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 !" 669.234 

 .!. "#$%$#, &. . '()*+,(-, ..&. /(,(0$(-, &.". 1#2%3405#6 

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

"!7 "8&9 :71;7< = 9 '!9 ;&>:  

?&<@7?7'@AB 1&8C? &!7D 

3,4",5)-,/, $6)&$-,7 %)#8)4&9&7 Mo–Ni /, -&-,/).)# $86,.! :;4 $ 8"&#!/!/&!# <%)6)(&-
2!$%& 2&$-)() #,(/!-")//)() #!-)+,. =$$6!+).,/ #!1,/&4# )5",4).,/&7 $)!+&/!/&7 . %)/-,%-/)' 

8,"! :;4   Mo /, $-,+&& /,/!$!/&7 8)%"0-&7.  )%,4,/), 2-) . *$6).&71 -!#8!",-*"/)() "!>&#, 
8,'%& $6)&$-)' %)#8)4&9&& (850 °?) 8")&$1)+&- .4,&#/)! +&@@*4&)//)! 8")/&%/).!/&! #,-!"&,-

6)., 2-) )5!$8!2&.,!- .0$)%)! %,2!$-.) $9!86!/&7 . %)/-,%-/01 8,",1 :;4   A) & A)   Ni. 
 

#$%&'&( $)*&+,-&./0$( . 1-+/2 30(%4(5$6()'$2 1)5/0&.&' *&+16$+$ 

*/708( )&(9$0(0$7 $- 5$5/0&.&4& )*+/./ :;4 ) 9%14$<$ '&0)5%1'=$&008<$ 

</5(%$/+/<$. !+7 &>()*(6(0$7 )&.<()5$<&)5$ 5$5/0&.82 )*+/.&. ) 35$<$ 

</5(%$/+/<$ *%$<(07?5 */@'1 *& «>/%,(%08<» *&'%85$7<, 0/0()(008< 0/ 

5$5/0&.8@ )*+/. $ *&+0&)5,? $-&+$%1?A$< (4& &5 *%$*&7 [1–4]. 

B '/6()5.( 5/'$2 >/%,(%082 *&'%85$@ 0/ 5$5/0&.82 )*+/./2 2&%&C& 

-/%('&<(09&./+/ )(>7 )+&$)5/7 '&<*&-$=$7 «<&+$>9(0   0$'(+,». D&+$>9(0 

$4%/(5 %&+, «>/%,(%0&4&» *&'%85$7, *%(9&5.%/A/?A(4& &>%/-&./0$( 2%1*-

'$2 $05(%<(5/++$9&. 5$5/0/, / 0$'(+, 1+16C/(5 %/)5('/0$( *%$*&7 $ &>()*(-

6$./(5 )&(9$0(0$( ) 9%14$<$ </5(%$/+/<$ [5–7]. 

B 0/)5&7A(( .%(<7 <&+$>9(0&.&( $ 0$'(+(.&( *&'%85$7 0/0&)75)7 0/ 

*&.(%20&)5, 5$5/0&.&4& )*+/./ :;4 <(5&9&< */%&E/-0&@ <(5/++$-/=$$ . ./-

'11<( *15(< 9$))&=$/=$$ )&&5.(5)5.1?A$2 '/%>&0$+&. <(5/++&. [8–11]. 

F5&5 <(5&9 2&%&C& *&'/-/+ )(>7 0/ *%/'5$'(, 0& 7.+7(5)7 3'&+&4$6()'$ 

.%(908< ..$91 )$+,0&@ 5&')$60&)5$ $)2&90&4& )8%,7   '/%>&0$+&. (G!" 

'/%>&0$+/ 0$'(+7 0,0005 <4!<3). H/<$ *%(9+&I(0 3'&+&4$6()'$ 6$)58@ </4-

0(5%&008@ <(5&9 0/0()(0$7 <&+$>9(0&.82 $ 0$'(+(.82 )+&(. 0/ 5$5/0&.8@ 

)*+/. :;4 [12–15]. H(&>2&9$<8< 1)+&.$(< 9+7 $)*&+,-&./0$7 35&4& <(5&9/ 

7.+7(5)7 9&)5$I(0$( 2&%&C(4& )&(9$0(0$7 . '&05/'5082 */%/2 :;4   Mo 

$ D&   Ni. 

G&)+(9&./5(+,0&( 0/0()(0$( <&+$>9(0&.82 $ 0$'(+(.82 *&'%85$@ 0/ 

*%(9./%$5(+,0& &6$A(001? $ &>(-I$%(001? *&.(%20&)5, =$+$09%$6()'$2 

&>%/-=&. $- :;4 9$/<(5%&< 30 << 9+$0&@ 40 << &)1A()5.+7+$ . ./'11<0&@ 

'/<(%( (9/.+(0$( 6·10–3 G/) 1)5/0&.'$ DJK-2, &>&%19&./00&@ 9.1<7 914&.8-

<$ $)*/%$5(+7<$ ) 5$5/0&.8<$ '/5&9/<$, *%(90/-0/6(008<$ 9+7 0/4%(./ 

&>%/-=&., $ 9.1<7 </40(5%&008<$ %/)*8+$5(+,08<$ )$)5(</<$ (DKL) ) <&-
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+$>9(0&.&@ (</%'$ DM) $ 0$'(+(.&@ (HDGN-1) <$C(07<$. G+/-<(008@ *&-

5&' . 914&.82 1)'&%$5(+72, )&)5&7A$@ 0/ 85–90 % $- <0&4&-/%79082 $&0&. 

5$5/0/, 1)'&%7+)7 0/*%7I(0$(< (1–1,5 'B5) ) 30(%4$(@ $&0&. &5 10 9& 150 3B 

$ *%&$-.&9$+ &90&.%(<(00& $&001? &6$)5'1 *&.(%20&)5$ 9(5/+$ $ (( 0/4%(. 

9& 0(&>2&9$<&@ 5(<*(%/51%8; 5(<*(%/51%/ $-<(%7+/), 2%&<(+,-/+?<(+(.&@ 

5(%<&*/%&@. G&)+( 0/4%(./ 9(5/+$ .'+?6/+/), DKL ) <&+$>9(0&.&@ <$C(-

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

4&%(0$7 V = 550 B, I = 5 A. O/ .%(<7 %/)*8+(0$7 (90 <$0) 0/ *&.(%20&)5$ &>-

%/-=/ E&%<$%&./+&), <&+$>9(0&.&( *&'%85$( 5&+A$0&@ 22–27 <'<. O/5(< 

.'+?6/+/), .5&%/7 DKL ) 0$'(+(.&@ <$C(0,? ) */%/<(5%/<$ 4&%(0$7 

V = 500 B, I = 5 A, '&5&%/7 . 5(6(0$( 60 <$0 9/./+/ 0/ *&.(%20&)5$ <&+$>9(-

0&.&4& *&'%85$7 )+&@ 0$'(+7 5&+A$0&@ 12–15 <'<. 

G%$ </40(5%&00&< 0/*8+(0$$ <&+$>9(0/ 0/ *&.(%20&)5, )*+/./ :;4 

./I0&( -0/6(0$( 9+7 9&)5$I(0$7 2&%&C(4& )=(*+(0$7 35$2 </5(%$/+&. $4%/-

(5 *%$%&9/ &'$)082 *+(0&', &>%/-1?A$2)7 0/ 5$5/0&.&< )*+/.( [16–19]. G&-

35&<1 . -/9/61 $))+(9&./0$7 .2&9$+& )&-9/0$( 0/ *&.(%20&)5$ )*+/./ :;4 

*+&50&@ &'$)0&@ *+(0'$ 5$5/0/, '&5&%/7 &>()*(6$+/ >8 E$-$6()'$@ '&05/'5 

<&+$>9(0&.&4& *&'%85$7 ) <(5/++$6()'&@ &)0&.&@. !/+,0(@C(( %/)5.&%(0$( 

35&@ *+(0'$ . 5$5/0&.&@ &)0&.( [20] *%$.&9$+& ' &>%/-&./0$? &>P(<0&4& 

'&05/'5/ -/ )6(5 9$EE1-$&0082 *%&=())&. 0/ 4%/0$=( :;4 – D&. K(C/7 9/0-

01? -/9/61 ) *&<&A,? <(5&9/ $-<(%(0$7 <$'%&5.(%9&)5$, <8 1)5/0&.$+$, 

65& . 1)+&.$72 </40(5%&00&4& %/)*8+(0$7 0/ *&.(%20&)5$ :;4 &>%/-1?5)7 

&')$908( )+&$ 5$5/0/ ) .8)&'&@ 5.(%9&)5,? $ )*+&C0&)5,?, *%(9*&+&I$-

5(+,0& )&9(%I/A$( )1>&')$901? E/-1 Ti6O, 7.+7?A$()7 2&%&C$< )&(9$0$-

5(+,08< )+&(<. G%$ 35&< 9+7 &>+/)5$ 5(<*(%/51% )1A()5.&./0$7 Q-)&)5/.&. 

>8+/ *&+16(0/ 5(<*(%/51%0/7 -/.$)$<&)5, '&3EE$=$(05/ 9$EE1-$$ '$)+&-

%&9/ . )*+/. :;4 [21] 

 " #34,8 10 exp 138,33 .D RT
 

$ % &   (1) 

B8)&'&5(<*(%/51%0&( &'$)+(0$( 5$5/0&.82 )*+/.&. *%(9*&+/4/(5 %/)-

5.&%(0$( '$)+&%&9/ . <(5/++$6()'&@ &)0&.( $ &>%/-&./0$( &'$)+/ 0/ (4& *&-

.(%20&)5$ [20]. :>A/7 )'&%&)5, &'$)+(0$7 ' 7.+7(5)7 <(%&@ '&+$6()5./ '$-

)+&%&9/, %/)2&91(<&4& . (9$0$=1 .%(<(0$, $ %/.0/ )1<<( )'&%&)5$ (4& %/)-

2&9/ 0/ %/)5.&%(0$( . )*+/. :;4 ('1) $ 0/ &>%/-&./0$( &'$)+/ ('2). G%$ '1 ( '2 

0/>+?9/(5)7 15&+A(0$( *+(0'$, / *%$ '1 ) '2 – (( 15&06(0$(. 

J)2&97 $- &)&>(00&)5(@ &'$)+(0$7 5$5/0&.82 )*+/.&., 0/<$ >8+ *%(9-

+&I(0 )+(91?A$@ <(2/0$-< *%&=())/ &>%/-&./0$7 *%&60&4& )&(9$0(0$7 

. '&05/'50&@ */%( :;4 – D&, )15, '&5&%&4& &*%(9(+7(5 .8>&% 6/)5$ 5(20&+&-

4$6()'$2 */%/<(5%&. 0/0()(0$7 <&+$>9(0&.&4& *&'%85$7 0/ *&.(%20&)5, 

)*+/./ :;4 (%$). 1). G(%.8( <&0&)+&$ <&+$>9(0&.&4& *&'%85$7 &)/I9/?5)7 
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0/ *+&508@ $ )5/>$+,08@ &'$)(+, 65& &>()*(6$./(5 0/6/+,08@ E$-$6()'$@ 

'&05/'5 <&+$>9(0&.&4& *&'%85$7. F5$ )+&$ $-&+$%1?5 &')$901? *&.(%2-

0&)5, &5 '$)+&%&9)&9(%I/A(@ )%(98, $ . -&0( '&05/'5/ %(/+$-1?5)7 1)+&.$7 

/.5&./'11<$%&./0$7, *%$ 35&< )&)5/.+7?A/7 '2 )5%(<$5)7 ' 01+?. 

   Mo

 

  

:;4

 

  2   

1   

 

K$). 1. L2(</ &>%/-&./0$7 )&(9$0(0$7 . '&05/'50&@ */%( Mo – :;4 

B 35$2 1)+&.$72 %(-'& 1)'&%7?5)7 *%&=())8 %/)5.&%(0$7 &'$)0&@ 

*+(0'$ 1 . <(5/++$6()'&@ &)0&.(, '&5&%8( )&*%&.&I9/?5)7 .&)*%&$-.&9)5-

.&< '/5$&00&4& &'%1I(0$7 *%$ %/)*/9( &'$)0&@ *+(0'$ [20]. :90&.%(<(00& 

$9(5 .)5%(60/7 9$EE1-$7 /5&<&. 5$5/0/ 2 . &')$901? *+(0'1 ) .82&9&< 0/ 

*&.(%20&)5, $ &>%/-&./0$(< 0/ 0(@ >&+,C&4& 6$)+/ /'5$.082 =(05%&.. K&+, 

/'5$.082 =(05%&. *%$ 5/'$2 *%&=())/2 <&415 $4%/5, '/' /'5$.08( /5&<8 5$-

5/0/, 5/' $ 5&6(608( 9(E('58 ./'/0)$&00&4& 2/%/'5(%/, 5/' '/' &0$ 7.+7?5)7 

$)5&60$'/<$ $ 0&)$5(+7<$ 0(0/)8A(0082 ).7-(@. G%$ .-/$<&9(@)5.$$ 5/'&@ 

/'5$.0&@ *&.(%20&)5$ ) /5&</<$ <&+$>9(0&.&4& *&'%85$7 &>%/-1?5)7 *%&6-

08( <(5/++$6()'$( ).7-$, $ '/' )+(9)5.$( – 2&%&C(( )=(*+(0$( . '&05/'50&@ 

*/%(. R$<$5$%1?A(@ )5/9$(@ 9/00&4& *%&=())/ 7.+7(5)7 9$EE1-$7 *&.(%2-

0&)50&4& '$)+&%&9/ .4+1>, 5$5/0&.&@ &)0&.8 [22]. 

J)*&+,-17 *&92&9, *%(9+&I(008@ . %/>&5( [22], ) 16(5&< 1%/.0(0$7 (1) 

0/< 19/+&), &*$)/5, '&+$6()5.(001? )5&%&01 35&4& *%&=())/: 

 " #2 9,6exp 138,33 ,b RT* %   <$0. (2) 

K/)6(5 *& E&%<1+( (2) *&'/-8./(5, 65& *%$ 5(<*(%/51%( 700 °L &'$)0/7 

*+(0'/ 5&+A$0&@ b = 25 <'< %/)5.&%7(5)7 . <(5/++$6()'&@ &)0&.( -/ 17 <$0. 

G/@'/ 9(5/+(@ ) $)*&+,-&./0$(< )+&$)5&@ '&<*&-$=$$ :;4   D&   Ni 

&)1A()5.+7(5)7 *%$ 5(<*(%/51%/2 *&%79'/ 850 °L, . ./'11<( 10 3 G/, . 5(6(-

0$( 1 6. B 5/'$2 1)+&.$72 )+(91(5 &I$9/5, .-/$<0&4& 9$EE1-$&00&4& *%&-

0$'0&.(0$7 </5(%$/+&., 65& 9&+I0& &>()*(6$5, 9/+,0(@C(( 1.(+$6(0$( )$+ 

)=(*+(0$7 . '&05/'5082 */%/2. G&35&<1 *%(9)5/.+7+& $05(%() $-16(0$( 
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9$EE1-$&00&4& .-/$<&9(@)5.$7 . '&05/'5082 */%/2 :;4   D& $ D&   Ni 0/ 

)5/9$$ $2 &5I$4/ *& 5(<*(%/51%0&<1 %(I$<1 */@'$. 

J))+(9&./0$? *&9.(%4/+$), &>%/-=8, *&+16(008( '/' *& >/-&.&<1 

'/%>&0$+,0&<1, 5/' *& *%(9+/4/(<&<1 </40(5%&00&<1 ./%$/05/<. :>%/-=8 

) *&'%85$7<$ &5I$4/+$), . *(6$ URSAMAR RK 42 . $05(%./+( 5(<*(%/51% 

700 950 °L ) *&99(%I/0$(< 0(&>2&9$<&@ 5(<*(%/51%8 ) 5&60&)5,? +10 °L. 

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

08@ '&05(@0(% ) 4(55(%&< $- *&%&C'/ '/%>$9/ 5$5/0/ $ 3'%/0&< $- 5$5/0&.&@ 

E&+,4$. 

H/ %$). 2 *%$.(9(08 E&5&4%/E$$ <$'%&C+$E&. ) $))+(91(<&@ '&<*&-

-$=$(@, *&+16(00&@ *& '/%>&0$+,0&<1 $ </40(5%&00&<1 ./%$/05/<, '&5&%8( 

0( &>0/%1I$./?5 -/<(50&@ %/-0$=8 . <$'%&)5%1'51%( )+&(.. 

 
Ni 

Mo 

:;4 

Ni 

Mo 

:;4 

 
  ! 

K$). 2. D$'%&)5%1'51%/ )+&(. <&+$>9(0/ $ 0$'(+7 0/ )*+/.( :;4:   – *&+16(0082 

'/%>&0$+,08< <(5&9&<; ! – *&+16(0082 </40(5%&008< <(5&9/<$, , 600 

D$'%&5.(%9&)5, *&'%85$@, *&+16(0082 *& </40(5%&00&<1 ./%$/051, 

9& &5I$4/ )&)5/.+7+/ 9+7 <&+$>9(0&.&4& )+&7 4500 6000 DG/, 9+7 0$'(+(.&-

4& – 3500–4000 DG/, *&)+( &5I$4/ *%$ 5(<*(%/51%( 800 °L . 5(6(0$( 1 6 – 

)&&5.(5)5.(00& 2500–3500 $ 1900 2100 DG/. G&)+(90$( -0/6(0$7 )&&5.(5)5-

.1?5 <$'%&5.(%9&)5$ *&'%85$@, *&+16(0082 *& >/-&.&<1 ./%$/051. 

S/%/'5(%$)5$'$ .-/$<0&@ 9$EE1-$$, &*$)8./?A$( )1<</%08@ 9$E-

E1-$&008@ *&5&', 9/?5 &>A$( *%(9)5/.+(0$7 & .(+$6$0/2 '&3EE$=$(05/ 

9$EE1-$$. B *%/'5$'( */@'$ )1A()5.(00&( -0/6(0$( $<((5 .&-<&I0&)5, 

&=(0'$ 4+1>$08 9$EE1-$&0082 )+&(., &>%/-&./.C$2)7 . *%&=())( 5(<*(%/-

51%0&4& %(I$</ */@'$ [1].  

H/<$ *%(9*%$075/ *&*85'/ &=(0'$ 4+1>$08 9$EE1-$&0082 )+&(., 

) 16(5&< %79/ 9&*1A(0$@. J- /0/+$-/ '&3EE$=$(05&. )/<&9$EE1-$$ . <(-

5/++/2 '&05/'5082 */%, 2/%/'5(%$-1?A$2 9$EE1-$&001? *&9.$I0&)5, /5&-

<&. 35$2 <(5/++&., <&I0& -/'+?6$5,, 65& . $05(%./+( 5(<*(%/51% 700–900 °L 

9$EE1-$&00/7 *&9.$I0&)5, /5&<&. 5$5/0/ $ 0$'(+7 >&+(( 6(< 0/ 10 *&%79-

'&. .8C( *&9.$I0&)5$ /5&<&. <&+$>9(0/ [23]. 
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J))+(9&./0$( -&0, *&+16(0082 *%$ &90&@ 5(<*(%/51%(, 0& *%$ %/-0&@ 

*%&9&+I$5(+,0&)5$ &5I$4/, *&'/-/+&, 65& 5&+A$0/ $2 <(07(5)7 *& */%/>&+$-

6()'&<1 -/'&01, 65& *&-.&+7(5 -/*$)/5, 9+7 '&3EE$=$(05/ 9$EE1-$$ *%&)5&( 

1%/.0(0$( 

 2 2 ,
x

D % - *   (3) 

49( T – )%(9077 4+1>$0/ *%&0$'0&.(0$7 9$EE109$%1?A(4& 3+(<(05/ (Ti, Ni) 

. <&+$>9(0, T = x; U – *%&9&+I$5(+,0&)5, *%&=())/ 9$EE1-$$. 

J- 1%/.0(0$7 (3) 4+1>$0/ 9$EE1-$&00&4& )+&7 &*%(9(+$5)7 '/' 

 1 22( ) .D- % *   (4) 

D/5(</5$6()'/7 &>%/>&5'/ 3')*(%$<(05/+,082 9/0082 $ $2 $05(%*%(-

5/=$7 . /%%(0$1)&.82 '&&%9$0/5/2 *&-.&+7(5 &*%(9(+$5, )0/6/+/ 30(%4$$ 

/'5$./=$$ *%&=())&. 9$EE1-$$ . '&05/'5082 */%/2, %/.08( 9+7 */%8 ;i – Mo 

186 '!I/4·/5&< (44,5 ''/+/4·/5&<) $ 9+7 */%8 Mo – Ni – 234 '!I/4·/5&< 

(55,7 ''/+/4·/5&<), / -/5(< $ -0/6(0$7 *%(93')*&0(0=$/+,0&4& <0&I$5(+7 D0, 

65& *&-.&+7(5 -/*$)/5, 5(<*(%/51%08( -/.$)$<&)5$ '&3EE$=$(05&. 9$EE1-

-$$ 9+$ 35$2 */%: 

2

Ti 2,47 10 exp( 186 )D RT
 % & &   – 9+7 */%8 Ti – Mo, 

Ni 11 exp( 234 )D RT% &  – 9+7 */%8 Mo – Ni.  

L+(91(5 &5<(5$5,, 65& *&+16(008( -0/6(0$7 30(%4$@ /'5$./=$$ 2&%&C& 

)&4+/)1?5)7 ) +$5(%/51%08<$ 9/008<$ >&+(( %/00$2 %/>&5 [23, 24]. G&9)5/.-

+77 0/@9(008( -0/6(0$7 '&3EE$=$(05&. 9$EE1-$$ . (4), *&+16$< 1%/.0(0$7 

9+7 5&+A$08 9$EE1-$&0082 -&0 . %/))</5%$./(<82 '&05/'5082 */%/2: 

0,31 exp( 93 )RT- % &  *  (;i – Mo), 

6,64 exp( 117 )RT- % &  *  (Mo – Ni). 

F5$ 1%/.0(0$7 *&-.&+75 &*%(9(+$5, 4+1>$01 *%&9$EE109$%&./.C(4& 

3+(<(05/ . -/.$<&)5$ &5 5(<*(%/51%0&-.%(<(00&4& %(I$</ */@'$ . '/I9&< 

'&0'%(50&< )+16/(. G%$.(9(008( 1%/.0(0$7 <&I0& $)*&+,-&./5, '/' 9+7 

</40(5%&00&4&, 5/' $ 9+7 '/%>&0$+,0&4& ./%$/05&. 0/0()(0$7 *&'%85$@, 5/' 

'/' &5+$6$( 9$EE1-$&0082 2/%/'5(%$)5$' 9+7 &>&$2 ./%$/05&. *%/'5$6()'$ 

&5)15)5.1(5. K(-1+,5/58 %/)6(5&. 5&+A$0 9$EE1-$&0082 -&0 . '&05/'5082 

*/%/2 Ti – Mo $ Mo – Ni 0/ )5/9$$ 5(20&+&4$6()'&4& *%&=())/ $00&*+/-<(0-

0&4& &)/I9(0$7 $ 0/ )5/9$$ *%&=())/ */@'$ *%(9)5/.+(08 0/ %$). 3. 
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T , <'<

 , )

 !
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K$). 3. O/.$)$<&)5, 5&+A$08 *%&9$EE109$%&./.C(4& )+&7 &5 5(<*(%/51%0&4& 

%(I$</:   – 0/ )5/9$$ &)/I9(0$7; ! – 0/ )5/9$$ */@'$ 

N0/+$- %(-1+,5/5&. %/)6(5&. *&-.&+7(5 -/'+?6$5, )+(91?A((. B '&0-

5/'50&@ */%( Ti – Mo 9$EE1-$&00&( .-/$<&9(@)5.$( 0/ )5/9$$ E&%<$%&./-

0$$ <&+$>9(0&.&4& *&'%85$7 0(-0/6$5(+,0& $ )&)5/.+7(5 &'&+& 1 <'<, / ' 

'&0=1 5(<*(%/51%0&4& %(I$</ */@'$ 5&+A$0/ -&08 .-/$<&9(@)5.$7 1.(+$6$-

./(5)7 9& 3,5 <'<. B *%&=())( 9$EE1-$&00&4& .-/$<&9(@)5.$7 5$5/0/ ) <&-

+$>9(0&< &>%/-1(5)7 9$EE1-$&00/7 -&0/, )&)5&7A/7 $- 0(*%(%8.0&4& %79/ 

5.(%982 %/)5.&%&. Ti $ Mo [4], '&5&%8@ &>()*(6$./(5 2&%&C(( )=(*+(0$( 

<&+$>9(0&.&4& *&'%85$7 ) &)0&.08< </5(%$/+&<. 

B '&05/'50&@ */%( Mo – Ni 0/ )5/9$$ *%&=())/ E&%<$%&./0$7 *&'%8-

5$7 &>%/-1(5)7 9$EE1-$&00/7 -&0/ 5&+A$0&@ &'&+& 3 <'<, &>()*(6$./?A/7 

*%&60&( )=(*+(0$( &)5/+,0&4& )+&7 0$'(+7 (15–17 <'<) ) <&+$>9(0&.8< *&-

'%85$(<. H/ )5/9$$ *%&=())/ */@'$ 9$EE1-$&00&( .-/$<&9(@)5.$( <&+$>9(-

0/ $ 0$'(+7 *%&9&+I/(5)7, $ ' '&0=1 *%&=())/ )&(9$0$5(+,08@ )+&@ <&I(5 

)&)5/.$5, &'&+& 10–12 <'<. 

J-.()50&, 65& &>%/-&./0$( '/6()5.(00&4& */70&4& )&(9$0(0$7 -/.$)$5 

&5 .$9/ .-/$<&9(@)5.$7 '&<*&0(05&. *%$*&7 ) */7(<8< </5(%$/+&<. :=(0'/ 

)%&9)5./ '&<*&0(05&. *%$*&7 )(%(>%/ $ <(9$ ' 0$'(+? >8+/ *%&.(9(0/ ) *&-

<&A,? /0/+$-/ 9.&@082 9$/4%/<< )&)5&70$7 . )$)5(</2 Ag – Ni $ Cu – Ni 

[23]. H/ &)0&./0$$ 5/'&4& /0/+$-/ >8+& 1)5/0&.+(0&, 65& . $05(%./+( 5(<*(-

%/51% */@'$ <(9, ) 0$'(+(< &>%/-1(5 0(*%(%8.08@ %79 5.(%982 %/)5.&%&., 

. 5& .%(<7 '/' )(%(>%& $ 0$'(+, *%/'5$6()'$ 0( .-/$<&9(@)5.1?5. 



 55

B -&0(, 0( *%$+(4/?A(@ ' 0$'(+(.&<1 )+&?, &>%/-1(5)7 %/.0&<(%08@ 

*& '&0=(05%/=$$ '&<*&0(05&. 16/)5&' ) 3.5('5$'&@ )(%(>%/ $ <(9$ (%$). 4). 

 

K$). 4. L5%1'51%/ */70&4& )&(9$0(0$7, × 280 

V+$I( ' 0$'(+(.&<1 )+&? %/.0&<(%0&)5, )&)5/./ *%$*&7 0/%1C/(5)7, 

$ . <$'%&)'&* 2&%&C& 0/>+?9/?5)7 &'%14+8( &>%/-&./0$7 '%/)0&4& =.(5/, 

&6(.$90& <(908(, '&5&%8( '&/41+$%1?5 $ %/)5('/?5)7 *& 0$'(+(.&<1 )+&?. 

H/ %$). 5 *&'/-/0& $-<(0(0$( )&)5/./ */70&4& )&(9$0(0$7 . -&0( '&05/'5/ 

) 0$'(+(<. B -&0(, 0(*&)%(9)5.(00& *%$+(4/?A(@ ' 0$'(+(.&<1 )+&?, '&0-

=(05%/=$7 )(%(>%/ */9/(5 *&65$ 9& 01+7, / '&0=(05%/=$$ 0$'(+7 $ <(9$ .&--

%/)5/?5, 65& ).$9(5(+,)5.1(5 &> $2 .-/$<0&< %/)5.&%(0$$ *%$<(%0& . &9$-

0/'&.82 *%&*&%=$72. 
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K$). 5. "%$.8( %/)*%(9(+(0$7 3+(<(05&. *& )(6(0$? */70&4& )&(9$0(0$7 . -&0( 

'&05/'5/ ) 0$'(+(.8< *&'%85$(< 
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;&+A$0/ %/)5.&%(00&4& 0$'(+(.&4& *&'%85$7 . <(90&@ )&)5/.+7?A(@ 

*%$*&7 ()<. %$). 3) )&)5/.+7(5 &'&+& 5–7 <'<. ;/'$< &>%/-&<, 0/ 4%/0$=/2 

0$'(+(.&4& *&'%85$7 . *%&=())( */@'$ *%&5('/?5 &90&.%(<(00& 9./ *%&=()-

)/ – 9$EE1-$&00&( .-/$<&9(@)5.$( 0$'(+7 $ <&+$>9(0/ $ %/)5.&%(0$( 0$'(-

+7 . <(90&@ )&)5/.+7?A(@ *%$*&7 GL%70. 

"&+$6()5.(00/7 &=(0'/ 9.12 &90&.%(<(00& *%&5('/?A$2 *%&=())&. 

*&'/-8./(5, 65& %/)5.&%(0$( 0$'(+7 . I$9'&E/-0&@ <(9$ )&)5/.+7(5 6 <'</6, 

/ )%(9077 .(+$6$0/ .-/$<&9(@)5.$7 0$'(+7 ) <&+$>9(0&< ()<. %$). 3) )&)5/.-

+7(5 &'&+& 1 <'</6. L+(9&./5(+,0&, 5&+A$0/ 0$'(+(.&4& *&'%85$7 9&+I0/ 

>85, 0( <(0(( 14 <'<, 5/' '/' -/ )6(5 .8C(&*$)/0082 E/'5&%&. *&'%85$( 

0$'(+7 <&I(5 *&+0&)5,? %/)5.&%$5,)7, 65& <&I(5 *%$.()5$ ' 0(I(+/5(+,08< 

4%/0$608< .-/$<&9(@)5.$7< ) )&)5/.+7?A$<$ *%$*&7. 

;/'$< &>%/-&<, *&'/-/0/ .&-<&I0&)5, *&+16(0$7 2&%&C(4& )&(9$0(0$7 

. '&05/'5082 */%/2 )+&$)5&@ '&<*&-$=$$ :;4   Mo   Ni *%$ </40(5%&00&< 

%/)*8+(0$$ <&+$>9(0/ $ 0$'(+7, 65& 9(+/(5 .&-<&I08< (( $)*&+,-&./0$( 

9+7 */@'$ %/-0&%&9082 </5(%$/+&. $ )&2%/07(5 *%($<1A()5./ </40(5%&00&-

4& <(5&9/. 
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