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 !" 624.139.9 

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

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

5(&0!"$&1!1 

"012(232456 01"74"!849: : 1 ;8215!85; 

)2"!54828572!;5: < 8215 3"= 

6)$$#+1"!(. 2"+7,!#. &$2.1)(&8 9!+$&(1!1&4!$%&3 #)1!"&),+0 () 2"+4(+$1- /,8 "!-

:!(&8 ;)/)4 +21&#),-(+9+ 2"+!%1&"+0)(&8 )"#&"+0)((.3 +$(+0)(&'. 

;+>$?#@? A+'#%: 9!+$&(1!1&4!$%&' #)1!"&),, &$2.1)(&8 () ");".0. 

 

#$% &'$(%')*+&',) -./0%1 % &(($23)0%1 0/ ')$$%'($%% #)$4&5(-

6( 5$/7 0)(89(.%4( 2:%';,/'+ ,(-4(30(&'+ ,(-0%50(,)0%7 -0/:%')*+-

0;9 ,)$'%5/*+0;9 .)<($4/=%1 6$20'(,(6( 4/&&%,/, 5('($;) >(7,*7-

?'&7 0/ &*/8;9 6$20'/9 % >$% (8$/-(,/0%% 5/$&'(,;9 % ')90(6)00;9 

>$(,/*(,. 

#$).(',$/@)0%) /,/$%10;9 &%'2/=%1 , A'%9 &*2:/79 ,(-4(30( 

'(*+5( >$% (&2@)&',*)0%% $7./ 4)$(>$%7'%1, 5 5('($;4 4(30( ('0)-

&'% 5(0&'$25'%,0;) 4)'(.;: -/4)02, 2>*('0)0%), -/5$)>*)0%) % /$4%-

$(,/0%) 6$20'(,. "/3.;1 %- A'%9 4)'(.(, 2*2:B)0%7 6$20'(,;9 (&0(-

,/0%1 %4))' &,(% >$)%42@)&',/ % 0).(&'/'5%.  

C.0%4 %- &/4;9 $/&>$(&'$/0)00;9 &>(&(8(, .*7 2,)*%:)0%7 0)-

&2@)1 &>(&(80(&'% % &0%3)0%7 .)<($4/'%,0(&'% 6$20'(,;9 (&0(,/-

0%1 7,*7)'&7 /$4%$(,/0%) 6$20'(,;9 4/&&%,(, & >(4(@+? 6)(&%0')-

'%:)&5%9 4/')$%/*(,. D,7-/0( A'( & ')4, :'( '/5() $)B)0%) >(-,(*7)' 

.*7 2&'$(1&',/ (&0(,/0%1 %&>(*+-(,/'+ 4)&'0;) 4/')$%/*;. E/$/5')-

$%&'%5% 6$20'(,, (8*/./?@%9 >$(:0(&'+? 0/ &3/'%) % &.,%6, 

0( 0) (8*/./?@%9 >$(:0(&'+? 0/ $/&'73)0%), 4(62' 8;'+ -0/:%')*+0( 

2*2:B)0; >2')4 ,,).)0%7 2>$(:07?@%9 A*)4)0'(, , 0/>$/,*)0%% ('-

0(&%')*+0(1 .)<($4/=%% $/&'73)0%7 '/5%4 3) (8$/-(4, 5/5 % , 3)*)-

-(8)'(0). F$4%$(,/00;1 6$20' (8*/./)' '/5%4% 9/$/5')$%&'%5/-

4%, 5('($;) .)*/?' )6( >$%6(.0;4 .*7 ,(-,).)0%7 %03)0)$0;9 &(-

($23)0%1.  

G0/:%')*+0;1 A5(0(4%:)&5%1 A<<)5' >$% ,(-,).)0%% <20./4)0-

'(, 0/ /$4%$(,/00;9 (&0(,/0%79 >(*2:/?' -/ &:)' &0%3)0%7 -/'$/' 0/ 

.(&'/,52 4/')$%/*(,, &2@)&',)00(6( 24)0+B)0%7 (8H)4(, $/8('. I)-
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4/*(,/30;4 </5'($(4 7,*7)'&7 >(,;B)0%) 8)-(>/&0(&'% A5&>*2/'/-

=%% &(($23)0%1 0/ /$4%$(,/00;9 6$20'(,;9 (&0(,/0%79 [1]. 

J 0/&'(7@)) ,$)47 , 4%$) >$(,(.%'&7 .(&'/'(:0( 40(6( %&&*)-

.(,/0%1 >( >$%4)0)0%? $/-*%:0;9 6)(&%0')'%:)&5%9 4/')$%/*(, .*7 

2&%*)0%7 (&0(,/0%1. C.0(1 %- ,/30)1B%9 -/./: >$% >$(,).)0%% %&-

&*).(,/0%1 7,*7)'&7 (>$).)*)0%) ,*%70%7 9/$/5')$%&'%5 6)(&%0')'%-

:)&5%9 4/')$%/*(, 0/ &,(1&',/ /$4%$(,/00(6( 6$20'/ [2], [3]. 

!*7 &0%3)0%7 .)<($4/'%,0(&'% (&0(,/0%1 >$% /$4%$(,/0%% ,/3-

0)1B)1 9/$/5')$%&'%5(1 7,*7)'&7 >$(:0(&'+ 6)(&%0')'%:)&5(6( 4/')-

$%/*/ 0/ $/-$;,. K)(&%0')'%:)&5%) 4/')$%/*; (8*/./?' .(&'/'(:0( 

8(*+B%4 ('0(&%')*+0;4 2.*%0)0%)4 0/ $/-$;, (.( 10 %). G/,%&%4(&'+ 

('0(&%')*+0(6( 2.*%0)0%7 (' $/&'76%,/?@)6( 2&%*%7 7,*7)'&7 0)*%-

0)10(1. "/5 >(5/-/*% %&&*).(,/0%7, >$(,).)00;) 0/ 5/<).$) &'$(%-

')*+0(6( >$(%-,(.&',/, 2:)' A'(1 -/,%&%4(&'% >(-,(*7)' 8(*)) $/=%(-

0/*+0( >(.8%$/'+ 6)(&%0')'%:)&5%) 4/')$%/*; .*7 2&%*)0%7 (&0(,/0%1. 

D,7-/0( A'( & ')4, :'( .*7 $/&:)'(, /$4%$(,/00;9 (&0(,/0%1 >$%4)07-

?'&7 :%&*)00;) 4)'(.; (0/>$%4)$, >$(6$/44/ Plaxis), >$% %&>(*+-(,/-

0%% 5('($;9 '$)82)'&7 -0/0%) 3)&'5(&'% 0/ $/-$;, 6)(&%0')'%:)&5(6( 

4/')$%/*/ G ('/53) ,&'$):/)'&7 0/-,/0%) «0($4/*+0/7 3)&'5(&'+ 6)(-

&%0')'%:)&5(6( 4/')$%/*/»), 5('($/7 (>$).)*7)'&7 0/ (.%0 >(6(00;1 

4)'$ B%$%0; 4/')$%/*/ (5I/4). G0/:)0%) 3)&'5(&'% G 5/5 $/- % -/,%&%' 

(' ('0(&%')*+0(6( 2.*%0)0%7 >$% $/&'76%,/?@%9 2&%*%79 

,
F

G EA
l

l

  
!" #

$ %
& '

 

6.) E – 4(.2*+ 2>$26(&'% 6)(&%0')'%:)&5(6( 4/')$%/*/; A – >*(@/.+ 

>(>)$):0(6( &):)0%7 6)(&%0')'%:)&5(6( 4/')$%/*/; F – $/&'76%,/?@)) 

2&%*%) , 6)(&%0')':)&5(4 4/')$%/*); 
l

l

!
 – ('0(&%')*+0() 2.*%0)0%) 

6)(&%0')'%:)&5(6( 4/')$%/*/. 

C8;:0( 3)&'5(&'+ G (>$).)*7)'&7 >$% $/-$;,) 6)(&%0')'%:)&5(-

6( 4/')$%/*/. "/5 >(5/-;,/?' >$(,).)00;) $/0)) %&&*).(,/0%7 % /0/-

*%- 6$/<%5(, -/,%&%4(&'% ('0(&%')*+0(6( 2.*%0)0%7 6)(&%0')'%:)-

&5(6( 4/')$%/*/ (' $/&'76%,/?@)6( 2&%*%7 ($%&. 1), >$% 4)0+B%9 $/&-

'76%,/?@%9 2&%*%79 </5'%:)&5() -0/:)0%) 3)&'5(&'% G 8(*+B), :)4 

>$% $/-$;,0;9 2&%*%79. 
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L)*+? >*/0%$2)4;9 %&&*).(,/0%1 7,*7)'&7 (=)05/ ,*%70%7 3)-

&'5(&'% 6)(&%0')'%:)&5(6( 4/')$%/*/ 0/ $/-$;, G 0/ %-4)0)0%) 0/-

>$73)00(-.)<($4%$(,/00(6( &(&'(70%7 /$4%$(,/00(6( 6$20'(,(6( 

4/&&%,/ , -/,%&%4(&'% (' ,(-0%5/?@%9 , /$4%$2?@)1 >$(&*(15) $/&-

'76%,/?@%9 2&%*%1. 

!*7 .(&'%3)0%7 >(&'/,*)00(1 =)*% 0)(89(.%4( $)B%'+ &*).2?-

@%) -/./:%: 

1. #$(,)&'% %&>;'/0%7 6)(&%0')'%5% 0/ $/-$;, % >(&'$(%'+ 6$/-

<%5% -/,%&%4(&'% ('0(&%')*+0(6( 2.*%0)0%7 4/')$%/*/ (' $/&'76%-

,/?@)6( 2&%*%7. 

2. #$(,)&'% :%&*)00() 4(.)*%$(,/0%) /$4%$(,/00(6( 6$20'(,(6( 

4/&&%,/ % (>$).)*%'+ %-4)0)0%) 0/>$73)00(-.)<($4%$(,/00(6( &(-

&'(70%7 , -/,%&%4(&'% (' 3)&'5(&'% 6)(&%0')'%:)&5(6( 4/')$%/*/ 0/ 

$/-$;, G. 
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M%&. 1. #$%4)$ -/,%&%4(&'% ('0(&%')*+0(6( 2.*%0)0%7  

6)(&%0')'%:)&5(6( 4/')$%/*/ 
l

l

!
 (' $/&'76%,/?@)6( 2&%*%7 F 

!*7 $)B)0%7 >)$,(1 -/./:% 0)(89(.%4( >$(,)&'% &)$%? A5&>)-

$%4)0'(, 0/ %&>;'/')*+0(1 $/-$;,0(1 4/B%0) MT 136 ($%&. 2).  
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N/B%0/, ,;>2&5/)4/7 >( KCDO 

28840–90 % O  4271-00-42294599–06, 

>(-,(*7)' %-4)$7'+ &%*2 (0/6$2-52) 

% .)<($4/=%% (2.*%0)0%)) >$% %&>;'/-

0%79 0/ $/&'73)0%), &3/'%) % %-6%8 0/ 

(8$/-=/9 5(0'$(*%$2)4(6( (0%'%, *)0'), 

')5&'%*+0(1 '5/0%, >$(,(*(5), >*)05), 

>*/&'4/&&), $)-%0), :)$0;9 % =,)'0;9 

4)'/**/9 % .$26%9 4/')$%/*/9 , >$).)-

*/9 ')90%:)&5%9 ,(-4(30(&')1 4/B%-

0;) 4/')$%/*/. #$%0=%> .)1&',%7 4/-

B%0; (&0(,/0 0/ >$)(8$/-(,/0%% &%*(-

%-4)$%')*+0;4 ')0-($)-%&'($0;4 ./'-

:%5(4 &%*; 0/'73)0%7, >$%*(3)00(1 

5 %&>;';,/)4(42 (8$/-=2, , /0/*(6(-

,;1 A*)5'$%:)&5%1 &%60/*, %-4)07?-

@%1&7 >$(>($=%(0/*+0( &%*) 0/'73)-

0%7 %&>;';,/)4(6( (8$/-=/. !/*)) 

A*)5'$%:)&5%1 &%60/* >(./)'&7 0/ 8*(5 /0/*(6(,(-=%<$(,(6( >$)(8$/-

-(,/')*7, 6.) /0/*(6(,;1 &%60/* >$)(8$/-(,;,/)'&7 , =%<$(,(1 5(., 

5('($;1 >)$)./)'&7 , 4%5$(>$(=)&&($0;1 >$%8($ %*% PJN.  >$/,*)-

0%) 4/B%0(1 >$(%&9(.%' , >(*2/,'(4/'%:)&5(4 $)3%4). J$2:02? 

(&2@)&',*7)'&7 -/>$/,5/ %&>;'2)4(1 >$(8; , -/9,/';. I)>(&$).&'-

,)00( 2>$/,*)0%) $/8('(1 4/B%0; (&2@)&',*7)'&7 >$(6$/44(1 «M/--

$;,0/7 4/B%0/», 5('($/7 2&'/0/,*%,/)'&7 0/ 4%5$(>$(=)&&($0;1 

>$%8($ %*% PJN. #$(6$/44/ -/./)' &5($(&'+ >)$)4)@)0%7 2>$/,-

*7?@)6( -/9,/'/, $)6%&'$%$2)' 2.*%0)0%) (8$/-=/, >$%5*/.;,/)4;) 

2&%*%7. 

!*7 >$(,).)0%7 :%&*)00;9 %&&*).(,/0%1 82.)' %&>(*+-(,/'+&7 

>/5)' >$(6$/44 .*7 6)(')90%:)&5%9 $/&:)'(, Plaxis 2D % 6)(')90%:)-

&5%1 4(.2*+ >$(6$/44; SOFiSTiK, *%=)0-%(00;) 5(>%% 5('($;9 

%4)?'&7 0/ 5/<).$) &'$(%')*+0(6( >$(%-,(.&',/. 

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

1. G(*('(-28(, !.K., #(0(4/$), F.Q. M)-2*+'/'; A5&>)$%4)0'/*+-

0;9 %&&*).(,/0%1 /$4%$(,/00;9 (&0(,/0%1 0/ 5/$&'((>/&0;9 ')$$%-

'($%79 // F5'2/*+0;) 0/2:0(-')90%:)&5%) >$(8*)4; &(,$)4)00(1 6)(-

M%&. 2. R&>;'/')*+0/7 4/B%0/ 

MT 136 
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')90%5%: 4)3,2-. &8. '$2.(,: , 2 '. – O. 1 / D/05'-#)')$82$6. 6(&. /$-

9%'.-&'$(%'. 20-'. – D#8., 2009. 

2. G(*('(-28(, !.K., #(0(4/$), F.Q. P5&>)$%4)0'/*+0;) %&&*)-

.(,/0%7 /$4%$(,/00;9 (&0(,/0%1 >$% >$(,/*/9 6$20'/ // J)&'0%5 6$/-

3./0&5%9 %03)0)$(,. – 2009. – S 2 (19). 

3. #(0(4/$), F.Q., G(*('(-28(, !.K. J*%70%) 6*28%0; -/*(3)0%7 

/$4%$2?@)6( 4/')$%/*/ 0/ 0)&2@2? &>(&(80(&'+ (&0(,/0%7 >$% >$(-

,/*/9 6$20'/ // J)&'0%5 6$/3./0&5%9 %03)0)$(,. – 2010. – S 2 (23). – 

D. 100–104. 
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