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4. H% $9.2; * %.K.+*# )  *+".&%(,** -."%#+;< E9.!"% 0"(+,*1 - E9.!"%*D.0!3= 

0.":. 
5. 6-" + 2+;. E9.!"% 0"(+,**: -."% -'*G.9:+;. * -."% -'*G.9:+ -0 9+.D+;. * 

*0) 9:G -(+*. 0*0".2 <%(+.+*# E+.%&**. 

3')4'05/$ ,$! % '42-)!/ / 1$2)1$64/%& 2-7%/4/0: 

 !"#$%&'()*!(+ ($,%,-(+) -,%&.-(+ /!,&0,%'1( #-9#."0# 0.1D(0 -(4+ 1 
0 0"(-9#=O.1 2*% - &  E+.%&."*D.0! &  ) ".+,*(9(. @. %(G-*"*. - +(D(9. PPI -.!( 
0 ) 0"(-*2  0 %(G-*"*.2 (" 2+ 1 E+.%&."*!* -  -" % 1 ) 9 -*+. )% K9 &  -.!( * 
'(4. +(-.%+  )%.-G 1'." .& . J / 00** "%('*,* ++  -."% E+.%&."*!( $;9( " 9:!  
(-%.!.2!.3. F9# *+".+0*8*!(,** %(G-*"*# (-" + 2+;< JML *2.="0# )%.') 0;9!* 
* - G2 4+ 0"* ) 9+ 1 *9* D(0"*D+ 1 G(2.+; *2* '*G.9:+;< E9.!"% 0"(+,*1 0 ,.9:= 
0+*4.+*# 0.$.0" *2 0"* E9.!"% E+.%&** -  "'(9.++;< %(1 +(< A*$*%* * F(9:+.&  
J 0" !(. J " 4. -%.2# 0.".-(# -."% E+.%&."*!( - / 00** '.9(." ).%-;. K(&*, 
0-#G(++;. 0 %(G-*"*.2 ).%- &  )*9 "+ &  )% .!"( 0.".- 1 -."% E9.!"% 0"(+,** 
«JLA C*%+;1». L"  +()%(-9.+*. "%.$3." $ 9.. E88.!"*-+ 1 & 03'(%0"-.++ 1 
) ''.%4!* - %(2!(<  $O*< 2.% ) ''.%4!* E+.%&."*!* +(  0+ -. JML 0 &9(0+  
)%*+#" 23 H%(-*".9:0"- 2 /I '9# - G $+ -9#.2 1 E+.%&."*!* !3%03 +( 
9 !(9*G(,*= )% *G- '0"-(  $ %3' -(+*# (0 G'(+*. )%.')%*#"*1 +( ".%%*" %** 
/ 00**). 5'+(!  -  "9*D*.  " JLM, 0 D(0"*D+  +(9(4.++;2 )% *G- '0"- 2 - / 00**, 
)%*+#";. - ) 0"(+ -9.+**  '*+(! -;. ".2); 3% -+# 9 !(9*G(,** )% *G- '0"-( 
 !(G(9*0: G(-;K.+; '9# + - &  )% *G- '0"-( -."% E+.%&."*D.0! &   $ %3' -(+*# (! 
2015 &.  - 55%, ( ! 2016 - 65%). F.10"-*".9:+ , 2*% -(# )%(!"*!( ! 2)(+*1 Vestas, 
Gamesa, General Electric, 6JJ * '%., & - %*", D"  '9# %(G-*"*# 2.0"+ &  )% *G- '0"-( 
- 0"%(+(< %(G-*-(=O.& 0# %;+!( "%.$3."0#  " 2 '  5 9.". F(4. 30! %.++;1 %.4*2 
%(G-*"*# ( "$ % % 00*10!*< )%.')%*#"*1;  )%.'.9.+*. 0  "-."0"-*# )(%(2."% - *< 
 $ %3' -(+*#; 0 &9(0 -(+*.  ".<+*D.0!*<,  %&(+*G(,* ++;<, 0.%"*8*!(,* ++;< 
2.% )%*#"*1; %(G%($ "!( ".<+ 9 &*D.0! 1 * *+ 1 ' !32.+"(,**; 0 G'(+*. 
*0);"(".9:+;< 0".+' -) G(12." +. 2.+.. 2-2,5 9.",  D"  ) G- 9*"  %&(+*G -(": 
)% *G- '0"-  * *0);"(+*# ).%- &  +($ %( ! 2) +.+" -, )% *G-.'.++;< +( 
".%%*" %** / 00*10! 1 I.'.%(,**, " 9:!  ! 2016.  F(++3= )% $9.23 9 !(9*G(,** 
)% *G- '0"-( -."% E+.%&."*D.0! &   $ %3' -(+*# 2 4+   %.K*": +(  0+ -. 
*G2.+.+*1 ".2) - 9 !(9*G(,** )% *G- '0"-(.  

H%* '(9:+.1K.1 (!"*-+ 1 ) ''.%4!. & 03'(%0"-( * )3".2  %&(+*G(,** ".0+ &  
2.4'3+(% '+ &  +(3D+ –".<+*D.0! &  0 "%3'+*D.0"-( 09.'3." 3-.9*D*-(": "%(+08.% 
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* ('()"(,*= ).%.' -;< %.K.+*1 * ".<+ 9 &*1 '9# (-" + 2+ 1 * 0.".- 1 
-."% E+.%&."*!*.  

8')4/95*4& ,'9'%'2$55')4/ / 1',9'4'%!$5& 6 1',1/)-5/" 12'$64& 

:$+,*5-2',5&; )'9!-.$5/< ' )'42*,5/#$)4%$: 

  50+ -+ . %(2 D+ . 0 &9(K.+*., %.&39*%3=O.. +()%(-9.+*. !39:"3%+ &  * 
+(3D+ &  -G(*2 '.10"-*# 2.4'3 M+0"*"3" 2 -."% E+.%&."*!* F("0! &  
".<+*D.0! &  3+*-.%0*"."( * 5$Q.'*+.++;2 *+0"*"3" 2 -;0 !*< ".2).%("3% 
/ 00*10! 1 6!('.2** ?(3! (H% 8. H.C('0.+ * (!('.2*! /6? J.@.I %" -) 

  50+ -+ . %(2 D+ . 0 &9(K.+*., %.&39*%3=O.. +()%(-9.+*. !39:"3%+ &  * 
+(3D+ &  -G(*2 '.10"-*# 2.4'3 8(!39:"." 2 2.<(+*!* * *+'30"%*(9:+ 1 
*+4.+.%** 3+*-.%0*"."( B(9&(%* (B(+('() * 5$Q.'*+.++;2 *+0"*"3" 2 -;0 !*< 
".2).%("3% / 00*10! 1 6!('.2** ?(3! (F%. / + P3&  * (!('.2*! /6? 
J.@.I %" -) 

  50+ -+ . %(2 D+ . 0 &9(K.+*., %.&39*%3=O.. +()%(-9.+*. !39:"3%+ &  * 
+(3D+ &  -G(*2 '.10"-*# 2.4'3 M+0"*"3" 2 -."% E+.%&."*!* F("0! &  
".<+*D.0! &  3+*-.%0*"."( * M+0"*"3" 2 ".)9 8*G*!* A*$*%0! &  5"'.9.+*# 
/ 00*10! 1 6!('.2** ?(3! (H% 8. H.C('0.+ * D9.! %% /6? A.J.69.!0..+! ) 

  50+ -+ . %(2 D+ . 0 &9(K.+*., %.&39*%3=O.. +()%(-9.+*. !39:"3%+ &  * 
+(3D+ &  -G(*2 '.10"-*# 2.4'3 M+0"*"3" 2 -."% E+.%&."*!* F("0! &  
".<+*D.0! &  3+*-.%0*"."( * M+0"*"3" 2 ". %."*D.0! 1 * )%*!9('+ 1 2.<(+*!* 
A*$*%0! &  5"'.9.+*# / 00*10! 1 6!('.2** ?(3! (H% 8. H.C('0.+ * (!('.2*! 
/6? J.C.I 2*+) 

  50+ -+ . %(2 D+ . 0 &9(K.+*., %.&39*%3=O.. +()%(-9.+*. !39:"3%+ &  * 
+(3D+ &  -G(*2 '.10"-*# 2.4'3 M+0"*"3" 2 -."% E+.%&."*!* F("0! &  
".<+*D.0! &  3+*-.%0*"."( * M+4.+.%+ 1 (!('.2*.1 F(9:+.- 0" D+ &  
8.'.%(9:+ &  3+*-.%0*"."( (H% 8. H.C('0.+ * H% 8 6.R.S.!!.%) 

 

=2$,!'+$5/0 6 1$2$#5" 12/'2/4$45&; 5-12-%!$5/< /))!$,'%-5/< / 2-72-('4'6 

/ 4$: 6'562$45&; 12'$64'%, 2$6':$5,*$:&; ,!0 >'2:/2'%-5/0 4$:-4/6: 

1) % ?$,$2-!@5*" A$!$%*" 12'92-::* «B))!$,'%-5/0 / 2-72-('46/ 1' 

12/'2/4$45&: 5-12-%!$5/0 2-7%/4/0 5-*#5'-4$;5'!'9/#$)6'9' 6':1!$6)- 

C'))// 5- 2014-2020 9',&» 

  H% .!" «/(G%($ "!( * 0 G'(+*. &*$%*'+ 1 (-" + 2+ 1 E+.%& 30"(+ -!* 
 )"*2(9:+  0 D."(=O.1 *0) 9:G -(+*. -."% - 1, 0 9+.D+ 1 E+.%&** * 
"%('*,* ++ &  " )9*-( '9# *0) 9:G -(+*# -  "'(9.++;< %(1 +(< A.-.%( 
0 -2.0"+  0 3+*-.%0*"."(2* 0"%(+ 0  0< 4*2* !9*2("*D.0!*2* 309 -*#2* 
B(+(' 1 * F(+*.1 (7%.+9(+'*#)». C.% )%*#"*. 2.1. (H ).9: 5.A., 5MJR /6?) 

  H% .!" «M009.' -(+*# &*'% '*+(2*D.0! 1 +.30" 1D*- 0"* % " %+;< 2(K*+ 
'9#  $.0).D.+*# ".<+ &.++ 1 * E! 9 &*D.0! 1 $.G )(0+ 0"* - -."% - * 
&*'% E+.%&."*!.,  )% - '*2;. 0 -2.0"+  0 +(3D+ -*009.' -(".9:0!*2* * 
 $%(G -(".9:+;2*  %&(+*G(,*#2* F(+**». C.% )%*#"*. 2.2. (?(32 - M.J., 
MR A5 /6?) 

  H% .!" «J;) 9+.+*. %($ " )  '*(&+ 0"*!. *  )"*2*G(,** 
-."% E+.%&."*D.0!*< 30"(+ - ! - +(3D+  ".<+*D.0! 1 !  ).%(,** 0 -.'3O*2* 
".<+*D.0!*2* 3+*-.%0*"."(2* A!(+'*+(-**». C.% )%*#"*. 2.2. (B G9 - J.J., 
MRHC A5 /6?) 

2) % ?$,$2-!@5*" A$!$%*" 12'92-::* «D-*#5&$ / 5-*#5'-1$,-9'9/#$)6/$ 

6-,2& /55'%-A/'55'< C'))// 5- 2014-2020 9',&».  
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  H% .!"*) «A G'(+*. 2.4'3+(% '+ &  +(3D+ -*009.' -(".9:0! &  * 
 $%(G -(".9:+ &  ,.+"%( )  %(G-*"*= - G $+ -9#.2;< *0" D+*! - E+.%&** +( 
$(G. *+".&%(,** 0  0!(+'*+(-0!*2* +(3D+ - $%(G -(".9:+;2* ,.+"%(2* 
COMWIND * The Nordic Consortium» (69.!0..+!  A.J., MR A5 /6? * ?7N; 
S.!!.% 6.R., FIN; B G9 - J.J., MRHC A5 /6?) 

*) H% .!" ) '< '*" '9# %(002 "%.+*# * )  2.% )%*#"*= 2.2 *G )3+!"( 1). 

C$6':$5,-A//: 

  H '& " -*":  $%(O.+*. - H%(-*".9:0"-  /I 0  $ 0+ -(+*.2 +. $< '*2 0"* 
* )%.'9 4.+*.2 )  *G2.+.+*= 0% ! -, ) %#'!( * 3% -+# "%.$ -(+*1 )  
9 !(9*G(,** )% *G- '0"-(  $ %3' -(+*# '9# -."% E+.%&."*!* 0 
%.(9*0"*D+;2* ".2)(2*: 2014 - 20%,   2015 &. - 20%,  0 2016 )  2018 &.&. - 35 
%,  0 2019 )  2020 &.&. - 50% (6.@.B );9 - * 7.J.@%2 9.+! ) 

  5%&(+*G(,*# - 2014&. - B ).+&(&.+. B%3&9 &  A" 9( )  E+.%&."*D.0! 1 
!  ).%(,** – F*(9 & F(+** 0 / 00*.1 )  %(G-*"*= 2(9 1 E+.%&."*!* '9# 
 "'(9.++;< ".%%*" %*1 A*$*%*, F(9:+.&  J 0" !( * B%(1+.&  A.-.%( (A.%&.1 
C %&3+ - – / 00*10!*1 ,.+"% ?(3!* * B39:"3%; - F(+** * T. + 
C*K+(.-0!*1 – FRN WindEnergy)  

  H '.%4(": )*9 "+;1 )% .!" «A G'(+*. 2.4'3+(% '+ &  +(3D+ -
*009.' -(".9:0! &  *  $%(G -(".9:+ &  ,.+"%( )  %(G-*"*= - G $+ -9#.2;< 
*0" D+*! - E+.%&** +( $(G. *+".&%(,** 0  0!(+'*+(-0!*2* +(3D+ -
 $%(G -(".9:+;2* ,.+"%(2* COMWIND * The Nordic Consortium»  * 
%(002 "%.": - )% 0 3D(0"*# * 0 -8*+(+0*% -(+*# (B(9*+!  5.6., /307*'% ) 

  /(G-*": 0 "%3'+*D.0"-  )  -."% E+.%&."*!. 2.4'3 3D.+;2* F("0! &  
".<+*D.0! &  3+*-.%0*"."( ()%..2+*! RISØ) * ?MCB I7NH «U67M *2. ?.@. 
V3! -0! & » (7%*$! - A.J. * 5!39 - J.T.) 

  /(G%($ "(": * *G'(": + -;1 «6"9(0 -."% - / 00**», ('()"*% -(++;1 ) ' 
309 -*# 0 -%.2.++;< 0.".-;< -."% -E9.!"% 0"(+,*1 0 *0) 9:G -(+*.2 
2." '*! WASP * )%.')%*#"*# 6RC57/6I, -G(2.+ «6"9(0( -."% - 
/ 00**»**), *G'(++ &  - 2000& / 00*10! -F("0!*2 *+0"*"3" 2 
E+.%& E88.!"*-+ 0"* * ?(,* +(9:+ 1 '("0! 1 9($ %(" %*.1  RISØ (J.7. 
?*! 9(.-, U67M * 6RC57/6I * A.@. T(%0.+ – 8(!39:"." WindEnergy 
F("0! &  ".<+*D.0! &  3+*-.%0*"."( - )%..2+*!  RISØ) 

**) 6"9(0 -."% - / 00** = Russian Wind Atlas / 6.?.A"(%! -, T.T(+'$.%&, 
H.H.S.G%3!*<, C.C.S %*0.+! ; C--  " )9*-( * E+.%&."*!* / 00**, ?(,. 9($. /*0  
(F(+*#), / 0.-F(". *+-" E+.%& E88.!"*-+ 0"*. - C.: C 4(10!-R.%%(, 2000. - 551 0.: *9. 
+ '*0!."(. - ISBN 5-7542-0067-6© The Russian-Danish Institute for Energy Efficiency, 
2000 ©RISØ National Laboratory, 2000 ©/ 00*10! -F("0!*1 *+0"*"3" 
E+.%& E88.!"*-+ 0"*, 2000 ©/*0 , 2000 
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D!9!*5! @5;6);;5$**$< ;!;;55 REENFOR 2013 

«B+):*$-4!Q*5:!;65! 5 36$*$-5:!;65! 7"$01!-8 -+1$< 

%5("$3*!"%!4565, 7"515#*$< 5 #$1*$#$< 3*!"%!4565» 

&*.%/"0/!+ ,.,. 
&$(!"+4$" @5;6);;5$**$< ;!;;55 

W(093K(- *  $03'*- ' !9('; 3D(0"+*! - 0.00**,  "2.D(# (!"3(9:+ 0": * 
,.9.0  $%(G+ 0": %(G-*"*# 2(9 1 * 2 %0! 1 &*'% E+.%&."*!* 0.00*# )%.'9(&(." 
09.'3=O*. %.K.+*#: 

 - ? -;2 )% %;-+;2 ".<+ 9 &*D.0!*2 +()%(-9.+*.2 #-9#."0# 0 G'(+*. 0*0".2 
(-" + 2+ &  %(0)%.'.9.++ &  E+.%& 0+($4.+*# (A6/L) )%*$%.4+;< (!-(" %*1 * 
 "!%;" &   !.(+( ()%.'9 4.+*. M5/6?)  " ! 2$*+(,** %(G9*D+;< - G $+ -9#.2;< 
*0" D+*! - E+.%&**  !.(+(, *0) 9:G3=O*< )%.4'. -0.&  - 9+ -3= E+.%&*=, E+.%&*= 
".D.+*1, ).%.)(' ".2).%("3%;, ( "(!4. 0 9+.D+3= * -."% -3= E+.%&*= +( .&  
) -.%<+ 0"*. 

 - F9# 0 G'(+*#  0+ -+;< E9.2.+" - 6A5M L5 * A6/L '(": )%.'9 4.+*# - RH 
«HRJL», - IUH «M009.' -(+*# * %(G%($ "!* )  )%* %*"."+;2 +()%(-9.+*#2 
%(G-*"*# +(3D+ -".<+ 9 &*D.0! &  ! 2)9.!0( / 00** +( 2014-2020 & ';» * IUH 
«/(G-*"*. &%(4'(+0! 1 2 %0! 1 ".<+*!*» +( 2009-2016 & '; )  8 %2*% -(+*= 
".2("*!* 9 " - 0 3D." 2 *2.=O.& 0# ".<+ 9 &*D.0! &  G('.9( M5/6?, ?MMLA, 
?H5 «7*'% E+.%& 0).,0"% 1», UBS «/3$*+», U?MM *2. 6.?. B%;9 -( * '%. )%* 
) ''.%4!* G(*+".%.0 -(++;< -.' 20"- *  %&(+*G(,*1. 

 - ND*";-(#  );" %#'( G(%3$.4+;< 0"%(+ (J.9*! $%*"(+*#, AX6, B(+('(, 
I%(+,*# * '%.) &'. 0 G'(+; * (!"*-+  %(G-*-(="0# C %0!*. *0);"(".9:+;. U.+"%;, 
) G- 9#=O*. 30! %.++  ' - '*": '.2 +0"%(,* ++;. 30"(+ -!* 2 %0!*< JML '  
! 22.%D.0!*<  $%(G, -, 0D*"(": ,.9.0  $%(G+;2 0 G'(+*. "(! &  ,.+"%( - / 00** * 
'(": )%.'9 4.+*# - IUH « M009.' -(+*# * %(G%($ "!* )  )%* %*"."+;2 
+()%(-9.+*#2 %(G-*"*# +(3D+ -".<+ 9 &*D.0! &  ! 2)9.!0( / 00** +( 2014-2020 
& ';» )  )% %($ "!. ".<+*D.0!*< G('(+*1 )  0 G'(+*= * )% &%(22. +(3D+;< 
*009.' -(+*1 C %0! &  *0);"(".9:+ &  U.+"%( +( =&. (+()%*2.%, +( $(G. =4+ &  
 "'.9.+*# M5/6? - 7.9.+'4*!. * / *9* +( $(G.  "'.9.+*# 5MJR /6? - C(<(D!(9. ). 

 - H% ' 94*": *009.' -(+*# +( +(3D+ 1 2 %0! 1 $(G. ?MMLA +( B*09 &3$0! 1 
HLA 0 "*) -;2 +()9(-+;2 E+.%& $9 ! 2 HLA * 0 "*) -;2 2+ & #%30+;2 
 ".D.0"-.++;2 &*'% (&%.&(" 2, ( "(!4. )% ' 94*": +("3%+;. *0);"(+*# - 9+ - 1 
E+.%&."*D.0! 1 0"(+,** 565 ?MMLA 0 ,.9:=  )"*2*G(,** .. E!0)93("(,** * 
! +0"%3!,**; 

 - ND*";-(# ) 0"(-9.++;. - /(0) %#4.+** H%(-*".9:0"-( /I Y861 '  2020 & '3 
* 7.+0<.2; %(G2.O.+*#  $Q.!" - &.+.%(,** '  2030 & '3 )9(+; - D(0"* %(G-*"*# 
2(9 1 &*'% E+.%&."*!* '9# (-" + 2+ &  * '.,.+"%(9*G -(++ &  E+.%& 0+($4.+*# 
+.$ 9:K*< ) "%.$*".9.1, +. $< '*2  %(G%($ "(": + -3= 2." ' 9 &*=  ,.+!* * 
)% -.0"* *+-.+"(%*G(,*= E! + 2*D.0!* E88.!"*-+ &  ) ".+,*(9( 2(9 1 
&*'% E+.%&."*!* * ! +!%."+;2  )%.'.9.+*.2 ).%-  D.%.'+;<  $Q.!" - -+.'%.+*# +( 
 0+ -. )% -.'.+*# &*'% 9 &*D.0!*< * *+4.+.%+ -!(%" &%(8*D.0!*< *G;0!(+*1. 

 - H '"-.%'*":, D"  - /I *2.."0# ".<+ 9 &*D.0!(# * )% *G- '0"-.++(# $(G(, 
) G- 9#=O(#  $.0).D*": "%.$3.23= - 0  "-."0"-** 0 H 0"(+ -9.+*.2 H%(-*".9:0"-( 
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/I Y449 9 !(9*G(,*= )%* )% *G- '0"-.  $ %3' -(+*# '9# 2(9;< 7LA *  $.0).D*": 
+(3D+ -".<+ 9 &*D.0!3= * 8*+(+0 -3= ) ''.%4!3 '9# %(G-*"*# E"*< )% *G- '0"-.  

 - '9# - G2 4+ 0"* *0) 9:G -(+*# + -;< 0<.2 *0) 9:G -(+*# - '+ 1 E+.%&** 0 
) 2 O:= 2(9;< 7LA (+.E+.%&."*D.0!*< - ' " ! -, - ' 0$% 0 - 0" D+;< * 
 $ % "+;< - ', %.! +0"%3*%3.2;< &*'% 3G9 - * '%.) '(": )%.'9 4.+*# - RH «HRJL», 
- IUH « M009.' -(+*# * %(G%($ "!* )  )%* %*"."+;2 +()%(-9.+*#2 %(G-*"*# 
+(3D+ -".<+ 9 &*D.0! &  ! 2)9.!0( / 00** +( 2014-2020 & ';» )  %(G%($ "!. + - 1 
+ 2.+!9("3%; * *++ -(,* ++ &   $ %3' -(+*# 2(9 1 &*'% E+.%&."*!*, 
 $.0).D*-(=O.&  $ 9.. -;0 !*. E+.%&."*D.0!*. * ".<+*! -E! + 2*D.0!*. 
) !(G(".9*.  
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D!9!*5! @5;6);;5$**$< ;!;;55 REENFOR 2013 

«B+):*$-4!Q*5:!;65! 5 36$*$-5:!;65! 7"$01!-8 

%!$4!"-+1R*$< 3*!"%!4565 5 5;7$1R/$#+*5! 4!71$#8Q 

*+;$;$#» 

1!20"!+ 3.,. 
&$(!"+4$" @5;6);;5$**$< ;!;;55 

1. H%*G+(": -;0 !3= E88.!"*-+ 0": %.&* +(9:+ &  E+.%&  $.0).D.+*# +( 
 0+ -. ! 2)9.!0+ &  *0) 9:G -(+*# &. ".%2(9:+;< %.03%0 -. 
2. AD*"(": )%* %*"."+;2 +()%(-9.+*. )  %(G-*"*= $*+(%+;< 
E+.%& ".<+ 9 &*1 +(  0+ -. *0) 9:G -(+*# +*G! ) ".+,*(9:+;< &. ".%2(9:+;< 
%.03%0 -. 
3. AD*"(": )%* %*"."+;2* % 00*10!*2* )9 O('!(2* '9# %.(9*G(,** 
&. ".%2(9:+;< E+.%&."*D.0!*< )% .!" -: 
- B(2D("0!*1 !%(1 * B3%*9:0!*.  0"% -(; 
- /.0)3$9*!( F(&.0"(+; 
- B%(0+ '(%0!*1 * A"(-% ) 9:0!*1 !%(#; 
- B(9*+*+&%('0!(#  $9(0":. 
4. 5"2."*": ) 9 4*".9:+;1  );" / 00** * M09(+'** - %(G-*"** &. ".%2(9:+ 1 

E+.%&."*!*. 
5. AD*"(": ,.9.0  $%(G+;2 %.(9*G -(": 2.4'3+(% '+;1 )% .!" )   $2.+3 

 );" 2 2.4'3 / 00*.1 * M09(+'*.1 -  $9(0"* &. ".%2(9:+ 1 E+.%&."*!* 0 ,.9:= 
 $ 0+ -(+*# ) -;K.+*# +('.4+ 0"* * E88.!"*-+ 0"* 0 G'(+*# * E!0)93("(,** 
&. ".%2(9:+;< E9.!"% 0"(+,*1 - 09 4+;< !9*2("*D.0!*< 309 -*#<. 

6. H%*G+(": +. $< '*2 0": )% -.'.+*# ! +8.%.+,*1 REENFOR +( %.&39#%+ 1 
 0+ -.. 
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D!9!*5! @5;6);;5$**$< ;!;;55 REENFOR 2013 

«B+6$754!15 3*!"%55 5 5*4!11!64)+1R*8! ;5;4!-8 

)7"+#1!*52 # #$/$0*$#12!-$< 3*!"%!456!» 

4!5*!+ 6.7.,  !$ 8.&. 
&$(!"+4$"8 @5;6);;5$**$< ;!;;55 

 !"#$%&$ '()*+,-%./$)0 %'12')&: 

1. ?(! )*".9* '9# '9*".9:+ &  <%(+.+*# E+.%&** – 0 0" #+*. %($ " - /I * - 2*%., 
".<+*D.0!*. * E! + 2*D.0!*. $(%:.%;; 

2. ?(! )*".9* E+.%&** - (-" + 2+;< 30"(+ -!(< +(  0+ -. JML –+(0! 9:!  
 )%(-'(++  3-.9*D.+*. !()*"(9:+;< G("%("? H.%0).!"*-; 393DK.+*# ".<+*! -
E! + 2*D.0!*< )(%(2."% -, (9:".%+("*-+;. %.K.+*#. 

3. A.".-(# - G $+ -9#.2(# E+.%&."*!( – +34+; 9* +(! )*".9* '9# 0"($*9*G(,** 
 "'.9:+;< 0"(+,*1 * %.&* +(9:+;< E+.%& 0*0".2? N% -+* 2 O+ 0"* * 
".<+ 9 &*D.0!*. %.K.+*#. 

4.  H%* %*"."+;. +()%(-9.+*# *009.' -(+*1 * %(G%($ " ! * )% .!"; -  $9(0"* 
0 G'(+*# * )%(!"*D.0! &  )%*2.+.+*# +(! )*".9.1 E+.%&** * *+".99.!"3(9:+;< 
0*0".2 3)%(-9.+*# - - G $+ -9#.2 1 E+.%&."*!.. 

 

=2$,!'+$5/0 6 1$2$#5" 12/'2/4$45&; 5-12-%!$5/< /))!$,'%-5/< / 2-72-('4'6 

/ 4$: 6'562$45&; 12'$64'%, 2$6':$5,*$:&; ,!0 >'2:/2'%-5/0 4$:-4/6/ 

?$,$2-!@5'< A$!$%'< 12'92-::& «B))!$,'%-5/0 / 2-72-('46/ 1' 12/'2/4$45&: 

5-12-%!$5/0 2-7%/4/0 5-*#5'-4$;5'!'9/#$)6'9' 6':1!$6)- C'))// 5- 2014-

2020 9',&» 

  H% .!" «/(G%($ "!( ".<+*D.0!*< %.K.+*1 '9# )%*2.+.+*# 
03).%! +'.+0(" % - - 
8 " E9.!"%*D.0!*< - ' ) 'Q.2+*!(< '9# ! 2).+0(,** )30! -;< 
" ! - 
+(0 0 -». 

  H% .!" «M009.' -(+*# 0 -%.2.++;< 2(".%*(9 - '9# + - &  
) ! 9.+*# TM6: %(G%($ "!( 2." ' - 0*+".G(, ".<+ 9 &*1 TM6 '9# 
*G'.9*1 JJAR, *0) 9:G -(+*. TM6 - E+.%& 30"(+ -!* 0).,*(9:+ &  
+(G+(D.+*#».  

  H% .!" «/(G%($ "!( ".<+*D.0!*< %.K.+*1, +()%(-9.++;< +( 
0 G'(+*. ! 2)9.!0( 
*G +(! )*".9# E+.%&** '9# E9.!"% "%(+0) %"+ &  0%.'0"-( * 
*+8%(0"%3!"3%; '9# .&   $0934*-(+*#, -!9=D(# *0) 9:G -(+*. 
JML».  

  H% .!" «M009.' -(+*# ".<+*D.0!*< %.K.+*1 '9# 0 G'(+*# 
E88.!"*-+ &  ".%2 '*+(2*D.0! &  +(! )*".9#».  

  H% .!" «M009.' -(+*# + -;< 2(".%*(9 - * ".<+ 9 &*1 '9# 0 G'(+*# 
+(! )*".9.1 E9.!"%*D.0! 1 E+.%&** 0 %(G'.9:+;2 *G2.+.+*.2 
2 O+ 0"* * E+.%& .2! 0"*».  
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C$6':$5,-A//: 

1. /(G-*"*.  );"+ -'.2 +0"%(,* ++ 1 )9 O('!* )  )%*2.+.+*= JML +( 
".%%*" %** C7N (?MT JML C7N, B*0.9.-( A.J.); 

2. A G'(+*. ) 9*& +( '9# ! 2)9.!0+;< 0%(-+*".9:+;< *0);"(+*1 +(! )*".9.1 
E9.!"%*D.0! 1 E+.%&** (5MJR /6?, A + L.@.). 

3. /(002 "%.+*. - )% 0(   +. $< '*2 0"* * ,.9.0  $%(G+ 0"* 9 !(9*G(,** 
)% *G- '0"-( - / 00** 0 9+.D+;< * (-" + 2+;< *+".99.!"3(9:+;< 
*+-.%" % - SMA Solar Technology GmbH (RJLT – J.Z.T*<".%2(+, SMA Solar 
Technology GmbH, Jan Stottko). 
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D!9!*5! P")%1$%$ ;4$1+ REENFOR 2013 

N!Q*$1$%5:!;6$< 71+4=$"-8 «L6$1$%5:!;65 :5;4+2 

4!71$#+2 3*!"%!456+ #8;$6$< 3==!645#*$;45» 

1)20$!+%(.9 6.3. 
&$(!"+4$" @5;6);;5$**$< ;!;;55 

 !"#$%&$ '()*+,-%./$)0 %'12')&: 

1. 5$ 0+ -(+*. - G2 4+ 0"* * ,.9.0  $%(G+ 0"* *0) 9:G -(+*# "-.%';< $;" -;< 
 "< ' - - !(D.0"-. - G $+ -9#.2 &  " )9*-( +( RLA. J;$ % )%* %*"."+ &  
-(%*(+"( *+".&%*% -(+*# 30"(+ - ! '9# 04*&(+*# RS5 - 0<.23 
! 2$*+*% -(++ &  )% *G- '0"-( ".)9 - 1 * E9.!"%*D.0! 1 E+.%&**. 

2. J;$ % )%* %*"."+;< ".<+ 9 &*1 E+.%&."*D.0! &  *0) 9:G -(+*# $* 2(00; +( 
RLA. 

3. 5$ 0+ -(+*. - G2 4+ 0"* * ,.9.0  $%(G+ 0"* *0) 9:G -(+*# ".)9 +(0 0+ 1 
".<+*!* - 30"(+ -!(< &.+.%(,** E+.%&** %(G9*D+;< -*' -. 

4. M009.' -(+*# * %(G%($ "!*, )%.'9(&(.2;. - I.'.%(9:+;. ,.9.-;. )% &%(22;. 
 '5)4-4/2*"E-0 #-)4@: 

  R.<+ 9 &*# !*)#O.&  09 # * ,*%!39*%3=O.&  !*)#O.&  09 # K*% !  
*0) 9:G3."0# - )% 2;K9.++ 1 * E9.!"% E+.%&."*!. '9# E88.!"*-+ &  * 
E! 9 &*D.0!* D*0" &  04*&(+*# %(G9*D+;< -*' - $* 2(00;.  

  5'+*2 *G +(*$ 9.. ).%0).!"*-+;< +()%(-9.+*1 '9# %.G! &  3-.9*D.+*# 
*0) 9:G -(+*# $* 2(00; '9# )% *G- '0"-( ".)9( * E9.!"% E+.%&** #-9#."0# 
0 -2.0"+ . 04*&(+*. $* 2(00; 0 " %8 2 * 3&9.2.  

  F%3&*2 ).%0).!"*-+;2 +()%(-9.+*.2 #-9#."0# )%*2.+.+*. ) 9*&.+.%*%3=O*< 
0*0".2 0 ) 93D.+*.2 ".)9(, E9.!"% E+.%&** * ) 9.G+;< )% '3!" -.  

  M2.."0# $ 9:K 1 ) ".+,*(9 '9# *0) 9:G -(+*# "-.%';< $;" -;<  "< ' - !(! 
- G $+ -9#.2 &  " )9*-( '9# ) 93D.+*# ".)9( * E9.!"% E+.%&**.  

  W( %3$.4 2 G+(D*".9:+(# D(0": )%.')%*#"*1 '9# 04*&(+*# RS5 )%*+('9.4*" 
E+.%&."*D.0!*2 ! 2)(+*#2, * *+".%.0 E+.%&."*! - ! E" 23 *0" D+*!3 E+.%&** 
)% ' 94(." - G%(0"(":. ?()%*2.%, - 0 0"(- +.2.,! 1 ! 2)(+** E.ON -< '#" 18 
G(- ' - '9# ".%2*D.0! 1 3"*9*G(,** RS5  $O.1 E9.!"%*D.0! 1 2 O+ 0":= 
$ 9.. 300 CJ". J AX6 0322(%+(# E9.!"%*D.0!(# 2 O+ 0": )%.')%*#"*1, 
3"*9*G*%3=O*< RS5, 0 0"(-9#." )%*2.%+  2,7 7J". 

  J / 00** E" 23 - G $+ -9#.2 23 *0" D+*!3 E+.%&** -+*2(+*. )%(!"*D.0!* +. 
3'.9#."0#. 5$O(# 30"(+ -9.++(# E9.!"%*D.0!(# 2 O+ 0": -0.< G(- ' -, 
04*&(=O*< RS5, D3": $ 9.. 26 CJ".  

C$.$5/$: 

1. A ,.9:= 3-.9*D.+*# ' 9* $* 2(00; - )% *G- '0"-. ".)9( * E9.!"% E+.%&** 
+. $< '*2  )% -.'.+*. ! 2)9.!0+;< *009.' -(+*# E88.!" - )%* 0 -2.0"+ 2 
04*&(+** $* 2(00; * *0! )(.2;< " )9*- +( E!0).%*2.+"(9:+;< 30"(+ -!(< * 
'.10"-3=O*< ! "9(<. 50 $ . -+*2(+*. 09.'3." 3'.9*": *009.' -(+*#2 * 
%(G%($ "!(2 -  $9(0"* 04*&(+*# * &(G*8*!(,** %(G9*D+;< -*' - $* 2(00; - 
!*)#O.2 * ,*%!39*%3=O.2 !*)#O.2 09 .. 
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2. J %(2!(< )9("8 %2; «L! 9 &*D.0!* D*0"(# ".)9 -(# E+.%&."*!( -;0 ! 1 
E88.!"*-+ 0"*» %(002 "%.": - )% 0   0"% *".9:0"-. )*9 "+ &  )% .!"( 
 ".D.0"-.++ 1 "*) - 1 RLA +( RS5 )% *G- '*".9:+ 0":= 360 ";0. " ++ RS5 - & ', 
30"(+ -9.++ 1 2 O+ 0":= 24 CJ".  

3. H%.'9 4.+*# ! ).%.D+= )%* %*"."+;< +()%(-9.+*1 *009.' -(+*1 * 
%(G%($ " !, %.! 2.+'3.2;< '9# 8 %2*% -(+*# ".2("*!* I.'.%(9:+ 1 ,.9.- 1 
)% &%(22; «M009.' -(+*# * %(G%($ "!* )  )%* %*"."+;2 +()%(-9.+*# %(G-*"*# 
+(3D+ -".<+ 9 &*D.0! &  ! 2)9.!0( / 00** +( 2014-2020  & ';»: 

- /(G%($ "!( "%*&.+.%(,* ++;< 0*0".2 -;0 ! 1 E+.%&."*D.0! 1 
E88.!"*-+ 0"* '9#  '+ -%.2.++ &  )% *G- '0"-( E9.!"% E+.%&**, ".)9 "; * < 9 '( 
0 )%*2.+.+*.2 30"(+ - ! %(G9*D+;< )%*+,*) - '.10"-*# '9# !%3)+;< 
E9.!"% 0"(+,*1 %(G9*D+;< "*) - *  $Q.!" - %(0)%.'.9.++ 1 E+.%&."*!*. 

- /(G-*"*. $.0" )9*-+;< 30"(+ - ! &.+.%(,** E9.!"% E+.%&** * ".)9 "; 
%(G9*D+;< ".2).%("3%+;< 3% -+.1 +( $(G. '."(+'.%-&.+.%(" %+ 1 ".<+ 9 &** 0 
*0) 9:G -(+*.2 ".)9 -;< +(0 0 - * - G $+ -9#.2;< *0" D+*! - E+.%&**. 

- H% -.'.+*. *009.' -(+*1 * %(G%($ " ! -  $9(0"* 04*&(+*# * &(G*8*!(,** 
%(G9*D+;< -*' - $* 2(00; - !*)#O.2 * ,*%!39*%3=O.2 !*)#O.2 09 .. 

- M0) 9:G -(+*. $* 2(00; '9# )% *G- '0"-( ".)9( * E9.!"% E+.%&** )%* 
0 -2.0"+ 2 04*&(+** $* 2(00; 0 " %8 2 * 3&9.2. 

- M009.' -(+*# )% ,.00( )9(G2.++ 1 &(G*8*!(,** E+.%&."*D.0!*< 3&9.1 '9# 
) 93D.+*# -;0 ! ) ".+,*(9:+ &  &(G(-- 00"(+ -*".9# -G(2.+ 2."(993%&*D.0! &  
! !0(. 

- M009.' -(+*. )% ,.00 - E9.!"% ".%2 <*2*D.0! 1 ) '& " -!* 
E+.%&."*D.0!*< 3&9.1 ! 04*&(+*= +( ".)9 -;< E9.!"% 0"(+,*#<.  

- M009.' -(+*. E! 9 &*D.0!* D*0" 1 $.G "< '+ 1 ".<+ 9 &** ".%2*D.0! 1 
).%.%($ "!* "-.%';< $;" -;<  "< ' - 0 ) 93D.+*.2 ".)9 - 1 * E9.!"%*D.0! 1 
E+.%&** * 0"% *".9:+;< 2(".%*(9 -. 

- /(G%($ "!( *+8 %2(,* ++ -(+(9*"*D.0! &  *+".%(!"*-+ &  *+".%+."-
) %"(9( )  E+.%&."*!.. 
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7#:#$.# ;.%()%%.!$$!9 %#%%.. REENFOR 2013 

«<0)=$!-/#5$.=#%(.# . >(!$!2.=#%(.# ?"!@*#2A 

@.!>$#"B#/.(.» 

,0"C!*!2##+  .D. 
&$(!"+4$" @5;6);;5$**$< ;!;;55 

H 09.'+.. '.0#"*9."*. <(%(!".%*G3."0# E!0) +.+,*(9:+;2 % 0" 2 - 2*%. 
E+.%&."*D.0!*< ".<+ 9 &*1,  0+ -(++;< +( - G $+ -9#.2;< *0" D+*!(< E+.%&**. 
?(*$ 9.. [2!*2* ".<+ 9 &*#2* #-9#="0# ) 93D.+*. E9.!"% E+.%&** 0 
*0) 9:G -(+*.2 8 " - 9:"(*D.0!*< ) 93)% - '+*! -;< )%. $%(G -(".9.1 * 
) 93D.+*. " )9*- )3".2 &93$ ! 1 ! +-.%0** $* 2(00;. S* " )9*-  – K*% !*1 +($ % 
)% '3!" -, -!9=D(# $* 2."(+, $* $3"(+ 9, $* '*G.9:, $* &9*,.%*+, $* - ' % ', 
$* !."(9*, $* +.8": * 0*+".G+.8":. H% *G- '0"-  8 " E9.!"%*D.0"-( * $* " )9*- - 
2*%. %(0"[" E!0) +.+,*(9:+  0 -%.2.+(2* 3'- .+*# 2.5 – 3,5 & '(. N4. - +(0" #O.. 
-%.2# $* " )9*-( -+ 0#" G(2."+;1 -!9(' - E+.%&  $.0).D.++ 0":   $O.0"-(, * E" " 
-!9(' $3'." ' 0"(" D+  $;0"%  3-.9*D*-(":0#. J +(0" #O.. -%.2# )% *G- '0"-  
$* " )9*- '9# (-" 2 $*9:+ &  "%(+0) %"( 0 0"(-9#."  ! 9   5%  "  $O.&  
&9 $(9:+ &   $Q[2( ' $;D* +.8"*. L"   G+(D(.", D"  )%* 0 <%(+.+** ".2) - % 0"( 
$* " )9*-+ 1 *+'30"%**, )% *G- '0"-  $* " )9*- )%*$9*G*"0# ! 3% -+= 
0 -%.2.++ 1 ' $;D* 3&9.- ' % ' - D.%.G 25 – 30 9.".  

A"%(".&*D.0!*. %.03%0+;. - G2 4+ 0"* / 00** '9# )% *G- '0"-( $* E+.%&** 
 D.+: -.9*!*. 5$9('(# 0(2 1 $ 9:K 1 ".%%*" %*.1, 10% 0.9:0! < G#10"-.++;< 
3& '*1 2*%(, 3+*!(9:+;2* 9.0+;2* %.03%0(2*,  "+ 0*".9:+  $9(& )%*#"+;2 
!9*2(" 2, / 00*# 2 4." 0"(": $(G 1 &9 $(9:+ &  )% *G- '0"-( $* E+.%&**. 

5'+*2 *G 0"*239 - &9 $(9:+ &  %(G-*"*# E+.%&."*!*,  0+ -(++ 1 +( 
*0) 9:G -(+** $* 2(00;, #-9#."0# %.K.+*. )% $9.2; *G$;" D+ 1 E2*00** A52. 
S* 2(00( – )% '3!" 8 " 0*+"."*D.0! &  - 00"(+ -9.+*# '-3 !*0* 3&9.% '( * )%* 
)% *G- '0"-. E+.%&** *G $* 2(00;  $O*1 $(9(+0 % 0"( A52  )%*$9*4(."0# ! +39=. 

50+ -+ 1 0;%:.- 1 $(G 1 '9# )% *G- '0"-( E+.%& + 0*".9.1 *G $* 2(00; 
#-9#="0# 9*&+ -,.99=9 G+;. 2(".%*(9;. T*2*"*%3=O*2 8(!" % 2 %(G-*"*# 
E+.%&."*!*,  0+ -(++ 1 +( 2+ & 0"('*1+;<  )% ,.00(< ! +-.%0** 9*&+ -
,.99=9 G+ &  0;%:#, #-9#="0# +. $< '*2 0": %(G-*"*# -;0 ! E88.!"*-+;<, 
$.G "< '+;< * E! + 2*D.0!* )%*.29.2;< ".<+ 9 &*D.0!*< )% ,.00 - + - &  "*)(. 
W+(D*".9:+;. +. %.(9*G -(++;. %.03%0; %(G-*"*# 9.4(" -  $9(0"* 
-;0 ! E88.!"*-+ &  <*2*D.0! &  !("(9*G( 2+ &  $%(G+;< <*2*D.0!*< )% ,.00 - - 
0 D."(+** 0 $* !("(9*"*D.0!*2* ($* ".<+ 9 &*D.0!*2*) )% ,.00(2* + - &  "*)(. 

J  $O.2 )9(+. 0 G'(+*. + -.1K*< ! +!3%.+" 0) 0 $+;< )% ,.00 - '9# 
$* " )9*-+ 1 )% 2;K9.++ 0"* -!9=D(." - 0.$# %.K.+*. %#'( -G(*2 0-#G(++;< 
G('(D: 

1. /(G%($ "!( E88.!"*-+;< !("(9*"*D.0!*< )% ,.00 - '.) 9*2.%*G(,** 
$* 2(!% 2 9.!39, 0 G'(+*. <*2*D.0!*< * $* 9 &*D.0!*< !("(9*G(" % - + - &  "*)(. 

2. /(G-*"*. -;0 ! *+".+0*-+;< )% ,.00 - ) 93D.+*# $* 2."(+( ($* &(G() *G 
 "< ' - )*O.- 1 )% 2;K9.++ 0"*, 0/<  )% *G- '0"-(, 0(+*"(%+ -! 223+(9:+;< 
< G#10"-, %(G%($ "!( 2." ' - ! &.+.%(,** E9.!"%*D.0! 1 * ".)9 - 1 E+.%&**. 
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3. /(G%($ "!( !("(9*"*D.0!*< )% ,.00 - ) 93D.+*# (-" 2 $*9:+;< " )9*-, 
$* 2 9.!39#%+;< 0).,-' $(- ! ! " )9*-3, ) -;K(=O*< *< E!0)93"(,* ++;. 
<(%(!".%*0"*!*, %(G-*"*. )% ,.00 - ) 93D.+*# «$* $.+G*+(» * «$* '*G.9#» 

4. /(G%($ "!( !("(9*"*D.0!*< )% ,.00 - ) 93D.+*# (-*(,* ++;< " )9*- *G 
- G $+ -9#.2 &  0;%:#. 

5. A G'(+*. !("(9*"*D.0!*< 2." ' - ! +-.%0** $* 2(00; *  %&(+*D.0!*<  "< ' - 
- 4*'! . " )9*- . 

6. /(G%($ "!( 2." ' - ! +-.%0** 9*&+*+( 0 ) 93D.+*.2 0;%:.-;< )% '3!" - '9# 
!%3)+ " ++(4+ 1  %&(+*D.0! 1 <*2**, " )9*-+ 1 *+'30"%** * *+'30"%** 
0"% *".9:+;< 2(".%*(9 -. 

7. /(G-*"*. ".<+ 9 &*1 ".%2 <*2*D.0! 1 ! +-.%0** %(0"*".9:+ &  0;%:# - 
" )9*-  * <*2*D.0!*. )% '3!"; 2." ' 2 $;0"% &  )*% 9*G(.  

50+ -+;. %.03%0+;. ".<+ 9 &** )% *G- '0"-( $* " )9*- 9.4(" -  $9(0"* 
*0) 9:G -(+*#  %&(+*D.0!*<  "< ' - %(G9*D+ 1 )%*% '; ( "< '; 0/< )% *G- '0"-(, 
9.0+ 1 * )*O.- 1 )% 2;K9.++ 0".1, ! 223+(9:+ &  < G#10"-(, G(0 %#=O*. 0%.'3 
)% '3!"; ) 9*2.%+ 1 <*2**,  "< '; +.8"#+ 1 * +.8".).%.%($(";-(=O.1 
)% 2;K9.++ 0"*). @4.& '+;.  $Q[2;  %&(+*D.0!*<  "< ' - '9# / 00** 
 ,.+*-(="0# - 350 – 400 29+. " ++ - & '. J 0"%.$ -(++;. ".<+ 9 &** ) 93D.+*# 
$* " )9*- '9# / 00**, @-% ); * '%3&*< 0"%(+ 9.4(" - %(G-*"** 2." ' - ! +-.%0** 
 "< ' - - &(G  $%(G+ ., 4*'! . * "-[%' . " )9*- . A G'(+*. !(D.0"-.++  + - 1 
*+'30"%** ! +-.%0**  "< ' - - " )9*-  * 2(0K"($*% -(+*. 03O.0"-3=O*< 2." ' - 
($* &(G, )*%% 9*G+(# $* +.8": * 0*+".G+.8":, ).9.";) ) G- 9#." %.K*": '-. 
-G(*2 0-#G(++;. )% $9.2; –  D*0"!3  !%34(=O.1 0%.'; * ) 93D.+*. + -;< 
E+.%& + 0*".9.1. 

I %32 )%*-."0"-3." %(G-*"*. 2.4'3+(% '+ &  0 "%3'+*D.0"-( -  $9(0"* 
- G $+ -9#.2 1 E+.%&."*!* * $* E+.%&."*!*.  

ND(0"+*!* 8 %32( 0D*"(=" +. $< '*2;2  $%("*":0# - C*+*0".%0"-  +(3!* * 
 $%(G -(+*# / 00*10! 1 I.'.%(,** 0 )%.'9 4.+*.2   -!9=D.+** %#'( )% .!" - - 
8 %2*%3=O3=0# - +(0" #O.. -%.2# I.'.%(9:+3= ,.9.-3= )% &%(223 
«M009.' -(+*# * %(G%($ "!* )  )%* %*"."+;2 +()%(-9.+*#2 %(G-*"*# +(3D+ -
".<+ 9 &*D.0! &  ! 2)9.!0( / 00** +( 2014—2020 & ';»: 

1) M009.' -(+*. )% ,.00( ! 2)9.!0+ 1 ".%2 <*2*D.0! 1 ).%.%($ "!* $* 2(00; 
%(0"*".9:+ &  )% *0< 4'.+*# - " )9*-  *  %&(+*D.0!*. )% '3!"; 

2) S* !("(9*"*D.0! . ) 93D.+*.  %&(+*D.0!*< !*09 " *G +.)*O.- &  
- G $+ -9#.2 &  0;%:# !(! 2 + 2.% - '9#  %&(+*D.0! &  0*+".G( 
$* )9(0"*! -  

3) B +-.%0*# 3&9.% '0 '.%4(O*<  "< ' - - 4*%+;. !*09 "; 0 ) 09.'3=O.1 *< 
E".%*8*!(,*.1 - 03).%!%*"*D.0!*< 4*'! 0"#< 

4) M009.' -(+*. )% ,.00( ! 2)9.!0+ 1 ".%2*D.0! 1 ).%.%($ "!* "-.%';< 
! 223+(9:+;< * )% 2;K9.++;<  "< ' - 0 ) 93D.+*.2 ".)9 - 1 * 
E9.!"%*D.0! 1 E+.%&**, 0"% *".9:+;< 2(".%*(9 - * 2."(99*D.0!*< 0)9(- -  

5) M009.' -(+*. )% ,.00( E9.!"% )9(G2.++ 1 ).%.%($ "!*  %&(+*D.0! 1 2(00; 
'9# ) 93D.+*# 0*+".G-&(G( * G 9;, )%*& '+ 1 '9# *0) 9:G -(+*# - !(D.0"-. 
3' $%.+*#. 
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D!9!*5!  1!*+"*$< ;!;;55 REENFOR 2013 

«L*!"%!45:!;6$! $0"+/$#+*5! 5 7$(%$4$#6+ 

;7!S5+15;4$# (12 #$/$0*$#12!-$< 3*!"%!4565» 

 (0*#/ E. (Scalet M.), F#";.$ ,.4. 
&$(!"+4$"8  1!*+"*$< ;!;;55 

5%&(+*G(" %; I %32( -!9=D*9* - )% &%(223 E" 1 2.4'3+(% '+ 1 ! +8.%.+,** 
- )% 0; E+.%&."*D.0! &   $%(G -(+*# * ) '& " -!* !('% - '9# - G $+ -9#.2 1 
E+.%&."*!*. 

J G $+ -9#.2(# E+.%&."*!( #-9#."0# 0(2 1 $;0"%  %(G-*-(=O.10# 
E+.%&."*D.0! 1  "%(09:=, 0 ! " % 1 0-#G;-(="0# +('.4'; )   $.0).D.+*= 
30" 1D*- &  E+.%&."*D.0! &  %(G-*"*# * 30" 1D*- &  %(G-*"*# - ,.9 2 0 -%.2.++ &  
 $O.0"-(. /(G-*"*. - G $+ -9#.2 1 E+.%&."*!* *2.." *0!9=D*".9:+3= -(4+ 0": '9# 
' 0"*4.+*# U.9.1 /(G-*"*# R;0#D.9."*# (Millennium Development Goals (MDG)). 

J "  4. -%.2# )% $9.2;  $%(G -(+*# * ) '& " -!* !('% - '9# - G $+ -9#.2 1 
E+.%&."*!*, ! 0 4(9.+*=, +. )%*G+(="0# - ) 9+ 1 2.%. +* +( +(,* +(9:+ 2 +* +( 
2.4'3+(% '+;2 3% -+#<. J 09.'0"-*. E" &   +* +. +(< '#" 0- .&  ' 94+ &  
 "%(4.+*# - )% &%(22(< * )9(+(< E+.%&."*D.0! &  %(G-*"*#, D"  #-9#."0# +.0 2+.++  
0'.%4*-(=O*2 8(!" % 2 '9# 0- .-%.2.++ &  * E88.!"*-+ &  %.(&*% -(+*# +( 
) "%.$+ 0"* ) 0" #++  %(0"3O*< )% *G- '*".9:+;< * *+8%(0"%3!"3%+;< %;+! -, ( 
"(!4. %;+!( "%3'(, 0-#G(++;< 0 - G $+ -9#.2 1 E+.%&."*! 1. L"* - )% 0; 
)%.'0"(-9#=" *+".%.0 )%(!"*D.0!* '9# -0.< 0"%(+, +.G(-*0*2   " 3% -+# %(G-*"*# - 
+*< E" 1  "%(09* * $.G309 -+   +* -(4+; '9# ".< 0"%(+, ! " %;. +(< '#"0# " 9:!  - 
+(D(9. )3"* %(0K*%.++ &  *0) 9:G -(+*# - G $+ -9#.2;< *0" D+*! - E+.%&** 
(JML). 

J(4+ 0": ) '& " -!* !('% - '9# - G $+ -9#.2 1 E+.%&."*!* )%*G+(["0# "(!4. 
2.4'3+(% '+;2*  %&(+*G(,*#2* , ( - *< 9*,. * 2.4'3+(% '+;2 0  $O.0"- 2. 
H E" 23 +. 093D(1+  E"( 0.00*#  ) 93D*9( 2 %(9:+3= * 2(".%*(9:+3= ) ''.%4!3 
>?@AB5, ( *2.++  /.&* +(9:+ &  $=%  >?@AB5 )  +(3!. * !39:"3%. - @-% )., 
! " % . "(!*2  $%(G 2 -;%(G*9  +. " 9:!  0- = ) ''.%4!3 I %323, +  * 
3-.%.++ 0":, D"  I %32 * .&  0.00*# )  - )% 0(2  $%(G -(+*# $3'3" #-9#":0# 
-(4+;2* 8(!" %(2* 3!%.)9.+*# 2.4'3+(% '+ &  * %.&* +(9:+ &  0 "%3'+*D.0"-( - 
 $9(0"* E+.%&."*D.0! &   $%(G -(+*# - ,.9 2 * ) '& " -!. !-(9*8*,*% -(++;< 
!('% - '9# - G $+ -9#.2 1 E+.%&."*!* - D(0"+ 0"*. 

@-% ).10!*1 A =G (@A) - +(0" #O.. -%.2# %(G%($(";-(." F % 4+3= !(%"3 )  
 $%(G -(+*= * ) '& " -!. 0).,*(9*0" - '9# - G $+ -9#.2 1 E+.%&."*!*, ! " %(# 
".0+  0-#G(+( 0 @-% ).10!*2 0"%(".&*D.0!*2 )9(+ 2 %(G-*"*# E+.%&."*D.0!*< 
".<+ 9 &** (-SET Plan). 50+ -+ 1 G('(D.1 E" 1 *+*,*("*-; #-9#."0# 3' -9."- %.+*. 
) "%.$+ 0".1 E" 1 E+.%&."*D.0! 1  "%(09* - "%3' -;< %.03%0(<. B9=D.-;2 
E9.2.+" 2 F % 4+ 1 !(%"; $3'." #-9#":0#  03O.0"-9.+*. 0"%3!"3%+;< *G2.+.+*1 - 
@-% ).10! 1 0*0".2.  $%(G -(+*# * ) '& " -!. 0).,*(9*0" - )3".2 30*9.+*# 
!  %'*+(,** * *+".&%(,** +(,* +(9:+;<  $%(G -(".9:+;< *+0"*"3" - D.%.G *< 
- -9.D.+*# - 0).,*(9*G*% -(++;. !  ).%("*-+;. 0."*. H%.'302("%*-(."0# "(!4.  
0 G'(+*. $9(& )%*#"+;< 309 -*1 '9# 3D(0"*# - E" 2 )% ,.00. )% 2;K9.++ 0"* 0 
) 2 O:= )%*+#"*# '9# E" &  0).,*(9:+;< 2.% * %(G-*"*# )(%"+[%0"-( - %(2!(< @A. 
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ND*";-(# 4[0"!*. -%.2.++;.  &%(+*D.+*# '(++ 1 0.00** * 0 ,.9:= .[ 
%(,* +(9*G(,** H% &%(22+;1 B 2*"." )%* 0 '.10"-** E" &  /.&* +(9:+ &  $=%  
>?@AB5, ( "(!4. C.4'3+(% '+ &  ,.+"%( 30" 1D*- &  E+.%&."*D.0! &  %(G-*"*# 
)  E&*' 1 >?@AB5 (CUNL/),  08 %239*% -(9 %#' - )% 0 -,  "-."; +( ! " %;. *9* 
+( +.! " %;. *G +*<  +  4*'(9 ) 93D*": - %.G39:"(". -;0"3)9.+*1 3D(0"+*! - 
I %32( * *<  $034'.+*1. 5+* $;9* 0-.'.+; - '-. +*4. )%*-.'[++;. &%3));: 

 
1. 5$%(G -(+*. * ) '& " -!( 0).,*(9*0" - '9# - G $+ -9#.2 1 E+.%&."*!* 
- C &3" 9* 03O.0"-3=O*. )% &%(22; ) '& " -!* 0).,*(9*0" --E+.%&."*! - 

 $.0).D*": ) "%.$+ 0"* - !-(9*8*,*% -(++ 1 %($ D.1 0*9. $;0"%  
%(G-*-(=O.10# - G $+ -9#.2 1 E+.%&."*!*? H 9 4.+*. '.9 - 2*%. * - 
/ 0c**. 

- B(!*. 0).,*(9*0"; ' 94+; & " -*":0# * %($ "(": - - G $+ -9#.2 1 
E+.%&."*!.?  

- \"  #-9#."0# $ 9.. E88.!"*-+;2: & " -*": 0).,*(9*0" --E+.%&."*! - 
K*% ! &  )% 8*9# *9* «3G!*<» 0).,*(9*0" - '9# *0) 9:G -(+*# 
 )%.'.9[++;< JML? 

- N' -9."- %#." 9* ) "%.$+ 0"* + - 1 E+.%&."*D.0! 1  "%(09* 
).%.) '& " -!( 0).,*(9*0" - +( 0 -%.2.++ 2 E"(). %(G-*"*# 
- G $+ -9#.2 1 E+.%&."*!* * $3'." 9* 3' -9."- %#": - $9*4(1K.2 
$3'3O.2? A*"3(,*# - '(++ 1  $9(0"* - ).%.' -;< «JML» 0"%(+(< * - / 00**. 

- F 94+( 9* ) '& " -!( 0).,*(9*0" - %(G9*D+ &  3% -+# '9# - G $+ -9#.2 1 
E+.%&."*!* %(G-*-(":0# -2.0". 0 +.1, *'"* -09.' *9* 0  ).%.4.+*.2? 

- A3O.0"-3=" 9* - / 00** * - '%3&*< 0"%(+(<  %;+!* "%3'(, )%#2  0-#G(++;. 0 
- G $+ -9#.2 1 E+.%&."*! 1? 

- F 94+; 9* 03O.0"- -(": )% &%(22; 8*+(+0*% -(+*# ) '& " -!* 
0).,*(9*0" - '9# - G $+ -9#.2 1 E+.%&."*!*? @09* '(, "  !"  ' 94.+ 
 %&(+*G -;-(": * ) ''.%4*-(": E"* )% &%(22;? 

 
2. L+.%&."*D.0! . )% 0-.O.+*. '9# K*% !*< 09 [- +(0.9.+*. *9* 

«E+.%&."*D.0! .  $%(G -(+*. '9# -0.<» 
- B(!*. 0%.'0"-( * 2." '; 2 &3" $;": E88.!"*-+  *0) 9:G -(+; '9# 

E+.%&."*D.0! &   $%(G -(+*# K*% !*< 09 [- +(0.9.+*#, - D(0"+ 0"* 
!(0(=O.& 0# - G $+ -9#.2 1 E+.%&."*!*? / 9: ACM, *+".%+."( * '%.  

- ?34+  9*  $O.. E+.%&."*D.0! .  $%(G -(+*. '9# -0.< D9.+ - 0 -%.2.++ &  
 $O.0"-(, $.G %(G9*D*# - 0 ,*(9:+ 2 ) 9 4.+**,  $%(G -(".9:+ 2 3% -+. * 
- G%(0".?   

- ?34+  9* %(G-*-(": 2.4'3+(% '+ . *9* %.&* +(9:+ . 0 "%3'+*D.0"-  - 
 $9(0"* E+.%&."*D.0! &   $%(G -(+*# K*% !*< !%3& - +(0.9.+*# * 
) '& " -!* 0).,*(9*0" - %(G9*D+ &  3% -+# '9# - G $+ -9#.2 1 
E+.%&."*!*? J G2 4+  9*  03O.0"-9.+*. !%3)+ 2(0K"($+ 1 
2.4'3+(% '+ 1 )% &%(22; «L+.%&."*D.0! .  $%(G -(+*. '9# -0.<»? 

- B(! -( ' 94+( $;": % 9: 2.4'3+(% '+;<  %&(+*G(,*1 - '(++ 1  $9(0"*? 
- B(! -( ' 94+( $;": % 9: )%(-*".9:0"- 0"%(+ - '(++ 1  $9(0"*? 

 
A.00*# $;9( )% -.'.+( - 0  "-."0"-** 0 )% &%(22 1, ) '& " -9.++ 1 - 

0 "%3'+*D.0"-. 0 +(3D+ -3D.$+;2* G(-.'.+*#2*, -!9=D(# !(8.'%; >?@AB5, 
*2.=O*2* G+(D*".9:+;1  );" - ) '& " -!. 0).,*(9*0" - %(G9*D+ &  3% -+# '9# 
- G $+ -9#.2 1 E+.%&."*!*.  

W( ! % "! . -%.2#,  "-.'[++ .  %&(+*G(" %(2* H.%- 1 )9.+(%+ 1 0.00** *, - 
D(0"+ 0"*, .[ D(0"*, ) 0-#O[++ 1 - )% 0(2 E+.%&."*D.0! &   $%(G -(+*# * 
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) '& " -!. 0).,*(9*0" - '9# - G $+ -9#.2 1 E+.%&."*!*, +. ) G- 9*9 )% -.0"* 
' 0"(" D+  &93$ ! .  $034'.+*. )%.'0"(-9.++;< ' !9(' -, ! " %;.,  '+(! , 
) G- 9#=" 0'.9(": 09.'3=O*.  0+ -+;. -;- ';, !(0(=O*.0# ) 9 4.+*= '.9 - 
'(++ 1  $9(0"*: 
  -  $9(0"* ) '& " -!* 0).,*(9*0" - , -  0+ -+ 2 *+4.+.%+ -".<+*D.0! &  * 

+(3D+ &  )% 8*9.1, '9# - G $+ -9#.2 1 E+.%&."*!* +(! )9.+  )%.'.9[++;1 
 );" , ! " %;1 ' 94.+ $;": E88.!"*-+  *0) 9:G -(+ '9# '(9:+.1K.&  %(G-*"*# 
E" 1  $9(0"*  $%(G -(+*#;  

  '  +.'(-+.&  -%.2.+*  $3D.+*. 0).,*(9*0" -  03O.0"-9#9 0: +(  0+ -. 
*0" %*D.0!* 09 4*-K*<0# - @-% ).10!*< 0"%(+(<, -!9=D(# / 00*=, *+4.+.%+;< 
K! 9 * 0*0".2  $%(G -(+*#, ! " %;. ' - 9:+  30).K+  3' -9."- %#9* 
) "%.$+ 0"* +(,* +(9:+;< " )9*-+ -E+.%&."*D.0!*< ! 2)9.!0 -, -!9=D(# *< 
+ -3= * ' - 9:+  $;0"%  %(G-*-(=O3=0#  "%(09:,  0+ -(++3= +( %(0K*%.++ 2 
* E88.!"*-+ 2 *0) 9:G -(+** - G $+ -9#.2;< *0" D+*! - E+.%&**, ) 93D*-K.1 
+(G-(+*. «- G $+ -9#.2(# E+.%&."*!(». 5'+(! , !(! E"  ) 'D[%!*-(9 0: 
' !9('D*!(2* +( 0.00**, '(++;. 0*0".2; ) '& " -!* 0).,*(9*0" - ) '-.%&9*0: 
0.%:.G+ 1 2 '*8*!(,**, 0-#G(++ 1 0 ) -0.2.0"+;2 - @-% ). ).%.< ' 2 +( 
"%[<0"3).+D(" ., ( - / 00**, +()%*2.%, +( '-3<0"3).+D(" . («$(!(9(-%»-
«2(&*0"%») 3+*-.%0*"."0! . *+4.+.%+ .  $%(G -(+*., ! " % . - +(0" #O.. -%.2# 
+. 3' -9."- %#=" +* )  !(D.0"-3, +* )  ! 9*D.0"-3 ) "%.$+ 0".1 $;0"%  
%(G-*-(=O.10# - G $+ -9#.2 1 E+.%&."*!*; 

  0*0".2; )% 8.00* +(9:+ - ".<+*D.0! &  (vocational), 0%.'+.-".<+*D.0! &  * 
-;0K.&  )% 8.00* +(9:+ &   $%(G -(+*# ' 94+; 3' -9."- %#": ) "%.$+ 0"* 
%;+!( "%3'(, 0-#G(++ &  0 - G $+ -9#.2 1 E+.%&."*! 1 * 0 0 )3"0"-3=O*2* 
 "%(09#2* E! + 2*!*. 5'+ 1 *G  0+ -+;< G('(D '(++;< 0*0".2 #-9#."0# 
0- .-%.2.++ . %.(&*% -(+*. +( ) #-9#=O*.0# * $;0"%  )% &%.00*%3=O*. 
".+'.+,** ".<+ 9 &*D.0! &  * E+.%&."*D.0! &  )% 2;K9.++ &  %(G-*"*#. 
H 'D[%!*-(."0# *0!9=D*".9:+(# -(4+ 0": ) 0" #++  '.10"-3=O.1 0-#G* * 
".0+ &  0 "%3'+*D.0"-( 0*0".2  $%(G -(+*# 0  -0.2* 0"%3!"3%(2*-
) "%.$*".9#2* %($ D.1 0*9; %(G9*D+ 1 !-(9*8*!(,**, ! " %;. *  )%.'.9#=", 
!(! )%(-*9 , ) "%.$+ 0"* %;+!( "%3'(;   

  -(4+;2 8(!" % 2 30).K+ &  83+!,* +*% -(+*# 0*0".2; ) '& " -!* 
0).,*(9*0" - '9# - G $+ -9#.2 1 E+.%&."*!* #-9#."0# .[ )%*G+(+*. 
+. "Q.29.2 1 D(0":=  ).%0).!"*-+;< )9(+ - ".<+ 9 &*D.0! &   %(G-*"*# 
E+.%&."*!*;  

  30).K+ . * %(0K*%.++ . *0) 9:G -(+*. JML $3'." +( )%#23= G(-*0*"  " 3% -+# 
) '& " -!* 0).,*(9*0" - * ) E" 23  0 $ . -+*2(+*. ' 94+  $;": 3'.9.+  
!(D.0"-3 *< ) '& " -!*. H%* E" 2 ) 'D.%!*-(."0#, D"   - G $+ -9#.2(# 
E+.%&."*!( +34'(."0# - ).%-3=  D.%.': - -;0 ! !-(9*8*,*% -(++;< 
0).,*(9*0"(<- *+4.+.%(<, ( +. " 9:!  - $(!(9(-%(<, 0  0+ -(".9:+ 1 ) '& " -! 1 
-  $9(0"* 83+'(2.+"(9:+;< +(3!; 

  !(D.0"-  ) '& " -!* *+4.+.%+;< !('% - - G+(D*".9:+ 1 0".).+* G(-*0*"  " 
*+".&%(,** +(3D+;< *009.' -(+*1 - 3D.$+;1 )% ,.00, D"  ) G- 9#." - $ 9:K.1 
2.%. %(G-*": "- %D.0!*. 0) 0 $+ 0"* 0"3'.+" - * ) 9+ 0":= ) '& " -*": 
-;)30!+*! - 3D.$+;< G(-.'.+*1 ! E88.!"*-+ 1 %($ ". - - G $+ -9#.2 1 
E+.%&."*!.. H 'D[%!*-(."0# "(!4. +. $< '*2 0": )% -.'.+*# 
) 09.3+*-.%0*"."0! &   $3D.+*# +(  0+ -. -;) 9+.+*# !(8.'%(2* * 
8(!39:"."(2* %.(9:+;< +(3D+ -*009.' -(".9:0!*< %($ " , D"  G+(D*".9:+  
) -;0*" !(D.0"-  E" &   $3D.+*# * ) 0934*" $ 9.. 30).K+ 23 %(G-*"*= 
- G $+ -9#.2 1 E+.%&."*!*; 
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  -) '& " -!( -;0 ! -(9*8*,*% -(++;< 0).,*(9*0" - ' 94+( 0  "-."0"- -(": 
*9*  ).%.4(": 3% -.+: ".<+*D.0! &  %(G-*"*# - G $+ -9#.2 1 E+.%&."*!*, '9# 
D.&  09.'3." )%*-9.!(": ! %(G%($ "!. 3D.$+;< )% &%(22, ) '& " -!. 3D.$+*! - 
* 3D.$+;< ) 0 $*1 -.'3O*< 3D[+;< * *+4.+.% -, %($ "(=O*< - '(++ 1  $9(0"*; 

  - G $+ -9#.2(# E+.%&."*!( <(%(!".%*G3."0# 0- *2 %(G+  $%(G*.2 * G+(D*".9:+  
 "9*D(=O*2*0# '%3&  " '%3&( *0" D+*!(2* * )%*+,*)(2* )%. $%(G -(+*# 
E+.%&**, !(4';1 *G ! " %;< "%.$3." 0- *< 0).,*(9:+;< G+(+*1 *, 09.' -(".9:+  
,  $3D.+*# «0- *2» +(3D+;2 * *+4.+.%+;2 '*0,*)9*+(2 . H E" 23 )%(!"*D.0!* 
+.- G2 4+  ) '& " -*": 3+*-.%0(9:+ &  0).,*(9*0"(, 0) 0 $+ &   '*+(! -  
30).K+  %($ "(": -  -0.< 08.%(< - G $+ -9#.2 1 E+.%&."*!*. W+(D*" +. $< '*2  
$;": & " -;2*   $.0).D*-(":  "'.9:+ , )%(!"*D.0!* '9# !(4' &  JML, 
) '& " -!3 *+4.+.% - %(G9*D+;< 3% -+.1 * ".<+*! - - %(2!(< 0).,*(9:+;< 
!3%0 - * )% &%(22;  

  0).,*(9*0";, G(+*2(=O*.0# - )% 0(2* 3)%(-9.+*# E+.%&."*! 1 * 0-#G(++;2* 0 
+.1  "%(09#2* ' 94+;  $9('(":  )%.'.9[++;2 G()(0 2 G+(+*1 )  
- G $+ -9#.2 1 E+.%&."*!., D"  ) G- 9*" *2 )%*+*2(": )%(-*9:+;. %.K.+*#, 
!(0(=O*.0# E" 1  "%(09*; 

   "2.D(# -(4+ 0": *+".&%(,** 3D.$+ &  * +(3D+ &  )% ,.00 -, ) 'D.%!*-(9(0: 
+. $< '*2 0": 0 G'(+*# 3D.$+;< 9($ %(" %*1 +( !(8.'%(< * 8(!39:"."(<, 
-.'3O*<  $3D.+*. 0).,*(9*0" -, D"  +. #-9#."0# )% 0" 1 G('(D.1 -09.'0"-*. 
' % & -*G+;  $ %3' -(+*# , *2.=O.& 0# +( %;+!(<, - D(0"+ 0"*, 0"%(+ A?7. J 
E" 1 0-#G* )% G-3D(9  )%.'9 4.+*.   0 G'(+** @-% ).10! 1 $(G; '(++;<   
+(9*D** 3D.$+;< 9($ %(" %** )  JML, * *G3D.+** - G2 4+ 0"* *0) 9:G -(+*#  
9($ %(" %*1 ".2* 3D.$+;2* G(-.'.+*#2*, ! " %;. )  ".2 *9* *+;2 )%*D*+(2 
"(!*< 9($ %(" %*1 +. *2.="; 

  $ 9:K3= ) 9:G3 )%*+.0["  $2.+  );" 2 -  $3D.+** )3"[2 0 G'(+*# 
+(,* +(9:+;< * %.&* +(9:+;< 0.".1 3+*-.%0*"." -, ".0+  0-#G(++;< 0 
)% 2;K9.++;2*( D(0"+;2* * & 03'(%0"-.++;2*) %&(+*G(,*#2* * 
*009.' -(".9:0!*2* 3D%.4'.+*#2*; 

  3D*";-(#, D"  - G $+ -9#.2(# E+.%&."*!( +34'(."0# * $3'." +34'(":0# - 
0).,*(9*0"(< %(G9*D+ 1 !-(9*8*!(,**, )%.'0"(-9#."0# ,.9.0  $%(G+;2 
0 G'(+*. "(!*< 4. 0.".1 )  0 "%3'+*D.0"-3 -  $9(0"* )% 8.00* +(9:+ -
".<+*D.0! &   $%(G -(+*#; 

  ' 94+; )%*-."0"- -(":0# -0. 8 %2; 0 "%3'+*D.0"-( 2.4'3 3D.$+;2* 
G(-.'.+*#2* , *009.' -(".9:0!*2* *+0"*"3"(2* * )%.')%*+*2(".9:0!*2* 
!%3&(2*; 

  -;0!(G;-(9 0: "(!4. 2+.+*.   ) 9.G+ 0"* *0) 9:G -(+*# G( D+;< 2." ' - 
 $3D.+*# 0 *0) 9:G -(+*.2 0 -%.2.++;< ! 223+*!(,* ++;< ".<+ 9 &*1; 

  ) 'D[%!*-(9(0: *0!9=D*".9:+  -(4+(# % 9: -.'3O*< 2.4'3+(% '+;< * 
%.&* +(9:+;<  %&(+*G(,*1 - '.9.  $.0).D.+*# 0 "%3'+*D.0"-( - '(++ 1  $9(0"*, 
( "(!4. +. $< '*2 0": *0) 9:G -(+*# '9# E" 1 ,.9* !%3)+;< 2.4'3+(% '+;< 
)% &%(22 , 0-#G(++;< 0 30" 1D*-;2 E+.%&."*D.0!*2 %(G-*"*.2 , +()%*2.% "(!*< 
!(! «N0" 1D*-(# E+.%&."*!( '9# -0.<»- &9 $(9:+(# * ' 9& 0% D+(# )% &%(22( 
55?. J E" 1 0-#G* -;0!(G;-(9(0: +('.4'( +( ) ''.%4!3 E"*2*  %&(+*G(,*#2* 
*+*,*("*- I %32( -  $9(0"* E+.%&."*D.0! &   $%(G -(+*# * ) '& " -!* 
0).,*(9*0" - '9# - G $+ -9#.2 1 E+.%&."*!*; 

  ! 0 4(9.+*=, *G-G( +.' 0"("!( -%.2.+* ,  "-.'[++ &  A.00**, )% $9.2; 
E+.%&."*D.0! &  )% 0-.O.+*# +. $;9* ) '-.%&+3";   $034'.+*=. J2.0". 0 ".2 
+.! " %;. 3D(0"+*!* ) 'D.%!+39* -(4+ 0": +(D(9( *G3D.+*# - G2 4+ 0".1 
*0) 9:G -(+*# JML - %(2!(< K! 9:+;< )% &%(22, D"  393DK*" 
) '& " -9.++ 0": -;)30!+*! - 0%.'+*< K! 9 '9# -;$ %( )% 8*9# '(9:+.1K.&  
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 $3D.+*#, -!9=D(# - G $+ -9#.23= E+.%&."*!3, * ) 09.'3=O.&   $3D.+*#. 
J;%(4(9(0: "(!4. +('.4'( , D"  +( 09.'3=O*< -0"%.D(< I %32(, )% $9.2(2 
 $O.&  E+.%&."*D.0! &   $%(G -(+*# K*% !*< !%3& - +(0.9.+*# $3'." 3'.9.+  
' 94+ . -+*2(+*.. 

 

C$6':$5,-A// 3$))//:  

1. 5"2."*": -(4+ 0": ) '+*2(-K*<0# +( 0.00** - )% 0 -, 0-#G(++;2 0 
E+.%&."*D.0!*2  $%(G -(+*.2, ) '& " -! 1 * ).%.) '& " -! 1 !('% -, ( 
"(!4. )% 0-."*".9:0! 1 %($ " 1 0%.'* K*% !*< 09 .- +(0.9.+*# -  $9(0"* 
- G $+ -9#.2 1 E+.%&."*!*. H 'D.%!+3": +. $< '*2 0": '(9:+.1K.&  
3&93$9.+*# * %(0K*%.+*# %($ "; - E"*< +()%(-9.+*#<. 

2. H%*G-(": 3D(0"+*! - +(0" #O.&  C.4'3+(% '+ &  8 %32( ! +0 9*'*% -(": 
0- * 30*9*# +( )% $9.2(< %(G-*"*# - G $+ -9#.2 1 E+.%&."*!*, - " 2 D*09. 
-  $9(0"*  $%(G -(+*#, ) '& " -!* * ).%.) '& " -!* 0).,*(9*0" --
E+.%&."*! - * )% 0-.O.+*# K*% !*< 09 .- +(0.9.+*#. 

3. /.! 2.+' -(": )% ' 94*": +( $3'3O*< -0"%.D(< I %32(  $034'.+*. 
+(03O+;< )% $9.2 E+.%&."*D.0! &   $%(G -(+*# * )% 0-.O.+*#. J E" 1 
0-#G*, )%.'9(&(."0# -;'.9.+*. '(++ 1 ".2("*!* - 0).,*(9:+3= 0.!,*= 
I %32(. F9#  %&(+*G(,** %($ "; '(++ 1 0.!,**  )%.'9(&(."0# 0 G'(": 
%($ D3= &%3))3 '9#  $.0).D.+*# E88.!"*-+ 1 %($ "; I %32( - '(++ 1 
 $9(0"*. 

4. H%*G-(": 3D[+;< * )%.) '(-(".9.1 JNW - 0"%(+-3D(0"+*, I %32( 
! +0 9*'*% -(": 0- * 30*9*# -  $9(0"* %(G-*"*# - G $+ -9#.2 1 E+.%&."*!* 
*, - D(0"+ 0"*, -  $9(0"* E+.%&."*D.0! &   $%(G -(+*# * )% 0-.O.+*#. J E" 1 
0-#G* %.! 2.+'3."0# -!9=D.+*. - )% 0 -  $%(G -(+*# * ) '& " -!* !('% - 
'9# - G $+ -9#.2 1 E+.%&."*!* - +(,* +(9:+;. +(3D+ -".<+*D.0! &  
%(G-*"*# E+.%&."*!*. J 093D(. / 00*10! 1 I.'.%(,** "(!*2* )% &%(22(2* 
' 94+; #-*":0# 8.'.%(9:+;. ,.9.-;. )% &%(22; «M009.' -(+*# * 
%(G%($ "!* )  )%* %*"."+;2 +()%(-9.+*#2 +(3D+ -".<+ 9 &*D.0! &  
! 2)9.!0( / 00**» * «?(3D+ -).'(& &*D.0!*. !('%; *++ -(,* ++ 1 
/ 00**» +( 2014-2020 & ';. 

5. ND*";-(# 03O.0"-.++;. *G2.+.+*# , )% *G K.'K*. G( ) 09.'+*. & '; - 
2." ' 9 &** ) '& " -!* 0).,*(9*0" - )  JML - /I, --.'.+*. '-3< 
3% -+.- 1 («$(!(9(-%»-«2(&*0"%») 0*0".2; *+4.+.%+ &   $%(G -(+*#, 
30*9.+*# 0).,*(9*G*% -(++ 1 ) '& " -!* +( 3% -+. 2(&*0"%("3%; , 0D*"(": 
+. $< '*2;2 0 G'(": - /I !  %'*+(,* ++;1 3D[+;1 0 -." *G 
)%.'0"(-*".9.1 JNW -, &'. %.(9*G3="0# )% &%(22; )  JML, * 
G(*+".%.0 -(++;<  %&(+*G(,*1 '9#  $2.+(  );" 2 * 0 &9(0 -(+*# )% &%(22 
) '& " -!* 0).,*(9*0" - '9# - G $+ -9#.2 1 E+.%&."*!*. 

6. H%*G+(": +. $< '*2;2  $%(O.+*. ! )%(-*".9:0"-(2 * ! 
)%.')%*+*2(".9:0!*2 !%3&(2   ) ''.%4!. %(G-*"*# - G $+ -9#.2 1 
E+.%&."*!* *, - D(0"+ 0"*,   )% $9.2(<  ) -;K.+*# !(D.0"-(  $%(G -(+*#, 
) '& " -!* * ).%.) '& " -!* !('% - '9# - G $+ -9#.2 1 E+.%&."*!*.  

7. AD*"(": +. $< '*2;2 8 %2*% -(+*. +(,* +(9:+;<, %.&* +(9:+;< * 
2.4'3+(% '+;< 0.".1 3+*-.%0*"." - * '%3&*< 3D.$+;< * +(3D+;< 
3D%.4'.+*1, G(+*2(=O*<0# ) '& " -! 1 0).,*(9*0" - %(G9*D+ &  3% -+# 
'9# - G $+ -9#.2 1 E+.%&."*!* , ! " %;. ' 94+; 0934*": 2.<(+*G2 2 
 $2.+( *+8 %2(,*.1 * )%(!"*D.0!*2  );" 2 - '(++ 1  $9(0"*, 
0) 0 $0"- -(": -;%($ "!. +(*$ 9.. E88.!"*-+;< 2." ' -  $%(G -(+*# * 
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) '& " -!* 0).,*(9*0" -, %(G%($ "!. -G(*2 )%*.29.2;< 3D.$+;< )% &%(22, 
) '& " -!. 3D.$+*! - * 3D.$+;< ) 0 $*1.  

8. H%.'0"(-9#."0# ,.9.0  $%(G+;2 %(002 "%.": - )% 0; + -;< 2." ' - 
 $3D.+*# , ) '& " -!* * ).%.) '& " -!* 0).,*(9*0" - '9# - G $+ -9#.2 1 
E+.%&."*!* 0 *0) 9:G -(+*.2 0 -%.2.++;< *+8 %2(,* ++;< ".<+ 9 &*1 
 $3D.+*# - JNW., ( "(!4. $ 9.. K*% !*2 )%*2.+.+*.2  9($ %(" %+ 1 * 
'.2 +0"%(,* ++ 1 $(G;.  

9. J;%(G*": )%*G+(".9:+ 0": ) ''.%4!. '(++ 1 0.00** 0  0" % +; >?@AB5, 
( "(!4. %.! 2.+' -(": E" 1 (-" %*"."+ 1 2.4'3+(% '+ 1  %&(+*G(,** 
0*0".2; 55? )% ' 94*": 0- [ 3D(0"*. - %($ ". I %32(. H%* E" 2 
-;%(4(."0# +('.4'(, D"  - '(9:+.1K.2 '%3&*. 2.4'3+(% '+;.  %&(+*G(,** 
"(!4. $3'3" -+ 0*": 0- 1 -!9(' - %(G-*"*. 2.4'3+(% '+ &  0 "%3'+*D.0"-( 
-  $9(0"* E+.%&."*D.0! &   $%(G -(+*# * ) '& " -!* 0).,*(9*0" - '9# 
- G $+ -9#.2 1 E+.%&."*!*.  

10. 5"2."*":, D"   $Q#-9.++ . 0*0".2 1 55? +( 2014-2024 & '; 
C.4'3+(% '+ . '.0#"*9."*. «N0" 1D*-(# E+.%&."*!( '9# -0.<» #-9#."0# 
-(4+;2 0"*239 2 '9# %.K.+*# &9 $(9:+;< )% $9.2 *0! %.+.+*# 
E+.%&."*D.0! 1 $.'+ 0"*, ) -;K.+*# E+.%& E88.!"*-+ 0"* * %(G-*"*# 
- G $+ -9#.2 1 E+.%&."*!*. /.! 2.+' -(": -!9=D*": - )% 0;  $%(G -(+*# 
* ) '& " -!* 0).,*(9*0" - '9# - G $+ -9#.2 1 E+.%&."*!* - 0*0".23 
)%* %*"." - '(++ 1 *+*,*("*-; 55?. 
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T$1*!:*8! -$()15 *+ $;*$#! +-$"=*$%$ 

%5("$%!*5/5"$#+**$%$ 6"!-*52 *+ %506$< 7$15-!"*$< 

7$(1$'6! 

6@*0#+ 3.E.1,3, 6@"02!+ 6. .1,2, ,AB"0$#$(! G.H.5, I.*.$0 D.,.1,4,  
H)(.$ 6.,.2,4, -#+.J(.9 ,.,.1,4, <K?:0#+ L.6.1,  0M!$!+ 6.G.5,  
 #2#$!+ 6.,.2,4, N+0"J E.O.1,2, 1#")(!+ &.L.1,2 
1,5/56$-4!Q*5:!;65< 5*;454)4 5-. C. ,. O$==!, T+*64- !4!"0)"% 
2EEE «BNU 4$*6$71!*$:*8Q 4!Q*$1$%5< # 3*!"%!456! 7"5 ,5/56$-4!Q*5:!;6$- 5*;454)4! 5-. C.,. 
O$==!» , T+*64- !4!"0)"% 
3T+*64- !4!"0)"%;65< +6+(!-5:!;65< )*5#!";54!4 – *+):*$-$0"+/$#+4!1R*8< S!*4" 
*+*$4!Q*$1$%5< D$;;5<;6$< +6+(!-55 *+)6, T+*64- !4!"0)"% 
4T+*64- !4!"0)"%;65< %$;)(+";4#!**8< 31!64"$4!Q*5:!;65< )*5#!";54!4 «JLNO» 5-. ..O. 
A1R2*$#+ (J!*5*+), T+*64- !4!"0)"% 
5A*5#!";54!4 A$4!"1), A$4!"1), P+*+(+. 

MG& " -9.+*. 0 9+.D+;< 2 '39.1 +( ) 9*2.%+;< &*$!*< ) '9 4!(< *2.." %#' 
)%.*23O.0"- )  0%(-+.+*= 0 "%('*,* ++ 1 ".<+ 9 &*.1 )% *G- '0"-( 2 '39.1 +( 
4.0"!*< !%.2+*.-;< *9* +( 0".!9#++;< ) '9 4!(<. H ' $+;. 0 9+.D+;. $("(%.* 
2 &3" $;": G(!%.)9.+; +( )%.'2."(<, *2.=O*< 09 4+3=, +. &9('!3= ) -.%<+ 0":, - 
" 2 D*09. * +(  '.4'. [1, 2]. B% 2. " & , 9[&!*. &*$!*. 0 9+.D+;. 2 '39* +( 
) 9*2.%+;< ) '9 4!(<  D.+: )%*-9.!(".9:+; '9# (E% ! 02*D.0!*< )%*2.+.+*1 
$9(& '(%# $ 9.. -;0 ! 23  "+ K.+*= -;%($(";-(.2 1 2 O+ 0"* ! -.03 )  
0%(-+.+*= 0 "%('*,* ++;2* 8 " - 9:"(*D.0!*2* E9.2.+"(2* +(  0+ -. GaAs [3]. 

U.9: %($ ";: ) 93D.+*. 0 9+.D+;< 2 '39.1 +( &*$! 1 ) 9*2.%+ 1 ) '9 4!. * 
 ,.+!( *< <(%(!".%*0"*!.  

J '(++ 1 %($ ". )%.'0"(-9.+  ) '% $+ .  )*0(+*. 0"%3!"3%; * 8 %2*% -(+*# 
0 9+.D+;< 2 '39.1 +(  0+ -. a-Si:H +( &*$! 1 ) 9*E"*9.++(8"(9(" - 1 (PEN) 
) '9 4!. " 9O*+ 1 100 2*!% + [4]. 50+ -+;2* ' 0" *+0"-(2* PEN ) '9 4.! 
#-9#="0#: 
— 03O.0"-.++  2.+:K(# 0" *2 0": )% *G- '0"-( )  0%(-+.+*= 0 )% *G- '0"- 2 

0".!9(, *0) 9:G3.2 &  - !(D.0"-. ) '9 4.! '9# 0 9+.D+;< 2 '39.1; 
— - G2 4+ 0": *0) 9:G -(+*# ".<+ 9 &** roll-to-roll, D"  ) G- 9#." )% *G- '*": 

0 "+* 2."% - 0 9+.D+;< E9.2.+" - - ".D.+*.  '+ &  )% ,.00(; 
— 2(9;1 -.0; 
— 2.+:K(# ) '-.%4.++ 0": 2.<(+*D.0!*2 ) -%.4'.+*#2; 
— )% 0" "( * '.K.-*G+( 30"(+ -!*, "%(+0) %"*% -!* 2 '39.1. 

5'+(!  *0) 9:G -(+*. PEN ) '9 4.! +(!9(';-(."  &%(+*D.+*. +( ".2).%("3%+;1 
%.4*2 '  150 °C [5], [6]. J E" 2 093D(. )% *G- '*".9:+ 0": 2 '39# $3'." +*4., 
) 0! 9:!3  )"*2(9:+;1 ".2).%("3%+;1 %.4*2 '9# 8 %2*% -(+*# " +! )9.+ D+;< 
0"%3!"3% a-Si:H +(< '*"0# - '*()(G +. 220 - 300 oC [7]. ?.02 "%# +( E" , - %($ ". [8] 
)%.'0"(-9.+; 0 9+.D+;.  '+ ).%.< '+;. E9.2.+"; +(  0+ -. a-Si:H +( 
".!0"3%*% -(++ 1 PEN ) '9 4!. 0 +(D(9:+ 1 E88.!"*-+ 0":= 8.8%.  

?( %*03+!. 1 )%.'0"(-9.+ *G& " -9.++;1 0 9+.D+;1 2 '39: +( &*$! 1 PEN ) '9 4!. 
10<10 022. C '39: 0 0" *" *G D.";%[< )(%(99.9:+  0 .'*+[++;< 0.!,*1, )  18 #D..! - 
!(4' 1. 
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C/). 1. A 9+.D+;1 2 '39: +( PEN ) '9 4!.. 

ZD.1!* 0 0" #" *G +*4+.&  (9=2*+*.- &  ! +"(!"+ &  09 # " 9O*+ 1 150 +2, n-
i-p 0"%3!"3%; *G a-Si:H (50 +2 n-09 1, 300 +2 i-09 1 * 20 +2 p-09 1), * -.%<+.&  
! +"(!"+ &  09 # ZnO:Al " 9O*+ 1  ! 9  90 +2. F9# 32.+:K.+*# 0 )% "*-9.+*# 
E2*"".%( +( ZnO:Al 0*22."%*D+  +(+.0.+; '-( (9=2*+*.-;< ) 9 0! -;< ! +"(!"( 
K*%*+ 1 0.3 22. I " (!"*-+(# )9 O(': #D.1!* 0.8 022. BHF  '+ 1 #D.1!* 0 0"(-*9 
3.8%. J0. 09 * 8 " )%. $%(G3=O.&  !(0!('(  0(4'(="0# 2." ' 2 PECVD 0 
)%*2.+.+*.2 2(0 D+ 1 ".<+ 9 &**.  

F-6!"#$5/$ 

S;9* *G& " -9.+; " +! )9.+ D+;. 0 9+.D+;. 2 '39* *G a-Si:H )9 O(':= 10<10 
022 +( PEN ) '9 4!(< " 9O*+ 1 100 2*!% +. H%.'0"(-9.+; - 9:"-(2).%+;. 
<(%(!".%*0"*!* *G& " -9.++;< 2 '39.1 )%* 0"(+'(%"+ 2  0-.O.+** 6C1.5G  " 
*2*"(" %( 0 9+.D+ &  *G93D.+*#. C." '(2* MB-".%2 2."%** $;9* -;#-9.+; " !* 
3".D!* * '.8.!"; ) 93D.++;< 0"%3!"3%, ! " %;. G+(D*".9:+  ) -9*#9* +( 
)% *G- '*".9:+ 0": 2 '39.1. 

?. $< '*2  '(9:+.1K.. 393DK.+*. )(%(2."% - 2 '39.1, ! " % . 2 4+  ' 0"*D: 
32.+:K.+*.2 " ! - 3".D!* * ) -;K.+*.2 E88.!"*-+ 0"* " ! 0Q.2(. 

31/)'6 !/4$2-4*2& 

1. Y. Ichikawa, T. Yoshida, T. Hama, H. Sakai, and K. Harashima. Sol. Energy Mater. Sol. 
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 $1):!*5! 4$*65Q 71!*$6 %5("$%!*5/5"$#+**$%$ 

6"!-*52 ; *+*$6"5;4+115:!;65-5 #61V:!*52-5 -!4$($- 

 WE 

6C0$0%P#+ ,.Q.1,  #2#$!+ 6.,.1, 2, 1#")(!+ &.L.2 
1T+*64- !4!"0)"%;65< %$;)(+";4#!**8< 31!64"$4!Q*5:!;65< )*5#!";54!4 "JLNO", T+*64-
 !4!"0)"%, D$;;52 
2 EEE «BNU 4$*6$71!*$:*8Q 4!Q*$1$%5< # 3*!"%!456! 7"5 ,NO 5-. C. ,. O$==!», T+*64-
 !4!"0)"%, D$;;52 

J ) 09.'+*. & '; )9.+!* (2 %8+ &  &*'% &.+*G*% -(++ &  !%.2+*# +(K9* 
K*% ! . )%*2.+.+*. - " +! )9.+ D+;< 0 9+.D+;< 2 '39#< (AC) $ 9:K 1 )9 O('* 
+( '.K.-;< 0".!9#++;< * ) 9*2.%+;< ) '9 4!(< [1]. F9# E88.!"*-+ 1 %($ "; 
"(! &  2 '39# ).%- 0".).++3= % 9: *&%(." "(!*. 0- 10"-( 0 $0"-.++ &  (2 %8+ &  
i-09 #, !(! 0"($*9:+ 0": )(%(2."% - )%* - G'.10"-** 0 9+.D+ &  *G93D.+*# * -;0 !(# 
8 " D3-0"-*".9:+ 0":. B(! $;9  ) !(G(+  %(+.. [2], !(D.0"-  )9.+ ! (2 %8+ &  
&*'% &.+*G*% -(++ &  !%.2+*# 2 4." $;": ) -;K.+  G( 0D." --.'.+*# - (2 %8+3= 
2("%*,3 +(+ !%*0"(99*D.0!*< -!9=D.+*1. 6-" %(2* $;9  ) !(G(+ , D"  
*0) 9:G -(+*. 2." '( ,*!9*D.0! &   0(4'.+*# " +!*< )9.+ ! (2 %8+ &  
&*'% &.+*G*% -(++ &  !%.2+*# 0 +(+ !%*0"(99*D.0!*2* -!9=D.+*#2* ) G- 9#." 
) 93D*": 09 * +. " 9:!  0 -;0 ! 1 8 " D3-0"-*".9:+ 0":=, +  * $ 9.. -;0 ! 1 
0"($*9:+ 0":= )9.+ ! )%* - G'.10"-**  0-.O.+*#. ?(+ !%*0"(99*D.0!*. -!9=D.+*# 
D(0"*D+  0+*2(=" 2.<(+*D.0!*. +()%#4.+*# - (2 %8+ 1 2("%*,. *, ".2 0(2;2, 
0 G'(."0# - G2 4+ 0": '9# % 0"( 2.+.. +()%#4.++ 1 0."!* 0 2.+:K.1 ! +,.+"%(,*.1 
09($;< 0-#G.1.  

F(9:+.1K.. %(G-*"*. ".<+ 9 &** ) G- 9#." 0.& '+# ) 93D*": %(G9*D+;. 
2 '*8*!(,** )9.+ ! &*'% &.+*G*% -(++ &  !%.2+*# 0 %(G9*D+;2 8(G -;2 0 0"(- 2: 
(2 %8+;1, 2*!% !%*0"(99*D.0!*1, +(+ !%*0"(99*D.0!*1, )% " !%.2+*1 * '%3&*.. 
A%.'*  "+ 0*".9:+  + -;< 2 '*8*!(,*1 )9.+ ! (!"*-+  *009.'3."0# 
&*'% &.+*G*% -(++;1 ) 9*2 %8+;1 !%.2+*1 (pm-Si:H), ! " %;1 )%.'0"(-9#." 0 $ 1 
!%.2+*.-3= (2 %8+3= 2("%*,3 0 +.$ 9:K 1 ' 9.1 +(+ !%*0"(99*D.0!*< -!9=D.+*1 
[3]. F9# ) 93D.+*# )9.+ ! a-Si:H * pm-Si:H *0) 9:G3."0# 2." ' )9(G2 <*2*D.0! &  
 0(4'.+*#, %.(9*G3.2;1 - %.G39:"(". %(G9 4.+*# 02.0* &(G - 2 + 0*9(+( (SiH4) * 
- ' % '( (H2) - )9(G2. "9.=O.&  %(G%#'( (PECVD). I %2*% -(+*. " &  *9* *+ &  
2(".%*(9( )%* *0) 9:G -(+** '(++ &  2." '(  )%.'.9#."0# -;$ % 2 "(!*< 
".<+ 9 &*D.0!*< 309 -*1, !(! 0  "+ K.+*. '(-9.+*1 &(G -, '(-9.+*. )%*  0(4'.+**, 
2 O+ 0": %(G%#'( * '%3&*<.  

U.9:= %($ "; #-9#9(0: %(G%($ "!( ".<+ 9 &** * *009.' -(+*.  )"*D.0!*< * 
8 " E9.!"%*D.0!*< 0- 10"- )9.+ ! pm-Si:H 0 2(9 1 ' 9.1 (4-6 %) 
+(+ !%*0"(99*D.0!*< -!9=D.+*1.  

5$%(G,; )9.+ ! (2 %8+ &  &*'% &.+*G*% -(++ &  !%.2+*# 8 %2*% -(9*0: 
2." ' 2 )9(G2 <*2*D.0! &   0(4'.+*# (HP5) - &(G -;< 02.0#< 2 + 0*9(+( +( 
".<+ 9 &*D.0! 2  $ %3' -(+** KAI-1-1200 8*%2; Oerlikon. R.2).%("3%(  0(4'.+*# 
'9# -0.< )9.+ ! $;9(  '*+(! - 1 * %(-+#9(0: 200  A. F9# ) 93D.+*# )9.+ ! a-Si:H 0 
+(+ !%*0"(99*D.0!*2* -!9=D.+*#2* )% ,.00 HP5 )% - '*90# +( !%.2+*.-;. * 
0".!9#++;. ) '9 4!* - &(G - 1 02.0* 0 %(G9*D+ 1 0".).+:= %(G$(-9.+*.2 - ' % ' 2 
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R = [H2]/[SiH4], %(-+ 1 1. 10 * 31,4. J ).%- 2 093D(. +( ) '9 4!*  0(4'(9*0: )9.+!* 
a-Si:H 0 )%.+.$%.4*2  2(9 1 +(+ !%*0"(99*D.0!*< -!9=D.+*1. 

J %.G39:"(". )% -.'.++;< ! 2)9.!0+;< *009.' -(+*1 0.%**  $%(G, -, 
 0(4'.++;< )%* %(G+ 2 %(G$(-9.+** * 0322(%+ 2 '(-9.+** &(G - 1 02.0*, ) 93D.+; 
09.'3=O*. '(++;..  

MG2.%.+*# MB-0).!"% - )% - '*9*0: +( MB-I3%:. 0).!"% 2."%. Nicolet 8700 0 
)% &%(22+;2  $.0).D.+*.2 OMNIC, 0 ) 2 O:= ! " % &   03O.0"-9#9 0: '9# 
3)%(-9.+*# 0).!"% 2."% 2, %.&*0"%(,*# 0).!"% - * *<  $%($ "!* (%*0.1). H  '(++;2 
0).!"% 0! )** %(00D*"(+( ! +,.+"%(,*# - ' % '( - )9.+!(< * *< 2*!% 0"%3!"3%+;1 
8(!" % Rstr N0"(+ -9.+ , D"  0322(%+ . '(-9.+*. 09($  -9*#." +( ! +,.+"%(,*= 
- ' % '( - )9.+!(< * 2*!% 0"%3!"3%+;1 8(!" % (Rstr. = 0,1). L" " %.G39:"(" < % K  
! %%.9*%3." 0 '(++;2*  $%($ "!* 0).!"% - )% )30!(+*# *  "%(4.+*#, 0+#";< - 
'*()(G +.  " 300 '  2000 +2. X*%*+( G()%.O.++ 1 G +; '9# -0.<  $%(G, -, 
%(00D*"(++(# )  0).!"%(9:+ 1 G(-*0*2 0"* ! E88*,*.+"( ) &9 O.+*#,  0"(-(9(0: 
)%*2.%+  ) 0" #++ 1 * 0 0"(-9#9( 1,78 – 1,8 EJ. 

  

 

/*0. 1. A).!"% MB-) &9 O.+*# )9.+ ! a-Si:H * pm-Si:H (R = [H2]/[SiH4] = 31,4) +( !%.2+*.-;< 
) '9 4!(<. 

H%* %(G$(-9.+** R = [H2]/[SiH4] = 10 )  2.%. 3-.9*D.+*# 0322(%+ &  '(-9.+*# 
+($9='(."0# +.G+(D*".9:+ . 32.+:K.+*.  )"*D.0! 1 K*%*+; G()%.O.++ 1 G +;, 
D"  2 4." $;":  $309 -9.+  3-.9*D.+*.2 )9 "+ 0"* 0 0" #+*1 - <- 0"(< 
G()%.O.++ 1 G +;.  

M0) 9:G -(+*. 2." '( )% 0-.D*-(=O.1 E9.!"% ++ 1 2*!% 0! )** -;0 ! &  
%(G%.K.+*# ) G- 9*9  -;#-*":  0 $.++ 0"* 8 %2*% -(+*# +(+ !%*0"(99*" - - 
)9.+!(< pm-Si:H. A"%3!"3%( pm-Si:H )9.+!*, 08 %2*% -(++ 1 )%* '(-9.+** 2,4 2$(% 
(%*0. 2, 3), )%.'0"(-9#." 0 $ 1 09 1 (2 %8+ &  !%.2+*# " 9O*+ 1  ! 9  210 +2, 
-;%(O.++;1 +( ) '9 4!. Si(001), ) !%;" 1 $38.%+;2 09 .2  !0*'( !%.2+*# 
" 9O*+ 1 2 +2. J +*4+.1 D(0"* 09 # pm-Si:H, - )%.'.9(< 20-30 +2  " *+".%8.10(, 
)%*03"0"-3=" !%*0"(99*D.0!*. -!9=D.+*# !%.2+*#. B%*0"(99*D.0!(# )%*% '( 
-!9=D.+*1 ) '"-.%4'(."0# !(%"*+ 1 E9.!"% ++ 1 '*8%(!,**  " +*4+.1 D(0"* 09 # 
(%*0. 4, -0"(-!( 1), +( ! " % 1 )%*03"0"-3=" 2+ 4.0"-.++;. %.89.!0; 
0  "-."0"-3=O*. 0"%3!"3%. !%.2+*#. H%.') D"*".9:+ 1  %*.+"(,** !%*0"(99*" - 
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 "+ 0*".9:+  !%.2+*.- 1 ) '9 4!*  $+(%34.+  +. $;9 . ?( !(%"*+. E9.!"% ++ 1 
'*8%(!,**, ) 93D.++ 1  " -.%<+.1 D(0"* 09 # pm-Si:H (%*0. 2, -0"(-!( 2) 
)%*03"0"-3=" " 9:!  '*883G+;. ! 9:,(, 0  "-."0"-3=O*. (2 %8+ 23 !%.2+*=. ?( 
%*0. 2 -$9*G* *+".%8.10( 0 ) '9 4! 1 -*'+; D(0"*,; !%*0"(99*D.0! &  !%.2+*#. 
N-.9*D.+*. 2(0K"($( +( %*0. 3 ) G- 9#." ) 93D*": *G $%(4.+*. +(+ !%*0"(99*" - 
!%.2+*# +( &%(+*,. 0 ) '9 4! 1. 

R(!*2  $%(G 2, )9.+!( pm-Si:H <(%(!".%*G3."0# 09 *0" 1 0"%3!"3% 1, )%*D.2 
" 9O*+( 09 # +(+ !%*0"(99*D.0! &  !%.2+*# G(-*0*"  " 0322(%+ &  '(-9.+*#. R(! 
)%* '(-9.+** 1,6 2$(% " 9O*+( +(+ !%*0"(99*D.0! &  09 # 3-.9*D*-(."0# '  40-50 
+2. /.G39:"("; %(2(+ -0! 1 0).!"% 0! )** "(!4. ) !(G(9*, D"  *G2.+.+*. 
0322(%+ &  '(-9.+*# * 2 O+ 0"* ) G- 9#=" 3)%(-9#": ' 9.1 !%*0"(99*D.0! 1 8(G; 
- )9.+!(<.  

   

/*0 2. MG $%(4.+*. ) ).%.D+ &  0.D.+*# 
)9.+!* pm-Si:H +( !%.2+*.- 1 ) '9 4!.. ?( 
-0"(-!. 1 - !(%"*+( E9.!"% ++ 1 '*8%(!,**  " 
+*4+.1 D(0"* 09 # ]-Si. ?( -0"(-!. 2 - !(%"*+( 
'*8%(!,**  " -.%<+.1 D(0"*: -*'+; " 9:!  

'*883G+;. ! 9:,(. 

/*0. 3. MG $%(4.+*. +(+ !%*0"(99*" - 
!%.2+*# - +*4+.1 D(0"* 09 # -$9*G* 

*+".%8.10( 0 ) '9 4! 1. 
C.4)9 0! 0"+;. %(00" #+*# - 
+(+ !%*0"(99*". 0  "-."0"-3=" 
2.4)9 0! 0"+;2 %(00" #+*#2 
!%*0"(99*D.0! &  !%.2+*# 

A9.'3." ! +0"("*% -(":, D"  +( '(++ 2 E"(). %($ "; +. 3'(9 0: +(1"* 
".<+ 9 &*D.0!*1 %.4*2, ) G- 9#=O*1 ) 93D*": %(-+ 2.%+ . %(0)%.'.9.+*. 
+(+ !%*0"(99*" - )  " 9O*+. )9.+!*. ?(9*D*. &.".% 8(G+ 1 09 *0" 1 0"%3!"3%; 
+(&9#'+  )% #-*9 0: * +( 0).!"%(< 8 " )% - '*2 0"* )9.+ ! pm-Si:H, 
08 %2*% -(++;< )%* '(-9.+** 2,0 * 2,8 2$(% 0 %(G$(-9.+*.2 R = 31 (%*0. 4). J*'+ , D"  
)% *G K9  03O.0"-.++ . %(0K*%.+*. 0).!"% - - 0" % +3 $ 9:K*< '9*+ - 9+. H -
-*'*2 23, E"  0-#G(+  0 )% #-9.+*.2 8 " )% - '*2 0"* - 09 . +(+ !%*0"(99*D.0! &  
!%.2+*#. 
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/*0. 4. A).!"%; 8 " )% - '*2 0"* '9# )9.+ ! pm-Si:H " 9O*+ 1 200 +2, ) 93D.++;< )%* 
0322(%+ 2 '(-9.+** 2,0 * 2,8 2$(%, 0  "-."0"-.++ . A).!"% (D.";%.<3& 9:+;. " D!*) ) 93D.+ 

)%* *009.' -(+** & 2 8(G+ 1 )9.+!* (-Si:H. 

R(!*2  $%(G 2, )9.+!( pm-Si:H <(%(!".%*G3."0# 09 *0" 1 0"%3!"3% 1, )%*D.2 
" 9O*+( 09 # +(+ !%*0"(99*D.0! &  !%.2+*# G(-*0*"  " 0322(%+ &  '(-9.+*#. R(! 
)%* '(-9.+** 1,6 2$(% " 9O*+( +(+ !%*0"(99*D.0! &  09 # 3-.9*D*-(."0# '  40-50 
+2. /.G39:"("; %(2(+ -0! 1 0).!"% 0! )** "(!4. ) !(G(9*, D"  *G2.+.+*. 
0322(%+ &  '(-9.+*# * 2 O+ 0"* ) G- 9#=" 3)%(-9#": ' 9.1 !%*0"(99*D.0! 1 8(G; 
- )9.+!(<.  

 A9.'3." ! +0"("*% -(":, D"  +( '(++ 2 E"(). %($ "; +. 3'(9 0: +. 3'(9 0: 
+(1"* ".<+ 9 &*D.0!*1 %.4*2, ) G- 9#=O*1 ) 93D*": %(-+ 2.%+ . %(0)%.'.9.+*. 
+(+ !%*0"(99*" - )  " 9O*+. )9.+!*. ?(9*D*. &.".% 8(G+ 1 09 *0" 1 0"%3!"3%; 
+(&9#'+  )% #-*9 0: * +( 0).!"%(< 8 " )% - '*2 0"* )9.+ ! pm-Si:H, 
08 %2*% -(++;< )%* '(-9.+** 2,0 * 2,8 2$(% 0 %(G$(-9.+*.2 R = 31 (%*0. 4). J*'+ , 
D"  )% *G K9  03O.0"-.++ . %(0K*%.+*. 0).!"% - - 0" % +3 $ 9:K*< '9*+ - 9+. H -
-*'*2 23, E"  0-#G(+  0 )% #-9.+*.2 8 " )% - '*2 0"* - 09 . 
+(+ !%*0"(99*D.0! &  !%.2+*#.  

R 9:!  $ 9.. '."(9:+;. '(9:+.1K*. *009.' -(+*# )9.+ ! ) 9*2 %8+ &  !%.2+*# 
) 2 &3"  )%.'.9*": ).%0).!"*-; *< *0) 9:G -(+*# - " +! )9.+ D+ 1 0 9+.D+ 1 
E+.%&."*!., !(! 0 " D!* G%.+*# $ 9:K.1 0"($*9:+ 0":= E9.!"% 8*G*D.0!*< 
)(%(2."% - )%* '9*".9:+ 2  0-.O.+**, "(! * $ 9.. -;0 ! 1 8 " D3-0"-*".9:+ 0"*.  

 

G/4$2-4*2-: 

1. Thin-film silicon solar cells. Editor: Arvind Shah. - EPFL Press, 2010.  
2. A.S. Gudovskikh, J.P.Kleider, V.P. Afanasjev, A.Z. Kazak-Kazakevich, A.P. Sazanov. 

Investigation of nc-Si inclusions in multilayer a-Si:H films obtained using the layer by 
layer technique. // Journal of Non-Crystalline Solids. – 2004. -Vol. 338-340. - P. 135-138.  

3. P.+!.+ C.J., @2.9:#+ - 6.J., B(G(+0!*1 6.7. * '%. J9*#+*. 309 -*1 ) 93D.+*# 
)9.+ ! ) 9*2 %8+ &  !%.2+*# +( *< 0"%3!"3%+;., E9.!"%*D.0!*. *  )"*D.0!*. 
0- 10"-(. // IRH, 2013. – R.47, Y9. – A1283-1287. 
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 $(%$4$#6+ 6+("$# # T 0MLNA «JLNO» 5 EEE «BNU 

4$*6$71!*$:*8Q 4!Q*$1$%5< # 3*!"%!456! 7"5 ,NO 5-. 

C.,.O$==!» (12 ;$1*!:*$< 3*!"%!4565 

6C0$0%P#+ ,.Q.1, H!$!?*#+ 3.6.1, '"#5!+ D.-.2 , 1#")(!+ &.L.2 
1T+*64- !4!"0)"%;65< %$;)(+";4#!**8< 31!64"$4!Q*5:!;65< )*5#!";54!4 «JLNO», T+*64-
 !4!"0)"%, D$;;52 
2EEE «BNU 4$*6$71!*$:*8Q 4!Q*$1$%5< # 3*!"%!456! 7"5 ,NO 5-. C.,.O$==!», T+*64- !4!"0)"%, 
D$;;52 

L+.%&."*D.0!*1 !%*G*0 70-< & ' - ) '" 9!+39 2+ &*. 0"%(+; ! ).%.02 "%3 0- *< 
E+.%&."*D.0!*< 0"%(".&*1. A"(9   D.-*'+;2, D"  0"(-!( +( +.8":, !(!  0+ -3 %(G-*"*# 
2*% - 1 E+.%&."*!*, +. #-9#."0# +('.4+ 1 - ' 9& -%.2.++ 1 ).%0).!"*-., ) E" 23 
+. $< '*2  '*-.%0*8*,*% -(": *0) 9:G3.2;. "%('*,* ++;. *0" D+*!* E+.%&** [1]. 
J  "+ 0*".9:+  ! % "!*. 0% !* $;9* ' 0"*&+3"; G+(D*".9:+;. 30).<* - 393DK.+** 
".<+*! -E! + 2*D.0!*< ) !(G(".9.1 ".<+ 9 &*1 )%. $%(G -(+*# - G $+ -9#.2;< 
*0" D+*! - E+.%&** (JML) - - 0"%.$ -(++3= D.9 -.! 2 E9.!"%*D.0!3= E+.%&*=. J 
%.G39:"(".  0- .+*# )% 2;K9.++;< ".<+ 9 &*1 0" *2 0": E+.%&**, )% *G- '*2 1 0 
) 2 O:= -."% 30"(+ - !, 8 " E9.!"%*D.0!*< )%. $%(G -(".9.1, &. ".%2(9:+;< * 
$* E+.%&."*D.0!*< 30"(+ - ! 0+*G*9(0: - %(G;. L"  ) G- 9#." %(002("%*-(": JML 
!(!  '*+ *G !9=D.-;< "%.+' - %(G-*"*# 2*% - 1 E+.%&."*!*, )% '-*&(=O*< %.K.+*. 
&9 $(9:+;< E+.%&."*D.0!*< * E! 9 &*D.0!*< )% $9.2 D.9 -.D.0"-( [2].  

5'+*2 *G )%*-9.!(".9:+;< * ).%0).!"*-+;< -*' - JML -0.&'( 0D*"(9(0: 
8 " - 9:"(*!(, ". .. )%#2 . )%. $%(G -(+*. 0 9+.D+ 1 E+.%&** - E9.!"%*D.0!3=. 
A 9+,. 2 4."  $.0).D*": %(0"3O*. ) "%.$+ 0"* - E+.%&** - ".D.+*. 2+ &*< 0 ".+ 
9.". 5$O.. ! 9*D.0"-  0 9+.D+ 1 E+.%&**, ) 0"3)(=O.1 +( W.29= - ".D.+*. D(0(, 
)%.-;K(." ! 9*D.0"-  ) "%.$9#.2 1 D.9 -.D.0"- 2 E+.%&** - ".D.+*. & '(. W( 
) 09.'+*. 20–30 9." ".2); % 0"( 0 9+.D+ 1 E+.%&."*!* 0 0"(-9#9* - 0%.'+.2 
)%*2.%+  25 %. A &9(0+  )% &+ G(2 - XXI -.!. 0 9+.D+(# E+.%&."*!( $3'." 
 0"(-(":0#  0+ -+ 1 0%.'* -0.< (9:".%+("*-+;< *0" D+*! -. H   ,.+!(2 ! 2050 &. 
0 9+.D+(# E+.%&*# 2 4."  $.0).D*": 20–25 % 2*% - &  )% *G- '0"-( E+.%&**, ( ! 
! +,3 XXI -.!(  +( ' 94+( 0"(": ' 2*+*%3=O*2 *0" D+*! 2 E+.%&** 0 ' 9.1, 
' 0"*&(=O.1 60 % [3].  

L- 9=,*# ".<+ 9 &*D.0!*< )%*+,*) - )% *G- '0"-( " +! )9.+ D+;< 
!%.2+*.-;< 2 '39.1 (E! + 2*D+;. ".<+ 9 &*D.0!*. )% ,.00;, '.K.-;. ) '9 4!*, 
)% 0" 1 '*G(1+ * ". ') 34. 0.& '+#  $.0).D*-(." - 9($ %(" %+;< 309 -*#< 
E88.!"*-+ 0": 0%(-+*23= 0 2 '39#2* +(  0+ -. ) 9*!%*0"(99*D.0! &  !%.2+*#, ( 
".2); 0+*4.+*# *< 0.$.0" *2 0"* G+(D*".9:+  -;K., D.2 2 '39.1 +(  0+ -. 
!%*0"(99*D.0! &  !%.2+*# [4,5]. 

H 09.'+*. & '; - / 00** G()3O.+ %#' !%3)+;< )% .!" - )  %(G-*"*= 0 9+.D+ 1 
E+.%&."*!*. R(! &%3)); ! 2)(+*1 «/@?5J6», )%*+#9( %.K.+*. +(9('*": - \3-(K** 
(&. ? - D.$ !0(%0!) )% *G- '0"-  1 29+. " +! )9.+ D+;< 0 9+.D+;< 2 '39.1 - & '. 
B% 2. " & , '9# +(3D+ &  0 )% - 4'.+*# )% *G- '0"-( - ? - D.$ !0(%0!. - A(+!"-
H.".%$3%&.  $%(G -(+  555 «?RU " +! )9.+ D+;< ".<+ 9 &*1 - E+.%&."*!. )%* 
IRM *2. 6.I.M 88.» ('(9.. - ?RU), ! " % . - +(0" #O.. -%.2# --.'.+  - 0"% 1 * 
) 9+ 0":=  0+(O.+  0 -%.2.++;2 -;0 ! ".<+ 9 &*D+;2  $ %3' -(+*.2 (%*0.1). 
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@O. - 2010 & '3, ! &'( 7B «/ 0+(+ ".<»  $Q#-*9( ! +!3%0 +(  !(G(+*. 3093& )  
%(G%($ "!. * ()% $(,** )% &%(22;  ).%.4(=O.1 )% 8.00* +(9:+ 1 ).%.) '& " -!* 
* 3D.$+ -2." '*D.0! &  ! 2)9.!0(,  %*.+"*% -(++;< +( *+-.0"*,* ++;. )% .!"; )  
)% *G- '0"-3 0 9+.D+;< 2 '39.1, AH$7LRN 0 -2.0"+  0 IRM *2. 6.I.M 88. 
) '& " -*9 G(#-!3 +( 3D(0"*. - E" 2 ! +!3%0. * 0"(9 .&  ) $.'*".9.2. 50+ -+ 1 
,.9:=  $%(G -(".9:+ 1 )% &%(22; #-9#9(0: ).%.) '& " -!( 0).,*(9*0" - '9# 
 $.0).D.+*# +34' 555 «P.-.9» 0 )% *G- '0"- 2 - &. ? - D.$ !0(%0!. * 555 «?RU 
" +! )9.+ D+;< ".<+ 9 &*1 - E+.%&."*!. )%* IRM *2. 6.I.M 88.» - &. A(+!"-
H.".%$3%&.,  03O.0"-9#=O*< %(G%($ "!3 * )% *G- '0"-  0 9+.D+;< 2 '39.1 +( $(G. 
".<+ 9 &** «" +!*< )9.+ !» Oerlikon Solar. H E" 23 )%* 8 %2*% -(+** 
 $%(G -(".9:+ 1 )% &%(22; &9(-+(# % 9:  "- '*9(0: )%.'0"(-*".9#2 555 «P.-.9» 
* ?RU, ! " %;. 8 %239*% -(9* G(!(G +( ) '& " -!3 !('% -. 

  

 

/*0. 1. R.<+ 9 &*D.0! .  $ %3' -(+*. 555 «?RU " +! )9.+ D+;< ".<+ 9 &*1 - E+.%&."*!. )%* 
IRM *2. 6.I.M 88.» - &. A(+!"-H.".%$3%&. 

 
J *=9. 2011 & '( AH$7LRN 0 -2.0"+  0 ?RU 30).K+  G(-.%K*9 -;) 9+.+*. 

E" &  )% .!"(, *" & 2 ! " % &  #-*9(0: ()% $(,*#  $%(G -(".9:+ 1 )% &%(22; 
)% 8.00* +(9:+ 1 ).%.) '& " -!* * 3D.$+ -2." '*D.0! &  ! 2)9.!0( - &%3)). 
093K(".9.1 *G 25 D.9 -.!. S;9 ) '& " -9.+ ! 2)9.!" ' !32.+" -, -!9=D(=O*1 
3D.$+;1 )9(+ ).%.) '& " -!* * !(9.+'(%+;1 3D.$+;1 &%(8*!, 3"-.%4'.++;. 
)% .!"+;2*  %&(+*G(,*#2*, ( "(!4. 2." '*D.0!*. 2(".%*(9; %(G+ &  3% -+# 
(%($ D*. )% &%(22; '*0,*)9*+, 3D.$+ -2." '*D.0!*. 2(".%*(9; '9# 093K(".9.1; 
,*8% -;.  $%(G -(".9:+;. %.03%0;, 0%.'0"-( ".!3O.&  ! +"% 9# * ".'.). A322(%+(# 
"%3' .2! 0": )% &%(22; 0 0"(-*9( 510 D(0 -. J0. 093K(".9* ) '& " -*9* * 30).K+  
G(O*"*9* -;)30!+;. !-(9*8*!(,* ++;. %($ ";.  

B(! ) !(G(9 (+(9*G !('% -;< ) "%.$+ 0".1 555 «P.-.9» +( )9 O('!. - &. 
? - D.$ !0(%0!. * ?RU - &. A(+!"-H.".%$3%&., 0 <%(+#."0# +. $< '*2 0": 
'(9:+.1K.1 +. " 9:!  ).%.) '& " -!*, +  * ) '& " -!* !('% - '9# )%.')%*#"*1, 
4.9(".9:+  0 )%*-9.D.+*.2 4*".9.1 0  "-."0"-3=O*< %.&* + -. F9# %.K.+*# E" 1 
G('(D* - AH$7LRN $;9(  "!%;"( 2(&*0".%0!(# )% &%(22( «A 9+.D+(# 
&.".% 0"%3!"3%+(# 8 " E+.%&."*!(» (! ': 210144.68) - %(2!(< +()%(-9.+*# 
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L9.!"% +*!( * +(+ E9.!"% +*!(. ND.$+;1 )9(+ )% &%(22; - 03O.0"-.++ 1 2.%. 
$(G*% -(90# +( ".< '*0,*)9*+(<, ! " %;. $;9* ) '& " -9.+; * ()% $*% -(+; - < '. 
-;) 9+.+*# )% .!"( 0 / 0+(+ . J 2011 & '3 $;9( 08 %2*% -(+( ).%-(# &%3))( 
D*09.++ 0":= 10 D.9 -.!, 0%.'* ! " %;< 6 D.9 -.! – )%.'0"(-*".9* \3-(K**, 
-;)30!+*!* \3-(K0! &  & 03'(%0"-.++ &  3+*-.%0*"."(, - 2012 & '3 – -" %(# &%3))( 
D*09.++ 0":= 13 D.9 -.!, *G ! " %;< - 0.2: - $;9* )%.'0"(-*".9#2* \3-(K**, ( - 
2013 & '3 – "%.":# &%3))( D*09.++ 0":= 15 D.9 -.! *G \.$ !0(% * '%3&*< & % ' - 
/ 00**.  

ND*";-(# - G% 0K*1  $Q.2 %($ " -  $%(G -(".9:+ 1 08.%., AH$7LRN * ?RU - 
2013 & '3 ) ')*0(9* 0 &9(K.+*.   0 "%3'+*D.0"-., ,.9:= ! " % &  #-9#."0# 
 $.0).D.+*. -;0 ! &  !(D.0"-( )% 8.00* +(9:+ 1 ) '& " -!* * ).%.) '& " -!* 
0).,*(9*0" - -  $9(0"* " +! )9.+ D+ 1 0 9+.D+ 1 E+.%&."*!* * )% -.'.+*. 
0 -2.0"+;< +(3D+;< *009.' -(+*1. A &9(K.+*. 03O.0"-.++  %(0K*%#." %(2!* 
-G(*2 '.10"-*# -3G( * ?RU -  $%(G -(".9:+ 1, +(3D+ -*009.' -(".9:0! 1 
'.#".9:+ 0"* * - %(G-*"** *+8%(0"%3!"3%;. ?()%*2.%, )9(+*%3."0#  %&(+*G(,*# 
U.+"%( ) '& " -!* * ).%.) '& " -!* 0).,*(9*0" - )  +()%(-9.+*= 
«R +! )9.+ D+(# 0 9+.D+(# E+.%&."*!(» - AH$7LRN 0 %(G-*" 1 9($ %(" %+ 1 $(G 1. 
A E" 1 ,.9:= - AH$7LRN G()3O.+( 0 9+.D+(# E9.!"% 0"(+,*#, +( $(G. ! " % 1 
)% - '*"0# ,*!9 9($ %(" %+;< %($ " )  *009.' -(+*. E88.!"*-+ 0"* %($ "; 
" +! )9.+ D+;< 0 9+.D+;< 2 '39.1 - 309 -*#< &. A(+!"-H.".%$3%&(.  

J  $9(0"*  $%(G -(".9:+ 1 '.#".9:+ 0"* 0 &9(K.+*. )%.') 9(&(." ,.9.-3= 
)% 8.00* +(9:+3= ) '& " -!3 2(&*0"% - )  G(!(G3 ?RU, 555 «P.-.9» * '%3&*< 
 %&(+*G(,*1 % '0"-.++ &  )% 8*9# )  0 &9(0 -(++;2  $%(G -(".9:+;2 )% &%(22(2, 
! " %;. *2.=" ' 0"3) ! 0 -%.2.++ 23 ".<+ 9 &*D.0! 23 * 2."% 9 &*D.0! 23 
 $ %3' -(+*=, %(G2.O.++ 23 - ?RU (%*0.2). A9.'3."  "2."*": -;0 !3= 
G(*+".%.0 -(++ 0": 0"3'.+" - - 30- .+** ". %."*D.0!*< * )%(!"*D.0!*< G+(+*1, *< 
< % K3= 30).-(.2 0":.  

 

/*0 2. C(&*0"%; &%3)); 7294 )% - '#" *009.' -(+*# - ?RU 
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J 2013 & '3 0 0" #90# ).%-;1 -;)30! 2(&*0"% - )  2(&*0".%0! 1 )% &%(22. 
210144.68 «A 9+.D+(# &.".% 0"%3!"3%+(# 8 " E+.%&."*!(». MG 10 -;)30!+*! - 
&%3)); 7294 - 0.2: D.9 -.! G(O*"*9* '*00.%"(,** +( « "9*D+ », *G +*< D.";%. 
D.9 -.!( ) 93D(" )  *" &(2  $3D.+*# - 2(&*0"%("3%. '*)9 2; 0  "9*D*.2 (%*0.3). 
A"3'.+" E" 1 &%3)); M-(+ - 69.!0.1,  "9*D+  G(O*"*-K*1 2(&*0".%0!3= 
'*00.%"(,*= +( ".23 «A).!"% 0! )*D.0!*. *009.' -(+*# " +!*< )9.+ ! a-Si:H, 
) 93D.++;< 2." ' 2 )9(G2 <*2*D.0! &   0(4'.+*# - %(G9*D+;< %.4*2(<», )%*G+(+ 
93DK*2 -;)30!+*! 2 2(&*0"%("3%; 8(!39:"."( E9.!"% +*!* - 2013 & '3.  

B% 2. ,.9.- 1 ) '& " -!* !  $%(G -(".9:+ 23 $9 !3  "+ 0*"0#:  
! ).%.) '& " -!( * ) -;K.+*. !-(9*8*!(,** 0).,*(9*0" - )% 8*9:+;< 

 %&(+*G(,*1 * )% 8.00 %0! -)%.) '(-(".9:0! &  0 0"(-( 0 3D." 2 
).%0).!"*- %(G-*"*# 0 9+.D+ 1 E+.%&."*!* * ).%0).!"*-+;< ".<+ 9 &*1 
" +!*< )9.+ ! '9# E+.%&."*!*, +()%*2.%, )  )% &%(22. ) -;K.+*# 
!-(9*8*!(,** «R +! )9.+ D+(# 0 9+.D+(# 8 " E+.%&."*!(»; 

! 0"(4*% -!* 2 9 ';< 3D.+;<, (0)*%(+" - * )%.) '(-(".9.1 - AH$7LRN * 
?RU - %(2!(< )% &%(22 (!('.2*D.0! 1 2 $*9:+ 0"*; 

! )%*-9.D.+*. 0).,*(9*0" - ?RU ! )%.) '(-(".9:0! 1 '.#".9:+ 0"* '9# 
%(G%($ "!* * D".+*# + -;< !3%0 - 9.!,*1; 

!  %&(+*G(,*# * )% -.'.+*. )%(!"*! * '*)9 2+ &  )% .!"*% -(+*# 0"3'.+" - 
0 *0) 9:G -(+*.2 -;0 ! ".<+ 9 &*D.0! &   $ %3' -(+*# - ?RU; 

! E!0).%"+(#  ,.+!( !(D.0"-(  $%(G -(".9:+;< )% &%(22, ) '& " -!* * 
).%.) '& " -!* 0).,*(9*0" - )  +()%(-9.+*= «R +! )9.+ D+(# 0 9+.D+(# 
E+.%&."*!(». 

 

/*0. 3. H.%-;1 -;)30! 2(&*0"% - )  2(&*0".%0! 1 )% &%(22. 210144.68 «A 9+.D+(# 
&.".% 0"%3!"3%+(# 8 " E+.%&."*!(».  

?(%#'3 0 )% &%(22 1 ) -;K.+*# !-(9*8*!(,** 0).,*(9*0" - AH$7LRN * ?RU 
) '& " -9.+( )% &%(22( ) -;K.+*# !-(9*8*!(,** )% 8.00 %0! -
)%.) '(-(".9:0! &  0 0"(-( -3G - 0 3D." 2 ).%0).!"*- --.'.+*# 0 9+.D+ 1 
E+.%&."*!*. J 2011 & '3 $;9( %.(9*G -(+( )% &%(22( ) -;K.+*# !-(9*8*!(,** '9# 
)%.) '(-(".9.1 \7N *2. M.?.N9:#+ -( )  «R +! )9.+ D+ 1 0 9+.D+ 1 
8 " E+.%&."*!.», +( ! " % 1  $3D(9 0: 12 D.9 -.!. A.& '+# E"* )%.) '(-(".9* 
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(!"*-+  3D(0"-3=" - %.(9*G(,** $(!(9(-%0! &  )% 8*9# )  8 " )%. $%(G -(".9:+ 1 
".<+*!. - \7N. J 2013 & '3 ) -;K.+*. !-(9*8*!(,** )  E" 1 )% &%(22. )% < '*9* 
34. 19 )%.) '(-(".9.1, )%.'0"(-9#-K*< $ 9.. 10 %.&* + - / 00**, -!9=D(# 
\3-(K*=.  

6!"*-+ . )%*-9.D.+*. 0"3'.+" - * (0)*%(+" - ! -;) 9+.+*= ! +!%."+;< 
+(3D+;< *009.' -(+*1 ) '"-.%4'(."0# *< 3D(0"*.2 - +(3D+;< ! +8.%.+,*#< * 
0 -2.0"+;< 0 0 "%3'+*!(2* ?RU * AH$7LRN )3$9*!(,*#<. ?()%*2.%, - %($ ". 
/ 00*10! 1 ! +8.%.+,** «I*G*! -<*2*D.0!*. )% $9.2; - G $+ -9#.2 1 
E+.%&."*!*» - 2013 & '3 3D(0"- -(9* 7 0"3'.+" - * 4 (0)*%(+"( !(8.'%; BL5H, 
! " %;. -;0"3)*9* 0  0".+' -;2* ' !9('(2*. 

R(!*2  $%(G 2, 0 "%3'+*D.0"-  AH$7LRN «TLRM» * 555 «?RU " +! )9.+ D+;< 
".<+ 9 &*1 - E+.%&."*!. )%* IRM *2. 6.I.M 88.  $.0).D*-(." %.(9*G(,*= * 
%(G-*"*.  $%(G -(".9:+;< )% &%(22 ) '& " -!* * ).%.) '& " -!* 0).,*(9*0" - '9# 
-;0 ! ".<+ 9 &*D+ &  )% *G- '0"-( " +! )9.+ D+;< 0 9+.D+;< 2 '39.1. 

31/)'6 !/4$2-4*2& 

1. H ).9: 5.A. A 0" #+*. * ).%0).!"*-; %(G-*"*# - G $+ -9#.2;< *0" D+*! - 
E+.%&** // /.&* +(9:+(# E+.%&."*!( * E+.%& 0$.%.4.+*.. – 2013. - Y4. – A. 42-48. 

2. I %" - J.@., H ).9: 5.A. L+.%&."*!( - 0 -%.2.++ 2 2*%.. – F 9& )%3'+;1: 
MG'(".9:0!*1 F 2 «M+".99.!"», 2011. – 168 0. 

3. H.%0).!"*-; E+.%&."*D.0!*< ".<+ 9 &*1 2008. A,.+(%** * 0"%(".&** '  2050 &. 
C.4'3+(% '+ . E+.%&."*D.0! . (&.+"0"- . OECD/IEA, 2008. 

4. Thin-film silicon solar cells. Editor: Arvind Shah // EPFL Press, 2010. 430 p 
5. 68(+(0:.- J. H., R.%3! - @. M., X.%D.+! - 6. 6. R +! )9.+ D+;. 0 9+.D+;. 

E9.2.+"; +(  0+ -. !%.2+*#. 2-. *G'. AH$.: MG'--  AH$7LRN «TLRM», 2011. 168 0. 
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 "$%"+--+ #82#1!*52 3*!"%$!-65Q 4!"-$Q5-5:!;65Q 

"!+6S5< # -*$%$6$-7$*!*4*8Q ;5;4!-+Q (12 4!71$#$%$ 

+66)-)15"$#+*52 

F0@0#+ F.D. 
@+%!;4+*;65< %$;)(+";4#!**8< )*5#!";54!4, &+Q+:6+1+, D$;;52 

R.)9 - . (!!3239*% -(+*. (R6) #-9#."0# -(4+ 1 * +. "Q.29.2 1 0 0"(-+ 1 
D(0":= 0"($*9*G(,** %($ D.&  %.4*2( ".)9 -;< 0.".1, ) G- 9#=O.1 %.&39*% -(": - 
 )"*2(9:+;< )%.'.9(< +.%(-+ 2.%+ 0":, !(! ) 0"3)9.+*# E+.%&**, "(! * .[ 
) "%.$9.+*#. 

5'+*2 *G ).%0).!"*-+;< 0) 0 $ - (!!3239*% -(+*# E+.%&** #-9#."0# R6 0 
*0) 9:G -(+*.2 0!%;" 1 ".)9 "; 8(G - &  ).%.< '( «"-.%' . ".9  - 4*'! 0":» 
+. %&(+*D.0!*<,  %&(+*D.0!*< 0 .'*+.+*1, E-".!"*D.0!*< ! 2) G*,*1 * 
".%2 <*2*D.0!*< %.(!,*1. ?.02 "%# +( -(4+ . )%*!9('+ . G+(D.+*. "(!*< ".)9 -;< 
(!!3239#" % -, 2+ &*. )% $9.2; -  $9(0"* *< %(G%($ "!*  0"(="0# +.%.K.++;2*. 

50"(["0# (!"3(9:+ 1 )% $9.2( ) *0!( E88.!"*-+;< 8(G ).%.< '+;< 
".)9 (!!3239*%3=O*< 2(".%*(9 - +(  0+ -. 8*G*! -<*2*D.0! &  (+(9*G( 
2+ & ! 2) +.+"+;< 0*0".2 (CBA). 

5'+*2 *G 2." ' - ) *0!( ".)9 (!!3239*%3=O*< 2(".%*(9 - #-9#."0# 2." ' 
*009.' -(+*# <*2*D.0! &  -G(*2 '.10"-*# -.O.0"-. 

J09.'0"-*. 09 4+ 0"* * "%3' .2! 0"*  )*0(+*# <*2*D.0! &  -G(*2 '.10"-*# 
)%* %*"."+ 1 #-9#."0# %(G%($ "!( 2." ' 9 &**, ' )30!(=O.1 *0) 9:G -(+*. LJC. 

J  0+ -3  )*0(+*# %.(!,*1  $2.+( - 2+ & ! 2) +.+"+;< -G(*2+;< 0*0".2(< 
) 9 4.+  3D.+*. J.H. /('*O.-( [1]   0"($*9:+ 2 * +.0"($*9:+ 2 ! 2)9.!0(< 
'*(&%(22; 0 0" #+*# *G3D(.2 1 0*0".2;. 

J <*2** %(0)9(-9.++;< 0 9.1 -G(*2+;< 0*0".2 -(4+ . G+(D.+*. - ) 09.'+*. 
& '; 3'.9#."0#  )*0(+*= <*2*D.0! &  -G(*2 '.10"-*# ! +-.%0* ++;2 2." ' 2 [2, 
3], #-9#=O*20#  0+ - 1 0*+".G( +. %&(+*D.0!*< 0 .'*+.+*1. 

B% 2. E" &  )%.'9 4.+; %#' 2." ' -  )*0(+*# <*2*D.0! &  -G(*2 '.10"-*# - 
CBA 0 *0) 9:G -(+*.2 ())(%("( ! 2$*+(" %+ 1 2("%*D+ 1 (9&.$%; [4   10].  

?.  '*+ *G )%*-.'.++;< (9& %*"2 - +. 3D*";-(." ".2).%("3%+ . -9*#+*. +( 
+()%(-9.++ 0": )% ".!(+*# %.(!,*1 - CBA, +. )%.'302 "%.+; (-" 2("*G*% -(++;. 
%(0D."; ".)9 -;< E88.!" - %.(!,*1 - G(-*0*2 0"*  " ".2).%("3%;. 

J 0-#G* 0 -;K.*G9 4.++;2 - G+*!9( +. $< '*2 0": - %(G%($ "!. + - &  
(9& %*"2(  )*0(+*# <*2*D.0!*< * ".%2 <*2*D.0!*< %.(!,*1 - 2+ & ! 2) +.+"+;< 
-G(*2+;< 0*0".2(< 0 3D." 2 ).%.D*09.++;< +.' 0"("! -, * 0 0"(-9.+*# )  +.23 
)% &%(22;, ! " %(# ) G- 9*9( $;  ).%("*-+  -;#-9#": - G2 4+;. <*2*D.0!*. * 
".%2 <*2*D.0!*. %.(!,**, )% ".!(=O*. -  -G(*2+;< 2+ & ! 2) +.+"+;< 0*0".2(< 
0 9=$;2 D*09 2 0 .'*+.+*1 * - G(-*0*2 0"*  " ".2).%("3%;. 

F9#  )%.'.9.+*# ".)9 -;< E88.!" - %.(!,*1 - G(-*0*2 0"*  " ".2).%("3%; 
- 0) 9:G3.20# 83+!,*.1  " ".2).%("3%; )%*-.'.++ 1 E+.%&** 7*$$0( 4(5). B(! 
*G-.0"+ , *G [11] 

4(5) = – 
T

)0(H)T(G  
, (1) 
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&'. 4(5) – )%*-.'.++(# E+.%&*# 7*$$0( - G(-*0*2 0"*  " ".2).%("3%;; 6(0) – 
E+"(9:)*#  $%(G -(+*# 0 .'*+.+*# )%* 0 7 *G E9.2.+" - - 0"(+'(%"+;< 0 0" #+*#<. 

MG (1) 09.'3."  
4(5)"T = – G(T) + H(0). 

R &'( 2 4.2 )*0(": '9# )% '3!" - %.(!,** ()%(-;< D(0".1 3%(-+.+*1) 

5)5(4)0(H)5(G 8&."8&."8&." " # , (2) 

6 '9# *0< '+;< 0 .'*+.+*1 (9.-;< D(0".1 3%(-+.+*1) E+.%&*# 7*$$0( %(-+( 

5)5(4)0(H)5(G '$9'$9'$9 " # , (3) 

MG2.+.+*. E+.%&** 7*$$0( - < '. %.(!,** - G(-*0*2 0"*  " ".2).%("3%; 2 4+  
 )%.'.9*": )  8 %239.: 

5)5(45)5(4)0(6)0(6)T(G)T(G)5(G '$98&."'$98&."'$98&."

&,(1: "$"  # #% , (4) 

@09* - %.(!,*= *9* )% ,.00 -< '#" +.0! 9:!  0 .'*+.+*1, "  (1.4) 2 4+  
)%. $%(G -(": - 09.'3=O*1 -*' 

&
'

(
)
*

+
$ &

'

(
)
*

+
$#%     

! !! !

n

j

n

j

 !"#

j

$%&

j

k

i

k

i

$%&

i

 !"#

i!'()* +,-
T

H-+,-
T

H-G
1 11 1

)(
1000

)0()(
1000

)0(

, (5) 
 !" -i # -j – $%"&#'("%)#*"$+#" +',--#.#"/%0 1)23/"/#4 !54 #$&'!/0& 

$'"!#/"/#6 # 7)'!1+%'3 )"2+.##, $''%3"%$%3"//'; 1/1000 - +',--#.#"/% 
7)"'8)29'32/#4, +'%')06 33'!#%$4 #9-92 %' ', *%' 3 $7)23'*/#+" [11] .(0) !2/' 3 
)/0/1"23, 2 ,(+) 3 /0/(4 1"23). 

:8;"(/0" #9("/"/#4 7)# &#(#*"$+#& )"2+.#4& '7)"!"54<%$4 33'!'( 
#/-')(2.## 7' '%/'$#%"5=/0( ('5=/0( #9("/"/#4( +'(7'/"/%'3 >?@ "V/V, 3 % 
7' -')(15": 

.
.

1

.

.
1

"56

$%&

n

j

j

"56

 !"#

k

i

i

"56

!'()* VXVXV "#"!"   
!!

, (6) 

A2 '$/'3" #$&'!/'6 #/-')(2.## 7' !#--")"/.#2.##, *#$51 $'"!#/"/#6, 
+2%#'/'3, 2/#'/'3 # -')(15 $'"!#/"/#6 7)' )2((2 /2 BC> [12] 30!2"% 3"$= /28') 
%")('&#(#*"$+#& )"2+.#6 7'5/' ' '8("/2, 7)'%"+2<D#& 3 ' )2/4<D#& ,5"("/%2& 
$#$%"(0 # 3 $2('6 >?@ 3 923#$#('$%# '% %"(7")2%1)0. 

:$1D"$%354"%$4 7)"'8)29'32/#" (2%)#.0 $("E/'$%# $ #/!"+$2(# «1» 3 
$%28#5=/0& # «0» 3 ("%2$%28#5=/0& !#2 '/254& 3 3"+%') $  )177#)'3+'6 «0» # «1», 
M(i,j) $ V(k), k = i%(N-1)+j. 

F"30" *2$%# 1)23/"/#6 &#(#*"$+#& )"2+.#6 3 n-+'(7'/"/%/0& 392#(/0& 
$#$%"(2& ('!"5#)1<%$4 3 $''%3"%$%3## $ 7)23#5'( 30435"/#4 5"30& *2$%"6 
1)23/"/#4. G")"8') ('E/' '$1D"$%3#%= 7' (2$+2( «01», «001», «011» # %. !., +'%')0& 
('E/'  "/")#)'32%= #5# 92!232%= 3 7)' )2((" [12]. C 92!232"(0& (2$+2& !'5E/2 80%= 
&'%4 80 '!/2 «0» [13]. 

G)230" *2$%# 1)23/"/#6 &#(#*"$+#& )"2+.#6 3 n-+'(7'/"/%/0& 392#(/0& 
$#$%"(2& 304354<%$4 3 $''%3"%$%3## $ 7)23#5'( 30435"/#4 7)230& *2$%"6 1)23/"/#4 
[13]. 

C0435"/#" 1)23/"/#6 &#(#*"$+#& )"2+.#6 '$1D"$%354"%$4 $'7'$%235"/#"( 
30435"//0& /28')'3 5"30& # 7)230& *2$%"6. G)# ,%'( !'5E/0 $'85<!2%=$4 
$5"!1<D#" 1$5'3#4: /25#*#" 3 '8"#& $'7'$%2354"(0& *2$%4& '!/#& # %"& E" #'/'3; 
'%$1%$%3#" 3 $'7'$%2354"(0& *2$%4& '!#/2+'30& -29; 3'9('E/'$%= 1)23/#32/#4 
$('!"5#)'32//0& )"2+.#6. 

C'9('E/'$%= 1)23/#32/#4 $('!"5#)'32//0& )"2+.#6 7)'3")4"%$4 )2$$%2/'3+'6 
$%"&#'("%)#*"$+#& +',--#.#"/%'3 1)23/"/#6 &#(#*"$+#& )"2+.#6 [13]. 

G)' )2((2 «HIGF:C:J BKKI?H )"2+.#6 3 >?@ 3 923#$#('$%# '% 
%"(7")2%1)0» [12] '7#$2/#4 &#(#*"$+#& # %")('&#(#*"$+#& )"2+.#6, 7)'%"+2<D#& 
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3 >?@ 3 923#$#('$%# '% %"(7")2%1)0, '8;"(/0& #9("/"/#6 7)# 75235"/## 7'93'54"% 
7'51*2%= %")('&#(#*"$+#" )"2+.##, 7)'%"+2<D#" 3' 392#(/0& >?@ /"923#$#(' '% 
+'(7'/"/%/'$%# 7)# )29/0& 9/2*"/#4& %"(7")2%1)0, 7)' /'9#)'32%= /27)235"/#4 #& 
7)'%"+2/#4 7)# !2//'6 %"(7")2%1)", '7)"!"54"% %"(7")2%1)1, 7)# +'%')'6 )"2+.#4 
'852!2"% (2+$#(25=/0( %"75'30( ,--"+%'(, +)'(" ,%' ' 7)' )2((2 7'93'54"% 
'$1D"$%3#%= 7'#$+ /2#8'5"" ,/") '"(+#& 1)23/"/#6 )"2+.#6 !54 %")('&#(#*"$+' ' 
2++1(15#)'32/#4 %"75'3'6 ,/") ##. 

G)# '%+)0%## 7)' )2((/' ' -2652 «Project.exe» 7'4354"%$4 /2 ,+)2/" '+/' ($(. 
)#$. 1). 

 

L#$. 1. B+)2/ 7)' )2((0 «H"75'3'6 ,--"+% 3 923#$#('$%# '% %"(7")2%1)0» 7)# 92 )19+" 
3&'!/'6 #/-')(2.## # 92!2/## 1$5'3#6 30435"/#4 1)23/"/#6 )"2+.#6. 

 
A2E23 /2 «Load», 7)' )2((2 7)'$#% 92 )19#%= #$&'!/1< #/-')(2.#<. G)# ,%'( 

/"'8&'!#(' 1+292%= /2 -265,  !" &)2/#%$4 #/-')(2.#4.  
C&'!/'6 #/-')(2.#"6 4354"%$4 (2%)#.2 $("E/'$%#, %"75'%0 '8)29'32/#4 # 

-1/+.## ,(+) +'(7'/"/%'3 $#$%"(0. 
A2 '$/'3" 3&'!/'6 #/-')(2.## 7)' )2((2 30!2<% %")('&#(#*"$+#" )"2+.## 7)# 

5<8'6 %"(7")2%1)", +'%')1< ('E/' 92!2%=, 3 %)'6/0&, *"%3")/0&, 74%")/0& # %. !. 
392#(/0& $#$%"(2& (+'5#*"$%3' +'(7'/"/%'3 /" ' )2/#*#32"%$4). M54 ,%' ' 
/"'8&'!#(' 1$%2/'3#%= *#$52 +2%#'/'3 # 2/#'/'3, 13"5#*#324 #5# 1("/=N24 #& 
+'5#*"$%3' 3 '+/" «G2)2("%)0».  

A27)#("), 7)# 1$%2/'3+" !2//0&: +2%#'/'3 – 4, 2/#'/'3 –2, + = 500 4, !54 +'%')'6 
/2!' )2$$*#%2%= %"75'30" ,--"+%0 )"2+.## ,+)2/ 81!"% 30 54!"%= %2+, +2+ /2 )#$. 1. 

M54 '7)"!"5"/#4 %"(7")2%1)0, 7)# +'%')0& %"75'30" ,--"+%0 )"2+.#6 !'$%# 2<% 
(2+$#(25=/0& 9/2*"/#6, %' /"'8&'!#(' 1$%2/'3#%= 3")&/#6 7)"!"5 %"(7")2%1)0, !' 
+'%')'6 7)' )2((2 81!"% )2$$*#%032%= # #$+2%= %"75'30" ,--"+%0 3 '+/" «!'». 
A"'8&'!#(' %2+E" 1$%2/'3#%= N2 , $ +'%')0( 7)' )2((2 81!"% #$+2%= (2+$#(25=/'" 
9/2*"/#" %"75'3' ' ,--"+%2, 3 '+/" «N2 » (/2 )#$. 1 1$%2/'35"/0 1500 # 5, 
$''%3"%$%3"//'). 
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G'$5" 92 )19+# #$&'!/'6 #/-')(2.## # 92!2/#4 (2$'+ /"'8&'!#(' /2E2%= /2 
+/'7+1 «Generate». G)# ,%'( 7)' )2((2 30!2"% &#(#*"$+#" # %")('&#(#*"$+#" 
)"2+.## ($(. )#$. 2).  

 

 !". 2. B+)2/ 7)' )2((0 7'$5" 30435"/#4 %")('&#(#*"$+#& 1)23/"/#6 )"2+.#6 3 >?@ 7)# T = 

500 K. 

H2+#( '8)29'(, )29)28'%2//1< 7)' )2((1 [12] ('E/' #$7'5=9'32%= !54 
30435"/#4 $ (#/#(25=/0(# %)1!'92%)2%2(# &#(#*"$+#& # %")('&#(#*"$+#& )"2+.#6 
3 >?@, /" 923#$#(' '% +'(7'/"/%/'$%# 7)# )29/0& %"(7")2%1)2&, 2 %2+E" 
,/") '"(+#& &#(#*"$+#& )"2+.#6 !54 %")('&#(#*"$+' ' 2++1(15#)'32/#4 %"75'3'6 
,/") ##. 

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

1. L2!#D"3 C.G. >/' '+'(7'/"/%/0" $#$%"(0. >.: M"7. 3 COAOHO, NT-15616-63. 
1963. – 502 $. 

2. ?)2"32 P.Q., G'$0726+' C.O. G)#("/"/#" BC> 7)# 30435"/## %")('&#(#*"$+'6 
923#$#('$%# )"2+.#6 3 (/' '+'(7'/"/%/0& $#$%"(2&. M'+5. P/ @@@L. 1975.-
H.221.R2.-@357-360. 

3. G'$0726+' C.O., C2$#/2 A.P., Q)095'32 I.@. ?'/3")$#'//06 ("%'! #$$5"!'32/#4 
(/' '+'(7'/"/%/0& 392#(/0& $'5"30& $#$%"(//M'+5. PA @@@L, 1975. – H. 223. – 
R 5. – @.1191-1194. 

4. C")!#"3 A.A., H)1/#/ P.@., S%") Q.I., @15%2/'3 T.O., Q2$2/25#"3 P.>. P5 ')#%( 
'7#$2/#4 &#(#9(2 3 (/' '+'(7'/"/%/0& 392#(/0& $'5"30& $#$%"(2& $ )293#%0( 
+'(75"+$''8)29'32/#"(. ->.: 1988.-45$. M"7. C :AOO HBUO>. 26.06.88.R834-88. 

5. H)1/#/ P.@., S%") Q.I., ?'$(0/#/ P.@. P5 ')#%( '7#$2/#4 &#(#9(2 3' 392#(/0& 
$'5"30& $#$%"(2&// V1)/. 7)#+5. &#(##.-1983.-H.56.-R6.-@.965.-M"7. C COAOHO 
R584-83.-@.40. 

6. @"*/'6 P.O., Q2)+1N#/ A.?., H)1/#/ P.@. :7#$2/#" &#(#*"$+' ' 392#('!"6$%3#4 
3 (/' '+'(7'/"/%/0& 392#(/0& $#$%"(2& /2 '$/'3" #& !#--")"/.#2.##.//V1)/. 
/"') 2/. &#(##.- 1988.-H.33.-R4.-@.1014-1018 
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7. Q2)+1N#/ A.?., H"(#)8152%'32 :.C., @"*/'6 P.O., H)1/#/ P.@. U#(#*"$+'" 
392#('!"6$%3#" 3 74%#+'(7'/"/%/'6 392#(/'6 $#$%"(" #9 &5')#!'3 # 3'5=-)2(2%'3 
/2%)#4, +25#4, +25=.#4 # 82)#4 //V1)/. /"') 2/. &#(##.-1994.-H.39.-R10.-@.1734-
1737. 

8. G'$0726+' C.O., C2$#/2 A.P. O91*"/#" (/' '+'(7'/"/%/0& 392#(/0& $#$%"( #9 
!"34%# $'5"6 /2 '$/'3" ,5"("/%2)/0& (2%)#..// V1)/. /"') 2/. &#(##.-1972.-H.17.-
C.17.-@.2780. 

9. H)1/#/ P.@. G)#/.#70 -')(#)'32/#4, )29)28'%+2 # )"25#92.#4 '8D" ' 25 ')#%(2 
#$$5"!'32/#4 (/' '+'(7'/"/%/0& $#$%"(. M#$. … !'+%. &#(. /21+. –?1680N"3, 

1984. –W 1-2. –650 $. 

10. @"*/'6 P. O. >'!"5#)'32/#" )23/'3"$/' ' $'$%'4/#4 $("$"6 -29 3 

(/' '+'(7'/"/%/0& -#9#+'-&#(#*"$+#& $#$%"(2&. M#$. … !'+%. &#(. /21+. –

A'3'$#8#)$+, 2003. – 291 $. 

11. H")('!#/2(#*"$+#" $3'6$%32 #/!#3#!125=/0& 3"D"$%3 // G'!. )"!. Q51N+' C. G.. –

>.: A21+2, 1978. –H. 1. - ?/. 1, - #9!. 3", 1978. – 495 $. 

12. X282"3 X. M., Q. >. U25#51552"3. P.$. R 2005610201 '% 21.01. 2005  . 

13. X282"3 X. M. X5'+-$&"(2 '7#$2/#4 &#(#*"$+#& )"2+.#6 3 (/' '+'(7'/"/%/0& 

392#(/0& $#$%"(2&. V1)/. /"') 2/. &#(## LPA. 2005. - H. 50, R 5. - @. 815 – 818. 
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67897:;;<8-=>?@AB@CDBE<>F G8;HBDGA 8HC@;@I:J@@ 

G8;K@<@78=:<<898 L<D798A<:KMD<@N 

 !"!#$  . %. 
#:9DAC:<AG@F 98AOP:7AC=D<<>F O<@=D7A@CDC,  :Q:?G:B:, '8AA@N 

G'30N"/#" +2*"$%3"//' ' # $%28#5=/' ' ,/") '$/28E"/#4 7'%)"8#%"5"6 4354"%$4 

2+%125=/'6 92!2*"6. B%2 92!2*2, '$'8"//' 7)# #$7'5=9'32/## /2)4!1 $ 

%)2!#.#'//0(# ') 2/#*"$+#(# %'75#32(# 3'9'8/'354"(0& #$%'*/#+'3 ,/") ## 

(COB), ('E"% 80%= )"N"/2 +'(8#/#)'32//0( ,/") '$/28E"/#"( 7'%)"8#%"54 '% 

)29/0& ,/") '#$%'*/#+'3 [1 - 5]. 

G'#$+ '7%#(25=/' ' 32)#2/%2, $''%3"%$%31<D" ' (#/#(25=/0( 7)#3"!"//0( 

92%)2%2(, %)1!'"(+24 )28'%2 # #$7'5=9'32/#" !54 ,%' ' 7)' )2((/'-30*#$5#%"5=/' ' 

+'(75"+$2 (GC?) #(""% 8'5=N'" 9/2*"/#". 

C '8D"( $51*2" !54 5<8' ' 7'%)"8#%"54 ('E"% 80%= $'$%235"/' ' )'(/'" 

+'5#*"$%3' 32)#2/%'3 +'(8#/#)'32//' ' ,/") '$/28E"/#4, $'$%'4D#& #9 )29/0& 

$'*"%2/#6 ,/") '$#$%"( # 2++1(154%')'3 %"752. G)# #$7'5=9'32/##, /27)#("), i 

)29/0& %)2!#.#'//0& %'75#3 #5# ,/") ')"$1)$'3 COB +'5#*"$%3' 32)#2/%'3 

+'(8#/#)'32//0& ,/") '$#$%"( n 7' j 3#!'3 '7)"!"54"%$4 7' -')(15" 

 
)!1(

!

#%
!!

jj

i
Cn i

j

.     (1) 

C )28'%" 7)"!52 2"%$4 GC? 308')2 '7%#(25=/' ' 32)#2/%2 +'(8#/#)'32//' ' 

,/") '$/28E"/#4 $ 2++1(15#)'32/#"( 71%"( $)23/"/#4 ' )'(/' ' +'5#*"$%32 

32)#2/%'3 +'(75"+$/0& %"&/#*"$+#& $#$%"( $ #$7'5=9'32/#"( COB 7' (/' #( 

392#('$3492//0( %"&/#+'-,+'/'(#*"$+#(, ,/") "%#*"$+#(, ,+'5' #*"$+#( # 

$'.#25=/0( +)#%")#4( [6]. 

K')(#)'32/#" 32)#2/%'3 $)23/"/#4 $ #$7'5=9'32/#"( COB '$1D"$%354"%$4 

(2%)#*/0( ("%'!'(, +'%')06 7'93'54"% 8'5"" '8'$/'32//' 308)2%= '7%#(25=/1< 

,/") '$#$%"(1 71%"( 23%'(2%#9#)'32//' ' $)23/"/#4 8'5=N' ' +'5#*"$%32 

3'9('E/0& 32)#2/%'3 7' (/' #( 7'+292%"54( [7]. 

G' #$&'!/0( &2)2+%")#$%#+2( 7'%)"8#%"54 # #("<D#&$4 ("$%/0& )"$1)$'3 COB 

7)' )2((2 30*#$54"%  '!'3'" 7'%)"8/'" +'5#*"$%3' %"75'3'6 # ,5"+%)#*"$+'6 

,/") ## # 3'9('E/'$%= " ' 1!'35"%3')"/#4 ("$%/0(# 3'9'8/'354"(0(# 

,/") ')"$1)$2(# [8].  

G)# #$7'5=9'32/## '!/' ' #5# /"$+'5=+#& 3#!'3 )"$1)$'3 (+'(8#/#)'32//24 

$#$%"(2) 3 $)23/#32"(0& 32)#2/%2& !'5E/' 307'5/4%=$4 1$5'3#": 

&Qp(ij)%aij = Q,   (2) 

 !" Qp(ij), aij – ,/") #4 # !'5# #& #$7'5=9'32/#4, $''%3"%$%3"//', i-5"7" )"$1)$2 3 

j-5"1 32)#2/%" ,/") '$/28E"/#4, %. ". /"'8&'!#(', *%'80 7'%)"8#%"5= 805 

7'5/'$%=< '8"$7"*"/ /"'8&'!#(0( +'5#*"$%3'( ,/") ## Q. :8D24 /2 )19+2 

7'%)"8#%"54 Q '7)"!"54<%$4 7' ("%'!#+", #95'E"//'6 3 [8]. 

G)"!5'E"/' '."/+1 25=%")/2%#3/0& $#$%"( ,/") '$/28E"/#4 $ #$7'5=9'32/#"( 

COB 7)'#93'!#%= $)23/"/#"( 32)#2/%'3 7' 9/2*"/#4( 392#('$3492//0& %"&/#+'-

,+'/'(#*"$+#&, ,/") "%#*"$+#&, ,+'5' #*"$+#& # $'.#25=/0& 7'+292%"5"6 7' ("%'!1 

"721+-YO@", *%' 7'93'54"% 8'5"" '8'$/'32//' 308)2%= '7%#(25=/1< $#$%"(1 7)# 
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!'(#/#)1<D"6 )'5# +)#%")#4 ,/") '$8")"E"/#4, (#/#(25=/0& 7)#3"!"//0& 92%)2% 

# #$7'5=9'32/#4 COB $ %"75'30( 2++1(15#)'32/#"( [6]. 

:$1D"$%354"%$4 7)'."$$ 7'$%)'"/#4 !#2 )2((0 3 7'54)/0& +'')!#/2%2& "721+-

YO@" ($(. )#$. 1). 

G'+292%"5# 7)"'8)29'32/0 %2+, *%'80 !54 $#$%"(0 %"75'- # ,5"+%)'$/28E"/#4 *"( 

("/=N" 805# #& 9/2*"/#4, %"( '/2 51*N". A27)#("), 394%0 7'+292%"5#, )23/0" 

1/($)'+ $51E80 '8')1!'32/#4) # 1/(+',--#.#"/% #$7'5=9'32/#4 1$%2/'35"//'6 

('D/'$%#), 2 /" $2(# "$)'+ $51E80 '8')1!'32/#4" # "+',--#.#"/% #$7'5=9'32/#4 

1$%2/'35"//'6 ('D/'$%#" [6]. 

  

L#$. 1. «G21+-YO@» !#2 )2((2 

:."/+2 $)23/#32"(0& 32)#2/%'3 '$1D"$%354"%$4 7' 7)23#51: #$(7!(11(, 

"8'!8$9(:;(< 6($1'63=>:  2";(#3, %""59'5%59>'5 2>8='1> 9(!$(65>. G5'D2!= 

"721+-!#2 )2((0" +2E!' ' 32)#2/%2 
?@S(j) 30*#$54"%$4 +2+ $1((2 75'D2!"6 

%)"1 '5=/#+'3 7' -')(15" 

],)Ce(j)-SXSXSX...

...SXSXSXSXSXCe(j)-(Q/p)0,5sin(2S(j)

k

1j

jpppp1p1p

3322

p

1j

221111

k

1j

j

?@

 

  

!

##

! !

%'%'

'%'%'%%%! ([

 (3) 

 !" ! – *#$5' 33'!#(0& +)#%")#"3; S1, S2, S3,…S! – 9/2*"/#4 +)#%")#"3; -1, -2, 

X3,…-! – +',--#.#"/%0 ,/") '$#$%"(, 7'+29032<D#" !'5# "" 1*2$%#4 3 

+'(8#/#)'32//'( ,/") '$/28E"/## 7'%)"8#%"54.  

L29)28'%2//06 GC? – 7)' )2((0 “Optimum” [9] # "Optimization of energy systems" 

[10] – 7'93'54"%, +)'(" 7'51*"/#4 +'/"*/' ' )"N"/#4, 7)'$('%)"%= # '8)28'%2%= 

7)'("E1%'*/0" )"915=%2%0, '."/#32%= ,+'5' #*"$+'" 35#4/#" +2E!'6 $#$%"(0 

,/") '$/28E"/#4 # %.!. 

G)# $)23/"/## 32)#2/%'3 ,/") '$/28E"/#4 7)' )2(('6 [10] 3&'!/'6 

#/-')(2.#"6 4354"%$4 85'+# $#$%"( ,/") '$/28E"/#4, (2%)#.2 $("E/'$%"6 $ 

#/!"+$2(# «0» # «1», #$7'5=91"(0" )"$1)$0 # 3#!0 ,/") ##, 3 +'%')0& /1E!2"%$4 

7'%)"8#%"5=, # -1/+.## ,(&) – 923#$#('$%# +)#%")#"3 $#$%"( ,/") '$/28E"/#4 '% 

+'5#*"$%32 ,/") ## Q. K1/+.#4 ,(&) ('E"% $'!")E2%= 5<80" 25 "8)2#*"$+#" 

!"6$%3#4 # %)# '/'("%)#*"$+#" 3"5#*#/0.  

A27)#("), 3&'!/0" !2//0" !54 2/25#92 # 308')2 '7%#(25=/'6 +'(8#/#)'32//'6 

$#$%"(0, 3 +'%')'( 1*2$%31<% 12 ,/") "%#*"$+#& $#$%"( /2 '$/'3" 6 3#!'3 )"$1)$'3 

– $'5/"*/'6, 3"%)'3'6, 8#' 29'3'6, 3'!/'6, 7)#)'!/' ' 8255'//' '  292, E#!+#& 

%'75#3 (@@, C"%, X , >Q, G) 29, VH) # 2 3#!'3 7'%)"854"('6 ,/") ## – %"75'3'6 # 

,5"+%)#*"$+'6 (H, B@), 7)# $)23/"/## 7' ?GM # -1/+.#6 ,(&) 30 54!4% $5"!1<D#( 

'8)29'(: 
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12,6,2; 

@@,C"%,X ,>Q,G) 29,VH; 

H,B@; 

@@H,@@B@,C"%H,C"%B@,X H,X B@,>QH,>QB@,G) 29H,G) 29B@,VHH,VHB@; 

-1,0,1,1,1,1,1,0,1,1,1,0; 

0,-1,1,1,0,1,1,0,0,1,1,0;  

0,0,-1,1,0,1,1,0,0,1,1,0; 

0,0,0,-1,0,1,1,0,0,1,1,0; 

0,0,0,0,-1,1,1,0,1,1,1,1; 

0,0,0,0,0,-1,1,1,0,1,1,1; 

0,0,0,0,0,0,-1,1,0,1,1,0; 

0,0,0,0,0,0,0,-1,0,1,1,1; 

0,0,0,0,0,0,0,0,-1,1,1,0; 

0,0,0,0,0,0,0,0,0,-1,1,1; 

0,0,0,0,0,0,0,0,0,0,-1,1; 

0,0,0,0,0,0,0,0,0,0,0,-1; 

60:20:38:30:58:60:60:70:70:35:45:35; 

, (&)=(50+812+50+0+0+0+0)*x 

, (&)= (100+1020+60+0+0+0+0)*x 

, (&)= (100+750+130+0+0+0+0)*x 

, (&)= (100+709+130+0+0+0+0)*x 

, (&)= (100+475+120+0+0+0+0)*x 

, (&)= (200+475+120+0+0+0+0)*x 

, (&)= (100+302+100+0+0+0+0)*x 

, (&)= (80+302+90+0+0+0+0)*x 

, (&)= (1000+0+0+200+1.5+200+10)*x 

, (&)= (2000+0+0+200+1.5+200+10)*x 

, (&)= (1000+0+0+135+1.5+200+10)*x 

, (&)= (2000+0+0+135+1.5+200+10)*x 

@52 2"(0" 3 ,(&) 7' 7')4!+1 #& )2$7'5'E"/#4 !54 !2//' ' 7)#(")2: 

1* - 92%)2%0 /2 ,+$7512%2.#< ,/") "%#*"$+'6 1$%2/'3+#, !54 *2$%/' ' $"+%')2 ,%' 

%)2%2 %)1!2 *"5'3"+2 /2 7'! '%'3+1 !)'3, +#94+2,  292 # %.!, )18/QME; 

2* - +27#%25'35'E"/#4, )18/QME; 

3* - 2(')%#92.#'//0" '%*#$5"/#4, )18/QME; 

4* - $%'#('$%= (2$$0 $''%3"%$%31<D" ' 3#!2 %'75#32 $ %"75'$'!")E2/#"( 1 QME 

3 )26'/" " ' 7'%)"85"/#4, )18; 

5* - $%'#('$%= 7")"3'9+# (7")"!2*#) $''%3"%$%31<D" ' 3#!2 %'75#32 /2 ("$%' 

7'%)"85"/#4 $ %"75'$'!")E2/#"( 1 QME, )18/QME; 

6* - $%'#('$%= 7' )19+# /2 %)2/$7')% (2$$0 ('8;"(2) $''%3"%$%31<D" ' 3#!2 

%'75#32 $ %"75'$'!")E2/#"( 1 QME, )18; 

7* - $%'#('$%= )29 )19+# # $+52!#)'32/#4 $ %"75'$'!")E2/#"( 1 QME (2$$0 

$''%3"%$%31<D" ' 3#!2 %'75#32, )18. 

C (2%)#." $("E/'$%"6 #9 85'+'3 ,/") '$#$%"(, /2 7")"$"*"/## +'%')0& $%'4% «0» 

-')(#)1<%$4 5"30" +'(8#/#)'32//0" $#$%"(0 ,/") '$/28E"/#4, 2 #9 85'+'3 $ «1» - 

7)230". A2 '$/'3" !2//'6 3&'!/'6 #/-')(2.## 7)' )2(('6 30435"/0 

$)23/#%"5=/0" &2)2+%")#$%#+# ,/") "%#*"$+#& $#$%"(: $ !31(4 )"$1)$2(# 7' !32 3#!2 

7'%)"854"('6 ,/") ##, %.". 3 (2//2) – 13 $)23/"/#6; (3//2) – 42 $)23/"/#6; (4//2) – 43 

$)23/"/#6; (5//2) – 21 $)23/"/#6; (6//2) – 4 $)23/"/#6. B+)2/ 7)' )2((0 7)# 

 "/")2.## $)23/"/#6 +'(8#/#)'32//0& $#$%"( ,/") '$/28E"/#4 (3//2) # 7)# Q = 1 

QME 7)#3"!"/ /2 )#$. 2. 
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 !". 2. B+)2/ 7)' )2((0 7)#  "/")2.## $)23/"/#6 +'(8#/#)'32//0& $#$%"( ,/") '$/28E"/#4. 

G)' )2((2 7'93'54"% $)23/#32%= /"' )2/#*"//'" +'5#*"$%3' 32)#2/%'3 

+'(8#/#)'32//' ' ,/") '$/28E"/#4 7' /"' )2/#*"//'(1 +'5#*"$%31 +)#%")#"3 # 

308)2%= /2#8'5"" ,--"+%#3/1< $#$%"(1 7)# 92!2//'6 /2 )19+" 7'%)"8#%"54. 

G)'#93'!4%$4 30*#$5"/#" 7)#3"!"//0& 92%)2% [Xj%Z(j)] !.?@, [Xj%Z(j)]2'9.?@ # ."/0 

"!#/#.0 7)'!1+.## [Ce(j)] !.?@, [Ce(j)]2'9.?@ !54 7)230& # 5"30& *2$%"6 $)23/"/#6, 

$''%3"%$%3"//'. 

L2$*"% )29/'$%# «$%'#('$%#» 7)230& # 5"30& +'(8#/#)'32//0& $#$%"( $ 1*"%'( 

7)#3"!"//0& 92%)2% #5# ."/0 "!#/#.0 7)'!1+.## '$1D"$%354"%$4 7' -')(152(: 

;  
!!

#!
k

1j

2'9.?@

j

k

1j

 !.?@

j?@
Z(j)-Z(j)-AZ

 
  
!!

#!
k

1j

2'9.?@

j

k

1j

 !.?@

j?@ Ce(j)-Ce(j)-ACe

 . (4) 

G)# $)23/"/## 7' 75'D2!4( «721+-YO@» !#2 )2(( 3("$%' ,(&) 33'!4%$4 
?@S(j)

 !54 

+2E!'6 $#$%"(0 ($(. -')(151 3). 

G)' )2((2 23%'(2%#*"$+# )2$$*#%032"% $1((0 75'D2!"6 «721+-!#2 )2((» 33"!"//0& 

+)#%")#"3 85'+'3 $#$%"( # )"$1)$'3 '%!"5=/' !54 +'(8#/#)'32/#6, 3&'!4D#& 3 7)231< 
 !.?@S(j)

 # 5"31< 
2'9.?@S(j)

 *2$%# $)23/"/#6 7' -')(15" (3). Z2%"( '7)"!"54<%$4 

)29/'$%# $1((2)/0& 75'D2!"6 «721+-YO@» !#2 )2(( ?@AK
 ("E!1 5"30(# # 

7)230(# +'(8#/#)'32//0(# $#$%"(2(# 7' (/' #( +)#%")#4( 
2'9.?@ !.?@

?@ S(j)(j)AK #! S
.    (5) 

H2+#( '8)29'(, )29)28'%2//06 GC? '7%#(#92.## $#$%"( ,/") '$/28E"/#4 $ 

#$7'5=9'32/#"( COB 7'93'54"% 7'51*2%= /"'8&'!#(0" %"&/#*"$+#" !2//0" !54 

7)'"+%#)'32/#4 ,/") ' "/")#)1<D"6 1$%2/'3+#, 8'5"" '8'$/'32//' 308)2%= 

'7%#(25=/06 32)#2/% ,/") '$/28E"/#4 $ ("/=N#(# %)1!'92%)2%2(#.  

 

#$!"%& '!()*+(,*- 
1. M2--# ME., X"+(2/ [. :$/'30 $'5/"*/'6 %"75',/") "%#+#. G") $ 2/ 5. :. @. 

G'7"54, @. I. K)#!2, Q. P. Q1&(2/2 # !): 1*"8/'-$7)23'*/'" )1+'3'!$%3' //G'! )"!. 

G'7"54 :. @. M'5 '7)1!/06: O9!2%"5=$+#6 M'( «O/%"55"+%», 2013. - 888 $. 

2. P5&2$'3 P. X. C'9'8/'354"(24 ,/") "%#+2. –>.: K#9(2%5#%. 2010. 256 $. 
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3. X"9)1+#& G. G., P)819'3 T. M., X')#$'3 Q. P., C#$$2)#'/'3 C. O. # !). L"$1)$0 # 

,--"+%#3/'$%= #$7'5=9'32/#4 3'9'8/'354"(0& #$%'*/#+'3 ,/") ## 3 L'$$##. @G8.: 

A21+2, 2002. 314 $. 

4. G'7"5= :.@., K)#! @.I, S7#5=)26/ B.B. # !). @'5/"*/0" # 3"%)'30" 23%'/'(/0" 

,/") '1$%2/'3+# $ 3'!')'!/0( /2+'7#%"5"( // G")$7"+%#30 ,/") "%#+#. -2006. -

H.10. -@. 77 - 90. 

5. G'7"5= :.@. P3%'/'(/0" ,/") '1$%2/'3+# /2 3'9'8/'354"(0& #$%'*/#+2& ,/") ## 

// B/") '$8")"E"/#". 2006. R3. @. 70 – 75. 

6. X282"3 X. M. ?)#%")## 308')2 25=%")/2%#3/0& +'(8#/#)'32//0& $#$%"( 

,/") '$/28E"/#4. O93. 319'3. @"3.-?23+. )" #'/. H"&/. /21+#. 2003. -G)#5'E"/#" R 

1. -@. 49 – 50. 

7. X282"3 X. M., X252(#)9'"3 P. Q. :7%#(#92.#4 ,/") '$/28E"/#4 23%'/'(/' ' 

7'%)"8#%"54 $ #$7'5=9'32/#"( 3'9'8/'354"(0& #$%'*/#+'3 ,/") ## # BC>. O93. 

319'3. @"3.-?23+. )" #'/. H"&/. /21+#. 2012. -R 1. -@. 53 – 56. 

8. X282"3 X. M. >"%'! )2$*"%2 ,/") "%#*"$+'6 /2 )19+# 23%'/'(/' ' 7'%)"8#%"54 $ 

1*"%'( ("$%/0& 3'9'8/'354"(0& %'75#3. C"$%/#+ M2 "$%2/$+' '  '$. %"&/. 1/-%2. 

H"&/. /21+#. 2012. R 24 (1). @. 20 – 26. 

9. X282"3 X. M., X252(#)9'"3 P. Q. @3#!. '  '$. )" . 7)' )2((0 !54 BC> R2002611012 

«G)' )2((2 ”'7%#(#92.#4 $#$%"(0 %"75'- # ,/") '$/28E"/#4 23%'/'(/' ' 

7'%)"8#%"54 ”Optimum”» // Z2)" . 3 L""$%)" 7)' )2(( !54 BC> 20.06.02. 

10. X282"3 X. M., U25#51552"3 Q. >. @3#!. '  '$. )" . 7)' )2((0 !54 BC> R 2014613470 

«:7%#(#92.#4 $#$%"(0 ,/") '$/28E"/#4 7'%)"8#%"54 ":ptimization of energy 

systems"» // Z2)" . 3 L""$%)" 7)' )2(( !54 BC> 26.03.2014  . 
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 DC:BB89@P7@P<>D CDQ<8B89@@ =8P878P<898 

:GGO;OB@78=:<@N L<D79@@ PBN :=C8<8;<>Q A@ACD; 

L<D7988KDAHD?D<@N <: 8A<8=D ,41 

 &'()$ %.*.,  )+,#(-) *..., %/('-)$ %.0. 
(4,3 '&%, 9.  8AG=:, '8AA@N 

./)0)1!) 

C /2N"6 $%)2/" 1!"54"%$4  )'(2!/'" 9/2*"/#" )293#%#< /'30& 

,/") ',--"+%#3/0& %"&/'5' #6. B/") "%#*"$+24 $%)2%" #4 LK /2 7")#'! !' 2030  . 
7)"!1$(2%)#32"% )293#%#" ,/") "%#+#, '$/'32//'6 /2 3'9'8/'354"(0& #$%'*/#+2& 

,/") ## (COB) [1]. Y"5"30( ')#"/%#)'( /2 7")#'! !' 2030  . 4354"%$4 13"5#*"/#" 

'%/'$#%"5=/' ' '8;"(2 7)'#93'!$%32 # 7'%)"85"/#4 ,5"+%)#*"$+'6 ,/") ## $ 

#$7'5=9'32/#"( 3'9'8/'354"(0& #$%'*/#+'3 ,/") ## 7)#(")/' $ 0,5 !' 4,5 7)'."/%2. 

U2)2+%")/'6 *")%'6 COB 4354"%$4 4)+' 30)2E"//24 3)"("//24 /"'!/')'!/'$%= 

7'%'+2 ,/") ##, 7',%'(1 7)# $'9!2/## 1$%2/'3'+ /2 '$/'3" COB 3'9/#+2"% 

/"'8&'!#('$%= 3 #$7'5=9'32/## 7)'("E1%'*/'6 $#$%"(0 2++1(15#)'32/#4 ,/") ##. 

[/#+25=/0" $3'6$%32 3'!')'!2 +2+ ,/") '/'$#%"54 - /2#30$N24 1!"5=/24 %"75'%2 

$ ')2/#4 # ,+'5' #*"$+24 *#$%'%2, '7)"!"54<% #$7'5=9'32/#" 3'!')'!/0& $#$%"( 

2++1(15#)'32/#4 !54 )"N"/#4 !2//'6 92!2*# [2-6].  

G")$7"+%#3/0(# (2%")#252(# !54 $#$%"( 2++1(15#)'32/#4 3'!')'!2 4354<%$4 

'8)2%#(0"  #!)#!0 #/%")("%255#*"$+#& $'"!#/"/#6 (O>@), $7'$'8/0" 

#98#)2%"5=/' # '8)2%#(' 7' 5'D2%= 3'!')'! [7, 8]. M54 $%2.#'/2)/0& 23%'/'(/0& 

$#$%"( ,/") ''8"$7"*"/#4 +'(72+%/'$%= 1$%)'6$%3, 7)'$%'%2 ,+$7512%2.## # 

8"9'72$/'$%= *2$%' #("<% 8'5"" 32E/'" 9/2*"/#", *"( #& 3"$. G',%'(1 

("%255' #!)#!/0" $#$%"(0 '*#$%+# # &)2/"/#4 3'!')'!2 /2 '$/'3" 

/#9+'%"(7")2%1)/0&  #!)#!'3 3"$=(2 7")$7"+%#3/0 !54 $'9!2/#4 $#$%"( 

2++1(15#)'32/#4 ,/") ## !54 $%2.#'/2)/0& ,/") '1$%2/'3'+, 3 %'( *#$5" /2 '$/'3" 

COB. C $349# $ 8'5=N#( %"75'30( ,--"+%'( $')8.##-!"$')8.## ("%255' #!)#!/06 

2++1(154%') 3'!')'!2 4354"%$4 '!/'3)"("//' # 2++1(154%')'( %"75'3'6 ,/") ##, 

*%' 7'93'54"% /2#8'5"" )2.#'/25=/' ') 2/#9'32%= $#$%"(1 %"75''8"$7"*"/#4 

7'%)"8#%"5"6, 1%#5#92.## %"75'30& 7'%")= # 2++1(15#)'32/#4 %"75'3'6 ,/") ##. 

B%' ('E"% '+292%=$4 !'7'5/#%"5=/0( 7)"#(1D"$%3'( %2+#& $#$%"( !54 1$5'3#6 

L'$$## [9].  

2+,31%-()41!3)"&!) 5+*6)*- "%70+1!8 9)(+''%:!0*!01-4 "!"()9 

+&&,9,'!*%/+1!8 ;1)*:!! 

L29)28'%+2 ,--"+%#3/0& ("%255' #!)#!/0& $#$%"( &)2/"/#4 # '*#$%+# 3'!')'!2 

!54 ,/") '1$%2/'3'+ /2 '$/'3" /#9+'%"(7")2%1)/0& %'75#3/0& ,5"("/%'3 $3492/2 $ 

)"N"/#"( )4!2 /21*/0& # %"&/#*"$+#& 7)'85"(. C 2+%#3#)'32//'( $'$%'4/## 

("%255' #!)#!0 7)"!$%2354<% $'8'6 ("5+'!#$7")$/06 7')'N'+ $ &2)2+%")/0(# 

)29(")2(# *2$%#. 7)#(")/' 1-10 (+( $ /#9+'6 ,--"+%#3/'6 %"75'7)'3'!/'$%=< 

$)"!0 (0,1-1 C%/(·?), 923#$4D"6 '% !235"/#4 # +'/."/%)2.## 3'!')'!2, 7' 5'D"//' ' 

*2$%#.2(# $75232. L"2+.#4 $')8.##/!"$')8.## 3'!')'!2 $'7)'3'E!2"%$4 8'5=N#(# 

%"75'30(# # '8;"(/0( ,--"+%2(#. :$/'3/0( 5#(#%#)1<D#( 7)'."$$'(, 

'7)"!"54<D#( ,--"+%#3/'$%= )28'%0 ("%255' #!)#!/0& )"2+%')'3, 4354"%$4 
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%"75'(2$$'7")"/'$ 3 ("%255' #!)#!/'6 92$07+" 7)# $')8.##/!"$')8.##. @%)' 24 

%"')#4 %"75'(2$$''8("/2 3 ("5+'!#$7")$/0& $)"!2& 7)# /25#*## -29'30& 

7)"3)2D"/#6 # )"2+.## $')8.##/!"$')8.##, 1*#%032<D24 )29(")/0" # (2$N%28/0" 

,--"+%0, 3 /2$%'4D"" 3)"(4 '%$1%$%31"%. G',%'(1 32E/"6N#(# 92!2*2(# $%2/'34%$4 

,+$7")#("/%25=/0" #$$5"!'32/#4 7)'."$$'3 %"75'(2$$'7")"/'$2 3 )"2+%')2& # 

)29)28'%+2 ,--"+%#3/0& ("%'!'3 #& (2%"(2%#*"$+' ' ('!"5#)'32/#4 # #/E"/")/0& 

("%'!#+ '7%#(#92.## +'/$%)1+%#3/0& )"N"/#6, 2 %2+E" )29)28'%+2 # $'9!2/#" 

(2%")#25'3, '8)2%#(' 7' 5'D2<D#& 3'!')'! 3 /1E/'( #/%")325" %"(7")2%1) # 

!235"/#6 $ 7)#"(5"(0( %"75'30( ,--"+%'( )"2+.## $')8.##/!"$')8.##. M)1 '6, /" 

("/"" 32E/06 +52$$ /21*/0& # %"&/#*"$+#& 92!2* $3492/ $ )29)28'%+'6 ,--"+%#3/0& 

%"&/'5' #6 $#$%"(/'6 #/%" )2.## ("%255' #!)#!/0& 1$%)'6$%3 !54 &)2/"/#4 # 

'*#$%+# 3'!')'!2 $ ,/") '1$%2/'3+'6 /2 '$/'3" %'75#3/' ' ,5"("/%2 $ 

7'5#("),5"+%)'5#%/'6 ("(8)2/'6 (HGHB) $ 1*"%'( %)"8'32/#6 7'%)"8#%"5"6 

,/") ## ( )2-#+ 7'%)"85"/#4, %)"81"(24 ,5"+%)#*"$+24 # %"75'324 ('D/'$%=), 2 

%2+E" $ #$%'*/#+2(# 3'!')'!2 (,5"+%)'5#9")) # 7")3#*/'6 ,/") ## (3"%)'30" # 

$'5/"*/0" ,/") '1$%2/'3+#). B+$7")#("/%25=/0" #$$5"!'32/#4 7)'85"( $#$%"(/'6 

#/%" )2.## 3'9('E/0 %'5=+' $ #$7'5=9'32/#"( ('!"5=/0& #/%" )#)'32//0& $#$%"(, 

3+5<*2<D#& '$/'3/0" ,5"("/%0 $#$%"(0 %'75#3''8"$7"*"/#4 23%'/'(/0& 

,/") '1$%2/'3'+, %'75#3/0" ,5"("/%0 +#5'32%%/' ' +52$$2 ('D/'$%# # 7'%)"8#%"5"6 

,5"+%)',/") ##. 

<1():*!*%/+11+8 +/(%1%91+8 "!"()9+ ;1)*:%%5)"$)3)1!8 

M54 ,+$7")#("/%25=/0& #$$5"!'32/#6 %"75'30& 7)'."$$'3 3 ("%255' #!)#!/0& 

$#$%"(2& # 7)'85"( $#$%"(/'6 #/%" )2.## ("%255' #!)#!/0& 1$%)'6$%3 $ HGHB 3 

528')2%')## 3'!')'!/0& ,/") "%#*"$+#& %"&/'5' #6 (FCBH) $'9!2/ +'(75"+$/06 

,+$7")#("/%25=/06 $%"/! (

 

L#$. 1).  

 

L#$. 1. [950 +'(75"+$/' ' ,+$7")#("/%25=/' ' $%"/!2: 1 – 85'+ %'/+'6 

("%255' #!)#!/'6 '*#$%+#; 2 - ("%255' #!)#!/06 )"2+%') LU:-3 (3&'!#% 3 $'$%23 

85'+2 %'/+'6 '*#$%+#), 3 -  29'306 &)'(2%' )2-; 4 – ("%255' #!)#!/06 )"2+%') 
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&)2/"/#4 3'!')'!2 LU-1; 5 –,5"+%)'5#9") HPAC 10 +'(72/## ITM Power 

(C"5#+'8)#%2/#4); 6 – 82+ - 2++1(154%') %"75'3'6 ,/") ## KAIROS MACC CD2;7 - 

,+$7")#("/%25=/24 $#$%"(2 /2 829" HGHB DuraPem 400 +'(72/## APFCT (H2632/=) 

('D/'$%=< 2 +C%. 

@%"/! 7'5/'$%=< 23%'(2%#9#)'32/, $#$%"(2 !#2 /'$%#+# # 17)235"/#4 

,+$7")#("/%'( 7'93'54"% 7)'3'!#%= #9(")"/#4 3$"& 72)2("%)'3, &2)2+%")#91<D#& 

)28'%1 +2+ '%!"5=/0& 2 )" 2%'3, %2+ # $#$%"(0 3 ."5'(: )2$&'!'3 # $'$%232 3'!')'!2, 

)2$7)"!"5"/#4 %"(7")2%1) 3 ("%255' #!)#!/'6 92$07+" # !235"/#4 3'!')'!2 3 

)"2+%')2&, %"(7")2%1)0 # )2$&'!2 '&52E!2<D"6 # /2 )"32<D"6 3'!0 /2 3&'!" # 

30&'!" 3 1952& $#$%"(0 %"75''8("/2, %'+2, /27)4E"/#4 # ('D/'$%# 3 1952& 

,5"+%)#*"$+'6 $#$%"(0 # %.!. M54 7)'#93'!$%32 3'!')'!2 3 $'$%23" $%"/!2 #(""%$4 

,5"+%)'5#9/24 1$%2/'3+2 HPAC 10 7)'#93'!#%"5=/'$%=< 600 /')(. 5. H2/*2$. C 

$'$%23" $%"/!2 #$7'5=91<%$4 ,+$7")#("/%25=/0" )"2+%')0 )295#*/0& %#7'3 [10, 11] 

!54 $#$%"( '*#$%+# # &)2/"/#4 3'!')'!2 $ 3/"N/#(# # 3/1%)"//#(# $#$%"(2(# 

'&52E!"/#4 (/2 )"32) %)18*2%0& +2)%)#!E"6, $'!")E2D#& 3'!')'!'7' 5'D2<D#" 

$75230 (LU:-2 - LU:-8, LU-1), )29)28'%2//0" # $'9!2//0" $ #$7'5=9'32/#"( 

)"915=%2%'3 ,+$7")#("/%25=/0& #$$5"!'32/#6 # (2%"(2%#*"$+' ' ('!"5#)'32/#4 

%"75'30& 7)'."$$'3 3 ("%255' #!)#!/0& )"2+%')2&. L"2+%') &)2/"/#4 3'!')'!2 LU-

1 (L#$.1 R.8.) $'!")E#% 81 +  $75232 La0,5Nd0,5Al0,1Fe0,4 5Co0,25Ni4,3, #(""% "(+'$%= 12 

/(3 3'!')'!2. Z2)4!+2 )"2+%')2 '$1D"$%354"%$4 7)# %"(7")2%1)" 25º@ # !235"/## 

3'!')'!2 0,11 >G2, )29)4!+2 – 7)# t = 80º@ # ) \ 1,16 >G2. L"2+%')0 '*#$%+# # 

&)2/"/#4 3'!')'!2 %#72 LU:-3 (

 

L#$. 1 R6) $'!")E2% 5 +  $75232 %#72 AB5 # #& "(+'$%= 7' 3'!')'!1 $'$%2354"% 

$30N" 800 5#%)'3 7)# /')(25=/0& 1$5'3#4&. O$7'5=9'32/#" #/%")("%255#*"$+#& 

$7523'3 )295#*/' ' $'$%232 7'93'54"%  #8+' 32)=#)'32%= )"E#(0 )28'%0 
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'8"$7"*#325# 7'%)"8/'$%# *"5'3"*"$%32 3 7")"("D"/##  )19'3, 7'51*"/## 

("&2/#*"$+'6 ,/") ## !54 $2(0& )29/0& 80%'30& # 7)'#93'!$%3"//0& /1E!. C 

7'$5"!/#" !"$4%#5"%#4 + ,%#( !31( #$%'*/#+2( "/"!'82354<D"6" ,/") ## 

!'823#52$= $'5/"*/24 ,/") #4, #9 +'%')'6 /"7'$)"!$%3"//' $%25# !'8032%= %"75' # 

,5"+%)',/") #<, 2 "D" 7'9E" — ,/") #4 %2+ /29032"('6 "8#'(2$$0" — ') 2/#*"$+#" 

80%'30" # 7)'#93'!$%3"//0" '%&'!0 # #$+1$$%3"//' 30)2D#32"(0" 80$%)' 

-')(#)1<D#" $3'< (2$$1 )2$%"/#4, !2<D#" %'75#3' !54 $E# 2/#4 #5# 7'93'54<D#" 

7)'#93'!#%=  ')<*#"  290. 
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L"$1)$'3 3'9'8/'354<D#&$4 #$%'*/#+'3 ,/") ## 37'5/" !'$%2%'*/', *%'80 

1!'35"%3')#%= 7'%)"8/'$%# *"5'3"*"$%32 $" '!/4 # 3 '%!25"//'6 7")$7"+%#3". 

@5"!1"% #("%= 3 3#!1, *%' (2$N%280 #$7'5=9'32/#4 3'9'8/'354<D#&$4 #$%'*/#+'3 

,/") ## /" ' )2/#*#32<%$4 7)'85"('6 72)/#+'3' ' ,--"+%2 #5# %"75'3' ' 

92 )49/"/#4 2%('$-")0; &'%4 # $ #& #$7'5=9'32/#"( $3492/0 /"+'%')0" 

,+'5' #*"$+#& 7)'85"(0. 

:) 2/#*"$+'" # 2%'(/'" (*2$%#*/') %'75#3' '852!2"%, 3 '%/'N"/## " ' 

#$7'5=9'32/#4, '7)"!"5"//'6 1/#3")$25=/'$%=< — '/# (' 1% 80%= 7")"("D2"(0 3 

7")3#*/'( 3#!" 7)2+%#*"$+# 3 5<80& '8;"(2& /2 7)2+%#*"$+# 5<80" )2$$%'4/#4. 

C'9'8/'354<D#"$4 #$%'*/#+# ,/") ## — $'5/.", 3"%"),  #!)',/") #4, *2$%#*/' 

8#'(2$$2, !)1 #" #$%'*/#+#, /" '852!2<% $3'6$%3'( %)2/$7')%28"5=/'$%#, 7',%'(1 

'/# !'5E/0 7")")282%032%=$4 /2 ("$%" #& 7)'#$&'E!"/#4 3 !)1 #" 3#!0 ,/") ##, 

+'%')0" (' 1% 80%= 7")"("D"/0 # #$7'5=9'32/0 3 !)1 #& ("$%2&,  !" ,%' 8'5"" 

1!'8/' *"5'3"+1. 

A2 $" '!/4 %2+#& 3%')#*/0& 3#!'3 ,/") ##, +'%')0" (' 1% 80%= 7)'#93"!"/0 3 

7)'(0N5"//0& (2$N%282&, 7)2+%#*"$+# !32 — ,%' ,5"+%)#*"$+24 ,/") #4 # ,/") #4 

$E2%' ' 3'!')'!2, 7'51*2"(' ' 71%"( )2$D"75"/#4 ('5"+150 3'!0 $ 7)#("/"/#"( 

!)1 #& #$%'*/#+'3. 

C 7)#("/4<D#&$4 ("%'!#+2& %"&/#+'-,+'/'(#*"$+' ' '8'$/'32/#4 

$%)'#%"5=$%32 ,/") "%#*"$+#& '8;"+%'3 '%$1%$%31"% 1*"% ' )2/#*"//'$%# 9"(/0& 

9272$'3 ') 2/#*"$+#& %'75#3, /2 92("/1 +'%')0& 3 '8'9)#('( 81!1D"( 7)#!"%$4 

7'%)2%#%=  ')29!' 8'5=N" $)"!$%3, *"( ,%' ('E/' $!"52%= 71%"( 752/'(")/' ' 

7")"3'!2 ,/") "%#+# /2 )"5=$0 #$7'5=9'32/#4 3'9'8/'354<D#&$4 ,/") '#$%'*/#+'3. 

G'%"/.#25=/0" )"$1)$0 7'$5"!/#& 3' (/' ' )29 7)"30N2<% /2$%'4D#" # 

7")$7"+%#3/0" 7'%)"8/'$%# *"5'3"*"$%32, 2 %"&/'5' ## #& #$7'5=9'32/#4 

)29)28'%2/0 # 7)2+%#*"$+# )"25#9'32/0, '!/2+' 7'+2 #& (#)'3'" 7'%)"85"/#" 

$'$%2354"% 5#N= (251< !'5<. B%' '8;4$/4"%$4 %"(, *%' 1!"5=/0" 92%)2%0 /2 "!#/#.1 

1$%2/'35"//'6 ('D/'$%# # $%'#('$%# ,/") ## 3'9'8/'354<D#&$4 #$%'*/#+'3 

,/") ## 7)# $'3)"("//0& %"&/'5' #4& # ("%'!2& ,+'/'(#*"$+' ' $)23/"/#4 

7)"30N2<% 92%)2%0 /2 #$7'5=9'32/#" ') 2/#*"$+#& %'75#3. 

G")"&'! /2 25=%")/2%#3/0" %"&/'5' ## 3 ,/") "%#+" 7'93'5#% $'&)2/#%= 

%'75#3/0" )"$1)$0 $%)2/0 !54 7")")28'%+# 3 &#(#*"$+'6 # !)1 #& '%)2$54&. ?)'(" 

%' ', $"8"$%'#('$%= ,/") ##, 7)'#93'!#('6 (/' #(# 1$%2/'3+2(# /2 

3'9'8/'354<D#&$4 #$%'*/#+2& ,/") ##, 1E" $" '!/4 /#E" $"8"$%'#('$%# ,/") ## 

%)2!#.#'//0& ,/") '1$%2/'3'+ # #(""% %"/!"/.#< + $/#E"/#<, 3 %' 3)"(4 +2+ 

$%'#('$%= "%)2!#.#'//'6" ,/") ## 7'$%'4//' 3'9)2$%2"%. 

C L'$$##, 7)# $1D"$%31<D"6 %2)#-/'6 7'5#%#+" '8'$/'32/#" ,+'/'(#*"$+'6 

,--"+%#3/'$%# '8;"+%'3 ,5"+%)',/") "%#+# /2 3'9'8/'354<D#&$4 #$%'*/#+2& 

,/") ## 3"$=(2 7)'85"(2%#*/'. A"39#)24 /2 3'9'8/'354"('$%= )"$1)$'3 # '*"3#!/0" 

,+'5' #*"$+#" !'$%'#/$%32 7'!'8/0& '8;"+%'3, 7)# $1D"$%31<D#& ,+'/'(#*"$+#& 

7'!&'!2& '/# 81!1% 7)'# )032%= +)17/0( %'75#3'7'%)"854<D#( '8;"+%2(. 

C $349# $ ' )2/#*"//'$%=< %'75#3/0& )"$1)$'3 /2 Z"(5#, 2 %2+E" 

,+$7'/"/.#25=/0( /2)2$%2/#"( +2%2$%)'-#*"$+#& #9("/"/#6 3 2%('$-")" # 

8#'$-")" 752/"%0, $1D"$%31<D24 ,/") "%#+2 /2 /"3'9'8/'354<D#&$4  

#$%'*/#+2& ,/") ## 4354"%$4 %17#+'3'6 3"%3=<, 2 !54 ,3'5<.#'//' ' )293#%#4 

'8D"$%32 /"'8&'!#( 7'$%"7"//06, /' $ /"("!5"//0( /2*25'(, 7")"&'! /2 

3'9'8/'354<D#"$4 #$%'*/#+# ,/") ##. 

G)'85"(2 %"75'3' ' 92 )49/"/#4 2%('$-")0 Z"(5# !'7'5/#%"5=/0( %"75'( 

2/%)'7' "//' ' 7)'#$&'E!"/#4 4354"%$4 !#$+1$$#'//'6 $)"!# $7".#25#$%'3. >/' #" 

$+5'//0 '8;4$/4%= /285<!23N""$4 3 7)'N5'( 3"+" 7'%"75"/#" (#)'3' ' +5#(2%2 

+'$(#*"$+#(# #5# 3/1%)#9"(/0(# 7)'."$$2(#, /' /" !'7'5/#%"5=/0( %"75'(. 
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G)#9/2324, *%' )2$$(2%)#32"(24 7)'85"(2 #$+5<*#%"5=/' $5'E/2 # (/' '-2+%')/2, 

(0 $*#%2"( $'3")N"//' /"'8&'!#(0( 1*#%032%= # !'7'5/#%"5=/'" 2/%)'7' "//'" 

%"75', #$&'!4 #9 $5"!1<D#& $''8)2E"/#6. 

H"75'3'6 8252/$ 2%('$-")0 Z"(5# 3 '$/'3/'( '7)"!"54"%$4 +'5#*"$%3'( %"752, 

7'51*2"(' ' '% $'5/"*/' ' #951*"/#4, # $'$%2354<D" ' 500%10021 +25/ '!. 

M'7'5/#%"5=/' + ,%'(1 %"751, 3$"(# ,/") "%#*"$+#(#  

'8;"+%2(# 752/"%0 3 2%('$-")1 3 2000  . 805' !'8235"/' 87%1018 +25/ '!. G' 

)"915=%2%2( #9(")"/#6, 7'! 35#4/#"( !'82354<D" ' %"752 # %2+ /29032"(' ' 

72)/#+'3' ' ,--"+%2 3 7'$5"!/#"  '!0 %"(7")2%1)2 7)#9"(/' ' $5'4  

2%('$-")0 7'30N2"%$4 $' $+')'$%=< '+'5' 0,0285)@ 3  '!. M'82354<D"" %"75' 7)# 

1$5'3##, *%' '/' 81!"% 3'$7)#/#(2%=$4 %'5=+' 2%('$-")'6, ('E"% 7)#3"$%# + 

7'30N"/#< "" %"(7")2%1)0 /2 0,07)@/ '!. H2+#( '8)29'(, 3 92-#+$#)'32//'( 

#/$%)1("/%25=/'  '!'3'( /2 )"32/## 2%('$-")0 !'54 35#4/#4 !'82354<D" ' %"752 

/"$'(/"//' 3"5#+2. 

G)'85"(2 92 )49/"/#4 2%('$-")0 Z"(5# !'82354<D#( ,/") "%#*"$+#( %"75'( 

4354"%$4 #$+5<*#%"5=/' $5'E/'6 !54 #91*"/#4, '/2 $3492/2 $ 7)'."$$2(# 

.#+5#*"$+#& #9("/"/#6 %"(7")2%1)0 2%('$-")0, '8("/2 ,/") #"6 $ +'$(#*"$+#( 

7)'$%)2/$%3'(, 5#%'$-")'6,  #!)'$-")'6 # 8#'$-")'6 # $ !)1 #(# -2+%')2(#. 

?'5#*"$%3"//'" )"N"/#" ,%'6 7)'85"(0 /" %'5=+' *)"930*26/' 92%)1!/"/', /' # 

3''8D" 3)4! 5# 3'9('E/' L"*= ('E"% #!%# %'5=+' ' 30435"/## # '."/+" 

'7)"!"54<D#& %"/!"/.#6, $1D"$%3'32/#" +'%')0& 5' #*/' # 30%"+2"% #9 
#/$%)1("/%25=/0& /285<!"/#6 92 $'$%'4/#"( 2%('$-")0 Z"(5#. O$&'!4 #9 ,%' ' 

."5= )29)28'%'+ !'5E/2 92+5<*2%=$4 3 )29)28'%+" ("%'!#*"$+#& 7'!&'!'3, 

'8"$7"*#32<D#& 1*"% %"75'3' ' 92 )49/"/#4 2%('$-")0 '8;"+%2(# 

,5"+%)',/") "%#+# # #& )"$1)$/0& $3'6$%3 7)# %"&/#+'-,+'/'(#*"$+'( '8'$/'32/## 

$%)'#%"5=$%32 '8;"+%'3 ,5"+%)',/") "%#+#. 

L"25=/' 7)#"(5"(0( !54 ,+'/'(#*"$+'6 '."/+# %"75'3' ' 92 )49/"/#4 

2%('$-")0 '8;"+%2(# ,/") "%#+# # #& )"$1)$/0& $3'6$%3 ('E"% 80%= ("%'! 

#/3"$%#.#6 3 25=%")/2%#3/1< /"!'82354<D1< ,/") "%#+1, 3 '$/'3" +'%')' ' 5"E#% 

1$%2/'35"/#" +3'% 7' $%)2/2( /2 !'82354<D#" ,/") "%#*"$+#" ('D/'$%# /2 

'$/'32/## ("E!1/2)'!/0& $' 52N"/#6. G'$+'5=+1 72)/#+'306 ,--"+% # %"75'3'" 

92 )49/"/#" #(""% '!/'/27)235"//'" !"6$%3#": 7'30N"/#" %"(7")2%1)0 7)#9"(/' ' 

$5'4 2%('$-")0 #, +2+ $5"!$%3#",  5'825=/'" #9("/"/#" +5#(2%2, %' /"'8&'!#(' 

' )2/#*#32%= /" %'5=+' 308)'$0 72)/#+'30&  29'3, /' # 308)'$0 !'82354<D" ' 

%"752. A"'8&'!#('" $'+)2D"/#" #$7'5=9'32/#4 !'82354<D#& 7")3#*/0& #$%'*/#+'3 

,/") ## 7' 3$"( '%)2$54( &'946$%32 ."5"$''8)29/' # 7)2+%#*"$+# "!#/$%3"//' 

3'9('E/' $"6*2$ '7)"!"54%= !54 +2E!'6 $%)2/0 2/25' #*/' )"915=%2%2( ?#'%$+' ' 

7)'%'+'52. C *2$%/'$%#, !54 L'$$## '7)"!"5"/2 +3'%2: + 2008-2010   . /" 7)"30N2%= 

1)'3"/= 1990  . 7' #$7'5=9'32/#< !'82354<D#& 7")3#*/0& #$%'*/#+'3 ,/") ##. @ 

1$%2/'35"/#"( +3'% /"'8&'!#( 7")"&'! /2 #$7'5=9'32/#" /"!'82354<D#& 

3'9'8/'354<D#&$4 #$%'*/#+'3 ,/") ##. >"%'!#*"$+'6 '$/'3'6 )"N"/#4 7'!'8/'6 

92!2*# !'5E/0 $%2%= ,+'/'(#*"$+#" ("&2/#9(0, $)"!# +'%')0& '$/'3/'" ("$%' 

92/#(2"% )" 15#)'32/#" %2)#-'3 /2 '%71$+2"(1< ,5"+%)',/") #< /2 

 '$1!2)$%3"//'( # )" #'/25=/'( 1)'3/4&. 

:!/#( #9 7)2+%#*"$+#& $7'$'8'3 ,+'/'(#*"$+'6 '."/+# !'$%'#/$%3 

3'9'8/'354<D"6$4 ,/") "%#+# ('E"% $%2%= 1*"% $%'#('$%# %2+ /29032"(0& «9"5"/0& 

$")%#-#+2%'3», /"+'%')' ' ,+3#325"/%2 ,+'5' #*"$+' ' 1D")82 '% 308)'$2 3 

2%('$-")1 72)/#+'30&  29'3 7)# ,+$7512%2.## %"75'30& ,5"+%)'$%2/.#6. G' /2N"(1 

(/"/#<, !"/"E/'" 30)2E"/#" $%'#('$%# $")%#-#+2%'3 !'5E/' 80%= '%/"$"/' /2 

#9!")E+#, $3492//0" $ )28'%'6 3$"& %"75'30& ,5"+%)'$%2/.#6. H2+24 '7")2.#4 

7)#3"!"% + 7'30N"/#< $"8"$%'#('$%# ,5"+%)',/") ##, 30)282%032"('6 %"75'3'6 
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,/") "%#+'6, # %"( $2(0( 7'30$#% +'/+1)"/%'$7'$'8/'$%= '8;"+%'3 
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%8=8D H8G8BD<@D AOHD7G8<PD<A:C878= <: 8A<8=D 

A8H7NMD<<>Q H8B@;D78= @ O9BD78P<>Q ;:CD7@:B8= A 

I:P:<<>;@ 7:I;D7:;@ R7:9;D<C8= A8H7NMD<@N 

:)+"!<#$'= >.>., 3)"+2(?-'@ *.A. 
+@I@?DAG@F @<AC@COC @;. 6.%./DKDPD=: '&%,  8AG=:, '8AA@N 

 

@1D"$%31<D#" $" '!/4 $17")+'/!"/$2%')0 ('E/' )29!"5#%= /2 !32 %#72. B%' 

+52$$#*"$+#" #'//0" $17")+'/!"/$2%')0 3 +'%')0& 7)# 7)'71$+2/## %'+2 92)4! 

/2+275#32"%$4 /2  )2/#." )29!"52 ,5"+%)'5#%2 # ,5"+%)'!'3, # ,5"+%)'&#(#*"$+#" 

$17")+'/!"/$2%')0 3 +'%')0& /2 7'3")&/'$%# 75"/'*/0& ,5"+%)'!'3 7)'%"+2<% 

'+#$5#%"5=/'-3'$$%2/'3#%"5=/0" )"2+.##. L29)282%032<%$4 %2+E" 

$17")+'/!"/$2%')0 3 +'%')0& '!#/ ,5"+%)'! )28'%2"% 7' ("&2/#9(1 )29!"5"/#4 

92)4!'3 2 3%')'6 92 $*"% 7)'%"+2/#4 ,5"+%)'&#(#*"$+'6 )"2+.##.  

[ +2E!' ' #9 7")"*#$5"//0& %#7'3 $17")+'/!"/$2%')'3 "$%= $3'# 7)"#(1D"$%32 
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#("<% ' )2/#*"/#6 7' +'5#*"$%31 .#+5'3 92)4!/)29)4!. :!/2+' '/# '852!2<% (25'6 

,/") "%#*"$+'6 "(+'$%=< # 30$'+'6 $%"7"/=< $2(')29)4!2. H)2!#.#'//06 7'!&'! + 

92!2*" 13"5#*"/#4 75'%/'$%# 9272$2"('6 ,/") ## 3 ,%#& $17")+'/!"/$2%')2& $3492/ $ 

13"5#*"/#"( 7')#$%'$%# ,5"+%)'!/0& (2%")#25'3. :!/2+' #93"$%/0" 7')#$%0" 

1 5")'!/0" (2%")#250 /2)4!1 $ 30$'+'6 1!"5=/'6 !'5"6 7'3")&/'$%#, '852!2<% 

%2+E" # 30$'+'6 7'!3#E/'$%=< /'$#%"5"6 /2 '8+52!+2&, +'%')24 7)#3'!#% + 

$1D"$%3"//'6 923#$#('$%# /27)4E"/#4 '% $%"7"/# )29)4!2. B/") "%#*"$+24 _(+'$%= 

,5"+%)'&#(#*"$+#& $17")+'/!"/$2%')'3 9/2*#%"5=/' 30N", '!/2+' #& $%28#5=/'$%= 

/"!'$%2%'*/2 !54 N#)'+' ' 7)#("/"/#4. 

P/25#9 7'+29032"%, *%', /"$('%)4 /2 9/2*#%"5=/06 7)' )"$$, 72)2("%)0 3$"& 

$1D"$%31<D#& %#7'3 $'3)"("//0& $17")+'/!"/$2%')'3 /" 1!'35"%3')4<% 

%)"8'32/#4( '$/'3/0& 7)2+%#*"$+#& 7)#5'E"/#6. 

C /2$%'4D"( !'+52!" 37")30" '7#$2/0 ,5"+%)'!/0" (2%")#250 !54 

$17")+'/!"/$2%')'3 /'3' ' 7'+'5"/#4 /2 '$/'3" 30$'+'17')4!'*"//0& # /#9+' 

!"-"+%/0& $'7)4E"//0& 7'5#(")'3 # 1 5")'!/0& (2%")#25'3, 3 +'%')0& )29(") 

'852$%"6 ,5"+%)'//'6 !"5'+25#92.## 92!2_%$4 ()" 15#)1"%$4) 71%"( 33"!"/#4 3 

$'7)4E"//1< $#$%"(1 1 5")'!/0& 2%'('3 )293"%3#%"5"6 # ("%2-92("D"//0& 

8"/9'5=/0& 4!"). M54 $'9!2/#4 %2+#& (2%")#25'3 805# )29)28'%2/0 !32 /'30& 

7'!&'!2. 

O93"$%/', *%' ,5"+%)'&#(#*"$+24 "(+'$%=, +'5#*"$%3' .#+5'3 92)4! – )29)4! # 

!'5 '3)"("//24 $%28#5=/'$%= 2++1(154%')'3 # #'//0& +'/!"/$2%')'3 /2 '$/'3" 

#$7'5=91"(0& 3 /2$%'4D"" 3)"(4 7'5#(")/0&, 1 5")'!/0& # /"') 2/#*"$+#& 

(2%")#25'3 923#$#% '% $'!")E2/#4 3 /#& &#(#*"$+#&, $%)1+%1)/0& # $17)2-

('5"+154)/0& !"-"+%'3. G',%'(1 '$'8'" ("$%' 3 7")"*/" 7)'85"(, )"N"/#" +'%')0& 

/"'8&'!#(' !54 $'9!2/#4 30$'+'"(+#& /2+'7#%"5"6 ,5"+%)#*"$+'6 ,/") ## /2 '$/'3" 

') 2/#*"$+#& 30$'+'('5"+154)/0& $'"!#/"/#6 # 1 5")'!/0& (2%")#25'3 92/#(2"% 

)29)28'%+2 ("%'!'3 $'9!2/#4 (2%")#25'3 $ /#9+#( $'!")E2/#"( !"-"+%'3 # +)#%")#"3 

'."/+# $'!")E2/#4 !"-"+%'3 3 ,%#& (2%")#252&. @'9!2/#" %2+#& (2%")#25'3 4354"%$4 

/2#8'5"" 32E/'6 #, 3 %'E" 3)"(4, /2#8'5"" $5'E/'6 92!2*"6 3 )4!1 2+%125=/0& 
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7)'85"(, )"N"/#" +'%')0& /"'8&'!#(' !54 $'9!2/#4 30$'+'"(+#& /2+'7#%"5"6 

,5"+%)#*"$+'6 ,/") ## +'/+1)"/%/' $7'$'8/0& $ !3# 2%"54(# 3/1%)"//" ' $ ')2/#4. 

C %3")!0& %"52& ('E"% $1D"$%3'32%= ' )'(/'" (/' ''8)29#" &#(#*"$+#&, 

+'/-')(2.#'//0& # /2!('5"+154)/0& !"-"+%'3. M"-"+%0 '8)291<%$4 3 7)'."$$2& 

&#(#*"$+' ' $#/%"92 # -')(#)'32/#4 %3")!'6 -290. A2#8'5"" 

30$'+'17')4!'*"//0(# # /#9+' !"-"+%/0(# %3")!0(# %"52(# 4354<%$4 

/"') 2/#*"$+#" ('/'+)#$%2550. G)# #$7'5=9'32/## $7".#25=/0& ("%'!'3 

&#(#*"$+'6 '*#$%+# #$&'!/0& $'"!#/"/#6 # +'/%)'5#)1"(' ' )'$%2 /"') 2/#*"$+#" 

('/'+)#$%2550 (' 1% $'!")E2%= ("/"" 10I-7 ('5=/0& 7)'."/%'3 7)#("$"6 

(!"-"+%'3). P(')-/0", +")2(#*"$+#", 7'5#(")/0", 1 5")'!/0" # 

/2/'$%)1+%1)#)'32//0" (2%")#250, +2+ 7)23#5', $'!")E2% /"$)23/"//' 8'5=N" 

!"-"+%'3, *"( /"') 2/#*"$+#" ('/'+)#$%2550. ?)'(" %' ', 32E/0( '%5#*#"( ,%#& 

(2%")#25'3 '% /"') 2/#*"$+#& ('/'+)#$%255'3 4354"%$4 #  ')29!' 8'5=N"" 

(/' ''8)29#" !"-"+%'3. G' ,%'6 7)#*#/" 1*"/0( *2$%' /" 1!2"%$4 1$%2/'3#%= /" 

%'5=+' $'!")E2/#", /' # $%)1+%1)1 !"-"+%'3 3 ,%#& (2%")#252&. >/' '5"%/#6 '70% 

%0$4* #$$5"!'32%"5"6 7'+29032"%, *%' $%2/!2)%/0" ("%'!0 &#(#*"$+' ' $#/%"92 # 

-')(#)'32/#4 %3")!'6 -290 (25'7)# '!/0 !54 $'9!2/#4 30$'+'17')4!'*"//0& # 

/#9+' !"-"+%/0& 2(')-/0&, +")2(#*"$+#&, $'7)4E"//0& 7'5#(")/0& # 1 5")'!/0& 

(2%")#25'3 !54 ,5"+%)'-#9#+# # '7%',5"+%)'/#+#. C /2$%'4D"( !'+52!" !54 

$'9!2/#4 30$'+'17')4!'*"//0& # /#9+' !"-"+%/0& $'7)4E"//0& 7'5#(")'3, 

1 5")'!/0& (2%")#25'3 #  "%")'$%)1+%1) /2 #& '$/'3" 7)"!5'E"/' #$7'5=9'32%= 

("%'!0 $%")"'$7".#-#*"$+' ' +2%25#92, $2('') 2/#92.## # (2%)#*/' ' $#/%"92. @1%= 

("%'!'3 92+5<*2"%$4 3 30$'+'6 7'!3#E/'$%# &#(#*"$+#&  )177 # (2%)#*/'6 

#!"/%#-#+2.## -)2 ("/%'3 $%)1+%1)0 /2 3$"& $%2!#4& $#/%"92 # -')(#)'32/#4 

%3")!'6 -290. C0$'+24 7'!3#E/'$%= 7'93'54"% 35#4%= /2 $'!")E2/#" !"-"+%'3 3 

(2%")#252& 71%"( #9("/"/#4 1$5'3#6 $2('') 2/#92.##. >2%)#*/24 #!"/%#-#+2.#4 

4354"%$4  )2/#*/0( 1$5'3#"(, +'%')'" 7'93'54"% $'*"%2%= 7)'."$$ -')(#)'32/#4 

%3")!'6 -290 $ «30%25+#32/#"(» #9 30$'+'17')4!'*"//'6 -290 #/')'!/0& #/#5# 

!"-"+%/0& ('5"+15. B%'% 7'!&'! 805 )"25#9'32/ )2/"" !54 $'9!2/#4 /#9+' 

!"-"+%/' ' 7'5#2."%#5"/2 [1]. 

C%')'6 7'!&'! /27)235"/ /2 $'9!2/#" /'3' ' %#72 1 5")'!/0& #/#5# $'7)4E"//0& 

7'5#(")/0& (2%")#25'3, %"')"%#*"$+# )2$$*#%2//24 ,5"+%)'&#(#*"$+24 _(+'$%= 

+'%')0& 7)"30N2"% ,5"+%)'&#(#*"$+1< _(+'$%=  )2-"/2.  

:!/2 #9 ."/%)25=/0& 7)'85"( )29)28'%+# # $'9!2/#4 (2%")#25'3 !54 

$17")+'/!"/$2%')'3 - '8"$7"*"/#" 1$5'3#6 !54 $1D"$%3"//' ' 13"5#*"/#4 75'%/'$%# 

7'54)#92.#'//' ' 92)4!2. >2 #$%)25=/0( /27)235"/#"( )"N"/#" ,%'6 7)'85"(0 

$51E#% $'9!2/#" (2%")#25'3 # $%)1+%1) $ )293"%35"//'6 7'3")&/'$%=<, 

'8"$7"*#32<D"6 ,--"+%#3/'" 13"5#*"/#" 75'D2!# '8+52!'+ +'/!"/$2%')2. :$'8'" 

3/#(2/#" 7)# ,%'( 1!"54"%$4 7'3")&/'$%/'6 ,5"+%)'//'6 $%)1+%1)" (2%")#252, 

+'%')24, 3 +'/"*/'( $*"%", '7)"!"54"% ,5"+%)#*"$+#" $3'6$%32 ,5"+%)'!'3. 

G)"!"5=/0( $51*2"( $#$%"( $ )293"%35"//'6 7'3")&/'$%=< (' 1% $51E#%= 

3"%34D#"$4 5#/"6/0" ('5"+150 7'5#(")'3. B5"+%)'//24 $%)1+%1)2 7'!'8/0& $#$%"( 

#91*"/2 /"!'$%2%'*/'. A"!23/' 805' 7'+292/' [2], *%' 3 '8;"(/0& (2%")#252& /2 829" 

+329#'!/'(")/0& $%)1+%1), '8)291<D#& %'*+# 3"%35"/#4 ([-)293"%35"/#4), 

$1D"$%31"% '$'806 %#7 ,5"+%)'//0& $'$%'4/#6, 5'+25#9'32//0& 3 %'*+" 3"%35"/#4. 

G)#)'!2 ,%#& $'$%'4/#6 /'$#% $1 18' %'7'5' #*"$+#6 &2)2+%") # /27)4(1< /" 

$3492/2 $' $7".#-#+'6 +15'/'3$+#& 392#('!"6$%3#6 (5'+25#9'32//'" $'$%'4/#" 

'8)291"%$4 +2+ !54 ,5"+%)'/2, %2+ # !54 !0)+#). H'7'5' #*"$+#" $3492//0" $'$%'4/#4 

3 '8;"(/0& 3"%34D#&$4 $%)1+%1)2& (' 1% 7)#3'!#%= + $1D"$%3"//'(1 13"5#*"/#< 

"(+'$%# +'/!"/$2%')/0& $%)1+%1) /2 829" %2+#& (2%")#25'3. L"915=%2%0 

#$$5"!'32/#4 '$'8"//'$%"6 ,5"+%)'//'6 $%)1+%1)0 3"%34D#&$4 1 5")'!/0& 
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(2%")#25'3, 7'51*"//0" 71%"( 7")3'7)#/.#7/' ' ('!"5#)'32/#4 /2 829" ("%'!2 

-1/+.#'/252 75'%/'$%#, $3492//0" $ 3'9/#+/'3"/#"( %'7'5' #*"$+#& 

5'+25#9'32//0& $'$%'4/#6, 7'+2925# 3'9('E/'$%= #& #$7'5=9'32/#4 !54 $'9!2/#4 

$17")+'/!"/$2%')'3 /'3' ' 7'+'5"/#4. M54 )"25#92.## /'3' ' %#72 ,5"+%)'!/0& 

(2%")#25'3 %'*+# 3"%35"/#4 !'5E/0 80%= ') 2/#9'32/0 3 17')4!'*"//1< $%)1+%1)1. 

B%' ('E"% 80%= '8"$7"*"/' 71%"( $'9!2/#4 /'3' ' %#72 1 5")'!'7'!'8/0& 

(2%")#25'3, 3 +'%')0& -)2 ("/%0 $'7)4E"//'6 $%)1+%1)0 $3492/0 ("E!1 $'8'6 

*")"9 &#/'#!/1< $%)1+%1)1 #5# ("%2-92("D"/#" 3 8"/9'5=/'( 4!)". H"( $2(0( 

#!"'5' #4 $#$%"( $ )293#%'6 7'3")&/'$%=< ('E"% 80%= )2$7)'$%)2/"/2 /2 

('5"+154)/06 1)'3"/=. 

C'9('E/24 $%)1+%1)2 '!/' ' #9 %2+#& (2%")#25'3 7)#3"!"/2 /2 )#$1/+" /#E". 

 

L#$. C'9('E/24 $%)1+%1)2 (2%")#252 

 B%'% (2%")#25 '852!2"% $7'$'8/'$%=< '8)29'3032%= !'/')/'-2+."7%')/0" 

+'(75"+$0, #(""%  ')29!' 8'5"" /#9+1< 75'%/'$%= *"(  )2-"/ # '8)291"% +2/250 

*")"9 +'%')0" #'/0 ,5"+%)'5#%2 (' 1% !#--1/!#)'32%= 3/1%)= (2%")#252.  

 L29)28'%2/0 ("%'!0 $#/%"92 # +)#%")## '."/+# !5#/0 ."7# $'7)4E"/#4 ('852$%# 

!"5'+25#92.##) # $'!")E2/#4 !"-"+%'3 3 $'7)4E"//0& 7'5#(")2&, 1 5")'!/0& 

/2/'%)18+2& #  )2-"/'7'!'8/0& (2%")#252& $ )293#%'6 7'3")&/'$%=< $ 



RENEWABLE ENERGY FORUM — REENFOR 2014 61 

#$7'5=9'32/#"( +'(8#/2.## ("%'!'3 +)'%+' #(715=$/'6 pump-probe $7"+%)'$+'7## 

# #(715=$/'6 $7"+%)'$+'7## +'(8#/2.#'//' ' )2$$"4/#4. >"%'!0 #$7'5=9'32/0 !54 

$'9!2/#4 /'3' ' +52$$2 $'7)4E"//0& 7'5#(")'3 1 5")'!/0& (2%")#25'3 

%"')"%#*"$+24 ,/") "%#*"$+24 "(+'$%= +'%')0& 7)"30N2"% ,/") "%#*"$+1< "(+'$%= 

 )2-"/2. 
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$'7)4E"//0" # +'(7'9#%/0" (2%")#250. @8')/#+ 75"/2)/0& !'+52!'3 XI 7' &#(## 

# -#9#+'&#(## '5# '(")'3. >'$+32-W")/' '5'3+2-^)'$5235= 2013. @. 46-65. 

2. P.P.Q')82."3#*, >.A. V1)235"3, H'7'5' #*"$+#" $3492//0" $'$%'4/#4. G#$=(2 3 

VBHK 90, 634 (2009). 
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&=C8<8;<:N A@ACD;: LBDGC78A<:KMD<@N <: K:ID 

=8B<8=898 9D<D7:C87: 

:+'(-+/B  .!.1, "#$%&'$ (.).1, *+,-./ !.).2 
1 !"#$ %&# «'()!*$», +.',-.,-,/0.1-(2-)-345, 6,..78 
2### «)95(:3.-*5;(,/,+77», +.<2=24,9.1, 6,..78 

 
 !"#$%&#'()*+ '#&#,)#'$-+.#/# *!0#1)*2( 3)+4/** ' '*5+ '+40*2($%)#/# 

2#$+,()*- .#4!2*6 '#$) "#&'#$-+0 !#&5('(0% ('0#)#.)7+ !*!0+.7 3$+204#!)(,8+)*- 
5$- "#04+,*0+$+9, 4(!"#$#8+))76 #2#$# '#5)76 (2'(0#4*9. 
:$- 4+($*&(;** "#!0('$+))#9 &(5(1* ,7$* "4#'+5+)7 )(<1)7+ *!!$+5#'()*-, 

'2$=1(=>*+ 4(&4(,#02< .(0+.(0*1+!2#9 .#5+$*, "4#'+5+)*- 4(!1+0)76 
*!!$+5#'()*9 * ("4#,(;*= 0+6)*1+!2*6 4+?+)*9 )( )(0<4)76 .#5+$-6. 
@ "4+5!0('$-+.#. 5#2$(5+ "4*'#5-0!- #!)#')7+ 4+&<$%0(07 "# 4(&4(,#02+ 

'#$)#'#/# /+)+4(0#4(: #"*!()*+ "4*);*"( 5+9!0'*-, .(0+.(0*1+!2(- .#5+$%, 
"(4(.+047 2#)!04<2;** '#$)#'#/# /+)+4(0#4(, 4+&<$%0(07 "4#'+5+)*- )(0<4)76 
*!"70()*9 * !#"#!0('$+)*- 0+#4+0*1+!2*6 * "4(20*1+!2*6 4+&<$%0(0#'. 

 
Use of renewable energy in the form of vertical oscillations of the waves allows to create 

standalone power supply systems for customers located near water areas. 
To perform this task, conducted research, including development of a mathematical 

model of computational research and testing of technical solutions on natural models. 
In the presented paper summarizes the main results on the development of the wave 

generator: a description of the operation principle, mathematical model, the design 
parameters of the wave generator, the results of full-scale testing and comparing the 
theoretical and practical results. 
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'7(5:712 (21,>/5(78 .:74,/2 9 >,/7-54(,? -2:47@5 

&%A  >47 ,=/3B5(77 7,(2-7 +5/78 

012,+'$ (.)., !+3+,&'$ 4.4., *+5+'#+' 4. . 
*,-.17? >,/7:5;(7B5.17? 3(7954.7:5:, *,-.1, 6,..78 

 !!$+5#'($(!% 2*)+0*2( 4(5*(;*#))#-6*.*1+!2#9 "4*'*'2* !0*4#$( 2 
"#$*.+4)#9 "$+)#1)#9 #!)#'+ A0#4!#5+48(>+/# .(0+4*($( B@:C, #,$<1+))#/# 
*#)(.* /+$*--4 ! 3)+4/*+9 27 D3@. D#)#.+4 !0*4#$( "4*'*'($!- 2 "#$*.+4)#9 
.(04*;+ "4* #,$<1+)** *#)(.* ' "4*'*'#1)#. 4(!0'#4(, ( 0(28+ )( «"#!0- 3AA+20+» 
2#/5( ')(1($+ "4#*!6#5*$# #,$<1+)*+ #,4(&;#', ( &(0+. 6*.*1+!2(- 
"4*'*'2(E$=1+'7+ !$#'(:*#)7 /+$*-, 4(5*(;*#))#-6*.*1+!2(- "4*'*'2(, 
"#$*'*)*$*5+)A0#4*5, !0*4#$, !"+20#A#0#.+04*-  

 !"#"$%"  

B#$*.+4)7+ "4#0#)#"4#'#5->*+ .+.,4()7 5#$8)7 #,$(5(0% '7!#2#9 "4#0#))#9 
"4#'#5*.#!0%=, 6*.*1+!2#9 !0#92#!0%= 2 #2*!$*0+$-., !"#!#,)#!0%= 4(,#0(0% "4* 
"#'7?+))76 0+."+4(0<4(6. B+4A0#4!<$%A#)#'7+ .+.,4()7 *& "#$*.+4)#/# 
.(0+4*($( «F(A*#)» (C*4.( DuPont. USA) "# 24*0+4*= "4#0#))#9 "4#'#5*.#!0* 
<5#'$+0'#4-=0 30*. 04+,#'()*-., )# 0+."+4(0<4)79 5*("(&#) *6 4(,#07 #/4()*1+) 
~ 900G [1], 24#.+ 0#/# "4#*&'#5!0'# « F(A*#)(» !1*0(+0!- 5#4#/*. *&-&( !$#8)#9 
6*.*1+c2#9 0+6)#$#/** ' "4*!<0!0'** A0#4(. H$%0+4)(0*')7. ()($#/#. .#8+0 !0(0% 
.+.,4()( A0#4!#5+48(>+/# "#$*.+4( "#$*'*)*$*5+)A0#4*5( (B@:C), 
.#5*A*;*4#'())#/# "<0+. 4(5*(;*#))#-6*.*1+!2#9 "4*'*'2* !0*4#$(, 2#0#4(- "4* 
"#!$+5<=>+. !<$%A*4#'()** "4*#,4+0(+0 "4#0#)#"4#'#5->*+ !'#9!0'(. B#$*.+4 
B@:C '7,4() *&-&( +/# "4#1)#!0*, 6#4#?+9 0+4.*1+!2#9 !0(,*$%)#!0* 6*.*1+!2#9 
* 4(5*(;*#))#9 !0#92#!0*.  
@ )(!0#->+9 4(,#0+ "4+5!0('$+)7 4+&<$%0(07 *!!$+5#'()*- 4(5*(;*#))#9 

"4*'*'2* !0*4#$( 2 "$+)2+ B@:C "#!$+ '#&5+9!0'** *#)#' /+$*- ! 4(&)7.* 5#&(.*. 
 !!$+5#'($#!% '$*-)*+ )( !0+"+)% "4*'*'2* "#/$#>+))#9 5#&7, 2#$*1+!0'# 
.#)#.+4( !0*4#$( ( 0(28+ '$*-)*+ 2*!$#4#5( * '(2<<.( )( "4#;+!! #,4(&#'()*- 
!'#,#5)76 4(5*2($#' ' #,$<1+))76 #,4(&;(6 BID. B4+5!0('$+)7 4+&<$%0(07 
.#4A#$#/** "#'+46)#!0*, !"+204#!2#"*1+!2*6 * .*24#!2#"*1+!2*6 *!!$+5#'()*9, ( 
0(28+ 4+&<$%0(07 *!!$+5#'()*9 3$+.+)0)#/# !#!0('( B4+5"#$(/(+0!- 10# 
!*)0+&*4#'())7+ ! "4*.+)+)*+. 4(5*(;*#))#- 6*.*1+!2#9 0+6)#$#/** .+.,4()7 *& 
"#$*.+4( B@:C ,<5<0 "#0+);*($%)7.* 2()5*5(0(.* )( '7!#2#"4#*&'#5*0+$%)<= 
A<)2;*#)($%)<= "4#0#)##,.+))<= .+.,4()< 5$- 0#"$*')76 3$+.+)0#'  

&'(")%'*  

B@:C "#$*.+4)(- "$+)2( ?*4*)#9 30-50.2. "4#*&'#5!0'( «B$(!0"#$*.+4» 
J#!!*- , 30*$+) 6$#4*!079 , !0*4#$ (1*!0#0(>99,50 %), (;+0#)(1*!0#0(>99,50 %), 
5*6$#430()a) 1*!079 , '*)*$,+)&#$, 0#$<#$.  

+,#-,(,!.' ,/)'01,!  

 & 4<$#))#9 "$+)2* ,7$* '74+&()7 #,4(&;( 24</$#9 A#4.7 ! D=80 .., &(0+. #)* 
0>(0+$%)# "4#.7'($*!% ' 4(!0'#4+ 0#$<#$( ' 0+1+)*+ 1, 5 1(!( ' <$%04(&'<2#'#9 
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'())+. :($++ #,4(&;7 '7!<?*'($*!% ' 0+4.#!0(0+ ' 0+1+)*+ 36 1(!#' "4* 0+."+4(0<4+ 
50°G . B+4+5 #,$<1+)*+. #,4(&;7 4(&.+>($*!% !$+5<=>*. #,4(&#.:  
() ' 2#)0+9)+47, 2#)!04<2;*- 2#0#476 "#54#,)# "4*'#5*0%!- ' 4(,#0+ [2]  & 

2#)0+9)+4#' #02(1*'($!- '#&5<6 * &(0+. #)* &("#$)-$*!% "4*'*'#1)7. 4(!0'#4#. 
(BJ), !#!0#->*. *& !0*4#$( * 0#$<#$( ' !##0)#?+)** 1:1;  
,) ' /+4.+0*1)7+ "#$*30*$+)#'7+ "(2+07, &("#$)+))7+ (4/#)#.; 2  
') ' "(2+0(6 ! #,4(&;(.* ,7$ '#&5<6.  

2/*34"$%"  

I,$<1+)*+ #,4(&;#' "4#'#5*$* )( <!2#4*0+$+ J-7D CK  KBL )( '7'+5+))#. ' 
'#&5<6 "<12+ *#)#' /+$*- ! 3)+4/*+9 27 D3@. I,4(&;7, 4(&.+>($*!% ' !"+;*($%)76 
2#)0+9)+4(6 [2-3] * "(2+0(6. :($++, #)* 24+"*$*!% )( !"+;*($%)#., 2#0#4#+ 
'4(>($#!% !# !2#4#!0%= 50 #,/.*). J(5*(;*#))#-6*.*1+!2(- "4*'*'2( (JB) !0*4#$( 
"4#'#5*$(!%, 2(2 "<0+. "4-.#/# #,$<1+)*- "#$*.+4( * .#)#.+4( !0*4#$(, 0(2 * "# 
.+0#5< «"#!0-3AA+20». @ "+4'#. !$<1(+ #,$<1+)*+ *#)(.* /+$*- #,4(&;#' B@:C 
"4#6#5*$# ' "4*!<0!0'** BJ. F*8+ )( 4*!. 1. "4+5!0('$+)( !6+.( 32!"+4*.+)0( ! BJ. 
I!0($%)(- 1(!0% #,4(&;#' #,$<1($(!% ' '(2<<.+, )( '#&5<6+ * ' (0.#!A+4+ (4/#)(. 

 

J*!. 1. G6+.( 32!"+4*.+)0( "# "4*'*'2+ 
!0*4#$( 2 "$+)2+ B@:C "# "4-.#.< 

.+0#5<  

J*!.2 G$+57 04+2#' *#)#' ' "$+)2+ BMKC  

B#/$#>+))(- 5#&( (:) 4(!!1*07'($(!% "# !<..(4)#.< 0#2< ! $(.+$+9 "4#,)*2( 
;*2$#04#)(. N#$++ 0#1)# 1*!$# "(5(=>*6 )( #,4(&+; *#)#' #"4+5+$-$!- "# #,4(&;< 
“!'*5+0+$=” *& BMKC, 2#0#479 "4* #,$<1+)** 4(&.+>($!- &( *!!$+5<+.7. #,4(&;#. 

B@:C. I,4(&+; *& BMKC, "#!$+ #,$<1+)*- *#)(.*, "4#04('$*'($!- ' /#4-1+9 

>+$#1*. F( !)*.2(6 (4*!. 2), "#$<1+))76 )( 4(!04#'#. 3$+204#))#. .*24#!2#"+ 

Hitach- 3000, '*5)7 !$+57 04+2#' *#)#' /+$*-. B4#'#5*$!- "#5!1+0 04+2#' )( +5*)*;< 

"$#>(5* "$+)2*, * #"4+5+$-$#!% 1*!$# *#)#', 2#0#47+ "#"($* )( *!!$+5<+.79 

#,4(&+;.  

56".(),7.,6%8  

B4* '&(*.#5+9!0'** ! *#)*&*4<=>*. *&$<1+)*+. ' "#$*.+4+, ' #,$(!0* 04+2( &( 

!1+0 '#&)*2)#'+)*- '0#4*1)76 ,+0(-3$+204#)#' "4#*!6#5*0 4(&47' 2#'($+)0)76 

!'-&+9 ! #,4(&#'()*+., !'#,#5)76 4(5*2($#' [1]. LA !"+204#!2#"*- "#&'#$-+0 )( 

2(1+!0'+))#. <4#')+ #;+)*0% *&.+)+)*- , 2#0#47+ "4#*&#?$* ' *!!$+5<+.#. #,4(&;+ 

' "4#;+!!+ #,$<1+)*- . F( 4*!.3 "4+5!0('$+)7 !"+2047 LC 5$- *!6#5)#/# * 

#,$<1+))76 #,4(&;#'. @ #,$(!0* 5$*) '#$) 300 -500 ). 24*'(- "#5 )#.+4#. 4 

!##0'+0!0'<+0 5#&+ #,$<1+)*- 3, 5 DO4. G"+204 *!6#5)#/# #,4(&;( "4+5!0('$+) "#5 

)#.+4#. 1. 
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J*!.3. @76#5 LC ' &('*!*.#!0* #0 5#&7 #,$<1+)*- 

+)%!%!.' 9,$,9")' 7(%),*'  

I,4(&;7, #,$<1+))7+ ' 2#)0+9)+4(6 ! "4*'*'#1)7. 4(!0'#4#. (BJ) "#.+>($*!% 

' 0+4.#!0(0 "4* 0+."+4(0<4+ 60 0 G. I!0($%)7+ #,4(&;7 '7)*.($*!% *& "(2+0#' * 

"#.+>($*!% ' 2'(4;+'<= 2#$,<, *& 2#0#4#9 &(0+. ,7$ #02(1+) '#&5<6. :($++ ' 

!*!0+.< "#5 5('$+)*+. &($*'($* BJ. B4+5'(4*0+$%)# 1+4+& BJ "4#"<!2($!- 

#!<?+))79 /(& Ar 5$- <5($+)*- *& )+/# 2*!$#4#5(. H4/#) "4#,<$%2*'($* 1+4+& BJ ' 

0+1+)*+ 40 .*)<0. K(2 2(2 2#$,( ,7$( )+ "#$)#!0%= &("#$)+)( BJ ' )+P 

5#"#$)*0+$%)# )(/)+0($!- (4/#). E#$,< ! #,4(&;(.* 4(&.+>($* ' 0+4.#!0(0+ '.+!0+ 

! 2#)0+9)+4(.*. B4*'*'2( "4#6#5*$( 8 1(!#'.  

 )0+/4($%)(- !0+"+)% "4*'*'2* #"4+5+$-$(!% .+0#5#. /4('*.+04**  

B+4+5 '&'+?*'()*+. ! "#'+46)#!0* #,4(&;#' ,7$ <5($+) )+"4*'*079 .#)#.+4, 

"<0+. "4#.7'2* ' 5+*#)*&#'())#9 '#5+, &(0+. ' 0#$<#$+ (24 1(!() * !)#'( ' 

5+*#)*&#'())#9 '#5+ "4* K=500°G. :($++ #,4(&;7 ,7$* '7!<?+)7 '7!<?*'($*!% ' 

0+4.#!0(0+ "4* K= 400°G 04* 1(!( * &(0+. '&'+?*'($*!%. G0+"+)% "4*'*'2* 

4(!!1*07'($(!% "# A#4.<$+: 

100%
f i

g

i

M M
P

M

 
! "     (1) 

/5+ Pg – !0+"+)% "4*'*'2*, Mf – .(!!( #,4(&;( "#!$+ "4*'*'2*, Mi – .(!!( #,4(&;( 

5# "4*'*'2*.  

J+&<$%0(07 * #,!<85+)*-  

G0+"+)% 4(5*(;*#))#9 "4*'*'2* "# "4-.#.< .+0#5< *&.+)-$(!% "4(20*1+!2* 

$*)+9)# #0 5#&7. B4* 5#&(6 ,#$++ 3,5 DO4, <'+$*1*'($(!% .(!!( #,4(&;( * +/# #,Q+. 

)(!0#$%2#, 10# #) "4#!0# «4(&5<'($!-» * $#"($!-. L #,4(&;#', #,$<1+))76 ,+& BJ 

!0+"+)% "4*'*'2* )+ "4+'7?($( 30 %. I,$<1+)*+ )( '#&5<6+ "4*'#5*0 2 #,4(&#'()*= 

"+4#2!*5)76 4(5*2($#' *$* /*54#"+4#2!*5)76 /4<"", 2#0#47+ .#/<0 

'&(*.#5+9!0'#'(0% ! .#)#.+4(. *!2$=1*0+$%)# "4* '7!#2*6 0+."+4(0<4(6 * 0#$%2# 

0#/5( *)*;**4#'(0% #,4(&#'()*+ !'#,#5)76 4(5*2($#' * "4*'*'2< .#)#.+4(. M0*. 

A(20#4#. .#8)# #,Q-!)*0% 4(&$*1)<= !0+"+)% "4*'*'2* )( '#&5<6+ * (4/#)+. F*8+ 

' 0(,$*;+ "4*'#5-0!- 4+&<$%0(07 *!!$+5#'()*9 4(5*(;*#))#- 6*.*1+!2#9 

"4*'*'#1)#9 "#$*.+4*&(;** "$+)#2 B@:C "4* #,$<1+)** '7!#2#3)+4/+0*1)7.* 

*#)(.* /+$*-.-4. 
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:'/*%1' - ;"03*<('(= )'#%'1%,$$,- >%9%4"7.,? 6)%!%!.% 9,$,9")' 7(%),*' . 

6*"$.'9 + @A 

R :#&(, [MO4] G4+5( #,$<1+)*- T, [° G] @4+.-, 

[1(!] 

Jg, [%] 

1 1,5 '#&5<6 60 6 3 

2 1,5 '(2<<. 60 6 18 

3 1,5 (4/#) 60  16 

4 1,5 B4*'*'#1)79 4(!0'#4 60  72 

5 2 '#&5<6 60 6 4,5 

6 2 '(2<<.   26 

7 2 (4/#) 60 6 21 

8 2 B4*'*'#1)79 4(!0'#4   90 

9 3,5 '#&5<6 60 6 6 

10 3,5 '(2<<. 60 6 28 

11 3,5 H4/#) 60 6 25 

12 3,5 B4*'*'#1)79 4(!0'#4 60 6 120 

14 4,45 B4*'*'#1)79 4(!0'#4 :+!04<2;*- 300 

 

B4#'#5*$*!% *!!$+5#'()*- "# *&.+)+)*= !#!0('( 4+(2;*#))#9 !.+!*. @ 4(!0'#4 

5#,('$-$#!% )+2#0#4#+ 2#$*1+!0'# '#57. J+&<$%0(07 #2(&($*!% )+ 6<8+, 1+. ' 

"4+5!0('$+))#. 32!"+4*.+)0+, #5)(2# !2#4#!0% "4*'*'2* <.+)%?*$(!%, * '4+.- 

"4*'*'2* <'+$*1*$#!% 5# 58 1(!#'.  

B'.*C4"$%"  

J+&<$%0(07 "4+5!0('$+))7+ '7?+, "#&'#$-=0 4(!!.(04*'(0% 4(5*(;*#))#- 

6*.*1+!2<= "4*'*'2< "4* #,$<1+)** *#)(.* /+$*-, 2(2 "4*);*"*($%)<= 

'#&.#8)#!0% "#$<1+)*- "4+5+$%)#9 "4*'*'2* .#)#.+4( !0*4#$( ' #,4(&;(6 

A0#4"#$*.+4( B@:C ! 0#$>*)(.* #0 10 5# 180 .2.. S(24+"$+))79 0(2*. #,4(&#. 

.#)#.+4 !0*4#$( ' "#$*.+4+ -'$-=>*9!- 5#"()0#., "4* "#!$+5<=>+. 

!<$%A*4#'()** "4*5(!0 "#$*.+4)#9 .(04*;+ "4#0#)#"4#'#5->*+ !'#9!0'(. G$+5<+0 

#0.+0*0%, 10# "4-.#9 4(5*(;*#))#-6*.*1+!2*9 .+0#5 "4*'*'2* "4* #,$<1+)*- 

"#$*.+4( ' "4*'*'#1)#. 4(!0'#4+ )(.)#/# 3AA+20*')++ * 0+6)#$#/*1)++ .+0#5( « 

"#!0–3AA+20(».  

J(,#0( '7"#$)+)( &( !1+0 !4+5!0' !<,!*5** ' 4(.2(6 4+($*&(;** B4#/4(..7 

"#'7?+)*- 2#)2<4+)0#!"#!#,)#!0* KBL. 

56%7,. *%(")'(3)= 
1. Joon-Yong Sohn, Hae-Jun Sung, Joo-Myung Song, Junhwa Shin,Young-Chang Nho 

Radiation-grafted proton exchange membranes based onco-grafting from binary monomer 

mixtures intopoly(ethylene-co-tetrafluoroethylene) (ETFE) film Radiation // Physicsand 

Chemistry81(2012)923–926  

2. O#$#'2#' @. D. , G#6#4+'( @. @. , K=4*) T.  . , G*/A<!!#) K. -. B#$<1+)*+ 

"#$*.+4)#9 3$+204#$*0)#9 .+.,4()7 5$- 0#"$*')#/# 3$+.+)0( .+0#5#. 

4(5*(;*#))#-6*.*1+!2#9 #,4(,#02* "$+)2* B@:C //  &'+!0*- '<&#'. C*&*2(. - 2012 

- K. 55 - R. 11/3. - C. 227-232  

3. Golovkov V. M., Sokhoreva V. V., Sigfusson T. I.,.Petroleum J. Formation of chemically 

resistant track membranes based on polyvinylidene fluoride // Chemistry Vol. 52 – No.7, 

2012 – 4 462–464   
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62N42=,:12 -5:,O,9 2(2/7N2 7 ,>:7-7N2@77 .;5- 

O5@5(:42/7N,92((,+, P(54+,.(2=Q5(78 . 

7.>,/0N,92(75- 9,N,=(,9/85-R; 7.:,B(71,9 7 

(21,>7:5/5? P(54+77 

6,7+5&/#+ 8.4., 6,7+5&/#+ *.4., 8$5$#./$ 9.). 
6,..7?.17? ;7-71,-:5;(,/,+7B5.17? 3(7954.7:5: 7-. A.M.C5(O5/5592, 
M(.:7:3: P(54+5:717 FMM %SL 

@ )(!0#->++ '4+.- .*4#'(- 3)+4/+0*2( )(6#5*0!- ' !#!0#-)** ,+!"4+;+5+)0)#9 

)+#"4+5+$+))#!0*: 3)+4/#&('*!*.(- 32#)#.*2( 04+,<+0 '!+ ,#$%?+ * ,#$%?+ 3)+4/** 

5$- 4(,#07 * 4(&'*0*-, ( &("(!7 *!2#"(+.#/# 0#"$*'(, )( 2#0#4#. #!)#'()( 

04(5*;*#))(- 3)+4/+0*2(, "#!0+"+))# <.+)%?(=0!-, 10# !#"4#'#85(+0!- 4#!0#. 

0+."#' )(4(!0()*- &(04(0 )( +/# 5#,71<. B4#/)#&*4<+.79 4#!0 !0#*.#!0* 0#"$*'( ' 

#,#&4*.79 "4#.+8<0#2 '4+.+)* "4*'+5+0 2 4+&2#.< !)*8+)*= 3AA+20*')#!0* 

04(5*;*#))#9 3)+4/+0*2*, '#&4(!0()*= 0(4*A#' )( "4#*&'#5*.<= 3)+4/*=, 

<'+$*1+)*= &(04(0 < ++ "#04+,*0+$+9 *, 2(2 4+&<$%0(0, 2 "#-'$+)*= !+4%+&)76 

32#)#.*1+!2*6 "4#,$+. < )(!+$+)*- "$()+07. E4#.+ 0#/#, )+$%&- )+ <1*07'(0% * 

32#$#/*1+!2*9 A(20#4, &)(1*.#!0% 2#0#4#/# <'+$*1*'(+0!- ! 2(857. /#5#.. 

S(/4-&)+)*+ '#&5<?)#/# * '#5)#/# ,(!!+9)#', 2(1+!0'+))#+ *!0#>+)*+ '#5)76 

4+!<4!#' * 4#!0 #,Q+.#' #,4(&#'()*- #06#5#', 2*!$#0)7+ 5#85* * "(4)*2#'79 

3AA+20 — 5($+2# )+ "#$)79 "+4+1+)% "#!$+5!0'*9 )+/(0*')#/# '$*-)*- )( 

#24<8(=><= !4+5< !#'4+.+))#9 3)+4/+0*2*.  

@76#5 *& !$#8*'?+9!- !*0<(;** 32!"+407 '*5-0, 2(2 '# '!+.+4)#. "#'7?+)** 

3AA+20*')#!0* *!"#$%&#'()*- 04(5*;*#))76 3)+4/#)#!*0+$+9, 0(2 * ' 4(!?*4+)** 

"4*.+)+)*- '#&#,)#'$-+.76 *!0#1)*2#' 3)+4/** (@ M), '2$=1(=>*6 !$+5<=>*+ 

#!)#')7+ A#4.7 3)+4/**: !#$)+1)(-, /+#0+4.($%)(-, '+04#'(-, )*&2#"#0+);*($%)#+ 

0+"$#, 3)+4/*- ,*#.(!!7, .($76 '#5)76 "#0#2#', .#4!2*6 '#$), 0+1+)*9 * "4*$*'#'. 

 .+))# "#30#.<, )(1*)(- ! 90-6 /#5#' "# *)*;*(0*'+ TFUGEI "4* "#55+482+ 

/#!<5(4!0'-1$+)#' IIF * &(*)0+4+!#'())76 #4/()*&(;*9, ' ,$(/#"#$<1)#9 S("(5)#9 

U'4#"+ * GVH "4#'#5-0!- .+4#"4*-0*- "# "4#5'*8+)*= *5+* ?*4#2#/# 

*!"#$%&#'()*- ($%0+4)(0*')76 *!0#1)*2#' 3)+4/** * !#&5()*= 2#)2<4+)0)#/# 47)2( 

' 30#9 !A+4+. U8+/#5)7+ 0+."7 4#!0( <!0()#'$+))#9 .#>)#!0* 3)+4/#<!0()#'#2 )( 

@ M ' .*4+ #;+)*'(+0!- ' 5+!-02* "4#;+)0#' ' /#5 * )( "#4-5#2 "4+'7?(=0 !4+5)*+ 

0+."7 4(&'*0*- 04(5*;*#))#9 3)+4/+0*2*. @# .)#/*6 !04()(6 "4*)-07 (.,*;*#&)7+ 

"$()7 5#,*0%!- 2 2020 /#5< 5#$* @ M ' 3)+4/#,($()!(6 )( <4#')+ 15…20% * '7?+, 

' J#!!** 8+, 24<")+9?+. 32!"#40+4+ 3)+4/#4+!<4!#' ' .*4+, – '!+/# 4,5 %.  

@ 2(2#9-0# !0+"+)* !*0<(;*= .#8)# "#)-0%: )+A0+/(&#'79 2#."$+2! #,+!"+1*'(+0 

17% 4#!!*9!2#/# @@B * !'7?+ 40% "#!0<"$+)*9 2#)!#$*5*4#'())#/# ,=58+0(. 

I02(&(0%!- #0 32!"$<(0(;** 30*6 4+!<4!#' * #0 ,#$%?+9 1(!0* ,=58+0)76 

"#!0<"$+)*9 )+"4#!0#. E4#.+ 0#/#, !$+5<+0 "4*&)(0%, 10# #1+'*5)7+ "4+*.<>+!0'( 

@ M, 0(2*+ 2(2 )+*!1+4"(+.#!0%, #0!<0!0'*+ &(04(0 )( 0#"$*'# * 32#$#/*1+!2(- 

,+&#"(!)#!0%, "#2( )+ .#/<0 !2$#)*0% ' !'#= !0#4#)< 1(?< '+!#' "#5 /4<&#. 

0+6)*1+!2* "4#4(,#0())76 * ,#$++ 5+?+'76 04(5*;*#))76 .+0#5#' "#$<1+)*- 

3)+4/**, )+!.#04- )( "4(20*1+!2* )+ #;+)*'(+.79 <>+4,, )()#!*.79 *.* 

#24<8(=>+9 !4+5+. 
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L8+ !+/#5)- ' J#!!** *.+=0!- #,?*4)7+ 4(9#)7, /5+ "# 32#)#.*1+!2*., 

32#$#/*1+!2*. * !#;*($%)7. <!$#'*-. "4*.+)+)*+ '#&#,)#'$-+.76 *!0#1)*2#' 

3)+4/** "4+5!0('$-+0!- ;+$+!##,4(&)7. * 32#)#.*1+!2* 3AA+20*')7.. E )*. 

#0)#!-0!-:  

() &#)7 5+;+)04($*&#'())#/# 3)+4/#!)(,8+)*-, "$#>(5% 2#0#476 !#!0('$-+0 

#2#$# 70 % 0+44*0#4** !04()7 (J*!.1), /5+ "# 4(&)7. "#5!1+0(. "4#8*'(+0 #0 10 5# 

20 .$). 1+$#'+2. B4#*&'#5!0'# 3$+204#3)+4/** ' 5())76 4(9#)(6 #!<>+!0'$-+0!-, ' 

#!)#')#., )( ,+)&*)#'76 * 5*&+$%)76 /+)+4(0#4(6 .($#9 .#>)#!0*, 4(,#0(=>*6 )( 

5#4#/#!0#->+. "4*'#&)#. #4/()*1+!2#. 0#"$*'+, ' !'-&* ! 1+. 0(4*A)7+ !0('2* )( 

3$+204#3)+4/*= 14+&'71(9)# '+$*2* * .+!0(.* "4+'7?(=0 23 $;+)0(/2@01 (J*!.2); 

 

 

,) &#)7 ;+)04($*&#'())#/# 3)+4/#!)(,8+)*- ! ,#$%?*. 5+A*;*0#. .#>)#!0*, 

14+&'71(9)# '7!#2*.* *&5+482(.* * ,#$%?*.* 0+6)*1+!2*.* "4#,$+.(.* )( 
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"4*!#+5*)+)*+ 2 3$+204*1+!2*. * 0+"$#'7. !+0-. * &)(1*0+$%)7.* .(0+4*($%)7.* 

"#0+4-.* *&-&( 1(!076 #02$=1+)*9 /4<""#'76 "#04+,*0+$+9 3)+4/**; 

') )(!+$+))7+ "<)207 !# !$#8)#9 32#$#/*1+!2#9 #,!0()#'2#9, 10# #,<!$#'$+)# 

'4+5)7.* '7,4#!(.* ' (0.#!A+4< #0 4(&$*1)76 "4#.7?$+))76 * /#4#5!2*6 

#,Q+20#', 4(,#0(=>*6 )( *!2#"(+.#. 0#"$*'+; 

/) &#)7, #,$(5(=>*+ ,#$%?*. "#0+);*($#. '#&#,)#'$-+.76 *!0#1)*2#' 3)+4/**; 

5) 4(9#)7 ! .#4($%)7. * A*&*1+!2*. *&)#!#. 04(5*;*#))#/# #,#4<5#'()*-; 

+) /#4#5( * .+!0( .(!!#'#/# #0576( * $+1+)*- )(!+$+)*-; 

8) &#)7 ! "4#,$+.(.* #,+!"+1+)*- 3)+4/*+9 *)5*'*5<($%)#/# 8*$%-, A+4.+4!2*6 

6#&-9!0', .+!0 !+&#))#9 4(,#07, !(5#'#-#/#4#5)76 <1(!02#'. 

B#0+);*($%)#+ "4+*.<>+!0'# "4*.+)+)*- @ M ' 5())76 4(9#)(6 "# !4(')+)*= ! 

04(5*;*#))7.* *!0#1)*2(.* 3)+4/** #,<!$('$*'(+0!- !$+5<=>*. 4-5#. "4*1*): 

# #02(& #0 *!"#$%&#'()*- *!2#"(+.76 </$+'#5#4#5#' – ,#/(0+9?+/# !74%-, *& 

2#0#4#/# )(.)#/# '7/#5)++ "4#*&'#5*0% "#$+&)<= "4#5<2;*=, 1+. !8*/(0% 

' 5'*/(0+$-6 ')<04+))+/# !/#4()** * 0#"2(6; 

# !#24(>+)*+ #,Q+.#' 04()!"#40*4#'2* 5#4#/#!0#->+/# 0#"$*'( ' <5($+))7+ 

* 04<5)#5#!0<")7+ 4(9#)7 "4* #5)#'4+.+))#. "#'7?+)** )(5+8)#!0* 

3)+4/#!)(,8+)*-; 

# !)*8+)*+ $#2($%)#/# &(/4-&)+)*- (0.#!A+4)#/# '#&5<6(; 

# !)*8+)*+ <4#')- &(/4-&)+)*- (0.#!A+4)#/# '#&5<6( "# !04()+ ' ;+$#., 

"#&'#$-=>++ ' !##0'+0!0'** ! E*#0!2*. "4#0#2#$#. #4/()*&#'(0% "4#5(8< 

«)+*!"#$%&#'())76» 2'#0 )( '7,4#! "(4)*2#'76 /(&#' 54</*. !04()(.; 

# 3AA+20*')#+ "4*.+)+)*+ $#2($%)#9 3)+4/+0*2*, '2$=1(=>++ ' !+,-: 

# #02(& #0 !04#*0+$%!0'( #0)#!*0+$%)# 5#4#/#!0#->*6 (2("*0($#+.2*6) $*)*9 

3$+204#"+4+5(1 (WMB); 

# 4+&2#+ !)*8+)*+ !0#*.#!0* *)8+)+4)76 2#..<)*2(;*9 &( !1+0 

&)(1*0+$%)#/# <.+)%?+)*- *6 "4#0-8+))#!0* * *!2$=1+)*- 0+"$#04(!! ! 

!##0'+0!0'<=>*. !)*8+)*+. 32!"$<(0(;*#))76 * 4+.#)0)76 *&5+48+2; 

# #02(& #0 04()!"#40( * "4+#,4(&#'()*- )( '7!#2#'#$%0)79 <4#'+)% 

3$+204*1+!2#9 3)+4/** * 0.5.  

E4#.+ 0#/#, )( A#)+ ?*4#2#/# 4(&'+4)<'?+/#!- !04#*0+$%!0'( 8*$76 

.*24#4(9#)#', "4* 4+($*&(;** "4#+20#' 2#0#476 *)'+!0#47 '!+ 1(>+ *&Q-'$-=0 

8+$()*+ !#&5('(0% ('0#)#.)7+ !*!0+.7 3)+4/#!)(,8+)*-, *!"#$%&#'()*+ 

'#&#,)#'$-+.76 *!0#1)*2#' 3)+4/** "4*#,4+0(+0 #!#,<= (20<($%)#!0%. 

:$- 0#/# 10#,7 #;+)*0% "+4!"+20*'7 4(&'*0*- ($%0+4)(0*')#9 3)+4/+0*2* ' ;+$#. 

"# J#!!** *$* ' <"#.-)<076 '7?+ 4(9#)(6 (&#)(6), ' 1(!0)#!0*, )( "+4'#)(1($%)#. 

30("+ )+#,6#5*.# "4#()($*&*4#'(0% 4(!"4+5+$+)*+ @ M "# 0+44*0#4** !04()7. 

5,*$"4$'8 D$")-%8. G#$)+1)(- 3)+4/*- &()*.(+0 $*5*4<=>++ "#$#8+)*+ !4+5* 

@ M. G#$)+1)#+ *&$<1+)*+, '!$+5!0'*+ 0#/#, 10# #)# *!6#5*0 #0 *!0#1)*2( ! 

-42#!0)#9 0+."+4(0<4#9 #2#$# 6000 E, ! 0+4.#5*)(.*1+!2#9 0#12* &4+)*- -'$-+0!- 

'7!#2#2(1+!0'+))7. "+4'*1)7. *!0#1)*2#. 3)+4/**, 5#"<!2(=>*. 

"4*);*"*($%)<= '#&.#8)#!0% ++ "4+#,4(&#'()*- ' 54</*+ '*57 3)+4/** 

(3$+204#3)+4/*-, 0+"$#, 6#$#5 * 54.) ! '7!#2*. EB:.  

N70<=>++ .)+)*+ # 0#., 10# J#!!*-, 4(!"#$#8+))(- "4+*.<>+!0'+))# ' !4+5)*6 

* '7!#2*6 ?*4#0(6, )+ 4(!"#$(/(+0 &)(1*0+$%)7.* 4+!<4!(.* !#$)+1)#9 3)+4/** 5$- 

++ 3AA+20*')#/# 3)+4/+0*1+!2#/# *!"#$%&#'()*-, )+ !##0'+0!0'<+0 5+9!0'*0+$%)#!0*. 

F( *&#,4(8+))#9 )*8+ 2(40+ (J*!.3), "#!04#+))#9 ! *!"#$%&#'()*+. 4+&<$%0(0#' 

.)#/#$+0)*6 !"<0)*2#'76 )(,$=5+)*9 NASA, "4*'+5+)# !4+5)+/#5#'#+ 

4(!"4+5+$+)*+ 4+!<4!#' 3)+4/** !#$)+1)#9 4(5*(;** "# 0+44*0#4** J#!!**, 

"#!0<"(=>+9 ' !4+5)+. &( 5+)% )( 1 .2 "$#>(52* =8)#9 #4*+)0(;** ! #"0*.($%)7. 

</$#. )(2$#)( 2 /#4*&#)0< (5$- 2(85#9 /+#/4(A*1+!2#9 0#12* 30# !'#9 </#$, "4* 
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2#0#4#. !<..(4)#+ &( /#5 "#!0<"$+)*+ 3)+4/** !#$)+1)#9 4(5*(;** )( +5*)*1)<= 

"$#>(52< .(2!*.($%)#). 

@*5)#, 10# 0+44*0#4*- !04()7 4(&,*'(+0!- "4+*.<>+!0'+))# )( 4 #24(?+))7+ 

4(&)7.* ;'+0(.* &#)7. 

 

( !0#1)*2: I @K JHF) 

J(!!.#04+)*+ "4+5!0('$+))#9 2(407 "#2(&7'(+0, 10# ' !+/#5)-?)*6 /4()*;(6 

J#!!** )(*,#$++ "!#$)+1)7.*" -'$-=0!- )+ 4(9#)7 G+'+4)#/# E('2(&(, 2(2 

"4+5"#$(/(=0 .)#/*+, ( 4+/*#)7 B4*.#4%- * =/( G*,*4* (4,5-5 2@0 1/.2!<0 * '7?+). 

 )0+4+!)#, 10# *&'+!0)7+ 1+4)#.#4!2*+ 2<4#407 (G#1* * 54.), "# !4+5)+/#5#'#.< 

"#!0<"$+)*= !#$)+1)#9 4(5*(;** (! 0#12* &4+)*- "4*4#5)#/# "#0+);*($( * 4+!<4!( 

!#$)+1)#9 *)!#$-;**) #0)#!-0!- 2 0#9 8+ &#)+, 10# * ,#$%?(- 1(!0% G*,*4*, '2$=1(- 

X2<0*= (4,0-4,5 2@0 1/.2!<0).  

F+#,6#5*.# #0.+0*0%, 10# ,#$++ 60 % 0+44*0#4** !04()7, ' 0#. 1*!$+ * .)#/*+ 

!+'+4)7+ 4(9#)7, 6(4(20+4*&<+0!- !4+5)+/#5#'7. 5)+')7. "#!0<"$+)*+. !#$)+1)#9 

4(5*(;** #0 3,5 5# 4,5 2@0 1/.2!<0, ' 0# '4+.- 2(2 5$- =/( O+4.()**, /5+ !+/#5)- *5+0 

(20*')#+ ')+54+)*+ !#$)+1)76 <!0()#'#2, &)(1+)*+ 5())#/# "#2(&(0+$- $+8*0 ' 

5*("(&#)+ 3,5-4 2@0 1/.2!<0. K(2*. #,4(&#., 0+44*0#4*- J#!!**, '#"4+2* '!+. 

!<>+!0'<=>*. "4+54(!!<52(., 4(!"#$(/(+0 &)(1*0+$%)7.* 4+!<4!(.*, )+ <!0<"(- 

!1*0(=>*.!- ,$(/#"4*-0)7.* 5$- 3AA+20*')#/# *!"#$%&#'()*- !#$)+1)#9 3)+4/** 

+'4#"+9!2*. !04()(.. 

E$")-%8 !"()'. I5)*. *& "+4!"+20*')76 )("4('$+)*9 4(&'*0*- '#&#,)#'$-+.#9 

3)+4/+0*2* -'$-+0!- '+04#3)+4/+0*2(.  !"#$%&#'()*+ 3)+4/** '+04(, 2(2 "#2(&($( 

"4(20*2( * #"70 .)#/*6 !04(), "4+5!0('$-+0!- '+!%.( "4*'$+2(0+$%)7. ' 0+6 

4(9#)(6, /5+ !4+5)+/#5#'(- !2#4#!0% '+04( !#!0('$-+0 4-6 ./!+2 * ,#$++. 

G#/$(!)# J*!.4, #04(8(=>+.< '+04#3)+4/+0*1+!2*+ 4+!<4!7 J#!!** )( '7!#0+ 50 

.+04#' )(5 <4#')+. &+.$*, !<>+!0'<+0 .)#8+!0'# #,$(!0+9, /5+ !4+5)+/#5#'(- 

!2#4#!0% '+04( "4+'7?(+0 6 ./!+2. F(*'7!?*+ &)(1+)*- #,)(4<8*'(=0!- '5#$% 

,+4+/#' N(4+);+'(, E(4!2#/#, N+4*)/#'( * I6#0!2#/# .#4+9. F+!2#$%2# .+)%?*+ 

&)(1+)*- *.+=0!- )( "#,+4+8%-6 @#!0#1)#-G*,*4!2#/#, Y<2#0!2#/#, Y+4)#/#, 

H&#'!2#/# * 54. .#4+9. S)(1*0+$%)7+ 4+!<4!7 )(6#5-0!- 0(28+ ' 4(9#)(6 G4+5)+/# * 

F*8)+/# B#'#$8%-, )( L4($+, ' !0+")76 4(9#)(6 S("(5)#9 G*,*4* * )( N(92($+. 
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( !0#1)*2: I @K JHF) 

@ #,>+9 !$#8)#!0*, !#/$(!)# F(;*#)($%)#.< 2(5(!04<, ,#$++ 30 !<,Q+20#' JC 

#,$(5(=0 '+04#3)+4/+0*1+!2*.* 4+!<4!(.*, 5#!0(0#1)7.* 5$- *6 3AA+20*')#/# 

*!"#$%&#'()*- "# '!+. .+85<)(4#5)7. 24*0+4*-..  

F",(")9'*<$'8 D$")-%8. I5)*. *& #!)#')76 4+!<4!#!,+4+/(=>*6 * 

32#$#/*1+!2* ,+&#"(!)76 *!0#1)*2#' 3)+4/**, &()*.(=>*6 "+4'#+ .+!0# "# 

4+!<4!(. !4+5* @ M ' J#!!**, -'$-+0!- /+#0+4.($%)(- 3)+4/*-, "#5 2#0#4#9 "#)*-

.(=0 A*&*1+!2#+ 0+"$# /$<,*))76 !$#+' S+.$*, *.+=>*6 0+."+4(0<4<, 

"4+'7?(=><= 0+."+4(0<4< '#&5<6( )( "#'+46)#!0*.  

D+85<)(4#5)#+ 3)+4/+0*1+!2#+ (/+)0!0'# 4(&5+$*$# 4+!<4!7, ' 2#0#476 

&(2$=1+)( /+#0+4.($%)(- 3)+4/*-, )( "-0% '*5#'. M0# )(/4+07+ ' "#5&+.)76 

4+&+4'<(4(6 !<6#9 * '$(8)79 "(4, /#4-1(- '#5(, 4(!2($+))7+ !2($%)7+ "#4#57 * 

.(/.( – !<,!0();*-, "4+5!0('$-=>(- !#,#9 4(!"$('$+))7+ 5# 1300 /4(5<!#' 

«')<04+))#!0*» S+.$*. I5)(2# 5# !+/#5)-?)+/# '4+.+)* )(*,#$++ 4+($%)#9 ,(&#9 

/+#0+4.($%)#9 3)+4/+0*2* #!0(=0!- "4*4#5)79 "(4 * 0+4.($%)7+ '#57 

("(4#/*54#0+4.7), *!"#$%&#'()*+ 2#0#476 "4+5!0('$-+0!- 32#)#.*1+!2* 

;+$+!##,4(&)7.. 

K+44*0#4*- J#!!** 6#4#?# *!!$+5#'()( (J*!.5), * !+/#5)- *&'+!0)7 #!)#')7+ 

4+!<4!7 0+"$( S+.$*, 2#0#47+ *.+=0 &)(1*0+$%)79 "4#.7?$+))79 "#0+);*($, ' 0#. 

1*!$+ * 3)+4/+0*1+!2*9. @!+/# .#8)# '75+$*0% 04* #!)#')7+ &#)7, ' &('*!*.#!0* #0 

0*"( * '#&.#8)#!0+9 *!"#$%&#'()*- /+#0+4.($%)#9 3)+4/**: 

1. E(.1(02( * E<4*$7 — )(*,#$++ «/#4-1*+» 0#12*; 

2. G+'+4)79 E('2(& * &#)(, "4*$+/(=>(- 2 N(92($<, /5+ '#&.#8)# "4*.+)+)*+ 

/$<,*))76 '#5 5$- 0+"$#!)(,8+)*-; 

3. B#0+);*($%)# #,?*4)(- 0+44*0#4*-, #6'(07'(=>(- 2/3 J#!!**, /5+ 

'#&.#8)( 32!"$<(0(;*- )*&2#"#0+);*($%)#9 3)+4/** ! "#.#>%= 0+"$#'76 

)(!#!#'. 

M0# #&)(1(+0, 10# )( 75-80% '!+9 0+44*0#4** !04()7 .#8)# 3AA+20*')# 

*!"#$%&#'(0% 0+"$# S+.$* 5$- 0+"$#!)(,8+)*- /#4#5#', "#!+$2#' * #05+$%)76 

#,Q+20#'. 
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E$")-%8 9'*=> !,#$=> 6,(,.,!. I5)*. *& )(*,#$++ 3AA+20*')76 )("4('$+)*9 

)+04(5*;*#))#9 3)+4/+0*2* -'$-+0!- *!"#$%&#'()*+ 3)+4/** )+,#$%?*6 '#5#0#2#' ! 

"#.#>%= .($76 OMG (DOMG) – /*54#3$+204#!0();*9 ! <!0()#'$+))#9 .#>)#!0%= )+ 

,#$++ 30 D@0 "4* 5*(.+04+ 4(,#1+/# 2#$+!( 5# 3..  

@ ;+$#. )( 0+44*0#4** J#!!** )(!1*07'(+0!- !'7?+ 2,5 .$). .($76 4+2, ' 

,(!!+9)(6 2#0#476 "4#8*'(+0 5# 44% /#4#5!2#/# )(!+$+)*- !04()7 * 90% !+$%!2#/#. 

I)* A#4.*4<=0 #2#$# "#$#'*)7 !<..(4)#/# #,Q+.( 4+1)#/# !0#2(, ( *6 

3)+4/+0*1+!2*9 "#0+);*($ !#!0('$-+0 493 .$45. 2@0 1. 

F( 2(40+, "4+5!0('$+))#9 )( J*!.6, '*5)#, 10# #!)#')(- 1(!0% 4+!<4!#' .($#9 

/*54#3)+4/+0*2* !#!4+5#0#1+)( ' @#!0#1)#9 G*,*4* * )( :($%)+. @#!0#2+, )( 

2#0#47+ ' !#'#2<")#!0* "4*6#5*0!- ,#$++ 80% '!+/# /*54#3)+4/+0*1+!2#/# 

"#0+);*($(. S)(1*0+$%)7+ 4+!<4!7 *.+=0!- 0(28+ ' Z+)04($%)#9 G*,*4*, G+'+4)#. 

E('2(&+ * &("(5)#9 1(!0* L4($(. 

E4#.+ 0#/#, DOMG .#/<0 !##4<8(0%!- )+ 0#$%2# )( .($76 4+2(6 * 4<1%-6, ( )( 

$=,76 '#5)76 #,Q+20(6, *.+=>*6 !2#$%2#-)*,<5% &)(1*.79 /*54#3)+4/+0*1+!2*9 

"#0+);*($: '#5#!,4#!(6 '#5#64()*$*>, KMZ * HMG, #4#!*0+$%)76 2()($(6 

*44*/(;*#))76 !*!0+., 0+6)#$#/*1+!2*6 '#5#0#2(6 ("4#.7?$+))7+ * 

2()($*&(;*#))7+ !,4#!7), ( 0(28+ ' "*0%+'76 * 54</*6 04<,#"4#'#5(6, 

"4+5)(&)(1+))76 5$- "+4+2(12* 4(&$*1)76 '*5#' 8*52*6 "4#5<20#', * 0.5. 

E#)+1)#, !$+5<+0 "4*&)(0%, 10# )+/(0*')#+ '#&5+9!0'*+, #2(&7'(+.#+ 24<")7.* 

OMG )( #24<8(=><= !4+5<, 6(4(20+4)# * 5$- #,Q+20#' .($#9 /*54#3)+4/+0*2*. 

I5)(2#, '#-"+4'76, "4#-'$-+0!- ' .+)%?*6 .(!?0(,(6, (, '#-'0#476, .#8+0 ,70% 

.*)*.*&*4#'()# &( !1+0 #4/()*&(;** 2(!2(5( OMG – /4<""7 OMG, 4(!"#$#8+))76 

"#!$+5#'(0+$%)# "# 0+1+)*= '#5)#/# "#0#2( * !'-&())76 .+85< !#,#9 #,>)#!0%= 

'#5#6#&-9!0'+))#/# 4+8*.(.  

@ "4#;+!!+ *6 !##4<8+)*- * "#!$+5<=>+9 32!"$<(0(;** )+ 0#$%2# #0!<0!0'<+0 

'4+5)#+ '$*-)*+ )( !'#9!0'( * 2(1+!0'# '#57, ( /$(')#+ – #,Q+207 .($#9 3)+4/+0*2* 

)+ 04+,<=0 #4/()*&(;** ,#$%?*6 '#5#64()*$*> ! !##0'+0!0'<=>*. &(0#"$+)*+. 

0+44*0#4** * 2#$#!!($%)7. .(0+4*($%)7. <>+4,#.. K(2 "4* !04#*0+$%!0'+ 2-

!0<"+)1(0#/# 2(!2(5( .($76 OMG !<..(4)#9 .#>)#!0%= 25,5 D@0 )( 4+2+ L4<6 

5#$/#'4+.+))(- "$#>(5% #01<85+)*- !#!0('*0 11 /(, !04#*0+$%!0'# 4-6 !0<"+)1(0#/# 
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2(!2(5( DOMG "4*'+5+0 #01<85+)*= 9,2 /( &+.+$%, ( "4* !04#*0+$%!0'+ 0#9 8+ 

.#>)#!0%= #5)#9 DOMG "$#>(5% "#5 &(0#"$+)*+ '#5#64()*$*>( !#!0('*0 1268 /(.  

 

E$")-%8 /%,9'77=. B-07. "# "4#*&'#5*0+$%)#!0* '#&#,)#'$-+.7. *!0#1)*2#. 

3)+4/** -'$-+0!- ,*#.(!!( – 0+4.*), #,Q+5*)-=>*9 '!+ '+>+!0'( 4(!0*0+$%)#/# * 

8*'#0)#/# "4#*!6#85+)*-: 54+'+!*)<, !+$%!2#6#&-9!0'+))7+ 2<$%0<47, "#.+0, 

)('#&, ,70#'7+ * 54</*+ '*57 #06#5#', 2#0#47+ "4+5!0('$-=0 !#,#9 *!0#1)*2* 

,#$%?#/# 2#$*1+!0'( #4/()*1+!2#/# .(0+4*($(, "4*/#5)#/# 5$- "#$<1+)*- 

5#"#$)*0+$%)#9 3)+4/**. 

B#0+);*($%)7+ '#&.#8)#!0* J#!!** ' "$()+ ?*4#2#.(!?0(,)#/# * 3AA+20*')#/# 

*!"#$%&#'()*- "+4'*1)#9 ,*#.(!!7, '+!%.( '+$*2* * !#!0('$-=0 14-15 .$45.0. ' /#5 

' 4+&<$%0(0+ <!'#+)*- 21-22,5 .$45.0. CO2. 

E4#.+ 0#/#, "# 4(&)7. #04(!$-. )(4#5)#/# 6#&-9!0'( !04()7 +8+/#5)# 

)(2("$*'(+0!- ,#$++ 390 .$).0. ("# !<6#.< '+>+!0'<) '0#4*1)76 #4/()*1+!2*6 

#06#5#', *& )*6: 250 .$).0. ' !+$%!2#6#&-9!0'+))#. "4#*&'#5!0'+ – 150 .$).0. 

"4*6#5*0!- )( 8*'#0)#'#5!0'# * "0*;+'#5!0'# * 100 .$).0. – )( 4(!0+)*+'#5!0'#; 70 

.$).0. ' $+!#- * 5+4+'#"+4+4(,#02+; 60 .$).0. 0'+4576 ,70#'76 #06#5#' * 10 .$).0. 

#!(52#' !0#1)76 '#5. M)+4/+0*1+!2*9 "#0+);*($ <2(&())#/# 2#$*1+!0'( #06#5#' 

!#!0('$-+0 190 .$). 0.<.0., 4+($%)# .#8)# "#$<1(0% ' /#5 5# 45 .$). 0.<.0. 

M)+4/*-, &("(!+))(- ' "+4'*1)#9 * '0#4*1)#9 ,*#.(!!+, .#8+0 2#)'+40*4#'(0%!- 

' 0+6)*1+!2* <5#,)7+ '*57 0#"$*'( *$* 3)+4/** )+!2#$%2*.* "<0-.*: 

1. B#$<1+)*+ 4(!0*0+$%)76 </$+'#5#4#5#' (4(!0*0+$%)7+ .(!$(, 

'7!#2#.#$+2<$-4)7+ 8*4)7+ 2*!$#07 * *6 3A*47, "4+5+$%)7+ * 

)+"4+5+$%)7+ </$+'#5#4#57 * 0.5.); 

2. K+4.#6*.*1+!2#+ "4+#,4(&#'()*+: "4-.#+ !8*/()*+, "*4#$*&, /(&*A*2(;*-, 
!8*8+)*+; 

3. N*#6*.*1+!2#+ "4+#,4(&#'()*+: ()(34#,)#+ 4(&$#8+)*+ * !,4(8*'()*+. 

@ )(!0#->++ '4+.- '# .)#/*6 !04()(6 .*4( )(*,#$++ ?*4#2#+ "4*.+)+)*+ 

"#$<1*$* "4#*&'#5!0'# 0'+45#/# ,*#0#"$*'(, !(.7. 4(!"4#!04()+))7. '*5#. 

2#0#4#/# -'$-=0!- 54+'+!)7+ 0#"$*')7+ /4()<$7, * "+4+4(,#02( 8*52*6 

#4/()*1+!2*6 #06#5#' "#!4+5!0'#. ()(34#,)#/# 4(&$#8+)*- ! "#$<1+)*+. ,*#/(&(. 
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G#/$(!)# "4#'+5+))#.< 32!"+40)#.< ()($*&<, J#!!*- 4(!"#$(/(+0 2#$#!!($%)7.* 

4+!<4!(.* ($%0+4)(0*')#9 3)+4/+0*2* (K(,$. 1), 32#)#.*1+!2*9 "#0+);*($ 2#0#476 

#"4+5+$+) ' 270 .$). 0.<.0. ' /#5 (#2#$# 25% #0 /#5#'#/# 3)+4/#"#04+,$+)*- !04()7).  

 

:'/*%1' 1 ;"73)7= !,0,/$,!*8"9=> %7(,4$%.,! D$")-%% ;,77%% (9*$.(. 37*,!$,-, 

(,6*%!' ! -,#) 

J+!<4!7  @($#'#9  

"#0+);*($

K+6)*1+!2*9  

"#0+);*($

M2#)#.*1+!2*9 

"#0+);*($ 

G#$)+1)(- 3)+4/*- 2.3á106 2300 12,5

M)+4/*- '+04( 26á103 2000 10

O+#0+4.($%)(- 3)+4/*- [ [ 115

F*&2#"#0+);*($%)#+ 

0+"$# 

525 105 31,5 

M)+4/*- .($76 '#5)76 

"#0#2#' 

360 125 65 

M)+4/*- ,*#.(!!7 104 53 35 

@!+/# "# @ M  2.3á106 4583 270 

 

 , )+!.#04- )( 0#, 10# "# 0+44*0#4** !04()7 '#&#,)#'$-+.7+ *!0#1)*2* 3)+4/** 

4(!"4+5+$+)7 )+4(')#.+4)#, "4(20*1+!2* '# '!+6 4+/*#)(6 *.++0!- 1-2 '*5(, 

32!"$<(0(;*- 2#0#476 .#8+0 ,70% 32#)#.*1+!2* #"4('5())#9. N#$++ 0#/#, 

($%0+4)(0*')(- 3)+4/+0*2( .#8+0 ,70% 4(&'*0( )+ 0#$%2# ' 4(9#)(6, )(*,#$++ ,#/(076 

5())#/# 4#5( 4+!<4!(.*, ( +5'( $* )+ "#'!+.+!0)# "4* <!$#'** 2#.,*)*4#'())#/# 

*!"#$%&#'()*- 2(2 !#'.+!0)#/# (!#$)+1)#-'+04#'(- 3)+4/+0*2(, !#'.+!0)#+ !8*/()*+ 

4(&$*1)76 '*5#' ,*#0#"$*'(), 0(2 * ! *!"#$%&#'()*+. 04(5*;*#))76 

3)+4/#)#!*0+$+9 ('+04#-5*&+$%)7+ <!0()#'2*). 

B4* 30#. !$+5<+0 <1*07'(0%, 10# 5())(- #;+)2( "4#*&'#5*$(!% 5$- )(1($( 1990-6 

/#5#', * ' )(!0#->++ '4+.-, '!$+5!0'*+ &)(1*0+$%)#/# !)*8+)*- !0#*.#!0* <!0()#'#2 

'#&#,)#'$-+.#9 3)+4/+0*2*, ( 0(28+ 4#!0( ;+) )( *!2#"(+.#+ 0#"$*'#, 

32#)#.*1+!2*9 "#0+);*($ @ M .#8+0 ,70% &)(1*0+$%)# '7?+ <2(&())76 &)(1+)*9. 

K(2*. #,4(&#., 5())7+ A(20#47, ( "#4#9 <8+ * !(.# '4+.-, 5*20<=0 !'#* "4('*$(, 

A#4.*4<- 0+. !(.7. +!0+!0'+))7+ ,$(/#"4*-0)7+ <!$#'*- 5$- <!"+?)#/# 4+?+)*- 

&(5(1* !#&5()*- 2#)2<4+)0#!"#!#,)76 !*!0+. 3)+4/##,+!"+1+)*- )( #!)#'+ @ M, 

2#0#4(- .#8+0 ,70% !A#4.<$*4#'()( !$+5<=>*. #,4(&#.. 

+)% 0'#'$$=>: 

# B4*4#5)#-2$*.(0*1+!2*6 <!$#'*-6 4(9#)( 4(&.+>+)*- 8*$#/# 2#."$+2!(, 

#"4+5+$-=>*6 "#04+,)#!0* ' 6#$#5+, 0+"$#'#9 * 3$+204*1+!2#9 

3)+4/*-6/"#04+,)#!0-6 ' 6#$#5+, 0+"$#'#9 * 3$+204*1+!2#9 3)+4/*-6; 

# @*5(6 * 32#)#.*1+!2*6 "#0+);*($(6 4(&$*1)76 @ M ' 5())#. 4+/*#)+; 

# C#4.+, 4(&.+4+ * "$#>(5* 0+44*0#4** 8*$#/# 2#."$+2!(; 

# \(4(20+4*!0*2(6 #,Q+20#' 8*$#9 * #,>+!0'+))#9 &(!04#92*; 

# @(4*()0(6 "#0+);*($%)76 "$#>(5#2 !04#*0+$%!0'( .+!0)76 *!0#1)*2#' 

3)+4/**; 

# @(4*()0(6 "#0+);*($%)76 "(4(.+04#' <!0()#'#2 3)+4/#!)(,8+)*- (.+!0)#/# 

* $#2($%)#/#); 

# @(4*()0(6 "#0+);*($%)76 "(4(.+04#' #!)#')76 * '!"#.#/(0+$%)76 &5()*9 

* !##4<8+)*9; 

# K+6)*2#-32#)#.*1+!2*6, 0+6)#$#/*1+!2*6, 0+44*0#4*($%)76, 32#$#/*1+!2*6 

* A*)()!#'76 #/4()*1+)*-6 * 54. 

# 26)"#"*%(<: 
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# @*57 "4*.+)-+.76 !"#!#,#' .+!0)#/# * $#2($%)#/# 3)+4/##,+!"+1+)*- 

.*24#4(9#)(; 

# B$#>(52* 4(&.+>+)*- .+!0)76 *!0#1)*2#' 0+"$#'#9 * 3$+204*1+!2#9 

3)+4/** * *6 <!0()#'$+))<= .#>)#!0%; 

# @*57, 0*"7 * 2#$*1+!0'# "4*.+)-+.76 3)+4/+0*1+!2*6 <!0()#'#2 .+!0)#/# 

* $#2($%)#/# 3)+4/#!)(,8+)*-; 

# \(4(20+4*!0*2* #!)#')76 * '!"#.#/(0+$%)76 &5()*9 * !##4<8+)*9; 

# L4#'+)% '#&5+9!0'*- /+)+4*4<=>*6 .#>)#!0+9 )( #24<8(=><= !4+5< ' 

"4#;+!!+ 32!"$<(0(;**; 

# I,QP. *)'+!0*;*9 !#,!0'+))76 * &(P.)76 !4+5!0' *)'+!0#4(, )+#,6#5*.79 

5$- 4+($*&(;** "4#+20( * 54. 

2/"76"4%!'CG%": 

.*)*.<. *)0+/4($%)76 &(04(0 )( !04#*0+$%!0'# * 32!"$<(0(;*= !*!0+. 

3)+4/##,+!"+1+)*- "4#+20*4<+.#/# .*24#4(9#)(. 

E4#.+ 0#/# !$+5<+0 )+ &(,7'(0%, 10# 5$- ,#$%?*)!0'( @ M 6(4(20+4)7 )*&2(- 

"$#0)#!0% 3)+4/+0*1+!2*6 "#0#2#', ( 0(28+ )+4+/<$-4)#!0% * &('*!*.#!0% #0 

"#/#5)76 <!$#'*9. @ "#5#,)#9 !*0<(;** &)(1*0+$%)#9 "4#,$+.#9 !#&5()*- 

3AA+20*')76 ('0#)#.)76 3)+4/#<!0()#'#2 )( #!)#'+ @ M -'$-+0!- "4#,$+.( 

(22<.<$*4#'()*- 3)+4/**. 

B4* 4+?+)** &(5(1 "#5#,)#/# 4#5( #,71)# *!"#$%&<+0!- !$#8)79 * /4#.#&52*9 

.)#/#'(4*()0)79 "#56#5, 2#0#479 &(2$=1(+0!- ' "+4+,#4+ )+*!1*!$*.#/# 

2#$*1+!0'( 2#.,*)(;*9 4(&$*1)76 *!0#1)*2#' 3)+4/**, '7,#4+ !##0'+0!0'<=>+/# 

#,#4<5#'()*- * )+#,6#5*.#!0* <1+0( .)#8+!0'( A(20#4#'.  

F# 30# 0+#4*-, )( "4(20*2+ 8+ '!+ &)(1*0+$%)# <"4#>(+0!- * !'#5*0!- 2 ()($*&< 

)+!2#$%2*6 )(*,#$++ #1+'*5)76 !#1+0()*9, 10# &('+5#.# '+5+0 2 !#&5()*= !*!0+.7, 

32#$#/#-32#)#.*1+!2(- 3AA+20*')#!0% 2#0#4#9 5($+2( #0 .(2!*.($%)#-'#&.#8)#9 

"4* 5())#. )(,#4+ *!6#5)76 "(4(.+04#'. 

H$%0+4)(0*'#9 4(!!.#04+))#.< "#56#5< .#8+0 !$<8*0% "4*.+)+)*+ 32#)#.*2#-

.(0+.(0*1+!2*6 .+0#5#' * .#5+$+9, !<>+!0'+))# "#'7?(=>++ 3AA+20*')#!0% 

"4*)-0*- 4+?+)*9. 

@ !*$< !"+;*A*1)#!0* * !$#8)#!0* #,Q+20( *)'+!0*;*9 .(0+.(0*1+!2#+ #"*!()*+ 

'7,#4( )#'76 /+)+4*4<=>*6 .#>)#!0+9 "4+5!0('$+)# ' '*5+ !*!0+.7 $*)+9)76 * 

)+$*)+9)76 <4(')+)*9 * )+4('+)!0' ,#$%?#9 4(&.+4)#!0* ! 1(!0*1)#-

;+$#1*!$+))7.* "+4+.+))7.*, 10# "#&'#$-+0 !'+!0* *!6#5)<= &(5(1< 2 &(5(1+ 

$*)+9)#/# 1(!0*1)#-;+$#1*!$+))#/# "4#/4(..*4#'()*-, /5+ ' 2(1+!0'+ 24*0+4*- 

3AA+20*')#!0* "#$<1(+.#/# 4+&<$%0(0( '7!0<"(+0 .*)*.<. *)0+/4($%)76 &(04(0 )( 

!04#*0+$%!0'# * 32!"$<(0(;*= !*!0+. 3)+4/##,+!"+1+)*- "4#+20*4<+.#/# 

.*24#4(9#)( (A<)2;*#)($). 

GA#4.<$*4#'())(- "#5#,)7. #,4(&#. &(5(1( "4* )($*1** )("#$)+))#9 

2#)24+0)#9 *)A#4.(;*+9 .#5+$* .#8+0 ,70% 4+?+)( ! "4*.+)+)*+. !"+;*($%)76 

"4#/4(..)76 "4#5<20#', #5)*. *& 2#0#476 -'$-+0!- "4#/4(..)79 2#."$+2! Xpress-

MP ,4*0()!2#9 A*4.7 Dash Optimization. 

K(2*. #,4(&#., 4(&4(,#0())79 ' 4+&<$%0(0+ F IEJ .+0#5 .#8+0 !$<8*0% 

<)*'+4!($%)7. *)!04<.+)0#. 5$- 4+?+)*- !$#8)76 *)'+!0*;*#))76 &(5(1 "# 

!#&5()*= ('0#)#.)76 !*!0+. 3)+4/#!)(,8+)*- ' 4(&)76 4+/*#)(6 !04()7, 2#0#479 ' 

2#4#02*9 !4#2 * ! .*)*.($%)7.* &(04(0(.* 4+!<4!#' "4* #5)#'4+.+))#. <1+0+ 

.)#8+!0'( 4(&$*1)76 A(20#4#' "#&'#$-+0 "#$<1(0% )+#,6#5*.7+ 4+&<$%0(07. E4#.+ 

0#/#, "4* ')+!+)** !##0'+0!0'<=>*6 2#44+20*'#' 5())(- .#5+$% .#8+0 

*!"#$%&#'(0%!- "4* "4#+20*4#'()** 3)+4/#!*!0+. 8*$76 2#."$+2!#' ! 

3)+4/#3AA+20*')7.* 5#.(.*. 

@ 2(1+!0'+ "$()*4<+.76 4+&<$%0(0#' *!!$+5#'()*- '7!0<"(=0: 
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1.  4(&4(,#0())7+ .(0+.(0*1+!2*+ .#5+$* 5$- 4+?+)*- &(5(1 ()($*&( * 

#"0*.*&(;** !6+. 5+;+)04($*&#'())#/# 3)+4/#!)(,8+)*- /4<""#'76 

.<)*;*"($%)76 "#04+,*0+$+9 #05($+))76 * 04<5)#5#!0<")76 4+/*#)#' ! 

*!"#$%&#'()*+. '#&#,)#'$-+.76 *!0#1)*2#' * )(2#"*0+$+9 3)+4/**; 

2. #"*!()*+ .+0#5#' 4+?+)*- 0(2*6 &(5(1 ! *!"#$%&#'()*+. 4(&4(,#0())76 

.(0+.(0*1+!2*6 .#5+$+9; 

3. 4+2#.+)5(;** "# '7,#4< !"+;*($*&*4#'())#/# "4#/4(..)#/# #,+!"+1+)*-, 

2#0#4#+ .#8+0 *!"#$%&#'(0%!- ' !*!0+.+ #"0*.*&(;** 4(&4(,#02* !6+. 

5+;+)04($*&#'())#/# 3)+4/##,+!"+1+)*- <5($+))76 * 04<5)#5#!0<")76 

3)+4/#"#04+,*0+$+9; 

4. #"*!()*+ !04<20<47 ,(&7 5())76, )+#,6#5*.76 5$- 4+?+)*- &(5(1 ()($*&( * 

#"0*.*&(;** '7,#4( !6+. 3)+4/#!)(,8+)*-; 

5. "4#+20 0+6)*1+!2#/# &(5()*- )( !#&5()*+ ('0#.(0*&*4#'())#9 !*!0+.7 5$- 

4+?+)*- &(5(1 ()($*&( * #"0*.*&(;** '7,#4( !6+. 5+;+)04($*&#'())#/# 

3)+4/##,+!"+1+)*- 3)+4/#"#04+,*0+$+9 )( #!)#'+ @ M. 

6. J+2#.+)5(;** "# 4(&4(,#02+ KMI )( !0(5** "4#+20*4#'()*- !6+. 

5+;+)04($*&#'())#/# 3)+4/##,+!"+1+)*- 3)+4/#"#04+,*0+$+9 )( #!)#'+ @ M. 

@ 2(1+!0'+ )(4#5)#-6#&-9!0'+))#/# 3AA+20( "#!$+ * ?*4#2#/# "4*.+)+)*- 

('0#.(0*&*4#'())#9 !*!0+.7 5$- 4+?+)*- &(5(1 '7,#4( 3AA+20*')76 !6+. 

5+;+)04($*&#'())#/# 3)+4/##,+!"+1+)*- "#04+,*0+$+9 )( #!)#'+ @ M ,<5<0 

'7!0<"(0%: 

  "#'7?+)*+ 0+6)*1+!2#9 * 32#)#.*1+!2#9 #,#!)#'())#!0* '7,#4( !6+. 

5+;+)04($*&#'())#/# 3)+4/#!)(,8+)*- )( #!)#'+ @ M; 

  !)*8+)*+ A*)()!#'76 &(04(07 )( "4#+20*4#'()*+, !04#*0+$%!0'# * 32!"$<(0(;*= 

!*!0+. 5+;+)04($*&#'())#/# 3)+4/#!)(,8+)*-; 

  32#)#.*- 2("*0($%)76 &(04(0 )( !#&5()*+ !*!0+. 3)+4/#!)(,8+)*-;  

  "#'7?+)*+ "4*'$+2(0+$%)#!0* "4#+20#' 5+;+)04($*&#'())#/# 3)+4/#!)(,8+)*- 

5$- "#0+);*($%)76 *)'+!0#4#'; 

  !)*8+)*+ !+,+!0#*.#!0* '74(,(07'(+.#9 3$+204*1+!2#9 * 0+"$#'#9 3)+4/**; 

  32#)#.*- *!2#"(+.76 #4/()*1+!2*6 0#"$*' * !)*8+)*+ &(04(0 )( *6 

"4*#,4+0+)*+; 

  !)*8+)*+ <4#')- &(/4-&)+)*- #24<8(=>+9 !4+57, (, !$+5#'(0+$%)#, * '+$*1*)7 

32#$#/#-32#)#.*1+!2#/# <>+4,(; 

  !#;*($%)#-32#)#.*1+!2*9 3AA+20 5$- )(!+$+)*-, '74(8(=>*9!- ' ,#$++ 

)(5+8)#. * "#$)#. 3)+4/#!)(,8+)** ! .+)%?*.* 32#)#.*1+!2*.* &(04(0(.*. 

J+&<$%0(07 4+?+)*- !A#4.<$*4#'())#9 &(5(1* .#/<0 ,70% 4+($*&#'()7 "<0+.:  

(1) J(&4(,#02*, )( #!)#'+ "4#+20( 0+6)*1+!2#/# &(5()*-, ('0#.(0*&*4#'())#9 

!*!0+.7 5$- 4+?+)*- &(5(1 '7,#4( 3AA+20*')76 !6+. 5+;+)04($*&#'())#/# 

3)+4/##,+!"+1+)*- "#04+,*0+$+9 ! *!"#$%&#'()*+. '#&#,)#'$-+.76 *!0#1)*2#' 

3)+4/**; 

(2) IA*;*($%)#/# !#/$(!#'()*- * <0'+485+)*- .+0#5*2* *!"#$%&#'()*- 

4(&4(,#0())#/# "4#/4(..)#/# * *)A#4.(;*#))#/# #,+!"+1+)*- 4(&4(,#02* * 

#"0*.*&(;** '7,#4( !6+. 5+;+)04($*&#'())#/# 3)+4/#!)(,8+)*- "#04+,*0+$+9 )( 

#!)#'+ @ M; 

 (3)  !"#$%&#'()*- * 0*4(8*4#'()*- 4(&4(,#0())76 .(0+.(0*1+!2*6 .+0#5#', 

.#5+$+9 * !#&5())#/# &(0+. "4#/4(..)#/# * *)A#4.(;*#))#/# #,+!"+1+)*- 

('0#.(0*&*4#'())#9 !*!0+.7 ' 2(1+!0'+ *)!04<.+)0( 5$- 3AA+20*')#/# 4+?+)*- 

"4(20*1+!2*6 &(5(1 "4#+20*4#'()*- 5+;+)04($*&#'())76 !*!0+. 3)+4/#!)(,8+)*- ' 

4(&$*1)76 4+/*#)(6 !04()7 ! *!"#$%&#'()*+. '#&#,)#'$-+.76 *!0#1)*2#' * 

)(2#"*0+$+9 3)+4/**. 
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56%7,. *%(")'(3)= 
 1. C#40#' @.U., B#"+$% I.G. M)+4/+0*2( ' !#'4+.+))#. .*4+. :#$/#"4<5)79:  &5(0+$%!2*9 

5#.   )0+$$+20!, 2011.  

2. N+&4<2*6 B.B., :+/0-4+' @.@., U$*!04(0#' @.@. * 54. G"4('#1)*2 "# 4+!<4!(. 

'#&#,)#'$-+.76 *!0#1)*2#' 3)+4/** J#!!** * .+!0)7. '*5(. 0#"$*'(. – D.:  HZ 

M)+4/*-, 2007. – 272 !. 

3. F*2#$(+' @.O. J+!<4!)#+ * 0+6)*2#-32#)#.*1+!2#+ #,#!)#'()*+ ?*4#2#.(!?0(,)#/# 

4(&'*0*- '+04#3)+4/+0*2* ' J#!!**. – D.: HKDIOJHC, 2011. – 504 !. 

4. http://www.gis-vie.ru/ 
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#>R:(,-O5-,(.:42@7,((28 3B5=(28 P(54+,3.:2(,912 (2 

,.(,95 O93.:,4,((7; T,:,P/51:47B5.17; -,O3/5? 

:$;<&' !.=.1, >.?&5&'$ !.4.1, @$#1/ 4.A.1, "$,$?&/#+ ).8.2,  .3$;5./ !.4.2, 
".B+' 4.C.2, A$, =.".2 
1- FMJ %ML !5,+42T7B5.1,+, T213/0:5:2 C!$ 7-. C.%.J,-,(,.,92 
2- #=U5O7(5((R? 7(.:7:3: 9R.,17; :5->542:34 6)F 
C,.192, 6,..78 

B4* "4#+20*4#'()** !#$)+1)76 3)+4/#<!0()#'#2 '(8)7. (!"+20#. -'$-+0!- 

4(!1+0 3)+4/+0*1+!2#/# ,($()!( 4(&4(,(07'(+.#9 !*!0+.7 * (5+2'(0)(- #;+)2( 

"4*6#5( !#$)+1)#9 4(5*(;** ' .+!0+ 4(!"#$#8+)*- <!0()#'2*. G"+;*($*!0(.* I @K 

JHF * O+#/4(A*1+!2#/# A(2<$%0+0( DOL *.. D.@. W#.#)#!#'( !#&5()7 

#0+1+!0'+))(- 2$*.(0*1+!2(- ,(&( 5())76, H0$(! 4+!<4!#' @ M ' JC [1, 2,] * '+5+0!- 

4(&4(,#02( /+#*)A#4.(;*#))#9 !*!0+.7 «@#&#,)#'$-+.7+ *!0#1)*2* 3)+4/**» [3]. 

G ;+$%= 5($%)+9?+/# 4(&'*0*- 4(,#0 "# O G, #;+)2* "4*.+)*.#!0* 5())76 O G 5$- 

"4#+20*4#'()*- ('0#)#.)76 !#$)+1)76 3)+4/#<!0()#'#2, 4(&4(,#02* * '+4*A*2(;** 

*)8+)+4)76 .+0#5*2 "4#+20*4#'()*- * 4(!?*4+)*- *!!$+5#'(0+$%!2#9 * <1+,)#9 

,(&7 ' 4(.2(6 !#04<5)*1+!0'( F W @ M DOL * I @K JHF 4(&4(,#0()( * 

*&/#0#'$+)( ('0#)#.)(- <1+,)#-5+.#)!04(;*#))(- 3)+4/#<!0()#'2( «C*($-1» ! 

"*2#'#9 .#>)#!0%= A#0#3$+204*1+!2*6 .#5<$+9 360 @0 ' DOL *.. D.@. W#.#)#!#'(, 

"#5/#0#'$+)( "4#/4(..( ++ #"70)#9 32!"$<(0(;** * $(,#4(0#4)76 4(,#0 )( ++ 

#!)#'+. @ 0+1+)*+ 2013 /. ,7$( !5+$()( "4#'+42( * #"+4(0*')(- .#5+4)*&(;*- 

!*!0+.7 .#)*0#4*)/( '76#5)76 6(4(20+4*!0*2 <!0()#'2* * .#)*0#4*)/( "(5(=>+9 

!#$)+1)#9 4(5*(;**. B4#'+5+)( '+4*A*2(;*- 5())76 "# *)!#$-;**, "#$<1+))76 ' 

32!"+4*.+)0+, ! 5())7.* .+0+##,!+4'(0#4** DOL * 4+&<$%0(0(.* .)#/#$+0)*6 

!"<0)*2#'76 )(,$=5+)*9 (,(&( 5())76 NASA SSE). 

@ 6#5+ #"70)#9 32!"$<(0(;** 3)+4/#<!0()#'2* ,7$* "#$<1+)7 "+4'7+ 5())7+ "# 

3)+4/+0*1+!2#.< ,($()!<, #;+)+) 2"5 !*!0+.7. @7-'$+)( "4#,$+.( 4(!!#/$(!#'()*- 

)("4-8+)*9 )( (22<.<$-0#4)#9 ,(0(4++, '2$=1(=>+9 ' !+,- 2 "#!$+5#'(0+$%)# 

!#+5*)+))76 (22<.<$-0#4( (12 @), 10# "4*'+$# 2 <!2#4+))#.< !0(4+)*= #5)#/# *& 

)*6. M0# #,!0#-0+$%!0'# &(!0('$-+0 &(5<.(0%!- # "4*.+)+)** !*!0+. ,($()!*4#'2* 

)("4-8+)*9, "#!2#$%2< "4#,$+.( 4(&,($()!*4#'2* 6(4(20+4)( 2(2 5$- $*0*9-*#))76 

,(0(4+9, 0(2 * 5$- !'*);#'#-2*!$#0)76 !*!0+.. 

:$- *!"#$%&#'()*- 3)+4/#<!0()#'2* ' <1+,)#. "4#;+!!+ "4+5$#8+) "4#+20 ;*2$( 

$(,#4(0#4)76 4(,#0. 
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 ,:,:54-7B5.175 1,//51:,4R (2 ,.(,95 3+/54,O(R; 

(2(,:43=,1, B39.:97:5/0(R; 1 142.7:5/V .,/(5B(R; 

=2:2458; 7 /7(N  45(5/8 

:$3.-+' D.)., )/$,2$&' ).=., >5E%&' @.=. 
M(.:7:3: P(54+5:717 7 29:,-2:717 )F 6$N, *2W15(:, $N=517.:2( 

I5)*.* *& )(*,#$++ "+4!"+20*')76 )("4('$+)*9 *!"#$%&#'()*- !#$)+1)#9 

3)+4/** -'$-=0!- "#$<1+)*+ 3$+204*1+!2#9 3)+4/** )( #!)#'+ A#0#3$+204*1+!2*6 

"4+#,4(&#'(0+$+9 * '74(,#02( 0+"$( )( #!)#'+ !#$)+1)76 '#5#)(/4+'(0+$+9 ("$#!2*+ 

*$* )( #!)#'+ '(2<<.*4#'())76 04<,#2). @ 0# 8+ '4+.- 5(8+ 30* !(.7+ 

"+4!"+20*')7+ !#$)+1)7+ 0+6)#$#/** #!0(=0!- ' #!)#')#. )+5#!0(0#1)# 

*!"#$%&#'())7.* ' L&,+2*!0()+ * 54</*6 !04()(6 GFO. K(2 5(8+ !(.7+ 3AA+20*')7+ 

'(2<<.)7+ 04<,1(07+ !#$)+1)7+ '#5#)(/4+'(0+$* *.+=0 0(2*+ )+5#!0(02*, 2(2 

)+"#$)#+ *!"#$%&#'()*+ "$#>(5* !#$)+1)#/# 2#$$+20#4( * !'-&())(- ! 30*. '7!#2(- 

!0#*.#!0% !#$)+1)#/# 2#$$+20#4(. 

@ 30#. "$()+ '!+ ,#$%?++ ')*.()*+ "4*'$+2(=0 2#.,*)*4#'())7+ 

A#0#0+4.*1+!2*+ <!0()#'2* )( #!)#'+ !#$)+1)76 A#0#3$+.+)0#' * '#5#)(/4+'(0+$+9. 

I5)(2# 5$- "#'7?+)*- 3AA+20*')#!0* 0(2*6 !*!0+. )+#,6#5*.( 2#);+)04(;*- 

!#$)+1)#/# *&$<1+)*-. 

J+?+)*+. 30*6 "4#,$+. -'$-+0!- 4(&4(,#02( A#0#0+4.*1+!2#/# 2#$$+20#4( (CKE), 

'2$=1(=>+/# !0(;*#)(4)7+ $*)&7 *$* &+42($( C4+)+$- (WWC), '(2<<.*4#'())7+ 

04<,1(07+ 0+"$#"4*+.)*2* !# '!04#+))7.* ' )*6 0'+45#0+$%)7.*, 1<'!0'*0+$%)7.* 

2 24(!*0+$-. !#$)+1)7.* -1+92(.* (KK-YECX). K(2(- !*!0+.( "#2(&7'(+0 

&)(1*0+$%)79 "4#/4+!! "# !4(')+)*= ! !<>+!0'<=>*.* !#$)+1)7.* 

'#5#)(/4+'(0+$-.*, 0.2. ,#$%?(- 1(!0% '(2<<.)#/# 04<,1(0#/# 2#$$+20#4( #!0()+0!- 

)+*!"#$%&#'())#9 )( !#$);+. K(2*. #,4(&#., 04+,<+0!- 4(&4(,#02( /*,2*6 

1<'!0'*0+$%)76 2 24(!*0+$-. !#$)+1)76 -1++2 5$- "#2470*- *&)<04* * / *$* !)(4<8* 

!#$)+1)#/# 2#$$+20#4(. M0# "#&'#$*0 !#24(0*0% #,><= !0#*.#!0% !#$)+1)76 

3$+.+)0#', 0(2 2(2 !#$)+1)79 '#5#)(/4+'(0+$% ,<5+0 *!"#$%&#'(0%!- 2(2 #!)#'( 

#,#4<5#'()*-, 30# !5+$(+0 +/# ,#$++ 5+?+'7. 5$- "#04+,*0+$-. 

 

;%73$,. 1. K'+45#0+$%)(- 1<'!0'*0+$%)(- 2 24(!*0+$-. !#$)+1)(- -1+92( (KK-YEGX) )( 
)(4<8)#9 "#'+46)#!0* *$* *&)<04* ')+?)+/# ;*$*)54*1+!2#/# !0+2$( 
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E(2 '*5)# )( 4*!<)2+ 1, KK-YEGX -'$-+0!- "#$<"4#&4(1)7., +!$* "#!0('*. 

&+42($# C4+)+$- "+4+5 -1+92#9, !'+0 ,<5+0 "#/$#>(0%!- ! #,+*6 !0#4#) !0+2$-))#/# 

;*$*)54(. U!$* KK-YEGX ,<5+0 ')<04* )(4<8)#9 04<,7, -1+92( ,<5+0 )(6#5*0%!- ' 

'(2<<.+, 30# "4#5$*0 !4#2 !$<8,7 KK-YEGX ' !#$)+1)#. 2#$$+20#4+. G#$)+1)7+ 

!+$+20*')7+ "#2470*- '7"#$)-=0 A<)2;*= &(6'(0( A#0#)#', "4+#,4(&#'()*- *6 ' 

0+"$#, )(2("$*'(- 0+"$# * "+4+5('(- *6 )( )<8)<= "#'+46)#!0%. :$- (,!#4,+4( 

"+4!"+20*')# *!"#$%&#'()*+ 2#."#&*0)#/# "#2470*- )( #!)#'+ </$+4#5)76 

)()#04<,#2 (LFK), 2#0#47+ #1+)% ,$*&2* 2 (,!#$=0)# 1+4)#.< 0+$<, 10# 5+$(+0 *6 

*5+($%)7.* 5$- "#/$#>+)*- !#$)+1)#/# *&$<1+)*- * .#/<0 <!"+?)# *!"#$%&#'(0%!- 

5$- A#4.*4#'()*- 2#."#&*0)76 !$#+' ! 4(&)7.* )("#$)*0+$-.*. @(8)+9?*. 

2#."#)+)0#. "4+5$(/(+.#9 !#$)+1)#9 -1+92* -'$-+0!- !#!0#->*9 *& "#$#!#2 LFK 

"4#&4(1)79 3$+204#5. F()#!04<20<4*4#'())7+ .(0+4*($7 4(!!.(04*'(=0!- 2(2 

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

3AA+20*')#/# '#&#,)#'$-+.#/# *!0#1)*2( 3)+4/** )( #!)#'+ !#$)+1)#9 3)+4/**. 

B4+5$(/(+.(- &(.+)( (,!#4,+4( ' 2(1+!0'+ 2#0#4#9 #,71)# "4*.+)-=0!- "#2470*-, 

)( #!)#'+ !$#8)76 .+0($$*1+!2*6 2#."#&*;*9 "#&'#$-+0 <"4#!0*0% 0+6)#$#/*= 

*&/#0#'$+)*- 04<,#2 * 0(2*. #,4(&#. !<>+!0'+))# !)*&*0% !0#*.#!0% CKE. E4#.+ 

0#/# 2#);+)04(;*- "#&'#$-+0 3AA+20*')# '2$=1(0% ' !#!0(' '(2<<.*4#'())#9 04<,2* 

CKE A#0#3$+204*1+!2*+ -1+92* *& 0'+45#0+$%)76, 1<'!0'*0+$%)76 2 24(!*0+$-. 

!#$)+1)76 -1++2 (KK-YECX), 4(!"#$(/(+.7+ )( +P ')<04+))+9 *$* ')+?)+9 

"#'+46)#!0*. 

J(&4(,#0())(- ' K+6(!!2#. L)*'+4!*0+0+ ' :($$(!+ * $*;+)&*4#'())#9 ' Solarno, 

LFK '74(>*'(=0!- )( "#247076 8+$+&#. 24+.)*+'76 "#5$#82(6 .+0#5#. 

6*.*1+!2#/# #!(85+)*- *& "(4#'#9 A(&7 (CVD) ' '*5+ «$+!(» [1].  

 B4#;+!! !24<1*'()*- $+/2# "4*.+)*0% 5$- !+$+20*')#/# "#2470*- *& 

</$+4#5)76 )()#04<,#2 * ,#$%?+ 1+. 98% .(!!#'#9 5#$* 2#."#&*0)#/# .(0+4*($( 

.#8)# 5#,('*0% 2 "#$#!< *& </$+4#5)76 )()#04<,#2. K(2*. #,4(&#., .#8)# 

*!2$=1*0% *&$<1(0+$%)<= "4#,$+.< &( !1+0 5#,('$+)*- .(0+4*($#', 0(2*6 2(2 

!0+2$-))7+ .*24#!A+47 )( ')+?)*9 !$#9, 2#0#479 .#8+0 "4*'+!0* 2 &)(1*0+$%)7. 

"#/$#>+)*-. 5($%)+/#  E *&$<1+)*-. @2$=1+)*+ 2 !0+2$-))#.< *)0+4A+9!< !$#- 

/4(A+)( "4+5"#$#8*0+$%)# .#8+0 <$<1?*0% 0+"$#"4#'#5)#!0%. 

B4+5$(/(+.7+ 4+?+)*- * *!!$+5#'()*+ !0(;*#)(4)76 2#);+)04(0#4#' )( #!)#'+ 

$*)& *$* &+42($ C4+)+$-, (,!#4,+4#' )( #!)#'+ </$+4#5)76 )()#04<,#2 * /*,2*6 

1<'!0'*0+$%)76 2 24(!*0+$-. !#$)+1)76 -1++2 "#&'#$-0 !#&5(0% )#'<= ,#$++ 

3AA+20*')<=, 2#."(20)<= * 5+?+'<= <!0()#'2< 5$- 2#/+)+4(0*')#9 '74(,#02* 

3$+204*1+!2#9 * 0+"$#'#9 3)+4/**.  

@ "#!$+5)*+ /#57 <!*$*- *!!$+5#'(0+$+9 )("4('$+)7 )( ,#$++ "#$)#+ 

!#/$(!#'()*+ 6(4(20+4*!0*2 2#);+)04(;** ! 6(4(20+4*!0*2(.* "4*+.)*2(- 

"4+#,4(&#'(0+$-. :$- 30#/# )+#,6#5*.( 4(&4(,#02( ,#$++ "#$)76 .#5+$+9 

2#);+)04(;** !#$)+1)#/# *&$<1+)*-. K(2, )("4*.+4, "4#'+5+))7+ )(.* *!!$+5#'()*- 

"#2(&($*, 10# ' !#$)+1)76 !0();*-6 ! "(4(,#$#;*$*)54*1+!2*.* 2#);+)04(0#4(.* 

4+($%)79 <4#'+)% 2#);+)04(;** !#!0('$-+0 #2#$# 25 (0+#4+0*1+!2* 100) [2], ( #,>*9 

2"5 !*!0+.7 2#);+)04(0#4-"4*+.)*2 )+ "4+'7?(+0 0.5 (0+#4+0*1+!2*9 )( <4#')+ 0.9).  
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;%7.2. G6+.( (,) 2 4(!1+0< 2#);+)04*4<=>*6 6(4(20+4*!0*2 !*!0+.7 W*)&( C4+)+$- – 
#"0*1+!2(- !4+5( (FL-L). 

@ )(!0#->++ '4+.- '7-!)-+0!-, 10# "(4(.+047 WWC 5$- 2#);+)04(;** !#$)+1)#/# 

*&$<1+)*- 5#$8)7 4(&4(,(07'(0%!- )( 04+,#'()*-6 #0$*1)76 #0 "4+5Q-'$-+.76 2 

)*. ' #"0*2+ *&#,4(8+)*9, ( *.+))# #,+!"+1+)*- 04+,<+.#/#, #,71)# 4(')#.+4)#/# 

4(!"4+5+$+)*- 2#);+)04*4#'())#/# !#$)+1)#/# "#0#2( )( "4*+.)*2+ [2]. @ 

!#$)+1)76 .*24#.#5<$-6 !1*0(+0!-, 10# #"0*1+!2*9 2"5 )(6#5*0!- )( <4#')+ 0.9, ' 

0# '4+.- 2(2 )(?* *!!$+5#'()*- "#2(&($*, 10# #) ' )(!0#->++ '4+.- )+ "4+'7?(+0 

0.65 [3].  

F( 4*!. 3 "4*'+5+)7 !4+5)*+ 2#);+)04(;** )( "$#!2#. "4*+.)*2+ 24</#'#9 $*)&7 

C4+)+$- (FL) 0#1)#9 ($=0) * )+0#1)#9 ($=8') [3]. 
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;%7.3. G4+5)*+ )( "$#>(52(6 4(&.+4(.* (6(. 2#);+)04(;** ' A#2($%)#9 "$#!2#!0* !*!0+.7 FL-
L "4* n = 1 * 1.33, 5$- 0#1)#9 (() * )+0#1)#9 (,) $*)&7 C4+)+$- FL. 

E(2 '*5)#, 2#/5( A#0#3$+.+)0 )(6#5*0!- )( '#&5<6+, .(2!*.($%)(- !)*.(+.(- 

.#>)#!0% !#!0('$-+0 #2#$# 0.671m@0, ( ' '#5+, "4* 0+6 8+ 4(!!0#-)*-6 .+85< 

*!0#1)*2#. * A#0#3$+.+)0#. <8+ #2#$# 1.53m@0, *$* *.++. <'+$*1+)*+ "#0#2( )( 

"4*+.)*2+ "#10* ' 2.3 4(&(. L'+$*1+)*+ '76#5)#9 .#>)#!0* A#0#3$+.+)0( ' 

#"0*1+!2#9 !4+5+ 0(28+ "4#*!6#5*0 '!$+5!0'*+ <2(&())76 '7?+ A(20#4#' - 

"+4+4(!"4+5+$+)*+ "#0#2( *&$<1+)*- [3], <'+$*1+)*+ -42#!0* *&$<1+)*-, ( 0(28+, 
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<.+)%?+)*- "#0+4% #04(8+)*+. )( /4()*;+ !4+5( – A#0#3$+.+)0 (0+#4+0*1+!2*, 

<'+$*1+)*+ "$#0)#!0* *&$<1+)*- ' '#5+ )+ .#8+0 ,70% ,#$%?+ 1.76 4(&(). 

M2!"+4*.+)0($%)7+ *!!$+5#'()*- 5$- !$<1(- .)#/#!$#9)#9 #"0*1+!2#9 !4+57 0(28+ 

"#2(&($* <'+$*1+)*+ !4+5)+9 "$#0)#!0* "#0#2( *&$<1+)*-.  

B#$+ 2#);+)04(;** ' 32!"+4*.+)0+ *.*0*4#'($#!% 4(!"4+5+$+))7. *!0#1)*2#. 

*&$<1+)*- ! </$#'7.* 4(&.+4(.* "#4-52( 10 </$. /4(5, ( ' 2(1+!0'+ #"0*1+!2#9 !4+57 

*!"#$%&#'($(!% '#5(. @ 2(1+!0'+ A#0#"4*+.)*2( *!"#$%&#'($* A#0#3$+.+)0, 

*&/#0#'$+))79 ' #5)#. *& *)!0*0<0#' HF JL&. F( 4*!.4. "4*'+5+)7 BAX 30#/# 

A#0#3$+.+)0( )( '#&5<6+ (() * ' '#5+ (,) "4* #5*)(2#'#. 4(!!0#-)** .+85< 

*!0#1)*2#. * A#0#3$+.+)0#..  
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;%7.4. @H\ A#0#3$+.+)0( )( '#&5<6+ (() * ' '#5+ (,) "4* #5*)(2#'#. 4(!!0#-)** .+85< 
*!0#1)*2#. * A#0#3$+.+)0#.. 

 K(2*. #,4(&#., *!"#$%&#'()*+ #"0*1+!2*6 !4+5 ' 2#);+)04(0#4)76 !#$)+1)76 

A#0#3$+204*1+!2*6 <!0()#'#2 (GCML) "#&'#$-+0 <.+)%?*0% 4(&.+47 A#0#3$+.+)0( ' 

1,5-1,7 4(&(, "4* #5)#9 * 0#9 8+ .#>)#!0* GCML, 10# "#&'#$-+0 ' ;+$#. <$<1?*0% 

32#)#.*1+!2*+ 6(4(20+4*!0*2* 2#);+)04(0#4)76 GCML. 

 J(&4(,#0())7+ .+0#5*2* 4(!1+0( 2#);+)04(;** ' 0#1+1)76 2#);+)04(0#4(6 * 

$*)&(6 C4+)+$- ! <1+0#. #!)#')76 A(20#4#', '$*-=>*6 )( #"0*1+!2*9 2"5, ( 0(28+ 

4(!1+0)# * 32!"+4*.+)0($%)# "#$<1+))7+ 4+&<$%0(07 <'+$*1+)*- "$#0)#!0* 

!#$)+1)#/# *&$<1+)*- ' #"0*1+!2#9 !4+5+ "4+5"#$(/(+0!- *!"#$%&#'(0% "4* 

4(&4(,#02+ WWC. 

 :())#+ 0+6)*1+!2#+ 4+?+)*+ "#&'#$-+0 2#/+)+4(0*')# '74(,(07'(0% 0+"$#'<= * 

3$+204*1+!2<= 3)+4/**. B4*.+)+)*+ ' CKE 2#);+)04(0#4( ' '*5+ WWC ! 

2#);+)04(;*+9 !#$)+1)#/# *&$<1+)*- ' 3-5 4(& "#&'#$*0 "#'7!*0% 3AA+20*')#!0% 2(2 

A#0#3$+204*1+!2#9, 0(2 * 0+"$#'#9 1(!0*. E4#.+ 0#/#, "4*.+)+)*+ $*)+9)76 &+42($ 

* $*)& C4+)+$- "#&'#$-+0 0(28+ <.+)%?*0% 2#$*1+!0'# '(2<<.*4#'())76 04<,#2 )( 

+5*)*;< "#'+46)#!0* CKE !##0'+0!0'+))# ' 3-5 4(&. 

56%7,. *%(")'(3)= 
1. M. Zhang, S. Fang, A. A. Zakhidov, S. B. Lee, A. E. Aliev, C. D. Williams, K. R. Atkinson, and 

R. H. Baughman, Science 309, 1215 (2005). 

2. B.M.Abdurakhmanov, Sh.K.Akbarov, A.I.Anarbaev, U.A.Tadzhiev, R.A.Zakhidov. A 

photoelectric station with two-axis sun tracking.//Applied Solar Energy. September 

2007,Volume 43, Issue 3, pp 140-143. 

3. Sh.I.Klychev, R.A.Zakhidov, R. Khuzhanov, Z. Sh. Klychev, F. Mukhtarov, Z. Aminov, 

S.A.Orlov, F.Turgunov. Modeling and calculation of energy characteristics of the solar 

radiation linear concentrators. //Applied Solar Energy. October 2012, Volume 48, Issue 4, pp. 

269-274   
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#>R: P1.>/32:2@77 :45;T2N(,? +7=47O(,? 

T,:,P/51:47B5.1,? P(54+,3.:2(,917 9 VQ(R; 45+7,(2; 

6  

=,3$  .!.1, "#$%&'(#) *.+.2, ,'-#./% !.*.2 
1    !"#$ «%&'()!%*», +. ),-.,/-01-2,03, ),--45 
267089 013:089 ;<0.= )>&, +. ),-.,/-01-2,03, ),--45 

 !"# $%!&'()*"+!,-.- &-/")&) 0)/"12)!('+ * )3)"40! %!05"#()(-* 6/'$"5)()744 
(%!89)03-: .4;%4&3-: 9-(-6"!/(%42!'/-: 63!%.-5'()3-*/4 3-,43)"#3-: ,-<3-'(#1 
7,2 /=(, 5'()3-*"!33-: * 2)'(3-, &-,-*")&!344 * .. >-*-2!%/)''/!, &!,-3'(%)744 
699!/(4*3-'(4 !! 4'$-"#0-*)34+, * (-, 24'"! $%4*-&+('+ -'3-*3?! 9)/(-%?, 
'&!%@4*)1<4! $-"52!34! ,)/'4,)"#3-: -(&)24 -( '-"3!23-: '()3744. A-"52!33?! 
%!05"#()(? ,-.5( ;?(# 4'$-"#0-*)3? $%4 $%-!/(4%-*)344 4 '(%-4(!"#'(*!, /)/ ,)"?8 
63!%.-5'()3-*-/ &"+ 2)'(3?8 &-,-*")&!34: 4 /-((!&@!:, ()/ 4 $%4 $%-!/(4%-*)344 
;-"!! /%5$3?8 '-"3!23?8 6"!/(%-'()374:.  
A%!&'()*"!33)+ 9-(-6"!/(%42!'/)+ 63!%.-5'()3-*/) '-'(-4( 40 36 '-"3!23?8 

,-&5"!: KV-200/24M (BBB «C*)0)%», D/%)43)), (%!8 '!(!*?8 43*!%(-%-* SB-5000 
TL, (%!8 *3!E3!'!(!*?8 43*!%(-%-* SI-6048 TB, ;"-/) $%!&-8%)34(!"!: BatFuse-B.01 
(SMA, F!%,)34+), 12 )//5,5"+(-%-* SPG 12-200 (Sunlight, F%!74+), 5'(%-:'(*) 
'!(!*-.- ,-34(-%43.) WebBox 4 $-.-&3-: '()3744 SensorBox 324 (SMA, F!%,)34+) 
&"+ ,-34(-%43.) $-.-&3?8 5'"-*4: 4 43'-"+744. 
B'3-*3?! (!8342!'/4! $)%),!(%? '-"3!23-: 63!%.-5'()3-*/4: 3-,43)"#3)+ 

,-<3-'(# – 7,2 /=(; '!(# $-(%!;4(!"+ – (%!89)03)+, ,)/'4,)"#3)+ ,-<3-'(# 3).%50/4 
*'!: '4'(!,? - 6,9 /=(; * %)'2!(! 3) -&35 9)05 – 2,3 /=(; %)'2!(3-! *%!,+ 
%!0!%*4%-*)34+ 63!%.44 &"+ 3).%50/4 4 /=( - 4 2.; %!0!%*4%-*)34! $- ,-<3-'(4 ($%4 
."5;43! %)0%+&/4 3! ;-"!! 70%) 16 /=(á2; 9)/(42!'/)+ ,!'+23)+ *?%);-(/): +3*)%# – 
64 /=á2., 9!*%)"# - 75 /=(á2., ,)%( - 547 /=(á2., )$%!"# – 706 /=(á2., ,): – 708* /=(á2. 
(* - '5(-23?: $4/ *?%);-(/4 3! $%!*?E)" 3 /=( 40-0) -('5('(*4+ '--(*!('(*51<!: 
3).%50/4 4 *-0,-@3-'(4 $!%!&)24 * 7!3(%)"#351 '!(#). 
G-(-6"!/(%42!'/4! $)3!"4 63!%.-5'()3-*/4 %)0&!"!3? 3) (%4 .%5$$? $- 12 E(. 3) 

/)@&51 9)05 4 5'()3-*"!3? 3) '$!74)"#3?! -$-%? ' %!.5"4%5!,?, 5."-, 3)/"-3). 
G-(-)/(4*3)+ $-*!%83-'(# 9-(-6"!/(%42!'/48 $%!-;%)0-*)(!"!: -;%)<!3) '(%-.- 3) 
1@351 '(-%-35. = 0)*4'4,-'(4 -( '!0-3) 5.-" 3)/"-3) 9-(-$%!-;%)0-*)(!"!: ,-@!( 
40,!3+(#'+. =!'3-: 4 "!(-, -$(4,)"#3?: 5.-" 3)/"-3) &"+ %)'',)(%4*)!,-: -;")'(4 
'-'()*"+!( 45°, -'!3#1 4 04,-: - 60°. D.-" -('24(?*)!('+ -(3-'4(!"#3- 5%-*3+ 0!,"4. 
D'(%-:'(*- ,-34(-%43.) *?%);-(/4 4 $-(%!;"!34+ 6"!/(%-63!%.44 WebBox 
$-'()*"!3) *- *'!,4%351 '!(# 3) Sunnyportal 4 *!&!( $-"3?: 52!( %);-(? 
9-(-6"!/(%42!'/-: 63!%.-5'()3-*/4 3)243)+ ' 9!*%)"+ 2014 .-&).  
A%!&'()*"!3? %!05"#()(? )3)"40) &)33?8 «*?%);-(/)/$-(%!;"!34!» 

6"!/(%-63!%.44 .4;%4&3-: (%!89)03-: 9-(-6"!/(%42!'/-: 63!%.-5'()3-*/4 
,-<3-'(#1 7.2 /=(, 5'()3-*"!33-: * .. >-*-2!%/)''/!. G-(-6"!/(%42!'/4! $)3!"4 
'.!3!%4%-*)"4 0) %)'',)(%4*)!,?: $!%4-& 3)243)+ ' 9!*%)"+ 2014 .-&) - 2394,7 /=(á2 
6"!/(%-63!%.44. A4/ '5(-23-: .!3!%)744 &-'(4. 38,7 /=(á2, ,434,5, - 3,5 /=(á2.. 
D'()3-*"!3-, 2(- $%)/(42!'/4 *'+ '5(-23)+ $-(%!;3-'(# * 6"!/(%-63!%.44, 
%)'',)(%4*)!,-.- &-,-*")&!34+ $-/%?*)")'# 9-(-6"!/(%42!'/-: 63!%.-5'()3-*/-:. 
A-/)0)3) 7!"!'--;%)03-'(# 4 6/-3-,42!'/)+ *?.-&) -( 4'$-"#0-*)34+ 
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43&4*4&5)"#3-: 9-(-6"!/(%42!'/-: 63!%.-5'()3-*/4. A%4 3)"4244 0)/-3-&)(!"#3-: 
;)0? * HG, %)'',)(%4*)!,)+ 9-(-6"!/(%42!'/)+ 63!%.-'4'(!,) ,-.") ;? $-'()*4(# * 
7!3(%)"40-*)3351 '!(# 3! ,!3!! 1,5 I=( 3! 4'$-"#05!,-: 6"!/(%-63!%.44 (-"#/- 0) 
$!%*?! 6 ,!'+7!* 6/'$"5)()744. 
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A-.10,/I4 01 '%G JK5 =<L<045 I,0I=<.08M N<-.08M O1J1: 

0'$'/%)  .1. 
 >  «G&%&», +. ?,-I/1, ),--49-I15 D<J<=1;45 

= BJB «K>L>» %)0%);-()3?, '/-3'(%54%-*)3? 4 '-0&)3? 5'()3-*/4 3) 
'-"3!23-: 4 .!-(!%,)"#3-: 63!%.44 &"+ %!E!34+ /-3/%!(3?8 %!.4-3)"#3?8 $%-;"!,. 
D'()3-*/4 $-0*-"+1( 0)/)24*)(# *-&5 40 4'(-234/-* 4"4 /-"-&7!* %)0"423-: 
."5;43? (&- 20 , 4 ;-"!!) ' %)0"423?,, * (.2. -2!3# ,)"?, %)'8-&-,, $%42!, /)/ 
24'(51 *-&5, ()/ 4 *-&5 ' 2)'(47),4 4"4 %)''-", 4 $-&)*)(# $-(%!;4(!"1 $)% 4"4 
3).%!(51 *-&5 &"+ (!$"-- 4 .-%+2!.- *-&-'3);@!34+ * ,!'()8, 5&)"!33?8 -( 
7!3(%)"40-*)33-.- *-&--, (!$"-- 4 63!%.-'3);@!34+. B;<4, * 6(48 5'()3-*/)8 ;?"- 
4'$-"#0-*)34! '(%5:3?8 3)'-'-*-43@!/(-%-* %)0"423-: /-3'(%5/744 4 3)03)2!34+ * 
/)2!'(*! *)/55,3-.- 4 3).3!()(!"#3-.- 3)'-'-*, /-3&!3')(-%) 4 (!$"--;,!334/)  
M"+ %)0%);-(/4 ,!(-&) %)'2!() 43@!/(-%-* 4 5/)0)33?8 5'()3-*-/, 3)%+&5 ' 

(!-%!(42!'/4,4 $%-%);-(/),4, $%-*!&!3? ");-%)(-%3?! 4 3)(5%3?! 4'$?()34+ 48 
6"!,!3(-* 4 4052!3? $%-7!''? * 348 ' 7!"#1 5"52E!34+ 48 8)%)/(!%4'(4/. H);-() 
5'()3-*-/ ;?") -$%-;-*)3) 4 '-*!%E!3'(*-*)")'# 3) ");-%)(-%3?8 '(!3&)8, ) 0)(!, 
* 3)(5%3?8 5'"-*4+8 * C%?,5 (3) (!%%4(-%44 NKN-5), * I)8)2/)"! (M).!'()3), 
O58)%!, P3.4-Q"! 4 G!%.)3! (D0;!/4'()3) 4 3) ;%-'-*?8 '/*)@43)8 F!-RKN 
A)5@!('/-.- .!-(!%,)"#3-.- ,!'(-%-@&!344, $-'"! 2!.- ;?"4 '-0&)3? 4 5'$!E3- 
6/'$"5)(4%-*)"4'# '-"3!23)+ 5'()3-*/) * G!%.)3! 4 .!-(!%,)"#3)+ 5'()3-*/) 3) 
A)5@!(/! (C),2)(/)). = %!05"#()(! ;?"4 ()/@! %)0%);-()3? %)0"423?! '8!,? 
5/)0)33?8 5'()3-*-/ &"+ ,3-.-953/74-3)"#3-.- 4'$-"#0-*)34+, */"12)+ 7!"4 
-$%!'3!34+, 0)<4(? -/%5@)1<!: '%!&?, '34@!34+ ,43!%)"40)744 $-&)*)!,-: 
$-(%!;4(!"1 @4&/-'(4, $-*(-%3-: 0)/)2/4 (%!43@!/744) %)''-") * $")'( 
,!'(-%-@&!34+ 4 (.&., (.!. &"+ %!E!34+ /-3/%!(3?8 -'3-*3?8 (*-&-$-&S!, - 
(!$"-'3);@!34!) 4 '-$5('(*51<48 0)&)2 3) ,!'(!. 
C ()/4, 0)&)2),, %!E!33?, $5(!, 4'$-"#0-*)34+ .!-(!%,)"#3-: 5'()3-*/4, 

-(3-'+('+: 0),!3) 3!&-".-*!23?8 4 .%-,-0&/48 6"!/(%-3)'-'-* &"+ ).%!''4*3?8 '%!& 
'(%5:3?,4 *)/55,3--3).3!()(!"#3?,4 3)'-'),4; '34@!34! ,43!%)"40)744 %)''-"-* 
* 3-4 %)0), 2(- &!")!( 48 '--(*!('(*51<4,4 ,!&4743'/4, 3-%,),; *-0,-@3)+ $-&)2) 
%)''-"-* * )$$)%)(? &"+ 40*"!2!34+ 40 348 7!33-.- '?%#+, 4'/"12!34! *-0&!:'(*4+ 
$)%) 4 %)''-") $-'"! ;%-'-*?8 '/*)@43 3) -/%5@)1<51 '%!&5 4 (.&.  
>) '-"3!23-: 5'()3-*/! ' $)%);-"-74"43&%42!'/4,4 /-37!3(%)(-%),4 (A C) 

5'$!E3- %!E!3? *-$%-'? 1'(4%-*/4 -$(42!'/-: '4'(!,? $5(!, 4'$-"#0-*)34+ 
(%-'-*, %)'(+@!/ 4 ;-"(-*; -$(4,)"#3-.- %)0,!<!34+ 4 -8")@&!34+ 
9-(-6"!/(%42!'/48 6"!,!3(-* 3) $%4!,34/! A C; 4'$-"#0-*)34+ )//5,5"+(-%-* &"+ 
$%-&"!34+ *%!,!34 -;'"5@4*)34+ $-(%!;4(!"+ $%4 3!&-'()(-23-, 4"4 
-('5('(*51<!, '-"3!23-, 40"52!344; '-*,!'(3-.- (.4;%4&3-.-) 4'$-"#0-*)34+ 
(!%,-&43),42!'/-.- 4 9-(-6"!/(%42!'/-.- ,!(-&-* $%!-;%)0-*)34+ 63!%.44; 
-$(4,)"#3-: /-3'(%5/744 *)/55,4%-*)33-.- $%4!,34/) 4 4'$-"#0-*)34+ *$%?'/) 
@4&/-'(4 2!%!0 -(*!%'(4+ 4 0)/%5(/4 &"+ -$(4,40)744 (!$"-- 4 ,)''-$!%!3-') * 3!, 
' 7!"#1 5"52E!34+ 8)%)/(!%4'(4/. 
H)'2!(? $-/)0)"4, 2(- * 5/)0)33?8 %):-3)8, 5&)"!33?8 -( 7!3(%)"40-*)33-.- 

'3);@!34+ (-$"4*-, 4 63!%.-'3);@!34+ 4 .&! *?'-/4 7!3? 3) 4'/-$)!,?! (-$"4*) 4 
()%49? 3) 6"!/(%-63!%.41, ()/4! 5'()3-*/4, * 2)'(3-'(4, ' 4'$-"#0-*)34!, ;%-'-*?8 
'/*)@43, -/)0?*)1('+ 699!/(4*3?,4 4 4,!1( ,)"?: '%-/ -/5$)!,-'(4.  
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P<=-Q<I.4/8 4-Q,KRO,/1045 N<.1KK,+4J=4J08M 

.<M0,K,+49 JK5 ,:4-.I4 /,J,=,J1, Q,K3:1<N,+, 

S4,K,+4:<-I4N Q3.<N 

0'2'/%) !.+., 345.%) 6. ., 67.5/%) 6.8. 
 ST<J40<0089 40-.4.3. /8-,I4M .<NQ<=1.3= )>&, ?,-I/1 

 !"#"$%" 

= (!2!34! $-'"!&348 &!'+(4"!(4: $-"52!34! *-&-%-&) ;4-"-.42!'/4,4 ,!(-&),4 
(«;4-*-&-%-&») *?0?*)!( 43(!%!' *- ,3-.48 '(%)3)8 * %),/)8 .-'5&)%'(*!33?8 
$%-.%),,), $- 5*!"42!341 &-"4 4'$-"#0-*)34+ *-0-;3-*"+!,?8 4'(-234/-* 
63!%.44, * (-, 24'"! 4 * H-''44 [1]. >)4;-"!! $!%'$!/(4*3?, '$-'-;-, $-"52!34+ 
«;4-*-&-%-&)» +*"+!('+ (!,3-*)+ 9!%,!3()74+, $%!4,5<!'(*),4 /-(-%-.- +*"+1('+ 
*-0,-@3-'(# 4'$-"#0-*)34+ * /)2!'(*! '5;'(%)() %)0"423?! -%.)342!'/4! -(8-&?, 
*?'-/)+ $- '%)*3!341 ' &%5.4,4 ,!(-&),4 $%-40*-&4(!"#3-'(# >2, 3!0)*4'4,-'(# -( 
'*!(-*-.- 40"52!34+, $-"52!34! 7!33?8 $-;-23?8 $%-&5/(-* [2]. B&3)/-, $%+,-! 
4'$-"#0-*)34! ;4-*-&-%-&) * 63!%.-5'()3-*/)8, 3)$%4,!%, * (-$"4*3?8 6"!,!3()8, 
3!*-0,-@3- 40-0) *?'-/-.- '-&!%@)34+ $%4,!'3?8 .)0-*, * -'3-*3-, NB2, 4 340/-.- 
$)%74)"#3-.- &)*"!34+ >2 [3]. A!%'$!/(4*3?,4 ,)(!%4)"),4 &"+ /-,$"!/'3-.- 
%!E!34+ $%-;"!, -24'(/4 4 $-*?E!34+ &)*"!34+ *-&-%-&) $!%!& 4'$-"#0-*)34!, * 
(-$"4*3-, 6"!,!3(! ,-.5( ;?(# '$")*? 340/-(!,$!%)(5%3?8 43(!%,!()""42!'/48 
'-!&43!34: (LIN) '!,!:'(*) LaNi5. N$")*? 6(-: .%5$$? -("42)1('+ *?'-/-: 
5'(-:24*-'(#1 / $%4,!'3?, .)0),, 74/"42!'/-: '();4"#3-'(#1, *-0,-@3-'(#1 
4'$-"#0-*)34+ 340/-$-(!374)"#3-.- (!$"-3-'4(!"+ (*-&?) [4]. =)%#4%-*)34! '-'()*) 
$-0*-"+!( $-&-;%)(# '$")* ' 3!-;8-&4,?,4 &)*"!34+,4 );'-%;744/&!'-%;744 * 
&4)$)0-3! (!,$!%)(5% 0 – 100 °N &"+ 5&-*"!(*-%!34+ (%!;-*)34: /)/ $- -24'(/! [5, 
6], ()/ 4 $- 3)2)"#3-,5 /-,$%!,4%-*)341 >2 [7].  
= 6(-: %);-(! $-/)0)3) *-0,-@3-'(# -24'(/4 >2 40 .)0-*?8 ',!'!: ' *?'-/4, 

'-&!%@)34!, NB2 ,!(-&-, $%-&5*/4 2!%!0 ,!()""-.4&%4&3?: %!)/(-%.  

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

K/'$!%4,!3()"#3?! 4''"!&-*)34+ -24'(/4 *-&-%-&) -( &4-/'4&) 5."!%-&) 
$%-*-&4"4'# 3) 6/'$!%4,!3()"#3-, 52)'(/! (H4'. 4) /-,$"!/'3-.- 
6/'$!%4,!3()"#3-.- '(!3&) T);-%)(-%44 *-&-%-&3?8 63!%.!(42!'/48 (!83-"-.4: 
(T=KR). K/'$!%4,!3()"#3?: 52)'(-/ '-'(-4( 40 %),$? &"+ $-&.-(-*/4 .)0-*-: ',!'4 
(1), 6/'$!%4,!3()"#3?8 %!)/(-%-* HUB8 - L (2) 4 HUB8 (2’), *)/55,3-.- 3)'-') (3), 

,-&5"+ $%-(-23-.- .)0-)3)"40)(-%) (4), %!.5"+(-%-* ,)''-*-.- %)'8-&) .)0) (HH), 

*!3(4"!: (=), 6"!/(%-/")$)3-* (C), %!&5/(-%-* (H), &)(24/-* 40,!%!34+ &)*"!34+ (MM) 

4 (!,$!%)(5%3?8 &)(24/-* – (!%,-%!04'(-%-* (-"#/- &"+ %!)/(-%) HUB – 8L (t1 – t4, 

t*8H2O, t*?8H2O). 

K/'$!%4,!3()"#3?! 4''"!&-*)34+ $%-*-&4"4'# $- '"!&51<!: '8!,!: 3) '()&44 

0)$%)*/4 %!)/(-%) ,-&!"#3)+ ',!'# '-'()*) 50% >2 + 50% NB2 $-&)!('+ * *!%834: 

*8-&3-: $)(%5;-/ %!)/(-%) (B1 4"4 B3 -(/%?() 4 -.%)3424*)!('+ %!.5"+(-%-, %)'8-&) 

(HH*8) c $)%),!(%),4, 0)&)33?,4 5'"-*4+,4 $%-*!&!34+ 6/'$!%4,!3(). H);-2!! 

&)*"!34! 3) *8-&! * 5'()3-*/5 (MM*8) – P ! = 0,55 IA). =?8-&3-: *!3(4"# (=2 4"4 =4 , 

4 =*?8) %!)/(-%) -(/%?*)!('+ $-2(4 '%)05 4 %)'8-& 3) *?8-&! (HH*?8) ()/@! 
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-.%)3424*)!('+ %!.5"+(-%-,. B.%)342!34! %)'8-&) .)0) 3) *8-&! * %!)/(-%? 

'-'()*"+"- 20; 5 4 3,5 3"/,43 3) *8-&!, 10 4 1,5 3"/,43 3) *?8-&! 40 %!)/(-%) HUB – 

8L, ) ()/@! 20; 10 4 5 3"/,43 3) *8-&! 4 10, 5 4 1,5 3"/,43 3) *?8-&! 40 %!)/(-%) HUB 

– 8. R!$"-3-'4(!"!, * (!$"--;,!33?8 /-3(5%)8 +*"+!('+ *-&) 4 $%4 0)%+&/! 

%!)/(-%-* 4,!!( '"!&51<4! $)%),!(%?: %)'8-& >2B – 0,095 "/', (!,$!%)(5%) >2B – 

21,2 °N.  

 

H4'. 4. N8!,) 6/'$!%4,!3()"#3-.- 52)'(/). 1 - "#$%# &'( %)&*)+) ,- *#.) )/ 0$10-,  
2 - 2,0%1"-$13+#'435/ "1#,+)" 6788 – 9, 2’ - 2,0%1"-$13+#'435/ "1#,+)" 6788,  

3 -  #,::$35/ 3#0)0, 4 - $)&:'4 %")+);3)*) *#.)#3#'-.#+)"#, 6 – *#.) 5/ "1&:,+)",  

< – ,'#%#35, = – >#") 51  13+-'-, ?? – &#+;-,- -.$1"13-( &# '13-(,  

66 – "1*:'(+)" $#00) )*) "#0!)&# *#.#. 

A%4 %)0%+&/! %!)/(-%) *8-&3-: *!3(4"# (=1 4"4 B3) $!%!/%?*)!('+, (!,$!%)(5%) 

(!$"-3-'4(!"+ 5*!"424*)!('+ &- 03)2!34+ 72,5 °N (%)'8-& 0,095 "/'), * %!05"#()(! 2!.- 

$%-4'8-&4( &!'-%;74+ 24'(-.- >2, $%4 6(-, %)'8-& .)0) %!.4'(%4%5!('+ %!.5"+(-%-, 

%)'8-&) (HH*?8) $%4 -.%)342!344 5 "3/,43. 

N-&!%@)34! >2 * *?;%)'?*)!,-: -;!&3!33-: ',!'4 3) *'!, 6()$! -24'(/4 

-$%!&!"+!('+ $%-(-23?, .)0-)3)"40)(-%-, (4) 3) -'3-*! 25*'(*4(!"#3-.- 6"!,!3() 

JF-0012, -;S!&43!33-.- ' .)0-*?, %)'8-&-,!%-, (HH*?8). 

=)@3-: 8)%)/(!%4'(4/-: $%-7!'') -24'(/4 +*"+!('+ /-"42!'(*- $-(!%# >2 $%4 

*?;%-'! -;!&3!33-: .)0-*-: ',!'4 40 '*-;-&3-.- -;S!,) %!)/(-%). >) H4'. 2 

$%!&'()*"!3? 0)*4'4,-'(4 %)'8-&-* *-&-%-&) 3) *8-&! 4 *?8-&! 40 %!)/(-%) -( 

*%!,!34. = 8-&! 6/0-(!%,42!'/-: %!)/744 );'-%;744 *-&-%-&) '$")* ' (!2!34!, 

*%!,!34 3)'?<)!('+ 4 $!%!8-&4( * .4&%4&351 9)05. V) '2!( 6(-.- %)'8-& .)0) 3) 

*?8-&! *-0%)'()!( 4 / /-375 6/'$!%4,!3() '(%!,4('+ / %)'8-&5 .)0) 3) *8-&!. M"+ 

$-*?E!34+ 699!/(4*3-'(4 -24'(/4 4 5,!3#E!34+ $-(!%# >2 '5<!'(*5!( 

3!-;8-&4,-'(# $-&;-%) -$(4,)"#3?8 5'"-*4: $%-*!&!34+ 6/'$!%4,!3(). F")*3?,4 

/%4(!%4+,4 $%-7!'') -24'(/4 >2 ,!(-&-, $%-&5*/4 2!%!0 ,!()""-.4&%4&3?: %!)/(-% 

+*"+1('+ 699!/(4*3-'(# 4 *%!,+ -24'(/4, /-(-%?! *0)4,-'*+0)3?. D*!"42!34! 

*%!,!34 -24'(/4 $%4*-&4( / 5*!"42!341 $-(!%# >2 4 '34@!341 699!/(4*3-'(4 

%);-(? ,!()""-.4&%4&3-.- %!)/(-%). 
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H4'. 2. H)'8-& >2 * 8-&! -24'(/4 * %!)/(-%! HUB-8: 

1 – >) *8-&!, 2 – >) *?8-&!, 3 – >) *?8-&!, 5'()3-*"!33?: %!.5"+(-%-, 

2"34./,-,5 % 67(48#"$%" 

>) H4'. 3 $%4*!&!3? 0)*4'4,-'(4 '(!$!34 40*"!2!34+ (43(!.%)"#3-: 4 

,-,!3()"#3-:) -( *%!,!34 %);-(? %!)/(-%). K99!/(4*3-'(# 40*"!2!34+ >2 40 

,-&!"#3-: ',!'4 %)''24()3) $- '"!&51<!: 9-%,5"!: 

 !"#$ % &' ()*+,
-./012

*+,
#3 4 5 '667, 

.&! V$-(!%# 4 V*8 – -;S!,? >2 * -;!&3!33-: ',!'4 3) *?8-&! 40 %!)/(-%) 4 3) *8-&! 

* %!)/(-%, '--(*!('(*!33-. L3(!.%)"#3)+ 699!/(4*3-'(# -24'(/4 * (!2!34! *'!.- 

6/'$!%4,!3() 4,!!( 03)2!34! *?E! 80%. B&3)/-, 03)2!34+ ,-,!3()"#3-: 

699!/(4*3-'(4 3) $%-(+@!344 2/3 6/'$!%4,!3() 3)8-&+('+ 34@! (%!;5!,?8 80%, 2(- 

'*4&!(!"#'(*5!( - *?'-/48 $-(!%+8 >2. 

 

H4'. 3. K99!/(4*3-'(# 40*"!2!34+ >2: 1 – 43(!.%)"#3)+, 2- ,-,!3()"#3)+ 

= 8-&! 6/'$!%4,!3(-* *?+*"!3) 0)*4'4,-'(# -;!48 03)2!34: 699!/(4*3-'(4 -( 

$%-40*-&4(!"#3-'(4 %!)/(-%). A%4 5,!3#E!344 5'()3-*"!33-.- 03)2!34+ %)'8-&) >2 

3) *?8-&! 699!/(4*3-'(# -24'(/4 5*!"424*)!('+. K(- $%-4'8-&4( 0) '2!( ;-"!! 

$-"3-.- $%-(!/)34+ );'-%;744 >2 40 ,-&!"#3-: ',!'4 * %!)/(-%!. >)4"52E4! 

8)%)/(!%4'(4/4 -24'(/4 >2 $-"52!3? &"+ 5'()3-*"!33-.- %)'8-&) >2 3) *?8-&! – 1,5 

'(. "./,43 &"+ -;-48 %!)/(-%-*. D'()3-*"!33?: %)'8-& >2 3) *8-&! * %!)/(-% 3! 

-/)0?*)" '5<!'(*!33-.- *"4+34+ 3) 699!/(4*3-'(# -24'(/4 >2. M"+ 5,!3#E!34+ 

$-(!%# >2 * 8-&! -24'(/4 3),4 ;?"4 %)''24()3? 0)*4'4,-'(4 699!/(4*3-'(4 -24'(/4 

-( '(!$!34 3)'?<!34+ ,!()""-.4&%4&3-.- '$")*) &"+ %)0"423?8 5'()3-*"!33?8 
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%)'8-&-* >2 3) *?8-&! 40 %!)/(-%). C)/ *4&3- 40 .%)94/-*, -24'(/) >2 40 ,-&!"#3-: 

',!'4 $%4 -$(4,)"#3?8 5'"-*4+8 %)'8-&) >2 $%-(!/)!( ' ,-,!3()"#3-: 

699!/(4*3-'(#1 *?E! 80% (-"#/- &- 0)$-"3!34+ %!)/(-%-* 3) 0.5Vmax. M)"#3!:E!! 

$-."-<!34! >2 40 .)0-*-: ',!'4 $%4*-&4( / *-0%)'()341 $-(!%# >2 3) *?8-&! &"+ 

-;-48 %!)/(-%-*. 

R)/4, -;%)0-,, * %);-(! $-/)0)3) *-0,-@3-'(# -24'(/4 >2 40 .)0-*?8 ',!'!: ' 

*?'-/4, '-&!%@)34!, $%4,!'3?8 .)0-* ,!(-&-, $%-&5*/4 2!%!0 ,!()""-.4&%4&3?: 

%!)/(-%. >)%+&5 ' 6(4,, *?+*"!3- 3!-;8-&4,-'(# -$(4,40)744 5'"-*4: $%-*!&!34+ 

-24'(/4 &"+ 5,!3#E!34+ $-(!%# >2 * *?;%)'?*)!,-, -;!&3!33-, .)0! 4 5*!"42!34+ 

699!/(4*3-'(4 40*"!2!34+ >2. 

H);-() *?$-"3!3) $%4 943)3'-*-: $-&&!%@/! H-''4:'/-.- G-3&) 

G53&),!3()"#3?8 L''"!&-*)34: (.%)3(? W 14-08-92001, 13-08-01312, 13-08-01045) 4 

I434'(!%'(*) -;%)0-*)34+ 4 3)5/4 H-''4:'/-: G!&!%)744 ('-.")E!34! - '5;'4&44 

14.BBB.21.0042). 

9)%(6' .%,"*-,4*5 
1. H-''4:'/)+ G!&!%)74+, K3!%.!(42!'/)+ '(%)(!.4+ H-''44 3) $!%4-& &- 2030 .-&). 

2009. 

2. Show, K.Y., et al., Biohydrogen production: Current perspectives and the way forward. 

International Journal of Hydrogen Energy, 2012. 37(20): p. 15616-15631. 

3. Das, D. and T.N. Veziroglu, Advances in biological hydrogen production processes. 

International Journal of Hydrogen Energy, 2008. 33(21): p. 6046-6057. 

4. Sandrock, G., A panoramic overview of hydrogen storage alloys from a gas reaction point 

of view. Journal of Alloys and Compounds, 1999. 293-295: p. 877-888. 

5. M534/-*, M.B., et al., A!%'$!/(4*3?! (!83-"-.44 4'$-"#0-*)34+ ;4-*-&-%-&) * 

63!%.-5'()3-*/)8 3) ;)0! (-$"4*3?8 6"!,!3(-* (-;0-%). R!$"-63!%.!(4/), 2013(3): 

p. 48-57. 

6. O"43-*, M.=., et al., B24'(/) *-&-%-&) ,!(-&-, $%-&5*/4 2!%!0 ,!()""-.4&%4&. 

=!'(34/ IKL, 2012(2): p. 44-49. 

7. Lototskyy, M.V., et al., Metal hydride hydrogen compressors: A review. International 

Journal of Hydrogen Energy, 2014. 39(11): p. 5818-5851. 

  

H4'. 4. V)*4'4,-'(# 699!/(4*3-'(4 -24'(/4 >2 -( '(!$!34 0)$-"3!34+ %!)/(-%) 

() – HUB-8, ; – HUB-8L) $%4 %)0"423?8 5'()3-*"!33?8 %)'8-&)8 (3) *8-&!/3) *?8-&!): 

1, X – 5/1,5 '(."/,43 

2, Y – 10/5 '(."/,43 

3, Z – 20/10 '(."/,43 

1, [ – 5/1,5 '(."/,43 

2, \ – 20/10 '(."/,43 
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P<=-Q<I.4/8 Q=4N<0<045 N,S4KR08M J<=4/1;4,008M 

N4I=,HG! 01 N1K8M /,J,.,I1M ),--44 JK5 -<O,00,+, 

U0<=+,,S<-Q<:<045 1/.,0,N08M Q,.=<S4.<K<9 

0'9'(5. 6. ., 0'9'(5.' :.,., ;%<5. =.!. 
    «%NQ3KR-», +. &,/,:<=I1--I, ),--45 

R-"#/- 10% 4"4 -/-"- 167 ,"%&. /=(2/.-& (!8342!'/4 *-0,-@3-.- 

.4&%-63!%.!(42!'/-.- $-(!374)") %!/ H-''4:'/-: G!&!%)744 (HG) 5(4"404%5!('+ * 

3)'(-+<!! *%!,+. = -'3-*3-, 6(- %!'5%'? '%!&348 4 /%5$3?8 %!/, ) 63!%.-$-(!374)" 

,)"?8 *-&-(-/-*, 9-%,4%51<48 -/-"- $-"-*43? '5,,)%3-.- -;S!,) 

$-*!%83-'(3-.- '(-/), $%)/(42!'/4 3! 4'$-"#051('+. 

>)4;-"#E4, 63!%.-$-(!374)"-, '%!&4 ,)"?8 *-&-(-/-* * HG -;")&)1( .-%3?! 

%!/4 * %):-3)8 N4;4%4, M)"#3!.- =-'(-/), N!*!%3-.- C)*/)0) 4 $-"5-'(%-*) C%?,. 

B&3)/- 48 '(-/ -;")&)!( 03)24(!"#3-: 3!%)*3-,!%3-'(#1 4 !.- 0)%!.5"4%-*)34! $- 

*%!,!34 ' 7!"#1 4'$-"#0-*)34+ &"+ 63!%.-'3);@!34+ 0) '2!( $%4,!3!34+ $-'(-+33?8 

*-&-$-&$-%3?8 '--%5@!34: $%4*-&4( / (!8342!'/4, 4 6/-"-.42!'/4, $%-;"!,), $%4 

48 '(%-4(!"#'(*! 4 6/'$"5)()744. R!8342!'/4! 0)/"12)1('+ * '5<!'(*!33-, 

*-0&!:'(*44 3) '--%5@!34! *-&3-.- $-(-/), 3)/-$"!344 3)3-'-*, ) ()/@! 3!.)(4*3-.- 

*"4+34+ '!:',42!'/-: )/(4*3-'(4, ")*43, -$-"03!:, '!"!:, (*!%&?8 -')&/-* 4 (.$. [1]. 

C 6/-"-.42!'/4, -(3-'4('+ 585&E!344 ,!'( -;4()34+ %?; 4 .4&%-;4-3(-*. 

H)'',-(%4, 5'"-*4+ .4&%-63!%.!(42!'/-.- '(%-4(!"#'(*) * $%4*!&!33?8 *?E! 

%!.4-3)8. = '%!&3!, $)&!34! '4;4%'/48 .-%3?8 %!/ M)"#3!.- =-'(-/) '-'()*"+!( 5-

10 ,//,, 48 &-"43? '(!'3!3? .-%),4 4 4,!1( *4& 5<!"4:. M3- &)33?8 &-"43 '"-@!3- 

* -'3-*3-, ,-<3?, '"-!, .)"!23--*)"533?8 )""1*4)"#3?8 -("-@!34:, 4,!1<48 

,)"51 5'(-:24*-'(# 4 03)24(!"#351 94"#(%)741. B'-;!33- '5<!'(*!33?, +*"+!('+ 

*-0&!:'(*4+ *!23-: ,!%0"-(?, -;5'")*"4*)1<!! $52!34!, -$-"034 .%53() 4 (.&. 

F-%3?! %!/4 '!*!%3-.- '/"-3) O-"#E-.- C)*/)0) 4,!1( ;-"#E4: 63!%.-$-(!374)" 0) 

'2!( 03)24(!"#3-.- 5/"-3) -( (-( 100 ,//, 4 ;-"!!). >)4;-"!! 3!;").-$%4+(3?,4 

+*"!34+,4 3) (!%%4(-%44 48 *-&-';-%) +*"+1('+ -$-"034, '!"4, *?$)&!34! @4&/48 4 

(*!%&?8 -')&/-*. >)$%4,!%, * N()*%-$-"#'/-, /%)! 3)8-&+('+ * -$)'3-: 0-3! ;-"!! 

1400 '--%5@!34: * 23 3)'!"!33?8 $53/()8, ) * .-%3?8 %):-3)8 C);)%&43--O)"/)%44, 

C)%)2)!*--]!%/!'44, N!*!%3-: B'!(44 - 19 $-'!"!34:, %)'$-"-@!33?8 * &-"43)8 

.-%3?8 %!/. >!',-(%+ 3) &)33?! (%5&3-'(4 * 3)'(-+<!! *%!,+ &!:'(*5!( 3) '%!&348 

%!/)8 /)'/)& 40 3!'/-"#/48 &!%4*)74-33?8 FKN. B&3)/-, $-"-@!34! 5'5.5;"+1( 

'4"#3?! '3!.-$)&?, *"4+1<4! 3) -;%?* "434: 6"!/(%-$!%!&)2, 0)(%5&3+1<4! 

&*4@!34! (!834/4 * .-%3?8 5'"-*4+8. = 2010 .. $%4 *-034/3-*!344 &)33?8 

,!(!-%-"-.42!'/48 +*"!34: ;-"!! 30 (?'+2 2!"-*!/ -'()"4'# ;!0 63!%.-'3);@!34+ 3) 

N!*!%3-, C)*/)0!.  

>) $-;!%!@#! ]!%3-.- ,-%+ C%)'3-&)%'/-.- /%)+ .4&%-63!%.!(4/) %)0*4() '");-, 

* -'3-*3-, 4'$-"#05!('+ 63!%.4+ '%!&348 %!/. >)$%4,!%, ()/48 /)/ I0?,(), '),)+ 

$%-(+@!33)+ %!/) 3) $-;!%!@#! ]!%3-.- ,-%+. = %5'"! %. I0?,() '-0&)3- 

*-&-8%)34"4<! '5(-23-.- %!.5"4%-*)34+ -;S!,) '(-/) &"+ -;!'$!2!34+ $"-(433--

&!%4*)74-33-: FKN ,-<3-'(#1 28,9 I=( ' *-&-0);-%-, 5 $-'. C%)'3)+ A-"+3) 4 

$%-(+@!33-'(#1 *-&-*-&) 3,5 /,. = %!05"#()(! %);-(? FKN, %5'"- %!/4 3) 52)'(/! -( 

*!%83!.- ;#!9) &- 34@3!.- 4,!!( 3)%5E!33?: *-&3?: %!@4,, %)'8-& *-&? '34@!3 



110  ?(@2A&>) 2&BC D )A? «' E $& 'F*(?>* G&()H(#%">» 

3) *!"42435 0);-%) *-&? &"+ FKN. R)/-: *-&3?: %!@4, /%):3! 3!;").-$%4+(!3 &"+ 

-;4()34+ 4 3!%!'(-*-: ,4.%)744 $%-8-&3?8 *4&-* %?;, ) ()/@! '/)() ,-"-&4 * 

]!%3-! ,-%!. M%5.-! 3!.)(4*3-! .4&%-6/-"-.42!'/-! 40,!3!34! -;5'"-*"!3- 

3)/-$"!34!, * *-&-8%)34"4<! /%5$3?8 9%)/74: %!23?8 3)3-'-*, 2(- 3!.)(4*3- 

'/)0?*)!('+ 3) 6*-"1744 &!"#(? I0?,(? 4 ,-%'/48 $"+@!:. = 3)'(-+<!! *%!,+ 

%)'',)(%4*)!('+ *-$%-' - "4/*4&)744 C%)'3-$-"+3'/-: FKN 4 '(%-4(!"#'(*! 3) %!/! 

/)'/)&) 40 3-8 .4&%-6"!/(%-'()374: -;<!: ,-<3-'(#1 135 I=(. 

>) (!%%4(-%44 $-;!%!@#+ C%?,) 3)'24(?*)!('+ 1657 $-'(-+33?8 4 *%!,!33?8 

*-&-(-/-* -;<!: &"43-: 5996 /,. L0 348 (-"#/- -/-"- 150 4,!1( '()(5' %!/. O-"#E)+ 

2)'(# C%?,'/48 %!/ 4,!!( &"435 ,!3!! 10 /, 4 -(3-'4('+ / ,)"?, *-&-(-/),. = 20-! 

.-&? "C%?,6"!/(%-" '-'()*4") $%!&*)%4(!"#3?: $")3 6"!/(%494/)744 C%?,). 

A%!&$-").)"-'# 4'$-"#0-*)(# *-&351 63!%.41 %!/ J"#,), C)2), O!"#;!/, D"5-D0!3#, 

3) /-(-%?8 $")34%-*)"-'# '(%-4(!"#'(*- 150 - 200 ,)"?8 FKN -;<!: ,-<3-'(#1 

3500 /=( . H)0*4(4! ,)"-: .4&%-63!%.!(4/4 * C%?,5 -;5'")*"4*)!( &!9474(, 

'-0&)*E4:'+ 40-0) -.%)342!34+ $-&)24 6"!/(%-63!%.44 ' (!%%4(-%44 D/%)43?. = 

3)'(-+<!! *%!,+ * C%?,5 &"+ 5,!3#E!34+ &!9474() 63!%.-'3);@!34+ &!:'(*51( 

-/-"- 1400 ,-;4"#3?8 &40!"#3?8 6"!/(%-'()374:, $%!&-'()*"!33?8 I]N H-''44. 

H)'2^(3?: .4&%-63!%.!(42!'/4: $-(!374)" C%?,) '-'()*"+!( 756 I=(. 

C 3)4;-"!! 3!;").-$%4+(3?, 9404/--.!-"-.42!'/4, 5'"-*4+, 3) ]!%3-,-%'/-, 

$-;!%!@#!, ,-@3- -(3!'(4: -$-"03!*?! 4 -;*)"#3---'?$3?! $%-7!''? 3) ,-%'/48 4 

%!23?8 '/"-3)8 &-"43; &-33)+ 4 ;-/-*)+ 6%-04+ *-&-(-/-*; 0)(-$"!34+ $)*-&/),4 

$-:,!33?8 (!%%4(-%4:; %)0*4(4! '!"!*?8 $)*-&/-*; $-&(-$"!34! .%53(-*?,4 

*-&),4; /)%'(-*?! $%-7!''?. >)$%4,!%, * C%?,5 5'()3-*"!3- ;-"!! 1500 -$)'3?8 

-$-"03!*?8 52)'(/-*.  

='! 6(4 $%4%-&3?! $%-7!''? -;5'")*"4*)1( 3!-;8-&4,-'(# 5'(%-:'(*) 

&-%-.-'(-+<48 '--%5@!34: 43@!3!%3-: 0)<4(? &"+ $-'(-+33?8 &!%4*)74-33?8 

FKN, $%-(+@!33-'(# (%5;-$%-*-&-* /-(-%?8 ,-@!( &-'(4.)(# 3!'/-"#/48 

/4"-,!(%-*. M"+ ,)"?8 %)'8-&-* 4 &4),!(%-* $%4,!3+1( &-%-.-'(-+<4! '()"#3?! 

&!%4*)74-33?! (%5;-$%-*-&? $%-/")&/) /-(-%?8 * /)3)")8 4 "-(/)8 &-"@3) 

-;!'$!24*)(# /%!$"!34! 4'/"12)1<!! 48 $-$!%!2351 $-&*4@/5. C%-,! (-.- $%4 

*%!,!34 $-'(-+33-: 43!%744 * &!%4*)74-33?8 *-&-*-&)8 Tw >3…5 ' 3!-;8-&4,- 

$%!&5',)(%4*)(# 5%)*34(!"#3?! %!0!%*5)%? &"+ .)E!34+ .4&%)*"42!'/-.- 5&)%), 2(- 

03)24(!"#3- 5*!"424*)!( '(-4,-'(# ,4/%-FKN 4 '%-/4 48 '(%-4(!"#'(*) [2, 3].  

= ()/48 5'"-*4+8 '(%-4(!"#'(*- $-'(-+33-: &!%4*)74-33-: FKN 40 (%)&474-33?8 

'()"#3?8 4 @!"!0-;!(-33?8 ,)(!%4)"-*, 0)2)'(51 3! -;!'$!24*)1<48 &-'()(-2351 

3)&!@3-'(# $%4 3!;").-$%4+(3?8 .!-"-.42!'/48 +*"!34+8, 3! ,-@!( ;?(# 

6/-3-,42!'/4 -;-'3-*)3- &"+ ;-"#E43'(*) &!7!3(%)"40-*)33?8 $-(%!;4(!"!: ' 

,)"-: 63!%.-!,/-'(#1 * 5'"-*4+8 ,)"?8 .-%3?8 %!/. 

>!-;8-&4,- ()/@! 524(?*)(#, 2(- ;-"#E43'(*- $-(%!;4(!"!:, '*+0)33?8 ' 

'!"#'/-8-0+:'(*!33?, $%-40*-&'(*-,, %!/%!)74!: 3! 35@&)1('+ * 5'(%-:'(*! 

$-'(-+33- &!:'(*51<!: 6"!/(%-'()3744 4 *-&-*-&) * (!2!344 *'!.- .-&). _'"4 

%)'',)(%4*)(# ,-;4"#3?! &!%4*)74-33?! '!0-33--&!:'(*51<4! /-3'(%5/744, (- 48 

'(-4,-'(# ;5&!( 3) $-%+&/4 ,!3#E!, 2!, $-'(-+33?! 4 * 348 ;5&5( 0)43(!%!'-*)3? 

'"!&51<4! $-(!374)"#3?! $-(%!;4(!"4 63!%.44: %)'$-"-@!33?! * 

(%5&3-&-'(5$3?8, -(&)"!33?8, 3! 6"!/(%49474%-*)33?8 %):-3)8, *;"404 ,)"?8 

*-&-(-/-* ($-'!"/4, 9!%,!%'/4! 8-0+:'(*), (5%4'(42!'/4! ;)0?, .-'(4347?, 

'$-%(4*3?! ;)0?, ')3)(-%44); -;")&)1<4! *?'-/-: ,-;4"#3-'(#1 4 35@&)1<4!'+ * 

4'(-234/)8 6"!/(%-63!%.44, 3! 4,!1<48 '()74-3)%3-: $%4*+0/4: $%!&$%4+(4+ 

%)0*!&?*)(!"#3-.- 4 &-;?*)1<!.- (4$), $!%!&*4@3?! (5%4'(42!'/4! 4 '$-%(4*3?! 

;)0?. R)/@! '!0-33--&!:'(*51<4! ,-;4"#3?! &!%4*)74-33?! ,4/%-FKN ,-.5( 

$%4,!3+(#'+ $-(%!;4(!"+,4 ,)"-: 63!%.-!,/-'(4 * /5%-%(3?: '!0-3, /-.&) *-&-- 4 
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63!%.-$-(%!;"!34! *-0%)'()!( * 3!'/-"#/- %)0 $- '%!&3!'5(-23?, 03)2!34+,. = 0-3)8 

')34()%3-: -8%)3? ,-%'/48 $-;!%!@4: %!/-,!3&5!('+ '*!'(4 / ,434,5,5 

3!.)(4*3-! *-0&!:'(*4! 3) -/%5@)1<51 '%!&5, 2(- 3!40;!@3- $%4 5'()3-*/! 4 

6/'$"5)()744, $-'(-+33- &!:'(*51<48 FKN. 

J"#(!%3)(4*-: $%4,!3!34+ $-'(-+33?8 &!%4*)74-33?8 FKN +*"+1('+ ,4/%-FKN 

%5/)*3-.- (4$). B34 ,-;4"#3?, $%-'(? * 5'()3-*/! 4 3! (%!;51( $%4 *-0*!&!344 

$%4,!3!34+ (+@!"-: '(%-4(!"#3-: (!834/4 * -("4244 -( (%)&474-33?8 

&!%4*)74-33?8 FKN [4].  

= 0)%5;!@3-: $%)/(4/! 4,!!('+ 03)24(!"#3?: -$?( $%4,!3!34+ ()/48 

/-3'(%5/74:. B&3)/-, -34 3! ,-.5( -;!'$!24(# &-'()(-2351 3)&!@3-'(# 

63!%.-'3);@!34+ &)@! * '"52)! '!0-33-: 5'()3-*/4. K(- '*+0)3- ' 3!&-'()(-23-: 

5'(-:24*-'(#1 %5/)*) $%4 ;-"#E48 5/"-3)8 (;-"!! 50 ,//,) 4 5/")&/! $- 

$!%!'!2!33-: ,!'(3-'(4 (&-'()(-2351 5'(-:24*-'(# / '&*4.5 &)@! 0) '2!( 

$%4,!3!34+ )3/!%3?8 /%!$"!34: -;!'$!24(# 3! 5&)!('+), ,)"-: !.- 0)<4<!33-'(#1 

3) -$-"03!*?8 52)'(/)8, ' /%52!34!, %5/)*) &"43-: ;-"!! 100 , $-& &!:'(*4!, 

$-$!%!23?8 74%/5"+74: $-(-/), $%-8-&+<!.- 2!%!0 3!.-.  

A%)/(4/) $%4,!3!34+ %5/)*3?8 FKN $-0*-"+!( '&!")(# *?*-& - *-0,-@3-'(4 

5/")&/4 %5/)*) (-"#/- *&-"# %5'!" %!/. = 5'"-*4+8 .-%3?8 %!/, .&! $-*(-%+!,-'(# 

$)*-&/-* 03)24(!"#3), 3) %!/)8 C%?,) &)33?! %5/)*) ;5&5( 0)()$"4*)(#'+ 4 

$-&*!%.)(#'+ *-0&!:'(*41 «$"?*53)» * *-&3-, $-(-/!, 2(- ,-@!( $%4*!'(4 / 48 

$-*%!@&!341 4 -'()3-*/! %);-(? %5/)*3-: FKN. 

= '*+04 ' 6(4, $%4,!3!34! %5/)*3?8 FKN -.%)342!3- -'-;!33-'(+,4 -%-.%)944 

,!'(3-'(4, 2(- '5<!'(*!33- -.%)3424*)!( 48 $%4,!3!34! &)@! &"+ '!0-33-.- 

&!:'(*4+ * 5'"-*4+8 ,)"?8 .-%3?8 %!/. 

= (- @! *%!,+ 4,!!('+ 03)24(!"#3?: -$?( '(%-4(!"#'(*) .4;/48 '--%5@!34: 40 

/-,$-04(3?8 ,)(!%4)"-* * .-%3?8 5'"-*4+8 ;!0 $%4,!3!34+ (+@!"-: '(%-4(!"#3-: 

(!834/4, /-(-%?: ,-@3- 4'$-"#0-*)(# &"+ *-0*!&!34+ &!%4*)74-33?8 FKN '!0-33-.- 

&!:'(*4+, -;")&)1<48 ,-;4"#3-'(#1. 

= %),/)8 $%-.%),,3-.- ,!%-$%4+(4+ 1.3 «A%-*!&!34! $%4/")&3?8 4''"!&-*)34:, 

3)$%)*"!33?8 3) '-0&)34! -$!%!@)1<!.- 3)523--(!83-"-.42!'/-.- 0)&!") &"+ 

%)0*4(4+ -(%)'"!: 6/-3-,4/4» $- (!,! W 14.579.21.0029 «H)0%);-(/) (!8342!'/48 

%!E!34: 4 (!83-"-.4: *-0*!&!34+ ,-;4"#3?8 &!%4*)74-33?8 ,4/%-FKN &"+ 

'!0-33-.- *-&-- 4 63!%.--;!'$!2!34+» /-""!/(4*-, 94%,? BBB «L,$5"#'» 

$%!&5',)(%4*)!('+ '-0&)34! 3-*?8 (!8342!'/48 %!E!34: /-3'(%5/74: ,-;4"#3?8 

&!%4*)74-33?8 ,4/%-FKN, */"12)1<48: 'S!,3?: *-&-0);-%; '-'()*3-: *-&-*-& 40 

/-,$-04(3?8 .4;/48 4 ,+./48 -;-"-2!/ * (-, 24'"! ,3-.--;-"-2/-*?:, 5/")&/) 

/-(-%-.- ,-@!( -'5<!'(*"+(#'+ 3) .%53(-)%,4%-*)33-! 4"4 .%53(-3)$-"3+!,-! 

-'3-*)34!; ,-;4"#3?! '4'(!,? .)E!34+ .4&%)*"42!'/-.- 5&)%); ,-;4"#3?: 4"4 

$!%!,!<)!,?: *3! 0-3? 0)(-$"!34+ .4&%-).%!.)( ' &49950-%-,.  

R)/ /)/ ,4%-*?8 )3)"-.-* '-2!()34+ .4;/48, ,+./48 4 ,3-.--;-"-2/-*?8 

*-&-*-&-* &!%4*)74-33?8 FKN 3) .%53(-3)$-"3+!,-, 4 .%53(-)%,4%-*)33-, 

-'3-*)344 * ,4%-*-: $%)/(4/! 3!(, 3),4 $%!&5',-(%!3? (!-%!(42!'/4! 4 

6/'$!%4,!3()"#3?! 4''"!&-*)34+ &)33?8 /-3'(%5/74:, ) ()/@! ,!(-&? 48 %)'2!(3-.- 

-;-'3-*)34+. 

 R!-%!(42!'/4! 4''"!&-*)34+ 4 %)'2!( 0),/35(?8 ,+./48 4 .4;/48 -;-"-2!/ 

$-&%-;3- 40"-@!3? * %);-()8 =. L. N(%!"#2!*'/-.-, _. N. C503!7-*), L. B. C4'!"!*), 

H. O. Anwar, C. I. U5;!%+3), F. B. Cambell, J. T. I-@!*4(43-*), J. F. =-%-;#!*), =. 

=. I).5"), F. Villegas, G. Straub, H.R. Sharma, H. B. Harrison, O.>. M%50+, O. L. 

N!%.!!*), =. L. C)E)%43), R. A. C)E)%43-: 4 &% [3-8].  



112  ?(@2A&>) 2&BC D )A? «' E $& 'F*(?>* G&()H(#%">» 

H)'2!(-, -;-'3-*)34+ .%53(-)%,4%-*)33?8 4 .%53(-3)$-"3+!,?8 /-3'(%5/74: * 

-;")'(4 *-&-8-0+:'(*!33-.- '(%-4(!"#'(*) 0)34,)"4'# R.A. C)E)%43), F. I. C).)3-*, 

L. I. _*&-/4,-*), M.=. C)E)%43.  

N-2!()34+ *-&-*-&) 40 %)0"423?8 $- 8)%)/(!%4'(4/), ,+./48 4 .4;/48 -;-"-2!/ 

* '-2!()344 ' .%53(-3)$-"3+!,?,4 4 .%53(-)%,4%-*)33?,4 -;-"-2/),4 40 

/-,$-04(3?8 ,)(!%4)"-* -;!'$!24( &-'()(-2351 5'(-:24*-'(# 3) '");?8 .%53()8 

-'3-*)34+, * (-, 24'"! 4 * 5'"-*4+8 03)24(!"#3-.- (&- 100 ,//,) 5/"-3) $-*!%83-'(4, 

) ()/@! ;?'(%?: %!,-3( 4 &!,-3()@ $- -/-32)344 '!0-3) %);-(?. A%4,!3!34! 

&*58-;-"-2!23?8 /-3'(%5/74: 8-%-E- 0)%!/-,!3&-*)"- '!;+ $%4 *-0*!&!344 

$%-(+@!33?8 ,-;4"#3?8 *-&-3)$-"3+!,?8 0)<4(3?8 &),;. A-$!%!23?! 74%/5"+744 

* &*58 -;S!&43!33?8 -;-"-2/)8 $-0*-"+1( 40;!.)(# 699!/() '/%524*)34+, 

*-034/)1<!.- $%4 03)24(!"#3-: &"43! 52)'(/) *-&-*-&) %5/)*3-: FKN [5]. 

H)0%);)(?*)!,-! (!8342!'/-! %!E!34! $-0*-"4( -;!'$!24(# 3)$-% -( 10 &- 500 , 

4 ,-<3-'(# -( 5 &- 100 /=( * 5'"-*4+8 ,)"?8 .-%3?8 %!/ * ,!@!33?: $!%4-&, ) ()/@! 

*-&--;!'$!2!34! -;S!/() ,)"-: 63!%.-!,/-'(4. 

R)/@! $%!&").)!('+ 3-*)+ (!83-"-.4+ *-0*!&!34+ *-&-*-&) * (%5&3-&-'(5$3?8 

%):-3)8 ;!0 $%4,!3!34+ (+@!"-: '(%-4(!"#3-: (!834/4, 2(- -;!'$!24( 3)&!@3-'(# 

!.- 953/74-34%-*)34+ * (!2!344 "4,4(4%51<!.- '!0-3). A-'"! -/-32)34+ '!0-3) 

&!:'(*4+ ,-;4"#3)+ &!%4*)74-33)+ ,4/%-FKN ,-@!( $-"3-'(#1 4"4 2)'(423- 

&!,-3(4%-*)3). 

M)33?! (!8342!'/4! %!E!34+ 4 (!83-"-.44 $-0*-"+( %)'E4%4(# -;")'(# 

4'$-"#0-*)34+ 63!%.-$-(!374)") ,)"?8 .-%3?8 %!/, * (-, 24'"! * 5'"-*4+8 C%?,) 

&"+ '!0-33-.- *-&- - 4 63!%.--;!'$!2!34+ &!7!3(%)"40-*)33?8 -;S!/(-* ,)"-: 

63!%.-!,/-'(4 $%4 ,434,)"#3?8 ($- '%)*3!341 ' '5<!'(*51<4,4 /-3'(%5/74+,4) 

3!.)(4*3?8 *-0&!:'(*4+8 3) -/%5@)1<51 '%!&5. 

9)%(6' .%,"*-,4*5 
1. T)*%-* >. A., `4$4"-* J. =. A%-;"!,?, *-034/)1<4! $%4 6/'$"5)()744 

*-&-0);-%3?8 '--%5@!34: &!%4*)74-33?8 FKN * 04,34: $!%4-& 6/'$"5)()744 4 

3!/-(-%?! $5(4 48 %!E!34+ // N;-%34/ ,)(!%4)"-* XXXIX >!&!"4 3)5/4 NA;FAD. 

NA;., 2010. N. 70-72. 

2. NRB F4&%-6"!/(%-'()3744. >-%,? (!83-"-.42!'/-.- $%-!/(4%-*)34+» H5'F4&%- 

01.01.78-2012. 

3. G%!:E4'( J.H., U-8)%43 J.U., `-% J.I. N()"#3?! (%5;-$%-*-&? 

.4&%-6"!/(%-'()374: - I.: K3!%.-)(-,40&)(, 1982 - 247 '. 

4. C)E)%43 M.=., F-&43 I.J. B;")'(# $%4,!3!34+ 4 -;-'3-*)34! $)%),!(%-* 

,-;4"#3?8 ,4/%-FKN %5/)*3-.- (4$) &"+ ,)"?8 *-&-(-/-* / =!'(34/ 

=-".-.%)&'/-.- .-'5&)%'(*!33-.- )%84(!/(5%3--'(%-4(!"#3-.- 534*!%'4(!(). 

N!%4+: N(%-4(!"#'(*- 4 )%84(!/(5%), 2010. W 20. N. 142-148. 

5. C)E)%43 M.=., R8): R#4 R84 C4,. A-*?E!34! 5'(-:24*-'(4 -'3-*)34: ,-;4"#3?8 

&),; &"+ 43@!3!%3-: 0)<4(? 0&)34: -( 0)(-$"!34+ // L3@!3!%3--'(%-4(!"#3?: 

@5%3)". – 2013 W4, N. 51-59. 

6. C)E)%43), R. A. F%53(-)%,4%-*)33?! /-3'(%5/744 * .4&%-(!8342!'/-, 

'(%-4(!"#'(*! / R. A. C)E)%43) // A%4,!3!34! -;"!.2!33?8 /-3'(%5/74: 

.4&%-(!8342!'/48 '--%5@!34: * .4&%-(!8342!'/-, '(%-4(!"#'(*!. >-*-2!%/)''/: 

Q@>LLF4I, 1980. -N. 75-83. 

7. C)E)%43 M.=. I!(-&? %)'2!() .%53(-)%,4%-*)33?8 9"1(;!(-* ,-;4"#3?8 

'--%5@!34: 3) '");?8 .%53()8 L0*!'(4+ ='!%-''4:'/-.- 3)523--

4''"!&-*)(!"#'/-.- 43'(4(5() .4&%-(!834/4 4,. O._. =!&!3!!*). 2011. R. 264. N. 43-

55. 

8. C)E)%43 M.=. V)<4(3?! 43@!3!%3?! '--%5@!34+ 40 /-,$-04(3?8 ,)(!%4)"-* * 

*-&-8-0+:'(*!33-, '(%-4(!"#'(*!: ,-3-.%)94+ - >-*-2!%/)''/: QHFRD, 2012. – 

343 '.  
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)<1K4O1;45 Q1--4/0,+, J,N1 01 S1O< '%G - 

4-Q,KRO,/104<N UK<I.=,N,S4K5 4 .<QK,/,+, 

1II3N3K5.,=1 

0'9>'.%) 1.!. 
&#V «>)H » 
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',O,S0,/K5<N8< 4-.,:04I4 U0<=+44 - ,-,S15 Q,O4;45 

),--44? 

045>#./% !. . 
),--49-I49 013:089 W,0J 
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)<-3=-8 -,K0<:0,9 4 /<.=,/,9 U0<=+44 / IK4N1.4:<-I4M 

3-K,/45M "8=+8O-.101 

0%4%>5#? @.;.1, ,%A#4B 8.*.1, C(5< *.D.1, 8$%2%) !.6.2, 1$('#) E.F.2 
1 D<J<=1KR0,< +,-3J1=-./<00,< SXJ7<.0,< 3:=<7J<04< 013I4  ST<J40<0089 40-.4.3. /8-,I4M 
.<NQ<=1.3= ),--49-I,9 1I1J<N44 013I ( %'# )>&), ),--45 
2 %0-.4.3. J4-.10;4,00,+, ,S3:<045 4 Q,/8L<045 I/1K4W4I1;44 "H#A, "8=+8O-.10 

A-(%!;"+!,?! * 3)'(-+<!! *%!,+ * C?%.?'()3! 63!%.%!'5%'? 3)$%)*"+1('+ 

$%!@&! *'!.- 3) $%-40*-&'(*- 6"!/(%-63!%.44 (80%) 4 (!$") (20%), $%42!, 

6"!/(%-63!%.4+, *?%);)(?*)!('+ $%!4,5<!'(*!33- 3) .4&%-6"!/(%-'()374+8 

%!'$5;"4/4. A%4 6(-, 40*!'(3-, 2(- *-&3?! %!'5%'? * N%!&3!: J044 -.%)342!3?, 4 

&"+ /%5."-.-&423-.- -;!'$!2!34+ 4%%4.)744 4 $%-40*-&'(*) 6"!/(%42!'(*) 48, /)/ 

$%)*4"-, 3! 8*)()!(. A%4 )/(4*3-, ';%-'! *-&? * "!(3!! *%!,+ 3) 

'!"#'/-8-0+:'(*!33?! 35@&? 04,-: !! ,-@!( 3! 8*)(4(#, 2(- $!%4-&42!'/4 $%4*-&4( 

/ *-034/3-*!341 &!9474() 6"!/(%-63!%.44 4 *!!%3?, -(/"12!34+, $-(%!;4(!"!: 

(3)$%4,!%, 04,) 2008 .-&)). L'$-"#0-*)34! 63!%.-5'()3-*-/ 3) )"#(!%3)(4*3?8 

.4&%)*"42!'/-: *-0-;3-*"+!,?8 4'(-234/)8 63!%.44 &"+ 5'"-*4: C?%.?0'()3) 

/%):3! )/(5)"#3- 4 ,-@!( '3404(# 4,!1<4:'+ 63!%.!(42!'/4: &!9474(. 

= 3)'(-+<!: %);-(! $%!&'()*"!3? %!05"#()(? )3)"40) %!'5%'-* '-"3!23-: 4 

*!(%-*-: 63!%.44 * '%!&3!)04)('/-, %!.4-3! 4 * 2)'(3-'(4 * C?%.?0'()3!. C)%(? 

%)'$%!&!"!34+ '-"3!23-: %)&4)744 4 '/-%-'(!: *!(%) ($%4,!%? /-(-%?8 

$%!&'()*"!3? 3) %4'. 1 4 2) $-'(%-!3? 3) -'3-*! &)33?8 ;)0? '$5(34/-*?8 

3);"1&!34: NASA SSE [1].  

N-0&)33?! /)%(? ,-@3- %)0;4(# 3) '"!&51<4! .%5$$?: 

– /)%(? %)'$%!&!"!34+ '%!&348 &3!*3?8 '5,, '5,,)%3-: '-"3!23-: %)&4)744, 

$-'(5$)1<!: 3) 3!$-&*4@3?! $-*!%83-'(4 1@3-: -%4!3()744 ' %)0"423?, 5."-, 

3)/"-3) / .-%40-3(5 0) %)0"423?! $!%4-&? *%!,!34; 

– /)%() %)'$%!&!"!34+ '%!&3!.-&-*?8 &3!*3?8 '5,, '-"3!23-: %)&4)744 3) 

-$(4,)"#3- -%4!3(4%-*)3351 3!$-&*4@351 $-*!%83-'(#, -;!'$!24*)1<51 

,)/'4,)"#3?: 0) .-& ';-% '5,,)%3-: '-"3!23-: %)&4)744; 

– /)%(? %)'$%!&!"!34+ '%!&348 &3!*3?8 '5,, $%+,-: '-"3!23-: %)&4)744, 

$-'(5$)1<!: 3) '"!&+<51 0) N-"37!, $-&*4@351 $-*!%83-'(# 0) %)0"423?! 

$!%4-&? *%!,!34; 

– /)%(? '%!&3!.-&-*?8 '/-%-'(!: *!(%) 3) *?'-()8 10 , 4 50 ,. 

A-/)0)3-, 2(- '%!&3!.-&-*?! &3!*3?! '5,,? '-"3!23-: %)&4)744, $%48-&+<!: 3) 

-%4!3(4%-*)33?! 3) 1. 3!$-&*4@3?! $-*!%83-'(4 %)0"423-: -%4!3()744 * 1@3?8 

%):-3)8 N%!&3!: J044 4 C)0)8'()3) $%!*?E)1( 4 /=(2/(,2&!3#) 4"4 -/-"- 1,5 

I=(2/(,2.-&). = "!(3!! *%!,+ &3!*3?! '5,,? $%!*?E)1( 7 /=(2/(,2&!3#). L,!1( 

,!'(- 4 03)24(!"#3?! %!'5%'? *!(%-*-: 63!%.44: '%!&3!.-&-*)+ '/-%-'(# *!(%) 3) 

*?'-(! 50 , $-2(4 $-*'!,!'(3- $%!*?E)!( 5 ,/', ) * %+&! %):-3-* C?%.?0'()3) 

&-'(4.)!( 8 ,/'. N/-%-'(# *!(%) 3) *?'-(! 10 , 3!'/-"#/- 34@!, 3- 3) 03)24(!"#3-: 

2)'(4 (!%%4(-%44 ()/@! &-'(4.)!( 5 ,/', 2(- *$-"3! $%4*"!/)(!"#3- &"+ 

$%)/(42!'/-.- 4'$-"#0-*)34+ /)/ ,)"?8, ()/ 4 /%5$3?8 *!(%-63!%.!(42!'/48 

5'()3-*-/. 
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H4' 1. – H)'$%!&!"!34! '%!&3!&3!*3?8 $-'(5$"!34: '5,,)%3-: '-"3!23-: %)&4)744 3) 

$-*!%83-'(# -%4!3(4%-*)3351 $- E4%-(! (/=(2/,2, "!(-) 

 

H4'. 2 – N%!&3!.-&-*)+ '/-%-'(# *!(%) 3) *?'-(! 50 , (,/') 
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B'3-*3?,4 3)$%)*"!34+,4 699!/(4*3-.- $%)/(42!'/-.- 4'$-"#0-*)34+ 

'-"3!23-: 4 *!(%-*-: 63!%.44 * 5'"-*4+8 C?%.?0'()3) ,-."4 ;? '()(# '-"3!23-! 

.-%+2!! *-&-'3);@!34! %)03--;%)03?8 $-(%!;4(!"!:, )*(-3-,3-! 63!%.-'3);@!34! 

3) -'3-*! 9-(-6"!/(%42!'/48 4 *!(%-*?8 63!%.-5'()3-*-/ 4"4 48 -$(4,)"#3-.- 

/-,;434%-*)34+. A%!&'()*"+!( 43(!%!' ()/@! $%4,!3!34! 5'()3-*-/ 3) =LK &"+ 

)*(-3-,3-.- -'*!<!34+ &-%-. 4 3)'!"!33?8 $53/(-*, 6"!/(%-$4()34+ %!(%)3'"+(-%-* 

'-(-*-: '*+04 4 %)0"423?8 '*!(-'4.3)"#3?8 5'(%-:'(*, ) ()/@! &"+ '5E/4 

'!"#'/-8-0+:'(*!33-: $%-&5/744 4 &"+ $-"52!34+ 8-"-&).  

A-4'/ 4 -;-'3-*)34! 3)4;-"!! 699!/(4*3?8 '9!% 4 (!8342!'/48 %!E!34: $- 

4'$-"#0-*)341 '-"3!23-: 4 *!(%-*-: 63!%.44 * 5'"-*4+8 C?%.?'()3) '()3!( 

$%!&,!(-, '-*,!'(3?8 4''"!&-*)34: %-''4:'/48 4 /?%.?0'/48 '$!74)"4'(-* * 

%),/)8 '()%(-*)*E!.- * 2014 .-&5 '-*,!'(3-.- $%-!/(), 943)3'4%5!,-.- H-''4:'/4, 

9-3&-, 95&),!3()"#3?8 4''"!&-*)34: 4 F-'5&)%'(*!33?, 9-3&-, %)0*4(4+ 

)/)&!,42!'/-: 4 *50-*'/-: 3)5/4 $%4 >)74-3)"#3-: )/)&!,44 3)5/ C?%.?0'/-: 

H!'$5;"4/4.  

H);-() *?$-"3!3) $%4 943)3'-*-: $-&&!%@/! HGGL (.%)3( 14-08-90105). 

9)%(6' .%,"*-,4*5 
1. The NASA Surface Meteorology and Solar Energy Data Set // http://eosweb. larc.nasa.gov/sse/ 

2. @)%1'4 8.A., B"-& A.C., <)')$-1D E.F., <-01'1 # A.=., G1"1!) # C.H. J(")' %!'5%'-* 

'-"3!23-: 63!%.44 3) (!%%4(-%44 H-''44. – I.: BL=R HJ>, 2010. 84 '. 
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 -,S<00,-.4 4O+,.,/K<045 4 =1S,.8 +4S=4J08M 

-,K0<:08M UK<N<0.,/ 01 ,-0,/< N<.1KK,,=+104:<-I4M 

Q<=,/-I4.,/ 

G%A'&5. 6.*., 3'('.%) 8.!., 0%(H%)' D.*. 
"3S10-I49 +,-3J1=-./<0089 304/<=-4.<., "=1-0,J1=, ),--45 

 !"#1 %);-(? +*"+!('+ (!83-"-.4+ 3)3!'!34+ (-3/4! '"-4 '-"3!23?8 ;)()%!: ' 

*?'-/-: (-23-'(#1, $-&-;3- $!2)(4 3) $%43(!%! , 3) -'3-*! .!(!%-$!%!8-&) 

3!-%.)342!'/4: /-%.)342!'/4: $-"5$%-*-&34/ , .&! 3!-%.)342!'/4: $-"5$%-*-&34/ 

$%!&'()*"+!( 40 '!;+ -;S!,351 ',!'# 8)"#/-.!34&) (ZnO 4"4 TiO2) 4 $!%-*'/4() 

CH3NH3PbICl2 

N*!( $-$)&)!( 3) %)'$%!&!"!33?: '"-: 9-(-$%!-;%)0-*)(!"+ CH3NH3PbIxCl3-x 4 

%-@&)!( $)%5 6"!/(%-3-&?%/) (6/'4(-3), -;")&)1<48 -$%!&!"!33-: 63!%.4!: 4 

'(%!,+<48'+ 0)3+(# $-04741 ' 3)4,!3#E!: $-(!374)"#3-: 63!%.4!:. N -&3-: 

'(-%-3? 3)8-&4('+ $%-*-&34/ 6"!/(%-3-* , «$%-*-@)1<4:» 6"!/(%-3 &- 

63!%.!(42!'/-.- 5%-*3+ 6"!/(%-&). K(- ,-@!( ;?(# -/'4& (4()3) , -/'4& '743/), 

.%)9!3, $-"4,!%, &-$4%-*)33?: 95""!%!3),4. A%4 6(-, ' -&3-: '(-%-3? 2)'(# '"-+ 

$-%4'()+, '-0&)1<)+ -;S!,3?: .!(!%-$!%!8-& ' 9-(-$%!-;%)0-*)(!"!, , ) ' &%5.-: – 

'$"-E3)+, (-"<43-: 3! ;-"!! 200 3,, '"5@4( &"+ ;"-/4%-*)34+ $%-8-@&!34+ &?%-/ 

4 '-0&)34+ %)03-'(4 $-(!374)"-*. 

M?%/4 $%-8-&+( &- 6"!/(%-&) 2!%!0 $%-*-&34/ &?%-/, 6(- ,-@!( ;?(# -/'4& 

34/!"+ 4"4 %+& -%.)342!'/48 '-!&43!3!3: $-"4)34"43, 2,2a,7,7a-tetrakis-

(N,Ndipmethoxyphenylamine)-9,9a-spirobifluorene (()/@! 40*!'(3?: /)/ Spiro-

OMETAD), quinolizino acridine &-;)*/4 lithium bis(trifluoromethanesulfonyl)imide (Li-

TFSI), 4-tert-butylpyridine, LiI, Co[PyPz]8[TFSI]8 (FK102).  

R%)&474-33?! /%!,34!*?! '-"3!23?! ;)()%!4 %);-()1( ,)/'4,)"#3- $%4 '*!(! 

$!%$!3&4/5"+%3-, $-*!%83-'(4. O-"#E43'(*- '-"3!23?8 6"!/(%-'()374: 3! 

4'$-"#051( '"!&+<4! '4'(!,? – (%!/!%? /-(-%?! $-0*-"+1( $-"52)(# $%4;)*/5 * 

63!%.44 &- 1.7 %)0 * .-&. A-6(-,5 ;-"#E51 2)'(# *%!,!34 -34 %);-()1( 3! 3) 

,)/'4,5,!.  

B;S!,3)+ '(%5/(5%) $!%!8-&) , 4'$-"#05!,)+ 3),4, $-0*-"+!( 3! (!%+(# 

'5<!'(*!3351 2)'(# CAM $%4 /-'-, 4 %)''!+33-, '*!(!. K(- $-0*-"+!( $-&3+(# 

*?%);-(/5 * (!2!34! &3+ 3) 30 %. R- !'(# &)@! $%4 ,!3#E!, -;<!, CAM ,? %);-()!, 

699!/(4*3!!  

M- (-.- /)/ $-$)'(# 9-(-6"!,!3( '*!( $%-8-&4( 2!%!0 '"-: $")'(4/) 4"4 '(!/") ' 

3)3--)3(!33),4 40 '!%!;%) 4"4 ,!&4 ' &"43-: 400-1200 3, 4 (-"<43-: * 100-200 3, 

, -34 '-0&)1( $-&-;4! ,!(),)(!%4)") c 699!/(4*3?, $-/)0)(!"!, $%!"-,"!34+ 

,!3#E! !&4347? * -$(42!'/-, &4)$)0-3!. K(- '-0&)!( 699!/( 3!"43!:3-.- 

$%!"-,"!34+ 4 $-0*-"+!( '34@)(# -(%)@!34! * /-'-, '*!(! 

N"-4 $-"52)1('+ '"!&51<4, -;%)0-, 

'"-: ZnO $-"52)!('+ 40 %)'(*-%) Zn(CH3COO)2 • 2H2O * *-&! $%4 3).%!*)344 

 TiO2 40 diisopropoxide bis(acetylacetonate) (TiAcAc) 

2) CH3NH3PbCl2I $%4 3).%!*)344 &*58/-,$-3!3(3-.- 1:3 %)'(*-% $'!/5%'-%-* 

CH3NH3I + PbCl2 * N,N-M4,!(4"9-%,),4&!. O-"!! (-23?,4 +*"+1('+ '"-4 40 

%)'(*-%4(!"+ .),,)-;5(4%-")/(-3.  
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C-""-4&3?! %)'(*-%? 9-%,4%51('+ ()/@! $-& &!:'(*4!, 5"#(%)0*5/), 2(- 

$-0*-"+!( ,!3+(# %)0,!% 2)'(47 $%4 40,!3!344 43(!3'4*3-'(4 4 2)'(-(?. 

3) '"-: spiro-OMeTAD (2,2’,7,7’-tetrakis-(N,N-di-pmethoxyphenylamine)9,9-

spirobifluorene) ' &-;)*/),4 

A-&"-@/4 '(!/"- FTO, ITO ($%-0%)23?: $%-*-&+<4: $%-*-&34/) 4 $-'!%!;%!33)+ 

)"1,434!*)+ $-&"-@/). N"-4 $%-*-&+<!.- $-/%?(4+ 3)3-'+('+ 40 8"-%)() -"-*) 

5"#(%)0*5/-*?, $4%-"40-, ' -;%)0-*)34!, SnO2. 

=)@3?, 9)/(-%-, +*"+!('+ '$-'-; 3)3!'!34+ &)33?8 '"-!*. H)'$%-'(%)3!3? 

,!(-&4/4 *)/55,3-.- 3)$?"!34+ 4 $)%-.)0-*-.- -')@&!34+, .&! 35@3- 4'$-"#0-*)(# 

35@3-! &)*"!34! 4 (!,$!%)(5%5. >)%+&5 ' 6(4, 4''"!&51('+ '$-'-;? 3)3!'!34+ 40 

%)'(*-%-* 4 '5'$!304:. A-&-;351 ,!(-&4/5 $%!&"-@4") /-,$)34+ Nanosolar. -("424! 

* 4'$-"#0-*)344 5"#(%)0*5/) 4 6"!/(%42!'/-.- $-"+  

D"#(%)0*5/ 9-%,4%5!( /)$"4 &4),!(%-, ,!3!! 5 ,/,, /-(-%?! %)0%?*)1('+ * 

6"!/(%42!'/-, $-"!. K"!/(%42!'/-! $-"! ()/@! 4.%)!( %-"# 3)$%)*"+1<!: '4"?. 

N!;!'(-4,-'(# $-&-;3-.- $%-40*-&'(*) $-&'24()"4 /)/ 0.5 .%),,) 4 10-15 

&-"")%-* 3) /*)&%)(3?: ,!(%. 

 

H4' 1. G-(- 3) 6"!/(%-33-, ,4/%-'/-$! $!%-*'/4() 40 %)'(*-%) &4,!(4"9-%,),4&) 

M-'(4.35(?! %!05"#()(?: 

1) H)0%);-()3) ,!(-&4/) $-&.-(-*/4 $!2)()!,-.- 4 %)'$?"+!,-.- %)'(*-%), 

/-(-%?: $%!&'()*"+!( 40 '!;+ '5'$!3041 2)'(47 %)0,!%-, 2-20 3,, $%4 6(-, 

-&3-%-&3-'(# ,-@!( &-8-&4(# &- 1 3,.  

2) H)0%);-()3? ,!(-&4/! $!2)(4 - 3)3!'!34+ '"-!* '-"3!23?8 ;)()%!:. 

L'$-"#05!('+ 5"#(%)0*5/ 2)'(-(-: -( 1 IF7 &- 30 IF7, '-*,!'(3- ' 

6"!/(%-'()(42!'/4, 4 ,).34(3?, $-"!,, 2(- $-0*-"+!( 9-%,4%-*)(# /)$"4 ' *?'-/-: 

'(!$!3#1 -&3-%-&3-'(4 - %)0,!% -( 1000 &- 100 3, ' (-23-'(#1 * 3-5 3,, $-/)0)3- 3) 

%4'53/! 1. K(- $-0*-"+!( '-0&)*)(# $-/%?(4+ c (-23-'(#1 &- 10 3,. M"+ -(&!"#3?8 

'"52)!* ()/@! 4'$-"#05!('+ $!2)(# * %)'(*-%)8 ' 6"!/(%-9-%!(42!'/4, -')@&!34!,. 

H)0%);-()3? ,!(-&4/4 4 %!@4,? &"+ 3)3!'!34+ -%.)342!'/48 $-"5$%-*-&34/-* ' 

4'$-"#0-*)34!, -%.)342!'/48 4 *-&3?8 %)'(*-%4(!"!:, ) ()/@! 3!-%.)342!'/48 
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('!"!34&? 4 '5"#94&? '*437), .)""4+, .!%,)34+, /%!,34: 4 $%.) ' 4'$-"#0-*)34!, 

*-&3?8 4 ),,4)23?8 %)'(*-%-*. R)/@! 4'$-"#05!('+ $4%-"40 4 4'$)%!34! 40 

%)'$")*-*, * -'3-*3-, &"+ $%-0%)23?8 $%-*-&+<48 4 ,!()""404%-*)33?8 $-/%?(4:. 

H)0%);-()3? %)'$?"4(!"#3?! .-"-*/4 &"+ 3)3!'!34+ '"-!* $%-0%)23-.- $%-*-&+<!.- 

$%-*-&34/). 

3) A%-40*-&4(!"#3-'(#, 6/-"-.423-'(#, 6/-3-,423-'(#. A%4 4'$-"#0-*)344 3)E!: 

,!(-&4/4 4'$-"#051('+ ;-"!! 85 % %!)/(4*-*. I-@3- &-'(42# $%-40*-&4(!"#3-'(4 * 

10 /*)&%)(3?8 ,!(%-* * 2)'.  

9)%(6' .%,"*-,4*5: 
1. Burschka J. et al. Sequential deposition as a route to high-performance perovskite-

sensitized solar cells //Nature. – 2013. – R. 499. – W. 7458. – N. 316-319. 

2. Ball J. M. et al. Low-temperature processed meso-superstructured to thin-film perovskite 

solar cells //Energy & Environmental Science. – 2013. – R. 6. – W. 6. – N. 1739-1743. 
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P<=-Q<I.4/8 -,OJ1045 4 4-Q,KRO,/1045 K1O<=08M 

I,-N4:<-I4M -,K0<:08M UK<I.=,-.10;49 

=#4B.5/%)  .=. 
DHAP V&%%N1L, +. ",=,KY/, ?,-I,/-I15 ,SK., ),--45. 

 

= N`J 4 P$-344, ) ()/@! G%)3744, F!%,)344, L()"44, J*'(%44 *!&^('+ 

43(!3'4*3)+ %)0%);-(/) /-',42!'/48 '-"3!23?8 6"!/(%-'()374: (CNKN) ' 7!"#1 

'-0&)34+ %?3/) «/-',42!'/-.- 6"!/(%42!'(*)», /-(-%?: ,-@!( $%4*!'(4 / 

-;!'7!34*)341 $%4%-&3?8 63!%.!(42!'/48 %!'5%'-* H-''44 ( 3!9(4, .)0), 5."+, 5%)3) 

4 $%-2.) 4 $-(!%4 !1 63!%.!(42!'/-: ;!0-$)'3-'(4. = 3)'(-+<!! *%!,+ * C-,4(!(! $- 

63!%.!(4/! F-'5&)%'(*!33-: M5,? $%-*-&4('+ $-&.-(-*/) -%.)340)74-33?8 

&-/5,!3(-* $- '-0&)341 * H-''44 3)$%)*"!34+ 439-%,)74-33--'4"-*-: 

;!'$%-*-&3-: $!%!&)24 63!%.44 '(%)(-'9!%3-.- 4 /-',42!'/-.- ;)04%-*)34+ [1]. 

=?3-' $%!-;%)0-*)(!"!: 63!%.44 ('-"3!23-: 4"4 +&!%3-:) 0) $%!&!"? ;4-'9!%? 

V!,"4 '5<!'(*!33- '34@)!( 3).%50/5 3) ;4-'9!%5 4, * 2)'(3-'(4, $%4*-&4( / 

'34@!341 $)%34/-*-.- 699!/(). K/-"-.42!'/4! $-'"!&'(*4+ ()/-.- 

63!%.-'3);@!34+ '5<!'(*!33- 34@!, 2!, $-'"!&'(*4+ -( (%)&474-33?8 

63!%.!(42!'/48 4'(-234/-*, ()/48, /)/ (!$"-*?!, )(-,3?! 4 .4&%-6"!/(%-'()3744. 

A-,4,- )"#(!%3)(4*? $-'"!&34,, $-+*"+1('+ 3-*?! *-0,-@3-'(4: 63!%.-'3);@!34! 

5&)"^33?8 4 (%5&3-&-'(5$3?8 %):-3-* $%4 -('5('(*44 3!-;8-&4,-: /);!"#3-: '!(4 

(%):-3? C%):3!.- N!*!%) H-''44, C)3)&?, F%!3")3&44, .-%3?! %):-3?, $5'(?34, 

,!'() '(484:3?8 ;!&'(*4: 4 /)()'(%-9); %!E!34! $%-;"!,? $4/-*?8 3).%50-/, 

0)%5;!@3?! $-'()*/4, 3-*?! *-0,-@3-'(4 * %!E!344 -;-%-33?8 0)&)2 4 %!E!344 

$%-;"!,? )'(!%-4&3-: -$)'3-'(4. 

 >)$%)*"!34! '-0&)34+ /-',42!'/48 '-"3!23?8 6"!/(%-'()374: (CNKN) ,-@!( 

-$%!&!"+(# (!,$ %)0*4(4+ /-',42!'/-: (!834/4, '$-'-;'(*-*)(# %!E!341 

'-74)"#3?8 4 $-"4(42!'/48 0)&)2, ) ()/@! -;!'$!24*)(# 63!%.!(42!'/51, 

6/-"-.42!'/51 4 -;-%-3351 ;!0-$)'3-'(# '(%)3?. 

 CNKN ,-.5( ;?(# 4'$-"#0-*)3? &"+ 63!%.-'3);@!34+ ()/@! T53?, I)%') 4 3) 

-%;4()8 &"+ %!E!34+ $5(^, ;!'$%-*-&3-.- 63!%.--;!'$!2!34+ (%)3'$-%(3?8 0)&)2 4 

-;!'$!2!34+ 63!%.-^,/48 4 6/-"-.42!'/4 *%!&3?8 $%-40*-&'(*. 

 = N`J ()/4! /%5$3!:E4! /-%$-%)744 4 3)523?! 7!3(%?, /)/ «T-/84&-I)%(43», 

«O-43.», JPL, « !3(% I)%E)"")», « !3(% F"!33)», ) ()/@! %+& 534*!%'4(!(-*, 

$")34%51( '-0&)(# CNKN .4.)*)((3-.- 5%-*3+ / 2016 .. (%4'.1) &"+ 3)2)") '-0&)34+ 

%?3/) «/-',42!'/-.- 6"!/(%42!'(*)». 

C4(): 3),!%!3 52)'(*-*)(# * 6(-, %?3/!. A!3().-3, /)/ 3)4;-"#E4: $-(%!;4(!"# 

6"!/(%-63!%.44 * N`J, )/(4*3- %)'',)(%4*)!( E4%-/4! *-0,-@3-'(4 4'$-"#0-*)34+ 

CNKN * 43(!%!')8 ,434'(!%'(*) -;-%-3? N`J [2]. 

 F%5$$) 40 16 +$-3'/48 /-%$-%)74: *- .")*! ' Mitsubishi Corporation $")34%5!( 

$-'(%-4(# CNKN .4.)*)((3-.- 5%-*3+ / 2025 .. * %),/)8 $%-!/() Solarbird (%4'.2). 

B;<)+ '(-4,-'(# CNKN -7!34*)!('+ * 24 ,4""4)%&) &-"")%-*. A%!&$-").)!('+, 2(- 

'(-4,-'(# *?%);)(?*)!,-.- «/-',42!'/-.- 6"!/(%42!'(*)» ;5&!( * 6 %)0 &!E!*"!, 

2!, 3) +$-3'/48 3)0!,3?8 6"!/(%-'()374+8.  
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A!%*?! 52)'(34/4 ()/-.- %?3/), * $!%'$!/(4*! 03)24(!"#3-.- $-&-%-@)34+ 

(%)&474-33-.- 6"!/(%42!'(*), ;5&5( 4,!(# ,)/'4,)"#351 $%4;?"#, ) (%)&474-33?! 

63!%.-3-'4(!"4 (3!9(#, .)0, 5.-"#, 5%)3 4 &%.) 3)235( -;!'7!34*)(#'+.  

 

 H4'. 1. CNKN $- $%-.%),,! A!3().-3) .  

 

H4'.2. I-&5"# +$-3'/-: CNKN, '(-%-3) 100,. 

 H)0%);-(/4 * N`J 4 P$-344 ;)04%51('+ 3) N=] /-37!$744 CNKN 4 

/%5$3-.);)%4(3?8 /)%/)'3?8 /-3'(%5/74+8 (&- 5 /,). B&3)/- * $-'"!&34! 2 .-&) 3) 

;)0! %)0*4(4+ 3)3-(!83-"-.4: * ,4%! %!0/- *-0%-' 43(!%!' / ")0!%3?, CNKN * '*+04 

' 5'$!8),4 * %)0%);-(/! 439%)/%)'3?8 $-"5$%-*-&34/-*?8 ")0!%-* (&"43) *-"3? 

$-%+&/) 1 ,4/%-3)) 4 -'-;!33- *-"-/-33?8 ")0!%-* [3]: CAM $%!-;%)0-*)34+ 

6"!/(%-63!%.44 * 439%)/%)'3?: ")0!%3?: '4.3)" * $-"5$%-*-&34/-*?8 ")0!%)8 

&-8-&4( &- 80%; 03)24(!"#3- ,!3#E)+ %)'8-&4,-'(# (10-6 %)&) ")0!%3-.- "52) $- 

'%)*3!341 ' N=] - '4.3)"-, (' .!-'()74-3)%3-: -%;4(? 3) V!,"1 ")0!% &)^( $+(3- 
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36,, N=]   15-20 /,); %!)"#3?! &-'(4@!34+ * ,434)(1%40)744 6"!,!3(3-: ;)0? ($- 

'*!(-*-&5 &4),!(%-, 250 ,4/%-3 $!%!&)^('+ '*!(-*)+ ,-<3-'(# 50 /=(). H-''4:'/4! 

$%-40*-&4(!"4 * *-"-/-33-: (!834/! '!:2)' 0)34,)1( *!&5<4! $-04744 * ,4%! (85% 

,4%-*-.- $%-40*-&'(*) *-"-/-33?8 ")0!%-*, LHK «A-"1'», ..G%+043-, 

$%43)&"!@)<!! =.A. F)$-37!*5, '-0&)*E!,5 !<^ 11 )3)"-.423?8 94%, $- *'!,5 

,4%5), 2(- +*"+!('+ -;+0)(!"#3?, 9)/(-%-, &"+ '-0&)34+ ,)'E();3-.- $%-40*-&'(*) 

$%!&").)!,?8 '4'(!,. HCC «K3!%.4+» (H-'/-',-') 4,!!( 534/)"#3?: -$?( '-0&)34+ 

7!3(%-;!@3?8 ;!'/)%/)'3?8 /-3'(%5/74:, /)/ ;)0? CNKN, 4,!1<48 %+& 

'5<!'(*!33?8 $%!4,5<!'(* $!%!& /)%/)'3?,4 )3)"-.),4 [4]. _<^ *1993.. $%-*!&^3 

/-',42!'/4: 6/'$!%4,!3( «V3),+ 2» (%4'.3) $- %)'/%?(41 4 $!%!-%4!3()744 

*%)<)1<!.-'+ (-3/-$"^3-23-.- $-"-(3) &4),!(%-, 20, 4 ,)''-: 4 /.. A%4^, 

")0!%3-: 63!%.44 ,-@3- -'5<!'(*4(# '-"3!23?,4 ;)()%!+,4, * (-, 24'"! 

/-37!3(%)(-%3?,4, 4,!1<4,4 CAM 3) 10-15% ;-"#E! * ")0!%3-, &4)$)0-3!, 2!, * 

'-"3!23-, [5]. = 3)'(-+<!! *%!,+ %!E^3 *-$%-' -;!'$!2!34+ %)'8-&4,-'(4, ;"40/-: 

/ &49%)/74-33-:, ,3-.-/)3)"#3?8 '4'(!, ,-<3-'(#1 &- 3!'/-"#/48 /=(. A)%),!(%? 

(%)/() $!%!&)24 /)/ N=], ()/ 4 ")0!%3-: 63!%.44 '*+0)3? *?%)@!34!, [6]: 

! H = 1,57 Rr Rt ,     (1 ) 

.&! Rr 4 Rt '--(*!('(*!33- %)&45'? $%4^,3-: 4 $!%!&)1<!: )3(!33?, H - 

%)''(-+34! ,!@&5 34,4, !  - &"43) *-"3?.  

 

  

H4'. 3. K/'$!%4,!3( «V3),+-2» (9-(- '- '()3744 «I4%»), /)/ $%-(-(4$ 7!3(%-;!@3-: ")0!%3-: 

CNKN. 

B(3-E!34! (2Rr/H) = "  !"#$%&'()"% $*+*, !&$-*#./*$%0 (12&. 34 '5!&6"7.) (1) 
'.#7*, 2%* $ 1/"708"7."/ #(.75 '*(75  *% 10 $/ (9:; – #.& &4*7) #* 1 /.<!*7& 
((&4"!75, #.& &4*7), $**%'"%$%'"77*, 1/"708&=%$) 7& 5  *!)#<*'  (*>&#.  !.?/7*, 
.  "!"#&=>", &7%"77. @&(&) !&$-*#./*$%0 (! =10-6 !&#.&7&) (&4"!7*A* (12& *47&2&"%, 
2%* $ A"*$%&B.*7&!7*, *!+.%5 (H = 36000 </) #.&/"%!  )%7& 7& C"/(" +1#"% D = ! H 
= 10-6 

á3,6á 107 =36 /.  
D&4"!7*, E9F9 /*6"% !"8&%0$)  !*+("/& &$%"!*.#7*, * &$7*$%.. GB"7<. 

 *<&45'&=%, 2%* '*4#",$%'." (&4"!7*A* .4(12"7.) *% E9F9 /*>7*$%0= 1 H:% 7& 
&$%"!*.# /&$$*, 109 <A $**+>.% "/1 1$<*!"7."  *!)#<& 10-3 //$2. I",$%'.%"(07*, 
/*>7*$%0 1H:%=109:% =mv2/2t, A#" m- /&$$&  &!& &$%"!*.#7*A* '">"$%'&, v- $<*!*$%0 
 &!& ( !./"/ v = 103//c), t – '!"/) '*4#",$%'.) (&4"!7*A* (12&. 9.(& (%)A&) *% 
./ 1(0$& $%!1. F = mv/t = 2mv2/tv = 2á109 / 103 = 2á106 H = 2á105 <A = 200%. J$<*!"7." 
#() &$%"!*.#& /&$$*, @ =109 <A v/t = F/M = 2á106/109 = 2á10-3 //c2. K!. #(.%"(07*/ 
-&!&<%"!" %&<*A* '*4#",$%'.) '*4/*67* LMM"<%.'7*" .4/"7"7." *!+.%5 &$%"!*.#&.  
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 :*4/*675 #'" <*7B" B.. $*4#&7.) E9F9 $ (&4"!75/ <&7&(*/:  "!'&) – 7& +&4" 
$*(7"275- +&%&!",, <*%*!5" 4& .%5'&=% !&$ !"#"(?775"  * .-  *'"!-7*$%.  

%'?!#*%"(075" 3E (&4"!5,  "!"#&=>." #&("" L7"!A.=  * $'"%*'*#&/ < *+>"/1 
B"7%!1 ., #&("", <  *%!"+.%"(=; '%*!&) – 7& +&4" B"7%!*+"675- '*(*<*775- (&4"!*' 
$ $*(7"27*, 7&<&2<*,. 

 K*  "!'*, <*7B" B.. 16" $"A*#7) 4& !1+"6*/ $1>"$%'1"% L("/"7%7&) +&4& . 
!&4!&+*%&75  !*"<%5 E9F9 $ #*$%&%*27*  *#!*+7*, %"-7.<*-L<*7*/.2"$<*, 
 !*!&+*%<*, [7]. 

 N&.+*("" LMM"<%.'7*, +&4*, '7*'0 $*4#&'&"/5- (&4"!75- $.$%"/ E9F9 /*A1% 
$%&%0 '*(*<*775" (&4"!5 $ $*(7"27*, 7&<&2<*, [8]. @"6#17&!*#75, (&4"!75, O"7%! 
 !. @HJ ./. @.:. D*/*7*$*'& $*'/"$%7* $ '"#1>./. .7$%.%1%&/. PQN  !"#(&A&"% 
#()  *'58"7.) LMM"<%.'7*$%. $*(7"27*, 7&<&2<. '*(*<*77*A* (&4"!& .$ *(04*'&%0 
*$*+5, $*$%&' ("A.!*'&7.) #()  *A(*>"7.) $ "<%!& M(=*!"$B.!1=>"A*  *<!5%.) 
 *'"!-7*$%. '*(*<7&,  *A(*>&=>"A* #* 95% $*(7"27*A* $ "<%!&, #()  "!"#&2. 
L7"!A.. $*(7"27*A* $ "<%!& ' !&+*2., #.& &4*7 1,06/</, A#" &%/*$M"!&  !*4!&27& 
#() (&4"!7*A* (12&. :*(*<*775" (&4"!5 B"("$**+!&47* M*!/.!*'&%0 ' <*$/.2"$<*/ 
 !*$%!&7$%'" B"7%!*+"675/. $.(&/., 2%* 47&2.%"(07* LMM"<%.'7"" &/"!.<&7$<.- . 
) *7$<.- &7&(*A*', +&4.!1=>.-$) 7& /7*A*<.(*/"%!*'5- <&!<&$75- <*7$%!1<B.)- 
$*(7"275- +&%&!", . <*7B"7%!&%*!*', & %&<6" 9:; <*7B" B... 3$ *(04*'&7." 
B"7%!*+"675- '*(*<*775- (&4"!*' $ $*(7"27*, 7&<&2<*,  *4'*()"% *+R"#.7.%0 (&4"! 
. .$%*27.< "A*  .%&7.) (9*(7B"), & %&<6" $M*!/.!*'&%0 B"7%!*+"675/. $.(&/. 
« *'"!-7*$%0» .4 (&4"!*' $ *!."7%&B.", 7& 9*(7B" #() $*4#&7.) *%7*$.%"(07* 
 !*$%*A* . #"8?'*A* <*$/.2"$<*A* $"A/"7%& 7& /*>7*$%0 *% 1 @:% #* 1-5 H:%, 2%* 
$1>"$%'"77* !&$8.!.% '*4/*67*$%. $*4#&7.) $.$%"/ #() 8.!*<*A* <!1A& &<%1&(075- 
4&#&2. :* '7*'0  !"#(&A&"/*, <*7B" B.. *% &#&"% 7"*+-*#./*$%0 ' $*(7"275- 
+&%&!")-,  !*.4'*#$%'* <*%*!5- ' P*$$..  !&<%.2"$<. *%$1%$%'1"%, & %&<6" 6?$%<*/ 
<&!<&$", $*$%&'()=>"/ 47&2.%"(071= 2&$%0 $%*./*$%. E9F9 . * 5% $*4#&7.) 
<*%*!5- *%$1%$%'1"% ' /.!*'*,  !&<%.<". : PEE «F7"!A.)» ">? ' 1994A.  !*!&+*%&7& 
<*7$%!1<B.) &A!"A&%& !&$<!5%.) %!*$*'*, 9N; &7%"775 #.&/"%!*/ 300/, <*%*!&) 
/*6"% $(16.%0  !*%*%. */ $.$%"/5 !&$<!5%.) B"7%!*+"675- '*(*<*775- (&4"!*'. 
3PF «K*(=$» (A.S!)4.7*) ./""% 47&2.%"(075, * 5%  * !&4!&+*%<" . '7"#!"7.= 
'*(*<*775- (&4"!*' . /*A +5 '*4A(&'.%0 L%* 7& !&'("7.". 

 K* $!&'7"7.= $ <*$/.2"$<./. TFJ, ' %*/ 2.$("  !. '5$*<*/ 1!*'7" /*>7*$%. 
(@:% – H:% . +*(""), E9F9 ./"=% $1>"$%'"775"  !"./1>"$%'&:  *  !*$%*%" 
<*7$%!1<B.. (7" ./"=% '5$*<*%"/ "!&%1!75- <*7%1!*', )#"!7*A* %* (.'&, 
!&#.&B.*77*, 4&>.%5, '!&>&=>.-$) A"7"!&%*!*' . %1!+.7); L<*(*A.2"$<. 2.$%5, 7" 
7"$1% <&%&$%!*M.2"$<.-  *$("#$%'.,  !. &'&!..; 7" ./"=%  !*+("/ $ 1%.(.4&B.", 
.(. 4&-*!*7"7."/; '5.A!5'&=%  * $%*./*$%75/ -&!&<%"!.$%.<&/  !. 
<!1 7*/&$8%&+7*/  !*.4'*#$%'"; '  !*B"$$" !&4'.%.) 7&7*%"-7*(*A., ./"=% 
 "!$ "<%.'5 < $*'"!8"7$%'*'&7.=; L("/"7%5 E9F9 ./"=% 8.!*<*"  *(" 
<*$/.2"$<*A* . 7&4"/7*A* .$ *(04*'&7.); /*A1% #&%0 $1>"$%'"775, '<(&# ' 
/*#"!7.4&B.= . .77*'&B.*77*" !&4'.%." L<*7*/.<. P*$$.., L7"!A"%.2"$<1= . 
L<*(*A.2"$<1= +"4* &$7*$%0, !"8"7." L<*7*/.2"$<.- .  *(.%.2"$<.- 4&#&2.  

 I() P*$$.. *%<!5'&"%$) '*4/*67*$%0  1%"/ $*4#&7.) E9F9 $ (&4"!75/ <&7&(*/ 
 "!"#&2. L7"!A.. *% B"7%!*+"675- '*(*<*775- (&4"!*' $ $*(7"27*, 7&<&2<*, 4&7)%0 
(.#.!1=>"" /"$%* ' /.!*'*/  !*B"$$" !&4!&+*%<.  !*/58("775- E9F9. 

 

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

1. 9.A*' Q.9., @&%=-.7 :.S. D&4"!75" $.$%"/5 #() +"$ !*'*#7*,  "!"#&2. 
L7"!A... //Q(0%"!7&%.'75, <.(*'&%%, 2012. - U 6. - 9.21-27. 



150   !"#$%&'(#%)* +('$  «,(-(.%(,/0! &0 1%!'2!345&» 

2. Johnson W. N., Akins K., Armstrong J. at al. Space-based Solar Power: Possible 
Defense Applications and Opportunities for NRL./ NRL/FR/7650-09-10,179, p.101. 

3. P&,<17*' H.H., :"!(&7 Q.Q, @"(07.<*' :.@., K.2-&#4" E.@., 95$*"' :.E., 
V&!(*' W.N.. K!"./1>"$%'& <*$/.2"$<.- $*(7"275- L("<%!*$%&7B., $ (&4"!75/ 
<&7&(*/  "!"#&2. L7"!A... X. «34'"$%.) PQN» F7"!A"%.<& U5,2012 9.38-47. 

4. P&,<17*' H.H., E*/<*' :.Q., @"(07.<*' :.@., V&!(*' W.N. O"7%!*+"675" 
+"$<&!<&$75" <!1 7*A&+&!.%75" <*$/.2"$<." <*7$%!1<B...- @.:S3C@QYD3Y, 2009. 
447$. 

5. Q7#!""' :.@.. :5$*<*LMM"<%.'75" M*%*L("<%!.2"$<."  !"*+!&4*'&%"(. 
(&4"!7*A* . <*7B"7%!.!*'&77*A* $*(7"27*A* .4(12"7.). //Q(0%"!7&%.'75, <.(*'&%%, 
2012. - U 6. - 9.14-20. 

 6. :&7<" :.Q., D* 1-.7 :.@., 9&'.7 :.D. K!*+("/5 $*(7"275- <*$/.2"$<.- 
L("<%!*$%&7B.,.//J$ "-. M.4.2"$<.- 7&1<. 1977.Y. 123. '5 .4. 9.633-655. 

 7. 95$*"' :.E., K.2-&#4" E.@., H!"8.(*' K.Q., :"!(&7 Q.Q. 9*(7"275" 
<*$/.2"$<." L("<%!*$%&7B..:  1%. !"&(.4&B... - @Q3-KP3NY, 2013. - 160$. 

 8. Boetti N. «Solar pumping of solid state laser for space mission: a novel 
approach»,available at: www. polito.it.articles, 2008. 
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16789:;<9=>?@A=B9 ;77@9CDE?=;F 6;=9>;6; 8:DG977DE 

D6;7@9=;F >E9:CDH?I=BJ =9D:K?=;L976;J 

M=9:KD=D7;>9@9N E EDC=BJ :?7>ED:?J O9@DL9N E 

;=>9:E?@9 >9<89:?>P: D> 30°C CD 90°C 6?6 8:;@DQ9=;9 

6 7DIC?=;R K9=9:?>D:? EDCD:DC? 

 !"#$% &.'., ()*+#,-  ... 
+9C9:?@A=D9 KD7PC?:7>E9==D9 SRCQ9>=D9 PL:9QC9=;9 =?P6; (ST9C;=9==BN ;=7>;>P> EB7D6;J 
>9<89:?>P: '&% ((4,3 '&%), K.  D76E?, 'D77;F 

K*(7*%& !"&<B.. *<.$("7.) 7"*!A&7.2"$<.- L7"!A*7*$.%"(", &(=/.7.) . 
<!"/7.) ' '*#75- !&$%'*!&- >?(*2", 7&%!.) . <&(0B.) #*$%.A&(& 92% ' 4&'.$./*$%. 
*% 1$(*'., !"&<B.. – %"/ "!&%1!5 . <.$(*%7*$%. $!"#5. 

N&.(128." !"41(0%&%5 +5(.  *(12"75  !. *<.$("7.. &(=/.7."'*A*  *!*8<& 
ASD-6, $!"#7., !&4/"! 2&$%.B <*%*!*A* $*$%&'()"% 4 /</. 

3$$("#*'&7.) +5(. %&<6"  !*'"#"75 #() +*("" <!1 75-  *!*8<*' . A!&71( 
&(=/.7.) .  *!*8<& <!"/7.),  !*$")77*A* 2"!"4 40 /</ $.%*. 

Q+$*(=%7&) '"(.2.7& *+R?/& '5#"(.'8"A*$) '*#*!*#& #()  *(7*$%0= 
 !*!"&A.!*'&'8"A*  *!*8<& &(=/.7.) $* *$%&'./& $ *+R?/*/ '5#"(.'8"A*$) 
'*#*!*#&  !. *<.$("7..  *!*8<& <!"/7.),  !. <*%*!*/ A(1+.7& !"&<B.. $*$%&'.(& 
74%. : *+*.- $(12&)- '"(.2.7& $*$%&'.(& 650 /( '*#*!*#&  !. 20 °9. 

W5(.  *(12"75 4&'.$./*$%. <.$(*%7*$%. !"&<B.*77*, $!"#5 *% '!"/"7., <*%*!5" 
'5)'.(. 7&(.2." !"A"7"!&B.. >?(*2. 7& 1!*'7" 40% *% "? 7&2&(07*A* <*(.2"$%'&. 

H(1+.7& !"&<B..  !. *<.$("7.. ' A.#!*<$.#" 7&%!.) . *<$.#" <&(0B.)  !. !N = 
12 *<&4&(&$0 *#.7&<*'*, 7& 1!*'7" 90%. 

3$$("#*'&(*$0 '(.)7."  !.$1%$%'.) A.#!*<$.#& &(=/.7.) ' !"&<B.*77*, $!"#" 
7& '"(.2.71 '5-*#& '*#*!*#&  !. *<.$("7.. 100 /</  *!*8<& &(=/.7.) ' *<$.#" 
<&(0B.)  !. !&4(.275- %"/ "!&%1!&-. 

 

P.$. 1. :"(.2.7& '5-*#& '*#*!*#& '  !*B"7%&- *% %"*!"%.2"$<*, '"(.2.75 #() &(=/.7."'*A* 
 *!*8<& ASD-6  !. *<.$("7.. ' *<$.#" <&(0B.) 
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P.$. 2. :"(.2.7& '5-*#& '*#*!*#& '  !*B"7%&- *% %"*!"%.2"$<*, '"(.2.75 #() &(=/.7."'*A* 
 *!*8<& ASD-6  !. *<.$("7.. ' A.#!*<$.#" 7&%!.) 

 

P.$. 3. :"(.2.7& '5-*#& '*#*!*#& '  !*B"7%&- *% %"*!"%.2"$<*, '"(.2.75 #() 40 /</ 
<!"/7."'*A*  *!*8<&  !. *<.$("7.. ' A.#!*<$.#" 7&%!.) 

 

P.$. 4. :"(.2.7& '5-*#& '*#*!*#& '  !*B"7%&- *% %"*!"%.2"$<*, '"(.2.75 #() 100 /</ 
&(=/.7."'*A*  *!*8<&  !. *<.$("7.. ' *<$.#" <&(0B.)  !. !N = 12,5  
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#D7>D;=7>E? ; =9CD7>?>6; D>C9@A=BJ 7;7>9< ; 

P7>?=DED6 M=9:K9>;6; EDIDS=DE@F9<BJ ;7>DL=;6DE 

M=9:K;; 

/+*01,2 3.4. 
644053, (<76-53, P@.  ?K;7>:?@A=?F, 60, 6E. 17 

9**%7*8"7." /"6#1 B"7&/.  !*.4'*#$%'& .  *%!"+("7.) ' $!"#7"/  * P*$$.. 
!&'7)"%$) #'1/, 2%* *+1$(*'("7* %!&7$ *!%75/., $7&+6"72"$<*-$+5%*'5/., 
7&(*A*'5/. .  !*2./. 7&2.$("7.)/., & %&<6" *$*+"77*$%)/. -!&7"7.) !"&(.41"/*, 
 !*#1<B.. . *+"$ "2"7.) 6.47"#")%"(07*$%. *+R"<%*' $M"!5 1$(1A. K!. L%*/  * 
*%#"(075/ !"A.*7&/ B"75  *%!"+("7.) !&4(.2&=%$) 47&2.%"(07*. J#"(075, '"$, 
7& !./"!, %!&7$ *!%75- !&$-*#*' ' B"7"  *%!"+("7.) $*$%&'()"% ' $!"#7"/ *<*(* 
10%, &  !.  *$%&'<" 7& 47&2.%"(075" !&$$%*)7.) — *<*(* 50%. J#"(075, 6" '"$ 
!&$-*#*' 7& -!&7"7." * !"#"()"%$) ' *$7*'7*/ L7"!A* *%!"+("7."/. 

: !"41(0%&%"  !.+5(0  !*.4'*#.%"() $'"#"7& < /.7./1/1, & *$7*'7&) 2&$%0 
 !.+&'*27*, $%*./*$%. !"&(.41"%$) ' $M"!" *+!&>"7.), 2%* $7.6&"% !"7%&+"(07*$%0 
 !*.4'*#$%'& . 47&2.%"(07*  *'58&"% B"71  *%!"+("7.)  !*%.' B"75  !"#(*6"7.). 
D0'.7&) #*() ' !&47*$%. B"7,  *%!"+("7.) .  !*.4'*#$%'&  !.-*#.%$) 7& %* $ <&<*, 
LMM"<%.'7*$%0=, ' <&<*/ '.#" . <&<./. $!"#$%'&/.  !*'*#.%$) L7"!A*$+"!"A&=>&) 
 *(.%.<& 7" %*(0<* ' $M"!" 1$(1A, 7* . ' $M"!"  !*.4'*#$%'& L7"!A... 9M"!& 1$(1A, 
*$*+"77* $')4&77&) $ .$ *(04*'&7."/ .$<1$$%'"77*A* -*(*#& . %" (&, $&/& 4&'.$.% *% 
B"75 . #"M.B.%& %"- .(. .75- '.#*' L7"!A... 

I"M.B.% L7"!A*!"$1!$*' ' P*$$.. *+1$(*'("7 7" %*(0<* %"/, 2%* 1 7&$ $&/&) 
-*(*#7&) ' /.!" 4./& . +*(08." !&$$%*)7.) #* /"$% #*+52. L7"!A*7*$.%"(", 7* . 
 *%*/1, 2%* $*'!"/"775" $.$%"/5 6.47"*+"$ "2"7.)  !*/58("77*A*  !*.4'*#$%'&, 
6.(0), $"(0$<*A* -*4),$%'&, $%!*.%"(0$%'& 7" .$ *(041=%, ' 2&$%7*$%., #() 
L7"!A*$+"!"6"7.)  !. L<$ (1&%&B.. $%&B.*7&!75- L7"!A*A"7"!.!1=>.- 1$%&7*'*< . 
$.$%"/ %" (*'5"  !.'*#5 . !"4<." $"4*775" <*("+&7.) %"/ "!&%1!, #*$%.A&=>." 50 
– 70  9, & +&4.!1=%$) ' *$7*'7*/ 7& %"-7*(*A.)- '!"/"7 '$"*+>", .7#1$%!.&(.4&B.. 
$%!&75 ( "!'*,  *(*'.75  !*8(*A* '"<&). 

C7&2.%"(075" M.7&7$*'5" !"$1!$5, +*(08*" <*(.2"$%'* %* (.'&, & 47&2.% . 
L("<%!*L7"!A.. !&$-*#1"%$) .4-4& %*A*, 2%* !&47**+!&475"  *%!"+.%"(. %* (.'7*-
L7"!A"%.2"$<.- !"$1!$*' (YFP) '  !*8"#8." A*#5 +5(.  "!"*!."7%.!*'&75 7& 
.$ *(04*'&7." %"-7*(*A., $  !./"7"7."/ ' <&2"$%'" 17.'"!$&(07*A* '.#& L7"!A.. — 
L("<%!.2"$<*, L7"!A... 

O"7%!&(.4*'&77*"  !*.4'*#$%'* L("<%!.2"$<*, L7"!A.. $ .$ *(04*'&7."/ "" #() 
$*'"!8"7.) 1  *%!"+.%"() 7"*+-*#./5- "/1 '.#*' !&+*%  * 6.47"*+"$ "2"7.= 
4#&7., .  !*.4'*#$%'& +5(* '5A*#7* %*(0<* $ L<*7*/.2"$<*, %*2<. 4!"7.); <*A#& 
L("<%!.2"$<&) L7"!A.) *% 1$<&(&$0  * (0A*%75/ %&!.M&/ . L("<%!.2"$<." $"%. 
$*#"!6&(.$0 ' 1#*'("%'*!.%"(07*/ $*$%*)7.., %&< <&< #() *+R"<%*' $ 7.4<./. 
*+R"/&/.  *%!"+("7.), A#" 7"'*4/*67& 17.M.<&B.) L%* 1 !*>&(* 7*/"7<(&%1!1, ' 
2&$%7*$%. /"-&7.4&B.., -*(*#*-(%" (*)A"7"!.!1=>"A* . -*(*#*- 
(%" (*).$ *(041=>"A* *+*!1#*'&7.). 

: 7&$%*)>"" '!"/), <*A#& !*$$.)7&/ 16" 7" A&!&7%.!1"%$) 7&#("6&>"" 
L("<%!*$7&+6"7." . B"75 7& L("<%!*L7"!A.= !"4<* '*4!*$(., 7"*+-*#./* 16" 7" 
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%*(0<* $ L<*(*A.2"$<*,, 7* . $ L<*7*/.2"$<*, %*2"< 4!"7.)  "!"-*# 7& .$ *(04*'&7." 
+*("" #"8"'5- '.#*' L7"!A... K!. L%*/ 7"*+-*#./* !"4<* $*<!&%.%0  *%!"+("7." 
'5$*<*(.<'.#7*, L("<%!.2"$<*, L7"!A... 

34'"$%7*, 2%* '  !*B"$$" #*+52.,  !*.4'*#$%'&, %!&7$ *!%.!*'<., -!&7"7.), 
 *%!"+("7.) *!A&7.2"$<.- L7"!A"%.2"$<.- !"$1!$*' (%* (.'&), 7& '$"- 
 "!"2.$("775-  *$("#*'&%"(075- L%& &-  !*#'.6"7.) L7"!A..  "!'.275- 
.$%*27.<*' . 7& '$"- $%1 "7)- .$ *(04*'&7.) L7"!A.. ' /&%"!.&(07*/  !*.4'*#$%'" 
. $M"!" 1$(1A ' B"(*/ '()-('#- $%$&$ 90 % ./()0"" !$ #)*1/(/"2 # 

!()1$/*3*&4/,5 +)$1/(5. 

:$" L%*  !.'*#.% < 4& !"#"(07*/1  *%!"+("7.= YFP . !&$-*#1 $!"#$%' 7& +*!0+1 
$ 4&A!)47"7."/ *<!16&=>", $!"#5 . #1-6*/$ $/$ 1 !()1+2 $3()(74 # 8$&49"5 

%$&"3(#'1$5 '(:/$&$0"3(#%": !()(7(&$1, %$'$),5 !$71()0*2'#- $)0*/"3(#%$( 

'$!&"1$ " 0(/()")+(5,( 1"7, ./()0"" /* !+'" % !$')(8"'(&2, '"#1>.- < %*/1 
6" < !"4<*/1 1#*!*6&7.= %!&#.B.*77*A* L7"!A*$7&+6"7.). 

G#7./ .4  1%", $7.6"7." #*(. ' !&47*$%. B"7,  *%!"+("7.) .  !*.4'*#$%'& 
)'()"%$) '5!&+*%<& 7"*+-*#./5- '.#*' L7"!A.. 7& #"B"7%!&(.4*'&775- (1#&("775-) 
%"!!.%*!.)- 4& $2"% .$ *(04*'&7.) '*4*+7*'()"/5- .$%*27.<*' L7"!A.. (:3F). 

: L("<%!*775- .4#&7.)- 8.!*<*  !"#$%&'("75  *# !&4(.275/. 7&4'&7.)/. 
/7*A*2.$("775" $.$%"/5 . 1$%&7*'<. L7"!A"%.<. :3F, <&6#&) .4 <*%*!5- ./""% ' 
4&'.$./*$%. *% A"*A!&M.2"$<*A*  *(*6"7.)  *%!"+.%"() L7"!A.., !"6./& 
L<$ (1&%&B.., '!"/"775-  *%!"+7*$%", ' %"- .(. .75- '.#&- L7"!A.. $'*. 
 !"./1>"$%'& . 7"#*$%&%<.. 

K!"#(&A&"%$) *B"7<& #*$%*.7$%' . 7"#*$%&%<*' *%#"(075- $.$%"/ . 1$%&7*'*< 
L7"!A"%.<. :3F,  !.4'&775- *+"$ "2.'&%0 '*#*$7&+6"7.", '5!&+*%<1 /"-&7.2"$<*, 
. L("<%!.2"$<*, L7"!A.,  !*.4'*#$%'* -*(*#& . %" (& ' $!"#7",  *(*$" P*$$... 
;$65$</$#'" ./()0('"%" ;=> !$ $8(#!(3(/"2 .'"5" 1"7*5" ./()0"" !)"1(7(/, 

1 '*8&"?*: 1 – 10. 

F%* — $'*#75, &7&(.4 7&.+*("" LMM"<%.'75-; $ %*2<. 4!"7.) /.7./.4&B..: 
L7"!A"%.2"$<.-  *%"!0; !&$-*#& $*4#&'&"/5- 2"(*'"<*/ /&%"!.&(*'; *%!.B&%"(07*A* 
'*4#",$%'.) 7& *<!16&=>1= $!"#1 . 2"(*'"<&, %"-7*(*A., .$ *(04*'&7.) ' $!"#7", 
 *(*$" P*$$.. 7&.+*("" !&$ !*$%!&7"775- '.#*' :3F — L7"!A.. 9*(7B&, ' %*/ 
2.$(", &<<1/1(.!1"/*, $*(7"275/ $*()75/  !1#*/ [1] . '"%!& (:FJ). 

E*7"27*,  "!"2"70, :3F #() '*#*$7&+6"7.) /*6"% +5%0 !&$8.!"7 4& $2"% 
A.#!*L7"!A.., I:9, !&+*%&=>.- 7& +.*A&4" . %. . 

G#7&<* A.#!*L7"!A.) — L%* .$%*27.< L7"!A.. *A!&7.2"77*A* .$ *(04*'&7.), & 
+.*A&4, <&< '5$*<*(.<'.#7*" %* (.'*, +*("" '$"A*  *#-*#.% #()  !./"7"7.) ' I:9 
%!&7$ *!%75- $!"#$%'. 

Q<B"7%.!*'&7." '7./&7.) 7& %*/, 2%* ' $.$%"/" $*(7"27*A* '*#*$7&+6"7.) 7"% 
.$ *(04*'&7.) L("<%!*L7"!A..; *+1$(&'(.'&"%$) 7" %*(0<* %"/, 2%* .$ *(04*'&7." 
L("<%!.2"$%'& #() B"(", '*#*$7&+6"7.) 7" '5A*#7* ' $%&B.*7&!75- 1$(*'.)- (#&6" 
' 1$(*'.)- $'"!- (*%7*, A*!*#$<*, 4&$%!*,<.) 7" %*(0<* $ L7"!A"%.2"$<*, %*2<. 
4!"7.). Q  *%*/1, 2%* /"#.<. *+R)'.(. *+ *%<!5%.. 7*'*, +*("47.,  !.$1>", 
$*'!"/"77*, B.'.(.4&B.. — $.7#!*/& L("<%!*/&A7.%7*, A. "!21'$%'.%"(07*$%. 
(9FH). 

9FH  !*)'()"%$) 1 (=#",,  !*6.'&=>.- '+(.4. .$%*27.<*' $.(07*A* 
L("<%!*/&A7.%7*A* .4(12"7.) — '5$*<*'*(0%75- (.7., L("<%!* "!"#&2, 
 "!"#&%2.<*' . %. . 

9!"#. 7&.+*("" 2&$%* '$%!"2&=>.-$) $./ %*/*' 9FH '5#"()=% A*(*'71= +*(0, 
'*$ &("7." A(&4, A*(*'*<!16"7.", %*87*%1, <*671= $5 0,  !. 1-(*$%0 (.B&, 
$(&+*$%0, +5$%!1= 1%*/()"/*$%0, +*(. ' $1$%&'&- . /58B&-, 41# ' 1-", %)6"$%0 ' 
6.'*%", 4&%!1#7"7." #5-&7.) . 7&!18"7." !.%/& $"!#B&. @*>7*$%0 !&#.*'*(7 ' 
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<!1 75- A*!*#&- ' 2 /(7 !&4  !"'*$-*#.% "$%"$%'"775, M*7, <*%*!5, $*4#&"% 9*(7B". 
E!*/" !&#.*'*(7 "$%0 . /7*6"$%'* #!1A.- .$%*27.<*' L("<%!*/&A7.%7*A* .4(12"7.) 
— L("<%!* !*'*#<&, %"("'.4*!5, <*/ 0=%"!5, *$'"%.%"(075"  !.+*!5 . %&< #&("". 
X.%"(. 9"'"!7*, Q/"!.<.  *#'"!A&=%$) ' $!"#7"/ ' #'& !&4& +*(08"/1 '*4#",$%'.= 
L("<%!*/&A7.%75-  *(",, 2"/ ' Z'!* ". F%* $')4&7* $ %"/, 2%* ' 9[Q 7& !)6"7." ' 
L("<%!.2"$<*, $"%. '#'*" /"708" "'!* ",$<*A* $%&7#&!%& (100 :  !*%.' 220 :), & %*<, 
$**%'"%$%'"77*, ' 2 !&4& +*(08". Y&<%.<& ("2"7.) 9FH #* $.-  *! 7" !&4!&+*%&7&. K* 
'$", '.#./*$%., &7&(*A.27*" '*4#",$%'." *<&45'&"% L("<%!*/&A7.%7*" .4(12"7.", 
*$*+"77* '5$*<*,  (*%7*$%. 7& #!1A." 6.'5" *!A&7.4/5 (6.'*%75-,  %.B1, !5+, 
!&$%"7.)). 

9("#*'&%"(07*, '*#*$7&+6"7." 4& $2"% .$ *(04*'&7.) L7"!A.. $*(7"275- $*()75- 
 !1#*' . '"%!& (+"4  !*/"61%*27*, '5!&+*%<. L("<%!.2"$<*, L7"!A..)  *'58&"% "A* 
('*#*$7&+6"7.)) L<*(*A.2"$<1= +"4* &$7*$%0. 

@*8&"?* 1 – A$#'$"/#'1* " /(7$#'*'%" #"#'(5 " +#'*/$1$% ./()0('"%" ;=>, !)"61*//,: 

$8(#!(3"1*'4 1$7$#/*8<(/"( 1 #)(7/(B !$&$#( C$##"" 

:3F Y.  $.$%"/5 
(1$%&7*'<.) 

K!"./1>"$%'& N"#*$%&%<. G+(&$%0 
 !./"7"7.) 

9
*
(
7
B
"
 

 
 
SFK — 7&$*$ 

 
 
@&(5" A&+&!.%5 

@&(5, E3J@* 
I"A!&#&B.) 
L("<%!.2"$<*, 
L7"!A... W*(08*" 
<*(.2"$%'* %"-7*(*-
A.2"$<.-  "!"#"(*' 

: 1$(*'.)- 
$'"!- (*%7*, 
A*!*#$<*, 
4&$%!*,<. . 
!&4/">"7.) 
 !*.4'*#$%' 

 
H"(.*'*#*/?% 
$ $*(7"275/ 
$*()75/ 
 !1#*/ [1] 

P&+*%& 7& 
&<<1/1(.!*'&7-7*, 
$*(7"27*, L7"!A.. #* 2-
- 7"#"(0. Y"/ "!&%1!& 
7.67", A!&7.B5 %"!/*-
#.7&/.2"$<*A* B.<(& 
'*#*/?%& *<*(* 0  9. 
Q<<1/1(.!*'&7." 
%" (*%5 #() 
.$ *(04*'&7.) 4./*,. 
N"% .$ *(04*'&7.) 
L("<%!*L7"!A.. 

 
 
C7&2.%"(075" 
 (*>&#. . *+R"/5 
 !1#& . <*%(*'&7& 
$* (0#*/. 
N&(.2." +*(08*A* 
<*7B"7%!&%*!& 
$*(7"27*, L7"!A.. 

 
 
: /"$%7*$%)- 
$ 7.4<*, 
 (*%7*$%0= 
 !*6.'&7.) 
. 
!&4/">"7.) 
 !*.4'*#$%' 

H"(.*'*#*/?% 
$ $*(7"275/ 
<*(("<%*!*/ 

@.7./&(07*" 
<*(.2"$%'* 
%"-7*(*A.2"$<.- 
 "!"#"(*'. @&(5" 
!&4/"!5 

@&(5, E3J@. 
P&$$".'&7." %" (& 
%"!/*#.7&/.2"$<*A* 
B.<(&. 

: 1$(*'.)- 
 (*%7*, 
A*!*#$<*, 
4&$%!*,<. 

:
"
%
"
!

 

 
 
:FJ — 7&$*$ 

 
3$ *(04*'&7." 
/"-&7.2"$<*, L7"!A.. 
#()  !.'*#& 7&$*$& 

@&(5, E3J@. 
N"A&%.'7*" '(.)7." 
81/& 7& 
*<!16&=>.- 

: /"$%7*$%)- 
$* 
$'"!-7.4<*, 
 (*%7*$%0= 
 !*6.'&7.) 

* <*LMM.B."7% .$ *(04*'&7.) 1$%&7*'("77*, /*>7*$%. 
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@*8&"?* 2 – A$#'$"/#'1* " /(7$#'*'%" #"#'(5 " +#'*/$1$% ./()0('"%" ;=>, !)"61*//,: 

$8(#!(3"1*'4 !)$"61$7#'1$ 5(:*/"3(#%$B ./()0"" 1 #)(7/(B !$&$#( C$##"" 

:3F Y.  1$%&7*'<. 
($.$%"/5) 

K!"./1>"$%'& N"#*$%&%<. G+(&$%0 
 !./"7"7.) 

9
*
(
7
B
"
 

 
 
SFK — 
L("<%!*#'.A&%"(0 

 
 
@&(5" A&+&!.%5 

@&(5, E3J@ 
I"A!&#&B.) 
L("<%!.2"$<*, 
L7"!A... W*(08*" 
<*(.2"$%'* 
%"-7*(*A.2"$<.- 
 "!"#"(*'

: 1$(*'.)- 
$'"!- (*%7*, 
A*!*#$<*, 
4&$%!*,<. . 
!&4/">"7.) 
 !*.4'*#$%' 

 
Y" (*'*, 
#'.A&%"(0, 
!&+*%&=>., *% 
L7"!A.. 
$*(7"27*A* 
$*()7*A*  !1#& 
[1] 

P&+*%& 7& 
&<<1/1(.!*'&77*, 
$*(7"27*, L7"!A.. 
#* 2-- 7"#"(0. 
@.7./&(07*" 
<*(.2"$%'* 
%"-7*(*A.2"$<.- 
 "!"#"(*'. 
9*4#&7." 4& &$& 
%" (& #() 4./7"A* 
.$ *(04*'&7.).  

 
C7&2.%"(075" 
 (*>&#. . *+R"/5 
 !1#& . <*%(*'&7& $* 
(0#*/. 
N&(.2." +*(08*A* 
<*7B"7%!&%*!& 
$*(7"27*, L7"!A.. 

 
: /"$%7*$%)- 
$ 7.4<*, 
 (*%7*$%0= 
 !*6.'&7.) . 
!&4/">"7.) 
 !*.4'*#$%' 

Y" (*'*, 
#'.A&%"(0, 
!&+*%&=>., *% 
L7"!A.. 
$*(7"27*A* 
<*(("<%*!& 

@.7./&(07*" 
<*(.2"$%'* 
%"-7*(*A.2"$<.- 
 "!"#"(*'. @&(5" 
!&4/"!5 

@&(5, E3J@. 
P&$$".'&7." %" (& 
%"!/*#.7&/.2"$<*A* 
B.<(&. 

: 1$(*'.)- 
 (*%7*, 
A*!*#$<*, 
4&$%!*,<.. 

:
"
%
"
!

 

 
 
:FJ 

@.7./&(07*" 
<*(.2"$%'* 
%"-7*(*A.2"$<.- 
 "!"#"(*'. 

@&(5, E3J@. 
N"A&%.'7*" '(.)7." 
81/& 7& 
*<!16&=>.-. 

: /"$%7*$%)- 
$* 
$'"!-7.4<*, 
 (*%7*$%0= 
 !*6.'&7.). 

 

@*8&"?* 3 – A$#'$"/#'1* " /(7$#'*'%" #"#'(5 " +#'*/$1$% ./()0('"%" ;=>, !)"61*//,: 

$8(#!(3"1*'4 !)$"61$7#'1$ .&(%')"3(#%$B ./()0"" 1 #)(7/(B !$&$#( C$##"" 

:3F Y.  1$%&7*'<. 
($.$%"/5) 

K!"./1>"$%'& N"#*$%&%<. G+(&$%0 
 !./"7"7.) 

9
*
(
7
B
"
 

 
 
SFK 

@.7./&(07*" 
<*(.2"$%'* 
%"-7*(*A.2"$<.- 
 "!"#"(*'. 
@&(5" A&+&!.%5 

 
@&(5, E3J@  
W*(08&) $%*./*$%0 

: 1$(*'.)- 
A*!*#$<*, 
4&$%!*,<. . 
!&4/">"7.) 
 !*.4'*#$%' 

 
H"(.*-
L("<%!*$%&7B.), 
$ $*(7"275/ 
$*()75/ 
 !1#*/ 
[1] 

P&+*%& 7& 
&<<1/1(.!*'&77*, 
$*(7"27*, L7"!A.. #* 2-
- 7"#"(0. 9*4#&7." 
4& &$& %" (& #() 
4./7"A* .$ *(04*'&7.).  

W*(08."  (*>&#. . 
*+R"/5  !1#& . 
<*%(*'&7& $* (0#*/. 
N&(.2." +*(08*A* 
<*7B"7%!&%*!& 
$*(7"27*, L7"!A.. 

 
: 
/"$%7*$%)- 
$ 7.4<*, 
 (*%7*$%0= 
 !*6.'&7.)  
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H"(.*-
L("<%!*$%&7B.), 
$ $*(7"275/ 
<*(("<%*!*/ 

 
@&(5" !&4/"!5 

@&(5, E3J@. 
P&$$".'&7." %" (& 
%"!/*#.7&/.2"$<*A* 
B.<(&. 

: 1$(*'.)- 
 (*%7*, 
A*!*#$<*, 
4&$%!*,<.. 

:
"
%
"
!

 

 
 
:FJ 

:*4/*67*$%0 
A"7"!.!*'&7.) 
L("<%!*L7"!A.. ' 
1$(*'.)-  *()!7*, 
7*2.. 

@&(5, E3J@. 
N"A&%.'7*" '(.)7." 
81/& 7& 
*<!16&=>.-. 

: 
/"$%7*$%)- 
$* 
$'"!-7.4<*, 
 (*%7*$%0= 
 !*6.'&7.). 

 

@*8&"?* 4 – >%#!&+*'*?"$//,( :*)*%'()"#'"%" .&(%')$0(/()")+2D": +#'*/$1$% 1 

#)(7/(B !$&$#, C$##"" 

 
Y.  1$%&7*'<. 

K"!.*# L<$ (1&%&B.. N"+(&A* !.)%75" 
<(./&%.2"$<." M&<%*!5 

 
E3J@ 

9 $*(7"275/ $*()75/ 
 !1#*/ 

:"$7&, ("%*, *$"70 :"%"!,  5(0 100 % 

9 SFK E!1A(5, A*#  !. 
7&(.2.. !"4"!'7*A* 
.$%*27.<& 
L("<%!*L7"!A.. 

H!&#,  5(0, #*6#0, $7"A, 
'"%"!, -*(*#7&)  *A*#& 

 
 
<<100 % 

9 $*(7"275/ 
<*(("<%*!*/ 

9 :FJ 
[%.(0. G+("#"7"7.". 
K*!5'5 '"%!& 

@*8&"?* 5 – >%$/$5"3(#%"( $#$8(//$#'" .&(%')$0(/()")+2D": +#'*/$1$% 7&- #)(7/(B 

!$&$#, C$##"" 

 
Y.  1$%&7*'<.  

3$ *(041"/5"  !.!*#75" /&%"!.&(5 G$%&(075" .$ *(041"/5" 
/&%"!.&(5 

 "!"2"70 $!*< $(16+5  "!"2"70 $!*< 
$(16+5 

 
9 $*(7"275/ 
$*()75/ 
 !1#*/ 

:*#&, $*(0, A!17%, 
A(.7&, A&(0<&, 
 "$*< >90 % *% 
'"$& $.$%"/5 

 
N" *A!&7.2"7  

 
@"%&((,  (&$%.<., 
$%"<(* 
%" (*.4*()B.) 

 
 
I* 25 
("% 

9 $*(7"275/ 
<*(("<%*!*/ 

 
— 

 
— 

9 :FJ 

 
— 

 
— 

W"%*7, 
/"%&((,  (&$%.<. 

 
I* 25 
("% 

9 SFK 
 
— 

 
— 

@*7*(/1(0%.)-
<!.$%&((.2"$<., 
<!"/7., 

 
I* 25 
("% 
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@*8&"?* 6 –  $?"*&4/,( " .%$&$0"3(#%"( :*)*%'()"#'"%" .&(%')$0(/()")+2D": 

+#'*/$1$% 1 #)(7/(B !$&$#( C$##"" 

 
Y.  1$%&7*'<.  

:(.)7." 7& 
4&7)%*$%0 
7&$"("7.) 

:(.)7." 7& 
L7"!A"%.2"$<1= 
+"4* &$7*$%0  

:*4#",$%'." 7& 
*<!16&=>1= 
$!"#1 

9 $*(7"275/ 
$*()75/ 
 !1#*/ 

 
9*4#&=%$) 7*'5" 
 *$%*)775" 
!&+*2." /"$%&. 

J/"708&"%$) 
4&'.$./*$%0 
%"!!.%*!.&(07*A* 
*+!&4*'&7.), 
 !*.4'*#$%'& . +5%& *% 
 *$%&'*< 
L("<%!*L7"!A.. 

— 

9 $*(7"275/ 
<*(("<%*!*/ 

:!"#75" '5+!*$5 
*% !"4"!'7*A* 
.$%*27.<& 

9 :FJ 

9 SFK* 

*4&A!)47"7." *<!16&=>", $!"#5  !. .4A*%*'("7.. 
 
K!.  !*.4'*#$%'" /"-&7.2"$<*, . L("<%!.2"$<*, L7"!A.. *% :3F 7" .$ *(041"%$) 

'*#& ' %*/ %!&#.B.*77*/ '.#", ' <&2"$%'" %" (*7*$.%"()-*-(&#.%"(), <&<  !. !&+*%" 
YFO. 3 L%*  !.#&"% L%./ %"-7*(*A.)/ +*("" '5$*<1= L .#"/.*(*A.2"$<1= 
+"4* &$7*$%0. 

:*#& — "$%"$%'"775,  !.!*#75, %" (*7*$.%"(0, $ "?  */*>0= *%'*#)%$) .4+5%<. 
%" (& *% &A!"A&%*' %!&#.B.*775- %" (*'5- L("<%!*$%&7B..  !.  !*.4'*#$%'" 
L("<%!*L7"!A... Z? 7&#* *-(&6#&%0 ., *-(&6#"771=, '7*'0 '"!71%0 7&  !"# !.)%.", 
4&/<71' %"/ $&/5/  !*.4'*#$%'"775, B.<(. 

: $*'!"/"77*, L7"!A"%.<" .$ *(041=%$) ' *$7*'7*/ #'& $ *$*+& "? *-(&6#"7.) 
— ' A!&#.!7)- .  !1#&--*-(&#.%"()-. H!&#.!7.  !. $'*"/ 4&!*6#"7.. $(16.(.  !. 
#*+52" $*(. '5 &!.'&7."/. 9"A*#7) *7. .$ *(041=%$) <&< 1$%!*,$%'& #() 
*-(&6#"7.) '*#5 '*4#1-*/ ' *+*!*%7*, (B.!<1()B.*77*,) $.$%"/" '*#*$7&+6"7.). 
G7. #*6.(. #* 7&8.- #7",, #*$%.A71' B.<(* .2"$<.- !&4/"!*': +*("" 120 / ' '5$*%1 
. 400 /2 ' *$7*'&7... 

H!&#.!7. *%!.B&%"(07* '*4#",$%'1=% 7& $!"#1 *+.%&7.) $ L .#"/.*(*A.2"$<*, 
%*2<. 4!"7.). H!&#.!7) — L%*  *$%*)775, .$%*27.<  .%&%"(07*, $!"#5 #() +&<%"!., 
. /.<!*'*#*!*$(",: 4#"$0 7"% A1+.%"(07*A* #",$%'.) $*(7"27*A* $'"%&, 4&%* "$%0 
%" (&) '*#& — +(&A*#&%7",8&) $!"#& #() .- !&4'.%.). Y" (&) '*#& '4&./*#",$%'1"% 
. $ L("/"7%&/. <*7$%!1<B.., . $ *-(&6#&=>", $.$%"/*,. 

W*!0+& $ /.<!*M(*!*, '71%!. A!&#.!7. ( *#<.$("7.", M*$M&%.!*'&7.", 
-(*!.!*'&7.", A&4&B.) . %. #.), *%!.B&%"(07* '(.)"% 7& $&/1 <*7$%!1<B.=. :/"$%" $ 
.$ &!)"/*, '*#*, (.$ &!"7." 1 % '*#5  *7.6&"% "? %"/ "!&%1!1 7& 6  9, 2%* . 
)'()"%$) B"(0= !&+*%5 A!&#.!7.), <&< *%/"2&=% L<*(*A., !&$$".'&=%$)  &%*A"775" 
+&<%"!.. . '.!1$5, 2%*  !.'*#.% < !*$%1 4&+*("'&7., ' !&,*7&-, 7&-*#)>.-$) !)#*/ 
$ A!&#.!7",. I() &!-.%"<%*!*' A!&#.!7) — )!<.,  !./"! &7%.L<*(*A.2"$<*,, 
&A!"$$.'7*, '.41&(07*, $!"#5 #() 4!.%"(07*A* '*$ !.)%.), #() +.*(*A*' — 
7"'*4/*67*$%0 .$ *(04*'&%0 %" (1= '*#1,  !*8"#81= A!&#.!7=, #() (=+*A* 
+.*(*A.2"$<*A*  !*.4'*#$%'&. I() L7"!A"%.<*' .  *<1 &%"(", L7"!A.. %*6" $ 
*%7*$.%"(07*, B"77*$%0=: *-(&6#"7." '*#*, 1'"(.2.'&"% .4#"!6<. 7&  !*.4'*#$%'* 
L("<%!*L7"!A.. 7& 5 % ($1-*, +*("" 2"/ 7& 25 %), EKI L("<%!*$%&7B.. $7.6&"%$)  !. 
L%*/ 7& 1 % ($ $1-*, — 7& 6 – 8 %), & #() 7&$"("7.) L%* !*$% %&!.M*'. E)" 

"#!$&46$1*/"" 0)*7")/" !$)$3(/ #*5 !)"/?"! «$:&*<7(/"- )*7" $:&*<7(/"-», 

8(6 %*%$B &"8$ !$&46,, +"4  * 5%*< 4&$%&'.%0 %" (1= '*#1 !&+*%&%0 . '5'"$%. "? .4 
<&%"A*!.. «'+!"%$1$0$» !)$7+%'* # «$')"?*'(&4/$B» #'$"5$#'42 ($ 12"%*/ 4&%!&% 
7& *%'*# %" (& ' &%/*$M"!1). Y"/ +*("" 2%*  * /"!" !&4'.%.) . $*'"!8"7$%'*'&7.) 
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%!&#.B.*77*, L7"!A"%.<. !&$%"% . %"/ "!&%1!7*" <&2"$%'* %" (*, '*#5: "$(. 1 YF9 
4./*, *7& 7"  *'58&"%$) '58" + 8 – 11  9, %* 1 QF9 4./*, *7& 7" * 1$<&"%$) 7.6" 
+ 18 – 20  9, & ("%*/  *#7./&"%$) #* + 35 – 40  9. 

@*8&"?* 7 – A$#'$"/#'1* " /(7$#'*'%" #"#'(5, :$&$7$'(!&$#/*8<(/"- /* 8*6( 

#$&/(3/$0$ #$&-/$0$ !)+7* " %$'&$1*/* #$ &47$5/'*&$B 1$7$B 7&- #)(7/(B !$&$#, 

C$##"" 

Y.  
$.$%"/5 

K!"./1>"$%'& N"#*$%&%<. I* *(7.%"(075" 
'.#5 
L7"!A*$7&+6"7.) 

 
 
 
V*(*#*-
$7&+6"7.) 
[1] 

P&+*%& 7& &<<1/1(.!*'&77*, 
$*(7"27*, L7"!A..  !1#*/ #* 
2-- 7"#"(0. @&<$./&(07&) 
-*(*#* !*.4'*#.%"(07*$%0 ' 
$*(7"275" #7.. N" %!"+1"%$) 
!"4"!'7*A* .$%*27.<& -*(*#& . 
%" (&. Y!&7$M*!/&B.) 
$*(7"27*, L7"!A.. ' -*(*# $ 
<*LMM.B."7%*/ >> 1. 
 Q<<1/1(.!*'&7." 7.4<*-
 *%"7B.&(07*, %" (*%5 #() 
4./5. N"% .$ *(04*'&7.) 
L("<%!*L7"!A.. 

 
 
W*(08." 
 (*>&#0 . *+R"/ 
 !1#& . 
<*%(*'&7&. 
N&(.2." 
+*(08*A* 
<*7B"7%!&%*!& 
$*(7"27*, 
L7"!A.. 

 
 
K*#*A!"' '*4#1-& . 
'*#5 ' $*(7"27*/ 
$*()7*/  !1#1 #* 
70 – 80  9. 
G-(&6#"7."* 
'*4#1-& . '*#5 ' 
<*%(*'&7" $* (0#*/ 
#* 0  9. 

 
Y" (*-
$7&+6"7.) 
[1] 

Y!&7$M*!/&B.) %" (*'*, 
L7"!A.. ' %" (*%1 $ 
<*LMM.B."7%*/ >> 1. 
Q<<1/1(.!*'&7." (0#& #() 
("%&. N"% .$ *(04*'&7.) 
L("<%!*L7"!A.. 

3$ *(04*'&7." 
*!A&7.2"$<*A* 
%* (.'& #() 
!&+*%5 4./*, 
-(&#*/?%& 

 
K*#*A!"' 4./7"A* 
'*4#1-& ' 
<*%(*'&7" $ %&(*, 
'*#*, #* + 2  9 

* .$ *(04*'&7." "$%"$%'"77*A* -*(*#& ' -*(*#*$.$%"/&-  !*.4'*#$%'"77*A* B.<(& 
*+"$ "2.'&"% $7.6"7." L7"!A*4&%!&%  !. A"7"!&B.. -*(*#& ' 8 – 10 !&4. V*(*# 
<*%(*'&7& /*67* .$ *(04*'&%0 ("%*/ #() *-(&6#"7.) &<<1/1()%*!75- +&%&!", :FJ, 
%!&7$M*!/&%*!*', .7'"!%*!*', %"!.$%*!*' . %. . 

@*8&"?* 8 – >%#!&+*'*?"$//,( :*)*%'()"#'"%" #"#'(5, :$&$7$'(!&$#/*8<(/"- 7&- 

#)(7/(B !$&$#, C$##"" 

Y.  $.$%"/5 K"!.*# L<$ (1&%&B.. N"+(&A* !.)%75" 
<(./&%.2"$<." M&<%*!5

E3J@ 

V*(*#*-
$7&+6"7.) 

:"$7&, ("%*, *$"70 K5(0, '"%"!  
100 %  

Y" (*-
$7&+6"7.) 

P&+*%& ' *%* .%"(075, 
$"4*7 

— 

 
K!1# 4./*, /*67* .$ *(04*'&%0 ' <&2"$%'" ("#)7*A* <&%<& 
9*(7"275, $*()7*,  !1# . <*%(*'&7 $* (0#*//%&(*, '*#*, !&$$/*%!"775- '58" 

$.$%"/ ' %"2"7." '$"A*  "!.*#& L<$ (1&%&B.. /*67* .$ *(04*'&%0 . ' <&2"$%'" 
 !*%.'* *6&!75- '*#*"/*', <*%*!5" /*A1% *$%&'&%0$) %&<*'5/. .  *$(" 
 !"<!&>"7.) !&+*% $.$%"/. 

C& &$ '*#5 7& %18"7."  *6&!& #*(6"7 +5%0 #*$%&%*275/ #()  *#&2. 10 (/$ ' 
%"2"7." 3 2&$*'. Y&<*" <*(.2"$%'* /*6"% -!&7.%0$) ' <*%(*'&7" A(1+.7*, 1,5 / $ 
4"!<&(*/ 70 /2 [2]. 
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@*8&"?* 9 – >%$/$5"3(#%"( $#$8(//$#'" #"#'(5, :$&$7$'(!&$#/*8<(/"- [1] 7&- 

#)(7/(B !$&$#, C$##"" 

 
Y.  
$.$%"/5 

3$ *(041"/5"  !.!*#75" /&%"!.&(5 G$%&(075" .$ *(041"/5" 
/&%"!.&(5 

 "!"2"70 $!*< $(16+5  "!"2"70 $!*< 
$(16+5 

V*(*#*-
$7&+6"7.) 

 
:*#&, $*(0, A!17%, 
A(.7&, A&(0<&,  "$*< 
>95 % *% '"$& 
$.$%"/5 

N" *A!&7.2"7. 
K!.A*#75 #() 
 *'%*!7*A* 
.$ *(04*'&7.) 

@"%&((, 
 (&$%.<., 
%" (*-
.4*()B.*775" 
/&%"!.&(5 

 
I* 25 ("% 

Y" (*-
$7&+6"7.) 

@*8&"?* 10 –  $?"*&4/,( " .%$&$0"3(#%"( :*)*%'()"#'"%" #"#'(5, 

:$&$7$'(!&$#/*8<(/"- 7&- #)(7/(B !$&$#, C$##"" 

 
Y.  
$.$%"/5 

:(.)7." 7& 
4&7)%*$%0 7&$"("7.) 

:(.)7." 7& 
L7"!A"%.2"$<1= 
+"4* &$7*$%0  

:*4#",$%'." 7& 
*<!16&=>1= $!"#1 

V*(*#*-
$7&+6"7.) 

9*4#&"%$) 7*'*" 
 !*.4'*#$%'* 

J/"708&"%$) 4&'.$./*$%0 
%"!!.%*!.&(07*A* 
*+!&4*'&7.),  !*.4'*#$%'& 
. +5%& *%  *$%&'*< 
%* (.'& . L("<%!*L7"!A.. 

 
— 

Y" (*-
$7&+6"7.) 

9*4#&=%$) 7*'5" 
!&+*2." /"$%& 

:!"#75" '5+!*$5 
*% .$%*27.<& 
%" (*'*, L7"!A.. 

 
9%&%.$%.2"$<., &7&(.4  *6&!*' 7& *+R"<%&- -!&7"7.),  "!"!&+*%<. . %!&7$ *!%& 

7"M%. . 7"M%" !*#1<%*',  !*'"#"775, 4&  *$("#7." 10 ("% VV '"<&,  *<&45'&"%, 2%* 
.4 200  *6&!*' +*("" 80 %  !*.4*8(* ' 7&4"/75- !"4"!'1&!&-. : !"4"!'1&!&- $ $5!*, 
7"M%0= — 26 %, $ +"74.7*/ — 49 %, & ' !"4"!'1&!&- $ /&41%*/, #.4"(075/ %* (.'*/ 
. <"!*$.7*/ — 24 %. E!*/" L%*A*, ./"(. /"$%*  *6&!5 ' 7&$*$75- $%&7B.)-  * 
 "!"<&2<" 7"M%" !*#1<%*' . 7"M%",, 7& 6"("47*#*!*675- . &'%*/*+.(075- 
L$%&<&#&-. 

K!.  *6&!&- $A*!"(* 7"$<*(0<* /.((.*7*' %*77 7"M%. . ""  !*.4'*#75-, & #() 
(*<&(.4&B.. . %18"7.)  *6&!*',  *%!"+*'&(*$0 *A!*/7*" <*(.2"$%'* '*#5, & 7& 
 !.'*#  !*%.'* *6&!7*, %"-7.<. .4!&$-*#*'&7* 7"$<*(0<* /.((.*7*' (.%!*' 
%* (.'&. 

C&  *$("#7." 5 ("% VV '"<& ' ("$&-, 7&-*#)>.-$) ' '"#"7.. S"#"!&(07*, $(16+5 
("$7*A* -*4),$%'& P*$$.., 4&!"A.$%!.!*'&7* 81,2 %5$.  *6&!*'. G<*(* 80 %  *6&!*' 
' ("$7*/ -*4),$%'" '*47.<&"%  * '.7" 2"(*'"<&, 20 % — *% A!*4*'5- !&4!)#*'. : 
A1$%*7&$"("775- !&,*7&- +*(08.7$%'*  *6&!*' '*47.<&"%, <&<  !&'.(*, 7" *% A!*4, & 
 * '.7" 2"(*'"<&. @"$%& '*4A*!&7., 4#"$0 $!&'7.%"(07* #*$%1 75, 7*  !. 
47&2.%"(07*/ .- <*(.2"$%'" 7"!"#<* *<&45'&"%$) 7"'*4/*675/ +"4 #*$%&%*27*A* 
<*(.2"$%'& '*#5, ./"=>./.$) $.(&/. . $!"#$%'&/. $'*"'!"/"77*  *%18.%0 '$" 
*2&A.. K*6&!5 '*47.<&=% 7& ("$*4&A*%*'<&-, ("$* "!"'&(&-, 7& +&4&-  !* .$<. 
L7"!A"%.2"$<.- $!"#$%' — %!&<%*!*', $(*675- $ "B.&(.4.!*'&775- /&8.7 
 !"#7&47&2"775- #() ("$*'*$$%&7*'("7.) . %&< #&("". 

F%.  *6&!5, '-*#)>." ' 2.$(*  *6&!*'  * '.7" 2"(*'"<&, .  !.'"#8." < $A*!&7.= 
.  *'!"6#"7.= 4&A*%*'("77*, #!"'"$.75, 4#&7.,, $**!16"7.,, /&8.7 . %&< #&("" ' 
 !)/*/ 1>"!+" *% ("$7*A*  *6&!& 4&7./&=% '"$0/& $<!*/7*" /"$%* — 2%. 
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D0'.7&) #*() 4&%!&%  !.-*#.%$) 7& %18"7." — L%* * (&%&  !.'("2"775- $.( . 
$!"#$%'  *6&!*%18"7.), .- *+$(16.'&7.", !&$-*#5 7& .$ *(04*'&7." &'.&B.. — 33 
%. 

GA!*/75, !&$-*# '*#5 . %* (.'&  !. %18"7..  *6&!*' ("$&, 7"M%. . "" 
 !*.4'*#75- *+1$(&'(.'&"%$) %"/, 2%* '5$*<&) %"/ "!&%1!&  (&/"7. (#* 1200  9) 
%!"+1"% %" (*'*, 4&>.%5 +(.4("6&>", 4&A*%*'("77*, #!"'"$.75, 1$%&7*'*<, 
"/<*$%",, &!/&%1!5, 4& *(7"775-, <&<  !&'.(*, '4!5'** &$75/. $!"#&/.. I() 
.$<(=2"7.)  "!"A!"'&, '*4A*!&7.), '4!5'&, .- 7&#*  *(.'&%0 '*#*,, %. ". +*(08&) #*() 
%* (.'& . '*#5 '  !*%.'* *6&!7*, %"-7.<" !&$-*#1"%$) 7& (*<&(.4&B.=  *6&!*'. 
G%$1%$%'." #*$%&%*27*A* <*(.2"$%'& '*#5  !.'*#.% < '5-*#1 *A7) 7& « !*$%*!». 

P&$$!"#*%*2"77*$%0  17<%*' -!&7"7.) . *% 1$<& 7"M%" !*#1<%*', 4&A*%*'<., 
 "!"!&+*%<. . -!&7"7.) #!"'"$.75 #.<%1"%,  !.  (*-.- #*!*A&-, !&4'.%." $"%. 
&(0%"!7&%.'7*A*  *6&!*%18"7.) $!"#7"A* 4'"7&. N"*+-*#./* ./"%0 #*$%&%*275" ' 
%"2"7." '$"A* A*#& 4& &$5 '*#5,  *4'*()=>", #*  !.+5%.) 8%&%75-  *6&!75- $&/./ 
7" %*(0<* (*<&(.4*'&%0  *6&!, 7* . +5$%!* "A* (.<'.#.!*'&%0 $ /.7./&(075/. 
L7"!A"%.2"$<./. . /&%"!.&(075/. 4&%!&%&/., $ /.7./&(07*, %" (*'*, 7&A!14<*, 7& 
+.*$M"!1. 

: 7&$%*)>"" '!"/) #() +*!0+5 $ ("$75/.  *6&!&/. :5!.B<., G@C '5 1$<&"% 
'5$*<*7& *!75" /*%* */ 5 @D:-1, @D:-2/1,2,  (&'&=>1= @DK-0,2, & OGEW 
“D"$/&8” - 7.4<*7& *!71= @DN-3/0,35. 

:5$*<*7& *!75" /*%* */ 5, *$*+"77* @D:-2/1,2, -*!*8* 4&!"<*/"7#*'&(. $"+) 
 !. %18"7.. ("$75-  *6&!*', . $ 1$ "-*/ /*A1%  !./"7)%0$) #() (*<&(.4&B.. . 
%18"7.)  *6&!*' ' 6.(.>7*-<*//17&(07*/ $"<%*!". 

K!. '5'*#" $.$%"/ 7& +"4" $*(7"275- $*()75-  !1#*' . <*%(*'&7*' .4 
L<$ (1&%&B.. ' '5"/<&-  !1#*' . <*%(*'&7*' /*67* %&<6" '*4'*#.%0 $**!16"7.) #() 
'5!&>.'&7.) A!.+*'. :  !1# . <*%(*'&7 4&<&2.'&%0 A!17%*'5" '*#5 #() «'5#"!6<.» 
.  *#*A!"'&  "!"#  *(.'*/. Q %&<6" #() 4&/*2<. #"!"')775- +*2"<. I() .$ 5%&7.) 
<!1 7*A&+&!.%75- .4#"(., 7& A"!/"%.27*$%0, 7& <*!!*4.*771= $%*,<*$%0 ' /*!$<*, 
'*#". I() M(*%&B... 

:*#& ' *%(.2." *%  (&$%/&$$, .$ *(041"/5- ' $*(7"275- <*(("<%*!&-, 7" 
!&4!18&"%$) *% 1(0%!&M.*("%*'5- (12",. 9!*< L<$ (1&%&B.. "? 7" *A!&7.2"7. 

N"/&(*'&6"7 . %&<*, M&<%. J%.(.4&B.) $.$%"/ L7"!A"%.<. :3F 7" .#?% 7. ' <&<*" 
$!&'7"7." $  !*+("/&/., $ <*%*!5/. $%&(<.'&=%$) QF9, — 7"<1#& #"'&%0 
*%!&+*%&77*" )#"!7*" %* (.'*, 7"% -!&7.(.>  * /"6#17&!*#75/ /"!<&/, <*%*!5" 
+5(. +5  !.47&75 +"4* &$75/.. V!&7.(.>&  !.$%&7B.*775"  "!" *(7"75. 
Q%*/75" $%&7B.., /7*A." .4 7.- 16" *%$(16.(. $'*, $!*<, . .- 7&#* '5'*#.%0 .4 
$%!*), G#7&<* 7& '5'*# .4 $%!*) %!"+1=%$) %&<." 6" #"70A., <&< 7& $%!*.%"(0$%'* 
&%*/75- $%&7B., (2000 – 3000 $/<:%), L%.- #"7"A &%*/7&) L7"!A"%.<& %!&%.%0 7" -*2"%. 

K*L%*/1 *7.  !&'#&/. . 7" !&'#&/.  !*#("'&=% $!*< $(16+5 &%*/75- $%&7B., ">? 

7& 10 – 15 ("%, 7&#")$0, 2%*  !*+("/& +1#"% !"8"7&  *$(" %*A*, <&< *7. 1,#1% *% 

$(16+5. F%* #"(&"% !*$$.,$<1= &%*/71= L7"!A"%.<1 ">? +*("" * &$7*,. N"(04) 

"4#.%0 +"4 <*7B& 7& &'%*/*+.()- — *7. $%&!"=%. E&< '5 "A* 7. !"/*7%.!1,%", $%&!5, 

&'%*/*+.(0 "$%0 $%&!5, &'%*/*+.(0, *7 A*!&4#* +*("" * &$75,, 2"/ 7*'5, 

&'%*/*+.(0. K!./"!7* ' %&<*/ 6" $*$%*)7.. 7&-*#.%$) 7" %*(0<* &%*/7&) L7"!A"%.<&, 

7* <&<  *<&4&(& 6.470 . HF9. 

:$" *<!16&=>." 7&$  !"#/"%5, /&8.75, .4#"(.) ./"=% * !"#"("775" L%& 5 

6.47"77*A* B.<(&:  !*"<%.!*'&7.",  !*.4'*#$%'*, L<$ (1&%&B.), *+!&4*'&7." 

*%-*#*'. I&(""  !*.$-*#.% .- 1%.(.4&B.). 

;!"4'52&,7* '&67&) . +5$%!* 7&#'.A&=>&)$) 7& 7&$  !*+("/& — L%*  !*+("/& 

 *%!"+("7.) !"$1!$*'. F%*  !.7B. .&(07* 7*'5,  *#-*# < %"-7*(*A..  !*.4'*#$%'& 

 !*#1<%&. 
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9%!&%"A.2"$<*,  "!$ "<%.'*, #() !"8"7.) L%*,  !*+("/5 )'()"%$), A(*+&(075, 

!"B.<(.7A, <*A#&  !&<%.2"$<. '$" !"$1!$5, '*4/*67*, .$ *(04*'&%0 '  !*.4'*#$%'", 

<!*/"  *(.A*7*' %'"!#5- +5%*'5- *%-*#*', <*%*!5" 7"*+-*#./* '!"/"77* 

4&-*!*7.%0 ' *6.#&7.. !&4'.%.) 7*'5- %"-7*(*A., .- .$ *(04*'&7.) .(. 

17.2%*6"7.). 

:&67",8", 4&#&2", *$%&"%$) . 7"*+-*#./*$%0 $*4#&7.) /&%"!.&(*', <*%*!5" 

/*67* +5(* +5 .$ *(04*'&%0, ' A(*+&(07*/ !"B.<(.7A", 2%*  *4'*()"% .$<(=2.%0 

%&<."  *7)%.), <&< *%-*#5. K!.!*#& #&(& 7&/ %&<*, /&%"!.&(, . *7 .4#!"'(" +5( 

 *47&7,  !.7)% 2"(*'"2"$%'*/ — L%* #!&A*B"775" /"%&((5: 4*(*%*, $"!"+!*, & ' 

7&$%*)>"" '!"/) . L("/"7%5  (&%.7*'*, A!1  5. I"(* ' %*/, 2%* <*LMM.B."7% .- 

 *'%*!7*A* .$ *(04*'&7.) $*$%&'()"% 97 – 99 %. K!. $*'!"/"775- %"-7*(*A.)- 

<*LMM.B."7% .$ *(04*'&7.) 2.$%* 1A("!*#.$%5- A!&M.%*'5- /&%"!.&(*', 

1A("!*#75- '*(*<*7 85 – 90 %. G#7&<* *+R"/5  "!'5- A!1   <!&,7" 7.4<." . <&<*,-

(.+* $1>"$%'"77*, !*(. *7. 7" .A!&=%. 9"!0"47*,  !*+("/*, $%&7*')%$) B'"%75" 

/"%&((5 $ %*2<. 4!"7.) .-  !*.4'*#$%'& . '5$*<.- 4&%!&% L7"!A... 

C7&2.%"(075, .7%"!"$  !"#$%&'()"% !"B.<(.7A B'"%75- /"%&((*' (&(=/.7."'5- 

$ (&'*', %.%&7*'5-, /"#75- . 7"<*%*!5- #!1A.-) $ <*LMM.B."7%*/ .$ *(04*'&7.) 75 

– 80 %. 

3$ *(04*'&7." 6"("47*A* (*/& . "A* $ (&'*', '*$ !*.4'*#$%'* <*%*!5- 

$*$%&'()"% 65 %, #&'7*  !.47&7* *#7./, .4 7&.+*("" LMM"<%.'75-. 

3 ' %*6" '!"/) *#7./ .4 7&.+*("" !&$ !*$%!&7"775- /"%*#*' 1%.(.4&B.. 

*!A&7*$*#"!6&>.- *%-*#*' '  *$%$*'"%$<.- $%!&7&- )'()"%$) .- 4&-*!*7"7." .(. 

$<(&#.!*'&7.". F%* '("2"% 4& $*+*, !)#  !*+("/ — *%216#"7." %"!!.%*!.,, 

4&A!)47"7." &%/*$M"!7*A* '*4#1-&,  *2'5,  *'"!-7*$%75- . A!17%*'5- '*#. Y&<." 

/"%*#5 %&<6" 7" * !&'#&75 $ L<*7*/.2"$<*, %*2<. 4!"7.), %.<. )'()=%$) 4&%!&%75/. 

. $%&')%  !"# !.)%." ' 4&'.$./*$%0 *% $%*!*77.- *!A&7.4&B.,. 

=, %*% "61(#'/$ 8$&(( 70 % !)$"61$7"5,: 3(&$1(%$5 5*'()"*&$1, 1(D(#'1 /( 

"5(2' !)")$7/,: +'"&"6*'$)$1. 

F%.  !*+("/5 %&<6" /*67* *%7"$%. < <!.%"!.)/ *B"7<. LMM"<%.'7*$%. 

.77*'&B.., ' %*/ 2.$(" ' L7"!A"%.<" :3F. 

E*7"27*, L7"!A"%.<& :3F 7" /*6"% .#%.  *  1%. &'%*/*+.(.$%*', .$ *(041=>.- 

1%.(.4&B.= #*!*A.- /"%&((*' #() 4&>.%5 *<!16&=>", $!"#5. H(18.%"(. 

"'!* ",$<.- &'%*/*+.(", *$7&>"75 <&%&(.4&%*!*/ .4  (&%.75 .  &((&#.). 9 .- 

 */*>0= /*67*  *2%.  *(7*$%0= .4+&'.%0$) *% 1A&!7*A* A&4& ' '5-(* " &'%*/*+.(), 

& +*(081= 2&$%0 *<$.#*' &4*%&  !"'!&%.%0 ' +"4'!"#75" $*"#.7"7.). G#7&<* L%. 

/"%&((5 *2"70 #*!*A. . $* '!"/"7"/ !&$-*#1=%$). 

K*L%*/1 ' L7"!A"%.<" :3F 7167* $%!"/.%0$) $*4#&'&%0 %"-7*(*A.. $ '5$*<./. 

<*LMM.B."7%&/. .$ *(04*'&7.) $1>"$%'1=>.-  !.!*#75- /&%"!.&(*' .  *'%*!7*A* 

.$ *(04*'&7.) L%.- /&%"!.&(*', . /&%"!.&(*', .4 <*%*!5- .4A*%*'()"%$) 

*+*!1#*'&7.". 

O"(5, !)# L<*(*A.2"$<.- M&<%*!*' 1%.(.4&B.., '(.)=>.- 7& 6.470 . 4#*!*'0" 

(=#",, !&4'.%." L<*$.$%"/ $')4&7 $  !*.4'*#$%'*/. P&$$/*%!./ L%* 7&  !./"!" 

&L!* *!%&. ZA* #")%"(07*$%0, $')4&7&, ' 2&$%7*$%., $ L<$ (1&%&B.", . *+$(16.'&7."/ 

7&4"/75- $!"#$%'  "!"#'.6"7.), 4#&7., . $**!16"7., . *$7*'&7&, 7& .$ *(04*'&7.. 

#*+5%*A* .  "!"!&+*%&77*A* %* (.'&, /&$"(, $ "B.&(075- 6.#<*$%", . %. . F%* %&<6" 

1$.(.'&"% %"-7*A"771= 7&A!14<1 7& *<!16&=>1= $!"#1. I",$%'.%"(07*, (=+*" 

 !"# !.)%.", ' %*/ 2.$(" &'.&%!&7$ *!%7*", '*'("<&"% ' $M"!1  !*.4'*#$%'& $5!0" . 

 !.!*#75" !"$1!$5, & *+!&%7* ' *<!16&=>1= $!"#1 7& !&'()"% (.80 *#7. *%-*#5. 

Q '"#0 &'.& !"# !.)%.), ' %*/ 2.$(" &L!* *!%5, <&<  !&'.(*, !&$ *(*6"75 

*+*$*+("77* 4&  !"#"(&/. A*!*#&, ./"=% $&7.%&!7*-4&>.%75" 4*75 . 4*75 
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+"4* &$7*$%.. Q+$*(=%7*" +*(08.7$%'* .4 7.- ./"=% $*+$%'"775" &'%*7*/75", 

<*%"(075" . /*>75" !"4"!'75" #.4"(0A"7"!&%*!5. 

F<*(*A.2"$<., LMM"<% '5'*#&, 7& !./"!, <*%"(075- .- .4 L<$ (1&%&B.. — 

1(128"7." $!"#5 *+.%&7.) 2"(*'"<& . 1$(*'., %!1#&. G7 '5!&6&"%$) ' 1/"708"7.. 

4&A!)47"7., . <*7B"7%!&B., '!"#75- '">"$%' ' &%/*$M"!", '*#",  *2'", 1'"(.2"7.. 

 (*>&#",  !.A*#75- 4"/"(0,  !.!*#75- 4*7 . (&7#8&M%&, $*<!&>"7.. 1!*'7) 81/*' 

. '.+!&B.,. :*% A#"  *(" #")%"(07*$%. #() L7"!A"%.<. :3F 
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7& '5$*-8.- $*()75-  !1#&-, <*%*!5" $2.%&=%$) $&/5/. !*'75/. %'"!#5/. 
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E*LMM.B."7% *<1 &"/*$%.  !. *B"7<" . '5+*!"  !*"<%& (L7"!A*$.$%"/5) 

'5$%1 &"% ' <&2"$%'" 7".4'"$%7*A*, <*%*!*" 7&-*#.%$) .4 !&'"7$%'&  !.'"#"775- 
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&/)#('$)',$-0)'. 0-0)2',$-0))$ $ #0+'*030,  $! %; &$ — #0+'*03;)8" -3$4")'. - 
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+$3)$("))$ ,02#,8-0=>'"2. - ,01#0: -2" $ +30)$-$ $  $,'9$)*0. C0:$4!")'" %*': 
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,02210*,'-0"18: +,$"#*$-, +$#090*"3. %&&"#*'-)$2*' #0+'*03$-3$4")'5. 
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-$ -,"1")' ' )098-0"*2. #,'*'7"2#$5 (+$,$ $-$5) 2*0-#$5 !'2#$)*',$-0)'.. E $ 
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/,$40., -$22*0)$-3")'. 3"2$- ' ,"1$)* 9!0)'5 - ,"9/3;*0*" 90 ,.9)")'. -$9!/:0, 

-$!8 ' +$7-8 !0=* -"3'7')/, "#3&4*+5675 #0#*# 75 % /8)#49: ;!  )0 *$+3'-$ ' 

%)", '=. G$ '2*$7)'#/ [5] ,%8 2&%)&%9 "*+ 7-#*1 9: <=> 49?!. 

I,$1" *$ $, 2,0-)'*"3;)/= %#$)$1'7"2#/= $(")#/ (%)", $"1#$2*;), )0+,'1",, 

*"+3$2)064")'. $* 24' 0)'. !,$- ' 2$3)"7)$5 %)", '', $7"); *,/!)$ +,'-"2*' # 

$!)$1/ 9)01")0*"3=. <"!; %#$)$1'7"2#'" +$*",' $* -8,/6#' 3"20 -8,040=*2. - 

/1");?")'' +,$!/(',$-0)'. #'23$,$!0, +$ 3$>")'. -,"!)8:  09$-, )028>")'. 

-$9!/:0 &'*$)('!01' ' *.!. M"2 !0"* 40 % #'23$,$!0 9"1)$5 0*1$2&",8, 0 $#"0) 60 

%. @:,0))$-90>'*)8" ' ,"#,"0('$))8" &/)#('' 3"2$-, 201$ 2$6$5, ,09/1""*2., 

.-3.=*2. )" +","-$9'181'. 

I$)#/,")*$2+$2$6)$2*; %)", $ ")",',/=>" $ +,"!+,'.*'. (+,$'9-$!2*-0) - 

("3$1, #0# ' 10?')$2*,$'*"3;)$ $ +,"!+,'.*'. [6], +,"!2*0-3."* 2$6$5 

2,"!)"0,'&1"*'7"2#$", '3' 2,"!)"-9-"?"))$", 7'23$ #$)#/,")*$2+$2$6)$2*' 

$*!"3;)8: -'!$- %)", '' -8+/2#0"18: +,"!+,'.*'"1: 
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?!,@A!, - B9C ?DE6 / C ?DEF /G/HDI6 C ?DEHHDI6 =HDI6 J
/ 9C ?'E6 / C ?'EF /G/K'I6 C ?'EKK'I6 =K'I6 L M
/ 9C ?NE6 / C ?NEF /G/ONI6 C ?NEOONI6 =ONI6  P E Q3 

 !" ?!,@A!, – #$)#/,")*$2+$2$6)$2*; +,"!+,'.*'. (+,$'9-$!2*-0) $*)$2'*"3;)$ 

#$)#/,")*$-; ?DE6 – $*)$2'*"3;)0. #$)#/,")*$2+$2$6)$2*; -5 +,$!/#('' +,"!+,'.*'. 

# +,$!/#('' +",-$ $ #$)#/,")*0; J – #$3'7"2*-$ #$)#/,")*$- +$ R-5 +,$!/#(''; ?'E6 

– $*)$2'*"3;)0. #$)#/,")*$2+$2$6)$2*; S-5 +,$!/#('' +,"!+,'.*'. # +,$!/#('' 

+",-$ $ #$)#/,")*0; L – #$3'7"2*-$ #$)#/,")*$- +$ S-5 +,$!/#(''; ?NE6 – 

$*)$2'*"3;)0. #$)#/,")*$2+$2$6)$2*; T-5 +,$!/#('' +,"!+,'.*'. # +,$!/#('' 

+",-$ $ #$)#/,")*0;   – #$3'7"2*-$ -'!$- +,$!/#('' )0 !0))$1 +,"!+,'.*''; Q – 

#$3'7"2*-$ #$)#/,")*$-. 

< 2-$= $7","!; #$)#/,")*)$2+$2$6)$2*; — %#$)$1'7"2#0. %&&"#*'-)$2*; 2'2*"1 

%)", "*'#' <HD )0+,.1/= 90-'2'* $* +$#090*"3. !"(")*,03'90('' +$*,"6'*"3. 

%)", '' — 7"1 /!03"))"" +$*,"6'*"3; $* $2)$-)8: 10 '2*,03"5, ' 7"1 1");?" 

%)", $+$*,"63")'", *"1 6$3"" -8 $!)$ $2-$")'" 2'2*"1 ,06$*0=>': $* <HD. < %*$5 

2-.9' 1$4"* 68*; '2+$3;9$-0)$ 1)$ $ 1"*$!'# ' +$#090*"3"5 $(")#' %&&"#*'-)$2*' 

'2+$3;9$-0)'. <HD - 2&",0: +,$'9-$!2*-0, 68*0, $*!8:0 ' *.!. )" $6,0>0.2; # 

#,'*",'= #$)#/,")*)$2+$2$6)$2*;. 

@+',0.2; )0 %*' +$3$4")'., ,0221$*,'1 ,06$*/ G,$"#*0 — 2'2*"18 

:$3$!$*"+3$2)064")'. [7], $6"2+"7'-0=>"5 -8,06$*#/ :$3$!0 '  $,.7"5 -$!8 - 

3"*)'5 +",'$! ' *"+3$*8 - 9'1)'5. 

=0# #/8'!$0&+ ,@@!0%84 #$%1 ()#!0%#4, (#"#3 9: ,%#/7, #39' # 

$0*&"94&!%$+ 82 $#;8&*1 #-#, ,0# #/8'!$0#-# 8 ,0#*#-8'!$0#-# ,@@!0%#4, 8*8 

82 $#;8&*1 #-,0#*#-#-,0# #/8'!$0#A ,@@!0%84 #$%8. 

K /7"*$1 +,'-"!"))8: #,'*",'"- ,0221$*,'1 %#$3$ $-2$('03;)$-%#$)$1'7"2#/= 

%&&"#*'-)$2*; 2'2*"18 :$3$!$*"+3$2)064")'. +$ 2,0-)")'= 2 *,0!'('$))81 

:$3$!$2)064")'"1 ' *"+3$2)064")'"1. 

G,' %*$1 -$9;1"1 90 $2)$-/, 63'9#/= # 2$-,"1"))81 -$99,")'.1, +$ 1)")'= 

0-*$,0, 1"*$!'#/ $+,"!"3")'. %&&"#*'-)$2*' '2+$3;9$-0)'. <HD '223"!$-0*"3"5 

A.L. C"#,02$-0 ' <.<. O/,0"-0 '9 LDH [8]. S$+$3)'- "P ,.!$1 )$-8: +$#090*"3"5, - 

*$1 7'23" +,'-"!"))8: /7")81', +,$-$!'-?'1' %#$)$1'7"2#'" '223"!$-0)'. - 

$6302*' *$+3'-0 ' %)", "*'#' [9, 10] ' 1)$ ': !,/ ':. 

G,' $+,"!"3")'' !3. 9$)03;)$5 %#$2'2*"18 %#$3$ $-2$('03;)$-%#$)$1'7"2#$5 

%&&"#*'-)$2*' 2'2*"18 :$3$!$*"+3$2)064")'. (3=6$5 '9 *":)$3$ '5 %)", "*'#' 

<HD), 6/!"1 +$3;9$-0*;2., +$#090*"3.1' +,'-"!")8 )0 ,'2/)#" 1. 
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B'2/)$# 1 – K*,/#*/,0 !$+$3)'*"3;)$ $ %#$)$1'7"2#$ $ %&&"#*0 2'2*"18 
:$3$!$*"+3$2)064")'. ($*!"3;)$ -9.*$5 2'2*"18 %)", "*'#' <HD). 

B'2/)$# 1 2$!",4'* $2)$-)8" 2$2*0-3.=>'" !$+$3)'*"3;)$5 %&&"#*'-)$2*' 

+$7*' #04!$5, $*!"3;)$ ,02210*,'-0"1$5 *":)$3$ '' %)", "*'#' <HD, 6"9 /7"*0 

&$,1',$-0)'. )0 9$)03;)/= %#$2'2*"1/ 1)$ $ ,0))8: 2$('03;)8: ' -*$,'7)8: 

(2$+/*2*-/=>':) %#$)$1'7"2#': %&&"#*$- (,"9/3;*0*$-). 

C0,$!)$:$9.52*-"))85 %&&"#* '2+$3;9$-0)'. 2'2*"18 :$3$!$*"+3$2)064")'., 

#0# ' 3=6$5 *":)$3$ '' %)", "*'#' <HD, 2$2*$'* )" *$3;#$ - +,$'9-$!2*-" :#*#"& 8 

%!(*#%9, )$ ' - $#:)& ! 88 +,' %*$1 $, 0)'7"2#$ $ *$+3'-0 - )"!,0: (- *$1 7'23" 

90 27"* '2+$3;9$-0)'. 9'1$5 6'$1"*0)0). D*$ — ()8 ;8(8&*1 #! +,"'1/>"2*-$ 

-2"5 %)", "*'#' <HD, ' " $ )"$6:$!'1$ /7'*8-0*; +,' $+,"!"3")'' %&&"#*'-)$2*' 

'2+$3;9$-0)'. "P 2'2*"1 ' /2*0)$-$# +$ 2,0-)")'= 2 /2*0)$-#01', '2+$3;9/=>'1' 

$, 0)'7"2#$" *$+3'-$. 

B!"1 ()8 $#:)& ! 88 %#(*84&  ! 4#2 80&!% ( ! )&$%!%) 4 ,%#A $@!)! 

-*#3&*1 9A «,0# #/8'!$08A "#*- (#0#*! 8+» (GED), 0#%#)9A "#$%8- 

&$%)# #/8'!$08: )&2/!)#4. 

G$%*$1/ #$ #4 #A +$3"9)85 ,"9/3;*0* $* '2+$3;9$-0)'. 2'2*"18 

:$3$!$*"+3$2)064")'. 1$4"* 68*; +,"!2*0-3") - -'!" 2/118 !-/: 230 0"18: U - U6V / UFV / U6W / UFW, 

 !" U6V — +$3/7"))85 :$3$!; UFV — 2$:,0)")'" *$+3'-0 +,' +$3/7")'' :$3$!0; U6W 

— +$3/7"))0. *"+3$*0; UFW — 2$:,0)"))$" *$+3'-$ +,' +$3/7")'' *"+30. 

G$2#$3;#/ U6V 1$4)$ -8,09'*; 7","9 %#-'-03")*)$" #$3'7"2*-$ *$+3'-0, ,0-)$" UFV, 0 U6W 7","9 UFW, *$ U - XU6V / XU6W. 

D*' ,0-")2*-0, 2 2$$*-"*2*-/=>"5 #$,,"#*',$-#$5, +,'1")'18 #$ -2"1 

*":)$3$ '.1 '2+$3;9$-0)'. <HD. @)' +$9-$3.=* /7"2*; +,')('+'03;)/= 

$2$6"))$2*; <HD — 4#2#3 #4*+!/#$%1. @687)$ +,' 2,0-)")'' %)", $/2*0)$-$#, 

'2+$3;9/=>': <HD ' $, 0)'7"2#$" *$+3'-$, /7'*8-0"*2. *$4!"2*-$ 2$+$2*0-'18: 

-0,'0)*$- - 702*' U6V, U6W. C0+,'1",, 27'*0"*2., 7*$  "3'$/2*0)$-#0 %&&"#*'-)0, "23' 

90*,0*8 )0 )"P )" +,"-8?0=* 90*,0*8 )0 *$+3'-$, #$*$,$" '9,02:$!/"* /2*0)$-#0 

*0#$5 4" 1$>)$2*' )0 $, 0)'7"2#$1 *$+3'-". C %&0#! ()!8/76!$%4# ()8 
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8$(#*12#4& 88,  &()8/!), , !)-88 >#* ;&, 0&0 $#:)& ! 8! #)-& 8'!$0#-# 

%#(*84&, #$%&!%$+ 4 ! (#*+ 2)! 8+. 

D#$)$1'. ,"2/,2$- 2*0)$-'*2. -2" 6$3"" -04)$5 90!07"5, ' /7"* 1)$ $ ,0))8: 

+$23"!2*-'5 $* ': 2$:,0)")'., )"2$1)"))$, 6/!"* !0-0*; 6$3"" $6J"#*'-)/= $(")#/ 

%&&"#*'-)$2*' '2+$3;9$-0)'. <HD ' %)", $26","4")'.. 

C0,$!)$:$9.52*-"))85 %&&"#* $* 2$:,0)")'. 90+02$- $, 0)'7"2#$ $ *$+3'-0 - 

)"!,0: +,' '2+$3;9$-0)'' <HD !$34") $(")'-0*;2. #0# )6 - S!YW 2 ZW 2 [, ,/6. 

 !" ZW — #$3'7"2*-$ *$+3'-0 2%#$)$13"))$ $ / #$)"7)$ $ +$*,"6'*"3. -  $!; S!YW 

– #$%&&'('")* /7'*8-0=>'5 +$*",' +",-'7)$ $ ()0:$!.>" $2. - )"!,0:) *$+3'-0 

+,' !-'4")'' " $ # #$)"7)$1/ +$*,"6'*"3=: +,' !$687", $6$ 0>")'', 

*,0)2+$,*',$-#", +",",06$*#", ,02+,"!"3")'' ' *.+., #$ !0 - 2,"!)"1 *",."*2. !$ 90 

% $* )0:$!.>" $2. - )"!,0: (S!YW \ ]); [ — /!"3;)0. $(")#0 ((")0) 2$:,0)")'. - 

)"!,0: $, 0)'7"2#$ $ *$+3'-0. 

L"*$!$3$ '= $(")#' %&&"#*'-)$2*'  "3'$:$3$!'3;)'#0 - 702*' U6V 1$4)$ 2-"2*' 

# 2,0-)")'= 2 :$3$!'3;)'#$1 ' 2$,091",)81' /2*0)$-#01', -8,060*8-0=>'1' !3. 

)" $, %3"#*,$%)", '= ' MDG. 

A 1"*$!$3$ '= $(")#' %&&"#*'-)$2*' +,"!3$4"))$5 2'2*"18 9'1)" $ 

*"+3$2)064")'. - 702*' U6W 1$4)$ 2-"2*' # 2,0-)")'= 2 #$*"3;)$5 )0 $, 0)'7"2#$1 

*$+3'-". K /7"*$1 *$ $, 7*$ !3. *"+3$2)064")'. 9'1$5, '2+$3;9/"*2. 6'$1"*0), 

-8,06$*0))85 '9 $*:$!$- )0 2$+,. 0"1$5 *",,'*$,''. K3"!$-0*"3;)$, 2'2*"10 

9'1)" $ *"+3$2)064")'., 2$2*$.>0. '9 2$3)"7)$ $ 2$3.)$ $ +,/!0, #$*3$-0)0 2 

-$!$5, *"+3$+,'-$!)$ $ *"+3$-$ $ )02$20 (NCNG), *"+3$$61"))'#$-, 0,10*/,8, 1$4"* 

,02210*,'-0*;2. ' #0# 68 !$+$3)'*"3;)81, /23$4).=>'1 %3"1")*$1 # 

*,0!'('$))$1/ $*$+3")'= )0 $, 0)'7"2#$1 *$+3'-" ( 09"). K *$5 3'?; ,09)'("5, 7*$ 

+,' "P ,06$*" '2+$3;9/"*2.  $,09!$ 1");?" +$ $6J"1/ «1"2*)85» 6'$1"*0), -1"2*$ 

«+,'-$9)$ $» +,',$!)$ $  090. I,$1" *$ $ +$2#$3;#/ 2'2*"10 *"+3$2)064")'., "P 

$2)$-)8" %3"1")*8, 3"*$1 '2+$3;9/=*2. - 2$2*0-" 2'2*"18 :$3$!$2)064")'., *$ +,' 

2,0-)")'' 0&(8%&*1 9! 2&%)&%9 )0 2$$,/4")'" +,/!0, #$*3$-0)0 ' *.!. !$34)8 

68*; $#)&2/!) # )&$()!"!*! 9 1"4!/ %*'1' !-/1. +,"!3$4"))81' 2'2*"101', 

$, 0)'7"2#' $6J"!')"))81' - $!)/ — 2'2*"1/ :$3$!$*"+3$2)064")'.. 

G,' $+,"!"3")'' %&&"#*'-)$2*' 2'2*"18 :$3$!$*"+3$2)064")'. *,"6/"*2. *0#4" 

/7"* ' 0)03'9 ,02:$!0 )" *$3;#$ !")"4)8: ,"2/,2$- (#0+'*03;)8: -3$4")'5, *"#/>': 

90*,0*), )$ *0#4" 28,;"-8:, *$+3'-)8:, *,0)2+$,*)8:, 10*",'03;)8: ' *,/!$-8: 

,"2/,2$- - )0*/,03;)$1 -8,04")'', '91")")'. #$*$,8: !3. 2,0-)'-0"18: -0,'0)*$- 

)0!$ $+,"!"3.*; +$23"!$-0*"3;)$. 

G$3)$" 2$+$2*0-3")'" +$ #04!$1/ -'!/ ,"2/,2$- !3. 2'2*"18 

:$3$!$*"+3$2)064")'. 1$4)$ -"2*' +$ 2$$*)$?")'= ^Q* - Q*W,_A / ,*W 2+ZW +` Q*a ` ,*bcY 2 Zd , 
 !" ^Q* — '91")")'" - 90*,0*0: 4efY ,"2/,20;+Q*W,_A — 90*,0*8 4efY ,"2/,20 )0, 

2$,091",)8" +$ 1$>)$2*' 2'2*"1" :$3$!$*"+3$2)064")'., *,0!'('$))8" /2*0)$-#' 

-8,06$*#' :$3$!0 ' *"+30; ,*W+— /!"3;)8" 90*,0*8 4efY ,"2/,20 )0 1 * *$+3'-0; Q*a — 

90*,0*8 4efY ,"2/,20 )0 2'2*"1/ :$3$!$*"+3$2)064")'.; ,*bcY — — /!"3;)8" 90*,0*8 4efY ,"2/,20 )0 1 * 6'$1"*0)0; Zd — #$3'7"2*-$ '2+$3;9$-0))$ $ 9'1$5 6'$1"*0)0 

2'2*"1$5 *"+3$2)064")'.. 

K$+$2*0-3")'., /7'*8-0=>'" *$3;#$ *$+3'-)8" 2$2*0-3.=>'" 6/!"1 -"2*' 6"9 

/7"*0 Q*W,_A ' Q*a. 

F)07")'" ^Q* 2$ 9)0#$1 1')/2 6/!"* $9)070*;, 7*$ +$ !0))$1/ -'!/ ,"2/,20 

2'2*"10 :$3$!$*"+3$2)064")'. 1")"" %&&"#*'-)0 *,0!'('$))8: 2'2*"1 -8,06$*#' 

:$3$!0 ' *"+3$*8. 
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T$!$-0. %#$)$1'. *$+3'-0 Z - )0*/,03;)$1 -8,04")'' / +$*,"6'*"3. ' 2-.90))0. 

2 " $ +$2*0-#01' +$*,"6'*"3= $(")'-0"*2. #0# Z - ZW / ZW,5W / ZW,5<, 
 !" ZW — %#$)$1'. *$+3'-0 +,' -8,06$*#" :$3$!0 ' *"+3$*8; ZW,5W — %#$)$1'. 

*$+3'-0 90 27"* $*#090 $* *,0)2+$,*0 -82-$6$4!"))$ $ *$+3'-0 ZW; ZW,5< — %#$)$1'. 

*$+3'-0 90 27"* /1");?")'. +$*",; +,' *,0)2+$,*',$-#" $* NDU, NDK +,$'9-"!"))$5 

%)", '' (%3"#*,$%)", '', *"+3$*8) #$)"7)$1/ +$*,"6'*"3= ' *.+.. 

D#$)$1'. *$+3'-0 +,' -8,06$*#" :$3$!0 ' *"+3$*8 2'2*"1$5 

:$3$!$*"+3$2)064")'. $+,"!"3."*2. +,' /23$-'' *0#$5 4" $6"2+"7"))$2*' 

+$*,"6'*"3"5 :$3$!$1 ' *"+3$*$5, 7*$ ' - -0,'0)*" )0 $, 0)'7"2#$1 *$+3'-". K 

/7"*$1 ,0!'0('$))8: :0,0#*",'2*'# #$)#,"*)$5 1"2*)$2*' (9$)03;)$5 %#$2'2*"18), 

IGS (%&&"#*'-)$2*') 2'2*"18. 

I$3'7"2*-$ *$+3'-0, #$*$,$" +$)0!$6'*2. )0 !$2*0-#/ *$+3'-0 Z $* 1"2*0 " $ 

!$687' # 1"2*/ +$*,"63")'. )0:$!'*2. )0 $2)$-" !0))8: $ ,02:$!$-0)'' *$+3'-0 

2$$*-"*2*-/=>'1 10 '2*,03;)81 ' -)/*,',05$))81 *,0)2+$,*$1. D#$)$1'. 

*$+3'-0 )0 -)/*,',05$))85 *,0)2+$,* $2$6"))$ 9)07'*"3;)0 +,' '2+$3;9$-0)'' 

2'2*"18 :$3$!$*"+3$2)064")'. - /!03"))8: ' *,/!)$!$2*/+)8: ,05$)0:.  !" 

#$%&'%#$( )%#$!*"& $%+,&*! ),- .)!,/0012 +%$3/4&$/,/5 #&,(0% 6!*&#&$ %$ 

3!##$%-0&- /7% $3!0#+%3$&3%*"& !*$%'%4&,(01' $3!0#+%3$%'. 8!" &6*/#$0%, 

#%+3%$&*,/0&/ "!9/0&: 73.6%*%7% !*$%'%4&,- 0! +0/*'%"%,/#!2 * 6 – 9 3!6 *1;/, 9/' 

. </,/60%)%3%<0%7% *!7%0!, "!$-=/7%#- +% 3/,(#!'. >% ?$%5 +3&9&0/ & .)/,(01/ 

6!$3!$1 ?0/37&& 0! +/3/*%6"., 0!+3&'/3, .7,- 0! 73.6%*&"!2, * 2 – 4 3!6! *1;/, 9/' 

0! </,/60%)%3%<0%' $3!0#+%3$/. G,' %*$1 )"$6:$!'1$ *0#4" /7'*8-0*;, 7*$, 

)0+,'1",, #$%&&'('")* 2$:,0))$2*' / 3. +,' *,0)2+$,*',$-#" )0 !03;)'" 

,022*$.)'. 2$2*0-3."* 0,83 – 0,85, 0 #$%&&'('")*8 2$:,0))$2*' / 3. +,' +$ ,/9$7)$-

,09 ,/9$7)8: ,06$*0: ' :,0)")'=: +$ #$3'7"2*-/ — 0,90 – 0,92, +$ #07"2*-/ — 0,93 – 

0,95. 

I$3'7"2*-$ *$+3'-0 (%)", '') #$*$,$" *,"6/"*2. !3. *,0)2+$,*0 +,$'9-"!"))$5 

%)", '' (%3"#*,$%)", '', *"+3$*8) #$)"7)$1/ +$*,"6'*"3= 90-'2'* $* 1$>)$2*' 

 ")",',/=>"5 2'2*"18 (/2*0)$-$#). @687)$ - +,$'9-$!2*-"))$-*,0)2+$,*)8: 

90!070: )0 ,091">")'" ' 1$>)$2*; 3=6$ $ +,"!+,'.*'. $#098-0=* -3'.)'" 

+,$*'-$!"52*-/=>'" &0#*$,8. N0# 2 /-"3'7")'"1 1$>)$2*' +,"!+,'.*'. 

/1");?0=*2. /!"3;)8" +,$'9-$!2*-"))8" 90*,0*8, )$ 90*$ /-"3'7'-0"*2. ,0!'/2 

*,0)2+$,*0 +,$!/#*0. D*$ - +$3)$5 1"," $*)$2'*2. ' # +,$'9-$!2*-/ ' *,0)2+$,*/ 

%)", '' (%3"#*,$%)", '', *"+30) NDU, NDK. 

H91")")'" +$*,"6)$2*' - $2)$-)8: 10*",'030: ()0+,'1",, 2*03;)$ $ +,$#0*0) - 

)0*/,03;)$1 -8,04")'' ,0-)$ ^g - gW,_A5 / hiAYb / iW,j 2 Z ` gd ` ikl,+ 2+Zd, 
 !" gW,_A — ,02:$! 10*",'03$- )0, 2$,091",)8" +$ 1$>)$2*' 2'2*"1" 

:$3$!$*"+3$2)064")'., *,0!'('$))8" /2*0)$-#' -8,06$*#' :$3$!0 ' *"+30; iAYb3 iW, 

— /!"3;)8" ,02:$!8 10*",'03$- 2$$*-"*2*-"))$ )0 !$687/ ' *,0)2+$,* *$+3'-0; gd 
— ,02:$! 10*",'03$- )0 2'2*"1/ :$3$!$*"+3$2)064")'.; ikl,+ — /!"3;)85 ,02:$! 

10*",'03$- )0 -8,06$*#/ 6'$1"*0)0 ' " $ :,0)")'". 

G,' %*$1 ,02:$! 10*",'03$- /7'*8-0"*2. #0# !3. "!')$-,"1"))8: g@A, *0# ' 

*"#/>': )/4! gW@m. K$'91",")'" %*': ,09)$-,"1"))8: 90*,0* $2/>"2*-3."*2. 

+$2,"!2*-$1 )$,10*'-)$ $ #$%&&'('")*0 %&&"#*'-)$2*' 01. 

N$ !0 +$*,"6)$2*; - 10*",'030: !3. *,0!'('$))8: /2*0)$-$# -8,06$*#' :$3$!0 ' 

*"+30 $+,"!"3."*2. *0# gW,_A - 01 2g@AW,_A /gW@mW,_A
 

A +$*,"6)$2*; - 10*",'030: !3. 2'2*"18 :$3$!$*"+3$2)064")'. $+,"!"3."*2. *0# gd - 01 2g@Ad /gW@md  
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B02:$! 10*",'03$- )0 !$687/ gAYb ' *,0)2+$,* *$+3'-0 gW, $+,"!"3."*2. *0# gAYb - 01 2g@AAYb /gW@mAYb
, gW, - 01 2g@AW, /gW@mW,

, 

 !" g@AAYb3 g@AW,3 gW@mAYb3 gW@mW, +— +$*,"6)$2*' - 10*",'030: 2$$*-"*2*-"))$ )0 2$9!0)'" 

1$>)$2*"5 +$ !$687" ' *,0)2+$,*/ *$+3'-0 ' )0 *"#/>'" )/4!8. 

A ,02:$! 10*",'03$- )0 -8,06$*#/ 6'$1"*0)0 gkl, $+,"!"3."*2. *0# gkl, - 01 2g@Akl, /gW@mkl,
, + !" g@Akl,

, gW@mkl,
 — +$*,"6)$2*' - 10*",'030: )0 2$9!0)'" 1$>)$2*' +$ -8,06$*#" 

6'$1"*0)0 ' )0 *"#/>'" )/4!8. 

D)8 7/! 1?! 88 (#%)!3*! 8+,  &()8/!), $%&*1 #-# ()#0&%&  ! )&$%!% 4 ,%#A 

$@!)! -*#3&*1 9A «,0# #/8'!$08A "#*- (#0#*! 8+» (GED). 

H91")")'" *,/!$-8: 90*,0* +,' $!')0#$-8: -8,06$*#0: :$3$!0 ' *"+3$*8 - 

)$,1$-7020: ,0-)$ ^" - 01 2 "W,_A / hWAYb / WW,j 2 Z ` 01 2 "d ` Wkl, 2 Zd3 
 !" "W,_A — *,/!$-8" 90*,0*8 )0 -$9-"!")'", 2$,091",)8: +$ 1$>)$2*' 2'2*"1" 

:$3$!$*"+3$2)064")'., *,0!'('$))8: /2*0)$-$# -8,06$*#' :$3$!0 ' *"+30; WAYb3 WW, 

— /!"3;)8" *,/!$-8" 90*,0*8 - )$,1$-7020: 2$$*-"*2*-"))$ +,' !$687" ' 

*,0)2+$,*" *$+3'-0; "d — *,/!$-8" 90*,0*8 )0 -$9-"!")'" 2'2*"18 

:$3$!$*"+3$2)064")'.; Wkl, — /!"3;)8" *,/!$-8" 90*,0*8 +,' -8,06$*#" 6'$1"*0)0 

' " $ :,0)")'' 

N,/!$-8" 90*,0*8 $+,"!"3.=*2. 2 /7"*$1 "!')$-,"1"))8: ' *"#/>': 90*,0* 

*,/!0. 

H91")")'" 7'23"))$2*' ,06$7"5 2'38 

^LN - ^"
n<o, 3 

 !" n<o,  — %&&"#*'-)85 (+30)$-85) &$)! -,"1")' $!)$ $ ,06$*)'#0, 7/ $!. 

H91")")'" +$*,"6)$2*' - #0+'*03;)8: -3$4")'.: (,/6.) ^& - 01 2 &W,_A5 / hmAYb / mW,j 2 Z / 01 2 &!YpW,_Aq ` 01 2 &d ` mkl,+ 2+Zd, 
 !" &W,_A — #0+'*03;)8" 90*,0*8 )0, 2$,091",)8" +$ 1$>)$2*' 2'2*"1" 

:$3$!$*"+3$2)064")'., *,0!'('$))8" /2*0)$-#' -8,06$*#' :$3$!0 ' *"+30; mAYb3 mW, 

— /!"3;)8" #0+'*03;)8" 90*,0*8 2$$*-"*2*-"))$ )0 !$687/ ' *,0)2+$,* *$+3'-0 (2 

/7"*$1 $*7/4!0"1$5 9"13', 90*,0* - ')&,02*,/#*/,/); &!YpW,_Aq
 — #0+'*03;)8" 90*,0*8 

)0 -$9-"!")'", 2$,091",)$ $ +$ 90+0201 -$!8 - +,/!/ ' #$*3$-0)", *,0!'('$))$ $ 

+,$*'-$+$40,)$ $ -$!$"10; &d — #0+'*03;)8" 90*,0*8 )0 2'2*"1/ 

:$3$!$*"+3$2)064")'.; mkl,+ — /!"3;)8" #0+'*03;)8" 90*,0*8 )0 2'2*"1/ -8,06$*#' 

6'$1"*0)0 ' " $ :,0)")'". 

* +$2#$3;#/ +,/! ' #$*3$-0) 2 *03$5 -$!$5 1$ /* $!)$-,"1"))$ .-3.*;2. ' 

+,$*'-$+$40,)81' -$!$"101', '91")")'" +$*,"6)$2*' - #0+'*03;)8: -3$4")'.:, 

)0+,'1",, !3. 4'3;., 103$ $ +,$'9-$!2*-0, &",1",2#$ $ :$9.52*-0 1$4"* 68*; 

/7*")$ #0# +,"!$*-,0>"))85 ,02:$! 702*' 2,"!2*- )0 -$!$"1, 630 $!0,. 

'2+$3;9$-0)'= !3. %*': ("3"5 +,/!0 ' #$*3$-0)0 2'2*"18 :$3$!$*"+3$2)064")'.. 

N0# # +$40,$$+02)81 +$1">")'.1: #30220 G-II $*)$2.*2. !","-$$6!"3$7)8" (":0, 

103$90+83"))8" +$1">")'. 1"3;)'( ' %3"-0*$,$-, 9",)$:,0)'3'>0; #30220 G-II0 

$*)$2.*2. 2#30!2#'" +$1">")'. !3. :,0)")'.  $,=7': 10*",'03$-, #$,$-)'#', 

2-')0,)'#' ' !,/ '" 4'-$*)$-$!7"2#'" +$1">")'. +,' :,0)")'' )0 7",!0#0: 2")0 ' 

2$3$18 ' *.!. 

V>",6 $* 3"2)8: +$40,$- - 2010  ., 2 /7"*$1 /)'7*$4"))8: $ )"1 !","-");, 

2$2*0-'3 2-8?" 15 13,! ,/63"5. 
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@6J"1 +,$*'-$+$40,)$ $ -$!$"10 !3. 2"3;2#$ $ !$10 !$34") 68*; *0#'1, 7*$68 

+,' */?")'' +$40,0 ,02:$! -$!8 683 )" 1")"" 10 3/2 - *"7")'" 3 702$-. @6J"1 -$!8 

- -$!$"1" !$34") 68*; 6$3"" 100 13. 

G$1'1$ '2+$3;9$-0)'. #$*3$-0)0 - #07"2*-" +,$*'-$+$40,)$ $ -$!$"10, $) 

1$4"* '2+$3;9$-0*;2. - #07"2*-" 2-$"$6,09)$ $ >'*0 $* $+$39)"5. B02+$3$4"))85 

1"4!/ 2#3$)$1 ' 9!0)'"1 $) 1$4"* 23/4'*; +$ 3$>0=>'1 ,"9",-/0,$1, 103$5 ' 

2,"!)"5 "1#$2*', «6/&",)$5 9$)$5» $* $+$39)"5, 2"3"-8: +$*$#$-, #01+"+0!$- ' *.!. 

N0#$" ,02+$3$4")'" #$*3$-0)0, #$)"7)$ 4", '1""* !3. %*$5 &/)#('' 2-$= $*!"3;)/= 

("))$2*;, +$1'1$ *$ $, 7*$ $) .-3."*2. '2*$7)'#$1 )'9#$+$*")('03;)$5 %)", '' 

(*"+30/:$3$!0). 

@,- #+3!*"&: #.''!301/ "!+&$!,%*,%</0&- +3& "%'4&0&3%*!00%5 #2/'/ 

?0/37%#0!4</0&- '%7.$ 41$( *13!</01 * 3.4,-2, * %4=/' *&)/: &mYib +- + dW<[ 2+rW<[ +/ +dA5W 2+ZW<[3 
7)/ dW<[ — .)/,(01/ "!+&$!,%*,%</0&- *  AB, 3.4./"C$; ZW<[ — 7%)%*%5 3!#2%) 

$%+,&*! 0!  AB, $ ..$.; dW<[ — .)/,(01/ "!+&$!,%*,%</0&- * )%419. & $3!0#+%3$ 

$%+,&*!, 3.4./$ ..$. [11]. 

@+,"!"3")'" '91")")'. *"#/>': 90*,0* - 702*' $6"2+"7")'. *$+3'-$1 -8,06$*#' 

:$3$!0 ' *"+3$*8 ^; - h;AYb / ;W,j 2 Z ` ;d3 
 !" ;AYb, ;W, — *"#/>'" 90*,0*8 (2"6"2*$'1$2*; !$687' ' *,0)2+$,*0 *$+3'-0) !3. 

*,0!'('$))8: /2*0)$-$#; ;d — *"#/>'"  $!$-8" 90*,0*8 )0 6'$1"*0), !3. 2'2*"18 

*"+3$2)064")'.. 

K$3)"7)0. %)", '. .-3."*2. %#$3$ '7"2#' 7'2*81 -'!$1 *$+3'-)$-

%)", "*'7"2#$ $ ,"2/,20 (NDB), 7*$ )"$6:$!'1$ /7'*8-0*; - -'!" %#$3$ '7"2#$ $ 

%&&"#*0. <$9!"52*-'" -86,$2$- (K@2) +,' 24' 0)'' 6'$1"*0)0 (9'1$5 !3. +,'-$!0 - 

,06$*/ #$1+,"22$,0 2'2*"18) )0 $#,/40=>/= 2,"!/ /23$-)$ +,')'10"1  7*!49/, 

+$2#$3;#/ - +,',$!)8: /23$-'.: '9 $, 0)'7"2#$5 6'$10228 ($*:$!$-), #$*$,0. 

$6"2+"7'30 +$3/7")'" 6'$1"*0)0 - 6'$,"0#*$,", - 0*1$2&",/ 90 27"* "2*"2*-"))$ $ 

6,$4")'. -8!"3'32. 68 6'$1"*0). A -$* +,"$6,09$-0)'" $, 0)'7"2#': $*:$!$- - 

6'$1"*0) ' /!$6,")'. )"$6:$!'1$ /7'*8-0*; - -'!" %#$3$ '7"2#$ $ %&&"#*0, 

/1");?0=>" $ 90 ,.9)")'" $#,/40=>"5 2,"!8 !03"#$ )" 6"9-,"!)81' $*:$!01' 

4'-$*)$-$!2*-0. 

H2+$3;9$-0)'" 6'$1"*0)0 )" *,"6/"* $7'2*)8: 2$$,/4")'5 !3. +,"!3$4"))$5 

2'2*"18 :$3$!$*"+3$2)064")'. ($7'2*#0 6'$ 090 $* -,"!)8:  09$- $2/>"2*-3."*2. - 

*":)$3$ '7"2#$1 ('#3" 6'$ 09$-$5 /2*0)$-#'). 

G$%*$1/ %#$3$ '7"2#'5 %&&"#* )<m (,/6.) 1$4"* 68*; /7*") #0# +,"!$*-,0>"))85 

/>",6 630 $!0,. $*2/*2*-'= -,"!)8: -86,$2$- - ,"9/3;*0*" '2+$3;9$-0)'. 

2$3)"7)$5 %)", '' 2'2*"1$5 (!"9')&"#('. $*:$!$- 4'-$*)$-$!2*-0 +,' +$3/7")'' 

6'$1"*0)0 /23$-)$ )" /7'*8-0"*2.). 

)<m - strklb_Wi 2 9uv_Wi= /
$

6
rklb!Ywk 2 9uv!Ywk= / rklbkYA 2 9uvkYA=x 2 Z 

 !" rklb_Wi, rklb!Ywk+c+rklbkYA+— #$3'7"2*-$ -,"!)8: -86,$2$- ,093'7)8: -'!$- % - 

0*1$2&",/, +$7-/ ' -$!/ 2$$*-"*2*-"))$, +,' 24' 0)'' 1 * *$+3'-0; v_Wi53 v!Ywk5c+vkYA5 
— /!"3;)85 />",6 $* %*': -86,$2$- - 0*1$2&",", +$7-" ' -$!" (1')/2 %*$ #$ !0 

-86,$28 +$3$4'*"3;)$ -3'.=*, )0+,'1",, )0 +$7-/ — !3. '9-"2*#$-0)'. #'238: 

+$7- ' /!$6,")'. '2+$3;9/"*2. 9$30, #$*$,0. '1""* +$3"9)8" 1'#,$%3"1")*8 ' 

2$"!')")'. #03'.). 

D)/,(015 .=/34 (v_Wi) +3& %)&0!"%*12 *143%#!2 * !$'%#E/3. ),- "!<)%5 

?"%#&#$/'1 #*%5, %0 6!*&#&$ %$ +3/)/,(0% )%+.#$&'12 *143%#%* 6!73-60-:=&2 

*/=/#$* yz_Wi5O, "%$%31/ 6!*&#-$ %$ )*.2 E!"$%3%*: 
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yz_Wi5O - nh{z_Wi5O3 "z_Wi5Oj3 
7)/ yz_Wi5O — +3/)/,(0% )%+.#$&'15 *143%# * q-*/=/#$*! * !$'%#E/3. r-+.0"$!; {z_Wi5O — +3/)/,(0% )%+.#$&'!- "%0F/0$3!F&- q-*/=/#$*! * !$'%#E/3/ r-+.0"$!; "z_Wi5O — '/$/%3%,%7&9/#"&5 "%?EE&F&/0$ 3!64!*,/0&- q-*/=/#$*! * *%6).2/ r-

+.0"$! (/#,& "%$/,(0!- 3!#+%,%</0! 0! 4/3/7. '%3-, $% )0/', "%7)! ).:$ '%3#"&/ 

43&61 (*/$/3 # '%3- 0! #.;.) 4.)/$ «6!"31*!$(#-» *143%#!'& %)0! & $! </ 9!#$( 

#.;&, 9$% 3/6"% .'/0(;!/$ E%$%#&0$/6. G! .)!,/0&& %$ 4/3/7! */$/3 9!#$% '/0-/$ 

0!+3!*,/0&/, &6-6! ?$%7% .)/,(015 .=/34 6! #9/$ 3!64!*,/0&- 4.)/$ )3.7&'); 

H9&$!/$#-, 9$% %4! E!"$%3! * 4%,(;&0#$*/ #,.9!/* "%,&9/#$*/00% &6*/#$01. 

I!)!9! #$%&$ * %+3/)/,/0&& )%#$!$%90% %4%#0%*!0012 */,&9&0 yz_Wi5O. @* 

!$2*$-",)$2*' %*': +$#090*"3"5, 90-'2'* )0!"4)$2*; ,027"*$-. 

N0#4" 1$4)$ $+,"!"3.*; /!"3;)8" />",68 v!Ywk+c+vkYA, +,' %*$1 +,' $!')0#$-8: 

-86,$20: - +$7-/ ' -$!/ !3. #04!$ $ -'!0 +$7- ' -$!)$ $ $6J"#*0 $)' 6/!/* 2-$' - 

90-'2'1$2*' $* #$%&&'('")*$- ,0960-3")'. ' *.!. 

C &*#-8' # /#E # #()!"!*+%1 ,0#*#-8'!$08A ,@@!0% )<m5d5A55 0&0 

()!"#%4)&6!  9A 76!)3 3*&-#"&)+ 7/! 1?! 85 4)!" 9: 493)#$#4 ()8 

$#2"& 88 8 "#39'! , !)-# #$8%!*+ [7]. 

G,' $(")#" />",60 -$!)81 $6J"#*01 1$4)$ '2:$!'*; '9 /,$-). 2$!",40)'. 

,02*-$,'1$ $ #'23$,$!0 (BI) - -$!" ' $, 0)'7"2#': $*:$!$-. 

N0# 4" #0# ' +,' 90 ,.9)")'' -$9!/:0, +$7*' )"* +,"!"30 ,09)$$6,09'= 

90 ,.9)'*"3"5, #$*$,8" 1$ /* 26,028-0*;2., ' 26,028-0=*2. - 4#" 75 $)!"7. D*$ 

*",103;)8" ' ,0!'$0#*'-)8" 90 ,.9)'*"3'; +,$'2:$!.>'" '91")")'. - #07"2*-" 

$#,/40=>': -$!. @)' '1"=* ,093'7)8" +$23"!2*-'. !3. 7"3$-"#0 ' 4'-$ $ 1',0, 

*"1 20181 2$#,0>0. ("))$2*', #$*$,8" 1$ /* 68*; +,.1$ '3', #$2-"))$ +$3/7")8 

7"3$-"#$1 '9 $#,/40=>"5 2,"!8. @2)$-)8" '2*$7)'#' $, 0)'7"2#': ,0930 0"18: 

90 ,.9)'*"3"5 -$! — %*$ +,$18?3"))$2*;, NDU, NDK, 2"3;2#$" :$9.52*-$, 68*$-$" 

:$9.52*-$ ' 23'- !$4!"-8: -$! -  $,$!0:. E23' 26,$2 $, 0)'7"2#': 90 ,.9)'*"3"5 - 

#$)#,"*)$1 1"2*" )" 23'?#$1 6$3;?$5, 2$!",40)'" BI - ,"#" (-$!$"1") 2)07030 

/1");?0"*2. !$ $+,"!"3"))$ $ /,$-)., 0 90*"1 2)$-0 -$22*0)0-3'-0"*2. (+,' /23$-'', 

7*$ )" +,$'2:$!'* !,/ ': 26,$2$- +$ *"7")'= ,"#'). A "23' $6J"1 26,$?"))8: - -$!/ 

$, 0)'7"2#': -">"2*-, +,"-8?0"* $+,"!"3"))85 /,$-");, +,$("22 ': ,093$4")'. 

1$4"* +,'-"2*' # '2*$>")'= BI. 

V>",6 $* 1)$ ': +,$18?3"))8: 2*$#$- $7"); -82$# — 2$!",40)'" #'23$,$!0 - 

-$!" ,"9#$ 2)'40"*2., *.#. %*' 2*$#' 702*$ '1"=* 38#*#-8'!$075 (#%)!3 #$%1 4 

08$*#)#"! )01)$ $ -8?", 7"1 #$11/)03;)$-68*$-8" 2*$#'. 

<82$#'" /,$-)' BI — $* 7 !$ 8 702*"5 )0 1'33'$) (1 /3) — )"$6:$!'18 !3. 

)"#$*$,8: -04)8: 2$,*$- ,868 (8 – 10 1 /3 — 2*0!'. )028>")'. #'23$,$!$1 - 

6$3;?')2*-" ,"# ' $9", B$22'' - 3"*)'5 +",'$!). S3. 6$3;?')2*-0 4" ,86 6$3"" 

)'9#'" /,$-)' #'23$,$!0 — 4 – 5 1 /3 — -+$3)" +$!:$!.>'" !3. 4'9)"))$ $ ('#30. 

@!)0#$ +,' /,$-)" BI )'4" 2 – 3 1 /3 1$ /* -84'-0*; *$3;#$ #0,+ ' )"#$*$,8" 

!,/ '" )" 2*$3; ("))8" 2$,*0 ,868. 

I,$1" /1");?")'. BI #0# *0#$-$ $, 26,$2 $, 0)'7"2#': $*:$!$- 1$4"* '1"*; ' 

!,/ '" )"4"30*"3;)8" +$23"!2*-'. !3. -$!)8: '2*$7)'#$-. < :$!" ': ,093$4")'. 

$6,09/=*2. +'*0*"3;)8" -">"2*-0 !3. -$!$,$23"5, ' 2*'1/3',/=>'" ': ,$2*. 

@+02)$2*; 7,"91",)$ $ ,$2*0 -$!$,$23"5 ' %-*,$&'#0('' -$!$"1$- — $!)0 '9 

)0'6$3"" *,/!)$,09,"?'18: 90!07 - /+,0-3")'' #07"2*-$1 -$!)$5 2,"!8, $2$6"))$ 

- $9",0:, 903'-0: ' %2*/0,'.:. 

C",0930 0"18" 90 ,.9)'*"3' -$! )" +",",060*8-0=*2. ,"7)$5 6'$*$5. S3. 

6$3;?')2*-0 '9 %*': 90 ,.9)'*"3"5 "!')2*-"))8" 2/>"2*-"))8" '91")")'., #$*$,8" 

1$ /* +,$'2:$!'*; - +$-",:)$2*)8: -$!0: — ,02*-$,")'" ' $204!")'", - +$!9"1)8: 

-$!0: — $204!")'" ' 062$,6('.. D*0  ,/++0 2$2*$'* '9 ,093'7)8: )"$, 0)'7"2#': 
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:'1'#0*$-, -#3=70. *.4"38" 1"*0338, 702*'(8 +$7-8 ' ,09)8" *'+8 #$33$'!)8: 

-">"2*-. I$ !0 -2" %*' -">"2*-0 )0#0+3'-0=*2. - !$2*0*$7)$ 6$3;?': $6J"10:, $)' 

1$ /* $#090*;2. .!$-'*81' +$ $*)$?")'= # )"#$*$,81 &$,101 4'9)', +,'-"2*' # 

+$1/*)")'= -$!, +$,$4!0*; )"+,'.*)8" 90+0:', /-"3'7'-0*; 4"2*#$2*; -$!8 ', 

$2$6"))$ - +,'2/*2*-'' :3$,'!$-, -898-0*; #$,,$9'= 1"*033$-. 

F&0 48" # 82 & &*82& #()!"!*+568: ,0#*#-8'!$075 ,@@!0%84 #$%1 

(#0&2&%!*!A, 8$(#*12#4& 8! BG= (#24#*+!% $76!$%4!  # 7/! 1?8%1  &-)7207  & 

38#$@!)7, (# 828%1 ,)-#"!/#-)&@8'!$08A 8 "!0$ %!))8%#)88. 

@!)0#$, G,',$!0 23'?#$1 23$4)0 7*$68 1$4)$ 683$ $!)$9)07)$ /*-",4!0*;, 7*$ 

/>",6 1$4)$ "#$%#4!) # $+,"!"3.*; +$ *0#'1 +,$2*81 +0,01"*,01, ' -$* +$7"1/. 

G$*")('03;)$"  ")"*'7"2#$" ,09)$$6,09'" $2$6"5 -)/*,' 3=6$ $ -'!0 4'-$*)8: ' 

,02*")'5 ,0-)$ 1050. G,'63'9'*"3;)$ *"1 4" 7'23$1 (1045 – 1048) $(")'-0"*2. 

#$3'7"2*-$ -2"-$91$4)8: -0,'0)*$- $#,/40=>"5 %*' -'!8 2,"!8. M=6$5 

+,0#*'7"2#' )"+$-*$,'185 $, 0)'91 1$4"* +$+02*; -$ -2" 1)$ $$6,09'" 2'*/0('5 

2,"!8 4'9)', )" *$3;#$ 06'$*'7"2#$5, )$ ' -)/*,' 2-$" $ -'!0 (- 1'#,$+$+/3.('.:, 

+$+/3.('.:), 0 *0#4" -)/*,' 1')/9'', #$)2$,('', 6'$(")$90. S04" "23' 27'*0*; 

)"2/>"2*-"))$5  ")"*'7"2#/= ,09)$#07"2*-"))$2*; $, 0)'91$-, 0 +8*0*;2. 

/+,0-3.*; 3'?; 2,"!$5 4'9)', *$ - #04!85 '9 1$1")*$- +,'!"*2. +","6',0*; $#$3$ 

1050 -0,'0)*$-. S3. /+,0-3")'. )"$6:$!'1$ 9)0*; *$, 7*$ "2*; 2"5702 ' 7*$ 6/!"* - 

63'405?"1 ' $*!03"))$1 6/!/>"1, *$ "2*; "23' +,').*; )0 2"6. +,$ )$9 ,09-'*'. 

+,',$!)8: 2'2*"1, *$ 7'23$ -0,'0)*$- 6"91",)$ -$9,02*0"*. 

<$* )0 3.!)85 +,'1", *$1/, 7*$ 2+$2$6)$2*; %#$2'2*"1 # 201$$7'>")'= ' 

201$-$22*0)$-3")'= )"$!)$9)07)0. 

C0 I,05)"1 K"-"," 201$$7'>")'" ,"# +,$'2:$!'* &0#*'7"2#' )0 ,022*$.)'' !$ 

2000 #1 $* '2*$7)'#0 90 ,.9)")'., - *$ -,"1. #0# - /1","))$5 9$)" %*$* +,$("22 

1$4"* 90-",?'*;2. -2" $ - +,"!"30: 200 – 300 #1. 

D#$)$1'. $, 0)'7"2#$ $ *$+3'-0 — %*$ ' %#$)$1'. #'23$,$!0, ,02:$!/"1$ $ +,' 

24' 0)'' *$+3'-0. G,"!2*0-3."*2., 7*$ %&&"#* $* 2$:,0)")'. #'23$,$!0 1$4"* 68*; 

-8,04") 23"!/=>'1 $6,09$1: )m - 9rmW 2 Z ` rmbcY 2 Zd= 2 |m3 ,/6 

 !" rmW, rmbcY — #$3'7"2*-$ #'23$,$!0, )"$6:$!'1$" 2$$*-"*2*-"))$ !3. 24' 0)'. 

1 * 901">0"1$ $ *$+3'-0 ' 6'$1"*0)0, # /*; |m — 90*,0*8 )0 +,$'9-$!2*-$ #'23$,$!0, 

,/6./# . 

C"$6:$!'1$ *0#4" /7'*8-0*;, 7*$ +,' !$2*0-#" *$+3'-0 # $*!03"))81 

+$*,"6'*"3.1 *,0)2+$,*$1 ,02:$!/"*2. *0#4" 1)$ $ #'23$,$!0. 

D&&"#* $* -82-$6$4!")'. ,06$7"5 2'38 1$4"* 68*; /7*") #0# +,',$2* 7'2*$5 

+,$!/#('' )}! - ^LN 2 Q}!3 
 !" Q}! — 2,"!)'5 $6J"1 7'2*$5 +,$!/#('' -  $! )0 $!)$ $ ,06$*)'#0. 

@+,"!"3"))85 ')*","2 +,"!2*0-3."* '2+$3;9$-0)'" $*:$!$- 24' 0)'., )0+,'1",, 

/ 3., *$,&0 ' 230)("-. F$30 / $3;)0. ' 230)("-0. ?',$#$ '2+$3;9/"*2. !3. 

,02#'23")'. +$7- ' +,$'9-$!2*-0 / 3"*/#$- (/!$6,")'5) 2*'1/3.*$,$- ,$2*0 

,02*")'5. F$30 +$!1$2#$-)8: / 3"5 2$!",4'* 37 – 38 % $#'2' 03=1')'., 0 

)"&"3')$-85 #$)(")*,0* #$3;2#': 0+0*'*$-8: 1"2*$,$4!")'5 — -2" $ 29,5 %. F$30 

*$,&0 -$2*,"6$-0)0 - &0,10#$3$ ''. 

D&&"#* $* '2+$3;9$-0)'. %*': $*:$!$- (/ 3., 230)("-) 1$4"* 68*; /7*") 2$ 302)$ 

[12] 23"!/=>'1 $6,09$1 ("23' )0 )': "2*; +$#/+0*"3;) 

)YWV - Zvf 2 [~2;YWV
;~ 2 S~_i3 ,/6. 

 !" Zvf - Zvf5W / Zvf5W, (*)—  $!$-0. %#$)$1'. / 3. - )0*/,03;)$1 -8,04")'' (Zvf5W 
— %#$)$1'. / 3. +,' +$3/7")'' :$3$!0 ' *"+3$*8; Zvf5W, — %#$)$1'. / 3. 90 27"* 
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$*#090 $* *,0)2+$,*0 -82-$6$4!"))$ $ / 3. Zvf5W); [~ — (")0 901")."1$ $ 28,;., 

1022$5 ,0-)$5 #$3'7"2*-/ $*:$!$- $6,09$-0-?':2., +,' 24' 0)'' 1 * / 3. (230)(0), 

,/6./*; ;YWV ' ;~ — 2$!",40)'" +$3"9)$ $ #$1+$)")*0 2$$*-"*2*-"))$ - $*:$!0: ' - 

901")."1$1 #$)!'('$))$1 28,;", %; S~_i — #$%&&'('")* 901")8. 

>3& #%%3.</0&& ),- #&#$/'1 2%,%)%$/+,%#0!4</0&- "%$,%*!0%* +%) #%,0/9015 

#%,-0%5 +3.) & "%$,%*!0 #% ,()%' */320&5 +,%)%0%#015 #,%5 6/',& (9/30%6J', 7.'.#) 

'%</$ 41$( +3%)!0, ! 60!9&$  !!"#$ %$ "&% '"()*+(,** 4.)/$ #0&<!$( 

#$%&'%#$( #&#$/'1 2%,%)%$/+,%#0!4</0&-. K /#,& %0 4.)/$ &#+%,(6%*!0 ),- 

.,.9;/0&- +,%)%3%)&- +%9*1 #%4#$*/00&"! #&#$/'1 2%,%)%$/+,%#0!4</0&-, $% 

7%)%*%5 ?EE/"$ %$ ?$%7% 4.)/$ *13!<!$(#- * +%*1;/0&& .3%<!- *13!=&*!/'12 

".,($.3, "%'+/0#&3.- .'/0(;/0&/ +,%=!)& .9!#$"!, &#+%,(6%*!00%5 +%) +3.) & 

"%$,%*!0. 

@!)'1 '9 !"52*-"))8: 1"*$!$- 2)'4")'. '9!",4"# +,$'9-$!2*-0 .-3."*2. 

2'2*"10 +$2*0-$# #$1+3"#*/=>':, 28,;., *$+3'-0 «*$7)$ -$-,"1.». C0 90-$!0:, 

&06,'#0: - F0+0!)$5 E-,$+" %*$ +$9-$3."* 2$#,0*'*; )0 W +3$>0!' 2#30!2#': 

+$1">")'5, 702*$ 2)'9'*; - !-0 ,090 +$*,"6)$2*; - +",2$)03", 90)'10=>"12. 

*,0)2+$,*',$-#$5  ,/9$- -)/*,' *",,'*$,'' +,"!+,'.*'.. K)'9'*; /,$-"); 90+02$-. 

[13]. R30 $!0,. %*$1/ /3/7?0=*2. +$#090*"3' '2+$3;9$-0)'. $6$,$*)8: 2,"!2*-. 

< ,"9/3;*0*" /2#$,")'. $6$,07'-0"1$2*' ()0+,'1",, - ,"9/3;*0*" 2)'4")'. 

+,$'9-$!2*-"))8: 90+02$- $6$,$*)8: 2,"!2*-) !$2*' 0"*2. $+,"!"3"))85 

%#$)$1'7"2#'5 %&&"#*. 

D&&"#* (%#$)$1'. $6$,$*)8: 2,"!2*- )0 *$+3'-$) $* *$ $, 7*$ 2'2*"10 

:$3$!$*"+3$2)064")'. 3"*$1 )" )/4!0"*2. - +,'-$9)$1 *$+3'-", 0 9'1$5 - 

1')'103;)$1 $6J"1" 1$4"* 68*; -8,04") 23"!/=>'1 $6,09$1 [9]. ^)Yb - �dh)YbW �W,_A� ` )YbbcY �d� j3 ,/6. 

 !" �d, �W,_A — 2/110 +$3/7"))0. $* ,"03'90('' %)", '' -8,06$*0))$5 

2$$*-"*2*-"))$ 2'2*"1$5 :$3$!$*"+3$2)064")'. ' *,0!'('$))81' /2*0)$-#01' 

-8,06$*#' :$3$!0 ' *"+30; )YbW  — 2,"!).. 2*$'1$2*; $6$,$*)8: 2,"!2*- (*$+3'-0) +,' 

,06$*" %)", $/2*0)$-$# )0 $, 0)'7"2#$1 *$+3'-"; )YbbcY — 2,"!).. 2*$'1$2*; 

$6$,$*)8: 2,"!2*- (6'$1"*0)0) +,' ,06$*" 2'2*"18. 

K*$'1$2*; $6$,$*)8: 2,"!2*- (*$+3'-0) 1$4"* 68*; $+,"!"3")0 *0# )YbW - SW,5~_f 2 ZW@m5~ 2 [W3 ,/6. 

 !" ZW@m5~ — *"#/>'" ' 2*,0:$-8" 90+028 *$+3'-0 )0 2#30!", *; [W — 2*$'1$2*; 1 * 

*$+3'-0, )0:$!.>" $2. )0 2#30!", ,/6.; SW,5~_f — #$%&&'('")*, /7'*8-0=>'5 

*,0)2+$,*)$-90 $*$-'*"3;)8" ,02:$!8 )0 +,'$6,"*")'" *$+3'-0 (*$+3'-0, 

)0:$!.>" $2. - +/*'). 

N"#/>'" ' 2*,0:$-8" 90+028 *$+3'-0 )0 2#30!" 1$4)$ $+,"!"3'*; 23"!/=>'1 

$6,09$1 ZW@m5~ - SdW,5~_! 2 9+Ud,5dvWV 2 �V/8+Ud,5dvWW +2 �W= 2 �~ 2 �vd� �1,3�  

 !" Ud,5dvWV  — 2,"!)"2/*$7)0. -8,06$*#0 :$3$!0, LS4; Ud,5dvWW  — 2,"!)"2/*$7)0. 

-8,06$*#0 *"+3$*8, #<*·7; �V, �W — /!"3;)8" ,02:$!8 *$+3'-0 )0 -8,06$*#/ :$3$!0 ' 

*"+3$*8, # /#<*·7; �~ — )$,10 *"#/>': 90+02$- *$+3'-0 (90-'2'* $* /!03"))$2*' 

+$*,"6'*"3. *$+3'-0 $* $2)$-)8: *,0)2+$,*)8: 10 '2*,03"5 ' ': 2$2*$.)'.), 2/*$#; �vd�, �1, — *"+3$*0 2 $,0)'. "!')'(8 /23$-)$ $ ' )0*/,03;)$ $ *$+3'-0, #S4/# ; SdW,5~_! — #$%&&'('")*, /7'*8-0=>'5 2*,0:$-$5 90+02 *$+3'-0. 

AEE/"$ %$ ?"%0%'&& %4%3%$012 #3/)#$* 4.)/$ #+%#%4#$*%*!$( -."/01"/*2 

3%,*()0/%4 /(5'67"//%3$*. C/)( %9/0( 9!#$% +3/)+3&-$&- +3&*,/"!:$ * "!9/#$*/ 

%4%3%$012 #3/)#$* 3!6,&90%7% 3%)! .#$%59&*1/ +!##&*1. K ?$% '%</$ +3&*%)&$( 

" 6!)%,</00%#$& 3!4%9&' & #,.<!=&' +% 6!3!4%$0%5 +,!$/, " 6!)%,</00%#$& +% 

%$9&#,/0&-' * E%0)1 & &0#+/"F&&. H%23!0-:$#- #3/)#$*!, +3/)0!60!9/001/ ),- 

&#+%,(6%*!0&- * +%#,/).:=/' +/3&%)/ (%+,!$! %$+.#"%* 3!4%$0&"!', $/".=&5 
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3/'%0$, *1+,!$! *%60!73!<)/0&5 & +3.). G/ %43!6./$#- 6!)%,</00%#$( 6! 

?,/"$3%?0/37&:, $/,/E%0 & $.). C#/ ?$& #3/)#$*! E%3'!,(0% 0/ +3&0!),/<!$ 

+3/)+3&-$&:, 0% +% )/5#$*.:=/5 +3!"$&"/ 3!#9/$%* %0& +%#$%-00% 0!2%)-$#- * 

3!#+%3-</0&& +3/)+3&-$&- & &#+%,(6.:$#- &'& ),- +%"31$&- +%$3/40%#$& * 

%4%3%$012 #3/)#$*!2. 

G,' '2+$3;9$-0)'' 2$3)"7)$5 %)", '', %)", '' -$!8/3;!0 ' 6'$1"*0)0 

$*2/*2*-/=* ,'2#', -$9)'#0=>'", )0+,'1",, +,' '2+$3;9$-0)'' / 3., 24'4"))$ $ 

 090, 109/*0, #$ !0 +,' ': !$2*0-#" -$91$4)$ +,$)'#)$-")'", 90#,"+3")'" '3' 

,02+,$2*,0)")'" -,"!)8: $, 0)'91$- (- *$1 7'23" #$3$,0!2#': 4/#$-, 20,0)7'), 

906$3"-0)'5, +",")$27'#$- 6$3"9)"5 '3' 6$3"9)"*-$,)8: $, 0)'91$-, 0 *0#4" 2$,)8: 

,02*")'5 *,0)2+$,*)81' 2,"!2*-01'. C" )/4)8 $6.90*"3;)8" ' !$,$ $2*$.>'", +,' 

': )0!3"40>"1 '2+$3)")'', -"*",')0,)$-20)'*0,)8" ' &'*$20)'*0,)8" 1",8 ' 

+,$("!/,8. 

< #07"2*-" +,'1",0 -04)$2*' &'*$20)'*0,)$ $ #$)*,$3. 1$4)$ +,'-"2*' 

23"!/=>'5 &0#*, +,0-!0, )" #020=>'52. +$2*0-$# *$+3'-0. 

< '=3" 2012  . - @12#/= $6302*; )0 M/9')2#'5 #$16'#$,1$-85 90-$! !$2*0-'3' 

+0,*'= ?,$*0 2$"-$ $ '9 G,'1$,2#$ $ #,0. 4"3"9)$!$,$4)81 *,0)2+$,*$1, - 

#$*$,$5 2+"('03'2*01' B$22"3;:$9)0!9$,0 +,' +,$-"!")'' #0,0)*'))$ $ 

&'*$20)'*0,)$ $ !$21$*,0 +0,*'' 683' $6)0,/4")8 2"1")0 016,$9'' 

+$38))$3'2*)$5. <"2  ,/90 — 126 *$)). S0))85 2$,).# $+02") #0# !3. ,02*")'5 

(016,$9'. 902$,."* -2" +$3"-8" #/3;*/,8, +$!0-3.. ': ,$2* ' ,09-'*'"), *0# ' !3. 

9!$,$-;. 7"3$-"#0. < +",'$! (-"*")'. 2$,).# -8!"3."* $ ,$1)$" #$3'7"2*-$ +83;(8, 

#$*$,0., +$+0!0. - $, 0)'91 7"3$-"#0, -898-0"* 033", '=. X*$68 +,"!$*-,0*'*; 

,02+,$2*,0)")'" %*$ $ 2$,).#0 +$ $6302*', 683$ +,').*$ ,"?")'" $*+,0-'*; 

902$,"))8" +0,*'' ?,$*0 2$"-$ $ )0 +,$18?3"))/= +",",06$*#/, - :$!" #$*$,$5 

2"1")0 #0,0)*'))$ $ 2$,).#0 6/!/* 3'?")8 4'9)"2+$2$6)$2*'. 

G$%*$1/ -"*",')0,)$-20)'*0,)85 %&&"#* )k�d 1$4"* 68*; /7*") #0# 

+,"!$*-,0>"))85 />",6 630 $!0,. $*2/*2*-'= 90-$90 *$+3'-0, 0 2 *$+3'-$1 -,"!)8: 

$, 0)'91$- ' +",")$27'#$- 6$3"9)"5, 2$,)8: *,0- +,' '2+$3;9$-0)'' 2'2*"101' 

2$3)"7)$5 %)", '' ' 6'$1"*0)0: )k�d - C rk�d�6 2 v 2 Z3 ,/6. 

 !" rk�d — #$3'7"2*-$ -,"!)8: 4'-8: 2/>"2*-, 2$,)8: ,02*")'5 ,093'7)8: -'!$- �, 1$ />': +,$)'#)/*; )0 *",,'*$,'=, +,' 90-$9" 1 * *$+3'-0; v — /!"3;)85 />",6 

$* %*': -,"!)8: 4'-8: 2/>"2*- ' 2$,)8: ,02*")'5 ,093'7)8: -'!$- �. 

H2:$!. '9 '93$4"))$ $ !$+$3)'*"3;)85 %#$)$1'7"2#'5 %&&"#* '2+$3;9$-0)'. 

2'2*"18 :$3$!$*"+3$2)064")'. 6/!"* 23"!/=>'1 ("#(#* 8%!*1 # 0 ,@@!0%7, 

$4+2&  #/7 $ ()#824!"!  9/ :#*#"#/ 8 %!(*#/) ) - 9u^&= / ^; / )<m / )m / )}! / 9u)YWV= / )k�d / ^)Yb / )65 
I,$1" ,0221$*,"))8: %&&"#*$-, '2+$3;9$-0)'" 2'2*"18 :$3$!$*"+3$2)064")'. 

2+$2$62*-/"* ,"?")'= 2$('03;)8: 90!07 90 27"* 2$#,0>")'. *.4"3$ $ *,/!0 +$ 

!$687" *$+3'-0, /3/7?")'= /23$-'5 *,/!0 ' 68*0 3=!"5 )0 ,022,"!$*$7"))8: 

$6J"#*0:, - *$1 7'23" 90 27"* 3'#-'!0('' 2#-$9).#$-. Y',$#$ '9-"2*)$, 7*$ $* 

2#-$9).#$-, #0# +,0-'3$, 906$3"-0"1$2*; $2$6"))$ - +,$'9-$!2*-"))8: (":0: 

-$9,02*0"* +,'1",)$ - !-0 ,090, 0 +$*",' ,06$7" $ -,"1")' '9-90 6$3"9)' — !$ 50 %. 

M'#-'!0('. 2#-$9).#$- +,' '2+$3;9$-0)'' 2'2*"18 :$3$!$2)064")'. +$9-$3'*, #0# 

68-0"* $* !,/ ': 1",$+,'.*'5, +$-82'*; +,$'9-$!'*"3;)$2*; *,/!0 +,'1",)$ )0 8 %. 

H2+$3;9$-0)'" %)", "*'#' <HD, !3. $6"2+"7")'. 6"2+","6$5)$ $ 

%)", $2)064")'. 2" $!). -8:$!'* )0 $!)$ '9 +",-8: 1"2*. D*$ 2-.90)$ 2 *"1, 7*$ 

%#$)$1'7"2#'" +$*",' ()8 #%$7%$%488 6"2+","6$5)$ $ %)", $2)064")'. )0 

4"3"9)$!$,$4)$1 *,0)2+$,*", - 2"3;2#$1 :$9.52*-" 2,$!)' +$*",.1, #$*$,8" 6/!/* 

)063=!0*;2. )0 3=6$1 +,$'9-$!2*-"  !()!)94 #-# ;80*&, 6/!; *$ 
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1"*033/, '7"2#'5 (": (90-$!) '3', )0+,'1",, )"&*"+",",060*8-0=>0. /2*0)$-#0 +,' 

$*#3=7")'' %3"#*,$%)", ''. < 2'3/ 38#*#-8'!$08: #$#3!  #$%!A 

2"3;2#$:$9.52*-"))$ $ +,$'9-$!2*-0 -$2+$3)'*; - *0#': 23/70.: +$*",' +,$!/#('' 

)"3;9. )' 90 27"* 2-",:/,$7)$5 ,06$*8, )' 90 27"* &$,2',$-0))8: ,"4'1$-. G$*",; 

+,$!/#('' 1$4)$ )" !$+/2*'*; *$3;#$ +/*"1 --$!0 !$+$3)'*"3;)8: 

+,$'9-$!2*-"))8: 1$>)$2*"5 +,' )0!"4)$1 %)", $$6"2+"7")'' +,$'9-$!2*-0, 

:,0)")'., +",",06$*#'. 

C"2$1)"))$, 7*$ %&&"#*'-)$2*; '2+$3;9$-0)'. *":)$3$ '5 %)", "*'#' <HD 2 

*"7")'"1 -,"1")' 6/!"* -$9,02*0*;. D*$1/ 6/!"* 2+$2$62*-$-0*; ' -2" 6$3;?0. 

)"$6:$!'1$2*; %#$)$1'' *$+3'-0, ' *":)'7"2#'5 +,$ ,"22, ' 2$-",?")2*-$-0)'" 

$, 0)'90('' 2$9!0)'. ' +,'1")")'. /2*0)$-$# <HD. 

I,$1" $+,"!"3")'. +,.1$ $ %#$)$1'7"2#$ $ %&&"#*0, 2/>"2*-/=* 1"*$!'#' 

$+,"!"3")'. ,093'7)8: 2$+/*2*-/=>': -)"!,")'= )$-?"2*- %#$)$1'7"2#': 

%&&"#*$- (!$+$3)'*"3;)8: +$#090*"3"5). 

H&$%1 (#0&2&%!*!A ,@@!0%84 #$%8 #%"!*1 9: %!: #*#-8A , !)-!%808 BG=, 

/#E # #()!"!*+%1 0&0 $#(7%$%47568! ,0# #/8'!$08! ,@@!0%9 $*!"7568/ 

#3)&2#/. 

S$+$3)'*"3;)85 %#$)$1'7"2#'5 %&&"#* $* !$+$3)'*"3;)8: $6J"1$- ,06$* ()AY!, 

,/6.), -8+$3)"))8: ,06$*)'#01', -82-$6$!'-?'1'2. - ,"9/3;*0*" +,'1")")'. 

%)", '', -8,060*8-0"1$5 +$ 3=6$5 '9 *":)$3$ '5 %)", "*'#' <HD, - 1"2*0:  !" $)0 

,0);?" )" +,'1").302;, ' $* -*$,'7)$ '2+$3;9/"18: ,06$7': 1$4)$ $+,"!"3.*; +$ 

&$,1/3" [14]. 

)AY! - 9;1�w* 2 �k 2 %k / |!, 2 &~= 2 &Yo!51 / 01 s 9|dbc+* / |Yk+*= 2 �$ 3
*I"A,

*I6
 

 !" ;1�w* – 2,"!).. *0,'&)0. 2*0-#0 !3. !0))$5 #0*" $,'', ,06$*0=>': ' 2,"!)" $ 

,09,.!0 ,06$*, ,/6./7; �k – 7'23"))$2*; -82-$6$4!0"18: ,06$7': (*,/!$-8: 

,"2/,2$-), 7"3.; %k – *,/!$"1#$2*;  $!$-$ $ $6J"10 ,06$*, -8+$3)."18: 

-82-$6$!'-?'1'2. ,06$7'1', 7"3.·7; |!, – 90,06$*)0. +30*0 ($2)$-)0. ' 

!$+$3)'*"3;)0.) +,$'9-$!2*-"))8: ,06$7': 2 $*7'23")'"1 )0 2$('03;)$" 

2*,0:$-0)'", ,/6.; &~ – #$%&&'('")*, -8,040=>'5 $*)$?")'" 90,06$*)$5 +30*8 

+,$18?3"))$-+,$'9-$!2*-"))$ $ +",2$)030 # 90,06$*)$5 +30*" +,$'9-$!2*-"))8: 

,06$7':, "!.; &Yo!51 – #$%&&'('")*, /7'*8-0=>'5 -8+30*8 ' 3; $*8 '9 $6>"2*-"))8: 

&$)!$- +$*,"63")'., "!.; 01 – )$,10*'-)85 #$%&&'('")* %&&"#*'-)$2*' 

#0+'*03;)8: -3$4")'5; |dbc+* – "4" $!)8" +,'-"!"))8" 90*,0*8 )0 2$('03;)$-

68*$-/= ')&,02*,/#*/,/ (,0227'*8-0"*2. '2:$!. '9 2,"!)"5 )$,18 /!"3;)8: 90*,0* 

)0 %*/ 2&",/ |dbc+d,), ,/6.; 494 - ]3 X3 M 3 "A,= – +",'$! $2/>"2*-3")'. !$+$3)'*"3;)8: 

,06$* +$ 2$9!0)'= 2$('03;)$-68*$-$5 ')&,02*,/#*/,8 ' +$! $*$-#" ,06$7': #0!,$-, 

 $!; |Yk+* – "4" $!)8" +,'-"!"))8" 90*,0*8 )0 $6/7")'" ' -$2+,$'9-$!2*-$ ,06$7"5 

2'38, ,/6.; �$ – #$%&&'('")* +,'-"!")'. ,09)$-,"1"))8: 90*,0* # ,027"*)$1/ 

+",'$!/. 

D*$* !$+$3)'*"3;)85 %#$)$1'7"2#'5 %&&"#* 1$4)$ ,02+,$2*,0)'*; ' )0 2"1;'. 

<"!; +$ ,027"*01 G.Z. G',:0-#', - 2"3;2#$5 2"1;" '9 4-: 7"3$-"# $!') -9,$2385 

+$3)$2*;= 90).* ,06$*$5 +$ $6"2+"7")'= !$10 -$!$5, *$+3'-$1, +,' $*$-3")'"1 

+'>' ' *.+. C0 %*$ 90*,07'-0"*2. !$ 3000 702$- -  $!. K3"!$-0*"3;)$, +,'1")")'" 

%)", "*'7"2#$ $ $6$,/!$-0)'. !3. $6,06$*#' +$7-8, /:$!0 90 ,02*")'.1' ' 

4'-$*)81', $*$+3")'. +$1">")'5, +,' $*$-3")'. +'>' '1""* #0# 2$('03;)$", *0# ' 

%#$)$1'7"2#$" 9)07")'". 

<$9)'#0"* 2$+/*2*-/=>'5 %&&"#* *0#4" - !$68-0=>': ' +",",060*8-0=>': 

28,;" $*,023.:, - 10?')$2*,$'*"3;)$1 #$1+3"#2", 7*$ 6/!"* $#098-0*; -3'.)'" )0 

/3/7?")'" ')-"2*'('$))$5 +$3'*'#' - 2*,0)". 
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K3"!/"* /7'*8-0*;, *0#4", 7*$ +,' +,'1")")'' +,"!30 0"18: )$-8: 

,"2/,2$26"," 0=>': *":)$3$ '5 $*+0!0"* )"$6:$!'1$2*;: -  "$3$ $-,09-"!$7)8: 

,06$*0:. < +,$'9-$!2*-" 9)07'*"3;)$5 702*' $+8*)$-%#2+",'1")*03;)$ $ 

+,$'9-$!2*-0, +,'6$,$- ' $6$,/!$-0)'. !3. +,$-"!")'. '2+8*0)'5, 2*0)$7)$ $ +0,#0 

$+8*)$ $ +,$'9-$!2*-0 ' *.+., !3. 2$9!0)'. )$-8: 10*",'03$-. @*+0!0"* 

)"$6:$!'1$2*; - /-"3'7")'' +,$+/2#)$5 2+$2$6)$2*' *,0)2+$,*)$5 

')&,02*,/#*/,8, *.#. +,' 2$$,/4")'' 2$3)"7)8: 2$3.)8: +,/!$- ' #$*3$-0)$- 6/!/* 

'2+$3;9$-0*;2. - $2)$-)$1 +,',$!)8" «-#%#49! 8 4!' 9!» 10*",'038, ' )" 

*,"6/"*2. *,0)2+$,* *$+3'-0 - +,"4)': $6J"10:. 

K$+/*2*-/=>'5 %#$)$1'7"2#'5 %&&"#* $* /1");?")'. ')-"2*'('5 - 

!$68-0=>': $*,023.: ()c!5AYd ) - ,027"*" )0 $!)/ *":)$3$ '= %)", "*'#' <HD 

(%#$)$1'7"2#0. $(")#0 %#$3$ '7"2#$ $ %&&"#*0) [14]: )c!5AYd - 01 C 9&f,5,$ 2 �$ / &�$ 2 �$ / &,5~$ 2 �$=$ 3*I"AY!*I6  ,/6. 

 !" &f,5,$ – "!')$-,"1"))8" 90*,0*8 )0  "$3$ $-,09-"!$7)8" ,06$*8 - %-1  $!/, 

,/6.; &�$ – "!')$-,"1"))8" 90*,0*8 )0 2*,$'*"3;2*-$ ?0:*, 6/,")'" 2#-04') - %-1 

 $!/, ,/6.; &,5~$ – "!')$-,"1"))8" 90*,0*8 )0 ,"#/3;*'-0('= 9"1"3; - %-1  $!/, ,/6.; %9% - ]3 X3 M 3 "AYb= – ')-"2*'('$))85 +",'$! - !$68-0=>': $*,023.:,  $!. 

K$+/*2*-/=>'5 %#$)$1'7"2#'5 %&&"#* $* /1");?")'. ')-"2*'('5 - 

2*,$'*"3;2*-$ 10?')$2*,$'*"3;)8: 90-$!$- ()c15id ) - ,027"*" )0 $!)/ *":)$3$ '= 

%)", "*'#' <HD (2'2*"1/ :$3$!$*"+3$2)064")'.) [14]: )c15id - 01 C &~$ 2 �$ 3*I"~*I6  ,/6. 

 !" &~$ – "!')$-,"1"))8" 90*,0*8 )0 2*,$'*"3;2*-$ - -1  $!/ 

10?')$2*,$'*"3;)8: 90-$!$- ((":$-, /702*#$-) !3. -8+/2#0 $6$,/!$-0)'. 

*,0!'('$))$5 %)", "*'#', '2+$3;9/=>" $ $, 0)'7"2#$" *$+3'-$, ,/6.; %9% -]3 X3M 3 "~= +",'$! 2*,$'*"3;2*-0 90-$!$- ((":0, /702*#$-),  $!. 

L"*$!'7"2#'5 +,')('+, +,'1")"))85 +,' $+,"!"3")'' -"3'7')8 

2$+/*2*-/=>" $ %&&"#*0 )c15id  (*0# 4", #0# ' )c!5AYd  ' /#090))85 )'4" )c!5W,d ), .-3."*2. 

!$2*0*$7)$ )0/7)$ $6$2)$-0))81, *.#. /7'*8-0"1$" +,' ,027"*" +,.1$ $ 

%#$)$1'7"2#$ $ %&&"#*0 '91")")'" %#$)$1'7"2#': +$#090*"3"5 !$ ' +$23" ?',$#$ $ 

'2+$3;9$-0)'. «-#%#49: 8 4!' 9:» +,',$!)8: 10*",'03$- !3. +,')('+'03;)$ 

)$-$5 *":)$3$ '', +,$'9-$!'*2. )0 $2)$-" ("), $*,040=>': 23$4'-?/=2. 2*,/#*/,/ 

+,$18?3"))$2*' ' #0+'*03;)8: -3$4")'5 - )"P. G$%*$1/ -)$-; *,"6/=>'"2. 

#0+'*03;)8" -3$4")'., '2#3=70"18" - %*$1 23/70", +,0-$1",)"" /7'*8-0*; $*!"3;)$ 

- #07"2*-" 2$+/*2*-/=>" $ %&&"#*0. V*-",4!")'" $*!"3;)8: %#$)$1'2*$- $ *$1, 7*$ 

+$!$6)85 %&&"#* /4" /7*") - (")" +,$!/#('', +,0-$1",)8 *$3;#$ - *": 23/70.:, 

#$ !0 %*' (")8 +","21$*,")8 2 /7"*$1 -)$-; +,'1")"))8: #0+'*03;)8: -3$4")'5. 

K$+/*2*-/=>'5 %#$)$1'7"2#'5 %&&"#* $* /1");?")'. ')-"2*'('5 - 

*,0)2+$,*)$1 2*,$'*"3;2*-" ()c!5W,d 3 ,vb5+) - ,027"*" )0 $!)/ *":)$3$ '= %)", "*'#' 

<HD (!3. +,'1",0 -9.*0 4"3"9)0. !$,$ 0): 

)c!5W,d - 01 s 9&pA+$ 2 �$ / &~A+$ 2 �$ / &�Ym+$ 2 �$ / &k_f+$ 2 �$=$ 3
*I"W,

*I6
 

 !" &pA+$ – "!')$-,"1"))8" 90*,0*8 )0 2*,$'*"3;2*-$ 4"3"9)8: !$,$  - -1  $!/, 

,/6.; &~A+$ – "!')$-,"1"))8" 90*,0*8 )0 2*,$'*"3;2*-$ 9!0)'5 ' 2$$,/4")'5 

')&,02*,/#*/,8 4"3"9)8: !$,$  - %-1  $!/, ,/6.; &�Ym+$ – "!')$-,"1"))8" 90*,0*8 )0 

+,'$6,"*")'" - %-1  $!/ 3$#$1$*'-$- (*"+3$-$9$-, %3"#*,$-$9$-), ,/6.; &k_f+$ 
"!')$-,"1"))8" 90*,0*8 )0 +,'$6,"*")'" - %-1  $!/ 4"3"9)$!$,$4)8: -0 $)$-, 

+30*&$,1, ('2*",) ' *.+., ,/6.; %9% - ]3 X3 M 3 "W,= ')-"2*'('$))85 +",'$!,  $!. 

@+,"!"3")'" 2$+/*2*-/=>" $ %&&"#*0 )c!5W,d  +,"!2*0-3."* 2$6$5 -04)/= 702*; 

$6>" $ ,027"*0 2$('03;)$-%#$)$1'7"2#$5 %&&"#*'-)$2*' /2#$,")'. ' ,02?',")'. 

2&", '2+$3;9$-0)'. *":)$3$ '5 %)", "*'#' <HD, *.#. 2,"!).. 2*$'1$2*; 
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2*,$'*"3;2*-0 $6J"#*$- 4"3"9)$!$,$4)$ $ *,0)2+$,*0 4#2)&$%&!% 4 )&29. 

V-"3'7")'" 21"*)$5 2*$'1$2*' *,0)2+$,*)$ $ 2*,$'*"3;2*-0 2-.90)$ - $2)$-)$1 2 

$6J"#*'-)81' +,'7')01', *0#'1', #0# /-"3'7")'" ?',')8 9"13.)$ $ +$3$*)0 ' 

*$3>')8 603302*)$ $ 23$., +,"'1/>"2*-"))$" '2+$3;9$-0)'" *.4"38: ,"3;2$-, 

4"3"9$6"*$))8: ?+03 ' *.+. 

C0 -2": -'!0: *,0)2+$,*0 )063=!0"*2. *0#4" *")!")('. -$9,02*0)'. 2*$'1$2*' 

+$!-'4)$ $ 2$2*0-0 - 2-.9' 2 " $ *":)'7"2#'1 /2$-",?")2*-$-0)'"1. V-"3'7'-0"*2. 

' $+30*0 *,/!0 *,0)2+$,*)8: ,06$*)'#$-. 

C"3;9. $6$5*' 2*$,$)$5 ' *0#$5 -04)85 !$+$3)'*"3;)85 +$#090*"3; 

#$1+3"#2)$ $ (+$3)$*8) '2+$3;9$-0)'. 2$3)"7)$5 %)", '', ' "P +,$'9-$!)8: #0# 

&$)!$$*!070. 

@(")#0 1"*$!$-, 2+$2$62*-/=>': +$3)$1/ '2+$3;9$-0)'= 2$3)"7)$5 %)", '', ' 

"P +,$'9-$!)8: (*"+3$*8/:$3$!0 ,093'7)8: *"1+",0*/,)8: !'0+09$)$-) 1$4"* 

+,$'9-$!'*;2. )0 $2)$-" +$#090*"3. &$)!$$*!07'. @!)0#$, "23' &$)!$$*!070 

,02210*,'-0"*2. +,'1")'*"3;)$ # $!)$1/ 82#*8)#4&  #/7 *":)$3$ '7"2#$1/ 

+","!"3/ (+,$'9-$!2*-/), *$, #0# +,0-'3$, #$ !0 #$1+3"#2)$2*; (+$3)$*0) 

'2+$3;9$-0)'., )0+,'1",, 28,;. (90 27"* +$+/*)$ $ '9-3"7")'. #$1+$)")*$-) 

-$9,02*0"*, &$)!$$*!070 +0!0"*. H )0 $2)$-0)'' %*$ $ #$1+3"#2)$2*; '2+$3;9$-0)'. 

28,;., $?'6$7)$ 27'*0"*2. %#$)$1'7"2#' )" ("3"2$$6,09)$5. G$!$6)8" 90#3=7")'. 

)" -898-0=* 2$1)")'., "23' ,02210*,'-0"*2. «3$#03;)0.» &$)!$$*!070 6"9 /7"*0 

%#$)$1'' #0+'*03;)8: -3$4")'5 - ,"9/3;*0*" $*#090 $* 2$$,/4")'. 

2+"('03'9',$-0))8: +,$'9-$!2*-. 

< 23/70" #$1+3"#2)$ $ (6$3"" +$3)$ $) '2+$3;9$-0)'. 2$3)"7)$5 %)", '' 

#$%&&'('")* &$)!$$*!07' �1 23"!/"* ,0227'*8-0*; 2 /7"*$1 %#$)$1'' #0+'*03;)8: 

-3$4")'5 - *$+3'-)/= 609/, *,0)2+$,* *$+3'-0 ' - 2$$,/4")'" 2+"('03'9',$-0))8: 

+,$'9-$!2*- +$ &$,1/3": 

�1 - "m
�m�C m�2������ , 

 !" "m — #$)"7)0. +,$!/#('. (*"+3$*0 ' :$3$! ,093'7)8: *"1+",0*/,)8: 

!'0+09$)$-, -$2*,"6$-0))8" - 90-'2'1$2*' $* -,"1")'  $!0) - !")"4)$1 -8,04")''; �m — $2)$-)8" &$)!8 +,"!+,'.*'. +,' #$1+3"#2)$1 '2+$3;9$-0)'' 2$3)"7)$5 

%)", ''; m6 — /!"3;)8" #0+'*03;)8" 90*,0*8 )0 +,$'9-$!2*-$ "!')'(8 %)", '' 

(+,$!/#('') 2 /7"*$1 -3$4")'5 - *$+3'-)/= 609/, *,0)2+$,* *$+3'-0 ' - 2$$,/4")'" 

2+"('03'9',$-0))8: +,$'9-$!2*- +,' +$3/7")'' %*$5 %)", '' '9 2$3)"7)$5 %)", ''; �* — #$3'7"2*-$ !'&&",")(',$-0))8: -'!$- %)", '' +$3/70"18: '9 2$3)"7)$5 

%)", '' (4 - ]3 X3 M+); J — +$,.!#$-85 )$1", !'&&",")(',$-0))$ $ -'!0 %)", ''. 

N0#'1 $6,09$1, 2 /7"*$1 +","7'23"))8: -8?" &0#*$,$- &$)!$$*!070 '1""* 

!,/ /= «+$3$4'*"3;)/=» *")!")('= — -$9,02*0"* )0 #04!85 +,$(")* +$-8?")'. 

#$1+3"#2)$2*' '2+$3;9$-0)'. <HD. 

K$$,/4")'" +,/!0 ' #$*3$-0)0 ' '2+$3;9$-0)'" 0##/1/3',$-0))8: -'!$- 

%)", '', &$)!$"1#$2*; ' &$)!$$*!070 *0#4" )0:$!.*2. - 90-'2'1$2*' $* 

#$%&&'('")*0 #$1+3"#2)$2*' +$3/7"))$5 %)", '': 

^�Y - �c5<
� , 

 !" ^� — &$)!$$*!070; �c5< — $6J"1 +$3/7"))$5 %)", ''; � — $2)$-)8" &$)!8. 

I0# -'!)$, +$3)$" $+,"!"3")'" %#$3$ $-2$('03;)$-%#$)$1'7"2#$5 %&&"#*'-)$2*' 

3=6$5 2'2*"18 %)", "*'#' <HD !$34)$ ,02210*,'-0*;2. 2 /7"*$1 +,'-"!"))8: 

90-'2'1$2*"5 $:-0*8-0. 1)$ '" $*,023' +,$18?3"))$2*', 2"3;2#$ $ :$9.52*-0, 

*,0)2+$,*0, %#$)$1'#', 2$('03;)$5 2&",8 ' *.!. 

G$%*$1/ $+,"!"3")'" !'2#$)*',$-0))8: 7'2*8: !")"4)8: +$2*/+3")'5 '3' 

7'2*$5 +,'-"!"))$5 -"3'7')8 !$:$!0 (���), :0,0#*",'9/=>"5 $6>'5, 062$3=*)85 

,"9/3;*0* ')-"2*'('$))$ $ G,$"#*0 (2'2*"1 ' /2*0)$-$# %)", "*'#' <HD), )0!$ -"2*' 
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2 /7"*$1 2$('03;)$-%#$3$ $-%#$)$1'7"2#': +,"'1/>"2*- %)", "*'#' <HD +$ 

+,"!30 0"1$5 0-*$,$1 &$,1/3": 

��� - C �29'�2Z��;�=
96�O=�K$I6 3 ,/6. 

 !" Z$ – -8 $!0 (!$:$!) $* G,$"#*0 -  $!/ %, ,/6.; S  – #$%&&'('")* /7'*8-0=>'5 

!$+$3)'*"3;)/= 2$('03;)$-%#$3$ $-%#$)$1'7"2#/= %&&"#*'-)$2*; '2+$3;9$-0)'. 

$6$,/!$-0)'. %)", "*'#' <HD )0 ,02210*,'-0"1$5 *",,'*$,''; � = – #$%&&'('")* 

/7'*8-0=>'5 $+","40=>'5 ,$2* (") )0 %)", '=, +,$'9-"!"))/= +$2,"!2*-$1 

24' 0)'. $, 0)'7"2#$ $ *$+3'-0, 0 *0#4" 2"9$))8" %#2+3/0*0('$))8" ,02:$!8 ' 

'9!",4#', +,' +,$'9-$!2*-" %*$5 %)", ''; ;$ – 90*,0*8 )0 G,$"#* -  $!/ %, ,/6.;   – 

2*0-#0 !'2#$)*0; L – 7'23$ 3"* 4'9)' G,$"#*0. 

D)8/!'& 8+: 

1) -"3'7')0 #$%&&'('")*0 S  -$9,02*0"* !$ 9)07")'5 (1,5 – 1,75) +,' -$9-"!")'' 

2'2*"18 %)", "*'#' <HD - +,' $,$!)8:, #/,$,*)8:, 90+$-"!)8: 9$)0: ' *.!. 

2) 9)07")'" #$%&&'('")*0 � 2)'40"*2. +$ 1"," 2)'4")'., *"1+0 ,$2*0 2*$'1$2*' 

*,0!'('$))$  ")",',/"18: -'!$- %)", '' - B$22''. 

3) 2*0-#0 !'2#$)*0   2)'40"*2. +$ 1"," 2*0)$-3")'. (,09-'*'.) %)", "*'#' <HD. 

G,'-"!"))0. 2*,/#*/,0 2$2*0-3.=>': !$+$3)'*"3;)$ $ 2$('03;)$-%#$3$ $-

%#$)$1'7"2#$ $ %&&"#*0 2'2*"18 :$3$!$*"+3$2)064")'. ($*!"3;)$ -9.*$5 2'2*"18 

%)", "*'#' <HD) +$#098-0"*, #0# -9-"?"))$ )/4)$ +$!:$!'*; # 0)03'9/ 

%&&"#*'-)$ $ '2+$3;9$-0)'. )$-8: *":)'7"2#': ,"?")'5. A -"!; 702*$ +,' $2-$")'' 

,093'7)8: +$ #3'10*'7"2#'1 /23$-'.1 ' +,"!)09)07")'= *",,'*$,'5 -86$, *$ $ '3' 

')$ $ '2*$7)'#0 %)", $2)064")'. +$,/70=* 3=!.1 !03"#'1 )" *$3;#$ $* %)", "*'#' 

<HD, )$ ' $* *,0!'('$))$5, *$+3'-)$5 %)", "*'#'. H )$,',/"*2. -8,06$*0))$" 

 $!01' +,0-'3$, '2+$3;9$-0*; 9)0)'. 2+"('03'2*$-. <"!; :'1'# 6","* !0))8" +$ 

%3"#*,'7"2*-/ $* %3"#*,'#0; &'9'$3$  2+,0-3."*2. $  "$3$ '' /  "$3$ 0 — #04!85 '9 

)': 27"3 68 )0 3$2*;= 2$ 2*$,$)8 !,/ $ $, "23' 68 *$* +,$'9)"2 2/4!")'" )" +$ 

2-$"5 $*,023' )0/#'. 

H 2*,0))$, '2*'))$ 2*,0))$, 7*$ %*$ ,09/1)$" +,0-'3$ 2$-",?"))$ $*6,028-0"*2., 

#$ !0 !"3$ #020"*2. !"(")*,03'9$-0))$ $ %)", $2)064")'. '3' $6"2+"7")'" %)", '"5 

/ )"*"))8: 2 %#$3$ '7"2#$5 *$7#' 1"2*)$2*"5. I0# 702*$ )"#$*$,8" '9 7'230 

#$,'&""- *,0!'('$))$5 %)", "*'#', 6"9 2$1)")'. #,/+)8" 2+"('03'2*8 - 2-$"5 

$*,023' 9)0)'., 27'*0=* 2"6. #$1+"*")*)81' -82#098-0*; !$ 10*'7"2#'" 2/4!")'. 

+$ 0#*/03;)$2*' ' 2$('03;)$-%#$3$ $-%#$)$1'7"2#$5 %&&"#*'-)$2*' )$-8: 

)0+,0-3")'5 %)", "*'#' <HD. A *0#4" -2"1/, 7*$ # )"5 $*)$2'*2., )" 6/!/7' 

2-'!"*"3.1' )' +$ $!)$1/ '9 "P «&")$1")$-» ' 702*$ 2$-",?"))$ )" '1". 

+,"!2*0-3")'. $ "P +,')('+0: ' +,0#*'#". 

 

>(8$#0 *8%!)&%7)9 
1 C0/#0 - 2$-,"1"))$5 #0+'*03'2*'7"2#$5 %#$)$1'#"/ G$! ,"!. K.L. C'#'*')0. L., C0/#0, 

1987. 240 2. 

2 D#$)$1'#0 4"3"9)$!$,$4)$ $ *,0)2+$,*0 / G$! ,"!. H.<. R"3$-0. L.: N,0)2+$,*, 1983. 351 

2. 

3 L02*"+0)$- A.L. D#$)$1'#0 ' %)", "*'#0 ," '$)$- B$22'52#$5 O"!",0('' / A.L. 

L02*"+0)$-, <.<. K0")#$, <.A. B83;2#'5 ' !,. L.: D#$)$1'#0, 2001. 476 2. 

4 L"*$!'7"2#'" -$+,$28 ,09-'*'. %)", "*'#' 2"3;2#': ,05$)$- / Q.F. R0,060)",, <.L. 

C'#'*'), N.H. I3$#$-0 ' !,. H,#/*2#, KDH, 1989. 260 2. 

5 I$+83$- A.E. D#$)$1'7"2#'" 02+"#*8 -86$,0 2'2*"18 +$!!",4#' '2+$3;9$-0)'. 

-$9$6)$-3."18: '2*$7)'#$- %)", '' - B$22'' / A.E. I$+83$- // D)", "*'#. 2008. [ 1– K. 

7 – 10. 

6 <$,$)$- A.A. I $(")#" /,$-). #$)#/,")*$2+$2$6)$2*' 10?')$2*,$'*"3;)8: +,"!+,'.*'5 

/ A.A. <$,$)$- // L0?')$2*,$'*"3;. 2000. [ 12. K. 27 – 29. 
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7 @20!7'5  .!. "#$%&'%() *%&+,-), &. /+#-01#2%3& - 4&5%#$#,-- -5 -6/#$70#1(%-) 
(81&2&%-& 1 *%&+,&4-9: 8;<) /  .!. =6(2'->. =?69: ;@A B(9C&&1#> D.E., 2010. 572 6. 

8 FGHIJ B<;. F&?(4-'&69-> 6K#+%-9. L&4+(2-M-#%%3& -64#'%-9- *%&+,--. 83/:69 619 / 
@#2 +&2. !.;. A(0(%2N(%(. B.: B<;, 1983, 141 6. 

9 <9#%#?-9( 2#K3'- - /&+&+(K#49- 4#/$-1( / G&2. 9#$$&,-) !.E. I(132#1, D.O. A(%4#+, @.L. 
D164+(4#1. F:$(: F@;, 1977. 130 6. 

10 @(2($9# O.@. <9#%#?-9( - :/+(1$&%-& 1 *%&+,&4-9& / O.@. @(2($9#. B-%69: 836C() 
C9#$(, 1987. 240 6. 

11 @(+C:9#1 L.@. ;64#'%-9- - 6-64&?3 4&/$#6%(KN&%-) ,#+#2( / L.@. @(+C:9#1, 8.B. 
O&K&2&1. =?69: =?69() #K$(64%() 4-/#,+(P-), 1999. 168 6. 

12 B(+'&%9# =.8. =M&%9( *9#%#?-'%#64- -6/#$70#1(%-) *%&+,-- 1&4+( 2$) /+#-01#2641( 
1#2#+#2(/ =.8. B(+'&%9#, ".8. "#$#?-% // <%&+,&4-9(, *9#$#,-), *%&+,#6K&+&N&%-&, 
4+(%6/#+4: 4+:23 3-> ?&N2:%(+#2%#> %(:'.-4&5%. 9#%P./ ;+43C69-> P-$-($ Q =H 8@= 
«L#1#6-K-+69() ,#6:2(+641&%%() (9(2&?-) 1#2%#,# 4+(%6/#+4(», =?69, 2007. ". 214 – 
221. 

13 B&4#23 6%-N&%-) -02&+N&9 /+#-01#2641(. @&+&1#2 6 (%,$., %&?., )/., / @#2 +&2. !.;. 
B(>2(%'-9,  .8. "&+,&&1(. B.: <9#%#?-9(, 1987. 150 6. 

14 A#%#1 R.@. H69#+&%-& -6/#$70#1(%-) -0#K+&4&%-> / R.@. A#%#1, ".Q. B(0%&1. B.: 
B(C-%#64+#&%-&, 1980. 152 6. 
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,67898:;;<9=>?@6< :A<9=B8@@8-?8A@8?6< 

CB<8DBEF8?E=<A> G>9B8?8A@ ? 7>7=<G< 78A@<H@6I 

987G>H<79>I :A<9=B87=E@J>K 

 !"#$#% &.'. 
 8798?79>K L87MNEB7=?<@@6K M@>?<B7>=<= >G<@>  .,./8G8@878?E,  879?E, '877>O 

=K6:N2(S46) 1#0?#N%#64- /&+&2('- 6#$%&'%#> *%&+,-- /# ?-9+#1#$%#1#?: $:': 
6 K#+4( ,&#64(M-#%(+%35 -$- %-09##+K-4($7%35 6/:4%-9#1. 8 4(9-5 6-64&?(5 
6#$%&'%() *%&+,-) 6 /#?#T7S /#$:/+#1#2%-9#135 P#4#2&94#+#1 /+&#K+(0:&46) 1 4#9 
/-4(%-) ?-9+#1#$%#135 ,&%&+(4#+#1, /#63$(ST-5 ?-9+#1#$%#13> $:' %( U&?$S 
K&0 /#4&+7 1 0&?%#> (4?#6P&+& /+(94-'&69- /+- $SK35 /#,#2%35 :6$#1-)5. @#6$&2%&& 
2#64#-%641# ?-9+#1#$%#135 6#$%&'%35 9#6?-'&69-5 *$&94+#64(%M-> ("A<") ?#N&4 
K347 :6/&C%# +&($-0#1(%# $-C7 /+- 136#9#> *PP&94-1%#64- - %(2&N%#64- 
/+&#K+(0#1(%-) ?-9+#1#$%#1#> *%&+,-- %( /#1&+5%#64- U&?$- 1 /#64#)%%3> (-$- 
/+#?3C$&%%#> '(64#43) *$&94+-'&69-> 4#9. 8 #4$-'-& #4 4+(2-M-#%%35 
/#$:/+#1#2%-9#135 /+&#K+(0#1(4&$&>, 6#02(ST-5 ?#T%3& /#?&5- 1 #9+:N(ST&? 
+(2-#/+#64+(%641& - 1&67?( ':1641-4&$7%35 9 /&+&,+:09(?, /+-1#2)T-? 
/#$:/+#1#2%-9#13& :64+#>641( 9 135#2: -0 64+#), 1 %(64#)T&? 6##KT&%-- 
/+&2$(,(&46) -6/#$70#1(47 M-9$#4+#%%3& *$&94+#%%3& /+&#K+(0#1(4&$- (<V@) 
?-9+#1#$%, #K$(2(ST-& :%-9($7%3?- 5(+(94&+-64-9(?-. @+&N2& 16&,#, -5 A@I 
/+&#K+(0#1(%-) 6#64(1$)&4 1&$-'-%: K#$&& 80% (+&($-0#1(%# %( $(K#+(4#+%35 
#K+(0M(5) /+- /+&#K+(0#1(%-- 6-,%($#1 ?#T%#647S #4 1 2# 10 984 - K#$&&. =%- 
6#1&+C&%%# %& K#)46) /&+&,+:09- - 2&&6/#6#K%3 K&0 :4+(43 9('&641( 
P:%9M-#%-+#1(%-) /#6$& 1#02&>641-) ?&,(1(44%35 ?#T%#64&>. W-+#9-> 
2-%(?-'&69-> 2-(/(0#% - #46:4641-& 1#0K:N2&%-) /(+(0-4%35 '(64#4 %& %(+:C(S4 
2&>641-& +(2-#'(64#4%35 :64+#>641, %(5#2)T-56) 1 (+&($& /+-&?%35 +&94&%% "A<". 
A 4#?: 64#-?#647 <V@ 1 +(6'&4& %( &2-%-M: /+&#K+(0:&?#> ?#T%#64- %( #2-%-21( 
/#+)29( ?&%7C&, '&? : /#$:/+#1#2%-9#135 /+&#K+(0#1(4&$&>. X6%#, '4# 4(9-& 
:64+#>641( ?#,:4 *PP&94-1%# -6/#$70#1(476) %& 4#$79# 1 65&?(5 "A<", %# - 1# 16&5 
6-64&?(5 K&6/+#1#2%#> /&+&2('- *%&+,--, 9(9 %( U&?$&, 4(9 - %( 4+(66(5 U&?$)-1#02:5 
- #K+(4%# 2$) *%&+,##K&6/&'&%-) K&6/-$#4%35 $&4(4&$7%35 (//(+(4#1, 2#64(19- 
*%&+,-- 1 4+:2%#2#64:/%3& ,#+%3& +(>#%3, 6%(KN&%-) *%&+,-&> K&+&,#135 
(+94-'&69-5 64(%M-> 6 K#+4( (4#?#5#2#1, /&+&2('- *%&+,-- '&+&0 /+#$-13 ?&N2: 
#64+#1(?-, #K?&%( *%&+,-&> ?&N2: $&4(4$7%3?- - 9#6?-'&6-?- (//(+(4(?- - 4./. 
E94:($7%#647 +(0+(K#4#9 ?-9+#1#$%#135 6-64&? !@< - 2$) -5 #K&6/&'&%-) <V@ 64($( 
#6#K&%%# )1%#> 1 61)0- 6 %(?&+&%-&? M&$#,# +)2( 64+(% ("WE, X/#%-), A-4(>, ;%2-), 
G#66-)) 6#02(47 1 K$-N(>C-& ,#23 (2016-2025 ,,.) ?#T%3& 6#$%&'%3& 
*$&94+#64(%M-- 6 /&+&2('&> *%&+,-- /# ?-9+#1#$%#1#?: 9(%($: - K(0-+#1(%-&? 
-0$:'(ST-5 ?-9+#1#$%#135 (%4&%% %( ,&#64(M-#%(+%35 -$- #9#$#0&?%35 #+K-4(5. 
L&6?#4+) %( 0%('-4&$7%3& 0(4+(43 /# 6#02(%-S 9#6?-'&69-5 6-64&? 64#-?#647 
/#$:'(&?#> 4(9-? 6/#6#K#? *$&94+#*%&+,--, 9(9 /#9(0($- )/#%69-& -66$&2#1(4&$-, 
?#N&4 #9(0(476) /#'4- %( /#+)2#9 ?&%7C& 64#-?#64- *%&+,--, /#$:'(&?#> 
4+(2-M-#%%3?- %(0&?%3?- 6+&2641(?-. 
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PB8?<N<@>< 7BE?@>=<AQ@6I >7C6=E@>K 

;8=8:A<9=B>H<79>I G8NMA<K BEFA>H@6I =>C8? 

 #()*+ ,.-., ./"/0)12# '.3., 4!5/6*!1 -.7., 80/1#% '.3., .!9#% 7.:., 
;/<=)"/5>/1#%/ ..-. 
 879?E, '877>O, (DR<N>@<@@6K >@7=>=M= ?6789>I =<GC<BE=MB '&% 

 
!:+%#& +(01-4-& P#4#*%&+,&4-9- 1 /#6$&2%&& 2&6)4-$&4-& /+-1&$# 9 /#)1$&%-S 

9(9 ?-%-?:? 2&6)49( 4&5%#$#,-> - 6#4&% /+#-01#2-4&$&> P#4#*$&94+-'&69-5 
?#2:$&>. " M&$7S #/+&2&$&%-) +(K#'-5 5(+(94&+-64-9 ?#2:$&> 1 +&($7%#> 
*96/$:(4(M-- =KY&2-%&%%3? -%64-4:4#? 136#9-5 4&?/&+(4:+ GEL 6#1?&64%# 6 UE= 
«<%&+,&4-'&69-& /+#&943» 6#02(% - :9#?/$&94#1(% 64&%2 6+(1%-4&$7%35 -6/34(%-> 
P#4#*$&94+-'&69-5 ?#2:$&> 1 :6$#1-)5 ,. B#6913. G(0+)2 :64(%#1$&%%35 %( 9+3C& 
?#2:$&> +(0$-'%35 4-/#1 1&2&46) 6 /#?#T7S *964+&?($7%35 +&,:$)4#+#1 %( K$#9 
%(,+:09- 6 132('&> -0$-C9#1 *%&+,-- 1 (99:?:$)4#+%:S K(4(+&S, #6%#1%() +#$7 
9#4#+#> 61#2-46) 9 /#22&+N(%-S +(K#4#6/#6#K%#64- +&,:$)4#+(. B#2:$7 (?#2:$-) 
9(N2#,# 4-/( +(K#4(S4 6# 61#-? +&,:$)4#+#?, K$#9(?- (99:?:$-+#1(%-) - %(,+:09-. 
L(,+:09( /+&264(1$)&4 6#K#> $(?/3 %(9($-1(%-) 6 ?#T%#647S, /#01#$)ST&> 
/#$%#647S +(66&)47 *%&+,-S, 13+(K#4(%%:S ?#2:$)?-. <4-? #K&6/&'-1(&46) +(K#4( 
16&5 ?#2:$&> 1 +(1%35 :6$#1-)5 - -5 /#$%() +(0+)29( 1 4&'&%-& 9(N2#,# M-9$( 
(6:49-). 

"-64&?( -0?&+&%-> /#01#$)&4 +&,-64+-+#1(47 2(%%3& # 4#9& - %(/+)N&%-- 1 M&/)5 
?#2:$), %(,+:09- - (99:?:$)4#+%#> K(4(+&- 9(N2#,# ?#2:$), /+-5#2)T&> 6#$%&'%#> 
+(2-(M--. G&,-64+(M-) 2(%%35 #6:T&641$)&46) 1 +(0 1 5 6&9:%2. 8 '-6$# +(6'&4%35 
/(+(?&4+#1 15#2)4 ?,%#1&%%() ?#T%#647 ?#2:$), :6+&2%&%%#& 0( 2&%7 0%('&%-& 
-%4&%6-1%#64- 6#$%&'%#> +(2-(M-- 0( 2&%7, ?,%#1&%%#& 0%('&%-& 9/2 ?#2:$), 
13+(K#4(%%() 0( 2&%7 9(N23? ?#2:$&? *$&94+-'&69() *%&+,-), && #4%#C&%-& 9 
/-9#1#> ?#T%#64- - /$#T(2- ?#2:$). L(-K#$7C-> -%4&+&6 /+&264(1$)&4 6#K#> 
13+(K#49( *$&94+#*%&+,-- 9(N23? ?#2:$&?, /+-1&2&%%() 9 &,# /-9#1#> ?#T%#64- 
(4(9 9(9 /(+(?&4+3 6+(1%-1(&?35 ?#2:$&> +(0$-'(S46)). <4#4 /(+(?&4+ %(+(1%& 6# 
64#-?#647S #/#+%35 9#%64+:9M-> - 6-64&? /+&#K+(0#1(%-) 2$) 2(%%#,# 4-/( 
?#2:$&> /#01#$-4 132&$-47 %(-K#$&& /&+6/&94-1%3& 6 4&5%-9#-*9#%#?-'&69#> 4#'9- 
0+&%-) 4&5%#$#,--, ( 2$-4&$7%3& -6/34(%-) ?#2:$&> /#01#$)4 /#$:'-47 2(%%3& #K 
-5 2&,+(2(M-- 1 +&($7%35 :6$#1-)5.  

" P&1+($) 2014 ,. 6-64&?( %(5#2-46) 1 #/34%#> *96/$:(4(M--. @#$:'&%%3& 1 
%(64#)T&& 1+&?) +&0:$74(43 /#01#$)S4 ,#1#+-47 # 4#?, '4# %(-$:'C:S 13+(K#49: 1 
+(0$-'%35 /#,#2%35 :6$#1-)5 #K&6/&'-1(S4 4#%9#/$&%#'%3& ?#2:$- %( #6%#1& 
9#?/#0-4#1 CuInGaSe2. F(9N& /#9(0(%#, '4# 1 /(6?:+%:S /#,#2: 4#%9#/$&%#'%3> 
P#4#*$&94+-'&69-> ?#2:$7 4(%2&?%#,# 4-/( %( #6%#1& (?#+P%#,# - 
?-9+#9+-64($$-'&69#,# 9+&?%-) - 21:64#+#%%-> ?#%#9+-64($$-'&69-> 
P#4#*$&94+-'&69-> ?#2:$7 #K&6/&'-1(S4 $:'C:S 13+(K#49: *%&+,--, '&? ?#2:$- %( 
#6%#1& ?#%#- - ?:$74-9+-64($$-'&69#,# 9+&?%-). L(-5:2C-& +&0:$74(43 /# 
13+(K#49& 2&?#%64+-+:&4 4#%9#/$&%#'%3> ?#2:$7 %( #6%#1& (?#+P%#,# 9+&?%-). 
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,8F8D@8?AO<G6< >7=8H@>9> :@<BL>> ? G>B< > ? '877>> 

 #()*+ ,.-. 
 879?E, '877>O, (DR<N>@<@@6K >@7=>=M= ?6789>I =<GC<BE=MB '&% 
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477A<N8?E@>< ?8N8B8N78BDJ>8@@6I 7?8K7=? 7CAE?E 

La0.9Ce0.1Ni5 

?#>/1#% @.'., -9#*A"#% B.C. 
(4,3 '&%,  879?E, '877>O 

A#?/(94%3& - K&0#/(6%3& 6-64&?3 5+(%&%-) - #'-649- 1#2#+#2( %( #6%#1& 
#K+(4-?35 ?&4($$#,-2+-2#1 4-/( E85 (94-1%# -66$&2:S46) - +(0+(K(431(S46) 1# 
?%#,-5 #4&'&641&%%35 - 0(+:K&N%35 $(K#+(4#+-)5 [1,2]. 8 4(9-5 :64+#>641(5 
-6/#$70:S4 136#9#2-6/&+6%3& (+(0?&+ -%2-1-2:($7%35 '(64-M 1-10 ?9?) 
1#2#+#2/#,$#T(ST-& ?(4&+-($3 %( #6%#1& -%4&+?&4($$-'&69-5 6#&2-%&%->. @+- 
6#+KM-- - 2&6#+KM-- 1#2#+#2( #KY&? -%2-1-2:($7%35 '(64-M ?#N&4 -0?&%)476) 2# 
25%, 4&/$#1#> *PP&94 +&(9M-- 6#64(1$)&4 2&6)49- 9-$#2N#:$&> %( ?#$7 1#2#+#2( 
(#K3'%# #4 25 2# 40 9IN/?#$7), ( *PP&94-1%() 4&/$#/+#1#2%#647 ?&$9#2-6/&+6%#> 
6-64&?3 6#64(1$)&4 #4 0,1 2# 1 84/?A - 0(1-6-4 #4 2(1$&%-) 1#2#+#2(. 

@+- 4&#+&4-'&69#? (%($-0& - ?#2&$-+#1(%-- 4&/$#135 /+#M&66#1 1 
?&4($$#,-2+-2%35 2-6/&+6%35 6-64&?(5 - +(0+(K#49(5 ?&4($$#,-2+-2%35 +&(94#+#1 
2$) 6-64&? (99:?:$-+#1(%-) - #'-649- 1#2#+#2( /&+1#64&/&%%#& 0%('&%-& -?&&4 
/#$:'&%-& 4#'%35 #/34%35 2(%%35 /# P(0#13? 2-(,+(??(? (G"F--0#4&+?3) 
1#2#+#2/#,$#T(ST-5 ?(4&+-($#1. B&4#23 - 4&5%-9( -0?&+&%-> 6#+KM-#%%35 
5(+(94&+-64-9 (P(0#1#> G"F-2-(,+(??3) 1#2#+#2/#,$#T(ST-5 ?(4&+-($#1 -?&&4 
+)2 #6#K&%%#64&>, 6:T&641&%%# #/+&2&$)ST-5 4#'%#647 /#$:'(&?35 2(%%35. <4# – 
%-09() *PP&94-1%() 4&/$#/+#1#2%#647 -, 1 +)2& 6$:'(&1, /+#%-M(&?#647 
*96/&+-?&%4($7%35 #K+(0M#1 2-6/&+6%35 ?(4&+-($#1, 9#4#+3& /+-1#2)4 9 K#$7C-? 
1+&?&%(? 2#64-N&%-) 4&+?#2-%(?-'&69#,# +(1%#1&6-) 1 4&+?#64(4-+:&?#> 6-64&?&, 
#6#K&%%# /+- %-09-5 4&?/&+(4:+(5, - -5 1#0+(64(%-S 6 :1&$-'&%-&? +(0?&+#1 
6-64&?3. A+-0-6%3& )1$&%-) 1 ?&4($$#,-2+-2%35 6-64&?(5 /+-1#2)4 9 
2#/#$%-4&$7%#?: 1#0+(64(%-S 1+&?&%- 2#64-N&%-) +(1%#1&6-). H?&%7C&%-& 
+(0?&+#1 #K+(0M( /#01#$)&4 :69#+-47 *96/&+-?&%4, #2%(9# /+- *4#? 6%-N(&46) 
4#'%#647 -0?&+&%-) G"F--0#4&+?3, 4(9 9(9 1#0+(64(&4 /#,+&C%#647 #/+&2&$&%-) 
9#$-'&641( 6#+K-+#1(%%#,# - 2&6#+K-+#1(%%#,# 1#2#+#2(. 

V&$7 2(%%#> +(K#43 – -0?&+&%-& 1#2#+#26#+KM-#%%35 61#>641 6/$(1( La0.9Ce0.1Ni5 
2$) #/+&2&$&%-) 1#0?#N%#64- &,# -6/#$70#1(%-) 1 6-64&?(5 4#/$-1##K&6/&'&%-) 
%-09#4&?/&+(4:+%35 4#/$-1%35 *$&?&%4#1 6 41&+2#/#$-?&+%3? *$&94+#$-4#? 
9-$#1(44%#,# 9$(66( ?#T%#64-. ;0?&+&%-) /+#1#2-$-67 1 2-(/(0#%& 4&?/&+(4:+ #4 
20 2# 80#" %( :64(%#19& H" 150 (+-6 1) 6 /#?#T7S ?#2-P-M-+#1(%%#,# ?&4#2( 
"-1&+46( [3]. H64(%#19( /#01#$)&4 -0?&+)47 -0#4&+?3 6#+KM-- - 2&6#+KM-- #K+(0M#1 
1#2#+#2/#,$#T(ST-5 ?(4&+-($#1 ?(66#> #4 10 2# 800 , /+- 4&?/&+(4:+(5 #4 -30 2# 
400#" - 2(1$&%-- 1#2#+#2( 2# 15 B@(. 

@&+&2 -66$&2#1(%-&? 1#2#+#26#+KM-#%%35 61#>641 6/$(1( K3$ /+#1&2&% &,# 
+&%4,&%#64+:94:+%3> (%($-0, 9#4#+3> /+#1#2-$6) %( 2-PP+(94#?&4+& URD-6 6 
-6/#$70#1(%-&? -0$:'&%-) CuKZ - %-9&$&1#,# P-$74+(. H6$#1-) 6Y&?9- K3$- 
6$&2:ST-&: 25 – 90 (2[), C(, 0.050, 1 -$- 3 6&9. 1 4#'9&. H4#'%&%-& 2-P+(9M-#%%35 
/+#P-$&> /+#1#2-$#67 /# ?&4#2: G-41&$72( [4] /+- -6/#$70#1(%-- /+#,+(??3 Jana-
2006. F#'%#647 #/+&2&$&%-) /&+-#2#1 +&C&49- 6#64(1$)$( ± 0.001 – 0.005%, 
?(66#1#,# 6##4%#C&%-) P(0 1 – 2 %. 
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G-6.1. H64(%#19( 2$) -0?&+&%-) -0#4&+? 6#+KM-- - 2&6#+KM-- 1#2#+#2( H" 150.  !1 – K($$#% 6 
1#2#+#2#?; V"1-9 - 1&%4-$-; BS1 – (99:?:$)4#+ 1#2#+#2(, 0(/#$%&%%3> LaNi5; BS2 – +(K#'-> 

(14#9$(1; CV1 - K:P&+%3> (14#9$(1 CV2 – 1(9::?%() &?9#647; #1 – 2(4'-9 (K6#$S4%#,# 
2(1$&%-) (0-1 (4?); #2, #4 – 2(4'-9- -0K34#'%#,# 2(1$&%-) (1-150 (4?); #3, #5 – 2(4'-9- 

-0K34#'%#,# 2(1$&%-) (1-10 (4?). 

E%($-0 +&%4,&%#,+(?? /#9(0($, '4# #K+(0&M )1$)&46) #2%#P(0%3?, /#69#$79: 
-2&%4-P-M-+#1(%3 16& /-9- %( +&%4,&%#,+(??&. ;%4&+?&4($$-'&69#& 6#&2-%&%-& 
La0.9Ce0.1Ni5 9+-64($$-0:&46) 1 64+:94:+%#? 4-/& CaCu5, #/-631(&46) 1 
/+#64+(%641&%%#> ,+://& p6/mmm, /(+(?&4+3 9+-64($$-'&69#> +&C&49-: 

a = 5,001 Å; 
c = 3,987 Å; 
+&%4,&%#169() /$#4%#647 6/$(1( d = 8,314 ,/6?3. 
I$) -66$&2#1(%-) 1#2#+#26#+KM-#%%35 5(+(94&+-64-9 K3$ -6/#$70#1(% #K+(0&M 

6/$(1( ?(66#> 50,01 ,. ;0#4&+?3 2&6#+KM-- 1#2#+#2( /+&264(1$&%3 %( +-6. 2. 

 

G-6. 2 ;0#4&+?3 2&6#+KM-- 1#2#+#2( 6/$(1( La0.9Ce0.1Ni5 /+- 4&?/&+(4:+(5 20#" – 1, 40#" – 2, 
60#" – 3 - 80#" – 4. 
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@+#M&66 6#+KM---2&6#+KM-- 1#2#+#2( -%4&+?&4($$-'&69-?- 6#&2-%&%-)?- 
#K$(2(&4 #2%#> 6:T&641&%%#> #6#K&%%#647S – +(1%#1&6%#& 2(1$&%-& /$(4# 2&6#+KM-- 
1#2#+#2( 16&,2( %-N& +(1%#1&6%#,# 2(1$&%-) 6#+KM--. I$) #/-6(%-) *4#> +(0%-M3 
-6/#$70:&46) 1&$-'-%( ,-64&+&0-6( 2(1$&%-), 2$) +(6'&4( 9#4#+#> K3$- -0?&+&%3 
-0#4&+?3 6#+KM-- 1#2#+#2( /+- 4&?/&+(4:+(5 20 - 40#", 9#4#+3& /+&264(1$&%3 %( 
+-6. 3. 8#2#+#26#+KM-#%%3& 5(+(94&+-64-9- 6/$(1( La0.9Ce0.1Ni5 /+&264(1$&%3 1 
4(K$-M& 1. 

 

G-6. 3 ;0#4&+?3 6#+KM-- 1#2#+#2( 6/$(1( La0.9Ce0.1Ni5 /+- 4&?/&+(4:+(5 20#" – 1 - 40#" – 2. 

$%&'()%**+, -.%/-0.1 %'&12(%. -341.1 La0.9Ce0.1Ni5. 

F&?/&+(4:+( 
"(L2)m(5 
?(66. % 

Peq B@( 
\Hdes

# 
9IN/?#$7 

\Sdes
# 

IN/?#$7·K 
Ah 

oC K 6#+KM-) 2&6#+KM-) 

20 293 1.3 0.292 0.196 

30.7±0.2 110±2 0,354 
40 313 1.3 0.634 0.445 

60 333 1.3  0.922 

80 353 1.3  1.685 

 
G&0:$74(43 -66$&2#1(%-> /#9(031(S4, '4# 6/$(1 La0.9Ce0.1Ni5 ?#N&4 K347 

-6/#$70#1(% 2$) 6-64&? #'-649- - 5+(%&%-) 1#2#+#2(, -%4&,+-+#1(%%35 6 
*%&+,#:64(%#19(?- %( #6%#1& 1#2#+#2#1#02:C%35 4#/$-1%35 *$&?&%4#1 6 
41&+2#/#$-?&+%3? *$&94+#$-4#? 9-$#1(44%#,# 9$(66( ?#T%#64-. 

E14#+3 13+(N(S4 K$(,#2(+%#647 B-%#K+%(:9- GQ 0( P-%(%6#1:S /#22&+N9: 
-66$&2#1(%-> (,#6:2(+641&%%3& 9#%4+(943 ]] 14.888.21.0042 - LW 123.2012.8 /#2 
+:9. (9. E.D. W&>%2$-%(), G#66->69#?: Q#%2: Q:%2(?&%4($7%35 ;66$&2#1(%-> 
(,+(%43 13-08-01045, 13-08-01312 - 14-08-92001), ( 4(9N& '$&%(? $(K#+(4#+-- 
8#2#+#2%35 *%&+,&4-'&69-5 4&5%#$#,-> =;8F GEL 0( #K6:N2&%-& +(K#43, /#$&0%3& 
6#1&43 - /+(94-'&69:S /#?#T7 1 -66$&2#1(%-)5. 
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$3)-%5 4)0,&106&+ 
1. 8&+K&M9-> 8.L., B-4+#5-% ".8.  -2+-23 -%4&+?&4($$-'&69-5 6#&2-%&%->–6-%4&0, 

61#>641( - /+-?&%&%-& 2$) (99:?:$-+#1(%-) 1#2#+#2( // B&N2:%. %(:'. N:+%. 
“E$74&+%(4-1%() *%&+,&4-9( - *9#$#,-)”. 2005 ,. F. 30. ] 10, 1-61 64+. 

2. F(+(6#1 !.@., !:+%(C&1( 8.8., O#4#M9-> B.8., X+4367 8.E. «B&4#23 5+(%&%-) 

1#2#+#2( - 1#0?#N%#64- -6/#$70#1(%-) ?&4($$#,-2+-2#1»// E$74&+%(4-1%() 

*%&+,&4-9( - *9#$#,-). 2005 ,, ]12, 14–37 64+. 

3. B($3C&%9# ".@., G#?(%#1 ;.E. «;66$&2#1(%-& 4&+?#2-%(?-'&69-5 61#>641 

1#2#+#2/#,$#T(ST&,# 6/$(1( LaFe0.1Mn0.3Ni4.8 2$) 6-64&? (99:?:$-+#1(%-) - 

#'-649- 1#2#+#2(» // F&/$#P-0-9( 836#9-5 F&?/&+(4:+ 2014, 4#? 52, ] 3, 6. 415–

422 

4. A#1K( O.B. G&%4,&%#,+(P-) 1 %&#+,(%-'&69#> 5-?--. B.: ;02. B H. 1991. 2566. 
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+8BG>B8?E@>< 9E=EA>=>H<798L8 7A8O NAO =8CA>?@8K 

OH<K9> 7 @>F9>G 78N<BSE@><G CAE=>@6 

-#5#")%/ 7.7., BD<"#%/ E.'. 
 38G79>K C8A>=<I@>H<79>K M@>?<B7>=<=, 38G79, '877>O 

8 +(K#4& -66$&2#1($(67 1#0?#N%#647 6%-N&%-& /$(4-%#1#> 0(,+:09- /+- 

P#+?-+#1(%-- 4#%9-5 6$#&1 Pt-C 2$) /#$-?&+%35 ?&?K+(%%35 *$&94+#2%35 K$#9#1 

/+- 2#64(4#'%#> ,(0#/+#%-M(&?#64- ( 4(9N& 2$):1&$-'&%-) *$&94+-'&69#> - 

/+#4#%%#> /+#1#2-?#64-. A(4($-4-'&69-> 6$#> P#+?-+#1($6) %( #K&-5 /#1&+5%#64)5 

?&?K+(,%3 6 -6/#$70#1(%-&? ?(,%&4+#%%#,# +(6/3$&%-) 9#?K-%-+#1(%%#> ?-C&%- 

-0 /#$-9+-64($$-'&69#,# :,$&+#2( - /$(4-%3 ( 4(9N& %( /#1&+5%#64- :,$&+#2%#> 

K:?(,-.  

7.,8,*),  

E$74&+%(4-1%3& (14#%#?%3& -64#'%-9- *$&94+-'&69#> *%&+,-- -%4&+&6:S4 

-66$&2#1(4&$&> :N& K#$7C&, '&? /#$#1-%: 1&9(. 8 %(64#)T&& 1+&?) -66$&2#1(4&$- 

0(-%4&+&6#1($-67 6#02(%-&? 41&+2#4&$7%35 (14#%#?%35 -64#'%-9#1, 1 9#4#+35 

5-?-'&69() *%&+,-) 1#2#+#2( /+&#K+(0:&46) 1 *$&94+-'&69:S. F#/$-1%3& *$&?&%43 6 

41&+2#4&$7%3? *$&94+#$-4#? – /#$-?&+%#> /+#4#%#/+#1#2)T&> (F<) #2%( -0 6(?35 

/&+6/&94-1%35 +(0+(K#4#9 *4#,# %(/+(1$&%-) -66$&2#1(%-> [1]. =6%#1%#> M&$7S 

-66$&2#1(4&$- 6'-4(S4 6#02(%-& %#1#> 4&5%#$#,-- /#$-?&+#1 6 

/+#4#%#/+#1#2)T-?- 61#>641(?-, 6 9#??&+'&69- /+-&?$&?#> M&%#>. 8 ?&?K+(%%#-

*$&94+#2%#? K$#9& (B<!) /+#4#%##K?&%%() ?&?K+(%( +(0?&T&%( ?&N2: 

9(4($-4-'&69-?- - ,(0#2-PP:0-#%%3?- 6$#)?-. A(4($-4-'&69-> 6$#>, 6#64#)T-> -0 

?&$9#2-6/&+6%#> /$(4-%( 1 +(641#+&%%#? /+#4#%#/+#1#2)T&? /#$-?&+&, 

?&5(%-'&69- %(%#6-476) (%(?(031(%-&?) %( /#1&+5%#647 %&/#6+&2641&%%# %( 

?&?K+(%: -$- %( :,$&+#2%:S K:?(,:. @+- *4#? %&#K5#2-?3?- )1$)S46) 6$&2:ST-& 

:6$#1-) – 2#$N&% K347 5#+#C-> 4+(%6/#+4 +&(,&%4#1 (%($-'-& /#+, /$#4%3> 9#%4(94 

6 ?&?K+(%#> - P(0( 6 *$&94+-'&69#> - /+#4#%%#> /+#1#2-?#647S.  

=6%#1%#> M&$7S -66$&2#1(%-> K3$# 6%-N&%-& /$(4-%#1#> 0(,+:09- /+- 

2#64(4#'%#> ,(0#/+#%-M(&?#64-.  

9%&:)&%.1*), 51014)0);,-5%<% -4%= 360,: :1<*,0&%**%<% &1-3+4,*)=  

8 %(64#)T&> +(K#4& /+&264(1$&%3 +&0:$74(43 -66$&2#1(%-> P#+?-+#1(%-) 

9(4($-4-'&69#,# 6$#) 2$) B<! 9(4($-4-'&69#,# 6$#) /+- /#?#T- -#%%#,# 

+(6/3$&%-). ;6/#$70#1(%-& -#%%#,# +(6/3$&%-& /#01#$-4 6%-0-47 0(,+:09: /$(4-%3, 

'4# 13,#2%# 6 *9#%#?-'&69#> 4#'9- 0+&%-) - /#01#$-4 6#02(1(47 6$#- 6 K#$&& 136#9#> 

/+#4#%%#> - *$&94+#%%#>  

!#$7C-%641# 4&#+-> -#%%#,# +(6/3$&%-) +(0+(K#4(%# 2$) 2#1#$7%# :09-5, 

2-(/(0#%#1 *%&+,-> -#%#1 -$- 4-/#1 6#:2(+&%->. L(-K#$&& 64+#,() - 0(9#%'&%%() 

4&#+-) 9(4#2%#,# +(6/3$&%-) (?#+P%35 - /#$-9+-64($$-'&69-5 ?(4&+-($#1 

+(0+(K#4(%( U-,?:%2#? [2]. 8 *96/&+-?&%4& /+#1#2-$#67 6#1?&64%#& +(6/3$&%-& 

/$(4-%3 - :,$&+#2(. I$) *96/&+-?&%4( K3$( -0,#4#1$&%( ,+(P-4#1() ?-C&%7, 

2-(?&4+#? 60 ??. L( ,+(P-4#1#> ?-C&%- +(6/#$(,($-67 9:6#'9- $-64( /$(4-%3 

4#$T-%#> 200 ?9? (+-6.1.). L(/3$)&?3> 6$#> %(%#6-$6) %( /+#4#%#/+#1#2)T:S 

/$&%9: @8IQ, +(0+(K#49( QF; F#?69#,# /#$-4&5%-'&69#,# :%-1&+6-4&4([2] - 
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:,$&+#2%:S K:?(,: Toray TGPH-120 Q#+?-+#1(%-& /$(4-%#-:,$&+#2%35 

%(%#64+:94:+-+#1(%%35 6$#&1 #6:T&641$)$#67 /+- -6/#$70#1(%-) 9#?/$&94( 

1(9::?%#,# #K#+:2#1(%-) 9(P&2+3 8<@ QF; L; F@H. G(6'&43 /+#1&2&%%3& %(?- 

/#9(0($-, 2$) 6#02(%-) 0(,+:09- /$(4-%3 0,05 ?,/6?2 %&#K5#2-?# +(6/3$)47 1 4&'&%-& 

30 6 /$#T(27 /$(4-%3 -200 ??2. 

 

G-6. 1.  +(P-4#1() ?-C&%7 6 9:6#'9(?- /$(4-%3 

L( /+(94-9& N&, /+- 4(9#? +(6/3$&%--, 4#$T-%( #6(N2&%%#> /$&%9- /#$:'($(67 

#'&%7 4#%9#> - #64+#19#1#>, /+- *4#? /$&%9( K3$( #/4-'&69- /+#0+('%#>. ;0?&+-47 

&. 4#$T-%: %& :2($#67. I$) -66$&2#1(%-) +&N-?#1 P#+?-+#1(%-) /$&%9- 1 9('&641& 

/#2$#N9- -6/#$70#1($- #K+(0&M « 61-2&4&$7» -0 *$&94+#5-?-'&69- /#$-+#1(%%#,# 

9+&?%-). @$&%9- %(/3$)$-67 /+- 6$&2:ST-5 +&N-?(5 

1. h=7 6?, SPt = 2 6?2, P =1.2*102 @(, U=9638, I=0,53E, t=90 c; 

2. h=7 6?, SPt = 1 6?2, P =1.2*102 @(; U=9638, I=0,53E; t=90 c; 

3. h=14 6?, SPt = 1 6?2, P =1.2*102 @(; U=9638, I=0,53E; t=120 c; 

4. h=14 6?, /#2$#N9( 6?&T&%( #4%#6-4&$7%# +(6/#$#N&%-) Pt, SPt = 1 6?2, P 

=1.2*102 @(; U=9638, I=0,53E; t=180 c; 

;66$&2#1(%-& 4#$T-%3 /+#1#2-$#67 %( 69(%-+:ST&? %(%#41&+2#?&+&. A(9 

6$&2:&4 -0 +-6:%9(, /+&264(1$&%%#,# %-N&, /+- +&N-?& ] 1 4#$T-%( /$&%9- #9#$# 

30 %?. @+-%M-/ #/+&2&$&%-) 4#$T-%3 %( 69(%-+:ST&? %(%#41&+2#?&+& /+#64: %( 

($?(0%:S -,$: /+-9$(231(&46) #/+&2&$&%%() %(,+:09(, 1 0(1-6-?#64- #4 41&+2#64- 

?(4&+-($(, ,$:K-%( /+#%-9%#1&%-) -,$3 1 #K+(0&M +(0$-'%(. @+- /&+&5#2& -,$3 -0 

#2%#,# ?(4&+-($( 1 2+:,#>, %(K$S2(&46) -0?&%&%-) :,$( 9+-1#>, 9#4#+() /#9(031(&4 

,$:K-%: /+#%-9%#1&%-) -,$3. 

@+- +&N-?(5 2, 3, 4 /$&%9- 4#$T-%( /$&%#9 K3$( <<30 %?, - /#*4#?: ?3 

#64(%#1-$- 61#> 13K#+ %( +&N-?&-1. "#64(1 /#$:'&%%#> /$&%9- #/+&2&$)$6) 6 

/#?#T7S ?-9+#(%($-0(4#+( ?-9+#69#/( Hitachi FB–1000. ;66$&2:&?() /$&%#'%() 

64+:94:+( /#?&T($6) 1 1(9::?%:S 9(?&+: ?-9+#69#/(, *$&94+#%%3> /:'#9 

%(/+(1$)$6) %( -66$&2:&?3> #K+(0&M. <%&+,-) /:'9( *$&94+#%#1 ?-9+#(%($-0(4#+( 

– 10 A*8, ,$:K-%( /+#%-9%#1&%-) *$&94+#%#1 0%('-4&$7%# K#$7C& 4#$T-%3 %(C&> 

/$&%9-. " /#?#T7S (%($-0(4#+( ?-9+#69#/( K3$ #/+&2&$&% *$&?&%4%3> 6#64(1 

/#$:'&%%35 /$&%#9 Pt-C. b Pt-71,6 %) !#$&& 4#'%# 6#64(1 %(/3$&%%35 /$&%#9 

-66$&2#1($6) /+- /#?#T- ?&4#2( G=G ( +&0&+P#+2#69#,# #K+(4%#,# +(66&)%-)). 

@#$:'&%%() /$&%9( Pt-C 6#64#)$( -0 28% ?(66#1#,# 9#$-'&641( :,$&+#2( - 71,6% 

/$(4-%3. "#2&+N(T->6) :,$&+#2 1 9(4($-4-'&69#? 6$#& #K&6/&'-1(&4 *$&94+#%%3> 



RENEWABLE ENERGY FORUM — REENFOR 2014 201 

/&+&%#6, ( 4(9N& 6#02(&4 +35$:S (?#+P%:S 64+:94:+: /$&%9-, 9#4#+() %&#K5#2-?( 

2$) ,(0#1#,# 4+(%6/#+4( +&(,&%4#1 - /+#%-9%#1&%-) -#%##K?&%%#,# +(641#+( 

?#%#?&+( %( 16S 4#$T-%: 9(4($-4-'&69#> /$&%9-. G&N-?3 - 6#64(1 /$&%#9 

-66$&2#1($6) %( #K+(0M( «61-2&4&$)5» A(4($-4-'&69-> 6$#> Pt-C %(%#6-$6) /+- 

+&N-?& 1 %&/#6+&2641&%%# %( /+#4#%#/+#1#2)T:S ?&?K+(%: 6 M&$7S 6#02(%-) 

/$#4%#,# 9#%4(94( 6 ?&?K+(%#>. =2%(9#, 1 *4#? 6$:'(& -0-0( %(,+&1( ?&?K+(%3 

/+#-65#2-$( &. 2&P#+?(M-) - +(64+&69-1(%-) %(/3$&%%#,# 9(4($-4-'&69#,# 6$#). 

I$) /+&2#41+(T&%-) 2&P#+?(M-- %&#K5#2-?# #5$(N2(47 /#2$#N9: -$- #41#2-47 

*$&94+#%3, 9#4#+3& &. +(0#,+&1(S4. 

@+- %(/3$&%-- 9(4($-4-'&69#,# 6$#) %( :,$&+#2%:S K:?(,:, 9(4($-4-'&69-> 6$#> 

/#14#+)$ +&$7&P K:?(,-, 4# &647 :1&$-'-$(67 *PP&94-1%() /$#T(27 9(4($-0(4#+(, %# 

9#%4(94 6 /+#4#%##K?&%%#> ?&?K+(%#> K3$ %&69#$79# 5:N&, '&? 1 6$:'(& /+)?#,# 

%(%&6&%-) /$&%9-. L(?- K3$# +&($-0#1(%# %(/3$&%-& %(%#64+:94:+-+#1(%%35 Pt-C 

9(9 %( /+#4#%##K?&%%:S ?&?K+(%:, 4(9 - %( :,$&+#2%:S K:?(,: (+-6:%9- 3 -6). 

  

G-6. 2. B-9+#P#4#,+(P-- 9(4($-4-'&69#,# 6$#) %( /+#4#%##K?&%%#> ?&?K+(%&: () :1&$-'&%-& 

100-9+(4%#&, K) :1&$-'&%-& 2000-9+(4%#& 

 

G-6.3. B-9+#P#4#,+(P-- 9(4($-4-'&69#,# 6$#) %( :,$&+#2%#> K:?(,&:  

() :1&$-'&%-& 100-9+(4%#&, K) :1&$-'&%-& 500-9+(4%#& 

!3$- 6#K+(%3 ?&?K+(%%#–*$&94+#2%3& K$#9- 6 %(/3$&%%#> %( ?&?K+(%: /$&%9#> 

Pt-C. 8 *4#? 6$:'(& %( /#1&+5%#647 ?&?K+(%3, - :,$&+#2%#> K:?(,-, ?&N2: 9#4#+#> 

?&?K+(%( 0(/+&6#131($(67 4&+?-'&69-, %(%#6-$6) 4#%9-> 6$#> /+#4#%#/+#1#2)T&,# 

/#$-?&+(. I$) /#$:'&%-) B<! 6 9(4($-4-'&69-?- 6$#)?- %( :,$&+#2%#> K:?(,& 
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4(9N& /+#-65#2-$( /+#/-49( K:?(,- +(641#+#? N-29#,# /+#4#%#/+#1#2)T&,# 

/#$-?&+( 2$) /+-2(%-) 6$#S /+#4#%%#> /+#1#2-?#64-. @#6$& *4#,# /+#-01#2-$#67 

,#+)'&& /+&66#1(%-& /+- 4&?/&+(4:+& 120°" - 2(1$&%-- 10 9,/6?2, 1 4&'&%-& 90 6 

;0?&+&%-) 1#$74-(?/&+%35 5(+(94&+-64-9 /+#1#2-$-67 6 /#?#T7S 6-64&?3 

4&64-+#1(%-) 4#/$-1%35 *$&?&%4#1 SMART 2.  

;0?&+&%-) /+#-01#2-$-67 %(:  

1. B<!1, /#$:'&%%#> 1 +&0:$74(4& ?(,%&4+#%%#,# +(6/3$&%-) 9(4($-4-'&69#,# 

6$#) %( ?&?K+(%: -0 +(2-(M-#%%#- 5-?-'&69- ?#2-P-M-+#1(%%#,# 

/#$-1-%-$-2&%P4#+-2( @8IQ  

2. B<! 2, /#$:'&%%#> 1 +&0:$74(4& ?(,%&4+#%%#,# +(6/3$&%-) 9(4($-4-'&69#,# 

6$#) %( :,$&+#2%:S K:?(,:. 

 

 

8#$74-(?/&+%() 5(+(94&+-64-9( F< /+&264(1$&%( %( +-6:%9& 3.24, ,2& 9+-1() - 

B<!, 9+-1() 2- B<!2. ;0 +-6:%9( 5#+#C# 1-2%, '4# 8E^ B<!1 2&?#%64+-+:&4 

$:'C:S %(,+:0#'%:S 5(+(94&+-64-9: /# 6+(1%&%-S 6 B<!2. 

>154?;,*), 

F(9-? #K+(0#?, /#$:'&%%3& +&0:$74(43 /#01#$)S4 +(66?(4+-1(47 1#0?#N%#647 

/#$:'&%-) 9(4($-4-'&69#,# 6$#) Pt-C ?&4#2#? ?(,%&4+#%%#,# +(6/3$&%-) 9(9 1&67?( 

/&+6/&94-1%3> ?&4#2 6#02(%-) B<! 6 0(,+:09#> /$(4-%3 1 2-(/(0#%& 0,05 ?,/6?2 -$- 

?&%&&. 

E14#+3 13+(N(S4 K$(,#2(+%#647 6#4+:2%-9(? 9(P&2+( 8<@ L; F@H X%-%: 

"&+,&S L-9#$(&1-': - R+7&1: R+-S L-9#$(&1-': 0( /#?#T7 /+- ?(,%&4+#%%#? 

+(6/3$&%-- #K+(0M#1. 

G(K#4( 13/#$%&%( /+- P-%(%6#1#> /#22&+N9& 1 +(?9(5 +&($-0(M-- 

,#6:2(+641&%%#,# 0(2(%-) B-%#K+%(:9- G#66-- %( 2014-2016 ,#23 /# 4&?& ] 1750. 

C3)-%5 4)0,&106&+  
1. I#K+#1#$769-> R.E., H9C& A.E., O&1'&%9# A.B., E+5(%,&$769-> ;.8., ;#%#1 ". ., E12&&1 

8.8., E$2#C-% ".B. B(4&+-($3 2$) K-/#$)+%35 /$(64-% 4#/$-1%35 *$&?&%4#1 %( #6%#1& 

/+#4#% /+#1#2)T-5 ?&?K+(%//G#66->69-> 5-?-'&69-> N:+%($ (_:+%($ G^= -?. 

I.;.B&%2&$&&1().-2006- ] 6.- ".83-94  

2. Sigmund P. Nucl. Instr. Meth. Phys. Res. B (1987).  

3.  #$#19#1 8. B. , "-,P:66#% F. ;. , "#5#+&1( 8. 8. , FS+-% R. ;. @#$:'&%-& 

/+#4#%##K?&%%#> /#$-?&+%#> ?&?K+(%3 2$) 4#/$-1%#,# *$&?&%4( /+- /#?#T- 

+(2-(M-#%%#-5-?-'&69#,# 1#02&>641-) // ;01&64-) 1:0#1. Q-0-9(. - 2012 - F. 55 - ]. 11/2. 

- C. 383-386   
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,8N8B8N@6< CEB8=MBD>@@6< 7>7=<G6 E99MGMA>B8?E@>O 

:@<BL>> NAO ?8F8D@8?AO<G8K :@<BL<=>9> 

-F/09*!%G)% '.@., 4/*HI)12# -. ., 3#"J)12# 7.@. 
(4,3 '&%,  879?E, '877>O 

7.,8,*), 

@#4+&K%#647 1 6#02(%-- *PP&94-1%35 (99:?:$-+:ST-5 6-64&? +(64&4 6 9(N23? 

,#2#?. 8 M&%4+($-0#1(%%#> *%&+,&4-9& 6 :64(%#1$&%%#> ?#T%#647S 1 2&6)49- 

,-,(1(44 *4# 61)0(%# 6 %&#K5#2-?#647S 6,$(N-1(%-) %&+(1%#?&+%#64- 

*%&+,#/#4+&K$&%-) 6 2%&1%3& - %#'%3& '(63, 135#2%3& - 4.2. 8 (14#%#?%#> 

*%&+,&4-9&, /# ?&+& +(01-4-) - :1&$-'&%-) 2#$- *%&+,#:64(%#1#9 %( #6%#1& 

1#0#K%#1$)&?35 -64#'%-9#1 *%&+,--, /+#K$&?( 6 (99:?:$-+#1(%-&? *$&94+#*%&+,-- 

64#-4 %(-K#$&& #64+#. L& 6&9+&4, '4# 1#0#K%#1$)&?3& -64#'%-9- *%&+,-- %& ?#,:4 

#K&6/&'-47 ,(+(%4-+#1(%%#& *%&+,#6%(KN&%-& /#4+&K-4&$), /#69#$79: 6-$7%# 

0(1-6)4 #4 1%&C%-5 P(94#+#1. 8 *4#? 6$:'(& 4+&K:&46) :64(%#19( (99:?:$)4#+(. 

L(-K#$&& +(6/+#64+(%&%%3?- (99:?:$)4#+(?- 9-$#1(44%#,# :+#1%) ?#T%#64- 1 

%(64#)T&& 1+&?) )1$)S46) *$&94+#5-?-'&69-& (99:?:$)4#+3, 6+&2- 9#4#+35 #2%-?- 

-0 6(?35 /&+6/&94-1%35 )1$)S46) $-4->--#%%3&. 8?&64& 6 4&?, #%- #4$-'(S46) 

136#9#> 64#-?#647S - %-09-? +&6:+6#?, #,+(%-'&%%3? %&69#$79-?- 436)'(?- 

M-9$#1 0(+(2(-+(0+)2(. <4# ,(+(%4-+:&4 -5 +(K#4:, 1 6$:'(& -6/#$70#1(%-) %( 

*%&+,#:64(%#19(5 8;<, 1 4&'&%-- 3…5 $&4, ( 2($&& 4+&K:&46) -5 /#$%() 0(?&%(. F(9-? 

#K+(0#?, +(0+(K#49( 2&C&1#,# - *PP&94-1%#,# (99:?:$)4#+(, #K$(2(ST&,# +&6:+6#? 

%& ?&%&& 20 $&4, )1$)&46) (94:($7%#> 0(2('&>. 

=2%-? -0 +&C&%-> *4#> /+#K$&?3 )1$)&46) 6#02(%-& 1#2#+#2%#> 6-64&?3 

(99:?:$-+#1(%-) *%&+,-- [1-3]. A#+#49# /+-%M-/ && +(K#43 ?#N%# #/-6(47 

6$&2:ST-? #K+(0#?: /+- -0K34#'%#? /+#-01#2641& *$&94+#*%&+,-- #%( -6/#$70:&46) 

2$) /#$:'&%-) 1#2#+#2( 1 *$&94+#$-0&+&, 9#4#+3> 5+(%-46) 1 K($$#%(5 /#2 136#9-? 

2(1$&%-&?, ( 1 6$:'(& %&#K5#2-?#64- #% -6/#$70:&46) 2$) /+#-01#2641( 

*$&94+#*%&+,--. @+- *4#? 1#0?#N%3 21( #6%#1%35 /:4- 6#02(%-) 4(9-5 6-64&?, 

#4$-'(ST-&6) :64+#>641#? /+&#K+(0#1(%-) 1#2#+#2( 1 *$&94+#*%&+,-S. @&+13> – 

*4# 4#/$-1%3& *$&?&%43, 14#+#> – *%&+,#:64(%#19( %( #6%#1& /(+#1#> -$- ,(0#1#> 

4:+K-%3 [4, 5]. 8 6$:'(& 6 4#/$-1%3?- *$&?&%4(?- 0( /#6$&2%-& ,#23 2#64-,%:4 

K#$7C#> /+#,+&66 - %('-%(&46) -5 1%&2+&%-& 1 '(64%#64- 1 (14#?#K-$7%#? 

4+(%6/#+4&. @+- *4#?, 2# 6-5 /#+ *4- :64(%#19- #4$-'(S46) %-09#> :2&$7%#> 

?#T%#647S - #4%#6-4&$7%# 136#9#> 64#-?#647S. I$) :+#1%) ?#T%#64&> 1 2&6)49- 

9-$#1(44 - 2# %&69#$79-5 ?&,(1(44 %(-K#$&& *PP&94-1%3?- ?#,:4 #9(0(476) 

*%&+,#:64(%#19- 6 /(+#13?- -$- ,(0#13?- 4:+K-%(?-, 2$) 9#4#+35 %(9#/$&% 

K#$7C#> #/34 :6/&C%#> *96/$:(4(M-- %( /+#4)N&%-- K#$&& 200 $&4, /+- *4#? -5 

64#-?#647 ?#N&4 K347 6:T&641&%%# %-N& [6, 7]. 8 '(64%#64- 6#1+&?&%%3& 4:+K-%3 

#K$(2(S4 136#9#> :2&$7%#> ?#T%#647S - +&6:+6#? K#$&& 200000 '(6#1. 8 2(%%#> 

+(K#4& +(66?#4+&%( 1#0?#N%#647 -6/#$70#1(%-) 4:+K-% 2$) 6#02(%-) 1#2#+#2%#> 

6-64&?3 (99:?:$-+#1(%-) *%&+,--. 
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7+'%& %30):14@*%<% -A,:*%<% &,B,*)= 

@+#64&>C() 65&?( 1#2#+#2%#,# (99:?:$-+#1(%-) *%&+,-- %( #6%#1& /(+#1#> 

4:+K-%3 6#64#-4 -0 6-64&?3 /+#-01#2641( 1#2#+#2( - 9-6$#+#2( (*$&94+#$-0&+), 

6-64&?3 -5 5+(%&%-) (,(0#13& K($$#%3, ?&4($$#,-2+-23), 1#2#+#2%#-9-6$#+#2%#,# 

/(+#,&%&+(4#+( - /(+#4:+K-%%#> :64(%#19-. 

=4$-'-4&$7%#> #6#K&%%#647S 4(9#> :64(%#19- )1$)&46) %($-'-& 1 && 6#64(1& 

1#2#+#2%#-9-6$#+#2%#,# /(+#,&%&+(4#+(, 9#4#+3> ?#N&4 #K&6/&'-47 /+#-01#2641# 

1#2)%#,# /(+( 61&+59+-4-'&69-5 /(+(?&4+#1 6 4&?/&+(4:+#> 2# 1700 °". @+- *4#? &,# 

A@I 6#64(1$)&4 98…99 %, ( :2&$7%() ?#T%#647 2#64-,(&4 K#$&& 400…500 984/9, [8, 

9]. G(66?#4+-? #6%#1%3& 1(+-(%43 6#02(%-) /(+#4:+K-%%#> *%&+,#:64(%#19- %( &,# 

#6%#1&: 

  8(+-(%4 ] 1: /(+#4:+K-%%() :64(%#19( 136#9#,# 2(1$&%-) 6 4&?/&+(4:+#> %( 

15#2& 2# 700…800 °" - 2(1$&%-&? 280…350 (4?; 

  8(+-(%4 ] 2: 136#9#4&?/&+(4:+%() /(+#4:+K-%%() :64(%#19( 6+&2%&,# 2(1$&%-) 

6 4&?/&+(4:+#> /(+( %( 15#2& 2# 1700 °" - 2(1$&%-&? 2# 70 (4?; 

  8(+-(%4 ] 3: /(+#4:+K-%%() :64(%#19( %-09#,# 2(1$&%-) 6 4&?/&+(4:+#> /(+( %( 

15#2& 2# 1000 °" - 2(1$&%-&? 2# 45 (4?. 

=6#K&%%#647S 8(+-(%4( ] 1 )1$)&46) 1#0?#N%#647 6#02(%-) /(+#4:+K-%%#> 

:64(%#19- 6 136#9-? A@I 2# 52…54 %. "$&2:&4 #4?&4-47, '4# /#2#K%3& :64(%#19- 

?&,(1(44%#,# :+#1%) ?#T%#64- :N& 6#02(%3 - :6/&C%# +(K#4(S4 1 I(%--, X/#%--, 

 &+?(%-- - "WE. @+- *4#? +(0+(K#4(%3 /&+6/&94-1%3& 65&?3 6 %&69#$79-?- 

/+#?&N:4#'%3?- /&+&,+&1(?- A@I 9#4#+35 2#64-,(&4 K#$&& 60 % [10]. 8?&64& 6 4&?, 

6$&2:&4 #4?&4-47, '4# 4(9-& :64(%#19- #K$(2(S4 #'&%7 2#$,-? 1+&?&%&? 0(/:69(, 

%-09#> ?(%&1+&%%#647S, 136#9#> 6$#N%#647S - 2#+#,#1-0%#>, 1 +&0:$74(4& '&,# -5 

/+-?&%&%-& 1 9('&641& #6%#1%#,# :0$( (99:?:$-+:ST&> 6-64&?3 /+&264(1$)&46) 

0(4+:2%-4&$7%3?. "$&2:&4 4(9N& #4?&4-47 6$#N%#647 6#02(%-) /#2#K%35 6-64&? /+- 

?#T%#64)5 ?&%&& 1 B84. 

@#$#N-4&$7%3? #4$-'-&? 8(+-(%4( ] 2 #4 ] 1 )1$)&46) /#13C&%-& 

?(%&1+&%%#64- *%&+,#:64(%#19- - 6%-N&%-& 1+&?&%- 0(/:69( K#$&& '&? 1 20 +(0 0( 

6'&4 :?&%7C&%-) 4#$T-%3 64&%#9 /(+#1#> 4:+K-%3. @+- *4#? 1 8(+-(%4& ] 2 

1#0?#N%# #K&6/&'&%-& #4%#6-4&$7%# 136#9#,# A@I 2# 41…44 %. L&2#64(49#? 

2(%%#,# 1(+-(%4( )1$)&46) %&#K5#2-?#647 #5$(N2&%-) /(+#1#> 4:+K-%3, '4# 

/+-1&2&4 9 && :2#+#N(%-S - :6$#N%&%-S 9#%64+:9M--. F(9#> 1(+-(%4 1#0?#N&% 2$) 

/+-?&%&%-) 1 (99:?:$-+:ST-5 6-64&?(5, +(K#4(ST-5 /+#2#$N-4&$7%#& 1+&?) - 

4+&K:ST-& 19$S'&%-) %& K#$&& 40 +(0 1 ,#2. 

I$) 1#2#+#2%35 (99:?:$-+:ST-5 6-64&?, 1 9#4#+35 4+&K:&46) ?%#,#9+(4%#& 

19$S'&%-& K#$&& 300 +(0 1 ,#2, 136#9() ?(%&1+&%%#647, ?-%-?($7%#& 1+&?) 0(/:69( 

(?&%&& 15 6&9:%2) - 64#-?#647 %(-K#$&& /+&2/#'4-4&$7%3? )1$)&46) 1(+-(%4 ] 3. 

":T&641&%%3? %&2#64(49#? 4(9#,# 1(+-(%4( )1$)&46) 6%-N&%-& A@I 2# 24…32 %, 

/+- *4#?, 1 6$:'(& -6/#$70#1(%-) #41#2-?#,# 4&/$( 2$) /#2#,+&1( - #4#/$&%-) #KT-> 

A@I ?#N&4 6#64(1-47 K#$&& 80 %. 

C-3+01*)= .%8%&%8*%-5)-4%&%8*%<% 31&%<,*,&10%&1 0,34%.%/ :%D*%-0@? 8% 250 

570 

=2%-? -0 9$S'&135 *$&?&%4#1 1#2#+#2%#> 6-64&?3 (99:?:$-+#1(%-) *%&+,-- 

)1$)&46) 1#2#+#2%#-9-6$#+#2%3> /(+#,&%&+(4#+. =4?&4-? &,# #6%#1%3& 

#6#K&%%#64-: 

a) 836#9-& :2&$7%3& 4&/$#13& %(,+:09- %( 64&%9- 9(?&+3 6,#+(%-) (A") - 

#,+(%-'&%-& +(65#2( 1#23, /#2(1(&?#> %( && #5$(N2&%-&. I$) /#13C&%-) 

4&/$#1#> *PP&94-1%#64- /(+#,&%&+(4#+( 1#2(, /#64:/(ST() %( #5$(N2&%-& 

1%:4+&%%&> 64&%9- A" -6/#$70:&46) 1 2($7%&>C&? 2$) 6%-N&%-) 4&?/&+(4:+3 
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/+#2:94#1 6,#+(%-) 6 3300…3700 A 2# 800…1700 A. 8 +&0:$74(4& #KT-& 4&/$#13& 

/#4&+- /+- +(K#4& /(+#,&%&+(4#+( %( #6%#1%#? +&N-?& %& /+&13C(S4 0,1…0,3 

%. =2%(9#, /+- +&($-0(M-- 4(9#> 65&?3 #5$(N2&%-), 1#0%-9(&4 N&649#& 

#,+(%-'&%-& %( +(65#2 #5$(N2(ST&> 1#23, /+- *4#? '&? 13C& 4&?/&+(4:+( /(+( 

%:N%( /#4+&K-4&$S, 4&? ?&%7C& 2#$N&% K347 +(65#2 1#23 %( #5$(N2&%-&. 8 

+&0:$74(4& #2%#> -0 #6%#1%35 /+#K$&? /+- 6#02(%-- /(+#,&%&+(4#+( )1$)&46) 

+(0+(K#49( 9#%64+:9M-- A", 6/#6#K%#> %(2&N%# +(K#4(47 1 0(2(%%35 :6$#1-)5. 

<4# 4+&K:&4 /#-69( && #/4-?($7%#> 9#%64+:9M--: 6 1%&C%-? #5$(N2&%-&? 

1%:4+&%%&> 64&%9-, 9#?K-%-+#1(%%3? 1#2#+#2%#-1#2)%3? #5$(N2&%-&?, 

6#02(%-& 1-5+&135 A" - 4.2.; 

b) I$) /#13C&%-) *PP&94-1%#64- - K&0#/(6%#64- +(K#43 /(+#,&%&+(4#+( 4+&K:&46) 

#K&6/&'-47 /#$%#4: 6,#+(%-) 1#2#+#2( 1 9-6$#+#2& K$-09:S 9 100 %, /+- 

64&5-#?&4+-'&69#? 6##4%#C&%-- 9#?/#%&%4#1. "#,$(6%# ?&4#2(? 

/+#&94-+#1(%-) N-29#64%35 +(9&4%35 21-,(4&$&>, 2$) #/+&2&$&%-) #KY&?( A", 

%&#K5#2-?#,# 2$) *PP&94-1%#,# 6,#+(%-) ,#+S'&,#, -6/#$70:&46) 4.%. 

/+-1&2&%%() (-$- 5(+(94&+-64-'&69()) 2$-%( 9(?&+3 6,#+(%-), 9#4#+() ?#N&4 

K347 #/+&2&$&%( /# 6$&2:ST&> P#+?:$& [11]: 

( )ê ê
ï ð

ê ê ê

V p A
L

G R T

!" "
#

" "
     (1) 

,2& Vk - #KY&? A" [?3], pk– 2(1$&%-& 1 A" [@(], Gk– +(65#2 9#?/#%&%4#1 1 A" 

[9,/6&9], Rk – :%-1&+6($7%() ,(0#1() /#64#)%%() [IN/(?#$7áA)], Tk- 4&?/&+(4:+( 

/+#2:94#1 1 A" [A]. 

U%('&%-) L ! 0(1-6)4 #4 1-2( /+-?&%)&?#,# 4#/$-1( - #/+&2&$)S46) 

*96/&+-?&%4($7%#, 1 '(64%#64- 2$) 6?&6- 1#2#+#2-9-6$#+#2 *4( 1&$-'-%( 6#64(1$)&4 

0,25…1 ? [11]. "$&2:&4 #4?&4-47, '4# 6?&T&%-S 1 #K$(647 ?&%7C-5 0%('&%-> L ! 

6/#6#K641:&4 K#$&& -%4&%6-1%#& 6?&C&%-& /#2(1(&?35 9#?/#%&%4#1, /#13C&%-& 

2(1$&%-) - 4&?/&+(4:+3 1 A" - -6/#$70#1(%-& /+&21(+-4&$7%#> ,(0-P-9(M-- -$- 

/#2#,+&1( 9#?/#%&%4#1. ;0 P#+?:$3 (3.1) 1-2%#, '4# 2$) :1&$-'&%-) /+-1&2&%%#> 

2$-%%3 A" %&#K5#2-?# $-K# :1&$-'-1(47 && #KY&?, $-K# 2(1$&%-& /+#2:94#1 

6,#+(%-), /#69#$79: 16& #64($7%3& /(+(?&4+3 )1$)S46) $-K# /#64#)%%3?-, $-K# 

#,+(%-'&%3 9#%64+:9M-&>. F(9-? #K+(0#?, #2%#> -0 #6%#1%35 0(2(', /+- 6#02(%-- 

*PP&94-1%#,# 1#2#+#2%#,# /(+#,&%&+(4#+(, )1$)&46) +(0+(K#49( #/4-?-0-+#1(%%35 

9#%64+:9M-> 9(?&+3 6,#+(%-) - 6?&6-4&$7%#,# *$&?&%4( ("<); 

c) @(+ %( 135$#/& -0 1#2#+#2%#,# /(+#,&%&+(4#+( 2#$N&% -?&47 %&+(1%#?&+%#647 

4&?/&+(4:+ %& K#$&& 25…40 A. I$) #K&6/&'&%-) +(1%#?&+%#> 4&?/&+(4:+3 

,&%&+-+:&?#,# /(+( %&#K5#2-?# #K&6/&'-47 -%4&%6-1%#& 6?&C&%-& 

#5$(N2(ST&> 1#23 6 /+#2:94(?- 6,#+(%-). 8 '(64%#64- *4# ?#N&4 K347 

2#64-,%:4# 0( 6'&4 -6/#$70#1(%-) +&09#,# +(6C-+&%-) /+#2:94#1 6,#+(%-) 1 

9(?&+& -6/(+&%-). 8 *4#? 6$:'(& %&#K5#2-?# +(0+(K#4(47 4(9:S 9#?/#%#19: 

9(?&+3 -6/(+&%-), 9#4#+() #K&6/&'-4 13/#$%&%-& 0(2(%%35 :6$#1->. 

L( +-6. 3.1 /+&264(1$&%3 +&0:$74(43 -0?&+&%-> 2(1$&%-) 1 9(?&+& -6/(+&%-), 

+(65#2( #5$(N2(ST&> 1#23 - 2(1$&%-) #5$(N2(ST&> 1#23 1 K(9&-(99:?:$)4#+&. ;0 

+-6. 3.1 1-2%#, '4# 2(1$&%-& 1 9(?&+& -6/(+&%-) 1#2#+#2%#-9-6$#+#2%#,# 

/(+#,&%&+(4#+( 64(K-$7%# - 6#64(1$)&4 28…30 (4?. @#13C&%-& 2(1$&%-) %(22:1( 

1#23 6 12 6&9:%23 #K:6$#1$&%# :1&$-'&%-&? 4&/$#1#> ?#T%#64- 1#2#+#2%#-

9-6$#+#2%#,# /(+#,&%&+(4#+( 6 80 2# 100 984. 
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G-6. 1 - I(1$&%-& 1 9(?&+& -6/(+&%-) (D1), +(65#2 #5$(N2(ST&> 1#23 (R1) - 2(1$&%-& 

#5$(N2(ST&> 1#23 1 K(9&-(99:?:$)4#+& (Dn) 

I$) #/+&2&$&%-) 6#64(1( /(+( %( 135#2& -0 1#2#+#2%#-9-6$#+#2%#,# 

/(+#,&%&+(4#+( K3$- /+#1&2&%3 21( -6/34(%-). U(?&+3 /+#1#2-$-67 /+- 135#2& 

1#2#+#2%#-9-6$#+#2%#,# /(+#,&%&+(4#+( %( 0(2(%%3> +&N-?. G&0:$74(43 -0?&+&%-) 

6#64(1( /(+( %( 135$#/& -0 1#2#+#2%#-9-6$#+#2%#,# /(+#,&%&+(4#+( /+-1&2&%3 1 

4(K$-M&. 

E1'4)(1. $%-01. 31&1 *1 .+A4%3, )2 .%8%&%8*%-5)-4%&%8*%<% 31&%<,*,&10%&1 

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

8#2#+#2, % (#K.) ?&%&& 0,01 ?&%&& 0,01 

A-6$#+#2, % (#K.) 0,73 1,08 

7+.%8+ 

(1) G(66?#4+&%( 65&?( 1#2#+#2%#> (99:?:$-+:ST&> 6-64&?3 %( #6%#1& 

/(+#4:+K-%%#> *%&+,#:64(%#19- - /+#1&2&% && (%($-0. I$) 1#2#+#2%35 

(99:?:$-+:ST-5 6-64&?, 1 9#4#+35 4+&K:&46) ?%#,#9+(4%#& 19$S'&%-& K#$&& 300 +(0 

1 ,#2, 136#9() ?(%&1+&%%#647, ?-%-?($7%#& 1+&?) 0(/:69( (?&%&& 15 6&9:%2) - 

64#-?#647 %(-K#$&& /+&2/#'4-4&$7%3? )1$)&46) 1(+-(%4 6 /(+#4:+K-%%#> 

:64(%#19#> %-09#,# 2(1$&%-) - 4&?/&+(4:+#> /(+( %( 15#2& 2# 1000 °" - 2(1$&%-&? 

2# 45 (4?. 

@#9(0(%#, '4# %&6?#4+) %( #4%#6-4&$7%# %&K#$7C:S 64#-?#647 (99:?:$-+:&?#> 

*$&94+#*%&+,--, %(-K#$&& #/4-?($7%3? 2$) 4(9#,# 4-/( :64(%#1#9 )1$)&46) -5 

/+-?&%&%-& 1 9('&641& +&0&+1%35 -$- (1(+->%35 -64#'%-9#1 *%&+,--, '4# 61)0(%# 6 

%-09-? 9#*PP-M-&%4#? +&9:/&+(M--. 

(2) "#02(% - -6/34(% #2-% -0 #6%#1%35 :0$#1 1#2#+#2%#> 6-64&?3 

(99:?:$-+#1(%-) *%&+,-- – 1#2#+#2%#-9-6$#+#2%3> /(+#,&%&+(4#+. @+-1&2&%3 

+&0:$74(43 -6/34(%-> 1#2#+#2%#-9-6$#+#2%#,# /(+#,&%&+(4#+( 4&/$#1#> 

?#T%#647S 2# 250 984. @#9(0(%#, '4# 4&?/&+(4:+( ,&%&+-+:&?#,# /(+( 2#64-,(&4 

1300 A /+- 2(1$&%-- 2# 30 (4?., /+- *4#? %&#2%#+#2%#647 4&?/&+(4:+ 1 9(?&+& 

-6/(+&%-) %& /+&13C(&4 40 ,+(2:6#1, '4# /#01#$)&4 ?-%-?-0-+#1(47 4&/$#13& 

%(/+)N&%-) 1 /(+#1#> 4:+K-%&. E%($-0 6#64(1( ,&%&+-+:&?#,# /(+( /#9(0($, '4# 

6#2&+N(%-& %& /+#+&(,-+#1(1C-5 9#?/#%&%4#1 1#2#+#2( 6#64(1$)&4 ?&%&& 0,01 % 

(#K.), ( 9-6$#+#2( #4 0,7 2# 1,1 % (#K.). 

$3)-%5 4)0,&106&+ 
[1] B($3C&%9# ".@. «8#2#+#2 9(9 (99:?:$)4#+ *%&+,-- 1 *$&94+#*%&+,&4-9&», G#66->69-> 

5-?-'&69-> N:+%($, 4.41, 6. 112-120, 1997. 
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[5] Mori H., Sugishita H. «A study of 50 MW hydrogen combustion turbines», Hydrogen Energy 

Progress XII Proceeding of the 12th World Hydrogen Conference, Buenos Aires, Argentina, 21-

26 June, +. 54-58, 1998. 
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[7] Schoenung S.M. «Characteristics and Technologies for Long-vs. Short-Term Energy Storage. 

A Study by the DOE Energy Storage Systems Program», SANDIA REPORT SAND2001-0765, 

2001. http://prod.sandia.gov/techlib/access-control.cgi/2001/010765.pdf 

[8] Malyshenko S.P., Gryaznov A.N. «High-pressure H2/O2 – steam generators and they possible 
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[11] I#K+#1#$769-> B.8. «_-29#64%3& +(9&4%3& 21-,(4&$-. =6%#13 /+#&94-+#1(%-)» 

H'&K%-9 2$) 1:0#1. – 2-& -02. /&+&+(K. - .2#/./ /#2 +&2. I.E. X,#2%-9#1(. – B.: ;02-1# 

B FH -?. L.<. !(:?(%(, 2005. -488 6.: -$. 
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P8A>G<B@6< @E@898GC8F>=6 NAO 8BLE@>H<79>I 

78A@<H@6I :A<G<@=8? 

./>))% '.?., 7/11!2#% '.7. 
4@7=>=M= ;>F>H<798K I>G>> > :A<9=B8I>G>> >G. &.%. +BMG9>@E '&%, '877>O 

 

@#13C&%-& *PP&94-1%#64- P#4#/+&#K+(0#1(%-) #+,(%-'&69#,# 6#$%&'%#,# 

*$&?&%4( (="<) %(/+)?:S 61)0(%# 6 /#13C&%-&? /#,$#T&%-) 6#$%&'%#,# 61&4(, 

P#4#,&%&+(M-- - 4+(%6/#+4( %#6-4&$&> 0(+)2( 1 P#4#(94-1%#? 6$#& - 6 :$:'C&%-&? 

/&+&%#6( %#6-4&$&> 0(+)2( ?&N2: &,# P:%9M-#%($7%3?- 6$#)?-. @+-?&%&%-& 

/#$-?&+%35 %(%#9#?/#0-4#1, 19$S'(ST-5 1 6#64(1 %(%#+(0?&+%3& '(64-M3 

/#$:/+#1#2%-9#1, :,$&+#2%35 6#&2-%&%->, ?&4($$#1, - #2%# -0 (94-1%# -66$&2:&?35 

%(/+(1$&%-> 1 +(0+(K#49(5 136#9#*PP&94-1%35 ="<. H09#0#%%3& `-6#/+)N&%%3& 

/#$-?&+3 - -5 9#?/#0-43 6 P:$$&+&%#? PC71BM +(6C-+)S4 6/&94+ /#,$#T&%-) 

P#4#(94-1%#,# 6$#) 1 K$-N%SS ;A-#K$(647 1 ="< %( #6%#1& #KY&?%#,# 

,&4&+#/&+&5#2( (= @) [1].  

8 2#9$(2& +(66?#4+&%3 P#4#*$&94+-'&69-& /+#M&663 (1) 1 /#$-?&+%#? 

%(%#9#?/#0-4&, 6#2&+N(T&? %(%#'(64-M3 /#$:/+#1#2%-9( (%(/+-?&+, 91(%4#13& 

4#'9- CdSe) [2], 9#4#+3& 1364:/(S4 1 +#$- *$&94+#%#(9M&/4#+%#,# 9#?/#%&%4( 

(%($#,-'%# P:$$&+&%: 1 4-/-'%#?#? = @, (2) 1 4+#>%#? %(%#9#?/#0-4& %( #6%#1& 

21:59#?/#%&%4%#,# = @, 6&%6-K-$-0-+#1(%%#,# ?#$&9:$(?- 9+(6-4&$) 

(P4($#M-(%-%( -$- /#+P-+-%(4( ?&4($$(). Q#+?-+#1(%-& /+#4)N&%%35 

%(%#64+:94:+ (64&9#1) ?#$&9:$ 9+(6-4&$) 6/#6#K%# :$:'C(47 4+(%6/#+4 %#6-4&$&> 

0(+)2( 1 = @ 6#,$(6%# /+&2$#N&%%#?: ?&5(%-0?: [3]. 81&2&%-& 1 

*$&94+#/+#1#2)T-> /#$-?&+ ,+(P&%( 1 9#%M&%4+(M-- %-N& /#+#,( /&+9#$)M-#%%#> 

/+#1#2-?#64- /+-1#2-4 9 /#13C&%-S /+#1#2-?#64- 6$#) %( /#+)2#9 1&$-'-%3 [4], 

'4# :$:'C(&4 /&+&%#6 %#6-4&$&> 0(+)2( ?&N2: P#4#(94-1%3? 6$#&? - /+#0+('%3? 

*$&94+#2#? ="<. L(9#%&M, #K6:N2&%# 1$-)%-& %(%#'(64-M K$(,#+#2%35 ?&4($$#1, 

/#?&C&%%35 1 64+:94:+: ="<, %( /#13C&%-& P#4#4#9( 0( 6'&4 1#0+(64(%-) 

9#%M&%4+(M-- 61#K#2%35 %#6-4&$&> 0(+)2( /#2 2&>641-&? *$&94+#?(,%-4%#,# /#$), 

,&%&+-+:&?#,# /$(0?#%(?- %(%#'(64-M /+- /#,$#T&%-- 61&4(. 

$3)-%5 4)0,&106&+ 
1. S.H. Park, A. Roy, S. Beauprea, et al., Nature Photonics 3 (2009) 297-303. 

2. S. Daineko, A. Tameev, M. Tedoradze, I. Martynov, M. Artemyev, I. Nabiev, A. Chistyakov, 

Appl. Phys. Lett. 103 (2013) 063302. 

3. V.R. Nikitenko, A.R. Tameev, A.V. Vannikov, Organic Electronics. 12 (2011) 589-594. 

4. =.I. =?&$7'&%9#, =.O.  +-K9#1(, E.G. F(?&&1, E.8. 8(%%-9#1, @-67?( 1 _FQ. 40 (18) 

(2014) 66-71. 
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T87=8O@>< > C<B7C<9=>?6 78A@<H@8K :@<BL<=>9> @E 

9B<G@>> 

.)"D2#% C.@. 
%3U =8@98CA<@8H@6I =<I@8A8L>K ? :@<BL<=>9< CB> +34 >G. &.+. 48;;< 
+>F>98-=<I@>H<79>K >@7=>=M= >G. &.+. 48;;< '&% 

 

!:+%#& +(01-4-& 6#$%&'%#> *%&+,&4-9- 64(1-4 1#/+#6, %( #6%#1& 9(9#,# ?(4&+-($( 

K:2&4 +&($-0#1(% 6/+#6 %( *PP&94-1%3& P#4#*$&94+-'&69-& ?#2:$-? "#1+&?&%%3& 

6#$%&'%3& ?#2:$- ?#N%# -0,#4(1$-1(47 %( #6%#1& 6$&2:ST-5 /#$:/+#1#2%-9#135 

?(4&+-($#1 :GaAs, c-Si, (-Si,CIS - CdTe. "#$%&'%3& *$&?&%43 %( 9+(6-4&$)5 - 

#+,(%-9& ?3 %& +(66?(4+-1(&? 9(9 9(%2-2(4#1 2$) /+-?&%&%-) 1 K#$7C#> *%&+,&4-9& 

1 61)0- 6 %-09-? A@I - %&+&C&%%#647S /+#K$&? 6 -5 2#$,#1+&?&%%#> 64(K-$7%#647S. 

L( 6&,#2%)C%-> 2&%7 #6%#1%#> #KY&? +3%9( 6#$%&'%#> *%&+,&4-9- 

#K&6/&'-1(&46) 6#$%&'%3?- *$&?&%4(?- %( 9+-64($$-'&69#? (41 %) - 

/#$-9+-64($$-'&69#? 9+&?%-- (45 %). =64($7%3& 14 % +3%9( 0(%-?(S4 

4#%9#/$&%#'%3& 6#$%&'%3& ?#2:$- %( #6%#1& /$&%#9 a-Si,CIS - CdTe. 

;65#2) -0 /&+6/&94-1 +(01-4-) +3%9(, :'-431() 4(9-& P(94#+3 9(9 %($-'-& 

-65#2%35 9#?/#%&%4 1 0&?%#> 9#+&, ( 4(9N& 1#/+#63, 61)0(%%3& 6 *9#$#,-&> (9(9 %( 

*4(/& P#+?-+#1(%-), 4(9 - :4-$-0(M-- 6#$%&'%35 ?#2:$&>) ?3 /+-2&+N-1(&46) 4#'9- 

0+&%-) # K&6/&+6/&94-1%#64- +&C&%-) 0(2(' K#$7C#> %(0&?%#> *%&+,&4-9-, 

#+-&%4-+:)67 %( 4(9-& ?(4&+-($3, 9(9 CdTe, CIS - GaAs. L( %(C 10,$)2, 9+&?%-> K3$ 

- #64(&46) #6%#1%3? ?(4&+-($#? %( +3%9& 6#$%&'%#> *%&+,&4-9- - -?&&4 

/&+6/&94-13, 9(9 1 /$(%& :1&$-'&%-) *PP&94-1%#64-, 4(9 - 6%-N&%-) 64#-?#64- 

13+(K(431(&?#> *%&+,--.  

G(01-4-& 6#$%&'%#> *%&+,&4-9- %( 9+&?%-- #6%#131(&46) %( 6#1&+C&%641#1(%-- 

«9$(66-'&69-5» 9+-64($$-'&69-5 9+&?%-&135 *$&?&%4#1, *PP&94-1%#647 9#4#+35 

2#64-,(&4 25 %, +(0+(K#49& ,&4&+#64+:94:+%35 6#$%&'%35 *$&?&%4#1 n-c-Si/p-a-Si:H 

(HIT-heterojunction with intristic thin layers) c A@I 24,7 % - 6#1&+C&%641#1(%-- 

4#%9#/$&%#'%35, ?%#,#9(69(2%35 6#$%&'%35 ?#2:$&> %( #6%#1& (?#+P%#,# 9+&?%-).  

8 /&+6/&94-1& 1#0?#N%# +&C&%-& 1#/+#6#1 /&+&%&6&%-) (%(%&6&%-)) 4#%9-5 

/$&%#9 9+-64($$-'&69#,# 9+&?%-) %( 64&9$# -$- 2+:,-& /#2$#N9- ?&4#2(?- spin-off 

-$- /$(0?#5-?-'&69#,# #6(N2&%-), '4# /#01#$-4 6%-0-47 64#-?#647 0( 6'&4 

:?&%7C&%-) 4#$T-%3 6#$%&'%#,# ?#2:$) - :1&$-'-47 *PP&94-1%#647 0( 6'&4 

1#0?#N%#64- P#+?-+#1(%-) ?%#,#/&+&5#2%35 ?#2:$&> %( K(0& 9+-64($$-'&69#,# 

9+&?%-). 

I($7%&>C&& :$:'C&%-& #6%#1%35 /(+(?&4+#1 6#$%&'%35 ?#2:$&> %( #6%#1& 

(?#+P%#,# 9+&?%-) 61)0(%# 6 +&C&%-&? M&$#,# +)2( 9(9 %(:'%35, 4(9 - -%N&%&+%35 

/+#K$&?. 8 %(:'%#? /$(%& *4# 9(6(&46) +&C&%-) 1#/+#6#1 #+,(%-0(M-- #/4-'&69#,# 

/#,$#T&%-) 61&4( 1 (94-1%35 6$#)5 ?#2:$), :$:'C&%-) 9('&641( (94-1%35 6$#&1 1 

,&4&+#9(69(2(5 - 6(?-5 ,&4&+#/&+&5#2#1, :$:'C&%-) 2-0(>%( ?#2:$&>, /#01#$)ST&,# 

:?&%7C-47 /$#T(27 ?&+4135 0#% %( /#1&+5%#64- ?#2:$).  

E%($-0-+:) 1#0?#N%#64- 6#1&+C&%641#1(%-) 4#%9#/$&%#'%35 6#$%&'%35 

?#2:$&> %( #6%#1& 9+&?%-) ?#N%# 69(0(47, '4# 1 *4#> #K$(64- 1#0?#N%# :1&$-'&%-& 

A@I ?#2:$&> 2# 14–15 %, +(0+(K#49( %#135 ?%#,#/&+&5#2%35 64+:94:+ %( #6%#1& 

K#$&& 2&C&135, 136#9#*PP&94-1%35 ?(4&+-($#1, -6/#$70#1(%-& ($74&+%(4-1%35 
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9#%64+:9M-> ?#2:$) (%#13& /#2$#N9- - %#13& 4&5%#$#,-- 9#+/:6-+#1(%-)), 

(2(/4(M-- %#135 :2('%35 4&5%#$#,-'&69-5 +&C&%-> 9 :6$#1-)? /+#?3C$&%%#,# 

/+#-01#2641(.  
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'EF?>=>< L<8=<BGEAQ@6I :@<BL8=<I@8A8L>K 

.#>/"#% ;.7. 
-&( «2<8=<BG-1 », '877>O 

"+&2- +(0$-'%35 8;< ,&#4&+?($7%3& *%&+,&4-'&69-& 4&5%#$#,-- 2#64-,$- 

%(-K#$7C&> 9#??&+'&69#> 0+&$#64- - :6/&C%# 9#%9:+-+:S4 %( +3%9& 

*%&+,&4-'&69-5 :6$:, 6 2+:,-?- 6/#6#K(?- /#$:'&%-) *%&+,--. L&6?#4+) %( 

#4%#6-4&$7%# %&K#$7C:S 6:??(+%:S :64(%#1$&%%:S ?#T%#647 6#1+&?&%%35 

,&#4&+?($7%35 *$&94+#64(%M-> ( &#<") /# 6+(1%&%-S, %(/+-?&+, 6 1&4+#(,+&,(4(?- 

- 6#$%&'%3?- :64(%#19(?-, #KT() 13+(K#49( *$&94+#*%&+,-- %(  &#<" 1 ?-+& 

2#64(4#'%# 136#9(. <4# #K:6$#1$&%# 4&?, '4# 9#*PP-M-&%4 -6/#$70#1(%-) 

:64(%#1$&%%#> ?#T%#64- (A;HB)  &#<" 1 %&69#$79# +(0 /+&13C(&4 *4#4 /#9(0(4&$7 

2$) :64(%#1#9, -6/#$70:ST-5 *%&+,-S 1&4+( -$- 6#$%M(.  

8 %(64#)T&& 1+&?) ,&#4&+?($7%#> *%&+,&4-9& /+-6:T- /+-%M-/-($7%3& 

/+&-?:T&641(: 

- %-09() 6&K&64#-?#647 *$&94+#*%&+,--;  

- %&0(1-6-?#647 #4 9$-?(4-'&69-5 :6$#1-> - /#,#23; 

- 136#9() *9#$#,-'%#647. 

 @+#1&2&% (%($-0 6#64#)%-) - 2#$,#6+#'%35 /&+6/&94-1 +(01-4-) ,&#4&+?($7%#> 

*%&+,&4-9- 0( +:K&N#? - 1 G#66--. G(66?#4+&%3 4&%2&%M-- 6#1&+C&%641#1(%-) 

,&#4&+?($7%35 *%&+,#4&5%#$#,->. I(%( #M&%9( +(01-4-) /&+6/&94-1%35 K-%(+%35 

*%&+,#K$#9#1 2$) /+#-01#2641( *$&94+#*%&+,-- %( #6%#1& -6/#$70#1(%-) 

%-09#4&?/&+(4:+%35 ,&#4&+?($7%35 - 2+:,-5 -64#'%-9#1 4&/$(.  

=6%#1%#> /+-+#64 ?#T%#64&>  &#<" 1 K$-N(>C&> /&+6/&94-1& K:2&4 

#K&6/&'-1(476) K$(,#2(+) C-+#9#?(6C4(K%#?: #61#&%-S %-09#4&?/&+(4:+%35 

,&#4&+?($7%35 -64#'%-9#1 6 -6/#$70#1(%-&? K-%(+%35 4&5%#$#,->, 1 2#$,#6+#'%#> 

/&+6/&94-1& – %( #6%#1& #61#&%-) 4&5%#$#,-> 6 ,&#4&+?($7%3?- M-+9:$)M-#%%3?- 

6-64&?(?-. =/+&2&$&% /&+&'&%7 /+-#+-4&4%35 - %(-K#$&& /#2,#4#1$&%%35 9 

+&($-0(M-- ,&#4&+?($7%35 /+#&94#1 1 G#66--.  
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P<B7C<9=>?@6< =<I@8A8L>> C<B<BED8=9> BE7=>=<AQ@8K 

D>8GE776 ? :98A8L>H<79> H>7=6< =8CA>?E > 

:A<9=B8:@<BL>V 

.K"!1/ L.'. 
4@7=>=M= 7>7=<G :@<BL<=>9> >G. /.&.  <A<@=Q<?E T( '&%, 4B9M=79, '877>O 

 

E94:($7%#647 *%&+,#4&5%#$#,-'&69#> /&+&+(K#49- 2+&1&6%#> K-#?(663 1 

6-%4&4-'&69-& N-29-& 4#/$-1( ("_F) - *$&94+#*%&+,-S %( #6%#1& ?&4#2#1 

9(4($-4-'&69#,# /#$:'&%-) N-29-5 4#/$-1 -0 /+#2:94#1 ,(0-P-9(M-- +(64-4&$7%#> 

K-#?(663 #K:6$#1$&%(, 6 #2%#> 64#+#%3, 136#9#> M&%#> 91($-P-M-+#1(%%#,# 

N-29#,# 4#/$-1( 1 #42($&%%35 +(>#%(5 "-K-+- - I($7%&,# 8#64#9(, 6 2+:,#> 

64#+#%3, 0%('-4&$7%3?- 0(/(6(?- 2+&1&6%#> K-#?(663 1 *4-5 +(>#%(5. "#1?&T&%-& 

5-?-'&69-5 /+#M&66#1 6 13+(K#49#> *$&94+#*%&+,-- /#13C(&4 *PP&94-1%#647 

/&+&+(K#49- 4&5%#,&%%35 #45#2#1. E%($-0 4&5%#$#,-> /&+&+(K#49- +(0$-'%#,# 

#+,(%-'&69#,# 63+7), 13/#$%&%%3> 1 ;%64-4:4& 6-64&? *%&+,&4-9- -?. O.E. 

B&$&%47&1( "= GEL, 13)1-$ M&$&6##K+(0%#647 9#?K-%-+#1(%-) 5-?-'&69#> 

4&5%#$#,-- /&+&+(K#49- 6 /+#-01#2641#? *$&94+#*%&+,--. <%&+,&4-'&69() - 

*9#%#?-'&69() *PP&94-1%#647 4(9#> 9#?/$&96%#> 4&5%#$#,-- 0%('-4&$7%# 13C&, '&? 

+(02&$7%35 /+#-01#2641. 

E,A*%4%<);,-51= -A,:1 FEG *1 %-*%., ')%:1--+. L( +-6.1 /+-1&2&%( +(6'&4%() 

65&?( <FH. 8 ,(0#,&%&+(4#+& GAK #6:T&641$)S46) /+#M&663 ,(0-P-9(M-- 2+&1&6%#> 

K-#?(663 %( /(+#1#02:C%#? 2:47&, #5$(N2&%-& /+#2:94#1 ,(0-P-9(M-- 1 4#/9& 

,(0#,&%&+(4#+(. 8 K$#9& ,&%&+-+:&46) #64+3> /(+ - /(+ %-09#,# 2(1$&%-), 9#4#+3& 

-2:4 1 *%&+,#K$#9 %( 13+(K#49: *$&94+#*%&+,--. 8 K$#9& 6-%4&0( #6:T&641$)&46) 

/+#M&66 9(4($-4-'&69#,# 6-%4&0( ?&4(%#$(, ( 4(9N& ,&%&+(M-) /(+( %-09#,# 2(1$&%-), 

/#64:/(ST&,# 1 #46&9- /(+#1#> 4:+K-%3. !$#9 -?&&4 /#6$&2#1(4&$7%3& 64:/&%- 

6-%4&0( 6 +(0$-'%3? '-6$#? /(+($$&$7%# +(K#4(ST-5 +&(94#+#1 1 9(N2#> 64:/&%-. 

8 *%&+,&4-'&69#? K$#9& /+#-65#2-4 6N-,(%-& /+#2:1#'%#,# ,(0(, /#64:/(ST&,# -0 

K$#9( 6-%4&0(, 1 9(?&+& 6,#+(%-) ,(0#1#> 4:+K-%3 KCL, #5$(N2&%-& /+#2:94#1 

6,#+(%-) - 13+(K#49( *$&94+#*%&+,-- 1 ,(0#1#> - /(+#1#> 4:+K-%(5. 

B(4&?(4-'&69() ?#2&$7 K$#9( ,(0-P-9(M-- 19$S'(&4 ?#2&$- +&(9M-#%%35 9(?&+ 

,(0#,&%&+(4#+(, +(2-(M-#%%35 - 9#%1&94-1%35 4&/$##K?&%%-9#1, 1 9#4#+35 

/+#2:943 ,(0-P-9(M-- #5$(N2(S46) 1#2#> -$- /(+#?, 6-64&? #'-649- 6-%4&0-,(0(. 

B(4&?(4-'&69-& ?#2&$- 4&/$##K?&%%-9#1 #+-&%4-+#1(%3 %( #/+&2&$&%-& 4+&K:&?#> 

/$#T(2- /#1&+5%#64- %(,+&1( - 2+:,-5 9#%64+:94-1%35 5(+(94&+-64-9. 

B(4&?(4-'&69() ?#2&$7 K$#9( 6-%4&0( 19$S'(&4 ?#2&$- 9#?/+&66#+#1 6-%4&0-,(0(, 

9(4($-4-'&69-5 +&(94#+#1, +&,&%&+(4-1%35 ,(0#-,(0#135 4&/$##K?&%%-9#1 - 

5#$#2-$7%-9#1-9#%2&%6(4#+#1. B(4&?(4-'&69() ?#2&$7 *%&+,&4-'&69#,# K$#9( 

6#64#-4 -0 ?(4&?(4-'&69-5 ?#2&$&> +(6C-+-4&$7%#> - #6%#1%#> ,(0#135 4:+K-%, 

1#02:C%#,# 9#?/+&66#+(, 9(?&+3 6,#+(%-) /+#2:1#'%#,# ,(0(, /(+#1#> 4:+K-%3 - 

9#4$(-:4-$-0(4#+(. 

E,A*%4%<);,-51= -A,:1 '4%51 <12)H)51()). 8 2(%%#? ?(4&+-($& /+&264(1$&%3 

4&5%#$#,-'&69() 65&?( K$#9( ,(0-P-9(M-- %( #6%#1& 2+&1&6%#> K-#?(663, 9(9 %#1#,# 

*$&?&%4( 4&5%#$#,-'&69#> 65&?3 <FH (+-6.2). !$#9 ,(0-P-9(M-- 6#64#-4 -0 
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,(0#,&%&+(4#+#1 6 9-/)T-? 6$#&?, 13%#6%35 - 164+#&%%35 M-9$#%#1, 69+:KK&+( 

?#9+#> 0#$##'-649-, 6-64&?3 ,$:K#9#> #'-649- /+#2:94#1 ,(0-P-9(M-- - 6-64&?3 

/#$:'&%-) 1#02:5. 

G(66?(4+-1(&?3> 1 +(K#4& ,(0#,&%&+(4#+ /+&264(1$)&4 6#K#> (,+&,(4, 6#64#)T-> 

-0 21:5 9#+/:6#1. 8 #2%#?, +&(94#+&, +(6/#$(,(&46) 9-/)T-> 6$#> - %(26$#&1#& 

/+#64+(%641#, #9+:N&%%3& -6/(+-4&$7%3?- *9+(%(?-, 1 2+:,#? - 6-64&?( 

9#%1&94-1%35 ,(0#/(+#135 - ,(0#1#2)%35 4&/$##K?&%%-9#1, /+&2%(0%('&%%35 2$) 

#5$(N2&%-) /+#2:94#1 ,(0-P-9(M--, - 164+#&%%3& M-9$#%3. I$) 1#01+(4( 

#42&$&%%35 1 M-9$#%(5 '(64-M 0#$3 - :,$) 1 9-/)T-> 6$#> -6/#$70:&46) '(647 

%(/+(1$)&?#,# %( 2:47& /(+(. W$(9 -0 +&(94#+( ,(0#,&%&+(4#+( %(/+(1$)&46) 1 

#5$(2-4&$7, ,2& #5$(N2(&46) 1#2#>. 
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 !".1.  !"#$%&!' "($)! *+, "-&%$.! )$%!&/0! - 12/-.3/4"%3! 50$6%2/5&$27-- " 7!.-8-6!9-$: 
42$3$"&/: ;-/)!""<:  

T7 – 2!4-!9-/&&<: %$10//;)$&&-6 &! 12/4=6%!( 7!.-8-6!9--, GAK – 7!./7$&$2!%/2, KO – ;0/6 
1/0=#$&-' 3/.4=(, K1 – 6-"0/2/4&<: 6/)12$""/2, W71-W77 – 6/&3$6%-3&<: %$10//;)$&&-6 &! 
12/4=6%!( 7!.-8-6!9--, B1, S1, S2, S3 – ;!2!;!&-"$1!2!%/2, C, C1-C6 – ")$"-%$0> 1/%/6/3 3/4< 

-0- 1!2!, R, R1-R5 – 2!.4$0-%$0> 1/%/6! 3/4< -0- 1!2!, N1-N6 – &!"/", RD1 – 2!.4$0-%$0> 
1/%/6! 3/4< -0- 1!2! 4/0$3/:, Y1, Y2 – "=(/: =0/3-%$0> ./0<, MO – "62=;;$2 )/62/: 
7!.//#-"%6-, MC – "-"%$)! =4!0$&-' -.0-?&$7/ CO2, KSG – 6/)12$""/2 "-&%$.- 7!.!, R – 
2$7$&$2!%-3&<: 7!./-7!./3<: %$10//;)$&&-6, SL – "$1!2!%/2 @A+, XK – (/0/4-0>&-6-

6/&4$&"!%/2, REAK – !4-!;!%&!' ./&! 2$!6%/2! "-&%$.! @A+, TP – 2!"?-2-%$0>&!' 7!./3!' 
%=2;-&!, KCL – 6!)$2! "7/2!&-' 7!./3/: %=2;-&<, TG – /"&/3&!' 7!./3!' %=2;-&!, KB – 

6/)12$""/2 3/.4=?&<:, RBD – 2!.4$0-%$0> 1/%/6! 3/.4=(!, CMG – ")$"-%$0> 1/%/6/3 7!.! - 
3/.4=(!, OK1-OK4 – /%"$6- 1!2/3/: %=2;-&<, W41-W49 – 6/&3$6%-3&<$ 7!./3/4'&<$ 

%$10//;)$&&-6- 6/%0!- =%-0-.!%/2!, K – 6/&4$&"!%/2 1!2/3/: %=2;-&<, PH1 – 2$7$&$2!%-3&<: 
1/4/72$3!%$0> &-.6/7/ 4!30$&-'. B;/.&!#$&-$ 1/%/6/3: t-=7/0>, k-6-"0/2/4, p-1!2, w-3/4!, 1!2, 
1!2/3/4'&!' ")$">, /(0!C4!DE!' 3/4!, g-12/4=6%< 6/&3$2"--, "-&%$.-7!., 12/4=3/#&<: 7!., 
12/4=6%< "7/2!&-', b-3/.4=(, kk-6/&4$&"!%, u, b, c-3/4! &! 9-26=0'9-/&&<: &!"/", 1, 2 – 

2!.43/$&-$, ")$?$&-$ 1/%/6/3. I – ;0/6 1/0=#$&-' "-&%$.-7!.!, II – ;0/6 "-&%$.! @A+, III – 
5&$27$%-#$"6-: ;0/6. 
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F2/9$"" 7!.-8-6!9-- ;-/)!""< 12/-"(/4-% 3 2$!69-/&&/: 6!)$2$ 7!./7$&$2!%/2! 
3 6-1'E$) "0/$ 12- %$)1$2!%=2$ /6/0/ 1173 G - 4!30$&-- 2 HF! &! 1!2/3/.4=?&/) 
4=%>$. F!2 &! 12/9$"" 7!.-8-6!9-- %/10-3! /%;-2!$%"' -. (/0/4&/: &-%6- 
12/)1$2$72$3! 3 5&$27/;0/6$. I$&$2!%/2&<: 7!., 3<(/4'E-: -. 6-1'E$7/ "0/', 
/(0!C4!$%"' 3 -"1!2-%$0>&<( 562!&&<( 1/3$2(&/"%'( 3 &!4"0/$3/) 12/"%2!&"%3$, ! 
.!%$) 3 "-"%$)$ 6/&3$6%-3&<( %$10//;)$&&-6/3. F-%!%$0>&!' 3/4! 40' /(0!C4$&-' 
12/4=6%/3 7!.-8-6!9-- 1/"%=1!$% -. 5&$27/;0/6!. F/0=#$&&<: 3 2$.=0>%!%$ 1!2 
2!.0-#&<( 1!2!)$%2/3 &!12!30'$%"' 3 /%"$6- 1!2/3/: %=2;-&< 5&$27/;0/6! - 
-"1/0>.=$%"' 40' 3<2!;/%6- 50$6%2/5&$27--. 

J ;0/6$ 12$4=")!%2-3!$%"' /#-"%6! 12/4=6%/3 7!.-8-6!9--. I2=;!' "=(!' /#-"%6! 
/% #!"%-9 ./0< 12/-"(/4-% 3/ 3"%2/$&&<( 9-60/&!( 7!./7$&$2!%/2! - 3 3<&/"&/) 
9-60/&$. +/&6!' /#-"%6! 7!.! /% 1<0- 12/-.3/4-%"' 3 "62=;;$2$ )/62/: ./0//#-"%6-. 
G2/)$ 5%/7/, 12$4=")/%2$&! /#-"%6! 12/4=6%/3 7!.-8-6!9-- /% "/$4-&$&-: "$2< - 
-.0-?&$7/ @B2 3 "-"%$)$ 70=;/6/: /#-"%6- 7!.!. 
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678 68;<6=8=>8=97

678 ?7 68;<6=8=>8=9 
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1

 

 !". 2. +$(&/0/7-#$"6!' "($)! ;0/6! 7!.-8-6!9--: 1 - 2$!6%/2 7!./7$&$2!%/2!, 2 - 
12/)$C=%/#&<: 1$2$72$3!%$0>, 3 - 1$2$72$3!%$0> /"%2/7/ 1!2!, 4 - -"1!2-%$0> 1!2! 3<"/6/7/ 
4!30$&-', 5 - 1$2$72$3!%$0> 1!2! &-.6/7/ 4!30$&-', 6 - 56/&/)!:.$2 1!2 3<"/6/7/ 4!30$&-', 7 - 
-"1!2-%$0> 1!2! &-.6/7/ 4!30$&-', 8 - 56/&/)!:.$2 1!2! &-.6/7/ 4!30$&-', 9 - 3<&/"&/: 9-60/&, 
10 - "62=;;$2, 11 - "-"%$)! 70=;/6/: /#-"%6- 7!.!, 12 - "-"%$)! 1/4!#- 3/.4=(!, 13 - 3/.4=?&<: 

6/)12$""/2, 14 - ;!2!;!&-"$1!2!%/2, 15 - &!"/", 16 - 3"%2/$&&<$ 9-60/&<. 
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 #$%&'()(* !""&#+,-).!/. K! /"&/3!&-- 2!"#$%! %$(&/0/7-#$"6-( "($) *+, 
/12$4$0'D%"' %!6-$ %$(&-6/-56/&/)-#$"6-$ 1/6!.!%$0-, 6!6 12/-.3/4"%3/ @A+ - 
50$6%2/5&$27-- (12- .!4!&&/) 2!"(/4$ %/10-3!), 6/588-9-$&% 1/0$.&/7/ 4$:"%3-' 
="%!&/36-, )/E&/"%- )$(!&-.)/3 "/;"%3$&&<( &=C4, 3$0-#-&< 1/3$2(&/"%$: &!72$3! 
%$10//;)$&&<( !11!2!%/3, 6!1-%!0>&<$ 30/C$&-' - 42. 

L$0>D -""0$4/3!&-:, 12/3/4-)<( &! )!%$)!%-#$"6-( )/4$0'( *+,, '30'$%"' 
/12$4$0$&-$ /1%-)!0>&<( 1!2!)$%2/3 ="%!&/3/6 - -.)$&$&-' -( %$(&-6/-
56/&/)-#$"6-( 1/6!.!%$0$: 3 .!3-"-)/"%- /% ="0/3-: 8=&69-/&-2/3!&-' (9$& &! 
%/10-3/, /;/2=4/3!&-$, 12/4=69-D). J 6!#$"%3$ 62-%$2-' 12- "/1/"%!30$&-- 
3!2-!&%/3 )/C$% 12-&-)!%>"' 3&=%2$&&'' &/2)! 3/.32!%! 6!1-%!0/30/C$&-: (IRR), 
#-"%!' 4-"6/&%-2/3!&&!' "%/-)/"%> 12/$6%! - 42. 

M&!0-. %$(&/0/7-#$"6-( "($) *+, 1/6!.<3!$%, #%/ 8!6%/2/), &!-;/0$$ "-0>&/ 
30-'DE-) &! "%/-)/"%> 3"$( ;0/6/3 ="%!&/36-, $$ 5&$27$%-#$"6=D 588$6%-3&/"%> - 
%$(&-6/-56/&/)-#$"6-$ 1/6!.!%$0-, '30'$%"' "//%&/?$&-$ )$C4= 12/-.3/4"%3/) 
)$%!&/0! - 3<2!;/%6/: 50$6%2/5&$27--. F/5%/)= 12/3$4$&! /1%-)-.!9-' 4!&&/7/ 
"//%&/?$&-' - /12$4$0$&< "//%3$%"%3=DE-$ -) %$(&-6/-56/&/)-#$"6-$ 1/6!.!%$0-. 
B"&/3&<)- 1!2!)$%2!)-, /;="0/30-3!DE-)- 5%/ "//%&/?$&-$, '30'D%"' 2!"(/4 
1!2! - 3/.4=(! &! 4=%>N 3 7!./7$&$2!%/2, #%/ /12$4$0'$% "/"%!3 "-&%$.-7!.!, - 
6/0-#$"%3/ 1!2!00$0>&/ 360D#$&&<( 2$!6%/2/3 3 "%=1$&'( ;0/6! "-&%$.!, #%/ 3 "3/D 
/#$2$4> (!2!6%$2-.=$% "%$1$&> 12$32!E$&-' "-&%$.-7!.! 3 )$%!&/0.  !"")/%2$&< 
3!2-!&%< /1%-)-.!9-/&&<( 2!"#$%/3 12- 2!.0-#&/: "%/-)/"%- 50$6%2/5&$27--, 
/%1="6!$)/: *+,. 

F2- /12$4$0$&-- /1%-)!0>&<( 3!2-!&%/3 *+, 2$?!0-"> .!4!#- &$0-&$:&/7/ 
)!%$)!%-#$"6/7/ 12/72!))-2/3!&-', ")<"0 6/%/2<( "/"%/-% 3 &!(/C4$&-- 
1!2!)$%2/3 ="%!&/36- ("/"%!3! 4=%>' 3 7!./7$&$2!%/2<, /;O$)! 6!%!0-.!%/2! 3 
2$!6%/2!( "-&%$.!, %$)1$2!%=2 - 4!30$&-: 2!;/#-( %$0 1!2/7!./3/: ="%!&/36- - 42.), 
6/%/2<$ /;$"1$#-3!D% )-&-)!0>&/$ .&!#$&-$ 9$&< &! 12/-.3/4-)/$ @A+ 12- 
.!4!&&<( =2/3&'( 3&=%2$&&$: &/2)< 3/.32!%! 6!1-%!0>&<( 30/C$&-:, 9$&!( &! 
1/%2$;0'$)/$ %/10-3/ - /%1="6!$)=D 50$6%2/5&$27-D " =#$%/) 8-.-6/-%$(&-#$"6-( 
/72!&-#$&-: &! 1!2!)$%2< ="%!&/36-. 

K! 2-".3 12$4"%!30$&< /"&/3&<$ 1/6!.!%$0- 1/0=#$&&<( 2$.=0>%!%/3 
/1%-)-.!9-- 1!2!)$%2/3 *+, 3 .!3-"-)/"%- /% "%/-)/"%- 50$6%2/5&$27--. 

 

 

 !".3. P!3-"-)/"%- /"&/3&<( 1/6!.!%$0$: /1%-)!0>&<( 3!2-!&%/3 *+, /% "%/-)/"%- 
/%1="6!$)/: 50$6%2/5&$27--. 

J<1/0&$&&<$ -""0$4/3!&-' 1/6!.!0-, #%/ 6/);-&-2/3!&&/$ 12/-.3/4"%3/ 
50$6%2/5&$27-- - )$%!&/0! &! /"&/3$ ;-/)!""< 1/3<?!$% %$2)-#$"6-: GFQ 12/9$""! 
&! 10% - =)$&>?!$% -&3$"%-9-- &! 10-15% 1/ "2!3&$&-D " 2!.4$0>&<) 
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12/-.3/4"%3/). F2- 3&=%2$&&$: &/2)$ 3/.32!%! 6!1-%!0/30/C$&-: 15% "%/-)/"%> 
)$%!&/0! -. ;-/)!""< "/"%!3-% 250-300 4/0./% =.%. 12- 9$&$ ;-/)!""< 50-70 4/0./% =.%. 
F2- %!6/: "%/-)/"%- )$%!&/0 )/C$% 6/&6=2-2/3!%> " 6!6 6/%$0>&/-1$#&<), %!6 - 
)/%/2&<) %/10-3/) 3 3/"%/#&<( 2$7-/&!(  /""--. 
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 @?@LA=8LA9; ;N87E;97?@D @ ?7MG@ '+ 

 

 

  



218   !"#$%&'(#%)* +('$  «,(-(.%(,/0! &0 1%!'2!345&» 

 

  



RENEWABLE ENERGY FORUM — REENFOR 2014 219 

 

  



220   !"#$%&'(#%)* +('$  «,(-(.%(,/0! &0 1%!'2!345&» 

 

  



RENEWABLE ENERGY FORUM — REENFOR 2014 221 

 

  



222   !"#$%&'(#%)* +('$  «,(-(.%(,/0! &0 1%!'2!345&» 

 

  



RENEWABLE ENERGY FORUM — REENFOR 2014 223 

 

  



224   !"#$%&'(#%)* +('$  «,(-(.%(,/0! &0 1%!'2!345&» 

 

  



RENEWABLE ENERGY FORUM — REENFOR 2014 225 

 

  



226   !"#$%&'(#%)* +('$  «,(-(.%(,/0! &0 1%!'2!345&» 

 

  



RENEWABLE ENERGY FORUM — REENFOR 2014 227 

 

 
  



228   !"#$%&'(#%)* +('$  «,(-(.%(,/0! &0 1%!'2!345&» 

,PL;G;RSS=GA@9?PT 7GA@9@8;97??PT M>;BC :BD 

L@<<=A8@Q?PH LM6=8G;?:=?L7A;8;9 L 9;:?P< @ 

?=9;:?P< RB=GA8;B@A;< 

B"+%&+" C.-., D#/!')4 @.@., -!(4+&+?&) E.F., @'#/#"G& C.H.,  
>&)%I"+&)4 F.C. 
(NU=:@?=??PT @?LA@AMA 9PL;G@H A=<6=87AM8 '&%,  ;LG97, ';LL@D 

J B;O$4-&$&&/) -&"%-%=%$ 3<"/6-( %$)1$2!%=2  MK "/3)$"%&/ " BBB «+**HF» 
3$4=%"' 2!;/%< 3 /;0!"%- "-))$%2-#&<( "=1$26/&4$&"!%/2/3 (@G) " "$2&/6-"0/%&<) 
- /27!&-#$"6-) 50$6%2/0-%/). J<"/6/588$6%-3&<: !6%-3-2/3!&&<: =7/0> (M,) 40' 
50$6%2/4/3 2!.2!;/%!& 3 %$"&/) "/%2=4&-#$"%3$ " R!%3-:"6-) 7/"=4!2"%3$&&<) 
-&"%-%=%/) (-)-- 42$3$"-&<.  

H$%/4 1/0=#$&-' =70$2/4&<( "/2;$&%/3 12$4=")!%2-3!0 2-( "%!4-:&=D 
%$2)-#$"6=D /;2!;/%6=. K! 1-/: "%!4-- -"(/4&<: )!%$2-!0 (/1-06- 42$3$"-&< 
;$2$.<, 82!69-' 0,2-0,4 ))) 1/43$27!0- 12$41-2/0-.= 3 !%)/"8$2$ !./%! 12- 400°@ 3 
%$#$&-$ 150 )-&. @6/2/"%> 1/4O$)! %$)1$2!%=2< 4 °@/)-&.  

K! 2-/: "%!4-- 6!2;/&-./3!&&<: )!%$2-!0 -)12$7&-2/3!0- 3/4&<) 2!"%3/2/) 
NaOH (50 3$".%). H!""/3/$ /%&/?$&-$ -"(/4&/7/ 6!2;/&-./3!&&/7/ )!%$2-!0! 6 
!6%-3!%/2= 3!2>-2/3!0- 3 12$4$0!( 1:1-4. F/0=#$&&=D ")$"> 1/43$27!0- !6%-3!9-- 
12- %$)1$2!%=2!( 600-850°@, 12/4/0C-%$0>&/"%> 90-180 )-&. F2/4=6% 1-2/0-.! 
12/)<3!0- 4$-/&-./3!&&/: 3/4/:, 6-"0/%/: - .!%$) 3/4/: 4/ 2K 8-0>%2!%! 3<?$ 5. 
M, "=?-0- 12- 105°@. @/4$2C!&-$ ./0<, 3 1/0=#$&&<( M,, "/"%!30'0/ 0,1-0,4%. Q0' 
4/"%-C$&-' )!6"-)!0>&<( =4$0>&<( (!2!6%$2-"%-6 (S/7) 3!2>-2/3!0-"> 1!2!)$%2< 
!6%-3!9-- =70': %$)1$2!%=2! !6%-3!9-- - )!""/3/$ "//%&/?$&-$ E$0/#>/=7/0>. K! 
 -". 1 - 2 12-3$4$&< 50$6%2/(-)-#$"6-$ - 8-.-6/-(-)-#$"6-$ 1!2!)$%2< &$6/%/2<( 
-. 2!.2!;/%!&&<( M, 40' @G " "$2&/6-"0/%&<) 50$6%2/0-%/). 

 

 -". 1. P!3-"-)/"%> =4$0>&/: $)6/"%- (T), /;O$)! 1/2 3 50$6%2/4$ (U), /;O$)! 1/2, 1/0=?-2-&/: 
)$&$$ 2 &) (V) - 20 &) (W), 3&=%2$&&$7/ "/12/%-30$&-' @G (X) /% %$)1$2!%=2< !6%-3!9-- =70' 

12- )!""/3/) "//%&/?$&-- E$0/#>/=7/0> 2. 
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F/3<?$&-$ %$)1$2!%=2< !6%-3!9-- &$7!%-3&/ "6!.<3!$%"' &! 50$6%2-#$"6-( 
"3/:"%3!( =70'. Y)6/"%> 12- %$)1$2!%=2$ !6%-3!9-- 700 °@ "/"%!30'$% 320 S/7, 12- 
850 °@ $$ .&!#$&-$ =)$&>?!$%"' 4/ 180 S/7. F/&-C$&-$ %$)1$2!%=2< !6%-3!9-- 4/ 
600 °@ 12-3$0/ 6 &$.&!#-%$0>&/)= 1/3<?$&-D $)6/"%- 4/ =2/3&' 330 S/7. 

 

 

 -". 2. P!3-"-)/"%> =4$0>&/: $)6/"%- (T), /;O$)! 1/2 3 50$6%2/4$ (U), /;O$)! 1/2, 1/0=?-2-&/: 
)$&$$ 2 &) (V) - 20 &) (W) /% )!""/3/7/ "//%&/?$&-' !6%-3!%/2/"<2>$ 12- !6%-3!9-- =70' " 

%$)1$2!%=2/: 700 °@.  

 
 ,)$&>?$&-$ 6/0-#$"%3! 6!%!0-.!%/2! 12-3/4-% 6 =)$&>?$&-D /;O$)! 1/2 " 

2!4-="/) )$&$$ 2 &). I0!3&<) /;2!./) .! "#$% 5%/7/, =)$&>?!$%"' - /;E$$ 
6/0-#$"%3/ 50$6%2/0-%! 3 50$6%2/4$. F2- 5%/) )/C&/ "#-%!%>, #%/ 50$6%2-#$"6!' 
$)6/"%> 12!6%-#$"6- &$ .!3-"-% /% 6/0-#$"%3! 6!%!0-.!%/2! 12- 12/3$4$&-- 
!6%-3!9-- 3 %!6/) %$)1$2!%=2&/) 2$C-)$ (700 /@). F2- )!0/) 6/0-#$"%3$ 
6!%!0-.!%/2! $)6/"%> "/"%!3-0! /6/0/ 320 S/7, #%/ &$.&!#-%$0>&/ 12$3<?!$% $)6/"%> 
12- "//%&/?$&-- G=3,7 (310 S/7).  

 J 2$.=0>%!%$, .! "#$% 3!2>-2/3!&-' 1!2!)$%2/3 !6%-3!9-- =70', ;<0- "/.4!&< 
2 =70': /4-& 40' "$2&/6-"0/%&/7/ 50$6%2/0-%! (=7/0> +-3), 3%/2/: – 40' /27!&-#$"6/7/ 
(=7/0> +-4). @2!3&$&-$ (3"$ 50$6%2/4< -.7/%!30-3!0-"> - -"1<%<3!0-"> 3 BZJ+  MK 
3 /4-&!6/3<( ="0/3-'() 4!&&<( =70$: " 3$4=E-)- )-2/3<)- !&!0/7!)- 1/6!.!0- 
6/&6=2$&%/"1/"/;&/"%> =70$: +-3 - +-4 (+!;0. 1-2). *0$6%2/4< -.7/%!30-3!0-"> 
)$%/4/) 6!0!&42-2/3!&-'. J 6!#$"%3$ "3'.=DE$7/ -"1/0>./3!0- 3/4&=D "="1$&.-D 
8%/2/10!"%! S-4Q. 
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0)1&. 1. 23)-.#.!# 4)3)5(#3!"(!5 "%6#35,.+#.")(,3,- " 7&#5(3,+)8!, !$9,(,-&#..*8! 

!$ %9&#/ -#+%:!4 8!3,-*4 8)3,5 ! %9&; 0-4, " ,39).!<#"5!8 7&#5(3,&!(,8 (1 = 

(#(3)7(!&)88,.!; (#(3)>(,31,3)( - )?#(,.!(3!&#). 

,7/0> 
+/0E-&! 
50$6%2/4!, 

)6) 

,4$0>&!' 
$)6/"%> 
=70', S/7

,4$0>&!' 
$)6/"%> 
=70', 
S/")3 

R , 
)B) 

*&$27/$)6/"%> 
J%•#/67; 

2!.2'4 8-10" 

*&$27/$)6/"%>, 

J%•#/67; 2!.2'4 

170-200" 

GFQ,%; 

.!2'4-

2!.2'4 

12 

)M/")2 

0-2.5 J 

Energ 2 P2 

(@[M) 
145 111 50.0 280 21.1 23 95.6 

Energ 2 V2 

( !") 
140 105 69.1 316 19.6 22.3 94 

YEC-8 
(#$%&') 

150 144 93.5 300 23.7 30 90.4 

NORIT DLC 
SUPRA 

(($)*+,&-).) 
150 86 53.8 260 16.3 18.3 94 

Kuraray YP 
50F (/01-$2) 

145 102 60.4 650 15.5 22 89 

Kuraray YP 
80F (/01-$2) 

140 103 42.6 400 18.4 21.8 89 

XH-002O 
(#$%&') 

110 128 73.1 240 25 27.8 95.4 

 -4 (!"# -

 $$%&) 
110 152 98.7 255 26.3 31.5 92.5 

 '(). 2. *+',-.-/. 0'+'12.+/32/1 345.+16-7.-3'26+6, 3 8).12+67'9/, /:;626,).--<9/ 

/: 4;).= ,.74>/0 9/+6,<0 9'+61 / 4;)?  -3, 3 3.+-61/3)62-<9 8).12+6)/269 (4.9 %). 

3&+4& 56,2 
78419%:, 
(;/6) 

<)*,:-1* 
910+1%$=,*-$*, 
>8*98 

>?@*8 
01+, 
+&)$5918 
8*-** 10 
-8, 983/6 

>?@*8 
A,*4%+1,$%&, 
983/6 

<)*,:-&2 
A-*+61*8419%: 
-& 2B*'45, 
C%B/46 

Kuraray YP-
50F (/01-$2) 

182 4 0.8 1.35 1.81 

EnerG2 V2 
( !") 

182 4 0.8 1.29 1.85 

XH-001W 
(#$%&') 

254 4.4 1 1.67 2.4 

D4&-: <CE -
"# D-0.41 
(F199$2) 

211 7.5 0.37 1.17 2.35 

Maxsorb-3 
(/01-$2) 

320 - - 2.8 - 

 -3 (!"# -

 $$%&) 
390 4.6 0,46 1,4 3.06 
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78419%: 56,2 = 9*+-14$9,1%-18 A,*4%+1,$%* )19%$6&*% 390 ;/6 0+$ +&G+2)* %1418 
0,3 "/6, = 1+6&-$B*9418 (1 81,2+-.' %*%+&A%$,&881-$2 %*%+&H%1+?1+&% = 
&I*%1-$%+$,*) 165 ;/6 0+$ +&G+2)* %1418 0,7 "/6.  

EG61%1=,*--.'  # (-& =1)-18 A,*4%+1,$%*) ?., 01)=*+6-5% +*95+9-.8 
$90.%&-$28. J.,1 0+1=*)*-1 ?1,** 150 000 I$4,1=, = %*B*-$* 41%1+.K *8419%: 
950*+41-)*-9&%1+& -* 9-$G$,&9:. (*)19%&%418 %&4161  # 2=,2*%92 )1=1,:-1 ?.9%+.' 
9&81+&G+2): -&0+2L*-$* -&  # 0&)&*% )1 01,1=$-. -&B&,:-161 G-&B*-$2 G& 100 B&91=. 
J., 0+*),1L*- =1G81L-.' 8*K&-$G8 9&81+&G+2)&: 1?+&G1=&-$* 0*+*4$9$ $ *M 
)$HH5G$2 -& )+561' A,*4%+1). N+$B*8 4+$%$B*941' =*,$B$-1' 0+$ %&418 8*K&-$G8* 
2=,2*%92 -&,$B$* 4$9,1+1)-.K 6+500 = 9$9%*8* (-& 01=*+K-19%$ $,$ = 1?@*8*). 
J&+?1%$+1=&-$* A,*4%+1,$%& 0*+*) 9?1+41' -*8-161 58*-:O&*% 9&81+&G+2)  #. 
D&4L* 58*-:O&*% =*,$B$-5 9&81+&G+2)& 5=*,$B*-$* %1,P$-. 9*0&+&%1+&. C9* A%1 
419=*--1 01)%=*+L)&*% %*1+$Q 1 )$HH5G$$ 0*+*4$9$ B*+*G 9*0&+&%1+.  

"=%1+. =.+&L&Q% ?,&61)&+-19%: R1,61,&0%*=5 ".C. (>>> «DSS3N», 3194=&, 
F199$2). 
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A new generation of supercapacitors based on conjugated 

polymers and carbon materials with specified dimensions of 

conjugated fragments 

Gorbatsevich A.A., Kobryanskii V.M. 
P.N. Lebedev Physical Institute of RAS, Moscow, Russia 

Existing supercapacitors can be divided into two types. These are classic ionic 
supercapacitors in which, when the current is flows, the charge accumulates at the interface 
between the electrolyte and electrodes and the electrochemical supercapacitors in which 
electrochemical reactions proceed on the electrode surface.. Supercapacitors are also being 
developed in which the one electrode is working on the mechanism of charge separation and 
the second due to the electrochemical reaction. 

Each of these types of supercapacitors has advantages and disadvantages. Classic ionic 
capacitors have a long term sevicability and have no restrictions on the number of charge / 
discharge cycles. However, they have low energy storage capacity and a high degree of self-
discharge. The traditional approach to the problem of the increasing the density of energy 
stored in these types of supercapacitors is connected with increasing of porosity of the 
electrode materials. It is known however that porous carbon material together with a high 
specific surface fraction, have also the high carrier mobility, which leads to a substantial 
extent dependence of operating viltage on the discharge voltage. Energy capacity 
electrochemical supercapacitors is significantly higher, but their stability is not enough for 
widespread use. 

The analysis shows that, despite in significant progress, the parameters of all existing 
types of modern supercapacitors do not meet the basic practical applications. 

The present report first time describes the electrode materials for supercapacitors based 
on a new generation of highly ordered and low defect conjugated polymers and carbon 
materials, in which the field of electronic delocalization is given by introducing to the 
conjugated system of carbon atoms splitters and meta-substituted benzene rings. For creation 
of such materials two new approach have been developed. 

It is known that the electrochemical capacity, number of cycles the charge - discharge 
and long-term stability of ionic batteries and capacitors on the basis of currently used 
polymers, carbon and inorganic materials is depends on the content of chemical, structural 
and supramolecular defects. Therefore, a special place in the list of issues that need to be 
solved for creation of high electrical capacity storage on the basis of organic macromolecular 
compounds and carbon materials is development of methods for preparation of materials 
with low defect concentration and evaluation criteria of defects content in these materials. 
The creation of such materials is the most important and, at the same time, the most difficult 
task in a number of pressing issues that need to be solved for creation high-capacity electrical 
energy storage which are competitive with internal combustion engines. 

There can be a very large variety of chemical, conformation and supra-molecular defects 
in solid matter. Defects are formed in the processes of chemical synthesis and solid phase 
formation. The most highly ordered and low-defect solid state specimens are inorganic 
mono-crystals. While using special methods for chemical cleaning of the initial 
substances/compounds and due to controlled crystal growth inorganic mono-crystals can 
acquire less than 10-7 molar percent of admixtures (defects). Amorphous, ceramic, 
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polymeric, carbon and nanostructure materials, as a rule, contain considerably more defects 
than inorganic mono-crystals. Besides, the important feature about these materials is that 
they differ from inorganic mono-crystals by a larger variety of defects inherent in them. For 
this reason research workers can hardly succeed in their efforts to establish not only the 
concentration, but also the structure of defects in these materials. Long-term efforts 
experienced by thousand research workers reveal that standard methods of chemical 
synthesis and solid state formation can hardly be used to manufacture highly ordered and 
low-defect amorphous, ceramic, conjugated polymeric and carbon materials for applications 
in electro-physics and optoelectronics. In this report stereo-specific catalysis, self-
organization and matrix synthesis are used to produce highly ordered and low-defect 
conjugated polymers, carbon materials and hetero-structures thereof. The gist of these 
methods consists in high mobility of chemical groups and matrix identification of structural 
fragments at all stages of synthesis and solid phase formation. High mobility allows 
influencing defects in materials by changing the conditions of self-organization. Matrix 
identification is a boundary condition facilitating to combine the process of solid phase 
formation with a "pushing out" effect from the highly ordered phase of alien and/or defect 

molecules. This approach was implemented earlier for creating of low defect polyacetylene 

[1]. 

The second approach aims at creating a new type of carbon and / or conjugated polymer 

materials, theoretically calculated electrochemical capacity of which exceeds the 

electrochemical capacity of graphene. 

One of the central problems in design and development of materials for supercapacitors 

is providing conditions for a substantial increase in the density of the polarization charge. 

The main direction of solving this problem is creation of materials and structures with an 

extensive surface, providing an effective increase in the area of the capacitor plates. 

Particular attention is paid to the surface electronic structure of the material, which 

ultimately determines the electrical properties of the electrodes. Limiting case of systems 

with an extensive surface can serve as branching linear polymer molecules. The electronic 

structure of such systems is not well understood. Recently it was shown [2] that in the bulk 

materials on the basis of quasi one dimensional structures forming the branching point (Y-

junction), there is a special type of electronic states localized at the branch point. The nature 

of these states is purely topological in nature and not directly related to the specific Coulomb 

interactions (localized state is formed for both electrons and holes). Topological related 

condition branching structures in bulk may lead to significant increase in capacitance of 

capacitor structures based on such materials. The results of studies of the electronic structure 

of branching carbon materials obtained by first-principles simulations based on the density 

functional method, related to the occurrence of localized topological states, showed the 

possibility of using them to create a new generation of supercapacitors. To implement a new 

type of electrode materials branch points should be arranged in an ordered structure. This 

may be achieved by creating of a new type of carbon based materials in which the structure 

of the conjugated moieties are linked through a quinoid structure or meta-substitution of 

benzene nucleus. Thus, ideology systems with extend   surface can be extended to molecular 

level.  

The structure of one of the new 2D materials is presented below: 
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This material is capable to form donor-acceptor complexes with molecules of electrolyte.  

It has a much lower density than graphite and forms the channels through which electrolyte 

ions can diffuse into the material. 

The methods of synthesis and criteria for evaluation of conjugation length (delocalization 

region) and concentation of defects in conjugated polymers, carbon nanotubes and graphene 

materials with high surface area using a combination of methods gently pulsed pump-probe 

spectroscopy and pulsed Raman spectroscopy were developed. Methods are used to create a 

new class of conjugated polymers of carbon materials theoretical energetic capacity of which 

exceeds energetic capacity of graphene. 
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Experimental investigations of a metal hydride reactor 

Blinov D.V., Borzenko V.I., Dunikov D.O., Romanov I.A. 
Joint Institute for High Temperatures of the Russian Academy of Sciences 

Introduction 

Hydrogen energy storage systems are perspective way for the load management 

especially at kW level of renewable energy power production. The use of solid-state 

reversible hydrogen storage in metal hydrides is of considerable practical interest for this 

technology [1, 2]. 

Typical metal - hydrogen reaction isotherm can be divided into three areas as hydrogen 

pressure grows [3]: hydrogen solution in metal ( -phase); co-existence of saturated 

hydrogen solution and hydride ( +! phase); hydrogen in hydride (!-phase). In two-phase 

area a “plateau” exists, where the pressure change is small and hydrogen absorption and 

desorption can be considered to take place at constant pressure and temperature, as a first 

approximation.    This feature is useful for application in hydrogen storage devices. If the 

inlet pressure in metal hydride reactor is higher than equilibrium at corresponding 

temperature for the hydrogen absorbing alloy, hydrogen is absorbed with heat release, if 

lower than desorption with heat consumption takes place.  

In metal hydride devices hydrogen absorbing material is usually a fine dispersed powder. 

Technical problems of the development of efficient hydrogen storage systems are connected 

above all with the necessity to arrange efficient heat and mass transfer for the reliable 

absorption and desorption reaction heat supply or removal. In the charge or discharge 

process of metal hydride reactor two main stages could be detected with transition between 

the stages accompanied by heat and mass transfer crisis inside the bed [4, 5]: in sub-critical 

mode the process is limited by hydrogen flow to particles of hydrogen absorbing material at 

absorption or from particles at desorption (hydrogen filtration or valve capacity) and in 

super-critical mode by intensity of heat transfer from the bed to the walls of the reactor. 

Crisis is accompanied by rapid decrease of absorption or desorption in metal hydride devices 

and one should be able to predict the crisis occurrence for the avoidance of super-critical 

mode.  

The task of detailed calculation of metal hydride device operation is a complicated 

scientific problem since the system of unstationary heat and mass transfer equations system 

should be solved for the porous medium with respect to chemical reactions.  This task very 

often cannot be solved reliably because the data on reaction kinetics of hydrogen-metal 

interaction, thermodynamic, physical  and chemical properties of hydrogen absorbing 

material must be involved, which in most cases, are not available with sufficient precision. 

Together with this, for engineering means at development of metal hydride devices 

design and their integration into bigger systems, simplified mathematical models can be used 

for the optimization of reactors design and evaluation of their efficiency.     

The aim of this work is to build a simplified, experimentally verified, balance 

mathematical model of the processes in metal hydride hydrogen storage reactor giving the 

main operational features of the device for the engineering purposes and permitting to avoid 

complicated task of heat and mass transfer calculation in fine dispersed bed of hydrogen 

absorbing material. 
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Experiment 

For experimental verification of the model we use the RSP-3 reactor [5, 6]. The reactor 

is presented in Fig. 1 and consists of seven water cooled cartridges filled with 5 kg of 

LaFe0.5Mn0.3Ni4.8 alloy, which was activated in 10+ charge/discharge cycles. For the 

temperature range from 0 to 100°  the maximum hydrogen capacity is "max = 1.35±0.01% 

mass and the maximum reactor capacity is 750 st.l H2. State of charge SOC and depth of 

discharge DOD of the reactor are determined as: 

max

1
C

SOC DOD X
C

 !   

     (1) 

where X is dimensionless fraction of transformed solid phase in the gas-solid chemical 

reaction. 

 

Figure 1. The RSP-3 metal hydride reactor. 1 – metal hydride bed; 2 – reaction chamber outer tube; 3 – 
reaction chamber inner tube; 4,5 – bungs; 6 – cartridge neck; 7 – plug; 8 – hydrogen inlet; 9 – filter; 10 
– cartridge shell; 11 - internal heat exchanger inner tube; 12, 13, 14 – water nozzles; 15, 16, 17 – water 

collectors. 

The RSP-3 reactor is installed in an experimental test bench 12-04 JIHT RAS and 

provided with connection to a gas supply (hydrogen, nitrogen), a hot and cold water supply 

(from 10 to 95°C and from 0.05 to 0.3 kg/s), a vacuum system and an automatic control 

system. Before each experiment the reactor is fully discharged and evacuated. During 

experiments the reactor is charged with pure hydrogen from a standard 40 l gas cylinder (15 

MPa max pressure) or from a PEM electrolyzer HPAC 10 (ITM POWER). 

The gas flow at the inlet/outlet valve of the reactor is controlled and measured by a 

Bronkhorst EL-FLOW Select mass flow meter/controller F-202AC-RAA-55-V, the pressure 

inside the reactor and the gas supply is measured by Aplisens pressure transmitters model 

PC28, the water temperature is measured by thin film platinum sensors Heraeus M422, 1 kT. 

The experiments was controlled using LabView software, discretization 1 Hz. 

Two discharge techniques are used. The first one is a “hot start”: the reactor is charged, 

preheated by hot water and discharged (the outlet valve to atmosphere is opened) from a 

point of thermal equilibrium and constant pressure inside the reactor. The second technique 

is a “cold start”: the reactor is charged, cooled by water at near ambient temperature until 

thermal equilibrium and constant pressure are reached and discharged by simultaneous 

opening of outlet hydrogen valve and inlet valve for hot water. 

Discharge rates are classified using C-rate method similarly to batteries, the C-rate equal 

to 1 corresponds to discharge of the maximum hydrogen capacity 750 st.l within 1 hour or 

12.5 st.l per minute. Results for several C-rates are presented in Fig. 2 and Table 1. The 

reactor cannot be fully discharged with a constant flow rate, for each temperature of hot 

water and C-rate there exists a moment of crisis at which the hydrogen flow drops under the 

constant value. Thus nominal capacity is less than maximum value and depends on 
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temperature of heating water. On the other hand the discharge rate is practically independent 

from the flow rate of water in the reactor’s heat exchanger and from the “hot or “cold” start 

mode, for example curves for the experiments B and C are very close and C is not shown in 

Fig. 2, because B and C are practically indistinguishable. The pressure at the “hot” start is 

much higher (Fig. 3) and it is unsafe to use the “hot” start at high SOC values due to possible 

uncontrolled pressure rise. For example for the experiment F the maximum pressure for the 

“cold” start is 12.36 bar and a possible equilibrium pressure inside the reactor for the 

temperature 83.9°C is estimated as 145 bar which is higher than maximum developed 

pressure for the RSP-3 reactor. Pressure and flow oscillations for several experiments (A, 

C, D in Figs. 2 and 3) are connected with the flow controller. It requires a certain pressure 

drop to operate. 

 

 

Figure 2. Hydrogen flow at the RSP-3 reactor outlet for different C-rates and heating water 
temperatures (see Table 1 for description). 

Table 1. Experimental results for the RSP-3 reactor discharge with constant hydrogen flow 

 Experiment A B C D E F 

Discharge flow, st.l 12.8 24.7 24.8 24.7 49.4 74.4 

C-rate 1.02 1.97 1.98 1.97 3.95 5.95 

Start mode hot hot cold cold hot cold 

T, °C 60.4 60.3 60.4 71.7 82.7 83.9 

Charged, st.l 647 669 632 690 626 725 

Initial SOC, % 86.27 89.2 84.27 92 83.47 96.67 
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Discharged, st.l 604 634 582 685 500 722 

Pstart, bar 4.39 6.24 0.78 1.38 7.98 7.73 

Pmax, bar 4.39 6.24 2.26 3.97 7.98 12.36 

Pend, bar 1.13 1.19 1.15 1.19 3.36 1 

Discharge time, min (DOD 20-80%), 35.85 26.18 26.22 18.78 9.95 7.35 

Discharge time, min (DOD 20-90%) 46.12 36.28 37.85 26.11 n/a 10.93 

 

Figure 3. Pressure inside the RSP-3 reactor outlet for different C-rates and heating water temperatures 
(see Table 1 for description). 

Conclusions 

The metal hydride reactor filled with the AB5-type (LaFe0.5Mn0.3Ni4.8) alloy was 

investigated with respect to the hydrogen discharge rates. Discharge rates are classified 

using C-rate method similarly to batteries, the C-rate equal to 1 corresponds to discharge of 

the maximum hydrogen capacity 750 st.l within 1 hour or 12.5 st.l per minute. The reactor 

cannot be fully discharged with a constant flow rate, for each temperature of hot water and 

C-rate there exists a moment of crisis at which the hydrogen flow drops under the constant 

value, and the nominal capacity of the reactor is less than maximum value and depends on 

temperature of heating water reaching up to 80% of maximum capacity if sufficient heat 

transfer is provided. 
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6omparative tests of different PV modules types 

Popel O.S., Tarasenko A.B., Mikhaylin S.V., Usanov A.B., Titov V.F., 
Gabderahmanova T.S. 
Moscow, Russia, Joint Institute for High Temperatures 

The rapid development of photovoltaics during the last decade caused at least a dozen of 

technologies and hundreds of photovoltaic modules manufacturers arise. In order to 

determine the performance of PV modules during the actual operation in Moscow conditions 

Joint Institute for High Temperatures, Russian Academy of Sciences together with JSC 

"Energy Projects" created and launched system for PV modules comparative tests. Various 

types PV modules were mounted on the roof of one Institute building. Modules were 

discharged on accumulator batteries through maximum power point tracking charge 

controller (MPPT CC). Electric loads were  adjusted for accumulator full discharge during 

night to provide equal discharge conditions for all modules, because otherwise MPPT CC 

couldn’t take energy from modules.  Module of each type work for its controller, storage 

unit and load to avoid mutual influence of different modules.  

The measurement system allows to register data on the current and voltage in the module 

circuit , battery and load of each module , incoming solar radiation through piranometer. 

Registration occurs once is in every 5 seconds. Automatically calculated parameters include 

the instantaneous module power output, averaged value of the solar radiation per day 

intensity, the instantaneous efficiency of the module estimated through each module 

electrical energy production for 5 seconds , solar radiation and module area. The greatest 

interest is the generation of electricity from each unit to its peak power (to compare 

parameters for different size and peak power modules ). This parameter taking into account 

the module, support structures and voltage conversion systems cost of for each type of 

modules modules will show the most promising PV technologies from  technical and 

economic point of view. Long-term  modules testing will provide some data on their 

degradation in the real climate conditions . 

Since February 2014 the system has been in trial operation. Currently obtained results 

showed that the best energy output  in different weather conditions have provided thin-film 

modules based on CuInGaSe2 (CIGS) composites. Tests also showed that in cloudy weather 

thin film tandem-type photovoltaic module based on amorphous and microcrystalline silicon 

and monocrystalline photovoltaic module bilateral provide better energy production than 

modules based on mono - and multicrystalline silicon . Worst results in the energy output 

have been demonstrated by thin-film module based on amorphous silicon. 

 

 
  



RENEWABLE ENERGY FORUM — REENFOR 2014 241 

 

State and prospects of silicon PV Industry 

Terukov E.I. 
TF TE Ioffe R&D Center 
Ioffe Physical Techical Institute 

Rapid growth of PV industry raises the issue of key raw material selection for cell 

production. Modern solar modules are made of following semiconductor materials: GaAs, 

c-Si, a-Si, CIS and CdTe. We will not consider dye-sensitized and organic solar cells as 

candidates for large-scale PV energy production due to their small efficiencies and 

unresolved problems with their long-term stability. 

Most of the solar modules today in the market are made of crystalline silicon (41%) and 

polycrystalline silicon  (45%). About 14% are made of thin film solar cells based on a-Si, 

CIS and CdTe. 

According to perspective of market development and taking into account such factors as 

the availability of raw materials on Earth, issues related to the environment (at both stages: 

of manufacturing and utilization of solar modules), we assume that it would be futile to solve 

the problem of large scale PV energy production focusing on materials such as CdTe, CIS 

and GaAs. In our view, silicon has been and still is the main material for the solar energy 

market and has a potential of increasing the efficiency and cost reduction. 

The progress  of silicon PV industry is based on improvement of "classic" crystalline 

silicon cells, the efficiency of which reaches 25%, development of heterostructure solar cells 

n-c-Si/p-a-Si:H (HIT-heterojunction with intrinsic thin layers) with 24.7% efficiency and 

thin film multijunction solar modules based on amorphous silicon. The solution to the issue 

of crystalline silicon thin films deposition on glass or other substrates by spin-off or plasma 

enhanced CVD seems in prospect. Reducing the thickness of the module will allow to cut 

the cost, and capability of  multijunction modules based on crystalline silicon formation will 

increase the efficiency.  

Further improvement of the basic parameters of solar modules based on amorphous 

silicon is related to the solution of a number of scientific and engineering problems. In 

scientific terms, it is due to the organization of optical absorption of light in the active layers 

of the module, quality of the active layers in heterojunctions improvement, developed design 

of modules that reduce the area of dead zones on the surface of the module. 

Analyzing silicon based thin-film solar modules improvement opportunities we can say 

that there are following challenges in this sector: 

-  efficiency of the modules should be increased up to 14-15%; 

- development of new multijunction structures based on high-performance materials 

with lower cost; 

- improved  designs of the module (new substrates and new packaging technology); 

- adaptation of new successful technology solutions to the conditions of industrial 

production. 
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Development of Geothermal Power Engineering 

Tomarov G.V. 
Geotherm 

Among different renewable energy resources, geothermal power technologies can best 

compete with other energy generation methods in commercial terms. Despite the relatively 

small total installed capacity of current geothermal power plants, it is high enough. This is 

because the installed capacity utilization factor in plants exceeds this parameter for wind or 

solar energy facilities by several times. 

The principal advantages of geothermal power engineering application are the following:  

 -the low net price of electric power; 

 -the independence on climatic conditions; and 

 -high ecological compatibility. 

 Analysis of the state and prospects of geothermal energetics development in Russia and 

foreign countries is carried out. Trends of improving the geothermal energy technologies are 

considered. An estimation of the development of promising binary power units for electric 

energy production by using low-temperature geothermal and other heat sources is given.  

The basic increase of power plant capacities will be ensured due to large-scale 

exploration of low-temperature geothermal sources with using the binary technologies in the 

near future and the technologies with the geothermal circulation systems in the far future. 

The geothermal projects being dominant and best suited to be implemented in Russia are 

estimated. 
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Perspective technologies for processing plant biomass into 

eco-friendly fuel and electricity 

Tyurina E.A. 
Energy Systems Institute of Siberian Branch of the Russian Academy of Science, Irkutsk, Russia 

The paper deals with mathematical modeling of energy-technological installations (ETI) 

the combined production of electricity and synthetic liquid fuels – SLF (methanol or 

dimethyl ether) from woody biomass. These models were used for determination of optimal 

designs and optimal relation between the methanol and electricity production. The studies 

performed showed that the combined production of electricity and methanol based biomass 

increases thermal efficiency of the process by 10% and decreases investments by 10-15% 

against their separate production. At an internal rate of investment of 15% the SLF cost from 

biomass will amount to $250-300/t c e, if the biomass cost is $50-70/t c e. At such cost SLF 

can compete with both liquid household and motor fuels. 
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Complex geophysical investigations aiming at identification 

of geothermal deposits in Armenia 

Vardanyan K.S., Karapetyan J.K. 
Institute of Geophysics and engineering seismology after A. Nazarov, NAS RA, Gyumri, Armenia 

The continuous growth of power consumption on the background of absence of  

considerable reserves of traditional forms of utilities in Armenia makes apply new 

approaches for a more correct and goal-oriented investigations of geothermal resources in 

the territory as alternative energy sources. 

In spite of enough advantageous conditions, as the modern tectonic activation, wide-

spread development of newest-volcanism, considerable occurrences of thermomineral 

sources, high values of geothermal gradient and heat flux, being evidence of existence of 

huge masses of depth heat in the territory subsurface which is superheated to the level 

enabling the rentable commercial exploitation, there weren’t found out any sites of 

geothermal energy, but definite areas for their search and exploration have been singled out. 

Zoning of Armenian territory according to the characteristics of prospectivity of finding 

out geothermal energy sources requires execution of goal-oriented complex of geophysical 

investigations on territory subsurface  at the level of modern scientific achievements.  

As the target of complex geophysical investigations anomalous objects in the Earth’s 

crust should be, revealed by methods of abyssal geophysics. 

Complex geophysical investigations aiming at identification of geothermal deposits in 

Armenia were carried out in the area of  Jermaghbyur geothermal anomaly. As a result of 

these investigations the prospectivity of Jermaghbyur geothermal system was confirmed as 

a geothermal deposit of fracture-vein character, prospective sites for location of two 

exploration boreholes were localized. 

On the basis of experience and taking into account the disadvantages of investigation on 

Jermaghbyur geothermal anomaly a joint project is suggested for carrying out complex 

geophysical investigations in the area of intense heat flux disturbances wihich are contoured 

by the isolines 110mVt/m2 and 130mVt/m2 in the directions I and II (Fig.) 

It is suggested to carry out deep geological and geophysical investigations using methods 

of refracted waves correlation, seismic luminescence, magneto-telluric sounding and high-

precision gravimetry. 
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The heat flux map of the territory of Armenia taking into account the relief corrections 

 are the heat flux isolines, mVt/m2 
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Experimental-training power plant on the basis of bilateral 

PV modules 

Zaytsev S.I.1, Kiseleva S.V.1, Shakun V.P.1, Tarasenko A.B.2, Mihailin S.V.2, Titov 
V.F.2, Par I.T.2 
1 - Scientific Research Laboratory for Renewable Energy Sources 
Geographic Faculty, Moscow State University; 2 - Joint Institute for High Temperatures, RAS 
Moscow, Russia 

When designing a solar power the calculation of the energy balance and an adequate 

assessment of solar radiation at the site of installation is an important aspect. Joint Institute 

for High Temperatures and Geography Faculty of Lomonosov Moscow State University 

specialists established domestic climate database, Resources of renewable energy in Russia 

Atlas [1, 2] and are developing geographic information system (GIS) "Renewable energy 

sources" [3]. For the development of GIS, assess the applicability of its data for the design 

of autonomous solar power, development and verification of engineering design 

methodologies and expand research and educational facilities, autonomous educational 

demonstration power plant "Fial-1" has been developed and produced. The unit has a peak 

power of 360 W photovoltaic modules. A program of its trial operation and laboratory work 

based on it has been organized. During the 2013 test and operational modernization of 

monitoring has been conducted; the incident solar radiation was monitored too. Also data 

verification of insolation, obtained in the experiment, with data MSU meteorological 

observatory and results of many years of satellite observations (database NASA SSE) was 

performed. 

During the trial operation of the power plant the first data on the energy balance has been 

received, the efficiency of the system was evaluated. The problem of mismatch stress on the 

battery, comprising two series-connected battery (12 V) was identified. This leads to an 

accelerated aging of them. This fact raises questions about the application of systems for 

balancing stress, as the problem of imbalance is related as to lithium-ion batteries and lead-

acid systems. To use the power plant project in the educational process cycle laboratory 

practical tasks were developed. 
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