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 !" 624.138:624.131.22 

 .!. "#$%$&' 

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

2+,&1!3(&4!$%&' 5(&0!"$&1!1 

()*+",  *-!.!+/ (0,1"! 23+1,4*+5,  

+, 6-!+!05/7 (0+( ,+!87, ,94!9( ,++/7  

6(9!:(+5,-;+/4! <9(0-(=",4! 

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

4*"&".,'5 /.&/#-&"05, -!3"!/#-&&'5 4/!"(/&,-*+&'3" 4$/."&,$,"6$-

.1"3" 7!/.*/81-3". 9-(!-:/,-& 3$,/% /7!$%$*$&"0 3/%)*0 %$2/!3--

;"" /%&/!/%&'5 4*"&".,'5 /.&/#-&"8 . /%&/.*/8&'3 -!3"!/#-&"$3. 

 !"#$%&$ '!(%): -!3"!/#-&&'$ 4*"&".,'$ 4!)&,', /.-%1- 2)&-

%-3$&,/#, 4$/,$1.,"*+&'8 3-,$!"-*. 

 

#$%&$%' ($ )**&+,-(.- /+(0$1-(%*2 30$(.4 . )**&+,-(.4 )*-

)%$2567% 3($8.%-59(+7 0*57 *% *:;-4 )%*.1*)%. )%&*.%-59)%2$. <*-

=%*1+ .> +1-(9?-(.- 0$-% 2-)91$ *;+%.1'- =@*(*1.8-)@.- &-3+59%$-

%'. A)*:-((* *)%&* =%$ B&*:5-1$ )%*.% B&. 2*32-0-(.- /+(0$1-(%*2 

($ B-&-+25$,(-(('> B'5-2$%*-C5.(.)%'> C&+(%$>, 2 %*1 8.)5- . )5$-

:'> C&+(%$>. D$ 1(*C.> %-&&.%*&.6> E-2-&*-#$B$0$ F*))..,  &$5$ . 

#$B$0(*4 E.:.&. .1-7%)6 %$@.- C&+(%'. G*32-0-(.- /+(0$1-(%*2 ($ 

%$@.> C&+(%$> %&-:+-% :*59?.> 1$%-&.$59('> . %&+0*2'> 3$%&$%. A0-

(.1 .3 )B*)*:*2 +2-5.8-(.6 0-/*&1$%.2('> )2*4)%2 C&+(%*2 6256-%)6 

B&.1-(-(.- $&1.&*2$((*C* C&+(%$. G* 1(*C.> )5+8$6> B&.1-(-(.- 

$&1.&*2$(('> C&+(%*2 B*32*56-% 3($8.%-59(* )(.3.%9 3$%&$%' ($ 2*3-

2-0-(.- /+(0$1-(%*2, $ )5-0*2$%-59(*, . )%*.1*)%9 )%&*.%-59)%2$. F$-

:*%$ $&1.&*2$(('> *)(*2$(.4 2 B'5-2$%*-C5.(.)%'> C&+(%$> .3+8-($ 

-;- (-0*)%$%*8(* >*&*?*. !56 .3+8-(.6 &$:*%' $&1.&*2$(('> *)(*-

2$(.4 :'5. B&*2-0-(' @*1B5-@)('- =@)B-&.1-(%$59(*-%-*&-%.8-)@.- 

.))5-0*2$(.6, @*%*&'- 2@578$5. 2 )-:6 5$:*&$%*&('- 1*0-59('- .)-

)5-0*2$(.6, ($%+&('- .)B'%$(.6, 8.)5-((*- 1*0-5.&*2$(.- &$:*%' 

$&1.&*2$(('> *)(*2$(.4 2 2*0*($)';-(('> B'5-2$%*-C5.(.)%'> 

C&+(%$>. <&*2-0-(('- .))5-0*2$(.6 B*32*5.5. B*5+8.%9 @$8-)%2-(-

(+7 . @*5.8-)%2-((+7 @$&%.(+ &$:*%' $&1*C&+(%*2'> *)(*2$(.4 . .> 

($B&6,-((*-0-/*&1.&*2$((*- )*)%*6(.-.  
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A0(.1 .3 *)(*2('> 1-%*0*2 &-?-(.6 3$0$8, )263$(('> ) *B&-0--

5-(.-1 +)$0*@ $&1.&*2$(('> *)(*2$(.4, 6256-%)6 1-%*0 @*(-8('> 

=5-1-(%*2 (H"I), @*%*&'4 0$-% 2*31*,(*)%9 1*0-5.&*2$%9 &$:*%+ 

).)%-1' «*)(*2$(.-–/+(0$1-(%» ) +8-%*1 1(*C.> /$@%*&*2. H-%*0 

@*(-8('> =5-1-(%*2 B*32*56-% +8.%'2$%9: B&.&*0(*- ($B&6,-((*- 

)*)%*6(.-; )5*,('- ($B5$)%*2$(.6 C&+(%*2; .31-(-(.- 0-/*&1$J.*(-

('> . B&*8(*)%('> )2*4)%2 C&+(%*2 2 B&*J-))- )%&*.%-59)%2$ . =@)-

B5+$%$J.. )**&+,-(.4; B*)%$0.4(*- B&.5*,-(.- 2(-?(.> ($C&+3*@ ($ 

.))5-0+-1'4 *:K-@%. "&*1- %*C*, H"I B*32*56-% B&*.32*0.%9 *0(*-

2&-1-(('4 &$)8-% B* 02+1 B&-0-59('1 )*)%*6(.61 ) +8-%*1 )*21-)%-

(*4 &$:*%' ).)%-1' «*)(*2$(.-–/+(0$1-(%», &$)8-% ($B&6,-((*-

0-/*&1.&*2$((*C* )*)%*6(.6 C&+(%*2 ) 2'625-(.-1 3*( &$32.%.6 B5$-

)%.8-)@.> 0-/*&1$J.4. 

F-$5.3$J.6 3$0$8. B* *B&-0-5-(.7 *)$0*@ /+(0$1-(%*2 ($ $&1.-

&*2$(('> *)(*2$(.6>, $ %$@,- B&*C(*3 ($B&6,-((*-0-/*&1.&*2$((*C* 

)*)%*6(.6 $@%.2(*4 3*(' :'5. 2'B*5(-(' ) B*1*;97 B$@-%$ B&.-

@5$0('> B&*C&$11 PLAXIS. 

A)(*2('- 0*B+;-(.6 . 2*31*,(*)%., B*5*,-(('- 2 *)(*2+ &$)-

8-%$ B* B&*C&$11- PLAXIS: 

– .))5-0+-1$6 *:5$)%9 0.)@&-%.3.&+-%)6 15-+35*2'1. %&-+C*59-

('1. =5-1-(%$1., @*%*&'- *:-)B-8.2$7% @+:.8-)@*- &$)B&-0-5-(.- 

($B&6,-(.4 . 0-/*&1$J.4 2 B&-0-5$> @$,0*C* =5-1-(%$; 

– 056 1*0-5.&*2$(.6 &$:*%' ).)%-1' «/+(0$1-(%-*)(*2$(.-» ($ 

+8$)%@$> @*(%$@%$ 22*06%)6 )B-J.$59('- «B*2-&>(*)%('-» (@*(%$@%-

('-) =5-1-(%', B*32*567;.- :*5-- &-$59(* *%&$3.%9 0-4)%2.%-59(*- 

)*)%*6(.- ).)%-1' ($ &$35.8('> =%$B$> ($C&+,-(.6; 

– 056 1*0-5.&*2$(.6 &$:*%' B*0B*&('> )%-(, ?B+(%*2'> *C&$,-

0-(.4, *:*5*8-@ %*((-5-4 . B5$)%.( .)B*593+7%)6 )B-J.$59('- 5.-

(-4('- =5-1-(%', &$:*%$ @*%*&'> +8.%'2$-% 0-4)%2+7;.- .3C.:$7-

;.- 1*1-(%' . &-$59(+7 (*&1$59(+7 . .3C.:(+7 ,-)%@*)%., 8%* B*-

32*56-% &$))1$%&.2$%9 &$:*%+ &$1 . :$5*@ ($ +B&+C*1 *)(*2$(..; 

– 056 1*0-5.&*2$(.6 C&+(%*2'> $(@-&*2 .)B*593+7%)6 )B-J.$59-

('- +B&+C*B5$)%.8-)@.- =5-1-(%', @*%*&'- *B&-0-567%)6 .)>*06 .3 

0-4)%2+7;-4 1$@).1$59(*4 ).5' ($ 2'0-&C.2$(.- . (*&1$59(*4 ,--

)%@*)%. =5-1-(%$; 

– 2 B&*C&$11- 3$5*,-(' 2*31*,(*)%. B* &$)8-%+ C-*%-@)%.59('> 

=5-1-(%*2, @*%*&'- 2 )*2&-1-((*4 B&$@%.@- )%&*.%-59)%2$ .)B*593+-
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7%)6 056 +@&-B5-(.6 C&+(%*2'> *)(*2$(.4 . *:-)B-8-(.6 +)%*48.2*-

)%. *%@*)*2 0$1: . B*0B*&('> )%-(*@. L-*%-@)%.59('4 1$%-&.$5 1*-

0-5.&+-%)6 ) B*1*;97 )B-J.$59('> =5-1-(%*2, .)B'%'2$7;.> &$)%6-

C.2$7;.- ($B&6,-(.6; 

– 056 $($5.3$ @*()*5.0$J.. C&+(%*2*C* *)(*2$(.6 PLAXIS B*-

32*56-% 3$0$%9 )+;-)%2+7;-- .3:'%*8(*- B*&*2*- 0$25-(.- 2 C&+(%-, 

+&*2-(9 C&+(%*2'> 2*0, 2*0*B&*(.J$-1*)%9 C&+(%$, 0&-(.&+7;.- 

)2*4)%2$ 1$%-&.$5*2. 

G B&*C&$11- PLAXIS 3$5*,-(* (-)@*59@* 1*0-5-4 C&+(%$: +B&+-

C$6 1*0-59 C&+(%$, 1*0-5. F-4))$-<&$(0%56, H*&$-"+5*($, «B&*02.(+-

%$6» H*&$-"+5*($, 1*0-59 )5$:*C* C&+(%$, 1*0-59 )@$59(*C* C&+(%$ . 

PLAXIS-"$B-1*0-59. 

<&. &$)8-%- B&*C&$11$ 1*,-% $2%*1$%.8-)@. 2':.&$%9 2-5.8.(+ 

?$C$ 3$C&+,-(.6, 8%* *)*:-((* +0*:(* B&. &$)8-%$> 2 B5$)%.8-)@*4 

)%$0.. &$:*%'. !56 %*8(*C* 2'8.)5-(.6 B*%-&. (-)+;-4 )B*)*:(*)%. 

C&+(%$ 2*31*,(* )$1*)%*6%-59(* 3$0$2$%9 B*?$C*2*- 3$C&+,-(.-. G* 

2)-> &$)8-%$> 22*06%)6 @*=//.J.-(%' 3$B$)*2 B&*8(*)%. . +)%*48.2*-

)%. .))5-0+-1'> 1$%-&.$5*2. G B&*C&$11- 3$5*,-($ /+(@J.6 )%$0.4-

(*C* 3$C&+,-(.6 . &$3C&+3@. C&+(%*2*C* *)(*2$(.6, 8%* B*32*56-% &--

$59(* 1*0-5.&*2$%9 )%&*.%-59('- B&*J-))', )263$(('- ) 3-156('1. 

&$:*%$1., 2*32-0-(.-1 30$(.4 . .> &-@*()%&+@J.-4. 

F$)8-% *)$0*@ /+(0$1-(%*2 )*C5$)(* B. 5.6.5 [1] B&*.32*0.%)6 

.)>*06 .3 2'B*5(-(.6 +)5*2.6  

  s   su, (1) 

C0-   s – *)$0@$ *)(*2$(.6 /+(0$1-(%$ ()*21-)%($6 0-/*&1$J.6 *)(*-

2$(.6 . )**&+,-(.6); 

su – B&-0-59(*- 3($8-(.- *)$0@. *)(*2$(.6 /+(0$1-(%$ ()*21--

)%(*4 0-/*&1$J.. *)(*2$(.6 . )**&+,-(.6), +)%$($25.2$-1*- 2 )**%-

2-%)%2.. ) +@$3$(.61. 5.6.46–5.6.50 [1]. 

G* 2)-> 1-%*0$> &$)8-%$ *)$0*@ /+(0$1-(%*2 *)(*2(*4 0-/*&1$-

J.*((*4 >$&$@%-&.)%.@*4 6256-%)6 1*0+59 *:;-4 0-/*&1$J.. Eo. <*-

=%*1+ (-*:>*0.1* @*5.8-)%2-((* *J-(.%9 25.6(.- $&1.&*2$(.6 ($ 

*)$0@+ /+(0$1-(%$ . *B&-0-5.%9 1*0+59 0-/*&1$J.. $&1.&*2$((*C* 

*)(*2$(.6. !56 *J-(@. 25.6(.6 $&1.&*2$(.6 ($ *)$0@+ /+(0$1-(%$ 

:'5 B&*2-0-( 8.)5-(('4 =@)B-&.1-(% ) B*1*;97 B&*C&$11' PLAXIS. 
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#$0$8$ &-?$5$)9 2 +)5*2.6> *)-2*4 ).11-%&... F$))1$%&.2$5$)9 

3$0$8$ 3$C&+,-(.6 2-&%.@$59(*4 ($C&+3@*4 @&+C5*C* ?%$1B$, ($>*06-

;-C*)6 ($ B*2-&>(*)%. C&+(%$. F$31-&' &$)8-%(*4 *:5$)%. *)(*2$(.6 

B&.(.1$5.)9 %$@.1 *:&$3*1, 8%*:' -- C&$(.J' (- *@$3'2$5. 25.6(.6 

($ &-3+59%$%' &$)8-%$. F$3:.2@$ ($ =5-1-(%' B&*.32*0.5$)9 B&*C&$1-

1*4 $2%*1$%.8-)@.. G &$))1$%&.2$-1*4 3$0$8- B&.(.1$5.)9 )5-0+7-

;.- C&$(.8('- +)5*2.6: B* @*(%+&+ 2-&>(-4 C&$(.J' B-&-1-;-(.6 (- 

*C&$(.8.2$7%)6; B* 2-&%.@$59('1 C&$(61 *C&$(.8.2$7%)6 B-&-1-;--

(.6 2 C*&.3*(%$59(*1 ($B&$25-(..; B* (.,(-4 C&$(.J- B-&-1-;-(.6 

*%)+%)%2+7%. <&. &$)8-%- .)B*593*2$5$)9 «B&*02.(+%$6» 1*0-59 H*-

&$-"+5*($. G 3$0$8- &$))1$%&.2$5.)9 *0(*)5*4('- $&1.&*2$(('- *)-

(*2$(.6 2 C5.(.)%'> C&+(%$> ) B*@$3$%-5-1 0,4   IL  0,6. M&1.&+7;$6 

B&*)5*4@$ ?.&.(*4 (- 1-(-- 3d (d – 0.$1-%& .5. ?.&.($ /+(0$1-(%$) 

3$@5$0'2$5$)9 ($ C5+:.(- 0,25d. E2*4)%2$ C&+(%*2 *)(*2$(.6 B&.(.1$-

5.)9 )5-0+7;.1.: )J-B5-(.- < .31-(65*)9 2 B&-0-5$> *% 5 0* 30 @<$ 

) ?$C*1 5 @<$; +C*5 2(+%&-((-C* %&-(.6 N .31-(65)6 2 B&-0-5$> *% 5 

0* 25 C&$0+)*2 ) ?$C*1 5 C&$0+)*2. M&1.&+7;$6 B&*)5*4@$ 1*0-5.&*-

2$5$)9 )B-J.$59('1 «C-*%-@)%.59('1» =5-1-(%*1. G3$.1*0-4)%2.- 

=%*C* =5-1-(%$ ) C&+(%*1 .1.%.&*2$5*)9 *)*:'1. B*2-&>(*)%('1. 

=5-1-(%$1.. O-)%@*)%9 B&*)5*4@. Grf (Grf = E r · A rf) .31-(65$)9 *% 25 

0* 2000 @D/1. #$C5+:5-(.- /+(0$1-(%$ 3$0$2$5*)9 :*@*2*4 B&.C&+3-

@*4, &$2(*4 0$25-(.7 C&+(%$ ($ +&*2(- B*0*?2' /+(0$1-(%$. E%+B-(. 

($C&+3@. . &$)8-%(*- )*B&*%.25-(.- *)(*2$(.6 &$))8.%'2$5.)9 B&*-

C&$11*4 $2%*1$%.8-)@.. H*0+59 0-/*&1$J.. (-$&1.&*2$((*C* C&+(%$ 

B&.(.1$5)6 1000, 5000, 10000 . 15000 @<$.  

#($6 *)$0@+ ?%$1B$ ($ $&1.&*2$((*1 *)(*2$(.., 1*,(* *B&-0--

5.%9 )**%2-%)%2+7;.4 1*0+59 *:;-4 0-/*&1$J.. $&1.&*2$((*C* 

C&+(%$, .)B*593+6 056 =%*C* .32-)%(+7 /*&1+5+ P5-4>-&$ 

 2 Q
(1 R ) ,rf

rf

P A
E

S
! "  (2) 

C0- Erf – 1*0+59 0-/*&1$J.. $&1.&*2$((*C* *)(*2$(.6; # – @*=//.J.-

-(% :*@*2*C* &$)?.&-(.6 C&+(%$; $ – @*=//.J.-(%, 3$2.)6;.4 *% 

/*&1' B*0*?2' ?%$1B$; P – ($C&+3@$ ($ ?%$1B; A – B5*;$09 ?%$1B$; 

Srf – *)$0@$ ?%$1B$ ($ $&1.&*2$((*1 *)(*2$(... 
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!56 *J-(@. 25.6(.6 $&1.&*2$(.6 22-0-1 @*=//.J.-(% Kr, &$2-

('4 *%(*?-(.7 1*0+56 0-/*&1$J.. $&1.&*2$((*C* C&+(%$ @ 1*0+57 

0-/*&1$J.. (-$&1.&*2$((*C* C&+(%$: 

  Kr = Erf /Eo. (3) 

S)B*593+6 3($8-(.6 *)$0*@, B*5+8-(('- 2 &-3+59%$%- B&*2-0-(-

(*C* 8.)5-((*C* =@)B-&.1-(%$, . B*0)%$2566 .> 2 /*&1+5+ (2)), +0$-

5*)9 B*5+8.%9 3($8-(.6 @*=//.J.-(%$ Kr, B&.2-0-(('- 2 %$:5. 1. D$ 

&.). 1. B*@$3$($ 3$2.).1*)%9 Kr *% 1*0+56 0-/*&1$J.. C&+(%$ . ,-)%-

@*)%. $&1.&+7;-4 B&*)5*4@.. 

T $ : 5 . J $  1  

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

O-)%@*)%9 $&1.&+7;-4 B&*)5*4@. Grf = Erf·A, @D/1 H*0+59 0-/*&1$J.. 

C&+(%$, @<$ 2000 1000 500 100 25 

1000 1,757 1,736 1,679 1,558 1,446 

5000 1,588 1,521 1,467 1,353 1,303 

10000 1,459 1,366 1,338 1,251 1,207 

15000 1,368 1,298 1,250 1,180 1,160 

 

T$@.1 *:&$3*1, 3($6 3($8-(.6 Kr . 1*0+59 *:;-4 0-/*&1$J.. 

(-$&1.&*2$((*C* C&+(%$, 1*,(* ($4%. 1*0+59 0-/*&1$J.. $&1.&*-

2$((*C* C&+(%$:  

 Erf = Kr %Eo. (4) 

!56 *B&-0-5-(.6 3*(' 25.6(.6 $&1.&*2$(.6 B* C5+:.(- :'5. 

2'B*5(-(' 0*B*5(.%-59('- .))5-0*2$(.6 ($B&6,-((*-0-/*&1.&*2$(-

(*C* )*)%*6(.6 $&1.&*2$((*C* *)(*2$(.6. 

!*)%*2-&(*)%9 %*C* .5. .(*C* 1-%*0$ &$)8-%$ 1*,-% :'%9 *J-(--

($ 2 &-3+59%$%- )&$2(-(.6 =@)B-&.1-(%$59(* +)%$(*25-(('> 3$2.).1*-

)%-4 ) $($5*C.8('1., B*5+8-(('1. &$)8-%('1 B+%-1. !56 =%*C* ) B*-

1*;97 B&*C&$11' PLAXIS :'5* 2'B*5(-(* 8.)5-((*- 1*0-5.&*2$(.- 

&$:*%' $&1.&*2$(('> *)(*2$(.4 B&. 0-4)%2.. 2-&%.@$59(*4 ).5' ($ 

@&+C5'4 ,-)%@.4 ?%$1B. D.,- &$))1*%&-(' *)(*2('- &-3+59%$%' 

8.)5-(('> .))5-0*2$(.4, $ %$@,- 2'B*5(-(* )&$2(-(.- .> ) =@)B-&.-

1-(%$59('1. 0$(('1..  
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F.).1. L&$/.@. 3$2.).1*)%. @*=//.J.-(%$ Kr *% 1*0+56  

0-/*&1$J.. C&+(%$ . ,-)%@*)%. $&1.&+7;-4 B&*)5*4@. Grf 

#$0$8$ &-?$5$)9 2 +)5*2.6> *)-2*4 ).11-%&... G &$))1$%&.-

2$-1*4 3$0$8- B&.(.1$5.)9 )5-0+7;.- C&$(.8('- +)5*2.6: B* @*(-

%+&+ 2-&>(-4 C&$(.J' B-&-1-;-(.6 (- *C&$(.8.2$7%)6 (U&0, V&0); 

B* 2-&%.@$59('1 C&$(61 *C&$(.8.2$7%)6 B-&-1-;-(.6 2 ($B&$25--

(.. = (U=0, V&0); B* (.,(-4 C&$(.J- B-&-1-;-(.6 *%)+%)%2+7% 

(U=0, V=0). <&. &$)8-%- .)B*593*2$5$)9 «B&*02.(+%$6» 1*0-59 H*-

&$-"+5*($. F$31-&' &$))1$%&.2$-1'> *:5$)%-4 2':.&$5.)9 %$@.1., 

8%*:' C&$(.J' (- 25.65. ($ D!E /+(0$1-(%*2. !$(('- /.3.@*-

1->$(.8-)@.> )2*4)%2 C&+(%$ . 1$%-&.$5*2 B&.2-0-(' 2 %$:5. 2. 

F$)8-% 2-5)6 0* ($C&+3@. NB& = 150 @<$. E%+B-(. ($C&+3@. B*0:.&$-

5.)9 B&*C&$11*4 $2%*1$%.8-)@.. 

!56 .))5-0*2$(.6 D!E $&1.&*2$((*C* *)(*2$(.6 . )&$2(-(.6 

-C* ) (-$&1.&*2$(('1 *)(*2$(.-1 ) B*1*;97 B$@-%$ PLAXIS :'5. 

*B&-0-5-(' 2-&%.@$59('- ($B&6,-(.6 2 $@%.2(*4 3*(- *)(*2$(.6. D$ 

&.). 2 . 3 B&.2-0-(' &-3+59%$%' .))5-0*2$(.6 &$)B&-0-5-(.6 2-&%.-
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@$59('> ($B&6,-(.4 2 $@%.2(*4 3*(- $&1.&*2$(('> . (-$&1.&*2$(-

('> *)(*2$(.4 B&. &$35.8(*4 C5+:.(-. D$ &.). 2 B*@$3$(' 3($8-(.6 

2-&%.@$59('> ($B&6,-(.4 B&. ($C&+3@- ($ ?%$1B 50 @<$, %.-. 2 +B&+-

C*4 )%$0.. &$:*%' C&+(%*2'> *)(*2$(.4, $ ($ &.). 3 – B&. ($C&+3@- ($ 

?%$1B 125 @<$, %.-. B&. +B&+C*B5$)%.8-)@*4 )%$0.. &$:*%'.  

T $ : 5 . J $  2  

-.(/%01$ 2!"#$!%& *%2%'(-0$3"!%#$4'%3 4.(54,.  

678!,(. % 0",$7%"9(. :7% 7"4#$,$ :( ;<= 

U$&$@%-&.)%.@. 
L&+(% 

*)(*2$(.6 

"*(%$@%-

=5-1-(%' 

M&1.&+7;$6 

B&*)5*4@$ 

 0-59('4 2-) C&+(%$ ', @D/13 18,4 18,4 – 

"*=//.J.-(% <+$))*($,# 0,35 0,35 – 

H*0+59 )02.C$ G, @<$ 185 185 – 

H*0+59 0-/*&1$J.. >, @<$ 500 500 – 

 0-59(*- )J-B5-(.- <, @<$ 10 9 – 

 C*5 2(+%&. %&-(.6 (, C&$0 14,0 10,0 – 

O-)%@*)%9 $&1$%+&', @D/1 – – 2100 
 

M($5.3 C&$/.@*2, B&.2-0-(('> ($ &.). 2, -, B*@$3'2$-%, 8%* B&. 

($8$59('> )%+B-(6> ($C&+3@. ($ C5+:.(- &$)B*5*,-(.6 $&1.&+7;-4 

B&*)5*4@. (0,25d) 2-&%.@$59('- ($B&6,-(.6 2 $&1.&*2$((*1 *)(*2$-

(.. 1-(9?-, 8-1 2 (-$&1.&*2$((*1. IB7&$ ($B&6,-(.4 (*).% 62(* 

)-05**:&$3('4 >$&$@%-&, 8%* B*0%2-&,0$-%)6 . &-3+59%$%$1. =@)B-&.-

1-(%*2. E &*)%*1 C5+:.(' =B7&$ 2-&%.@$59('> ($B&6,-(.4 %&$()-

/*&1.&+-%)6 2 2'B+@5+7 (&.). 2, :, #) . ($B&6,-(.6 2 $&1.&*2$((*1 

*)(*2$(.. )%$(*26%)6 (-)@*59@* :*59?-, 8-1 2 (-$&1.&*2$((*1. G J--

5*1 B&. &$:*%- *)(*2$(.4 2 +B&+C*4 )%$0.. &$35.8.- 2 @$8-)%2-((*4 

@$&%.(- =B7& $@%.2('> 2-&%.@$59('> ($B&6,-(.4 (-:*59?*-, 3$ .)-

@578-(.-1 :*5-- 2'&$,-((*4 «)-05*2.0(*)%.» (-$&1.&*2$((*C* *)-

(*2$(.6 ($ C5+:.(- 0,25d. 

<&. ($C&+3@- ($ ?%$1B 125 @<$ (&.). 3) @$8-)%2-(($6 @$&%.($ 

=B7& $@%.2('> 2-&%.@$59('> ($B&6,-(.4 .31-(6-%)6. D$ C5+:.(- 

0,25d =B7&' 2-&%.@$59('> ($B&6,-(.4 B*-B&-,(-1+ .1-7% «)-05**:-

&$3('4» 2.0. G-&%.@$59('- ($B&6,-(.6 2 $&1.&*2$((*1 *)(*2$(.. 

3($8.%-59(* 1-(9?-, 8-1 2 (-$&1.&*2$((*1 *)(*2$(...  

D$ C5+:.(- 0,75d . (.,- =B7&' 2-&%.@$59('> ($B&6,-(.4 

%&$()/*&1.&+7%)6 2 2'B+@5+7 /*&1+. #($8-(.6 2-&%.@$59('> ($-

B&6,-(.4 056 $&1.&*2$((*C* *)(*2$(.6 *)%$7%)6 3$1-%(* 1-(9?.1., 

8-1 056 (-$&1.&*2$((*C* *)(*2$(.6. 
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F.). 2. IB7&' 2-&%.@$59('> ($B&6,-(.4 2 C&+(%- B&. ($C&+3@- 50 @<$:  

- – ($ C5+:.(- 0,25d; : – ($ C5+:.(- 0,75d; # – ($ C5+:.(- 1,25d; 

 – $&1.&*2$((*- *)(*2$(.-;  – (-$&1.&*2$((*- *)(*2$(.- 

D$ C5+:.(- 1,25d 3($8-(.6 2-&%.@$59('> ($B&6,-(.4 056 $&1.-

&*2$((*C* . (-$&1.&*2$((*C* *)(*2$(.4 B&$@%.8-)@. )*2B$0$7%. 

F-3+59%$%' .))5-0*2$(.6 D!E $&1.&*2$((*C* *)(*2$(.6 B*@$3$-

5., 8%* $&1.&+7;$6 B&*)5*4@$ 25.6-% ($ &$)B&-0-5-(.- ($B&6,-(.4 

2 C&+(%- 0* C5+:.(' 1,0–1,25d *% B*0*?2' /+(0$1-(%$. D.,- =%*4 

C&$(.J' ($B&6,-(.6 2 C&+(%- $&1.&*2$((*C* . (-$&1.&*2$((*C* *)-

(*2$(.4 B&$@%.8-)@. )*2B$0$7%. <&.1-1 %*5;.(+ =%*C* $@%.2(*C* 

)5*6 ) 1*0+5-1 0-/*&1$J.. Erf, &$2(*4 d, 056 (-@*%*&*C* 3$B$)$ ) +8--

%*1 %*8(*)%. 2'8.)5-(.6. T*C0$ &$)8-%(+7 )>-1+ 056 *B&-0-5-(.6 

- 

: 

# 
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*)$0@. /+(0$1-(%$ ($ $&1.&*2$((*1 *)(*2$(.. 2 B&*)%-4?-1 )5+8$- 

1*,(* B&-0)%$2.%9 @$@ 02+>)5*4(*- *)(*2$(.-, 2-&>(.4 )5*4 @*%*&*C* 

.1--% %*5;.(+ d . 1*0+59 0-/*&1$J.. Erf, $ (.,(.4 )5*4 .1--% 1*-

0+59 0-/*&1$J.. C&+(%$. G-5.8.(+ Erf 1*,(* *B&-0-5.%9 B* /*&1+5- 

(4) ) B*1*;97 %$:5. 2 .5. C&$/.@*2, B&.2-0-(('> ($ &.). 1. D$ &.). 4 

B&.2-0-($ &$)8-%($6 )>-1$ 056 B&-05$C$-1*4 1-%*0.@. &$)8-%$. 

 

F.). 3. IB7&' 2-&%.@$59('> ($B&6,-(.4 2 C&+(%- B&. ($C&+3@- 125 @<$:  

- – ($ C5+:.(- 0,25d; : – ($ C5+:.(- 0,75d; # – ($ C5+:.(- 1,25d; 

 – $&1.&*2$((*- *)(*2$(.-;  – (-$&1.&*2$((*- *)(*2$(.- 

!56 B&*2-&@. &$:*%*)B*)*:(*)%. B&-05*,-((*4 1-%*0.@. &$)8--

%$ *)$0@. /+(0$1-(%*2 :'5. B&*2-0-(' )&$2(.%-59('- &$)8-%' B* .3-

2-)%('1 1-%*0$1 [1]. 

-

:

#
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F.). 4. E>-1$ 056 &$)8-%$ $&1.&*2$((*C* *)(*2$(.6 

M($5.3 &-3+59%$%*2 B&*2-&@. B*@$3$5, 8%* ($.1-(9?+7 B*C&-?-

(*)%9 2* 2)-1 0.$B$3*(- >$&$@%-&.)%.@ C&+(%*2 .1--% 1-%*0 B*)5*4(*-

C* )+11.&*2$(.6. 

!56 )5$:'> C&+(%*2 ) Rrf  1-(-- 100 @<$ B*C&-?(*)%9 &$)8-%$ 

0*)%.C$-% 17 % 2 )%*&*(+ 3$(.,-(.6 *)$0@.. <*=%*1+ 1-%*0 B*-

)5*4(*C* )+11.&*2$(.6 &-@*1-(0+-%)6 056 C&+(%*2, *:5$0$7;.> 

&$)8-%('1 )*B&*%.25-(.-1 $&1.&*2$((*C* *)(*2$(.6 :*5-- 100 @<$. 

H$@).1$59($6 B*C&-?(*)%9 &$)8-%$ 2 0.$B$3*(- *% 100 0* 200 @<$ 

(- B&-2'?$-% 11 % [2]. 

>:%4(' 9%,$7",871 
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