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 !" 624.131.8 

 .!. "#$%#&, '.!. ()*+,-%#&., /.!. 01+#&.  

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

5(&0!"$&1!1 

!2!345 6 5738(!(/" ( 9(/"/:/ ;<9' 64= 2(!  

'/ 4993 >/"!24? "4@6!A44, 9/5>!"! =/B 

!"(/(6!29'/6(/= 2! ( 664(/644 :/6/>! 

6 $+0"!#!((.3 7+"+/)3 ")$1!1 0+8/!'$10&! 0&9")*&', 0.80)((.3 1")($2+"1(.#& 2+1+-

%)#&, () 7"5(1+0.! +$(+0)(&: & ;5(/)#!(1. 8/)(&' & $++"5<!(&'. 

<$CD*&E* F$#&.: 0&9")*&+((+! 0+8/!'$10&!, &8#!(!(&! $0+'$10 7"5(1+0. 

 

#$%&'()* +, (', -(' ./0),1/* '%+'.,+/2 / 34+5,&$+('. 65,+/2, 

.767.,$&,* ,.('(),+%8')('&, &,9,, '+, (,:;$ &';$( .76.,(< 1$972 

)*5 8)'09$&, +,8)/&$), /6&$+$+/$ %.'2%(. =)4+(, '%+'.,+/*. >,: :,: 

/+($+%/.+'%(< (),+%8')(+'=' 8'(':, . =')'5,? ),%($(, (' / $=' ./0),-

1/'++'$ .'65$2%(./$ 4.$9/-/.,$(%*, 8'@('&4 /%%9$5'.,+/$ ./0),1/-

'++'2 +,=)46:/ +, ($))/(')/A =')'5, %(,+'./(%* ,:(4,9<+7&.  

B,+$$ 079/ .7*.9$+7 8,),&$()7, :'(')7$, 8)$58'9';/($9<+', 

*.9*A(%* '%+'.+7&/ . ./0),1/'++'& .'65$2%(.// ,.('(),+%8')(,. 

" +/& '(+'%*(%* ),%%('*+/$ '( /%('-+/:, 5' ('-:/ /6&$)$+/*, ./5 

(),+%8')(+'=' %)$5%(.,, =$'9'=/-$%:/$ 4%9'./* / (.5. 

!9* 8)'.$5$+/* ($%('.'=' @:%8$)/&$+(, 079/ .70),+7 5., 8,),-

&$(),: ),%%('*+/$ '( /%('-+/:, 5' ('-:/ 6,&$), / ./5 (),+%8')(+'=' 

%)$5%(.,, (,:;$ 079 ..$5$+ 8,),&$() «),%%('*+/$ '( 8'.$)?+'%(/ 6$&-

9/ 5' 5,(-/:,». C,),&$() 8'6.'9*$( /&/(/)'.,(< :)$89$+/$ 5,(-/:, 

+, 4)'.+$ 6$&9/, +, :'+%()4:1// 34+5,&$+(, / +, %($+$ %'')4;$+/*. 

" ?,),:($)/%(/:,&, 8'6.'9*AD/& '1$+/(< 4)'.$+< ./0),1//, 

'(+'%*(%* ./0)'%:')'%(< / ./0)'4%:')$+/$. #, '%+'.,+// ,+,9/6, 

8)'.$5$++7? ),+$$ /%%9$5'.,+/2 [1], [2] 079 %5$9,+ .7.'5 ' .'6&';-

+7? .$9/-/+,? @(/? ?,),:($)/%(/:. >,:;$ +, '%+'.,+// ,+,9/6, %4D$-

%(.4AD/? 8)/0')'. 59* /6&$)$+/* ./0),1// 079 %5$9,+ .7.'5 ' ('&, 

-(' 8)$59,=,$&'$ '0')45'.,+/$ +$ 8'6.'9*$( 8'94-/(< 5'%('.$)+7$ 

)$649<(,(7 /6-6, +$5'%(,('-+'2 -4.%(./($9<+'%(/, 8'@('&4 079' 8)/-

+*(' )$E$+/$ ' %0')$ 4%(,+'.:/, '(.$-,AD$2 @(/& ()$0'.,+/*&. 
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!9* 8)'.$5$+/* @:%8$)/&$+(, 079, %'0),+, 4%(,+'.:,, %'%('*-

D,* /6 5,(-/:, – 8<$6'@9$:()/-$%:'=' 8)$'0),6'.,($9* !#-3F1, 4%/-

9/($9* 6,)*5, BG2731H, ,::4&49*('), 59* 4%/9/($9* 6,)*5,, .+$E+$=' 

&'549* IJC/JIC E14-440 (K ",)5) / +'4(04:,. 

>,:;$ 59* 4%(,+'.:/ 5,(-/:, 079, /6='('.9$+, &$(,99/-$%:,* 

%('2:, 59/+'2 40 %& /6 (,.)'.'=' 8)':,(, 35 &&, /&$AD,* . .$)?+$2 

-,%(/ =')/6'+(,9<+4A 8'9:4 /6 4='9:, 40 &&. L 8'9:$ / %('2:$ %5$9,-

+7 '(.$)%(/* % )$6<0'2 F4,5 59* :)$89$+/* 5,(-/:, % 8'&'D<A ./+('. 

/9/ E8/9$:. #/;+** -,%(< %('2:/ 6,'%()$+,. 

#, +'4(04:$ 4%(,+'.9$+, 8)'=),&&, LGraph2. M+, 8'6.'9*$( 

8)'%&,()/.,(< /+3')&,1/A, %+/&,$&4A 5,(-/:'&, . )$;/&$ )$,9<+'-

=' .)$&$+/, 6,8/%7.,(< $$ +, .+$E+/2 +'%/($9< (8,&*(< +'4(04:,), 

, (,:;$ @:%8')(/)'.,(< 8'94-,$&4A /+3')&,1/A . 3,297 3')&,('. 

*.bmp / *.txt 59* 8'%9$54AD$2 '0),0'(:/.  

J$9<A 8)'.$5$+/* ($%('.'=' @:%8$)/&$+(, 079, ,8)'0,1/* 4%(,-

+'.:/, '1$+:, .'6&';+'%(/ $$ /%8'9<6'.,+/*, , (,:;$ 8'94-$+/$ 

8)$5.,)/($9<+7? 5,++7? 8' 4)'.+A ./0),1//. 

")'&$ ('=', . )$649<(,($ @:%8$)/&$+(, 8)'.$)*9'%< .78'9+$+/$ 

)*5, 8)$58'9';$+/2:  

1. !9* :,;5'=' 4%9'./* .$9/-/+7 /&$A( '(+'%/($9<+' '5/+,:'-

.'$ 6+,-$+/$. 

2. N$& 0'9<E$ &,%%, >O, ($& 0'9<E$ .$9/-/+, 6+,-$+/2. 

3. N$& 5,9<E$ '( /%('-+/:, +,?'5/(%* ('-:,, ($& &$+<E$ .$9/-

-/+, 6+,-$+/2. 

4. N$& 09/;$ 5,(-/: : 8'.$)?+'%(/ 6$&9/, ($& &$+<E$ .$9/-/+, 

6+,-$+/2. 

H:%8$)/&$+( 8)'.'5/9%* +, 49. N:,9'.,, +,8)'(/. :')84%, %()'/-

($9<+'=' 3,:49<($(, C#PC .  9/1, N:,9'., – &,=/%(),9<+,* 49/1, 

'0D$=')'5%:'=' 6+,-$+/*. #, 5,++'& 4-,%(:$ %'%(,. 49/17 . «:),%+7? 

9/+/*?» %9$54AD/2: ()/ 8'9'%7 5./;$+/* . :,;5'& +,8),.9$+//, 1$+-

(),9<+,* ),65$9/($9<+,* 8'9'%, . ./5$ =,6'+,, ()'(4,)7, '(5$9$++7$ '( 

8)'$6;$2 -,%(/ ),65$9/($9<+7&/ 8'9'%,&/ (=,6'+,&/).  

L %'%(,. (),+%8')(+'=' 8'(':, 8' 49. N:,9'., .?'5*( 9$=:'.7$ 

,.('&'0/9/, =)46'.7$ ,.('&'0/9/ / ,.('04%7. !'9* 9$=:'.'=' (),+%-

8')(, – 80 %, =)46'.'=' – 3 %, ,.('04%'. – 4 %, ,.('&'0/9$2 (/8, «=,-

6$9<» – 13 %. !,++7$ 8)/.$5$+7 59* :),2+$2 8),.'2 8'9'%7 +,8),.-

9$+/* 49. O(,?,+'.%:,* – 49. O(,)1$.,. 
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O)$5+** %:')'%(< 5./;$+/* (),+%8')(+'=' 8'(':, – 30 :&/- 

(%:')'%(< 8'(':, %'%(,.9*$( 0–50 :&/-). 

Q,&$)7 8)'/6.'5/9/%< 8)/ 5./;$+// (),+%8')(, 8' 09/;,2E$2 

8'9'%$. C)/ @('& +, 5)4=/? 8'9'%,? (),+%8')(, +$ 079'. 

O'%(,. 8)'$6;$2 -,%(/ . '5+'& +,8),.9$+// (8' +,8),.9$+/A 

5./;$+/*, %9$., +,8),.'):  

1) 8)$5'?),+/($9<+,* 8'9'%, – 0,5 &; 

2) 5.$ 8'9'%7 59* 5./;$+/* '%+'.+'=' 8'(':, – 8' 3,75 &; 

3) 8'9'%, 59* 5./;$+/* =)46'.'=' / '0D$%(.$++'=' (),+%8')(,, 

(,:;$ 8)$5+,6+,-$++,* 59* 8'.')'(, +,8),.', – 4 &; 

4) 8)$5'?),+/($9<+,* 8'9'%, – 0,5 &. 

C)/ 8)'.$5$+// @:%8$)/&$+(, %('2:, 4%(,+,.9/.,9,%< +, ),%-

%('*+// 0,3; 5 / 10 & '( 8)'$6;$2 -,%(/.  

L$9/-/+, &/+/&,9<+'=' ),%%('*+/* '04%9'.9$+, ($&, -(' . 1$+-

(),9<+'2 -,%(/ =')'5, &/+/&,9<+'$ ),%%('*+/$ '( /%('-+/:, ./0),-

1// ('%/ (),+%8')(+'=' %)$5%(.,) 5' 65,+/2 %'%(,.9*$( 2,5–3 &.  

L$9/-/+, &,:%/&,9<+'=' ),%%('*+/* '04%9'.9$+, +$'0?'5/&'-

%(<A '1$+:/ 4)'.+* ./0),1// +$8'%)$5%(.$++' .09/6/ 65,+/*, , (,:;$ 

8)'.$):/ 3,:(, 6,(4?,+/* :'9$0,+/2 +, ),%%('*+// 0'9$$ 20 & '( /%-

('-+/:, (%'=9,%+' /%%9$5'.,+/*& .'65$2%(./* %.,2+7? ),0'( +, %4D$-

%(.4AD4A 6,%()'2:4). 

C)'&$;4('-+7$ 6+,-$+/* 8)/+*(7 59* 8'94-$+/* 5,++7? 59* 

%),.+$+/*, .$9/-/+7 8)'&$;4('-+7? 6+,-$+/2 ),%%('*+/2 8)/+*(7 

. 6,./%/&'%(/ '( .$9/-/+7 8,),&$()'. 49/17 – E/)/+7 =,6'+, / ()'-

(4,),. 

>,: :,: . 5,9<+$2E$& 89,+/)4$(%* /%%9$5'.,+/$ ./0),1// 34+-

5,&$+('. 65,+/2 / %'')4;$+/2, (' . ($%('.'& @:%8$)/&$+($ +$'0?'5/-

&' /%%9$5'.,(< 4)'.$+< ./0),1// +, &/+/&,9<+'2 '( 6$&9/ .7%'($. 

M5+,:' +$ .%$=5, $%(< .'6&';+'%(< :)$89$+/* 5,(-/:, +$8'%)$5%(.$+-

+' +, 34+5,&$+(, 8'@('&4 +$'0?'5/&' /%%9$5'.,(< .9/*+/$ .7%'(7 

:)$89$+/* 5,(-/:, +, /6&$+$+/* 8,),&$()'. ./0),1//. 

R940/+, 6,0/.:/ %('2:/ /6&$+*9,%< / %'%(,.9*9, 5, 10 / 25 %& ('( 

8'.$)?+'%(/ 6$&9/ 5' 8'9:/).  

F,:%/&,9<+,* =940/+, 6,0/.:/ '04%9'.9$+, +$'0?'5/&'%(<A 

/&/(,1// /%%9$5'.,+/* +$8'%)$5%(.$++' :'9$0,+/2 34+5,&$+(,, 

&/+/&,9<+,* – .'6&';+'%(<A :)$89$+/* 5,(-/:, +, :'+%()4:1// 

65,+/*, 8)'&$;4('-+'$ 6+,-$+/$ 8'6.'9/( 8'94-/(< 5,++7$ 59* 

%),.+$+/*. 
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Q,&$)7 8)'/6.'5/9/%< 8)/ 5,(-/:$, 6,:)$89$++'& . 5.4? 8'9'-

;$+/*? – .$)(/:,9<+' / =')/6'+(,9<+'. !,(-/: :)$8/9%* .$)(/:,9<+' 

+, ./+( /9/ 8)/:9$/.,9%* +, 5.4?%(')'++AA 9/8:4A 9$+(4, =')/6'+-

(,9<+' – % 8'&'D<A ./+(,. C)/ .$)(/:,9<+'& :)$89$+// 5,(-/: 3/:-

%/)4$( .$)(/:,9<+4A %'%(,.9*AD4A :'9$0,+/2, 8)/ =')/6'+(,9<+'& – 

=')/6'+(,9<+4A. 

L 8'(':$ (),+%8')(, .75$9*9/%< / 3/:%/)'.,9/%< 9$=:'.7$ ,.-

('&'0/9/, ,.('&'0/9/ (/8, «=,6$9<», =)46'.7$ ,.('&'0/9/ / ,.('04-

%7. "9,%%/3/:,1/* (),+%8')(+7? %)$5%(. '04%9'.9$+, /? &,%%'2 

(.&$%($ % =)46'&). 

O'=9,%+' 8)/+1/8,& &,($&,(/-$%:'2 %(,(/%(/:/ 59* 8'94-$+/* 

5'%('.$)+7? 5,++7? +$'0?'5/&' 8)'.$%(/ %$)/A +$ &$+$$ -$& /6 ()$? 

'87('. 8)/ '5/+,:'.7? 4%9'./*?, 8'@('&4 . :,;5'2 ('-:$ 8)/ :,;5'2 

=940/+$ 6,0/.:/ 8)'.'5/9'%< 8*(< 6,&$)'. 8' '(5$9<+7& ./5,& 

(),+%8')(,. L '(5$9<+7? %94-,*? :'9/-$%(.' 6,&$)'. )'.+*9'%< ()$&.  

P6&$)$+/* 8)'.'5/9/%< 8)/ 8'5?'5$ >O, $=' 8)'$65$ &/&' 5,(-

-/:, / 45,9$+//. >,:;$ /6&$)$+/* 8)'.'5/9/%< 8)/ %('*+// (),+%-

8')(, . 6,('),?. !9* 8'94-$+/* 0'9<E$=' -/%9, 5,++7? 6,&$)7 8)'/6-

.'5/9/%< :,;57$ 0,001 %.  

L )$649<(,($ @:%8$)/&$+(, 079 8'94-$+ &,%%/. 5,++7?, '0),0'(-

:, / ,+,9/6 :'(')7? 8'6.'9*$( '1$+/(< .'6&';+'%(/ 8)/&$+$+/*  

4%(,+'.:/ 59* 5,9<+$2E/? /%%9$5'.,+/2, , (,:;$ .7*./(< 6,:'+'&$)-

+'%(/ . +/?. 

C)/ 8)'.$5$+// @:%8$)/&$+(, 8)/&$+*9'%< '0')45'.,+/$, 8)$-

'0),64AD$$ &$?,+/-$%:/$ :'9$0,+/* . @9$:()/-$%:/$, 8'@('&4 . )$-

649<(,($ 079/ 8'94-$+7 5,++7$ . ./5$ :'9$0,+/2 +,8)*;$+/*. 

!9* ,+,9/6, +$'0?'5/&' 8$)$.$%(/ 8'94-$++7$ /6&$+$+/* +,8)*;$+/* 

. ./0)'4%:')$+/$. "'@33/1/$+( 8)$'0),6'.,+/* – 10 L = 1 &/%
2
.  

>,: :,: 8'94-,$&7$ 6+,-$+/* '(+'%/($9<+7, (' 59* ,+,9/6, +$-

'0?'5/&' 8'94-/(< ,0%'9A(+7$ 6+,-$+/*. !9* @('=' '8)$5$9*A(%* ,0-

%'9A(+7$ 6+,-$+/* ),6+'%(/ 6+,-$+/2. >,:;$ 079' '8)$5$9$+' %)$5-

+$$ /6 8'94-$++7? ,0%'9A(+7? 6+,-$+/2. #/;$ 8)/.$5$+7 )$649<(,(7 

'0),0'(:/ 5,++7?. 

I+,9/6 8'94-$++7? 5,++7? 8':,6,9, -(' %'0),++,* 4%(,+'.:, 

8'6.'9*$( 3/:%/)'.,(< .$)(/:,9<+7$ / =')/6'+(,9<+7$ %'%(,.9*A-

D/$. M5+,:' 8'5(.$)5/(< /9/ '8)'.$)=+4(< .75./+4(7$ =/8'($67 8'-

:, +$.'6&';+' – +$( -$(:' 8)'%9$;/.,AD$2%* 6,:'+'&$)+'%(/ . 8'-

94-$++7? )$649<(,(,?. 
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B$649<(,(7 '0),0'(:/ 5,++7? ($%('.'=' @:%8$)/&$+(, 
 

B
,%
%(

. 
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( 
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('
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, 
5
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5
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,,
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&
9
/

 5
'

  

5
,(
-
/
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,,

 %
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L/5 (),+%8. 
%)$5%(., 

O). 6+,-. 
L/0)'4%:')$+/$, 

&/%2 
% '(  

8)'=+'6, 

I.('04% 0,00031 0,00003098 10,3 

I/& «=,6$9<» 0,000306 0,00003060 10,2 

R)46'.'2 ,/& 0,000313 0,00003131 10,4 
0,30 5 

K$=:'.'2 ,/& 0,001656 0,00016557 55,2 

I.('04% 0,000772 0,00007725 25,8 

I/& «=,6$9<» 0,000859 0,00008588 28,6 

R)46'.'2 ,/& 0,011447 0,00114467 381,6 
0,30 10 

K$=:'.'2 ,/& 0,000551 0,00005507 18,4 

I.('04% 0,000704 0,00007044 23,5 

I/& «=,6$9<» 0,000453 0,00004530 15,1 

R)46'.'2 ,/& 0,000742 0,00007417 24,7 
0,30 25 

K$=:'.'2 ,/& 0,000331 0,00003312 11,0 

I.('04% 0,000711 0,00007115 23,7 

I/& «=,6$9<» 0,000989 0,00009889 32,9 

R)46'.'2 ,/& 0,000913 0,00009132 30,4 
5 5 

K$=:'.'2 ,/& 0,000907 0,00009072 30,2 

I.('04% 0,000843 0,00008433 28,1 

I/& «=,6$9<» 0,000731 0,00007307 24,4 

R)46'.'2 ,/& 0,000745 0,00007452 24,8 
5 10 

K$=:'.'2 ,/& 0,000641 0,00006414 21,4 

I.('04% 0,000288 0,00002879 9,6 

I/& «=,6$9<» 0,000286 0,00002863 9,5 

R)46'.'2 ,/& 0,000418 0,00004180 13,9 
5 25 

K$=:'.'2 ,/& 0,000304 0,00003045 10,2 

I.('04% 0,00305 0,00030499 101,7 

I/& «=,6$9<» 0,000291 0,00002913 9,7 

R)46'.'2 ,/& 0,000221 0,00002209 7,4 
10 5 

K$=:'.'2 ,/& 0,000276 0,00002758 9,2 

I.('04% 0,00028 0,00002805 9,4 

I/& «=,6$9<» 0,000291 0,00002910 9,7 

R)46'.'2 ,/& 0,00029 0,00002902 9,7 
10 10 

K$=:'.'2 ,/& 0,00021 0,00002103 7,0 

I.('04% 0,000295 0,00002953 9,8 

I/& «=,6$9<» 0,00032 0,00003201 10,7 

R)46'.'2 ,/& 0,000455 0,00004546 15,2 
10 25 

K$=:'.'2 ,/& 0,000249 0,00002488 8,3 
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")'&$ ('=', 8'94-$++7$ .$9/-/+7 ./0)'4%:')$+/* 6+,-/($9<+' 

&$+<E$ 8)$58'9,=,$&7?, 8'94-$++7? . )$649<(,($ ),+$$ 8)'.$5$++7? 

/%%9$5'.,+/2 [1], [2]. 

L 5,9<+$2E$& 89,+/)4$(%* 8)'.$5$+/$ 0'9$$ ),6.$)+4('=' @:%-

8$)/&$+(,, 8'94-$+/$ 0'9<E$=' -/%9, 5,++7?, :'(')7$ 5,54( 0'9<E$ 

.'6&';+'%($2 59* %),.+$+/* )$649<(,('.. 

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

1. S/=,9/+ I.!., K':E/+ R.C. T')&/)'.,+/$ ./0),1/'++'=' 8'-

9* . =$'9'=/-$%:'2 %)$5$ // P+;$+$)+,* =$'9'=/*. – 1991. – U 6. – 

O. 110–119. 

2. K':E/+ R.C. >$?+'=$++'$ 8'9$ ./0),1// / $=' .'65$2%(./$ +, 

=$'9'=/-$%:4A %)$54 =')'5%:/? ($))/(')/2: ,.(')$3. 5/%. … :,+5. 

($?+. +,4:. – F., 2004. – 24 %. 

 

C'94-$+' 12.09.2011 


