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Structure changes of monocrystals represents the fundamental phenomenon and is observed in 
crystals with various type of a lattice at the most different schemes and modes of plastic deformation. 
After introduction by Taylor, Orovan and Poljani in 1934 of concept of a disposition, the defective crystal 
structures in the majority of works is understood as a spatial arrangement of dispositions. Dislocation 
structures type of a material defines  its mechanical characteristics. Therefore the works devoted to 
studying processes of evolution dislocation structures of crystals are perspective. This paper presents 
an attempt of evaluation defective structure processes investigation. 

#$%&'&'(& )*+,-*,+. %/'/-+()*011/2 3+&4)*0215&* )/6/7 8,'40%&'-

*019'/& 521&'(& ( '061:40&*)5 2 -+()*0110; ) +0$1(<'.% *(3/% +&=&*-(

3+( )0%.; +0$'.; );&%0; ( +&>(%0; 310)*(<&)-/7 4&8/+%0?((. @/)1& 22&-

4&'(5 A&71/+/%, B+/20'/% ( @/15'9( 2 1934 C/4, 3/'5*(5 4()1/-0?(( 3/4

4&8&-*'/7 )*+,-*,+/7 -+()*011/2 2 6/19=(')*2& +06/* 3/'(%0&*)5 3+/-

)*+0')*2&''/& +0)3/1/>&'(& 4()1/-0?(7, (%&''/ *(3 4()1/-0?(/''/7

)*+,-*,+. %0*&+(010, /3+&4&1&'(& &C/ %&;0'(<&)-(; %0-+/)-/3(<&)-(; ;0-

+0-*&+()*(-. @/D*/%, 3&+)3&-*(2'.%( 5215:*)5 +06/*., 3/)25E&''.& ($,-

<&'(: 3+/?&))/2 D2/1:?(( 4()1/-0?(/''/C/ )*+/&'(5 -+()*011/2. F 40''/7

+06/*& 3+&43+('5*0 3/3.*-0 ())1&4/20'(5 3+/?&))/2 ($%&'&'(5 4&8&-*'/7

)*+,-*,+. %0*&+(010 ) 3/%/E9: %/4&1( 4()1/-0?(/''/7 4('0%(-(.

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

G0 )&C/4'5='(7 4&'9 '0(6/1&& +0)3+/)*+0'&''.% %&*/4/% ($,<&'(5

4()1/-0?(/''.; )*+,-*,+, 3/1,<&''.; 2 ;/4& D-)3&+(%&'*0, 2)& &E& /)*0&*-

)5 2($,019'/& ($,<&'(& ($/6+0>&'(7, 3/1,<&''.; ) 3/%/E9: D1&-*+/''/7

%(-+/)-/3((. !0''.7 %&*/4 3+(%&'5&*)5 415 */'-(;, )3&?(019'/ ($C/*/2-

1&''.; )+&$/2 %&*0110. F/1'., 3+/;/45 <&+&$ */'-,: %&*011(<&)-,: 8/19-

C,, <0)*(<'/ 4(8+0C(+,:* '0 -+()*011(<&)-/7 +&=&*-&, /*+0>05)9 /* &&

0*/%'.; 31/)-/)*&7 3/ $0-/', F,1980 – H+DCC0 ( /*-1/'55)9 3+( D*/% /* '0-

3+021&'(5 3&+2(<'/C/ 3,<-0. #'*&')(2'/)*9 3,<-0 1,<&7, 3+/=&4=(; <&+&$

8/19C, ( ,$-,: 4(08+0C%,, /*)&-0:E,: /*-1/'(2=(&)5 1,<(, +02'0 +0$'(?&

('*&')(2'/)*( 3&+2(<'/C/ ( 4(8+0C(+/20''.; 1,<&7. @+( D*/% 4()1/-0?((

3+/5215:*)5 2 2(4& *&%'.; 1('(7 (+(). 1).  
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@/)1& 3/1,<&'(5 ($/6+0>&'(5

%/>'/ /3+&4&1(*9 4()1/-0?(/'',:

)*+,-*,+,, 0 *0->& +0))<(*0*9 /)'/2-

'.& 30+0%&*+. 4()1/-0?(/''/C/ )*+/&-

'(5 %0*&+(010. " )/>01&'(:, 40''.7

3/4;/4 2&)9%0 *+,4/&%/- ( '& 3/$2/-

15&* ($,<0*9 /6I&%'.& 4()1/-0?(/'-

'.& ),6)*+,-*,+..

A&% '& %&'&& '0 )&C/4'5='(7

%/%&'* D1&-*+/''05 %(-+/)-/3(5 52-

15&*)5 &4(')*2&''.% %&*/4/%, 3/$2/-

15:E(% /3+&4&15*9 *(3 4&8&-*'/7

)*+,-*,+. %0*&+(010 [2]. 

5#!))(6(+!,(7 %()#*+!,(*''84 )319+391 [1–4]

B6E&3+($'0''.% '0 )&C/4'5='(7 4&'9 5215&*)5 +0$4&1&'(& 4()1/-0-

?(/''.; )*+,-*,+ '0 '($-/D'&+C&*(<&)-(& ( 2.)/-/D'&+C&*(<&)-(&; )//*2&*-

)*2&''/, -10))(8(-0?(/''.% 3+($'0-/% 5215&*)5 D'&+C(5 D*(; )*+,-*,+.

@/)-/19-, '0 3+0-*(-& 2 3+/?&))0; ;/1/4'/7 /6+06/*-( %0*&+(01/2 4021&-

'(&% '($-/D'&+C&*(<&)-(& )*+,-*,+. 2)*+&<0:*)5 C/+0$4/ <0E&, 2 4019'&7-

=&% +&<9 3/74&* (%&''/ / '(;. B)'/2'/7 /)/6&''/)*9: 2)&; '($-/D'&+C&*(-

<&)-(; )*+,-*,+ 5215&*)5 */, <*/ 4()1/-0?(( 2 D*(; )*+,-*,+0; )*+&%5*)5 $0-

'5*9 *0-/& 3+/)*+0')*2&''/& 3/1/>&'(&, 3+( -/*/+/% D'&+C(5 3/15 ,3+,C(;

'03+5>&'(7 6.10 6. %('(%019'0.

F*/+.% /6E&3+('5*.% -+(*&+(&% 415 4()1/-0?(/''.; )*+,-*,+ 5215-

&*)5 '01(<(& (1( /*),*)*2(& 2$0(%'/7 +0$/+(&'*(+/2-( /*4&19'.; 3/4/610-

)*&7 %0*&+(010 4+,C /*'/)(*&19'/ 4+,C0. @/521&'(& +0$/+(&'*(+/20''.;

)*+,-*,+ 2 %0*&+(01& )2(4&*&19)*2,&* / '0<01& 8+0C%&'*0?((.

 &1!:*1(&'3(1*.!''8& )319+3918

F D*/% -10))& 2.4&15:*: 1) ;0/*(<&)-/& +0)3+&4&1&'(& 4()1/-0?(7

(;0/)), 2) )-/31&'(5 4()1/-0?(7, 3) 4()1/-0?(/''.& )&*-(, 4) 4()1/-0?(/'-

'.& -1,6-(, 5) 5<&7-(, 6) 5<&()*/-)&*<0*,: )*+,-*,+, (+(). 2).

J1&4,&* $0%&*(*9, <*/ 2'& $02()(%/)*( /* )*&3&'( 4&8/+%0?((

2 %0*&+(01& 2)&C40 ),E&)*2,:* /610)*( ) 3/2.=&''/7 ( 3/'(>&''/7 31/*-

'/)*9: 4()1/-0?(7. "/'-+&*'.& *(3. 4()1/-0?(/''.; )*+,-*,+ /3+&4&15-

:*)5 3/ +0)3/1/>&'(: 4()1/-0?(7 2 /610)*5; ) 3/2.=&''/7 31/*'/)*9:.

G03+(%&+, '0 +(). 3  ($/6+0>&'.   4()1/-0?(/''.&   «2&'.»,    /6+0$/20''.&

K(). 1. #$/6+0>&'(& 4()1/-0?(7 [1] 
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                                                                 !                                            "

    
                    #                                             $                                            %

K(). 2 @+(%&+. '($-/D'&+C&*(<&)-(; 4()1/-0?(/''.; )*+,-*,+:   – ;0/*(<&)-/&

+0)3+&4&1&'(&; ! – 4()1/-0?(/''.& )-/31&'(5; ", $ – )&*<0*05 )*+,-*,+0;        # – '&+0-

$/+(&'*(+/20''.& 5<&7-(; % – -1,6-/205 )*+,-*,+0) [4]

4()1/-0?(/''.%( )&*-0%(. @+( D*/% '&19$5 ()-

-1:<0*9 )(*,0?((, 3+( -/*/+.; +0$'.& /610)*(

)//*2&*)*2,:* +0$'.% *(30% ),6)*+,-*,+.

A0-(& )*+,-*,+., -0- ;0/) (1( )-/31&'(5,

)//*2&*)*2,:* '0<019'.% D*030% 310)*(<&)-/7

4&8/+%0?((, 3+( D*/% 2 /610)*5; ) 3/2.=&''/7

31/*'/)*9: 4()1/-0?(( +0)3+&4&1&'. )1,<07'.%

/6+0$/%. @+( 4019'&7=&7 310)*(<&)-/7 4&8/+%0-

?(( 3+/();/4(* /6+0$/20'(& 4()1/-0?(/''.; )&-

*/- ( -1,6-/2. F /*1(<(& /* ;0/*(<&)-/C/ )-/31&-

'(5 D*( )*+,-*,+. /61040:* +&C,15+'.% +0)3/-

1/>&'(&% 4()1/-0?(7.

!019'&7=&& ,2&1(<&'(& 310)*(<&)-(; 4&-

8/+%0?(7 3+(2/4(* - /6+0$/20'(: )*+,-*,+, /6-

1040:E(; 4()1/-0?(/''.%( C+0'(?0%( (5<&7-(,

5<&()*/-)&*<0*.& )*+,-*,+.). 

;!:*1(&'3(1*.!''8& )319+3918

" +0$/+(&'*(+/20''.% )*+,-*,+0% /*'/)5*)5 )1&4,:E(& (+(). 4):  

1) 5<&7-( ) +0$/+(&'*(+/2-0%(, 2)  5<&()*/-)&*<0*05 ) +0$/+(&'*(+/2-0%(,

3) %(-+/3/1/)/205, 4) ),6)*+,-*,+. ) %'/C/%&+'.%( 4()-+&*'.%( ( 3102-

'.%( +0$/+(&'*(+/2-0%(, 5) 8+0C%&'*(+/20''05, 6) 42/7'(-/205.

K(). 3. !()1/-0?(/''.&

«2&'.» (viens) [1]
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              1                                 2                              3                                4 
K(). 4. K0$/+(&'*(+/20''.& 4()1/-0?(/''.& )*+,-*,+.: 1 – 5<&()*05; 2 – 5<&()*/-

)&*<0*05; 3 – 3/1/)/205; 4 – 8+0C%&'*(+/20''05 [4]

<.*#$,(7 %()#*+!,(*''84 )319+391

J/C10)'/ D-)3&+(%&'*019'.% 40''.% 3&+&;/4 /* /4'/C/ *(30 4()1/-

-0?(/''/7 )*+,-*,+. - 4+,C/%, /*<&*1(2/ -/++&1(+,&* )/ )*04(5%( 310)*(-

<&)-/7 4&8/+%0?(( ( 5215&*)5 '&)1,<07'.% (+(). 5). 

K(). 5. @/)1&4/20*&19'/)*9 3/521&'(5 +0$1(<'.;

*(3/2 4()1/-0?(/''.; )*+,-*,+ [2] 

L:6/3.*'.% 5215&*)5 */* 80-*, <*/ -0>405 ),6)*+,-*,+0 3/5215&*)5

*/19-/ 3/ 4/)*(>&'(( /3+&4&1&''/C/ -+(*(<&)-/C/ $'0<&'(5 31/*'/)*( 4()-

1/-0?((. F&1(<('0 D*/C/ -+(*(<&)-/C/ $'0<&'(5 31/*'/)*( 4()1/-0?(7 %/-

>&* /*1(<0*9)5 415 +0$'.; %0*&+(01/2, '/ '& )1(=-/% $'0<(*&19'/. J%&'0

*(30 4&8&-*'/7 )*+,-*,+. 3+/();/4(* 3102'/: 3/ 4/)*(>&'(( 31/*'/)*(

4()1/-0?(7 /3+&4&1&''/C/ $'0<&'(5 '0<('0&* 2/$+0)*0*9 4/15 4()1/-0?(7,



8

+0)3/10C0:E(;)5 2 )//*2&*)*2(( ) '/2/7 4&8&-*'/7 )*+,-*,+/7, 2 */ 2+&%5

-0- 4/15 4()1/-0?(7 2 ),E&)*2,:E(; ,>& )*+,-*,+0; 3&+&)*0&* +0)*( ( %/-

>&* 40>& '0<0*9 ,%&'9=0*9)5 (+(). 6).  

                                                                       !                                       "

K(). 6. M02()(%/)*( 31/*'/)*&7 4()1/-0?(7 /* )+&4'&7 31/*'/)*( 3/ %0*&+(01,

2 )31020; '0 /)'/2& %&4(:   – Cu + 5  0*. % Al, ! – Cu + 0,5 0*. % Al, " – Cu + 0,4 0*. % 

Mn [2]; 1 – 4()1/-0?(/''.7 ;0/), 2 – 4()1/-0?(/''.& )-/31&'(5,       3 – 5<&7-( 6&$ +0$-

2/+/*/2, 4 – 5<&7-( ) +0$2/+/*0%(

=()#*+!,(*''!7 %('!2(+! [5–11] 

F2(4, *&;'(<&)-/7 )1/>'/)*( D-)3&+(%&'*019'/C/ ($,<&'(5 3+/?&)-

)/2 D2/1:?(( 4()1/-0?(/''.; )*+,-*,+ 2 3/)1&4'(& C/4. =(+/-/ 3+(%&'5-

&*)5 +0)<&* 3/2&4&'(5 4()1/-0?(7 '0 NFO. A0-/7 3/4;/4 3/1,<(1 '0$20'(5

$&'()* +&),,)- $&, .&*&.

G0 )&C/4'5='(7 4&'9 '0(6/19=&& +0)3+/)*+0'&'(& 3/1,<(1 *0- '0$.-

20&%.7 «30+0%&*+(<&)-(7» 3/4;/4 4()1/-0?(/''/7 4('0%(-(. J,*9 D*/C/

3/4;/40 )/)*/(* 2 3+&4)*021&'(( 4()1/-0?(( ) 3/%/E9: ,$1/2, )/&4('&'-

'.; )&C%&'*0%( 4()1/-0?((    (+(). 7).

F /6E&% )1,<0& /4(' ,$&1 %/>&* (%&*9 3+/($2/19'/& -/1(<&)*2/ )/-

)&4'(; ,$1/2, /6/$'0<(% <&+&$ ijb 2&-*/+ H:+C&+)0, )//*2&*)*2,:E(7 )&C-

%&'*, 4()1/-0?((, )/&4('5:E&C/ i-7 ,$&1 ) j-%.

 $&1, (%&:E(7 */19-/ 42,; )/)&4&7, 6,4&% '0$.20*9 033+/%0-)(/'-

'.%.  $&1, (%&:E(7 6/19=& 42,; )/)&4'(; ,$1/2, 5215&*)5 */<-/7 2&*21&-

'(5 4()1/-0?((, *0-(& ,$1. '0$.20:*)5 8($(<&)-(%(. J1&4,&* $0%&*(*9, <*/

1('(5 /4'/7 4()1/-0?(( 3+&4)*0215&*)5 '06/+/% 033+/%0-)(/''.; ,$1/2,

)/&4('&''.; %&>4, )/6/7 )&C%&'*0%(. @+( D*/% ($ -+()*011/C+08(( )1&-

4,&*, <*/ 2&-*/+ ijb /)*0&*)5 3/)*/5''.% 415 1:6/C/ )&C%&'*0 1('(( 4()-

1/-0?((.
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K(). 7. P33+/-)(%0?(5 4()1/-0?(( ) 3/%/E9: ,$1/2 [7] 

F0>'.% 0)3&-*/% %/4&1&7 4()1/-0?(/''/7 4('0%(-( 5215&*)5 )3/)/6

/3+&4&1&'(5 )(1., 4&7)*2,:E&7 '0 ,$&1. K0))%/*+(% /6E(7 01C/+(*% /3+&-

4&1&'(5 D*/7 )(1.. J(10, 4&7)*2,:E05 '0 ,$&1, %/>&* 6.*9 /3+&4&1&'0 <&+&$

C+04(&'* ,3+,C/7 D'&+C(( [7–11]: 

( )
,

j

i

i

∂ε
= −

∂

r
F

r
 (1) 

C4& ( )iε r  – ,3+,C05 D'&+C(5, /3+&4&15:E05)5 3/1/>&'(&% 2)&; ,$1/2 2 )()-

*&%&.  3+,C,: D'&+C(: ,4/6'/ +0$4&1(*9 '0 420 )10C0&%.; – D'&+C(: 54+0

4()1/-0?(( ( D'&+C(: 2$0(%/4&7)*2(5 )&C%&'*/2 4()1/-0?(7,

.ε ε εc el
= +  (2) 

J//*2&*)*2&''/ )(10, 4&7)*2,:E05 '0 i-7 ,$&1, *0->& %/>&* 6.*9 +0)-

3()0'0 2 2(4& ),%%.:

.c el
i i= +F F F

i
 (3) 

"0>405 ($ )/)*0215:E(; )(1., 4&7)*2,:E(; '0 2.6+0''.7 ,$&1, /3-

+&4&15&*)5 <&+&$ +0))%/*+&'(& )(1, )25$0''.; ) )&C%&'*0%( 4()1/-0?(7 D*/-

C/ ,$10.

K0))%/*+(% D'&+C(: 54&+ )&C%&'*/2 ,$10, 415 D*/C/ 2/)3/19$,&%)5

)1&4,:E(% )//*'/=&'(&% [7]:

1

1 1

, ,
n n

ijc c
ij ij

i j i ij

−

= = +

 !
" #ε = ∈
" #
$ %

& &
l

b l
l

      (4)
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C4& ∈ – 1('&7'05 D'&+C(5 )&C%&'*0 ij, ij j i= −r rl   – +04(,) 2&-*/+, 3+/2&4&'-

'.7 ($ i-C/ 2 j-7 ,$&1. A/C40

,

,

, ,

c
c c
i ij

ji

ijc
ij

ijij ij ij ijc c
ij ij

ijij ij ij ij

ij

∂ε
= − =

∂

 !
" #∂ ∈
" # !  !
$ %" # " #=∈ + − ⋅

" # " #
$ % $ % ∂

&F f
r

l
b

ll l l l
f b I

l l l l

l

l

  (5) 

C4& c
ijf  – )(10 54+0 )&C%&'*0 4()1/-0?(( ij. @&+2.7 <1&' 2.+0>&'(5 415 f c

ij

)//*2&*)*2,&* 1('&7'/%, '0*5>&'(: 4()1/-0?(( ( )*+&%(*)5 ,%&'9=(*9

41(', )&C%&'*0 ij. F*/+/7 <1&' D*/C/ 2.+0>&'(5 /*+0>0&* )(1,, )*+&%5E,:-

)5 +0$2&+',*9 40''.7 )&C%&'* 2 3/1/>&'(& ) '0(%&'9=&7 D'&+C(&7.

F*/+05 )/)*0215:E05 )(1., /6,)1/21&''05 2$0(%/4&7)*2(&% 4()1/-0-

?(7 ) +0$1(<'.%( 4019'/4&7)*2,:E(%( 3/15%( 4+,C(; 4()1/-0?(7, 2'&=-

'(% '03+5>&'(&% ( *0- 401&&, */>& +0)-104.20&*)5 '0 )/)*0215:E(&:

,el el
i ij

j

= &F f  (6) 

C4& el
ijf  – )(10, 4&7)*2,:E05 '0 )&C%&'*, )/&4('5:E(7 i-7 ,$&1 c j-%. B6.<'/

/C+0'(<(20:*)5 +0))%/*+&'(&% 21(5'(5 )1&4,:E(; )/)*0215:E(; D*/7 )(-

1.: 2'&='&C/ 3+(1/>&''/C/ '03+5>&'(5, )(1. 1('&7'/C/ '0*5>&'(5 ( )(1.

2$0(%/4&7)*2(5 ) 4+,C(%( )&C%&'*0%(:

1

1 1

, [ , ] [ , ] ( [ , ],
n n

el ext s kl
ij ij ij ij

k l k

k l i j j i
−

= = +

= + + ≠& &f f f f   (7) 

C4& ext
ijf  – 2'&='55 )(10, 4&7)*2,:E05 '0 )&C%&'* ij; s

ijf   – )(10 1('&7'/C/ '0-

*5>&'(5 )&C%&'*0 ij; kl
ijf  – )(10, /6,)1/21&''05 2$0(%/4&7)*2(&% )&C%&'*0 ij

) )&C%&'*/% kl.

!15 /3+&4&1&'(5 )-/+/)*( ,$10 ()3/19$,&*)5 *0- '0$.20&%05 /0,*+&1

.)!&(2,)'3& (mobility function), )25$.20:E05 )-/+/)*9 ,$10 ) )(1/7, 4&7)*-

2,:E&7 '0 D*/* ,$&1 [7, 8, 9]:

,v(x) = M(f(x))  (8) 

C4& v  – )-/+/)*9 1('(( 4()1/-0?(( 2 */<-& x; f – )(10, 4&7)*2,:E05 '0 4()-

1/-0?(: 2 */<-& x; > – '&-/*/+.7 /3&+0*/+, /3+&4&15:E(7 )25$9 )(1., 4&7-

)*2,:E&7 '0 4()1/-0?(: 2 */<-& x, ( )-/+/)*9 4()1/-0?(( 2 D*/7 >& */<-&.
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F//6E& C/2/+5, D*0 8,'-?(5 «)/4&+>(*» 2 )&6& ('8/+%0?(: / %0*&-

+(01&. G0 3+0-*(-& <0E& 2)&C/ ()3/19$,:* )1&4,:E,: 8,'-?(: %/6(19'/-

)*( [8]: 

= × ,v(x) B(b,t) f(x) , (9) 

C4& B – *&'$/+ «3&+&'/)0», b – 2&-*/+ H:+C&+)0 4()1/-0?((, t – &4('(<'.7

2&-*/+ 24/19 1('(( 4()1/-0?((.

K0))%/*+(% 3+(%&+ 3/)*+/&'(5 D*/C/ *&'$/+0. "0- ($2&)*'/, <()*/

2('*/2.& 4()1/-0?(( %/C,* 3&+&%&E0*9)5 2 1:6/% '03+021&'((, 3&+3&'4(-

-,15+'/% 1('(( 4()1/-0?((. A/C40 '03+021&'(& )-/+/)*( 4()1/-0?(( %/>&*

6.*9 /3+&4&1&'/ -0- 3+/&-?(5 )(1., 4&7)*2,:E&7 '0 4()1/-0?(:, '0 31/)-

-/)*9, 3&+3&'4(-,15+',: 1('(( 4()1/-0?((,

= ,sB −B(b,t) (I tt)  (10) 

C4& Bs – '&-/*/+.7 -/D88(?(&'*, <()1&''/ +02'.7 )-/+/)*( 4()1/-0?(( 3+(

2/$4&7)*2(( '0 '&& &4('(<'/7 )(1/7.

!01&& +0))%/*+(% <()*/ -+0&2,: 4()1/-0?(:. #$2&)*'/, D*/ *0-05

4()1/-0?(5 %/>&* 42(C0*9)5 */19-/ 2 31/)-/)*( )2/&C/ )-/19>&'(5 (1( 3&-

+&3/1$0*9 3&+3&'4(-,15+'/ &7. #);/45 ($ D*/C/, *&'$/+ 3&+&'/)0 %/>'/ $0-

3()0*9 )1&4,:E(% /6+0$/%:

= + ,

×
.

×

eg ecB B

=

B(b,t) bb nn

b t
n

b t

 (11) 

!15 )1,<05 )%&=0''/7 4()1/-0?(( %/>'/ ()3/19$/20*9 -/%6('0?(:

(10) ( (11): 

1
22 2 2 2

1
22 2 2 2

= × + ,

= × + .

g c

g eg s

c eg s

B B

B B B

B B B

−
− −' (⋅

) *

' (⋅
) *

B(b,t) = bb + nn,

b b t (b t)

1
b t (b t)

b

 (12) 

M'0<&'(5 -/D88(?(&'*/2 Beg, B'( Bs /6.<'/ 3/46(+0:*)5 /3.*'.% 3,*&%.

J,E&)*2,:E(& %/4&1( 4()1/-0?(/''/7 4('0%(-( 3+(%&'5:*)5 */19-

-/ 415 %/'/-+()*011(<&)-(; %0*&+(01/2. F )(1, D*/C/ /'( 3/ /3+&4&1&'(:

'& 3/$2/15:* %/4&1(+/20*9 3/2&4&'(& +0$/+(&'*(+/20''.; 4()1/-0?(/''.;

)*+,-*,+. J 4+,C/7 )*/+/'., <*/6. ,<(*.20*9 2 %/4&15; 3+/?&)). +0$2/+/*0

/4'/7 /610)*( -+()*0110 /*'/)(*&19'/ 4+,C/7, '&/6;/4(%/ (%&*9 2/$%/>-

'/)*9 /3+&4&1&'(5 *&-,E&7 4()1/-0?(/''/7 )*+,-*,+..
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?'!#(: %()#*+!,(*''84 )319+391

!15 3/1,<&'(5 +0)3+&4&1&'(7 4()1/-0?(7 2 %/4&1(+,&%/% /6I&%& ()-

3/19$/2010)9 %/4&19 4()1/-0?(/''/7 4('0%(-(. @+( D*/% %/4&1(+/201/)9

3/2&4&'(& 3/1'.; $0-+&31&''.; (()*/<'(- Q+0'-0 – K(40) ( )2/6/4'.;

4()1/-0?(7 /6I&%'/-?&'*+(+/20''/C/ -+()*0110. J 3/%/E9: 4()1/-0?(/'-

'/7 4('0%(-( %/>'/ 3/1,<(*9 *+&;%&+',: 4&8&-*',: )*+,-*,+, %0*&+(010

( 3/)*+/(*9 *+&;%&+'/& ($/6+0>&'(& D*/7 )*+,-*,+. (+(). 8), /4'0-/ 3+(

D*/% /)*+/ 2)*0&* 2/3+/) / )3/)/60; /6+06/*-( 3/1,<&''.; +&$,19*0*/2.

" )/>01&'(:, 2($,019'/& '061:4&'(& *+&;%&+'/C/ +0)3+&4&1&'(5 4()1/-0-

?(7 3/ /6I&%, '& 3/$2/15&* /3+&4&1(*9 '&/6;/4(%.& ;0+0-*&+()*(-( )*+,--

*,+. %0*&+(010 ()%. +(). 8). F )25$( ) D*(% 0-*,019'/7 $040<&7 5215&*)5 +0$-

+06/*-0 %&*/4/2, 3/$2/15:E(; /3+&4&-

15*9 ;0+0-*&+ 4()1/-0?(/''/7 )*+,-*,-

+. 3,*&% 02*/%0*(<&)-/7 /6+06/*-( +&-

$,19*0*/2 +0)<&*/2.

F 40''/7 +06/*& 415 ())1&4/20'(5

D2/1:?(( 4()1/-0?(/''/7 )*+,-*,+.

6.1 +0$+06/*0' %&;0'($% )-0'(+/20'(5

%/4&1(+,&%/C/ /6I&%0 «3+/$+0<'/7»

5<&7-/7 /3+&4&1&''/C/ 8(-)(+/20''/C/

+0$%&+0, 3+( 3&+&%&E&'(( -/*/+/C/

) $040''.% =0C/% 3/ -+()*011, ) 4()1/-

-0?(5%( +0))<(*.20&*)5 31/*'/)*9 4()-

1/-0?(7, 3/302=(; 2 5<&7-,. N*0 31/*-

'/)*9 /*'/)(10)9 - ?&'*+, 5<&7-(. A0-

-(% /6+0$/%, 3/)1& )-0'(+/20'(5 2)&C/

%/4&1(+,&%/C/ /6I&%0 %. 3/1,<01( 8,'-?(: +0)3+&4&1&'(5 31/*'/)*( 4()-

1/-0?(7 /* -//+4('0*. F ;/4& *0-/C/ )-0'(+/20'(5 1&C-/ /3+&4&15:*)5 /6-

10)*( ) 3/2.=&''/7 31/*'/)*9: 4()1/-0?(7 (*/ &)*9 /610)*( 4()1/-0?(/'-

'.; )-/31&'(7).

B3()0''.7 2.=& %&*/4 6.1 3+(%&'&' 415 0'01($0 D2/1:?(( 4()1/-0-

?(/''.; )*+,-*,+, 3/1,<&''.; 2 ;/4& <()1&''/C/ D-)3&+(%&'*0 '0 /4'//)-

'/& +0)*5>&'(& *(*0'0. G03+021&'(& /)( 3+(1/>&''/C/ '0C+,>&'(5 3/ /*-

'/=&'(: - -+()*011/C+08(<&)-/7 )()*&%& -//+4('0* ("J"): [111], )-/+/)*9

'0C+,>&'(5 1 O@0/), +0$%&+ +&6+0 -,60 (%/4&1(+,&%/7 /610)*() 2,64·10–6 (%).

F ;/4& )*0*()*(<&)-/C/ 0'01($0 +0)3+&4&1&'(5 31/*'/)*( 4()1/-0?(7

6.1( 3/1,<&'. $02()(%/)*( ($%&'&'(5 )+&4'&7 31/*'/)*( 4()1/-0?(7 2 )-0-

'(+,:E&7 5<&7-& /* 310)*(<&)-(; 4&8/+%0?(7 (+(). 9). "0- ( )1&4/201/

/>(40*9, 3/ %&+& ,2&1(<&'(5 310)*(<&)-(; 4&8/+%0?(7 3+/();/4(* ('*&'-

)(2'05 +06/*0 ()*/<'(-/2 Q+0'-0–K(40, 0 *0->& ,2&1(<(20&*)5 ('*&')(2-

K(). 8. @+(%&+ *+&;%&+'/C/ +0)3+&-

4&1&'(5 4()1/-0?(7 3/ /6I&%,, 3/1,-

<&''.; 2 ;/4& <()1&''.;      D-)3&+(-

%&'*/2
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'/)*9 4()1/-0?(/''.; +&0-?(7, <*/ 3+(2/4(* - /6E&%, +/)*, )-015+'/7

31/*'/)*( 4()1/-0?(7 2 %/4&1(+,&%/% /6I&%& (+(). 10), +02'/ -0- - ,2&1(-

<&'(: ( )+&4'&7 31/*'/)*( 2 )-0'(+,:E&7 5<&7-&.

K(). 9. M02()(%/)*9 )+&4'&7 31/*'/)*( 4()1/-0?(7

2 5<&7-&

K(). 10. M02()(%/)*9 31/*'/)*( 4()1/-0?(7

"+/%& */C/, 2 +0%-0; )*0*()*(<&)-/C/ 0'01($0 *0->& 8(-)(+/2010)9

4()3&+)(5 31/*'/)*( 4()1/-0?(7 2 )-0'(+,:E&7 5<&7-& (+(). 11). #$ 3/1,-

<&''.; $02()(%/)*&7 )1&4,&*, <*/ 3/ %&+& ,2&1(<&'(5 310)*(<&)-(; 4&8/+-

%0?(7 +0)*&* +0$6+/) 31/*'/)*( 4()1/-0?(7 2 )-0'(+,:E&7 5<&7-&. N*/ /$-

'0<0&*, <*/ 2 %/4&1(+,&%/% /6I&%& /6+0$,:*)5 /610)*( ) 3/2.=&''/7 4()-

1/-0?(/''/7 31/*'/)*9:.   
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K(). 11. M02()(%/)*9 4()3&+)(( 31/*'/)*(

4()1/-0?(7 2 5<&7-&

"+/%& */C/, 3/)1& 3/1,<&'(5 *+&;%&+'/C/ +0)3+&4&1&'(5 31/*'/)*(

4()1/-0?(7 6.1/ /),E&)*21&'/ )-0'(+/20'(& D*/C/ +0)3+&4&1&'(5 ) 3/%/-

E9: )&-,E(; 31/)-/)*&7. G0 +(). 12 3+(2&4&'. ($/6+0>&'(5, 3/1,<&''.&

415 )+&$0 x = 0 ) 3/%/E9: 31/)-/)*&7 ) +0$1(<'/7 */1E('/7. #))1&4/20'(5

3/-0$01(, <*/ 415 '061:4&'(5 4()1/-0?(/''.; )*+,-*,+ 3+( 4/)*0*/<-

'/ +0$2(*.; 310)*(<&)-(; 4&8/+%0?(5;  (0 */<'&&, 3+( 4/)*0*/<'/ 2.)/-/7

31/*'/)*( 4()1/-0?(7) 4/)*0*/<'/ '&6/19=/7 */1E('. )&-,E&7 31/)-/)*(.

H/1&& */C/, &)1( */1E('0 )&-,E&7 31/)-/)*( 6,4&* )1(=-/% 6/19=/7, ($-$0

6/19=/7 31/*'/)*( 4()1/-0?(7 '0 3/1,<&''/% +(),'-& %/>'/ 6,4&* ,2(-

4&*9 */19-/ «6&1.7 =,%», 0 '& 4()1/-0?(/''.& )*+,-*,+.. @/D*/%, 415

4019'&7=&C/ 0'01($0 */1E('0 )&-,E&7 31/)-/)*( 6.10 3+('5*0 +02'/7

0,00026 %.

                                                         !                                    "

K(). 12. J+&$. +0$1(<'/7 */1E('.: a – 0,00026 %, ! – 0,00066 %, " – 0,00132 %
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!01&& 6.1 /),E&)*21&' 0'01($ ($/6+0>&'(7, 3/1,<&''.; 3+( 3/%/E(

)&-,E&7 31/)-/)*( 2.6+0''/7 */1E('.. @/1,<&''.& ($/6+0>&'(5 )2(4&-

*&19)*2,:* / */%, <*/ 4/  0,001 % (+(). 13–16) '(-0-/7 4()1/-0?(/''/7

)*+,-*,+. -0- *0-/2/7 '& /6+0$,&*)5, 0 2 )&-,E,: 31/)-/)*9 3/3040:*

42&-*+( 4()1/-0?((, 30+011&19'.& &7, 0 *0->& '&)-/19-/ 3&+&)&-0:E(; (;

                                                         !                                       "

K(). 13. J+&$. 3+( R = 0,00003 %: a – x = 0; ! – y = 0; " – z = 0 

                                                          !                                     "

K(). 14. J+&$. 3+( R = 0,0001 %: a – x = 0; ! – y = 0; " – z = 0 

                                                          !                                       "

K(). 15. J+&$. 3+( R = 0,0005 %: a – x = 0; ! – y = 0; " – z = 0 
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                                                           !                                      "

K(). 16. J+&$. 3+( R = 0,001 %: a – x = 0; ! – y = 0; " – z = 0 

3/4 ,C1/%. @/ %&+& ,2&1(<&'(5 4&8/+%0?(( -/1(<&)*2/ 4()1/-0?(7, 3/30-

40:E(; 2 )&-,E(& 31/)-/)*(, +0)*&*. @+(%&+'/ ) 0,002 % (+(). 17) '0<('0&*

/*<&*1(2/ 3+/5215*9)5 4()1/-0?(/''05 )&*9. @+( 4/)*(>&'(( 0,004 %

(+(). 19) 4()1/-0?(/''05 )&*-0 )*0'/2(*9)5 /<&'9 31/*'/7.

                                                            !                                     "

K(). 17. J+&$. 3+( R = 0,002 %: a – x = 0; ! – y = 0; " – z = 0 

                                                           !                                      "

K(). 18. J+&$. 3+( R = 0,003 %: a – x = 0; ! – y = 0; " – z = 0 
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                                                           !                                     "

K(). 19. J+&$. 3+( R = 0,003 %: a – x = 0; ! – y = 0; " – z = 0 

F $0-1:<&'(& )1&4,&* $0%&*(*9, <*/ 0'01($ 3+/2/4(1)5 3+( )+02'(-

*&19'/ '&6/19=(; 310)*(<&)-(; 4&8/+%0?(5;, <*/ )25$0'/ ) 6/19=(%( 2.-

<()1(*&19'.%( $0*+0*0%(. F2(4, D*/C/ /6+0$/202=(&)5 4()1/-0?(/''.&

)*+,-*,+. '& ,)3&1( <&*-/ )8/+%(+/20*9)5. "+/%& */C/, 3+( ())1&4/20'((

2.4&1&''.; 4()1/-0?(/''.; )-/31&'(7 '&/6;/4(%/ 3+/2/4(*9 %/+8/1/C(-

<&)-(7 0'01($, '03+(%&+, ())1&4/20*9 +0$%&+. 3/4/610)*&7 2 )-/31&'((

) $040''/7 31/*'/)*9: 4()1/-0?(7.

K06/*0 2.3/1'&'0 3+( 8('0')/2/7 3/44&+>-& KQQ# (C+0'*. 10-08-

00156-0, 10-08-96010-+_,+01_0). 
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