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

5'0%,"'0+#((%+ 5#(#-'*%-#. 6'!*7 I. 89!,#-)+#(*. 

 
:$#;"0%2"'1(+,'* %##+"!*/('- 1"2;"0(1.0( % <(08! 5(#1%) 2"!%, ;*+.5("2-= / >(-

<*;+(<2"''*2 >"'"0(1*0": ;0%/"!"'- *;%#('%" ?$#;"0%2"'1(+,'*& .#1('*/$%, 2"1*-

!*/ 0(#5@1( 1"2;"0(1.0- % <(08!(, ( 1($A" 0"<.+,1(1- %<2"0"'%&. B(' ;0"!/(0%-

1"+,'-& ('(+%< ;*+.5"''-= 0"<.+,1(1*/. 

 

 

#$%&'()* +%$(,-. /-01($0,*2 3%1'-4 (4 3%) 5-0'(, )(36''-7-$%46,,*2), 

2-)-5(08%( $(6+-$%46,-( 4 /-01($0,*2 0-03()62 - /$. 3(2,%'%+-- 3(0,% 04.76-

,* 0 1$%9(006)- :'(83$%%&)(,6, 8%3%$*( 683-4,% -7;56<30. ;=( /'-3('>,%( 

4$(). 868 %3(5(034(,,*)- ;5?,*)- [1], 368 - 76$;&(=,*)- [2]. @() ,( )(,((, 

),%+-(, 4 5603,%03-, :801($-)(,36'>,*(, 601(83* 1$%&'()* %036<30. ,( -0-

0'(/%46,,*)-, ,61$-)($, ,6'-5-( (4('-5-,6 - 7,68) 76$./6 ,6 ,6+$(3*2 5603--

962 )(36''6, -00'(/%46,-( 8%3%$%+% - &*'% 9('>< /6,,%A $6&%3*. B7)($.'60> 

3()1($63;$6 - 76$./ ,6+$(3*2 /% 3()1($63;$* 1'64'(,-. 5603-9 )(/-. #$(/46-

$-3('>,*( $(7;'>363* &*'- %1;&'-8%46,* 4 [3], +/(, ,61$-)($, 1$- -7)($(,-- 

3()1($63;$* ,( &*'6 ;53(,6 3(1'%?)8%03> )-8$%86'%$-)(3$6 [3, 03$. 201], - 

0/('6,6 %C-&86 4 7,68( 76$./6, &%'(( 8%$$(83,*( /6,,*( 1$-4(/(,* 4 [4]. 

D6+$(3*( 5603-9* )(/- 1%';56'-0> 4 +67%1'67)(,,%) +(,($63%$( [5], 1%-

74%'.<E() 1%';563> 5603-9* 0 &%'>C%A 5603%3%A, /% 100 4 0(8;,/;, - ,656'>-

,%A 3()1($63;$%A /% 1400". F(,($63%$ 0%03%.' (0). $-0. 1) -7 +%$('8- (-'- 

1'67)63$%,6) 1, ;03$%A0346 1%/65- 2 /-01($+-$;()%+% )63($-6'6 3. #$- ,(1$(-

$*4,%A 1%/65( 03($=,(4%+% )63($-6'6 4 7%,; +67%1'67)(,,%+% G68('6 4 1$%-0-

2%/-3 1'64'(,-( $67%+$(3%A 5603- 03($=,. - (+% /-01($+-$%46,-( ,6 %3/('>,*( 

5603-9* 5 4 $(7;'>363( /(A034-. 6:$%/-,6)-5(08%A 0-'* - 0-'* 3.=(03-. @()-

1($63;$6 1%';56()*2 5603-9 4*5-0'.'60>, 6 368=( -7)($.'60> 1$- 1%)%E- 

)-8$%86'%$-)(3$6, 0%03%.E(+% -7 ,6$;=,%+% 3(1'%-7%'-$;<E(+% 8%$1;06 6, 

4,;3$(,,(+%, 4*1%',(,,%+% -7 3%,8%A )(/,%A G%'>+-, 8%,;06 7, 8;/6 76'-46-

'%0> )-,($6'>,%( )60'% 8, - 40364'.'60> 3($)%16$6 9, 1$-0%(/-,.()6. 8 -7)(-

$-3('>,%); 1$-&%$; 10. H6$./ -7)($.'0. 1% 03(86<E(); 5($(7 %&$679%4%( 0%-

1$%3-4'(,-( 3%8;, 1$- :3%) -01%'>7%46'-0> 9-'-,/$ I6$6/(., 0%03%.E-A -7 

4,(C,(+% 11 - 4,;3$(,,(+% 12 1$%4%/.E-2 %&%'%5(8,  - -7)($-3('> )6'*2 3%-

8%4 (J2-16) 13. #%08%'>8; )-8$%86'%$-)(3$ ,(4%7)%=,% &*'% 1%/,(03- &'-78% 

8 1'6)(,- 0 9('>< -7)($(,-. 3()1($63;$* 5603-9* 0$67; 1%0'( 4*2%/6 -2 -7 

1'6)(,- (:3% 1$-4('% &* 8 &%'>C%A %C-&8( -7-76 ,6+$(46 )-8$%86'%$-)(3$6 

4&'-7- 1'6)(,-), 3% ;8676,,6. 3()1($63;$6 4*5-0'.'60> 0'(/;<E-) %&$67%). 

K3%$464C6.0. 861'. )(36''6 (1%0'( %3$*46 ;=( - 5603-96), )600%A m - 3(1'%-
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?)8%03>< #, -)((3 3()1($63;$; C5, 8%3%$6. 0$67; 1%0'( %3$*46 1$683-5(08- 

$64,6 3()1($63;$( 1'64'(,-.. #%0'( %3$*46 5603-96 /4-=(30. (E? ,(8%3%$%( 

4$(). 4 7%,( G68('6, 3()1($63;$6 8%3%$%+% @=1350!L. #$%G-'> 3()1($63;$ - 

08%$%03(A G68('6 05-36'0. #-%&$67,*). #$- :3%) $6/-69-%,,*A 1%3%8 3(1'6 

%3 G68('6 8 5603-9(, 0 1'%E6/>< 1%4($2,%03- S - 3()1($63;$%A C5, )%=,% 05--

363> ,(0;E(034(,,*), 53% 01$64(/'-4% /'. 1$%7$65,%+% 1'6)(,- (-01%'>7%46-

'%0> 0'6&% 04(3.E((0. 1'6). 1$%16,6 4 8-0'%$%/(). B7';5(,-( 
>dQ dt  5603-9* 

,6 03(,8- %9(,-) ,6 %0,%46,-- 768%,6 L3(G6,6-M%'>9)6,6: 

 

   
6                                                                                    & 

     

4                                                                             +    
()*. 1. ( - #="2( .#1('*/$% ;* *;0"!"+"'%D 1"2;"0(1.0- % <(08!( E4F, ;*+.5("-

2-= / >(<*;+(<2"''*2 >"'"0(1*0"; 7, /, > – G*1*>0(G%% 0(7*1(DH">* >"'"0(1*0( 

% 10"$*/ 5(#1%), >"'"0(1*0( % 2%$0*I+%G( 5(#1%)- #**1/"1#1/"''*. 

" 4 4>
;0 5 #1

dQ
S T C

dt
# $ % & ' ,                                          (1) 

+/( J1$ – 1$-4(/(,,*A 8%:GG-9-(,3 ';5(-01;086,-., 7/(0> $64,*A 8%:GG-9--

(,3; -7';563('>,%A 01%0%&,%03- 5603-9* J5.  
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"%,4(83-4,*A 3(1'%4%A 1%3%8 $dQ

dt
 %1$(/('-) 4 1$(/1%'%=(,-- -7%3$%1-

,%03- 3()1($63;$* 1'6)(,- ,6 %0,%46,-- 768%,6 D><3%,6 

 
()*.2. K(/%#%2*#1, 1"2;"0(1.0- E4F %< 2"!% #* #0"!'%2 !%(2"10*2 

200 2$2, ;*+.5"''-" / >*0%<*'1(+,'*2 ;0*;('*-/*<!.I'*2 G($"+". 

"2
5

dQ
S T T

dt
# ( & '                                            (2) 

+/( N – 8%:GG-9-(,3 3(1'%1($(/65-, 8%3%$*A ,6A/(), -01%'>7;. 8$-3($-A Nu, 

Nu

d

) *
( #  () - d – 3(1'%1$%4%/,%03> 1'6)(,- - /-6)(3$ 5603-9*, 0%%34(303-

4(,,%). .  5-3*46. (1) - (2) 761-C() ;$64,(,-(, %1--

0*46<E(( -7)(,(,-( 3()1($63;$* 5603-9* 0% 4$()(,()  

1/ 2 1/ 32 0.6Re Pr 2Nu # + ,

" ' " 4 45
5 5 5 c1

dT
mc S T T S T T

dt
# ( & & $ % & ' .                          (3) 

!'. $(C(,-. ;$64,(,-( (3) /%1%',.'%0> (+% ,656'>,*)- ;0'%4-.)- C(t=0)=T0. 

!'. )(/,*2 5603-9 /-6)(3$%) 250-350 )8) $605?3,6. 3()1($63;$6 1$- 4*2%/( 

-7 -01%'>7;()%+% G68('6, 0)(0- 1$%16,6 - 4%7/;26, 0%0364-'6 1200!L. O(C(,-. 

;$64,(,-. (3) -01%'>7%46'-0> 1$- 1%03$%(,-- 764-0-)%03- 76$./6 5603-9 %3 -2 

3()1($63;$*.  

L$(/,.. 3()1($63;$6 1%';56()*2 5603-9 1$- /6'>,(AC() -2 /4-=(,-- 4 

4%7/;2( -7)($.'60> :801($-)(,36'>,% 1$- -2 ,68%1'(,-- 4 )-8$%86'%$-)(3$( 

1% -7)(,(,-< 3()1($63;$* )60'6. O605?3 1$%-74%/-'0. ,6 %0,%46,-- ;$64,(-

,-. 3(1'%4%+% &6'6,06 

" ' " ' " '2 1 2 12 2 2 2 $ 2 2 5 # 5 2m c T C L C C m # C C& + & # & 2 ,                       (4) 

+/( m) – )6006 )60'6, -01%'>7;()%+% 4 86'%$-)(3$(; #) – 3(1'%?)8%03> )60'6; 

C)1 - C)2 – 3()1($63;$6 )60'6 /% - 1%0'( 0&%$6 5603-9 0%%34(3034(,,%; C5 –
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0$(/,.. 3()1($63;$6 5603-9 1($(/ 1%16/6,-() 4 86'%$-)(3$; L8 – 3(1'%?)8%03> 

)-8$%86'%$-)(3$6 (%1$(/('.'60> %1*3,*) 1;3?)); m5 – )60065603-9, %03*4-

C-2 4 86'%$-)(3$(; #5 – 3(1'%?)8%03> 5603-9. 

 
 

()*. 3. :$#;"0%2"'1(+,'(8 <(/%#%2*#1, <(08!( E4F %< 2"!% #* #0"!'%2 

!%(2"10*2 200 2$2 *1 0(##1*8'%8 !* <*'- >"'"0()%%. 

@68 868 JPQ -)('- 4*0%8;< ,656'>,;< 3()1($63;$;, 3% -01%'>7%46,-( 

'(+8%8-1.E(A =-/8%03- 4 865(034( 86'%$-)(3$-5(08%A 76 05?3 -016$(,-. (? 

5603- 1$-4('% &* 8 1%4*C(,-< %C-&8- %1$(/('(,-. 3()1($63;$*. P-8$%86-

'%$-)(3$, 868 ;=( &*'% 08676,%, &*' -7+%3%4'(, -7 3%,8%A )(/,%A G%'>+-, %&-

$67;<E(A 8%,;0, 8%3%$*A ,61%',.'0. )60'%), - 1%)(E6'0. 4 8%$1;0 -7 1(,%-

1'6036. @(1'%?)8%03> 86'%$-)(3$6 0%0364'.'6 8.7% %3 3(1'%?)8%03- )60'6, 1%-

:3%); 1$- $605?3( ;5-3*46'-0> %&( 3(1'%?)8%03-. 

#%0'( -7)($(,-A 3()1($63;$* 5603-9* 1$%)*46'-0> 4 $6034%$-3('(, 

474(C-46'-0>, 763() 1$%4%/-'0. /-01($0,*A 6,6'-7.  

H6$./ 5603-9 %1$(/('.'0. 1$- 1%)%E- 9-'-,/$6 I6$6/(., 0%03%.E(+% -7 

0%&-$6<E(A - :8$6,-$;<E(A ?)8%03(A 11 - 12 $-0. 1, 0 -01%'>7%46,-() :'(8-

3$%)(3$-5(08%+% 4%'>3)(3$6 1%03%.,,%+% 3%86 J"2-16. #%+$(C,%03> 1$-&%$6 

1$- -7)($(,-- 76$./6 0%0364'.'6 6·10
–15 
"'. 

O(7;'>363* -7)($(,-. 3()1($63;$* 5603-9 1$-4(/(,* ,6 $-0.2. 

D6 $-0. 3 - $-0. 4 1$-4(/(,* $(7;'>363* -7)($(,-A 76$./6 5603-9 %3 $60-

03%.,-. /% 7%,* +(,($69-- - 3()1($63;$*. @68-) %&$67%), :801($-)(,3 1%86-

76', 53% 5603-9* )(/- -)(<3 1%'%=-3('>,*A 76$./, 8%3%$*A 0'6&% -7)(,.(30. 

4 1$%9(00( /4-=(,-. 4,( G68('6.  

K5(4-/,%, 53% :'(83$%%&)(, )(=/; 1%4($2,%03>< 5603-9* (,6 $-0. 1+ 1$--

4(/(,6 G%3%+$6G-. )-8$%C'-G6, 4-/,%, 53% 1%4($2,%03> %8-0'(,6. - ,($%4-

,6.), :)-3-$;<E(A :'(83$%,*, - ,6+$(3*) +67%),  1$%-02%/-3 ;=( 4 1'6)(,-, 

0%/($=6E() $6/-86'*. J 2%'%/,%) 1'6)(,- 1$%16,6 4 ,656'( +%$(,-. %&,6$;-

=(,* [6] 0%(/-,(,-. LD2K, LD3LDK, D2K2, %$+6,-5(08-( 1($%80-/* LD3KD, 
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L3D6, L2D4, D2, LK - DK2, 6 ,6 /6'>,(AC-2 :36162 %8-0'(,-. 8%,9(,3$69-. 

6'>/(+-/%4 $603?3, 6 1($%80-/%4 16/6(3. #$%9(00 -/?3 1$- 550 " 0 ,68%1'(,-() 

4 1$%/;8362 $(689-- LK2  - LK. J +%$.5() 1'6)(,- 1$%-02%/-3 0'(/;<E6. 9(-

1%586 $(689-A L3D8 – L3D7 – (L3D6+D)+L2D4 +LD3 – LD2K – DLK+LK. D%, :3%3 

)63($-6' ,( /6?3 ,6/?=,%+% 1$(/0364'(,-. % 40(2 74(,>.2 1$(4$6E(,-A 1$%16-

,6, 3.8. 4 ,?) %30;3034;<3 /6,,*( % 8%,9(,3$69-- 63%)%4 - $6/-86'%4. #$-4(-

/(,,6. 02()6 %1-0*46(3 '-C> 1%0'(/%463('>,%03> 1$(4$6E(,-A )%'(8;'* 0 

3$(). 63%)6)- ;+'($%/6, 1$- :3%) 1$683-5(08- ,( 763$6+-46<30. $(689-- 0 

;5603-() 8-0'%$%/6. "%,9(,3$69-. )%'(8;' 4%/%$%/6 4 1'6)(,- /%2%/-3 /% 

3%, - %5(,> &%'>C%A .4'.(30. 8%,9(,3$69-. 16$%4 4%/*. @68-) %&$67%), $60-

0)%3$(,-( 76$./8- 5603-9 4 1'6)(,- ,636'8-46(30. ,6 3$;/,%03-, 04.76,,*( 0% 

0'%=,*)- G-7-8%-2-)-5(08-)- 1$%9(006)-, 1$%-02%/.E-)- 4 ,?). #%0'( 4*-

2%/6 -7 1'6)(,- 1$%-02%/-3 :'(83$%%&)(, 4 2%'%/,%) 4%7/;2(, $605?3 8%3%$%-

+% 4 0';56( &%'(( +%$.5-2 5603-9 1$-4(/(, 4 [7], - 8%3%$*A 4 1$-)(,(,-- 8 -0-

0'(/%46,,*) 5603-96) &;/(3 1$-)(,?, 4 0'(/;<E(A 5603- 0363>-.  

 
()*. 4. K(/%#%2*#1, <(08!( *1 1"2;"0(1.0- !+8 E4F %< 2"!% #* #0"!'%2 

!%(2"10*2 200 2$2, ;*#+" >"'"0()%% / /*<!.I'*-;0*;('*/*2 ;+(2"'%. 
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P.: R,($+-., 1976. – 296 0. 
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 !"!#$% &.+. 

;%!"<$=#((1 *#+,#-'*.-) *' 0'-1$. 2'!*%9 +<$<, >% %*-)+.&'")!1 & 

5'0%,"'0+#(%+. 5#(#-'*%-<. 6'!*)(' ?. @9!,#-)+#(*. 

 
UDK@UXYZ 

Q$#;"0%2"'1(+,'* !*#+R!A"'* 1"2;"0(1.0. 1( <(08! 5(#1*$ 2R!R, H* *10%2('R / 

>(<*;+(<2"'*2 >"'"0(1*0R: ;0%/"!"'* *;%# "$#;"0%2"'1(+,'*S .#1('*/)R, 2"1*!R/ 0*<-

0(=.'$. 1"2;"0(1.0% 1( <(08!., ( 1($*A 0"<.+,1(1% /%2R0D/(',. B('* ;*;"0"!'R& 

('(+R< *10%2('%= 0"<.+,1(1R/.  

 

 

Semenov K.I. 

Research of temperature and charge of particles of the copper received in 

gas-plasmas the generator. Part I. Experiment. 

 
SUMMARY 

The temperature and charge of particles of the copper received in gas-plasmas generator 

are experimentally investigated: the description of experimental installation, methods of cal-

culation of temperature and a charge as well as results of measurements are resulted. The 

preliminary analysis of the received results is given. 
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