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REAGENT AND INSTRUMENTAL PROBLEM SOLUTION OF HIGH  
VISCOSITY DEMULSIFICATION OIL PRODUCED IN THE YAREGA FIELD 

V.V. Popov 

Gubkin Russian State University of Oil and Gas, Moscow, Russian Federation

The growing demand for motor fuels outperforming traditional exploration and development of oil reserves. 
And to compensate for the gap in the modern world possible through the development of fields with hard oil re-
serves, such as the Canadian oil sands, Venezuelan heavy oil, as well as various kinds of heavy oil and natural 
bitumen. At present the situation in Russia, to a lesser extent, but also follows this trend. One of the key issues at 
the stage of production, transportation and processing of heavy oil are the difficulties associated with the separa-
tion of water from this kind of material. Much of this problem is due to method of extraction (extraction of subsur-
face superheated steam, in-situ combustion, mining, open pit method). This article describes the features of the 
distribution of fine globules of water in high-Yaregskaya oil (due to the displacement of its vapor from the reservoir). 
Are methods of conducting research on the allocation of stepped natural emulsion stabilizers. Based on the data 
selection was made demulsifiers commodity forms that have to cope with the destruction Book shells of this kind, 
and also studied the effect of components of demulsifiers on speed "drop" of water. As a result, the samples were 
upgraded product demulsifiers brand Hercules pilot batch of which the results of the SPR has successfully coped 
with an increase of water content and chloride Yaregskaya oil to market standard. But with the rise in oil loading 
efficiency demulsifiers decreased, indicating deficiencies in the hardware design process. The study of the dielec-
tric and viscosity of oil depending on the temperature of processing methods have been proposed and designed 
the required power electrical electric dehydrators, which guarantees stable operation in dewatering of heavy oil at a 
volume supply up to 0.2 vol / h on the amount of equipment for settling. 

Key-words: extra-heavy oil, oil treatment for refinement on the field and oil refinery, deemulsifying agents, electric 
dehydrator, emulsions, natural equalizer of emulsions, methodology of equalizer extraction, compounds of  deemulsify-
ing agents, dielectric oil characteristics. 
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0.!1!$+!

?G'&8&.):8/) *!90$ :/*(#/!0 '.&!
#!'0& . &FJ!# ")-= H*!"5&*&'(0!,!I,
( . E&',!-*(! 5&-G E"&F,!#/#, '.):/*-
*G# ' !K -&FG;!I, 0"/*'E&"0("&.8&I
( E!"!"/F&08&I, =-!,)!0') .'K F&,$6!
.*(#/*(). L0& *! =-(.(0!,$*&, 0/8 8/8
E"( E"(#!*!*(( '&."!#!**G< 0!<*&,&5(I
8&H99(>(!*0 (:.,!;!*() 0/8&I *!90(
#&+!0 '&'0/.,)0$ -& 60–80 % (E"( "/:-
.!-/**G< :/E/'/< E&")-8/ 350 #,"- 0)
[1]. @ !',( -&'0/0&;*& H99!80(.*G!
'E&'&FG -&FG;( ( E!"!"/F&08( E&-&F-
*&5& 'G"$) &E"&F&./*G ( E&.'!#!'0*&
"/'E"&'0"/*!*G */ 1/E/-! ( . %&''((,
0& &0-!,!*(! .&-G &0 *!90( ( E&-5&0&.-
8/ !K 8 E!"!"/F&08! 0"!F=M0 -&E&,*(-
0!,$*&5& (:=;!*(). ?& #*&5&# H0/ E"&-
F,!#/ &F=',&.,!*/ 'E&'&F&# -&FG;(
((:.,!;!*(! (: *!-" E!"!5"!0G# .&-)-
*G# E/"&#, .*=0"(E,/'0&.G# 5&"!*(!#,
6/<0*G#, 8/"$!"*G# #!0&-&#).
4/(F&,$6(I &EG0 E"(#!*!*() 6/<0-

*&5& (' 1939 5.) ( 0!"#&6/<0*&5& (' 1968 5.)
'E&'&F&. "/:"/F&08( :/,!+( .G'&8&.):8&I
*!90( */8&E,!* */ N"!5'8&# #!'0&"&+-!-
*(( %!'E=F,(8( 7&#(. ? */'0&)J!! ."!#)
0)+!,/) *!90$ (ρ = 0,944 5/'#3) -&FG./!0')
*/ 0"!< *!90!6/<0/< ' E/"&0!E,&.G# .&:-
-!I'0.(!# */ E,/'0 (E"(;K# 8&H99(>(!*0
(:.,!;!*() *!90( (7@4) */ &0-!,$*G<
=;/'08/< -&'0(5/!0 68–72 %), 0.!. ;!"!: 'E!-
>(/,$*=M '('0!#= '8./+(* . E,/'0 */5*!-
0/!0') E/", / ' E&#&J$M 'F&"*(8&. ( 5/,!-
"!I .*=0"( 6/<0G "/:&5"!0/) *!90$ ' '&-
-!"+/*(!# .&-G -& 70 % (: */8,&**G<
'8./+(* '/#&0!8&# E&'0=E/!0 . :=#E9,

. 8&0&"&# &0'0/(./!0') '.&F&-*/) .&-/.

@: *!5& *!90$ */'&'&# &08/;(./!0') . E!'-
8&,&.=68=, 5-! &'/+-/!0') &'*&.*/) #/''/
#!<E"(#!'!I, E& #!"! :/E&,*!*() 8&0&"&I
*!90$ E& ,&08/# '0!8/!0 . *!90!,&.=68=
-,) -&&0-!,!*() .&-G ( #!</*(;!'8(<
E"(#!'!I. @: *!K *!90$ */'&'/#( E!"!8/-
;(./!0') */ E&.!"<*&'0$ -,) -&E&,*(0!,$-
*&5& &0'0/(./*() E"( 75–90 °O . 0!;!*(!
6–12 ; [2]. 1/0!# *!90$ ' '&-!"+/*(!#
7–24 % .&-G */'&'&# E!"!8/;(./!0')
. 0!<*&,&5(;!'8(! !#8&'0(. 4/ E"(!#
*/'&'&. E&-/!0') "!/5!*0--!H#=,$5/0&"
(O4 P-48102 */ 1-I ( 3-I 6/<0/<
( O4 P-4480 – */ 2-I) . 8&,(;!'0.! -&
150 5/0. ?&-/ (: &0'0&I*(8&. ( 0!<*&,&5(-

;!'8(< !#8&'0!I */ >!*0"/,$*&I '0/*>((
*!90!E&-5&0&.8( 'F"/'G./!0') . .&-&-

'F&"*(8, ( ;/'0$ !K :/8/;(./!0') . E,/'0,
/ ;/'0$ – . &0"/F&0/**G! =8,&*G.  &',!
&0'0&) *!90$ ' '&-!"+/*(!# .&-G -& 7 % 

E&"6*!.G# */'&'&# &08/;(./!0') */ *!9-

0!F/:= . 0!<*&,&5(;!'8(! "!:!".=/"G, 5-!
E"&('<&-(0 &0'0&I E,/'0&.&I .&-G E"(
t = 65–70 °O . 0!;!*(! 24 ;. 30'0&).6/)')
E,/'0&./) .&-/ 'F"/'G./!0') . E!".GI &0-
'!8 *!90!,&.=68( 4Q-1, / *!90$ &F.&--
*!**&'0$M 0,4–4,2 % +!,!:*&-&"&+*G#(
>('0!"*/#( 0"/*'E&"0("=!0') */ A<0(*-

'8(I *!90!E!"!"/F/0G./MJ(I :/.&- (4 1).
R/8(# &F"/:&#, &'*&.*/) '('0!#/

'F&"/ *!90( */ E"&#G',! *!5!"#!0(:(-

"&./*/ ( "/'E&,&+!*/ .*=0"( 6/<0; &F-

J!! ."!#) &0'0&) . *!90!6/<0/< ( . "!-
:!".=/"*&# E/"8! – &8&,& 48 ;; '"!-*(I
"/'<&- .&-&"/'0.&"(#&5& -!H#=,$5/0&"/
*/ E"&#G',! -&'0(5/!0 150 5/0.  "( H0&#
=-/!0') (:F/.(0$') ,(6$ &0 8"=E*&-('E!"'-
*&I .&-G, / #!,$;/I6(! 8/E,( H#=,$'((,

%('. 1. O!-(#!*0&5"/##/ )"!5'8&I *!90(
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"/'E"!-!,!*(! 8&0&"&I E"!-'0/.,!*&
*/ "('. 1, E&E/-/M0 */ A<0(*'8(I 4 1,

( =-/,!*(! 0/8&I .&-G ).,)!0') 8"/I*!
',&+*&I :/-/;!I.

233,!1&.-$+! 34-5+,+6-4&#&.

.&1&$!748$&) 9:;,<3++

.=3&%&.86%&) 8#!(3%&) $!74+

L99!80(.*&'0$ E"&#G.8( *!90( .&-

-&I ( E&,*&0/ "/:"=6!*() &F"/:=MJ(<-

') .&-&*!90)*G< H#=,$'(I :/.(')0 &0
")-/ 9/80&"&., E"(;!# &-(* (: 8,M;!-
.G< – E"(#!*!*(! H99!80(.*&5& "!/5!*-

0/--!H#=,$5/0&"/. S5& "&,$ :/8,M;/!0')
. '*(+!*(( #!</*(;!'8&I E"&;*&'0(
:/J(0*G< &F&,&;!8 */ E&.!"<*&'0( 5,&-

F=, .&-G . .&-&*!90)*&I H#=,$'((,

( ;!# .G6! !5& H99!80(.*&'0$, 0!# E&,-

*!! &'=J!'0.,)!0') '#!6!*(! E"&#G.-

*&I .&-G ' '&,!*&I E,/'0&.&I, 0!#
8"=E*!! -(/#!0" &F"/:=MJ(<') 8/E!,$
(/ '8&"&'0$ &'/+-!*() E"&E&">(&*/,$*/
(< 8./-"/0=) ( 0!# E&,*!! E&',!-=MJ!!
"/:"=6!*(! H#=,$'(( . H,!80"&-!5(-"/-
0&"/< E&- -!I'0.(!# 0!#E!"/0="G ( H,!8-
0"&E&,). ? *!90)*&I E"&#G6,!**&'0(
6("&8& E"(#!*)M0') .&-&"/'0.&"(#G!
( *!90!"/'0.&"(#G! -!H#=,$5/0&"G.

 "!(#=J!'0.& &0-/!0') *!90!"/'0.&"(-

#G#, E&'8&,$8= &*( ,!5;! '#!6(./M0')
' *!90$M, *! .G#G./M0') E"&#G.*&I
.&-&I, E&-/M0') . ;('0&# .(-! ( E& =E-

"&J!**&I '<!#!.
3-*/8& E"!+-! ;!# E&-F("/0$ -!-

H#=,$5/0&", *!&F<&-(#& &E"!-!,(0$')
' 0!#, ;0& +! '0/F(,(:("=!0 H#=,$'(M.

7/8 .(-*& (: "('. 1, "/:#!" ;/'0(> -('-
E!"5("&./**&I .&-G 8"/I*! #/, (' E"(-

#!*!*(!# B/=''&.'8&5& "/'E"!-!,!*()
'"!-*(I ,(*!I*GI "/:#!" '&'0/.,)!0
17 #8#), ;0& '.(-!0!,$'0.=!0 & */,(;(( .
'('0!#! '0/F(,(:/0&"&.. D,) &E"!-!,!*()
(< 8&,(;!'0./, 0(E/ ( #!</*(:#/ '0/F(,(-

:/>((, '.&I'0.!**&5& -/**&I *!90(, FG,
E"&(:.!-K* '0=E!*;/0GI /*/,(: F"&*(-

"=MJ(< &F&,&;!8 .&8"=5 8/E!,$ .&-G.

? E!".=M &;!"!-$ FG,& "!6!*& ('-
8,M;(0$ .,()*(! '0/F(,(:/0&"&. .0&"&-

5& "&-/ (#!</*(;!'8(< E"(#!'!I, #(*!-
"/,$*G< '&,!I, 5,(* ( E".). O&&0.!0'0-
.!**&, &'0/0&8 */ 9(,$0"! E&',! E"&.!-
-!*() /*/,(:/ E& B3OR 6370-83 «4!90$,
*!90!E"&-=80G ( E"('/-8(. T!0&- &E"!-
-!,!*() #!</*(;!'8(< E"(#!'!I» FG,
E&-.!"5*=0 .G+(5= /0&#*&-/F'&"F>(&*-

*&-'E!80"&'8&E(;!'8(# #!0&-&# E& IP470 

(' *!8&0&"G#( =,=;6!*()#() */ '&-!"-

+/*(! #(8"&E"(#!'!I #!0/,,&. ( (*G<
#(8"&H,!#!*0&..  &'8&,$8= &FJ!! '&-!"-
+/*(! #!</*(;!'8(< E"(#!'!I -,) -/*-

*&I *!90( 8"/I*! *!.!,(8&, .&:#&+*&'0$
=E"&;*!*() F"&*("=MJ(< &F&,&;!8 -/*-

*G#( '0/F(,(:/0&"/#( .!"&)0*/ ,(6$
E"( ).*&# E"!&F,/-/*(( 8/8&5&-,(F&
#!0/,,/ ( */,(;(( . *!90( '&!-(*!*(I,

'E&'&F*G< E!"!.!'0( !5& . 8&,,&(-*GI
"/'0.&" *!"/'0.&"(#&I ((,( #/,&"/'0.&-
"(#&I) '&,( [3, 4]. 

3</"/80!"(:=!# H,!#!*0/"*GI '&'0/.
#!</*(;!'8(< E"(#!'!I ('&-!"+/*(! #!-
0/,,&. ( E"&;(< H,!#!*0&., % #/''.) 
. )"!5'8&I *!90(: V – 8,87, Zn – 0,52, Ca – 

14,59, P – 0,28, Ni – 1,76, Cu – 0,08, Si – 

6,10, Al – 3,27, Fe – 45,09, Na – 17,67, E"&-
;(! – 1,77. 

 "!-'0/.,!**G! -/**G! '.(-!0!,$'0-
.=M0 & 0&#, ;0& "/'E"!-!,!*(! #(8"&-

H,!#!*0&. . #!</*(;!'8(< E"(#!')<
)"!5'8&I *!90( .E&,*! &FG;*& ( '&5,/-
'=!0'), . ;/'0*&'0(, ' ('',!-&./*()#(
[3].  "&('<&+-!*(! &'*&.*&5& '&-!"+/-
*() (45 %) +!,!:/ &F=',&.,!*& E"('=0-
'0.(!# . *!90( E"&-=80&. 8&""&:(( &F&-

"=-&./*() ( 0"=F&E"&.&-&.. O/# E& '!F!
-/**GI H,!#!*0 *! '8,&*!* 8 '0/F(,(:/-
>(( H#=,$'(I. 3E/'*&'0$ E"!-'0/.,)!0
8&,,&(-(:("&./**GI FeS ('=,$9(- +!-
,!:/ II), *& 0/8 8/8 . )"!5'8&I *!90( &0-
'=0'0.=M0 #!"8/E0/*G ( '!"&.&-&"&-
(&*( =*&')0') ' E/"&# !JK */ #!'0! -&-

FG;(, H0(# +! &F=',&.,!*& ( */;/,& 8(-

E!*() *!90( &0 180 °O), .!"&)0*&'0$ &F-

"/:&./*() -/**&I '&,( *(;0&+*/. ? *!-
8&0&"&I '0!E!*( 'E&'&F'0.=M0 '0/F(,(-

:/>(( H#=,$'(( E!'&8 ( ;/'0(>G 5,(*G
(& ;K# '.(-!0!,$'0.=!0 E&.G6!**&! '&-

-!"+/*(! 8"!#*()), *&, =;(0G./) 8"/I*!
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#/,=M -&,M &FJ!5& '&-!"+/*() #!</*(-

;!'8(< E"(#!'!I, -/**GI 9/80&" 0/8+!
*! ).,)!0') 8,M;!.G#. ?G'&8&! '&-!"-

+/*(! Ca ( Na 0/8+! .E&,*! &+(-/!#&
(. '.):( ' */,(;(!# <,&"(-&. . ('<&-*&I
*!90(), *& . =8"!E,!*(( F"&*("=MJ(<
&F&,&;!8 8"('0/,,(8( H0(< '&,!I =;/-
'0() E"/80(;!'8( *! E"(*(#/M0, E&-
'8&,$8= '"/.*(0!,$*& ,!58& E!"!<&-)0
. .&-*=M 9/:= ( =*&')0') .#!'0! ' E"&-
#G.*&I .&-&I. 4!'8&,$8& */'0&"/+(./!0
E&.G6!**&! '&-!"+/*(! ./*/-() ( *(-

8!,), 8&0&"G!, ).,))'$ '.&!&F"/:*G#
«#/"8!"&#» *!90( (E"&-=80 "/'E/-/
E&"9("(*/), 8/8 E"/.(,&, 8&*>!*0"("=-

M0') . &'0/08/< E!"!5&*8( [5]. U0& 8/'/-
!0') #!</*(;!'8(< E"(#!'!I, 0& &"5/*(-

;!'8/) (V ( Ni '&-!"+/J/)) ;/'0$ . *(<
#&+!0 FG0$ E"!-'0/.,!*/ 8/"F!*/#(,

8/"F&(-/#( ( .G'&8&#&,!8=,)"*G#( '#&-
,/#(, 8&0&"G!, .!"&)0*&, ( .*&')0 &'*&.-
*&I .8,/- . '0/F(,(:/>(M H#=,$'((.

D,) E&-0.!"+-!*() -/**&I 5(E&0!:G
FG,( .G-!,!*G (&0#G0G (: *!90( E&
#!0&-(8/# [6, 7]) ( E"&/*/,(:("&./*G
H#=,$5/0&"G 0"!0$!5& "&-/. ?G-!,!*(!
H#=,$5/0&"&. &'=J!'0.,),&'$ -.=#) &'-
*&.*G#( #!0&-/#(. O=0$ E!".&5& #!0&-/
'.&-(0') 8 .G#G./*(M H#=,$5/0&"&.
'(,$*G# 9,&8=,)*0&# (E"(#!*),') E!0-
"&,!I*GI H9("). ? "!:=,$0/0! .G-!,),&'$
&FJ!!, '=##/"*&! 8&,(;!'0.& H#=,$5/-
0&"&.: 0.!. ( H#=,$5/0&"&., =;/'0.=MJ(<
. 9&"#("&./*(( '0"=80="("&./**G< &F&-
,&;!8 .&8"=5 5,&F=, .&-G, ( E&0!*>(/,$-
*G< H#=,$5/0&"&., '0/F(,(:("&./**G<
. &FV!#! *!90)*&I 9/:G ( E&0!*>(/,$*&
&E/'*G<, *& 8 */'0&)J!#= #&#!*0= !JK
*! E"(*).6(< =;/'0() . 9&"#("&./*((
:/J(0*G< &F&,&;!8 5,&F=, .&-G.  & .0&-
"&#= #!0&-= &0#G./*(! &'=J!'0.,),&'$
"/'0.&"(0!,!#, *! ).,)MJ(#') 9,&8=-

,)*0&# (8!"&'(*) ( *! &'/+-/MJ(#
-&E&,*(0!,$*&! 8&,(;!'0.& '#&,('0&-/'-
9/,$0&.G< .!J!'0. (O2?). L0& E"(.&-(-

,& 8 .G-!,!*(M 0&,$8& 0&I ;/'0( H#=,$-
5/0&"&., 8&0&"G! *!E&'"!-'0.!**& E"(-

*(#/,( =;/'0(! . 9&"#("&./*(( :/J(0-
*G< &F&,&;!8 5,&F=, .&-G [7]. 

?G-!,!**GI 8&*>!*0"/0 H#=,$5/0&-

"&. . 8/+-&# ',=;/! /*/,(:("&./,') */
'&-!"+/*(! O2? E& ',!-=MJ!I #!0&-(-

8! [8]. 30-!,!*(! /'9/,$0!*&. E"&(:.&-

-(0') &'/+-!*(!#, / '#&,G '0=E!*;/0&
.G#G./M0') (: :/E&,*!**&I '(,(8/5!-
,!# <"&#/0&5"/9(;!'8&I 8&,&*8(. D,)
&'/+-!*() /'9/,$0!*&. 10 5 /*/,(:("=!-
#&5& &F"/:>/ E&#!J/M0 . 8&,F= L",!*-

#!I!"/, "/'0.&")M0 . 20 #, F!*:&,/ */
E!'&;*&I F/*! ' E"(#!*!*(!# .&:-=6*&-

5& <&,&-(,$*(8/. 1/0!# &<,/+-/M0, :/-
,(./M0 40-8"/0*G# &FV!#&# /,8(,/0*&I
9"/8>((, E,&0*& :/8"G./M0 ( &'0/.,)M0
. 0!#*&0! */ 24 ; -,) &'/+-!*().  &
&8&*;/*(( 9(,$0"=M0 "/'0.&" . ;('0=M
8&,F= ;!"!: 9(,$0", -&.!-!**GI -& E&-

'0&)**&5& .!'/. 3'/-&8 */ 9(,$0"! E"&-

#G./M0 /,8(,/0&# -& 0!< E&", E&8/
. 8&,F= *! */;*!0 '0!8/0$ ;('0GI "/'-
0.&"(0!,$. 3'0/.6(I') */ 9(,$0"! &'/-
-&8 "/'0.&")M0 5&");(# F!*:&,&# . E!"-

.=M 8&,F=, . 8&0&"&I E"&.&-(,&'$ &'/+-

-!*(!. 1/0!# &05&*)M0 F!*:&, */ .&-)*&I
F/*! ;!"!: .&-)*&I <&,&-(,$*(8 -& E&-

,=;!*() ',!58/ E&-.(+*&I #/''G. 3<,/-
+-/M0, :/,(./M0 240 #, /,8(,/0*&I
9"/8>(( ( &'0/.,)M0 . 0!#*&0! */ 12 ;
-,) -&&'/+-!*().  & ('0!;!*(( ."!#!*(
"/'0.&" 9(,$0"=M0 ;!"!: 0&0 +! 9(,$0"
. 8&,F= ' E!".G# 9(,$0"/0&#.  "&#G./M0
9(,$0" /,8(,/0*&I 9"/8>(!I, / :/0!# "/'-
0.&")M0 &'/-&8 */ 9(,$0"! . 8"=5,&-

-&**=M 8&,F=, -&.!-!**=M -& E&'0&)*-

*&5& .!'/. W!*:&, &05&*)M0 */ E!'&;*&I
F/*! ;!"!: .&-)*&I <&,&-(,$*(8. 7&,F=
E"&'=6(./M0 E"( 105 °O ( .:.!6(./M0.
 "("&'0 . .!'! 8&,FG -/'0 */# 8&,(;!-
'0.& /'9/,$0!*&.. X(,$0" .G'=6(./M0
E"( 105 °O.  "("&'0 . .!'! 9(,$0"/ -/'0
*/# '=##/"*&! 8&,(;!'0.& 8/"F!*&.
( 8/"F&(-&.. X(,$0"/0 =E/"(./M0 -&
50–70 #,, &'0=+/M0 ( E&-.!"5/M0 <"&-

#/0&5"/9(;!'8&#= /*/,(:=.

4/.!'8= -,) /*/,(:/, *! '&-!"+/J=M
'#&,G ( /'9/,$0!*G, F!"=0 ' 0&;*&'0$M
-& 0,2 5 (: "/';!0/ 0,1 5 .G'&8&.):8&5&
E"&-=80/ */ 8/+-GI 5"/## '(,(8/5!,),
:/5"=+!**&5& . 8&,&*8=. 4/.!'8= "/'-
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0.&")M0 . 0J/0!,$*& &'=6!**&# "/'0.&-

"(0!,!, .:)0&# . '&&0*&6!*(( 1 : 10.  &-

',! H0&5& . 8&,&*8= :/,(./M0 "/'0.&"
/*/,(:("=!#&5& E"&-=80/, 8&0&"GI E&-

'0!E!**& F=-!0 E&5,&J/0$') '(,(8/5!-
,!#, .G0!'*)) E"( H0&# :/,(0GI E"!-./-
"(0!,$*& ;('0GI "/'0.&"(0!,$.  &',!--

*(I &0F("/M0 ' *(:/ 8&,&*8(, 8&*0"&,(-

"=M0 E& E&8/:/0!,M E"!,&#,!*() ( ('-
E&,$:=M0 -,) E&',!-=MJ!I -!'&"F>((.

7&5-/ ',&I "/'0.&"/ */- '(,(8/5!,!#
=#!*$6(0') -& .G'&0G *! F&,!! 1–2 ##,

:/'GE/M0 '.!+(I '(,(8/5!,$ */ .G'&0=
5–10 ##, :/8"G./M0 8"/* ( &'0/.,)M0
8&,&*8= . E&8&! */ 16–20 ;. L0& 'E&'&F-

'0.=!0 ,=;6!#= -&'0(+!*(M "/.*&.!'()
#!+-= /-'&"F!*0&# ( "/'0.&"&#.

1/0!# E"('0=E/M0 8 -!'&"F>((. ?*/-
;/,! -!'&"F>(M E"&.&-)0 0!# "/'0.&"(-

0!,!#, 8&0&"GI E"(#!*),( -,) "/'0.&"!-
*() */.!'8( E"&-=80/ ( '#/;(./*() '(-

,(8/5!,) ((:&&80/*). O8&"&'0$ &0F&"/ – 

120 #,/;. A'8&"!*(! &0F&"/ =<=-6/!0
"!:=,$0/0G /*/,(:/. ?*/;/,! "/'0.&"
'&'0&(0 (: #!0/*&-*/90!*&.G< =5,!.&-&-

"&-&., . -/,$*!I6!# #&5=0 -!'&"F("&-
./0$') /"&#/0(;!'8(! =5,!.&-&"&-G, E&-
H0&#= */;(*/M0 &0F("/0$ 9"/8>(( E&
50 #, -& #&#!*0/ E&).,!*() ',!-&. /"&-

#/0(;!'8(< =5,!.&-&"&-&.. D/,!! &FV!#
9"/8>(( =.!,(;(./M0 -& 100 #,, / . 8&-

,&*8= E"&-&,+/M0 -&F/.,)0$ (:&&80/*
-& 0!< E&", 8&5-/ E&8/:/0!,$ E"!,&#,!-
*() -!'&"F!*0/ '0/*!0 "/.*G# E&8/:/0!-
,M E"!,&#,!*() ;('0&5& (:&&80/*/.
7&5-/ ="&.!*$ "/'0.&"(0!,) . 8&,&*-

8! E&*(:(0') -& 3–5 ## */- '(,(8/5!,!#,

-&'GE/M0 . 8&,&*8= '.!+!5& '(,(8/5!,)
*/ .G'&0= 5–10 ##.  "('0=E/M0 8 -!-
'&"F>(( /"&#/0(;!'8(< =5,!.&-&"&-&.
0&,=&,&#. X"/8>(( – E& 50 #,. D!'&"F-

>(M 0&,=&,&# E"!8"/J/M0, 8&5-/ E&8/-
:/0!,$ E"!,&#,!*() -!'&"F!*0/ '0/*!0
"/.*G# 1,5, ;0& =8/:G./!0 */ &0F&" ;('-
0&5& 0&,=&,/. O#&,('0G! .!J!'0./ .G-

0!'*)M0') />!0&*&#.

30&F"/**G! 9"/8>(( -!'&"F!*0/ &'-
.&F&+-/M0 &0 "/'0.&"(0!,) . 0&8! =5,!-
8(',&0G.X"/8>(M, &'.&F&+-!**=M &0 "/'-

R / F , ( > /  1  

7&#E&*!*0*GI '&'0/. H#=,$5/0&"&.
. N"!5'8&I *!90(

 !0"&,!I*GI
H9("

7!"&'(*
 &8/:/0!,(

#/''/, 5 % #/''. #/''/, 5 % #/''.
?G<&- */ *!90$, % 2,14 0,96 

O#&,G 6,817 68,17 3,925 39,25 

2'9/,$0!*G 0,883 8,83 0,283 2,83 

7/"F!*G
( 8/"F&(-G

0,097 0,97 0,067 0,67 

@'<&-*/) */.!'8/ 10,000 100,00 10,000 100,00

0.&"(0!,), .:.!6(./M0 ( &E"!-!,)M0 !!
E&8/:/0!,$ E"!,&#,!*(). 7 E/"/9(*&-

*/90!*&.G# =5,!.&-&"&-/# &0*&')0 .'!
9"/8>((, (#!MJ(! E&8/:/0!,$ E"!,&#-

,!*() *(+! 1,49. Y!58(! /"&#/0(;!'8(!
=5,!.&-&"&-G (#!M0 E&8/:/0!,$ E"!,&#-

,!*() 1,49–1,51, '"!-*(! /"&#/0(;!'8(!
=5,!.&-&"&-G – 1,51–1,53, 0)+!,G! /"&-

#/0(;!'8(! =5,!.&-&"&-G – .G6! 1,53. 

X"/8>((, &0*&')J(!') 8 '#&,('0G# .!-
J!'0./#, . "!9"/80&#!0"! *! E"&'#/0"(-

./M0') [8]. 

 "( /*/,(:! E&,=;!**G< "!:=,$0/0&.
<"&#/0&5"/9(;!'8&5& /*/,(:/ (0/F,. 1) 

'0&(0 &F"/0(0$ .*(#/*(! */ .G'&8&!
E"&>!*0*&! '&-!"+/*(! (45 % &0 ('<&--

*&5&) H#=,$5/0&"&., =;/'0.=MJ(< . &F-

"/:&./*(( F"&*("=MJ(< &F&,&;!8, &0*&-

'(0!,$*& (< &FJ!5& E&0!*>(/,$*&5& '&-

-!"+/*(). ?!,(;(*G 0/8&5& E&")-8/
'.&I'0.!**G, 8/8 E"/.(,&, :/'0/"!,G#
H#=,$'()# [9].  &-.(-(#&#=, (:FG0&;-

*&! &0'0/(./*(! . "!:!".=/"*G< E/"8/<
*!90!6/<*&5& =E"/.,!*() «N"!5/*!90$», 

0"/*'E&"0("&.8/ ( */8&E,!*(! . "!:!"-

.=/"/< A<0(*'8&5& 4 1 'E&'&F'0.=M0 *!
-&&0-!,!*(M .&-G, / '0/"!*(M H#=,$-
'((. ?0&"&!, */ ;0& ',!-=!0 &F"/0(0$
.*(#/*(!, – .G'&8&! '&-!"+/*(! '#&,
. '&'0/.! F"&*("=MJ(< &F&,&;!8 ( *!-
.G'&8&!, &0*&'(0!,$*& *(<, '&-!"+/*(!
/'9/,$0!*&., 8/"F!*&. ( 8/"F&(-&.. L0&
'.(-!0!,$'0.=!0 & -&'0/0&;*& .G'&8&I
/5"!5/0(.*&I ='0&I;(.&'0( '/#&I *!90(
((, '&&0.!0'0.!**&, H#=,$5/0&"&., '&-!"-

+/J(<') . *(<), 0/8 8/8 -!'0/F(,(:("&./0$
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R / F , ( > /  2  

Y/F&"/0&"*G! 0!'0G -!H#=,$5/0&"&. -,) )"!5'8&I *!90(
7&,(;!'0.& .&-G (#,), &0',&(.6!!') :/ ."!#) (#(*)

CE/E DLT
D&:("&.8/,

5/0 15 30 45 60 
Cl–, #5/,

1 P&,&'0/) – 2,6 3,2 4,5 5,2 124,70 

5 O&'0/.-4 5 9,1 10,4 10,4 10,4 2,84 

7 O&'0/.-6 5 9,7 9,7 9,7 10,4 9,96 

15 O&'0/.-14 5 10,4 10,4 10,4 10,4 2,34 

16 O&'0/.-15 5 8,5 9,0 10,5 11,1 3,50 

17 O&'0/.-16 5 9,2 9,8 10,0 10,0 5,00 

18 O&'0/.-17 5 9,0 9,0 9,8 10,4 6,30 

H#=,$'(M ( .G.!'0( '#&,G . &'/-&8
(. &0,(;(! &0 /'9/,$0!*&., 8/"F!*&. ( 8/"-
F&(-&.) E"/80(;!'8( *!.&:#&+*&. O,!-&-
./0!,$*&, &'*&.*&I '0"/0!5(!I E"( E&--
F&"! -!H#=,$5/0&"&. -,) -!H#=,$'/>((
.G'&8&.):8&I )"!5'8&I *!90( F=-!0 '*)-
0(! ( E!"!.&- . *!90)*=M 9/:= &'*&.*&5&
8&,(;!'0./ '#&,, =;/'0.=MJ(< . 9&"#(-
"&./*(( F"&*("=MJ(< &F&,&;!8 .&8"=5
#!,8&-('E!"'*&I H#=,$'(( .G'&8&.):-
8&I )"!5'8&I *!90(.

>-5&#-4&#$=) ?&15&#

1!9:;,<(-4&#&.

? 0!;!*(! 2009–2010 55. . 333
«YA73ZY-A<0/*!90!E!"!"/F&08/» FG,
E"&(:.!-K* ")- ,/F&"/0&"*G< «F&00,-
0!'0&.» &F"/:>&. -!H#=,$5/0&"&., (#!.-
6(< E&,&+(0!,$*GI &EG0 E"(#!*!*()
E"( -!H#=,$'/>(( 0)+K,&I *!90( [10–13], 
. "!:=,$0/0! FG,( &0&F"/*G ,=;6(! – 
Nal'o 2472A ( B!"8=,!' 1603O. @#!**&
*/ *(< &'!*$M 2010 5. FG, E"&(:.!-K*
9(8'("&./**GI E"&F!5, 8&0&"GI E&8/:/,
F&,$6=M H99!80(.*&'0$ ( '"&-'0.& 8 &F-
"/F/0G./!#&I *!90( &F"/:>/ B!"8=,!'
1603O. 4& E"( H0&# >!,( E"&.!-!*()
E"&F!5/ (E&,=;!*(! <,&"(-&. */ .G<&-!
*! F&,!! 5 #5/, ( .&-G 0,2 % #/''.) &8&*-
;/0!,$*& -&'0(5*=0G *! FG,(. ? '.):(
' H0(# E"!-'0/.(0!,)# 8&#E/*(( «7&,0!8»
'&.#!'0*& ' &EG0*&-('',!-&./0!,$'8&I
5"=EE&I ,/F&"/0&"(( 333 «YA73ZY-
A<0/*!90!E!"!"/F&08/» FG,/ .G-/*/
"!8&#!*-/>() -&"/F&0/0$ (#!MJ(I')
'&'0/. ( =+! ' *(# E"&.&-(0$ &8&*;/-
0!,$*G! ('EG0/*() ( -!,/0$ &-*&:*/;-
*G! .G.&-G.

D,) -/,$*!I6!5& 0!'0("&./*() . #/!
2011 5. E"!-'0/.(0!,)#( 9("#G FG,(
E"(.!:!*G -./ &F"/:>/.  !".GI – =+!
0!'0("&./.6(I') B!"8=,!' 1603O, &-*&-
8&#E&*!*0*GI, '&:-/**GI (:*/;/,$*&
-,) 0)+K,&I *!90( R/0/"'0/*/ ( E&--
.!"5*=0GI *!8&0&"G# (:#!*!*()# . E,/-
*! '&'0/./. ?0&"&I – B!"8=,!' 1017. 3*
(:*/;/,$*& '&:-/./,') -,) &FG;*&I,
'"!-*!I *!90(, &-*/8& F,/5&-/") ;!0G-
"K<8&#E&*!*0*&#= '&'0/.= (#!, (:*/-
;/,$*& F&,$6(I E&0!*>(/, -,) ='&.!"-
6!*'0.&./*() ( #&-(9(8/>(( E&- 8&*-
8"!0*=M :/-/;=.
? 2009–2011 55. . ,/F&"/0&"()<

333 «YA73ZY-A<0/*!90!E!"!"/F&08/», 
«T(""(8&», «?4@@4 » ( «7&,0!8» FG-
,( E"&(:.!-!*G ('',!-&./*() .,()*()
'&'0/.,)MJ(< 8&#E&*!*0&. -!H#=,$5/-
0&"&. */ H99!80(.*&'0$ &0-!,!*() .&-G
&0 0)+K,&I )"!5'8&I *!90(. O.&-*G!
-/**G! E& -(*/#(8! &0-!,!*() .&-G
,=;6(< &F"/:>&., E"(.!-K**G! 8 H0/,&*-
*G# =',&.()#, E"!-'0/.,!*G . 0/F,. 2. 
4! .-/./)'$ 5,=F&8& . E&-"&F*&'0(,

',!-=!0 &0#!0(0$, ;0& .'! ,/F&"/0&"((
*!:/.('(#& -"=5 &0 -"=5/ ='0/*&.(,(
',!-=MJ!!: ,(&9(,$*G! 8&#E&*!*0G
(. &'*&.*&# '#/;(./0!,( */ &'*&.! E"&-
(:.&-*G< H0&8'(,("&./**G< *&*(,9!*&-
,&.), 8&0&"G!, E& '=0(, '&'0/.,)M0 &'*&.=
='0/"!.6(<, .&-&"/'0.&"(#G< -!H#=,$5/-
0&"&., . -/**&# 8&*8"!0*&# ',=;/! E&-
:.&,),( E&,=;/0$ ,=;6(! "!:=,$0/0G.
?&:#&+*G# &FV)'*!*(!# H0&#= ).,)!0')
0&0 9/80, ;0& -,) 0)+K,&I *!90(, -!,$0/
E,&0*&'0!I .&-G ( *!90( 8&0&"&I #/,/
( .') .&-/ '8&*>!*0"("&./*/ . #!,$;/I-
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D(/E/:&* (:#!*!*() &'*&.*G< E&8/:/0!,!I :/ E"&F!5
 &8/:/0!,$ XYL7-D-008 B!"8=,!' 1603O B!"8=,!' 1017 

1/5"=:8/ ='0/*&.8(, #3/; 45–103 40–110 45–105 

 &-/;/ "/:F/.(0!,) 1–2 1–2 1–2 

R!#E!"/0="/,&O 125–137 117–138 114–139 

O(,/ 0&8/,2:

     LDB-1

     LDB-2

     LDB-3

160–285

150–218

75–130

137–255

110–209

67–121

138–248

159–246

99–118

D/.,!*(! */ LY3A, 85'/'#2 4,8–6,6 5,3–8,0 5,4–6,7 

?&-/ */ E"&#G.8=, #3/;:
    I '0=E!*$
    II '0=E!*$

1,2–2,5 

0,7–1,4 

1,2–2,5 

0,8–1,5 

1,4–2,5 

1,0–1,5 

∆ */ '#!'(0!,$*&# 8,/E/*!, 85'/'#2:

    I '0=E!*$
    II '0=E!*$

0,7–1,0 

0,5–0,6 

0,4–1,1 

0,4–0,8 

0,5–1,2 

0,4–0,7 

X/80(;!'8/) E&-/;/ -!H#=,$5/0&"/, 5/0 6,5–14,0 2,3–6,0 3,9–4,2 

6(< 8/E,)< (E&")-8/ 10–30 #8#), "/:-
"=6!*(! .&-G (:*=0"(, (: .&-*&I 9/:G,
E"&('<&-(0 ,!5;!, &'&F!**& !',( '&:-
-/0$ =',&.() -,) F!'E"!E)0'0.!**&5&
E"&*(8/*() -!H#=,$5/0&"/ .5,=F$ H0(<
8/E!,$, */E"(#!" :/ ';K0 "/:F/.,!*()
&F"/F/0G./!#&I *!90( -(:!,$*G# 0&E-
,(.&#. ?&:#&+*&, E& H0&I E"(;(*! E"(-
#!*)MJ(I') -& */'0&)J!5& ."!#!*(
.&-&*!90!"/'0.&"(#GI XYL7 D-008 
( O4 P, E"&(5"G./) E& .'!# E&8/:/0!,)#
*!90!"/'0.&"(#G# -!H#=,$5/0&"/# */
&FG;*&I *!90(, ' 0)+K,&I 'E"/.,)!0')
,=;6!.  &H0&#= E& /*/,&5(( B!"8=,!'
1017, #&-!"*(:("&./**GI ,(&9(,$*G#(
8&#E&*!*0/#(, FG, -&'0/.,!* */ &EG0*&-
E"&#G6,!**G! ('EG0/*().

@?=4$&-?#&:=A,!$$=!

+3?=4-$+8 :&1!#$+6+#&.-$$=B

&5#-6C&. 1!9:;,<(-4&#&.

? E!"(&- &EG0*&-E"&#G6,!**G< ('-
EG0/*(I :/5"=:8/ F,&8/ LY3A E& 'G"&I
*!90( (:#!*),/'$ . E"!-!,/< &0 40 -&
110 #3/;. D&'0/0&;*& '0/F(,$*G# E&--

-!"+(./,') "/'<&- E"&#G.*&I .&-G:

1,2–2,5 #3/; (I '0=E!*$), 0,8–1,5 #3/;
(II '0=E!*$).  !"!E/-G -/.,!*() */ 8,/-
E/*/< '#!6!*() '0/"/,('$ *! (:#!*)0$
"!:8& ( . 6("&8(< E"!-!,/< (.& (:F!+/-
*(! "!-('E!"5("&./*() H#=,$'(() ( E&--

-!"+(./,( */ ="&.*! 0,8 85'/'#2 */ &F!(<

'0=E!*)<. 3'&F&! .*(#/*(! =-!,),&'$
0!#E!"/0="! .!-!*() E"&>!''/, 8&0&"/)
-,) E&--!"+/*() &E0(#/,$*&I .):8&'0(
)"!5'8&I *!90( -&,+*/ '&'0/.,)0$ E&-

")-8/ 130 °C, / E& 9/80= &*/ ./"$("&./-
,/'$ . (*0!"./,! 114–139 °O.

@'EG0/*() E& &>!*8! H99!80(.*&'0(
-!H#=,$5/0&"/ B!"8=,!' 1603O E"&.&-(-

,( . E!"(&- ' 11.05.2011 E& 05.06.2011 5.
. ;!0G"! H0/E/: */ E!".&# H0/E! . E!"(-

&- ' 11.05.2011 E& 12.05.2011 5. – E"(
E&-/;! -!H#=,$5/0&"/ E&")-8/ 2,3 5/0; */
.0&"&# H0/E! . E!"(&- ' 13.05.2011 E&
16.05.2011 5. – E"( E&-/;! -!H#=,$5/0&"/
E&")-8/ 4,0 5/0, */ 0"!0$!# H0/E! . E!"(&-
' 17.05.2011 E& 31.05.2011 5. – E"( E&-

-/;! -!H#=,$5/0&"/ E&")-8/ 6,0 5/0 ( */
;!0.!"0&# H0/E! . E!"(&- ' 01.06.2011 

E& 05.06.2011 5. – E"( E&-/;! -!H#=,$-
5/0&"/ E&")-8/ 4,1 5/0.
@'EG0/*() E& &>!*8! H99!80(.*&-

'0( -!H#=,$5/0&"/ B!"8=,!' 1017 E"&-

.&-(,( . 0!;!*(! #!')>/ (' 06.06.2011 

E& 07.07.2011 5.) E"( -&:("&.8! -!-
H#=,$5/0&"/ 4,0 5/0 *!90(. R/8+! -,)
'&E&'0/.,!*() FG,/ &>!*!*/ H99!8-

0(.*&'0$ E"(#!*!*() -!H#=,$5/0&"/
XYL7-D-008 '& '"!-*!I -&:("&.8&I
9 5/0 *!90( (' 13.04.2011 E& 10.05.2011 5., 
0.!. *!E&'"!-'0.!**& . E"!-6!'0.=M-

J(I &EG0*&#= E"&F!5= E!"(&-).
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R / F , ( > /  4  

A'"!-*K**G! -/**G! /*/,(0(;!'8&5& 8&*0"&,)
D!H#=,$5/0&" 2*/,(0(;!'8(I 8&*0"&,$

OG"/) *!90$ 3F!''&,!**/) *!90$
R(E

%/'<&-,
5/0

1/5"=:8/
='0/*&.8(,

#3/;

?"!#) E"!-
FG./*()

. /EE/"/0/<,
;

R!#E!"/0="/
*/ LY3A,

&O ρ, 5/'#3 .&-/,
% #/''.

Cl–,

#5/,
.&-/,
% #/'.

Cl–,

#5/,
O 13.04.2011 E& 10.05.2011  

XYL7-D-008 9,0 72 6,7 130 0,944 4,5 147,0 0,47 12,6 

O 11.05.2011 E& 12.05.2011  

B!"8=,!' 1603O 2,3 87 5,5 132 0,948 12,0 484,4 0,57 17,1 

O 13.05.2011 E& 16.05.2011  

B!"8=,!' 1603O 4,0 78 6,2 127 0,944 3,7 216,5 0,54 26,7 

O 17.05.2011 E& 31.05.2011  

B!"8=,!' 1603O 6,0 79 6,1 126 0,942 3,0 77,9 0,34 7,0 

O 01.06.2011 E& 05.06.2011  

B!"8=,!' 1603O 4,1 46 10,4 130 0,940 1,8 52,9 0,19 2,5 

O 06.06.2011 E& 07.07.2011  

B!"8=,!' 1017 4,0 74 6,5 126 0,942 2,6 53,4 0,20 2,7 

? E!"(&- E"&.!-!*() ('EG0/*(I
&'=J!'0.,),') ',!-=MJ(I /*/,(0(;!-
'8(I 8&*0"&,$:

– E"&.!"),&'$ 8/;!'0.& 'G"&I *!90(,

E&'0=E/MJ!I */ F,&8 LY3A ='0/*&.8(
LY3A-2?R, E& ',!-=MJ(# E&8/:/0!,)#:

E,&0*&'0$ E"( 20 °O, '&-!"+/*(! <,&"(-

'0G< '&,!I ( .&-G – 1 "/: . '=08(;

– E"&.!"),&'$ 8/;!'0.& &F!''&,!**&I
*!90(: '&-!"+/*(! &'0/0&;*G< <,&"('0G<
'&,!I ( .&-G . &F!''&,!**&I *!90( – 

2 "/:/ . '=08(.

7"&#! 0&5&, 9(8'("&./,') >!,GI ")-
E/"/#!0"&. "/F&0G F,&8/ LY3A -,) E&-
,=;!*() .'!&FV!#,MJ!I 8/"0(*G "/F&0G
E"( "/:,(;*G< -&:("&.8/< -!H#=,$5/0&-
"&.. A'"!-*!**G! E& H0/E/# E/"/#!0"G
0!<*&,&5(;!'8&5& "!+(#/ ( "!:=,$0/0G
/*/,(0(;!'8&5& 8&*0"&,) 8/;!'0./ E&-5&-
0&.8( *!90( F,&8/ LY3A . E!"(&- E"&.!-
-!*() &EG0*&-E"&#G6,!**G< ('EG0/*(I
E& &>!*8! H99!80(.*&'0( -!H#=,$5/0&"&.
B!"8=,!' 1603O ( B!"8=,!' 1017, / 0/8-

+! '"/.*!*(! ' XYL7 D-008 E"(.!-!*G
. 0/F,. 4. 

? E!"(&- E"&.!-!*() ('EG0/*(I */
='0/*&.8= E&'0=E/,/ )"!5'8/) *!90$
' E,&0*&'0$M (E"( 20 °O) 0,933–0,948, 

' '&-!"+/*(!# <,&"(-&. . -(/E/:&*!
&0 2,2 -& 484,4 #5/-#3 ( .&-G &0 0,2  -&
13,4 % #/''.

7/8 &0#!;/,&'$ .G6!, ('EG0/*() FG-

,( E"&.!-!*G . ;!0G"! H0/E/.
4/ E!".&# H0/E! E& (0&5/# !+!'#!*-

*G< :/#!"&. "/'<&- -!H#=,$5/0&"/ B!"-

8=,!' 1603O ='"!-*!**& '&'0/.(, 2,3 5/0.
A'"!-*!**&! &'0/0&;*&! '&-!"+/*(!
<,&"(-&. . &F!''&,!**&I *!90( . H0&0
E!"(&- FG,& "/.*& 17,1 #5/-#3, .&-G – 

0,5 % #/''.  "( H0&# */ ='0/*&.8= E&-

'0=E/,/ *!90$ ' '&-!"+/*(!# <,&"(-&.
484,4 #5/-#3, .&-G – 12,0 % #/''. L99!8-
0(.*&'0$ &F!''&,(./*() ( &F!:.&+(./-
*() '&'0/.(,/ E& 96,5 %. 

4/ .0&"&# H0/E! "/'<&- -!H#=,$5/0&-

"/ FG, E&.G6!* -& 4,0 5/0, E"( H0&# '&-

-!"+/*(! &'0/0&;*G< <,&"(-&. . &F!'-
'&,!**&I *!90( '&'0/.(,& . '"!-*!#
26,7 #5/-#3, .&-G – 0,54 % #/''. O&-!"+/-
*(! <,&"(-&. . 'G"&I *!90( */ -/**&#
H0/E! ='"!-*!**& "/.*),&'$ 216,5 #5/-#3,

.&-G – 3,7 % #/''. L99!80(.*&'0$ E&

.&-! ( Ol– – 93,9 ( 87,7 % '&&0.!0'0.!**&.
 "( -/,$*!I6!# E&.G6!*(( "/'<&-/

-!H#=,$5/0&"/ -& 6,0 5/0 */ 0"!0$!# H0/E!
('EG0/*(I '&-!"+/*(! &'0/0&;*G< <,&-

"(-&. . &F!''&,!**&I *!90( '&'0/.(,&
. '"!-*!# 7,0 #5/-#3, .&-G – 0,34 % #/''.
(!423= 95,7 %, !Cl–= 91,0 %). 

4/ ;!0.!"0&# H0/E! E"( '*(+!*(( :/-
5"=:8( ='0/*&.8( E"/80(;!'8( . -./ "/:/
"/'<&- -!H#=,$5/0&"/ FG, =#!*$6!* -&
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%('. 2. 1/.('(#&'0$ &'0/0&;*&5& '&-!"+/*() .&-G &0 :/5"=:8( LY3A-2?R
(+("*G# – *&"#/ 0,2 % #/''.: B!"8=,!' 1603O ( 1017 (4 5/0), XYL7-D-008 (9 5/0)) 

4,1 5/0. A'"!-*!**&! &'0/0&;*&! '&-!"-
+/*(! <,&"(-&. . &F!''&,!**&I *!90(
. H0&0 E!"(&- '&'0/.,),& 2,5 #5/-#3, .&-G – 

0,19 % #/''. (!423 = 98,0 %, !Cl– = 95,3 %). 

1/0!# FG, &'=J!'0.,!* E!"!<&- */
('E&,$:&./*(! -!H#=,$5/0&"/ B!"8=,!'
1017 ' "/'<&-&# 4 5/0 *!90(. ? H0&# ',=-
;/! ='0/*&.8/ H8'E,=/0("&./,/'$ . E!"(-
&- ' 06.06.2011 E& 07.07.2011 5. D&:("&.-
8= -!H#=,$5/0&"/ :/ H0&0 E"&#!+=0&8
."!#!*( *! #!*),( E& E"(;(*! E"(!#,!-
#G< E&8/:/0!,!I E& <,&"(-/# ( .&-!
. &F!''&,!**&I *!90( */ .G<&-! (*! .G6!
0,2 % #/''. .&-G ( *! F&,!! 5 #5/, <,&-
"(-&. :/ "!-8(# ('8,M;!*(!#). O"!-*))
H99!80(.*&'0$ &F!''&,(./*() :/ "/'-
'#/0"(./!#GI E!"(&- '&'0/.,),/ 97,3 %, 
/ &F!:.&+(./*() – 94,9 %. 1/5"=:8/ ='0/-
*&.8( E& 'G"&I *!90( 8&,!F/,/'$ &0 45  
-& 105 #3/;. A'"!-*!**&! &'0/0&;*&! '&-
-!"+/*(! <,&"(-&. . &F!''&,!**&I *!90(
. :/.('(#&'0( &0 :/5"=:8( '&'0/.,),&
2,7 #5/-#3, .&-G – 0,20 % #/''.  "( F&,!!
-!0/,$*&# "/''#&0"!*(( &0"!:8&. E& H0/-
E/# E"&F!5/ E"( :/5"=:8! 45–50 #3/; '&-
-!"+/*(! <,&"(-&. (:#!*),&'$ &0 0,8 -&
2,5 #5/-#3 ( .&-G &0 0,17 -& 0,20 % #/''.
 "( :/5"=:8! ='0/*&.8( 80–105 #3/;
&'0/0&;*&! '&-!"+/*(! <,&"(-&. FG,&
&0 2,3 -& 5,2 #5/-#3, / .&-G – &0 0,19 -&
0,36 % #/''.
O,!-=!0 &F"/0(0$ .*(#/*(! */ E"&-

',!+(./MJ=M') :/.('(#&'0$ &'0/0&;*&-

5& '&-!"+/*() .&-G . E&-5&0&.,!**&I */
LY3A *!90( &0 :/5"=:8( ='0/*&.8(, 0.!.

&0 ."!#!*( E"!FG./*() H#=,$'(( . H,!8-
0"&-!5(-"/0&"! ("('. 2).  "( .G'&8(<
:/5"=:8/< */F,M-/!0') «=*&'» #!,8(<
8/E!,!8 .&-G, E"(;!# H0& F&,!! )"8&
.G"/+!*& E"( E"(#!*!*(( -!H#=,$5/0&-

"/ B!"8=,!' 1603O.  "( ('E&,$:&./*((
-!H#=,$5/0&"/ B!"8=,!' 1017 H0& .,()*(!
F&,!! '5,/+!*&, <&0) 0!*-!*>() 8 "&'0=
&'0/0&;*&5& '&-!"+/*() .&-G 0/8+! E"&-

',!+(./!0').
D,) '"/.*!*() H99!80(.*&'0( -!-

H#=,$5/0&"&. B!"8=,!' 1603O ( B!"8=,!'
1017 ' H99!80(.*&'0$M E"(#!*)!#&5& */
='0/*&.8! -!H#=,$5/0&"/ XYL7-D-008 
FG,( "/''#&0"!*G "!:=,$0/0G H8'E,=/0/-
>(( F,&8/ LY3A ='0/*&.8( LY3A-2?R
*!E&'"!-'0.!**& E!"!- */;/,&# &EG0*&-
E"&#G6,!**G< ('EG0/*(I .GF"/**G<
-!H#=,$5/0&"&. . E!"(&- ' 13.04.20011 E&
10.05.2011 5. E"( E"(#!*!*(( -!H#=,$5/-
0&"/ XYL7-D-008 (0/F,. 5). 
7/8 .(-*& (: E"(.!-!**G< -/**G<,

. E!"(&- ' 13.04.2011 5. E& 10.05.2011 5.
E"( "/'<&-! -!H#=,$5/0&"/ XYL7-D-008 
. '"!-*!# 9,0 5/0 '&-!"+/*(! <,&"(-&.
. &F!''&,!**&I *!90( (:#!*),&'$ . E"!-
-!,/< 3,1–31,1 #5/-#3 (. '"!-*!# – 
12,6 #5/-#3), .&-G – . E"!-!,/< 0,1–1,0 % 
#/''. (. '"!-*!# – 0,47 % #/''.) (!423 =

= 95,0 %, !Cl– = 91,4 %). 1/5"=:8/ ='0/-
*&.8( E& 'G"&I *!90( E"( E"(#!*!*((
-!H#=,$5/0&"/ XYL7-D-008 '=J!'0.!*-
*& .,()!0 */ &'0/0&;*&! '&-!"+/*(! .&-
-G (, '&&0.!0'0.!**&, <,&"(-&. ("('. 2). 
R/8, ' 21.04.2011 E& 29.04.2011 5. E"(
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'"!-*!I :/5"=:8! ='0/*&.8( . 100 #3/;
&'0/0&;*&! '&-!"+/*(! .&-G FG,& . E"!-
-!,/< 0,4–1,0 % #/''., / <,&"(-&. – &0 9,6 
-& 25,7 #5/-#3, 0.!. ' E"!.G6!*(!# :/.&-
-'8(< *&"# . 2–5 "/:.
@: E"(.!-!**G< -/**G< .(-*&, ;0&

E"( F&,!! *(:8(< "/'<&-/< (. '"!-*!# :/
"/''#/0"(./!#G! E!"(&-G):

– -!H#=,$5/0&"/ B!"8=,!' 1603O E&
'"/.*!*(M ' XYL7-D-008 (4,1 E"&0(.
9,0 5/0) -&'0(5/M0') E"/80(;!'8( &-(*/-
8&.G! "!:=,$0/0G 8/8 E& &F!''&,(./*(M
*!90( (13,3 E"&0(. 12,6 #5/-#3), 0/8 ( E&
&'0/0&;*&#= '&-!"+/*(M .&-G . *!90(:

'&&0.!0'0.!**& 0,41 ( 0,47 % #/''.
– -!H#=,$5/0&"/ B!"8=,!' 1017 E&

'"/.*!*(M ' XYL7-D-008 (4,0 E"&0(.
9,0 5/0) -&'0(5/!0') F&,!! 5,=F&8&! (E&,*&-
'0$M '&&0.!0'0.=MJ!! :/.&-'8(# ( '&."!-
#!**G# *&"#/#) &F!''&,(./*(! *!90(
(2,7 E"&0(. 12,6 #5/-#3) ( &F!:.&+(./*(!:
'&&0.!0'0.!**& 0,20 E"&0(. 0,47 % #/''.
R/8(# &F"/:&#, E& "!:=,$0/0/# &EG0-

*&-E"&#G6,!**G< ('EG0/*(I FG,/ ='-
0/*&.,!*/ F&,!! .G'&8/) H99!80(.*&'0$
-!H#=,$5/0&"/ B!"8=,!' 1017 E& '"/.*!-
*(M ' E"(#!*)!#G# -!H#=,$5/0&"&#
XYL7-D-008. D,) &F!'E!;!*() 5,=F&8&-

5& &F!:.&+(./*() ( &F!''&,(./*() *!9-

0(, E&'0=E/MJ!I */ F,&8 LY3A ='0/-
*&.8( LY3A-2?R, 0"!F=!#GI "/'<&-
-!H#=,$5/0&"/ B!"8=,!' 1017 '&'0/.,)!0
4,0 5/0 E"&0(. 9 5/0 XYL7-D-008, E"(
H0&# -&'0(5/M0') 0"!F=!#G! E& *&"#/#
:/.&-/ "!:=,$0/0G.

D??-#-4;#$&! &7&#:,!$+! ?#&C!33-

1!9:;,<3-C++ .=3&%&.86%&)

8#!(3%&) $!74+

U0& +! 8/'/!0') /EE/"/0*&I ;/'0(, 0&
F,&8 LY3A ='0/*&.8( LY3A-2?R – 

0"!<'0=E!*;/0/) H,!80"&&F!''&,(./MJ/)
='0/*&.8/, '&-!"+/J/) E& &-*&#= H,!8-
0"&-!5(-"/0&"= . 8/+-&I '0=E!*( LDB-1, 

LDB-2 ( LDB-3 (&FV!# – E& 160 #3). 

L,!80"&-!5(-"/0&"G 0"!<H,!80"&-*G!,
E&-/;/ */E")+!*() */ H,!80"&-G &'=J!-
'0.,)!0') &0 ('0&;*(8&. E(0/*() RTD-

160/20-A-1 (#&J*&'0$M 160 8?2) E& &--

*&#= */ 8/+-&# /EE/"/0!. 7/8 =+! FG,&
=E&#)*=0&, &0-!,!*(! #!,8&-('E!"'*&I
.&-G (: 0)+K,&I, .G'&8&.):8&I *!90(
E"!-'0/.,)!0 8"/I*! ',&+*=M :/-/;=
( 0"!F=!0 E"(#!*!*() 'E!>(/,$*G< 0!<-

*&,&5(;!'8(< "!6!*(I. 3-*/8& . &'*&.!
/F'&,M0*& .'!< 0!<*&,&5(;!'8(< E"(K-
#&., */E"/.,!**G< */ "!6!*(! H0&I
',&+*&I :/-/;(, ,!+(0 :/8&* O0&8'/:

2

.&-/ *!90$([ [ )

18\

d
w g

−
= ,

5-! w – '8&"&'0$ &'!-/*() 8/E!,$, #/'; d – 

-(/#!0" &0-!,)MJ(<') 8/E!,$, #; .&-/[ ,

*!90$[  – '&&0.!0'0.!**& E,&0*&'0$ .&-G

( *!90( E"( -/**G< 0!#E!"/0="! ( -/.-
,!*((, 85/#3; g – ='8&"!*(! '(,G 0)+!-
'0(; η – -(*/#(;!'8/) .):8&'0$ '"!-G
(H#=,$'((),  /⋅'. X&"#=,/ E&8/:G./!0,
;0& ;!# #!*$6! ;/'0(>G -('E!"'*&I
9/:G ( "/:*&'0$ E,&0*&'0!I .&-G ( *!9-

0( ( ;!# F&,$6! .):8&'0$ '"!-G, 0!#
#!-,!**!! E"&0!8/!0 E"&>!'' "/'',&!-
*(). 4/5"!. H#=,$'(I, . ;/'0*&'0(, ='8&-

")!0 (< "/:"=6!*(!, 0/8 8/8 E"( H0&#
.&:"/'0/!0 "/'0.&"(#&'0$ . *!90( :/-
J(0*&I E,!*8( H#=,$5/0&"/, =#!*$6/!0-
') .):8&'0$ '"!-G ( =.!,(;(./!0') "/:-
*&'0$ E,&0*&'0!I. O;(0/!0'), ;0& -,)
&E0(#/,$*&I -!H#=,$'/>(( .):8&'0$ &F-

"/F/0G./!#&I '"!-G . "/F&;(< =',&.()<
-&,+*/ '&'0/.,)0$ 3–6 ##2/' [4]. @:#!-
*!*(! .):8&'0( )"!5'8&I *!90( . :/.('(-

#&'0( &0 0!#E!"/0="G E"!-'0/.,!*& */
"('. 3. @*9&"#/>() */ "('=*8! '.(-!-
0!,$'0.=!0 & 0&#, ;0& */ -/**GI -(/E/-
:&* E"(<&-(0') (*0!"./, 129–143 °O.  &
9/80=, #!*$6/) 0!#E!"/0="/ .!-!*()
E"&>!''/ &FV)'*)!0') E"(#!*!*(!# "/:-
F/.(0!,) – -(:!,$*&5& 0&E,(./, ;0& -&'-
0/0&;*& )"8& E"&).(,&'$ 0/8+! E"( E"&-

.!-!*(( E"&F!5/. WG,& :/#!;!*&, ;0&
E"!.G6!*(! "/:*&'0( E,&0*&'0!I */
0,260 5/'#3 ( .G6! 'E&'&F'0.=!0 &E0(-

#/,$*&#= "!+(#= .!-!*() E"&>!''/.
R!# *! #!*!! E!"!5"!. 0/8+! ."!-!*.

S',( -,) &FG;*&I *!90( H0& &FV)'*)!0')
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%('. 3. @:#!*!*(! .):8&'0( ( H,!80"&E"&.&-*&'0( N"!5'8&I *!90( . :/.('(#&'0( &0 0!#E!"/0="G

=.!,(;!*(!# -/.,!*() */'GJ!**G< E/-
"&., 8/8 ',!-'0.(! – .&:"/'0/!0 -/.,!*(!
*/ LY3A, / '/#G! ,=;6(! H,!80"&-!5(--

"/0&"G ( 0"=F&E"&.&-G F,&8/ "/'';(-

0/*G */ -/.,!*(! *! .G6! 18 85'/'#2, 0&
-,) )"!5'8&I *!90( ' */;/,&# 8(E!*()
. 180 °O H0& *! 8"(0(;*&.  "(;(*G H0&5&
'.):/*G ' "!:8(# =.!,(;!*(!# H,!80"&-
E"&.&-*&'0( *!90( ((:#!"!**&I E& #!-
0&-(8! [14], '#. "('. 3), &0;!5& E&.G6/-
M0') 0&8( */ 0"/*'9&"#/0&"/< ( E"&('-
<&-(0 (< 8&"&08&! :/#G8/*(! ' E&',!-
-=MJ(# &08,M;!*(!#. ?G'&8/) H,!8-
0"&E"&.&-*&'0$ *!90( ' E&.G6!*(!#
0!#E!"/0="G E"( E"(#!*!*(( #&J*G<
0"/*'9&"#/0&"&. 'E&'&F'0.=!0 0/8+!
E!"!"/'<&-= H,!80"&H*!"5((. ? ;/'0*&-
'0(, E"&.!-K**G! . '.&K ."!#) ('',!-&-
./*() 0)+K,&I *!90(, E!"!"/F/0G./!#&I
4&.&=9(#'8(# 4 1, E&8/:/,(, ;0& '(,/
0&8/ . E!".(;*&I >!E( 0"/*'9&"#/0&"&.
=.!,(;(./!0') E&;0( E"&E&">(&*/,$*&
0!#E!"/0="! (&0 45 2 E"( 75 °O -& 90 2
E"( 140 °O). 4& E"( H0&# 0/8+! =8/:G./-
!0'), ;0& -,) -!H#=,$'/>(( 0)+K,&I
( .):8&I *!90( *!&F<&-(#G H,!80"(;!-
'8&! E&,! F&,$6!I */E")+K**&'0( (
F&,$6/) 0!#E!"/0="/, ;!# -,) ,K58&I, (
.!,(;(*/ =-!,$*&5& "/'<&-/ H,!80"&-
H*!"5(( #&+!0 FG0$ .G6! &FJ!=E&0"!-
F(0!,$*&I *&"#G . 1 8?0⋅;/#3 . 2–3 "/:/
[15].  & -/**G# :/"=F!+*G< ('',!-&./-
0!,!I [16–18], . E!"!';K0! */ #!0"(;!-
'8=M '('0!#= -,) *!90( 0/8&I E,&0*&'0(

(. (*0!"./,! 0,910–0,947) E&0"!F=!0')
'(,&./) '('0!#/ #&J*&'0$M 2,24 8?0⋅;/#3

E"( 0!#E!"/0="! .!-!*() E"&>!''/
129–146 °O ('&5,/'*& H0(# ('',!-&./-
*()# -,) '"!-*!I *!90( ' E,&0*&'0$M
0,845–0,876 *!&F<&-(#& 0,82 8?0⋅;/#3

E"( 0!#E!"/0="! 104–121 °O). O0&(0 0/8+!
&0#!0(0$, ;0& .G'&8(! 0!#E!"/0="G 'E&-
'&F'0.=M0 "/:"=6!*(M 90&"&E,/'0&.G<
E"&<&-*G< (:&,)0&"&., E&0&#= &E0(-
#/,$*G# -,) )"!5'8&I *!90(, ' 0&;8(
:"!*() -!H#=,$'/>(( ( '&5,/'*& -/**G#
&EG0*&5& E"&F!5/, ',!-=!0 E"(:*/0$ 0!#-
E!"/0="= 130–140 °O (E"( F&,$6!# .&-
.,!;!*(( "/:F/.(0!,) &*/ #&+!0 FG0$
'*(+!*/).
O"!-( 'E!>(9(;!'8(< #!0&-&. -!-

H#=,$'/>(( 0)+K,&I *!90( #&+*& .G-!-
,(0$ E"(K# >!*0"(9=5("&./*() (4(+*!-
8/#'8, O/:/*8="/8 (7/:/<'0/*) ( -".).
3-*/8& &EG0 H8'E,=/0/>(( >!*0"(9=5
'.(-!0!,$'0.=!0 &F (< #/,&# #!+"!#&*0-
*&# E"&F!5! ..(-= :/F(.8( 0/"!,&8 '#&,/-
#(, '&,)#( ( /'9/,$0!*/#(, E&H0&#=, -/+!
*!'#&0") */ 0& ;0& >!*0"(9=5( &F!'E!;(-
./M0 &;!*$ <&"&6!! &F!''&,(./*(! ( &F!:-
.&+(./*(!, E"!-E&;(0/M0 ('E&,$:&./0$
!#8&'0*=M &0'0&I*=M /EE/"/0="=.

0=.&1=

R/8(# &F"/:&#, :/8,M;(#, ;0& -,)
'0/F(,$*&I -!H#=,$'/>(( .G'&8&.):8&I
)"!5'8&I *!90( */ 4 1 "!8&#!*-=!0')
E"(#!*!*(! -!H#=,$5/0&"/ B!"8=,!' 1017 
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E"( "/'<&-! 4 5/0 *!90(, ('E&,$:&./-
*(! '&."!#!**G< H,!80"&-!5(-"/0&"&.
' #&J*G# '(,&.G# F,&8&# (*! *(+!
100 8?2 */ 100 #3 &FVK#&. &0'0/(./-
*()); -,) '0/F(,$*&I "/F&0G ',!-=!0
E&-F("/0$ 0/8&I &FVK# &0'0&I*&I /E-

E/"/0="G, ;0&FG &F!'E!;(0$ ."!#)
E"!FG./*() *!90( . *!I *! #!*!!
6,5 ;; *!&F<&-(#& E"(#!*)0$ '&."!#!**G!

'#!'(0!,$*G! ='0"&I'0./, / 0/8+! E&--

-!"+(./0$ 0!#E!"/0="= */ F,&8! LY3A
. E"!-!,/< 130–140 °O ,(F& E"(#!*)0$
F&,$6(! &FVK#G "/:F/.(0!,) (-,) -&-

.!-!*() ρ '#!'( *!90( ' "/:F/.(0!,!#
-& 0,920 5/'#3, E"( 8&0&"&# E& &EG0=
"/F&0G E"!+*(< ,!0 &0-!,!*(! .&-G
-&'0/0&;*& (*0!*'(.*& (-K0 ( E"(
80–110 °O).
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