MHUKPOCTPYKTYPbI HOBbBIX
OYHKIINOHAJBHBIX MATEPHUAJIOB
Boinyck 1.
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HAHOTPYBKM

OnauM u3 Ba)KHEUIIINX TUIIOB
HaHOMaTepHaJIoB SBIISIFOTCS HaHOTPYOKH
(manoTyOynenb1). CaMble pacnpOCTpaHCHHBIC W
W3yYeHHbIE YTJIEPOJHbIE HAHOTPYOKH OBbLIH
OTKpBITEl B Jabopatopusx kommanun NEC
(SImonmst) mpu  pacnbuieHWH — rpaduTra B

BJIEKTPUYECKOU JyTE.

CreHKa peakTopa
NpoAykT ¢ OHT i—Cama M OHT

Karop

3nekTpogyra

. AHop
Oenosut Karanuzatop

Kiaaccuyeckasi Meroauka mnosydeHHst
yIJIepOAHbIX HAHOTPYOOK

IIppy »>TOM C [OMOWLIBIO  BIIEKTPOHHOU
MHUKPOCKONIMK  OBITM  OOHApPY>KEHBI HUTH C
JIMaMETPOM HECKOJIbKO HaHOMETPOB, a UX JJINHA
COCTaBJIAJa OT OAHOIO A0 HECKOJbKUX MHKpPOH.
Hanotpyoku B 50-100 TBIC. pa3 ToHBIIE
YeJI0BEYECKOro BoJjioca. HaHOTPYOKH COCTOSIIH
U3 OJIHOTO WJIM HECKOJBKHX CIIOEB, KaXKABIH W3
KOTOPBIX TPENCTaBIIsAT COOOM TeKcaroHaJIbHYIO
ceTky rpaduta. KoHiel TpyOOK OBLIM 3aKPBITHI
nosychepruuecKkumu KpBILIEYKaMH,

a {n.m) = (10,5)

COCTaBJIE€HHBIMU U3  UIECTUYTOJIbHUKOB H
MSATUYTOJILHUKOB. OTkpbiTHE  HAHOTPYOOK
BBI3BAJIO OOJIBIION MHTEpPEC y WCCIICOBATENICH,
3aHUMAIONIUXCSI  CO3JaHHEM  MaTepUANOB  C
HEOOBIYHBIMH CBOHCTBAMHU.

Oxkono 20 mer Ha3aj BBIIEN B CBET POMaH
M3BECTHOTO aMEpPUKAHCKOIo MucaTensi-(haHTacTa
Aptypa Knapka «®oHTaHbl pas», TA€ ObLI
ONMCaH «KOCMHYECKUH mH(T» — YCTPOHCTBO,
KOTOpOE  CBSI3BIBACT  NPOYHBIM  Kabenem
KOCMUYECKHI  KopaOllb, HaXOAAIIUUCS  Ha
reoCTal[MOHApHOW OpOHTe, C TMOBEPXHOCTHIO
3eMiIi U TOMOTaeT JOCTaBIsATh Ha OpOUTY
Tpy3bl. Martepuanom baHTacTUYECKOTO
MOJBEMHUKA CIIY>)KMJIO HE CYIIECTBOBAaBIIEE JI0
CUX TMOp alMa3onoJo0HOe BOJIOKHO. B
HacTosiee BpeMms  fACHO, uTO Haubojee
BEPOSATHBIN KaHAMIAT HA POJb MaTepuana Jyis
TaKOro  CBEPX/UIMHHOIO U CBEPXIPOYHOTO
kabens — 93T0 Oe3nmedeKTHhIE OTHOCIOWHBIE
HaHOTpyOKH. «Hanokabenp» oT 3emnu 10 JIyHbI
U3 OJWHOYHOH TpPyOKM MOXHO ObUTIO OBI
HAMOTaTh Ha KATYIIKy pa3MEpoOM C MaKOBOE
3epHBIIKO. [lo cBoelt MpPOYHOCTH HAHOTPYOKH
npeBocxoaaT ctanb B 50-100 pa3 mpu B 1miecTh
pa3 MeHbIIeH TIOTHOCTH. TpyOKH SIBISIOTCS HE
TOJIBKO MPOYHBIMH, HO W THOKWUMH, HAIIOMHUHAsS
[0 CBOEMY IIOBEJICHHMIO MKECTKUE PE3UHOBHIC
TpyOku. Huth amamerpom 1 mm, coctosias u3
HaHOTPYOOK, Moruyia Obl BelIepkath Tpy3 B 20 T,
YTO B HECKOJIBKO COTEH MUJUTHAPAOB pa3 OoJbIIe
ee COOCTBEHHOM MacChl.

OO0menpuHATHIC MOAEIH CTPOCHUSI HAHOTPYOOK M (pyJLIepEeHOB



CpaBHeHHe pa3MepOB MHOTOCTEHHbIX HAHOTPYOOK M JiidesieBoii OalIHu

HaHoTpyOKku — wuaeaybHBIN MaTepHan st
0€30MacHOr0 XpaHEeHUs ra3oB BO BHYTPEHHHX
nmosioctsix. Ha 500 kM mpoGera aBTOMOOWIIS
TpeOyercsi Bcero okoio 3 kr Hy; 3amonHsATh
«OeH300aK» ¢ HAHOTPYOKaMU MOKHO OBLIO OBl
CTallMOHAPHO IIOJ] JaBJICHUEM, a W3BJICKATh
TOILIMBO HEOOJBIINM  TTOJIOTPEBAHHEM
«Oen3obaka». CpocTkM HAHOTPYOOK ynaeTcs
3aMoNTHATH JIATHEM, T[IOJIydass MaTepuay JUIst
OJTHOTO U3 DJIEKTPOJOB BHICOKOEMKHX JINTHEBBIX
HWCTOYHHUKOB TOKa. BTOpoH »3neKkTpony MOXxer
ObITh  W3TOTOBJIEH M3  (PTOPUPOBAHHBIX
HAHOTPYOOK. Maibslii pazMep HaHOTPYOOK, HX
BBICOKAs IIPOYHOCTh U THOKOCTH, COYETAIOLIHECS
C OJEKTPONPOBOJHOCTHIO, MOTYT TIPUBECTH K
CO3JIAaHHUIO «IIIYTIOB» TYHHEIHHOTO MHKPOCKOIIA.
VYriepoaHbie HAHOTPYOKH B 3aBUCHMOCTH OT HX
crpoeHuss (Wi Jedopmanuu) MOTYT HMETh
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CBOMCTBA MO0 MeTasuia, MO0 MOITyIPOBOJHHKA.
MeuTta 0 MOJEKYJSPHOM 3JIEKTpOHUKE Hayaja
OCYILECTBIJIATHCS, KOTAAa YJAJloCh HCIIOJIb30BaTh
HaHOTPYOKH IS CO3/1aHus II0JIEBOTO
TpaH3HUCTOpa OCHOBHOTO DIIEMEHTa
AJIEKTPOHHBIX cXeM. Jluox — ycTpoiictBo ¢ N-p-
NEPEeX070M — MOXKHO CJIeJIaTh, IPOCTO COCTUHHB
MEXIy co00il JBe HAaHOTPYOKHM pa3IUYHOM
reomerpun. C HCTHOIB30BaHUEM HAHOTPYOOK
U3rOTOBIICHBI HOBBIE JJIEMEHTHI s
KOMIIBIOTEPOB. OTHU 3JIEMEHTHl O00ECIEeUNBAIOT
CHIDKEHHE Pa3MepOB YCTPOMCTB M0 CPaBHEHHUIO C
KPEMHHUEBBIMM  Ha  HECKOJBKO  TOPSIKOB.
HanoTpyOku Bckope cTaHyT paboTaTh Kak
OMUTTEPHI  ANMEKTPOHOB. «Jlec» HaHOTPYOOK
uaeaqbHO MOAXOAUT B KauecTBe Marepuasa
MOJICBOTO KAaTO/[a IMJIOCKUX TUCTIICEB.

HanoryOyasippas ¢opma V,05
MOBEPXHOCTHO-AaKTHBHBIM BeIllECTBOM.

mocJje

THAPOTEePMAJIbHONL  00padoTKM ¢



CTpyKTypa rajoreH-3aMenieHHOro
¢dyaaepena (oHa U3 MOJICIICH,
Npe/JIOKEHHAsI MATUCTPAHTAMU U
acriupantamu @HM MI'Y B pamkax
BBINOJIHEHUS pa0OT IO UCCIICIOBAHUIO
CTPYKTYPBbI, TEPMOIMHAMHYCCKUX
CBOWCTB M OMOJIOrMYECKON aKTUBHOCTH
GbysepeHoB)

B nocnennee Bpemst Bce OONbLINIA WHTEpeEC
BBI3BIBAIOT ~ HCCJIEOBAHUS  HAHOTYOYJSIPHBIX
CTPYKTYp Ha OCHOBE OKCHIOB 3d-3JIEMEHTOB, B
YaCTHOCTH, Ha OCHOBE OKCHAA BaHAIUI —
YHUKaJIbHOI'O BEIIECTBA, OJHOIO M3 HEMHOI'HMX
HEOpPraHUYECKUX OKCH/JIOB, 00pa3yronmx
JIMOTPOIIHBIE JKUJKOKPUCTAJUIMYECKUE CUCTEMBI,
B KOTOPBIX MaJaYKOBUJHBIE YACTHUIIBI HUMEIOT
BBICOKYIO  CTE€NEHb  YIHOPSNOYEHUS  BJOJIb
akcuajgpHOM ocu. IIpu BBICBIXaHUHM TaKOro
KOJUIOMIHOTO pacTBopa 00pa3yroTcsi KCeporeiu
C  YaCTMYHO  YHOPSJAOYEHHOW  CIOHMCTOM
CTPYKTYpO#, KOTOpBIE YK€ CceHyac HaxoAsT
IIMPOKOE MPUMEHEHHE B Pa3IUYHBIX 00JIACTAX
HAayKU ¥ TeXHUKU. B mocnegHue roapl OONbIION
HHTEpec MIPOSIBISAETCS K TUOPUIHBIM
MaTepuagaM Ha OCHOBE OKCHJA BaHAIUs B CBS3U
C MX NOTEHUHUAIbHBIM IPUMEHEHUEM B KaueCTBE
KaTaJUTHYECKHUX, CEHCOPHBIX U
3JEKTPOXUMHUUYECKUX  cucteM. OaHumu U3
Hauboee MEePCIEKTUBHBIX IPOU3BOAHBIX
okcugoB Bamagus (V) wu (V) sBasrorcs
HaHOTPYOKH - THOpUTHBIE HEOpraHo-
OpraHUYecKue MaTepHalbl, coJieprKaliue

MOJIEKYJIApHBIM  TemiuiaT. X wuccinenoBanue
IIPUBEJIO K pa3BUTHIO HOBOIO HaIlpaBJICHUSA
XMMHMH MaTepUaJIOB HA OCHOBE OKCUIOB BaHaIWsA
U CYILIECTBEHHOMY IOBBIIICHUIO HHTEPECA K dTOU
cucreMe.  OcHOBHbIE  pabOTBI B 3TOM
HaIpaBJICHUU CBSI3aHbI c MONBITKaMU
UHTEpKAJIALIUA B CTPYKTYypy  BaHaJIuii-
KHCIIOPOJIHBIX HAHOTPYOOK pa3IMyYHBIX
OPraHMYECKUX NPOM3BOAHBIX, B TOM YHUCIE
IIPOBOSIINX IIOJIUMEPOB, a TaKKe
HEOPraHNYECKUX KaTHOHOB C LEJIbI0 pa3pabOTKU
IIPOTOTUIIOB ~ BTOPUYHBIX HCTOYHUKOB TOKa
HOBOTO TIOKOJICHHUS, OO0JIAAAIOIUX PEKOPAHOM
yAenbHOH  emKocThio. HaHoTpyOkMm —oxcuua
BaHAJUs BCEra SIBISAIOTCS MHOTOCTEHHBIMHM, YTO
CBSI3aHO C OCOOEHHOCTBIO  IIpolecca  HUX
(bopMHpOBaHHUS. Hanpumep, IIPOIYKT
THIPOTEPMAIbHOW 00pabOTKM CMecH OKCHza
BaHaIUsl C  JJIMHHOLEIOYEYHBIM  aMUHOM
npeacTasisieTr coboil ckpyuennsie V — O — cion,
KOTOpBIE OYEHb YaCTO OCTAIOTCS HE3AMKHYTHIMHU.
®dopma CEUCHMI TaKUX o0OpazoBaHMit
aCMMMETPUYHA, PACCTOSHUSA MEKIY COCEIHHMH
CIIOSIMU MOTYT JIOCTaTOYHO CUJIBHO
BapbUPOBATHCS, OOBIYHO  YBEIMYHMBAsCH  OT
BHYTPEHHEH K BHEIIHEH CcTeHke. Mogaenu
CTpOCHHS CTEHOK VOy-HaHOTpYyOOK
IIPEICTABIISIIOT UX KaK JBa CJIOS TETParoHaJIbHbIX
nupamug VOs, OpHECHTUPOBAHHBIX BEPITMHAMU B
IIPOTUBOMOJIOXKHBIE CTOPOHBI, KOTOpBIE
COEMHEHBl Mexay coboi Terparapamu VOa.
Bce pocTynHble Ha CErONHSALIHWM JE€Hb THUIIBI

HaHOTpyOOK VOyx couetatoT B cebe Kak
KOHLICHTPUYECKU 3aMKHYTHIE, TaK u
3aKpy4HBaIOIINECS HarooOue CBHTKA
aneMeHThl.  OAuHOYHBIA  cimol  oOpasyer

BHYTPEHHIOIO YacCTh TPYyOKH, TOTAa KaK BHELIHSA
MOBEPXHOCTh OOBIYHO MEPEXOAMUT B 3aBUTOK M3
IBYX CIJIOEB, MEXKIYy KOTOPBIMU HaxXOIATCs
MOJIEKYJIBI OPraHUYECKUX BELIECTB.

a.x.H. EA.T'ynunun,
acn. A.B.I'puropnesa,
ct. JI.M.UTKNC,
rpynna (pyHKuMoHaJbLHbIX MATEPHAJIOB
acn. M.B.Yepubiniena,
K.X.H. A.A.Eaucees,
rpynmna HaHOMaTepHaJIoB
J.B.IlepsIkos, A.B.I'puropnesa,
JI.A.Cemenenko, E.A.l'younun, B.B.Bonkos,
K.A.lem6o0, 0. /1. TpeTnsikoB, Biustaue
MPEABICTOPUH  TIOJIYYEHUSI Ha  yIOPSIOYCHHE
CTPYKTYPHBIX 3JIEMEHTOB Kceporenen
HegHT%KCI/II[a Bananus, JJAH, 2006, 1.406, u.1,
c.9-13.



«IIpokpycroBo  Jio:xke».  Muxkpodororpapusi  OJHOCTEHHOW  YIJIEPOAHOM
HAHOTPYOKH, 3aNMOJHEHHOH «HaHOKpHUcTaIom» Cul, m runorernyeckass Mojaeib
CTPYKTYPbI OJHOMepHOro HaHokpuctadia Cul mpm ®=0° (npocseuusarowas
NIEKMPOHHASL MUKPOCKORUSL 6blCOK020 paspewierusi). CUHTE3 HaHOTPYOOK BBIMOJHCH
A.B. Kpecrununubim (UIIX® PAH); cuHTe3 HaHOKOMIO3WTa oOcyiiecTBieH M.B.
YepubieBoit, A.A. EmuceeoiM u A.B. Jlykammuaeim (PHM MI'Y), uzobpaxkenue
nonyyero H.A. Kucenessim (MK PAH) u J.L. Hutchison (University of Oxford) na
npubope JEM 3000EX B Oxcdopae; moaens paspadorana P.M. 3akamrokuubsiM (MK
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«MyMus KUJIKOT0 KPUCTANIa». MUKPOCTPYKTYPA IUIEHKH KCEPOreJisi IEeHTOKCHIAa
BaHA/IMsl, CHHTE3UPOBAHHOTO MIPOITYCKaHWEM BOJHOI'O PacTBOpA METaBaHaIaTa
aMMOHHUS Yyepe3 KaTHOH-00MeHHYI0 cMoiy B H-dbopme (BBepXy), ruaponuszom 3dupa
Banamuna VO(C4Hg 0); (BHH3Y) U BEICYIIMBaHHEM HPH KOMHATHOM TeMIIEpaType.

EHT = 500Kk Signal A = InLens MELI HEMS
WD= Smm Phato Mo, = 8651 Cate 110 Feob 2005

EHT = 5.00 kv
WD= 4 mm




Bricokas cTerneHp yrmopsiioueHus B IMIICHKAX, TOMYYCHHBIX KOHACHCAITNEH B BOJHBIX
pacTBOpax, CBs3aHA C TEM, YTO MPU TMOJKUCICHHH PACTBOPOB BAaHAIWNA CTAHOBUTCS
IECTHKOOPANHUPOBAHHBIM, MPH TOM OJIHA M3 MOJICKYJI BOJBI HAaXOJUTCS HAMPOTHB
KOpOTKOM ABoiHOM cBs3u V=0. BcneacrBue 3TOro poct Ieneil MNpoUCXOIUT
NPEUMYIIECTBEHHO B TUIOCKOCTH AKBUBajIeHTHBIX OH-rpynm. Ha moBepxHOCTH TIIICHOK
BUJIHBl YaCTHYHO YMOPSAJIOYEHHBIE YJUIMHEHHBIC, CHJIBHO aHU30TPOITHBIC YaCTHIIBI,
OnmM3KkMe 1O pa3MepaMm ‘‘JIeHTamM” Telsd OKCHAAa BaHaius. MexaHu3M THIpOoJIH3a
ankokcuaoB BaHaausA(V) cBs3aH ¢ 00pa30BaHHWEM Pa3BETBICHHOM «CETH», COCTOSIICH
U3 OJINTOMEPOB OKCHA BaHAIHS ¢ OOJIBITUM KOJIMYECTBOM aJIKOKCHUIHBIX TpyIi. Takue
IJICHKH 00pa30BaHbl Xa0TUYECKHU NIEPEyTaHHBIMU HUTCBUIHBIMU YaCTHIIAMH.

«HanoTpyOuaTble Janmbl BaHAAUM - OKCHIHOW COPOKOHO:XXKH». HccienoBanue
HaHOTPYOOK okcuaa Banaaus (BHT) ¢ nomMombio mpocBeYnBamwieii Y1eKTPOHHOM
mukpockonuu. Ha wmukpodororpadusx IIOM BHT BumnHa crioucras CTpyKTypa.
TemubIM TUHUAM cOOTBETCTBYIOT V-0 —CJI0H, CBETIIBIM — MEXKCIIOEBBIE IPOCTPAHCTBA.
B nenTpe HaHOTPYOKM MMeeTCs y3Kasi OJIOCTh JUaMETPOM OKOJIO 25 HM.




«[IpaBasi» cTOpOHa CTEHKHM TPYOKHM Ha MuUKpodoTorpaduu oOpa3oBaHA CIIOSMH,
pacoOI0KEHHBIMI HA OJMHAKOBBIX DACCTOSIHUSAX, COOTBETCTBYIOIUX 2 — 3 HM.
ITporuBononoxuass crenka BHT (Ha pucynke cieBa) oOpasoBana ciosmu V-0,
pacCTOSIHUASL MEXAYy KOTOPBIMH B HECKOJBKO pa3 OoJibllie, YeM B IIEPBOM ClIydae.
TonmuHa «mpaBoit» CTeHKH HAaHOTPYOKHU cocTaBisieT okoio 400 HM.

Mag= 7000 KX 200nm EHT = 10.00 kV Signal A = InLens M3UHSMS
WD= 3mm Photo Mo. =8681 Date :20 May 2005

Otnensupie  BHT  oOpasyror  arperatbl  («KryThI»)  OOJBIIOTO  JAHAMETpa.
['eomerprueckue pasmepbl (IaMHA, TOJINKMHA), CTPYKTypa (KOJIMYECTBO CIIOEB,
MEKIUIOCKOCTHBIC PACCTOSIHHMS, TOJIIIMHA CTCHOK M BHYTPEHHHH JHAMETP) OTACIbHBIX
BHT B Takoii cBsi3keé MOTYT OBITh Pa3jMYHbBI, YTO CBSI3aHO CO CJIOKHOW MHPHUPOIOU
B3aMMOJICHCTBUM ITPU TUAPOTEPMAIILHOM CHHTE3E.
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M3naHne OCyImeCTBICHO MPHU NOICPKKE
HaI[MOHAJILHOM MporpaMMbl «O0Opa3zoBaHUE
1 Poccurickon Akagemnun Hayk




