüêî íàãðåâ, êðèñòàëëè÷åñêàÿ öåëëþëîçà è ñîëü ìåòàëëà. Áîëåå ðàííèå ïîïûò-
êè ñèíòåçà ñ èñïîëüçîâàíèåì åäêèõ õèìèêàòîâ â êà÷åñòâå âîññòàíîâèòåëåé è ñòàáèëèçàòîðîâ íåèç-
ìåííî ïðèâîäèëè ê ôîðìèðîâàíèþ ìåòàëëè÷åñêèõ íàíîêðèñòàëëîâ, çíà÷èòåëüíî îòëè÷àþùèõñÿ
äðóã îò äðóãà ïî ôîðìå è ðàçìåðó.

Ïîòåíöèàëüíûå âîçìîæíîñòè èñïîëüçîâàíèÿ ìåòàëëè÷åñêèõ íàíîêðèñòàëëîâ, ðàçìåð êîòîðûõ
ñîñòàâëÿåò 15–20 íì, âåñüìà îáøèðíû. Àâòîðû óòâåðæäàþò, ÷òî, ñîãëàñíî ïðåäâàðèòåëüíûì ðå-
çóëüòàòàì, îíè ïðîÿâëÿþò ãîðàçäî áîëåå âûñîêóþ êàòàëèòè÷åñêóþ àêòèâíîñòü, ÷åì êîììåð÷åñêè
äîñòóïíûå êàòàëèçàòîðû. Ñêîðåå âñåãî, êàòàëèç è ñòàíåò ïåðâîé îáëàñòüþ ïðàêòè÷åñêîãî ïðèìåíå-
íèÿ íîâîãî ìàòåðèàëà.

Источник: Интернет-журнал «Коммерческая биотехнология» (http://www.cbio.ru)
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Àìåðèêàíñêèå ó÷åíûå ÷åðåç  ñïåöèàëüíóþ êîìïüþòåðíóþ ñåòü íàæàòèåì «ìûøè» îñóùåñòâèëè
äèñòàíöèîííûé ïóñê è ýêñïëóàòàöèþ êèòàéñêîãî ýêñïåðèìåíòàëüíîãî ðåàêòîðà òåðìîÿäåðíîãî ñèí-
òåçà EAST, èìåþùåãî íåîôèöèàëüíîãî íàçâàíèå «èñêóññòâåííîå Ñîëíöå».

Èñïûòàíèÿ ïðîøëè â Èíñòèòóòå ôèçèêè ïëàçìû Àêàäåìèè íàóê ÊÍÐ â Õýôýå — àäìèíèñòðà-
òèâíîì öåíòðå âîñòî÷íî-êèòàéñêîé ïðîâèíöèè Àíüõîé, ãäå ðàñïîëîæåíî êèòàéñêîå «èñêóññòâåííîå
Ñîëíöå», ñïîñîáíîå ïîâòîðÿòü ïðîöåññ ñèíòåçà ýíåðãèè íà Ñîëíöå. Êàê ñîîáùèë çàìåñòèòåëü äè-
ðåêòîðà èíñòèòóòà Ó Ñóíòàî, â õîäå ïåðâîé â èñòîðèè «òðàíñíàöèîíàëüíîé» ýêñïëóàòàöèè ðåàêòîð
ñîçäàë ïëàçìó, óäåðæèâàâøóþñÿ 5 ñåêóíä è âûðàáîòàâøóþ ýëåêòðè÷åñêèé ïîòîê ñèëîé 250 êÀ.

«Ïîëó÷åííûå â õîäå ýêñïåðèìåíòà äàííûå è ñõåìà ðàçðÿäà, êîòîðûå óâèäåëè ÷åðåç ýëåêòðîí-
íóþ ñåòü ó÷åíûå òåðìîÿäåðíîé ëàáîðàòîðèè DIII-D àìåðèêàíñêîé êîìïàíèè «Äæåíåðàë Àòîìèêñ»,
èäåíòè÷íû òåì,  ÷òî óâèäåëè êèòàéñêèå ó÷åíûå íà ïóëüòå óïðàâëåíèÿ, — çàÿâèë Ó Ñóíòàî. —
Äèñòàíöèîííûé êîíòðîëü íàä ðàçðÿäîì ïëàçìû ñîçäàåò îñíîâó äëÿ  áîëåå øèðîêîãî ìåæäóíàðîä-
íîãî ñîòðóäíè÷åñòâà â ýòîé îáëàñòè». Êèòàéñêèé ó÷åíûé çàÿâèë, ÷òî ê ïîäîáíîìó ýêñïåðèìåíòó
 ìîãóò ïðèñîåäèíèòüñÿ è åâðîïåéñêèå ó÷åíûå. «Òàêèì îáðàçîì, èñïûòàíèÿ ðåàêòîðà EAST ìîãóò
âåñòèñü  êðóãëîñóòî÷íî», — ïðîäîëæèë îí, âûðàçèâ íàäåæäó, ÷òî àêòèâíûå ñîâìåñòíûå óñèëèÿ
ó÷åíûõ âñåãî ìèðà áóäóò ñîäåéñòâîâàòü ðåàëèçàöèè ìå÷òû ÷åëîâå÷åñòâà èñïîëüçîâàòü ýíåðãèþ,
âûðàáîòàííóþ ïóòåì òåðìîÿäåðíîãî ñèíòåçà.

Èíñòèòóòó ôèçèêè ïëàçìû ïîòðåáîâàëîñü 8 ëåò è 200 ìëí. þàíåé (25 ìëí. äîëë. ÑØÀ) íà
ðàçðàáîòêó ýêñïåðèìåíòàëüíîé ñâåðõïðîâîäÿùåé óñòàíîâêè òåðìîÿäåðíîãî ñèíòåçà EAST — ìîäèôè-
öèðîâàííîé ìîäåëè êèòàéñêîé óñòàíîâêè òèïà «Òîêàìàê» ïåðâîãî ïîêîëåíèÿ. Ïî ñðàâíåíèþ ñ çàðó-
áåæíûìè àíàëîãàìè äëÿ ñîçäàíèÿ êèòàéñêîé óñòàíîâêè ïîòðåáîâàëîñü ãîðàçäî ìåíüøå èíâåñòèöèé
è êðàò÷àéøèå ñðîêè ñòðîèòåëüñòâà. Ïåðâûå èñïûòàíèÿ ðåàêòîðà ïðîøëè â ñåíòÿáðå 2006 ã. Â õîäå
íèõ ðåàêòîð ñîçäàë ïëàçìó, óäåðæèâàâøóþñÿ 5 ñ è âûðàáîòàâøóþ ýëåêòðè÷åñêèé ïîòîê ñèëîé 500 êÀ.

Óïðàâëÿåìûé òåðìîÿäåðíûé ñèíòåç ÿâëÿåòñÿ îäíèì èç ýôôåêòèâíûõ ñïîñîáîâ âûðàáîòêè íåèñ-
÷åðïàåìîå êîëè÷åñòâî ÷èñòîé  ýíåðãèè. Ïî ñðàâíåíèþ ñ åäèíñòâåííîé ñîâðåìåííîé òåõíîëîãèåé,
îñíîâàííîé íà ðàñùåïëåíèè ÿäåð óðàíà è ïëóòîíèÿ, êîòîðàÿ ïðèíîñèò ÷åëîâåêó, ïîìèìî âûãîäû,
ìíîæåñòâî ïðîáëåì, òåðìîÿäåðíûé ñèíòåç ÿâëÿåòñÿ áîëåå ýôôåêòèâíûì âàðèàíòîì îáåñïå÷åíèÿ
÷åëîâå÷åñòâà ýíåðãèåé.

Источник: http://www.russian.xinhuanet.com

õîëîäíîãî òåðìîÿäåðíîãî ñèíòåçà äî ñèõ ïîð íå óäàâàëîñü. Áîëåå òîãî, ìíîãèå
èññëåäîâàòåëè ñàìó èäåþ íàçûâàþò îøèáî÷íîé.

Òåì íå ìåíåå, íåäàâíî â àâòîðèòåòíîì æóðíàëå «Naturwissenschaften» áûëà
îïóáëèêîâàíà ñòàòüÿ, â êîòîðîé ãîâîðèòñÿ, ÷òî àìåðèêàíñêèå ó÷åíûå ñìîãëè
îñóùåñòâèòü ÿäåðíóþ ðåàêöèþ íèçêîé ýíåðãèè. Êàê ñîîáùàåò DailyTech, èññëå-
äîâàíèÿ ïðîâîäèëèñü ïîä ðóêîâîäñòâîì Àëåêñàíäðà Øïàêà è Ïàìåëû Ìîçüåð-
Áîññ èç Öåíòðà êîñìè÷åñêèõ è ìîðñêèõ âîåííûõ ñèñòåì (Spawar) â Ñàí-Äèåãî. Â
õîäå ýêñïåðèìåíòîâ ó÷åíûå ïîäâåðãàëè âîçäåéñòâèþ ìàãíèòíûõ è ýëåêòðè÷åñ-
êèõ ïîëåé òîíêèé ïðîâîä, ïîêðûòûé ïàëëàäèåì. Äëÿ ðåãèñòðàöèè çàðÿæåííûõ ÷àñòèö, ïîÿâëÿâ-
øèõñÿ â ðåçóëüòàòå ðåàêöèè, èñïîëüçîâàëèñü äåòåêòîðû èç ïëàñòèêîâîé ïëåíêè CR-39 (íà ôîòî).

Â áëèæàéøåå âðåìÿ ðåçóëüòàòû èññëåäîâàíèé ó÷åíûõ äîëæíû áûòü ïðîâåðåíû íåçàâèñèìûìè
ñïåöèàëèñòàìè. Åñëè ñòîðîííèì èññëåäîâàòåëÿì óäàñòñÿ ïîâòîðèòü ýêñïåðèìåíò, êîìàíäà Øïàêà
è Ìîçüåð-Áîññ ìîæåò ïîëó÷èòü ãðàíò íà äàëüíåéøåå ðàçâèòèå ïðåäëîæåííîé ìåòîäèêè.

Источник: http://science.compulenta.ru

«ÒÅÐÌÎßÄ» Â ÑÒÀÊÀÍÅ

Ïðåäñåäàòåëü ïîäêîìèòåòà ïî íàäçîðó çà èññëåäîâàíèÿìè íàó÷íî-òåõ-
íè÷åñêîãî êîìèòåòà Ïàëàòû ïðåäñòàâèòåëåé Êîíãðåññà ÑØÀ Áðýä Ìèëëåð
íàïðàâèë ïèñüìî ðóêîâîäñòâó Óíèâåðñèòåòà Ïåðäüþ, â êîòîðîì ãîâîðèò î
íåîáõîäèìîñòè ïðîâåäåíèÿ äîïîëíèòåëüíîé ïðîâåðêè ðåçóëüòàòîâ ýêñïå-
ðèìåíòîâ ïðîôåññîðà Ðóøè Òàëåéÿðõàíà.

Òàëåéÿðõàí ÿâëÿåòñÿ àâòîðîì íàøóìåâøèõ ðàáîò, ÿêîáû äîêàçûâàþ-
ùèõ âîçìîæíîñòü çàïóñêà òåðìîÿäåðíîé ðåàêöèè âî âðåìÿ ñîíîëþìèíåñ-
öåíöèè. ßâëåíèå ñîíîëþìèíåñöåíöèè çàêëþ÷àåòñÿ â âîçíèêíîâåíèè
âñïûøêè ñâåòà ïðè ñõëîïûâàíèè êàâèòàöèîííûõ ïóçûðüêîâ, ïîðîæäåí-
íûõ â æèäêîñòè ìîùíîé óëüòðàçâóêîâîé âîëíîé. Ïî ìíåíèþ ðÿäà ó÷å-
íûõ, â ïðîöåññå ñæàòèÿ ìèêðîñêîïè÷åñêèõ ïóçûðüêîâ ãàç âíóòðè íèõ
ðàçîãðåâàåòñÿ äî íåñêîëüêèõ òûñÿ÷ è äàæå ìèëëèîíîâ êåëüâèíîâ. Â ðå-
çóëüòàòå ñîçäàþòñÿ óñëîâèÿ äëÿ ïðîòåêàíèÿ òåðìîÿäåðíîé ðåàêöèè. Ðèñ. 1. Ðóøè Òàëåéÿðõàí

ÓÑÏÅØÍÛÉ ÝÊÑÏÅÐÈÌÅÍÒ ÏÎ ÄÈÑÒÀÍÖÈÎÍÍÎÌÓ ÏÓÑÊÓ È
ÝÊÑÏËÓÀÒÀÖÈÈ ÊÈÒÀÉÑÊÎÃÎ ÒÅÐÌÎßÄÅÐÍÎÃÎ ÐÅÀÊÒÎÐÀ
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«Pacific Gas & Electric Co.» — êðóïíåéøàÿ êîììóíàëü-
íàÿ êîìïàíèÿ Êàëèôîðíèè íà÷àëà ðàçðàáàòûâàòü óñòðîé-
ñòâî äëÿ çàðÿäêè ýëåêòðîìîáèëåé.

Àêêóìóëÿòîðû ýëåêòðîìîáèëåé áóäóò çàðÿæàòüñÿ íî-
÷üþ è îòäàâàòü ýíåðãèþ â ñåòü äíåì âî âðåìÿ ïèêîâûõ íà-
ãðóçîê.

Çàðÿäíîå óñòðîéñòâî PG&E áóäåò ãîòîâî ê 2012 ã., åñëè
àâòîïðîèçâîäèòåëè íà÷íóò ê òîìó âðåìåíè ìàññîâîå ïðîèç-
âîäñòâî ýëåêòðîìîáèëåé.

PG&E ïðîäåìîíñòðèðîâàëà ïðîòîòèï ãèáðèäíîãî àâòî-
ìîáèëÿ âî âðåìÿ âûñòàâêè â Êðåìíèåâîé Äîëèíå. Íà «Toyota
Prius» áûëè óñòàíîâëåíû ëèòèé-èîííûå àêêóìóëÿòîðû. Èõ
åìêîñòè äîñòàòî÷íî äëÿ åæåäíåâíîé ýêñïëóàòàöèè ýëåêòðî-

Ðèñ. 1. Çàðÿäíîå óñòðîéñòâî â ãàðàæå
«Toyota Dream House»

Òàëåéÿðõàí ýêñïåðèìåíòèðîâàë ñ «òÿæåëûì» àöåòîíîì, â êîòîðîì âñå àòîìû âîäîðîäà çàìåíå-

íû íà äåéòåðèé. Ñîíîëþìèíåñöåíòíàÿ êàâèòàöèÿ ïðè ýòîì èíèöèèðîâàëàñü ñ ïîìîùüþ âíåøíåãî

íåéòðîííîãî ïó÷êà. Ïðîàíàëèçèðîâàâ ðåçóëüòàòû îïûòà, èññëåäîâàòåëü ïðèøåë ê âûâîäó, ÷òî â

õîäå íåãî ïðîòåêëà ðåàêöèÿ òåðìîÿäåðíîãî ñèíòåçà ôàêòè÷åñêè â îáû÷íîé ïðîáèðêå.

Ðàáîòû Òàëåéÿðõàíà âûçâàëè îãðîìíûé èíòåðåñ, îäíàêî íåçàâèñèìûì ãðóïïàì ó÷åíûõ ïîä-

òâåðäèòü ïðàâèëüíîñòü âûâîäîâ Òàëåéÿðõàíà íå óäàëîñü, è îíè áûëè ïðèçíàíû îøèáî÷íûìè. Òåì

íå ìåíåå, â áëèæàéøåå âðåìÿ Óíèâåðñèòåò Ïåðäüþ ïëàíèðóåò îáíàðîäîâàòü ðåçóëüòàòû ïîâòîðíîãî

àíàëèçà ðàáîò Òàëåéÿðõàíà.

Íå óòèõàþò è ñïîðû âîêðóã âîçìîæíîñòè îñóùåñòâëåíèÿ òàê íàçûâàåìîé ðåàêöèè õîëîäíîãî

òåðìîÿäåðíîãî ñèíòåçà, ïðîòåêàþùåé ïðè êîìíàòíûõ òåìïåðàòóðå è äàâëåíèè. Íå òàê äàâíî â

àâòîðèòåòíîì æóðíàëå «Naturwissenschaften» áûëà îïóáëèêîâàíà ñòàòüÿ, â êîòîðîé ãîâîðèòñÿ,

÷òî àìåðèêàíñêèå ó÷åíûå ñìîãëè îñóùåñòâèòü ÿäåðíóþ ðåàêöèþ íèçêîé ýíåðãèè, ïîäâåðãíóâ âîç-

äåéñòâèþ ìàãíèòíûõ è ýëåêòðè÷åñêèõ ïîëåé òîíêèé ïðîâîä, ïîêðûòûé ïàëëàäèåì. Âïðî÷åì, ðå-

çóëüòàòû ýòîãî ýêñïåðèìåíòà ïîêà òàêæå íå ïîäòâåðæäåíû.

Источник: http://science.compulenta.ru

Àìåðèêàíñêèå ó÷åíûå èç Óíèâåðñèòåòà Ïåðäüþ ðàçðàáà-
òûâàþò íîâûé òèï äâèãàòåëåé âíóòðåííåãî ñãîðàíèÿ, êîòî-
ðûå, êàê îæèäàåòñÿ, áóäóò áîëåå ýêîíîìè÷íûìè è ýêîëîãè-
÷åñêè ÷èñòûìè ïî ñðàâíåíèþ ñ ñîâðåìåííûìè ñèëîâûìè àã-
ðåãàòàìè.

Â òðàäèöèîííûõ äâèãàòåëÿõ âíóòðåííåãî ñãîðàíèÿ (ÄÂÑ)
ýíåðãèÿ, âûäåëèâøàÿñÿ â ðåçóëüòàòå ñãîðàíèÿ òîïëèâíîé
ñìåñè â öèëèíäðå, ïåðåäàåòñÿ íà ïîðøåíü è çàòåì — íà
êîëåí÷àòûé âàë. Êîëåí÷àòûé âàë, â ñâîþ î÷åðåäü, ïðèâîäèò
â äâèæåíèå ðàñïðåäåëèòåëüíûé âàë, êîòîðûé ÿâëÿåòñÿ îä-
íèì èç îñíîâíûõ ýëåìåíòîâ ãàçîðàñïðåäåëèòåëüíîãî ìåõà-
íèçìà. Èìåííî êóëà÷êè ðàñïðåäâàëà óïðàâëÿþò êëàïàíàìè
öèëèíäðîâ, ðåãóëèðóÿ, òàêèì îáðàçîì, ïîäà÷ó òîïëèâíîé
ñìåñè è âûáðîñ îòðàáîòàííûõ ãàçîâ.

Èññëåäîâàòåëè èç Óíèâåðñèòåòà Ïåðäüþ, ïðîâîäÿùèå ðàáîòû ïîä ðóêîâîäñòâîì Ãðåãîðè Øåéâåðà,
ïðåäëàãàþò èñêëþ÷èòü èç êîíñòðóêöèè ÄÂÑ ìåõàíèçì, ñâÿçûâàþùèé êîëåí÷àòûé âàë ñ ðàñïðåäåëè-
òåëüíûì. Ïðè ýòîì óïðàâëåíèå âïóñêíûìè è âûïóñêíûìè êëàïàíàìè áóäåò âîçëîæåíî íà ñïåöèàëü-
íóþ ýëåêòðîííóþ ñèñòåìó, â ðåæèìå ðåàëüíîãî âðåìåíè îòñëåæèâàþùóþ ïðîöåññû, ïðîòåêàþùèå â
äâèãàòåëå. Ïîäîáíàÿ ñèñòåìà, êàê ïðåäïîëàãàåòñÿ, ïîçâîëèò î÷åíü òî÷íî ïîäñòðàèâàòü âðåìÿ îòêðû-
òèÿ è çàêðûòèÿ êëàïàíîâ, ÷òî äîëæíî ïîëîæèòåëüíî îòðàçèòüñÿ íà êîýôôèöèåíòå ïîëåçíîãî äåéñòâèÿ
ñèëîâîé óñòàíîâêè. Ñîîòâåòñòâåííî, ñîêðàòÿòñÿ ðàñõîä òîïëèâà è âûáðîñû âðåäíûõ ãàçîâ â àòìîñôåðó.

Âïðî÷åì, â íàñòîÿùåå âðåìÿ íîâàÿ ñèñòåìà óïðàâëåíèÿ êëàïàíàìè äâèãàòåëÿ âíóòðåííåãî
ñãîðàíèÿ ñóùåñòâóåò ëèøü â âèäå ýêñïåðèìåíòàëüíîé êîìïüþòåðíîé ìîäåëè. Ó÷åíûì åùå ïðåäñòî-
èò ñîçäàòü ñïåöèàëèçèðîâàííîå ïðîãðàììíîå îáåñïå÷åíèå, êîòîðîå ïîçâîëèò áîðòîâîìó êîìïüþòåðó
àâòîìîáèëÿ áûñòðî è òî÷íî ðåàãèðîâàòü íà èíôîðìàöèþ, ïîñòóïàþùóþ îò äàò÷èêîâ äâèãàòåëÿ.

Источник: http://science.compulenta.ru

Ðèñ. 1. Àìåðèêàíñêèå ó÷åíûå ðàçðàáàòû-
âàþò íîâûé òèï ÄÂÑ

«PACIFIC GAS & ELECTRIC CO.» ÍÀ×ÀËÀ ÐÀÇÐÀÁÀÒÛÂÀÒÜ
ÓÑÒÐÎÉÑÒÂÎ ÄËß ÇÀÐßÄÊÈ ÝËÅÊÒÐÎÌÎÁÈËÅÉ

ÐÀÇÐÀÁÀÒÛÂÀÅÒÑß ÄÂÑ ÍÎÂÎÃÎ ÒÈÏÀ
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ÊÓÕÎÍÍÎÅ ÒÅÏËÎ ÐÀÇÎÃÐÅÂÀÅÒ ÆÈËÜÅ
ÏÅÐÑÎÍÀËÜÍÎÉ ÝËÅÊÒÐÎÑÒÀÍÖÈÅÉ

Êîãäà-òî äàâíî êàæäûé äîì îáîãðåâàëñÿ ñîáñòâåííûì î÷àãîì, ïî-
òîì íàñòóïèëà ýïîõà ãèãàíòñêèõ òåïëîöåíòðàëåé. Òåïåðü æå èäåò îá-
ðàòíûé ïðîöåññ — âñå áîëüøå ñåìåé â ðàçâèòûõ ñòðàíàõ ïðèîáðåòàþò
ìèíèàòþðíûå óñòðîéñòâà, ñïîñîáíûå çàìåòíî óìåíüøèòü ñóììó ñ÷å-
òîâ çà ýëåêòðîýíåðãèþ è çàîäíî îáåñïå÷èòü îáîãðåâ äîìà è äîñòàâêó
ãîðÿ÷åé âîäû çèìîé.

Îäíîâðåìåííàÿ ãåíåðàöèÿ ýëåêòðè÷åñòâà è òåïëà — èäåÿ î÷åíü
ñòàðàÿ. Ñîáñòâåííî, ïî òàêîé ñõåìå, ïîçâîëÿþùåé áîëåå ïîëíî èñ-
ïîëüçîâàòü ýíåðãèþ òîïëèâà, ðàáîòàþò òåïëîýëåêòðîöåíòðàëè. Íî
åñëè â äîìà ýëåêòðè÷åñòâî äîñòàâëÿåòñÿ ñ áîëåå-ìåíåå íèçêèìè ïî-
òåðÿìè, òî ïîòåðè òåïëîâîé ýíåðãèè â öåíòðàëèçîâàííûõ ñèñòåìàõ
òåïëîñíàáæåíèÿ äîâîëüíî âåëèêè. Îñîáåííî â Ðîññèè, ãäå çèìîé
çà÷àñòóþ ïîäçåìíûå òåïëîâûå òðàññû îòëè÷íî âèäíû íà ïîâåðõíîñ-
òè — íà íèõ íåò ñíåãà.

Íà Çàïàäå äàâíî ðàçâèâàåòñÿ àëüòåðíàòèâíîå íàïðàâëåíèå â ñíàá-
æåíèè çäàíèé ýëåêòðè÷åñòâîì è òåïëîì — ñðàâíèòåëüíî íåáîëüøèå
êîìáèíèðîâàííûå ñòàíöèè, îáåñïå÷èâàþùèå òåïëîâîé è ýëåêòðè÷åñ-

êîé ýíåðãèåé ãðóïïû äîìîâ, áîëüíèöû èëè íåáîëüøèå ïðåäïðèÿòèÿ. À çà ïîñëåäíèå íåñêîëüêî ëåò
äåöåíòðàëèçàöèÿ â ýòîé îáëàñòè äîñòèãëà ñâîåãî ëîãè÷åñêîãî çàâåðøåíèÿ — ïîÿâëåíèÿ íåîáû÷àé-
íî êîìïàêòíûõ äîìàøíèõ òåïëîýëåêòðîñòàíöèé. Íàçûâàþòñÿ îíè «ìèêðî-êîìáèíèðîâàííûå òåï-
ëîýíåðãåòè÷åñêèå óñòðîéñòâà» (Micro Combined Heat and Power — MicroCHP). Â èõ îñíîâå ëåæàò
î÷åíü ìàëåíüêèå è èñêëþ÷èòåëüíî òèõèå ÄÂÑ (â ðåäêèõ ìîäåëÿõ — ñòèðëèíãè), ñîåäèíåííûå ñ
íåáîëüøèì ãåíåðàòîðîì. Ðàáîòàþò îíè íà ïðèðîäíîì ãàçå, áëàãî ãàçîâûå ñåòè øèðîêî ðàñïðîñòðà-
íåíû, à ìíîãèå äîìà îáîðóäîâàíû ãàçîâûìè ïëèòàìè.

Ãëàâíàÿ èçþìèíêà MicroCHP — â áóêâå «C», îçíà÷àþùåé «êîìáèíèðîâàííûå». Âñïîìíèòå,
÷òî ÊÏÄ äâèãàòåëÿ âíóòðåííåãî ñãîðàíèÿ — ïîðÿäêà 30 %, îñòàëüíàÿ ýíåðãèÿ ñãîðåâøåãî òîïëèâà
â áóêâàëüíîì ñìûñëå óëåòàåò â òðóáó. À â MicroCHP îíà íå òåðÿåòñÿ çðÿ: íàãðåâàåò âîäó â

âîäîïðîâîäå èëè âîçäóõ â äîìå, à âî ìíîãèõ ìîäåëÿõ — è òî è äðóãîå ñðàçó. Ýòè àãðåãàòû ïðîèçâî-
äÿò îêîëî ïÿòè ôèðì èç ßïîíèè, Íîâîé Çåëàíäèè, Åâðîïû è, ñ íåäàâíèõ ïîð, ÑØÀ.

Âûãîäà î÷åâèäíà — MicroCHP îáåñïå÷èâàåò äîì ýëåêòðè÷åñòâîì è òåïëîì ïðè ìèíèìàëüíûõ

ýêñïëóàòàöèîííûõ çàòðàòàõ (íà÷àëüíàÿ öåíà óñòàíîâêè — äðóãîé âîïðîñ, è îá ýòîì — íèæå).

Ðèñ. 1. Áåðíàðä Ìàëèí
(Bernard Malin) îäíèì èç

ïåðâûõ â ÑØÀ óñòàíîâèë â
ñâîåì äîìå ëè÷íóþ ïîðòà-

òèâíóþ òåïëîýëåêòðîöåíò-
ðàëü. Îäíàêî åâðîïåéöû è
ÿïîíöû â ýòîì äåëå çíà÷è-

òåëüíî îáîãíàëè Íîâûé Ñâåò

Ðèñ. 2. Íà êóõíå ãåíåðàòî-
ðû òèïà MicroCHP ìîæíî

ñïóòàòü ñî ñòèðàëüíîé
èëè ïîñóäîìîå÷íîé

ìàøèíîé. Èíîãäà ãåíåðà-
òîðû ñòàâÿò â ïîäâàëå

Ðèñ. 3. Ñõåìà ðàáîòû MicroCHP. Ïå÷ü (óêàçàíà åå
ýôôåêòèâíîñòü) ïîòðåáëÿåò ãàç ëèøü ïðè

ëþòîì ìîðîçå, à îáû÷íî íàãðåâàåò âîçäóõ èñêëþ-
÷èòåëüíî çà ñ÷åò áðîñîâîãî òåïëà, êîòîðîå

ïåðåäàåòñÿ îò ñòîÿùåãî ðÿäîì ÄÂÑ. Òîïëèâíàÿ
ýôôåêòèâíîñòü êîìáèíèðîâàííîãî ãåíåðàòîðà

ïîêàçàíà ñóììàðíàÿ — ïî âûðàáîòêå
ýëåêòðè÷åñòâà è òåïëà äëÿ äîìà

ìîáèëÿ. Âî âðåìÿ ñòîÿíêè àâòîìîáèëü îòäàâàë ÷àñòü ýíåðãèè äîìó — îò àêêóìóëÿòîðîâ ðàáîòàëè
íåñêîëüêî ëàìï è îòîïèòåëüíàÿ ñèñòåìà.

Çàðÿäíîå óñòðîéñòâî PG&E àâòîìîáèëü/ñåòü ìîæåò óñòàíàâëèâàòüñÿ íà ïàðêèíãàõ è â ãàðàæàõ.
Äëÿ øèðîêîãî ïðèìåíåíèÿ çàðÿäíûõ óñòðîéñòâ ïîòðåáóåòñÿ ðàçðåøåíèå ðåãóëèðóþùèõ îðãàíîâ.

Àíàëîãè÷íûå ñèñòåìû ðàçðàáàòûâàåò «Toyota» äëÿ ïðîåêòà «Toyota Dream House» è «Tokyo
Electric Power Co.» (TEPCO) äëÿ ýëåêòðîìîáèëåé «Mitsubishi».

Источник: http://oborot.blogspot.com

Â ÷àñû, êîãäà ïîòðåá-
ëÿåòñÿ ìèíèìóì ýëåêòðî-
ýíåðãèè, äîìàøíÿÿ ýëåêò-

ðîñòàíöèÿ ìîæåò ïîñòàâ-
ëÿòü ýëåêòðè÷åñòâî â ðàñ-
ïðåäåëèòåëüíóþ ñåòü ãîðîäà

èëè ðàéîíà. Áëàãî ðàññ÷è-
òàíû òàêèå óñòðîéñòâà ÷óòü
íå íà êðóãëîñóòî÷íóþ ðà-

áîòó, à èõ äâèæêè ñêîíñò-
ðóèðîâàíû òàê, ÷òî èìåþò
âûñîêèé ìîòîðåñóðñ.

Äàëüøå âñå çàâèñèò îò
ðàçóìíîñòè ìåñòíûõ çàêîíîâ
è ðàñòîðîïíîñòè ýíåðãîêîì-
ïàíèé. Ñîâðåìåííûå ýëåêò-
ðîííûå ñ÷åò÷èêè ïîçâîëÿþò
íå òîëüêî ðåãèñòðèðîâàòü
ýíåðãèþ, çàáðàííóþ äîìîì
èç ñåòè, íî è âû÷èòàòü èç
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íåå ýíåðãèþ, ïîñòàâëåííóþ â îáðàòíîì íàïðàâ-
ëåíèè — èç äîìà â ñåòü. À ñ÷åòà âûïèñûâàòü
òîëüêî çà ðàçíèöó â ýòèõ âåëè÷èíàõ.

Òàêàÿ ñõåìà óæå äàâíî ðàáîòàåò âî ìíîãèõ

ñòðàíàõ, îíà áûëà îòðàáîòàíà åùå íà äîìàø-

íèõ õîçÿéñòâàõ, óñòàíîâèâøèõ ñîëíå÷íûå áà-

òàðåè èëè âåòðÿêè â êà÷åñòâå äîïîëíèòåëüíûõ

ãåíåðàòîðîâ ýëåêòðè÷åñòâà. Äåñÿòêè òûñÿ÷ äî-

ìîâ â ßïîíèè è Åâðîïå óæå îñíàùåíû ðàçëè÷-

íûìè ìîäåëÿìè ïîðòàòèâíûõ êîìáèíèðîâàííûõ

òåïëîýëåêòðîãåíåðàòîðîâ, à íåäàâíî ñèñòåìû

MicroCHP íà÷àëè çàâîåâàíèå Íîâîãî Ñâåòà ñ

óñòàíîâêè ïåðâûõ òàêèõ ìàøèí ó íåñêîëüêèõ

ñåìåé. Â ÷àñòíîñòè, ðå÷ü èäåò î âàðèàöèè

MicroCHP, ñîçäàííîé ÿïîíñêîé êîìïàíèåé

«Honda» ñîâìåñòíî ñ àìåðèêàíñêîé «Climate

Energy».

Ýòîò MicroCHP ñîåäèíèë â ñåáå ÿïîíñêèé

ÄÂÑ-ýëåêòðîãåíåðàòîð, òàêæå ðàáîòàþùèé íà ïðèðîäíîì ãàçå, ñ àìåðèêàíñêèì ãàçîâûì íàãðåâàòå-

ëåì. Îñíîâíîé ðåæèì óñòðîéñòâà — ðàáîòà òîëüêî ÄÂÑ. Îí ïîñòàâëÿåò 1,2 êÂò ýëåêòðè÷åñòâà, à

åãî òåïëîîáìåííèê îáåñïå÷èâàåò îáîãðåâ äîìà. Ñóììàðíûé ÊÏÄ ýòîãî êîìáèíèðîâàííîãî ãåíåðàòî-

ðà, â çàâèñèìîñòè îò íàãðóçêè, ñîñòàâëÿåò 83–90 %, ò. å. òàêàÿ äîëÿ ýíåðãèè, ñîäåðæàùåéñÿ â

ìåòàíå, ïðåâðàùàåòñÿ â ýëåêòðè÷åñòâî è òåïëî äëÿ äîìà. À ïîñêîëüêó ïðèðîäíûé ãàç — òîïëèâî

ñðàâíèòåëüíî íåäîðîãîå, âûãîäà â ñðàâíåíèè ñî ñòîïðîöåíòíîé ïîêóïêîé ýëåêòðè÷åñòâà â ñåòè

î÷åâèäíà. È ãàçîâûå êîìïàíèè íå â íàêëàäå: ïîòðåáèòåëè ïëàòÿò ïî ãàçîâîìó ñ÷åò÷èêó.

Â ñàìûé æå ïèê ìîðîçîâ, êîãäà áðîñîâîãî òåïëà îò ÄÂÑ óæå íå áóäåò õâàòàòü äëÿ ïîääåðæàíèÿ

â äîìå íîðìàëüíîé òåìïåðàòóðû, õîçÿåâà ýòîãî ÿïîíñêî-àìåðèêàíñêîãî àãðåãàòà ìîãóò âêëþ÷èòü

äîïîëíèòåëüíî ãàçîâûé îáîãðåâàòåëü, âñòðîåííûé â ñèñòåìó.

Òàêàÿ êîìáèíàöèÿ âîçäóõîíàãðåâàòåëÿ è ÄÂÑ-ãåíåðàòîðà

âûáðàñûâàåò íà 30 % ìåíüøå óãëåêèñëîãî ãàçà íà êàæäûé

Äæîóëü âûðàáîòàííîé â ñóììå ýëåêòðè÷åñêîé è òåïëîâîé ýíåð-

ãèè ïî ñðàâíåíèþ ñ êëàññè÷åñêîé ñõåìîé ñ èñïîëüçîâàíèåì öåí-

òðàëèçîâàííîé òåïëîýëåêòðîñòàíöèè.

Óâû, ñàìè MicroCHP íåäåøåâû — ìîäåëü, ãåíåðèðóþùàÿ

êèëîâàòò ýëåêòðè÷åñòâà ïëþñ òåïëî, äîñòàòî÷íîå äëÿ êîòòåäæà

â òðè ñïàëüíè, ñòîèò $13 òûñÿ÷. Ñèñòåìà íà íåñêîëüêî êèëî-

âàòò ýëåêòðè÷åñêîé ìîùíîñòè ñòîèò óæå $20 òûñÿ÷.

Ñ äðóãîé ñòîðîíû, åñëè ðå÷ü èäåò î ïîñòðîéêå íîâîãî äîìà,

äëÿ êîòîðîãî è òàê ïðèøëîñü áû ïîêóïàòü ñèñòåìû îáîãðåâà

ïîìåùåíèé è íàãðåâà âîäû â âîäîïðîâîäå, èç ýòîé ñóììû íóæ-

íî âû÷åñòü áîëåå ïîëîâèíû — âåäü MicroCHP çàìåíÿåò ñîáîé

ýòè îòäåëüíûå óñòðîéñòâà.

Íóæíî ó÷åñòü, ÷òî â íî÷íûå ÷àñû ðàáîòàþùèé ãåíåðàòîð

«ïðîäàåò» ýëåêòðè÷åñòâî ìåñòíîé ñåòêå. Â ÑØÀ, ê ïðèìåðó,

òàêàÿ 1-êèëîâàòòíàÿ óñòàíîâêà óìåíüøàåò ñ÷åò çà ýëåêòðè÷å-

ñòâî ïðèìåðíî íà $800 â ãîä. Òî åñòü êîìáèíèðîâàííûé àãðå-

ãàò îêóïèòñÿ ëåò çà ñåìü. Äàëüøå — ÷èñòàÿ ýêîíîìèÿ.

Äà è âñåì ïðî÷èì îò òàêèõ àïïàðàòîâ åñòü âûãîäà: âåäü

îáùèå âûáðîñû âðåäíûõ âåùåñòâ ñîêðàùàþòñÿ. Óìåíüøàåòñÿ

íàãðóçêà íà áîëüøèå ýëåêòðîñòàíöèè, ýíåðãîñåòè ìîãóò ìåíüøå áåñïîêîèòüñÿ î ïåðåãðóçêàõ â

÷àñû ïèê.

Êðóã çàìêíóëñÿ. Ðàçâå òîëüêî «äîìàøíèé î÷àã» òåïåðü áîëüøå ïîõîæ íà ñòèðàëüíóþ ìàøè-

íó. Ðàçóìååòñÿ, åñëè íå ïðèíèìàòü âî âíèìàíèå ïîïóëÿðíûå äîìàøíèå êàìèíû. Íî îíè íåñóò, ïî

áîëüøåé ÷àñòè, äåêîðàòèâíóþ ôóíêöèþ.

http://www.membrana.ru

Ðèñ. 5. MicroCHP îò Honda ñî
ñíÿòîé ñòåíêîé

Ðèñ. 4. Ñëåâà: êîìáèíèðîâàííûé ýëåêòðîòåïëîãåíåðà-
òîð «Honda». Åãî ðàáîòó ñîïðîâîæäàåò íèçêèé øóì,

ñîïîñòàâèìûé ñ î÷åíü òèõèì ðàçãîâîðîì. Ñïðàâà:
ÿïîíñêî-àìåðèêàíñêèé êîìïëåêò îò «Climate Energy»:
òîò æå êîìáèíèðîâàííûé ÄÂÑ-ãåíåðàòîð è ïîäîãðåâà-

òåëü âîçäóõà, ðàáîòàþùèé ñ â òàíäåìå ñ ÿïîíñêèì
àïïàðàòîì
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ÎÁÐÀÇÎÂÀÍÈÅ È ÍÀÓ×ÍÎ-ÈÑÑËÅÄÎÂÀÒÅËÜÑÊÈÅ ÖÅÍÒÐÛ
Â ÎÁËÀÑÒÈ ÀËÜÒÅÐÍÀÒÈÂÍÎÉ ÝÍÅÐÃÅÒÈÊÈ

EDUCATION AND SCIENTIFIC RESEARCH CENTRES
IN RENEWABLE ENERGY

ÎÁÐÀÇÎÂÀÍÈÅ È ÍÀÓ×ÍÎ-ÈÑÑËÅÄÎÂÀÒÅËÜÑÊÈÅ ÖÅÍÒÐÛ
Â ÎÁËÀÑÒÈ ÀËÜÒÅÐÍÀÒÈÂÍÎÉ ÝÍÅÐÃÅÒÈÊÈ

EDUCATION AND SCIENTIFIC RESEARCH CENTRES
IN RENEWABLE ENERGY

Department School of the Built Environment, FireSERT

Job Title Early Stage Training Fellowship

Location Jordanstown

The Hydrogen Safety Group at the University of
Ulster led by Prof Vladimir Molkov has been awarded
4 EU Marie Curie Early Stage Training Fellowships to
be undertaken under the European Commission grant
HySAFEST “EST in Fundamentals of Hydrogen Safe-
ty” (contract No. MEST-CT-2005-020245, 2006-2010,
EC contribution is 709,573.73 Euro). Funding is for 4
Fellowships of 3 years duration each. Three have been
employed since this grant in September 2006. Funding
for a fourth fellow due to start 1/9/07. End date of the
entire project is 30/8/2010. Under the rules of the
scheme the young researchers must be in their first 4
years of research activity (full-time equivalent). They
should have a degree or Masters in a relevant disci-
pline. Researchers with a doctoral degree are not eligi-
ble. Fellows cannot be a UK national, nor can they have
resided in the UK for more than 12 months in the 3
years immediately prior to their appointment. In addi-
tion to living allowance, a researcher will receive a
monthly mobility allowance.

The aim of this HySAFEST project is to offer a
unique opportunity for researchers in the early stages of
their professional careers to work in an internationally
recognised multi- and interdisciplinary research team of
scientists and engineers within the School of the Built
Environment of the University of Ulster (UU) pursuing
wide national and international research collaboration
strategy. Hydrogen Safety Programme at UU totals
£1.1M. UU participates in 4 of 10 EC FP6 projects in
area of hydrogen safety. HySAFER group is carrying
out an extensive joint programme of activities as a part-
ner in the European Network of Excellence HySafe (“Safe-
ty of Hydrogen as an Energy Carrier”, http://
www.hysafe.org/) an FP6 STREP HYPER (“Installation
permitting guidance for hydrogen and fuel cells station-
ary applications”. http://www/hyperproject.eu/). The
purpose of HySAFEST is to complement and enhance UU
activities in the NoE HySafe and related projects. HySAF-
EST offers structured scientific and technological train-
ing, including the use of contemporary techniques such
as large eddy simulation, as well as providing a wide
range of complementary skills. The researchers will have
access to one of Europe’s most advanced research facili-
ties, funded by the UK government in 2001 (8.1M Euro).
The principal output from the propose project will be
the creation of new European cadres of researchers. The
project will add a further dimension and contribute to
the main objective, formulated by the HySafe consorti-
um, i. e. to strengthen, integrate and focus fragmented
research efforts to provide a basis for the removal of
safety-related barriers to the implementation of hydro-
gen within the market.

Job Description:
The Researcher will undertake doctoral studies in

the emerging field of hydrogen safety, build long-term
collaboration and make a contribution to overcoming
fragmentation of European research in the field. He/
she will be trained to handle such diverse outstanding
problems in hydrogen safety as the formation and com-
bustion of non-uniform clouds after accidental releases
of gaseous or liquefied hydrogen in confined geometries
and open atmosphere, hydrogen ignition, conjugate heat
transfer from jet fires to construction elements, miti-
gation of explosions, risk assessment of hydrogen appli-
cations, etc. They will contribute to closing the knowl-
edge gaps in hydrogen safety, an important field for
efficient introduction and commercialisation of hydro-
gen as an energy carrier.

Main Responsibilities:
• Undertake a doctoral study in multidisciplinary

area of hydrogen safety on a topic agreed with
supervisor(s).

• Establish an individually tailored Personal Ca-
reer Development Plan comprising training needs and
scientific objectives, and report upon the success with
which these objectives have been met, particularly to
the Training Advisory Board. Submit written reports
and make progress presentation to the Training Adviso-
ry Board every three months.

• Use advanced tools, particularly computational
fluid dynamics, for modelling and numerical simulations
of physical-chemical phenomena related to hydrogen
safety.

• Carry out verification and validation of models
and tools against experimental data.

• Contribute to research activities of the Europe-
an Network of Excellence HySafe as a member of UU
hydrogen safety team, in particular to academia/indus-
try cooperation and other hydrogen safety related
projects

• Participate in training courses, summer schools,
present results of research at conferences and meet-
ings, including those organised under umbrella of the
NoE HySafe.

• Foster knowledge and technology transfer.
• Work in a strong collaboration with national and

international partners
•  Submit and publish research results in relevant

peer reviewed journals and proceedings of internation-
al conferences.

• Contribute to teaching, including course on in
Hydrogen Safety Engineering at UU when relevant.

• Taking on other duties as may reasonably be re-
quested.

ADDRESS: University of Ulster, FireSERT Institute (Block 27), Newtownabbey, BT37 0QB, Northern Ireland, UK
www.engj.ulst.ac.uk/tacg/projects.php?mfm=detail&id=6

Prof. Vladimir Molkov
T: +44(0)2890368731
F: +44(0)2890368726
E: v.molkov@ulster.ac.uk

Dr. Dmitriy Makarov
T: +44(0)2890368750
F: +44(0)2890368726
E: dv.makarov@ulster.ac.uk

Dr. Arief Dahoe
T: +44(0)2890368763
F: +44(0)2890368726
E: ae.dahoe@ulster.ac.uk

Dr. Sile Brennan
T: +44(0)2890368751
F: +44(0)2890368726
E: sl.brennan@ulster.ac.uk
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Ïÿòàÿ òîðæåñòâåííàÿ öåðåìîíèÿ íàãðàæäåíèÿ ëàóðåà-
òîâ Ìåæäóíàðîäíîé ýíåðãåòè÷åñêîé ïðåìèè «Ãëîáàëüíàÿ ýíåð-
ãèÿ» ñîñòîÿëàñü 9 èþíÿ 2007 â ðàìêàõ XI Ïåòåðáóðãñêîãî
Ìåæäóíàðîäíîãî Ýêîíîìè÷åñêîãî ôîðóìà. È ñðàçó ñòàëà îä-
íèì èç ñàìûõ ÿðêèõ ñîáûòèé Ôîðóìà.

«Âîò óæå â ïÿòûé ðàç ìû ïðîâîäèì öåðåìîíèþ âðó÷å-
íèÿ ìåæäóíàðîäíîé ïðåìèè «Ãëîáàëüíàÿ ýíåðãèÿ». È çà ýòè
ãîäû îíà ñòàëà íå ïðîñòî òðàäèöèîííîé, íî è ïðèîáðåëà
âåñîìîå çâó÷àíèå», — ýòèìè ñëîâàìè Ïðåçèäåíò Ðîññèè Âëà-
äèìèð Ïóòèí ïðèâåòñòâîâàë ëàóðåàòîâ ïðåìèè è ãîñòåé öåðå-
ìîíèè.

Â ýòîì ãîäó ïî÷åòíûõ íàãðàä óäîñòîåíû:
äîêòîð Òîðñòåéíí Èíãè Ñèãôóññîí, Èñëàíäèÿ (ëàóðåàò

Ïðåìèè çà ïðîåêò «Èññëåäîâàíèÿ è ðàáîòû ïî âíåäðåíèþ
âîäîðîäíîé ýíåðãåòèêè Èñëàíäèè»;

äîêòîð Äæåôôðè Õüþèòò, Âåëèêîáðèòàíèÿ (ëàóðåàò
Ïðåìèè çà ïðîåêò «Ôèçèêî-òåõíè÷åñêèå îñíîâû òåïëîýíåð-
ãåòè÷åñêèõ òåõíîëîãèé — ãèäðîäèíàìèêà, òåïëîîáìåí, íå-
ñòàöèîíàðíûå è âîëíîâûå ïðîöåññû â ìíîãîôàçíûõ ñðåäàõ»);

àêàäåìèê Âëàäèìèð Íàêîðÿêîâ, Ðîññèÿ (ëàóðåàò Ïðå-
ìèè çà ïðîåêò «Ôèçèêî-òåõíè÷åñêèå îñíîâû òåïëîýíåðãåòè-
÷åñêèõ òåõíîëîãèé — ãèäðîäèíàìèêà, òåïëîîáìåí, íåñòàöè-
îíàðíûå è âîëíîâûå ïðîöåññû â ìíîãîôàçíûõ ñðåäàõ»).

Ïðåäñåäàòåëü Ìåæäóíàðîäíîãî êîìèòåòà ïî ïðèñóæäå-
íèþ ïðåìèè, àêàäåìèê ÐÀÍ, íàó÷íûé ðóêîâîäèòåëü ÎÊÁ
èì. È. È. Àôðèêàíòîâà Ôåäîð Ìèòåíêîâ â ñâîåé ðå÷è îòìå-
òèë, ÷òî èññëåäîâàíèå ðîññèéñêîãî è àíãëèéñêîãî ó÷åíûõ —
«ãëóáîêàÿ ôóíäàìåíòàëüíàÿ ðàáîòà, èìåþùàÿ ïðàêòè÷åñ-
êîå ïðèìåíåíèå ïðàêòè÷åñêè âî âñåõ ñôåðàõ ýíåðãåòèêè». À
ðàáîòà ó÷åíîãî èç Èñëàíäèè äîêòîðà Ñèãôóññîíà «èíòåðåñíà
íå òîëüêî ñâîåé êîìïëåêñíîñòüþ, íî è, ÷òî áûâàåò íå÷àñ-
òî, ìåíåäæåðñêîé áèçíåñ-ñîñòàâëÿþùåé: âåäü àâòîðó óäà-
ëîñü ðåàëèçîâàòü íà òåððèòîðèè öåëîãî ãîñóäàðñòâà òî,
÷òî êàçàëîñü íåâîçìîæíûì âîîáùå»!

Âëàäèìèð Ïóòèí ïîçäðàâèë êàæäîãî èç ëàóðåàòîâ è ëè÷íî
âðó÷èë èì çîëîòûå ìåäàëè. 

Ïîçäðàâëåíèÿ ëàóðåàòàì íàïðàâèëè ðóêîâîäèòåëè Âåëè-
êîáðèòàíèè è Èñëàíäèè: ×ðåçâû÷àéíûé è Ïîëíîìî÷íûé
Ïîñîë Âåëèêîáðèòàíèè Ýíòîíè Ðàññåëë Áðåíòîí çà÷èòàë ïðè-
âåòñòâèå Ïðåìüåð-ìèíèñòðà ñâîåé ñòðàíû Òîíè Áëýðà. ×ðåç-
âû÷àéíûé è Ïîëíîìî÷íûé Ïîñîë Èñëàíäèè â Ðîññèè Áåíå-
äèêò Àñãåèðññîí ïîçäðàâèë ñâîåãî ñîîòå÷åñòâåííèêà äîêòîðà
Ñèãôóññîíà îò èìåíè Ïðåçèäåíòà Èñëàíäèè Îëàâóðà Ðàãíàðà
Ãðèìññîíà.

Íà ñöåíå òàêæå íàõîäèëèñü ðóêîâîäèòåëè êîìïàíèé-ó÷-
ðåäèòåëåé: Àíàòîëèé ×óáàéñ — Ïðåäñåäàòåëü Ïðàâëåíèÿ ÎÀÎ
ÐÀÎ «ÅÝÑ Ðîññèè» è Âëàäèìèð Áîãäàíîâ — Ãåíåðàëüíûé
äèðåêòîð ÎÀÎ «Ñóðãóòíåôòåãàç». Ê ñîæàëåíèþ, â ýòîì ãîäó
ïî ñîñòîÿíèþ çäîðîâüÿ íà öåðåìîíèè íå ñìîã ïðèñóòñòâîâàòü
Ïðåäñåäàòåëü Ïðàâëåíèÿ ÎÀÎ «Ãàçïðîì» Àëåêñåé Ìèëëåð.

ÑÎÑÒÎßËÀÑÜ ÏßÒÀß ÖÅÐÅÌÎÍÈß ÍÀÃÐÀÆÄÅÍÈß

ËÀÓÐÅÀÒÎÂ ÏÐÅÌÈÈ «ÃËÎÁÀËÜÍÀß ÝÍÅÐÃÈß

Торстейнн Инги Сигфуссон

Президент Icelandic New Energy Ltd. и
Председатель of Genery-Varmaraf Ltd.,
термоэлектрическая компания
Родился 4 июня 1954 года.
1973 г. — Физика и Математика. Уни-
верситет Копенгагена.
1978 г. — Лаборатория Cavendish. Универ-
ситет Кембриджа.
1983 г. — Диссертация «Электронная
cтруктура и магнитные возбуждения
в Ni3Al».
1985 г. — профессор по эксперимен-
тальной физике; 1986 г. — профессор
по физике твердого тела; 1988 г. —
выдвинут вместе с Джоном Халфда-
нарсоном на Скандинавскую премию по
технологии.
1991 г. — Правление Скандинавского
Фонда Промышленности; 1994 г. —
председатель Исландского Правления
Совета исследования промышленнос-
ти и технологии. Председатель Универ-
ситета, директор Технического научно-
исследовательского института
1997 г. — назначен Правительством
председателем Исландского совета
исследования «Rannis» до 2000 г.
С 2000 г. — Президент Icelandic New
Energy Ltd. и Председатель  Genery-
Varmaraf Ltd., термоэлектрическая
компания.

Джеффри Хьюитт

Член Королевского общества Великоб-
ритании, Европейской академии наук
и искусств и ряда других междуна-
родных организаций
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Èñïîëíèòåëüíûé äèðåêòîð Ïðåìèè Èãîðü Ëîáîâñêèé ñêà-
çàë: «Ïÿòàÿ öåðåìîíèÿ âðó÷åíèÿ ïðåìèè ÿâèëàñü ñàìîé èí-
òåðåñíîé è êðàñî÷íîé. Ïðîôåññèîíàëüíûé, êîìïåòåíòíûé è
êðåàòèâíûé ïîäõîä ïàðòíåðîâ ñäåëàë ñâîå äåëî: ñòèëüíî óê-
ðàøåííûå çàë è ñöåíà, ïðåçåíòàöèîííûå ðîëèêè î ëàóðåàòàõ
êàê áû ñæàëè âðåìÿ öåðåìîíèè è ïîçâîëèëè ãîñòÿì ëó÷øå
ïîíÿòü ñóòü èññëåäîâàíèé ïîáåäèòåëåé. Îäíàêî áîëåå âàæíî,
÷òî ëàóðåàòû 2007 ã. — çàìå÷àòåëüíûå ó÷åíûå, ñäåëàâøèå
ìíîãî äëÿ ðàçâèòèÿ ýíåðãåòèêè íà Çåìëå».

Öåðåìîíèÿ íàãðàæäåíèÿ ëàóðåàòîâ Ìåæäóíàðîäíîé ýíåð-
ãåòè÷åñêîé ïðåìèè «Ãëîáàëüíàÿ ýíåðãèÿ» ïîäâåëà èòîã “Íå-
äåëå «Ýíåðãèÿ áóäóùåãî»” — ÷åðåäå ñïåöèàëüíûõ ìåðîïðèÿ-
òèé â ÷åñòü ëàóðåàòîâ Ïðåìèè.

Родился в 1934 году г. Уорингтон, Ан-
глия.

В 1957 году закончил Манчестерский
университет.

С 1957 по 1990 гг. работал в Харуэльс-
кой лаборатории, руководил отделом
теплообмена и гидродинамики. Автор
известной монографии «Введение в
ядерную энергетику».

С 1990 г. профессор Королевского кол-
леджа в Лондоне, вел преподаватель-
скую и исследовательскую работу в
области гидродинамики и теплообме-
на в двухфазных потоках, с 1999
года — почетный профессор.

Член Королевского общества Великоб-
ритании, Европейской академии наук
и искусств и ряда других международ-
ных организаций.

Был президентом Общества по тепло-
обмену Великобритании.

Владимир Накоряков

Советник РАН.

Родился 26 июля 1935 года.

В 1958 году окончил Томский политех-
нический университет. С этого же года
работает в Сибирском отделении Рос-
сийской академии наук.

С 1965 года по настоящее время
в Институте теплофизики СО РАН
(м. н. с., зав. лабораторией, зам. дирек-
тора, директор Института). Занимает-
ся исследованием процессов гидроди-
намики и тепломассопереноса в обла-
сти энергетических технологий.

С 1985 по 1990 г. заместитель предсе-
дателя Сибирского отделения Россий-
ской академии наук. Организует рабо-
ты по практическому использованию
результатов научных исследований в
современных энергетических техно-
логиях.

В настоящее время академик Влади-
мир Накоряков является советником
РАН.

Автор более 400 научных статей и
более 30 патентов в области теорети-
ческих основ современного энергома-
шиностроения.

ÏÐÈÂÅÒÑÒÂÈÅ ÏÐÅÇÈÄÅÍÒÀ ÐÎÑÑÈÈ

«Ýòà íàãðàäà ïðèñóæäàåòñÿ çà âûäàþùèåñÿ íàó÷íûå äî-
ñòèæåíèÿ â îáëàñòè ýíåðãåòèêè. È îñîáî ïîä÷åðêíó — àíà-
ëîãîâ òàêîé ïðåìèè â ìèðå äî ñèõ ïîð íå áûëî.

Ìåæäóíàðîäíàÿ ïðåìèÿ «Ãëîáàëüíàÿ ýíåðãèÿ» çàäóìû-
âàëàñü è ñîçäàâàëàñü êàê íàãðàäà íîâîãî òûñÿ÷åëåòèÿ. Ñ÷è-
òàþ ãëóáîêî ñèìâîëè÷íûì è åñòåñòâåííûì äåëîì, ÷òî îíà
ó÷ðåæäåíà ïî èíèöèàòèâå Ðîññèè è â Ðîññèè — îäíîãî èç
ïðèçíàííûõ ëèäåðîâ ìèðîâîãî ýíåðãåòè÷åñêîãî ðûíêà. Ñòðà-
íû, ó êîòîðîé íàêîïëåí îãðîìíûé îïûò ìåæäóíàðîäíîãî
ñîòðóäíè÷åñòâà â ýòîé ñôåðå...

Ìû æèâåì â ýïîõó, êîãäà çàäà÷è, ñòîÿùèå ïåðåä ÷åëîâå-
÷åñòâîì, íîñÿò âñåîáùèé, ãëîáàëüíûé õàðàêòåð. È ýôôåê-
òèâíî ðåøèòü èõ ìîæíî, òîëüêî îáúåäèíèâ èíòåëëåêòó-
àëüíûé è òåõíîëîãè÷åñêèé ïîòåíöèàëû âñåãî ìåæäóíàðîä-
íîãî ñîîáùåñòâà.

Îäíà èç îñòðåéøèõ ïðîáëåì ñîâðåìåííîñòè — ýòî ýíåð-
ãîîáåñïå÷åíèå ìèðîâîé ýêîíîìèêè è íàñåëåíèÿ íàøåé ïëàíå-
òû. È çäåñü íàäî èñêàòü áîëåå ýôôåêòèâíûå ñïîñîáû èñ-
ïîëüçîâàíèÿ ýíåðãîðåñóðñîâ. Ýôôåêòèâíûå, â òîì ÷èñëå — è
ñ ýêîëîãè÷åñêîé òî÷êè çðåíèÿ.

Âàæíàÿ çàäà÷à — ýòî ïîèñê àëüòåðíàòèâíûõ èñòî÷íè-
êîâ ýíåðãèè. Îíè èãðàþò îãðîìíóþ ðîëü äëÿ çàâòðàøíåãî
äíÿ âñåé íàøåé öèâèëèçàöèè.  Êðîìå òîãî, ãëîáàëüíûé ýíåð-
ãåòè÷åñêèé äèàëîã ñïîñîáåí ñîäåéñòâîâàòü äèíàìè÷íîìó ýêî-
íîìè÷åñêîìó ðîñòó, ðåøåíèþ îñòðûõ ñîöèàëüíûõ ïðîáëåì.
È êëþ÷åâàÿ ðîëü â ðàçâèòèè ýòîãî äèàëîãà, êîíå÷íî æå,
ïðèíàäëåæèò ëþäÿì íàóêè.

Èìåííî íà ïîääåðæêó è ñòèìóëèðîâàíèå èññëåäîâàíèé,
èìåþùèõ æèçíåííî âàæíîå çíà÷åíèå äëÿ âñåãî ÷åëîâå÷åñòâà,
è îðèåíòèðîâàíà Ìåæäóíàðîäíàÿ ýíåðãåòè÷åñêàÿ ïðåìèÿ...

Óáåæäåí, ÷òî ïðåìèÿ «Ãëîáàëüíàÿ ýíåðãèÿ» âñåãäà áó-
äåò íà âûñîêîì óðîâíå äåðæàòü ñâîé ïðåñòèæ è àâòîðè-
òåò. À åå ëàóðåàòû — áóäóò ñïîñîáñòâîâàòü ðàçâèòèþ
ìåæäóíàðîäíîãî ýíåðãåòè÷åñêîãî äèàëîãà, áóäóò óêðåïëÿòü
ñîòðóäíè÷åñòâî ó÷åíûõ âî èìÿ ïðîãðåññà è ìèðîâîãî ýêîíî-
ìè÷åñêîãî ðàçâèòèÿ».

 

Èç âûñòóïëåíèÿ Ïðåçèäåíòà Ðîññèè Â. Â. Ïóòèíà
íà öåðåìîíèè âðó÷åíèÿ ïðåìèè «Ãëîáàëüíàÿ ýíåðãèÿ»
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Ïðîô. Ò. Çèãôóññîí ðàçðàáîòàë è îáîñíîâàë êîíöåïöèþ ïîñòðîå-
íèÿ Âîäîðîäíîé ýêîíîìèêè â îòäåëüíî âçÿòîé ñòðàíå. Ðåøèë êîìï-
ëåêñ îðãàíèçàöèîííûõ è íàó÷íî-òåõíè÷åñêèõ ïðîáëåì ïî ïåðåâîäó
àâòî- è ðûáíîãî ôëîòà Èñëàíäèè íà âîäîðîäíîå òîïëèâî, ïðîèçâîäè-
ìîå èç âîäû ñ ïîìîùüþ ÷èñòûõ ýíåðãîèñòî÷íèêîâ.

Ðóêîâîäèë ñîçäàíèåì êîëüöåâîé âîäîðîäíîé òðàññû îáùåñòâåí-
íîãî òðàíñïîðòà â Èñëàíäèè. Äîêàçàë òðåáóåìóþ âîäîðîäíóþ áåçî-
ïàñíîñòü è ïðîâåë  îïòèìèçèöèþ ñèñòåìû.

Íåêîòîðûå íàó÷íûå ðàáîòû:
• Ïîñëå ýêñïåðèìåíòîâ ñ Nascan îòêðûë íîâóþ îáëàñòü â èññëåäîâàíèè ìåòàëëîâ, ñâÿçàííóþ ñ

èíôîðìàöèîííûì ñîäåðæàíèåì ïîâåðõíîñòè ðàñïëàâà ìåòàëëîâ.
• Ñ ïîìîùüþ äîáàâêè óãëåðîäà â Fe–Si–C ïîëó÷åíû õèìè÷åñêèì ïóòåì âûñîêîòåìïåðàòóðíûå

ñòîéêèå êåðàìè÷åñêèå ìàòåðèàëû ñ î÷åíü âûñîêèì ñîïðîòèâëåíèåì âûñîêîé òåìïåðàòóðå (1600–
1700 °C).

• Íà îñíîâå àíàëèçà ýíòðîïèè äëÿ dHvA êîëåáàíèé â ñïëàâàõ ñîçäàë  òåõíîëîãèþ àíàëèçà äëÿ
äðóãèõ äèñöèïëèí, â ÷àñòíîñòè ïðèìåíÿåìóþ òåïåðü äëÿ àíàëèçà îçîíà Èñëàíäñêèì Ìåòåîáþðî.

• Èñïîëüçóÿ âàêàíñèè â SnO ïîëóïðîâîäíèêå è èõ îáìåí íà àòîìû ãàçà è âëèÿíèå çàìåùåíèÿ
íà ýëåêòðîïðîâîäèìîñòü ïðèìåíèë êðèñòàëë êàê ãàçîâûé äàò÷èê («ýëåêòðîííûé íîñ»), íà îñíîâå
êîòîðîãî Iceland Element Ltd ïðîèçâîäèò äàò÷èêè — ìèðîâûå ëèäåðû â îáíàðóæåíèè àììèàêà è
âîäîðîäíûõ ñîåäèíåíèé.

Ñ 1991 â êîîïåðàöèè ñ ãàìáóðãñêèì Âîäîðîäíûì Îáùåñòâîì âåäåò ïðîåêò ïåðåâîäà íà âîäîðîä
òðàíñïîðòà â Èñëàíäèè. Ïðåäëîæåí ãåîòåðìè÷åñêèé ïàð, êàê ýíåðãîèñòî÷íèê äëÿ  âîäîðîäíîãî
ñæèæåíèÿ â Èñëàíäèè. Âûïîëíåíû ðàáîòû ïî ñîçäàíèþ Èñëàíäñêîãî ðûáàöêîãî ôëîòà, ðàáîòàþ-
ùåãî íà âîäîðîäå.

Sigfusson ðàçðàáîòàë êîíöåïöèþ ñòðîèòåëüñòâà è ìåðû ïî îáåñïå÷åíèþ áåçîïàñíîñòè ñîçäàí-
íîé â Èñëàíäèè ñèñòåìû çàïðàâêè àâòîòðàíñïîðòà âîäîðîäíûì òîïëèâîì è ïðèâëåê ôèíàíñèðîâà-
íèå è ïàðòíåðîâ, â ïåðâóþ î÷åðåäü, Shell.

Èñëàíäñêàÿ New Energy  íàìåòèëà ïðîãðàììó íà ïÿòüäåñÿò ëåò  ðàçâèòèÿ ïî  çàìåíå óãëåâîäî-
ðîäíîãî òîïëèâà íà òðàíñïîðòå è ðûáàöêèõ ñåéíåðàõ è ïëàâáàçàõ. Êîìïàíèÿ îöåíèâàåò, ÷òî ïðè-
áëèçèòåëüíî 4,3 TWh ýíåðãèè áóäóò íåîáõîäèìû, ÷òîáû ïðîâåñòè òàêîå èçìåíåíèå, èñïîëüçóÿ
81000 ò âîäîðîäà.

Óæå â ïåðâûå ãîäû òûñÿ÷åëåòèÿ, â ðàçâèòèè òåõíîëîãèè Âîäîðîäíîé ýêîíîìèêè âûïîëíåíà
óñïåøíàÿ äåìîíñòðàöèÿ ïåðåâîäà îáùåñòâåííîãî àâòîáóñíîãî ïàðêà íà âîäîðîä. Ê êîíöó òåêóùåãî
äåñÿòèëåòèÿ íà âîäîðîä ïåðåâîäÿòñÿ òàêæå è ëåãêîâîé àâòîòðàíñïîðò è óæå ñòðîÿùèåñÿ ñóäà
íîâîãî âîäîðîäíîãî ðûáàöêîãî ôëîòà.

Â ðåçóëüòàòå ïðîâîäèìûõ óñïåøíî ðàáîò Èñëàíäèÿ ïåðâîé ïðåêðàòèò âûáðîñû ÑÎ2 è îòêàæåòñÿ
îò çàêóïêè íåôòè è ïðèðîäíîãî ãàçà, ïðåâðàòèâøèñü â Ýêîëàíäèþ — ñòðàíó Âîäîðîäíîé ýêîíîìèêè.

Ïðîô.Çèãôóññîí: Ïîñêîëüêó ýêñïåðèìåíò Èñëàíäèè óñïåøåí, äðóãèå íàöèè áóäóò ïðèìåðÿòü
åãî ê ñåáå. Íî êëþ÷ ê êîïèðîâàíèþ — ñ ïîìîùüþ ýêîëîãè÷åñêè ÷èñòîé ýíåðãèè ïðîèçâåñòè
âîäîðîäíîå òîïëèâî. Ïðè èñïîëüçîâàíèè èñêîïàåìûõ òîïëèâ íå ýêîíîìÿò íè äåíüãè, íè ýìèññèþ
ïàðíèêîâîãî ãàçà.

Âîäîðîäíàÿ ýêîíîìèêà íå áóäåò âîçìîæíà ïîêà íå çàïðÿãóò íóæíûì îáðàçîì ñîëíöå èëè
ÿäåðíóþ ýíåðãèþ. Âåäü âîäîðîä — íå ïåðâè÷íûé èñòî÷íèê, ýòî — ýíåðãîíîñèòåëü.
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1998 Chairman of Alur alvinnsla Ltd., an aluminium recycling company.
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University of Iceland
Dunhaga 3
IS-107 Reykjavik
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Tel.: (+354) 553 0900 (priv.)
Mobile: (+354) 896 5692
Fax: (+354) 552 8911
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Reykjavik
E-mail: this@raunvis.hi.is

RESEARCH WORKS

I. Fe–Si system
I.a. Phase transformations
Fundamental research into the Fe–Si system has

been focused on the rate of the transformation between
the alpha and the beta phase in FeSi2. The alpha phase
is metallic with tetragonal structure. It has Si atoms on
iron sites with a very high density of vacancies. The
beta phase is orthorhombic and semiconducting.

Very early in my research it was clear that Moss-
bauer spectroscopy could be very useful for this research.
The first measurements were made in cooperation with
Prof. Helgason. Carefully prepared samples made with
Bridgeman solidification in an Rf furnace were used to
obtain standard spectra. The overall results of the study
were a time-temperature-transformation diagram for the
eutectoid decomposition. On the basis of this work we
obtained a relationship between thermal history and prop-
erties of FeSi2. It was obvious from these studies that the
commercially produced ferrosilicon at the Icelandic Al-
loys plant is composed of a supercooled alpha phase. Long
waiting time of the product in high temperature envi-
ronment speeds up the decomposition and can result in
seggregation and fine particle formation which is very
much undesirable for the buyers of FeSi from Iceland.
On basis of these facts I have emphasized the importance
of fast cooling. If the phase dynamics and grain size as-
pects are combined ( longer cooling time leads to larger

grains and relatively weaker binding of grains) the need
for fast cooling is of ultimate importance.

As a result of the studies Icelandic Alloys changed
its cooling system for the caroussel used in the plant
and introduced “atomized” water spraying system. The
result has been an improved production both in speed
and quality. The resulting product was called STRONG-
SIL and had much better quality. The project was nom-
inated to represent Iceland for the Nordic Technology
Prize 1988.The most recent papers show the combined
application of Moessbauer and Eshelby tensorial analy-
sis to stresses and strain in the ferrosilicon matrix.

I.b. Fe-Si-C system.
By mixing carbon into ferrosilicon it is possible to

obtain a chemical reaction and the formation of silicon
carbide. Mr Leif Steindal at Icelandic Allys had discov-
ered that it was possible to produce high-temperature
resistant ceramic materials for insulating crucibles, la-
dles and linings by using such mixtures. But the nature
of the system remained not fully understood. The mix-
ture led to very high resistance to high temperature
(1600–1700 °C) but at the same time remaining loosely
bonded to the inner wall of the crucible og ladle. After
use several times the ladle was filled with metal slag
and the insulating layer could be removed rather easily
because of the weak bonding.

A project was initiated to understand the above proc-
ess which is now fully understood. To this end we made
use of for example Scanning Electron Microscopy (I led
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the purchase of a SEM machine and the establishment of a
SEM centre owned by University, Technological Institute
and Building Res. Inst.). Furthermore, we used powder
X-ray techniques and optical microscopy. The final expla-
nation of silicon carbide formation upon baking was found
by incorporating our knowledge of M”ssbauer effect of
the different phases. The carbon reacts with the free sili-
con in the off-stoichiometric FeSi (75 %). In some cases
the carbon seems to react with the eutectoid phases to
leave the ferrosilicon phase in its epsilon phase.

The research led to a definition of an optimum mix-
ture. Coming back to the strong heat resistance and
weak bonding it could be said that the optimum mix-
ture had the Shakespearean character of its strength
being a result of its weakness!

Fe–Si–C insulation materials are now marketed by
an affiliated Icelandic Alloys company called Bresi Ltd.
and is marketed as Steindalite.

I.c. Layercasting of ferrosilicon.
Combining all the information gathered in the above

mentioned studies it was possible to model the cooling
of the metal in a layered form. A large bed of ferrosil-
icon was cooled with a strong forced convective air blow-
ing vertically onto the 50 square meter bed.

Furthermore, this method could save the cost of
wearing out carousel wagons, as the layer casting meth-
od uses the next layer below as a bed. By this method and
model it was possible to optimize the cooling process as
regards area of bed and optimization of materials. The
layercasting bed is currently used a reserve facility for
cases where the water cooled carousel is being repaired.

References to publication list: 47, 74, 78, 84.
I.d. Ferrosilicon furnace and plasma technology.
I was one of the supervisors of Mr Helgi Thor In-

gason’s MSc project on furnace operation. This was the
first MSc in the Engineering Dept. of Unvierstiy of Ice-
land. Later, Ingason finished a PhD thesis at Trondheim
on the use of hollow electrodes in the production of FeSi,
based on experimental work close to my group and at Ice-
landic Alloys. Closely linked to this work is a project per-
formed at Icelandic Alloys concerning the measurement
of electrical current-voltage phase characteristics in the
three electrodes of the furnace. Knowledge of the phase
relationship is an important parameter in furnace control.

It should also be mentioned that plasma process
research has become a field of interest in my group. We
have for example studied the use of plasma technology
in aluminium dross recovery which is produced in thou-
sands of tonnes annually at Icelandic Aluminium ISAL.

The minister of environment asked me to investigate
the possibilities of plasma technology in destroying hazard-
ous waste. A report by meself and Mr. Ingason was deliv-
ered to the minister in 1994. At the time of this writing a
prefeasibility study has been completed regarding the pos-
sibility of such a venture in Iceland and it is expected that
a 1 MW plasma furnace will be set up in Iceland to take
care of dross, beverages and scrap aluminium.

II. Aluminium.
II.a. Oxidation of the surface of molten Al and the

NASCAN system
In 1992 I showed that sodium is the main catalyst

for oxidation in an aluminium melt. Sodium is a damag-
ing impurity element in Al and has to be purified out
by gassing with for example Chlorine. The sodium con-
tent can be traced back to the cryolite electrolysis bath.
Presently the sodium content is measured and control-
led by classical spectral analysis in a laboratory. This is
rather cumbersome and requires too much time.

In 1994 I won a prize in an innovation contest by the
Technological Institute and the Ministry of Industry which
led to the financing of a new concept for sodium measure-
ment called Nascan. It is based on the use of reflectivity
and black-body measurements above the aluminium sur-

face. The oxide layer and its growth rate will be directly
linked to Na content and analysis of changes in the re-
flected as well as black-body radiation is the core of the
Nascan idea currently being patented. The basic idea of
the technology was first introduced at the opening speech
of the Light Metals conference in San Fransico in 1994.

Following my experience with Nascan I am cur-
rently opening up a new field in metals research which
deals with the information content of a molten metals
surface. It will be dealt with more thoroughly in the
chapter on proposed research.

II.b. TiB2 grain refiners and their agglomeration
in aluminium.

In 1993 the director of research at Alusuisse, Dr.
Frank Boeuf, visited my laboratory. In the wake of the
visit he urged us to establish a cooperation betweeen the
University of Nottingham in UK and University of Ice-
land. At Nottingham there is considerable interest in
Aluminium. Also involved were the London Scandinavi-
an Metals Ltd. research team; they are world leading
producers of grain refiners used to refine grains in the
casting of aluminium.

ISAL had for some time had great troubles with a
quality problem in their aluminium. Foils made from
their metal had had the tendency to be damaged in roll-
ing by TiB2 particles probably originating from the grain
refiner. The problem is a well known one in the world.
The physics and chemistry of the agglomeration was
not well understood. A Ph. D. project was initiated and
applied for by an Icelandic student of materials science
from University of Colorado. The project was super-
vised by myself and Dr. Graham McCartney from Not-
tingham with myself adjunctly linked to Nottingham.

A model for agglomeration has been developed. By
a new approach to sample preparation where we use wa-
ter free polishing it has been possible to identify the
bonding agent as being remains of salts in the grain re-
finer. An interplay of wetting and salt remains is the
subtle cause of agglomeration. The industry is currently
moving away from TiB2 to Titanium carbides which are
believed not to suffer from salt remains. Gudmundsson
has finished his Ph. D. 1996 and has been offered a posi-
tion in the Alusuisse headquarters in Switzerland with
close links to Iceland. At the time of this writing we have
initated a second Ph. D. project where an Icelandic stu-
dent, Mr. Einar Asbjornsson examines the problem of
grain refiner dispersion in the aluminium bath. the project
is supervised by myself and McCartney from Notting-
ham and is sponsored by Alusuisse and LSM.

II.c. Chlorine-Aluminium interfaces
Because of the new knowledge concerning the in-

fluence of salt remains on grain refiners I have been
interested in studying in more detail how the chlorina-
tion of molten aluminium takes place. An MSc project
was completed by Mrs. S’varsd¢ttir 1996. In this work
we have been able to grow NaCl crystals on the inside
of a chlorine bubble embedded in molten aluminium sat-
urated with TiB2 and sodium. The key to this was a
rather ingenious new method developed in my laborato-
ry. The focus of the work has been the role of chlorine
as a bonding agent in agglomeration. the work has re-
vealed that chlorine can lead to agglomeration.

II.d. Licence to operate an aluminium smelter
When the Ministry of Environment started a nego-

tiation with the Atlantal group of companies for a new
aluminium smelter in Iceland I was asked to deal with
metals physics and my work became a substantial part
of the licence paper. The licence was granted in 1991.

II.e. Aluminium continuing education class
University of Iceland Institute for Continuing Ed-

ucation hosted a course on aluminium and its technolo-
gy in 1991. It covered about 40 hours and about 400
pages of lecture notes were handed out.

IIf. Aluminium surface treatment
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III. Magnesium
In 1993 Icelandic Alloys asked me to investigate

the production of magnesium in Iceland using a new
method that could be financially viable in Iceland. The
main idea was to obtain MgO from seawater by using
CaO sand and subsequently smelt with ferrosilicon.

This method had not previously been examined.
Our report showed the technical feasibility but we did
not undertake the economical feasibility. The Icelan-
dic Alloys management is discussing this now with
Northwest Alloys of US.

IV. Manganese
In 1991 large amounts of manganese crust were

discovered in submarine bethnic layers off Reykjanes
Iceland. I participated in a project supervised by the
official Bethnic Commision. We were able to produce a
bench top amount of high quality manganese. As re-
gards feasibility, the cost of mining at submarine levels
still outweigh the benefits.

V. Ni3Al.
This peculiar nickel aluminium alloy was the first

weak itinerant electron ferromagnet where the Fermi
surface was mapped (Sigfusson).

Its studies are difficult because of weak signal and
the socalled magnetic breakdown of the Landau orbits
in the de Haas van Alphen studies. I had, for a number
of years, been dreaming about a more thorough investi-
gation of the dHvA signals using more sophisticated
spectral analysis techniques.

I chose to use the method of maximum entropy spectral
analysis with a colleague here at the University Prof Johnsen
and a student Mr. Emilsson. A powerful tool was developed
and introduced at conferences abroad (for Ni3Al and ZrZn2)
and in a very well received Phys. Rev. Lett. paper.

RESEARCH IN TECHNICAL PHYSICS

I. Ozone
Having used the maximum entropy analysis for dHvA

oscillations in alloys I was interested in using the tech-
nique for other disciplines,for example the well known
ozone data from the Icelandic Weather Bureau which had
been collected from 1957 but never properly analysed.

Gu>mundur G. Bjarnason a physicist from Boulder
Colorado had just come back from his studies and is the
main specialist in Iceland in this field. I visited th National
Centre for Atmospheric Research ¡ Colorado and made it
possible for an Icelandic student to go there for a few weeks
visit. The ozone data have now been analysed in detail and
have led to a formation of a research laboratory in Iceland
called Halo presently in the Technological Centre
T’knigardur. The research continues independently and is
one of the most nascent new areas of research in Iceland.

II. Hydrogen.
Professor Bragi Arnason asked me 1991 to assist

him with some communications with the Hamburg Hy-
drogen Society, a Society for the promotion of hydrogen
as a clean energy carrier. They wanted to study produc-
tion in Iceland. Our innovation in the wake of this con-
tact was the suggestion of a geothermal steam assisted
hydrogen liquefaction in Iceland, and a new concept of
the Icelandic fishing fleet operating on hydrogen.

III. Tinoxide sensors.
Tinoxide is an interesting semiconductor which re-

sponses to gasses surrounding it. Vacancies in the tinox-
ide lattice can exchange gas atoms with the surrounding
gas. Using the influence of this on electrical conductivi-
ty it is possible to use the crystal as a gas sensor.

I initated a Nato workshop here with Prof. J. Gardner
in Iceland in 1991 concerning the use of such sensors as
an “electronic nose”. At that point Dr.Olafsson of our in-
stitute and some specialists at the Fisheries Research In-
stitute (E. Martinsdottir and G. Olafsdottir) started meas-
urements using tinoxide sensors for observing the deteri-

oration of fish tissue. At the time of this writing a detec-
tor for capelin quality measurement exists in prototype.

Using tinoxide as a sensor I experimented in my
spare time with ammonia detection. My idea was to make
a sensor system to monitor leaks from refrigerants. Now
a new company in northern Iceland Element Ltd. pro-
duces such sensors which are marketed on the world
market by Sabroe of Denmark. The Element system is a
world leader in ammonia detection.

My new idea for CFC detection by optical methods
was investigated with Prof. A. Kvaran.

IV. Apatite-ceramic substance in bones.
In this project I tried to isolate natural apatite crys-

tals from fish bones. Artificial apatite is used in bone
repair but is believed to suffer from too little fluoride
content compared to the natural apatite. We were able
to isolate apatite and we are currently negotiating with a
Japanese producer of artificial apatite for cooperation.

V. Icelandic eiderdown and its materials aspects.
The arctic eiderdown is a unique natural material.

Total production is about 4000 kg a year and thereof
about 3000 kg are collected in Iceland. To properly rinse
the down it is important to examine its materials aspects.

Following a call from producers, my laboratory
investigated its properties, such as temperature and me-
chanical as well as enzyme resistance.

SEM work was published at the request of Ency-
clopaedia Catalania 1995.

VI. Sea immersion detection sensor.
Sigfusson elaborated on the construction and safe-

ty measures of the hydrogen fuel plant and its financ-
ing and partners, such as Shell Oil.

Background and motivations
Iceland with its 290,000 inhabitants is a large pro-

ducer and user of electricity and perhaps among the
largest per capita on the planet. The Electric potential
of Iceland has been estimated to be about 55 TWh of
which only 8 TWh have been harnessed so far. The pri-
mary sources are hydroelectric and geothermal energy.

On the other hand, as a result of the cool climate
and the limited vegetation, the country is naturally de-
prived of fossil energy sources apart from some peat and
limited birchwood which served as an important energy
source for hundreds of years since the age of settlement.
In this way the transport, fishing and general energy
sectors are powered by imported fossil fuels.

In 2003 the anthropogenic emission of CO2 from Ice-
land was around 3 million metric tonnes or about 11 tonnes
per capita per year. This was caused by three roughly equal
factors: transportation, fishing fleet and general industry.
It should be noted that the use of electricity from renewa-
ble sources for aluminium smelting and ferrosilicon pro-
duction in Iceland still creates considerable carbon dioxide
emissions from the carbon electrodes during the process –
but saves appreciable amounts of emissions compared with
carbon based metal smelting utilized elsewhere in Europe.

Nevertheless, the carbon dioxide emissions from
Iceland had already towards the end of the last century
created what has been called a Kyoto dilemma in the
energy policy of Iceland. Most of the conversion from
carbon sources to a geothermal primary source for space
heating in Iceland was finished before the Kyoto refer-
ence year of 1990. This situation has caused an active
debate in Iceland. Along with the heavy imports of fossil
fuels these two factors have been major causes of a move-
ment to produce artificial fuels by the use of domestic
renewable energy sources, the main theme of this paper.

In 1997 the Ministry of Energy appointed a com-
mittee to investigate the possibility of domestic fuel
production. The committee was led by Mr. Hjalmar
Arnason MP. The committee recommended that efforts
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should be directed towards hydrogen and hydrogen rich
artificial fuels, eyeing the resulting savings on import-
ed oil and greater energy independence.

Hydrogen production in Iceland has already been
practised for over half a century trough the production
of fertilizers based on hydroelectric electrolysis of wa-
ter.  Hydrogen research at the University of Iceland
goes back over three decades to the work of the pioneers
Bragi Arnason, Thorsteinn Sigfusson et al. In 1998 the
government of Iceland headed by Prime Minister Odds-
son declaired its aim for a hydrogen economy in Iceland.

In 1998 a corporation, Icelandic New Enery Ltd. was
formed with 51 % of the shares owned by a consortium of
the main Icelandic corporations in the energy sector as
well as two major institutions. and the Government of
Iceland. Three international corporations joined as found-
ing members: Daimler-Chrysler, Norsk Hydro and Shell,
rounding up the remaining 49 % of the share capital.

The aim of the company was clear: a joint venture
to investigate the potential of eventually replacing fossil
fuels usage in Iceland with hydrogen based fuels and
ultimately create the world’s first “hydrogen economy”.
The Icelandic group devised a roadmap to reach the hy-
drogen economy, outlining the guiding goal of the nas-
cent Icelandic New Energy.  The strategy was to begin
with the introduction of a hydrogen-powered bus test-
fleet.  The next phase was to promote the integration of
fuel cell powered vehicles for passenger use.  The final
phase consisted of examining the possibility of replacing
the fishing fleet with hydrogen based vessels.

Icelandic New Energy anticipates approximately fif-
ty years of development towards the goal of replacing
fossil fuels in the transport and fishing sectors. The com-
pany estimates that about 4.3 TWh of energy will be needed
to complete the change, using 81,000 tonnes of hydrogen.
In the first decade of the millennium, demonstrations of
the developing hydrogen technology will be performed.
In the following decade fleets of hydrogen driven trans-
port and fishing systems will be introduced.  At its steep-
est part, the development will involve the deployment of
mass produced vehicles and engines for applications on
land and sea.  The completed scenario is expected to be
reached around 2050.  Considering the fact that Iceland
has seen two major infrastructure changes in the twenti-
eth century with hydroelectric and geothermal energy, it
is not unexpected to assume fifty years as reasonable for
the total duration for the hydrogen economy transition.

Projects
Icelandic New Energy under the general manage-

ment of Mr. Jon Björn Skulason MSc, began prepara-
tion for a demonstration project which sought financial
support from the Fifth Framework Programme of the
European Union.  The project was called ECTOS, Eco-
logical City TranspOrt System.  Its main objective was
to construct a hydrogen fuelling station completely in-
tegrated into an urban setting and feed three hydrogen
fuel cell busses in the mass transport fleet of Reykjavik
for a test period of two years. The project was divided
into a first phase  covering the first two years involv-
ing preparation, establishing infrastructure, a mainte-
nance facility, economic/social research, etc.  This was
to be followed by the second two years involving the
actual demonstration of three H2 buses and commercial
infrastructure. The second phase started in 2003. The
total cost of ECTOS is expected to be 7 Meuro.

The ECTOS project has as an additional important
ingredient, the analysis of carriers and hurdles for a
hydrogen economy in Iceland. The University of Iceland
and Ms. Maria Maack are responsible for socioeconomic
analysis and a number of polls intended to watch the
development of the public acceptance of the new con-
cept. In 2001, shortly after the formation of Icelandic

New Energy (INE) a poll was conducted of group of 1200
people who were surveyed of their knowledge about the
newly established company. 23 % of the people said they
had heard of INE. When asked their attitude towards
hydrogen as an energy carrier, 93 % said they held a
positive stance. This figure was unexpectedly high and
points towards an unusually positive public opinion which
may prove difficult to keep at such a high level. Well to
wheel based and LCA, analysis of life cycles, is an impor-
tant part of ECTOS. This part of the project is done in
close cooperation with the University of Stuttgart.

In cooperation with Hambug Elektricitaets Werke
Iceland is involved in an ongoing project in the area of
hydrogen transport to mainland Europe (ex. Hamburg).
Three different scenarios are studied: 2000 tonnes an-
nually, 20.000 tonnes and 200.000 tonnes. The project,
called Euro-Hyport is supported by the EU and was re-
ported in detail in 2003.

Creating a new infrastructure is of course a im-
mense task for the hydrogen economy. One has to bear
in mind that the present oil/gasoline infrastructure has
been built over almost a century. It is expected that the
infrastructure of hydrogen will have to be based on new
concepts as hydrogen fuelling does not require the den-
sity of fuelling depots as in the present Reykjavik gaso-
line infrastructure. The current infrastructure study
involves a comparison of distributed electrolyser stations
with centralized hydrogen production facilities connected
to outlets by pipeline or truck transport. It is hoped
that some guiding principles will be founded during the
ECTOS project and related projects in Iceland.

The most recent international project in Iceland is
“New – H – Ship” an EU project about hydrogen in ma-
rine applications and is just about to kick-off at the
time of this writing towards the end of January 2004.

As in all EU projects, Icelandic New Energy has
very carefully anticipated the role of dissemination. Dis-
semination takes place at many levels ranging from news-
paper articles to public seminars, summer schools and
the publication of web materials intended for education.

In the summer of 2003 the University of Iceland
held a one week long instructional conference (summer
school) on hydrogen technology and infrastructure, at-
tended by some 50 graduate students from 14 coun-
tries. The bulk of the conference was supported by Nor-
FA, Nordisk Forskarakademi, a Nordic organization on
Graduate training. The conference enjoyed internation-
ally regarded professors from Europe and USA and a
number of selected graduate students with differing
goals and backgrounds within the area of hydrogen.

The Nordic Council of Ministers and its programme,
Nordic Energy Research, has supported graduate
projects in the area of hydrogen, especially in storage.
In these projects, students from the Nordic countries
receive assistance for travelling and studies between
universities, research institutions and corporations in
the Nordic countries.

Also within the Nordic Energy Research there is
an interesting project called “Nordic Technology Fore-
sight” which looks closely into the evolving hydrogen
society in the Nordic countries through the critical and
innovative eye of the “foresight methodology”.

Thorsteinn Sigfusson hopes that once Iceland’s ex-
periment is successful, other nations will follow suit.
But the key to replicating Iceland’s clean energy mod-
el, he says, is to produce hydrogen fuel using renewable
energy. After all, using fossil fuels in the process saves
neither money nor greenhouse gas emissions.

Sigfusson: Hydrogen economy will not be possible
until, I think either the sun is harnessed, or nuclear
energy is harnessed in a way that, in an acceptable
manner. So that hydrogen is not a primary source, it’s
just a carrier.
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Î «ÇÅËÅÍÎÉ ÕÈÌÈÈ», ÍÀÍÎÒÅÕÍÎËÎÃÈßÕ,
ÎÁÐÀÇÎÂÀÍÈÈ È ÂÎÄÎÐÎÄÍÎÉ ÝÍÅÐÃÅÒÈÊÅ

Èíòåðâüþ äåêàíà õèìè÷åñêîãî ôàêóëüòåòà ÌÃÓ, àêàäåìèêà

Â. Â. Ëóíèíà Ìåæäóíàðîäíîìó íàó÷íîìó æóðíàëó «Àëüòåðíà-

òèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» è Èíòåðíåò-ïîðòàëó «Íàíîìåòð»

î «çåëåíîé õèìèè», èííîâàöèîííîì îáðàçîâàíèè è îëèìïèàäàõ,

íàíîòåõíîëîãèÿõ è âîäîðîäíîé ýíåðãåòèêå.

— Âàëåðèé Âàñèëüåâè÷, â ïîñëåäíåå âðåìÿ âñå
áîëüøå âíèìàíèÿ óäåëÿåòñÿ ýêîëîãèè è àëüòåðíàòèâ-
íûì èñòî÷íèêàì ýíåðãèè. Ìû çíàåì, ÷òî õèìè÷åñ-
êèé ôàêóëüòåò ÌÃÓ çàíèìàåòñÿ èííîâàöèîííûìè îá-
ðàçîâàòåëüíûìè ïðîãðàììàìè â ýòîé îáëàñòè è óñ-
ïåøíî ðàçâèâàåò èññëåäîâàòåëüñêîå íàïðàâëåíèå ïîä
íàçâàíèåì «çåëåíàÿ õèìèÿ». Íå ìîãëè áû Âû ïîÿñ-
íèòü, ÷òî ïîä ýòèì ïîíèìàåòñÿ, ðàññêàçàòü î ïîñëå-
äíèõ äîñòèæåíèÿõ â ýòîé îáëàñòè?

— Äåéñòâèòåëüíî, â ïîñëåäíèå ãîäû âî âñåõ âå-
äóùèõ óíèâåðñèòåòàõ ìèðà è íàó÷íûõ õèìè÷åñêèõ
öåíòðàõ ðàçâèâàåòñÿ îñíîâàííûé íà ïðèíöèïàõ «çå-
ëåíîé õèìèè» íîâûé ïîäõîä ê ðàçðàáîòêå òåõíîëî-
ãèé ïðîâåäåíèÿ õèìè÷åñêèõ ïðîöåññîâ. Ïðîõîäÿò
êîíôåðåíöèè ÈÞÏÀÊ: â ýòîì ãîäó òàêàÿ êîíôåðåí-
öèÿ áûëà â Äðåçäåíå, à â ñëåäóþùåì ãîäó êîíôåðåí-
öèÿ ïî «çåëåíîé õèìèè» ïðîéäåò è ó íàñ â Ðîññèè. Â
ðàìêàõ ïðîãðàììû «Èííîâàöèîííûé óíèâåðñèòåò»
(íàöèîíàëüíûé ïðîåêò «Îáðàçîâàíèå») â Ìîñêîâñêîì
óíèâåðñèòåòå ñîçäàí öåíòð «Õèìèÿ äëÿ óñòîé÷èâîãî
ðàçâèòèÿ — çåëåíàÿ õèìèÿ». Ýòîò öåíòð î÷åíü àêòèâ-
íî ðàçâèâàåòñÿ, ïðîâîäèò ñîâìåñòíûå ñåìèíàðû. Îäèí
èç ïîñëåäíèõ, íàïðèìåð, íàçûâàëñÿ «Íîâûå õèìè÷åñ-
êèå òåõíîëîãèè ïðîèçâîäñòâà áûòîâûõ ÷èñòÿùèõ
ñðåäñòâ». Ñ äîêëàäàìè íà íåì âûñòóïàëè ó÷åíûå ñ
ðàçíûõ êàôåäð õèìè÷åñêîãî ôàêóëüòåòà: ñ êàôåäðû
êîëëîèäíîé õèìèè, âûñîêîìîëåêóëÿðíûõ ñîåäèíåíèé,
ôèçè÷åñêîé õèìèè è äðóãèõ. Ìû ïðîâîäèì ïðåçåíòà-
öèþ ìèðîâîé êîìïàíèè «Ðåêåò», «Áåíçîèí» — ìèðî-
âûõ ëèäåðîâ â ñîçäàíèè ìîþùèõ ñðåäñòâ.

Îñíîâíîé ïðèíöèï «çåëåíîé õèìèè» — ìèíè-
ìèçèðîâàòü óùåðá, êîòîðûé íàíîñèò îêðóæàþùåé
ñðåäå íàøà äåÿòåëüíîñòü, ÿ èìåþ â âèäó õèìèêîâ. È
ïîíÿòíî, ÷òî ñîçäàíèå òåõíîëîãèé, êîòîðûå áû îáåñ-
ïå÷èâàëè âûñîêóþ óñòîé÷èâîñòü õèìè÷åñêèõ ïðîèç-
âîäñòâ è ïðîöåññîâ — ýòî î÷åíü ñâîåâðåìåííûé ïîä-
õîä ê õèìèè â öåëîì, êàê ê ìàòåðèàëüíîé ÷àñòè êóëü-
òóðû ÷åëîâå÷åñòâà.

Íåäàâíî â Ñåíàòîðñêîì êëóáå ñåíàòîðû Ñîâåòà
Ôåäåðàöèè ïðîâîäèëè êðóãëûé ñòîë ïî ïðîáëåìàì
âîäû â Ðîññèè. Ìû òî÷íî çíàåì, ÷òî âåñíîé âîäà â
Ìîñêâå ïðîñòî ñîâåðøåííî íåïðèãîäíà ê óïîòðåáëå-
íèþ. Ìîæíî îòêðûòü êðàí è óâèäåòü ðæàâóþ âîäó,
êîòîðàÿ î÷åíü ñèëüíî ïàõíåò õëîðîì. Ïîíÿòíî, ÷òî
ýòî âðåäíî. Â ÷àñòíîñòè, çà ýòèì êðóãëûì ñòîëîì ÿ
ïîñòàâèë âîïðîñ î òîì, ÷òî íóæåí çàêîí î ðàöèîíàëü-
íîì èñïîëüçîâàíèè âîäíûõ ðåñóðñîâ, à òàêæå çàêîí î
ïèòüåâîé âîäå. Òàêèå çàêîíû åñòü âî âñåõ ðàçâèòûõ
ñòðàíàõ, à ó íàñ åãî íåò. Ìû ÷àñòî âèäèì ïî òåëåâè-
çîðó, óçíàåì èç ÑÌÈ, ÷òî â ðàçíûõ òî÷êàõ íàøåé

ñòðàíû ëþäè ñòðàäàþò èç-çà òåõ áåçîáðàçèé, êîòî-
ðûå òâîðÿòñÿ ïî îòíîøåíèþ ê âîäíûì áîãàòñòâàì. Â
Ìîñêâå ýòî âèäíî îñîáåííî íàãëÿäíî. Çèìîé, íàïðè-
ìåð, ó íàñ èñïîëüçóþò ðåàêòèâ «àíòèãîëîëåä». Íî îí
áóäòî ñîçäàí äëÿ òîãî, ÷òîáû âñåõ âûïà÷êàòü: è àâòî-
ìîáèëè, è îáóâü, è îäåæäó. Íè â îäíîì êðóïíîì ãî-
ðîäå ìèðà ýòîãî óæå íåò, òîëüêî ó íàñ.

Âîò äðóãîé ïðèìåð. Ìû åæåäíåâíî ïîëüçóåìñÿ
ïðîäóêöèåé êîìïàíèè «Âèì-Áèëü-Äàí». Òðè ãîäà íà-
çàä êîìïàíèÿ ïðîñèëà íàøåé ïîìîùè: íàäî áûëî î÷è-
ñòèòü îò æåëåçà ìîñêîâñêóþ àðòåçèàíñêóþ âîäó, êî-
òîðóþ îíà èñïîëüçóåò íà ñâîèõ çàâîäàõ. Ìû ïîñòðîè-
ëè íåáîëüøóþ îçîíàòîðíóþ ñòàíöèþ â Ëèàíîçîâî,
êîòîðàÿ âûäåëÿåò èç ýòîé âîäû 3,5 ò æåëåçà â ãîä.
Çàòåì ìû åãî èñïîëüçóåì äëÿ ïðèãîòîâëåíèÿ êàòàëè-
çàòîðîâ, òî åñòü ðåøàåì çàäà÷ó ñîãëàñíî ïðèíöèïàì
«çåëåíîé õèìèè». Õèìèÿ, êàê íè îäíà èç îáëàñòåé
åñòåñòâîçíàíèÿ, âëèÿåò íà ýêîíîìèêó, áûò, âñþ íàøó
æèçíü, ïîýòîìó ñóùåñòâóåò ìíîãî ïðîáëåì, êîòîðûå
ìû ñòàðàåìñÿ ðåøàòü.

Òàê, ìû ïîäãîòîâèëè ñïåöèàëüíóþ ìàãèñòåðñ-
êóþ ïðîãðàììó, êîòîðóþ óòâåðäèëè â íàøåì öåíòðå
«çåëåíîé õèìèè». È ÿ äóìàþ, ÷òî ìû áóäåì è äàëü-
øå ðàçâèâàòü ýòî íàïðàâëåíèå. Ìû ïîäãîòîâèëè ïðè
ïîääåðæêå ÈÞÏÀÊ è ÈÍÒÀÑ ñáîðíèê, êîòîðûé íà-
çûâàåòñÿ «Çåëåíàÿ õèìèÿ Ðîññèè». Îí âûøåë â 2005
ãîäó íà ðóññêîì ÿçûêå, à â 2006 ãîäó — íà àíãëèéñ-
êîì ÿçûêå è åñòü âî âñåõ çàïàäíûõ óíèâåðñèòåòàõ. ß
ïîñòàðàëñÿ ïðèâëå÷ü ê ýòîé äåÿòåëüíîñòè âåäóùèõ
ó÷åíûõ èç ðàçíûõ ðåãèîíîâ íàøåé ñòðàíû, êîòîðûå
èñïîëüçóþò ïðèíöèïèàëüíî íîâûå ïîäõîäû ê îñóùå-
ñòâëåíèþ õèìè÷åñêèõ ðåàêöèé. Â ÷àñòíîñòè, àêàäå-
ìèêà Îëåãà ×óïàõèíà èç Åêàòåðèíáóðãà, ðàçâèâàþ-
ùåãî íåòðàäèöèîííûå ïîäõîäû ê îñóùåñòâëåíèþ
îðãàíè÷åñêèõ ðåàêöèé. Ìû, â ñâîþ î÷åðåäü, çàíèìà-
åìñÿ èñïîëüçîâàíèåì ñâåðõêðèòè÷åñêèõ ñðåä äëÿ ðå-
àëèçàöèè õèìè÷åñêèõ ïðîöåññîâ. Âîäà è äðóãèå âå-
ùåñòâà â ñâåðõêðèòè÷åñêèõ óñëîâèÿõ ïðèîáðåòàþò
ñîâåðøåííî äðóãèå ñâîéñòâà, íàïðèìåð, äèîêñèä óã-
ëåðîäà ïðåâðàùàåòñÿ â î÷åíü àêòèâíûé ðàñòâîðèòåëü.
È, ñêàæåì, ñåëåêòèâíîñòü îñóùåñòâëåíèÿ êàòàëèòè-
÷åñêèõ ðåàêöèé â ñâåðõêðèòè÷åñêîì ÑÎ2 ïðîñòî íå-
ñîïîñòàâèìà ñ òðàäèöèîííûì ïîäõîäîì.

Êðîìå òîãî, ìû òîëüêî ÷òî âûïóñòèëè íîâûé
æóðíàë «Ñâåðõêðèòè÷åñêèå ôëþèäû: òåîðèÿ è ïðàê-
òèêà», õîòÿ ýòî áûëî î÷åíü íåïðîñòî. Îí âêëþ÷åí â
àâòîðñêèé ïåðå÷åíü, à ñ 11 ïî 13 ñåíòÿáðÿ â Êàçàíè
ìû ïðîâåäåì óæå Òðåòüþ ìåæäóíàðîäíóþ êîíôåðåí-
öèþ, ïîñâÿùåííóþ ñâåðõêðèòè÷åñêèì ôëþèäàì.

×òî êàñàåòñÿ àëüòåðíàòèâíûõ èñòî÷íèêîâ ýíåð-
ãèè, òî íà õèìè÷åñêîì ôàêóëüòåòå ÌÃÓ âåäóòñÿ ðà-
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áîòû è â ýòîì íàïðàâëåíèè. Íåñêîëüêî ëåò íàçàä ñî-
âìåñòíî ñ Ìîñêîâñêèì èíñòèòóòîì ðàäèîýëåêòðîíè-
êè è àâòîìàòèêè ìû ñîçäàëè æóðíàë, êîòîðûé íàçû-
âàåòñÿ «Âîäîðîäíûé âñåîáó÷», ÿ ó÷àñòâóþ â íåì êàê
ïðåäñåäàòåëü ðåäàêöèîííîãî ñîâåòà. Ïî ýòîé òåìàòè-
êå ðåãóëÿðíî ïðîâîäÿòñÿ êîíôåðåíöèè. Íàäî ñêàçàòü,
÷òî ðåáÿò î÷åíü èíòåðåñóåò âñå, ÷òî ïðîèñõîäèò â ýòîé
îáëàñòè, è ÿ ñ áîëüøîé îõîòîé îáùàþñü ñ íèìè.

Ïðîáëåìàìè àêêóìóëèðîâàíèÿ âîäîðîäà íà õè-
ìè÷åñêîì ôàêóëüòåòå çàíèìàåòñÿ ïðîôåññîð Âèêòîð
Âåðáåöêèé (êàôåäðà õèìè÷åñêîé òåõíîëîãèè è íî-
âûõ ìàòåðèàëîâ). Ñåé÷àñ ðàçâèâàåì îðèãèíàëüíîå, íà
ìîé âçãëÿä, íàïðàâëåíèå: ïîëó÷åíèå ìíîãîñòåííûõ
óãëåðîäíûõ íàíîòðóáîê è èõ ìîäèôèêàöèé ñ íàíî÷à-
ñòè÷êàìè ìåòàëëîâ, àêêóìóëèðóþùèõ âîäîðîä. Ýòî
íàïðàâëåíèå, ñâÿçàííîå ñ íàíîñòðóêòóðàìè, äåéñòâè-
òåëüíî ïåðñïåêòèâíîå — â íàøåé ëàáîðàòîðèè óäà-
ëîñü àêêóìóëèðîâàòü çíà÷èòåëüíîå êîëè÷åñòâî âîäî-
ðîäà. Íàäî çàìåòèòü, ÷òî ìû ýòèì çàíèìàëèñü äàâ-
íî. Íàïðèìåð, ìîÿ êàíäèäàòñêàÿ äèññåðòàöèÿ áûëà
ïîñâÿùåíà áèíàðíûì ãèäðèäàì â êàòàëèçå, ÷åì íèê-
òî ðàíüøå íå çàíèìàëñÿ. È íà çàùèòå áûë âûâåøåí
ïëàêàò: «È ýòî ìíåíèå íàðîäà — ìåðòâ ìåòàëë áåç
âîäîðîäà!». Ýòó îáëàñòü — íîâûé êëàññ ãåòåðîãåííûõ
êàòàëèçàòîðîâ íà îñíîâå èíòåðìåòàëëè÷åñêèõ ñîåäè-
íåíèé è ãèäðèäîâ — ìû ïðîäîëæàåì ðàçâèâàòü êàê
îäíî èç íàïðàâëåíèé «çåëåíîé õèìèè».

Íàêîíåö, ãîä ñ íåáîëüøèì íàçàä íà áàçå íàøèõ
ñîâìåñòíûõ èññëåäîâàíèé ñ «Ðóññêèì àëþìèíèåì»
áûëà ñîçäàíà ëàáîðàòîðèÿ (ïðîôåññîð Åâãåíèé Âèê-
òîðîâè÷ Àíòèïîâ ÿâëÿåòñÿ çàâåäóþùèì ëàáîðàòîðè-
åé, à ÿ — íàó÷íûì ðóêîâîäèòåëåì), êîòîðàÿ î÷åíü
óñïåøíî ðàçâèâàåòñÿ. Îíà çàíèìàåòñÿ ôóíäàìåíòàëü-
íûìè ïðîáëåìàìè ïîëó÷åíèÿ àëþìèíèÿ, ïîñêîëüêó
ñåãîäíÿ â ìèðå íåò áîëåå ãðÿçíîãî è îïàñíîãî ïðîèç-
âîäñòâà, ÷åì àëþìèíèåâîå. Ó íàñ óæå åñòü ïåðâûå
óñïåõè. Êðîìå òîãî, äîñòèãíóòî ñîãëàøåíèå ñ Îëå-
ãîì Äåðèïàñêîé î ðåêîíñòðóêöèè äâîðîâîãî êîðïó-
ñà, ÷òî ïîçâîëèò íàì óâåëè÷èòü ïðèìåðíî íà òûñÿ-
÷ó êâàäðàòíûõ ìåòðîâ ïëîùàäü ó÷åáíûõ àóäèòîðèé.
Ìû ñîçäàäèì öåíòð ýëåêòðîõèìè÷åñêîãî ìàòåðèà-
ëîâåäåíèÿ, êîòîðûé êðàéíå íåîáõîäèì ñòðàíå, à òà-
êîãî ñåé÷àñ íåò. Ìû ðàñøèðèì ó÷åáíûå àóäèòîðèè,
êîíôåðåíö-çàë. Ñåé÷àñ óæå óñòàíàâëèâàþòñÿ óíè-
êàëüíûå ïðèáîðû: ðåíòãåíîâñêèé äèôðàêòîìåòð è
ÿïîíñêèé ìèêðîñêîï âûñîêîãî ðàçðåøåíèÿ.

— À ÷òî ïðîèñõîäèò â èíñòèòóòàõ Ðîññèéñêîé
Àêàäåìèè íàóê â îáëàñòè ðàçâèòèÿ âîäîðîäíîé ýíåð-
ãåòèêè?

— Ìû âñåãäà ïîääåðæèâàëè òåñíûå êîíòàêòû ñ
Êóð÷àòîâñêèì èíñòèòóòîì. Åãî ñîòðóäíèêè äàâíî çà-
íèìàëèñü ïðîáëåìàìè âîäîðîäíîé ýíåðãåòèêè, íàïðè-
ìåð, èçó÷àëè äåéòåðèäû òàêèõ ìåòàëëîâ, êàê òèòàí, è
äðóãèõ, êîòîðûå èñïîëüçîâàëèñü äëÿ çàìåäëåíèÿ íåéò-
ðîíîâ â àòîìíûõ ðåàêòîðàõ. Â ÷àñòíîñòè, öèðêîíèé âõî-
äèò â ñîñòàâ ìàòåðèàëîâ, èç êîòîðîãî èçãîòîâëåíû ñòåí-
êè ÿäåðíîãî ðåàêòîðà, è ïðè åãî âçàèìîäåéñòâèè ñ âî-
äîðîäîì ïîÿâëÿþòñÿ îïðåäåëåííûå ñëîæíîñòè.

Íà õèìè÷åñêîì ôàêóëüòåòå ÌÃÓ ïåðñïåêòèâíû-
ìè ðàçðàáîòêàìè ïî ñîçäàíèþ ïðèíöèïèàëüíî íîâî-
ãî äâèãàòåëÿ àâòîìîáèëÿ, ãäå íå áóäåò íèêàêèõ óãëå-
âîäîðîäîâ, çàíèìàåòñÿ ïðîôåññîð Àðêàäèé Êàðÿêèí,
âûõîäåö ñ êàôåäðû ýíçèìîëîãèè. Ýòà ðàáîòà ïîääåð-
æèâàåòñÿ Ïðàâèòåëüñòâîì Ìîñêâû, ìû íåñêîëüêî ðàç

ïîêàçûâàëè åå Þðèþ Ìèõàéëîâè÷ó Ëóæêîâó è ïî íåé
ãîòîâèëè ëîòû äëÿ Ôåäåðàëüíîé öåëåâîé íàó÷íî-òåõ-
íè÷åñêîé ïðîãðàììû. Â Èíñòèòóòå îáùåé è íåîðãà-
íè÷åñêîé õèìèè ó íàñ ñåêòîð ïî îñóùåñòâëåíèþ õè-
ìè÷åñêèõ ðåàêöèé â ñâåðõêðèòè÷åñêèõ ñðåäàõ, è òàì
æå, ìîæíî ñêàçàòü, èñòîêè íàøèõ ãèäðèäíûõ è ïå-
ðåõîäíûõ ìåòàëëîâ. Ó Èðèíû Èâàíîâíû Ìèõååâîé —
áûëà òàêàÿ «áàáóøêà îòå÷åñòâåííûõ ãèäðèäîâ» — ÿ
áðàë â ñâîå âðåìÿ ïåðâûå îáðàçöû äëÿ èññëåäîâàíèé.
Ìîãó íàçâàòü àêàäåìèêà Ñåðãåÿ Àëäîøèíà, äèðåêòî-
ðà Èíñòèòóòà ïðîáëåì õèìè÷åñêîé ôèçèêè â ×åðíî-
ãîëîâêå, ïîä ðóêîâîäñòâîì êîòîðîãî àêòèâíî ðàçðàáà-
òûâàþòñÿ íîâûå ñîñòàâû äëÿ àêêóìóëèðîâàíèÿ âîäî-
ðîäà. Íîâûå òîïëèâíûå ýëåìåíòû äåëàþòñÿ è ó íàñ
íà êàôåäðå ýëåêòðîõèìèè. Ýòî äåéñòâèòåëüíî î÷åíü
ïåðñïåêòèâíàÿ îáëàñòü. Åñëè áû óäàëîñü ðåøèòü ýòó
ïðîáëåìó, â ÷àñòíîñòè ñ âûñîêèì âûõîäîì ïîëó÷àòü
âîäîðîä èç âîäû, òî, êîíå÷íî, ìîæíî áûëî áû ñèëüíî
èçìåíèòü íàøè òðàíñïîðòíûå ñðåäñòâà.

— Ñåãîäíÿ âî âñåì ìèðå àêòèâíî ðàçâèâàþòñÿ
íàíîòåõíîëîãèè. Êàêóþ ðîëü ìîæåò ñûãðàòü ãîñó-
äàðñòâåííîå ôèíàíñèðîâàíèå ýòîé îáëàñòè â Ðîññèè?

— Ýòî î÷åíü âàæíîå íàïðàâëåíèå â ñîâðåìåííîì
ìàòåðèàëîâåäåíèè, â ñîâðåìåííîé õèìèè è ôèçèêå.
Äà, ðå÷ü èäåò î áîëüøèõ äåíüãàõ. Êàêîå ìåñòî â ýòîé
ïðîãðàììå ïî íàíîòåõíîëîãèÿì ìîæåò çàíÿòü õèìè-
÷åñêèé ôàêóëüòåò ÌÃÓ? Çäåñü åñòü íåñêîëüêî âîçìîæ-
íîñòåé. Ïðåæäå âñåãî, î÷åíü âàæíà îáðàçîâàòåëüíàÿ ñî-
ñòàâëÿþùàÿ. Ìû ñåé÷àñ äîãîâàðèâàåìñÿ î ñîâìåñòíîé
ðàáîòå â ýòîé îáëàñòè ñ êîëëåãàìè ñ ôèçè÷åñêîãî ôà-
êóëüòåòà ÌÃÓ, ãäå êàôåäðîé ôèçèêè íàíîñèñòåì çà-
âåäóåò äèðåêòîð ðîññèéñêîãî íàó÷íîãî öåíòðà «Êóð-
÷àòîâñêèé èíñòèòóò», ÷ëåí-êîððåñïîíäåíò ÐÀÍ, ðóêî-
âîäèòåëü íàíîòåõíîëîãè÷åñêîé ïðîãðàììû Ìèõàèë
Êîâàëü÷óê. Ñ àêàäåìèêîì Þðèåì Òðåòüÿêîâûì îòêðû-
âàåì íîâóþ ñïåöèàëüíîñòü — õèìèÿ íàíîñèñòåì è
ìàòåðèàëîâ. Â ýòîé îáëàñòè î÷åíü âàæíà ÷åòêàÿ òåð-
ìèíîëîãèÿ. Ïîêà, êðîìå ìîíîãðàôèè è ó÷åáíîãî ïîñî-
áèÿ Ãëåáà Ñåðãååâà (âòîðîå èçäàíèå êîòîðîãî âûøëî
íà àíãëèéñêîì ÿçûêå âî âñåõ ñòðàíàõ), ó íàñ íå ñëèø-
êîì ìíîãî áàçîâûõ ó÷åáíèêîâ è ó÷åáíûõ ïîñîáèé â ýòîé
îáëàñòè. À îíè íåîáõîäèìû, ïðåæäå âñåãî, äëÿ òîãî
÷òîáû ìû ÷åòêî ïîíèìàëè, ÷òî æå òàêîå íàíîìàòåðèà-
ëû, íàñêîëüêî õèìèÿ íàíîñèñòåì îòëè÷àåòñÿ îò îáû÷-
íîé õèìèè. Âåäü ñóùåñòâóåò êîëëîèäíàÿ õèìèÿ, â êà-
òàëèçå âñåãäà áûëè ïëàíû íà íàíîõèìèþ, òàê êàê õè-
ìèêè âñåãäà ñòðåìèëèñü ïîâûñèòü äèñïåðñíîñòü
àêòèâíûõ êîìïîíåíòîâ êàòàëèçàòîðà.

Äåíüãè, âëîæåííûå â íàóêó, åùå íè ðàçó íå ïðî-
ïàäàëè. Âçÿòü õîòÿ áû ÂÒÑÏ (âûñîêîòåìïåðàòóðíûå
ñâåðõïðîâîäíèêè), õîëîäíûé òåðìîÿäåðíûé ñèíòåç...
Ðàçâèòèå òàêèõ îáëàñòåé ïðèâåëî ê ïîÿâëåíèþ íî-
âûõ çíàíèé, íîâûõ ìàòåðèàëîâ. Åñëè ñðåäñòâà áóäóò
âûäåëåíû ïðîôåññèîíàëüíûì íàó÷íûì êîëëåêòèâàì,
òî ÿ óâåðåí, ÷òî áóäóò è ñåðüåçíûå óñïåõè. Âàæíî,
÷òîá äåíüãè ïîïàëè òîëüêî öåëåâûì íàçíà÷åíèåì â
íóæíûå è óìåëûå ãðóïïû.

— Íà õèìè÷åñêîì ôàêóëüòåòå ÌÃÓ ïðîéäåò
Ìåæäóíàðîäíàÿ îëèìïèàäà. Êàê âû îòíîñèòåñü ê
òîìó, ÷òî â Ìåæäóíàðîäíóþ îëèìïèàäó âêëþ÷èëè
çàäà÷è ïî íàíîìàòåðèàëàì?

— Ðàçóìååòñÿ, ïîëîæèòåëüíî. Âîò ïåðåäî ìíîé
ëåæèò, íà ìîé âçãëÿä, áåñöåííàÿ êíèãà î Ìåíäåëååâ-
ñêèõ îëèìïèàäàõ «Õèìèè 21 âåêà â çàäà÷àõ Ìåæäó-
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íàðîäíûõ Ìåíäåëååâñêèõ îëèìïèàä». Îíà áûëà âû-
ïóùåíà â ïðîøëîì ãîäó, êîãäà ïðîõîäèëà ýòà îëèìïè-
àäà â Åðåâàíå. Ìû åå äîïîëíèëè çàäà÷àìè è ðåøåíèÿ-
ìè ïðîøëîãî ãîäà è ïåðåâåëè íà àíãëèéñêèé ÿçûê. Âðó-
÷èì êàæäîìó ìåíòîðó è  ó÷àñòíèêó, ïîòîìó ÷òî áîëåå
èíòåðåñíûõ çàäà÷ âû íèãäå íå íàéä¸òå. Â íåé íàéäóòñÿ
âîïðîñû è ïî íàíîñèñòåìàì, ñïåöèàëüíî äëÿ íîâîãî ïî-
êîëåíèÿ. Íåäàâíî àêàäåìèê Íèêîëàé Çåôèðîâ êóïèë
ýòè êíèæêè, ÷èòàë òðè íî÷è ïîäðÿä, ðåøàë è ãîâîðèò:
«Îðãàíèêó åùå ðåøàþ, à äðóãèå çàäà÷è íå ìîãó!» Â
ñáîðíèê ìû âêëþ÷èëè çàäà÷è èç  òåõ îáëàñòåé ôèçèêè
è õèìèè, â êîòîðûõ áûëè ïîëó÷åíû Íîáåëåâñêèå ïðå-
ìèè â ïîñëåäíèå ãîäû. Çäåñü åñòü ñâåäåíèÿ îá àâòîðàõ
è ðåçóëüòàòû îëèìïèàä ïîñëåäíèõ ëåò.

Ìíå ïðèøëîñü äâà ãîäà íàçàä âûñòóïàòü íà Êî-
ìèññèè ÞÍÅÑÊÎ ïî îáðàçîâàíèþ ñ äîêëàäîì «Ñòðà-
òåãèè ðàçâèòèÿ ïðåäìåòíûõ îëèìïèàä øêîëüíèêîâ».
ß ñðàâíèë çàäàíèÿ Âñåìèðíûõ  è íàøèõ Ìåíäåëååâ-
ñêèõ îëèìïèàä. Íàäî ñêàçàòü, ÷òî âñå ïðèñóòñòâóþ-
ùèå, äàæå ÷ëåíû Ìåæäóíàðîäíîãî êîìèòåòà ïî õè-
ìè÷åñêîé îëèìïèàäå, îòìåòèëè, ÷òî â íàøèõ Îëèì-
ïèàäàõ çàìåòåí ìåòîäè÷åñêè óíèêàëüíûé îïûò
Ìîñêîâñêîãî óíèâåðñèòåòà, õèìè÷åñêîãî ôàêóëüòå-
òà. Ïîñìîòðèòå, ñêàæåì, çàäàíèÿ îëèìïèàä Òàéâàíÿ
è Êîðåè îòëè÷àþòñÿ ñëîæíûì àëãîðèòìîì ñ î÷åíü
ñëîæíûì ðåøåíèåì, íî áåç èçþìèíêè, è äàæå íå
âñåãäà êîððåêòíûì. Ìåòîäè÷åñêàÿ êîìèññèÿ õèìè-
÷åñêîãî ôàêóëüòåòà è â ýòîì ãîäó ïîñòàðàåòñÿ ïîäãî-
òîâèòü èñêëþ÷èòåëüíî èíòåðåñíûå çàäàíèÿ.

×åì åùå õîðîøè íàøè îëèìïèàäû? Â ñîñòàâëå-
íèè çàäàíèé ó÷àñòâóþò ñòóäåíòû, áûâøèå ïîáåäèòå-
ëè. Ðóêîâîäèòåëåì íàøåé êîìàíäû ÿâëÿåòñÿ ñòóäåíò
òðåòüåãî êóðñà Àëåêñåé Çåéôìàí, êîòîðûé äâà ãîäà
ïîäðÿä ïîêàçûâàë ëó÷øèå â ìèðå ðåçóëüòàòû, ïðè-
÷åì ñ êîëîññàëüíûì îòðûâîì îò äðóãèõ ó÷àñòíèêîâ.
Òîëüêî ÷òî â Ìèíñêå ïðîøëà 41-ÿ Ìåæäóíàðîäíàÿ
Ìåíäåëååâñêàÿ îëèìïèàäà, è â íåé ó÷àñòâîâàë 91
ó÷àñòíèê èç 16 ãîñóäàðñòâ. Èç äåñÿòè çîëîòûõ ìåäà-
ëåé øåñòü ïîëó÷èëè ðîññèéñêèå øêîëüíèêè, ñðåäè
íèõ — òîëüêî îäèí ìîñêâè÷. Ëó÷øèé ó÷àñòíèê —
èç Íîâîñèáèðñêà, ñëåäóþùèé — èç Êðàñíîäàðà. Ýòî
î÷åíü ïîêàçàòåëüíûé ðåçóëüòàò, êàê ìíå êàæåòñÿ.
Ïîýòîìó ìû åæåãîäíî ïðîâîäèì òàêóþ ðàáîòó, èçäà-
åì ñáîðíèêè çàäàíèé ðîññèéñêèõ îëèìïèàä ñ ðåøå-
íèÿìè. Èõ íåïðåìåííî ïîëó÷àþò âñå ïåäàãîãè. Íà
ìîé âçãëÿä, ýòà óíèêàëüíàÿ äåÿòåëüíîñòü ôàêóëüòåòà
ïîçâîëÿåò îáåñïå÷èâàòü åìó áóäóùåå.

— Êàê âû äóìàåòå, óäàñòñÿ ëè Ðîññèè çàíÿòü äî-
ñòîéíîå ìåñòî â ðàçâèòèè íàíîòåõíîëîãèé?

— Áåçóñëîâíî, äà. Íåñìîòðÿ íà òàêîå íå î÷åíü
óâàæèòåëüíîå îòíîøåíèå ãîñóäàðñòâà ê îáðàçîâàíèþ
è íàóêå, íàì óäàåòñÿ ñîõðàíÿòü åãî óðîâåíü, êà÷åñòâî
è íàõîäèòü ðåøåíèÿ, êîòîðûå ìàëî êîìó äîñòóïíû,
êàê ÿ ñ÷èòàþ, òîëüêî çà ñ÷åò êà÷åñòâà îáðàçîâàíèÿ. ß
ñ÷èòàþ, ÷òî ÅÃÝ — ðàçðóøèòåëüíûé ýëåìåíò â îáðà-
çîâàíèè, è ìû ïèñàëè ïèñüìà Ïðåäñåäàòåëþ Ñîâåòà
Ôåäåðàöèè, Ñåðãåþ Ìèðîíîâó î òîì, ÷òî íåëüçÿ íà-
ðóøàòü ñèñòåìíîå ïðåäìåòíîå îáðàçîâàíèå, ñóùåñòâó-
þùåå â íàøåé ñòðàíå. Âåðñèè çàäàíèé ÅÃÝ ïî õèìèè
âîîáùå íå ñîîòâåòñòâóþò íèêàêèì òðåáîâàíèÿì. Ìîñ-
êîâñêèé óíèâåðñèòåò òàêæå âûðàæàåò ñâîå íåñîãëà-
ñèå ñ ýòèì, ðàâíî êàê è òåì, ÷òî ó íàñ áóäåò äâóõó-

ðîâíåâîå îáðàçîâàíèå. Ýòî — ìîãèëà äëÿ ýêîíîìèêè
ñòðàíû. Ïî÷åìó? ß âûñòóïàë íà Ó÷åíîì ñîâåòå è ïðî-
ñèë ïðèíÿòü îáðàùåíèå ê ðóêîâîäñòâó ñòðàíû — äëÿ
òîãî, ÷òîáû îáåñïå÷èòü áóäóùåå ðàçâèòèå ýêîíîìè-
êè, îáðàçîâàíèÿ è íàóêè, íåîáõîäèìî ñîõðàíèòü ñòó-
ïåíü ñïåöèàëèñòà. Ïóñòü áóäóò áàêàëàâðû, âåäü âñå-
ãäà åñòü ñëó÷àéíûå ëþäè, êîòîðûå ïîïàäàþòñÿ ê íàì,
ê òîìó æå ó ãóìàíèòàðèåâ ñâîÿ ñïåöèôèêà. Çà ÷åòû-
ðå ãîäà ïîäãîòîâèòü õèìèêà, ñêîëüêî-íèáóäü ïîëåç-
íîãî äëÿ ïðîèçâîäñòâà, íåâîçìîæíî â ñèëó ñïåöèôè-
êè íàóêè, òðåáóþùåé ýêñïåðèìåíòàëüíûõ íàâûêîâ,
êîòîðûå ÷åëîâåê äîëæåí ïîëó÷èòü. Ó÷åíûé ñîâåò ïîä-
äåðæàë ýòî îáðàùåíèå, è ìû ñäåëàåì âñå âîçìîæíîå,
÷òîáû ñîõðàíèòü ñòóïåíü ñïåöèàëèñòà.

Òî æå ñàìîå ñ ñîêðàùåíèÿìè â èíñòèòóòàõ Àêàäå-
ìèè íàóê. Ïëàíèðîâàëè ñîêðàòèòü äåñÿòü ïðîöåíòîâ, à
ñîêðàòèëè ïî÷òè âñå ñîðîê. Â ÈÎÍÕ ðàáîòàëî ïî÷òè
900 ÷åëîâåê, êîãäà äèðåêòîðîì áûë àêàäåìèê Þðèé
Çîëîòîâ. Ñåé÷àñ îñòàëîñü îêîëî 450 ÷åëîâåê. È ýòî â
âåäóùåì èíñòèòóòå ñ ìèðîâûìè äîñòèæåíèÿìè ïî
ìíîãèì íàïðàâëåíèÿì õèìè÷åñêîé íàóêè! Ýòè ñîáû-
òèÿ âûçûâàþò î÷åíü ñåðüåçíóþ òðåâîãó çà áóäóùåå. Ñ
äðóãîé ñòîðîíû, íåëüçÿ íå îòìåòèòü è ïîëîæèòåëüíûå
øàãè — ñîçäàíèå íàöèîíàëüíîãî ïðîåêòà «Îáðàçîâà-
íèå», èííîâàöèîííûõ óíèâåðñèòåòîâ. Äîïîëíèòåëüíûå
ñðåäñòâà, êîòîðûå ìû ïîëó÷èëè ïî èííîâàöèÿì, ïîçâî-
ëèëè ñîçäàòü íîâûå ïðîãðàììû ïî òåõíîëîãèè ìàòåðè-
àëîâ, ïî õèìè÷åñêîìó ìåíåäæìåíòó ñîâìåñòíî ñ Ãåð-
ìàíèåé, ÷òî ðàññìàòðèâàþ, êàê áåñöåííûé âêëàä. Ïî-
ÿâèëàñü âîçìîæíîñòü åçäèòü íà êîíôåðåíöèè,
ïîâûñèëàñü àêàäåìè÷åñêàÿ ìîáèëüíîñòü. Õîòÿ îíà ïðè-
âîäèò ê òîìó, ÷òî ó÷åíûå óåçæàþò èç ñòðàíû, è òîãäà
ýòî óæå íàçûâàåòñÿ íå «ìîáèëüíîñòüþ», à ïî-äðóãîìó…

— Êàê ìîæåò ïîâëèÿòü íà ðàçâèòèå îáðàçîâà-
íèÿ Èíòåðíåò-îëèìïèàäà ÌÃÓ «Íàíîòåõíîëîãèè —
ïðîðûâ â áóäóùåå», ñåðèÿ ôåñòèâàëåé íàóê, êîòî-
ðûå ïðîøëè â ýòîì ãîäó? Íàñêîëüêî òàêèå ìåðîïðè-
ÿòèÿ ðàçâèâàþò èíòåðåñ ê íàóêå ó øêîëüíèêîâ?

— Î÷åíü ïîëîæèòåëüíî. Â ýòîì ñëó÷àå, êàê ãî-
âîðèòñÿ, è ëèøíèõ ñëîâ íå íàäî. Åñëè ó ìîëîäîãî
÷åëîâåêà ïîÿâëÿåòñÿ âîçìîæíîñòü ñåáÿ èñïûòàòü, ïðî-
ÿâèòü ñâîè çíàíèÿ, ñîðåâíóÿñü ñî ñâåðñòíèêàìè èç
äðóãèõ ñòðàí, òî åìó ýòî î÷åíü èíòåðåñíî. Êîãäà ìû
ãîòîâèëè ïåðâóþ Èíòåðíåò-îëèìïèàäó ïî õèìèè, ÿ
ðàññ÷èòûâàë òîëüêî íà íàøèõ ðîññèéñêèõ ñòóäåí-
òîâ. Äóìàë, ÷òî ïðèìåò ó÷àñòèå íå áîëåå äâóõ ñîòåí
÷åëîâåê, à èõ îêàçàëîñü ïî÷òè 800 èç âñåõ ñòðàí ìèðà.
Ñåé÷àñ ÿ ïðåäëàãàþ Ãàðâàðäó (ÑØÀ) ïðîâåñòè ñî-
âìåñòíûé Êóáîê ìèðà çíàíèé ïî õèìèè â 5 ýòàïîâ,
çàêëþ÷èòåëüíûé — â Ìîñêâå. Ìû îáåñïå÷èì èíòåë-
ëåêòóàëüíóþ ñîñòàâëÿþùóþ, îíè — ôèíàíñîâóþ.
Îíè îáäóìûâàþò ïðåäëîæåíèå, îáåùàëè îòâåòèòü â
áëèæàéøèå äíè. Èëè äðóãàÿ èäåÿ: ìû ïðåäëàãàåì
ñîçäàòü îáðàçîâàòåëüíûé òåëåêàíàë. Íàïðèìåð, â òîé
æå Êîðåå ðàáîòàåò äåâÿòü òàêèõ êàíàëîâ. Ó íàñ íè
îäíîãî. Ïðåäñòàâëÿåòå, âåäü åñëè ó íàñ çàðàáîòàåò
òàêîé òåëåêàíàë, îí, íåñîìíåííî, áóäåò ñïîñîáñòâî-
âàòü ðàçâèòèþ èíòåðåñà ê åñòåñòâîçíàíèþ ó ðåáÿò.

Èíòåðâüþ ïîäãîòîâëåíî íàó÷íûì îáîçðåâàòåëåì
Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà
«Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»
Îëüãîé Áàêëèöêîé è Ì. Â. ×åðíûøåâîé, ÔÍÌ ÌÃÓ
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ÎËÈÌÏÈÀÄÀ «ÍÀÍÎÒÅÕÍÎËÎÃÈÈ — ÏÐÎÐÛÂ Â ÁÓÄÓÙÅÅ»

Çàâåðøèëàñü Ïåðâàÿ Âñåðîññèéñêàÿ èíòåðíåò-îëèìïèàäà «Íàíîòåõíîëîãèè — ïðîðûâ â áóäó-

ùåå», îðãàíèçîâàííàÿ è ïðîâåäåííàÿ â ÌÃÓ.  Öåëüþ îëèìïèàäû, êàê îòìå÷àåò ñàéò www.nanometr.ru,

ÿâëÿåòñÿ ïîèñê è ïîîùðåíèå ìîëîäûõ òàëàíòîâ, æåëàþùèõ ó÷àñòâîâàòü â ðàçâèòèè íàíîòåõíîëîãèé

â Ðîññèéñêîé Ôåäåðàöèè, â êàêîé áû øêîëå, ÂÓÇå èëè äðóãîé îðãàíèçàöèè îíè íè íàõîäèëèñü. Åå

ïî÷åòíûé ïðåäñåäàòåëü — ðåêòîð Ìîñêîâñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà èì. Ì. Â. Ëîìîíîñîâà,

àêàäåìèê Â. À. Ñàäîâíè÷èé, ñîïðåäñåäàòåëè — ïðîðåêòîð, çàâ. êàôåäðîé îáùåé ôèçèêè ôèçè÷åñêîãî

ô-òà ÌÃÓ, ïðîôåññîð À. Ì. Ñàëåöêèé è äåêàí ôàêóëüòåòà íàóê î ìàòåðèàëàõ, çàâ. êàôåäðîé íåîðãà-

íè÷åñêîé õèìèè õèìè÷åñêîãî ôàêóëüòåòà ÌÃÓ, àêàäåìèê Þ. Ä. Òðåòüÿêîâ. Â æþðè îëèìïèàäû âêëþ-

÷åíû âèäíûå ó÷åíûå è ñïåöèàëèñòû â îáëàñòè íàíîìàòåðèàëîâ è íàíîòåõíîëîãèé, ÷ëåíû Ðîññèéñêîé

Àêàäåìèè íàóê, ïðîôåññîðà ÌÃÓ, äèðåêòîðà èííîâàöèîííûõ êîìïàíèé.

Îôèöèàëüíàÿ öåðåìîíèÿ çàêðûòèÿ ñîñòîÿëàñü 27 èþíÿ â Çàëå çàñåäàíèé Ó÷åíîãî ñîâåòà ÌÃÓ.

Ñ ïðèâåòñòâåííûì ñëîâîì âûñòóïèë ðåêòîð ÌÃÓ àêàäåìèê Â. À. Ñàäîâíè÷èé. «Âñå ÷àùå è ÷àùå

ïðîåêò «Íàíîòåõíîëîãèè» ñâÿçûâàþò ñ àòîìíûì è êîñìè÷åñêèì ïðîåêòàìè â íàøåé ñòðàíå.

Êñòàòè, â ÑØÀ íà òàêîé ïðîåêò òðàòÿò äåíåã â íåñêîëüêî ðàç ìåíüøå, ÷åì â íàøåé ñòðàíå.

ÌÃÓ îáÿçàí áûòü ó÷àñòíèêîì è ïåðåäîâûì îòðÿäîì â ýòîé îáëàñòè. Òîëüêî ôóíäàìåíòàëüíûå

èññëåäîâàíèÿ ïîçâîëÿò ïîëó÷èòü íàó÷íûå ðåçóëüòàòû, êîòîðîå ïîòîì ñòàíîâÿòñÿ òåõíîëîãè-

÷åñêèìè. ß — ÷ëåí Íàíîñîâåòà ïðè Ïðàâèòåëüñòâå Ðîññèè è õî÷ó îòìåòèòü, ÷òî â ÌÃÓ ñîçäàí

ñâîé Ñîâåò ïî íàíîòåõíîëîãèÿì. Àêàäåìèê Þðèé Äìèòðèåâè÷ Òðåòüÿêîâ ïðåäëîæèë ïðîâåñòè

Âñåðîññèéñêóþ èíòåðíåò-îëèìïèàäó ïî íàíîòåõíîëîãèÿì, ÷òîáû ïðèâëå÷ü âíèìàíèå ê ýòîìó

âàæíîìó íàïðàâëåíèþ».

Àêàäåìèê Þðèé Äìèòðèåâè÷ Òðåòüÿêîâ ðàññêàçàë îá ó÷àñòíèêàõ îëèìïèàäû, åå ãåîãðàôèè è

ðåçóëüòàòàõ.

Îäèí èç îðãàíèçàòîðîâ îëèìïèàäû çàì. äåêàíà ÔÍÌ ÷ëåí.-êîðð. Åâãåíèé Àëåêñååâè÷ Ãóäè-

ëèí îòìåòèë âûñîêèé óðîâåíü ó÷àñòíèêîâ Èíòåðíåò-îëèìïèàäû, ðàññêàçàë î åå ïðîâåäåíèè è

çàäàíèÿõ: «Áûëè è õàêåðñêèå àòàêè âî âðåìÿ ïðîâåäåíèÿ Èíòåðíåò-îëèìïèàäû, íî ñëàáåíüêèå,

ñ íèìè óäàëîñü ñïðàâèòüñÿ. Âñå çàäà÷è áûëè àâòîðñêèìè è ìåæäèñöèïëèíàðíûìè». Íàäî ïðè-

âëå÷ü ê ïðîâåäåíèþ íàíîîëèìïèàäû äðóãèå âóçû, ïîâûñèòü åå ñòàòóñ, ñîçäàòü ñïåöèàëüíûé ñàéò,

ñ÷èòàåò Ãóäèëèí.

Ïåðâîå ìåñòî çàíÿë Ñìèðíîâ Åâãåíèé Àëåêñååâè÷, ñòóäåíò 2-ãî êóðñà ÔÍÌ ÌÃÓ, âòîðîå ìåñòî

— Ñàâîñòüÿíîâà Àíàñòàñèÿ Âëàäèìèðîâíà, ñòóäåíòêà 2-ãî êóðñà Ìîñêîâñêîãî ãîñóäàðñòâåííîãî

óíèâåðñèòåòà ïðèáîðîñòðîåíèÿ è èíôîðìàòèêè, à òðåòüå — Äìèòðèåâ Àëåêñåé Èâàíîâè÷, àñïèðàíò

Èíñòèòóòà ïðîáëåì õèìè÷åñêîé ôèçèêè ÐÀÍ èç ×åðíîãîëîâêè. Â Îëèìïèàäå ïðèíÿëî ó÷àñòèå

áîëåå òûñÿ÷è ÷åëîâåê îò 14 äî 28 ëåò, îíà ïîëó÷èëàñü ìåæäóíàðîäíîé, ïîòîìó ÷òî â íåé ïðèíÿëè

ó÷àñòèå ðåáÿòà èç áëèæíåãî è äàëüíåãî çàðóáåæüÿ.

Ñïîíñîðû è ïàðòíåðû Ïåðâîé îëèìïèàäû ïî íàíîòåõíîëîãèÿì âðó÷èëè ñâîè ïðèçû ïîáåäèòåëÿì.

Îò Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» ñåðòèôèêàòû

íà ïîëóãîäîâóþ ïîäïèñêó ïîëó÷èëè ÷åòûðå ëàóðåàòà: Åâòóøåíêî Åâãåíèé Ãåííàäèåâè÷, Ãîðäåé

Ìàðèÿ Åâãåíüåâíà, Íàáèóëëèí Àëåêñàíäð Ðèíàòîâè÷ è Äèðèí Äìèòðèé Íèêîëàåâè÷.

Íàó÷íûé îáîçðåâàòåëü
Îëüãà Áàêëèöêàÿ
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ПРОЕКТЫ
 НАЦИОНАЛЬНАЯ ИННОВАЦИОННАЯ КОМПАНИЯ
 ОБЩЕСТВО С ОГРАНИЧЕННОЙ ОТВЕТСТВЕННОСТЬЮ

ЭНЕРГЕТИЧЕСКИЕ
НОВЫЕ

Пречистенка ул., д. 18, Москва, 119034. Тел.: (495) 787-24-24.  доб. 158, 159; Факс: (495) 787-24-44. Е-mail: pr@nic-nep.ru

Ãëóáîêîóâàæàåìûé
Àëåêñàíäð Ëåîíèäîâè÷!

Ïîëüçóÿñü ñëó÷àåì, õîòåë áû âûðàçèòü Âàì è âñåìó êîëëåêòèâó Ìåæäóíàðîäíî-
ãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» (ISJAEE) èñêðåí-
íþþ ïðèçíàòåëüíîñòü çà îïåðàòèâíóþ è êà÷åñòâåííóþ ïîäãîòîâêó ìàòåðèàëîâ î Íà-
öèîíàëüíîé èííîâàöèîííîé êîìïàíèè «Íîâûå ýíåðãåòè÷åñêèå ïðîåêòû» (ÍÈÊ ÍÝÏ)
è ñòàòåé íàøèõ ïàðòíåðîâ, êîòîðûå âîøëè âî âòîðîé íîìåð âàøåãî èçäàíèÿ. Íà-
ñêîëüêî óäà÷íûì ïîëó÷èëñÿ ýòîò íîìåð æóðíàëà — ñóäèòü ÷èòàòåëÿì. Íå âñå èç
çàäóìàííîãî ïî ðàçíûì ïðè÷èíàì óäàëîñü îñóùåñòâèòü, íî íåñîìíåííî îäíî — äàí-
íûé ïðîåêò çàñëóæèâàåò âíèìàíèÿ, ïîñêîëüêó äàåò öåëîñòíîå è ñèñòåìíîå ïðåäñòàâ-
ëåíèå î ñòðàòåãèè ðàçâèòèÿ âîäîðîäíûõ òåõíîëîãèé â Ðîññèè. Ïî êðàéíåé ìåðå, â
òîé ñòåïåíè, êàê åå ïîíèìàåò è ðåàëèçóåò ÍÈÊ ÍÝÏ.

Ãîâîðþ îá ýòîì íå ñòîëüêî êàê ðóêîâîäèòåëü êîìïàíèè, ñêîëüêî êàê ÷èòàòåëü
âàøåãî æóðíàëà. Ëåòîì 2005 ãîäà, ñðàçó æå ïîñëå ñîçäàíèÿ ÍÈÊ ÍÝÏ, äåëåãàöèÿ
íàøåé êîìïàíèè ïîñåòèëà ÐÔßÖ-ÂÍÈÈÝÔ, ãäå ïîçíàêîìèëàñü ñ ðàçðàáîòêàìè ïî
âîäîðîäíîé òåìàòèêå. Ïîñëå ýòîé êîìàíäèðîâêè ìîè êîëëåãè ñòàëè àêòèâíûìè ïîñå-
òèòåëÿìè Ìåæäóíàðîäíîãî íàó÷íîãî è îáðàçîâàòåëüíîãî ïîðòàëà «Âîäîðîä» è, îñî-
áåííî, íàó÷íîé ýëåêòðîííîé áèáëèîòåêè. À ñ íûíåøíåãî ãîäà ìû ïîäïèñàëèñü è íà
ïå÷àòíóþ âåðñèþ æóðíàëà. Äóìàþ, ÷òî ýòó ïðàêòèêó ìû ïðîäîëæèì è â áóäóùåì.

Æóðíàëó âñåãî 7 ëåò. Ïî èñòîðè÷åñêèì ìåðêàì èçäàòåëüñêîãî äåëà — âîçðàñò
«äåòñàäîâñêèé». Íî Âàì êàê ãëàâíîìó ðåäàêòîðó è âàøåìó òâîð÷åñêîìó êîëëåêòèâó
óäàëîñü ïðåîäîëåòü ýòîò ñòåðåîòèï è çàÿâèòü î ñåáå «ïî-âçðîñëîìó». È ãëàâíûé
ñåêðåò, êàê ìíå ïðåäñòàâëÿåòñÿ, çàêëþ÷àåòñÿ â èçíà÷àëüíî ïðàâèëüíî ïðèíÿòîé
ñòðàòåãèè è óìåëî ïîäîáðàííîé ïðîôåññèîíàëüíîé êîìàíäå. Ðåöåíçèðîâàíèå è ýêñ-
ïåðòèçà ïóáëèêóåìûõ ñòàòåé, èõ îôîðìëåíèå â ñîîòâåòñòâèå ñ ìåæäóíàðîäíûìè
ñòàíäàðòàìè, þðèäè÷åñêàÿ ÷èñòîòà ñîáëþäåíèÿ àâòîðñêèõ ïðàâ, àêòóàëüíàÿ òåìà-
òèêà ñòàòåé è ãëóáèíà åå ðàñêðûòèÿ, õîðîøî ñòðóêòóðèðîâàííîå ñîäåðæàíèå æóðíà-
ëà — âñå ýòî ìîæíî ñ÷èòàòü ôèðìåííûì ñòèëåì èçäàíèÿ.

Áåç âñÿêèõ êîìïëèìåíòàðíûõ ïðåóâåëè÷åíèé ìîãó ñêàçàòü, ÷òî âàø æóðíàë ÿâ-
ëÿåòñÿ îäíèì èç àâòîðèòåòíûõ ðîññèéñêèõ èçäàíèé ïî âîïðîñàì àëüòåðíàòèâíîé ýíåð-
ãåòèêè è óâåðåííî ïîçèöèîíèðóåò ñåáÿ íà ìåæäóíàðîäíîì íàó÷íî-èíôîðìàöèîííîì
ïîëå ïî ýòîé òåìàòèêå. Ìåæäóíàðîäíûå ñèìïîçèóìû, îðãàíèçóåìûå è ïðîâîäèìûå
æóðíàëîì ñîâìåñòíî ñ ÍÒÖ «ÒÀÒÀ», ñïîñîáñòâóþò íàó÷íîé êîíñîëèäàöèè âîäîðîä-
íîãî ñîîáùåñòâà è ðîñòó àâòîðèòåòà Ðîññèè êàê âûñîêîòåõíîëîãè÷íîé äåðæàâû.

Îäíî èç çíà÷èìûõ äîñòèæåíèé — ïðèçíàíèå æóðíàëà Âûñøåé àòòåñòàöèîííîé
êîìèññèåé êàê ïåðèîäè÷åñêîãî íàó÷íî-òåõíè÷åñêîãî èçäàíèÿ, ðåêîìåíäîâàííîãî äëÿ
ïóáëèêàöèè îñíîâíûõ ðåçóëüòàòîâ äèññåðòàöèé íà ñîèñêàíèå ó÷åíîé ñòåïåíè äîêòî-
ðà íàóê. Ïî ñâîåìó ëè÷íîìó îïûòó çíàþ, êàê ýòî âàæíî äëÿ ó÷åíîãî, êîòîðûé
ïîäíèìàåòñÿ íà î÷åðåäíóþ íàó÷íóþ ñòóïåíüêó. Îñîáåííî, åñëè ðå÷ü èäåò î òàêîé
èííîâàöèîííîé ñôåðå, êàê âîäîðîäíûå òåõíîëîãèè è àëüòåðíàòèâíàÿ ýíåðãåòèêà.

Î äîñòîèíñòâàõ æóðíàëà ìîæíî áûëî áû ñêàçàòü åùå ìíîãîå. Ãëàâíîå çàêëþ÷à-
åòñÿ â òîì, ÷òî ó ýòîãî èçäàíèÿ — áîëüøîé íàó÷íî-îðãàíèçàöèîííûé è òâîð÷åñêèé
ïîòåíöèàë, êîòîðûé åìó åùå ïðåäñòîèò ðåàëèçîâàòü. Ýòîãî ìíå è õîòåëîñü áû ïîæå-
ëàòü Âàì, óâàæàåìûé Àëåêñàíäð Ëåîíèäîâè÷, è âñåìó äðóæíîìó êîëëåêòèâó æóðíà-
ëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ».

8 èþíÿ 2007 ãîäà

Ãåíåðàëüíûé äèðåêòîð
Íàöèîíàëüíîé èííîâàöèîííîé êîìïàíèè
«Íîâûå ýíåðãåòè÷åñêèå ïðîåêòû»,
÷ëåí-êîððåñïîíäåíò ÐÀÍ
Áîðèñ Êóçûê
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INFORMATION ON RENEWABLE ENERGY

ФЕДЕРАЛЬНАЯ СЛУЖБА
ПО ЭКОЛОГИЧЕСКОМУ, ТЕХНОЛОГИЧЕСКОМУ И АТОМНОМУ НАДЗОРУ

(РОСТЕХНАДЗОР)

Пресс-релиз № 1

МОСКВА «14» мая 2007 года

Руководитель  Федеральной  службы  по  экологическому, технологическому  и  атомному  надзору
(Ростехнадзора) Константин Пуликовский выступил от имени РФ в штаб-квартире ООН на заседании комиссии
ООН по устойчивому развитию.

Он призвал страны к скорейшему переходу от теории к практике, к началу реализации уже принятых в
прошлом году на подобной сессии решений.

Руководитель Ростехнадзора отметил важность реализации трансграничных проектов и призвал к возрас-
танию роли таких международных организаций как Всемирный банк, Программа ООН по окружающей среде
и Международное энергетическое агентство.

По словам К. Пуликовского, для устойчивого развития планеты, для решения проблем энергетики и эколо-
гии необходимо уделять особое внимание промышленной и экологической безопасности. В этой связи, по его
мнению, должна возрасти роль надзорных органов и органов государственного регулирования.

«В широком спектре проблем обеспечения энергетической безопасности важное место занимают вопро-
сы бесперебойности энергоснабжения экологической, технологической, ядерной и радиационной безопасно-
сти энергоустановок, путей и способов ограничения негативного воздействия на окружающую среду при
нормальной эксплуатации энергетического оборудования, а также снижения уровня аварийности и риска
чрезвычайных техногенных ситуаций», — заявил К. Пуликовский.

Пресс-служба Ростехнадзора

Тел.: 261-06-69, 411-60-54
Факс: 411-60-48

E-mail: inform@gosnadzor.ru
press@gosnadzor.ru

Официальный сайт: www.gosnadzor.ru

В ближайшее время в Москве будет расширено представительство ЮНЕП (Программы ООН по окружающей
среде). Об этом в Нью-Йорке заявил заместитель генерального секретаря ООН, исполнительный директор ООН по
окружающей среде Ахим Штайнер на встрече с руководителем Федеральной службой по экологическому, техноло-
гическому и атомному надзору (Ростехнадзора) Константином Пуликовским.

По словам Ахима Штайнера, Ростехнадзор может стать стратегическим партнером ЮНЕП по вопросам реше-
ния экологических проблем в России.

Заместитель генерального секретаря отметил, что Россия имеет приоритетное значение для ЮНЕП, так как, во-
первых, в России имеются нерешенные экологические проблемы, а во-вторых, Россия может оказывать влияние на
многие страны Мира.

«Необходимо наладить постоянно действующее сотрудничество для решения вопросов изменения климата,
эффективной энергетики и производства «чистой» продукции», — сказал Ахим Штайнер.

Руководитель Ростехнадзора К. Пуликовский завил, что его ведомство готово сотрудничать с Программой ООН
по окружающей среде. «Ростехнадзор окажет содействие в подборе сотрудников для расширяющегося офиса в
Москве, окажет методическое содействие».

К. Пуликовский также добавил, что сегодня Ростехнадзор активно занимается решением экологических про-
блем в России. «Мы сплачиваем вокруг себя общественные экологические организации, а через нашу надзорную
деятельность подталкиваем бизнес проводить природоохранные мероприятия. Бизнесу должно быть интереснее
внедрять экологические программы у себя на производстве, чем платить штрафы за негативное воздействие на
окружающую среду».

Пресс-релиз № 2
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Ýêñïåðòíî-èíôîðìàöèîííàÿ ñëóæáà Ñîäðóæåñòâà
Ðîññèÿ, 111250, Ìîñêâà, óë. Êðàñíîêàçàðìåííàÿ, ä. 14

Òåë./ôàêñ: 782-18-53, 918-12-51, 918-12-71
Internet: www.energyolimp.ru

E-mail: info@energyolimp.ru

Ïðîãðàììà «ÐÎÑÑÈÉÑÊÈÉ ÝÍÅÐÃÅÒÈ-
×ÅÑÊÈÉ ÎËÈÌÏ» ñîçäàíà â 2006 ãîäó. Ê ÷èñ-
ëó åå îðãàíèçàòîðîâ îòíîñèòñÿ ðÿä íàó÷íûõ,
ó÷åáíûõ è ïðîôåññèîíàëüíûõ îáúåäèíåíèé.

Ýêñïåðòíûé Ñîâåò Ïðîãðàììû âîçãëàâëÿåò
ïðîðåêòîð Ìîñêîâñêîãî ýíåðãåòè÷åñêîãî èíñòèòó-
òà (ÒÓ) ïðîôåññîð, ä. ò. í. Ðîñëÿêîâ Ïàâåë Âà-
ñèëüåâè÷.

Â Îáùåñòâåííûé Ñîâåò âõîäÿò ðóêîâîäèòå-
ëè ïðîôèëüíûõ èíñòèòóòîâ, à èìåííî: Ðåêòîð
Ìîñêîâñêîãî ýíåðãåòè÷åñêîãî èíñòèòóòà (ÒÓ),
ä. ò. í., ïðîôåññîð Ñåðåáðÿííèêîâ Ñåðãåé Âëà-
äèìèðîâè÷;  ä. ò. í., ïðîôåññîð, çàìåñòèòåëü äè-
ðåêòîðà ÎÀÎ «Âñåðîññèéñêèé  òåïëîòåõíè÷åñêèé
íàó÷íî-èññëåäîâàòåëüñêèé èíñòèòóò», ïðåäñåäà-
òåëü ïîäêîìèòåòà ÍÒÑ ÎÀÎ «ÐÀÎ ÅÝÑ Ðîññèè»
Òóìàíîâñêèé Àíàòîëèé Ãðèãîðüåâè÷, à òàêæå
ðóêîâîäèòåëè ðÿäà ÑÌÈ.

Ïðîãðàììó ïîääåðæèâàþò ðÿä ãîñóäàðñòâåí-
íûõ è  îáùåñòâåííûõ îðãàíèçàöèé, â ò.÷.  Ðîñ-
ñèéñêèé ñîþç ïðîìûøëåííèêîâ è ïðåäïðèíèìà-
òåëåé, Êîìèòåò ÒÏÏ ïî ïðåäïðèíèìàòåëüñòâó â
ñôåðå ñòðîèòåëüñòâà è ÆÊÕ,  Ìîñêîâñêèé ãîñó-
äàðñòâåííûé óíèâåðñèòåò èì. Ì. Â. Ëîìîíîñîâà,
Àññîöèàöèÿ áóõãàëòåðîâ è àóäèòîðîâ «Ñîäðóæå-
ñòâî» è äðóãèå îðãàíèçàöèè.

Ïðåìèÿ «ÐÎÑÑÈÉÑÊÈÉ ÝÍÅÐÃÅÒÈ×ÅÑ-
ÊÈÉ ÎËÈÌÏ» ÿâëÿåòñÿ ñïåöèàëüíîé îáùå-
ñòâåííîé íàãðàäîé, ñâèäåòåëüñòâóþùåé î âûñ-
øåé ïðîôåññèîíàëüíîé êîìïåòåíòíîñòè Ëàóðå-
àòîâ â îáëàñòè ýíåðãåòèêè è ÿâëÿåò ÿðêèé
ïðèìåð ðåàëüíîé îáðàòíîé ñâÿçè ìåæäó ãîñó-
äàðñòâîì è îáùåñòâîì, ïðåäñòàâëåííûì ëó÷øè-
ìè ó÷ðåæäåíèÿìè è ñïåöèàëèñòàìè ýíåðãåòè-
÷åñêîé îòðàñëè Ðîññèéñêîé Ôåäåðàöèè, Ñîäðó-
æåñòâà Íåçàâèñèìûõ Ãîñóäàðñòâ, à òàêæå
ïðåäñòàâèòåëÿìè èíîñòðàííûõ ôèðì, ðàáîòàþ-
ùèìè íà òåððèòîðèè Ðîññèè.

Öåëÿìè Ïðîãðàììû «ÐÎÑÑÈÉÑÊÈÉ ÝÍÅÐ-
ÃÅÒÈ×ÅÑÊÈÉ ÎËÈÌÏ» ÿâëÿþòñÿ:

– íàãðàæäåíèå âûñøåé ïðîôåññèîíàëüíîé
íàãðàäîé ëó÷øèõ ó÷ðåæäåíèé è ñïåöèàëèñòîâ
ãîñóäàðñòâåííîé è íåãîñóäàðñòâåííîé ñôåðû ýíåð-
ãåòè÷åñêîé îòðàñëè;

– øèðîêîå îñâåùåíèå è îáåñïå÷åíèå îáùå-
ãîñóäàðñòâåííîãî óðîâíÿ èíôîðìàöèîííîé ïîä-
äåðæêè ëó÷øèõ äîñòèæåíèé â îáëàñòè ýíåðãå-
òèêè;

– âûÿâëåíèå íà îñíîâå ìíîãîôàêòîðíîãî
ýêñïåðòíîãî àíàëèçà íàèáîëåå äèíàìè÷íûõ, íà-
äåæíûõ è ýôôåêòèâíî ðàáîòàþùèõ ïðåäïðèÿ-
òèé ýíåðãåòè÷åñêîé îòðàñëè;

– äàëüíåéøàÿ îðèåíòàöèÿ ïîòðåáèòåëåé óñ-
ëóã ýíåðãåòèêè, ðîññèéñêèõ è çàðóáåæíûõ ïàðò-
íåðîâ, îáùåñòâåííîñòè, ãîñóäàðñòâåííûõ èíñòè-
òóòîâ íà íàèáîëåå àêòèâíûõ è íàäåæíûõ, ñ òî÷-
êè çðåíèÿ îðãàíèçàöèè è âåäåíèÿ áèçíåñà,
êîìïàíèé, ðàáîòàþùèõ íà ðîññèéñêîì ðûíêå;

– ñîäåéñòâèå óêðåïëåíèþ íîâûõ âçàèìîâû-
ãîäíûõ äåëîâûõ êîíòàêòîâ ìåæäó ïðîãðåññèâ-
íûìè êîìïàíèÿìè è èõ çàðóáåæíûìè ïàðòíåðà-
ìè, îáåñïå÷åíèå êîíñòðóêòèâíîãî äèàëîãà ìåæ-
äó áèçíåñîì è âëàñòíûìè ñòðóêòóðàìè.

Ê çàäà÷àì Ïðîãðàììû «ÐÎÑÑÈÉÑÊÈÉ
ÝÍÅÐÃÅÒÈ×ÅÑÊÈÉ ÎËÈÌÏ» îòíîñÿòñÿ:

1) ïðîâåäåíèå íåçàâèñèìîãî ýêñïåðòíîãî àíà-
ëèçà îðãàíèçàöèé-ó÷àñòíèêîâ;

2) èìèäæåâàÿ è ðåêëàìíî-èíôîðìàöèîííàÿ
ïîääåðæêà êîìïàíèé, êîòîðûå:

• óñïåøíî ðåàëèçóþò ïðîãðàììû ïî âíåäðå-
íèþ òåõíîëîãèé, ðóêîâîäñòâóÿñü ïðèíöèïàìè äå-
ëîâîé ýòèêè è ñîòðóäíè÷åñòâà;

• ñïîñîáñòâóþò ïðîäâèæåíèþ íà ðîññèéñêîì
ðûíêå íîâûõ òåõíîëîãèé è óñëóã â îáëàñòè ýíåð-
ãåòèêè;

• îáåñïå÷èâàþò êà÷åñòâåííîå êëèåíòñêîå îá-
ñëóæèâàíèå;

• ñïîñîáñòâóþò ðàçâèòèþ ïîòåíöèàëà è èí-
ôðàñòðóêòóðû òîïëèâíî-ýíåðãåòè÷åñêîãî ðûíêà;

• èìåþò êàäðîâûé ðåçåðâ âûñîêîêâàëèôèöè-
ðîâàííûõ ñïåöèàëèñòîâ;

• àêòèâíî ó÷àñòâóþò â ñîöèàëüíûõ è áëàãî-
òâîðèòåëüíûõ ïðîãðàììàõ, ñïîíñîðñêèõ ïðîåê-
òàõ;

3) ðåêëàìà äåÿòåëüíîñòè ëó÷øèõ ïðåäñòàâè-
òåëåé òîïëèâíî-ýíåðãåòè÷åñêîãî êîìïëåêñà.

Â Ïðîãðàììó «ÐÎÑÑÈÉÑÊÈÉ ÝÍÅÐÃÅÒÈ-
×ÅÑÊÈÉ ÎËÈÌÏ» âêëþ÷åíû ñëåäóþùèå ñåêòîðû
ýíåðãåòè÷åñêîé îòðàñëè:

• Òåïëîýíåðãåòèêà
• Ãèäðîýíåðãåòèêà
• Àòîìíàÿ ýíåðãåòèêà
• Ýíåðãîìàøèíîñòðîåíèå
• Ýêîëîãèÿ â ýíåðãåòèêå
• Ìàëàÿ ýíåðãåòèêà
• Ïðîìûøëåííàÿ òåïëîýíåðãåòèêà
• Äîáû÷à è ïåðåðàáîòêà òîïëèâà
• Ïðèáîðû è îáîðóäîâàíèå äëÿ ýíåðãåòèêè
• Íåòðàäèöèîííàÿ (àëüòåðíàòèâíàÿ) ýíåðãå-

òèêà
Ó÷àñòíèêàì Ïðîãðàììû ïðåäëàãàþòñÿ ñëå-

äóþùèå íîìèíàöèè:
• âíåäðåíèå ýêîëîãè÷åñêè ÷èñòûõ òåõíîëî-

ãèé
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• ïîâûøåíèå ýôôåêòèâíîñòè âûðàáîòêè òåï-
ëîâîé è ýëåêòðè÷åñêîé ýíåðãèè

• âíåäðåíèå èíôîðìàöèîííûõ òåõíîëîãèé â
îòðàñëè ýíåðãåòèêè

• ñíèæåíèå âðåäíûõ âûáðîñîâ è ñòîêîâ
• âêëàä â îáëàñòè îáðàçîâàíèÿ ïî ñïåöèàëü-

íîñòè «ýíåðãåòèêà» (ïîäãîòîâêè êàäðîâ)
• êîìïëåêñíîå ðåøåíèå ïðîáëåì ýíåðãåòèêè
• ñîöèàëüíîå îáåñïå÷åíèå ðàáîòíèêîâ òîï-

ëèâíî-ýíåðãåòè÷åñêîãî êîìïëåêñà
• ýíåðãîñáåðåãàþùèå òåõíîëîãèè
• ïîâûøåíèå êóëüòóðû òðóäà
• âêëàä â ðàçâèòèå ýêîëîãèè (ðåàëèçàöèþ

èìïîðòîçàìåùàþùèõ ïðîåêòîâ)
• âòîðè÷íóþ ïåðåðàáîòêó îòõîäîâ ïðîèçâîä-

ñòâà
• ïîñòàâêó ñûðüÿ ÀÝÑ
• ëó÷øèé èííîâàöèîííûé ïðîåêò
• ðàçâèòèå ôèëèàëüíîé ñåòè
• ðàçðàáîòêó è ïðîäâèæåíèå íîâûõ óñëóã â

îáëàñòè ýíåðãåòèêè
• ëó÷øèé ïðîåêò ïî ðàçâèòèþ ìåæäóíàðîä-

íîãî áèçíåñà.
• àêòèâíóþ ïîääåðæêó ðàçâèòèÿ ðåãèîíîâ

Ðîññèéñêîé Ôåäåðàöèè
• ðàçðàáîòêó ëó÷øåãî ïðîäóêòà äëÿ ó÷àñò-

íèêîâ òîïëèâíî-ýíåðãåòè÷åñêîãî ðûíêà
• ðàçðàáîòêó è ðåàëèçàöèþ îáðàçöîâîé ñòðà-

òåãèè ðàçâèòèÿ ñîâðåìåííîé êîìïàíèè
• àêòèâíîå ïðîäâèæåíèå íîâûõ òåõíîëîãèé

â îáëàñòè ýíåðãåòèêè
• âêëàä â ðàçðàáîòêó è ïîääåðæàíèå âûñî-

êîêà÷åñòâåííûõ è îáùåïðèçíàííûõ ñòàíäàðòîâ
Ïðåäëàãàþòñÿ òàêæå Ïåðñîíàëüíûå íîìèíà-

öèè, â òîì ÷èñëå «Ðóêîâîäèòåëü êîìïàíèè», «Çà
ëè÷íûé âêëàä â ðàçâèòèå ýíåðãåòèêè» è äð.

Ìåòîäèêà îòáîðà ëàóðåàòîâ îñóùåñòâëÿåòñÿ
ïî òàêîé ñõåìå: ýêñïåðòíî-èíôîðìàöèîííàÿ ñëóæáà
îòñûëàåò çàïðîñ ïðîôåññèîíàëüíûì àññîöèàöèÿì,
à òàêæå îáëàñòíîé è ãîðîäñêîé àäìèíèñòðàöèè î
ïîòåíöèàëüíûõ ëàóðåàòàõ Ïðîãðàììû «ÐÎÑÑÈÉ-
ÑÊÈÉ ÝÍÅÐÃÅÒÈ×ÅÑÊÈÉ ÎËÈÌÏ», ïîñëå ýòî-
ãî ðåêîìåíäîâàííûì îðãàíèçàöèÿì ïðåäëàãàåòñÿ
ïðèíÿòü ó÷àñòèå â Ïðîãðàììå è ïðîèçâåñòè ñáîð
äîêóìåíòîâ (ôèíàíñîâàÿ îò÷åòíîñòü, êîïèè ëèöåí-
çèé, ïóáëèêàöèè â ÑÌÈ è ò. ï.). Äàëåå ïðîâîäèò-
ñÿ êîìïëåêñíûé ìíîãîôàêòîðíûé àíàëèç ïðîèç-
âîäñòâåííûõ è ôèíàíñîâûõ ïîêàçàòåëåé ó÷àñòíè-
êà. Â ðåçóëüòàòå ýòîé ðàáîòû ôîðìèðóåòñÿ ñïèñîê
êîìïàíèé-ïðåòåíäåíòîâ, êîòîðûé ïîäàåòñÿ íà ðàñ-
ñìîòðåíèå Ýêñïåðòíîãî Ñîâåòà. ×ëåíû Ýêñïåðòíî-
ãî Ñîâåòà äàþò îöåíêó ðåïóòàöèè êîìïàíèè, à
òàêæå ñîîòâåòñòâèå íîìèíàöèè íàïðàâëåíèþ äåÿ-
òåëüíîñòè êîìïàíèè, è âûíîñÿò ñâîé âåðäèêò êàæ-
äîìó èç ïðåòåíäåíòîâ.

Â ñîñòàâ Ýêñïåðòíîãî Ñîâåòà âõîäÿò íåçàâè-
ñèìûå ñïåöèàëèñòû — ëþäè, íå ñâÿçàííûå ñ áèç-
íåñîì èëè ïîëèòèêîé, ïðåäñòàâèòåëè ïðîôåññè-
îíàëüíûõ è ãðàæäàíñêèõ îáúåäèíåíèé, íàó÷íûõ
è ó÷åáíûõ çàâåäåíèé.

Â íàñòîÿùåå âðåìÿ Ýêñïåðòíî-èíôîðìàöèîí-
íàÿ ñëóæáà çàíèìàåòñÿ àíîíñèðîâàíèåì Ïðîãðàì-
ìû «ÐÎÑÑÈÉÑÊÈÉ ÝÍÅÐÃÅÒÈ×ÅÑÊÈÉ
ÎËÈÌÏ» ñðåäè îðãàíèçàöèé ýíåðãåòè÷åñêîãî êîì-

ïëåêñà è ñáîðîì çàÿâîê íà ó÷àñòèå â ïðîãðàììå.
Ìû òàêæå íàëàæèâàåì ñîòðóäíè÷åñòâî ñ æóðíà-
ëàìè, çàíèìàþùèìèñÿ âîïðîñàìè ýíåðãåòèêè è
ýêîëîãè÷åñêèìè ïðîáëåìàìè.

Ýíåðãåòèêà ÿâëÿåòñÿ ñåðäöåì ïðîìûøëåí-
íîãî è ñåëüñêîõîçÿéñòâåííîãî ïðîèçâîäñòâà è
îáåñïå÷èâàåò êîìôîðòíîå ñóùåñòâîâàíèå ÷åëîâå-
÷åñòâà. Ñ äðóãîé ñòîðîíû, ñ ýíåðãåòèêîé ñâÿçà-
íû òàêèå ãëîáàëüíûå ýêîëîãè÷åñêèå ïðîáëåìû,
êàê çàãðÿçíåíèå àòìîñôåðû, áèîñôåðû è ãèäðî-
ñôåðû ðàçëè÷íûìè ïðîìûøëåííûìè âûáðîñàìè,
íàðóøåíèå îçîíîâîãî ñëîÿ, ðàäèîàêòèâíîå çàã-
ðÿçíåíèå îáøèðíûõ òåððèòîðèé, âûïàäåíèå êèñ-
ëîòíûõ îñàäêîâ è ïð.

Ñåêðåòàðèàò Ïðîãðàììû «ÐÎÑÑÈÉÑÊÈÉ
ÝÍÅÐÃÅÒÈ×ÅÑÊÈÉ ÎËÈÌÏ» óäåëÿåò îñîáåí-
íîå âíèìàíèå ýíåðãîñáåðåãàþùèì òåõíîëîãèÿì,
à òàêæå àëüòåðíàòèâíûì  âîçîáíîâëÿåìûì èñ-
òî÷íèêàì ýíåðãèè, ê êîòîðûì îòíîñÿòñÿ ñîëíå÷-
íàÿ è ãåîòåðìàëüíàÿ ýíåðãèÿ, ýíåðãèÿ ïðèëèâîâ
è îòëèâîâ, ýíåðãèÿ ðåê è âåòðîâ. Ýòè âèäû ýíåð-
ãèè ÿâëÿþòñÿ íåèñ÷åðïàåìûìè, è èõ ïðîèçâîä-
ñòâî ïðàêòè÷åñêè íå îêàçûâàåò âðåäíîãî âîçäåé-
ñòâèÿ íà îêðóæàþùóþ ñðåäó. Ïîýòîìó ìû ïðè-
ãëàøàåì ê ó÷àñòèþ â Ïðîãðàììå ïðåäïðèÿòèÿ
àëüòåðíàòèâíûõ îòðàñëåé ýíåðãåòèêè.

Â íàñòîÿùåå âðåìÿ Ýêñïåðòíî-èíôîðìàöè-
îííàÿ ñëóæáà çàíèìàåòñÿ àíîíñèðîâàíèåì Ïðî-
ãðàììû «ÐÎÑÑÈÉÑÊÈÉ ÝÍÅÐÃÅÒÈ×ÅÑÊÈÉ
ÎËÈÌÏ» ñðåäè îðãàíèçàöèé ýíåðãåòè÷åñêîãî
êîìïëåêñà è ñáîðîì çàÿâîê íà ó÷àñòèå â ïðî-
ãðàììå. Ïîëó÷åíû ïèñüìà îò ãóáåðíàòîðîâ ìíî-
ãèõ îáëàñòåé è ãîðîäîâ Ðîññèè ñ ðåêîìåíäàöè-
åé îá ó÷àñòèè â Ïðîãðàììå ïðåäïðèÿòèé ýíåð-
ãåòèêè. Ïðîâîäèòñÿ òàêæå ðàáîòà ñ èçäàíèÿìè,
çàíèìàþùèìèñÿ âîïðîñàìè ýíåðãåòèêè è ïðî-
áëåìàìè ýêîëîãèè â ýíåðãåòèêå. Ñ ðÿäîì æóð-
íàëîâ  çàêëþ÷åíû ñîãëàøåíèÿ îá èíôîðìàöè-
îííîì ñîòðóäíè÷åñòâå.

9 ôåâðàëÿ 2007 ãîäà íà Ó÷åíîì ñîâåòå Ìîñ-
êîâñêîãî ýíåðãåòè÷åñêîãî èíñòèòóòà (Òåõíè÷åñ-
êîãî óíèâåðñèòåòà)  ñîñòîÿëàñü ïðåçåíòàöèÿ ïðî-
ãðàììû «ÐÎÑÑÈÉÑÊÈÉ ÝÍÅÐÃÅÒÈ×ÅÑÊÈÉ
ÎËÈÌÏ». Ïðîãðàììó ïðåäñòàâèë ïðîðåêòîð
ÌÝÈ, äîêòîð òåõíè÷åñêèõ íàóê, ïðîôåññîð
Ï. Â. Ðîñëÿêîâ. Ó÷åíûé ñîâåò áûë ïðîèíôîðìè-
ðîâàí îá îñíîâíûõ íàïðàâëåíèÿõ ðàçâèòèÿ Ïðî-
ãðàììû, äàëüíåéøèõ ïåðñïåêòèâàõ ðàáîòû.

Áûëè ðàññìîòðåíû îñíîâíûå ïîëîæåíèÿ
Ïðîãðàììû, åå çàäà÷è è öåëè.

Ïåðâóþ öåðåìîíèþ íàãðàæäåíèÿ ëàóðåàòîâ
ïðåìèè «ÐÎÑÑÈÉÑÊÈÉ ÝÍÅÐÃÅÒÈ×ÅÑÊÈÉ
ÎËÈÌÏ» ïëàíèðóåòñÿ ïðîâåñòè â êîíöå èþíÿ
2007 ãîäà. Òîðæåñòâåííàÿ öåðåìîíèÿ ñîïðîâîæ-
äàåòñÿ âðó÷åíèåì Íàãðàäû «ÐÎÑÑÈÉÑÊÈÉ
ÝÍÅÐÃÅÒÈ×ÅÑÊÈÉ ÎËÈÌÏ», ïîäòâåðæäåííîé
Ïî÷åòíûì èìåííûì Äèïëîìîì, à òàêæå çîëî-
òûì  íàãðóäíûì çíàêîì Ëàóðåàòà  è ïðîõîäèò â
àòìîñôåðå ïðàçäíè÷íîãî êîíöåðòà ñ VIP-áàíêå-
òîì.

Â ÷èñëå ïåðâûõ Ëàóðåàòîâ Ïðåìèè «ÐÎÑ-
ÑÈÉÑÊÈÉ ÝÍÅÐÃÅÒÈ×ÅÑÊÈÉ ÎËÈÌÏ» íà-
çîâåì ñëåäóþùèå ïðåäïðèÿòèÿ ýíåðãåòè÷åñêîé
îòðàñëè:
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ÐÎÑÑÈÉÑÊÈÉ ÝÍÅÐÃÅÒÈ×ÅÑÊÈÉ ÎËÈÌÏ
Â Ìîñêâå ñîñòîÿëàñü òîðæåñòâåííàÿ öåðåìîíèÿ âðó÷åíèÿ ïðåìèé â îáëàñòè ýíåðãåòèêè — «Ðîñ-

ñèéñêèé ýíåðãåòè÷åñêèé Îëèìï». Ýòà ñïåöèàëüíàÿ îáùåñòâåííàÿ íàãðàäà áûëà ó÷ðåæäåíà â 2006
ãîäó ðÿäîì íàó÷íûõ, ó÷åáíûõ è ïðîôåññèîíàëüíûõ îáúåäèíåíèé äëÿ ïîîùðåíèÿ âåäóùèõ îðãàíè-
çàöèé â îáëàñòè ýíåðãåòèêè.

Ïî èòîãàì çàåäàíèÿ Ýêñïåðòíîãî è Îáùåñòâåííîãî Ñîâåòîâ Ïðåìèé íàãðàäû â ýòîì ãîäó âïåð-
âûå ïîëó÷àþò ïðåäïðèÿòèÿ, êîòîðûå ïî ïðàâó ÿâëÿþòñÿ ëèäåðàìè ýíåðãåòè÷åñêîãî êîìïëåêñà, à
òàêæå âûäàþùèåñÿ ñîîòå÷åñòâåííèêè, çàñëóæèâøèå áåçîãîâîðî÷íûé àâòîðèòåò è óâàæåíèå — îêî-
ëî ïÿòèäåñÿòè êîìïàíèé è ðóêîâîäèòåëåé.

Îòêðûâàÿ öåðåìîíèþ, ðåêòîð ÌÝÈ (ÒÓ), ïðîôåññîð Ñåðåáðÿííèêîâ Ñåðãåé Âëàäèìèðîâè÷ îòìå-
òèë: «Ýíåðãåòèêà ñåãîäíÿ âçÿëà áîëüøîé ñòàðò. Îíà âûøëà íà ðûíîê è ó íåå ñåãîäíÿ áîëüøèå
ïåðñïåêòèâû». Åãî êîëëåãà èç ÌÝÈ ïðîôåññîð Ðîñëÿêîâ Ïàâåë Âàñèëüåâè÷ ïîáëàãîäàðèë Ýêñïåðò-
íûé Ñîâåò (÷ëåíîì êîòîðîãî ÿâëÿåòñÿ ãëàâíûé ðåäàêòîð æóðíàëà Àëåêñàíäð Ëåîíèäîâè÷ Ãóñåâ),
êîòîðûé ïîòðàòèë ìíîãî âðåìåíè íà îòáîð ëàóðåàòîâ, çà êðîïîòëèâûé òðóä: «Ýêñïåðòíûé Ñîâåò
ïðîâåë áîëüøóþ ðàáîòó. Âåäü èìåííî îò íàøèõ ëàóðåàòîâ â íåìàëîé ñòåïåíè çàâèñèò áëàãîñîñ-
òîÿíèå íàøåé ñòðàíû».

Â òîðæåñòâåííîé îáñòàíîâêå è ïîä çàìå÷àòåëüíûå äæàçîâûå èìïðîâèçàöèè èçâåñòíîãî ìóçû-
êàíòà Èãîðÿ Áðèëÿ ñîñòîÿëîñü âðó÷åíèå ñàìèõ ïðåìèé.

Â çàêëþ÷åíèå îðãàíèçàòîðû âûñêàçàëè áëàãîäàðíîñòü ó÷àñòíèêàì è èíôîðìàöèîííûì ñïîíñî-
ðàì ìåðîïðèÿòèÿ, â ÷èñëî êîòîðûõ âõîäèò Ìåæäóíàðîäíûé æóðíàë «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è
ýêîëîãèÿ».

••••• ÎÎÎ «ÇÃÌ», ã. Äçåðæèíñê (Çàâîä ãåðìå-
òèçèðóþùèõ ìàòåðèàëîâ, êðóïíåéøèé â Ðîññèè
ïðîèçâîäèòåëü ñàìîêëåÿùèõñÿ, íåîòâåðæäàåìûõ
ãåðìåòèêîâ íà îñíîâå ñèíòåòè÷åñêèõ êàó÷óêîâ,
ïðèìåíÿåìûõ â òîì ÷èñëå â êà÷åñòâå ýëåêòðî-
ïðîâîäÿùèõ è ýëåêòðîèçîëÿöèîííûõ ìàòåðèà-
ëîâ), íîìèíàöèÿ «Çà ðàçðàáîòêó è âíåäðåíèå
ïåðåäîâûõ ìàòåðèàëîâ è òåõíîëîãèé».

••••• ÇÀÎ «Ïðîðûâ-Êîìïëåêò», ã. Ìîñêâà (ðå-
àëèçàöèÿ ïðîåêòîâ, ñâÿçàííûõ ñ ïðîåêòèðîâà-
íèåì, ðàçðàáîòêîé ïðîãðàììíîãî îáåñïå÷åíèÿ,
èçãîòîâëåíèåì êîìïîíåíòîâ è âíåäðåíèåì àâòî-
ìàòèçèðîâàííûõ èíôîðìàöèîííî-èçìåðèòåëüíûõ
ñèñòåì ó÷åòà ýëåêòðîýíåðãèè), íîìèíàöèÿ «Çà
âíåäðåíèå ïåðåäîâûõ èíôîðìàöèîííûõ òåõíîëî-
ãèé â ýíåðãåòèêå».

••••• ÎÎÎ «Ýíåðãîíåôòü», ã. Òþìåíü (êðóïíîå
ïðåäïðèÿòèå, îáåñïå÷èâàþùåå áåñïåðåáîéíîå
ýëåêòðîñíàáæåíèå îáúåêòîâ íåôòåäîáû÷è), íî-
ìèíàöèÿ íà ýòîì ýòàïå íå îïðåäåëåíà.

••••• ÎÀÎ «×åïåöêèé ìåõàíè÷åñêèé çàâîä», ã.

Ãëàçîâ, Óäìóðòñêàÿ ðåñïóáëèêà (âõîäèò â ñîñòàâ

ÎÀÎ «ÒÂÝË», êîòîðîå îáåñïå÷èâàåò òîïëèâîì ÿäåð-

íî-ýíåðãåòè÷åñêèé êîìïëåêñ Ðîññèè), íîìèíàöèÿ

«Çà àêòèâíîå ïðîäâèæåíèå íîâûõ òåõíîëîãèé â

îáëàñòè ýíåðãåòèêè».

••••• ÎÀÎ «Îìñêàÿ ýíåðãîñáûòîâàÿ êîìïàíèÿ»,

óïðàâëÿåòñÿ ÎÀÎ «ÒÃÊ-11», ã. Íîâîñèáèðñê (çà-

íèìàåòñÿ ðåàëèçàöèåé ýëåêòðè÷åñêîé è òåïëî-

âîé ýíåðãèè þðèäè÷åñêèì è ôèçè÷åñêèì ëèöàì),

íîìèíàöèÿ íà ýòîì ýòàïå íå îïðåäåëåíà.

Âñåõ çàèíòåðåñîâàííûõ ïðèíÿòü ó÷àñòèå â Ïðî-

ãðàììå «ÐÎÑÑÈÉÑÊÈÉ ÝÍÅÐÃÅÒÈ×ÅÑÊÈÉ

ÎËÈÌÏ», à òàêæå ïîääåðæàòü Ïðîãðàììó è ñïî-

ñîáñòâîâàòü ñîâåðøåíñòâîâàíèþ ìåòîäèêè îòáî-

ðà Ëàóðåàòîâ è âûÿâëåíèþ àêòóàëüíûõ ïðîáëåì

ýíåðãåòè÷åñêîé îòðàñëè, ýêîëîãè÷åñêèõ ïðîáëåì

â ýíåðãåòèêå è èõ ðåøåíèþ, ïðîñèì îáðàùàòüñÿ

â Ñåêðåòàðèàò ïðåìèè.

Íàó÷íûé îáîçðåâàòåëü
Îëüãà Áàêëèöêàÿ
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ÏÐÅÑÑ-ÐÅËÈÇ

îò 29 èþíÿ 2007 ã.

28 èþíÿ 2007 ãîäà â Êóëüòóðíîì Öåíòðå Ãëàâ ÓïÄê ïðè ÌÈÄ ÐÔ
ñîñòîÿëàñü òîðæåñòâåííàÿ Öåðåìîíèÿ íàãðàæäåíèÿ Ëàóðåàòîâ Ïðåìèé

«ÐÎÑÑÈÉÑÊÈÉ ÝÍÅÐÃÅÒÈ×ÅÑÊÈÉ ÎËÈÌÏ – 2007»,
«ÐÎÑÑÈÉÑÊÈÉ ÑÒÐÎÈÒÅËÜÍÛÉ ÎËÈÌÏ – 2007»,

à òàêæå âðó÷åíèå Ðåâèçèîííûõ ñåðòèôèêàòîâ Ïðîãðàììû
«ÍÀÄÅÆÍÛÅ ÎÐÃÀÍÈÇÀÖÈÈ ÑÒÐÎÈÒÅËÜÍÎÃÎ ÊÎÌÏËÅÊÑÀ – 2007»

Ïî èòîãàì çàñåäàíèÿ Ýêñïåðòíîãî è Îáùåñòâåí-
íîãî Ñîâåòîâ Ïðåìèé ëàóðåàòàìè îáúÿâëåíû äîñ-
òîéíåéøèå îðãàíèçàöèè è ïðîôåññèîíàëû ýíåðãå-
òè÷åñêîé è ñòðîèòåëüíîé îòðàñëåé ðîññèéñêîé ýêî-
íîìèêè, êîòîðûå ñâîåé ýôôåêòèâíîé äåÿòåëüíîñòüþ
çàñëóæèëè ïðèçíàíèå îáùåñòâà è ãîñóäàðñòâà.

Ïðåìèÿ «Ðîññèéñêèé ñòðîèòåëüíûé îëèìï»
(www.stroyolimp.ru) — âûñîêî ïðåñòèæíà è äàâíî
ïðèçíàíà â ñâîåé ïðîôåññèîíàëüíîé ñôåðå, â ýòîì
ãîäó åé èñïîëíÿåòñÿ 11 ëåò. Åå ïåðâàÿ ñòóïåíü —
Ïðîãðàììà «Íàäåæíûå îðãàíèçàöèè ñòðîèòåëü-
íîãî êîìïëåêñà» (www.stroyreestr.ru), êîòîðàÿ
ñóùåñòâóåò óæå 10 ëåò, — øèðîêî èçâåñòíà â
ñðåäå ìàëîãî è ñðåäíåãî ïðåäïðèíèìàòåëüñòâà.

 Â 2006 ãîäó áûëà ó÷ðåæäåíà íîâàÿ Ïðåìèÿ
â îáëàñòè ýíåðãåòèêè — «Ðîññèéñêèé ýíåðãåòè-
÷åñêèé îëèìï» (www.energyolimp.ru). Âðó÷åíèå
åå íàãðàä íà ïðîøåäøåé öåðåìîíèè ïðîõîäèëî
âïåðâûå. Âñþ ýòó ìàñøòàáíóþ ðàáîòó ïî ó÷ðåæ-
äåíèþ è óñïåøíîé ðåàëèçàöèè âûøåïåðå÷èñëåí-
íûõ ïðîåêòîâ ïðîâîäèò êîìïàíèÿ ÀÍÎ «Ýêñ-
ïåðòíî-èíôîðìàöèîííàÿ ñëóæáà Ñîäðóæåñòâà».

Ïî âñåì íàïðàâëåíèÿì Ïðîãðàììà «Ðîññèéñ-
êèé îëèìï» ïðèçâàíà âûÿâëÿòü è ïîääåðæèâàòü
ïåðñïåêòèâíûå è íàäåæíûå êîìïàíèè, äîñòèæå-
íèÿ êîòîðûõ ÿâëÿþòñÿ ãàðàíòîì öèâèëèçîâàí-
íûõ ðûíî÷íûõ îòíîøåíèé â Ðîññèè. Âàæíûì
ìîìåíòîì îòìå÷àåòñÿ  ñòðåìëåíèå îáåñïå÷èòü ðàç-
âèòèå êîíñòðóêòèâíîãî äèàëîãà ìåæäó áèçíåñîì
è âëàñòíûìè ñòðóêòóðàìè è ñîäåéñòâîâàòü óê-
ðåïëåíèþ íîâûõ äåëîâûõ ñîþçîâ íà ðîññèéñêîì
è çàðóáåæíîì óðîâíÿõ.

Ïðîãðàììû ïðîâîäÿòñÿ ïðè ïîääåðæêå Ïðà-
âèòåëüñòâà Ìîñêâû, àäìèíèñòðàöèé ñóáúåêòîâ
Ðîññèéñêîé Ôåäåðàöèè, Òîðãîâî-ïðîìûøëåííîé
ïàëàòû Ðîññèéñêîé Ôåäåðàöèè, Ôåäåðàëüíîãî
àãåíòñòâà ïî ñòðîèòåëüñòâó è ÆÊÕ, Ðîññèéñ-
êîãî ñîþçà ïðîìûøëåííèêîâ è ïðåäïðèíèìàòå-
ëåé, Ìîñêîâñêîé ìåæäóíàðîäíîé áèçíåñ àññî-
öèàöèè, Ìîñêîâñêîãî ãîñóäàðñòâåííîãî óíèâåð-
ñèòåòà èì. Ì. Â. Ëîìîíîñîâà, Ìèíèñòåðñòâà
ñòðîèòåëüíîãî êîìïëåêñà Ìîñêîâñêîé îáëàñòè
è ðÿäà äðóãèõ îðãàíèçàöèé.

Ïîäîáíûå ïðîãðàììû ïîçâîëÿþò ïîâûøàòü
ñîöèàëüíûé ñòàòóñ öèâèëèçîâàííîãî ïðåäïðèíè-
ìàòåëüñòâà â ãëàçàõ îáùåñòâåííîñòè è óêðåïëÿ-
þò ïîçèòèâíûå òåíäåíöèè â ðàçâèòèè ðîññèéñ-
êîé  ýêîíîìèêè.

Òîðæåñòâåííàÿ öåðåìîíèÿ íàãðàæäåíèÿ ëà-
óðåàòîâ Ïðåìèé «ÐÎÑÑÈÉÑÊÈÉ ÝÍÅÐÃÅÒÈ-
×ÅÑÊÈÉ ÎËÈÌÏ», «ÐÎÑÑÈÉÑÊÈÉ ÑÒÐÎÈ-
ÒÅËÜÍÛÉ ÎËÈÌÏ» è âðó÷åíèå ðåâèçèîííûõ
Ñåðòèôèêàòîâ Ïðîãðàììû «Íàäåæíûå îðãàíè-

çàöèè ñòðîèòåëüíîãî êîìïëåêñà» ïðîâîäèëàñü
â óþòíîì êîíôåðåíö-çàëå Êóëüòóðíîãî öåíòðà
ÃëàâÓïÄÊ ïðè ÌÈÄ ÐÔ â òåïëîé äåëîâîé
àòìîñôåðå, ñîïðîâîæäàëàñü âûñòóïëåíèÿìè
ÂÈÏ-ïåðñîí è ïðåäñòàâèòåëåé îðãàíèçàöèé-ïî-
áåäèòåëåé è çàâåðøèëàñü ïðàçäíè÷íûì áàíêå-
òîì. Áîëüøîå íàñëàæäåíèå ëàóðåàòû è ãîñòè òîð-
æåñòâà ïîëó÷èëè îò âûñòóïëåíèÿ íà ïðîòÿæå-
íèè âñåãî âå÷åðà ìýòðà ðîññèéñêîãî äæàçà,
íàðîäíîãî àðòèñòà Ðîññèè Èãîðÿ Áðèëÿ è åãî
ãðóïïû, à òàêæå àðòèñòîâ Áîëüøîãî òåàòðà.

Ìû óâåðåíû, ÷òî ó÷àñòèå â ïðîãðàììàõ
«Ðîññèéñêèé ýíåðãåòè÷åñêèé îëèìï», «Ðîññèéñ-
êèé ñòðîèòåëüíûé îëèìï» è «Íàäåæíûå îðãà-
íèçàöèè ñòðîèòåëüíîãî êîìïëåêñà» ñòàíåò íî-
âûì èìïóëüñîì äëÿ ðàçâèòèÿ Ëàóðåàòîâ, ÷òî
áóäåò ñïîñîáñòâîâàòü èõ óñïåõó, è, êàê ðåçóëü-
òàò, ïðîöâåòàíèþ ñòðàíû â öåëîì.

Ñåãîäíÿ ìû èñêðåííå ïîçäðàâëÿåì ëàóðåà-
òîâ ïðåìèé, äîñòèãøèõ âûñîò Ýíåðãåòè÷åñêîãî
è Ñòðîèòåëüíîãî Îëèìïîâ!

Èíôîðìàöèîííûå ñïîíñîðû Ïðîãðàìì:

Òåëåêàíàëû: ÒÂ-ÖÅÍÒÐ, ÐÁÊ-ÒÂ
Èíòåðíåò-ðåñóðñû: Èíòåðíåò Ïîðòàë «Ñòðî-

èòåëüíûé Ìèð», AK&M
Ïå÷àòíûå ÑÌÈ: Build Report; Èíâåñòèöèè

â ñòðîèòåëüñòâî; Æèëèùíîå ñòðîèòåëüñòâî;
Êâàäðàòíûé ìåòð; Êâàðòèðà. Äà÷à. Îôèñ; Íî-
âûå èçâåñòèÿ; Ïðîôåññèîíàëüíîå ñòðîèòåëüñòâî;
Ñòîëè÷íûé ñòèëü; Ñòðîèòåëüíûé ìèð; Ñòðîè-
òåëüíàÿ Îðáèòà; Ñòðîèòåëüñòâî; Ñòðîèòåëüíûé
ýêñïåðò; Ñòðîèòåëüíàÿ ãàçåòà; Ñòðîèòåëüíûé
áèçíåñ; Òåõíîëîãèè ñòðîèòåëüñòâà; Ôîðìóëà
ñòðîèòåëüñòâà; Ìîñêâà è Ðåãèîíû; Àëüòåðíàòèâ-
íàÿ ýíåðãåòèêà è ýêîëîãèÿ; Âåñòè â ýëåêòðîýíåð-
ãåòèêå; Íîâîå â ðîññèéñêîé ýëåêòðîýíåðãåòèêå;
Ìèðîâàÿ ýíåðãåòèêà; Ýíåðãî-info; Ýíåðãåòèê;
Àòëàñ ñòðàõîâàíèÿ; Âàëþòíûé ñïåêóëÿíò; Áèç-
íåñ îáîçðåíèå; ÁÈÊÈ.

Ëàóðåàòû Ïðåìèè
«Ðîññèéñêèé ýíåðãåòè÷åêèé îëèìï – 2007»

• ÎÀÎ «Âòîðàÿ ãåíåðèðóþùàÿ êîìïàíèÿ
îïòîâîãî ðûíêà ýëåêòðîýíåðãèè», ã. Ìîñêâà

Íîìèíàöèÿ: «Ëèäåð â îáëàñòè ïðîèçâîäñòâà
ýëåêòðîýíåðãèè»

Ãåíåðàëüíûé äèðåêòîð — Êóçè÷åâ Ìèõàèë
Âàñèëüåâè÷

• ÎÀÎ «ÃÅÍÅÐÈÐÓÞÙÀß ÊÎÌÏÀÍÈß»
õîëäèíãà «Òàòýíåðãî», ã. Êàçàíü

Íîìèíàöèÿ: «Çà ñíèæåíèå âðåäíûõ âûáðî-
ñîâ è ñòîêîâ»
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Ãåíåðàëüíûé äèðåêòîð — Ôàðäèåâ Èëüøàò
Øàåõîâè÷

• ÎÎÎ «ÇÃÌ» («Çàâîä ãåðìåòèçèðóþùèõ
ìàòåðèàëîâ»), ã. Äçåðæèíñê, Íèæåãîðîäñêîé
îáëàñòè

Íîìèíàöèÿ: «Çà ðàçðàáîòêó è âíåäðåíèå ïå-
ðåäîâûõ ìàòåðèàëîâ è òåõíîëîãèé»

Ãåíåðàëüíûé äèðåêòîð — Ñàâ÷åíêîâà Ãàëè-
íà Àíàòîëüåâíà

• ÎÀÎ «Êðàñíîÿðñêýíåðãî», ã. Êðàñíîÿðñê
Íîìèíàöèÿ: «Çà ïîâûøåíèå ýíåðãåòè÷åñêîé

ýôôåêòèâíîñòè êàê ðåãèîíàëüíîé ñåòåâîé êîì-
ïàíèè»

Èñïîëíèòåëüíûé äèðåêòîð — Øëåãåëü Àëåê-
ñàíäð Ýäóàðäîâè÷

• ÃÓÏ «Îðåíáóðãêîììóíýëåêòðîñåòü», ã. Îðåí-
áóðã

Íîìèíàöèÿ: «Çà àêòèâíóþ ïîääåðæêó â ðàç-
âèòèè è ñîçèäàíèè ðåãèîíà»

Ãåíåðàëüíûé äèðåêòîð – Ëèãåðìàí Âèëëè
Àðîíîâè÷ («Çàñëóæåííûé ðàáîòíèê ÆÊÕ ÐÔ»)

• ÇÀÎ «ÏÐÎÐÛÂ-ÊÎÌÏËÅÊÒ», ã. Ìîñêâà
Íîìèíàöèÿ: «Çà âíåäðåíèå ïåðåäîâûõ èí-

ôîðìàöèîííûõ òåõíîëîãèé â ýíåðãåòèêå»
Ãåíåðàëüíûé äèðåêòîð – Êðþ÷êîâ Àíäðåé

Âàñèëüåâè÷
• ÎÀÎ Ôèëèàë «ÔÑÊ ÅÝÑ» ÌÝÑ Ñèáèðè,

ã. Êðàñíîÿðñê
Íîìèíàöèÿ: «Ëó÷øåå ïðåäïðèÿòèå ãîäà» —

çà âêëàä â ðàçâèòèå ýêîíîìèêè Ñèáèðè
Ãåíåðàëüíûé äèðåêòîð — Çèëüáåðìàí Ñà-

ìóèë Ìîèñååâè÷
• ÎÀÎ «×ÅÏÅÖÊÈÉ ÌÅÕÀÍÈ×ÅÑÊÈÉ

ÇÀÂÎÄ», ã. Ãëàçîâ
Íîìèíàöèÿ: «Çà àêòèâíîå ïðîäâèæåíèå íî-

âûõ òåõíîëîãèé â òåïëîýíåðãåòèêå»
Ãåíåðàëüíûé äèðåêòîð — Ñóõàðåâ Ñåðãåé

Áîðèñîâè÷
• ÎÎÎ «ÝÍÅÐÃÎÍÅÔÒÜ», ã. Òþìåíü
Íîìèíàöèÿ: «Çà âûñîêóþ ýôôåêòèâíîñòü

óïðàâëåíèÿ ýíåðãåòè÷åñêèì êîìïëåêñîì â íåô-
òåãàçîäîáû÷å»

Ãåíåðàëüíûé äèðåêòîð — Áåñàðàá Âàñèëèé
Íèêîëàåâè÷

Ïåðñîíàëüíûå íîìèíàöèè

• Ïàóëè Âèêòîð Êàðëîâè÷ — ×ëåí Ïðàâëå-
íèÿ, çàìåñòèòåëü òåõíè÷åñêîãî äèðåêòîðà, Ãëàâ-
íûé òåõíè÷åñêèé èíñïåêòîð ÎÀÎ ÐÀÎ «ÅÝÑ Ðîñ-
ñèè», ä. ò. í., ê. ý. í., ïðîôåññîð (ã. Ìîñêâà).

Íîìèíàöèÿ: «Âíåäðåíèå èííîâàöèîííûõ òåõ-
íîëîãèé, íàïðàâëåííûõ íà ïîâûøåíèå íàäåæ-
íîñòè ýíåðãåòè÷åñêîãî îáîðóäîâàíèÿ»

• Ôàðäèåâ Èëüøàò Øàåõîâè÷ (Çàñëóæåííûé
ýíåðãåòèê Ðåñïóáëèêè Òàòàðñòàí, Ëàóðåàò Ãîñó-
äàðñòâåííîé ïðåìèè Ðåñïóáëèêè Òàòàðñòàí,
2003 ã.) — Ãåíåðàëüíûé äèðåêòîð ÎÀÎ «Ãåíå-
ðèðóþùàÿ êîìïàíèÿ» õîëäèíãà «Òàòýíåðãî»
(ã. Êàçàíü)

Íîìèíàöèÿ: «Ðóêîâîäèòåëü ñàìîé äèíàìè÷-
íî ðàçâèâàþùåéñÿ êîìïàíèè»

• Äðîçäîâ Âàëåðèé Âëàäèìèðîâè÷ (Äåéñòâè-
òåëüíûé ÷ëåí Àêàäåìèè âîåííûõ íàóê, ÷ëåí-

êîðð. Ðîññèéñêîé èíæåíåðíîé àêàäåìèè, ä. ò. í.,
ê. ý. í.) — íà÷àëüíèê Óïðàâëåíèÿ ðàçðàáîòêè è
èñïûòàíèé ÿäåðíûõ áîåïðèïàñîâ Ôåäåðàëüíîãî
àãåíòñòâà ÿäåðíîé ýíåðãèè (ã. Ìîñêâà)

Íîìèíàöèÿ: «Çà ëè÷íûé âêëàä â ðàáîòû ïî
èñïîëüçîâàíèþ àòîìíîé ýíåðãèè»

• Èíôîðìàöèîííî-àíàëèòè÷åñêèé æóðíàë
«Ýíåðãî-info»

Íîìèíàöèÿ: «Ãåíåðàëüíûé èíôîðìàöèîííûé
ñïîíñîð» — çà ïîääåðæêó â ïðîäâèæåíèè Ïðî-
ãðàììû «Ðîññèéñêèé ýíåðãåòè÷åñêèé îëèìï»

Ëàóðåàòû Ïðåìèè
«Ðîññèéñêèé Ñòðîèòåëüíûé Îëèìï – 2007»

• ÎÎÎ «Àòîìýíåðãîìîíòàæ», Ìîñêîâñêàÿ
îáëàñòü, ã. Ìûòèùè

Íîìèíàöèÿ: «Ñïåöèàëüíîå ñòðîèòåëüñòâî» —
Çà àêòèâíóþ ïîääåðæêó ðàçâèòèÿ ïðîèçâîäñòâà
è ñîöèàëüíîé ñôåðû â ðåãèîíàõ Ðîññèè

Ãåíåðàëüíûé äèðåêòîð — Ñåëèâàíîâ Èãîðü
Àëåêñååâè÷

• ÇÀÎ «ÁÝÒÀ Èíâåñò Ãðóïï», ã. Ìîñêâà
Íîìèíàöèÿ: «Ãåíåðàëüíûé ïîäðÿä÷èê» —

Çà àêòèâíóþ ïîääåðæêó â  ðàçâèòèè è ñîçèäà-
íèè ßìàëî-Íåíåöêîãî àâòîíîìíîãî îêðóãà

Ïðåçèäåíò — Ñàãèðîâ Àëåêñàíäð Âàñèëüåâè÷
• ÎÎÎ «ÌÅÊÀ-ÐÎÑÑÈß», ã. Ñàìàðà
Íîìèíàöèÿ: «Ëèäåð ïî ïîñòàâêàì ñòðîèòåëü-

íîãî îáîðóäîâàíèÿ äëÿ ïðîèçâîäñòâà áåòîíà è
ðàñòâîðà íà åâðîïåéñêîì è àçèàòñêîì ðûíêàõ»

Ãåíåðàëüíûé äèðåêòîð — Ëàïêî Âëàäèìèð
Ñòàíèñëàâîâè÷

• ÇÀÎ «Ìîñôóíäàìåíòñòðîé-6», ã. Ìîñêâà
Íîìèíàöèÿ: «Ëèäåð ñòðîèòåëüíîé îòðàñëè»

â ÷åñòü 70-ëåòèÿ ñî äíÿ îñíîâàíèÿ îðãàíèçàöèè
è ïðèçíàíèÿ çàñëóã êîëëåêòèâà ïåðåä ñòðîèòåëü-
íîé îòðàñëüþ ñòðàíû

Ãåíåðàëüíûé äèðåêòîð — Íåñòåðåíêî Âèê-
òîð Èâàíîâè÷

• ÇÀÎ ÍÏÂÎ «ÍÃÑ-Îðãïðîåêòýêîíîìèêà»,
ã. Ìîñêâà

Íîìèíàöèÿ: «Ñòðîèòåëüíîå, èíæåíåðíî-êîí-
ñòðóêòîðñêîå è òåõíîëîãè÷åñêîå ïðîåêòèðîâàíèå»

Ãåíåðàëüíûé äèðåêòîð — Èâàíåö Âèêòîð
Êîíñòàíòèíîâè÷

• ÎÎÎ «ÑÌÏ-99» («Ñòðîèòåëüíî-ìîíòàæ-
íûé ïîåçä – 99»), ã. Ìîñêâà

Íîìèíàöèÿ: «Ñòðîèòåëüíîå, èíæåíåðíî-êîí-
ñòðóêòîðñêîå è òåõíîëîãè÷åñêîå ïðîåêòèðîâàíèå»

Ãåíåðàëüíûé äèðåêòîð — Èâàíåö Âèêòîð
Êîíñòàíòèíîâè÷

• ÇÀÎ «Ñòðîèòåëüñòâî Ìîíòàæ Óñëóãè-333»,
ã. Ìîñêâà

Íîìèíàöèÿ: «Êàïèòàëüíîå ñòðîèòåëüñòâî è
ðåêîíñòðóêöèÿ»

Ãåíåðàëüíûé äèðåêòîð — Îñèïîâ Ñåðãåé Âà-
ëåíòèíîâè÷

• ÎÀÎ «Òàãàíðîãñòàëüêîíñòðóêöèÿ», ã. Òà-
ãàíðîã

Íîìèíàöèÿ: «Ñàìàÿ äèíàìè÷íî ðàçâèâàþùà-
ÿñÿ ïîäðÿäíàÿ îðãàíèçàöèÿ Ðîñòîâñêîé îáëàñòè»

Äèðåêòîð — Âèáå Èãîðü Ãåííàäüåâè÷
• ÎÎÎ «ÝËÊÎÍ», ã. Ñàìàðà
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Íîìèíàöèÿ: «Ëèäåð ïî ïðîäàæàì è ñåðâèñ-
íîìó îáñëóæèâàíèþ ñðåäè ïîñòàâùèêîâ áåòîí-
íûõ çàâîäîâ â ÐÔ»

Äèðåêòîð — Æóêîâ Ëåîíèä Ìèõàéëîâè÷

Ïåðñîíàëüíûå íîìèíàöèè

• Áàñèí Åôèì Âëàäèìèðîâè÷ — Ïðåäñåäà-

òåëü Êîìèòåòà ÒÏÏ ïî ïðåäïðèíèìàòåëüñòâó â

ñôåðå ñòðîèòåëüñòâà è ÆÊÕ, ã. Ìîñêâà

Íîìèíàöèÿ: «Ðåàëèçàöèÿ ïðîåêòà» — Çà âû-

äàþùèéñÿ âêëàä â ðàçâèòèå Ïðîãðàììû «Ðîñ-

ñèéñêèé Ñòðîèòåëüíûé Îëèìï»

• Øìàêîâ Àëåêñåé Äìèòðèåâè÷ (èìååò íà-

ãðàäû: ìåäàëü «Çà òðóäîâóþ äîáëåñòü», ëàóðåàò

Ãîñóäàðñòâåííîé ïðåìèè ÑÑÑÐ, ìåäàëü «Â ïà-

ìÿòü 850-ëåòèÿ  Ìîñêâû», ïî÷åòíîå çâàíèå «Çàñ-

ëóæåííûé ñòðîèòåëü Ðîññèéñêîé Ôåäåðàöèè»,

çâàíèå «Ìàñòåð ñâÿçè», çíàê «Ïî÷åòíûé ñòðîè-

òåëü Ðîññèè») — ãåíåðàëüíûé äèðåêòîð

ÎÀÎ «ÌÎÑÒÅËÅÔÎÍÑÒÐÎÉ» (ã. Ìîñêâà)

Íîìèíàöèÿ: «Ðóêîâîäèòåëü ãîäà» — Çà ìíî-

ãîëåòíèé ïëîäîòâîðíûé òðóä, áåçóïðå÷íóþ äå-

ëîâóþ ðåïóòàöèþ è áîëüøîé âêëàä â ðàçâèòèå

ñòðîèòåëüíîé îòðàñëè Ðîññèéñêîé Ôåäåðàöèè

• Òóðîâ Âëàäèìèð Àíàòîëüåâè÷ (Çàñëóæåí-

íûé ñòðîèòåëü Ðîññèéñêîé Ôåäåðàöèè, Ïî÷åò-

íûé æåëåçíîäîðîæíèê, Ïî÷åòíûé ñòðîèòåëü

Ðîññèè, íàãðàæäåí ìåäàëüþ «Çà ñòðîèòåëüñòâî

Áàéêàëî-Àìóðñêîé ìàãèñòðàëè», ìåäàëüþ «Âå-

òåðàí Òðóäà», ìåäàëüþ «100 ëåò Òðàíññèáèðñ-

êîé ìàãèñòðàëè», Îðäåíîì «Ïî÷åòà«) — ãåíå-

ðàëüíûé äèðåêòîð ÎÎÎ «Ñòðîèòåëüíî-ìîíòàæ-

íûé ïîåçä – 99» (ã. Ìîñêâà)

Íîìèíàöèÿ: «Ðóêîâîäèòåëü ãîäà» — Çà ýô-

ôåêòèâíîå ðóêîâîäñòâî, âûñîêèé ïðîôåññèîíà-

ëèçì â ðàáîòå, áîëüøîé ëè÷íûé âêëàä â ðàçâè-

òèå ïðîãðàìì æåëåçíîäîðîæíîãî ñòðîèòåëüñòâà

• Æóðíàë «Ñòðîèòåëüíàÿ Îðáèòà», ã. Ìîñêâà

Íîìèíàöèÿ: «Èíôîðìàöèîííûé ñïîíñîð» —

Çà àêòèâíóþ ïîääåðæêó â ðåàëèçàöèè Ïðîãðàìì

«Ðîññèéñêèé ñòðîèòåëüíûé îëèìï» è «Íàäåæ-

íûå îðãàíèçàöèè ñòðîèòåëüíîãî êîìïëåêñà»

Ãëàâíûé ðåäàêòîð — Ìàêàðîâà Èðèíà Àëåê-

ñååâíà

• Æóðíàë «Òåõíîëîãèè ñòðîèòåëüñòâà»,
ã. Ìîñêâà

Íîìèíàöèÿ: «Èíôîðìàöèîííûé ñïîíñîð» —
Çà íåîöåíèìóþ ïîìîùü â ðåàëèçàöèè ïðîãðàìì
«Ðîññèéñêèé ñòðîèòåëüíûé îëèìï» è «Íàäåæ-
íûå îðãàíèçàöèè ñòðîèòåëüíîãî êîìïëåêñà»

Ãëàâíûé ðåäàêòîð — Ìàëèâàíîâà Ëàðèñà
Âèòàëüåâíà

Îðãàíèçàöèè – îáëàäàòåëè Ðåâèçèîííûõ
ñåðòèôèêàòîâ Ïðîãðàììû «Íàäåæíûå

Îðãàíèçàöèè Ñòðîèòåëüíîãî Êîìïëåêñà»

• ÇÀÎ «47 ÒÐÅÑÒ», ã. Ñàíêò-Ïåòåðáóðã
• ÎÎÎ «ÀÃÐÈÑÎÂÃÀÇ», ã. Ìàëîÿðîñëàâåö
• ÎÎÎ «Àòîìýíåðãîìîíòàæ», Ìîñêîâñêàÿ

îáëàñòü, ã. Ìûòèùè
• ÇÀÎ «Ãðóïïà êîìïàíèé “ÒåïëîÖåíòðÑò-

ðîé”», ã. Ìîñêâà
• ÎÎÎ «Çàâîä ãåðìåòèçèðóþùèõ ìàòåðèà-

ëîâ», Íèæåãîðîäñêàÿ îáëàñòü, ã. Äçåðæèíñê
• ÎÀÎ «Èíæäîðñòðîé», ã. Ìîñêâà
• ÎÎÎ «ÊÈÐÁÅÒ», Ìîñêîâñêàÿ îáëàñòü,

ã. Ðàìåíñêîå
• ÎÎÎ «Êëèìåíòèíà ÑÊ», ã. Ìîñêâà
• ÇÀÎ «ÊîìèÍåôòåÝíåðãîÌîíòàæÀâòîìàòè-

êà» (ÇÀÎ «ÊÍÝÌÀ»), Ðåñïóáëèêà Êîìè, ã. Óñèíñê
• ÇÀÎ «Êîìïàíèÿ ÌÒÀ», ã. Ñóðãóò
• ÀÍÎ «Íàó÷íî-èññëåäîâàòåëüñêèé èíñòèòóò

ìàòåðèàëîâ, êîíñòðóêöèé è íîâûõ òåõíîëîãèé»,
ã. Ìîñêâà

• ÇÀÎ ÍÏÂÎ «ÍÃÑ-Îðãïðîåêòýêîíîìèêà» –
ECMOS, ã. Ìîñêâà

• ÎÎÎ ÍÏÔ «Ðîìá+Ê4», ã. Ìîñêâà
• ÎÎÎ «Íàó÷íî-ïðîèçâîäñòâåííûé öåíòð

“Ñìîëåíñêèé ÑîþçäîðÍÈÈ”»
• ÎÎÎ «ÏÊÔ “ÑÒÎÐ”», ã. Íèæíåâàðòîâñê
• ÎÀÎ «Ïðîêàòìîíàæ», ã. Ìàãíèòîãîðñê
• ÎÎÎ «ÏÑÊ “Ýêîñòðîì”», Ìîñêîâñêàÿ îá-

ëàñòü, ã. Ñåðãèåâ-Ïîñàä
• ÇÀÎ ÏÑÔ «Ãðàíòñòðîé», ã. Ñòàâðîïîëü
• ÎÎÎ «Ñàòåëëèò Ãðàíä», ã. Ìîñêâà
• ÇÀÎ «ÑÒÀËÜÌÎÍÒÀÆ», ã. Êðàñíîÿðñê
• ÎÎÎ «ÒþìåíÍÈÈãèïðîãàç», ã. Òþìåíü
• ÇÀÎ «Ôèðìà “Ïåòðîòðåñò”», ã. Ñàíêò-

Ïåòåðáóðã
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ПЯТАЯ МЕЖДУНАРОДНАЯ КОНФЕРЕНЦИЯ
«ВОДОРОДНАЯ ЭКОНОМИКА И ВОДОРОДНАЯ ОБРАБОТКА МАТЕРИАЛОВ»

(ВОМ-2007, 21-25 мая 2007 г., Донецк, Украина)

Международная ассоциация водородной энергети-
ки (МАВЭ, США), начиная с 1976 г., проводит каждые два
года всемирные обобщающие конференции по водород-
ной энергетике, последняя из которых состоялась в Лио-
не в 2006 г. (WHEC-16), а также специализированные меж-
дународные конференции по актуальным проблемам, оп-
ределяющим развитие водородной энергетики и
водородной экономики на данном этапе развития.

Пятая международная конференция «Водород-
ная экономика и водородная обработка материалов»
(ВОМ-2007), входящая в последнюю из упомянутых
выше серию мероприятий МАВЭ, была проведена
21–25 мая 2007 г. в Донецке на базе Донецкого наци-
онального технического университета.

Соучредителями конференции выступили: Меж-
дународная ассоциация водородной энергетики; Меж-
дународный центр по водородным энергетическим
технологиям Организации индустриального развития
ООН (UNIDO-ICHET, Вена–Стамбул); ФГУП «Науч-
но-производственный комплекс “Суперметалл”» (Рос-
сия); Донецкая областная государственная админист-
рация; Министерство образования и науки Украины;
Донецкий национальный технический университет
(ДонНТУ); Донецкий государственный университет
управления (ДонГУУ); Международная инженерная
академия (Москва); Инженерная академия Украины
(ИАУ) и Донецкий инженерно-физический центр Ин-
женерной академии Украины (ДонИФЦ ИАУ).

Для подготовки и проведения конференции были
образованы международные комитеты. Международ-
ный почетный комитет возглавили президент МАВЭ
проф. Т. Н. Везироглу (США) и ректор ДонНТУ проф-
. А. А. Минаев (Украина). В международный научно-
организационный комитет, возглавляемый профессо-
ром В. А. Гольцовым (Украина), вошли представители
Украины, России, Индии, Сингапура, Китая, Южной
Кореи, Италии, Японии, Норвегии, Швеции. Междуна-
родный программный комитет возглавили сопредседа-
тели: вед. научн. сотр., канд. техн. наук Л. Ф. Гольцова
(Украина), академик МАИ В. В. Васекин (Россия), про-
фессор Я. Хайяши (Япония), также в него вошли пред-
ставители Украины, Великобритании, Франции,
Польши, Италии, Китая.

Международный комитет поддержки возглавили:
соучредитель и генеральный спонсор ВОМ-2007
ФГУП «НПК “Суперметалл”» (Россия) и генеральный
информационный спонсор НТЦ «Психея», «Нефтя-
ное обозрение: Терминал» (Украина).

В международный комитет поддержки вошли:
международный журнал “International Journal of
Hydrogen Energy” (США), 10 научно-технических
журналов Украины и 10 научно-технических жур-
налов России, а также по одному журналу из Бела-
руси и Молдовы. Естественно, что настоящая ин-
формация публикуется в журналах – членах Меж-
дународного комитета поддержки ВОМ-2007. В
конференции приняли участие более 130 ученых, ин-
женеров, экспертов, производственников из 28
стран.

Открытие конференции было организовано в
духе физиков и лириков 70-х годов. Ровно в 10:00 пре-
зидиум занял свое место: В. В. Кисиль (Доноблгосад-
министрация), Е. А. Башков (ДонНТУ), В. Л. Пилю-
шенко (ДонГУУ), А. Ю. Корягин (НТЦ «Психея»,
Киев), В. В. Васекин (ФГУП «НПК “Суперметалл”»
(Москва, Россия), Я. Хаяши (Университет Кюсю,
Япония). Председатель Оргкомитета, зав. кафедрой
физики профессор В. А. Гольцов сослался на то, что
знаменитый ученый Чарльз Дарвин в своих воспо-
минаниях писал, что если бы он начинал жизнь сна-
чала, то каждый день 20 минут слушал бы музыку
или читал стихи, чтобы тренировать соответствую-
щие отделы мозга. Профессор В. А. Гольцов объя-
вил, что традицией ВОМ-конференций стало читать
стихи и слушать музыку, прежде чем перейти к об-
суждению научных проблем. Далее главный ученый
секретарь ВОМ-2007 Р. В. Котельва зачитала стихот-
ворный гимн водороду, написанный доцентом кафед-
ры математики В. В. Малашенко, а доцент В. А. Гар-
кушева повторила его перевод на английский язык.
Здесь уместно сразу подчеркнуть, что открытие
ВОМ-2007 было полностью двуязычным (английский
и русский). Далее, к большому удивлению всех
участвующих в открытии конференции, им был пред-
ставлен струнный квартет «Нюанс» Донецкой област-
ной филармонии им. С. С. Прокофьева в составе: Ма-
рианна Сазонова, Марина Жорняк, Валентина Бори-
фенко и Константин Марунько. Квартет вдохновенно
исполнил «Дивертисмент» великого Моцарта и непов-
торимый «Чардаш» Монти. Зал приветствовал выступ-
ление квартета длительными аплодисментами.

Затем члены президиума обратились к участни-
кам конференции с приветствиями. От имени Донец-
кой облгосадминистрации участников приветствовал
В. В. Кисиль, подчеркнувший важность проблемы и
значимость того, что конференция посвящена 75-ле-
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тию Донецкой области. Далее к присутствующим об-
ратились с приветствиями проректор ДонНТУ про-
фессор Е. А. Башков и проректор ДонГУУ член-корр.
НАНУ, профессор В. Л. Пилюшенко. Р. В. Котельва
огласила приветствия президента МАВЭ профессора
Т. Н. Везироглу, президента МИА академика Б. В. Гу-
сева и президента ИАУ академика А. И. Васильева.

Современный, столь представительный междуна-
родный форум требует спонсорской поддержки. Орга-
низаторы конференции с большим уважением про-
вели презентации спонсоров: в первую очередь, были
представлены соучредитель и генеральный спонсор
ФГУП НПК «Суперметалл» (Россия) (с показом ком-
пьютерной презентации) и генеральный информаци-
онный спонсор НТЦ «Психея», «Нефтяное обозре-
ние: Терминал» (Украина). Затем были оглашены все
участники Международного комитета поддержки:
научно-технические журналы США, России, Украи-
ны, Беларуси и Молдовы.

Далее профессор В. А. Гольцов огласил решение
МАВЭ о награждении ряда ученых из разных стран, и
знаменитый профессор из Японии Ясунори Хаяши
вручил им Золотые и Серебряные Дипломы МАВЭ
за выдающиеся успехи в развитии водородной энер-
гетики и водородной обработки материалов.

Научная работа конференции была организована
по четырем направлениям:

1. Некоторые аспекты мирового и регионального
движения человечества по вектору «водородная энер-
гетика → водородная экономика → водородная циви-
лизация»;

2. Платиновые и редкие металлы в топливных
элементах, технологиях хранения, транспортировки
и использования водорода;

3. Теория и технология водородной обработки
материалов;

4. Водородная деградация материалов и сопут-
ствующие явления.

На аудиторных и пленарных заседаниях участ-
ники конференции заслушали и обсудили 65 пле-
нарных, ключевых, аудиторных докладов и 95 стен-
довых, состоялось заседание международного мо-
лодежного водородного клуба.

24 мая прошло выездное заседание и состоялся
круглый стол, а 25 мая на заключительном пленар-
ном заседании были подведены итоги работы конфе-
ренции. Был обсужден и принят Меморандум «Но-
вая концепция МАВЭ о водородной цивилизации
будущего: исторические аспекты и новые вызовы
настоящего времени», который рекомендован для
опубликования в специальном выпуске международ-
ного журнала “International Journal of Hydrogen
Energy”, посвященном данной конференции, а так-
же в национальных научных журналах, вошедших в
Международный комитет поддержки ВОМ–2007.

К началу работы конференции были изданы
ее труды в 2-х томах (952 с.).  Читатели журнала име-
ют возможность ознакомиться с информацией о
ВОМ-2007 и оглавлением трудов ВОМ-2007 в Интер-
нете: http://donntu.edu.ua/hydrogen-community/.

В заключение нельзя не отметить, что Пятая
международная конференция ВОМ-2007 уделила осо-
бое внимание выводам, сделанным 2-й Международ-
ной конференцией «Платиновые металлы в совре-
менной индустрии, водородной энергетике и в сфе-
рах жизнеобеспечения будущего (Берлин–ПМ’2006)»
о стратегической важности платиновых металлов для
успешного становления и коммерциализации Миро-
вой водородной экономики. Важность этой пробле-
мы особо подчеркнута в выше упомянутом Меморанду-
ме. Обсуждение и поиски путей решения проблемы пла-
тиновых металлов будут продолжены на 3-й
Международной конференции «Платиновые металлы в
современной индустрии, водородной энергетике и в сфе-
рах жизнеобеспечения будущего” (Сиань–ПМ’2008)»,
которая состоится в Китае в мае 2008 г.

Читатели журнала, заинтересованные в получе-
нии дополнительной информации о ВОМ-2007 и ее
участниках, могут обращаться в Международный
научно-организационный комитет ВОМ-2007 г.

Профессор В. А. Гольцов,
председатель МНОК ВОМ-2007,
член Совета директоров МАВЭ
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МЕМОРАНДУМ
«НОВАЯ КОНЦЕ ПЦИЯ МАВЭ О ВОДОРОДНОЙ

ЦИВИЛИЗАЦИИ БУДУЩЕГО: ИСТОРИЧЕСКИЕ АСПЕКТЫ
И НОВЫЕ ВЫЗОВЫ НАСТОЯЩЕГО ВРЕМЕНИ»

Ìû, ó÷àñòíèêè 5-é Ìåæäóíàðîäíîé êîíôåðåíöèè ÌÀÂÝ «Âîäîðîäíàÿ ýêîíî-
ìèêà è âîäîðîäíàÿ îáðàáîòêà ìàòåðèàëîâ. ÂÎÌ-2007» (21–25 ìàÿ 2007 ã., Äî-
íåöê, Óêðàèíà), ó÷åíûå, èíæåíåðû, ýêñïåðòû, ïðîèçâîäñòâåííèêè, ïðåäñòàâèòå-
ëè ñòàðøåãî è ìëàäøåãî ïîêîëåíèé Ìèðîâîãî âîäîðîäíîãî äâèæåíèÿ èç 28 ñòðàí,
ïðèíèìàÿ âî âíèìàíèå, ÷òî:

– ãëîáàëüíûå ýíåðãåòè÷åñêèå è ýêîëîãè÷åñêèå ïðîáëåìû, âûçûâàåìûå èñ-
ïîëüçîâàíèåì èñêîïàåìûõ òîïëèâ, ïðîäîëæàþò óñóãóáëÿòüñÿ;

– ðåñóðñû èñêîïàåìûõ òîïëèâ îãðàíè÷åíû, è ïèê Õóáåðòà áóäåò äîñòèãíóò â
áëèæàéøåì áóäóùåì;

– ðàçäåëåííîå íà îòäåëüíûå ïðîôåññèîíàëüíî è/èëè ïîëèòè÷åñêè ðàçëè÷íî
îðèåíòèðîâàííûå ÷àñòè ìèðîâîå íàó÷íî–ãóìàíèòàðíî–êóëüòóðíîå ñîîáùåñòâî âèäèò
ðåøåíèå âûøå îçíà÷åííûõ ïðîáëåì ñ íåñîãëàñîâàííûõ (èíîãäà ïðîòèâîïîëîæ-
íûõ) ïîçèöèé,
áóäó÷è àêòèâíûìè ÷ëåíàìè Ìèðîâîãî âîäîðîäíîãî äâèæåíèÿ è æåëàÿ áûòü ïî-
ëåçíûìè Ìèðîâîìó íàó÷íîìó è êóëüòóðíîìó ñîîáùåñòâó äëÿ óñïåøíîãî ðàçðåøå-
íèÿ âûøå ñôîðìóëèðîâàííûõ ïðîáëåì,
îáñóäèëè è ïðèíÿëè ýòîò ïîëíîìàñøòàáíûé Ìåìîðàíäóì îá èñòîðè÷åñêèõ èíè-
öèàòèâàõ ÌÀÂÝ è ïðîãíîçàõ ÌÀÂÝ î áóäóùåì ïåðåõîäå ÷åëîâå÷åñòâà â ýðó Âîäî-
ðîäíîé öèâèëèçàöèè,
ïðèçûâàåì Ìèðîâîå ñîîáùåñòâî ñêîíöåíòðèðîâàòü ñâîå âíèìàíèå è àêòèâíîñòü
íà ðåøåíèè íîâûõ âûçîâîâ íàñòîÿùåãî âðåìåíè.

1. Èñòîðè÷åñêèå àñïåêòû

Âîäîðîä, áóäó÷è ýôôåêòèâíûì èñòî÷íèêîì ýíåðãèè, ñèñòåìàòè÷åñêè ïðèâëå-
êàë âíèìàíèå ó÷åíûõ è èíæåíåðîâ â òå÷åíèå äâóõñîò ïîñëåäíèõ ëåò: Â. Ñåñèë —
1820 ã.; Â. Ãðîóâ — 1839 ã.; Õ. Òåéòìàí — 1852 ã.; Æþëü Âåðí — 1875 ã.; Ð. Ýð-
ðåí — 20–30-å ãîäû ÕÕ ñòîëåòèÿ; Á. È. Øåëèù — 1941–1944 ãã. è ìíîãèå,
ìíîãèå äðóãèå. Íî, êàê õîðîøî èçâåñòíî èç èñòîðèè íàóêè è òåõíèêè, äàæå
ñàìûå âåëèêèå, ôóíäàìåíòàëüíûå èäåè íàõîäÿò îáùåñòâåííûé îòêëèê è
ìîãóò áûòü ðåàëèçîâàíû íà ïðàêòèêå òîëüêî òîãäà, êîãäà ôîðìèðóþòñÿ
íåîáõîäèìûå èñòîðè÷åñêèå óñëîâèÿ è âîçíèêàþò ñîîòâåòñòâóþùèå òåõíè-
÷åñêèå è æèçíåííûå ïîòðåáíîñòè îáùåñòâà.

Èìåííî â ñîîòâåòñòâèè ñ ýòîé èñòîðè÷åñêîé òåíäåíöèåé âîäîðîäíàÿ ýíåðãåòè-
êà çàðîäèëàñü è ñòàëà ðàçâèâàòüñÿ â 70–80-õ ãîäàõ ÕÕ ñòîëåòèÿ. Äåéñòâèòåëü-
íî, òðè îáúåêòèâíûõ ôàêòîðà ìèðîâîãî ìàñøòàáà èçìåíèëè íàó÷íîå, òåõíè÷åñ-
êîå è îáùåñòâåííîå ñîçíàíèå.

Äâà èç íèõ óïîìÿíóòû âûøå: ýêîëîãè÷åñêèå ïðîáëåìû è ïðîáëåìû îãðàíè-
÷åííîñòè çàïàñîâ èñêîïàåìûõ òîïëèâ — áûëè âïåðâûå îñìûñëåíû íà ãëîáàëüíîì
óðîâíå èìåííî â òî âðåìÿ. Òðåòèé ôàêòîð, ýêñòðààêòèâíîñòíûé ïî ñâîåé ïðèðî-
äå, — ýòî ìèðîâîé ýíåðãåòè÷åñêèé êðèçèñ ñåìèäåñÿòûõ.

18–21 ìàðòà 1974 ã. âî âðåìÿ Âîäîðîäíîé ýíåðãåòè÷åñêîé êîíôåðåíöèè â
Ìàéàìè (THEME) íåáîëüøàÿ ãðóïïà «Âîäîðîäíûõ ðîìàíòèêîâ» ñîáðàëàñü âìåñ-
òå. Îíè ïðèøëè ê ñîãëàñèþ è «çàÿâèëè ãðîìêî», ÷òî «Âîäîðîäíàÿ Ýíåðãåòè÷åñ-
êàÿ Ñèñòåìà — ýòî èäåÿ, ÷üå âðåìÿ ïðèøëî». Áûëà îñíîâàíà Ìåæäóíàðîäíàÿ
àññîöèàöèÿ âîäîðîäíîé ýíåðãåòèêè (ÌÀÂÝ), êîòîðàÿ íà÷àëà ñèñòåìàòè÷åñêè è
îòâåòñòâåííî èíôîðìèðîâàòü ìèðîâîå ñîîáùåñòâî î ñóùíîñòè âîäîðîäíîé ýíåðãå-
òè÷åñêîé ñèñòåìû. Äëÿ äîñòèæåíèÿ ýòîé öåëè áûëè ó÷ðåæäåíû (è äåéñòâóþò ïî
íàñòîÿùåå âðåìÿ) íåñêîëüêî ñåðèé ìåæäóíàðîäíûõ êîíôåðåíöèé âî âñåõ ÷àñòÿõ
ñâåòà: Âñåìèðíàÿ êîíôåðåíöèÿ ïî âîäîðîäíîé ýíåðãåòèêå (WHECs) è ìåæäóíà-
ðîäíûå ñïåöèàëèçèðîâàííûå âîäîðîäíûå êîíôåðåíöèè. Ñëåäóþùèì äåëîì îñîáîé
âàæíîñòè áûëî ó÷ðåæäåíèå Ìåæäóíàðîäíîãî æóðíàëà “International Journal of
Hydrogen Energy” (IJHE), êîòîðûé íà÷àë âûõîäèòü â ñâåò ñ ÿíâàðÿ 1976 ã.
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Â ýòè æå ãîäû êîíöåïöèÿ âîäîðîäíîé ýíåðãåòèêè ñòàëà øèðîêî îáñóæäàòüñÿ â
ÑÑÑÐ è âñêîðå ïîëó÷èëà îôèöèàëüíîå ïðèçíàíèå: ñîîòâåòñòâåííî, ÑÑÑÐ âîøåë â
ÌÀÂÝ.

Â 80–90-õ ãîäàõ óæå áîëåå ÷åì â 40 ñòðàíàõ ìèðà âîäîðîäíàÿ ýíåðãåòèêà
ñòàëà ñèñòåìàòè÷åñêè ðàçðàáàòûâàòüñÿ, è íàó÷íàÿ èíôîðìàöèÿ ïî ïðîáëåìå ñòàëà
ïóáëèêîâàòüñÿ áîëåå ÷åì íà 20 ÿçûêàõ. Ñîîòâåòñòâåííî, Ìèðîâîå âîäîðîäíîå äâè-
æåíèå ïåðìàíåíòíî ðîñëî è óêðåïëÿëîñü. Òàê êàê ìèðîâàÿ ýêîíîìèêà îñíîâàíà,
ïðåæäå âñåãî, íà ïîòðåáëåíèè ýíåðãèè, â ýòè ãîäû çàðîäèëàñü è ñòàëà ðàçâèâàòüñÿ
âî âñåõ âîçìîæíûõ íàïðàâëåíèÿõ êîíöåïöèÿ âîäîðîäíîé ýêîíîìèêè.

Â êîíöå ÕÕ âåêà äëÿ ñïåöèàëèñòîâ ñòàëî àáñîëþòíî ÿñíî, ÷òî â ÕÕI âåêå
ïðîèçîéäåò ýïîõàëüíîå ñîáûòèå — ñìåíà îñíîâíîãî ýíåðãîíîñèòåëÿ. Èñêîïàåìûå
òîïëèâà (ïðåæäå âñåãî, íåôòü è ãàç) áóäóò øàã çà øàãîì çàìåíÿòüñÿ íîâûì äðóæå-
ñòâåííûì ïðèðîäå ýíåðãîíîñèòåëåì — âîäîðîäîì.

Áîëåå òîãî, ñòàëî àáñîëþòíî ÿñíî, ÷òî ýòîò èñòîðè÷åñêèé ïðîöåññ âûçîâåò
êàðäèíàëüíûå èçìåíåíèÿ âñåõ àñïåêòîâ ÷åëîâå÷åñêîé æèçíè: è èíäóñòðèàëüíûõ,
è äóõîâíûõ. Ñèñòåìàòè÷åñêîå îñìûñëèâàíèå ýòèõ èñòîðèêî–ïëàíåòàðíûõ ïðîöåñ-
ñîâ íåáîëüøîé èíèöèàòèâíîé ãðóïïîé ÌÀÂÝ ïðèâåëî ê çàðîæäåíèþ íîâîé êðóï-
íîìàñøòàáíîé êîíöåïöèè ÌÀÂÝ î Âîäîðîäíîé Öèâèëèçàöèè áóäóùåãî (ÍóÑ³-êîí-
öåïöèÿ).

14–18 ìàÿ 2001 ã. âî âðåìÿ 3-é Ìåæäóíàðîäíîé êîíôåðåíöèè ÌÀÂÝ “ÂÎÌ-2001”
(Óêðàèíà, Äîíåöê) ÍyÑ³ — êîíöåïöèÿ áûëà âïåðâûå äîëîæåíà ïðåäñòàâèòåëÿì
Ìèðîâîãî Âîäîðîäíîãî Äâèæåíèÿ. Â ðåçóëüòàòå àêòèâíîé äèñêóññèè áûë ïðèíÿò
Ìåìîðàíäóì î íåèçáåæíîñòè ïåðåõîäà îò èñêîïàåìûõ òîïëèâ ê Âîäîðîäíîé Ýêîíî-
ìèêå, à çàòåì ê Âîäîðîäíîé Öèâèëèçàöèè. Ìåìîðàíäóì áûë îïóáëèêîâàí â ñïåöè-
àëüíîì âûïóñêå IJHE (2002, Vol. 27, p. 725–726) è âî ìíîãèõ äðóãèõ íàó÷íûõ
èçäàíèÿõ.

Ìåìîðàíäóì ïðèçâàë «…âñåõ ÷ëåíîâ âîäîðîäíîãî è ýêîëîãè÷åñêîãî äâèæåíèé,
âñåõ, êîìó äîðîãî ýêîëîãè÷åñêîå áëàãîïîëó÷èå ÷åëîâå÷åñòâà, ñîõðàíåíèå áèîñôåðû
è ýêîñèñòåìû Çåìëè, êîíñîëèäèðîâàòü óñèëèÿ è ñïîñîáñòâîâàòü âñåìè äîñòóï-
íûìè ñðåäñòâàìè ïðèáëèæåíèþ ýðû âîäîðîäíîé öèâèëèçàöèè, åäèíñòâåííîé ýêî-
ëîãè÷åñêè ÷èñòîé è äîñòîéíîé öèâèëèçàöèè áóäóùåãî».

Â ïåðâûå ãîäû ÕÕI âåêà ôóíäàìåíò íîâîé êîíöåïöèè ÌÀÂÝ î áóäóùåì ïåðå-
õîäå â ýðó âîäîðîäíîé öèâèëèçàöèè áûë ðàçðàáîòàí â ïîëíîé ìåðå è øèðîêî
ïðåäñòàâëåí ìèðîâîìó íàó÷íîìó ñîîáùåñòâó íà ìåæäóíàðîäíûõ âîäîðîäíûõ êîí-
ôåðåíöèÿõ (Èîêîãàìà-2004, Äîíåöê-2004, Ñòàìáóë-2005, Ìîñêâà-2006, Ëèîí-
2006) è áûë îïóáëèêîâàí â IJHE (2001, 2006), â «International Journal of Nuclear
Hydrogen Production and Application» (2006), à òàêæå âî ìíîãèõ äðóãèõ íàó÷íûõ
æóðíàëàõ è òðóäàõ êîíôåðåíöèé.

ÍóC³-êîíöåïöèÿ íîñèò ïðîãðàììíûé õàðàêòåð. Îíà óòâåðæäàåò, ÷òî ÷åëîâå÷å-
ñòâî èìååò âîçìîæíîñòü èçáåæàòü ìèðîâîé ýêîëîãè÷åñêîé êàòàñòðîôû è
ñîõðàíèòü áèîñôåðó ïðèãîäíîé äëÿ æèçíè îäíèì åäèíñòâåííûì ïóòåì, à èìåí-
íî, ïóòåì äâèæåíèÿ ïî âåêòîðó «Âîäîðîäíàÿ ýíåðãåòèêà →→→→→ Âîäîðîäíàÿ ýêîíî-
ìèêà →→→→→ Âîäîðîäíàÿ öèâèëèçàöèÿ”. Èñòîðè÷åñêè äëèòåëüíîå äâèæåíèå â ýòîì
íàïðàâëåíèè ïðèâåäåò ê ãëîáàëüíûì ïåðåìåíàì âñåõ àñïåêòîâ ÷åëîâå÷åñêîãî
ñóùåñòâîâàíèÿ, ÷åëîâå÷åñêîãî ìåíòàëèòåòà, ê èçìåíåíèÿì ïîëèòè÷åñêîãî è
èíòåðíàöèîíàëüíîãî ìûøëåíèÿ, ê óñïåøíîìó ñîâìåñòíîìó èíäóñòðèàëüíîìó è
ýêîëîãè÷åñêîìó ðàçâèòèþ. Ñîîòâåòñòâåííî, ÍóÑ³-êîíöåïöèÿ âêëþ÷àåò òðè âçàè-
ìîçàâèñèìûå è âçàèìîîáóñëîâëåííûå áàçîâûå ñîñòàâëÿþùèå: èíäóñòðèàëüíî–ýêî-
ëîãè÷åñêóþ; ãóìàíèòàðíî– êóëüòóðíóþ è ãåîïîëèòè÷åñêóþ ìåæäóíàðîäíî–çàêîíî-
äàòåëüíóþ.

ÍóÑ³-êîíöåïöèÿ ðàñêðûâàåò çàêîíîäàòåëüíî–ýêîíîìè÷åñêèé ìåõàíèçì ïåðå-
õîäà ê Âîäîðîäíîé öèâèëèçàöèè è ôîðìóëèðóåò ýòàïû ïåðåõîäà, êîòîðûå íà÷íóò
ðåàëèçîâàòüñÿ â ÕÕI âåêå. Ïðè ýòîì àêöåíòèðóåòñÿ âíèìàíèå íà áóäóùåé íîîñ-
ôåðíîé ðîëè â ýòîì ïðîöåññå íàó÷íî–êóëüòóðíîãî ìèðîâîãî ñîîáùåñòâà, íà ïðèí-
öèïèàëüíîé âàæíîñòè ôîðìèðîâàíèÿ âîäîðîäíî–ýêîëîãè÷åñêîãî ìàññîâîãî ñîçíà-
íèÿ, íà ðîëè è îòâåòñòâåííîñòè ìåæäóíàðîäíûõ è ðåãèîíàëüíûõ ïîëèòè÷åñêèõ è
çàêîíîäàòåëüíûõ îðãàíèçàöèé, íà ðîëè íàöèîíàëüíûõ ïàðëàìåíòîâ è ïðàâèòåëüñòâ.
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Áóäóùåå ðàçâèòèå è äåòàëèçàöèÿ ÍóÑ³-êîíöåïöèè äîëæíû áûòü (è áóäóò) ðå-
çóëüòàòîì îáúåäèíåííûõ êîëëåêòèâíûõ óñèëèé ìèðîâîãî âîäîðîäíîãî äâèæåíèÿ,
à â ïîñëåäóþùåì áóäóò íåîáõîäèìû íîîñôåðíûå óñèëèÿ âñåãî ìèðîâîãî íàó÷íîãî è
êóëüòóðíîãî ñîîáùåñòâà.

Â çàêëþ÷åíèå àíàëèçà èñòîðè÷åñêîé àêòèâíîñòè ÌÀÂÝ è åå ïðîãíîçà î áóäó-
ùåì ïåðåõîäå ÷åëîâå÷åñòâà â ýðó âîäîðîäíîé öèâèëèçàöèè ìû — àêòèâíûå ó÷àñò-
íèèêè Ìèðîâîãî âîäîðîäíîãî äâèæåíèÿ, âûðàçèëè ñîãëàñîâàííîå æåëàíèå ïðè-
çâàòü âñåìèðíûå ýêîëîãè÷åñêèå, êóëüòóðíûå, ïîëèòè÷åñêèå, èíäóñòðèàëüíûå è îá-
ùåñòâåííûå ñîîáùåñòâà îáðàòèòü ñâîå ïðèñòàëüíîå âíèìàíèå è ñâîþ äåëîâóþ
àêòèâíîñòü íà íîâûå öèâèëèçàöèîííûå âûçîâû, óæå âñòóïàþùèå â «ñâîþ èãðó».

2. Íîâûå âûçîâû íàñòîÿùåãî âðåìåíè

2.1. Áóäóùèé ïåðåõîä ê âîäîðîäíîé ýêîíîìèêå, à çàòåì ê âîäîðîäíîé öèâèëè-
çàöèè áóäåò ýïîõàëüíûì èñòîðè÷åñêèì ïðîöåññîì. Òðàíñôîðìàöèÿ òàêèõ ãëîáàëü-
íûõ ìàñøòàáîâ íå ìîæåò áûòü «áåçîáëà÷íîé» â ïðèíöèïå. Âñÿ èñòîðèÿ íàóêè è
òåõíèêè äîêàçûâàåò ýòó òî÷êó çðåíèÿ. Íà ýòîì ïóòè ìû, ÷åëîâå÷åñòâî, ïðîéäåì
÷åðåç âåëè÷àéøèå äîñòèæåíèÿ è âåëè÷àéøèå çàòðóäíåíèÿ è äàæå âîçìîæíû âðå-
ìåííûå îòêàòû íàçàä.

Âàæíåéøàÿ çàäà÷à ýëèòû ÷åëîâå÷åñòâà íà ýòîì ïóòè ñîñòîèò â òîì, ÷òî-
áû ïåðìàíåíòíî îòñëåæèâàòü è ïðåäóïðåæäàòü âîçìîæíûå íåãàòèâíûå òåõíè-
÷åñêèå è ñîöèàëüíûå òåíäåíöèè, èìåþùèå ðàçëè÷íóþ ïðèðîäó, îäíàêî íåãàòèâíî
äåéñòâóþùèå, íàïðèìåð, ïîäîáíî èçâåñòíîìó «ñèíäðîìó Ãèíäåíáóðãà».

2.2. Àíàëèòè÷åñêàÿ è ïðàêòè÷åñêàÿ äåÿòåëüíîñòü ïî ñòèìóëèðîâàíèþ ïðîöåñ-
ñà ïåðåõîäà ê âîäîðîäíîé öèâèëèçàöèè òðåáóåò:

• Êîíñîëèäàöèè âîäîðîäíîãî è ýêîëîãè÷åñêîãî äâèæåíèé è ïðèâëå÷åíèÿ íàó÷-
íûõ ñîîáùåñòâ èíûõ íàïðàâëåíèé äëÿ ðåøåíèÿ êîìïëåêñíûõ çàäà÷ è ñèñòåìíûõ
èññëåäîâàíèé.

• Ôîðìèðîâàíèÿ ìàññîâîãî «âîäîðîäíî-ýêîëîãè÷åñêîãî» ñîçíàíèÿ: ïðèâëå÷å-
íèå âíèìàíèÿ øèðîêèõ êðóãîâ îáùåñòâåííîñòè ÷åðåç ñðåäñòâà ìàññîâîé èíôîðìà-
öèè; îáðàçîâàòåëüíûå ïðîãðàììû â øêîëàõ, êîëëåäæàõ, óíèâåðñèòåòàõ è ò. ä.

• Èíèöèàöèè øèðîêîãî îáñóæäåíèÿ è ïðèíÿòèÿ â ìåæäóíàðîäíûõ è ðåãèî-
íàëüíûõ îðãàíèçàöèÿõ ðàìî÷íûõ çàêîíîâ îá ýêîíîìèêî-ïðàâîâîì ðåãóëèðîâàíèè
ïðîöåññîâ ïåðåõîäà ê âîäîðîäíîé ýêîíîìèêå, à çàòåì ê âîäîðîäíîé öèâèëèçàöèè.

• Èíèöèèðîâàíèÿ è ïðàêòè÷åñêîé äåÿòåëüíîñòè ïî ýêîíîìèêî-ïðàâîâîìó ðåãó-
ëèðîâàíèþ ðàçâèòèÿ âîäîðîäíîé ýêîíîìèêè â îòäåëüíûõ ñòðàíàõ è ãðóïïàõ ñòðàí.

• Âñå áîëåå è áîëåå øèðîêîãî ìåæäóíàðîäíîãî ñîòðóäíè÷åñòâà ñ öåëüþ ñîäåé-
ñòâîâàòü ïåðåõîäó ê âîäîðîäíîé öèâèëèçàöèè âñåãî ÷åëîâå÷åñòâà.

2.3. Áåçîïàñíîñòü è ýôôåêòèâíîñòü âîäîðîäíîé èíäóñòðèè, âîäîðîäíûõ òåõíîëîãèé
è âîäîðîäíûõ ýíåðãåòè÷åñêèõ ñèñòåì îáåñïå÷èâàþòñÿ ñîîòâåòñòâóþùåé äåÿòåëüíîñòüþ
Ìèðîâîãî âîäîðîäíîãî äâèæåíèÿ, ñîñòîÿùåãî èç òðåõ ìåæäóíàðîäíûõ ñîîáùåñòâ: âîäî-
ðîäíî-ýíåðãåòè÷åñêîãî, âîäîðîäíî–ìàòåðèàëîâåä÷åñêîãî è âîäîðîäíî-òåõíîëîãè÷åñêîãî.

Â äàííûé èñòîðè÷åñêèé ìîìåíò îäíèì èç âàæíåéøèõ âîïðîñîâ äëÿ ìåæäóíà-
ðîäíîãî âîäîðîäíîãî äâèæåíèÿ ÿâëÿåòñÿ íåîáõîäèìîñòü ñèñòåìíîãî èíôîðìàöèîí-
íîãî îáìåíà è ïðàêòè÷åñêîé êîîïåðàöèè òðåõ óêàçàííûõ âîäîðîäíûõ ñîîáùåñòâ.
Èìåííî òàêàÿ êîîïåðàöèÿ îáåñïå÷èò ïðåäâèäåíèå âîçìîæíûõ áèôóðêàöèîííûõ
òî÷åê íà ïóòè ê âîäîðîäíîé öèâèëèçàöèè. ßðêèì ïðèìåðîì ýôôåêòèâíîñòè òàêîãî
ïîäõîäà ê ïðîáëåìå ÿâëÿåòñÿ äîñòèãíóòîå îñîçíàíèå âîçìîæíîñòè áëèçêîãî êðèçè-
ñà ðàçâèòèÿ è êîììåðöèàëèçàöèè âîäîðîäíîé ýêîíîìèêè, êîòîðûé áóäåò èíèöèè-
ðîâàí äåôèöèòîì ïëàòèíû íà ìèðîâîì ðûíêå äðàãîöåííûõ ìåòàëëîâ (äåôèöèò íà
äåñÿòêè è ñîòíè òîíí ïëàòèíû â ãîä).

2.4. Ïåðåõîä ê âîäîðîäíîé ýêîíîìèêå è çàòåì ê âîäîðîäíîé öèâèëèçàöèè áó-
äåò, íåñîìíåííî, ñîïðîâîæäàòüñÿ âîçíèêíîâåíèåì ãëîáàëüíûõ è/èëè ëîêàëüíûõ
ãåîïîëèòè÷åñêèõ è ãåîýêîíîìè÷åñêèõ ïðîòèâîðå÷èé è ïðîòèâîñòîÿíèé. Â ÷àñòíî-
ñòè, ïðîèçîéäóò ñäâèãè â íàöèîíàëüíûõ èíòåðåñàõ ìíîãèõ ñòðàí — «ñòàðûõ» è
«íîâûõ» ïîñòàâùèêîâ è ïîòðåáèòåëåé ýíåðãîíîñèòåëåé, áóäóò èìåòü ìåñòî èçìåíå-
íèå ãåîïîëèòè÷åñêèõ èíòåðåñîâ òðàíñíàöèîíàëüíûõ ýíåðãåòè÷åñêèõ êîìïàíèé è
ïåðåðàñïðåäåëåíèå èõ ñôåð âëèÿíèÿ è ò. ä.
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Âàæíåéøàÿ çàäà÷à ïîëèòè÷åñêîé ýëèòû è âñåãî ÷åëîâå÷åñòâà ñîñòîèò â òîì,
÷òîáû ñèñòåìàòè÷åñêè è íàñòîé÷èâî ðàáîòàòü íàä ìåæäóíàðîäíî-çàêîíîäàòåëüíû-
ìè (íå ñèëîâûìè) ìåòîäàìè è íîðìàìè ïðåäóïðåæäåíèÿ âîçíèêíîâåíèÿ íåãàòèâ-
íûõ ãåîïîëèòè÷åñêèõ è ãåîýêîíîìè÷åñêèõ òåíäåíöèé íà ïóòè ê âîäîðîäíîé öèâè-
ëèçàöèè.

2.5. Íàñòàëî âðåìÿ îñíîâàòü ìåæäóíàðîäíóþ ñèñòåìó ïëàíîìåðíîé ïåðåäà÷è
âñåé ñîâîêóïíîñòè âîäîðîäíûõ çíàíèé è óìåíèé îò ïîêîëåíèÿ ê ïîêîëåíèþ. Ñî-
çäàíèå è ýôôåêòèâíîå ôóíêöèîíèðîâàíèå ãëîáàëüíîé ñèñòåìû, îáúåäèíÿþùåé  ñòàð-
øåå è ìëàäøåå ïîêîëåíèÿ, åñòü íåîáõîäèìîå óñëîâèå áåçîïàñíîãî, óñòîé÷èâîãî,
ýôôåêòèâíîãî äâèæåíèÿ ÷åëîâå÷åñòâà ïî äðóæåñòâåííîìó ïðèðîäå âåêòîðó «Âîäî-
ðîäíàÿ ýíåðãåòèêà → Âîäîðîäíàÿ ýêîíîìèêà → Âîäîðîäíàÿ öèâèëèçàöèÿ».

3. Ðàçðàáîòêà, îáñóæäåíèå, ïðèíÿòèå

Íàñòîÿùèé ìåìîðàíäóì ðàçðàáîòàí èíèöèàòèâíîé ãðóïïîé Ìåæäóíàðîäíîé
àññîöèàöèè âîäîðîäíîé ýíåðãåòèêè â ñëåäóþùåì ñîñòàâå: ïðîôåññîð Â. À. Ãîëüöîâ,
ïðîôåññîð T. N. Veziro�lu è êàíä. òåõí. íàóê Ë. Ô. Ãîëüöîâà.

Ìåìîðàíäóì áûë îáñóæäåí è ïðèíÿò â ã. Äîíåöêå (Óêðàèíà) 25 ìàÿ 2007 ã. íà
çàêëþ÷èòåëüíîì ïëåíàðíîì çàñåäàíèè 5-é Ìåæäóíàðîäíîé êîíôåðåíöèè «Âîäîðîä-
íàÿ ýêîíîìèêà è âîäîðîäíàÿ îáðàáîòêà ìàòåðèàëîâ» (ÂÎÌ-2007) è ðåêîìåíäîâàí
äëÿ îïóáëèêîâàíèÿ â ñïåöèàëüíîì âûïóñêå ìåæäóíàðîäíîãî æóðíàëà «International
Journal of Hydrogen Energy», ïîñâÿùåííîì äàííîé êîíôåðåíöèè, à òàêæå â äðó-
ãèõ ìåæäóíàðîäíûõ è íàöèîíàëüíûõ íàó÷íûõ æóðíàëàõ, â ïóáëè÷íûõ èçäàíèÿõ è
â ïðåññå.

4. Ïðèçûâ ê êîîïåðàöèè

Ìû, ó÷àñòíèêè 5-é Ìåæäóíàðîäíîé êîíôåðåíöèè ÂÎÌ-2007 (21–25 ìàÿ 2007 ã.,
Äîíåöê, Óêðàèíà), ïðåäñòàâèòåëè ñòàðøåãî è ìëàäøåãî ïîêîëåíèé, àêòèâíûå ÷ëå-
íû Ìèðîâîãî âîäîðîäíîãî äâèæåíèÿ îáðàùàåìñÿ ñ ïðèçûâîì ê âñåìèðíûì íàó÷-
íûì, ýêîëîãè÷åñêèì, êóëüòóðíûì ñîîáùåñòâàì, ê èíäóñòðèàëüíîé, ãóìàíèòàðíîé
è ïîëèòè÷åñêîé ýëèòàì, ê êàæäîìó, êòî îáåñïîêîåí íåîáõîäèìîñòüþ äîñòèæåíèÿ
ýêîëîãè÷åñêè äîñòîéíîãî ñóùåñòâîâàíèÿ ÷åëîâå÷åñòâà, êòî æåëàåò ñîõðàíèòü áèî-
ñôåðó è ýêîñèñòåìó Çåìëè, îáúåäèíèòü ñâîè óñèëèÿ è âîçìîæíîñòè äëÿ óñïåøíîãî
äâèæåíèÿ ÷åëîâå÷åñòâà â ýðó âîäîðîäíîé öèâèëèçàöèè, ñïîñîáíîé îáåñïå÷èòü ýêî-
ëîãè÷åñêè ÷èñòóþ, äîñòîéíóþ, óñòîé÷èâî ðàçâèâàþùóþñÿ è ÷åëîâåêîëþáèâóþ æèçíü
íà ïëàíåòå Çåìëÿ.

Ïî ïîðó÷åíèþ ïðåäñòàâèòåëåé 28 ñòðàí, ó÷àñòíèêîâ 5-é Ìåæäóíàðîäíîé êîí-
ôåðåíöèè ÂÎÌ-2007, íàñòîÿùèé ìåìîðàíäóì ïîäïèñàëè:

Проф. В. А. Гольцов, Украина 
Prof. T. N. Veziroğlu, США 
В. н. с. Л. Ф. Гольцова, Украина 
Prof. E. Türe, Турция 
Проф. А. А. Минаев, Украина 
Prof. Yasunori Hayashi, Япония 
Prof. Bent Sørensen, Дания 
Prof. Roger Sierens, Бельгия 
Prof. Giovanni Principi, Италия 
Prof. Rangan Banerjee, Индия 
Проф. Р. А. Андриевский, Россия 
Проф. А. А. Евдокимов, Россия 

Д-р В. В. Васекин, Россия 
Assoc. Prof. Siew Hwa Chan, Сингапур 
Доц. М. В. Гольцова, Украина 
Manager Philippe Marty, Франция 
Проф. В. Н. Свиденко, Кыргызстан 
PhD V. M. Skripnyuk, Израиль 
Ассист. Г. И. Жиров, Украина 
PhD St. Atsushi Unemoto, Япония 
PhD St. Meng Ni, Гонконг, Китай 
Студент Н. Григорьева, Россия 
Студент А. Лозовская, Украина 
Студент Я. Маковская, Украина 
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ÈÍÔÎÐÌÀÖÈß Â ÎÁËÀÑÒÈ ÀËÜÒÅÐÍÀÒÈÂÍÎÉ ÝÍÅÐÃÅÒÈÊÈ
Íàó÷íûå ïðîåêòû

INFORMATION ON RENEWABLE ENERGY
Scientific projects

ÈÍÔÎÐÌÀÖÈß Â ÎÁËÀÑÒÈ ÀËÜÒÅÐÍÀÒÈÂÍÎÉ ÝÍÅÐÃÅÒÈÊÈ
Íàó÷íûå ïðîåêòû

INFORMATION ON RENEWABLE ENERGY
Scientific projects

MANUFACTURE NANO-COMPOSITES MEMBRANES
FOR CLEARING CHLORINE

A. L. Gusev, M. A. Kazaryan*

Scientific and Technical Center “TATA”
P.O.Box 687, Sarov, Nizhniy Novgorod reg. 607183 Russia

Phone/Fax: 8-83130-63107, phone: 8-83130-97472, e-mail: gusev@hydrogen.ru

FIAN Lebedev, Moscow  119991 Russia
Phone/Fax: 8-495-1357880, Phone: 8-495-938 2251, e-mail: KAZAR@sci.lebedev.ru

Introduction. World production of chlorine made in 1975 — 25 million tons (ÁÑÝ), in 1997 — 44
million tons (data Euro Chlor). It is important to receive chlorine of the maximum clearing for various
chemical processes.

The project will address both fundamental and applied matters. Fundamental matters include
theoretical aspects in developing new materials and combined nanostructures. Applied matters include
the development and analysis of selective membranes to produce extra pure chlorine. Chemically chlo-
rine is very active, directly incorporates almost to all metals (with the some only at presence of a
moisture or at heating) and with nonmetals (except for carbon, of nitrogen, oxygen, of inert gases).

Objective. Develop selective membranes to produce extra pure chlorine based on a fundamentally
new approach using profile matrices and nanotubes grown in them.

Fundamental and applied matters. The most essential fundamental and applied matters include
the development of theoretical approaches and processes for growing Membranes for clearing Chlorine
using profile nanomatrices and nanostructures grown in them. A phenomenological description of an
optimal membrane structure to develop nanomembrane synthesis methodology will be proposed.

According to Dubinin’s theory, all sorption materials can be divided into three groups: micro-,
meso- and macro-sorbents. Sorption in the meso- and macro-sorbents proceeds at lower temperatures.
In the micro- and supermicro-sorbents, sorption shows activation behavior and proceeds at elevated
sorbate temperatures. At the same time, the theory of hydrogen microsorption in nanostructures can be
further developed towards the reduction of the diameter of inner supermicrosorbent channels to the
sizes commensurate with the diameter of chlorine molecules (0.37 nm).

As basic nanomatrices, one can consider both single-wall carbon nanotubes (hollow or hollow with
partial inner wall coating).

Projects and development

Device for making carbon
nanotube-based membra-
nes:
1 – substrate,
2 – control unit,
3 – vacuum chamber,
4 – catalyst application,
5 – pump,
6 – methane tank,
7 – atomizer,
8 – compound tank,
9 – heater,
10 – mold,
11 – cooling system,
12 – laser,
13 – membrane
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Instruments and techniques
The nanomembranes produced during the project

will be comprehensively studied and analyzed using
experimental and instrumental capabilities of STC
“TATA” and its partners.

Nanotubes will be synthesized using a graphite
arc spray facility, and a CVD facility. Analysis will be
carried out using transmission electron and scanning
tunnel microscopy, a vacuum system, the BET tech-

nique, a plasma analyzer to study the materials’ chemical composition, x-ray phase analysis, a potenti-
otate, large and small electron accelerators.

Edelweiss-001 test bench
Synthesized membranes will be studied using a unique test bench, Edelweiss-001, adapted to meet

the project objectives and developed by STC “TATA”.
Conclusion. As a result of the effort, selective membranes for producing extra pure chlorine will be

developed.
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Methods of drawing catalytic nanoclusters. Catalyst application system

Various concepts of cultivation of membranes

  Conception 1           Conception 2 Conception 3

Nanotube growth system (CVD)
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DEVELOPMENT OF ADVANCED PRINCIPLES OF HYDROGEN
STORAGE AND RATIONAL DESIGN OF NOVEL MATERIALS

FOR HYDROGEN ACCUMULATION

 A. L. Gusev1, B. V. Spitsyn2, M. A. Kazaryan3

1 STC TATA (Sarov)
2 IPCE RAS (Moscow)

3 FIAN (Moscow)

Introduction: Safe, efficient and reliable accumulation, storage, transportation and utilization of
hydrogen are prerequisite to the development of state-of-the-art hydrogen energy. In particular, as
applied to vehicles, of interest are devices providing long-term retention and efficient release of hydro-
gen with hydrogen content of at least 6 wt. % in accordance with recommendations of DOE (as of
2006) and corresponding RF institutions.

Objective: Develop new composites to be used in the devices enabling multiple filling, safe storage
and dispensing of gaseous hydrogen both at small stationary storage facilities or filling stations and
aboard vehicles. The project also seeks to design a hydrogen cartridge and develop a process for its
making, as well as to test hydrogen filling and dispensing parameters.

Examples of realization of new devices

Fig. 1. Design of the accumulator of hydrogen: 1 — an
input of liquid nitrogen; 2 — the external case; 3 — the
internal case; 4 — liquid nitrogen; 5 — the cylinder with
advance material capillaries; 6 — an output of liquid
nitrogen; 7 — teflon; 8 — the valve; 9 — an output of
hydrogen; 10 — advance material capillaries  for storage of
gaseous hydrogen

Fig.2. Transport tank for
storage of nitrogen and
hydrogen in SWNT at
cryogenic temperatures:
1 — the external case;
2 — an output of nitro-
gen; 3 — screen-vacu-
um insulation; 4 — the
internal case; 5 — cryo-
genic pump; 6 — liquid
nitrogen; 7 — an input
for refilling by nitrogen;
8 — a safety valve; 9 —
air heat exchanger;
10 — an input/output of
hydrogen; 11 — the elec-
trovalve; 12 — a pipe
connecting the module of
storage of hydrogen with
storehouse of nitrogen

Directions of the planned researches
The following criteria are most important in

the development of hydrogen storage and utiliza-
tion devices:

For filling stations:
— Price of filling systems,
— Operating costs of filling systems
— Usability (energy output, charge time etc.)
For devices being filled:
— Usability (filling time)
— Safety, especially in accidents
— Control of discharge
— Service life (number of charge/discharge

cycles)
— Price
— Weight and dimensions
— Weight percentage of retained hydrogen
Technical approach and methodology
Among the simplest hydrogen cartridges is a

system of long tanks (LT) with an acceptable in-
ner diameter / wall thickness ratio.
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Such tanks can be filled (charged) at a pressure above kbar and room temperature or around
(300 K).

After the charge cycle using special solutions representing know-how of project applicants is
completed, the LT system is pressurized.

LTs are fabricated from high-tech composites. In particular, as part of composite material one can
use polycarbonate, polyurethane etc. or high-module organic and inorganic materials, such as pyrolitic
graphite, pyrolitic boron nitride, boron carbonitride, aluminum nitride, silicon carbide and tetrahedral
diamond-like carbon, as well as other materials being know-how of project applicants.

The traditional and one of the most straightforward ways of hydrogen storage in pressurized steel tanks
has achieved its maximum weight percentage of hydrogen determined by the strength of their cylindrical case.
Further increase in hydrogen content will lead to a lower safety level of this hydrogen storage approach.

However, strength properties of spherical or cylindrical cases are known to linearly increase with
the decrease in diameter (wall thickness being the same), but this implies additional process, engineer-
ing, physical and chemical factors that need to be taken into account in designing, developing and
using small-diameter LTs.

Such factors include:
1. Possibility of using compressed hydrogen at up to 200 MPa and higher pressure (special storage

conditions — project know-how)
2. Possibility of making a device with 10 to 15 wt. % of accumulated hydrogen (special storage

conditions — project know-how)
3. Necessity of reducing hydrogen diffusion through LT walls to acceptable level
4. Possibility of improving the performance of LT walls due to optimal choice of both initial

material and special conditions and compositions of outer and inner LT wall coatings
5. Possibility of arranging LT modules into bundles to increase safety, reliability and efficiency of

next-generation walls at all operation stages.
Basic design of LTs includes:
1. LT pressurized directly from opposite ends with primary wall material suitable for further

application of functional composite coatings
2. Composite coatings to provide protection from different mechanical effects, as well as reinforc-

ing and anti-diffusion multi-layer coatings on the outer and inner surface of primary LT wall
3. Winding and stacking of LTs in outer case (OC), which protects LTs from outer mechanical and

other effects and serves as a tank for gas storage at reduced pressure making 0.01-0.1 of maximum
pressure in LT

4. LT sectioning system, with the number of LT bundles in OC ranging from several tens to several
hundreds

5. Locking and regulating devices enabling parallel charge and discharge of individual LT bundles
of special importance for efficient and reliable operation of LTs are multi-layer coatings applied to the
primary wall. Their functions are as follows:

a) Serve as a barrier to reduce hydrogen diffusion due to the difference in inside and
ambient pressure;

b) Employ stress of the coatings to improve mechanical strength of the wall;
c) Make use of size effect providing higher strength of small-thickness materials compared

to large-thickness materials;
d) Improve resistance of outer LT wall components to mechanical damage.

Success of the project as a whole will rest upon phased accomplishment of the following theoretical
and experimental tasks by two participating institutes:

1. Strength analysis of primary wall.
2. Calculation of thermal stress resulting from different thermal expansion coefficient of primary

wall and thin multi-layer coatings from high-module and high-strength materials.
3. Calculation of barometric stresses of LTs.
4. Fabrication of a scaled model of the main component – LT matrix.
5. Development of a sealing system in the ‘LT–locking/regulating device’ system
6. Development of a process for applying multi-layer coatings
7. Testing of the scaled LT model with primary wall to determine:

— max. strength
— gas diffusion through wall

8. Testing of scaled LT model with multi-layer wall to determine:
— max. strength
— gas diffusion through wall

9. Tests of the scaled model and the sealing system at 300–500 K temperatures
10. Analysis of the scaled LT model’s service life at pressure cycling between 10 MPa and 200 MPa
11. Development of a task order to scale-up the hydrogen storage and utilization system as an

additional source of environmentally clean fuel for vehicles.
12. Filing and support of patent applications for anticipated invention.
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ELECTROSORPTION PHENOMENA IN LAYERS OF SHIELD-
VACUUM HEAT INSULATION OF HYDROGEN RESERVOIRS

A. L. Gusev

Scientific Technical Centre “TATA”
P.O.Box 687, Sarov, Nizhniy Novgorod reg., 607183 Russia

Phone/Fax: +7-83130-63107, phone: +7-83130-97472, e-mail: gusev@hydrogen.ru

Purpose of the work. Analysis and generali-
zation of effects arising in layers of shield-vacu-
um heat insulation in emergency operating condi-
tions of cryogenic objects.

Range of application: hydrogen cryogenic res-
ervoirs, hydrogen tanks of transport systems, heat
insulation systems of space objects, space-suits, cos-
monauts, cryogenic devices for analytical equipment.

Methods. Experimental methods for multiyear
observation of the evaporation processes and vari-
ations of the residual pressure in heat insulation
cavities and analytical justification of their ap-
pearance. Theoretical models have been proposed
for the appearance of effusion-induced hydrogen
and heat-conducting instability of the shield-vac-
uum heat insulation (super-insulation) in vacuum
cavities of big cryogenic reservoirs. The thermo-
dynamic description of these new effects has been
carried out by means of analytical thermodynam-
ics tools. On the basis of variational description of
heat and mass transfer processes for a heterogeneous
system in the continuum approximation and with the
account of electrosorption processes according to the
hydrogen-water cycle (Bardeen – Brattain – Shockley),
a formulation of the mathematical model for molecu-
lar heat and mass transfer processes in super-insula-
tion has been obtained.

H
2

H2

H2

H2

H2

H2

QH2

QH2O

QN2

QO 2   ...

d = 22mm

M = 300 t

Mäèôô = 50 gH2

Approaches. A fundamental-
ly new approach to super-insula-
tion designing and calculation has
been demonstrated, which, apart
from radiation and convective
heat conductivity mechanisms,
takes account of the convective
component variation mechanism.
These variations occur due to
changes of the composition and
concentration of the residual
medium as a result of the elec-
trosorption process. The elec-
trosorption process arises on
warm super-insulation shields
(each shield has been made from
a double-sided aluminized poly-
ethyleneterephthalate film) at the
presence of a clearly expressed
hydrogen residual atmosphere in
the vacuum cavity of a cryogenic
reservoir and in a certain range
of water concentrations in the
ambient atmospheric pressure
flowing into the heat insulation
cavity through micro-looseness-
es. The water ion particles being
absorbed by the shield regulate
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the birth and destruction of the adsorption centers interacting with
hydrogen being between the shields.

Novelties. New technical solutions have been discussed for the de-
sign versions of heat insulation elements. New materials have been pro-
posed allowing to avoid the appearance of emergency conditions of heat
insulation operation.

Conclusion. The electrosoprtion phenomena in layers of shield-vacu-
um heat insulation of hydrogen reservoirs can cause a considerable
influence on the safety and economic efficiency of the liquid hydrogen
storage in emergency conditions of reservoir operation. As a result of
implementation of new technical solutions, one can eliminate precondi-
tions of the appearance of dangerous operating conditions of heat insu-
lation systems.
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«Ñòîëåòíèé ìåìîðàíäóì» Ïðåçèäåíòà Ìåæäóíàðîäíîé àññîöèàöèè âîäîðîäíîé ýíåðãåòèêè ïðîôåññîðà
Ò. Í. Âåçèðîãëó ãëàâàì ñòðàí Áîëüøîé âîñüìåðêè îò 13 íîÿáðÿ 2006 ãîäà, ïîäïèñàííûé ïèîíåðàìè àëüòåðíà-
òèâíîé ýíåðãåòèêè, îáîçíà÷èë íåîáõîäèìîñòü ñêîðåéøåãî âûõîäà èç ìèðîâîãî ýíåðãåòè÷åñêîãî è ýêîëîãè-
÷åñêîãî êðèçèñà [1]. Íàöèîíàëüíûé Ðîññèéñêèé ñåìèíàð «Ïîëó÷åíèå àëüòåðíàòèâíûõ ýíåðãîíîñèòåëåé ñ
ïîìîùüþ àòîìíî-âîäîðîäíîãî öèêëà», ïðîâåäåííûé ïî èíèöèàòèâå äîêòîðà Â. Ê. Åìåëüÿíîâà (ÌÍÒÖ) è
ÍÒÖ «ÒÀÒÀ» â ìàðòå 2007 ãîäà â ã. Ñàðîâ, êîíêðåòèçèðîâàë ïóòè âûõîäà èç êðèçèñà ñ ïîìîùüþ àòîìíî-
âîäîðîäíîé è àòîìíî-àçîòíîé ýíåðãåòèêè [2]. Íà Òðåòüåé Ìåæäóíàðîäíîé êîíôåðåíöèè «Âîçîáíîâëÿåìûå è
÷èñòûå èñòî÷íèêè ýíåðãèè» IPCEC’07 ïðåäñåäàòåëü îðãêîìèòåòà Ñóðåí Øàòâîðÿí ïëàíèðóåò îáñóäèòü ñ
ó÷àñòíèêàìè êîíôåðåíöèè îñíîâíûå íàïðàâëåíèÿ ðàçâèòèÿ àëüòåðíàòèâíîé ýíåðãåòèêè, â òîì ÷èñëå àòîì-
íîé è àòîìíî-âîäîðîäíîé ýíåðãåòèêè â ÷àñòíîñòè [3].

Â àïðåëå 2007 ãîäà ÏÎ «Ñåâìàø» (ã. Ñåâåðîäâèíñê) ïðîèçâåäåíà çàêëàäêà íà ñòàïåëå ïåðâîãî â ìèðå
ïëàâó÷åãî àòîìíîãî ýíåðãîáëîêà «Àêàäåìèê Ëîìîíîñîâ», íà÷àëî ýêñïëóàòàöèè êîòîðîãî çàïëàíèðîâàíî íà
2011 ãîä — ãîä 300-ëåòèÿ ñî äíÿ ðîæäåíèÿ âåëèêîãî ðóññêîãî ó÷åíîãî. Â ïåðèîä äî 2016 ã. ïëàíèðóåòñÿ
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ñîçäàíèå ôëîòèëèè èç 7 ïëàâó÷èõ àòîìíûõ òåïëîýëåêòðîñòàíöèé (ÏÀÒÝÑ). Ðàáîòà ýòèõ ñòàíöèé íå ïðèâîäèò
ê âûáðîñó â àòìîñôåðó ïàðíèêîâûõ ãàçîâ, ÷òî ÿâëÿåòñÿ ðåàëüíûì âêëàäîì â ðåøåíèå âàæíåéøåé çàäà÷è
áîðüáû ñ ãëîáàëüíûìè èçìåíåíèÿìè êëèìàòà.

Îñíîâíûìè äîñòîèíñòâàìè ïëàâó÷åé àòîìíîé ýëåêòðîñòàíöèè ÿâëÿþòñÿ ìîáèëüíîñòü, àâòîíîìíîñòü
è áåçîïàñíîñòü äëÿ îêðóæàþùåé ñðåäû, ïîñêîëüêó ÏÀÒÝÑ îñíàùåíû äâóìÿ ðåàêòîðíûìè óñòàíîâêàìè
ÊËÒ-40Ñ — îäíèìè èç ñàìûõ íàäåæíûõ óñòàíîâîê â ìèðå. Èìåííî òàêîé ðåàêòîðíîé óñòàíîâêîé áóäåò
îñíàùåíà ïåðâàÿ ðîññèéñêàÿ ÏÀÝÑ «Ìèõàèë Ëîìîíîñîâ».

ÏÀÒÝÑ áóäåò ñïîñîáíà âûäåðæàòü çåìëåòðÿñåíèå ñèëîé 7–8 áàëëîâ ïî øêàëå Ðèõòåðà, ñêîðîñòü âåòðà äî
45 ì/ñ è äàæå ïàäåíèå íà ñòàíöèþ ñàìîëåòà òèïà ßÊ-40.

Ñîçäàíèå ÏÀÒÝÑ ñîçäàåò âîçìîæíîñòü ôîðìèðîâàíèÿ ýíåðãåòè÷åñêîé èíôðàñòðóêòóðû íà íîâûõ, ïîäëå-
æàùèõ îñâîåíèþ òåððèòîðèÿõ, à òàêæå ðàçâèòèÿ ïåðñïåêòèâíûõ íàïðàâëåíèé ýíåðãåòèêè ÕÕI âåêà.

Îñíîâíûå íàïðàâëåíèÿ ïðèìåíåíèÿ ÏÀÒÝÑ

1. Ïðîèçâîäñòâî ñèíòåòè÷åñêèõ òîïëèâ è âòîðè÷íûõ ýíåðãîíîñèòåëåé. Íåîáõîäèìîñòü ðàçâèòèÿ ýêîëî-
ãè÷åñêè ÷èñòîãî òðàíñïîðòà, îñîáåííî â çàïîëÿðíûõ îáëàñòÿõ, íàñòîé÷èâî òðåáóåò ñîñðåäîòî÷åíèÿ â ýòèõ
ðàéîíàõ êðóïíûõ ýíåðãåòè÷åñêèõ îáúåêòîâ, ãåíåðèðóþùèõ àëüòåðíàòèâíûå ýíåðãîíîñèòåëè â ýêîëîãè÷åñêè
÷èñòîì öèêëå. Ê ÷èñëó ïåðñïåêòèâíûõ ýíåðãîíîñèòåëåé ìîæíî îòíåñòè âîäîðîä [4], äèìåòèëîâûé ýôèð,
ìåòàíîë, àììèàê, æèäêèé àçîò è ò. ä. Ïðè ýòîì íåîáõîäèìî ó÷èòûâàòü îñîáóþ íåçàùèùåííîñòü ñåâåðíûõ
òåððèòîðèé â îòíîøåíèè ýêîëîãè÷åñêèõ è òåõíîãåííûõ êàòàñòðîô, ÷òî, íåñîìíåííî, òðåáóåò íàäåæíîãî ìî-
íèòîðèíãà ïðîèçâîäñòâåííîãî öèêëà ñ èñïîëüçîâàíèåì ñîâðåìåííûõ ñåíñîðíûõ ñèñòåì. Êðîìå òîãî, â óñëî-
âèÿõ Çàïîëÿðüÿ äîëæíû áûòü ðåàëèçîâàíû íàèáîëåå ñîâðåìåííûå êîìïëåêñíûå òåõíîëîãèè ïðîèçâîäñòâà è
ïåðåðàáîòêè ýíåðãîíîñèòåëåé ñ èñïîëüçîâàíèåì íàíîìàòåðèàëîâ.

2. Äîáû÷à è ïåðåðàáîòêà ïîëåçíûõ èñêîïàåìûõ â ïðèáðåæíûõ çîíàõ è íà øåëüôå. Èñòîùåíèå ïîëåç-
íûõ èñêîïàåìûõ â ëåãêîäîñòóïíûõ ðàéîíàõ öåëîãî ðÿäà ïðèìîðñêèõ ñòðàí ïðèâåëî ê íåîáõîäèìîñòè ðàçðà-
áîòêè øåëüôîâîé çîíû. Âîçìîæíîñòè ÏÀÒÝÑ ïîçâîëÿþò îáåñïå÷èòü ýíåðãîñíàáæåíèå íåñêîëüêèõ ãîðíîîáîãà-
òèòåëüíûõ, ãàçî- è íåôòåäîáûâàþùèõ êîìïëåêñîâ, à òàêæå ñâÿçàííîé ñ íèìè êîììóíàëüíîé, òðàíñïîðòíîé è
èíôîðìàöèîííîé èíôðàñòðóêòóðû.

3. Ðàçðàáîòêà ìåñòîðîæäåíèé ãàçîãèäðàòîâ íà îêåàíè÷åñêîì äíå. Ðàçðàáîòêà ãàçîãèäðàòîâ, ðàçìåùåí-
íûõ íà îêåàíè÷åñêîì äíå, òàêæå ïîòðåáóåò áîëüøèõ êîëè÷åñòâ ýíåðãèè. Öåëûé ðÿä ãîñóäàðñòâ, è ïðåæäå
âñåãî ßïîíèÿ, óæå âåäóò ïðîåêòíûå ðàáîòû ïî äîáû÷å ãàçîãèäðàòîâ ñ ïîëó÷åíèåì ìåòàíà. Ñåáåñòîèìîñòü
ýíåðãåòè÷åñêèõ ðåñóðñîâ, ïðîèçâîäèìûõ ÏÀÒÝÑ, íèæå ñåáåñòîèìîñòè ìåòàíà (â ýíåðãåòè÷åñêîì ýêâèâàëåí-
òå), ïîëó÷àåìîãî ïåðåðàáîòêîé ãàçîãèäðàòîâ. Ýòèì îáóñëîâëåíà âîçìîæíîñòü èñïîëüçîâàíèÿ ÏÀÒÝÑ äëÿ ñîá-
ñòâåííîãî ýíåðãîñíàáæåíèÿ ïîäîáíûõ ïðîèçâîäñòâ.

4. Îáåñïå÷åíèå ýëåêòðîýíåðãèåé êðóïíûõ, â ò. ÷. èñêóññòâåííûõ, îñòðîâíûõ îáúåêòîâ. Îñâîåíèå íîâûõ
îñòðîâíûõ òåððèòîðèé, ñîçäàíèå èñêóññòâåííûõ îñòðîâîâ â àêâàòîðèè Ìèðîâîãî îêåàíà, à òàêæå êðóïíîå
ñòðîèòåëüñòâî ïðîìûøëåííûõ è ãðàæäàíñêèõ îáúåêòîâ íà ýòèõ îñòðîâàõ ïîòðåáóåò çíà÷èòåëüíîãî ýíåðãî-
îáåñïå÷åíèÿ ñ âîçìîæíûì èñïîëüçîâàíèåì ÏÀÒÝÑ.

5. Îïðåñíåíèå è êîìïëåêñíàÿ ïåðåðàáîòêà ìîðñêîé âîäû. Ñîçäàíèå ýíåðãîîïðåñíèòåëüíûõ êîìïëåêñîâ —
îäíî èç íàèáîëåå àêòóàëüíûõ íàïðàâëåíèé èñïîëüçîâàíèÿ ÏÀÒÝÑ. Ñîãëàñíî ïðîãíîçàì ÞÍÅÑÊÎ, ê 2050 ãîäó
ìèëëèàðäû ÷åëîâåê â äåñÿòêàõ ñòðàí ñòîëêíóòñÿ ñ ïðîáëåìîé íåõâàòêè ïðåñíîé âîäû. Ïðîèçâîäèìàÿ ÏÀÝÑ
òåïëî- è ýëåêòðîýíåðãèÿ ìîæåò áûòü ýôôåêòèâíî èñïîëüçîâàíà äëÿ îïðåñíåíèÿ ìîðñêîé âîäû ñ ïðèìåíåíèåì
äèñòèëëÿöèîííûõ èëè ìåìáðàííûõ òåõíîëîãèé ñ òåì, ÷òîáû îáåñïå÷èòü íàñåëåíèå ýòèõ ñòðàí ïèòüåâîé
âîäîé, à òàêæå îáåñïå÷èòü èñòî÷íèê ïðåñíîé âîäû äëÿ êîììóíàëüíûõ, ñåëüñêîõîçÿéñòâåííûõ è ïðîìûøëåí-
íûõ íóæä. Íàëè÷èå â ìîðñêîé âîäå áîëüøîãî êîëè÷åñòâà ðàñòâîðåííûõ õèìè÷åñêèõ ýëåìåíòîâ äàåò âîçìîæ-
íîñòü äîáû÷è ðåäêèõ ìåòàëëîâ â öèêëå ýëåêòðîîñìîñà, ÷òî òàêæå òðåáóåò áîëüøèõ çàòðàò ýíåðãèè.

6. Ïðîèçâîäñòâà ýêîëîãè÷åñêè ÷èñòûõ òîïëèâ ïóòåì êîìïëåêñíîé ïåðåðàáîòêè îòõîäîâ ñåëüñêîõîçÿé-
ñòâåííîé ïðîäóêöèè è äðåâåñèíû. Ïðîèçâîäñòâî ìîòîðíûõ è áûòîâûõ òîïëèâ (áèîäèçåëÿ, äðåâåñíûõ è òðîñ-
òíèêîâûõ ïåëëåò) íà îñíîâå êàòàëèòè÷åñêîé ïåðåðàáîòêè âîçîáíîâëÿåìûõ ðåñóðñîâ — îäíî èç àêòóàëüíûõ
íàïðàâëåíèé ýíåðãåòèêè [5]. Äëÿ îðãàíèçàöèè ïðîèçâîäñòâà òàêèõ òîïëèâ â ñêîëüêî-íèáóäü çíà÷èìûõ îáúå-
ìàõ, âêëþ÷àÿ ïîòðåáëÿåìûå ðàñòèòåëüíûå áèîðåñóðñû, íåîáõîäèìî îñâîåíèå  íîâûõ, â ò. ÷. çàñóøëèâûõ,
òåððèòîðèé, ñîçäàíèå ñèñòåì âîäîñíàáæåíèÿ è èððèãàöèîííûõ ñîîðóæåíèé. Çäåñü óìåñòíî èñïîëüçîâàíèå
ýíåðãîîïðåñíèòåëüíûõ êîìïëåêñîâ íà îñíîâå ÏÀÒÝÑ.

Ñîçäàíèå ïèëîòíîãî ýíåðãîïðîìûøëåííîãî êîìïëåêñà íà îñíîâå ïëàâó÷åãî ýíåðãîáëîêà «Àêàäåìèê Ëîìî-
íîñîâ» ïðåäïîëàãàåòñÿ â ã. Ñåâåðîäâèíñêå ê 2011 ãîäó. Êîìïëåêñ âêëþ÷àåò 4–5 ýíåðãîåìêèõ ïðîìûøëåííûõ
ïðîèçâîäñòâ ñ îáùåé ðàçðåøåííîé ìîùíîñòüþ íå ìåíåå 55 ÌÂò, à òàêæå èííîâàöèîííî-âíåäðåí÷åñêóþ çîíó.

Èííîâàöèîííî-âíåäðåí÷åñêàÿ çîíà áóäåò ñôîðìèðîâàíà èç ìîäóëüíûõ îïûòíî-ïðîìûøëåííûõ óñòàíî-
âîê, ïðåäíàçíà÷åííûõ äëÿ èñïîëüçîâàíèÿ â ñîñòàâå ïåðñïåêòèâíûõ ýíåðãîïðîìûøëåííûõ êîìïëåêñîâ  íà
áàçå ÏÀÒÝÑ.
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ÂÍÈÌÀÍÈÅ — ÊÎÍÊÓÐÑÛ!ÂÍÈÌÀÍÈÅ — ÊÎÍÊÓÐÑÛ!
Óâàæàåìûå êîëëåãè è äðóçüÿ!

Ðåäêîëëåãèÿ Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà
«Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»

îáúÿâëÿåò êîíêóðñ íà ëó÷øóþ íàó÷íóþ ðàáîòó ïî òåìàòèêå

«ВОДОРОДНАЯ ЭНЕРГЕТИКА И ТРАНСПОРТ»

Áåçîïàñíîñòü âîäîðîäíîé ýíåðãåòèêè
– Ðåêîìáèíàòîðû âîäîðîäà
– Ñèñòåìû îáäóâà èíåðòíûìè ãàçàìè
– Áåçîïàñíîñòü ýêñïëóàòàöèè êðèîãåííûõ ñèñòåì
– Òåõíîëîãèè áåçîïàñíîãî èñïîëüçîâàíèÿ âî-
äîðîäà íà áîðòó òðàíñïîðòíûõ ñðåäñòâ

Ãàçîàíàëèòè÷åñêèå ñèñòåìû è ñåíñîðû âîäîðîäà
– Cåíñîðû âîäîðîäà
– Ïåðñïåêòèâíûå ñåíñîðíûå ìàòåðèàëû äëÿ
äåòåêòèðîâàíèÿ âîäîðîäà
– Ñòåíäû äëÿ èñïûòàíèé ñåíñîðîâ âîäîðîäà

Õðàíåíèå âîäîðîäà
– Â óãëåðîäíûõ íàíîñèñòåìàõ
– Â èíêàïñóëèðîâàííîì ãàçîîáðàçíîì ñîñòîÿ-
íèè â ìèêðîñôåðàõ, ïåíîìåòàëëàõ, öåîëèòàõ
– Â ãàçîîáðàçíîì ñîñòîÿíèè ïîä äàâëåíèåì
– Â êðèîãåííîì æèäêîì ñîñòîÿíèè â ñòàöèîíàð-
íûõ õðàíèëèùàõ, íà áîðòó òðàíñïîðòíûõ ñðåäñòâ
(îáîðóäîâàíèå äëÿ õðàíåíèÿ: êðèîãåííûå åìêîñ-
òè, òðóáîïðîâîäû, àðìàòóðà; êðèîãåííî-âàêóóì-
íûå ñèñòåìû, ãàçèôèêàòîðû. Òåïëîèçîëÿöèîí-
íûå ñèñòåìû: ñóïåðèçîëÿöèÿ, âàêóóìíî-ïîðîø-
êîâàÿ òåïëîèçîëÿöèÿ. Âîïðîñû ïîâûøåíèÿ
ýôôåêòèâíîñòè è íàäåæíîñòè òåïëîèçîëÿöèè.
Êîíòðîëüíî-èçìåðèòåëüíàÿ àïïàðàòóðà. Âîïðî-
ñû ãåðìåòè÷íîñòè êðèîâàêóóìíûõ îáúåêòîâ).
– Â õèìè÷åñêè ñâÿçàííîì ñîñòîÿíèè â æèä-
êèõ ñðåäàõ
– Â òâåðäîôàçíîì ñâÿçàííîì ñîñòîÿíèè â èí-
òåðìåòàëëèäàõ
– Â àäñîðáèðîâàííîì ñîñòîÿíèè íà êðèîàäñîð-
áåíòàõ
– Â êîìáèíèðîâàííûõ ñèñòåìàõ

Ìåòîäû ïîëó÷åíèÿ âîäîðîäà
– Ýëåêòðîëèç
– Òåðìîõèìè÷åñêîå ðàçëîæåíèå âîäû
– Ðàçëîæåíèå àììèàêà
– Êàòàëèòè÷åñêàÿ êîíâåðñèÿ (ðèôîðìèíã) ãà-
çîîáðàçíûõ è æèäêèõ óãëåâîäîðîäîâ
– Íåïîëíîå îêèñëåíèå óãëåâîäîðîäîâ
– Âûñîêîòåìïåðàòóðíûé ìåòîä
– Ãèäðàòû

Òðàíñïîðòèðîâàíèå âîäîðîäà
– Òðàíñïîðòèðîâàíèå æèäêèõ êðèîãåííûõ ïðî-
äóêòîâ ïî òðóáîïðîâîäàì. Îõëàæäåíèå ìàãèñ-
òðàëåé êðèîãåííûõ ñèñòåì

ÒÅÌÀÒÈ×ÅÑÊÈÅ ÍÀÏÐÀÂËÅÍÈß ÊÎÍÊÓÐÑÀ

– Íåóñòàíîâèâøèåñÿ ïðîöåññû â êðèîãåííûõ
ñèñòåìàõ

Êîíñòðóêöèîííûå ìàòåðèàëû
– Âîäîðîä â ìåòàëëàõ è ñïëàâàõ
– Ãàçàðû
– Íîâûå êîíñòðóêöèîííûå ìàòåðèàëû äëÿ
îáúåêòîâ àëüòåðíàòèâíîé ýíåðãåòèêè
– Âîäîðîäîñòîéêèå êîíñòðóêöèîííûå ñòàëè
– Ýëåêòðîïå÷è äëÿ òåðìîâàêóóìíûõ ïðîöåññîâ
– Íåéòðîííî-ñòðóêòóðíûé àíàëèç

Òðàíñïîðòíûå ñðåäñòâà íà âîäîðîäíîì òîïëèâå
– Êîñìè÷åñêàÿ òåõíèêà (ðàêåòû-íîñèòåëè è
ðàêåòíûå äâèãàòåëè, ýëåêòðîõèìè÷åñêèå ãåíå-
ðàòîðû), àâèàöèÿ, ïîäâîäíûå ëîäêè, àâòîìî-
áèëè, æåëåçíîäîðîæíûé òðàíñïîðò, ìîòî-
öèêëû, ìîòîðîëëåðû, âîäíûé òðàíñïîðò,
ñåëüñêîõîçÿéñòâåííàÿ òåõíèêà, ëåãêîâûå àâ-
òîìîáèëè ïðåäñòàâèòåëüñêîãî êëàññà, âîåííàÿ
òåõíèêà, ñïîðòèâíûå ñðåäñòâà è ò. ä.

Òåðìîäèíàìè÷åñêèé àíàëèç è ýíåðãåòèêà ïîëó-
÷åíèÿ âîäîðîäà

– Ýêîíîìèêà âîäîðîäíîé ýíåðãåòèêè
– Òåõíèêî-ýêîíîìè÷åñêàÿ ýôôåêòèâíîñòü ïðî-
öåññîâ õðàíåíèÿ, òðàíñïîðòèðîâêè èñïîëüçî-
âàíèÿ  âîäîðîäà

Òîïëèâíûå ýëåìåíòû
– Òîïëèâíûå ýëåìåíòû ñ òâåðäîïîëèìåðíûì
ýëåêòðîëèòîì
– Òâåðäîîêñèäíûå âûñîêîòåìïåðàòóðíûå òîï-
ëèâíûå ýëåìåíòû
– Ðàñïëàâíûå êàðáîíàòíûå òîïëèâíûå ýëåìåíòû
– Òîïëèâíûå ýëåìåíòû ñ ïðåäâàðèòåëüíîé îá-
ðàáîòêîé âîäîðîäñîäåðæàùåãî òîïëèâà
– Ïðèìåíåíèå òîïëèâíûõ ýëåìåíòîâ â áûòî-
âîé è êîìïüþòåðíîé òåõíèêå
– Óñòðîéñòâà ïèòàíèÿ íà òîïëèâíûõ ýëåìåí-
òàõ ñ êîíâåðñèåé ìåòàíîëà â âîäîðîä
– Ìåìáðàíû äëÿ òîïëèâíûõ ýëåìåíòîâ
– Âîäîðîäíûå ìèíèýëåêòðîñòàíöèè íà áàçå
òîïëèâíûõ ýëåìåíòîâ
– Ìåòîäû ïîëó÷åíèÿ ñèíòåç-ãàçà

Âîäîðîäíûå àâòîçàïðàâî÷íûå ñòàíöèè

Âîäîðîä äëÿ ýíåðãîîáåñïå÷åíèÿ çäàíèé, ñîîðó-
æåíèé, æèëûõ äîìîâ

ÏÎÐßÄÎÊ È ÂÐÅÌß ÏÐÎÂÅÄÅÍÈß ÊÎÍÊÓÐÑÀ
Ðåäàêöèÿ ïðèíèìàåò ñòàòüè ñ 1 ÿíâàðÿ 2007 ã. äî 1 ñåíòÿáðÿ 2007 ã. Ðàáîòû ïðèíèìàþòñÿ

êàê íà ðóññêîì, òàê è íà àíãëèéñêîì ÿçûêàõ. Äëÿ ó÷àñòèÿ â êîíêóðñå àâòîð äîëæåí íàïðàâèòü
ðóêîïèñü, îôîðìëåííóþ â ñîîòâåòñòâèè ñ ïðàâèëàìè, íà ïî÷òîâûé àäðåñ ðåäàêöèè: à/ÿ 687, ã. Ñà-
ðîâ, Íèæåãîðîäñêàÿ îáëàñòü, Ðîññèÿ, 607183 (ñ ïîìåòêîé íà êîíâåðòå: «Íà êîíêóðñ “Âîäîðîäíàÿ
ýíåðãåòèêà è òðàíñïîðò”») èëè ïî ýëåêòðîííîìó àäðåñó: gusev@hydrogen.ru.
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Èòîãè êîíêóðñà áóäóò ïîäâåäåíû â îêòÿáðå 2007 ãîäà Ìåæäóíàðîäíûì æþðè, êîòîðîå ôîðìè-
ðóåòñÿ èç ÷ëåíîâ Ðåäêîëëåãèè, îïóáëèêîâàíû â Ìåæäóíàðîäíîì íàó÷íîì æóðíàëå «Àëüòåðíàòèâ-
íàÿ ýíåðãåòèêà è ýêîëîãèÿ» è ðàçìåùåíû íà ãëàâíîé ñòðàíèöå Ìåæäóíàðîäíîãî íàó÷íî-èíôîðìà-
öèîííîãî ïîðòàëà «Âîäîðîä».

Ðåäêîëëåãèÿ æóðíàëà ó÷ðåäèëà ïðèçû:
äèïëîì ðåäêîëëåãèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêî-

ëîãèÿ»;
 ãîäîâàÿ ïîäïèñêà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíàëà çà ãîä, à

òàêæå ïîëóãîäîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ»;
 ïîëóãîäîâàÿ ïîäïèñêà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíàëà çà ïîëó-

ãîäèå, à òàêæå ïîëóãîäîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ»;
 íîìåð æóðíàëà ñî ñòàòüåé àâòîðà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíà-

ëà çà ïîëóãîäèå, à òàêæå ïîëóãîäîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ».

ÏÎÄÂÅÄÅÍÈÅ ÈÒÎÃÎÂ È ÂÐÓ×ÅÍÈÅ ÏÐÈÇÎÂ

Óâàæàåìûå êîëëåãè è äðóçüÿ!
Ðåäêîëëåãèÿ Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà

«Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»
îáúÿâëÿåò êîíêóðñ íà ëó÷øóþ íàó÷íóþ ðàáîòó ïî òåìàòèêå

«АТОМНАЯ ЭНЕРГЕТИКА»
ÒÅÌÀÒÈ×ÅÑÊÈÅ ÍÀÏÐÀÂËÅÍÈß ÊÎÍÊÓÐÑÀ

Àòîìíî-âîäîðîäíàÿ ýíåðãåòèêà
– Âûñîêîòåìïåðàòóðíûå ãàçîâûå ðåàêòîðû (ÂÒÃÐ) äëÿ ïðîèçâîäñòâà
âîäîðîäà âûñîêîòåìïåðàòóðíûìè (Ò = 1000 °Ñ) ìåòîäàìè
– Áûñòðûå ðåàêòîðû ñ íàòðèåâûì îõëàæäåíèåì (ÁÍ) äëÿ ïîëó÷åíèÿ
ñðåäíåòåìïåðàòóðíîãî òåïëà (Ò = 500 °Ñ), ïðîèçâîäñòâà ñèíòåòè÷åñêî-
ãî ãàçà è âîäîðîäà
– Áûñòðûå ðåàêòîðû ñî ñâèíöîâûì îõëàæäåíèåì (ÁÐÅÑÒ) êàê ðåàêòî-
ðû ñëåäóþùåãî ïîêîëåíèÿ äëÿ ïîëó÷åíèÿ âûñîêîòåìïåðàòóðíîãî òåï-
ëà (Ò > 500 °Ñ)

Àòîìíàÿ ýíåðãåòèêà äëÿ òðàíñïîðòíûõ ñðåäñòâ
– Ðàäèîíóêëèäíûå èñòî÷íèêè òåïëà
– Ðàäèîíóêëèäíûå òåðìîýëåêòðè÷åñêèå ãåíåðàòîðû

ÏÎÐßÄÎÊ È ÂÐÅÌß ÏÐÎÂÅÄÅÍÈß ÊÎÍÊÓÐÑÀ

Ðåäàêöèÿ ïðèíèìàåò ñòàòüè ñ 1 ÿíâàðÿ 2007 ã. äî 1 ñåíòÿáðÿ 2007 ã. Ðàáîòû ïðèíèìàþòñÿ
êàê íà ðóññêîì, òàê è íà àíãëèéñêîì ÿçûêàõ. Äëÿ ó÷àñòèÿ â êîíêóðñå àâòîð äîëæåí íàïðàâèòü
ðóêîïèñü, îôîðìëåííóþ â ñîîòâåòñòâèè ñ ïðàâèëàìè, íà ïî÷òîâûé àäðåñ ðåäàêöèè: à/ÿ 687, ã. Ñà-
ðîâ, Íèæåãîðîäñêàÿ îáëàñòü, Ðîññèÿ, 607183 (ñ ïîìåòêîé íà êîíâåðòå: «Íà êîíêóðñ “Àòîìíàÿ
ýíåðãåòèêà”») èëè ïî ýëåêòðîííîìó àäðåñó: gusev@hydrogen.ru.

Èòîãè êîíêóðñà áóäóò ïîäâåäåíû â îêòÿáðå 2007 ãîäà Ìåæäóíàðîäíûì æþðè, êîòîðîå ôîðìè-
ðóåòñÿ èç ÷ëåíîâ Ðåäêîëëåãèè, îïóáëèêîâàíû â Ìåæäóíàðîäíîì íàó÷íîì æóðíàëå «Àëüòåðíàòèâ-
íàÿ ýíåðãåòèêà è ýêîëîãèÿ» è ðàçìåùåíû íà ãëàâíîé ñòðàíèöå Ìåæäóíàðîäíîãî íàó÷íî-èíôîðìà-
öèîííîãî ïîðòàëà «Âîäîðîä».

Ðåäêîëëåãèÿ æóðíàëà ó÷ðåäèëà ïðèçû:
 ìåäàëü Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»;
äèïëîì ðåäêîëëåãèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêî-

ëîãèÿ»;
ãîäîâàÿ ïîäïèñêà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíàëà çà ãîä, à

òàêæå ïîëóãîäîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ»;
ïîëóãîäîâàÿ ïîäïèñêà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíàëà çà ïîëó-

ãîäèå, à òàêæå ïîëóãîäîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ»;
íîìåð æóðíàëà ñî ñòàòüåé àâòîðà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíà-

ëà çà ïîëóãîäèå, à òàêæå ïîëóãîäîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ».

ÏÎÄÂÅÄÅÍÈÅ ÈÒÎÃÎÂ È ÂÐÓ×ÅÍÈÅ ÏÐÈÇÎÂ
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ÒÅÌÀÒÈ×ÅÑÊÈÅ ÍÀÏÐÀÂËÅÍÈß ÊÎÍÊÓÐÑÀ

Óâàæàåìûå êîëëåãè è äðóçüÿ!

Ðåäêîëëåãèÿ Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà

 «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»

îáúÿâëÿåò êîíêóðñ, ïîñâÿùåííûé 100-ëåòèþ àêàäåìèêà Ã. Ê. Áîðåñêîâà

«КАТАЛИЗ В АЛЬТЕРНАТИВНОЙ ЭНЕРГЕТИКЕ»

– Êàòàëèòè÷åñêèå ìåòîäû ñèíòåçà àëüòåðíàòèâ-
íîãî òîïëèâà (ðåàêöèè «Ôèøåðà-Òðîïøà» è ïð.)
– Êàòàëèç â ñîâìåùåííûõ ñõåìàõ «ïðîèçâîäñòâî
ýíåðãèè è ïîëó÷åíèå ïîëåçíûõ ïðîäóêòîâ èç ïðè-
ðîäíîãî ãàçà»
– Êàòàëèç â ãåíåðàöèè ðàáî÷åãî òåëà â ãàçîòóð-
áèííûõ óñòàíîâêàõ êàê ýôôåêòèâíàÿ àëüòåðíà-
òèâà ôàêåëüíîìó ìåòîäó ãåíåðàöèè
– Êàòàëèç â òîïëèâíûõ ýëåìåíòàõ
– Êàòàëèç â ïðîöåññàõ ïîëó÷åíèÿ ñèíòåç-ãàçà è
âîäîðîäà
– Êàòàëèòè÷åñêèå ìåòîäû î÷èñòêè âîäîðîäà
– Êàòàëèç â î÷èñòêå ïðîìûøëåííûõ ãàçîâûõ
âûáðîñîâ îò ýíåðãåòè÷åñêèõ ñèñòåì
– Êàòàëèç â ñèñòåìàõ î÷èñòêè òåõíè÷åñêèõ âîä
– Ôîòîêàòàëèòè÷åñêèå è ýëåêòðîêàòàëèòè÷åñêèå
ìåòîäû ïîëó÷åíèÿ âîäîðîäà
– Ðàçðàáîòêà è èññëåäîâàíèå ñâîéñòâ ìàòåðèà-
ëîâ äëÿ ôîðìèðîâàíèÿ êàòàëèòè÷åñêèõ ñëîåâ â
òîïëèâíûõ  ýëåìåíòàõ
– Î ìåõàíèçìàõ êàòàëèòè÷åñêîãî äåéñòâèÿ. Âëè-
ÿíèå ïðèðîäû ìåòàëëîâ è ñòåïåíè èõ îêèñëåíèÿ
íà êàòàëèòè÷åñêóþ àêòèâíîñòü

– Íàíîêîìïîçèòû äëÿ ïðèìåíåíèÿ â êà÷åñòâå
êàòàëèçàòîðîâ. Âëèÿíèå ðàçìåðíîãî ôàêòîðà íà
êàòàëèòè÷åñêóþ àêòèâíîñòü
– Àëüòåðíàòèâíûå êàòàëèçàòîðû áåç ïðèìåíå-
íèÿ ïëàòèíû
– Ïðîáëåìû îòðàâëåíèÿ êàòàëèçàòîðîâ
– Íîñèòåëè êàòàëèçàòîðîâ: äèçàéí, ñèíòåç, ñâîéñòâà
– Êàòàëèòè÷åñêèå ñëîè äëÿ òîïëèâíûõ ýëåìåí-
òîâ â ïëàíàðíîì èñïîëíåíèè
– Çîëü-ãåëü ìåòîä äëÿ ïîëó÷åíèÿ êàòàëèçàòîðîâ
è íîñèòåëåé êàòàëèçàòîðîâ
– Ñîâðåìåííûå ïîäõîäû ê ïðîãíîçèðîâàíèþ êà-
òàëèòè÷åñêîãî äåéñòâèÿ
– Ìåõàíèçìû ãåòåðîãåííîãî è ãîìîãåííîãî êàòà-
ëèçà íà ìîëåêóëÿðíîì óðîâíå
– Êâàíòîâàÿ õèìèÿ è ìîëåêóëÿðíàÿ äèíàìèêà â
êàòàëèçå
– Äèçàéí ãîìîãåííûõ è ãåòåðîãåííûõ êàòàëè-
çàòîðîâ
– Íåòðàäèöèîííûå îáëàñòè ïðèìåíåíèÿ êàòàëèçà
– Êàòàëèç äëÿ çàùèòû îêðóæàþùåé ñðåäû
– Ðàçðàáîòêà êàòàëèòè÷åñêèõ ïðîöåññîâ è ðå-
àêòîðîâ

ÏÎÐßÄÎÊ È ÂÐÅÌß ÏÐÎÂÅÄÅÍÈß ÊÎÍÊÓÐÑÀ
Ðåäàêöèÿ ïðèíèìàåò ñòàòüè ñ 1 ôåâðàëÿ 2007 ã. äî 1 ñåíòÿáðÿ 2007 ã. Ðàáîòû ïðèíèìàþòñÿ êàê

íà ðóññêîì, òàê è íà àíãëèéñêîì ÿçûêàõ. Äëÿ ó÷àñòèÿ â êîíêóðñå àâòîð äîëæåí íàïðàâèòü ðóêîïèñü,
îôîðìëåííóþ â ñîîòâåòñòâèè ñ ïðàâèëàìè, íà ïî÷òîâûé àäðåñ ðåäàêöèè: à/ÿ 687, ã. Ñàðîâ, Íèæåãîðîä-
ñêàÿ îáëàñòü, Ðîññèÿ, 607183 (ñ ïîìåòêîé íà êîíâåðòå: «Íà êîíêóðñ “Êàòàëèç â àëüòåðíàòèâíîé
ýíåðãåòèêå”») èëè ïî ýëåêòðîííîìó àäðåñó: gusev@hydrogen.ru.

Èòîãè êîíêóðñà áóäóò ïîäâåäåíû â îêòÿáðå 2007 ãîäà Ìåæäóíàðîäíûì æþðè, êîòîðîå ôîðìè-
ðóåòñÿ èç ÷ëåíîâ Ðåäêîëëåãèè, îïóáëèêîâàíû â Ìåæäóíàðîäíîì íàó÷íîì æóðíàëå «Àëüòåðíàòèâ-
íàÿ ýíåðãåòèêà è ýêîëîãèÿ» è ðàçìåùåíû íà ãëàâíîé ñòðàíèöå Ìåæäóíàðîäíîãî íàó÷íî-èíôîðìà-
öèîííîãî ïîðòàëà «Âîäîðîä».

Ðåäêîëëåãèÿ æóðíàëà ó÷ðåäèëà ïðèçû:
êóáîê Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»;
ìåäàëü Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»;
äåíåæíàÿ ïðåìèÿ (1-ÿ ïðåìèÿ – 10 000 ðóáëåé, 2-ÿ ïðåìèÿ — 7 000 ðóáëåé, 3-ÿ ïðåìèÿ —

5 000 ðóáëåé) è äèïëîì ðåäêîëëåãèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãå-
òèêà è ýêîëîãèÿ»;

äèïëîì ðåäêîëëåãèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêî-
ëîãèÿ»;

ãîäîâàÿ ïîäïèñêà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíàëà çà ãîä, à
òàêæå ïîëóãîäîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ»;

ïîëóãîäîâàÿ ïîäïèñêà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíàëà çà ïîëó-
ãîäèå, à òàêæå ïîëóãîäîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ»;

íîìåð æóðíàëà ñî ñòàòüåé àâòîðà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíà-
ëà çà ïîëóãîäèå, à òàêæå ïîëóãîäîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ».

ÏÎÄÂÅÄÅÍÈÅ ÈÒÎÃÎÂ È ÂÐÓ×ÅÍÈÅ ÏÐÈÇÎÂ
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Óâàæàåìûå êîëëåãè è äðóçüÿ!
Ðåäêîëëåãèÿ Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà«Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»

îáúÿâëÿåò êîíêóðñ íà ëó÷øóþ íàó÷íóþ ðàáîòó ïî òåìàòèêå

«ГЕОТЕРМАЛЬНАЯ ЭНЕРГЕТИКА»
ÒÅÌÀÒÈ×ÅÑÊÈÅ ÍÀÏÐÀÂËÅÍÈß ÊÎÍÊÓÐÑÀ

– Ôóíäàìåíòàëüíûå èññëåäîâàíèÿ â îáëàñòè ãåî-
òåðìàëüíîé ýíåðãåòèêè

– Îñíîâíûå ïðîáëåìû îñâîåíèÿ ãåîòåðìàëüíîé
ýíåðãèè. Ïðîáëåìû îñâîåíèÿ íèçêîïîòåíöèàëüíûõ,
ñðåäíåïîòåíöèàëüíûõ, âûñîêîïîòåíöèàëüíûõ èñòî÷-
íèêîâ ãåîòåðìàëüíîé ýíåðãèè

– Ðîëü ìîäåëèðîâàíèÿ è ìîíèòîðèíãà ïðè îñâî-
åíèè ãåîòåðìàëüíîé ýíåðãèè. Îöåíêà ãåîòåðìàëüíî-
ãî ðåçåðâóàðà.

– Ðîëü çàêîíîäàòåëüíîé áàçû â ðàçâèòèè ãåîòåð-
ìàëüíîé ýíåðãåòèêè

– Ðîëü èíâåñòèöèé â ðàçâèòèè ãåîòåðìàëüíîé
ýíåðãåòèêè

– Ýôôåêòèâíîñòü è íàäåæíîñòü ãåîòåðìàëüíûõ òåï-
ëîâûõ è ýëåêòðè÷åñêèõ ñòàíöèé. Îñíîâíûå íàïðàâëåíèÿ
ïî ïîâûøåíèþ ýôôåêòèâíîñòè ãåîòåðìàëüíûõ òåïëîâûõ
è ýëåêòðè÷åñêèõ ñòàíöèé

– Ãåîòåðìàëüíûå óñòàíîâêè: ìîäóëüíûå ãåîòåðìàëü-
íûå ýëåêòðîñòàíöèè, ñåïàðàòîðû, ðàñøèðèòåëè è ñåïà-

ðàòîðû-ïàðîñáîðíèêè äëÿ ãåîòåðìàëüíûõ ýëåêòðîñòàí-
öèé, ìîäóëüíûå ãåîòåðìàëüíûå òåïëîâûå ñòàíöèè, ãåî-
òåðìàëüíûå òóðáîóñòàíîâêè

– Ãåîòåðìàëüíûå ðåñóðñû ñòðàí ìèðà è ïåðñïåê-
òèâû èõ îñâîåíèÿ

ÏÎÐßÄÎÊ È ÂÐÅÌß ÏÐÎÂÅÄÅÍÈß ÊÎÍÊÓÐÑÀ
Ðåäàêöèÿ ïðèíèìàåò ñòàòüè ñ 31 ìàðòà 2007 ã. äî 31 äåêàáðÿ 2007 ã. Ðàáîòû ïðèíèìàþòñÿ êàê íà

ðóññêîì, òàê è íà àíãëèéñêîì ÿçûêàõ. Äëÿ ó÷àñòèÿ â êîíêóðñå àâòîð äîëæåí íàïðàâèòü ðóêîïèñü, îôîðì-
ëåííóþ â ñîîòâåòñòâèè ñ ïðàâèëàìè, íà ïî÷òîâûé àäðåñ ðåäàêöèè: à/ÿ 687, ã. Ñàðîâ, Íèæåãîðîäñêàÿ îá-
ëàñòü, Ðîññèÿ, 607183 (ñ ïîìåòêîé íà êîíâåðòå: «Íà êîíêóðñ “Ãåîòåðìàëüíàÿ ýíåðãåòèêà”») èëè ïî ýëåê-
òðîííîìó àäðåñó: gusev@hydrogen.ru.

Èòîãè êîíêóðñà áóäóò ïîäâåäåíû â ÿíâàðå 2008 ãîäà Ìåæäóíàðîäíûì æþðè, êîòîðîå ôîðìèðóåòñÿ èç
÷ëåíîâ Ðåäêîëëåãèè, îïóáëèêîâàíû â Ìåæäóíàðîäíîì íàó÷íîì æóðíàëå «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêî-
ëîãèÿ» è ðàçìåùåíû íà ãëàâíîé ñòðàíèöå Ìåæäóíàðîäíîãî íàó÷íî-èíôîðìàöèîííîãî ïîðòàëà «Âîäîðîä».

Ðåäêîëëåãèÿ æóðíàëà ó÷ðåäèëà ïðèçû:
äèïëîì ðåäêîëëåãèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»;
ãîäîâàÿ ïîäïèñêà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíàëà çà ãîä, à òàêæå ïîëóãî-

äîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ»;
ïîëóãîäîâàÿ ïîäïèñêà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíàëà çà ïîëóãîäèå, à

òàêæå ïîëóãîäîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ»;
íîìåð æóðíàëà ñî ñòàòüåé àâòîðà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíàëà çà

ïîëóãîäèå, à òàêæå ïîëóãîäîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ».

ÏÎÄÂÅÄÅÍÈÅ ÈÒÎÃÎÂ È ÂÐÓ×ÅÍÈÅ ÏÐÈÇÎÂ

ÒÅÌÀÒÈ×ÅÑÊÈÅ ÍÀÏÐÀÂËÅÍÈß ÊÎÍÊÓÐÑÀ

Óâàæàåìûå êîëëåãè è äðóçüÿ!
Ðåäêîëëåãèÿ Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà«Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»

îáúÿâëÿåò êîíêóðñ íà ëó÷øóþ íàó÷íóþ ðàáîòó ïî òåìàòèêå

«ИСТОРИЯ ВОДОРОДНОЙ ЭНЕРГЕТИКИ»

I ýòàï (ñ 1766 äî 1800 ãîäà). «Èñòîðèÿ îòêðû-
òèÿ âîäîðîäà è èññëåäîâàíèÿ åãî ôèçèêî-õèìè÷åñ-
êèõ ñâîéñòâ».

1. Îòêðûòèå âîäîðîäà àíãëèéñêèì ó÷åíûì Ã. Êà-
âåíäèøåì.

2. Ïðîäîëæåíèå èññëåäîâàíèé õèìè÷åñêèõ
ñâîéñòâ âîäîðîäà ðîññèéñêèì ó÷åíûì Ì. Â. Ëîìîíî-
ñîâûì.

3. Èññëåäîâàíèÿ âîäîðîäà, âûïîëíåííûå Ïàðàöåëü-
ñîì, Áîéëåì, Ëåìåðè, Ëàâóàçüå è äðóãèìè ó÷åíûìè.

4. Ïåðâûé ïîëåò ïèëîòèðóåìîãî âîçäóøíîãî
øàðà, íàïîëíåííîãî âîäîðîäîì, â Ïàðèæå 1 äåêàáðÿ
1783 ã., âûïîëíåííûé Æàêîì Øàðëåì è åãî ïîìîù-
íèêîì Ì.-Í. Ðîáåðîì.

II ýòàï (Ñ 1800 äî 1974 ãîäà). «Èñòîðèÿ âíåäðå-
íèÿ âîäîðîäà â òåõíè÷åñêèõ óñòðîéñòâàõ è äàëüíåé-
øèõ èññëåäîâàíèé ôèçèêî-õèìè÷åñêèõ ñâîéñòâ».

1. Ïåðâûé ïàòåíò íà äâèãàòåëü, ðàáîòàþùèé íà
ñìåñè âîäîðîäà è êèñëîðîäà, âûäàííûé â Àíãëèè â
1841 ãîäó.
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ÏÎÐßÄÎÊ È ÂÐÅÌß ÏÐÎÂÅÄÅÍÈß ÊÎÍÊÓÐÑÀ

Ðåäàêöèÿ ïðèíèìàåò ñòàòüè ñ 31 ìàðòà 2007 ã. äî 31 äåêàáðÿ 2007 ã. Ðàáîòû ïðèíèìàþòñÿ êàê íà

ðóññêîì, òàê è íà àíãëèéñêîì ÿçûêàõ. Äëÿ ó÷àñòèÿ â êîíêóðñå àâòîð äîëæåí íàïðàâèòü ðóêîïèñü, îôîðìëåí-

íóþ â ñîîòâåòñòâèè ñ ïðàâèëàìè, íà ïî÷òîâûé àäðåñ ðåäàêöèè: à/ÿ 687, ã. Ñàðîâ, Íèæåãîðîäñêàÿ îáëàñòü,

Ðîññèÿ, 607183 (ñ ïîìåòêîé íà êîíâåðòå: «Íà êîíêóðñ “Èñòîðèÿ âîäîðîäíîé ýíåðãåòèêè”») èëè ïî ýëåêòðîí-

íîìó àäðåñó: gusev@hydrogen.ru.

Èòîãè êîíêóðñà áóäóò ïîäâåäåíû â ÿíâàðå 2008 ãîäà Ìåæäóíàðîäíûì æþðè, êîòîðîå ôîðìèðóåòñÿ èç

÷ëåíîâ Ðåäêîëëåãèè, îïóáëèêîâàíû â Ìåæäóíàðîäíîì íàó÷íîì æóðíàëå «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêî-

ëîãèÿ» è ðàçìåùåíû íà ãëàâíîé ñòðàíèöå Ìåæäóíàðîäíîãî íàó÷íî-èíôîðìàöèîííîãî ïîðòàëà «Âîäîðîä».

Ðåäêîëëåãèÿ æóðíàëà ó÷ðåäèëà ïðèçû:

êóáîê Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»;

ìåäàëü Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»;

äåíåæíàÿ ïðåìèÿ (1-ÿ ïðåìèÿ — 10 000 ðóáëåé, 2-ÿ ïðåìèÿ — 7 000 ðóáëåé, 3-ÿ ïðåìèÿ — 5 000 ðóáëåé)

è äèïëîì ðåäêîëëåãèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»;

äèïëîì ðåäêîëëåãèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»;

ãîäîâàÿ ïîäïèñêà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíàëà çà ãîä, à òàêæå ïîëóãî-

äîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ»;

ïîëóãîäîâàÿ ïîäïèñêà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíàëà çà ïîëóãîäèå, à

òàêæå ïîëóãîäîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ»;

íîìåð æóðíàëà ñî ñòàòüåé àâòîðà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíàëà çà

ïîëóãîäèå, à òàêæå ïîëóãîäîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ».

ÏÎÄÂÅÄÅÍÈÅ ÈÒÎÃÎÂ È ÂÐÓ×ÅÍÈÅ ÏÐÈÇÎÂ

2. 1860 ã. Ñîçäàíèå ïåðâîãî äâèãàòåëÿ âíóòðåí-

íåãî ñãîðàíèÿ íà ñâåòèëüíîì ãàçå áåëüãèéñêèì èí-

æåíåðîì Ý. Ëåíóàðîì.

3. 1866 ã. Ñîçäàíèå ýôôåêòèâíîãî ãàçîâîãî äâè-

ãàòåëÿ íà ñâåòèëüíîì ãàçå ãåðìàíñêèìè èíæåíåðà-

ìè Ý. Ëàíãåíîì è Í. Îòòî.

4. 1876 ã. Ñîçäàíèå ÷åòûðåõòàêòíîãî äâèãàòåëÿ

âíóòðåííåãî ñãîðàíèÿ (ïðîòîòèï ñîâðåìåííîãî ÄÂÑ)

ãåðìàíñêèì èíæåíåðîì Í. Îòòî.

5. Èäåÿ ñîçäàíèÿ ïåðâîãî âîçäóøíîãî øàðà, çà-

ïîëíÿåìîãî ïðîäóêòàìè ãîðåíèÿ, ðóññêèì äüÿêîì

Êðÿêóòíûì â 1631 ãîäó.

6. Ïåðâûå àýðîñòàòû, äèðèæàáëè íà âîäîðîäå.

Ïîëåòû è êàòàñòðîôà ñàìîãî áîëüøîãî âîäîðîäíîãî

äèðæàáëÿ «Ãèíäåíáóðã». Ñèíäðîì «Ãèíäåíáóðãà».

7. Ïåðâûé âîäîðîäíûé àâòîìîáèëüíûé òðàíñïîðò.

8. Îòêðûòèå èçîòîïîâ âîäîðîäà è èññëåäîâàíèå

èõ ñâîéñòâ Þðè, Áðåêóýääîì è Ìýðôè.

9. Ìàññîâîå ïðèìåíåíèå àâòîìîáèëüíûõ ëåáåäîê

äëÿ èçìåíåíèÿ âûñîòû àýðîñòàòîâ çàãðàæäåíèÿ â ãîäû

Âòîðîé ìèðîâîé âîéíû (âîïëîùåíèå èäåè ìëàäøåãî

òåõíèêà-ëåéòåíàíòà Á. È. Øåëèùà).

10. Ñîçäàíèå Ìåæäóíàðîäíîé àññîöèàöèè âîäî-

ðîäíîé ýíåðãåòèêè ïðîôåññîðîì Ò. Í. Âåçèðîãëó.

Ïðîâåäåíèå ïåðâîé Ìåæäóíàðîäíîé êîíôåðåíöèè ïî

âîäîðîäíîé ýíåðãåòèêå â 1974 ãîäó â Ìàéàìè ïðî-

ôåññîðîì Ò. Í. Âåçèðîãëó.

III ýòàï (Ñ 1974 ãîäà ïî íàñòîÿùåå âðåìÿ). «Èñ-

òîðèÿ ìàññîâîãî âíåäðåíèÿ âîäîðîäíîé ýíåðãåòèêè

âî âñå ñôåðû íàðîäíîãî õîçÿéñòâà».

1. Îðãàíèçàöèÿ öèêëà ñåìèíàðîâ è øêîëû-ñåìè-

íàðà ïî ïîëó÷åíèþ è ïðèìåíåíèþ âîäîðîäà ïðîôåñ-

ñîðîì Â. À. Ãîëüöîâûì, àêàäåìèêîì Â. À. Ëåãàñîâûì.

2. Ðàçðàáîòêà êîíöåïöèè àòîìíî-âîäîðîäíîé ýíåð-

ãåòèêè àêàäåìèêîì Â. À. Ëåãàñîâûì.

3. Ïðèìåíåíèå ñèíòåç-ãàçà â àâòîìîáèëüíîì

òðàíñïîðòå.

4. Ïåðâûé ïàññàæèðñêèé ñàìîëåò íà âîäîðîäå

ÒÓ-155.

5. Ïåðâûå âîäîðîäíûå ðàêåòíî-êîñìè÷åñêèå êîì-

ïëåêñû ÑØÀ è Ðîññèè: ðàêåòîíîñèòåëü òÿæåëîãî

êëàññà «Ñàòóðí-5» è ðàêåòîíîñèòåëü ñóïåðòÿæåëîãî

êëàññà «Ýíåðãèÿ».

6. Ïåðâûé ïîñëå ïåðåñòðîéêè â Ðîññèè Ìåæäó-

íàðîäíûé ñåìèíàð ïî áåçîïàñíîñòè è ýêîíîìèêå âî-

äîðîäíîãî òðàíñïîðòà IFFSEHT-2000.

7. Íà÷àëî åäèíè÷íîãî è ìåëêî-ñåðèéíîãî ïðîèç-

âîäñòâà àâòîòðàíñïîðòà.

8. Ïðèìåíåíèå âîäîðîäà â êà÷åñòâå òîïëèâà â

ïîäâîäíîì è íàäâîäíîì ôëîòå.

9. Ðàçðàáîòêè â îáëàñòè ñîçäàíèÿ âîäîðîäíîãî

ëîêîìîòèâà.

10. Ñîçäàíèå áûòîâûõ ýíåðãîóñòàíîâîê íà òîïëèâ-

íûõ ýëåìåíòàõ.

11. Ñîçäàíèå êðóïíûõ ýíåðãîóñòàíîâîê íà òîï-

ëèâíûõ ýëåìåíòàõ äëÿ ïðîìûøëåííîãî ïðèìåíåíèÿ.
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ÒÅÌÀÒÈ×ÅÑÊÈÅ ÍÀÏÐÀÂËÅÍÈß ÊÎÍÊÓÐÑÀ

Óâàæàåìûå êîëëåãè è äðóçüÿ!
Ðåäêîëëåãèÿ Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà«Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»

îáúÿâëÿåò êîíêóðñ íà ëó÷øóþ íàó÷íóþ ðàáîòó ïî òåìàòèêå

«ВОДОРОДНЫЕ ТЕХНОЛОГИИ ДЛЯ МЧС»

1. Òðàíñïîðòíûå ñðåäñòâà íà âîäîðîäå è íà àëüòåð-

íàòèâíûõ ýíåðãîíîñèòåëÿõ ñ âîäîðîäíûì êîíâåðòîðîì.

2. Ñïåöèàëüíàÿ îäåæäà ñ âñòðîåííûìè òåðìîõè-

ìè÷åñêèìè ïîäîãðåâàòåëÿìè íà âîäîðîäå. Ñïåöèàëü-

íîå ñíàðÿæåíèå ñïàñàòåëÿ ñ ïîèñêîâûìè ïðèáîðàìè,

ñðåäñòâàìè ñâÿçè, ñðåäñòâàìè êîíòðîëÿ çà ðàäèîàê-

òèâíûìè è õèìè÷åñêèìè èñòî÷íèêàìè, ôóíêöèîíè-

ðóþùèìè íà âîäîðîäíûõ òîïëèâíûõ ýëåìåíòàõ.

3. Óñòðîéñòâà äëÿ õðàíåíèÿ è ïðèãîòîâëåíèÿ

ïèùè ñ ýíåðãîóñòàíîâêàìè íà âîäîðîäå.

4. Îïåðàöèîííûå ìîáèëüíûå êëèíèêè ñ ýíåðãî-

ñíàáæåíèåì íà îñíîâå òîïëèâíûõ ýëåìåíòîâ. Îáîðó-

äîâàíèå äëÿ îïåðàöèîííûõ â ñàìîëåòàõ, ïîåçäàõ è

ïð. òðàíñïîðòå.

5. Ìîáèëüíûå ïîäâîäíûå óñòðîéñòâà äëÿ âñêðûòèÿ

ëåäÿíîãî ïàíöèðÿ ïîäî ëüäîì. Òåõíîëîãèè ïî âñêðû-

òèþ ìîùíûõ ëåäîâûõ ïîêðûòèé.

6. Âîïðîñû íàäåæíîñòè è áåçîïàñíîñòè ïðèìåíå-

íèÿ âîäîðîäíûõ òåõíîëîãèé â Ì×Ñ.

7. Âîäîðîäíûå ïîæàðíûå àâòîìîáèëè è òåõíîëî-

ãèè äëÿ òóøåíèÿ ïîæàðîâ.

8. Ñåíñîðèêà. Äåòåêòîðû âîäîðîäà è äåòåêòîðû

íà âîäîðîä-ìåòàíîâûå ñìåñè. Ïåðåíîñíûå òå÷åèñêà-

òåëè äëÿ êîíòðîëÿ ãåðìåòè÷íîñòè çàìêíóòûõ îáúåê-

òîâ ïîä äàâëåíèåì ðàáî÷åãî ãàçà ñ êîíòðîëüíûì ãà-

çîì — âîäîðîäîì.

9. Âîäîðîäíûå ðåêîìáèíàòîðû. Îãíå-âçðûâîïðåã-

ðàäèòåëè. Óñòðîéñòâî äëÿ ñìåùåíèÿ ãðàíèö âçðûâî-

îïàñíîãî ñîñòîÿíèÿ àòìîñôåðû â øàõòàõ, çàìêíóòûõ

îáúåìàõ, òóííåëÿõ è êàíàëàõ.

10. Ìîáèëüíûå ýíåðãîãåíåðèðóþùèå êîìïëåêñû
íà îñíîâå àëüòåðíàòèâíûõ ýíåðãîíîñèòåëåé ñ âîäîðîä-

íûì êîíâåðòîðîì è òîïëèâíûì ýëåìåíòîì («âñåÿä-
íûå» ýíåðãîóñòàíîâêè). Êðóïíûå ìîðîçèëüíûå êàìå-
ðû ñ ãàðàíòèðîâàííûì áåñïåðåáîéíûì ýëåêòðîñíàá-

æåíèåì íà îñíîâå òîïëèâíûõ ýëåìåíòîâ.
11. Ìàëîãàáàðèòíûå âîäîðîäíûå ïðèâîäû – äîìê-

ðàòû äëÿ ïîäúåìà êðóïíûõ ñòðîèòåëüíûõ êîíñòðóêöèé.

Âîäîðîäíûå ðîáîòèçèðîâàííûå ïðèâîäû – ìàíèïóëÿòî-
ðû äëÿ áåðåæíîãî ïåðåìåùåíèÿ ïîñòðàäàâøåãî ñ ìåñòà
àâàðèè è âî âðåìÿ òðàíñïîðòèðîâêè è ëå÷åíèÿ ñ ïåðñî-

íàëüíîé ñèñòåìîé óïðàâëåíèÿ, ðàáîòàþùåé ïî êîìàíäå
ïîñòðàäàâøåãî. Ìàëîãàáàðèòíûå èíñòðóìåíòû ñ ýëåêòðî-
ïðèâîäîì îò âîäîðîäíîé ýíåðãîóñòàíîâêè. Ìèíèàòþð-
íûå ñâàðî÷íûå àïïàðàòû è ðåçàêè íà êèñëîðîä-âîäî-

ðîäíîé ñìåñè äëÿ ðàçäåëêè ìåòàëëîêîíñòðóêöèé.
12. Ñóïåðëåãêèå êîíñòðóêöèîííûå ìàòåðèàëû

äëÿ îáúåêòîâ Ì×Ñ íà îñíîâå ãàçàðîâ — âñïåíåííûõ

âîäîðîäîì ìåòàëëîâ, îáëàäàþùèõ ïîâûøåííûìè ìå-
õàíè÷åñêèìè ñâîéñòâàìè.

Èòîãè êîíêóðñà áóäóò ïîäâåäåíû â ÿíâàðå 2008 ãîäà Ìåæäóíàðîäíûì æþðè, êîòîðîå ôîðìèðóåòñÿ èç

÷ëåíîâ Ðåäêîëëåãèè, îïóáëèêîâàíû â Ìåæäóíàðîäíîì íàó÷íîì æóðíàëå «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêî-
ëîãèÿ» è ðàçìåùåíû íà ãëàâíîé ñòðàíèöå Ìåæäóíàðîäíîãî íàó÷íî-èíôîðìàöèîííîãî ïîðòàëà «Âîäîðîä».

Ðåäêîëëåãèÿ æóðíàëà ó÷ðåäèëà ïðèçû:

êóáîê Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»;
ìåäàëü Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»;
äåíåæíàÿ ïðåìèÿ (1-ÿ ïðåìèÿ — 10 000 ðóáëåé, 2-ÿ ïðåìèÿ — 7 000 ðóáëåé, 3-ÿ ïðåìèÿ — 5 000 ðóáëåé)

è äèïëîì ðåäêîëëåãèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»;
äèïëîì ðåäêîëëåãèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»;
ãîäîâàÿ ïîäïèñêà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíàëà çà ãîä, à òàêæå ïîëóãî-

äîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ»;
ïîëóãîäîâàÿ ïîäïèñêà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíàëà çà ïîëóãîäèå, à

òàêæå ïîëóãîäîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ»;

íîìåð æóðíàëà ñî ñòàòüåé àâòîðà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíàëà çà
ïîëóãîäèå, à òàêæå ïîëóãîäîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ».

ÏÎÄÂÅÄÅÍÈÅ ÈÒÎÃÎÂ È ÂÐÓ×ÅÍÈÅ ÏÐÈÇÎÂ

ÏÎÐßÄÎÊ È ÂÐÅÌß ÏÐÎÂÅÄÅÍÈß ÊÎÍÊÓÐÑÀ

Ðåäàêöèÿ ïðèíèìàåò ñòàòüè ñ 31 ìàðòà 2007 ã. äî 31 äåêàáðÿ 2007 ã. Ðàáîòû ïðèíèìàþòñÿ êàê íà
ðóññêîì, òàê è íà àíãëèéñêîì ÿçûêàõ. Äëÿ ó÷àñòèÿ â êîíêóðñå àâòîð äîëæåí íàïðàâèòü ðóêîïèñü, îôîðìëåí-

íóþ â ñîîòâåòñòâèè ñ ïðàâèëàìè, íà ïî÷òîâûé àäðåñ ðåäàêöèè: à/ÿ 687, ã. Ñàðîâ, Íèæåãîðîäñêàÿ îáëàñòü,
Ðîññèÿ, 607183 (ñ ïîìåòêîé íà êîíâåðòå: «Íà êîíêóðñ “Âîäîðîäíûå òåõíîëîãèè äëÿ Ì×Ñ”») èëè ïî ýëåêò-
ðîííîìó àäðåñó: gusev@hydrogen.ru.
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Óâàæàåìûå êîëëåãè è äðóçüÿ!
Ðåäêîëëåãèÿ Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà«Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»

îáúÿâëÿåò êîíêóðñ íà ëó÷øóþ íàó÷íóþ ðàáîòó ïî òåìàòèêå

«ПНЕВМАТИЧЕСКИЕ ТРАНСПОРТНЫЕ СРЕДСТВА И
ПНЕВМАТИЧЕСКИЕ ЭНЕРГОГЕНЕРИРУЮЩИЕ СИСТЕМЫ»

ÒÅÌÀÒÈ×ÅÑÊÈÅ ÍÀÏÐÀÂËÅÍÈß ÊÎÍÊÓÐÑÀ

1. Êîíöåïöèÿ ðàçâèòèÿ ïíåâìàòè÷åñêèõ òðàíñïîðòíûõ
ñðåäñòâ. Òåðìîäèíàìè÷åñêèé è ýêñåðãåòè÷åñêèé àíàëèç êîí-
öåïòóàëüíûõ ìîäåëåé

2. Ïíåâìàòè÷åñêèå àâòîòðàíñïîðòíûå ñðåäñòâà äëÿ ìå-
ãàïîëèñîâ

3. Ïíåâìàòè÷åñêèå ýíåðãîãåíåðèðóþùèå ñèñòåìû
4. Ïíåâìàòè÷åñêèå àâòîòðàíñïîðòíûå ñðåäñòâà äëÿ ýêî-

ëîãè÷åñêè ÷èñòûõ ðàéîíîâ, çàïîâåäíèêîâ
5. Ïíåâìàòè÷åñêèé æåëåçíîäîðîäíûé òðàíñïîðò äëÿ ïîä-

çåìíûõ ãîðíûõ âûðàáîòîê, ìåòðîïîëèòåíîâ
6. Ïíåâìàòè÷åñêèå ýíåðãîñèñòåìû äëÿ àâàðèéíîãî ãà-

ðàíòèðîâàííîãî ýíåðãîñíàáæåíèÿ â êëèíèêàõ, àâèàäèñïåò÷åðñêèõ ïóíêòàõ è ò. ä.
7. Áàêîâûå ñèñòåìû äëÿ ïíåâìàòè÷åñêîãî òðàíñïîðòà. Íîâûå ìàòåðèàëû äëÿ áàêîâûõ ñèñòåì
8. Êðèîãåííûé àâòîòðàíñïîðò íà àçîòå, àðãîíå ñ àòìîñôåðíûìè èñïàðèòåëÿìè. Êðèîãåííûå

àâòîòðàíñïîðòíûå ñðåäñòâà ñ ñèñòåìîé äîïîëíèòåëüíîãî ïîäîãðåâà
9. Êðèîãåííûå òðàíñïîðòíûå ñðåäñòâà ñ ïðèâîäîì íà îñíîâå äâèãàòåëÿ Ñòèðëèíãà, òóðáèíû,

ïîðøíåâîãî ïíåâìàòè÷åñêîãî äâèãàòåëÿ. Íîâûå ìàòåðèàëû äëÿ ïðèâîäîâ
10. Öåíòðàëèçîâàííûå ðåêóïåðàöèîííûå ñèñòåìû è ýíåðãîàêêóìóëèðóþùèå ñèñòåìû. Àòîìíî-

àçîòíàÿ ýíåðãåòèêà
11. Ïíåâìàòè÷åñêèé ðå÷íîé òðàíñïîðò äëÿ çàïîâåäíûõ âîäîåìîâ
12. Ýêîëîãè÷åñêè ÷èñòûå ïíåâìàòè÷åñêèå è êðèîãåííûå ñóäà ñ áîëüøèì çàïàñîì ýíåðãèè

ÏÎÐßÄÎÊ È ÂÐÅÌß ÏÐÎÂÅÄÅÍÈß ÊÎÍÊÓÐÑÀ

Ðåäàêöèÿ ïðèíèìàåò ñòàòüè ñ 15 ìàÿ äî 31 äåêàáðÿ 2007 ã. Ðàáîòû ïðèíèìàþòñÿ êàê íà
ðóññêîì, òàê è íà àíãëèéñêîì ÿçûêàõ. Äëÿ ó÷àñòèÿ â êîíêóðñå àâòîð äîëæåí íàïðàâèòü ðóêîïèñü,
îôîðìëåííóþ â ñîîòâåòñòâèè ñ ïðàâèëàìè, íà ïî÷òîâûé àäðåñ ðåäàêöèè: à/ÿ 687, ã. Ñàðîâ, Íèæå-
ãîðîäñêàÿ îáëàñòü, Ðîññèÿ, 607183 (ñ ïîìåòêîé íà êîíâåðòå: «Íà êîíêóðñ “Ïíåâìàòè÷åñêèå
òðàíñïîðòíûå ñðåäñòâà è ïíåâìàòè÷åñêèå ýíåðãîãåíåðèðóþùèå ñèñòåìû”») èëè ïî ýëåêòðîííîìó
àäðåñó: gusev@hydrogen.ru.

Èòîãè êîíêóðñà áóäóò ïîäâåäåíû â ÿíâàðå 2008 ãîäà Ìåæäóíàðîäíûì æþðè, êîòîðîå ôîðìèðó-
åòñÿ èç ÷ëåíîâ Ðåäêîëëåãèè, îïóáëèêîâàíû â Ìåæäóíàðîäíîì íàó÷íîì æóðíàëå «Àëüòåðíàòèâíàÿ
ýíåðãåòèêà è ýêîëîãèÿ» è ðàçìåùåíû íà ãëàâíîé ñòðàíèöå Ìåæäóíàðîäíîãî íàó÷íî-èíôîðìàöèîí-
íîãî ïîðòàëà «Âîäîðîä».

Ðåäêîëëåãèÿ æóðíàëà ó÷ðåäèëà ïðèçû:
êóáîê Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»;
ìåäàëü Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»;
äåíåæíàÿ ïðåìèÿ (1-ÿ ïðåìèÿ — 10 000 ðóáëåé, 2-ÿ ïðåìèÿ — 7 000 ðóáëåé, 3-ÿ ïðåìèÿ —

5 000 ðóáëåé) è äèïëîì ðåäêîëëåãèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà
è ýêîëîãèÿ»;

äèïëîì ðåäêîëëåãèè Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»;
ãîäîâàÿ ïîäïèñêà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíàëà çà ãîä, à

òàêæå ïîëóãîäîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ»;
ïîëóãîäîâàÿ ïîäïèñêà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíàëà çà ïîëó-

ãîäèå, à òàêæå ïîëóãîäîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ»;
íîìåð æóðíàëà ñî ñòàòüåé àâòîðà; ñåðòèôèêàò; CD, ñîäåðæàùèé ýëåêòðîííóþ âåðñèþ æóðíà-

ëà çà ïîëóãîäèå, à òàêæå ïîëóãîäîâàÿ ïîäïèñêà íà æóðíàë «Ïèñüìà â ÀÝÝ».

ÏÎÄÂÅÄÅÍÈÅ ÈÒÎÃÎÂ È ÂÐÓ×ÅÍÈÅ ÏÐÈÇÎÂ
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Îïëàòà îñóùåñòâëÿåòñÿ ïåðå÷èñëåíèåì äåíåæíîé ñóììû íà
ðàñ÷åòíûé ñ÷åò. Þðèäè÷åñêèì ëèöàì äëÿ ïîëó÷åíèÿ ñ÷åòà íåîá-
õîäèìî íàïðàâèòü çàïðîñ ïî ýëåêòðîííîé ïî÷òå gusev@hydrogen.ru
èëè ïî ôàêñó (83130) 6-31-07 ñ óêàçàíèåì ðåêâèçèòîâ îðãàíèçàöèè.

ÏÎÄÏÈÑÊÀ-2007

*Âíèìàíèå! Â ãðàôå èçâåùåíèÿ «Íàèìåíîâàíèå ïëàòåæà» ïðîñüáà óêàçàòü Ô.È.Î., ïî÷òîâûé àäðåñ ïîëó÷àòåëÿ, ïîðÿäêîâûé íîìåð è
ãîä âûïóñêà æóðíàëà(îâ), íàïðèìåð: Èâàíîâ È. È., 197198, Ñàíêò-Ïåòåðáóðã, ïð. Äîáðîëþáîâà, 67–14, ¹ 1–6 çà 2004 ã., èëè ¹ 4 çà 2002 ã.

 Óâàæàåìûå êîëëåãè! Íà÷èíàåòñÿ ïîäïèñêà íà âòîðîå ïîëóãîäèå 2007 ã.

Международный научный журнал
«Альтернативная энергетика и экология»

Óâàæàåìûå ÷èòàòåëè!

Âû ìîæåòå ïîäïèñàòüñÿ íà Ìåæäóíàðîäíûé íàó÷íûé æóð-
íàë «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» íà 2007 ãîä, çà-
ïîëíèâ èçâåùåíèå (ôîðìà ÏÄ-4) è ïåðå÷èñëèâ íà ñ÷åò ÍÒÖ «ÒÀÒÀ»
ñóììó â ñîîòâåòñòâèè ñ òàáëèöàìè 1 è 2. Êîïèþ êîðåøêà èçâå-
ùåíèÿ, ïîæàëóéñòà, íàïðàâüòå ïî àäðåñó:

ÍÒÖ «ÒÀÒÀ»
607183, Íèæåãîðîäñêàÿ îáë., ã. Ñàðîâ, à/ÿ 687
Ãåíåðàëüíîìó äèðåêòîðó À. Ë. Ãóñåâó
Ïîæàëóéñòà, íå çàáóäüòå â ñîïðîâîäèòåëüíîì ïèñüìå óêà-

çàòü ïî÷òîâûé àäðåñ ïîëó÷àòåëÿ ïîäïèñêè.

Íàèìåíîâàíèå:

Ìåæäóíàðîäíûé íàó÷íûé æóðíàë

«Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»
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Âèä ðàññûëêè: àäðåñíûé
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Ïîäïèñêà: ÷åðåç ðåäàêöèþ èëè ïî êàòàëîãàì:

Ðîñïå÷àòü, ÌÊ-Ïåðèîäèêà, Èíòåðïî÷òà è äð.

Извещение

Кассир

Квитанция

Кассир

Форма ПД-4

(наименование получателя платежа)

(ИНН получателя платежа)

(номер счета получателя платежа)

(наименование банка и банковские реквизиты)

БИК

(*наименование платежа)
Дата ______ Сумма платежа: _______ руб. ___ коп.

Плательщик (подпись) ____________________

ООО НТЦ «ТАТА»

5254022656 / 525401001

N

042204721

в

40702810900000001679

к/с 30101810200000000721

ОАО «АКБ Саровбизнесбанк» г. Саров

Форма ПД-4

(наименование получателя платежа)

(ИНН получателя платежа)

(номер счета получателя платежа)

(наименование банка и банковские реквизиты)

БИК

(*наименование платежа)
Дата ______ Сумма платежа: _______ руб. ___ коп.

Плательщик (подпись) ____________________

ООО НТЦ «ТАТА»

5254022656 / 525401001

N

042204721

в

40702810900000001679

к/с 30101810200000000721

ОАО «АКБ Саровбизнесбанк» г. Саров



International Scientific Journal for Alternative Energy and Ecology ISJAEE ¹ 4(48) (2007)
Ìåæäóíàðîäíûé íàó÷íûé æóðíàë «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» ÀÝÝ ¹ 4(48) (2007) 239

©
 
2
0
0
7 

Sc
ie
n
tif
ic
 
T
ec
h
n
ic
a
l 
C
en
tr
e 

«
T
A
T
A
»

©
 
2
0
0
7 

Í
à
ó÷
í
î
-ò
å
õí
è
÷å
ñê
è
é
 
ö
å
í
òð
 
«
T
A
T
A
»

ÂÍÈÌÀÍÈÅ! Ïî ýòîé êâèòàíöèè Âû ìîæåòå îïëàòèòü êàê ãîäîâóþ ïîäïèñêó,
òàê è îòäåëüíûå íîìåðà íàøåãî æóðíàëà çà 2002–2006 ãã.

(Ф.И.О., адрес плательщика)

Информация о плательщике:

(ИНН налогоплательщика)
N

(номер лицевого счета (код)
плательщика)

(Ф.И.О., адрес плательщика)

Информация о плательщике:

(ИНН налогоплательщика)
N

(номер лицевого счета (код)
плательщика)

Категория Стоимость, руб. 
Физические лица 3600 
Фирмы-распространители 3000 
Научные библиотеки организаций 4200 
Научно-исследовательские организации 4800 
Научно-производственные организации 5100 
Российские научные центры 6000 
Российские научные ассоциации 6600 
Международные научные ассоциации 7200 
Национальные и муниципальные научные библиотеки 7800 

Ðîññèÿ

Категория Стоимость, руб. 
Физические лица 4200 
Фирмы-распространители 3000 
Научные библиотеки организаций 4800 
Научно-исследовательские организации 5100 
Научно-производственные организации 5400 
Национальные научные центры 6600 
Национальные научные ассоциации 7200 
Международные научные ассоциации 7500 
Национальные и муниципальные научные библиотеки 8400 

Ñòðàíû ÑÍÃ

Òàáëèöà 1

Òàáëèöà 2

Ñòîèìîñòü ïîäïèñêè äëÿ ðàçëè÷íûõ êàòåãîðèé
ïîäïèñ÷èêîâ íà âòîðîå ïîëóãîäèå 2007 ãîäà

Âíèìàíèå!
Íà÷èíàÿ ñ 31 ìàðòà 2007 ãîäà âñåì ÷ëåíàì Ðåäêîëëåãèè

Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãå-
òèêà è ýêîëîãèÿ» ïðåäîñòàâëÿåòñÿ ñêèäêà íà ïîäïèñêó:

– ÷ëåíàì Ðåäàêöèîííîãî íàó÷íîãî êîìèòåòà — 50% îò
áàçîâîé ñòîèìîñòè*;

– çàìåñòèòåëÿì ãëàâíîãî ðåäàêòîðà — 40% îò áàçîâîé ñòî-
èìîñòè*;

– ÷ëåíàì Ìåæäóíàðîäíîãî ðåäàêöèîííîãî êîìèòåòà — 35%
îò áàçîâîé ñòîèìîñòè*;

– ÷ëåíàì Ìåæäóíàðîäíîãî íàó÷íî-êîíñóëüòàòèâíîãî ñîâå-
òà ðåäàêöèè — 30% îò áàçîâîé ñòîèìîñòè*;

– ÷ëåíàì Ñîâåòà ýêñïåðòîâ — 30% îò áàçîâîé ñòîèìîñòè*;
– ÷ëåíàì Ñîâåòà ðåöåíçåíòîâ — 25% îò áàçîâîé ñòîèìîñòè*.
Ïðè îñóùåñòâëåíèè ïîäïèñêè íà âåñü ãîä áàçîâàÿ ñòîèìîñòü

ãîäîâîé ïîäïèñêè ðàâíà óäâîåííîé áàçîâîé ñòîèìîñòè íà ïåð-
âîå ïîëóãîäèå 2007 ã. ñ äîïîëíèòåëüíîé ñêèäêîé 5 %.

Çàÿâêà íà ïîäïèñêó íàïðàâëÿåòñÿ â Ðåäàêöèþ æóðíàëà
â ïðîèçâîëüíîé ôîðìå ïî àäðåñó: gusev@hydrogen.ru èëè ïî
ôàêñó: 8-83130-63107.

* Ïðè îïðåäåëåíèè áàçîâîé ñòîèìîñòè ïîäïèñêè íà ïåðâîå
ïîëóãîäèå 2007 ã. íåîáõîäèìî ðóêîâîäñòâîâàòüñÿ Òàáëèöåé 1
èëè Òàáëèöåé 2 äëÿ ðàçëè÷íûõ êàòåãîðèé ïîäïèñ÷èêîâ.
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ORDER  FORM

Please, send me ______ copy/copies of “International Scientific Journal for

Alternative Energy and Ecology”, ISSN 1608-8298 (_______ issues, 200__ year,

_______ $ (please, see Table 1), postage included)

Payments options
I’ve arranged a bank transfer to:

STC «TATA» Limited
ACC: 40702840200001001681
BEN. BANK: SAROVBUSINESSBANK

SAROV, RUSSIA
CORR. ACC USD: 30109840300000000142
CORRESP. BANK: ALFA-BANK,

MOSCOW, RUSSIA, SWIFT: ALFARUMM
CORR. ACC USD: 400927098 with «CHASE MANHATTAN BANK», NEW YORK,
N.Y.10004, USA. SWIFT: CHASUS33
Details of payment: «International Scientific Journal for Alternative Energy and Ecology»

Name __________________________________________________________

Organization ____________________________________________________

Mailing Address _________________________________________________

Number Building____________ Street ________________________________

City________________________ State _______________________________

Postal code____________________Country ___________________________

E-mail _________________________ Phone ___________________________

Fax ___________________________________________________________

Signed __________________________ Date __________________________

To: Scientific Technical Centre «TATA»
P. O. Box 687
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Phone/Fax: +7 (83130) 6-31-07
Phone: +7 (83130) 9-74-72
E-mail: gusev@hydrogen.ru
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Association for Hydrogen energy 
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board of ISJAEE 

Quarter $170 $340 $120 $110 

Half year $340 $680 $240 $230 

Annual $680 $1440 $480 $400 
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ORDER  FORM

Please, send me ______ copy/copies of “International Scientific Journal for

Alternative Energy and Ecology”, ISSN 1608-8298 (_______ issues, 200__ year,

_______ € (please, see Table 1), postage included)

Payments options
I’ve arranged a bank transfer to:

STC “TATA” Limited

SWIFT: SABRRUMMNA1

SAVINGS BANK OF THE RUSSIAN FEDERATION (VOLGO-VYATSKY OFFICE)

BRANCH 7695, SAROVSKOE

CORR. ACC: 30301840342000604241

TRANSIT ACC: 40702978342410200055

Details of payment: «International Scientific Journal for Alternative Energy and Ecology»

Name __________________________________________________________

Organization ____________________________________________________

Mailing Address _________________________________________________

Number Building____________ Street ________________________________

City________________________ State _______________________________

Postal code____________________Country ___________________________

E-mail _________________________ Phone ___________________________

Fax ___________________________________________________________

Signed __________________________ Date __________________________

To: Scientific Technical Centre «TATA»
P. O. Box 687
Sarov, Nizhnii Novgorod region 607183, Russia
Phone/Fax: +7 (83130) 6-31-07
Phone: +7 (83130) 9-74-72
E-mail: gusev@hydrogen.ru

Subscription Physical person Juridical person Member of International 
Association for Hydrogen energy 

Member of Editorial 
board of ISJAEE 

Quarter €130 €255 €95 €80 

Half year €260 €510 €190 €170 

Annual €520 €1020 €380 €340 
 

Dear ColleaguesDear ColleaguesDear ColleaguesDear ColleaguesDear Colleagues! Subscription for the year 2007 is still available

Issue: International Scientific Journal for
Alternative Energy and Ecology (ISJAEE)

ISSN 1608-8298

Periodicity: monthly

To have an account, juridical persons are to send order by e-mail to gusev@hydrogen.ru or by fax
(83130) 6-31-07 mentioning the institution address.

Issue volume (pages): 180–200

Distribution: Address

Official site: http://isjaee.hydrogen.ru

Subscription: via editorial board and catalogue

SUBSCRIPTION-2007
International Scientific Journal for
Alternative Energy and Ecology

Table 1
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ÐÅÊËÀÌÀ Â ÌÅÆÄÓÍÀÐÎÄÍÎÌ ÍÀÓ×ÍÎÌ ÆÓÐÍÀËÅ
«ÀËÜÒÅÐÍÀÒÈÂÍÀß ÝÍÅÐÃÅÒÈÊÀ È ÝÊÎËÎÃÈß»

Ìåæäóíàðîäíûé íàó÷íûé æóðíàë «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» ïðèãëàøàåò íàó÷íûå èíñòè-
òóòû, îðãàíèçàöèè è ïðîìûøëåííûå ïðåäïðèÿòèÿ ðàçìåñòèòü èíôîðìàöèþ î êîíôåðåíöèÿõ, âûñòàâêàõ, ðàç-
ðàáàòûâàåìîé è âûïóñêàåìîé ïðîäóêöèè â îáëàñòè àëüòåðíàòèâíîé ýíåðãåòèêè è ýêîëîãèè.

Âñå ýëåìåíòû ðåêëàìíîãî ìîäóëÿ (èëëþñòðàöèè, ëîãî-
òèïû, òåêñò è äð.) ïðåäîñòàâëÿþòñÿ â îòäåëüíûõ ôàéëàõ.

1. Òåêñò
Òåêñò íàáèðàåòñÿ ãàðíèòóðîé Times New Roman,

êåãëü 14, èíòåðâàë ïîëóòîðíûé. Äîïóñêàåòñÿ âûäåëåíèå
âàæíîé èíôîðìàöèè ïîëóæèðíûì íà÷åðòàíèåì. Ôîðìàò
Microsoft Word for Windows.

Èñïîëüçîâàíèå OLE-îáúåêòîâ (ãðàôèêè, ñëàéäû ïðå-
çåíòàöèé, äèàãðàììû â ôîðìàòå Microsoft Excel, ðåçóëü-
òàòû âû÷èñëåíèé â ìàòåìàòè÷åñêèõ è èíûõ, â òîì ÷èñëå
ñîáñòâåííûõ ïðîãðàììàõ) â äîêóìåíòàõ íå äîïóñêàåòñÿ.
Òàêèå îáúåêòû ïðèñûëàþòñÿ â ôîðìàòå èñõîäíîé ïðî-
ãðàììû è äóáëèðóþòñÿ èçîáðàæåíèåì (ñì. òðåáîâàíèÿ
ê èëëþñòðàöèÿì).

Èñïîëüçîâàíèå äîïîëíèòåëüíûõ øðèôòîâ (íàïðèìåð,
ëîãîòèï âûïîëíåí ñïåöèôè÷åñêîé ãàðíèòóðîé) îãîâàðè-
âàåòñÿ äîïîëíèòåëüíî. Â ýòîì ñëó÷àå ïðåäîñòàâëÿåòñÿ
ôàéë, ñîäåðæàùèé íà÷åðòàíèå áóêâ â ôîðìàòå TTF. Èñ-
ïîëüçîâàíèå PS-øðèôòîâ íå äîïóñêàåòñÿ.

2. Èëëþñòðàöèè
Âñå èëëþñòðàöèè, íàõîäÿùèåñÿ â ðåêëàìíîì ìîäó-

ëå, äîëæíû ïðåäîñòàâëÿòüñÿ â îòäåëüíûõ ôàéëàõ â ôîð-
ìàòàõ TIFF èëè BMP. Íå äîïóñêàåòñÿ èñïîëüçîâàíèå ìíî-
ãîñëîéíûõ èçîáðàæåíèé. ×åðíî-áåëûå èçîáðàæåíèÿ äîë-
æíû áûòü â ìîäåëè Grayscale. Öâåòíûå (îáëîæêà) — â
ìîäåëè CMYK. Âñå ÷/á ðàñòðîâûå èçîáðàæåíèÿ äîëæíû
èìåòü ðàçðåøåíèå 200 dpi, öâåòíûå — 250–400 dpi.

Äëÿ âåêòîðíûõ èçîáðàæåíèé ïðåäïî÷òèòåëüíûì ÿâ-
ëÿåòñÿ èñïîëüçîâàíèå ôîðìàòà Corel Draw (*.cdr) äî âåð-
ñèè 12.0 âêëþ÷èòåëüíî.

Âñå âñòðîåííûå ýôôåêòû (ëèíçû, òåêñòóðíûå çàëèâ-
êè, òåíè è ò. ä.) äîëæíû áûòü ïåðåâåäåíû â ðàñòðîâîå
èçîáðàæåíèå (bitmap). Âåêòîðíûå ýôôåêòû (Extrude,
Envelope, Contour, Add Perspective, Blend, Distortion,
Artistic media) äîëæíû áûòü ïðåîáðàçîâàíû â êðèâûå. Âñå
òåêñòîâûå îáúåêòû äîëæíû áûòü ïåðåâåäåíû â êðèâûå.
Ðàçìåùåíèå ðàñòðîâûõ ðèñóíêîâ â äîêóìåíòå Corel Draw
íå äîïóñêàåòñÿ.

Ìàêåò ðåêëàìíîãî ìîäóëÿ äîëæåí
èìåòü ðàçìåð, ñîîòâåòñòâóþùèé ðàçìåðó ïå-
÷àòíîãî îòòèñêà. Ôîðìàòû ìàêåòîâ: ðàñòðî-
âûé — TIFF (ñì. òðåáîâàíèÿ), âåêòîðíûé —
Corel Draw (ñì. òðåáîâàíèÿ). Èñïîëüçîâàíèå
ðåäàêòîðà Microsoft Word äëÿ ïðîåêòèðî-
âàíèÿ ìàêåòîâ ðåêëàìíûõ ìîäóëåé íå äî-
ïóñêàåòñÿ.

Äîïóñêàåòñÿ ïðåäîñòàâëåíèå ìàêåòà
ìîäóëÿ (êðîìå îáëîæêè) â ôîðìàòå Adobe
Pagemaker âåðñèé 6.0, 6.5, 7.0. Â ýòîì ñëó-
÷àå äîëæíû ïðåäîñòàâëÿòüñÿ âñå ñâÿçàííûå
ýëåìåíòû, à òàêæå âñå èñïîëüçóåìûå
øðèôòû.

Äëÿ çàêàçà ðåêëàìíîé ïëîùàäè è ïîëó÷åíèÿ ñ÷åòà íåîáõîäèìî çàïîëíèòü ôîðìó çàÿâêè
è îòïðàâèòü åå ïî àäðåñó gusev@hydrogen.ru  èëè ïî ôàêñó (83130) 6-31-07.

Ðåäàêöèÿ æóðíàëà îñòàâëÿåò çà ñîáîé ïðàâî îòáîðà ïîñòóïèâøèõ ðåêëàìíûõ îáúÿâëåíèé.

Ïëîùàäè ðåêëàìíîãî ìîäóëÿ

Ñòîèìîñòü ðàçìåùåíèÿ ðåêëàìíûõ ìîäóëåé

Объем рекламного модуля Технические параметры Цена публикации в  
одном номере (руб.) 

1-я страница обложки 
(полноцветная) 160×145 мм 35000 

Полный разворот на две полосы  257×336 мм 5000 
2-я или 3-я страница обложки 

(полноцветная) 285×205 мм 10000 

Полная полоса 257×168 мм 6000 
1/2 полосы 128×168 мм 3000 
1/3 полосы 85×168 мм 900 
1/4 полосы 64×168 мм 600 

Система скидок 

При публикации в 2–3 номерах 5 % 
При публикации в 4–6 номерах 7 % 
При публикации в 7–9 номерах 10 % 
При публикации в 10–12 номерах 15 % 

Ðàçâîðîò Ïîëîñà

1/2 ïîëîñû 1/3 ïîëîñû 1/4 ïîëîñû

Òðåáîâàíèÿ ê èñõîäíûì ðåêëàìíûì ìàòåðèàëàì

Òðåáîâàíèÿ ê ìàêåòàì ðåêëàìíûõ ìîäóëåé,
èçãîòîâëåííûõ çàêàç÷èêîì
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ADVERTISEMENT IN INTERNATIONAL SCIENTIFIC JOURNAL
FOR ALTERNATIVE ENERGY AND ECOLOGY

The International scientific journal “Alternative energy and economy” invites scientific institutes, organizations
and industrial enterprises to place advertisements on conferences, exhibitions, designed and production products
in the field of alternative energy and ecology.

Spaces for advertisement module

Opening Full page

1/2 page 1/3 page 1/4 page

Information on original advertisements

All elements of the advertisement module (illus-
trations, symbols, text, etc.) have to be put in individ-
ual files.

1. Text
Text is has to be composed by Times New Roman

types, font 14, print interval: one and a half. Important
information can be printed in italics. Format — Micro-
soft Word for Windows.

OLE-objects (graphs, presentation slides, diagrams in
Microsoft Excel format, results of computations in math-
ematical and others including own programmes) are not
allowed in documents. The objects as such are required to
be sent in original programme format, and are copied by
illustrations (see General information on illustrations).

The use of additional fonts (for example, a symbol is
given by a specific type) is additionally specified. In this
case, a file containing letter design in ITT format. PS-
fonts is not allowed.

2. Illustrations
All illustrations available in the advertisement mod-

ule are to be displayed in TIFF or BMP formats. Multilay-
er displays are not allowed. Black-and white displays are
to be used in Grayscale model. Coloured displays (cover)
are in CMYK model. All black-and-white raster displays
are to be of resolution of 200 dpi, colour — of 250–400 dpi.

The use of Corel Draw (*.cdr) format to 12 version in-
clusive is considered to be advantageous for  vector display.

All incorporated effects (lenses, texture fillings, shad-
ows, etc.) are to be converted to raster display (bitmap).
Vector effects (Extrude, Envelope, Contour, Add Perspec-
tive, Blend, Distortion, Artistic media) are to be trans-
formed to curves. All text objects are to be converted to
curves. Raster figures are not allowed to be placed in Corel
Draw document.

General information on lay-outs
of advertisement modules
fabricated by a customer

The lay-out of an advertisement module
is to have the dimension in accordance with
that of a print. Lay-out formats: raster —
TIFF (see General information), vector —
Corel Draw (see General information). The use
of Microsoft Word editor to design lay-outs
of advertisement modules is not allowed.

The module lay-out (except the cover) in
the format of 6.0, 6.5, 7.0 Adobe Pagemaker
versions is allowed to be provided. In this case,
all combined elements, and also all available
fonts that are not included in the Microsoft
Windows structure are to be provided.

Advertisement space price

Advertisement module space Technical parameters Publication price in one issue 
($US) 

1st page of the cover (full-coloured) 160×145 mm 1500 
Full opening in two pages 257×336 mm 200 
2nd or 3d pages of the cover 

(full-coloured) 285×205 mm 400 

Full page 257×168 mm 200 
1/2 page 128×168 mm 100 
1/3 page 85×168 mm 30 
1/4 page 64×168 mm 20 

Price rebate 

When published in 2–3 issues 5 % 
When published in 4–6 issues 7 % 
When published in 7–9 issues 10 % 
When published in 10–12 issues 15 % 

To order an advertisement space and make up a bill, please fill in an order form and send it using
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ÅÆÅÌÅÑß×ÍÛÉ ÐÅÖÅÍÇÈÐÓÅÌÛÉ È ÐÅÔÅÐÈÐÓÅÌÛÉ
ÌÅÆÄÓÍÀÐÎÄÍÛÉ ÍÀÓ×ÍÛÉ ÆÓÐÍÀË «ÀËÜÒÅÐÍÀÒÈÂÍÀß ÝÍÅÐÃÅÒÈÊÀ È ÝÊÎËÎÃÈß»

Âíèìàíèþ àâòîðîâ!
Êàæäàÿ ðóêîïèñü ïîäâåðãàåòñÿ îáÿçàòåëüíîìó ðåöåí-

çèðîâàíèþ òðåõ ðåöåíçåíòîâ èç ÷èñëà ðåöåíçåíòîâ Ìåæäó-
íàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà
è ýêîëîãèÿ» è äâóõ ðåöåíçåíòîâ èç ÷èñëà ïðèãëàøåííûõ
ðåäêîëëåãèåé. Êàæäàÿ ñòàòüÿ ïðîõîäèò ýòàï ïðåäâàðèòåëü-
íîãî ðåöåíçèðîâàíèÿ è èòîãîâîãî ðåöåíçèðîâàíèÿ.
Â ñëó÷àå âîçíèêíîâåíèÿ ñïîðíûõ ñèòóàöèé ïî íàó÷íûì
âîïðîñàì ðóêîïèñü ïåðåäàåòñÿ íà ðàññìîòðåíèå â Ñîâåò ðå-
öåíçåíòîâ Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà «Àëüòåðíà-
òèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ». Â ñëó÷àå âîçíèêíîâåíèÿ
ñïîðíûõ ñèòóàöèé ïî âîçìîæíîñòè òåõíè÷åñêîãî âîïëî-
ùåíèÿ èäåè, âûäâèíóòîé â ðóêîïèñè, ïîñëåäíÿÿ ïåðåäàåò-
ñÿ â Ñîâåò ýêñïåðòîâ Ìåæäóíàðîäíîãî íàó÷íîãî æóðíàëà
«Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ».

Ñðîê ïóáëèêàöèè êàæäîé ðóêîïèñè íå ïðåâûøàåò
5 ìåñÿöåâ. Â ñëó÷àå íàëè÷èÿ ðåêîìåíäàòåëüíîãî ïèñüìà
îäíîãî èç ÷ëåíîâ ðåäêîëëåãèè Ìåæäóíàðîäíîãî íàó÷íî-
ãî æóðíàëà «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»
âðåìÿ ðàññìîòðåíèÿ ðóêîïèñè ìîæåò áûòü ñîêðàùåíî äî
2 ìåñÿöåâ. Ñðîê ïóáëèêàöèè ðóêîïèñåé, íàïðàâëåííûõ
íà êîíêóðñ, ïðîâîäèìûé ðåäêîëëåãèåé, íå ïðåâûøàåò 4
ìåñÿöåâ. Ñðîê ïóáëèêàöèè çàêàçíûõ íàó÷íûõ îáçîðîâ
íå ïðåâûøàåò 3 ìåñÿöåâ.

Â ñëó÷àå íåîáõîäèìîñòè ñðî÷íîé ïóáëèêàöèè àâòîð
(èëè àâòîðñêèé êîëëåêòèâ) ìîæåò îáðàòèòüñÿ â ðåäàê-
öèþ ñ ìîòèâèðîâàííîé ïðîñüáîé îïóáëèêîâàòü ðóêîïèñü
â òå÷åíèå òðåõ ìåñÿöåâ.

Ðåäêîëëåãèÿ áåñêîðûñòíî è îïåðàòèâíî îêàçûâàåò
ìàêñèìàëüíîå ñîäåéñòâèå âñåì àñïèðàíòàì è ñîèñêàòå-
ëÿì ó÷åíîé ñòåïåíè â êà÷åñòâåííîì ïðåäñòàâëåíèè èõ
ìàòåðèàëà â æóðíàëå è â Ìåæäóíàðîäíîé íàó÷íîé èí-
ôîðìàöèîííîé ñèñòåìå «Âîäîðîä» â êðàò÷àéøèå ñðîêè.
Âñå ïóáëèêàöèè â æóðíàëå îñóùåñòâëÿþòñÿ èñêëþ÷è-
òåëüíî íà áåñïëàòíîé îñíîâå.

Â ëþáîì ñëó÷àå âñå ðóêîïèñè, íàïðàâëÿåìûå â æóð-
íàë, ðåöåíçèðóþòñÿ è ðåôåðèðóþòñÿ â èçâåñòíûõ ìåæ-
äóíàðîäíûõ íàó÷íûõ èçäàíèÿõ.

Ðóêîïèñè â æóðíàëå ïóáëèêóþòñÿ íà ðóññêîì è íà
àíãëèéñêîì ÿçûêàõ. Êàæäîé ðóêîïèñè, ïîñòóïèâøåé â
ðåäàêöèþ, ïðèñâàèâàåòñÿ ðåäàêöèîííîé íîìåð è äàòà
ïîñòóïëåíèÿ.

Æóðíàë ïóáëèêóåò èñêëþ÷èòåëüíî îðèãèíàëüíûå
ñòàòüè. Àâòîð íåñåò ïîëíóþ îòâåòñòâåííîñòü çà ñîáëþ-
äåíèå ýòîãî òðåáîâàíèÿ.

I. Äëÿ ñâîåâðåìåííîãî âûõîäà æóðíàëà óáåäèòåëü-
íî ïðîñèì ñîáëþäàòü ñëåäóþùèå ïðàâèëà îôîðìëåíèÿ
ðóêîïèñåé:

1.Ðóêîïèñü ïðåäñòàâëÿåòñÿ êàê â ìàøèíîïèñíîì,
òàê è â ýëåêòðîííîì âèäå. Ðóêîïèñü íà áóìàæíîì íîñè-
òåëå ïðåäîñòàâëÿåòñÿ â 2-õ ýêç., âòîðîé ýêçåìïëÿð îáÿ-
çàòåëüíî ïîäïèñûâàåòñÿ àâòîðàìè íà îáîðîòå.

Îáúåì ðóêîïèñåé:
êðàòêèå ñîîáùåíèÿ — äî 5 ñòðàíèö (1800 ïå÷àò-

íûõ çíàêîâ);
îáúåì ñòàòåé, êàê ïðàâèëî, íå äîëæåí ïðåâûøàòü

9 ñòðàíèö;
ïèñüìà â ðåäàêöèþ — äî 3 ñòðàíèö;
îáúåì íàó÷íûõ îáçîðîâ — íå áîëåå 30 ñòðàíèö.

2. Ðóêîïèñü ñîïðîâîæäàåòñÿ:
ñîïðîâîäèòåëüíûì ïèñüìîì ðóêîâîäèòåëÿ îðãàíè-

çàöèè, ïðåäñòàâëÿþùåé ðóêîïèñü, îôîðìëåííûì ýêñïåð-
òíûì çàêëþ÷åíèåì èëè äðóãèì äîêóìåíòîì, ðàçðåøàþ-
ùèì îïóáëèêîâàíèå â îòêðûòîé ïå÷àòè (1 ýêç.), óòâåðæ-
äåííûì ðóêîâîäèòåëåì îðãàíèçàöèè è çàâåðåííûì
ãåðáîâîé ïå÷àòüþ. Ýêñïåðòíîå ðàçðåøåíèå ïðåäñòàâëÿþò
òîëüêî àâòîðû èç Ðîññèè;

êîìïàêò-äèñêîì èëè äèñêåòîé, ñîäåðæàùåé îáÿ-
çàòåëüíûé ïàêåò  ýëåêòðîííûõ ôàéëîâ, ïåðå÷èñëåííûõ
íèæå â ðàçäåëå III.

3. Òåêñò àííîòàöèè íà ðóññêîì è àíãëèéñêîì ÿçû-
êàõ ïå÷àòàåòñÿ øðèôòîì Times New Roman (12 êåãëü) â
îäíîì ôàéëå â ñëåäóþùåì ïîðÿäêå: íàèìåíîâàíèå ñòà-
òüè, àâòîðû, íàèìåíîâàíèå îðãàíèçàöèè, àííîòàöèÿ íà
ðóññêîì ÿçûêå; äàëåå, ÷åðåç 2 ñòðîêè, â òîé æå ïîñëåäî-
âàòåëüíîñòè — íà àíãëèéñêîì ÿçûêå. Â àííîòàöèè òåêñò
èçëàãàåòñÿ â èíäèêàòèâíîé ôîðìå, îáúåì — íå áîëåå

600 çíàêîâ. Àííîòàöèÿ òàêæå ïóáëèêóåòñÿ íà ñàéòå ìåæ-
äóíàðîäíîãî íàó÷íîãî èíôîðìàöèîííîãî ïîðòàëà «Âîäî-
ðîä» (íà ðóññêîì è àíãëèéñêîì ÿçûêàõ).

4. Òåêñò ðåçþìå (15 ñòðîê) ïå÷àòàåòñÿ øðèôòîì Times
New Roman (10 êåãëü) íà ðóññêîì è àíãëèéñêîì ÿçûêàõ è
ñîäåðæèò: ìåñòî ðàáîòû, äîëæíîñòü, îáðàçîâàíèå, íàó÷-
íîå çâàíèå, ó÷åíàÿ ñòåïåíü, íàãðàäû è íàó÷íûå ïðåìèè,
ïðîôåññèîíàëüíûé îïûò, îñíîâíîé êðóã íàó÷íûõ èíòåðå-
ñîâ, êîëè÷åñòâî ïóáëèêàöèé àâòîðà(îâ).

5. Ôîòîãðàôèè àâòîðîâ äëÿ ðåçþìå ïðåäîñòàâëÿåò-
ñÿ â ôîðìàòå TIFF èëè JPEG.

6. Òåêñò ðåôåðàòà (îäíà ñòðàíèöà) — äëÿ îïóáëèêî-
âàíèÿ â ðåôåðàòèâíûõ æóðíàëàõ (ÐÆ) ÂÈÍÈÒÈ, «Ïèñü-
ìà â æóðíàë “Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ”»
(íà àíãëèéñêîì ÿçûêå).

Ïàðàìåòðû ñòðàíèöû:
ôîðìàò À4 (210 × 297 ìì);
ìåæñòðî÷íûé èíòåðâàë ïîëóòîðíûé;
øðèôò Times New Roman, (12 êåãëü) â îäíîì ôàé-

ëå â ñëåäóþùåì ïîðÿäêå: íàèìåíîâàíèå ñòàòüè, àâòîð
(àâòîðû), íàèìåíîâàíèå îðãàíèçàöèè, ðåôåðàò íà ðóññêîì
ÿçûêå; äàëåå, ÷åðåç 2 ñòðîêè, â òîé æå ïîñëåäîâàòåëüíî-
ñòè — íà àíãëèéñêîì ÿçûêå.

7. Èíòåðíåò-ñîîáùåíèå äëÿ ðàçìåùåíèÿ ñèãíàëüíîé
èíôîðìàöèè íà ñàéòàõ èíôîðìàöèîííîãî ïîðòàëà «Âî-
äîðîä» è íà ñàéòàõ èíôîðìàöèîííîé ñåòè, ïîñâÿùåííîé
ýíåðãåòèêå è ýêîëîãèè. Ñîîáùåíèå ðàçìåðîì íå áîëåå
îäíîé ñòðàíèöû èçëàãàåòñÿ â ïðîèçâîëüíîé ôîðìå:

 ôîðìàò À4 (210 × 297 ìì);
ìåæñòðî÷íûé èíòåðâàë ïîëóòîðíûé;
øðèôò Times New Roman (12 êåãëü).

Ñîîáùåíèå ìîæåò âêëþ÷àòü ôîòîãðàôèè è ãðàôèêè.
II. Îôîðìëåíèå ðóêîïèñè:

ðåäêîëëåãèÿ ðåêîìåíäóåò àâòîðàì îáçîðîâ è ñòà-
òåé ñòðóêòóðèðîâàòü ïðåäñòàâëÿåìûé ìàòåðèàë, èñïîëü-
çóÿ ïîäçàãîëîâêè (íàïðèìåð: «Ââåäåíèå», «Òåîðåòè÷åñ-
êèé àíàëèç», «Ìåòîäèêà ýêñïåðèìåíòà», «Ðåçóëüòàòû è
èõ îáñóæäåíèå», «Çàêëþ÷åíèå», «Ñïèñîê ëèòåðàòóðû»).

òåêñò ìàòåðèàëà äëÿ ïóáëèêàöèè äîëæåí áûòü
òùàòåëüíî îòðåäàêòèðîâàí àâòîðîì, ñëåäóåò èçáåãàòü
ïîâòîðîâ, íå ñëåäóåò áåç íåîáõîäèìîñòè ïîäðîáíî îïè-
ñûâàòü èëëþñòðàòèâíûé ìàòåðèàë;

òåêñò äîëæåí áûòü íàïå÷àòàí íà áåëîé áóìàãå:
ôîðìàò À4 (210 × 297 ìì);
ìåæñòðî÷íûé èíòåðâàë ïîëóòîðíûé;
øðèôò Times New Roman (12 êåãëü).

Ðóêîïèñü ìîæåò âêëþ÷àòü ôîòîãðàôèè è ãðàôèêè.
Òåêñò ðóêîïèñåé îôîðìëÿåòñÿ â ñëåäóþùåé ïîñëå-

äîâàòåëüíîñòè:
èíäåêñ óíèâåðñàëüíîé äåñÿòè÷íîé êëàññèôèêàöèè

(ÓÄÊ èëè PACS);
íàçâàíèå ñòàòüè íà ðóññêîì è íà àíãëèéñêîì ÿçûêå

(ïðîïèñíûìè áóêâàìè áåç êàâû÷åê, êåãëü 14 ïîëóæèðíûé,
âûðàâíèâàíèå ïî öåíòðó; ïåðåíîñû íå äîïóñêàþòñÿ, òî÷êà â
êîíöå ñòðîêè íå ñòàâèòñÿ, ïîä÷åðêèâàíèå íå èñïîëüçóåòñÿ);

àâòîðû (èíèöèàëû, ôàìèëèÿ, êåãëü 14 ïîëóæèð-
íûé êóðñèâ, âûðàâíèâàíèå ïî öåíòðó, òî÷êà â êîíöå ñòðî-
êè íå ñòàâèòñÿ)

íàçâàíèå îðãàíèçàöèè, àäðåñ, ãîðîä, ñòðàíà, èíäåêñ,
òåëåôîí, ôàêñ, e-mail (êåãëü 12, âûðàâíèâàíèå ïî öåíò-
ðó. Â ñëó÷àå, åñëè àâòîðû — ïðåäñòàâèòåëè ðàçëè÷íûõ
îðãàíèçàöèé, èñïîëüçóåòñÿ ìåòîä íàäñòðî÷íûõ ññûëîê,
íàïðèìåð: À. Â. Èâàíîâ, Þ. Ñ. Ñåäîâ*);

çàãîëîâîê ðàçäåëà (êåãëü 14, âûðàâíèâàíèå ïî ëå-
âîìó êðàþ, òî÷êà íå ñòàâèòñÿ);

òåêñò ñòàòüè (øðèôò 12, àáçàöíûé îòñòóï 1 ñì,
âûðàâíèâàíèå ïî ôîðìàòó);

ïîäçàãîëîâîê (øðèôò êóðñèâíûé, êåãëü 14, âûðàâ-
íèâàíèå ïî ëåâîìó êðàþ);

ñïèñîê ëèòåðàòóðû (øðèôò îáû÷íûé, êåãëü 14,
âûðàâíèâàíèå ïî öåíòðó).

Ïðè íàïèñàíèè ñòàòüè èñïîëüçóþòñÿ îáùåïðèíÿ-
òûå òåðìèíû, åäèíèöû èçìåðåíèÿ è óñëîâíûå îáîçíà÷å-
íèÿ, åäèíîîáðàçíûå ïî âñåé ñòàòüå. Ðàñøèôðîâêà âñåõ(!)
èñïîëüçóåìûõ àâòîðàìè îáîçíà÷åíèé äàåòñÿ ïðè ïåðâîì
óïîòðåáëåíèè â òåêñòå.
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Ïðè íàáîðå ñòàòüè íà êîìïüþòåðå âñå ëàòèíñêèå
îáîçíà÷åíèÿ ôèçè÷åñêèõ âåëè÷èí (À, I, d, h è ò. ï.) íà-
áèðàþòñÿ êóðñèâîì, ãðå÷åñêèå îáîçíà÷åíèÿ, íàçâàíèÿ
ôóíêöèé (β, sin, åõð, lim), õèìè÷åñêèõ ýëåìåíòîâ (Í2Î)
è åäèíèö èçìåðåíèÿ (ÌÂò/ñì2) — ïðÿìûì (îáû÷íûì)
øðèôòîì. Ñèìâîëû (ℜ, ℘, ⊗, ∈ è ò. ï.) îãîâàðèâàþòñÿ
íà ïîëÿõ ðóêîïèñè.

Òàáëèöû, ðèñóíêè, ôîòîãðàôèè (æåëàòåëüíî ÷åðíî-
áåëûå) ðàçìåùàþòñÿ âíóòðè òåêñòà è èìåþò ñêâîçíóþ
íóìåðàöèþ ïî ñòàòüå (íå ïî ðàçäåëàì!) è ñîáñòâåííûå
çàãîëîâêè. Áóêâåííî-öèôðîâàÿ íóìåðàöèÿ (1à, 2á) íå-
æåëàòåëüíà. Íàçâàíèÿ âñåõ ðèñóíêîâ, ôîòîãðàôèé è òàá-
ëèö ïðèâîäÿòñÿ íà ðóññêîì è íà àíãëèéñêîì ÿçûêàõ!

Íóìåðàöèÿ îáîçíà÷åíèé íà ðèñóíêàõ äàåòñÿ ïî ïî-
ðÿäêó íîìåðîâ ïî (ïðîòèâ) ÷àñîâîé ñòðåëêè (äëÿ ÷åðòå-
æåé) èëè ñâåðõó âíèç (ñíèçó ââåðõ). Ôàéëû èëëþñòðà-
öèé ïðåäîñòàâëÿþòñÿ â ôîðìàòå TIFF èëè BMP ñ ðàçðå-
øåíèåì íå ìåíåå 300 dpi.

Ôîðìóëû ñîçäàþòñÿ ñ ïîìîùüþ âñòðîåííîãî ðåäàê-
òîðà ôîðìóë (Math Type, Microsoft Equation) ñ íóìåðà-
öèåé â êðóãëûõ ñêîáêàõ (2), âûðàâíèâàþòñÿ ïî öåíòðó;
ðàñøèôðîâêà âñåõ îáîçíà÷åíèé (áóêâ) â ôîðìóëàõ äàåò-
ñÿ â ïîðÿäêå óïîìèíàíèÿ èõ â ôîðìóëå.

Âî èçáåæàíèå íåäîðàçóìåíèé è îøèáîê ðåäàêöèÿ
ðåêîìåíäóåò àâòîðàì èñïîëüçîâàòü â ôîðìóëàõ áóêâû
ëàòèíñêîãî, ãðå÷åñêîãî è äðóãèõ (íå ðóññêèõ) àëôàâèòîâ.

Îôîðìëåíèå ëèòåðàòóðíûõ ññûëîê (ñïèñêà ëèòåðàòóðû):
Âñå ëèòåðàòóðíûå ññûëêè îáîçíà÷àþòñÿ ïîðÿäêî-

âîé öèôðîé â êâàäðàòíûõ ñêîáêàõ (íàïðèìåð, [3]). Ëè-
òåðàòóðíûñ ññûëêàì ïðèñâàèâàåòñÿ ïîðÿäêîâûé íîìåð
ïî ìåðå èõ óïîìèíàíèÿ â òåêñòå.

Áèáëèîãðàôè÷åñêèå ññûëêè â ñïèñêå ëèòåðàòóðû ðàñ-
ïîëàãàþòñÿ â òîé ïîñëåäîâàòåëüíîñòè, â êàêîé óïîìèíà-
þòñÿ â òåêñòå, è îôîðìëÿþòñÿ ïî ñëåäóþùèì ïðàâèëàì:

äëÿ êíèã: ôàìèëèÿ è èíèöèàëû àâòîðà(-îâ), íàçâà-
íèå êíèãè, ìåñòî èçäàíèÿ, èçäàòåëüñòâî, ãîä (äëÿ òðóäîâ
êîíôåðåíöèé — ãîðîä, ñòðàíà, ãîä). Íàïðèìåð: Ëàíäàó Ë. Ä.,
Ëèâøèö Å. Ì. Êâàíòîâàÿ ìåõàíèêà. Ì.: Íàóêà, 1988. Èëè:
Elton R. C. X-Ray Lasers. Boston: Academic Press, 1990;

äëÿ ñòàòåé â æóðíàëå, ñáîðíèêå, ãàçåòå: ôàìèëèÿ
è èíèöèàëû àâòîðà(îâ), íàçâàíèå ñòàòüè, íàçâàíèå æóð-

íàëà (ñáîðíèêà), ãîä, òîì, íîìåð (èëè íîìåð âûïóñêà),
ñòðàíèöû. Íàïðèìåð: Ïîëÿêîâà À. Ë., Âàñèëüåâ Á. Ì.,
Êóïåíêî È. Í. è äð. Èçìåíåíèå çîííîé ñòðóêòóðû ïîëó-
ïðîâîäíèêîâ ïîä äàâëåíèåì // Ôèçèêà è òåõíèêà ïîëó-
ïðîâîäíèêîâ. 1976. Ò. 9, ¹ 11. Ñ. 2356–2358. Èëè: Àôà-
íàñüåâ À. Ì. Îïòèìèçàöèÿ ðàñïðåäåëåíèÿ ýíåðãîâûäåëå-
íèÿ â ðåàêòîðå ñ ïîìîùüþ «ñîâåòîâ îïåðàòîðó» // Âîïðîñû
àòîìíîé íàóêè è òåõíèêè. Ñåð. Ôèçèêà è òåõíèêà ÿäåð-
íûõ ðåàêòîðîâ. 1986. Âûï. 2. Ñ. 32–36. Èëè: Mezain I. H.
Rolling circuit boards improves soldering // Electronics.
1977. Vol. 34, No. 16. P. 193–198;

äëÿ äèññåðòàöèé è àâòîðåôåðàòîâ äèññåðòàöèé:
êðîìå ôàìèëèè àâòîðà è åãî èíèöèàëîâ ñëåäóåò óêàçàòü
íàçâàíèå äèññåðòàöèè, ñòåïåíü, ìåñòî çàùèòû (ãîðîä) è
ãîä; äëÿ ïðåïðèíòîâ — íàçâàíèå, ìåñòî èçäàíèÿ, ãîä,
íîìåð. Íàïðèìåð: Ãîðøêîâà Ò. È. Òåðìîäèíàìè÷åñêèå
ñâîéñòâà è ïðèìåíåíèå íåêîòîðûõ ñïëàâîâ öåðèÿ: Àâòî-
ðåô. äèñ. ... êàíä. õèì. íàóê. Ì., 1976;

äëÿ ïàòåíòíîé äîêóìåíòàöèè: âèä ïàòåíòíîãî äîêó-
ìåíòà (àâòîðñêîå ñâèäåòåëüñòâî èëè ïàòåíò), íîìåð, íàçâà-
íèå ñòðàíû, âûäàâøåé äîêóìåíò, èíäåêñ ìåæäóíàðîäíîé
êëàññèôèêàöèè èçîáðåòåíèé, èëè èíäåêñ ìåæäóíàðîäíîé
êëàññèôèêàöèè ïðîìûøëåííûõ îáðàçöîâ, èëè èíäåêñ ìåæ-
äóíàðîäíîé êëàññèôèêàöèè òîâàðîâ è óñëóã, íàçâàíèå ïà-
òåíòà (à. ñ.), àâòîðû, íàçâàíèå èçäàíèÿ, îïóáëèêîâàâøåãî
äîêóìåíò, ãîä è íîìåð èçäàíèÿ. Íàïðèìåð: À. ñ. 100970
ÑÑÑÐ ÌÊÈ3 Â 251 15/00. Óñòðîéñòâî äëÿ çàõâàòà íåîðèåí-
òèðîâàííûõ äåòàëåé òèïà âàëîâ / Âàóëèí Â. Ñ., Êåíàéêèí
Â. Ã. // Îòêðûòèÿ. Èçîáðåòåíèÿ. 1983. ¹ 11.

Ïðè íåîáõîäèìîñòè â çàãîëîâêå áèáëèîãðàôè÷åñêîé
ññûëêè íà ðàáîòó ÷åòûðåõ è áîëåå àâòîðîâ ìîãóò áûòü
óêàçàíû èìåíà âñåõ àâòîðîâ èëè ïåðâûõ òðåõ ñ äîáàâëå-
íèåì ñëîâ «è äð.».

Â ñïèñêå ëèòåðàòóðû èíèöèàëû àâòîðîâ äîëæíû
ñòîÿòü ïîñëå ôàìèëèé.

III. Ïðàâèëà ïðåäñòàâëåíèÿ ýëåêòðîííîé âåðñèè
ìàòåðèàëîâ äëÿ áûñòðîé ïóáëèêàöèè.

Äëÿ ìàêñèìàëüíîãî óñêîðåíèÿ ïðîöåññà ïðîõîæäå-
íèÿ ñòàòüè àâòîð äîëæåí íàïðàâèòü â àäðåñ ãëàâíîãî
ðåäàêòîðà (e-mail: gusev@hydrogen.ru ) îáÿçàòåëüíûé ïà-
êåò ýëåêòðîííûõ ôàéëîâ (ñì. íèæå).

Ïåðå÷åíü îáÿçàòåëüíîãî ïàêåòà ýëåêòðîííûõ ôàéëîâ:
Ôàéëû îáîçíà÷àþòñÿ ñëåäóþùèì îáðàçîì (ïðèìåð):

Article#1_Gusev AL_Hydrogen detectors_(1300).doc,

ãäå: Article — ðóêîïèñü, #1 — îáîçíà÷àåò íîìåð ðóêîïèñè, ïðèñâîåííûé àâòîðîì (ðóêîïèñåé ìîæåò áûòü íå-
ñêîëüêî íà ýëåêòðîííîì íîñèòåëå), Gusev AL — ôàìèëèÿ ïåðâîãî àâòîðà è èíèöèàëû, Hydrogen detectors —
ïåðâûå äâà ñëîâà èç íàçâàíèÿ ðóêîïèñè, (1300) — íîìåð òåìàòè÷åñêîãî íàïðàâëåíèÿ èëè òåìàòè÷åñêîé ñåêöèè
èç Òåìàòèêè æóðíàëà (ïðèâåäåíà â êîíöå êàæäîãî íîìåðà æóðíàëà).

1. Ðóêîïèñü — Article#1_Gusev AL_Hydrogen detectors_(1300).doc
2. Àííîòàöèÿ — Summary#1_Gusev AL_Hydrogen detectors_(1300).doc
3. Ðåôåðàò — Abstract#1_Gusev AL_Hydrogen detectors_(1300).doc
4. Ðåçþìå — Resume#1_Gusev AL_Hydrogen detectors_(1300).doc (ðåçþìå è ôîòîãðàôèè íà âñåõ àâòîðîâ â îäíîì ôàéëå)
5. Ôîòîãðàôèè è ðèñóíêè — Pic-1#1_Gusev AL_Hydrogen detectors_(1300).bmp (Pic-1 — íîìåð ðèñóíêà)
6. Ðàçðåøåíèå íà îïóáëèêîâàíèå â îòêðûòîé ïå÷àòè — Sanction#1_Gusev AL_Hydrogen detectors_(1300).pdf
7. Èíòåðíåò-ñîîáùåíèå — Internet#1_Gusev AL_Hydrogen detectors_(1300).doc
8. Ñîãëàøåíèå — Àgreement#1_Gusev AL_Hydrogen detectors_(1300).pdf
9. Ôîðìà ïåðåäà÷è ðóêîïèñè è ìàòåðèàëîâ äëÿ ïóáëèêàöèè — Form#1_Gusev AL_Hydrogen detectors_(1300).doc
(MANUSCRIPT TRANSMITTAL FORM)
10. Ðåöåíçèè — Review-1#1_Gusev AL_Hydrogen detectors_(1300).doc (Review-1 — íîìåð ðåöåíçèè).
11. Ñîïðîâîäèòåëüíîå ïèñüìî ðóêîâîäèòåëÿ îðãàíèçàöèè  (èëè ïèñüìî àâòîðà, åñëè àâòîð — ÷àñòíîå ëèöî) —
Letter#1_Gusev AL_Hydrogen detectors_(1300).doc

Âíèìàíèå!!!
Âìåñòå ñ ýëåêòðîííîé âåðñèåé âñåõ ïåðå÷èñëåííûõ äîêóìåíòîâ íåîáõîäèìî íàïðàâèòü â ðåäàêöèþ îðèãèíàëû

âñåõ äîêóìåíòîâ îáû÷íîé ïî÷òîé çàêàçíûì ïèñüìîì.
Ðåäêîëëåãèÿ îáðàùàåò âíèìàíèå àâòîðîâ íà òî, ÷òî íåñîáëþäåíèå ïðèâåäåííûõ âûøå ïðàâèë ìîæåò çàäåðæàòü

ïóáëèêàöèþ ìàòåðèàëà! Îòêëîíåííûå ðåäêîëëåãèåé ðóêîïèñè (â áóìàæíîì è ýëåêòðîííîì âèäå) àâòîðàì íå âîçâðà-
ùàþòñÿ.

607183, Ðîññèÿ, Íèæåãîðîäñêàÿ îáë., Ñàðîâ, à/ÿ 687, ÍÒÖ «ÒÀÒÀ»
Òåë.: 8 (83130) 63107, 97472  Ôàêñ: 8 (83130) 63107
Ìîá. òåë.: +7-961-63-99-126, +7-962-50-77-914
E-mail: gusev@hydrogen.ru
http://isjaee.hydrogen.ru, http://www.hydrogen.ru

ÀÄÐÅÑ ÐÅÄÀÊÖÈÈ
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Each manuscript is compulsory reviewed by 3 referees,
two of whom are referees of the International Scientific
Journal for Alternative energy and Ecology, and 1 of those
being invited by the Editorial Board. Each article is put
through a preliminary and final reviewing. In the event of
controversies on scientific problems occur, an article is
submitted to the International Reviewers Board of the In-
ternational Scientific Journal for Alternative energy and
Ecology to be criticized. In the event of controversies on
feasible implementation of the idea, presented in the man-
uscript the latter is submitted to the Experts Board of
International Scientific Journal for Alternative energy and
Ecology.

The publication period does not exceed 5 months. As-
suming a letter of introduction from a member of the Ed-
itorial Board of the International Scientific Journal for
Alternative energy and Ecology, the period for reviewing a
manuscript may be kept down to 2 months. The publica-
tion period of manuscripts submitted to the competition
organized by the Editorial Board does not exceed 4 months.
The publication period for registered scientific reviews does
not exceed 3 months.

In the event of pressing need for publication, the au-
thor or a team of authors may address the Editorial Board
to make a justified request to publish a manuscript in the
course of 3 months.

The Editorial Board will promptly and without any
interest assist all post-graduates and competitors in pub-
lishing their materials in the journal and in the Interna-
tional Scientific Information System “Hydrogen” in the
shortest possible time. All publications in the journal are
issued free of charge.

In any event, all manuscripts submitted to the jour-
nal are criticized and abstracted in popular international
scientific journals.

Articles are published in Russian and English. Each
communication submitted to the Editorial Board is assigned
a number and date.

The journal publishes nothing but original articles.
The author is responsible for following this guide.

I. For publishing the journal in due time, please fol-
low the guide given below:

1. Manuscript must be submitted either in a typed
form or in e-mail: The hard copy of the manuscript must
be submitted in 2 copies, the authors must necessarily sign
the second copy overleaf.

Manuscripts words:
brief communications are up to 5 pages (1800 sym-

bols);
articles, as a rule, are up to 9 pages;
letters to the Editorial Board are up to 3 pages;
scientific reviews should not in general be longer

than 30 pages.
2.Manuscripts should be accompanied by:

a letter of the head of the institution who presents
the manuscript with the experts’ opinion or other docu-
ment permitting the publication in the press (1 copy) con-
firmed and affixed by the head of the institution. Authors
must present the experts’ permission from Russia.

a CD-disk or diskette containing the essential text
of electronic files listed in Section III.

3.Abstract text in Russian and English should be typed
in normal font Times New Roman in one file as follows:
article title, authors, name of an organization, abstract in
Russian, and then in 2 lines in the same sequence — in
English. The abstract should be given in indicative, and is
up to 600 symbols in length. The abstract is also published

MONTHLY REVIEWED AND ABSTRACTED INTERNATIONAL SCIENTIFIC JOURNAL
“ALTERNATIVE ENERGY AND ECOLOGY”

GUIDE TO AUTHORS OF MANUSCRIPTS
To submit manuscripts to be published in the International Scientific Journal
for Alternative Energy and Ecology, authors are to follow guides as follows

on site of the International Scientific Information Portal
“Hydrogen” (in Russian, and English).

4. The abstract text (15 lines) in Russian and English
is printed in font Times New Roman (font size 10) and
shall contain the place of organization, title, education,
scientific degree, rewards and scientific prizes, experience,
main range of scientific interests, number of publications.

5. Authors’ photos in TIFF or JPEG format to be pub-
lished in abstract text.

6. Compact text (one page) to be published in Compact
journals (CJ) VINITI, «Letters to the “Alternative energy
and ecology”» (in English).

Page format:
format A4 (210×297 mm)
print interval: one and a half
font: Times New Roman (font size 12) in one file as

follows: article title, authors, name of an institution, ab-
stract in Russian, and then in 2 lines in the same se-
quence — in English

7. Internet information for announcing an express-
information on sites of the International Scientific Infor-
mation Portal “Hydrogen”, and also on sites of the infor-
mation network devoted to energy and ecology. Informa-
tion is given in an arbitrary way:

format A4 (210×297 mm)
print interval: one and a half
font: Times New Roman (font size 12)

The information may include photos and diagrams.
II. Information on manuscript writing

the Editorial Board recommends authors writing re-
views and articles organize their materials using subtitles
(for example: “Introduction”, “Theoretical Analysis”, “Ex-
perimental Methods”, “Results And Discussion”, “Conclu-
sion”, “References”);

text for publication must be reviewed carefully by
authors; no replica, and one does not need to describe the
illustrations in detail;

text must be typed on white paper:
format A4 (210×297 mm)
print interval: one and a half
font: Times New Roman (font size 12)

A manuscript may contain photos and diagrams.
Text section sequence:

universal decimal classification (UDC or PACS);
paper title in Russian and English (capital letters, font

size 14, bold, center-alignment. No division of words is al-
lowed. Do not use quotation marks. Do not use underlining;

authors (initials, surname, font size 14, italic bold,
center-alignment, no period in the end);

name of organization, address, city, country, post-
code, telephone, fax, e-mail (font size 12, center-alignment.
If the authors are from different organizations, the meth-
od of superscript references shall be used; for example:
A. V. Ivanov, Yu. S. Sedov*);

section title (font size 14, center-alignment, no pe-
riod in the end);

text of the article: (font size 12, left justification —
1 cm);

subtitle: (italic, font size 14, full justification);
references: (font normal, size 14, full justification).

When drawing up the article one should use generally
accepted terms, units and symbols. All designations being
used by the authors shall be determined at their first ap-
pearance in the text.

When the article is typed on the computer, all Latin
designations of physical quantities (À, I, d, h, etc.) shall be
typed in italic, Greek designations, names of functions (β,



International Scientific Journal for Alternative Energy and Ecology ISJAEE ¹ 4(48) (2007)
Ìåæäóíàðîäíûé íàó÷íûé æóðíàë «Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ» ÀÝÝ ¹ 4(48) (2007) 247

©
 
2
0
0
7 

Sc
ie
n
tif
ic
 
T
ec
h
n
ic
a
l 
C
en
tr
e 

«
T
A
T
A
»

©
 
2
0
0
7 

Í
à
ó÷
í
î
-ò
å
õí
è
÷å
ñê
è
é
 
ö
å
í
òð
 
«
T
A
T
A
»

sin, åõð, lim), chemical elements (Í
2
Î) and units

(MW/cm2) — in upright (normal) font. The symbols (ℜ, ℘,
⊗, ∈, etc.) shall be specified in the manuscript margin.

Tables, figures, photos (black-and-white only) shall be
placed inside the text and be consecutive over the article
and have own titles. Notation numbering in figures shall
be given clockwise (counter-clockwise) (for drawings) or from
top to bottom (from bottom to top) (in numerical order).
No figure or diagram plotting by Microsoft Word tools is
allowed. All figures legends shall be given in Russian and
English.

Formulae shall be constructed by means of the
integrated formula editor (Math Type, Microsoft Equation)
and numbered in parentheses (2), centre-aligned; notation
(letters) deciphering in formulae is given as they are
mentioned therein. References numbering shall be given in
square brackets [3].

If is not allowed to denote different notions by a
common letter. Indexes for literal signs in the article text
are given in Lation or Russian only (for example, in a
Russian-written paper ane should use Tm — melting point).

References in the reference list shall be placed in the
sequence with which they are mentioned in the text and
shall be written according to the following rules:

for books: surname and initials of the author(s),
title of the book, then the place of publication, publishing
house, year (for proceedings of conferences — city, country,
year). For example: Landau L. D., Lifshits E. M. Quantum
Mechanics. Moscow, “Nauka”, 1988. Or: Elton R. C. X-Ray
Lasers. Boston: Academic Press, 1990;

for articles in a journal, collection, newspaper:
initials of the author(s), title of the article, name of the
journal (collection), year, volume, No. (or Issue No.), pages.
For example: Polyakova A. L., Vassiliev B. M., Kupenko I. N.
et al. Variation of the zone structure of semiconductors

under pressure // Semiconductor Physics and Technology.
1976. Vol. 9, No. 11. P. 2356–2358. Or: Afanasiev A. M.,
Optimization of energy release distribution in a reactor by
means of “advices of operator” // J. of Nuclear Science and
Technology. Physics and Nuclear Reactor Engineering Se-
ries. 1986. No. 25. P. 32–36. Or: Mezain I. H. Rolling circuit
boards improves soldering // Electronics. 1977. Vol. 34,
No. 16. P.193–198;

for dissertations and dissertation abstracts, besides
the author’s surname and initials, one shall indicate the
title of the dissertation, degree, place of defence (city) and
year, and for preprints — title of the preprint, place of
publication, year and number. For example: Gorshkova T. I.
Thermodynamic properties and application of certain cerium
alloys: Dissertation Abstract. … Candidate of Chemical
Science. Moscow, 1976;

for patent documentation: type of the patent
document (Authors’s certificate or Patent), its number,
name of the country issuing the document, index of the
international classification of inventions, name of publi-
cation where the subject of invention was published, year
and number of publication. For example: Author’s Certif-
icate 100970 USSR Inc3 V 251 15/00. Adevice for gripping
non-oriented shaft-type parts/Vaulin V. S., Kenaikin B. G.
// Discoveries. Inventions. 1983. No. 11.

If the title of a bibliographic reference is to contain
four and more authors, all the names can be indicated or
only three first names shall be indicated plus the words “et
al.” The initials in the reference list shall be placed after
surnames.

III. Guides to authors presenting e-mail version of
materials for express-publication

To foster the process of reviewing the article the au-
thor should submit a required packet of electronic files to
the Editor-in-Chief (e-mail: gusev@hydrogen.ru).

List of required electronic files:
A files is described as follows (example):

Article#1_Gusev AL_Hydrogen detectors_(1300).doc,

where: Article is  the manuscript, #1 is  the number of the manuscript given by the author (there may be several
manuscripts on one electronic file), Gusev AL is the name of the first author, Hydrogen detectors are first two
words from the title of the manuscript, (1300) is the number of the topics or topics section in the Journal topics
(given in the last page of the journal).

1. Article — Article#1_Gusev AL_Hydrogen detectors_(1300).doc
2. Summary — Summary#1_Gusev AL_Hydrogen detectors_(1300).doc
3. Abstract — Abstract#1_Gusev AL_Hydrogen detectors_(1300).doc
4. Resume — Resume#1_Gusev AL_Hydrogen detectors_(1300).doc (resumes and photos of all authors in one file)
5. Photos and figures — Fig-1#1_Gusev AL_Hydrogen detectors_(1300).bmp (Fig-1 — number of figure)
6. Internet information — Internet#1_Gusev AL_Hydrogen detectors_(1300).doc
8. Agreement — Àgreement#1_Gusev AL_Hydrogen detectors_(1300).pdf
9. Form to submit manuscripts and materials to be published — Form#1_Gusev AL_Hydrogen detectors_(1300).doc
(MANUSCRIPT TRANSMITTAL FORM)
10. Reviews — Review-1#1_Gusev AL_Hydrogen detectors_(1300).doc (Review-1 — number of review).
11. Official letter (or author letter if author is the individual person) — Letter#1_Gusev AL_Hydrogen
detectors_(1300).doc

Attention!

The Editorial Board calls the authors’ attention to the fact that the ignorance of the recommendations men-
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Ë. Ô. Ãîëüöîâà (Óêðàèíà, Äîíåöê, ÄîíÍÒÓ) (ÌÐÊ)

1-8-2-0 Водородная деградация
1-8-3-0 Системы наводороживания конструкцион-
ных материалов
1-8-4-0 Статическая и динамическая прочность ма-
териалов
Í. Í. Ãåðäþêîâ (Ðîññèÿ, Ñàðîâ, ÈÔÂ ÐÔßÖ-ÂÍÈÈÝÔ) (ÌÐÊ)

1-8-5-0 Газары. Применение газаров
Â. È. Øàïîâàëîâ (Óêðàèíà, Äíåïðîïåòðîâñê, Ãîñóäàðñòâåííàÿ
ìåòàëëóðãè÷åñêàÿ àêàäåìèÿ Óêðàèíû) (ÌÍÊÑÐ)

1-8-6-0 Электропечи для термовакуумных процес-
сов. Вакуумные электропечи сопротивления
Ý. Í. Ìàðìåð (Ðîññèÿ, Ìîñêâà, ÎÀÎ «ÂÍÈÈÝÒÎ») (ÌÐÊ)
Î. Á. Ìèíêîâ (Ðîññèÿ, Ìîñêâà, Íàó÷íî- ïðîèçâîäñòâåííàÿ, ïðîåêò-
íî-êîíñòðóêòîðñêàÿ, òåõíîëîãè÷åñêàÿ ôèðìà «Âàê ÝÒÎ») (ÌÐÊ)

1-8-7-0 Новые конструкционные материалы для
объектов альтернативной энергетики

1-9-0-0 Методы получения синтез-газа
À. ß. Ñòîëÿðåâñêèé (Ðîññèÿ, Ìîñêâà, ÐÍÖ «Êóð÷àòîâñêèé èíñòè-
òóò») (ÌÐÊ)

1-9-1-0 Адиабатическая конверсия природного газа
1-10-0-0 Транспортные средства и приводы на во-
дородном топливе
Ò. Ãåðòèã (Ãåðìàíèÿ, Áåðëèí) (ÌÐÊ)
À. Ñàòàíîâñêèé (Ðîññèÿ, Ìîñêâà, DaimlerChrysler AG Research and
Technology Office Moscow) (ÌÐÊ)
Ì. Â. Âåäåðíèêîâ (Ðîññèÿ, Ñ.-Ïåòåðáóðã, Âîåííî-êîñìè÷åñêàÿ àêà-
äåìèÿ èì. À. Ô. Ìîæàéñêîãî) (ÌÐÊ)
À. Ë. Äìèòðèåâ (Ðîññèÿ, Ñ.-Ïåòåðáóðã, ÐÍÖ «Ïðèêëàäíàÿ õèìèÿ») (ÌÐÊ)
À. Ì. Äîìàøåíêî (Ðîññèÿ, Áàëàøèõà, ÎÀÎ «Êðèîãåíìàø») (ÌÐÊ)
Á. À. Ñîêîëîâ (Ðîññèÿ, Êîðîëåâ, ÐÊÊ «Ýíåðãèÿ» èì. Ñ. Ï. Êîðîëåâà) (ÌÐÊ)
Â. Ã. Öèõèñåëè (Ðîññèÿ, Ñ.-Ïåòåðáóðã, Ìîðñêîé ðåãèñòð ñóäîõîä-
ñòâà ÐÔ) (ÌÐÊ)
À. Þ. Ðàìåíñêèé (Ðîññèÿ, Ìîñêâà, «Àóäèò-Ïðåìüåð») (ÌÍÊÑÐ)
Â. Ñ. Ñîêîëîâ (Ðîññèÿ, Ñ.-Ïåòåðáóðã) (ÌÍÊÑÐ)
Â. Ô. Êàìåíåâ (Ðîññèÿ, Ìîñêâà, ÃÍÖ ÐÔ ÔÃÓÏ «ÍÀÌÈ») (ÌÐÊ)

Í. À. Õðèïà÷ (Ðîññèÿ, Ìîñêâà, ÃÍÖ ÐÔ ÔÃÓÏ «ÍÀÌÈ») (ÌÐÊ)
Ô. Í. Ïåõîòà (Ðîññèÿ, Ìîñêâà, Ôåäåðàëüíîå àãåíòñòâî îáðàçîâà-
íèÿ è íàóêè ÐÔ) (ÌÐÊ)

1-11-0-0 Водородные автозаправочные станции
À. À. Êóçüìèí (Ðîññèÿ, Ìåãèîí, Ìýðèÿ) (ÌÐÊ)

1-12-0-0 Водород для энергообеспечения зданий,
сооружений, жилых домов: водородные миниэлект-
ростанции на базе топливных элементов

  2. Термодинамический анализ 
        в альтернативной энергетике 

È. Äèíñåð (Ñàóäîâñêàÿ Àðàâèÿ, Äàõðàí, Óíèâåðñèòåò íåôòè è ìè-
íåðàëîâ èì. êîðîëÿ Ôàõäà (KFUPM)) (ÌÐÊ)
Î. Ì. Ìàðòûíåíêî, àêàä. ÍÀÍ Áåëîðóññèè (Áåëîðóññèÿ, Ìèíñê)
(ÌÍÊÑÐ)
Í. Â. Ïàâëþêåâè÷ (Áåëîðóññèÿ, Ìèíñê, Èíñòèòóò òåïëî- è ìàññî-
îáìåíà èì. À. Â. Ëûêîâà) (ÌÍÊÑÐ)
Â. À. Ïàâëîâöåâ (Áåëîðóññèÿ, Ìèíñê, Èíñòèòóò òåïëî- è ìàññîîáìå-
íà èì. À. Â. Ëûêîâà) (ÌÍÊÑÐ)
Â. À. Õóñíóòäèíîâ (Ðîññèÿ, Ìîñêâà, ÐÀÎ «ÅÝÑ Ðîññèè») (ÌÐÊ)

2-1-0-0 Термодинамический анализ основных энер-
гетических процессов в альтернативной энергетике
2-2-0-0 Эксергетический анализ основных энерге-
тических процессов в альтернативной энергетике

  3. Атомная энергетика 
Þ. À. Òðóòíåâ, àêàä. ÐÀÍ (Ðîññèÿ, Ñàðîâ, ÐÔßÖ-ÂÍÈÈÝÔ) (ÏÃÐ)
À. ß. Ñòîëÿðåâñêèé (Ðîññèÿ, Ìîñêâà, ÐÍÖ «Êóð÷àòîâñêèé èíñòè-
òóò») (ÌÐÊ)
À. Â. Èâêèí (Ðîññèÿ, Ñàðîâ, ÐÔßÖ-ÂÍÈÈÝÔ) (ÌÍÊÑÐ)
À. Ã. ×óäèí (Ðîññèÿ, Ìîñêâà, Ôåäåðàëüíîå Àãåíòñòâî ïî àòîìíîé
ýíåðãèè ÐÔ) (ÌÍÊÑÐ)
Â. À. Àôàíàñüåâ (Ðîññèÿ, Ñàðîâ, ÐÔßÖ-ÂÍÈÈÝÔ) (ÌÐÊ)
Ì. À. Ïðåëàñ (ÑØÀ, ø. Êîëàìáèÿ, Óíèâåðñèòåò Ìèññóðè) (ÌÐÊ)

3-1-0-0 Атомно-водородная энергетика
Í. Í. Ïîíîìàðåâ-Ñòåïíîé, àêàä. ÐÀÍ (Ðîññèÿ, Ìîñêâà, ÐÍÖ «Êóð-
÷àòîâñêèé èíñòèòóò») (ÐÍÑ)
À. ß. Ñòîëÿðåâñêèé (Ðîññèÿ, Ìîñêâà, ÐÍÖ «Êóð÷àòîâñêèé èí-
ñòèòóò») (ÌÐÊ)
Â. Í. Ôàòååâ (Ðîññèÿ, Ìîñêâà, ÐÍÖ «Êóð÷àòîâñêèé èíñòèòóò») (ÌÐÊ)
À. Ë. Ãóñåâ (Ðîññèÿ, Ñàðîâ, ÍÒÖ «ÒÀÒÀ»)

3-1-1-0 История атомно-водородной энергетики
Í. Í. Ïîíîìàðåâ-Ñòåïíîé, àêàä. ÐÀÍ (Ðîññèÿ, Ìîñêâà, ÐÍÖ «Êóð-
÷àòîâñêèé èíñòèòóò») (ÐÍÑ)
À. ß. Ñòîëÿðåâñêèé (Ðîññèÿ, Ìîñêâà, ÐÍÖ «Êóð÷àòîâñêèé èí-
ñòèòóò») (ÌÐÊ)
Á. Á. ×àéâàíîâ (Ðîññèÿ, Ìîñêâà, ÐÍÖ «Êóð÷àòîâñêèé èíñòèòóò») (ÌÐÊ)
À. Ë. Ãóñåâ (Ðîññèÿ, Ñàðîâ, ÍÒÖ «ÒÀÒÀ»)

3-1-2-0 Высокотемпературные газовые реакторы
(ВТГР) для производства водорода высокотемпера-
турными (Т = 1000 °С) методами
3-1-3-0 Быстрые реакторы с натриевым охлаждением (БН)
для получения среднетемпературного тепла (Т = 500 °С),
производства синтетического газа и водорода
3-1-4-0 Быстрые реакторы со свинцовым охлаждени-
ем (БРЕСТ) как реакторы следующего поколения для
получения высокотемпературного тепла (Т > 500 °С)
Ã. Ë. Õîðàñàíîâ (Ðîññèÿ, Îáíèíñê, ÔÃÓÏ «ÃÍÖ ÐÔ – Ôèçèêî-
ýíåðãåòè÷åñêèé èíñòèòóò èì. À. È. Ëåéïóíñêîãî») (ÌÐÊ)

3-2-0-0 Атомная энергетика для транспортных средств
Þ. Ê. Çàâàëèøèí (Ðîññèÿ, Ñàðîâ, ÐÔßÖ-ÂÍÈÈÝÔ) (ÌÐÊ)

3-2-1-0 Радионуклидные источники тепла
3-2-2-0 Радионуклидные термоэлектрические гене-
раторы
3-2-3-0 Термо- и радиационно-стимулированные фа-
зовые превращения в сплавах внедрения (карби-
дах, нитридах, нитридогидридах, карбогидридах и
гидридах переходных металлов, высокотемператур-
ных сверхпроводящих материалах, интерметалли-
ческих соединениях)

 4. Солнечная энергетика
À. Øòåéíôåëä (Øâåéöàðèÿ, Öþðèõ, Øâåéöàðñêèé ôåäåðàëüíûé èí-
ñòèòóò òåõíîëîãèé) (ÌÐÊ)
Ã. È. Èñàêîâ (Àçåðáàéäæàí, Áàêó, Èíñòèòóò ôèçèêè ÍÀÍ) (ÇÃÐ)
È. Ã. Õèäèðîâ (Óçáåêèñòàí, Òàøêåíò, Èíñòèòóò ÿäåðíîé ôèçèêè
ÍÀÍ Óçáåêèñòàíà) (ÌÐÊ)
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Â. Ô. Ãðåìåíîê (Áåëîðóññèÿ, Ìèíñê, Èíñòèòóò ôèçèêè òâåðäîãî
òåëà è ïîëóïðîâîäíèêîâ) (ÌÍÊÑÐ)
Ñ. Ãåðóíè (Àðìåíèÿ, Åðåâàí, Åðåâàíñêèé ãîñóäàðñòâåííûé óíèâåð-
ñèòåò) (ÌÍÊÑÐ)
Ñ. Ì. Ðàçà (Ïàêèñòàí, Êâåòòà, Óíèâåðñèòåò Áåëóäæèñòàíà) (ÌÐÊ)
Ñ. Ç. Èëüÿñ (Ïàêèñòàí, Êâåòòà, Óíèâåðñèòåò Áåëóäæèñòàíà) (ÌÐÊ)
À. Ì. Ïåíäæèåâ (Òóðêìåíèñòàí, Àøõàáàò-32, Òóðêìåíñêèé ïîëè-
òåõíè÷åñêèé èíñòèòóò) (ÌÐÊ)

4-1-0-0 История солнечной энергетики
4-2-0-0 Солнечно-водородная энергетика

4-2-1-0 Материалы для солнечно-водородной энер-
гетики

4-3-0-0 Солнечные электростанции
4-3-1-0 Кремниевые солнечные электростанции
4-3-2-0 Космические солнечные станции
4-3-3-0 Фотоэлементы
4-3-4-0 Фотовольтаический эффект в полупроводни-
ковых структурах. Фотоэлектрические модули

4-4-0-0 Наземные солнечные станции
4-4-1-0 Солнечные коллекторы

4-5-0-0 Солнечные города
4-5-1-0 Солнечный дом
4-5-2-0 Солнечные холодильные установки
4-5-3-0 Солнечные водоподъемные системы
4-5-4-0 Гелиоэнергетические установки

4-6-0-0 Солнечный транспорт
4-7-0-0 Концентраторы солнечного излучения

 5. Ветроэнергетика
È. Ç. Áîãóñëàâñêèé (Ðîññèÿ, Ìîñêâà, ÎÝÝÏ ÐÀÍ) (ÌÐÊ)
ß. Á. Äàíèëåâè÷, àêàä. ÐÀÍ (Ðîññèÿ, ÎÝÝÏ ÐÀÍ, Ìîñêâà) (ÐÍÑ)

5-1-0-0 История ветроэнергетики
5-2-0-0 Ветро-водородная энергетика
5-3-0-0 Электрогенераторы для ветроэнергетики
5-4-0-0 Ветроэнергетические установки
5-5-0-0 Тепловые аккумуляторы
À. Ë. Ãóñåâ (Ðîññèÿ, Ñàðîâ, ÍÒÖ «ÒÀÒÀ»)

5-6-0-0 Ветрогелиоэнергетические установки
     6. Приливная энергетика и энергетика
                            морских течений
6-1-0-0 История приливной энергетики
6-2-0-0 Энергетика морских волн
6-3-0-0 Энергетика морских течений

 7. Геотермальная энергетика
7-1-0-0 История геотермальной энергетики
7-2-0-0 Фундаментальные исследования в области
геотермальной энергетики
7-3-0-0 Основные проблемы освоения геотермальной
энергии. Проблемы освоения низкопотенциальных,
среднепотенциальных, высокопотенциальных источ-
ников геотермальной энергии
7-4-0-0 Роль моделирования и мониторинга при ос-
воении геотермальной энергии. Оценка геотермаль-
ного резерва
7-5-0-0 Геотермальные станции

7-2-1-0 Геотермальные электростанции
7-2-2-0 Геотермальные тепловые станции

7-6-0-0 Эффективность и надежность геотермальных
тепловых и электрических станций. Основные направ-
ления по повышению эффективности геотермальных
тепловых и электрических станций
7-7-0-0 Геотермальные ресурсы стран Мира и
перспективы их освоения

 8. Взрывная энергетика
Â. Å. Ôîðòîâ, àêàä. ÐÀÍ (Ðîññèÿ, Ìîñêâà, Èíñòèòóò òåïëîôèçèêè
ýêñòðåìàëüíûõ ñîñòîÿíèé Îáúåäèíåííîãî èíñòèòóòà âûñîêèõ òåì-
ïåðàòóð ÐÀÍ) (ÐÍÑ)

À. Ë. Ìèõàéëîâ (Ðîññèÿ, Ñàðîâ, ÈÔÂ ÐÔßÖ ÂÍÈÈÝÔ) (ÌÐÊ)
Í. Í. Ãåðäþêîâ (Ðîññèÿ, Ñàðîâ, ÈÔÂ ÐÔßÖ-ÂÍÈÈÝÔ) (ÌÐÊ)
À. À. Øòåðöåð (Ðîññèÿ, Íîâîñèáèðñê, ÎÎÎ «ÍÏÏ “ÌÀÒÅÌ”») (ÌÐÊ)
Â. Í. Ãåðìàí (Ðîññèÿ, Ñàðîâ, ÈÔÂ ÐÔßÖ-ÂÍÈÈÝÔ) (ÌÐÊ)

8-1-0-0 Взрывные технологии
8-2-0-0 Компьютерное моделирование задач взрыв-
ной энергетики

8-2-1-0 Постановки задач взрывной энергетики
8-2-2-0 Подвижные лагранжево-эйлеровы сетки

8-3-0-0 Взрывная дейтериевая энергетика
8-4-0-0 Взрывная энергетика для синтеза новых
веществ

8-4-1-0 Синтез и спекание материалов взрывом
8-4-2-0 Ударно-волновое спекание материалов.
8-4-3-0 Компьютерное моделирование процессов
ударно-волнового спекания материалов

8-5-0-0 Взрывчатые вещества
8-6-0-0 Взрывные камеры
À. À. Øòåðöåð (Ðîññèÿ, Íîâîñèáèðñê, ÎÎÎ «ÍÏÏ “ÌÀÒÅÌ”») (ÌÐÊ)

8-7-0-0 Экстремальные состояния вещества. Дето-
нация. Ударные волны
8-8-0-0 Энергетические материалы и физика дето-
нации
8-9-0-0 Уравнения состояния и фазовые переходы

   9. Энергия биомассы
Ñ. À. Ìàðêîâ (ÑØÀ, Ãðèíêàñòë, Óíèâåðñèòåò Äåïàó) (ÌÐÊ)

9-1-0-0 Биогазовые установки
9-2-0-0 Термохимические газогенераторы

 10. Малые и микрогидроэлектростанции
Ñ. Øàòâîðÿí (Àðìåíèÿ, Åðåâàí, Ýíåðãåòè÷åñêèé ñòðàòåãè÷åñêèé
öåíòð) (ÌÍÊÑÐ)

10-1-0-0 Оборудование малых и микрогидроэлект-
ростанций
10-2-0-0 Деривационные микрогидроэлектростанции

     11. Углеродные наноструктуры для
          альтернативной энергетики и экологии
À. Ë. Èâàíîâñêèé (Ðîññèÿ, Åêàòåðèíáóðã, Èíñòèòóò õèìèè òâåðäî-
ãî òåëà ÓðÎ ÐÀÍ) (ÌÐÊ)
À. Ì. Ëèïàíîâ, àêàä. ÐÀÍ (Ðîññèÿ, Èæåâñê, Èíñòèòóò ïðèêëàä-
íîé ìåõàíèêè ÓðÎ ÐÀÍ) (ÌÐÊ)
À. Ä. Ïîìîãàéëî (Ðîññèÿ, ×åðíîãîëîâêà, ÈÏÕÔ ÐÀÍ) (ÌÐÊ)
Þ. Ì. Øóëüãà (Ðîññèÿ, ×åðíîãîëîâêà, ÈÏÕÔ ÐÀÍ) (ÌÐÊ)
E. Îñàâà (ßïîíèÿ, ×èáà, Íàó÷íî-èññëåäîâàòåëüñêèé èíñòèòóò óãëå-
ðîäíûõ íàíîìàòåðèàëîâ, Öåíòð ïåðñïåêòèâíûõ ðàçðàáîòîê êîð-
ïîðàöèè «Ôóòàáà») (ÌÐÊ)
Ì. Â. Âîðîáüåâà (Ðîññèÿ, Ìîñêâà, ÃÈÐÅÄÌÅÒ) (ÌÍÊÑÐ)
Â. È. Êîäîëîâ (Ðîññèÿ, Èæåâñê, Íàó÷íî-îáðàçîâàòåëüíûé öåíòð õè-
ìè÷åñêîé ôèçèêè è ìåçîñêîïèè ÓäÍÖ ÓðÎ ÐÀÍ) (ÌÍÊÑÐ)
Þ. Ñ. Íå÷àåâ (Ðîññèÿ, Ìîñêâà, ÔÃÓÏ «ÃÍÖ ÐÔ – Öåíòðàëüíûé
èíñòèòóò ÷åðíîé ìåòàëëóðãèè èì. È. Ï. Áàðäèíà») (ÌÍÊÑÐ)
Á. Ï. Òàðàñîâ (Ðîññèÿ, ×åðíîãîëîâêà, ÈÏÕÔ ÐÀÍ) (ÌÍÊÑÐ)
Þ. Ä. Òðåòüÿêîâ, àêàä. ÐÀÍ (Ðîññèÿ, Ìîñêâà, ÔÍÌ ÌÃÓ) (ÐÍÑ)

11-1-0-0 Наносистемы: синтез, свойства, применение
Å. À. Ãóäèëèí (Ðîññèÿ, Ìîñêâà,  ÔÍÌ ÌÃÓ) (ÐÍÑ)

11-2-0-0 Фуллереновые структуры и углеродные на-
номатериалы для теплоизоляции
11-3-0-0 Фуллереновые структуры и углеродные на-
номатериалы для сенсоров водорода
11-4-0-0 Компьютерное моделирование синтеза угле-
родных наноматериалов с заданными свойствами
11-5-0-0 Углеродные наноструктуры для автотранспорта

 12. Катализ в альтернативной энергетике
Ç. Ð. Èñìàãèëîâ (Ðîññèÿ, Íîâîñèáèðñê, Èíñòèòóò êàòàëèçà
èì. Ã. Ê. Áîðåñêîâà ÑÎ ÐÀÍ) (ÌÐÊ)
Ñ. Ì. Àëäîøèí, àêàä. ÐÀÍ (Ðîññèÿ, ÈÏÕÔ ÐÀÍ, ×åðíîãîëîâêà, Ðîñ-
ñèÿ) (ÐÍÑ)
Â. Í. Ïàðìîí, àêàä. ÐÀÍ (Ðîññèÿ, Íîâîñèáèðñê, Èíñòèòóò êàòàëè-
çà èì. Ã. Ê. Áîðåñêîâà ÑÎ ÐÀÍ) (ÐÍÑ)
Â. À. Êèðèëëîâ (Ðîññèÿ, Íîâîñèáèðñê, Èíñòèòóò êàòàëèçà
èì. Ã. Ê. Áîðåñêîâà ÑÎ ÐÀÍ) (ÌÐÊ)
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Î. Í. Åôèìîâ (Ðîññèÿ, ×åðíîãîëîâêà, ÈÏÕÔ ÐÀÍ) (ÌÐÊ)
Ã. Â. Ëèñè÷êèí (Ðîññèÿ, Ìîñêâà, ÈÎÍÕ èì. Í. Ñ. Êóðíàêîâà) (ÌÐÊ)

12-1-0-0 Каталитические методы синтеза альтерна-
тивного топлива
12-2-0-0 Катализ в совмещенных схемах «производ-
ство энергии и получение полезных продуктов из
природного газа»
12-3-0-0 Катализ в генерации рабочего тела в газо-
турбинных установках
12-4-0-0 Катализ в топливных элементах
12-5-0-0 Катализ в процессах получения синтез-га-
зов и водорода
12-6-0-0 Каталитические методы очистки водорода
12-7-0-0 Катализ в очистке промышленных газовых
выбросов от энергетических систем
12-8-0-0 Катализ в системах очистки технических вод
12-9-0-0 Фотокаталитические и электрокаталитичес-
кие методы получения водорода
12-10-0-0 Разработка и исследование свойств мате-
риалов для формирования каталитических слоев в
топливных элементах
12-11-0-0 О механизмах каталитического действия.
Влияние природы металлов и степени их окисления
на каталитическую активность
12-12-0-0 Нанокомпозиты для применения в каче-
стве катализаторов. Влияние размерного фактора
на каталитическую активность
12-13-0-0 Альтернативные катализаторы без приме-
нения платины
12-14-0-0 Проблемы отравления катализаторов
12-15-0-0 Носители катализаторов: дизайн, синтез,
свойства
12-16-0-0 Каталитические слои для топливных эле-
ментов в планарном исполнении
12-17-0-0 Золь-гель метод для получения катализа-
торов и носителей катализаторов

 13. Термоградиентная энергетика
Â. À. Õóñíóòäèíîâ (Ðîññèÿ, Ìîñêâà, ÐÀÎ «ÅÝÑ Ðîññèè») (ÌÐÊ)

 14. Ледниковая энергетика
À. Ì. Àðõàðîâ (Ðîññèÿ, Ìîñêâà, ÌÃÒÓ èì. Í. Ý. Áàóìàíà) (ÌÐÊ)

14-1-0-0 Применение льда в энергетике. Ледяные
электростанции
14-2-0-0 Использование холода вечной мерзлоты для
термостатирования бытовых и технических объектов
14-3-0-0 Физико-химические свойства льда
Ä. Ì. Ñåëèíà (Ðîññèÿ, Ñàðîâ, ÈÔÂ ÐÔßÖ-ÂÍÈÈÝÔ) (ÌÐÊ)

14-4-0-0 Теплофизические свойства льда
14-5-0-0 Термодинамические основы получения и
применения льда
14-6-0-0 Оборудование для исследования льда
14-7-0-0 Установки для получения льда
Ñ. È. Íåôåäêèí (Ðîññèÿ, Ìîñêâà, Ìîñêîâñêèé ýíåðãåòè÷åñêèé èí-
ñòèòóò (òåõíè÷åñêèé óíèâåðñèòåò)) (ÌÐÊ)

14-8-0-0 Способы и механизмы экстренного вскры-
тия льда для средств спасения под водой
Î. Â. Îðåøêîâ (Ðîññèÿ, Ñàðîâ, ÐÔßÖ-ÂÍÈÈÝÔ) (ÌÐÊ)

14-9-0-0 Бинарный лед и его применение в науке и
технике
À. Ë. Ãóñåâ (Ðîññèÿ, Ñàðîâ, ÍÒÖ «ÒÀÒÀ»)

14-10-0-0 Применение льда для создания инженер-
но-технических и архитектурных сооружений
14-11-0-0 Динамика и прочность льда. Динамика
хрупкого разрушения. Экспериментальные методы
динамической механики разрушения льда
14-12-0-0 Численные и смешанные численно-экспе-
риментальные методы динамической механики раз-
рушения льда
14-13-0-0 Способы удаления ледяных покрытий на
водных объектах

14-14-0-0 Аккумулирование холода и применение
энергии льда в быту и для промышленных объектов
14-15-0-0 Транспортировка айсбергов и получение пре-
сной воды для нужд населения и промышленности

  15. Термоядерная энергетика

À. À. Þõèì÷óê (Ðîññèÿ, Ñàðîâ, ÐÔßÖ-ÂÍÈÈÝÔ) (ÌÐÊ)

15-1-0-0 Исследования в области управляемого тер-
моядерного синтеза
15-2-0-0 Рентгеновский термоядерный синтез
15-3-0-0 Пучковый термоядерный синтез
15-4-0-0 Инерциальный термоядерный синтез
15-5-0-0 Изотопный эффект
Â. Í. Ëîáàíîâ (Ðîññèÿ, Ñàðîâ, ÐÔßÖ ÂÍÈÈÝÔ) (ÌÐÊ)

15-6-0-0 Криогенные тритиевые мишени
15-7-0-0 Мишени высокого давления для исследо-
вания процессов мюонного катализа ядерных реак-
ций синтеза
15-8-0-0 Международный проект термоядерного
энергетического реактора ИТЭР
15-9-0-0 Радиологическая защита и ядерная безо-
пасность
15-10-0-0 Производство радиоизотопов и их применение
Ì. À. Êàçàðÿí (Ðîññèÿ, Ìîñêâà, ÔÈÀÍ èì. Ëåáåäåâà) (ÌÐÊ)

15-11-0-0 Топливный цикл и экология
15-12-0-0 Проектирование, строительство и эксплу-
атация ядерных исследовательских и энергетичес-
ких реакторов
15-13-0-0 Промышленное производство компонентов
и материалов, необходимых для использования в
ядерных реакторах и их топливных циклах
15-14-0-0 Снятие с эксплуатации, дезактивация и об-
ращение с отходами энергетических реакторов
15-15-0-0 Исследования в области технологии про-
изводства лазеров и их применения
15-16-0-0 Системы ТОКАМАК
15-17-0-0 Промежуточные системы с магнитным
удержанием

 16. Криогенные и пневматические
         транспортные средства

À. Ë. Ãóñåâ (Ðîññèÿ, Ñàðîâ, ÍÒÖ «ÒÀÒÀ»)
Ã. Ã. Æóíü (Óêðàèíà, Õàðüêîâ, ÕÔÒÈ) (ÌÍÊÑÐ)

16-1-0-0 Криогенный азотный транспорт
È. Í. Êóäðÿâöåâ (Óêðàèíà, Õàðüêîâ, Õàðüêîâñêèé íàöèîíàëüíûé
àâòîìîáèëüíî-äîðîæíûé óíèâåðñèòåò) (ÌÐÊ)
À. È. Ïÿòàê (Óêðàèíà, Õàðüêîâ, Õàðüêîâñêèé íàöèîíàëüíûé àâ-
òîìîáèëüíî-äîðîæíûé óíèâåðñèòåò) (ÌÐÊ)

16-2-0-0 На инертных газах для опасных объектов (по-
жарные автомобили, служебные автомобили аэропор-
тов, складов для горючесмазочных материалов, автомо-
били для взрывоопасных химических производств и др.)
16-3-0-0 Пневматические транспортные средства

  17. Основные проблемы энергетики
       и альтернативной энергетики

17-1-0-0 Аккумулирование электрической энергии
17-2-0-0 Сверхпроводящие материалы. Сверхпрово-
димость. Сверхпроводимость в энергетике
17-3-0-0 Новые циклы и схемы термотрансформаторов
17-4-0-0 Проблемы освещения мегаполисов

   18. Применение гелия и специальных
      материалов в транспортных средствах

Þ. À. Ðûæîâ, àêàä. ÐÀÍ (Ðîññèÿ, Ìîñêâà, Ìåæäóíàðîäíûé èíæå-
íåðíûé óíèâåðñèòåò) (ÐÍÑ)
À. Ë. Ãóñåâ (Ðîññèÿ, Ñàðîâ, ÍÒÖ «ÒÀÒÀ»)

18-1-0-0 Дирижабли для перевозки крупногабарит-
ных грузов
18-2-0-0 Дирижабли для контроля за чрезвычайны-
ми ситуациями в мегаполисах: автоинспекция, пожар-
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ная безопасность, антитерроризм, наблюдение за
техническим и экологическим состоянием промыш-
ленных зданий и сооружений. Энергонадзор (конт-
роль тепловых утечек зданий в масштабе города)
18-3-0-0 Пожарные, нейтрализационные, полицейс-
кие дирижабли

  19. Ювенальный водород в процессах
                       геотектоники и геохимии
Ñ. Â. Äèãîíñêèé (Ðîññèÿ, Åêàòåðèíáóðã, ÔÃÓÏ «Óðàíãåîëîãîðàçâåä-
êà») (ÌÐÊ)
Â. Ë. Ñûâîðîòêèí (Ðîññèÿ, Ìîñêâà, ÌÃÓ èì. Ì. Â. Ëîìîíîñîâà) (ÌÐÊ)

19-1-0-0 Роль водорода в химическом строении ми-
роздания
19-2-0-0 Движущие силы развития Земли и планет
19-3-0-0 Водород в ядре Земли
19-4-0-0 Геология и геохимия природных газов зон
глубинных разломов
19-5-0-0 Транспорт ювенального водорода через тол-
щу Земли и формирование электрозаряженных зон
19-6-0-0 Природный синтез углеродистых веществ
19-7-0-0 Глубинная дегазация Земли, глобальные
катастрофы и аномальные явления

   20. Бортовые аккумуляторы энергии
Í. Â. Ãóëèà (Ðîññèÿ, Ìîñêâà, Ìîñêîâñêèé ãîñóäàðñòâåííûé èíäóñ-
òðèàëüíûé óíèâåðñèòåò) (ÌÐÊ)

20-1-0-0 Тепловые аккумуляторы энергии
20-1-1-0 Температура выше 273 К
20-1-2-0 Температура ниже 273 К
20-1-3-0 Температура ниже 77 К

20-2-0-0 Маховичные аккумуляторы энергии
20-3-0-0 Электрические аккумуляторы энергии
20-4-0-0 Пружинные аккумуляторы энергии
20-5-0-0 Пневматические аккумуляторы энергии
20-6-0-0 Химические аккумуляторы энергии
 21. Законодательная база альтернативной 
                        энергетики и экологии
Ï. Á. Øåëèù (Ðîññèÿ, Ìîñêâà, Ãîñóäàðñòâåííàÿ Äóìà ÐÔ, ïðåçè-
äåíò ÍÀÂÝ) (ÌÍÊÑÐ)
Â. Â. Çîðÿ (Ðîññèÿ, Ñàðîâ, Àäìèíèñòðàöèÿ ã. Ñàðîâ) (ÌÍÊÑÐ)

21-1-0-0 Законодательная база альтернативной энер-
гетики в России
È. Â. Ãóáåíîê (Ðîññèÿ, Ñàðîâ, ÍÒÖ «ÒÀÒÀ»)

21-2-0-0 Законодательное обеспечение инноваци-
онного развития водородной энергетики
21-3-0-0 Законодательная база альтернативной энер-
гетики стран СНГ
21-4-0-0 Законодательная база экологии

  22. Экономические аспекты
         альтернативной энергетики

22-1-0-0 Инвестиционная привлекательность раз-
личных стран мира и фирм в области альтернатив-
ной энергетики
22-2-0-0 Запасы традиционных энергоресурсов
стран экспортеров и мировые запасы
22-3-0-0 Государственные научно-технические про-
граммы развития водородной энергетики
22-4-0-0 Экономический анализ в альтернативной
энергетике
Â. À. Õóñíóòäèíîâ (Ðîññèÿ, Ìîñêâà, ÐÀÎ «ÅÝÑ Ðîññèè») (ÌÐÊ)

22-5-0-0 Бизнес-планирование в альтернативной
энергетике
À. À. ×óãóííèêîâ (Ðîññèÿ, Ñàðîâ, ÍÒÖ «ÒÀÒÀ»)

  23. Альтернативная энергетика
      и экология

Î. Ë. Ôèãîâñêèé (Èçðàèëü, Ìèãäàë Õà’Åìåê, Èçðàèëüñêèé èññëåäî-
âàòåëüñêèé öåíòð «Polymate») (ÌÐÊ)

23-1-0-0 Парниковый эффект. Межправительствен-
ная комиссия по изменению климата (IPCC)

È. Ë. Ëåéòåñ (Ðîññèÿ, Ìîñêâà, ÐÕÒÓ èì. Ä. È. Ìåíäåëååâà) (ÌÐÊ)

23-2-0-0 Экологические проблемы промышленных
мегаполисов
23-3-0-0 Экология воздушной среды и космическо-
го пространства
23-4-0-0 Экология водных ресурсов
23-5-0-0 Проблемы вредных выбросов в атмосферу
тепловыми электрическими станциями
23-6-0-0 Проблемы загрязнения почвы традицион-
ными энергоносителями при их добыче, транспор-
тировке и употреблении
23-7-0-0 Экологический туризм
Ñ. Ï. Ìàëûøåíêî (Ðîññèÿ, Ìîñêâà, Èíñòèòóò ôèçèêè âûñîêèõ òåì-
ïåðàòóð ÐÀÍ) (ÌÐÊ)

23-8-0-0 Проблемы переработки промышленных и
бытовых отходов

  24. Работы аспирантов и соискателей
ученой степени

È. Â. Ãóáåíîê (Ðîññèÿ, Ñàðîâ, ÍÒÖ «ÒÀÒÀ»)
Â. Â. Ìàíèí (Ðîññèÿ, Ìîñêâà, Ôåäåðàëüíîå àãåíòñòâî îáðàçîâàíèÿ
è íàóêè ÐÔ) (ÌÐÊ)

   25. Образование и научно-исследо-
        вательские центры в области
        альтернативной энергетики

Þ. È. Ðåóòîâ (Ðîññèÿ, Õàíòû-Ìàíñèéñê, Þãîðñêèé ãîñóäàðñòâåí-
íûé óíèâåðñèòåò) (ÌÐÊ)
Í. À. Âîëêîâà (Ðîññèÿ, Ñàðîâ, ÐÔßÖ-ÂÍÈÈÝÔ) (ÌÍÊÑÐ)
Ë. À. Èëüêàåâà (Ðîññèÿ, Ñàðîâ, ÐÔßÖ-ÂÍÈÈÝÔ) (ÌÍÊÑÐ)
À. À. Åâäîêèìîâ (Ðîññèÿ, Ìîñêâà, ÌÈÐÝÀ) (ÌÐÊ)
Â. Â. Ìàíèí (Ðîññèÿ, Ìîñêâà, Ôåäåðàëüíîå àãåíòñòâî îáðàçîâàíèÿ
è íàóêè ÐÔ) (ÌÐÊ)
À. Â. Ïðîêîïüåâ (Ðîññèÿ, Õàíòû-Ìàíñèéñê, Þãîðñêèé ãîñóäàðñòâåí-
íûé óíèâåðñèòåò) (ÌÐÊ)
Á. Ô. Ðåóòîâ (Ðîññèÿ, Ìîñêâà, Ôåäåðàëüíîå àãåíòñòâî îáðàçîâàíèÿ
è íàóêè ÐÔ) (ÌÐÊ)
È. È. Ñìèðíîâ (Ðîññèÿ, Õàíòû-Ìàíñèéñê, Äåïàðòàìåíò íàóêè è
èíâåñòèöèé) (ÌÐÊ)
À. Â. ×óâèêîâñêèé (Ðîññèÿ, Ñàðîâ, ÈÏÊ ÐÔßÖ-ÂÍÈÈÝÔ) (ÌÐÊ)
Þ. Ï. Ùåðáàê (Ðîññèÿ, Ñàðîâ, ÑàðÔÒÈ) (ÌÍÊÑÐ)

25-1-0-0 Образовательные программы в области во-
дородной экономики
25-2-0-0 Водородные технопарки, наукограды
Æ.-Ï. Êîíöåí (Áåëüãèÿ, Èíñòèòóò ãèäðîãàçîäèíàìèêè èì. âîí Êàð-

ìàíà) (ÐÍÑ)

25-3-0-0 Молодежь в науке и технике альтернатив-
ной энергетики и экологии

  26. Философские проблемы альтерна-
тивной энергетики и экологии

Ñ. Ï. Êàïèöà (Ðîññèÿ, Ìîñêâà, Èíñòèòóò ôèçè÷åñêèõ ïðîáëåì) (ÌÐÊ)
Ä. Â. Ìèëü÷åíêî (Ðîññèÿ, Ñàðîâ, ÈÔÂ ÐÔßÖ-ÂÍÈÈÝÔ) (ÌÐÊ)

   27. Информация в области
         альтернативной энергетики

À. È. Ñàëèêîâ (Ðîññèÿ, Ìîñêâà, ÄÎÐ ÖÍÈÈàòîìèíôîðì) (ÌÍÊÑÐ)
Å. Ì. Òàðàðàåâà (Ðîññèÿ, Ìîñêâà, ÄÎÐ ÖÍÈÈàòîìèíôîðì) (ÌÍÊÑÐ)
Â. Â. Øèíêàðåíêî (Ðîññèÿ, Ìîñêâà, ÌÈÐÝÀ) (ÌÐÊ)
Å. À. Ãóäèëèí (Ðîññèÿ, Ìîñêâà, ÔÍÌ ÌÃÓ èì. Ì. Â. Ëîìîíîñîâà) (ÐÍÑ)
Ò. Í. Êîíäûðèíà (Ðîññèÿ, Ñàðîâ, ÍÒÖ «ÒÀÒÀ»)

27-1-0-0 Деятельность ведущих международных ас-
социаций
27-2-0-0 Периодические издания
27-3-0-0 Ведущие интернет-ресурсы
27-4-0-0 Научные биографии ведущих ученых мира
27-5-0-0 Научные фонды, научные проекты
27-6-0-0 Информация о Международном научном
журнале «Альтернативная энергетика и экология»
27-7-0-0 Международные научные конференции
27-8-0-0 Рекламные материалы инвестиционных
фирм и фирм производителей
27-9-0-0 Новые научные книги
27-10-0-0 Патенты
27-11-0-0 Энциклопедия альтернативной энергети-
ки. Термины и определения
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TOPICS OF THE INTERNATIONAL SCIENTIFIC JOURNAL
FOR ALTERNATIVE ENERGY AND ECOLOGY

 1. Hydrogen economy

S. P. Malyshenko (Russia, Moscow, Institute for High Temperatures RAS)
(IEB)
A. Echarri (Spain, Jaen, Polytechnic University) (IEB)
F. Karaosmanoglu (Turkey, Istanbul, Istanbul Technical University) (IEB)
Z. Sen (Turkey, Istanbul, Istanbul Technical University) (IEB)

1-1-0-0 History of hydrogen economy
T. N. Veziroglu (USA, Miami, IAHE, UNIDO-ICHET) (HECH)
A. G. Galeev (Russia, Sergiev Posad, JSC “NIIHIMMASH”) (IEB)

1-2-0-0 Safety of hydrogen energy
A. L. Gusev (Russia, Sarov, STC “TATA”)
J.-P. Contzen (Belgium, von Karman Institute for Fluid Dynamics) (SEB)
J. Kleperis (Latvia, Riga, University of Latvia) (IEB)
L. F. Belovodskiy (Russia, Sarov, RFNC-VNIIEF) (IEAB)

1-2-1-0 Hydrogen recombinators
1-2-2-0 Systems of inert gas blowing off
1-2-3-0 Ensuring of the safe operation of cryogenic systems
1-2-4-0 Safe application of hydrogen on board the vehicle

1-3-0-0 Gas analytical systems and hydrogen sensors
J. Kleperis (Latvia, Riga, University of Latvia) (IEB)

Yu. E. Kalinin (Russia, Voronezh, VSTU) (IEB)

A. M. Polyansky (Russia, S.-Petersburg, ÎÎÎ “Electronic & Beam

Technologies Ltd.”) (IEB)

V. M. Aroutiounian, Academician NAS of Armenia (Armenia, Yerevan,

Yerevan State University) (SEB)

V. Ya. Davydov (Russia, Moscow,  M. V. Lomonosov MSU) (IEB)

J. Schoonman (Netherlands, Delft, Delft University of Technology)

(IEAB)

L. I. Trakhtenberg (Russia, Moscow, N. N. Semenov Institute of Chemical

Physics RAS) (IEB)

1-4-0-0 Hydrogen storage
J. Kleperis (Latvia, Riga, University of Latvia) (IEB)
O. N. Srivastava (India, Varanasi, Banaras Hindu University) (IEB)
S. M. Aldoshin, Academician RAS (Russia, Chernogolovka, IPCP RAS) (SEB)
N. N. Aleinikov (Russia, Chernogolovka, IPCP RAS) (IEB)
N. N. Vershinin (Russia, Chernogolovka, IPCP RAS) (IEB)

1-4-1-0 Hydrogen storage in carbon nanosystems
O. N. Efimov (Russia, Chernogolovka, IPCP RAS) (IEB)
I. V. Zolotukhin (Russia, Voronezh, VSTU) (IEB)
A. L. Ivanovskiy (Russia, Ekaterinburg, Institute of Solid State
Chemistry UB RAS) (IEB)
B. K. Gupta (India, Varanasi, Banaras Hindu University) (IEB)

1-4-2-0 Hydrogen storage in an incapsulated gaseous
state: in microspheres, in foam metals, in zeolites and others
V. S. Kogan (Ukraine, Khar’kov, NSC Kharkov Institute of Physics
and Technology) (IEB)
G. G. Zhun’ (Ukraine, Khar’kov, Khar’kov Physical Technical
Institute) (IEAB)

1-4-3-0 Hydrogen storage in gaseous state under pressure
A. S. Koroteev, Academician RAS (Russia, Moscow, Keldysh Research
Center) (SEB)

1-4-3-1 Hydrogen storage in gaseous state in large reservoirs
1-4-3-2 Hydrogen storage in gaseous state in tank

1-4-4-0 Hydrogen storage in liquid state
A. M. Arkharov (Russia, Moscow, Bauman Moscow State Technical

University) (IEB)

A. M. Domashenko (Russia, Balashikha, JSC “Cryogenmash”) (IEB)

V. I. Kupriyanov (Russia, Balashikha, JSC “Cryogenmash”) (IEB)

A. A. Makarov (Russia, Sergiev Posad, JSC “NIIHIMMASH”) (IEB)

M. M. Pen’kov (Russia, S.-Petersburg, Mozhaisky Military Space

Academy) (IEB)

G. G. Shevyakov (Russia, Balashikha, JSC “Cryogenmash”) (IEB)

V. S. Travkin (USA, Los Angeles, University of California) (IEB)

V. S. Kogan (Ukraine, Khar’kov, NSC Kharkov Institute of Physics

and Technology) (IEB)

I. F. Kuz’menko (Russia, Balashikha, JSC “Cryogenmash”) (IEAB)

A. G. Galeev (Russia, Sergiev Posad, JSC “NIIHIMMASH”) (IEB)

1-4-4-1 Hydrogen storage in cryogenic liquid state in
large reservoirs

1-4-4-2 Hydrogen storage in cryogenic liquid state on
board the vehicles
S. A. Khudyakov (Russia, Korolyov, RSC “Energia”) (IEAB)
B. A. Sokolov (Russia, Korolyov, S. P. Korolyov Energia RSC) (IEB)

1-4-5-0 Hydrogen storage in chemically-bonded state in
liquid media
1-4-6-0 Hydrogen storage in solid phase state in metal
hydride systems
M. D. Hampton (USA, Orlando, University of Central Florida) (DECH)
S. Yu. Zaginaichenko (Ukraine, Kiev, Institute for Problems of
Materials Science) (IEAB)
B. P. Tarasov (Russia, Chernogolovka, IPCP RAS) (IEB)
S. P. Gabuda (Russia, Novosibirsk, IIC SO RAS) (IEB)
V. L. Kozhevnikov (Russia, Ekaterinburg, ISSC Ural Branch of RAS)
(IEB)
R. N. Pletnev (Russia, Ekaterinburg, ISSC Ural Branch of RAS) (IEB)

1-4-7-0 Hydrogen storage in combined systems
1-4-8-0 Hydrogen storage in adsorbed state in cryogenic
adsorbents
1-4-9-0 Novel methods of hydrogen storage

1-5-0-0 Hydrogen production methods
G. G. Shevyakov (Russia, Balashikha, JSC “Cryogenmash”) (IEB)

R. M. Santilli (USA, Palm Harbor, Institute for Basic Research) (IEB)

I. F. Kuz’menko (Russia, Balashikha, JSC “Cryogenmash”) (IEAB)

V. V. Lunin, Academician RAS (Russia, Moscow, M. V. Lomonosov MSU)

N. A. Bokshitckaya (Russia, Moscow, FGUP GNTS RF GNIIHTEOS) (IEB)

G. V. Lisichkin (Russia, Moscow, Kurnakov Institute of General and

Inorganic Chemistry of RAS) (IEB)

1-5-1-0 Radiolysis
1-5-2-0 Electrolysis
1-5-3-0 Hydrogen production via thermochemical disso-
ciation of water
1-5-4-0 Hydrogen production by ammonia decomposition
V. A. Kirillov (Russia, Novosibirsk, Boreskov Institute of Catalysis)
(IEB)

1-5-5-0 Method of catalytic conversion (reforming) of
gaseous and liquid hydrocarbons
1-5-6-0 Hydrogen production by partial oxidation of
hydrocarbons
1-5-7-0 High-temperature process for hydrogen produc-
tion (solar energy, atomic energy)
1-5-8-0 Hydrates
R. N. Pletnev (Russia, Ekaterinburg, ISSC Ural Branch of RAS) (IEB)
S. P. Gabuda (Russia, Novosibirsk, IIC SO RAS) (IEB)

1-5-9-0 Hydrogen production on board of the vehicle
from organic fuels
1-5-10-0 Novel hydrogen production methods

1-6-0-0 Hydrogen transport
A. G. Galeev (Russia, Sergiev Posad, JSC “NIIHIMMASH”) (IEB)

1-6-1-0 Transport of liquid cryogenic products by pipelines
A. M. Domashenko (Russia, Balashikha, JSC “Cryogenmash”) (IEB)

1-6-2-0 Cooling of cryogenic system mains
M. M. Pen’kov (Russia, S.-Petersburg, Mozhaisky Military Space
Academy) (IEB)

1-6-3-0 Transient processes in cryogenic systems
G. G. Shevyakov (Russia, Balashikha, JSC “Cryogenmash”) (IEB)

1-7-0-0 Fuel cells
S. A. Khudyakov (Russia, Korolyov, RSC “Energia”) (IEAB)
B. A. Sokolov (Russia, Korolyov, S. P. Korolyov Energia RSC) (IEB)
A. V. Kondrashenko (Russia, Sarov, RFNC-VNIIEF) (IEB)
Yu. N. Shalimov (Russia, Voronezh, VSTU) (IEB)
V. P. Pakhomov (Russia, Moscow, RRC “Kurchatov Institute”) (IEB)
G. A. Mesyats, Academician RAS (Physics Institute of them. P. N. Lebedev
of RAS, Moscow, Russia) (SEB)

1-7-1-0 Research and production of fuel cells
1-7-1-1 Membanes for fuel cells
1-7-1-2 Computer simulation of fuel cell operation
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1-7-2-0 Fuel cells application
1-7-2-1 Power supply on fuel cells with methanol
conversion for portable devices

1-7-3-0 Fuel cells with hydrogenous fuel pre-processing
1-8-0-0 Structural materials
A. J. Maeland (Norway, Kjeller, Institute for Energy Technology) (IEB)
P. G. Berezhko (Russia, Sarov, RFNC-VNIIEF) (IEB)
A. V. Elyutin, Academician RAS (Russia, Moscow, “GIREDMET”) (SEB)
Yu. K. Zavalishin (Russia, Sarov, RFNC-VNIIEF) (IEB)
A. M. Polyansky (Russia, S.-Petersburg, ÎÎÎ “Electronic & Beam
Technologies Ltd.”) (IEB)
V. M. Chertov (Russia, Moscow) (IEB)
Yu. N. Shalimov (Russia, Voronezh, VSTU) (IEB)
D. V. Shchur (Ukraine, Kiev, Institute for Problems of Materials Science
of NAS Ukraine) (IEB)
P. Saint-Gregoire (France, Université de Toulon et du Var) (DECH)
F. A. Lewis (Great Britain, Belfast, The Queen's University of Belfast) (SEB)
S. Yu. Zaginaichenko (Ukraine, Kiev, Institute for Problems of Materials
Science) (IEAB)
A. T. Ponomarenko (Russia, Moscow, Enikolopov Institut of Synthetic
Polymer Materials of RAS) (IEAB)
N. E. Skryabina (Russia, Perm’, Perm’ State University) (IEAB)
Yu. M. Solonin (Ukraine, Kiev, Institute for Problems of Materials
Science) (IEAB)
L. V. Spivak (Russia, Perm’, Perm’ State University) (IEAB)
A. A. Kurdyumov (Russia, S.-Petersburg, S.-Peterburg State University) (IEAB)
M. V. Gol’tsova (Ukraine, Donetsk, Donetsk STU) (IEAB)
Ya. I. Blyashko (Russia, S.-Petersburg, MNTO INSET) (IEB)
N. M. Vlasov (Russia, Podol’sk, SRI SIA “Luch”) (IEB)
I. I. Fedik (Russia, Podol’sk, SRI SIA “Luch”) (IEB)

1-8-1-0 Hydrogen in metals and alloys
I. P. Chernov (Russia, Tomsk, Tomsk Polytechnic University) (IEB)

V. A. Gol’tsov (Ukraine, Donetsk, DonSTU) (IEB)

L. F. Gol’tsova (Ukraine, Donetsk, DonSTU) (IEB)

1-8-2-0 Hydrogen degradation
1-8-3-0 Structural materials hydrogenation systems
1-8-4-0 Static and dynamic strength of structural materials
N. N. Gerdyukov (Russia, Sarov, Institute of Experimental
Gasdynamics and Physics of Explosion RFNC-VNIIEF) (IEB)

1-8-5-0 Gasars. Application of gasars in marine and air
fleet, motor-car construction
V. I. Shapovalov (Ukraine, Dnepropetrovsk, State Metallurgy
Academy of Ukraine) (IEAB)

1-8-6-0 Electrical furnaces for thermovacuum processes
E. N. Marmer (Moscow, VNIIETO)

1-8-7-0 New structural materials for renewable energy structures
1-9-0-0 Synthesis-gas production methods
A. Ya. Stolyarevskiy (Russia, Moscow, RRC “Kurchatov Institute”) (IEB)

1-9-1-0 Adiabatic conversion of the natural gas
1-10-0-0 Hydrogen fuel vehicles and engines
T. Gaertig (Germany, Berlin) (IEB)

A. Satanowsky (Russia, Moscow, DaimlerChrysler AG Research and

Technology Office Moscow) (IEB)

M. V. Vedernikov (Russia, S. Petersburg, Mozhaisky Military Space

Academy) (IEB)

A. L. Dmitriev (Russia, S.-Petersburg, RSC “Applied Chemistry”) (IEB)

A. M. Domashenko (Russia, Balashikha, JSC “Cryogenmash”) (IEB)

B. A. Sokolov (Russia, Korolyov, S. P. Korolyov Energia RSC) (IEB)

V. G. Tsikhisely (Russia, S. Petersburg, Sea Navigation Register of RF) (IEB)

A. Yu. Ramenskiy (Russia, Moscow, Audit-Premier) (IEAB)

V. S. Sokolov (Russia, S. Petersburg) (IEAB)

V. F. Kamenev (Russia, Moscow, SSC of the RF NAMI) (IEB)

N. A. Khripach (Russia, Moscow, SSC of the RF NAMI) (IEB)

F. N. Pekhota (Russia, Moscow, Federal Agency for Education and Scien-

ces of RF) (IEAB)

1-11-0-0 Hydrogen filling stations
A. A. Kuzmin (Russia, Megion, Administration) (IEB)

1-12-0-0 Hydrogen for providing buildings, structures
and houses with energy. Micro hydrogen power plants
based on fuel cells

 2. Thermodynamic analysis
        in renewable energy

I. Dincer (Saudi Arabia, Dhahran, King Fahd University of Petroleum
and Minerals (KFUPM)) (IEB)
O. M. Martynenko, Academician NAN of Byelorussia (Byelorussia,
Minsk) (IEAB)
V. A. Pavlovtsev (Byelorussia, Minsk, Institute of Heat and Mass
Transfer by A. V. Lykov) (IEAB)

N. V. Pavlyukevich (Byelorussia, Minsk, Institute of Heat and Mass
Transfer by A. V. Lykov) (IEAB)
V. A. Khusnutdinov (Russia, Moscow, RAO UES of Russia) (IEB)

2-1-0-0 Thermodynamic analysis of basic energy
generation processes in alternative energy
2-2-0-0 Exergetic analysis of basic energy generation
processes in alternative energy

 3. Atomic energy

Yu. A. Trutnev, Academician RAS (Russia, Sarov, RFNC-VNIIEF) (HECH)
A. Ya. Stolyarevskiy (Russia, Moscow, RRC “Kurchatov Institute”) (IEB)
A. V. Ivkin (Russia, Sarov, RFNC-VNIIEF) (IEAB)
A. G. Chudin (Russia, Moscow, Federal Agency for Nuclear Energy) (IEAB)
V. A. Afanas’ev (Russia, Sarov, RFNC-VNIIEF) (IEB)
M. A. Prelas (USA, Columbia, University of Missouri) (IEB)

3-1-0-0 Atomic-hydrogen energy
N. N. Ponomaryov-Stepnoy, Academician RAS (Russia, Moscow, RRC
“Kurchatov Institute”) (SEB)
A. Ya. Stolyarevskiy (Russia, Moscow, RRC “Kurchatov Institute”) (IEB)
V. N. Fateev (Russia, Moscow, RRC “Kurchatov Institute”) (IEB)
A. L. Gusev (Russia, Sarov, STC “TATA”)

3-1-1-0 History of atomic-hydrogen energy
N. N. Ponomaryov-Stepnoy, Academician RAS (Russia, Moscow, RRC
“Kurchatov Institute”) (SEB)
A. Ya. Stolyarevskiy (Russia, Moscow, RRC “Kurchatov Institute”) (IEB)
B. B. Chaivanov (Russia, Moscow, RRC “Kurchatov Institute”) (IEB)
A. L. Gusev (Russia, Sarov, STC “TATA”)

3-1-2-0 High-temperature gas reactors (HTGR) for
hydrogen production via high-temperature processes
3-1-3-0 Fast reactors with sodium cooling (SC) to produce
mid-temperature heat, and synthesis gas and hydrogen
3-1-4-0 Fast reactors with lead cooling as reactors of
future generation to produce high-temperature heat
G. L. Khorasanov (Obninsk, SSC of the RF – Institute for Physics
and Power Engineering Named After A. I. Leypunsky) (IEB)

3-2-0-0 Atomic energy for vehicles
Yu. K. Zavalishin (Russia, Sarov, RFNC-VNIIEF) (IEB)

3-2-1-0 Radionuclide heat sources
3-2-2-0 Radionuclide thermoelectric generators
3-2-3-0 Thermo- and radiation-stimulated phase trans-
formation in alloys incorporated (carbides, nitrides, nitrides-
hydrides, carbohydrides and hydrides of transition met-
als, high-temperature, super-conducting materials, inter-
metallic composition)

  4. Solar energy

A. Steinfield (Switzerland, Zurich, ETH-Swiss Federal Institute) (IEB)
G. I. Isakov (Azerbaijan, Baku, Institute of Physics of NAS of
Azerbaijan) (DECH)
I. G. Khidirov (Uzbekistan, Tashkent, Institute of Nuclear Physics of
NAS of Uzbekistan) (IEB)
V. F. Gremenok (Byelorussia, Minsk, Institute of Solid State and
Semiconductor Physics) (IEAB)
S. Geruny (Armenia, Yerevan, Yerevan State University) (IEB)
S. M. Raza (Pakistan, Quetta, University Of Balochistan) (IEB)
S. Z. Ilyas (Pakistan, Quetta, University Of Balochistan) (IEB)
A. M. Pendjiev (Turkmenistan, Ashkhabat-32, Tutkmenian polytechnic
institute) (IEB)

4-1-0-0 History of solar energy
4-2-0-0 Solar-hydrogen energy
4-2-1-0 Materials for solar-hydrogen energy

4-3-0-0 Solar power plants
4-3-1-0 Silicone solar thermal electric plants
4-3-2-0 Space solar stations
4-3-3-0 Photoelectric cell

4-3-4-0 Photovoltaic effect in semiconductor structures.
Photoelectric modules

4-4-0-0 Ground solar stations
4-4-1-0 Solar collectors

4-5-0-0 Solar cities
4-5-1-0 Solar buildings
4-5-2-0 Solar refrigerators
4-5-3-0 Solar water-lifting systems
4-5-4-0 Solar energy units
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4-6-0-0 Solar transport
4-7-0-0 Solar radiation concentrators

 5. Wind energy

Ya. B. Danilevich, Academician RAS (Russia, Moscow, DBREPE RAS)
(SEB)
I. Z. Boguslavskiy (Russia, Moscow, DBREPE RAS) (IEB)

5-1-0-0 History of wind energy
5-2-0-0 Hydrogen-wind energy
5-3-0-0 Electric generators for wind energy
5-4-0-0 Wind energy equipment
5-5-0-0 Wind energy plants. Heat collectors
A. L. Gusev (Russia, Sarov, STC “TATA”)

5-6-0-0 Wind-solar energy plants

 6. Tide energy and sea tide energy

6-1-0-0 History of energy of tides
6-2-0-0 Sea waves energy
6-3-0-0 Sea tide energy

 7. Geothermal energy

7-1-0-0 History of geothermal energy
7-2-0-0 Basic research into geothermal energy
7-3-0-0 Major problems of geothermal energy assi-
milation. Problems in assimilating low-, medium- and
high-potential geothermal energy sources
7-4-0-0 Role of modeling and monitoring in geo-
thermal energy sssimilation. Appraisal of geothermal
resources
7-5-0-0 Geothermal plants
7-5-1-0 Geothermal power plants
7-5-2-0 Geothermal heat plants

7-6-0-0 Efficiency and reliability of geothermal heat
and power plants. Major ways to improve the
efficiency of geothermal heat and power plants
7-7-0-0 Geothermal resources of world countries and
prospects of their development

 8. Explosion energy

V. E. Fortov, Academician RAS (Russia, Moscow, Institute of thermal
physics of extremal state RAS) (SEB)
A. L. Mikhailov (Russia, Sarov, Institute of Experimental Gasdynamics
and Physics of Explosion RFNC-VNIIEF) (IEB)
N. N. Gerdyukov (Russia, Sarov, Institute of Experimental Gasdynamics
and Physics of Explosion RFNC-VNIIEF) (IEB)
A. A. Sterzer (Russia, Novosibirsk, MATEM Co. Ltd) (IEB)
V. N. German (Russia, Sarov, Institute of Experimental Gasdynamics
and Physics of Explosion RFNC-VNIIEF) (IEB)

8-1-0-0 Explosion technologies
8-2-0-0 Computer simulation of problems for explosion
energy
8-1-1-0 Setting up problems for explosion energy
8-1-2-0 Mobile Lagrangian and Euler grids

8-3-0-0 Explosion deuterium energy
8-4-0-0 Explosion energy for syntheses of new materials
8-4-1-0 Materials synthesis and sticking by the explosion
8-4-2-0 Shock-wave sticking
8-4-3-0 Computer modelling of processes of material
shock-wave sticking

8-5-0-0 Explosives
8-6-0-0 Blasting chambers
A. A. Sterzer (Russia, Novosibirsk, MATEM Co. Ltd) (IEB)

8-7-0-0 Extremal state of matter. Detonation. Shock
waves
8-8-0-0 Energy materials and physics of detonation
8-9-0-0 Equations of the state and phase transition

 9. Energy of biomass

S. A. Markov (USA, Greencastle, DePauw University) (IEB)

9-1-0-0 Biogas plants

9-2-0-0 Thermochemical gas generators

 10. Small and micro hydro-power plants

S. Shatvoryan (Armenia, Yerevan, Energy Strategy Center) (IEB)

10-1-0-0 Equipment for small and micro hydro-power
plants (HPP)
10-2-0-0 Derivation micro hydro-power plants

   11. Carbon nanostructures for renewable
     energy and ecology

A. L. Ivanovskiy (Russia, Ekaterinburg, Institute of Solid State
Chemistry UB RAS) (IEB)
A. M. Lipanov, Academician RAS (Russia, Izhevsk, Institute of Applied
Mechanics UB RAS) (IEB)
A. D. Pomogailo (Russia, Chernogolovka, IPCP RAS) (IEB)

Yu. M. Shul’ga (Russia, Chernogolovka, JSC “Cryogenmash”) (IEB)
E. Osawa (Japan, Chiba, Nanocarbon Research Institute, Ltd.) (IEB)
M. V. Vorobyova (Russia, Moscow, “GIREDMET”) (IEAB)
V. I. Kodolov (Russia, Izhevsk, BRHE Centre of Chemical Physics and
Mesoscopy) (IEAB)
Yu. S. Nechaev (Russia, Moscow, Bardin Research Institute of the Ferrous-
Metals Industry) (IEAB)
B. P. Tarasov (Chernogolovka, IPCP RAS) (IEAB)
Yu. D. Tretiakov, Academician RAS (Russia, Moscow, FMS MSU) (SEB)

11-1-0-0 Nanosystems: synthesis, properties, and
application
E. A. Goodilin, Member Corresponding RAS (Russia, Moscow, FMS
MSU) (SEB)

11-2-0-0 Fullerene structures and carbon nanomateri-
als for heat insulation
11-3-0-0 Fullerene structures and carbon nanomateri-
als for hydrogen sensors
11-4-0-0 Computer simulation of synthesis of carbon
nanomaterials with specified properties
11-5-0-0 Carbon nanostructures for vehicles

 12. Catalysis for renewable energy

Z. R. Ismagilov (Russia, Novosibirsk, Boreskov Institute of Catalysis) (IEB)
S. M. Aldoshin, Academician RAS (Russia, Chernogolovka, IPCP RAS) (SEB)
V. N. Parmon, Academician RAS (Russia, Novosibirsk, Boreskov Institute
of Catalysis of SD RAS) (SEB)
V. A. Kirillov (Russia, Novosibirsk, Boreskov Institute of Catalysis of
SD RAS) (IEB)
O. N. Efimov (Russia, Chernogolovka, IPCP RAS) (IEB)
G. V. Lisichkin (Russia, Moscow, Kurnakov Institute of General and
Inorganic Chemistry of RAS) (IEB)

12-1-0-0 Catalytic methods for synthesis of alterna-
tive fuel
12-2-0-0 Catalysis in combined schemes «energy gener-
ation and production of useful products from natural gas»
12-3-0-0 Catalysis in generation of working fluid in gas
turbines as an effective alternative flare generation
method
12-4-0-0 Catalysis of fuel cells
12-5-0-0 Catalysis in processes of production of syn-
thesis gas and hydrogen
12-6-0-0 Catalytic methods of hydrogen treatment
12-7-0-0 Catalysis in treating of power reactor waste gases
12-8-0-0 Catalysis in process water treatment systems
12-9-0-0 Photocatalytic and electrocatalytic methods
for hydrogen production
12-10-0-0 Development and study of material
properties to form catalytic layers in fuel cells
12-11-0-0 On mechanism of catalytic action. Effect of
metal nature and degree of oxidation thereof on
catalytic activity
12-12-0-0 Nanocomposites for application as catalysts.
Effect of dimension factor on catalytic activity
12-13-0-0 Alternative catalysts with no platinum
12-14-0-0 Problems of catalyst poisoning
12-15-0-0 Catalyst carriers: design, synthesis, and
properties
12-16-0-0 Catalytic layers for fuel cells in planar design
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12-17-0-0 Sol-gel process for production of catalysts
and catalyst carriers

 13. Thermogradient energy

V. A. Khusnutdinov (Russia, Moscow, RAO UES of Russia) (IEB)

  14. Ice energy

A. M. Arkharov (Russia, Moscow, Bauman Moscow State Technical
University) (IEB)

14-1-0-0 Application of ice in energy. Glacial power
stations
14-2-0-0 Application of cold of permafrost for
thermostatic control of domestic and process structures
14-3-0-0 Physical and chemical properties of ice
D. M. Selina (Russia, Sarov, RFNC-VNIIEF) (IEB)

14-4-0-0 Thermal properties of ice
14-5-0-0 Thermodynamic basis for production and
application of ice
14-6-0-0 Equipment for ice testing
14-7-0-0 Facilities for ice production
S. I. Nefedkin (Russia, Moscow, Moscow energy institute (Technical
university)) (IEB)

14-8-0-0 Methods and machinery for ice emergent
break up for safety depth devices and over-land
vehicles undergoing disaster
O. V. Oreshkov (Russia, Sarov, RFNC-VNIIEF) (IEB)

14-9-0-0 Binary ice in science and technique
A. L. Gusev (Russia, Sarov, STC “TATA”)

14-10-0-0 Application of ice for construction of
engineering and technical, and architecture structures
14-11-0-0 Ice dynamics and strength. Embrittlement
dynamics. Experimental methods of ice breaking up
dynamic mechanics
14-12-0-0 Numerical and combined numerical and
experimental methods of ice breaking up dynamic
mechanics
14-13-0-0 Techniques for removing ice from water
reservoirs
14-14-0-0 Cold storage and application of ice energy
in homes and industry
14-15-0-0 Transport of icebergs and production of fresh
water for domestic and industry application

  15. Thermonuclear energy

A. A. Yukhimchuk (Russia, Sarov, RFNC-VNIIEF) (IEB)

15-1-0-0 Investigations on the controlled thermonu-
clear fusion
15-2-0-0 X-ray thermonuclear fusion
15-3-0-0 Beam fusion
15-4-0-0 Inertial fusion
15-5-0-0 Isotope effect
V. N. Lobanov (Russia, Sarov, RFNC-VNIIEF) (IEB)

15-6-0-0 Cryogenic tritium targets
15-7-0-0 High-pressure targets designed for research
of nuon catalysis processes in nuclear fusion
15-8-0-0 International project of thermonuclear fusion
reactor, ITER
15-9-0-0 Radiological protection and nuclear security
15-10-0-0 Production of radioisotopes and application
M. A. Kazaryan (Russia, Moscow, FIAN Lebedev Institute of Physics of RAS) (IEB)

15-11-0-0 Fuel cycle and ecology
15-12-0-0 Design, construction and maintenance of
nuclear research and power reactors
15-13-0-0 Production of components and materials required
for application in nuclear reactors and fuel cycles thereof
15-14-0-0 TOKAMAK systems
15-15-0-0 Auxiliary magnetocumulative systems

 16. Cryogenic and pneumatic vehicles

A. L. Gusev (Russia, Sarov, STC “TATA”)
G. G. Zhun’ (Ukraine, Khar’kov, Khar’kov Physical Technical
Institute) (IEAB)

16-1-0-0 Cryogenic nitrogen transport
I. N. Kudryavtsev (Ukraine, Khar’kov, Kharkiv State Automobile and
Highway Technical University) (IEB)
A. I. Pyatak (Ukraine, Khar’kov, Kharkiv State Automobile and Highway
Technical University) (IEB)

16-2-0-0 Inert gas-based cryogenic vehicles for haz-
ardous structures: fire engines, air port auxiliary vehicles,
fuel and lubricant storage, vehicles in dangerously
explosive chemical production
16-3-0-0 Pneumatic vehicles

 17. Basic problems of energy    
  and renewable energy

17-1-0-0 Electric energy storage
17-2-0-0 Superconductive materials. Superconductivi-
ty. Superconductivity of energy
17-3-0-0 New cycles and schemes for thermotrans-
formers
17-4-0-0 Problems of megapolise illumination

        18. Application of helium     
and special materials in vehicles

Yu. A. Ryjov, Academician RAS (Russia, Moscow, International
University of Engineering) (SEB)
A. L. Gusev (Russia, Sarov, STC “TATA”)

18-1-0-0 Airships to transfer large-sized cargoes
18-2-0-0 Airships to control states of emergency in
megapolises: car inspection, fire safety, terrorism com-
bat, technical and ecological state control of industrial
buildings and structures. Energy control (heat leak
control in buildings on a city’s scale)
18-3-0-0 Fire fighting airships, counteracting,  and po-
lice airships

       19. Juvenal hydrogen in geotectonics
and geochemistry processes

S. V. Digonskiy (Russia, Ekaterinburg, FGUP “Urangeologorazvedka”) (IEB)
V. L. Syvorotkin (Russia, Moscow, M. V. Lomonosov Moscow state
university) (IEB)

19-1-0-0 Role of hydrogen in chemical composition of
the universe
19-2-0-0 Diving forces in the evolution of Earth and planets
19-3-0-0 Hydrogen in the Earth’s core
19-4-0-0 Geology and geochemistry of natural gases in
deep fault areas
19-5-0-0 Transport of juvenal hydrogen through the Earth
stratum and formation of electrically charged zones
19-6-0-0 Natural synthesis of carbon-based substances
19-7-0-0 Deep degasifying of the Earth, global disasters
and anomalous phenomena

     20. On-board energy accumulators
N. V. Gulia (Russia, Moscow, Moscow State Industrial University) (IEB)

20-1-0-0 Thermal energy accumulators
20-1-1-0 Temperature above 273 K
20-1-2-0 Temperature below 273 K
20-1-3-0 Temperature below 77 K

20-2-0-0 Flywheel energy accumulators
20-3-0-0 Electrical energy accumulators
20-4-0-0 Spring energy accumulators
20-5-0-0 Compressed-air energy accumulators
20-6-0-0 Chemical energy accumulators

  21. Legislative basis for renewable
energy and ecology

P. B. Shelishch (Russia, Moscow, RF State Duma, President of National
Association of Hydrogen Energy) (IEAB)
V. V. Zorya (Russia, Sarov, Administration of Sarov) (IEAB)

21-1-0-0 Legislation basis for renewable energy in Russia
21-2-0-0 Legislation assurance for innovation devel-
opment of hydrogen energy
21-3-0-0 Legislation basis for renewable energy in CIS
21-4-0-0 Legislation basis for ecology
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Ìåæäóíàðîäíûé íàó÷íûé æóðíàë
«Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ»

Ïîäïèñàíî â ïå÷àòü 12.07.2007 ã.
Ôîðìàò 60×84/8    Óñë. ïå÷. ë. ~31,1   Ó÷.-èçä. ë. ~29,0    Òèðàæ 1500 ýêç.
Îòïå÷àòàíî â òèïîãðàôèè ÎÎÎ ÍÒÖ «ÒÀÒÀ» ã. Ñàðîâ Íèæåãîðîäñêîé îáë.

Öåíà äîãîâîðíàÿ

Æóðíàë âêëþ÷åí â êàòàëîã «Ðîñïå÷àòü» (èíäåêñ 10337
«Àëüòåðíàòèâíàÿ ýíåðãåòèêà è ýêîëîãèÿ») è Îáúåäè-
íåííûé êàòàëîã «Ïðåññà Ðîññèè. Ðîññèéñêèå è çàðóáåæ-
íûå ãàçåòû è æóðíàëû» (èíäåêñ 41935 «Àëüòåðíàòèâ-
íàÿ ýíåðãåòèêà è ýêîëîãèÿ»).

 22. Economical aspects of renewable energy

22-1-0-0 Investment attractiveness of various coun-
tries and companies in renewable energy
22-2-0-0 Resources of conventional energy sources in
exporting countries and world resources
22-3-0-0 National scientific and technological pro-
grammes of the development of hydrogen economy
22-4-0-0 Economical analisys in renewable energy
V. A. Khusnutdinov (Russia, Moscow, RAO UES of Russia) (IEB)

22-5-0-0 Business-planning in renewable energy
A. A. Chugunnikov (Russia, Sarov, STC “TATA”)

 23. Alternative energy and ecology

O. L. Figovsky (Israel, Migdal Ha’Emek, Israel Research Center
Polymate) (IEB)

23-1-0-0 Greenhouse gas effect. News of Inter-gov-
ernmental Commission on climate change (IPCC)
I. L. Leites (Russia, Moscow, D. I. Mendeleev University of Chemical
Technology of Russia) (IEB)

23-2-0-0 Ecological problems of industrial megapolises
23-3-0-0 Ecology of air atmosphere and space
23-4-0-0 Ecology of water resources
23-5-0-0 Problems of unhealthy atmospheric emissions
by heat-electric generating plants
23-6-0-0 Problems of groung pollution by energy carriers
23-7-0-0 Ecological tourism
S.P.Malyshenko (Russia, Moscow, Institute for High Temperatures RAS) (IEB)

23-8-0-0 Problems of factory and domestic waste
utilization

 24. Papers of post-graduate students

I. V. Gubenok (Russia, Sarov, STC “TATA”)
V. V. Manin (Russia, Moscow, Federal Agency for Education and Scien-
ces of RF) (IEB)

  25. Education and scientific research
       centres in renewable energy

Yu. I. Reutov (Russia, Khanty-Mansiisk, Yugra State University) (IEB)
N. A. Volkova (Russia, Sarov, RFNC-VNIIEF) (IEAB)
L. A. Il’kaeva (Russia, Sarov, RFNC-VNIIEF) (IEAB)

A. A. Evdokimov  (Russia, Moscow, MIREA) (IEB)
V. V. Manin (Russia, Moscow, Federal Agency for Education and Scien-
ces of RF) (IEB)
A. V. Prokopiev (Russia, Khanty-Mansiisk, Yugra State University) (IEB)
B. F. Reutov (Russia, Moscow, Federal Agency for Education and Sciences
of RF) (IEB)
I. I. Smirnov (Russia, Khanty-Mansiisk, Department of Science and
Investment) (IEB)
A. V. Chuvikovskiy (Russia, Sarov, RFNC-VNIIEF) (IEB)

Yu. P. Shcherbak (Russia, Sarov, Sarov Physicotechnical Institute) (IEB)

25-1-0-0 Educational programmes in hydrogen
economy
25-2-0-0 Hydrogen trading estates and science and
research cities
J.-P. Contzen (Belgium, von Karman Institute for Fluid Dynamics) (SEB)

25-3-0-0 Young people in alternative energy and
ecology science and technology

    26. Philosophy of alternative energy
                      and ecology
S. P. Kapitsa (Russia, Moscow, State Research Institute of Physical
Problems) (IEB)
D. V. Mil’chenko (Russia, Sarov, IFV RFNC-VNIIEF) (IEB)

  27. Information on renewable energy

A. I. Salikov (Russia, Moscow, CNIIATOMINFORM) (IEAB)
E. M. Tararaeva (Russia, Moscow, CNIIATOMINFORM) (IEAB)

V. V. Shinkarenko (Russia, Moscow, MIREA) (IEB)
E. A. Goodilin, Member Corresponding RAS (Russia, Moscow, FMS MSU) (SEB)

T. N. Kondirina (Russia, Sarov, STC “TATA”)

27-1-0-0 Activities of international associations
27-2-0-0 Review of periodicals
27-3-0-0 Review of leading internet-resources
27-4-0-0 Prominent scientists’ biographies
27-5-0-0 Scientific funds and scientific projects
27-6-0-0 Information on the International Scientific
Journal for Alternative Energy and Ecology
27-7-0-0 International scientific conferences
27-8-0-0 Advertising matters of investment companies
and manufacturers
27-9-0-0 Review of new scientific books
27-10-0-0 Review of new patents
27-11-0-0 Encyclopedia of renewable energy. Terms
and definitions

Abbreviation
HECH — Honorable Editor-in-Chiefs
SEB — Scientific Editorial Board
DECH — Deputy Editor-in-Chiefs
IEB — International Editorial Board
IEAB — International Editorial Advisory Board
EB — Experts Board
IRB — International Reviewers Board
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LEWIS FREDERICK  ALASTAIR PH. D. M.R.I.A.

Died May 22, 2007, at home, loved husband of Eileen (Nee Giff), father of Ann, Rory, Ian, Zoe
and loving grandfather. Funeral Service in St. Patrick’s Parish Church, Drumbeg on Monday 28th
May, 2007 at 11.30 a.m. Interment afterwards in the adjoining churchyard. House private. Family
flowers only please. Donations in lieu, if desired, to Macmillan Nurses, c/o Norman McBriar,
Funeral Director, 33a Main Street, Saintfield, BT24 7AB. Lovingly remembered by all the family.

Professor F. A. Lewis was the most active member of Editorial scientific committee of the Editorial
board of the International scientific journal for Alternative Energy and Ecology — ISJAEE since 2000.

He actively participated in many international scientific actions of Journal ISJAEE.
He actively developed journal and propagandized its activity all over the world.
He all life conducted a way of life active and useful to the world. All employees of journal ISJAEE

love his. His life is full of heroism scientific and civil. He was ship’s boy of the Navies of the Great
Britain and was at war with fascism in structure of escort PQ within the Second World war. He has
remained in our memory as the big scientist, the present devoted friend, and the real hero of our time.
We transfer the most sincere and kind words to its wife, its children and friends. We transfer the
condolence to relatives, friends and relatives of Dr. Frederick Lewis. Light and kind memory of it will
for ever be kept in our hearts.

Editor-in-chief ISJAEE – A. L. Gusev, Honorable Editor-in-chief – academician Ju. A. Trutnev,
associate editors of ISJAEE, readers and authors of journal

Dr. Frederick A. LEWIS
School of Chemistry, The Queen’s University of Belfast, Belfast BT9 5AG

Northern Ireland, U.K.

Dr. Frederick Alastair Lewis was born in Belfast in 1926. After military
service over 1944–1947, Lewis studied at Queen’s University Belfast for
primary degrees of B.Sc and Ph.D under research direction of Professor
A.R.J.P. Ubbelohde F.R.S. over 1950–1954. Over 1954–1956 he accompa-
nied Ubbelohde to Imperial College London. They subsequently collaborated
in publication of “Graphite and Its Crystal Compounds”, A.R. Ubbelohde and
F.A. Lewis, Oxford University Press 1960.

In 1956 Lewis returned to Queen’s University as lecturer and then Read-
er in Inorganic Chemistry. Research continued from 1950 on Metal Hydro-
gen Systems including publication of “The Palladium–Hydrogen Systems”

Academic Press 1969.At present Dr. Lewis holds publications committee membership of “Defect and
Diffusion Data” and of the “International Journal of Hydrogen Energy”.

The Second International Symposium on Safety and Economy of Hydrogen Transport was held in
Sarov from August 17 to August 22, 2003.

Dr. Frederick Lewis in Russia (in Sarov, Nizhniy Novgorod region)


