
 !" 536.46 

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

 !"##$%& '()%*'(+,'-& .'%/"0#%1"1 %2"'%. 3.3. 4"5'%$*/(, 637-5 

 

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

3'!*4 1. 5#*%$ ,)-%+#*-)) *%(6%7 ()*) 

 
 8%#(' 2"1*! 8%0*2"10%% 1*'$*& '%1%, 80"!#1(/+9:;%& 2*!%<%$()%:  2"1*!( 

*1'*#%1"+,'*& 90$*#1'*& 8%0*2"10%%, !+9 !%(='*#1%$% 1"28"0(1.0'*=* 8*+9 =(>*-

/*>!.?'-@ 8+(2"'. A(##5%1('- *#'*/'-" @(0($1"0%#1%$% 2"1*!(: 0(B*5%& !%(8(>*', 

5./#1/%1"+,'*#1,, %'"0)%*''*#1, % 8*=0"?'*#1,.  

 

 

#$%&'&%()*+,- ./$0-+$ *12&3& 14.&/5%)6748 ' 4&'2-0-++,9 7-9+&/&:1-

;-4319 .2&<-44$9, 7$319 3$3 7-201;-43$8 4'$23$ 1 2-%3$ 0-7$//&', +$+-4-+1- 

7-20&47&=319 .&32,71=, $ 7$3>- :$%&./$0-++,= 41+7-% +$+&&341(&' [1]. ?3-

71'+& 2$%2$@$7,'$6748 +&',- 71.,  ',4&3&7-0.-2$7)2+,9 :&2-/&;+,9 )47-

2&=47'. A 7& >- '2-08 '&472-@&'$+, B+-2:&4@-2-:$6C1- +1%3&7-0.-2$7)2+,- 

1+D2$32$4+,- 1 3$7$/171;-431- :&2-/31.  4&'-2*-+47'&'$+1- 4.&4&@&' 4>1-

:$+18 7&./1'$ 72-@)-7 2$%'1718 4&'2-0-++,9 0-7&(&' (1$:+&47131 ./$0-+, ' 

7&0 ;14/- 2$4.2-(-/-+18 7-0.-2$7)2, .& D$3-/).  E&8'/-+1- +&',9 147&;+1-

3&' 1 .21-0+13&' 1%/);-+18 .&%'&/1/1 2-%3& )'-/1;175 @,472&(-=47'1- 1 1+-

D&20$71'+&475 &.71;-4319 0-7&(&' 144/-(&'$+18 @,472&.2&7-3$6C19 .2&<-4-

4&'. F&'2-0-++,- (1$:+&471;-431- 3&0./-34, @$%12)6748 +$ *12&3&0 14.&/5-

%&'$+11 3&0.567-2+&= 7-9+131, ;7& .&%'&/8-7 .&/);$75 1 &@2$@$7,'$75 @&/5-

*1- 0$441', ($++,9 ' 2->10- 2-$/5+&:& '2-0-+1.  

"$3 1%'-47+&, ./$0-+$ 8'/86748 +-47$<1&+$2+,01 4147-0$01 1 9$2$37-21-

%)6748 +$/1;1-0 %+$;17-/5+,9 :2$(1-+7&' 7-0.-2$7)2 1 3&+<-+72$<1= 3&0.&-

+-+7&'. G$3 3$3 .&7&31 7-./$ 1 3&0.&+-+7&' %$'1487 &7 .2&1%'&(+,9, 7& 144/--

(&'$+18 472)37)2, ./$0-+1 72-@)67 (&47$7&;+& 7&;+,9 1%0-2-+1= 4 ',4&310 

.2&472$+47'-++,0 1 '2-0-++,0 2$%2-*-+1-0 [2].  

G2$(1<1&++,- 0-7&(, .12&0-7211 ./$0-+ (0-7&( &@2$C-+18 ()@/-7$ +$-

7218, 0-7&( &7+&417-/5+,9 1+7-+41'+&47-= 4.-372$/5+,9 /1+1=,  3&+7$37+,- 

0-7&(,) 8'/86748 72)(&-03101, +- &7/1;$6748 @,472&(-=47'1-0 1 ',4&310 

.2&472$+47'-++,0 2$%2-*-+1-0. A .&4/-(+1- :&(, (/8 144/-(&'$+18 7-0.-2$-

7)2+,9 .&/-= :$%&'&%()*+,9 ./$0-+ 14.&/5%)-748 0-7&( .12&0-7211 7&+3&= 

+171 TFP (thin-filament pyrometry) [3], &4+&'$++,= +$ 2-:1472$<11 7-./&'&:& 

1%/);-+18 7&+3&= 1+-27+&= +171, .&0-C-++&= ' D$3-/, 4 .&0&C56 <1D2&'&= 

3$0-2, 1 .&4/-()6C-= 3&0.567-2+&= &@2$@&73&= 1%&@2$>-+1=.  H$1@&/-- 

.&(9&(8C10 1%/);$7-/-0 8'/8-748 +175 3$2@1($ 32-0+18 SiC, 3&7&2,= 9101;--

431 1+-27-+ 1 &@/$($-7 47$@1/5+,01 4'&=47'$01 (',4&3&= 1%/);$7-/5+&= 4.&-

4&@+&4756 1 9&2&*-= 0-9$+1;-43&= .2&;+&4756) .21 ',4&319 7-0.-2$7)2$9. A 

3$;-47'- 2-.-2+&= 7&;31 $'7&2, 2$@&7, [3]  14.&/5%&'$/1 %+$;-+1- /&3$/5+&= 

7-0.-2$7)2, ' +$1@&/-- :&28;-= %&+- D$3-/$, 1%0-2-++&- 4 .&0&C56 7-20&-
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.$2,. M+&:($ .2-(.&/$:$67, ;7& ' %&+- 0$3410$/5+&:& +$:2-'$ 7-0.-2$7)2$ 

D$3-/$ (&471:$-7 $(1$@$71;-43&:& %+$;-+18.  

 
5#*. 1. C@"2( D$#8"0%2"'1(+,'*& .#1('*/$%: 1 – =*0"+$( E.'>"'(; 2 – $(#-

#"1( # $/(0)"/-2% '%192%; 3 – %'1"0<"0"')%*''-& <%+,10; 4 – )%<0*/(9 

$(2"0(; 5 – $*28,:1"0. 

 

5#*%$ %*(%!)*#"4(%7 0-6%!*(%7 ,)-%+#*-)). N$%2$@&7$++,= +$01 0--

7&( &7+&417-/5+&= 823&47+&= .12&0-7211 [4] &7/1;$-748 &7 &.14$++,9 ' /17--

2$7)2- 0&(1D13$<1= 0-7&($ TFP 7-0, ;7& ' 3$;-47'- 7&;31 &74;-7$ 14.&/5%)-7-

48 %+$;-+1- 823&47+&= 7-0.-2$7)2,, &.2-(-/-++&- 4 .&0&C56 823&47+&:& .1-

2&0-72$ 71.$ E2&01+5 L1 1/1 OJE68. A 3$;-47'- 1%/);$7-/8 0, 14.&/5%&'$/1 

7&+31- 3'$2<-',- +171. M%/);-+1- +171 ' )%3&0 4.-372$/5+&0 1+7-2'$/- (0.77 

030) 2-:147212&'$/1 <1D2&'&= 3$0-2&= 71.$ Canon 350D.  

N$4.2-(-/-+1- 7-0.-2$7)2, .& (/1+- +171 G(9) 2$44;17,'$/1 .& D&20)/-  

! " ! "
0

0 2

1 1
ln

, ,

S

T x y T C S x y

# $%
& ' ( )

* +
,                                       (1) 

:(- F(@,y) – 823&47+$8 7-0.-2$7)2$ ' .2&1%'&/5+&= 7&;3- @, "; 

T0 – 823&47+$8 7-0.-2$7)2$ ' D13412&'$++&= 7&;3- (@0,y0) +171, 1%0-2-++$8 82-

3&47+,0 .12&0-72&0, "; S0 1 S(@,.) –  41:+$/, 0$721<, ' 4&&7'-747')6C19 

7&;3$9 1%&@2$>-+18, &7+.-(.; P – 2$@&;$8 (/1+$ '&/+, 4'-7&D1/572$, 030. 

F9-0$ B34.-210-+7$/5+&= )47$+&'31 .21'-(-+$ +$ 214.1. 

M%/);-+1- &7 3'$2<-',9 +17-= ((1$0-72 150 030, (/1+$ 10 40), 2$4.&/&>-++,9 

:&21%&+7$/5+& 4 *$:&0 1 40, 2-:147212&'$/&45 ' )%3&0 4.-372$/5+&0 1+7-2'$/- 

4 .&0&C56 <1D2&'&= 3$0-2,. H$ 214. 2 .21'&(1748 D&7&:2$D18 3'$2<-',9 +1-

7-= ' D$3-/-, +$:2-7,9 (& 4'-;-+18.  

 

8!(%&(9# :'-'6*#-)!*)6) +#*%$'. E21 144/-(&'$+11  7-201;-43&= 

472)37)2, :$%&'&%()*+&:& D$3-/$ .-2'&47-.-++&- %+$;-+1- 10-67 4/-()6C1- 

9$2$37-2147131 B34.-210-+7$/5+&:& 0-7&($: (1$.$%&+ 2-:147212)-0,9 7-0.--

2$7)2, .2&472$+47'-++&- 2$%2-*-+1- 1 1+-2<1&++&475. G$3 3$3 7-0.-2$7)2+&- 
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.&/- D$3-/$ 9$2$37-21%)-748 %+$;17-/5+,01 .-2-.$($01 7-0.-2$7)2, +-&@9&-

(10& &@-4.-;175 0$3410$/5+,= 1+7-2'$/ 2-:147212)-0,9 &(+&'2-0-++& 7-0-

.-2$7)2. J<-+3$ 2$@&;-:& (1$.$%&+$ 2$%2$@&7$++&:& 0-7&($ .&3$%$/$, ;7& 7-0-

.-2$7)2+,= (1$.$%&+ 4)C-47'-++& %$'1417 &7 %+$;-+18 823&47+&= 7-0.-2$7)2, 

' 2-.-2+&= 7&;3- – F0. 

 
 

5#*.2. 3>*B0(G"'%" '(=0"1-@ $/(0)"/-@ '%1"& / =(>*/*>!.?'*2 <($"+".  

 

E2-(.&/&>10, ;7& 1%0-2-++&- %+$;-+1- F0 &7'-;$-7 42-(+-0) )2&'+6 41:-

+$/$ 0$721<,, 7& -475 S0 = 0.5·Smax = 2048 (2$%28(+&475 0$721<, <1D2&'&= 3$-

0-2, 2$'+$ 12 @17/3$+$/), 1 (/8 1%0-2-+1= 14.&/5%&'$+ .&/+,= 1+7-2'$/ /1-

+-=+&471 0$721<,:  20 Q S Q 3686. G&:($ 4&&7'-747')6C1- '-29+88 (Fmax) 1 

+1>+88 (Fmin) :2$+1<, (1$.$%&+$ 1%0-2-+18 823&47+&= 7-0.-2$7)2, 0&>+& &.-

2-(-/175 1% D&20)/, A1+$:  

max

max 0 2 0

1 1
ln

S

T T C S

# $%
& , ( )

* +
,                                            (2) 

0

min 0 2 min

1 1
ln

S

T T C S

# $%
& ' ( )

* +
, 

:(- P = 0.77 030, C2 = 1.438·104 030·" 

A 7$@/1<- .21'-(-+, :2$+1<, (1$.$%&+$ 2-:147212)-0,9 7-0.-2$7)2 Fmax, 

Fmin, $ 7$3>- &7+&417-/5+$8 *121+$ 2$@&;-:& (1$.$%&+$ (Fmax-Fmin)/F0 ' %$'141-

0&471 &7 %+$;-+18 2-.-2+&= 7-0.-2$7)2, F0. 

R)'47'17-/5+&475 0-7&($ &<-+1'$/$45 .& 4/-()6C-= D&20)/-: 
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2

T T

T C S

S- % . -
& . ,                                                    (3) 

 
6!7)#8!. H0"!"+- %>2"0"'%9 1"28"0(1.0- Fmax, Fmin, 

 *1'*#%1"+,'(9 ?%0%'( 0(B*5"=* %'1"0/(+( % 5./#1/%1"+,'*#1,  

/ >(/%#%2*#1% *1 1"28"0(1.0- F0. 

G0 1000 1200 1400 1800 2000 2400 2800 3000 

Gmax 1032 1247 1465 1908 2134 2596 3071 3313 

Gmin 802 926 1040 1246 1339 1506 1656 1724 

! "

:(- SS – 42-(+-3'$(2$71;+&- &73/&+-+1- 41:+$/$ 0$721<,, 3&7&2&- %$'1417 &7 

%+$;-+18 ;)'47'17-/5+&471 .& ISO 1 7-0.-2$7)2, 0$721<,. A )4/&'189 B34.--

210-+7$ SS = 5. !/8 42-(+-:& %+$;-+18 41:+$/$ 0$721<, (S0 = 2048), 4&&7'-747-

'-++&, 10--0: 

41.8 10
T

T

,-
& . . 

G$310 &@2$%&0, ($++,= 0-7&( &@-4.-;1'$-7  (&47$7&;+& ',4&3)6 ;)'47'1-

7-/5+&475. A 7$@/1<- .21'-(-+, 2$4;-7+,- 9$2$37-2147131 0-7&($. J70-710, 

;7& 0$3410$/5+,= &7+&417-/5+,= 1+7-2'$/ 2-:147212)-0,9 823&47+,9 7-0.--

2$7)2 4&&7'-747')-7 0$3410$/5+&0) %+$;-+16 2-.-2+&= 7-0.-2$7)2, F0 =3000 

". 

G$3 3$3 ./$08 ' &@C-0 4/);$- 8'/8-748 +-47$<1&+$2+&= 4147-0&=, (/8 3&2-

2-37+&= (1$:+&47131 72-@)-748  0$/$8 1+-2<1&++&475 1%0-217-/5+&= 49-0,. 

J<-+3$ .&47&8++&= '2-0-+1 ($7;13$ 7-0.-2$7)2, +$ &4+&'- 7&+3&= 3'$2<-'&= 

+171 @,/$ ',.&/+-+$ .& 4/-()6C-= D&20)/- [5]: 

2

m c

d c

.
/ &
0 ' 1 0 23

,                                            (4) 

:(- m – 0$44$ +171, 0 – )(-/5+$8 7-./&.2&'&(+&475 0$7-21$/$ (3'$2<$), d – 

(1$0-72 +171, c – 7-./&-03&475 :$%$, T – ./&7+&475 :$%$, 3 – 43&2&475 :$%$ &7-

+&417-/5+& +171. 

A +$*-0 4/);$- 2$%0-2, +171 d =100 030, L=10 40, (/8 .2&()37&' 4:&2$-

+18 47-91&0-721;-43&= .2&.$+-'&%()*+&= 40-41 # = 1.2 !>/:·", T=1.2·10
–3

 

:/40
3
, 1 0, 10--0 U ~ 10

–4
 4, 4/-(&'$7-/5+& @,472&(-=47'1- 0-7&($ &:2$+1;-+& 

'2-0-+-0 B34.&%1<11 1 2$'+& .210-2+& 10
–2

 4.  

 

5#*%$);#!6'0 ,%/-#2(%!*4 +#*%$'. V,/$ 2$44;17$+$ 0-7&(1;-43$8 .&-

:2-*+&475 0-7&($, 3&7&2$8 2$'+$  2$%+&471 /&3$/5+&=  7-0.-2$7)2, :$%&'&= 

D$%, 1 7-0.-2$7)2, +171 '4/-(47'1- 7-./&.&7-25  1%/);-+1-0 4 .&'-29+&471 

+171 .& 4/-()6C-= D&20)/-: 

0

minmax

T

TT ,
0.205 0.268 0.304 0.36 0.398 0.454 0.505 0.53 

 
SG, " 0.1 0.16 0.2 0.4 0.42 0.6 0.9 1 
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! "4 4

g wT T T T T
45

6 & , & ,
7

,                                     (5) 

 

 
5#*.3. A(>'*#1, 2"G!. +*$(+,'*& 1"28"0(1.0*& =(>( % 1"28"0(1.0*& 

'%1% / >(/%#%2*#1% *1 1"28"0(1.0- '%1%: 1) d = 100 2$2; 2) d = 20 

2$2 (I = 0,7). 

:(-  W .&47&8++$8 F7-D$+$-V&/5<0$+$; 5 7  W 3&BDD1<1-+7 7-./&&7($;1; 4  W 

3&BDD1<1-+7 1%/);$7-/5+&= 4.&4&@+&471;  W 7-0.-2$7)2$ 47-+&3 2-$3<1&+-

+&= )47$+&'31. 
wT

g Nu

d

0
7 &  

XgW 3&BDD1<1-+7 7-./&.2&'&(+&471 '&%()9$; W 3&BDD1<1-+7 H)44-/57$ 

Nu=0.5; W (1$0-72 .2&'&(+13$. 

Nu

d

"$3 '1(+& 1% :2$D13$ +$ 214)+3-, B7$ .&:2-*+&475 +- 0$/$ 1 @,472& 2$47-7 

4 7-0.-2$7)2&=, .&B7&0) -- +$(& &@8%$7-/5+& );17,'$75. "2&0- 7&:& '-/1;1+$ 

.&:2-*+&471 4)C-47'-++& %$'1417 &7 (1$0-72$ +171. E&B7&0) (/8 .&',*-+18 

7&;+&471 1%0-2-+1= >-/$7-/5+& 14.&/5%&'$75 +175 (&47$7&;+& 0$/&:& (1$0-7-

2$, ' 1(-$/- B7& (&/>+$ @,75 +175 SiC, 3$3 ' 2$@&7- [3]. 

F .&0&C56 &.14$++&:& 0-7&($ @,/$ 1%);-+& 7-0.-2$7)2+&- .&/- D$3-/$ 

:&2-/31 V)+%-+$. J.2-(-/-+, :2$+1<, %&+ ./$0-+1, )47$+&'/-+&, ;7& 0$341-

0$/5+$8 7-0.-2$7)2$ (&471:$-748 ' %&+- .2&()37&' 4:&2$+18.  

 

<9&%$9. N$%2$@&7$+ 1 $.2&@12&'$+ 0-7&( .12&0-7211 7&+3&= +171 (/8 

2-:1472$<11 7-201;-43&= 472)37)2, :$%&'&%()*+&:& D$3-/$. L-7&( 9$2$37-21-

%)-748 ',4&3&= ;)'47'17-/5+&4756, *12&310 2$@&;10 1+7-2'$/&0, 0$/&= 

1+-2<1&++&4756. H-(&47$73&0 0-7&($ 8'/8-748 %+$;17-/5+$8 0-7&(1;-43$8 .&-

:2-*+&475 1%0-2-+1= .21  ',4&319 7-0.-2$7)2$9. E&B7&0) ($++,= 0-7&( .&(-

9&(17 (/8 144/-(&'$+18 +1%3&7-0.-2$7)2+,9 ./$0-+, 7$319 3$3 ./$08 @)+%--

+&'43&= :&2-/31.  E21 7-0.-2$7)2$9, .2-',*$6C19 1700", +-&@9&(10& 14-

.&/5%&'$75 ' 3$;-47'- 1%/);$7-/8 7&+31- 7-20&47&=31- +171 3$2@1($ 32-0+18.  
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Karimova F.F., Orlovskaya S.G., Shkoropado M.S., Protas S.K. 

Investigation of gaseous flame thermal structure  

1. Thin filament pyrometry method.  

 
SUMMARY 

Thin filament pyrometry method for gaseous flames diagnostics was described as modifica-

tion of relative brightness pyrometry. The method main characteristics were estimated: tem-

perature range, sensitivity, time constant, precision.  

 

 

 !"9$%&! '.'., (")%&*:+! -..., /+%"%0!1% 2.-., 3"%4!* -. . 

>%!"?$@#((0 *#+,#-'*.-(%/% ,%"0 /'1%,%&?*-0(%/% A'6#"'. 

3'!*)(' 1. 5#*%$ ,?-%+#*-?B *%(6%B ()*6). 

 
?HJG?Z[\ 

 8%#('* 2"1*! 8Q0*2"10QR 1*'$*R '%1$%, 9$( 80"!#1(/+9S 2*!%<Q$()Q:  2"1*!. /Q!-

'*#'*R 9#$0(/%#1*R 8Q0*2"10QR !+9 !*#+Q!G"''9 #10.$1.0% =(>*8*/Q109'%@ 8*+.2’R/. 

A*>0(@*/('Q *#'*/'Q @(0($1"0%#1%$% 2"1*!.: 0*B*5%& !Q(8(>*', 5.1+%/Q#1,, Q'"0)Q&-

'Q#1, Q 8*@%B$(. 
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