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90*/"!"' ('(+%8 $0%1%5"#$%: % .#1*&5%/-: 0";%2*/ /-#*$*1"27"0(1.0'*<* 1"7-

+*2(##**=2"'(, *70"!"+>?@%: #(2*/*#7+(2"'"'%", 8(;%<('%", #(2*70*%8/*+,'*" 7*-

1.:('%" % <*0"'%" 5(#1%) / <(8**=0(8'*2 *$%#+%1"+". 3#7*+,8*/('%" 0(8+*;"'%> 

A0('$-B(2"'")$*<* (00"'%.#*/#$*& C$#7*'"'1-, $*1*0*" '" .5%1-/("1 $*'"5'*#1, 

!*+% #7*#*='-: 70*0"(<%0*/(1, ($1%/'-: 2*+"$.+, 8(2"1'* #$(8-/("1#> '( $0%1%5"-

#$%: 7(0(2"10(: 70% /*#7+(2"'"'%% % 7*1.:('%%, ( 1($;" '( .#+*/%>: /-0*;!"'%> 

$0%1%5"#$%: .#+*/%&. 9*+.5"'- /-0(;"'%> !+> ="80(82"0'-: 7(0(2"10*/ % !%66.8%-

*''*-$%'"1%5"#$*<* *1'*D"'%> / 1*5$" /-0*;!"'%>. 90*%++?#10%0*/('( 70%2"'%-

2*#1, #1()%*'(0'*<* 7*!:*!( !+> 70"!#$(8('%> 7*/"!"'%> /0"2"''-: 8(/%#%2*#1"& 

!%(2"10( % 1"27"0(1.0- :%2%5"#$% ($1%/'*& 5(#1%)-. 

  
 

#$%&' &( )*+,-., /01 , 2,%1' ,&$* +344'10+*5 '30*'30&6*4/78 0*1+&8 

/+&0&6*4/&. 2,5*%&9 0*)51'34411:'*%3 & )1576&5 /+&0&6*4/&* 7451,&2 ;*0*-

+1;*%%1;1 ,14)53'*%*%&2 & )107.3%&2 6340&< $52 +*3/<&9 )*+,1;1 )1+2$/3 4 

76*01' '3441)*+*%143 / ** )1,*+.%140&, :-5  !. =+3%/-"3'*%*</&9 [1, 2]. > 

)+*$51?*%%19 '1$*5& =+3%/-"3'*%*</&' &4)15@(1,3%1 5&%*9%1* )+*$403,5*-

%&* 0*')*+307+%1;1 )1/3(30*52 40*)*%& , 3++*%&741,4/19 A/4)1%*%0*, 14%1,3%-

%1* %3 )+*$)151?*%&& '35140& )+*$,14)53'*%&0*5@%1;1 +3(1;+*,3 )1 4+3,%*-

%&8 4 0*')*+307+19 ;3(1,19 4+*$-. B01 )+*$)151?*%&* 4)+3,*$5&,1 )+& 1)&-

43%&& /+&0&6*4/&. 7451,&9 )+& $1403016%1 :15@C&. 43'174/1+*%&2. A/(10*+-

'&6*4/19 .&'&6*4/19 +*3/<&& (E / RTg >>1) & :15@C&. 0*)51,-. ADD*/03. 

(QaCa/cgTg >>1).  

E344'10+&' 4&40*'7 7+3,%*%&9 $52 &('*%*%&2 0*')*+307+- & $&3'*0+3 

.&'&6*4/& 3/0&,%19 6340&<-, 1:'*%&,38F*942 0*)51' 4 1/+7?38F&' ** ;3(1' 

)1 (3/1%7 G@801%3-E&.'3%3 [3,4]. G3 )1,*+.%140& 6340&<- )+10*/3*0 ;*0*+1-

;*%%32 A/(10*+'&6*4/32 .&'&6*4/32 +*3/<&2 )*+,1;1 )1+2$/3  4H4(sol) + 

 1H1(gaz) !  bB(gaz) 4 1:+3(1,3%&*' ;3(11:+3(%1;1 1/&45&0*52. I3/?* 76&0--

,3*042 '3441)*+*%14 1/&45&0*52 &( ;3(3 / )1,*+.%140& 6340&<-. > A01' 45763*, 

/1;$3 Bi << 1, Lu = 1 & ag >> ac, $&%3'&/3 &('*%*%&2 0*')*+307+- 6340&<- 1)&-

4-,3*042 7+3,%*%&2'&: 
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!&3'*0+ 6340&<- 7'*%@C3*042 4 0*6*%&*' ,+*'*%&  
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M$*4@ Qa – 0*)51,19 ADD*/0 +*3/<&&, +3446&03%%-9 %3 /&51;+3'' 3/0&,%1;1 

/1')1%*%03; Ca – 10%14&0*5@%32 '3441,32 /1%<*%0+3<&2 1/&45&0*52 .&'&6*-

4/19 +*3/<&&, %3.1$2F*;142 , ;3(1,19 D3(*; k – /1%403%03 .&'&6*4/19 +*3/<&&; 

E – A%*+;&2 3/0&,3<&2; N – /1ADD&<&*%0 '3441)*+*%143; O – /1ADD&<&*%0 0*)-

511:'*%3; d – $&3'*0+ 6340&<-, T, Tg – 0*')*+307+3 6340&<- & ;3(3, L4, L1 – 

'152+%-* '344- '30*+&353 6340&<- & 1/&45&0*52.   

!52 $35@%*9C*;1 3%35&(3 /+&0&6*4/&. 7451,&9 0*)51'34411:'*%3 7$1:%1 

,,*40& :*(+3('*+%-* ,*5&6&%-: 
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> A01' 45763* 4&40*'3 7+3,%*%&9 (1) & (2) 4,*$*042 / ,&$7 
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H%35&( /+&0&6*4/&. & 740196&,-. 7451,&9 7$1:%1 )+1,*40& 4 )1'1F@8 

(3,&4&'140*9 ADD*/0&,%19 )510%140& 0*)51,-$*5*%&2 10 0*')*+307+-, ;$* 

(3  1:1(%36&' )+3,78 6340@ 7+3,%*%&2 (3):  
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> (3,&4&'140& 10 (%36*%&2 5 47F*40,7*0 %*4/15@/1 016*/ )*+*4*6*%&2 /+&-

,19 (3,&4&'140& ADD*/0&,%19 )510%140& 0*)51,-$*5*%&2 10 0*')*+307+- 4 effq 
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14@8 3:4<&44. P+& $1403016%1 :15@C&. 5 (+&4.1, /+&,32 1) 47F*40,7*0 015@/1 

1$%3 016/3 m, /101+32 4110,*040,7*0 ,-41/10*')*+307+%1'7 740196&,1'7 /,3-

(&403<&1%3+%1'7 414012%&8: )+& 58:-. '35-. &('*%*%&2. 0*')*+307+- 634-

0&<- ,:5&(& A019 016/& 1%3 40+*'&042 / 4,1*'7 403<&1%3+%1'7 (%36*%&8. !3%-

%32 4&073<&2 10%14&0@42 / 457638 43'1)+1&(,15@%1;1 )*+*.1$3 %3 ,-41/10*'-

)*+307+%-9 +*?&' 0*)51'34411:'*%3. I16/3 m .3+3/0*+&(7*042 45*$78F&'& 

7451,&2'&: 

 
1#0. 1. F(/%#%2*#1, C66"$1%/'*& 7+*1'*#1% 1"7+*/-!"+"'%> *1 1"27"0(1.0- 

 70% Q = 10, Rg = 0.1;  1) S = 0.60; 2) S = 0.48; 3) S = 0.40; 4) S = 0.35. ( )effq 4 

0effq ' , 0
effq$

:
$4

. 

P+& 7'*%@C*%&& 5 )+& %*/101+1' *;1 (%36*%&& ,1(%&/3*0 016/3 2, 4110,*0-

40,78F32 %*740196&,1'7 403<&1%3+%1'7 414012%&8, & 1)+*$*528F32 /+&0&-

6*4/1* 7451,&* ,14)53'*%*%&2 %*(3,&4&'1 10 %3635@%19 0*')*+307+- (+&4.1, 

/+&,32 2). P+& (%36*%&2. S > Si (+&4.1, /+&,32 1) 6340&<3 :7$*0 43'1)+1&(,15@-

%1 )*+*.1$&0@ %3 ,-41/10*')*+307+%-9 +*?&' 1/&45*%&2. !52 1)+*$*5*%&2 

)3+3'*0+1, 016/& i %*1:.1$&'1 +344'10+*0@ 7451,&2 
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I16/3 e 4110,*040,7*0 /+&0&6*4/1'7 7451,&8 )107.3%&2 (+&4.1, /+&,32 4) & 

1)+*$*52*042 7451,&2'& 

0effq ' , 0'
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4
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P+& (%36*%&2. S < Se 6340&<3 :7$*0 43'1)+1&(,15@%1 )*+*.1$&0@ %3 %&(/1-

0*')*+307+%-9 +*?&' 1/&45*%&2.  

> &%0*+,35* (%36*%&9 Se < S < Si  47F*40,7*0 0+& 403<&1%3+%-. 414012%&2, 

/101+32 %14&0 %3(,3%&* ;&40*+*(&4%19 1:5340& (+&4.1, /+&,32 3). G&(/32 & ,--

41/32 403<&1%3+%32 0*')*+307+3 4110,*040,780 %&(/1- (016/3 +) & ,-41/10*'-

)*+307+%-' (016/3 m) 740196&,-' 403<&1%3+%-' +*?&'3' 0*)51'34411:'*%3 

& 4/1+140*9 .&'&6*4/&. +*3/<&9. K+*$%** (%36*%&* 0*')*+307+- (0. i3) 1)+*$*-

52*0 ,5&2%&* %3635@%19 0*')*+307+- %3 /+&0&6*4/&* 7451,&2 ,-%7?$*%%1;1 

,14)53'*%*%&2. P+& A01' ,-)15%28042 45*$78F&* 7451,&2: 

0effq ' , 0;
$

$

4
effq

. 

P+& %3635@%-. 0*')*+307+3. 6340&<- %&?* A019 /+&0&6*4/19 ,*5&6&%- 

( 3: bib 44 ) 0*')*+307+3 6340&<- 7:-,3*0 $1 0*. )1+, )1/3 %* %3407)&0 %&(/1-

0*')*+307+%-9 +*?&' 1/&45*%&2 (016/3 +). P+& %3635@%-. 0*')*+307+3. 634-

0&<- ,-C* /+&0&6*4/1;1 (%36*%&2 ( b bi34 ; 4 ) )+1&4.1$&0 ** ,-%7?$*%%1* (3-

?&;3%&* & 0*')*+307+3 6340&<- )1,-C3*042 $1 0*')*+307+- ;1+*%&2 (,-41/1-

0*')*+307+%1;1 +*?&'3 0*)51'34411:'*%3, 016/3 m).  

E344'10+&' ,4* 403<&1%3+%-* 414012%&2, /101+-* 1:+3(78042 , +*(75@03-

0* &('*%*%&2 )3+3'*0+3 , 601 )+&,1$&0 / &('*%*%&8 0*')*+307+- 6340&<- 5
4 st. P+& A01' $15?%1 ,-)15%20@42 7451,&* 403<&1%3+%140&. I. *. 41,1/7)%140@ 

403<&1%3+%-. 414012%&9 1)&4-,3*042 $&DD*+*%<&35@%-' 7+3,%*%&*': 
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> /+&0&6*4/&. 016/3. i & e, 4110,*040,78F&. ,14)53'*%*%&8 & )107.3-

%&8, ,-)15%2*042 7451,&* K*'*%1,3 effq T 0$ $ '  &, 03/ /3/ ,*5&6&%3 effq$ $ 5  

,4*;$3 )151?&0*5@%3 (%*451?%1 )+1,*+&0@), &, 45*$1,30*5@%1, 0$5 $4 '  )+& 

7451,&& )14012%40,3 /1%<*%0+3<&& 3/0&,%1;1 /1')1%*%03. G*451?%1 )1/3(30@, 

601 016/3 i – '3/4&'7' %3 (3,&4&'140& :*(+3('*+%1;1 $&3'*0+3 10 0*')*+307+- 

6340&<-, 3 016/3 ) – '&%&'7'. I16/& 403<&1%3+%1;1 %&(/10*')*+307+%1;1 

(1/&45*%&*, 016/3 3) & ,-41/10*')*+307+%1;1 (;1+*%&*, 016/3 m) 1/&45*%&2 .3-

+3/0*+&(78042 7451,&*' effq$ $4 : 0  &, 45*$1,30*5@%1, 7451,&*' 0$5 $4 ; .  

I3/&' 1:+3(1', /+&0&6*4/&* 7451,&2 ,14)53'*%*%&2 & )107.3%&2 ..+.4. 

'1?%1 1)+*$*5&0@, /3/ A/40+*'7'- %3 (3,&4&'140& :*(+3('*+%1;1 $&3'*0+3 
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&5& :*(+3('*+%1;1 /1ADD&<&*%03 0*)511:'*%3 5) 1~ '  10 403<&1%3+%19 0*')*-

+307+-. T( 7451,&2 403<&1%3+%140& 0
$4

'
$9

 &( (3) &'**': 

 
1#0. 2. F(/%#%2*#1, ="80(82"0'*<* !%(2"10( *1 #1()%*'(0'*& 1"27"0(1.0- 5(4), 
'(&!"''(> 7*  6*02.+" (5) (#7+*D'(>, $0%/(> 1) % (6) (7.'$1%0, $0%/(> 2) 70% Q = 10, 

() Rg = 0.1, RQ = 0.1;        =) Rg = 0.05, RQ = 0.025. 

A(8*/-" 8(/%#%2*#1% 5(4) %8 0"D"'%> #%#1"2- .0(/'"'%& (3), (4): 

() 4b = 4; 5b = 0.8 ($0%/(> 3), 5b = 0.4 ($0%/(> 4), 5b = 0.37 ($0%/(> 5)   

  =) 4b = –3; 5b = 0.48 ($0%/(> 3), 5b = 0.47 ($0%/(> 4). 

1

1 exp
1 g

( , -, -4
5 ' 4 ( (.. / .

4
//6 * 8 40 1 0 1

.                                        (5) 

=+3%/-"3'*%*</&9 , [1, 2], )+&'*%22 (%3'*%&01* +3(51?*%&* 3++*%&741,-

4/19 A/4)1%*%0- ( g8 4  << 1), 3%35&(&+7*0 /+&0&6*4/&* 7451,&2 ,14)53'*%*%&2 

& )107.3%&2, &445*$72 7451,&* 403<&1%3+%140& , ,&$*  

"
1

1 exp

(
, -4

5 ' 4 ( (4. /60 1
# .                                           (6) 

E344'10+&', /3/&' 1:+3(1' 4/3(-,3*042 %3 /+&0&6*4/&. 7451,&2. 0*)51-

'34411:'*%3 6340&<- 4 ;3(1', )+*$)151?*%&* g8 4  << 1.  6*0 )3+3'*0+3 g8  , 

3++*%&741,4/19 A/4)1%*%0*, 1;+3%&6&,3*0 (%36*%&* A/4)1%*%0- & 1)+*$*52*0 

/1%*6%140@ $15& 3/0&,%-. '15*/75, 4)141:%-. )+1+*3;&+1,30@. 

G3 +&4. 2 )+*$403,5*%- (3,&4&'140& , :*(+3('*+%1' ,&$* $&3'*0+3 (5) 10 

403<&1%3+%19 0*')*+307+- 6340&<- (5) & (6). G3 $3%%-. (3,&4&'1402. %3:58-

$3*042 $,3 A/40+*'7'3: '3/4&'7' 4110,*040,7*0 /+&0&6*4/1'7 7451,&8 ,14-

)53'*%*%&2 (i – ignition), '&%&'7' – /+&0&6*4/1'7 7451,&8 )107.3%&8 (e – ex-

tinction). #0'*0&', 601 )+& 4+3,%&0*5@%1 :15@C&. (%36*%&2. Q (+&4. 23) /+&0&-

6*4/&* (%36*%&2 Si & Ui, 4110,*040,78F&* ,14)53'*%*%&8 & )1576*%%-* &( (5) & 

(6), 7?* (%36&0*5@%1 105&638042 $+7; 10 $+7;3. !52 /+&0&6*4/&. 7451,&9 )+& 
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)107.3%&& A01 105&6&* *F* :15** 47F*40,*%%1*. K 7'*%@C*%&*' )3+3'*0+3 Rg 

+3(5&6&* '*?$7 /+&0&6*4/&'& 7451,&2'& )+& ,14)53'*%*%&& $1403016%1 :--

40+1 7'*%@C3*042 (+&4.2:). #$%3/1, /+&0&6*4/&* 7451,&2 )+& )107.3%&& $3?* 

)+& %*:15@C&. (%36*%&2. Rg '1;70 47F*40,*%%1 105&63042. >-+1?$*%&* /+&-

0&6*4/&. 7451,&9 )+1&4.1$&0 )+& %*/101+1' '&%&'35@%1' (%36*%&& 

QR,.,*5&6&%3 /101+1;1 (3,&4&0 10 )3+3'*0+3 Rg. P1A01'7 )+1401 %*1:.1$&'1 )+& 

1)+*$*5*%&& /+&0&6*4/&. 7451,&9 76&0-,30@ /1%*6%140@ 6&453 '15*/75, /101-

+-* +*3;&+780, 0.*. )3+3'*0+ Rg , 3++*%&741,4/19 A/4)1%*%0*. 

 

 
 

1#0. 3. F(/%#%2*#1, $0%1%5"#$%: 8'(5"'%& ="80(82"0'*<* !%(2"10( 5i,e (() % 

1"27"0(1.0- 4i,e (=) *1 7(0(2"10( 6  70%  = 0.1:  g8
1) 8(/%#%2*#1% (7) % (8);  2) 8(/%#%2*#1, (9). 
–––––  – $0%1%5"#$%" 8'(5"'%>, #**1/"1#1/.?@%" /*#7+(2"'"'%?, 

- - - - - – $0%1%5"#$%" 8'(5"'%>, #**1/"1#1/.?@%" 7*1.:('%?.  

!52 1)+*$*5*%&2 /+&0&6*4/&. 7451,&9 ,14)15@(7*'42 7451,&*' A/40+*'7-

'3 %3 (3,&4&'140& 5(4): 0
$5

'
$4

. > +*(75@030* )+&'*%*%&2 *;1 $52 (5) )1576&' 

/,3$+30%1* 7+3,%*%&* $52 1)+*$*5*%&2 /+&0&6*4/&. 0*')*+307+, +*C*%&* /1-

01+1;1 

i,e g g
2

g

1 1 1 4
1 4

1 2 2

, -
4 ' ( 8 ( 8 (. /

60 18 *
6

! .                                     (7) 

K 76*01' (5) :*(+3('*+%-9 /+&0&6*4/&9 $&3'*0+ +3,*% 
1

i,e i,e

i,e i,e

g i,e

1 exp
1

( , -4 4, -
5 ' 4 ( (.. / . //6 * 8 40 1 0 1

.                             (8) 

M%3/ «+» , (6) 4110,*040,7*0 )107.3%&8, 3 «–» – ,14)53'*%*%&8. 
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P+&'*%*%&* 7451,&2 A/40+*'7'3 %3 (3,&4&'140& (6) $3*0 45*$78F&* 

(%36*%&2 /+&0&6*4/&. )3+3'*0+1,: 

" #

,

1

,

, , ,

4
1 1 ,

2

1 exp

i e

i e

i e i e i e

(

< , -6
4 ' (= . /

6= 0 1
>

4= , -
5 ' 4 ( (4. /= 60 1?

!

.

                                  (9) 

"3/ ,&$%1 &( +&4. 3, 47F*40,7*0 '&%&'35@%1* (%36*%&* )3+3'*0+3 6 (601 

4110,*040,7*0 %*/101+19 '&%&'35@%19 /1%<*%0+3<&& 3/0&,%1;1 /1')1%*%03 

&5& '3/4&'35@%19 0*')*+307+* ;3(3), )+& /101+19 )+1&4.1$&0 ,-+1?$*%&* 

/+&0&6*4/&. 7451,&9 )+& ,14)53'*%*%&& & )107.3%&&. B01 ,1('1?%1, /3/ 

45*$7*0 &( 3%35&(3 (6), )+& +3,*%40,* %758 ,-+3?*%&2 )1$ /1+%*': 

g

4

1 4
86 '

( 8
.                                              (10) 

I3/, /3/ , 01 6340&<3 '1?*0 ,14)53'*%&0@42 015@/1 )+& 0g8 ; 86 > 4. 

P+&'*%*%&* +3(51?*%&2 =+3%/-"3'*%*</1;1 3++*%&741,4/19 A/4)1%*%0- 

$3*0 (%36*%&* QR = 4, /101+1* 2,52*042 '&%&'35@%-' , :15** 1:F*' 45763*. 

P1$403%1,/3 (10) , (8) $340 (%36*%&2 i e 85 ' 5 ' 5  & i e 84 ' 4 ' 4  , 016/* ,--

+1?$*%&2: 

2

4

e
85 ' ,  

g

2

1 2
84 '

( 8
. 

K +1401' 0*')*+307+- ;3(3 85  1403*042 %*&('*%%-', 3 84  ,1(+3403*0. P+*-

%*:+*?*%&* g8  , 3++*%&741,4/19 A/4)1%*%0* )+&,1$&0 / 01'7 ?* +*(75@0307 

$52 85 , & ( (%36*%&8 0*')*+307+- 284 ' . 

P+& ,14)53'*%*%&& /+&0*+&9 K*'*%1,3, 2,528F&942 10%1C*%&*' 

$&DD7(&1%%1;1 / /&%*0&6*4/1'7 41)+10&,5*%&9 (Se = k/N) & 7/3(-,38F&942 %3 

1:5340@ )+10*/3%&2 .&'&6*4/19 +*3/<&&, '*%@C* *$&%&<-. B01 7/3(-,3*0, 601 

5&'&0&+78F*9 403$&*9 .&'&6*4/1;1 )+*1:+3(1,3%&2 2,52*042 &'*%%1 4/1+140@ 

.&'&6*4/19 +*3/<&&. "+&0*+&9 , 016/* ,-+1?$*%&2 7'*%@C3*042 4 +1401' 

)3+3'*0+3 8 g . 

1 4 gSe8 ' ( 8 . 

> 45763* )1$.1$3 =+3%/-"3'*%*</1;1 A03 ,*5&6&%3 )14012%%3 & +3,%3 

SeR = 1. 

P+*$403,522 )3+3'*0+ 
Q

2

g

8
6 '

8
 &( (6) 1)+*$*5&' )+*$*5@%-* (%36*%&2 

:*(+3('*+%-. )3+3'*0+1,, 4,2(3%%-. %3)+2'78 4 /1%<*%0+3<&*9 3/0&,%1;1 

/1')1%*%03 8Q & 0*')*+307+19 ;3(3 8g )+& )14012%%1' (%36*%&& $+7;1;1 

)3+3'*0+3: 
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" #g

Q

1

2 1 1 1
88 '

* * 8
 ,    

2

g

Q

g

4

1 4
8

8
8 '

( 8
.                           (11) 

 
1#0. 4. F(/%#%2*#1, $0%1%5"#$%: 8'(5"'%& ="80(82"0'*<* !%(2"10( 5i,e (() % 1"27"-

0(1.0- 4i,e (=) *1 ="80(82"0'*& 1"27"0(1.0- <(8(  70%  = 0.5:  g8 Q8
1) 8(/%#%2*#1% (7) % (8);  2) 8(/%#%2*#1, (9). 
- - - - - –  $0%1%5"#$%" 8'(5"'%>, #**1/"1#1/.?@%" 7*1.:('%?,  
–––––  –  $0%1%5"#$%" 8'(5"'%>, #**1/"1#1/.?@%" /*#7+(2"'"'%?. 

 

I3/, /3/ :*(+3('*+%32 ,*5&6&%3 Q (3,&4&0 & 10 /1%<*%0+3<&& 3/0&,%1;1 

/1')1%*%03 & 0*')*+307+- ;3(3, +344'10+&' /3/&' 1:+3(1' 10 %&. (3,&420 :*(-

+3('*+%-9 )3+3'*0+-, 1)+*$*528F&* ,14)53'*%*%&* & )107.3%&*. G3 +&4. 4 

)+*$403,5*%- (3,&4&'140&  & i,e g( )5 8 i,e g( )4 8 . "3/ & 45*$7*0 &( (11), 4 +1401' ,*-

5&6&%- RQ ()+& :15@C&. 0*)51,-. ADD*/03. +*3/<&& &5& :15@C1' 41$*+?3%&& 

1/&45&0*52) 0*')*+307+3 ;3(3, )+& /101+19 )+1&4.1$&0 ,-+1?$*%&* /+&0&6*-

4/&. 7451,&9, ,1(+3403*0. P+& 7'*%@C*%&& 0*')*+307+- ;3(3 /+&0&6*4/&* (%3-

6*%&2 :*(+3('*+%-. $&3'*0+3 S & 0*')*+307+- U, 4110,*040,78F&. 7451,&8 

,14)53'*%*%&8, 40+*'2042 / )14012%%-' (%36*%&2', +3,%-'  
1

0g

e(

8 !
5 ! ,   

0
1

g8 !
4 ! . 

P+*$403,5*%%-* ,-C* 403<&1%3+%-* & /+&0&6*4/&* (3,&4&'140& )1(,152-

80 )+*$4/3(-,30@ )1,*$*%&* 41 ,+*'*%*' 0*')*+307+- & $&3'*0+3 6340&<- )+& 

+3(5&6%-. (%36*%&2. )3+3'*0+1,. G3&:15** &%0*+*4%- 03/&* (3,&4&'140& , 

45763* 43'1)+1&(,15@%-. )*+*.1$1, %3 ,-41/10*')*+307+%-9 +*?&' 0*)51-

'34411:'*%3 (+&4.5, /+&,32 1), 0.*. ib 5;5 . > A01' 45763* 6*+*( %*/101+1* ,+*-

'2 ()*+&1$ &%$7/<&&) 0*')*+307+3 U & 6&451 =+3%/-"3'*%*</1;1 S $140&;380 

/,3(&403<&1%3+%-. (%36*%&9 (+&4.2, /+&,32 3). P+& $35@%*9C*' 1/&45*%&& 

0*')*+307+3 ,-41/10*')*+307+%1;1 0*)51'34411:'*%3 )3$3*0 4 7'*%@C*%&*' 

:*(+3('*+%1;1 $&3'*0+3 6340&<-, 601 1:V24%2*042 7,*5&6*%&*' 0*)51)10*+@ 4 

;3(1'. P+& $140&?*%&& 1)+*$*5*%%-. /+&0&6*4/&. (%36*%&9 0*')*+307+- & 
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$&3'*0+3 6340&<- )+1&4.1$&0 43'1)+1&(,15@%1* )107.3%&* 6340&<-. P+& A01' 

)+3/0&6*4/& 4/36/11:+3(%1 '*%2*042 4/1+140@ &('*%*%&2 $&3'*0+3 6340&<- & 

0*')*+307+3 (3'*0%1 )1%&?3*042 $1 740196&,1;1 403<&1%3+%1;1 (%36*%&2.  4-

51,&2, )+& /101+1' )+1&4.1$&0 43'1)+1&(,15@%1* )107.3%&* (016/3 ), +&4.5), 

'1?%1 1.3+3/0*+&(1,30@ 7451,&*' '&%&'7'3 %3 ADD*/0&,%19 )510%140& 0*)-

51,-$*5*%&2 (,+*'*%%19 )+1&(,1$%19 0*')*+307+-): 

1#0. 5. G0"2"''-" 8(/%#%2*#1% ="80(82"0'*& 1"27"0(1.0- H % !%(2"10( I 
70% Ub = 4, Q = 10, Rg = 0.1, R4 = 0.025. 

1) Sb = 0.8, 2) Sb = 0.4, 3) Sb = 0.37. 

0:effq , 0'
$

$

4
effq

, 0
2

2

;
$

$

4
effq

. 

!52 1:5340& ,-%7?$*%%-. )*+*.1$1, %3 ,-41/10*')*+307+%-* +*?&'- 

0*)51'34411:'*%3 ( ibe 5:5:5 ) $140&?*%&* ,-41/10*')*+307+%-. /,3(&403-

<&1%3+%-. 414012%&9 '1?*0 %* %3:58$30@42. !52 ,-:+3%%1;1 (%36*%&2 %3-

635@%19 0*')*+307+- )+& *ib 5;5   0*')*+307+3 6340&<- %36&%3*0 )1,-C30@42 

(+&4. 5, /+&,32 2). > 4,2(& 4 )+*,-C*%&*' 4/1+140& 7'*%@C*%&2 $&3'*0+3 %3$ 

4/1+140@8 7,*5&6*%&2 0*')*+307+- 6340&<- 6340&<3 %36&%3*0 )107.30@ %* 

$140&;%7, ,-41/10*')*+307+%1;1 +*?&'3 1/&45*%&2 (+&4.2, /+&,32 4). P+& 

 0*')*+307+3 6340&<- '1%101%%1 7'*%@C3*042 (+&4.5, /+&,32 3) $1 74-

0196&,1;1 403<&1%3+%1;1 %&(/10*')*+307+%1;1 414012%&2 (+&4.2 , /+&,32 5). 
*ib 5:5

"3/ 10'*63514@ +3%**, )+& b i5 ; 5  6340&<3 43'1)+1&(,15@%1 )*+*.1$&0 %3 

,-41/10*')*+307+%-9 +*?&' 0*)51'34411:'*%3 %*(3,&4&'1 10 %3635@%19 0*'-

)*+307+-. #$%3/1 ,45*$40,&* 7'*%@C*%&2 $&3'*0+3 , )+1<*44* 1/&45*%&2 ,*-

5&6&%3  (, (3,&4&'140& 10 %3635@%19 0*')*+307+-) '1?*0 :-0@ :15@C* 4110-

,*040,78F*9 ,*5&6&%-, +3446&03%%19 &( 403<&1%3+%19 (3,&4&'140& (+&4. 2:). 

P+& $1403016%1 %&(/19 %3635@%19 0*')*+307+* 6340&<-, %3 %3635@%1' A03)* 

1%3 ,*$*0 4*:2 )+3/0&6*4/& /3/ &%*+0%32 (+&4. 6). > 016/* , /101+32 .3+3/0*-

+&(7*0 1/1%63%&* %3635@%19 403$&& (403$&& )+1;+*,3), )+&  %36&%3*042 

47F*40,*%%1* 7,*5&6*%&* 0*')*+307+- (3 46*0 A/(10*+'&6*4/19 .&'&6*4/19 

i5

1i

b5 ; 5i
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+*3/<&&. I16/3  .3+3/0*+&(7*0 1/1%63%&* )+1<*443 ,14)53'*%*%&2. J340&<- 

,-.1$&0 %3 /,3(&403<&1%3+%-9 +*?&' 0*)51'34411:'*%3, )+& /101+1' 4/1-

+140@ &('*%*%&2 $&3'*0+3 47F*40,*%%3.  

2i

1#0. 6.  G0"2"''-" 8(/%#%2*#1% ="80(82"0'*& 1"27"0(1.0- U % !%(2"10( S 

70% Ub = –3, Q = 10, Rg = 0.05, R4 = 0.025. 

1) Sb = 0.48, 2) Sb = 0.47. 

I3/&' 1:+3(1', , +3:10* )1/3(3%3 %*1:.1$&'140@ 76&0-,30@ , +3(51?*%&& 

3++*%&741,4/19 A/4)1%*%0- )3+3'*0+ Rg, 601 4,2(3%1 /1%*6%140@8 $15& 3/0&,-

%-. '15*/75, 4)141:%-. )+1+*3;&+1,30@. B01 (3'*0%1 4/3(-,3*042 %3 /+&0&6*-

4/&. )3+3'*0+3. )+& ,14)53'*%*%&& & )107.3%&&, 3 03/?* %3 7451,&2 &. ,-+1-

?$*%&2. P1576*%- ,-+3?*%&2 $52 :*(+3('*+%-. )3+3'*0+1, & $&DD7(&1%%1-

/&%*0&6*4/1;1 10%1C*%&2 , 016/* ,-+1?$*%&2. P+1&55840+&+1,3%3 )+&'*%&-

'140@ 403<&1%3+%-. (3,&4&'140*9 $52 )+*$4/3(3%&2 )1,*$*%&2 ,+*'*%%-. (3-

,&4&'140*9 $&3'*0+3 & 0*')*+307+- .&'&6*4/& 3/0&,%19 6340&<-. 

 

#,-/+;-2+;: 
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/&. – L.: G37/3, 1987. –  491 4. 

2. F*+*1$* K.L. I*1+&2 ,14)53'*%*%&2: 76*:%1* )141:&*.– #$*443. – 1985. – 
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)53'*%*%&2 & )107.3%&2 6340&<- , %3;+*01' ;3(11:+3(%1' 1/&45&0*5* // 

T%?*%*+%1-D&(&6*4/&9 ?7+%35. – 1988.– I.55, Y 2. – K. 232–236. 
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& )107.3%&* 6340&<- 4 76*01' 0*)511:'*%3 &(576*%&*' // T%?*%*+%1-

D&(&6*4/&9 ?7+%35. – 1992. – I. 62., Y 3. – K. 436-442. 
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Kalinchak V.V., Chernenco A.S., Moysa A.A. 

Critical and stable conditions of reactive particle high-temperature heat 

mass exchange for first order reaction 

 
SUMMARY 

Analysis of critical and stable modes of high-temperature heat mass exchange is carried 
out. These modes determine spontaneous combustion, ignition, spontaneous extinction and 
burning of particles in gaseous oxidizer. Applying Franck-Kameneckiy expansion of Ar-
rhenius exponent, that doesn’t consider fraction finiteness of capable-to-react active mole-
cules, substantially influences critical parameters during ignition and extinction as well as 
degeneracy condition of critical conditions. Expressions of dimensionless parameters and dif-
fusion-kinetic ratio at point of degeneracy are obtained. Applying of stationary approach for 
behavior prediction of reactive particle diameter and temperature time dependences is illus-
trated.  

 

 

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

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

516 !/'*7&4 0/!8-9- 0-!65*+ 

 
 !"# $%& 

 !"#$%$&'( )&)*+, -!'.'/&'0 + 1.+(-'0 !$2'3+# .$4*"3)1""53+&6, 7" #',&)/)8.9 
1)3",)(3)&&:, ,)4)*$&&:, 1)3"#+*9&$ 4".60)&&: + ;"!+&&: /)1.'&"- # ;),"4"%+5&"36 
"-'1*8#)/+. <'-"!'1.)&&: !",-*)%)&&: =!)&-)->)3$&$?9-";" )!!$&+61+#19-"@ $-14"&$-
&.', :-$ &$ #!)0"#6A 1-+&/$&&+1.9 /)1.-' ,%).&'0 4!"!$);6#).' )-.'#&'0 3"*$-6*, 4"-
3+.&" 4",&)/)A.91: &) -!'.'/&'0 4)!)3$.!)0 4!' ,)(3)&&+ + 4".60)&&+, ) .)-"2 &) 
63"#)0 #'!"%2$&&: -!'.'/&'0 63"#. B.!'3)&+ #'!),' %*: 5$,!",3+!&'0 4)!)3$.!+# + 
%'C6,+(&"--+&$.'/&";" #+%&"D$&&: # ."/?+ #'!"%2$&&:.  !"+*81.!"#)&) ,)1."1"#-
&+1.9 1.)?+"&)!&'0 ,)*$2&"1.$( %*: 4!";&",6 4"#$%+&-' /)1"#'0 ,)*$2&"1.$( %+)3$-
.!6 + .$34$!).6!' 0+3+/&" )-.'#&"@ /)1.'&-'. 
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