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6(##2*10"' /-#*$*1"27"0(1.0'-& 1"7+**82"' % *$%#+"'%" 2*+%8!"'*/-9 % /*+,:-

0(2*/-9 70*/*!'%$*/, '(;0"/("2-9 <+"$10%5"#$%2 1*$*2 / /*=!.9", 0(=0">"''*2 /*=-

!.9" % / /*!?'*2 7(0". @#1('*/+"'- *#*8"''*#1% :*02%0*/('%? *$#%!'*;* #+*? '( 7*-

/"09'*#1% 70*/*!'%$*/ 70% 0(=+%5'-9 #1()%*'(0'-9 1"27"0(1.0(9. 
 

#$%&' ()*+,-.+/'0(1 /+,-$&'2',  2+,(34%0' ( (5 )+%4(0%0(6 *+)7+100+ 

&')8(&1%7)1. 9)+3:6 (07%&%) *&%4)7'/,1;7 +<)(4: =<'.'00:5 2%7',,+/ 

(M+O3, WO3), <+7+&:% 1/,1;7)1 5+&+8(2( <'7',(.'7+&'2(, ' 7'<>% *&+1/,1;7 

=0(<',-0:% )/+6)7/' ?,%<7&+5&+2(.2' ( @'.+5&+2(.2', A7+ 4%,'%7 (5 *%&)*%<-

7(/0:2( 2'7%&(','2( 4,1 )+,0%A0+6 ?0%&@%7(<(, 2(<&+?,%<7&+0(<(, @'.+/:5 

)%0)+&+/.  

B &'3+7% *&(/%4%0: &%.=,-7'7: ?<)*%&(2%07',-0+@+ ()),%4+/'0(1 /:)+-

<+7%2*%&'7=&0+@+ 7%*,++32%0' *&( +<(),%0(( /+,-$&'2+/:5 ( 2+,(34%0+/:5 

*&+/+40(<+/ / /+.4=5% (*&( 0+&2',-0+2 ( *+0(>%00+2 4'/,%0(() ( / /+410+2 

*'&%. !('@0+)7(<' /:)+<+7%2*%&'7=&0:5 )+)7+10(6 +)=C%)7/,1,')-  ) *+2+-

C-; ?,%<7&+7%&2+@&'$(A%)<+@+ 2%7+4' [1] (  &'.&'3+7'00+@+ 0'2( 2%7+4' +7-

0+)(7%,-0+6 1&<+)70+6 *(&+2%7&(( [2,3]. 

D:,( +*&%4%,%0: 7%2*%&'7=&: /+,-$&'2+/:5 ( 2+,(34%0+/:5 *&+/+40(-

<+/ / )7'E(+0'&0:5 )+)7+10(15 *&( &'.,(A0:5 .0'A%0(15 )(,: 7+<'. 9*&%4%-

,%0: 4('*'.+0: .0'A%0(6 )(,: 7+<', *&( <+7+&:5 &%',(.=;7)1 )7'E(+0'&0:% 

7%*,+/:% &%>(2:, 7+ %)7- 7%2*%&'7=&' *&+/+40(<' / *&+E%))% +<(),%0(1 *&'<-

7(A%)<( 0% 2%01%7)1. F'<>% 0'64%0: <&(7(A%)<(% .0'A%0(1 )(,: 7+<' Icr (&(). 

1), *&( <+7+&:5 *&+()5+4(7 *%&%5+4 < 0%)7'E(+0'&0+2= /:)+<+7%2*%&'7=&0+-

2= &%>(2= +<(),%0(1. F%2*%&'7=&: *&+/+40(<', +*&%4%,%00:% *+ /+,-7'2*%&-

0:2 5'&'<7%&()7(<'2 ( 1&<+)70:2 *(&+2%7&+2, 5+&+8+ )+@,')=;7)1. G%7+4+2 

+70+)(7%,-0+6 1&<+)70+6 *(&+2%7&(( 4,1 $(<)(&+/'00:5 .0'A%0(6 )(,: 7+<' 

3:,( *+,=A%0: &')*&%4%,%0(1 7%2*%&'7=&: *+ 4,(0% *&+/+40(<'. H' &(). 2 

*&(/%4%0: .'/()(2+)7( A(9) 4,1 2+,(34%0+/+@+ *&+/+40(<' ),%4=;C(5 &'.2%-

&+/: d = 300 2<2, L = 0.12, 7%2*%&'7=&' /+.4=5' Tg = 293 K. 

I0',(. &')*&%4%,%0(1 7%2*%&'7=&: *+ 4,(0% *&+/+40(<' *+<'.',, A7+ 4'-

>% 4,1 .0'A%0(6 )(,: 7+<', 3,(.<(2 < <&(7(A%)<(2, +)0+/0'1 A')7- *&+/+40(<' 

5'&'<7%&(.=%7)1 </'.(+40+&+40+6 7%2*%&'7=&+6. 940'<+ /3,(.( <+0E+/ *&+-

/+40(<' 7%2*%&'7=&' &%.<+ *'4'%7 /),%4)7/(% 7%*,++74'A( < 7+<+*+4/+41C(2 

<+07'<7'2. H%3+,-8(% $,=<7='E((  7%2*%&'7=&: )/(4%7%,-)7/=;7 + 0',(A(( 

2%5'0(A%)<(5 4%$%<7+/. 

  9&,+/)<'1 #.J., "'&(2+/' K.K., L<+&+*'4+ G.#., M&+7') #.". , 2008  20 



 

 

5,%.1. B(/%#%2*#1, #1()%*'(0'*& 

1"27"0(1.0- 2*+%8!"'*/*;* 70*/*!-

'%$( *1 #%+- <+"$10%5"#$*;* 1*$( / 

/*=!.9" 70% (12*#:"0'*2 !(/+"'%% % 

d = 300 2$2, L = 0.1 2, Tg = 293 C, Icr 

= 7 A  

5,%.2 6(#70"!"+"'%" 1"27"0(1.0- 

A(9) 7* !+%'" 2*+%8!"'*/*;* 70*/*!-

'%$( d = 300 2$2, L = 0.1 2, Tg = 

293C: 1) I = 6.8A; 2) I=6.7A. 

D–D–D – <+"$10*1"02*;0(:%5"#$%& 

2"1*!, E – ?0$*#1'(? 7%0*2"10%?.

B &%.=,-7'7% 2(<&+)<+*(&+/'0(1 *+/%&50+)7( 2%7',,(A%)<(5 *&+/+40(<+/ 

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

/'0(1 +<)(40+@+ ),+1 / &'.,(A0:5 )7'E(+0'&0:5 )+)7+10(15. 

B 0'A',-0:6 2+2%07 /&%2%0( *+/%&50+)7- *&+/+40(<' *+<&:7' 7+0<+6 

*,%0<+6 +<)(4'. B *&+E%))% 0'@&%/' 0' *+/%&50+)7( +3&'.=%7)1 )*,+80+6 +<-

)(40:6 ),+6 3%. /:&'>%00:5 +)+3%00+)7%6. M&( 0%<+7+&+2 .0'A%0(( )(,: 7+-

<' 0' *+/%&50+)7( *&+/+40(<' 0'3,;4'%7)1 *+1/,%0(% ( &+)7 +74%,-0:5 (@+,--

A'7:5 <&()7',,+/ +<)(4'. M&(  3+,%% /:)+<(5 7%2*%&'7=&'5 *&+/+40(<' (5 <+-

,(A%)7/+ =/%,(A(/'%7)1, +0( &'.&')7';7)1 ( *&(0(2';7  $+&2= ,()7+/(40:5 ( 

<=)7+/(40:5 *+,(<&()7',,+/ (&(). 3). B &'3+7% [4] +*()'0+ +3&'.+/'0(% *+4+3-

 

        
        (./"+%5"'%" N=100 0(=)      ()                        ()"'( !"+"'%? 15.8 2$2)    8) 

5,%.3. F*1*;0(:%% *$#%!'-9 *80(=*/('%& '( 7*/"09'*#1% 2*+%8!"'*/*;* 70*/*!'%$(. 
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0:5 <&()7',,(A%)<(5 )7&=<7=&, 0+ / 4&=@(5 =),+/(15, *&( +)'>4%0(( +<)(4' 

2+,(34%0' (. *'&+/+6 $'.: *&( 7%2*%&'7=&% 1100 ". M+ /)%6 /(4(2+)7(, &+)7 

<&()7',,(7+/ M+O3 *&( +<(),%0(( 2+,(34%0+/+@+ *&+/+40(<' / /+.4=5% 7'<>% 

+3=),+/,%0 <+04%0)'E(%6 *'&+/ +<)(4+/ (. @'.+/+6 $'.:. M&( 3+,%% /:)+<(5 

7%2*%&'7=&'5 =<'.'00:% +<)(40:% +3&'.+/'0(1 ()*'&1;7)1. 

M+),% 0'@&%/' *&+/+40(<' *&( &'.,(A0:5 .0'A%0(15 )(,: 7+<' *&+/+4(-

,+)- (.=A%0(% 7+,C(0: +<)(40:5 ),+%/, +3&'.+/'00:5 0' %@+ *+/%&50+)7(.  

!,1 ?7+@+ *&+E%)) +<(),%0(1 *&%&:/',)1 ( *&+/+4(,+)- (.2%&%0(% /0%80%@+ 

4('2%7&' +<(),%00+@+ *&+/+40(<' dh. N'7%2 ) *+/%&50+)7( *&+/+40(<' 2%5'0(-

A%)<(2 *=7%2 )0(2',)1 +<)(4 ( (.2%&1,)1 4('2%7& 0%4++<(),%00+@+ 2%7',,(-

A%)<+@+ +)7'7<' dm. F+,C(0' +<)(4' +*&%4%,1,')- <'< &'.0+)7-  h= dh G dm. O%-

.=,-7'7: 7'<(5 ()),%4+/'0(6 4,1 2+,(34%0' *&%4)7'/,%0: 0' &().4 4,1 &'.-

,(A0:5 .0'A%0(6 )(,: 7+<' ( )++7/%7)7/%00+, )7'E(+0'&0+6 7%2*%&'7=& *&+-

/+40(<'. B(40+, A7+ ) =/%,(A%0(%2 )7'E(+0'&0+6 7%2*%&'7=&: 0' 400 " 7+,-

C(0' +<)(4' =/%,(A(/'%7)1 /4/+%. M&( 4+)7(>%0(( )(,+6 7+<' <&(7(A%)<+@+ 

.0'A%0(1 (Icr) *&+()5+4(7 *%&%@+&'0(% *&+/+40(<' / E%07&',-0+6 %@+ A')7(, @4% 

0'3,;4'%7)1 2'<)(2',-0+% .0'A%0(% 7%2*%&'7=&:. H' &(). 5 *+<'.'0+ &')*&%-

4%,%0(% dm, dh, h *+ 4,(0% 2+,(34%0+/+@+ *&+/+40(<' *+),% %@+ *%&%@+&'0(1. 

B &%.=,-7'7% (.2%&%0(6 =)7'0+/,%0+, A7+ 7+,C(0' +<)(40+@+ ),+1 /3,(.( 

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

4%0+/+@+ *&+/+40(<', ' 4('2%7& 2%7',,(A%)<+@+ +)7'7<' dm 3+,%% A%2 / 2 &'.' 

2%0-8% 0'A',-0+@+ 4('2%7&'. O'.2%& +3,')7( *%&%@+&'0(1 (IB) )+)7'/,1%7 

*&(2%&0+ 4% +7 4,(0: *&+/+40(<'. P7+ .0'A(7, A7+ )+*&+7(/,%0(% *&+/+40(<' 

.0'A(7%,-0+ /+.&')7'%7 / &%.=,-7'7% =2%0-8%0(1 %@+ *+*%&%A0+@+ )%A%0(1. 

!'00:6 $'<7 0%+35+4(2+ =A(7:/'7- *&( &')A%7% 7%*,+2'))++32%0' ( +*&%4%-

,%0(( 7%2*%&'7=&: ?,%<7&+7%&2+@&'$(A%)<(2 2%7+4+2. 

Q.=A%0: )7'E(+0'&0:% &%>(2: /:)+<+7%2*%&'7=&0+@+ +<(),%0(1 /+,-$-

 

5,%.4 3=2"'"'%" 1*+H%'- *$%#+"''*;* 
2*+%8!"'*/*;* 70*/*!'%$( 7* ";* !+%'" 

5,%.5 3=2"'"'%" !%(2"10( *$%#+"''*;* 
7"0";*0"/I";* 70*/*!'%$( % 1*+H%'- 

*$#%!( 7* !+%'" , d = 300 2$2, L = 0.1 2, Tg = 293 C.. 2$2db 300! 2l 1.0! , 

Icr= 6.87 A. 
 1) I=6.2A (A = 1060C); 

 2) I=6.7A (T=1452 K). 
1) dh , 2) h, 3) dm.  

 D–D–D G dh; - - - G h. 
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&'2+/:5 *&+/+40(<+/, 0'@&%/'%2:5 ?,%<7&(A%)<(2 7+<+2 / &'.,(A0:5 @'.+/:5 

)&%4'5: / /+.4=5% *&( '72+)$%&0+2 4'/,%0((, / &'.&%>%00+2 /+.4=5% ( / /+41-

0+2 *'&% (&(). 6).  

I0',(. *+,=A%00:5 .'/()(2+)7%6 *+<'.',, A7+ 2'<)(2',-0:% )7'E(+0'&-

0:% 7%2*%&'7=&: *&( $(<)(&+/'00:5 .0'A%0(15 )(,: 4+)7(@';7)1 / &'.&%>%0-

0+2 /+.4=5% / &%.=,-7'7% )0(>%0(1 2+,%<=,1&0+-<+0/%<7(/0+@+ 7%*,++32%0' 

(&().6, <&(/'1 1). B )2%)( /+.4=5' ) /+410:2 *'&+2 7%*,+*+7%&( 2+,%<=,1&0+-

<+0/%<7(/0:2 *=7%2 =/%,(A(/';7)1 /),%4)7/(% &+)7' <+?$$(E(%07' 7%*,++7-

4'A(, A7+ *&(/+4(7 < 3+,%% 0(.<(2 .0'A%0(12 )7'E(+0'&0+6 7%2*%&'7=&: 

(&().6, <&(/'1 3), *+ )&'/0%0(; ) 4/=21 4&=@(2( ),=A'12(.  

940'<+ ) =/%,(A%0(%2 7%2*%&'7=&: / 7%*,+/+2 3','0)% *&+/+40(<' /+.-

&')7'%7 &+,- 5(2(A%)<+@+ 7%*,+/:4%,%0(1. F'< <'<  / /+410+2 *'&% )<+&+)7- 

&%'<E(( +<(),%0(1 0'20+@+ /:8%, A%2 / /+.4=5%, /),%4)7/(% +3&'.+/'0(1 ,%7=-

A(5 *&+4=<7+/ (@(4&'7+/ +<)(4+/ 2%7',,+/), 7+ ?7+ *&(/+4(7 < =/%,(A%0(; 

)7'E(+0'&0+6 7%2*%&'7=&:, =2%0-8%0(; Icr (, <'< ),%4)7/(%, *%&%)%A%0(; <&(-

/:5 A(I) *&( 3+,-8(5 .0'A%0(15 )(,: 7+<'. M&( +<(),%0(( / /+410+2 *'&% 0' 

*+/%&50+)7( /+,-$&'2+/+@+ *&+/+40(<' +3&'.=;7)1 3+,%% &'./%7/,%00:% +<-

)(40:% )7&=<7=&:, A%2 / /+.4=5% (&(). 7). 

F'<(2 +3&'.+2, =)7'0+/,%0+, A7+ *&( +<(),%0(( 2+,(34%0+/:5 ( /+,-$-

&'2+/:5 *&+/+40(<+/ 0' *+/%&50+)7( )*,+80+@+ +<)(40+@+ ),+1 +3&'.=;7)1 

(@+,-A'7:% ( ,()7+/(40:% <&()7',,(A%)<(% +3&'.+/'0(1, &'.2%& <+7+&:5 &')-

7%7 *&( *+/:8%0(( )(,: 7+<', ( 2+>%7 4+)7(@'7- ()5+40+@+ 4('2%7&' *&+/+4-

0(<'. Q)),%4+/'0(% /:)+<+7%2*%&'7=&0+@+ +<(),%0(1 *&+/+40(<+/ 7=@+*,'/-

<(5 2%7',,+/ / /+410+2 *'&% *+<'.',+, A7+ <+,(A%)7/+ ( &'.2%& +<)(40:5 +3-

&'.+/'0(6 0' *+/%&50+)7( ?7(5 2%7',,+/ =/%,(A(/'%7)1, *+ )&'/0%0(; ) +<()-

 

5,%. 6. B(/%#%2*#1, #1()%*'(0'*& 

1"27"0(1.0- / +,:0(2*/*;* 70*/*!-

'%$( *  # +- *$( '(;0"/( 

, L , 

5,%.7.  $#%!'-" *80(=*/('%? '( 7*/"09-

'*#1% /*+,:0(2*/*;* 70*/*!'%$( 7*#+" 

'(;0"/( / /*!?'*2 7(0" ()"'( !"+"'%? 

15.8 2$2). 

*

1 % 1

2$2d 210! 21.0! gT  = 293 C. 
 1) 0(=0">"''-& /*=!.9 (P = 0.2 (12);  

2) /*=!.9 70% '*02(+,'*2 !(/+"'%%; 

3) /*!?'*& 7(0 (/+(>'*#1, ). %80!"
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,%0(%2 / /+.4=5%.  9)+3%00+ ?7+7 ?$$%<7 1&<+ /:&'>%0 4,1 /+,-$&'2'. F'<, 

0'*&(2%&, ,(0%60:6 &'.2%& +<)(40:5 +3&'.+/'0(6 0' *+/%&50+)7( /+,-$&'2+-

/+@+ *&+/+40(<' / /+410+2 *'&% 3+,%% A%2 / 3 &'.', 3+,-8% &'.2%&+/ 7'<(5 >% 

+3&'.+/'0(6 / /+.4=5%, *&( &'/0:5 7%2*%&'7=&'5.  M&( ?7+2 .'2%70+ )0(>'%7)1 

<&(7(A%)<+% .0'A%0(% )(,: 7+<', )++7/%7)7/=;C%% *%&%@+&'0(; *&+/+40(<+/.  
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 !"#$%6&' ).*. , +'!7-#$' .... , /&#!#0'1# 2.)., 3!#4'% ).+.  

9%!":$;#((3 &)!%+%,#-.#/',0/(%1% ,#."%%2-:(0 ,' %+)!"#((3  

$/%,)+:& 4 ,01%."'&+)5 -#,'":&, <% ('1/:&'=,>!3 #"#+,/)7()-  

!,/0-%- 0 /:4()5 1'4%&)5 !#/#$%&)<'5. 
 

IH9FITUV 

N*#+O!>"'* /%#*$*1"27"0(1.0'%& 1"7+**82O' O *$%#+"''? 2*+O8!"'*/%9 1( /*+,:-

0(2*/%9 !0*1%$O/, H* '(;0O/(P1,#? "+"$10%5'%2 #10.2*2 / 7*/O10O, 0*=0O!>"'*2. 

7*/O10O, . /*!?'O& 7(0O. L#1('*/+"'O *#*8+%/*#1O :*02./(''? *$#%!'*;* I(0. '( 7*/"0-

9'O !0*1%$O/ 70% 0O='%9 #1()O*'(0'%9 1"27"0(1.0(9. 
 

 

Orlovskaya S.G., Karimova F.F., Shkoropado M.S., Protas S.K. 

Experimental study of high temperature heat-transfer during oxidation 

of refractory metal filaments heated electrically in different gaseous media.  
 

SUMMARY 

High temperature heat-transfer during oxidation of tungsten and molybdenum filaments 

electrically heated in air, rarefied air and water vapor were studied experimentally. Oxide 

formation peculiarities were observed during metal filaments oxidation at different stationary 

temperatures.  
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