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FACTORS OF CARRYING OVER  

FOR THE THREE-COMPONENTAL DEFORMABLE ALLOY 

Parities for the generalized forces, convenient for a conclusion of expressions for streams of 

heat and weight in deformable environments are presented. The detailed conclusion of the equations for 

streams is given on an example of binary and three-componental systems. On the basis of thermody-

namics of irreversible processes and the theory of Onzagera it is shown that the number of independent 

factors of carrying over decreases at the account of symmetry of the generalized differential equations 

of a condition. Formulas for all factors of the carrying over, connecting them with independently defined 

parameters are given: in self-diffusion factors, in factors of concentration expansion and in factors Rub-

bish. Numerical estimations of factors are made. 

Keywords: diffusion, thermodiffusion, barodiffusion, thermodynamics of irreversible processes, 

carrying over factors, binary and three-componental systems. 
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k mfSRTQ , 

** QDQDA 2211111 ) , 

** QDQDA 2221122 ) , 

4 5 4 58 9322222311111 <'<)<'< TTq SCDSCDTA . 

D: -&)6+ 5(+=)&4-' 3+ABB%,%)(4+- 0 ('& ():'-%&%5. 4+1<3+ 9)-

4.*): 0 0
11 22 1 2, , , ,T TD D S S  4'3 3'3 3+ABB%,%)(4. 3+(,)(4*',%+((+6+ 

*'&C%*)(%2 1)63+ +,)(%-';4&2 (' +&(+-) :('(%8 + 5+1<(./ %1% '4+5-

(./ +?P)5'/ 7%BB0:'(4+-. Q+1)) 4+6+, - &-2:'((./ 5+7)12/ A4% =) 3+-

ABB%,%)(4. +$*)7)12;4 -)1%9%(. ('$*2=)(%8 - 7%BB0:%+((+8 :+(), 

&-2:'((.) & ()+7(+*+7(.5 *'&$*)7)1)(%)5 3+(,)(4*',%8. 

> 0*'-()(%% 712 $+4+3' 4)$1' (22), 3'3 % - (18), $+&1)7()) &1'6')-

5+) +$%&.-')4 $)*)(+& 4)$1' $*% ('1%9%% 6*'7%)(4' ('$*2=)(%8. >&4*)-

9')4&2 1% 4'3+) 2-1)(%) - $*%*+7)? J+=(+ 1% )6+ «-.7)1%4<» $*% A3&$)-

*%5)(4'1<(./ %&&1)7+-'(%2/? >+$*+& +&4')4&2 +43*.4.5. M++4-)4&4-

-0;@%8 3+ABB%,%)(4 $)*)(+&' :'-%&%4 +4 &+&4'-', 4)$1+4 $)*)(+&' % 

3+ABB%,%)(4+- 3+(,)(4*',%+((+6+ *'&C%*)(%2 7%BB0:'(4+-. 

D: (20)–(22) & 09)4+5 -.*'=)(%8 712 3+ABB%,%)(4+- - (%/ -%7-

(+, 94+ 0&1+-%) 021   AA  - +?@)5 &109') -+:5+=(+ 4+1<3+ 4+67', 

3+67' 4)$1+4. $)*)(+&' 4+=7)&4-)((+ *'-(. (01;. L4+, - &-+; +9)-

*)7<, +:('9')4, 94+ *'-(. (01; 3+ABB%,%)(4. M+*) %1% 3+ABB%,%)(-

4. 4)*5+7%BB0:%%. > &++4-)4&4-%% & $+109)((.5% B+*501'5% ()1<:2 

$*)()?*)6'4< $)*)3*)&4(.5% ABB)34'5% $+ +9)*)7%: )&1% )&4< $*25+8 
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ABB)34, 4+ +?2:'4)1<(+ )&4< % +?*'4(.8 ABB)34.  &1+-%) 5'1+&4% 3+-

ABB%,%)(4+- 1 2,A A:  % qA  $+ &*'-()(%; & 7*06%5% 3+ABB%,%)(4'5% 

$)*)(+&' () &1)70)4 2-(+ %: 3'3%/-1%?+ *'&&0=7)(%8 % () 5+=)4 ?.4< 

%&$+1<:+-'(+ -&1)7&4-%) %/ *':1%9(+8 *':5)*(+&4%. 

"'3 $*'-%1+, -)1%9%(' 3+ABB%,%)(4' M+*) 712 A1)34*+1%4+-, ()-

A1)34*+1%4+- % 6':+- [4] 32 1010 '' '  "
–1

. !12 $+1%5)*+- A4+4 3+ABB%,%-

)(4 &0@)&4-)((+ -.C). !12 4-)*7./ 4)1 7'((./ ('84% () 07')4&2. E*%-

5)5 712 &*'-(%4)1<(+8 +,)(3% -&)/ 3+ABB%,%)(4+- $)*)(+&' - &%&4)5) 

Fe + C + N: : : :  $*% 5'1+8 3+(,)(4*',%% $*%5)&)8 -()7*)(%2 ( 1C 0,03  – 

061)*+7; 2C 0,03  – ':+4) 3
21 10'  TT SS  "

–1
. > A4+5 &109') 5+=)5 

-+&$+1<:+-'4<&2 $*%?1%=)(%)5 %7)'1<(+6+ *'&4-+*'. > &++4-)4&4-%% & 

7'((.5% [11, 12], $*% 4)5$)*'40*) 900 °M 5+=(+ $*%(24< 

60
11 1063 '( ,D , 

60
22 1032 '( ,D  &5

2
/&. 

J+12*(.) 5'&&. (6/5+1<) ;,m 011121   007142 ,m  ; 847553 ,m  . 

M1)7+-'4)1<(+, 
6

11 3,63 10 ,D ' (  
6

22 3,32 10 ,D ' (  
8

12 2,47 10 ,D ' (  

8
21 10841 '( ,D  &5

2
/&; 9

1 10633 '( ,DT , 9
2 10323 '( ,DT  &5

2
/(&·"). 

!12 +,)(3% 3+ABB%,%)(4+- $)*)(+&' $+7 7)8&4-%)5 ('$*2=)(%8 

-+&$+1<:0)5&2 $*%?1%=)((.5% B+*501'5% 712 3+ABB%,%)(4+- 3+(-

,)(4*',%+((+6+ *'&C%*)(%2 

2213

1

B)B)B

B
 < k

k , 

67) kB  – '4+5(.) +?P)5..  9%4.-'2 -)1%9%(. '4+5(./ *'7%0&+- [12], 

('/+7%5 

189007300710 321 ,;,;, C<C<C< . 

M1)7+-'4)1<(+, 
11

1 10721 '(' ,B , 
11

2 10261 '(' ,B  (&5
2
·6)/(&·!=). 

F)$)*< 5+=)5 +$*)7)1%4< +&4'-C%)&2 -)1%9%(.: 

64331 C*Q ; 54242 C*Q  !=/&5
3
;  

023401 ,A C ; 018202 ,A C  !=/(&5·&); 410622 '(C ,Aq  &5
2
/&. 

"'3 % &1)7+-'1+ +=%7'4<, $+ '?&+1;4(+8 -)1%9%() 3+ABB%,%)(-

4. $)*)(+&', +$%&.-';@%) $)*)3*)&4(.) ABB)34., 5'1.. G+ - ()+7-

(+*+7(./ &%&4)5'/ & -.&+3%5% 1+3'1<(.5% 6*'7%)(4'5% 4)5$)*'40-
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*., 3+(,)(4*',%8 % ('$*2=)(%8 -+:5+=(. +&+?)((+&4%, 3+4+*.) 

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

ABB)34. 5+604 $*+2-%4<&2 % - &0@)&4-)((+ ()*'-(+-)&(./ 0&1+-%2/ 

+?*'?+43% 5'4)*%'1+- -.&+3+A()*6)4%9)&3%5% %&4+9(%3'5%, ('$*%5)* 

- 0&1+-%2/ A1)34*+((+-109)-+8 +?*'?+43%, %+((+8 %5$1'(4',%%, 1'-

:)*(+6+ -+:7)8&4-%2, 3+67' &3+*+&4% *+&4' 4)5$)*'40*. - $+-)*/(+&4-

(+5 &1+) $*)-.C';4 &+4(% % 7'=) 4.&29% 6*'70&+- - &)30(70, 94+ 

$*%-+7%4 3 6)()*',%% 5)/'(%9)&3%/ -+:50@)(%8 % &-2:'((./ & (%5% 

+&+?./ 5)/'(%:5+- $)*)(+&'. 

50,*67"$%" 

F'3%5 +?*':+5, - *'?+4) +&0@)&4-1)( $+&1)7+-'4)1<(.8 -.-+7 

0*'-()(%8 712 $+4+3+- 4)$1' % 5'&&. 712 7)B+*5%*0)5+8 &*)7.. E+-

3':'(+, 94+ - 0*'-()(%% 712 $+4+3' 4)$1' $+2-12)4&2 7+$+1(%4)1<(+) 

&1'6')5+), +4-)9';@)) :' $)*)(+& 4)$1' $+7 7)8&4-%)5 6*'7%)(4' ('-

$*2=)(%8. L4+4 ABB)34 +41%9)( +4 4+6+, 3+4+*.8 $*%-+7%4 3 $+2-1)-

(%; ABB)34' &-2:'((+&4% - 0*'-()(%% 4)$1+$*+-+7(+&4%, (+ -+$*+& + 

-+:5+=(+&4% A3&$)*%5)(4'1<(+6+ +?('*0=)(%2 ABB)34' +&4')4&2 +4-

3*.4.5. > ()3+4+*./ &%40',%2/, $+--%7%5+50, *+1< 7+$+1(%4)1<(+6+ 

&1'6')5+6+ &-+7%4&2 3 ()3+4+*+8 7+?'-3) 3 3+ABB%,%)(4'5 4)$1+$*+-

-+7(+&4% % 4)$1+4'5 $)*)(+&', $+7+?(+ 4+50 3'3 %(+67' &-+724 *+1< 

7%BB0:%% $+7 7)8&4-%)5 6*'7%)(4' ('$*2=)(%8 3 %:5)()(%; 7%BB0-

:%+((./ 3+ABB%,%)(4+-. D&$+1<:+-'(%) - 3'9)&4-) 0*'-()(%8 &+&4+2-

(%2 7%BB)*)(,%'1<(./ &++4(+C)(%8, &1)70;@%/ %: 0*'-()(%2 H%?-

?&' $*% 0&1+-%%, 94+ A()*6%2 H%??&' (%1% %(+8 $*+%:-+72@%8 4)*5+-

7%('5%9)&3%8 $+4)(,%'1) – $+1+=%4)1<(+ +$*)7)1)(('2 B0(3,%2 

&++4-)4&4-0;@%/ $)*)5)((./ &+&4+2(%2, $+:-+12)4 &-)&4% 3 5%(%50-

50 9%&1+ ():'-%&%5./ 3+ABB%,%)(4+-. F'3, - 4*)/3+5$+()(4(+8 &%&-

4)5) & 09)4+5 *':(++?*':(./ $)*)3*)&4(./ ABB)34+- 5+=(+ -.7)1%4< 

3'3 ():'-%&%5.) -)1%9%(. 3+ABB%,%)(4. &'5+7%BB0:%%, 3+ABB%,%-

)(4. M+*) % 3+ABB%,%)(4. 3+(,)(4*',%+((+6+ *'&C%*)(%2. >&) +&-

4'1<(.) B%:%9)&3%) -)1%9%(. (4)$1+4. $)*)(+&', $'*,%'1<(.) 3+AB-

B%,%)(4. 7%BB0:%%, 3+ABB%,%)(4. $)*)(+&' $+7 7)8&4-%)5 6*'7%)(-

4' ('$*2=)(%8 % 4.$.) 1)63+ *'&&9%4'4< (' +&(+-) $*)7&4'-1)((./ - 

*'?+4) B+*501. L4+ -+:5+=(+, )&1% $*%(24. &+61'C)(%2 + &4*0340*) 

*'&4-+*' (%1% &$1'-'), $+:-+12;@%) (' +&(+-) %:-)&4(./ 4)+*%8 +$*)-

7)124< :'-%&%5+&4% '34%-(+&4)8 %1% /%5%9)&3%/ $+4)(,%'1+- 3+5$+-

()(4+- +4 &+&4'-'. 
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R):01<4'4 1)63+ +?+?@')4&2 (' 5(+6+3+5$+()(4(.) &%&4)5., (' 

&%&4)5. & ()*'-(+-)&(.5% -'3'(&%25%, (' &*)7. & %(.5% *)+1+6%9)-

&3%5% &-+8&4-'5%. 

 

R'?+4' -.$+1()(' - *'53'/ H+&07'*&4-)((+6+ 3+(4*'34' 

S 16.740.11.0122, :'31;9)((+6+ - *'53'/ B)7)*'1<(+8 ,)1)-+8 $*+-

6*'55. «G'09(.) % ('09(+-$)7'6+6%9)&3%) 3'7*. %((+-',%+((+8 R+&-

&%%» (' 2009–2013 6+7. $+ 1+40 «E*+-)7)(%) ('09(./ %&&1)7+-'(%8 ('-

09(.5% 6*0$$'5% $+7 *03+-+7&4-+5 7+34+*+- ('03 $+ &1)70;@%5 +?1'&-

425: 5'4)5'4%3'; 5)/'(%3'; %(B+*5'4%3'» (C%B* «2010-1.2.1-102-017») 

$+ 4)5) «"+5$1)3&(+) %&&1)7+-'(%) -:'%5+-1%2(%2 $*+,)&&+- $)*)-

(+&' % 7)B+*5%*+-'(%2 - 0&1+-%2/ -+:7)8&4-%2 $+4+3+- 9'&4%, (' $+-

-)*/(+&4< 5)4'11+-» (C%B* :'2-3% «2010-1.2.1-102-017-075»). 

/%8*%(9'0:%7"2,%; 2)%2(, 

1. "+1)&(%9)(3+ N.>., J'3&%5+- >.J. #?+?@)((.8 :'3+( 

B%1<4*',%% !'*&% 3'3 &1)7&4-%) &++4(+C)(%8 M4)B'('-J'3&-)11' 712 

6)4)*+6)((+8 &*)7. // J'4)5'4%9)&3+) 5+7)1%*+-'(%). – 2001. – F. 13, 

S 1. – M. 3–25 

2. >'6()* ". F)*5+7%('5%3' &$1'-+-. – J.: J)4'110*6%:7'4, 

1957. – 179 &. 

3. H0*+- ".E. I)(+5)(+1+6%9)&3'2 4)*5+7%('5%3' ()+?*'4%5./ 

$*+,)&&+- (B%:%9)&3%) +&(+-.). – J.: G'03', 1978. – 128 M. 

4. E*%6+=%( D., "+(7)$07% !. M+-*)5)(('2 4)*5+7%('5%3' / $)*. 

& '(61. T.N. !'(%1+-' % >.>. Q)1+6+. – J.: J%*, 2002. – 461 &. 

5. Non-linear mechanics of materials / J. Besson, G. Cailletaud, 

G.T. Chaboche [et al.]. – Springer, 2009. – 450 *. 

6. Aouadi M. Generalized theory of thermoelastic diffusion for anisot-

ropic media // J. of Thermal Stresses. – 2008. – Vol. 31. – P. 270–285. 

7. "(2:)-' N.H. # 5+7)1%*+-'(%% ()+?*'4%5./ $*+,)&&+- - 5'4)-

*%'1'/ & ?+1<C%5 9%&1+5 -(04*)((%/ $+-)*/(+&4)8 // I%:%9)&3'2 5)-

:+5)/'(%3'. – 2003. – F. 6, S 5. – M. 11–27. 

8. H0*+- ".E., "'*4'C3%( Q.N.,  6'&4) T.L. >:'%5('2 7%BB0:%2 

- 5(+6+B':(./ 5)4'11%9)&3%/ &%&4)5'/. – J.: G'03', 1981. – 350 c. 

9. U;$%& ". V%5%9)&3'2 4)*5+7%('5%3' 5'4)*%'1+-: $)*. & '(61. 

(Lupis C.H.P. Chemical thermodynamics of Materials / North-Holland, 

New York-Amsterdam – Oxford). – J.: J)4'110*6%2, 1989. – 503 c. 
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10. O*C+- H.M., J'8?+*+7' >.E. !%BB0:%2 - 5)4'110*6%9)&3%/ 

*'&$1'-'/. – "%)-: G'03+-' 7053', 1990. – 224 &. 

11. K'84 F.>. !%BB0:%2 - 5)4'11'/. E*+,)&&. +?5)(' 5)&4. – J.: 

DU, 1958. – 382 &. 

12. I%:%9)&3%) -)1%9%(.: &$*'-. / $+7 *)7. D.M. H*%6+*<)-', 

O.K. J)81%/+-'. – J.: L()*6+'4+5%:7'4, 1991. – 1232 &. 
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