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COMPUTATIONS OF THE GAIN COEFFICIENTS OF MULTICOMPONENT 
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That the r ea l  laser  working medium is a mult icomponent medium [1] must  be taken into account  in p r o -  
ducing powerful CO 2 gasdynamic lasers  (GDLs) operat ing on combustion products .  Numerical  computat ions,  
in addition to the exper imenta l  investigations,  play an impor tant  ro le  in this a rea .  Such computations permi t  a 
bet ter  conception of the mechanism of population invers ion format ion in the flow and insofar  as is possible the 
r ep lacement  of a tedious experiment .  

The optical gain coefficieats  of complex working media whose composi t ions are  adequate to the compos i -  
tions of propel lant  combust ion products f rom the elements  C, H, O and N are  considered in this paper .  The 
analysis  and c lass i f icat ion of the resul ts  a r e  per formed on the basis of  an examination of the element  compos i -  
tion of the working medium since the a tomic composit ion,  the t e m p e r a t u r e  To, and the p r e s s u r e  P0 of the gas in 
the r e s e r v o i r  uniquely determine all  its thermodynamic  cha rac t e r i s t i c s :  the equil ibrium components of the 
composi t ion,  the internal  energy,  etc. The mathemat ica l  model and the method of computation have been 
descr ibed ea r l i e r  in [2]. In order  to a s se s s  how c o r r e c t  the model used is, whether the kinetic constants 
needed to c o m p a r e  the computation resu l t s  with the exper imenta l  data in a broad range of working medium 
composi t ions,  stagnation pa rame te r s ,  and nozzle charac te r i s t i c s .  In this connection, an at tempt is made in the 
f i rs t  two par t s  of the paper to se lect  a set  of vibrat ional  re laxat ion ra te  constants that would pe rmi t  matching 
the computational  and available exper imental  resu l t s  in the best  way. 

1. Flow of a mixture of the gases CO2, N2, and H20 through a nozzle was examined. The formulat ion of 
the problem and the computation method a re  presented in [2]. Since the computations were per formed for T o < 
2000~ then in all  cases  the chemical  p rocesses  were not taken into account.  In cont ras t  to [2], an implicit  
difference scheme with an a lmos t  s econd-o rde r  approximation (s = 0.44) [3] was used,  which permit ted shor ten-  
ing the computation time. 
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TABLE 1 

lg z~cidl)= 17,42 T-I/s_7,85 
k'l.l)_[ t,7.10~[1,3.10-4(T--600)2q-7,3 ], T< 1000, 

H~o--~4,78.t0 s, T~I000 

tg ~ ; t )=  t7,8 T -z/3 --7,808q-lg 2 

lg T~t(~2z)= t04 T -z/S --tt,2 

lg ~ 2o~=27,65 r-~/~-9,24is 

Ig z~;2)=95,5 T-Vs--t0,76 

lg k(l'D=7,42--1,65.10 -a Tq-5,7.t0-~T '2 

In k~ld~)=10,684+593 T-11~--4760 T-~/3+t,22.tO+4]T 
(10 -4~ T>I000, 

k~;~={t0s/(--9,25-t0 -a T'1t,45), ~00<T<t000, 
[ tOS/[--5,2t, tO-S(T--480)~+6,65 ],T~600 

In k~ s 508 T-~aq-4580T-~zaq- l,27. tO~/T 
p (~. 5)_p(1.5) _ tO-~lT~l~ 

CO~-- N~ -- 

H _ ~ O - - ~  ~ 
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The following vibrat ional  re laxat ion channels were taken into account  

C0~(0110) + M -,,- CO~(00o0) + M; (1.1) 

N2(t ) q- M--~ N2(0) q- M; (1.2) 

co~(00oi) + N~(0) ~ CO~(00o0) + N~(i); (1.3) 

1CO2 (0310) + M, (1.4) 
C02 (00~ + M--+ [CO2 (1110) + M, 

where M is any of the components CO 2, N z and H20. With the exception of stipulated special  eases ,  it was 
assumed that the vibrat ional  degrees  of f reedom of H20 are  in equil ibrium with the t ranslat ional  degrees .  In 
some cases  an additional re laxat ion channel 

H~O(0tl0) + M - +  H20(0000) + M. (1.5) 

was taken into account.  The vibrat ional  t empera tures  of all the H20 modes were hence assumed equal. The 
dependences of  the ra te  constants kM(i) (atm -1 �9 cm -1) and the vibrat ional  re laxat ion t imes vh~ i) (atm" sec) used 
in the computations and the probabil i ty of a change in the vibrat ional  energy  per  coIlision PM ti) on the t empera -  
ture T a re  presented in Table 1. The react ion ra te  constant k H ~.l) for (1.1) with M= H20 is one of the most  

2"-" 
important  constants ,  however its exper imental  values differ f rom those of other authors by a lmost  an o rder  of 
magnitude [7]. The express ion  presented in Table 1 for kHzgl.i) has been selected on the basis of  compar ing 
computed values of the weak-s ignal  optical gain coefficient o~ with those measured  in [81, whose resu l t s  a re  
apparent ly mos t  re l iable  (the reproducibi l i ty  of the values is • 0.04 m-i).  The computations were executed for 
a minimum-length profiled nozzle with the throat  height h = 2.3.  !0 -4 m and the degree of expansion A/A* = 
30 for P0= 1.25 a tm and T o = 1540~ The molar  f ract ion of  ni trogen was YN2 = 0.7. Results of these computa-  
tions (curve 1) are  presented in Fig. l a  together with the exper imental  values f rom [8], where the value of a 
was measured  at the ranges 6.3 and 14.3 cm f rom the nozzle throat.  Taking account  of the relaxation channels 
(1.1)-(1.4) and the se t  of constants f rom Table 1 a s su re  good agreement  between the computed values of  a and 
the exper imentaI  values in a broad range  of var ia t ion of the H20 concentrat ion.  

Since the select ion of the re laxat ion model and the kinetic constants ,  which a s su re  the best  agreement  
between the computational  and exper imental  resu l t s ,  is not unique, it is interest ing to c lar i fy  the response  of 
the computation resu l t s  to the selection of the magnitude and form of the tempera ture  dependence of the most  
important  relaxat ion channel constants ,  and also to analyze cer ta in  assumptions taken for the model. 

~.l) The ra te  constant  kH2 was f i rs t  given in a fo rm s imi lar  to that proposed in [4] on the basis  of [9, 101 : 

k(~.l) b t0~T--t/3+5"~~ [1 --  exp (-- 960/T)] arm -1 �9 see -1. 
H i O  ~ " 

Variat ion of the factor  b showed that the proposed form of the dependence does not a s sure  simultaneous ag ree -  
ment  between the computed and measured  ocfor the optimal (Yco2/YH20 ~ 10) and low (Yco2/xfH20~30) water  
concentrat ions.  (In Fig. 1, the curves  2 correspond to b = 1.1 and curves  3 to b = 1.7, while the remaining con-  
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stants a re  f rom Table 1). The investigations of kH28"1) under taken in [ii, 12] showed that/th ~ cons~int has a 
posi t ive t empera tu re  dependence in the domain T> 600~ The fo rm of the dependence k H #  "u (T) proposed in 
this paper  (see Table 1) actual ly takes account  of this fea ture  down to T ~  1000~K.,, For  T> 1000~ the var ia t ion  
of the t empera tu re  dependence showed that the deviation f rom the quantity kH2~'0 = 4.78 ' 108 arm -1 �9 sec -1 is 
insignificant  although it  degrades the ag r eemen t  with exper iment .  The r e sponse  of the computation resu l t s  to 
a change in the quantity kH,8 "lp (T) (see Table 1) was studied by varying the numer ica l  fac tor  in f ront  of the 
constant .  Since the d e f o r ~ i o n  type of C O2 vibrat ions  is p rac t ica l ly  in equi l ibr ium with the molecule t r an s -  
lational motion for high H20 concentra t ions ,  the .qu,3ntity ~ is sl ightly respons ive  to the var ia t ion  of the con- 
s tant  for YCo2/YH20< 9 (a twofold change in kH28"0 (T) resu l t s  in a less than 10% change in ~). However,  the 
gain coeff ic ient  depends s t rongly  on the values of this constant  for  low H20 concentra t ions .  Thus for YCO~ 
YCO/YH2 O=39 jus t  a 7% diminution in k H 8 4) (T) r e su l t s  in halving ~ z 2 2 " 

The channel deactivating the upper  l~sing level  (1.4) is an impor tant  re laxa t ion  channel  affecting the 
The r a t e  constants k~! ,~  k~2# proposed in [1] a re  apparent ly  somewhat  exaggerated.  Use of quantity 

these  constants with values of the remain ing  constants f rom Table 1 in computations resu l t s  in val~0s of 
w)~iqh differ  f rom the exper imenta l  values (Fig. 1, curves  4). The resu l t s  of c om.putations with k(~'~)) 2 and 
k~  "dj this paper  cor respond bet te r  with exper iment .  The constant  kHl~# is borrowed f rom taken in ,451, 
wh~re is is measu red  in the range  300-1000~ For  T> 1000~ the t empera tu re  dependence of kH~ 8 ) was 
extrapola ted accord ing  to the L a n d a u - T e l l e r  law. Computations showed a low response  of the quantity ~ to a 
change in this constant  for T> 500~ 

The computat ional  and exper imenta l  values of ~ were  compared  for nozzles with v e r y  rapidly  vary ing  
s t r e a m  p a r a m e t e r s  in the throat  (the cha rac t e r i s t i c  flow t ime is ~ 5" 10 -8 sec).  Under these condit ions,  the 
assumption of equi l ibr ium between the vibrat ional  and t rans la t ional  degrees  of f reedom in H20 r equ i r e s  a 
special  confirmation.  Computations taking cha~ .  ~1 (1.~) i~to accpuqt showed that its inclusion resu l t s  in smal l  

25! 15 t15] changes in e (less than 6%). The values of PCO" , PH2~ and PN" (see Table 1) used in these computations 
2 2 

are just approximate and apparently reduced for high temperatures, which is indicated by the results of mea- 
{i ~) (i s) o s u r i n g  T H ~ , T N" at  T> 1800 K in [13]. Increasing the constants in the high t empera tu re  domain resu l t s  in a 

sb l l  sma l l e r  change in the quantities c~. This shows that the assumptmn about e q m h b r m m  between the v ib ra -  
t ional and t rans la t ional  degrees  of f reedom for  the H20 molecules  is comple te ly  justified. 

Results  of computations f rom this paper  a re  compared  in Fig. lb  with exper imenta l  r e su l t s  of [8] (points) 
and with computation resu l t s  of  [8] (dashes) and [14] ( d a s h - d o t  lines). It is seen that the select ion of the 
kinetic constants based on the select ion of r e l i ab le  exper imenta l  data, the analysis  of the response  of  the com-  
putation r e s u l t s  to a change in these  constants as well  as the computational model which apparent ly  re f lec t s  
the main fea tures  of  the re laxa t ion  p roces s ,  permi t ted  an adequate descript ion.  Approval of the computat ional  
model  and the selected constants by other  exper imenta l  r e su l t s  [1, 15, 16] conf i rmed this. A compar i son  
between the exper imenta l  1 and computat ional  2 gain coeff ic ient  profi les  over  a nozzle presented in [1], and the 
resu l t s  of this paper  3 is p resented  in Fig. 2 (x is the distance f rom the throat  of a p lane-prof i led ,  min imum-  
length nozzle,  A/A* =20; h=10 -3 m; T0=1580~ p0=10.2 atm; YCO2=0.099; YN2=0.890, YH20=0.011). 

2. A thermodynamic  analysis  shows that in composit ions of mult icomponent working media,  only CO, O 2 
and H 2 a r e  presen t  in noticeable quantit ies in addition to the fundamental laser  components (CO2, N2, N20 ) for  
T<2000~ and take an act ive pa r t  in the vibra t ional  energy exchange p rocesses .  Hence, besides  the v ibra t ional  
re laxa t ion  channels (1.1)-(1.4), additional vibrat ional  re laxa t ion  channels associated with these components  
were  taken into account  in computations of the flow of mult icomponent  media through the nozzle.  These  a r e  
channels (1.1) and (1.4) for  M=CO, O2, H 2 and 
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CO(I) -k M ~ CO(O) ~- M; (2.1) 

03(1) -k M --~ 0o.(0) -k M; (2.2) 

It,a(t ) + M - +  H~_(O) + M; (2.3) 

COz(O001) + CO(O) -+ CO~_(O000) + CO(I); (2.4) 

H~0(011b) + 02(0) -+ H~0(0000) + Q(t) ;  (2.5) 

CO(0) q- N~.(t) --)- CO(i) + N~(0); (2.6) 

CO(t) -k 02(0) -~ C0(0) q- 03(t); (2.7) 

N2(i) -~ 02(0 ) -+ N~.(0) ~- 02(1). (2.S) 

The m o s t  r e l i ab le  magni tudes of  the kinetic constants  for  these charm, e ls , . . ,  .were se lec ted  f r o m  an ana lys i s  
of a l a rge  quantity of  l i t e r a tu re  data. The dependences of  the quantit ies k ~ ,  T ~  and P ~  on T used in the 
computat ions  a r e  p resen ted  in Table  2. The mi s s ing  v i b r a t i o n a l - t r a n s l a t i o n a l  t rans i t ion  probabi l i t ies  were  
computed by the Schwartz ,  Slavski i ,  Herzfe ld  theor ies .  

The computed values  a of mul t i component  media  were  la ter  compared  with the measu red  values .  The 
expe r imen t s  were  p e r f o r m e d  as follows. The working media  were  obtained by igniting propel lan t  combinat ions 
of  C2H2, H20 , N20 , 02, CO2, and N 2 under i sochor ic  condit ions.  After  the m e m b r a n e  separa t ing  the combust ion 
chambe r  f r o m  the nozzle  module has been broken,  the eqUil ibr ium gas m i x , r e  obtained flowed through a plane 
wedge-shaped  nozzle into a pa ra l l e l  channel  with A/A* = 29. The total  nozzle  ape r tu r e  angle was gv = 30 ~ h = 
5.5 �9 10 -4 m and the nozzle  width was 0.4 m. The gain coeff ic ients  were  m e a s u r e d  by a s tandard method. The 
b e a m  of the e l ec t r i c  d i scharge  CO 2 l a se r  pas sed  through the working medium of the GDL at  a dis tance 0.075 m 
downs t r eam of  the nozzle  throat .  The shock or iginat ing a t  the t rans i t ion  point to the widening pa r t  of the nozzle 
in the pa ra l l e l  channel was d o w n s t r e a m  of the obse rva t ion  point.  The dependence of a on P0 and T O which var ied  
during the efflux accord ing  to an adiabat ic  law, was r e c o r d e d  in each test .  The r m s  e r r o r  in determining 
was 10%. The solid lines in Fig. 3 r e p r e s e n t  the r e su l t s  of  m e a s u r i n g  oL for  four composi t ions  which a r e  con-  
venient ly  c h a r a c t e r i z e d  by the mo la r  f rac t ions  ~i of  the e l emen t s  there in  (in a l l  ca ses  ~N = 0.6). The pas sage  
f r o m  the composi t ion  1 (~G=0.12,  ~O=0.26,  ~H=0.02) to the composi t ions  2 (~C =0.06,  ~O=0.32,  ~H=0.02),  
3 (~C =0.16,  ~O=0.22,  ~H=0.02) and 4 (~C =0.06,  ~O=0.20,  ~H=0.14) for ident ical  P0 and T O is cha rac t e r i zed  
by the diminution of  YCO z in the working med ium and a co r respond ing  i nc r ea se  in YO2 , YCO, YH20. The mola r  
f rac t ion  of N 2 hence changes insignif icantly.  Thus,  under equi l ib r ium conditions with To = 1400~ and P0 = 
10 a tm,  the mo la r  % a r e  in the composi t ion  1: N 2 69.0, CO 2 27.7, H20 2.3, O 2 1.1; 2) N 2 64.4, CO 2 13.0, H20 
2.2, 02 20.4; 3) N 2 63.8, CO 2 11.6, H20 1.2, H 2 0.9, CO 22.5; 4) N 2 68.9, CO 2 13.9, H20 16.1, 02 1.1. A p r e s s u r e  
of  P0 = 3 a t m  c o r r e s p o n d s  to T o = 1090~ for  the composi t ion  1; T o = 1200~ for the composi t ion  2 and T o = 1130~ 
for  the compos i t ion  4 while p0 = 7:5 a t m  co r r e sponds  to To = l lS0~ for the composi t ion  3. The computed values  
of oz a r e  shown by the dashed lines in Fig. 3. 

The a g r e e m e n t  obtained between the computed and expe r imen ta l  quanti t ies in a suff icient ly broad range  
of va r ia t ion  of  P0, To and composi t ion  indicates  that  the computat ional  model  and the se lected constants  a r e  
sui table  for  a quanti tat ive descr ip t ion  of CO 2 GDLs even with complex mul t icomponent  working media.  
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3. In o rder  to c lar i fy  the na~tre of the dependence of the gain coefficient of mult icomponent media on 
their  composit ion,  the nozzle shape, and the initial conditions, computations of ~ were executed for 64 compo-  
sitions with a fixed T o = 1600~ and a range of P0 f rom 5 to 20 arm during expansion in plane nozzles of t~wo 
kinds, wedge-shaped (see Sec. 2) and profi led minimum-length (h=2 �9 10 -4 m, A/A* = 30). 

The resul t s  of the computations a re  r ep resen ted  in Figs.  4 and 5 in the fo rm of equal gain-coeff icient  
lines on t r iangular  C, H, O diagrams (~N=0.6 for all  the composit ions).  The elected a rea  of e lement  compos i -  
tions cor responds  to those which it is expedient to use as l a se r -ac t ive  media (absence of soot, not too high a 
H20 concentrat ion [25] ). There  is an a rea  on the d iagrams where the CO, H2, 02 concentrat ions in the c o r -  
responding composit ions a re  quite low. This a rea  is located along a line called the t r ip le-mixture  line (the 
dashed lines in  Figs.  4 and 5 where ~O = 2~C + 0.5 ~H). The points on this line correspond to composit ions 
which contain only N2, CO 2 and H20 for the P0 and To under consideration.  The  domain above this line c o r -  
responds to composi t ions containing CO and H 2 in addition, while the domain below this line eo r re s l~nds  to 
composit ions where the main impuri ty  is 02 . 

Values of ~ a re  presented in Figs.  4a and b (P0=5 and 10 atm, respect ively)  for a range of 0.075 m f rom 
the nozzle throat ,  while C~ma x (P0 = 10 atm) a re  presented in Fig. 5. 
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T A B L E  2 

lg T(~b l)= 15,55 r-1~3--8,06 
. c ( i . i ) _ . ( i . i )  

O.. --~N2 

. . . .  [ lO-t~i"-:t 13-q- L~ .  T ~ 7 3 5 ,  
k~fi ~'--- { i06/(--9,64, t0 -3T-~8,33), 450< T< 735, 

- -  ( t06/[--5,34, i0-a(T--375)z~4,3 ], T<450 

k~I.~)_ k(J.a) O2 - -  N= 

't '~ (6,67--61 i0~4T, T>~428, 
lg k ~ ~'--~ 

H.. --]6,41, T<428 

lg Z(C~)=83 T-:t'3--10,52 
(2 1) 

TH~O = t,7. t0 -7 

1.~. r I~ ~(2.1)-- lo, r 4'7~ T-~/3 23,4 

In T~2~2)=ln T~ 2) =i29 T-r/3--22,28 

5~)=3 ,9 .  i0-%xp(i00 T -1/3) 

k(2.4)=( i011,9~-~s, sT-~/3, T~iS00, 
! 2,45.10s/~Z'TT, T< 1500 

k (2.5) =6. i0  r 

lg k (2"~) =8,65- I0 -~ (T-~3--0,1)~-5,796 

p( 2. 7 )=exp(_ iO6 T-~/z_ t,56) 

p(2"S)=exp(2t2T-'~--141,ST-~zzq- l,94)/('~ 
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T h e r e  a r e  two c o m p o s i t i o n  d o m a i n s  (and t h e i r  c o r r e s p o n d i n g  c o m p o s i t i o n s )  in the  e x p a n s i o n  o f  m u l t i -  
c o m p o n e n t  m e d i a  in a w e d g e - s h a p e d  n o z z l e  ( s ee  F ig .  4), which  a r e  c h a r a c t e r i z e d  by  c o m p a r a t i v e l y  high v a l u e s  
of  a .  T h e s e  d o m a i n s  a r e  on d i f f e r e n t  s i d e s  o f  the  t r i p l e - m i x t u r e  l ine .  The doma ins  c o n t r a c t  a s  P0 i n c r e a s e s ,  
and s h i f t  t o w a r d s  e l e m e n t  c o m p o s i t i o n s  wi th  s m a l l e r  ~H (low YH20). The  m a x i m u m s  on both s i d e s  of  the  
t r i p l e - m i x t u r e  l ine  a r e  hence  deno ted  m o r e  s h a r p l y  and a m i n i m u m  v a l u e  d o m a i n  ( trough) is  f o r m e d  a l o n g s i d e .  
An  ana logous  n a t u r e  fo r  the  d e p e n d e n c e  o f  a on the  c o m p o s i t i o n  and p r e s s u r e  was  o b s e r v e d  e x p e r i m e n t a l l y  

e a r l i e r  [26]. 

The  g e n e r a l  f o r m  of  the  d e p e n d e n c e  o f  a on the c o m p o s i t i o n  is  c o n s e r v e d  for  the  e x p a n s i o n  o f  m u l t i -  
c o m p o n e n t  m e d i a  into a p r o f i l e d  nozz l e  ( see  F ig .  5), h o w e v e r ,  the in f luence  of  the  p r e s s u r e  i s  w e a k e r  in  th i s  

c a s e .  
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So complex a form of the diagrams presented is due to the following in the authors' opinion. The YCO 2 
in the compositions diminishes with the shift to either side of the triple-mixture line on the diagram, and YCO 
or YO2 increases. The diminution in YCO 2 reduces the gain coefficient but the growth of YCO or Y@ increases 

because of the simultaneous increase in-the rate of cooling the gas in the nozzle (growth of the adia2batic 
index) and of the relaxation time of the upper lasing level. However, this latter becomes less essential with 
the increase in the fraction of the element H in the medium, and also with the increase in the rate of gas cool- 
ing in the nozzle. 

The authors are grateful to V. M. Vasil'yev for aid in making the computations of the equilibri~um compo- 
sitions. 
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TAKE-OFF OF ENERGY FROM EXPLOSIVE-MAGNETIC GENERATORS 

T O  A N  I N D U C T I V E  L O A D  U S I N G  T H E  B R E A K I N G  O F  A C I R C U I T  

V .  A .  D e m i d o v ,  E .  I .  Z h a r i n o v ,  UDC 538.4:621.31 
S.  A .  K a z a k o v ,  a n d  V .  K.  C h e r n y s h e v  

The use  of exp los ive -magne t i c  g e n e r a t o r s  (EMG) for  p l a s m a  expe r imen t s  [1, 2] and for  other  physica l  
inves t iga t ions ,  along with quest ions of inc reas ing  the e l ec t romagne t i c  ene rgy  [3-9], poses  the p rob l em of the 
format ion ,  in the ex te rna l  load, of c u r r e n t  pulses  with s teep  leading f ronts  in the mic rosecond  range.  

One method for the rapid  t ake -of f  of  ene rgy  to the load is the breaking  of the finite c i rcu i t  of the explo-  
s i ve -magne t i c  gene ra to r .  This is done using c o m m u t a t o r s  based on the e l e c t r i c a l  explosion of thin conductors  
[10-12] or  on the bas is  of  the mechan ica l  breakdown of conductors  by a charge  of explos ive  [3, 6, 13, 14]. 

The eff ic iency of the t r a n s f e r  of ene rgy  to the load depends on the ac t ive  r e s i s t a n c e  introduced by the 
c o m m u t a t o r  into the breaking  c i rcui t ,  and on the ra t io  of  the inductances of  the accumula to r  and the load. The 
pa ra s i t i c  inductance of the c o m m u t a t o r  has a g r e a t  ef fec t  on the s t eepness  of the r i s e  of  the c u r r e n t  in the 
load. 

The a i m  of the p r e s e n t  work was a de te rmina t ion  of the f o r m  of the pulses  of  the cu r r en t  and the energy  
in an inductive load as a function of the r e s i s t a n c e  of the discontinuity introduced into the c i rcu i t  of  an explo-  
s i ve -magne t i c  gene ra to r ,  taking account  of the p a r a s i t i c  inductance of the commuta t ing  device. 

1. Within the f r a m e w o r k  of an e lec t ro techn ica l  model ,  the work of an exp los ive -magne t i c  genera to r  can 
be r e p r e s e n t e d  as the dec reas ing  inductance L1, cOnnected to an explos ive  c o m m u t a t o r  with the pa ras i t i c  induc- 
tance L 3 and the va r i ab l e  ohmic r e s i s t a n c e  R (Fig. 1). At the s t a r t  of  the c o m p r e s s i o n  of  the magnet ic  flux, in 
an exp los ive -magne t i c  gene ra to r  with the inductance L 0 the re  flows the cu r r en t  I 0. At the momen t  ~ = 0 (when 
the inductance of  the gene ra to r  has dec rea sed  to LI(0)), a switch connects  the load L 2 to the c i rcu i t  and the 
c o m m u t a t o r  b reaks  the c u r r e n t  in the c i rcui t .  Before  the s t a r t  of the discontinuity,  the r e s i s t a n c e  of the c o m -  
muta to r  is equal  to ze ro ;  during the discontinuity it  r i s e s  accord ing  to the law R(7} up to some final value. 
Taking account  of the losses  of  the magne t ic  flux a r i s ing  with de format ion  of the main  c i rcu i t  of the exp los ive-  
magnet ic  gene ra to r ,  the c u r r e n t  a t  the m om en t  of  the s t a r t  of  the discontinuity,  e x p r e s s e d  in t e r m s  of the 
coeff ic ient  of the ideal i ty of  the s y s t e m  F [4], r i s e s  to the value 

I1 (0) = I0 ,,~ ~ / .  

Assuming  that,  s t a r t ing  f r o m  the m o m e n t  r = O, the re  a r e  no losses  of the flux in the gene ra to r ,  in 
accordance  with the Kirchhoff  law we se t  up the s t a r t ing  s y s t e m  of di f ferent ia l  equations for finding the c u r -  

r e n t  in the load 

I1Lt  § i lL~ + )aL8 + I3R = O, 

"I.L~ -~ "I2L,. - -  "IsLa - -  13R --- O, 11 = I2 + I3 (1.1) 

(a dot indicates the der iva t ive  with r e s p e c t  to the t ime;  the p a r a m e t e r s  of the s y s t e m  (1.1), with the exception 
of L 3, the pa ra s i t i c  inductance of the commuta to r ) ,  a r e  functions of the t ime).  

As init ial  conditions we take with r = 0 
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