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 !" 546.821+543.257 

 .!. "#$%&  

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

'. . "#$%&, (.'. )%*+,%&# 

 !"#$%,3 ()$*+,"$-.!//,3 4,"#,5!.-&2!$%,3 ,%,+!#&3 

-./0!0(1234516-'7 )1!13'847 242'!' (III)  

  3'62 03'9, 60:13;'<49 62'"4/4='203 

 !"#$%$&' !$()*+,-,' "().$&"/ )0*1#"2 3*$4,!15$&$!-6"" 

,",-&- (III) # !-0,#1!-7, 0,-8"*"("!1#-&&'7 5*"6$!"&19. 

#$%&'(%(') *'*+(+ (III), $,-+&+./'% 0'-1(23' 4$00*+($4'*%-1-

(23' 04$50*4+3', 6+0*$ '07$-189.*0) 4 +(+-'*'6%0:$5 7;+:*':% 4 :+6%-

0*4% *'*;$4+(($<$ ;+0*4$;+ (*'*;+(*+). =&(+:$ '> 7;'3%(%('% $<;+('-

6%($ 40-%&0*4'% ?+:*$;$4, 90-$@()./'> *%>(':9 ;+,$*2: 6+0*$5 0*+(-

&+;*'8+A'%5 ;+0*4$;$4, (%$,>$&'3$0*1. 07%A'+-1($<$ $,$;9&$4+(') 

&-) >;+(%(') ;+,$6'> ;+0*4$;$4 ' *'*;$4+(') 4 '(%;*($5 +*3$0?%;% 4$ 

'8,%@+('% $:'0-%(') *'*+(+ (III) :'0-$;$&$3 4$8&9>+ [1].  0*+($4-%($, 

6*$ 4 7;'09*0*4'' <-'A%;'(+ 0$%&'(%(') *'*+(+ (III) 90*$56'42 ' 3$<9* 

,2*1 '07$-18$4+(2 4 :+6%0*4% *'*;+(*+ 4 +*3$0?%;% 4$8&9>+. 

B84%0*(2 07$0$,2 C-%:*;$<%(%;+A'' *'*+(+ (III) '8 ;+0*4$;$4 *'-

*+(+ (IV) 4 0%;($5 '-' 0$-)($5 :'0-$*+> (+ ;*9*($3, 7-+*'($4$3, <;+-

?'*$4$3 :+*$&+> 4 '(%;*($5 +*3$0?%;% [2]. 

D%-1. ;+,$*2 )4'-$01 '896%('% 90-$4'5 C-%:*;$<%(%;+A'' *'*+-

(+ (III) 4 ;+0*4$;+>, 0*+,'-'8';$4+((2> <-'A%;'($3, 6*$ 7$84$-)%* 

8(+6'*%-1($ 97;$0*'*1 *'*+($3%*;'6%0:'% $7;%&%-%(') $:'0-'*%-%5. 

E ;+,$*% '07$-18$4+-' 7$*%(A'$0*+*. E :+6%0*4% <%(%;+*$;($<$ 

C-%:*;$&+ 0-9@'- 0*%:-$9<-%;$&, 4 :+6%0*4% 407$3$<+*%-1($<$ C-%:-

*;$&+ – <;+?'*. "+*$&($% ' +($&($% 7;$0*;+(0*4+ ;+8&%-)-' :%;+3'6%-

0:$5 7$;'0*$5 7%;%<$;$&:$5. F($-'*$3 0-9@'- 0,5 3$-1/- ;+0*4$; 0%;-

($5 :'0-$*2. E :+6%0*4% 3%*$&+ ?':0';$4+(') :$(%6($5 *$6:' *'*;$-

4+(') 7;'3%()-' 7$*%(A'$3%*;'. 0 +4*$3+*'6%0:$5 8+7'01. :;'4$5 

«7$*%(A'+- '(&':+*$;($<$ C-%:*;$&+ – 4;%3) <%(%;+A''». E :+6%0*4% 

:+*$&($<$ 7$4*$;'*%-) '07$-18$4+-' ;G-3%*;. B(&':+*$;(25 C-%:-

*;$& – 7-+*'($425, C-%:*;$& 0;+4(%(') – >-$;'&-0%;%,;)(25.  
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E 7;%&4+;'*%-1(2> $72*+> 90*+($4-%($, 6*$ 4 7;'09*0*4'' ,$-

-%% 10 $,.% <-'A%;'(+ 4 2–10 3$-1/- ;+0*4$;+> 0%;($5 :'0-$*2 $:'0-

-%(') *'*+(+ (III) :'0-$;$&$3 4$8&9>+ 4 *%6%('% 10 3'( 7;+:*'6%0:' 

(% 7;$'0>$&'*.  :+8+(($<$ 4;%3%(' &$0*+*$6($ &-) 7;$4%&%(') *'*-

;$4+('). 

B896%(+ C??%:*'4($0*1 *$:+ <%(%;+A'' *'*+(+ (III) 0 7$3$/1. 

:;'42>, 04)824+./'> 7$*%(A'+- '(&':+*$;($<$ C-%:*;$&+ ' 0'-9 *$:+, 

0()*2> &-) C-%:*;$&+ '8 0*%:-$9<-%;$&+ 4 ;+8-'6(2> ?$($42> C-%:-

*;$-'*+> (4–10 3$-1/- H2SO4 ' 10 $,.% <-'A%;'(+), + *+:@% 4 7;'09*0*-

4'' &%7$-);'8+*$;+ (0,1 3$-1/- TiCl4). "+: 4'&($ (+ ;'09(:%, 100%-(+) 

C??%:*'4($0*1 *$:+ <%(%;+A'' *'*+(+ (III) (+,-.&+%*0) 7;' 8(+6%(')> 

3%(%% 10 3F. 

 
H'0. ";'42% 8+4'0'3$0*' 0'-2 *$:+ $* 7$*%(A'+-+ 

0*%:-$9<-%;$&($<$ C-%:*;$&+: 1–3 – 0$$*4%*0*4%(($ 4, 6, 

10 3$-1/- H2SO4 + 10 $,.% <-'A%;'(+; 1'–3' –0$$*4%*0*4%(($ 

4, 6, 10 3$-1/- H2SO4 + 10 $,.% <-'A%;'(+ + 0,1 3$-1/- TiCl4 

E 90-$4')> <%(%;+A'' *'*+(+ (III) 7;$4%&%($ :9-$($3%*;'6%0:$% 

*'*;$4+('% @%-%8+ (III) 4 0*+(&+;*(2> ;+0*4$;+> ' 09-1?'*($3 /%-$:% 

";+0($:+30:$<$ A%--.-$8($-,93+@($<$ :$3,'(+*+. 

F(+-'8 7;$4$&'-' 7$ 0-%&9./%5 3%*$&':%. E )6%5:9 7$3%/+-' 

;+0*4$; 407$3$<+*%-1($<$ ;%+<%(*+ (10 3$-1/- H2SO4, 0,1 3$-1/- TiCl4 

' 10 $,.% <-'A%;'(+), +-':4$*(9. 7$;A'. '00-%&9%3$<$ ;+0*4$;+, 

4:-.6+-' <%(%;+*$;(9. ' '(&':+*$;(9. A%7' 90*+($4:' :9-$($3%*-
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;'6%0:$<$ *'*;$4+('). I$ 0:+6:9 7$*%(A'+-+ (+>$&'-' :$(%6(9. *$6:9 

*'*;$4+('). H+06%* 7;$4$&'-' 7$ ?$;39-% J+;+&%). 

I;' *'*;$4+('' 0*+(&+;*($<$ ;+0*4$;+, 0$&%;@+/%<$ 2,76·10
–3

 < 

@%-%8+ (III), (+5&%($ (2,70 ± 0,06)·10
–3

 < (n = 7; K = 0,95). I;+4'-1($0*1 

3%*$&':' $7;%&%-%(') @%-%8+ (III) 4 09-1?'*($3 /%-$:% $7;%&%-%(+ 

3%*$&$3 &$,+4$:. L+:, 7;' &$,+4:% 2,57·10
–3

 < @%-%8+ (III) (+5&%($ 

(2,58 ± 0,04)·10
–3

 < (n = 5; K = 0,95). "+: 4'&($, ;%89-1*+*2 $7;%&%-%(') 

'3%.* >$;$M9. 0>$&'3$0*1. 

 !"#$% &"'()*'+), 
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