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--"#"(1"

(?=@A;B=@C@D>> – ^(" "%+" 2- <.S0*)3? +&6'&).*+2M '&-)2-

(28 #")'*;*++3? 6'";34.*++"#(2 2 ",O*#()&, 6$(/ < $6'&).8*-
;";$ #2+(*-$ ;".*<$.8'+3? #('$<($', 6'2-)&++3M ",*#6*02(/ 

6".$0*+2* ",[*<(") .S,"5" +&-+&0*+28 +* 2- ",30+3? #3'/*-
)3? '*#$'#"), & +*6"#'*%#()*++" 2- &(";") 2 ;".*<$. # 6";"O/S 

;&42+-#,"'O2<"), ","'$%")&++3? #2#(*;&;2 2#<$##()*++"5" 

2+(*..*<(&. 

G" 6'"5+"-&; $0*+3?, +&+"(*?+"."522 ) XXI )*<* 6'"2-)*%$( 
(&<$S 1* '*)".SQ2S ) ;&+26$.2'")&+22 ;&(*'2*M, <&<$S ) XX 

6'"2-)*.2 <";6/S(*'3 ) ;&+26$.2'")&+22 2+7"';&Q2*M, & 

2? '&-)2(2* 2-;*+2( 12-+/ 0*.")*0*#()& ,"./4*, 0*; "#)"*+2* 
62#/;*++"#(2, 6&'")"M ;&42+3 2.2 ^.*<('20*#()&.

P&-'&,"(<&;2 ) #7*'* +&+"(*?+"."52M -&+2;&*(#8 +")&8 ;*1-

%2#Q26.2+&'+&8 ",.&#(/ – %3%&%3193, "%+2; 2- +&6'&).*+2M <"("-

'"M 8).8*(#8 %3%&8)4)7. D&+"?2;28 )"-+2<.& +& #(3<* )*<"), <"5-
%& <&-&."#/, 0(" ) ?2;22 $1* )#* "(<'3(", )#* 6"+8(+" 2 "#(&*(#8 

("./<" 2#6"./-")&(/ +& ,.&5" ",O*#()& 6'2",'*(*++3* -+&+28.

K2;2<2 )#*5%& -+&.2 2 ?"'"4" 6"+2;&.2 -+&0*+2* &(";") 
2 ;".*<$. <&< "#+")+3? «<2'6202<")» "5'";+"5" ?2;20*#<"5" 

7$+%&;*+(&. C (" 1* )'*;8 '&-)2(2* +")3? ;*("%") 2##.*%")&-

+28, (&<2? <&< ^.*<('"++&8 ;2<'"#<"628, )3#"<"#*.*<(2)+&8 

;&##-#6*<('"#<"628, ) #"0*(&+22 #" #6*Q2&./+3;2 ;*("%&;2 

6'25"(").*+28 ",'&-Q") 6"-)".2." 6".$0&(/ 2+7"';&Q2S " 0&-

#(2Q&?, #"%*'1&O2? +*,"./4"*, ;*+** #"(+2, <".20*#()" &(";"). 
N 6"%",+3? 0&#(2Q '&-;*'"; "<"." 1 +; (10-9 ; – ^(" )#*5" .24/ 
;2..2;*(', 6"%*.*++3M +& ;2..2"+) ",+&'$1*+3 +*",30+3*, 
('$%+"6'*%#<&-$*;3* ?2;20*#<2* #)"M#()&. H<&-&."#/, 0(" (&<2* 
+&+"0&#(2Q3, <&< <.&#(*'3, ",.&%&S( )3#"<"M &<(2)+"#(/S, 2 # 
+2;2 ) 42'"<"; 2+(*')&.* (*;6*'&($' )"-;"1+" "#$O*#().*-
+2* '*&<Q2M, <"("'3* +* 2%$( # 0&#(2Q&;2 ;&<'"#<"620*#<"5" 

'&-;*'&. A-$0*+2*; ?2;20*#<2? #)"M#() (&<2? 0&#(2Q 2 -&+2;&-

*(#8 +&+"?2;28.
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*C?:? 1. ),()-(7" )/O"5+7 1 .)(4+14 
(%()+"8()&)*11. (%()81E14

(?=@A;B=@C@D>9 – ^(" +")&8 ;*1%2#Q26.2+&'+&8 ",.&#(/ 
+&$<2, <"("'&8 -&+2;&*(#8 #"-%&+2*;, 6'"2-)"%#()"; 2 6'2;*-
+*+2*; #('$<($', $#('"M#() 2 #2#(*;, '&-;*'3 2 7"';3 <"("'3? 

<"+('".2'$S(#8 ) +&+";*('")"M ",.&#(2.

A%*8 +&+"(*?+"."522 6'2+&%.*12( .&$'*&($ D",*.*)# <"M 

6'*;22 6" 72-2<* P. ]*M+;&+$ (1965 5.), <"("'3M *O_ ) 1959 5. 
6'*%#<&-&., 0(" <";6/S(*'3 ,$%$O*5" ,$%$( +&#("./<" ;&.3, 

0(" #;"5$( ;&+26$.2'")&(/ "(%*./+3;2 &(";&;2. 

C <&0*#()* #&;"#("8(*./+"M %2#Q26.2+3 +&+"+&$<& )3%*.2-

.&#/ ("./<" ) 6"#.*%+2* 10 .*(. A##.*%")&+2*; +&+"#('$<($' 

-&+2;&S(#8 ;+"52* <.&##20*#<2* +&$0+3* %2#Q26.2+3. D&+"-

?2;28 #'*%2 +2? -&+2;&*( "%+" 2- )*%$O2? ;*#(. H+& "(<'3)&-

*( 6'&<(20*#<2 +*"5'&+20*++3* )"-;"1+"#(2 %.8 '&-'&,"(<2, 

6".$0*+28 2 2##.*%")&+28 +")3? +&+";&(*'2&.") # -&%&++3;2 

#)"M#()&;2. B&(*'2&.3, 6".$0*++3* # 2#6"./-")&+2*; %"#(21*-
+2M +&+"?2;22, +*'*%<" 6'*)"#?"%8( 6" <&0*#()$ 6'2'"%+3*.
G" ;+*+2S ,"./42+#()& ^<#6*'("), +&+"(*?+"."528 8).8*(-

#8 "#+")"M ^<"+";2<2 XXI )*<&, ,&-2'$SO*M#8 +& -+&+28?, & +* 
("./<" +& 2#6"./-")&+22 6'2'"%+3? '*#$'#") 2.2 2? 6*'*'&-

,"(<*. G'",.*;& 6".$0*+28 +&+";&(*'2&.") # -&%&++3;2 #)"M-

#()&;2 6'2).*<&*( )#* ,"./4** )+2;&+2* #6*Q2&.2#(") ) ",.&-

#(2 ;*%2Q2+3, ^.*<('"+2<2, ?2;20*#<"M 2 +*7(*?2;20*#<"M 

6'";34.*++"#(2, ;&(*'2&.")*%*+28, ^<"."522, +")3? ;*("%") 
?2;20*#<"M 2 ,2"."520*#<"M -&O2(3 '&#(*+2M 2 %'. C" ;+"52? 

",.&#(8? 6'";34.*++"5" 6'"2-)"%#()& (^.*<('"+2<&, "6(2<&, 

<"#;*(20*#<&8 6'";34.*++"#(/, 7&';&<"."528, ;&(*'2&.")*%*-
+2*) $1* #*5"%+8 +&+"(*?+"."522 -&+2;&S( )*%$O2* 6"-2Q22. 

C ,.21&M4** )'*;8 "+2 #(&+$( #"#(&)+"M 0&#(/S +&4*M 6")#*%-

+*)+"M 12-+2.
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1.1. )N=@:=K; P@=9A>9 =?=@A;B=@C@D>>

F$O+"#(/ +&+"(*?+"."522 #"#("2( ) (";, 0(" "+& 6"-)".8*( 
^<#6*'2;*+(&("'$ '&,"(&(/ +& &(";+";, ;".*<$.8'+"; 2 #$6'&-

;".*<$.8'+"; $'")+*, (&< <&< #('$<($'+3* ^.*;*+(3, 2- <"("-

'3? #"#("8( +&+";&(*'2&.3, 2;*S( "0*+/ ;&.3M '&-;*'. G'2 

^("; $%&*(#8 #"-%&(/ ;&(*'2&.3 # +")3;2 72-20*#<2;2 2 ?2;2-

0*#<2;2 #)"M#()&;2 2 7$+<Q2"+&./+3;2 )"-;"1+"#(8;2.

: ",[*<(&; +&+";*('")3? '&-;*'") "(+"#8(#8 +&+"0&#(2Q3, 

%)$;*'+3* ("+<2* 6.*+<2, <'2#(&..3 %.8 "6(2<2, $5.*'"%+3* 
;&(*'2&.3 (+&+"('$,<2, +&+")"."<+&, 7$..*'*+3). 

D&+"'&-;*'+3* ",[*<(3 -&+2;&S( 6'";*1$("0+"* 6"."1*-
+2* ;*1%$ ",[*;+3;2 ;&(*'2&.&;2, # "%+"M #("'"+3, 2 &(";&-

;2 2 ;".*<$.&;2 – # %'$5"M. H+2 8).8S(#8 6'";*1$("0+3; 2 

#)8-$SO2; -)*+"; ;*1%$ ;2'";, ) <"("'"; %*M#()$S( -&<"+3 

<.&##20*#<"M 72-2<2, 2 ;2'";, ) <"("'"; %*M#()$S( -&<"+3 

<)&+(")"M ;*?&+2<2 ('2#. 1).

K)/ 439/&-#.)")% 6'*%#(&).8*( #","M ",[*<(3, #"#("8O2* 2- 
<"."##&./+"5" <".20*#()& ",'&-$SO2? 2? &(";") 2 ;".*<$.. L(2 

",[*<(3 6" #('$<($'* ;"5$( ,3(/ <&< )+$('*++* "%+"'"%+3;2, 

(&< 2 +*"%+"'"%+3;2. C #&;3? #")*'4*++3? )+*4+* "%+"'"%-

+3? ;&(*'2&.&? (+&6'2;*', #6.&)3 ;*(&..")) 2;*S(#8 +*"%+"-

'"%+3* ",.&#(2, ",.&%&SO2* #)"2;2 "#",*++"#(8;2 2 "(.2028-

;2, 6"8).*+2* <"("'3? "6'*%*.8*(#8 (*?+"."52*M 6'"2-)"%#()&, 

$#.")28;2 <'2#(&..2-&Q22 2 (.%. (6$#("(3, 2#<&1*+2* 7"';3 

<'2#(&..&). =&< <&< ",[*<(3 ;&<'";2'& ;&##2)+3 2 ",[*;+3, )#* 
+*"%+"'"%+"#(2 #5.&12)&S(#8, & ?&'&<(*'2#(2<2 2 6&'&;*('3 

"62#3)&S( *5" #)"M#()& ) Q*."; ((*;6*'&($'3 <26*+28 2 6.&)-
.*+28, ^.*<('"6'")"%+"#(/). E.8 ;&<'";2'& ^(" *#(*#()*++" 2 

-&<"+";*'+". \&<"+3 <.&##20*#<"M 72-2<2 (-&<"+ H;&, -&<"+ 

D/S("+&), %*M#()$SO2* ) ^("; ;2'*, "62'&S(#8 +& +*"6'")*'-

12;3* ^<#6*'2;*+(&./+3* %&++3* 2 &,#".S(+" #6'&)*%.2)3 

%.8 (*? $#.")2M, <"("'3* "+2 "62#3)&S(. 
="0+" (&< 1* #6'&)*%.2)3 -&<"+3 <)&+(")"M ;*?&+2<2, "62-
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#3)&SO2* 4)/ 3,&4&-, 4&.#91. ) R.#4#%,3/%68 "3(,)?. C ^("; 

;2'* )#* ",[*<(3 "%+"5" (26& (+&6'2;*', &(";3 "%+"5" ^.*;*+-

(&, ^.*<('"+3, 6"-2('"+3 2.2 ;S"+3) &,#".S(+" "%2+&<")3 2 

#(&(2#(20*#<2 &,#".S(+" +*'&-.202;3. D& ^("; 6"."1*+22 6"-

#('"*+3 )#* +&42 6'*%#(&).*+28 " ;2'* &(";") 2 ;".*<$..

A+&8 #2($&Q28 #<.&%3)&*(#8 ) +&+";2'*. \%*#/ +* %*M#()$S( 
-&<"+3 +2 <.&##20*#<"M 72-2<2, +2 <)&+(")"M ;*?&+2<2. (?-
=@N>NA;HK <&< #"#(&)+3* 0&#(2 +&+";2'& 6'*%#(&).8S( #","M 

)-)*#/ +&+"0&#(2Q '&-;*'"; +* ,".** 100 +; ) +*<"("'"M #'*%* 
()"%+"M, 5&-"",'&-+"M, ()*'%"M).

G'2 ^("; #&;2 +&+"0&#(2Q3 #.*%$*( 6"+2;&(/ <&< #2#(*;3, 

#"#("8O2* 2- *O* ,".** ;*.<2? *%2+2Q – JC?NA;M@: – ;2+2;&./-
+3? #('"2(*./+3? «<2'6202<")» )*O*#()&. E&1* ",3<+")*++&8 

2 )#*; 2-)*#(+&8 )"%& #"#("2( 2- <.&#(*'") ('2#. 2).

P2#. 1. J<&.& '&-;*'") ",[*<(") +&+";2'& 
(http://www.foresight.org)
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P&-;*' <.&#(*'& +* 6'*)3-

4&*( 10 +;. D& $'")+* <.&#(*-
'") &<(2)+" 6'"8).8S(#8 )#*-
)"-;"1+3* ^77*<(3, <"("'3* 
+&-3)&S( '&-;*'+3;2, (&< <&< 

"+2 -&)2#8( 2;*++" "( '&-;*'& 

0&#(2Q.

:&< 6'&)2.", '&-;*'+3* 
^77*<(3 6'"8).8S(#8, <"5%& 

'&-;*' 0&#(2Q +* 6'*)34&*( 
100 +;, 2 +&2,".** "(0*(.2)" 

6'"8).8S(#8, <"5%& 2? '&-;*' 

#(&+")2(#8 ;*+** 10 +;.

: '&-;*'+3; ^77*<(&; "(+"#8(#8: ?2;20*#<&8 &<(2)+"#(/, 

6"(*+Q2&. 2"+2-&Q22, ^+*'528 #)8-2 ;*1%$ &(";&;2 ) 0&#(2Q* 2 

;*1%$ 0&#(2Q&;2, <'2#(&.."5'&720*#<&8 #('$<($'&. =*;6*'&($-

'$ 6.&).*+28 2 "6(20*#<2* #)"M#()& (&<1* ;"1+" '&##;&('2)&(/ 

<&< 7$+<Q2S '&-;*'& 0&#(2Q3 2 ** 5*";*('22. C.28+2* '&-;*'-

+3? ^77*<(") +&+";&(*'2&.") 6'"8).8*(#8 ) 2-;*+*+22 "6(2-

0*#<2?, <&(&.2(20*#<2?, ;*?&+20*#<2?, ;&5+2(+3?, (*';20*#<2? 

2 ^.*<('20*#<2? #)"M#(). 
(?=@A;B=@C@D>9 2;**( %*." <&< # "(%*./+3;2 +&+"",[*<(&-

;2, (&< 2 # ;&(*'2&.&;2 +& 2? "#+")*, & (&<1* 6'"Q*##&;2 +& +&-

+"$'")+*.
(?=@H?A;M>?CK – ;&(*'2&.3, "#+")+3* 72-20*#<2* ?&'&<-

(*'2#(2<2 <"("'3? "6'*%*.8S(#8 #)"M#()&;2 #"%*'1&O2?#8 ) 
+2? +&+"",[*<("); <'2#(&..20*#<2* 2.2 &;"'7+3* #2#(*;3 # 
'&-;*'"; 0&#(2Q 2.2 <'2#(&..2(") ;*+** 100 +;. A-$0&8 (&<2* 
#('$<($'3, 2##.*%")&(*.2 +&<&6.2)&S( -+&+28 2 "63( %.8 Q*.*-
+&6'&).*++"5" $#")*'4*+#()")&+28 #)"M#() 2-)*#(+3? ;&(*'2&-

.") 2 6'"2-)"%#()& +")3? ;&(*'2&.") # -&%&++3;2 #)"M#()&;2. 

H#+")+3* 72-20*#<2* ?&'&<(*'2#(2<2 +&+";&(*'2&.") "6'*-
%*.8S(#8 #)"M#()&;2 #"%*'1&O2?#8 ) +2? +&+"",[*<(") ('2#. 3). 

C"-;"1+"#(/ 2-$0*+28 #"*%2+*+2M +*"'5&+20*#<"M ?2;22 ) 

P2#. 2. :.&#(*'3 )"%3 
(http://www.wateroß ive.ru)
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+&+"'&-;*'+3? ;&#4(&,&? 6"-)".2.& ",+&'$12(/ ;+"52* +")3* 
#('$<($'+3* (263, #('"*+2* <"("'3? +* #""()*(#()$*( +*-3,.*-
;3; ) ;&<'";2'* -&<"+&; <.&##20*#<"M (",",O*++"M) <'2#(&.-

."5'&722. 

G" #")'*;*++3; 6'*%#(&).*+28;, #"5.&#+" +";*+<.&($'* 
AIG@: (IUPAC – B*1%$+&'"%+3M #"S- (*"'*(20*#<"M 2 6'2-

<.&%+"M ?2;22) =?=@Q?NA>RK – ^(" 0&#(2Q3, '&-;*'3 <"("'3? 

+* 6'*)34&S( 100 +; 2 #"#("8( 2- 106 2.2 ;*+/4*5" <".20*#()& 

&(";"). D&+"0&#(2Q$ 6'2+8(" '&##;&('2)&(/ <&< #"#(&)+$S 

0&#(/ ",[*;+"5" ;&(*'2&.&, <"("'&8 %*;"+#('2'$*( #&;3* '&--
+"",'&-+3* #('$<($'+3* ^.*;*+(3: 

- "%+";*'+3* (("+<2* 6.*+<2, ) <"("'3? +&+";*('")3M '&--
;*' 2;**( ("./<" (".O2+&);

- %)$;*'+3* (#('$<($'3, 6".$0*++3* +& ("+<2? 6.*+<&? ;*("-

%&;2 "#&1%*+28 2.2 #"',Q22 +& +2? +&+"0&#(2Q ;*(&.."));
- ('*?;*'+3* (6"'2#(3* ;&(*'2&.3, 6"'2#(3* #(*<.&) 2 )#*-

)"-;"1+3* 2? <";,2+&Q22.

G" '&-;*'+";$ 6'2-+&<$ +&+"",[*<(3 %*.8( +& ('2 (26&. D&-
+"",[*<(3 J:?S>=FCGH;M=K; (0D) – ^(" +&+"0&#(2Q3 (<.&#(*-

,@DC?N=@ M;J@H;=<?R>> 7-L E;T<F=?M@<=@L J@=-

U;M;=R>> P@ =?=@A;B=@C@D>> (->NV?<;=, 2004), :K<;-

C9WA NC;<FWX>; A>PK =?=@H?A;M>?C@::

=?=@P@M>NAK; NAMFJAFMK;• 

=?=@Q?NA>RK;• 

=?=@AMFVJ>, =?=@:@C@J=?;• 

=?=@<>NP;MN>> (J@CC@><K);• 

=?=@NAMFJAFM>M@:?==K; P@:;MB=@NA> • 
> PC;=J>;

=?=@JM>NA?CCK > =?=@JC?NA;MK.• 

P2#. 3. =263 +&+";&(*'2&.")
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'3, <".."2%3, +&+"<'2#(&..3 

2 7$..*'*+3), #"%*'1&O2* 
"( +*#<"./<2? %*#8(<") %" +*-
#<"./<2? (3#80 &(";"), #5'$6-

62'")&++3? ) #)8-<2 2.2 &+-

#&;,.2 ('2#. 4). C ^("; #.$0&* 
)#* ('2 2-;*'*+28 (%.2+&, 42-

'2+&, )3#"(&) +&+";*('")3*. 
5:?S>@<=@H;M=K; +&-

+"",[*<(3 (1D): $5.*'"%+3* 
+&+"('$,<2 2 +&+")"."<+&, 

+&+"#(*'1+2, +&+"6'")"."-

<2 – (.*. Q2.2+%'20*#<2* ",[-

*<(3 # "%+2; 2-;*'*+2*; ) 
+*#<"./<" ;2<'"+ 2 %)$;8 

+&+";*('")3;2 ('2#. 5 2 6). C 

%&++"; #.$0&* "%2+ ?&'&<(*'-

+3M '&-;*' ",[*<(& (%.2+&), 

6" <'&M+*M ;*'*, +& 6"'8%"< 

6'*)34&*( %)& %'$52*; 72-2-

<2 (&<2* ",[*<(3 +&-3)&S( 
«<)&+(")3* 6'")"%&». 

P2#. 4. D&+"<'2#(&..3 #*.*+2%& 
<&%;28 (http://www.topnews.ru)

P2#. 5. D&+"6'")"."<& ;*%2 
(http://www.nanorf.ru/appeal.asp)

P2#. 6. D&+"#(*'1+2 52%'"<#2-
%& +2<*.8, )3'&O*++3* )+$('2 

$5.*'"%+3? +&+"('$,"< 
(http://hidroxidy.narod.ru/prim.html)
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#:FH;M=K; +&+"",[*<(3 (2D) – 6"<'3(28 2.2 6.*+<2 (".O2-

+"M ) +*#<"./<" +&+";*('") +& 6")*'?+"#(2 ,."0+"5" ;&(*'2&-

.&. C ^("; #.$0&* ("./<" "%+" 2-;*'*+2* (42'2+&) +&+";*('"-

)"*, %)& %'$52? (%.2+& 2 )3#"(&) 8).8S(#8 ;&<'"#<"620*#<2;2. 

A(&<, =?=@Q?NA>R? – ^(" <)&-2+$./;*'+3M +&+"",[*<(, $ <"-

("'"5" )#* ?&'&<(*'+3* .2+*M+3* '&-;*'3 2;*S( "%2+ 6"'8%"< 

)*.202+3. :&< 6'&)2.", +&+"0&#(2Q3 2;*S( #7*'20*#<$S 7"'-

;$. R#.2 ) +*M +&,.S%&*(#8 8'<" )3'&1*++"* $6"'8%"0*++"* 
'&#6"."1*+2* &(";") (2.2 2"+")), (" (&<2* +&+"0&#(2Q3 +&-3-

)&S( +&+"<'2#(&..2(&;2. 

F$O*#()$S( +&+"0&#(2Q3, #6"#",+3* $%*'12)&(/ ^.*<('"+3 

2 $6'&).8(/ 2? %)21*+2*; -& #0*( 8'<" )3'&1*++"M '&-+"#(2 

^+*'522 #)"2? #"#(&)+3? 0&#(*M. =&<2* 0&#(2Q3 +&-3)&S( «J:?=-

A@:KH> A@QJ?H>» 2.2 «2#<$##()*++3;2 &(";&;2»; 0&O* )#*5" 

"+2 2;*S( #"#(&) (2620+3? 6".$6'")"%+2<")3? ;&(*'2&.").

1.2. (?=@B>H>9 J?J =?FJ?

C#.*%#()2* '&#6"."1*++"#(2 +&+";2'& +& 5'&+2Q&? <.&##2-

0*#<"M 72-2<2 2 <)&+(")"M ;*?&+2<2 *5" ",[*<(3 $1* +*./-8 

'&##;&('2)&(/ <&< &,#".S(+" "%2+&<")3* 2 #(&(2#(20*#<2 +*'&--
.202;3*. C#* "+2 2+%2)2%$&./+3, 2 "%+& +&+"0&#(2Q& "(.20&-

*(#8 "( %'$5"M +&+"0&#(2Q3 #"#(&)";, #('"*+2*; 2 ;+"1*#()"; 

%'$52? 6&'&;*('") (+&6'2;*', 7$..*'*+3 F
60

 2 F
70

). D*)"-;"1-

+" 25+"'2'")&(/ +&.202* +*"%+"'"%+"#(*M 2 +*'*5$.8'+"#(*M 

) #('$<($'* ",[*<(& 2 6"./-")&(/#8 %.8 *5" "62#&+28 #'*%+2;2, 

2+(*5'&./+3;2 ?&'&<(*'2#(2<&;2, <&< ^(" 6'2+8(" ) <.&##20*-
#<"M 72-2<*.
H#",*++"#(/ +&+"(*. ) (";, 0(" 2? '&-;*' #"2-;*'2; # '&%2$-

#"; %*M#()28 #2. ;*1&(";+"5" )-&2;"%*M#()28, (.*. # '&##("8+2-

*;, +& <"("'"* %".1+3 ,3(/ $%&.*+3 &(";3 (*.&, 0(",3 2? )-&-

2;"%*M#()2* +* #<&-&."#/ +& *5" #)"M#()&? ) -&;*(+"M #(*6*+2. 

C#.*%#()2* %&++"M "#",*++"#(2 +&+"(*.& )-&2;"%*M#()$S( %'$5 
# %'$5"; 2 # "<'$1&SO*M #'*%"M 2+&0*, 0*; ;&<'"(*.&. 
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=&<2; ",'&-";, =?=@B>H>9 – ^(" +&$<&, <"("'&8 -&+2;&*(#8 

2-$0*+2*; #)"M#() '&-.20+3? +&+"#('$<($', & (&<1* '&-'&,"(-
<"M +")3? #6"#",") 2? 6".$0*+28, 2-$0*+28 2 ;"%272<&Q22. 

H%+& 2- 6'2"'2(*(+3? 03*3" +&+"?2;22 – $#(&+").*+2* #)8-2 

;*1%$ '&-;*'"; +&+"0&#(2Q3 2 ** #)"M#()&;2.

O$S#9,34) )((.#*&-3%)7 %3%&8)4)) 8).8S(#8 (*.& # (&<"M ;&#-
#"M, 0(" 2? ^<)2)&.*+(+3M '&-;*' (%2&;*(' #7*'3, ",[*; <"-

("'"M '&)*+ ",[*;$ (*.&) "#(&*(#8 ) 6'*%*.&? +&+"2+(*')&.& 

(0,1 – 100 +;). C #.*%$SO*M 5.&)* ;3 ,".** 6"%'",+" 2-$02; )#* 
;+"5"",'&-2* ",[*<(") +&+"?2;20*#<2? 2##.*%")&+2M.

N#.")+" +&+"?2;2S ;"1+" '&-%*.2(/ +& (*"'*(20*#<$S, ^<#-
6*'2;*+(&./+$S 2 6'2<.&%+$S ('2#. 7). 

+;@M;A>Q;NJ?9 =?=@B>H>9 '&-'&,&(3)&*( ;*("%3 '&#0*(& 6"-

)*%*+28 +&+"(*., $02(3)&8 (&<2* 6&'&;*('3 #"#("8+28 0&#(2Q, 

<&< 6'"#('&+#()*++3* <""'%2+&(3 2 #<"'"#(2, ;&##&, ?&'&<(*'2-

#(2<2 #"#(&)&, 7"';3 2 #('$<($'3 <&1%"M +&+"0&#(2Q3.

P2#. 7. F('$<($'& +&+"?2;22
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IJNP;M>H;=A?CG=?9 =?=@B>H>9 '&-)2)&*(#8 ) ('*? +&6'&)-
.*+28?. 

< /34938 '#/-&+& '&-'&,&(3)&S(#8 2 2#6"./-$S(#8 #)*'?0$)-
#()2(*./+3* #6*<('&./+3* ;*("%3, %&SO2* )"-;"1+"#(/ #$%2(/ 
" #('$<($'* ;".*<$., )<.S0&SO2? %*#8(<2 2 #"(+2 &(";").
<,&/&# %3'/3-.#%)# 2##.*%$*( 8).*+28 6'2 ."<&./+3? (;*#(-

+3?) ^.*<('20*#<2?, ;&5+2(+3? 2.2 ;*?&+20*#<2? )"-%*M#()2-

8? +& +&+"(*.&, '*&.2-$*;3? # 6";"O/S +&+"-"+%") 2 #6*Q2-

&./+3? ;&+26$.8("'"). G'2 ^("; 6'*#.*%$*(#8 Q*./ 2-$02(/ 
)-&2;"%*M#()2* "(%*./+3? ;".*<$. 5&-& # +&+"(*.&;2 2 +&+"(*. 

%'$5 # %'$5";, )38)2(/ )"-;"1+"#(/ )+$('2;".*<$.8'+3? 6*'*-
5'$662'")"< ,*- '&-'$4*+28 ;".*<$. 2 # 2? '&#6&%";. E&++"* 
+&6'&).*+2* (&<1* 2+(*'*#$*( )"-;"1+"#(/ «&(";+"M #,"'<2» 

+&+"(*.& +$1+"5" +3$),1(3 ()+*4+*5" )2%&) 6'2 6*'*;*O*+22 

&(";") 6" 6")*'?+"#(2 6"%."1<2 ("#+")+"5" ;&(*'2&.&, 6")*'?-

+"#(/ <"("'"5" 6"%)*'5&*(#8 '&-.20+3; )2%&; ",'&,"(<2, ) '*-
-$./(&(* 0*5" ",'&-$S(#8 #."2 # +")3;2 #)"M#()&;2 2.2 +&'&-

O2)&*(#8 6._+<& %'$5"5" ;&(*'2&.&).

C '&;<&? ,/#,2#+& %3'/3-.#%)7 "6'*%*.8S(#8 ;&<'"<2+*(20*-
#<2* ?&'&<(*'2#(2<2 <"..*<(2)") +&+"(*. 2 7$+<Q2M 2? '&#6'*-
%*.*+28 6" 6&'&;*('&; #"#("8+28.

.M>JC?<=?9 =?=@B>H>9 )<.S0&*( ) #*,8: 

- '&-'&,"(<$ (*"'*(20*#<2? "#+") 6'2;*+*+28 +&+"#2#(*; ) 
(*?+2<* 2 +&+"(*?+"."522, ;*("%") 6'*%#<&-&+28 '&-)2(28 <"+-

<'*(+3? +&+"#2#(*; ) $#.")28? 2? 2#6"./-")&+28, & (&<1* 6"2#< 

"6(2;&./+3? #6"#",") ^<#6.$&(&Q22 (,#8%)"#(937 %3%&8)4)7); 

- #"-%&+2* (*"'*(20*#<2? ;"%*.*M 6")*%*+28 +&+"#2#(*; 6'2 

#2+(*-* +&+";&(*'2&.") 2 6"2#< "6(2;&./+3? $#.")2M 2? 6".$-

0*+28 (()%,#,)"#(937 %3%&8)4)7);

- 2-$0*+2* ,2"."520*#<2? +&+"#2#(*; 2 #"-%&+2* ;*("%") 2? 

2#6"./-")&+28 ) .*0*,+3? Q*.8? (4#*)?)%(937 %3%&8)4)7);

- '&-'&,"(<$ (*"'*(20*#<2? ;"%*.*M ",'&-")&+28 2 ;25'&Q22 

+&+"0&#(2Q ) "<'$1&SO*M #'*%* 2 ;*("%") "02#(<2 6'2'"%+3? 

)"% 2.2 )"-%$?& "( +&+"0&#(2Q (R9&.&+)"#(937 %3%&8)4)7). 
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1.3. .;MNP;JA>:K M?S:>A>9 =?=@=?FJ> 
> =?=@A;B=@C@D>> 

D&+"(*?+"."528 6"-)".8*( '*4&(/ Q*.3M '8% 6'&<(20*#<2? 

-&%&0, +& "#+")* *_ %"#(21*+2M '&-)2)&S(#8 ;*%2Q2+&, ,2"(*?-

+"."528, ?2;28, -&O2(& "<'$1&SO*M #'*%3, ;&(*'2&.")*%*+2* 
(#2+(*-2'$S(#8 +")3* 6".2;*'3, <*'&;2<&, ;*(&.."<*'&;2-

<&). G"8)2.&#/ )"-;"1+"#(/, ;&+26$.2'$8 &(";&;2, $6'&).8(/ 
#)"M#()&;2 ;&(*'2&."), 6'2%&)&8 2; #6*Q2720*#<2* #)"M#()&: 

2-5"(").*+2* <";6"-2(") +& "#+")* 6".2;*'"), <*'&;2<2, $5.*-
'"%+3? +&+"('$,"<, <'*;+2*)3? +&+")"."<"+ %.8 ^.*<('"+2<2, 

.*<&'#()*++3? 6'*6&'&(") # -&6'"5'&;;2'")&++3; Q*.*+&6'&)-

.*++3; %*M#()2*;, +&+"0&#(2Q %.8 $.&).2)&+28 #.*%")3? <".2-

0*#() 6'2;*#*M ) )"%* 2 ;+"5"* %'$5"*. F.*%$*( (&<1* "(;*(2(/, 
0(" ?2;20*#<2* +&+"(*?+"."522 8).8S(#8 ;&.""(?"%+3;2, 2 ̂ (" 

%*.&*( 2? "#",*++" Q*++3;2 ) #")'*;*++3? $#.")28?. 

:'";* 7$+%&;*+(&./+3? 2##.*%")&+2M #$O*#()$*( ;+"1*-
#()" 6'2<.&%+3? +&6'&).*+2M, ",[*; <"("'3? $1* #*5"%+8 )6*-
0&(.8*( ('2#. 8). L(" ^.*<('"++&8, <"#;*(20*#<&8, (*<#(2./+&8 

6'";34.*++"#(/, 7&';&Q*)(2<&, -&O2(& "<'$1&SO*M #'*%3. 

D&+"(*?+"."520*#<2* '&-'&,"(<2 2#6"./-$S( %.8 6".$0*+28 +*-
.2+8SO2? <'&#2(*.*M, 6'"-'&0+3? #".+Q*-&O2(+3? 6"<'3(2M 

+& "#+")* "<#2%& Q2+<&, $#("M02)3? < Q&'&62+&; &)(";",2./+3? 

<'&#"<, 6".$6'")"%+2<") 6")34*++"M ;"O+"#(2, 6'2 #"-%&+22 

«^<"."520*#<2 02#(3?» 2#("0+2<") ^+*'522, +*%"'"52? )3#"<"-

&<(2)+3? <&(&.2-&("'"), ("6.2)+3? ^.*;*+("), ) 6'"Q*##&? 5&-

-272<&Q22 $5.8, ) 6'"2-)"%#()* ;&(*'2&.") %.8 6'"(*-2'")&+28 

(2;6.&+(&+(3 +& "#+")* +&+"<'2#(&..20*#<"5" 52%'"<#2&6&(2-

(& – &+&."5& <"#(+"M (<&+2) 2 %'.

C*#/ <'$5 6'",.*;, #)8-&++3? # '&-)2(2*; +&+"(*?+"."52M, 

%*.2(#8 #6*Q2&.2#(&;2 +& ('2 <&(*5"'22 ) #""()*(#()22 #" #'"-

<&;2, +*",?"%2;3;2 %.8 6".$0*+28 "O$(2;3? '*-$./(&("). 
G/3,9&(/&"%6# (1-5 .#,): '&-'&,"(<& +&+"<";6"-2("), +&+"-

;*;,'&+ 2 72./('"), <&(&.2-&("'") +")"5" 6"<".*+28 (# #"%*'-
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1&+2*; ;*(&..") +& 6"'8%"< ;*+/4*, 0*; ) +3+* 2#6"./-$*;3?), 

?2;20*#<2? 2 ,2"."520*#<2? #*+#"'"), ;*%2Q2+#<2? %2&5+"#(2-

0*#<2? 6'2,"'"), &<<$;$.2'$SO2? ,&(&'*M # $)*.20*++3; #'"-

<"; #.$1,3.

E/#*%#(/&"%6# (5-10 .#,): Q*.*+&6'&).*++&8 .*<&'#()*++&8 (*-
'&628, ("0+&8 ;*%2Q2+#<&8 %2&5+"#(2<&, 6".$0*+2* ;*-"- 2 ;2-

5@=U;M;=R>9 «Commercializations of NanoMaterials 

2006» (.>ANVFMD, N;=A9VMG 2006) :K<;C>C?  NC;<FWX>; 

J@HH;MQ;NJ> P;MNP;JA>:=K; =?PM?:C;=>9:

H?A;M>?CK <C9 T;NAJ>B <>NJ@: J@HPGWA;M@: • 
> PM>=A;M@:;

=;<@M@D>; N;=N@MK <C9 @PM;<;C;=>9 NC;<@:KB • 
J@=R;=AM?R>L C;AFQ>B @MD?=>Q;NJ>B N@;<>=;-
=>L : :@S<FB;;

H?A;M>?CK <C9 15-<;A;JA@M@:;• 

J?A?C>S?A@MK @Q>NAJ> @AB@<9X>B D?S@:;• 

H?A;M>?CK, FNA@LQ>:K; J J@MM@S>>;• 

H?A;M>?CK <C9 >NP@CGS@:?=>9 : ?YM@=?:A>J; • 
> J@NH@=?:A>J;;

H?A;M>?CK <C9 H;<>R>=K > V>@H;<>R>=K;• 

J;M?H>J? > J@CC@><=K; H;A?CCK;• 

H?A;M>?CK <C9 N@S<?=>9 =@:KB :><@: :@@MFT;-• 
=>9;

J?A?C>S?A@MK =@:@D@ P@J@C;=>9 <C9 B>H>> > • 
=;UA;B>H>> (=@:K; :><K A@PC>:?);

J@HP@S>AK;• 

=?=@@PA>J? > H?A;M>?CK <C9 Q>P@:;• 

>NNC;<@:?=>9 H@MU@C@D>> =?=@Q?NA>R;• 

H?A;M>?CK <C9 Y=;MD;A>J>;• 

=?=@P@M>NAK; H?A;M>?CK.• 

P2#. 8. G*'#6*<(2)+3* +&6'&).*+28 '&-)2(28 +&+"(*?+"."52M
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<'";*-"6"'2#(3? ;&(*'2&."), )3#"<"^77*<(2)+3? +*%"'"52? 

#".+*0+3? ,&(&'*M, ("6.2)+3? ^.*;*+("), )3#"<"^77*<(2)+&8 

(*?+"."528 6".$0*+28 )"%"'"%& 2- )"%3.

M&.+&(/&"%6# ($&.## 20 .#,): ;".*<$.8'+&8 ^.*<('"+2<&, ))*%*-
+2* .*<&'#() #<)"-/ ","."0<$ <.*(<2, "6(20*#<2* #'*%#()& 6*'*-
%&02 2+7"';&Q22. 

H(*0*#()*++3* 2##.*%")&+28 ) ",.&#(2 +&+"(*?+"."52M 6'2-

",'*.2 -&;*(+"* '&-)2(2* 6"#.* 2000 5"%&. C 2002 5"%$ ,3. #"--
%&+ D&$0+3M #")*( 6" +&+";&(*'2&.&; 6'2 G'*-2%2$;* P@D. 

]2+&+#2'")&+2* #"#(&).8*( 6'2;*'+" 20-25 ;.+ %"..&'") ) 
5"%. G"#(&+").*+2*; G'&)2(*./#()& ` 540 "( 12.10.2004 5. ) ]*-
%*'&./+$S Q*.*)$S +&$0+"-(*?+"."520*#<$S 6'"5'&;;$ 2002-

2006 55. ) <&0*#()* "%+"5" 2- 6'2"'2(*(") )+*#*+" +&6'&).*+2* 
«A+%$#('28 +&+"#2#(*; 2 ;&(*'2&.3». D& 6"%%*'1<$ ^("5" +&-

6'&).*+28 ) 2005-2006 55. ,3." )3%*.*+" ) ",O*M #."1+"#(2 "<"-

." 150 ;.+ %"..&'"). A+7"';&Q2"++3M )<.&% '"##2M#<2? $0*-
+3? ) ;2'")$S +&+"(*?+"."520*#<$S +&$<$ ) +&#("8O** )'*;8 

#"#(&).8*( 1,5%.

5@=AM@CG=K; :@PM@NK > S?<?=>9

Y(" (&<"* «+&+"(*?+"."528»?1. 

C 0*; 6'"8).8*(#8 '&-;*'+3M 7&<("' 7"';2'")&+28 #)"M#() 2. 

+&+";&(*'2&.")?
Y(" +&-3)&*(#8 +&+"0&#(2Q*M?3. 

E&M(* "6'*%*.*+2* 6"+8(2S «+&+";&(*'2&.3».4. 

D& <&<2* ('2 (26& %*.8( +&+"",[*<(3 6" '&-;*'+";$ 6'2-5. 

-+&<$?

Y(" (&<"* «<)&+(")&8 ("0<&»?6. 

H,[8#+2(* '&-.202* ;*1%$ ;2'"; ;&<'"- 2 ;2<'")*.202+.7. 

E&M(* "6'*%*.*+2* 6"+8(2S «+&+"?2;28».8. 

Y(" 8).8*(#8 ",[*<("; 2-$0*+28 +&+"?2;22?9. 

:&<2* '&-%*.3 ;"1+" )3%*.2(/ ) +&+"?2;22?10. 

P&##<&12(* " '".2 +&+"+&$<2 ) #")'*;*++"; ",O*#()*.11. 

C#(&)/(* 6'"6$O*++3* #.")& ) #.*%$SO2? 6'*%."1*+28?:12. 
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&) D&+"0&#(2Q3, 2;*SO2* ('2 +&+";*('")3? 2-;*'*+28, +&-

-3)&S(#8 … .

,) R#.2 +&+"0&#(2Q& 2;**( ("./<" %)& +&+";*('")3? 2-;*'*-
+28, (" *_ "(+"#8( < … .

)) H%+" +&+";*('")"* 2-;*'*+2* 2;*S( 0&#(2Q3, +&-3)&*;3* 
… .

5) D&$<&, <"("'&8 -&+2;&*(#8 2-$0*+2*; #)"M#() '&-.20+3? 

+&+"#('$<($', & (&<1* '&-'&,"(<"M +")3? #6"#",") 2? 6".$0*-
+28, 2-$0*+28 2 ;"%272<&Q22, +&-3)&*(#8 … .

%) A-$0*+2*; ,2"."520*#<2? +&+"#2#(*; 2 #"-%&+2*; ;*("-

%") 2#6"./-")&+28 +&+"#2#(*; ) .*0*,+3? Q*.8? -&+2;&*(#8 … 

+&+"?2;28.

*) P&-'&,"(<$ (*"'*(20*#<2? ;"%*.*M ",'&-")&+28 2 ;25'&-

Q22 +&+"0&#(2Q ) "<'$1&SO*M #'*%* 2 ;*("%") "02#(<2 6'2-

'"%+3? )"% 2.2 )"-%$?& "( +&+"0&#(2Q )*%*( (&<"* +&6'&).*+2* 
+&+"?2;22, <&< … .
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*C?:? 2. )/O"5+7 (%()81E11 
1 3(15%&'(7" ,-)6,+-% (%()Z%,+1[

2.1. )V\;JAK =?=@B>H>>

D&+"?2;28 2##.*%$*( 6".$0*+2* 2 #)"M#()& '&-.20+3? +&+"-

#2#(*;. (?=@N>NA;HK 6'*%#(&).8S( #","M ;+"1*#()" (*., "<'$-

1*++3? 5&-")"M 2.2 12%<"M #'*%"M. =&<2;2 (*.&;2 ;"5$( ,3(/ 
;+"5"&(";+3* <.&#(*'3 2 ;".*<$.3, +&+"<&6.2 2 +&+"<'2#(&.-

.3. L(" 6'";*1$("0+3* 7"';3 ;*1%$ &(";&;2 2 ;&<'"#<"620*-
#<2;2 (*.&;2. P&-;*' #2#(*; "#(&*(#8 ) 6'*%*.&? 0,1-100 +;.

!'&+2Q3 +&+"2+(*')&.& ) ?2;22 $#.")+3. F)"M#()& (*.& ) 
'&-+"M ;*'* 0$)#()2(*./+3 < *5" '&-;*'$. D*<"("'3* 2- #)"M#() 
(*'8S( #6*Q272<$ 6'2 '&-;*'* ,"./4* 10 +;, %'$52* – ,"./4* 
100 +;. G"^(";$, 0(",3 ;*+/4* #)"M#() 2#<.S0&."#/ 2- '&##;"-

('*+28, )*'?+SS 5'&+2Q$ +&+"2+(*')&.& 6'2+2;&S( '&)+"M 

100 +;.

)V\;JA?H> =?=@B>H>> 8).8S(#8 (*.&, +&?"%8O2*#8 ) 6'*%*-
.&? +&+"2+(*')&.& (0,1-100 +;). C %&++"; 2+(*')&.* .S,"* #)"M-

#()" #6*Q2720*#<2 -&)2#2( "( *5" ;&##3 2 ",[*;&. G"^(";$ ",[-

*<("; +&+"?2;22 ;"1+" #02(&(/ (*.&, $ <"("'3? )-&2;"%*M#()28 

<&1%"5" &(";& #" )#*;2 %'$52;2 &(";&;2 8).8S(#8 -+&02;3;2. 

: (&<")3; "(+"#8(#8:

– $./('&%2#6*'#+3* )*O*#()&, 6".$0*++3* <"+%*+#&Q2*M 6&-

'") 2 "#&1%*+2*; 2- '&#()"'"); 
– &^'"-".2 2 <".."2%+3* '&#()"'3, 6'2'"%+3* )*O*#()&, #"-

#("8O2* 2- ;+"5"&(";+3? ;".*<$.; 

– 6'"%$<(3 6".2;*'2-&Q22, ("+<"5" 6";".& ()*'%3? )*O*#() 
2.2 2+(*+#2)+"5" '&#63.*+28 12%<"#(2;

– ,."0+3* ()*'%3* (*.&, ) <"("'3? 5'&+2Q3 ,."<") #("./ )3-

'&1*+3, 0(" #&;2 ,."<2 ;"1+" '&##;&('2)&(/ <&< <)&-20&#(2-

Q3;

– 5.2+3 2 ;"'#<2* )-)*#2, %"++3* "(."1*+28 2 (.%.
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2.2. 5C?NN>U>J?R>9 @V\;JA@: =?=@B>H>>

:.&##272<&Q2S ",[*<(") +&+"?2;22 ;"1+" 6'")"%2(/ 6" 

'&-+3; 6'2-+&<&;. D&6'2;*', 6" =30&-&41 (&(,&7%)T ((&,.. 1).

H3$.)?3 1

5C?NN>U>J?R>9 @V\;JA@: =?=@B>H>> P@ U?S@:@HF N@NA@9=>W

!?S@:@; 
N@NA@9=>;

"<>=>Q=K; 
?A@HK

5C?N-
A;MK

(?=@Q?N-
A>RK

5@HP?JA=@; 
:;X;NA:@

E2&;*(', +; 0,1-0,3 0,3-10 10-100 F)34* 100

:".20*#()" 
&(";") 1-10 10-106 106-109 F)34* 109

N& +#&4#,/)"#(9&41 '/)0%391 (;*'+"#(2) +&+"",[*<(3 ;"1+" 

<.&##272Q2'")&(/ 6"-'&-+";$. H%+2 2##.*%")&(*.2 6'*%.&5&S( 
?&'&<(*'2-")&(/ ;*'+"#(/ ",[*<(& <".20*#()"; 2-;*'*+2M, ) <"-

("'3? ",[*<( 2;**( ;&<'"#<"620*#<2* '&-;*'3. E'$52* ,*'$( -& 

"#+")$ <".20*#()" +&+"#<"620*#<2? 2-;*'*+2M. 

C (&,.. 2 6'2)*%*+3 "#+")+3* ",[*<(3 +&+"?2;20*#<2? 2#-
#.*%")&+2M (+&+"0&#(2Q3 2 #""()*(#()$SO2* 2; +&+"#2#(*;3).

:.&##272<&Q28 +&+"",[*<(") 6" 2? ;*'+"#(2 )&1+& +* ("./-
<" # 7"';&./+"M ("0<2 -'*+28. !*";*('28 #$O*#()*++" ).28*( 
+& 2? 72-2<"-?2;20*#<2* #)"M#()&.

:'$5 ",[*<("), 2##.*%$*;3? +&+"?2;2*M, +*6'*'3)+" '&#-
42'8*(#8. K2;2<2 #('*;8(#8 6"+8(/, ) 0*; #"#("8( "#",*++"#(2 

(*. +&+";*('")3? '&-;*'"). L(" 6'2)*." < ,$'+";$ '&-)2(2S 

<".."2%+"M 2 ;&<'";".*<$.8'+"M ?2;22.

C 80-90-? 55. XX )*<&, ,.&5"%&'8 ;*("%&; ^.*<('"++"M, &(";+"-

#2.")"M 2 ($++*./+"M ;2<'"#<"622, $%&."#/ +&,.S%&(/ -& 6")*-
%*+2*; +&+"<'2#(&..") ;*(&..") 2 +*"'5&+20*#<2? #".*M, ,*.-

<")3? ;".*<$., 7$..*'*+") 2 +&+"('$,"<, & ) 6"#.*%+2* 5"%3 

(&<2* +&,.S%*+28 #(&.2 ;&##")3;2 ('2#. 9). 

P&##;"('2; "#",*++"#(2 #('"*+28 2 6")*%*+28 +*<"("'3? 

+&+"0&#(2Q.
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H3$.)?3 2

)V\;JAK =?=@B>H>Q;NJ>B >NNC;<@:?=>L

(?=@Q?NA>RK (?=@N>NA;HK

]$..*'*+3 :'2#(&..3, '&#()"'3

=$,$.*+3 @5'*5&(3, '&#()"'3

B".*<$.3 ,*.<") P&#()"'3, <'2#(&..3

G".2;*'+3* ;".*<$.3 \".2, 5*.2

D&+"<'2#(&..3 
+*"'5&+20*#<2? )*O*#()

@^'"-".2, <".."2%+3* 
'&#()"'3, "#&%<2

B2Q*..3 :".."2%+3* '&#()"'3

D&+",."<2 =)*'%3* (*.&

G.*+<2 9*+5;S'& – >."%1*( =*.& # 6.*+<"M +& 6")*'?+"#(2

:.&#(*'3 ) 5&-&? @^'"-".2

D&+"0&#(2Q3 ) #."8? '&-.20+3? 
)*O*#()

D&+"#('$<($'2'")&++3* 
6.*+<2

(?=@Q?NA>RK >S ?A@H@: >=;MA=KB D?S@: 8).8S(#8 #&;3;2 

6'"#(3;2 +&+"",[*<(&;2. @(";3 2+*'(+3? 5&-") # 6".+"#(/S 

-&6".+*++3;2 ^.*<('"++3;2 ","."0<&;2 #.&," )-&2;"%*M#()$-

S( ;*1%$ #","M 6"#'*%#()"; #2. C&+-%*'-C&&./#&. G'2 "62#&+22 

(&<2? 0&#(2Q 6'2;*+8*(#8 ;"%*./ ()*'%3? 4&'") ('2#. 10). 

P2#. 9. H,[*<(3 +&+"?2;22: &) 7$..*'*+ (http://www.nanometer.ru); 
,) +&+"('$,<& (http://www.phys.univ.kiev.ua)

? V
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L+*'528 #)8-2, (" *#(/ ^+*'-

528, -&('&02)&*;&8 +& "('3) 
"(%*./+"5" &(";& "( +&+"0&-

#(2Q3, "0*+/ ;&.&, 6"^(";$ 0&-

#(2Q3 #$O*#()$S( 6'2 (*;6*-
'&($'&? +* )34* 10-100 :.

(?=@Q?NA>RK H;A?CC@:. 

C ;*(&..20*#<2? <.&#(*'&? 

2- +*#<"./<2? &(";") ;"1*( 
,3(/ '*&.2-")&+ <&< <")&.*+(-
+3M, (&< 2 ;*(&..20*#<2M (26 

#)8-2 ('2#. 11). D&+"0&#(2Q3 

;*(&..") ",.&%&S( ,"./4"M 

'*&<Q2"++"M #6"#",+"#(/S 2 

0&#(" 2#6"./-$S(#8 ) <&0*#()* 
<&(&.2-&("'"). D&+"0&#(2Q3 

;*(&..") ",30+" 6'2+2;&S( 6'&)2./+$S 7"';$ – "<(&^%'&, 

2<"#&^%'&, (*('&%*<&^%'& ('2#. 12).

!FCC;M;=K 6'*%#(&).8S( #","M 6".3* )+$('2 0&#(2Q3, ",-

'&-")&++3* ;+"5"5'&++2<&;2 2- &(";") $5.*'"%&, #)8-&++3? 

P2#. 10. D&+"0&#(2Q3 
2- 16 &(";") &'5"+& 

(:6$3.9)%3, 2007).

P2#. 11. D&+"0&#(2Q3, #"#("8O2* 2- &(";") 6.&(2+3 (,*.3* #7*'3) 
2 ;*%2 ('"-")3*) (http://www.chemport.ru)



23

<")&.*+(+"M #)8-/S. H#","* 
;*#(" #'*%2 7$..*'*+") -&-

+2;&*( 0&#(2Q& 2- 60 &(";") 
$5.*'"%& – F

60
, +&6";2+&SO&8 

;2<'"#<"620*#<2M 7$(,"./-
+3M ;80 ('2#. 13). 

]$..*'*+3 +&?"%8( 42'"-

<"* 6'2;*+*+2*: ) #"-%&+22 

+")3? #;&-"< 2 &+(27'2<Q2-

"++3? 6"<'3(2M, +")3? (26") 
("6.2)&, &.;&-"6"%",+3? #"*-
%2+*+2M #)*'?)3#"<"M ()*'%"-

#(2, %&(02<") 2 <'&#"<.

(?=@AMFVJ> – ^(" 6".3* 
)+$('2 ;".*<$.3, #"#("8O2* 6'2;*'+" 2- 1 000 000 &(";") $5.*-
'"%& 2 6'*%#(&).8SO2* #","M "%+"#."M+3* ('$,<2 %2&;*('"; 

"<"." +&+";*('& 2 %.2+"M ) +*#<"./<" %*#8(<") ;2<'"+. D& 6"-

)*'?+"#(2 +&+"('$,<2 &(";3 $5.*'"%& '&#6"."1*+3 ) )*'42+&? 

6'&)2./+3? 4*#(2$5"./+2<") ('2#. 14).

D&+"('$,<2 ",.&%&S( '8%"; $+2<&./+*M42? #)"M#(), ,.&5"-

%&'8 <"("'3; +&?"%8( 42'"<"* 6'2;*+*+2* 6'*2;$O*#()*++" 

) #"-%&+22 +")3? ;&(*'2&."), ^.*<('"+2<* 2 #<&+2'$SO*M ;2-

<'"#<"622.

P2#. 12. C"-;"1+3* 7"';3 ;*(&..20*#<2? +&+"0&#(2Q 
(:6$3.9)%3, 2007)

P2#. 13. B".*<$.& 7$..*'*+& F
60

(http://moikompas.ru)
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N+2<&./+3* #)"M#()& +&+"('$,"<: )3#"<&8 $%*./+&8 6")*'?-

+"#(/, ^.*<('"6'")"%+"#(/, 6'"0+"#(/ – 6"-)".8S( #"-%&)&(/ +& 

2? "#+")* ^77*<(2)+3* +"#2(*.2 <&(&.2-&("'") %.8 '&-.20+3? 

6'"Q*##"). D&6'2;*', 2- +&+"('$,"< %*.&S( +")3* 2#("0+2<2 

^+*'522 – ("6.2)+3* 80*M<2, #6"#",+3* '&,"(&(/ ) 3 '&-& %"./-
4*, 0*; 6'"#(3* ,&(&'*M<2 &+&."520+"5" '&-;*'&. G'2 2#6"./-
-")&+22 6"%",+"M 80*M<2 ) #"(")"; (*.*7"+* "+ #;"1*( +&?"-

%2(/#8 ) '*12;* "12%&+28 "<"." %)$? +*%*./ – );*#(" 4 %+*M, <&< 

+3+*4+** 6"<".*+2* (*.*7"+").
N%2)2(*./+3* #)"M#()& +&+"('$,"< 6";"5&S( 2; +&<&6.2-

)&(/ 2 ?'&+2(/ )"%"'"% ) ;".*<$.8'+"; )2%* )" )+$('*++2? 6"-

."#(8? – ^<"."520+"* ("6.2)" &)(";",2.*M ,$%$O*5". D&6'2-

;*', +&+"('$,<2 # +&+"0&#(2Q&;2 6&..&%28 ;"5$( <";6&<(+" 

?'&+2(/ )"%"'"% ) (3#802 '&- ,"./4* #)"*5" ",[*;&, & -+&02(, 
#%*.&S( &)(";",2.2 ,".** ;"O+3;2, %*4*)3;2 2 ^<"."520+3-

;2. E&./+*M4** '&-)2(2* (*?+"."522 ("6.2)+3? 80**< 6"-)".2( 
?'&+2(/ ) +2? ) #"(+2 2 (3#802 '&- ,"./4* ^+*'522, 0*; ) #")'*-
;*++3? ,&(&'*M<&?.

1@==K; JC?NA;MK 6'*%#(&).8S( #","M <.&##20*#<$S <&'(2-

+$, ?&'&<(*'+$S %.8 2"++"M #)8-2 ) <'2#(&..20*#<"M '*4*(<* 
?."'2%& +&('28 ('2#. 15). R#.2 2"++&8 +&+"0&#(2Q& %"#(&("0+" 

)*.2<&, (" ** #('$<($'& ,.2-<& < #('$<($'* ",[*;+"5" <'2#(&..&. 

A"++3* #"*%2+*+28 +&?"%8( 6'2;*+*+2* ) #"-%&+22 7"("6.*-
+"< # )3#"<2; '&-'*4*+2*;, ;".*<$.8'+3? 7"("%*(*<("'"), ) 
'&-.20+3? ",.&#(8? ;2<'"^.*<('"+2<2 2 ^.*<('""6(2<2. 

!M?JA?CG=K; JC?NA;MK – ^(" ",[*<(3 # '&-)*().*++"M #('$<-

($'"M ('2#. 16): #&1&, <".."2%3, '&-.20+3* &^'"-".2 2 &^'"5*.2. 

P2#. 14. B".*<$.& "%+"#."M+"M +&+"('$,<2 (:6$3.9)%3, 2007)



25

]'&<(&. – ^(" (&<"M ",[*<(, ) 
<"("'"; 6'2 )"-'&#(&SO*; 

$)*.20*+22 ;"1+" $)2%*(/, 
<&< "%+& 2 (& 1* #('$<($'& 6"-

)("'8*(#8 ) +*; +& )#*? $'")-
+8? 2 ) .S,"; ;&#4(&,*.
E@C;JFC9M=K; JC?NA;MK – 

<.&#(*'3, #"#("8O2* 2- ;".*-
<$.. >"./42+#()" <.&#(*'") 
8).8S(#8 ;".*<$.8'+3;2. A? 

02#." 2 '&-+"",'&-2* "5'";+". 

C 0&#(+"#(2, < ;".*<$.8'+3; 

<.&#(*'&; "(+"#8(#8 ;+"52* 
,2"."520*#<2* ;&<'";".*<$-

.3 ('2#. 17 2 18).

P2#. 15. :.&#(*' NaCl 
(:6$3.9)%3, 2007)

P2#. 16. ]'&<(&./+3M <.&#(*' 
(:6$3.9)%3, 2007)

P2#. 17. B".*<$.8'+3M <.&#(*' 
,*.<& 7*''*%"<#2+& 

(:6$3.9)%3, 2007)
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2.3. .M>H;MK F=>J?CG=KB N:@LNA: =;J@A@MKB 
=?=@Q?NA>R

,;M;VM@. F)"M#()& $ +&+"0&#(2Q #*'*,'& +& #&;"; %*.* $+2-

<&./+3*.
C"-6*')3?, "+2 ",.&%&S( 7*+";*+&./+"M ,&<(*'2Q2%+"M 2 

&+(2)2'$#+"M &<(2)+"#(/S. H, &+(2;2<'",+3? #)"M#()&?, 6'2-

#$O2? 2"+&; #*'*,'&, 0*.")*0*#()$ 2-)*#(+" $1* "0*+/ %&)+". 

D&)*'+8<&, ;+"52* #.34&.2 " Q*.2(*./+3? #6"#",+"#(8? Q*'-

P2#. 18. C3#"<"#62+")3* ;".*<$.8'+3* <.&#(*'3 
(http://vivovoco.ibmh.msk.su)
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<")+"M «#)8("M )"%3», 6".$0&*;"M 6$(*; 6'"5"+<2 ",30+"M 

)"%3 0*'*- #*'*,'8+3M 72./('. =&<&8 )"%& +* #"%*'12( ;+"52? 

,".*-+*()"'+3? ,&<(*'2M, <"("'3* ;"5$( 6'2#$(#()")&(/ ) ",30-

+"M )"%*. G"^(";$ "+& ;"1*( ?'&+2(/#8 5"%&;2, +* 6"'(8#/ 2 +* 
«-&Q)*(&8». C ;*%2Q2+#<"M 6'&<(2<* 2+"5%& +&-+&0&S( «#*'*-
,'8+$S» )"%$ %.8 .*0*+28 '&+, 8-), ,".*-+*M ;"0*)"5" 6$-3'8.

:'";* ("5", (&<&8 )"%& #"%*'12( +*<"("'$S <"+Q*+('&Q2S 

2"+") #*'*,'&, #6"#",+3? +*M('&.2-")&(/ )'*%+3* ,&<(*'22 2 

;2<'""'5&+2-;3, 0*; 2 ",[8#+8*(#8 ** ,.&5"()"'+"* ).28+2* +& 

-%"'")/* 0*.")*<&.

N#(&+").*+", 0(" +&+"0&#(2Q3 #*'*,'& ) (3#802 '&- ^77*<-

(2)+** ,"'S(#8 # ,&<(*'28;2 2 )2'$#&;2, 0*; #*'*,'8+3* 2"+3. 

:&< 6"<&-&. ̂ <#6*'2;*+(, +20("1+3* <"+Q*+('&Q22 +&+"0&#(2Q 

#*'*,'& $+20("1&.2 )#* 2-)*#(+3* ;2<'""'5&+2-;3 () ("; 02#.* 
2 )2'$# FGAE&), +* '&#?"%$8#/ 6'2 ^("; ('2#. 19).

:'";* ("5", ) "(.202* "( &+(2,2"(2<"), $,2)&SO2? +* ("./<" 

)'*%"+"#+3* )2'$#3, +" 2 6"'&1*++3* 2;2 <.*(<2, %*M#()2* +&-

+"0&#(2Q "0*+/ 2-,2'&(*./+": "+2 %*M#()$S( ("./<" +& )2'$#3, 

<.*(<& 6'2 ^("; +* 6")'*1%&*(#8!

C +&#("8O** )'*;8 6'")"%8(#8 2##.*%")&+28 )"-;"1+"#(*M 

2#6"./-")&+28 +&+"0&#(2Q #*'*,'& ) 7&';&Q*)(20*#<2? 6'*6&-

'&(&?, 2 "+2 +&?"%8( %"#(&("0+" 42'"<"* 6'2;*+*+2*.
=&<, +&6'2;*', ) +&#("8O** 

)'*;8 )36$#<&S(#8 -$,+3* 6&-

#(3 # +&+"0&#(2Q&;2 #*'*,'&, 

<"("'3* +* ("./<" "02O&S( 
-$,3, +" 2 ^77*<(2)+" -&O2-

O&S( "( '&-.20+3? 2+7*<Q2M. 

=&<1* +*,"./42* <"+Q*+('&-

Q22 +&+"0&#(2Q #*'*,'& %",&)-
.8S( ) +*<"("'3* <'*;3 2- #*-
'22 «^.2(+"M» <"#;*(2<2 %.8 

6'*%"()'&O*+28 2? 6"'02 )" 

)'*;8 2#6"./-")&+28. E",&)<2 
P2#. 19. C2'$#3 &(&<$S( <.*(<$ 

(:6$3.9)%3, 2007)
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+& "#+")* #*'*,'8+3? +&+"0&#(2Q 6'2;*+8S(#8 ) <&0*#()* &+(2-

&..*'5*++"5" <"+#*')&+(& ) <'*;&?, 4&;6$+8?, <"#;*(20*#<2? 

#'*%#()&? %.8 ;&<281& 2 (.%. G'2 2? 2#6"./-")&+22 +&,.S%&*(#8 

(&<1* 6'"(2)")"#6&.2(*./+3M 2 -&12).8SO2M ^77*<(.
=*<#(2./+3* (<&+2, #"%*'1&O2* +&+"0&#(2Q3 #*'*,'&, ",.&-

%&S( #&;"%*-2+72Q2'$SO2;2 #)"M#()&;2. =&<2* (<&+2 +*-&;*-
+2;3 %.8 ;*%2Q2+#<2? ?&.&("), 6"#(*./+"5" ,*./8 2 (.%.

D&+"0&#(2Q3 #6"#",+3 %".5" #"?'&+8(/ ,&<(*'2Q2%+3* #)"M-

#()& 6"#.* +&+*#*+28 +& ;+"52* ()*'%3* 6")*'?+"#(2 (#(*<.", 

%*'*)", ,$;&5&, <*'&;2<&, "<#2%3 ;*(&..") 2 %'.). L(" 6"-)".8*( 
#"-%&(/ )3#"<"^77*<(2)+3* %*-2+72Q2'$SO2* &^'"-".2 %.2-

(*./+"5" #'"<& %*M#()28 %.8 ,3(")"5" 6'2;*+*+28. C "(.202* "( 
?."'<2, <&',".")"M <2#."(3 2 %'$52? ?2;20*#<2? #'*%#() ",*--
-&'&12)&+28, &^'"-".2 +& "#+")* +&+"0&#(2Q +* ("<#20+3 2 +* 
)'*%8( -%"'")/S .S%*M 2 12)"(+3?.

R#.2 %",&)2(/ ) .&<"<'&#"0+3* ;&(*'2&.3, 6"<'3)&SO2* 
#(*+3 -%&+2M, +&+"0&#(2Q3 #*'*,'&, (" +& 6"<'&4*++3? (&<2;2 

<'&#<&;2 #(*+&? 2 6"(".<&? +* ;"1*( 12(/ ,"./42+#()" 6&("-

5*++3? ;2<'""'5&+2-;").
E",&)<& ) $5"./+3* 72./('3 %.8 )"%3 +&+"0&#(2Q #*'*,'& 

#$O*#()*++" $)*.202)&*( #'"< #.$1,3 (&<2? 72./('"), & <&0*-
#()" "02#(<2 )"%3 6'2 ^("; )"-'&#(&*( +& 6"'8%"<. 

G";2;" ",*--&'&12)&SO2? #)"M#(), +&+"0&#(2Q3 #*'*,'& 

",.&%&S( (&<1* )3#"<"M ^.*<('"6'")"%+"#(/S, 0(" 6"-)".8*( 
#"-%&)&(/ '&-.20+3* 6'")"%8O2* <.*2. G'")"%8O2M <.*M ;"1*( 
,3(/ 2#6"./-")&+, +&6'2;*', ) ;2<'"^.*<('"+2<* %.8 #"*%2+*-
+28 ;*./0&M42? ^.*<('"++3? %*(&.*M.

=&<2; ",'&-";, <'"4*0+3*, +*-&;*(+3*, ̂ <"."520*#<2 02#(3* 
#*'*,'8+3* +&+"0&#(2Q3 ;"5$( 6'2;*+8(/#8 )*-%*, 5%* +*",?"-

%2;" ",*#6*02(/ 02#("($ 2 5252*+$: "( <"#;*(20*#<2? #'*%#() %" 

",*--&'&12)&+28 ?2'$'520*#<2? 2+#('$;*+(") 2.2 6";*O*+2M.

)JN>< R>=J?. D&+"0&#(2Q3 "<#2%& Q2+<& (&<1* ",.&%&S( 
'8%"; $+2<&./+3? #)"M#() () ("; 02#.* 2 ,&<(*'2Q2%+3?), #'*%2 

<"("'3? "#",3M 2+(*'*# )3-3)&*( #6"#",+"#(/ 6"5."O&(/ 42'"-
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<2M #6*<(' ^.*<('";&5+2(+"5" 2-.$0*+28, )<.S0&8 $./('&72"-

.*(")"*, 2+7'&<'&#+"*, ;2<'")".+")"* 2 '&%2"0&#("(+"*.
=&<2* 0&#(2Q3 ;"5$( #.$12(/, +&6'2;*', %.8 -&O2(3 6'"(2) 

N]-.$0*M, 6'2%&)&8 +")3* 7$+<Q22 #(*<.&;, 6.&#(;&##&;, <'&-

#<&;, #2+(*(20*#<2; )"."<+&; 2 (.%. L(2 0&#(2Q3 (&<1* ;"1+" 

2#6"./-")&(/ %.8 6'25"(").*+28 #".+Q*-&O2(+3? <'*;"), ;&-*M 

2 %'$52? 6'*6&'&("), (&< <&< "+2 ,*-"6&#+3 %.8 0*.")*<& 2 +* 
'&-%'&1&S( <"1$ ('2#. 20).

F6"#",+"#(/ +&+"0&#(2Q "<#2%& Q2+<& < '&##*8+2S ^.*<('"-

;&5+2(+3? )".+ ;"1*( 2#6"./-")&(/#8 ) (<&+8? "%*1%3 %.8 6'2-

%&+28 *M #)"M#() +*)2%2;"#(2 ) 2+7'&<'&#+"; %2&6&-"+* -& 

#0*( 6"5."O*+28 2-.$0&*;"5" 0*.")*0*#<2; (*."; (*6.&. L(" 6"-

-)".8*( 2-5"(&).2)&(/ <&;$7.812, +*)2%2;3* ) 42'"<"; %2&-

6&-"+* 0&#("( – "( '&%2" %" $./('&72".*(&. =&<&8 "%*1%& 6'"#(" 

+*-&;*+2;& ) )"*++3? 2.2 &+(2(*''"'2#(20*#<2? "6*'&Q28?, 

6"#<"./<$ 6"-)".8*( )6."(+$S 6"%"M(2 < 6'"(2)+2<$ ,*- '2#<& 

,3(/ -&;*0*++3; 6'2,"'&;2 

+"0+"5" )2%*+28.

#>@JN>< JM;H=>9. D&+"-

0&#(2Q3 %2"<#2%& <'*;+28 

(SiO
2
) ",.&%&S( $%2)2(*./-

+3; #)"M#()";: *#.2 2? +&+*-
#(2 +& <&<"M-.2," ;&(*'2&., 

(" "+2 6'2#"*%2+8S(#8 < *5" 

;".*<$.&; 2 6"-)".8S( 6"-

)*'?+"#(2 "(("'5&(/ 5'8-/ 2 

)"%$. D&+"6"<'3(28 +& "#+")* 
^(2? 0&#(2Q -&O2O&S( #(*<-

.&, 6.2(<$, %*'*)", <&;*+/ 2 

(.%. Y&#(2Q3 5'8-2 +* ;"5$( 
6'2.26+$(/ 2.2 6'"+2<+$(/ 

) -&O2O&*;$S 6")*'?+"#(/, & 

)"%& .*5<" #(*<&*( # +**, $+"#8 

.S,3* -&5'8-+*+28 ('2#. 21).

P2#. 20. D&+"0&#(2Q3 "<#2%& 
Q2+<& )3#"<"M 02#("(3, 

6'*%+&-+&0*++3* %.8 2#6"./-"-
)&+28 ) ^.*<('"+2<*, <&(&.2-&-
("'&?, ;*%2Q2+#<2? 6'"%$<(&?, 
6'"%$<(&? .20+"M 5252*+3 

(http://www.polymery.ru)
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P2#. 21. G'2+Q26 %*M#()28 #&;""02O&SO2?#8 +&+"6"<'3(2M 
(:6$3.9)%3, 2007)

=<&+/ 6"#.* +&+*#*+28 6"<'3(28 #)","%+" 6'"6$#<&*( )"-%$?, 

+" +* 6'"6$#<&*( ).&5$. B"1+" -&,3(/ 6'" ('$%+")3)"%2;3* 
68(+& "( <"7*, 12'&, 5'8-2 2 6'. G"<'3(2* $#("M02)" < ('*+2S, 

52,<", +* 6"'(2(#8 "( #".+*0+"5" #)*(&, (*;6*'&($'3 2 #(2'<2.

2.4. 8>H>Q;NJ>; =?=@M;?JA@MK

E&.** ;3 '&##;"('2; ?2;2S +&+"'*&<("'") ) "#+")+"; 6" 

5'$66&; ^.*;*+(") G*'2"%20*#<"M #2#(*;3. G'2 ^("; ",'&(2; 

)+2;&+2* +* +& )#* ̂ .*;*+(3, & ("./<" +& (*, %.8 <"("'3? 6".$0*-
+3 ,".** 0*(<2* 2 2+(*'*#+3* '*-$./(&(3. D&+"?2;28 $5.*'"%& 

,$%*( '&##;&('2)&(/#8 "(%*./+".

];C@Q=K; > X;C@Q=@S;H;CG=K; YC;H;=AK (+&+"?2;28 

)<.S0&*( ) ^("( '8% 2 ;&5+2M).

G'"Q*##3 #(&,2.2-&Q22 2 #6*<('&./+3* #)"M#()& &(";") O*-
."0+3? 2 O*."0+"-*;*./+3? ^.*;*+(") %*(&./+" 2-$0*+3. 

H#",3; )+2;&+2*; #'*%2 +2? 6"./-$S(#8 +&+"0&#(2Q3 ;&5-
+28. 

A- '*&<Q2M # $0&#(2*; ;&5+28 "#","* )+2;&+2* $%*.8*(#8 

6".$0*+2S '*&5*+(") !'2+/8'&, $02(3)&8 )&1+$S '"./ %&++"-

5" '*&5*+(& ) #2+(*-* ;&5+2M"'5&+20*#<2? #"*%2+*+2M. C3#"<&8 

&<(2)+"#(/ &(";&'+"5" ;&5+28 ,3.& )6*')3* ",+&'$1*+& 6'2 
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+&5'*)&+22 #"<"+%*+#&(& 6&'") ;&5+28 2 %2^(2.")"5" ^72'&. 

C-&;*+ "12%&*;"5" <".."2%+"5" '&#()"'& ;&5+28 ) ^72'* 6"-

.$02.2 +*2%*+(272Q2'$*;"* ;&5+2M"'5&+20*#<"* #"*%2+*+2*. 
D2-<"(*;6*'&($'+3* #"<"+%*+#&(3 5&."5*+,*+-".") 2 ;&5+28 

6"#.* +&5'*)& 2 $%&.*+28 2-,3(<& '&#()"'2(*.8 %&)&.2 ,*#Q)*(-
+3* <'2#(&..3. G'2 ^("; ,3." $#(&+").*+", 0(" 6'2 (*;6*'&($-

'* 77 : '*&52'$S( 0&#(2Q3 ;&5+28, <"("'3* ",'&-$S( %2;*'3, 

& +* &(";3 ;&5+28. L(" 6"-)".8*( #%*.&(/ )3)"% " 6'"(*<&+22 

+&+"?2;20*#<"5" )-&2;"%*M#()28. 

B*("%"; ;&('20+"M 2-".8Q22 2##.*%")&+3 2 %'$52* O*-
."0+"-*;*./+3* ^.*;*+(3. C#* "+2 (&<1* ",'&-$S( %2;*'3 2- 
#)"2? &(";"); ",+&'$1*+3 2 #;*4&++3* %2;*'3 (26& CaMg, 

BaMg. E2;*'3 O*."0+"-*;*./+3? ^.*;*+(") 8).8S(#8 )&+-%*'-

)&&./#")3;2 0&#(2Q&;2.

A- %'$52? 2+(*'*#+3? '*&<Q2M # $0&#(2*; ;&5+28 "(;*(2; 

)-&2;"%*M#()2* # ;*(&+"; 2 &Q*(2.*+";. F ;*(&+"; ) +2-<"(*;-

6*'&($'+3? #"<"+%*+#&(&? &(";3 ;&5+28 '*&52'$S( ("./<" ) 
)"-,$1%*++"; #"#("8+22. G"#.* ",.$0*+28 #"<"+%*+#&(& #)*("; 

# %.2+"M )".+3 270-290 +; 6'"2#?"%2( )+*%'*+2* &(";& ;&5+28 

) F–D – #)8-/ ;*(&+&. G'"Q*## 2%*( 6" #?*;*:
FD

3
 – D  a  D

3
F - - D  a D

3
F–BgH

      +                   \      /     

     Mg                  Mg

H,'&-")&+2* ;*(2.;&5+2M52%'2%& 6"%()*'1%*+" %&++3;2 

A:-#6*<('"#<"622.

C"-,$1%*++3M ;&5+2M '*&52'$*( # &Q*(2.*+";, ",'&-$8 

MgCbCH. G'*%."1*+" %)& )"-;"1+3? ;*?&+2-;& '*&<Q22:

Mg* + HCbCH a (HMgCbCH) * a MgH + CCH  

(cR = +106 <<&./;"./),
Mg* + HCbCH a (HMgCbCH) * a H + MgCbCH  

(cR = +65 <<&./;"./).
G" ;+*+2S 2##.*%")&(*.*M, )("'"M ;*?&+2-; 6'*%6"0(2(*./-

+**, (&< <&< )"-,$1%*++3M &("; ;&5+28 2;**( ;*+/4$S ^+*'-

52S.
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>"./4"M 2+(*'*# )3-3)&S( '*&<Q22 0&#(2Q O*."0+"-*;*./-
+3? ;*(&..") # 5&."5*+;*(&+&;2 (26& FD

3
K, 5%* K = F, Cl, Br, I ) 

&'5"+")3? ;&('2Q&? 6'2 (*;6*'&($'* 9 :.

F'&)+*+2* &<(2)+"#(2 0&#(2Q <&./Q28 2 ;&5+28 6"-)".8*( 
'&#6"."12(/ 2? ) #.*%$SO2M '8%: 

F&
x
 d Ca

2
 > Mg

x
 > Mg

4
 > Mg

3
 d Mg

2
 > Ca > Mg.

@("; ;&5+28 "<&-3)&*(#8 #&;"M +*&<(2)+"M 0&#(2Q*M. D*"-

,30+" 2-;*+8*(#8 2 &<(2)+"#(/ 5&."5*+;*(&+"). H+2 '&#6".&5&-

S(#8 ) '8%: CH
3
I > CH

3
F > CH

3
Br > CH

3
Cl. 

E.8 ",[8#+*+28 6".$0*++3? '*-$./(&(") ,3." )3#<&-&+" 

6'*%6"."1*+2*, 0(" 6" #)8-8; $5.*'"%-5&."5*+ )+*%'8S(#8 <.&-

#(*'3 ;&5+28, & +* *5" &(";3. G*')3* +*^;62'20*#<2* <)&+(")"-

?2;20*#<2* '&#0*(3 6"<&-&.2, 0(" '*&<Q22 # <.&#(*'"; (*';"-

%2+&;20*#<2 ,".** )35"%+3. C"-;"1+" (&<1*, 0(" ,".** +2-<&8 

^+*'528 2"+2-&Q22 <.&#(*'") ;"1*( #6"#",#()")&(/ +&0&./+"M 

6*'*%&0* ^.*<('"+&, <"("'&8 6'*%4*#()$*( '&-'3)$ #)8-2. G'"-

Q*##, +&6'2;*', 2%*( 6" '*&<Q22: 

Mg
2
 + CH

3
Br a [Mg+CH

3
Br-]  a CH

3
Mg

2
Br.

>".** %*(&./+&8 #?*;& )"-;"1+3? '*&<Q2M 6'2)*%*+& +21*:
               k

1
F& + Ar a 2-"')&++3M &(";;

                k
2

F& + Ca  a   Ca
2
;

                  k
3

F& + Ca
2
  a   Ca

x 
 (x U 3);

Ca + FD
3
Br a +*( '*&<Q22;

Ca
2
 + FD

3
Br a FD

3
F&

2
Br;

CaB + FD
3
Br a FD

3
F&

8
Br;

5%* k – <"+#(&+(& #<"'"#(2 #""()*(#()$SO*M '*&<Q22.

C"-;"1+" )3%*.*+2* &(";& <&./Q28, +&6'2;*' 6" '*&<Q22:

FD
3
F&

3
Br a FD

3
F&

2
Br + F&. 

P*&<Q22 &(";") "5'&+20*+3 <2+*(20*#<2. C&1+"* -+&0*+2* 
%.8 '*&<Q22 2;*S( 6"(*+Q2&. 2"+2-&Q22 0&#(2Q '&-+3? '&-;*-
'"), ^+*'528 #)8-2 ;*(&..-;*(&.., ^+*'528 #)8-2 ;*(&..-5&."5*+, 

#'"%#()" < ^.*<('"+$ 5&."5*+;*(&+&. G"8).*+2* +& 0&#(2Q&? 
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;*(&..& -&'8%& "( 6*'*+"#& ^.*<('"+& #2./+" ;*+8*( -+&0*+2* 
^+*'522 #)8-2. D&6'2;*', ) +*-&'81*++"; %2;*'* ;&5+28 ^+*'-

528 #)8-2 Mg – Mg #"#(&).8*( 6'2,.2-2(*./+" 1,2 <<&., 2 0&#(2Q& 

6'*%#(&).8*( )&+-%*'-)&&./#") <";6.*<#. C -&'81*++"; %2;*'* 
;&5+28 ^+*'528 #)8-2 )"-'&#(&*( %" 23,4 <<&.. H#$O*#().*+2S 

'*&<Q22 #6"#",#()$*( 2 ^+*'528 ",'&-$*;3? #)8-*M ;*(&..-

5&."5*+.

H%+& 2- "#+")+3? 6'202+ 2+(*'*#& 2##.*%")&(*.*M < 2-$0*-
+2S 0&#(2Q ;&5+28 "6'*%*.8*(#8 (*;, 0(", ) "(.202* "( ,"./42+-

#()& ^.*;*+("), +*,"./42* 0&#(2Q3 ;&5+28 (%2;*'3, ('2;*'3, 

(*('&;*'3) #)8-&+3 #.&,3;2 #2.&;2 C&+-%*'-C&&./#&. H#+")+3* 
)3)"%3 2- '&-)*'+$)42?#8 (*"'*(20*#<2? 2##.*%")&+2M #.*%$S-

O2*:
– 0&#(2Q3 Mg

4
, Mg

10
, Mg

20
 2;*S( )3#"<$S #(&,2./+"#(/;

– 2-;*+*+2* ;*(&..20*#<2? #)"M#() # $)*.20*+2*; '&-;*'& 

0&#(2Q3 6'"2#?"%2( +*;"+"("++".

.;M;B@<=K; H;A?CCK III – VII DMFPP .;M>@<>Q;NJ@L N>NA;-

HK. L(2 5'$663 )<.S0&S( (&<2* )&1+3* ^.*;*+(3, <&< (2(&+, 

)&+&%2M, ?'";, ;".2,%*+, ;&'5&+*Q 2 %'$52*. A- '*&<Q2M ^(2? 

^.*;*+(") +&2,".** %*(&./+" 2-$0*+" )-&2;"%*M#()2* # %2"<-

#2%"; $5.*'"%&. :"5%& (2(&+ 2 +*<"("'3* %'$52* ^.*;*+(3 III – 

VII 5'$66 #"<"+%*+#2'$S( # %2"<#2%"; $5.*'"%&, (" 6'"2#?"%2( 
6*'*+"# ^.*<('"+& 2 )+*%'*+2* ;*(&..& 6" #)8-2 F – H. H,'&-$S-

O**#8 6'";*1$("0+"* #"*%2+*+2* (26& H – B – FH ;"1*( -&(*; 

'*&52'")&(/ # %2"<#2%"; $5.*'"%&. 

P*&<Q22 # (2(&+"; 6'2 15 : 6'*%#(&).*+3 #?*;"M:
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C +&#("8O** )'*;8 +&2,".** 6"%'",+" 2##.*%")&+3 ) 5&-")"M 

7&-* +&+"0&#(2Q3 Nb
x
, 5%* 8 = 5, …, 20. Y&#(2Q3 +2",28 6".$-

0&.2 #"0*(&+2*; .&-*'+"5" 2#6&'*+28 #" #)*'?-)$<")3; '&#42-

'*+2*;. >3. 2#6"./-")&+ 2;6$./#+3M ;*("% 2 %&).*+2* 5*.28 

3-5 &(;. F(".<+")*+2* # 5*.2*; "?.&1%&." 5"'802* &(";3 +2",28 

2 $;*+/4&." 2? #<"'"#(/. C 6"("<* 4." ",'&-")&+2* <.&#(*'"), 
<"("'3* 6'"?"%2.2 0*'*- '*&<("', 5%* #;*42)&.2#/ # '&-.20+3-

;2 '*&5*+(&;2 () %&++"; #.$0&* # ,*+-".";, ))"%2;"; # 5*.2*;). 

\&(*; #;*#/ '&#42'8.2 2 6"%)*'5&.2 #*.*<Q22 +& )'*;86'".*(-
+"; ;&##-#6*<('";*('*.
F&;3* #(&,2./+3* 0&#(2Q3 ",'&-$S(#8 6'2 8 = 8 2 8 = 10. D&-

,.S%&SO**#8 '*-<"* )"-'&#(&+2* '*&<Q2"++"M #6"#",+"#(2 %.8 

8 = 4 2  8 = 5 ;"1*( ,3(/ ",$#.").*+" 2 (*';"%2+&;2<"M 2 <&(&-

.2-";.

F 6"%",+3;2 0&#(2Q&;2 6'")*%*+ '8% ?2;20*#<2? '*&<Q2M. 

C-&2;"%*M#()2* 0&#(2Q +2",28 # ,*+-"."; 2%*( 6" #?*;*:
Nb

x
 + F

6
D

6
  a  Nb

x
 – F

6
D

6
 + Nb

x
F

6
.

Y(",3 '*&<Q28 +&0&.&#/, )&1+" ",'&-")&+2* <&<"5"-(" ;2+2-

;&./+"5" 02#.& #)8-*M Nb – F. 

D& 6'2;*'* )-&2;"%*M#()28 Nb
x
 # BrCN 6"<&-&+", 0(" '&-;*' 

<.&#(*'& ;"1*( ).28(/ +& #*.*<(2)+"#(/ 6'"Q*##&. Y&#(2Q& +2",28 

"('3)&*( "( ;".*<$.3 BrCN 2.2 &("; ,'";&, 2.2 '&%2<&. •CN:

Nb
x
 + BrCN  a Nb

x
Br  +  Nb

x
CN.

D*,"./42* <.&#(*'3 #6"#",#()$S( "('3)$ 5'$663 CN. G'2 

8 e 7 ",& +&6'&).*+28 6*'*#(&S( -&)2#*(/ "( '&-;*'& 0&#(2Q3. 

G".$0*++3* '*-$./(&(3 ,3.2 ",[8#+*+3 +& "#+")* ?&'&<(*'& 

#(".<+")*+28 <.&#(*'& +2",28 # ;".*<$."M BrCN. E.8 +*,"./-
42? <.&#(*'") %";2+2'$S( #(".<+")*+28 2;6$./#+"5" (26&, 

%.8 ,"./42? 6'*%6".&5&*(#8 7"';2'")&+2* <";6.*<#"), '&-."-

1*+2* <"("'3? ;"1*( )*#(2 < ",'&-")&+2S ","2? 6'"%$<(").
D& 6'2;*'* +&+"0&#(2Q +2",28 6"<&-&+" (&<1* ).28+2* '&--

;*'& 0&#(2Q +& +&6'&).*+2* '*&<Q22. =&<"* ).28+2* +&,.S%&*(-
#8, *#.2 6'2 )-&2;"%*M#()22 .25&+%& # <.&#(*'"; 7"';2'$*(#8 

<";6.*<#, <"("'3M ;"1*( '*&52'")&(/ # ",'&-")&+2*; %)$? '&--
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.20+3? 6'"%$<("). G"%",+"* 8).*+2* %*M#()2(*./+" +&,.S%&-

*(#8 +& 6'2;*'* )-&2;"%*M#()28 0&#(2Q +2",28 # 5&."5*+".*72-

+&;2:

Nb
x
 + RCH = CHBr   a    Nb

x
 ###RCH = CYBr

                               f               f
                                    Nb

x
RC

2
R          Nb

x
Br

                  6'2#"*%2+2(*./+"*     "('3) ,'";&
                      %*52%'2'")&+2*
Nb

x
RC

2
R ",'&-$*(#8 6'2 )-&2;"%*M#()22 ,"./42? <.&#(*'"). 

G"-)2%2;";$, ;&.3; <.&#(*'&; .*5<" &(&<")&(/ ,'";. >"./42* 
<.&#(*'3, ) #)"S "0*'*%/, )*'"8(+", .*50* ",'&-$S( $-<";6.*<# # 
%)"M+"M #)8-/S, 0(" 2 6'2)"%2( < %*52%'2'")&+2S.

C-&2;"%*M#()2* <.&#(*'") Nb
x
 # $5.*)"%"'"%&;2, (&<2;2 <&< 

Q2<."5*<#*+, Q2<."5*<#&%2*+, #)2%*(*./#()$*( " 0$)#()2(*./+"-

#(2 < +*+&#3O*++3; #)8-8;. D*,"./42* <.&#(*'3 +* '*&52'$S( 
# +&#3O*++3;2 $5.*)"%"'"%&;2, +" 2+(*+#2)+" %*52%'2'$S( 
&.<*+3 2 %2*+3. G" )#*M )*'"8(+"#(2, ,"./42* <.&#(*'3 +*",-

?"%2;3, 0(",3 $6'&).8(/ ^+*'5*(20*#<2; %*52%'2'")&+2*; ) 
<"+<$'2'$SO2? '*&<Q28?.

\+&+2* 72-2<"-?2;20*#<2? "#",*++"#(*M 2-".2'")&++3? 

<.&#(*'") "6'*%*.*++3? '&-;*'") ) 5&-")"M 7&-* )&1+" %.8 6"-

+2;&+28 #)"M#() 0&#(2Q, )+*%'*++3? ) ;&('2Q$ 2.2 #(&,2.2-2-

'")&++3? ) +*M. G'2 ^("; +&2,".** 2+(*'*#+3 #)"M#()& 0&#(2Q, 

#"%*'1&O2? +*#<"./<" &(";"), <"("'3* "6'*%*.8S( ?2;20*#<2* 
"#",*++"#(2 #2#(*;3.

IC;H;=AK VIII DMFPPK .;M>@<>Q;NJ@L N>NA;HK. =2620+3-

;2 6'*%#(&)2(*.8;2 VIII 5'$663 8).8S(#8 1*.*-", <",&./(, +2-

<*./, '$(*+2M, '"%2M, 6&..&%2M, "#;2M, 2'2%2M, 6.&(2+&.

D& 6'2;*'* 6&..&%28 "#$O*#().*+ )&1+3M Q2<. '&,"(, #)8-

-&++3? # 6".$0*+2*; +&+"0&#(2Q "6'*%*.*++"5" #(*?2";*('2-

0*#<"5" #"#(&)& ('2#. 22). G".$0&*;3* +&+"0&#(2Q3 6&..&%28 "(-
+"#8(#8 < «;&520*#<2;», (.*. #"%*'1&O2; #('"5" "6'*%*.*++"* 
02#." &(";") ;*(&..&: 13, 55, 147, 309, 561 2 (.%. G"%",+3* 02#.& 

#""()*(#()$S( Q*.2<"; -&6".+*++3; ","."0<&; <$,""<(&^%'2-
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0*#<2? <.&#(*'"). B*?&+2-; 

#2+(*-& 0&#(2Q # 72<#2'")&+-

+3; 02#."; &(";") "<"+0&-

(*./+" +* )38#+*+.

F 2#6"./-")&+2*; '&#()"-

'2(*.*M (&<1* 6".$0*+3 0&-

#(2Q3, )<.S0&SO2* %)& '&--
.20+3? ;*(&..&. D&6'2;*', 

#2#(*;&, 6".$0*++&8 )<.S-

0*+2*; <",&./(& 2 ;&'5&+Q&, 

,3.& 2#6"./-")&+& <&< <&(&.2-

-&("' 52%'2'")&+28 ,$(*+&-1 

6'2 (*;6*'&($'* 213 :. H<&-&-

."#/, 0(" #<"'"#(/ 52%'2'")&-

+28 )34* $ ,2;*(&..20*#<"5" 

<&(&.2-&("'&, 0*; $ 2+%2)2%$&./+3? <",&./(& 2 ;&'5&+Q&. C 

%&++"; #.$0&* +&,.S%&*(#8 8).*+2* #2+*'52-;&. G"%",+3* <&-

(&.2(20*#<2* #2#(*;3 .2," &<(2)+" ))"%8(#8 ) 6"'3 Q*".2("), 
.2," #2+(*-2'$S(#8 ) +2?.

E.8 +&+"0&#(2Q ;*(&..") VIII 5'$663 (Ru, Os, Rh) ",+&'$1*-
+3 '*&<Q22 "<2#.2(*./+"5" 6'2#"*%2+*+28. D&6'2;*', '*&<-

Q22 (26& B + FD
4
 a [B–D–FD

3
] a CD

3
BD 2%$( .*5<", ,*- ^+*'-

522 &<(2)&Q22 6'2 (*;6*'&($'* 10 : ) ;&('2Q* &'5"+&. P*&<Q22 

#6"#",#()$*( )3#"<&8 ^+*'528 #)8-2 ;*(&..-)"%"'"%.

D&+"0&#(2Q3 <",&./(& ('2#. 23), +2<*.8 2 1*.*-& )-&2;"%*M-

#()$S( # ;*(&+"; ("./<" 6"% ).28+2*; #)*(& 6'2 %.2+* )".+3 

300 +;, & #)*( # %.2+"M )".+3 420 +; 6'2)"%2( < ",'&(+"M '*&<-

Q22. D& 6'2;*'* 1*.*-& 6'"Q*## 2%*( 6" #?*;*:
Fe + CD

4
 g CH

3
FeH.

Y&#(2Q& ;*(&..& &(&<$*( F–D #)8-/. C"-;"1+3M ;*?&+2-; '*-
&<Q22 #)8-&+ # ",'&-")&+2*; h-<";6.*<#&.

@+&."520+" ;*(&+$ '*&52'$S( 2 %'$52* $5.*)"%"'"%3: ^(&+, 

6'"6&+. i*.*-" )-&2;"%*M#()$*( # Q2<."6'"6&+";, &(&<$8 #)8-/ 
$5.*'"%-$5.*'"%; # ,*+-"."; ",+&'$1*+3 #"*%2+*+28 (26& 

P2#. 22. B2<'"7"("5'&728 
6"%<")"",'&-+3? +&+"0&#(2Q 
6&..&%28 (www.nanometer.ru)



37

Fe(C
6
H

6
), Fe(C

6
H

6
)

2
, Fe

2
(C

6
H

6
); ) 

&'5"+")3? ;&('2Q&? 6'2 (*;-

6*'&($'* 12 : 2 6"% ).28+2*; 

#)*(& 1*.*-" )-&2;"%*M#()$*( # 
1,4-Q2<."5*<#&%2*+";. =&<1* ) 
&'5"+")3? ;&('2Q&? +&+"0&-

#(2Q3 1*.*-& 2 +2<*.8 )#($6&-

S( ) '*&<Q2S # %2&-";*(&+"; 

CH
2
N

2
. C <&0*#()* 6'"%$<(") 

",'&-$S(#8 0&#(2Q3 B=FD
2
 

2.2 N
2
MCH

2
. D& ?&'&<(*' ",-

'&-$SO2?#8 6'"%$<(") ).28*( 
#)*(.
G'2 )-&2;"%*M#()22 &(";") 1*.*-& # &.<2+&;2 6".$0*+3 -&;*-

O*++3* 7*''"Q*+3. G'*%6".&5&*(#8, 0(" '*&<Q28 2%*( 6" #?*;*:
             t, #"<"+%*+#&Q28 

Fe + RCbCR                     (F
5
R

5
)

2
Fe + ('2;*'3 2 (*('&;*'3 &.<2+").

F$O*#()$*( #."1+&8 6'",.*;&, # <"("'"M 6"#("8++" #(&.<2-

)&*(#8 +&+"?2;28: 6"<& *O* ('$%+" -&62#&(/ #(*?2";*('20*#<2* 
$'&)+*+28 '*&<Q2M 2 "6'*%*.2(/ <".20*#()" &(";") ) +&+"0&-

#(2Q* ;*(&..&, )#($6&SO*5" ) ?2;20*#<"* )-&2;"%*M#()2*. H%-

+&<" ^(" +* %".1+" "5'&+202)&(/ $#2.28 ?2;2<"), +&6'&).*+-

+3* +& 2-$0*+2* +")3? ?2;20*#<2? 6'*)'&O*+2M 2 6".$0*+2* 
+")3? #"*%2+*+2M.

.@<DMFPPK H;<> > R>=J?. C ^(2 6"%5'$663 G*'2"%20*#<"M 

#2#(*;3 )?"%8( '8% )&1+3? 2 2+(*'*#+3? ;*(&.."): ;*%/, #*'*-
,'", -"."(", Q2+<, <&%;2M 2 '($(/.
H%+& 2- "#+")+3? "#",*++"#(*M %&++3? ;*(&..") #"#("2( 

) (";, 0(" "+2 %"#(&("0+" .*5<" ",'&-$S( <.&#(*'3, ) <"("'3? 

;*(&.. +&?"%2(#8 ) +$./-)&.*+(+"; #"#("8+22, 0(" %&*( )"-;"1-

+"#(/ '&,"(&(/ # +2;2 ) '&-.20+3? #'*%&?. 

L(2 ;*(&..3 ",'&-$S( <.&##20*#<2* <".."2%3, +*<"("'3* 2- 
+2?, +&6'2;*' <".."2%3 -"."(&, ;"1+" 2#6"./-")&(/ %.8 6".$-

0*+28 6.*+"0+3? 6"<'3(2M '&-.20+"M (".O2+3.

P2#. 23. B&5+2(+3* +&+"0&#(2Q3 
<",&./(&, )-)*4*++3* ) '&#()"'* 

(http://www.strf.ru)
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A- %'$52? '*&<Q2M ̂ .*;*+(") 6"%5'$663 "(;*(2; )-&2;"%*M-

#()2* ;*%2 # %2&-";*(&+"; 6'2 (*;6*'&($'* 12 :. G'2 ^("; ) &'-

5"+")"M ;&('2Q* ",'&-$S(#8 %)& 6'"%$<(& 6" #?*;*:
                                                  CuCH

2
 + N

2

Cu   +   CH
2
N

2
                                         

                                                  N
2
CuCH

2

G'2 +2-<2? (*;6*'&($'&? ) ;&('2Q* <'26("+& +&+"0&#(2Q3 

<&%;28, Q2+<& 2 '($(2 )-&2;"%*M#()$S( # 5&."5*+^(2.&;2 () 5&-

-")"M 2 12%<"M 7&-&? %&++&8 '*&<Q28 +* 6'"(*<&*().
D& 6'2;*'* )"-,$1%*++"M '($(2 +&M%*+" '&-.202* ) '*&<Q2-

8? # '&-+3;2 5&."5*+&.<&+&;2:

Hg* + FD
3
Cl  a HCl  + C

2
H

2
 + Hg;

Hg* + F
2
D

5
F  a HF  +  CH

2
=FHF  + Hg.

N#(&+").*+", 0(" &("; ;*(&..& )+*%'8*(#8 ) #)8-2 C–Cl 2 C–Br 

2 +* )+*%'8*(#8 ) #)8-/ C–F. C-&2;"%*M#()2* Q2+<&, <&%;28 2 

'($(2 # 5&."5*+^(2.&;2 – "%2+ 2- 8'<2? 6'2;*'") "#$O*#().*-
+28 '*&<Q2M ) ()*'%"M 7&-* 6'2 #)*'?+2-<2? (*;6*'&($'&?. H,-

'&-$SO2M#8 6'2 ^("; 6'2 +2-<2? (*;6*'&($'&? 5&."5*+)"%"'"% 

#)8-&+ ) <";6.*<# # ^(2.*+";, 2 ("./<" 6'2 +&5'*)&+22 6".$0&-

S(#8 6'"%$<(3, $<&-&++3* ) 6*')"M '*&<Q22.

B*%/, #*'*,'" 2 -"."(" )-&2;"%*M#()$S( # ^(2.*+"; 2 6'"-

62.*+"; 6'2 (*;6*'&($'&? 77 2 4 :. C $5.*)"%"'"%+3? ;&('2-

Q&? 6'2 77 : ",+&'$1*+" ",'&-")&+2* <";6.*<#") Cu(C
2
H

4
), 

Cu(C
2
H

4
)

2
, Cu(C

2
H

4
)

3
, Ag(C

2
H

4
), Ag(C

2
H

4
)

2
. G'2 (*;6*'&($'* 4 : 

+&M%*+3 <";6.*<#3 # 6'"62.*+"; (26& 

Cu(C
3
H

6
), Cu(C

3
H

6
)

2
, @u(C

3
H

6
), Au(C

3
H

6
)

2
. 

D&+"#('$<($'3 +& "#+")* 0&#(2Q -"."(& 2 #*'*,'& +&?"%8( 
6'2;*+*+2* ) '&-.20+3? ",.&#(8? +&$<2 2 (*?+2<2 ('2#. 24). A- 
+&2,".** 2+(*'*#+3? ;"1+" "(;*(2(/ "6(2<$ 2 <&(&.2-, "6("^-
.*<('"+2<$ 2 ^.*<('"+2<$, #*+#"'+$S 2 <.2+20*#<$S %2&5+"-

#(2<$.  

.@<DMFPP? V@M?. C 6"%5'$66$ )?"%8( ^.*;*+(3 ,"', &.S;2-

+2M, 5&..2M, 2+%2M, (&..2M. C#* ^(2 ^.*;*+(3 )&1+3, +" +&2,"-

.** 6"%'",+" 2##.*%")&+ &.S;2+2M. E.8 <.&#(*'") &.S;2+28 
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2-$0*+" ).28+2* '&-;*'& +& ^+*'52S #)8-3)&+28. D&M%*+", 0(" 

%.8 0&#(2Q, #"%*'1&O2? ;*+** 6 &(";"), ?&'&<(*'+& %)$;*'+&8 

#('$<($'&, & %.8 0&#(2Q, )<.S0&SO2? ,".** 6 &(";"), – ('*?;*'-

+&8. E.8 0&#(2Q # 02#."; &(";") ;*+/4* 7 ?&'&<(*'+" "%+")&-

.*+(+"*, & %.8 0&#(2Q, 5%* 02#." &(";") ,"./4* 7, – ('*?)&.*+(-
+"* #"#("8+2* &.S;2+28.

E.8 &.S;2+28 2-$0*+3 '*&<Q22 *5" <.&#(*'+3? 2"+") Al+
n

  # 
<2#."'"%"; 2 %*M(*'2*;. H#+")+3* 6'"%$<(3 ?2;20*#<"M '*&<-

Q22 # %*M(*'2*;: %.8 +*,"./42? <.&#(*'") – ^(" Al
n-1

D+, Al+
n-2

 2 

Al+, %.8 ,"./42? <.&#(*'") – Al
n
D+ 2 Al

n-1
D+.

D*M('&./+3* 2 -&'81*++3* 0&#(2Q3 Al
n
 6"-'&-+";$ '*&52'$-

S( # <2#."'"%";. D*M('&./+3M &%%$<( Al
n
H

2
 ;"1*( ,3(/ 6'"#(" 

<.&#(*'"; &.S;2+28 #" #)","%+" #)8-&++3; <2#."'"%";.

P&##;"('2; +")$S ?2;2S +2-<")&.*+(+3? #"*%2+*+2M &.S-

;2+28.

P2#. 24. a, b, #, d j #('$<($'& +&+"0&#(2Q3 2- 102 &(";") -"."(&; e j )2% 
#)8-*M &(";") )+*4+*5" #."8 # &(";&;2 #*'3 (http://www.mallex.info)
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G'2 )-&2;"%*M#()22 '&#6.&).*++"5" &.S;2+28 # 5&-"",'&--
+3; ?."'")"%"'"%"; 6'2 1200 : 2%*( '*&<Q28:

Al
1
 +HCl

5&-
 a  AlCl

5&-
  + ½ H

2 5&-
.

C3?"% ) ^("M '*&<Q22 #"#(&).8*( 90%. H,'&-")&)42M#8 5&-"-

",'&-+3M AlCl
 
<"+%*+#2'$S( +& ?"."%+$S 6")*'?+"#(/ <'2"#(&-

(&. G'2 *5" +&5'*)&+22 %" 180 : 2;**( ;*#(" '*&<Q28 %2#6'"6"'-

Q2"+2'")&+28:

3AlCl
()

  a AlCl
3 ()

 + 2Al
()

.

=&<2; ",'&-";, &<(2)+3M ()*'%3M AlCl ;"1*( %.2(*./+"* 
)'*;8 #$O*#()")&(/ ("./<" 6'2 (*;6*'&($'* 77 :. F"<"+%*+#&-

Q28 AlCl # ,$(2+";-2 6'2)"%2( < ",'&-")&+2S %2;*'& 1,4 – %2&-

.S;2+2MQ2<."5*<#&%2*+&. @+&."520+3* ?2;20*#<2* 6'*)'&O*-
+28 "(;*0*+3 2 %.8 5&..28. 

5@=AM@CG=K; :@PM@NK > S?<?=>9

:&<2* (*.& 8).8S(#8 ",[*<(&;2 +&+"?2;22? G'2)*%2(* 6'2-1. 

;*'3.

G'2)*%2(* <.&##272<&Q2S ",[*<(") +&+"?2;22.2. 

G'2)*%2(* 6'2;*'3 ",[*<(") +&+"?2;20*#<2? 2##.*%")&-3. 

+2M.

H6242(* +&+"0&#(2Q3 2- &(";") 2+*'(+3? 5&-").4. 

H6242(* +&+"0&#(2Q3 ;*(&..").5. 

Y(" C&; 2-)*#(+" " 6'2;*+*+22 7$..*'*+")?6. 

P&##<&12(* ", $+2<&./+3? #)"M#()&? +&+"('$,"<.7. 

A"++3*, 7'&<(&./+3* 2 ;".*<$.8'+3* <.&#(*'3.8. 

C 0*; $+2<&./+"#(/ +&+"0&#(2Q #*'*,'&?9. 

C <&<2? ",.&#(8?, +& C&4 )-5.8%, ;"1+" *O* 2#6"./-")&(/ +&-10. 

+"0&#(2Q3 #*'*,'&?

C 0*; #"#("2( "#",*++"#(/ +&+"0&#(2Q 2- "<#2%& Q2+<&? D*-11. 

)2%2;<& – ^(" ;27 2.2 '*&./+"#(/?
P&##<&12(* " +&+"0&#(2Q&? "<#2%& <'*;+28. D$1+3 .2 ) ,$-12. 

%$O*; #(2'&./+3* ;&42+3?

C#(&)/(* 6'"6$O*++3* #.")& ) #.*%$SO2? 6'*%."1*+28?:13. 
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&) F&;3;2 6'"#(3;2 +&+"",[*<(&;2 8).8S(#8 +&+"0&#(2Q3 

2- &(";") … .

,) :.&#(*'3, #"#("8O2* 2- ;".*<$., +&-3)&S(#8 … .

)) :.&#(*'3, #"#("8O2* 2- 2"+"), +&-3)&S(#8 … .

5) :.&#(*'3 # '&-)*().*++"M #('$<($'"M +&-3)&S(#8 … .

P&##<&12(* " ?2;20*#<2? #)"M#()&? +&+"0&#(2Q 2- O*."0-14. 

+3? 2 O*."0+"-*;*./+3? ;*(&..").
P&##<&12(* " ?2;20*#<2? #)"M#()&? +&+"0&#(2Q 6*'*?"%+3? 15. 

^.*;*+(").
P&##<&12(* " ?2;20*#<2? #)"M#()&? +&+"0&#(2Q ^.*;*+(") 16. 

VIII 5'$663.

P&##<&12(* " ?2;20*#<2? #)"M#()&? +&+"0&#(2Q 6"%5'$66 17. 

;*%2 2 Q2+<&.

P&##<&12(* " ?2;20*#<2? #)"M#()&? +&+"0&#(2Q 6"%5'$663 18. 

,"'&.
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*C?:? 3. 81E1Z",5%4 ,-40'.
5-%(+)-)-$%0E"$(7" I!!"5+7 

(%()Z%,+1[

H%+" 2- "#+")+3? "(.202M +&+"?2;20*#<2? 6'*)'&O*+2M "( 
?2;20*#<2? 6'2 ",30+3? $#.")28? 6'")*%*+28 '*&<Q2M 6'"8)-
.8*(#8 ) '&-;*'+3? ^77*<(&?. Y(",3 6"+8(/ ^(", +*",?"%2;" 6"-

)("'2(/, 0(" (&<"* ?2;20*#<&8 #)8-/.

3.1. 8>H>Q;NJ?9 N:9SG

:.&##20*#<&8 #")'*;*++&8 ?2;28 #7"';$.2'")&.& "6'*%*-
.*++3* 6'*%#(&).*+28 " ?2;20*#<"M #)8-2. 8>H>Q;NJ?9 N:9SG 

– ^(" (&<"* )-&2;"%*M#()2* &(";"), <"("'"* #"*%2+8*( 2? ) ;".*-
<$.3, 2"+3, '&%2<&.3, <'2#(&..3. E"<&-&+", 0(" ) ",'&-")&+22 

?2;20*#<"M #)8-2 ;*1%$ &(";&;2 5.&)+$S '"./ 25'&S( )&.*+(-
+3* ̂ .*<('"+3. H(#S%& #6"#",+"#(/ &(";& ",'&-")3)&(/ ?2;20*-
#<2* #)8-2 +&-3)&*(#8 :?C;=A=@NAGW.

C*.202+& #2.3 )-&2;"%*M#()28 -&)2#2( "( ^.*<('"++"M <"+-

725$'&Q22 &(";&. @(";3 )#($6&S( ) ?2;20*#<2* #)8-2 # *%2+-

#()*++"M Q*./S – 6'2",'*#(2 $#("M02)$S ^.*<('"++$S <"+72-

5$'&Q2S.

H,'&-")&+2* $#("M02)"M ^.*<('"++"M <"+725$'&Q22 ;"1*( 
6'"2#?"%2(/ +*#<"./<2;2 #6"#",&;2 2 6'2)"%2(/ < ;".*<$.&; 

'&-.20+"5" #('"*+28, 6"^(";$ '&-.20&S( +*#<"./<" (26") ?2;2-

0*#<"M #)8-2: 2"++&8, <")&.*+(+&8, ;*(&..20*#<&8, )"%"'"%+&8.

1@==?9 N:9SG 6'*%#(&).8*( #","M ^.*<('"#(&(20*#<"* 6'2-

(81*+2* ;*1%$ 6'"(2)"6"."1+" -&'81*++3;2 2"+&;2 (0&#(2-

Q&;2, +*#$O2;2 ^.*<('20*#<2M -&'8%). H%+" 2- #)"M#() 2"++3? 

#"*%2+*+2M – #6"#",+"#(/ ",'&-")3)&(/ JM>NA?CC>Q;NJFW M;-

^;AJF, ) $-.&? <"("'"M '&#6"."1*+3 6"."12(*./+3* 2 "('2Q&-

(*./+3* 2"+3. 
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=2620+3M 6'*%#(&)2(*./ )*O*#()& # 2"++"M #)8-/S – )#*; 2--
)*#(+&8 6")&'*++&8 #"./ ('2#. 25). R* 7"';$.& NaCl. 

>"./42+#()" 2"++3? #"*%2+*+2M .*5<" '&-'$4&S(#8 6"% 

)+*4+2; )"-%*M#()2*; 2.2 ) ?2;20*#<2? '*&<Q28?.

D& '2#. 26 6"<&-&+", 0(" 6'"2#?"%2(, *#.2 +& 2"++3M <'2-

#(&.. %*M#()$*( %*7"';2'$SO&8 #2.&. D*,"./42* #%)252 ) <'2-

#(&..20*#<"M '*4*(<* #,.21&S( "%2+&<")" -&'81*++3* 2"+3. 

G'2 ^("; #2.3 "((&.<2)&+28 ;*1%$ "%+"2;*++3;2 -&'8%&;2 

#"-%&S( ('*O2+3 ) <'2#(&..*.
5@:?C;=A=?9 N:9SG – ^(" ?2;20*#<&8 #)8-/ ;*1%$ &(";&;2, 

)"-+2<&SO&8 6$(*; ",",O*#().*+28 ^.*<('"+") # ",'&-")&+2*; 

",O2? ^.*<('"++3? 6&'. L.*<('"+3, ",'&-$SO2* ",O$S 6&'$, 

+&-3)&S(#8 )&.*+(+3;2. H,'&-$8 <")&.*+(+$S #)8-/, "+2 -&+2-

;&S( "%+$ 2 ($ 1* "',2(&./, & 2? #62+3 (#62+ – ^(" <)&+(")"* 
02#.", <"("'"* ;"1+" '&##;&('2)&(/ <&< +&6'&).*+2* )'&O*-
+28 ^.*<('"+& )"<'$5 #)"*M "#2), #"5.&#+" 6'2+Q26$ G&$.2, +&-

6'&).*+3 ) 6'"(2)"6"."1+3* #("'"+3. =&<2; ",'&-";, "',2(&-

.2 &(";") 6'2 <")&.*+(+"M #)8-2 6*'*<'3)&S(#8 ;*1%$ #","M 

('2#. 27). >.&5"%&'8 ^(";$ +*.*5<" "("')&(/ &(";3 # ",O*M "',2-

(&./S %'$5 "( %'$5&.

P2#. 25. B"%*./ <'2#(&..20*-
#<"M '*4*(<2 ?."'2%& +&('28 

(B3$/)#.7%, 2005)

 P2#. 26. F?*;& 6")*%*+28 
<'2#(&..20*#<"M '*4*(<2 NaCl 
6"% %*M#()2*; %*7"';2'$SO*M 

#2.3 (:6$3.9)%3, 2007)
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A;*++" ,"./4&8 ^+*'528 <")&.*+(+"M #)8-2 ",[8#+8*( 7*+"-

;*+&./+$S 6'"0+"#(/ &.;&-&, ) <"("'"; <&1%3M &("; $5.*'"%& 

<")&.*+(+" #)8-&+ # 0*(3'/;8 %'$52;2 &(";&;2 ('2#. 28).

:")&.*+(+&8 #)8-/ +&2,".** ?&'&<(*'+& %.8 ;".*<$., #"#("8-

O2? 2- "%2+&<")3? &(";") (+&6'2;*', H
2
 2.2 Cl

2
), .2," <&'<&#-

+3? #('$<($' (&.;&-). E)"M+&8 2, (*; ,".**, ('"M+&8 <")&.*+(-
+3* #)8-2 6'"0+** ",30+"M, (&< <&< ^+*'528 '&-'3)& ^(2? #)8-*M 

5"'&-%" ,"./4*. 
A"++&8 2 <")&.*+(+&8 #)8-2 8).8S(#8 "%+2;2 2- "#+")+3? 

(26") '*&./+" #$O*#()$SO2? ?2;20*#<2? #)8-*M, <"("'3* ) %*M-

#()2(*./+"#(2 2;*S( 6'";*1$("0+3M ?&'&<(*'.

E;A?CC>Q;NJ?9 N:9SG – #)8-/ ;*1%$ 6"."12(*./+3;2 2"+&-

;2 ) <'2#(&..&? ;*(&.."), "#$O*#().8*;&8 -& #0*( 6'2(81*+28 

^.*<('"+"), #)","%+" 6*'*;*O&SO2?#8 6" <'2#(&..$. B*(&..3 

– "0*+/ '&#6'"#('&+*++3M ;&(*'2&. #")'*;*++"M 6'";34.*+-

+"#(2. D*<"("'3* ;*(&..3 <")<2* (2? ;"1+" <")&(/), +*<"("'3* 
(85$02* (2- +2? ;"1+" )3(852)&(/ 6'")"."<$). L(2 $+2<&./+3* 
#)"M#()& ",[8#+8S(#8 ;*(&..20*#<"M #)8-/S.

B*(&..3 ) ()*'%"; #"#("8+22 #"#("8( 2- 6"."12(*./+" -&'8-

1*++3? 2"+"), 6."(+" $6&<")&++3? ) <'2#(&..20*#<$S '*4*(<$ 

2 $%*'12)&*;3? );*#(* ",",O*#().*++3;2 )&.*+(+3;2 ^.*<-

('"+&;2 ('2#. 29).

P2#. 27. F?*;& ",'&-")&+28 <")&-
.*+(+"M #)8-2 (:6$3.9)%3, 2007)

P2#. 28. F('$<($'& &.;&-& 
(http://www.referatnik.ru)
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L.*<('"+3 ) ;*(&..&? %*."<&.2-")&+3, (" *#(/ +* 6'2+&%-

.*1&( <&<";$-.2," <"+<'*(+";$ &(";$, & '&#6'*%*.*+3 6" <'2-

#(&..$ '&)+";*'+".

B*(&..20*#<&8 #)8-/ ",[8#+8*( (&<2* #)"M#()& ;*(&.."), <&< 

2? 6'"0+"#(/, 6.&#(20+"#(/, (.*. )"-;"1+"#(/ 6"% %*M#()2*; %*-
7"';2'$SO*M #2.3 2-;*+8(/ 7"';$ '*4*(<2 ;*(&..& ) .S,"; 

+&6'&).*+22, +* %&)&8 ('*O2+, ) "(.202* "( 2"++3? <'2#(&..") 
('2#. 30). L(" 6'"2#?"%2( 6"(";$, 0(" 6."(+" $."1*++3* #."2 

;"5$( #<"./-2(/ %'$5 "(+"#2(*./+" %'$5&, +* '&-'$4&8 ",[*%2-

+8SO2? 2? #)8-*M.

P2#. 29. :'2#(&..20*#<&8 '*4*(<& ;*(&..&. G"<&-&+& ('&*<("'28 
"%+"5" 2- #)","%+" %)21$O2?#8 ^.*<('"+") (:6$3.9)%3, 2007)

P2#. 30. E*M#()2* %*7"';2'$SO*M #2.3 
+& <'2#(&..20*#<$S '*4*(<$ ;*(&..& (:6$3.9)%3, 2007)
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C3#"<&8 (*6."6'")"%+"#(/ ;*(&..") ",[8#+8*(#8 (*;, 0(" *#.2 

+&5'*(/ <$#"< ;*(&..& # "%+"M #("'"+3, (" <2+*(20*#<&8 ^+*'528 

^.*<('"+") $)*.202(#8. L(" $)*.20*+2* ^+*'522 '&#6'"#('&+2(-
#8 ) «^.*<('"++"; ;"'*» 6" )#*;$ ",'&-Q$ # ,"./4"M #<"'"#(/S.

-@<@M@<=?9 N:9SG – #)8-/ ;*1%$ 6"."12(*./+" -&'81*+-

+3; &(";"; )"%"'"%& 2 #2./+" ^.*<('""('2Q&(*./+3; &(";"; 

(H, F, N). H,'&-")&+2* )"%"'"%+"M #)8-2 #$O*#()*++" ).28*( +& 

72-20*#<2* 2 ?2;20*#<2* #)"M#()& )*O*#().
C"%"'"%+3* #)8-2 ;"5$( )"-+2<&(/ <&< ;*1%$ '&-.20+3;2 

;".*<$.&;2 ('2#. 31), (&< 2 )+$('2 ;".*<$.3 ('2#. 32). 

A;*++" )"%"'"%+3* #)8-2 ",[8#+8S( ;+"52* $+2<&./+3* 
#)"M#()& )"%3 2 ./%&. D&6'2;*', )"%& ",.&%&*( &+";&./+3;2 

72-20*#<2;2 #)"M#()&;2: )3#"<2;2 (*;6*'&($'&;2 <26*+28 

2 6.&).*+28, ,"./4"M (*6."*;<"#(/S, $)*.20*+2*; 6."(+"#(2 

6'2 6*'*?"%* 2- ()*'%"5" #"#("8+28 ) 12%<"*. L(2 &+";&.22 

25'&S( )&1+*M4$S '"./ ) #$O*#()")&+22 12-+2 +& \*;.*.
-?=-<;M-:??CGN@:K :S?>H@<;LNA:>9. :'";* '&##;"('*++3? 

(26") ?2;20*#<"M #)8-2 #$O*#()$S( (&<1* #'&)+2(*./+" #.&,3* 
#2.3 C&+-%*'-C&&./#&. C 1873 5"%$ X.E. C&+-%*'-C&&./# )3%)2+$. 

6'*%6"."1*+2* " #$O*#()")&+22 #2. ;*1;".*<$.8'+"5" 6'2-

P2#. 31. F?*;& )"%"'"%+"M #)8-2 ) 
<'2#(&..* ./%& (:6$3.9)%3, 2007)

P2#. 32. F?*;& )"%"'"%+"M #)8-2 

) ;".*<$.* ED: (:6$3.9)%3, 2007)
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(81*+28, 6"%",+3? (*;, 0(" #$O*#()$S( ) #)8-8? ;*1%$ &(";&-

;2. C %&./+*M4*; 526"(*-& 6"%()*'%2.&#/ – ,3.2 "(<'3(3 '&--
.20+3* (263 ;*1;".*<$.8'+"5" )-&2;"%*M#()28, 5%* +&2,".** 
'&#6'"#('&+*+" (&< +&-3)&*;"* %26"./-%26"./+"* 6'2(81*+2* 
('2#. 33).

G'2 #,.21*+22 %)$? 6".8'+3? ;".*<$. "+2 "'2*+(2'$S(#8 

) 6'"#('&+#()* (&<2; ",'&-";, 0(" 6"."12(*./+3M -&'8% "%+"5" 

%26".8 (%26"./ – ;".*<$.&, 2;*SO&8 %)& 6".S#& – 6"."12(*./-
+3M 2 "('2Q&(*./+3M) '&#6".&5&*(#8 '8%"; # "('2Q&(*./+3; -&-

'8%"; %'$5"5" %26".8, ;*1%$ +2;2 )"-+2<&*( #.&,&8 #)8-/.
C&+-%*'-)&&./#")3;2 #2.&;2 "6'*%*.8S(#8 (&<2* 72-20*-

#<2* #)"M#()& )*O*#(), <&< (*;6*'&($'& 6.&).*+28, (*;6*'&($'& 

<26*+28, &%#"',Q28, '&#()"'*+2*, <'2#(&..2-&Q28 2 (.%.

C +&#("8O2M ;";*+( (*';2+ «)&+-%*'-)&&./#")3 #2.3» '&#-
6'"#('&+8*(#8 +& )#* #.&,3* ;*1;".*<$.8'+3* #2.3, <'";* )"-

%"'"%+"M #)8-2.

K2;20*#<&8 #)8-/ ",'&-$*(#8 ) '*-$./(&(* ?2;20*#<2? '*&<-

Q2M. G'2 ̂ ("; )*O*#()&, 6"%)*'5&SO2*#8 6'*)'&O*+2S, +&-3)&-

S(#8 M;?D;=A?H>, & )+")/ ",'&-$SO2*#8 )*O*#()& – PM@<FJA?H>. 

9S,$S '*&<Q2S ;"1+" -&62#&(/ (&<:

:#3+#%,6 V N/&*19,6

P2#. 33. F?*;& %26"./-%26"./+"5" 6'2(81*+28 (:6$3.9)%3, 2007)
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D& ?"% '*&<Q22 ).28*( ;+"1*#()" 7&<("'"): (*;6*'&($'&, 

%&).*+2*, #"#("8+2* 2 <"+Q*+('&Q28 2#?"%+3? )*O*#() 2 6'.

G'2 6*'*?"%* < +&+"",[*<(&; 6'*%#(&).*+28 <.&##20*#<"M 

?2;22 ;*+8S(#8. 

3.2. 5:?=A@:@-M?SH;M=K; YUU;JAK =?=@Q?NA>R

F('*;2(*./+"* '&-)2(2* ^.*<('"++"M (*?+2<2, ) 0&#(+"#(2 

#<&+2'$SO2? ;2<'"#<"6"), 6"-)".2." 2-$0&(/ )*O*#()& +& 

$'")+* "(%*./+3? &(";") 2 ;".*<$., #)8-&++3? %'$5 # %'$5"; +* 
('&%2Q2"++3;2 ?2;20*#<2;2 #)8-8;2, & "#",3;2 )-&2;"%*M-

#()28;2, ?&'&<(*'+3;2 %.8 +&+";2'&.

H<&-&."#/, 0(" "%+" 2 (" 1* )*O*#()" ;"1*( -+&02(*./+" 2--
;*+8(/ #)"2 ?2;20*#<2* #)"M#()& 2 '*&<Q2"++$S #6"#",+"#(/ ) 
-&)2#2;"#(2 "( <".20*#()& &(";") ) 2##.*%$*;"; ",'&-Q* 2 *5" 

'&-;*'&.

G*')3; ",'&(2. +& ^(" )+2;&+2* 2-)*#(+3M $0*+3M XIX )*<& 

B&M<. ]&'&%*M, #$;*)42M 6".$02(/ <".."2%+$S (1('#%0)T, #"-

#("8O$S 2- <'"4*0+3? 0&#(2Q -"."(&. C "(.202* "( #)"*5" <";-

6&<(+"5" #"#("8+28, 2;*SO*5" )#*; -+&<";3M 1*.(")&(3M ,.*#<, 

6".$0*++3M ",'&-*Q ,3. 72".*(")"5" Q)*(&. L(" 5")"'2( " (";, 

0(" "('&1&SO2* #)"M#()& -"."(& 2-;*+8S(#8 6'2 $;*+/4*+22 

'&-;*'") *5" 0&#(2Q.

G*')3* "63(3 6" 6".$0*+2S +&+"#<"620*#<2? 0&#(2Q 6'2-

)*.2 < ,$'+";$ '"#($ 2+(*'*#& < +&+"?2;22 ) +&$0+3? <'$5&?. 

H<&-&."#/, 0(" 0&#(2Q3 +&+";*('")3? '&-;*'") ",.&%&S( 6")3-

4*++"M ?2;20*#<"M &<(2)+"#(/S, 2 '*&<Q22 # 2? $0&#(2*; 6'"-

(*<&S( 5"'&-%" ,3#('**.
H%+& 2- 6'2"'2(*(+3? -&%&0 +&+"?2;22 – $#(&+").*+2* #)8-

-2 ;*1%$ '&-;*'"; +&+"0&#(2Q3 2 ** #)"M#()&;2.

C +&+"?2;22 0'*-)30&M+" )*.2<& '"./ J:?=A@:KB M?SH;M=KB 

YUU;JA@:, )3-3)&SO2? 2-;*+*+2* #)"M#() )*O*#()& ) -&)2#2;"-

#(2 "( '&-;*'& 0&#(2Q 2 <".20*#()& ) +2? &(";") 2.2 ;".*<$.. 

P"./ '&-;*'+3? ^77*<(") +&#("./<" )*.2<&, 0(" 6'*%6'2+2;&-
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S(#8 6"63(<2 #"-%&(/ (&,.2Q3 -&)2#2;"#(2 #)"M#() <.&#(*'") 2 

+&+"0&#(2Q "( 2? '&-;*'& 2 5*";*('22 +&6"%",2* G*'2"%20*-
#<"M (&,.2Q3 ^.*;*+(") E.A. B*+%*.**)&. :)&+(")3* '&-;*'+3* 
^77*<(3 "6'*%*.8S( (&<2* #)"M#()& )*O*#()&, <&< (*6."*;<"#(/, 

^.*<('"6'")"%+"#(/, +*<"("'3* "6(20*#<2* #)"M#()& 2 (.6.

F$O*#()*++3* '&-.2028 ) #)"M#()&? +&+"0&#(2Q +&02+&S( 
)"-+2<&(/ 6'2 '&-;*'&? 0&#(2Q 2-30 +;. F ^+*'5*(20*#<"M ("0<2 

-'*+28, $;*+/4*+2* '&-;*'") 0&#(2Q 6'2)"%2( < )"-'&#(&+2S 

'".2 6")*'?+"#(+"M ^+*'522, 0(" 6'2)"%2( < 2-;*+*+2S 72-2-

0*#<2? 2 ?2;20*#<2? #)"M#() ;&.3? 0&#(2Q. 

P&##;"('*+2* ^<#6*'2;*+(&./+3? %&++3? 2 '*&<Q2M &(";"), 
<.&#(*'") 2 +&+"0&#(2Q '&-.20+3? ^.*;*+(") G*'2"%20*#<"M 

#2#(*;3 6"-)".8*( #7"';$.2'")&(/ "6'*%*.*+2*: M?SH;M=K; 

YUU;JAK : B>H>> – ^(" 8).*+2*, )3'&1&SO**#8 ) <&0*#()*+-

+"; 2-;*+*+22 72-2<"-?2;20*#<2? #)"M#() 2 '*&<Q2"++"M 

#6"#",+"#(2 ) -&)2#2;"#(2 "( <".20*#()& &(";") 2.2 ;".*<$. ) 
0&#(2Q* )*O*#()&, 6'"2#?"%8O** ) 2+(*')&.* ;*+** 100 &(";+"-

;".*<$.8'+3? %2&;*('").
G'"8).*+2* '&-;*'+3? ̂ 77*<(") 6'*%#(&).8*( "%+" 2- "#+")-

+3? "(.202M +&+"?2;22 "( ?2;20*#<2? 6'*)'&O*+2M 6'2 ",30-

+3? $#.")28? 6'")*%*+28 '*&<Q22.

:)&+(")3* '&-;*'+3* ^77*<(3 6'"8).8S(#8, <"5%& '&-;*'3 

2##.*%$*;3? ",[*<(") #'&)+2;3 # %.2+"M %*-,'"M.*)#<"M )".+3 

^.*<('"+"), 7"("+") 2 ^<#2("+"). H#",*++" &<(2)+" )#*)"-;"1-

+3* <)&+(")3* ^77*<(3 6'"8).8S(#8 +& $'")+* <.&#(*'").
G'2+8(" '&-.20&(/ %)& (26& '&-;*'+3? ^77*<("): #",#()*+-

+3M, 2.2 )+$('*++2M, 2 )+*4+2M. C+$('*++2M #)8-&+ #" #6*Q2-

720*#<2;2 2-;*+*+28;2 ) ",[*;+3? 2 6")*'?+"#(+3? #)"M#()&? 

<&< 2+%2)2%$&./+3? 0&#(2Q, (&< 2 6".$0&*;3? ) '*-$./(&(* 2? 

#&;""'5&+2-&Q22 &+#&;,.*M. C+*4+2M ^77*<( 8).8*(#8 '&-;*'-

+" -&)2#2;3; "()*("; +& )+*4+** 6".* 2.2 %*M#()2* #2., +*-&-

)2#2;3? "( )+$('*++*5" ^77*<(&.

N+2<&./+3* #)"M#()& +&+"0&#(2Q, )"-+2<&SO2* -& #0*( 6"-

)*'?+"#(+3? 2.2 <)&+(")"-'&-;*'+3? ^77*<("), 8).8S(#8 ",[-
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*<("; 2+(*+#2)+3? 2##.*%")&+2M. H#","* ;*#(" ) ^("; '8%$ -&-

+2;&S( 43+%),%6# 83/39,#/)(,)9) %3%&"3(,)?. \%*#/ +&2,".** 
"(0*(.2)" )38).*+3 '&-.2028 (2+"5%& "0*+/ #$O*#()*++3*) 
;*1%$ <";6&<(+3;2 ;&5+2(+3;2 ;&(*'2&.&;2 2 #""()*(#()$S-

O2;2 +&+"0&#(2Q&;2, 0(" )3-3)&*( 6")34*++3M 2+(*'*# #6*-
Q2&.2#(") '&-.20+"5" 6'"72.8. B*+88 '&-;*'3, 7"';$, #"#(&), 
#('"*+2* +&+"0&#(2Q, ;"1+" ) "6'*%*.*++3? 6'*%*.&? $6'&)-
.8(/ ;&5+2(+3;2 ?&'&<(*'2#(2<&;2 ;&(*'2&.") +& 2? "#+")*.
B&5+2(+3* +&+"0&#(2Q3 42'"<" '&#6'"#('&+*+3 ) 6'2'"-

%* ('2#. 34) 2 )?"%8( ) #"#(&) ,2"."520*#<2 )&1+3? <";6.*<#"), 
25'&S( -+&02(*./+$S '"./ ) 6'"Q*##&? ;*(&,".2-;& 2 7$+<Q2"-

+2'")&+28 12)3? "'5&+2-;"). D&2,".** '&#6'"#('&+*++3;2 ) 
12)3? "'5&+2-;&? ;&5+2(+3;2 +&+"0&#(2Q&;2 #.*%$*( #02(&(/ 
;&5+*(2( 2 7*''252%'2( (;2+*'&./+"* 8%'" 7*''2(2+&).

!;MM>A>= 6'*%#(&).8*( #","M )"%"'&#()"'2;3M ,*."<, #"-

#("8O2M 2- «+*"'5&+20*#<"5"» 8%'& %2&;*('"; 7 +; 2 ,*.<")"M 

","."0<2 (".O2+"M d6 +;. D&.202* ,*.<")"M ","."0<2 ",*#6*-
02)&*( ,2"#");*#(2;"#(/ 0&#(2Q 7*''2(2+& ('2#. 35). H#+")+&8 

*5" '"./ – «%*6"» 1*.*-&.

P2#. 34. B&5+2(+3* +&+"0&#(2Q3 
'1&)02+3 

(http://www.physics.uni-altai.ru)

P2#. 35. ]*''2(2+ 
(http://www.gizmod.ru)
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B&5+2(+3* +&+"0&#(2Q3 )#('*0&S(#8 +* ("./<" ) ,&<(*'28?, 

+" 2 ) <.*(<&? )3#42? "'5&+2-;").
F02(&*(#8, 0(" #"%*'1&O2*#8 ) <.*(<&? &+2-"('"6+3* +&+"-

0&#(2Q3 ;&5+*(2(& ;"5$( )-&2;"%*M#()")&(/ # ;&5+2(+3; 6".*; 

\*;.2 2 6*'*%&)&(/ #""()*(#()$SO$S 2+7"';&Q2S %'$52; ,2"-

'*Q*6("'&; "'5&+2-;&. G".&5&S(, 0(" $#("M02)&8 6'"#('&+#()*+-

+&8 "'2*+(&Q28 ;+"52? )3#42? 12)3? "'5&+2-;") (+&6'2;*', 

6'2 #*-"++"M ;25'&Q22 6(2Q, '3,) #)8-&+& # 2? #6"#",+"#(/S ) 
<&1%3M %&++3M ;";*+( "6'*%*.8(/ #)"* 6"."1*+2* "(+"#2(*./-

+" ;&5+2(+"5" 6".8 \*;.2.

5@=AM@CG=K; :@PM@NK > S?<?=>9

Y(" (&<"* ?2;20*#<&8 #)8-/? G*'*02#.2(* "#+")+3* )2%3 1. 

?2;20*#<"M #)8-2.

Y(" (&<"* 2"++&8 #)8-/? :&<") ;*?&+2-; ** ",'&-")&+28?2. 

Y(" (&<"* <")&.*+(+&8 #)8-/? :&<") ;*?&+2-; ** ",'&-")&-3. 

+28?

Y(" (&<"* ;*(&..20*#<&8 #)8-/?4. 

C <&<2? #"*%2+*+28? )#('*0&*(#8 )"%"'"%+&8 #)8-/?5. 

H?&'&<(*'2-$M(* )&+-%*'-)&&./#")3 )-&2;"%*M#()28.6. 

G*'*02#.2(* <)&+(")"-'&-;*'+3* ^77*<(3 +&+"0&#(2Q.7. 

G'2)*%2(* %)& (26& '&-;*'+3? ^77*<("). H?&'&<(*'2-$M(* 8. 

2?.

Y(" (&<"* ;&5+2(+3* ?&'&<(*'2#(2<2 +&+"0&#(2Q?9. 

G'2;*'3 ;&5+2(+3? +&+"0&#(2Q ) 6'2'"%*.10. 
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*C?:? 4. .)&3Z"(1" (%()Z%,+1[

4.1. E;A@<K P@CFQ;=>9 =?=@Q?NA>R

C +&#("8O** )'*;8 '&-'&,"(&+" ,"./4"* <".20*#()" ;*("-

%") 6".$0*+28 0&#(2Q '&-.20+"5" '&-;*'&. G'2+Q262&./+" )#* 
;*("%3 #2+(*-& +&+"0&#(2Q, <&< 72-20*#<2* (&< 2 ?2;20*#<2*, 
;"1+" '&-%*.2(/ +& %)* ,"./42* 5'$663:

- <>NP;MD?R>@==K; H;A@<K, 2.2 ;*("%3 6".$0*+28 +&+"0&-

#(2Q 6$(*; 2-;*./0*+28 ",30+"5" ;&<'"",'&-Q&;

- J@=<;=N?R>@==K; H;A@<K, 2.2 ;*("%3 «)3'&O2)&+28» +&-

+"0&#(2Q 2- "(%*./+3? &(";").
#>NP;MD?R>@==K; H;A@<K. G'2 %2#6*'5&Q2"++3? ;*("%&? 

2#?"%+3* (*.& 2-;*./0&S( %" +&+"0&#(2Q. E&++3M 6"%?"% < 6"-

.$0*+2S +&+"0&#(2Q ",'&-+" +&-3)&*(#8 +*<"("'3;2 $0*+3;2 

«P@<B@< N:;MBF :=>S». L(" #&;3M 6'"#("M 2- )#*? #6"#",") #"--
%&+28 +&+"0&#(2Q, #)"*5" '"%& «;8#"'$,<&» %.8 ;&<'"(*.. E&+-

+3M ;*("% 42'"<" 2#6"./-$*(#8 ) 6'"2-)"%#()* ;&(*'2&.") %.8 

;2<'"^.*<('"+2<2, "+ -&<.S0&*(#8 ) $;*+/4*+22 '&-;*'") ",[-

*<(") %" +&+")*.202+ ) 6'*%*.&? )"-;"1+"#(*M 6'";34.*++"5" 

","'$%")&+28 2 2#6"./-$*;"5" ;&(*'2&.&.

G'2 %2#6*'5&Q2"++"; #6"#",*, ) $#.")28? %"#(&("0+"5" 6"-

#($6.*+28 ^+*'522 (6'*1%* )#*5" ;*?&+20*#<"M), '&-;*' 7'&5-
;*+("), +& <"("'3* '&#6&%&*(#8 ;"+"<'2#(&.., $;*+/4&*(#8. 

G"<& 6'2("< ;*?&+20*#<"M ^+*'522 )*.2<, ,"./42+#()" 7'&5-
;*+(") 2;*S( +&+";*('")3M '&-;*' 2 #2#(*;& "#(&*(#8 ) +&-

+"#"#("8+22. :"5%& 1* «;8#"'$,<&» "#(&+&).2)&*(#8, +*#<";-

6*+#2'")&++"#(/ 6")*'?+"#(+3? #)8-*M 6'2)"%2( < (";$, 0(" 

+&+"7'&5;*+(3 +&02+&S( #'&#(&(/#8 2 $<'$6+8(/#8. C#* ^(" 

6'"%".1&*(#8 %" (*? 6"', 6"<& ) #2#(*;* +* ,$%*( )"##"-%&+ 2#-
?"%+3M <'2#(&...

Y(",3 6'*%"()'&(2(/ ^("( +*1*.&(*./+3M ^77*<( ",'&(+"M 
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<'2#(&..2-&Q22, ) #2#(*;$ ))"%2(#8 +*<"("'3M NA?V>C>S?A@M, 

<"("'3M ",30+" 6'*%#(&).8*( #","M ;".*<$.8'+3M '&#()"' ,*.-

<"), 6".2;*'") 2.2 6")*'?+"#(+" &<(2)+3? )*O*#() (G@C). D& 

"6'*%*.*++"M #(&%22, <"5%& '&-;*' <'2#(&..& )3?"%2( -& '&;-

<2 +&+";*('")"M ",.&#(2, #(&,2.2-&("' )#($6&*( ) %*M#()2*: *5" 

;".*<$.3 ",.*6.8S( '&#($O$S +&+"0&#(2Q$ #" )#*? #("'"+, 0(" 

6'*68(#()$*( ** %&./+*M4*;$ '"#($. P*5$.2'$8 #"#(&) 2 <"+Q*+-

('&Q2S #(&,2.2-&("'&, ;"1+" 6".$0&(/ +&+"0&#(2Q3 .S,"5" 

%2&;*('&. P&-+3* #(&,2.2-&("'3 6"-'&-+";$ )-&2;"%*M#()$S( # 
+&+"0&#(2Q&;2.

=&<2; ",'&-";, ,"./42+#()" +&+"#2#(*;, 6".$0&*;3? %2#-
6*'5&Q2"++3;2 ;*("%&;2, +*#(&,2./+3, 2 *#.2 +* #"-%&(/ +*-
",?"%2;3? $#.")2M %.8 2? <"+#*')&Q22, "+2 ,$%$( #('*;2(/#8 

)*'+$(/#8 ) #)"* <";6&<(+"* #"#("8+2*. 
D" <&< 1* ("5%& ",[8#+2(/ #(&,2./+"#(/ +*<"("'3? +&+"0&-

#(2Q, +&6'2;*' 7$..*'*+") 2 +&+"('$,"<? C*%/, +*#;"('8 +& 

#)"2 +&+";*('")3* '&-;*'3, "+2 6'*)"#?"%+" #$O*#()$S( 2 «6"-

"%2+"0<*», "(+S%/ +* #('*;8#/ ",[*%2+8(/#8 # #*,* 6"%",+3;2.

C)2%$ ^("M $+2<&./+"M "#",*++"#(2, 7$..*'*+3, +&+"('$,-

<2 2 +*<"("'3* %'$52* +&+"0&#(2Q3 ,3.2 +&-)&+3 «H?D>Q;NJ>-

H>», & 02#.& )?"%8O2? ) +2? &(";") – «H?D>Q;NJ>H> Q>NC?H>» 

('2#. 36 &, ,, )). D&6'2;*', %.8 O*."0+3? ;*(&..") ;&520*#<2* 
02#.& – 8, 20 2 40, %.8 ,.&5"'"%+3? ;*(&..") – 13, 55, 137 2 255, %.8 

$5.*'"%+3? <.&#(*'") – 60, 70, 90 2 (.%.

C#* &(";3 «;&520*#<2?» +&+"0&#(2Q <'*6<" #)8-&+3 ;*1%$ 

#","M.

A-;*./0&(/ )*O*#()" ) +&+"0&#(2Q3 ;"1+" +* ("./<" ;*?&+2-

0*#<2. P"##2M#<&8 <";6&+28 «G*'*%")3* 6"'"4<")3* (*?+"."-

522» 6".$0&*( +&+"0&#(2Q3, )-'3)&8 ;*(&..20*#<$S +2(/ ;"O-

+3; 2;6$./#"; ("<& ('2#. 37).

F$O*#()$S( 2 ,".** ̂ <-"(20*#<2* #6"#",3 6".$0*+28 +&+"0&-

#(2Q. @;*'2<&+#<2* $0*+3* ) 2003 5"%$ )3%*.2.2 # 6")*'?+"#(2 

.2#(/*) 725")"5" %*'*)& ;2<'""'5&+2-;3 Rhodococcus 2 6";*#(2-

.2 2? ) -"."("#"%*'1&O2M '&#()"'. >&<(*'22 )"##(&+&).2)&.2 
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2"+3 #*'*,'& %" &(";"), 2- <"("'3? #",2'&.2 &<<$'&(+3* +&+"-

0&#(2Q3 %2&;*('"; "<"." 10 +;. F('"8 +&+"0&#(2Q3, ,&<(*'22 

0$)#()")&.2 #*,8 +"';&./+" 2 6'"%".1&.2 '&-;+"1&(/#8.

5@=<;=N?R>@==K; H;A@<K. G'2 <"+%*+#&Q2"++3? ;*("%&? 

(«P@<B@< N=>SF ::;MB») +&+"0&#(2Q3 6".$0&S( 6$(*; ",[*%2+*-
+28 "(%*./+3? &(";"). B*("% -&<.S0&*(#8 ) (";, 0(" ) <"+('".2-

P2#. 36. D&+"0&#(2Q3 # «;&520*#<2;2 02#.&;2»: 
&) +&+"0&#(2Q3 6.&(2+3 (http://tesla2.ru); 

,) "%+"#."M+&8 +&+"('$,<& (http://www.computer-museum.ru); 
)) 7$..*'*+ F

140
 (http://www.chem.msu.su)

P2#. 37. L.*<('")-'3)+"M ;*("% 6".$0*+28 +&+"0&#(2Q 
(:6$3.9)%3, 2007)
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'$*;3? $#.")28? 6'"2#?"%2( 7"';2'")&+2* &+#&;,.*M 2- &("-

;") 2 2"+"). C '*-$./(&(* ",'&-$S(#8 +")3* ",[*<(3 # +")3;2 

#('$<($'&;2 2, #""()*(#()*++", # +")3;2 #)"M#()&;2, <"("'3* 
;"1+" 6'"5'&;;2'")&(/ 6$(*; 2-;*+*+28 $#.")2M 7"';2'")&-

+28 &+#&;,.*M. L("( 6"%?"% ",.*50&*( '*4*+2* 6'",.*;3 ;2-

+2&(S'2-&Q22 ",[*<("), 6'2,.21&*( < '*4*+2S '8%& 6'",.*; 

.2("5'&722 )3#"<"5" '&-'*4*+28, #"-%&+28 +")3? ;2<'"6'"-

Q*##"'"), ("+<2? 6".2;*'+3? 6.*+"<, +")3? 6".$6'")"%+2<"). 
B*("%"; «#+2-$-))*'?», ;&+26$.2'$8 ;".*<$.&;2 2 &(";&;2, 

;"1+" #"-%&)&(/ 2#<$##()*++3* ",[*<(3 (#2+(*(20*#<2* ;".*<$-

.3, <.&#(*'3, #"#("8O2* 2- #"(*+ &(";")), <"("'3? +* #$O*#()$-

*( ) 6'2'"%*, 2 #('"2(/ 2- +2? ,."<2 +&+";&(*'2&."). C #)8-2 

# ^(2; 2-$0*+2* &(";") 2 ;".*<$. 6'")"%8( # ("0<2 -'*+28 2? 

7$+<Q2M. 

L("( ;*("% "#+")&+ +& 7*+";*+* <"+%*+#&Q22, # <"("'3; )#* 
?"'"4" -+&<";3.

G&%*#%(3?)7 ("( .&(. condensatio – $6."(+*+2*, #5$O*+2*) – ^(" 

6*'*?"% )*O*#()& 2- 5&-"",'&-+"5" #"#("8+28 ) <"+%*+#2'")&+-

+"* (()*'%"* 2.2 12%<"*) )#.*%#()2* *5" "?.&1%*+28. R#.2 ?"'"-

4*+/<" 6"%34&(/ +& #(*<.34<", "+" -&6"(**(. D& #&;"; %*.* ̂ (" 

"-+&0&*(, 0(" +& +*; ",'&-$*(#8 ;+"1*#()" <'"4*0+3?, +* )2%2-

;3? 5.&-$ <&6*.*< )"%3. R#.2 (*;6*'&($'& )"-%$?& ) 6";*O*+22 

+21* (*;6*'&($'3 )3%3?&*;"5" +&;2 6&'&, (" 6'2 %&./+*M4*; 

"?.&1%*+22 ;2<'"#<"620*#<2* <&6*./<2 ,$%$( #",2'&(/#8 ) ,"-

.** <'$6+3* 2 8)+3* <&6.2 ('2#. 38).

G'2;*'+" (" 1* #&;"* 6'"2#?"%2( 2 6'2 <"+%*+#&Q2"++"; 

#6"#",* 6".$0*+28 +&+"0&#(2Q. A#?"%+3* ;&<'"(*.& #+&0&.& 2#-
6&'8S(, 6"#.* 0*5" ",'&-$SO2M#8 6&' <"+%*+#2'$S( %" ",'&-"-

)&+28 +&+"0&#(2Q +$1+"5" '&-;*'&, )&'/2'$8 (*;6*'&($'$, 2--
.$0*+2*, %&).*+2* 2 (&< %&.**. C '*-$./(&(* <";6&<(+"* )*O*#()" 

6'*)'&O&*(#8 ) $./('&%2#6*'#+"*. D*0(" 6"?"1** 6'"2#?"%2( 2 

6'2 )"##(&+").*+22 +&+"0&#(2Q 2- 2"++3? '&#()"'"), ("./<" 

6'2 ^("; 2#6"./-$*(#8 +* 6&', & 12%<"#(/.

C" )#*? ;*("%&? 6".$0*+28 +&+"0&#(2Q ('*,$*(#8 ;"O+3M 
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6'2("< '&-.20+3? )2%") ^+*'-

522 ((*6.")"M, ^.*<('20*#<"M, 

#)*(")"M) "( )+*4+*5" 2#("0-

+2<&, 6"#<"./<$ ^(2 ;*("%3 

6'2)"%8( < 6".$0*+2S +&+"-

0&#(2Q ) %#/3-%&-#(%&4 %#(,3-

$).2%&4 (&(,&7%)). :&< ("./<" 

6'2("< ̂ +*'522 6'*<'&O&*(#8, 

#2#(*;& #('*;2(#8 )*'+$(/#8 < 

'&)+")*#2S. G"0*;$ ^(" 6'"-

2#?"%2(?
P&##;"('2; 6'2;*'. B"+"-

<'2#(&.. +&5'*)&S( %" 6.&)-
.*+28 2 6"#.*%$SO*5" 2#6&-

'*+28. \&(*; ",'&-")&)42M#8 

6&' '*-<" "?.&1%&S(. G" ;*'* 
"?.&1%*+28 -&'"1%&S(#8 2 

$<'$6+8S(#8 +&+"0&#(2Q3. 

H+2 +&02+&S( $6"'8%"02-

)&(/#8 2 ",[*%2+8(/#8 ) +&-

+"&5'*5&(3. R#.2 6'*%"#(&)2(/ (&<$S #2#(*;$ #&;"M #*,*, (" 6"-

#(*6*++" 5'&+2Q3 ;*1%$ +&+"0&#(2Q&;2 ) &5'*5&(&? 2#0*-&S( 2 

"+2 6'*)'&O&S(#8 ) ;2<'"<'2#(&..3. G'2 %.2(*./+"; )3%*'-

12)&+22 ;2<'"<'2#(&..") ) 6&'* +&2,".** ;*.<2* 2 %*7*<(+3* 
2- +2? 2#6&'8S(#8, & ,".** <'$6+3* 2 #")*'4*++3* 6'"%".1&S( 
'&#(2. A (&< %" (*? 6"', 6"<& ) #2#(*;* +* )"##"-%&#(#8 2#?"%+3M 

;"+"<'2#(&...

C (*0*+2* )#*5" 2+(*')&.& )'*;*+2 "( ;";*+(&, <"5%& ) 6&'* 
$1* +&<"62."#/ -&;*(+"* <".20*#()" +&+"0&#(2Q, %" ;";*+(&, 

<"5%& ,"./42+#()" +&+"0&#(2Q %"#(25+*( '&-;*'& 100 +;, #2#(*-
;& +&?"%2(#8 ) +&+"#"#("8+22. \&(*; "+& 6*'*?"%2( ) '&)+")*-
#2*, 6"8).*+2* +&+"0&#(2Q 6'*<'&O&*(#8. A *#.2 +* #"-%&(/ 2#-
<$##()*++3* $#.")28 %.8 2? <"+#*')&Q22, (" )"-+2<42* 0&#(2Q3 

;"5$( 6*'*M(2 ) #(&%2S <";6&<(+"5" )*O*#()&.

P2#. 38. H,'&-")&+2* <&6*.*< 
12%<"#(2 ) 6'"Q*##* <"+%*+#&-
Q22 (http://www.furni-tures.ru)
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C ,2"?2;20*#<";, 7"("?2;20*#<"; 2 '&%2&Q2"++" ?2;20*-
#<"; #2+(*-* <"+%*+#&Q28 +&+"0&#(2Q 6'"2#?"%2( +* 2- 6&'&, & 

2- '&#()"'& ) #6*Q2&./+3? $#.")28?, ",*#6*02)&SO2? -&O2($ 

+&+"0&#(2Q "( #.26&+28 2 '*&<Q2M # '&#()"'";.

>".** 6"%'",+" #("2( "#(&+")2(/#8 +& ;*("%&? ?2;20*#<"5" 

#2+(*-& +&+"0&#(2Q.

4.2. 8>H>Q;NJ>L N>=A;S =?=@Q?NA>R 

8>H>Q;NJ@; :@NNA?=@:C;=>;. D&2,".** 42'"<" ;*("% ?2;2-

0*#<"5" )"##(&+").*+28 2#6"./-$*(#8 6'2 6".$0*+22 2 #(&,2-

.2-&Q22 ;"+"%2#6*'#+3? +&+"0&#(2Q ;*(&..") ) 12%<"M 7&-*, 
) )"%+3? 2 +*)"%+3? #'*%&?. C <&0*#()* #"*%2+*+2M ;*(&..") 
",30+" 2#6"./-$S( 2? #".2, ) <&0*#()* )"##(&+")2(*.*M – &.S-

;"52%'2%3, ,"'"52%'2%3, 526"7"#72(3, 7"';&./%*52%, #".2 

O&)*.*)"M 2 )2++"M <2#."(. J2'"<"* '&#6'"#('&+*+2* ;*("-

%& #)8-&+" # *5" 6'"#("("M 2 %"#($6+"#(/S. E&++3; ;*("%"; 

6".$0*+3 +&+"0&#(2Q3 #*'*,'& '&-;*'"; 3,3-4,8 +;, 6.&(2+3 

(1-2 +;), <",&./(& (2-4 +;), +2<*.8 (2-4 +;) 2 %'$52? ;*(&..").
C <&0*#()* 6'2;*'& ;"1+" 6'2)*#(2 6".$0*+2* 0&#(2Q -"."(&. 

!"(")8(#8 ('2 '&#()"'&: &) -"."("?."'2#(")"%"'"%+"M <2#."(3 

HAuCl
4
 ) )"%*; ,) <&',"+&(& +&('28 ) )"%*; )) 526"#$./72(& +&-

('28 ) %2^(2.")"; ^72'*. \&(*; #;*#/ ('*? '&#()"'") +&5'*)&*(-
#8 ) (*0*+2* 0&#& %" (*;6*'&($'3 70 "F. C '*-$./(&(* 6".$0&S(#8 

0&#(2Q3 -"."(& %2&;*('"; 2-5 +;. H#+")+3; +*%"#(&(<"; ;*("-

%& 8).8*(#8 ,"./4"* <".20*#()" 6'2;*#*M ) 6".$0&*;"M <".."-

2%+"M #2#(*;* +&+"0&#(2Q -"."(&, $;*+/42(/ <"("'"* 6"-)".8*( 
2#6"./-")&+2* ) <&0*#()* )"##(&+")2(*.8 )"%"'"%&.

K2;20*#<"* )"##(&+").*+2* 8).8*(#8 ;+"5"7&<("'+3; 6'"-

Q*##";. H+" -&)2#2( "( 6"%,"'& 6&'3 "<2#.2(*./-)"##(&+")2(*./ 

2 2? <"+Q*+('&Q2M. 

D&2,".** 0&#(" %.8 )"##(&+").*+28 2"+") ;*(&..& 2#6"./-$-

S( (*('&52%'","'&(3 O*."0+3? ;*(&..") (BCD
4
), <"("'3* "#$-

O*#().8S( )"##(&+").*+2* ) <2#."M, +*M('&./+"M 2 O*."0+"M 
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)"%+"M #'*%*. =*('&52%'","'&(&;2 O*."0+3? ;*(&..") )"##(&-

+&).2)&*(#8 ,"./42+#()" <&(2"+") 6*'*?"%+3? 2 (81*.3? ;*-
(&.."). 
E.8 6".$0*+28 +&+"0&#(2Q +&2,".** 42'"<" 6'2;*+8S( "'-

5&+20*#<2* '&#()"'2(*.2. H+2 )36".+8S( 7$+<Q22 #(&,2.2-&-

("'"). =&<2* '&#()"'2(*.2 2;*S( <.S0*)"* -+&0*+2* ) #2+(*-* 
+&+"0&#(2Q. H+2 #)8-3)&S( 6")*'?+"#(/ '&#($O2? <'2#(&.."), 
",'&-$S( <";6.*<#3 # &(";+3;2 0&#(2Q&;2 ) '&#()"'*, <"+('"-

.2'$S( 2? '*&<Q2"++$S #6"#",+"#(/ 2 %277$-2S < 6")*'?+"-

#(2 7"';2'$*;"M 0&#(2Q3. C#* $<&-&++3* 6'"Q*##3 -&)2#8( "( 
(*;6*'&($'3 2 (&<2? )*.202+, <&< 6")*'?+"#(+&8 ^+*'528 +&+"-

<'2#(&..&, <"+Q*+('&Q28 #)","%+3? 0&#(2Q ) '&#()"'* 2 2? '&--
;*'3, #""(+"4*+2* 6")*'?+"#(2 2 ",[*;& 0&#(2Q3.

N#2.28 2##.*%")&(*.*M (&<1* +&6'&).*+3 +& 6".$0*+2* 0&-

#(2Q '&-.20+"M 7"';3. H#$O*#().*+ #2+(*- # <"+('".2'$*;"M 

7"';"M +&+"0&#(2Q %2"<#2%") (2(&+& TiO
2
, <",&./(& CoO

2
, +2<*-

.8 NiO
2
, (*..$'2%") <&%;28 2 Q2+<& CdTe, ZnTe .

$;?JR>> : <;=<M>H;M?B. E.8 6".$0*+28 +&+"0&#(2Q ;*(&..") 
2 2? #"*%2+*+2M 2#6"./-$S( ;2Q*..3, ^;$./#22 2 %*+%'2;*'3, 

<"("'3* ;"1+" '&##;&('2)&(/ <&< #)"*",'&-+3* +&+"'*&<("'3, 

6"-)".8SO2* #2+(*-2'")&(/ 0&#(2Q3 "6'*%*.*++3? '&-;*'"). 
:&< 2#?"%+3* ;&(*'2&.3 ) ̂ ("; ;*("%* 2#6"./-$S( ;*(&..#"%*'-

1&O2* #"*%2+*+28.

C <&0*#()* 6'2;*'& '&##;"('2; #2+(*- +& %*+%'2;*'&?.

#;=<M>H;MK 6'*%#(&).8S( #","M #2./+" '&-)*().*++3* ;&-

<'";".*<$.3, )<.S0&SO2* Q*+('&./+"* 8%'", 6'";*1$("0+3* 
6")("'8SO2*#8 *%2+2Q3 2 <"+Q*)3* 7$+<Q2"+&./+3* 5'$663 

('2#. 39).

E*+%'2;*'3 6'*%#(&).8S( +")3M (26 ;&<'";".*<$., #"0*-
(&SO2? )3#"<2* ;".*<$.8'+3* ;&##3 2 +2-<$S )8-<"#(/ '&#()"-

'") # +&.202*; ",[*;+"M 7"';3 2 6'"#('&+#()*++"M #('$<($-

'3. P&-;*'3 %*+%'2;*'") 2-;*+8S(#8 ) 6'*%*.&? "( 2 %" 15 +;, 

2 "+2 8).8S(#8 *#(*#()*++3;2 +&+"'*&<("'&;2. E*+%'2;*'3 # 
+*,"./42; 02#."; 6'";*1$("0+3? -)*+/*) #$O*#()$S( ) «"(-
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<'3("M 7"';*», & # ,"./42; 

02#."; -)*+/*) ",'&-$S( #7*-
'20*#<2* ('*?;*'+3* #('$<-

($'3. :"+Q*)3* 5'$663 %*+-

%'2;*'") ;"1+" -&;*+8(/ 
52%'"<#2./+3;2, <&',"<#2./-
+3;2 2.2 $5.*)"%"'"%+3;2 

5'$66&;2. 

A#6"./-")&+2* %*+%'2;*-
'") ) <&0*#()* ;2<'"'*&<("'& 

'&##;"('2; +& 6'2;*'* 7"("-

?2;20*#<"5" )"##(&+").*+28 

2"+") #*'*,'&. C %&++"; ;*("-

%* 2#6"./-$S(#8 %*+%'2;*'3 

# <"+Q*)3;2 &;2+"- (-NH
2
) 2 

<&',"<#2.&(+3;2 (-COO-) 5'$66&;2. C"-;"1+3M ;*?&+2-; ",-

'&-")&+28 +&+"0&#(2Q #*'*,'& #" #'*%+2; '&-;*'"; 6'2,.2-2-

(*./+" 7 +;:
hv

Ag+  + [%*+%'2;*']-COOj a Ago + [%*+%'2;*']-COO• a [%*+%'2;*'] • + FH
2
,

hv
Ag+  + [%*+%'2;*']-NH

2
 a Ago  +  [%*+%'2;*']-COO• a [%*+%'2;*'] jNH

2
+k.

$?<>?R>@==@-B>H>Q;NJ@; :@NNA?=@:C;=>;. G".$0*+2* +&+"-

0&#(2Q ;*(&..") ) $#.")28? )"-%*M#()28 +& ?2;20*#<$S #2#(*;$ 

)3#"<2? ^+*'52M #)8-&+" # ",'&-")&+2*; )3#"<"&<(2)+3? #2./-
+3? )"##(&+")2(*.*M (26& ̂ .*<('"+"), '&%2<&."), )"-,$1%*++3? 

0&#(2Q.

P&%2&Q2"++"-?2;20*#<"* )"##(&+").*+2* 6" #'&)+*+2S # ?2-

;20*#<2; 2;**( "6'*%*.*++3* 6'*2;$O*#()&. H+" "(.20&*(#8 

,"./4*M 02#("("M ",'&-$*;3? +&+"0&#(2Q, (&< <&< "(#$(#()$S( 
6'2;*#2, 6".$0&SO2*#8 6'2 2#6"./-")&+22 ?2;20*#<2? )"##(&-

+")2(*.*M. :'";* ("5", 6'2 '&%2&Q2"++"-?2;20*#<"; )"##(&-

+").*+22 )"-;"1*+ #2+(*- +&+"0&#(2Q ) ()*'%3? #'*%&? 2 6'2 

+2-<2? (*;6*'&($'&?.

P2#. 39. F?*;& 6"#('"*+28 %*+-
%'2;*'& (http://www.cor.edu.27.ru)
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B*("%"; '&%2&Q2"++"-?2;20*#<"5" )"##(&+").*+28 ('&%2"-

.2-&) 6".$0*+3 &<(2)+3* 0&#(2Q3 ;*(&..") ) +*",30+3? #(*6*-
+8? "<2#.*+28. F 52%'&(2'")&++3; ^.*<('"+"; *j

(aq)
, 2;*SO2; 

)3#"<2M "<2#.2(*./+"-)"##(&+")2(*./+3M 6"(*+Q2&., 6'"Q*## 
6'"2#?"%2( 6" #?*;*:
B n+ + *j

(aq)
  a M (n-1)+.

G'2 '&%2&Q2"++"-?2;20*#<"; )"##(&+").*+22 )+&0&.* ",'&-

-$S(#8 &(";3 2 ;&.3* <.&#(*'3 ;*(&..") (+&6'2;*': Ag
2
+, Ag

4
+), 

<"("'3* -&(*; 6'*)'&O&S(#8 ) +&+"0&#(2Q3. E.8 2? #(&,2.2-&-

Q22 6'2;*+8S( %",&)<2, &+&."520+3* 2#6"./-$*;3; 6'2 ?2;2-

0*#<"; )"##(&+").*+22.

F 2#6"./-")&+2*; '&%2".2-& '&-'&,"(&+3 2 ;*("%3 #2+(*-& 

,2;*(&..20*#<2? 2 ('2;*(&..20*#<2? +&+"0&#(2Q ;*(&..") #" 

#('$<($'"M 8%'"-","."0<&. D&+"0&#(2Q3, #"#("8O2* 2- %)$? 2.2 

,"./4*5" 02#.& '&-+3? ;*(&.."), 6'*%#(&).8S( #","M 2+(*'*# 
%.8 #"-%&+28 ;&(*'2&.") # +")3;2 #)"M#()&;2. 

P&%2&Q2"++3; )"##(&+").*+2*; '&#()"'") #".*M ,3.2 6".$-

0*+3 +&+"0&#(2Q3, )<.S0&SO2* %)& 2 ('2 ;*(&..&. D&6'2;*', 

0&#(2Q3 Au-Hg #2+(*-2'")&.2 ) %)* #(&%22. F+&0&.& '&%2&Q2"+-

+3; )"##(&+").*+2*; 6".$0&.2 0&#(2Q3 -"."(& '&-;*'"; 46 +;. 

\&(*; < -".S -"."(& %",&).8.2 Hg(ClO
4
)

2
 2 2-"6'"62.")3M #62'(. 

L(" 6'2)"%2." < "#&1%*+2S +& 0&#(2Q&? -"."(& 2"+") '($(2 2 

6"#.*%$SO*;$ )"##(&+").*+2S 2"+") '($(2 #)","%+3;2 '&%2-

<&.&;2, ",'&-")&)42;2#8 6'2 '&%2".2-*.
!@A@B>H>Q;NJ>L N>=A;S +&+"#2#(*; (&<1* #)8-&+ # ",'&-"-

)&+2*; )3#"<"&<(2)+3? #2./+3? )"##(&+")2(*.*M (26& ^.*<('"-

+"), '&%2<&."), )"-,$1%*++3? 0&#(2Q. B*("% 6"-)".8*( 6".$-

02(/ +&+"0&#(2Q3, ",.&%&SO2* )3#"<"M 02#("("M, <'";* ("5" 

#2+(*-2'")&(/ 2? ) ()*'%3? #'*%&? 2 6'2 +2-<2? (*;6*'&($'&?.

]"("?2;20*#<"* )"##(&+").*+2* ) '&#()"'&? 0&#(" 6'2;*+8S( 
%.8 #2+(*-& 0&#(2Q ,.&5"'"%+3? ;*(&.."). G'2 6".$0*+22 6"%",-

+3? 0&#(2Q 2- #""()*(#()$SO2? #".*M ) <&0*#()* #'*%3 2#6"./-$-

S( 2? '&#()"'3 ) )"%*, #62'(*  2 "'5&+20*#<2? '&#()"'2(*.8?. C 

^(2? #'*%&? 6"% )"-%*M#()2*; #)*(& ",'&-$S(#8 &<(2)+3* 0&#(2Q3:
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D
2
H a *j

(aq)
 + H + OH.

P*&52'$8 #" #62'(&;2, &("; )"%"'"%& 2 '&%2<&. 52%'"<#2. 

%&S( #62'(")3* '&%2<&.3:

D(HD) + (FD
3
)

2
FDHD a D

2
H(D

2
) + (FD

3
)

2
FHD.

F"./)&(2'")&++3M ^.*<('"+ (^.*<('"+, "<'$1*++3M %26"./-
+3;2 ;".*<$.&;2 '&#()"'2(*.8) )-&2;"%*M#()$*(, +&6'2;*', # 
2"+"; #*'*,'& 2 )"##(&+&).2)&*( *5" %" ;*(&..&:

Ag+  + *j
 (aq)

 a Ago.

G"% ).28+2*; #)*(& ) '*-$./(&(* 7"(")"##(&+").*+28  +* ("./-
<" "#$O*#().8S(#8 6'"Q*##3 6".$0*+28 +&+"0&#(2Q "6'*%*.*+-

+"5" '&-;*'&, +" 2 2%*( 7"';2'")&+2* ,".** <'$6+3? &5'*5&(") 
(",'&-")&+2M). B*?&+2-; &5'*5&Q22 #)8-&+ # )"-+2<+")*+2*; 

6"% ).28+2*; #)*(& 0&#(2Q, 2;*SO2? -&'8%3 '&-+3? -+&<"). 
0@CG-D;CG H;A@< "(+"#2(#8 < ?2;20*#<2; ;*("%&; 6".$0*+28 

+&+"0&#(2Q "<#2%") 2 #$./7&("). G'2 ^("; )&'2&+(3 ^("5" ;*-
("%& ;"5$( ,3(/ #&;3;2 '&-+"",'&-+3;2, +" ) "#+")* #2+(*-& 

.*12( 6'"Q*## 52%'".2(20*#<"M 6".2<"+%*+#&Q22, ) '*-$./(&(* 
<"("'"5" ",'&-")&+2* +#.7 (%2#6*'#+"M #2#(*;3, ?&'&<(*'2-$S-

O*M#8 #('$<($'"M, 6'2%&SO*M ;*?&+20*#<2* #)"M#()& ()*'%3? 

(*.) 2%*( 0*'*- #(&%2S 0&.7 (<".."2%+"5" '&#()"'& +&+"0&#(2Q). 

F$O*#()$S( %)* "#+")+3* )"-;"1+"#(2 6".$0*+28 -".*M # %&./-
+*M42; 6".$0*+2*; 5*.8:

- 7"';2'")&+2* 2- ;".*<$., #6"#",+3? < 6".2;*'2-&Q22 (6"-

.2<"+%*+#&Q22) ) '*-$./(&(* 52%'".2-&;

- 7"';2'")&+2* 2- 0&#(2Q, %2#6*'52'")&++3? ('&)+";*'+" 

'&#6'*%*.*++3?) ) 12%<"M #'*%* ('*?;*'+"M #*(<2 («0&#(20+3* 
5*.2»). L(2 0&#(2Q3 ",30+" 6".$0&S( 2- "<#2%"), 6'"2-)"%2;3? 

6'";34.*++"#(/S, & (&<1* 2- &.<""<#2%") "#&1%*+2*; 6'2 )3#"-

<2? 'D () O*."0+"M #'*%*).
F?*;&(20*#<2 6'"Q*## #2+(*-& +&+""<#2%") ;*(&..") ;"1+" 

6'*%#(&)2(/ '*&<Q28;2:

M(OR)
n
 + xH

2
O a M(OH)

x
(OR)

n-x
 + xROH (52%'".2-),

M(OH)
x
(OR)

n-x
 a (,/2)MO + (2x-n)/2 #D

2
H + (n-x)ROH (<"+%*+-

#&Q28), 5%* B – ;*(&.., R – &.<2./+&8 5'$66&. 
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G'"Q*## <&(&.2-2'$*( 2-;*+*+2* 'D 2#?"%+"5" '&#()"'&. Y*; 

)34* O*."0+"#(/ '&#()"'&, (*; ,".** '&-)*().*++3* Q*62 ;".*-
<$. ",'&-$S(#8. \&;*+88 &.<"<#2%3 ;*(&..") +& #""()*(#()$S-

O2* #$./72%3 M(SR)
n
 2 6'"2-)"%8 )-&2;"%*M#()2* # #*'")"%"'"-

%";, ;"1+" 6".$02(/ +&+"0&#(2Q3 #$./72%") ;*(&..").
F 2#6"./-")&+2*; -"./-5*./ ;*("%& ;"5$( ,3(/ 6".$0*+3 ;&-

(*'2&.3 # '&-.20+3;2 7$+<Q2"+&./+3;2 #)"M#()&;2 ) ()*'%"; 

&5'*5&(+"; #"#("8+22.  

4.3. E;A@<K P@CFQ;=>9 =?=@Q?NA>R H;A?CC@:

C +&#("8O** )'*;8 '&-'&,&(3)&S(#8 +")3* ;*("%3 6".$0*-
+28 +&+"0&#(2Q ;*(&.."). @(";3 ;*(&..") ",.&%&S( )3#"<"M 

?2;20*#<"M &<(2)+"#(/S, <"("'&8 #"?'&+8*(#8 ) ",'&-$SO2?#8 

2- &(";") %2;*'&?, ('2;*'&?, <.&#(*'&? 2 +&+"0&#(2Q&? # ,"./-
42; 02#."; &(";"). A##.*%")&+2* 6"%",+3? &<(2)+3? 0&#(2Q 

)"-;"1+" 6'2 2#6"./-")&+22 '&-.20+3? #(&,2.2-&("'"). P&#-
#;"('2; +&2,".** 2+(*'*#+3M 2- ;*("%"). 
.@CFQ;=>; =?=@Q?NA>R >S P;M;NKX;==KB P?M@: H;A?CC@:. C 

"#+")* ;*("%& .*12( <.&##20*#<&8 (*"'28 +$<.*&Q22, "#+")&++&8 

+& 6'*%6"."1*+22, 0(" -&'"1%&SO2*#8 <.&#(*'3 +")"M 7&-3 (+&-
+"0&#(2Q3) "62#3)&S(#8 ;"%*./S #7*'20*#<"M 12%<"M <&6.2. 

F"5.&#+" ^("M ;"%*.2 +&+"0&#(2Q& #p&)+2)&*(#8 # <&6.*M 

12%<"#(2. E*M#()2(*./+", ;*1%$ <&6.*M 12%<"#(2 2 +&+"0&#(2-

Q*M ;+"5" ",O*5". !.&)+&8 ",O&8 0*p(& -&<.S0&*(#8 ) (";, 0(" 

)-&2;"%*M#()2* ;*1%$ ;".*<$.&;2 12%<"M <&6.2, <&< 2 ;*1%$ 

+&+"0&#(2Q&;2, ",.&%&*( #)"M#()"; +&#3O*+28: <&1%&8 ;".*<$-

.& "<p$1*+& .24/ )6".+* "6p*%*.*++3; 02#."; #"#*%*M. F2.3 

)-&2;"%*M#()28 ;*1%$ ;".*<$.&;2 ) <&6.* <"p"(<"%*M#()$SO2*. 
H,[*; <&6.2 p&#(*(, <&< 2 $ +&+"0&#(2Q3, 6p"6"pQ2"+&./+" 

02#.$ ;".*<$.. Fp&)+*+2* +&+"0&#(2Q3 # <&6.*M +&)"%2( *O* +& 

"%+$ )&1+$S ;3#./. :&6.8 12%<"#(2 ",.&%&*( 6")*'?+"#(+3; 

+&(81*+2*;. R#(/ "#+")&+2* #02(&(/, 0(" 2 +&+"0&#(2Q&-<&6.8 

",.&%&*( ^(2; #)"M#()";. G")*p?+"#(+"* +&(81*+2* #(852)&*( 



63

<&6.S 2 %*.&*( ** 4&p"",p&-+"M. G"^(";$ 2 +&+"0&#(2Q&, ;"1-

+" #<&-&(/, 2;**( 4&'")$S 7"p;$. 

F$O*#()$*( +*#<"./<" )&'2&+(") $#(&+")"< %.8 6".$0*+28 

+&+"0&#(2Q (<.&#(*'")), '&-.20&SO2?#8 #6"#","; 2#6&'*+28 

;*(&..&: .&-*'+"* 2#6&'*+2*, (*';20*#<"* 2#6&'*+2*, %$5")"M 

'&-'8%, 6.&-;&, #".+*0+&8 ^+*'528, .&-*'+3M 7"(".2- .*($02? 

;*(&..#"%*'1&O2? #"*%2+*+2M. H,'&-$SO2*#8 6'2 ^("; +&+"-

0&#(2Q3 ?2;20*#<2 "0*+/ 02#(3*, +* 2;*S( 6"' 2 %'$52? ;"'-

7"."520*#<2? +*"%+"'"%+"#(*M.

5@=AM@CG=K; :@PM@NK > S?<?=>9

:&<2* #$O*#()$S( ;*("%3 6".$0*+28 +&+"0&#(2Q?1. 

H,[8#+2(* #$(/ 2 '&-.202* 6"%?"%") < 6".$0*+2S +&+"0&-2. 

#(2Q «#)*'?$ )+2-» 2 «#+2-$ ))*'?».

Y(" (&<"* <"+%*+#&Q28?3. 

H6242(* 6'"Q*##3, 6'"2#?"%8O2* 6'2 <"+%*+#&Q2"++"; 4. 

#6"#",* 6".$0*+28 +&+"0&#(2Q.

G"0*;$ 6'2 %2#6*'5&Q2"++"; #6"#",* +*",?"%2;" #(&,2.2-5. 

-2'")&(/ +&+"0&#(2Q3?

P&##<&12(* " -"./-5*./ ;*("%*.6. 

Y(" (&<"* ;"%*./ #7*'20*#<"M 12%<"M <&6.2?7. 

C#(&)/(* 6'"6$O*++3* #.")& ) #.*%$SO2? 6'*%."1*+28?:8. 

&) B*("%3 6".$0*+28 +&+"0&#(2Q 6$(*; 2-;*./0*+28 ",30-

+"5" ;&<'"",'&-Q& "(+"#8( < … ;*("%&;.

,) B*("%3 «)3'&O2)&+28» +&+"0&#(2Q 2- "(%*./+3? &(";") 
+&-3)&S( … .

)) G*'*?"% )*O*#()& 2- 5&-"",'&-+"5" #"#("8+28 ) <"+%*+#2-

'")&++"* (()*'%"* 2.2 12%<"*) )#.*%#()2* *5" "?.&1%*+28 +&-3-

)&*(#8 … .

5) E.8 6'*%"()'&O*+28 ^77*<(& ",'&(+"M <'2#(&..2-&Q22 

6'2 6".$0*+22 +&+"0&#(2Q ) #2#(*;$ ))"%2(#8 … .

%) =*"'28 +$<.*&Q22 "#+")3)&*(#8 +& 6'*%6"."1*+22, 0(" -&-

'"1%&SO2*#8 <.&#(*'3 +")"M 7&-3 (+&+"0&#(2Q3) "62#3)&S(#8 

;"%*./S … .
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*C?:? 5. (%()E%+"$1%&7 
1 ."$,."5+1-7 18 .$1E"("(14

5.1. (?=@H?A;M>?CK > U?JA@MK, @PM;<;C9WX>; >B 
F=>J?CG=K; N:@LNA:?

C6*')3* 9&%?#'?)7 %3%&43,#/)3.&- ,3.& #7"';$.2'")&+& ) 
80-? 5"%&? XX )*<& !. !.*M(*'";, <"("'3M ))*. ) +&$0+3M ",2?"% 

2 #&; (*';2+ – «+&+";&(*'2&.». : +&+";&(*'2&.&; "(+"#8( +&+"-

6".$6'")"%+2<2, +&+"6".2;*'3, +&+"6"'2#(3* ;&(*'2&.3, +&-
+"6"'"4<2, ;+"5"02#.*++3* $5.*'"%+3* +&+"#('$<($'3, +&+"-

,2";&(*'2&.3, #$6'&;".*<$.8'+3* #('$<($'3 2 <&(&.2-&("'3.

@39,&/34), &'/#*#.7T>)4) 1%)93.2%6# (-&5(,-3 %3%&43,#/)3-

.&-, 8).8S(#8 '&-;*'+3*, ^.*<('"++3* 2 <)&+(")3* ^77*<(3 ",-

'&-$SO2? 2? <.&#(*'"), & (&<1* 2? "0*+/ '&-)2(&8 6")*'?+"#(/. 
B+"5"02#.*++3;2 2##.*%")&+28;2 6"<&-&+", 0(" -+&02(*./-
+3* 2 (*?+20*#<2 2+(*'*#+3* 2-;*+*+28 72-2<"-;*?&+20*#<2? 

#)"M#() +&+";&(*'2&.") (6'"0+"#(/, ()*'%"#(/ 2 (.%.) 6'"2#-
?"%8( ) 2+(*')&.* '&-;*'") 0&#(2Q "( +*#<"./<2? +&+";*('") %" 

100 +;. H%+&<" ) +&#("8O** )'*;8 $1* 6".$0*+3 ;+"52* +&+";&-
(*'2&.3 # '&-;*'"; <'2#(&..2(") "<"." 1-2 +; 2 ;*+**. >.&5"%&'8 

#6*Q2720*#<2; #)"M#()&; +&+"0&#(2Q, .*1&O2? ) 2? "#+")*, (&<2* 
;&(*'2&.3 0&#(" 6'*)"#?"%8( «",30+3*» 6" ;+"52; 6&'&;*('&;. 

D&6'2;*', 6'"0+"#(/ ;*(&..&, 6".$0*++"5" #'*%#()&;2 +&+"(*?-

+"."522, 6'*)34&*( 6'"0+"#(/ ",30+"5" ) 1,5-3 '&-&, *5" ()*'%"#(/ 
,"./4* ) 50-70 '&-, & <"''"-2M+&8 #("M<"#(/ – ) 10-12 '&-.
D&+";&(*'2&.3, ",.&%&SO2* Q*.3; '8%"; $+2<&./+3? ?2;2-

0*#<2? 2 72-20*#<2? #)"M#(), +&?"%8( )#* ,".** 42'"<"* 6'2;*-
+*+2* ) 6'";34.*++"#(2, ;*%2Q2+*, #*./#<"; ?"-8M#()* 2 %'$52? 

"('&#.8? 0*.")*0*#<"M %*8(*./+"#(2. A#<.S02(*./+" )&1+3; %.8 

,$%$O*5" +&4*M 6.&+*(3 8).8*(#8 (", 0(" 6*'*?"% < +&+";&(*'2&-
.&; 6"-)".2( #+8(/ ;+"52* ^<"."520*#<2* 6'",.*;3.
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5.2. (?=@P@M@^J>

H#+")+3* %"#(21*+28 2 6*'#6*<(2)3 2#6"./-")&+28 %3%&'&-

/&W9&- #)8-&+3 # "('&,"(<"M (*?+"."522 6".$0*+28 6"'"4<") # 
"#",3;2 #)"M#()&;2, (&<2;2 <&<: +2-<2* (*;6*'&($'3 #6*<&+28 

(t < 100 °F), )3#"<&8 ?2;20*#<&8 &<(2)+"#(/, +&.202* 2-,3("0+"M 

(-&6&#*++"M) ^+*'522. C +&#("8O** )'*;8 '&-'&,"(&+3 ;*("%3 

6".$0*+28 2 2##.*%")&+3 #)"M#()& 6"'"4<")3? #2#(*; #&;"5" 

'&-.20+"5" #"#(&)&.

D&+"6"'"4<2 ;*(&..") 2 ?2;20*#<2? #"*%2+*+2M ,".** 
$%",+3 ) ",'&O*+22, ;*+** 62'"7"'+3 2.2 +*62'"7"'+3 (+* 
#<."++3 < )"-5"'&+2S) 6" #'&)+*+2S # 6"'"4<&;2, 6".$0*++3-

;2 %'$52;2 ;*("%&;2 ('2#. 40). 

D& "#+")* +&+"#('$<($'2'")&++3? $./('&%2#6*'#+3? ;*(&.-

.20*#<2? 6"'"4<") #"-%&S(#8 6'2+Q262&./+" +")3* )3#"<"-

6'"0+3* 2 ($5"6.&)<2* ;&(*'2&.3.

D&+"6"'"4<2 +&?"%8(#8 ) &;"'7+"; #"#("8+22. %H@MU=@; 

N@NA@9=>; – ^(" <"+%*+#2'")&++"* #"#("8+2* )*O*#()&, 5.&)+3; 

6'2-+&<"; <"("'"5" 8).8*(#8 "(#$(#()2* &(";+"M 2.2 ;".*<$-

.8'+"M '*4*(<2. @;"'7+"* (*." 2-"('"6+" (?&'&<(*'2-$*(#8 

"%2+&<")3;2 72-20*#<2;2 #)"M#()&;2 6" )#*; +&6'&).*+28;) 

2 +* 2;**( ("0<2 6.&).*+28. 

G'2 6")34*+22 (*;6*'&($'3 

"+" '&-;850&*(#8 2 6"#(*6*++" 

6*'*?"%2( ) 12%<"* #"#("8+2*. 
@;"'7+3* ()*'%3* (*.&, 

)<.S0&8 ;*(&..20*#<2*, ",-

.&%&S( $6'$52;2 2 )8-<2;2 

#)"M#()&;2. D&+"<.&#(*'3 

"6'*%*.8S( +*<'2#(&..20*-
#<$S #2;;*('2S &;"'7+"5" 

#"#("8+28.

G'*)'&O*+2* &;"'7+"5" 

#"#("8+28 ;&(*'2&.& ) +&+"-

P2#. 40. B2<'"7"("5'&728 

+&+"6"'"4<& &.S;2+28 

(http://www.nanometer.ru)
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<'2#(&..20*#<"* "#$O*#().8*(#8 6$(*; <'2#(&..2-&Q22. R* ;*-
?&+2-; "6'*%*.8*( (263 2 ;"'7"."52S 6'"%$<(") +&+"<'2#(&.-

.2-&Q22 ('2#.  41). 

%H@MU=@-=?=@JM>NA?CC>Q;NJ@; N@NA@9=>; ?&'&<(*'2-$*(#8 

&+";&./+" )3#"<"M 6'"0+"#(/S 2 )3#"<"M ;&5+2(+"M 6'"+2-

Q&*;"#(/S. D& ^("; 6'2+Q26* "#+")&+" #"-%&+2* +")"5" 6"<"-

.*+28 ;&5+2(+"-;85<2? &;"'7+"-+&+"<'2#(&..20*#<2? #6.&)") 
+& "#+")* 1*.*-&, $+2<&./+3* ;&5+2(+3* #)"M#()& <"("'3? 6'*-
)"#?"%8( (&<")3* %.8 &;"'7+3? 7*''";&5+*(2<").
H#",3M 2+(*'*# < +&+"6"'"4<&; #)8-&+ # 2? 6'2;*+*+2*; ) 

<&0*#()* 2#?"%+"5" #3'/8 6'2 6'"2-)"%#()* <*'&;20*#<2?, ;&5-
+2(+3? 2 <";6"-2Q2"++3? ;&(*'2&."), #)*'?6'")"%+2<"), #".-

+*0+3? ,&(&'*M, 72./('"), 6'2#&%"< < #;&-"0+3; ;&(*'2&.&;, 

<";6"+*+(") +2-<"(*;6*'&($'+3? )3#"<"6'"0+3? 6'26"*) 2 

%'. F$O*#()*++" '&#42'8*(#8 2#6"./-")&+2* +&+"6"'"4<") ) 
6'";34.*++"#(2 ((*?+"."522 %277$-2"++"M #)&'<2, #"-%&+2* 
-&O2(+3? 2 &+(27'2<Q2"++3? 6"<'3(2M, )"##(&+").*+2* 2--

P2#. 41. F('$<($'+&8 ;"%*./ &;"'7+"-+&+"<'2#(&..20*#<"5" #"#("8-
+28, #7"';2'")&)4*5"#8 6"#.* -&<&.<2 2- '&#6.&)& #" #<"'"#(/S, 
,.2-<"M < <'2(20*#<"M: 1 – +&+"<'2#(&..3; 2 – 6*'*?"%+&8 ",.&#(/; 

3 – 6'"#."M<2 &;"'7+"M 7&-3 (B.#0#/, 2002)
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+"4*++3? %*(&.*M ;*?&+2-;")). L.*<('"+2<&, "6(2<& 2 ",'&-

,&(3)&SO&8 6'";34.*++"#(/ 6"('*,.8S( ,".** 70% ;2'")"5" 

6'"2-)"%#()& +&+"6"'"4<"). F <&1%3; 5"%"; $)*.202)&*(#8 2+-

(*+#2)+"#(/ 2#6"./-")&+28 +&+"6"'"4<") ) #*./#<"; ?"-8M#()* 
2 6'2'"%""?'&+2(*./+"M "('&#.2 ()<.S0&8 %",30$ 6".*-+3? 

2#<"6&*;3? 2 2? ",'&,"(<$, 6".$0*+2* ^.*<('"^+*'522 2 )"%""-

02#(<$), & (&<1* ) ;*%2Q2+* 2 <"#;*("."522. 

5.3. (?=@P@M>NAKL FDC;M@<

L3%&'&/)(,65 1+.#/&* (NPC – nanopores carbon) ",.&%&*( '8-

%"; $+2<&./+3? #)"M#(): "%+"'"%+3; '&#6'*%*.*+2*; +&-

+"6"' 6" '&-;*'&; "( 0,6 %" 4 +;, $%*./+"M 6")*'?+"#(/S 

600-1500 ;2/5, #"',Q2"++"M *;<"#(/S "( 0,50 %" 0,73 #;3/#;3. A--
%*.28 2- +&+"6"'2#("5" $5.*'"%& 2;*S( )3#"<$S ^.*<('"- 2 (*-
6."6'")"%+"#(/. 

L("( +&+";&(*'2&. 6'2;*+8*(#8 %.8 2-).*0*+28 6&'") "'5&-

+20*#<2? )*O*#() 2- &(;"#7*'3, "02#(<2 )"%+3? '&#()"'") "( 52-

%'&-2+& 2 *5" ;*(2.- 2 %2;*(2. 6'"2-)"%+3? 2 %'$52? )'*%+3? 

)*O*#(). L(2 )*O*#()& -&6".+8S( ) ",[*;* +&+"6"'3 $5.*'"%&. 

D&+"6"'2#(3M $5.*'"% 8).8*(#8 6*'#6*<(2)+3; ^.*<('"%+3; 

;&(*'2&.";, *5" (&<1* ;"1+" 2#6"./-")&(/ ) <&0*#()* ?"."%+3? 

<&("%") %.8 %2#6.**) 2 '*+(5*+")#<2? ('$,"<.

5.4. .@C>H;M=K; =?=@J@HP@S>AK

.@C>H;MK – ^(" )3#"<";".*<$.8'+3* #"*%2+*+28, 525&+(-
#<2* ;".*<$.3 <"("'3? 6"#('"*+3 2- ;+"1*#()& 6*'2"%20*#<2 

6")("'8SO2?#8 ^.*;*+(&'+3? -)*+/*). E.8 +2? ?&'&<(*'+3 

"0*+/ ,"./42* -+&0*+28 ;".*<$.8'+"M ;&##3 – "( %*#8(<") (3-

#80 %" +*#<"./<2? ;2..2"+"). G'2;*'3 6".2;*'"), 6".$0&*;3? 

'*&<Q28;2 6".2;*'2-&Q22 2 6".2<"+%*+#&Q22, 6'*%#(&).*+3 ) 
(&,.2Q&? 3 2 4 .
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H3$.)?3 3

.@C>H;MK, P@CFQ?;HK; M;?JR>;L P@C>H;M>S?R>>

H3$.)?3 4

.@C>H;MK, P@CFQ?;HK; M;?JR>;L P@C>J@=<;=N?R>>
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H%+" 2- 2+(*'*#+*M42? 2 6*'#6*<(2)+3? +&6'&).*+2M ) +&$-

<* " 6".2;*'&? 6"#.*%+2? .*( – '&-'&,"(<& 6'2+Q26") 6".$0*+28 

P@C>H;M=KB =?=@J@HP@S>A@:. 5@HP@S>R>@==KH> +&-3)&S( 
H?A;M>?CK, #"#("8O2* 2- %)$? 2.2 ,".** 7&- # 0*(<"M ;*17&--
+"M 5'&+2Q*M. D& 6'&<(2<* ^(" – #2#(*;3, <"("'3* #"%*'1&( 
$#2.2)&SO2* ^.*;*+(3 ()"."<+&, 6.&#(2+3) # '&-.20+3; "(+"-

4*+2*; %.2+3 < #*0*+2S (0(" 2 #"-%&*( $#2.2)&SO2M ^77*<(), 
6"5'$1*++3* ) 6".2;*'+$S ;&('2Q$. N%*./+3* ;*?&+20*#<2* 
?&'&<(*'2#(2<2 (6."(+"#(/, ;"%$./ $6'$5"#(2, 6'"0+"#(/) +&+"-

<";6"-2(") -&;*(+" )34*, 0*; $ 2#?"%+3? <";6"+*+("). 
A;*++" ,.&5"%&'8 $#2.2)&SO*;$ ^77*<($ +&+"<";6"-2(3 

"(.20&S(#8 "( +&6".+*++3? 6".2;*'+3? #2#(*;, ) <"("'3? '"./ 
+&6".+2(*.8 )*%*( < $%*4*).*+2S Q*+3 <"+*0+"5" 6'"%$<(&, +" 

6'2 ^("; -&;*(+" #+21&S(#8 ;*?&+20*#<2* #)"M#()& ;&(*'2&.&. 

@##"'(2;*+( +&6".+2(*.*M +&+"<";6"-2(+3? ;&(*'2&.") 
"0*+/ 42'"<. L(" '&-.20+3* +&+"('$,<2, +&+"5.2+3, +&+"0&-

#(2Q3, +&+")"."<+& # +&+"6"'2#("M ;&('20+"M #('$<($'"M, #"-

#("8O2* 2- "'5&+20*#<2? 2 +*"'5&+20*#<2? ",[*<("), 72,'2..3 

(;+"5"#(*++3* +&+"('$,<2 # -&<'3(3;2 <"+Q&;2), +&+"6.&#(2-

+3 (?."6/8 (".O2+"M ;*+** 5 +;), +&+"6'")"%+2<2 2 +&+"+2-

(2.

C +&+"<";6"-2(+3? ;&(*'2&.&? 0&#(" 2#6"./-$S(#8 #;".3. 

D&6'2;*', ^6"<#2%+3* #;".3, 6".2$'*(&+, 6".2^72'2;2%, 6"-

.2,*+-"<#&-2+, 6".2#(2'"., 6".2<&',"+&(, 6".2;*(2.;*(&<'2-

.&(, 6".2<&6'".&<("+, 6".2&<'2."+2('2., 6".2^(2.*+5.2<"./, 

6".2,$(&%2*+, #"6".2;*'3 2 12%<"<'2#(&..20*#<2* 6".2;*-
'3.

B*?&+20*#<2* #)"M#()& +&+"<";6"-2(") -&)2#8( "( #('$<($'3 

2 #)"M#() ;*17&-+"M 5'&+2Q3. =&<, #2./+"* ;*17&-+"* )-&2;"-

%*M#()2* ;*1%$ ;&('2Q*M 2  )"."<+";-+&6".+2(*.*; ",*#6*02-

)&*( )3#"<$S 6.&#(20+"#(/ ;&(*'2&.&, & -+&02(*./+" ,".** #.&-

,"* – $%&'+$S 6'"0+"#(/. D&+"<";6"-2(3 +& "#+")* 6".2;*'") 
#"0*(&S( ) #*,* <&0*#()& #"#(&).8SO2? <";6"+*+("): 52,<"#(/, 

$6'$5"#(/, 6*'*'&,&(3)&*;"#(/ 6".2;*'"), ()*'%"#(/, $#("M02-
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)"#(/ < 2-+"#$, )3#"<2M 6"<&-&(*./ #)*("6'*.";.*+28. >.&5"%&-

'8 (&<";$ #"0*(&+2S $.$04&S(#8 ;+"52* #)"M#()& ;&(*'2&.") 
6" #'&)+*+2S # 2#?"%+3;2 <";6"+*+(&;2.

A#6"./-$8 #)*'?02#(3M %2"<#2% $5.*'"%&, $0*+3; $%&."#/ 
)+*%'2(/ +&+"0&#(2Q3 ) ,"./42? <"+Q*+('&Q28?, 0(" 6'2)*." 

< -+&02(*./+";$ $.$04*+2S #)"M#() 6".2;*'+3? ;&(*'2&."), 
(&<2? <&< ;"%$./ $6'$5"#(2 2 "(+"#2(*./+&8 %*7"';&Q28 6'2 

#1&(22. 

(?=@J@HP@S>AK N N;AQ?A@L NAMFJAFM@L. E.8 2? 6".$0*+28 

2#6"./-$S( -"./-5*./ (*?+"."52S, ) <"("'"M 2#?"%+3;2 <";6"-

+*+(&;2 #.$1&( &.<"5".8(3 +*<"("'3? ?2;20*#<2? ^.*;*+(") 2 

"'5&+20*#<2* ".25";*'3 (6".2;*'3, #"#("8O2* 2? 10 ;"+";*'-

+3? *%2+2Q). 

F+&0&.& &.<"5".8(3 <'*;+28 ((2(&+&, Q2'<"+28, &.S;2+28 

2.2 ,"'&) 6"%)*'5&S( 52%'".2-$: 

Si(OR)
4
 + H

2
O   a   (OH)Si(OR)

3
 +ROH;

(OH)Si(OR)
3
 + H

2
O    a    (OH)

2
Si(OR)

2
 +ROH;

(OH)
2
Si(OR)

2
 + H

2
O   a    (OH)

3
Si(OR)+ROH;

(OH)
3
Si(OR) + H

2
O     a   Si(OH)

4
 +ROH,

& -&(*; 6'")"%8( '*&<Q2S 6".2<"+%*+#&Q22 52%'"<#2%"):
Si-OR + HO-Si    a   Si-O-Si + ROH;

Si-OH + HO-Si    a   Si-O-Si + HOH.

C '*-$./(&(* ",'&-$*(#8 <*'&;2<& 2- +*"'5&+20*#<"M ('*?;*'-

+"M #*(<2. G"#<"./<$ -"./-5*./ '*&<Q28, 6'"(*<&SO&8 ",30+" ) 
#62'(")3? '&#()"'&? ;"+";*'& 2 &.<"5".8(") +*"'5&+20*#<"5" 

6'*%4*#()*++2<& B(OR)
n
, +* ('*,$*( )3#"<"M (*;6*'&($'3, ) 

'*&<Q2"++3* #?*;3 $%&*(#8 )<.S0&(/ "'5&+20*#<2* #"*%2+*+28 

<&< ) )2%* &<(2)+3? ".25";*'"), (&< 2 5"(")3? 6".2;*'"). 
,C@>NAK; =?=@J@HP@S>AK. A? #"-%&S( +& "#+")* <*'&;2<2 

2 6".2;*'"), +" # 2#6"./-")&+2*; 6'2'"%+3? #."2#(3? +*"'5&-

+20*#<2? #('$<($', (&<2? <&< ;"+(;"'2.."+2( 2.2 )*';2<$.2(, 
<"("'3* )#('*0&S(#8, +&6'2;*', ) 5.2+&?. F."M ;"+(;"'2.."-

+2(& (".O2+"M ~1 +; ) ?"%* '*&<Q22 2"++"5" ",;*+& +&#3O&S( 
;"+";*'+3; 6'*%4*#()*++2<"; # &<(2)+"M <"+Q*)"M 5'$66"M 
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(l-<&6'".&<(&;";, ,$(&%2*+";, &<'2."+2('2."; 2.2 ^6"<#2%-

+"M #;"."M), & -&(*; 6'")"%8( 6".2;*'2-&Q2S ('2#. 42): 

n H
2
N-(CH

2
)

5
-COOH a H-[-NH-(CH

2
)

5
-CO-]

n
-OH + (n-1) H

2
O. 

P2#. 42. F."2#(3* +&+"<";6"-2(3 +& "#+")* &.S;"#2.2<&(& 2 6".2;*-
'& # +2-<2; *5" #"%*'1&+2*; (#6'&)& ))*'?$) 2 )3#"<2; (#6'&)& )+2-$) 

(X-3.1%, 2000)

=&< 6".$0&S( #."2#(3* +&+"<";6"-2(3 # )3#"<2; #"%*'1&+2-

*; <*'&;2<2. L(2 ;&(*'2&.3 ?&'&<(*'2-$S(#8 )3#"<2;2 ;*?&+2-

0*#<2;2 #)"M#()&;2, (*';20*#<"M 2 ?2;20*#<"M #(&,2./+"#(/S. 

D" %&1* 2 +*,"./4"* <".20*#()" &.S;"#2.2<&(& -+&02(*./+" 

$.$04&*( ;*?&+20*#<2* 2 ,&'/*'+3* #)"M#()& 6".2;*'&. 

(?=@J@HP@S>AK, N@<;MT?-

X>; H;A?CCK >C> P@CFPM@-

:@<=>J>. H+2 6'2).*<&S( 
)+2;&+2*, 6'*1%* )#*5", $+2-

<&./+3;2 #)"M#()&;2 )?"-

%8O2? ) 2? #"#(&) <.&#(*'"), 
",'&-")&++3? '&-+3; <".2-

0*#()"; &(";") ;*(&..& 2.2 

6".$6'")"%+2<& – "( %*#8(2 

%" +*#<"./<2? (3#80 ('2#. 43). 

=2620+3* '&-;*'3 (&<"5" <.&-

#(*'& – "( 1 +; %" 10 +;, 0(" #"-

P2#. 43. D&+"<";6"-2( 
# +&+"0&#(2Q&;2 #*'*,'& 

(http://www.nanorf.ru)



72

"()*(#()$*( "5'";+"M $%*./+"M 6")*'?+"#(2. G"%",+3* +&+"0&-

#(2Q3 "(.20&S(#8 6" #)"M#()&; <&< "( ,."0+"5" ;&(*'2&.&, (&< 

2 2+%2)2%$&./+"5" &(";& 2.2 ;".*<$.3, 6'20*; 6".$6'")"%+2-

<")3* "#",*++" #2./+", %&1* *#.2 '&-;*' 0&#(2Q3 %"#(25&*( #"-

(*+ +&+";*('"). H6(20*#<2* #)"M#()& +&+"<.&#(*'") 6"-)".8S( 
#"-%&)&(/ +& 2? "#+")* $6'&).8*;3* <)&+(")3* #)*("%2"%3 %.8 

6'2;*+*+28 ) ;2<'"^.*<('"+2<* 2 (*.*<";;$+2<&Q22.

E@C;JFC9M=K; =?=@J@HP@S>AK 6"#('"*+3 2- 52,<"M 6".2-

;*'+"M ;&('2Q3 2 1*#(<2? 6".2;*'+3? )"."<"+. N1* ) +&0&.* 
80-? 5"%") XX )*<& ;".*<$.8'+3* +&+"<";6"-2(3 6".$0&.2, #;*-
42)&8 '&#()"'3 1*#(<"5" 2 52,<"5" 6".2;*'"), <"("'3* ",'&-"-

)3)&.2 ('*?7&-+$S #2#(*;$. A+(*'*# < ;".*<$.8'+3; +&+"<";-

6"-2(&; 0'*-)30&M+" )*.2<. C +&#("8O** )'*;8 )*%$(#8 '&,"(3 

6" '&-+3; +&6'&).*+28;: 6"%,"'$ #;*#*M, 6"2#<$ #"6".2;*'"), 
#"-%&+2S ;&(*'2&.") +& "#+")* &;"'7+3? 2 12%<"<'2#(&..20*-
#<2? 6".2;*'"). 
D*$<."++" '&#(*( ",[*; 6'2;*+*+28 6".2;*'+3? +&+"<";-

6"-2(+3? ;&(*'2&."), "#",*++" ) &)(";",2.*#('"*+22, 6'"2--
)"%#()* $6&<")"0+3? ;&(*'2&.") 2 ^.*<('"++"M (*?+2<*.
@)(";",2./+&8 6'";34.*++"#(/ .2%2'$*( 6" 6'2;*+*+2S 

+&+"<";6"-2(+3? ;&(*'2&."). D&6'2;*', ^.*<('"6'")"%+3* 
+&+"6".2;*'3 #(&.2 "#+")+3;2 <";6"-2(+3;2 ;&(*'2&.&;2 

%.8 ("6.2)+3? ('$,"6'")"%"), ) <"("'3? "+2 -&;*+2.2 ('&%2-

Q2"++$S #(&./ %.8 6'*%"()'&O*+28 +&<"6.*+28 #(&(20*#<2? 

-&'8%"). >3.2 #"-%&+3 (&<1* ^.*<('"6'")"%+3* 6".2;*'3 %.8 

6"<'3(28 )+*4+2? <$-")+3? %*(&.*M. 

C)*%*+2* +*,"./4"5" <".20*#()& +&+"5.2+ 6'2)"%2( < -+&-

02(*./+";$ $.$04*+2S ,&'/*'+3? #)"M#() 5&-")3? ;*;,'&+. 

:";6"-2(3 # +&+"5.2+&;2 6'2;*+8S(#8 6'2 6'"2-)"%#()* $6&-

<")"0+3? ;&(*'2&.") (#"#$%3, 6.*+<2) %.8 62O*)3? 6'"%$<("). 
A#6"./-")&+2* +&+"<";6"-2(+3? ;&(*'2&.") -+&02(*./+" 6'"%-

.*)&*( #'"< ?'&+*+28 ;+"52? 62O*)3? 6'"%$<("). 
A+(*+#2)+" '&-'&,&(3)&S(#8 +&+"<";6"-2(+3* ;&(*'2&.3 

# 6".2;*'+"M "#+")"M %.8 6'2;*+*+28 ) ^.*<('"++"M (*?+2<*, 
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+&6'2;*', ) ("+<"6.*+"0+3? <"+%*+#&("'&? 2+(*5'&./+3? #?*;, 

()*'%3? 6".2;*'+3? ^.*<('".2(&? %.8 5&./)&+20*#<2? ^.*;*+-

("), "6(20*#<2? ;2<'"<";;$(&("'&?, 2+(*..*<($&./+3? +&+"-

'&-;*'+3? <";;$(&("'&?, & (&<1* %&(02<&?.

H,O*6'2-+&+", 0(" 6"8).*+2* +&+"<";6"-2(+3? ;&(*'2&.") 
# +&6".+2(*.8;2 2- +&+"5.2+, 6"-)".8SO2;2 6")3#2(/ $6'$-

5"#(/ 2 6'"0+"#(/ 6'2 '&#(81*+22, & (&<1* %*7"';&Q2"++$S 

(*6."#("M<"#(/, ) %&./+*M4*; 6'2)*%*( < -&;*+* 6'2;*+8*;3? ) 
+&#("8O** )'*;8 (*?+20*#<2? (*';"6.&#("). D&+"<";6"-2(+3* 
;"%272<&Q22 $#")*'4*+#()")&++3? (*?+20*#<2? (*';"6.&#("), 
) #)"S "0*'*%/, -&M;$( ;*#(" ;*(&..") 2 #(*<". 6'2;*+8*;3? #*-
5"%+8 )" ;+"1*#()* ",.&#(*M.

5.5. «3H=K;» =?=@H?A;M>?CK

G";2;" $.$04*+28 #)"M#() 6'2)30+3? 6'";34.*++3? ;&-

(*'2&."), '&-)2(2* +&+"?2;22 )*%*( < '&#6'"#('&+*+2S (&< +&-

-3)&*;3? «$;+3?» +&+";&(*'2&."). H+2 &<(2)+" '*&52'$S( +& 

2-;*+*+28 "<'$1&SO*M #'*%3 2 2-;*+8S( #)"2 #)"M#()& ) -&)2-

#2;"#(2 "( $#.")2M.

N1* %")"./+" %&)+" 2-",'*.2 «6"(*SO2M» ;*(&.. %.8 -&O2(3 

6'";34.*++3? ",[*<(") "( )3#"<2? (*;6*'&($'. L("( «$;+3M» 

;&(*'2&. 6'*%#(&).8*( #","M 6"'2#($S #(&./ # )<'&6.*+28;2 

;+"1*#()& +&+"- 2 ;2<'"0&#(2Q ;*%2. =&< <&< (*;6*'&($'& 6.&)-
.*+28 ;*%2 ;*+/4*, 0*; #(&.2, (", <&< ("./<" )+*4+88 (*;6*'&-

($'& %"#(25&*( +*<"("'"5" <'2(20*#<"5" 6'*%*.&, ;*(&.. +&02-

+&*( &<(2)+" «6"(*(/»: ;*%/ '&#42'8*(#8 2 #<)"-/ 6"'3 )3?"%2( 
+& 6")*'?+"#(/, $+"#8 2-.24*< (*6.& 2- #2#(*;3. G'2 "#(3)&+22 

<&6*./<2 ;*%2 #+")& «)#&#3)&S(#8» #(&./+3;2 <&62..8'&;2 2 

;&(*'2&. )"-)'&O&*(#8 ) 2#?"%+"* #"#("8+2*.
C +&#("8O** )'*;8 )*%$(#8 '&,"(3 6" #"-%&+2S V>@H>H;A>-

Q;NJ>B =?=@H?A;M>?C@: (V>@H>H;A>J@:) – ;&(*'2&."), 6"%'&-

1&SO2? ,2"."520*#<2; (<&+8; ('2#. 44). 
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H#+")$ )#*? ,2";2;*(2-

<") #"#(&).8S( 2#<$##()*++3* 
,*.<2. G"%",+" 6'2'"%+3; 

,*.<&;, "+2 (&<1* #"#("8( 2- 
&;2+"<2#."(, +" #2+(*-2'$S(-
#8 +* '2,"#";"M, & 0*.")*<";. 

G'20*; *#.2 ",30+3* ,*.<2 

2;*S( $+2<&./+$S 6"#.*%"-

)&(*./+"#(/ 2- 20 '&-.20+3? 

&;2+"<2#."(, (" ,*.<2 %.8 

,2";2;*(2<") ;"5$( "5'&+2-

02(/#8 "%+"M ;+"5"<'&(+" 

6")("'8SO*M#8 &;2+"<2#."-

("M. =&< 6".$0&S(#8 &+&."52 

,*.<") – 6".2&;2+"<2#."(3, 

6"#('"*++3* +& "#+")* "%+"5" 

^.*;*+(&. \&(*; ^(2 ,*.<")3* ,."<2 ;"1+" #"*%2+8(/ ;*1%$ #"-

,"M, «Q*6.8(/» < +2; %'$52* ;".*<$.3 – <'&#2(*.2, 7"("&<(2)-
+3*, ^.*<('"&<(2)+3*, .S;2+*#Q2'$SO2* 2 (.%., – )#8<2M '&- 
6".$0&8 ;&(*'2&.3 # +")3;2 $+2<&./+3;2 #)"M#()&;2.

A#<$##()*++3* ,2";2;*(2<2, #?"%+3* 6" #)"2; <&0*#()&; # 
6'2'"%+3;2 ,*.<&;2, (&<1* 6'"8).8S( «'&-$;+"#(/» ) "()*( +& 

#.&,3* )+*4+2* '&-%'&12(*.2: ",.$0*+2*, (*6.", ^.*<('"("<, 

)'*%+3* )*O*#()&. D& 2? "#+")* $1* #<"+#('$2'")&+3 "6(20*-
#<2* #*+#"'+3* ;&(*'2&.3 %.8 +&+"$#('"M#(), 6'"2-)"%8O2? 

^<"."520*#<2M ;"+2("'2+5.
H#",3M 2+(*'*# 6'*%#(&).8S( $)&*#+/3*)/1#46# %3%&43,#/)3-

.6. F'*%2 +2? $+2<&.*+ $6&<")"0+3M ,2";&(*'2&., #6"#",+3M 

,3#('" '&-.&5&(/#8 +& *#(*#()*++3* 6'2'"%+3* <";6"+*+(3 6" 

2#(*0*+22 "6'*%*.*++"5" )'*;*+2 (+&6'2;*', #'"<& ?'&+*+28 

6'"%$<(&), +* -&5'8-+88 "<'$1&SO$S #'*%$, <&< ^(" %*.&S( ;*-
(&..20*#<2* 2 6.&#(2<")3* $6&<")<2.

F*5"%+8 $1* #$O*#()$*( =#//&43+%),%37 ;)*9&(,2, #6"#",+&8 

6'2+2;&(/ "6'*%*.*++$S 7"';$ 6"% %*M#()2*; ^.*<('";&5+2(-

P2#. 44. >2";2;*(20*#<2* +&+"-
;&(*'2&.3 (http://www.kti.ru)
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+"5" 6".8. ]*''";&5+2(+&8 

12%<"#(/ 6'*%#(&).8*( #","M 

('*?<";6"+*+(+$S #2#(*;$, 

#"#("8O$S 2- %2#6*'#2"++"M 

#'*%3, ;&5+2(+"M 7&-3 2 #(&-

,2.2-&("'& ('2#. 45).

C <&0*#()* %2#6*'#2"++"M 

#'*%3 ;"1*( )3#($6&(/ .S,&8 

12%<&8 #'*%&: )"%&, ;&#.", '&--
.20+3* '&#()"'3. C <&0*#()* ;&5+2(+"M #"#(&).8SO*M ",30+" 

2#6"./-$S(#8 +&+"0&#(2Q3, ",.&%&SO2* #2./+3;2 7*''";&5-
+2(+3;2 #)"M#()&;2. C)*%*+2* 1* ) 12%<"#(/ #(&,2.2-&("'&, 

6'"0+" #)8-3)&SO*5"#8 # 6")*'?+"#(/S ;&5+2(+3? 0&#(2Q 2 6'*-
68(#()$SO*5" 2? &5'*5&Q22, ",*#6*02)&*( $#("M02)"#(/ (&<"M 

12%<"#(2. ]*''";&5+2(+3* 12%<"#(2 – ^(" #")*'4*++" +")3M 

",42'+3M <.&## ;&5+2(+3? ;&(*'2&."), 2 2?, +*#";+*++", 1%*( 
42'"<2M #6*<(' 6'2;*+*+2M ) (*?+2<* 2 6'";34.*++"#(2.

«N;+3*» +&+";&(*'2&.3 +* ("./<" &<(2)+" '*&52'$*( +& 2--
;*+*+28 "<'$1&SO*M #'*%3, +" 2 6"%%&S(#8 $6'&).*+2S. A? 

6")*%*+2* ;"1+" -&6'"5'&;;2'")&(/ -&'&+**. «N;+3*» +&+";&-

(*'2&.3 #.*%$SO*5" 6"<".*+28 6'*%#(&).8S( #","M 6'"5'&;;-

+" &66&'&(+3M <";6.*<# 2- )#*)"-;"1+3? #*+#"'"), ;2+2&(S'-

+3? <";6/S(*'") 2 2#6".+2(*./+3? +&+"$#('"M#().

5@=AM@CG=K; :@PM@NK 

H6'*%*.2(* 6"+8(2* «+&+";&(*'2&.3» 2 +&-")2(* 2? )2%3. 1. 

G*'*02#.2(* 7&<("'3, "6'*%*.8SO2* $+2<&./+3* #)"M#()& 2. 

+&+";&(*'2&.").
H?&'&<(*'2-$M(* &;"'7+"-+&+"<'2#(&..20*#<"* #"#("8+2*.3. 

D&-")2(* ",.&#(2 6'2;*+*+28 +&+"6"'"4<").4. 

C 0*; -&<.S0&S(#8 $+2<&./+3* #)"M#()& +&+"6"'2#("5" 5. 

$5.*'"%&?

H6'*%*.2(* 6"+8(28 «6".2;*'3» 2 «<";6"-2Q2"++3* ;&(*-6. 

'2&.3».

P2#. 45. ]*''";&5+2(+&8 
12%<"#(/ (http://megaÞ le.info)
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P&##<&12(* " 6".2;*'+3? +&+"<";6"-2(&?.7. 

G'2)*%2(* 6'2;*'3 «$;+3?» +&+";&(*'2&.").8. 

G'*%."12(* )"-;"1+3* )&'2&+(3 2#6"./-")&+28 +&+";&(*-9. 

'2&.") ) #)"*M 6")#*%+*)+"M 12-+2.

\&6".+2(* 6'"6$#<2 ) #.*%$SO2? 6'*%."1*+28?:10. 

&) C6*')3* … ,3.& #7"';$.2'")&+& ) 80-? 5"%&? XX )*<& 

!. !.*M(*'";, <"("'3M ))*. ) +&$0+3M ",2?"% 2 #&; (*';2+.

,) G'*)'&O*+2* &;"'7+"5" #"#("8+28 ;&(*'2&.& ) +&+"<'2-

#(&..20*#<"* "#$O*#().8*(#8 6$(*; … .

)) B*?&+20*#<2* #)"M#()& <";6"-2(") -&)2#8( "( #('$<($'3 2 

#)"M#() … 5'&+2Q3.

5) H#+")$ )#*? … #"#(&).8S( 2#<$##()*++3* ,*.<2.

%) ]*''";&5+2(+&8 12%<"#(/ #6"#",+& 6'2+2;&(/ "6'*%*-
.*++$S 7"';$ 6"% %*M#()2*; ... 6".8.
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*C?:? 6. ),)/%4 $)&' 3*&"$)#% 
- (%()E1$"

6.1. !FCC;M;=K

H(<'3(2* UFCC;M;=@: – +")"M 7"';3 #$O*#()")&+28 $5.*-
'"%&, 6'2-+&+" "%+2; 2- $%2)2(*./+3? 2 )&1+*M42? "(<'3(2M 

) +&$<* XX #(".*(28. :.&##20*#<2; #02(&*(#8 7$..*'*+, #"%*'-

1&O2M 60 &(";") $5.*'"%&, '&#6"."1*++3? +& #7*'* # %2&;*-
('"; 6'2,.2-2(*./+" ) 1 +;, 2 +&6";2+&SO2M 7$(,"./+3M ;80 

('2#. 46 &). @(";3 $5.*'"%& ",'&-$S( 12 6'&)2./+3? 68(2$5"./-
+2<") 2 20 6'&)2./+3? 4*#(2$5"./+2<"). 
C 90-? 5"%&? XX )*<& ,3.2 +&M%*+3 ;*("%3 6".$0*+28 2 )3-

%*.*+28 7$..*'*+") ) 02#("; )2%*. C#<"'* 6"#.* ^("5" ,3.2 

"6'*%*.*+3 )&1+*M42* #('$<($'+3* 2 72-2<"-?2;20*#<2* ?&-

'&<(*'2#(2<2 7$..*'*+& F
60

 – +&2,".** .*5<" ",'&-$SO*5"#8 

#"*%2+*+28 #'*%2 2-)*#(+3? 7$..*'*+"). \& "(<'3(2* 7$..*'*-
+") #"#(&)& C

60
 2 C

70
 (1985 5"%) P. :*'., P. F;"..2 2 !. :'"(" ) 

1996 5"%$ ,3.2 $%"#("*+3 D",*.*)#<"M 6'*;22 6" ?2;22. 

]$..*'*+3 6"%'&-%*.8S(#8 +& %)& (26&: ,".** #(&,2./+3* 2 

;*+** #(&,2./+3*. !'&+2Q$ ;*1%$ +2;2 6"-)".8*( 6'")*#(2 6'&-

)2." 2-".2'")&++3? 68(2$5"./+2<"). D&2,".** #(&,2./+3;2 

8).8S(#8 (* 7$..*'*+3, ) <"("'3? 68(2$5"./+2<2 +* <&#&S(#8 

%'$5 %'$5&, 2 <&1%3M 2- +2? "<'$1*+ 68(/S 4*#(2$5"./+2<&-

;2. R#.2 '&#6".&5&(/ 7$..*'*+3 ) 6"'8%<* $)*.20*+28 02#.& 

&(";") $5.*'"%& n, (" C
60

 8).8*(#8 6*')3; 6'*%#(&)2(*.*;, $%"-

).*()"'8SO2; ^(";$ 6'&)2.$, & F
70

 – )("'3; ('2#. 46 ,). F'*%2 

;".*<$. 7$..*'*+") # n > 70 )#*5%& *#(/ 2-";*', 6"%02+8SO2M#8 

$<&-&++";$ 6'&)2.$, 02#." (&<2? 2-";*'") ,3#('" )"-'&#(&*( # 
'"#("; 02#.& &(";"). D&M%*+" 5 2-";*'") %.8 F

78
, 24 – %.8 F

84
 2 

40 – %.8 C
90

. A-";*'3, 2;*SO2* ) #)"*M #('$<($'* #;*1+3* 68-

(2$5"./+2<2, ;*+** #(&,2./+3.
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D& "#+")* 7$..*'*+") $1* #2+(*-2'")&+" ,".** 10000 +")3? 

#"*%2+*+2M. >$'+"* '&-)2(2* %&++"M ",.&#(2 +&+"?2;22 #)8-&-

+" # "#",*++"#(8;2 #('"*+28 7$..*'*+") 2 +&.202*; ,"./4"5" 

02#.& %)"M+3? #"6'81*++3? #)8-*M +& -&;<+$("M $5.*'"%+"M 

#7*'*. :";,2+&Q28 7$..*'*+& # 6'*%#(&)2(*.8;2 ;+"1*#()& 

2-)*#(+3? <.&##") )*O*#() "(<'3.& %.8 ?2;2<")-#2+(*(2<") )"--
;"1+"#(/ 6".$0*+28 ;+"5"02#.*++3? 6'"2-)"%+3? ^("5" #"*%2-

+*+28. 

F'*%2 '*&<Q2M 6".$0*+28 +*"'5&+20*#<2? 6'"2-)"%+3? 7$.-

.*'*+& +&2,".** )&1+3;2 8).8S(#8 6'"Q*##3 5&."5*+2'")&+28 

2 6".$0*+28 6'"#(*M42? 5&."5*+6'"2-)"%+3?, & (&<1* '*&<Q22 

52%'2'")&+28. 

G'2 7("'2'")&+22 7$..*'*+& C
60

 ",+&'$1*+ 6".+3M +&,"' 

#"*%2+*+2M F
60

F
n
, 5%* n 6'2+2;&*( 0*(+3* -+&0*+28 ()6."(/ %" 

60). ]("'6'"2-)"%+3* # n "( 50 %" 60 +&-3)&S(#8 6*'7("'2%&;2 

2 ",+&'$1*+3 #'*%2 6'"%$<(") 7("'2'")&+28 ;&##-#6*<('&./+" 

) 0'*-)30&M+" ;&.3? <"+Q*+('&Q28?. F$O*#()$S( (&<1* 526*'-

7("'2%3, (" *#(/ 6'"%$<(3 #"#(&)& F
60

F
n
, n > 60, 5%* $5.*'"%+3M 

<&'<&# 7$..*'*+& "<&-3)&*(#8 0&#(20+" '&-'$4*++3;. 

&                                                                      , 

P2#. 46. B".*<$.3 7$..*'*+"): 
&) F

60  
(http://www.nanometer.ru),             ,) F

70
 (http://kristall.lan.krasu.ru)
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@<(2)+"* 2-$0*+2* 6'"Q*##") ?."'2'")&+28 7$..*'*+") 
) '&-.20+3? $#.")28? +&0&."#/ ) 1991 5"%$. : +&#("8O*;$ )'*-
;*+2 )3%*.*+" 2 "?&'&<(*'2-")&+" +*#<"./<" 2+%2)2%$&./+3? 

?."'2%") 7$..*'*+") F
60

 2 F
70

, 6".$0*++3? 6$(*; 6'2;*+*+28 

'&-.20+3? ?."'2'$SO2? &5*+("). :&< 6'&)2.", 6'2#"*%2+8*(-
#8 24 &(";& ?."'&. G'2 (*;6*'&($'* 400 "F 6".2?."'7$..*'*+3 

%*?."'2'$S(#8 ) 2#?"%+3M 7$..*'*+. 

K."' 7$..*'*+& ;"1+" -&;*#(2(/:
F

60
Cl

n             
MeOH, KOH 

                     
F

60
(OMe)

n
;  

F
60

Cl
n              

 
C

6
H

6
, AlCl

3
 
   

        
     F

60
(F

6
D

5
)

n
.

G*')3* 6"63(<2 ,'";2'")&+28 7$..*'*+& ,3.2 6'*%-

6'2+8(3 (&<1* ) 1991 5"%$. ]$..*'*+ F
60

, 6";*O*+-

+3M ) 02#(3M ,'"; 6'2 (*;6*'&($'* 20 2 50"F, $)*.202-

)&. ;&##$ +& )*.202+$, #""()*(#()$SO$S 6'2#"*%2+*+2S 

2-4 &(";") ,'";& +& "%+$ ;".*<$.$ 7$..*'*+&. E&./+*M42* 2#-
#.*%")&+28 ,'";2'")&+28 6"<&-&.2, 0(" 6'2 )-&2;"%*M#()22 

7$..*'*+& F
60

 # ;".*<$.8'+3; ,'";"; ) (*0*+2* +*#<"./<2? 

%+*M 6".$0&*(#8 8'<"-"'&+1*)"* )*O*#()" #"#(&)& F
60

Br
28

. C6"-

#.*%#()22 ,3." #2+(*-2'")&+" +*#<"./<" ,'";6'"2-)"%+3? 

7$..*'*+"), "(.20&SO2?#8 42'"<2; +&,"'"; -+&0*+2M 02#.& 

&(";") ,'";& ) ;".*<$.*. 
F"-%&+2* ,2"."520*#<2 &<(2)+3? 6'"2-)"%+3? 7$..*'*+&, 

<"("'3* ;"5.2 ,3 +&M(2 6'2;*+*+2* ) ,2"."522 2 ;*%2Q2+*, 
#)8-&+" # 6'2%&+2*; *5" ;".*<$.* 52%'"72./+3? #)"M#(). H%-

+2; 2- ;*("%") #2+(*-& 52%'"72./+3? 6'"2-)"%+3? 8).8*(#8 

))*%*+2* 52%'"<#2./+3? 5'$66 2 ",'&-")&+2* 7$..*'*+".") 
2.2 7$..*'"."), #"%*'1&O2? %" 26 5'$66 HD, & (&<1* <2#."'"%-

+3* ;"#(2<2, &+&."520+3* +&,.S%&*;3; ) "<#2%&?. =&<2* #"*-
%2+*+28 ?"'"4" '&#()"'2;3 ) )"%* 2 ;"5$( ,3(/ 2#6"./-")&+3 

%.8 #2+(*-& +")3? 6'"2-)"%+3? 7$..*'*+&.

H<#2%3 7$..*'*+") (F
60
H 2 F

70
H) )#*5%& 6'2#$(#()$S( ) 2#-

?"%+3? #;*#8? 7$..*'*+") ) ̂ <#('&<(* ) +*,"./42? <".20*#()&?. 

H+2 ?"'"4" '&-%*.8S(#8 ;*("%"; <"."+0&("M ?'";&("5'&722 

+& <"."+<&? # '&-.20+3;2 &%#"',*+(&;2, 0(" 6"-)".8*( <"+('"-
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.2'")&(/ 02#("($ ",'&-Q") 7$..*'*+"), "(#$(#()2* 2.2 6'2#$(-
#()2* "<#2%") ) +2?. H%+&<" +2-<&8 #(&,2./+"#(/ "<#2%") 7$..*-
'*+") 6'*68(#()$*( 2? #2#(*;&(20*#<";$ 2-$0*+2S.

C 7$..*'*+3 $%&."#/ )+*%'2(/ 0&#(2Q3 ;*(&.."). E.8 (&<2? 

7$..*'*+") 6'*%."1*+& #.*%$SO&8 #2;)".2<&: %.8 &(";") ;*-
(&..& )+$('2 7$..*'*+& – B@F

n 
('2#. 47 &), & %.8 &(";") ;*(&.-

.") #+&'$12 – BF
60

 ('2#. 47 ,). G*')"* 6".$0*+2* (&<2? 0&#(2Q 

"#+")&+" +& .&-*'+"; 2#6&'*+22 #;*#*M .&+(&+& 2 5'&72(&. C 

)3#"<"(*;6*'&($'+"M 6.&-;* 2"+3 .&+(&+& )"##(&+&).2)&S(#8 

%" &(";") 2 )<.S0&S(#8 )+$('/ <.*(<2 7$..*'*+& )" )'*;8 ** 
7"';2'")&+28. : +&#("8O*;$ )'*;*+2 6".$0*+ 2 '8% #"*%2+*-
+2M 7$..*'*+") # ;*(&..&;2 (26& B

?
F

60
. A+(*'*# < ^(2; #"*%2-

+*+28; #)8-&+ # (*;, 0(" "+2 ",.&%&S( #)*'?6'")"%2;"#(/S. 

F 2#6"./-")&+2*; )3#"<2? (*;6*'&($' (650 "F) 2 %&).*+28 

(3000 &(;) "#$O*#().*+" )+*%'*+2* 2+*'(+3? 5&-") 2 +*,"./42? 

;".*<$. ) 6"."#(/ 7$..*'*+& F
60

.

C "'5&+20*#<"M ?2;22 7$..*'*+ F
60

 6'"8).8*( #<."++"#(/ 

< '*&<Q28; '&%2<&./+"5", +$<.*"72./+"5" 2 Q2<."6'2#"*%2-

&)                                                                       ,)  

P2#. 47. ]$..*'*+ F
60 
# 0&#(2Q&;2 ;*(&..&: 

  &) )+$('2 (http://www.himhelp.ru),             ,) +& 6")*'?+"#(2 
             (http://www.img.gazeta.ru)
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+*+28. H#",*++" 6*'#6*<(2)+3;2 ) 6.&+* 7$+<Q2"+&.2-&Q22 

7$..*'*+")"M #7*'3 8).8S(#8 '&-+"",'&-+3* '*&<Q22 Q2<."-

6'2#"*%2+*+28. 

B".*<$.3 F
60

 ;"5$( ",'&-")&(/ <'2#(&.. 7$..*'2( # 5'&+*-
Q*+('2'")&++"M <$,20*#<"M '*4*(<"M 2 %"#(&("0+" #.&,3;2 

;*1;".*<$.8'+3;2 #)8-8;2. C ^("; <'2#(&..* 2;*S(#8 "<(&^-
%'20*#<2* 2 (*('&^%'20*#<2* 6"."#(2, ) <"("'3? ;"5$( +&?"%2(/-
#8 6"#("'"++2* &(";3. R#.2 "<(&^%'20*#<2* 6"."#(2 -&6".+*+3 

2"+&;2 O*."0+3? ;*(&.."), (" 6'2 (*;6*'&($'&? +21* <";+&(-
+"M #('$<($'& ^(2? )*O*#() 6*'*#('&2)&*(#8 2 ",'&-$*(#8 +")3M 

6".2;*'+3M ;&(*'2&.. R#.2 -&6".+2(/ (&<1* 2 (*('&^%'20*#<2* 
6"."#(2, (" ",'&-$*(#8 #)*'?6'")"%8O2M ;&(*'2&. # <'2(20*-
#<"M (*;6*'&($'"M 20-40 :. F$O*#()$S( 7$..*'2(3 2 # %'$52;2 

6'2#&%<&;2, %&SO2;2 ;&(*'2&.$ $+2<&./+3* #)"M#()&. D&6'2-

;*', F
60

-^(2.*+ 2;**( 7*''";&5+2(+3* #)"M#()&. 

6.2. 3DC;M@<=K; =?=@AMFVJ>

3DC;M@<=K; =?=@AMFVJ> – 6'"(81*++3* Q2.2+%'20*#<2* 
#('$<($'3 %2&;*('"; "( "%+"5" %" +*#<"./<2? %*#8(<") +&+"-

;*('") 2 %.2+"M %" +*#<"./<2? #&+(2;*('"); #"#("8( 2- "%+"M 

2.2 +*#<"./<2? #)*'+$(3? ) ('$,<$ 5*<#&5"+&./+3? 5'&72(")3? 

6."#<"#(*M (5'&7*+")) 2 -&<&+02)&S(#8 ",30+" 6".$#7*'20*-
#<"M 5".")<"M. 

="0+&8 %&(& "(<'3(28 $5.*'"%+3? +&+"('$,"< +*2-)*#(+&. 

RO* ) 1952 5"%$ "(*0*#()*++3;2 $0*+3;2 9.C. P&%$4<*)20*; 2 

C.B. 9$</8+")20*; ,3.2 #%*.&+3 6*')3* 6'*%6"."1*+28 " #$-

O*#()")&+22 $5.*'"%+3? +&+"('$,"<, "%+&<" %&++3* 2##.*%")&-

+28 +* ,3.2 6'"%".1*+3. H,O*6'2-+&++3; 8).8*(#8 7&<( +&-

,.S%*+28 #('$<($'3 ;+"5"#."M+3? +&+"('$,"< F. A2%12;"M ) 
1991 5"%$. 

N5.*'"%+3* +&+"('$,<2 ?&'&<(*'2-$S(#8 ,"./42; '&-+""-

,'&-2*; 7"';. H+2 ;"5$( ,3(/ "%+"#(*++3;2 2.2 ;+"5"#(*++3-

;2 ("%+"#."M+3;2 2.2 ;+"5"#."M+3;2), 6'8;3;2 2.2 #62'&./-
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+3;2, %.2++3;2 2.2 <"'"(<2;2 2 (.%. ('2#. 48 &, ,). P&-.20&S( 
(&<1* 6'")"%+2<")3* 2 6".$6'")"%+2<")3* +&+"('$,<2.

D&+"('$,<2 +*",3<+")*++" 6'"0+3 +& '&#(81*+2* 2 +& 2--
52,. G"% %*M#()2*; ,"./42? ;*?&+20*#<2? +&6'81*+2M +&-

+"('$,<2 +* ')$(#8, +* .";&S(#8, & 6'"#(" 6*'*#('&2)&*(#8 2? 

#('$<($'&.

K2;28 $5.*'"%+3? +&+"('$,"< "(.20&*(#8 "( ?2;22 7$..*'*-
+") 2 5'&72(& )#.*%#()2* "#",*++"#(*M 2? #('"*+28. ]$..*'*+3 

#6"#",+3 ",'&-")3)&(/ ;".*<$.8'+3* <'2#(&..3, 5'&72( 6'*%-

#(&).8*( #","M #."1+3M 6".2;*'+3M <'2#(&.., & +&+"('$,<2 

8).8S(#8 6'";*1$("0+3; #"#("8+2*; ;*1%$ +2;2. ]$..*'*+3 

2;*S( +*,"./4"M ",[*; )+$('*++*M 6"."#(2, ) <"("'"; ;"1*( 
6";*#(2(/#8 .24/ +*#<"./<" &(";") %'$52? ^.*;*+("), & $5.*-
'"%+3* +&+"('$,<2 ",.&%&S( ,"./42; )+$('*++2; ",[*;";. 

\+&02(*./+3M '&-%*. +&+"?2;22 $5.*'"%+3? +&+"('$,"< 6"-

#)8O*+ 6".$0*+2S '&-.20+3? 7$+<Q2"+&./+3? 5'$66 +& 2? ,"-

<")3? 6")*'?+"#(8?. E.8 ;"%272<&Q22 ,"<")3? 6")*'?+"#(*M 

('$,<2 &<(2)+" 2#6"./-$*(#8 7("'2'")&+2*. F $)*.20*+2*; 

5.$,2+3 7("'2'")&+28 %2&;*(' ('$,"< 2 ;*1#."*)3* '&##("8-

&)                                                                       ,)  

P2#. 48. B"%*.2 $5.*'"%+3? +&+"('$,"<: 
&) "%+"#(*++&8, ,) ;+"5"#(*++&8 (http://www.ixbt.com)
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+28 '&#($(, 6'2 %"#(21*+22 <'2(20*#<"M #(*6*+2 )+*4+2* #."2 

'&-)"'&02)&S(#8 2 ",'&-$S(#8 ;+"5"#."M+3* 6."#<2* 0&#(2Q3. 

N5.*'"%+3* +&+"('$,<2 6'2;*+8S(#8 ) <&0*#()* ;&('2Q %.8 6"-

.$0*+28 +&+"0&#(2Q ;*(&..") # $-<2; '&#6'*%*.*+2*; 6" '&--
;*'&;. 

C "%+"#."M+3* 2 ;+"5"#."M+3* +&+"('$,<2 ;"1+" )+*%'2(/ 
'&-.20+3* +&+"0&#(2Q3 ('2#. 49). 

C ;+"5"#."M+3? +&+"('$,<&? ^(2 0&#(2Q3 '&#6".&5&S(#8 

;*1%$ "(%*./+3;2 #."8;2. C "%+"#."M+3? +&+"('$,<&? "+2 

6'"+2<&S( ) ;*1('$,+"* 6'"#('&+#()". F)"M#()& (&<2? +&+"-

('$,"< -+&02(*./+" "(.20&S(#8 "( #)"M#() 6"."M +&+"('$,<2.

N5.*'"%+3* +&+"('$,<2 6'2;*+8S(#8 <&< ) )2%* ;&##2)+3? 

2-%*.2M, (&< 2 ) )2%* ;2+2&(S'+3? $#('"M#(). C 6*')"; #.$0&* 
2#6"./-$S( ;+"1*#()" ('$,"< ) <&0*#()* +&6".+2(*.*M %.8 <";-

6"-2("), 2#("0+2<") ("<"), #)*'?6'"0+3? +2(*M, &%#"',*+(") 
2.2 &<<$;$.8("'") 5&-"). C" )("'"; #.$0&* +&+"('$,<2 6'2;*-
+8S( %.8 2-5"(").*+28 '&-.20+3? ^.*<('"++3? $#('"M#(), 6".*-
)3? ^;2((*'") (2-.$0&(*.*M) ^.*<('"+"), #)*'?6'"0+3? -"+%") 
;2<'"#<"6"), #*+#"'") 2 (.%.

6.3. *M?U;=

*M?U;= – #."M &(";") $5.*'"%&, #"*%2+*++3? 6"#'*%#()"; sp² 

#)8-*M ) 5*<#&5"+&./+$S %)$;*'+$S <'2#(&..20*#<$S '*4*(<$ 

&)                                                                       ,)  

P2#. 49. !&%".2+2M ) 7$..*'*+* )+$('2 "%+"#."M+"M +&+"('$,<2 
(Gd@C60@SWNT): &) #?*;&(20*#<"* 2-",'&1*+2*; 

,) ^.*<('"++"-;2<'"#<"620*#<&8 7"("5'&728 (http://nature.web.ru)
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('2#. 50). R5" ;"1+" 6'*%#(&-

)2(/ <&< "%+$ 6."#<"#(/ 5'&-

72(&, "(%*.*++$S "( ",[*;+"-

5" <'2#(&..&. 

G"#<"./<$ 5'&7*+ ,3. 6"-

.$0*+ .24/ ) +&0&.* XXI )*<&, 

*5" ?2;20*#<2* 2 72-20*#<2* 
#)"M#()& 2-$0*+3 +*%"#(&("0-

+". H%+&<" '*-$./(&(3 6*')3? 

6'")*%*++3? 2##.*%")&+2M 

$<&-3)&S( +& *5" $+2<&./+3* 
#)"M#()& 2 6*'#6*<(2)+"#(/ *5" 

2#6"./-")&+28. !'&7*+ ",.&%&*( ,"./4"M ;*?&+20*#<"M 1*#(<"-

#(/S 2 ?"'"4*M (*6."6'")"%+"#(/S. 

!'&7*+ '&##;&('2)&*(#8 <&< ,$%$O&8 "#+")& +&+"^.*<('"+2-

<2. G"%)21+"#(/ ^.*<('"+") ) 5'&7*+* ) #"(+2 '&- 6'*)"#?"%2( 
(&<")$S ) <'2#(&..20*#<"; <'*;+22, <"("'3M 8).8*(#8 #&;3; 

'&#6'"#('&+*++3; ;&(*'2&."; #")'*;*++"M ;2<'"^.*<('"+2<2. 

E'$5&8 ",.&#(/ 6'2;*+*+28 5'&7*+& -&<.S0&*(#8 ) *5" 2#-
6"./-")&+22 ) <&0*#()* "0*+/ 0$)#()2(*./+"5" #*+#"'& %.8 ",-

+&'$1*+28 "(%*./+3? ;".*<$. ?2;20*#<2? )*O*#(). G'2+Q26 

%*M#()28 ^("5" #*+#"'& -&<.S0&*(#8 ) (";, 0(" '&-+3* ;".*<$.3 

;"5$( )3#($6&(/ <&< %"+"'3 2 &<Q*6("'3 ^.*<('"+"), 0(" ) #)"S 

"0*'*%/ )*%*( < 2-;*+*+2S #"6'"(2).*+28 5'&7*+&. !'&7*+ 2#-
6"./-$S( 2 %.8 2-5"(").*+28 ^.*<('"%") ) 2"+2#("'&? (#$6*'-

<"+%*+#&("'&?) ) <&0*#()* 6*'*-&'81&*;3? 2#("0+2<") ("<&. 

6.4. .@CFQ;=>; FDC;M@<=KB =?=@NAMFJAFM

C +&#("8O** )'*;8 '&-'&,"(&+" ;+"5" ;*("%") 6".$0*+28 

$5.*'"%+3? +&+"#('$<($' # '&-+3;2 '&-;*'&;2 2 #)"M#()&;2. 

]$..*'*+3 2 +&+"('$,<2 ",'&-$S(#8 ) '*-$./(&(* ?2;20*#<2? 

6'*)'&O*+2M $5.*'"%#"%*'1&O2? ;&(*'2&.") ) $#.")28? 6")3-

4*++3? (*;6*'&($'. P&##;"('2; +&2,".** 2-)*#(+3* ;*("%3.

P2#. 50. B"%*./ 5'&7*+& 
(http://www.ixbt.com)
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IC;JAM@<FD@:@; M?NPK-

C;=>; DM?U>A?. L(" #&;3M 

'&#6'"#('&+*++3M ;*("%. C 

<&;*'*, -&6".+*++"M 2+*'(-
+3; 5&-";, ;*1%$ 5'&72("-

)3;2 ^.*<('"%&;2 )"-+2<&*( 
^.*<('20*#<2M '&-'8%, 2"+2-

-2'$SO2M &(";3 5&-&. :&("% 

2 #(*+<2 <&;*'3 "?.&1%&-

S(#8 6'2 6";"O2 )"%3 2.2 

12%<"5" &-"(&. G'2 ("<* %$52 

6"'8%<& 100 @, %&).*+22 5&-& 

) +*#<"./<" '&- ;*+/4* &(-
;"#7*'+"5" 2 +&6'81*+22 +& 

^.*<('"%&? 25-35 C, (*;6*'&($'& ",'&-$SO*M#8 ;*1%$ ^.*<('"-

%&;2 6.&-;3 %"#(25&*( 4000 :. G'2 (&<"M (*;6*'&($'* 6")*'?-

+"#(/ 5'&72(")"5" &+"%& 2+(*+#2)+" 2#6&'8*(#8. C '*-$./(&(* 
'*-<"5" 6*'*6&%& (*;6*'&($' &(";3 $5.*'"%& $+"#8(#8 2- 5"'8-

0*M ) ,".** ?"."%+$S ",.&#(/ 6.&-;3 2 <"+%*+#2'$S(#8 ) "#&%"< 

+& #(*+<&? <&;*'3 2 6")*'?+"#(2 <&("%&. P&##;&('2)&8 ^("( "#&-

%"< ) ^.*<('"++3M ;2<'"#<"6, ;"1+" $)2%*(/, +&'8%$ # #&1*M 

2 5'&72(";, +")3* #('$<($'3 – 7$..*'*+3 2 +&+"('$,<2. G'2 

^("; 0&#(/ "#&%<&, #"%*'1&O&8 5'&72(, #&1$ 2 7$..*'*+3, "#&1-

%&*(#8 +& ?"."%+3* #(*+<2 <&;*'3, & 0&#(/, #"%*'1&O&8 5'&72( 
2 +&+"('$,<2, – +& <&("% ('2#. 51).

&?S;M=@; >NP?M;=>; DM?U>A?. C ^("; ;*("%* 2#6&'8*;3M 

.&-*'"; 5'&72( <"+%*+#2'$*(#8 +& "?.&1%&*;"; <"..*<("'* 
('2#. 52). 

!'&72(")&8 ;24*+/ '&#6"."1*+& ) %.2++"M <)&'Q*)"M ('$,-

<* )+$('2 Q2.2+%'20*#<"M 6*0<2 # (*;6*'&($'"M 1000 "F. C%"./ 
('$,<2 # +*)3#"<"M #<"'"#(/S 6'"<&02)&*(#8 ,$7*'+3M 5&- (5*-
.2M 2.2 &'5"+), ) #'*%* <"("'"5" 6'")"%2(#8 '*&<Q28. B24*+/ 
",.$0&S( .&-*'"; # ^+*'52*M 140 ;E1, %.2(*./+"#(/S 2;6$./#& 

8 +# 2 %2&;*('"; #7"<$#2'")&++"5" 6$0<& "<"." 1,6 ;;.

P2#. 51. F?*;& $#(&+")<2 
%.8 6".$0*+28 $5.*'"%+3? 

+&+"#('$<($' (:6$3.9)%3, 2007)
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P2#. 52. F?*;& $#(&+")<2 %.8 6".$0*+28 $5.*'"%+3? +&+"#('$<($' 
.&-*'+3; 2#6&'*+2*; 5'&72(& (:6$3.9)%3, 2007)

G'"%$<(3 (*';20*#<"5" '&#63.*+28 5'&72(& $+"#8(#8 2- 5"-

'80*M ",.&#(2 2 "#&1%&S(#8 +& 6")*'?+"#(2 "?.&1%&*;"5" <".-

.*<("'&. C 6".$0&*;"; "#&%<*, 6";2;" +&+"0&#(20*< 5'&72(&, 

",+&'$12)&S(#8 (&<1* 7$..*'*+3 2 +&+"('$,<2. E2&;*(' +&-

+"('$,"< 6'8;" -&)2#2( "( ;"O+"#(2 2-.$0*+28. L(" %&*( )"--
;"1+"#(/ 6".$0*+28 +&+"('$,"< # -&%&++3;2 #('$<($'+3;2 

6&'&;*('&;2. : +*%"#(&(<&; ^("5" ;*("%& #.*%$*( "(+*#(2 *5" 

"(+"#2(*./+" +*)3#"<$S 6'"2-)"%2(*./+"#(/ 2 ('$%+"#(/ ;&#-
4(&,2'")&+28.

E;A@< B>H>Q;NJ@D@ @N?T<;=>9 >S P?M? (J?A?C>A>Q;NJ@; 

M?SC@T;=>; FDC;:@<@M@<@:). L(" +&2,".** 6'&<(20+3M 2 ;&#-
#")3M #6"#", 6".$0*+28 $5.*'"%+3? +&+"#('$<($'. H+ "#+")&+ 

+& (*';"?2;20*#<"; "#&1%*+22 $5.*'"%#"%*'1&O*5" 5&-& +& 6"-

)*'?+"#(2 5"'80*5" ;*(&..20*#<"5" <&(&.2-&("'&. N5.*'"%#"%*'-

1&O&8 5&-")&8 #;*#/ (",30+" #;*#/ &Q*(2.*+& F
2
H

2
 2.2 ;*(&+& 

CH
4
 # &-"(";) 6'"6$#<&*(#8 #<)"-/ <)&'Q*)$S ('$,<$, 6";*O*+-

+$S ) 6*0/ 6'2 (*;6*'&($'* "<"." 700-1000 "F. C ('$,<* +&?"-

%2(#8 <*'&;20*#<2M (25*./ # <&(&.2-&("'"; – ;*(&..20*#<2; 6"-

'"4<";. P&-."1*+2* $5.*)"%"'"%&, 6'"2#?"%8O** ) '*-$./(&(* 
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?2;20*#<"M '*&<Q22 &(";") 5&-& # &(";&;2 ;*(&..&, 6'2)"%2( < 

",'&-")&+2S +& 6")*'?+"#(2 <&(&.2-&("'& 7$..*'*+") 2 +&+"-

('$,"< # )+$('*++2; %2&;*('"; %" 10 +; 2 %.2+"M %" +*#<"./-
<2? %*#8(<") ;2<'"+. !*";*('20*#<2* 6&'&;*('3 +&+"('$,"< 

) #$O*#()*++"M #(*6*+2 "6'*%*.8S(#8 $#.")28;2 6'"(*<&+28 

6'"Q*##& ()'*;8, (*;6*'&($'&, %&).*+2*, (26 ,$7*'+"5" 5&-&), & 

(&<1* #(*6*+/S %2#6*'#+"#(2 2 #"'("; <&(&.2-&("'& ('2#. 53). 

C 6"#.*%+** )'*;8 6".$0*+2* $5.*'"%+3? +&+"#('$<($' ;*-
("%"; <&(&.2(20*#<"5" '&-."1*+28 $5.*)"%"'"%") '&-)2)&*(#8 

"#",*++" 2+(*+#2)+". H+ 6"-)".8*( 6".$0&(/ ,"./4"* <".20*-
#()" "%2+&<")3? +&+"('$,"<. L(" "(<'3)&*( 6$(/ <'$6+";&#-
4(&,+";$ 6".$0*+2S 7$..*'*+") 2 +&+"('$,"< 2 #"-%&+2S +& 

2? "#+")* 6'";34.*++"5" 6'"2-)"%#()& '&-+"",'&-+"M +&+"-

6'"%$<Q22.

!'&7*+ 6".$0&S( 6'2 H;B?=>Q;NJ@H :@S<;LNA:>> +& )3#"-

<""'2*+(2'")&++3M 62'".2(20*#<2M 5'&72(. A#6"./-$8 B>H>-

Q;NJ>; H;A@<K, 5'&7*+ (&<1* 6".$0&S( 2- 5'&72(&. B2<'"<'2-

#(&..3 5'&72(& 6"%)*'5&S( %*M#()2S #;*#2 #*'+"M 2 #".8+"M 

<2#."(. !'&72( "<2#.8*(#8, 2 +& <'&8? ",'&-Q& 6"8).8S(#8 <&'-

,"<#2./+3* 5'$663 5'&7*+&. A? 6'*)'&O&S( ) ?."'2%3 6'2 

6";"O2 (2"+2.?."'2%&. \&(*; 6"% %*M#()2*; "<(&%*Q2.&;2+& 

) '&#()"'&? (*('&52%'"7$'&+&, (*('&?."';*(&+& 2 %2?."'^(&+& 

"+2 6*'*?"%8( ) 5'&7*+")3* 
#."2 (".O2+"M 0,54 +;. 

F.*%$*( $6";8+$(/ *O* %)& 

;*("%& 6".$0*+28 5'&7*+&: 

M?<>@Q?NA@A=@; PC?SH@B>H>-

Q;NJ@; @N?T<;=>; >S D?S@:@L 

U?SK > M@NA PM> :KN@J@H 

<?:C;=>> > A;HP;M?AFM;. A- 
^(2? ;*("%") ("./<" 6"#.*%-

+2M ;"1+" 2#6"./-")&(/ %.8 

6".$0*+28 5'&7*+")3? 6.*-
+"< ,"./4"M 6."O&%2.

P2#. 53. B2<'"7"("5'&728 
+&+"('$,"<, 6".$0*++3? 

?2;20*#<2; "#&1%*+2*; 2- 6&'& 
(:6$3.9)%3, 2007)



88

G'2 )#*? ;*("%&? 6".$0*+28 $5.*'"%+3? +&+"#('$<($' <"+*0-

+3M ;&(*'2&. #"%*'12( 0&#(/ 4.&<& – #&1$, 0&#(2Q3 &;"'7+"5" 

5'&72(&, & ) #.$0&* 2#6"./-")&+28 <&(&.2-&("'") – 0&#(2Q3 ;*-
(&.."). E.8 6")34*+28 02#("(3 6".$0*++"5" 6'"%$<(& 2#6"./-$-

S( '&-.20+3* ;*("%3 "02#(<2 – <&< ;*?&+20*#<2* (72./('&Q28, 

",'&,"(<& $./('&-)$<";, Q*+('27$52'")&+2*), (&< 2 ?2;20*-
#<2* (6'";3)&+2* ) ?2;20*#<2 &<(2)+3? )*O*#()&?, +&5'*)&+2* 
2 6'.). F*5"%+8 $0*+3* 63(&S(#8 +&M(2 +&2,".** )35"%+3M ^<"-

+";20*#<2 ;*("%, <"("'3M 6"-)".2( 6".$0&(/ $5.*'"%+3* +&+"-

#('$<($'3 6$#(/ +* ;&##")", +" # ;2+2;$;"; 6'2;*#*M.

5@=AM@CG=K; :@PM@NK 

:&<")3 "#",*++"#(2 #('"*+28 7$..*'*+")?1. 

P&##<&12(* " '*&<Q28? 5&."5*+2'")&+28 7$..*'*+").2. 

H6'*%*.2(* 6"+8(2* «$5.*'"%+&8 +&+"('$,<&» 2 "?&'&<(*-3. 

'2-$M(* ** ?2;20*#<2* #)"M#()&. 

D&-")2(* ",.&#(2 6'2;*+*+28 5'&7*+&.4. 

G*'*02#.2(* ;*("%3 6".$0*+28 $5.*'"%+3? +&+"#('$<($'. 5. 

\&6".+2(* 6'"6$#<2 ) #.*%$SO2? 6'*%."1*+28?:6. 

&) H(<'3(2* … – +")"M 7"';3 #$O*#()")&+28 $5.*'"%&, 6'2-

-+&+" "%+2; 2- $%2)2(*./+3? 2 )&1+*M42? "(<'3(2M ) +&$<* 
XX #(".*(28.

,) D&2,".** #(&,2./+3;2 8).8S(#8 (* 7$..*'*+3, ) <"("'3? 

68(2$5"./+2<2 +* <&#&S(#8 %'$5 %'$5&, 2 <&1%3M 2- +2? "<'$-

1*+ 68(/S …

)) C "'5&+20*#<"M ?2;22 7$..*'*+ F
60

 6'"8).8*( #<."++"#(/ 

< '*&<Q28; …., … 2 … .

5) G"% %*M#()2*; ,"./42? ;*?&+20*#<2? +&6'81*+2M +&+"-

('$,<2 +* ')$(#8, +* .";&S(#8, & 6'"#(" … 2? #('$<($'&.

%) !'&7*+ ;"1+" 6'*%#(&)2(/ <&< "%+$ 6."#<"#(/ …, "(%*.*+-

+$S "( ",[*;+"5" <'2#(&..&.

*) ]$..*'*+3 2 +&+"('$,<2 ",'&-$S(#8 ) '*-$./(&(* ?2;20*-
#<2? 6'*)'&O*+2M … ;&(*'2&.") ) $#.")28? 6")34*++3? (*;-

6*'&($'.
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*C?:? 7. E"#1[1(,5%4
1 I5)&)*1Z",5%4 (%()81E14

C 6"#.*%+** )'*;8 ;*%2Q2+& )#* 0&O* '&##;&('2)&*(#8 <&< 

"%+& 2- +&2,".** 6*'#6*<(2)+3? ",.&#(*M 6'2;*+*+28 +&+"-

(*?+"."52M. F*5"%+8 ;"1+" <"+#(&(2'")&(/ 6"8).*+2* +")"5" 

+&6'&).*+28 ;*%2Q2+#<"M +&$<2 – H@C;JFC9M=@L =?=@H;<>-

R>=K. F +*M #)8-3)&S( (&<2* $+2<&./+3* )*O2, <&<: .&,"'&("-

'22 +& 026*, &%'*#+&8 %"#(&)<& .*<&'#() < 6"'&1*++3; <.*(<&;, 

%2&5+"#(2<& -&,".*)&+2M # 6";"O/S <)&+(")3? ("0*<, +")3* 
,&<(*'2Q2%+3* 2 6'"(2)")2'$#+3* #'*%#()&, +&+"'","(3 %.8 

'*;"+(& 6")'*1%*++3? <.*("< 2 ;+"5"* %'$5"*. H72Q2&./+" +&-

+";*%2Q2+$ "6'*%*.8S( <&< «",.&#(/ 6'2;*+*+28 ;&<'";".*-
<$. 2 +&+"0&#(2Q %.8 %2&5+"#(2<2 2 .*0*+28 ,".*-+*M, & (&<1* 
'*6&'&Q22 ()"##(&+").*+28) 6")'*1%*++3? (<&+*M».

C*<&;2 0*.")*< 2#<&. )".4*,+"* #'*%#()" %.8 2-,&).*+28 "( 
;+"5"02#.*++3? ,".*-+*M 2 '&+. B+"52* #")'*;*++3* 2##.*%"-

)&(*.2 )*'8(, 0(" +&+"(*?+"."528 ;"1*( #(&(/ 525&+(#<2; 4&5"; 

0*.")*0*#()& < ^("M Q*.2. RO* "%+"M -&%&0*M ;".*<$.8'+"M +&-

+";*%2Q2+3 8).8*(#8 "Q*+<& )"-;"1+"5" ("<#20*#<"5" )"-%*M-

#()28 +& "'5&+2-; 0*.")*<& +&+"0&#(2Q 2.2 $#(&+").*+2* *5" 

"(#$(#()28. C&1+" (&<1* '*42(/ ^(20*#<2* 6'",.*;3, <"("'3* 
6"8)8(#8 ) ?"%* '&-)2(28 +&+";*%2Q2+3. C"-;"1+3* ;*%2Q2+-

#<2* %"#(21*+28, <"("'3* #(&+$( %"#($6+3;2 # 6";"O/S +&+"-

(*?+"."522, 6'"#(2'&S(#8 "( %2&5+"#(2<2 %" (*'&622.

7.1. #>?D=@NA>J?

\& 6"#.*%+2* %*#8(2.*(28 )2-$&.2-&Q28 ()"-;"1+"#(/ # 6";"-

O/S 6'2,"'") )2%*(/ 2-;*+*+28 "'5&+") 2 (<&+*M) #(&.& '*4&S-

O2; 2+#('$;*+("; ) 6"#(&+")<* %2&5+"-& ,".*-+2. B&5+2(+3M 

'*-"+&+# 2 <";6/S(*'+&8 (";"5'&728 – 6'*)"#?"%+3* ;*("%3, 

+" +&+"(*?+"."528 ",*O&*( #"-%&(/ 0$)#()2(*./+3* 2 0'*-)3-
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0&M+" ("0+3* 2+#('$;*+(3 %.8 %2&5+"#(2<2 # )"-;"1+"#(8;2, 

+&?"%8O2;2#8 %&.*<" -& 6'*%*.&;2 #")'*;*++"5" ","'$%")&-

+28. H#+")+&8 Q*./ (&<"M %2&5+"#(2<2 #"#("2( ) (";, 0(",3 6"-

-)".2(/ )'&0&; 2%*+(272Q2'")&(/ ,".*-+/ <&< ;"1+" '&+/4*. 
H12%&*(#8, 0(" +&+"(*?+"."528 #%*.&*( )"-;"1+3; 6"#(&+")-
<$ %2&5+"-& +& <.*("0+"; 2 %&1* #$,<.*("0+"; ("'5&+"2%+";) 

$'")+*.
F*5"%+8 #(&." )"-;"1+3; 6'2;*+*+2* ) )2-$&.2-&Q22 9-3%-

,&-68 ,&"#9. C 6"#.*%+2* 5"%3 ",+&'$1*+", 0(" ^(2 +&+"<'2-

#(&..3 6"-)".8S( 2##.*%")&(*.8; 2-$02(/ 6'"Q*##3 ) <.*(<* +& 

$'")+* "(%*./+"M ;".*<$.3. L(" ;"1*( -+&02(*./+" $.$042(/ 
<&0*#()" 6"#(&+")<2 %2&5+"-& 2 .*0*+2* '&<")3? ",'&-")&+2M. 

].$"'*#Q*+(+3* 6".$6'")"%+2<")3* <)&+(")3* ("0<2 0'*-)3-

0&M+" 6".*-+3 %.8 )2-$&.2-&Q22 <.*(<2 # )3#"<"M '&-'*4&S-

O*M #6"#",+"#(/S. 

D& '2#$+<* 54 6'2)*%*+& 7"("5'&728 (*;+"6"./+"5" 2-",'&-

1*+28 +&(2)+3? (+* 6"%)*'5&)42?#8 +2<&<";$ )"-%*M#()2S) ̂ '2-

('"Q2(") 0*.")*<& ('2#. 54 &) 2 2-",'&1*+2* (*? 1* #&;3? <.*("< 

&)                                                 ,)

P2#. 54. C2-$&.2-&Q28 ^'2('"Q2(") # 6";"O/S <)&+(")3? ("0*<: 
& – (*;+"6"./+"* 2-",'&1*+2* +&(2)+3? ^'2('"Q2(") 0*.")*<&; 
, – 2-",'&1*+2* (*? 1* #&;3? <.*("< 6"#.* %*<"'2'")&+28 
2? -"."(3;2 +&+"","."0<&;2 (http://www.nanojournal.ru)
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6"#.* %*<"'2'")&+28 2? -"."(3;2 +&+"","."0<&;2 ('2#. 54 ,). 

H0*)2%*+ '&-2(*./+3M <"+('&#( ) <&0*#()* 2-",'&1*+28.

=&<2; ",'&-";, <)&+(")3* ("0<2 ;"5.2 ,3 #")*'42(/ '*)".S-

Q2S ) ;*%2Q2+*, +", < #"1&.*+2S, ) ,"./42+#()* #)"*; "+2 ("<-

#20+3. H%+&<" -&O2(+3* 6"<'3(28 %.8 <)&+(")3? ("0*< ;"5$( 
$#('&+2(/ ^("( +*%"#(&("<. 

E"<&-&+", 0(" <)&+(")3* ("0<2 %"#(&("0+" ,2"#");*#(2;3 

(+* "<&-3)&S( +*5&(2)+"5" ).28+28 +& <.*(<2). :'";* ("5", $#(&-

+").*+", 0(" 6'2 <.*("0+"; %*.*+22 ^(2 0&#(2Q3 6*'*?"%8( ) 
",* '"%#()*++3* <.*(<2, (&<2; ",'&-"; 6"(*'2 ;*(<2 +* 6'"2#-
?"%2(. A#6"./-")&+2* ;*("< ;"1*( ,3(/ %"6".+*+" 6'2;*+*+2-

*; ;&5+2(+3? +&+"0&#(2Q %.8 %"#(&)<2 .*<&'#() 2 2? ))*%*+28 

# 6";"O/S ;&5+2(+"5" 6".8 ) 6"'&1*++3* (<&+2. :&1%3M (26 

+&+"0&#(2Q ",.&%&*( #)"2;2 "#",*++"#(8;2: 6".$6'")"%+2<2 

?"'"42 <&< 7.$"'*#Q*+(+3* ;*(<2, & ;*(&..3 2 2? "<#2%3 – <&< 

;&5+2(+3*. 
N0*+3;2 ,3.2 6".$0*+3 $+2<&./+3* 7.$"'*#Q*+(+3* <)&+-

(")3* ("0<2, 6'20*; '&-+"5" Q)*(&. L(2 ("0<2 %&S( +&;+"5" 

,".** ;"O+3M "(,.*#< #)*(&, 0*; ('&%2Q2"++3* <'&#2(*.2, 2 

",.&%&S( "#",3; ,2"2+*'(+3; (+* "<&-3)&SO2; ).28+28 +& 

,2"."520*#<2* ",[*<(3) 6"<'3(2*;, <"("'"*, # "%+"M #("'"+3, 

-&O2O&*( #&;2 <)&+(")3* ("0<2 "( %*M#()28 7*';*+(") 2 %'$-

52? ,2"."520*#<2? ;".*<$. "'5&+2-;&, & # %'$5"M – +* %&*( )"--
;"1+"#(/ ("<#20+3; )*O*#()&; 6"6&#(/ ) "'5&+2-;, 0(" "0*+/ 
)&1+" %.8 %2&5+"#(2<2 -&,".*)&+2M. @<(2)+" '&-)2)&S(#8 '&,"-

(3 6" 6'2;*+*+2S '&-.20+3? (26") <)&+(")3? ("0*< ) <&0*#()* 
;*("< %.8 <.*("<, (<&+*M, ,&<(*'2M 2 )2'$#"), ?"(8 ) +*<"("'3? 

#.$0&8? (+&6'2;*', <)&+(")3* ("0<2 CdSe) "(;*0*+& 2? ("<#20-

+"#(/.
>"./42+#()" .S%*M #02(&*(, 0(" 6*'*<2#/ )"%"'"%& – ^(" 

("./<" %*-2+72Q2'$SO** #'*%#()" 2- %";&4+*M &6(*0<2. D" # 
6";"O/S +&+"0&#(2Q "+& ;"1*( #.$12(/ 2+%2<&("'"; ,".*-+*M 

) "'5&+2-;*.
F"-%&+3 +&+"0&#(2Q3, #6"#",+3* ",+&'$12(/ 2 "6'*%*.2(/ 
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<".20*#()" 6*'*<2#2 )"%"'"%& ) "'5&+2-;* 12)"(+3?. L(2 +&+"-

0&#(2Q3 ) ,$%$O*; ;"5$( 2#6"./-")&(/#8 <&< 6'"#("M, $+2)*'-

#&./+3M %2&5+"#(20*#<2M 2+#('$;*+( %.8 ",+&'$1*+28 #&;3? 

'&++2? #(&%2M .S,"M ,".*-+2, <"("'&8 6'2)"%2( < ?'"+20*-
#<";$ )"#6&.*+2S: "( '&<& 2 ,".*-+2 @./Q5*M;*'& %" ,".*-+*M 

#*'%Q& 2 &'('2(&.

F02(&*(#8, 0(" <.*(<2 +& '&++2? #(&%28? ,"./42+#()& ,".*--
+*M 6'"2-)"%8( 6*'*<2#/ )"%"'"%&. F2+(*-2'")&++3* +&+"0&-

#(2Q3 ;"5$( #(&(/ <.S0"; < .$04*;$ 6"+2;&+2S '".2 6*'*<2#2 

)"%"'"%& ) (*0*+22 ;+"52? ,".*-+*M 2 #35'&(/ )&1+$S %2&5+"-

#(20*#<$S '"./. =&<2* +&+"0&#(2Q3 +*)*'"8(+" 0$)#()2(*./+3 

2 6"-)".8S( ",+&'$12(/ +&+";".8'+3* <"+Q*+('&Q22 6*'*-
<2#2 )"%"'"%&. L(" "#",*++" )&1+", 6"(";$ 0(" ;*%2<2 6"<& +* 
2;*S( ("0+3? %&++3? " (";, <&<"* 1* <".20*#()" 6*'*<2#2 )"%"-

'"%& 6'2#$(#()$*( 6'2 '&-.20+3? ,".*-+8?.

D&+"0&#(2Q3 ;"1+" ,$%*( ))"%2(/ 25."M ) "6'*%*.*++$S 

",.&#(/ (*.& (+&6'2;*', #*'%Q*). R#.2 +&+"0&#(2Q& #(".<+*(#8 

# ;".*<$."M 6*'*<2#2 )"%"'"%&, "+& ,$%*( 2-.$0&(/ #)*(. R#.2 

%"<("' $)2%2( -+&02(*./+"* #)*0*+2* ) 2##.*%$*;"M ",.&#(2, (" 

"+ ,$%*( -+&(/, 0(" ^(" '&++2* 6'2-+&<2 ,".*-+2.

D&+"0&#(2Q3 6'"+2<&S( 5.$,"<" ) (<&+2 2 2#6$#<&S( #)*( +& 

,"./4"M %.2+* )".+3, 0(" %*.&*( 2? 0$)#()2(*./+3;2 2+%2<&-

("'&;2 6*'*<2#2 )"%"'"%&, 6'"2-)*%*++"M 6'2 .S,"; )"#6&.*-
+22.

H,"."0<& +&+"0&#(2Q #%*.&+& 2- 6".2;*'& ^72'& 6*'"<#&-

.&(&, #"%*'12;3; 8).8*(#8 7.$"'*#Q*+(+&8 <'&#<& (6*+(&Q*+) 

('2#. 55). :"5%& +&+"0&#(2Q& #(&.<2)&*(#8 # 6*'*<2#/S )"%"'"%&, 

<'&#<& 6*'*?"%2( ) )"-,$1%*++"* #"#("8+2* 2 2#6$#<&*( 7"("+3 

(#)*(), <"("'3* ;"5$( ,3(/ ",+&'$1*+3 6'"#(3; %*(*<("'";. G"-

.2;*'+&8 ","."0<& 6"-)".8*( 2-".2'")&(/ '*&52'$SO2* )*O*-
#()& (6*+(&Q*+ 2 6*'*<2#/) ) *#(*#()*++3? $#.")28?, +" 6'2 ^("; 

'&#6"."12(/ 2? )#*5" ) +*#<"./<2? +&+";*('&? %'$5 "( %'$5&. 

J)*%#<2;2 $0*+3;2 #"-%&+ +")3M (26 )+$('2<.*("0+"5" 

+&+"#*+#"'&, <"("'3M 2-;*'8*( $'")*+/ <.*("0+"5" pH (6"<&-
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-&(*./ <2#."(+"#(2 #'*%3). C 

-%"'")3? <.*(<&? ^("( 6"<&-

-&(*./ %".1*+ ,3(/ ,.2-"< < 

-+&0*+2S, ?&'&<(*'+";$ %.8 

+*M('&./+3? '&#()"'"), 2 '&)-
+";$ 7. R#.2 'D #%)2+$( ) <2#-
.$S (+21* 7) 2.2 O*."0+$S 

(%.8 <.*("<, <&< 6'&)2.", )34* 
7,5), ^(" #)2%*(*./#()$*( " +&-

'$4*+22 +"';&./+"5" #"#("8-

+28 <.*(<2. C+$('2<.*("0+3M 

#*+#"' 6";"1*( ,3#('" "6'*-
%*.2(/, -%"'")& <.*(<& 2.2 +*(.
C '".2 +&+"#*+#"'& )3#($6&S( +&+"4(3'2 2- "<#2%& Q2+<& 

(ZnO), 0$)#()2(*./+3* +&#("./<", 0(" ;"5$( "6'*%*.8(/ "(%*./-
+3* ?2;20*#<2* #"*%2+*+28 ) '&-+3? ",.&#(8? 12)"M <.*(<2 

('2#. 56).

P2#. 55. F?*;& +&+"0&#(2Q3 %.8 
",+&'$1*+28 6*'*<2#2 )"%"'"%& 

(http://www.nanowerk.com)

P2#. 56. D&+"#*+#"' +& "#+")* +&+"4(3'*M ZnO 
(http://www.nanonewsnet.ru)
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='&%2Q2"++3M ,2"#*+#"' #"#("2( 2- "#+")3 2 +&+*#*++"5" 

+& ** 6")*'?+"#(/ '8%& ,2"."520*#<2? ;&'<*'"), '*&52'$SO2? 

+& '&-.20+3* )*O*#()&. C %&++"; #.$0&* );*#(" #."1+"M #"#(&)-
+"M #2#(*;3 "%2+ <'2#(&.. 2- "<#2%& Q2+<&, <"("'3M '&,"(&*( 
+*6"#'*%#()*++" ) <&0*#()* %*(*<("'& ?2;20*#<2? #"*%2+*+2M.

F*+#"' 6'*%#(&).8*( #","M 25.$, +& <"+Q* <"("'"M '&#6"."-

1*+ -"+% %2&;*('"; 1,4 ;2<'"+&, #"#("8O2M 2- +&+"4(3'*M 

ZnO %2&;*('"; 80-100 2 %.2+"M %" 900 +;.

>.&5"%&'8 +*,"./4";$ '&-;*'$ +&+"4(3'*M, <"+02< -"+%& 

;"1*( #)","%+" 6'"+2<&(/ ) 12)$S <.*(<$ 2 2-;*'8(/ $'")*+/ 
pH ) '*&./+"; )'*;*+2. C#.*%#()2* ,"./4"5" <".20*#()& "(%*./-
+3? +&+"4(3'*M -"+% 2;**( )3#"<$S 0$)#()2(*./+"#(/, 0(" 6"-

-)".8*( 2-;*'8(/ %&1* #.&,3M ^.*<('"?2;20*#<2M 6"(*+Q2&., 

)3-)&++3M 6'2#"*%2+*+2*; '&-.20+3? ,2"."520*#<2? ;".*<$. 

< +&+"4(3'8; +& -"+%*.
>".** ("5", +&+"#*+#"' %"#(&("0+" 0$)#()2(*.*+ %.8 ("5", 

0(",3 6".$0&(/ #25+&.3 "( "(%*./+3? "'5&+*.., 0*5" '&+** ,3." 

+*)"-;"1+" %"#(20/. =&<1* -"+% +* %*.&*( ,"./42* 6'"<".3 ) 
<.*("0+"M ;*;,'&+*, 0(" 6"-)".8*( #"?'&+2(/ 12-+*#6"#",+"#(/ 

<.*(<2 6"#.* 2-;*'*+2M.

:)&+(")3* ("0<2 42'"<" 6'2;*+8S(#8 ) %2&5+"#(20*#<2? 

Q*.8?. D&6'2;*', 2? ;"1+" 6'2#"*%2+2(/ < ,2";".*<$.&; (26& 

&+(2(*., 6*6(2%"), ,*.<") 2.2 < ED:. L(2 <";6.*<#3, ) #)"S 

"0*'*%/, ;"5$( ,3(/ #6'"*Q2'")&+3 (&<, 0(",3 ",+&'$12)&(/ 

%'$52* ;".*<$.3 (+&6'2;*', (2620+3* %.8 6")*'?+"#(2 '&<"-

)3? <.*("<).

G'2;*+*+2* <)&+(")3? ("0*< ;"1*( #$O*#()*++" '&#42'2(/ 
%2&5+"#(20*#<2* )"-;"1+"#(2 ;*%2Q2+3. B"1+" #<"+#('$2'"-

)&(/ #"(+2 '&-+")2%+"#(*M <)&+(")3? ("0*<, #"*%2+8SO2?#8 

) "'5&+2-;* # '&-.20+3;2 ,2";".*<$.&;2 2.2 &+(25*+&;2, 2 

(&<2; ",'&-"; +&?"%2(/ $0&#(<2 #" #6*Q2720*#<2; #"0*(&+2*; 

6'2-+&<") -&,".*)&+28. E2&5+"#(2<& -&,".*)&+2M # 6";"O/S 

<)&+(")3? ("0*< "#+")&+& +& "(#.*12)&+22 6*'*;*O*+28 )+$-

('2 0*.")*<& '&-.20+3? )*O*#() (.*<&'#(), ("<#2+"), <'")2). 



95

H6'*%*.2) ^(2 %)21*+28, ;"1+" $-+&(/ #(*6*+/ '&#6'*%*.*+28 

2 ))*%*+28 +")3? 6'*6&'&("). :'";* ("5", +")3* <)&+(")3* ("0-

<2, #"*%2+*++3* # +&,"'"; ,2";".*<$., ,$%$( +* ("./<" +&?"-

%2(/ 2 6"<&-3)&(/ "6$?".2, +" 2 "#$O*#().8(/ ("0+$S &%'*#+$S 

%"#(&)<$ +")3? 6"<".*+2M .*<&'#().
IJNPM;NN-?=?C>S?A@MK. B+"52* 6'"*<(3 +&+"(*?+"."52M 

("./<" '&-'&,&(3)&S(#8, +" *#(/ 2 (* <"("'3* 8).8S(#8 '*&./-
+3;2 #'*%#()&;2 #")'*;*++"M ;*%2Q2+3. D&6'2;*', R9('/#((-

3%3.)03,&/6, +&-3)&*;3* *O* «.&,"'&("'22 +& 026*». H%2+ 

026 '&-;*'"; 6"'8%<& 4×4 #; ;"1*( -&;*+2(/ Q*.3M <";6.*<# 
","'$%")&+28, +*",?"%2;"5" %.8 &+&.2-& ED:/PD:, $#(&+")-
.*+28 '"%#()&, "6'*%*.*+28 5*+*(20*#<2 ;"%272Q2'")&++3? 

"'5&+2-;"), '&++*M %2&5+"#(2<2 "+<"."520*#<2? -&,".*)&+2M, 

<".20*#()*++"5" "6'*%*.*+28 ,*.<") 2 ;+"5"5" %'$5"5". G'2 

^("; <'"?&-.&,"'&("'28 $;**( &+&.2-2'")&(/ "%+")'*;*++" %" 

12 '&-+3? ",'&-Q"), & )'*;8 &+&.2-&, -&+2;&)4*5" '&+/4* +*%*-
.2, #"<'&O&*(#8 %" 15-30 ;2+$(.
G'2;*'"; (&<"5" $#('"M#()& ;"1*( #.$12(/ ;2+2&(S'+3M 2 

,3#('"%*M#()$SO2M ^<#6'*##-&+&.2-&("', #"-%&++3M $0*+3;2 

:&.27"'+2M#<"5" $+2)*'#2(*(&, FJ@ ('2#. 57).

L(" $#('"M#()" '&-;*'"; # 
;",2./+3M (*.*7"+, <"("'"* 
;"1*( )#*5"-.24/ 6" "%+"M 

<&6.* <'")2 )3%&(/ ** 6".+"-

Q*++3M &+&.2- 2 6'*%#(&).8-

*( #","M ,2"."520*#<$S .&-

,"'&("'2S +& 026* +& "#+")* 
$5.*'"%+3? +&+"('$,"<. :&-

6.8 <'")2 6"#($6&*( ) #;*#2-

(*./+3M '*-*')$&', ) <"("'"; 

"+& #;*42)&*(#8 # &+(2<"&-

5$.8("'&;2, 6'*68(#()$SO2-

;2 ** #)*'(3)&+2S, -&(*; – ) 
#6*Q2&./+3M <"+(*M+*', 5%* 

P2#. 57. L<#6'*##-&+&.2-&("' 
(http://www.nanonewsnet.ru)
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<'")/ «'&-121&*(#8», 0(" 6"-)".8*( 6"#02(&(/ "(%*./+3* <.*(-
<2. G"#.* '&-,&).*+28 <'")2 ",'&-*Q 6"#($6&*( ) #*6&'&("', 5%* 
<.*(<2 "(%*.8S(#8 %'$5 "( %'$5& 6" '&-;*'&; 2 +&6'&).8S(#8 6" 

"(%*./+3; <"+)*M*'&; %&.**. F*6&'&Q28 "#$O*#().8*(#8 ,.&5"-

%&'8 52%'"%2+&;20*#<2; #)"M#()&; <'")2 <&< 12%<"#(2.

N#('"M#()" '&-'&,&(3)&."#/ ) 6*')$S "0*'*%/ %.8 <"#;"+&)-
("). G'2 %.2(*./+3? 6".*(&? %&*( 2+7"';&Q2S ", ",'&-Q* ) 
#'*%+*; -& %)* ;2+$(3.

@+&.2-&("' ;"1+" 6*'*","'$%")&(/ %.8 2%*+(272<&Q22 '&--
+3? ;".*<$., )2'$#") 2 ,&<(*'2M, 0(" 6"-)".2( 6".$02(/ ,".** 
6".+$S 2+7"';&Q2S " <'")2 0*; (&, <"("'$S ;"1+" 6".$02(/ 
# 6";"O/S ('&%2Q2"++"5" &+&.2-&. B"1+" %&1* 6'")"%2(/ "+-

<"."520*#<2* (*#(3 '&++*5" ",+&'$1*+28 '&<&, *#.2 %",&)2(/ < 

#0*(02<&; ,*.<")3* ;&'<*'3 '&<")3? <.*("<.

7.2. +;M?P>9

C ",.&#(2 (*'&622 +&2,".** #$O*#()*++3; '*-$./(&("; 6'2-

;*+*+28 +&+"(*?+"."52M 8).8*(#8 '*4*+2* 6'",.*; %"#(&)<2 

6'*6&'&(") 2 '*5*+*'&Q22 (<&+*M. D&+"0&#(2Q3 6"-)".8S( )'&-

0&; %"#(&).8(/ .*<&'#()" ("0+" < ;*#($ ,".*-+2, $)*.202)&8 ^7-

7*<(2)+"#(/ 2 #)"%8 < ;2+2;$;$ 6","0+3* ^77*<(3; ",*#6*02-

)&S( )"-;"1+"#(2 %.8 <"+('".2'$*;"5" )3)"%& (*'&6*)(20*#<2? 

)*O*#() 2 2? ;*(&,".2(") (6'"%$<(") 6'*)'&O*+28 .*<&'#() ) 
?"%* *#(*#()*++3? 6'"Q*##") ",;*+& )*O*#() ) "'5&+2-;*); ;"5$( 
2#6"./-")&(/#8 %.8 #(2;$.2'")&+28 )'"1%*++3? ;*?&+2-;") 
2;;$+2(*(& 2 '*5*+*'&Q22 ("#+")+"* )+2;&+2* -%*#/ #"#'*%"("-

0*+" +& 2#<$##()*++"M &<(2)&Q22 2 $6'&).*+22 )-'"#.3;2 #()"-

.")3;2 <.*(<&;2).

A<(2)+" 6'")"%8(#8 '&,"(3 6" #"-%&+2S =?=@J?PNFC 2 =?-

=@NU;M %.8 Q*.*+&6'&).*++"M %"#(&)<2 .*<&'#()*++3? 6'*6&-

'&(") ) "'5&+2-;* 0*.")*<& ("+<"."520*#<&8, 6'"(2)"5*6&(2(+&8 

2 &+(2-CAY-(*'&628). 9*<&'#()&, #"%*'1&O2*#8 )+$('2 +&+"-

0&#(2Q, '&-;*' <"("'3? ) 70 '&- ;*+/4*, 0*; <'&#+3* <'")8+3* 
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(*./Q&, 6*'*+"#8(#8 # ("<"; <'")2 < "6'*%*.*++";$ "'5&+$, 5%* 
6'"2#?"%2( 6'"."+52'")&++"* (6"#(*6*++"*) )3%*.*+2* 6'*-
6&'&(&. E.8 %"#(21*+28 ^77*<(2)+"#(2 .*<&'#()& +*",?"%2;", 

0(",3 *5" ;".*<$.3 6"6&.2 < +$1+3; <.*(<&;: &+(2%*6'*##&+-

(3 – ) ;"-5, 6'"(2)")"#6&.2(*./+3* #'*%#()& – ) ;*#(& )"#6&.*-
+2M, 6'"(2)""6$?".*)3* 6'*6&'&(3 – ) "6$?"./ 2 (.%. F6"#",-

+"#(/ ;".*<$. )*O*#()& 6"#($6&(/ ) (*.* 6&Q2*+(& ($%&, 5%* "+2 

+*",?"%2;3, +&-3)&*(#8 V>@C@D>Q;NJ@L FN:@9;H@NAGW. >2"."-

520*#<&8 $#)"8*;"#(/ – <&;*+/ 6'*(<+")*+28 )#*M #")'*;*++"M 

7&';&Q*)(2<2. 

F*5"%+8 )*%$(#8 &<(2)+3* '&,"(3 6" ?<M;N=@L <@NA?:J; C;-

J?MNA:, <"("'3* ,$%$( ("0+" 6"6&%&(/ ) Q*./, +* 6")'*1%&8 

%'$52? "'5&+"). E.8 %"#(&)<2 .*<&'#()*++3? )*O*#() +*6"#'*%-

#()*++" ) ,"./+3* "'5&+3 2 (<&+2 ;"5$( ,3(/ 2#6"./-")&+3 

6".2;*'+3* +&+"'&-;*'+3* <&6#$.3. C +&#("8O** )'*;8 6".$-

0*+3 +&+"<&6#$.3 #" #'*%+2; %2&;*('"; "( 10 %" 5000 +;, )<.S-

0&SO2* ;&('2Q$ 2- )"#<& 2.2 (*<#(2./+"5" )"."<+& 2 &<(2)+"5" 

)*O*#()&. 

D& '2#. 58 6'*%#(&).*+& #?*;& (&<"M <&6#$.3. 

N<&-&++&8 #('$<($'& 6"-)".8*( ",*#6*02(/ #(&,2./+"* )3-

%*.*+2* .*<&'#()& ) (*0*+2* %.2(*./+"5" 6*'2"%& 2, *#.2 ) %*+-

%'2;*'3 ,$%$( )#('"*+3 ;2+2&(S'+3* %&(02<2, – 6"#("8++3M 

<"+('"./ #"#("8+28 6&Q2*+(&, 

6"-)".8SO2M '*5$.2'")&(/ 
6"#($6.*+2* .*<&'#()&.

H,30+&8 ,&<(*'28 ",.&%&-

*( *#(*#()*++"M #6"#",+"#(/S 

6'"+2<&(/ ) 12)3* <.*(<2 

2 ;"1*( '&,"(&(/ ) <&0*#()* 
«('&+#6"'(+"5" #'*%#()&» 

6" %"#(&)<* .*<&'#(), 0(" "(-
<'3)&*( +")3* )"-;"1+"#(2 ) 
",.&#(2 5*++"M (*'&622. D&-
+"0&#(2Q3 '&-;*'"; "( 40 %" 

P2#. 58. E"#(&)<& +&+"0&#(2Q 
# .*<&'#()&;2 2.2 7'&5;*+(&;2 

ED: (5*+&;2) # 6";"O/S 
,&<(*'22 %.8 .*0*+28 <.*("< 

(http://kbogdanov1.narod.ru)



98

200 +; 6'2<'*6.8S( +& 6")*'?+"#(/ ,&<(*'22 #6*Q2&./+3;2 

;".*<$.&;2-.2+<*'&;2. D& "%+"M ,&<(*'22 ;"1+" '&-;*#(2(/ 
%" +*#<"./<2? #"(*+ +&+"0&#(2Q, '&#42'2) (&<2; ",'&-"; <".2-

0*#()" 2 «(263» 5'$-"), <"("'3* +$1+" %"#(&)2(/. 

H%+2; 2- +&6'&).*+2M '&-)2(28 +&+"?2;22 8).8*(#8 JM>@-

B>H>9. :'2"?2;20*#<2* ;*("%3 "(<'3)&S( +")3* )"-;"1+"-

#(2 %.8 6".$0*+28 2 6'"2-)"%#()& .*<&'#()*++3? 6'*6&'&("). 
>2"7&';&Q*)(20*#<&8 2 (*'&6*)(20*#<&8 &<(2)+"#(/ .*<&'#() 
-&)2#2( "( 2? 6".2;"'7+"M ;"%272<&Q22, ;".*<$.8'+"M "'-

5&+2-&Q22, #('$<($'+"M $6"'8%"0*++"#(2, '&-;*'& 2 7"';3 

0&#(2Q. C +&#("8O** )'*;8 +&+"?2;28 -&+2;&*(#8 6".$0*+2*; 

#('$<($'+"-;"%272Q2'")&++3? ()2%"2-;*+*++3?) .*<&'#()*+-

+3? #'*%#(). G'2 2##.*%")&+22 '&-.20+3? "'5&+20*#<2? #"*-
%2+*+2M $#(&+").*+", 0(" ) +2-<"(*;6*'&($'+3? <"+%*+#&(&? 

7"';2'$S(#8 "#",3* +*'&)+")*#+3* #"#("8+28, +& "#+")* <"-

("'3? 6'*%."1*+3 +")3* #6"#",3 6'"2-)"%#()& .*<&'#()*++3? 

6'*6&'&("). D2-<2* (*;6*'&($'3 (<'2";"%272<&Q28 .*<&'#()) 
6"-)".8S( ","M(2#/ ,*- 2#6"./-")&+28 '&#()"'2(*.*M 2 2#<.S-

0&S( -&5'8-+*+2* "<'$1&SO*M #'*%3. 

]$..*'*+3, +&+"('$,<2, +&+"#7*'3 2 %'$52* +&+"0&#(2Q3 

#6"#",+3 6")34&(/ <&0*#()" 2;6.&+(&+(") – ,2"#");*#(2;"#(/, 

;*?&+20*#<$S 6'"0+"#(/, #'"< #.$1,3 (+&6'2;*', %.8 2#<$#-
#()*++3? <.&6&+") #*'%Q&).

D&+";&(*'2&.3 "<&-&.2#/ 6*'#6*<(2)+3;2 2 %.8 -$,")'&0*,-

+"M 6'&<(2<2. D&+"0&#(2Q3 "<#2%") ;*(&..") # &;7"(*'+3;2 

#)"M#()&;2 ((2(&+&, ".")&, (&+(&.&, +2",28 2 2+%28), #"%*'1&O2* 
%"6".+2(*./+" 7"#7"'-, #*'&- 2.2 <'*;+2M-7$+<Q2"+&./+3* 
5'$663 6'2 #"6".2;*'2-&Q22 # &<'2.&(+3;2 2.2 ;*(&<'2.&(-
+3;2 ;"+";*'&;2 ",'&-$S( +&+"<";6"-2(3, <"("'3* 6".2;*-
'2-$S(#8 $1* 6'2 <";+&(+"M (*;6*'&($'* # ",'&-")&+2*; "0*+/ 
6'"0+3? ()*'%3? ;&(*'2&."). 
J2'"<"* 6'2;*+*+2* ) ;*%2Q2+#<"M 6'&<(2<* +&?"%8( +&-

+"0&#(2Q3 ,.&5"'"%+3? ;*(&.."), ) 0&#(+"#(2 #*'*,'& 2 -"."(& 

('2#. 59). F)"M#()& +&+"0&#(2Q #*'*,'& $+2<&./+3, %.8 +2? ?&'&<-
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(*'+& 7*+";*+&./+&8 ,&<(*'2-

Q2%+&8 2 &+(2)2'$#+&8 &<(2)-
+"#(/. 
C "(.202* "( &+(2,2"(2<"), 

$,2)&SO2? +* ("./<" )'*%"-

+"#+3* )2'$#3, +" 2 6"'&1*+-

+3* 2;2 <.*(<2, %*M#()2* +&-

+"0&#(2Q "0*+/ 2-,2'&(*./+": 

"+2 %*M#()$S( ("./<" +& )2'$-

#3, <.*(<& 6'2 ^("; +* 6")'*1-

%&*(#8. 

L(" ",[8#+8*(#8 (*;, 0(" 

","."0<& ;2<'""'5&+2-;") #"-

#("2( 2- "#",3? ,*.<"), <"("-

'3* 6'2 6"'&1*+22 +&+"0&#(2Q&;2 #*'*,'& 6*'*#(&S( #+&,1&(/ 
,&<(*'2S <2#."'"%";, 6"^(";$ ;2<'""'5&+2-; ,"./4* +* ;"1*( 
"<2#.8(/ 5.S<"-$ 2 52,+*(, "#(&)42#/ ,*- 2#("0+2<& ^+*'522. 

C2'$#3 )"",O* +* 2;*S( +2<&<"M ","."0<2, 6"^(";$ 6"52,&S( 
#'&-$. :.*(<2 1* 0*.")*<& 2 12)"(+3? 2;*S( ,".** «)3#"<"(*?-

+"."520+3*» #(*+<2, 2 +&+"0&#(2Q3 2; +* #('&4+3.

F*'*,'8+3* +&+"0&#(2Q3 – +* *%2+#()*++3* +&+";&(*'2&-

.3, 6'25"%+3* %.8 ,"'/,3 # ,&<(*'28;2. D*%&)+" ,3. #"-%&+ 

+&+"<&(&.2-&("', <"("'3M 6'"2-)"%2( $5.*'"%+3* +&+"('$,<2 

"%2+&<")"5" '&-;*'& 2 -&#(&).8*( 2? #",2'&(/#8 ) #('$<($'$, +&-

6";2+&SO$S <")*'. G'2 %",&).*+22 < «<")'$» '&-.20+3? ,2"-

."520*#<2? &5*+(") "+ ;*+8*( #)"M Q)*( – "( <'&#+"5" %" 1*.("5". 

F&;3; $%2)2(*./+3; "<&-&."#/ (", 0(" ^(2; «+&+"<")'";» ;"1-

+" $,2)&(/ '&-.20+3* ;2<'""'5&+2-;3. C ^<#6*'2;*+(* +& ,&<-

(*'28? "(%*./+3* +&+"('$,<2 «<")'&» 6'"(<+$.2 2? <.*("0+3* 
;*;,'&+3, 0*; )3-)&.2 52,*./ ;2<'""'5&+2-;").

«(?=@J@:;M» ;"1*( ,3(/ 2#6"./-")&+ ) <&0*#()* ,2"."520*-
#<"5" %*(*<("'& .2," ,&<(*'2Q2%+"M 6")*'?+"#(2 %.8 6'2;*+*-
+28 ) (*'&622, & (&<1* ) 72./('&? %.8 "02#(<2 )"%3 2 )"-%$?&.

(?=@JM>NA?CC>Q;NJ>; @JN><K, ) 0&#(+"#(2 "<#2% ;&5+28, 

P2#. 59. D&+"0&#(2Q3 #*'*,'& 
+& 6"%."1<* (http://www.uni-u.ru)
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(&<1* ,3.2 2#6"./-")&+3 %.8 $+20("1*+28 '&-.20+3? ,&<(*-
'2M, )2'$#"), ("<#2+"), 6'2 6'2;*+*+22 ?."'2'")&++3? &%%$<-

("). B*?&+2-; )-&2;"%*M#()28 2 52,*.2 ,2"."520*#<2 &<(2)+3? 

0&#(2Q 6'2 '*&<Q22 # #2#(*;"M +&+"'&-;*'+3M "<#2%-?."' +$1-

%&*(#8 ) %&./+*M42? 2##.*%")&+28?, <"("'3* 6'*%#(&).8S( 2+-

(*'*# %.8 ,"'/,3 # ,2"."520*#<2; "'$12*; 2 '&-.20+3;2 ,2"-

("<#2<"."520*#<2;2 -&,".*)&+28;2.

7.3. (?=@A;B=@C@D>> : V@MGV; 
N @=J@C@D>Q;NJ>H> S?V@C;:?=>9H>

G'",.*;& 2-,&).*+28 0*.")*0*#()& "( 6&("."520*#<"5" #('&?&, 

)3-3)&*;"5" %2&5+"-"; «'&<», 8).8*(#8 "%+"M 2- )&1+*M42? %.8 

#")'*;*++"M ;*%2Q2+3. E.8 ^("5" +*",?"%2;" %",2(/#8 '&++*M 

%2&5+"#(2<2 -&,".*)&+28 2 '&-'&,"(&(/ ,*-"6&#+3* ;*("%3 (*-
'&622. : #"1&.*+2S, 6"<& ^(2 6'",.*;3 '*4&S(#8 +*%"#(&("0-

+" ,3#('3;2 (*;6&;2.  A%*&./+3? #'*%#() ,"'/,3 # '&<"; 6"<& 

+* #"-%&+". 9$0*)&8 (*'&628, $,2)&8 '&<")3* <.*(<2, 6")'*1%&*( 
2 ^62(*.2&./+3M #."M, )3-3)&8 Q*.3M '8% 6","0+3? ^77*<("), 
(&<2? <&< )36&%*+2* )"."#. K2;2"(*'&628 +&+"#2( #2./+3M $%&' 

6" 6"0<&;, #*'%Q$, 6*0*+2 2 ;"1*( #(&(/ 6'202+"M 0&#(20+"M 

6"(*'2 #.$?& 2 8-)*++"M ,".*-+2 "'5&+") 62O*)&'*+28. B+"52* 
6'",.*;3 6"-)".8( '*42(/ +&+"(*?+"."522. 

C +&#("8O** )'*;8 ;*("%3 2#6"./-")&+28 +&+"0&#(2Q ) %2&-

5+"#(2<* 2 .*0*+22 "6$?".*M #('*;2(*./+" 6'2,.21&S(#8 < 

)+*%'*+2S ) <.2+20*#<$S 6'&<(2<$. >2";*%2Q2+#<"* +&6'&).*-
+2* +&+"?2;22 6'*%6".&5&*( '&-'&,"(<$ #6"#",") )"-%*M#()28 

+& <.*(<2 ,2"."520*#<2? (<&+*M +&+";&+26$.8("'&;2, & (&<1* 
;*("%") #"-%&+28 +&+"#2#(*; +*6"#'*%#()*++" ) ,2"."520*#<2? 

(<&+8?.

9&,"'&("'+3* ^<#6*'2;*+(3 6"<&-&.2, 0(" 6'"Q*%$'$ ))"-

%& ) 6".2;*'+"* (*." '*&5*+("), 6'2 )-&2;"%*M#()22 <"("'3? 

7"';2'$S(#8 +&+"0&#(2Q3 5*(2(& 2.2 52%'"<#2&6&(2(&, ;"1+" 

"'5&+2-")&(/ (&<2; ",'&-";, 0(",3 )"-+2<42* ) ",[*;* (*.& +&-
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+"0&#(2Q3 6"0(2 +* ).28.2 +& #('$<($'$ 6".2;*'&. R#.2 6"#.* 
",'&-")&+28 +&+"0&#(2Q +& (*." +&."12(/ &<$#(20*#<"* 6".*, (" 

"+" +&5'**(#8 %" 43 "F ) (*0*+2* )'*;*+2, -& <"("'"* (*." ,*- +&-

+"0&#(2Q 6"0(2 +* 2-;*+2( (*;6*'&($'$. L(" 6"-)".2." 6'*%-

6"."12(/, 0(" *#.2 +&M(2 )*O*#()&, +&+"0&#(2Q3 <"("'3? ;"5$( 
7"';2'")&(/#8 ) '&<")3? <.*(<&? #" -+&02(*./+" ,"./4*M )*'"-

8(+"#(/S, 0*; -%"'")3* (<&+2, (" '&<")3* <.*(<2 ;"1+" ,$%*( 
#*.*<(2)+" +&5'*(/ 2 «$,2(/». A (&<2* )*O*#()& ,3.2 +&M%*+3. 

>3.2 6".$0*+3 2+(*'*#+3* '*-$./(&(3 %*M#()28 "%+"5" 2- +2? 

((*'"7(&.&) +& '&-)2(2* '&<")"M "6$?".2 $ ;34*M. F(&." "0*-
)2%+3;, 0(" #&;2 6" #*,* +&+"0&#(2Q3 (*'"7(&.& +* ).28S( +& 

'&-)2(2* "6$?".2, & &<$#(20*#<"* 6".* .24/ #.&," -&;*%.8*( ** 
'"#(. D" *#.2 6".* +&."12(/ 6"#.* ",'&-")&+28 +&+"0&#(2Q (*-
'"7(&.&, 6'20*; )#*5" +& 10 ;2+$(, ",[*; "6$?".2 ) (*0*+2* +*-
%*.2 $;*+/42(#8 +& 80%. L(2 7&<(3 6"%0*'<2)&S( 6*'#6*<(2)-
+"#(/ 2-$0*+28 ^)".SQ22 +&+"#2#(*; ) ,2"."520*#<2? #'*%&?.

G'*##-<"+7*'*+Q28 «E"#(21*+28 +&+"(*?+"."522 ) %2&5+"-

#(2<* 2 .*0*+22 '&<&», 6'")"%2)4&8#8 ) '&;<&? ;*1%$+&'"%+"M 

<"+7*'*+Q22 «B".*<$.8'+3* ;24*+2 2 ;*("%3 (*'&622 '&<&» 

# 14 6"18 +"8,'8 2007 5"%& ) G*+#2./)&+22, FJ@, ,3.& 6".+"-

#(/S 6"#)8O*+& '&-)2(2S ̂ ("5" +")"5" +&6'&).*+28 ) ;*%2Q2+*. 
D21* 2-."1*+3 +&2,".** 6*'#6*<(2)+3* '&-'&,"(<2 ) ^("M ",-

.&#(2.

)<=@NC@L=K; FDC;M@<=K; =?=@AMFVJ> N ?<N@MV>M@:?=-

=KH> ?=A>A;C?H> <C9 @V=?MFT;=>9 JC;A@J M?J?. @+(2(*.&, 

#)"*5" '"%& $6'&).8*;3* #+&'8%3, #6*Q2720+3* < '*Q*6("'$ 

2+#$.2+"6"%",+"5" 7&<("'& '"#(& I (IGF1R) – "#",";$ ,*.<$ +& 

6")*'?+"#(2 ,"./42+#()& -."<&0*#()*++3? <.*("<), – +&?"%8( 
^(2 <.*(<2 2 #)8-3)&S(#8 # +2;2. G'2 6";*O*+22 ",'&-$SO*-
5"#8 <";6.*<#& ;*1%$ ^.*<('"%&;2 6'"2#?"%2( 2-;*+*+2* *5" 

^.*<('"6'")"%2;"#(2, 6'20*; "+" 6'8;" 6'"6"'Q2"+&./+" <"-

.20*#()$ '*Q*6("'") +& 6")*'?+"#(2 <.*("<.

P*-$./(&(3 ^(2? '&-'&,"("< ;"5$( .*0/ ) "#+")$ ;*("%& ",+&-

'$1*+28 "6$?".*)3? <.*("< ) <'")2, <&< ) #.$0&* ",'&-")&+28 
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+")"M "6$?".2, (&< 2 ) #.$0&* '*Q2%2)& "6$?".2 2.2 ;*(&#(&-"), 
"#(&)42?#8 6"#.* 6'")*%*++"5" '&+** .*0*+28. C&1+3; %"#("-

2+#()"; ^("5" ;*("%& 8).8*(#8 (", 0(" "+ 6"-)".8*( "6'*%*.2(/ 
-."<&0*#()*++"#(/ <.*("< ) (*0*+2* +*#<"./<2? ;2+$(, ) "(.202* 
"( +*#<"./<2? 0&#") 2.2 %&1* %+*M, ('*,$SO2?#8 %.8 6'2;*+8*-
;3? ) +&#("8O** )'*;8 ;*("%"). 
1HHF=@=?=@NU;MK <C9 >SV>M?A;CG=@L U@A@A;MH>Q;NJ@L 

A;M?P>> M?J? > @V=?MFT;=>9 @PFB@C;L. D")3M 6"%?"% < .*0*-
+2S '&<&, "#+")&++3M +& %)$? 6'2*;&?, <"("'3* ,*-)'*%+3 #&;2 

6" #*,*, +" 6'2 #");*#(+"; 2#6"./-")&+22 5$,2(*./+3 %.8 "6$-

?".*)3? <.*("<. 

A#6"./-$S(#8 +&+"#7*'3, 6'*%#(&).8SO2* #","M ;2<'"#<"-

620*#<2* #2.2<"+")3* 4&'2<2, 6"<'3(3* ("+0&M42; #."*; -"-

."(&, & (&<1* #)*( %.2++")".+")"M 2+7'&<'&#+"M ",.&#(2 #6*<-

('& ('2#. 60). 

D&+"#7*'3 +*("<#20+3 2 )3)"%8(#8 2- "'5&+2-;& ,*- <&<2?-

.2," 6","0+3? ^77*<("), & %.2++")".+")"* A:-2-.$0*+2*, 2#-
6$#<&*;"* .&-*'";, 6'&<(20*#<2 +* )-&2;"%*M#()$*( # (<&+8;2 

"'5&+2-;&. G'2 ))*%*+22 +&+"#7*' ^<#6*'2;*+(&./+3; 12)"(-
+3;, ,"./+3; '&<";, 6'"2#?"%2( 2? +&<"6.*+2* ) "6$?".2. G"-

#.*%$SO** )"-%*M#()2* %.2++")".+")"5" A:-#)*(& '&-"5'*)&*( 
-"."($S ","."0<$ 0&#(2Q, 0(" 6'2)"%2( < 52,*.2 "6$?".*)3? <.*-

("<. E.8 %"#(&)<2 +&+"0&#(2Q 

< "6$?".8; ,3.2 #<"+#('$2-

'")&+3 «2;;$+"+&+"#7*'3» – 

+&+"#7*'3, < <"("'3;, 6")*'? 

-"."("5" #."8, 6'2<'*6.8S(#8 

&+(2(*.&, #6*Q2720+3* < "6$-

?".*)3; ;&'<*'&; 2 6"-)".8-

SO2* ",+&'$12(/ "6$?"./ ) 
.S,"M 0&#(2 (*.&.

&;Q;=>; M?J? DMF<> N P@-

H@XGW J@HV>=?R>> CWC>V;-

M>=?, R>A@A@JN>Q;NJ@D@ V;C-

P2#. 60. F2.2<"+")&8 +&+"#7*'&, 
6"<'3(&8 -"."("; 

(http://www.old.nanonewsnet.ru)
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J? > =?=@Q?NA>R @JN><? T;C;S?. F $0*("; ,"./4"5" <".20*#()& 

'*Q*6("'") < 5"';"+$ .S.2,*'2+$ +& <.*(<&? '&<& ;"."0+"M 

1*.*-3 #"-%&.2 ;".*<$.8'+3M <";6.*<#, #"#("8O2M 2- .S.2,*-
'2+&, Q2("("<#20*#<"5" ?2;20*#<"5" 6'*6&'&(& !*<&( 2 #$6*'6&-

'&;&5+2(+"M 0&#(2Q3 "<#2%& 1*.*-& %2&;*('"; 10 +;. :";6.*<# 
^77*<(2)+" $+20("1&*( "6$?".*)3* <.*(<2 .24/ ) ("; #.$0&*, 
<"5%& .S.2,*'2+ 2 !*<&( +&+"#8(#8 +& +&+"0&#(2Q$ 6" "(%*./-
+"#(2, & +* ) )2%* <";6.*<#&, (&< <&< %.8 6".+"Q*++"M '*&<Q22 

+*",?"%2; <"+(&<( ","2? #"*%2+*+2M # <.*("0+"M ;*;,'&+"M. 

H,+&'$1*+2* "6$?".*)3? <.*("< ) "'5&+2-;* 2 #)8-3)&+2* # 
+2;2 6'"2#?"%2( -& #0*( +&.2028 +& 6")*'?+"#(2 +&+"0&#(2Q3 

5"';"+& .S.2,*'2+&. :'";* '&<& 5'$%2, "+ ;"1*( ,3(/ 2#6"./-
-")&+ 6'2 "6$?".8? (".#("5" <24*0+2<&, .*5<2?, 820+2<"), & 

(&<1* ;*.&+";3.

)PFB@CG-@M>;=A>M@:?==K; N>NA;HK <@NA?:J>. F"-%&+3 

.26"#";+3* (#",'&++3* 2- ;".*<$. .262%")) +&+"0&#(2Q3, 

<"("'3* ,.&5"%&'8 &+(2(*.&;, 6"<'3)&SO2; 2? 6")*'?+"#(/, 

#6"#",+3 +&?"%2(/ "6$?"./ ) .S,"M 0&#(2 "'5&+2-;&. C+$('2 

.26"#"; #"%*'12(#8 5*+ p53, <"%2'$SO2M ,*."<, -&6$#<&SO2M 

&6"6("- (6'"Q*## #&;"$+20("1*+28 <.*(<2 ) #.$0&* ** 5*+*(2-

0*#<"5" 6")'*1%*+28). G'2 #)8-3)&+22 &+(2(*. # '*Q*6("'&;2 

('&+#7*''2+& (,*.<&, 6*'*+"#8O*5" 2"+3 1*.*-&), ) 2-,3(<* 
6'2#$(#()$SO2;2 +& 6")*'?+"#(2 '&<")3? <.*("<, #"%*'12;"* 
.26"#"; 6*'*;*O&*(#8 )+$('/ <.*("<, 0(" 6'2)"%2( < 2? 52,*.2. 

C ,".** 0*; 50% #.$0&*) -."<&0*#()*++3* <.*(<2 2;*S( ;$(&Q2S 

) 5*+* p53, 8).8SO*;#8 «"?'&++2<";» 5*+";&, (&< <&< "+ ",*#6*-
02)&*( 2-,&).*+2* "( 5*+*(20*#<2 2-;*+*++3? <.*("<. 

=&<2; ",'&-";, +*( "#+")&+2M #";+*)&(/#8, 0(" ) +*%&.*<"; 

,$%$O*; ;+"52* 6'",.*;3 %2&5+"#(2<2 2 .*0*+28 "+<"."520*-
#<2? -&,".*)&+2M .85$( +& 6.*02 ;&.*+/<2?, +" ^77*<(2)+3? 

+&+"0&#(2Q.

&;Q;=>; M?J@:KB H;A?NA?S. P&<")3* ;*(&#(&-3 ('&%2Q2"+-

+" 5"'&-%" ?$1* 6"%%&S(#8 .*0*+2S, 0*; 6*')20+&8 "6$?"./, 
2, ) <"+*0+"; #0*(*, 2;*++" "+2 #(&+")8(#8 6'202+"M #;*'(2 
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,"./42+#()& 6&Q2*+("). G"#<"./<$ '"#( ;*(&#(&- #$O*#()*++" 

-&)2#2( "( '&-)2(28 +")3? <'")*+"#+3? #"#$%") (&+52"5*+*-&), 

&+(2<&+Q*'"5*++3M 6'*6&'&(, +&6'&).*++3M +& 6"'&1*+2* 
(&<2? #"#$%"), ).28*( ,"./4* +& ;*(&#(&-3, & +* +& 6*')20+$S 

"6$?"./. A##.*%")&(*.2 !&')&'%#<"M B*%2Q2+#<"M 4<".3 #"-

",O&S( " '&-'&,"(<* 6*'"'&./+" 6'2+2;&*;"5" 6'*6&'&(&, 6"-

.$02)4*5" +&-)&+2* ."%&;2+ (Lodamin) 2 8).8SO*5"#8 2+52,2-

("'"; &+52"5*+*-&. L("( <";6.*<# (&<1* 6'"2-)"%2(#8 +& "#+")* 
+&+"0&#(2Q, $.$04&SO2? +&Q*.2)&+2* &<(2)+"5" 2+5'*%2*+(& 

+& 6"'&1*++3* <.*(<2. H<&-&."#/ (&<1*, 0(" ."%&;2+ +*("<#2-

0*+, 0(" 6"-)".8*( 2#6"./-")&(/ *5" %.8 6'"72.&<(2<2 '&-)2(28 

'&<& $ 6&Q2*+("), +&?"%8O2?#8 ) -"+* "#","5" '2#<&. :'";* ("5", 

."%&;2+ "<&-3)&*( 6"."12(*./+3M ^77*<( 6'2 .*0*+22 %'$52? 

-&,".*)&+2M, #)8-&++3? # &,*''&+(+3; '"#("; <'")*+"#+3? #"-

#$%"), +&6'2;*', #(&'0*#<"M %*5*+*'&Q22 1*.("5" 68(+& 2 &'-

('2(").
C <.2+20*#<2? (*#(&? +& ;34&? ."%&;2+ ",.&%&. #$O*#()*+-

+3; )'*;*+*; 12-+2 ) <'")"("<*, 2-,2'&(*./+" +&<&6.2)&.#8 ) 
(<&+2 "6$?".2, ,."<2'")&. &+52"5*+*- 2 #$O*#()*++" 2+52,2-

'")&. '"#( 6*')20+"M "6$?".2, ;*.&+";3 2 '&<& .*5<2?. G'2 

$6"('*,.*+22 ^77*<(2)+3? %"- 6'*6&'&(& +* +&,.S%&."#/ -&-

;*(+3? 6","0+3? 8).*+2M. :'";* ("5", ."%&;2+ +&<&6.2)&.#8 

) 6*0*+2, +* )3-3)&8 ** 6"'&1*+28, 6'*68(#()$8 '&-)2(2S ;*(&-

#(&- ) (<&+2 6*0*+2 2 6'"%.*)&8 12-+/ 6"%"63(+3? "'5&+2-;"). 
G'2;*+*+2* 7$..*'*+& F

60
 +*-&%".5" %" ",.$0*+28 2.2 1* 

) (*0*+2* 30 ;2+$( 6"#.* 6'"Q*%$'3 6"-)".8*( #+2-2(/ 6")'*1-

%*+2* )+$('*++2? "'5&+") +& 50-60%. G";2;" ",O*5" )"-%*M-

#()28, 7$..*'*+ F
60

 $#6*4+" -&O2O&*( "( 6"#.*%#()2M ",.$0*-
+28 6"0<2 2 +*<"("'3* 0&#(2 +*')+"M #2#(*;3, & )"-;"1+"#(/ 

("0+"M +&#('"M<2 .*<&'#()& -& #0*( 6'2)8-<2 < 7$..*'*+")3; 

+&+"4&'2<&; %"6".+2(*./+3? ;".*<$. 6"-)".8*( +&%*8(/#8 +& 

#"-%&+2* (*'&62M, +&Q*.*++3? +& -&O2($ #('"5" "6'*%*.*++3? 

(<&+*M 2 "'5&+") ('2#. 61).
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C ;*%2Q2+* «-"."(3* +&+"0&#(2Q3» – ;&.*+/<2* 0&#(2Q3 

<'*;+28, 6"<'3(3* -"."(";, 2.2 -"."(3* 0&#(2Q3, ))*%*++3* ) 
'&<")$S "6$?"./, – 6'2 )"-%*M#()22 +& +2? .&-*'+"5" 2.2 ;2-

<'")".+")"5" 2-.$0*+28 ;"5$( +&?"%2(/ 2 $+20("1&(/ '&<")3* 
<.*(<2. 

>3.2 6'")*%*+3 $#6*4+3* (*#(3 +& ;&(*'2&.* '&<& 5'$%2 0*-
.")*<&. H,"."0<2 +&+"0&#(2Q &,#"',2'$S( ^+*'52S 2-.$0*+28 

2 -&(*; 6'*",'&-")3)&S( ** ) (*6.")$S ^+*'52S. 

E.8 ("5" 0(",3 +&+"0&#(2Q& 6'2#"*%2+2.&#/ ("./<" < ,"./-
+3; <.*(<&;, ^(2 ","."0<2 2;*S( ;&'<*'3 '&<")3? <.*("<. 

D&5'*)&8 '&<")3* <.*(<2 %" 50-55 "F, ;"1+" '&-'$42(/ 2? ;*;-

,'&+$, )3-3)&8 52,*./ <.*(<2. !.&)+3; 6'*2;$O*#()"; +")"M 

(*?+"."522 #(&+*( .*0*+2* '&<")3? "6$?".*M # 6";"O/S .&-*'-

+"5" 2-.$0*+28, ,*- ?2'$'520*#<"5" );*4&(*./#()&. G" ;+*+2S 

2##.*%")&(*.*M, +")3* +&+"0&#(2Q3 ,*-)'*%+3 %.8 -%"'")3? 

(<&+*M 0*.")*<&. F6*Q2&.2#(3 $)*'*+3, 0(" ,.&5"%&'8 2; ;"1+" 

,$%*( .*02(/ %&1* "0*+/ ;&.*+/<2* ;*(&#(&-3, <"("'3* +& #*5"%-

+84+2M %*+/ +*./-8 "6'*%*.2(/ ;*%2Q2+#<2;2 ;*("%&;2.

P2#. 61. F?*;& +*M('&.2-&Q22 7$..*'*+"; #)","%+3? '&%2<&.") 
(http://elementy.ru)
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7.4. (?=@B>H>Q;NJ>; A;B=@C@D>> > @BM?=? 
@JMFT?WX;L NM;<K 

L<"."520*#<"* +&6'&).*+2* +&+"?2;22 )" ;+"5"; #)8-&+" # 
2-$0*+2*; 6")*%*+28 +&+"0&#(2Q ) "<'$1&SO*M #'*%*. :&< )3-

8#+2."#/, -+&02(*./+&8 0&#(/ )*O*#() "<'$1&SO*M #'*%3 6*'*-
;*O&*(#8 ) 6'"#('&+#()* ) )2%* +&+"0&#(2Q 2 2? &5'*5&("). C 

&(;"#7*'* 2 52%'"#7*'* +*6'*'3)+" ",'&-$S(#8 6'2'"%+3* 
2 (*?+"5*++3* &^'"-".2 2 <".."2%3. H+2 7"';2'$S(#8 2 ;2-

5'2'$S( ) ;+"5"7&-+3? 6'2'"%+3? #2#(*;&? 6'2 Q2<.20*#<"; 

2-;*+*+22 #)"M#() #'*%3. C38).*+2* ;+"5"7&-+"#(2 2 Q2<.20-

+"#(2, & (&<1* '*4*+2* -&%&0 " ;25'&Q22 <"+<'*(+3? )*O*#() 
) "<'$1&SO*M #'*%* – "#+")+3* Q*.2 ^<"."520*#<"5" +&6'&)-
.*+28. : ^(";$ +&6'&).*+2S ;"1+" "(+*#(2 (&<1* '&-'&,"(<$ 

#6"#",") "02#(<2 )"-%$?& "( &^'"-".*M 2 )"%3 "( <".."2%"). F$-

O*#()$SO2* #6"#",3 ",*#6*02)&S( "02#(<$ ) 103-104 '&-, & %.8 

",*-)'*12)&+28 &)&'2M+3? )3,'"#") +& ?2;20*#<2? 6'"2-)"%-

#()&? 2.2 @LF +$1+& "02#(<& ) 105-106 '&-. 
!.$,"<"M "02#(<2 "( +&+"0&#(2Q 63(&S(#8 %",2(/#8 # 6";"-

O/S 72./('"), ?2;20*#<2 #)8-3)&SO2? +&+"0&#(2Q3, & (&<1* 
6$(*; #""#&1%*+28 # +"#2(*.*;. D&6'2;*', $#(&+").*+", 0(" 0&-

#(2Q3 CsI, <"("'3* ;"5$( ",'&-")3)&(/#8 6'2 &)&'28? +& @LF, 

;"1+" 2-).*0/ 2- )"-%$?& # 6";"O/S ?."'2%& &;;"+28. R#.2 

)"-%$?, #"%*'1&O2M +&+"0&#(2Q3, #;*4&(/ # ?."'")"%"'"%"; 2 

&;;2&<";, (" ) #;*#2 #7"';2'$S(#8 <'2#(&..3 NH
4
Cl, <"("'3* 

-&?)&(8( +&+"0&#(2Q3. :'2#(&..3 ,3#('" "#8%$(, 0(" 6'2)*%*( < 

"02#(<* )"-%$?& "( +&+"0&#(2Q. 

E.8 "02#(<2 5&-")3? )3,'"#") '&-'&,&(3)&S(#8 72./('$S-

O2* ;*;,'&+3 2- +&+"#('$<($'2'")&++3? 6"'2#(3? ;&(*'2&-

.") +& "#+")* "<#2%&-52%'"<#2%& &.S;2+28 2.2 "<#2%& 1*.*-& # 
'&-;*'"; +&+"0&#(2Q 10-500 +;. G'2 6'"?"1%*+22 )"-%$?& 0*'*- 
(&<$S ;*;,'&+$ 6'"2#?"%2( <&(&.2(20*#<"* "<2#.*+2* "'5&+2-

0*#<2? 6'2;*#*M, ",*-)'*12)&+2* ,&<(*'2M, )2'$#") 2 6*#(2Q2-

%"). 
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P"#( (*;6") %",302 +*7(2 

+&+"#2( +*6"6'&)2;3M $O*', 

^<"."522. @)&'22 +*7(8+3? 

(&+<*'"), #"%*'12;"* <"("'3? 

6"<'3)&*( ("<#20+"M 6.*+<"M 

"5'";+3* 6."O&%2 ) B2'")"; 

"<*&+*, +*#$( <&(&#('"720*-
#<$S "6&#+"#(/ %.8 )#*? ,2"-

."520*#<2? )2%"), ",2(&SO2? 

) '&M"+* -&5'8-+*+2M ('2#. 62). 

E&1* *#.2 6'*%"()'&(2(/ )#* 
&)&'22, #2($&Q28 $.$042(#8 +*+&;+"5", )*%/ ("./<" *1*5"%+3M 

",[*; $(*0<2 +*7(2 # ,$'")3? 6.&(7"'; 2 2- ;+"5"02#.*++3? 

#<)&12+ "Q*+2)&*(#8 ) 100 (3#. (. B*1%$ (*; )#*5" 100-200 . +*7-

(2 ;"5$( 6"<'3(/ 1 <). <; 6")*'?+"#(2 ;"'8 6.*+<"M (".O2+"M 

0,1 ;;, )8-<"#(/ <"("'"M $1* 0*'*- #$(<2 $)*.202)&*(#8 +&#("./-
<", 0(" ",'&-$S(#8 #;"."",'&-+3* <";<2. G"<& +* 6'2%$;&+" 

%*M#()*++3? #6"#",") #"<'&O*+28 6"6&%&+28 +*7(2 ) ;"'8 2 

"<*&+3, $0*+3* 2-",'*(&S( #'*%#()& ,"'/,3 # $1* '&-.2)4*M#8 

+*7(/S.

F"-%&+" "#","* «=?=@P@C@A;=R;», ^77*<(2)+" "02O&SO** 
)"%$ "( +*7(2 2 %'$52? $5.*)"%"'"%+3? -&5'8-+*+2M. H+" #"-

#("2( 2- #6*Q2&./+3? +&+")"."<"+, &,#"',2'$SO2? <".20*#()" 

+*7(2, ) 20 '&- 6'*)34&SO** #",#()*++3M )*#. D&+")"."<+& #"-

#("8( 2- ;+"1*#()& ;*./0&M42? 6"', <"("'3* 6" #)"*M #('$<($'* 
+&6";2+&S( <&62..8'3, 0(" 6"-)".8*( 2; )62(3)&(/ 2 $%*'12-

)&(/ 12%<"#(/. C"%""((&.<2)&SO** 6"<'3(2* +* %&*( )"%* 6'"-

+2<+$(/ 0*'*- ;*;,'&+$, +" 6'"6$#<&*( 52%'"7",+3* ;&#.8+2-

#(3* 12%<"#(2, (&<2* <&< +*7(/.
G'2 ^("; (*?+"."528 6'"2-)"%#()& «+&+"6"."(*+*Q» %"#(&-

("0+" 6'"#(&. H+2 #"-%&S(#8 6'2;*'+" 6" (";$ 1* &.5"'2(;$, 

0(" 2 ",30+&8 ,$;&5&: #$#6*+-28 2- +&+")"."<"+ )3#$42)&*(#8, 

6'*##$*(#8 2 6".$0&*(#8 ("+<"* ,$;&1+"* 6"."(*+Q*. @)("' 2-"-

,'*(*+28 ]'&+0*#<" F(*..&002 %",2.#8 ("5", 0(" +")3M ;&(*'2-

P2#. 62. D*7(8+&8 6.*+<& 
+& 6")*'?+"#(2 )"%3 

(http://www.og.ru)
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&. ;"1+" "#(&)2(/ ) )"%* +& ;*#8Q 2.2 %)&, 2 "+ ,$%*( "#(&)&(/#8 

#$?2;. D" ) (" 1* )'*;8, *#.2 ) ^($ )"%$ 6"6&%$( -&5'8-+8SO2* 
)*O*#()&, "+2 ($( 1* ,$%$( &,#"',2'")&+3. R#.2 6"<'3(/ (&<2; 

«6"."(*+Q*;» +&2,".** '2#<")&++3* -"+3 ) '&M"+* +*7(8+3? 

)34*<, (" ^<"."520*#<&8 ,*-"6&#+"#(/ ",*#6*02)&*(#8 -&,.&5"-

)'*;*++", & +* )"##(&+&).2)&*(#8 ) ^<#('*++"; 6"'8%<* $1* 6"-

#.* '&-.2)& +*7(2.

5@=AM@CG=K; :@PM@NK > S?<?=>9

Y(" (&<"* +&+";*%2Q2+&?1. 

«9&,"'&("'28 +& 026*» – '*&./+"#(/ 2.2 ;27?2. 

:&<")" -+&0*+2* <)&+(")3? ("0*< ) )2-$&.2-&Q22 <.*(<2?3. 

E.8 0*5" 2#6"./-$S( +&+"<&6#$.3 2 +&+"#7*'3 ) ;*%2Q2-4. 

+*?
H?&'&<(*'2-$M(* <'2"?2;20*#<2* ;*("%3, "(<'3)&SO2* 5. 

+")3* )"-;"1+"#(2 %.8 6".$0*+28 2 6'"2-)"%#()& .*<&'-

#()*++3? 6'*6&'&(").
C 0*; -&<.S0&*(#8 $+2<&./+"#(/ #)"M#() +&+"0&#(2Q #*'*-6. 

,'&?

\&6".+2(* 6'"6$#<2 ) #.*%$SO2? 6'*%."1*+28?:7. 

&)  F*5"%+8 ;"1+" <"+#(&(2'")&(/ 6"8).*+2* +")"5" +&6'&)-
.*+28 ;*%2Q2+#<"M +&$<2 – … .

,)  D&+"<'2#(&..3 ;"5$( 6"-)".2(/ 2##.*%")&(*.8; 2-$02(/ 
6'"Q*##3 ) <.*(<* +& $'")+* "(%*./+"M … .

))  :)&+(")3* ("0<2 – $%",+3* <.*("0+3* … .

%)  F)"M#()& +&+"0&#(2Q #*'*,'& $+2<&./+3, %.8 +2? ?&'&<-

(*'+& 7*+";*+&./+&8 … 2 ... &<(2)+"#(/. 

C 0*; -&<.S0&*(#8 %*M#()2* +&+"0&#(2Q (*'"7(&.& +& '&--8. 

)2(2* '&<")"M "6$?".2?

D& 0*; "#+")&+" 6'2;*+*+2* 7$..*'*+") ) ,"'/,* # "+<"."-9. 

520*#<2;2 -&,".*)&+28;2?

\&6".+2(* 6'"6$#<2 ) #.*%$SO2? 6'*%."1*+28?:10. 

&)  H%+"#."M+3* ... # &%#"',2'")&++3;2 &+(2(*.&;2 %.8 ",-

+&'$1*+28 <.*("< '&<&.
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,)  … ;2<'"#<"620*#<2* #2.2<"+")3* 4&'2<2, 6"<'3(3* 
("+0&M42; #."*; -"."(&.

))  ]$..*'*+ F
60

 $#6*4+" … "( 6"#.*%#()2M ",.$0*+28 6"0<2 

2 +*<"("'3* 0&#(2 +*')+"M #2#(*;3.

:&<")3 -&%&02 ^<"."520*#<"M +&+"?2;22?11. 

C <&<2? #.$0&8? )"-;"1+" 6'2;*+*+2* ?."'2%& &;;"+28 %.8 12. 

"02#(<2 )"-%$?&? D&6242(* $'&)+*+2* %&++"5" 6'"Q*##&.

E.8 0*5" 2#6"./-$*(#8 «+&+"6"."(*+Q*»? H?&'&<(*'2-$M(* 13. 

6'2+Q26 *5" 7$+<Q2"+2'")&+28.
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*C?:? 8. (%()81E14 
1 (%()/1)+"8()&)*14

8.1. (?PM?:C;=>; M?S:>A>9 =?=@V>@A;B=@C@D>>

(?=@V>@A;B=@C@D>9 -&+2;&*(#8 ,2"",[*<(&;2 2 ,2"6'"Q*#-
#&;2 +& ;".*<$.8'+"; 2 <.*("0+"; $'")+* 2 #6"#",#()$*( '*-
4*+2S ;+"52? 6'",.*; ^<"."522, ;*%2Q2+3, -%'&)""?'&+*+28, 

#*./#<"5" ?"-8M#()& 2 +&Q2"+&./+"M ,*-"6&#+"#(2. C '&;<&? ̂ ("M 

"('&#.2 +&$<2 +& "#+")* ,2"."520*#<2? +&+"#('$<($' #"-%&S(#8 

+&+")*O*#()&, #'*%2 <"("'3? "#",*++" 2+(*'*#+3 6'2;*'3 ",-

'&-")&+28 +&+")*O*#()& ) ,*.<")3? (*.&?. 

F")'*;*++&8 +&+"?2;28 +* "5'&+202)&*(#8 #"-%&+2*; +")3? 

)2%") ;*(&..") 2 <'2#(&.."), & )6."(+$S 6'2,.21&*(#8 < '*4*-
+2S 6'",.*; ,2"(*?+"."522 2 ,2"."522. E&++"* +&6'&).*+2* 
)<.S0&*( '&-'&,"(<$ +")3? (*?+"."52M, )<.S0&SO2? #2+(*- 2 

6'2;*+*+2* <";,2+2'")&++3? #2#(*;, #"#("8O2? 2- +&+"0&-

#(2Q ;*(&..") 2 ,2"."520*#<2? ;".*<$. (ED:, 6*6(2%"), ".25"-

+$<.*"(2%")). 
D&+",2"(*?+"."522 '&-)2)&S(#8 ) %)$? 6'2+Q262&./+" '&--

+3? +&6'&).*+28?, $#.")+" 2;*+$*;3? «#$?2* +&+"(*?+"."522» 

) ;*?&+20*#<"M ('&%2Q22 2 «;"<'3* +&+"(*?+"."522» ) ,2"."-

520*#<"M ('&%2Q22.

«,FB>; =?=@A;B=@C@D>>» 0&O* )#*5" "62'&S(#8 +& $1* 2;*-
SO2*#8 (*?+"."522, 6'*1%* )#*5" #<&+2'$SO$S ;2<'"#<"62S, 

<"("'3* 6"-)".8S( 6*'*;*O&(/ "(%*./+3* &(";3 2 ;".*<$.3 ) 
"%+"M 6."#<"#(2. \&%&0& $<.&%3)&+28 ;".*<$. %'$5 +& %'$5& # 
",'&-")&+2*; ('*?;*'+3? #('$<($' ,$%*( '*4*+& ) ,.21&M42* 
5"%3.

C +&#("8O** )'*;8 2##.*%")&(*.8;2 !&')&'%#<"5" $+2)*'#2-

(*(& #<"+#('$2'")&+ 6*')3M «+&+"62+Q*(», #"#("8O2M 2- 2 ̂ .*<-

('20*#<2 $6'&).8*;3? $5.*'"%+3? +&+"('$,"<. F 6";"O/S ̂ ("5" 

;*?&+2-;& $%&*(#8 ;&+26$.2'")&(/ 300-+&+";*('")3;2 <.&#(*-
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'&;2 6".2#(2'".")3? ;2<'"#7*' 2.2 2-).*<&(/ *%2+#()*++3M 

20-+&+";*('")3M 6".$6'")"%+2<")3M 6'")"% 2- ;&##3 &+&."-

520+3? 6*'*6$(&++3? 6'")"%"). C ,.21&M4*; ,$%$O*; $0*+3* 
+&%*S(#8 #"-%&(/ #("./ ;&.3M +&+"62+Q*(, 0(",3 -&?)&(3)&(/ 
"(%*./+3* <'$6+3* ;".*<$.3. 

8.2. .@CFQ;=>; >NJFNNA:;==KB =?=@NAMFJAFM 
=? @N=@:; V>@H@C;JFC

H#+")+"* )+2;&+2* «H@JMKB A;B=@C@D>L» ",'&O*+" +& <"+-

#('$2'")&+2* 2 ;"%272<&Q2S ,*.<")3? ;".*<$., 2-)*#(+3? 

#)"2;2 #6"#",+"#(8;2 < #&;"#,"'<*. C ,*.<")3? #('$<($'&?, 

6'*%#(&).8SO2? #","M +* 0(" 2+"* <&< ,2"."520*#<2* +&+"-

#('$<($'3, 6'"2#?"%8( #&;3* )&1+3* ,2"."520*#<2* '*&<Q22, 

6'"(*<&SO2* ) 12)"M <.*(<*. G'2;*'"; ,*.<")"M +&+"#('$<-

($'3 ;"1*( #.$12(/ 625;*+(-,*.<")3M <";6.*<# '*&<Q2"++"5" 

Q*+('& 7"("#2+(*-&, ) <"("'"; 4*#(/ ;".*<$. 625;*+(& (?."'"-

72..&) )#('"*+3 ) ,*.<")$S ;&('2Q$ # 6")("'8SO*M#8 ("0+"-

#(/S %" %*#8(3? %".*M &+5#('*;&. L(2 625;*+(3 "#$O*#().8S( 
6'"Q*## 6'*",'&-")&+28 #".+*0+"M ^+*'522 ) ^+*'52S '&-%*-
.*++3? -&'8%") # ^77*<(2)+"#(/S 100% -& #0*( 2#<.S02(*./+" 

,3#('"5" 6*'*+"#& ^.*<('"+& ;*1%$ 625;*+(&;2. =&<&8 ^77*<-

(2)+"#(/ +*%"#($6+& +2 "%+";$ 2- #")'*;*++3? (*?+20*#<2? 

$#('"M#(). 
G'2'"%+3* ,2"."520*#<2* +&+"#('$<($'3 ;"1+" )3%*.8(/, 

"02O&(/, <'2#(&..2-")&(/ 2 2-$0&(/, 2#6"./-$8 )*#/ &'#*+&. 72-

-20*#<2? 2 ?2;20*#<2? ;*("%"). L<#6*'2;*+(&./+3* 2##.*%")&-

+28 (&<2? +&+"#('$<($' #"6'")"1%&S(#8 <)&+(")"-72-20*#<2;2 

'&#0*(&;2 ;".*<$.8'+"M %2+&;2<2 2 )-&2;"%*M#()28 ^.*<('"-

+"). G".$0*++3* (&<2; ",'&-"; -+&+28 " ,2"."520*#<2? +&+"-

#('$<($'&? 2 2? $#('"M#()* ;"1+" 2#6"./-")&(/ 6'2 #2+(*-* 2? 

?2;20*#<2? ;"%*.*M, +*",?"%2;3? %.8 +&+"(*?+"."52M.

F6"#",+"#(/ ,2"."520*#<2? ;".*<$. ",[*%2+8(/#8 ) '&-.20-

+3* +&+"&'?2(*<($'+3* &+#&;,.2 ;"1*( ",*#6*02)&(/ 6'*)'&-
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O*+2* #"%*'1&O*M#8 ) +2? 2+7"';&Q22 ) 72-2<"-?2;20*#<2* 
#25+&.3. G"^(";$ )3'&,"(&++3* ) 6'"Q*##* ^)".SQ22 6'2+Q2-

63 #"-%&+28 #."1+3? 7$+<Q2"+&./+3? #2#(*; ;"1+" 6'2;*-
+8(/ %.8 6".$0*+28 +")3? ;&(*'2&."). >2"."520*#<2* #('$<($-

'3 ;"5$( ,3(/ 2#6"./-")&+3 <&< 6")*'?+"#(+3* %*(*<("'3 %.8 

"'5&+2-&Q22 #)8-3)&+28 ,"./42? "'5&+20*#<2? 2 +*"'5&+20*-
#<2? ,."<"). 
C;*#(* # (*; +&%" 6";+2(/, 0(" ;*1%$ &5'*5&Q2*M (#,"'<"M) 

+&+"0&#(2Q ,2"."520*#<"5" 6'"2#?"1%*+28 ) ,2"."520*#<2* 
+&%#('$<($'3 2 ",'&-")&+2*; 2#<$##()*++3? &(";&'+3? 2.2 

;".*<$.8'+3? +&+"&5'*5&(") #$O*#()$*( 2 6'2+Q262&./+"* 
'&-.202*. ]"';&, ?2;20*#<"* #('"*+2* 2 '*./*7 6")*'?+"#(2 

,2"."520*#<2? +&+",."<") (,*.<"), +$<.*2+")3? <2#."(), <&< 

6'&)2.", )*#/;& #('"5" "6'*%*.8S( '&-;*'3 2 7"';$ ,2"."52-

0*#<2? +&%;".*<$.8'+3? #('$<($', )"-+2<&SO2? ) '*-$./(&(* 
#&;"#,"'<2, ) "#",*++"#(2 *#.2 "+& 6'"2#?"%2( ) 12)"; "'5&-

+2-;* (in vivo). C +*,2"."520*#<"M ;&(*'22 ^(2 "6'*%*.8SO2* 
7&<("'3 )3'&1*+3 5"'&-%" #.&,**, 2 2? -+&0*+2* ;"1*( <".*-
,&(/#8 ) 42'"<2? 6'*%*.&?.

i2)3* #2#(*;3 2#6"./-$S( ;+"1*#()" ;".*<$.8'+3? ;&42+, 

(&<2? <&< ;".*<$.8'+3* ;"("'3 (,2";".*<$.3, '*5$.2'$SO2* 
7$+<Q2"+2'")&+2* %'$52? ,2";".*<$.). G"^(";$ ."520+" 6"-

63(&(/#8 6'2#6"#",2(/ < +&42; 6"('*,+"#(8; $1* 2;*SO2*#8 

) 6'2'"%* ;*?&+2-;3, 2#6"./-$8 2? %.8 6'2)*%*+28 ) %)21*+2* 
<'"4*0+3? +&#"#"), '30&5"), -&12;"). :"+Q*6Q2S «;"<'3? +&-

+"'","(")» 2+"5%& 2;*+$S( ;2<'",2"'","(&;2.

@;*'2<&+#<2; 2##.*%")&(*.8;, 2-,'&)42; «6"%?"% #&;"-

#,"'<2», $%&."#/ #2+(*-2'")&(/ <";6.*;*+(&'+3* +2(2 ED:, 

<"("'3* #&;""'5&+2-$S(#8 ) #."1+3* #('$<($'3 1*.&*;"M <"+-

725$'&Q22. 

A#6"./-")&) &+&."520+3M 6"%?"%, $0*+3* 5*+*(20*#<2 ;"-

%272Q2'")&.2 6'2'"%+3M ,2";"("', ) *#(*#()*++3? $#.")28? 

)#('*0&SO2M#8 ) 7*';*+(* &%*+"-2+('27"#7&(&-*. C '*-$./-
(&(* ,3. 2-5"(").*+ 6*')3M 52,'2%+3M +&+";"("' # +*,2"-
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."520*#<2;2 ^.*;*+(&;2 2- 
100-+&+";*('")3? 6"."# &-"-

(2#("5" <'*;+28 ('2#. 63). G"-

%",+" ;2<'"#<"620*#<";$ 

6'"6*..*'$, "+ )'&O&*(#8 #" 

#<"'"#(/S 200 ","'"(") ) ;2-

+$($.

:&< 6"<&-3)&S( 6'*%)&'2-

(*./+3* "Q*+<2, ;*?&+20*#<2* 
#2#(*;3 #;"5$( ",*#6*02(/ 

,".** )3#"<2* #<"'"#(2 '&,"-

(3 2 ,"./4$S ^77*<(2)+"#(/ 

$6'&).*+28 +&+"'","(";, +*-
1*.2 #2#(*;3 ,2"."520*#<2*. 
H%+&<" )&1+3; 6'*2;$O*-
#()"; 6"#.*%+2? 8).8*(#8 (", 

0(" -&0&#($S 2? 7$+<Q2"+&./-

+3* <";6"+*+(3 ;"1+" 0&#(20+" 2.2 Q*.2<"; ,'&(/ 2- $1* 
2;*SO2?#8 *#(*#()*++3? 12)3? #2#(*;, (*; #&;3; #$O*#()*++" 

#"<'&O&8 )'*;8 '&-'&,"(<2.

G'"2-)"%#()" +&+"'","(") #*5"%+8 -&('$%+*+" 6" %)$; 6'2-

02+&;: +*%"#(&("0+&8 '&-'*4&SO&8 #6"#",+"#(/ #")'*;*++3? 

6'2,"'") 2 #."1+"#(/ 6'"*<(2'")&+28 #?*;"(*?+20*#<2? '*4*-
+2M. L(2 6'",.*;3 )"-;"1+" '*42(/ ("./<" 6'2 6";"O2 #&;2? 

+&+"(*?+"."52M, (.*. %.8 ;&##")"M #,"'<2 +&+"'","(") +$1+3 

+&+"'","(3, (&< <&< ("./<" "+2 6" #)"*;$ 6'*%+&-+&0*+2S ;"-

5$( 6'*%"#(&)2(/ +*",?"%2;3M 2+#('$;*+(&'2M. D& #*5"%+84-

+2M %*+/ '&-'&,"(<2 ) ^("; +&6'&).*+22 )"-;"1+3 .24/ (*"-

'*(20*#<2. H%+&<" $1* #$O*#()$S( ;&<'"#<"620*#<2* '","(3, 

#6"#",+3* #",'&(/ #*,* 6"%",+"5", & -&(*; -&6'"5'&;;2'")&(/ 

*5".

P2#. 63. D&+";"("' # +*,2"."52-
0*#<2;2 ^.*;*+(&;2 

2- 100-+&+";*('")3? 6"."# 
&-"(2#("5" <'*;+28 
(http://ru.wikipedia.org)
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8.3. *;==?9 >=T;=;M>9

!*++&8 2+1*+*'28 8).8*(#8 "0*+/ )&1+3; '&-%*."; 2 6'&<(2-

0*#<2; 2+#('$;*+("; ,2"(*?+"."522. H+& "#$O*#().8*( #"-%&-

+2* 2#<$##()*++3? 5*+*(20*#<2? 6'"5'&;;, # 6";"O/S <"("'3? 

)+* "'5&+2-;& (in vitro) <"+#('$2'$S(#8 ;".*<$.3 5*+") # 6"#.*-
%$SO2; 2? ))*%*+2*; ) 12)"M "'5&+2-;. F2+(*- 5*+") 6*')"-

+&0&./+" "#$O*#().8.2 ?2;20*#<2; 6$(*;, #"*%2+88 "(%*./+3* 
%*-"<#2'2,"+$<.*"(2%3 # 6";"O/S 7"#7"%2^72'+"M #)8-2, ?&-

'&<(*'+"M 2 %.8 6'2'"%+3? 6".2%*-"<#2'2,"+$<.*"(2%"). C +&-

#("8O** )'*;8 #$O*#()$*( Q*.3M '8% ;*("%") 6".$0*+28 5*+") 
)+* "'5&+2-;&, "#+")&++3? +& ?2;20*#<"; 2.2 ,2"?2;20*#<"; 

(# 6";"O/S 7*';*+(")) )3%*.*+22 5*+"), "6'*%*.*+22 2? #('$<-

($'3 (#*<)*+2'")&+22) 2 <"+#('$2'")&+22 +$1+"5" 5*+*(20*-
#<"5" ;&(*'2&.& ('*<";,2+&+(+"M ED:). =&<2* '*<";,2+&+(+3* 
ED: )#('&2)&S( ) 5*+"; (ED:) <.*("<-'*Q262*+("), <"("'3* 
,$%$( "#$O*#().8(/ #2+(*- +")3? %.8 +2? ,*.<") #"5.&#+" ))*-
%*++"M 5*+*(20*#<"M 2+7"';&Q22. =&<2; 6$(*; 6".$0&S( 7*'-

;*+(3, 5"';"+3, 2+(*'7*'"+3, &+(2,2"(2<2 2 %'$52* ,*.<2 %.8 

6'2;*+*+28 ) ;*%2Q2+*, 12)"(+")"%#()* 2 '&#(*+2*)"%#()*.
D")3* )"-;"1+"#(2 %.8 5*++"M 2+1*+*'22 ;"1*( "(<'3(/ 

6'2;*+*+2* ;*("%") +&+"(*?+"."522 2 ) 6*')$S "0*'*%/ +&+"-

?2;22. C +&#("8O** )'*;8 "#$O*#().8*(#8 '&-'&,"(<& (&<2? ;*-
("%").

8.4. E;A@<K ::;<;=>9 V>@H?A;M>?C@: 
: T>:K; JC;AJ>

='&%2Q2"++3* ;*("%3 ))*%*+28 '*<";,2+&+(+3? ED: ) <&-

0*#()* -#9,&/&- (&5*+(3, ",*#6*02)&SO2* 6'"+2<+")*+2* ED: ) 
'*Q262*+(+$S <.*(<$) 2#6"./-$S( )2'$#3, 6.&-;2%3 (+*,"./-
42* <"./Q*)3* ;".*<$.3 ED: ,&<(*'2M) 2.2 <"#;2%3 (2#<$#-
#()*++3* <"+#('$<Q22 +& "#+")* 6.&-;2% 2 )2'$#")). D&+"?2-

;28 6'*%.&5&*( +")3M ;*("% ))*%*+28 ,2";&(*'2&.") ) 12)3* 



115

<.*(<2, "#+")&++3M +& ^.*<('"'&#63.*+22 0&#(2Q ;*(&..&, 

+*#$O*5" ,"./4"M ^.*<('20*#<2M -&'8% 2 )3#"<$S #<"'"#(/. 
B*(&..20*#<2* 0&#(2Q3, 6")*'?+"#(/ <"("'3? 6"<'3(& 5*+*(2-

0*#<2; ;&(*'2&."; (6.&-;2%&;2), %2#6*'52'")&.2 # 6";"O/S 

'&-'&,"(&++"M &66&'&($'3, 6'2 ^("; "+2 %*-2+(*5'2'")&.2#/ 

) 12%<2? <&6.8? 6"% ).28+2*; )+*4+*5" +*"%+"'"%+"5" 6".8. 

G".$0&*;3* 6'2 ^("; 7'&5;*+(3 5*+& ",.&%&.2 -&'8%"; ("5" 1* 
-+&<&, 0(" 2 0&#(2Q3 ;*(&..&, 2 ?&'&<(*'2-")&."#/ )3#"<"M <"+-

Q*+('&Q2*M. 

C <&0*#()* 12)3? <.*("<-'*Q262*+(") ,3.2 2#6"./-")&+3 

<.*(<2 72,'",.&#(") ",*-/8+, & ) <&0*#()* ,2";&(*'2&.") – ;*-
0*++3* 7.$"'*#Q2'$SO2; ,*.<"; #$#6*+-22 6.&-;2%, & (&<1* 
6.&-;2%, +&+*#*++3? +&  +&+"0&#(2Q3 -"."(& '&-;*'"; 5-10 +;. 

F$#6*+-28 +&+"0&#(2Q3 6.&-;2% 6'"+2<&*( ) <.*(<$. H#",*++" 

)&1+", 0(" 6'2 ^("; ) <.*(<$ 6'"+2<&*( 2 )+*%'8*(#8 ) ** ED: 

(&<1* #$#6*+-28 6.&-;2%, +* #"%*'1&O&8 -"."(", 0(" -+&02(*./-
+" #+21&*( '&#?"% Q*++"5" ;*(&..&.

E&++3M 6'2;*' +&5.8%+" 6"<&-3)&*(, 0(" %"#(25+$(3* ) 6"-

#.*%+2* 5"%3 $#6*?2 5*+*(20*#<2? 6"%?"%") +* ("./<" ) 2-$0*+22 

#('$<($'3 +$<.*2+")3? <2#."( 2 ,*.<"), +" 2 ) +&6'&).*++"; 

2-;*+*+22 2? 7$+<Q2"+&./+3? #)"M#(), #(&)8( +& 6")*#(<$ %+8 

#"-%&+2* 2 ^77*<(2)+"* 6'"2-)"%#()" +& ,&-* ,2"."520*#<2? 

;&<'";".*<$. %*4*)3? )3#"<""'5&+2-")&++3? +&+"#('$<($' # 
-&'&+** -&%&++3;2 #)"M#()&;2 2 7$+<Q28;2.

8.5. E@<;C>M@:?=>; =?=@NAMFJAFM 
N >NP@CGS@:?=>;H H@C;JFC =FJC;>=@:KB J>NC@A

D&+"?2;20*#<2* (*?+"."522 +& "#+")* +$<.*2+")3? <2#."( – 

^(" +&6'&).*++"* #"-%&+2* #."1+3? ('*?;*'+3? <"+#('$<Q2M # 
'*5$.2'$*;3;2 #)"M#()&;2, #('"2(*./+3;2 ^.*;*+(&;2 ) <"("-

'3? 8).8S(#8 %)$?Q*6"0*0+3* ;".*<$.3 ED:, 6'*%"#(&).*++3* 
+&; #&;"M 6'2'"%"M 2 ",.&%&SO2* $+2<&./+"M #('$<($'"M, 

72-20*#<2;2 2 ?2;20*#<2;2 #)"M#()&;2. 



116

H0*)2%+", 0(" #"-%&+2* 6"%",+3? #('$<($'  )"-;"1+" ("./<" 

6'2 )3#"<"'&-)2("M ,2"(*?+"."520*#<"M 6'";34.*++"#(2, <"-

("'&8 ",*#6*02( +&.202* #2+(*(20*#<2? ;".*<$. ED: # 2-)*#(-
+3;2 #)"M#()&;2, #2#(*; 7*';*+(&(2)+"5" '&#O*6.*+28, #42-

)&+28 ;".*<$. ED:, )3,"'&, ;".*<$.3 %.8 #42)<2 2 (. %.

P"##2M#<2* $0*+3* 6'*%.&5&S( 2#6"./-")&(/ 5"(")$S ;".*<$-

.$ ED: 2 #"-%&)&(/ +& ** "#+")* 6'"#('&+#()*++$S $6"'8%"0*+-

+$S #('$<($'$, ) <"("'"M #"%*'12(#8 '8% ;".*<$. ED:, $6"'8-

%"0*++3? #6"+(&++" "(+"#2(*./+" "6'*%*.*++3? #."*). C #2.$ 

72-20*#<2? #)"M#() ;".*<$. ED: (&<&8 #2#(*;& -&<'$02)&*(#8, 

",'&-$8 (&< +&-3)&*;3M ?".*#(*'20*#<2M 12%<2M <'2#(&... \&-

%&0& -&<.S0&*(#8 ) (";, 0(",3 )+$('/ 12%<"5" <'2#(&..& )+*#(2 

$6'&).8*;3M ^.*;*+(. H#$O*#()2(/ ** ;"1+", 6"#('"2) ;*1%$ 

;".*<$.&;2 ED: 6."#<2M ;"#( 2- <";,2+&Q22 ;".*<$. &+(2-

,2"(2<") 2 2"+") ;*%2. P&##("8+2* ;*1%$ ;".*<$.&;2 ;"1*( 
'*5$.2'")&(/#8. C&1+$S '"./ ) ^("M #('$<($'* 25'&*( <";,2+&-

Q28 2- 2"+") ;*%2, "<'$1*++3? 4 &(";&;2 <2#."'"%&. N (&<"M 

<";,2+&Q22 #$O*#()$S( #6*Q2720*#<2* 7*''";&5+2(+3* #)"M-

#()&. R#.2 (&<$S <"+#('$<Q2S $%&#(#8 #"-%&(/, (" )#* ** +&+"-

6&'&;*('3 ,$%$( '*5$.2'$*;3 2 <"+('".2'$*;3. C '*-$./(&(* 
'*&.2-&Q22 "62#&++"5" 6"%?"%& %".1+3 )"-+2<+$(/ #('$<($'3, 

#"#("8SO2* 2- #."*) ;".*<$. ED:. C '*-$./(&(* '&+** 12%<2* 
<'2#(&..3 ;".*<$. ED: #(&+")8(#8 ()*'%3;2, ('*?;*'+3;2, +" 

6'2 ^("; #"?'&+8S(#8 2? &+";&./+3* "6(20*#<2* #)"M#()&. C"--
+2<&S( #('$<($'3 # 2+3;2 72-20*#<2;2 #)"M#()&;2 6" #'&)-
+*+2S # 2#?"%+3;2, 2;2 ;"1+" ,$%*( $6'&).8(/ 6'2 6";"O2 

'&-.20+3? 7&<("'"). C 0&#(+"#(2, ;"1+" )#('&2)&(/ '&-+3* 2"-

+";*(&..3, &+(2,2"(2<2, 6'20*; 6'"Q*## )#('&2)&+28 6"%%&*(-
#8 '*5$.2'")&+2S.

G"#<"./<$ #<"+#('$2'")&++&8 #2#(*;& ()*'%&8, (" ** 2-",'&-
1*+2* ;"1+" +&,.S%&(/ ) &(";+"-#2.")"M ;2<'"#<"6. H+2 6'*%-

#(&).8S( #","M #.*5<& )3(8+$(3* #('$<($'3, 2;*SO2* '&-;*' 

6"'8%<& 500 +;. C <&1%"M (&<"M 0&#(2Q* ;"5$( #"%*'1&(/#8 525&+(-
#<2* <"+Q*+('&Q22 ;".*<$. ED:, &+(2,2"(2<& 2 2"+") ;*(&..&.
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=&<2* +&+"#('$<($'3 ;"5$( 6'2;*+8(/#8 <&< ,2"%&(02<2 %.8 

"6'*%*.*+28 #"*%2+*+2M )-&2;"%*M#()$SO2? # ED:, <&< +"#2-

(*.2 5*+*(20*#<"M 2+7"';&Q22, &+(2,2"(2<") 2.2 2+3? )#('"-

*++3? ^.*;*+(").

5@=AM@CG=K; :@PM@NK > S?<?=>9

:&<")& '"./ +&+"?2;22 ) '&-)2(22 +&+",2"(*?+"."522?1. 

C 0*; -&<.S0&*(#8 '&-.202* «#$?2?» 2 «;"<'3?» +&+"(*?+"-2. 

."52M?

G'2)*%2(* 6'2;*' "#$O*#().*+28 «#$?2? +&+"(*?+"."52M».3. 

G'2)*%2(* 6'2;*' "#$O*#().*+28 «;"<'3? +&+"(*?+"."-4. 

52M».

G"0*;$ #*M0&# -&('$%+*+" 6'"2-)"%#()" +&+"'","(")? 5. 

D& 0*; "#+")&+3 ;*("%3 ))*%*+28 ,2";&(*'2&.") ) 12)3* 6. 

<.*(<2?

C 0*; -&<.S0&*(#8 &;*'2<&+#<2M 6"%?"% < #"-%&+2S #."1-7. 

+3? +&+"#('$<($' +& "#+")* ED:?

Y(" 6'*%.&5&S( '"##2M#<2* $0*+3* %.8 #"-%&+28 +&+"#('$<-8. 

($' +& "#+")* ED:?

G*'*02#.2(* )"-;"1+3* ",.&#(2 6'2;*+*+28 +&+"#('$<-9. 

($'.
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0%5&2Z"(1"

G*'*%")3* (*?+"."522 2 ;&(*'2&.3 )#*5%& 25'&.2 -+&02;$S 

'"./ ) 2#("'22 Q2)2.2-&Q22, )36".+88 +* ("./<" 6'"2-)"%#()*+-

+3*, +" 2 #"Q2&./+3* 7$+<Q22. E"#(&("0+" )#6";+2(/, <&< #2./+" 

"(.20&.2#/ <&;*++3M 2 ,'"+-")3M )*<&, )*< 6&'& 2 )*< ^.*<('20*-
#()&, &(";+"M ^+*'522 2 <";6/S(*'"). G" ;+*+2S ;+"52? ^<#6*'-

("), XXI )*< ,$%*( )*<"; +&+"+&$<2 2 +&+"(*?+"."52M, <"("'3* 2 

"6'*%*.8( *5" .2Q". C"-%*M#()2* +&+"(*?+"."52M +& 12-+/ ",*O&*( 
6'2",'*#(2 )#*",O2M ?&'&<(*', 2-;*+2(/ ^<"+";2<$ 2 -&('"+$(/ 
)#* #("'"+3 ,3(28. 

D&+"^+*'5*(2<& #%*.&*( ;2' ,".** 02#(3; ) '*-$./(&(* '&--
'&,"(<2 +")3? (26") %)25&(*.*M, ("6.2)+3? ^.*;*+(") 2 ('&+#-
6"'(+3? #'*%#(). F7"';2'$*(#8 +")&8 ^<"+";2<&, "#+")&++&8 +& 

+&+"(*?+"."528? 2 +&+"6'"%$<(&?, ^.*<('"++"-2+7"';&Q2"++3M 

,2-+*# $#($62( .2%2'$SO2* 6"-2Q22 +&+"(*?+"."520*#<";$ ,2--
+*#$. >3#('"* '&-)2(2* +&+"6'";34.*++"#(2 6"('*,$*( <"'*++"M 

6*'*#('"M<2 #2#(*;3 ",'&-")&+28 +& )#*? $'")+8?.

B&+26$.8Q22 # #&;3;2 ;&.*+/<2;2 72-20*#<2;2 #$,#(&+Q28-

;2 – &(";&;2 2 ;".*<$.&;2, – 6" 6'"5+"-&; #6*Q2&.2#("), $1* ) 
,.21&M4*; ,$%$O*; "(<'"S( 6*'*% Q2)2.2-&Q2*M ,*#6'*Q*%*+(-
+3* 6*'#6*<(2)3 2 #(&+$( <.S0"; < 12-+*",*#6*0*+2S 0*.")*0*-
#()& )" )#*? #7*'&? *5" %*8(*./+"#(2. D")3* (*?+"."522 ;"5$( ) <"'-

+* 2-;*+2(/ ;*%2Q2+$, ^+*'5*(2<$, ,2"(*?+"."522, ^.*<('"+2<$ 2 

%'$52* "('&#.2.

F*5"%+8 +&+"?2;28 – 5&';"+20+" '&-)2)&SO&8#8 ",.&#(/ +&$-

<2, ) <"("'"M (*"'28 2 ^<#6*'2;*+( #"0*(&S(#8 # 6.&+";*'+3; 6"-

#($6.*+2*; +&$0+"M 2+7"';&Q22 ) 6'2<.&%+3* +&6'&).*+28. C 

+&#("8O** )'*;8 '&-)2(2* +&+"(*?+"."52M 2 '&-'&,"(<& ;*("%2< 

#"-%&+28 2 2-$0*+28 +&+")*O*#()& ;"1*( ,3(/ +&-)&+& "%+"M 2- 
)&1+*M42? ",.&#(*M +&$<2 XXI )*<&. :&< 5")"'2. *O* 30 .*( +&-&% 

-+&;*+2(3M 72-2< P.]. ]*M+;&+, 6'"+2<+")*+2* ) +&+";2' – ^(" 

,*#<"+*0+3M 6$(/ 0*.")*<&, +& <"("'"; "+ 6'&<(20*#<2 +* "5'&+2-

0*+ ;&(*'2&.&;2, +" #.*%$*( .24/ -& #",#()*++3; '&-$;";.
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,&)-%$' +"$E1()-

%H@MU=@; N@NA@9=>; – ^(" <"+%*+#2'")&++"* #"#("8+2* )*-
O*#()&, 5.&)+3M 6'2-+&< <"("'"5" – "(#$(#()2* &(";+"M 2.2 ;"-

.*<$.8'+"M '*4*(<2.

/>@C@D>Q;NJ?9 FN:@9;H@NAG – #6"#",+"#(/ ;".*<$. )*O*#()& 

6"#($6&(/ ) (*.* 6&Q2*+(& ($%&, 5%* "+2 +*",?"%2;3.

/>@H>H;A>Q;NJ>; =?=@H?A;M>?CK (,2";2;*(2<2) – ;&(*-
'2&.3, 6"%'&1&SO2* ,2"."520*#<2; (<&+8;.

-?C;=A=@NAG – #6"#",+"#(/ &(";& ",'&-")3)&(/ ?2;20*#<2* 
#)8-2.

-?C;=A=K; YC;JAM@=K – ^.*<('"+3, +&?"%8O2*#8 +& )+*4-

+*M ()&.*+(+"M) ","."0<* &(";& 2 6'2+2;&SO2* $0&#(2* ) ",-

'&-")&+22 ?2;20*#<"M #)8-2.

-?=-<;M-:??CGN@:K N>CK – )#* #.&,3* ;*1;".*<$.8'+3* 
#2.3.

-;JA@MK – &5*+(3, ",*#6*02)&SO2* 6'"+2<+")*+2* ED: ) 
'*Q262*+(+$S <.*(<$.

-@<@M@<=?9 N:9SG – #)8-/ ;*1%$ &(";&;2 )"%"'"%& 2 #2./+" 

^.*<('""('2Q&(*./+3; &(";"; (H, F, N).

*;CG – %2#6*'#+&8 #2#(*;&, ?&'&<(*'2-$SO&8#8 #('$<($'"M, 

",.&%&SO*M ;*?&+20*#<2;2 #)"M#()&;2 ()*'%3? (*..

*M?U;= – #."M &(";") $5.*'"%&, #"*%2+*++3? 6"#'*%#()"; sp²-

#)8-*M ) 5*<#&5"+&./+$S %)$;*'+$S <'2#(&..20*#<$S '*4*(<$.

#:FH;M=K; =?=@@V\;JAK (2D) – 6"<'3(28 2.2 6.*+<2 (".-

O2+"M ) +*#<"./<" +&+";*('") +& 6")*'?+"#(2 ,."0+"5" ;&(*-
'2&.&; ) ^("; #.$0&* ("./<" "%+" 2-;*'*+2* ((".O2+&) +&+";*-
('")"*.
#;=<M>H;MK – #2./+" '&-)*().*++3* ;&<'";".*<$.3, )<.S-

0&SO2* Q*+('&./+"* 8%'", 6'";*1$("0+3* 6")("'8SO2*#8 *%2-

+2Q3 2 <"+Q*)3* 7$+<Q2"+&./+3* 5'$663.

#>NP;MD?R>@==K; H;A@<K – ;*("%3 6".$0*+28 +&+"0&#(2Q 

6$(*; 2-;*./0*+28 ",30+"5" ;&<'"",'&-Q&.
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«0@C@AK; =?=@Q?NA>RK» – ;&.*+/<2* 0&#(2Q3 <'*;+28, 6"-

<'3(3* -"."(";. 

0@CG – <".."2%+3M '&#()"' +&+"0&#(2Q.

1=A;MJ?C9R>9 – )+*%'*+2*, )<.2+2)&+2*, 6"8).*+2* +")3? 

#('$<($' 2  6'"Q*##") ) $1* #."12)4*M#8 #2#(*;*.
1@==?9 N:9SG – ^(" ?2;20*#<&8 #)8-/ ;*1%$ 6'"(2)"6"."1+" 

-&'81*++3;2 2"+&;2.

1@==K; JC?NA;MK – <.&#(*'3, #"#("8O2* 2- )*O*#() # 2"++"M 

<'2#(&..20*#<"M '*4*(<"M.

5:?S>=FCGH;M=K; =?=@@V\;JAK (0D) – ̂ (" +&+"0&#(2Q3 (<.&-

#(*'3, <".."2%3, +&+"<'2#(&..3 2 7$..*'*+3), #"%*'1&O2* "( 
+*#<"./<2? %*#8(<") %" +*#<"./<2? (3#80 &(";"), #5'$662'")&+-

+3? ) #)8-<2 2.2 &+#&;,.2 ) 7"';* <.*(<2; ) ^("; #.$0&* )#* ('2 

2-;*'*+28 +&+";*('")3*.
5:?S>@<=@H;M=K; =?=@@V\;JAK (1D) – Q2.2+%'20*#<2* ",[-

*<(3 # "%+2; 2-;*'*+2*; ) +*#<"./<" ;2<'"+ 2 %)$;8 +&+";*-
('")3;2. 

«5:?=A@:K; A@QJ>» – +&+"0&#(2Q3, #6"#",+3* $%*'12)&(/ 
^.*<('"+3 2 $6'&).8(/ 2? %)21*+2*; -& #0*( 8'<" )3'&1*++"M 

'&-+"#(2 ^+*'522 2? #"#(&)+3? 0&#(*M.

5C?NA;MK – ;2+2;&./+3* #('"2(*./+3* «<2'6202<2» +&+"-

0&#(2Q. 

5@:?C;=A=?9 N:9SG – ^(" ?2;20*#<&8 #)8-/ -& #0*( ",O*M ^.*<-

('"++"M 6&'3.

5@HP@S>R>@==K; H?A;M>?CK – ;&(*'2&.3, #"#("8O2* 2- 
%)$? 2.2 ,".** 7&- # 0*(<"M ;*17&-+"M 5'&+2Q*M; #2#(*;3, <"-

("'3* #"%*'1&( $#2.2)&SO2* ^.*;*+(3 # '&-.20+3; "(+"4*+2-

*; %.2+3 < #*0*+2S, 6"5'$1*++3* ) 6".2;*'+$S ;&('2Q$.

5@=<;=N?R>@==K; H;A@<K – ;*("%3 «)3'&O2)&+28» +&+"-

0&#(2Q 2- "(%*./+3? &(";").
5@=<;=N?R>9 – ^(" 6*'*?"% )*O*#()& 2- 5&-"",'&-+"5" #"#("-

8+28 ) <"+%*+#2'")&++"* (()*'%"* 2.2 12%<"*) )#.*%#()2* *5" 

"?.&1%*+28.

E;A?CC>Q;NJ?9 N:9SG – ^(" ?2;20*#<&8 #)8-/ 2- 6"."12(*./-
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+" -&'81*++3? 2"+"), 6."(+" $6&<")&++3? ) <'2#(&..20*#<$S 

'*4*(<$ 2 $%*'12)&*;3? );*#(* ",",O*#().*++3;2 )&.*+(+3-

;2 ^.*<('"+&;2.

E@C;JFC9M=?9 =?=@H;<>R>=? '&##;&('2)&*( )"-;"1+"#(2 

6'2;*+*+28 ;&<'";".*<$. 2 +&+"0&#(2Q %.8 %2&5+"#(2<2 2 .*-
0*+28 ,".*-+*M, & (&<1* '*6&'&Q22 ()"##(&+").*+28) 6")'*1%*+-

+3? (<&+*M.

E@C;JFC9M=K; JC?NA;MK – <.&#(*'3, #"#("8O2* 2- ;".*<$..

(?=@H?A;M>?CK – ;&(*'2&.3, "#+")+3* 72-20*#<2* ?&'&<(*-
'2#(2<2 <"("'3? "6'*%*.8S(#8 #)"M#()&;2 #"%*'1&O2?#8 ) +2? 

+&+"",[*<("); <'2#(&..20*#<2* 2.2 &;"'7+3* #2#(*;3 # '&-;*-
'"; 0&#(2Q 2.2 <'2#(&..2(") ;*+** 100 +;.

(?=@N>NA;HK – ;+"1*#()" (*., "<'$1*++3? 5&-")"M 2.2 12%-

<"M #'*%"M, 6'2 ^("; '&-;*' #2#(*; "#(&*(#8 ) 6'*%*.&? 0,1-100 +;.

(?=@NU;MK – ;2<'"#<"620*#<2* #2.2<"+")3* 4&'2<2, 6"-

<'3(3* ("+0&M42; #."*; -"."(&.

(?=@A;B=@C@D>9 – ^(" +")&8 ;*1%2#Q26.2+&'+&8 ",.&#(/ 
+&$<2, <"("'&8 -&+2;&*(#8 #"-%&+2*;, 6'"2-)"%#()"; 2 6'2;*-
+*+2*; #('$<($', $#('"M#() 2 #2#(*;, '&-;*'3 2 7"';3 <"("'3? 

<"+('".2'$S(#8 ) +&+";*('")"M ",.&#(2.

(?=@AMFVJ> – ^(" 6".3* )+$('2 ;".*<$.3, #"#("8O2* 6'2-

;*'+" 2- 1 000 000 &(";") $5.*'"%& 2 6'*%#(&).8SO2* #","M 

"%+"#."M+3* ('$,<2 %2&;*('"; "<"." +&+";*('& 2 %.2+"M ) +*-
#<"./<" %*#8(<") ;2<'"+.

(?=@B>H>9 – ^(" +&$<&, <"("'&8 -&+2;&*(#8 2-$0*+2*; 

#)"M#() '&-.20+3? +&+"#('$<($', & (&<1* '&-'&,"(<"M +")3? 

#6"#",") 2? 6".$0*+28, 2-$0*+28 2 ;"%272<&Q22.

(?=@Q?NA>RK – ^(" 0&#(2Q3, '&-;*'3 <"("'3? +* 6'*)34&S( 
100 +; 2 #"#("8( 2- 106 2.2 ;*+/4*5" <".20*#()& &(";").
)V\;JAK =?=@B>H>> – (*.& # (&<"M ;&##"M, 0(" 2? ^<)2)&-

.*+(+3M '&-;*' (%2&;*(' #7*'3, ",[*; <"("'"M '&)*+ ",[*;$ 

(*.&) "#(&*(#8 ) 6'*%*.&? +&+"2+(*')&.& (0,1-100 +;).

.@C>H;MK – ^(" )3#"<";".*<$.8'+3* #"*%2+*+28, 525&+(-
#<2* ;".*<$.3 <"("'3? 6"#('"*+3 2- ;+"1*#()& 6*'2"%20*#<2 
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6")("'8SO2?#8 ^.*;*+(&'+3? -)*+/*).
.@CFPM@:@<=>J – )*O*#()", $%*./+&8 ^.*<('20*#<&8 6'")"-

%2;"#(/ <"("'"5" ;*+/4*, 0*; $ ;*(&..") 2 ,"./4*, 0*; $ %2^-
.*<('2<").
.M@:@<=>J – )*O*#()", ",.&%&SO** )3#"<"M $%*./+"M 6'"-

)"%2;"#(/S.

$?SH;M=K; YUU;JAK : B>H>> – ^(" 8).*+2*, )3'&1&SO**#8 

) <&0*#()*++"; 2-;*+*+22 72-2<"-?2;20*#<2? #)"M#() 2 '*&<-

Q2"++"M #6"#",+"#(2 ) -&)2#2;"#(2 "( <".20*#()& &(";") 2.2 

;".*<$. ) 0&#(2Q* )*O*#()&, 6'"2#?"%8O** ) 2+(*')&.* ;*+** 
100 &(";+"-;".*<$.8'+3? %2&;*('").
+;PC@PM@:@<=@NAG – "%2+ 2- )2%") 6*'*+"#& (*6."(3 (^+*'-

522 (*6.")"5" %)21*+28 ;2<'"0&#(2Q) "( ,".** +&5'*(3? 0&#(*M 

(*.& < ;*+** +&5'*(3;, 6'2)"%8O2M < )3'&)+2)&+2S (*;6*'&-

($'3.

3DC;M@<=K; =?=@AMFVJ> – 6'"(81*++3* Q2.2+%'20*#<2* 
#('$<($'3 %2&;*('"; "( "%+"5" %" +*#<"./<2? %*#8(<") +&+";*-
('") 2 %.2+"M %" +*#<"./<2? #&+(2;*('"), #"#("8O2* 2- "%+"M 

2.2 +*#<"./<2? #)*'+$(3? ) ('$,<$ 5*<#&5"+&./+3? 5'&72(")3? 

6."#<"#(*M (5'&7*+")) 2 -&<&+02)&SO2*#8 ",30+" 6".$#7*'2-

0*#<"M 5".")<"M.

«3H=K;» =?=@H?A;M>?CK – ;&(*'2&.3, &<(2)+" '*&52'$S-

O2* +& 2-;*+*+28 "<'$1&SO*M #'*%3 2 2-;*+8SO2* #)"2 #)"M-

#()& ) -&)2#2;"#(2 "( ",#("8(*./#().
!;MM@H?D=>A=?9 T><J@NAG – 12%<"#(/, #6"#",+&8 6'2+2-

;&(/ "6'*%*.*++$S 7"';$ 6"% %*M#()2*; ^.*<('";&5+2(+"5" 

6".8.

!M?JA?CG=K; JC?NA;MK – ^(" ",[*<(3 # '&-)*().*++"M #('$<-

($'"M.

!FCC;M;=K – 6".3* )+$('2 0&#(2Q3, ",'&-")&++3* ;+"5"-

5'&++2<&;2 2- &(";") $5.*'"%&, #)8-&++3? <")&.*+(+"M #)8-/S.

!FCC;M>A – <'2#(&.., ",'&-$*;3M ;".*<$.&;2 7$..*'*+& F
60

. 

8>H>Q;NJ?9 N:9SG – ^(" #2.&, $%*'12)&SO&8 );*#(* "6'*%*-
.*++"* <".20*#()" &(";"), 2"+"), ;".*<$..
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/1/&1)*$%!1Z",516 ,.1,)5 

@+%'2*)#<2M P.@. D&+";&(*'2&.3: <"+Q*6Q28 2 #")'*;*+-1. 

+3* 6'",.*;3 / P.@. @+%'2*)#<2M // P"#. ?2;. 1$'+. (i$'+. 

P"#. ?2;. ",-)& 2;. E.A. B*+%*.**)&). 2002. =. XLVI, ` 5. 

F. 50-56.

@#**) @.9. D&+";&(*'2&.3 2 +&+"(*?+"."522 / @.9. @#**) 2. 

// D&+"- 2 ;2<'"#2#(*;+&8 (*?+2<&. 2005. ` 3. F. 2-9.

>".(&.2+& H.C. G'8;"* 7("'2'")&+2* 7$..*'*+") / 3. 

H.C. >".(&.2+&, D.@. !&.*)& // N#6*?2 ?2;22. 2000. =. 69, 

` 7. F. 661-674.

>".(&.2+& H.C. L+%"^%'&./+3* ;*(&.."6'"2-)"%+3* 2 ^<-"-4. 

^%'&./+3* 7("'6'"2-)"%+3* 7$..*'*+") / H.C. >".(&.2+&, 

9.D. F2%"'") // N#6*?2 ?2;22. 2001. =. 70, ` 4. F. 307-329.

!*+*'&.") B.>. :'2"?2;20*#<&8 +&+"(*?+"."528 / B.>. !*-5. 

+*'&."). B.: «A:Z «@<&%*;<+25&», 2006. 325 #.
!.*-*' @.B. @;"'7+3* 2 +&+"<'2#(&..20*#<2* #('$<($'3: 6. 

#?"%#()&, '&-.2028, )-&2;+3* 6*'*?"%3 / @.B. !.*-*' // P"#. 
?2;. 1$'+. (i$'+&. P"#. ?2;. ",-)& 2;. E.A. B*+%*.**)&). 

2002. =. XLVI, ` 5. F. 57-63.

!"./%( A. ]$..*'*+3 [L.*<('"++3M '*#$'#] / A. !"./%( // 7. 

http://www.nanometer.ru

!$,2+ F.G. K2;28 <.&#(*'"). H#+")3 <.&##272<&Q22 2 #('"-8. 

*+28 / F.G. !$,2+. B.: D&$<&, 1987. 262 #.
!$,2+ F.G. Y(" (&<"* +&+"0&#(2Q&? =*+%*+Q22 '&-)2(28 +&-9. 

+"?2;22 2 +&+"(*?+"."522 / F.G. !$,2+ // P"#. ?2;. 1$'+. 

2000. Y. 2, ` 6. F. 23-30.

!$#*) @.A. D&+"<'2#(&..20*#<2* ;&(*'2&.3 / @.A. !$#*), 10. 

@.@. P*;6*./. B.: ]2-;&(.2(, 2000. 224 #.
R.*Q<2M @.C. N5.*'"%+3* +&+"('$,<2 / @.C. R.*Q<2M // 11. 

N#6*?2 72-. +&$<. 1997. =. 167, ` 9. F. 945-961.

R'4") >.!. P&%2&Q"++"-?2;20*#<"* )"##(&+").*+2* 2"+") 12. 

Pd2+ 2 <"&5$.8Q28 ;*(&..& ) )"%+"; '&#()"'* / >.!. R'4"), 
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D.9. F$?"), E.@. ='"2Q<2M // i$'+. 72-20*#<"M ?2;22. 

1994. =. 68, ` 5. F. 820-824.

A)&+") A.G. N5.*'"%+3* +&+"('$,<2: 2? #)"M#()& 2 13. 

6'2;*+*+2* [L.*<('"++3M '*#$'#] / A.G. A)&+") // 

http://nature.web.ru

A)&+")#<2M @.9. B"%*.2'")&+2* +&+"($,$.8'+3? 7"'; )*-14. 

O*#()& / @.9. A)&+")#<2M // N#6*?2 ?2;22. 1999. =. 68, ` 2. 

F. 119-135.

:'3.") H.C. :&(&.2- +& 6"'"5* XXI )*<&. D*<"("'3* 6'"5+"-15. 

-3 / H.C. :'3.") // N#6*?2 ?2;22. 2000. ` 1. F. 53-57.

92(;&+")20 H.R. =*;6*'&($'+&8 $#("M02)"#(/ ;&<'";".*-16. 

<$.8'+3? ̂ <'&+"), #(&,2.2-2'$SO2? +&+"0&#(2Q3 ;*(&..&, 

#7"';2'")&++3* ) '&#()"'* 6".2;*'& / H.R. 92(;&+")20, 

@.@. 92(;&+")20, A.B. G&62#") // C3#"<";".*<$.8'+3* 
#"*%2+*+28. 2000. =. 42, ` 4. F. 670-675.

9$02+ C.C. C)*%*+2* ) 2+%$#('2S +&+"#2#(*; / C.C. 9$02+ 17. 

// D&+"- 2 ;2<'"#2#(*;+&8 (*?+2<&. 2005. ` 5. F. 2-10.

B&5+2(+3* +&+"0&#(2Q3: ;*("%3 6".$0*+28, #('"*+2* 2 18. 

#)"M#()& / F.G. !$,2+ 2 %'. // N#6*?2 ?2;22. 2005. =. 74, ` 6. 

F. 539-574.

B&'5".2+ C.A. ]2-20*#<2* "#+")3 ;2<'"^.*<('"+2<2: $0*,-19. 

+2< %.8 #($%*+(") )3#42? $0*,+3? -&)*%*+2M / C.A. B&'5"-

.2+. B.: A-%&(*./#<2M Q*+(' «@<&%*;28», 2008. 400 #.
B*.2?") A.C. \&<"+";*'+"#(2 <'2#(&..2-&Q22 # ",'&-")&-20. 

+2*; +&+"%2#6*'#+3? ()*'%3? 7&- / A.C. B*.2?") // D*-
"'5&+20*#<2* ;&(*'2&.3. 2000. =. 36, ` 3. F. 350-359.

B*.2?") A.C. D&6'&).*+28 '&-)2(28 +&+"?2;22 [L.*<('"+-21. 

+3M '*#$'#] / A.C. B*.2?") // http://www.library.mephi.ru.

B*.2?") A.C. =*+%*+Q22 '&-)2(28 +&+"?2;22 / A.C. B*.2-22. 

?") // P"#. ?2;. 1$'+. (i$'+. P"#. ?2;. ",-)& 2;. E.A. B*+%*-
.**)&). 2002. =. XLVI, ` 5. F. 7-14.

B"#<)20*) I.@. K2;28 ) +&4*M 12-+2 (6'"%$<(3 "'5&-23. 

+20*#<"5" #2+(*-& 2 2? 6'2;*+*+2*) / I.@. B"#<)20*), 
C.J. ]*./%,.S;. V'"#.&)./: A-%-)" V!=N, 2007. 411 #.
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D&+";&(*'2&.3. D&+"(*?+"."522. D&+"#2#(*;+&8 (*?+2<&: 24. 

;2'")3* %"#(21*+28 -& 2005 5"% / 6"% '*%. G.G. B&./Q*)&. 

B.: =*?+"#7*'&, 2006. 150 #.
D&+"(*?+"."528 ) ,.21&M4*; %*#8(2.*(22 / 6"% '*%. 25. 

B.:. P"<". B.: B2', 2002. 292 #.
H,O&8 ?2;28: $0*,+2< %.8 11 <.&##") ",O*",'&-")&(*./+3? 26. 

$0'*1%*+2M # $5.$,.*++3; 2-$0*+2*; ?2;22 / H.F. !&,'2*-
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