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o. `.  rpŠ|eb, j. q.  b`depq`kk, 
j. l.  Š`pbep, t.  c`pqh“

0emŠp }mepceŠh)eqjhu l`Šeph`knb 
khbeplnpqj`“ m`0hnm`k|m`“ k`anp`Šnph“ 
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}*“C�!,��…2/ C% "ƒ!/"…%�3 ,…,&,,!%"=…,( 
…= RX-55-AA (95% LLM-105, 5% b,2%… C% "�“3) 
K/2, "/C%2…�…/ C!, 25 , 150° C 62  C%238�…,  
in-situ 6=……/. 6=28,*= 6="2�…, , C%!%;%" 62,…/  
C!�66�2%…=&,%……%;% 38=“2*=, , C=!=��2!%" �%6�-
2,!%"=…,  "%ƒ;%!=…,  , !=ƒ",2, , 2=*,. *=* %2…%-
<�…,� “*%!%“2, 36=!…%L "%2…/ * �=““%"%L “*%!%“2,. 
c=ƒ%"=  C3<*= “ 6,=��2!%� 101 ��, C!,"%6,�=  
" 6",›�…,� !=*�2…/� 2%C2,"%�, K/2= ,“C%2>ƒ%"=…= 
62  ,…,&,,!%"=…,  %K!=ƒ&= bb “ �=…;=…,…%"/�, 
C>�ƒ%!�ƒ,“2,"…/�, 6=28,*=�, 6="2�…, , C%��-
?�……/�, ��›63 6,“*=�, %K!=ƒ&%". j=* , %›,-
6=2%“>, 2%8*, C!�66�2%…=&,, …= Pop-;!=-,*� 62  
.2,. .*“C�!,��…2%" C%*=ƒ=2, “%;2=“,� ��›63 
“238=�� C!, 25° C “ C!�6/63?,�, %C3K2,*%-=…-
…/�, 6=……/�, …= C%6%K…%� “%“2="� RX-55-AB 
(…= %“…%"� LLM-105) , …�K%2><%L !%“2 83"“2",-
2�2>…%“2, C!, C%"/<�……%L 2��C�!=23!� (150° C). 
o%238�……/� C=!=��2!/ �%6�2,!%"=…,  "%ƒ;%!=-
…,  , !=ƒ",2,  .%!%<% “%;2=“%"/"=2,“> “ .*“C�-
!,��…2=2>…/�, 6=……/�,.

}2= !=K%2= K/2= "/C%2…�…= C%6 .;,6%L d�C=!-
2=��…2= }…�!;�2,*, qx` k,"�!�%!“*%L m=&,%-
…=2>…%L k=K%!=2%!,�L ,�. k%3!�…“= C% *%…2!=*23 
No. W-7405-Eng-48.

SHOCK INITIATION EXPERIMENTS 
WITH IGNITION AND GROWTH 

MODELING ON THE 
LLM-105 EXPLOSIVE RX-55 

P. A.  URTIEW, K. S.  VANDERSALL, 
C. M.  TARVER, F.  GARCIA

Energetic Materials Center Lawrence Livermore 
National Laboratory Livermore, USA

Shock  initiation experiments on the  LLM-105 
based explosive  RX-55-AA (95% LLM-105, 5% Vi-
ton by weight) were  performed at 25 and 150° C 
to  obtain in-situ pressure  gauge  data, run-distance-
to-detonation thresholds, and Ignition and Growth 
modeling parameters such as shock  velocity # mass 
velocity relationship. A 101 mm diameter propel-

lant driven gas gun was utilized to  initiate  the  
explosive  sample  with manganin piezoresistive  
pressure  gauge  packages placed between sample  
disks. The  run-distance-to-detonation points on the  
Pop-plot for these  experiments showed agreement 
at 25° C  with previously published data on a similar 
LLM-105 based formulation RX-55-AB as well as 
a slight sensitivity increase  at elevated temperatu-
re  (150° C) as expected. Ignition and Growth mode-
ling parameters were  obtained with a good fit to  
the  experimental data. 

This work  was performed under the  auspices of 
the  U. S. Department of Energy by the  University 
of California, Lawrence  Livermore  National Labo-
ratory under Contract No. W-7405-Eng-48.
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h oemŠ`}phŠphŠŠeŠp`mhŠp`Š` 

ond deiqŠbhel bhap`0hh

m. o.  knchmnb

q=�=!“*,L ;%“36=!“2"�……/L 2�.…,8�“*,L 
3…,"�!“,2�2, q=�=!=, p%““, 

h““2�6%"=… !=“C=6 =ƒ,6= “",…&= (`q), C�…-
2=.!,2!,2=2�2!=…,2!=2= (o}Šm) , ,. “2%�"%L 
“,“2��/ C%6 6�L“2",�� ",K!=&,, , “2=2,8�“*,. 
…=;!3ƒ%*. nC!�6�2�…= 83"“2",2�2>…%“2> 6"3. “%!-
2%" =ƒ,6= “",…&= " ,…6,",63=2>…%� ",6� , " *%…-
2=*2� ,. “ %K!=ƒ&=�, o}Šm. o!�62%›�…% .=-
!=*2�!,ƒ%"=2> 83"“2",2�2>…%“2> * ",K!=&,, .2,. 
.…�!;�2,8�“*,. *%…6�…“,!%"=……/. “,“2�� (}jq) 
“ 38�2%� ,. “2�C�…, !=ƒ2%›�…, , *=* -3…*&,, 
C=!=��2!%" ",K!=&,%……%L , “2=2,8�“*%L …=;!3-
ƒ%*. p=““�%2!�…/ “3?�“2"3(?,� C!�6“2="2�…,  
% 83"“2",2�2>…%“2, ,…,&,,!3(?,. "ƒ!/"8=2/. 
"�?�“2" * ��.=…,8�“*,� …=;!3ƒ*=� , %2��8�…%, 
82% %…, …� %KA “… (2 …=K2(6=��/. ,ƒ��…�…,L 
" `q, …� ƒ="�!<,"<,.“  "ƒ!/"%�  " .%6� ",K-
!=&,,, 82% …� C%ƒ"%2 �2 …=6�›…% C!%;…%ƒ,!%-
"=2> C%"�6�…,� 2=*,. %K!=ƒ&%" `q " ,ƒ6�2, . …= 
C!=*2,*�. d2  %K…=!3›�…,  C%“2�6“2",L 6�L“2",  
",K!=&,, …= `q ��2%6%� 6,--�!�…&,=2>…%-2�!-
�,8�“*%;% =…=2,ƒ= ,ƒ38�…% ,ƒ��…�…,� -,ƒ,*%-.,-
�,8�“*,. .=!=*2�!,“2,* `q 6% , C%“2� ",K!=&,,. 
p�…2;�…%-=ƒ%"/� =…=2,ƒ%� 3“2=…%"2�…% ,ƒ��…�-
…,� -=ƒ%"%;% “%“2="= `q C%“2� 6�L“2",  …= …�;% 
“%"��“2…/. ",K!=&,%……%L , “2=2,8�“*%L …=;!3ƒ%*. 
r“2=…%"2�…%, 82% 83"“2",2�2>…%“2> “2%�"%L “,“-
2��/ `q+ o}Šm * ",K!=&,,, .=!=*2�!,ƒ3��=  
“2�C�…>( !=ƒ2%›�…, , ƒ…=8,2�2>…% "/<�, 8�� 
3 8,“2%;% o}Šm, …% ��…><�, 8�� 3 `q. 

d=…% %KA “…�…,� ��.=…,ƒ�= !=“C=6= .2,. 
"�?�“2" , ,. “2%�"%L “,“2��/ C!, …�K%2><,. 
ƒ…=8�…, . C=!=��2!%" ",K!=&,, , …�"/“%*,. 
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2��C�!=23!=. !=ƒ%;!�"= %K!=ƒ&%". o% ,ƒ"�“2…/� 
C!�6“2="2�…, � "%ƒK3›6�…,� 2"�!6/. }jq 
36=!%� “" ƒ=…% “ "%ƒ…,*…%"�…,�� 2%*=2>…/. 
!=ƒ%;!�"%" C!, 6�-%!�=&,, 2%…*,. “2%�" , C!%8-
…%“2…%� !=ƒ!3<�…,, ,. ƒ= "!��  10$4 “. o!, ",K-
!=&,, %6,… &,*2 *%2�K=…,L " …=<,. .*“C�!,-
��…2=. 62,2“  %*%2% 10$2 “. o%.2%�3 !=ƒ%;!�" 
8=“2,& `q , o}Šm %2…%“,2�2>…% …�"/“%* 
(��…�� 100° q) 6=›� C!, C!%6%2›,2�2>…%“2, 
",K!=&,, " 2�8�…,� …�“*%2>*,. �,…32. b *=›6%� 
&,*2� …=;!3›�…,  “…=8=2= C!%,“.%6,2 !=ƒ%;!�", 
C!,"%6 ?,L * "%ƒ…,*…%"�…,( !=“C=6=, = ƒ=2�� 
K/“2!%� ƒ=23.=…,� !�=*&,, " C%23C�!,%6=. 
!=ƒ;!3ƒ*, %K!=ƒ&=. b C%“2�63(?,. &,*2=. …=;!3-
›�…,  " 3C2%2…�……/L %K!=ƒ�& }jq C%“2="2 �2“  
…%"=  �=2=  C%!&,  .…�!;,, 62  C!%6%2›�…,  
!�=*&,,, ,63?�L “ …�6%“2=2%8…/� 62  "%ƒ…,*…%"�…,  
"ƒ!/"= 2�C2%"/� .--�*2%�. p=“C!%“2!=…�…,� 
!�=*&,, …= …�C!%!�=;,!%"="<3( 8=“2> "�?�“2"= 
, C�!�.%6 �� "% "ƒ!/" K2%*,!3�2“  C�!,%6,8�“*,� 
“C=6%� …=C! ›�…,L, 6�-%!�=&,L , 2%*=2>…/. 
2��C�!=23!  !=ƒ%;!�"%", = 2=*›� 2�C2%%2"%6%� 
" ��2=22,8�“*,� 6�2=2, C!,K%!=. 

d2  C!%;…%ƒ,!%"=…,  K�ƒ%C=“…/. 3“2%",L 
C!%,ƒ"%6“2"=, 2!=…“C%!2,!%"*, , C!,��…�…,  ,ƒ-
6�2,L “ .2,�, }jq …3›…% 38,2/"=2> ,. 83"“2",-
2�2>…%“2> * ",K!=&,, , C!,…,�=2> “%%2"�2“2"3(-
?,� ��!/ ƒ=?,2/ C�!“%…=2=.

THE DECOMPOSITION OF LEAD 
AZIDE AND PENTAERYTHRIT-

TETRANITRATE UNDER VIBRATION

N. P.  LOGINOV

Samara State Technical University, Samara, Russia

The  decomposition of lead azide  and pentaery-
thritetetranitrate  (PETN) and their binary explo-
sives were  studied under the  action of vibration 
and static loadings.

The  sensitivities of two  sorts pure  lead azides 
and with reaction of lead azide  + PETN were  
determined.

The  sensitivity of this binary explosive  were  de-
termined as functions of vibration parameters and 
static loading.

Current concepts regarding detonator explosive  
on their sensitivity to  mechanical loadings are  con-
sidered; insufficiency of experimental data of this 
effect is noted. The  chemical transformations of 
lead azide  in the  PETN based compositions under 
vibration were  obtained through the  use  of differ-
ential thermal analysis before  and after vibration.

The  physical transformations of binary explo-
sive  were  determined under action and static load-
ings by X-ray phase  analysis.

A comparison of the  sensitivity lead azide+PETN 
with sensitivity PETN and sensitivity of azide  shows 
that sensitivity of pure  PETN increase  and sensitiv-
ity of pure  azide  reduce. 

The  mechanism of decomposition of this samples 
under low melting points and low vibration are  
given. According experimental data one  cycle  of 
loadings is 10$2 s. Therefore, heating of lead azide  
and PETN is low (< 100° C) under vibration for 
10 minutes. In each loading cycle  azide  and PETN 
are  heated, then they are  decomposed and then 
reaction is inhibite. An analysis of the  data in next 
loading cycles shows that conditions of reaction 
propagation from ignited hot spot to  the  ambient 
HE (high explosive) and transition to  detonation 
substantially depend on the  kinetics of low heating 
effect controlling reactions.

A comparison of the  results obtained by the  
DTA and XDA techniques with transformation 
shows that one  of the  main reasons for the  consid-
erable  decrease  in the  local heating, stresses, dif-
ferent strains and their subsequent inhibiting effect 
on the  decomposition reaction and its propagation 
to  the  unreacted part of the  sample.  
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j=ƒ=…“*,L ;%“36=!“2"�……/L 
2�.…%2%;,8�“*,L 3…,"�!“,2�2, j=ƒ=…>, p%““, 

o!, C!%"�6�…,, ,“C/2=…,L …= 83"“2",2�2>-
…%“2> K!,ƒ=…2…/. bb “ %6…%"!���……/� …=2%›�-
…,�� .2�*2!,8�“*%;% C%2  …= …="�“*3 bb C!%,“.%-
6,2 ƒ…=8,2�2>…%� 3��…><�…,� *!,2,8�“*%;% 6="2�-
…,  ,…,&,,!%"=…, . d2  ;�*“%;�…= *!,2,8�“*%� 
6="2�…,� ,…,&,,!%"=…,  “…,›=�2“  “ 600 lo= 
6% 120 lo= C!, …=C! ›�……%“2, .2�*2!,8�“*%;% 
C%2  " …="�“*� bb − 1,17 ⋅ 107 b/�. j!%�� 3��…>-
<�…,� *!,2,8�“*%;% 6="2�…,  ,…,&,,!%"=…, , 
“ C%�%?>( K/“2!%6�L“2"3(?�L ƒ=C,“/"=(?�L 
=CC=!=23!/ "/ "2�…% ƒ…=8,2�2>…%� 3��…><�…,� 
C�!,%6= ,…63*&,, ;�*“%;�…= C!, "%ƒ6�L“2",, .2�*-
2!,8�“*%;% C%2 . Š=* C!, “2=…6=!2…/. *%C!%"/. 
,“C/2=…, ., *%;6= …=C! ›�……%“2> "…�<…�;% C%2  
!="…= …32(, C�!,%6 ,…63*&,, “%“2="2 �2 560 �*“, 
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= C!, …=C! ›�……%“2, .2�*2!,8�“*%;% C%2  
e = 1,17 ⋅ 107 b/�, 3��…><=�2“  6% 120 �*“. o32�� 
C%6“8�2= C% -%!�32=�, C!,… 2/. 62  2�C2%-
"%L 2�%!,, ,…,&,,!%"=…,  "/ "2�…%, 82% �=*-
“,�=2>…% "%ƒ�%›…/L !=ƒ%;!�" bb " C2%“*%“2 . 
“*%2>›�…,  “%“2="2 �2 438° K, " 2% "!��  *=* 
2��C�!=23!= "“C/<*, Š}m= “%“2="2 �2 488 ° K. 
p=“8�2/ 2=*›� C%*=ƒ=2,, 82% "�“>�= �=2%"�!% 2�… 
6%C%2…,2�2>…/L !=ƒ%;!�" bb ƒ= “8�2 "/6�2�…,  
6›%32�"= 2�C2=, 2=* *=* �=*“,�=2>…=  .…�!;,  
.2�*2!%,“*!%"%;% !=ƒ! 6= “%“2="2 �2 "�2,8,-
…3 4,3 ⋅ 10−5 d›, 82% …=�…%;% …,›� �,…,�=2>…%L 
.…�!;,, ƒ=›,;=…,  6=›� C/2�"%ƒ63<…%L “��“,. 

o%238�……/� .*“C�!,��…2=2>…/� 6=……/� 3*=-
ƒ/"=(2 …= "2, …,� "…�<…�;% .2�*2!,8�“*%;% C%2  
…= *,…�2,*3 !=ƒ2%›�…,  bb. o!�62%›�…= �=2��=-
2,8�“*=  �%6�2> "2, …,  …=C! ›�……%“2, .2�*2!,-
8�“*%;% C%2  …= “*%!%“2> �%…%�%2�*32 !…%L !�=*-
&,, !=ƒ2%›�…, . o%238�…= *%!!�2 &,  ƒ=",“,-
�%“2�L %2…%“,2�2>…%L “*%!%“2, �%…%�%2�*32 !…%-
;% !=“C=6= %2 …=C! ›�……%“2, .2�*2!,8�“*%;% C%2  
n(E) , *!,2,8�“*%;% 6="2�…,  ,…,&,,!%"=…,  %2 
…=C! ›�……%“2, .2�*2!,8�“*%;% C%2  p*!(e). 

INFLUENCE OF AN ELECTRIC 
FIELD ON CRITICAL PRESSURE 

INITIATION BLASTING EXPLOSIVES

R. M.  VAHIDOV, A. S.  KURAZHOV, 
T. N.  ISKHAKOV, V. J.  BAZOTOV

The Kazan State Technological University, 
Kazan, Russia

At carrying out of tests for sensitivity blasting 
explosives with simultaneous superposition of an 
electric field on shot explosives there  is a signifi-
cant reduction of critical pressure  of initiation. For 
hexogen critical pressure  of initiation drops with 
600 lP= up to  120 lP= at electric field strength in 
shot explosives 1,17 ⋅ 107 V/�. Except for reduction 
of critical pressure  of initiation, with the  help of 
high-speed writing down instrumentation significant 
reduction of induction period of hexogen is revealed 
at influence  of an electric field. So  at standard rum 
engine  tests when intensity of an external field 
is equal to  zero, induction period makes 560 �ks, 
and at electric field strength e = 1,17 ⋅ 107 V/�, 
decreases up to  120 �ks. It is revealed by calcula-
tion under the  formulas, accepted for the  thermal 
theory of initiation, that greatest possible  warming 
up explosives in slip planes makes 438 ° K while  
TAN flash point makes 488 ° K. Calculations also  
have  shown, that padding warming up explosives 
is rather improbable  due  to  excretion Joule  heat 

as maximal energy of electrospark  discharge  makes 
size  4,3 ⋅ 105 J that is much lower than minimum 
energy of ignition even a dustair mix. 

Received experimental data specify influence  
of an external electric field on kinetics of decom-
position of explosives. The  mathematical model 
of influence  of electric field strength for speed of 
monomolecular reaction of decomposition is of-
fered. Correlation of dependences of relative  speed 
of monomolecular disintegration from electric field 
strength n(E) and critical pressure  of initiation 
from electric field strength pcr(e) is received.

lnkejrk“pmn-dhm`lh)eqjne 
lndekhpnb`mhe 

hmh0hhpnb`mh“ h deŠnm`0hh 
Š`Ša-ondnamncn bb

h. b.  depaemeb1, b. b.  dpelnb1, 
t. `.  q`onfmhjnb1, `. b.  j`p`b`eb1, 

k.  qrk`pd2

1p%““,L“*,L -�6�!=2>…/L  6�!…/L &�…2! # 
bmhh 2�.…,8�“*%L -,ƒ,*, 

,�. =*=6. e. h. g=K=K=.,…=, q…�›,…“*, p%““, 

2CEA/DAM, t!=…&, 

o!�62%›�…= �%6,-,*=&,  C%2�…&,=2= REBO  
62  �%2�*32 !…%-6,…=�,8�“*%;% �%6�2,!%"=…,  
Š`Ša-C%6%K…%;% bb $ �%2�*32 !…%;% *!,“2=22= 
“ �%2�*32=�,, “%“2% ?,�, ,ƒ 8�2/!�. !=ƒ2,8…/. 
=2%�%". Š`Ša-C%6%K…/L %ƒ…=8=�2 2%, 82% C=!=-
��2!/ …=8=2>…%;% “%“2% …,  bb , C=!=��2!/ C!%-
63*2%" "ƒ!/"= " 2%8*� CJ “.%6…/ “ “%%2"�2“2"3(-
?,�, C=!=��2!=�, !�=2>…%;% Š`Ša. o=!=��2!/ 
C%2�…&,=2= !=ƒK,2/ …= 6"� ;!3CC/, %2"�2“2"�……/� 
ƒ= <,!,…3 ƒ%…/ !�=*&,, , CJ .=!=*2�!,“2,*,. 
b%ƒ�%›…%“2> %K!=ƒ%"=…,  C!%��›32%8…/. C!%-
63*2%" 6�2%…=&,, C%ƒ"%2 �2 "=!>,!%"=2> <,!,…3 
ƒ%…/ !�=*&,, K�ƒ ,ƒ��…�…,  …=8=2>…%;% “%“2% …,  
, CJ C=!=��2!%". o!%"�6�…= “�!,  �%2�*32 !…%-
6,…=�,8�“*,. !=“8�2%" “ &�2>( %C!�6�2�…,  2�!-
�%6,…=�,8�“*,. “"%L“2" bb , C!%63*2%" 6�2%…=-
&,,, C=!=��2!%" " 2%8*� CJ, ƒ=",“,�%“2, “*%!%“2, 
!�=*&,L , <,!,…/ ƒ%…/ !�=*&,, %2 C=!=��2!%" C%-
2�…&,=2= , *!,2,8�“*%;% 6,=��2!=. h““2�6%"=…/ 
2�!�,8�“*,L , 36=!…%-"%2…%"%L ��.=…,ƒ�/ ,…,-
&,,!%"=…,  �%6�2>…%;% bb. o%“2!%�……3( �%2�-
*32 !…%-6,…=�,8�“*3( �%6�2> C!�6C%2=;=�2“  
C!,��… 2> " ld ,““2�6%"=…, . "ƒ=,�%6�L“2",  
6�2%…=&,%……/. "%2… “ <,!%*%L ƒ%…%L !�=*&,, 
“ C!�;!=6=�, ,ƒ !=ƒ2,8…/. �=2�!,=2%".
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p`q)eŠ qjnpnqŠh pnqŠ` 
cnp“)hu Šn)ej b deŠnm`0hh 

q r)eŠnl ŠrparkemŠmncn 
leu`mhgl` oepemnq` }mepchh

b. c.  lnpngnb, h. h.  j`poemjn, 
~. b.  “mhkjhm, n. m.  )epm{xeb`

p%““,L“*,L -�6�!=2>…/L  6�!…/L &�…2! # bmhh 
.*“C�!,��…2=2>…%L -,ƒ,*,, q=!%", p%““, 

o!�6��2%� ,““2�6%"=…,   "2 �2“  "=›…%� 62  
2�%!,, 6�2%…=&,, C%… 2,� ;%! 8,. 2%8�* , “*%!%-
“2, ,. !%“2= " “›=2%� .%2%6…%� bb, %C!�6�2 (-
?�L "!��  ,…63*&,, 6�2%…=&,,.

b ��2%6,*� }c`j C!%"�6�…/ !=“8�2/ ."%2(&,, 
;%! 8�;% %8=;= “ 38�2%� 23!K32�…2…%“2, , 2�C2%-
C!%"%6…%“2,. o%238�……=  " !=“8�2� “*%!%“2> !%“-

2= ~200�/“�* C%62"�!›6=�2 ;,C%2�ƒ3 % 23!K32�…-
2…%� ��.=…,ƒ�� C�!�…%“= .…�!;,, " C!%&�““� !%“-
2= ;%! 8,. 2%8�* C!, ,…,&,,!%"=…,, 6�2%…=&,,.

m= “%"!���……%� 3!%"…� *=!2,…3 ,…,&,,-
!%"=…,  ;�2�!%;�……/. bb �%›…% C!�6“2=",2> 
C%.2=C…%:

1. b ;�2�!%;�……/. *%…6�…“,!%"=……/. bb 36=!-
…%-"%2…%"%� ,…,&,,!%"=…,� .,�,8�“*,. !�=*-
&,L …=8,…=�2“  “ %K!=ƒ%"=…,  �=2�…>*,. 2%*=-
2,ƒ%"=……/. !=ƒ%;!�2/. %8=;%", &;%! 8,. 2%8�*[, 
" …�C%“!�6“2"�……%L K2,ƒ%“2, * C%!=� , ;!=…,&=� 
ƒ�!�… ƒ= “8�2 .--�*2%" !=ƒ%;!�"= ;=ƒ= " C%!=., 
�,*!%*3�32 2,"…/. .--�*2%" C!, “.2%C/-
"=…,, C%!, 2!�…,  ��›63 ;!=…32=�, , C2=“2,8�“-
*,. 6�-%!�=&,L.

2. p%“2 ;%! 8�;% %8=;= (2,K% �;% ƒ=23.=…,�) " ƒ=-
",“,�%“2, %2 6="2�…,  " %*!3›=(?�� .%2%6…%� 
bb 6% “%C!,*%“…%"�…,  “ “%“�6…,�, %8=;=�,.

3. a/“2!%� “2, …,� %8=;%" # “%K“2"�……% 
"ƒ!/".

}2, C!�6“2="2�…,  ƒ=2%›�…/ " �%6�2> *,…�-
2,*, lj. q*%!%“2> !%“2= ;%! 8�;% %8=;= %C!�6�-
2 �2 "!��  ,…63*&,, 6�2%…=&,, …= �=*!%3!%"…� 
" �%6�2, *,…�2,*,. o%.2%�3 3›� " C�!"/. C3K-
2,*=&, . K/2= !=““�%2!�…= ƒ=6=8= % !%“2� ,ƒ%2,-
!%"=……%;% ;%! 8�;% %8=;= (cŠ # ;%! 8�L 2%8*,) 
" %*!3›=(?�� K�“*%…�8…%� .%2%6…%� bb. a/2% 
C%“2!%�…% C!,K2,›�……%� ="2%�%6�2>…%� !�<�…,� 
ƒ=6=8, % !=ƒ",2,, �6,…,8…%;% %8=;=. m= %“…%"� 
.2,. !=“8�2%" K/2, “6�2=…/ "/"%6/:

1. p%“2 &;%! 8,. C 2�…[, %“3?�“2"2 (?,L 
C�!�.%6 36=!…%L "%2…/ " 6�2%…=&,%……3(, , �;% 
ƒ=",“,�%“2> %2 6="2�…,  %C!�6�2 �2“  C!%&�““=-
�, .…�!;%C�!�…%“=. b%2…= 2�C2%C�!�…%“= 6%2›…= 
K/2> &C!," ƒ=…=[ * "%2…� ;%!�…,  ƒ= “8�2 %K?�-
;% ��.=…,ƒ�= !%“2= “*%!%“2, !�=*&,L , .…�!;%C�-
!�…%“=, ,…=8� .…�!;,  3.%6,2 "C�!�6 , ;%!�…,� 
" C 2…� !�ƒ*% C=6=�2. g%…= ;%!�…,  " &;%! 8�� 
C 2…�[ “!="…,�= “ �;% !=ƒ��!%�, C%.2%�3 …�2>ƒ  
C!�…�K!�;=2> �� <,!,…%L " !=“8�2=. ,, 2�� K%2��, 
C�!�…%“,2> ƒ=",“,�%“2, “*%!%“2, -!%…2= ;%!�…,  
%2 6="2�…,  ,ƒ *!3C…%�=“<2=K…/. %C/2%".

2.l%›…% C!�6C%2%›,2>, 82% " *!3C…%�=“<-
2=K…%� ;%!�…,, bb ƒ=",“,�%“2> “*%!%“2, -!%…2= 
;%!�…,  %2 6="2�…,  2=*›� %C!�6�2 �2“  " C�!"3( 
%8�!�6> C!%&�““%� .…�!;%C�!�…%“=. Š=*,� %K!=-
ƒ%�, C!% “… �2“  "=›…%“2> ,““2�6%"=…,  2�C2%-
C!%"%6…%“2, bb " ƒ%…� ;%!�…,  " <,!%*%� 6,=-
C=ƒ%…� 6="2�…,L %2 �6,…,& =2�%“-�!  6% “%2�… 
*,2%K=!. 

n6…=*% C!, C%“2!%�…,, C!,K2,›�……%;% ="2%-
�%6�2>…%;% !�<�…,  %“2=2,“> "%C!%“/:

1) l/ C!�6C%2=;=2,, 82% C%2%* .…�!;,, “" -
ƒ=… “ �%2�*32 !…%L 2�C2%C!%"%6…%“2>(. )2%K/ 
%… %K!=?=2“  " …32> …= ;!=…,&� cŠ, …�%K.%6,�% 
C%2=;=2>, 82% *%.--,&,�…2 2�C2%C!%"%6…%“2, χ 

MOLECULAR DYNAMICS SIMULATION 
OF INITIATION AND DETONATION 

OF TATB-LIKE HE

I. V.  DERBENEV1, V. V.  DREMOV1, 
F. A.  SAPOZHNIKOV1, A. V.  KARAVAEV1, L.  SOULARD2

1Russian Federal Nuclear Center $ Zababakhin 
All-Russia Research Institure of Technical Physics, 

Snezhinsk, Russia

2CEA/DAM, France

A modification of REBO  potential has been pro-
posed for the  molecular dynamics simulation of 
a TATB-like  condensed explosive  whose  molecule  
initially consists of four different atoms. TATB-like  
means bulk  properties of initial state  and param-
eters at CJ point similar to  those  of real TATB. Pa-
rameters of the  potential are  subdivided into  two  
groups that are  responsible  for CJ parameters and 
reaction zone  width. The  possibility of formation 
of intermediate  detonation products allows varia-
tion of reaction zone  characteristics without chang-
ing CJ parameters. Provided are  a number of test 
MD calculations on the  thermodynamic properties 
of both the  original explosive  and detonationprod-
ucts, parameters at CJ point, reactions rates and 
reaction zone  width as dependent upon the  poten-
tial parameters as well as the  evaluation of critical 
diameter. Mechanism of the  detonation initiation 
proper to  heterogeneous explosives has been inves-
tigated. Constructed MD model is supposed to  be  
applied when investigating into  the  interaction of 
detonation waves having wide  reaction zone  with 
the  obstacles made  of different materials. 
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C!%C%!&,%…=2�… *%…&�…2!=&,, ob, 82%, "%%K?� 
;%"%! , …,%2*36= …� “2�63�2. m= 3!%"…� %&�…%* 
K/2% C%*=ƒ=…%, 82% …=,K%2�� �“2�“2"�……% !%“2 χ 
, %K!=?�…,� �;% " …32> …= ;!=…,&� C 2…= %KA “… �2“  
23!K32�…2…/� ��.=…,ƒ�%� .…�!;%C�!�…%“=.

2) n&�…*, “*%!%“2, !%“2= ;%! 8�;% C 2…=: 
V ≈ d/τ, ;6� d ≈ 100 �,*!%… # !=ƒ��!  ƒ�!�…, 
τ ≈ 1�*“ # "!��  ,…63*&,,, 6=(2 “*%!%“2> 
…� ��…�� V ≈ 100 �/“. Š=*=  “*%!%“2> �%›�2 %KA-
 “… 2>“  2%2>*% 23!K32�…2…/� ��.=…,ƒ�%� C�!�-
…%“= .…�!;,,. hƒ =…=2,ƒ= .*“C�!,��…2=2>…%L "�-
2,8,…/ "!���…, ,…63*&,, “2�63�2 2=*›�, 82% 62  
C%238�…,  2=*%L “*%!%“2, !%“2= cŠ "�2,8,…= χ 
" ob 6%2›…= C!�"%“.%6,2> �;% ƒ…=8�…,� C!, …%!-
�=2>…/. 3“2%", . …= 2#3 C%! 6*= , K%2��.

3) b �%6�2, lj K/2% C!�6C%2%›�…%, 82% *%-
.--,&,�…2 2�C2%C!%"%6…%“2, χ, %“3?�“2"2 (?,L 
!%“2 cŠ, C!%C%!&,%…=2�… P2 (P # 6="2�…,�). }2% 
6%2›…% %KA “… 2> ,ƒ"�“2…/L ,ƒ C!=*2,*, *!,2�-
!,L ,…,&,,!%"=…,  P2τ = const. o!,K2,›�……/� 
%&�…*, 6=(2 K2,ƒ*3( ƒ=",“,�%“2> χ %2 6="2�…, . 

`…=2,ƒ !�<�…,L 3!="…�…,L !%“2= ;%! 8�;% C 2-
…= C%*=ƒ=2, 82% %“…%"…%L C!%&�““ .…�!;%C�!�…%-
“= C!%,“.%6,2 23!K32�…2…%. m= C%“2�6…�� .2=C� 
6%2›…= "*2(8=2>“  �%2�*32 !…=  2�C2%C!%"%6-
…%“2>, 82%K/ %K�“C�8,2> C!%;!�" , !=ƒ2%›�…,� 
bb. Š=*,� %K!=ƒ%�, %K?=  *=!2,…= "/;2 6,2 2=*: 
23!K32�…2…%“2> (,2, “6",;%"/� 2�8�…, ) 6!%K,2 
,2, C�!���<,"=�2 *!3C…%�=“<2=K…/� 8=“2,&/ bb 
6% ��2*,. !=ƒ��!%", C!, *%2%!/. 3“C�"=�2 C!%-
,“.%6,2> ;%!�…,� “ 2�C2%C!%"%6…%“2>( “ C%"�!.-
…%“2, ��2*,. 8=“2,& # 62  .2%;% 3›� 2!�K3�2“  
�=2%� "!�� .

d2  C!%"�!*, =6�*"=2…%“2, C!�62%›�……%L *=!-
2,…/ !=ƒ",2,  C!%&�““= " ��2%6,*� }c`j K/2= 
C!%"�6�…= “�!,  6"3��!…/. ;=ƒ%6,…=�,8�“*,. 
!=“8�2%" !%“2= ;%! 8�;% %8=;=, “ 38�2%� 2�C2%C!%-
"%6…%“2, , 23!K32�…2…%“2, C% j-ε �%6�2,, " *%2%-
!/. “*%!%“2> ;%!�…,  !=““8,2/"=2=“> C% ƒ=*%…3 
`!!�…,3“=. p=“8�2/ C%*=ƒ=2,, 82% …, 2�C2%C!%-
"%6…%“2>, …, 23!K32�…2…%“2> C% %26�2>…%“2, …� 
�%;32 %K�“C�8,2> 6%“2=2%8…3( “*%!%“2> !%“2= cŠ, 
, 2%2>*% “%8�2=…,� 23!K32�…2…%“2, “ 2�C2%C!%"%6-
…%“2>( C%ƒ"%2 �2 C%238,2> " !=“8�2� %›,6=��3( 
“*%!%“2> !%“2= cŠ. 

o%238�……/L !�ƒ32>2=2 “23›,2 -,ƒ,8�“*%�3 
%K%“…%"=…,( �=*!%“*%C,8�“*,. 3!="…�…,L �%6�2, 
*,…�2,*, !=ƒ2%›�…,  lj …= “2=6,, !%“2= ;%! -
8,. 2%8�* , C%62"�!›6=�2 �…�…,�, 82% 23!K32�…2-
…%“2> " ƒ%…� !�=*&,, C!, ��.=…,8�“*%� C�!�…%“� 
"�?�“2"=  "2 �2“  “3?�“2"�……/� -=*2%!%� , �� 
…�%K.%6,�% 38,2/"=2> " 2�%!,, 6�2%…=&,,. 

CALCULATING THE RATE OF HOT 
SPOT GROWTH IN DETONATION 

WITH TURBULENT ENERGY 
TRANSPORT MECHANISM

V. G.  MOROZOV, I. I.  KARPENKO, 
YU. V.  YANILKIN, O. N.  CHERNYSHEVA

Russian Federal Nuclear Center $ All-Russia Scientific 
Research Institute of Experimental Physics,  

Sarov, Russia

The  study centers on the  concept of hot spots, 
which is essential to  the  theory of detonation, and 
their growth rate  in compressed cold explosives, 
which determines the  detonation induction time.

Simulations of hot spot evolution with turbu-
lence  and heat conductivity were  conducted us-
ing the  EGAC code. The  resulting growth rate  
of ~ 200m/sec testifies to  the  hypothesis about 
turbulent mechanism of energy transport in the  
process of hot spot growth at detonation initiation.

Executive  Summary
Initiation of heterogeneous explosives in up-to-

date  terms can be  described as a series of stages 
as follows:

1. Shock-wave  initiation of chemical reactions 
in heterogeneous condensed explosives begins from 
the  formation of small localized heated centers, or 
hot spots, in immediate  proximity to  pores and 
grain boundaries due  to  gas heating in pores, mi-
croscopic cumulative  effects at pore  collapse, fric-
tion between particles and plastic strain

2. Hot spots grow (or attenuate) depending on 
pressure  in the  surrounding cold explosive  prior 
to  contact with adjacent spots

3. Hot spots quickly merge: the  explosion breaks 
out. 

This concept is implemented in the  MK kinetics 
model. The  rate  of hot spot growth determines the  
time  of detonation induction at the  macroscopic 
level in the  kinetics model. Therefore, the  problem 
of isolated hot spot growth in the  infinite  ambient 
cold explosive  was considered as early as in the  
pioneer publications. An approximated self-similar 
solution to  the  problem of single  hot spot develop-
ment was obtained. The  following conclusions were  
drawn from these  computations:

1. The  growth of hot spots that enables the  
conversion of shock  into  detonation and its depen-
dence  on pressure  are  determined by energy trans-
port processes. The  heat transport wave  should be  
&attached[ to  the  combustion wave  due  to  the  
common mechanism of reaction rate  growth and en-
ergy transport; otherwise, energy will go ahead, and 
combustion in the  spot will quickly attenuate. The  
zone  of combustion in the  hot spot is comparable  
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mejnŠnp{e u`p`jŠephqŠhjh 
bgp{bmncn p`gknfemh“ 
leu`mh)eqjni qleqh 
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j���!%"“*,L -,2,=2 h…“2,232= .,�,, 2"�!6%;% 2�2= 
, ��.=…%.,�,, qn p`m, 

j���!%"“*,L ;%“36=!“2"�……/L 3…,"�!“,2�2, 
j���!%"%, p%““, 

o!�6“2="2�…/ C�!"/� !�ƒ32>2=2/ C% ,…,&,,!%-
"=…,( 2�2!=…,2!%C�…2=.!,2!,2= (Š}m=) “ 6%K="-
*%L 5% …=…%8=“2,& Ni-C  “ .=!=*2�!…/�, !=ƒ��-
!=�, 60#100 …�. )=“2,&/ Ni-C “,…2�ƒ,!%"=…/ ��-
2%6%� ��.=…%.,�,8�“*,. !�=*&,L (B. Bokhanov, 
M. Korchagin // Journal of Alloys and Conmpounds 
333, 308#320 (2002)). nK!=ƒ&/ C!�6“2="2 2, “%K%L 
C!�““%"=……/� 2=K2�2*, ,ƒ Š}m= 6,=��2!%� 3 ��, 
2%2?,…%L 1 ��, C2%2…%“2>( 1,7 ;/“�3. h…,&,,-
!%"=…,� %“3?�“2"2 2%“> ,�C32>“=�, 2=ƒ�!= …= 
…�%6,�%"%� “2�*2� (1,06 �*�, 20 …“) , .2�*2!%…-
…/�, (0,25 l.b, 30 …“) C38*=�,. hƒ��!�…,� =�-
C2,236…%-"!���……/. .=!=*2�!,“2,* "ƒ!/"…%;% 
!=ƒ2%›�…,  %“3?�“2"2 2%“> “ C%�%?>( C>�ƒ%=-
*3“2,8�“*%;% 6�2�*2%!=, “,;…=2 *%2%!%;% C!%C%!-
&,%…=2�… 6="2�…,( 36=!…%L "%2…/, "%ƒ…,*=(?�L 
C!, "ƒ!/"�. o!%"%6,2%“> “!="…�…,� “ !�ƒ32>2=2=-
�,, C%238�……/�, …= %K!=ƒ&=. ,ƒ 8,“2%;% Š}m=. 
o%"�!.…%“2> %K!=ƒ&= “% “2%!%…/ %K238�…,  …=*!/-
"=2=“> “2�*2 ……%L C2=“2,…%L, "2%!=  C%"�!.…%“2> 
…=.%6,2=“> " =*3“2,8�“*%� *%…2=*2� “ 2,…,�L 
ƒ=6�!›*, C>�ƒ%=*3“2,8�“*%;% 6�2�*2%!=.

o!, 2=ƒ�!…%� "%ƒ6�L“2",, ,…,&,,!%"=…,� 
8,“2/. %K!=ƒ&%" %“3?�“2",2> …� 36=2%“> C!, 
�=*“,�=2>…%L C2%2…%“2, .…�!;,, 90 d›/“�2. 
m=K2(6=2=“> .!%ƒ,  C%"�!.…%“2,, “%C!%"%›6=-
(?= “  %2…%“,2�2>…% “2=K/� =*3“2,8�“*,� “,;-
…=2%� " �,*!%“�*3…6…%� "!���……%� 6,=C=ƒ%…�. 
}2%2 !�ƒ32>2=2 “",6�2�2>“2"3�2 %K ,…,&,,!%"=-
…,, .,�,8�“*%L .*ƒ%2�!�,8�“*%L !�=*&,,, …� 
C�!�.%6 ?�L "% "ƒ!/". nK!=ƒ&/ “ 6%K="*=�, 
Ni-C "ƒ!/"=(2“  " 6,=C=ƒ%…� C2%2…%“2, .…�!;,, 
20#90 d›/“�2. o!, C%…,›�…,, .…�!;,, …=K2(-
6=�2“  8=“2,8…/L "ƒ!/". }--�*2, =…=2%;,8…/L 
C%238�……%�3 …= 8,“2/. %K!=ƒ&=. C!, �=*“,�=2>-
…%L C2%2…%“2, .…�!;,,, …=K2(6=�2“  C!, C2%2…%“-
2, ~6 d›/“�2.

o!, .2�*2!%……%-C38*%"%� ,…,&,,!%"=…,, 
“ C2%2…%“2>( .…�!;,, 30 d›/“�2 "!���……/� .=-
!=*2�!,“2,*, "ƒ!/"…%;% !=ƒ2%›�…,  %K!=ƒ&%" 
“ Ni-C “%%2"�2“2"3(2 .=!=*2�!,“2,*=�, C%238�……/� 
C!, 2=ƒ�!…%� ,…,&,,!%"=…,,. h…,&,,!%"=…,� 

to  the  spot size; therefore  its width cannot be  ig-
nored in computations and, all the  more, depen-
dencies of combustion front velocity on pressure  
obtained in large-scale  experiments cannot be  bor-
rowed.

2. One  can suppose  that in large-scale  com-
bustion of explosives, the  pressure  dependence  of 
combustion front velocity is primarily governed by 
the  process of energy transport. Thus, the  impor-
tance  of studying heat conductivity of explosives in 
the  combustion zone  in a wide  range  of pressures 
from units of atmospheres to  hundreds of kilobars 
becomes evident.

Some  aspects however remained unclear in con-
structing the  approximated self-similar solution:

1) We  assumed the  energy flow to  be  related 
to  molecular heat conductivity. In order for the  
energy flow to  vanish at the  hot spot boundary, 
the  heat conductivity factor χ should be  assumed 
proportionate  to  the  content of explosion products, 
which in fact follows from nothing. We  showed at 
the  level of estimates that the  growth of χ and its 
vanishing at the  spot boundary can most naturally 
be  explained by the  turbulent mechanism of en-
ergy transport.

2) The  expression for estimating the  rates of hot 
spot growth V ≈ d/τ, where  d ≈ 100 microns is the  
grain size  and τ ≈ 1 μsec is the  time  of induction, 
provides V ≈ 100 m/s. Such a rate  can be  attri-
buted only to  the  turbulent mechanism of energy 
transport. It also  follows from the  analysis of ex-
perimental induction time  that in order to  obtain 
such a growth rate, the  value  of χ in explosion 
products should be  at least 2#3 orders as high as 
its value  under normal conditions.

3) In the  MK model, the  heat conductivity 
factor χ, which actualizes the  hot spot growth, 
was assumed proportionate  to  P2 (P is the  press-
ure). This should explain the  initiation criterion of 
P2τ = const known from the  practice. The  approxi-
mated estimates provide  a close  dependence  of χ 
on pressure. 
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2=K2�2%* K�ƒ 6%K="%* Ni-C 6=�2 =…=2%;,8…/� !�-
ƒ32>2=2/. b %26�2>…%L ;!3CC� .*“C�!,��…2%" C>�-
ƒ%=*3“2,8�“*,L 6�2�*2%!  …=.%6,2“  …= !=ƒ2,8…/. 
!=““2% …, . %2 %K!=ƒ&=. o% ƒ=6�!›*� “,;…=2= %C!�-
6�2�…= “*%!%“2> !=“C!%“2!=…�…,  36=!…%L "%2…/, 
“%ƒ6="=��=  C!%63*2=�, "ƒ!/"=, *%2%!=  “%“2=-
",2= 5 ·103 �/“.

p=K%2= "/C%2…�…= C!, C%66�!›*� !�;,%…=2>-
…%;% ;!=…2= ptth #07-02-96009.

SOME FEATURES OF EXPLOSIVE 
DECOMPOSITION OF 

PENTAERYTHRITOL TETRANITRATE 
AND NI-C NANOPARTICLES 

MECHANICAL MIXTURE

B. P.  ADUEV, G. M.  BELOKUROV, S. S.  GRECHIN, 
A. G.  KRECHETOV, N. V.  NELJUBINA, 

D. R.  NURMUKHAMETOV

Kemerovo branch of Institute of solid chemistry 
and mechanochemistry SB RAS

Kemerovo State University, Kemerovo, Russia

Initiation of pentaerythritol tetranitrate  (PETN) 
with 5% Ni-C addition (typical size  60#100 nm) 
is resulted. Ni-C particles have  been synthesized 
by the  mechanochemical reaction method (B. Bokha-
nov, M. Korchagin // Jou rnal of Alloys and 
Conmpounds 333, 308#320 (2002)). Pressed PETN 
tablets with diameter 3 mm, thickness 1 mm, den-
sity 1,7 g/sm3 were  used. The  initiation was reali-
zed by laser pulses on neodymium glass (1,06 Um, 
20 ns) and electron beams (0,25 MeV, 30 ns). Time-
amplitude  characteristics of explosive  decomposi-
tion were  measured by piezoacoustic detector. Its 
signal was proportionate  to  blast wave  pressure  
appeared at the  explosive  moment. Results were  
compared with ones having been obtained for pure  
PETN. From the  exposure  side  sample  surface  
was covered by glass plate. The  second side  was 
in the  acoustic contact with delay line  of the  pie-
zoacoustic detector. 

We  were  not succeeded in laser initiation of 
pure  samples at maximum density 90 J/sm2. Sur-
face  erosion was observed. It was accompanied by 
weak  acoustic signal in microsecond time  range. 
This result is an evidence  of initiation of chemical 
exothermic reaction, which does not turn to  ex-
plosive. Ni-C addition samples burst in the  density 
range  20#90 J/sm2. Partial explosive  is observed 
at the  energy lowering. At density ~6 J/sm2 effect 
is similar to  the  one  observed for the  pure  samples 
at maximum energy density. 

At electron-beam initiation (energy density 
30 J/sm2) time  characteristics of the  samples 
with Ni-C explosive  decomposition are  similar to  

bkh“mhe Šeloep`Šrp{ 
m` k`gepmne hmh0hhpnb`mhe 
ŠeŠp`mhŠp`Š` oemŠ`}phŠphŠ`

}. d.  ̀ krjep1, `. c.  jpe)eŠnb1, 
e. `.  j`g`jnb`2,  a. c.  knanijn2, 

d. p.  mrplru`leŠnb3, b. o.  thkhm2

1j���!%"“*,L ;%“36=!“2"�……/L 3…,"�!“,2�2, 
j���!%"%, p%““, 

2p%““,L“*,L -�6�!=2>…/L  6�!…/L &�…2! # 
bmhh 2�.…,8�“*%L -,ƒ,*, 

,�. =*=6. e. h. g=K=K=.,…=, q…�›,…“*, p%““, 

3j���!%"“*,L -,2,=2 h…“2,232= .,�,, 2"�!6%;% 
2�2= , ��.=…%.,�,, qn p`m, j���!%"%, p%““, 

b“� ,ƒ"�“2…/� ,““2�6%"=…,  2=ƒ�!…%;% ,…,&,-
,!%"=…,  K!,ƒ=…2…/. "ƒ!/"8=2/. "�?�“2" C!%-
"%6 2“  C!, C%��?�…,, %K!=ƒ&= " %K%2%8*3, "/-
C%2… (?3( …�*3( &C%66�!›,"=(?3([ -3…*&,(. 
n6…=*%, �“2, …=8=2>…/� “2=6,, "ƒ!/"…%;% !=ƒ-
2%›�…,  "*2(8=(2 " “�K  2�!�%=*2,",!%"=……/� 
C!%&�““/, 2% C%"/<�…,� ,“.%6…%L 2��C�!=23!/ 
%K!=ƒ&= �%›�2 “3?�“2"�……% ,ƒ��…,2> “,23=&,(. 
b .2%� “238=� 2�!�%“2,�32,!%"=……%� 3"�2,8�…,� 
“*%!%“2, =*23=2>…/. C!%&�““%" �%›�2 C!,"�“2, 
* !=ƒ",2,( “=�%C%66�!›,"=(?�L“  !�=*&,, 
"ƒ!/"…%;% !=ƒ2%›�…,  C!, ,…,&,,!%"=…,, %2-
*!/2%L C%"�!.…%“2, %K!=ƒ&=. o!%"�!*= .2%L "%ƒ-
�%›…%“2, ,  ",2=“> ƒ=6=8�L 6=……%L !=K%2/.

h“.%6…/� �=2�!,=2%� 62  ,““2�6%"=…,L “23-
›,2 C%!%<*%%K!=ƒ…/L 2�2!=…,2!=2 C�…2=-.!,2-
!,2= (Š}m) “ 6,“C�!“…%“2>( ~10 �*�. m="�“*= 
C%!%<*= �=““%L 5 �; C%��?=2=“> " 23…*3 ��6…%;% 
…=;!�"=2�2 , …=;!�"=2=“> 6% 450 j (2��C�!=23!= 
C2="2�…,  Š}m= # 414 j), C%“2� 8�;% …=;!�"=2�2> 
"/*2(8=2“  , %.2=›6=2“  6% 2��C�!=23!/, C!, 
*%2%!%L C!%,ƒ"%6,2%“> ,…,&,,!%"=…,�.

ones obtained at laser initiation. There  are  analo-
gous results at initiation of tablets without Ni-C 
addition. During separate  experiments there  was 
different distance  from piezoacoustic detector to  
a sample. Speed of blast wave  propagation produced 
by explosive  products is determined at signal delay. 
It comes to  5 ·103 m/s.

The  investigation is realized under support 
of RFFI grant by the  theme  &Spectrum-kinetics 
characteristics of explosive  glowing of composite  
material on the  base  of pentaerythritol tetranitrate  
and ultra-nanodispersion carbon materials and 
metals particles[, #07-02-96009.
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h…,&,,!%"=…,� %2*!/2%L C%"�!.…%“2, %K!=ƒ&= 
%“3?�“2"2 2=“> ,�C32>“…/� 2=ƒ�!%� …= -%“-=2…%� 
“2�*2�, =*2,",!%"=……%� …�%6,�%� (1,06 �*�, 
10 …“, 1$5 d›). k=ƒ�!…/L C38%* -%!�,!%"=2“  
“ C%�%?>( 2,…ƒ/ " C 2…%, 6,=��2!  *%2%!%;% "=!>,-
!%"=2“  " C!�6�2=. 4#8 ��. hƒ��! 2=“> ƒ=",-
“,�%“2> "�!% 2…%“2, "ƒ!/"= %2 C2%2…%“2, .…�!;,, 
,…,&,,!3(?�;% ,�C32>“= C!, !=ƒ2,8…/. 2��C�-
!=23!=. %K!=ƒ&=.

r“2=…%"2�…%, 82% C%"/<�…,� 2��C�!=23!/ %K-
!=ƒ&= " 6,=C=ƒ%…� 393#450 j C!,"%6,2 * ,ƒ��…�-
…,( C%!%;= ,…,&,,!%"=…,  %2 3 6% 0,5 d›/“�2, C!,-
8�� "% "“�� .2%� 2��C�!=23!…%� 6,=C=ƒ%…� !�=2,-
ƒ3�2“  ,…,&,,!%"=…,� "ƒ!/"= %K!=ƒ&= “ %2*!/2%L 
C%"�!.…%“2>(. 

o32�� .*“2!=C%2 &,, .*“C�!,��…2=2>…/. !�-
ƒ32>2=2%" %C!�6�2�…= .…�!;,  =*2,"=&,, 2�!�%-
“2,�32,!%"=……%L “2=6,,. e� "�2,8,…= “%“2="-
2 �2 0,35 @ 0,05 .b, 82% “3?�“2"�……% …,›� .…�!-
;,, =*2,"=&,, 8,“2% 2�C2%"%;% ,…,&,,!%"=…,  
(1,3 #1,6 .b). }2%2 !�ƒ32>2=2 “",6�2�2>“2"3(2 
% 6"3“2=6,L…%“2, C!%&�““= 2=ƒ�!…%;% ,…,&,,!%-
"=…,  Š}m=, 2. �. % …=2,8,, -%2%- , 2�!�%“2,�3-
2,!%"=……/. “2=6,L.

p=K%2= "/C%2…�…= C!, C%66�!›*� ;!=…2= 
ptth (C!%�*2 05-03-32010-=).

TEMPERATURE INFLUENCE 
TO THE LASER INITIATION OF 

PENTAERYTHRITOL TETRANITRATE 

E. D.  ALUKER1, A. G.  KRECHETOV1, 
E. A.  KAZAKOVA2, B. G.  LOBOIKO2, 

D. R.  NURMUKHAMETOV3, V. P.  FILIN2

1Kemerovo State University, Kemerovo, Russia

2Federal Nuclear Center $ Zababakhin All-Russia 
Research Institure of Technical Physics, 

Snezhinsk, Russia

3Kemerovo branch of Institute of solid chemistry 
and mechanochemistry SB RAS, Kemerovo, Russia 

All known investigations of blasting high explo-
sives laser initiation are  carried out when a sample  
is put into  a cover which plays some  &supporting[ 
role. However if thermoactivated processes are  
included in initial stages of explosive  decomposition 
then the  situation could be  changed considerably 
by initial temperature  increasing. In such a case  
thermoactivated increasing of actual processes 
velocity may be  resulted in developing of explosive  
decomposition self-sustaining reaction at initiation 
of open sample  surface. The  present work  task  
was testing of such possibility. 

p`gprxemhe h c`ghthj`0h“ 
Š}m` oph nakr)emhh 

}kejŠpnmm{l or)jnl

b. h.  nkexjn, b. h.  jnpeo`mnb, 
b. l.  khqh0{m, b. o.  0hohkeb

Š%�“*,L C%2,2�.…,8�“*,L 3…,"�!“,2�2, 
Š%�“*, p%““, 

p=…�� …=�, K/2% %“3?�“2"2�…% ,…,&,,!%"=…,� 
C!�““%"=……/. %K!=ƒ&%" 2.…= .2�*2!%……/� C38*%� 
…=…%“�*3…6…%L 62,2�2>…%“2,. nC!�6�2�…= C%!%-
;%"=  C2%2…%“2> �%?…%“2,, C!, *%2%!%L C!%,“-
.%6,2 6�2%…=&,  2.…=, ,ƒ��!�…= *,…�2,*= "ƒ!/"-
…%;% “"�8�…, . b 6=……%L !=K%2� ,““2�6%"=…= �%!-
-%2%;,  !=ƒ!3<�…, , ;=ƒ,-,*=&,  , “"�8�…,� 
�,*!%*!,“2=22%" 2.…= “% “!�6…,�, !=ƒ��!=-
�, 500#700 �*� C!, %K238�…,, .2�*2!%……/� 
C38*%� “ 62,2�2>…%“2>( ,�C32>“= 2%*= ~15 …“ 
,  C2%2…%“2>( .…�!;,, W, "=!>,!3��%L " 6,=C=-
ƒ%…� 0,05#1 d›/“�2. r“2=…%"2�…%, 82% “!�6…,L 
C%!%; !=ƒ!3<�…,  %K!=ƒ&%" " !�›,�� %6…%*!=2-
…%;% %K238�…,  “%“2="2 �2 W ~ 0,1 d›/“�2, 82% 

Powdery Pentaerythritol Tetranitrate  (PETN) with 
dispersion ~10 μm was initial material. 5 mg powder 
butch weighing 5 mg was put into  copper heater 
cup and heated up to  450 K (PETN melting point 
is 414 K). After that the  heater was turned off and 
cooled off up to  the  initiation temperature.

Sample  open surface  was initiated by pulse  la-
ser on the  phosphate  glass activated by neodymium 
(1,06 μm, 10 ns, 1#5 J). With using a lens a laser 
beam was moulded in a spot. Its diameter was var-
ied within 4#8 mm. Dependence  of explosion prob-
ability from energy density of initiating pulse  was 
measured at various sample  temperatures.

It was ascertained sample  temperature  increa-
sing in range  393#450 j is resulted in initiation 
threshold changing from 3 J/sm2 up to  0,5 J/sm2. 
And in this all temperature  range  explosion ini-
tiation of sample  with open surface  is realized.

By force  of experimental results extrapolation 
thermoactivated stage  activation energy is deter-
mined. It is 0.35 @ 0.05 eV and this value  is con-
siderably lower than activation energy of simple  
heat initiation (1.3#1.6 eV). This result is an ar-
gument for two-stage  process of PETN laser initia-
tion, i. e. for existing of photo- and thermostimu-
lated stages.

The  investigation is realized under support 
of RFFI grant # 05-03-32010=.
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" …�“*%2>*% !=ƒ ��…><� C% “!="…�…,( “ C%!%;=-
�, !=ƒ!3<�…,  ?�2%8…%-;=2%,6…/. *!,“2=22%". 
h““2�6%"=…,� �%!-%2%;,, !=ƒ!3<�…,  �%…%*!,“-
2=22%" 2.…= “",6�2�2>“2"3�2 % “,2>…%� 6!%K2�-
…,, %K!=ƒ&= , %K!=ƒ%"=…,, �…%›�“2"= �,*!%*!,“-
2=22%" !=ƒ2,8…/. !=ƒ��!%" (1#10 �*�). o!, 
W ~ 0,5 d›/“�2 C!%63*2/ =K2 &,, !=ƒ2�2=(2“  
,ƒ ƒ%…/ %K238�…,  …="“2!�83 .2�*2!%……%�3 C38-
*3. nK“3›6=(2“  "%ƒ�%›…/� ��.=…,ƒ�/ !=ƒ!3-
<�…,  �%…%*!,“2=22%". q6�2=…% C!�6C%2%›�…,� 
% 2%�, 82% !=ƒ!3<�…,� , ;=ƒ,-,*=&,  �%…%*!,“-
2=22%" 2.…=,  "2 (2“  “2�6“2",�� !=ƒ",2,  .2�*2-
!,8�“*%;% C!%K% .  m,ƒ*,L C%!%; !=ƒ!3<�…,  2.…= 
, "/“%*=  “*%!%“2> !=ƒ2�2= C!%63*2%" =K2 &,, 
(C% “!="…�…,( “ ,…�!2…/�, �=2�!,=2=�,) 3*=ƒ/-
"=�2 …= "%ƒ�%›…%“2> "*2=6= .,�,8�“*%L .…�!;,, 
!=ƒ2%›�…,  2.…= " 6,“C�!;,!%"=…,� , ;=ƒ,-,*=-
&,( %K!=ƒ&%". `…=2,ƒ .*“C�!,��…2=2>…/. 6=…-
…/., C%238�……/. * …=“2% ?��3 "!���…, C%ƒ"%2 -
�2 C!�6C%2%›,2> “2�63(?3( C%“2�6%"=2�2>…%“2> 
-,ƒ,*%-.,�,8�“*,. C!%&�““%", !=ƒ","=(?,.“  
" �%…%*!,“2=22=. 2.…= C!, %K238�…,, .2�*2!%…-
…/� C38*%� “ C2%2…%“2>( .…�!;,, …� 6%“2=2%8-
…%L 62  ,…,&,,!%"=…,  6�2%…=&,,. o!, 6%“2,-
›�…,, C%!%;%"%L C2%2…%“2, .2�*2!%……%;% C38-
*= ~0,1 d›/“�2 C!%,“.%6,2 .2�*2!,8�“*,L C!%-
K%L 2.…= (-%!�,!%"=…,� &;%! 8,. 2%8�*[, !%2> 
*%2%!/. "/C%2… (2 *=…=2/ .2�*2!,8�“*%;% C!%-
K% ), 6,“C�!;,!%"=…,� , ;=ƒ,-,*=&,  "ƒ!/"8=-
2%;% "�?�“2"=. u,�,8�“*=  !�=*&,  ƒ=C3“*=�2“  
" �,*!%%KA��=. %K!=ƒ&= (" C2=ƒ��, %K!=ƒ3(?�L“  
" *=…=2=. .2�*2!,8�“*%;% C!%K% ). n6…%"!���……% 
C!%,“.%6,2 ;=ƒ%6,…=�,8�“*=  !=ƒ;!3ƒ*= , "/-
K!%“ C!%63*2%" =K2 &,, …="“2!�83 .2�*2!%……%-
�3 C38*3. h…2�…“,"…%“2> “"�8�…,  �,*!%C2=ƒ� 
C!, .2%� �?� …�6%“2=2%8…= 62  !�;,“2!=&,, …= 
-%…� ,…2�…“,"…%L *=2%6%2(�,…�“&�…&,, %K!=ƒ&=. 
q !%“2%� C2%2…%“2, .…�!;,, .2�*2!%……%;% C38*= 
3"�2,8,"=�2“  .…�!;, , "/6�2 (?= “  " �,*!%C-
2=ƒ�=. ,, “%%2"�2“2"�……%, 6%2  .,�,8�“*%L .…�!-
;,, "ƒ!/"8=2%;% "�?�“2"=. p=K%2= "/C%2…�…= C!, 
C%66�!›*� ptth, ;!=…2 06-03-32724.

DESTRUCTION AND GASIFICATION 
OF PETN UNDER IRRADIATION 

BY ELECTRON BEAM

V. I.  OLESHKO, V. I.  KOREPANOV, 
V. M.  LISITSYN, V. P.  TSIPILEV

Tomsk polytechnic university, Tomsk, Russia 

Recently we  have  done  the  initiation of pressed 
samples of PETN by electron beam with nanosecond 
duration. We  have  been specified the  threshold 

density of power, which leads to a destruction of PETN, 
and we  have  been measured the  kinetics of explo-
sive  glow. In this work  it have  been studied the  
morphology of destruction, gasification and glow 
of microcrystals of PETN with the  average  sizes 
of 500#700 Um under irradiation by electrobeam 
with a pulse  duration about 15 ns and density of 
power W, in the  range  0,05#1 J/cm2. It has 
been ascertainment the  average  threshold of dest-
ruction of samples in a single  mode  of irradiation 
was equal W ~ 0,1 J/cm2, that in several times less 
in comparison with the  threshold of destruction 
of alkali halide  crystals. The  study of destruction 
morphology of the  PETN monocrystals testified to  
the  heavy crushing of sample  and creation a great 
number of microcrystals with the  deferent sizes 
(1#10 Um). The  products of ablation are  scattered 
from a zone  of irradiation in the  opposite  direction 
of electron beam at W ~ 0,5 J/cm2. It is discussed 
possible  mechanisms of destruction of monocrystals. 
We  supposed that destruction and gasification of 
PETN monocrystals is result in the  electrical break-
down. The  low threshold of PETN destruction and 
high speed of scattering of products of ablation (in 
comparison with the  inert material) indicates on 
the  possibility of addition of chemical reaction in 
the  processes disintegration and gasification of sam-
ples.  Analysis experimental data obtained to  the  
present moment allow us to  propose  the  following 
sequence  physical-chemical processes, developing 
in PETN monocrystals under irradiation by electron 
beam with power density is not enough for initia-
tion of detonation. At attainment of threshold den-
sity of power ~ 0,1 J/cm2 the  electrical breakdown 
of PETN takes place  (creation of &hot-spot[, which 
is channel of electrical breakdown), disintegration 
and gasification explosive  sample  take  place  too. 
Chemical reaction is execution in microvolumes of 
sample  (in plasma, which forms in channel of elec-
trical breakdown). Simultaneously the  gas-dynamic 
unloading and ejection of the  products of ablation 
occurs in the  opposite  direction of electron beam. 
The  intensity of glow microplasma is not enough for 
registration against a cathodoluminescence  back-
ground of sample. With growth of power density of 
electron beam increase  energy which is segregating 
in hot-spots and part of chemical energy of explo-
sive. This work  was supported by RFBR, grant no. 
06-03-32724.
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lndek| rd`pmn-bnkmnbni 
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opedb`phŠek|mncn rd`pmncn 
m`cprfemh“ h p`gcprgjh. 
qnbpelemmne qnqŠn“mhe

b. c.  lnpngnb, h. h.  j`poemjn, 
k. b.  dlhŠpheb`, m. b.  jnpeonb`, 

q. ~.   qrqknb`, q. q.  qnjnknb, a. m.  x`lp`eb, 
Š. k.  cpeaemmhjnb`, q. l.  a`up`u, 
m. `.  bnkndhm`, l. n.  xhpxnb`

p%““,L“*,L -�6�!=2>…/L  6�!…/L &�…2! # 
bmhh .*“C�!,��…2=2>…%L -,ƒ,*,, q=!%", p%““, 

p=““�=2!,"=�2“  “%"!���……%� “%“2% …,� -�…%-
��…%2%;,8�“*%L �%6�2, *,…�2,*, 6�2%…=&,, 2"�!-
6/. ;�2�!%;�……/. bb. l%6�2> C%ƒ"%2 �2 38,2/"=2> 
"2, …,� C!�6"=!,2�2>…%L …=;!3ƒ*, , !=ƒ;!3ƒ*, …= 
36=!…%-"%2…%"3( 83"“2",2�2>…%“2> bb. l%6�2> 
*=2,K!3�2“  , "�!,-,&,!3�2“  …= K%2><%� 8,“2� 
“C�&,=2>…/. ;=ƒ%6,…=�,8�“*,. , !�…2;�…%;!=-
-,8�“*,. .*“C�!,��…2%", 82% C%ƒ"%2 �2 ,“C%2>-
ƒ%"=2> �� C!�6“*=ƒ=2�2>…3( “C%“%K…%“2> " <,-
!%*%� 6,=C=ƒ%…� 36=!…%-"%2…%"/. "%ƒ6�L“2",L.

l%6�2> *,…�2,*, 6�2%…=&,, (lj) !=ƒ","=2=“> 
*%22�*2,"%� 2�%!�2,*%" , �=2��=2,*%" C%6 !3*%-
"%6“2"%� b. c. l%!%ƒ%"= “ %C%!%L …= .*“C�!,��…2.

l%6�2> %“…%"=…= …= C!�6C%2%›�…,, % -%!�,-
!%"=…,, ;%! 8,. 2%8�* (cŠ) …= …�%6…%!%6…%“2 . 
“2!3*23!/ ;�2�!%;�……/. bb C!, “›=2,, 36=!…%L 
"%2…%L, ,. !%“2� (,2, ƒ=23.=…,,) " ƒ=",“,�%“2, 
%2 "�2,8,…/ 6="2�…,  " bb, “.2%C/"=…,, %8=-
;%" C!, “%C!,*%“…%"�…,, $ C�!�.%6� "% "ƒ!/". 
r!="…�…,  �=*!%*,…�2,*, %C,!=(2“  …= -3…*&,-
%…=2>…/� ƒ=",“,�%“2,, C%238�……/� C!, =…=2,ƒ� 
!%“2= �6,…,8…%;% ;%! 8�;% %8=;= " %*!3›=(?�� 
“›=2%� &.%2%6…%�[ bb. 

n“…%"…/� 2!�K%"=…,  " �%6�2,: �%6�2> C�!�-
6=�2 ƒ=",“,�%“2> 36=!…%-"%2…%"%L 83"“2",2�2>-
…%“2, bb %2 C%!,“2%“2,, 3��…><�…,� 83"“2",-
2�2>…%“2, C!, C!�6"=!,2�2>…%� …=;!3›�…,, (6�-
“�…“,K,2,ƒ=&, ) , 3"�2,8�…,� 36=!…%-"%2…%"%L 
83"“2",2�2>…%“2, ƒ= "%2…%L !=ƒ;!3ƒ*, (“�…“,K,-
2,ƒ=&, ).

l%6�2> *=2,K!3�2“  , "�!,-,&,!3�2“  …= 
K%2><%� 8,“2� “C�&,=2>…/. .*“C�!,��…2%". j=* 
�,…,�3�, .2% “2�63(?,�: 1) ;23K,…= C!�66�2%-
…=&,%……%;% 38=“2*= C!, ƒ=6=……%L "�2,8,…� 6="-
2�…,  …= ;!=…,&� bb; 2) ,…,&,,!%"=…,� 36=!%� 
2%…*,. C2=“2,…; 3) %2!=›�…,� 36=!…%L "%2…/ %2 
C!�;!=6/; 4) ,…,&,,!%"=…,� bb …= !=“.%6 ?�L“  
36=!…%L "%2…�; 5) "ƒ=,�%6�L“2",� 36=!…%L , 6�-
2%…=&,%……%L "%2…/; 6) ,…,&,,!%"=…,� 6�2%…=&,, 
bb " %K2=“2, !=ƒ;!3ƒ*, , 6!3;,� %C/2/. l�2%6 
,�C32>“…%L !�…2;�…%;!=-,, C!�6%“2="2 �2 K%2>-
<,� "%ƒ�%›…%“2, 62  C%238�…,  .*“C�!,��…2=2>-

nazedhmemm`“ lndek| 
deŠnm`0hh bgp{b)`Šncn 
qnqŠ`b` m` nqmnbe Š`Ša

j. t.  cpeaemjhm, `. k.  fepea0nb, 
l. b.  Š`p`mhj, q. j.  0`pemjnb`, `. q.  xmhŠjn

p%““,L“*,L -�6�!=2>…/L  6�!…/L &�…2! # 
bmhh 2�.…,8�“*%L -,ƒ,*, 

,�. =*=6. e.h. g=K=K=.,…=, q…�›,…“*, p%““, 

}*“C�!,��…2=2>…/� 6=……/� 3*=ƒ/"=(2 …= 2%, 
82% �=*!%*,…�2,*= 6�2%…,!3(?,. bb “ "/“%-
*,� “%6�!›=…,�� 3;2�!%6= (2!%2,2, Š`Ša, “��“, 
2!%2,2-;�*“%;�…, 2!%2,2-%*2%;�…, Š`Ša-%*2%;�…) 
.=!=*2�!,ƒ3�2“  6"3�  "!���……/�, �=“<2=K=-
�,. }2% ,…2�!C!�2,!3�2“  *=* C!% "2�…,� 6"3. 
“2=6,L C!%&�““= "/6�2�…,  .…�!;,, # K/“2!%L 
, ��62�……%L. 

a/“2!=  *,…�2,*= “" ƒ=…= “ .,�,8�“*,�, !�=*-
&, �, !=ƒ!3<�…,  ,“.%6…/. �%2�*32 bb , %K!=-
ƒ%"=…,  3“2%L8,"/. 6"3.- , 2!�.=2%�…/. �%2�*32 
ob. u=!=*2�!…%� "!��  .2%;% C!%&�““= " “2=&,-
%…=!…/. !�›,�=. 6�2%…=&,, C%! 6*= 6�“ 2*%" 
…=…%“�*3…6. 

l�62�……=  *,…�2,*= C!�6“2="2 �2 “%K%L .…�!-
;%"/6�2�…,� " ob " C!%&�““� !%“2= 3;2�!%6…/. 
*2=“2�!%". n2…%“,2�2>…/L .…�!;�2,8�“*,L .--�*2 
.2%L “2=6,, ƒ=",“,2 %2 “%6�!›=…,  “"%K%6…%;% 

…/. 6=……/. C% -%!�,!%"=…,( db " bb, 2=* *=* 
6=�2 "%ƒ�%›…%“2> ",ƒ3=2,ƒ,!%"=2> ,““2�63��/L 
C!%&�““. d2  "�!,-,*=&,, �%6�2, <,!%*% ,“-
C%2>ƒ3(2“  “C�&,=2>…/� 6"3��!…/� !�…2;�…%;!=-
-,8�“*,� .*“C�!,��…2/ ,…,&,,!%"=…,  6�2%…=&,, 
" *!,2,8�“*,. , C�!�.%6…/. !�›,�=., " 2%� 8,“-
2� “ C!�6"=!,2�2>…/� …=;!�"%� bb. p�ƒ32>2=2/ 
!=“8�2%" …= !,“3…*=. “%"��?=(2“  “ !�…2;�…%;-
!=��=�,, 82% C%ƒ"%2 �2 " “!="…�…,, %C!�6�2,2> 
C%2%›�…,� -!%…2%" 6�2%…=&,, , …�"/;%!�"<,. 
ƒ%… " bb.

l%6�2> "*2(8�…= " %6…%��!…/�, 6"3��!…/� 
, 2!�.��!…/� ;=ƒ%6,…=�,8�“*,� ��2%6,*, (hydro-
codes) , ,���2 “=�%“%;2=“%"=……/L …=K%!  *%…“2=…2 
62  ! 6= bb …= %“…%"� Š`Ša, %*2%;�…=, ;�*“%;�…=, 
Š}m=, *%2%!/L …� ,ƒ��… �2“  C!, C�!�.%6� %2 %6-
…%��!…/. * 6"3��!…/� , 2!�.��!…/� !=“8�2=�.

l%6�2> C%ƒ"%2 �2 !=““8,2/"=2> *%2,8�“2"�…-
…% !�›,�/ …�,6�=2>…%L 6�2%…=&,, $ *!,2,8�“*,L 
6,=��2!, C�!�.%6 6�2%…=&,, 8�!�ƒ ,…�!2…3( C�-
!�;%!%6*3, ,…,&,,!%"=…,� bb 36=!%� “2=2>…%;% 
<=!,*=.

m=*%C2�… %C/2 C!,��…�…,  �%6�2, " <,!%*%� 
6,=C=ƒ%…� 36=!…%-"%2…%"/. "%ƒ6�L“2",L.
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3;2�!%6= " ob. u=!=*2�!…%� "!��  ��62�……%;% 
C!%&�““= $ .2% "�2,8,…=, “!="…,�=  “ "!���…=�, 
;=ƒ%6,…=�,8�“*,. C!%&�““%" (~300 …“ " Š`Ša). 
x,!,…= .,�C,*= “2=&,%…=!…%L 6�2%…=&,%……%L 
"%2…/ " Š`Ša , 2!%2,2� %C!�6�2 �2“  ,��……% 
��62�……%L *,…�2,*%L.

}--�*2/ ��62�……%L *,…�2,*, C!% "2 (2“  "% 
�…%;,. .*“C�!,��…2=., " 8=“2…%“2,, " ;=ƒ%6,…=-
�,8�“*,. %C/2=., ;6� ,““2�63�2“  "ƒ=,�%6�L“2",� 
6�2%…=&,%……/. "%2… “ !=ƒ2,8…/�, C!�;!=6=�,. 
b 6%*2=6� C!,"%6,2“  %Kƒ%!  2=*,. .*“C�!,��…2%", 
,. .=!=*2�!…%L %“%K�……%“2>(  "2 �2“  …=2,8,� 
�=“<2=K…%;% .--�*2=: !=ƒ��!/ ƒ=! 6= bb %*=-
ƒ/"=(2 “3?�“2"�……%� "2, …,� …= .--�*2,"…%� 
ƒ…=8�…,� 2�C2%2/ "ƒ!/"= , .--�*2,"…%� 6="2�…,� 
f3;�. e“2, "  "…%� ",6� …� 38,2/"=2> ��62�…-
…3( *,…�2,*3, 2% 62  %C,“=…,  �=“<2=K…/. .*“-
C�!,��…2%" C!,.%6,2“  C%6K,!=2> .--�*2,"…3( 
*=2%!,L…%“2> bb 62  6=……%L *%…-,;3!=&,, ƒ=! -
6=. Š=*%L C%6.%6 "/ƒ/"=�2 …�36%"2�2"%!�……%“2> 
“ 2�%!�2,8�“*%L 2%8*, ƒ!�…, , , =*23=2>…%L ƒ=6=-
8�L  "2 �2“  !=ƒ!=K%2*= …%"%;% C%*%2�…,  �%6�-
2�L 6�2%…=&,,, *%2%!/� =6�*"=2…% 38,2/"=(2 %K� 
“2=6,, *,…�2,*,. 

b 6=……%� 6%*2=6� C!�62=;=�2“  -,ƒ,8�“*=  
�%6�2> 6�2%…=&,, bq …= %“…%"� Š`Ša 2,C= LX-17 
, PBX 9502, " *%2%!%L %KA�6,…�…/ 2��C�!=23!…=  
�%6�2> K/“2!%L *,…�2,*, , �%6�2> ��62�……%L *,-
…�2,*,. o!�6“2="2�…/ !�ƒ32>2=2/ !=K%2 C% "�!,-
-,*=&,, %KA�6,…�……%L �%6�2, 6�2%…=&,, C32�� 
!=“8�2…%;% �%6�2,!%"=…,  .*“C�!,��…2%", " *%2%-
!/. ,““2�6%"=2%“> "%ƒK3›6�…,� , !=“C!%“2!=…�-
…,� 6�2%…=&,, " LX-17 , PBX 9502. 

UNIFIED MODEL OF DETONATION 
IN TATB-BASED COMPOSITION

K. F.  GREBENKIN, A. L.  ZHEREBTSOV, 
M. V.  TARANIK, S. K.  TSARENKOVA, A. S.  SHNITKO

Russian Federal Nuclear Center $ Zababakhin 
All-Russia Research Institure of Technical Physics, 

Snezhinsk, Russia

Experimental data demonstrates that kinetics 
of the  energy release  in detonating HEs having 
high content of carbon (TNT, TATB, TNT/RDX, 
TATB/HMX, etc.) is characterized by two  differ-
ent time  scales. This is interpreted as indication on 
the  existence  of two  physical processes of the  dif-
ferent nature  resulting in release  of energy, namely 
the  fast and slow kinetics.

The  fast kinetics is a result of the  chemical 
reactions of the  HE molecules destruction and 
formations of stable  small molecules of explosion pro-
ducts (EP). Typical time  of this process in 

dbnimne p`qopedekemhe 
}kejŠpnopnbndmnqŠh 

b deŠnm`0hnmm{u bnkm`u

l. ~.  ̀ mdpeeb, o. h.  grajnb, b. c.  qbhu

h…“2,232 ;,6!%6,…=�,*, ,�. l. `. k="!�…2>�"= 
qn p`m, m%"%“,K,!“*, p%““, 

p=…�� C!, ,““2�6%"=…,, C!%"%6,�%“2,, "%ƒ…,-
*=(?�L " 6�2%…=&,%……%L "%2…�, …=�, K/2, %K-
…=!3›�…/ 6"� ƒ%…/ .2�*2!%C!%"%6…%“2,. o�!"=  
3ƒ*=  ƒ%…= “ "/“%*,� C,*%� , "2%!=  <,!%*= , 
“% ƒ…=8,2�2>…% ��…><,�, 8�� " C�!"%L ƒ%…�, 
ƒ…=8�…,�� .2�*2!%C!%"%6…%“2,. g%…/ !=ƒ6�2�…/ 

stationary detonation wave  is about some  tens of 
nanosecond.

The  slow kinetics is a result of the  highly exo-
thermic process of the  condensed carbon clusters 
growth in EP. The  fraction of the  total caloricity 
released at this stage  depends on the  carbon con-
tent in HE. Typical time  of the  slow kinetics is 
comparable  with that typical for detonation experi-
ments (something about 300 ns in TATB).

The  slow kinetics may be  exposed in many dif-
ferent experiments, such as detonation synthesis of 
nanodiamonds, measurements of heat of explosion 
of HEs with negative  oxygen balance  and, at last, 
a lot of experiments where  propagation of detona-
tion waves and their interaction with various mate-
rials are  studied. Due  to  the  slow kinetics, in all 
these  experiments some  scale  effects are  observed, 
that is specific dependence  of experimental results 
on the  explosive  charge  size. These  results may be  
observed sizes and yield of the  nanodiamonds, mea-
sured heat of explosion, effective  value  of Jouget 
pressure  etc. 

If the  slow kinetic is not considered explicitly 
than some  effective  values of caloricity and detona-
tion pressure  must be  adjusted for the  given con-
figuration of the  charge. Such approach seems not 
to  be  satisfactory from theoretical point of view, 
and the  actual problem is development of advanced 
models of detonation taking into  account the  both 
stage  of the  energy release. 

In the  given report the  physical model of deto-
nation in TATB-based composition is suggested. 
The  model unifies the  fast temperature-based ki-
netic and the  slow kinetic from. The  results of nu-
merical simulation of some  experiments on studies 
of detonation initiation and propagation in TATB-
based composition LX-17 and PBX-9502 are  given 
that allows to  have  verified the  model.
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3ƒ*%L %K2=“2>( “ ,“8�ƒ=(?� �=2%L .2�*2!%C!%-
"%6…%“2>(. m= %“&,22%;!=��=. C!%&�““%" ,ƒ��-
!�…,L 3*=ƒ=……/� %K2=“2, %26�2�…/ 6!3; %2 6!3;= 
*%!%2*%L C%2%8*%L ��›63 6"3�  “C=6=�, …=C! -
›�…,L, C%2%8*= …=ƒ"=…=  …=�, &%“%K�……%“2>([. 
h““2�6%"=…,  C!%"%6,2,“> *%…2=*2…%L ��2%6,*%L 
*%=*“,=2>…%L ,ƒ��!,2�2>…%L  8�L*%L “ 32%C2�…-
…/� &�…2!=2>…/� .2�*2!%6%�.

)=“2>( ,““2�6%"=2�2�L  C%238�……/� !�ƒ32>2=2/ 
K/2, C%6"�!;…32/ “%�…�…,(. o!, .2%� 32"�!›-
6=2%“>, 82% &%“%K�……%“2>[ …= %“&,22%;!=��� %C-
!�6�2 �2“  …� ,““2�63��/�  "2�…,��, = *!=�"/� 
.--�*2%�. d2  !=ƒ6�2�…,  "2, …,  *!=�"%;% .--
-�*2= , 6"%L…%;% !=“C!�6�2�…,  K/2 C!%"�6�… 
8,“2�……/L .*“C�!,��…2.

b 8,“2�……%� .*“C�!,��…2� K/2= C!%�%6�2,!%-
"=…= C!,��… "<= “  " ,““2�6%"=…, . *%=*“,=2>-
…=  ,ƒ��!,2�2>…=   8�L*=. d�2%…=&,%……=  "%2…= 
ƒ=��…�…= 6",;=(?,�“  “% “*%!%“2>( 6�2%…=&,,  
C!%-,2�� .2�*2!%C!%"%6…%“2,. b 8,“2�……%� .*“-
C�!,��…2� !=““8,2/"=2%“> !=“C!�6�2�…,� C%2�…-
&,=2=, !=“C!�6�2�…,� C2%2…%“2, 2%*=, “%C!%2,"-
2�…,� ,ƒ��!,2�2>…%L  8�L*, ,  "%““2=…="2,"=2=“> 
.*“C�!,��…2=2>…=  %“&,22%;!=��=. o% %“&,22%;-
!=��� "%““2=…="2,"=2%“> !=“C!�6�2�…,� .2�*2!%-
C!%"%6…%“2, 2=*,� ›� “C%“%K%� *=* , " …=23!…/. 
.*“C�!,��…2=.. }*“C�!,��…2=2>…=  %“&,22%;!=�-
�= "%““2=…="2,"=2=“> C% 2%L C!,8,…�, 82% %…=  "-
2 �2“  C�!",8…/� …%“,2�2�� ,…-%!�=&,,.

g=6=8= “%“2%,2 " C%238�…,, !=“C!�6�2�…,  
.2�*2!,8�“*%;% C%2�…&,=2= C!, ƒ=6=……%L *%…-,;3-
!=&,, .2�*2!%6%" , .2�*2!%C!%"%6…%“2,. d2  �;% 
…=.%›6�…,  !�<=2%“> 3!="…�…,� ( )div 0Eσ ⋅ =

�
. 

b .2%L C%“2=…%"*, *%…-,;3!=&,  .2�*2!%6%" 
, ,ƒ%2 2%!%" %C!�6�2 �2 ;!=…,8…/� 3“2%", , 
= !=“C!�6�2�…,� .2�*2!%C!%"%6…%“2,  “"%K%6…/� 
82�…/. b !=K%2� !=““�=2!,"=2“  “238=L “ *%=*“,-
=2>…/�, .2�*2!%6=�,, , C%.2%�3 3!="…�…,� !�<=-
2%“> 62  &,2,…6!,8�“*,. *%%!6,…=2. q8,2=�2“ , 
82% .2�*2!%C!%"%6…%“2>  "2 �2“  -3…*&,�L *%%!-
6,…=2/ z, ( )zσ . o%238�……%� 3!="…�…,� " C2%“*%“-
2, [RZ] !�<=2%“> *%…�8…%-!=ƒ…%“2…/�, ��2%6=-
�,, “ ""�6�…,�� !="…%��!…%L *"=6!=2…%L “�2*,. 
d2  !�<�…,  ƒ=6=8, K/2= …=C,“=…= C!%;!=��= 
…=  ƒ/*� q++.

n6…,� ,ƒ %“…%"…/. !�ƒ32>2=2%" 8,“2�……%;% 
.*“C�!,��…2=  "2 �2“  …=2,8,� %“%K�……%“2, …= 
%“&,22%;!=��� C!%&�““= C!, 6"%L…%� !=“C!�-
6�2�…,, .2�*2!%C!%"%6…%“2,. o!, %6…%*!=2…%� 
!=“C!�6�2�…,, %“%K�……%“2> …= %“&,22%;!=��� …� 
"%ƒ…,*=�2. j!%�� 2%;% C!, C%“2�63(?�� "%““2=-
…%"2�…,, .2�*2!%C!%"%6…%“2, C% %“&,22%;!=��� 
2=* ›� C%238�…/ 6"� ƒ%…/ .2�*2!%C!%"%6…%“2, 
!=ƒ6�2�……/� ƒ%…%L “ …,ƒ*%L .2�*2!%C!%"%6…%“2>(. 
Š=*,� %K!=ƒ%�, �/ “8,2=��, 82% -=*2 6"%L…%;% 
!=“C!�6�2�…,  .2�*2!%C!%"%6…%“2, " 6�2%…=&,%…-
…%L "%2…� C%238,2 …�ƒ=",“,�%� C%62"�!›6�…,�.

deŠnm`0hh }lrk|qhnmm{u 
bgp{b)`Š{u beyeqŠb. 

g`bhqhlnqŠ| 
nŠ dh`leŠp` g`p“d`

`. e.  ledbedeb, `. ~.  pexeŠm“j, 
b. l.  tnlhm

h…“2,232 2�%!�2,8�“*%L , C!,*2=6…%L ��.=…,*, 
,�. q. `. u!,“2,=…%",8= qn p`m, 

m%"%“,K,!“*, p%““, 

o!�62%›�… ��.=…,ƒ� 6�2%…=&,, .�32>“,%…-
…/. "ƒ!/"8=2/. "�?�“2" “ �,*!%“-� !=�, " ƒ=! 6=. 
*%…�8…%;% 6,=��2!=. o%238�…= C=!=��2!,8�“*=  
ƒ=",“,�%“2> “*%!% “2, 6�2%…=&,, %2 .=!=*2�!,“2,* 
ƒ=! 6=. nKA “…�…%, C%8��3 <,!,…= ƒ%…/ !�=*-
&,, !=“2�2 “ 3"�2,8�…,�� C2%2…%“2, ƒ=! 6=. 
o%*=ƒ=…%, 82% " 2%8*� )�C��…=-f3;� …� C!%,“-
.%6,2 C%2…%;% "/;%!=…,  .�32>“,,. d=…/ *%…�8-
…/� -%!�32/ 62  “*%!%“2, 6�2%…=&,,, "!���…, 
, <,!,…/ ƒ%…/ !�=*&,,.

}�32>“,%……/� "ƒ!/"8=2/� "�?�“2"= (bb) “%-
“2% 2 ,ƒ .�32>“,%……%L %“…%"/ (=� �,=8…=  “�2,2-
!=, "%6=, �,…�!=2>…%� �=“2% , .�32>;=2%!=) , “�…-
“,K,2,ƒ=2%!=. b *=8� “2"� “�…“,K,2,ƒ=2%!= 
,“C%2>ƒ3(2 C%2/� �,*!%“-�!/ (“2�*2 ……/� <=-
!,*,) !=ƒ��!= %*%2% 100 �,*!%… (%2 20 6% 70% C% 
%KA��3). }�32>“,%……/� bb <,!%*% C!,��…  (2“  
" ;%!…%!36…%L C!%�/<2�……%“2,.

d2  .�32>“,%……/. bb .=!=*2�!…= …��%…%2%…-
…=  ƒ=",“,�%“2, “*%!%“2, 6�2%…= &,, %2 C2%2…%“-
2, ƒ=! 6= (.2% %KA “… �2“  3"�2,8�…,�� <,!,…/ 
ƒ%…/ !�=*&,,).

p=ƒ!=K%2=……=  �%6�2> 6�2%…=&,, .�32>“,%…-
…/. bb %“…%"=…= …= 6"3. ;,C%2�ƒ: 1-=  # �,*!%-
“-�!/  "2 (2“  &;%! 8,�, 2%8*=�,[, " *%2%!/. 
C!%,“.%6,2 ,…,&,=2,ƒ= &,  !�=*&,, ;%!�…,  
.�32>“,,; 2-=  # ;%!�…,� .�32>“,, C!%,“.%6,2 
,ƒ…32!, &“-�!/ ;%!�…, [.

g%…= !�=*&,, !=ƒ6�2 �2“  …= 6"�: 1) ƒ%…= !=ƒ-
!3<�…,  , “.2%C/"=…,  �,*!%“-� !/; 2) ƒ%…= "/;%-
!=…,  " &“-�!� ;%!�…, [. m=.%6 2“  <,!,…= 1-%L 
, 2-%L ƒ%…, "!���…= “.2%C/"=…,  �,*!%“-�!  , ;%!�-
…,  .�32>“,,. nC!�6�2 �2“  “*%!%“2> 6�2%…=&,, 

b …=“2% ?�� 6%*2=6� C!,"�6�…/ C%“2=…%"*= 
, !�ƒ32>2=2/ 8,“2�……%;% .*“C�!,��…2= , …=23!…/. 
.*“C�!,��…2%", C!%"�6�……/. " …=“/C…/. 2.…�, 
;�*“%;�…�, %*2%;�…�, 2!%2,2� , 2,2%� 2!%2,2�. 
b% "“�. ,““2�6%"=……/. "ƒ!/"8=2/. "�?�“2"=. 
%K…=!3›�…/ 6"%L…/� !=“C!�6�2�…,  .2�*2!%C!%-
"%6…%“2, " 6�2%…=&,%……/. "%2…=..
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D " ƒ=! 6� 6,=��2!= dmb " ƒ=",“,�%“2, %2 %KA��-
…%L 6%2, mmb , 6,=��2!= dmb �,*!%“-�!  " ",6�
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m=L6�…%, 82% <,!,…= ƒ%…/ !�=*&,, %K!=2…% 
C!%C%!&,%…=2>…= *3K,8�“*%�3 *%! …( %2 C2%2…%“-
2, ƒ=! 6=. o%*=ƒ=…%, 82% " 2%8*� )�C��…=-f3;�
…� C!%,“.%6,2 C%2…%;% "/;%!=…,  .�32>“,,. p�ƒ32>-
2=2/ “%;2=“3(2“  “ .*“C�!,��…2=2>…/�, 6=……/�,.

p=K%2= "/C%2…�…= C!, -,…=…“%"%L C%66�!›*� 
;!=…2= o!�ƒ,6�…2= pt #mx-9732.2006.1.

DETONATION OF EMULSION 
EXPLOSIVES. DEPENDENCE 
ON THE CHARGE DIAMETER

A. E.  MEDVEDEV, A. YU.  RESHETNYAK, 
V. M.  FOMIN

Khristianovich Institute of Theoretical and Applied 
Mechanics Siberian Branch, Russian Academy 

of Sciences, Novosibirsk, Russia

A mechanism of detonation of emulsion explo-
sives with microballoons in finite-diameter charges 
is proposed. A parametric dependence  of the  deto-
nation velocity on the  charge  characteristics is ob-
tained. The  fact that the  reaction-zone  width in-
creases with increasing charge  density is explained. 
It is shown that complete  burnout of emulsion does 
not occur at the  Chapman-Jouguet point. Formulas 
for the  detonation velocity, time, and width of the  
reaction zone  are  given.

Emulsion explosives consist of an emulsion 
binder (ammonium nitrate, water, mineral oil, and 
emulsifying agent) and a sensitizer. The  sensitiz-
er is usually hollow microballoons (glass balls) 
approximately 100 microns in size  (from 20 to  
70% (vol.)). Emulsion explosives are  widely used 
in mining industry.

A typical featu re  of emulsion explosives is 
a nonmonotonic dependence  of the  detonation ve-
locity on the  charge  density (this is attributed to  
an increase  in the  reaction-zone  width).

The  model of detonation of emulsion explosives 
is based on two  hypotheses: 1) the  microballoons 
are  &hot spots[ where  the  emulsion combustion re-
action is initiated; 2) emulsion combustion occurs 
inside  the  &combustion sphere[.

}kejŠpnopnbndmnqŠ| 
oph deŠnm`0hh )hqŠ{u 

h qleqeb{u bb

`. o.  epxnb, m. o.  q`Šnmjhm`

h…“2,232 ;,6!%6,…=�,*, ,�. l. `. k="!�…2>�"= 
qn p`m, m%"%“,K,!“*, p%““, 

q2!3*23!= ƒ%…/ !�=*&,, " 6�2%…=&,%……%L "%2-
…� %K/8…% ,““2�63�2“  C32�� ,ƒ��!�…,  ��.=…,-
8�“*,. C=!=��2!%", …=C!,��!  “*%!%“2, "…32!, 
"�?�“2"= ,2, …= ;!=…,&� !=ƒ6�2=. Š=*,� ,ƒ��-
!�…,  “,2>…% "%ƒ�3?=(2 ,““2�63��/L C!%&�““. 
b 6=……%L !=K%2� 62  ,““2�6%"=…,  6�2%…=&,, C!,-
��…�…/ ,ƒ��!�…,  .2�*2!%C!%"%6…%“2,. l�2%6,*= 
,ƒ��!�…,  C!%-,2  .2�*2!%C!%"%6…%“2,, !=ƒ",-
2=  …=�, " C%“2�6…,� ;%6/,  "2 �2“  C!=*2,8�“-
*, …�"%ƒ�3?=(?�L. d%“2,;…32% !=ƒ!�<�…,� 238-
<� 0,1 ��, = 6,=C=ƒ%… ,ƒ��!�…,L “3?�“2"�……% !=“-
<,!�…. }2% C%ƒ"%2 �2 ,““2�6%"=2> 2=*,� "�?�“2"=, 
*=* 2.…, ;�*“%;�… , %*2%;�…, = 2=*›� “��“, 2!%-
2,2= “ ;�*“%;�…%�. q3?�“2"�……%, 82% 6,=;…%“2,*= 
C!,��…,�= * "�?�“2"=� !=ƒ2,8…%L C2%2…%“2,.

b 8,“2/. bb …= -!%…2� "%2…/ …=K2(6=�2-
“  3ƒ*,L C,* .2�*2!%C!%"%6…%“2, =�C2,236%L 
…�“*%2>*% n�$1“�$1, ƒ= *%2%!/� “2�63�2 &."%“2[, 
;6� .2�*2!%C!%"%6…%“2> " …�“*%2>*% !=ƒ ��…><�. 

The  reaction zone  is divided into  two  parts: 
1) zone  of microballoon destruction and collapse; 
2) zone  of burnout in the  &combustion sphere[. 
The  widths of the  two zones, the  microballoon col-
lapse  time, and the  emulsion combustion time  are  
found. The  detonation velocity D in the  charge  of 
diame-ter dmb is determined as a function of the  
volume  fraction mmb and diameter dmb of microbal-
loons in the  form
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The  reaction-zone  width is found to be  inversely 
proportional to  the  cubic root of the  charge  den-
sity. It is shown that complete  burnout of emul-
sion does not occur at the  Chapman-Jouguet point. 
The  results obtained are  consistent with experi-
mental data.

This work  was supported by the  grant of the  Pre-
sident of the  Russian Federation No. NSh-9732.
2006.1.
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d2,2�2>…%“2> C,*= (40#70 …“) K2,ƒ*= * 62,2�2>-
…%“2, ƒ%…/ !�=*&,,, ,ƒ"�“2…%L ,ƒ 2,2�!=23!/. 
}2% 3*=ƒ/"=�2 …= “" ƒ> C,*= .2�*2!%C!%"%6…%“2, 
“ ƒ%…%L !�=*&,,, 2%;6= *=* C!%"%6,�%“2> " &."%“-
2�[, C%-",6,�%�3, ,���2 !="…%"�“…3( C!,!%63.

b “��“�"/. "�?�“2"=., �“2, "!���…= !�=*&,, 
*%�C%…�…2 ƒ=��2…% !=ƒ2,8=(2“ , 62,2�2>…%“2> 
C,*= %C!�6�2 �2“  K%2�� ��62�……%L !�=*&,�L. m=
C!,��!, " “%“2="� Šc 40/60 C2%2…%“2, 1,52 ;/“�3 
<,!,…= C,*= 90 …“, 82% ƒ=��2…% C!�"/<=�2 62,-
2�2>…%“2> ƒ%…/ !�=*&,, " ;�*“%;�…�, …% “%;2=“3�2-
“  “ ,��(?,�,“  6=……/�, 62  2!%2,2=.

b ;�2�!%;�……/. “%“2="=. C% %*%…8=…,, %“…%"-
…%L !�=*&,, "%ƒ�%›…/ C%“2�63(?,� ��ƒ%C!%&�“-
“/, .=!=*2�!…/� �=“<2=K%� *%2%!/.  "2 �2“  
!=ƒ��!  8=“2,& bb ,/,2, 6%K="*,. m= 6=……/L 
�%��…2 ,ƒ38�…/ “��“, ;�*“%;�…= “ "%6%L, ��2*%-
6,“C�!“…%L C%"=!�……%L “%2>( , “ …=“/?�……/� 
!=“2"%!%� “%2, " "%6�. m� “*=ƒ/"= “> ƒ=��2…% …= 
=�C2,236� C,*=, .2, 6%K="*, "2, (2 …= �;% 62,-
2�2>…%“2> , …= .2�*2!%C!%"%6…%“2> " &."%“2�[, 
C!,8�� �=*“,�=2>…/� "�2,8,…/ 6%“2,;=(2“  62  
C%“2�6…�L “��“,.

Š=*,� %K!=ƒ%�, .2�*2!,8�“*=  6,=;…%“2,*= 
6=�2 C%2�ƒ…3( ,…-%!�=&,(, 6%C%2…,2�2>…3( 
* C%238=��%L “2=…6=!2…/�, ��2%6=�,. 

p=K%2= "/C%2…�…= C!, -,…=…“%"%L C%66�!›*� 
p%““,L“*%;% -%…6= -3…6=��…2=2>…/. ,““2�6%"=-
…,L (*%6 C!%�*2= 05-03-32412) , …=38…%L <*%2/ 
mx$8583.2006.1.

ELECTRICAL CONDUCTIVITY 
IN DETONATING PURE 

EXPLOSIVES AND MIXTURES

A. P.  ERSHOV, N. P.  SATONKINA

Lavrentyev Institute of Hydrodynamics SB RAS, 
Novosibirsk, Russia

The  structure  of the  reaction zone  in detona-
tion is studied usually by measuring the  profiles 
of mechanical parameters like  flow velocity within 
the  explosive  or at the  interface. Such measure-
ments introduce  strong disturbances. In the  pres-
ent paper the  detonation wave  is studied using the  
electrical conductivity method. The  measuring pro-
cedure  developed recently is practically non-inva-
sive. The  resolution better than 0.1 mm is achieved, 
and the  measurable  conductivity range  is substan-
tially extended. The  explosives studied are  PETN, 
RDX, HMX, RDX/TNT compositions and some  
mixtures. The  diagnostics can be  used with differ-
ent densities of the  explosives.  

In pure  explosives rather sharp conductivity 
peak  at the  detonation wave  front was observed, of 

pefhl{ qŠ`0hnm`pmni 
deŠnm`0hh 

b opeqqnb`mmnl TNETB

q. `.  jnkeqmhjnb, `. b.  rŠjhm, 
b. l.  ln)`knb`, `. b.  ̀ m`m|hm

h…“2,232 C!%K2�� .,�,8�“*%L -,ƒ,*, p`m, 
)�!…%;%2%"*=, p%““, 

q ,“C%2>ƒ%"=…,�� 2=ƒ�!…%;% 6%CC2�!%"“*%;% 
,…2�!-�!%��2!= VISAR C!%"�6�…/ .*“C�!,��…-
2=2>…/� ,““2�6%"=…,  “2!3*23!/ ƒ%…/ !�=*&,, 
, ƒ=",“,�%“2, “*%!%“2, 6�2%…=&,, %2 …=8=2>…%L 
C2%2…%“2, " “2=&,%…=!…/. 6�2%…=&,%……/. "%2…=. 
" C!�““%"=……%� TNETB C!, !=ƒ2,8…%L C%!,“2%“-
2, %K!=ƒ&%" , 6,“C�!“…%“2, ,“.%6…%;% C%!%<-
*= "ƒ!/"8=2%;% "�?�“2"= (bb). d,=��2!  ,““2�-
63��/. ƒ=! 6%" K/2 !="�… 30 ��, ,. 62,…= ��-
… 2=“> %2 40 6% 75 ��, 82% C%ƒ"%2,2% “ 3"�!�…-
…%“2>( ;%"%!,2> % “2=&,%…=!…%“2, …=K2(6="<,.-
“  " %C/2=. 6�2%…=&,%……/. "%2…. g%…6,!3(?�� 
2=ƒ�!…%� ,ƒ238�…,� %2!=›=2%“> %2 =2(�,…,�
"%L -%2>;, 2%2?,…%L 50#400 �*�, !=“C%2%›�…-

several Ohm$1cm$1 in amplitude. The  peak  is fol-
lowed by the  &tail[, in which the  conductivity 
is several times lower. The  duration of the  peak  
(40#70 ns) is close  to  that of the  reaction zone  
according to  the  literature  data. This suggests the  
correlation of the  conductivity peak  and the  reac-
tion zone  while  the  &tail[ conductivity seems to  
be  of equilibrium nature. 

In mixtures, given the  substantial difference  
in the  reaction rates of the  components, the  peak  
is determined by slower reaction. For example, in 
Composition B at 1.52 g/cc the  peak  duration 
is 90 ns, which is too  long for RDX but in good 
agreement with the  available  data for TNT. 

In heterogeneous compositions the  main reaction 
can be  accompanied by post-meso-processes whose  
characteristic scale  is the  size  of the  explosive  
and/or additive  particles. At present the  mixtures 
of RDX with water, fine-grained NaCl and satu-
rated NaCl water solution have  been tested. While  
the  peak  amplitude  was not affected, the  peak  
duration and &tail[ conductivity were  enhanced, 
especially in the  last case. 

So, the  electrical diagnostics gives interesting 
information complementary to  that obtained by the  
standard methods. 

This work  was supported by RFBR (project 
code  05-03-32412) and by the  scientific school 
NSc $ 8583.2006.1.
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…%L ��›63 2%!&%� ƒ=! 6= , 6,=;…%“2,8�“*,� %*-
…%�. }*“C�!,��…2=2>…/� 6=……/� C!�6“2="2 (2 
“%K%L “*%!%“2> 6",›�…,  C%"�!.…%“2, -%2>-
;,, ;!=…,8=?�L “ �=2�!,=2%� %*…= ("%6=, LiF). 
n6…%"!���……% “ !�;,“2!=&,�L "%2…%"/. C!%-,-
2�L ��2%6,*%L ,%…,ƒ=&,%……/. 6=28,*%" " ! 6� 
%C/2%" C!%"%6,2%“> ,ƒ��!�…,� “*%!%“2, 6�2%…=-
&,,. o%;!�<…%“2> ,ƒ��!�…,  “*%!%“2, “%“2=",2= 
"�2,8,…3, …� C!�"/<=(?3( @0,25%.

o%*=ƒ=…%, 82% 62  %K!=ƒ&%" *!3C…%6,“C�!…%-
;% (“!�6…,L !=ƒ��!  8=“2,& r“!�6…~120 �*�) TNETB 
“3?�“2"3�2 6,=C=ƒ%… C%!,“2%“2, 3,3#15,2%, 
" *%2%!%� "%ƒ�%›…% !=“C!%“2!=…�…,� “2=&,%…=!-
…%L 6�2%…=&,%……%L "%2…/ K�ƒ C!�6“*=ƒ/"=��%L 
*2=““,8�“*%L 2�%!,�L %K2=“2, C%"/<�……/. 6="-
2�…,L " ƒ%…� !�=*&,, (.,�C,*=). b %K!=ƒ&=. ��2-
*%6,“C�!“…%;% (r“!�6…~5 �*�) TNETB "�!.…   ;!=-
…,&= .2%;% 6,=C=ƒ%…= 3"�2,8,"=�2“  6% 29%. m= 
ƒ=",“,�%“2, “*%!%“2, 6�2%…=&,, %2 …=8=2>…%L 
C2%2…%“2, %K…=!3›�…/ %“%K�……%“2,, “",6�2�2>“-
2"3(?,� % 2%�, 82% …=K2(6=��/L " 6=……%� 6,=-
C=ƒ%…� 6�2%…=&,%……/L !�›,� K�ƒ .,�C,*= �%›�2 
K/2> “2=&,%…=!…/� …�6%“›=2/� !�›,�%�. 

m= %“…%"� =…=2,ƒ= C%238�……/. .*“C�!,��…-
2=2>…/. 6=……/. “ C!,"2�8�…,�� ,ƒ"�“2…/. 2�%-
!�2,8�“*,. C!�6“2="2�…,L %K %8=;%"%� ��.=-
…,ƒ�� !=ƒ2%›�…,  ;�2�!%;�……/. bb C%*=ƒ=…%, 
82% "%ƒ�%›…%“2> “3?�“2"%"=…,  “2=&,%…=!…%L 
6�2%…=&,%……%L "%2…/ K�ƒ .,�C,*=, " 2%� 8,“2� 
, “2=&,%…=!…%;% …�6%“›=2%;% 6�2%…=&,%……%;% !�-
›,�=, = 2=*›� "2, …,� !=ƒ2,8…/. .=!=*2�!,“2,* 
�,*!%“2!3*23!/ ƒ=! 6%", 2=*,., *=* 6,“C�!“…%“2> 
,“.%6…%;% C%!%<*= bb, C=!=��2!/ !=“C!�6�2�…,  
C%!  C% !=ƒ��!=�, …= !�=2,ƒ3(?,L“  " …,. 6�2%-
…=&,%……/L !�›,� %KA “… �2“  !=ƒ2%›�…,�� bb 
"% -!%…2� 36=!…%L "%2…/. 

STEADY-STATE DETONATION 
REGIMES IN PRESSED TNETB

S. A.  KOLESNIKOV, A. V.  UTKIN, 
V. M.  MOCHALOVA, A. V.  ANANIN

Institute of Problems of Chemical Physics RAS, 
Chernogolovka, Russia

The  laser interferometric system VISAR was 
used to  investigate  the  reaction zone  structure  
and the  dependence  of detonation velocity on ini-
tial density for steady-state  detonation waves in 
TNETB high explosive  (HE) pressed to  various 
porosity from powders with different mean particle  
sizes. The  diameter of the  charges was 30 mm and 
their length varied from 40 to  75 mm. It allowed 
us to  say with confidence  that steady-state  deto-
nation waves were  observed at those  geometrical 

n bnglnfmni oph)hme 
bngmhjmnbemh“ 

merqŠni)hbni deŠnm`0hh

l. l.  anijn, e. t.  cp“gmnb, 
b. h.  jnko`jnb, b. m.  nuhŠhm

l%“*%"“*,L ;%“36=!“2"�……/L 
2�.…,8�“*,L 3…,"�!“,2�2 ,�. m. }. a=3�=…=, 

l%“*"=, p%““, 

}*“C�!,��…2=2>…/� 6=……/� 3*=ƒ/"=(2 …= "%ƒ-
�%›…%“2> “3?�“2"%"=…,  .,�C,*= 2=* , …= "%ƒ-
�%›…%“2> �;% %2“32“2",  C!, ,ƒ��…�…,, C2%2-
…%“2, , “!�6…�;% !=ƒ��!= 8=“2,& C!�““%"=……%-
;% bb. j!%�� 2%;%, .*“C�!,��…2/ 3*=ƒ/"=(2 …= 
“3?�“2"%"=…,� C32>“,!3(?�;% 6�2%…=&,%……%;% 
-!%…2= …� 2%2>*% " &“2=K/.[, …% , " &“,2>…/.[ 
fbb. o!, !�;,“2!=&,, “*%!%“2, 6",›�…,  C%"�!-
.…%“2, -%2>;,, !=“C%2%›�……%L ��›63 2%!&%� bb 

sizes. The  laser beam reflected from a 50#400 Um 
aluminum foil placed between the  charge  and the  
diagnostic window. As a result of the  experiment 
we  had the  velocity of the  boundary between the  
foil and the  material of the  window (water, LiF). 
For the  simultaneous measuring of the  detonation 
velocity contact gauges were  used in a number of 
experiments. Estimated error of these  measure-
ments amounted to  no  more  than @0.25%.

It is shown that the  range  of porosity of sam-
ples from 3.3 to  15.2% in which a propagation of 
the  steady-state  detonation wave  without the  Von 
Neumann spike  predicted by classical detonation 
theory is possible  exists in coarse  TNETB (mean 
particle  size  ~120 Um). In samples of fine  (mean 
particle  size  ~5 Um) TNETB the  upper limit of 
that range  of porosity increases to  29%. Some  dis-
continuities of the  dependence  of detonation veloc-
ity on initial density that might be  the  witness of 
observed detonation regime  without the  Von Neu-
mann spike  to  be  the  steady-state  underdri-ven 
detonation regime  were  found. 

On the  basis of analysis of obtained experimen-
tal results with the  use  of noted theoretical con-
cept of &hot spots[ mechanism of decomposition of 
heterogeneous HE it is shown that the  possibility 
of propagation of steady-state  detonation waves 
without the  Von Neumann spike  and steady-state  
underdriven detonation waves, as well as the  influ-
ence  of microstructural characteristics of charges 
such as HE powder dispersity and pore  sizes dis-
tribution parameters upon these  regimes can be  
explained by HE decomposition in the  shock  
wave  front.
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, &%*…%�[, " “238=� “3?�“2"%"=…,  C32>“,!3(-
?�L 6�2%…=&,, , %“!�6…�…,, C=!=��2!%" C% C2%-
?=6, !�;,“2!,!3��%;% C 2…=, �%›�2 !�;,“2!,!%-
"=2>“  C!%-,2> db K�ƒ .,�C,*=.

hƒ 2�%!�2,8�“*,. ,““2�6%"=…,L ,ƒ"�“2…%, 82% 
62  C2%“*%L “2=&,%…=!…%L db C% �%6�2, gmd 
" ƒ%…� .,�,8�“*%L !�=*&,, 6%“2,;=�2“  �=*“,�3� 
.…�!;%"/6�2�…, . Š=*,� %K!=ƒ%� …�%K.%6,�/� 
3“2%",�� “3?�“2"%"=…,  “2=&,%…=!…%L C2%“*%L 
db C% �%6�2, gmd  "2 �2“  !="�…“2"% …32( “*%-
!%“2, .…�!;%"/6�2�…,  " 2%8*� )�C��…=#f3;�. 
e“2, ›� *,…�2,*= .…�!;%"/6�2�…,  " db 2=*%"=, 
82% “*%!%“2> .…�!;%"/6�2�…,  " *%…&� ƒ%…/ .,�,-
8�“*%L !�=*&,, …� !="…= …32(, 2% “3?�“2"%"=…,� 
“2=&,%…=!…%L C2%“*%L db “2=…%",2“  …�"%ƒ�%›-
…/� , C2%“*=  db �%›�2 “3?�“2"%"=2> 2%2>*% 
" C32>“,!3(?�� !�›,��.

n6…=*% %;!=…,8�…,� !="�…“2"= …32( “*%!%“2, 
.…�!;%"/6�2�…,  " *%…&� ƒ%…/ .,�,8�“*%L !�=*-
&,, 62  C�!�“›=2/., = 2=* ›� “2=&,%…=!…/. db 
“ ,“*!,"2�……/� -!%…2%� " ƒ=! 6=. %;!=…,8�……/. 
!=ƒ��!%" …�  "2 �2“  …�%K.%6,�/�. Š=*,� %K!=-
ƒ%�, 62  bb. r *%2%!/. "%ƒ…,*=�2 …�3“2%L8,"%“2> 
db " “238=� C2%“*,. "%2…, �%›�2 “3?�“2"%"=2> 
;2=6*,L -!%…2 “ %2“32“2",�� C32>“=&,L 62  C�!�-
“›=2/. db C!, %C!�6�2�……/. “2�C�… . C�!�“›=-
2, , = 2=* ›� " ƒ=! 6=. *%…�8…%;% !=ƒ��!= �“2, 
*!,",ƒ…= -!%…2= C!�"/<=�2 …�*%2%!%� ƒ…=8�…,�, 
ƒ=",“ ?�� %2 “*%!%“2, .…�!;%"/6�2�…,  " *%…&� 
ƒ%…/ .,�,8�“*%L !�=*&,,, �“2, ",6 *,…�2,*, C!, 
.2%� *=8�“2"�……% …� ,ƒ��… �2“ . d2  .2,. “238=�" 
6%2›�… !�;,“2!,!%"=2>“  .,�C,*.

),“2�……/� !=“8�2/ %6…%��!…%L C2%“*%L 6�2%-
…=&,%……%L "%2…/ C!%"�6�……/� C% �%6�2, gmd 
62  *,…�2,*,, C!, *%2%!%L " *%…&� ƒ%…/ .,�,8�“-
*%L !�=*&,, “*%!%“2> .…�!;%"/6�2�…,  %22,8…= 
%2 …32  C%62"�!6,2, “3?�“2"%"=…,� C32>“,!3(-
?�;% !�›,�=.

POSSIBLE REASON OF APPEARANCE 
OF DETONATION INSTABILITY

M. M.  BOIKO, E. F.  GRYAZNOV, 
V. I.  KOLPAKOV, V. N.  OKHITIN

Bauman Moscow State Technical University, 
loscow, Russia

Test data point at the  possibility of existence  of 
chemical spike, as well as its absence  when density 
and average  particle  size  of a pressed explosive  
are  varied. In addition, test show the  existence  
of pulsing detonation front not only in &weak[, 
but in &strong[ liquid explosives. When recording 
the  foil su rface  velocity, located between the  
end of the  explosive  and &slit[ and when there  is 
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`. b.  rŠjhm, b. l.  ln)`knb`, b. `.  c`p`mhm

h…“2,232 C!%K2�� .,�,8�“*%L -,ƒ,*, p`m, 
)�!…%;%2%"*=, p%““, 

o!%2�*=…,� .,�,8�“*%L !�=*&,, " 36=!…%-“›=-
2%� ;%�%;�……%� "ƒ!/"8=2%� "�?�“2"� ,���2 2�C-
2%"3( C!,!%63 , …=8=2>…=  “*%!%“2> !=ƒ2%›�…,  
 "2 �2“  “,2>…%L -3…*&,�L .…�!;,, =*2,"=&,,, 
*%2%!=  62  ›,6*,. bb �%›�2 ��… 2>“  " <,-
!%*%� 6,=C=ƒ%…� C%“!�6“2"%� 6%K="2�…,  " …,. 
,…�!2…/. !=ƒK=",2�2�L. o%“*%2>*3 ,��……% …=-

a pulsing detonation and when the  conditions are  
averaged over the  area of the  recorded spot, one  
can observe  the  detonation wave  profile  without 
a chemical spike.

The  theoretical investigations show for a plane  
stationary detonation wave  according to  ZND mod-
el the  maximum energy release  is achieved in the  
chemical reaction zone. Thus the  necessary condi-
tion for the  existence  of the  stationary plane  deto-
nation wave  according to  ZND is the  equality to  
zero  of the  energy release  rate  at the  Chapman-
Jouget. If the  energy release  kinetics at the  deto-
nation wave  is that the  rate  of the  energy release  
at the  end of the  chemical reaction zone  is not 
equal to  zero, the  existence  of the  stationary plan-
et detonation wave  is not impossible  and the  plane  
detonation wave  can exist only in pulsing regime.

However, the  equality to  zero  of the  energy re-
lease  rate  at the  end of the  chemical reaction zone  
for over-driven, as well as for stationary detona-
tion waves with oblique  front in charges of limited 
sizes is not necessary. Thus, for explosives which 
show the  detonation wave  instability in the  case  
of plane  waves a smooth front can exist with ab-
sence  of pulsing for overdriven detonation waves at 
some  definite  degrees of over-driven state, as well 
as in charges of finite  sizes if the  curvature  of the  
front increases some  value. The  value  depends on 
the  rate  of the  energy release  at the  end of the  
chemical reaction, if the  type  of the  kinetics has 
not changed qualitatively. A chemical spike  should 
be  observed in these  cases.

Numerical calculations of a single-dimensional 
plane  detonation wave, made  according to  ZND 
model for kinetics, when the  rate  of energy release  
differs from zero, confirmed the  existence  of the  
pulsing regime.
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8=2>…=  “*%!%“2> “3?�“2"�……/� %K!=ƒ%� "2, �2 
…= “2!3*23!3 6�2%…=&,%……%L "%2…/, …= 3“2%L8,-
"%“2> , C!�6�2/ �� !=“C!%“2!=…�…, , 2% .*“C�-
!,��…2=2>…%� %C!�6�2�…,� "�2,8,…/ …=8=2>…%L 
“*%!%“2, 6=�2 "=›…3( 62  C!%;…%ƒ,!%"=…,  6�-
2%…=&,, ›,6*,. bb ,…-%!�=&,(. b 6=……%L !=-
K%2� “ ,“C%2>ƒ%"=…,�� 2=ƒ�!…%;% ,…2�!-�!%��2!= 
VISAR, %K2=6=(?�;% …=…%“�*3…6…/� "!���……/� 
!=ƒ!�<�…,��, C!%"�6�…% .*“C�!,��…2=2>…%� ,“-
“2�6%"=…,� “2!3*23!/ ƒ%…/ !�=*&,, C!, “2=&,%-
…=!…%L 6�2%…=&,, " 2�2!=…,2!%��2=…�.

b %C/2=. ,“C%2>ƒ%"=2“  2�2!=…,2!%��2=… 
“ …=8=2>…%L C2%2…%“2>( 1,64 ;/“�3 , “*%!%“2>( 
6�2%…=&,, 6,4 *�/“. g=! 6 bb C%��?=2“  " C%-
2,.2,2�…%"3( %K%2%8*3 “ "…32!�……,� 6,=��2-
!%� 40 �� , 2%2?,…%L “2�…*, 2 ��. d2,…= ƒ=! -
6= “%“2="2 2= 100 ��. h…,&,,!%"=…,� 6�2%…=&,, 
%“3?�“2"2 2%“> C!�““%"=……/� ƒ=! 6%� -2�;�=-
2,ƒ,!%"=……%;% ;�*“%;�…=. g%…6,!3(?�� ,ƒ238�-
…,� %2!=›=2%“> %2 =2(�,…,�"%L -%2>;, 2%2?,-
…%L 20#400 �*�, !=“C%2%›�……%L ��›63 2%!&%� 
ƒ=! 6= , C!%ƒ!=8…/� %*…%�, " *=8�“2"� *%2%!%;% 
,“C%2>ƒ%"=2,“> "%6=. b !�ƒ32>2=2� ,ƒ��!�…,L %C-
!�6�2�… C!%-,2> �=““%"%L “*%!%“2, “ %28�22,"% 
"/!=›�……/� .,�C,*%�. o!,8�� C�!�.%6 %2 ƒ%…/ 
!�=*&,, * "%2…� !=ƒ;!3ƒ*,  "2 �2“  C2="…/�, 82% 
…� C%ƒ"%2 �2 2%8…% %C!�6�2,2> C%2%›�…,� 2%8-
*, )�C��…=#f3;�. o!,��!…%� "!��  !�=*&,, 
“%“2="2 �2 300 …“ , 6="2�…,� " .,�C,*�, !="…%� 
C!,��!…% 26,4 co=, " 1,8  !=ƒ= C!�"/<=�2 6="2�-
…,� )�C��…=-f3;�, !="…%� 14,5. m�C%“!�6“2"�……% 
ƒ= 36=!…/� “*=8*%� …=K2(6=�2“  �=*“,�=2>…/L 
;!=6,�…2 �=““%"%L “*%!%“2, , ƒ= 50 …“ =�C2,23-
6= .,�C,*= 3��…><=�2“  "6"%�. o% ,ƒ��!�……%-
�3 C!%-,2( �=““%"%L “*%!%“2, " ƒ%…� !�=*&,, 
C%238�…= %&�…*= …=8=2>…%L “*%!%“2, !�=*&,, ƒ= 
36=!…/� “*=8*%�, C!�"/<=  "�2,8,…3 ~107 1/“, 
82% .=!=*2�!…% 62  �%?…/. "ƒ!/"8=2/. "�?�“2". 
Š=*,� %K!=ƒ%�, .%2  2�2!=…,2!%��2=… ,���2 …,ƒ-
*,� C=!=��2!/ " 2%8*� )�C��…=#f3;� , K%2><3( 
62,2�2>…%“2> ƒ%…/ !�=*&,,, "/“%*=  …=8=2>…=  
“*%!%“2> !=ƒ2%›�…,  %K�“C�8,"=�2 “3?�“2"%"=-
…,� " …�� “2=&,%…=!…%;% 6�2%…=&,%……%;% -!%…2=.

STRUCTURE OF THE REACTION ZONE 
IN A STEADY-STATE DETONATION 

WAVE IN THE TETRANITROMETHANE

A. V.  UTKIN, V. M.  MOCHALOVA, V. A.  GARANIN

Institute of problems of chemical physics RAS, 
Chernogolovka, Russia

The  chemical reaction in shock-condensed homo-
geneous HE has heat character, and initial rate  of 
decomposition is strong function of activation energy, 
which can change  for liquid HE in a wide  range  
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h…“2,232 ;,6!%6,…=�,*, qn p`m 
,�. l. `. k="!�…2>�"=, m%"%“,K,!“*, p%““, 

b 6�2%…=&,%……%L "%2…� " 2!%2,2� �…%;,�, ,““2�-
6%"=2�2 �, ƒ=!�;,“2!,!%"=…= .2�*2!%C!%"%6…%“2>, 
ƒ…=8,2�2>…% C!�"%“.%6 ?=  .2�*2!%C!%"%6…%“2> 

by means of inert solvent addition to  HE. Since  
initial rate  essentially affects on detonation wave  
structure, stability and limits of propagation, then 
experimental definition of initial rate  value  gives 
important information for the  prediction of liquid 
HE detonation. In a given work  with the  using of 
laser interferometer VISAR experimental investiga-
tion of reaction zone  structure  was conducted for 
steady-state  detonation in tetranitromethane.

In experiments tetranitromethane  with the  
initial density 1.64 g/cm3 and detonation veloci-
ty 6.4 km/s was used. HE charge  was placed into  
the  polyethylene  shell with the  internal diameter 
40 mm and thickness of the  wall 2 mm. Charge  
length was 100 mm. Initiation of detonation was 
realized by pressed charge  of retarded hexogen. 
Laser beam was reflected from Al foil with thickness 
7#400 mkm, which was situated between charge  
butt-end and transparent window, as which water 
was used. In result of measurements profile  of the  
particle  velocity with clearly defined Von Neumann 
spike  was determined. At that transition from re-
action zone  to  unloading wave  is smooth, that 
doesn’t allow to  define  precisely the  position of 
Chapman#Jougeut point. Approximate  response  
time  is 300 ns, and pressu re  in Von-Neumann 
spike, which is about 26,4 GPa, exceeds pressure  in 
a Chapman#Jougeut point, which is 14,5 GPa, 
1,8 times. Directly beyond the  shock  jump maxi-
mum gradient of particle  velocity is observed, and 
during 50 ns amplitude  of Von-Neumann spike  
decreases twice. By measured profile  of particle  
velocity in reaction zone  estimation of initial re-
action rate  beyond the  shock  jump was received, 
which exceeds value  ~107 1/s, that is typical for 
powerful HE. Thus although tetranitromethane  has 
low parameters in the  Chapman-Jougeut point and 
large  duration of reaction zone, high initial rate  of 
decomposition provides existence  of steady-state  
detonation front in it.
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" 6�2%…=&,%……/. "%2…=. 6!3;,. "ƒ!/"8=2/. "�-
?�“2". q% "!���… u�L“= (1965) "/“%*=  .2�*2-
!%C!%"%6…%“2> " 6�2%…=&,%……%L "%2…� " 2!%2,2� 
“8,2=�2“  %K3“2%"2�……%L K%2><,� “%6�!›=…,�� 
“"%K%6…%;%, .,�,8�“*,  …� “" ƒ=……%;% ,ƒ-ƒ= …�-
6%“2=2*= *,“2%!%6=, 3;2�!%6=. q �;% ›� C%6=-
8, “8,2=�2“ , 82% ��.=…,ƒ� C!%"%6,�%“2, C!, 
6�2%…=&,, 2!%2,2=  &“�2%8…/L[. j%…&�…2!=&,  
8=“2,& *%…6�…“,!%"=……%;% 3;2�!%6=, ,��(?,. 
.2�*2!%C!%"%6…%“2> ;!=-,2=, “2%2> "�2,*=, 82% 
“ & …�,ƒK�›…%“2>([ C!,"%6,2 * %K!=ƒ%"=…,( C!%-
"%6 ?�L “�2*,. b/“%*=  ›� .2�*2!%C!%"%6…%“2> 
;!=-,2= �%›�2 %K�“C�8,2> ,ƒ��!�……3( “�2%8…3( 
.2�*2!%C!%"%6…%“2> C!%63*2%" 6�2%…=&,, 2!%2,2=. 
l%6�2> C%6*3C=�2 “"%�L C!%“2%2%L , …=;2 6…%“-
2>(. a%2�� 2%;%, “ �� C%�%?>( 36=�2“  %KA “…,2> 
…�%K/8…%� C%"�6�…,� .2�*2!%C!%"%6…%“2, " 6�2%-
…=&,%……%L  "%2…� “��“, 2!%2,2= “ ;�*“%;�…%�.

n6…=*%, 3K/"=(?=  .2�*2!%C!%"%6…%“2> ";23K> 
C!%63*2%" 6�2%…=&,, , "%ƒ!=“2=…,� .2�*2!%C!%-
"%6…%“2, " "%2…� !=ƒ;!3ƒ*, C!%2,"%!�8,2 �%6�-
2, u�L“=.

d2  "/ “…�…,  !%2, 3;2�!%6= " .2�*2!%C!%-
"%6…%“2, C!%63*2%" 6�2%…=&,, 2!%2,2= K/2, C%“-
2="2�…/ .*“C�!,��…2/ C% �� ,““2�6%"=…,( " 6�2%-
…=&,%……/. "%2…=. " 2,2%� 2!%2,2� " …%!�=2>…%�, 
…�6%“›=2%� , C�!�“›=2%� !�›,�=..

hƒ��!�…,  C!%"%6,2,“> *%…2=*2…%L ��2%6,-
*%L.  hƒ��!,2�2>…=   8�L*= 6,=��2!%� 6 �� ƒ=-
C%2… 2=“> C%2…%“2>( 2,2/� 2!%2,2%�. k,2%L 
2!%2,2 2=*%;% 6,=��2!= …� 6�2%…,!3�2, �;% *!,-
2,8�“*,L 6,=��2!  26 ��. b …%!�=2>…%� !�›,�� 
6�2%…=&,  " ,ƒ��!,2�2>…%L  8�L*� "�2=“> 2,2/� 
2!%2,2%�, " …�6%“›=2%� # …=“/C…/� 2.…%� “% “*%-
!%“2>( 5,3 *�/“, " C�!�“›=2%� # ;�*“%C2=“2%� 
“% “*%!%“2>( 7,6 *�/“. k,2%L 2!%2,2 6�2%…,!3�2 
“% “*%!%“2>( C!=*2,8�“*, 7 *�/“, 2,2%L Šc 50/50 
“% “*%!%“2> 7,65 *�/“. Š=*,� %K!=ƒ%�, 62  2!%-
2,2= " ,ƒ��!,2�2>…%L  8�L*� !�=2,ƒ%"=2,“> 3“2%-
",  K2,ƒ*,� * 3“2%", � " 6�2%…=&,%……%L "%2…� 
" Šc 50/50, *%;6= "/.%6 32>2!=6,“C�!“…/. =2-
�=ƒ%" C!=*2,8�“*, �=*“,�=2>…/L.

b% "“�. !�›,�=. …=K2(6=�2“  *%…�8…=  <,!,-
…= C!%"%6 ?�L %K2=“2, , 6"%L…%� !=“C!�6�2�…,� 
.2�*2!%C!%"%6…%“2,. n“%K�……%“2>, !=ƒ6�2 (?=  
6"%L…%� !=“C!�6�2�…,�, …=,K%2��  !*% "/!=›�…= 
" C�!�“›=2%� !�›,��. b2%!=  ƒ%…= " C�!�“›=-
2%� !�›,�� ,���2 ,“8�ƒ=(?�� �=23( .2�*2!%C!%-
"%6…%“2>. o!, C�!�“›=2,, .2�*2!%C!%"%6…%“2> 
…� !=“2�2 " "%2…� !=ƒ;!3ƒ*,. x,!,…= C�!"%L 
"/“%*%C!%"%6 ?�L ƒ%…/ C!=*2,8�“*, "6"%� 3›� 
C!, C�!�“›=2,,.

m= %“…%"=…,, C%238�……/. !�ƒ32>2=2%" �%›…% 
“6�2=2> "/"%6 % 2%�, 82% “�2%8…=  C!%"%6,�%“2>, 
2�!�%.�,““,  .2�*2!%…%" 8=“2,&=�, *%…6�…“,!%"=…-
…%;% 3;2�!%6=, 2�!�%,%…,ƒ=&,  …�3;2�!%6…/. �%2�-
*32 �=2%"�!% 2…/ " C!%63*2=. 6�2%…=&,, 2!%2,2=.
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j. t.  cpeaemjhm, l. b.  Š`p`mhj, 
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p%““,L“*,L -�6�!=2>…/L  6�!…/L &�…2! # 
bmhh 2�.…,8�“*%L -,ƒ,*, 

,�. =*=6. e. h. g=K=K=.,…=, q…�›,…“*, p%““, 

0�2>( 6=……%L !=K%2/  "2 �2“  !=ƒ!=K%2*= 
-,ƒ,8�“*%L �%6�2, …,ƒ*%“*%!%“2…%L 6�2%…=&,, 
(mqd) 62  "/“%*%C2%2…/. C2=“2,-,&,!%"=…-
…/. "ƒ!/"8=2/. “%“2="%" …= %“…%"� %*2%;�…=. 
n“…%"…%L C!�6C%“/2*%L C!�62=;=��%L �%6�2, 
 "2 �2“  .%!%<% ,ƒ"�“2…/L .--�*2 …=2,8,  6"3. 
C%!%;%" 36=!…%"%2…%"%;% ,…,&,,!%"=…,  .,�,-
8�“*,. !�=*&,L " "/“%*%C2%2…/. bb. o�!"/L 
(…,›…,L) C%!%; C!�6“2="2 �2 “%K%L C%!%; ƒ=›,-
;=…,  bb 36=!…%L "%2…%L (C%!%; "%ƒK3›6�…,  
“3K6�2%…=&,%……/. !�=*&,L), = "2%!%L # .2% C%-
!%; "%ƒK3›6�…,  …%!�=2>…%L 6�2%…=&,, (md). 
b C2=“2,-,&,!%"=……%� %*2%;�…� C�!"/L C%!%; 
!�;,“2!,!3�2“  C!, "%ƒ6�L“2",, “2=K/. 36=!…/. 
"%2… “ 6="2�…,�� …= -!%…2� C%! 6*= 0,1 co=. 
b2%!%L C%!%; 2%*=2,ƒ%"=… " %K2=“2, 6="2�…,L 
%*%2% 3 co=, ;6� …=K2(6=�2“  !�ƒ*%� C%"/<�…,� 
“*%!%“2, .,�,8�“*,. !�=*&,L “ !%“2%� 6="2�…,  
, C!%,“.%6,2 "%ƒK3›6�…,� md.

o!�6C%2=;=�2“ , 82% mqd " …,ƒ*%C%!,“2/. bb 
“%%2"�2“2"3�2 %K?�C!,… 2%L �%6�2, gmd , C!�6-
“2="2 �2 “%K%L ;%2%"…3( 36=!…3( "%2…3 , “2�63-
(?3( ƒ= …�L ƒ%…3 .,�,8�“*%L !�=*&,,. n“…%"…=  
,6�  C!�62=;=��%L �%6�2, “%“2%,2 " 2%�, 82% 
,ƒ-ƒ= “,2>…%L K%*%"%L !=ƒ;!3ƒ*, 6="2�…,� …= 
-!%…2� ;%2%"…%L 36=!…%L "%2…/ C!, mqd ƒ…=8,-
2�2>…% “…,›=�2“  C% “!="…�…,( “ md , C%C=6=�2 
" ,…2�!"=2 ��›63 3C%� …32/�, "/<� …,›…,� 
, "�!.…,� C%!%;=�, 36=!…%;% ,…,&,,!%"=…,  .,-
�,8�“*,. !�=*&,L. b !�ƒ32>2=2�, “*%!%“2> !�=*-
&,L ,, “2�6%"=2�2>…%, .…�!;, , "/6�2 (?= “  
" ƒ%…� ��›63 -!%…2%� ;%2%"…%L 36=!…%L "%2…/ 
, ƒ"3*%"%L C%"�!.…%“2>(, %*=ƒ/"=�2“ , “ %6…%L 
“2%!%…/, …=�…%;% ��…><�, 8�� C!, …%!�=2>…%L 
6�2%…=&,,, 82% C!,"%6,2 * C%…,›�……/� ƒ…=8�-

o% …=<,� C!�6“2="2�…, � C�!"=  "/“%*%C!%-
"%6 ?=  ƒ%…= “%%2"�2“2"3�2 ƒ%…� .,�,8�“*%L !�=*-
&,, , " "/“<�L “2�C�…, …�!="…%"�“…=, "% "2%!%L 
ƒ%…� .2�*2!%C!%"%6…%“2> %C!�6�2 �2“  …=2,8,�� 
“"%K%6…%;%, .,�,8�“*, …�“" ƒ=……%;% 3;2�!%6= 
, C!�*!=?=�2“  "��“2� “ C%2…%L �;% *%…6�…“=&,�L.
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…, � “*%!%“2, 6�2%…=&,,, =, “ 6!3;%L “2%!%…/, 
6%“2=2%8…%L 62  2%;%, 82%K/ C%66�!›,"=2> “2=&,-
%…=!…%� !=“C!%“2!=…�…,� "%2…/ mqd. 

o!�62=;=��=  �%6�2> K/2= "…�6!�…= " 6"3-
��!…/L ;,6!%*%6 , "�!,-,&,!%"=2=“> C32�� �%-
6�2,!%"=…,  .*“C�!,��…2%", " *%2%!/. …=K2(-
6=2=“> mqd " C2=“2,-,&,!%"=……%� %*2%;�…� 
“ …,ƒ*%L C%!,“2%“2>( (< 2%). b C! �/. 6"3��!-
…/. !=“8�2=. K/2 C%238�… “2=&,%…=!…/L !�›,� 
!=“C!%“2!=…�…,  mqd , 36=2%“> "%“C!%,ƒ"�“-
2, K%2><,…“2"% .*“C�!,��…2=2>…/. .--�*2%". 
p=“8�2/ 2=*›� C%*=ƒ=2, “3?�“2"%"=…,� …,›…�;% 
, "�!.…�;% C!�6�2>…/. ƒ…=8�…,L 6,=��2!= ƒ=! -
6=, %C!�6�2 (?,. %K2=“2>, ;6� "%ƒ�%›…= “2=&,-
%…=!…=  mqd. d2  &,2,…6!,8�“*%;% ƒ=! 6= bb 
K�ƒ %K%2%8*, %…, %&�…,"=(2“  *=* 50 , 200 ��, 
“%%2"�2“2"�……%. 

PHYSICAL MODEL OF LOW VELOCITY 
DETONATION IN PLASTICIZED HMX

K. F.  GREBENKIN, M. V.  TARANIK, 
S. K.  TSARENKOVA, A. S.  SHNITKO

Federal Nuclear Center $ Zababakhin All-Russia 
Research Institure of Technical Physics, 

Snezhinsk, Russia

In a given report a physical model of low veloc-
ity detonation (LVD) for dense  plasticized HMX is 
suggested. The  model is based on the  well-known 
fact that two thresholds were  observed when shock  
wave  initiation of chemical reactions in dense  high 
explosives. The  first (low) one  is just threshold 
of the  explosive  ignition by the  shock  (subdeto-
nation reactions initiation threshold). The  second 
one  is the  threshold of normal detonation (ND) 
initiation. 

In plasticized HMX the  first threshold is ob-
served at pressures about 0.1 GPa. The  second one  
is located near 3 GPa where  the  sharp growth of 
the  chemical reactions rate  is observed with pres-
sure  increasing, and when the  ND initiation takes 
place.

It’s supposed that LVD in the  explosives having 
small porosity corresponds to  well-recognized ZND 
theory, and the  LVD wave  is a complex of the  
leading shock  wave  and the  chemical reaction zone  
behind the  shock  front. The  main idea of the  sug-
gested model is that due  to  the  lateral unloading 
the  pressure  at the  leading shock  front is reduced 
as compared to  the  ND, and it lies between two  
abovementioned thresholds. As a result, the  reac-
tion rate  and, hence, the  energy released between 
the  front and the  sound surface  is much lesser than 
at ND. That is why, the  detonation propagation 

rp`bmemhe qnqŠn“mh“ 
oknŠm{u bb

b. t.  jrpno`Šemjn, l. ~.  q`u`pnb

p%““,L“*,L -�6�!=2>…/L  6�!…/L &�…2! # 
bmhh 2�.…,8�“*%L -,ƒ,*, 

,�. =*=6. e. h. g=K=K=.,…=, q…�›,…“*, p%““, 

q6�2=…= C%C/2*= C%“2!%,2> �=*“,�=2>…% C!%-
“2%� 3!="…�…,� “%“2% …,  62  *!,“2=22,8�“*,. 
bb, %C,!= “> …= !=“C!%“2!=…�……/� -,ƒ,8�“*,� 
C!,…&,C/, 6%“2=2%8…% 2!=6,&,%……/L ",6 C!�6-
“2="2�…,  , ›�2=…,� %K%L2,“> �,…,�3�%� C%6;%-
…%8…/. C=!=��2!%".

r!="…�…,� “%“2% …,  “2!%,2“  " 2!=6,&,%…-
…%� ",6�, 2,C= l,-c!(…=Lƒ�…=, “ !=ƒ6�2�…,�� …= 
C%2�…&,=2>…3( , 2�C2%"3( 8=“2,. d2  C%“2!%�-
…,  C%2�…&,=2>…%L 8=“2, K�!�2“  C%2�…&,=2 2,C= 
k�……=!6=-d›%…“=, C=!=��2!/ *%2%!%;%, “ C%�%-
?>( ,ƒ"�“2…/. “%%2…%<�…,L, "/!=›=(2“  8�!�ƒ 
*%�K,…=&,, -,ƒ,8�“*,. "�2,8,…, 62  *%2%!/. 
�“2> .*“C�!,��…2=2>…/� ƒ…=8�…, . d2  C%“2!%�-
…,  2�C2%"%L 8=“2, K�!�2“  ƒ=",“,�%“2>, =CC!%*-
“,�,!3(?=  2�C2%��*%“2> C!, C%“2% ……%� 6="2�-
…,,, C!,8�� ",6 .2%L ƒ=",“,�%“2, "/K,!=�2“ , …=-
! 63 “ -,ƒ,8…%“2>(, ,ƒ “%%K!=›�…,L "%ƒ�%›…%“-
2, 2�;*%;% C%238�…,  -3…*&,, 2�C2%"%L .…�!;,, 
,, 6=2��, 2�C2%"%L 8=“2, 6="2�…, . Š�C2%"=  8=“2> 
6="2�…,  “" ƒ=…= “ 2�C2%"%L 8=“2>( .…�!;,, 8�!�ƒ 
-3…*&,( c!(…=Lƒ�…=, ƒ=",“ ?,L %2 C2%2…%“2, 
"�?�“2"=. o!�62%›�… ",6 -3…*&,, c!(…=Lƒ�…=, 
=CC!%*“,�,!3(?,L .=!=*2�!  �� C%"�6�…,  
, C!�6�2>…/� ƒ…=8�…, . h“.%6  ,ƒ C!�62%›�……%L 
-3…*&,, c!(…=Lƒ�…=, C%238�…% "/!=›�…,� 62  
-3…*&,, 2��C�!=23!/ d�K= . b 2�C2%"3( 8=“2> 
"*2(8�… 82�…, 38,2/"=(?,L "*2=6 .2�*2!%……%L 

velocity at LVD is lesser than at ND. But, from 
other side, the  released energy may be  enough to  
sustain the  stationary regime  of LVD propagation. 

The  model was implemented into  2-D  hydro-
code  and verified by means of modeling of exper-
iments where  the  LVD  was observed in plasti-
cized HMX having small porosity (< 2%). In 2-D 
calculations the  stationary LVD  wave  was ob-
tained, and the  most of known experimental ef-
fects were  reproduced. Also, the  computer mod-
eling has shown that there  is some  range  of the  
charge  diameters where  stationary LVD may take  
place. For naked cylindrical charge  of plasticized 
HMX it has been evaluated that the  stationary 
LVD is possible  when the  charge  diameter lies 
between 50 and 200 mm. 
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dhm`lhj` l`kn-rcknbncn 
pemŠcemnbqjncn p`qqe“mh“ oph 
deŠnm`0hh jnmdemqhpnb`mm{u 
bb q dna`bj`lh m`mn`kl`gnb

j. `.  Šem1, b. l.  ŠhŠnb1, a. o.  Šnkn)jn2, 
h. k.  fnchm, }. p.  oprr}k1, 

k. `.  krj|“m)hjnb1 

1h…“2,232 ;,6!%6,…=�,*, ,�. l.`. k="!�…2>�"= 
qn p`m, m%"%“,K,!“*, p%““, 

2h…“2,232 .,�,, 2"�!6%;% 2�2= , ��.=…%.,�,, 
qn p`m, m%"%“,K,!“*, p%““,  

u%2  “,…2�ƒ3 …=…%=2�=ƒ%" C!, "ƒ!/"� C%“" ?�-
…% "�“>�= K%2><%� 8,“2% !=K%2 "%C!%“ %K %K!=ƒ%-
"=…,, ,., = 2=*›� K%2�� %K?,L "%C!%“ % *%…6�…“=-
&,, 3;2�!%6= C!, 6�2%…=&,, bb “ %2!,&=2�2>…/� 
*,“2%!%6…/� K=2=…“%�, %“2=�2“  6,“*3““,%……/� 
6% …=“2% ?�;% "!���…,. n2"�2 …= …�;% "=›�… *=* 
62  C%…,�=…,  -,ƒ,*,  "2�…, , 2=* , 62  %&�…*, 
*%2,8�“2"= .…�!;,,, *%2%!=  "/6�2 �2“  C!, .*ƒ%-
2�!�,8�“*%L *%=;32 &,, 3;2�!%6…/. *2=“2�!%".

o�!"/� 6,…=�,8�“*,� .*“C�!,��…2=2>…/� ,“-
“2�6%"=…,  % !%“2� "ƒ!/"…/. …=…%=2�=ƒ%" “2=2, 
"%ƒ�%›…/�, K2=;%6=!  ,“C%2>ƒ%"=…,( “,….!%2-
!%……%;% ,ƒ238�…, , = ,��……% "%ƒ�%›…%“2, !�;,“-
2!=&,, 6,-!=*&,%……/. (�=2%-3;2%"/.) “,;…=-
2%" “ 8=“2%2%L 6% 4 lc&. o%238�……/� !�ƒ32>2=2/ 
C%*=ƒ=2,, 82% “,;…=2 �=2%-3;2%"%;% !�…2;�…%"-
“*%;% !=““� …,  (lrpp) …=8,…=�2 !=“2, “ …32  
…= -!%…2� 6�2%…=&,, , �;% !%“2 C!%6%2›=�2“  
" 2�8�…,� …�“*%2>*,. �,*!%“�*3…6. n6…=*% " .2,. 
.*“C�!,��…2=. “,;…=2 lrpp "…=8=2� �%›�2 K/2> 
%8�…> �=2, "",63 �=2%L &*%…2!=“2…%“2,[ …=…%=2-
�=ƒ= …= -!%…2�. d2,2�2>…/L !%“2 �%›�2 %KA “-
… 2>“  !%“2%� &*%…2!=“2…%“2,[ C!, !=ƒ2�2� C!%-
63*2%" 6�2%…=&,,. d2  %2"�2= % ��“2� C% "2�-
…,  "ƒ!/"…/. …=…%=2�=ƒ%" …�%K.%6,�% C%"/-
“,2> 83"“2",2�2>…%“2> lrpp (82%K/ -,*“,!%"=2> 
…=…%=2�=ƒ/ …= -!%…2� 6�2%…=&,,) , 3"�2,8,2> 
"!���……%� !=ƒ!�<�…,�. 

 b !=K%2� .*“C�!,��…2=2>…% ,““2�6%"=2%“> …=8=-
2% C% "2�…,  …=…%=2�=ƒ%" "% "!��  6�2%…=&,, “%-
“2="= Šc 50/50 ��2%6%� lrpp “ ,“C%2>ƒ%"=…,�� 
“,….!%2!%……%;% ,ƒ238�…,  3“*%!,2�2  b}oo-3. 
p=““�%2!�…/ "%ƒ�%›…%“2, ,“C%2>ƒ%"=…,  ��2%6,-
*, 62  !�;,“2!=&,, …=…%8=“2,& !=ƒ…%;% !=ƒ��!=. 
o%*=ƒ=…%, 82% ��2%6 lrpp " …=<,. .*“C�!,��…-
2=2>…/. 3“2%", . 6=�2 "%ƒ�%›…%“2> -,*“,!%"=2> 
!=““� ……%� ,ƒ238�…,� %2 8=“2,& !=ƒ��!%� %2 �6,-
…,& 6% …�“*%2>*,. 6�“ 2*%" …=…%��2!%". 

o!,��…�…= …%"=  .*“C�!,��…2=2>…=  C%“2=…%"-
*= “ ""�6�……/�, "% "ƒ!/"8=2%� "�?�“2"% …=…%=2-
�=ƒ=�,. b"�6�…,� "ƒ!/"…/. (C%238�……/. C!, 6�2%-
…=&,, bb) …=…%=2�=ƒ%" " ƒ=! 6/ 2!%2,2= , ;�*“%;�…= 

“%“2="2 (?�L. r82�… "*2=6 .…�!;,, …32�"/. *%-
2�K=…,L. q*%…“2!3,!%"=……%� 3!="…�…,� “%“2% -
…,  ,���2 …�“*%2>*% C%6;%…%8…/. C=!=��2!%", 
" 6=2>…�L<�� …=ƒ/"=��/. *%.--,&,�…2=�, rpq. 
),“2�……/� ƒ…=8�…,  *%.--,&,�…2%" rpq 62  
*=›6%;% bb C%6K,!=(2“  2=*,� %K!=ƒ%�, 82%K/ 
!=“8�2…/� ƒ…=8�…,  *=* �%›…% 238<,� %K!=ƒ%� 
=CC!%*“,�,!%"=2, ,ƒ"�“2…/� .*“C�!,��…2=2>…/� 
ƒ…=8�…, , …=C!,��!, " C!�6“2="2�……%� 6%*2=6�, 
=CC!%*“,�,!%"=2=“> 36=!…=  =6,=K=2= , ,ƒ%K=-
!,8�“*%� 2��C�!=23!…%� !=“<,!�…,�.

o%6%K!=……/� ƒ…=8�…,  *%.--,&,�…2%" C!%-
"�! (2“  …= 6!3;,. C%&�““=. (2�C2%��*%“2> C!, 
C%“2% ……%� 6="2�…,,, ,ƒ%K=!,8�“*=  2��C�!=23!-
…=  ƒ=",“,�%“2> “*%!%“2, ƒ"3*=), 62  *%2%!/. 
�“2> 6%“2%"�!…/� .*“C�!,��…2=2>…/� 6=……/�.

o!�6“2="2�…/ !�ƒ32>2=2/ C%6K%!= *%.--,-
&,�…2%" C!�62%›�……%;% rpq 62  ŠmŠ.

DENSE HE EQUATION OF STATE

V. F.  KUROPATENKO, M. YU.  SAKHAROV

Russian Federal Nuclear Center $ Zababakhin 
All-Russia Research Institure of Technical Physics, 

Snezhinsk, Russia

An attempt of establishing simple  equation of 
state  for crystalline  HE was made. Establishing 
is based on on wide  physical principles. Equation 
established in traditional form with small amount 
match parametres.

Equation is Mi-Gruneisen type  with division 
on potential and thermal parts. Lennard-Johnse  
type  potential is used for potential part establishing 
which parametres are  expressed through physical 
variables of known experimental values. Functional 
approximation of heat capacity at constant volume  
is used for establishing thermal part of the  equation. 
Pressure  heat part is apparented with energy heat 
part trough Gruneisen-like  function. Form of such 
function proposed. Upon it a function of Debay 
temperature  derived. Heat part contains portion 
counts electron component. Zero  oscillations counts 
as well.

The  equations has a number of match paramet-
res # so-called coefficients. Numerical values 
of the  coefficients are  ajusted to  comply with 
experimental data (Hugoniot, isobaric temperature  
expansion etc.)

Equation coefficients for TNT are  presented.
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C%ƒ"%2 �2 �%6�2,!%"=2> “238=L &�;…%"�……%;%[ 
C% "2�…,  …=…%=2�=ƒ%" C!, 6�2%…=&,, bb. 

o!%"�6�……/� .*“C�!,��…2/ C%*=ƒ=2,, 82% ��-
2%6,*= ,ƒ��!�…,  lrpp …=6�›…% -,*“,!3�2 
"ƒ!/"…/� …=…%=2�=ƒ/ …= -%…� “›=2%;% " 6�2%-
…=&,%……%L "%2…� "�?�“2"=. o!, 6�2%…=&,, Šc 
50/50 " ƒ%…� .,�,8�“*%L !�=*&,, %2“32“2"3(2 
…=…%8=“2,&/ *%…6�…“,!%"=……%;% 3;2�!%6= !=ƒ��-
!%� > 2 …�.

DYNAMICS OF SMALL-ANGLE X-
RAY SCATTERING AT DETONATION 
OF CONDENSED EXPLOSIVES WITH 

ADDITIONS OF NANODIAMONDS

K. A.  TEN1, V. M.  TITOV1, B. P.  TOLOCHKO2, 
I. L.  ZHOGIN2, E. R.  PRUUEL1, 

L. A.  LUKIANCHIKOV1.

1Lavrentiev Institute  of Hydrodynamics SB RAS,
Novosibirsk, Russia

2 Institute of Solid State Chemistry and 
Mechanochemistry SB RAS,

Novosibirsk, Russia

In spite  of a lot of works devoted to  explosion 
synthesis of nanodiamonds, the  problem of their 
formation as well as a more  general problem of con-
densation of carbon at detonation of an oxygen-defi-
cient explosive  is still debatable. Its solution is im-
portant both for understanding the  physics of the  
phenomenon and for estimating the  energy liber-
ated at exothermal coagulation of carbon clusters. 

The  first experimental studies of the  growth 
of explosion nanodiamonds became  possible  due  
to  the  SR application, namely, the  possibility of 
registration of (small-angle) diffraction signals fol-
lowing with frequency up to  4 MHz. Experimental 
results have  shown that a small angle  X-ray scat-
tering signal starts growing from zero  at the  deto-
nation front and keeps growing for several micro-
seconds. An SAXS signal, however, may be  very 
low in these  experiments, because  of the  low &con-
trast[ of diamond at the  front. The  long growth 
may be  explained by the  increase  in &contrast[ at 
scattering of detonation products. To  determine  
the  place  where  explosion nanodiamonds arise, it 
is necessary to  raise  SAXS sensitivity (in order to  
observe  nanodiamionds at the  detonation front) 
and increase  time  resolution. 

The  work  was devoted to  experimental SAXS 
study of the  beginning of nanodiamond formation 
at detonation of the  compound TH50/50, with the  
application of synchrotron radiation of the  VEPP-3 
accelerator. The  possibility of application of the  

op“lne hglepemhe opnthk“ 
jnm0emŠp`0hh njhqkhŠek“ 

b deŠnm`0hnmmni bnkme 
Šbepd{u bb leŠndnl 

l`knrcknbncn p`qqe“mh“ 
qhmupnŠpnmmncn hgkr)emh“

a. o.  Šnkn)jn, `. o.  )epm{xeb1, j. `.  Šem2, 
}. p.  oprr}k2, h. k.  fnchm, o. h.  grajnb2, 

m. g.  k“unb, k. `.  krj|“m)hjnb2, 
l. `.  xepnlnb3

h…“2,232 .,�,, 2"�!6%;% 2�2= , ��.=…%.,�,, 
qn p`m, m%"%“,K,!“*, p%““,  

1m%"%“,K,!“*,L ;%“36=!“2"�……/L 
2�.…,8�“*,L 3…,"�!“,2�2, m%"%“,K,!“*, p%““, 

2h…“2,232 ;,6!%6,…=�,*, qn p`m 
,�. l. `. k="!�…2>�"=, m%"%“,K,!“*, p%““, 

3h…“2,232  6�!…%L -,ƒ,*, qn p`m 
,�. c. h. a36*�!=, m%"%“,K,!“*, p%““, 

b 0jo h“t qn p`m ,�. c. h. a36*�!= !=ƒ",2/ 
3…,*=2>…/� .*“C�!,��…2=2>…/� ��2%6,*,, C%ƒ"%-
2 (?,� " !�›,�� !�=2>…%;% "!���…, ,ƒ38=2> K/“-
2!%C!%2�*=(?,� C!%&�““/ " …=…%“�*3…6…%� 6,=-
C=ƒ%…�. d2  ,““2�6%"=…,L ,“C%2>ƒ%"=2, “,….!%2-
!%……%� ,ƒ238�…,� (qh) …= b}oo-3. p=ƒ!=K%2=… 
��2%6 &in situ[ %C!�6�2�…,  “%6�!›=…,  %*,“2,-
2�2�L " 6�2%…=&,%……%L "%2…� , "%2…� !=ƒ!�›�…, . 

methods in observation of nanoparticles of various 
sizes has been examined. It has been shown that, 
in our experimental conditions, the  SAXS method 
allows observing scattered radiation from particles 
of nanometers to  several tens of nanometers in size. 

A new experimental set-up, with nanodiamonds 
introduced to  the  explosive, has been applied. The  
introduction of explosive  nanodiamonds, i.e. those  
obtained at detonation of explosive, to  charges of 
trotyl and hexogen makes it possible  to  simulate  
the  case  of &instant[ arise  of nanodiamonds at 
detonation of explosive. 

The  experiments carried out have  shown that 
the  SAXS measurement technique  is reliable  at 
registration of explosion nanodiamonds against the  
background of substance  compressed in the  detona-
tion wave. At detonation of TH50/50, there  is no  
condensed carbon nanoparticles bigger than 2 nm 
in the  chemical reaction zone.

This work  was made  under financial support 
of RFBR grants: 05-03-32752-=, 06-03-32797-=, 
07-02-01079-=.
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}*“C�!,��…2=2>…=  ��2%6,*= %“…%"=…= …= ,“C%2>-
ƒ%"=…,, …=…%8=“2,& =2�=ƒ= " *=8�“2"� 8=“2,&-ƒ%…-
6%". m=…%8=“2,&/-ƒ%…6/  …� ,ƒ��… (2 .=!=*2�!  
C!%2�*=(?,. " !�=*&,%……%L ƒ%…� -,ƒ,*%-.,�,-
8�“*,. C!%&�““%". }2% %K3“2%"2�…% 2��, 82%, "%-
C�!"/., 6%K="2 (2 …�K%2><%� *%2,8�“2"% …=…%-
8=“2,&: 6% 8% C% �=““�, "%-"2%!/., .=!=*2�!…/L 
!=ƒ��!  …=…%8=“2,&, δn ≈ 50÷100 Å, �…%;% ��…><� 
.=!=*2�!…%;% !=““2% …,  ��›63 ;%! 8,�, 2%8*=-
�,, δp ≈ 103 Å. l�2%6 C%ƒ"%2 �2 …=K2(6=2> ƒ= ,ƒ-
��…�…,�� *%2,8�“2"= , !=“C!�6�2�…,  C% !=ƒ��-
!=� 8=“2,&-ƒ%…6%". }2% 6=�2 "%ƒ�%›…%“2> ,ƒ38=2> 
*,…�2,*3 .,�,8�“*,. !�=*&,L " !�=*&,%……%L ƒ%…� 
" �=“<2=K� !�=2>…%;% "!���…,. 

m=…%8=“2,&/ =2�=ƒ= ""%6,2,“> "% "ƒ!/"8=2/� 
"�?�“2"= !=ƒ2,8…%;% “%“2="=, *=* “ %2!,&=2�2>-
…/� *,“2%!%6…/� K=2=…“%�, 2=* , “ C!=*2,8�“*, 
…32�"/�. q ,“C%2>ƒ%"=…,�� ��2%6= lrpp K/2, 
C%238�…/ ƒ=",“,�%“2, %2 "!���…, ,…2�;!=2>…%L 
,…2�…“,"…%“2, �=2%3;2%"%;% !=““� …,  …= 6%K="-
2�……/. …=…%=2�=ƒ=. …�C%“!�6“2"�……% " !�=*&,%…-
…%L ƒ%…�. Š=*,� %K!=ƒ%�, ,““2�6%"=…= *,…�2,*= 
C!�"!=?�…,L 8=“2,&-…=…%ƒ%…6%" " �=“<2=K� !�=2>-
…%;% "!���…, (“ <=;%� 125 …“).

g= -!%…2%� 6�2%…=&,%……%L "%2…/ " ;�*“%;�…� 
C!%,“.%6,2 %*,“2�…,� …=…%=2�=ƒ%". j,…�2,*= 
%*,“2�…,  .%!%<% %C,“/"=�2“  3!="…�…,�� 
p%;,…“*%;%-x32>&, 82% “%%2"�2“2"3�2 …32�"%�3 
C%! 6*3 “*%!%“2, !�=*&,, %*,“2�…,  C% *%…&�…-
2!=&,, %*,“2,2�2 . q 3��…><�…,�� 36�2>…%L C%-
"�!.…%“2, …=…%=2�=ƒ%" “*%!%“2> %*,“2�…,  C=6=�2. 
o!, 3"�2,8�…,, !=ƒ��!%" =;2%��!=2%" =2�=ƒ…/. 
8=“2,& 6% 0,5#50 Um “*%!%“2> %*,“2�…,  …=-
“2%2>*% �=2=, 82% ƒ= "!��  "ƒ!/"= …� C!%,“.%6,2 
ƒ=��2…%;% 3��…><�…,  �=““/ =2�=ƒ…%L -=ƒ/. 
n*,“2�…,� …=8,…=�2“  8�!�ƒ 100#150 …“ C%“2� C!%-
.%›6�…,  -!%…2= 6�2%…=&,%……%L "%2…/. o%.2%�3 
"*2=6%� ,…2�!��6,=2%" " %*,“2�…,� �%›…% C!�-
…�K!�8>. n*,“2,2�2>…=  “C%“%K…%“2> 3��…><=�2“  
" ! 63: O2 >> CO2 > H2O. b!��  %*,“2�…,  …= 
"%ƒ63.� “%“2="2 �2 6%2, �,*!%“�*3…6/, = %*,“2�-
…,� " C!%63*2=. 6�2%…=&,, ;�*“%;�…= ƒ="�!<=�2“  
ƒ= …�“*%2>*% �,*!%“�*3…6.

 DIRECT MEASUREMENT OF THE 
OXIDANT CONCENTRATION PROFILE 
IN A DETONATION WAVE OF SOLID 

EXPLOSIVES BY THE METHOD 
OF SMALL ANGLE SYNCHROTRON 

RADIATION SCATTERING 

B. P.  TOLOCHKO1, A. P.  CHERNYSHEV2, K. A.  TEN3, 
E. R.  PRUUEL3, I. L.  ZHOGIN1, P. I.  ZUBKOV3, 

N. Z.  LYAKHOV1, L. A.  LUKYANCHIKOV3, 
V. V.  ZHULANOV4

1Institute  of Solid State  Chemistry 
and Mechanochemistry SB RAS, Novosibirsk, Russia 

2Novosibirsk  State  Technical University, 
Novosibirsk, Russia 

3Lavrentiev Institute  of Hydrodynamics 
SB RAS, Novosibirsk, Russia

4m%"%“,K,!“*, p%““,  Budker Institute 
of Nuclear Physics SB RAS, Novosibirsk, Russia

They at the  multi-user center of BINP  SB RAS 
have  developed unique  experimental methods for 
real-time  study of fast processes in the  nano-se-
cond range. Studies were  carried out with the  ap-
plication of synchrotron radiation (SR) on VEPP-3. 
An in situ method to  determine  the  content of oxi-
dants in detonation and rarefaction waves has been 
developed. The  experimental methods bases on 
using diamond nano-particles as probe  particles. 
Probe  nano-particles do  not change  the  nature  of 
physical-chemical processes running in the  area of 
reaction. The  reason is that, first, a small amount of 
nano-particles is added (up to  8% in mass); second, 
the  typical size  of nano-particles (δn ≈ 50÷100 Å) 
is much less than the  typical distance  between hot 
points (δp ≈ 103 Å). The  method allows real-time  
study of the  kinetics of chemical reactions in the  
zone  of reaction.

Diamond nano-particles were  introduced into  ex-
plosives of different composition, both with a nega-
tive  oxygen balance  and with a practically zero  
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dbhfemhe jnmŠ`jŠmni 
onbepumnqŠh oph 

deŠnm`0hh qnqŠ`bmncn 
g`p“d` PETN # TNT/RDX

j. `.  Šem1, b. l.  ŠhŠnb1, a. o.  Šnkn)jn2, 
h. k.  fnchm2, }. p.  oprr}k1, 

k. `.  krj|“m)hjnb1, b. m.  j`p`u`mnb`1

1h…“2,232 ;,6!%6,…=�,*, ,�. l.`. k="!�…2>�"= 
qn p`m, m%"%"“,K,!“*, p%““, 

2h…“2,232 .,�,, 2"�!6%;% 2�2= , ��.=…%.,�,, 
qn p`m, m%"%"“,K,!“*, p%““, 

o!, ,“C%2>ƒ%"=…,, “,….!%2!%……%;% ,ƒ238�…,  
(qh) 62  ,““2�6%"=…,  6�2%…=&,%……/. C!%&�““%" 
ƒ%…= !�;,“2!=&,, C=!=��2!%" (C 2…% qh …= ƒ=! -
6�) …=.%6,2“  …�C%6",›…%. h“C%2>ƒ3  C%“2% …“-
2"% “*%!%“2, 6�2%…=&,, "6%2> %“,, = 2=*›� “2=-
K,2>…%� "!��  ��›63 *=6!=�,, " ! 6� C%“2=…%"%* 
"%ƒ�%›…% C%238=2> !=“C!�6�2�…,� C=!=��2!%" ƒ= 
-!%…2%� 6�2%…=&,,. (b “,“2��� %2“8�2=, “" ƒ=…-
…%L “ -!%…2%� 6�2%…=&,,, C 2…% qh !="…%��!…% 
6",›�2“  %2 -!%…2=.)

n“%K/L ,…2�!�“ C!�6“2="2 �2 ,““2�6%"=…,� “%-
“2="…/. ƒ=! 6%" *%…6�…“,!%"=……/. "ƒ!/"8=2/. 
"�?�“2" (jbb): %6,… ,ƒ *%2%!/. ,���2 "/.%6 
…=…%=2�=ƒ%", = 6!3;%L # …�2. hƒ��!�…,� �=2%-
3;2%"%;% !�…2;�…%"“*%;% !=““� …,  (lrpp) C% 
%K� “2%!%…/ %2 6",›3?�L“  *%…2=*2…%L ;!=…,&/ 
6=�2 ,…-%!�=&,( 6,…=�,*� *%…6�…“=&,, …=…%8=“-
2,&. h“C%2>ƒ3��/� " .*“C�!,��…2=. jbb PENT 
, TNT/RDX 50/50 ,��(2 K2,ƒ*,� C=!=��2!/ 
" C2%“*%“2, )�C��…=-f3;�, %6…=*% !="…%��!-
…%“2> , C2%“*%“2…%“2> 6",›�…,  *%…2=*2…%L ;!=-
…,&/ ��›63 …,�, 2!�K3�2 .*“C�!,��…2=2>…%;% 
C%62"�!›6�…, . 

b !=K%2� C!�6“2="2�…/ .*“C�!,��…2=2>…/� ,“-
“2�6%"=…,  6",›�…,  *%…2=*2…%L ;!=…,&/ ��›63 
C!�““%"=……/�, ƒ=! 6=�, PENT , TNT/RDX 50/50. 
d,=��2!  ƒ=! 6%" “%“2="2 2 15 ��, 62,…= 60 , 20 ��. 
d�2�*2%!%� -,*“,!%"=2=“> &2�…>[ %2 -%2>;, !=ƒ-
��!%� 2 × 2 �� , 2%2?,…%L 50 �*�. o32�� C%6K%-
!= C2%2…%“2�L ƒ=! 6%" 36=2%“> C%238,2> !="…%-
��!…%� 6",›�…,� *%…2=*2…%L ;!=…,&/. 

m= C%238�……/. ƒ=! 6=. bb K/2, ,ƒ��!�…= 
6,…=�,*= lrpp " �%��…2 C�!�.%6= ,ƒ %6…%;% 
ƒ=! 6= " 6!3;%L. 

MOVEMENT OF CONTACT SURFACE 
AT DETONATION OF A COMPOUND 

CHARGE OF PETN # TNT/RDX.

K. A.  TEN1, V. M.  TITOV1, B. P.  TOLOCHKO2, 
I. L.  ZHOGIN2, E. R.  PRUUEL1,

L. A.  LUKIANCHIKOV1, V. N.  KARAKHANOVA1

1Lavrentiev Institute  of Hydrodynamics SB RAS, 
Novosibirsk, Russia

2 Institute of Solid State Chemistry 
and Mechanochemistry SB RAS, Novosibirsk, Russia

When detonation processes are  studied with the  
application of synchrotron radiation (SR), the  zone  
where  parameters are  being registered (the  SR spot 
on the  charge) is motionless, because  exposure  
time  is very small # 1 ns. Using the  constancy of 
axial velocity of detonation and stability of time  
interval between frames, one  can obtain distribu-
tion of parameters beyond the  detonation front 
in some  experiments (in a detonation front refer-
ence  system, the  SR spot is moving uniformly from 
the  front).

Studying compound charges of condensed explo-
sives (CE), one  of the  explosives leading to  for-
mation of nanodiamonds and the  other not leading, 
is of particular interest. Measurement of SAXS on 
either side  of the  moving contact boundary allows 
obtaining information on the  dynamics of condensa-
tion of nanoparticles. PENT and TNT/RDX 50/50, 
condensed explosives that are  used in experiments, 
have  close  parameters in the  Chapman-Jouget 
plane. Nevertheless, the  uniformity and flatness of 
movement of contact boundary between them need 
being confirmed experimentally. 

This work  presents experimental studies of the  
movement of contact boundary between compacted 
charges of PENT and TNT/RDX 50/50. The  diame-
ter of charges was 15 mm and their length was 60 and 
20 mm. A detector was registering a &shadow[ 
from 2 × 2 mm foil 50 Um thick  situated between 
charges. By selecting density of charges, we  man-
aged to  make  the  movement of contact boundary 
uniform. 

We  have  measured SAXS dynamics on the  boun-
dary of charges at the  moment of the  detona-
tion. This work  was made  under financial support 
of RFBR grants: 05-03-32752-=, 06-03-32797-=, 
07-02-01079-=.
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n tnple jhmeŠhjh pe`j0hh 
bn tpnmŠe deŠnm`0hh

`. o.  epxnb, d. `.  ledbedeb

h…“2,232 ;,6!%6,…=�,*, 
,�. l. `. k="!�…2>�"= qn p`m, 

m%"%“,K,!“*, p%““, 

d2  %C,“=…,  6�2%…=&,%……/. C!%&�““%" "% 
"ƒ!/"8=2/. "�?�“2"=. ,“C%2>ƒ3�2“  �=*!%*,…�-
2,8�“*,L C%6.%6. g=6=" -3…*&,%…=2>…/L ",6 *,-
…�2,8�“*%;% 3!="…�…, , C%6K,!=(2 �;% C=!=��2-
!/, “!="…,"=  !=“8�2 “ .*“C�!,��…2%�. nK/8…% 
“*%!%“2> !�=*&,, ,?�2“  *=* -3…*&,  2�*3?,. 
C=!=��2!%" “!�6/ (6="2�…, , C2%2…%“2,, “2�C�…, 
C!�"!=?�…, ...), C!,8�� …�C%“!�6“2"�……% C%“2� 
C!%.%›6�…,  36=!…%;% -!%…2= “2�C�…> C!�"!=-
?�…,  !="…= …32(.

hƒ"�“2�… ! 6 .*“C�!,��…2%", " *%2%!/. C!, 
"/“%*%L C2%2…%“2, "ƒ!/"8=2/. "�?�“2" …� 36=2%“> 
ƒ=!�;,“2!,!%"=2> .,�C,*, 82% �%›�2 3*=ƒ/"=2> 
…= *=8�“2"�……%� ,ƒ��…�…,� *,…�2,*,. q3?�“2"3(2 

!=“8�2…/� 6��%…“2!=&,, 3“*%!�…,  !�=*&,, 
" %*!�“2…%“2, -!%…2= 36=!…%L "%2…/ ,ƒ-ƒ= …�!="-
…%"�“…%“2, (`. m. d!��,…, b. ~. j2,��…*%). 
b. q. Š!%-,�%"/� C!�62%›�…% %K%K?�…,� *,-
…�2,*,: " *,…�2,8�“*%� 3!="…�…,�  "…% ""%6,2“  
“*%!%“2> 6�-%!�=&,,. Š=*%L 82�… K36�2 “3?�“-
2"�……/� " %K2=“2 . “ K%2><,�, ;!=6,�…2=�,. 
n6…=*% " “C�&,=2>…/. .*“C�!,��…2=. "*2=6 C!%-
,ƒ"%6…%L …� %K…=!3›,2“ . o% …=<��3 �…�…,(, 
…�3“C�. �%; K/2> “" ƒ=… “ …�36=8…/� "/K%!%� 
-%!�/ *,…�2,*, (*"=6!=2,8…%L C% ∂ ∂/V t ).

b !=K%2� C%*=ƒ=…%, 82% " 3*=ƒ=……/. .*“C�!,-
��…2=. 6,--�!�…&,=2>…%� “2=;=��%� *,…�2,*,, 
�“2, %…% "%%K?� K/2% "=›…/�, �%;2% K/2> 2%2>-
*% 2,…�L…/�:

∂λ ∂
= λ −

∂ ∂
( , , )

V
f P V A

t t
             (1)

g6�“> t $ "!�� , λ $ C�!���……=  “%“2="=, 
V $ 36�2>…/L %KA�� "�?�“2"=, P $ 6="2�…,�, 
A > 0 $ *%.--,&,�…2, *%2%!/L �%›�2 ƒ=",“�2> 
%2 P, V, λ; ƒ…=* �;% “%%2"�2“2"3�2 3“*%!�…,( !�-
=*&,, C!, “›=2,, (" 8=“2…%“2,, *%…�8…%�3 C!�-
"!=?�…,( C!, C!%.%›6�…,, 36=!…%;% -!%…2=). 
nK“3›6=(2“  ��.=…,ƒ�/ !�=*&,,, “C%“%K…/� C%-
!%›6=2> �=*!%*,…�2,*3 2,C= (1).

p=K%2= "/C%2…�…= C!, -,…=…“%"%L C%66�!›*� 
p%““,L“*%;% -%…6= -3…6=��…2=2>…/. ,““2�6%"=-
…,L (*%6 C!%�*2= 05-03-32412).

ON THE FORM OF REACTION 
KINETICS IN DETONATION FRONT

A. P.  ERSHOV, D. A.  MEDVEDEV

Lavrentyev Institute of Hydrodynamics, 
Novosibirsk, Russia 

The  macro-kinetic approach is commonly used 
to  describe  detonation processes in explosives. For 
a given form of the  kinetic equation, its parameters 
are  fitted comparing calculation and experimental 
results. Usually, the  reaction speed is expressed 
as a function of cu rrent flow parameters (pres-
sure, density, degree  of conversion, etc.), so  the  
degree  of conversion is zero  immediately after 
the  shock  front.

In a number of experiments, the  chemical 
peak  was not observed at high explosive  densities, 
which can indicate  qualitatively different kinetics. 
The  acceleration of reaction near the  shock  front 
caused by strong non-equilibrium was demonstrated 
in calculations of A. N. Dremin, V. Yu. Klimenko. 
V. S. Trofimov proposed a generalized kinetics, in-
troducing explicitly the  rate  of deformation into  

n bkh“mhh jphbhgm{ tpnmŠ` 
m` p`qopedekemhe oknŠmnqŠh 
p`gkeŠ`~yhuq“ opndrjŠnb 

deŠnm`0hh ŠpnŠhk` h Šc 50/50

k. `.  lepfhebqjhi, }. p.  oprr}k, 
k. `.  krj|“m)hjnb, j. `.  Šem

h…“2,232 ;,6!%6,…=�,*, ,�. l. `. k="!�…2>�"=
 qn p`m, m%"%“,K,!“*, p%““, 

b !=K%2� C!,"%6,2“  %C,“=…,� ��2%6,*, , !�-
ƒ32>2=2/ C!,��…�…,  “*%!%“2…%L !�…2;�…%"“*%L 
2%�%;!=-,, 62  "%““2=…%"2�…,  !=“C!�6�2�…,  
C2%2…%“2, C!%63*2%" 6�2%…=&,, *%…6�…“,!%"=…-
…/. "ƒ!/"8=2/. "�?�“2" C% 6=……/� ,ƒ��!�…,L, 
C!%"%6,�/. “ C%�%?>( “,….!%2!%……%;% ,ƒ238�-
…, . o!, ,““2�6%"=…,, C!%&�““= !=ƒ2�2= C!%63*-
2%" ,ƒ��! 2=“>, " 2%� 8,“2�, *!,",ƒ…= -!%…2= 
6�2%…=&,,. o%238�……/� 62  &,2,…6!,8�“*%;% ƒ=-
! 6%" 6,=��2!%� 12,5 �� ,ƒ C!�““%"=……%;% 2!%2,2= 
, “C2="= Šc 50/50 6=……/� “!="…,"=(2“  “ !�ƒ32>-
2=2=�, !�<�…,  “%%2"�2“2"3(?�L ;=ƒ%6,…=-
�,8�“*%L ƒ=6=8, % “2=&,%…=!…%L 6�2%…=&,,. 
r“2=…%"2�…% *=8�“2"�……%� “%;2=“,� .*“C�!,��…-
2=2>…/. , !=“8�2…/. !�ƒ32>2=2%". o%*=ƒ=…%, 82% 
62  *%2,8�“2"�……%;% “%;2=“%"=…,  .*“C�!,��…-
2=2>…/. , !=“8�2…/. 6=……/.  " !=“8�2…%L �%6�2, 
…�%K.%6,� 38�2 !�=2>…%L *!,",ƒ…/ -!%…2= 6�2%-
…=&,%……%L "%2…/. 
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nqnaemmnqŠh onbedemh“ 
rd`pmni bnkm{ b qoknxmni 

qpede oph hmh0hhpnb`mhh bb 
b{qnjnqjnpnqŠm{l rd`pnl

q. k.  mebepnb 

j!,"%!%›“*,L .*%…%�,8�“*,L ,…“2,232, 
j!,"%L p%;, r*!=,…=

b C!�6/63?,. !=K%2=., …= %“…%"=…,, !�ƒ32>-
2=2%" 8,“2�……%;% �%6�2,!%"=…,  K/2% C%*=ƒ=…%, 
82% C!, ,…,&,,!%"=…,, ƒ=! 6= bb "/“%*%“*%!%“-
2…/� 36=!%� 36=!…,* "�6�2 “�K  *=* &6,…=�,8�“-
*,L C%!<�…>[, &C%6›,�= [ C!%63*2/ 6�2%…=&,,. 
}2% C!,"%6,2 * “3?�“2"�……%�3 ,ƒ��…�…,( C!%-,-
2  6�2%…=&,%……%L "%2…/ (C% "2 (2“  ƒ%…/ C%“2%-
 ……%;% 2�8�…,  , 6%C%2…,2�2>…/� "%2…/ “›=2, ) 
, 3"�2,8�…,( �� ,�C32>“=.

b …=“2% ?�L !=K%2�, 2=*›� …= %“…%"=…,, 8,“-
2�……%;% �%6�2,!%"=…, , ,““2�63(2“  ƒ=*%…%��!-
…%“2, C=!=��2!%" 36=!…%L "%2…/ " “C2%<…%L “!�6�, 
*%2%!=  ;�…�!,!3�2“  6�2%…=&,�L ƒ=! 6= bb, ,…,-
&,,!%"=……%L "/“%*%“*%!%“2…/� 36=!%�. o!%-,2, 
rb C!=*2,8�“*, …� %22,8=(2“  %2 !=…�� !=““8,-
2=……/. C!%-,2�L db. b ƒ=",“,�%“2, %2 “%%2-
…%<�…,  2%2?,… bb , 36=!…,*= " “!�6� �%›�2 
;�…�!,!%"=2>“  6%C%2…,2�2>…=  36=!…=  "%2…= 
" !�ƒ32>2=2� %2!=›�…,L db %2 …=;!3›=��%L “!�6/ 
, %2 36=!…,*=.

o%238�…%, 82% ,…2�;!=2>…/L ,�C32>“ " 36=!-
…%L "%2…� C%-C!�›…��3 3"�2,8,"=�2“  C!%C%!-
&,%…=2>…% �=““� bb , 2%2?,…� ,…,&,,!3(?�;% 
36=!…,*=. n6…=*% "2, …,� 2%2?,…/ 36=!…,*= 
%*=ƒ=2=“> " 2#3 !=ƒ= “2=K��, 8�� …= ,�C32>“ 
" db. j!%�� 2%;%, C!,!%“2 ,�C32>“= " rb “2=…%-
",2>“  %8�…> …��%…%2%……/�.

d%C%2…,2�2>…/� !=“8�2/ C!, 6�2%…=&,, ƒ=! -
6= “ 36=!…,*%� …32�"%L “*%!%“2, C%*=ƒ=2,, 82% 
" .2%� “238=� ,�C32>“ rb ,���2 %6,… 2%*=2>-
…/L �=*“,�3� C!, “%%2…%<�…,, 2%2?,…/ bb 
, 36=!…,*= 4:1, C%“2� *%2%!%;% !=“2�2 2,…�L…% 
“ 2%2?,…%L bb. Š=*%� C%"�6�…,� %KA “… �2“  
2��, 36=!…=  "%2…= " 36=!…,*� %2!=›=�2“  %2 
�;% "�!.…�L C%"�!.…%“2, " ",6� "%2…/ !=ƒ;!3ƒ*, 
, !�ƒ*% !=ƒ;!3›=�2 od. Š=*,� %K!=ƒ%�, 6%C%2-
…,2�2>…=  "%2…= “›=2,  �%›�2 3"�2,8,2> ,…2�…-
“,"…%“2> …=;!3›�…,  2,<> …= *%!%2*%� "!�� , 
= ƒ=2�� ƒ…=8,2�2>…% “…,›=�2 &C%6›,�=(?��[ 
6�L“2",� 36=!…,*=.

o!%=…=2,ƒ,!%"=…% 2=*›� "2, …,� “*%!%“2, 
36=!…,*=. o%*=ƒ=…%, C%8��3 “*%!%“2> 36=!…,*= 
"2, �2 …= C!,!%“2 ,�C32>“= ƒ…=8,2�2>…% “2=K��, 
8�� �;% 2%2?,…=. m��%…%2%……%“2> C!,!%“2= ,�-
C32>“= C!, ,…,&,,!%"=…,, "/“%*%“*%!%“2…/� 
36=!%� %KA “… �2“  2��, ›� 36=!…%-"%2…%"/�, 
C!%&�““=�, " 36=!…,*�, …% “ 3"�2,8�…,�� �;% 
“*%!%“2, 8,“2% 2%*=2>…/. �=*“,�3�%" ,�C32>“= 
�%›�2 K/2> K%2><�.

FEATURES OF THE SHOCK WAVE 
PARAMETERS IN CONTINUOUS 
AT INITIATION OF EXPLOSIVE 
BY HIGH VELOCITY IMPACT

S. L.  NEVEROV 

Krivyi Rig, Ukraine

In previous reports on the  basis of results of 
numerical modeling it was demonstrated, that the  
liner at initiation of explosive  by its high velocity 
impact behaves as &dynamic piston[: it compresses 
the  products of detonation. This fact causes sub-
stantial change  of profile  of detonation wave   (the  
areas of constant flow and additional waves of com-
pression appears) and increasing of its integral im-
pulse. The  increasing of thickness of liner increases 
the  impulse  of detonation wave  5#6 times grater 
than thickness of the  explosive.

In this work, on the  basis of numerical model-
ing as well, the  law of the  shock  wave  parame-
ters modifications in a continuous, when the  shock  
wave  is generated by the  detonation of the  explo-
sive, initiated by a high velocity impact, is explored. 

the  kinetic equation. Such term will be  significant 
in regions of large  gradients. The  contribution of 
derivative  was however not found in special experi-
ments. In our opinion, this might be  due  to  im-
proper choice  of the  form of kinetics (quadratic 
on ∂ ∂/V t ).

We  show that the  differential term in kinetics 
in aforementioned experiments, if important at all, 
could be  only linear on the  rate  of deformation

∂λ ∂
= λ −

∂ ∂
( , , )

V
f P V A

t t
            (1)

Here, t is the  time, λ is the  composition variable, 
V is the  specific volume, P is the  pressure, and 
A > 0 is a coefficient which can depend on P, V, λ. 
The  sign of A corresponds to  the  acceleration of 
reaction at compression (particularly, finite  degree  of 
conversion behind the  shock  front). Reaction mech-
anisms that might lead to  the  macrokinetics (1) are
 discussed.

The  work  was supported by the  Russian Foun-
dation of Basic Researches (grant No. 05-03-32412).
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ledkemmne }mepcnb{dekemhe 
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m` nqmnbe njŠncem`: 
p`q)eŠm`“ lndek| h 

}jqoephlemŠ`k|m{e }ttejŠ{

j. t.  cpeaemjhm, `. k.  fepea0nb, 
l. b.  Š`p`mhj

p%““,L“*,L -�6�!=2>…/L  6�!…/L &�…2! # 
bmhh 2�.…,8�“*%L -,ƒ,*, 

,�. =*=6. e. h. g=K=K=.,…=, q…�›,…“*, p%““, 

b %2*!/2/. C3K2,*=&, . K/2% C!�62%›�…% …�“-
*%2>*% !=“8�2…/. �%6�2�L ��62�……%;% .…�!;%-
"/6�2�…, , “" ƒ=……%;% “ C!%&�““%� !%“2= 3;2�!%6…/. 

*2=“2�!%", 62  "ƒ!/"8=2%;% “%“2="= (bq) …= %“…%-
"� Š`Ša, .=!=*2�!,ƒ3(?,�“  "/“%*,� “%6�!›=-
…,�� 3;2�!%6= " ob. n6…=*% 6="…% ,ƒ"�“2…%, 82% 
.--�*2/ ��62�……%;% .…�!;%"/6�2�…,  �%;32 C!%-
 "2 2>“  , " bb “ 3��!�……/� “%6�!›=…,�� *%…-
6�…“,!%"=……%;% 3;2�!%6= " ob, " 8=“2…%“2, " bq 
…= %“…%"� %*2%;�…=. p=“8�2…/. �%6�2�L ��62�……%L 
*,…�2,*,, C!�6…=ƒ…=8�……/. 62  ,“C%2>ƒ%"=…,  
" ;,6!%*%6=., 62  2=*,. bq …� K/2%.

b 6=……%� 6%*2=6� C!�62=;=(2“  …%"%� 3!="-
…�…,� “%“2% …,  ob "/“%*%C2%2…%;% %*2%;�…= 
, bq �;% …= %“…%"� (PBX 9404, PBX 9501), 
= 2=*›� �%6�2> ��62�……%;% .…�!;%"/6�2�…,  " ob.

rpq ob K/2 C%238�… …= %“…%"� !="…%"�“…%;% 
.,�“%“2="= “ 38�2%� “�C=!=&,, ;=ƒ%"/. *%�C%-
…�…2%".

}…�!;%"/6�2�…,� �%6�2,!%"=2%“> *=* 6"3.“2=-
6,…/L C!%&�““. n*%2% 90% .,�,8�“*%L .…�!;,, 
"/6�2 �2“  " K/“2!%L -=ƒ� " ƒ%…� “��“, (bb+ob). 
b *"=ƒ,“2=&,%…=!…%� !�›,�� .2= ƒ%…= “%“2="2 �2 
%*%2% 10 …“ ,2, ~0,1��. n“2="<,�“  10% �=*“,-
�=2>…% "%ƒ�%›…%L 2�C2%2/ 6�2%…=&,, "/6�2 �2“  
…�C%“!�6“2"�……% " ob # * "…32!�……�L .…�!;,, 
ob 6%K="2 �2“  “2=;=��%�, “2�C�……/� %K!=ƒ%� 
ƒ=",“ ?�� %2 "!���…,. u=!=*2�!…%� ��62�……%;% 
"!��  C!%&�““= # %*%2% 20 …“, %6…=*% ,ƒ-ƒ= “2=-
K%L “2�C�……%L ƒ=",“,�%“2, C!%&�““ !=“2 …32 …= 
�,*!%“�*3…6…/� "!���…=.

b !=K%2� �%6�2,!3(2“  %C/2/ “ ƒ=! 6=�, ∅ 203  �� 
PBX 9404 (94% %*2%;�…=) !=ƒ2,8…%L 62,…/, C!%"�-
6�……/� =��!,*=…“*,�, ,““2�6%"=2�2 �, " 70#80-. 
;%6=. C!%<2%;% "�*=. b %C/2=. C% ,ƒ��!�…,( …=-
8=2>…%L “*%!%“2, C%2�2= 6(!=2�"/. C2=“2,… W 
2%2?,…%L h, *%…2=*2,!3(?,. “ PBX 9404 !=ƒ2,8-
…%L 62,…/, K/2 %K…=!3›�… %?32,�/L �=“<2=K-
…/L .--�*2 # .*“C�!,��…2=2>…/� *!,"/� W(h) 
62  ƒ=! 6%" !=ƒ…%L 62,…/ L = 12,5 ÷ 203 �� !=ƒ-
6�2 2,“> …= �=2/. h, 82% ,…2�!C!�2,!%"=2%“> *=* 
!%“2 .--�*2,"…%;% 6="2�…,  f3;�. 

b %C/2=. 6!3;%;% 2,C= ,ƒ��! 2=“> �=““%"=  
“*%!%“2> U(t) …= ;!=…,&� 6�2%…,!3(?�;% bq 
PBX 9404 , 2�-2%…= .2�*2!%�=;…,2…/� ��2%-
6%�. d2,…/ ƒ=! 6%" L "=!>,!%"=2,“> " 6,=C=ƒ%-
…� 25,4#203,2 ��. g…=8,2�2>…%� !=ƒ6�2�…,� 
*!,"/. U(t) 62  !=ƒ2,8…/. L …= �=2/. "!���-
…=. "…%"> C%62"�!6,2% ƒ=��2…3( …�,6�=2>…%“2> 
,““2�63��%;% bq.

Š=*,� %K!=ƒ%�, -=*2,8�“*, 3›� 25#30 2�2 
…=ƒ=6 K/2% C%*=ƒ=…%, 82% "%“C!%,ƒ"�“2, .*“C�!,-
��…2=2>…/� *!,"/� 6=›� " C!�6�2=. 6%“2=2%8…% 
K%2><%L C%;!�<…%“2, (~2% C% %&�…*=� ="2%!%") 
" !=�*=. 2�%!,, gmd, …�"%ƒ�%›…%. 

o!�62%›�……/� 3!="…�…,� “%“2% …,  62  bq 
PBX 9404 “%"��“2…% “ *,…�2,8�“*%L �%6�2>( 
��62�……%;% .…�!;%"/6�2�…,  " ob C%ƒ"%2,2, 
"%“C!%,ƒ"�“2, .2, .*“C�!,��…2/. q6�2=… "/"%6 
% 2%�, 82% .--�*2/ ��62�……%L *,…�2,*, …�%K.%-
6,�% 38,2/"=2> C!, �%6�2,!%"=…,, 6�2%…=&,, 
" bq …= %“…%"� %*2%;�…=.

Profiles of the  shock  wave  practically do not differ 
from the  profiles of the  detonation wave, computed 
in previous works. But depending on the  thickness 
ratio  of the  explosive  and the  liner, an addition-
al shock  wave  can be  generated in a continuous 
as a result of reflections of the  detonation wave  
from the  loaded continuous and from the  liner.

It’s calculated that the  mass of the  explosive  
and thickness of the  liner increases an integral im-
pulse  in a shock  wave  (proportionally) in the  
same  manner as in the  detonation wave. However, 
it’s found, that the  influence  of liner’s thickness 
is 2#3 times weaker than its influence  on an im-
pulse  increase  in the  detonation wave. In addition, 
the  impulse  increase  in the  shock  wave  very non 
monotone  versus the  thickness.

Additional calculations for detonation of explo-
sive  in case, when velocity of a liner equals zero, 
helped to  account for these  features. In this case  
the  impulse  of the  shock  wave  has one  local max-
imum at the  thicknesses ratio  of the  explosive  and 
the  liner as 4:1, after which it arcwise  grows only 
with the  thickness of the  explosive. Such behav-
iour is explained by the  fact, that a shock  wave  in 
a liner reflects from his topside  as the  rarefaction 
wave  and strongly unloads the  products of detona-
tion. Thus, the  additional wave  of compression can 
increase  the  intensity of loudening of continuous 
only for a while, and then # strongly weakens the  
compressing action of the  liner.

It’s analyzed also  why the  velocity of the  liner 
has a considerably weaker influence  on the  increas-
ing of impulse, than its thickness. The  non mono-
tone  increasing of impulse  at initiation by a high 
velocity impact is explained by the  same  processes 
in the  liner, but a few local maximums can be  gene-
rated with increase  of the  liner velocity.
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1j=ƒ=…“*,L ;%“36=!“2"�……/L 
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2h…“2,232 %!;=…,8�“*%L , -,ƒ,8�“*%L .,�,, 
,�. `. e. `!K3ƒ%"=, j=ƒm0 p`m, j=ƒ=…>, p%““, 

q%�6,…�…,  -3!=ƒ=…%--3!%*“=…%"%;% ! 6= 
C!�6“2="2 (2 …=38…/L , C!=*2,8�“*,L ,…2�!�“ 
“ 2%8*, ƒ!�…,  ,“C%2>ƒ%"=…,  ,. " *=8�“2"� *%�-
C%…�…2%" .…�!;%…=“/?�……/. �=2�!,=2%", C%“-
*%2>*3 ,��(2 "/“%*,� ƒ…=8�…,  C% C2%2…%“2,, 
“*%!%“2, 6�2%…=&,, , 2�!�,8�“*%L “2=K,2>…%“2,.

d2  3“2=…%"2�…,  "ƒ=,�%“" ƒ, ��›63 “2!3*23!%L 
"�?�“2" , ,. C%"�6�…,�� " !=ƒ2,8…/. C!%&�““=. …= 
�%2�*32 !…%� 3!%"…� …�%K.%6,�% ƒ…=…,� “2!%�…,  
,““2�63��/. “%�6,…�…,L, , %6…,� ,ƒ %KA�*2,"…/. 
��2%6%" ,6�…2,-,*=&,, “2!%�…,  …%"/. "�?�“2" 
 "2 �2“  !�…2;�…%“2!3*23!…/L =…=2,ƒ.

p�…2;�…%“2!3*23!…/L =…=2,ƒ �%…%*!,“2=22= 
1-…,2!%-2-=�,…%K�…ƒ-3!=ƒ=…-3!%*“=…= K/2 C!%-
"�6�… …= ="2%�=2,8�“*%� !�…2;�…%"“*%� 6,-!=*2%-
��2!� CAD-4 -,!�/ &NONIUS B.V.[ ��2%6%� "!=?�-
…, . l%…%*!,“2=2>…/� %K!=ƒ&/ "/!=?�…/ ,ƒ !=“2-
"%!= " …,2!%��2=…� ��2%6%� “…,›�…,  2��C�!=23!.

q2!3*23!/ !=“<,-!%"=…/ C! �/� ��2%6%� C% 
C!%;!=��� SIR , 32%8…�…/ "…=8=2� " ,ƒ%2!%C…%�, 
ƒ=2�� " =…,ƒ%2!%C…%� C!,K2,›�…,, c ,“C%2>-
ƒ%"=…,�� C!%;!=�� SHELXL-97, WinGX. b“� 
C!�6"=!,2�2>…/� !=“8�2/ C!%"�6�…/ C% C!%;!=�-
�=� *%�C2�*“= MolEN, =…=2,ƒ ��›�%2�*32 !…/. 
"ƒ=,�%6�L“2",L , !,“3…*, �%2�*32 "/C%2…�…/ C% 
C!%;!=��� PLATON. o%238�…/ ;�%��2!,  �%2�-
*32 , 3C=*%"*= �%2�*32 " *!,“2=22=..

STUDYING OF THE 
STRUCTURE OF 1-NITRO-2-

AMINOBENZFURAZANFUROKSAN

N. S.  KHAIRULLINA1, D. I.  KHAMIDULLIN1, 
V. J.  BAZOTOV1, A. T.  GUBAIDULLIN2

1The Kazan State Technological University, 
Kazan, Russia

2A. E. Arbuzov Institute of Organic and Physical 
Chemistry, Kazan Research Center 
of the Russian Academy of Sciences, 

Kazan, Russian Federation

Connections furazan-furoksan series represent 
scientific and practical interest from the  point of 
view of their use  as components explosive  mate-

hqqkednb`mhe m`)`k|m{u 
qŠ`dhi bgp{bmncn 

p`gknfemh“ jphqŠ`kknb 
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noŠh)eqjhl h `jrqŠh)eqjhl 
leŠndnl oph hmh0hhpnb`mhh 

hlork|qm{lh or)j`lh 
}kejŠpnmnb

a. o.  ̀ dreb, c. l.  aeknjrpnb, q. q.  cpe)hm

j���!%"“*,L -,2,=2 h…“2,232= .,�,, 2"�!6%;% 2�2= 
, ��.=…%.,�,, qn p`m, 

j���!%"“*,L ;%“36=!“2"�……/L 3…,"�!“,2�2, 
j���!%"%, p%““, 

b …=“2% ?�L !=K%2� C!�6“2="2�…/ !�ƒ32>2=2/ 
.*“C�!,��…2%" C% ,““2�6%"=…,( “"�8�…,  " “C�*-
2!=2>…%� ,…2�!"=2� 350#1000 …� , 6,…=�,*� 
=*3“2,8�“*,. "%2…, "%ƒ…,*=(?,. C!, "ƒ!/"� 
*!,“2=22%" 2�2!=…,2!%C�…2=.!,2!,2= (Š}m=).

h…,&,,!%"=…,� "ƒ!/"= %“3?�“2"2 2%“> .2�*2-
!%……/� C38*%� “ C2%2…%“2>( .…�!;,, 15 d›/“�2, 
.--�*2,"…%L .…�!;,, .2�*2!%…%" 0,25 l.b , 62,-
2�2>…%“2>( ,�C32>“= 30 …“. qC�*2!=2>…%-*,…�2,-
8�“*,� .=!=*2�!,“2,*, “"�8�…,  C!, "%ƒK3›6�…,, 
�6,…,8…%;% %K!=ƒ&= !�;,“2!,!%"=2,“> …= 3“2=…%"-
*�, C%6!%K…% %C,“=……%L " !=K%2� (b. m. x"=L*%, 

rials as have  high values on density, to  speed of 
a detonation and thermal stability.

For an establishment of interrelation between 
structure  of substances and their behaviour in vari-
ous processes at a molecular level the  knowledge  of 
a structure  of researched connections is necessary, 
and one  of objective  methods of identification of 
a structure  of new substances is the  X-ray analysis.

The  X-ray analysis of a monocrystal 1-nitro-2-ami-
nobenzfurazanfuroksan has been executed on auto-
matic X-ray difractometer CAD-4 of &NONIUS B.V.[ 
firm by a method of rotation. A monocrystal samples 
for carrying out the  X-ray structural analysis have  
been prepared from the  solutions in nitromethane  
by the  lowering temperature  method. 

The  structure  is defined by a direct method 
by means of the  program SIR. At first it was de-
fined more  exactly at isotropic and then in aniso-
tropic approximation with SHELXL-97, WinGX 
programs. All precomputations are  executed by 
means of MolEN, the  analysis of the  intermolecu-
lar interaction and the  figures of the  molecules 
are  executed under the  program PLATON. The  
geometry of molecules and packing of molecules in 
crystals are  received.
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K3›6�…, . )�!�ƒ 200#500 …“ 62  !=ƒ2,8…/. %K-
!=ƒ&%" ,…2�…“,"…%“2> “"�8�…,  …=!=“2=�2 "…%"> 
, “C=6=�2 8�!�ƒ 1,5#2 �*“. qC�*2!  !=6,%2(�,-
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hƒ��!�…,� 6,…=�,*, =*3“2,8�“*,. "%2… C%*=-
ƒ=2%, 82% "% "!��  ,�C32>“= "%ƒK3›6�…,  "%ƒ…,-
*=�2 36=!…=  "%2…= “ =�C2,236%L ~1 co=.

)�!�ƒ 200#500 …“ C%“2� ,�C32>“= "%ƒK3›6�…,  …=K-
2(6=�2“  !%“2 6="2�…, , “" ƒ=……/L “ !=ƒ",2,�� .*ƒ%-
2�!�,8�“*%L .,�,8�“*%L !�=*&,,. )�!�ƒ 1,5#2 �*“ 
…=K2(6=�2“  “C=6 6="2�…, , “" ƒ=……/L “ !=ƒ2�-
2%� C!%63*2%" "ƒ!/"=. q%C%“2="2�…,� %C2,8�“*,. 
, =*3“2,8�“*,. .*“C�!,��…2%" C%ƒ"%2 �2 “6�2=2> 
"/"%6, 82% C%2%“= “"�8�…,  “ �=*“,�3�%� 1,5 .b 
 "2 �2“  ,…6,*=2%!%� !=ƒ",2,  .*ƒ%2�!�,8�“*%L 
.,�,8�“*%L !�=*&,,, C!,"%6 ?�L * "ƒ!/"3.

`…=2,ƒ .*“C�!,��…2=2>…/. , 2,2�!=23!…/. 
6=……/. C%ƒ"%2,2 “" ƒ=2> C%2%“3 3,1 .b “% “"�8�-
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o%2%“= “"�8�…,  1,5 .b C!�6C%2%›,2�2>…% “" ƒ=-
…= “% “"�8�…,�� !=6,*=2= (NO3

*)−.
b 6%*2=6� %K“3›6=(2“  %“%K�……%“2, ��.=…,ƒ-

�= "ƒ!/"…%;% !=ƒ2%›�…,  *!,“2=22%" Š}m= C!, 
.2�*2!%……%-C38*%"%� "%ƒ6�L“2",, “ ,“C%2>ƒ%"=-
…,�� !�ƒ32>2=2%" *"=…2%"%-.,�,8�“*,. !=“8�2%".

p=K%2= "/C%2…�…= C!, C%66�!›*� !�;,%…=2>-
…%;% ;!=…2= ptth #07-02-96009.

INVESTIGATION OF INITIATION 
STAGES OF PENTAERYTHRITOL 

TETRANITRATE CRYSTALS 
EXPLOSIVE DECOMPOSITION 

INITIATED BY PULSE 
ELECTRONIC BEAM 

B. P.  ADUEV, G. M.  BELOKUROV, S. S.  GRECHIN 

Kemerovo branch of Institute of solid chemistry and 
mechanochemistry SB RAS,

Kemerovo State University, Kemerovo, Russia

Glow characteristics in the  range  from 350 to  
1000 nm and acoustic waves dynamic appearing at 
Pentaerythritol Tetranitrate  crystals (PETN) explo-
sive  are  resulted in the  present work.

Explosive  initiation was realized by electron 
beam with energy-flux density 15 J/cm2, effective  
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*%;% C%2�…&,=2= " 6�2%…=&,%……/. "%2…=. " …=-
“/C…/. "ƒ!/"8=2/. "�?�“2"=. K/2, %K…=!3›�…/ 
-23*23=&,, C%2 !,ƒ=&,,. t23*23=&,, “2�6%"=2, 
“!=ƒ3 ƒ= “*=8*%� …=C! ›�…,  …= %“&,22%;!=��� 
C!%&�““=. a/2, "/“*=ƒ=…/ C!�6C%2%›�…, , 82% 

electrons energy 0.25 MeV and pulse  duration 30 ns. 
The  complex described in detail in (Shvayko V. N., 
Krechetov A. G. , Aduev B. P. , Gudilin A. V., and 
Serov S. A. // Technical Physics, 2005, Volume  
50, Issue  6, pp. 732$735) was used for registration 
of spectrum-kinetics glow characteristics of an ex-
cited single  sample. Acoustic waves dynamic mea-
suring was realized by piezodetector.

Intensive  radioluminescence  is observed at the  
moment of excitation pulse  in the  glow kinetics. 
For different samples glow intensity increases again 
in 200#500 ns and then it decreases in 1.5#2 Us. At 
the  next stage  there  is a glow band with maximum 
at 1.5 eV in glow spectrum. 

At the  moment of excitation pulse  compression 
shock  with amplitude  ~ 1GPa was detected by acous-
tic wave  dynamic measuring.

In 200#500 ns after excitation pulse  pressure  in-
creasing is observed, it is connected with exothermic 
chemical reaction development. In 1.5#2 Us there  
is pressu re  decreasing which is connected with 
explosive  products scattering. Comparison of optics 
and acoustics results allows to  conclude  glow band 
with a maximum 1.5 eV is a marker of exothermic 
chemical reaction development which is resulted in 
an explosive.

Literature  and experimental results analysis al-
lows to  connect the  band 3.1 eV with exciton glow 
and the  band 2.4 eV with radical NO2

*. Hypotheti-
cally the  band 1.5 eV is connected with radical 
(NO3

*)$ glow.
Characteristics of PETN crystals explosion decom-

position mechanism at electron-beam action in compa-
rison with quantum-chemical calculated results 
are  discussed in the  report.

The  investigation is realized under support 
of RFFI grant #07-02-96009.
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lndek| n)`cnbncn g`fhc`mh“ 
beyeqŠb` hlork|qm{l 

onŠnjnl hgkr)emh“

p. q.  arpjhm`1, b. b.  ledbedeb2, 
e. `.  lhjnb`1, b. o.  0hohkeb2

1Š%�“*,L ;%“36=!“2"�……/L 3…,"�!“,2�2, 
Š%�“*, p%““, 

2Š%�“*,L C%2,2�.…,8�“*,L 3…,"�!“,2�2, 
Š%�“*, p%““, 

b 6=……%L !=K%2� C!%"%6,2“  C!,K2,›�……%� 
2�%!�2,8�“*%� , 8,“2�……%� ,““2�6%"=…,� ƒ=6=8, 
ƒ=›,;=…,  !�=*&,%……%“C%“%K…%;% "�?�“2"= C%2%-
*%� ,ƒ238�…,  C!, �;% C%;2%?�…,, %C2,8�“*,�, 
…�%6…%!%6…%“2 �,, …=.%6 ?,�,“  " !�=*&,%……%“-
C%“%K…%� "�?�“2"� (pb), ,ƒ38=(2“  ƒ=*%…%��!-
…%“2, C!%.%›6�…,  2=*%;% C!%&�““=, C=!=��2!/ 
, C!�6�2/ ƒ=›,;=…, . p=““�=2!,"=�2“  �%6�2> 
…�%;!=…,8�……%;% !�=*&,%……%“C%“%K…%;% "�?�“2"=, 
"…32!, *%2%!%;% …=.%6 2“  ,…�!2…/� 8=“2,&/. m= 
C!%ƒ!=8…%� pb 6�L“2"3�2 ,�C32>“ "/“%*%,…2�…-
“,"…%;% ,ƒ238�…, , *%2%!%� C%;2%?=�2“  …=.%6 -
?,�,“  " pb ,…�!2…/�, 8=“2,&=�,. b !�ƒ32>2=2� 
.…�!;,  ,ƒ238�…,  2%*=2,ƒ3�2“  " %KA��� , %*-
!�“2…%“2, 8=“2,&, 82% C!,"%6,2 * “%ƒ6=…,( 2�C-
2%"/. %8=;%", “C%“%K…/. C!,"�“2, * ƒ=›,;=…,( 
pb. b/C%2…�……%� ,““2�6%"=…,� C%*=ƒ=2%, 82% 
*=8�“2"�……/L .=!=*2�!  C!%.%›6�…,  C!%&�““= 
ƒ=›,;=…,  “3?�“2"�……% ƒ=",“,2 %2 62,2�2>…%“-
2, "…�<…�;% ,�C32>“=. o!, *%!%2*,. ,�C32>“=. 
"!��  ƒ=›,;=…,  K%2><� "!���…, 2�C2%"%;% ,�-
C32>“=, , “=�% "%“C2=��…�…,� C!%.%6,2 " !�›,�� 
2�C2%"%;% "ƒ!/"=, = "!��  ƒ=›,;=…,  %C!�6�2 �2 
,…63*&,%……/L C�!,%6. o!, 62,……/. ,�C32>“=. 

bkh“mhe }kejŠpnmmncn 
bngarfdemh“ h hnmhg`0hh 

lnkejrk Š}m` 
m` m`)`k|mr~ qŠ`dh~ 

ecn p`gknfemh“ oph nakr)emhh 
}kejŠpnmm{l or)jnl

a. o.  ̀ dreb1, b. j.  cnkraeb2

1j���!%"“*,L -,2,=2 huŠŠl qn p`m, 
j���!%"%, p%““, 

2p%““,L“*,L -�6�!=2>…/L  6�!…/L &�…2! # 
bmhh .*“C�!,��…2=2>…%L -,ƒ,*,, q=!%", p%““, 

o!�6“2="2�…/ !�ƒ32>2=2/ *"=…2%"%-.,�,8�“*,. 
!=“8�2%" �%2�*32 Š}m= " 3“2%", . ,. .2�*2!%…-
…%;% "%ƒK3›6�…,  , ,%…,ƒ=&,,. p=“8�2/ C!%"%6,-
2,“> 62  "/ “…�…,  "%ƒ�%›…/. ��.=…,ƒ�%" …=-
8=2>…%L “2=6,, !=ƒ2%›�…,  Š}m= C!, %K238�…,, 
.2�*2!%……/� C38*%�. d2  .2%;% %C!�6�2 2,“> 
.…�!;,, 6,““%&,=&,, “" ƒ�L O-NO2 , C-ONO2 
62  �%2�*32 " %“…%"…%� , " …�“*%2>*,. "%ƒK3›-
6�……/. “%“2% …, . , 62  %2!,&=2�2>…%;% , C%2%-
›,2�2>…%;% �%2�*32 !…/. ,%…%". nK!=ƒ3(?,�“  
C!, !=ƒ!/"� “" ƒ�L !=6,*=2/ NO2 , NO3 2=*›� 

,ƒ238�…,  ƒ=›,;=…,� C!%,“.%6,2 6% %*%…8=…,  
,�C32>“=, *!,2�!,�� ƒ=›,;=…,   "2 �2“  6%“2,-
›�…,� ,…�!2…%L 8=“2,&�L %C!�6�2�……%L 2��C�!=-
23!/, "�2,8,…= *%2%!%L ƒ=",“,2 %2 2�C2%-*,…�-
2,8�*,. C=!=��2!%" “,“2��/ , !=ƒ��!= 8=“2,&/. 
m= C!�6�2� ƒ=›,;=…,  K%2�� K/“2!% ƒ=›,;=(2“  
��2*,� 8=“2,&/, …% .2% K/“2!%� ƒ=›,;=…,� %K�“-
C�8,"=�2 K%2�� �%?…/L ,�C32>“. b 2%›� "!��  
ƒ=C=“�……=  " 8=“2,&� .…�!;,  "…�<…�;% ,�C32>-
“= 2�� ��…><�, 8�� ��…><� !=6,3“ 8=“2,&/. }2% 
“" ƒ=…% “ 2��, 82% C!, ��…><,. !=ƒ��!=. 8=“2,-
&/ 2!�K3�2“  ��…><� .…�!;,, 62  C%"/<�…,  �� 
2��C�!=23!/ , 2��C�!=23!/ C!,2�;=(?�;% * …�L 
pb. r“2=…%"2�…%, 82% C!, *%!%2*%� ,�C32>“� ,ƒ-
238�…,  C!�6�2 ƒ=›,;=…,  %C!�6�2 �2 .…�!;,  
,�C32>“=, = C!, 62,2�2>…%� ,�C32>“� C!�6�2 ƒ=-
›,;=…,  %C!�6�2 �2 �%?…%“2> ,ƒ238�…, . b!��  
, C!�6�2 ƒ=›,;=…,  ƒ=",“,2 *=* %2 62,2�2>…%“2, 
,�C32>“=, 2=* , %2 !=ƒ��!= ,…�!2…%L C%;2%?=(-
?�L 8=“2,&/. 

p�ƒ32>2=2/ !=“8�2= “!="…,"=(2“  “ .*“C�!,��…-
2%�, C!%"�6�……/� " 6,=C=ƒ%…� 62,2�2>…%“2�L 
2=ƒ�!…%;% "%ƒ6�L“2",  2⋅10$ 8#4⋅10$ 3 “. nK“3›-
6=�2“  "%ƒ�%›…%“2> %C,“=…,  .*“C�!,��…2= “ C%-
ƒ,&,L !=“8�2…%L �%6�2,.

p=K%2= C%66�!›=…= p%““,L“*,� -%…6%� -3…6=-
��…2=2>…/. ,““2�6%"=…,L (*%6/ C!%�*2%" 06-03-
32336-=, 06-03-32724-=).

-23*23=&,, %C!�6�2 (2“  ;�2�!%;�……%“2>( 6�2%-
…,!3(?�;% ƒ=! 6=.

n6…=*%, C!, ,““2�6%"=…,, C!%“2!=…“2"�……%L 
"ƒ=,�%“" ƒ, "%2…/ C%2 !,ƒ=&,, “ "%2…%L C!%-
"%6,�%“2, C!, K%2�� "/“%*%� "!���……%� !=ƒ-
!�<�…,, %*=ƒ=2%“>, 82% -23*23=&,, …%“ 2 C%8-
2, !�;32 !…/L .=!=*2�!. j%2�K=…,  "%ƒ…,*=(2 
" ,…,&,,!3(?�L 36=!…%L "%2…� , ��62�……% ƒ=23-
.=  C!%6%2›=(2“  " "%2…� C!%"%6,�%“2,. o�!,%6 
*%2�K=…,L 10#15 …“, 62,2�2>…%“2> 150#200 …“.

nKA “…,2> *%2�K=…,  C%2 !,ƒ=&,, *%2�K=-
…, �, C%2 !…/. “" ƒ�L …� 36=�2“ . d2  "/ “…�-
…,  -,ƒ,8�“*%L C!,!%6/ *%2�K=…,L C%2 !,ƒ=&,, 
…�%K.%6,�/ 6%C%2…,2�2>…/� ,““2�6%"=…, .

j%;�!�…2…/� *%2�K=…,  %K…=!3›�…/ C!, �%-
2�*32 !…%-6,…=�,8�“*%� �%6�2,!%"=…,, !=“-
C!%“2!=…�…,  36=!…/. "%2… " *!,“2=22=. NaCl .



q�*&,  2. bƒ!/"…/� , 6�2%…=&,%……/�  "2�…, 80

!=““�=2!,"=2,“> " …�L2!=2>…%� %“…%"…%� , "%ƒ-
K3›6�……%� “%“2% …, . , " ",6� %2!,&=2�2>…%;% 
, C%2%›,2�2>…%;% ,%…%". p=“8�2/ "/C%2… 2,“> 
“ ,“C%2>ƒ%"=…,�� “C�&,=2,ƒ,!%"=……%L *"=…2%-
"%-.,�,8�“*%L C!%;!=��/ Gaussian 98. d2  !=“-
8�2%" “2=&,%…=!…/. “%“2% …,L C% ��2%63 2�%!,, 
-3…*&,%…=2= C2%2…%“2, ,“C%2>ƒ%"=2“  *%�K,…,-
!%"=……/L -3…*&,%…=2 B3LYP. b%ƒK3›6�……/� 
“%“2% …,  !=““�=2!,"=2,“> “ ,“C%2>ƒ%"=…,�� ��-
2%6= *%…-,;3!=&,%……%;% "ƒ=,�%6�L“2", . b“� 
C!�6"=!,2�2>…/� !=“8�2/ "/C%2… 2,“> “ ,“C%2>-
ƒ%"=…,�� K=ƒ,“…%;% …=K%!= .2�*2!%……/. -3…*-
&,L 3-21G, = 62  "/K%!%8…/. %*%…8=2�2>…/. 
!=“8�2%" ,“C%2>ƒ%"=2“  K%2�� 2%8…/L K=ƒ,“…/L 
…=K%!  6-31+G(d).

o%238�……/� !=“8�2…/� !�ƒ32>2=2/ “%C%“2="-
2 2,“> “ .*“C�!,��…2=2>…/�, !�ƒ32>2=2=�, C% 
,…,&,,!%"=…,( *!,“2=22%" Š}m= C!, %K238�…,, 
.2�*2!%……/� C38*%�. b 3“2%", . "%ƒ6�L“2",  C%-
6%K…%;% ,%…,ƒ,!3(?�;% %K238�…,  .…�!;�2,8�“-
*,� ƒ=2!=2/ C!=*2,8�“*, C%2…%“2>( !=“.%63(2“  
…= “%ƒ6=…,� .2�*2!%…%" , 6/!%*, *%2%!/� �%;32 
!�*%�K,…,!%"=2> 8�!�ƒ .*“,2%……/� “%“2% …,  ,2, 
ƒ=."=2/"=2>“  " %*!�“2…%“2, “2!3*23!…/. 6�-�*-
2%", “%ƒ6="=  =…=2%;, C%2%›,2�2>…%;% ,2, %2!,-
&=2�2>…%;% ,%…%". o!, %K238�…,, “2=&,%…=!…%L 
!=6,=&,�L " “C�*2!=. %C2,8�“*%;% C%;2%?�…,  
%K…=!3›�…/ …,2!=2-,%…/, = “ ,“C%2>ƒ%"=…,�� 
��2%6= .2�*2!%……%;% C=!=�=;…,2…%;% !�ƒ%…=…-
“= # !=6,*=2/ NO2. o!, %K238�…,, ,�C32>“…/� 
.2�*2!%……/� C38*%� “ ,“C%2>ƒ%"=…,�� ��2%6= 
,�C32>“…%L 2(�,…�“&�…2…%L “C�*2!%“*%C,, %K…=-
!3›�…% “"�8�…,� .*“,2%…%" , "%ƒK3›6�……/. !=-
6,*=2%" NO2. o!, C2%2…%“2 . "%ƒK3›6�…,  "/<� 
C%!%;= "ƒ!/"…%;% !=ƒ2%›�…, , *%;6= %K!=ƒ�& 
C%6 "%ƒ6�L“2",�� .2�*2!%……%;% C38*= …=.%6,2“  
" 3“2%", . "/“%*%L 2��C�!=23!/ , 6="2�…,  %K-
…=!3›�…= C%2%“= “"�8�…, , *%2%!=  �%›�2 K/2> 
“" ƒ=…= “ !=6,*=2%� NO2. nK!=ƒ%"=…,� !=6,*=2= �%-
›�2 C!%,“.%6,2> " .2,. 3“2%", . " !�ƒ32>2=2� 2%*=-
2,ƒ=&,, 6/!*, …= �%2�*32� Š}m= “ C%“2�63(-
?�L 6,““%&,=&,�L “" ƒ, O-NO2.

INFLUENCE OF ELECTRONIC 
EXCITATION AND IONIZATION 

OF PETN MOLECULES ON INITIAL 
STAGE OF ITS DECOMPOSITION AT 

ELECTRON BEAM IRRADIATION

B. P.  ADUEV1, V. K.  GOLUBEV2 

1Kemerovo branch of ISSCM SB RAS, 
Kemerovo, Russia

2Russian Federal Nuclear Center $ All-Russia Scientific 
Research Institute of Experimental Physics, 

Sarov, Russia

The  results of quantum-chemical calculations of 
PETN molecules in the  conditions of their electronic 
excitation and ionization are  presented. The  calcu-
lations were  carried out for ascertaining possible  
mechanisms of the  initial stage  of PETN decompo-
sition under irradiation by an electronic beam. The  
dissociation energies of the  O-NO2 and C-ONO2 

bonds were  determined for the  molecules in the  
ground and several exited states and for the  nega-
tive  and positive  molecular ions. The  NO2 and NO3 
radicals formed at the  bonds rapture  were  also  
considered in the  neutral ground and excited states 
and as the  negative  and positive  ions. The  calcula-
tions were  performed with the  use  of the  special-
ized quantum-chemical Gaussian 98  program. The  
combined B3LYP  functional was used for the  cal-
culations of stationary states with the  density func-
tional theory method. The  excited states were  ex-
amined using the  configuration interaction method. 
All the  preliminary calculations were  carried out 
with the  use  of the  3-21G basis set of electronic 
functions. The  more  precise  6-31+G (d) basis set 
was used for the  selective  final calculations.

The  obtained calculated results were  compared 
with the  experimental results on the  initiation of 
PETN crystals under irradiation by an electronic 
beam. Under conditions of such ionizing irradia-
tion the  energy consumption are  practically in full 
spent on the  creation of electrons and holes. These  
electrons and holes can recombine  through exciton 
states or be  captured in the  vicinity of structural 
defects creating the  analogues of positive  or nega-
tive  ions. At the  irradiation with stationary radia-
tion the  nitrates-ions were  found in the  spectra of 
optical absorption and the  NO2 radicals were  fixed 
with the  use  of the  method of electronic paramag-
netic resonance. At the  irradiation with a pulse  
electronic beam the  luminescence  of excitons and 
of excited NO2 radicals was found with the  use  
of the  method of pulse  luminescent spectroscopy. 
The  luminescence  band was found at the  excitation 
densities above  the  threshold of explosive  decom-
position when the  sample  is located in the  condi-
tions of high temperature  and pressure  under the  
action of an electronic beam. This band can be  re-
lated with the  NO2 radical. In such conditions the  
formation of the  radical can take  place  as a result 
of the  localization of a hole  on the  PETN molecule  
with the  following dissociation of the  O-NO2 bond.
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}. p.  oprr}k1, `. n.  j`xj`pnb2, 
k. `. krj|“m)hjnb1, k. `. lepfhebqjhi1

1h…“2,232 ;,6!%6,…=�,*, ,�. l.`. k="!�…2>�"= 
qn p`m, m%"%“,K,!“*, p%““, 

2m%"%“,K,!“*,L ;%“36=!“2"�……/L 3…,"�!“,2�2, 
m%"%“,K,!“*, p%““, 

b 6%*2=6� C!,"%6 2“  .*“C�!,��…2=2>…/� 6=…-
…/� C% %C!�6�2�…,( 6,…=�,*, C2%2…%“2, C!, C�-
!�.%6� ;%!�…,  " 6�2%…=&,( " …=“/C…/. ƒ=! 6=. 
"2%!,8…/. "ƒ!/"8=2/. "�?�“2" (2.…=, ;�*“%;�…). 
l�2%6,*= "%““2=…%"2�…,  C!%“2!=…“2"�……%;% !=“-
C!�6�2�…,  C2%2…%“2, %“…%"=…= …= C!%“"�8,"=…,, 
,““2�63��%;% ƒ=! 6= “,….!%2!%……/� !�…2;�…%"“-
*,� ,ƒ238�…,��.

h““2�63��/L ƒ=! 6 “%“2% 2 ,ƒ 2!3K*, ƒ=C%2-
…�……%L C%!%<*%"/� bb …=“/C…%L C2%2…%“2,. 
o%2,.!%�=2,8�“*,L 238  “,….!%2!%……%;% ,ƒ23-
8�…,  " -%!�� …%›= <,!,…%L 15 �� , 2%2?,…%L 
0,2 �� C!%“"�8,"=2 ,““2�63��/L &,2,…6!,8�“*,L 
ƒ=! 6. n“2=K2�……%� ,ƒ238�…,� 6�2�*2,!%"=2%“> 
2,…�L*%L 83"“2",2�2>…/. .2���…2%" ;=ƒ%"%;% �,*-
!%“2!,C%"%;% 6�2�*2%!=.

o!�6C%2%›�…,� % &,2,…6!,8�“*%L “,���2!,, 
2�8�…,  C%ƒ"%2,2% C%“2=",2> ƒ=6=83 2%�%;!=-,, 
, %C!�6�2,2> !=“C!�6�2�…,� C2%2…%“2, "6%2> !=-
6,3“= ƒ=! 6=. h“C%2>ƒ%"=…,� “C�&,=2>…%L ��2%6,-
*, “;2=›,"=…,  C%ƒ"%2,2% 3"�2,8,2> C!%“2!=…“-
2"�……%� !=ƒ!�<�…,� ��2%6= , %C!�6�2,2> *!,",ƒ-
…3 -!%…2= " C�!�.%6…%� C!%&�““�.

p=K%2= "/C%2…�…= C!, -,…=…“%"%L C%66�-
!›*� h…2�;!=&,%……%;% C!%�*2= qn p`m 1 23 
, l%2%6�›…%;% C!%�*2= qn p`m 118.

l`pjhpnbj` ok`qŠh)m{u 
h }k`qŠh)m{u bgp{b)`Š{u 

beyeqŠb $ m`defm{i 
g`qknm hqonk|gnb`mh~ 

hu b ŠeppnphqŠh)eqjhu 0ek“u

e. b. jnkc`mnb, b. o. hk|hm, h. g. `uleŠnb, 
b. b. qrd`jnb, q. o. qlhpmnb, b. c. jnfebmhjnb,

 k. p. jnŠnb, q. o. b`kexmhi, 
m. o. Šhunlhpnb`

t�6�!=2>…%� ;%“36=!“2"�……%� 3…,2=!…%� C!�6C!, 2,�
&c%“36=!“2"�……/L …=38…%-,““2�6%"=2�2>“*,L 
,…“2,232 œj!,“2=22B[, dƒ�!›,…“*, p%““, 

b “" ƒ, “ 38=“2,"<,�,“  " C%“2�6…,� ;%6/ “23-
8= �, C!%"�6�…,  2�!!%!,“2,8�“*,. =*2%" “ ,“-
C%2>ƒ%"=…,�� "ƒ!/"8=2/. "�?�“2" (bb) ��›63-
…=!%6…%-C!="%"=  , -,…=…“%"%-.*%…%�,8�“*=  
“,23=&,, " %K2=“2, ,. C!%,ƒ"%6“2"= , !�=2,ƒ=-
&,, %K3“2%",2, =*23=2>…%“2> , …�%K.%6,�%“2> 
C!,… 2,  .--�*2,"…/. ��!  C% C!%2,"%6�L“2",( 
.,?�…, � , C!%2,"%C!="…%�3 ,“C%2>ƒ%"=…,( bb 
!=ƒ2,8…/. 2,C%".

q .2%L &�2>( ��›63…=!%6…%L %!;=…,ƒ=&,�L 
;!=›6=…“*%L =",=&,, (hj`n) C% C%!38�…,( 
q%"�2= a�ƒ%C=“…%“2, nnm K/2= !=ƒ!=K%2=…= 
��›63…=!%6…=  &j%…"�…&,  C% �=!*,!%"*� C2=“-
2,8�“*,. bb " &�2 . ,. %K…=!3›�…, [, *%2%!=  
"“23C,2= " “,23 21 ,(…  1998 ;%6=.

d2  "/C%2…�…,  2�.…,8�“*,. 2!�K%"=…,L 
&j%…"�…&,, �[ tcro &c%“mhh œj!,“2=22B[ 
!=ƒ!=K%2=…/ 2�.…%2%;,8�“*,� C!%&�““/ �=!*,!%-
"=…,  C2=“2,8…/. , .2=“2,8…/. "ƒ!/"8=2/. “%-
“2="%" (obb , }bb) "/C3“*=(?�L“  " …=“2% ?�� 
"!��  " p%““,L“*%L t�6�!=&,, …%��…*2=23!/. 
p=ƒ!=K%2=…= …�%K.%6,�=  62  ,. ,ƒ;%2%"2�…,  
…%!�=2,"…%-2�.…,8�“*=  6%*3��…2=&, . q &�2>( 
6%C3“*= �=!*,!%"=……/. “%“2="%" obb , }bb 
* C!,��…�…,( C% C! �%�3 …=ƒ…=8�…,( C!%"�6�…= 
!=ƒ!=K%2*= , *%!!�*2,!%"*= 2�.…,8�“*,. 3“2%",L 
…= �=!*,!%"=……/� “%“2="/.

b *=8�“2"� �=!*,!3(?,. 6%K="%* ,ƒ “C,“-
*=, !�*%��…6%"=……%;% hj`n, ,“C%2>ƒ%"=…/ 
C-�%…%…,2!%2%23%2 (C-lmŠ) , 2,3-6,��2,2-2,3-
6,…,2!%K32=… (dlma), = 2=*›� C!%"�6�…/ "“� 
…�%K.%6,�/� ,““2�6%"=…,  ,. -,ƒ,*%-.,�,8�“-
*,. “"%L“2", “%"��“2,�%“2, “ *%�C%…�…2=�, �=!-
*,!3��/. “%“2="%", “%.!=… ��%“2, " C!%&�““=. 
.!=…�…,  , C�!�!=K%2*, “%“2="%" , ,. "2, …,  …= 
"ƒ!/"8=2/� , .*“C23=2=&,%……/� “"%L“2"= �=!*,-
!3��/. *%�C%ƒ,&,L.

b “" ƒ, “ %2“32“2",�� " …=“2% ?�� "!��  " p%““,, 
C!%,ƒ"%6“2"= "/K!=……/. �=!*,!3(?,. “%�6,…�-
…,L !=ƒ!=K%2=…/ 2�.…%2%;,, ,. C%238�…,  , %!-
;=…,ƒ%"=… C!%�/<2�……/L "/C3“* …= %C/2…%-C!%-
�/<2�……%L K=ƒ� tcro &c%“mhh œj!,“2=22B[.

d2  %K�“C�8�…,  …%!�=2,"…%-C!="%"%;% *%…-
2!%2  ƒ= “%K2(6�…,�� 2!�K%"=…,L j%…"�…&,, 
!=ƒ!=K%2=… C!%�*2 …%!�=2,"…%;% 6%*3��…2= (…=-
&,%…=2>…%;% “2=…6=!2=) cnqŠ p &b�?�“2"= 
"ƒ!/"8=2/�. l=!*,!%"*= C2=“2,8…/. , .2=“2,8-
…/. "ƒ!/"8=2/. "�?�“2" “ &�2>( ,. %K…=!3›�-
…, . nK?,� 2!�K%"=…, [, !�;2=��…2,!3(?�;% 
C%! 6%* , C!=",2= �=!*,!%"=…,  obb , }bb 
" p%““,L“*%L t�6�!=&,,. n*%…8=2�2>…=  !�-
6=*&,  “2=…6=!2= " …=“2% ?�� "!��  …=.%6,2“  
" p%“2�.!�;32,!%"=…,, …= 32"�!›6�…,,.
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PLASTIC AND ELASTIC EXPLOSIVES 
MARKING IS A RELIABLE 
MEANS AGAINST THEIR 

USE WITH TERRORIST AIMS

E. V.  KOLGANOV, V. P.  IL’IN, I. Z.  AKHMETOV, 
V. V.  SUDAKOV, S. p.  SMIRNOV, V. G.  KOZHEVNIKOV, 
L. R.  KOTOV, S. I.  VALESHNIY, N. P.  TIKHOMIROVA    

Federal State Unitary Enterprise &State Scientific 
Research Institute œKristallB[, Dzerzhinsk, Russia

In connection with the  fact that terrorist acts, 
in which explosives are  used, occur more  frequent, 
international-legal and financial-economic situa-
tions in the  field of the  explosives production and 
realization caused topicality and necessity to  take  
effective  measures against misappropriations and 
use  of various types of explosives.

With this aim International Civil Aviation Or-
ganization (ICAO) charged by the  United Nations 
Security Council issued international &Convention 
on the  Marking of Plastic Explosives for the  Purpose
of Detection[, that came  into force  on 21 June  1998.

For execution the  Convention requirements 
FGUP  &GosNII œKristallB[ developed processes of 
marking plastic and elastic explosives being pro-
duced in Russian Federation at present time. Engi-
neering specifications necessary for their production 
are  worked out. In order to  get permit for applica-
tion of marked plastic and elastic explosives, speci-
fications for them were  developed and corrected.

As marking agents p-mononitrotoluene  (p-MNT) 
and 2,3-dimethyl-2,3-dinitrobutane  (DMNB) from 
the  recommended ICAO  list were  used and all the  
necessary studies of their physical and chemical 
properties, compatibility with the  components of 
marked explosives, stability in storage  and process-
ing of the  explosives and their influence  on explo-
sive  and operational properties of marked composi-
tions were  carried out.

As the  selected marking agents are  not produced 
in Russia at present time, we  developed process-
es for their manufacture  and arranged industrial 
production at experimental and industrial base  of 
FGUP  &GosNII œKristallB[

In order to  control the  execution of the  Conven-
tion requirements there  was developed the  project 
of State  Standard (GOST R) &Explosives. Marking 
of Plastic and Elastic explosives for the  Purpose  
of Detection. General Requirements[, regulating 
the  order and rules of plastic and elastic explo-
sives marking in Russian Federation. Final version 
of the  standard is in a regulating organization for 
approval.

p`gp`anŠj` h ophlememhe 
aeqo`p`kk`jqmni  

qŠpnahprelni }kejŠpnmmn-
noŠh)eqjni j`lep{ 

m`mnceiŠ dk“ lmncnj`dpnbni 
pechqŠp`0hh hgnap`femhi 

a{qŠpnopnŠej`~yhu  
opn0eqqnb

l. h.  jprŠhj1, b. o.  l`inpnb2, 
b. b.  ononb1, l. q.  qelhm2

1nnn &moo m`mnqj`m[ 
(`““%&,=&,  bhdenqj`m), l%“*"=, p%““,  

2g`n &moj bhdenqj`m[, 
(`““%&,=&,  bhdenqj`m), l%“*"=, p%““, 

b 6%*2=6� !=““�=2!,"=(2“  "%C!%“/ !=ƒ!=K%2-
*, , C!,��…�…,  K�“C=!=22=*“…/. 6,“2=…&,%……% 
3C!="2 ��/. &,-!%"/. .2�*2!%……%-%C2,8�“*,. 
*=��!  (}nj) , �…%;%*=��!…/. *%�C2�*“%" …= ,. 
%“…%"� 62  “"�!.“*%!%“2…%L !�;,“2!=&,, K/“2!%-
C!%2�*=(?,. C!%&�““%". p=ƒ!=K%2=……=  " &moo 
m`mnqj`m[ “%"��“2…% “ &moj bhdenqj`m[ 
6"3.*=…=2>…=  .2�*2!%……%-%C2,8�“*=  *=��!= 
m`mnceiŠ Š2 (NANOGATE T2) C%“2!%�…= …= 
%“…%"� 6%!=K%2=……/. ="2%!=�, C2%“*,. .2�*2!%…-
…%-%C2,8�“*,. C!�%K!=ƒ%"=2�2�L (}no) "2%!%;% 
C%*%2�…, . 

hƒ%K!=›�…,� !�;,“2!,!3��%;% %KA�*2= 8�!�ƒ 
".%6…%L %KA�*2," , 2,…ƒ%"%-C!,ƒ��……3( “,“2��3 
6�2�…,  ,ƒ%K!=›�…,  C!%�&,!3�2“  …= …�“*%2>*% 
*=…=2%" (" 6=……%L *=��!� # …= 6"=) , -%*3“,!3-
�2“  …= -%2%*=2%6/ 6"3. .2�*2!%……%-%C2,8�“*,. 
C!�%K!=ƒ%"=2�2�L. m= *=›6/L ,ƒ 6"3. .2�*2!%…-
…%-%C2,8�“*,. C!�%K!=ƒ%"=2�2�L  C%“23C=�2 50% 
.…�!;,, !�;,“2!,!3��%;% ,ƒ%K!=›�…, . Š=*=  
.2�*2!%……%-%C2,8�“*=  “.��= *=��!/ %K�“C�8,"=�2 
%2“32“2",� C=!=22=*“= C!, �…%;%*=…=2>…%L (�…%-
;%*=6!%"%L) “A��*� K/“2!%C!%2�*=(?,. C!%&�“-
“%". b *=��!� C!,��…�…/ }no “ !=K%8,� 6,=��2-
!%� -%2%*=2%6= 18  �� , ogq �=2!,&/ -%!�=2= 
1/2œ 1390 × 1040 C,*“�2�L. b“� "!���……/� , .…�!-
;�2,8�“*,� C=!=��2!/  *=��!  “�!,, NANOGATE 
(62,2�2>…%“2, ƒ=2"%!…/. ,�C32>“%", "!���……=  
ƒ=6�!›*= ƒ=C3“*= , *%.--,&,�…2 3“,2�…,  }no) 
3“2=…="2,"=(2“  6,“2=…&,%……% “ 36=2�……%;% *%�-
C>(2�!= (…�ƒ=",“,�% 62  *=›6%;% *=…=2=) " 6,=-
C=ƒ%…=.:

62,2�2>…%“2, ƒ=2"%!…/. 
,�C32>“%" }no

10 …“ 8  20 �*“ 
(<=; 10 …“);

"!���……/� ƒ=6�!›*, 
ƒ=C3“*=  *=��!

40 …“ 8  1 300 
�*“ (<=; 5…“);

*%.--,&,�…2 
3“,2�…,  }no

*%.--,&,�…2 
3“,2�…,  }no
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qhqŠel{ b{qnjnqjnpnqŠmni 
bhdenqzeljh h no{Š 

hu ophlememh“ b 
}jqoephlemŠ`k|mni thghje

`. `.  arŠrgnb, b. o.  l`inpnb, 
k. t.  nb)hmmhjnb, j. ~.  njrm|jnb,  

h. l.  qelhm, l. q.  qelhm

g`n &moj bhdenqj`m[, l%“*"=, p%““, 

b 6%*2=6� C!�6“2="2�…/ C=!=��2!/ !=ƒ!=K%-
2=……%L " g`n moj &bhdenqj`m[ “,“2��/ 
“*%!%“2…%L ",6�%“A��*, VS-FAST , !�ƒ32>2=2/ 
�� C!,��…�…,  C!, !�;,“2!=&,, K/“2!%C!%2�-
*=(?,. C!%&�““%" " !=ƒ2,8…/. %K2=“2 . …=3*, 
, 2�.…,*,. q,“2��= VS-FAST %K2=6=�2 "/“%*,�, 
C!%“2!=…“2"�……%-"!���……/�, .=!=*2�!,“2,*=-
�, , C%ƒ"%2 �2 C!%,ƒ"%6,2> !�;,“2!=&,( K/“2-
!%C!%2�*=(?,. C!%&�““%" “ *=6!%"%L 8=“2%2%L 
488 #250 000 *=6!%" " “�*3…63 (“�. 2=K2.), %“3-
?�“2"2 2> %C�!=2,"…/L C!%“�%2!  ƒ=!�;,“2!,!%-
"=……/. ",6�%,ƒ%K!=›�…,L , "/C%2… 2> ,. C!�6-
"=!,2�2>…3( %K!=K%2*3.

Š=K�,	= 

)=“2%2= *=6!%" 
" “�*3…63

l=*“,�=2>…% "%ƒ�%›…/L -%!�=2 
!�;,“2!,!3��%;% ,ƒ%K!=›�…, 

d% 488   1280*1024
500   1280*1000
1000   1280*500
2000   1280*250
5000   1280*100
10000   1280*50

#     #
250000   1280*1

q,“2��= "/C3“*=�2“  *=* " &"�2…%� "=!,=…2� 
2=* , " �%…%.!%�…%�.

q,“2��= "*2(8=�2 " “�K :
j=��!3 “*%!%“2…%L ",6�%“A��*, “ %KA�*2,-
"%�;
rC!="2 (?,L *%�C>(2�!;
q%�6,…,2�2>…/L *=K�2>.
o% ›�2=…,( g=*=ƒ8,*%" �/ �%›�� 3“2=…="2,-

"=2> *=��!3 “*%!%“2…%L ",6�%“A��*, " ƒ=?,2…/L 
2�!�%-*%›3. 62  ,“C%2>ƒ%"=…,  *=��!/ C!, 2��-
C�!=23!� %*!3›=(?�;% "%ƒ63.= %2 $30 6% +50° q.

q%�6,…,2�2>…/L *=K�2> *=��!=-*%�C>(2�!  
,���2 62,…3 6% 50 ��2!%" , 2=*›� �%›�2 K/2> 
“6�2=… 62  .*“C23=2=&,, C!, C%…,›�……%L 2��-
C�!=23!�.

b “,“2��3 �%›�2 3“2=…="2,"=2>“  K3-�!…=  
C=� 2>, %K�“C�8,"=(?=  "!��  ",6�%ƒ=C,“, (C!,  
�=*“,�=2>…%� !=ƒ��!� *=6!= , �=*“,�=2>…%L *=6-
!%"%L 8=“2%2�) %2 2,6 6% 16 “�*. b%ƒ�%›…%, 3"�-
2,8�…,� "!���…, ",6�%ƒ=C,“, ƒ= “8�2 3��…><�…,  
8,“2= “2!%* " *=6!� (C!, “%.!=…�…,, 8,“2= C,*“�-
2�L " “2!%*�) !�;,“2!,!3��%;% ,ƒ%K!=›�…, .

d,=C=ƒ%… 3“2=…="2,"=��/. .*“C%ƒ,&,L " “,“-
2��� VS-FAST %2 *=6!%"%;% C�!,%6= 6% 10 �*“. 
d2  %K�“C�8�…,  K%2�� *%!%2*,. .*“C%ƒ,&,L, 
"C2%2> 6% 10 …“, *=��!= �%›�2 K/2> %“…=?�…= 
.2�*2!%……%-%C2,8�“*,� ƒ=2"%!%� …= %“…%"� }no.

q,“2��= VS-FAST <,!%*% C!,��… �2“  "% �…%-
;,. …=38…/. 38!�›6�…, . “2!=…/ (bmhh}t, 
bmhhŠt, ltŠh, lcr , 2. 6.). q C%�%?>( 
“,“2��/ �%›…% C!%,ƒ"%6,2> ,““2�6%"=…,  " !=ƒ-
2,8…/. %K2=“2 . 2�.…,*, , …=3*,.

b 8=“2…%“2, " bmhh}t K/2, C!%,ƒ"�6�…/ 
“A��*, C!%&�““%" "ƒ!/"= �%?…%;% ƒ=! 6= bb 
" %KA��� ƒ=C%2…�……%� C%›=!…%L C�…%L , ,“C/2=-
…,  �=*�2%" .*“C�!,��…2=2>…%;% ƒ=! 6=.

m= K=ƒ� , “ 38=“2,�� “C�&,=2,“2%" tcro 
0mhh &a3!�"�“2…,*[ (m-m%";%!%6) K/2, C!%"�6�-
…/ “A��*, !=ƒ2,8…/. K=22,“2,8�“*,. C!%&�““%".

$

$
$

p�ƒ32>2,!3(?�� C!%“2!=…“2"�……%� !=ƒ!�<�-
…,� }nj, C!,"�6�……%� * -%2%*=2%63, “%“2="2 �2 
30��-1 C!, 10 …“ , 33 ��-1 62  %“2=2>…/. ƒ…=-
8�…,L 62,2�2>…%“2, ƒ=2"%!…/. ,�C32>“%" }no. 

b *=›6%� ,ƒ *=…=2%" "%ƒ�%›…% "*2(8�…,� 
!�›,�= �…%;%*!=2…%L .*“C%ƒ,&,,, C!, *%2%!%� 
.2�*2!%……/L ƒ=2"%!  }no C%“2�6%"=2�2>…% %2*!/-
"=�2“  …�“*%2>*% !=ƒ 8�!�ƒ 2%8…% ƒ=6=……/� ,…2�!-
"=2/ "!���…,. Š=*,� %K!=ƒ%�, “ %6…%;% *=…=2= !�-
;,“2!,!3�2“   ,ƒ%K!=›�…,�, “%“2% ?�� ,ƒ …�“*%2>-
*,. “2%›�……/. ,ƒ%K!=›�…,L 2�2 ?�;% %KA�*2=. 
o!%;!=��…%-=CC=!=2…/� ��2%6/ -%!�,!%"=…,  
"!���……/. ,…2�!"=2%" %K�“C�8,"=(2 C%;!�<…%“2> 
,. 3“2=…%"*, ��…�� 0,1%, %K�“C�8,"=  C!, .2%� 
"/“%*3( 2%8…%“2> ,ƒ��!�…,  C!%“2!=…“2"�……/. 
.=!=*2�!,“2,* %KA�*2= C�!���?=(?�;%“  " C!%-
“2!=…“2"� “% “*%!%“2>( 6% 7#8 *�/“�*. 

b 6%*2=6� C!,"�6�…/ !�ƒ32>2=2/ !�;,“2!=&,, 
,ƒ%K!=›�…,L K/“2!%C!%2�*=(?,. C!%&�““%" C!, 
…=…%“�*3…6…/. "!���…=. .*“C%ƒ,&,,, C%238�…-
…/� *=��!=�, “�!,, m`mnceiŠ " !=ƒ2,8…/. 
…=38…/. &�…2!=. “2!=…/ (pm0 &j3!8=2%"“*,L 
h…“2,232[, h…“2,232 2�C2%-,ƒ,*, .*“2!��=2>…/. 
“%“2% …,L nhbŠ p`m, h…“2,232 .2�*2!%-,ƒ,*, 
, .2�*2!%.…�!;�2,*, p`m , 6!.).  
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hlork|qm{e uhlh)eqjhe 
hqŠn)mhjh qbeŠ` 

q deŠnm`0hnmm{l 
hmh0hhpnb`mhel

l. q.  dpngdnb, k. h.  aramnb`, 
q. h.  qbeŠkh)m{i

t,2,=2 h…“2,232= .…�!;�2,8�“*,. C!%K2�� 
.,�,8�“*%L -,ƒ,*, p`m, )�!…%;%2%"*=, p%““, 

p=““�=2!,"=(2“  �%?…/� �…%;%!=ƒ%"/� ,�-
C32>“…/� (, ,�C32>“…%-C�!,%6,8�“*,�) .,�,-
8�“*,� ,“2%8…,*, “"�2= …= %“…%"� “��“�L 6,&,=…= 
“ *,“2%!%6%� ,2, %*,“2=�, =ƒ%2=. `6,=K=2,8�“*=  
2��C�!=23!= "ƒ!/"= " …,. !�*%!6…=  62  .,�,, 
, “%“2="2 �2 %*%2% 6000 j. d2  !=ƒ…%%K!=ƒ…/. 
C!,��…�…,L (…=*=8*= 2"�!6%2�2>…/. =*2,"…/. 
.2���…2%", �= *,, hj-2%"3<*, , C!.) K/2, !=ƒ!=-
K%2=…/ 2=�C/ !=ƒ2,8…%L ;�%��2!,,. u=!=*2�!…/� 
!=ƒ��!/ "=!>,!%"=2,“> %2 1 6% 50 “�,  ,ƒ238=(-
?,� %KA��/ # %2 …�“*%2>*,. “�3 6% …�“*%2>*,. 2, 
.…�!;,  ,ƒ238�…,  # %2 50 d› 6% 6�“ 2*%" jd›, 
62,2�2>…%“2> ,ƒ238�…,  %K/8…% %2 0,5 6% 3 �“. 
p=K%8,� 6="2�…,  “��“, “%“2="2 2, 1#2 =2�. b “%“-
2=" “��“, ".%6,2, %“%K/� 6%K="*, (~1%) 2,C= 
bCl3, *%2%!/� %K�“C�8,"=2, …�%K.%6,�3( ,ƒ238=-
2�2>…3( “C%“%K…%“2>. o% ,ƒ��!�…, � , !=“8�2=� 
“"�2%"%L jod C%6%K…/. 2=�C %*%2% 20%.

q2%›…%L ƒ=6=8�L %*=ƒ=2%“> %“3?�“2",2> K/“-
2!%�, %2…%“,2�2>…% %6…%!%6…%� , K�ƒ%C=“…%� ,…,-
&,,!%"=…,� "ƒ!/"%" " 3“2!%L“2"=. ƒ…=8,2�2>…%;% 
%KA��=. Š%2>*% 6�2%…=&,  %K�“C�8,"=�2 “;%!=…,� 
,“.%6…%;% ;=ƒ= ƒ= "!���…=, “3?�“2"�……% ��…><,� 
"!���…, %“2/"=…,  C!%63*2%". k38<� "“�;% 62  
.2%;% C%6.%6,2 C�!�C3“* 6�2%…=&,, ,ƒ &,…,&,,-
!3(?�L[ 2!3K*,. n6…=*%, " ! 6� “238=�" !=ƒ",-
"=��/� 6="2�…,  "% "ƒ!/"� “2%2> "/“%*,, 82% 
6=›� “=�/� C!%8…/� !=ƒK%!…/� .2���…2/ *%…“-
2!3*&,, !=ƒ!3<=2,“>. h““2�6%"=…,� !�›,�%" 
!=“C!%“2!=…�…,  6�2%…=&,, C!, "/.%6� ,ƒ 3ƒ*,. 
*=…=2%" " %KA�� C%*=ƒ=2%, 82% !=ƒ!3<�…,  C!%-
,“.%6 2 C!, …=8=2>…%� 6="2�…,, “��“, …� "/<�, 
= …,›� …�*%2%!%;% *!,2,8�“*%;% …=8=2>…%;% 6="-
2�…,  “��“,, ƒ=",“ ?�;% %2 62,…/ &,…,&,,!3(-
?�L[ 2!3K*,. nC/2…/� C32�� …=L6�…/ %C2,�=2>-
…/� !=ƒ��!/ &,…,&,,!3(?,.[ 2!3K%*, %K�“C�8,-
"=(?,� …=6�›…%� , K�ƒ%C=“…%� ,…,&,,!%"=…,� 
6�2%…=&,, " !=K%8,. “��“ . C!, 6="2�…,, 0,2 =2� 
, "/<�. b ,2%;� K/2 “*%…“2!3,!%"=… ! 6 3“C�<-
…% !=K%2=(?,. ,…,&,=2%!%" !=ƒ2,8…%L -%!�/ 
, “,���2!,,.

b=›…�L<,� 6%“2%,…“2"= .,�,8�“*,. ,“2%8…,-
*%" “"�2=: ="2%…%�…%“2>, �%K,2>…%“2> , *%�C=*2-
…%“2>. k=ƒ�!…=  ;�…�!=&,  K/2= C%238�…= …= Nd3+ 
-%“-=2…/. “2�*2=., λ = 1,06 �*�. k=ƒ�!…/L  jod 

, 36�2>…=  .…�!;,  ;�…�!=&,, " �…%;%.2���…2-
…/. 3“2!%L“2"=. C!,K2,›=(2“  * ~1% , * ~1 d› 
“ 1 “�3 =*2,"…%;% .2���…2=, “%%2"�2“2"�……%.

PULSE CHEMICAL LIGHT 
SOURCES WITH DETONATION 

INITIATION

M. S.  DROZDOV, L. I.  BUBNOVA, S. I.  SVETLICHNYJ

Branch of Institute of Energy Problems of Chemical 
Physics, Russian Academy of Science, 

Chernogolovka, Russia

Powerful reusable  pulse  (and pulse-periodic) 
chemical light sources on the  basis of gas mixtures 
dicyanogen with oxygen or oxides of nitrogen are  
considered. Adiabatic temperature  of explosion in 
them is record for chemistry (near 6000 j). Lamps 
of various geometry for various applications (light-
pumping of solid-state  active  elements, lighthouses, 
IR-traps, etc) have  been developed. The  character-
istic sizes varied from 1 up to  50 cm,  radiating vol-
umes # from several cm3 up to  several liter, energy 
of radiation # from 50 J up to  tens jJ, duration 
of radiation is usual from 0,5 up to  3 ms. Working 
pressure  of a mixtures is 1#2 =tm. The  mixtures 
included special additives (~1%) which provided 
necessary radiating ability. The  measurements and 
calculations show that the  light efficiency of simi-
lar lamps is about 20%.

In practice  it is very difficult to  carry out fast, 
rather homogeneous and safe  initiation of explo-
sions in devices of significant volume. Only the  
detonation provides the  combustion of initial gas 
for times, essentially smaller the  time  of cooling 
of products. For this purpose  the  best way is the  
&detonation transfer[ from an &initiating[ tube. 
However, in some  cases pressures, developed in 
explosion, are  so  high, what even the  strongest 
elements of a design can be  destroyed. Research of 
detonation regimes at an exit from narrow channels 
to  a large  volume  reveal, that destructions occur 
at initial mixture  pressure  lower than some  critical 
limit dependent on length of the  &initiating[ tube. 
We  have  found the  optimal dimensions of &initia-
ting[ tubes, providing the  safe  initiation of a deto-
nation in  mixtures of dicyanogen with oxygen at 
the  pressures above  0,2 atm. In a result a number 
of successfully working initiators of the  various 
form and symmetry has been designed.

The  major advantages of chemical light sources 
are: autonomy, mobility and compactness. Laser 
generation on Nd3+ phosphatic glasses was obtained, 
λ = 1,06 micron. Laser efficiency and specific ener-
gy in multielement devices approach to  ~1% 
and ~ 1 J/1 “m3 of an active  element, correspondently.
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h. `.  a`k`c`mqjhi1, `. d.  l`Špnqnb2, 
h. `.  qŠ`dmh)emjn2, `. b.  bhmncp`dnb1, 

`. h.  ckrlnb1

1m%"%“,K,!“*,L ;%“36=!“2"�……/L 2�.…,8�“*,L 
3…,"�!“,2�2, m%"%“,K,!“*, p%““, 

2h…“2,232 ;,6!%6,…=�,*, ,�. l. `. k="!�…2>�"= 
qn p`m, m%"%“,K,!“*, p%““, 

bƒ!/"…/� “,“2��/ …= %“…%"� ƒ=! 6%" *%…6�…-
“,!%"=……/. bb, "*2(8=(?,. "/“%*%�%632>…/� 
3C!3;,� .2���…2/, 2=*,� *=* *�!=�,*, , “2�*2=, 
C!�6“2="2 (2 K%2><%L ,…2�!�“ 62  ,““2�6%"=…,L. 
b 8=“2…%“2,, " …,. �%;32 …=K2(6=2>“  *3�32 -
2,"…/�  "2�…, . b 2,2�!=23!� %C,“=…/ C!%&�“-
“/ *3�32 &,, C!, "ƒ!/"…%� %K›=2,, 2!3K*, ,ƒ 
%*,“, =2(�,…,  , .--�*2 C%"/<�…,  2%*=2>…%;% 
6�L“2",  "ƒ!/"= ƒ=! 6= bb, C%��?�……%;% " %K%-
2%8*3 ,ƒ *=!K,6= *!��…, . b 6=……%L !=K%2� �/ 
.*“C�!,��…2=2>…% …=K2(6=2,  "2�…,� *3�32 &,, 
" C=““,"…%� ƒ=! 6� 2,2%;% Šc 40/60 K�ƒ *3�32 -
2,"…%L "/��*, C!, �;% 36=!…%-"%2…%"%� …=;!3-
›�…,, "ƒ!/"%� =*2,"…%;% ƒ=! 6= 8�!�ƒ "%63 C%“-
2� C!�6"=!,2�2>…%;% “›=2,  %C�!�›=(?�L "%2-
…%L 8�!�ƒ “2�!›�…> ,ƒ *=!K,6= *!��…, . “"2�…,� 
C!% ",2%“> " %K!=ƒ%"=…,, *!=2�!= " %K!=ƒ&�-“",-
6�2�2� ;23K,…%L %*%2% 10 �� , 6,=��2!%� %*%-
2% 5 ��. nK!=ƒ�&-“",6�2�2> 3“2=…="2,"=2“  …= 
ƒ=6…�� 2%!&� C=““,"…%;% ƒ=! 6= 62  %C!�6�2�…,  
…=2,8,  ,2, %2“32“2",  6�2%…=&,,. o!, .2%� C%-
"�!.…%“2> %K!=ƒ&=-“",6�2�2  ,��2= &"�2= C%K�-
›=2%“2,, 82% “",6�2�2>“2"%"=2% % 6�L“2",, "/-
“%*,. 2��C�!=23!. o% …=<��3 �…�…,( %“…%"…=  
C!,8,…= *3�32 &,, C!%63*2%" "ƒ!/"= C=““,"…%;% 
ƒ=! 6= bb ƒ=*2(8=�2“  " �;% 6�“�…“,K,2,ƒ=&,, 
C!, …=;!3›�…,, %C�!�›=(?�L "%2…%L , C%“2�63(-
?�� ,…,&,,!%"=…,, …� “ 2%!&�"%L, = “ K%*%"%L 
C%"�!.…%“2,.

p=K%2= "/C%2…�…= C!, -,…=…“%"%L C%66�!›*� 
ptth, C!%�*2 #06-08-00138.

CUMULATION PHENOMENA IN HIGH 
EXPLOSIVES, WHICH INCLUDE HIGH 

MODULUS ELASTIC ELEMENTS

I. A.  BALAGANSKY1, A. D.  MATROSOV2, 
I. A.  STADNICHENKO2, A. V.  VINOGRADOV1, 

A. I.  GLUMOV1

1Novosibirsk State Technical University, 
Novosibirsk, Russia

2Institute of Hydrodynamics SB RAS, 
Novosibirsk, Russia

Explosion systems based on condensed high ex-
plosive  charges, which contain high modulus elas-
tic elements corresponds to  ceramics and glasses, 
are  very interested for investigations. In particular, 
cumulation phenomena may be  realized in these  
systems. The  process of cumulation under explo-
sion collapse  of alumina tube, and local growth 
of  explosion effect of HE charge  located in sili-
con carbide  shell are  described in the  literature. 
In this work  we  experimentally observed cumula-
tion phenomenon in a passive  HE charge  of cast 
Comp B without cumulative  cavity under shock  
wave  loading with active  HE charge  through wa-
ter after preloading with advanced wave  through 
silicon carbide  rod. On the  rear end of the  passive  
HE charge  an identification steel specimen was 
mounted, which detected presence  or absence  of 
detonation. The  cumulation phenomenon manifes-
ted itself as a hole  in identification steel specimen 
with depth of about 10 mm. The  surface  of speci-
men had typical temper colours that demonstrat-
ed presence  of high temperatures. We  are  of the  
opinion that the  main reason of explosion products 
cumulation is desensitization of passive  HE under 
preloading of advanced wave  through silicon car-
bide  rod and posterior initiation on lateral face.

This work  is supported by the  Russian Founda-
tion for Basic Research (project No. 06-08-00138).
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��.=…,*, ;�2�!%;�……/. “!�6 , 8,“2�……%;% �%6�2,-
!%"=…,  6"3��!…/. 2�8�…,L =…=2,ƒ,!3(2“  "%2-
…%"/� “2!3*23!/, "%ƒ…,*=(?,� C!, 6,-!=*&,, 
36=!…/. , 6�2%…=&,%……/. "%2… …= !=“C=6� “�8�-
…,  C2%“*%;% *=…=2=. b *=8�“2"� !=K%8�;% 2�2=, ƒ=-
C%2… (?�;% *=…=2, !=““�=2!,"=(2“  �%…%6,“C�!-
“…/� “��“, 8=“2,& =2(�,…,  !=ƒ2,8…%;% 6,=��2!= 
, *,“2%!%6=. o%*=ƒ=…%, 82%: 1) "2, …,� !=ƒ��!= 
8=“2,& …= *=!2,…3 6,-!=*&,, 36=!…/. "%2… …=-
,K%2�� "/!=›�…% " ,…2�!"=2� "!���…,, *%;6= .=-
!=*2�!…/� !=ƒ��!/ “2!3*23!  “%C%“2=",�/ “ �=“<-
2=K=�, !�2=*“=&,%……/. ƒ%…; 2) !=ƒ",2,� C!%&�““= 
6�2%…=&,, (“!/" , !�,…,&,,!%"=…,�) ƒ=",“,2 *=* 
%2 “%%2…%<�…,  “2%!%… 3ƒ*%L , <,!%*%L 8=“2, *=-
…=2= 2=* , %2 !=ƒ��!= 8=“2,&, �=““%"%L ƒ=;!3ƒ*, 
, “2�C�…, C�!�“›=2,  6�2%…=&,%……%L "%2…/.

DIFRACTION OF SHOCK 
AND DETANATION WAVES 

IN DAS SUSPENSIONS

YU. V.   jRATOVA, `. V.   FEDOROV, Š. `.   KHMEL

Khristianovich Institute of Theoretical and Applied 
Mechanics Siberian Branch, Russian Academy 

of Sciences, Novosibirsk, Russia

In the  present work, we  analyze  the  wave  
structures arising at a diffraction of shock  and 
detonation waves at a cross-sectional breakdown of 
a flat duct on the  base  of numerical modeling of 
two-dimensional flows. We  consider monodispersed 
mixtures of aluminum particles of various diameters 
in oxygen. The  mathematical model is based on the  
two-velocity and two-temperature  approach of me-
chanics of heterogeneous media. 

The  purposes of the  work  are  as follows: devel-
opment of an adequate  numerical technique; numer-
ical modeling of the  shock  and detonation waves 
propagation processes in gas-particle  mixture  in 
the  duct with a sudden expansion; investigation of 
the  influence  of the  mass loading and the  particle  
size  on the  wave  structure.

The  influence  of particle  size  on SW diffraction 
pattern is the  most pronounced in the  time  inter-
val when the  typical dimensions of structures are  
comparable  with scales of relaxation zones.

The  overdriven plane  detonation waves behav-
iour in gas-particle  mixtures in the  ducts with 
a cross-sectional discontinuity on the  transverse  
sizes of the  duct narrow and wide  parts, particle  
size  and particle  loading.
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j���!%"“*,L ;%“36=!“2"�……/L 3…,"�!“,2�2, 
j���!%"%, p%““, 

b%ƒ�%›…/� *=…=2%� C!�"!=?�…,  .…�!;,,, "/-
6�2 (?�L“  C!, !=ƒ2%›�…,, .…�!;�2,8�“*,. �=-
2�!,=2%", …=! 63 “ 6,““,C=&,�L " 2�C2%,  "2 �2“  
!=ƒ�…%›�…,� .2�*2!%…-6/!%8…/. (e.h.) C=!, 82% 
C!,"%6,2 * !=ƒ",2,( " *!,“2=22� .…�!;�2,8�“*%L 
&�C…%L !�=*&,, (0p). q*%!%“2> !=“C!%“2!=…�…,  
!�=*&,, "ƒ!/"…%;% !=ƒ2%›�…,  " =ƒ,6� “�!�K!= 
(`q), ,…,&,,!%"=……%;% ,�C32>“…/� ,ƒ238�…,��, 
“%“2="2 �2 "�2,8,…3 V ~ 1000 �/“, 82% ƒ…=8,2�2>-
…% ��…><� “*%!%“2, 6�2%…=&,, (V ~ 5,7 *�/“), 
…% ;%!=ƒ6% K%2><� “*%!%“2, ;%!�…,  (V ~ 5 �/“). 
0�2>( …=“2% ?�L !=K%2/  "2 �2“  -%!�32,!%"*= 
, =C!%K=&,  …%"%;% ��.=…,ƒ�= !=“C!%“2!=…�…,  
"%2…/ 0p C% *!,“2=223, %22,8…%;% %2 ,ƒ"�“2…/. 
��.=…,ƒ�%" 6�2%…=&,, , ;%!�…, . n“…%"…=  ;,C%-
2�ƒ= C!�62=;=��%;% ��.=…,ƒ�= “%“2%,2 " 2%�, 82% 
!=ƒ�…%›�…,� .2�*2!%……/. "%ƒK3›6�…,L (C�!�…%“-
8,*%" &�C,) ƒ= “8�2 .…�!;,, !�=*&,, C!%,“.%6,2 
…� 2%2>*% " %K238�……%L ƒ%…�, …% , " …�*%2%!%� 
“2%� 2%2?,…%L r0 "…� ��.

q2�6“2",�� .2%;%  "2 �2“  ƒ…=8,2�2>…%� (K%2�� 
8�� …= C%! 6%*) 3"�2,8�…,� C%!%;%"%L C2%2…%“2, 
.…�!;,, ,…,&,,!%"=…,  !�=*&,, (Hc) C!, 3��…><�-
…,, 6,=��2!= %K238=��%L ƒ%…/ d = 1000 8  10 �*�. 
q 6!3;%L “2%!%…/, C�!�6=8= .…�!;,, ,ƒ !�=*&,%…-
…%L ƒ%…/ C!,"%6,2 * 3��…><�…,( .--�*2,"…%L 
*%…“2=…2/ .*“C%…�…&,=2>…%;% !%“2= (К!) “*%!%“2, 
0p (C!, "=!>,!%"=…,, d " 2�. ›� C!�6�2=.).

q%C%“2="2�…,� “ .*“C�!,��…2%� C%ƒ"%2,2% %C-
!�6�2,2> .--�*2,"…%� !=““2% …,� C�!�6=8, .…�!-
;,, r0 = 55 @ 5 �*� 62  Hc(d) , r0 = 60 @ 5 �*� 
62  К!(d). o!=*2,8�“*%� “%"C=6�…,� C%238�……/. 
"�2,8,… r0 C%ƒ"%2 �2 C%2=;=2>, 82% 3��…><�…,� 
К!(d) , 3"�2,8�…,� Hc(d) C!, 3��…><�…,, 6,=��2-
!= ƒ%…/ %K238�…,  (…= 3 C%! 6*=) %C!�6�2 (2“  
%6…%L , 2%L ›� C!,8,…%L $ C�!�6=8�L .…�!;,, 
!�=*&,, ,ƒ %K238�……%L ƒ%…/ " …�C!%!�=;,!%"="-
<3( 8=“2> *!,“2=22=.

q C%238�……/�, ƒ…=8�…, �, r0 C!%"�6�…% �=2�-
�=2,8�“*%� �%6�2,!%"=…,� -%!�,!%"=…,  , !=“-
C!%“2!=…�…,  C% *!,“2=223 `q "%2…/ 0p. p=“-
“�%2!�…/ …�“*%2>…% "=!,=…2%" ,…,&,,!%"=…,  
0p: ;�…�!=&,  e. h. C=!  " C!,C%"�!.…%“2…%L 
%K2=“2, *!,“2=22=, %8=;%"%� , ;%�%;�……%� "%ƒ-
K3›6�…,�. p=“8�2/ C!%"%6,2,“> C!, !=ƒ2,8…/. 
!=“C!�6�2�…, . C% *!,“2=223 *%…&�…2!=&,, 
&�…2!%" %K!/"= &�C,. o%238�…% =…=2,2,8�“*%� 
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&,, C% *!,“2=223 " ƒ=",“,�%“2, %2 C=!=��2!%" 
�%6�2,. o%238�……/� ƒ=*%…%��!…%“2, , !=““8,2=…-
…/� “*%!%“2, !=“C!%“2!=…�…,  !�=*&,, C% *!,“-
2=223 K2,ƒ*, * .*“C�!,��…2=2>…/�.

THE MECHANISM OF CHAIN 
REACTION WAVE PROPAGATION

V. G.  KRIGER, A. V.  KALENSKY, M. V.  ANAN’EVA, 
A. P.  BOROVIKOVA, A. A.  ZVEKOV

Kemerovo State University, Kemerovo, Russia

The  possible  transformation channel of energy 
evolved under energetic material decomposition 
along with dissipation to  heat is multiplication 
of electron-hole  pairs. It is result to  development 
of energetic chain reaction in crystal. The  propa-
gation rate  of silver azide  (SA) explosive  decom-
position initiated by the  pulse  radiation is val-
ue  V ~ 1000 m/s. That value  is sufficiently less 
than detonation rate  (V ~ 5.7 km/s) and is greatly 
more  than burning rate  (V ~ 5 m/c). The  objec-
tive  of this work  is a formulation and approbation 
of new chain reaction wave  propagation mechanism 
different from known mechanisms of detonation 
and burning. The  general hypothesis of proposed 
mechanism is that multiplication of electronic ex-
citations owing to  reaction energy take  place  not 
only in irradiated area but in certain layer r0 out-
side  area too.

In result of this the  threshold energy density 
(Hc) of reaction initiation under decreasing irradi-
ated area diameter d = 1000 8  10 Um increase  suf-
ficiently (more  than order of value). On the  other 
hand the  transfer of energy from reaction area is 
result in decrease  of exponential raise  effective  
constant (К!) of chain reaction rate  (under varia-
tion d within the  same  range).

The  comparison with experiment allowed to  
determine  effective  distance  of energy transfer 
r0 = 55 @ 5 Um for Hc(d) and r0 = 60 @ 5 Um for 
К!(d). The  proposed mechanism allows to  interpret 
regularities of as generation and development so  
propagation of chain reaction wave  in silver azide  
crystal as a single  whole. Using determined values 
r0 the  mathematical simulation of chain reaction 
wave  formation and propagation in silver azide  
crystal was carried out. The  found regularities and 
the  calculated rates of reaction propagation along 
the  crystal is close  to  experimental ones. This 
work  has been done  with the  financial support of 
RFBR (# 07-03-01099).
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0�2>( …=“2% ?�L !=K%2/  "2 �2“  ,ƒ38�…,� 
%“…%"…/. ƒ=*%…%��!…%“2�L , !=ƒ",2,� �%6�2>…/. 
C!�6“2="2�…,L C!%&�““= C�!�.%6= !�=*&,, ��62�…-
…%;% .2�*2!%C%2�"%;% !=ƒ2%›�…,  "% "ƒ!/"…%� 
" *!,“2=22=. =ƒ,6= “�!�K!=. 

p=ƒ!=K%2=…= ��2%6,*= ,ƒ��!�…,  "ƒ!/"…%L 
83"“2",2�2>…%“2, *!,“2=22%" =ƒ,6= “�!�K!= C!, 
6�L“2",, C%“2% ……%;% .2�*2!,8�“*%;% C%2 . bƒ!/"-
…3( 83"“2",2�2>…%“2> %C!�6�2 2, *=* "!��  ƒ=-
6�!›*, "ƒ!/"=, C!, *%2%!%� “ 6%“2%"�!…%“2>( 
50% �%›…% -,*“,!%"=2> -=*2 "ƒ!/"= %K!=ƒ&=, 
%C!�6�2 ��%;% C% "“C/<*�. o%“*%2>*3 ,ƒ��-
! ��=  "�2,8,…= "!���…, ƒ=6�!›*, "ƒ!/"= “%-
6�!›,2 "�!% 2…%“2…3( *%�C%…�…23, , *=* C%*=-
ƒ=2, .*“C�!,��…2/, ƒ=",“,2 %2 K,%;!=-,, %K!=ƒ-
&=, 2% 62  38�2= "“�. 3*=ƒ=……/. C=!=��2!%" 
" *=8�“2"� .2=2%……%;% "/K!=…% "!��  ƒ=6�!›*, 
"ƒ!/"= C!, …=C! ›�……%“2, *%…2=*2…%;% .2�*2!,-
8�“*%;% C%2  3 *b/“� (Ga-AgN3), 2. *. .2= …=C! -
›�……%“2> “%%2"�2“2"3�2 C!, "�!% 2…%“2, 50% "!�-
��…, ƒ=6�!›*, "ƒ!/"= # 350 “�*. o%.2%�3 .*-
“C�!,��…2=2>…/� !�ƒ32>2=2/ C% "2, …,( !=ƒ-
2,8…/. ",6%" %K!=K%2*, …= "ƒ!/"…3( 83"“2",-
2�2>…%“2> K3632 “!="…,"=2>“  “ .2=2%……/� ƒ…=8�-
…,��, ,ƒ 8�;% �%›…% “6�2=2> "/"%6 …= *=8�“2"�……%� 
3!%"…� % …=2,8,, .--�*2= ,2, �;% %2“32“2",,.

}*“C�!,��…2=2>…% 3“2=…%"2�…%, 82% "ƒ!/"…%�3 
!=ƒ2%›�…,( *!,“2=22%" =ƒ,6= “�!�K!= C!�6<�“-
2"3�2 !�ƒ*%� 3"�2,8�…,� “*%!%“2, "…�<…�;% ;=ƒ%-
"/6�2�…, , .2�*2!,8�“*%L C!%"%6,�%“2,, = 2=*-
›� ,ƒ��…�…,� 2,…�L…/. !=ƒ��!%" %K!=ƒ&%". 
nK…=!3›�…= ;,;=…2“*=  .2�*2!%“2!,*&,  *!,“-
2=22%" =ƒ,6= “�!�K!=. l=*“,�=2>…%� ,ƒ��…�…,� 
!=ƒ��!%" *!,“2=22%" “%%2"�2“2"3�2 ƒ…=8�…,( 
Δℓ⁄ℓ=(1,6±0,5)⋅10$2. 

m= %“…%"� C%238�……/. .*“C�!,��…2=2>…/. 6=…-
…/. C!�62%›�…= …�C!%2,"%!�8,"=  �%6�2> C�!�-
.%6= !�=*&,, ��62�……%;% .2�*2!%C%2�"%;% !=ƒ2%-
›�…,  "% "ƒ!/"…%�, C!�6“2="2 (?=  ! 6 C%“2�6%-
"=2�2>…/. “2=6,L: ,…›�*&,  %“…%"…/. …%“,2�2�L 
ƒ=! 6= (6/!%*); !=ƒ",2,� !�=*&,, " !�=*&,%……/. 
%K2=“2 .; ;�…�!=&,  …%"/. 6,“2%*=&,L , %K!=ƒ%-
"=…,� …%"/. !�=*&,%……/. %K2=“2�L; !=ƒ",2,� !�-
=*&,, " …%"/. !�=*&,%……/. %K2=“2 .. }2% C%ƒ"%-
2,2% C!�6“*=ƒ=2> �,…,�=2>…%� "!��  (2 �,… 30 “) 
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C�!�.%6= ��62�……%;% .2�*2!%C%2�"%;% !=ƒ2%›�…,  
"% "ƒ!/"…%� " *!,“2=22=. =ƒ,6= “�!�K!=. 

p=ƒ!=K%2=…/ …%"/� ��2%6/ 3C!="2�…,  "ƒ!/"-
…%L 83"“2",2�2>…%“2>( *!,“2=22%" =ƒ,6= “�!�K!= 
“ C%�%?>( .2�*2!,8�“*,. (e =10$5 ÷1$2 b/“�), 
�=;…,2…/. (m ≈ 0,3 Š2) , 3C!3;,. C%2�L. 

THE EXPLOSIVE DECOMPOSITION 
OF CRYSTALS SILVER AZIDE IN 
THE CONTACT ELECTRIC FIELD

D. V.  DOBRYNIN, V. I.  KRASHENININ, 
L. V.  KUZMINA, E. G.  GAZENAUR

The Kemerovo state university, Kemerovo, Russia

The  purpose  of the  present work  is studying 
the  basic laws and development of modelling rep-
resentations of process of transition of reaction of 
slow electrofield decomposition in explosive  in the  
crystals of silver azide. 

The  technique  of measurement of explosive  sen-
sitivity of crystals silver azide  is developed at action 
of a constant electric field. Explosive  sensitivity defi-
ned as time  of a delay of explosion at which with 
reliability of 50% it is possible  to  fix the  fact of 
explosion of the  sample  defined on flash. As the  
measu red size  of time  of a delay of explosion 
contains likelihood to  a component and as have  
shown experiments, depends on the  biography of 
the  sample  for the  account of all specified para-
meters as reference  time  of a delay of explosion 
is chosen at intensity of a contact electric field 
of 3 kV/sm (Ga#AgN3) since  this intensity corres-
ponds at probability of 50% of time  of a delay 
of explosion # 350 s. Therefore  experimental 
results on influence  of various kinds of process-
ing on explosive  sensitivity will be  compared to  
reference  value  from what it is possible  to  draw 
a conclusion at a qualitative  level on presence  of 
effect or its absence.

It is experimentally established, that explosive  
decomposition of crystals silver azide  is preceded 
with sharp increase  in speed of external gas evolu-
tion, electric conductivity, and also  change  of the  
linear sizes of samples. It is found out huge  elec-
trostriction of crystals silver azide. The  maximal 
change  of the  sizes of crystals corresponds to  value  
Δℓ⁄ℓ = (1,6@0,5) 10$2. 

On the  basis of the  received experimental data 
the  consistent model of transition of reaction of 
slow electrofield decomposition in explosive, rep-
resenting a number of consecutive  stages is offered: 
injection of the  basic carriers of a charge  (holes); 
development of reaction in reactionary areas; gene-

hmh0hhpnb`mhe `ghdnb 
Š“fek{u leŠ`kknb 

bmexmhl hlork|qnl

b. l.  khqh0{m, b. h.  nkexjn, 
b. o.  0hohkeb, `. m.  “jnbkeb

Š%�“*,L C%2,2�.…,8�“*,L 3…,"�!“,2�2, 
Š%�“*, p%““, 

h““2�6%"=…/ .…�!;�2,8�“*,� C%!%;, , *,…�2,*= 
C!%&�““= ,…,&,,!%"=…,  =ƒ,6%" 2 ›�2/. ��2=2-
2%" (`Šl) (C%!%<*,, �=*!%*!,“2=22/, …,2�",6-
…/� *!,“2=22/) C!, "%ƒK3›6�…,, *%!%2*,� ,�C32>-
“%� 2=ƒ�!…%;% ,ƒ238�…,  " %K2=“2, C!%ƒ!=8…%“2, =ƒ,6-
…%L �=2!,&/ , " %K2=“2, , " %K2=“2, “,2>…%;% “%K“2-
"�……%;% C%;2%?�…, , = 2=*›� ,�C32>“%� 3“*%!�…-
…/. .2�*2!%…%".

o!%"�6�…% “!="…�…,� 83"“2",2�2>…%“2, `Šl 
C!, "%ƒK3›6�…,, C38*%� …�%6,�%"%;% (λ = 1060 …�), 
.*“,��!…%;% (λ = 308  …�) , СО2 (λ = 10600 …�) 
2=ƒ�!%", = 2=*›� ,�C32>“%� .2�*2!%…%" “ .…�!-
;,�L 300 *.b. q%C%“2="2�…,� C%!%;%" C!%"%6,2%“> 
C% …=,K%2�� ,…-%!�=2,"…%�3 C=!=��2!3 w05 C%!%-
;%"%L %KA��…%L C2%2…%“2, .…�!;,, $ �,…,�=2>…%L 
.…�!;,,, C%;2%?�……%L " �6,…,&� %KA��= bb …� C!,-
"%6 ?�L * "ƒ!/"…%�3 !=ƒ2%›�…,( "�?�“2"=.

o%*=ƒ=…%, 82% C!, 2=ƒ�!…%� "%ƒ6�L“2",, " %K-
2=“2, C!%ƒ!=8…%“2, !�=2,ƒ3(2“  …,ƒ*%C%!%;%"/� !�-
›,�/ ,…,&,,!%"=…,  (w05 ∼ 10$3d›/“�3, U = 102“�$1, 
…�%6,�%"/L 2=ƒ�!), = C!, 3"�2,8�…,, C%;2%?�…,  
C%!%; "%ƒ!=“2=�2 %2 103d›/“�3 (U = 103 “�$1, СО2 # 
2=ƒ�!) 6% 105d›/“�3 (U = 105 “�$1, XeCl # 2=ƒ�!). 
}2, !�ƒ32>2=2/ …� �%;32 …=L2, %KA “…�…,  “ C%ƒ,-
&,L &�C…%L C!,!%6/ (!=ƒ�…%›�…,  ƒ%……/. …%“,-
2�2�L ƒ=! 6=) , 2�C2%"%L �=*!%%8=;%"%L (2�C2%"%L 
!=ƒ%;!�" %K238�……%;% %KA��=).

nK“3›6=(2“  "%ƒ�%›…%“2> , ��.=…,ƒ�/ "ƒ!/"-
…%;% !=ƒ2%›�…,  ,ƒ 2�C2%"/. �,*!%%8=;%" C!, 
!=ƒ2,8…/. “C%“%K=. "…�<…�;% ,�C32>“…%;% "%ƒ-
6�L“2", . d�2=�2“  ƒ=*2(8�…,� " C%2>ƒ3 2�C2%"%L 
%8=;%"%L C!,!%6/ ,…,&,,!%"=…,  "ƒ!/"…%;% !=ƒ-
2%›�…,  bb C!, 2=ƒ�!…%� , .2�*2!%……%-C38*%"%� 
,�C32>“…%� "%ƒ6�L“2",,. 

ration of new dispositions and formation of new 
reactionary areas; development of reaction in new 
reactionary areas. It has allowed to  predict minimal 
time  (2,5 min) transition of slow electrofield decom-
position in explosive  in crystals silver azide. 

New methods of management by explosive  sensi-
tivity of crystals silver azide  by means of electric 

(e =10$5 10$2 V/sm), magnetic (m ≈ 0,3 Š) and 
elastic fields are  developed. 
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nK…=!3›�…/ “,2>…/� !=ƒ2,8,  " C%!%;=. , *,…�-
2,*� "ƒ!/"…%;% !=ƒ2%›�…,, …=“/C…/. , C!�“-
“%"=……/. C%!%<*%" `Šl. Š=* " …=“/C…/. %K!=ƒ-
&=., ;6� !�=2,ƒ3�2“  "/“%*%C%!%;%"%� ,…,&,,!%-
"=…,�, "% "!��  %K238�…,  %K…=!3›�…/ C!%K%L…/� 
 "2�…, , …=K2(6=��/� C!, C%6C%!%;%"/. 3!%"… . 
2=ƒ�!…%;% "%ƒ6�L“2", , “%C!%"%›6=(?,�“  -=ƒ%L 
;%!�…,  bb " !�›,�� ƒ=23.=…, . o!, ,…,&,,!%-
"=…,, C!�““%"=……/. %K!=ƒ&%" , *!,“2=22%" C!�6-
"ƒ!/"…/�  "2�…,  %2“32“2"3�2. nK“3›6=(2“  C!,-
8,…/ …=K2(6=��/. !=ƒ2,8,L. 

p=K%2= "/C%2…�…= C!, C%66�!›*� ptth, ;!=…2 
06-03-32724 

INITIATION OF HEAVY METAL 
AZIDES BY EXTERNAL PULSE

V. M.  LISITSYN, V. I.  OLESHKO, 
V. P.  TSIPILEV, A. N.  YAKOVLEV

Tomsk polytechnic university, Tomsk, Russia

The  power thresholds and kinetics of process of 
initiation of heavy metal azides (HMA) (powder, 
macrocrystals, filamentary crystals) under excita-
tion by short laser pulse  in the  range  of transpar-
ency of azide  matrix and in the  range  of strong 
self-absorption, as well as by pulse  of accelerated 
electrons have  been studied.

The  comparison of HMA sensitivity under 
excitation by neodymium (λ = 1060 nm), excimer 
(λ = 308  nm) and qn2 (λ  = 10600 nm) lasers, as 
well as by pulse  of electrons with energy of 300 keV 
has been made. The  comparison of thresholds was 
carried out on most informative  parameter w05 # the
threshold cubic power density # minimal  energy, ab-
sorbed into  unit of explosive  volume, which is not 
lead to  explosive  decomposition of material. 

It has been shown that at laser excitation in the  
range  of transparency the  low-threshold modes of 
initiation (w05 ∼10

$3 J/cm3, U = 102 cm$1, neodymium 
laser) were  realized, and at rise  of absorption the  
threshold increase  from 103 J/cm3 (U = 103 cm$1, 
qn2 # laser)  to 105 J/cm3 (U = 105cm$1, XeCl # laser). 
These  results can not be  explained from position of 
chain nature  (duplication of zoned carriers of a char-
ge) and thermal nature  # macrocenter (heating-up of 
irradiation volume).  

The  possibility and mechanisms of explosive  decom-
position from thermal microcenter under deferent 
kind of external pulsed excitations are  discussed. 
The  conclusion in favour of thermal center nature  
of initiation of explosive  decomposition under laser 
and electron beam pulsed excitation has been made. 

jhmeŠh)eqjhe }ttejŠ{ 
bgp{bmncn p`gknfemh“ 

`ghd` qepeap`

b. c.  jphcep, `. b.  j`kemqjhi, b. o.  0hohkeb, 
`. o.  anpnbhjnb`, `. `.  gbejnb

j���!%"“*,L ;%“36=!“2"�……/L 3…,"�!“,2�2, 
j���!%"%, p%““, 

p=K%2= C%“" ?�…= .*“C�!,��…2=2>…%�3 , 2�%!�-
2,8�“*%�3 ,““2�6%"=…,( *,…�2,*, , ��.=…,ƒ�%" 
!=ƒ"�2"2�……/. 2"�!6%-=ƒ…/. &�C…/. !�=*&,L 
" .…�!;�2,8�“*,. �=2�!,=2=., 2,C,8…/� C!�6-
“2=",2�2�� *%2%!/.  "2 �2“  =ƒ,6 “�!�K!= (`q). 
o!%"�6�…% *%�C2�*“…%� ,““2�6%"=…,� ƒ=*%…%��!-
…%“2�L "ƒ!/"…%;% !=ƒ2%›�…,  *!,“2=22%" `q ��-
2%6%� “,….!%……%;% ,ƒ��!�…,  %“…%"…/. C=!=��2-
!%" C!%&�““=: “"�8�…,� ,ƒ ƒ%…/ 2=ƒ�!…%;% "%ƒ6�L“-
2", , “"�8�…,� "“�;% %K!=ƒ&=, =*3“2,8�“*,L (36=!-
…%-"%2…%"%L) %2*2,*. b *=8�“2"� ,“2%8…,*= %C2,-
8�“*%;% ,ƒ238�…,  ,“C%2>ƒ%"=2“  %6…%�%6%"/L 
%6…%8=“2%2…/L …�%6,�%"/L 2=ƒ�!. l=*“,�=2>…=  
.…�!;,  ,ƒ238�…,  2=ƒ�!= “%“2="2 �2 20 d›, 62,-
2�2>…%“2> ,�C32>“= …= C%23"/“%2� τ = 30 …“.

d2  *=›6%;% %K!=ƒ&= %C!�6�2 2,“> C=!=��2!/ 
.=!=*2�!…/. 38=“2*%" *,…�2,*, "ƒ!/"…%;% “"�8�-
…, , “"�2%“3��/, “*%!%“2> !=“C!%“2!=…�…,  !�-
=*&,, C% *!,“2=223. o%*=ƒ=…%, 82% “,;…=2/ ƒ%…-
…/. , %Kƒ%!…/. t}r ,��(2 *=8�“2"�……/� !=ƒ2,-
8, . o�!"/� ,��(2 C!%“2�L<3( “2!3*23!3 (%6,… 
�=*“,�3�), %2…%“,2�2>…% *%!%2*3( 62,2�2>…%“2> 
(100#300 …“). q,;…=2/ %Kƒ%!…/. t}r ,��(2 
“2%›…3( “2!3*23!3 (6% 4 C,*%") , K%2><3( 62,-
2�2>…%“2> (2#25 �*“). n“…%"…=  8=“2> -,*“,!%-
"=……%;% C=…%!=�…/� t}r ,ƒ238�…,  %2…%“,2“  
* C!%63*2=� !�=*&,,.

h““2�6%"=…/ ƒ=",“,�%“2, *!,2,8�“*%L .…�!-
;,, ,…,&,,!%"=…,  "ƒ!/"…%;% !=ƒ2%›�…,  `q %2 

The  strong difference  of thresholds and kinet-
ics of explosive  decomposition of the  fillings and 
pressed powders of HMA have  been obtained. In 
the  fillings, where  is realized the  high-threshold 
initiation, during irradiation the  breakdown phe-
nomena are  reveal, which are  observable  at sub-
threshold levels of laser excitation, and accompany-
ing by combustion phase  of HMA on attenuation 
mode. The  pre-explosive  phenomena are  absent at 
initiation of the  pressed samples and crystals. The  
reasons of observable  differences are  discussed.

This work  was supported by RFBR, grant #06-
03-32724.
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!=ƒ��!= %K!=ƒ&= m“(r) , 6,=��2!= ƒ%…/ %K238�-
…,  m“(d). o%*=ƒ=…%, 82% ƒ=",“,�%“2> m“(d) �%›�2 
%C!�6�2 2>“  %“%K�……%“2 �, C!%&�““= C�!�6=8, 
.…�!;,, C!%63*2%" !�=*&,, !�<�2*� `q. }*“C�-
!,��…2=2>…% C%*=ƒ=…%, 82% ƒ=",“,�%“2> m“(r) %C-
!�6�2 �2“  6,--3ƒ,�L !�=;�…2%" …= C%"�!.…%“2> 
*!,“2=22= , ,. K/“2!%L !�*%�K,…=&,�L 2=�. bC�!-
"/� %C!�6�2�…/ *%.--,&,�…2 6,--3ƒ,, !�=;�…2%" 
(D ≈ 0,3 “�2/“) , *%…“2=…2= “*%!%“2, !�*%�K,…=&,, 
e.h. C=!  (“2=6,, %K!/"= &�C,) kr = (4,5 @ 0,4)�⋅10

6 “$1 
" 3“2%", . "ƒ!/"…%;% !=ƒ2%›�…,  %K!=ƒ&=. nC!�-
6�2�……/� "�2,8,…/ .%!%<% “%"C=6=(2 “ .*“C�!,-
��…2=2>…/�,, C%238�……/�, C!, ,““2�6%"=…,, 
-%2%C!%"%6,�%“2, , .--�*2= u%22= " `q. p=K%2= 
"/C%2…�…= C!, -,…=…“%"%L C%66�!›*� ptth 
(# 07-03-01099).

KINETIC OF SILVER AZIDE 
EXPLOSIVE DECOMPOSITION

V. G.  KRIGER, A. V.  KALENSKY, B. P.  TSIPILEV, 
A. P.  BOROVIKOVA, A. A.  ZVEKOV

Kemerovo State University, Kemerovo, Russia

This work  is devoted to  experimental and theo-
retical investigation of reaction kinetics and mech-
anism in energetic materials where  silver aside  is 
typical representative. The  complex analysis of sil-
ver azide  crystal explosive  decomposition regulari-
ties was carried out by method of general parameter 
synchronous measurement: luminescence  from laser 
exposure  band; the  whole  sample  luminescence; 
acoustical (shock-wave) response. The  single-mode  
one-frequecy neodymium laser was used as a source  
of optical radiation. Maximal energy of laser radia-
tion is 20 J, and half-amplitude  pulse  duration is 
τ = 30 ns.

For each sample  the  parameters of characteris-
tic parts of explosive  luminescence  kinetics, light 
amount, propagation rate  of reaction along crystal 
were  determined. It is shown that signals of band 
and overview photomultipliers have  qualitative  dif-
ferences. The  first ones have  the  simplest structure  
(one  peak), relatively short duration (100#300 ns). 
The  signals of overview photomultipliers have  a comp-
lex structure  (up to  4 peaks) and the  longer du-
ration (2#25 Us). The  general part of radiation 
measured by panoramic photomultiplier is related 
to  reaction products.

Initiation critical energy of silver azide  explo-
sive  decomposition was determined depending on 
sample  size  m“(r) and irradiation zone  diameter 
m“(d). It is shown that m“(d) dependence  can be  
determined by process features of reaction prod-
uct energy transmission to  silver azide  lattice. 

dhm`lhj` p`gkeŠ` opndrjŠnb 
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m. k.  ̀ krjep1, `. c.  jpe)eŠnb2, 
`. ~.  lhŠpnt`mnb2, `. q.  o`xoejhm2

1j���!%"“*,L -,2,=2 h…“2,232= .,�,, 
2"�!6%;% 2�2= , ��.=…%.,�,, qn p`m, 

j���!%"%, p%““, 

2j���!%"“*,L ;%“36=!“2"�……/L 3…,"�!“,2�2, 
j���!%"%, p%““, 

p=…�� K/2% %K…=!3›�…%, 82% C!, "ƒ!/"� =ƒ,6= 
“�!�K!= C%6="2 (?=  8=“2> .…�!;,, "/6�2 �2“  
3›� C%“2� 6,“C�!;,!%"=…,  %K!=ƒ&=, 2. �. …= “2=-
6,, !=ƒ2�2= C!%63*2%" "ƒ!/"=. l%›…% %›,6=2>, 
" “" ƒ, “ .2,� …=;!�"%�, …=2,8,  …�*%2%!/. %“%-
K�……%“2�L " *,…�2,*� !=ƒ2�2= C!%63*2%" "ƒ!/"=.

nKA�*2=�, ,““2�6%"=…,  “23›,2, …,2�",6…/� 
*!,“2=22/ =ƒ,6= “�!�K!=. h…,&,,!%"=…,� %“3?�“2"-
2 2%“> ,�C32>“=�, YAG:Nd3+ 2=ƒ�!=. h“C%2>ƒ%-
"=2%“> 6"= *=…=2= !�;,“2!=&,, # %C%!…/L *=-
…=2, C%ƒ"%2 (?,L !�;,“2!,!%"=2> 2%*%"/L ,�-
C32>“ " ,…,&,,!3��%� %K!=ƒ&� , 2�“2%"/L *=…=2 
C%ƒ"%2 (?,L !�;,“2!,!%"=2> 2%*%"/L ,�C32>“ 
" 2�“2%"%� !=ƒ! 6…%� C!%��›32*�, "%ƒ…,*=(?,L 
C!, �;% ƒ=�/*=…,, !=ƒ2�2=(?,�,“  C!%63*2=�, 
"ƒ!/"=. q,;…=2/ C%6="=2,“> …= ".%6 %“&,22%;!=-
-= Tektronix TDS3032B. b!���……%L “6",; ��›63 
%C%!…/� , 2�“2%"/� “,;…=2=�, %C!�6�2 2“  62,-
2�2>…%“2>( C!%2�2= C!%63*2%" "ƒ!/"= 6% 2�“2%"%-
;% !=ƒ! 6…%;% C!%��›32*=.

r"�2,8�…,� K=ƒ/ !=ƒ2�2= &l[ C!,"%6,2 * “��-
?�…,( 2�“2%"%;% “,;…=2= " “2%!%…3 K%2><,. "!�-
��… , 3��…><�…,( �;% =�C2,236/. d% l ≈ 3 �� .2= 
ƒ=",“,�%“2> .%!%<% =CC!%*“,�,!3�2“  "/!=›�-
…,�� l = 0,5a (t $ t0)

2 C!, a = (3,6 @ 0,2)⋅109 �/“2, 
t0 = 70@20 …“.

o!, 3"�2,8�…,, K=ƒ/ !=ƒ2�2= “"/<� ~3 ��, 3“-
*%!�…,� C=6=�2, = ƒ=2�� “ 3"�2,8�…,�� !=““2% …,  
C=6=�2 , “*%!%“2> !=ƒ2�2=.

It is experimentally shown that m“(r) dependence  is 
determined by reagent diffusion to  crystal surface  
and their fast recombination on surface. The  first 
the  diffusion coefficient of reagents (D ≈ 0.3 cm2/s) 
and constant of e.h. pair recombination rate  (break-
ing chain stages) kr = (4,5 @ 0,4)⋅106 s$1 are  deter-
mined under conditions of sample  explosive  de-
composition. The  determined values are  greatly 
conformed to  experimental values obtained at pho-
toconduction and Hall effect investigations of silver 
azide. This work  has been done  with the  financial 
support of RFBR (No. 07-03-01099).
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m=2,8,� 3“*%!�…,  %6…%ƒ…=8…% “",6�2�2>“-
2"3�2 % .…�!;%"/6�2�…,, …= .2%L “2=6,, !=ƒ2�2= 
C!%63*2%" "ƒ!/"=. o%.2%�3 3“*%!�……/L .=!=*2�!  
6",›�…,  …= …=8=2>…/. “2=6, . !=ƒ2�2= �%›…% 
!=““�=2!,"=2> " *=8�“2"� �?� %6…%;% “�!>�ƒ…%;% 
6%"%6= " C%2>ƒ3 “6�2=……%;% " C!�6/63?,. !=K%-
2=. "/"%6= % 2%�, 82% %“…%"…=  .*ƒ%2�!�,8�“*=  
!�=*&,  2N3 → 3N2 C!%2�*=�2 " `Šl, " %“…%"…%�, 
…� " ,“.%6…%� %K!=ƒ&�, = 3›� …= “2=6,, !=ƒ2�2= 
C!%63*2%" "ƒ!/"=..

p=K%2= "/C%2…�…= C!, C%66�!›*� ;!=…2= 
ptth (C!%�*2 05-03-32010=).

DYNAMICS OF SILVER AZIDE 
EXPLOSIVE PRODUCTS RECESSION

N. L.  ALUKER1, A. G.  KRECHETOV2, 
A. YU.  MITROFANOV2, A. S.  PASHPEKIN2

1Kemerovo branch of Institute of solid chemistry 
and mechanochemistry SB RAS, jemerovo, Russia 

2Kemerovo State University, jemerovo, Russia

It was discovered earlier when silver azide  explo-
sion the  most part of energy is evolved after sample  
dispersion, i. e. at the  explosive  products recession 
stage. In connection with this heating it is possible  
existing of some  features of explosive  products 
recession kinetics.

Silver azide  whiskers were  investigation objects. 
Initiation was realized by pulses of YAG:Nd3+ laser. 
Two registration channels were  used. The  first one  
is a reference  channel recording current pulse  in an 
initiated sample. The  second one  is a test channel 
recording current pulse  in a test discharge  space  
appearing when it is closed by scattering explosive  
products. Signals were  inputted to  oscilloscope  
Tektronix TDS3032B. Skewing between reference  
and test signals was defined as duration of explosive  
products flight to  the  test discharge  space.

Recession base  &l[ increasing is resulted in test 
signal displacement to  the  direction of greater times 
and decreasing of its amplitude. Until l ≈ 3 mm this 
dependence  is approximated well by the  equation 
l = 0,5a(t $ t0)2 at a = (3,6 @ 0,2)109 m/s2, 
t0 = 70@20 ns.

When over ~3 mm base  recession increasing ac-
celeration is reduced and then when distance  is in-
creased recession velocity is reduced also.

Acceleration existing is an evidence  of energy 
evolving in the  stage  of explosive  products reces-
sion. So  accelerated character of moving at initial 
recession stages may be  considered as one  more  se-
rious argument to  the  next conclusion concluded in 
the  previous works. The  main exothermic reaction 

bkh“mhe rqknbhi 
oepejphqŠ`kkhg`0hh 
Š`Ša m` ecn qbniqŠb`

h. `.  a`Š`knb`, m. ~.  thkhoonb`, 
b. o.  thkhm, m. o.  Š`iahmnb, 

Š. b.  ̀ mŠhonb`, h. b.  )el`chm`, `. k.  c`c`phm

p%““,L“*,L -�6�!=2>…/L  6�!…/L &�…2! # 
bmhh 2�.…,8�“*%L -,ƒ,*, 

,�. =*=6. e.h. g=K=K=.,…=, q…�›,…“*, p%““, 

b 6%*2=6� C!,"�6�…/ !�ƒ32>2=2/ %2!=K%2*, 
2�.…%2%;,, C%238�…,  *!3C…/. (6% 2 ��) *!,“2=2-
2%" bb Š`Ša. j!,“2=22/ Š`Ša C%238=2, C�!�-
*!,“2=22,ƒ=&,�L ,ƒ !=“2"%!= …= 3“2=…%"*� “ !�;3-
2,!3��%L “*%!%“2>( %.2=›6�…, . b *=8�“2"� !=“2"%-
!,2�2  62  bb Š`Ša ,“C%2>ƒ%"=2“  6,��2,2“32>-
-%*“,6 (dlqn).

Š�!�%“2%L*%“2> *!,“2=22%" Š`Ša, C%238�…-
…/. C!, !=ƒ2,8…/. !�›,�=. C�!�*!,“2=22,ƒ=&,,, 
K/2= ,““2�6%"=…= ��2%6=�, 2�!�%;!=",��2!,8�-
“*%;% , 6,--�!�…&,=2>…%-2�!�,8�“*%;% =…=2,ƒ%" 
" “!="…�…,, “ Š`Ša, C%238�……/� C!%�/<2�…-
…/� “C%“%K%�. o%*=ƒ=…%, 82% …=2,8,� C!,��“�L 
" Š`Ša C!,"%6,2 * “…,›�…,( C=!=��2!%" 2�!�%-
“2%L*%“2,.

b 6%*2=6� C!,"�6�…/ -%2%;!=-,, *!,“2=22%".

nam`prfemhe qkednb 
bb j`oek|m{l 

jnknphleŠph)eqjhl leŠndnl 

n. b.  uprkeb`, b. o.  thkhm, m. o.  Š`iahmnb, 
Š. b.  ̀ mŠhonb`, m. b.  c`pl`xeb`, 

m. ~.  thkhoonb`, Š. m.  jnpd`q, b. o.  bedemhm

p%““,L“*,L -�6�!=2>…/L  6�!…/L &�…2! # 
bmhh 2�.…,8�“*%L -,ƒ,*, 

,�. =*=6. e. h. g=K=K=.,…=, q…�›,…“*, p%““,  

b 6%*2=6� %2!=›�…/ %“…%"…/� .2=C/ !=K%2/ 
C% “%"�!<�…“2"%"=…,( ��2%6,*, *=C�2>…%;% 
*%2%!,��2!,8�“*%;% .*“C!�““-=…=2,ƒ= %K…=!3›�-
…,  bb. b !=K%2� C!�6“2="2�…/ !�ƒ32>2=2/ C% 
%C!�6�2�…,( 83"“2",2�2>…%“2, 14 "/K!=……/. 

2N3 → 3N2 is realized in HMA principally not in 
the  starting sample  but at the  explosive  products 
recession stage.

The  investigation is realized under support of 
RFFI grant # 05-03-32010=.
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bkh“mhe onphqŠnqŠh 
h Šeloep`Šrp{ m` bekh)hmr 

jphŠh)eqjncn qe)emh“ 
deŠnm`0hh bb m` nqmnbe Š`Ša

a. c.  knanijn, b. o.  thkhm, n. b.  jnqŠh0{m, 
~. `.  aekemnbqjhi, e. a.  qlhpmnb, 
`. b.  bepxhmhm, `. q.  mhjrkhm, 

b. `.  oeqŠpe)huhm, j. l.  lhpnxjhm, 
j. l.  opnqbhpmhm 

p%““,L“*,L -�6�!=2>…/L  6�!…/L &�…2! # 
bmhh 2�.…,8�“*%L -,ƒ,*, 

,�. =*=6. e. h. g=K=K=.,…=, q…�›,…“*, p%““, 

h““2�6%"=…,� *!,2,8�“*,. 3“2%",L !=“C!%-
“2!=…�…,  6�2%…=&,, *!%�� C!=;�=2,8�“*%;% ,…-
2�!�“= ,���2 "=›…%� -3…6=��…2=2>…%� ƒ…=8�…,�. 
b %K2=“2, %*%2%*!,2,8�“*,. 3“2%",L !=“C!%“2!=-
…�…,  6�2%…=&,,, !�=2,ƒ3(?,.“  C!, C!,K2,›�-
…,, * *!,2,8�“*%�3 “�8�…,( 6�2%…=&,,," ƒ…=-
8,2�2>…%L “2�C�…, C!% "2 (2“  -=*2%!/, %C!�-
6�2 (?,� *,…�2,*3 C!%2�*=…,  .,�,8�“*%L !�=*-
&,, " 6�2%…=&,%……%L "%2…�. b2, …,� .2,. -=*-
2%!%" , ,. !%2> 2�;8� "“�;% %K…=!3›,"=�2“  62  
"ƒ!/"8=2/. "�?�“2" %K2=6=(?,. K%2><,� *!,-
2,8�“*,� “�8�…,�� 6�2%…=&,,. “!*,�, C!�6“2=-
",2�2 �, 2=*,. "ƒ!/"8=2/. "�?�“2"  "2 �2“  bb 
…= %“…%"� Š`Ša.

b 6=……%L !=K%2� C!%"�6�…% .*“C�!,��…2=2>…%� 
%C!�6�2�…,� "�2,8,…/ *!,2,8�“*%L 2%2?,…/ 6�-
2%…=&,, "ƒ!/"8=2%;% "�?�“2"= …= %“…%"� Š`Ša. 
h““2�6%"=…% "2, …,� …= 6=……3( "�2,8,…3 2=*,. 
-=*2%!%" *=* C%!,“2%“2> , 2��C�!=23!=.

EFFECT OF POROSITY 
AND TEMPERATURE ON THE VALUE 

OF CRITICAL SECTION OF TATB BASED 
EXPLOSIVES DETONATION

B. G.  LOBOIKO, V. P.  FILIN, O. V.  KOSTITSIN, 
YU. A.  BELENOVSKY, E. B.  SMIRNOV, A. V.  VERSHININ, 

A. S.  NIKULIN, V. A.  PESTRICHIKHIN, 
K. M.  MIROSHKIN, K. M.  PROSVIRNIN 

Russian Federal Nuclear Center $ Zababakhin 
All-Russia Research Institure of Technical Physics, 

Snezhinsk, Russia

hqqkednb`mhe 
rd`pmnbnkmnbncn 

hmh0hhpnb`mh“ bb 
m` nqmnbe Š`Ša

a. c.  knanijn, b. o.  thkhm, n. b.  jnqŠh0{m, 
~. `.  aekemnbqjhi, e. a.  qlhpmnb, 

`. b.  keaedeb, b. m.  yepa`jnb, `. c.  lnffhm, 
n. q.  apnd“chm

p%““,L“*,L -�6�!=2>…/L  6�!…/L &�…2! # 
bmhh 2�.…,8�“*%L -,ƒ,*, 

,�. =*=6. e. h. g=K=K=.,…=, q…�›,…“*, p%““, 

m=,K%2�� C%2…3( ,…-%!�=&,( % !=ƒ",2,, C!%-
&�““= 36=!…%"%2…%"%;% ,…,&,,!%"=…,  6�2%…=&,, 
C%238=(2 !�;,“2!=&,�L ."%2(&,, "%2…%"/. C!%-
-,2�L 6="2�…,  ,2, �=““%"%L “*%!%“2,. 

b !=K%2� C!�6“2="2�…/ !�ƒ32>2=2/ .*“C�!,��…-
2=2>…%;% ,““2�6%"=…,  36=!…%"%2…%"%;% ,…,&,,-
!%"=…,  6�2%…=&,, " ƒ=! 6=. ,ƒ "ƒ!/"8=2%;% "�-
?�“2"= …= %“…%"� Š`Ša. h…,&,,!%"=…,� %“3?�“2-
"2 2%“> "ƒ!/"…/� C2%“*%"%2…%"/� ;�…�!=2%!%�.  
`�C2,236= ,…,&,,!3(?�L 36=!…%L "%2…/ "=!>-
,!%"=2=“> %2 15 6% 23 co=, 2%2?,…%L C!�;!=6/ 
,ƒ -2%!%C2=“2=. o=!=��2!/ 36=!…%L "%2…/, ".%-
6 ?�L "% "ƒ!/"8=2%� "�?�“2"%, , 36=!…%L ,2, 
6�2%…=&,%……%L "%2…/, "/.%6 ?�L ,ƒ bb "% -2%!%-
C2=“2%"3( C!�;!=63, %C!�6�2 2,“> C!, C%�%?, 
6"3. C>�ƒ%!�ƒ,“2,"…/. 6=28,*%" 6="2�…, . p�;,“2-
!,!3��/� C!%-,2, C%ƒ"%2 2, %C!�6�2,2> "!�-
�  C!%.%›6�…,  36=!…%L (6�2%…=&,%……%L) "%2-
…%L ƒ=! 6= ,ƒ bb. b %26�2>…/. %C/2=. C!%&�““ 
C�!�.%6= 36=!…%L "%2…/ " 6�2%…=&,( 6%C%2…,-
2�2>…% !�;,“2!,!%"=2“  C!, C%�%?, !=6,%,…-
2�!-�!%��2!=. o%238�…= ƒ=",“,�%“2> ;23K,…/ 
"%ƒ…,*…%"�…,  6�2%…=&,, " ƒ=! 6� ,ƒ bb %2 
6="2�…,  ".%6 ?�L 36=!…%L "%2…/ (6,=;!=��= 
Pop-plot).

, 3238<�……/. 2�“2%". p�ƒ32>2=2/ ,““2�6%"=…,L 
C!,"�6�…/ …= ,…�!2…/. �=2�!,=2=., “��“ . (,…�!-
2…/L �=2�!,=2 + bb) , C!%K=. “ ;!3…2%�.

Studying critical conditions of detonation propa-
gation has important fundamental importance  in 
addition to  merely pragmatic interest. Factors deter-
mining kinetics of the  chemical reaction in the  det-
onation wave  reveal themselves in the  area of near-
critical conditions of detonation propagation, which 
are  realized when approaching the  critical section 
of detonation. Effect of these  factors and their role  
are  most evident for explosives having great criti-
cal section of detonation. Most demonstrative  rep-
resentatives of these  materials are  TATB-based 
explosives.

Critical thickness of TATB-based explosives det-
onation is experimentally determined and effect of 
such factors as porosity and temperature  on this 
value  is investigated in this work.
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hqqkednb`mhe 
rk|Šp`dhqoepqm{u `kl`gnb 
qoejŠp`k|m{lh leŠnd`lh 

o. “.  deŠjnb, m. b.  c`pl`xeb` 

p%““,L“*,L -�6�!=2>…/L  6�!…/L &�…2! # 
bmhh 2�.…,8�“*%L -,ƒ,*,, q…�›,…“*, p%““, 

o!%"�6�…/ ,““2�6%"=…,  32>2!=6,“C�!“…/. 
=2�=ƒ%" (rd`) 6�2%…=&,%……%;% “,…2�ƒ= ��2%6=�, 
hj-“C�*2!%“*%C,,. h““2�6%"=…,  C!%"�6�…/ 62  
C%!%<*%" rd`, C%238�……/. 6�2%…=&,%……/� “,…-
2�ƒ%� ,ƒ 2!%2,2= (ŠmŠ) , “��“�L 2!%2,2/;�*“%;�… 
(Š/c), K�…ƒ2!,-3!%*“=…/2!,=�,…%2!,…,2!%K�…-
ƒ%2 (aŠt/Š`Ša) " “!="…�…,, “ “,…2�2,8�“*,�, 
=2�=ƒ=�, (`ql). o%*=ƒ=…%, 82% hj-“C�*2!  rd` 
“%6�!›,2 ,…-%!�=&,( %K %!;=…,8�“*,. -3…*-
&,%…=2>…/. ;!3CC=., =6“%!K,!%"=……/. …= C%-
"�!.…%“2, 8=“2,& C%!%<*=. b,6 , %2…%“,2�2>…%� 

“%6�!›=…,� %!;=…,8�“*%L “%“2="2 (?�L rd` ƒ=-
",“,2, " %“…%"…%�, %2 ",6= 2�.…%2%;,8�“*,. "%ƒ-
6�L“2",L, ,“C%2>ƒ%"=……/. C!, %8,“2*� =2�=ƒ…%L 
<,.2/. h““2�6%"=…/ %K!=ƒ&/ rd`, C!%<�6<,� 
*,“2%2…%-?�2%8…3( %K!=K%2*3, 2�!�,!%"=…,� C!, 
2��C�!=23!=. ∼300° q, %ƒ%…,!%"=…,�. 

j!%�� %!;=…,8�“*%L “%“2="2 (?�L, hj-“C�*-
2!/ rd` …�“32 ,…-%!�=&,( % …�*%2%!/. ",6=. 
,“*=›�…,  =2�=ƒ…%L !�<�2*,. o%*=ƒ=…%, 82% 
…�*%2%!/� ,““2�6%"=……/� %K!=ƒ&/ rd` “%6�!›=2 
`-6�-�*2/, C!�6“2="2 (?,�  "*2(8�…,  6"3. 
=2%�%" =ƒ%2= " =2�=ƒ…3( !�<�2*3. o!%"�6�…% 
“!="…�…,� C%238�……/. !�ƒ32>2=2%" “ 6=……/�, 
62  C!,!%6…/. , “,…2�2,8�“*,. =2�=ƒ%".

ULTRA FINE DIAMONDS RESEARCH 
BY SPECTRAL TECHNIQUE

P. YA.  DETKOV, N. V.  GARMASHEVA

Russian Federal Nuclear Center $ Zababakhin 
All-Russia Research Institure of Technical Physics, 

Snezhinsk, Russia

Ultra fine  diamonds (UFD) of detonation syn-
thesis were  investigated by Fourier Transform Infra 
Red (FTIR) spectroscopy. UFD powders had been 
obtained by detonation of explosives (TNT) and ex-
plosive  mixtures (TNT/RDX, BTF/TATB) were  
compared with synthetic diamonds (SD). FTIR 
spectra of UFD contain information on simple  or-
ganic molecules and atomic groups have  been ab-
sorbed on the  surface  of UFD particles. Types and 
relative  contents of organic compounds in UFD 
powders depended on types of technological actions 
have  been used during raw diamond-bearing soot 
purification.  UFD samples were  investigated after 
acidity and alkali treatment of raw material, high 
temperature  processing (at ∼300° q) and ozona-
ted ones.

Additionally the  FTIR spectra of UFD could 
inform one  about some  types of diamond lattice  
defects. It was shown that some  of UFD samples 
under investigation had so-called A-defects. These  
defects are  inclusions of two nitrogen atoms into dia-
mond lattice. Obtained results were  analyzed in 
comparison to  ones for natural and synthetic dia-
monds.

SHOCK-WAVE INITIATION 
OF TATB-BASED EXPLOSIVES

B. G.  LOBOIKO, V. P.  FILIN, O. V.  KOSTITSIN, 
YU. A.  BELENOVSKY, E. B.  SMIRNOV, A. V.  LEBEDEV, 
V. N.  SCHERBAKOV, A. G.  MOZHIN, O. S.  BRODYAGIN

Russian Federal Nuclear Center $ Zababakhin 
All-Russia Research Institure of Technical Physics, 

Snezhinsk, Russia

Registering evolution of wave  profiles for pres-
sure  or mass velocity gives the  most full informa-
tion on the  development of the  shock-wave  initia-
tion of detonation. 

The  paper presents experimental results on the  
shock-wave  initiation of detonation in charges of 
TATB-based explosives by the  explosive  plane-
wave  generator. With the  help of the  Teflon-bar-
rier thickness, amplitude  of the  initiating shock  
wave  was varied from 15 to  23 GPa. Parameters 
of the  shock  wave  entering the  explosive  and the  
shock  or detonation wave  transmitting from the  
explosive  into  the  Teflon-barrier was determined 
by two  piezoresistive  pressure  gages. Registered 
profiles allowed the  time  of the  shock  (detona-
tion) wave  transit through the  explosive  charge  to  
be  determined. In some  experiments, the  process 
of &shock  wave-to-detonation[ transition was ad-
ditionally registered by the  radio  frequency inter-
ferometer. The  relationship of the  detonation ini-
tiation depth in the  HE charge  on the  pressure  of 
the  entering shock  wave  (Pop-plot) is constructed.
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" �%2�*32=.-,ƒ%��!=.. d2  "/ “…�…,  "2, …,  
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…/� =��,=*= , 2!,��2,2=�,…=. q%C%“2="2�…,� 
.2,. !�ƒ32>2=2%" C%ƒ"%2,2% 2=*›� "/ ",2> .--
-�*2 "2, …,  ƒ=��?�…,  "%6%!%6= ��2,2>…/�, 
;!3CC=�,. d2  "/ “…�…,  "2, …,  *%2,8�“2"= 
…,2!%;!3CC …= .…�!;,( 6,““%&,=&,, O-NO2 “" ƒ�L 
!=““�=2!,"=2,“> "“� …,2!=2/ ��2=…=, %2 �%…%…,2-
!=2= 6% 2�2!=…,2!=2=. 

p=“8�2/ "/C%2… 2,“> C% C!%;!=��� Gaussian 98 
“ ,“C%2>ƒ%"=…,�� *%�K,…,!%"=……%;% -3…*&,%…=-
2= B3LYP  , ! 6= K=ƒ,“…/. …=K%!%" .2�*2!%……/. 
-3…*&,L, %2 6-31G(d) 6% 6-311+G(d, p). d2  “%-
C%“2="2�…,  , =…=2,ƒ= "“�. C%238�……/. !�ƒ32>2=-
2%" ,“C%2>ƒ%"=2,“> 6=……/�, C%238�……/� “ C!,��-
…�…,�� K=ƒ,“…%;% …=K%!= 6-31+G(d). o%238�……/� 
“ ,“C%2>ƒ%"=…,�� .2%;% K=ƒ,“…%;% …=K%!= !�ƒ32>-
2=2/ “%C%“2="2 2,“> “ K%2><,� %KA��%� 6=……/. 
C% .…�!;�2,*� 6,““%&,=&,, …,2!%;!3CC, C%238�…-
…/� !=…�� 62  �%2�*32 !=ƒ2,8…/. "ƒ!/"8=2/. 
"�?�“2". b C!%&�““� C!%"�6�……/. .2�*2!%……/. 
!=“8�2%" %C2,�,ƒ,!%"=2,“> ;�%��2!,, �%2�*32, 
%C!�6�2 2,“> ,. .2�*2!%……/� “2!3*23!/ , .2�*-
2!%……/� .…�!;,,. b C!%&�““� 8=“2%2…/. !=“8�2%" 
%C!�6�2 2,“> *%2�K=2�2>…/� “C�*2!/ �%2�*32, 
.…�!;,, …32�"/. *%2�K=…,L, 2�C2%"/� C%C!="*, 
62  %C!�6�2�…,  2�!�%6,…=�,8�“*,. .=!=*2�!,“-
2,*. }…�!;,, 6,““%&,=&,, %C!�6�2 2,“> C!, …3-
2�"%L 2��C�!=23!�, C%.2%�3 *!%�� .2�*2!%……/. 
.…�!;,L 38,2/"=2,“> 2%2>*% .…�!;,, …32�"/. *%-
2�K=…,L. m=! 63 “% ƒ…=8�…, �, .…�!;,, 6,““%&,-
=&,, %C!�6�2 2,“> ƒ…=8�…,  62,… “%%2"�2“2"3(-

?,. !=ƒ!/"=��/. “" ƒ�L. o%238�……/� !�ƒ32>2=2/ 
C%ƒ"%2,2, C%238,2> ƒ=",“,�%“2, .…�!;,, 6,““%-
&,=&,, 62  "“�. !=““�%2!�……/. 2,C%" “" ƒ�L %2 
*%2,8�“2"= , "ƒ=,�…%;% !=“C%2%›�…,  …,2!%;!3CC 
" �%2�*32=. !=““�=2!,"=��/. …,2!%“%�6,…�…,L. 
}2, ƒ=",“,�%“2, �%;32 K/2> ,“C%2>ƒ%"=…/ 62  
=…=2,ƒ= K%2�� *!3C…/. �%2�*32, C%“*%2>*3 " !=“-
“�%2!�……/. �=2/. �%2�*32=. K/2, !�=2,ƒ%"=…/ 
C!�6�2>…% <,!%*,� 6,=C=ƒ%…/ "%ƒ�%›…%L *%…&�…-
2!=&,, …,2!%;!3CC.

INFLUENCE OF QUANTITY 
AND POSITION OF NITROGROUPS 

IN MOLECULES OF SEVERAL 
NITROCOMPOUNDS 

ON DISSOSIATION ENERGIES 
OF C-NO2, N-NO2 AND O-NO2 BONDS

V. K.  GOLUBEV

Russian Federal Nuclear Center $ All-Russia Scientific 
Research Institute of Experimental Physics,  

Sarov, Russia

Results of the  quantum-chemical calculations of 
several nitrocompounds molecules with the  sequen-
tially increasing quantity of nitrogroups, from one  
up to  the  maximum possible  quantity are  present-
ed. For finding out the  influence  of nitrogroups 
quantity on the  dissociation energy of C-NO2 bonds 
all the  nitroderivatives of methane, from mononitro-
methane  up to  tetranitromethane, were  examined. 
At examination of all the  nitroderivatives of ethane, 
the  influence  of nitrogroups position on the  dissocia-
tion energy of C-NO2 bonds was examined for the  
molecules-isomers together with finding out the  in-
fluence  of nitrogroups quantity. For clearing the  
influence  of nitrogroups quantity on the  disso-
ciation energy of N-NO2 bonds all the  nitroderiva-
tives of ammonia and trimethylamin were  examined. 
Comparison of these  results has allowed also  the  
effect of substitution of hydrogen with the  methyl 
groups to  have  been revealed. For clearing the  
influence  of nitrogroups quantity on the  disso-
ciation energy of O-NO2 bonds all the  methane  
nitrates, from mononitrate  up to  tetranitrate, were  
examined.

Calculations were  performed with the  use  of the  
Gaussian 98 program. The  combined B3LYP  func-
tional was used with the  series of basis sets of elec-
tronic functions from 6-31G(d) up to 6-311+G(d, p). 
The  data obtained with the  use  of the  6-31+G(d) 
basic set were  used for the  comparison and analysis 
of all obtained results. This data were  also  com-
pared with a great volume  of the  data on the  ener-
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t�6�!=2>…%� ;%“36=!“2"�……%� 3…,2=!…%� C!�6C!, 2,�
&c%“36=!“2"�……/L …=38…%-,““2�6%"=2�2>“*,L 

,…“2,232 �=<,…%“2!%�…, [, dƒ�!›,…“*, p%““, 

l�2%6 *3�32 &,, .…�!;,, " ="2%�%6�2>…%L 
�…%;%“23C�…8=2%L “,“2��� “2%�" ,ƒ 2�;*%;% , 2 -
›�2%;% ;=ƒ%", C!�62%›�……/L e. h. g=K=K=.,…/�, 
K/2 C!,��…�… 62  !=ƒ!=K%2*, 6"3.“23C�…8=2/. 
"ƒ!/"…/. ;�…�!=2%!%" "/“%*%“*%!%“2…/. !=6,-
=2>…% !=“.%6 ?,.“  %“*%2%8…/. C%2%*%" ,ƒ ;%-
2%"/. ,2, -%!�,!3��/. " C!%&�““� ��2=…,  .2�-
��…2%".

o!, !=ƒ!=K%2*� 2=*,. 3“2!%L“2", " %22,8,� 
%2 *%…“2!3*&,L, ,“C%2>ƒ3(?,. C2%“*3( “,“2��3 
“2%�", "%ƒ…,*=�2 ! 6 %“%K�……%“2�L, "/ƒ"=……/. 
…�%K.%6,�%“2>( “%.!=…�…,  &�2%“2…%“2, &,2,…-
6!,8�“*%L %K%2%8*, ƒ=! 6= bb C�!"%L “23C�…, " 
�%��…2 �� “%36=!�…,  “ K3-�!…/� “2%��, !=ƒ��-
?�……/� …= "…32!�……�L C%"�!.…%“2, 2=L…�!= (%K%-
2%8*, "2%!%L “23C�…,).

b 6%*2=6� C!,"%6 2“  .*“C�!,��…2=2>…/� !�-
ƒ32>2=2/ ,““2�6%"=…,  …=8=2>…%;% .2=C= C!%&�““= 
"ƒ!/"…%;% ��2=…,  “C2%<…/. , “%“2="…/., "/-
C%2…�……/. ,ƒ ;%2%"/. .2���…2%", %K%2%8�* &,-

2,…6!,8�“*,. ƒ=! 6%" bb. o%*=ƒ=…%, 82% " �%-
��…2 C!%.%›6�…,  C% “%“2="…%L %K%2%8*� 36=!…%L 
"%2…/ C!%,“.%6,2 ƒ=*!/2,� ,��(?,.“  ��›63 
.2���…2=�, *%…“2!3*2,"…/. ƒ=ƒ%!%". o%“2� .2%-
;% %K%2%8*= 6�-%!�,!3�2“  *=* “C2%<…= , "C2%2> 
6% “…,›�…,  6="2�…,  C!%63*2%" 6�2%…=&,, …= �� 
"…32!�……(( C%"�!.…%“2> 6% ƒ…=8�…,L, %C!�6�2 �-
�/. 6,…=�,8�“*%L C!%8…%“2>( �=2�!,=2= .2���…-
2%". o!, 3��…><�…,, 6,…=�,8�“*%L C!%8…%“2, 
!=6,3“ !=“C=6= %K%2%8*, …= %26�2>…/� .2���…2/ 
3"�2,8,"=�2“ , = C!, 3��…><�…,, 2%2?,…/ %K%-
2%8*, # “…,›=�2“ . 

o!,"�6�…/ !�ƒ32>2=2/ !=ƒ!=K%2*, ;�…�!=2%!%", 
“%ƒ6=(?,. "/“%*%“*%!%“2…/� !=6,=2>…/� C%2%-
*, ,ƒ %K%2%8�* "2%!%L “23C�…,, "/C%2…�……/. ,ƒ 
-%!�,!3��/. .2���…2%" 2,C= &36=!…%�  6!%[ 
(…=8=2>…=  “*%!%“2> 3,8#4,1 *�/“) , ,ƒ ;%2%"/., 
,��(?,. *%�C=*2…3( -%!�3 .2���…2%" (…=8=2>-
…=  “*%!%“2> 2,4#2,5 *�/“). 

o%238�……/� !�ƒ32>2=2/ �%;32 K/2> ,“C%2>-
ƒ%"=…/ 62  !=ƒ!=K%2*, "/“%*%“*%!%“2…/. ��2=-
2�2>…/. 3“2!%L“2" "ƒ!/"…%;% 6�L“2", , = 2=*›� 
62  2�“2,!%"=…,  8,“2�……/. C!%;!=�� C!, !�<�-
…,, C!,*2=6…/. ƒ=6=8  ��.=…,*, “C2%<…%L “!�6/ 
" ;=ƒ%6,…=�,8�“*%L , 3C!3;%-C2=“2,8�“*%L C%“-
2=…%"*�.

`"2%!/ K2=;%6=!…/ ~. h. Š=!=“%"3, C!,… "-
<��3 =*2,"…%� 38=“2,� " !=ƒ!=K%2*� 6"3.“23C�…-
8=2/. ;�…�!=2%!%" %“�“,���2!,8…/. %“*%2%8…/. 
C%2%*%" ,ƒ -%!�,!3��/. .2���…2%".

DEVELOPMENT PECULIARITIES 
OF TWO-STAGE AXISYMMETRIC 

EXPLOSIVE FRAGMENT GENERATORS

A. YE.  KUREPIN, V. A.  SEMIN, YE. V.  SIDOROVA 

Federal Unitary State Enterprise 
&The State Scientific Research Institute 

of Mechanical Engineering[, Dzerzhinsk, Russia

The  method of energy cumulation in an auto-
modelling multistage  system of beds made  of light 
and heavy gases offered by Ye. I. Zababakhin has 
been applied to  the  development of explosive  frag-
ment generators (EFG), creating high-velocity ra-
dially diverging flows of fragments, preformed and 
being formed during the  process of propelling from 
the  liner material.

At development of such devices, unlike  the  de-
signs using a flat system of beds, there  occurs 
a number of peculiarities caused by the  necessity of 
integrity preservation of the  cylindrical shell of the  
first-stage  explosive  charge  at the  moment of its 
collision with the  buffer layer placed on the  inner 
liner surface  (the  second-stage  shell).

getics of nitrogroups dissociation that was obtained 
for the  molecules of various explosives studied earli-
er. During electronic calculations the  geometries of 
molecules were  optimized, its electronic structures 
and energies were  determined. During frequency 
calculations the  vibration spectrums of molecules, 
energies of zero  oscillations, thermal corrections 
for determination of thermodynamic characteristics 
were  determined. The  dissociation energies were  de-
termined at zero  temperature, therefore  except for 
electronic energies only the  energies of zero  oscilla-
tions were  taken into  account. Together with the  
values of dissociation energy the  values of lengths 
of corresponding breaking bonds were  determined. 
These  results allowed the  dependences of dissocia-
tion energy on the  quantity and mutual disposition 
of nitrogroups in the  molecules of examined 
nitrocompounds to  have  been obtained. Such depen-
dences can be  used for the  analysis of larger mole-
cules as the  extremely wide  ranges of possible  
concentration of nitrogroupes have  been realized in 
the  examined small molecules.
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h…“2,232 ;,6!%6,…=�,*, ,�. l. `. k="!�…2>�"= 
qn p`m, m%"%“,K,!“*, p%““, 

o!%"�6�…% 8,“2�……%� , .*“C�!,��…2=2>…%� ,“-
“2�6%"=…,� "ƒ=,�%6�L“2",  %6,…%8…%;% ,2, ;!3C-
C/ .,�,8�“*, =*2,"…/. C3ƒ/!>*%" “ "%2…=�, 
“›=2,  , !=ƒ!�›�…,  62,…%L L1, !=“C!%“2!=… (-
?,�,“  " 2!3K� 6,��2!%� L0, ƒ=C%2…�……%L "%-
6%L. p=“8�2/ C!%"�6�…/ C% �%6�2, …�“2=&,%…=!-
…%;% 6"3��!…%;% %“�“,���2!,8�“*%;% 6",›�…,  
,6�=2>…%L “›,�=��%L .,�,8�“*, =*2,"…%L “!�6/ 
…= %“…%"� ƒ=*%…%" “%.!=…�…,  �=““/, ,�C32>“= 
, .…�!;,,. 

o%*=ƒ=…%, 82% �“2, =�C2,236= "%2…/  > 100 =2�, 
2% C!, L0/dmax < 6 (dmax # �=*“,�=2>…/L 6,=��2!  
C3ƒ/!>*=) 6�-%!�=&,  C3ƒ/!>*= …�“-�!,8…= 
(“2!3L…=  6�-%!�=&, ). ` �“2, L1/dmax > 6,9, 2% 
" …=K�;=(?�L "%2…� “›=2,  C!%,“.%6,2 “.2%C/-
"=…,� C3ƒ/!>*=. o!, .2%� %K!=ƒ3(2“  “2!3, 8�-
2/!�. ",6%", ,��(?,. !=ƒ2,8…3( -,ƒ,8�“*3( 
C!,!%63: 

1) *3�32 2,"…/� "%6 …/� “2!3L*,;
2) "/C3*2%“2, “2�…%* “›,�=(?�;%“  C3ƒ/!>*= 

"“2�6“2",� …�%6…%!%6…%;% !=“C!�6�2�…,  C%2�L 
C=!=��2!%" ;=ƒ= "…32!, C3ƒ/!>*=;

3) "/2 ;,"=…,� "%2…=�, !=ƒ!�›�…,  ;=ƒ%"/. 
“2!3L, …=C!="2�……/. ,ƒ C3ƒ/!>*= " ›,6*%“2>; 

4) “.%6 ?,�“  *%2>&�"/� "%6 …/� “2!3,, "%ƒ-
…,*=(?,� "“2�6“2",� …�3“2%L8,"%“2, p.2� #Š�L-
2%!= ��›-=ƒ…%L ;!=…,&/. 

d=2>…�L<=  -!=;��…2=&,  “2!3L C!,"%6,2 
* %K!=ƒ%"=…,( ��2*,. C3ƒ/!>*%" (“ 6,=��2!%� 
…= C%! 6%* ��…><�) " %*!�“2…%“2, K%2><%;%. }2, 
C3ƒ/!>*, C!,%K!�2=(2 ƒ…=8,2�2>…3( “*%!%“2> 
(6% 500 �/“). o32>“=&,, C3ƒ/!>*%" ��2*%L -!=*-
&,, C!%,“.%6 2 C!, �=2/. ,ƒ��…�…, . C=!=��2-
!%" *!3C…/. C3ƒ/!>*%". q›=2,� ��2*%L -!=*&,, 
…%“,2 =6,=K=2,8�“*,L .=!=*2�!  “ %K!=ƒ%"=…,�� 
2%*=2>…/. %K2=“2�L “ C%"/<�……/�, ƒ…=8�…, -
�, 2�!�%6,…=�,8�“*,. C=!=��2!%" (“ 6="2�…,�� 
6% 0,8  co= , 2��C�!=23!%L 6% 10000 j). b !�ƒ32>-
2=2� C!%,“.%6 2 �,*!%"ƒ!/"/ ��2*,. C3ƒ/!>*%". 
e“2, …=8=2>…/L =*3“2,8�“*,L ,�C32>“ !=“C!%-
“2!=… �2“  8�!�ƒ ;!3CC3 *!3C…/. C3ƒ/!>*%", 2% 
,. C%“2�63(?=  “2!3L…=  6�-%!�=&,  , �,*!%-
"ƒ!/"/ %K!=ƒ%"="<�L“  ��2*%L -!=*&,, “C%“%K-
…/ C!,"�“2, * 6�2%…=&,, "“�L C3ƒ/!>*%"%L “��“,. 
b !=K%2� 8,“2�……% C%*=ƒ=…%, 82% "%ƒ�%›�… "ƒ!/" 
%6,…%8…%;% C3ƒ/!>*= , C!, �;% "ƒ=,�%6�L“2",, 
“ “,2>…%L "%2…%L !=ƒ!�›�…, . nC!�6�2�…/ 2=*-
›� *!,2,8�“*,� ƒ…=8�…,  C=!=��2!%" C%2%*= (…=-
8=2>…/L !=ƒ��!  C3ƒ/!>*= , !=““2% …,� ��›63 
…,�,), C!, *%2%!/. "%ƒ�%›…% !=“C!%“2!=…�…,� 
“=�%C%66�!›,"=(?�L“  "%2…/ 6�2%…=&,, "6%2> 
&�C%8*, C3ƒ/!>*%".

INFLUENCE OF NON-SPHERICAL 
DEFORMATION OF CHEMICALLY 

ACTIVE BUBBLE ON OPPORTUNITY 
OF BUBBLE DETONATIONS

D. V.  VORONIN, V. S.  TESLENKO

Lavrentyev Institute of Hydrodynamics of SB RAS, 
Novosibirsk, Russia

Numerical and experimental research of inter-
actions of chemically active  bubbles with waves 
of compression and rarefaction (length L1), propa-

The  report presents the  experimental research 
results of the  initial stage  of the  explosion pro-
pelling process of continuous and compound cylin-
drical explosive  charge  shells made  of preformed 
elements. It is shown, that at the  moment of the  
shock  wave  passing the  compound shell all the  
constructive  gaps between the  elements close. As 
a result the  shell deforms as a continuous one  up 
to  the  decrease  of the  detonation products pres-
sure  on its internal surface  to  the  value  equal to  
the  dynamic strength of the  material of the  ele-
ments. At reduction of the  dynamic strength the  
radius of the  shell disintegration into  separate  
ele-ments grows, and at the  reduction of the  shell 
thickness it decreases. 

The  development results of the  generators creat-
ing high-velocity radial flows of self-forging type  
elements formed of the  liner material (the  initial 
velocity is 3.8#4.1 km/s), as well as of preformed com-
pact elements (the  initial velocity is 2.4#2.5 km/s) 
are  presented. 

The  results of the  experiments can be  used for 
the  development of high-velocity propelling devi-
ces of explosion action as well as for testing numer-
ical programs at solving complex applied problems 
of continuous medium mechanics in gasdynamic and 
elastic-plastic statement.

The  authors are  grateful to  Yu. I. Tarasov who  
has taken an active  part in the  development of two-
stage  axisymmetric explosive  fragment generators 
with preformed elements.
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gating in tube  (diameter L0) filled with water, was 
carried out. Modeling was performed within the  
framework  of model of non-stationary two-dimen-
sional motion of ideal compressible- media on the  
basis of laws of conservation of mass, pulse  and 
energy in case  of axial symmetry.

It was found, that at wave  amplitude  > 100 bar 
and L0/dmax < 6 (dmax is maximal bubble  diameter) 
bubble  deformation is non-spherical (jet deforma-
tion). If L1/dmax > 6,9 bubble  collapse  occurs in 
compression wave. Jets of four types with different 
physical nature  are  formed: 

1) cumulative  water jets;
2) distortion of bubble  walls owing to  non-uni-

form flowfield inside  the  bubble;
3) dragging of gas jets from bubble  into  liquid 

by rarefaction waves; 
4) converging ring water jets due  to  Rayleigh# 

Taylor instability of interphase  border. 
Jets fragmentation results in formation of micro-

bubbles (diameter 10 times less than for the  initial 
bubble) in vicinity of big one. These  bubbles get 
significant velocity (up to  500 m/s). Pulsations of 
microbubbles occur at small changes of large  ones 
parameters. Their compression is adiabatic with for-
mation of local areas with the  high values of ther-
modynamic parameters (pressure  up to  0,8 GPa 
and temperatu re  up to  10000 j). It results in 
microexplosions of fine  bubble  fraction. If the  
initial pulse  is propagating through the  group of 
large  bubbles, their subsequent jet deformation 
and microexplosions of are  capable  to  result in 
a detonation of all volume. It is numerically found, 
that explosion of single  bubble  is possible  at its 
interaction with a rarefaction wave. Critical values 
of a flow parameters (the  initial bubble  size  and 
distance  between them) at which propagation of 
detonation wave  along a bubble  chain is possible, 
are  determined also.

n leŠ`Šek|mni qonqnamnqŠh 
qleqei bb q `jŠhbhpnb`mm{lh 

h rk|Šp`dhqoepqm{lh 
onpnxj`lh `k~lhmh“

b. ~.  d`b{dnb1, l. `.  qŠphfemnj2, 
b. c.  xeb)emjn3

1m=38…%-,““2�6%"=2�2>“*,L �=<,…%“2!%,2�2>…/L 
,…“2,232, l%“*"=, p%““, .

2p%““,L“*,L -�6�!=2>…/L  6�!…/L &�…2! # 
bmhh 2�.…,8�“*%L -,ƒ,*, 

,�. =*=6. e. h. g=K=K=.,…=, q…�›,…“*, p%““, 

3h…“2,232 .,�,, 2"�!6%;% 2�2= r!n p`m, 
e*=2�!,…K3!;, p%““, 

m=“2% ?�� “%%K?�…,� K/2% ,…,&,,!%"=…% 6%*-
2=6%� d. b. l,2>8�…*% …= VII u=!,2%…%"“*,. 
…=38…/. 82�…, . " 2005 ;. " *%2%!%� “2=",2“  
"%C!%“ % …�%K.%6,�%“2, ,ƒ38�…,, C32�L =*2,-
"=&,, Al " 3“2%", . "ƒ!/"…%;% C!�"!=?�…, . 
d�L“2",2�2>…%, ,““2�6%"=…,  ��2=2�2>…%L “C%-
“%K…%“2, (lq) “��“�L bb “ C%!%<*=�, , C36!=�, 
Al, C!%"�6�……/� C% ��2%6,*=� l-40 , Š-20 C%*=-
ƒ=2,, 82% C%238�……/L C!,!%“2 lq ;%!=ƒ6% …,›� 
!�ƒ32>2=2%", C%238�……/. " *=2%!,��2!,8�“*%L 
K%�K�. e“2�“2"�……% C!�6C%2%›,2>, 82% .2% “" ƒ=-
…% “ …,ƒ*%L “*%!%“2>( %*,“2�…,  Al. 

b *=8�“2"� *%�C%…�…2%" bb ,““2�6%"=2,: ,…-
2�!��2=22,6/ AlSc, AlY, Al2Y, Al2Sm = 2=*›� 
“C2="/ “ 6%K="*=�, 1% Eu, 0,02% La. hƒ38=2, 
2=*›� “C2="/ Al “ 6%K="*=�,  0,01�0,5% Ga, Sn, 
“C2="= b36= , 4%Zn, “,…2�ƒ,!%"=……/� b`lh, 
;. q.-o�2�!K3!;. o%2=;= , 82% %“…%"…/� C!�C 2“-
2",�� 62  "%“C2=��…�…,  8=“2,& Al  "2 �2“  ,. 
%*,“…=  C2�…*=, ,““2�6%"=2, 2=*›� C%!%<*,, C%-
238�……/� " hmu  k=2". `m, 3 *%2%!/. %*“,6 K/2 
ƒ=��?�… …= C%*!/2,� ,ƒ …,2!%- , 6,…,2!%-2=2=2= 
��6,. b“� C%!%<*, C% 6=……/� 2�!�%;!=",��2!,-
8�“*,. (Šc) ,““2�6%"=…,L %K2=6=2, ƒ…=8,2�2>…% 
K%2�� "/“%*%L “*%!%“2>( %*,“2�…, , 8�� `qd-4. 
l=2�!,=2/ ""%6,2, " 2�!�%C2=“2,8…/� “%“2="/ 
…= %“…%"� %*2%;�…= ,ƒ !=“2"%!,2�2  " *%2,8�“2-
"� 15 , 20% , “!="…,"=2, “ =…=2%;,8…/�, *%�-
C%ƒ,&, �,, “%6�!›=?,�, `qd-4. l�2=2�2>…3( 
“C%“%K…%“2> C%238�……/. *%�C%ƒ,&,L %C!�6�2 2, 
C% ��2%6,*� l-40.

a%2><,…“2"% ,““2�6%"=……/. C%!%<*%" …� ,��-
2, C!�,�3?�“2"= ,2, 3“23C=2, C!%�/<2�……%�3 C%-
!%<*3 `qd-4. n2��8=�2“  C!,!%“2 lq …= 2#2,5% 
62  C%!%<*=, 2�;,!%"=……%;% Ga , ~3,5% 62  AlSc 
C!, ,ƒK/2%8…%� (20%) “%6�!›=…,, 6%K="*, "% 
"ƒ!/"8=2%L *%�C%ƒ,&,,. n2��2,�, 82% %K= !�ƒ32>-
2=2= “" ƒ=…/ “  "2�…,�� 6%C%2…,2�2>…%;% ,ƒ-
��2>8�…,  8=“2,& C%!%<*%" C!, 36=!…%"%2…%"%� 
…=;!3›�…,,. 



q�*&,  2. bƒ!/"…/� , 6�2%…=&,%……/�  "2�…, 98

d2  .*“C�!,��…2%" ,“C%2>ƒ%"=2, 32>2!=6,“-
C�!“…/L =2(�,…,L (rd`), C%238�……/L ��2%6%� 
"ƒ!/"=(?,.“  C!%"%6…,*%" (rd`1) , C2=ƒ�%-
.,�,8�“*,� ��2%6%� (rd`2). q��“, 15% rd` 
“ bb ;%2%",2, ��2%6%� “3.%;% “��<�…, . rd`1 
…� C%*=ƒ=2 C!�,�3?�“2"= C% “!="…�…,( “ `qd-4 
*=* " “��“ . “ -2�;�=2,ƒ,!%"=……/� %*2%;�…%�
(tn) 2=* , " “��“ . “ bb-%*,“2,2�2��: aŠm}m`. 
g…=8�…,  lq 62  rd`1 2%8…% 2�;2, …= “%%2-
"�“2"3(?,� C! �/� lq(ρ) 62  “��“�L .2,. bb 
“ `qd-4. b 2% ›� "!�� , “��“, rd`-2 “ tn ,��(2
…= 2% K%2><3( lq, 8�� “��“, “ `qd-4. }2%2 !�-
ƒ32>2=2 2=*›� “",6�2�2>“2"3�2 % C!�"=2,!3(?�L  
!%2, 36�2>…%L C%"�!.…%“2, C!, %*,“2�…,, Al 
" 6�2%…=&,%……/. "%2…=. (db). o!�62%›�…= �%-
6�2> C%"�6�…,  8=“2,& Al " db, C%ƒ"%2 (?=  
%KA “…,2> C%238�……/� !�ƒ32>2=2/.

ON METAL ACCELERATION ABILITY 
BY MIXTURES OF EXPLOSIVES WITH 
ACTIVATED AND ULTRADISPERSED 

ALUMINIUM POWDERS

V. YU.  DAVIDOV1, M. A.  STRIZHENOK2 , 
V. G.  SHEVCHENKO3

1Mecanical Engineering Research Institute, 
Moscow, Russia

2Russian Federal Nuclear Center $ Zababakhin 
All-Russia Research Institure of Technical Physics, 

Snezhinsk, Russia

3Chemistry Of Solid State Institute UrO RAS, 
Yekaterinburg, Russia

This paper was initiated by report of D. V. Mil-
chenko on International Conference  VII Khariton`s 
Topical Scientific Readings were  the  problem of Al 
activation in explosion processes was arisen. Really, 
metal acceleration ability (MAA) investigations of 
explosives, containing Al powders, made  by M-40 
and T-20 methods showed the  increasing of MAA 
much less, than in calorimeter bomb. It is naturally 
to  suggest, that this phenomenon is connected with 
low velocity of Al oxidation. 

As a components of explosives were  explored: 
AlSc, AlY, Al2Y, Al2Sm and alloys with 1% Eu, 
0,02% La. Were  investigated also  the  Al powders 
with additives of 0,01�0,5% Ga, Sn, Wood`s alloy 
and 4% Zn, synthesized in VAMI, St.Petersburg. 
Assuming that the  main obstacle  to Al ignition is its 
oxide  film, we  investigated also  powders, received 
in INC of Latvian AS, which oxides were  replaced 
by coating from copper nitro- and dinitrophthal-
ate. All powders, according to  thermogravimetrical 
measurements, had significantly higher oxidation 

rates, than ASD-4. The  materials were  induced 
in plastic bonded HMX from solvent in amount 15 
and 20% and were  compared to  analogous composi-
tions, containing ASD-4. MAA of the  compositions 
received were  measured by M-40 method.

Most powders investigated had no  advantage  or 
lost to  industrial powder ASD-4. It can be  noted 
the  2#2,5% growth of MAA for powder, activated 
by Ga and ~3,5% for AlSc powder, induced in access 
(20%) amount. One  can notice, that both results 
connected with phenomenon of additional powder 
particles dispersing by shock  wave  load.

For experiments we  used ultra dispersed Al 
(UDA), produced by exploding conductors method 
(UDA1) and by plasmochemical method (UDA2). 
15% UDA with explosives were  mechanically mixed. 
UDA1 had no  advantages to  ASD-4 as in mixture  
with phlegmatized HMX (FH) so  in mixture  with 
explosive- oxidize  BTNENA. Points, corresponding 
to  UDA laid exact on the  lines MAA(ρ) for this 
explosives. From other side, mixture  UDA2 with 
FH had 2% higher MAA, than mixture  with ASD-4. 
This result also  supports the  prevailing role  of 
powders specific surface  for Al oxidizing in deto-
nation wave  (DW). The  results are  explained by 
model for behavior of Al particles in DW. 

m`op“femmn-
detnplhpnb`mmne qnqŠn“mhe 

jnporq` bgp{bmni j`lep{

o. `. mhjnk`emjn 

`22=L“*,L ;%“36=!“2"�……/L 2�.…,8�“*,L 
3…,"�!“,2�2, a=!…=32, p%““, 

b 6%*2=6� C!,"%6 2“  !�ƒ32>2=2/ 2�%!�2,8�“-
*,. , .*“C�!,��…2=2>…/. ,““2�6%"=…,L �=*�2= 
"ƒ!/"…%L *=��!/, C!�6“2="2 (?�;% “%K%L &,-
2,…6!  6,=��2!%� 2 � “ .22,C2,8�“*,�, 6…,?=-
�, (C% -%!�� K2,ƒ*%L * “-�!,8�“*%L) , K%*%"%L 
ƒ=;!3ƒ*%L, C!, C%6!/"� " …�L ƒ=! 6%" "ƒ!/"8=-
2%;% "�?�“2"=. ` 2=*›� =…=2,ƒ C%238�……/. !�-
ƒ32>2=2%".
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b 0hkhmdph)eqjni 
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`. c. `jqemnb, d. c. jnxj`peb, 
l. d. )rp`gnb, a. ~. x`pjnb

h…“2,232 2�%!�2,��“*%L , .*“C�!,��…2="#…%L 
-,ƒ,*,, l%“*"=, p%““,  

o�!"%…=�="#…% (,",…)!,��“*,� �,*�…, )"  
2 ›�"%,%……%+% ,…�!(,="#…%+% “,…2�ƒ= !=““�=2-
!,"=",“# )"  DT 2%C","=. d%“2=2%�…/L *%.--,-
(,�…2 3“,"�…,  100 �%›…% C%"3�,2# C%“"� “›=-
2,  �,*�…, "!=?=3?,�“  C3�*%� (10 ld›/“�) 
)% )%“2,›�…,  " 2%C","� C"%2…%“2, 100 +/“�3 

, C=!=��2!= \rho  r = 0,5 +/“�3, C%“"�)33-
?,� ƒ=›,+=…,�� ,…2�…“,"…/� C3�*%� 1016 b2/+, 
, !=“C!%“2!=…�…,�� "%"…/ +%!�…,  C% “›=2%�3 
2%C","3. d"  “%ƒ)=…,  C%)›,+=3?�+% C3�*= �%›-
…% ,“C%"#ƒ%"=2# ,%…/ !=ƒ…%+% ƒ…=*=, “C�(,="#-
…% C%)%K!=……/. ,ƒ%2%C%" “ K",ƒ*%L �=““%L. 
j%**=!�", x=!*%" (2002) "C�!"/� !=““�=2!�-
",  )�!…%� )�"�…,� " ,…�!(,="#…%� 3)�!›=…,,. 
d"  +,K!,)…%L DT �,*�…, .--�*2 %2 %K"3��…,  
%K%"%�*, U238 K/“2!/�, …�L2!%…=�, 3��!�……/L. 
h““"�)%"=…,  DD �,*�…�L C%*=ƒ=",, �2% )"  !=“-
C!%“2!=…�…,  "%"…/ +%!�…,  2!�K3�2“  " 300 !=ƒ 
K%"#*=  .…�!+,  …= “›=2,�, DT 2=K"�2*= )"  ƒ=-
›,+=…,  , 2=*%L ›� C%)›,+=3?,L C3�%*, *=* 
" “"3�=� DT 2%C","=. Š%C","% DD �,*�…, …�C!%-
ƒ!=�…% )"  -%2%…%", = %K%"%�*= �,*�…, �=“2,�…% 
C%+"%?=�2 K/“2!/� …�L2!%…/. 

o%.2%�3 )"  DD 2%C","= �“2�“2"�……= +,K!,)-
…=  �,*�…# “ %K%"%�*%L ,ƒ U238. b �=“2…%“2,, 
"%"…= +%!�…,  " DD �,*�…, “ C=““,"…%L %K%"%�-
*%L “3?�“2"3�2 C!, C=!=��2!� \rho  r = 10 +/“�2 
, C"%2…%“2, 2%C","= \rho=100 +/“�3, %K�“C��,"=  
*%.--,(,�…2 3“,"�…,  …= 3!%"…� 10. b"�)�…,� 
)�" ?�L“  %K%"%�*, C%ƒ"%" �2 “›,+=2# 2%C","% 
C!, \rho  r = 4 +/“�2 (.…�!+,, “›=2,  ��…#*� 
" 6 !=ƒ) “ *%.--,(,�…2%� 3“,"�…,  40. n“…%"…%L 
"*"=) " .…�!+%"/)�"�…,� %K�“C��,"=�2 !�=*(,  
)�"�…, , " 2% "!��  *=* !�=*(,  “,…2�ƒ= C%“2="-
" �2 K/“2!/� …�L2!%…/. e“", "%“C"=��…�…,� 2%C-
","= " �,*�…, "%ƒ�%›…% C!, “›=2,,, 2% +,K!,)-
…=  �,*�…# �%›�2 %*=ƒ=2#“  ,…2�!�“…�� DT �,*�-
…, “ K/“2!/� C%)›,+%�. r"#2!=!�" 2,",“2“*,L 
)!=L"�!  “ .…�!+,�L …�“*%"#*% “%2�… ld› “)�"=2# 
C!%?� ,…2�…“,"…%+% C%)›,+=3?�+% C3�*=. 0�"# 
)=……%L !=K%2/ # %C!�)�"�…,� �,…,�="#…%+% C=-
!=��2!= \rho r " +,K!,)…%L DD �,*�…,. Š=*›� 
(�"#3 ,““"�)%"=…,L  "" �2“  !=ƒ!=K%2*= �…%+%-
��!…%+% +,)!%),…=�,��“*%+% *%)=. o�!�…%“ �=“-
2,( %C,“/"=�2“  " !=�*=. 3!="…�…,L ),--3ƒ,, 
“ %+!=…,��…, �, C%2%*%". }2% C%ƒ"%" �2 C%"3-
�,2# "“� ,…2�!�“33?,� .=!=*2�!,“2,*, "3K/. 
�,*�…�L. b%ƒ�%›…% 2=*›� �%)�",!%"=…,� %K/�-
…/. �,*�…�L, *%2%!/� ,…2�!�“…/ )"  ,““"�)%-

"=…,  3!="…�…,L “%“2% …,  !=ƒ",�…/. "�?�“2". 
}*“C�!,��…2/ …= 3“*%!,2�"� K3)32 "%ƒ�%›…/ C%“-
"� C%"3��…,  .…�!+,, C3�*= 10#100 *d›.

THE BURNING WAVE IN THE 
CYLINDRICAL HYBRID DD TARGET

A. G. AKSENOV, D. G. KOSHKAREV, 
M. D. CHURAZOV, B. YU. SHARKOV

Institute for Theoretical and Experimental Physics, 
Moscow, Russia

Initially the  cylindrical targets for the  heavy 
ions inertial fusion was considered for DT fuel. The  
high enough gain 100 can be  achieved after the  
initial compression by the  rotating beam with the  
energy deposition 10 MJ/cm till the  fuel’s density 
100 g/cm3  and the  parameter \rho r = 0.5 g/cm3, 
the  subsequent ignition of the  fuel by the  power 
beam 1016 W/g, and the  bu rning wave  propa-
gation along the  compressed fuel. It is possible  
to  use  specially selected ions with different charges 
and close  masses to  construct power fast ignition 
driver. Koshkarev and Sharkov (2002) proposed to  
use  the  fission in the  inertial confinement. For the  
hybrid DT target the  effect from the  irradiation of 
the  U238  shell by fast neutrons is not considerable. 
In the  case  of the  DD target we  need 300 times 
more  compression energy, the  DT tablet and the  
same  ignition beam as for DT fuel. The  fuel in such 
DD target is nontransparent for the  photons, while  
its shell absorbs the  part of neutrons.

So  for the  DD fuel it is interesting to  consider 
the  hybrid target with the  U238 shell. In particu-
lar, the  burning wave  in the  case  of the  passive  
shell exists at \rho r = 10 g/cm2 and \rho = 100 
with the  gain coefficient 10. The  active  U238  shell 
allows to  burn the  DD fuel at \rho  r = 4 (the  
compression energy is 6 times less) with the  gain 
coefficient 40. If the  burning can be  achieved dur-
ing the  compression, such hybrid target can be  
more  preferable  than the  pure  DT target with the  
fast ignition. An ultra relativistic driver with such 
energy is simpler than the  fast ignition beam. The  
first purpose  of the  presented report is the  defini-
tion of the  minimal parameter \rho  r in the  hy-
brid DD target. Second task  is the  developing of 
multi dimensional hydrodynamical code. Particle’s 
transports are  considered in the  frame  of diffusion 
equations with fluxes limiters. This simplification 
allows us to  receive  all characteristics for any tar-
gets. Also, we  can simulate  usual targets to  study 
the  equation of state  for different patterns. The  
experiments in the  accelerator will be  possible  
at the  achieving of the  heavy ion beam’s energy 
10#100 kJ.
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b. h. l=�,, `. b.h�	,…/.

h…“2,232 �,�!%�,…=�,*, ,�. l. `. k="!�…2	�"= qn 
p`m, m%"%“,K,!“*, p%““, 

q3?�“2"3�?,� %��…*, “ C%�%?	� ��2%�= (P, u) 
�,=�!=�� , K%��� “�%›…/� !=“"�2/ �=�2 C!%2,-
"%!�","/� !�ƒ3�	2=2/ , …� C%ƒ"%� �2 …=��›…% 
%��…,2	 ƒ=?,2…/� “"%L“2"= C%!,“2/. *%�C%ƒ,�,-
%……/. C!��!=� %2 ��L“2",  "ƒ!/""=2/. "�?�“2" 
(bb). m=�, ,““���%"=…/ ƒ=?,2…/� “"%L“2"= C!�-
�!=�, “%“2% ?,. ,ƒ 2%…*,. “2=�	…/. C! �%3�%�	-
…/. “%2%"/. *%…“2!3*�,L, ƒ=C%�…�……/. “3.,� 
C�“*%�, %2 ��L“2",  *%…2=*2…/. ƒ=! �%" =��%…,2= 
1 6fb , …=“/C…%�% ��*“%��…=. q!="…,2��	…/� 
,“C/2=…,  K!,ƒ=…2…%�% ��L“2",   ƒ=! �%" bb 
C!%"%�,�,“	 C% �%�,-,�,!%"=……%L “.��� c�““= 
“ ,“C%�	ƒ%"=…,�� “",…�%"/. �,�,…�!%", …= C%-
"�!.…%“2, *%2%!/. !=ƒ��?=�, " !=ƒ�,"…%L C%“-
���%"=2��	…%“2, ,“C/23��/� C!��!=�/ 2%�?,-
…%L 20 ��. , “2=…�=!2…=  “2=�	…=  C�=“2,…= 2%�-
?,…%L 10 ��. o!%"���…/ �"� “�!,, ,“C/2=…,L 
K!,ƒ=…2…%�% ��L“2",   ƒ=! �%" =��%…,2= , ��*-
“%��…= “ �=““=�, 50 , 25 �!=��, “%%2"�2“2"�……%. 
nK…=!3›�…%, "2% "ƒ!/"…%� 3C�%2…�…,� C�“*= “%C!%-
"%›�=�%“	 "%�…%%K!=ƒ…%L ��-%!�=�,�L 2%…*,. 
“2=�	…/. C�!��%!%�%*. nK…=!3›�…/ !=ƒ�,",  
ƒ=?,2…/. “"%L“2" %2 “%“2="=, ��“2= !=“C%�%›�…,  
C!��!=�/ , %2 ",�= bb. m=L��…% !=“C%�%›�…,� 
*%�C%ƒ,�,%……%L C!��!=�/, C!, *%2%!%� K!,ƒ=…-
2…%� ��L“2",� bb 3��…	+=�%“	 K%�	+�, "�� C!, 
,“C%�	ƒ%"=…,, �%…%�,2…%L “2=�	…%L C!��!=�/ 
!="…%L 2%�?,…/. 

EXPERIMENTAL STUDY 
OF PROTECTIVE PROPERTIES 

OF COMPOSITE POROUS TARGETS 
AGAINST THE BLASTING EFFECT 
OF CONTACT HIGH EXPLOSIVES

V. I. MALI, A. V. IL’INYKH

Lavrentyev Institute of Hydrodynamics, 
Siberian Branch, Russian Academy of Sciences, 

Novosibirsk, Russia

Currently available  estimates by the  method of 
(P, u) diagrams and more  complicated calculations 
yield contradictory results and do  not allow reli-
able  evaluation of protective  properties of porous 

and composite  targets against the  action of high 
explosives (HE). We  examined protective  proper-
ties of targets consisting of thin rectangular honey-
comb structures made  of steel and filled by dry sand 
against the  action of contact charges of ammonite  
and bulk  RDX. Comparative  tests of the  blasting 
action of HE charges were  performed in accordance  
with a modified Hess’ scheme, which involved steel 
cylinders with tested targets 20 mm thick  and 
a standard steel plate  10 mm thick  mounted on 
the  surface  of these  cylinders in different sequen-
ces. Two test series were  performed to  study the  
blasting action of ammonite  and RDX charges 
of 50 and 25 g, respectively. Explosive  compaction 
of sand was found to  be  accompanied by wavy 
deformation of thin steel partitions. Differences in 
protective  properties were  observed, depending on 
the  place  where  the  target was located and on 
the  HE type. A location for a composite  target 
was found, where  this target reduced the  blasting 
effect of the  HE more  significantly than a mono-
lithic steel target of identical thickness. 
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