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THE MODELING FEATURES OF DIFFUSION PROCESSES  

IN ELASTIC BODY UNDER PARTICLES SURFACE TREATMENT 

Isothermal dynamic model is suggested for the initial stage of the intermixing process in surface 

layer of material under surface treatment condition. He model takes into account the particle diffusion, 

the finite of mass flux relaxation time; the stress appearance due to composition change of surface layer 

and mass transfer phenomenon under stress gradient action. The choice of dimensionless variable and 

physical sense of obtained dimensionless complexes are described. The method of numerical realiza-

tion of coupling model is selected on the base of the analysis of known particular equations and classi-

cal ways of their numerical solution. The features of difference schemes and qualitative distinctions of 

the diffusion, telegraph and wave equation solutions are demonstrated. The qualitative regularities are 

revealed in the concentration and elastic waves interrelating between each other. It is shown that the 
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change of the qualitative strain distribution in elastic wave connects with the finiteness of the propaga-

tion velocity of the diffusion wave.  

Keywords: intermixing, diffusion, concentration wave, elastic wave, coupling model, surface 

treatment, difference scheme. 
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7# # 6  

D&8!'40(5 !8-$1$'$23$ B, 8!'()3% 

% & 98#8
:

67
#6.6

:6

676
#67

RT

Em

DRT

EmD
E

D

B
2
0

0
00

000
0

0

, 

71$ 
:

67
#9

RT

Em 2
0 . 

  -$0('4/*/$ (-*+2$23$ (15) 0*83.$% + +31$ 

% &
2

2
.r

C C C S
f C C
, ) , )- - - - - -

! / # .98* ' * '-! -! -$ -$ -$ -$+ ( + (
 

E-*+2$23$ 1+3@$235 (9) 8-$!"-*0($/&5 &'$1(6#3% !"-*0!%: 

% &
2

2

22

2

2
0

00

2

2

2 $-

- 
#

!-

-

6

6.66
:/

!-

- : S

x

C

t

S

tE
*

*

**

* . 

F!%2!@3% (-*+2$23$ 2* 
*

*

 

2x
.  

B!71* 

% &
2

2

2

2

2
0

2
00

2

2

2

2

$-

-
#

!-

-

 6

6.66
:/

!-

-
7
: SC

t

xS

t

x

E
**

*

*

* . 

?!1&/*+'55 &61* 8!'()$22,$ +,.$ +,-*@$235 1'5 %*&./*"!+, 8!-

'()3% 
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2

2

2

2

2

2
0

$-

-
#0

0
1

2
3
3
4

5

!-

-
8/

!-

-
7
: SCS

t

D

E *

. 

?!&>!'4>( %, %!@$% 8-!30+!'42! +,"-*/4 %*&./*" +-$%$23, 

8-3%$% 0* $1323=( %2!@3/$'4, &/!5#3< 8$-$1 &>!">!<. B!71* 

0D
E

t
7
:

#* . G/! 1*&/ 2*% +/!-!$ (-*+2$23$ 

2

2

2

2

2

2

$-

-
#

!-

-
8/

!-

- SCS
. 

 ,"-*22,< %*&./*" +-$%$23 *t – ;/! +-$%5, 0* >!/!-!$ (8-(7*5 

+!'2* 8-!<1$/ -*&&/!523$, -*+2!$ ;AA$>/3+2!< .3-32$ 13AA(03!22!< 

0!2,.  

H2*'!73)2,% !"-*0!% !"$0-*0%$-3+*'3&4 7-*23)2,$ (&'!+35.  

  3/!7$ 8!&'$ 8$-$9!1* > 8$-$%$22,% (14) 0*1*)* (9)–(13) 

8-3%$/ +31 

 % &
2

2
,r

C C C S
f C C
, ) , )- - - - - -

! / # .98* ' * '-! -! -$ -$ -$ -$+ ( + (
 (16) 

 
2 2 2

2 2 2
,

S C S- - -
/ 8 #

-! -! -$
 (17) 

 % &0 ,S e C C# . 8 .  (18) 

% & % &0 : , ,r

C S
f C C

- - -
$ # # . / 98 . ! # ;< !

-$ -$ -!
J J  

% &0 ,S S# < !  

:$ =>  0,    0,C S# #  

0 :    0, 0,C S! # # #  0#
!-

-C
, 0#

!-
-S

, 

71$ I, J, K , Lr  – 8*-*%$/-, %!1$'3: 

2

03
,

mE

RT

6
9 #

:
 

% &0

0

,
6 .6

8 #
6 *

,r
r

t

t
! #  0 0

*

0

.

*

m m
x

D
; # #

J
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M*%$/3%, )/! + 8-$1'!@$22!< (8-!#$22!< %!1$'3 2$/ !7-*23)$-

23< 2* +$'3)32( >!2=$2/-*=3<. ?!;/!%( &'$1($/ !@31*/4, )/! 2$ 8-3 

+&$9 +!0%!@2,9 02*)$2359 8*-*%$/-!+ %!1$'3 -$.$23$ 3%$$/ A303)$-

&>3< &%,&'.  

  >*)$&/+$ 3&&'$1($%,9 %*/$-3*'!+ ",'3 +,"-*2, *'6%323< 

(3%8'*2/3-($%,< %*/$-3*') 3 /3/*2 (%*/$-3*' !&2!+,). D9 &+!<&/+* 

8-$1&/*+'$2, + /*"'3=$ [9, 10]. 

  3/!7$ ",'3 !8-$1$'$2, 32/$-+*', 02*)$23< , , , :r9 8 ! ;  

? @10 520 ,r! A .  

40,0 10 ,, )9A .+ (  

? @0,02 0,6 ,8 A .  

1 10,004 10 0,003 10 .. ., );A B . B+ (  

N+!<&/+* 3&&'$1($%,9 %*/$-3*'!+ 

C*/$-3*' 
N+!<&/+! 

Al Ti 

?'!/2!&/4, : , >7/%3 32,69 10B  34,54 10B  

C!'5-2,< !"O$%, ,mV  

%3/%!'4 

6 68,99 10 10,0 10. .B . B  610,6 10.B  

C!'5-2*5 %*&&*, m, >7/%!'4 326,98 10.B  347,88 10.B  

C!1('4 (8-(7!&/3, E, P?* 70–79 120–135 

Q!;AA3=3$2/ >!2=$2/-*=3-

!22!7! -*&.3-$235, 8  
0,458–0,485 0,556–0,514 

 

B*>3% !"-*0!%, 0*1*)* 3%$$/ !&!"$22!&/4, !/'3)*6#(6 $$ !/ 

*2*'!73)2,9 0*1*) /$-%!(8-(7!&/3. ?*-*%$/- r!  %!@$/ %$25/4&5 + 

.3-!>39 8-$1$'*9 – !/ %*',9 1! 1!&/*/!)2! "!'4.39 +$'3)32. ?-3 

3&&'$1!+*233 %$1'$22,9 8-!=$&&!+ 13AA(033 + -*+2!+$&2,9 (&'!+3-

59 3 + !12!-!12,9 3'3 8!)/3 !12!-!12,9 &-$1*9 -!'4 +-$%$23 -$'*>-

&*=33 2$02*)3/$'42*. ?-3 30()$233 8-!=$&&* 8$-$2!&* %*&&, + 32/$--

+*'$ +-$%$23, 9*-*>/$-2!% 1'5 -*&8-!&/-*2$235 %$9*23)$&>39 +!'2, 

>!2$)2!&/4 +-$%$23 -$'*>&*=33 &/*2!+3/&5 +*@2!<. 

  8-32=38$ + ;/!% &'()*$ + >*)$&/+$ %*&./*"* +-$%$23 %!@2! 

+,"-*/4 3 +-$%5 -$'*>&*=33 * .rt t#  B!71* +%$&/! (15) 8!'()3% 
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% &
2

0 *

2 2 2

* *

.r r

D BC C C S
t f C t C

x x

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

 

?-!&/-*2&/+$22,% %*&./*"!% + ;/!% &'()*$ "(1$/  

0Dtx r#* ,  

-*&&/!523$, >!/!-!$ 8-!<1$/ 13AA(03!22*5 +!'2* 0* +-$%5 .rt  

E-*+2$23$ 1+3@$235 8-3%$/ +31 

2

2

0
2

2

2

2

$-

-
:

7
#

!-

-
8/

!-

- S

D

tECS r . 

B! $&/4 + ;/!% &'()*$ (-*+2$23$ 13AA(033 "(1$/ "$0 !&!"$22!-

&/$<, * + (-*+2$233 1+3@$235 8!5+3/&5 "!'4.!< 8*-*%$/-, >!/!-,< 

&!01*&/ 1!8!'23/$'42,$ 8-!"'$%,. C2!@3/$'4 8$-$1 8-!30+!12!< + 

8-*+!< )*&/3 $&/4 >+*1-*/ !/2!.$235 &>!-!&/3 (8-(7!< +!'2, 3 &>!-

-!&/3 13AA(03!22!< +!'2,: 

2

0
00
1

2
33
4

5
#

:

7

D

er

v

v

D

tE
. 

4. &%'(" ")*$(+,$(- +.!#% /01 2)+,$%. 3)"4)$,(3 #(/!04 

F'5 )3&'$22!< -$*'30*=33 %!1$'3 (1!"2! 8$-$</3 > 1$A!-%*=3-

5%, !&/*+'55 + >*@1!% 30 (-*+2$23< 8-!30+!12,$ 8! +-$%$23 '3.4 1'5 

!12!< 3&>!%!< +$'3)32,. D&8!'40(5 (18), +%$&/! (16), (17) 8!'()3% 

 
2 2 2

2 2 2
,

e e C- - -
# . 8

-! -$ -$
 (19) 

 % &
2

2
.r

C C C e
g C C
, ) , )- - - - - -

! / # .98* ' * '-! -! -$ -$ -$ -$+ ( + (
  (20) 

 ,-*@$23$ 1'5 8!/!>* %*&&, + ;/!% &'()*$ 8-3%$/ +31 

 % & .r

C e
g C C

- - -
# . / 98 . !

-$ -$ -!
J

J  (21) 

  (20), (21) % & % & CCfCg 298/#  – 0*1*22*5 A(2>=35 >!2=$2/-*=3<.  
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M* >*@(#$<&5 «8-!&/!/!<» %!1$'3 &>-,+*6/&5 +,)3&'3/$'42,$ 

/-(12!&/3.   !&2!+2!% ;/! &+50*2! & /$%, )/! 9*-*>/$-2,$ 8-!&/-*2&/-

+$22,$ 3 +-$%$22,$ %*&./*", 13AA(03!22,9 3 %$9*23)$&>39 8-!-

=$&&!+ – -*0'3)2,. ?-3 2$0*+3&3%!% 8-!/$>*233 /*>3$ 8-!=$&&, !83-

&,+*6/&5 &!!/+$/&/+$22! 8*-*"!'3)$&>3% 3 738$-"!'3)$&>3% (-*+2$-

235%3, 1'5 -$.$235 >!/!-,9 >!--$>/2! 8-3%$25/4 &8$=3*'42,$ 

%$/!1,.  

E&/-$%'55 8!!)$-$12! 8*-*%$/-, > 2('6, %, 8-39!13% > 30-

+$&/2,% (-*+2$235%, %$/!1, -$.$235 >!/!-,9 9!-!.! -*0-*"!/*2,. 

G/! (-*+2$23$ 13AA(033 

 
2

2

$-

-
#

!-
- CC

, (22) 

/$'$7-*A2!$ (-*+2$23$ 

 
2 2

2 2r

C C C- - -
! / #
-! -! -$

 (23) 

3 +!'2!+!$ (-*+2$23$ 

 
2

2

2

2 ee

$-

-
#

!-

-
. (24) 

 &8!%23% >*)$&/+$22,$ !&!"$22!&/3 -$.$23< 8-!&/$<.39 0*1*) 

1'5 ;/39 (-*+2$23<. 

R$.$235 )3&/! 13AA(03!22!< 0*1*)3 8-3 0*1*22!% 8!&/!522!% 

8!/!>$ (7-*23)2,$ (&'!+35 +/!-!7! -!1*)  

 ,
!-

. # ;
-$

 0#$   (25) 

3 0*1*22!< 8!&/!522!< >!2=$2/-*=33 2* '$+!< 7-*23=$ (7-*23)2!$ (&-

'!+3$ 8$-+!7! -!1*) 

 ,S! !#   (26) 

8-$1&/*+'$2, 2* -3&. 1.  
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B!)2,$ *2*'3/3)$&>3$ -$.$235 ;/39 8-!&/$<.39 0*1*) 30-

+$&/2, [11]. 

S3&'$22!$ -$.$23$ !&(#$&/+'5'3 8! 2$5+2!< 3 5+2!< -*02!&/-

2,% &9$%*%.   '6"!% &'()*$ )3&'$22!$ -$.$23$ (&8'!.2,$ '3233) 3 

*2*'3/3)$&>!$ -$.$23$ (/!)>3) 8-*>/3)$&>3 &!+8*1*6/. 

 

'     7 

R3&. 1. N-*+2$23$ )3&'$22!7! (>+*1-*/3>3) 3 *2*'3/3)$&>!7! (&8'!.2*5 '3235) 

-$.$23< 13AA(03!22,9 (-*+2$23< & 7-*23)2,%3 (&'!+35%3 8$-+!7! (')  

3 +/!-!7! (7) -!1*; %!%$2/, +-$%$23 ! : 1 – 0,1; 2 – 0,5; 3 – 1,0 

F'5 )3&'$22!7! -$.$235 /$'$7-*A2!7! (-*+2$235 (23) 3&8!'40!+*-

'3 /*>3$ @$ /38, -*02!&/2,9 &9$%, )/! 3 + &'()*$ (-*+2$235 13AA(033. 

T$5+2*5 -*02!&/2*5 &9$%* 

 

1 1 1

2

1 1 1 1

1 1 1 1

2

1
,

2 2

n n n n n

i i i i i
r

n n n n

i i i i i i i i

C C C C C

g g C C g g C C

/ . /

/ / / /
/ / . .

. / .
! / #

C! C!

5 2/ . / .
# .3 0C$ C$ C$4 1

  (27) 

71$ i – 2!%$- 8-!&/-*2&/+$22!< /!)>3; n – 2!%$- +-$%$22!7! &'!5. 

U+2*5 &9$%* «>-$&/» 

 

1 1 1

2

1 1 1 1

2

1
,

2 2

n n n n n

i i i i i
r

n n n n

i i i i i i i i

C C C C C

g g C C g g C C

/ . /

/ / . .

. / .
! / #

C! C!

5 2/ . / .
# .3 0C$ C$ C$4 1

 (28) 

71$ i – 2!%$- 8-!&/-*2&/+$22!< /!)>3; n – 2!%$- +-$%$22!7! &'!5. 

Q >*@1!%( 0*1*22!%( 02*)$236 +-$%$23 +$#$&/+! 8-!23>*$/ 2* 

>!2$)2!$ -*&&/!523$ !/ 8!+$-92!&/3, )/! 8-32=383*'42! !/'3)*$/ -$-

.$23$ /$'$7-*A2!7! (-*+2$235 !/ )3&/! 13AA(03!22,9, 71$ 02*)$23$ 
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>!2=$2/-*=33 &/-$%3/&5 > 2*)*'42!%( 02*)$236 '3.4 *&3%8/!/3)$-

&>3.   ;/!% &'()*$ %, %!@$% 7!+!-3/4 ! 7'("32$ 8-!23>2!+$235 8-3-

%$&3. 

  0*1*)$ & 7-*23)2,% (&'!+3$% 8$-+!7! -!1* 5+2*5 &9$%* 8-3+!-

13/ > 8!5+'$236 !&=3''5=3< + %$&/*9 -*0-,+* -$.$235, )/! 8!>*0*2! 

2* -3&. 2 1'5 /-$9 %!%$2/!+ +-$%$23. 

   

'   7    /  

R3&. 2. ?-3%$- -$.$235 8$-+!< >-*$+!< 0*1*)3 1'5 /$'$7-*A2!7! (-*+2$235, 

0,2SC # : 40,43 10.! # B  ('); 30,26 10.! # B  (7); 30,43 10.! # B  (/) 

:&=3''5=33 2$ 3%$6/ A303)$&>!7! &%,&'*, * $&/4 !&!"$22!&/4 

)3&'$22!< -$*'30*=33 & 3&8!'40!+*23$% 5+2!< &9$%,, >!/!-*5 (&'!+-

2! (&/!<)3+*, $&'3 &!"'61$2! (&'!+3$ Q(-*2/*–V-31-39*–W$+3 [12]. 

U+2*5 &9$%* 9!-!.! 8$-$1*$/ &>!-!&/4 -*&8-!&/-*2$235 13AA(03!2-

2!< +!'2, 3 7'("32( 8-!23>2!+$235 8-3%$&3. 

T$5+2*5 -*02!&/2*5 &9$%* 3%$$/ 1-(7(6 !&!"$22!&/4 (-3&. 3): + 

!>-$&/2!&/3 -*0-,+* >!2=$2/-*=33 2*"'61*$/&5 «13AA(03!22!$ -*0-

%,/3$» )3&'$22!7! -$.$235. D ;/! «)3&'$22*5 13AA(035», * 2$ 13A-

A(035 A303)$&>!7! 8-!3&9!@1$235, >!/!-*5 8-!5+'5$/&5 (@$ 1'5 

"!'4.39 02*)$23< +-$%$23. N (%$24.$23$% .*7* 8! 8-!&/-*2&/+( 3 

&!!/+$/&/+$22! 8! +-$%$23 !83&*22,< ;AA$>/ -*0%,/35 0*%$/2! 

(%$24.*$/&5. 

R$.$235 +!'2!+!7! (-*+2$235 3&&'$1!+*2, 1'5 -*0'3)2,9 A!-% 

3%8('4&*. ?-3 /$&/3-!+*233 0*1*)3 ",'3 3&8!'40!+*2, /-3 /38* -*0-

2!&/2,9 &9$% [12]: 2$5+2*5, 2$5+2*5 & +$&*%3 3 5+2*5 &9$%* «>-$&/».  

N9$%* «>-$&/» 

% & % &1 1

1 12 2

1 1
2 2 .n n n n n n

i i i i i ie e e e e e/ .
/ .. / # . /

C! C$
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' 

     

7 

R3&. 3. N-*+2$23$ )3&'$22!7! (>+*1-*/3>3) 3 *2*'3/3)$&>!7! (&8'!.2*5 '3235) 

-$.$23< /$'$7-*A2!7! (-*+2$235 & 7-*23)2,%3 (&'!+35%3 8$-+!7! -!1* (26) (')  

3 -$.$23$ /$'$7-*A2!7! (-*+2$235 & 7-*23)2,%3 (&'!+35%3 +/!-!7! -!1* (25) (7);  

%!%$2/, +-$%$23 K: 1 – 0,06; 2 – 0,3; 3 – 0,6, 4 – 0,9; 5 – 1,2; 6 – 1,5, 7 – 6,0; 8 – 7,5;  

9 – 9,6; 13;r! #  1; #  

N9$%* «>-$&/» (&'!+2! (&/!<)3+*, $&'3 &!"'61$2! (&'!+3$ Q(-

-*2/*–V-31-39&*–W$+3: 

1D
$C
!C

#r . 

T$5+2*5 &9$%* 

 % & % &1 1 1 1 1

1 12 2

1 1
2 2 .n n n n n n

i i i i i ie e e e e e/ . / / /
/ .. / # . /

C! C$
 (29) 

T$5+2*5 &9$%* & +$&*%3 

% & % &% &1 1 1 1

1 12 2

1 1
2 1 2 .n n n n n n

i i i i i ie e e e e e/ . / .
/ .. / #  . .  / 

C! C$
 

  1+(9 8!&'$1239 &'()*59 -$.*$% -*02!&/2(6 0*1*)( %$/!1!% 

8-!7!2>3.  
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X$&/>!$ (&'!+3$ +31* 

 % & 0

0

1, ,

0,

! E !F
< ! # G

! H !I
 (30) 

!&!"$22! )$/>! 8-!5+'5$/ 1!&/!32&/+* 3 2$1!&/*/>3 -*02!&/2,9 &9$%. 

B!)2!$ *2*'3/3)$&>!$ -$.$23$ + ;/!% &'()*$ 3%$$/ +31 

 % & % &% &0i i ie A W W# !.$ . !. ! .$ , (31) 

71$ % &
0, 0,

1, 0,

q
W q

q

EF
# G

HI
 0 = const. 

Y&'3 * 1,r rE #  >*> 3 + &'()*$ /$'$7-*A2!7! (-*+2$235, + %$&/*9 

-*0-,+* 2*"'61*6/&5 2$A303)$&>3$ !&=3''5=33 (-3&. 4, '), >!/!-,$ 

8-*>/3)$&>3 3&)$0*6/, $&'3 *r r=  (-3&. 5, '). 

    

'     7 

R3&. 4. N-*+2$23$ )3&'$22!7! (>+*1-*/3>3) 3 *2*'3/3)$&>!7! (&8'!.2*5 '3235)  

-$.$23< +!'2!+!7! (-*+2$235 & 8-5%!(7!'42,% (') 3 &32(&!31*'42,% (7)  

3%8('4&!%. U+2*5 &9$%* «>-$&/». C!%$2/ +-$%$23 ! : 20,625 10 ;.B  0,9r # .  

 -$%5 1$<&/+35 3%8('4&* 0 0,004! #  

Y&'3 3%8('4& 3%$$/ &32(&!31*'42(6 A!-%( 

 % & 0

0

0

sin , ,

0,             ,

F 5 2J
! ! E !K 3 0< ! # !G 4 1

K ! H !I

 (32) 

!&=3''5=3< 2$ 2*"'61*$/&5; )3&'$22!$ -$.$23$ (>+*1-*/3>3 2* -3&. 4, 7) 

9!-!.! &!7'*&($/&5 & *2*'3/3)$&>3% -$.$23$% (&8'!.2*5 '3235) 1'5 

'6"!7! *r rE  (-3&. 4 3 5, 7). 
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'      7 

R3&. 5. N-*+2$23$ )3&'$22!7! (>+*1-*/3>3) 3 *2*'3/3)$&>!7! (&8'!.2*5 '3235)  

-$.$23< +!'2!+!7! (-*+2$235 & 8-5%!(7!'42,% (') 3 &32(&!31*'42,% (7) 

3%8('4&!%. U+2*5 &9$%* «>-$&/». C!%$2/ +-$%$23 ! : 20,625 10 ,.B  1,0r #  

T$5+2*5 &9$%* 8-3+!13/ > -*0%,/36 -$.$235 + '6"!% &'()*$ 

(-3&. 6, ', 7). 

  

'     7 

R3&. 6. N-*+2$23$ )3&'$22!7! (>+*1-*/3>3) 3 *2*'3/3)$&>!7! (&8'!.2*5 '3235)  

-$.$23< +!'2!+!7! (-*+2$235 & 8-5%!(7!'42,% (') 3 &32(&!31*'42,% (7)  

3%8('4&!%. T$5+2*5 -*02!&/2*5 &9$%*. C!%$2/ +-$%$23 ! : 20,625 10.B  

M*%$/3%, )/! + &'()*$ 2$5+2!< &9$%, 2*"'61*$/&5 *&3%%$/-35 

)3&'$22!7! -$.$235 !/2!&3/$'42! *2*'3/3)$&>!7! (8$-$123< A-!2/ 

&7'*@$2 &3'42$$ 0*12$7!). G/! &+50*2! & /$%, )/! +-$%5 ()*&/35 + )3&-

'$22!% -*&)$/$ !"'*&/3 8$-$12$7! A-!2/* "!'4.$, * &'$1!+*/$'42!, 

"!'4.$ 3 2*>*8'3+*$%*5 8!7-$.2!&/4 &9$%,. N /$)$23$% +-$%$23 ;/* 

!&!"$22!&/4 (&/-*25$/&5, 3 8-!A3'4 )3&'$22!7! -$.$235 +,-*+23+*-

$/&5 !/2!&3/$'42! /!)2!7! -$.$235.  

U+2*5 -*02!&/2*5 &9$%* 8!0+!'5$/ 8!'()3/4 -$0('4/*/,, + "!'4-

.$< &/$8$23 &!7'*&(6#3$&5 & *2*'3/3)$&>3%3. T! &/!3/ !/%$/3/4, )/! 

&9$%* «>-$&/» 8-3 +*-43-!+*233 +-$%$22!7! .*7* 1*$/ 02*)3/$'42!$ 

>!'3)$&/+! !&=3''5=3< + %$&/*9 -*0-,+*, )/! 2$@$'*/$'42! 3 2$ 3%$$/ 
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A303)$&>!7! &%,&'*. B*>@$ 2$!"9!13%!, )/!", ",'! &!"'61$2! (&'!-

+3$ Q(-*2/*. 

B*>3% !"-*0!%, 1'5 -$.$235 &+50*22!< 0*1*)3 ",'* +,"-*2* 5+-

2*5 &9$%* «>-$&/».  

5. 5!*607,),% 24+0!$$(8( 4++0!/(3)$41 +31*)$$(- #(/!04 

Q*> 3 + &'()*$ 8-!&/,9 +*-3*2/!+, ",'3 3&&'$1!+*2, 0*1*)3 

1+(9 /38!+.  

?$-+*5 – & 7-*23)2,% (&'!+3$% 1'5 >!2=$2/-*=33 8$-+!7! -!1* 

(&!!/+$/&/+($/, 2*8-3%$-, 2*&,#$236 8!+$-92!&/3 %*/$-3*'* )*&/3-

=*%3 30 !>-(@*6#$< 8'*0%,).   %!%$2/ 8-$>-*#$235 1$<&/+35 3%-

8('4&* 1'3/$'42!&/46 0!  &/*+3/&5 (&'!+3$ !/&(/&/+35 3&/!)23>!+ 3 

&/!>!+ %*&&, 2* &+!"!12!< 8!+$-92!&/3: 0#J .  

 /!-*5 – & 7-*23)2,% (&'!+3$% 1'5 8!/!>* +/!-!7! -!1* (2*8-3-

%$-, !"-*"!/>* 8!+$-92!&/3 %*/$-3*'* 8!/!>!% )*&/3=). 

F'5 +/!-!7! (-*+2$235 + '6"!% &'()*$ 2* 7-*23=$ &/*+3/&5 (&'!-

+3$ -*+$2&/+* 2*8-5@$23< 2('6, )/! 8-3+!13/ > &!!/2!.$236 

:0#$  % &0CCe .8# . 

R$.$23$ &+50*22!< 0*1*)3 1'5 &'()*5, $&'3 2* '$+!< 7-*23=$ 0*-

1*2* >!2=$2/-*=35, 8-$1&/*+'$2! 2* -3&. 7. 

N>!-!&/4 -*&8-!&/-*2$235 !"$39 +!'2 – >!2=$2/-*=3!22!< 3 

(8-(7!< – >!2$)2*. T! /*> >*> ,e Dv vLL  (8-(7*5 +!'2* ("$7*$/ +8$-

-$1. ?!'!@$23$ 8$-$12$7! A-!2/* +!'2, 9!-!.! +312! 2* -3&. 7, 7. 

N%$2$ 02*>* 1$A!-%*=3< &!!/+$/&/+($/ >!!-132*/* 8$-$12$7! A-!2-

/* 13AA(03!22!< +!'2,. R*&&/!523$ %$@1( +!'2*%3 & /$)$23$% 

+-$%$23 (+$'3)3+*$/&5. E@$ > %!%$2/( +-$%$23 20#!  -*&8-$1$'$-

23$ >!2=$2/-*=3< +"'303 &+!"!12!< 8!+$-92!&/3 8-*>/3)$&>3 2$ 

30%$25$/&5 (-3&. 7, /), + /! +-$%5 >*> 8$-$123< A-!2/ 13AA(03!22!< 

+!'2, +&$ @$ 8-!1+37*$/&5 +8$-$1. T* -3&(2>$ 8!>*0*2* /!'4>! !"-

'*&/4 +"'303 &+!"!12!< 7-*23=,, 71$ >-3+*5 1$A!-%*=33 8!1!"2* 

>-3+!< >!2=$2/-*=33 (-3&. 7, @). 

R$.$23$ 1'5 ;/39 %!%$2/!+ +-$%$23 %!@2! 2*0+*/4 >+*03&/*/3-

)$&>3%, $&'3 2$ 8-323%*/4 +! +23%*23$, )/! >*)$&/+$22,$ !&!"$22!-

&/3 +!'2, !/%$)$22,$ 1'5 -3&. 7, ', 7, 3%$6/ %$&/! +2$ !"'*&/3, 30!-

"-*@$22!< 2* -3&. 7, /, @, 8-3 5,5$ L  3 20.$ L  
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/     @ 

R3&. 7. ?-3%$- -$.$235 &+50*22!< 0*1*)3. ?-5%!(7!'42,< 3%8('4&. C!%$2/, 

+-$%$23 (', 7) K: 1 – 0,8, 2 – 4,0, 3 – 6,0; (/, @) 20! L . ?*-*%$/-, %!1$'3 100;9 #  

0,05; 13,0r8 # . ! # . U+2*5 &9$%*.  -$%5 1$<&/+35 3%8('4&* 0 200 r! # !  

?-3%$- -$.$235 0*1*)3 1'5 8-5%!(7!'42!7! 3%8('4&* >!2$)2!< 

1'3/$'42!&/3 8!>*0*2 2* -3&. 8. S3&'$22!$ -$.$23$ 9!-!.! 8$-$1*$/ 

&>!-!&/4 -*&8-!&/-*2$235 +!'2, 8!'!@$23$ A-!2/!+ 3 +'3523$ +!'2 

1-(7 2* 1-(7*. :&=3''5=33 (%$24.*6/&5 & (%$24.$23$% .*7!+, /*> 

)/! A303)$&>!< 8-3-!1, !23 2$ 3%$6/. R3&(2>3 &'$+* &!!/+$/&/+(6/ 

%!%$2/*% +-$%$23, %$24.3% +-$%$23 3%8('4&*. Q-3+,% & 2!%$-*-

%3 5, 6 (&8-*+*) – &!!/+$/&/+(6/ %!%$2/, +-$%$23 0!L! . :&!"$22!-

&/3 +!'2, !/%$)$22,$ +,.$, &!9-*256/&5. 

?-3%$- -$.$235 0*1*)3 & 7-*23)2,%3 (&'!+35%3 +/!-!7! -!1* 

8-$1&/*+'$2 2* -3&. 9 1'5 &32(&!31*'42!7! 3%8('4&*, r0 200!#! . 

Q %!%$2/( +-$%$23 !  (8-(7*5 +!'2*, >*> 3 + 8-$1,1(#$< 0*1*)$, 1!-

9!13/ 1! /!)>3 !#$ . F$A!-%*=33 02*)3/$'42! %$24.$. Q!!-132*/* 

&%$2, 02*>* 1$A!-%*=35%3 &!!/+$/&/+($/ 8$-$12$%( A-!2/( >!2=$2-

/-*=3!22!< +!'2,. 

F'5 r!#!0  >*)$&/+$22*5 >*-/32* 30%$25$/&5 (-3&. 10). 
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7 

R3&. 8. ?-3%$- -$.$235 &+50*22!< 0*1*)3. ?-5%!(7!'42,< 3%8('4&. C!%$2/, 

+-$%$23 ! : 1 – 0,8; 2 – 4,0; 3 – 6,0; 4 – 8,4; 5 – 15,0; 6 – 16,0; 8*-*%$/-, %!1$'3: 

100; 0,05; 13,0r9 # 8 # . ! # . U+2*5 &9$%*.  -$%5 1$<&/+35 3%8('4&* 0 10,0! #  

   

' 

   

7 

R3&. 9. ?-3%$- -$.$235 &+50*22!< 0*1*)3. N32(&!31*'42,< 3%8('4&. C!%$2/, 

+-$%$23 ! : 1 – 0,8; 2 – 4,0; 3 – 6,0; 4 – 8,4; 5 – 15,0; 6 – 16,0. ?*-*%$/-, %!1$'3: 

100; 0,05; 13,0r9 # 8 # . ! # . U+2*5 &9$%*.  -$%5 1$<&/+35 3%8('4&* 0 200 r! # !  
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' 

     

7 

R3&. 10. ?-3%$- -$.$235 &+50*22!< 0*1*)3. N32(&!31*'42,< 3%8('4&. C!%$2/, 

+-$%$23 ! : 1 – 1,25; 2 – 2,5; 3 – 3,75; 4 – 5,0; 5 – 6,25; 6 – 7,5; 7 – 10,0; 8 – 12,5; 9 –

 15,0. ?*-*%$/-, %!1$'3 100; 0,05; 13,0.r9 # 8 # . ! #  U+2*5 &9$%*.  -$%5 1$<&/+35 

3%8('4&* 0 13,0! #  

D0 &'*"!+!72(/!7! A-!2/ &/*2!+3/&5 +,8(>',%. M* 8!&/$8$22,% 

«+9!@1$23$%» +!'2, )$-$0 &+!"!12(6 8!+$-92!&/4 &'$1($/ $$ !/-,+ 

!/ 8!+$-92!&/3 3 -*&8-!&/-*2$23$ + 7'("4 &'!5.  

R*&)$/, 8!>*0,+*6/, )/! +&$ A303)$&>3$ 8*-*%$/-, !>*0,+*6/ 

+'3523$ 2* A!-%( +!'2 3 9*-*>/$- 39 ;+!'6=33 +! +-$%$23. T! +&5>3< 

-*0 8-3 8$-$9!1$ !/ !12!< !"'*&/3 30%$2$235 8*-*%$/-!+ > 1-(7!< 

/-$"($/&5 /#*/$'42,< +,"!- 8*-*%$/-!+ -*02!&/2!< &9$%,. 

9):0;2!$4! 

B*>3% !"-*0!%, + -*"!/$ 8-$1'!@$2* 30!/$-%3)$&>*5 132*%3)$-

&>*5 %!1$'4 2*)*'42!< &/*133 8-!=$&&* +2$1-$235 3!2!+ + 8!+$-92!-

&/2,< &'!< %*/$-3*'* + (&'!+359 8!+$-92!&/2!< !"-*"!/>3. C!1$'4 

()3/,+*$/ 13AA(036 3!2!+, >!2$)2!&/4 +-$%$23 -$'*>&*=33 8!/!>* 

%*&&,, 8!5+'$23$ 2*8-5@$23< +&'$1&/+3$ 30%$2$235 &!&/*+* 8!+$-9-

2!&/2!7! &'!5 3 5+'$23$ 8$-$2!&* >!%8!2$2/* %$9*23)$&>!< +!'2!<. 

:83&*2 +,"!- "$0-*0%$-2,9 8$-$%$22,9 3 A303)$&>3< &%,&' 8!'(-

)*$%,9 8-3 ;/!% "$0-*0%$-2,9 >!%8'$>&!+. T* !&2!+$ *2*'30* 30+$&/-

2,9 )*&/2,9 (-*+2$23< 3 >'*&&3)$&>39 -*02!&/2,9 %$/!1!+ 39 )3&-
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'$22!7! -$.$235 +,"-*2 %$/!1 )3&'$22!< -$*'30*=33 &+50*22!< %!-

1$'3.  ,5+'$2, >*)$&/+$22,$ !&!"$22!&/3 >!2=$2/-*=3!22!< 3 (8-(-

7!< +!'2, +0*3%!1$<&/+(6#39 %$@1( &!"!<. N%$2* >*)$&/+$22!7! 9*-

-*>/$-* -*&8-$1$'$235 1$A!-%*=3< + (8-(7!< +!'2$ &+50*2* & >!2$)-

2!&/46 &>!-!&/3 -*&8-!&/-*2$235 13AA(03!22!< +!'2,.  

R*"!/* +,8!'2$2* 8-3 A32*2&!+!< 8!11$-@>$ 7!&(1*-&/+$22!7! 

>!2/-*>/* 16.740.11.0122 + -*%>*9 A$1$-*'42!< =$'$+!< 8-!7-*%%, 

«T*()2,$ 3 2*()2!-8$1*7!73)$&>3$ >*1-, 322!+*=3!22!< R!&&33 2* 

2009–2013 7!1,» 8! '!/( «?-!+$1$23$ 2*()2,9 3&&'$1!+*23< 2*()2,%3 

7-(88*%3 8!1 -(>!+!1&/+!% 1!>/!-!+ 2*(> 8! &'$1(6#3% !"'*&/5%: %*-

/$%*/3>*; %$9*23>*; 32A!-%*/3>*», .3A- «2010-1.2.1-102-017». 

<4'04(8")=42!+:4- + 4+(: 

1. D!22*5 3%8'*2/*=35: &". &/. / 8!1 -$1. F@.Q. Z3-+!2$2*. – C.: 

C$/*''(-735, 1985. – 392 &. 

2. H%3-9*2!+ D. . S3&'$22,< -*&)$/ /$%8$-*/(-2,9 ;AA$>/!+ 

+ %*/$-3*'*9 8-3 !"'()$233 39 /5@$',%3 3!2*%3 +,&!>39 ;2$-73< 

+ -*%>*9 (-*+2$23< /$8'!8-!+!12!&/3 1'5 ;'$>/-!2!+ -$.$/>3 // ?-$-

8-32/ :DUD. – F("2*, 2004. – N. 23. – URL: http://wwwinfo.jinr.ru/~ze-

mel/grant01/index.html. 

3. H%3-9*2!+ D. . S3&'$22!$ %!1$'3-!+*23$ 3&8*-$235 %$/*'-

'!+ 8!1 1$<&/+3$% 3%8('4&2,9 3!22,9 8()>!+ // ?-$8-32/ :DUD. – 

F("2*, 2003. – N. 21. – URL: http://wwwinfo.jinr.ru/~zemel/grant01/in-

dex.html. 

4. S3&'$22!$ %!1$'3-!+*23$ A*0!+,9 8$-$9!1!+ + %$/*''*9, !"'(-

)*$%,9 3%8('4&2,%3 8()>*%3 3!2!+ // ?-$8-32/ :DUD / D. . H%3--

9*2!+, Y. . M$%'52*5, D. . ?(0,232 [3 1-.]. – F("2*, 2001. – N. 15. – 

URL: http://jdsweb.jinr.ru/record/57972/files/p11-2001-164.pdf. 

5. [!<>!  .D., Y+&/372$$+  . .  +$1$23$ + A303>( +0*3%!1$<&/-

+35 &3'42!/!)2,9 8()>!+ 0*-5@$22,9 )*&/3= & +$#$&/+!%. – C.: G2$--

7!*/!%301*/, 1988. – 136 &. 

6.  0*3%!1$<&/+3$ 3%8('4&2,9 8()>!+ 0*-5@$22,9 )*&/3= & +$-

#$&/+!% /  .D. [!<>!,  .H. N>+!-=!+,  .Y. V!-/!+, D. . \*%*232. – 

C.: V30%*/'3/, 2003. – 288 &. 

7. C!13A3=3-!+*23$ 3 '$73-!+*23$ 8!+$-92!&/3 '*0$-2,%3, 

3!22,%3 3 ;'$>/-!22,%3 8()>*%3 / 8!1 -$1. F@. C. ?!(/*, P. V!/3, 
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F.Q. F@$>!"&!2*, H.H. E7'!+* / 8$-. & *27'. T.Q. C,.>32*, H. . [$'!-

7!,  .C. H23#3>*. – C.: C*.32!&/-!$23$, 1987. – 424 c. 

8. Q250$+* H.P. T$'32$<2,$ %!1$'3 1$A!-%3-($%,9 &-$1 & 13A-

A(03$< // V303)$&>*5 %$0!%$9*23>*. – 2011. – ] 6. – 35–51 &. 

9. B3/*2!+,$ &8'*+, + %*.32!&/-!$233 / 8!1 -$1. P.D. Q*8,-3-

2*. – W.: C*.32!&/-!$23$, 1977. – 125 &. 

10. H'6%323<: &+!<&/+* 3 A303)$&>!$ %$/*''!+$1$23$ / 8!1 -$1. 

F@.Y. Z;/)*. – C.: C$/*''(-735, 1989. – 425 &. 

11. W,>!+ H. . B$8'!%*&&!!"%$2: &8-*+!)23>. – C.: G2$-735, 

1978. – 450 & 

12. Q*'3/>32 T.T. S3&'$22,$ %$/!1,. – C.: T*(>*, 1978. – 512 &. 
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>' )3,("). 

?074$) @0!$) A!"8!!3$) (B!%&>, R!&&35) – 32@$2$- '*"!-*/!-

-33 %!1$'3-!+*235 A303>!-93%3)$&>39 5+'$23< + &!+-$%$22,9 /$9-

2!'!7359 T*=3!2*'42!7! 3&&'$1!+*/$'4&>!7! B!%&>!7! ?!'3/$923)$-

&>!7! E23+$-&3/$/* (634050, 7. B!%&>, 8-. W$232*, 30, $-mail: Lina-

sergg@mail.ru). 

B!#4/(3 &)0!"4- C4:(0)!342 (B!%&>, R!&&35) – >*2131*/ A3-

03>!-%*/$%*/3)$&>39 2*(>, 1!=$2/ Q*A$1-, A303>3 +,&!>39 /$92!'!-

73< + %*.32!&/-!$233 T*=3!2*'42!7! 3&&'$1!+*/$'4&>!7! B!%&>!7! 

?!'3/$923)$&>!7! E23+$-&3/$/* (634050, 7. B!%&>, 8-. W$232*, 30, $-mail: 

vn_demidov@mail.ru). 

D$1*!3) E$$) F!("84!3$) (B!%&>, R!&&35) – 1!>/!- A30.-%*/. 

2*(>, 8-!A$&&!-, 0*+. '*"!-*/!-3$< %!1$'3-!+*235 A303>!-93%3)$&-

>39 5+'$23< + &!+-$%$22,9 /$92!'!7359 T*=3!2*'42!7! 3&&'$1!+*-

/$'4&>!7! B!%&>!7! ?!'3/$923)$&>!7! E23+$-&3/$/* (634050, 7. B!%&>, 

8-. W$232*, 30), 7'*+2,< 2*()2,< &!/-(123> D2&/3/(/* A303>3 8-!)-

2!&/3 3 %*/$-3*'!+$1$235 N: RHT (634021, B!%&>, H>*1$%3)$&>3< 

8-. 2/4, e-mail: anna-knyazeva@mail.ru). 
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