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1'* 66.02 (045)
#3347
$38

$38  $a(*+-+.// / +0+135+67*/8& (/9/:8&;=+>, O/+8(F+-+./:8;=+> [/ @/A&6+>
@1+9BC-&**+;?/: D7281/7-B 4-> F;&1+;;/>;=+> *73:*+-Q17=?/:8&;=+> =+*-
H&1&*1// ;?358*?+6, 7;0/17*?+6 / 9+-+5B( 3:&*B( ; D&JI53*71+5*B9
3:7;2/89 (27- 29 701&-K 2011 .., .. #/>;=) 1 L-2. .+;. 2&(*. 3*-?, #3N. —#/>;=:
N05-6+ L-?. .+;. 2&(*. 3*-?7, 2011. — 467 ;.

| SBN 978-5-9257-0217-8

F ;0+1*/=8 0185;?76-8*B 977281/7-B =+*H&1&*1// 6 6/5& *73:*B( ;?7%6> /
280/ ;+6 @180+576778-8>, /*JI&*&1+6, 7;@/17*7+6 / ;2358*7+6 630+6 P+;;// / ;217*
RTV, 7 27238 170+7%/=+6 *73:*B( / @1+/06+5;268**B( +OW&5/*8*/>, @+5.+7+6-8*-
*B( 6 179=7( 28972/=/ F;&1+;;/>;=+> 4> *T3:%+-Q17=2/:8;=+> =+*H&1&*1// ;23-
58*7+6, 7;0/17%7+6 / 9+-+5B( 3:&*B( «$&(*+-+.// / +0+135+67*/8& (/9/:8;=+>,
0/+28(*+-+./:8;=+> / @/A&6+> Q1+OBC-§**+:2/» ; DEJI53*71+5*B9 3:7;2/49,
@1+(+5/6C8&> 27- 29 716K 2011 .+57 6 .. #/>:=4.

X;68A8*B 7=237-7*B& 6+@1+;B @+ @1+0-8979 O+58-/1+67*/K / /*2%*;/H/=T-
1// 8 (*+-+./:8:=/( Q1+1&;;+6, +@2/97-27*+93 6B0+13 1&180231, 2&(*+-+.7:8:=/(
183/9+6 / +0+135+67*/K ; @+;-853[A&> \=+*+9/:&;=+> +18*=+> @1/ /( 7576?71//
5-K @1+9BC-&**B( @18501/K2/>.

F ;0+1*/=8 97281/7-B 17;@+-+J&*B @+ ;8=1/K9:

- (/97 :8;=/8 W(*+-+.// 1 TROT1T231*+8& +H+19-8*/& @1+1&; ;+6;

- 0/+28(*+-+./7 1 T00T17231%+& +H+19-8%/8 @1+18; ;+6;

- @/ AL6BE& 28.(*+-+.// / TAATLT?31%+& +H+19-8*/8 @1+18;;+6.

1" 66.02 (045)
#H 347

"$0T O +-=%. "+//"0). =+*H&1&*1//
«B&(*+-+.// / +0+135+67*/& (/9/ :&;=+>,
0/+28(F+-+./:&;=+> / @/ A&6+> @1+9BC-&**+;?/»
5.2.*%., @1+H&;;+1 L.T. #-70*+6
=(.*, 5+18*? P.™. D/?1+H7*+6
=2.*,5+1&*? N.T. _76-+6

1#%" O+, 1()- -)#.0)24-5(571
- -2(5, .05(#%!-,577)8 1-%)0182

I SBN 978-5-9257-0217-8
a L-?7>;=/> .+;3571;?68**B> 26(*/ :&;=/> 3*/6¢&1;/7&?, 2011
a#

/>;:/> ?&(*+_+_/:&;:/> /*;?/?3? (H/—/7—), 2011
2



DNTNR$aPR$FX X#PLcXFLTNA N TL **NPF
1:;<>:; ?0BDEGEH: I10<>:; :D<?:?2J? (H/-/7-)
H&5&17-2*+.+ .+;3571;?68**+.+ 0[ 5J&?*+.+ +0170+67?&-Z*+.+ 3:18&J58* /K
6B;C&.+ @1+H&; ; /+*7-72*+.+ +0170+67*/K
«L-?7>;=/> .+;3571;?68**B> 2&(*/ :&;=/> 3*/68&1;/78?
/9. N.N. _+-03*+67»
(#$SN L-?V$ )
T7=3-2°87? (/9/ :&;=+> 2%(*+-+.// / Q1C/*+;?21+&*/K
""TH&517 «D7C/*B / 700717?B (/9/:&;=/( / @/A&6B( @1+/06+5;76»
"THESL1T «#/+26(F+-+./K»
VX F_X«L-?7>;=/> .+;3571;?6&**B> 3*/68&1;/?&?»
N _gi$RXPLT
L;;+1/71/K «-DPKT»
XLX «FT_K «L-?7>»
XXX «@t/>;=/> 076+5 ;?28=-+@-7;?/=+6»
XXX « X «l=27>;*\=»
cLX «L-?7>6/?79/*B»
XLX «N?=3-Z;=/> ;@/1?076+5»
XXX «dt+:=7186;=/> @/6+671&**B> 076+5»
XXX «"/$»

9%E<?MS EPH>EN\ - ?@?M >EDL@P@D": ::
9);5%7<= .05(#5(1%5, :
7=7589/=PLT *73:*B> 13=+6+5/7¢-ZN_gi$ RXPLT _.—. %M>ES: 1
905(#5(1%5, *:
5.2.*., 01+H&; ;+1 5/1&=?+1 #$N L-?V$ _ .—. a@EDES
>).05(#5(1%5, 2:

1-&*-=+11. PLT, 5.2.*.,, @1+H&; ;+1 .&*&17-2*B>5/18="+1 FV _ «FT_Kk
«L=-?7>» 2.%. bMP>ES
5.(.*., @01+H&;;+15/18=?+1 N_gi$ RXPLT %.—. %Y<EGX?:D
5.H719.*%., @1+H&; ;+1 .&*. 5/1&=7+1 cLX «L-?7>6/?79/*B» .2. 8EZ{GAS
5.2.*., @1+H&;;+1 079. 5/1&=7+17 @+ TP #$N L-2V$ —.#. d\@GAS

@0B+) 82%5%:
5.2.*., 01+H&; ;+1 =7H&51B DLg/__ @185;&57?&-Z @+ ;&=1//
«g/9/ :&;=/8 2(*+-+.//» 2 #. LGMIDES
=.(*., 5+18*? =THE51B #$ 0185;8572%8-Z @+ ;8=1// @/+2%8(*+-+.//»+.C. :?PELMDES
=.2.*%,5+18*? =TH&51B DLg/__ ©185;85776-Z @+ ;&=1//
«_[A&6BE 28(*+-+.//»"" #. JMSGES
=2.%, 01+1&=7+1 @+ *73:*+> 170+?& / 98J353*71+5*B9 ;6KO0K9 L-?V ,5/18=7?+1
7::+1/71// «<DPKT» c."". aMOYH:D
= .-(* 5+18*? =THR51B \=+-+.//,0/+(/9// / O/ +28(*+-+./> O/ +-+./ :&;=+.+
H7=3-2?28?7 L-?V "".F. 1EPE0QJG:DM
=.(.*., 5+1&*? =TH&51B +1.7*/:8&;=+> (/9// (/9/ :&;=+.+ HT=3-2?28?7
L-?V ).—.aMHJ?>:DM
=2.%. ;?7T1C/> *73:*B> ;+?135*/= XLX «FT_K «L-?7>» ."". +J<<>:B
=2.%. 13=46+5/78-Z -70+17?+1// «_ Lg$»N_gi$SRXPLT .%. -M<:G:Z:D
=.(*. 13=+6+5/28-2 -70+17?+1// O/+=+*6&1;// N_gi$ RX PLT —.—. 1JOM@SM
=2.%. 5+18&*? =7TH&51B #$ ).2. %>:TM
=.2.%, 5+18*? =TH&51B #$ #.2. gMSYP>:DM
=.0.*. 5+1&*? =TH&51B Xgi$ —.—. )G(@<:DM
=2.*. 5+18*? =TH&51B DLg/ _ 2."". a@HM@S
=2.*. 5+18*? =TH&51B #$ .—. ZTP@W>ESM
7;@/17*? =TH&51B DLg/ _ -.1. " :BEDES
7;@/17*? =TH&51B DLg/ __ / .#. EPM
/*J8*81 9&JI=THE517-7*+> -70+17?+1// "".—. /SIMP@AD>E
7;@/17*? =THE51B #3$ ). F. +EVDES



%] "%/8 /+ 2#" 42" i — 7 2% #""8/ - 8/#O)+)#h """

1. L-?7>;=/> .+;3571;?68**B> 2&(*/ :&;=/> 3*/681;/?8? /9. N.N. _+-03*+67,
. HT1*73-.

2. L-?7>;=/> .+;3571;768**B> 3*/681;/?8?, .. #71*73-.

3. L*.71;=7K .+;3571;?68**7K 2&(*/ :&;=TK 7=7589/K, .. L*.71;=.

4. L;?207(7*;=/> .+;3571;?68**B> 26(*/ :&;=/> 3*/6&1;/?8?, .. L;?17(7*L.

5. #7C=/1;=/> .+;3571;?6&**B> 3*/681;/78?, .. HT.

6. #/>;=/>W(+-+./:8;=/>/*;?/?3? (H/-/7-) L-?7>;=+_+ .+;3571;76&**+.+
28(*/&;=+.+ 3%/681;/?8?7 /9. N.N. _+-03*+67, .. #/>;=.

7. F+1+*83J;=7K .+;3571;?6&**7K ?28&(*+-+./:&;=TK 7=7589/K, .. F+1+*&J.

8. F+;?7+:*+-R/0/1;=/> .+;3571;?68**B> 2&(*+-+./:8&;=/> 3*/681;/78?,

-7*- B\

9. FB;C7K C=+-7 «c&9-858-2:8&;=/> =+--86T», .. -+65/6, #+-.71/K.

10. Y0813/%*;=/> @+-/28(*/:&;=/> /*;2/?3? (H/-/7-) T/J&.+1+5;=+.+ .+;3571;7?-
6&**+.+ 28(*/ :&;=+.+ 3*/681;/?&?7 /9. P.a. L-&=;&867, .. 10&1J3/*;=.

11, Y0&1J3/*;=/> @+-/28(*/ :&;=/> /*;2/?3? (H/-/7-) T/J&.+1+5;=+.+ .+;3571;?-
6&**+.+ 28(*/ :&;=+.+ 3*/6&1;/?&?7 /9. P.a. L-&=;&867, .. 10&1J/*;=.

12. cLX «L-?7>6/779/*B», .. #/>;=.

13. NJ&6;=7K .+;3571;?68**7K ;&-Z;=+(+0K>;?68**7K 7=75&9/K, .. NJ&6;=.

14. N*;?/23? ./51+5/*79/=/ /9. D.L. 1761&*?2867 RX PLT, .. T+6+;/0/1;=.

15. N*;?2/73? 069-85&-/K, .. m39&*, #+-.71/K.

16. N*;?2/7?3? *&+1.7*/:8&;=+> (/9// /9. L.F. T/=+-78467 RX PLT, .. T+6+;/0/1;=.

17. N*;2/7?3? (/9// ?6815+.+ ?6-7 / 9&(7*+(/9// RX PLT, .. T+6+;/0/1;=.

18. N*;?2/23? V/?+-+.// / .&*&?/=/ RX PLT, .. T+6+;/0/1;=.

19. "*707*;=/> .+;3571;?76&**B> 28&(*+-+./:8&;=/> 3*/681;/?8?, .. ""T07*Z.

20. ""8981+6;=/> .+;3571;?768**B> ;&-Z;=+(+0K>;?6&**B> /*;?/?3?, .. ""4981+6+.

21, ""8981+6;=/> W (F+-+./:&;=/> /*;2/?3? 0/ A&6+> @1+9BC-&**+;7/, .. "'89&1+6+.

22. ""8981+6;=/> W (F+-+./:&;=/> /*;2/?3? 0/ A&6+> @1+9OBC-&**+;7/, .. "'89&1+6+.

23. ""307*;=/> .+;3571;?68**B> 28 (*+-+./:8&;=/> 3*/6&1;/?8?, .. ""17;*+571.

24. T+6+;/0/1; —/> +;3571;?68**B> 3*/681;/78?, TXK «D+-8&= 3 K1*B> 5/07>* /
\=+-+.7/:8&;=/ 080+@7;*B& ’>&(*+ -+.//», .. T+6+;/0/1;=

25. XLLX «F&5817-2*B> *73:*+- @1+/06+5;?6&**B> 18%?71 «L-27>», .. #/>;=.

26. XXX «""/$», .. #/>;=.

27. P+;;/>;=/> .+;3571;?68**B> ?2+1.+6+-\=+*+9/:&;=/> 3*/681;/78&?, .. D+;=67.

28. R7971;=/> .+;3571;?6&**B> 26&(*/:&;=/> 3*/681;/?&?, .. R7T9717.

29. R7*=7- &7&1031 ;=/> .+;3571;7268**B> 3*/681;/78? */O +’>&9@&17’?31*B(
/ 0/ AGBB( 28(*+-+./>, .. RT*=7- 84281031..

30. $790+6;=/> .+; 3571 268**B> 28(*/ :&;=/> 3*/681;/?8?, .. $790+6.

31. $/(++:&7*;:/> .+:3571;7268**B> \=+*+9/:&;=/> 3*/681;/?8?, .. F-75/6+;?+=.

32. $3-7;=/> .+;3571;?68**B> 3*/681;/7&?, .. $3-7.

33. $[9¢*;=/> .+;3571;?66**B> 71(/?8=?31*+-;?21+/?%-7*B> 3*/6&1;/?8?,
. B9¢*L.

34, :18J358*/& P+;;/>;=+> 7=7589// *73= «N*;?/?3? @1+0-&9 (/9/=+-\*¢1.&?/-

8;=/ ( 28(*+-+./>» R/I0/1;=+.+ +758-&*/K PLT, .. #/>;=.
35. FVX F_ X «/+;3%/681;/282 — T_"'», .. X1n-.
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1+717%8#25 % | /N/1#/ %" K S /1+24# 1 d +2% | +)Pa" " )a) i
b f8/% " Ja)#/3#1d ")Jas 2%%//1 H##N1d2]]2+2"/-

—. . 8E<YP@S, 2.]. _J<@S
C450D27#+2= ), 2%5E72;54+2= 27#%2%G% (12,21,) J2D5B)0) (#+)B) B)#G(10#%-577)B)
%5E72;5#+)B) G72-5042%5%"! 28. L.N. P,5+#55-1, B. C450D27#+,
e-mail: mahp@dfngtu.nnov.ru

_-§*+:*B& 70071778 +08&;0&: /67 [? 6B;+=3[ /*26*;/6%+;7Z @1+6+5/9B( (/9/=+-
W(*+-+./:8;=/( 01+1&; ;+6. R185/ 30-+6 70071777 673*3[ 1+-Z /.17[? 17;01858-/2%-
~/ 3/5=+;2/, ;-3ITA/E 5-K 17057:/ && 98J53 213079/ / H+19/1+67*/K *7 /( @+681(-
*+:2/ +1+CT[A&> B-8*=/. N0B&; 7%+ 0+-ZC+& =+-/:&;26+ 170-/ - *B( 2/@+6 =+*;713=1/>
17;01858-/28-8> [1, 2] . D*+./8 /0 */( ;-+J*B, 2135+89=/ 6 /0.+746-8*// / 5+1+./.

FBO+-*8*/& 17;01858-/28-8> /0 —/;7+6+ .+ O7281/7-7 ;3A&;268**+ 9+6BCT8? /(
W(FH—+. /%492 1 X112 ;2+/9+:22.  /2BBTK \?+, 0B-7 @185-+JI&*7 =+*;213=1/K
20-+97; ;++098**+.+ 70071777 [3], 17;01858-/78-/ =+?+1+.+ 6BA+-*&*B 6 6/5& 563(
\-8O&*7+6 53.+6+.+ @1+H/-K 1, @1+;217*;26+ 9853 =+7+1BO/ 17058-&*+ @&1&.+1+5=+>
2 (1/;3*+=1).

P/;3*+=1-Sp +0170*B> 17;@1&5&-/?&-Z 3/5=+;?/ 5-K @-&*+:*B( 70@717?+6:
1 —3;?71+>;?6+ / 3;?77*%+6=7 6 ?130&; R — .&+9&71/K; - — 1709&A&* /& *T7 7130*+> 1&C&?=&

R6+0+5*B& =17K \-&9&*?+6 53.+6+.+ @1+H/-K *7 31+6*& ?+11+6 ?130 3 ;*70J&*B
*7518079/7 4, 3:7;7=/ *75 =+?+1B9/ +7+.*37B *713J3 6 6/56& 3@+1*+-*7@176-K[A/( =+-
0B1Z=+6 5. ""+0B1Z=/ ; \-&9&*?79/ 53.+6+.+ @1+H/-K +01703[? 6&1?/=7-Z*B& @/77[ -
A/& A&/ 6 5-K ?7*.&*1/T7-7*+.+ 66+57 J/5=+;?/ ; ?130*+> 1&C&?=/ 7 6*3?1Z ?130B.

_ 1/ 170+?& 7@@71777 3/5=+;?Z +01703&? *7 ?130*+> 1&C&?=& +@01&5&-&**B> ;-+>
/ 0-7.4571K @+5@+13 ; 6*&C*&> ;7+1+*B 17;01&5&-/76-K 0776=7&? 6 @/?7[A/& A&-/.
R-&.=7 07=13:8**+> @-&*=+> J/5=+;7Z ;?6=7&? 6*/0 @+ 6*3?1&**&> @+6&1(*+;?/ \-&-
98*7+6 53.+6+.+ @1+H/-K, 7 07?89 / @+ ?130&, ;+05767K && 176*+9&1*+& +1+C&*/&. ""+-
0B1Z=/ 5 +0&;0&:/67? @-76*B> 6(+5 3/5=+;?/ 6 A&-/ 6 / 01853018 I57[? && 17;=7:/-
67*/& *7 ?7130*+> 1&C&?=4.

S+0170*B& 17;@185&-/?&-/ /0.+?76-/67[7;K 5+;?7?2+:*+ @1+;?7+ *7@1/94&1:
C?779@+6=+> 07.+?+6+= /0 -/;77 ; @+;-853[A&> ./0=+>*7 6+1+?&. c7.+7+6=/ /9&[?

7



$-+0170*3[ H+193 ; 5639K @+081&:*B9/ *7518079/. V+7+6B> 17;01858-/28-Z +0-7578?
@133/*KAJO/ ;6+>:2679/. T/I*&> :T;7Z[ +* -&.=+ 6;276-K&2;K / *758J*+ H/=3/1387:K
621308. 1/ 589+*?7.38 17;01858-/28-Z -&.=+ /06-8=78?;K /0 2130B.

T7=7TH851& DLg_ 1N *7 ;@&1/7-Z*+9 ;26*5& 0B-/ 6B@+-*&*B \=;081/9&*7B
@+ /03:8*/[ 17;(+5*B( (717=281/;2/= S+0170*B( 17;01858-/78-8>. #B-/ /03:8*B
17;01858-/78-/ 5-K 2130 6*3218**/9 5/798?1+9 d = 21 99, =+7+1B& C/1+=+ /;@+-203-
[7;K 6 28@-++098**B( 700717?7(. P7;018584-/78-/ O0B-/ 6B@+-*&*B /0 07.+7+6+= $-
+0170%+> H+19B /0 ;27-/ 24-A/*+> 04 99. T71798?1B 17;01858-/26-8> @1/6856*B
6 270-/1&. 1K 6;&( 17;01858-/78-8> +OATK 6B;+27 ;+;276-K&? 71 99 @1/ 6B;+78 A%-&>
50 99. 1-/*7 1706817=/ 17;0185&-/78-8> 6 98&:?8& /( 3;77*+6=/ 6 71303 — 84 99. V&+-
9821/K 17;01858-/28-8&> K;*7 /0 1/;3*=7 1.

$70-/17 p X;*+6*B& =+*;?13=?/6*B& @7179&?1B /;;-&5+67**B( 17;@1&5&-/?&-&>

T+981 17;0185&-7/?8-K 1 2 3 4
m/1/*7 A&/, b, 99 0,9 15 2 25
X01703[A/> 3.+-,q, .175 26 31 36 40
1-/*71706817=/ 6 6&1(*&> 105,3 104,8 104,3 103,8
17;?/,99

FB-&? =+0B1Z=7,1, 99 111 11,7 12,4 12,9
F;& 170941B @+-3:&*B 5-Kr =199

_ 8163[ ;&1/[ +@B?+6 @1+6+5/-/ *7 6+5& (t = 27,0 + 0,5 °R) @1/ ;8697 0*7:8*/K(
31+6*K J/5=+;2/ h *75 */J*§&> =1+9=+> A&-/, =+?+1B> 9&*K-/ +? 0,015 5+ 0,045 9.
N09&1&*/K h @1+6+5/-/ 3;27*+6-8**+> 6 17;01858-/28-7*+9 07:=& =1[:=+6+> 6+5+-
QRI*+> 18>=+> ; 9/=1+9821/:8;=/9 6/*7+9 @818Q8A&*/K. _1/0+1 H/=;/138? 9+9&*?
=7;7%/K *7@176-8**+.+ 66&1( +;21/K =1[:=7 ; @+681(*+;?2Z[ J/5=+;2/. 1/ \749
; @+5;687=+> *70- [5782;K =+*?7=? ;79+.+ +;21/K / &.+ +?17J&*/K +? @+681(*+;?/ 6+5B.
$89@&17?313 J/5=+;2/ /09&IK-/ 1?3?7*B9 2619+9&?1+9. P7;(+5 J/5=+;2/ +@185&-K-/
01/ @+9+A/ 981*+> §9=+;2/ / ;8=3*5+9817. "'7I5B> \=;@&1/98*? @1+6+5/-/ ?1/I5B
6 3;-+6/K( 17*5+9/071//. 17**B& 3;185*K-/;Z. P&03-2?7?B @&16+> ;&1// +@B?+6 @1/-
6856*B *7 1/;3*=7( 2/ 3.

1/ /;0B?7*// 17;01858-/78-8> 0-7.+571K 27*.8*1/7-7*+93 66+53 J/5=+;?/
*70-[57-7;Z && 07=132=7, :?+ +0&;@&:/67-+ 3-3:C&*/& 176*+9&1*+;?/ 17;2%=7*/K
@-&*=/ @+ 081798713 ?130B 6 ;176*&*// ; /;@+-203%9B9/ 17;0185&-/7&-K9/ @81&-/6-
*+.+2/@7, 170+?7 [A/9/ 080 07=13?=/.

N;;-8&5+67**+93 5/7@070+*3 h +? 15 5+ 45 99 ;++76&?;76+67-/ 17;(+5B J/5=+;?/
Q, @1/ =+?+1B( *7 17;01858-/28-& v 1 5+;2/.7-/;1 -/*&>*B& @-+?*+;2/ +1+C&*/K
?2130B
Vy = (1,76...6,45)-10% 9%;, *7 v 2 —(2,87..12,1)-10*, *7 r 3 —(3,14...15,2)-10™ 9%;, *7
r 4 —(3,33...22,5)-10% 9%;, 189 +0&;@&:/678?;K 5+;277+:*+ (+1+C/> 5/7Q70+* *7.13-
0+= @+ J/5=+;?/: Q = 0,041...0,53 9%/: *7 +5*3 ?2130=3 /-/ V,=(1,76....22,5)-10* 97%;.

1/ /096*8*// h +? 15 5+ 45 99 +?*+C&*/& 97=;/97-7*+.+ 17;(+57 = 9/*/-
97-7*+93 2849 0+-ZC&, :89 0+-ZC& C/1/*7 A&~/ b . 113./9/ ;-+679/, @+ 981& 1+;?7 b
17;28? @+=70728-2 s p ;28@&*Z 6-/K*/K h*7 68-/:/*3 Q (@+ 57**B9 1/;3*=7 2, ;++?26&?-
1268**+, 5-K 17;01858-/28-8> v 1-4; 1,17; 1,34; 1,50; 1,79). F @1/6858**B( *7 1/;3*=& 3
97281/7-7( @+=707*+, 27+ ;6K0Z 96353 Q / b +@1858-K&?;K ;28@&*Z[ 6-/K*/K 0-/0=+>
= 85/*/18&, 7+ ;+.-7;387;K ; 26+182/:&;=+> 076/;/9+;?Z[ 5-K 17;(+57 :81&0 6&1?/-

=7-7%3[ A&-Z 6+5+;-/67 [4]:
Q = mbiy/2gh3, L)
5&  mp=A\HH/1/8%7 17;(457; i = 2— 1/;~+ A&8>.
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_+@B?=7 +0/;77Z @+-3:8**B& 57**B& \?+> H+193-+> 5787 35+6-876+1/28-7*B&
1803-2777B @1/ m = 0,62. TT>58**+§ 0*7:8*/& m 6BCE, :89 5-K 30=+> A&~/ 6 H+*=+>
:28*=8 (0+ 57**B9 [5] m = 0,40..0,55), 12+ K6-K&?;K +:86/5*B9 ;-85;76/89 0-76%+>
H+19B ;3J8*/K @/?7[A&> A&-/.

13:C8& ;+.-T;+67%/4 ; 5T**BO/ \=;081/98*?7 5782 @+-3:8**TK *79/ @+ 98&?+53
*7/98*ZC/( =675177+6 \9@/1/ :&;=TK H+193-T:

Q =1,070" *b%3"° (100n)2, 9%, )
5&  a=0801+377h.
R185*KK +C/0=7 7001+=;/971// 5T**B( H+193-+> (2) ;+;?76-K&? 5,3 %.
_ +=7072%8-7 ;780&*/ 01/ b 176&* 0,379, 2.=. b 6(+5/2 / 6 a.
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P/;3*+=3—-cC76/;/9+;?Z 17;(+57
+? C/1/*B A&-/: 1 —h =0,0259;
2-0,030; 3—0,040

P/;3*+=2—c76/;/9+;?Z 17;(+57 +? 31+6*K
J/5=+;2/ *75 */ J*&> =1+9=+> A&~/
(1/H1+> +0+0*7:8* *+981 17;@1858-7?&-K):
1-b=0999;2-15;3-20,4-25

_ +-3:8**7K H+193-7 18&=+9&*53&?;K 5-K 17;:&?7 S+0170*B( 17;01&5&-/?&-&>
5-K J/5=+;?%> 0-/0=/( @+ 6KO=+;?/ 6+5&. ¥-K +@1&5&-&*/K 6-/K*/K 6KO=+;?/ *7 /(
17;(+5*B& (717=?81/;?/=/ 0B-7 6B@+-*&*7 6?+17K ;&1/K +@B?+6.

F?+13[ ;&1/[ +@B?+6 @1+6+5/-/ *7 (+-+5*+> / *7.18&?+> 6+5¢& ; 269061773179/
12,27 /7 45°R / *7 6+5*B( 17;?6+17( .-/ 181/*7 =+*1&*?171/8> 35 / 44 %. $7=/9 +017-
O+29 =/*897?/ -&;=7K 6K0=+;?Z /03:789B( J/5=+;28> /09&*K-7;Z +? 0,6-10'6 5+ 4,5-10'6
97;.

N03:&*/& 6-/K*/K 6K0=+;?/ *7 @1+@3;=*3[ ;@+;+0*+;?Z 17;01&5&-/?8-&> @1+-
6+5/-/ *7 ?+9 J& ;?8*58 ; ?130+> 6*3?18&**/9 5/798?1+9 21 99, 6 =+?2+1+> 3;27*76-/-
67-/;Z 17;01858-/2%-/ v 1, v 2/ v 4; C/1/*+> A&-&>b=09;15/ 2599 ;++7?-
687?;768**+.
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P/;3*+=4—-C76/;/9+;?Z 17;(+57 +? =/*897?/ - &;=+> 6K0=+;?/ J/5=+;?/
5-K 17;@1858-/78-K: 1 —h=0,029; 2 -0,03; 3—-0,04
6+57: —01/ t=48 °R; ‘—@1/ t=27 °R; :@1/ t=12 °R
17;26+5B .-/ 181/*7 ; =+~ 18&*?2171/K9/: = —35%; + —44%

F \?/( +@B?7( 31+68*Z J/5=+;2/ h /09&*K-/ +? 20 5+ 45 99 @1/ +0A&> 6B;+2&
A&-8> 50 99. T7 1/;3*=8 4 5-K @1/9817 @1/6858*7 076/;/9+;7Z @1+@3;=*+> ;@+;+0*+-
-2/ 17:01858-/28-K ¥ 2 6 076/;/9+:2/ +? 6K0=+:2/ I/5=+;2/. NO 1/;3*=7 6/5%+, =7+
6K0=+;7Z J/5=+;2/ +=T0B678? 6&;Z97 07982*+§ 6-/K*/8& *7 17;(+5, (+7K / ;3A&;768**+
O8*7C88, 289 6-/K*/8& C/L/*B A&~/ b /-/ 3146*K J/5=+:2/ h (1/;3*+= 2/ 3). _1/ /0-
98*8*// 6K0=+;?/ 6 7,5 170 17; (+5 398*ZC7-;K 97=;/939 6 1,5 1707 5-K 9/*/97-7*B(
0%7:8*/> h. X@B?B *7 17;01858-/28-K( v 1/ v 4 @+=707-/ T*7-+./:*B& 1803-Z?77B.
$7= 5-K 17;01858-/26-K v 1 @1/ /09&*&*// 6K0=+;?/ 6 7,3 1707 17;(+5 39&*ZC7-;K
97=:/939 6 2 1707 / ?2+J3& 5-K 9/*/97-7*B( 0*7:8*/> h.

$7=/9 +0170+9, H+193-B (1) / (2) @+-3:&**B& *7 6458 ; /06&;7*+> +;2+1+J%+-
222 9+J3*+ @1/98%K?Z / 5-K 0+-88 6KO=/( 2&(*+-+.7:8;=/( I/5=+;28>. 1/ 17;:82%&
17;01858-/26-8> 18-&;++0170%+ @1/5613/677Z;K :185*/( 0*7:8*/> 31+6*K h = 0,03 -
0,04 9. F+ /008J7*/& 070/6=/ (07;+18*/K) A&-86+.+ +2681;2/K 68-/:/*T b *& 5+-J*7
0B?Z 9&*8&& 1,0 99. T& 18=+98*5387;K /;@+-20+677Z S+0170*B& 17;01858-/28-/ 6 7007-
1777( 5/79821+9 0+-8& 600 99 /0-07 1/;=7 0*7:/28-2*+.+ .175/8*77 31+46*K J/5=+;7/.
1/ 9+*%9778 5+-J*7 +08;@8:/677Z;K ;21+.7K 6812/=7-7*+3;7Z 2130 70@71777.

F+09+J%+:7Z /;@+-20+677Z 6 =7:8;768 +;*+6B 7@Q71777 2130:77+> :7;2/ ;77*-
5717%+.+ =+J3(+7130:77+.+ 28@-++098**/=7, 7 27=J& @L+;2477 / 8(*+-+./:%+:7Z
S+0170*B( 17;01858-/28-8> @+06+-K[? /0.+2+6/7Z @-&*+:*B> 7007172 ; 9/*/939+9
072177 5738 ;/-79/ 189+*7*+> ;-3J0B @185@1/K?/K. N;@+-20+67*/& S+0170*B( 17;-
01858-/78-8&> 6+09+3*+ 6 TQATL7?7( ; */; (+5KA/Q @1KQ+7+=+Q @-&*=/ I/5=+:;2/ / 707
/5 7(@1+2/6+7+=+9. _1+681=7 @+576815/-7 ?27=3[[ 6+09+J*+;7Z.

a:20PM?2JPN
1. -&*+:*TK 2@+ / O7;;++008**TK 7007177317 / @+5 185. F.D. X-86;=+.+. D.:
g/9/K, 1988. p 240 ;.
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2. N+*7>?/;, P.P.,, m6&5+6, T.h. _ 728*?*+-28(*/:&;=+& /;;-85+67*/& ;0+;+0+6
+0170+67*/K @-&*=/ 3/5=+;2/ Il L2+9*7K 2&(*/=7 07 1308&J+9, 1980. r_ 1. ;. 8p15.

3. L.;. RRRP 1459686 D'*N BOID 3/28. $&0-+97; ;++09&**B> 70@717? / *"+;B146
F.D.,#71(?/* 1. L., -ZK*+6 F.D., €/67>=/* 1.L. +@30-. 23.02.89#.N. r 7.

4. u3.786, P.P. V/5176-/=7. L.: 1*&1./K, 1975. 600 ;.

5. 130, T.$., m=31&*=+, F.1. \/8-86B& 17; (+5+9&1B. "' /&6: T73=+67 539=7, 1972.
p8s8;.

/DT PUS) JHOHFI/%Mas” sat+/-2#"5d) /%/+1h'"
/8% F27 a)+/F2 (1) 87 +/das/+"F#1 " +2%"-/+2 **

F. JGHEASM, 2.2. %:0XH: D, #.—. 8<MDOPES
CA50D27#+2= .), 2%5E72; 5#+2= 27#%2%G% (12,21,) J2D5B)0) (#+)B) BY4G(104%-577)B)
0G5E72:5#+)B) G72-5042%65%1 28. L.N. P,5+#55-1, B. C450D27#+, mahp@dfngtu.nnov.ru

P70170+?=7 \HH&=?/6*B( ;+108*?+6, @1/98*K&OB( 5-K @+.-+A&*/K +=;/57 3.-&-
1+57 (11), K6-K&?;K 7=237-Z*+> 0757:&>. 1?2+ ;6K07*+ =7= ; 1+;?7+9 @+?180-&*/K >@ 6 =7-
2&;768 =710+*/-/13[A&.+ 7.8*?7, ?7= / 6+@1+;79/ +08&;@&:8*/K 080+?(+5*+;?/ @1+/0-
6+5;26. R185/ +;*+6*B( ;+108*?+6 +=;/57 3.-81+57 (11) 9+J*+ 6B5&-/?Z, 9&5*+799/-
7:*B& 17;76+1B, 17;?6+1B ;+-&> 985/ 6 71+972/:8;=/( 17;?26+1/28-K( / =3@1+(-+1/5-
*Bg 17;26+1B. 18>;26/8 \2/( ;+108*?+6 +;*+67*+ *7 @+.-+A&*// >@ ; +0170+67*/89
=+90-8=;*B( ;+&5/*&*/>, =+?+1B& 6@+;-85;?6// 9+.3? 0B?Z 17013C&*B ; 6B5&-84*/89
>@ 6 .70+63[ H703.

N*?18&; = /;@+-20+67*/ [ =3@1+(-+1/5*B( 17;?6+1+6 6 =7:&;?68 ;+108*?+6 +=-
:/57 3.-81+57 (11) 6B067* /( 6B;+=+> ;+101/+**+> &9=+;?Z[ / 6+09+J*+;?2Z[ ;8-&=-
2/6%+.+ @+.—+A&*/K >@ /0 .70+6, ;+581J7A/( >@, [1]. _1/ \?+9 =3@1+(-+1/5*B&
17;76+1B *& ;4581377 -8?3:/( =+9@+*&*?+6, 12+ /;=-[:7&? @+K6-8*/& /( 6 .70& @1/
@1+6858&*// 5&;+101//, 6 +?7-/:/&, *701/98&1 +? 985*+799/7:*B( 17;?6+1+6, 5&;+101/K
=+2+1B( ;+@1+6+J578?;K @+K6-8*/89 6 .70+6+> H70& 799/7=7.

F ;43776 =3@1+(-+1/5%+.+ 17;76+17 6(+5/? (-+1/5 985/, 7 ?7=3& (-+1/5B 513-
S (9827--46, 1TA& 6;&.+ 97.%/K /-/ =7-Z1/K. F @1+1&;;& 70;+101// 9+*++=;/57 3.-&-
1+57 @1+28=78? (/9/:&;=TK 1&7=1/K &.+ 607/9+58>;?6/K ; =+9@-&=;*B9/ ;+85/*8&*/K9/,
:3A8&;?63[A/9/ 6 =301+(-+1/5%+9 17;26+18. $7=/8& =+90-8=;*B& ;+85/*&*/K /9&[?
+0A3[ H+193-3 [Cu CI [P [2]. F =7:4;76& /;?+:*/=7 /+*+6 Cl~ +0B:*+ /;@+-Z03-
[?;K (-+1/5B 97.*/K / 985/. N( @1/98*8*/8& @+06+-K&? @+55813/67?Z 6 17;?6+18& *&-
+0(+5/93[[ =+*18*?171/ [ /+*+6 Cl~ / 698&;7%& ; 289 +*/ K6-K[?;K 0+-8& 3;?7+>:/6B9/
= ./51+-/03, 189 .7-+.8*/5B 9&?7--+6 .130@B 7- [9/*/X.

_1+1&;; 17;76+1&* /K (—+1/57 985/ (1) 9+JI*+ +@/ ;772 18&7=1/8>:

pCuCl +(q- p)ClI- U [Cu,Cl ] ™Y, (1)

_+ 57**B9  /03:&*/K ;+;?767 / ;6+>;?6 =3@1+(-+1/5*B( 17;?6+1+6 [3], [4] 6

17;26+18 *7(+5K?;K 6 176*+68&;// 16 =+9@-8=;+6[Cu Cl,]"‘*P @1/ p+? 15+5/ q+? 2

5+ 9. 1/:89 97=;/97-Z*TK 5+-K 985/ ;+;185+7+:8*7 6 =+9@-&=;7( [CuCl,], [CuCl,]*,
[CuCl,]*, [Cu,Cl,] ", [Cu,CI]* .

T7 ;270/-7*+;7Z =301+(-+1/5*B( 17;26+1+6 6-/K[? 6*4C*/& 3;-+6/K (?690&17-

2317 / 576-8*/8), 7 27=J& =+*1&*?171/K (-+1/57 985/(1) / (-+1/5+6, /;@+-20349B( 5-K

@1/.+7+6-&*/K 17;?6+17. 1?2/ =+*18&*?171// 5+-3*B @+55813/677Z;K 6 +@1&5&-&**+9
;H+7*+C&*//, ?7+0B /00&J77Z +0170+67*/K =+--+/5*B( 17;?6+1+6 (-+1/57 9&5/ (1).
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1498 2.4, *T 270/ -2%+;7Z 17;76+17 6-/K&? =+*18&*?171/K 985/ (I1), =+?+17K +01703&?;K
6 17;76+1& @+ 1&7=1//:

2Cu* U cu® +Cu°. 2)

_1+18&;; @+.-+A&*/K +=;/57 3.-81+57 (I1) =3@1+(-+1/5*B9/ 17;?6+179/ ;+@1+-
6+J578?;K (/9/:8&;=+> 1&7=1/8>, 6 1803-2?7?& =+?+1+> @1+/;(+5/? +0170+67*/& =+9-
0-&=;*B( ;+&5/*&*/>, ;+581JTA/( 9+*++=;/5 3.-81+57. $7=+> @1+1&;; 9+J&? 0B?Z
@185;?76-&> 6 6/5& ;-&53[[A&.+ 3176*&*/K [1]:

[Cu,Cl,]" P +nCO U [Cu,Cl,,(CO),] "™ +nCl" (3)

T71K53 ; 187=1/8> (3) 9+J&? @1+28=72Z @1+1&;; @1+;?+.+ @1/ ;+85/*8&*/K 9+*+-
+=;/57 3.-&1+57 = =3@1+(-+1/5*+93 =+9@-8&=;3 080 6B?&;*&*/K /+*+6 CI~ @+ 1&7=1//
[1]:

[Cu,Cl,(3,@),] “™ +xCOU [Cu,Cl,(CO).(H,0), ] P +xH,0. (4)

X;+08**+;?2Z[ 70;+101// +=;/57 3.-81+57 (1) =3@1+(-+1/5*B9/ 17;76+179/
K6-K&?;K 6+09+J*+;?Z +0170+67*/K +;75=7, ;+581J7A&.+ @+-3:&**B& 6 (+5& 1&7=1//
=+9@-6=;B [Cu,Cl, ,(CO),I P " . _+57**B9 [5] 9&(7*/09 +0170+67*/K +;75=7 ;+;2+/?
6 ;-853[A&9: 70;+101/K >@ ;+@1+6+J57&?;K 6B?&;*&*/&9 (-+1/5 /+*+6 /0 6*3?1&*-
*&> ;H&1B =301+(-+1/5*B( =+t9@-&=;+6 6;-&5;76/& @1&6BC&*/K @1+:*+;?/ =+67-8*7-
*+> :6K0/ 985/ (1) ; 9+-8=3-+> >@ *75 2+> J& 68-/:/*+> 5-K ;6K0/ 985/ (1) ; /+*+9
Cl™. FB@75&*/& 985/ (1) 6 +;75+= @1/ 6B?&;*&*// (-+1/5 /+*7 /0 6*3?1&**&> ;H&1B
=+90-&=;7 07=+*+981*+, ?7= =7= 3;-+6/&9 17;?6+1&*/K >uCl K6-K&?;K ;3A&;?6+67*/&
3;7+>:/6B(  =+9@-&=;+6 [Cu,Cl, 1P, T&=+2+17K -7:97  =+9@-8=:+6
[CupCIq_n(CO)n]"q' PN G +;75+= *& 6B@757&?,7 +;2782;K 6 17;?6+1& 6 ;++?6&2;?6// ;
@1+/06856*/89 17;26+1/9+;2/ ;+-/ [Cu,Cl . (CO), 1S54 1 py2- 1/ \?2+9 *&+0(+5/9+
+?982/7Z, 27+ @1/ 70;+100// +=;/57 3.-81+57 (1) @1/ Py < Pegpy +:75+= *& +01703&7;K

/ 17;76+1 +;2782;K .+9+.8**B9 [1].

1498 (-+1/57 985/ (1) / +=;/57 3.-81+57 (1) 6 ;+:276 +;75=7 6(+5/2 (-+1/5
97.*/K /-/ =1-Z1/K, 6 0T6/:/9+:2/ +2 /;(+5%+.+ 68A&; 267, 60K?+.+ 5-K @1/ .+7+6-8*/K
17;76+17. F+193-7 +;75=7 9+J&? OB?Z @185:776-8*7 6 ;-853[A&9 6/5& [4]:
[Cu,Cl, ,(CO),IMe, . > *XMeCl, xyH 0.

_ 1/ *7.1867*// *T;BA&**+.+ 9+*++=;/5+9 3.-81+57 =3@1+(-+1/5%+.+ 17;?6+17
@1+/;(+5/? 17;075 =+90@-&=;*B( ;+&5/*&*/>, ;+@1+6+I57[ A/>;K 6B5&-&*/&9 0+-Z-
Cé&> :7;?/ 0+.-+A&**+.+ >@ 6 .70+63[ H703 [5].

m/1+=+8& /;@+-20+67*/8& 17;;97?1/6789+.+ ;+10&*?7 6 @1+9BC-&**B( 97;C?7-
07( ;5813/678?;K +?;3?;?26/8&9 *758J*B( 9&?+5+6 17;:&77 .70+J/5=+;?*+.+ 176*+6&;/K
[/ =/*82/=/ Q1+1&;;7 0+.-+A&*/K >@ =301+(-+1/5*B9 17;?6+1+9. X5*/9 /0 @3?&>
1&C&*/K ?27=+> 0757:/ K6-K&?;K 170170+?=7 97?8977/ :&;=+> 9+5&-/ @1+1&;;+6 (&9+-
;110177 / 5&;+1001// +=;/57 3.-&1+57 (Il) 17;?6+179/ =+9@-&=;*B( ;+&5/*&*/> 985/,
3:/?7B67[A&> ;-+I*B& 9&(7*/09B H/0/=+-(/9/ :&;=/( @1+1&;;+6 @1+?&=7T[ A/ (6 ;/;-
2894.

1/ ;+;716-8&*// 9728977/ :&;=/( 9+5&-&> @1+1&;;+6 70;+100// / 5&;+101//
+=;/57 3.-81+57 (1) =3@1+(-+1/5*B9/ 17;?6+179/ 9+J*+ 6B5&-/?Z ;-853[ A/& +;*+6-
*B& 0757:/:

—17;:8? 176%46&;*+.+ ;+;2+K*/K 6 ;/;?894;

= 17;:82 =/%&2/ :&;=/( (7117=281/;2/= @1+26=7*/K (/97 :&;=/( L&7=1/> ; 3:7;?/49
O+*++=;/57 3.-81+57 / 7=?/6*B( =+90@+*&*?+6 =301+(-+1/5*B( 17;?6+1+6;
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— +01858-8&*/& ;++?*+C&*/K 98353 61&9&*&9 1&7=1// / 61&9&*&9 5/HH30//
; 18-Z +0185&-&*/K -/9/?/13[A&> ;?75// 01+1¢&;;7;

— +0185&-&*/& ?819+5/*79/:8&;=/( (7117=281/;?/= @1+1&;;7 70;+1001// +=;/57
3.-&1+57 (1I) =3@1+(-+1/5*B9/ 17;?6+179/;

—17;:&? @1+1&;;7 5&;+101// +=;/57 3.-&1+57 (II).

VK +@/;7*/K ;272/=/ @1+1&;;7 70;+101//, / 176*+6&;/K 98353 I/5=+> / .70+-
6+> H7079/ 9+J&? 0B?Z /;@+-Z0+67*7 =+*;27*?7 H70+6+.+ 176*+6&;/K (=+\HH/1/&*?
17;01858-8*/K), @185;?76-K[ATK ;+0+> +?*+C&*/& =+*1&*?171// =+9@+*&*?7 6 .70+-
6+> H70& = &.+ =+*1&*?171// 6 3/5=+> H70&. V-K /5&7-Z*B( 17;?6+1+6 /;@+-203&7;K
07=+* V&*1/, =+?+1B> 9+J3&? 0B?Z 07@/ ; 7* 6 6/5¢&:

P =myX, ()

.5& P — 176*+6&;*+& @711/7-2*+& 576-&*/8& .707 *75 17;?6+1+9; m,, — =+*;27%77

H70+6+.+ 176%+68; /K (=+*;27*77 V&*1/); X —9+-Z*TK 5+-K .707 6 17;26+18.

T8+0(+5/9+ +2982/7Z, 7+ 07=+* V&*1/ 2+:8* 2+-Z=+ 5-K /587-2*B( 17;76+1+6,
+5%7=+, @1/ ;/-7*+9 170076-8*// - [0+> 17;26+1 @1/0-/J782;K = /567-2*+93, @+\?+93
07=+* V&*1/ @1/98*/9 = 170076-8**BO 17;26+179. X* 5+;277+:%+ 24:%*+ +@/;B678?
176*+68;/8 5-K @—+(+ 17;76+1/9B( .70+6 [6].

_141&;; 0818*+;7 68A&;?67 6*371/ H70B 6 56/J3A8>;K ;1856 +0/;B6787;K 3176-
*§*/K9/ 9+-8=3-K1*+> / =+*684=2/6%+> 5/HH30//.

NOB&; 7%+, =2+ @1+1&;; 9+-8=3-K1*+> 5/HH30// +@/;B6782;K 07=+*+Q /=7 /
6B17J782;K 3176%8*/89:

dc,

W, =- DF : 6
A . (6)

.5& D —=H\HH/1/8*? 5/HH30//; C, — =+*1&*?171/K =+9@+*&*?7 A; F — @+681(-

*+;7Z, 18180 =+2+13[ +;3A&;76-K&?;K @&18*+; 68A&;?67; W, — =+-/:&;26+ =+9@+*&*?7
A, Q&1&*+;/9+.+ 8180 @+681(*+;?Z F 6 *7@176-6*// z.

1K @1+18&;;7 5/HH30// .70+6 6 17;26+17( \-&=?1+-/7+6 /9882;K 076/;/9+;7Z,

6B17J7[ATK ;++?*+C8&*/& 98353 =+\HH/1/8*?+9 5/HH30// 6 17;?6+1& (D) / 6 6+5&

(D,) [6]:
D = L
1+bC+b,C?’

5&  C —=+*1&*?2171/K \-8=21+-/77, b, / b, — +@B?*B& =+\HH/1/8*?B.

1408 24+, 01/ 17;:827( (89+;+101/7 21803[[7:K 27=J& 0*7:6*/K =+\HH/1/8*-
246 5/HH30// /+%+6 6 17;76+17( \-8=21+-/2+6 [7].

L*7-/0 (89+;+101// @1+/06+5/2;K ;+698&;7*BO 17;;9+?1&*/89 3176*&*/> 5/H-
H30// .70++0170%+.+ =+O@+*8*?27 A / T=2/6%+> 17;2/ @+.-+2/28—K B / =/*82/ -8;=+.+
3176%6*/K 187=1//. V/HHE1&*1/7-7*B& 3176%&*/K, +?1737 [A/& Q1+28=T*/8 +5*+618-
98**B( @L+1&; ;+6 5/HH30// / (/9/ :&;=+> 187=1// 6 I/5=+> H108, O+.3? OB?Z 070/ ; 7*B
6 ;-&53[[A&> H+198 (080 3:877 =+*68=2/6*+.+ @818*+:7) [6]:

(7)

dP d2A
EZDAdz_Z' N, (8)
dB d’B
EZDBdZ_Z_qN! 9)

.5& A / B —=+*18*?171// *&;6K07T**B( =+9@+*&*?+6 A / B, +8),"/8% D, /
Dy —=t\HH/1/&*?B 5/HH30// =+9@+*&*?+6 A / B; N —;=+1+;?Z 17;(+5+67*/K
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=+O@+*8*?7 A 6 85/*/1& +OWEO7 *7 (/9/:8;=3[ 187=1/[, +8),"/(8°C); q — :/;-+
=9+-8> B, 17;(+5389B( @+ 187=1// *71=9+-7 A.
" /R82/ 18;=+8 31T6%8*/8 187=1// 6 +0AL9 6/5& 9+J8&? 0B?Z @185;776-8*+ 6B17-
J&*/89
N = f(AB). (10)

P&C&*/& ;/;269B 3176*&*/> (8 — 10) 6+09+J*+ @1/ @1/*K?// 1K57 5+@3A&*/>
*7 +;*+6& 170~/ :*B( 9+5&-&> (@-&*+:*+> 9+58-/, 9+5&-/ +0*+6-8&*/K / 51.)

a;-/ 01850+-+J3/7Z, 7+ 6 (/9/:&;=+> 1&7=1// ; 9+*++=;/5+9 3.-81+57 3:7;7-
63[? ?+-Z=+ *7/0+-8& =+*1&*?1/1+67**B& @+ 985/ (1) =+90@-&=;B, 7+ 6 ;++76&?;?6//
; 3176%8*/89 (3) (080 3:877 @1+;?2+.+ @1/ ;+&5/*&*/K >@ @+ 1&7=1// (4)) @1+1&;; 9+I&?
0B?Z @1&5;?76-&* ;-8453[A/9/ 1&7=1/K9/:

CuCl; +CO U [CuCI(CO)]+Cl", (11)
CuClZ +Cco U [CuCl,(CO)] +ClI", (12)
CuCl¥ +Cco U [CuCl,(CO)* +CI", (13)
Cu,Cl; +CO U [Cu,Cl,(CO)]+Cl", (14)
Cu,ClZ +CO U [Cu,CI,(CO)]* +CI, (15)

P&7=1// (11) — (15) 3:/?B67[? 3:7;2/& 6 1&7=1/K( @1/ ;+&5/*8*/K >@ ?+-Z=+
*7/0+-88& =+*18*?1/1+67**B( @+ 985/ (I) =+9@-8&=;+6. T7 +;*+67*// @1/685&**B( 1&-
7=1/> 9+J*+ @+@B?7?Z;K +;3A&;?6/7Z 17;:8?2 =+*1&*?171/+**B( =+*;?7*? 176*+6&;/K,
; 18-Z[[ +@1858-&*/K 9&(7*/097 @1+18&;;7.

P7;;9+?18*/& =/*8?/=/ 01+1&;;7 @+.-+A&*/K >@ =3@1+(-+1/5*B9/ 17;?6+179/
01/ @1/*K?// *&=+?+1B( 3@1+A&*/>, @+06+-K&? .+6+1/?Z + 6+09+J*+;?/ ;+057*/K \H-
H&=?/6*+> 97?8977/ :8;=+> 9+5&-/, =+?+17K @+06+-/-7 OB +;3A&;?6-K?Z 17;:8? ?27=+>
;/;789B ; 5+;277+:%+> 2+ 1%+ 2 [

a:?2ePM?JPM
1. ";7*5146, T.F. P70170+?=7 *73:*B( / 28(*+-+./:8;=/( +;*+6 /06-8&:8&*/K +=-
-/57 3.-81457 (11) 7 \2/-8*7 /0 +2(+5KA/( .70+6: 767+1&H. 5/;;. ... 5+=2. 28(*. *73= —

R_#.:R_#VSN ($ ).1995.—40;.

2. R3(+67, $.V. $819+5/*79/=7 +0170+67*/K (-+1/5*B( =+90-8&=;+6 985/ (I)/
$.V. R3(+67, X.T. $89=/*, P.D. ¥-/5 /| €31*. T&+1.. (/9.— 1969, 2. 14, ¥ 4, ;. 928 —931

3. R3(+67, $.V. X 6-/K*// /+**+> :185B *7 ;+:276 / 3;2+>:/6+:2Z (-+1/5*B(
=+0@-§=;+6 +5*+67-§*7*+> 985/ | $.V. R3(+67, T.d. #+1A, X.T. $89=/*, P.D. F-/5 I/
€31*. T&+1.. (/9//, 1969, 2. 14, ¥ 3, ;. 694 — 699.

4. L*51886, R.T. R+;776 / ;21+8*/8& (~+1/5+6 985/ (1) / R.T. L*51886, X.F. R7-
@+J*/=+6 // £31*. Te&+1.. (/9//, 1965, 2. 11, r 10, ;. 2538 — 2541.

5. *':7*51+6, T.F. X0170+67*/& +;75=+6 @1/ 70;+101// +=;/57 3.-81+57 (1) 17;-
26+179/ *7 +;*+68 (-+1/5+6 985/ (1), (11) / T.F. "*;7%51+46, T.T. "'71/9+67, N._. ""/1/~-
46, N.R. T/=7*51+6 // N06&;2/K F C+6. g/9/K / (/9/:8;=TK 28(*+-+./K, 2. 30 (2) 1987,
;. 84— 88.

6. P799, F.D. L0;+101/K .70+6 / F.D. P799. — D.: g/9/K. 1976. — 656 ;.

7. V7*=6§17;, .F. V70+3/5=+;7*B& 1&7=1// | _.F. 17*=6812;. — D.. g/9/K.
1973. - 296 ;.
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2-"/ 274/ -2## 00 +2%j)" )]as/1l H#H#Ld 2]]2+27 /-

2.—. %20[Y>:D, %.+. +JWMDES, 2.2. %:0XHzD
CA50D27#+2= ), 2%5E72; 5#+2= 27#%2%G% (12,21,) J2D5B)0) (#+)B) BY4G(104%-577)B)
0G5E72:5#+)B) G72-50#2%65%1 28. L.N. P,5+#55-1, B. C450D27#+, mahp@dfngtu.nnov.ru

_17=2/:&;=/ 6+ 6;&( 28(F+-+./:8;=/( ;/;2897( (/9/:&;=/( / 0/A&B( @1+/0-
6+5;76 @1/;3?;7638? 260-++09&**7K 7@@717?317, @1/:89 6 *&=+?+1B( ;-3:7K( 5+-K ?7-
=+> 70@717?31B 9+J&? 0B?Z 5+;?77+:*+ 6&-/=7.

$EO-++098** /= — 3;?71+>;76+, 6 =+?+1+9 +;3A&;76-K&?;K @81&57:7 ?8@-+?B +?
ALK&+ 28@-+*+; /28K = (+-+5*+93. F 076/ ;/9+;?/ +? *70*7:&*/K 28@-++09&**B¢& 70-
@717?B /;@+-Z03[? =7= *7.18&67?8~/, (+-+5/-2*/=/, =/@K?/-2*/=/ [/ =+*5&*;7?+1B. $&-
@-++09&**B& 70@717?B 6 076/;/9+;?/ +? =+*;?13=1// 9+.3? 0B?Z =+J3(+?130:7?B9/,
@-7;?/*:7?°B9/, ;@/17-2*B9/ / 51.

k&-Z[ 6B@+-*&**+> 170+?B K6/-7;Z 170170+?=7 17; :&?*+-+03: 7T A&> @1+.1799B,
@1&5*70*7:&**+> 5-K 17; :&?7 26@-++09&**B( 70@7177+6, =+?+17K 9+J&? /;@+-20+67?Z;K
6 3:80*+9 @1+1&;;& @1/ /03:8&*// ;++768?;?63 A/ ( 1705&-+6 =31;+6 « 1+1&;;B / 70-
@717?B (/9/:&;=/( (@/A&6B() @1+/06+5;?6», «D7C/*B / 700717?B (/9/:&;=/( (0/-
A&6B() @1+/06+5;76», «R@&1/7-Z*+& +0+135+67*/& +?17;-/», @1/ 6B@+-*&*// ;?35&*-
279/ =31;+6B( / 5/@-+9*B( @1+&=?+6. _1+.17997 1&7-/0+67*7 6 ;1&5& Microsoft Visual
Basic 6.0, =+?+17K K6-K&?;K +5*+> /0 ;79B( 17;@1+;?17*&**B( *7 ;&.+5*KC*/> 5&*Z.

X;*+46+> 17;:8?7%+ .+ 7-.+1/797 ;-33/7? 9+5&-Z T3;;&-277, =+?+17K +0-7578&? 5+;-
+:%4> 2+ 2%+ L[ [ +:8%Z C/Ll+=+ QL/9&*K&?;K *7 @17=?/=& [1], [2]. ""1+9& ?+.+, /;-
@+-20+67-7;Z *&=+?+1B& 7-2?41*7?/6*B& H+193-B [3], [4]. X;*+6*7K 1&-Z 17;:&?7 —
@+50+1 +@?/97-72*+.+ ;27*571?7*+.+ 28@-++09&**/=7 5-K 0757**B( 3;-+6/> @1+1&; ;7.

=& /F/V/T-/071/7 @1+.1799B @+K6-K&?;K +=*+, 6 =+?+1+9 @185-7.7&?;K 6B-
017?22 ?/0@ 17;;:/?7B6789+.+ 28@-++098&**/=7 / 3=707?Z *70*7:&*/& 710071777 (1/;3*+= 1).

Mporpassa ABTDMATHIHpOBaHHOTO Pacueta TennoofMeHHHY Annaparos =

KDHCTD':IKLLMH TENN00AMEHHIES HazHaveH1e annapara

0 KomysoTpysyaTE t+ MMogorpesartent
P OHLHOT OO AT i oMo -
7 KonoaMnsHUE aMnapat 4na
" TpySa e Tpyte by
™ K.oHgeHcaTop

™ EunATUnEHuE

Bug annapara

P/;3*+=1—X=*+ 6B0+17 ?/Q7 / *70*7:&*/K ?8@-++09&**+.+ 70Q71777
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_43-8 \?+.+ +2=1B6787;K 170+:88 +=*+ Q1+.1799B, 6 =+7+1+9 @+-20+672-[
0185-7.782;K 668;2/ /;(+5*B& 57**B&. _+=7 *& 668584* *70+1 57**B(, 9/*/97-1*+ *&-
+0(+5/9B( 5-K 6B@+-*&*/K 17;:827, +;77-7*B8& =+O7*5B @1+.1799B +;?7[?;K *&5+;-
230*B9/.

__816B9 58-+9, @+-20+6778-Z 5+-J&* +@18584-/7Z 17;@+-+I&*/& 28@-++098**/=7
(6812/=T-2*+& | .+1/0+*77-7*+8), ; (893 56/ I&*/K 28@-+*+;/28-8> (Q1KQ+7+= | @1+7/6+-
24=) / 6 =T=+§ @1+;717%;26+ (?130%+& / 983?130%+8) 5+-J&* @+576772Z;K (+-+5*B> 28@-
%41 /=2 _+;-& 66+57 \2+> /*H+1971// ;27%+6/2;K 5+;2308* 62+1+> @3*=? /;(+5-
*B( 57**B( —«_7179871B 28@-+*+;/2%8-8>» (1/;3*+= 2).

. XapaKTEPHCTHHH TENAOHOCHTEAEH i
XONOAHLIA TENAOHOCHTENE Topmuuii TEINOHOCHTENE
|Opra.ﬁ:mecx&a HEHAKOCTE j
tMaccoswil pacrog, 10 T | o
0
HayaneHaa Ternepatypa ] C
KoHeuHaA TerMneparypa 0 o
0
K.oHeuHad TemMnepaTypa 40 C TEnnoemkocTE Npk CREHEN TEMMNENATYDE ’7 .
TennoerkocTE NpM CPENHEN TEMNERATURE 73300 100 ]
ek
30al 4200 Dok o3 e UUMEHT TENNONPOBOAHOCTH NPK _—
CPEAHeR TEMNEPATYPE 73 Tl ns T/(rK]
BAskocTe npu cpenHEs TerMNEpaTYpE T Natc .
30l .
v M A0THOCTE NpM cpeqHel Ternepatype 73,30l 1000 kil
Ko pepHLMEHT TENNONPOBOLHOCTH
y B/ [nrk,
MOM COEAHEH TEMNEDATUDE 300l 08 T/ BazkocTe npu ceqned Temneparype  73,30C 0.0003 Na“c
MAOTHOCTE NpM CPEnHEN TEMNERAETURE T Krdvid
300l
° Marepy Tenna 5 %
MpHATE | OTreHa |

P/;3*+= 2 — X=*+ 66457 @7179&?1+6 ?8@-+*+;/?&-&>

T7 57**+9 \?7@& 170170+?=/ @1+.17997 *& /98&&? ;+0;?6&**+> 070B @+ H/0/=+-
(/9/:8;=/9 / ?2%0-+H/0/:&;=/9 ;6+>;7679 2%0-+*+;/?8-&>, @+\?+93 5-K 07@+-*&*/K
6;&( 07@17C/6789B( @+-8> 57**+.+ +=*7, @+-20+672%-[ @1/5&?;K +017?2/?Z;K = ;@17-
6+:*+> -/2817?318&. R +5*+> ;2+1+*B \?+ *& 6;&.57 35+0*+, ; 513.+>, 3:/?B67K 3:40*B>
(717=281 @1+53=77, \?+ @1+6+1/13¢&? ;?35&*?7 -/C*/> 170 07=18@/?Z *76B=/ 170+?B ;+
;@176+:*B9/ 57**B9/.

T7 ;-853[A&9 \?7@& @+K6-K&?;K +=*+ ; 18=+9&*53&9B9/ 0*7:8*/K9/ +1/8*?/-
1+6+:*B( =+\HH/ 1/8&*?+6 ?8@-+@&1&57:/ / @+-20+672&- [ @1&5-7.7&?;K 3=707?Z 0*7:4&-
*/8\?+.+ =+\HH/1/8>*77 5-K 17;;97?1/6789+.+ ;-3:7K, 7 27=3& 66&;?/ +1/8*?/1+6+:*+&
0*7:8*/& =1/?81/K P&>*+-25;7, (7T17=281/03 [ A&.+ 1&J/9 56/ 3&* /K 28@-+*+;/7&-K (1/-
;3%+=3). _+;-8 6BO+-*&*/K @185671/28-2*+.+ 17;:877, @1+.17997 /*H+19/13¢8? @+-Z-
0+6726-K + @+-3:8**+9 0*7:&*// @+681(*+;?/ 26@-++09&*7 / @1&5-7.7&? 66&;?/ @717-
94?1B ;?7*5717*+.+ 2%@-++09&**/=7 5-K 6B@+-*&*/K 32+:*&**+.+ 17;:877. _+-720+67-
26-72 9+J38? +017?/7Z;K = 3:80*+-;@176+:*+> -/?817?31&, *7T@1/9¢1 = ;@176+:*/=3[5],/
66&;?/ (717=281/;?/=/ ;?7*571?*%+.+ 28@-++09&**/=7 6 ;++?6&?;?63[A/& @+-K +=*7
(17;3*+= 4), 7 9+J3&? +0172/7Z;K = 6;21+&**+> 0708 57**B( (*7J76 =*+@=3 «#1») / @1/-
*K2Z (717=281/;2/=/ ?%@-++09&**/=7 +??357. _ 1/ +017A&*// = 070& 57**B( @1+.17997
;1327677 ;@7 ;+= ;?7*5717*B( 28@-++098**/=+6, /9&[A/( @+681(*+;?Z 28@-++098&*7
0+-2C& @185671/?8-2*+ 17;;:/27**+> /I/-/ ; 97=;/97-Z*B9 +0&;0&:&*/8&9 ?3103-/07-
1//7 @+?+=7. _+ J&-T*/ [ @+-20+67?4-K 9+J*+ 6B6&;?/ 6;& 170*+6/5*+;?/ TA@717?+6,
/-7 =+*=18?*B& ?/@B (*701/9¢1, /;@71/?&-/ @1/ 17;:8?& 57**+.+ ?2/Q7 7T0@7177+6).
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_+;-& 6BO+17 7@@717?7 /0 O70B 57**B( 6;& @+-K +=*7 «17**B& @+ 70071773» (1/;3-
*+=4) 76?+977/:&;=/ 070+-*K[?;K.

i, OpMeHTMpoBOYHEIE 3HAYEHHA OAA nogbopa annapaTa

Beeau OPHEHTHMPOEOYHDE SHIYEHKE KO3 PPULWEHT a3 TENNONSpE03YH, B
COOTEETCTEWH C pEEOMEHDAUHARNK

anMEDHbIE EC3 P PHLMEHT B TEMAONERELAYM MOHHD Bblﬁpa’l’b ana

TEMNooaMeEHS;

[az-las 12 - 15 [Br/m2eK]
a5 - A1okocTe 12 - B0 [BT/r27k]
Map - az 12 - 120 [BT/m2=K]
Map - AmakocTe 100 - 1000[BTAra2=k.]
AakocTe - AHaKocTE 120 - 400 [Brdra2*k]

Kop = |57 Br/ra2=F.]

BB opHEHTHMpOEOYHOE 3HAYEHKE KoMTepMA Re, ofecneysatiwera
TYpGEYNEHTHOE TEYEHUE B TPYSHOM NPOCTRAHCTEE

Fe= [10000

ak. OTreHa

P/;3*+= 3 — X=*+ 66457 +1/&*?/1+6+:*B( 0*7:&*/> =+\HH/1/&*77 26Q-+08&18&57:/
/ :/;-TP&>*+-75;7

. flaHHeie no annapaTy

KoucTpyeTHEREE ocobeHHEOOTH allapaTa Pacnonoxene TPyl & pelweTke
o [l auraaTHOE i KopugopHoe

H apys#HEIE guareTp TpyS 1R

- A RTRd 2 hd MNeperopogkk B MEXTPYGHOM NPOCTPAHCTEE
T TEE m b [~ Meperopogku YoTaHOENEHE
[NapameTpel NoAGOpE annpaTa
v [oeepsHoCTE F==3774mM"2

TennoodrMEHa

Bl ¥oxorxoTpybyaTin: Termoobme HEGoOE

BHYTpEHHIIA guardeTh

EoxY=a annapara (el
. & DBIHE TapaMeTHE! O CIECCA,

MNoBeprHOCTE TENNOOGMEHS 1 CEA?aHHEE C AlllIapaTseM

K.onuuecTED 20008 Ii MNpoEoaMMOCTE SarpasHerud, Bk 2]
Convecroorpisnoran  |[—— vl O
K.onuuecTeo Tyt Ii E;ni;i%?:ﬁle?qnmmm 5200

ATCETRL M T ennoNpoBOQHOCTE MaTERMaNna TPYS

BT/ K] il

BamaTks OTMeHAa

P/;3*+= 4 — X=*+ 66457 @7179&?1+6 ;?7*5717%+.+ 28@-++09&**/=7
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F ;-3:78 17; 18?7 9*+.+(+5+6+.+ 28@-++09&**/=7, 9+J*+ 66&;?/ =+\HH/1/&*?B,
3:/?B67[A/&56/38* /& 280@-+*+;/?&-&> / 3;-+6/K +028&=7*/K ?130 2&@-++098&**/=T.

1K =+*?1+-K / +0A&> +1&*=/ 66858&**B( 57**B( @1+.17997 H+19/138&? ;@&1/-
H/=T1/L, 6 =+?+1+> @1/6+5K?;K 6;& 17*&& 6685&**B& @7179&?1B (1/;3*+=5).

. Annapat komyxoTpyGuatwin. logorpesarens.

hafn  MoxoaHele AGHHBIE  PacdeT

Hoxonmme TarHEe: -
HasHaWeHME ammapara - OOLOCPEESTENE.

ATITAPAT — Eep THESTTRERDL.

CieMa IEMHEHMA - IPOTHEOTOHN.

HOoMOLHEDY TeIMOHOCHTENE - ThyBHOe OpocTpaHoTEC.

Naparerpu M TemiodMIMHeCcKMe CEOMCTES XOJAONHODD TEIUIOHOCHTend | (proamMuccEan XMIHOCTE
! OpM cpegHei Pemmeparype S0 of:

MaccoEslt packol BelecTES 10 T/=

HauanmbHap TemIeparypa Z0 oC

EoHeYHAA TEMITEPATFPE 40 aC

Te[IOEMEOCTE [IPM CPeIHEH TEMIEpATyDe 4200 Tw/Er

BESKOCTE [OPM CpefHeH TeMIepaType 0.0003 Ia*c
KomddiIpieHT TenmompoEOoIHOCTH OPH CpefHel TaMIepamype 0.6 Bm/m K E
MNoTHOCTE MOPH CpeIHEN TEMIEpaType 1000 mr/m3

MapareTps M TLIMOdMIMYEcKMe CEOMCTEA DOpAYEnc TeINoHOoCHMTEnR [ laz ) mope cpemmest
Temmeparype 73,3 ol:

Pacxon TeIImoHOCHTeNIR 17,64 T/u
HawankHag TewTeparTypa 100 ac
KoHewHaA TeMIIEpaTypa E0 oC
TeIIOEMEOCTR [pH CPelHEH TEMISpATyDe 1000 Ix/mr
KosddsapieHT TemmompoEBONHOCTH OPM CpefHel TeMIepaType 0.5 Br/u*K
IINoTHOCTE HpM CPeIHEN TEMIEpaType 1000 mp/m3
ERZROCTE IPM CeNHe TenTIspanype 0.0003 IMMa*c

0Bupe HapaMeTpH OpoLecCa

TermmoEaA HATPYEEA Z45000 Bm
OpHMEHTHPOEOYHE KOS {MIMEHT TEIIIONEpETatyH 15 Br/{MZ*K)
JEFCHYUEA CHIIa OpoLlecca 43,3 K
OprenoMpoEoyEas Tpefyenas morepxHocTs mernoobuema 377,4 uz

Napamerpl FHBpaEHOro armiaparas

Hap puemnt gHarerd Ty b 0,025 o

Tompea Tpyh 0,002 m J
-

P/;3%+=5—R@&I/H/=T1/K /;(+5*B( 57**B(

_1+681/6 66858&**B& 57**B& @+-20+67?&-Z, @1/ +0*713J&*// +C/0+=, 9+J&?
6*&;?/ *&+0(+5/9B& /09&*&*/K. c7?89, 6B0O176 6 =+97*5*+> ;?21+=¢ +;*+6*+.+ 9&* [
=+97*53 «P7;:8?», @+-20+67?&-Z /*/1//138? @1+185313 17;:8?7 28@-++09&**/=T7 / O+-
J&? +0*7=49/?Z;K ; 1803-2?77+9 (1/;3*+=6).

_+;-8 07681C&*/K \?7@7 2&(*+-+./:&;=+.+ 17;:877 6+09+J*+ @1+685&*/& ./5-
176-/:8;=+.+ 17;:8?7,6 (+5& =+?+1+.+ @1+/06+5/7;K +@1&5&-&*/& @+?81Z 576-&*/K
6 700717?&. 1-K @1+6&5&*/K 17;:&?7 07578&?;K 0*7:8*/& +?7*+;/28-7*+> C&1+(+677+;?/
28@-++098**B( @+681(*+;26> / +1/8*?/1+6+:*B& 5/79¢?1B C?3181+6.

_ 1/ *+0(+5/9+;?/ 9+J8&? 0B?Z ;H+19/1+67* @1+?+=+- 17;:&?7, =+?+1B> 6=-[ -
1787 /;(+5*B& 57**B&, @1+98J33?+:*B& / +=+*:726-7*B& 1803-2?77?B 17;:&?+6. 1+7+-
=+- 9+J8&? 0B?Z ;+(17*&* 6 +?58-7*+9 H7>-& 6 H+1977& *.doc / 6@+;-85;?6// 17;08:7-
27,

F *7;2+KA&& 619K @1+6+5/?;K 5+170+?=7 @1+.1799B. X;*+6*B& *7@176-&*/K
1706/?/K 57**+_+ @1+.1799*+.+ @1+53=?7 — 36&-/:8*/8& ?/@+6 17;;:/7?B6749B( ?4@-+-
+09&**/=+6, @1+6858* /& @1+:*+;?7*+.+ 17;:8?7, 1706/?/& 6;?1+&**B( 070 57**B( (6 ?+9
:/;-& H/0/=+-(/9/ :&;=/( ;6+>;76 6&A&;?6, ?2/@0+6 ?8@-++09&**/=+6, ;6+>;76 =+*;?13=-
1/+**B( 97281/7-+6). _185@+-7.78?;K, :?+ 070B 57**B( 0353? +?=1B?B9/ 5-K 1857=-
2/1+67*/K @+-Z0+6778-89.
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. PeaynwTatel pacueTa

Co¥paHqTE OTYET

TennoEanA Harpyska 245000 B -
Facxon HarpeEatWwero areHTa 49 kric

Mnowaak TpYSHOro NPOCTRAHCTES 0,0384 m2

MAowagk MEKTPYSHOMD NPOCTPAHCTES 0.0224 2

CpegHAA pasHOCTE TEMNERATUD 433K

MNepeoe NPUEAMKEHKE

a1 HarpeEaKWwero TENOHOCHTENS 803 Br/[m2*K) =
a2 HarpeEasMoro TENNOHOCHTENA E78 Br/m2*E)

K. o pepuMeHT Tennonepenayd K 304 Br(ra2)

Cneqyiow ee NpHEIMKEHHE

al HarpeEakWwero TENNOHOCKTENS 473 B[tk

a2 HarpeEasmMoro TENNOHOCHTENA A08 Br/m2E)

K.oadgriumeHT Tennonepegayi K 215 Br/m2*K]

AnNNapaT Npolen PAcYET, Sanac 32,8 % nnowaau

Tpefyerian naowais F 26,3 w2 -

P/;3*+= 6 — X=*+ 1&03-Z77?+6 17; :&77

a:20PM?JPM

1. 1B?*§1;=/>, NN, _1+18;;B / 70071778 (/9/:&;=+> % (*+-+.//. F 2-( :7;-
K(. u. 2. D7;;++098**B& @1+1&;;B /7 70071778 / ~~. N. 1B?*&1;=/>. p 2-& /05. p D.:
g/9/K, 1995. — 368 ;.

2. 76-+6, "' F. 1/981B / 0757:/ @+ =31;3 @1+18&;;+6 / 70@7177+6 (/9/:&;=+>
W(+-+./7 1 " F. _76-+6, N.P+O7*=+6, L.L. T+;=+6; @+5 185. .V. P+O7*=+67 p 10-&
/05.; 0818170. 7 5+@. p 1.: g/9/K, 1987. — 576 ;.

3. +*., g. X;*+6*B& H+193-B / 57**B& @+ 280-++098*3 5-K /*J&*&1+6: @&1. ;
7%.-. | R@176+:*/=. — D.: L?+9/057?, 1979. — 216;.

4. g+0-81, $. $8O-+081857:7 / 28@-++09&**/=/ | $. g+0-&1 — 1. V+;(/9/0572,
1961. p 819 ;.

5. $/9+*%/*, L.R. X;*+6B =+*:213/1467*/K / 17;:827 W (*+-+./:8&;=+.+ / @1/ 1+-
B++(17*%%+.+ +0+135+67*/K: R@176+:*/=. F 3-( 2. $. 2/ L.R. $/9+*/*. p "'7-3.7: N05-6+
T. #+:=7186+>, 2001. p 988;.

"%%a) F/-2#") 8" H#) T8 T8 WIN)HA SHES /
J/a-"#adasz+""F2PD+H)_ D1 ]2+/

—.%. 8EDESMGES, —. . 7GRXDES, ).%. 8J\MD@;>:D
CU50D27#+2= ), 2%5ET2; 5#+2= 27H#%2%G% (12,21,) J2D5B)0) (#+)B) B)#G(10#%-577)B)
%5E72;5#+)B) G72-5042%5%! 28. L.N. P,5+#55-1, B. C450DD27#+,
e-mail: mahp@dfngtu.nnov.ru

_ 1+685&*+ /;;-85+67*%/8& =/*8?/=/ @1+1&;;7 ;3C=/ @+-/6/*/-(-+1/57 (_FQ)
081&.1&?B9 @71+9 6 ;0/17-2*+-6/(1&6+> ;3C/-=&. N;;-8&5+67*/& 6B@+-*&*+ *7 -70+17-
2+1*+> 3;77*+6=¢ ;3C=/ ; 079=*3?B9 1/=-+9 6+5K*+.+ @717, ;(&97 / 170+?7 =+?+1+>
+@/;7*%7 6 170+?& [1]. "*+*;?13=1/K ;@/17-2*+-6/(1&6+> @*&69+;3C/-=/ ;(&97?/:&;=/
@+=707*7 *7 1/;3*=& 1.
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b5
lazo-

838ECh
9

P/;3*+=1-RQ@/17-2*+-6/(1&67K @*&69+;3C/-=7: 1 — ;@/17-Z*B> =7*7-;, 2 —-=1BC=T7,
3—-6/(1867K =79¢&17; 4 6B (-+@*7K ?1307; 5—5*/A&; 6 —1/=-+**TK =79¢&17; 7 — ;W&9*B>
0+1+J3&=; 8 — ;@/17-Z*7K -&*?7; 9 — 6(+5*+> @7?130+=

R3C/-=7 ;+5813/7 ;@/17-7*B> =7*7- 1 @1KO+3.+-Z*+.+ ;&:&*/K, +0170+67**B>
:@/17-2%+> -&*7+> 8, @-+;=/9/ 5*/A&9 5 / =1BC=+> 2. F 1&*?17-2*+> :7;2/ /9887:K
170.130+:*7K 1/==+**7K =79817 6, +01703[ATK ; @+;-85*/9 6/7=+9 ;@/17-7*+> -&*7B
6/ (1863 =79813 3. D&J53 6/(186+> / 1/=-+**+> =7198179/ 3;77*+6-&* ;WE9*B> @+-
14J8= 7, /098*KK 6B;+?3 =+?+1+.+ 9+J*+ 1&.3-/1+677Z 61849K @180B67*/K 6B;3C/678-
O+.+ 972%1/7-7 6 ;3C/-=&. $7=/9 +0170+9, 6 ;3C/-=& /9&[?;K 56& 0+*B ; 170*B9/
/51+45/*79/:8;=/9/ / 2@-+6B9O/ 3;-+6/K9/ @1+1&;;7, ;++768?;?63[A/9/ /09&*K[-
A/9;K ;6+>;7679 6B;3C/6789+.+ 97281/7-7. &167K 0+*7 — ;@/17-2*B> =7*7-, 6 =+7+-
1+9 6-7J*B> 97281/7- =177=+61898&**+ (0,5-1,0 ;) =+*?7=2/138? ; 6B;+=+?849@&17?31-
*BO 280-+*+;/2-89 6 3;-+6/K( /5&7-2*+.+ 6B2&;*&*/K. F2+17K — 6/ (1867K =79817,
6 =+7+1+> @+5;3CE**B> 97281/7- *7(+5/2;K 6 =+*27=28 ; +(-75/6C/9;K 28@-+*+;/2%-
-89 6 3;-+6/K( @+-*+.+ ;98C&*/K / 6 28%:8*/8& 0+-8& 5-/28-7*+.+ 6189&*/ (1,5 — 2,5
9/%).

XOW&=? ;3C=/ — 6-7J*B> ;3;@&*0/+**B> @+-/6/*/-(-+1/5 971=/ _Fg-R-7059-D
VXR$ 14332-78, +01701B =+2+1+.+ +?0/17-/ @+;-& ;?75/> 5&.7070// / 1&*?1/H3./1+-
67*/K 6 @1+/06+5;76& _Fg XLX «R/031-T&H?&(/9». F-7J*+;2Z +01701+6 ;+;?76-K-7
+?2 17 5+ 24 %, ;+581J7*/& *8070+-/981/0+676CE.+;K 9+*+9817 6/*/-(-+1/57 (Fg) +?
7 5+ 37 9-*1 (ppm). _+ 57**B9 7*7-/2/:&;=+> -70+17?+1// ;185*/> 170981 :7;2/1
_Fg ;+;776-K- 120 9=9, /( @+1/;?+;?Z — 0,18, ;185*KK 35&-Z*7K @+681(*+;?Z @+1 —
1000 97%/=..

K&-Z[ /;;-85+67*/K OB-+ @+-3:8*/& 57**B( @+ =/*8?/=& ;3C=/ _Fg 081&.1¢&-
?B9 6+5K*B9 @71+9 6 ;0/17-7*+9 =7*7-& / 6/ (186+> =7981& / ;176*&*/& /( ; =/*&/-
:8;=/9/ 076/;/9+;7K9/, @+-3:6**B9/ @1/ ;3C=& @+-/9&1*B( 97261/7-+6 6+053(+9 [2].
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1498 ?+.+, 0185;?76-K-+ /*?81&; ;176*&*/& S57**B( @+ =/*&?/=& 5&.7071// (5&;+10-
1//) Fg /0 _Fg 6 3;-+6/K( ;3C=/ ; 57**B9/ @+ 5&.7071// ;3;@&*0// _FQg 6 97;;++0-
ORF* 4> =+ —+**§,

X@B?B @1+6+5/-/ 6 ;-853[A&> @+;-85+67?&-2*+;?/. F=- :7-/ 6&*?/-K?+1B
1/1=3-K1//, \-&=?1+*7.1867728-89 170+.1&67-/ 3;?7*+6=3, +5*+61&98&**+ 07@+-*KK &&
061&.1&?B9 @71+9 /0 @71+.8*&17?+17. + 5+;?2/38&>*// ;2T /+*T1*+ .+ ;+;?2+K*/K 6=-[ -
:7-/ @+57:3 6-73*+.+ _Fg / /09&1K-/ 26904177313 @717 *7 6(+5& / 6B(+5& ;3C/-=//
17;(+5 @717. FB;3C&**B> @1+53=? 7*7-/0/1+67-/ *7 ;+5&1JI7*/& +;?7?+:*+> 6-7./
/ 6/*/-(-+1/57.

F;&.+ 0B-+ @1+6&58*+ 18 +@B?+6, 6 =+?+1B( 671Z/1+67-/ 17;(+5 @717 6 5/7@7-
0+*& +? 140 5+ 160 *9%/: / @+57:3 6-7J*+.+ _Fg +? 225+ 30=./:. $690&17?313 @717 *7
6(+5& 6 ;3C/-=3 @+55813/67-/ 6 @1&58-7( +? 200 5+ 210 'R. =707**B& @71794?1B
@+50/17-/;Z ?77=/9 +0170+9, :?+0B ?69@&17?317 @717 *7 6B(+5& /0 ;3C/-=/ *& +@3;=7-
-7;Z */J6& 100 'R 6+ /008J7*/& &.+ =+*5&*;71//. $&9@817?317 @717 *7 6B(+5& /0 ;3-
C/-=/ 3;?7*76-/67-7;Z 6 5/7@70+*& 103-127 'R. FB;3C&**B> @1+53=? /98- 6-7J*+;?Z
+? 0,02 5+ 1 %, @17/:89 6 0+-ZC/*;?68 +@B?+6 6-7J*+;?Z *& @146BC7-7 97=;/97-7*+
5+@3;?/9+.+ 0*7:&*/K 5-K _Fg (0,3 %). R+5&1J7*/& Fg 6 _Fg ;*/J7-+;Z 5+ 0,3-5,0
ppm.

17**Bg& +0B?+6 0B-/ +0170+?7*B ; 1&-Z[ +0185&-&*/K =/*&?/=/ ;3C=/ +?58-7*+
5-K ;0/17-Z*+.+ =7*7-7 / 6/(1&6+> =798&1B ; /;0+-20+67*/&9 ./51+5/*79/:&;=/(
/ 97;;++09&**B( ;++?*+C&*/> [2]. F 1&03-Z?7?& 3;?77*+6-8*7 0+-8&& 6B;+=7K /*?8*;/6-
*+;72 2%0-+97;;+0818*+;7 @1/ ;3C=& _Fg @71+9 @+ ;176*¢*/[ ; ;3C=+> 6+053(+9
6 +0&/ ( 0+*7( ;3C/-=/.

V-K ;@/17-2*+.+ =7*7-7 @+-3:&*7 ;-&53[ATK \9@/1/:&;=7K =1/?81/7-2*7K (7-
6/;/9+;?Z (;@17685-/67K 6 5/7070+*& :/;&4- Re = 100-116) 5-K 17;:&?7 Q& IHT70*+.+ =+-
\HH/ 1/8&*?7 28@-++?57:/

Nu = 0,0176 Re 86 pr 0:33 1)

_ 1/ 7*7-/08 57**B( @+ 97;;++09&*3 6BK;*/-+;Z, :?+ 0*7:&*/K =+\HH/ 1 /8*?+6
200-++?57:/ s / 97;;+?57:/ q ;6K07*B 9&J53 ;+0+> 6 ;++76&?;?6// ; ;++?*+C&*/89
1IZ[/;7 alb=#r (.5&#, w—28@-+849=+;2Z / @-+?*+;?Z @717), -7+ *& *70-[57-+;Z @1/
/;;-85+67*// ;3C=/ @+-/9&1+6 6+053(+9. $7=/9 +0170+9. 6 ;-3:7& ;3C=/ @71+9 /98&?
9&; 2+ T*7-+./K 98353 @1+1&;;79/ 2%@-+- / 97;;++098*7, ?.&. 9+J*+ @1/*K?Z Nus = Nu,
/ =t\HH/1/&*?B 97;;+?57:/ 17;;:/?B67?Z @+ 3176*&*/ [ (2).

1-K 6/(1&6+> =7981B *& 357-+;Z 3;?7*+6/?Z 17;:8?*+> 076/;/9+;?/ 5-K =+\H-
H/1/8*?+6 26@-+- / 97;;++098*7 6;-85;76/& *&6+09+J*+;?/ @1K9+.+ /09&1&*/K ?84908&-
17?31B / 6-73*+;?/ 97281/7-7 6 =+*1& ;@/17-2*+.+ =7*7-7. $&I *& 9&*&& 3;?77*+6-8*B,
6+-0&16B(, ?7=3& 7*7-+./K ?28@-+- / 97;;+0&1&*+;7 6 ;++76&?;?6// ; ;++?*+C&*/&9
1Z2[/;7, 6+-6?2+1B(, 0+-8& :&9 6 567 1707 6B;+=7K /*?8*;/6>*+;?Z ;=+1+;?/ 97;;+0&1&-
*+;7 6+ 6;&( +@B?7( @+ ;176*&*/ [ ; ;3C=+> 6+053(+9. _+\?+93 @1/ @1+&=?/1+67*//
;3C/-2%+.+ T0@717?7 9+J*+ 5+@3;?2/?Z +1/&*?/1+67*/& *7 68~/ :/*3 Q&IHT0*+.+ 28@-
-++098*7, 17;; : /?7**3 @+ /06&;?*+93 3176*&*/ [[ 5-K 6/ (1&6+> =79¢1B

Nu =1,61x0 3 Re®23 pr0:33 )
/ @+-3:8**B> 1803-227? 356+/7Z.
A/ /S /% /H/=TV/ ] 2804975 +0818%+;7 @1/ ;3C=& _Fg @71+9 @+ ;176-
*§* /[ 5 ;3C=+> 6+053(+9 K6-K&?2:K =72/ :%+8& /-1 @+-*+& 6;=/Q7*/8& 6-7./ 6*371/ (@+-
146+> ;213=231B :7;2/1 6 3;-+6/K( /( *7.1867 5+ 24904177318 6BC& 100 ‘R. _1/ \?+9
6 +0A/> O7;;+@818*+; 0%7:/28-Z*B> 6=-75 6*+:/? 6B28&;*8*/8& 6+5B /0 9/=1+@+1 @+
98&(7*/093 071+5/HH30//. _1/:89 \?+? 6=-75 *7/0+-8& 07987*+ @1+K6-K&?:K 6 6/ (18-
6+> =79818, .58 :7;7/1B _Fg *7.1867[2:K 5+ 0+-&8& 6B;+=+> 26904172318 / *7(+5K?:K
6 0+*§ :3C=/ 6 2&:8*/8& 0+-8& 5-/28-7*+ .+ 61898&*/.
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“/%42/=358;+101// Fg /0 _FQ +18%/67-7 @+ 076/:/9+:/ [3]
>_ />, =exp(- aKt), ©)
.54 Cor Co = *7:7-2%+& / =+*&:*+& ;+56137*/& Fg 6 _Fg, ppm; a — =+\HH/1/&*?,

076/;KA/> +2 3;-+6/> B&.T0TI//; Ko =[r o(L- €g) F]°Dg( — =H\HH/1/8*? ;=+1+;2/
6*3218**8.+ O7; 1 +@818*+:7, 175 Wy — @—+7%+:2Z @+-/9817, =./9% Xg — @+1/;7+;7Z :7;2/1
__Fg; f—35&-Z*7K @+681(*+;?Z @+1, 97=.; y —6189K =+*?7=?7 _Fg ; 24@-+*+;/?6-89, ;.

1K 3;-+6/>5&.7071// _FQg +0170+?=+> 6+5*+> ;3;@8*0// 6 ?71&-Z:7?7+> =+-+**§
+;?1B9 @71+9 =+\HH/1/&*? a = 0,2. 1-K 3;-+6/> +@B?+6 @+ ;3C=& _Fqg 0&1¢&.1&?B9
@71+9 ;185*KK 6&-7:/*7 =+\HH/1/&*?7 a ;+;?76/-7 0,36. $+ &;?Z /*?8>;/6%+;?Z 6*3?-
18**&.+ 97; ;+@8&18*+;7 +=707-7;Z 6 1,8 1707 6BC&.

1?7+ 9+J*+ +0WK;*/?Z, &;-/ 5+03;?/?Z, -7+ *7 68~/ :/*3 =+\HH/ 1/8*?7 a 6-/K&?
=+\HH/1/&*? 5/HH30// 6 @+17( :7;?/1 _Fg. F ;-3:7& 5¢&.7071// ;3;08*0// @+1B 07-
@+-**B 6+5+>, 7 @1/ ;3C=& 6 6/ (1&6+> =79&1& =7= 6 70@717?& @+-*+.+ ;984C&*/K _Fg
@+5681.767;K 26@-+6+> +0170+?=8 @1/ =+*&:*+> 6-7J*+;?/, 2.8. 6 ;3(+9 ;+;?2+K*//, =+-
.57 @+1B :7;?/1 07@0+-*&*B @71+9. ""+\HH/1/&*? 5/HH30// Fg 6 6+5& 9&*ZC&, :&9
6 @71& *7 ?1/ @+1K5=7 6&-/:/*B, -7+ &;?&;768**+ 6-/K&? *7 +0A3[ ;=+1+;?Z 97;;+0&-
18*+;7.

N;@+-20+67*/& ;?75// @71+6+> ;3C=/ _Fg 5-K +5*+61&9&**+> 5&;+101// Fg
/988? 0+-ZC+8 \=+*+9/ :&;=+8 0*7:&*/8& 6 1&-+9 5-K @1+/06+5;?67, ?7= =7= 9+J&? 5777
0*7:/28-2*3[ \=+*+9/ [ @717 *7 ;?75// 5&.7071// ;3;08*0// _Fg.

_ +-3:8**B& 6 *7;?7+KAL&9 /;;-85+67*// =/*8?/:&;=/& 076/ ;/9+;?/ 9+.3? 0B?Z
/;0+-20+67*B @1/ 17;:8?8& ;3C/-7*+.+ 710@717?7 / 170170+?=& 3;?7*+6=/ ;3C=/ ;3;@8*-
0/+**+.+ Fg 6079=*3?+9 1/=-& 6+5K*+.+ @717.

a:20PM?JPM

1. "4*467-+6, F.R., -ZK*+6, F.D. 1*&1.+;0818.7[ATK 28(*+-+./K ;3C=/ ;3;-
@80/ +**+ + @+-/6/*/-(-+1/57 0816.18?B9 6+5K*BO @71+9. F ;0. $&(*+-+./K / +0+-
135+67*%/8 (/97 :8;=+>, O/+28(*+-+./ :8;=+> / @/ A&E+> @1+OBC-8**+;7/. D77--B 3->
Fi8l4;;/>;=4> *73:%+-Q17=2/:8;=+> =+*H&1&*1// ;2356*7+6, 7;0/17%7+6 / 9+-+5B(
3:84*B(28-30.04.2010 .. u. 1., .. #/>;=, ;. 84.

2. D3C?786, F.N., -ZK*+6, F.D. R3C=7 5/;@81;*B( 97%41/7-+6. p D: g/9/X,
1988 —352 ;.

3. $&(*+-+.7:&;=+& +0+135+67*/& @1+/06+5;267 ;3;@8*0/+**+ + @+-/6/*/-(~+-
1/57: D+*+.17TH/K | F.D. -ZK*+6, L.1.V3?=+6/:, F.F. m&0B1&6. — T.T+6.+1+5: T/J&-
4145, 4. 28(*. 3%-2, 2004. — 253 ;.

“p%a)F/-2#") +21/° 1 7% +/i%" -2 Fa5 +)2a " 42h""""
h*8a" j)%8 " d J+/h) %%/ - - #2%2F/ j#/ i 8/a/##)

2.—. %?20[Y>:D, 2. .8PE[E?JB:D, 2.2.%:0XH:D
CA50D27#+2= ), 2%5E72; 5#+2= 2TH%2%GC% (12,21,) J2D5B)0) (#+)B) B)4G(104%-577)B)
065E72;5#+)B) G72-50#2965%1 28. L.N. P,5+#55-1, B. C450D27#+, mehp@dfngtu.nnov.ru

T7/0+-8& 17;01+;?17*8&**B9 ?2/@0+9 +0+135+67*/K 5-K @1+6&5&*/K 97;;++09&*-
*B(01+1&;;+6 K6-K[?;K =+-+**B& 70@717?B. N*?&*;/H/=71/K @1+1&;;+6 97;;++09&*7,
@1+28=T[A/( 6 ?7=/( 700717?7(, K6-K&?;K +5*+> /0 673*¢&>C/( 0757: (/9/:&;=+>
/ @7AL6+> 8(F+-+.//. X5%/9 /0 @3?8> /*?%*;/H/=T1// K6-K&?;K ;+057*/& +@?/97-Z-
*B( 1&3/9+6 170+?B, 6 :7;?7*+;2/ V/=-/:&;=/(, 5-K +1.7*/071// =+?+1B( /;@+-Z03[?
*&;=+-7=+ ;@+;+0+6, *7/0+-88& 17;@1+;?17*&**B9/ /0 =+?+1B( K6-K[?;K:
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- 3;?77*+6=7 30176-K&OB( =-7@7*+6 *7 -/*// @+57:/ @+?+=+6 6 7QQ717? / 767+-
97?/0/1+67**+& 0757*/& :7;?+?B /( ;1707?B67*/K;

- 3;?77*%+6=7 ;@&1/7-Z*B( 3;?1+>;?6 6*3?1/ 70071777 5-K ;+057*/K 1/=-/:&;=/(
/9@3-Z;*B( 6+05&>;76/> *7 @+?+=/.

T7 ;&.45*KC*/> 58*Z /988?;K 1K5 170+? @+;6KA&**B( @1/98*¢&*/ [ 1/=-/:¢&-
;=/( O1+1&;;46 6 ?+> /-/ /*+> +0-7;?/ (/9/:&;=/( @1+/06+5;76. T7/0+-&& C/1l+=+
17;@1+;?17*&**B9/ / /03:&**B9/ K6-K[?;K \=;?17=?+1B, 170+?7[A/& 6 1/=-/:8&;=+>
183796 [1]. $7=3& V/=-/:&;=/8& 01+1&;;B /;@+-Z03[?;K @1/ 170+?& 1&7=?+1+6 ; +1+-
CT789B9 ;-+89 =7?7-/07?+17, 7 ?27=J3& +?5&-2*B( 1&7=?+1+6 6B?&;*&*/K / ;984C&*/K [2],
[3]. $7=3& 6 -/?2617?318& +@/;7*B 1/=-/:8&;=/& @1+1&;;B @1/ @1+6&5&*// =1/;?7--/07-
1/7 7 /+*++09&*7 [3].

X5*+> /0 *7/98*8& /03:8**B( / 5+;?77+:*+ @81;@8=?/6*B( +0-7;?&> @1/9&*&-
*/K V/=-/:&;=/( 1&3/9+6 K6-K&?;K 1&=?/H/=71/K / 70;+101/K [4p 6]. F -/?817?31&
+?2968:787;K, -2+ @1/9&*&*/8& V/=-/:&;=/( @1+1&;;+6 @1/6+5/7? = 36&-/:&*/[ @1+/06+-
5/78-7*+;?/ / \HH8=?/6*+;?/ 170+?B @+:?/ 656+¢.

NO06&;?*+ ?7=38&, 2+ *7/0+-ZCTK /*?2%*;/6*+;?Z 9T7;;++09&*7 5+;?/.78?;K 6 *7-
;75+:*B( =+-+**7( 183/9& \93-Z./1+67*/K, @18J35& 6;&.+ 07 ;:&? 368~/ :&*/K @+6&1(-
*+;2/ =+*?7=?7 H70 [7]. R@&1/7-Z2*B& \93-Z.71/+**B& =+-+**B /9&[? 5+;?7?+:*+
;-+I*3[ =+*;?13=1/[, ?1&03[? ;+057*/K ./51+07?6+1+6, @+55613/67[ A/ ( *7;75=3
6 07?+@-&**+9 18J/9&. F +0B:*B( *7;75+:*B( =+-+**7( @+55&1J37*/& 18&3/97 \93-Z-
JS1+67*/K @185;776-K&? 0+-2ZC/& ?135*+;?/, 170+?7 6 +0-7;?/ 0+*B /*6&1;// H70 =17>-
*8 *83;?+>:/67 / ;1703 @81&(+5/? 6 07(-&0B67*/¢.

T7 =7TH&S51& DLg_ 1081J3/%*;=+.+ @+-/28(*/:&;=+.+ /*;?2/?377 @185-+J&*+
3;?1+>;76+ 5-K ;+057*/K 76?+9+5&-2*B( 1/=-+6, 3;?7*76-/6789+& 6*3?1/ *7;75+:*+>
=+-+**B / +0&;0&:/67 [A&& 170+?3 70@71777 6 @&1&(+5*+> +0-7;?/ - *7 .17*/1& 9&J53
/51+5/*79/:8;=/9/ 183/979/ @+56/;7*/K / \93-Z./1+67*/K. 1?+? ;@+;+0 ;+057*/K
1/=-+6 0B- 6BO17* 6 ;6K0/ ; @1+;?+?+> / 58C&6/0*+> @+ ;176*&*/[ ; 513./9/ /06&;?-
*B9/ ;0+;+079/, @1853;97?1/67[ A/9/ /9@3-Z;*3[ @+57:3 +5*+> /0 H70 6 =+-+**3,

1-K 6;8;?2+1+**8.+ /03:&*/K 170+?B @1&5-+J&**+.+ 3;?1+>;?67 9+581*/0/1+67*
-70+17?+1*B> ;?8*5, *7 =+?+1+9 6B@+-*&*7 ;&1/K \=;@&1/98*?7-2*B( /;;-85+67*/>.
X;*+6*B9 \-896*7+9 \=;@&1/98*?7-Z*+.+ ;28*57 K6-K&?;K -70+172+1*7K =+-+**7, X*7
;+;2+4/? /0 171, 5/798&?1+9 200 99. k71./ /0.+?+6-8*B /0 +1.7*/:8&;=+.+ ;?8=-7. F =+-
-+**3 +1.7*%/0+67*7 @+57:7 J/5=+;?/ (6+5B) ;6&1(3 /7 .707 (6+053(7) ;*/03. 1-K =+*?1+-K
07 +;*+6*B9/ 2%(*+-+./:&;=/9/ @+=707?&-K9/ (?49@&17?3179/, @&1&@75+9 576-&*/K
6 ;-+& *7;75=/, 17;(+5*B9/ (717=261/;?/=719/ .70+6+.+ / J/5=+;7*+.+ @+?+=+6) 3;?7-
*+6-8*B =+*?1+-Z*+-/0981/7¢-2*B& @1/0+1B. F =7:8&;768& *7;75=/ 6 -70+17?2+1*+> =+-
-+**¢ /;0+-20+67*B =8179/:&;=/& =+-Z17 P1C/.7 25(25(3 6*767-. R(&97 -70+17?+1*+.+
;286*57 / &.+ +0A/> 6/5 @1/6858*B *7 1/;3*=7( 1/ 2.

F @1+1&;;& =+*?1+-Z*B( /;@B?7*/> 9+5&1*/0/ 1+67**+> =+-+**B 6+0*/=-7 @1+-
0-897, ;6K07**7K ;+ 0*7:/?8-2*B9 3*+;+9 J/5=+;?/ @1/ 6B;+=/( ;=+1+;?K( .707, ;++?-
66?;?63 [ A/ ( 08&1&(+53 = 1863/93\93-Z./1+67*/K. F ;6K0/ ; \?/9 67J*B9 \?7@+9 170+?B
;27-7 170170+?=7 / /;@B?7*/& \HH&=?/6*+ 170+?7[ A&.+ ;&@717?+17-01B0.+3-+6/7&-K.
R185/ *&;=+-7=/( /;@B?7**B( =+*;?13=1/> (/*811/+**B&, 18*?1+08J*B¢, ;&?:7?B&)
*7/0+-8& \HH&=?/6*+> +=707-7;Z =+*;?13=1/K =+90/*/1+67**+.+ 01B0.+3-+6/?&-K,
@1/6858**+.+ *7 1/;3*=8& 3. #1B0.+3-+6/28-Z /98&? 568 *T=-+**B& @+-=/ ; ;&.98&*?*B9/
6B1&079/. &1&=1B67K 2/3 ;&:&*/K 171./, @+-=/ +?0/67[? *7/0+-8& =130*B& =70-/
J/5=+;?/, 7 @1/ +./07*// @+-+= .70+6B9 @+?+=+9, 9&*K[A/9 ;6+& *7@176-&*/&, ;+0-
57[?;:K ;/7-B /*811//, 2+ ?7=3& ;@+;+0;?638? ;&@71/1+67*/ [ =7@&-Z. D&JI53 @+-=79/
681?/=T-7*+ 3;27*+6-8*7 6 *&;=+-Z=+ ;-+86 .+H1/1+67**7K 98?7--/:8&;=TK ;&?=7, =+?+-
17K 075&13/67&? 9&-=/& 01B0./. €/5=+;?Z, 07 ;:&? ;/-B ?KJI&;?/ ;?8=78? @+ ;&?=& *7
@+-=/,7 07289, 0-7.+571K *7=-+*3 @+-+=, 6+0617A7&?;K *7 17;@185&-/?&-2*3[ ?71&-=3.
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Tloroku: @
1.1, 1.2, 1.3, 1.4 — Bo3ayx atMochepHBIH,

IOJOrPETHIif, OCHE BEHTHIATOPA 1 @
KOJIOHHBI COOTBCTCTBCHHO.

2.1,2.2,2.3 — Boja Ha NOANUTKY CHCTEMBI, HHHHHHK-

Ha BXOJC B KOJIOHHY 1 BO3BpaT B 6aK COOTBETCTB

KH

R - B P

@) LTt

P/;3*+= 1 -R(&97 -70+172+1*+.+ \=;@&1/9&*?7-2*+.+ ;28*57
X0+135+67*/&: F — 6&*?/-K?+1; a —&9=+;7Z; ** — =7-+1/H&L; " T — =+-+**7 *7;75+:*7K;
TF —*7;+; 6/(1&6+>;

_1/0+1B 7/ 7197?317: F1 — 1+?79¢?1; D1, D2 —@;/(1+9&?1B; Pdl p 5/H97*+9&?1 5-K
/09818*/K @816@757 576-&*/K *7 17;(+5+9&1*+> 5/7H17.9&; Pd2 p 5/H97*+94&?1 5-K
/09818&*/K @+?81Z 576-&*/K 6 ;-+& *7;75=/;$ 1...$3 —2619+9&?1B; F1...F3, FP4,
FP5—-6&*?/-/; " 11 —=17* @+6+1+?*B>

P/;3*+=2—-X0A/> 6/5 ;?&*7' ; T I5+ IR > P/;3*+=3-""+90/*/1+67**B>
=T0+1772+1*+> =+-+**+> 01B0.+3-+6/78-Z
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R1&5/ \?7@+6 /;;-85+67*/> @1+6&5&**B( *7 9+9&*? @30-/=71// 57**+> 170+?B
9+J*+ 6B5&-/7Z:

1). 1+685&*B *7:7-Z*B& \=;@&1/9&*?B, @0+5?7641J57[ A/& 170+7+;@+;+0*+;?Z
3;27*+6=/ / +?58-2*B( && \-89&*?+6, @+06+-/6C/& @1+/06&;?/ ?71/1+6=3 -70+172+1*+>
*T;75+:%+> =+-+**B / ;+0+;?76-8*/& @+-3:&**B( 1&03-2?7?+6 @+ ./5176-/:&;=+93 ;+-
@1+2/6-8&*/ [ *7;75+:*+.+ ;-+K /0 =8179/ :&;=/( =+-&1 PTC/.7 / /*?%*;/6*+;?/ 9T; ;+-
+098*7 @+ 98?+5/=¢& /;@71&*/K 6+5B 6 6+053( ; /06&;?*B9/ -/?817?31*B9/ 57**B9/.

1=;081/98*?7-2*B& /;;-85+67*/K ./51+5/*79/=/ 6 ;-+& *7;75=/ ; 07.-3C&*-
*BO 3;?1+>;76+9 5-K +1.7*/071// 1 /=-+6 @+=707-/ ;++?768&?;?6/& ; /06&;?*B9/ -/?2&17-
?31*B9/ 57**B9/ 076/;/9+;?/ ./5176-/:&;=+.+ ;+@1+?/6-8*/K ;-+K *7;75=/ +? H/=-
?2/6*+> ;=+1+;?/ .707 @1/ 170-/:*B( 0*7:&*/K( @-+?*+;?/ +1+C&*/K. R=+1+;?Z 07(-¢&-
0B67*/K 5+;?7?+:*+ 0-/0=7 = 17;; : /?B6789+> @+ /06&;?*B9 3176*&*/K9 [7].

_ +1803-227?79 @;/(1+9&?1/ :&;=/( /0981&*/> 6-7.+;+58137*/K 6+053(7 *7 6(+5&
/ 6B(+58& =+-+**B 0B-/ 17;;:/?7*B =+\HH/1/&*?B 97;;++?57:/ @1/ /;071&*// 6+5B
6 .70+63[ H703. '-K @+5?68135&*/K 6+;@1+/06+5/9+;?/ 1803-2?77+6 @1+6858*+ *&-
;=+-Z=+ ;&1/> \=;081/9&*?+6 6 +5/*7=+6B( 3;-+6/K(. 1-K @+6BC&*/K ?+:*+;2/ /09&-
1&*/> 6 1K5& ;-3:7&6 @1+6+5/-/;Z +@B?B ; @1&5671/?&-7*+ @+5+.1&?B9 6 =7-+1/H&1&
6+053(+9. +-3:8&**B& 6 1803-Z77?& \=;@081/9&*?7 / 17;;:/?7**B& @+ @1/685&**B9 6
-/?617731& [8] H+193-79 =+\HH/1/&*?B 97;;++?57:/ 5+;?7?+:*+ 0-/0=/ @+ 0*7:&*/K9.

_ +57681J58*+, 1?2+ 6+ 61&9K *7;?3@-&*/K 18&3/97 \93-Z./1+67*/K =+\HH/1/8&*?
97;;++757:/ ;3A&;?68&**+ 36&-/:/67&?;K 6+ 6;89 /;;-85+67**+9 5/7@70+*& 17;(+5+6
J/5=+;7/.

2). _1+6858*B /;@B?7*/K *&;=+-Z=/( 671/7*?+6 170170+?7**+.+ 3;?1+>;767, @+-
06+-/6C/8& +@1858-/77 3;-+6/K &.+ ;1707?B67*/K / 3;?27*+6/?Z @+=707?8-/ 170+?B 6 07-
6/;/9+;?/ +? +;+08**+;28> =+*;?13=1//, 97;;B @+56/JF*+.+ \-498&*?7, @1+(+5*+.+ ;&-
1&*/K .70+6+.+ =7*7-7.

1/ \=;081/98&*?7-2*+9 /;;-85+67*// 0B-7 6BK6-&*B @1K97K @1+@+11/+*7-Z-
*+;?Z 576-8*/K ;1707?B67*/K +? 97;;B /;@+-*/?28-2*+.+ 9&(7*/097, 7 ?7=3& +017?*7K
@L+@+1N/+*T-2%+;2Z +? ;8:8*/K @L+(+5*+.+ =7*7-7 3;?1+>;767. $&9 *& 9&*&&, \=;081/-
98*?7-2*B& 0*7:&*/K 576-&*/> ;1707?B67*/K +?-/:T[?;K +? @185671/28-2*+ 17;;:/-
27**B(, :?+ 9+J*+ +0WK;*/?Z 6-/K*/89 6*3?1&**/( \-89&*?+6 3;?1+>;767, =+?+1B&
6-/K[? *7 (717=261 170+7B.

_1+6858**B& /;;-85+67*/K @+576&1J57[? 170+?+;@+;+0*+;?Z @185-+J&**+.+
3;?71+>;767, =+?+1+& +0&;@&:/? 170+?3 6 1/=-/:&;=49 18&3/98& «Q@+56/;7*/& —
\93-Z./1+67*/8&», :?+ @+06+-/7 5+;?/ :Z 6B ;+=+> \HH&=?/6*+;?/ 170+?B ;-+K *7;75=/.

F 0-/J7>C&& 618&9K *79&:&* \?7@ /;;-&5+67*/>, ;6K07**B> ; /03:&*/8&9 ;+698&-
;7%4+> 170+?7B 170170+27**+.+ 3;?1+>;?67 / *7;75+:*+.+ ;-+K, 6BK6-&*/8&9 .17*/1 ./5-
1+5/*79/:8;=/( 1&63/9+6 170+?B *7;75+:*+.+ ;-+K ; 3;?27*+6-&**B9 3;?1+>;76+9.

a:?0PM?JPM

1. "'71@7:867, R.D. _3-Z;71/+**7K 70@717?317 6 (/9/:&;=+> 2(*+-+.// ]
R.D. ""71@7:867, #.a. PKO:/=+6. p D.: g/9/K, 1983. p 224 ;.

2. M.A. Ayude, O.M. Martznez, M.C. Cassanello Modulation of liquid holdup along a
trickle bed reactor with periodic operation // Chemica Engineering Science, 2007, vol. 62,
N21, 11. 6002 — 6014.

3. Schrodt V.N. Unsteady-State Processing // Ind. Eng. Chem., 1967, vol .59, ¥ 6, p.60.

4. McDanidl, R. Use of the results of field tests in the modeling of packed distillation
columns and packed absorbersplll / R.McDaniel, A.A. Bassyoni, C.D. Holland // Chemical
Engineering Science, 1970, Vol. 25, r 4, 11 633 p 651.

5. McDaniel, R. Modeling of packed absorbers at unsteady state operation -V /
R.McDaniel, C.D. Holland // Chemical Engineering Science, 1970, Vol25, r 8, 11.
1283p1296.
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6. Karacan, S. The steady-state and dynamic analysis of packed distillation column
based on partial differential approach / S.Karacan, Y .Cabbar, M.Alpbaz, H.Hapoglu // Chem-
ical Engineering and Processing, 1998, Vol 37, r 5, Sept, 11. 379p388.

7.77;77=/*, LV. X;*+6*B& @1+1&;;B /7 700717?B (/97 :&;=+> %(*+-+.// | D.:
L-ZK*R, 2005. p 753 ;.

8.P799, F.D. L0;+101/K .70+6 / D.: g/9/K, 1976. — 656 ;.

J+ )HOE) _F+/h8as#/—-Qas 2" /+/ -
a5 /j"%"8" 2%as%/F)+b2md %" /j#id -/f

T.). %JIBMDES
CA50D27#+2= ), 2%5E72;54+2= 274%2%6% (12,21,) J2D5B)0) (#+)B) B)#G(10#%-577)B)
%5E72;5#+)B) G72-5042%5%! 28. L.N. P,5+#55-1, B. C450D27#+,
mahp@dfngtu.nnov.ru

V/51+1/=-+*B, 6;-85;76/& ;6+/( \=;@-37?71/+**B( @1&/93A&;?6 (6B;+=7K
@1+@3;=*7K ;@+;+0*+;?Z, @1+;?+?7 =+*;213=1//, *758J3*+;?Z), *1C-/ C/1+=+& @1/96&-
*&*/8 6 2(*+-+.// +:/;?7=/ ;?+:*B( 6+5 +? 9&-=+5/;@&1;*B( 606&;&>.

_1/\=;@-37?71// ./51+1/=-+*T7 6 183/96& «;6+0+5*+>» 170.130=/, =+.57 6B(+5-
*B& ?130+@1+6+5B *&@+;185;?76&**+ ;+8&5/*&*B ; 779+;H&L+>, +;&67K 0+*7 07@+-*K&?;K
779+;H&1*B9 6+053(+9, @1/+01&?7K 6/5 ?7= *70B6789+.+ «6+053C*+.+ ;?+-07». a;-/
;=/6%+> @7?130+= _/51+1/=—+*T7 @1/;+8&5/*K&?;K = ;++;*+93 6B(+5*+93 ?130+@1+6+53
(1/;3*+= 1, 1), 2+ 6+053C*B> ;?+-0 ;+(17*K&? 3;?2+>:/6+;?Z *7 0*7:/2%-7*+> &.+ 5-/%8,
17013C7K;Z -/CZ @1/ ;3A&;?68**+9 ;*/J&*// 07=13?=/ @+?+=7. a;-/ J& ./51+1/=-+*
;*¥7038* 6B(+5*+> 3-/?+:*+> =7981+> (1/;3*+= 1, R), 7+ 6 *&> 6+053C*B> ;?+-0 ;1703
281K&? 3;7+>:/6+;?Z / /*?8%*;/6%+ 5/;081./136?;K ; +0170+67*/89 6/(1846+.+ 0710+-
27I*+.+ ;-+K ; +5*+1+5%+> @30B1Z=+6+> ;?13=?31+> / 6B;+=+1706/?+> Q&IHT70*+> @+-
681(*+;?Z[.

Q+;6+ Q
=

Qs(

H \Q;_
o
I R

P/;3%+= 1—R(89B 08&18*+;7 .707 6 ./51+1/=-+*§ ; ;++;*BO 6B(+5*B9
2130+@1+6+5+9 (1) / ; 1/-/*51/:8;=+> ;-/6%+> =1981+> (R):
1 - 6+053C*B> ;2+-0, 2 — 0710+27J*B> ;-+>

'4
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R?72/;2/:8;=/> T*7-/0 +@B?*B( 57**B( @+=707-, :?+ .70+;+581J37*/& 0710+-
27I%+.+ ;-+K 0-/0=+ @+ 6&-/:/*& = +7*+;/28-7*+93 17;(+53 .707 6 6+053C*+9 ;2+-0&.
_ 1/ \?+9 358-7*7K 98JIHT0*7K @+681(*+;7Z, 6B:/;-8&**7K @+ ;185*893 1709813 @30B-
18>, ;+;776-K&? (2}4)-10° 9%/9°3, 17+ *7 @+1K5+= @1&6BCT78? 0*7:&*/K, 5+;7/.789B& @1/
_176/271/+**+9 0710+77J8.

R 3:62+9 \?2+.+ 9+J*+ 07=-[:/?Z, 17+ 0710+273*B> \HH&=? 6 7\171/+**+> =7-
0818 9+J8&? 0B?Z 3;@8&C*+ /;@+-20+67* 5-K @1+685&*/K 6 ./51+1/=-+*7( ;+@3?;?63[ -
A/( .70+3/5=+;7*B( @1+1&;;+6 (?7=/(, *701/98&1, =7= H-+?T1/K, 70;+101/K, +=/;-/-
2-7*B& 1&7=1//, =+*77=7*B> 28@-++09&* / 51.). X?58-7*+ ;-853&? +?982/7Z, 17+ 5-K
+0170+67*/K 98JIHT0*+> @+681(*+;?/ 6 \?+9 ;-3:78 *& ?18038?;K @1/-+J&*/K \*&1.//
/06%&, 27= =7= /;@+-7038?;K ;+0;?268**7K \*&1./K 07=13:&**+_+ @+?+=7.

F 1803-2777%% @1+6858**B( /;;-85+67*/> OB-/ 170170+?7*B +@B?*+-
@1+9BC-&**B& =+*;?13=1// ./51+1/=-+*+6-H-+?7?+1+6 (1/;3*+= 2), 07TA/A&**B&
:6/5828-2;7679/ *7 @+-80%3[[ 9+5&-7 / 9&2+5/=/ /( /*I&*&1*+.+ 17;:&71.

! R -

P/;3%+= 2 —V/51+1/=—+*B-H-+772+1B +5/%+:%+ .+ /;@+-*&*/K (1),
- /*5/6/537-7*+> (R) / 0-+:*+> +06K0=+> (-) 9+53-&>

X@B?B @+ 1705&-&*/ [ 6+5+97;-K*+> \93-Z;// / ?1&(=+9@+*&*?*+> ;/;?49B
«@+57-9+7+1*+& 97;-+-=671186B> @&;+=» 6 ./51+1/=-+*&-H-+?77+1& @+=707-/, 7+ 6+
6;49 /;;-8&5+67**+9 /*2167-& =+*1&*?171/> / 6(+5*B( 576-&*/> ./51+1/=-+*-
H-+?77+1 +0&;@&:/67&? 0+-&& 6B;+=3 \HH&=?/6*+;?Z 3-76-/67*/K ?6&15+> H70B, :&9
+0B:*B> ./51+1/=-+*. $7=, O7=;/97-2*+& +7*+;/28-L*+& ;*/ I&* /& 3*+;7 ;+;?76/-+ @+
?6815+> H70& 40,3 %, @+ 97;-3 50,2 %.

"1+9& 7+.+, 0B-/ @1+6&5&*B @+;?77*+6+:*B& \=;08&1/9&*?B @+ /;;-&5+67*/
6+09+J*+;?/ @1+6&5&*/K 97;;++09¢&**B( @1+1&;;+6 6 0710+?7J*+> =79&1&. P70+?B
6 \?+9 *70176-&*// 7?1803 ? 5+0+-*/?8-2*B( /;;-85+67*/> / @18&5;?76-K[?;K 6&;Z97
@0&1;0&=7/6*B9/.
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Yd#/as " JO%S25 /%H2%"82 Fab )+ i#/ /L 4 /T /-a)#"'5
) 2a)i _""F+/h8as#/- "4 Ja2%"  2%%

_2 F:>ES,
CAS0D27#+2= .) , 2%5ET2;54#+2= 274#%2%G% (12,21,) J2D5B)0) (#+)B) B)#G(10#%-577)B)
%5E72;5#+)B) G72-50#2%5%"! 28. L.N. P,5+#55-1, B. C450DD27#+,
e-mail: mahp@dfngtu.nnov.ru

F @+;-845*/& .+5B 6 @1+1&;;7( 17058-&*/K 3/5=/( *&+5*+1+5*B( ;/;?769 3;08C*+
6*851K[?;K ./51+1/=-+*B [1-3]. m/1+=+& @1+9BC-&**+& 01/98&*8&*/& \?/( 70@717?+6
+03;-+6-/6782;K /( =+9@7=?*+;?Z[, 35+0;?6+9 =+9@+*+6=/ 6 58>;?63[ A/ ( 3;?7*+6-
=7(, 6B;+=+> 35&-Z*+> @1+/06+5/726-2*+;?Z] / *75&J3*+;?Z[. F9&;?& ; 789 ./51+-
1/=-+*B, 6B@3;=7849B¢& +?4:&;76&**B9/ 97C/*+;?1+/?8-7*B9/ @1&5@1/K?/K9/ 6 +;*+6-

*+9 6 9877--/:&;=+9 /;@+-*&*//, +?-/ - T[?;K *&6B;+=/9

} . =t\HH/1/8*?+9 /;@+-20+67*/K 9Q728L/7-7, *&28(*+-+-
Al i L4y Ji*B 6 [0.4746-8*//, 12+ ;3A&;?6&**+ +.17%/:/678?
| 6+09+J3*+;?/ /( ;&1/>*+.+ 6B@3;=7 / +1.7*/071// 1&*-
?217-/0+67**B( @+;776+= *7 ©@18501/K?/K (/9/:&;=+>
/ ;98J*B( +?17;-&> @1+9BC-&**+;?/. 1-K 1&C&*/K @1+-
0-8&9B ;&1/>*+.+ @1+/06+5;?67 ./51+1/=-+*+6 V10&1J/*-
;=19 O+-/28(*%/:&;=/9 /*;2/?73749 T/J&.+1+5;=+.+ .+-

| g ;3571;768**+.+  R(*/:&;=+.+ 3*%/68L; /72827 /9&*/
P.a. L-&=;8867 170170+?7* ?/@+170981*B> 1K5 6B ;+=+\H-
H&=?/6*B( / 26(*+-+./:*B( ./51+1/=-+*+6 /0 @-7;797;;
[4]. P70170+27**B> 1K5 6=-[:78? ./51+1/=-+*B ;&9/ ?/-
@+170981+6: $F_-25, $F_-32, $F_-40, $F_-50, $F_-63,
$F_-80 / $F_-100 (1/H1B ;++?76&?;?63[? 6*3?16**&93
# 5/798?13 =+103;7 6 99, 2&(*/:&;=/& (717=2¢1/;?/=/ 01/-

6858*B 6 [4]). V/51+1/=-+*B /0.+?76-/67[?;K -/?289 @+5
EX 576-&*/&9 /0 6B;+=+@1+:*B( / =+11+0/+**+-;2+>=/(
T 2%19+@-7;7+6 (@+-/79/5, @+-/;?/1+-, @+-/=710+*7? / 51.).

"4*-213=1/K @-7;797;;+6+.+ ./51+1/=-+*7 @+-
=707*7 *7 1/;3*=& 1. V/51+1/=-+* ;+;?2+/? /0 =+1@3;7 1,
6B@+-*&**+.+ 07+5*+ ; 6(+5*B9 / ;-/6*B9 @7?130=79/,
=+*3;7 2 / @&;=+6+.+ *7;75=7 3, @1/ ;+&5/*K&9+.+ = =+-
*3;3 ; O+9+AZ[ 98?7--/:&;=+> *7=/5*+> .7>=/ 4.

R 1&-Z[ +1.7%/071// ;81/>*+.+ /0.+?+6-&*/K
J51+1/=-+*+6 /0 @-7;?97;; 5-K =7J5+> /0 6BC&*7-
067**B( 5&?7-&>, 7 /98**+ =+103;7, =+*3;7 / @&;=+6+.+
s . *T7;75=7 6;&( 6BCE&3=707**B( 2/@+170981+6 ./51+1/=-+-

P/33 @+_"7 .1,,;>/ /i%g! = *+6 0B-/ 170170+?7*B -/?Z86B& H+19B (1/;3*+= 2).
T 1/72867K H+197 5-K /0.+?+6-&*/K =+1@3;+6 (1/-
;3%+= 2, 1) ;+;2+/? /0 @+56/J3*+> 2 / *&@+56/J*+> 1 @+-397?1/1, @37*;+*7 3, 0*7=+6 4
/ 5, -/7*/=+6+> 6?3-=/ 6 / 6B?7-=/67[ A&.+ 3;?1+>;?67 7. F ;+;776 -/?246+> H+19B
?77=J& 6(+5K? 140Z20+6B¢& 6;?76=/ 9, 10, @-/?B 11, 12, 13, H-7*IB 14, 15, C?/H? 16, 6?3-=7
17, =+-+*=7 18/ 6/*?B 19 / 20. 1 -K +0&;@&:&*/K 0B ;?1+.+ +?6&135&*/K /05&-/K 6 ?8-&
@+-397?1/1 6B@+-*¢&*B =7*7-B 8 5-K @+57:/ +(-7J57[ A&> 6+5B. 1/?Z867K H+197 /98&4?
+5*3 @-+;=+;7Z 170W&97. F+ /008&J7*/& 0*7:/?2&-2*+.+ 3;-+J*&*/K =+*;?13=1// 170+?7

-/?786+> H+19B +;3A&;?6-K&?;K @+-376?+97?/:&;=/ ; 13:*+> 3;?7*+6=+> 0*7=7 5.
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P/:3%+= 2 — 1/7286B& H+19B 5-K /0.+746-&*/K 5877-8> ./51+1/=—+*T:
| —=+1@3;7; R—=+*3;7; - — @&;=+6+.+ *7;75=7

1/22867K H+197 5-K /0.+2+6-8*/K =+*3:+6 6:8( 2/@+170981+6 (1/:3%+= 2, R) :+-
5813/7 *80+56/3*3[ 1/ @+56/J*3[ 2 +0+>9B, = =+7+1B9 =180K?:K :8=1// 9721/1 3,
4, 5, *§@+56/J*B> 7 / @+56/J*B> 8 H-7*1B, @37*;+* 9, :W&9*/= 10, 1B:7./ 12 / K./
13. 1K +08&:@&:8*/K OB:21+.+ / 176%+981%*+.+ 0726815867*/K /058-/K 6 =+*:213=1//
H+19B @1853;9+718%+ 5+@+-*/28-2%+§ +(-TI58*/& @37*;+*7. F 57**+> =+*;213=1//
/0-07 0+-2C+> 5-/*B J058/K +:Z ~/2786+> H+19B 17:0+-7.782:K @+0818= +:/ -/7786+>
O7C/*B, @-+;=+;7Z 1TOWGO7 — 65+-Z =+*3;7, 7 17;=1B2/& 97?1/ 1B +;3A&;26-K&?;K @1/
@+O+A/ 1B:7J*+> ;/;289B. PT0+7782 -/?Z867K H+197 6 762+972/:8&;=+9 18J/9%.

1K /0.+746-8*/K @8;=+6B( *7;75=+6 0B-/ ;+057*B 56§ -/?2&6B& H+19B (1/;3-
4= 2, -) = 5-K ./51+1/=—+*+6 VK_-25 / VK_-63. 1/72867K H+197 ;+;7+/? /0 97?1/1B 6,
@37%;+*7 10, @37*;+*+5813778-K 4, @+56/3%+.+ 3 / *&@+56/I%+.+ 7 H-7*186 / @-/?B
W97 5. D72L/17 ;*¥7038*7 3/ :289+> 6+5K*+_+ +(~7I58*/K. 1/2Z867K H+197 /98&? +5*3
@-+;=+;7Z 170W97 / 170+?78? 6 767+972/:8;=+9 163/ 98.

_ §;=+6B& *7;75=/ ./51+1/=-+*+6 $F_-32, $F_-40 / $F_-50 /0.+7+6-K[? /0
*7:75=7 5-K $F_-25 5+@+-*/28-Z*B9 17;:6&1-/67*/89 5+ 21403849+.+ 5/798?17 / +0-
180=+> @+ 5-/*&, 7 0&;=+6B& *7;75=/ ./51+1/=—+*+6 $F_-80 / $F_-100 — ;++7682;7-
63[A&> 5+170+7=+> *7;75=7 5-K $F_-63.
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X;*+6*B& @7179&?1B -/?786B( H+19 5-K /0.+?7+6-&*/K =+1@3;+6, =+*3;+6 / @&;-
=+6B( *7;75=+6 @1/6&5&*B 6 ?70-/14.

$70-/717 1 - X;*+6*B& @7179&?1B -/?266B( H+19

NO05&-7/8 $/@+170981 X0W&9 V7071/7*B& D7;:7, =.
SB1+1/==+*T | +7-/6=/, ;9° 1709¢1B, 99
""1103; Vk_-25 70 315" 210" 320 150
Vk_-32 160 315" 270" 320 150
Vk_-40 240 380" 340" 330 168
Vk_-50 280 465 350" 340 265
Vk_-63 485 465" 350" 340 265
Vk_-80 605 495" 350" 340 280
Vk_-100 1000 495" 360" 350 350
Tx3: Vk_-25 90 390" 270" 600 300
Vk_-32 130 420° 270° 670 360
Vk_-40 205 460" 270° 780 450
VK_-50 300 460" 270° 880 550
Vk_-63 330 460" 300° 780 450
Vk_-80 525 490" 300" 910 560
Vk_-100 700 490" 380" 1055 940
_&;=t6+> Vk_-25 15 280" 200° 320 [
*7:75+4= Vk_-63 40 290" 310" 170 75

R+057**B¢& -/?246B& H+19B @1+C-/ 3;@04C*B& /;@B?7*/K @1/ /0.+?+6-&*//
+@B?*B( @71?/> @-7;?97;;+6B( ./51+1/=-+*+6. F =7:&;76& =+*;?13=1/+**+.+ O772%¢-
1/7-7 /;0+-20+67-/ -/?286+> @+-/79/5 _L-6, +0-757[A/> 6B;+=+> ;?2+>=+;?Z 01+-
?/6 ./51+70170/6*+.+ /0*7TC/67*/K / 6+058>;76/K 7.1&;;/6*B( ;145.

R176*&*/8& 1803-2?7?+6 ;?¢*5+6B( / @1+9BC-&**B( /;@B?7*/> @-7;?97;;+6B(
[/ 98?7--/:8;=/( ./51+1/=-+*+6 @+=707-+, :?+ @816B& +0&;@&:/67[? 0+-&& 6B;+=3[
\HH&=?/6*+;?Z 17058-8*/K 0-7.+571K 3;+6&1C&*;?6+67**+> H+198& @1+?+:*+> :7;?/
/ 3-3:C&**+93 =7:&;763 6*3?1&**&> 0+6&1(*+;?/. X@B? @1+9BC-&**+> \=;0-37?71//
@-7;?97;;+6B( ./51+1/=-+*+6 @+5?76815/- /( 6B;+=/& \=;@-37?71/+**B& =7:&;?67: 6B-
;+=3 \HH&=?/6%*+;2Z, /0*+;+;?+>=+;7Z, 35+0;76+ 6 +0;-33/67*//.

T71K53 ; 3-3:C&*/89 \=;@-37?71/+**B( @71798?1+6 /05&-/> /;@+-20+67*/&
;HO57**+> W (F+-+./:8;=+> +;*7;?7=/ @+06+-K&? @+-3:/?Z 0*7:/?2%-Z*3[ \=+*+9/[
=+*;?213=1/+**B( 97281/7-+6, ;*/0/?Z ?135+89=+;?Z /0.+?+6-&*/K ./51+1/=-+*+6
/ 3-3:C/?Z =7:&;?6+ @+6&1L(*+;?/ /( Q1+?+:*+> :7;?/. $7=, 97;;7 @-7;?97;;+6+.+ ./5-
1+1/=-+*7 - [ 0+.+ ?2/@+1709817 6 912 170 9&*ZC¢&, 7 =+\HH/1/&*? /;@+-20+67*/K =+*-
;213=1/+**+.+ 97?281/7-7 6 3 1707 0+-ZC4&, :89 ?7=+.+ J& ./51+1/=—+*7, /0. +7+6-&**+_ +
/0 ;?7-/. F 3;-+6/K( ;&1/>*+.+ 6B@3;=7 ?135+&9=+;?Z /0.+?+6-8&*/K @-7;?97;;+6B(
J51+1/=-+*+6 *7 @+1K5+= */J8&, &9 9&?7--/:8&;=/(. R+6+=30*+;?Z 3=707**B( @1&-
/93A&;?6 +08&;0@8:/678? ;*/38&*/8& ;?2+/9+;?/ ./51+1/=-+*+6 6 34 1707 /, ?7=/9 +017-
049, ;3A&;?68**+ ;*/J7&? +0A3[ ;?2+/9+;?Z ;+0576789B( *7 /( 070& @1+9BC-&**B(
3;?77*+6+=,

;08C*+& 6*8518*/& @-7;7?97;;+6B( ./51+1/=-+*+6 / 07?71&>*B( ./51+1/=-+-
*+6 *7 /(+;*+6& 6 ;/;?897( +:/;7=/ +0+1+?*B( / ;?+:*B( 6+5 1K57 (/9/:&;=/( @1+/0-
6+5;?6 [2, 3], 6 @1+/06+5;?67( =71?+H&-Z*+.+ =17(97-7 / 51. @+;-33/-+ +;*+67*/8&9 5-K
*7:7-7 /( ;81/>*+.+ 6B@3;=7 / +1.7*/071// 1&*?17-/0+67**B( @+;?76+= 5-K 01&5@1/-
K?/> (/97 :&;=+>, @/A&6+>, .+1*+135*+> / ;98I*B( +?17;-&> @1+9BC-&**+;?/, 7 771=3&
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5-K +;*TA&*/K -+=T-2*B( ;/;?89 +:/;?=/ +0+1+?7*B( / ;?+:*B( 6+5 ;?77*1/> 9+&= 76?+-
9+0/-&>, 767+.7173*B( (+0K>;76 7 2.Q.

a:20PM?JPM

1. $81%+6;=/>, N.V., ""'328@+6, L.D. V/51+1/=-+*/1+67*/&. — D.: T73=7, 1994. —
350 ;.

2.**3280+6, L.D., #717%+6, 1.L., 17.37=/* D.J., _1+*/* L.N., N67*+6, L.L., **35-
1K6186, T.L., 1/=+6, F.L. X@B? ;+057*/K / @1/98*8*/K ./51+1/=-+*+6 6 @1+1&;:7( (/-
9/ :8;=+> W(*+-+.// I 9/9/ :&;=TK 2(*+-+./K, 2000, ¥ 1, ;. 28 —37.

3. _1+%/* LN, 1/=+6, F.L., #7-7(*/*, N.L., #717%+6, 1.L., 17.3?=/* D.V,,
g7=/9+6, D.F., d13--/*, P.T. X@B? / 6+09+J*+;2/ @1/98*&*/K ./51+1/=-+*+6 5-K
17058-8*/K 6+-+=*/;7B( ;3;08*0/> /| F+57, (/9/K, \=+-+./K, 2008, r 5, ;. 10— 17.

4, #717%46, VL., _1+%/* L.N., 1/=+6, F.L., N67*+6, L.L., #7-7(*/*, N.L., 17-
.32=/*, D.V. V/5141/=-+*B 5-K (/9/:8;=/( @1+/06+5;76 / 3;27%+6+= +:/;7=/ +0+1+7-
*B( / ;24:*B( 6+5 /] 979/ :8;=+& / *GH?&.T0+6+& QTC/*+;2148*/8, 2007, v 7, ;. 20— 22.

“y%a) F/-2#") %7g8™ #)+2ak#ld %/+1)H" /-
8/#-)8"""-#01 U1/ %/1/

5.1. %@DR>:S, —.2. WEZ :GES, —./. 1JPMSG@S, "*.2. a@T@0o@S
P,%1=#+2= B)#G( 1 0#%-577<= %5E72;5#+2= G72-50#2%5% 28. U.U. 9),467)-!,
B. VI0O71G,, email: htie@mail.ru

1-K 357-&*/K 6-7./ /0 97261/7-+6 6 @1+9BC-&**+;?/ /;@+-Z03[ ?;K 170-/:*B&
6/5B ;3C=/, ?77=/8& =T= =+*68=?/6*TK, =+*?7=?*TK, ?+@+:*B9/ .7079/, 175/71/+**7K
(/*H17=17;*7K), 5/\-&=?1/:&;=7K, ;30-/971/+**7K / 513./5.

F ;+6189&**+> @1+9BC-&**+;?/ @1/ 6B;3C/67*// 170-/:*B( 97?281/7-+6 5+;-
M+ F+ 17,7+ @L/98FK[? =+*68=?/6*B> ;@+;+0 ;3C=/. X* +;?78?;K +5*/9 /0 ;79B(
6+;2180+67**B( 07 ;:&? 6B;+=+> \HH&=?/6*+;?/, *&6B;+=+> ;?2+/9+;?/, @1+;?+?B
/ /03:8**+;?/ @1+1&;;7. R3C=7 @1+/;(+5/? 6 .70++0170*+> ;1&5& (6+053(, ?+@+:*B&
.70B, @81&.1&?B> @71), =+?+17K @379 =+*6&=1// @&1857&? 26@-+?3 5186&;/*&. 1-K *7-
J1867*/K / V1/1=3-K1// ;3C/-7*+.+ 7.&*?7 =79¢1B ;*70J7[? *7.1&677¢-2*B9/ / 1/1-
=3-KI1/+**B9/ 3;?1+>;?679/. NOOB?+= 6-7./ *7:/*7&? /;Q@71K?Z;K ; @+681(*+;?/. _1+-
1&;; @1+5+-J787;K 5+ 2&( @+1, @+=7 31+6&*Z 6-7J3*+;?/ 97281/ 7-T *& 5+;2/.*&? ?1&03&-
9+.+. 17**B> ;@+;+0 +0&;0&:/67&? 6B;+=+& =7:&;?6+ 6B;3C/6749B( 977261/7-+6, *7-
58J*+;?Z / @1+;7+?3 +0;-33/67*/K 3;?27*+6+=. _1/ \?+9 /98&?;K 6+09+J*+;?Z 3;77-
*76-/67?Z 28908177313 97281/7-7 *7 6B(+5& /0 ;3C/-=/, :?7+ *8§97-+67J*+ 5-K 28&(*+-
-+./:8;=+.+ @1+1&;;7 @1+/06+5;767 @1+53=1//.[1].

T7 =TH&51& (/97 :&;=+> % (*/=/ [ /*I&*1*+> \=+-+.// ; 2002 .+57 @1+6+5K?;K
/;;-85+67*/K 6 +0-7;?/ 170170+?=/ 2&(*+-+.// +:/;?=/ 6+5B 6B;+=+\HH&=?/6*B9/
;+108*?79/ *7 +;*+6& @1/1+5*B( 9/*&17-2*B( 97?281/7-+6, 7 /9&**+ 0707-2?+6B( 6+-
—+=+* [ 0&*?+*/?+6B( .-/* [2,3]. $&(*+-+./K @+-3:&* /K =+*&:*+.+ @1+53=?7 (;+10&*?7)
©1853;97?1/678? ;?75/[ ;3C=/. F 076/;/9+;?/ +? 9+5/H/=71// ;+108*?7 5+@3;=78?;K
*7.1&6 +? 100 °R 5+ 200 °R, 5-K /;=-[:&*/K ;*/3&*/K ;+101/+**B( ;6+>;76 +? 249@¢&-
17?31*+._+ 6+05&>;?6/K.

ké&-Z [ 57**+> 170+?B K6-K&?;K +@185&-&*/& 1&3/9+6 ;3C=/ ;+10&*?7 /0 0707-Z-
246+.+ 6+-+=*7 / 08*?+*/?2+6+> -/*B @1/ 170-/:*+> 289@817?31& ;3C/-I*+.+ 7.&*?7
6 =+*68=?/6*+> ;3C/-=¢.

1-K 5+;2/3&*/K @0+;?76-&**+> 1&-/ 0B-/ @1+6858*B \=;@&1/9&*?B @+ 6B;3C/-
67*/ [ ;+10&*?7 @1/ 170-/:*+> 2%9@&17?31& ;3C/-Z*+.+ 7.8*?7, 6 :7;7*+;?2/ /03:&*+
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/096*&*/& 30B-/ 6-7./ 97?%1/7-7T W 6+ 61&9¢&*/. D7;;7 ;+10&*?7 ;+;?76-K-7 G, = 20 .,
26906177317 ;3C/-2*+.+ 7.&*77 t = 100 °R, 115 °R, 130 °R.

X@B? @1+6+5/-/;Z *7 -70+17?+1*+> 3;?7*+6=8& (1/;3*+= 1), =+?+17K /0.+?7+6-&*7
*7 +;*+6& =+*;?13=1// [4]. F+053( 1/1=3-/1+67- 6 ;3C/-Z*+> =798&1& 1 07 ;:&? 6+053-
(+536=/ 3 /7 *7.1867-;K, @1+(+5K :&1&0 =7-+1/HE&1 4 5+ 0757**+> ?¢9@&17?31B. F (+5&
@1+1&;;7 ;3C=/ 357-8&*/& 6-7./ /0 97?281/7-7 H/=;/1+67-+;Z 6&;79/ 2. $&9@&17?317 *7
6(+5& 7/ 6B(+5& /0 ;3C/-=/ 0798&1K-7;Z 57?:/=79/ ?89@&17?31B 5.

_+ @+-3:&**B9 57**B9, 0B-/ 0+;?1+&*B .17H/=/ 076/ ;/9+;?/ /09&*&*/K 30B-/
6-7./ 97?2%1/7-T W +? 6189¢&*/ ;3C=/y @1/ 0757**+> 289@&17?31&. ""7= 6/5*+ /0 1/-
;3*%=7 2, 9/*/97-7*+8& 619K ;3C=/ ;+10&*?7 y = 35 9/*3?, =7= / ;-85+67-+ +J/577?Z,
0B-+ @+-3:&*+ @1/ 97=;/97-7*+> 269@&17?31& ;3C/-Z*+.+ 7.&*?7 130 °R. _1/ 28908&-
17?31& ;3C/-2*+.+ 7.&*?7 100 °R / 115 °R, +@?/97-2*+& 61&9K ;3C=/ ;+10&*?7 ;+;?76-
-K&? @1/0-/0/?8-2*+ 40 9/*, @+;-& =+?+1B( 57-2*&>C&& 6B;3C/67*/& *& 171 /+*7-7*+,
?7==7=6-7.+;+58137*/& 97?81/ 7-7 *& /09&*K&?;K.

5‘ i ;5 .3

<ol A

P/;3*+=1— ;?7*+6=7 =+*6&=?/6*+> ;3C=/: 1 —;3C/-Z*7K =798417; 2 — =+*?1+-72*B&
6&;B; 3 —6+053(+536=7; 4 —=7-+1/H&1; 5-57?:/=/ ?€9@&17731B

r

Fi

T, MHH

Townepaivpa L CViniLiei e, Yoo 0l 24118 3130
P/;3*+=2-c76/;/9+;?Z 30B-/ 6-7./ W +? 618&9&*/ ;3C=/y @1/ 0757**+> 2890&17?31&
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W, MHH !

T7 1/;3*=8 3 0185;?76-8*7 076/;/9+;7Z ;=+1+;2/ ;3C=/ V1 +? 30B-/ 6-7./ W.
T7 6;8( =1/6B( *70-[57[?:K 21/ (717=261*B& ;?75// @1+1&;;7 ;3C=/. _&167K, =7=
@176/-+, ;++7682;7638&2 3687 &%/ [ /*2%6*;/6%+;2/ /;0T18*/K 6-7.7, 17+ O+J*+ +OWK;-
*/97 @1+.186+9 O7281/7-7. T7 62+1+> ;275// *70-[5782;K @17=2/:8&;=/ @+;2+K**7K
1=+1+;7Z ;3C=/, &> ;++7682;263[2, 6 +;*+6%+9, .+1/0+*?7-7*B& 3:7;7=/ *7 076/;/9+-
JK(, F\24? Q8L/+5 @1+7; (+5/2 /%26%;/6%+8 Q+681(*+;7*+& /;0718*/8& ;6+0+5%+> 6-7.7.
$187ZK ;775/K ;++7682;7638? QTST[A&> ;=+1+:2/ ;3C=/ / +Q1858-K&?:K ;=+1+:;7Z[
6*3718**&> 5/HH30// 6-7./ /0 .-30/*B 97281/7-7 = &.+ @+681(*+;?/. 7= 6/5*+ /0
ATH/=7, 97=;/97-7*TK ;=+1+;7Z ;3C=/ ;+106*?7 @1/ 357-&*// ;6+0+5*+> 6-7./ ;+
1276-K8&? 17 9/** @1/ 22908177318 ;3C/-7*+.+ 7.6*77 130 °R.

20
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0 10 20 30 40 50 ] 70 B0 50 100 110 120

Temneparypa t B cyuisnoi kamepe, 'C: 1-100; 2-115;3 - 130 W, r

Pucynok 3 - 3apHCHMOCTE CKOPOCTH cyIUKH V0T vOsUTH Brarn W

$7=/9 +0170+9, +;*+6B67K;Z *7 @+-3:&**B( 1&03-2?7?7( 9+J*+ @1+/06&;?/
@+50+1 +@?/97-2*+.+ 618&9¢&*/ ;3C=/ ;+10&*?7 =+*6&=?/6*B9 ;@+;+0+9 6 076/;/9+;?/
+? 0757**B( ?&90&17?31*B( +.17*/:8*/>.

a:?0PM?JIPM

1 1/:=+ T.D. $a(*+-+./K 0818170+?=/ 17;?8*/86+5:&;=+> @1+53=1// [$&=;7] /
D..1/:=+T.D.-2008.-583 ;.

2. 1808586, N.F. P70170+?=7 26(*+-+.// H/-2?1+67-7*+-;+101/+**+> +:/;?=/ 6+5B
+? *¢H?601+53=7+6, 6068C&**B( :7;?¢> / /+*+6 J&-&07 ; @1/9&*8*/89 9/*&17-7*B(
0707-2?2+6B( 6+-+=+*: 76?+1&H. 5/;... =+*5. 2&(*. *73= [$&=;?] / N.L. 18&0&5&6. — #71*73-:
N05-6+ L-?V$ /9. N.N. _+-03*+67, 2007. — 20 ;.

3. "+*517?[ =, a.F. R+681C&*;?6+67*/& 98?+5+6 6+5+@+5.+?+6=/ / +:/;?=/ (7-
LAKO*&**B( 645 *7 @18501/K?/K( 97TC/*+;21+&* /K / 280-+\*&1.8?/=/ ; /;@+-20+67*/&9
9+5/H/1/1+67**B( @1/1+5*B( 97281/7-+6: 76?7+18H. 5/;. =+*5. 2R(*. *73= [$&=;?] /
a.F. "+*517? [ =. p #71*73-: N05-6+ L-?V$ /9. N.N. _+-03*+67, 2008. — 20 ;.

4. $/9+*/*, L.R. X;*+6B =+*;213/1+67*/K / 17;:8?7 (/O/=+-28(*+-+./:&;=+.+
/ @L/1+5++(17**+.+ +0+135+67*/K [$&=;7]: ;@176+:*/=. $. 2. "'7-3.7: NO57?2&-Z;?6+
T. #+:=7186+>, 2002. — 1028 ;.
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“%%a) F/-2#""5 1/ W/ 4F2#" C DU7+%/%1)+) _2Ccm)i
Yd#zas )87 +2h " A7 2#/ak#/-"/aT/ak#E/ i b )%

#£. 8G@; \@DESM, a.9. 8E\MPESM, <.%. aMiJ?>:DM
P,%1=#+2= B)#G(10#%-577<= %5E72;5#+2= G72-50#2%5% 28. U.U. 9),467)-1!,
B. VIO71G,, email: marnica@list.ru

F 01+/06+5;267( +;*+6*+.+ +1.7*/:&;=+.+ ;/*?807 @1/9&*K[?;K 9*+./& /06&;?-
*B& 9&?+5B 17058-&*/K ;-+J*B( @1+9BC-&**B( ;9&;&> *7 :/;?B& =+9@+*&*?B /-/
H17=1//, /9&[ A/& ?2+671*3[ 1&**+;?Z. 1?7+ +03;-+6-&*+ @+;?+K**B9 17;C/1&*/&9
*+98*=-7?31B @1+53=?+6 @1+/06+5;?67, C/1+=/9 5/7@70+*+9 ;6+>;?6 ;/*?&0/1389B(
6&A&;?6 / @+6BC&*/89 ?1&0+67*/> = /( :/;?+?8. X5*/9 /0 +;*+6*B( ;@+;+0+6 1705¢&-
-&*/K 9*+ +=+9@+*&*?*B( J/5=/( ;9&;&> K6-K&?;K 1&=?/H/=T1/K, ?7= =7= 57**B>
@1+1&;; +?768&:78? ;@81 /H/=8& 17;;97?1/6789+> +?17;-/ @1+9BC-8**+;?2/. X5*7=+ 1&=-
2/H/=T1/K K6-K&?;K +:8*%Z \*81.+89=/9 @1+1&;;+9. 1/ 368-/:8*// =+-/:8&;?67 =+90@+-
*8*?+6 6 ;9&;K( 6+017;?78? / :/;-+ 671/7*?+6 /( 1705&-&*/K, +?-/:T[ A/ (GK \*&1.+07-
217?79/, 7 @1+0-&97 170170+?=7 *7/0+-8&& \=+*+9/ - *+> 28(*+-+.// ;?27*+6/?;K =17>*&
7=237-7*+>,

k&-Z[ *7C/( /;;-85+67*/> K6-K&?;K ;+057*/& 97-++?(+5*+> 28(*+-+.// 17058~
-&*/K ;96&;/ 17;?6+1/?&-&>, +01703 [ A&>;K 6 @1+/06+5;?6& =1&9*/>+1.7*/ :&;=/(\97-&>.

17=+=17;+:*B& 97201/7-B C/1+=+ /;@+-Z03[?;K 6 *71+5*+9 (+0K>;?6&. T7 +5-
*+9 /0 @18&5@1/7K?/> L-?7>;=+.+ =17K ;3A&;?638&? 2&(*+-+./:&;=7TK -/*/K @+ @1+/06+5-
;763 =189*/>+1.7*%/ :&;=/ (\97-&>, =+?+17K +;*+67*7 *7 ;/*?80& V1/*ZK17, 5-K =+?+1+.+
/;0+-Z03[? ?1+>*3[ ;9&;Z, ;+;?7+KA3[ /0 ?28?17\?+=;/;/-7*7, (-+10&*0+-7, 01+9\?/-7.
P7;26+1 H&*/-\?+=;/;/-T7*+6 6 ;9&;/ \?7*+-7 / 03?7*+-7 @+5681.78?;K ./51+-/03 6 ;1&5&
;H-K*+> =/;-+7B. F @1+1&;;& ./51+-/07 @1+/;(+5/? :7;?/:*7K \?2%1/H/=T1/K H&*/-\-
?24=;/;/-7*+6 03?/-+6B9 ;@/1?+9 / :7;?/:*7K =+*5&*;71/K @1+53=?+6 @&1&\?&1/H/=7-
1/7 07 ;:8? 9+-8=3-K1*+.+ +?A&@-&*/K 6+5B.

$7=/9 +0170+9, @1/ @1+/06+5;?6& =189*/>+1.7*/:8&;=/( \97-&>, *7 ;?75// +?-
A*=/ 17;76+1/76-K 6 6/58& +?(+5+6 +01703&7;K ;98&;Z ;-&53 [ A/ ( @1+53=7+6: \?7*+-, 6+57,
03?7*+-, ?+-3+- / (-+10&*0+-, @+-3:/6CT7K 6 @1+/06+5;?6& *7/9&*+67*/& #R$ (?70-/17 1).
F *7;2+KA&& 6189K *7 @1&5@1/K?// \?/ +?(+5B @+56&1.7[?;K 2619/ :&;=+> 5&;?13=1//,
1?74 ;+@1+6+35787;K ; +5%+> ;?2+1+*B, @+?81K9/ *8@1+18&7./1+676C&.+ ;B1ZK, 18-&6+.+
/ @+0+:*B( =+9@+*&*?+6, ; 513.+> - 6*+;/?;K 5+@+-*/?8-2*B> 6=-75 6 07.1K0*&*/& +=-
13J7[A&> ;1¢5B.

$70-/171— ;185*&**B> ;+;?76 #R$

+O0+*8*? ;98 / TR 18%?171/K, 971 %
177%+- (1) 72,4
#327*+- (4) 9,7
$+-3+- (3) 6,8
g-+108*0+- (5) 4,5
F+57 (2) 6,6

F /;;-85389+> ;/;289& /988?;K 10 0/*71*B(, 10 ?1+>*B( / 5 :8?681*B( ;+;?76-
K[A/(, 6 749 :/;-& 6+00+3%+ *7-/:/8& T08+?1+@+6, =+7+1B& 9+.3? ;3A&;268**+ 3;-
—+J%/77 @1+1&;; 17058-&*/K ;98;/ *7 /*5/6/537-7*B& =+9@+*&*?B. L*7-/0 -/2%17-
231*B( 57**B( @+576815/- *7-/:/8 6 /;(+5*+> QK?/=+9@+*&*7*+> ;/;2898 7 0/*T1-
*B( (\PT*+--24-3+=, \2T*+--6+57, 0377%+--24-3+-, 0377%+--(~+108*0+-, 03?77*+--6+57,
24-34--6+57, (-+108*0+--6+57) / 5 214>*B(  (0377*+--24-3+--6+57, G+57-\27*+--
(—+108*0+=, \?27*+--6+57-24-3+=, 24-3+- - 0327%+- - (-+108&*0+-, 6+57 - 0327*+- - (-+1-
08*0+-) 708+21+@+6 [1, 2.
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R/*280 26(*+-+./:&;=t> ;(&9B 1705&-&*/K 9*+.+=+9@+*&*?*+> T70&+?1+@*+>
;/;789B — ;-+J*7K 9*+.+31+6*867K 0757:7. _&16B9 \?70+9 && 1&C&* /K K6-K&?;K 9&?+5
2819+5/*79/=+-2+@+-+./:&;=+.+ T*7-/07 ($$L) ;?13=?31 5/7.1799 H70+6+.+ 176*+6&-
/K, +;%+6B =+?2+1+.+ 170170+?7*B 6 *73:*+> C=+-& L.L. R&17H/9+67 / F.$. €71+67
[3]. $L 070/1382;K *7 28:+1897( + ~+=7-Z*B( / *&—+=7-2*B( 07=+*+981*+;2K( ;?13=731
5/7.1799 H70+6+.+ 176*+6&;/K, ?+ &;?Z 6=- :7&? 6 ;&0K 07=+*+98&1*+;?/ ;++?*+C&*/K
*8@+56/J3*B( ;?71/+*T1*B( 7+:8= 68=2+1*B( @+-&> *+5 / +;+0B( ?+:&= ;=7-K1*B( @+-
-&>, +03;-+6-8**B( H/0/=+-(/9/ :&;=/9/ ;6+>;?679/ 17056-K&9+> ;9&;/, :?7+ @+06+-K&?
+0172/7Z;K = @+;?1+&*/ [ .&+98&?1/ :&;=+.+ +01707 ;9¢&;/.

N03:789B> ;/90-8=; @185;?76-K&? ;+0+> @&*?7?+@, /0+017J8&**B> *7 1/;3*=4 1.
D*+.4981%+;?Z =+*1&*?171/+**+.+ ;/90-8=;7 *& @+06+-K&? ;?1+.+ 07H/=;/1+67?Z @+-
-+J&*/& H/ .317?/6*+> ?+:=/ ;+;7767 /;(#+5*+> ;9¢&;/, *+ 5787 6+09+J*+;7Z +01858-/7Z
*T:7-2*B& / =+*&:*B& ?+:=/ @3:=7 5/;?/--K1/+**B( -/*/>. ""+*1&*?171/+**7K 5/7-
.17997 /03:789+.+ ;/90-&=;7 ;+5813/? 17 +;+0B( ?+:&=: +5/* *&3;?+>:/6B> 30&- (N2)
— Lz1g; 71/ 3:24>:/6B( 30-7 (No') — =+9@+*8*?B 2, 4, 5; ;897 *8&3;7+>:/6B( :858- (R,
Ry, Ro) — Lz1o5, LZ13, LZoa, LZos, LZgy, Lzss, =+9@+*8*? 3; C&;?Z 3;?+>:/6B( :858&- (R2+,
R1+, R0+) — LZoss, Lzass, LZozs, LZ1o, LZoz / =+9@+*8*? 1 [4]

My e )
4. ‘¢ .'."_.I-‘ [
.

Az —T708+?1+@, N, C —+;+0B& ?+:=/
5/7.1799B, +?76&:T[A/& ;++?76&7;768**+

30-79 / ;85-79

P/;3%+= 1 — R?13=7317 H70+6+> 5/7.1799B P/;3*+= 2 — F70+67K 5/7.17997 ;9&;/
/;(+5%+> :98;/ #R$ (6 ;=+0=7( 3=707* 1(\?7*+-) — 2(6+57) — 3(4+-3+-) -
2/@ +;+0+> 2+:=/) 4(0377*+-)

CTH/=;/1+67?Z @+-+3&*/& ?+:=/ /;(+5*+.+ ;+;?767 9+J*+ @+*/I&*/8&9 1709&1-
*+;2/ ;/90-8=;7, 17;;9+7186 6(+5KA/> 6 ;+;?76 @&*?772+@7 +5/* /0 28?17\51+6, *7@1/-
981, \?7*+--6+57-2+-3+--03?7*+- (1/;3*+= 2). F 3=707**+> ;/;269& /9&[?;K 5&;K?Z
+;+0B( ?+:4=: :&?B1& 681C/*B, ;++?68?;?63[A/& :/;?B9 =+9@+*&*?79, @K?Z 0/*71-
*B( / 567 ?1+>*B( 70&+?1+@7. L0&+?1+@B Lz1p, LZ13, LZ234, LZo3, LZps, LZ34 / 681C/*7 1
1 ++26672;263[? ;85-79. F&1C/*B 2, 3/ 4 —3;7+>:/6B& 30-B (Ng"), 708+?1+@ Lz103 — *&-
3;724>:/6B> 30&- (Ng). $7=+8& ;+:827*/8 +;+0B( ?+:&= @1/6+5/? = +0170+67*/ [ ?1&( +0-
=1;28>5/;?/--K1// / 56&*7517?/ +0-7;28> 1&=?/H/=T1//.

$+:=7 /;(+5%+.+ ;+;?767 Fo @1/*75-83/? = +0-7;2/ 1&=?/H/=T1//
Lz103l 215l 2544, 6 =+2+1+> 9+38&? 0B?Z 1&7-/0+67*7 ;-853 [ ATK @+;-8&5+6728-2*+;?Z 170-
A*=/ ;98;/ *7 /*5/6/537-2*B& =+90+*&*?B.

9) .50-)8G 41(177)8G 014(5,572W 6 5/;?/--7? D; 6B5&-K&?;K 18&-&6+> =+9@+-
*8*? - Lzyps. 1/ \?+9 6 =7:&;76& =30+6+.+ @1+53=77 W1 @+-3:789 ;9&;Z 124. X%)0)5
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4V (177)5 014(5,5725 ;9&;/ Fo @+06+-K&? +?58-/2Z 4 (03?7*+-) 6 =30 W, 6 5/;2/--72& D>
0358? *7(+5/7Z;K ;9&;Z 123. L*7-+./:*+ 9+J*+ 17;;9+?18?Z / 513./& ;+;?76-K[A/&
28?17\51B @K?/=+9@+*&*?*+> ;9&;/.

$7=/9 +0170+9, :81853K @616+8& / 6?+1+8& 0757**B& 1705&-&*/K, / 3:/7B67K .&?&-
1+.8%*+;2Z ?1+>*B( ;+;?276-K[ A/ ( /03:789+> ;9¢&;/, 9+.3? 0B?Z @+-3:&*B 6 =7:&;76&
@1+53=?+6 *&+0(+5/9B& =+9@+*&*?B, : 7+ / +?17J8&>*+ 6 ;/*?%0/1+67**B( *79/ @+?+=+-
6B( .17H7( 1705&-&*/K #R$ (1/;3*+= 3), =+?+1B& /;@0+-Z03[?;K 5-K ;/*?2807 @1/*1/0/-
7-2%+> 2%(*+-+./:&;=+> ;(&9B 1705&-&*/K (_$RP) /03:789+> ;9&;/ [5].

2 12345
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—> 1&=?/H/=71/K (0816+& 0757**+& 1705&-&*/8&),
- = = > 1&=?/H/=T1/K (67+1+& 0757**+& 1705&-&*/&),
- =-217;;-7/67*/&

P/;3*+=3—_ +?+=+6B& .17THB 6+09+J*B( 671/7*?+6 1705&-&*/K #R$

1-K 170170+?=/ O97-++2(+5*+> 28(*+-+.// 18&-&;++0170*+ 3;?7*+6/?Z ?+:-
*B> ;+;?276 / 07=+*+981*+;?/ 17;@1858-&*/K =+9@+*8*?+6 @+ H17=1/K9 6 @1+1&; ;& 18=-
/H/=T1//. 1?2+ 6+09+J*+ ;5&-77Z ; @+9+AZL 1&=?/H/=T1/+**+.+ 7*7-/07, =+.57 /;-
(+5*7K ;9&;Z @+5681.7&?;K 170.+*=& *7 =+-+**& @&L/+5/:&;=+.+ 5&>;?6/K ; 7*7-/0+9
17;01858-8*/K =+9@+*&*?+6 @+ H17=1/K9.

P70.+*=7 #R$ +;3A&;?6-K-7;Z *7 -70+17?2+1*+> 18&=2/H/=T1/+**+> =+-+**§
; 6B;+2+> 1&=?/H/1/13[A&> :7;?/ 1100 99, 5/79&?1+9 20 99 ; *7;75=+> 6 6/5& ;?&=-
-K**B( =+-&1 \HH&=?/6*+;?Z[ 30 ?6+1&?/:&;=/( ?71&-+= @+ ;9&;/ 0&*0+--5/(-+1\?7*.
"+—+**7 6B6+5/-7;Z *7 183/9 @1/ 779+;H&1*+9 576-&*//, +?0+1 H17=1/> @1+/06+5/-;K
; H-4.9+6B9 :/;-+9 R=10.

L*7-/2/:&;=/> =+*?1+-Z +1.7*%/:&;=+> :7;?/ +;3A&;?6-K-/ *7 (1+97?+.17H&
«gl1+97?+* Vg-1000» ¢ @-79&**+-/+*/071/+**B9 58?8=?+1+9 (_N1). F =7:&;76& *&-
@+56/J3*+> H70B 0B- 6B017* CHROMATON N-AW ; 5+076=+> 15 % @+ 6&;3 FFAP, .70-
*+;/78-7 — 6+5+1+5 ;+ ;=+1+;?Z[ 30 9%;. $89@8177313 6 =+-+*=§ /098*K-/ +? 70 °R 5+
130 °R. R+5&1J7*/& 6+5B 6+ H17=1/K( ?/?1+67-/ ; @+9+AZ[ 1&7=?/67 ¥/C&17 @+
VXRS$ 14870-77. D7?281/7-2*B> 07-7*; 170.+*=/ @+ N$"" ;98&;/ #R$ @1&5;?76-&* 6 ?70-
-/18&2.
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T7 +;%+6& $$L ;?13=?31 5/7.1799 /;(+5*+> ;98;/ / 1K57 8& ;+;?76-K[A/(,
727=38 8281+ .8**B( ;6+>:267( ;/;789B, O1+685&* ;/*280 6+09+I*B( 671/7*7+6 QL/*-
1/0/7-2*B( 28(*+-+./:8;=/( ;(&9 17058-&*/K (_$RP) 0327*+-Z*+-2+-3+-7%+> ;9&;/,
/0 =+2+1B( ; 3:87+9 28(*+-+./:8;=/( 3;-+6/>, 19+5/*79/:8;=/( / \=+-+./:8;=/(
+.17%/28%/> Q185-+I8*T ;-853[ATK QL/*1/@/7-2%TK ; (897 17058-8*/K /; (+5*+> ;96:/,
/0+01738**TK *7 1/;3*=¢ 4.,

$70-/172— ;-+6/K/ 97?281/7-7*B> 07-7*; 170.+*=/ @+ /;?/**B9 249081773179
=/@8*/K ;9¢&;/ #R$
| e-/2876+ 42+
T+9&1 %83‘?9811/7_ 017**B( H17=1/> T7/98*+67*/& 68A&;?67 1/98-7%/8
H17=1//| ;o v o 6 +?2+017**+> H17=1// — i
@&*/K, °R i % 97; ;.
1 74,4 19,10 9,55 1727*+--6+57-7+-3+- V&?281+.6**B>
708+71+0
- 74,4-76,5 10,08 5,04 1 77*+--7+-3+--6+57 -
2 76,5 10,81 541 127%+--2+-3+- L0&+?1+@
- 76,5-77,3 4,87 2,44 127%+--7+-3+-- -
(-+108*0+--6+57
3 77,3 24,51 12,26 1?77%+--6+57-(-+10&*0+- | V&?&1+.&**B>
708+71+@
- 77,3-78,0 7,42 3,70 1?77%+--6+57-(-+10&*0+- -
4 78,0-78,5| 89,61 44 .80 1?727*+--6+57 -
30 1175 26,40 13,20 H#3?277*+- -
_+28%1/ - 7,20 3,60 - -
> A
i 5-3C-B - Az B-3C-B
VWO IAz 3B
y O ;E 1EC
= Y > Y.
7 A AA >
(0 (0) Az 9B
3C-B-EC-X6 _ N X6 ; : B \
g e ol (G | B L |
(@]
\i 9C-B »le [ > A
- *Ha BOC

1 p 18=2/H/=TU/+**TK =4-+%*7 Q81/+5/ :&;=+.+ 58>;26/K, 2 — 17;;-1/67%8~,
3—;0+1*/=, iR —\?7*+-, F —6+57, $ — 2+-3+-, #R — 03?7*+-, g0 — (~+108*0+-,
#p 08*0+-

P/;3%4= 4— _ 1/*1/0/T-I*TK 28(*+-+./8;=TK ; (897 170586-8*/K ;98;/ #R$
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T7 @&16+> =+-+**& @&1/+5/:&;=+.+ 5&>;76/K @1/ 7?9+;H&1*+9 576-&*// 1&7-/-
03&7;K @816+8& 0757**+8& 1705&-8&*/&, 6 5/ ;2/--7? 6B5&-K&?;K 21+>*+> 70&+?1+@ (97;;.%):
\?7*+- — 37, 6+57 — 12, ?+-3+- —51. F =30+6+9 ©1+53=?8& 035&? ;+581J37?Z;K ;9&;Z \?7-
*+--6+57-03?7*+--(-+10&*0+-. 1/;?/--7? 57-8& *7@176-K&?;K 6 @&16B> 17;;-7/6778-Z.
_ 1/ 5+076-&*// 5+Q@+-*/?8-2*+.+ =+-/:&;?67 6+5B (343 =. *7 1 ? ;9&;/ \?7*+--6+57-
?2+-3+-) @1+/; (+5/? 17058-8&*/& *7 567 ;-+K: 681 (*/> —+1.7*/:8&;=/> (?+-3+-), =+?+1B>
6+0617A7&7;K 6 @1+/06+5;?6+, / */J*/> — 6+5*+-\?7*+-7*B>.

*"30+6B> +;?77+= @&16+> =+-+**B 57-8& *7@176-K&?;K *7 6?+13[ =+-+**3, .5&
6 01/;3?;76// 70&+?1+@*+> 5+076=/ — 0&*0+-7 [1] 6 5/;?/--7? 6B5&-K[?;K ?1/ 70&+?1+-
@7 ; 0-/0=/9/ 769041773179/ =/@&*/K: 1R-F-# (t-/p=64,9 °R), 1R-# (t-/s=67,9 °R), F-#
(t=/6=69,3 °R). ""30+6B> @1+53=? 67+1+> =+-+**B ©1&5;776-K&? ;+0+> ;9&;Z =+9@+*&*-
?7+6 (97;;. %): 03?7*+- — 56; (-+10&*0+- — 26; 0&*0+- — 18, =+?7+17K @+;-& *7=+@-&*/K 07
10 170.+*+= *7@176-K&?;K *7 ?1&?Z[ =+-+**3. c5&;Z @+;-8&5+67?6-2*+ 6B5&-K[?;K +;-
?27?7=/ 0&*0+-7 @1/ ?&9@&17?31& 80 °R / 03?7*+- (117 °R), 6+0617A789B> 6 @1+/06+5;76+.
F =30& +;?7&?;K (-+10&*0+- (132 °R), =+?+1B> ?7=J& *7T@176-K&?;K 6 +;*+6*+> 26 (*+-+-
S&=/> 1=,

P705&-&*/& ?1+>*+> ;9&;/ 08*0+--\?7*+--6+57, 6B5&-&**+> 6 5/;?/--7?& 67+1+>
=+-+**B, 3;-+J*&*+, 0+;=+-Z=3 57**7K H17=1/K +0+.7A&*7 \?7*+-+9, =+?+1B> K6-K&?;K
A9+.&*/07?7+41+9. X5*7=+ ;*/J&*/& 576-8&*/K @+06+-K&? 36&-/:/?Z 170*+;?Z 6 ?&9@&17-
231L7( =/@&*/K 708+?1+@+6 / ;98&;?2/?Z ;+;?76 ?21+>*+ .+ 706+?1+@7 W-F-# 6 ;?+1+*3 36&-
-/:8%/K 6 *&9 0&*0+-7. 1?7+ 17058-&*/& +;3A&;?6-K&?;K *7 :8?76817+> =+-+**§, 170+-
7TLA&> @+5 67=339+9 (10099 172. ;?.). F 5/;?/--7? +? +*K&?;K .&?8&1+.&**B> 70&+?1+@
1-F-#, =+?+1B> 07769 17;;-7/67&?;K *7 0&*0+- / 6+5*+-\?7*+-Z*B> ;-+>. FB5&-K&9B>
08*0+- 6+0617AT&?;K *7 ;?275/ [ +?.+*=/ \?7*+-7 / 6+5B. =30+6B> +;?7?+= 01&5;776-K&?
;104> ;0/1?-18=?/H/=7?, =+?+1B> /;@+-203&?;K *7 26(*+-+./:&;=/& *335B @1&5@1/K?/K.

F+5*B& ;-+/ /0 17;;-7/6728-8&> ;+69&;?*+ *70176-K[[?;K *7 21L&?Z[ =+-+**3 5-K
+?758-&*/K /00B?+:*+.+ =+-/:&;?67 6+5B 6 =7:&;76& =30+6+.+ @1+53=77. 1?7 6+57 :7;-
?/:*+ 17;(+538&?;K 6 @&16+9 H70+1705&-/?&-&, 7 :7;?/:*+ ;017;B67&?;K *7 O/+-+./:8-
;=18 +:/;7%B& ;++1338* /K (#XR)/ 0185@1/7K?/K. ¥/ ;?/--7? 6 57**+9 ;-3:7& @1&5;?76-
-K&? ;+0+> ;@/1?-18=?/H/=7?, =+?+1B> /;@+-203&7;K *7 2&(*+-+./:8&;=/& *3J5B.

R \=+-+./:&;=+> / \=+*+9/:8&;=+> ?+:&= 01&*/K 1&7-/071/K 17;;97?1/67849+>
; (9B K6-K&?;K 6B.+5*+>. X*7 @+06+-K&? +5*+61&9&**+ 6B5&-/7Z /0 0377*+-7*+-
?+-3+-2*+> ;9&;/ /*5/6/537-2*B& =+9@+*&*?B / 6+0617?2/?Z /( *7 ;?75/ [ @+-3:&*/K
\97-&>, 398*2C/?Z =+-/:&;?6+ +?(+5+6 @1+/06+5;?67 -7=+=17;+:*B( /05&-/>, @+568&1-
JLAZ(GK 2819/ :6&;=+> 5&;?13=1//. ""1+9& ?+.+, 6*851&*/& @185-7.789+> 26(*+-+.//
@+06+-/? @+-3:/7Z 5+@+-*/?8-2*B> 18-86+> @1+53=? — ;@/1?-1&=?/H/=7? / ;*/0/?Z *7-
.130=3 *7 +=13J7[A3[ ;1&53.

a:?20PM?JPM

1. X.+1+5*/=+6, R."". L0&+?1+@*B& ;9&;/ [$&=;7]: ;@176+:*/=/ R."". X.+1+5*/-
=+6, $.D. 1&;?2867, F.#. ""+.7*%; @+5 1&5. F.#. ""+.7*7. — .. g/9/K, 1971. — 848 ;.

2. L1J7*+6, . V. N;;-85+67*/& @1+1&;;7 1705&-&*/K ;9&;/ ;@/17+6, 71+97?/:&-
;=/( 3.-86+5+1+5+6 / /( @1+/06+5*B( 6 @1/;3?;?6// 6+5B *7 ©1/9¢&1& @1+9BC-&**B(
+?(+5+6 @1+/06+5;?67 H&*/-;/-+=;7*+6B( ;9+- [$&=;?] : 5/;. ... =7*5. 2&(*. *73= :
05.17.08 : 07TA/A&*7 17.05.1978/ L1J7*+6 _&?1 V&+1./86/:. —#71*73-,1978. — 148 ;.

3. T71+6, F.$. ¥/0/=+-(/9/:&;=/& +;*+6B 5/;?/--K1// [/ 1&=?/H/=T1/7 [$&=;"7]
/| F.$. €71+6, 1.L. R&17H/9+6. — 1 .: g/9/K, 1975. - 240 ;.

4. ""-&>9¢*+67, D.T. N;;-85+67*/K @+ ;+057*/ [ 97-++?(+5*+> 2%(*+-+.// 170-
5&-&*/K ;9&;/ 17;?76+1/76-8> 6 @1+/06+5;76& \97-&> [$&=;?] / D.T. ""-&>98*+67, ™ .R.
1703?2=/*7, 1. F. ""+971+67 // N06&;?/K F c+6 «g/9/K / (/9/:&;=/& 8(*+-+.//». —
2009. -$.52. — r 5. —R. 90p93.

5. "TH71+6, F.F. _1/*1/@0B ;+057*/K 0&0+?(+5*B( (/9/:&;=/( @1+/06+5;?6
[$8=;?] / F.F. ""TH71+6. — D.: g/9/K, 1982. - 288 ;.
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T+ YHO# D) #/-1d 9"ak +7cm™d  27)+2as/- #2 S%H#/-)
/7F O h+/-2##0d 1242ak"/-0d -/a/8/# - —/§//j %" 8)

—-./. 1JPNSG@S, 5.1. %@DR>:S, ).—. BEDOPM?U>, a.9. BE\MPESM
P,%1=#+2= B)#G(10#%-577<= %5E72;5#+2= G72-50#2%5% 28. U.U. 9),4G7)-1, B. VIO71G,,
e-mail: htie@mail.ru

R&.+5*K 6;& 0+-ZC&& 6*/97*/& 35&-K&?;K @1+0-&979 1&;31;+;0818J&*/K *7
@1+/06+5;?6&. _17=?/:&;=/& -[ 07K +?17;-Z @1+9BC-&**+;?/ *& 9+J&? +0+>?/;Z 0&0
/;0+-20+67*/K 6+5B 6 26(*+-+./:&;=19 @1+1&;;&, 7 +? && :/;?+?B *7T@1KO3[ 076/;/?
=7:8;76+ =+*&:*+.+ @1+53=27. 1-K *&0+-2C/( ;3?+:*B( 17;(+5+6 6+5B (+? 1 5+ 25 9%
*7 018501/K?// 6+0*/=78? *&+0(+5/9+;?Z @1/9&*&*/K =+907=?*B( 6B;+=+\HH&=7/6-
*B( ;/;769 +:/;?7=/ 6+5B. 1-K @1+9BC-&**+.+ 6+5+;*703&*/K /;@+-Z03[?;K 6+5B /0
@+681(*+;?*B( / @+5089*B( /;?+:*/=+6, @+;-85*/& +0-757[? @1&/93A&;?6+9 6 @-7*&
07TA/AL**+;?/ +? 6+05&>;?6/K 7*?1+@+.&**B( 07.1K0*&*/> (71?60/7*;=/& 6+5B /9&[?
0+-&& ;?70/-2*B> ;+;?76), *+ /9&[? 0+6BC&**+& ;+58&137*/& 170-/:*B( H+19 J&-&07
/ 971.7*%17, 7 ?7=3& =710+*7?+6/./51+=710+*7?+6 =7-Z1/K / 97.*/K [1]. F-/K*/& ?7=/(
;H85/*8* /> *T 28%(F+-+./:&;=/& @1+1&;;B / +0+135+67*/& =17>*8& *&.7?/6*+, +*+ @1+-
K6-K&?;K 6 6/5& =710+*7?*B( +?-+J&*/> =7-Z1 /K, 97.*/K / J&-&07 *7 28@-++09&**+>
100717?31&, 0717;?7*/K @1+(+5+6 6 ?1307( ;/;?89B 6+5+;*70J&*/K +=;/579/ / ./51+-
=;/579/ J3&-807 / 971.7*I17.

T7/0+-&& \HH&=?/6*B9 ;@+;+0+9 357-&*/K /+*+6 971.7*17 / J&-&07 /0 6+5B
K6-K&?;K && 7\1/1+67*/& ; 1&-Z[[ 5&;+101// 17;26+18&**B( .70+6 (CO, / H,S) / *7;BA&-
*/K =/;-+1+5+9 6+053(7, 249 ;79B9, @+6BCTK && +=/;-/2&-7*+-6+;;?7*+6/?6-7*B> (+-
2*1/7- (Eh) [2]. _+;-& \?+.+ *&+0(+5/9+ +?H/-221+677Z +=/;-/6C/8;K ;+85/*&*/K
J&-8&07 / 971.7*17. 113./9 17;@1+;?17*&**B9 ;&.+5*K ;@+;+0+9 K6-K&?;K +=/;-8*/&
/+%+6 Fe** / Mn?* 17;26+18**B9 6 6+5& =/;-+1+5+9 ; @+9+AZ[ =727-/?/:&;=/ 1=2/6-
*B( 07.130+=. F 076/;/9+;?/ +? =+*=187*B( 3;-+6/> 6B0/17&?;K ?+? /-/ /*+> 671/7*?
(/*+.57 /( =+90/*71/K).

T7/0+-2C& 17;01+;?17*¢*/& /0 =71?7-/?/:&;=/( H/-Z?13[A/( 97281/7-+6 *7
-8.+5*KC*/> 58*7 @+-3:/- Birm® (Clack Co., RmL). N**-;@&=?1B 57**+.+ 972%1/7-7
;6/58?78-2;763[[? + ;(+3J&;?/ ;?21+&*/K &.+ =71=7;7 ; @1/1+5*B9/ 1&+-/?79/ (6 -7;?7*+-
22/ +=/1%/ 1=+ + 98;2+1+356*/K), 9+5/H/1/1+67**+ + +=;/579/ 971.7*17 (IV), @+-
6/5/9+93, ; O+9+AZ[ .17*3-/1+67*/K. X;*+6*+> *85+;?27?+= 57**+.+ 2/07 0&1*/;?B(
97?281/7-+6 ;+;7+/? 6 ?7+9, 1?7+ 6+ 619K \=;@-37?71// @1+/;(+5/? /( /*?8*;/6%+& /;-
2/17*/&. " 7493 J& O+681(*+;?Z =+*?7=77 +.17*/:/67&?;K @+681(*+;?Z[ 081&* H/-Z?-
13[A&.+ 9728L/T-T7, =+?+17K 3;-+6*+ /9&&? H+193 C717.

#+-2C+> 081;08=?/6+> ;&.+5*K +0-757[? 6+-+=*/;?B& ;+101/+**B& / =7?7-/-
?2/:&;=/& 97?81/7-B, ; 35&-Z*+> =+*?31*+> @+6&1(*+;?Z[ 0+-&& 60 9%.. F :7;7%+;2/
5-K 1&-&> +08&0J&-&0/67*/K 6+5B 0B- 7@01+0/1+67* 97281/ 7~ «&&*?+;+10» [3], =+?+1B>
+0-75787? ;+101/+**+-/+*++098**B9/ ;6+>;?679/, 07 ;:&? 9+5/H/=71// @+681(*+;?/
0707-27+6B( 6+-+=+* 7=?/6/1+67**B9/ 0&*?+*/?+6BO/ .-/*79/. 1850+-+I/?&-1*+
9&(7*/09 +:/;7=/ 6+5B +? /+*+6 J&-&07 +;3A&;?6-K&?;K +5*+61&98&**+ ; @+9+AZ[ =7-
2/+**+ .+ +098*7 / ;+100// /( *T7 @+6&L(*+;?/ 97?281/7-7, ; @+;-853[ A/9 +=/;-&*/8&9
17;?6+18&**B9 6 6+5& =/ ;-+1+5+9:

[V57%)72%- Na']+Fe® « [V57%)72%- Fe**]+ Na’ (1)
X),)+7) + Fe*" « [X),)+7) - Fef, (2

X)) +@° « [X))H7) - @] 3)
[X),)+7) - Fel,]1+[X),)+7) - @] « Fe,0,xH,0™ (4)
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L5;+101/K /+*+6 J&-&07 / 7?+9+6 =/;-+1+57 *7 6+-+=*7( 97?2&1/7-7 K6-K&?;K
*7:7-2*B9 \?70+9 =7?7-/?/:&;=+.+ +=/;-&*/K. FQ+;-85;76// 1+-Z 75;+108*?7 @&1&(+-
5/? =+0170+676C/9;K / +;7J35&**B9 +=;/579 Fe:

Fe,0,H,0+@ « [Fe,0,>H,0- @;(#] (5)
Fe,O,xH,0+ Fe? « [Fe,O, xH ,0- Fef(*# (6)

X.A7*/:/67[A/9/ @7179&?179/ 57**+.+ @1+1&;;7 K6-K[?;K *7=+@-&*/& +;75=7
6 H/-2218& / :*/J38*/8 1T 6+45B 07 ::&? 6B;6+0+J58*/K /+*+6 T,

L*7-+./:*B> 9&(7*/09 @1+/;(+5/? 01/ +=/;-8&*// /+*+6 QT71.7*17 6 6+5& ; 3:7-
;2789 =777-/07?741+6 (@-&*=7 MnO,). _1&5@0+-+J/?8-2*+ *7 @+6&L(*+;?2/ 97281/7-7
;110713 7;K /7+*B 971.7*17, =+?+1B& +=/;-K[ ?;K =/;-+1+5+9, 17;?6+1&**B9 6 6+54,
5+ Mn*" 07 12&? @456/ 3*%+;2/ \-&=?1+*4+6 6 5/+=;/58 971.7*17:

Mno,
Mn2+ +02 +2H20 « Mn(OH)4_ (7)

_+;2%08**+ <7 @+681(*+;?/ H/-Z?13[A&.+ 97?81/7-7 @1+/;(+5/? +;7J58-
*/& Mn(OH)4, =+?+1B> 6 ;6+[ +:&185Z ;+10/13&? /+*B Mn? (=+?+1B& *7(+5K?;K 6 6+5&
6 ./51+-/0+67**+9 6/5& - Mn(OH), /-/ MnO»H,0) / *7 &.+ @+6&1(*+;?/ @1+/;(+5/? /(
+=/;-8*/4&:

Mn(OH), + Mn(OH), « Mn,0, +3H,0 (8)

2Mn,0, + 20, +8H,0« Mn(OH), ~ (9)

V-76*B9O/ 3;-+6/K9/ 5-K +;3A&;26-&*/K 57**B( @1+1&;;+6 K6-K[?:K: 1T>8,5
[ *T-1:/8 17;26+18%*+ .+ =/ ;-+1457. P&.&*8171/ [ H/-Z213[A/( 07.130+= +? *7=+@-&*-
*B( 4=;/5+6 / ./514=;/5+6 Q877--+6, +;3A&;?6-K[? ; @+9+AZ[ +0177%+> @1+9B6=/
/;(+5%+> 645>, A\2493 *7/0+-ZC/> /*%1&; :&.+5*K 0185;776-K[? =+O0/*/1+67*-
*Bg O§245B +:/;7=/ 6+5B +? 57**B( 07.1K0*&*/>, 6=-[:7[A/& 6 ;80K 3;/-8**3[
NIV [/ H/-221467%/8 T =127-12/ :8;=/ ( 9/=1+H/-2217(.

14/0645;26+ H/-Z21+67-Z*+-;+101/+%*+ .+ O7281/7-7 #&*?+;+10» +;3A&;?6-
~K&?2;K @3789 Q&(7*+;/*2607 T=2/6/1+467T**B( 08*7+*/2+6B( .-/* / +0170+27**B( 07-
07-Z746B( 6+-+=+* 6 6+5%+> ;1858.

R/*280 =777-12/ :8;=/ T=2/6%+.+ 972%1/7-7 @1+/;(+5/2 07 ;&2 +;7I58*/K ./5-
14=;/5+6 OT1.7*17 6 Ad—+:*+> ;1858 *7 @+6&1(*+;2/ 9+5/H/1/1+67**B( 0707-22+6B(
GH-+=+* : @+;-853[A/9 2819/ :8;=/9 07=180-&*/89 6 6/58& MNnO»nH,0. X;+0&**+;7Z[
@1+18;;7 K6-K&?2;K /;@+-20+67*/8 698&;7+ KMNOy — @&1+=;/57 6+5+1+57, 17+ +03; -+6-4*+
-8 +5*KC*E> @+-/2/=+> +;3571;767 6 +0-7;2/ @1+57/ / /;@+-20+67*/K @&1O7*.7*777
=7-/K 6 @1+/06+5;76& [4]. _T28*7*B> @+/;= @+=707-, 12+ 6+ 6;&( 170170+7=7( 6 57**+>
+0-7;2/ /;0+-20387;K @1/6858**B> 6BCE 1&7.8*? [5, 6], -2+ @1/6+5/? = *8+0(+5/9+;7/
@8L&(+57 *7 7-2281*72/6*BE& @32/ ;/*2807 27=/( =127-/077+1+6.

R6+>;767 @+-3:84**B( +0170146 «D71.7%+;+10» /03:7-/;Z ; @+9+AZ[ N"-
:06=71+;+=+@// (@1/0+1 FRD-1201). _+-3:&**B& ;08=?1B (717=281/03[?;K *7-7:/89
@/=+6 6 +0-7;2/ 2922 ;91 =7+ :6/5828-2;76382 + *T-/:// ;6KOT**+> 6+5B, @1850+-+-
J/%-7%+ +7%+:KA&>:K = ;+85/*6*/ [ MnO»nH,0. R@&=?1B ?7= J& (717=281/03[?:K
0+-ZC/9Q =+-/:8;76+9 @/=+6 6 57-2*&> +0-7;7/ ;08=217, :2+ .+6+1/? + *7-/:// ;6K0&>
D&-X. T7 57%*B> 9+98&*? 6858?;K 5827-Z*7K 17;C/H1+6=7 ;@8=21+6, *+ /( :(+J&;?Z :
97261/7-+9 Birm® @185@+-7.78? @1+K6-&*/& @+(+3/( ;6+>;76.

_146856**B& @1+0*B& /;@B?7*/K 97281/7-7 @+ +:/;7=8 6+5B 6 5/*79/:8;=/(
3;-+6/K( /0+017J8*B *7 1/:3*=8 1, /0 =+7+1+.+ 6/5%+ 12+ \HH&=2/6%+;2Z +:/;7=/
%/ JT82;K @+;-8 @L+@3;=T*/K 358-2%+.+ +OWROT 4 - *7 1 . ;+108*77, : 7+ K6-K&?;K @1/-
89-89BO 1803-2777+9 +7%+;/28-7*+ 513./( =777-/2/:8;=/( 9721/ T-+6. _185@+-+J/-
-7+ \?+ ;6KOT**+ =7= ; (/9/:8;=/9/ @1+1&;;79/ 17;76+18*/K @-8*=/ ./51+=;/5+6
971.7%17 /0-07 ;*/ I&*/K 1T 6+5B, 27= 7 07 ; 282 *7=+@-&*/K 07.1K0*&*/> 6*3?1/ 07.130=/.
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P/;3%+= 1—C76/;/9+;7Z \HH&=2/6%+;2/ +:/;7=/ 6+5B +2 358-7%+ .+ Q1+H/-Z21+67*%+ .+
+OW&97 :8180 07.130=3 «D71.7*7;+10», @1/ Rez: = 05 9./- 971.7%17 / +0C8> 97; ;4

07.130=/ 7 .

P7*&& 0B-/ /03:&*B ./5176-/:&;=/& ;6+>;767 0707-2?+6B( 6+-+=+* / 97261/7-
-+6 @#&*?+;+10» / «D71.7*+;+10» [7]. #B-+ 6BK6-&*+, :?+ *7/0+-8& 170 /+*7-2*+ /;-
@+-Z0+67?Z 57**B& ;+108&*7B 6 6/5& =71?1/53*B( H/-2?1+6 [8] @1/ ;=+1+;?K( H/-Z71+-
67*/K 5+ 25 9/:. $&(*+-+./:&;=+& +H+19-&*/& ;/;?69B +:/;?=/ 6+5B 01&5;?76-&*+ *7

1/:3*=8 2)
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0)

P/;3%+= 2 — $&(*+-+./:8&;=+& +H+19-8&*/8& @1+1&;;7 +:/;?=/ 6+5B
7—;(&97 56/38&*/K 6+5B 6 H/-Z?17(
(1 —=71?1/53 «@#&*?+;+10», 2 —=71?1/5J «D71.7*+;+10»)
0 p 6*4C*/>6/5 ;/;?89B +:/;7=/

I-K 357-&*/K /0 6+5B ;+&5/*&*/> J&-&07 /;0+-Z03[?;K =71?1/53/ ; 07.130=+>
H&*7+;+10» *7 @816+> ;?75//, *7 67+1+> — «D71.7*+;+10». P7*&& 0B-+ 3;?77*+6-&*+,
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1?7+ +;%46*TK 17;7Z +=/;-/6C&.+;K J&-807 075813/67&?;K *7 @+681(*+;?/ ;+108*?+6,
;+05767K 0*7:/28&-2*+8& ./5176-/:&;=+& ;+@1+?/6-8*/& 17**B> H7=? 9+J*+ +18&*/7Z
*&.7?2/6*+ ; ?+:=/ 01&*/K =130*B( H/-2?1+6 ; 0&1*/;?+> 07.130=+>, 1&.&*&171/K =+?+-
1B( ?1803&? 0+-ZC/( 17;(+5+6 6+5B / @1/9&*&*/K *7;+;*+.+ +0+135+67*/K, *+ 5-K
=71?1/53*B( 175/7-2*B( H/-Z?13[ A/ ( \-89&*?+6 6+09+J*+ /;@+-20+67?Z =+1+7=+-
6189&**3[ /7903-Z;*3[ @1+9B6=3, ; +0A/9 17;(+5+9 6+5B 5+ 100 - *7 1 \-&9&*?.

R?+/? +?982/7Z, 7+ 17;;9+?1&**B¢& ;/;?89B +:/;?=/ +0-757[? =+9@7="*+;?Z[,
-&.=/ 6 +0;-33/67*%// / \=;0-37?71//, 7 57-7*&>C8&& 1706/?/8& 57**+.+ *7@176-&*/K
H/-2?13[ A/ ( 972%1/7-+6 @+06+-/? @+6B;/?Z \HH&=?/6*+;?Z /( 170+?B / ;+=17?/7Z
07?17?B *7 6+5+@+5.+?+6=3.

a:?0PM?JPM

1. D7?81/7-B = V+;3571;76&**+93 5+=-753 «X ;+;?+K*// / +0 +(17*& +=13J7[ -
A&> ;185B 6 L-77>;=+9 =17& 6 2009 .+53». — #71*73-, 2009. — 168 ;.

2. c+-+7+67, a.F. X:/;?=7 6+5B +? J&-&07, 971.7*17, H?+17 / ;&1+6+5+1+57 /
a.F. c+-+7467, V.. L;;. — D.: R?1+>/057?, 1975. — 176 ;.

3. "+*517?[ =, a.F. ¥/-2?1B 5-K +:/;?=/ 07.1K0*&**B( 71?60/ 7*;=/( 645 *7 +;-
*+6& 9+5/H/1/1+67**B( 0707-2?+6B( 6+-+=+* [/ a.F. ""+*517?[= 1.F. ""+971+67,
F.X. #3176-86, L.F. _7*7;&*=+ [/ 331*7- «F+5++:/;?=7, F+5+@+5.+?+6=7, F+5+;*70J&-
*/&» —2011. p r 3. —R. 32p36.

4, +;27*+6-&*/8& 176/7&-Z;?67 PF +? 30 /[ *K 1998 .. N 681 "X0 3?6&1J5&*//
@81&:*K *71=+?/:&;=/( ;185;76, @;/(+?1+0*B( 68A&;?6 / /( 01&=31;+1+6, @+5-&I7A/(
=+*?1+- 6 P+;;/>;=+> F&5&L71//" (; /09&*&*/K9/ / 5+@+-*&*/K9/).

5. _7?. 2275335 P+;;/>;=7K F858171/K, D_**" CO2F1/64. ¥/-7213[A/> 971281/7-
5-K +:/;?=/ 6+5B +? 971.7*17 / J&-&07, ;@+;+0 &.+ @+-3:&*/K / ;@+;+0 +:/;?=/ 6+5B
+? 971.7*17 / J&-&07 / V307>53-/*7 $.L., +:3&6 T.L.; 07K6/?&-Z / @728*?++0-757?8-2
V307>53-/*7 $.L.. p r 2004119351/15; 07K6-. 24.06.2004; +@30-. 27.04.2006, #[ -. r 24
(1:).-6;.:/-.

6. _7?. 2238788 P+;;/>;=+> F&56171/K, D_""" BO1D39/02. R@+;+0 @+-3:6*/K
H/-Z?13[ A&.+ 97?261/7-7 5-K +:/;?=/ 6+5B [/ #&1&*.71?&* D.V, g79/0+6 P.g., "*13:/-
*/* ™ L.; 07K6/?8-Z / @7?28*?++0-757?28%-Z D+;=+6;=/> .+;3571;?68**B> 3*/6&1;/78?
N*J&*&1*+> \=+-+.//. p r 2003121662/15; 07K6-. 17.07.2003; +@30-. 27.10.2004, #[ -.
r14(1:).-18;.:/-.

7. 030*/*7, L. §/-2213[A/> 97281/7- 5-K +:/;?7=/ 71280/7*;=/( 645 *7 +;-
*+6& 0707-2?+6+.+ 6+-+=*7 [/ 030*/*7 L., _7*7;&*=+ L.F. /[ RO+1*/= *73:*B( ?135+6
gVI DT_ " ;?2358*?+6, 7;0/17*?+6 / 9+-+5B( 3:&*B( «R+6189&**B& ?&(*/=7 / 2&(*+-
-+.//» —2009. $. 2. —R. 134p136.

8. _77. 98937 P+;;/>;=+> F&5&171/K, D_ """ BO1D24/02. T7@+1*B> H/-Z?1 / "*+*-
517?[ = a.F., #3176-&6 F.X., $+@:/86 L.V., ""+971+67 1.F.; 07K6/?&-Z / @7?8*?++0-757-
26-7 L-?7>;=/> .+;3571;?68**B> ?28(*/:&;=/> 3*/6&1;/76? /9. N.N. _+-03*+67. p
r 2010120106/05; 07K6-. 19.05.2010; +@30-. 10.11.2010, #[-. r 4(1 :.).—-35;.: /-.

Zi"% 82% /§H#/ i —/FN 2=/ /) jH#Nd %" 2#h"" i

2._. /SIMPGD>E, —.%. %?MPYH:D
V2=#+2= %5ET), )B2;58+2= 274%2%G% (12,21,) P,%!=#+)B) B)4G(10#%-577)B)
0G5E72;5#+)B) 672-50#2%5%! 28. U.U. 9),467)-1, B. V2=#+, e-mail: fvs@bti.secna.ru

R *7:7-7 563(?B;K:*B( .+5+6 *7 L-?77& *70-[57&7;K @+-+J3/?&-Z*7K 5/*79/=7
?231/;7;=+.+ @+?+=7. T& @+;-&5*[ L 1+-Z 6 1706/?// 1&./+*7-Z*+.+ ?31/097 ;B.17-+
;2147282576 =+90-&=;7 «H#/L10+67K ""7?3*Z», *7 2011/7+1// =+?+1+.+ 6 2007 .+53
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0B-7 ;+057*7 +;+07K \=+*+9/:8&;=7K 0+*7. F 2006 .+53 =+-/:&;?6+ +?5B(7[A/( *7 L--
278 ;+;?76/-+ 600 ?B;. :&-+6&=, 6 2007 .+53 — 850 ?B;K:, 7 6 2010 .+53 — 0+-&& 1,1 9-*.
?31/:;74+6, 6 0-/J7>C/& .+5B 6 ;6KO/ ; +=+*:7*/89 ;?21+/28-7;767 ?31/;?/:&;=+-
1&=18&71/+**+> 0+*B «#/1L[0+67K *"7?3*Z» @+?+= ?31/;?7+6 9+J&? 36&-/:/7Z;K 656+4,
7 = 2020 .+53 6 L-?7>;=+9 =17& 17;;:/?B67[? &J&.+5*+ @1/*/97?Z 5+ 3,5 9-*. ?31/-
;7+6.

R 1+;7+9 =+-/:&;767 +?5B(7[A/( 36&-7/:/-;K @+?+= 76?+9+0/-&> *7 ?611/7+-
1// L-?7>;=+.+ =17K / 1&;@30-/=3 L-?7>. F ;6K0/ ; \?/9 368-/:/-+;7 =+-/:&;76+
;2T%0/> 28(*/ & =+.+ +0;-33/67*/K, 76?7+07@176+:*B( / 76?2+9+&:*B( ;?7*1/>, =+7+-
1B& K6-K[?;K /;?+:*/=79/ 6185*B( 07.1K0*&*/> @1/1+5*B( /;?+:*/=+6. R?+:*B& 6+-
5B ?7=/( ;?7*1/> ;+58137? *&H?8@1+53=7B, +01703[ A/& ;?+>=/& \93-Z;//, / 513./&
17;26+1&**B& / 606&C8&**B& 6 6+5& 61&5*B& 68A&;?67, =+?+1B& 9+.3? *7*&;?/ 0*7:/-
28-7*B> 6185 +=13J7[A&> @1/1+54.

_ 1/98*K&OB& 6 *7;?2+KA&& 618&9K 9&?+5B +:/;?=/ ?7=/( ;?+=+6 *& 6;&.57 +04&;-
@&:/67[? 5+;2/3&*/& *&+0(+5/9+> ;2%@&>*/ +:/;7=/ [/ (717=21/03[?;K ;-+J*B9/
8(*+-+./:&;=/9/ ;(&979/.

L*7-/0 /06&;?*B( 9&?+5+6 +:/;?=/ ;?2+:*B( 645 5-K 76?+9+&:*B( ;?7*1/>, @+-
=707-, 72+ *7/0+-8& \HH&=?/6*B9O / \=+-+.7/:&;=/ :/;7B9 K6-K&?;K \-8=21+H-+?271/+*-
*B> 98?45, =+?+1B> @+06+-K&? +0&;@&:/?Z 5+;?7?+:*3[ @1+/06+5/?8-7*+;?Z / +0+1+7?-
*+& 6+5+;*7038&*/8& ;?7*1/>, =+118&=?/1+67?Z H/0/=+-(/9/ :&;=/& ;6+>;?67 +01707?B-
6789+> 6+5B, /06-8=7?Z 606&C&**B& 68A&;?67 / \93-Z./1+67**B& *8&H?8@1+53=7B.

_1+1&;; +: /7= \-8&=?1+H-+?71 /&> ;+5813/7? 5 +;*+6*B( ;?75/>:

- H+19/1+67*/& 6 ;?+:*+> 6+58& 5/ ;@81 ;*+> H70B;

-\-&=?1+(/9/ :&;=+& H+19/1+67*/& .70+6+.+ @30B1Z=7;

- H+19/1+67*/& H-+?2+=+90@-8=;7 «:7;?/17-@30B1Z=/ .707>,

- @&1&(+5 H-+?+=+9@-8&=;7 *7 .17*/13 1705&-7 6+57-6+053(;

- SHA*1&*?1/1+67* /8 H-+2+=+9@-&=;7 *7 .17*/18& 1705&-7 6+57-6+053(.

_A/*V/Q/T-2%TK 28(F+-+./:8;=TK ;(&97 +:/;?=/ ;?+:*B( 6+5 @&1/+5/:&;=+.+
58>;76/K 5-K 76?+9+&:*B( ;?7*1/> 0185;?76-&*7 *7 1/;3*=& 1. X;*+6*B9/ \-49&*?79/
K6-K[?;K: *7=+@/?8-2*TK &9=+;?Z (@), *7;+; 5-K @+57:/ ;?+:*+> 6+5B (T), \-&=?1+H-+-
?27?7+1 (i F), ;+101/+**B> H/-2?1 (F).

R(&97 170+?78? ;-853[A/9 +0170+9. R?+:*7K 6+57 +? O9+>=/ 767+?17*;@0+1?7
; 68-/:/*+> 1T 6-8, ;+581J7ATK *&H?8@1+53=?+6 5+ 150 9./-, 606&C&**B( 6&A&;?6 5+
1000 9./-, @+6&1(*+;?*+-7=?/6*B& 6&A&;?67 (_LF) 5+ 50 9./- (@1/ \?+9 (/9/:8&;=+&
@+?180-&*/8& =/ ;-+1+57 ;+;?76-K&? 5+ 2000 9./-), @+;?3@7[? 6 3;185*/?&-2*3[ &9=+;7Z
(@), .5& @1+/06+5/7;K 3;185*&*/& ;+;?767. c7?289 ;?2+=/ @+57[?;K ; @+9+AZ[ *7;+;7 (T)
/089=+;?/ 6 \-=?1+H-+?71/+**B> 70@717? (i F).

VK /*%*;/H/=71// @1+1&;;7 \-&=?1+H-+?71/+**+.+ /06-&:&*/K \93-Z;/>
*&H?8@1+53=?+6 @1&53;9+?1&*7 +0170+?=7 6+5B 17;?6+1+9 H-+=3-K*?7-=+7.3-K*?7 /-/
@1/79&*K[? 17;?6+1/9B> 7*+5. F-+?2+C-79, ;+581J7A/> *&H?8@1+53="B, LF, =+7.3-
-K*? @&1/+57:8&;=/ 357-K&?;K ; @+6&1(*+;?/ I/5=+;?/ 6 ;0+1*/= H-+?+C-797 / *& ?14&-
038? 5+@+-*/28-7*+.+ +0806+3/67*/K. V7-8& ;?2+= /0 \-8=?1+H-+?77+17 @+;?3@7&? 6 &9-
=+;?Z +:/A&**+> 6+5B. 1/ *7-/:// 6+5+17;76+1/9B( @1/9&;&> 6+57 @+578&?;K *7
;+101/+*%*B> H/-271, @+;-& =+?+1+.+ +:/A&**TK 6+57 ;++?6&7;763&? 0*7:&*/K9 1™
@+ *&H?8@1+53=779 (0,05 9./-). X:/A&**TK 6+57 ; @+9+AZ[ *7;+;7 :7;?/:*+ (+=+-+ 80-
90%) 6+0617AT78?;K 6 2&(*+-+./:&;=/> 1/=- 9+>=/ 76?2+?17*;@+1?7. X:/A&**TK 6+57
9+J&? ;017;B67?Z;K 6 6+5+&9B, 6 ?+9 :/;-& / 1BO+(+0K>;?68**+.+ *70*7:8*/K. _1+-
1&;; +:/7;7=/ 9+38&? 0B?Z @+-*+;?Z[ 76?+97?/0/1+67*.



CTouyHaa BOAa

HethTenpogyrTe - S0-200 rrin
XMK - go 2000 wprcin, pH=6-8 /_\\
BapuaHT A

¥ B emrocTE

*l:ggw;:::- P TRy — : OYMLLEHHOR BO)
. ry. 4_|'1 S0 (HET PACTBOPHMED
_ ‘ HediTenpodyKTos)

r el o]

WnT

é

H
E - HaKonWTENbHas eMEOCTS,
H - HACOCEL
3P - znerTpodinoTaTop,
® - copGUWOHHBEIN DUNETE, Bapuaut B
MIMT - WCTOYHME NOCTOAHHOM TOKE. B emMkocTb

OYHLULEHHOR BOdbLI
HedmenpoaykTe - 0.05 mrin
XK - 100-300 mroin,
pH=G-8
P/;3*+=1—_1/*V/Q/7-Z*TK 2&(*+-+./:&;=7K ;(&97 +:/;?=/ ;?+:*B( 6+5
@&1/+5/ :&;=+.+ 5&>;?76/K 5-K 76?+9+&-*+> ;?27*1//

1-&=?1+H-+?71/+**B> ;@+;+0 /98&? 1K5 @18&/93A&;?6 @+ ;176*&*/[ ; 513./9/
;0+;+4079/ +:/;7=/ ;?+:*B( 6+5 (+?;?27/67*/&, H/-2?1+67*/& / 51.). 1?7+ @1+;?7+?7 /0.+-
?2+6-8*/K 7007177+6 / /( +0;-33/67*/K, 6+09+J*+;?Z 1&.3-/1+67*/K ;28@8&*/ +:/;?=/
124=+6 6 076/;/79+;?/ +? H70+6+-5/;@81;*+.+ ;+;?2+K*/K @1/9&;8>, 6B;+=7K 5/;0&1;-
*+;7Z @30B1Z=+6 .707, +0&;@&: /767 [ ATK \HH&=?/6*+;?Z /( 607/9+5&>;?6/K ; @1/9&;K9/
/ 6B;+=7K ;28@8*Z +:/;7=/ ; +5*+61&9&**B9 +0&007173/67*/89 ;?+:*B( 6+5.

1-8=?1+H-+?71/+**B& 9&?+5B +:/;?=/ ;?7+:*B( 6+5 /06&;?*B 5+;?7?+:*+ 576*+,
*+ ;&.+5*K *7/0+-ZC3[ ?135*+;?Z @1/ \=;@-37?71// 700717?+6 @1&5;?76-K&? +@?/9/-
071/K @1+1&;;7 +:/;?=/ ;24+:*B( 6+5 /7 \*&1.+;08183&*/& ?7=/( 3;?1+>;76. +\?+93
6 #/>;=+9 (*+-+./:8;=+9 [/*;2/?3?%% L-?V$ *7:7?B 170+?B 6 \?+9 *70176-&*//.
F ;6K0/ ; 1706/?/&9 L-?7>;=+.+ =17K =7= 0+*B ?31/097 / +?5B(7 6+@1+;B 0&1&J*+.+
+2*+C&*/K = @1/1+58 +;+08**+ 7=?37-7*B.

a:?ePM?JPM
1. R?7(+6, a. L. X:/;?=7 *&H?&;+581I7A/ ( ;?+:*B( 6+5 @1&5@1/K?/> (17*&*/K
/ 217%;@+1?7 *8H?6@1+53=?+6. p 1.: T&517, 1983. p 263 ;.

n8% 1)+ )#"2ak#/) "w%a)F/-2#"") J+/h)%%2 n8%"+28h""""
CHTAVH2 UA8aTIH) I “/]VH2 17+2% [+ )H)H) 2]]2+2°2
+/ " /+#/- ) Takw2n" " /##S /"] 2

%.). /PGES
Z:;05D (5725 L)##2=#+)= 141 (5822 716+ «U7#%2%G% .0)R,58 E282+)-[75085%2 ; 5¢+2E
%5E7),)B2=>» >2R20#+)B) )%(5,572\ LPJ, B. V2=#+, e-mail: Ceppp@mail.ru.

N*3-/% — @+-/;7(71/5, 6;218:T[A/>:K 6 ;-+I*+1682*B( 17;28*/K( / *&=+7+1B(
6+5+1+;-K( / @1/ ./51+-/08 57[A/> H13=7403 / *80+-ZC+& =+-/:8;76+ (2-3 %) .- [=+0B.
N*3-/* C/l+=+ /;@+-20382;K 6 @1+/06+5;268 O/+-+./:8&;=/-1=2/6*B( 5+076+=,
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01/96*K&?;K 6 985/1/*8 =T= 0798&*/%-2 =17(97-7 / ;7(717 @1/ ;7(71*+9 5/7082%,
:-33/? /;(+5*B9 97281/7-+9 5-K @1+OBC-&**+.+ @+-3:8*/K H13=2+0B. #+-ZC& 6;&.+
/*3-/*7 ;+5813/? 2+@/*79031, 9%+.+ &.+ 6 1/=+1//, :&;*+=8, +5367*:/=7(. FB5&-K[?
&.+\=;217=1/8> /0 /098-Z:8**+ .+ ;B1ZK ; @+;-853[A&> =1/;?7--/071/8> [1, 2].

X5%+> /0 *7/0+-8& \HH&=?/6*B( 3;77*+6+= 5-K @1+685&*/K @1+1&;;7
\=;217=1// K6-K&?;K (897 ; /;@+-20+67*/89 TQQ71727 1+7+1%+-@3-Z;71/+**+.+ 2/@7
(P_L) [3, 4], 6=-[:&**+.+ 6 1/1=3-KI/+**B> =+*?31 (1/;3%+= 1). _+ ;176%8*/[ ;
*7/0+-88 17;@1+;?17*4**BO/ *7;2+>*BO/ :7*79/ / 700717779/ ; 9CT7-=+> P_L
+0-757[? 1K5+Q @18/93A&;?6. T7/0+-8& 67J*B9/ 5-K @1+685&*/K @1+1&;;7
\=;217=1// K6-K[?;K /098-Z:8*/& 97281/7-7, 1706/77K ?3103-8*7*+;7Z @+?+=+6 6
7007172 / @&1/+5/:8;=/& @3-Z;71// 576-8*/K. "1+9& ?+.+, P_L +0-757[?
-+0:768**BO  *7:+:*BO  58>:76/89, 7+ @+06+-K&? +1.7%/0+677Z 1/1=3-KI/[
+017072B6789+> ; 165B 080 @1/98*8*/K 5+@+-*/2%8-7*B( *7;+;+6.

B
g
B
- . - 22 J“-
V2208 | —
"N
a——.—
1
- 220 B

1-P_L;2—-89=+;?*+>70@717? ; 1307C=+>; 3—72819+;?7?

P/;3*+=1-R(&97 \=;@&1/98*?7-7*+> 3;77*+6=/

#-7.4571K ?7=+93 =+9@-&=;*+93 6+05¢&>;?6/[ *7 +01707?B67&9+& ;B1Zg,
01&5;?776-K&?;K @&1;@4=?/6*B9 @1/9&*&*/& P_L 5-K \=;?17=1// /*3-/*7 /0
?2+@/*790317 6 @/A&6+> / H71971867/ :8;=+> @1+9BC-8**+;?/. X5*7=+, 6 -/?2817?31&
@17=?/:8&;=/ +?;3?;?63? \=;081/9&*?7-2*B& / ?4+18&?/:&;=/8& 57**B& @0+ @1+6&5&*/ [
\?+.+ @1+1&;;7, -2+ 07?135*K&? 6BO+1 +@?/97-Z*+> =+*;?13=1// P_L / @7179&?1+6
+0170+?=/ ;B1ZK. F ;6K0/ ; \?/9 @18&5;?76-K&?;K 7=?37-2*B9 /;;-85+67*/& @1+1&;;7
\=;?17=1// /*3-/*T6 P_L.
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K&-Z[ 57**+> 170+7B K6-K&?;K \=;081/98*?7-7*+§& /;;-85+67*/& 6-/K*/K
&+9871// P_ L / 183/9*B( @71798?1+6 +0170+7=/ *7 @1+1&;; \=;217=1// /*3-/*7 /0
=-30%&> ?+@/*790317.

X;*+6*B9  .&+98?1/:8;=/9 @71798?1+9 P_L, +01858-K[A/9 ;?280&*Z
6+058>;?76/K *7 +01707?B678493[[ ;1653, K6-K&?;K 68&-7:/*7 175/7-7*+.+ 070+17 98J53
1+7+1+9 / ;2774149 7@@71777. 9Q&*ZC&*/8& 070+17 ;@+;+0;7638? @+6BC&*/[ ;2688*/
/098-72:8*/K +017077B6789+.+ 97281/7-7 [5], 368-/:&*/[ 79@-/?35B @3-Z;71/>
576-8*/K / 6+0%/=*+6&*/[ =76/?71/+**B( K6-&*/> [6], :7+ ;@+;+0;763&?
7%%*;/H/=T1// @1+6+5/9+.+ @1+1&;;7. T7 6&-/:/*3 79@-/235B @3-Z;71/> 576-8*/K /
1706/2/& =76/270// ?7=38& 6-/K&? ;=+1+;?Z BL1TA&*/K 1+7+17 [6]. ""1+9& 7?+.+,
@+6BCE*/8& :7;7+7B 617TA&*/K 1+7+17 36&-/:/678? 17;(+5 J/5=+;2/ :&180 7007172, 7
-+ 4268725268 %+ / =177%+:7Z +0170+?=/ 97281/7-T.

113./9 67J*B9 @71798?1+9, +=70B67[[A/9 ;3A&;?68**+& 6-/K*/8& *T ;=+1+;7Z
\=;217=1//, K6-K&?;K 26908177317 @1+1&;;7. +6BC&*/& 289@&17?31B ;@+;+0;?7638? *&
M-7=+ 3;=+18*/[ 97;;++09&**B( @1+18&;;+6, *+ / 0*7:/2%-7*+93 @+6BC&*/[
17;26+1/9+:2/ /*3-/*T7 6 6+5&. X5*7=+, ?27=J& ;-8538? 3:/7B677Z, 17+ @1/ @+6BC&*//
269@817?31B ;6BC& 50-60 °R 9+J&? @1+/; (+5/7Z 2819/ :&;=+& 170-+JI8*/8& /*3-/*T.

-/7B67K 6-/K*/& 17;;9+?1&**B( 6BC& H7=?+1+6, 6712/1349B9/ @71798?179/
@1/ @1+6858&*// \=;081/98*?+6 K6-K-/;Z C/1/*7 175/7-7*+.+ 070+17 98353 1+?+1+9 /
:277+1+49 P_L d (0,1-10° / 10°9), :7;7+?7 617A&*/K 1+?+17 n (25, 42 / 50;%) /
26906172317 @1+18&;;7 T (20 / 50 °R). i=;081/96*?B @1+6+5/-/ ;-&53[A/9 +0170+9.
F §9=+;7%+> 7007177 (@+0. 2 *7 1/;3*=8 1) 07-/67-/ 5 -/?1+6 5&/+*/0/1+67**+> 6+5B /
6=- [ :7-/ 2819+;?7? (@+0. 3*7 1/;3*=8 1). _+;-8 ?+.+, =7= 289@817?31B 6+5B 5+;2/.7-7
*8+0(+5/9+.+ 0%7:8*/K, 6=-[:7-/ P_L (@+0. 1 *7 1/;3*=& 1) / @1+/06+5/-/ 07.130=3
0,25 =. /09&-2:8**B( =-30*&> ?+@/*790317. $7=+& ;++?7*+C&*/& 97;;B ;B1ZK / 97;;B
6+5B +0&;@8&:/678? ./51+9+53-7 1:20 6 @81&; 1878 *7 6-7J*+8& ;B1Z& / 1:92 6 @81&; 187
*7 70;+-[7*+ ;3(+& ;B1Z8& (@1/ 6-73*+;?/ ;B1ZK 77,5 %). u&1&0 30, 60, 120, 300, 600
/ 1800 ;8=3*5 /0 &9=+;?*+.+ 70071777 +20/17-/ @1+0B, H/-7?1+67-/ /( :81&0
0397J3*B> H/-2?1 / @1+6+5/-/ T*7-/0 @+-3:8**+.+ 17;26+17 *7 ;+58137*/8& /*3-/*1.
P&03-2?777B \=;@81/98*?+6 @1&5;?76-8*B 6 6/5& .17TH/=+6 *7 1/;3*=¢& 2.

""7= 6/5%+ /0 .1TH/=+6, @1/ 398&*ZC&*// 175/7-7*+.+ 070+17 ; 10°5+ 0,1.10°9
@1+/;(+5/? @+6BC&*/& ;2808*/ /06-8:8&*/K /*3-/*7 @1/981*+ *7 18%. D+J*+
07982/7Z, 17+ 6 @&16BE& *&;=+-Z=+ O/*3? 68-/:/*7 175/7-7*+.+ 070+17 *& +=70B67&?
0*7:/28-2%+.+ 6-/K*/K *T ;=+1+;2Z \=;217=1//. i?+ ;6KO7*+ ; 289, 17+ 39&*ZC&*/&
175/7-2%+ .+ 070+17 *&;=+-Z=+ ;*/J78? 17;(+5 I/5=+;?/ :81&0 P_L /0-07 @+6BC&*/K
5176/ :&;=+.+ ;+@1+2/6-&*/K @+7+=3. 6&-/:8&*/& ?869@817?31B ; 20 5+ 50°R
@+6BC78? ;28@&*Z /06-&:&*/K /*3-/*T @1/0-/0/28-7*+ *7 13%. 1/ 6+017;?27%//
17:747B 617TA&*/K 1+7+17 ; 25 5+ 42 ;1 ;28@8*Z /06-&:&*/K /*3-/*T @+6BC78?;:K
@1/981*+*7 7%, 7 ; 425+ 50 ;1 —*7 2 %,
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0.4

2 <X T=20°C
60 T=50°C

t, MHH
6)
7)n=50;" T=20°R;0)d=10°9, T=20°R;6)d=10°9,n=42;*
P/;3%+= 2 —C76/;/9+;7Z ;28@8*/ /06-8:&*/K /*3-/*T +? 61898*/ @1/ 170-/:*B(
68-/:/*T( 175/7-2*+.+ 070+17 (7), ;=+1+;2/ 61TA&*/K 1+2+17 (0) / 289@&17231B (6)
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c7:7;23[ 07 @1+1&;;+9 \=;?17=1// 6 @1+9BC-&**+9 @1+/06+5;?6& ;-853&?
H/-2?171/K 17;26+17 +? ?6&15+.+ +;?7?=7. 1/9&*¢*/& P_L 9+J&? 07985-/7Z \?+?
@1+1&;; 6;-85;76/8& 0*7:/?8-7*+.+ /09&-Z:&*/K ;B1ZK. u?+0B +1&*/?Z 6-/K*/&
17;;97?1/6789B( H7=?+1+6 *7 ;=+1+;?Z H/-2?171//, H/=;/1+67-/;Z 61&9K *7:7-7 /
+=+*:7*/K H/-2?171// =7135+> @1+0B / 97;;7 +?H/-Z?1+67**+.+ 17;?6+17 6 @1+0&.
P7;;:/?77**B& 3;185*8&**B& 0*7:&*/K ;=+1+;?/ H/-2?171// Vy .1 @+ =735+93 H7=?+13
;68586*B 6 ?70-/13 1.

$70-/717 1 p RL&S*KK ;=+1+;?Z H/-2?171// @1+0

F-/K[A/> d10° 9 n,;* T, °R
H7=?+1 0,1 1,0 25 42 50 20 50
V110,
o 25,44 38,39 30,91 30,92 31,28 17,94 46,36

NO 57**B(, @1/6&5&**B( 6 ?70-/1& 1, ;-&53&?, :7+ 39&*2C&*/& 6&-/:/*B
175/7-7*+.+ 070+17 ; 10° 5+ 0,1-10°% 9 ;*/J78? ;=+1+;2Z H/-2?171// @1/981*+ *7 34 %,
NO9&*&* /& ;=+1+;?/ 6LTAL*/K 1+?+17 @17=?/:&;=/ *& 6-/K&? *7 ;=+1+;?Z H/-Z?171//.
_+6BC&*/& ?690&17?31B ; 20 5+ 50 °R 3;=+1K&? @1+1&;; H/-Z?171// 6 1,5 1707.

X;*+6*B¢& 1803-2777B /; ;-8&5+67* /K.

_ 1+46858*+ \=;@81/98*?7-7*+& [/;;-85+67*/& @1+1&;;7 \=;?217=0// /*3-/*7 /0
=-30*&> ?+@/*790317 ; /;@+-Z0+67*/&9 P_ L. +=707*+, :?2+ 39&*2C&*/& 6&-/:/*B
175/7-2*+.+ 070+17 98353 1+?+1+9 / ;?77+1+9 P_L @+6BCT7&? ;?28@&*Z /06-&:&*/K
/*3-/*7 /0 /;(+5%+.+ ;B1ZK, *+ ;*/J78&? ;=+1+;?Z H/-Z?171// @+-3:789+> ;3;@8*0//.
_+6BC&*/& ;=+1+;?/ 61TAL*/K 1+72+17 3;=+1K&? @1+1&;; \=;?17=1// / *& +=70B67&?
13AL;268F*+.+ 6-/K*/K *T7 ;=+1+;?Z H/-2?171//. R 1+;?+9 ?89@&17?31B 6+017;77&? =7=
;=H1+;72 /1 ;28@8*Z /06-&:8*/K /*3-/*T /0 /;(#5*+.+ ;B1ZK, ?7= / ;185*KK ;=+1+;?Z
H/-2?171//.

a:?0PM?JPM

1. 72.2175239 PF, D_"" A61K35/78, A23L1/236. / L176/*7, N.L.; V+1+5&1=/>,
V.#.; N67*+67, T.d.; ""+971+6, a.F.; D+9+?, T.T.; u&l=7;+67, D.L.; 07K6-. 31.03.1999;
+@30-. 27.10.2001.

2. _7?.2178708 PF, D_"" A61K35/78, C08B37/00. / $130*/=+, L.L. (RU); ¥31;7,
T.R. (RU); 1/?6/*8*=+ F7;/-/> N67*+6/: (UA); L99+;+6 L-&=;&> R&17H/9+6/: (UA);
__+@+67 $77ZK*7 _76-+6*7 (UA); 13:=/* L.L. (RU); 07K6-. 03.12.1999; +@30-.
27.01.2002.

3. #7-7035=/*, D.L. P+?+1*+-@3-Z;71/+**B& 7@0@717?B 6 (/9/=+-H71971867/-
1&;=+> @1+9BC-&**+;?/. — D.. D&5/1/*7, 1983, 160 ;. /-.

4. 1+97+6, D.L. _3-Z;71/+**B& 700717?B 1+?+1*+.+ ?/@7: 26+1/K / @17=?/=T.
D+*+.17TH/K. D.: D7C/*+;?1+&*/& p 1, 2001. 260 ;.

5. "3(-&*=+, L.L., F7;/-/C/*, D.R., X1-+6, R.a., N67*+67, V.#. /| _+-03*+6-
;=/>6&;?*/=. — r 3.-2010. —R. 180p183.

6. X1-+6, R.a.// _&1;@&=?/6B ;+057*/K / @1/9&*&*/K =+*5&*;/1+67**B( 6B;+-
=+\*81.87/:&;=/( 97?281/ 7-+6: ;0+1*/= 5+=-75+6 Il| *73:*+-Q17=?/:&;=+> =+*H&L&*1//
9+-+5B( 3:&*B( 23-24 ;&*?K01K 2010 .. —#/>;=. —R. 143p149.
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“u%a)F/-2#") 2%/ /L IH2 T+ 2% —/+)# T U] )+%# I d
2°)+"2a/ - - 2] 2+2°7+) +/ /+#/- ] Tak%2h " /##/ /7 =2

F.1. ""SMDESM
Z;05D (5725 L)##2=#+)= 1+1(5822 716+ «U7#%2%GC% .0)R,58 E282+)-[ 750B5%2 ; 5#+2E
%5E7),)B2=» >2R20#+)B) )%(5,572\ LPJ, B. V2=#+, e-mail:ivanovadasha84@mail.ru

_1+1&;;B 17;?6+1&*/K 5/ ;@81 ;*+> ?6&15+> H70B *7(+5K? C/1+=+& @1/9&*&*/&
6 170-/:*B( +?17;-K( @1+9BC-&**+;?2/. V-K /( 2&(*/:&;=+> 1&7-/071// 6 +;*+6*+9
@1/9&*K&?;K 97-+@1+/06+5/28-7*+& &9=+;?*+& +0+135+67*/& ; @&1&9&C/67[A/9/
3;?21+>;?679/. X*+, =7= @176/-+, (717=781/038&?;K */0=+> \HH&=?/6*+;?Z[ 17;0185&-¢&-
*/K Q&(7*/:8&;=+> \*&1.// 6 +OW&9& 7@@717?7. NO6&;?*+ -7+, 5-K &9=+;?*+.+ +0+135+-
67*/K 6 +OW&9¢&, *&@+;185;?68**+ @1/-&.7T[A&.+ = 94CT7-=¢4, 5/;;/0/13&97K 9+A*+;?Z
*7 567 @+1K5=7 @1&6BC7¢&? ;1&5* [ [ @+ +OW&93 70@717?7, 7 *7 @+6&1(*+;?/ J/5=+;?/
+*7 *7 @+1K5+= */J& ;185*&>. F;& \?+ *&@+;185;76&**+ ;=70B67&?;K *7 (717=281& @1+-
26=7*/K @1+1&;;+6 9&JIH70*+.+ 97;;++098&*7, 6 ?+9 :/;-& / @1/ 17;?6+18&*// 5/;081 ;-
*B( 76&15B( 97?81/7-+6. _+6B;/?Z \HH&=?/6*+;?Z \*81.+@+56+57 / &9 ;79B9 36&-/-
/P2 [*2%%;/6%+;?7 17;?6+1&*/K 5/;@81;*+> H70B 6+09+J*+ 6 7@@717?31& 1+?+1*+-
@3-Z;71/+**+.+ 2/07 1, 2].

K&-Z[ *7;7+KA&> 170+7B K6-K&?;K /;;-85+67*/& 9T;;++098*7 @1/ 17;?6+1&*//
5/;081;*B( 97?2%1/7-+6 6 7@@717731& 1+?7+1*+-Q3-Z;71/+**+.+ 2/ Q7.

1=;081/98*7?B @+ 17;?6+1&*/[ @1+6+5/-/ *7 3;?7*+6=¢, ;(&97 =+?+1+> @1&5-
;276-8*7 *7 1/;3*=& 1. F ;+;776 3;?7*+6=/ 6(+5/? 1+?+1*+-Q3-Z;71/+**B> 70Q717?
(P_L) 1, &9=+;2*+> 70@717? ; 0&1&9&C/67[ A/9 3;?71+>;76+9 2 / 284@-++09&**/= 3, ;+-
&5/*&**B& ?26(*+-+./:&;=/9 ?130+@1+6+5+9 6 &5/*B> 1/1=3-KI1/+**B> =+*?31. ;?7-
*+6=7 ;*70J&*7 07@+1*+> 7197?31+> / @1/0+179/ 5-K 1&./;?171// @71798?1+6 && 170+7B.

_I_

. (} Boda

_3 AT

£t CEY (B e (Y
O, w/ S L/ ML

1-P_L;2—-8&9=+;7%+>7007177 ; ?/ (+(#5*+> 9&CT7-=+>; 3 — 2%0-++098&**/=
P/;3*+=1-R(&97 \=;@&1/98*?7-7*+> 3;77*+6=/

F =7:8;76& /;;-85389+.+ 97281/7-7 /;@+-20+67-7;Z =1/;?7--/:8&;=7K ;7-/1/-+-
67K =/;-+?7 =67-/H/=71// gu. F 70@717? 207-/67-/ 0,05 93 5/:2/--/1+67**+> 6+5B
/ @1/ 170+?7[A&9 P_ L @1+6+5/-/ &n 1/1=3-KI/ [ @+ ?&(*+-+./:&;=+93 ?130+@1+6+53
3;?7*+6=/. F =7J35+9 /0 \=;@81/9&*?+6 3;?7*76-/67-+;Z H/=;/1+67**+& :/;-+ +0+1+-
?2+6 1+7+17 P_ L / +@185&-&**+& 0*7:8*/& 6&-/:/*B 175/7-Z*+.+ 070+17 ( ) 98J53 1+-
?2+1+9 / ;27?7+1+9 70@71777.
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N;;-85369B> 97281/7- 6 ?&:&*/& 15-20 ;&4=3*5 170.1337-/ 6 7007177 2 / :&1&0
+01858-8**B& /*?8167-B 61&98&*/ /0 28(*+-+./:&;=+.+ =+*?317 3;?7*+6=/ +?20/17-/
@©1+0B ;3;@&*0//. _1+0B @+56&1.7-/ H/-2?171// ; 1&-Z 6B5&-&*/K *&17;76+1/6C&.+;K
@1+53=?7, 7 =+*1&*?171/[ 17;76+17 +@1&5&-K-/ @1/ @+9+A/ =+*53=?+9¢&?17-
=+*18*?17?7+9617 LTNXT-7025 (1/;3*+= 2).

P/;3*+= 2 —F*&C*/> 6/5 =+*53=?+9&?17-=+*1&*?17?7+9&17 LTNXT 7025

_1/*1/0 58>:76/K @1/0+17 07=-[:787:K 6 +@185&-8*// 68&/:/*B 35&-7*+>
\-§=21+@1+6+5%+;2/ 17;76+17, 076/;KA&> +? =+*18*?171// 17;76+18**+.+ 68A&;?67
(1/;3*+= 3).

1/;081;%B> ;43776 /; (#5%+.+ =1/;77--/ :8;=+.+ OT281/T-T / 6B5&-&**+ .+ @+;-&
H/-221+67*/K @140 ;3:08*0// +@1858-K-/ @1/ @+O+A/ T*7-/072+17 170981+6 :7;2/1
PIP 9.0.

13105

S0

WnenpHa" OpoBoIHMOCTE, M C Mo

0 0.0s 01 0.1s 02

Komnertpamua semectsa C, %o

P/;3*+=3-$71/1+6+:*7K 076/ ;/9+;?Z 5-K ;7-/1/-+6+>=/;-+?B

F (+5& \=;081/9&*?+6 0B-/ ;*K?B =/*&?/:&;=/& =1/6B& 17;?6+1&*/K ;7-/1/-+-
6+>=/;-+?B 6 \=;@81/9&*?7-2*+> 3;?7*+6=& ; P_L. P&03-2777B \=;@&1/9&*?+6 @+=707*B
*71/;3*=8 4.
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P/;3*+=4-""/*&?/:&;=/& =1/6B& 17;?6+1&*/K ;7-/1/-+6+> .:/;—+?B
6 \=;@81/98*?7-2*+> 3;77*+6=& ; P_L

7= 6/5*+ /0 @+-3:8&**B( =/*8?/:&;=/( 076/ ;/9+;?8> 5+ 60-65 % @+ 97;;& ;7-
-/1/-+6+> =/;-+?B @0&1&(+5/? 6 17;?6+1 3J& 6 @&16B& 300 ;8&=3*5 +? *7:7-7 @1+1&;;7.
_+-6/5/9+93, \?+ ;6K07*+ ; /*?6*;/6*B9 51+0-&*/89 =130*B( :7;?/1 / ;++76&?;7-
63[A/9 368-/:8*/8&9 98IHTO*+> @+681(*+;2/. ;27*+6-8*+, -7+ 39&*ZC8&*/8 6&-/:/-
*B 175/7-2*+.+ 070+17 ( ) 98353 1+?+1+9 / ;?7?+1+9 P_ L ;@+;+0;?638&? /*?&*;/H/=T-
1/7 17;26+18*/K, @1/ :89 \?+ @1+K6-K&?;K 6 +;*+6*+9 *7 07681C7[A&> ;?75// @1+1&;;7.

F7J3*¢>C/9 @+=707?6-89, (717=?81/03[ A/9 @1+1&;; 17;76+1&*/K K6-K&?;K =+-
\HH/1/8&*? 97;;++?57:/. X1&*=3 \?+.+ @7179&?17 @1+/06+5/-/ 6 ;++?6&?;?6// ; 3176-
*8*/89 97;;++757:/.

T7 +;*+68& +0170+?=/ \=;@081/98*?7-2*B( 57**B( @+ 17;?6+1&*/[ ;7-/1/-+6+>
=/;-+?B 6 P_L, /;@+-Z03K 3176*&*/& (1), 0B- 6B@+-*&* 17;:&? H7=?/:&;=/( =+t\HH/-
1/8*7+6 97;;++?57:/, =+?+1B& @185;?76-&*B 6 ?70-/1& 1.

mA:q'Fm' CAy (1)
.58 q —=t\HH/1/&*? 97;;++?57:/; Fy — ; 1&5*KK @+6&1(*+;?Z 97;;++09&*7 07 61&9K
17;?6+1&*/K; Ca—56/J3ATK ;/-7 @1+1&;;7; y —61&9K 17;?6+1&* /K.

$70-/17 1 p X0170+?=7 \=;@&1/98*?7-Z*B( 57**B( @+ =/*8&2/=& 17;76+16*/K
“7-/1/-+6+>=/;-+?B6P_L

P75/7-Z- [ "+-/:8;76+ | R185*KK @+ | R18&5*KK 56/- | F189K 17;- | ""+\HH/-
*B>070+1 | 17;26+18**+.+ | 681(*+;?2Z | J3ATK ;/-7 | 26+18*/K | 1/8*? 97;-
10%,9 | 6&A&;?67 My, | 97;;++098*7 | @1+18;;7 Y, - ++757:/

= Frn, 9° (RU-RY), =./9° q-103 9/;
1,0 0,09 26,3 0,001 1800 2,0
2,0 0,09 19,6 0,001 2700 1,7
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1=;081/96*77-2*B& 57**B& @+ =+\HH/1/&*?79 97;;++?57:/ @1/ 17;?6+1&*//
;71-/1/-46+> =/;-+?B 0B-/ ;+0@+;?76-&*B ; 17;:8&?*B9/ 0*7:&*/K9/, @+-3:&**B9/ @3-
289 +1&*=/ 9+A*+;?/,5/;;/0/1389+> 6 +0W&9& 170+:&> =79&1B P_ L.

D+A*+;?Z,07?17:/67697K *7 170+?3 6 170+:/( +1.7*7( P_L 0B-717;;:/77*7
6 ;++76&?;76// ; 9&7+5/=+>, @185- +J&**+> 6 170+?& [3].

Q2
N, =C, *Re; ® $0'g@0¢" %8 0% T e 5
550 FBTSOER0 g c oot b @
éNi:Nl+N2+N3+N4+N5 (3)

i=1

.5& N1 N2 N3 Ny—07?177B 9+A*+;?/ 6 175/7-2*B( 070+17( P_L; N5 —07?177B 9+A-
*+;?2/ *7 5/ ;=+6+8& ?1&*/& 6 ?+11&6+9 070+1& 9&J53 1+?+1+9 / =+1@3;+9 P _L; " 175/-
7-2*B> 070+1 98353 1/-/*5179/ 1+?+17 / ;?77?+17; >1=0,8; >,=10; 01 = 0,35; (p =
03=0,3; 94 = 0,2-\90/1/:&;=/& =t\HH/1/8*?B; = a1.23. . 2, &y, ap — C/1/*7 @1+1&O/
21, o — -+ @1+180&> 1 /-/*51+6; D —5/798&?1 1/- /*517: S, S — ?7+-A/*7 | /-/*51+6;
Q—17;(#5; Vo —+=13J*7K ;=+1+;?Z; F] = Db —@-+A75Z 1/-/*51/ :&;=+> @+681(*+;?/
; 170+:&> 6B ;+7+> @1+18&0&> b.

R:/7789, 7+ +;*+6*+& 17;;8/67*/& 9+A*+;?/ +;3A&;?6-K&?;K 6 175/7-Z*B( 07-
0+17( P_L / @1/ 5/;=+6+9 ?1&*// 6 ?+11&6+9 070+1& 98353 1+?+1+9 / =+103;+9 7007-
1727.

1K \=;0&1/98*?7-2*+.+ P_L 0B-7 17;;:/?7*71 5/;;/071/K 9+A*+;?/ 6 +0W&9&
170+:8> =798&1B 70@71777.

L @
a Vi X

5& W= Vijat Vit Vst Vipat Ve Vagi=be (" +Ky-8-S-zi+Ky- 841 Siv1-Zi+1)

"+\HH/1/8&*? 97;;++757:/ 6B:/;-K&9 @+ 3176*6*/ [ [4]
b =0,267 {exn)"? xxc 0™ (5)
5&  Sc—=1/281/> m9/527; # — =/*8972/ :8;=TK 6K0=+;?Z; D — =+\HH/ 1/&*? 9+-8=3-
~K1*+> 5/HH30//.
F 270-/1& 2 @+=707*B 0*7:8*/K 9+A*+;2/, 17;;8/6789+> 6 P__L @1/ 170-/:*B(
0%7:8*/K( 68~/ :/*B 175/7-Z*+.+ 070417 / ;++768?;?63[A&& 0*7:8*/& 17; :87*B( =+\H-
H/1/&*7+6 97;;++?57:/.

$70-/17 2 —P&03-2277B 17;:877 @+ H+193-79 (4) / (5)

P75/7-7*B> 1/;;/071/K ""1/261/> m9/577 | "H\HH/1/8&*? 97; ;+-
070+1 O+A*+;?/ Sc +?57:/ (17;:8&7*B>)
.10°, 9 X, F2/=. q-10°, 9/;
1,0 9654,5 114,2 2,3
2,0 7956,0 114,2 2,2

$7=/9 +0170+9, ;176*&*/& @+-3:&**B( 17;:&?*B( 57**B( @+ =+\HH/1/&*?3
97;;++?57:/ ; \=;@081/98*?7-2*B9/ @+=70B678&? 5+;?7?+:*+ 35+6-8?6+1/28-2*3[ ;(+-
5/9+;7Z.

a:?ePM?JIPM

1. L=;8-7135,V.L., D+-:7*+6, L.Y. P7;?6+1&*/& ?6&15B( 6&A&;?6. — D.: g/9/K,
1977-272 ;.

2. _1+97+6, D.L. _3-Z;71/+**B& 700717?B 1+?+1*+.+ ?2/@7: ?&+1/K / @17=?/=T.-
D.: D7C/*+;?1+&*/¢&, 2001. — 260 ;.
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3. #7-7035=/*, D.L. P+2+1%+-03-Z;71/+**B& 700717?B 6 (/9/=+-H71971867/-
18;=4> @1+OBC-§**+;2/. — D.: D&5/1/*7,1983. — 183 ;.

4. VB?*E1;=/>, ~~N. _1+1&;;B / 70071778 (/9/:8;=+> R(*+-+.//. :80%/=
5-K 630+6. U. 2. D7;;++098**B& @1+18&;;B / 700717?B. — D.: g/9/K, 1995. — 368 ;.

V1/F1/7+87 N/#)#"/-87 1/4"h"** Jap#8//1+247cm)_/
DH//1+247-2)a5 #2 /%#/-) -/2) O H#H%T7akO/#2" /-,
2a8" a(%e %) %7ak92" /- #2°+'5 " 9° /+%/F)+b2m "d ] 2-

+.2. 2U[ES, .-.1MWIDESM
V1a+20#+2= B)#G(10#%-577<= G72-5042%5%, B. Z 11, e-mail: radik-a@yandex.ru

_18/93A&;76+9 @8*++0170+67?24-8> *7 +;*+68 H?+1;+561I7A/( _LF, /;0+-Z-
0389B( 5-K ?3C&*/K @+J71+6 J/5=/( 3.-46+5+1+5+6, K6-K&?;K 2+, :?2+ 57**B& _LF,
@+@757K *7 .+1KA3[ J/5=+;?Z, +01703[? *&@1+*/ 17893 5-K @71+6 .+1[ :&> J/5=+;?/
@-&*=3 *7 .17*/1& 1705&-7 J/5=+;7Z-.70 / @1&5+(1L7*K[ A3 @&*3 +? 17013C&*/K. N*-
5/6/537-2*B& H?+1;+581J7A/8& LF 9+.3? +08&;@8&:/?Z 6+5*+93 17;?6+13 @+6&1(*+;?-
*+& *7KI&*/8& */ 38 *T?KI&*/K 3.-86+5+1+57. X5*7=+, /( 17;?6+1B +0-757[? 6B;+=/9
9&JH70*B9 *7?KJ&*/89. 1+076=/ *&=+?+1B( 3.-86+5+1+5*B( _LF = H?+1/1+67**B9
@+06+-K[? ;*/0/?Z Q&JIHT0*+& *7?KI&*/& / @+-3:/?Z @+-+3/?%8-7*B> =+\HH/ 1/&*?
17;28=7*/K. _+\?+93, 6;& @&*++0170+67?&-/, +01703[A/& 6+5*3[ @-&*=3 *7 @+6&1(*+-
;?/ 3.-66+5+1+5+6, ;+5&137?, *71K53 ; ¥_LF, / 3.-46+5+1+5*B& [1].

F 26(*+-+.7/:8;=/( 1&-K( @1/ ;+057*// ?+671*B( @1+53=?+6, +0-757 [A/& @&>+-
+01703[A/9/ ;6+>;?679/ (@&*++0170+67?6~/, 9+ [ A/& ;185;?67 / 2.0.) @+:?/ */=+.57
*& /;@+-203[? /*5/6/537-2*B& @+681(*+;?*+-7=?/6*B& 68A&;?67 [2]. R9&;/ LF +0-
1703[? 9/1&--B, 6 =+?+1B& 6=-[:7[?;K 9+-8=3-B 6;&( @+6&1(*+;?*+-7=?/6*B( =+9-
@+*&*?+6, ©1/;3?;?63[A/( 6 ;9&;/. F 0+-ZC/*;?6& ;-3:786, =1/?/ :&;=TK =+*1&*?17-
1/K 9/18--++0170+67*/K (**"*'D) ;9&;&> LF */J34, :&9 "D /*5/6/53-2*B( _LF.

P7*8& *79/ @185-+J&*B ;+;?76B @-n*=++01703[A&.+ @&*++0170+67?&-K 5-K
@+5;-+>*+.+ ?23C&*/K 3.-86+5+1+5*B( J/5=+;28>, +;*+6*B9/ =+9@+*&*?79/ =+?+1B(
K6-K[?;K, 6+-@&16B(, H?+1;+5¢1J7A/& LF (79/5B, 799+*/>*B& ;+-/ @8&1H?+1=710+-
*+6B( =/;-+? /-/ Q&1H?+1+=;+7-=/-=710+*+6B( =/;-17?) @+5 ?+1.+6+> 971=+> «F71+-
H7=» (F17*1/K), 7 6+-6?+1B(, ?1/\?7*+-79/**B& ;+-/ 6B;C/( 7-=/-;3-ZH7?+6, =+?+-
1B& K6-K[?;K 56>;?63[ A/9/ 68A&;?6+9 @&*++0170+67?&-K «d-7*», @1+/06+5/9+.+ *7
V _ «X@B?*B>076+5 LT P#»[3].

_1/798*8*/& /90@+17*B( ;+;?76-K[A/( @1/6+5/? = 6B;+=+> ;808&;?+/9+;?/ /
;*/J&*/ [ =+*=31&*?+;0+;+0*+;?/ @1+53=1//.

F ;6K0/ ; \?/9, 1&-&;++0170*B9 K6-K&?;K @+50+1 =+9@+*&*?+6 @&*++01703 [ A&.+
;43?2767 5-K @+5;-+>*+.+ / @+681(*+;?*+.+ 23C&*/K .+1[:/( 3.-86+5+1+5*B( J/5=+-
28>, @+-3:&**B( *7 +;*+6& +?&:&;76&**+.+ ;B1ZK.

K&-Z[ 57**+> 170+?B K6-K-;K @+50+1 +@?/97-2*+.+ ;++?*+C8&*/K ;9&;&> 3.-8&-
6+5+1+5*B( _LF ($-+-&H/*;3-ZH+*77246, 7-=/-(Rg-R10);3-ZH7?2+6 *721/K) / H?+1;+-
581J7A/( _LF (@81H?+1@8&-71.+*+6+> =/;-+7B, @+;?76 A/= XLX «V/7-+.8%*», .. §&197)
6 ;+;?76& 170+:8&.+ 17;?6+17 @&*++0170+6776-K, +0&;@&: /767 [ A&& ?1&03&9B& ;?7*57177-
9/ @+=70728~/ =7:&;?67 @&* 5-K @+5;-+>*+.+ ?23C&*/K @+JI71+6 J/5=/( 3.-&6+5+1+5+6.

X@?/97-2*+8& ;+58137*/& LF (3.-86+5+1+5*+.+ / H?+1;+581J7A&.+) 5+-J*+
0B?Z 0-/0=+=""""D. F ;6K0/ ; \?/9, @+ ?+:=79 @&1&./07 076/ ;/9+;?8> 6K0=+;?/ / +Q@?/-
1&;=> @-+7%+;7/ 17;76+417 +? =+*1&*?171// __LF [4] +0185&-&*B "***D 17;?6+1+6
/*5/6/537-2*B( _LF / /7( ;9&;&> 6 170-/:*B( ;++?*+C&*/K( / @+ 1&03-2?7?79 +@1&-
5&-8&*/> *T>B&*+ ;++?*+C&*/& ; 9/*/97-Z*+> "D, ;+;?776-K[A&% 40 % $-
+-&H/*;3-ZH+*7?+6 / 60 % 7-=/-(Rg-R10) ;3-ZH7?+6 *7?1/K (1/;3*+=1).
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9[EMa e-OJEWIRMSJaWORBDOZ I BJQI1J(98-910)MSJawBDOZ RBDGI_

0,7

0,6 :
0,5 ]

<\ /
0,4 ]

0,3

;36 ([BM. %)

0,2 A

0,1

0 10 20 30 40 50 60
C, e-0OJEWIRMSJaWORBDOZ ([BM. %)

70 80 90 100

P/;3*+=1—-C76/;/9+;?Z'"""D 17;?6+1+6 ;9&;&> Na-;+-&> 7-=/-(Rg-R10); 3-ZH7?+6
[/ $-+-8H/*;3-ZH+*72+6 +? / ( ;++?*+C&*/K 6 @&*++01703 [ A&9 17;?6+1& (t=20 'C,
;39971*7K =+*18*?171/K _LF 6 17;?6+1& 0,7 97; ;. %)

$70-/17 1 — R176*/?26-2*TK (717=281/;?/=7 H/0/=+-(/9/ :&;=/ ( @+=707?8-&> 17;76+1+6
/*5/6/537-2*B( _LF ($-+-&H/*;3-ZH+*7?+6, 7-=/-(Rg-Rqg);3-ZH7?+6 *7?1/K) / /(
198>

_LF UD, | +68L(<+;?7*%+& | gT717=281/;2/=/ @&*, @+-3:&**B(
97;;. *7?72KJ&*/& /00,6%-*+.+ 17;76+17 LF*
% 0,6%-*+.+17;- | ""177*%+;7Z ;72+>:/6+;?7 0&*B
?26+17 _LF *7 0&*B** (61&9K 6B5&-&*/K
A7*/18 V-, 50%-*+.+ +0Wn97
9T/9 J/5=+;2/ /0 @&*B)***,
$-+-&H/*;3-ZH+*7?B | 0,66 29,5 56 238
7-=/-(Rg- 0,48 22,9 5 35
R10);3-ZH7?B *7?1/K
R9¢&;Z $- 0,24 26,0 72 293
+-8H/*;3-ZH+*7?7+6
/ 7-=/-(Rs-
R10);3-ZH7?+6 *7?1/K
6 ;++?*+C8&*// 40:60
97;;. %
_1/96&:7*/&

*D&(7*/:8;=7K .&*8171/K @&*B

*x 117954297 @&* */0=+> =177%+;2/ — 5+ 10, @&* ;185*&> =177*+;2/ 10— 100 [5];
*xk 01> f6+:97 @6*B (6189K 6B5&-&*/K 50%-*+.+ +OWe97 J/5=+;7/ /0 @&*B) —
*§ 98*8& 160 ; (;+.-7;*+ VXR$ P 50588-93 [6]).




"'7= ;-85382 /0 57**B( 270-/1B, 170+:/8 17;76+1B @&*++0170+67728-K, /9& [A/&
+@2/9T-2%+8 ;++7*+CE*/8& +-8H/*;3-ZH+*7246 / T-=/-(Rg-Ruo); 3-ZH77+6 *72L/K, +08&;-
@8:/67T[A& 9/*/97-Z*3[ "D, 5T[? *&+0(+5/9B8& @+=70728-/ =7:8;767 @&*.

V1076-8*/8& *80%T:/28-2%+.+ =+-/:8;767 Q&1H?+108-71.+*+6+> =/;-+7B = ;9&;/
57**B( 3.-86+5+145*B( _LF ;3A&;268**+ ;*/J78? @+681(*+;7*+& *72KI&*/& 170+:/(
17;76+1+6 @&*++0170+6728-K. $7=, 170+:/> 17;76+1 ; ;39971*B9O ;+581J7*/89 LF 0,6
%, O1/.+746-8**B> /0 =+9Q+0/1// ;+;7767; +-8H/*;3-ZH+*7?B 024% / 7-=/-
(Re-R10):3-ZH7246 *721/K 0,36 % / Q8&1H?+108-71.+67K =/:-+27 0,04 %, +;27-Z*+§ — 6+57,
/9887 @+681(*+;7*+§ *T2KI&*/& 19 9T/9.

$7=/9 +0170+9, *7 +;*+67*// QL+685n**B( /;;-85+67*/> @185-+JI&*7 =+90+0/-
1/K @-8*=++01703[A&.+ @&*++0170+6778-K 5-K @+5;-+>*+.+ 23C&*/K @+JI71+6 J/5=/(
3.-86+5+1+5+6, 6=- [:7T[ATK, 97;:. %: +-&H/*;3-ZH+*7?B 4 / 7-=/-(Rg-Ruq) ;3-ZH77+6
*791/K 6 / @&LH?+108-71.+67K =/;-+27 0,06, +;27-Z*+§ — 6+57.

_185-7.7897K  =+0@+0/1/K *&;-+J*7 6 @1/ .+746-8*//. an O+J*+ +746/7Z *7
:3A&;763[A&9 +0+135+67*//. 1-K @+-3:8*/K @8&*B 9+J8&? 0B?Z /;@+-Z0+67*7 ;77*-
5717*7K 7007172317.

a:?20PM?JPM

1. M71+671%/=+6, L.F., m71+671%/=+6, R.L. _&*++0170+672%6-/ / @&*B 5-K 23
C&*/K @+J71+6. R+;276. R6+>;267. _1/98*8*/8&. D.. _+J*73=7, 2005. 334 ;.

2."". g+-9081., #. (&% +*, # "1+%081., #. 1/*597%; +681(*+;7%+7=2/6B*&
68A&;267 / @+-/981B 6 6+5*B( 17;76+17(. _&1. ; 7%.-. p D.. #NTXD. 170+177+1/K
0%7*/>, 2007. p 528 ;. : /-.

3. T7071+6, L.D., X;27%/*, 7~ L., #703%+67, D.F.. "+90+0/1// H?+1;+581J7A&.+
0-8*=++01703[A&.+ @&*++0170+67%8-K ; @1/98*&*/89 +78:8;268**B( =+O@+*&*7+6.
RO+1%/= 2135+6 DEJI53*T1+5%+> *73:*+-Q17=2/:8;=+> =+*H&1&*1//, @+;6. 100--&2/[
HIC .+;3%/681;/2877 «P+-7 ==T;;/:8;=/( 3*/681;/282+6 6 H+19/1+67*// /**+671/+*-
*+> ;1858 18./+*+6». H7: PNK #7CV , 2009, R. 293p296.

4. c/9+*, L.V, " +-—+/5*TK (/9/K. D.: «L.71», 2003. 319 ;.

5. +1K5+= @1/98*&*/K @&*++0170+6728-8&> 5-K 23C&*/K @+J71+6. P&=+O&*57-
1//.D.: FTNN_X, 2007. 59 ;.

6. VXRS$ P 50588-93. _&*++0170+6726-/ 5-K ?23C&*/K @+J71+6. XOA/& 28(*/ 8-
:=/8 2180+67*/K / 982+5B /;@B27%/>. D.: «N_** NO5728-Z;26+ ;27*5717+6», 1993.

0% HT YA B/ +LIH" S - #2 /%S ) #H2H/T_a)+/ T2
. 56\JP0:DM, <.2. JPEIJBMD

V!a+20#_+2: BY#G(10#%-577<= G72-50#2%5%, B. Z1 !
dissovet2@rambler.ru

_1/+1/2%87%B9 *70176-8*/89 1706/2/K *73=/ / 28%(*/=/ K6-K&2;K /;;-85+67*/&
/ 170170+7=7 *+6B( 97281/7-+6 / (/9/:8&;=/( 01+53=7+6, 35+6-826+1K [A/( 170-/:*B9
@+7180%+;7K9 1706/2/K +0A&; 267, +(17*B +=13J7[A&> ;185B.

P70170+7=7 C/1+=+> *+08*=-7231B ;+108*7+6, +?=1B678? 0+-ZC/& 6+09+J%+;2/
/;0+-20+67/K /( 5-K (/9/:8&;=+>, 0&181707?B67[A&>, 985/ 1/%;=+> / @/ At6+> @1+
9BC-&**+;2K(.

F7J%6>C8> 0757:8> K6-K&?2;K @+/;= \HHE=2/6*B( @37%8> @+-3:8*/K *+6B( =+O-
@+0/1/+**B( 3.-81+5*B( *7*+07281/7-+6 ; 30176-K&OBO/ ;6+>;2679/, 6 :7;7%+;7/,
17017047=7 28(*+-+.// ;/*2807 *+6B( *7*+3.-&1+5*B( =+90+0/1/+**B( 97261/7-+6 ;
@1+.*+0/1389B9/ 75;+101/+**B9/ (717=281/;2/=19/.
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#B-7 0185-+J8*7 ;(897 ;/*2807 =+O@+0/27 *7 +;*+6& *7*+3.-81+57 / T\1+;/-7
(TL 1), 7 27=0& *7 +;*+68 *T*+3.-81+57 / @+-/2821TH+1\?/-&*7 (_$Fi) - (TL 3).
VK ;176%8*/K /;@+-20+67-/ #L  (L=2/6/1467**B> .+-Z #8&180+6B>).

F 270-/1& 1 @185;776-8*B 57**B&, +?17J7[A/& ;+101/+**B& ;6+>;767 =+00+-
O/1/+**B( ;+10&*7+6 ; TL / 3.-89 #L (+0170&1 r 2), *7*6;&**B9 *7 _$Fi (;+-
581J7*/& #L 6 =+9@+0/2% 10 %).

$70-/17 1 —R+101/+**B& ;6+>;767 ;+108&*7+6

58-7*B> +0W&9 35¢13/67*/K, ;9% .71
X01701 g-+1+H+19 IR
TL -1 47+2 27+1
TL -3 572+28 540+27
+-ZH#L -2 189+9 200+10

7= 6/5*+ /0 @18&5;?76-8&**B( 57**B(, 36&-/:&*/& @+6&1(*+;?/ TL 6 1803-277?&
+0170+?=/ 3.-&=/;-B9 .70+9 @1/ t=900'R @1/6+5/? = 0*7:/2%-2*+93 6+017;?7*/ [ (7-
17=28%1/;?/= ;+101/+**B( ;6+>;76. R-&538? +?9&?/7Z, 7+ =+9@+0/1/+**B& ;+10&*?7B,
;HB81JTA/E TL  @+;-& +=/;-/?8-7*+> +0170+?=/ RXy, @1&6+; (+5K? 7*7-+./:*B& ;+1-
08*7?B ; 0+-&& 6B;+=/9 ;+581J7*/89 3.-K #L .

FB(+5*B& =1/6B& 35&13/67*/K .&Q@?7*+-7 / +=?7*+-7 /0 6+5*B( 17;?6+1+6
©185;?76-&*B *7 .17TH/=7( 1/ 2. F 57**+> ;81// +@B?+6 /;@+-20+67-/;Z:

X0170&1 v 1 - 9/*817-7Z*+-3.-81+5*B> ;+10&*? (D R) *7 +;*+68& ?/?7*;+5&1-
J7TA&.+ \1+;/-+.8-K;

X0170&1 ¥ 2—TL *7*&;&**B>*7 _$Fi1 (TL 3);

X0170&1 r 3-3.+-Z#L ;

X0170&1 r 4 —*7*+=+9@+0/? TL ; 7\1+;/-+9 (TL 1).

¥ - T ' T i k] } E) ' L] l T ‘! L l L] i T 1
0 50 100 150 200 250 300 350 400 450 500

V., ml
P/;3*+=1-FB(+5*B& =1/6B& @1/ ;+101// .&@?7*+-7 /0 6+5*+.+ 17;?6+17
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P/;3*+=2-FB(+5*B& =1/6B& @1/ ;+101// +=?7*+-7 /0 6+5*+.+ 17;?6+17

F 270-/1& 2 @1/6858*B 57**Bg, +?17J7 [A/& ;+101/+**B& ;6+>;767 =+90+0/1/-
#**B( ;+108*7+6.

$70-/17 2—-R+101/+**B& ;6+>;?67 ;+108&*?+6

X0170&1 5&-Z*B> +0W&9 3581J3/67*/K, ;9% .*
8@77%+- +=97%+-
D R 74+4 69+3
TL 3 39+2 56+3
#L 70+3 48+2
TL 1 - 206+10

7= 6/5*%+ /0 @1&5;?76-&**B( 57**B( 5-K 6B;C/( ;@/1?7+6 @1&/93A&;?6&**+
TL @+ 35&-Z*+93 +0W&93 35&13/67*/K, =+?+1+& 9B *70-[57-/ 5-K (-+1+H+197 @+
;176%8* /[ ; #L  @1+@75782, : 7+, +:86/5%+, ;6K07*+ ; ?135%+;?Z[ 5/HH30// =130*B(
9+-4=3- ;@/1?+6 6 @+1B TL , =+?+1B& @+ 57**B9 /9&[? 1709&1B +=+-+ 2 *9,

$7=/9 +0170+9, 5-K ?26&15+H70*+> \=;?17=1// 170-/:*B( +1.7*/:&;=/( ?+=;/-
=7*?+6 9+J*+ 18=+98*5+67?Z 170-/ :*B& 3.-&1+5;+581I7A/& =+9@+0/ 1 /+**B¢& ;+108*7?B:

5-K (-+1+H+197 /7 03?/-71&?7?7 -TL *7_$F1;

5-K 6B;C/( ;@/17+6 (.&@27*+-, +=27*+-) =TL ; 7\1+;/-+9

a:?0PM?JPM

1. TWK:=+6, .T. .-&1+5*B& *7*+?130=/: ;?1+&*/¢&, ;6+>;?67, @1/9&*&*/K. D.:
#NTXD. 170+17?+1/K 0*7*/>, 2006, ;. 146.

2. c+-+?23(/*, N.F. .-&1+5*B& *7*+?130=/ /| R+1+;+6;=/> +0170+67?&-2*B>
J31*7-,1999 v 7 ;. 24.

3. F/7-=46, L.R. .-&1+5. D&J;-+&6B& ;+&5/*&*/K / =+9@+0/7?B *7 &.+ +;*+64.
D.\L;0&=? 1&;;,1997. ;. 717.
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/8""%a"" " )ak#25 /1+21/"82 +7f#d d-/%" /-

-.9. JBM\MO:@S, c.2. JPE1JBMD
V1a+20#+2= B)#G(10#%-577<= G72-50#2%5%, B.Z 1 1, dissovet2@rambler.ru

P70170+?=+> 9&;?+1+J58*/> / @81&170+?=+> 135 07*/97-/;Z / 07*/97[?;K 6 *7-
;2HKA&G 6189K XLX « :7-/*;=/> .+1*+-+0+.7?/?%-Z*B> =+90/*7?» ( VX', XLX
«@H7C=/1;=/> 985*+-;81*B> =+90/*7?» (#DR""), cLX <«#31/07>;=/> .+1*+-
+0+.7?/?2&-2*B> =+90/*7?» (#VX""), RE&9&*+6;=7K 0+-+?+/06-&=776-Z*7K H701/=7
(RcNF) / 51.

N06-&:8&*/& 98?7--+6 ;+@1+6+J578?;K @&18170+?=+> 0+-ZC+.+ +0W&97 135*+.+
;B1ZK. T7@1/981, 5-K @1+/0645;767 1 2+**B 985/ *&+0(+5/9+ @81&170+7777Z +=+-+
100 ?. .+1*+> 97;;B, +?767-B =+?+1+> +01703[? 2&(*+.&**B& 9&;?+1+J5&*/K. _1/ 170-
170+?=& 9&;?+1+J5&*/K =7128179/ / C7(?79/ @1+/;(+5/? 6B&O=7 .+1*+> 97;;B, =+7+-
17K ;+;?2+/? /0 135*%+> 97;;B / 97;;B 03;?B( @+1+5 / *&=+*5/1/+**B( 30+./( 135.
P35*3[ 97;;3 +?@176-K[? 6 57-Z*&>C&9 *7 0818170+?=3 (+0+.7A&*/&), 7 @3;?B& @+1+5B
/ 0707-7*;+6B& 135B ;=-75/13[? 6+ 6*&C*/( +?67-7( 135*/=+6. _+1+5B +?67-+6 6 170-
-/ 2*+> ;28@8*/ ;3-ZH/5/0/1+67*B.

D7?21/7- +?67-+6 R/07>;=+.+ 135*/=7 (517 9-* ?) ;+5&1J3/? (%): Cu — 0,01
(0,005); Zn — 0,4 (0,006); Pb — 0,01 (0,001); Se— 0,005 (0,000005); Cd - 0,003 (0,00002);
Hg — 0,00072 (0,000003), As — 0,024 (0,002). F ;=+0=7( 5-K ;176*&*/K @1/6&5&*B 0*7:4&-
*/K ;185*/( ;+58137*/> 57**B( \-89&*?+6 6 @+1+57( 069*+>=+1B 17-7.[1,2].

X?67-B  :7-/*;=+.+ 9&;?+1+J5&*/K @+ 57**B9 VX' ;+;?76-K[? 280 9-* 2.
R1&5*&606&C&**+& ;+581I7*/8& 985/ 6 +?67-7( 5+;?/.78? 0,05 %, =+-/:&;?6+ — 224 ?B;. ?,
1/*=7 — 0,12 % / 5657B;. ?, ;&1B — 2,35 % / 11,1 9-* 2. X0A/> +0W&9 *7=+@-&**+>
6;=1BC/ VX" *7 01.01.2001 .. — 164,3 9-* 93 (473 9-* ?). X?67-B *§=+*5/1/+**B(
135 / 6;=1BC*B( @+1+5 #31/0786;=+.+ 9&;?+1+J5&*/K (4,866 9-* ?) 6 ;18&5*89 ;+5&1-
J7?: Cu—-0,7 %, Zn—-0,12 %, ;1B — 7,18 %.

R3A&;?63[A/Z& 9&?+5B +0+.7A&*/K 135 *& @+06+-K[? /06-&:Z 6;& =+9@+*&*?B
135, 6;-85;76/& :&.+ (6+;?B H-+?71// / V/7*/1+67*/K 135 ;+581J7? *&/06-&:&**B&
+;27?=/ +;*+6*B( 135*B( =+9@+*&*?+6 / +0+.7A7[?;K *&3:?26**B9/ 9/=1+\-89&*?79/
(Hg, Cd, Se / ?.5.). ""1+9& (6+;?2+6 +0+.7A&*/K = +?(+579 @&18170+?=/ +?*+;/?;K ?7=3&
@/71/?7*B> =+*18&*?17?, =+?+1B> *& /98&&? ;@1+;7 *7 1B*=%. VX' / #DR' 9+.3?
&J&.+5%+ @1+/06+5/?Z 5+ 1 9-* ? @/1/7*+.+ =+*1&*?17?7. F ?7=+9 +0W&9& @/1/7*+.+
=H*I&*?L777, @+-3:&*F*+.+ *7 VX", ;+5813/7?;K (6 ?+**7(): 985Z — 3000-4000, 1/*= —
9000-13000, =759/> — 300-400, ;&-&* —50-60 7/ 51.

g6+;?B +0+.7A&*/K 9/*817-7*+.+ ;B1ZK (78300 ?B;. ?) K6-K[?;K *7/0+-8&&
«@1+0-49*B9» 6/5+9 +?(+5+6 *&51+@+-Z0+67*/K. XOW&OB (6+;?+6 H-+?71// (6 ;+6+-
=30*+;?/ ; @/1/7*B9 =+*1&*?177+9) @1&5@1/K?/> 16&?*+> 9&?7--31.// #TC=+17+;?27*7
;+;?276-K[? (9-*?): #DR"" —30; VX' —475; #VX"" —-9,3.

_+ 57**B9 #DR' (2003 ..) 6 (6+;2+(17*/-/A7( R/07>;=+> +0+.72/28-1*+>
H701/=/ *7=+@-&*+: 49,2 ?B;. ? 98¢5/ (0,2 %); 114,2 ?B;. ? 1/*=7 (0,48 %); 9 9-* ? ;41B
(38,1 %); 8 9-* ? J&-&07 (34,3 %); 1680 ? =759/K (0,0073 %); 86,7 ? /*5/K (0,00036 %);
712,4 ? ;&-&*7 (0,003 %); 589,3 ? ?&--317 (0,0025 %); 1949 ? =+07-2?7 (0,0083 %); 281 ?
.7--/K (0,0012 %); 47,8 ? .&197*/K (0,00021 %). _+5+0*7K ;/2371/K*7 VX" / #VX"".

F (6+;2+(17*/-/AT( R&O&*+6;=+> 0+-+?+/06-8=7?&-Z*+> H701/=/ 07 0+-&& :&9
0+-366=+63[ /;?+1/ [ /( 58K?&-2*+;?/ 7==393-/1+67*+ 0+-8&& 2,6 9-* ? +?(+5+6 — (6+-
;246. F ;+;?76& (6+;2+6 ;+5&1J77;K *&/06-&:&**+& 0+-+2+ / ;&1801+, 7 ?7=J& 0*7:/-
-2*B& =+-/:8&;?67 ?+=;/:*B( \-49¢&*?+6: 1?3?/, ;6/*17, =759/K, ;&-&*7, ?&--317,
OBCZK=7 / 51. D/*817-7*+& 0+-+?+;+5&1J7A&L ;B1Z8&, @&1&170+?7**+& *7 RcN¥F
6 170*+& 6189K, 6 +;*+6*+9, 0B-+ @1&5;?76-&*+ +=/;-&**B9/ 13579/ 9&5*+-
=+-1857**B( 9&;?+1+J58*/> N JI*+.+ 17-7.
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T7 %11/241// /;;-85349+.+ 17>+*7 +2(+5B .+1*+5+0B67[A/( / @41&17077B-
67[A/( 018501/K2/> K6-K[?:K +;*+6*BO/ /;24:*/=79/ 07.1K0*&*/K 6+5+89+6, 6+0-
53C*+.+ 07;:8>*7 / Q1/-&.T[A/( 0898-Z. 17+ ;6KOT*+ ; 289, :2+ O77%81/7- +767-+6
@+5681.787;K /*28*;/6%+93 +=/;-&*/ [ 6 1803-72728 @1+*/=*+68*/K 6+5B, ;+581J7AL>
=/;-+145 / 7=2/6*B& T*/+*B, 6 24-A3 +767-+6, 17+ @1/6+5/? = 368-/:8*/ [ 17;76+1/-
9+:2/ MI&-B( 9&?7--+6 (?7= *T0B67E9B> @1+18;; 6BA&-7:/67*/K) / 6B*+:3 /( 6 @+
5+767-2*B& 6+5B. F+ 6189K ;/-Z*B( 5+J58> / 2TK*/K ;*8&.7 977%61/7- +767-+6 6 6/5&
24%=/( 6068:8> ;9B6787;K 6 17;@+-+J&**B& @+0-/0+;2/ 6+5+80B / :7:2/:*+ +:857[? 6
6/58 5+**B( +?-+J8*/>, 6 1803-27778 +*/ @1861TATL?;K 6+ 6241/ :*B& /;2+:*/=/ 07-
L1KO*E*/K 18=.

T7/0+-88 +@7;*BO/  K6-K[?;K @+5+767-Z*B& 6+5B, /( 9/*&17-/071/K
(>314,0 9./-) 7*+97-7*7 57J& @+ ;176*&*/ [ ; 6+579/ 0+*B ./@&1.8*807 9&;7+1+J56*/>
(012 9./-). #B-+ @1+6858*+ /;;-85+67*/8 (2005) (/9/ :8;=+.+ ;+;7767 H/-Z?1777 +767-
46 VX', #DR" / #VX"". DT=1+=+9@+*&*?*B> ;+;276 6+5 §1/6858* 6 270-/1& 1.

$70-717 1 - X;*+6*B& @+=707?&-/ (/97 :&;=+.+ ;+;?767 @+5+?67-Z*B( 6+5

" +0@+*8*7B #31/07> [ R/07> |R/07> |#7=1773 | :7-B | :7-B
/ @+=70728-/ iR-23 |iR30 |iR-31 |iR-36 [iR-40 |iR-41
Ca™, 9./- 1750 | 286 R-&5B | 22,1 1852 | 46,5
Mg, 9./- 3048 [1836 79759 |69838 180,7 | 5530
Na™+K*, 9./- 51,6 202 3432 [210 11,3 13,2
Fe', 9./- <0,5 693,2 18560 | 308,0 220 909
Mn, 9./- 1760 [1,2 3140 [431 11,9 72,8
Cu, 9./- 3520 |04 1884,0 |129,3 14,9 72,8
Zn, 9./- 2200 [158 9734,0 |653,0 34,7 418,6
0,7, 9.1- 2373 [20230 |Ta5. 10066,0 |25140 [T.5
HCO3, 9./- 0 61,0 T5. 0 0 T5.
Cl, 9./- 11032 [118 T5. 630,4 2364 |T5.
pH 2,95 6,60 2,65 2,70 2,75 2,60
ah +400,0 [ +425,0 +345,0 | +550,0 +565,0 | +460,0
R3(+> +;?77+=,9./- | 44,0 4,86 3140 |[21,55 4,95 18,2

140§ @1/+1/287*B( 98?7--+6 ; @+5+767-Z*B9/ 6+579/ 9/.1/13[? (6 6/5&
/5177%B(, ;3-ZHT7*B( / 18J& (~+1/5*B( =+00-&=;+6) 185=/8, 185=+0898-7*B& \-&-
98*7B, 317*, 2+1/>. TT01/981, ;+581J7*/& 317*7 (0,0005 %) @+ =-7;;/H/=T1// =+*-
16%2171/> 317*7 6 @L/1+5*B( 6+57( +7*+;/2;K = +:6*Z 6B;+=/9 (>3+10* %).

X=/;-/2%8-7*TK +0170+?=7 135B @1/6+5/? = +0170+67*/ [ *&17;76+1/9B( ?7=
/ 17;76+1/9B( ;+-&> 9877--+6, B&1&(+5KA/( 6 6+5*3[ H703, :7+ ;+05782 +@1856-8*-
*B& 081;08=2/6B 5-K /;@+-20+67*/K +=/;-/28-2*+> 7=2/671// 135B 6 ./51+98?7--31-
/. F “T0+172+1*B( 3;-+6/K( @1+6858*7 +=/;-/28-Z*TK +0170+?=7 @3-2@B 135B :7-
/% ;=44 VX", F 270-/18& 2 @1/6858*B 57**B& 1803-2777+6 T7-/0+6 *7 ;+58137*/& 985/
/ 1/*=1, 6B58&-&**B( /0 @+5+767-Z*B( 6+5, 6 076/;/9+;2/ +? 61898*/ +=/;-&* /K.
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$70-/17 2 —R+58137*/8& 9&?7--+6, 6B5&-&**B( /0 @+5+?67-2*B( ;?7+=16

e o R+561J7*/8& 9877--+6, 9./-
r F189K +=/;-8*/K, :7; S5 e
1 2,0 8,73 38,55
2 3,0 6,06 36,39
3 4,0 18,06 43,42
4 15,0 6,94 56,93

R3A&;?638? @1/*1/@/7-Z*TK 6+09+J*+;?Z +0+*/1+67*/K 6 183/98& «/903-Z;-
*+>» @+57:/ +0+*7, @1/ =+?+1+9 =177=+61&9&**B> 0710+?7J +0+*-6+053C*+> ;9¢&;/ /.-
1787 1+-7Z ;775//, /*/1//13[A&> 57-2*&>C/> @1+18&;; +;7I5&* /K 9&?7--+6 0-7.+571K
+=/;-8*/ 9&?7--+6 =/;-+1+5+9 6+053(7. X;*+67*/&9 6B;=707**+.+ 6B6+57 ;-3J7?
;-653[A/& 1&03-2777B, @1/6&5&**B& 6 ?70-/1& 3:

$70-/17 3 — 76/ ;/9+;?Z =+-/:&;?67 +;7I58**B( 9&?7--+6 +? 6189&*/ +0+*/1+67*/K;
+0W&9 @1+0B 50 O-, ;=+1+;?Z @+57:/ +0+*-=/;-+1+5*+> ;9¢&;/ 55,4-/:7;

F1&9K +0+*/1+67*/K, 9/* 5 10 20 30
"+-/18;76+ +;7J358**+.+ 98?7--7,9./- | 303,50 | 305,35 305,85 422,75

D&?+5+9 +=/;-/?8-7*+> +0170+?=/ ;?+:*B( 6+5 357&7;K 0*7:/?&-2*+ ;*/0/7Z
;158137*/& 01/9&;8> 9&77--+6 6 @+5+?67-Z*B( ;?+:*B( 6+57(. F +?5&-2*+9 +@B?& ;
+0170149 @+5+?67-Z*+> 6+5B  :7-/*;=+.+ VX"'7 (1&03-2?77B \=;@81/9&*?+6 -&?7 2000 ..)
; t0A/9 ;+58137*/89 9&?7--7 8000 9./- *7>5&*+, -7+ @+;-& +0170+?=/ +=/;-/?&-&9
135B ;+5&1J7*/& @1/9&;&> 9&?7--+6 ;*/J7&7;K 5+ 65 9./-.;. X1&*+:*B> 17;:8&? @+=7-
0B6782, 17+ @1/ ?27=+9 ;+5&1J7*// 9827--+6 6 ;2+=7( @1/ .+5+6+9 ;?+=8 3,5 9-*. 9° .+-
5+67K @+781K 9&?7--7 ;+;776/? +=+-+ 25000 ?. X?9&?/9, :?+ @185671/?&-Z*B& 7*7-/0B
;74=46 @+ 57**B9 -&?7 2000 .. ;6/58&?&-Z;?63? + *7-/:// 6 ;2+=7( 5+;?77+:*+ 0+-ZC+.+
;+581J7*/K Q7T1L.7*17 - +5*%+.+ /0 5&H/ 1 /?7*6>C/ ( 9&?7--46 6 1+;;/>;=+> 9&?7--31.//.
R3A&;?768**+ 77=3& / 7+, 7+ 6 1803-27776 +=/;-/78-7*+> +0170+7=/ ;?7+=+6 ;?+:*7K 6+57
5+6+5/7?;K 5+ 1B0+(+0K>;?6&**B( *+197?/6+6 @+ ;+5&1J37*/ [ ©@1/9&;&> ?KI&-B( 9é&-
?77--46.

a:?ePM?JPM

1. ""759/> 6 .&+2%(*+;H&1& 17-7; a9-/* 1. F. a=7761/*031.: VVVL, 1997.283 ;.

2. V+;3571;768**B> 5+=-75 «X ;+;?2+K*// +=13J7[A&> ;1&5B P&;@30-/=/ #71C-
=+17+;?7*% 6 2002 .+53». — HT7: V+;. =+9/78? P&;@30-/=/ #7C=+17+;77* @+ +(17*& +=-
13J7[A&> ;1&5B, 2003. 208 ;.

3. D&(7*/09 +=/;-8*/K +0+*+6 /+*+6 @&1&(+5*B( 9&?7--+6 6 6+5*B( 17;?76+17(.
180. FV_T$# =17/*B 8.7.94, r 1254- =94;Ptg/9, 1994, $. 23, 5¢@. #486 'a__

AT FIHT) %21 ak#/ %" a)82+% " ) HES / J+)] 24272
«8)"/a28® "21a) 8", 1/8+1 " 1) 1a)#/§#/i 717a7387i,10 _»

#.%. #ESE<QGESM, #."". 8JGAZESM
bP@ «P,%!1=-2%1827<x, B. V2=#+, tehnolog@altayvitamin.ru

1/ 170170+7=8 *+6B( -8=71;268**B( 0180717746 +5%/9 /0 +;*+6*B( \?70+6 /;-
1-85+67%/> @+;-8 170170+7=/ *73:%+-+0+;*+67**B( ;+;776+6 / 28(*+-+.// @1807177+6
K6-K&?;K /;;-85+67%/& /( ;770/-2*+;2/ 6 @1+18&;;& (L7*&*/K, =+7+1B& @+06+-K[? 3;77-
*+6/7Z ;1+=/ .+5%+;2/ QL8QT177+6, 3;-+6/K (17%&*/K / 6B0O177Z *7/0+-88 \HHE=2/6*B>
(+@7/97-2*B>) 6/5 307=+6=/ [3].
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N;;-85+67*/8& ;?270/-7*+;?/ @1&@717?7 «"'&?+-7=® ?70-8?=/, @+=1B?B& @-&*+:-
*+> +0+-+:=+>, 10 9.» /0.+?+6-8**B( cLX «L-?7>6/?79/*B» @+ FR__ 42-0163-5906-04
[7] ; /;@+-20+67*/89 ;30;?7*1// =8?2+1+-7=7 ?1+9&?79/*7 @+ T 42-8805-05 [4] OB-+
*8+0(+5/9+ 5-K 18C&*/K ;-&53[A/( 0757:: @+5+017?Z ?€9@817?31*B> 1&J/9 (17*&*/K
?270-872+=; +@1858-/77 +@?/97-72*B> ;1+= .+5*+;?/ @1&Q717?7; /;;-85+67?Z =7:8&;76+
018@717?7 (+@185&-7/7Z &.+ @+=70728~/, =+?+1B& 07-+J&*B 6 FR_) 6 @1+1&;;& (17*&*/K
6 076/;/9+;?/ +? 6/57 3@7=+6=/, / =7= ;-&5;?6/& 6B017?Z +@?/97-Z*B> 6/5 307=+6=/.

R?70/-2*+;?Z /;;-853&9B( ?70-&?+= 0B-7 /03:&*7 ;+.-7;*+ XR$ 42-2-72 / XFR
42-0075-07 6 @1+18&;;& (L7*&*/K 6 28:8&*/8& 563( ; @+-+6/*+> -&? @1/ ;-853[A/( 3;-+-
6/K( (17*&*/K [5, 6]: ;3(+&, 0TA/AE**+& +? ;68?7 9&;7+ @1/ ?€9@&17?31& +? 2 5+ 8 °R;
;3(+8&, 0TA/AL**+& +? ;6877 9&;7+ @1/ 76908177314 +? 8 5+ 15 °R; ;3(+&, 0TA/A&**+& +?
;6877 9&;7+ @1/ ?49@&17?31& +? 18 5+ 30 °R 9&?+5+9 /;;-85+67*/K 6 1&7-2*+9 618&9&*/.

1-K /03:&*/K ;?70/-2*+;?/ 0B-+ /0.+?+6-&*+ 12 +@B?*+-@1+9BC-&**B( ;&1/>
-8=T71;?768**+.+ @1&A717?7 «""&?+-7=® ?70-&?=/, @+=1B?B& @-&*+:*+> +0+-+:=+>, 10 9.».
$70-8?=/ O0B-/ 17;H7;+67*B 6 ;-453[ A/ ( ?71+3@7=+6+:*B( 97?281/7-7(: 6 07*=/ /0
;26=-+97;;B ; ?1&3.+-Z*B9 6&*:/=+9 ?2/@7 #IR 10-275 0+ $ 64-2-239-94 ; *77K./-
6749+> @-7;797;;+6+> =1BC=+> ?2/@7 1,2-27,5 @+ XR$ 64-2-87-81 @+ 20 C?3=; 6 07*=/
@0+-/981*B& 5-K -8=71;?68**B( ;185;?6 @+ $ 9467-001-20895163-97 @+ 20 C?3=;
6 =+*?31*B¢& 0&0WK:&>=+6B& 3@7=+6=/ /0 0397./ 3@7=+6+:*+> ; @+-/941*B9 @+=1B?/&9
971=/ _i-800+3%$ 13-0248643-833-91 @+ 10 C?3=; 6 =+*?31*B& K:&>=+6B& 307=+6=/ @+
XR$ 64-074-91 /0 @-&*=/ @+-/6/*/-(-+1/5*+> 971=/ i__ 73 @+ VXR$ 25250-88
/[ H+-Z./ T-[9/*/86+> @&:77*+> -7=/1+67**+> @+ VXRS$ 745-79 @+ 10 C?3=.

VX147 @+=707?8-8&> =7:8&;767 @1+6+5/-/ :8180 =7J5B& C&;?Z 9&;KI1&6 (17*&-
*/K. F @1+1&; ;& (17*%&*/K +01701B ?70-8?+= =+*?1+-/1+67-/;Z @+ @+=707?&-K9, @1&53-
;9+218**B9 *+197?2/6*B9/ 5+=398*?79/: +@/;7*/&, @+5-/**+;7Z, ;165*KK 97;;7 ?70-
-8?+=, 17;?6+1&*/8&, 17;@075789+;?Z, ;+5&1J7*/& @+;?+1+**/( @1/9&;8&>, +5*+1+5%+;7Z
5+0/1+67*/K, =+-/:&;?6&**+& ;+581J7*/& =&?81+-7=7 ?1+9&?79/*7, 7 ?7=3& 9/=1+0/+-
-+./:&;=TK 2 /;?2477 [7].

T/J& 01/6858*B 57**B& @+ =7J5+93 /0 @81&:/;-&**B( @+=707?8-&>.

«/[:<MDz@». _+ @+=70728-[ «X@/;7*/&» @1&@7177? ""&?+-7=® @+;-& (17*&*/K
6 2&:8*/8 2,5 -&? ;?70/-&* / ;++?6&?;7638? ?160+67*/K9 FR__ 42-0163-5906-04.

«JEOG:DDE<?R». _ +=707?4-Z «_+5-/**+;?7» +@185&-K-;K 9&?+5+9 6B;+=+\H-
H&=?/6*+> J/5=+;?7*%+> (1+97?+.17H// (=8?+1+-7=) / 9&?+5+9 ?+*=+;-+>*+> (1+977+-
ATH// (?1+498279/7%) [7]. F+ 6;&( +017017( 07 6;& 6189K (17*&*/K @+5-/**+;?Z 6;&.57
@+5?681J57-7;Z.

«%P@ODXX \M<<M ?MTG@A?E>». _+ @+=7072&- [ «R1&5*KK 97; ;7 ?70-&?+=» 0B-/ @+-
-3:&*B 57**B¢&, 0*7:&*/8& =+?+1B( 07 6&;Z @&1/+5 (L7*&*/K ;++76&?;76+67-/ ?18&0+67*/K9
TR, *+ @1/ \?+9 /98-7;Z 28*5&*1/K = ;*/I&*/[ ;185*&> 97;;B, 72+ *& /;=-:78&?
6+09+J*+;?/ @1/ 0+-8& 5-/26-2*+9 (17*&*// && 39&*ZC&*/K 5+ 01858-+6 *& +?6&:7 [ -
A/9 ?180+67*/K9 FR_. R-&538? +?79&?/7Z, 17+ *7/0+-8& ;?70/-2*7 ;185*KK 97;;7 @1/
(17%&*// ?70-8?+= 6 07*=& ;28=-K**+> / 9&*&& ;?70/-2*7 6 07*=& @+-/981*+>. ""+*-
?231*B& 3@7=+6=/ 07*/97[ ;185*&& 0*7:8*/¢.

«+M<?SEP@D : @». P&03-2?7?B 7*7-/07 +01701+6 ?70-&?+= @+ @+=707?&- [ «P7;?6+-
18*/8», @1+6&58**B& ;+.-7;*+ FR_ 42-0163-5906-04 '"&?+-7=® / XFR 42-0003-04
«P7;?6+18*/&».

F 1803-22778 /;;-85+67*/> 3;?7*+6-&*+, 2+ 17;?6+18&*/& ?70-&?+= ;*/J78?;K
6 @&1/+5 (L7*&*/K, *+ *& */J& 5+@3;?/9+.+ @185&-7 (*& 9&*&& 70 %). V7**B> @+=707-
-2 *7/0+-8& ;?270/-8* @1/ (17*&*// ?70-&?+= 6 07*=& ;286=-K**+>, *+ @1/ 0+-4& 5-/-
-2*+9 (L7*8*// \?+? @+=70728-Z ;?77*+6/7;K ;?70/-2*8&& @1/ (17*&*// ?70-&?+= 6 =+*-
?231%+> K:&>=+6+> 307=+6=¢.

«+M<[MOM@\E<?R». 17**Bg& @+ 17;@757&9+;?/ /03:749B( ?70-&?+=, @1+6&5&**B(,
;+.-7;%+ 2180+67* /K9 XFR «P7;@75789+;?Z» VF XI /05. @1/6858*B 6 6/5& 5/7.1799 *7
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1/;3*=& 1. F /;;-85349B> @&1/+5 57**B> @+=707?&-Z *& @1&6BC7- @1&5&-B 5+@3;?/-
OB( +?7=-+*¢*/> / &.+ 97=;/97-2*+& 0*7:&*/& (24 9/*.) 0B-+ @+;-& (17*&*/K @1/ 7&9-
©817731& 18 — 30 °R 6 07*=¢& ;?&=-K**+> 6 ?&:&*// 2,5 -&?, :?+ *& @1&6BC7¢&? 5+@3;?/-
O+.+ 0*7:&*/K — *& 0+-&& 30 9/*3?. R-8538&? +79&?/7?Z, 7+ @+=7077&-Z *7/0+-&& ;?70/-
-&* 01/ (17%&*// 6 =+*?31*+> K:&>=+6+> 3@7=+6=4.

XpaHeHue npu TemnepaTtype 2-8°C
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Cpok ®HpaHeHWA

P/;3*+=1—P7;@7578&9+;?Z «""&?+-7= ?70-&?+=, @+=1B?B(
@-&*+:%+> +0+-+:=+>, 10 9.» @1/ (17*&*//

«8EG: 10<?SEDDE@ E[P@OAGED = @». "*+-/:&;?68**+& +@1&5&-&*/& =&?81+-7=T7 ?1+-
9&779/*7 @1+6+5/-/ 9&?+5+9 Fittg @+ ;176*&*/ [ ;+ ;?77*5717*B9 +01701+9 =8?+1+-
-7=7 ?1+9&?89/*7. 1-K +@185&-&*/K /;@+-20+67-/ J/5=+;7*+> (1+977+.17TH «D/-/-
(149 L-02», ;*70J&**B> ;0&=?1+H+?7+9&?1/ :&;=/9 5&?4=7+1+9 / =+-+*=+> /0 *&1J7-
6&[A&> ;?7-/ ; +017A&**+HT70*B9 ;+10&*?+9 Nucleosil 100-5 C18. 1/ +@1&5&-&*//
;¥0-[57-7;Z ;-853[A/& 3;-+6/K (1+977+.17H/1+67*/K: 1&3/9 (1+97?+.17TH/1+67*/K
— [0+=172/ :&;=/>, ;=+1+;?Z @+7+=7 \- [&*?7 — 0,1 9-/9/%*, ?&9@&17?317 6 ?&19+;?7?& =+-
-+*=/ — 35 °R, +0W&9 66+5/9+> @1+0B —4 9=-, 7*7-/?/:&;=7K 5-/*7 6+-*B —312 *9.
F =7:&;76& @+56/3*+> H70B /;@+-Z0+67-/ ;9&;Z 7T1&?+*/?1/-7 / 0,1 % 17;?6+17 =/ ;-+?B
?1/H?+13=;3;*+> 6 ;++?7*+C8&*// 35:65. 1 7**B& @+ =+-/:&;76&**+93 +0185&-&*/ [ 5&>-
;763 [A&.+ 6&A&;?67 6 /;;-&5389B( +017017( @1/6&58*B *7 1/;3*=6 2.
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XpaHeHWe Npu Temnepartype 2-8°C
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Cpox xpaHeHWA

P/;3*+=2 —""+-/:8&;768**+& ;+58137*/& =8?+1+-7=7 71+9&?79/*7
@1/ (17*&*// @1&@717?7 ""&?2+-7=®

7= 6/5*+ /0 57**B(, 01&5;?76-&**B( *7 1/;3*=& 2, ; ?&:&*/&9 618&9&*/ =+-/-
18;?768**+8& ;+58137*/& 58>;763[A&.+ 68A&;?67 6 ?70-8?=7( ;*/J78?;K 5+ */J*&.+
0185&-Z*+ 5+@3;?/9+.+ 0*7:&*/K @+;-& 2,5 -&? (17*&*/K, @+\?+93 57-2*¢>C&& (17*&-
*/8 *& 18-8&;++0170*+, 573& @1/ (+1+C&> ;?70/-2*+;?/ 513./( @+=707?&-&>.

« I>PET:ZEGEH: 10<>MX 1:<?E?M». 1/ +@1&5&-&*// 9/=1+0/+-+./:&;=+> :/;-
?7+7B 6;& +01701B = =+*13 ;1+=7 (17*&*/K /9&-/ +?1/17?8-7*B> 1&03-277? *7 @1/;3?;7-
6/& Escherichia coli, 7 ?7= J3& *70- [ 57-;K *&0*7:/7&-Z*B> 1+;? +0A&.+ :/;-7 .1/0+6 -
5+ 30 (*+197 — *& 0+-&& 1006 1 .) / +0A&.+ :/;-7 T\1+0*B( 07=?&1/> — 5+ 30 (*+197 —
*§& 0+-4& 10006 1 .).

«JE<?EPEDD:(@ [P:\@<:». R+.-7;*+ FR__ 42-0163-5906-04 @+;?+1+**/9/ @1/-
9&;K9Q/ ;:/?T[7? =82+1+-7=-1-=8?2+7*7-+., =+?+1+-7=-1-./51+=;/7*7-+. / 513./& *&/5&*-
?2/H/1/1+67**B& @1/9¢&;/. R+58137*/& =7135+> /*5/6/537-2*+> @1/9&;/ *& 5+-J*+
@1&6BC7?Z 0,5 %, 6 ?+J& 61&9K +0A&& ;+5&1I7*/& @1/9&;8> *& 5+-I*+ @146BC7?Z 2 %.
X@185&-&*/& @+;?+1+**/( @1/9&;&> @1+6+5/-/ 9&?+5+9 Fi g +5*+61898&**+ ; =+-/-
1&;76&**B9 +@1858-8*/89 [7].
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X01701B ?70-&?+= 6 @1+1&;;& (17*&*/K @1/+01&-/ *&=+?+1+& =+-/:8&;76+ @+;?+-
1+%*%/( @1/9&;8>: =87+1+-7=-1-=8?+7*7-+.7 +? 0,004 5+ 0,011 % @+;-& (17*&*/K 6 ?&:&-
*/& 0816B( 6 9&;KI1&6 / +? 0,086 5+ 0,174 % @+;-& (L7*&*/K 6 ?8:8*/& 2,5 -&?; =8?+1+-
-7=-1-./51+=;/7*7-+. *& 0B- +0*713J&* *& 6 +5*+9 /0 +01701+6 6 ?&:&*/& 6;&.+ @&1/+57
/;;-85+67*/>. T&/5&*?/H/ 1 /1+67**+> 01/9&;/ 0B-+ +0*713J&*+ +? 0,007 5+ 0,043 %
0+;-& (L7*&*/K 6 ?&:8&*/& 0&16B( 6 9&;KI1&6 / +? 0,117 5+ 0,228 % @+;-& (17*&*/K 6 2&-
1&*/& 2,5-8?. XOA&L ;+58137*/& @1/9&;8> 36&-/:/-+;Z *7 0,017 — 0,046 07 @&16B&
6 9&;K1&6 /7 *7 0,203 — 0,281 07 6&;Z @&1/+5 /; ;-8&5+67*/>.

XO0A&& 7098*&*/& ;+5&1I7*/K @+;?+1+**/( @1/9&;&> 6 ?&:&*/& /;;-85389+.+
@81/+57 6+ 6;&( +017017( 3=-75B67-+;Z 6 5+@3;?/9B& @1&5&-B ;+.-7;*+ FR__ 42-0163-
5906-04, @1/ \?+9 ;-8538&? +?798&?/7Z ?+, 1?7+ 770-&7=/ 0+-8&& ;?70/-2*B @+ 57**+93 @+=7-
07726~ @1/ (17*&*// 6 07*=8& ;28=-K**+>,

-1-/F1:

1. F (+5& /;;-85+67*/> ;7710/-2*+;?/ OB-+ 3;?7*+6-&*+, :?7+ ;3A&;?6&**B( /0-
98*&* /> @+=707?&-&> ""&?+-7=® ?70-8?+=, @+=1B?B( @-&*+:*+> +0+-+:=+> 10 9., 6B-
(+5KA/( 07 179=/ ?180+67*/> FR__ 42-0163-5906-04 *& @1+/;(+5/? @1/ 6;&( @185-+-
J&**B( ?2490817?31*B( 1&3/97(, @+\?+93 1&=+9&*5+67*7 24908177317 (17*&*/K — *&
6BC& 30 °R.

2. :/?7B67K 57**B& @+=707?8-8> =7:8&;767 ?70-8?+=, ;1+= .+5*+;?2/ ""8?+-7=®
270-82+= @+=1B?B( @-&*+:*+> +0+-+:=+>, 10 9. 9+J*+ 1&=+9&*5+67?Z — 2 .+57.

3. 1/ /03:8*// @+-3:8**B( 1&03-2?77+6 9+J&9 1&=+98&*5+67?Z 567 6/57 3@7-
=+6=/ 07*=3 ;28=-K**3[ / =+*?31*3[ K:&>=+63[ 307=+6=3, *+ @185@+:?&*/& ;-&53&?
+?5777 =+*?31*+> K:8>=+6+> 3@7=+6=&, ?7= =7= ?70-&?=/ 0+-&& ;?70/-7Z*B @+ ?7=+93
;3A&;?68**+93 @+=70728- [ =7= «P7;@75789+;?Z»; =1+9& ?+.+, 57**B> 6/5 3@7=+6=/ 0+-
-&& 35+0&* 6 /;@+-20+67*//.

a:?0PM?JPM

1. V+;3571;?268**7K H7197=+@&K P¥ XII /05.: u7;?Z. 1./ Dc PF¥. -12-& /05. — D.:
«T73:*B> 186*?71 \=;@&1?/0B ;185;?6 985/ 1/*;=+.+ @1/98&>*&*/K», 2007. — 696 ;.

2. V+;3571;?768**7K F7197=+@8K RRRP XI Z05.: FB@. 1. X0A/& 98?+5B 7*7-/07 /
Dc RRRP. —11-& /05., 5+@. — D.: D&5/1/*7, 1987. — 336 ;.

3. V+;3571;76&**7K F7197=+@&K RRRP XI Z05.: FB@. 2. X0A/& 9&?+5B 7*7-/07.
18=71;768**+& 17;2/?8-7*+8& ;B1Z8 / Dc RRRP. —D.: D&5/1/*7, 1990. — 397 ;.

4, T 42-8805-05 «""&?+1+-7=7 ?21+98&?79/*». — 22 ;.

5. XR$ 42-2-72 18&=71;?68**B& ;185;?67. _+1K5+= 3;?7*+6-&*/K ;1+=+6 .+5*+-
;?2/. F685. 01.07.1973. D.: N05-6+ ;?7*571?+6, 1972. — 10 ;.

6. XTR 42-0003-04 «P7;76+18*/8&». — 22 ;.

7. FR__ 42-0163-5906-04 «'"&?+-7=® ?70-&?=/, @+=1B?B& @-&*+:*+> +0+-+:=+>,
109.».-17 ;.

%/-+) I#H#HN) “+)1/-2#"58 -/T) fa5 "#r)8h"i " 'd
)22 4205 #2 1+/ " 4-/Th™ =) “HOTA " /H#Nd +2%" -/ +/ -
42/ a“2i-""2 “#1>»

).2. J>ES:DM, c.2. BEZ@GES
bP@ «P,%1=-2%1827<x», B. V2=#+, tehnolog@altayvitamin

F+57 5-K /7*W&=1/> (Agua pro injectionibus, WATER FOR INJECTIONS) - \?+ 6+57,
/;@+-203897K =7= 17;?6+1/78-2 @1/ /0.+?+6-&*// -&=71;76&**B( ;1&5;76 5-K @71&*?¢&-
17-7*+.+ 66856*/K (6457 5-K /*W&=1/> «7*.1+») /-/ 5-K 17;76+1&*/K -/0+ 1706&5&*/K
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:30;?27*%1/> /-/ @18Q@717?+6 5-K @718&*?817-Z*+.+ @1/98*8&*/K @81&5 /;@+-20+67*/89
(6+57 5-K /*We=1/> ;281/-/0+67**7K). T7 @17=?/=& @1/9&*K[? ?1/ ;@+;+07 @+-3:&*/K
6+5B 5-K /*W&=1/>, @1/ \?+9 07 /; (+5*3 6+53 @1/*/97&?;K 6+57 +:/A&**7K [2]:

- R(&97 L +;*+67*7 *7 @1+1&;;& 57;?2/--K1//. V7**B> 98?+5 @+-3:&*/K 6+5B
5-K /*We=1/> 18=+9&*5+67* 6;849/ 98I53*71+5*B9/ +1.7*/071/K9/ / K6-K&?;K *7/-
-3:C/9.

-R@&97 F 07=-[:78?7;K 6 @1+1&;;& 56+>*+6+.+ +0172*+.+ +;9+;7 / @+06+-K&? @+-
-3:/?Z 6+53 5-K /*W&=1/> /0 6+5+@1+6+5*+> 6+5B. T&5+;?7?7=+9 K6-K&?;K 6B;+=/8& ?1&-
0+67*/K = 949017*79, @1+5+-3/2&-2*+;?Z @1+1&;;7 / 0+-ZC/& +?(+5B 6+5B.

- R(897 R 6=-[:78? =+9@-8=; @1+1&;;+6. T7@01/981, =+90/*71/ [ 9&?+5+6 +0-
17?7%+.+ +;9+;7 / 5/;2/--K1//. V-K @+-3:&*/K 6B;+=++:/A&**+> 7@0/1+.8**+> 6+5B
9+J*+ /;@+-20+67?Z =+90/*71/ [ 9&?+5+6 5&/+*/071// / H/-2?171// :81&0 H/-7?1
; 5/798?1+9 @+1 0,22 9=9. 17**3[ ;(&93 1&-&;++0170*+ @1/9&*K?Z, +1/8&*?/13K;Z *7
=7:8;?6+ =+*&:*+.+ @1+53="77.

F *7;72+KA&& 6189K ;+.-7;*+ ?180+67*/K9 ab6l+@&>;=+> F7197=+@&/ 5/;?/--K-
1/K K6-K&?;K +0K07?8-Z*B9O 9&?+5+9 @1/.+?7+6-8&*/K 6+5B 5-K /*We=1/>. F7197=+@&K
RmL / P+;;/>;=/> ;?7*571? (¥R 42-2620-97) 5+@3;=7[? /;@+-20+67*/&, =7= 5/ ;?/--K-
177, 77= 7 +0177%+.+ +;9+;7. F9&;?8 ; 289, 5-K +017?*+.+ +;9+;7 *& 5+;?/.*3? 31+6&*Z
*758J3*+;?/ @1/.+?+6-8*/K 6+5B 5-K /*W&=1/>, +0&;@&:/6789B> 5/;2/--K1/&>, / *&?
5+;27?+:*B( +;*+67*/>, :?+0B @1/0*7?Z &.+ 5+@3;?/9+;?Z. F RmL, *&;9+?1K *7 H+1-
O7-7*+8& 17018C&*/& /;@+-20+67?Z +017?*B> +;9+; 6 +;*+6*+9 /;@+-2038?;K 5/;2/--K-
1/K. #+-88& ?+.+, FDA 18=+98*53&? @+-3:7?Z 6+53 5-K /*W&=1/> 5/;?/--K1/8&> [3].

X0177*B> +;9+; ;3A&;?68**+ 3;?23@78? 5/;?/--K1// @+ 5639 +;*+6*B9 @1/:/-
*79:

- +0177*B> +;9+;, =7= @176/-+, (+-+5*B> @1+1&;;, -36;?6/78-Z*B> = 249@&17-
?31& (9&9017*B +0-757[? 6B;+=+> :36;?6/?8-2*+;?Z[ = *7.1&63), / @+\?+93 6;&.57 3;-
7230787 .+1K:8493 6 @-7*& 07TA/?B +? 9/=1+0*+.+ 07.1K0*&*/K;

- &;?Z 07?135*8*/K ; 67-/571/8> 3;?27*+6+= +017?7*+.+ +;9+;7, @+?+93 :?+ @17=-
?/:&;=/ *& 6+09+J*+ 5+=707?Z *&@1&1B6*3[ 1&-+;?*+;?Z +017?7%++;9+?/:&;=+> 989-
017*B.

T&-Z0K *& +?98?/7?7 @18&/93A&;?6+ +017?*+.+ +;9+;7 @&185 57;2/--K1/8>. D&9-
017*B 3;?7*+6+= +017?*+.+ +;9+;7, 3561J3/67K @/1+.&*B, @+06+-K[? @+-3:/?Z 7@/1+-
&*F* 3 6+53. 1-K 3*/:72+J&*/K 0/1+.8**B( 68A&;?6 ?4@-+6B9 ;@+;+0+9 ?18038&?;K *7-
.186 5+ 170 °R, 5/;?/--K1/K @1+6+5/?Z;K @1/ 9&*2C/( ?¢&90&17?317(. F 57**+9 ;-3:7&
/;0+-Z03[? =+90/*71/[[ 9&?+5+6 (;(&97 R) / ;?76K? @&1&5 5/;?/--K?+1+9 3;?7*+6=3
+0177%+.+ +;9+;7.

_+ O*¢*/[ ;081/7-/;?+6 H/19B SteridFinn-Agua [3], 9+J*+ @1&5;=707?Z @&1-
:08=?/63 1706/?/K 9&?+5+6 6+5B 5-K /*W&=1/>:

- 5/;?/--K1/K 035&? 3=1&@-K?Z ;6+/ @+0/1// =7= @1/*1/@/7-7*B> 98?+5 @+-3-
:&*/K 6+5B 5-K /*W&=1/>;

- ; 1706/?/89 989017**+> 28 (*+-+.// 0358&? 17;C/1K?Z;K /;@+-20+67*/& +017?-
*+.+ +;9+;7 / 3-2?17TH/-2?171// 5-K @+-3:&*/K 6+5B 5-K /*W=1/> 28(*/:8&;=+.+ *7-
0*7:8*/K (5-K H/*/C*+.+ +@+-7;=/67*/K);

- 6 0353A49, 6+09+J*+, F7197=+@8K @+06+-/? /;@+-20+67*/& 170-/:*B( 98&?+-
5+6 H/-2?171// 6 ;-3:7K(, =+.57 6+57 5-K /*W&=1/> *& 035&? /;@+-Z0+67?Z;K 6 =7:&;?6&
/*.185/8*77 =+*&:*+.+ @1+53="77.

R3A&;?638? ?1/ 6/57 @1+1&;;7 5/;2/--K1//: +5*+=+-+*:T7?7K, 2419+=+9@1¢&;;/-
+**7K, 9%+ +=+-+*:T777K.

X5*+=+-+*:7727K 5/;2/--KI1/K @1/98*K&?;K 576*+ / C/1+=+. a& ;3A&;?6&**B9
*85+;?77=49 K6-K&?;K 6B;+=+& \*&1.+@+?1&0-&*/&, *&;9+?1K *7 @1+;?3[ =+*;?13=1/[
/ *86B;+=3[ 1&*3 3;?7*+6+=5/;2/--K1//. T7 *7.186 6+5B +? 15 °R 5+ 100 °R ?1803&?;K
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85 ==7-/=.. T7 @1&617A&*/& 6+5B 6 @71 @1/ 100 °R ?1&03¢&?;K 539 ==7-/=.. $7=/9 +017-
0+9, *7 /;@71&* /& 6+5B ?18038&?;K 6 C&;?Z 170 0+-ZC& \*&1.//, 289 *7 && *7.1&6.

$8&19+=49@18&; ;+1*7K 5/;?2/--KI1/K 07=-:7&?;K 6 ;-853[A&9: @1/*35/?&-7*+&
;J7?2/& @717 =+9@1&;;+1+9 @1/6+5/?7 = 1+;?3 576-&*/K @717 / &.+ ?69@&17?31B, @+6B-
CE&**+& 26@-+;+58137*/& @717 /;@0+-203&7;K 5-K *7.1&67 / @1&617A&*/K /; (+5*+> 6+5B
6 @71. T&5+;?7?=79/ 57**+.+ 98?+57 K6-K[?;K 6+09+J*+;?Z @+@757*/K 6 :/;?3[ 6+53
@+;2+1+**/( :7;2/1, 6B;+=/> 31+6&*Z C397 / *&+0(+5/9+;?Z 6 @+;?+K**+9 26(*/:&-
;=19 +0;-33/67*//.

T7/-3:C/9 ;+:&77*/89 170-/:*B( ;6+>;76 +0-757&? 9*+.+=+-+*:7?7K 5/;?/--
-K1/K, @17 =+?2+1+> \*¢1./K *7.18?+> 6+5B /;@+-2038?;K *7/0+-&& @+-*+ / \HH&=?/6*+.
D/1+6B9 -/581+9 6 @1+/06+5;7?6& 9*+.+=+-+*:7?B( 5/;?/--K?+1+6 K6-K&?;K =+*1&1*
Steris/Finn-Agua. D*+.+=+-+*:7?B& 5/;?/--K?+1B \?+> H/19B +0&;0&:/67[? 6B;+=+&
(/9/:8;=+& / 9/=1+0/+-+./:&;=+8& =7:&;76+ 6+5B, 0+-ZC+> 07@7; *75&J3*+;?/ @+ =7:&-
;763 01+53=77, @+;?+K**B> / *758J*B> ;01+; +?5&-&**B( :7;?/1 6 51&*7J, (+1+Cé&&
;HH?7*+C8&* /& @1+/06+5/?8-2*+;2/ / 1709817 3;?7*+6=/, +?*+;/28-7*+& *&6B;+=+& @+-
?180-&*/6\*8&1.// [3].

D&?+5 9*+.+=+-+*:772+> 5/;2/--KI1// K6-K&?;K &;?&;?6&**B9 / *75¢J*B9 @+
;6+&> @1/1+58 ;281/-7*B9 @1+1&;;+9, @1+(+5KA/9 @1/ 6B;+=/( 269@8&17?317(. L ?7=-
J& ;+:8778? *8@1&1IB6*+;?Z / *758J3*+;?Z +:/;?=/ 6+5B 07 ;:&? 563( H7=?+1+6: .176/-
27V// 7 18%?21+083*B( ;/-, +0&;0&:/67 [A/( 17058-&*/4.

F+53 5-K /*W&=1/> ;-8&538&? (17*/?Z @1/ ?€9@&17?31& +? 80 °R 5+ 95 °R 6 07=1B-
2B( &9=+;7K(, /0.+?+6-8**B( /0 972%1/7-+6, +0&;@&:/67[A/ ( ;+(17*&*/& ;6+>;?6 6+5B
6 @1&5&-7( 5&>;?63[A/( *+197?/6*B( 5+=398*?+6 / 0TA/AT[A/( && +? @+@757*/K
(71 :&;=/( 6=-:&*/> / O/=1+0/+-+./:&;=+> =+*?79/*T1//. P&=+9&*538&? ;K *&@1&-
1B6*+& 56/38&*/8& 6+5B ; =+*?1+-/1389+> ;=+1+;?2Z. V-/?8-2*+;?Z (17*&*/K 3;?7*76-
-/678?2;K @+;-& 67-/571//.

_1/ ;+057*// ;/;?89B (17*&*/K / 17;@185&-&*/K 6+5B 5-K /*W&=1/> *&+0(+5/9+
;+0-[577Z ;-8453[ A/& ?1&0+67*/K: &9=+;7?Z 1808163717 5+-J*7 0B?Z ?7=+>, :?+0B 6B-
@+-*K-/;Z ?180+67*/K @+-20+67?&-K @+ 97=;/97-2*+93 &5/*+61849&**+93 @+?1&0-&*/ [
6+5B; 9/*/97-2*7K @1+/06+5/?&-2*+;?Z 3;?7*+6=/ 5+-J*7 3:/?B67?Z - [ 0B& ?1&0+67-
*/K @+-20+67?8-K 6 0353A&9; =7:&;76+ 6+5B @1/ && 5+;?76=& = ?+:=& /;@+-20+67*/K.
"+*91+-/1389B9/ @©71798?179/ 6+5B 5-K /*W&=1/> 6 ;/;769& 17;@185&-8*/K / (17*&-
*/K K6-K[?;K ?&9@&177317, 576-&*/&, @1+6+5/9+;?Z, ;=+1+;?Z 56/3&*/K, +0A/> +1.7-
*/:&;=/>3.-&1+5 [3].

P&0&16371 5-K (17*&*/K 6+5B 5-K /*W&=1/> @1+&=7/13&?;K =7= ;+;35 @+5 576-&-
*/89. 1?7+ ?180+67*/8 5+-J*+ ;+:&?77Z;K ; 6+09+J*+;?Z +0&;@&:&*/K @+-*+.+ 67=3397
(@17 07=3@+1=¢& 6&*?/-K1/+**+.+ H/-Z?17 /-/ 6 ;-3:7&, =+.57 6&*?/-K1/+**B> =-7Q7*
07=1B?). P&0&16371 ?7=3& 5+-3&* 0B?Z 17;;:/?7* *7 30717, :?+0B ;/;?493 9+J*+ 0B-+
+01707?B67?Z 071+9 @1/ 134 °R [2].

F 13=+6+5;?6&, /057**+9 D&JI53*71+5*B9 +0A&;?6+9 /*J&*&1+6 H71971&67/-
1&;=+> @1+9BC-&**+;?/ (ISPE), ;=707*+, 2+ +@?/9/071/K ;/;?¢9B @+5.+?+6=/ 6+5B
K6-K&?;K 18&03-2?77+9 ;-853[Aé&.+:

-6189K, =+.57 6+57 *7(+5/?;K 6 3;-+6/K(, 0-7.+@1/K?;?63[ A/ ( 1+;?3 9/=1++1-
.7*/09+6, 5+-J*+ 0B?Z ;6&58*+ = 9/*/9393;

- 6;& /098*8*/K ?69@&17?31B 6+5B 5+-J*B 0B?Z ;6856*B = 9/*/9393;

- 6+ 61&9K +0170+?=/ 5+-J&* +0&;0&:/677Z;K =+*?7=? ;+ 6;&9/ @+6&1(*+;?K9/.

NO6&;?*+, 7+ 1+;?3 9/=1++1.7*/09+6 6 6+5& ;@+;+0;?63[? *&@+56/J*+& ;+-
;?74K*/8 645B / *7-/:/& 0+* ; */0=+> ;=+1+;?Z 56/J3&*/K 6+5B, 0*7:&*/K ?49@&17?31B,
=+?+1B& ;@+;+0;?63[? 1+;?3 9/=1++1.7*/09+6, */0=+& =7:&;?6+ /;(+5*+> 6+5B / @+-
@757*/& *&+?H/-2?21+67**+.+ 6+053(7 6 ;/;?&93.

F 2+J& 6189K &;?Z *&=+?+1B& +;*+6*B& @176/-7, =+?+1B& @+06+-K[? /00&J7?Z
\?+.+. " ?27=/9 @176/-79 +?7*+;K?;K: 6B;+=7K 26908177317, *6@1&1B6*B> ?3103-&*?*B>
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@+2+=, .-T5=/8 7 :/;7B& @+681(*+;7/, *T =+7+1B( 6+09+J%+;2Z +;7I56*/K 0/2728-2*B(
5-K 9/=1++1.7%/09+6 68A&;?6 ;6858*7 = 9/*/9393, 41982/ :*B& ;+&5/*8*/K, @+5581-
JT*/8 @+-+3/2%-7%+.+ 576-8*/K 6 ;/;7898, 6+09+I%+;7Z +08&;08&:8*/K @+-*+.+ ;2+=7,
+;408**+ 6 ;/;2897(, +01707?B6749B( @71+9 [3].

R3A&; 26382 076/;/9+;7Z 98353 ;=+1+;2Z[ 2&:8&*/K 6+5B / +0170+67*/8 0/+0-&-
*+=. 1/ -T9/*T1%+9 @+74=8 6 *80181B6*+> 0-/0+;2/ +2 ;28*=/ 2130+@1+6+57 6+57 2%-
182 +18%7 O85-4**+, R-§5+6728-2%+, *&+0(+5/9+ 5+0/2Z;K 23103-*7*+.+ 26:8*/K 6+5B
6+ 6;&( 17;7K( ;/;789B 17;01858-&*/K 6+5B. X0A/9 @176/-+9 K6-K&?;K +0&;@8:6*/&
1185%8> ;=+1+;2/ 6+5B, 176%+> 1 9/c. V+1K: /& ;/;789B (0+-84& 65°R) K6-K[?2;K 6 0%7: /-
2-7*+> 12808*/ ;T9++: /AT[A/9/ K [].

1-K 6*3218**/( @+681(*+;28> ;3A&;?6382 ?180+67*/4 = ;185*893 0*7:8*/ [ 6B-
9B O/=14%G1+6%+;26> 6*3714**8> @+681(*+;7/, =+7+1+§ 5+-J*+ OB?Z *& 0+-84
0,6 9=9 / +2;32;26/& 17=+6/* [2].

X:8*Z 67I%7 2%(*/=7 9+*?737 ;/;289B 17;01856-8*/K 6+5B 5-K /*We=1/>, 77=
=7= @1/ \?+9 9+J&? OB?Z *713C&*7 O&(7*/ :8;=TK /-/ ;T*/?T1*TK 186-+;2%+;2Z ;/;269B.
1/ 3;77%+6=8 =-TQ7*+6 *§+0(+5/9+ +08;08:/?Z 518*7J. _1/ 3;77*+6=8 2130 5+-J*B
0B?Z @1853;9+?18*B 5+;277+:*B& *7=-+*B 5-K 51&*7J7. P&=+9&*53[?;K =-707*B 989-
017**+.+ 2/@7. R671*B& C6B /0 *41J76&[A&> ;?7-/ 5+-J*B +0&;08:/7Z *758J*B&
/ =180=/& ;?B=/, /L[ A/& 1463 @+681(*+;7Z. _1/ ;671=8 7130 J&-728-2*+ /;@+-Z-
0+677Z 97C/*B 5-K +10/27-7*+> 767+972/ :&;=+> ;671=/ (orbital welding)[2].

$180+67*/K = =7:8;763 6+5B 5-K /*Ws=1/> 6 P+;;/>;=+> F&5171// /0-+JI&*B
6 FR 42-2620-97 «F+57 5-K /*W&=1/>», 6 RmL p 6 F7197=+@8& RmL XXIV, 6 a61+@& -
6 ab1+08>;=+> F7197=+@8& 6-.+ /057*/K. X;*+6*B& ?180+67*/K / @+=70728~/ @185;276-
~&*B 6 270-/18 1.

$70-/17 1 - $180+67*/K = 6+5& 5-K /*Weg=1/>

_+=707?8-Z P+;:/K RmL a61+@7
D/=1+0/+-+./:8;=7K . 10""Xa 6 100 9- (;@17-{10"'Xa 6 100 9-
-/;2+77, "' Xa/9- 6+:*B> @+=70778-2) (31+68*Z 58>;76/K)
_1+6+5/9+;7?Z, L T&0+-8&8 2,1 T&0+-8&& 1,1
9=R9/;9
XO0A/> +1.7%/:&;=/> . T&0+-&& 0,5 T&0+-&& 0,5
3.-81+5,9./-

#1=201/7-2*B& \*5+-|T&0+-£& 0,21 |T& 0+-&& 0,25 T& 0+-8& 0,25
?+=;/*B, Ul/9-

L*7-/0/13K 57**B& ?70-/1B 1, 9+J*+ ;58-7?Z ;-&53 [ A/¢& 6B6+5B:

- @+ a61+@&>;=+> F7197=+@8& ?1&0+67*/K = 6+5& 5-K /*W&=1/> 7*7-+./:*B ?1&-
0+67*/K9 L9&L/=T*;=+> F7197=+08&/ 07 /;=- [ :&*/&9 @+=707?&-K «@1+6+5/9+;7Z».

- @+ ?1&0+67*/K9 L9&L/=7*;=+> F7197=+0&/ @1+6+5/9+;?Z 6+5B 5-K /*W&=1/>
;16075787 ; @1+6+5/9+;7Z 6+5B +:/A&**+> / ;+;776-K&? *& 0+-&& 2,1 9=R9/;9 [3].

- 6 a61+@&>;=+> F7197=+0&& @1+6+5/9+;?Z 6+5B +:/A&**+> / 6+5B 5-K /*W&=-
1/>+?-/:768?2;K / ;+;?76-K&? 4,3/ 1,1 9=R9/;9 ;++?6&?;?68**+ [4].

- t0A/> +1.7%/:&;=/> 3.-81+5, 5+@3;?/9B> @185&- @+ 9/=1+0*+> =+*?79/*7-
1// 7 31+68*Z 58>;?6/K *+19/13[ ?;K +5/*7=+6+ 6 F7197=+@&K( a61+@B / RmL.

_1+645/9+;?Z (\-&=?1+@1+6+5*+;?Z) p \?+ ;+6+=30*B> @7179¢&?1, 6B17I7[A/>
(/9/:&;=/> ;+;776 6+5B. 1+@3;?/9B> @1&5&- 6B17J7&?;K 6 ?70-/:*B( 0*7:&*/K( /
@1/6K07* = ?269@&17?31& 6+5B. N09&1&*/& \-&=?1+@1+6+5*+;?/ 9+J&? @1+6+5/?Z;K
on-line @1K9+ 6 ;/;?89¢& /-/ J& off-line 6 -70+17?+1*B( 3;-+6/K(. _1&5&-B 0*7:&*/K
@71798?17 +?-/:7[?;K 5-K ;@+;+0+6 in-line / off-line[3].
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XO0A/> +1.7*/:8;=/> 3.-&1+5 ($XR -Tota Organic Carbon) p =+;6&**+ 6B17J7&?
*T-1:/8 +1.7%/:8&;=/( 9+-6=3- 6 6+5&, /09&1K&OB( =7= +1.7*/:8&;=/> (;@+;+0*B> =
+=/;-8*/[) 3.-&1+5. N09&1&*/& $XR 9+J&? @1+6+5/?Z;K on-line @1K9+ 6 ;/;789& /-/
Jé& off-line 6 -70+17?+1*B( 3;-+6/K( [3].

P&=+94&*53¢9B> 5+@3;?/9B> @185&- 9/=1+0*+> =+*?79/*71// 6B17J37&? 97=;/-
97-72*+ 5+@3;?/9+8& :/;-+ =+-+*/8+01703[ A/ ( &5/*/1 6 /06&;?*+9 =+-/:&;76& 6+5B.
V-K O+*/?2+1/*.7 9/=1+0*+> =+*?79/*71// L9L/=7*;=TK F7197=+@8K 1&=+9&*53&?
+@1858-K?Z ?7= *70B67&9B& 31+6&*Z ?186+./ (0185301857 ?&-Z*B> @185&-, -/0+ @1858-
05/7?8-72*+;?/), 31+6&*Z 5&>;?6/K (.17*/ :*B> @185¢&-, /-/ @1&5¢&-, 6BOB67 [A/> =+11&=-
?/13[A/& 58>;76/K). _+ 31+6* [ 718&6+./ 18=+9&*5+67*B 0*7:&*/K, *7@1/9&1 6 RmL
— 100 ""Xa/9-, +0A&QL/*K?+ ;:/?7?Z, -2+ 0*7:8*/& ©185&-7 31+6*K 5&>;?6/K 5+-J*+
*7(+5/?Z;K 6 /*?8167-& 10-50 % +? 31+6*K ?1&6+.7 [3].

#71=281/7-2*B& \*5+?+=;/*B ©0185;?76-K[? ;+0+> -/@+@+-/;7(71/5B =-&?+:*B(
;26*+= / K6-K[[?;K +5*/9 /0 H7=?+1+6, +03;-76-/67[ A/ ( @/1+.&**+;?Z 6+5B. /1+.4*B
6BOB67[? -/ (+175=3 @1/ 66858*// 9-&=+@/?T[AL93. /1+.8**+;?Z +@185&-K[? @+
VF XII, :.1 XFR 42-0061-07. #7=?81/7-7*B& \*5+?+=;/*B +@1&5&-K[? @+ VF XIlI,
2.1 p XFR 42-0061-07, -/0+ @+ +0A&> ;?7?2& a61+@&>;=+> H7197=+0&/ 2.6.14. Bacterial
Endotoxins (#7=?81/7-2*B& \*5+?+=;/*B).

T7 @185@1/K?// cLX «L-?7>6/779/*B» @1/ 170170+?=8& =+*1&@1// @1+8=?7 @+
9+581*/071// @1+/06+5;?67 /*H30/+**B( 17;76+1+6 +;+0+& 6*/97*/& 35&-K-+;Z =7:8&-
;763 6+5B 5-K /*We=1/>, ;(894& && @1+/06+5;767, 7 ?27= J& ;/;?89& && (L7*&*/K / 17;@1&-
58-&*/K.

#70+6B> @1+&=? 3:7;?=7 @+ @1+/06+5;?63 /*H30/+**B( 17;?6+1+6 0B- 6B@+-*&*
6 1996 .+53 / 5-K ;6+&.+ 6189&*/ 0B- ;+6189&**B9 / H3*=1/+*7-7*B9. _ +-3:&*/&
6+5B 5-K /*W&=1/> @1+6+5/-/ 9&?+5+9 56+>*+.+ +017?*+.+ +;9+;7 / 5&/+*/071// /0
6+5B +:/A&**+>, +-3:8**7K 6+57 (17*/-7;Z 6 ;0+1*/=& @1/ ?69@&17?31& 90 'R +.17-
*/ 1&**+6 6189K.

F 2008 .+53 @1/ 170170+?=& =+*1&@1// @1+&=?7 0B-+ @1/*K?+ 1&C&*/&
O+-*+;2Z @81&;9+?1&?Z 28(*+-+.7/:&;=3 ;(&93 @+-3:&*/K 6+5B 5-K /*W&=1/>. F+53
5-K /*W&=1/> 1&C&*+ @+-3:7?Z 9&?+5+9 ?1&(;?30&*:7?+> 5/;?/--KI1// /0 6+5B
+2/A&F*+>, gl7*&*/& / 17;@1858-8*/& 6+5B 5-K /*W&=1/> *&+0(+5/9+ @1+6+5/7Z
6 «.+1K:&9 =+-ZI&» @1/ ?769@&17?31& 905 'R. _ &1/+5/:&;=/ +0+135+67*/& 5-K
(17*&*/K / 17;@1856-&*/K 6+5B 5-K /*W&=1/> 5+-J*+ @+56&1.7?Z;K ;?281/-/071//
70/1+.8**B9 @71+9.

1/ 1&7-/071// @1+&=?7 6 2009-2010 .+57( *7 @1&5@1/K?// 5-K @+-3:&*/K 6+5B
5-K /*W&=1/> 0B- @1+6&58* 9+*?7J 563( 3;?7*+6+=: O*+.+;23@&*:7?+.+ 5/;?/--K?+17
Pharmastill MS 704 HPS / .&*817?+17 :/;?+.+ @717 PSG 750 DTS. _ 1+/06+5;?68**B>
@1+1&;; 6=- :7&? 6B@71/67*/& 6+5B +:/A&**+>, 07 =+?+1B9 ;-8538? +?0+1 +:/A&**+.+
@717 / =+*58*;71/K @+;185;?76+9 O*+ +H3*=1/+*7-2*+> 5/;2/--K1/+**+> 3;77*+6=/.

R/;?897 17;@1858-&*/K 6+5B 5-K /*W&=1/> 07=+-Z1+67*7. X?0+1 6+5B 5-K /*W-
&=1/> @1+/;(+5/? -/0+ *&0@+;185; 768> *+ (.+1K:&>), -/0+ +(-7358**+> 6+5B 5-K /*W&=-
1/> ; 2690817?31+> *& 0+-&& 50 "C. $9@&17?317 (17*&*/K 6+5B 5-K /*W&=1/>90 5 'R.

1-K 30176-&*/K ;/;?89+> 17;0185&-&*/K 6+5B 5-K /*W&=1/> @1853;9+?1&* A/?
30176-&*/K. F A/?& 3;?27*+6-&* @©1+.1799/1389B> =+*?1+--&1, +@&171/+**B> @3-2?
5-K 0757*/K / 3@176-&*/K 57**B9/ / 0&00397J*B> (07@/;B67[A/> @1/0+1. F;&
+0+135+67*/8& ;++76&7;763&? 5&>;?63[A/9 *+197?/679 aR / P+;;/>;=+> F&5&171//.
N09&1/?6-2*B& \-&9&*?B =7-/01+67*B / ;&1?/H/1/1+67*B. R/;?897 =67-/H/1/1+-
67-7;Z ;+.-7;*+5/18=7/679 aR.

"7:&;76+ @+-3:789+> 6+5B 5-K /*W&=1/> ;++?687;?763&? ?1&0+67*/K9 FR 42-
2620-97 «F+57 5-K /*W&=1/>», 7 ?7= J& ?1&0+67*/K9 abl+@&>;=+> ¥7197=+@&/ EUPH,,
art.07/2002:0169.
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F  18&03-2?7?& 1&7-/071// 57**+.+ @1+&=?7 *7 @18501/K?// cLX
«L-?7>6/?79/*B» @+-3:&*7 6+57 5-K /*W&=1/>, ;++?6&?;?63[ATK @+ @+=707?&-K9
=7:&;767 ?71&0+67*/K9 PF / ?1&0+67*/K9 aR. _1+6&5&*7 67-/571/K ;/;?869B @+-3:&*/K,
(A7*&*/K / 17;0185&-&*/K 6+5B 5-K /*W&=1/>, =+?+17K @+5?76815/-7 H3*=1/+*7-2*+;7Z
/ ;?70/-7*+;?Z ;/;769B @+ @1/89-89+;?/ @7179€?1+6 @1+1&;;7. F;& \?/ 9¢&1B
@+06+-/-/ cLX «L-?7>6/?79/*B» 6 *7;?+KA&& 61&9K +0&;@&:/?Z ;?17?&./[[ @176/-
GMP @1/ @1+/06+45;?6& /*H30/+**B( 17;?6+1+6 / 3;0&C*+ @1+>?/ ;?75/[
-/ 18*0/1+67*/K 57**+ .+ @1+/06+5;767.

a:?0PM?JPM

1. 1/;9+1, 1. P7;@185&-&*/& 6+5B 5-K /*Wg=1/>/ Y. 1 /;9+1 /| $&(*+-+./K :/;-
?+7B.—-2001.p r 2, ;. 14-17.

2. D 78113 D&5/1/*;=/& /993*+0/+-+./:8&;=/& @1&@7177B. _1/.+?+6-&*/4,
(L7*8*/8& 1 17;0185&-&*/& 6+5B +:/A&**+> / 6+5B 5-K /*We=1/>. D&?+5/:8&;=/& 1&=+-
9&*571//. F6&5. 22.05.1998.

3. F&5+7+6, L.a. u/;?B& @+98A&*/K | L.a. F&5+?+6, V.V.m/(? [/ 51.]; @+5 1&5.
L.a. F&5+?+67. —D.: LRNT" XD, 2003. p 576 ;.

4. Water for Injections / European Pharmacopoeia. — 6th ed. — Strasbourg: European
Department for the Quality of Medicines, 2007.

—B%/8/7F " %])+%#0) 9/+ 1 Hass%''s2 2

%.2. YWRY, 2. . /H:@D>E™3 #.2. J\MDES?, 2.%. cDEZ@S™*, 2.%. %?E[EPES™>,
2.c. MDM>ES™, *.]. gMB?ZD@;08P % ).-. LEGOYPESM"?
lc@Z X9@ J)-)#2R20#+2= B)HG( 1 04%-577<= 672-5042%5%, J@e «S),5+6,\07<=
(241=7 2 [+),)B2;5#+2 R54) . 147<5 %5ET) , )B22», B. J)-)#2R204+

2UTH#%2%G% E2822 %-50()B) %5, 2 85E17)E2822 >@ LPJ, B. J)-)#2R204+

SUTH#%2%G6% 75)0B172;54#+)= E2822 28. P.X. J2+),15-1 >@ LPJ, B. J)-)#2R204+
UTH#%2%6% B2(0) (27182+2 28. S.P. F1-057%"5-1 >@ LPJ, B. J)-)#2R20#+

e-mail: apenina@solid.nsc.ru

Dé&-+=;/=79 (1/;3*+= 1), 4-./51+=;/-2-9&?/--N-(5-9&?/--2-?/70+-/-)-2T-1,2-
08*0+?/70/*-3-=710+=;79/5 1,1-5/+=;/5, K6-K&?;K ;+61&9&**B9 *&;?¢1+/5*B9 @1+7/-
6+6+;@7-/?64-2*B9 @1&@717?+9 [1].

OH O N
A
N N
N S CHs
N
PN

S CHa

O// \\O

P/;3*+=1-R?13=?31*7K H+193-7 9&-+=;/=797
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D&-+=;/=79 +0-75782 +:8*Z @-+(+> 17;76+1/9+;2Z[ 6 6+5&, 7 0%7:/2 / */0=+>
0/+-+./:8;=+> 5+;230%+;2Z[. 68-/:/7Z @+;-85* [ [ 9+J*+, @+6B;/6 ;=+1+;7Z 17;726+-
18%/K /-/ 17;76+1/9+;77 -8=T1;768**+.+ 68A&;267, /;0+-203K /06&;7*B& 6 H71971//
-@+;+0B, ?7=/8 =7= 396*ZC&*/& 17098146 :7;2/1, @1/.+7+6-8*/& 26n15B( 5/;0&1;*B( /
173289 7 2.0. 1-K 5+;2/ 8% /K \2/ ( 18-8> 576%+ / 3;@4C*+ /;@+-203[[? 9&(7*+(/9/ :&-
1=/> 98745, =+2+1B> 01/6+5/? = 1K53 /098*8*/> H/0/=+-(/9/ :8;=/( ;6+>;76 -&4=T1;7-
68**B( 68A&;26 [2]. N0B&;?*B 27=J& ;@+;+0B @+-3:8*/K 6B;+=+5/;081;*B( -8=71;7-
68**B( 6&A;?6, +;*+67**B& *7 6B;+=+7890817731*+> 17;@B-/28-2*+> ~/0+ =1/+.&*-
*+> —/+H/-7*+> ;3C=& [3].

T8576%+ 0B- 170170+77* 513.+> ;@+;+0 @+-3:8*/K 6B;+=+5/;061;*B( -&=71;?-
68**B( 68AL;?6, 77= *T0B6T8IB> Q&2+5 @+-3:8*/K «;28=-++0170%+> H70B» ; /;@+-Z0+-
67%/89 0+-ZC/( ;=+1+;28> +(~TI5&*/K (; +0170+67*/89 T79+1H*B( H70), ; @+;-&53[-
A/9 357-8*/89 17;76+1/28-8> ;30-/971/8> [4, 5].

XO01701B .+2+6K? 0B;?1BO +(-7J56*/89 17;26+17. _+-3:8**7K ;9&;Z 6/037-7*+
17058-K&2;K *7 «;28=-++0170*B&» (@1+017:*B&) H17.98*?B, / +;27-2*3[ :7;7Z (977+-
6B& H17.98*7B, 079841C/8 =70-/) (1/;3%+= 2). CT289 «;28=-++0170*B&» H17.98*7B ;3-
C7? 6 67=339%+> =79818, @+O8AN**+> 6 2819+;777 ; 289BE17231+> 260-+*+;/28-K -3 'R.
$7=+> ;0+;+0 @+06+-K&? /008377Z 3=130*&*/K +01703[A/ (K =1/;77--/7+6 6;-85;76/4
£2;32;76/K =+*27=77 ; J/5=+> H70+>. $7=/9 +0170+9, @+-3:4*B +01701B 6B;+=+5/;-
@&1;*+.+ Q8-+=;/=797 ; 170981+9 :7;2/1 +=+-+ 100 *9 (1/;3*+= 3).

P/;3*+=2—-X01701B 079+1+J&**+.+ 17;?6+17 9&-+=;/=797 6 5/+=;7*&: 079n10C/&
=10-/ / «;?8=-++0170*7K H707» @+;-& 1705&-&*/K

o i i il f, A

P/;3*+=3-X01701B 6B;+=+5/;@&1;*+.+ 9&-+=;/=797, @+-3:&**B& ;30-/971/+**+>
;3C=4> «; 2%=-++0170*+> H70B» 17;?6+17 6 5/+=;7*&
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1-K @+-3:8**B( +01701+6 /;;-85+67-/ 5/*79/=3 17;?6+1&*/K -&=71;?6&**+.+
6&A&; 767 (IF) 6 ;176*&*// 9&-+=;/=79+9, /09¢-Z:&**B9 ; /;0+-20+67*/&9 @-7*&?71-
*+> Q&-Z*/1B-7=?/67?7+17 LVX-2 / /;(#5%+> ;30;?7*1/&> (1/;3*+=4). N;;-85+67*/K
@+=707-/, 1?7+ 5-K 40170146 9&-+=;/=797, @+-3:&**B( ;30-/971/+**+> ;3C=+> 079+-
1+J3&**B( 17;76+1+6, (717=?81&* 1&0=/> 6BO1+; 6&A&;?67 6 17;?6+1 6 @&16B& 9/*3?B
17;?26+1&*/K, 7+ 6 4 1707 @1&6BCT7&? =+*1&*?171/ [ /;(#5%+.+ 5-K \?+.+ J& 61&98&*/.
C7?89 *70-[57&7;K ;*/&* /& =+*1&*?171// Q&~+=;/=797 5+ 176*+6&;*+> 5-K /; (+5*+.+
IF. $7=+& @+685&*/& 5/*79/=/ 17;?6+1&*/K :7;7+ *70-[57&?;K 5-K 79+1H*B( +0170-
146, / +:&*Z @+-80*+ 5-K @+6BC&*/K 74170467/ :&;=+> 7=?/6*+;?/ +01701+6, ?.=. 6 J&-
-35+:*+-=/C&:*+9 ?17=7& @1/ 0B;?1+9 17;?6+1&*// ;1703 /5n? 6;7;B67*/& 6 =1+6Z,
/ 77=/9 +0170+9 ;*/J7[?;K 1/;=/ @+K6-&*/K @+0+:*B( \HH&=?+6, ?7=/( =7= /OWK06-&-
*/8& ;8% += J&-35+ 1 +-=/C&:*+.+ ?217=77.

3
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P/;3%+= 4—""1/6Bg& 17;26+18*/K +01701+6 Q&-+=;/=797: 1 — 6B;+=+5/;081;*B>
98-+=;/=79, @+-3:8**B> ;30-/971/+**+> ;3C=+> «;28=-++0170%+> H70B» 17;76+17
6 5/+=;7%8; 2 — Q&(7*/:8&;=/ 1=2/6/1+67T**B> 94-+=;/=79; 3— /; (+5*B> 9&-+=;/=79

F @+;-85%8& 61&9K 5-K @+6BC&*/K 0/+-+./:8&;=+> 5+;?230*+;?/ 6 H71971// ;77-
17;@1+;?217*n**B9 9&?+5 @+-3:&*/K ;96C7T**B( =1/;?7--16 I F, =+?+1B& @1&5;?76-K[?
;10+> 9%+ +=+9@+*8*?*B& =1/;?7--B, 6 =1/;?7--/:8&;=3[ 1&Cn?=3 =+?+1B( 3@+1K5+-
:8**B9 +0170+9 @&1/+5/:&;=/ 6=-[:&*+ IF / 5+@Q+-*/?6-7*B> =+9@+*&*?. _+-3:7[?
;98CT7**B& =1/;?7--B ?7=/9/ 9&?+579/ =7= ?6815+H70*B> ;/*?80, ;+-=1/;?7--/071/K,
+0170+?=7 3-2?17063=+9, ;+69&;?*+& @-76-&*/&, =+?+1B&, +5*7=+, *& 6;&.57 @1/6+5K?
= @+-+J3/78-7*+93 1&03-27773.

F 57*%*+> 170+?& 170170+?7* ;@+;+0 @+-3:&*/K ;9&C7**B( =1/;?7--+6 9&-+=;/-
=797 ; =710+*+6B9/ =/;-+?79, +;*+67**B> *7 0B;?1+9 +(-7J5&*// 17;?6+17, ;+5&1-
J7A&.+ +07 /;(+5*B( =+9@+*&*?7 (9&-+=;/=79 / 5+@+-*/?%-7*B> =+9@+*&*?) 6 ?1&-
0389+9 ;++?7*+C8&*//, ; +?756-8*/8&9 +01703[ A&>;K @1/ /;@+-20389+9 ;@+;+0& +(-73J-
5&*/K 2.*. «;?28=-++0170*+> H70B», ; @+;-453[[A/9 357-&*/89 17;?6+1/?¢-K ;30-/97-
178>, WHH&=?/6*+;?Z 57**+.+ 9&?2+57 6 @1/-+J&*// = ;/;?8979 «98&-+=;/=79-
5+@+-*/?8-2*B> =+9@+*&*?» 0B-7 @1+589+*;?1/1+67*7 ;/*?80+9 ;94C7**B( =1/;?7--
-+6 9&-+=;/=797 ; K*?71*+> / 9Q7-+*+6+> =/;-+?79/, =+?+1B& 17*¢& OB-/ @+-3:&*B
?6815+H70*B9 ;/*?80+9 / ;?13=?31*+ +(717=7%1/0+67*B =7= *79/, ?7= / 513./9/
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76?7+179/ [6, 7]. __1&/93A&;?6+9 57**+ .+ 9&?+57 K6-K&?;K 7+, 1?7+ @1/ \?+9 @+-3:7[?;K
6B;+=+5/;081;*B& H+19B ;9&C7**B( =1/;?7--46 9&-+=;/=797 (1/;3*+=5).

P/;3*+=5-X01701B @+-3:&**B( 6 57**+> 170+?& ; 9&C7**B(
=1/;?7--46 98—+=;/=797 ; K*?71*+> =/ ;-+72+>

$7=/9 +0170+9, ; /;0+-20+67*/89 ;0@+;+07 «079+1+J&**B( 17;?6+1+6» @+-3:8&*
6B;+=+5/;081;*B> 9&-+=;/=79, +0-757[A/> @+6BC&**+> ;=+1+;?Z[ 17;?6+1&*/K @+
;176%8*/ [ ; /;(+5*B9 IF / 6B;+=+5/;@81;*B& H+19B ;94C7**B( =1/;?7--+6 9&-+-
=;/=797 ; =710+*+6B9/ =/;-+?79/. DB @1850+-7.789, :?+ 57**B> 9&?+5, +;*+67**B>
*7 ;30-/971/+**+> ;3C=6 079+1+J&**B( ; /;@+-20+67*/89 0+-ZC/( ;=+1+;2¢> +(-73J-
58*/K 17;?6+1+6 (; +0170+67*/&9 79+1H*B( H70), 9+J&? O0B?Z /;@+-Z0+67* *& ?+-Z=+
5-K @+6BC&*/K 0/+-+./:&;=+> 5+;?3@*+;?/ ?135*+ 17;76+1/9B( @1&@7177+6 / ;*/Jé&-
*/K 1/;=7 @+K6-&*/K @+0+:*B( \HH&=?+6, ;6K07**B( ; @+17J&*/&9 J&-35+:*+-
=/C&:*+.+ ?217=77, *+ ?7=J& 9+J&? @+06+-/?Z @+-3:7?Z *+6B& H+19B ; 3-3:C&**B9/
(717=2%1/;?/=79/ ?71=3& / 5-K C/1+=+.+ =13.7 513./( ?6&15B( -&=71;?6&**B( 68A&;?6.

L6?+1B 0-7.+571K? cLX «L-?7>6/?79/*B» 07 -[0&0*+ @1&5+;?76-&**3[
;30;27*1 /[ 9&-+=;/=797. P70+?7 0B-7 6B@+-*&*7 @1/ @+55&1J=¢& .17*?+6 CRDF
(RUX0-008-NO-06), D/*/;?81;767 +0170+67*/K PF (2.2.2.2.340), PFFN (10-03-00252,
11-03-00684), @1+.1799 1&0/5/397 PLT «X;*+6B H3*579¢*?7-Z*B( /;;-85+67*/>
*T*8(F+-+./> [ *T*+97281/7-+6» / «D&(7T*+(/9/K 9+-8=3-K1*B( ;/;?49».

a:?20PM?JPM

1. Luger P, Daneck K., Engel W., Trummlitz G., Wagner K. Structure and physico-
chemical properties of meloxicam, a new NSAID. // J. Pharm. Sci. p 1996 p V.4. — P. 175-
187.

2. Shakhtshneider T. P., Mechanochemica synthesis and mechanical activation of
drugs. // Reactivity of Molecular Solids. — N.Y.: John Wiley & Sons, LTD. p 1999. — P. 271-
311.

3. Hu J., Johnston K.P., Williams R.O. Nanoparticle Engineering Processe for Enhanc-
ing the Dissolution rates of Poorly Water Soluble Drugs. // Drug Dev. Ind. Pharm. — 2004. —
V.30, r 3. p P. 233-245.

4. Overhoff K.A., Johnston K.P., Tam J., Engstrom J., Williams 111, R.O. Use of thin
film freezing to enable drug delivery: areview. // J. Drug Del. Sci. Tech. —2009. - V.19, r 2.
p P. 89-98.

5. Manakov A.Yu., Ogienko A.G., Kurnosov A.V., Ancharov A.l., Boldyreva E.V.,
Yunoshev A.S. X-ray diffraction studies of metastable phases in the glycine-water system. //
XVIII International Synchrotron Radiation Conference, Novosibirsk, Russia, July 19-22. p
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6. Myz S.A., Shakhtshneider T.P., Fucke K., Fedotov A.P., Boldyreva E.V ., Boldyrev
V.V, KuleshovaN. |. D&(7*+(/9/ :&;=/> ;/*?80 ;94CT7**B( =1/;?7--+6 9&-+=;/=797 ;
=710+*+6B9/ =/;-+?79/. /[ Mend. Commun. p 2009. p V.19. — P. 272-274.

7. Cheney M.L., Weyna D.R., Shan N., Hanna M., Wojtas L., Zaworotko M. J. Su-
pramolecular Architectures of Meloxicam Carboxylic Acid Cocrystals, a Crystal Engineering
Case Study. // Crystal Growth & Design. p 2010. V.10. p P. 4401-4413.

“%a) F/-2#"") J+/h)%%/ -, J+7/ " %d/F5m*d ]+ 7" b** )
42 /+/D)EHND +2%" —/+/— (%")8/a) - %" %") 2d
% 8a2"+2"//1+24/-2#"") - Thas-""5d 1/# ' D)#H/_/ F2-a)#"'5,
ed g /akas/-2#") Fas 1 /a7vj)# s - 1 %/8/F %] )+%# 1 d O/+
a)82+% " D##Id ]+)]2+2" /-

2. . /H:@D>E*? ).-. 1EGOYPESM*?, —.—. 1EGOYPES™®, 2.c. MDM>ES™?,

2.%. cDEZ@SY, 2. :BM;GED>ES 2.2. /H:@D>E® %.2. YIR® #.—. 8J72MASH?
lc@z X9@ J)-)#2R20#+2= B)#6(104%-577<= 672-5042%5%, J@e «S),5+6,\07<=
(241=7 2 [+),)B2;5#+2 R54) . 1#7<5 %5ET),)B22», B. J)-)#2R204+,
2UT#%2%06% 75)0B172;5#+)= E2822 28. P.X. J2+),15-1 >@ LPJ, B. J)-)#2R20#+,
SU7#%2%G6% E2822 %-50()B) %5, ! 2 85E17)E2822 >@ LPJ, B. J)-)#2R204#+,
AUT#%2%G% B2(0) (27182+2 >@ LPJ, B. J)-)#2R204+,

SUH#%2%G% ]2%) ,)B22 2 B575%2+2 >@ LPJ, B. J)-)#2R20#+,
e-mail: andreyoqienko@gmail.com

6&-/:8*/& 0/+5+;230*+;?/ -&=71;?6&**B( @1&@717?+6 (1 _) 07 ;:&? 3-3:C&*/K
/( 5/*719/=/ 17;?6+1&*/K — :1&06B:7>*+ 67J3*7K / 7=?37-Z*7K 0757:7 5-K
H71971867/ :&;=+> *73=/. ""1+96& ?+.+, +.1+9*B> /*781&; ;+ ;?+1+*B H71971&67/:&;=/(
=+9Q@7*/> = ;+057*/ [ / 1706/?/ [ 26(*+-+./>, @+06+-K[ A/ ( @+-3:7?Z O/=1+- / *7*+-
:7;?2/1B ¢ 0757**B9/ 17096179/, ;6K07*, 6 ?7+9 :/;-&, ; 6+017;?7[A&> @+@3-K1*+;?Z[
/. 7-KU/+**+> 28170/ /. X5*7=+, 97-7K 17;?6+1/9+;?Z 6 6+5& /; (+5*B( ;30;?7*1/> 1 _
;3A&;?68**+  +.17*/:/678?  /;@+-20+67*/&  98?+5+6  17;@B-/?8-7*+> -/0+
;30-/971/+**+> ;3C=/ 6;-85;76/8& *&+0(+5/9+;?/ /;071&*/K 6 (+5& @1+1&;;7 0+-ZC/(
+0W89+6 17:?6+1/28-8&>, -/0+ 357-8&*/K 0+-ZC+.+ =+-/:&;?67 -7Z57 ;30-/971/8&>, 7+
@1/6+5/? = ;3A&;?76&**+93 36&-/:&*/ [ 61&9&*/ @1+1&;;7 / 0+-ZC/9 \*&.+07?17?79 *7
&5/*/13 97; ;B @1+53="7.
F 2+ J& 6189K, ;3A&;?68**+& 368-/:8*/& 17;76+1/9+;?/ 9+J&? OB?Z 5+;?/.*37+
6 ;-3:7& /;0+-20+67*/K ;9&;&> -&.=+=/QKATK J/5=+;7Z (7T1&?+*, 5/+=;7*, 26?17./51+-
H317*, \?7*+-) - 6+57. 1-K 9*+_./( @+5+0*B( ;/;?89 (717=?81*+ +0170+67*/& @1/ */0-
=/( ?269@&17?317( =-7?17?*B( ./517?+6 =30/:&;=+> ;?13=?31B Il (*'R-ll, Fd3m,
a~17.1%*, ;?2&(/+98?1/K G-17H,0) (1/;3*+= 1), ;?70/-Z*B( 5+ 5+;?7?+:*+ 6B;+=/( 289-
@&17?231, -7+ 5782 6+09+J*+;?Z 6 *&=+?+1+9 5/7@70+*& =+*1&*?171/> @1+6+5/?Z ;3C=3
01/ ;3A&;?68**+ 0+-&& 6B;+=/( ?2490&17?317(. 1/ \?+9, /;0+-20+67*/& 0+-ZC/( ;=+-
1+;?8> +(-7J58*/K ; +0170+67*/&9 79+1H*B( H70, ; @+;-853[ A/9 357-8*/8&9 17;76+-
1/?6-&> ;30-/971/8&> @+06+-K&? /00&J7?Z 3=130*&*/K +01703[ A/ (GK :7;?/1 6;-85;7-
6/& +?;3?;?76/K =+*?7=27 ; J/5=+> H70+>.
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P/;3%+= 1—F70+67K 5/7.17997 ;/;289B 28217./51+H317* ($VF) — 6+57 (1);
0185;776-8*/8 ;213=231B ./51777 ""'R-11 6 6/58& 307=+6=/ @+-/\51/:&;=/( @+-+;26>
(=71=7; @+;?1+8* /0 O+-8=3- 6+5B; 681C/*B — 77+9B =/;-+1457, 18017 — 6+5+1+5*B§,
-6K0/) (b): H70+67K 5/7.17997 ;/;789B 7182+*-6+57 (#)

_ 71718779+~ (N-(4-./51+=;/H&*/-)71&?79/5) — C/1+=+ /;0+-203&9B> *&*71=+-
2/ :&;=/> T*7-2.8?/=, +=70B67 [ A/> ?7=38& @1+?/6+6+;Q@7-/?8-2*+& / J71+Q+*/IT[ A&k
58>;76/&, K6-K&?;K ?7=3& :7;?+ /;0+-203&9B9 «9+58-7*B9 +0W&=?+9» 6 *73:*+> -/?%-
17731&. T7 @1/9&1& @7171&?79+-7 OB-+ 6B@+-*&*+ 0*7:/28-7*+& =+-/:8&;76+ 170+?, @+-
;6KAE**B( 67J*¢>C/9 01+0-&979 H71971867/ :&;=+> *73=/, ?77=/9 =7=, *7@01/9¢1, @+-
-3:8*/& / 3;?2+>:/6+;?Z @1/ (17*&*// @+-/9+1H*B( 9+5/H/=71/>, /03:&*/& 076/ ;/-
9+;?/ 5/*79/=/ 17;?6+1&*/K +? 1709&1+6 :7;?/1, @+-3:&*/& 6B;+=+5/;@81;*B( @+-
1+C=+6 ;?70/-Z*+> @+-/9+1H*+> 9+5/H/=71// |, @1/.+5*B( 5-K @1K9+.+ @1&;;+67-
*/K; 7 271=3& +?170+?7*B 9&?+5/=/ @+-3:&*/K 9/=1+*/0+67**B( +01701+6 ¢ H/=;/1+-
67**B9O 17;01858-&*/89 170981+6 :7;2/1, 1?7+ 0185;?76-K&? /*?81&; 5-K ;+057*/K 7\1+-
0+-2*B( -&=71;?6&**B( H+19.

T&576*+ *79/ [1, 2] OB-7 @1+589+*;?1/1+67*7 6+09+J*+;?Z /;0+-20+67*/K ;/;-
269B 71&?7+*-6+57 5-K @+-3:&*/K 6B;+=+5/;081;*B( @+1+C=+6 O+*+=-/**+> (@+-/-
9+1H*+> 9+5/H/=71// @71718&?79+-7, @1/.+5*B( 5-K @1&;;+67*/K 080 /;@+-20+67*/K
6;0+9+.726-2*B( 68A&;?6. F ?+ J& 618&9K, ; /;@+-20+67*/89 170-/:*B( 9&?+5+6 0B-+
@+=707*+ [3], :?+ @+-*+.+ +0170+67*/K ./517?7 T1&2+*7 *& @1+/ ; (+5/7.

T7 +;*+67*// 1803-2?7?+6 5/H17=1/+**B( \=;081/98*?+6 (1/;3*+=2) 269@&17-
?231*B& 183/9B ;30-/971/+**+> ;3C=/ 079+1+J&**B( 17;?6+1+6 (@379 17;0B-&*/K
/;(+5%+.+ 17;?6+17 6 &9=+;?Z ; J/5=/9 70+?+9) 0B-/ 6B017*B ?7=/9 +0170+9, :?+0B
*7 =735+> ;?75// ;3C=/ 6 ;/;?69& @1/;3?;?6+67-/ ?+-Z=+ ?68&15B& H70B. _+ 57**B9
;=T*/13[AG> \-&=?1+**+> O/=1+;=+Q// (1/;3*+= 3), @+-3:&**B& +01701B @1&5;?76-
-K[? ;+0+> @-+;=/& :7;?/1B ; -/*&>*B9/ 17098179/ 1-10 9=9., ?+-A/*+> 60-150 *9.,
+OWES/*&**B& 6 7.-+9&177B 17098179/ 30-100 9=9., +01703[ A/&;K 07 ;:&? 357-&*/K
17;?6+1/?28-&> /0 079810C/( =7@&-Z. F/5*+, :?2+ 170981B 7.-+9817?+6, @+-3:&**B(
; *713Ce&*/89 183/97 ;3C=/, ;+(17*K[?;K, +5*7=+ 6;-85;?6/& @1/ ;3?;?6/K J/5=+> H70B
@1+/;(+5/? 3=130*&*/& :7;2/1 ; +0170+67*/89 5+;?7?+:*+ (+1+C+ +.17*¢**B( =1/-
;27--+6 17094179/ 2-10 9=9.
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20, degrees
P/;3*+=2—1/H17=?+.1799B 079+1+J&**B( 17;76+1+6 @7171&?79+-7 6 ;9&;K( 718&7+*-
6+57 (1) / 28217./51+H317*-6+57 (b) @1/ 170-/:*B( 28908172317(. * p +0+0*7:84*B
*1/0+-8&& ;/-2*B& 1&H-&=;B ?1/./51777 @7171&?79+-7

P/:3%4= 3— XO1701B 6B 1 +=+5/0&1: %+ + Q71718279+-7, @+-3:&**B& :30-/971/+%%+>
:3C=+> 079+1+J8**B( 17;26+1+6 6 :98&:/ T182+* p 6+57 (30 97;:. % 6+5B). ;-+6/K
:3C=/: (a, b) — 6B@+-*&*B, (C, d) — *& 6B@+-*&*B. D7;C?70*B> +?180+=: a, c— 100 9=9.;
b, d—209=9

F 2+ J& 6189K, ;/;7897 28717./51+H317%-6+57 (1/;3%+= 1) K6-K&2;K *7/0+-84 /;-
- 85+67**+> 6 (/9// =-1?2177*B( ./5177+6, 6 249 :/:-8& / 6;-85;76/8 @1+;7+?B 170+7B
D %8> — =-T?2177%B> /5177 =1/;27--/0382;K @1/ +(-735&*// /0 .+9+.8&**B( 6+5*B(
17;26+1+6. 1/H17=1/+**B> \=;@81/9&*?, @1+6856**B> ; +01701+9 079+1+J&**+ .+ 17;-
26+17 @7T1718779+-—SVF—6+57 (1/;3%+= 2) ; ;+581I7*/89 SVF, 176*+9 ;+;2763 ./51777
@+=707-, =7+ 6 2890&17731*+9 /*?§167-& +? —120 5+ -20 °C, *7 5/H17=7+.17997( @1/-
-32;263[? 2+-Z=+ 1&8H-8=;B ./51777 $VF / -Z57 |h. $7=/9 +0170+9, +7;3?;76/8& 1&H-&=-
-+6 513.7( H70 *7 5/H17=2+.17998&, 070/ ;7**+> @1/ 229@&17731& -120 °C (*/J& 26908-
17731B @-76-8*/K \628=2/=/ 6 56+>*+> ;/:2898 $VF-6+57), ;6/5828-2;7638? +0 +2;37-
126/ / @+-/=1/;27--/ :8;=+> H10B $VF 6 /;;-85389+9 +017018. a;-/ @1850+-+3/?Z, 17+
@1/ *7C/( 3;-+6/K( \=;081/98*77 @1+/;(+5/? +0170467*/& T9+1H*+> HT0B $VF, 2+
0818;8:8%/8 H/.3172/6%+> 24+:=+> (F$) ;/;269B -/*// @-16-8*/K \628=2/=/ @1/68-+
OB = ;*/J8*/ [ /*%%;/6%+;2/ (-/0+ /;:80%+68*/[) 18H-8=;+6 -Z57 Ih 6;-85;76/8 @+-
K6-8*/K 6 ;/;2898 J/5=+> H70B (F$ @+075782 /0 @+-K | 6 @+-8& |1, P/;3%+= 2) / *§=+7+-
1493 @+5*K2/ [ H+*+6+> -/*// *7 5/H17=2+.17998, 070/ ;7**+> @1/ -100 °C. X5*7=+,
*[=T=/( J098*&*/> 68/ :/* [*2*:/6%+;28%> 18H-8&=;+6 -Z57 |h *7 5/H17=7+.17998,
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07@/;7**+> @1/ -100 °C, 07H/=;/1+67*+ *& 0B-+. $7=/9 +0170+9, @+K6-8*/& 1&H-8=;+6
-Z57 |h 9B ;6K0B6789 ; :7;?/:*B9 /;0718&*/89 $VF 6 @1+14&;;& 17;@B-&*/K. R-&5+67-
28-7*+, @1/ /;0+-20+67*// 6BO17**B( *79/ 3;-+6/K( +(-7I5&*/K /;(+5*+.+ 17;?76+17
(;?21+.+ ;+;?767 ./517?7), ¥$ ;/;269B @+@7578? 6 @+-& Il (1/;3*+= 2); @+K6-&*/& I/5-
=+> H70B 6 \?+9 5/7@70+*& =+*18*?171/> @1+/0+>5&? ?+-Z=+ @1/ @&1&;&:8*// -/*//
@-76-8*/K \626=2/=/ 6 @+5;/;?698& -&5 |h p ./517? $VF @1/ 269@&17?31& +=+-+ -1 °C
(17;3*+=2).

""1+98& ?+.+, ;-85382 +;+0+ +79&?/?7 @18/93A&;?67 /;@+-Z0+67*/K 6 =7:&;?6&
;9&;/ 17;26+1/?8-&> ;/;?89B $VF-6+57 @+ ;176%&*/[ ; ;/;?89+> T1&?+*-6+57: 6+-
@&16B(, *& @1+/;(+5/? +0170+67*/K @1+9&J3?+:*B( H70, 6 =7:&;?76& =+9@+*&*?7 =+?+-
1B( 6B;?3@7&? =7= 9/*/939, +5/* /0 /;0+-20389B( =+9@+*&*?+6 ;9&;/ 17;?6+1/?8-&>;
6+-6?7+1B(, /98&&?;K 6+09+J*+;?Z 170+?B 6 *&=+?+1+9 /*?2%167-& =+*1&*?171/> $VF,
@+06+-K[A&9 @1+6+5/7Z ;3C=3 @1/ ;3A&;?6&**+ 0+-8&& 6B;+=/( 269@&17?317(, -7+ *&-
6+09+J*+ @1/ /;@+-20+67*// 6 =7:&;76& ;9&;/ 17;?6+1/?8-8&> ;/;?269B 71&?+* —6+57
6;-85;76/8& /*=+*_138*?*+.+ @-76-&*/K =-7?17?*+.+ /517?27 T1&?+*7 / @&1&(+57 F$
;/;789B 6 @+-& -&5 [h-0+.727K 718&?+*+9 J/5=+;7Z |, (@+-& ( *7 1/;3*=& 1(#)), -7+ *7-
=-75B67&? J&;?=/& ?180+67*/K *7 ;+0- [ 5&*/& 1&J3/9+6 ;3C=/.

1/ \7+9, 6 +?-/:/8& +? +01701+6 @7171&?79+-7, @+-3:&**B( ; /;0+-20+67*/&9
;/;?289B T182+*-6457 6 =7:8&;768 17;?6+1/728-8&>, +01701B @71718&?79+-7, @+-3:8**B&
; /;0+-20+67*/89 ;9&;/ 17;76+1/?6-8> $VF-6+57, 0185;?76-K[? ;+0+> :1806B:7>*+
-&.=/& @3C/;?B& @+1+C=/. T7 1/;3*=& 4 /- ;?1/1+67*7 170*/17 *7;B0*B( +OW&9+6
/;(#5*%+> ;30;?7*1// / 6B;+=+5/;@81;*+.+ @71718?79+-7, @+-3:&**+.+ 6 57**+> 170+24.

5&-Z*7K @-+AT75Z @+6&1(*+;?/ +01701+6 @7171&?79+-7, 6B:/;-&**7K @+ ;+10-
1///58&;+101// Ny, +=707-7;Z 176*+>: @+-3:&**B> *79/ — 2,43+0,06 97.., /; (+5*7K ;30-
:27*1/K—0,13+0,0197..

[ e o o o o O B e T IO
0 1 2 3 4 5 6§ 7 & 9% N L B

n u 1

P/;3*+= 4 —R176*&*/& *7;B@*B( +OW&9+6 @+-3:8&**+.+ 6 57**+> 170+?&
6B;+=+5/;081;*+.+ @7171&?79+-7 / /; (+5*+> ;30;?77*1//. T76&;=/ @+ 1,0 ..

_+ 57**B9 ;=7*/13[A&> \-&=?1+**+> 9/=1+;=+@//, @+-3:&**B& *79/ +01701B
6B;+=+5/;081;*+.+ @7171&?79+-7 @©1&5;?76-K[? ;+0+> 7.-+9&17?B 6 6/5& @+1/;?B(
C71+6 ; 17094179/ 30-70 9=9., +0170+676C/ (;K @1/ 357-&*// 17;?6+1/?&-&> ;30-/97-
178> /0 07910C/ ( =70&-Z, @+-3:7T[A/(GK @1/ /;0+-20+67*// 0+-ZC/( ;=+1+;28> +(-
=7358*/K /;(+5%+.+ 17;76+17. #B-+ +?9&:8&*+, :?+ 573& @1/ +:&*Z ;-70+9 9&(7*/:&-
;=19 6+056>;76// (0&1&;B@7*/& +017017 6 O[=;& @1/ &.+ @&1&6+17:/67*//; 17;?/17*/&
C@776-89) @1+/;(+5/? 17013CE&*/8& 7.-+98&172+6 *7 ;+;?276-K[A/& /( @-+;=/& :7;?/1B ;
-/*&>*B9/ 17098179/ 2-4 9=9. / ?+-A/*+> +=+-+ 100 *9 (1/;3*+=5).

R+6;89 *8576*+ ;(+J&.+ 1709417 / H+19B :7;?/1B @7171&?79+-7 0B-/ @+-3:&-
*B /0 \?7*+-2*+_+ 17;?6+17 ; /;0+-20+67*/&9 ;681(=1/7?/:&;=+.+ CO; [4]. g+?K 76?+1B
[4] 170+?7-/ c 0+-&& 170076-&**B9/ 17;?6+179/ (~25./=. 17;76+1/?¢-K; 3 *7;
~ 130 ./=.), 1709&1B :7;?/1, +01703[ A/ (;K @+;-& 17013C&*/K «C71+6» @7171&?79+-7 6
57**+> 170+7¢&, ;+6@757[? ; @+-3:&**B9/ ; /;@+-20+67*/&9 ;681(=1/?/:&;=+.+ COs..
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P/;3*+=5-X01701B 6B;+=+5/;@&1;*+.+ @7171&?79+-7 (a- d), @+-3:&**B&
;30-/971/+**+> ;3C=+> 079+1+J&**B( 17;?6+1+6 @7171&?79+-7 (11 97;;. %) 6 ;9&;/
$VF - 6+57 (80 97;;. % 6+5B) 6 ;176*&*// ; 0+-/=1/;?7--/:&;=/9 +01701+9 /; (+5*+>

;30;?7*1// (5). D7;C?70*B> +?180+=: a, e— 100 9=9.; b—50 9=9.; #, d — 20 9=9.

F ?+ J& 61&9K, 5-K +01701+6, @+-3:&**B( ; /;@+-20+67**+> ;/;?269B 17;?6+1/-
28-8> T18?+*-6+57 (~ 440 ./=. 17;?6+1/?8-K), *& 0B-+ (717=281*+ -&.=+& 17013C&*/& 7.-
-+98172+6 / ?7=3& *& *70-[57-+;Z ;3A&;?68**+.+ 36&-/:&*/K @-+A75/ @+6&1(*+;?/.
113./9/ ;-+679/, :89 0+-ZC&& =+-/:8&;?6+ /; (+5*+.+ 1 _ 6 079810C&> =7@-&, ?&9 0+-&&
@-+?*B9 / @1+:*B9 @+-3:7&7;K /?2+.+6B> 7.-+9817?. F ?+ J& 6189K, =+*18*?171// 17-
0+:/( 17;?6+1+6 1&7-Z*B( +OW&=?+6 +J/5769+ 0353? ;3A&;?6&**+ */J& 6;-85;?6/& 97-
-+> 17;26+1/9+;?/ /;(+5*B( ;30;?7*1/> 6 6B017**+> ;9&;/ 17;?6+1/28-&>. +\?+93
5-K @1+6&1=/ 6+09+J*+;?/ @+-3:&*/K 6B;+=+5/;@&1*B( :7;?/1 080 5+@+-*/?&-Z*+.+
17013C&*/K 7.-+9&17?+6, 9B /;@+-20+67-/ =+*1&*?171/ @7171&?79+-7 6 17;?6+14,
*7/0+-8& 0-/0=3[ = =+*1&*?171/K9 1 _ (~10./=. 17;?6+1/?6-K), 5-K 3-3:C&*/K 0/+-
5+;?3@*+;?/ =+?+1B( *&+0(+5/9+ @+-3:&*/8& 6B;+=+5/;@&1;*B( H+19. + 57**B9 ;=7-
*/13[A&> \-&=?1+**+> O/=1+;=+@//, 0+-3:&**B& *79/ +01701B 6B;+=+5/;@8&1;*+.+
@71718279+-7 @185;?76-K[? ;+0+> ;+6+=3@*+;?Z +?58-Z*B( @-+;=/( :7;?/1 17098179/
1-49=9 (1/;3*+=6).

P/;3%+= 6— X01701B 6B;+=+5/;081;*+.+ @71718279+-7, @+-3:8**B& ;30-/97 1/+**+>
:3C=+> 079+1+J8**B( 17;76+1+6 @71718279+-7 (~ 1 97;;. %) 6 ;98;/ SVF p 6+57
(80 97;:. % 6+5B). D7;C270*B> +?180+=: a— 30 9=9.: b— 10 9=9.

$7=/9 +0170+9, @+=707*+, :?+ /;@+-20+67*/& 6 =7:&;?6& 17;?6+1/76-K 563(=+9-
@+*&*?7*+> ;98&;/ -&.=+=/@KATK I/5=+;7Z — 6+57 ; =-7?177++0170+67*/&9 @+06+-K&?,
6+-@816B(, 36&-7/:/?Z =+*1&*?170/ 170+:/( 17;?6+1+6 N1_ 5-K @1/.+?+6-&*/K
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9/=1+*/0+67**B( +01701+6 ; /;@+-Z0+67*/&9 170-/:*B( 671/7*7+6 ;30-/971/+**+>
;3C=/, 7 6+-67+1B(, @1+6+5/7Z 357-&*/& 17;76+1/?&-&> ;30-/971/&> @1/ ;3A&;?6&**+
0+-&& 6B;+=/( ?&9@&177317(, -7+ @+06+-K&? ;3A&;?68**+ ;+=17?/7Z 61&9K ;3C=/, 7+
11806B:7>*+ 67J*+ 5-K 28(*+-+./:&;=+.+ @1/9¢*&*/K. DB @1&5@+-7.7&9, 7+ 57**B>
98745, +;*+67**B> *7 ;30-/971/+**+> ;3C=& 079+1+J&**B( 17;76+1+6, @1/.+?+6-&*-
*B( /0 ;984CT**B( 6+5*+-+1.7*%/:&;=/( 17;?76+1/?8-&>, @+06+-/? @+-3:7?Z 6B;+=+5/;-
0&1;*B& H+19B ; 3-3:C&**B9/ (717=?61/;?/=79/ 77=3& / 5-K C/1+=+.+ =13.7 513./(
-&=71;768**B( @1&@717?+6.

L6?+1B 0-7.+571K? cLX «L-?7>6/?79/*B» 07 -[0&0*+ @1&5+;?76-&**3[ ;30-
;271 @71718779+-7. P70+77 0B-7 6B@+-*&*7 @1/ @+55€1J=& N*?&.171/+**+.+ @1+-
&=?7 r 109 RX PLT / @1+&=77 21.44 _140/5/397 PLT.

a:?0PM?JPM

1. X./&*=+, L.V., #+-5B1&67, a.F., D7*7=+6, L., 7=7589/= #+-5B1&6, F.F.,
D/(7>-&*=+, D.L., ™"*+C&6, L.R., X./&*=+, L.L., L*:71+6, L.N., L:=7;+6, L.F., N-Z-
5K=+6, L.F., #315/*, L.L., $397*+6, T.L., R?+@+1&6, L.R., "*3?7&6, T.F. T+6B> ;@+;+0
@+-3:&*/K 6B;+=+5/;@81;*+.+ @7171&?79+-7 5-K @1&;;+67*/K 0&0 *7@+-*/?&-&>. I/
TLT.-2011. - $. 437. —R. 785-788.

2. X /&*=+, L.V., #+-5B1&67, a.F., D7*7=+6, L., #+-5B1&6, F.F., D/ (7>-&*=+,
D.L., ™*+C¢&6, L.R., X./&*=+, L.L., L*:71+6, L.N., L:=7;+6, L.F., N-Z5K=+6, L.F.,
#315/*, L.L., $397*+6, T.L., R?+@+18&6,L.R., ""3?786, T.F. c7K6=7 *7 @+-3:&*/& @728*?7
PF «R@+;+0 @+-3:&*/K 6B;+=+5/;@81;*+.+ @7171&?79+-7».

3. Ogienko, L.G., Boldyreva, a.V., Manakov, L.Yu., Boldyrev, V.V., Mikhailenko,
D.L., Yunoshev, L.S., Ogienko, L.L., Ancharov, L.l., Achkasov, A.F. A new method of
producing monoclinic paracetamol suitable for direct compression. // Pharm. Res. — 6 @&:7?/.

4. Baldyga J., Kubicki D., Shekunov B.Y ., Smith K.B. Mixing effects on particle for-
mation in supercritical fluids. // Chem. Eng. Res. Des. — 2010. —V.88. — P.1131-1141.

“p%a) F/-2#"") J+/F78" /- 8/#F)H%2h""""
#)8/ /+0d 24/a/-%_a*/8%2a)

.C. 8MPE<sSM, 2.%. JE?M[ES, 2."". dGE@TD:>ES, ]."". %:XD>E
P,%1=#+2=B)#G(10#%-577<= G72-50#2%5%, B. V10716, , karoseva@mail.ru.

g&-7?++01703[A/& @/170+-;+581J7A/& -/ .7*5B @185;?76-K[[? /*?61&; 5-K @+-
-3:8*%/K =+90@-8=;*B( ;+85/*8*/>, +0-T5T[ A/ ( =1?77-/?/:8;=+> / Of+-+./:8;=+> T=-
?/6%+;2Z[, 7 ?7=3& 97.*/?7*B9/ ;6+>;7679/ [1, 2].

L-=8*/-0798A&**B& 70+-B 6;?1&:7[?;K 6 @L/1+5*B( ;+&5/*&*/K(, ?7= J& 9+-
.3? /;@+-20+677Z;K 6 =7:8&;76& =17;/78-8>, 9+*+981+6 5-K @+-3:&*/K @+-/981+6 / ;/*-
282/ :8;=/ ( /*?81985/77+6 [3].

L-=%*B, ;+5&1J7A/& 567 / 0+-&& @/170+-Z*B( =+-Z17 / @+?8&*1/7-7*+ +0-7-
57T[A/& 081&:/;-4**B9/ 6BCé& ;6+>;?679/, 6 -/?817?31& *& +@/;7*B. _+\?+93 17017-
0+?=7 ;@+;+0+6 /( @+-3:&*/K @18&5;?76-K&? 0+-ZC+> *73:*B> /*?81¢&;.

_/170+-;4581J7A/& 7-=8*B 9+J*+ @+-3:/7Z, *701/9&1, /0 1,2-5/.7-+.&*-
@1+/06+5*B( \?7*7. F ;6K0/ ; \?/9 1&-Z[ 57**+> 170+?B K6-K&?;K 170170+?=7 ;@+;+0+6
@+-3:8*/K 1,2-0/;(@/170+--1-/-)-1,2-5/(-+1\?7*+6 / /;;-85+67*/8& /( 1&7=1/+**+>
;@+;+0%+;2/ 6 1&7=1/K( \-/9/*/1+67*/K. 1,2-V/(-+1\?7*B 5+;?77+:*+ -&.=+ ;/*280/-
1+67?Z 607/9+58>;76/89 1,2-5/+-+6 ; 2/+*/-(-+1/5+9. V/+-B -&.=+ +01703[?;K @1/
607/9+58>;?6// 0/170+-+6 ; .-/+=;7-89 6 01/;3?;76// ;+-K*+>=/;-+?B 6 5/+=;7*& [4].
T79/ 0B-+ 3;?7*+6-&*+, -2+ 57**3[ 1&7=1/ [ 9+JI*+ @1+6+5/?Z 6 \?7*+-& 0&0 =7?7-/07-
2+17 @1/ =+9*7?7*+> 269@8&17?31& (R(&97 1, 1/;3*+=1). i?/9 ;@+;+0+9 0B-/ @+-3:&*B
/06&;?*B& 5/+-B (1,111), 7 27=3& *&/06&;?*B& 17*&& (I1,1V).
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(@]
N\ o+ N\ - N,
g N \\O EtOH \ / \ /
N N N
IL R >—< R3
Ry=H,R,=H, I HO ©oH
R{=CH4,Ro=H, i

R1=CH3,R2=CH3, 111
R1=C6H 5,R2=H, v

Cxema 1

P/;3%+= 1— R(&97 @+-3:&*/K /06&;7*B( 5/+-+6 (1,111),
7 27=J8& *&/068;2*B( 17*8& (I1,IV)

_ +-3:8**B& ;+&5/*&*/K I-IV K6-K[?;K 3;?+>:/6B9/. FB(+5 /( 5+;?7?+:*+ 6B-
;+=/>+? 84 %5+ 98 %. 0=/> /*?8167- 2690817731 @-76-&*/K ;6/58?&-2;7638? + 6B ;+-
=+> ;280&*/ :/;?+?B 57**B( @1+53=?+6. NO 6;&( dDP - ;@&=?1+6 5/+-+6 6/5*+, :?+ 6
17;76+1& +*/ *7(+5K?;K 6 176*+6&;// ; /;(+5*B9/ 6&A&;?679/).

17**B& N** p ;@&=?1+;=+@/ :&=+.+ 7*7-/07 @+5?6&1I57 [ ? ;?13=7313 @+-3:&**B(
(+85/%8*/>. F ;08=717( @1/;3?;?63[? C/1+=/& @+-+;B 6 +0-7;2/ 3200-3100 ;9" ;++?-
6&?;?63[ A/& 67-&*?*B9 =+-&07*/K9 XT-.1300. R9&A&*/& \?/( @+-+; @+.-+A&*/K
6 +0-7;?Z */0=/( :7;?+? +0OWK;*K&?;K +0170+67*/8&9 6+5+1+5*B( ;6K0&>. F N*" ;@&=217(
/%2607 1+67**B( @/170+-;+581I7TA/ ( 5/+-+6 071&.7;?1/1+67*B @+-+;B +;*+6*B( (7-
17=2617;?/ :&;=/ ( =+-807*/> .&281+1/=-7. 16& /*?6*;/6*B( @+-+;B @+.-+A&*/K +=+-+
1550 p 1510 / 1450 p 1360 ;9-1 ;++?6&?;?63[? 67-&*?*B9 =+-&07*/K9 @/170+-Z*+.+
=+-Z17 (npz). F N** ;@8=?1& 5/+-+6 0B-7 ?7=J& 071&./;?1/1+67*7 ?1&?ZK @+-+;7 67-&*?-
*B( =+-8407*/> =+-Z17 @1/ 1680 p 1620 ;9. +-+;B SBCTA/( =+-&07*/> @/170+-7*+.+
=+-Z17 *7(+5K?;K 6 +0-7;2/ 1060 p 1010 ;97 7 @+-+;B 6%8@-+;=+;?*B( 5&H+1971/+*-
*B( =+-&07*/> =+-Z17 (b=+-Z17) 770 p 740 ;9-1. F N** ;@&=?1& ?7=J& *70- [ 57&?;K (7-
17=281*7K /*?28*;/6*7TK @+-+;7 @+.-+A&*/K @1/ 1100 ;9-1, ;++?68&?;?63 [ A7K 67-&*?*B9
=+-807*/K9 ;6K0/ C-O.
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F ;-3:7& 3(5)-9&?/-@/170+-7 / 3(5)-H&*/-0/170+-7 @1/ ;+&5/*&* /& @/170+-2*+._+
1/=-7 @+ =710+*/-2*+> .1300& @1+/; (+5/? @1&/93A&;?6&**+ ; 3:7;?/89 7?+9+6 70+?7 6
@+-+J8&*// 1 @/170+-Z*%+.+ =+-Z17, -7+ ;+.-7;38?;K ; -/?817?31*B9/ 57**B9/ @+ 607/-
9+5&>;?6/ [ @/170+-+6 ; H+197-/*+9 (R(&97 2, 1/;3*+=3) [5, €].

R

\'/OH
R = CHj;, CgHs

Cxema 2

P/;3*+=3-R(&97 @1/;+85/*&*/K @/170+-Z2*+.+ 1 /=-T7 @+ =710+*/-2*+> .1300&

#B-+ /;;-85+67*+ 6-/K*/& *7-/:/K 17;?26+1/?&-K *7 @1+?6=7*/& 1&7=1// 079¢-
A&*/K ; 2/+*/-(-+1/5+9 @1/6+5KA&> = +0170+67*/ [ 1,2-5/(-+1@1+/06+5*B(. F (+5&
1&7=1//, =+?+17K @1+6+5/-7;Z 080 17;?6+1/?¢-K / 6 0&*0+-& @1/ ?&9@&17?31& =/@&*/K
17;?6+1/?28-K, 0B-/ @+-3:4*B 5/ (-+1@1+/06+5*B& (R(&97 3, 1/;3*+=4).

\N N/ \N N/

HO OH
R{=H, R,=H, v <l cl
R1=CH3, R2=H, VI
R1:CH3, R2:CH3, VIl
R1=CgH 5, Ry=H, VIl
Cxema 3

P/;3%+= 4—R(&97 187=1// 0798A&*/K @1/6+5KA&> = +0170+67*/ [
1,2-5/ (~+101+/06+5*B(

V7**B&\?/( ;+85/*¢&*/> / 3;-+6/K /( @+-3:&*/K @1/6&5&*B 6 ?70-/1& 1.

NO ?70-/1B 1 6/5*+, 2+ *7-/:/& 17;?6+1/?&-K 0*7:/7&-Z*+ 6-/K&? *7 6B(+5
/ /;?7+?3 @1+453=?+6 1&7=1// 079&A&*/K. F 08&*0+-& 6B(+5 39&*ZCT7&?;K, *+ ;28@&*Z
:/;?747B 0+-3:8**B( 01+53=7+6 *79*+.+ 6BC&. $7=J& 0B-+ +?798&:&*+, 17+ ; 36&-/:&*/&9
+OW&97 079&;?/?8-&> 6B(+5 398*ZCT767;K. F&I+K?*+, \?+ +0WK;*K&?;K @1+;?17*;76&*-
*B9/ (07?135*&*/K9/ 079&;?/?8-&>. R-&53&? +?9&?/7Z, :?7+ @1+53=?B VI, VII, VIII
018&5;?76-K[? ;+0+> +5/* 5/7;281&+9&1, *7 7+ 3=70B67&? 30=7K ?&9@&17?317 @-76-&*/K
/ ;06=?1 dDP (;?1+=/ v 4,5 ,6, 86 ?70-/1& 1). X;?7-2*B& @1+53=7B K6-K[?;K ;9&;ZL
5/7;2618+98&1+6. N( ;++?*+C&*/& ?7=3& 0B-+ 3;?7*+6-&*+ /0 ;@&=71+6 dDP.
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$70-/171— ;-+6/K @1+6&5&*/K 1&7=1//

C198:;2/%-Z | . R++7%+C&*/8
R: R, ’ FB(+5, o $o-76- O+;-& | 5/7;7618+981+6

d ng;/ | % o100 "R go1g=1.°R | (5+ /7 @+1-8 081&-

' =1/;71--/1)

1 [H H |- 98 174-191 [ 174-186 | 60:40, 58:42

2 [H H | #*0+- |69 175-183 [ 179-187 | 60:40

3 [CHs [H |- 45 - 164" 78:22, 100

4 |CHs [H [#&*0+- |55 172-176 [ 190-191 100

5 [CHs: [RHg |- o1 - 196-200 [ 100

6 |[CHs |CHs | #8*0+- |46 198-208 [ 215-216 | 100

7 [CHs [H |- 92 207-208 | 217-218 | 77:23, 100

8 [CeHs |H |#*0+- |25 209-210 |- 100

_+;-8 0818=1/;77--/0T1// @+-3:8**B( 5/(-+101+/06+5*B( @/170+-7 ;++7*+-
C8&*/8& 5/7;281/+961+6 @17=2/:8;=/ *& /09&*/-+;Z(0B-+ 60:40, ;?7-+ 58:42), R++7*+-
C8&*/8& 5/7;281/+981+6 6B:/;-K-/ =T= +7%+C8*/8& /%% 17-Z*B( /*2>;/6%+;28> ;/ .*T-
46 QL+7+%46 6 @+-+I&*// 4 Q/1704-7%+.+ =+-Z17. #B-+ 0798:&*+, 17+ 6 563( ;+85/-
*§*/K( (;71+=7 3/ 7) @+;-& 0818=1/;77--/071// OB- 6B5&-&* +5/* 5/7;281/+981, 17+
@+576841J57[? dDP ;@8=71B. 1-K @+-3:8*/K @/170+-;+581I7A/( 7-=6*+6 OB-7 @1+68-
58*7 187=1/K \-/9/*/1+67*/K @+5 58>;?6/89 ./51+=;/57 =7-/K 6 \?7*+-§ (R(897 4, 1/-
-3%+=5),

L/ LA A
L SN e = N
SO EG T

N—__

R \ |

N

Ry
Cxema 4

P/;3*+=5—-R(&97 1&7=1// \-/9/*/1+67*/K @+5 5&>;76/89 ./51+=;/57 =7-/K 6 \?7*+-&

X0170+67*/& @1&50+-7.769B( @1+53=?+6 1&7=1// 5+=70B67&? dDP p ;0&=?1B. F
;-3:78 R1=CH3, R.=CH3 N R;=CgHs, Ro=H 57**7K 1&7=1/K *& @1+?8=7-7, + :n9 ;6/58-
26-72;763[[? 57**Bé& ;@&=?1+6 dDP. _+-6/5/9+93, \?+ ;6K07*+ ; */0=+> 17;?6+1/9+;?Z[
5/(-+1@1+/06+5*B( VII / VIII 6 \?7*+-&,7 ?7=3& /0-07 0+-ZC+.+ +0W&97 079¢&;?/?8-&>.

$7=/9 +0170+9, 6 57**+> 170+?& 0B-/ @+-3:8*B /06&;?*B& 17*8& / *+6B& @/17-
0+-;+581J7A/& 5/+-B, /;;-85+67*+ 6-/K*/& 17;?6+1/76-K *7 @1+?8=7*/& /( 1&7=1/7/ ;
?2/+*/-(-+1/5+9 ; +0170+67*/&9 1,2-5/(-+101+/06+5*B(. _+ 1&7=1// \-/9/*/1+67*/K
/05/(-+1@1+/06+5*B( 0B-/ @+-3:&*B *&/06&;?*B& 17*&& @/170+-;+5&1JI7A/8& T-=*B,
@185;?76-K[ AZ& /*?81&; 6 =7:&;?6& -/.7*5+6 5-K ;/*?2807 =+9@-&=;*B( ;+&5/*&*/>
/ @+-3:&*/K513./( @/170+-;+581I7TA/ ( ;+85/*&*/>.

a:?0PM?JPM

1. Pettinari C., Pettinari R. Coord. Chem. Rev. 2005. 249. 663.
2. Dalton Transactions. 2009. 4488-4498, r 23.

3. Synthesis 2010. ¥ 24. 4131-4153.
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