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IKCIIEPUMEHTBI 110
B3PbIBHOMY MHUIINHNPOBAHHIO
C MOAE/JINPOBAHHUEM
BO3TOPAHUA HA BB RX-55,
OCHOBAHHOM HA LLM-105

II. A. ¥YprbeB, K. C. Bajgepcain,
K. M. TapBep, dD. T'arcus

IIEHTP PHEPTETUUECKUX MATEPUAJIOB
JInBEPMOPCKAST HAIIMOHABHAST JIABOPATOPHS
uM. Jloypenca, Jlusepmor, CA 94550, CIITA

SKCHepI/IMeHTbI TI0 B3PBIBHOMY WHUIMUPOBAHUIO
Ha RX-55-AA (95% LLM-105, 5% Buron no Becy)
6bLIH BbITIOJTHEHDI TIp 25 1 150° C a1t mosryyenust
in-situ JAHHDBIX /aTYWKa JaBJCHUA, TTOPOTOB AJWHDBI
MPEJIETOHAIIMOHHOTO yYacTKa, W apaMeTpoB Mojie-
JINPOBAHUS BO3TOPAHUS W PA3BUTHS, TAKUX KaK OTHO-
IIeHne CKOPOCTH YIapPHOW BOJIHBI K MacCOBOW CKOPOCTH.
lazoBas nymka ¢ auamerpom 101 MM, mpuBoamMas
B JIBIDKEHNE PAKETHBIM TOILINBOM, GbLJIa MCIOIb30BAHA
JUIsSl MHUIIMUpoBaHus o6pasiia BB ¢ ManranmHoBbiMu
TTbE30PE3NUCTUBHBIMU JaTUUKAMU [TaBJIEHUA, TTOME-
MEHHBIMI MEX/JIy AMCKaMn o6pasioB. Kak m oxu-
JTAJIOCh, TOYKHU Mpe/ieToHaIm Ha Pop-Tpaduke mis
TUX KCHEPUMEHTOB MOKA3aJHU COTJIACUE MEXKIY
caydaeMm ripu 25° Cc TpeablyIuMu Oy 0JIMKO-aH-
HBIMU JJAaHHBIMH Ha TOJ06HOM cocTaBe RX-53-AB
(Ha ocuoBe LLM-105) u He6OJIBIINOI POCT YYBCTBH-
TEJBHOCTH TIPK TOBbIEHHOH Temmepatype (150° C).
[Tonydennble mapaMeTpbl MOJIETUPOBAHUS BO3TOPa-
HUS W PA3BUTHUS XOPOINO COTJIACOBBIBAHICH C JKCIIE-
PUMEHTAJbHBIMU JTaHHBIMU.

dra pabora OblTa BBITIOJHEHA 1O/ aruioil /lemap-
tamenTta JHepretuku CIIA Jlmsepmopckon Harmo-
HaspHON Jlaboparopueit um. JloypeHca 1Mo KOHTPaKTy
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.

PACITA/I ABUIA CBUHIIA
1 MEHTADPUTPUTTETPAHUTPATA
MO/ IEICTBUEM BUBPAITNU

H. II. Jlorunos

Camapckuil TocyJapCTBeHHbIH TeXHIUeCKUi
yuusepcuret, Camapa, Poccus

VcenepoBan pacnaza asuga csunna (AC), nes-
taspurpurarerpanurpara (II9TH) u ux ciaoesoii
CUCTEMBI 110/ IeCTBUEM BUOPAIMU U CTATUYECKIX
Harpysok. Ornpe/esieHa 4yBCTBUTEJIbHOCTD /IBYX COP-
TOB a3ujla CBUHIA B UH/NBU/YaJIbHOM BU/IC U B KOH-
takTe ux ¢ ob6pasnamu [IDTH. I[lpeanoxeno xa-
PaKTePH30BATh UYBCTBUTEJIBHOCTD K BUOPAIMH 3TUX
SHEPreTHYECKUX Konjencuposanubix cucreM (9KC)
C YyYETOM MX CTEeleHU Pa3JOoKeHUs, Kak (PyHKIUn
napamMeTpoB BUOPALMOHHONW U CTATUYECKON Harpy-
30K. PaccMoTpenbl cylecTByIoNue Mpe/ICTaBIeHUs
0 4YBCTBUTEJbHOCTH MHULIMUPYIONIMX B3PbIBYATHIX
BEIECTB K MeXaHWYECKUM Harpy3kaM U OTMeyeHO,
YTO OHU He OGDBICHSIOT HAGJIIOMAEeMbIX H3MEHEHUI
B AC, He 3aBepUIMBIINXCS B3PBIBOM B X0jle BUG-
paiuu, 4YTO He MO03BOJIFET HAJEXKHO IIPOrHO3UPO-
BaTh osejienne Takux o6pasios AC B U3/eaUIX Ha
npakTuke. J[yist oGHapysKeHUs OC/Ie/ICTBUI JIEHCTBIS
Bubpainn na AC merogom auddepeHimanibHO-Tep-
MHUYECKOTO aHaJN3a n3y4yeHo uaMenenue GusnKo-Xu-
MudecKux xapakrepuctiuk AC 1o u mocJie BUGparun.
Pentrenoda3oBbiM aHaIM30M yCTAHOBJIEHO HU3MeEHe-
nue ¢asosoro cocraBa AC mocJie 1efiCTBUSA HA HETO
COBMECTHBIX BUOPAIIMOHHON U CTATHYECKON HATPY30K.
YcTaHoOBJIEHO, YTO YYBCTBUTEJIbHOCTD CJIOEBOIl CuC-
templ AC+ [19TH & Bubpanuu, xapakrepusyemast
CTEIEeHbIO PA3JIOXKEHUS, 3HAUYUTEJbHO BBIIIE, YeM
y uucroro IIOTH, no menbmie, yem y AC.

[lano o6bsicneHne MeXaHU3Ma paclajga dTHX
BEI[ECTB U MX CJIOEBOI CUCTEMBI IPU HEGOJIBIINX
3HAYEHUSX ITapaMeTPOB BUOPAIIUU M HEBBICOKUX
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TeMIiepaTypax pasorpeBa o6pasioB. [lo u3BecTHbIM
npejcTaBaeHUsIM Bo30yxaeHue TBepAbiXx IKC
yIapoOM CBSI3aHO ¢ BO3HUKHOBEHUEM JIOKAJbHBIX
pas3orpeBoB pH geopMalii TOHKAX CJIOEB U TIPOY-
HOCTHOM paspytneHnu ux 3a Bpemsi 1074 c. IIpu Bu6-
paluu OJWH IUKJ KOJieOaHUl B HANTUX IKCIEPU-
MeHTax pautcs okoso 1072 ¢. Ilostomy pasorpes
vyactuiu AC n [I9TH oTHOCHTENHHO HEBBICOK
(Menmee 100° C) gake MpH IPOJOJKUTENIBHOCTH
BUOPAIMH B T€UEHNE HECKOJTBKUX MUHYT. B Kaxk/0M
IUKJIe HATPY KEHUSI CHavyasa MPOUCXO/UT Pa3orpes,
MPUBOJAIINI K BOSHUKHOBEHWIO paciiajia, a 3aTeM
ObICTpOE 3aTyXaHWe peakIWu B TOJyTepuogax
pasrpy3ku o6pasia. B nocseayomux mukiaax Harpy-
JKEeHWS B YITOTHEHHBIH o6pasert DKC mocrasiseTcs
HOBasl MaJiasi TOPIUS SHEPTUHU IS TPOJIOJIKEHUS
PEAKITIH, UIYITIEl C HEIOCTATOUHDIM [t BOSHUKHOBEHUST
B3pbBIBa TeMmJ0OBBIM addexToM. PacmpocTpaHeHne
peakIy Ha HEelpOpearnpoBaBIIyi0 YacTb BEIleCTBa
1 TIepexXo/l ee BO B3PBIB GJOKUPYETCS MEPUOITIECKIM
CTIaIoOM HAIpsKeHWH, aedopManuii 1 JOKaJbHBIX
TeMIIepaTyp Pa3oTPeBOB, a TaKKe TEMJIOOTBOIOM
B MeTaJUINYeCKue JeTaau mpubopa.

i mporHo3upoBaHus 6E30MACHBIX YCJIOBUIA
MIPOU3BOJICTBA, TPAHCTIOPTUPOBKHU U TIPUMEHEHUS W3-
jgenuit ¢ atumu IKC HyKHO yunTbIBaTh UX YyBCTBU-
TEJHHOCTh K BUOPAIUU W TIPUHUMATH COOTBETCTBYIO-
e Mepbl 3aNUTHI TEPCOHAIA.

THE DECOMPOSITION OF LEAD
AZIDE AND PENTAERYTHRIT-
TETRANITRATE UNDER VIBRATION

N. P. Locinov
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 PETNand sensitivity of azide shows
that sensitivity of pure PETNincrease 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 1072 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.

BJAUAHUE SJEKTPUYECKOIO 1IOJIA
HA KPUTNYECKOE JABJIEHHE
NHUIINUPOBAHHU A BPU3AHTHbDIX BB

P. M. Baxuuos, A. C. KyprAKOB,
T. H. Ucxakos, B. d. basoros

Kasancknii rocy1apcTBeHHbBIN
TexHoJIoTnueckuii yauBepcuret, Kasanb, Poccus

IIpn npoBeseHnn MCHbITAHNH HA YyBCTBUTEJb-
HOCTh Gpu3aHTHBIX BB ¢ oHOBpeMeHHBIM HAJOXKe-
HUEM 3JIEKTPUUECKOro 1oJs1 Ha HaBecky BB mpoucxo-
JINT 3HAYUTETHbHOE YMEHbIIIEHNE KPUTHYECKOTO JlaBJie-
HUS WHUIUUPOBaHUSA. [l rexcoreHa KpUTHYeCKoe
JlaBjienrie nnuiuupoBanus cuuxkaercs ¢ 600 MIla
g0 120 MIla npu HanpsHKEHHOCTH 3JIEKTPUYECKOTO
noJist B HaBecke BB — 1,17 - 107 B /M. Kpome ymernn-
IeHue KPUTUYECKOTO J[aBJEeHUS WHUIMUPOBAHUSA,
€ TIOMOIIBIO OBICTPOJIEHCTBYIONIEH 3aMChIBAIOIIEH
arraparypbl BbISBJIEHO 3HAUUTEJNbHOE YMEHbIICHIE
MepUo/Ia MHAYKIIUU TeKCOTeHa MTPU BO3/IEHCTBUN 2JIeK-
TPUYECKOTO 10, Tak mpu cTaHIapTHBIX KOIIPOBBIX
HCIBITAHUSAX, KOT/J[a HAPSIKEHHOCTDb BHEIITHETO TT0JIs
paBHa HYJIIO, MEPHOJ MHIYKIN cocTaBgeT 560 MKc,
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a MPpU HAUPSKEHHOCTU DJEKTPUUYECKOTO I0JIs
E =1,17 - 10" B /M, ymenbinaercs g0 120 mxc. [lytem
nojcdeTa 1mo GopMyaaM, TPUHSTHIX IS TETJIO0-
BOIl TEOPUM MHUIIMUPOBAHUS BbBISIBJEHO, YTO MaK-
CUMaJIbHO BO3MOJKHBIN pazorpeB BB B mockocTsax
CKObXeHns cocTaBigeT 438° K, B To BpeMs Kak
temriepatypa Berbimikn TOHa cocrasaser 488° K.
Pacuerbl TakyKke 1OKa3aJin, YTO BeECbMa MaJIOBEPOSITEH
JTIOTIOJTHUTETbHBIN pa3orpeB BB 3a cueT BbimescHUs
JUKOYyJIeBa TeIJya, Tak KaK MaKCUMaJbHAS dHEPTUS
AJIEKTPOUCKPOBOIO pa3psijia COCTABJSET BEJTUUYU-
Hy 4,3 - 107 [[’k, 9To HAMHOTO HUKE MUHUMAJbHON
SHEPrUM 3aKUTAHUS JIaske MbLIEBO3/LYIITHON CMeCH.
[TonydeHHbIe 9KCTIEPUMEHTAJbHbBIE TAHHBIE YKa-
3bIBAIOT HA BJIMSIHUE BHEIIHETO 3JIEKTPUUECKOTO TOJIsk
Ha KnHeTHKYy pasaoxenusi BB. Ilpeanosxkena matema-
TUYeCKasi MOJIEJIb BJUSTHUS HATIPSI)KEHHOCTU DJIEKTPH-
YeCKOTO TOJISI HA CKOPOCTh MOHOMOJIEKYJISPHO# peax-
uu pasioxkenns. [losydeHa KoppeJsius 3aBUCH-
MOCTel OTHOCUTEJNBbHOM CKOPOCTH MOHOMOJIEKY JISIPHO-
ro pacrnajia OT HAPSI?KEHHOCTH 3JIEKTPUIECKOTO MTOJIsT
n(E) ¥ KPUTHYECKOTO AaBJIEHNS HHUIUUPOBAHUSI OT
HAIPSKEHHOCTH 3JIEKTPUYECKOTO T10JIST PKP(E ).

INFLUENCE OF AN ELECTRIC
FIELD ON CRITICAL PRESSURE
INITIATION BLASTING EXPLOSIVES

R. M. Vauimov, A. S. KurazHov,
T. N. Isknaxov, 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 MPa up to 120 MPa at electric field strength in
shot explosives 1,17 - 107 V /M. 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 mKks,
and at electric field strength E = 1,17 - 107 V /M,
decreases up to 120 mks. 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 -10° 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 P_(E) is received.

MOJIERYJAAPHO-AMHAMHNYECKOE
MOJAEJNUPOBAHUE
NHUIINMNPOBAHUA U AETOHAIIUHU
TATB-IIOOBHOI'O BB

M. B. JlepsEnEB!, B. B. /IPEMOB!,
@D. A. Canoknnkos!, A. B. KAPABAEB!,
JI. Cynaprr?

"Poccuiicknit deepanbublil siJ€PHBINA TEHTP —
BHUMU Ttexnmveckoii pusnkn
uM. akaja. E. 1. 3a6abaxuna, Cuexunck, Poccusa

*CEA/DAM, ®dpannus

[Ipeanoxena moaudukaiusa noreHimasa REBO
[T MOJIEKYJISIPHO-IMTHAMIYECKOTO MOJIEIMPOBAHUS
TATDB-nomo6HOor0 BB — MoJsiekyIgpHOTO KpUCTaLIa
€ MOJIEKYJIAMU, COCTOSIIIIMMU U3 YEThIPEX Pa3INUHbIX
aromoB. TATB-nos06ubII 03HAYaeT TO, YTO Mapa-
MeTpbl HaUaIbHOTO cocTossHug BB 1 mapameTpnl mpo-
JIyKTOB B3pbIBa B TOYKe CJ CXO/HBI C COOTBETCTBYIO-
muMu napamerpamu peaidbHoro TATDB. ITapamerpni
MOTEHIIMAMA PA30UThI HA /[BE TPYIIIbI, OTBETCTBEHHDBIE
3a MUPUHY 30HBI peakiun u CJ XapaKTepUCTUKH.
Bosmoxmnocts 06pa3oBaHus IIPOMEKYTOUHBIX MPO-
JLyKTOB JIETOHAIINY MO3BOJISIET BAPbUPOBATH MUPUHY
30HbI peakiy 6e3 U3MeHEeHNs] HAYaJIbHOTO COCTOSTHUS
u CJ nmapamerpos. IIpoBesiena cepusi MOJIEKYJISIPHO-
JINHAMUYECKUX PACUETOB C I1eJIbIO OIpe/IeIeHs Tep-
MO/JIMHAMUYeCcKuX cBoiicTB BB 1 npojykroB netona-
1uu, napamerpoB B Touke CJ, 3aBUCUMOCTU CKOPOCTH
PeaKIuii U MUPUHbBI 30HbI PEAKIIUU OT TTaPAMETPOB I10-
TEHI[MAJa ¥ KPUTUYECKOTo juamerpa. VcciemoBanbl
TePMUUYECKNI U y/1apPHO-BOJTHOBON MeXaHW3Mbl HHU-
nuunposanusi MojiesbHoro BB. IlocTpoennyio moste-
KYJSPHO-AMHAMUYECKYIO MOJIEJIb MPE/I0JaraeTcs
npuMeHaTb B M/l uccienoBanusix B3auMOCHCTBUSA
JIeTOHAIIMOHHDBIX BOJIH C IHUPOKOW 30HOU peakiunu
C TIperpajlaMu U3 pasjiMuHbIX MATePUaJIOB.



54 Cexius 2. B3pbiBHble U IeTOHAIIMOHHbBIE STBJIEHMS

MOLECULAR DYNAMICS SIMULATION
OF INITIATION AND DETONATION
OF TATB-LIKE HE

I. V. DErBENEV!, V. V. DREMOV!,
F. A. Sarozunikov!, A. V. Karavaev!, L. SOULARD?

"Russian 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.

PACYET CKOPOCTH POCTA
rora4muXx TOYEK B IETOHAIIIN
C YYETOM TYPBYJEHTHOI'O
MEXAHHU3MA IIEPEHOCA S9HEPTUU

B. I. Morosos, 1. 1. KAPIEHKO,
10. B. dAnnunkun, O. H. UEPHBIIIEBA

Poccuiickuit denepasbublii gaepubtii nentp — BHUU
aKcrepuMenTasboii pusuku, Capos, Poccns

[Ipeamerom uccieIOBaHUST SIBJISETCS BayKHOE [IJIsT
TEOPUH JETOHAIINU TIOHSITHE FOPSYNX TOYEK U CKOPO-
CTH WX PocTa B c:kaToM xojomgHoM BB, ompenesio-
Tieiil BpeMsl WHAYKITUH JeTOHATIH.

B meroanke ITAK mpoBesieHbI pacyeThbl 9BOJTIONN
TOpSTYETO OYara ¢ y4etoM TypOYJIEHTHOCTH W TETLIO-
npoBogHOCTH. [losydueHHas B pacueTe CKOPOCTh POC-

ta ~200M /cex moATBEpKAAET TUTIOTE3Y O TypOyJIeH-
THOM ME€XaHU3Me TepeHOCca SHEPTUU B MIPOIlecce poc-
Ta TOPSYUX TOYEK NMPU WHUIUUPOBAHUU JICTOHAINH.

Ha coBpeMeHHOM ypoBHE KapTUHY WHHI[MHU-
pOBaHUS reTeporeHHbIXx BB MoXHO TpencTaBuTh
MO3TAITHO:

1. B rereporeHHbIX KOHIEHCHPOBAaHHBIX BB ynap-
HO-BOJTHOBO€ MHWITMUPOBAHNE XUMWYECKUX peak-
Wil HauWHAeTCs ¢ 0OPa30BaHUsS MaJEHbKHUX JIOKA-
JIN30BAHHBIX PA30TPETBIX OYATOB, «TOPSYUX TOUEK>,
B HETIOCPE/ICTBEHHON OJIM30CTH K TTOpaM U IPaHUIIaM
3epeH 3a cueT a(p(eKToB pa3orpeBa rasa B MOpax,
MUKPOKYMYJASATUBHBIX 3PDEKTOB TPU CXJIOIDI-
BaHWW TIOP, TPEHUS MEXK/y IpaHyJaMu U TJIacTudec-
Kux Jgedopmanuii.

2. Pocr ropstaero ouara (6o ero 3aryxanue) B 3a-
BUCHUMOCTH OT JIaBJCHUS B OKPYKAIOIIEM XOJOIHOM
BB 10 cOpUKOCHOBEHUS ¢ COCETHUMU OYaraMu.

3. boictpoe causiaue 04yaroB — COOCTBEHHO
B3DbIB.

OTH TIPEJICTABICHNS 3aJI0KEHBI B MOJIETb KUHE-
Tk MK. CKOpocTh pocTa Topsdero odara ormpeje-
JiTeT BpeMsl WHAYKIIUY JIETOHAIINA HAa MaKpPOYPOBHE
B Mojie/ i KuHeTHKu. [loaToMy y:ke B TepBBIX My06-
JIUKAIIAX OblJIa PacCMOTPEHaA 3a/1a4a O POCTe M30JIH-
poBannoro ropsdero ouara (I'T — ropsueit Touxm)
B OKpy’KalomeM O6ecKoHeTHOM XoJoH0M BB. Bbrto
MMOCTPOEHO TPUOIMKEHHOE aBTOMO/IEJIbHOE PeNIeHne
3a/la4¥ O PAa3BUTHM eIMHUYHOTO ovara. Ha ocHoBe
TUX PACUYeTOB OBLIN CJI€JTAHBI BBIBOIBI:

1. Poct «ropgauynx maTeH», OCYIIECTBJSIONINN
Mepexo/l YIapHOI BOJIHBI B JIETOHAITMOHHYIO, U €T0
3aBHCHMOCTD OT JIaBJICHHS OTIpeiesIsIeTCs mpolecca-
MU sHepronepeHoca. BosHa Temroneperoca T0KHA
OBITh <«IIPUBS3aHA» K BOJIHE TOPEHUS 3a cuUeT 00Tie-
ro MeXaHW3Ma POCTa CKOPOCTU PEAKITUIl M dHEpToIIe-
peHoca, WHave SHEePTUs YXOJUT BIEpe] U TOpeHue
B NATHE PE3KO Majiaet. 30Ha TOPEHUS B <TOpSYeM
MATHE» CPaBHUMA C €T0 Pa3MepoM, TIOITOMY HEJIb3st
npeHeOperaTh ee MMUPUHON B pacueTax u, TeM 6oJiee,
MEPEHOCUTD 3aBUCUMOCTH CKOPOCTH (DPOHTA TOPEHUS
OT JIaBJICHUS W3 KPYMHOMACIITAOHBIX OMBITOB.

2.MOKHO TIPeANOJOXNATDh, YTO B KPYITHOMACIII-
tTabHOM Topennn BB 3aBucuMocTh ckopoctn ¢ppoHTa
TOPEHUS OT JIaBJICHUS TaKXKe OIPe/esIsieTcsl B TIePBYTO
ouepe/b TPOIeCCOM aHepromepeHoca. Takum obpa-
30M, MPOSICHSETCS BAKHOCTb MCCJCTOBAHUS TETLIO-
npoBosHOCTH BB B 30HEe ropeHus B MUPOKOM [Ha-
Mma3oHe JaBJEHUN OT eMHUI] aTMOocdep 10 COTeH
Kuso6ap.

OnHaKO TPU TMOCTPOEHUU MPUOTKEHHOTO aBTO-
MO/IEJTLHOTO PENIeHNs] OCTATICh BOIIPOCHI:

1) MpI npeanoIaraim, 4To NOTOK SHEPTHH CBSI-
3aH C MOJIEKYJISSPHOH TEMJIOTPOBOIHOCTLIO. UTOODI
OH ofparmaJjcs B HyJ b Ha rpanute [T, Heo6xoanMo
moJjaraTh, 4To KO3 UIMEHT TEMJIOTPOBOHOCTH ¥,
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nponopimonaaeH Kouienrpanuu [1B, 4rto, Boobie
TOBOPsI, HUOTKY/1a He cieayeT. Ha ypoBHe OlleHOK
OBLIO TIOKA3aHO, YTO HamboJiee eCTeCTBEHHO POCT
1 oOpallieHne ero B HyJib Ha TPaHUIIE TISITHA OOBSICHSIETCS
TypOYJIEHTHBIM MEXaHU3MOM HEPTONEPEHOCA.

2) OueHKM CKOPOCTH POCTa TOPSAYEro TSATHA:
V ~d/z, rtne d = 100 MUkpoH — pasMmep 3epeH,
T ~ IMKC — BpeMs WHIYKIUU, [al0T CKOPOCTD
He menee V ~ 100 m/c. Takas ckopocTb MOKET 00b-
SICHSITBCST TOJIBKO TYPOYJEHTHBIM MEXaHU3MOM Tiepe-
HOca asHepruu. V3 aHajim3a sKCIepUMEeHTaJbHON Be-
JIMYUHBI BDEMEHU WHYKITUW CJEyeT TaKKe, 4TO JIJIs
noJiydeHnst Takoil ckopoctn pocra I'T Beamumua y
B [IB fo/KHA TTPEBOCXOUTH €T0 3HAUYEHUE MPU HOP-
MaJbHBIX yCJOBUSX Ha 2 — 3 mopsaka u 6oJiee.

3) B momemm MK 6bLI0 IPEANIONOKEHO, YTO KO-
3 PUITMEHT TETJIONPOBOAHOCTH ), OCYTIECTBJISTIOIINTT
poct I'T, nponopumonanen P> (P — pasienne). JT1o
JIOJKHO OODBSCHSTD W3BECTHBIN M3 TTPAKTUKU KPUTe-
puit nauTIMUpoBanus Pt = const. [IpubanmkeHHbIe
OTIEHKH JAI0T OJIM3KYIO 3aBUCUMOCTD j OT JABJICHUS.

AHanm3 penieHnii ypaBHEHU POCTa TOPSTIETO TISAT-
Ha TTO0Ka3aJi, YTO OCHOBHON ITPOIIECC HHEPTONEPEHO-
ca mpoucxoauT TypOyJeHTHo. Ha mociennem srane
JIOJKHA BKJIOYATHCS MOJIEKYJISPHAS TEIJIOMPOBO/I-
HOCTb, 4TOGBI 06ECTIEYUTH MPOTPEB U Pa3JIOKEeHUE
BB. Takum o6pa3oM, o611asi KapTHHA BBHITJISIAT TaK:
TypOyIeHTHOCTH (MM CBUTOBBIE TEYEHMS) APOOUT
WJIW TIepeMETNBAEeT KpyImHoMaciTabHbie yacTuiibl BB
JI0 MEJIKUX Pa3MepOB, MPHU KOTOPBIX YCIEBAET TMPO-
UCXOJUTH TOPEHUE C TEILIOMPOBOJHOCTHIO € MOBEPX-
HOCTH MEJIKUX YacTUIl — [IJIST 9TOTO yiKe TpebyeTcs
MaJioe BpeMs.

[l IPOBEPKHU aJIEKBATHOCTH TIPE/IJIOSKEHHON Kap-
TUHBI pa3BUTHS Tpolecca B Metoanke ITAK Oblia
MpoBe/ieHa cepus [BYMEPHBIX Ta30MHAMIYEeCKUX
PacYeTOB POCTA TOPSYETO 0UYara, ¢ y4eToM TeTIONpo-
BOJHOCTHU 1 TypOyJIeHTHOCTH 10 K-¢ MO/iesH, B KOTO-
PBIX CKOPOCTb TOPEHUS PACCUYUTHIBAIACH TI0 3aKOHY
Appennyca. PacdeTs mokasaau, 4T0 HU TEIJIOIPO-
BOJIHOCTb, HU TYPOYJEHTHOCTH MO OT/EJbHOCTH HE
MOTYT 06€CTeYnTh TOCTATOYHYI0 cKopocTh pocta [T,
1 TOJIbKO coYeTaHue TypOYJIEHTHOCTH C TEIJIONPOBO/I-
HOCTBIO TTO3BOJISIET MOJYYUTh B pacueTe OKUIaeMYI0
ckopocthb pocta I'T.

[TosrydeHHDIH pe3yabTaT CAYKHUT (PU3NIECKOMY
000CHOBAHHUIO MAaKPOCKOIIMIECKUX YPABHEHU MOJIe/ N
KUHEeTHKN paszJoxkernss MK Ha craguu pocra ropsi-
YUX TOYEK W MOJATBEPIKACT MHEHHE, YTO TypOyJICHT-
HOCTDb B 30HE PEAKITNHN TIPU MEXaHUYECKOM MepPeHOCe
BEIECTBA SIBJISETCS CYNIECTBEHHBIM (DAKTOPOM U ee
HEOOXOMMO YUYHUTBIBATH B TEOPUU JIETOHAIUH.

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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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 y 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 y 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 /1, where d ~ 100 microns is the
grain size and 1t ~ 1 psec 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 y 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 y, which actualizes the hot spot growth,
was assumed proportionate to P? (P is the press-
ure). This should explain the initiation criterion of
P2t = const known from the practice. The approxi-
mated estimates provide a close dependence of y
on pressure.

HEKOTOPBIE XAPAKTEPUCTUKH
B3PbIBHOI'O PA3JIOKEHUA
MEXAHUYECKOI1 CMECU
TETPAHUTPOIIEHTAOPUTPUTA
N HAHOPASMEPHBIX YACTHIL NI-C

b. II. Anves, I M. benokyros, C. C. I'PEunH,
A. T. KpeeuetoB, H. B. HEOBUHA,
. P. HYPMYXAMETOB

Kemeposckuii (pusmran MHCTUTYTa XUMUHT TBEPJIOTO TeJia
n mexanoxumuu CO PAH,
KemepoBckuii rocyiapcTBeHHbDI YHUBEPCUTET,
Kemeposo, Poccus

[IpemcraBJieHpl IepBbIE PE3YJILTATHI IO UHUTTTHPO-
Banmio terpanuTponentaspurpura (T9Ha) ¢ mobas-
Kol 5% uanouactuil Ni-C ¢ XapaKTepHBIMU pasMe-
pamu 60— 100 am. Yactuims: Ni-C crHTE3MPOBaHBI Me-
TomoM Mexanoxumudecknx peaknnii (B. Bokhanov,
M. Korchagin / / Journal of Alloys and Conmpounds
333, 308 —320 (2002)). O6pasIpBI IpeacTaBIsI COO0IT
npeccoBannbie TabseTk 13 TOHa qmamerpom 3 MM,
roanmuoit 1 MM, mrornocreio 1,7 v/cm®. Mnuiun-
pPOBaHME OCYIIECTBJISIOCH UMITYJIbCAME Jazepa Ha
neogumoBoM crekse (1,06 mxM, 20 HC) U 3JIEKTPOH-
v (0,25 MaB, 30 uc) nyuxkamu. Msmepernne am-
MJIATY/THO-BPEMEHHDBIX XapaKTePUCTUK B3PBIBHOTO
Pa3JIOKEHNS OCYIIECTBISIJIOCH ¢ TTIOMOIMIBIO Mbe30a-
KYCTHYECKOTO JIETEKTOPa, CUTHAJ KOTOPOTO TTPOTOP-
IIMOHAJIEH JIABJICHWUIO yIaPHOI BOJHBI, BO3HUKAIOIIEH
pu B3pbiBe. [IpoBOIUIOCH CpaBHEHWE C pe3yJbTara-
MU, TTOJIy9eHHBIMHU Ha o6pasiax u3 yucroro TIOHa.
[ToBepxHOCTD OGpasiia co CTOPOHDLI 00TyYEHHUS HAKPDI-
BaJIach CTEKJISTHHOW TITACTHHOM, BTOpasi MOBEPXHOCTD
HAXOAMJAch B aKyCTUYECKOM KOHTAaKTe C JIMHUEH
3aJIEPJKKU TTHE30aKyCTHYECKOTO JETEKTOPA.

[Ipu nazepHOM BO3AEHCTBUN WHUIIMUPOBAHUE
YUCTBIX 00pPa3IlOB OCYNIECTBUTH HE yAAJOCh MPH
MaKcUMaabHOH ToTHOCTH aHeprun 90 [k /cm?.
Ha6momamach apo3us MOBEPXHOCTH, COMPOBOK/IA-
OMIasics OTHOCUTETBbHO CTa0bIM aKyCTHYECKUM CHT-
HAaJIOM B MUKPOCEKYHJHOM BPEMEHHOM JIMAIa3oHe.
ITOT pe3yJbTaT CBUIETEJIbCTBYET 00 MHUITMIPOBA-
HUW XUMUYECKOW 9K30TEPMUUYECKONW peakiuu, He
nepexo/smnieir Bo B3pbiB. OO6pasIpl ¢ Jo6aBKaMU
Ni-C B3pbIBafoTCs B AMANa30He TIJIOTHOCTH SHEPTUH
20—90 [Ix /cm?. TIpu TMOHMKEHUN SHEPTHH HAGJIIO-
JlaeTcsT JaCTUIHBIN B3PBIB. DPDEKT, aHATOTHIHBIH
MOJTYYeHHOMY Ha YHCTBIX 00pasiiaX mpu MaKCUMaJb-
HOIT TIJIOTHOCTH 9HEPTUH, HAGJIIOAAETCS TIPU TJIOTHOC-
™ ~6 Ik /cM?.

[Ipu »1eKTPOHHO-TTyYKOBOM WHUITMUPOBAHUHT
¢ mrotHocThio aHeprun 30 /[3k /cM? BpeMeHHBbIE Xa-
PaAKTEPUCTUKN B3PBIBHOTO PA3JOKEHUS 0OPasIoB
¢ Ni-CcooTBeTCTBYIOT XapaKTepUCTUKAM, TTOTyIeHHBIM
NPy Ja3epPHOM WHUIMUPOBaHWU. VHWIIMUpOBaHNE
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TabseTok 6e3 no6aBok Ni-C aeT aHaJOTHYHbBIE pe-
3yJIbTaThl. B OT/€BHOIT IPyIIle 9KCIIEPUMEHTOB TIbe-
30aKyCTHIECKUIT JETEKTOP HAXO/UJICS HA PA3JIUIHBIX
paccrostHusix ot o6pasna. Ilo 3ajep:kke curnasia onpe-
JleJleHa CKOPOCTh PACIPOCTPAHEHNUST YAAPHOIT BOJIHDI,
cosjlaBaeMasi TPOJIyKTaMK B3pbIBa, KOTOpasi COCTa-
Buaa 5 -10° M /c.

PaGota BbITIOTHEHA TIPU TTOAEPIKKE PETHOHAD-
Horo rpanta PODU #07-02-96009.

SOME FEATURES OF EXPLOSIVE
DECOMPOSITION OF
PENTAERYTHRITOL TETRANITRATE
AND NI-C NANOPARTICLES
MECHANICAL MIXTURE

B. P. Abuev, 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-Caddition (typical size 60—100 nm)
is resulted. Ni-C particles have been synthesized
by the mechanochemical reaction method (B. Bokha-
nov, M. Korchagin // Journal of Alloys and
Conmpounds 333, 308 —320 (2002)). Pressed PETN
tablets with diameter 3 mm, thickness 1 mm, den-
sity 1,7 g /sm® were used. The initiation was reali-
zed by laser pulses on neodymium glass (1,06 pm,
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/sm?. 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-Caddition samples burst in the density
range 20—90 J /sm2. Partial explosive is observed
at the energy lowering. At density ~6 J /sm? effect
is similar to the one observed for the pure samples
at maximum energy density.

At electron-beam initiation (energy density
30 J/sm?) time characteristics of the samples
with Ni-Cexplosive decomposition are similar to

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 -10°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.

BJIMAHUE TEMIIEPATYPbI
HA JJASEPHOE MTHUIITUHUPOBAHHUE
TETPAHUTPATA IIEHTASPUTPUTA

9. 1. Anvkepr!, A. T. KPEUuETOB',
E. A. KazakoBa?, B. I. JIobOIIKO?,
J1. P. HypmyxameTos?, B. II. duinn?

"KeMepoBCKUIT TOCY/IapCTBEHHDII YHUBEPCUTET,
Kemeposo, Poccus

2Poccuiickuil hegepabHbIil SIEPHBIN MEHTP —
BHUMN rtexuuueckoii pusnku
nM. akajg. E. 1. 3a6abaxuna, Cuexunck, Poccusa

SKemepoBckuit puanan MHCTUTYTa XUMUH TBEPIOTO
tesa n Mmexanoxumuun CO PAH, Kemeposo, Poccus

Bce usBectHble nccae0BaHns JTa3epPHOTO NWHUIH-
npoBaHuA 6pI/ISaHTHbIX B3PbIBUATbIX BEMIECTB IIPO-
BOJISATCS TIPU TIOMelieHnr 06pasiia B 000JI0YKY, BbI-
MOJTHSIONTYIO HEKYIO «IO/IEP>KUBAIONTYIO> (DYHKIIUIO.
OpHako, eci HavyaJbHBIE CTAJMU B3PBIBHOTO Pas-
JIOKEHUS BKJIIOYAIOT B ceOS TePMOAKTUBUPOBAHHBIE
IIPOIECChI, TO ITOBBIIIECHNE I/ICXOl[HOfI TEMIIEPATYPbl
o6pasiia MOJKeT CyIIeCTBEHHO U3MEHUTh CUTYAIHIO.
B atom CJIydae€ TEPMOCTUMYJIMPOBAHHOE yBEJINYE€HUE
CKOPOCTH aKTYaJbHBIX MPOIECCOB MOXKET IMPUBECTH
K Pa3BUTHUIO CAMOIO/JAEPKUBAIONIEHCS peakIuu
B3PbIBHOTO Pa3J/IOKEHUA IMPpU MHUINHUPOBAHUU OT-
KpbITOI TIoBepxHOCcTH 06pasiia. [IpoBepka 310l BO3-
MOKHOCTH W SBUJIACH 33Jla4eil JaHHOW PaGoThI.

WcexoanbpiM MaTepuasioM IS UCCJIEIOBAaHUN CJTy-
JKUJT TTOPOIIKOOOPA3HDIN TETPAHUTPAT TEHTA-3PUT-
pura (TOH) ¢ aucuepcnoctsio ~10 mxm. Hasecka
MOPOIITKA MACCOI 5 MI' TOMEMIAIACh B JIYHKY MEIHOTO
Harpesaresisi, Harpesagiach 0 450 K (remmeparypa
mnasaenns TOHa — 414 K), mocse yero narpesareis
BBIKJIIOUAJICS U OXJTKAAICS [0 TEMIEPATYPbl, TIPH
KOTOPOU TTPOM3BOANIOCH MHUIIMIPOBAHIE.
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WNuutmmmpoBaHme OTKPBITON TIOBEPXHOCTH 06pasiia
OCYTIIECTBJISIIACH UIMITYJTHCHBIM J1a3epoM Ha ¢hochaTHoM
cTekae, akTuBupoBanuoM HeogumoM (1,06 MM,
10 me, 1=5 /). JlazepHbIil my4ok (popMUpOBaICs
€ TIOMOIITBIO JIMH3BI B TISITHO, IMAMETP KOTOPOTO Bapbu-
poBajics B mpenenax 4 —8mm. M3mepsinach 3aBu-
CUMOCTDb BEPOSITHOCTH B3PbIBA OT TIJIOTHOCTH SHEPTUN
WHUIUUPYIONIETO0 MMITYJIbCA TPU PA3JUYHBIX TEMIIe-
patypax o6pasiia.

YcTaHOBIEHO, YTO TIOBBINIEHWE TEMIIEPATYPBI 06-
pasna B auarnasone 393 —450 K npuBoaut K usmeHe-
HITIO TTopora WHUImIpoBannst ot 310 0,5 /[ /cm?, mpu-
4eM BO BCEM HTOM TEMIEPATyPHOM JMara3oHe peajii-
3yeTcs MHUIMUPOBAHKE B3PbIBa 00pasila ¢ OTKPBITOMH
MOBEPXHOCTBIO.

[TyTeM aKCTpamoNSANNUN 9KCIEPUMEHTATHHBIX Pe-
3yJIbTATOB OTpe/ieIeHa SHEPTHUS aKTHBAIIUHA TEPMO-
CTUMYJMPOBAHHOW cTagann. Ee BeqnumHa cocTas-
aser 0,35 = 0,05 3B, 4To cyIecTBEHHO HUIKE HEP-
MU aKTUBAIMH YHUCTO TEIJIOBOTO WHUIIMHUPOBAHUS
(1,3 —1,6 9B). D10T pe3y/bTar CBUIETEIbCTBYIOT
0 JBYCTQIMIHOCTH TIPOIecca Ja3ePHOTO WHUITHHPO-
Banus TOHa, 1. e. o Hammunn GoTto- U TepMOCTUMY-
JINPOBAHHBIX CTAJUH.

Pa6oTa BbITTONTHEHA NMPU TOJJEPKKE TPaHTA
PDODU (npoext 05-03-32010-a).

TEMPERATURE INFLUENCE
TO THE LASER INITIATION OF
PENTAERYTHRITOL TETRANITRATE

E. D. ALUKER', A. G. KRECHETOV!,
E. A. Kazakova?, B. G. LoBoIKO?,
D. R. NURMUKHAMETOV?, V. P. FILIN?

'Kemerovo State University, Kemerovo, Russia

’Federal 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.

Powdery Pentaerythritol Tetranitrate (PETN) with
dispersion ~10 pm 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 pm, 10 ns, 1—5 J). With using a lens a laser
beam was moulded in a spot. Its diameter was var-
ied within 4—8mm. 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 K is resulted in initiation
threshold changing from 3J /sm? up to 0,5 J/sm?.
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 ¢V). 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 # 05-03-32010a.

PASPYIIEHUE U TASUDOUKAIIUA
TOHA IIPHU OBJYYEHHUU
IJIEKTPOHHBIM IIYYKOM

B. 1. Onemko, B. 1. KOPENIAHOB,
B. M. Jlucuusix, B. II. Ilununes

ToMcKMiT MOJUTEXHUUYECKUN YHUBEPCUTET,
Tomck, Poccusa

Panee Hamu GBLITO OCYTIIECTBJICHO WHUIIMUPOBAHUE
MTPECCOBAHHBIX 00PA3I0B TAHA JEKTPOHHBIM MTYUKOM
HAHOCEKYH/IHOW JunTeabHOCTH. OmpeseseHa mopo-
roBasl MJIOTHOCTb MOIIHOCTH, TPHU KOTOPOH MPOMC-
XOOUT AETOHAIIUA TOHA, M3MEPEHa KMHETHUKA B3PbIB-
HOro cBeveHusi. B paHHoit paboTe ncceoBaHa MOP-
donorus pazpynienus, razuduKanus 1 CBeUYeHUE
MHUKDOKPHUCTAJIIOB THHA CO CPEIHUMHU pa3Mepa-
M 500 —700 MKM Tpu O6JyIEeHUN 3JEeKTPOHHBIM
MyYKOM C JIINTEIHbHOCTBIO UMITyJIbca TOKa ~15 HC
W TJIOTHOCTBIO sHepruum W, BapbUpyeMoil B Juara-
3one 0,05—1 JI:x /cM?. YCcTaHOBJIEHO, YTO CPETHUIT
MOPOT pa3pylieHust oO6pa3IioB B PeKMMe OHOKpAT-
noro obsyuyenust coctasisier W ~ 0,1 I3k /cm?, uto
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B HECKOJIbKO Pa3 MEHbIIe TI0 CPABHEHHIO C MTOPOTa-
MU Pa3pyIIeHus MIeJOYHO-TAJTOUTHBIX KPUCTAJLIOB.
UccnenoBanme Mmopdosorun pa3pyuieHns: MOHOKPHC-
TAJJIOB THHA CBUETEJbCTBYET O CHJIBHOM ApobJie-
UK o6pasiia u 00pa3oBaHUK MHOKECTBA MUKPOKPHC-
Ta/anoB pasaudabix pazmepos (1—10 mxm). Ilpu
W ~ 0,5 [Ixx,/cM? IpoayKTh abJISIIH Pa3JIeTaloTCst
13 30HBI OOJIYUEHUST HABCTPEUY IJIEKTPOHHOMY ITyd-
Ky. OO6CYK/IAI0TCST BO3MOYKHBIE MEXAHU3MbBI Pa3pPy-
HIeHNsT MOHOKPHCTAIOB. Clie/laHO T1Pe/IIT0I0KEH e
0 TOM, 9YTO paspylieHre n Ta3udUuKaIs MOHOKPUC-
TAJLIOB TIHA, SIBJIIIOTCS CJIEICTBUEM PA3BUTHUS DJIEKT-
prdecKkoro mpo6osi. Huskuii mopor pa3pyIiieHnst ToHa
U BBICOKAsi CKOPOCTDb PasJieTa MPOAYKTOB abJisiinu
(1o cpaBHEHWIO ¢ MHEPTHBIMU MaTepHaJaMu) YKa3bI-
BaeT Ha BO3MOKHOCTH BKJIQJ[a XMMUYECKON 9HEPTHH
pa3JioyKeHusI T9HA B [UCIEPTUpPOBaHMe U razmduka-
1o 06pas3oB. AHaJN3 IKCIEPUMEHTAJbHBIX [[aH-
HBIX, TIOJYYEHHBIX K HACTOSIIEMY BPEMEHU MO3BOJIS-
€T TIPENOJIOKUTD CJIEIYIONIYIO TOCIEI0BATETBHOCTD
(PUBUKO-XUMUYIECKUX TTPOIIECCOB, PA3BUBAIOIINXCS
B MOHOKPHCTAJJIAX TOHA MPHU OOJTYYEHUH JIEKTPOH-
HBIM TIYYKOM C ILJIOTHOCTBIO SHEPTUU HE [0CTATOY-
HO¥ /1T MHUIMUPOBaHus AeToHarnuu. [Ipu goctu-
JKEHWH TOPOTOBOI MIOTHOCTH 3JIEKTPOHHOTO MyY-
ka ~0,1 [I)x/cM? IPOUCXOIUT 9JIEKTPUIECKUIT TTPO-
6oii Tana (popMHpPOBAHHWE <«TOPSYUX TOYEK», POJIb
KOTOPBIX BBIMOJHSIIOT KAHAJBI 3JEKTPUIECKOTO MIPO-
60s1), AUCTIEPTrUpOBaHue W rasuuKaims B3pbIBYA-
TOTO BemliecTBa. XMMHUYECKasl PeaKIysi 3aiyCKaeTcs
B MUKPOOGBEeMax oOpasia (B mrasme, o6pasyionieiics
B KaHaJaX 9JEKTPUIECKoro mpo6ost). OHOBPEMEHHO
MPOUCXOAUT ra30AMHAMUYECKAsT Pa3TPy3Ka U BbI-
6pOC TTPOAYKTOB abJISIIIUN HABCTPEUY IJIEKTPOHHO-
My Ty4Ky. VIHTEHCHBHOCTb CBEYEHUS MHUKPOILIA3M
[PU 3TOM €eIlle HeAOCTATOYHA JJIsI PETMCTPAINN Ha
(oHe MHTEHCUBHOI KaTOOJIOMUHECIIEHITNN 00Pa3Iia.
C poCTOM TLIOTHOCTH SHEPTHU HJIEKTPOHHOTO IYYIKa
YBEJIMIUBAETCS] JHEPTHUS, BBIIEISIONASICS B MUKPOII-
Jla3Max M, COOTBETCTBEHHO, J0JISI XUMUYECKON JHEp-
WU B3PBIBYATOTO BellecTBa. PaboTa BBITIOJIHEHA TIPH
noazepsxkke PODU, rpant 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 PETNby 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 pum under irradiation by electrobeam
with a pulse duration about 15 ns and density of
power W, in the range 0,05—1 J/cm? It has
been ascertainment the average threshold of dest-
ruction of samples in a single mode of irradiation
was equal W ~ 0,1 J /cm?, 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 /cm?. 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 /cm? the electrical breakdown
of PETNtakes 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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MO/IEJIb YIAPHO-BOJIHOBOM
YYBCTBUTEJIBHOCTH BB C YYETOM
INPEABAPUTEJIbBHOTIO YAAPHOI'O
HATPYKEHUA U PASIPY3KU.
COBPEMEHHOE COCTOSIHUE

B. I. Moro3zos, 1. 1. KAPIEHKO,
JI. B. Imutpuesa, H. B. KoPEnosa,
C. 10. Cycnosa, C. C. Cokonos, b. H. IITAMPAEB,
T. JI. I'rEsEHHUKOBA, C. M. BAXPAX,
H. A. Bonoauna, M. O. lIupiioBa

Poccuiicknii dpemepambHbIil SAepHbIN TIEHTD —
BHUU skcnepumentambioit dusuku, Capos, Poccus

PaccmarpuBaeTcst coBpeMeHHOE cocTostHre (heHo-
MEHOJIOTHYECKOHN MO/IeJ TN KWHETUKY JeTOHAIINN TBEp-
JIBIX TeTeporeHHbIx BB. Mojiesib T03BoJIsIeT yInThIBATD
BJINSTHUE TIPEBAPUTEbHON HATPY3KH W Pa3TPy3KN Ha
y/IapHO-BOJIHOBYIO UyBCTBUTEabHOCTH BB. Mogenn
KamopyeTcs n Bepuunupyercs: Ha GOJBITOM YHCIe
CTIENMAJbHBIX Ta30[HHAMUYECKNX U PEHTTeHOTpa-
pUIECKUX IKCMEPUMEHTOB, YTO MO3BOJSIET UCIOJH-
30BaTh ee MpeAcKa3aTeJbHyI0 CIOCOGHOCTD B IMTH-
POKOM AmMara3oHe yJAapHO-BOJHOBBIX BO3AEHCTBUI.

Mogenp knnernkn geronannu (MK) passusasach
KOJIJIEKTHBOM TEOPETUKOB U MAaTEMATHKOB TIOJ PYKO-
BozictBoM B. I'. Mopo3oBa ¢ onopoit Ha aKCIepruMeHT.

Mogesb ocHOBaHa Ha TIPEIMTOJOKEHIT O (hOPMHU-
posanuu ropsaunx touek (I'T) Ha HEOTHOPOIHOCTIX
CTPYKTYPBI TeTepoTeHHbIX BB mpu cxkatum ynaphoii
BOJIHO#1, uX pocre (MM 3aTyXaHUK) B 3aBUCHMOCTH
OT BeJIMYWHBI AaBieHns B BB, cxjonbiBanun ova-
TOB TP COIMPUKOCHOBEHUHN — TIePEXO0jie BO B3PbIB.
YpaBHenust MAKPOKIMHETHKHU ONMUPAIOTCS HA (DYHKITH-
OHAJIbHBIE 3aBUCUMOCTH, TIOJYYCHHBIE TTPU aHAJIU3E
pocTa eIMHUYHOTO TOPSYET0 OYara B OKPYKAIOINIEM
CoKaToOM «XO0JI0{HOM» BB.

OcHoBHbIe TPeGOBAHMS B MOJIEJH: MOJENb Iepe-
JIaeT 3aBUCHMOCTb yIapHO-BOJIHOBOI YyBCTBUTEb-
Hoctu BB oT mopucrocTn, ymeHblieHue 4yBCTBU-
TEJBHOCTH TIPH NPEABAPUTEIbHOM Harpyskenun (se-
CeHCMONTM3AIINS) U YBEJUYEHNE yAapHO-BOJHOBOI
4yBCTBUTEJNBHOCTH 3a BOJIHON pasrpysku (cencubu-
JIM3AITNS).

Mogenp kanubpyercsi u Bepuduuupyercs Ha
GOJIBIIIOM YHCJIe CIIEIUATbHBIX dKCIIepuMenToB. Kak
MUHUMYM, 9TO cjaeayiomue: 1) ray6una mnpeaaero-
HAIlMOHHOTO y4YacTKa MPH 33/[aHHON BeJUYWHE TaB-
Jenus Ha rpanune BB; 2) mmmnumposanue ygapom
TOHKUX IJIACTHH; 3) OTpasKeHHe yAapHO# BOJHBI OT
nperpa/ipl; 4) nnnnmuposanue BB ma pacxomsmeiics
yJapHOH BosHE; 5) B3auMozelcTBIE yJapHON U je-
TOHAIMOHHON BOJIHDBI; 6) MHUIMUPOBAHKE JETOHAIINK
BB B o6sactu pasrpys3ku u JIpyTue OmbITbl. MeToj
UMITYJIbCHOIl peHTreHorpadun MpeoCcTaBsieT 60JIb-
e BO3MOKHOCTH JIJIST TTOJTyYeHUST 9KCIIePUMEHTAb-

HBIX JJaHHBIX 0 hopmupoBanuio /[B B BB, Tak kak
JlaeT BO3MOXKHOCTb BU3YyaJIM3UPOBATH MCCJIE/LYyeMbIi
nporecc. /lusg BepudmKanuym Moae T MUPOKO HC-
TOJIb3YIOTCST CTeTNaJIbHbIe IByMEepHbIE PEHTTEHOTPA-
(prueckme sKCIIEPUMEHTHI THUTTUTMPOBAHUS I€TOHAIINT
B KPUTHYECKUX W TEPEXOAHDBIX PEKUMAaX, B TOM UIHC-
Jie ¢ TIpeZiBapuTebHbIM HarpeBoM BB. PesymbraTnbr
pacueToB HAa PUCYHKAaX COBMEINAIOTCS C PEHTTeHOT-
paMMaMH’, YTO TTO3BOJISIET B CPABHEHWHN OTPEIECJUTD
noJioskeHne (PPOHTOB JETOHAIIMKA W HEBBITOPEBITUX
30H B BB.

Mogesb BKJIIOUEHA B OJHOMEPHBIE, /IByMepHBIE
n TpexMepHble razoanHamudeckne metoaukn (hydro-
codes) 1 MMeeT caMOCOTTaCOBAHHBIN HAGOP KOHCTAHT
s psaga BB ma ocaoBe TATD, oktorena, rekcorena,
TOHa, KoTOpbIit He M3MEHSIETCS TIPU TIEPeXo/ie OT O1-
HOMEPHBIX K /[BYMEPHBIM U TPEXMEPHBIM pacueTaM.

Mogenb TO3BOJSET PACCUYNTHIBATD KOJUUECTBEH-
HO PEXUMBI HEUCaJIbHON JeTOHATINN — KPUTHYECKUN
JaMeTp, Mepexo/l JeTOHAIINN Yepe3 WHEePTHYIO Tie-
peroposiky, nHUIMUpoBanne BB ynapom craabHOTO
mapuka.

Haxomier onbIT TpuMeHEHNS MOJIEN B TMUPOKOM
JINara3oHe y/IapHO-BOJHOBBIX BO3/IECTBHH.

OBbE/AUMHEHHAA MOJEJIb
AETOHAIIUUN B3PBIBUATOI'O
COCTABA HA OCHOBE TATb

K. @. I',esenkud, A. JI. JKEPEBIOB,
M. B. Taranuk, C. K. HapenkoBa, A. C. IITHuTKO

Poccniickuit enepaabHbIil SAepHBIN TIEHTP —
BHUMU Texnmdeckoii pusnkn
uM. akajg. E.W. 3ababaxuna, Cuexunck, Poccusa

SKCHCPI/IMGHTaﬂbeIC JlaHHbI€ YKa3bIBalOT Ha TO,
4TO MaKpokuHeTuka geronupylomux BB ¢ Bbico-
KkuM copepskanuem yriaepoaa (rporun, TATB, ecmecu
TPOTUI-TEKCOTeH, TpoTIwI-oKTored, TATB-okxToremn)
XapakTepuayeTrcs JABYMsS BpeMeHHbIMU MacmiTaba-
MHU. DTO WHTEPIPETUPYETCS KaK MPOSBJICHUE JBYX
CTaJUil mpolecca BbIJIeJEHUS dHEPTUN — OBICTPOIi
U Me/IJIeHHOM.

Boictpas kuHeTnKa cBsi3aHA ¢ XUMUYECKUMU Peak-
USAMH PA3pyIIeHNsT MCXOAHBIX MoJsiekys1 BB u o6pa-
30BaHUA yCTOfI‘{I/IBbIX JIByX- 1 TPEXATOMHDBIX MOJIEKYJI
IIB. XapaxTepHoe BpeMs 3TOTO TIpollecca B CTaIlH-
OHAPHBIX PEKUMAaX JETOHAINU TTOPSIKA /IeCATKOB
HAHOCEKYH/I.

Meuiennasi KWHETHKA TIPEJICTaBJsIeT cOO0ii aHep-
rosbiziesienne B [IB B mporecce pocra yriaepoHbIX
KJ1acTepoB. OTHOCUTEJbHBIN SHEPreTHIecKui ahpexT
3TOU CTa/MM 3aBUCUT OT COJEPKaHUS CBOOGOIHOTO
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yraepoaa B I1B. XapakrtepHoe BpeMsi Me/JIEHHOTO
mpoiiecca — 3TO BeJMUNHA, CPABHUMAS C BpeMeHAMH
rasoguuamMnueckux mporeccos (~300 uc B TATB).
[MIvpuHa XUMIHUKA CTAIMOHAPHON /IETOHAIIMOHHON
BoaHBI B TATDH u Tpotuie onpegessiercss MeHHO
MeIJIEeHHONW KUHETHKOM.

AP dexTpI MeIIEHHO KHHETHKN TMPOSIBJISTIOTCS BO
MHOTUX 9KCIMEPUMEHTaX, B YACTHOCTU, B Ta30/MHA-
MHWUYECKIX OMbBITaX, I/le UCCJAETYETCs B3auMOo/IeliCTBIE
JIETOHAITMOHHBIX BOJH C PA3JUYHBIME TPETPaIaMH.
B nmoxnanme npuBoauTcs 0630p TaKUX HKCIEPUMEHTOB,
X XapaKTePHOH OCOOEHHOCTBIO SBJISETCS HAJIUIUE
MacmTabHOTO 3dderTa: pazmepsl 3apsga BB oka-
3BIBAIOT CYIIECTBEHHOE BJMsHUE Ha 3(hDEeKTUBHOE
3HAYEHUE TETJIOTHI B3PbiBa 1 ap(PeKTUBHOE JTaBIEHUE
JKyre. Ecsau B SBHOM BHjie HE YUYUTBIBATH MeEJICH-
HYTO KUHETUKY, TO JIJIT ONMUCAHWUS MacCIITaOHBIX 9KC-
MEPUMEHTOB TIPUXOAUTCS MOAONPaTh 3D HEKTHBHYIO
KanopuitHoctb BB s mamnoil KoHbUTYpaimu 3apsi-
na. Taxoil moaXo/| BBI3bIBAET HEY/OBJIETBOPEHHOCTD
€ TEOPETUYECKON TOUKN 3PEHUS, W aKTyaJbHOH 3a/1a-
qeil sBJseTcs pa3paboTKa HOBOTO MOKOJEHUS MOjie-
Jiell IETOHATNH, KOTOpbIe aJIeKBATHO YYUTBIBAIOT 00€
CTAINN KUHETUKH.

B manHOoM nmokjane mpejiaraercs uzmveckas
motestb fetoHarn BC wa ocHoBe TATD tnna LX-17
n PBX 9502, B KOTOpOIii 00bEMHEHBI TEMTIEPATY PHAS
MO/IeJTh OBICTPOI KHHETUKHU U MO/JIETh Me/IJIEHHON K-
HeTwKU. [IpeacraBieHbl pe3yabTaThl paboT 10 Bepu-
¢ukanuu o0beAMHEHHON MO/IEJN JETOHAIINN TIyTeM
PACYETHOTO MOJICJTMPOBAHMS IKCIIEPUMEHTOB, B KOTO-
PBIX UCCJIE0BATOCh BO3OYK/ICHUE W PACTIPOCTPAHE-
nue gerorarmu B LX-17 u 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

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.

JABOMHOE PACIIPE/IEJIEHUE
QJERTPOIIPOBOAHOCTHU
B IETOHAIIUOHHBIX BOJTHAX

M. 1O. Anpxprees, II. 1. 3yskoB, B. I. CBux

Wncrutyt rupapoaunamMuku uMm. M. A. JlaBpeHTbeBa
CO PAH, Hosocu6upck, Poccus

Panee nipu uccsiesoBanuy mpoBOAUMOCTH, BO3HU-
Kaloleil B JIeTOHAIIMOHHON BOJIHE, HaMK OblIu 00-
HapY>KeHbI JIBE 30HbBI 3JIEKTPOIIPOBOAHOCTU. [lepBas
y3Kas 30HA C BBICOKMM IMHUKOM ¥ BTOpas IMUPOKasd,
CO 3HAYUTEJHbHO MEHBIIUM, YEM B IEPBOI 30HE,
3HAYEHUEM IJIEKTPOINPOBOIHOCTH. 30HbI Pa3/ieeHbl
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Y3KO# 06JT1acTbhlO ¢ MCYe3aolie MaJoil 3JeKTPOIPO-
BOJHOCTBIO. Ha ocruiorpaMmax mporeccoB mame-
peHmi yKazaHHble 06J1acTH OT/IEJICHBI IPYT OT JIpyTa
KOPOTKOH MOJIOUKOH MEXIy ABYMS CajlaMyu HaIpsi-
JKEHWI, MOJIOUKa Ha3BaHA HaMHU «OCOOEHHOCTBIO» .
UccaenoBanns mMpoBOANINCH KOHTAKTHON METOAMKON
KOAaKCUAJIbHON M3MepUTEeJbHON g4eiikoil ¢ yTolien-
HBIM T[EHTPAJBHBIM 3JIEKTPOJIOM.

Yacrblo uccaeoBaTesiell 10JydeHHble pe3yIbTaTbl
OBLIM TIO/IBEPTHYTHI COMHEHUTO. [Ipu 3TOM yTBEpK-
JTAJIOCh, YTO «OCOOEHHOCTb» Ha OCIUJIJIOTpaMMe OIl-
peniesisieTcst He UCCJIelyeMbIM SIBJECHUEM, a KPaeBbIM
acpdexrom. [l pasgeneHuss BAUSHUS KPaeBOTO (-
dexTa u ABOIHOTO pactpe/eseHnus ObLT TPOBEJCH
YUCJIEHHBII 9KCTIEPUMEHT.

B uncnennoM skcriepuMenTe Oblja TIPOMOETUPO-
BaHa TPUMEHSIBIIASCS B UCCACIOBAHUSAX KOAKCHAJD-
Hast U3MepUTeIbHAS SUeiika. /leToHalmonHas BoJHa
3aMeHeHa JBUTAIONIMMCSI CO CKOPOCTBIO J€TOHAIIUN
npoduieM 3JeKTPOIPOBOAHOCTU. B uncieHHOM 2KC-
HnepUMeHTe PACCUNUTHIBAIOCH paciipejiesieHne MOoTeH-
1uaJia, pacrpejesenne MI0THOCTH TOKA, COMPOTUB-
JieHNe M3MEPUTENTbHON STYeiKN M BOCCTAHABJINBAJIACH
JKCIepUMeHTaNbHast ocruyiorpamma. [lo ocrmsor-
paMMe BOCCTaHABJIMBAJIOCH PACIIPe/iesIeHIe dIEKTPO-
MPOBOJIHOCTH TAKUM Ke CIIOCOO0M KaK M B HATYPHBIX
9KCIIEpPUMENTAX. DKCIePUMEHTANbHAS OCIIILIOrPaM-
Ma BOCCTAHABJIMBAJIACH 110 TOW TPUYUHE, YTO OHA SIB-
JISeTCsT TIEPBUYHBIM HOCHUTEJIeM WH(OpMaIum.

3ajlaya COCTOUT B MOJYUYEHUU pacipeieseHus
9JIEKTPUYECKOTO TIOTEHIINAA TIPH 3a/1aHHOI KOHMUTY-
paImu 3JeKTPOJIOB 1 9JIEKTPOIPOBOAHOCTH. [lJist ero
HAXOXKJIEHUsT perranoch ypaBHenue div (G-E ): 0.
B ar1oil moctanoBKU KOHMUTYpAIUS 3JTEKTPOIOB
U U30JSITOPOB ONpe/esisieT TPAaHUYHbIE YCJIOBUS,
a pacrpe/ieJieHne 3JeKTPOIPOBOHOCTH CBOGOIHDIE
wyieHbl. B pa6ore paccMaTpuBasIcs CIydail ¢ KOAKCH-
AJIbHBIMU 3JIEKTPOJIAMU, U [IOATOMY YpaBHeHHe pellia-
JIOCh ISl UJIMHpUYeCKuX Koopaunart. Cuurtaercs,
YTO HJIEKTPONPOBOJHOCTD ABJsSETCS PyHKIIMEH KOOp-
nuHateiz, ©(2). IloydeHHOe ypaBHEHHE B IIOCKOC-
™ [RZ] pemanoch KOHEYHO-PA3HOCTHBIMU METO/[a-
MU, C BBeJ€HUEM PAaBHOMEPHOU KBaJPATHOI CETKHU.
[lnst peurenust 3asaun 6bla HANMCAHA TPOrpaMMa
Ha sa3bike C++.

OMHUM U3 OCHOBHBIX PE3yJbTATOB YMCJIEHHOTO
IKCIIEPUMEHTA SBJASETCS HaJudne 0COOEHHOCTU Ha
OCITUJIJIOTPaMMe Ipollecca Tpu JABOWHOM paclipe-
JIeJIEHUN 3JIEKTPONPOBOAHOCTU. [Ipu ogHOKpaTHOM
pactpeie/iecHu 0COGEHHOCTh Ha OCIUJIJIOTpaMMe He
BOo3HMKaeT. Kpome TOro mpu mocjeayronieM BoccTa-
HOBJIEHUU 3JIEKTPOMPOBOIHOCTH IO OCITUJIIIOTPAMMe
TaK K€ TOJYUYEHBI JIBE 30HBI 3JEKTPOTTPOBOIHOCTH
pas/ieIeHHbIe 30HOH ¢ HU3KOM 3JIEKTPOITPOBOTHOCTHIO.
TakuMm 06pa3oM, MbI cUMTaeM, 4yTo (PakT ABOHHOTO
pacrpe/ie/IeHus 3JIEKTPOITPOBOHOCTH B IETOHAIIMOH-
HOIi BOJIHE TTOJTYYHJT HE3aBUCHMOE TO/ITBEPIKICHNUE.

B nacrosmem noKaa/e MPUBEIEHDI TTOCTAHOBKA
U PEe3yJIbTaThl YMCJIEHHOTO HKCIIEPUMEHTA W HATYPHBIX
KCIIEPUMEHTOB, ITPOBE/IEHHBIX B HACBIIHBIX TIHE,
reKcoreHe, OKTOTeHe, TPOTWJe W JUTOM TPOTHUJIE.
Bo Bcex uccieqoBaHHBIX B3PbIBUATHIX BEIIECTBAX
O0OHAPY>KEHBI IBONHBIE PACIIPE/ICTICHUs JEKTPOIIPO-
BO/IHOCTH B JIETOHAIIMOHHBIX BOJTHAX.

AETOHAIINN 9IMYJIbCUOHHBIX
B3PbIBUATBIX BEIIECTB.
3ABUCUMOCTD
OT AUAMETPA 3APAA

A. E. MEaBenEB, A. 10. PEMIETHIK,
B. M. ®omun

WMucruryt Teopernyeckoit 1 NPUKJIAJHON MEXaHUKH
um. C. A. Xpucrnanosuua CO PAH,
HoBocubupck, Poccus

[Ipennoxen MexaHU3M JI€TOHAIMU dMYJIbCHOH-
HBIX B3PBIBYATBIX BEIECTB ¢ MUKpocepaMu B 3apsijiax
KoHeyHoro auametpa. [lomydena mapamerpuueckas
3aBUCUMOCTDH CKOPOCTH JIETOHAIIMH OT XapaKTePUCTUK
3apsaga. OO6bAcCHEHO, MoYeMy MIMPUHA 30HBI Peak-
MU pacTeT ¢ yBeJUYeHHEM IJOTHOCTH 3apsja.
[Tokaszano, 4to B Touke Yenmena-sKyre He mpouc-
XOJIUT TIOJIHOTO BBITOPAHUS 3MYJIbCUU. JlaHbl KOHEY-
Hble (POPMYJIbI 1711 CKOPOCTH JIeTOHAIINM, BPEMEHU
W TIUPWHBI 30HbI PEAKITUH.

IMyIbCHOHHbIEe B3pbiBYaThie Bemectsa (BB) co-
CTOAT U3 HMYJIBCHOHHON OCHOBBI (aMMUAYHAsT CEJIUT-
pa, Bojla, MUHEPATbHOE MACJIO 1 OMYJIbraTopa) U CeH-
cubunmsaropa. B kavecTBe ceHcumbuamsaropa
UCTIOJB3YIOT MoJble MUKpocdepbl (CTEKISHHbIE Ta-
pukn) pasmepa okosio 100 mukpon (or 20 g0 70% mo
06beMy). OMyJbcuorHble BB mMpoKo mpuMeHsiorest
B TOPHOPYIHOM TIPOMBITIIIIEHHOCTH.

[lna smyabcuonnblx BB xapaktepHa HEMOHOTOH-
Hasl 3aBUCUMOCTHM CKOPOCTH JIETOHAIIUU OT TLJIOTHOC-
™ 3apsga (970 0OBACHAETCS YBENMYEHUEM TITHPUHDI
30HDI PEAKIIHH) .

Paspaborannast MOJeIb Je€TOHAIIUU dMYJIHCHOH-
Hpix BB ocHoBana Ha AByX runores: 1-ag — MUKPO-
cepbl ABJAIOTCA «TOPAYUME TOYKAMU», B KOTOPBIX
MMPOUCXOJUT WHUIMATU3ANUS PEeaKIUUu TOPEHUS
AMYJbCUM; 2-a8 — TOPEHHE 3MYJbCUU MPOUCXOIUT
U3HYTPHU «Cepbl TOPCHUS .

3ona peakuuu pasjensercd Ha ase: 1) 30Ha pas-
PYIIEHNUST U CXJIONBIBAHUST MUKPOCHEPDI; 2) 30Ha BBITO-
panus B «cdepe ropenusi». Haxoasares mmpuna 1-oit
1 2-0ii 30H, BpeMeHa CXJOIbIBaHusa Mukpocdep u rope-
Hug aMyJabcun. Onpezensgercd CKOpOCTb ACTOHAIIH
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D B sapane auamerpa d,, B 3aBUCHMOCTH OT 00DheM-
HOlt o m,, n auamerpa d,, Muxkpocdep B BHJIE

D (mmb 1705 deXP by ) -

mb

DO( mb;TO)
n DO mb’TO
1+ QoAb + OpT
n+1 dexp mb b 0 ]

Haiineno, uto mmpuHa 30HBI peakuu 06PaTHO
MPOMOPITMOHATbHA KyOIYECKOMY KOPHIO OT TIJIOTHOC-
T 3apsga. llokasano, uro B Touke Yemmena-Kyre
He TIPOMCXO/IUT TIOJTHOTO BBITOPAHMUST AMYJIbcHH. Pesyirn-
TaTBI COTJIACYTOTCS C 9KCIEPUMEHTATBHBIMU JTAHHBIMU.

Pa6ora BpImosHEHA TTPH (DUHAHCOBOI TOAIEPIKKE
rpanTa [Ipesugenta PMD #HIII-9732.2006.1.

DETONATION OF EMULSION
EXPLOSIVES. DEPENDENCE
ON THE CHARGE DIAMETER

A. E. MEDVEDEVY, A. YU.
V. M. FomIN

RESHETNYAK,

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 feature 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».

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 dmbis determined as a function of the
volume fraction mmband diameter dmbof microbal-
loons in the form

D (mmb 170, dexpr Ay ) -

Dy (mmb'TO)
- Do (713 %0) J—+¢bro
n+1 dexp

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.

IJEKTPOIIPOBOJAHOCTD
TP JETOHAIININ YU CTbIX
N CMECEBbBIX BB

A. II. Epmios, H. II. CATOHKIUHA

Wucruryt rugpoaunamuku uMm. M. A. JlaBpenrbena
CO PAH, Hosocu6upck, Poccus

CrpyKTypa 30HbBI pEaKIUi B JI€TOHAIIMOHHON BOJI-
He OOBIYHO HMCCJEYeTCs TyTeM U3MepeHUs MeXaHu-
YeCKUX MapaMeTpoB, HAIIPUMEP CKOPOCTH BHYTpHU
BelllecTBa WJIM Ha TpaHuIle pasjesa. Takue uame-
pEHUs CUJIBHO BO3MYIIAIOT HCCJEyeMblil mpoliecc.
B nannoii paGore 7151 MCCIeI0OBAHUS ETOHAIINN TIPH-
MeHeHbI HI3MEPEHUST 2JIEKTPOTIPOBOIHOCTU. MeTo/nKa
n3MepeHus: mpoduiid 3JeKTPOIPOBOJIHOCTH, Pa3BU-
Tasg HAMW B TIOCJIe/IHUE TO/Ibl, SIBJISETCS TTPAKTUYec-
KM HeBo3MyIaolei. /locTuruyTo paspelieHue Jyy-
nie 0,1 MM, a AuanasoH u3MepeHuii CynecTBeHHO pac-
MIMPEH. JTO TIO3BOJISIET MCCJIE/I0BATh TAKNe BEIIECTBA,
KaK T9H, T€KCOTE€H U OKTOTEH, a TaK)Xe CMECHU TPO-
THJa ¢ rekcoreHoM. CymiecTBeHHO, YTO JUArHOCTHKA
MpUMEHNMa K BEIeCTBAM Pa3JUYHON MJIOTHOCTH.

B uucreix BB na dponrte Bosubpl Haba0na€T-
cd y3KMI UK 3JEKTPOIPOBOAHOCTH aMIJIUTY 10
HeckoJibKo OM ™ 'eM™!, 32 KOTOPBIM CJIelyeT «XBOCT»,
Tr/le 9JIEKTPOIPOBOHOCTD B HECKOJIBKO Pa3 MEHbIIIE.
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Jlmutenbnocts muka (40 —70 He) 6iu3Ka K JJIUTEIb-
HOCTHU 30HBI PEAKINU, U3BECTHOW U3 JUTEPATYPHI.
ITO YKa3bIBaeT Ha CBA3b MUKA 3JEKTPOIMPOBOIHOCTH
C 30HOII peakInu, Torja Kak MPOBOJAUMOCTb B «XBOC-
Te», TO-BUAMMOMY, UMEET PAaBHOBECHYIO MTPUPO/LY.

B cMmeceBbix BeliecTBax, ey BpeMeHa peakiinu
KOMITIOHEHT 3aMETHO Pa3JuvaioTcs, AJUTEJTbHOCTD
IuKa omnpejessercs OoJjiee MeJJIeHHON peakiueii. Ha
mpumep, B coctaBe TT 40,60 miotaoctnn 1,52 1/ cm?
mupuHa nmka 90 He, YTO 3aMETHO IPEBbBINIAET JJIN-
TEJTHHOCTH 30HBI PEAKITNH B TeKCOTeHEe, HO COTJIacyer-
Csl ¢ UMEIOMIMMUCS JaHHBIME JIJIST TPOTHJIA.

B rereporeHHbIx cocTaBaxX 10 OKOHYAHHH OCHOB-
HOIi peaKIny BO3MOKHBI TIOCJIeIYIOIINE Me30TpOoTiec-
CbhI, XapaKTePHbIM MacCIHITaO00M KOTOPBIX SIBJISIETCS
pasmep uactuii BB u/umn no6aBku. Ha manubrit
MOMEHT M3y4Y€HBbI CMECH TE€KCOTeHa C BOJO, MEJKO-
JIUCTIEPCHON MTOBAPEHHOM COJIBIO U C HACBIIIEHHBIM
pacTBOPOM coJin B Bojie. He cka3biBasich 3aMeTHO Ha
aMILTATY/Ie TIHKA, 3TH JOOABKHU BJUSIOT HA €ro JIJIU-
TEJBHOCTbh U Ha 3JEKTPOIPOBOJHOCTh B «XBOCTE»,
NpuYeM MaKCUMaJIbHbIE BEJTUYUHbI JOCTUTAIOTCS ISt
MOCJIETHEN CMECH.

Takum o6pas3oMm, aJeKTpUUYECKasT JUAaTHOCTUKA
JlaeT TMoJe3Hy0 NHMOPMAINIO, JOTOJHUTEIbHYIO
K MOJIy4aeMOil CTaHJAPTHBIMU METO/IAMU.

Pa6ota BbITiosHeHA TTPU (PUHAHCOBOH MOJI/IEPIKKE
Poccuiickoro dhonga pyHIaMEHTATHHBIX HCCJACI0BA-
muit (kox mpoexra 05-03-32412) u HAy4HOH NIKOJTBI
HIIT-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

several Ohm™'cm™ 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
NS¢ — 8583.2006.1.

PEKUMBI CTAIITMOHAPHOM
JETOHAIIAN
B IPECCOBAHHOM TNETB

C. A. Konecuukos, A. B. YTkum,
B. M. MouanoBa, A. B. AHAHbUH

WMucruryT npo6iem xumndeckoit ¢pusuku PAH,
Yepnorososka, Poccus

C ucrioJib30BaHUEM JIA3€PHOTO JOMILIEPOBCKOTO
unrepdepomerpa VISAR mposenenbl skciepuMen-
TaJbHBIE UCCJIEIOBAHUS CTPYKTYPHI 30HBI PEAKITHH
U 3aBUCUMOCTH CKOPOCTH JETOHAIIMH OT HAYaJbHON
TIJIOTHOCTHU B CTAITMOHAPHBIX AETOHAITMOHHDBIX BOJHAX
B nipeccoBanHoM TNETB npu paszanunoii mopucroc-
T 06Pas3IOB U JIUCIEPCHOCTH MCXOJHOTO MOPOII-
ka B3pbiBuaroro semecrtsa (BB). [lnamerp wuccae-
JlyeMbIX 3apsi/oB ObL1 paBer 30 MM, UX JJIMHA Me-
Hsajach oT 40 10 75 MM, 4TO TIO3BOJIMJIO C yBEPEH-
HOCTBIO TOBOPUTH O CTAITMOHAPHOCTN HaéJIIOI[aBHH/IX-
CS B OMbBITaxX JIETOHAIIMOHHBIX BOJH. 3OHAUPYIOTIee
Jla3epHOe M3JyYyeHUEe OTPAKaJOCh OT aJOMHUHUE
Boit hosbru TosmuHON 50 —400 MKM, pacrosioxKeH-
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HOIT MEXK/Iy TOPIIOM 3apsifia U JUATHOCTUYECKUM OK-
HOM. JKCIIEpUMEHTAJbHDIE JAaHHDBIE MPECTABISIOT
c0o601l CKOPOCTH ABIKEHUS MOBEPXHOCTH (POJIb-
ru, Tpannvanieil ¢ marepuaaom okHa (Boga, LiF).
OHOBPEMEHHO € peructparueil BOJTHOBBIX Tpodu-
Jieli MeTOJINKOI MOHU3AIMOHHDBIX /TATYNKOB B PSJIC
OTIBITOB TTPOBO/INJIOCH U3MEPEHUE CKOPOCTH JIETOHA-
1uu. [lorperHocTb n3MepeHus: CKOPOCTH COCTaBUJIA
BEJIMYMHY, He TpeBbImaniyo +0,25%.

[Tokazano, 4To A1 06PA3IOB KPYITHOAUCIEPHO-
ro (cpeannii pasmep 4acTuIg rcpeuﬂ~120 mMrm) TNETB
CymlecTByeT AumamnaszoH mopucroctu 3,3 —15,2%,
B KOTOPOM BO3MOKHO PaclpoCTpaHEHHEe CTaIlMoHap-
HOW /IeTOHAIIMOHHON BOJIHBI €3 TIpeIcKa3bIiBaeMoit
KJIACCHYECKON Teopueil 061acT TOBBIIIEHHBIX J1aB-
JieHuit B 30He peakimn (xumnmka). B o6pasnax mes-
KO/JIUCTIEPCHOTO (rcmﬂ~5 mMkM) TNETB Bepxmas rpa-
HHIIA 3TOrO JiMalasoHa yBeamuuBaercs 10 29%. Ha
3aBUCUMOCTU CKOPOCTH JETOHAIMW OT HAYaJbHOM
MJIOTHOCTU OOHAPYKEHBI 0COOEHHOCTH, CBH/IETEJbC-
TBYIOIIHE O TOM, YTO HaOJIO[aeMbIil B JaHHOM [[Ha-
Ma30He JICTOHAITMOHHBINA PesKIM (€3 XUMITHKA MOYKET
OBITH CTAIIMOHAPHBIM HEJJOCKATBIM PEKUMOM.

Ha ocHoBe aHaJM3a MOJYYEHHBIX HKCIEPUMEH-
TAJbHBIX JIAHHBIX C TTPWBJICYEHUEM M3BECTHBIX TEO-
peTUYeCcKnX TpeACTaBJIeHU 06 04aroBOM Mexa-
HU3Me pasJoKeHUs reTeporeHHbIXx BB mokasano,
YTO BO3MOKHOCTDH CYNIECTBOBAHUS CTAIMOHAPHON
JIETOHATITMOHHON BOJTHBI 6€3 XUMITHKa, B TOM YHCJE
U CTAIMOHAPHOTO HEIOCKATOTO JIETOHAIIMOHHOTO pe-
JKUMa, a TaKyKe BJUSHUE PA3JTMYHBIX XapaKTePUCTUK
MUKPOCTPYKTYPBI 3aPSIIOB, TAKUX, KaK JAUCTIEPCHOCTD
ncxomHOTO Topotmka BB, mapametps pactipeeeHms
op 1O pa3MepaM, Ha PeATU3YIOMuics B HUX JI€TO-
HAI[MOHHBIN PEXXUM OOBICHSETCS pasJiokenneM BB
BO (PpOHTE YAApHOI BOTHBI.

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

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 3.3to 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.

O BO3MOKHOM ITPUYUHE
BO3HUKHOBEHUSI
HEYCTOMYUBOM AETOHAIIUU

M. M. boiiko, E. ®. I'pa3HOB,
B. 1. Koanakos, B. H. Oxurun

MockoBckHii rocyiapCTBEHHbIH
TexHn4Yecknil ynnsepcuter uMm. H. 9. baymana,
MockBa, Poccus

IKCIepUMEHTAJIbHDIC JAHHBIE YKA3bIBAIOT HA BO3-
MOXXHOCTb CYIIECTBOBAHMS XMUMITMKA TaK M Ha BO3-
MOXXHOCTD €r0 OTCYTCTBUS TPU M3MEHEHUU TJIOT-
HOCTH M CPEJHEr0 pa3Mepa 4acTHIl IPEecCOBAHHO-
ro BB. Kpome TOT0, 9KCIIEPUMEHTDI YKA3bIBAIOT Ha
CyIIEeCTBOBAHUE TTYJIbCUPYIOMIETO JEeTOHAIMOHHOTO
(dbponTa He TONBKO B «CJAAOBIX», HO U B «CUJIBHBIX>
JKBB. Ilpu perucrpaiuu cKOpoCTH JBUKEHUS TIOBEP-
XHOCTH (DOJIBTH, PACTIOJOKEHHON Mexkay TopiioM BB
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U <OKHOM», B CJiydae CYNIECTBOBAHUS MYJbCUPYIO-
1ieil JleToOHAIMu U OCPEJHEHNH TapaMeTPOoB 110 ILJI0-
MIQI0 PETHCTPUPYEMOTO TISITHA, MOXKET PETUCTPUPO-
Bartbest mpodub B 6e3 xummmKa.

N3 TeopeTnveckux MUCCJIEN0BAHUN U3BECTHO, YTO
I8 TtocKoil ctanmoHapHoit /IB mo momenn 3H/]
B 30HE XMMUYECKON PEAKINU JOCTUTACTCS MAKCUMYM
sHeproBbiieseHus. Takum o6pazoM HEOOXOIUMbBIM
YCJIOBUEM CYIIECTBOBAHUS CTAIMOHAPHON TJIOCKO
/1B 1o Mmogenn 3H/I siBasieTcss paBeHCTBO HYJIIO CKO-
pocTu sHeproBblJeseHns B Touke Uenmena — sKyre.
Ecam sxe xuneTnka aHeprosbiiencHus B /IB Takosa,
YTO CKOPOCTb SHEPTOBBIJIEJIEHNS B KOHIIE 30HbI XMMHU-
YECKOU peaKIny He paBHA HYJIO, TO CYNECTBOBAHUE
CTalMoHapHON TIockoi /[B cTaHoBUTCS HEBO3MOIK-
HbIM U TTockas /JIB moxer cymiecTBOBaTh TOJIBKO
B MYJIbCUPYIOIIEM pPEKUME.

O/HaKo orpaHWYEHNE PABEHCTBA HYJIO CKOPOCTH
SHEProOBbIJIeJIEHUsS] B KOHIE 30HbI XUMUYECKON peak-
1AW JIJIS TIepecsKaThiX, a TakK JKe cTanmoHapHbIX /(B
€ UCKPUBJIEHHBIM (DPOHTOM B 3aps/laX OTPAHUYCHHDIX
pasMepoB He sIBJiseTcsl HeoOXoauMbIM. Takum oOpa-
30M, it BB. Y KOTOpBIX BO3HWKAET HEyCTOMYMBOCTD
/IB B ciy4yae MJIOCKUX BOJIH, MOYKET CYIIECTBOBATDH
TJTaKNi PPOHT € OTCYTCTBUEM Iy IbCAINIT [T TIepe-
cxarbix [IB mpu ompesiesleHHBIX CTEMeHSX Tepecska-
THSI, a Tak JKe B 3apsi/laX KOHEYHOTO pazMepa ecjiu
KpuBHU3HA (DPOHTA MPEBBIIAET HEKOTOPOE 3HAUEHUE,
3aBUCSIIEEe OT CKOPOCTH 9HEPTOBBI/IEJICHUS B KOHIIE
30HbBI XUMUYECKON peaKiinu, eCJau B/l KHHETUKH TTPU
9TOM KAUeCTBEHHO He M3MeHsieTcs. [l aThuX cirydaes
JIOJIKEH PETUCTPUPOBATHCS XUMITHK.

UucsienHble pacyeTsl OJITHOMEPHON TIIIOCKOH /1eTO-
HAIIMOHHOW BOJIHBI TIpOBeleHHbIe M0 Mozaean 3H /]
JUIsl KUHETUKH, TIPU KOTOPOIi B KOHIIE 30HbI XUMHUYEC-
KO¥l peakiiuu CKOPOCTb SHEPTrOBBIJEIEHUS OTINIHA
OT HYJIS MOATBEP/IUJN CYIIECTBOBAHUE IYJIbCUPYIO-
MIETO PEKUMA.

POSSIBLE REASON OF APPEARANCE
OF DETONATION INSTABILITY

M. M. Boixo, E. F. GryazNov,
V. 1. Korrakov, V. N. OKHITIN

Bauman Moscow State Technical University,
Moscow, 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 «weaks,
but in «strong» liquid explosives. When recording
the foil surface velocity, located between the
end of the explosive and «slit> and when there is

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.

CTPYKTYPA 30HbI PEAKIIUU
B CTAIIUOHAPHOM
JETOHAIIMOHHOM BOJIHE
B TETPAHUTPOMETAHE

A. B. Ytkun, B. M. Mouanosa, B. A. T'apanun

WMucruryT npo6iem xumnveckoit ¢pusnku PAH,
Uepnoromoska, Poccus

[IpoTexanne XUMUUECKON peakiiny B yJapHO-CKa-
TOM TOMOTEHHOM B3PbIBUATOM BEIECTBE UMEET TeTl-
JIOBYTO TIPUPO/LYy 1 HauaJIbHAST CKOPOCTH PA3JI0KEHUS
SABJISIETCA CUJIbHON (DYHKIIMEH aHepruu akTUBAIUH,
KoTOopas AJud Xuakux BB MoxeT MeHATbCS B IU-
POKOM JIHalia30He TOCPECTBOM JI0OABIEHHUST B HUX
nHEePTHBIX pasbasuresieil. [IocKOIbKY MMEHHO Ha-
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YJaJbHas CKOPOCTb CYNIECTBEHHBIM 06pPa3oM BJIUSET
Ha CTPYKTYPY /IETOHAIIMOHHOW BOJIHBI, HA yCTOWYN-
BOCTb W TIPE€JIeJIbl ee PacIpoOCTpaHeHus, TO JKCIe-
PUMEHTAJIbHOE OTIpe/ieieHle BeJTMINHbI HauyaJ bHOM
CKOPOCTH JIaeT BAXKHYIO JIJIsI TPOTHO3UPOBAHUS Jie-
ToHaIy KuAknX BB madopmanuo. B ganHoii pa-
60Te ¢ MCMOJIb30BAHUEM JIa3ePHOTO HHTepdepoMeTpa
VISAR, o6aamamoniero HaHOCEKYH/HbIM BPEMEHHbIM
paspelienueM, MPOBEAEHO IKCIIEPUMEHTATbBHOE UC-
cJieZIoOBaHNE CTPYKTYPBI 30HBI PEAKIINN TPU CTAIHO-
HApHOU JIETOHAIIUY B TETPAHUTPOMETAHE.

B ombiTax mcmob30Bacs TeTPAHUTPOMETAH
¢ HAYaJbHOW TIOTHOCTBIO 1,64 T/ cM® 1 CKOPOCTBHIO
neronanuu 6,4 kM /c. 3apsig BB momemnasica B 1o-
JIUITUIEHOBYIO 060JOYKY C BHYTPEHHUM [HaMeET-
pom 40 MM m TosmIMHON cTeHKn 2 MM. [lsimHa 3aps-
na cocrasysiyia 100 mm. MHunuupoBanue jeToHaum
OCYIIECTBJIAJIOCH TTPECCOBAHHBIM 3aps/ioM (Jierma-
TU3UPOBAHHOTO TEKCOTeHA. 3OHUpYIollee U3Jayye-
HUEe OTPa’Kajaoch OT AJIOMUHUEBON (POJBTU TOJIIIHU-
Hoit 20 —400 MKM, pacroJyoKeHHON MeXIY TOPIIOM
3apsijia U IPO3pauyHbIM OKHOM, B KayecTBE KOTOPOTO
HCIIOJTb30BAJIUCDH Bo/la. B pe3dysbTraTe nuamepenuii or-
pezesieH Tpodub MacCOBON CKOPOCTH € OTYETJUBO
BBIpAJKEHHBIM XUMITMKOM. [Ipruem repexo/i oT 30HbI
PeaKIMK K BOJIHE PA3TPY3KU SIBJISETCS TIJIABHBIM, YTO
He TMO3BOJISIET TOYHO OINPEEJUTH TOJ0KEHNE TOY-
kn Yenmena — sKyre. IlpumMepHoe BpeMsi peakiun
cocrasssier 300 HC W JaBJeHNE B XUMIIUKE, PaBHOE
npumepno 26,4 I'Tla, B 1,8 pasa mpeBblniaeT naBJe-
nue Yenmena-sKyre, pasHoe 14,5. HemocpeactBeHHO
32 yJapHbIM CKAYKOM HAGJIOAETCS MaKCUMAJIbHBI
IPaJIieHT MacCcOBOH ckopocTH u 3a 50 HC aMILIUTY-
Jla XUMIIWKa yMeHbInaeTcs BaBoe. [lo mamepeHHO-
My TTPOMUJI0 MACCOBON CKOPOCTH B 30HE pPeaKIUU
MoJIy4eHa OIeHKa HaYaJbHOM CKOPOCTH PEeakIuu 3a
YIApHbIM CKa4yKoM, npesbiiias Beanunny ~107 1 /c,
YTO XapaKTePHO /IJIT MOIIHBIX B3PbIBUATHIX BEIECTB.
Takum 06pa3oM, XOTs TETPAHUTPOMETAH UMEET HU3-
K¥e napaMeTpbl B Touke Yenmena — yKyre u 60JIbIITyi0
JUITNTETbHOCTD 30HbBI PEAKIINH, BbICOKAs HavyaJbHAS
CKOPOCTb Pa3JioKeHusi 06ecleunBaeT CylnecTBOBa-
HU€e B HEM CTAI[MOHAPHOTO JIETOHAIIMOHHOTO (PPOHTA.

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

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/cm® 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 pressure in Von-Neumann
spike, which is about 26,4 GPa, exceeds pressure in
a Chapman— Jougeut point, which is 14,5 GPa,
1,8times. 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.

IJAEKTPOIIPOBOJAHOCTD IIPA
AETOHAIIUU JIUTOTO TPOTUJIA
B HEJOCKATOM, HOPMAJIbBHOM

1 INEPECJKATOM PEKHUMAX

I1. 1. 3y6kos, B. I'. Cux

Wncturyt rugpogunamukn CO PAH
um. M. A. JlaBpenrbea, HoBocubupck, Poccust

B I[eTOHa].[HOHHOfI BOJIHE B TPOTUJIE MHOTUMHU UCCJIE-
JlIOBaTEIAMUN 3aPETUCTPUPOBaHa 3JIEKTPOIIPOBOAHOCTD,
3HAQUYUTEJTbHO IMPEBOCXOAANIaA SJIEKTPOITPOBOJHOCTD
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B JICTOHAITMOHHBIX BOJIHAX J[PYTUX B3PHIBUATHIX Be-
mects. Co Bpemen Xeiica (1965) BBICOKas 9JI€KT-
POIIPOBO/IHOCTD B JIETOHAIMOHHOW BOJIHE B TPOTHUJIE
cuntaercss 00yCJOBIECHHON OOJBITIM COJIEPKAHUEM
CcBOOO/IHOTO, XUMHYECKH He CBSI3aHHOIO M3-3a He-
JlocTaTka Kucmaopojaa, yriaepoga. C ero e moja-
YM CYUTAETCS, YTO MEXAHU3M [POBOJMMOCTU MPH
JIETOHAIIMU TPOTUJIAa <«CeTOYHbIi». KoHIieHTparus
YaCcTHI] KOHJAECHCUPOBAHHOTO YTJAEPOa, MMEIONINX
3JIEKTPOIIPOBOTHOCTD TpaduTa, CTOJb BEJIUKA, YTO
¢ « Hen36eKHOCThIO» TIPUBOJIUT K 0OPA30BAHUIO TIPO-
BO/JISAIIEN ceTKU. BbIcokas ke 2JeKTPOIPOBOJHOCTD
rpaduta MOKeT 00eCIeYuTh U3MEPEHHYIO CETOUHYIO
3JIEKTPOITPOBOTHOCTD TIPOLYKTOB JIETOHAIINT TPOTHUJIA.
Mogenb TofKyTIaeT cBOEH MPOCTOTON W HATJISITHOC-
ThI0. Bosiee Toro, ¢ ee TOMOIIBIO yaaeTcs 0ObSICHATD
HeOObIYHOE TIOBE/IEHNE AJIEKTPOIPOBOJIHOCTU B JIETO-
HAIMOHHO¥ BOJIHE CMECH TPOTHUJIA C TEKCOTeHOM.

OjHaKo, yObIBAOIAS 3JIEKTPOIIPOBOTHOCTD BIIYOb
MPOAYKTOB JIETOHAIIUU W BO3PACTAHWE HJTEKTPOTIPO-
BOJHOCTU B BOJIHE PAa3TPy3KH MPOTUBOPEYUT MO/IE-
gu Xeiica.

[l BBISICHEHWST POJIM YTJIEPOJa B 3JEKTPOIPO-
BOJIHOCTH TIPOYKTOB JIETOHAIINN TPOTUJIA GBLIN MOC-
TaBJIEHbI SKCIIEPUMEHTDI 110 €€ UCCJIEJOBAHUIO B JIETO-
HAI[MOHHBIX BOJIHAX B JINTOM TPOTHUJIE B HOPMAJBHOM,
HEJ0CKATOM U [TEPECKATOM PesKMMax.

N3mepenns mpoBoAMJINCH KOHTAKTHON METO/N-
Koii. M3mepuresbHas suelika jaumameTpoM 6 MM 3a-
MOJHAIACH TOJHOCTBIO JUTBIM TPOTUJIOM. JluTOM
TPOTHUJI TAKOTO JMaMeTpa He JeTOHUPYET, ero Kpu-
TUuecKknuit quametp 26 MM. B HOpMasmbHOM peskuMe
JIeTOHAIINS B U3MEPUTEIbHON sSTuelike BeJach JUTHIM
TPOTHJIOM, B HE/IOC’KATOM — HACBIITHBIM TOSHOM CO CKO-
pocTbio 5,3 KM /¢, B MEPECKATOM — TEKCOILIACTOM
co cKOpocTbIO 7,6 KM /¢. JIuTOl TpOTUI IETOHUPYET
€O CKOPOCTbIO mipakTuuecku 7 kM /¢, juroit TT 50 /50
co ckopocTb 7,65 kM /c. Takum o6Gpasom, /st TPO-
THJIA B M3MEPUTEJIbHON sSUeiike peasn30BaIich yCJI0-
BUsl OJIM3KKE K YCJOBUSIM B JIETOHAIIMOHHOI BOJIHE
B TT 50,50, xorza BbIXOJ YJIbTPAJUCIIEPCHBIX AJI-
Ma30B MPAKTHYECKN MAaKCUMAJIbHbIN.

Bo Bcex pexumax HaOJIOAETCS KOHEUHAS MIUPU-
Ha MPOBOJIsAIIEll 001aCTH U JIBOIHOE paciipe/iesieHne
AJIEKTPOIPOBOAHOCTH. OCOOEHHOCTD, pasesionast
JIBOITHOE pactpejiesienre, HanboJiee SIPKO BbIpakeHa
B IepecikatoM pexume. Bropas 3oHa B mepecika-
TOM pEXUME UMeeT ncue3aloliee Maayio 3JeKTPOIpo-
BOJIHOCTh. [Ipu mepecikaTtuu 3JIEKTPOIPOBOIHOCTD
He pacTeT B BosHe pa3rpysku. lllupmua mepsoit
BBICOKOTIPOBO/ISITIEH 30HBI TPAKTHUECKH BBOE YIKe
MIpU TIepecsKaTh.

Ha ocHOBaHUM TIOJTy4eHHBIX Pe3yJIbTaTOB MOXKHO
c/leflaTh BBIBOJI O TOM, YTO CETOYHAS IPOBOJIMMOCTD,
TEPMOIMUCCHUST DJIEKTPOHOB YaCTUIAMU KOH/IEHCUPOBAH-
HOT'O YTJIePO/Ia, TEPMOMOHU3AIINS HEYTJICPOIHbBIX MOJIe-
KyJI MAJIOBEPOSTHDI B ITPO/LYKTaX JIETOHAIMH TPOTHJIA.

[To HamuM rpe/icTaBJIeHUSM T€PBasi BBICOKOIIPO-
BOZIAIIAS 30HA COOTBETCTBYET 30HE XUMUYECKOI peax-
UM U B BBICIIEN CTENIEHN HEPaBHOBECHA, BO BTOPOM
30HE HJEKTPOMPOBOIHOCTD OMPEEJISETCS HAJINIIEM
CBOOOTHOTO, XUMUYECKN HECBSA3aHHOTO YTJepoa
U TIPEKPAIAETCs BMECTE € MOJHOM ero KOHJEHCATTHEH.

OUSNYECKAA MOJAEJIb
HU3KOCKOPOCTHOM
AETOHAIINU B IIVIACTUDU-
IMUPOBAHHOM OKTOTEHE

K. @©. I'vEseHkuH, M. B. TapPAHUK,
C. K. IIapEnkoOBA, A. C. IIIHUTKO

Poccuiickuil degepabHblil S1€pHBINA TIEHTP —
BHUWMN rtexnnyeckoii pusnku
uM. akaj. E. N. 3ab6abaxuna, Cuexxunck, Poccusa

[Henpro nanHoil pabOTHI ABJIsIETCS pa3paboTKa
(pusnveckoit Mo M HU3KOCKOPOCTHO JIeTOHAIINN
(HC/l) nnst BBICOKONJIOTHBIX ILIaCTH(GUIUPOBAH-
HBIX B3PBIBUATBIX COCTABOB HAa OCHOBE OKTOTEHA.
OCHOBHOIT TTPEITIOCHIJIKON TIpeiaraeMoil Mo/ien
SIBJISIETCST XOPOIIIO M3BECTHDIN a(PeKT HAMIMINS IBYX
MOPOTOB Y/IADHOBOJHOBOTO WHUIIMUPOBAHUS XUMU-
YeCKUX peakiuil B BbIcOKOTJOTHBIX BB. Ilepsbrit
(nmxHuMit) mopor mpecTasasger co6oil OPOr 3aKu-
ranusg BB ymapnoii Bosnoit (mopor Bo3Oysxkaenus
Cy6I€TOHAIIMOHHBIX PEAKIKii), a BTOPOl — 3TO MO-
por Bo30y:xkaeHus nHopMmaabHoil geronanun (H/L).
B nuractuuniupoBaHHOM OKTOTEHE MePBBIN TTOPOT
PETUCTPUPYETCS MPU BO3AEHCTBUM CJIAOBIX yAAPHBIX
BOJIH ¢ gaBjenueM Ha ¢ponrte mopsaka 0,1 I'lla.
Bropoit mopor JokaJan3oBaH B 006JacTH JaBJIEHUI
okoJsio 3 I'Tla, rae HabmoaeTcst Pe3KOe MOBbIIIEHIE
CKOPOCTH XUMHUYECKUX PEAKIINA C POCTOM J[ABJIEHUS
u Ipoucxoaut Bo30yskaenne H/I.

[Ipeanonaraercs, uto HC/I B amskomnopucteix BB
cooTBercTBYyeT obtmenpuasaToin Mmojaen 3H /L n npen-
cTaBJIsIeT OO0 TOJOBHYIO YAAPHYIO BOJHY W CJIEy-
TOIMYIO 32 Hell 30Hy XuMuieckoin peakinn. OCHOBHAs
unest npejjaaraeMoil MoJeJiu COCTOUT B TOM, UTO
M3-3a CUJIBHON OOKOBON pa3rpy3Ku JaBJjieHUE Ha
¢gponTe ToT0BHOI yaapHoii BosHbl ipu HC /I 3naun-
TEJTbHO CHUZKaeTcst 1o cpaBHeHwio ¢ H/[ u monmagaer
B MHTEPBAJ MEX/Y YHOMSHYTBIMHU BBITE HUKHUM
¥ BEPXHUM MOPOTAMU YAapPHOTO WHUIUUPOBAHUS XU-
MUYECKUX peakiuii. B pesysbrare, CKOPOCTb peak-
Ui W, CJIeJ0BaTeJTbHO, SHEPTUS, BBIIACSIONASCS
B 30He MexK/1y (PPOHTOM TOJIOBHOUN Y/IapHOI BOJIHBI
U 3BYKOBOII TOBEPXHOCTHIO, OKAa3bIBAECTCS, C OJHOMN
CTOPOHBI, HAMHOT'O MEHbIIle, YeM TIPU HOPMaJbHOI
JIETOHAIMY, YTO TPUBOJMUT K TMOHMKEHHBIM 3HAYE-
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HUSM CKOPOCTHU JIETOHAIIUM, a, C JPYTOH CTOPOHBI,
JIOCTATOYHON JIJIST TOTO, YTOOBI IO/IZIEPKUBATH CTAIU-
oHapHoe pacripocTpaHenne BosHbl HC/I.

[Mpennaraemast Mojiesb Gbliia BHEApPEHA B JBY-
MEPHBIN THAPOKO/ U Bepu(PUIIMPOBATACh TyTEM MO-
JIeTUPOBAHUST HKCIIEPUMEHTOB, B KOTOPBIX HAGJIIO-
namace HCJ/l B muacTudunmpoBaHHOM OKTOTEHE
¢ HU3KOH mopucTocThio (< 2%). B npsampix aBymep-
HBIX pacueTaX ObLT TOJyY4eH CTAIIMOHAPHBINA PEKUM
pactpoctpanennst HCJ[ n ynamoch Bocnpon3ssec-
TH GOJIBIINHCTBO 3KCHEPUMEHTAJIbHBIX 3(PEKTOB.
PacueTpl Takske TTOKa3a Il CyIIECTBOBAHWE HUXKHETO
1 BEPXHETO Tpe/IeTbHBIX 3HAUEHWH [uaMeTpa 3aps-
J1a, OTpPeNeTIoNnxX 06J1acTh, T/le BO3MOYKHA CTaIl-
onapuasg HCJ/I. [lna nununapuueckoro 3apsina BB
6e3 06070uKN OHM oleHuBaloresa kak 50 u 200 MM,
COOTBETCTBEHHO.

PHYSICAL MODEL OF LOW VELOCITY
DETONATION IN PLASTICIZED HMX

K. F. GREBENKIN, M. V. TARANIK,
S. K. TSARENKOvVA, 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

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.

YPABHEHHUE COCTOAHUA
IIJIOTHBIX BB

B. @. Kyponareuko, M. 0. CaxaroB

Poccwuiickuit degepasbHbIil SA€pPHBINA TEHTP —
BHUMU texunveckoil ¢pusanku
nM. akajg. E. 1. 3a6abaxuna, Cuexunck, Poccus

Ciestana NoMbITKA TTOCTPOUTH MAKCHUMAJbHO TIPO-
CTOE YpaBHEHUE COCTOSHUS [/ KPUCTAJINICCKUX
BB, ommpasich Ha pacrmpocTpaHenHble GuandecKkue
MPUHIIMIIBI, JOCTATOYHO TPAJAUIMOHHBIN BUJ TIPE/I-
CTaBJIEHUS 1 JKejainue 000NUTUCh MUHUMYMOM TIO/ITO-
HOYHBIX [APAMETPOB.

YpaBHeHUE COCTOSTHUS CTPOUTCS B TPAJAUIMOH-
HOM Buje, tuna Mu-I'pionaiizena, ¢ pazaeseHneM Ha
MOTEHITNAJbHYIO U TeroBYyIo yacTu. [lag moctpoe-
HUSI TTOTEHIHATBHON YacTu OepeTcst TOTeHIIna THTIA
Jlennapaa-/[»xonca, mapaMeTpbl KOTOPOTO, C TTOMO-
I[bIO U3BECTHBIX COOTHOIIEHWH, BbIPAKAIOTCS Yepe3
KOMOUHAINN (HPU3UUECKUX BEJUYWH, IS KOTOPBIX
€CTb 9KCIIepUMeHTaJbHble 3Havenus. /[y moctpoe-
HUS TETJIOBOI YacTu GepeTcsl 3aBUCUMOCTD, aIpPOK-
CUMUPYIONIAs TEIJIOEMKOCTD TIPU TIOCTOSTHHOM JIaBJie-
HUU, TIPUYEM BUJI 9TOI 3aBUCUMOCTU BbIOMPAETCS, Ha-
psny ¢ GU3MYHOCTDBIO, U3 COOOPasKeHuil BO3MOKHOC-
TH JIETKOTO MOJY4YeHUs (DYHKIUU TETJIOBON SHEPrun
#, JaJiee, TEeIJIOBOU YacTu JaBjeHud. TersoBasd 4acTb
JIABJIEHUST CBSI3aHA C TEILJIOBOI YaCcThIO SHEPTUYN Yepe3
¢yukiuio I'ponaiidena, 3aBUCANNN OT TJIOTHOCTH
BemectBa. [lpeanoxen Bua dyukimu I'pioHaiisena,
ATMPOKCUMUPYIONUI XapaKTep ee MoBeJeHUs
U TpejieibHble 3HaveHus. Vcxoasa u3 mpeasoxkeHHon
¢ynxmmm 'pronaiizena, 1mMoJyuyeHO BbIpayKeHue i
¢ynkmm Temneparypol debas. B TernmoByio yacTb
BKJIIOUEH YJIeH, YYUTBIBAIONINI BKJaJ 3JE€KTPOHHON
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COCTaBJISTIONIEH. YUTeH BKJA/ 9HEPTUHU HYJIEBBIX KO-
sgebannii. CKOHCTPYUPOBAHHOE YPaBHEHHE COCTOS-
HUS WMeeT HECKOJDbKO TOJIOHOYHBIX TTapaMeTpoB,
B JlasibHelieM Ha3biBaeMbix Koadgdurmentamu Y PC.
Uucnennple 3HaveHus koaddunuento Y PC s
kaxxjoro BB moxb6upatorcs TakuM o6pa3oM, 4TOObI
pacyeTHble 3HAYCHHUS KaK MOXKHO JY4IUM 06pasoM
AN POKCUMUPOBAJIN U3BECTHDBIE HKCIEPUMEHTAIbHDIE
3HAYEHWS, HAIpUMEP, B MPEJACTaBJIECHHOM JIOKJIAJe,
arMmpoOKCUMUPOBAIAch yaapHas aanabara n n3zoba-
pUdYecKoe TeMIepaTypHOe pacliipeHue.

[Togo6pannbie 3HaUeHUS KOADQPUITMEHTOB TTPO-
BEPSAIOTCS Ha APYTHX moreccax (TenmoeMKkocTh nmpu
MOCTOSTHHOM JIaBJIEHUH, N306apudecKas TeMIepaTyp-
Has 3aBUCHMOCTD CKOPOCTH 3BYKa), /ISl KOTOPBIX
€CTh JIOCTOBEPHBIE HKCIIEPUMEHTAJIbHDIC JJAHHDIE.

[Tpencrasiensl peayabraThl mojg60pa Koahdu-
nmenToB peayoxkenHoro Y PC g THT.

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 TNTare presented.

ANHAMHUKA MAJIO-YIVIOBOTO
PEHTTEHOBCRKOTO PACCEAHUA ITPU
AETOHAIINN KOHAEHCHUPOBAHHDbIX

BB C IOBABKAMMHW HAHOAJIMA30B

K. A. Teu!, B. M. Turos!, B. II. TosouKko?,
n. JI. Korun, 3. P. IIpyyau',
JI. A. JIVKbSIHUMKOB'

"MucruryT rugpoannamukn uMm. M.A. JlaBpeHTbeBa
CO PAH, Hoocu6upck, Poccust

2MHCTUTYT XMUMUU TBEPAOTO TeJda U MEXaHOXUMUN
CO PAH, Hosocu6upck, Poccus

XoTs cHHTe3y HAHOAJIMAa30B IPU B3PbIBE MOCBAIIE-
HO BechbMa GOJIbIIOE YUCJI0 paboT Borpoc 06 o6paso-
BaHUM UX, a TakyKe 6oJiee 0OIIUil BOIIPOC O KOH/IEHCa-
nuu yriaepoza npu geronanun BB ¢ orpunaresababiM
KUCJIOPOJIHBIM OATAHCOM, OCTAETCH IUCKYCCUOHHDBIM
J10 HacTodAtero BpeMeru. OTBeT Ha HETO BaXKEH KaK
JUIST TIOHUMaHWS (DUBWKU SABJIEHUS, TaK W [/ OIEHKN
KOJIMYECTBA SHEPTUHU, KOTOPAs BbBIIEJSETCS MTPU 9K30-
TEPMUYECKOHN KOATYJISIUN YTIePOJHBIX KJIACTEPOB.

[TepBble [uHAMUYECKHE HKCIIEPUMEHTAJIbHDBIE UC-
CJIeTOBAHUS O POCTE B3PBIBHBIX HAHOATMA30B CTAJN
BO3MOKHBIMHU 6J1aT0/Iapsi MCIOJb30BAHUIO CHHXPOT-
POHHOTO M3JIyYeHUs, & UMEHHO BO3MOXKHOCTH PETHC-
panun audpaknnoHupx (Mago-yrioBbIX) CUTHA-
J10B ¢ yacTtoToll 10 4 MI'n. Ilosyuennble pe3yJibTaTbl
MOKa3aJ, 4YTO CUTHAJ MaJO-YTJOBOTO PEHTIEeHOB-
ckoro paccesitusi (MYPP) Haunnaer pactu ¢ HyJist
Ha (pOHTE JETOHAIUU W €T0 POCT MPOOJIKAETCS
B Te€UEHNE HECKOJbKUX MUKPOCEKYH/I. OHAKO B 3TUX
aKcrepumenTax curnajg MY PP Bhauase mosxer 6bITh
O4YeHb MaJI, BBU/Ly MaJIOH «KOHTPACTHOCTH> HAHOAJI-
Masa Ha ¢ponte. [[TUTESbHBIH POCT MOXET 00DBSIC-
HATHCS POCTOM <«KOHTPACTHOCTH» TPHU PasJiere Mpo-
JIYKTOB JeTtoHanuu. [[ns oTBeTa 0 MecTe MOSABIe-
HUs B3PBIBHBIX HAHOAJIMa30B HeOOXOJAUMO IOBbI-
cutb yyBcTBUTENBHOCTD MY PP (4T06b1 hrikcupoBarh
HaHOaIMa3bl Ha (PPOHTE JAETOHAIMU) U YBEJUUYUTD
BPEMEHHOE pa3pelieHue.

B pa6ore aKcriepuMeHTATbHO UCCJIE/IOBAJIOCH HAYa-
JIO TIOSIBJIEHNST HAHOAJIMA30B BO BPEMS JIETOHAIUH CO-
crasa TT 50,50 merogom MYPP ¢ ucrnosip3oBanneMm
CHHXPOTPOHHOTO u3JaydeHus: yckopuresas BIIIII-3.
PaceMOTpeHbI BO3MOXKHOCTH MCITOTb30BAHUS METOIM-
KU JIJIST PETUCTPAIN HAHOYACTHUI[ PAa3HOTO pasMepa.
ITokazano, yto Mmetogq MY PP B mHamux skcrnepuMeH-
TAJBHBIX YCJIOBUSAX /Ia€T BO3MOXKHOCTH (PUKCUPOBATD
paccesiHHOE M3JIy4YeHUe OT YaCTHUIl Pa3MEPOM OT eJlu-
HUI[ /IO HECKOJBKUX JIECATKOB HAHOMETPOB.

[IpumeneHa HOBasi aKCIIepUMEHTAJIbHAS TTOCTAHOB-
Ka C BBEJIEHHBIMH BO B3PbIBYATOE BEIECTBO HAHOAJI-
Mazamu. Beezsenue B3pbIBHBIX (MOJIyUEHHDBIX TIPH J1ETO-
naruy BB) HanoaIMa3oB B 3aps/IbI TPOTIIIA U FEKCOTEHA
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MO3BOJISIET MOJIETMPOBATD CJAydail «MTHOBEHHOTO»
TTOSBJICHUS HaHOAJIMAa30B pu AetoHarun BB.

ITpoBeneHHDBIE 9KCIEPUMEHTHI TOKA3aIM, 4TO Me-
Toanka usMepeHuss MYPP nagexxkHo pukcupyer
B3pBIBHBIC HaHOATMAa3bl HA (DOHE CXKATOTO B JETO-
HAIlMOHHON BoJHe BemecTBa. [Ipm gertonammu TT
50,50 B 30He XMMHWUYECKOH PEAKIINH OTCYTCTBYIOT
HaHOYACTHUITHI KOH/IECHCHPOBAHHOTO YTJIepo/ia pasMe-
poM > 2 HM.

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

ADDITIONS OF NANODIAMONDS

K. A. Tex', V. M. Tirov', B. P. ToLOCHKO?,
I. L. ZnoGciN?, E. R. PRUUEL!,
L. A. LUKIANCHIKOV!.

'Lavrentiev 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 «contrasts 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 THS50,50, with the
application of synchrotron radiation of the VEPP-3
accelerator. The possibility of application of the

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-a, 06-03-32797-a,
07-02-01079-a.

MMPIMOE U3MEPEHUE MPO®UJIS
KOHIIEHTPAIIUYA OKUCJIUTEJSA
B JIETOHAIIMOHHOI1 BOJIHE
TBEPIBIX BB METO/IOM
MAJIOYTJIOBOTO PACCESIHUS
CUHXPOTPOHHOTO U3JYYEHUS

Bb. II. Tonouko, A. II. Yepnsnues!, K. A. TEn?,
9. P. Ilpyyan?, 1. JI. JKorun, I1. 1. 3yBKOB?,
H. 3. JIaxos, JI. A. JIYKbSIHUNKOB?,

M. A. IlIepomOB®

WHCTATYT XUMUHU TBEPJIOTO TeJa U MEXAHOXUMUH
CO PAH, Hogsocu6upck, Poccust

'HoBocu6upckuii TocyjapCTBEHHbII
tTexundeckuit yuusepcurer, HoBocubupck, Poccust

Mucruryt ruapomnnamukn CO PAH
um. M. A. JlaBpentbeBa, HoBocubupck, Poccust

SUncruryr spepuoit pusuxun CO PAH
um. I . Bynkepa, HoBocubupck, Poccus

B IIKIT UA®D CO PAH nm. T'. Y. Byzaxepa pa3Butbi
YHUKAJbHbIC 9KCIEPUMEHTAIbHbIC METOINKH, M03BO-
JISTIONUE B PESKNME PEATbHOTO BPEMEHU U3ydyaTb Obic-
TPOIPOTEKAIONINE TPOIECChl B HAHOCEKYH/HOM [[1a-
nazone. [lug ucenaenoBaHuil UCIIOIb30BAIN CUHXPOT-
ponnoe nsaydenne (CI) na BIIIII-3. Paspaboran
MeTO/l «in situ» onpejesieHus CogepKaHUA OKUCJIN-
Tesiell B IETOHAIIMOHHON BOJIHE U BOJTHE PA3pPEKCHUS.
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IKCIepUMeHTaJbHAS METO/IMKA OCHOBaHA HA UCIOJIb-
30BaHWU HAHOUYACTHI[ aJIMa3a B KAUeCTBE YaCTHII-30H-
JI0B. HaHOUaCTUIIBI-30HIbI HE M3MEHSIOT XapakTep
MPOTEKAOINNX B PEAKITMOHHON 30HE (PU3UKO-XUMU-
YeCKNX TIPOIeCCOB. JTO O6YCIOBJICHO TeM, UTO, BO-
MEPBBIX, A00ABISAIOT HEOOJIBIIOE KOJUIECTBO HAHO-
qacTuIl: 0 8% 1o Macce, BO-BTOPHIX, XapaKTePHBIN
pasmep Hanodactnil, 8 ~ 50+100 A, MHOrO MeHbIIe
XapaKTEePHOTO PACCTOSHUS MEXKIY TOPSYMMU TOUKA-
MW, 8/) ~ 103 A. MeTox mo3BossieT HAGMIOMATD 3a W3-
MEHEHMEeM KOJMYECTBA W pacipe/ieJieHus 0 pa3Me-
paM YacTHIl-30HI0B. JTO JIaeT BO3MOKHOCTDH U3Yy4aTh
KWHETHKY XUMUUYECKUX PEAKINii B PEAKITMOHHON 30He
B MaciTabe peaJbHOTO BPEMEHH.

HanodvacTtutpl aMasa BBOJUJINCH BO B3PbIBUATDHIE
BEIIECTBA PA3JNTHOTO COCTaBa, KaK C OTPHUIIATEJIb-
HBIM KHCJIOPOJHBIM GAJTAHCOM, TaK U C TPAKTHYECKH
HysaeBbiM. C ucrnosb3oBanneM Metona MYPP 6brim
MOJTYYeHDI 3aBUCUMOCTH OT BPEMEHU WHTErPAJbHON
WHTEHCUBHOCTU MAJIOYTJIOBOTO paccessHus Ha J00aB-
JICHHBIX HAHOAJMa3aX HETOCPE/ICTBEHHO B PEAKITHOH-
Holt 30He. TakuM o6pasoM, mcciaeoBaHA KWHETHKA
MIpeBpAIeHII YacTHII-HAHO30HIOB B MacITade peab-
noro Bpemenu (¢ nmrarom 125 He).

3a (ppoHTOM JETOHAITIMOHHON BOJIHBI B TEKCOTEHE
MPOUCXO/IUT OKWMCJIEHWE HaHoaaMa30B. KuHeTwka
OKHCJIEHUS XOPOIIO OMUCHIBAETCS ypaBHEHUEM
Porunckoro-11lyabi, 9T0 COOTBETCTBYET HYJIEBOMY
MOPSIIKY CKOPOCTH PEAaKINN OKHUCJEHUS 0 KOHIIeH-
Tparun okucautess. C yMeHbIIeHneM yeJTbHO T0-
BEPXHOCTH HAHOAIMA30B CKOPOCTH OKHUCJICHUS T1aJaeT.
[Ipu yBesmyeHUN pa3MEPOB arjoMepaToB aJMa3HBIX
gacTtui 70 0,5—50 pm cKOpoCTh OKMCIEHUS Ha-
CTOJIBKO MaJia, YTO 3a BPeMs B3PbIBA HE TIPOUCXO/UT
3aMETHOTO YMEHBIMEHUS MaCChl aaIMa3Hol (a3bl.
Oxucrenne naunHaercs: yepe3 100 — 150 He mocie mpo-
XOKJeHNsT (PPOHTA JAETOHAIIMOHHOM BOJHBI. [loaToMy
BKJIQJIOM WHTEPMEINATOB B OKHCJEHUE MOXKHO Tpe-
HeOpeub. OKUCAUTETHbHAS CTTOCOGHOCTh YMEHbBITAETCS
B paxy: O, >> CO, > H,0. Bpema oxucnennsa na
BO3/IyXe COCTABJISET JOJH MHKPOCEKYH/IBI, & OKHCJIe-
HUE B MPOIYKTAX JETOHAINU TEKCOTEHA 3aBEepIIaeTCs
32 HECKOJIbKO MHKDPOCEKYH/I.

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. ToLocuko', A. P. CHErRNYSHEV?, K. A. TeN?,
E. R. Pruuer?, I. L. ZnociN!, P. 1. ZuBkov?,
N. Z. Lyaknov', L. A. LUKYANCHIKOV?,

V. V. ZnuLaNov*

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

2Novosibirsk State Technical University,
Novosibirsk, Russia

SLavrentiev Institute of Hydrodynamics
SB RAS, Novosibirsk, Russia

‘Hosocubupck, Poccust 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 (8, ~ 50+100 A)
is much less than the typical distance between hot
points (8p~ 10° A). 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




Section 2. Explosion and detonation phenomena 73

JABHKEHUE KOHTAKTHOI
IIOBEPXHOCTHU IIPA
AETOHAIIIN COCTABHOTIO
3APAJA PETN — TNT/RDX

K. A. Ten', B. M. Turos!, B. II. Toiouko?,
1. JI. JKorun?, 9. P. Ilpyyaun!,
JI. A. JIvkpanuukos', B. H. KApAXAHOBA!

"Mucturyt rugapoannamuku um. M.A. JlaBpeHTbeBa
CO PAH, Hososcubupck, Poccus

2IHCTUTYT XUMUU TBEPOTO TeJia U MEXaHOXMMUU
CO PAH, Hososcut6upck, Poccust

[Tpn ncrnob30BaHUM CHHXPOTPOHHOTO U3JIyYeHUS
(CH) pna mecmemoBanus JeTOHAIIMOHHBIX ITPOLIECCOB
3oHa perucrpanun napamerpos (arno CH ma 3aps-
Jle) HaXOAUTCS HENMOABIKHO. VICIOMb3yst TTOCTOSHC-
TBO CKOPOCTHU [JIE€TOHAIINHU BNIOJIb OCH, a TaK)Ke CTa-
OUIbHOE BPEMST MEXK/IY KaJpaMi, B PsJie MOCTAHOBOK
BO3MOKHO TIOJIy4aTh paciipejiejieHue mapaMeTpoB 3a
dpontom peronanuu. (B cucreme orcuera, csiza-
HOIi ¢ hpoHTOM JeToHarun, natHo CU paBHOMEpPHO
JBIKETCst OT (ppoHTa. )

OcoO6blil nHTEepeC MPe/CTaBIsSeT UCCIeOBAHUE CO-
CTaBHBIX 3aPs/I0B KOHJAECHCUPOBAHHBIX B3PbIBUATHIX
Bemects (KBB): oMH M3 KOTOPBIX MMEET BBIXOJ
HaHoaJMa30B, a Apyroil — uer. M3mepenue maJo-
YIJIOBOTO PEHTreHoBCKoro paccesnus (MYPP) no
00e CTOPOHBI OT ABUKYIIENCS KOHTAKTHOU IPAHUIIDI
JaeT nHGOPMAIUIO JUHAMUAKE KOH/IEHCAITMH HAHOYAC-
tun. Wcnonbdyemble B sxcnepuMentax KBB PENT
n TNT /RDX 50,50 umeror 6;1u3Kme mapaMeTpbl
B miockoctu Yenmena-sKyre, ogqHako paBHOMeEp-
HOCTb M TJIOCKOCTHOCTD JIBUXKEHUS KOHTAKTHOII Tpa-
HUIIBI MEXK/Yy HUMU TpeOyeT 3KCIepUMEeHTAJbHOTO
MO/ITBEPIKICHMUS.

B pa6ote mpezcTaBieHbI 9KCIEPUMEHTATHHBIE UC-
cJIeIOBAHUS JIBUKEHUS KOHTAKTHOW T'PAHUIIBI MEXK/TY
npeccoBantbiMu 3apsiziami PENTu TNT /RDX 50 /50.
JlnameTp 3aps/10B cocTaBas 15 MM, mHa 60 1 20 M.
[lerekTopoM (buKcpoBasach «TeHb» OT (HOJTBTU pas-
MepoM 2 x 2 MM u tosuHoi 50 MM, I[lytem mox6o-
pa TJIOTHOCTEH 3aps/0oB yAAJ0Ch MOJYYUTbh PAaBHO-
MepHOEe /IBUXKEHNE KOHTAKTHON TPAHUIIDI.

Ha monyuennsix sapsigax BB O6bimm msmepena
nuHnamuka MYPP B MoMeHT mepexosa M3 OJHOTO
3apsjia B IPyrou.

MOVEMENT OF CONTACT SURFACE
AT DETONATION OF A COMPOUND
CHARGE OF PETN — TNT/RDX.

K. A. Tex', V. M. Tirov!, B. P. ToLOCHKO?,
I. L. ZnociN?, E. R. PrRUUEL!,
L. A. Lukiancuikov!, V. N. KARAKHANOVA!

'Lavrentiev 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. PENTand 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 PENTand 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 x 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-a, 06-03-32797-a,
07-02-01079-a.
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O BJINAHNN KPUBU3HbI ®POHTA
HA PACHIPEJAEJEHUME IIVIOTHOCTH
PA3JIETAIOIIUXCA TPOAYKTOB
AETOHAIIUU TPOTUJIA U TT 50/50

JI. A. MEpKkueBckuii, 9. P. Ilpyyau,
JI. A. JIvkbgHunukoB, K. A. TEH

WMucruryt ruapogunamuku um. M. A. JlaBpentbeBa
CO PAH, Hoocu6upck, Poccus

B paGore mpuBoauTCs onmcanue METOIUKU U Pe-
3yJIbTAThI IPUMEHEHUsI CKOPOCTHON PEHTTEHOBCKOMN
toMmorpadun [ BOCCTAHOBJIEHUS PACIIPEIETeHUsT
MJIOTHOCTU TPOAYKTOB JE€TOHAINN KOHIEHCHPOBAH-
HBIX B3DbIBYATHIX BENIECTB TI0 JAHHBIM M3MEPEHN,
MPOBOJUMBIX C MOMOIIBIO CHHXPOTPOHHOTO U3JIyde-
wust. [Ipm wccaemoBanum mporiecca passiera TpoayK-
TOB M3Mepsijlach, B TOM 4HucJe, KpuBU3Ha (PpoHTa
nperonarnuu. [losydernpie I MUIHHAPUIECKOTO 3a-
PSI0B uamMeTpoM 12,5 MM M3 TIPECCOBAHHOTO TPOTHIIA
u crtasa TT 50 /50 manHble CpaBHUBAIOTCS C PE3YJib-
TaTaMU PENIeHnusT COOTBETCTBYIOMIEH raszoqnHa-
MUYECKON 3a/a4d O CTANMOHAPHOW JeTOHAINH.
YcTaHOBJIEHO KAayeCcTBEHHOE COTJIAache IKCIEepUMeH-
TAJBHBIX U PACUETHBIX Pe3yJ ibTatoB. I[lokazaHo, uTo
JUIST KOJIMYECTBEHHOTO COTJIACOBAHUS IKCIIEPUMEH-
TAJIBHBIX U PACYETHBIX JAHHBIX B PACYETHON MOJIEJN
HEOOXOIUM yUeT PeasbHOI KpUBU3HBI (PPOHTA TETO-
HAI[MOHHO BOJIHBI.

O ®OPME KMUHETHUKU PEAKIINU
BO ®POHTE AETOHAIINU

A. II. Epwios, /1. A. MEJABEJIEB

VHCTUTYT TUAPOIUHAMUKHI
um. M. A. JlaBpentoeBa CO PAH,
HoBocu6upck, Poccus

Jlns ommcaHust 1eTOHAIITMOHHBIX TPOIECCOB BO
B3PBIBUATBIX BEIECTBAX MCIIOJIb3YETCS MaKpPOKUHeE-
TUYECKUI TOAX0/T. 3a/1aB (PYHKITMOHATHHBIN BUJ| KH-
HETUYECKOTO ypaBHEHUs, MOAGUPAIOT €ro MapaMer-
PbI, CpaBHUBAs pacyeT ¢ 3KcrepuMeHToM. OOBIUHO
CKOPOCTb PEAKITHH HINETCS KaK (DYHKIUS TEKYIIX
napaMeTpoB cpepl (aBaeHus, JIOTHOCTH, CTEIICHH
IpeBPaIleHNs...), IPUYEM HENOCPEACTBEHHO MOCIe
MPOXOXKJAEHUS yIapHOro (GpoHTa CTENeHb MpeBpa-
HIEHUsT paBHA HYJIIO.

W3BecTeH psifi 9KCIIEPUMEHTOB, B KOTOPBIX TIPH
BBICOKOH TIJIOTHOCTH B3PbIBUATHIX BEIIECTB HE YIATOChH
3apPETUCTPUPOBATD XUMITMK, YTO MOKET yKa3bIBaTh
Ha KauecTBEHHOe M3MeHeHue KnHeTuku. CyInecTByioT

pacueTHbIe JEMOHCTPAIMU YCKOPEHUS PEAKINU
B OKpeCTHOCTH (DPOHTA yAAPHOI BOJHBI M3-32 HEPaB-
nosecunoct (A. H. Jpemun, B. I0. Kiumenko).
B. C. TpodumoBsIM TipesiokeHO 0600TIeHNE KU-
HETWKU: B KHHETHYECKOE YPAaBHEHUE SIBHO BBOJUTCS
ckopocTb pedopmanuu. Takoii uien Oyaer cyiiec-
TBEHHBIM B 06JACTSIX € OOJBITUMU TPAJUEHTAMH.
OnHaKo B CHENUAJbHBIX IKCIIEPUMEHTAX BKJAJ TPO-
u3BOIHON He obHapyskuics. [lo mamemy MHeHWIO,
HeycrneX MOT ObIThb CBSI3aH C HEYJAYHBIM BBIGOPOM
dopmbr kunernkn (kBagpaTnaHoii no 6V /ot ).

B pa6oTe mokazaHo, 4YTO B yKa3aHHBIX IKCIEPU-
MeHTaxX AuddepeHInagibHOe caaraeMoe KWHETHK,
€CcJIM OHO BOOOIIE OBLIO BAKHBIM, MOTJIO OBITH TOJIb-
KO JTMHEWHDBIM:

o _ f(P,V,k)—Aa—V
ot ot

3nech t — BpeMs, A — TepeMEHHAs COCTaBa,
V — ynenpubiit 06beM BemecTBa, P — maBJieHuE,
A > 0 — k0o dUIMEHT, KOTOPBIH MOXKET 3aBUCETDH
ot P, V, A; 3HaK ero COOTBETCTBYET YCKOPEHUIO pe-
AKIUU TIpU CKaTUMN (B YaCTHOCTH, KOHEYHOMY TIpe-
BPAIIEHUIO NTPU NMPOXOKACHUN yAapHOTO (GpoHTa).
OO06CyskIaf0TCsT MEXaHU3MbI PEaKIni, CIIOCOOHbBIE TI0-
poxaarh MakpokuHeTnky tuma (1).

Pa6ota BbimosiHeHa npn (pUHAHCOBOH TOIEPIKKE
Poccutickoro donga GyHmaMeHTaTbHBIX WCCAEI0BA-
nuit (xox mpoexTa 05-03-32412).

€))

ON THE FORM OF REACTION
KINETICS IN DETONATION FRONT

A. P. Erstov, 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 current 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
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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 oV /ot).

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

O\ ov
- = (PyVa}\') - A_
ot f ot

(1)

Here, t is the time, A 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, A.
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).

OCOBEHHOCTHU NOBEJIEHUSA
VIAPHOM BOJIHBI B CIIJIOIIIHOM
CPE/IE [IPU UHUIIMUUPOBAHUU BB
BbBICOKOCKOPOCTHBIM Y/IAPOM

C. JI. HEBEPOB

KpuBoposkcknii skoHOMIUYeCKUI NHCTUTYT,
Kpusoit Por, Yxpanna

B mpempimynimx paboTax, Ha OCHOBAHUU PE3YJIb-
TATOB YMCJEHHOTO MOJECTMPOBAHUS ObLIO TOKA3aHo,
YTO NpU MHUIIMUPOBaHNK 3apsifa BB Bbicokockopoc-
THBIM yIapOM yIApHUK BefeT celst KaKk <«IimHaMImyec-
KUH TOPIIEHb», <IIOXKIMAasi» TPOJAYKTDI IETOHAIUH.
ITO TIPUBOJUT K CYIIECTBEHHOMY M3MEHEHMIO TPodu-
JISt JIETOHAIIMOHHON BOJIHBI (OSBJISIOTCS 30HbBI OCTO-
SHHOTO TEYEHUS U JOMOJHUTEIbHbBIE BOJIHBI CHKATHS)
1 YBEJUYEHUIO ee UMITyJIbca.

B macrosiieii paboTe, Takyke HA OCHOBAHUU YUC-
JIEHHOTO MOJIEJINPOBAHUS, UCCIEIYIOTC 3aKOHOMEP-
HOCTHU TIapaMeTPOB Y/IapHOI BOJIHBI B CILJIONITHOH cpejie,
KOTOpas reHepupyercs JeToHnanueii 3apsaa BB, nun-
IIMIPOBAHHON BBICOKOCKOPOCTHBIM y1apoM. [Ipoduim
Y B mpakTuuecku He OTJMYAIOTCS OT paHee paccyu-
tanubix npoduieir IB. B 3aBucuMoct oT coOT-
HoteHud toJumH BB m yzapuuka B cpeie MoxKer
reHepPUPOBATHCSA JOTOJHUTEIbHAS yaapHas BOJHA
B pesyJbTaTe orpaxkenuil [[B oT narpyskaemoii cpeibl
1 OT yJapHUKA.

[Toy4yero, 4TO MHTETPAJNBHBIN UMITYJbC B yAap-
HOIl BOJIHE MO-TIPEXKHEMY YBEJTMYMBAECTCS MPOIOP-
MOHATBHO Macce BB u TosmmHe WHUIIMUPYIOIETO
yaapanka. OJHAKO BJAWSHEUE TOJIIUHBI yIapHUKA
oKazaJach B 2—3 pasa ciabee, 4eM Ha UMILYJIbC
B /IB. Kpowme Toro, npupoct nMmiysbca B Y B crano-
BUTBHCSI OY€Hb HEMOHOTOHHBIM.,

JlonoTHUTE TbHBIE PACUYETHI IPU JIETOHAIINK 3aPsi-
Jla ¢ YIapHUKOM HYJIEBOI CKOPOCTH TOKAa3aJH, YTO
B 9TOM cJyuae UMIyJabc YB umeer oaun Joxab-
HBI MaKCUMYyM TIPH COOTHOIIEHUN TOJMUHBI BB
u ynapHuka 4:1, mocse KOTOpOTO pacTeT JMHEHHO
¢ rtoamuuoi BB. Takoe moBegenne o6bscHIETCS
TeM, yJapHas BOJHA B y/JapHUKE OTPa’KaeTcsl OT
€TO BEpXHEl MOBEPXHOCTU B BH/IE BOJHBI PA3TPY3KN
u pesko pasrpyxkaer I1/[. Takum o6pasom, gotoJi-
HUTEJTbHAS BOJIHA CXKATUS MOXKET YBEJMYUTH WHTEH-
CUBHOCTH HATPY’KEHUS JHIIb HA KOPOTKOE BpeMs,
a 3aTeM 3HAYUTEJbHO CHIKAET <IIO/KIMAIOI[EE»
JleficTBrE yIapHUKA.

[Tpoanasu3npoBaHO TaK:Ke BJUSHUE CKOPOCTH
yaapuuka. IlokazaHo, moyeMy CKOPOCTb yAapHUKa
BJIMSICT HA TIPUPOCT MMITyJIbca 3HAUUTEBHO cJabee,
4yeM ero toJinuHa. HeMOHOTOHHOCTb MPHUPOCTA UM-
MyJIbca TPU WHUIUUPOBAHUT BBICOKOCKOPOCTHBIM
yIapoOM OOBSICHSIETCS TEeMH Ke yAapHO-BOJTHOBBIMU
npoleccaM B yJapHUKe, HO € YBEJWYEHUEM €TO
CKOPOCTH YHCJIO JIOKATHHBIX MAKCUMyMOB MMITYJTbCa
MOKET OBITH GOJIBIIIE.

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.
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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.

MEJAJEHHOE SOHEPIOBbIZIEJIEHUE
B ITPOAYKTAX B3PbIBA COCTABOB
HA OCHOBE OKTOTI'EHA:
PACYETHAA MOJEJIb U
IKCIIEPUMEHTAJIBHBIE O®®EKTHI

K. @. I'rEsedkud, A. JI. JKEPEBIIOB,
M. B. TaraHUK

Poccuiickuit degepabHbIil SA€PHBIH TIEHTP —
BHUWMU rexuuueckoii pusnkm
nM. akajx. E. V. 3a6abaxuna, Craexunck, Poccus

B oTKpbITBIX My6aMKAUSIX ObLIO TIPE/TIOKEHO Hec-
KOJIbBKO PaCyYeTHBbIX MOjeJieil MeJIEHHOIO 9HEepro-
BBIJIEJIEHNST, CBSI3AHHOTO C TIPOIIECCOM POCTA YTJIEPOJHBIX

KJacTepoB, Aas B3pbiBuaroro coctasa (BC) Ha ocHo-
Be TATD, xapakTepusyonmMcst BBICOKIM COJEpsKa-
HueM yriaepoja B IIB. Oxrako 1aBHO M3BECTHO, 4TO
a(ppexThI MeTIEHHOTO SHEPTOBBIJIEICHUS] MOTYT TIPO-
SABASATbCS 1 B BB ¢ ymMepeHHBIM cojiep;KaHueM KOH-
JleHcupoBaHHOTO yriepoza B IIB, B wactHoctn B8 BC
Ha OCHOBe OKTOreHa. PacueTHbIX Mojesell MeJIEHHON
KUHETUKH, TPeAHA3HAYCHHDBIX JIJIS1 MCIIOJb30BAHMS
B rugipokonax, jjd takux BC ne 6bL10.

B nanHOM [0oKJajie npeaiaraioTcss HOBOE ypaB-
Henue cocrosguud IIB BbICOKONJIOTHOTO OKTOTEHA
u BC ero na ocunose (PBX 9404, PBX 9501),
a TaKk’Ke MOJIe/Ib Me/IJIEHHOTO HeprosbliesieHus B 11B.

YPC IIB 6bL1 mosydeH Ha OCHOBE PABHOBECHOTO
XHUMCOCTaBa C y4eTOM Celapamiy ra30BbIX KOMIIO-
HEHTOB.

DHEPTOBBIJIETIEHNE MOJICTUPOBATIOCH KaK JABYXCTa-
Jqunbii npoiecc. Oxosno 90% XuMU4YecKoil aHeprun
BbijiesisieTcst B Gbictpoii hase B 3one cmecu (BB+IIB).
B kBasucTanmmoHapHOM PEXXMME 3Ta 30HA COCTABJISIET
okosto 10 nc niam ~0,1mm. OcraBmueca 10% makcu-
MaJIbHO BO3MOXKHOM TEIJIOTBI IETOHAIINN BbIIC/IIETCS
HernocpeJictsenno B I[IB — k BHyTpenHeil anepruu
[1B nob6aBisieTcst ciaraemoe, CTeNEeHHBIM 06pa3oM
3aBHcAllee OT BpeMeHH. XapaKTepHoe Me/lJIEHHOTO
BpeMs Tportecca — 0KoJio 20 He, 0OJHAKO M3-3a CJia-
6Ol CTEMEeHHOH 3aBUCUMOCTH TTPOIECC PACTSHYT HA
MUKPOCEKYH/IHbIE BPEMEHa.

B pa6ote mMozesmpyiorcst onbIThic 3apsiziamut & 203 Mm
PBX 9404 (94% okrorena) pasjmuHON JJIMHBI, IIPOBE-
JIeHHbIe aMepUKaHCKUMU uccsietoBaresamu B 70 —80-x
rojlax MPOoIINJIOro Beka. B onbITax 1o M3MepeHuio Ha-
YaJIbHON CKOPOCTHU TI0JIeTa AI0paseBbiX miaactu W
TOJIIHON /2, KoHTakTupytomux ¢ PBX 9404 pasznuy-
HOW JIMHBI, OBl OOHAPYKEH OIYyTHUMbBIi MaciiTal-
bl adpexT — aKcnepumenranbuble Kpusbie W (/)
JUIS 3apsAioB pasHoit qumebl L = 12,5 + 203 MM pas-
JICJISITTACH HA MAJIBIX /2, 9TO MHTEPIPETUPOBATIOCH KaK
poct addekruBHOTO NaBienus sKyre.

B ompbiTax apyroro Tumna m3aMepsJach MaccoBas
ckopocth U(t) ma rpanune geronupyiomero BC
PBX 9404 n tedoHa 37€KTPOMATHUTHBIM METO-
noM. J{auHbl 3apsa0B L BapbUpOBAJUCHh B IUATIA30-
He 25,4—203,2 mM. 3HauuTesbHOE pa3jiesieHne
kpusblx U(t) pias pasauunbix L Ha MajblX Bpeme-
HaX BHOBD IOATBEP/AMUJIO 3aMETHYIO HEUICATbHOCTD
uccaexyemoro BC.

Takum ob6pasom, daktuuecku yxe 25—30 ser
Haza/ 6bLIO MTOKA3aHO, YTO BOCIIPOM3BECTH IKCIIEPH-
MEHTAJIbHbIE KPUBBIE Ja’ke B Mpe/esiaX JOCTATOUHO
6osbmioit morpemnoct (~2% MO OlIEHKaM aBTOPOB)
B pamkax teopun 3H/I, HEBO3MOKHO.

[Ipennoxxennnle ypaBHeHue coctoguus amast BC
PBX 9404 coBMecTHO ¢ KMHETHUYECKOU MOJETbIO
MeJJICHHOTO aHeproBbijfesenud B [1B mosBoanan
BOCIIPOU3BECTU AT dKCIIEPUMEHTBI. Cieslan BbIBOJL
0 ToM, 4TO 3(PEeKThI MeATEHHON KUHETUKN HEOOXO-
JIUMO YYUTBIBATDH MPHU MOJEJUPOBAHUU JICTOHAIINN
B BC na ocHoBe okToreHa.
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N3YYEHUE CTPOEHHUA 1-HUTPO-2-
AMHNHOBEH3®YPASAHOYPOKCAHA

H. C. Xavpyaaunaa', /1. M. Xamuayianna!,
B. 4. Basoros!, A. T. T'veaiayainmn?

"Kaszanckuii rocyiapcTBeHHbII
TexXHoJornvyeckuii ynusepcuret, Kaszanb, Poccus

2IHCTUTYT OpraHnvecKoil u (pU3anyecKoil XuMnun
um. A. E. ApGysoBa, KasHIl PAH, Kaszaub, Poccus

Coennnenns gypazano-QypokcaHoBOTO psja
NIPE/ICTABJISIOT HAYUYHBIH M NMPAaKTUYECKNl WHTepec
C TOYKHU 3PEHUS UCIOJb30BAHUS UX B KA4ecTBE KOM-
MMOHEHTOB HHEPTOHACHINMIEHHBIX MaTEepUaaoB, MOC-
KOJbKY MMEIOT BBICOKME 3HAYEHUS 10 MJIOTHOCTH,
CKOPOCTH JIETOHAIIUU U TEPMUYECKON CTaOUJIbHOCTH.

[l71s1 ycTaHOBJIEHS B3aUMOCBSI3U MEXK/Yy CTPYKTYPOI
BETIECTB U UX MOBE/ICHNEM B PA3/IMYHBIX MTPOIECCaX Ha
MOJIEKYJISPHOM YPOBHE HEOOXOMMO 3HAHUE CTPOEHUS
MCCJIEIyeMbIX COe/IMHEHNI, U OJJHUM U3 0ObEKTUBHDBIX
MeTO/IOB UAEeHTU(UKAINT CTPOEHHST HOBBIX BEIIECTB
SBJISIETCS PEHTTEHOCTPYKTYPHbIH aHAN3.

PenrrenocTpyKTypublil anaau3 MOHOKpPUCTaJLIA
1-HuTpo-2-amuno6en3dypaszandypokcana ObLI TPO-
Be/IEH HAa aBTOMATHYECKOM PEHTT€HOBCKOM U paKTo-
metpe CAD-4 pupmpr <NONIUS B.V.» Meronom Bpaitie-
Hisi. MOHOKpHUCTAIbIHbIE 00PA3IIbI BBIPAIIEHBI 13 PACT-
BOpa B HUTPOMETAHE METO/IOM CHIKEHUS TeMIIeparyp.

CTpyKTypbl pacim@pOBaHbI IPIMBIM METO/IOM 10
nporpamMme SIR 1 yTouHeHnbl BHauaJsie B M30TPOITHOM,
3aTeM B aHW30TPOITHOM TPUOIMKEHUN C MCHOJIb-
3oBanmuem nporpamm SHELXL-97, WinGX. Bcee
pe/iBapuTebHbIE PACYETDI TPOBE/IEHDI IO TTPOTrPaM-
mam komitekca MolEN, ananns MeskMoJIeKyIsspHbIX
B3aUMOJIEHCTBUI M PUCYHKU MOJIEKYJI BBITIOJHEHDI 110
nporpamme PLATON. Ilomyuenbl reomeTpust Mo.Jie-
KyJ ¥ YIAKOBKA MOJIEKYJ B KPUCTAJIAX.

STUDYING OF THE
STRUCTURE OF 1-NITRO-2-
AMINOBENZFURAZANFUROKSAN

N. S. KaaruLLiNa!, D. I. KHAMIDULLIN',
V. J. Bazotov!, A. T. GUBAIDULLIN?

'The 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-

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.

UCCJEAOBAHUE HAYAJIBHBIX
CTA/IUI B3PHIBHOTO
PA3JIOKEHUSA KPUCTAJIJIOB
TETPAHUTPOIIEHTADPUTPUTA
OIITUYECKUM U AKYCTUYECKUM
METO/IOM TP UTHUIINNPOBAHUU
UMIIYJIbCHBIMU IIYYKAMU
AJEKTPOHOB

b. II. Axyes, I M. Benokyros, C. C. I'pEunH

Kemeposckuii puman MHCTUTYTAa XUMUHT TBEPIOTO Tesa
un mexanoxumun CO PAH,
KemepoBckuit rocyjapcTBeHHBIN YHUBEPCHTET,
Kemeposo, Poccus

B nacrosiieit pabore mpecTaBieHbl pe3yJJIbTaTbl
9KCIIEPUMEHTOB 110 UCCJE/IOBAHUIO CBEYECHUS B CIICK-
tpajsbHoM unrepBasie 350 —1000 umMm u quHAMUKE
AKYCTHMYECKUX BOJIH, BO3HUKAIONIUX MPHU B3PbIBE
Kpucraanos Terpanutponenraspurpura (TOHa).

WuummupoBaHue B3pbIBa OCYIIECTBIISAJIOCH 3JIEKT-
POHHbBIM ITYYKOM C ILUIOTHOCTBIO auepruu 15 [k /cm?,
apdextuBHOl aHeprun anexkrponos 0,25 MaB u amu-
TeabHOCTBIO uMityJibca 30 He. CreKTpajbHO-KUHETH-
YecKue XapaKTePUCTUKU CBEYEeHUs IPU BO3OYKIEHIN
eIMHIYHOr0 06pasiia PErucTpUPOBATIUCH HA YCTAHOB-
Ke, ozpo6no onmcannoi 8 padore (B. H. IIsaiiko,
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Kpeueros A. T., Anyes b. I1. u np. / / 7KypnHan tex-
Huveckoit pusmkn. — 2005. — T. 75. — Beim. 6. —
C. 59—62). V3mepenne IUHAMUKH aKyCTHIECKUX
BOJIH MPOU3BOMIOCH C TIOMOIIBIO TTHE30IeTEKTOPA.

B xkuneTuxe cBevyeHus HaGIIO/aeTCSI UHTEHCHB-
Hast PaJMOJIOMIUHECIIEHITUS BO BPEMSI UMITYJIbCA BO3-
oyxaenusi. Yepes 200 —500 HC 18 pa3anvHbIX 00-
PasiloB MHTEHCHUBHOCTb CBEYEHUs] HApPacTaeT BHOBb
n cnagaet yepe3 1,5—2 mMrc. CHeKTp paauoioMu-
HECIICHITUN COJIEPIKUT TPHU KOMIIOHEHTA ¢ MaKCHMY-
mamu 1ipu 3,1, 2,4 u 1,5 aB. Cnekrp cBeueHus: Ha
MOCJIEYIONIEM ATaTle COAEPIKUT OJIHY TI0JIOCY CBeve-
HUS ¢ MakcumyMoM 1ipu 1,5 3B.

N3mepenne TMHAMUKN aKyCTHYECKUX BOJH MOKa-
3aJ10, YTO BO BpPEMsI UMITYJIbca BO30OY:KICHUS BO3HU-
KaeT yjapHas BoaHa ¢ amrummtyoi ~1 TTla.

UYepes 200— 500 He mocse mMITyJTbea BO30Y>KIeH!sT Hab-
JIFOJIAETCS POCT JIABJIEHHUS, CBSI3AHHDIN C PA3BUTHEM 9K30-
TEPMUUYECKON XUMUYecKoii peakimu. Uepes 1,5—2 MKc
HaOJII0/IaeTCs CIaJl IaBJEHNs, CBSI3aHHBIN ¢ pasJie-
TOM TIPOJYKTOB B3pbiBa. COMOCTaBJICHUE OTITHYECKUX
M aKyCTUYECKUX HKCIIEPUMEHTOB TTO3BOJISIET C/IE/IATh
BBIBOJI, YTO TI0JIOCA CBeYeHUS ¢ MakcuMyMoMm 1,5 aB
SIBJITETCS UHMKATOPOM PAa3BUTUS 9K30TEPMUYECKON
XUMHUYECKON peakiini, MPUBOJASIIEH K B3PbIBY.

AHann3 3KCMEPUMEHTAJIBHBIX U JTUTEPATYPHBIX
JIAaHHBIX TTO3BOJHJ CBA3aTh 1oJsocy 3,1 3B co cBeue-
HUEM 3KCHUTOHA, a 1oJiocy 2,4 3B ¢ paankasom NOZ*.
[Tosioca cBeuenust 1,5 3B npeanonoKuTEIBHO CBSI3A-
Ha co cBedenueM pajukana (NO,)".

B nmoxmaze o6cyskmaoTcss 0COOEHHOCTH MEXaHU3-
Ma B3PBIBHOTO pasJioKeHWs KpucTaaioB TOHa mpu
3JIEKTPOHHO-TTYYKOBOM BO3J/IEHCTBUY C MCIOJIH30Ba-
HUEM Pe3yJbTaTOB KBAaHTOBO-XUMHUYECKUX PACUYETOB.

Pabota BbImosTHEHA TIPU TTOJIEPIKKE PETHTOHAb-
Horo rpanta PODU #07-02-96009.

INVESTIGATION OF INITIATION
STAGES OF PENTAERYTHRITOL
TETRANITRATE CRYSTALS
EXPLOSIVE DECOMPOSITION
INITIATED BY PULSE
ELECTRONIC BEAM

B. P. AbuEev, 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 /cm?, effective

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 ps. 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 ps there
is pressure 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 NO,". Hypotheti-
cally the band 1.5 eV is connected with radical
(NO,") glow.

Characteristics of PETNcrystals 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.

KOJIEBAHU A ITOJAPU3AIININ
B JAETOHAIIUOHHBIX
BOJIHAX B IIOPOHIKOBbIX
B3PbIBUATBIX BEIIIECTBAX

II. 1. 3yskoB, A. M. Kaprramos, B. I CBux

Wncrturyt ruppognnamuku uMm. M. A. JlaBpeHTbeBa
CO PAH, Hosocubupck, Poccus

[Ipu uccaepoBanum pacipe/iesieHus aJeKTpuyec-
KOTO IOTeHI[Maja B JeTOHAIIMOHHBIX BOJIHAX B Ha-
CBIITHBIX B3PBIBUATBIX BEIECTBAX ObLIH O6GHAPYKEHbI
dayxryanuu nossgpusanun. OIyKTyalun cae0BagIn
Ccpa3y 3a CKauKOM HaIIPSAKEHHSI Ha OCIIUJLIOTpaMMe
npolecca. boblin BbicKa3aHbl MPEIIOT0KEHU, YTO
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QUIyKTYyaImm onpeiesnsioTcss TeTepOreHHOCThIO /IeTO-
HUPYIOIIEro 3apsiia.

OpHaKO, TIPU UCCJEIOBAHUN TTPOCTPAHCTBEHHOMN
B3aMMOCBSI3M BOJIHBI MOJSIPU3AIMA C BOJHON MPO-
BOJMMOCTHU TIpu 60Jiee BBICOKOM BPEMEHHOM pa3-
pENIeHNN 0Ka3aJI0Ch, 4TO (DIYKTyallmu HOCAT TOY-
TH PEryJsipHbIN XapakTtep. Kone6Ganus BO3ZHUKAIOT
B WHUIIMUPYIOTEH yAapHOW BOJIHE W ME/IJIEHHO 3aTy-
Xast TPOJIOJKAIOTCS B BOJIHE TTpoBoauMocT. [leprosn
kosebanuit 10 —15 e, mpmmrenprocts 150 — 200 He.

OO6bsicHuTb KoJebaHus MmoJsipudainuu Koseba-
HUSMU TOJISIPHBIX CBsI3el He ymaercs. [[is1 BbisicHe-
HUs (PU3MUECKON MPUPO/IBI KOJTeOAHWI OIS PU3ATTH
HEOOXO MBI JIONIOJTHUTEIbHBIE MCCJIETOBAHNS.

KorepenTtHbie Koe6aHus OOHAPYKEHBI TIPU MO-
JIEKYJSPHO-ANHAMIYECKOM MOJIEJTUPOBAHUY Pac-
MpoCTpaHeHust yaapubix BosH B kpuctaiax NaCl .

MOZEJb OYATOBOTI'O 3AKUTAHUA
BEIIIECTBA NMITIYJIbCHBIM
IIOTOKOM HU3JYYEHUA

P. C. bypkuna', B. B. MEABEJIEB?,
E. A. Muxkosa!, B. II. ITununes?

"ToMckuii rocy1TapCTBeHHBII YHUBEPCHUTET,
Tomck, Poccust

>TOMCKHI MOJIUTEXHIUYECKUN YHUBEPCHUTET,
Tomck, Poccus

B nannoii pa6oTe npoBoAUTCS NPUOIMKEHHOE
TeopeTuyecKkoe U YHUCJeHHOe UCCJe/loBaHue 3aJaun
3aKUTaHMs PEAKIIMOHHOCIIOCOGHOTO BEIIeCTBa IOTO-
KOM HM3JIy4eHUs 1P €ro IMOTJIOUEHUN ONTHYeCKUMU
HEOIHOPOJHOCTSIMM, HAXO/AIIUMEICS B PEaKIIMOHHOC-
noco6uom Berectse (PB), uzyuaiorcst 3akoHoMep-
HOCTU IIPOXO3K/IEHUS TAKOTO Ipollecca, rnapamerpbl
U Ipejiesibl 3askuranusg. PaccmaTpuBaercd Moesb
HEOTPAHUYEHHOTO PEAKIIMOHHOCIIOCOGHOTO BEIEeCTRa,
BHYTPHU KOTOPOTO HAXOAATCSA MHEPTHbIe YyacTullpl. Ha
npospaynoe PB neiicTByeT MMIyJibC BbICOKOMHTEH-
CHUBHOTO M3JIyYeHUs, KOTOPOe IOIJIOMIAeTCs HaX0/14-
ummucsa B PB uneprubiMu yactuniamu. B pesysibrare
9HEpPrusi U3JIy4YeHus JOKaJusyercss B o6beMe U OK-
PECTHOCTH YaCTHUIL, YTO IPUBOJUT K CO3/IaHUIO TEIl-
JIOBBIX 0YaroB, CIOCOGHBIX IPUBECTU K 3a3KUTAHUIO
PB. Bpimosnennoe nccjejoBanue 1okasasao, 4ToO
KayeCTBEHHbIH XapaKkTep IMPOXOXK/IEeHUS Ipollecca
3a3KUTaHUS CyHIeCTBEHHO 3aBUCUT OT JIJIMTEJIbHOC-
TH BHEIIHETO MMITyJbca. IIpu KOPOTKUX MMILYJIbCax
BpeMs 3a)Kuranus 60JIbllle BPEMEHU TEIJIOBOTO HM-
IyJIbCa, U CaMO BOCIJIAMEHEHHE TIPOXO/IUT B PEsKUME
TEIJIOBOTO B3PbIBa, a BPEeMS 3aKUTAHUS OIPe/esieT
MHAYKIMOHHDIN 1tepuo/. Ilpu AaMHHBIX uMIyabcax

U3JIYIEHUS] 3aKUTaHUE MPOMCXOIUT 10 OKOHYAHUS
UMITYyJTbCa, KPUTEPUEM 3KUTAHUS SIBJISETCS JTOCTHU-
JKeHre MHEePTHOH JacTHuIlel onpeieIeHHON TeMIlepa-
TYpPbI, BEJMYNHA KOTOPOH 3aBUCHUT OT TETLJIO-KUHE-
TUYEKUX MApaMEeTPOB CUCTEMBI M pa3Mepa YacTHUIIbI.
Ha mpenene 3askuranus 6ojee OBICTPO 3aKUTAIOTCS
MeJIKHWe YacTHIIBI, HO 3TO ObICTpOE 3a’KuraHme obec-
neynwBaeT 6oJjiee MOIIHBIN UMITYyJIbCc. B ToXke Bpems
3araceHHasl B YacTHIlE SHEPTUS BHENTHETO WMITYJIb-
ca TeM MEHbIIe, YeM MEHDBIIe PAUyC YacTUIBI. JTO
CBSI3aHO C TeM, YTO MPU MEHBINNX pazMepax 4YacTu-
1161 TpeGyeTcss MEeHbIe SHEPTUH JIJIS MOBBIMICHUS €€
TEMIIePaTyPbl U TEMIIEPATyPhI IPUJIETAIONIET0 K HEl
PB. ¥YcranossieHo, 4To TpM KOPOTKOM UMITYJIbCE W3-
JIYYEHUS TIpe/lesT 3aKUTAHUsS OTpeesseT dHEePTus
UMIYJIbCa, a TPH JJTUTEJbHOM UMITYJIbCe TIPEesT 3a-
JKUTAHWS OTpeiesisieT MOIIHOCTD M3Jaydenus. Bpems
U TIpeJesT 3aKUTAHNS 3aBUCHUT KaK OT JIJINTEJTHbHOCTH
UMITyJTbCca, TaK W OT pagMepa WHEPTHOH MOTJIONAI0-
el YaCTUTIBI.

PesysibraThl pacuera CpaBHUBAIOTCS C 9KCIIEPUMEH-
TOM, TTPOBEJICHHBIM B JHMaNa3oHe IJUTEIbHOCTEH
gazepuoro BozuetictBust 2-1078—4-10"3 ¢. O6cyx-
JIA€TCS BO3BMOKHOCTD ONUCAHUS 9KCIIEPUMEHTA C TI0-
3UINH PACYETHON MOJIEJIN.

Pa6ora mopiepskana Poccuiickum ouzom Gysa-
MEHTaJIbHBIX uccaegoBanuii (koaer mpoektos 06-03-
32336-a, 06-03-32724-a).

B/IUAHUE 3JTEKTPOHHOIO
BO3BYKAEHUA U NTOHU3AIINN
MOJIERYJ TOHA
HA HAYAJBHYIO CTAAUIO
ET'O PA3JIOKEHUA ITPU OBJYYEHNN
SJEKTPOHHBIM IIYYKOM

b. II. Anves!, B. K. TonysEB?

'Kemeposckuii puanan UXTTM CO PAH,
Kemeposo, Poccus

2Poccuiickuii deziepasbHbIil S1E€PHDBIN IEHTP —
BHWMU skcnepumenrauabhoit ¢pusuku, Capos, Poccus

[IpeacraBieHbl pe3yIbTaThl KBAHTOBO-XUMHYECKUX
pacueroB mMostekys TOHa B ycoBUSAX MX 37€KTPOH-
HOTO BO30Y KIEHUST M MOHU3AINK. PacueTs mpoBon-
JIUCH [IJIs1 BBIACHEHUS BO3MOKHBIX MEXaHWM3MOB Ha-
yasbHOIT cTaau pasioxenus TOHa npu obaydennn
9JIEKTPOHHBIM My4YKOM. [lyisT aTOTO OIpenensanch
sneprun aucconuanuu csaseit O-NO, n C-ONO,
JUUIST MOJIEKYJT B OCHOBHOM M B HECKOJBKUX BO306Y:K-
JIEHHBIX COCTOSTHUSIX W JJIsI OTPUIATENbHOTO U TI0JI0-
JKUTEJBHOTO MOJIEKYJISIPHBIX NOHOB. O6pasyoriuecs
npu paspbise cBsaseil pagukanpt NO, u NO, rakxe



80 Cexius 2. B3pbiBHble U IeTOHAIIMOHHbBIE STBJIEHMS

paccMaTpWBAJINCh B HEHTPAJbHOM OCHOBHOM W BO3-
OY>K/IEHHOM COCTOSTHUSIX W B BU/I€ OTPUIIATEJIBHOTO
U TTOJIOKUTETHHOTO MOHOB. PacueThbl BBITOJIHSINCD
¢ WCMOJIb30BAaHUEM CITEIIHAJTU3UPOBAHHON KBAHTO-
Bo-xmMHUYeckoil mporpaMmMbl Gaussian 98. [lsis pac-
YETOB CTAIMOHAPHBIX COCTOSTHWI TI0 METOJy T€OPHH
(pyHKITMOHATA TIITOTHOCTH HCIOJb30BAJICS KOMOWHN-
poBanHbiii ¢pyHrnmonays B3LYP. BosOyxnenubie
COCTOSTHUST PAacCMATPUBAJIICH C MCHOJb30BAaHUEM Me-
TO/la KOH(MUTYPAIIMOHHOTO B3amMo/elicTBus. Bee
Mpe/IBAaPUTEJIbHBIC PACYETHI BBITOJTHIJIUCH € UCTIOJb-
3oBanueM 6as3ucHOro HaGopa 3JeKTPOHHBIX (PYHK-
nuit 3-21G, a a1 BBIGOPOUYHBIX OKOHYATETbHBIX
pacyeToB HUCII0Jb30BasCs 6oJiee TOUHbBIN GA3MCHBIN
na6op 6-31+G(d).

[Tosydyennbie pacyeTHble Pe3yJbTaTbl COIOCTAB-
JIAJINCh C KCIEPUMEHTAJbHBIMU Pe3yJbTaTaMu 10
WHUTTMHPOBaHWIO KpuctasioB TOHa mpu obsryuernn
9JIEKTPOHHBIM ITyYKOM. B yCIOBUSX BO3ENCTBUS TI0-
J0OHOTO MOHU3NUPYIONETO O0IYUeHUST dHEPTeTHIeC-
KI€ 3aTPaThl IPAKTUIECKN TTOTHOCTBIO PACXOLYIOTCS
Ha CO3/IaHUe 3JIEKTPOHOB M JBIPOK, KOTOPbIE MOTYT
PEKOMOMHUPOBATH Y€Pe3 9KCUTOHHBIE COCTOSHUS WJTH
3aXBATBIBATHCS B OKPECTHOCTH CTPYKTYPHBIX Aedek-
TOB, CO3/laBasi AaHAJOTH MOJIOXKUTEJIbHOTO UM OTPU-
1aTeJbHOro MOHOB. [Ipu o6sydeHnn craroHapHO
paaualueil B CleKTpax ONTHYECKOTO IOTJIOIEHUS
o6HapY’KeHbl HUTPAT-UOHBI, & C MCII0Jb30BAHUEM
METO/la 3JIEKTPOHHOI'O IapaMarHUTHOTO Pe30HAaH-
ca — paaukaabiNO,. ITpn o6rydyennn UMITy IbCHbIM
9JIEKTPOHHBIM MYYKOM C HMCIIOJb30BAHUEM METO/A
UMITYJICHON JTIOMUHECTIEHTHON CIIEKTPOCKOTNY O6HA-
PY’KEHO CBEYEHHE IKCUTOHOB W BO3OYK/IEHHBIX pa-
aukanos NO,. IIpy n1oTHOCTAX BO30YK/ICHUS BBIIIE
MOpOTa B3PBIBHOTO PAa3JIOKEHUs, Korjga obpasels
MOJT BO3/IEHICTBUEM 2JIEKTPOHHOTO MyuYKa HAXOIUTCS
B YCJIOBUSIX BBICOKO¥ TeMIIepaTypbl U JaBjeHus 06-
Hapy’KeHa I0JI0ca CBEYCHUsI, KOTopast MOXKeT OBbITh
ceazana ¢ pagukatoMm NO,. O6pasoBanue pajnkaa Mo-
JKET TIPOMCXO/IUTD B ATUX YCJOBUSIX B PE3YJIbTaTe JIOKA-
Ju3anuu JbIpKku Ha MoJiekyse TOHa ¢ mocaenyro-
meit gucconmanmeit ceasu O-NO,.

INFLUENCE OF ELECTRONIC
EXCITATION AND IONIZATION
OF PETN MOLECULES ON INITIAL
STAGE OF ITS DECOMPOSITION AT
ELECTRON BEAM IRRADIATION

B. P. Apuev', V. K. GOLUBEV?
Kemerovo branch of ISSCM SB RAS,

Kemerovo, Russia

?Russian Federal Nuclear Center — All-Russia Scientific
Research Institute of Experimental Physics,
Sarov, Russia

The results of quantum-chemical calculations of
PETNmolecules 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-NO, and C-ONO,
bonds were determined for the molecules in the
ground and several exited states and for the nega-
tive and positive molecular ions. The NO, and NO,
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 NO, 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 NO, 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 NO, 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-NO, bond.
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IBOJIONHUA IIVIOTHOCTH
ITPU IIEPEXO/IE TOPEHUA
B IETOHAIIUIO B IIOPUCTOM BB

9. P. ITeyyan!, A. O. KAIKAPOB?,
JI. A. JIvkpanuukos', JI. A. MEPKUEBCKMIt!

"Mucruryt rugpoannamuk uMm. M. A. JlaBpeHTbeBa
CO PAH, Hosocut6upck, Poccust

HoBOCHOMPCKHUIT TOCY/IAPDCTBEHHDBIN YHUBEPCHUTET,
Hosocubupck, Poccust

B noksane npuBoasTCs aKCIEepUMEHTaJIbHbIE /1aH-
HbIe TI0 OTIPe/IeJIEHNI0 IUHAMUKH TIJIOTHOCTH TIPH T1e-
pexojie TOpeHusl B JIeTOHAIIMIO B HACBIITHBIX 3apsjax
BTOPUYHBIX B3PBIBUATHIX BeecTB (THA, TEKCOTEH).
MetoinKka BOCCTAaHOBJIEHUST IIPOCTPAHCTBEHHOTO pac-
npe/iesieHus IJIOTHOCTH OCHOBAHA Ha MMPOCBEYNBAHUN
NCCJIelyeMOro 3apsi/la CHHXPOTPOHHBIM PEHTTEeHOBC-
KUM HM3JIy4eHueM.

Wccnemyemplii 3apsi/i cOCTOSAT U3 TPYyOKHU 3am0JI-
HEeHHOIl MoponkoBbiM BB HachimHON MJI0THOCTH.
[TomuxpomaTuyeckuii ay4 CUHXPOTPOHHOTO HU3JIYy-
yenus B opMe HOXKA IMUPUHON 15 MM M TOJITMHON
0,2 MM TIpOCBEYMBAJ MCCJIELYEMbIii ITUTMH/IPUYECKITI
3apsan. OcuabieHHoe U3JIydeHne JeTeKTHPOBAJIOCH
JINHENKON YyBCTBUTEIbHBIX 3JIEMEHTOB Ta30BOT0 MUK-
POCTPHUIIOBOTO JIETEKTOPA.

[Ipeamnosnosxkenne 0 MUIMHAPUYECKON CUMMETPUN
TEYEHUS MO3BOJIUJIO MTOCTABUTD 3aj[auy ToMorpadun
1 ONpe/IeINTh paclpejiesieHrie JI0THOCTH BJOJIb pa-
amyca 3apsijia. Vicrnosib3oBaHue crieninaabHON MeTO/H-
KU CTJIQKMBAHUS MO3BOJIMJIO YBEJIMYUTh ITPOCTPAHC-
TBEHHOE pa3pellieHne MeTo/la U OIPe/IeJIUTh KPUBHI3-
HY (PpOHTA B TIEPEXO/IHOM IIpOIECCe.

Pa6ota Bbimosinena npu (GUHAHCOBOU Mojje-
pxkke Murterpanmonnoro nmpoekta CO PAH Ne 23
u Monoaexuoro mpoekta CO PAH No18.

MAPKHUPOBKA INJIACTUYHBIX
U DJIACTUYHBIX B3PBIBUYATHIX
BEIIECTB — HAJIEJKHBIN
3ACJIOH UCIIOJIb30BAHUIO
X B TEPPOPUCTUYECKUX IEJIX

E. B. Koaranos, B. II. Uabun, M. 3. AXMETOB,
B. B. Cyuakos, C. II. CmuprHos, B. I KOJKEBHUKOB,
JI. P. Kotos, C. II. Banemnuit,

H. II. TuxomMmmuroBA

denepanabHoe TOCYJapCTBEHHOE YHUTAPHOE TIPEANPUSITHE
«TocymapcTBeHHBII HAayYHO-MCCIEI0BATEIbCKUIT
nuctutyT “Kpucrann’s, [I3epsxxunck, Poccus

B cBsi3u ¢ y9acTUBITMMUCS B TIOCJTIEHHUE TOIBI CJIy-
YassMU TPOBEJCHUS TEPPOPUCTUIECKUX AKTOB C UC-
MOJIb30BaHNEM B3pbIBUaThiX BemecTs (BB) mexy-
HapOJHO-TIPaBoBasi U (PMHAHCOBO-9KOHOMUUYECKAS
cUTyanuu B 06JACTW WX TPOU3BOJICTBA U peajm3a-
¥ 00yCJIOBUIN aKTyaJbHOCTh U HEOOXOJAMMOCTD
npuHATHS 3(DOEKTUBHBIX MEp TI0 MPOTUBOIEHCTBHIO
XUMIEHUSIM W TIPOTUBONPABHOMY UCTIOJIb30BaHNi0 BB
Pa3JINYHBbIX TUIIOB.

C 2701 11e/1b10 MEeXIYHAPOJIHON OpraHusaimei
rpaxkaanckoi apuannu (MKAO) mo mopyvenuio
Cosera besomnacuoctu OOH O6bls1a pazpaborana
MesKyHapo/iHast « KoHBeHIMs 110 MapKUpOBKe TLiac-
tndecknX BB B 1esx ux o6HapysKeHusi», KOTOpas
Berynuaa B cuy 21 mons 1998roza.

[list BBITTOJIHEHUST TEXHUYECKUX TpeOGOoBaHUI
«Konsernmuu ...» OI'YII «TocHUN “Kpucramn”s
pa3paboTaHbl TEXHOJOTHYECKUE TTPOIECCHI MAPKUPO-
BaHUs IJIACTHYHBIX M 3JIACTUYHBIX B3PBIBUATHIX CO-
crasos (ITBB n 9BB) sbimyckaromieiics B HacTosimiee
BpemMs B Poccuiickoii Depepaniin HOMEHKJIATYPBhI.
Paspaborana nHeoOxojumasi /iJisi UX U3TOTOBJIEHUS
HOPMAaTUBHO-TEXHWYECKast JOKyMeHTarus. C 1esbio
JIOTTyCcKa MapKnpoBaHHBIX cocTaBoB [IBB m OBB
K MPUMEHEHUIO TI0 MPSIMOMY Ha3HAYEHUIO TTPOBE/IeHA
pa3paboTKa M KOPPEKTUPOBKA TEXHUYECKUX YCIOBUI
Ha MapKUPOBAaHHBIE COCTABBI.

B kadectBe MapKuUpyoOIMHUX A06aBOK U3 CITUC-
Ka, pexoMmengoBanHoTo MKAQO, ncmorb3oBaHbI
n-monouuTporoayosn (n-MHT) u 2,3-gumernn-2,3-
quanTpoOyTan (/IMHB), a takke mpoBeJeHbI Bee
HeOOXOMMbIe UCCAeOBaHUS UX (DU3MKO-XUMIYEC-
KHUX CBOWCTB, COBMECTHUMOCTH C KOMIIOHEHTaMU Map-
KHPYEMbBIX COCTABOB, COXPAHSIEMOCTH B IpOIEccax
XpaHeHus 1 1iepepabOTKI COCTABOB W WX BJUSHUS HA
B3pBIBUATBIC W 9KCILTyaTAIMOHHBIE CBOHCTBA MapKu-
PYEMBIX KOMITO3UIUH.

B cBsi3u ¢ otcyTeTBrEM B HacTosiiee BpeMs B Poccum
MMPOM3BOICTBA BBIGPAHHBIX MAapPKUPYIONINX COEIMHE-
HUI pa3paboTaHbl TEXHOJOTUU UX MOJYYEHUS W Op-
TaHW30BaH MPOMBIIIJICHHBIN BBITYCK HA OMBITHO-TIPO-
mbriiennoi 6aze AIYIT «TocHUU “Kpucramn”s.

[lnsg obecnieueHNST HOPMATHBHO-TIPABOBOTO KOH-
TpoJist 3a cobJioeHneM TpebGoBanuii KoupeHiuu
paspaboTaH MPOEKT HOPMATHBHOTO JOKyMeHTa (Ha-
nuonaapuoro craugapra) TOCT P «BemecTtBa
B3pbIBUaThie. MapKUPOBKa IJIACTHYHBIX M HJACTUY-
HBIX B3PBIBUATHIX BEIIECTB C IEJbI0 UX OOHapy:Ke-
Husi. O61ue Tpe6OBAHUS», PETIAMEHTHPYIONIETO
TMOPSAA0K U TipaBuia MapkupoBanus [IBB u OBB
B Poccutickoit Megepanuu. OKoHUaTeAbHAS pe-
JIAKIMS CTAaHJapTa B HACTOSIIEE BpPeMs HAXOIUTCS
B PocrexperymmpoBaHuu Ha yTBEPIK/ICHUH.
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PLASTIC AND ELASTIC EXPLOSIVES
MARKING IS A RELIABLE
MEANS AGAINST THEIR
USE WITH TERRORIST AIMS

E. V. KoLcanov, V. P. IUIN, 1. Z. AKHMETOV,
V. V. Subakov, S. P. SmirNov, V. G. KOZHEVNIKOV,
L. R. Kotov, S. I. VaLesHNIY, N. P. TiIkHOMIROVA

Federal State Unitary Enterprise «State Scientific
Research Institute “Kristall”», 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 “Kristall”» 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 “Kristall”»

In order to control the execution of the Conven-
tion requirements there was developed the project
of State Standard (GOSTR) «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.

PA3PABOTKA U IPUMEHEHUE
BECIIAPAJIJIAKCHOM
CTPOBHUPYEMOM 3JIEKTPOHHO-
OITUYECKOI KAMEPBI
HAHOTEHNT JJ11 MHOTOKA /IPOBOI
PETICTPAIIIU U30BPAKEHUIA
BBICTPOIIPOTEKAIOIIUX
IIPOIIECCOB

M. 1. Kpeytuk!, B. II. MaiioroB?,
B. B. Ilonos', M. C. Cemnn?

1000 «HIIII HAHOCKAH»
(Accommanuga BUJTEOCKAH), Mocksa, Poccus

23A0 «HIIK BUJIEOCKAH>»,
(Accommanua BUJIEOCKAH), Mocksa, Poccug

B noxkuaaze paccMaTpuBaioTcs BOIMPOCHI pa3padoT-
K1 1 IpUMEHEeHnA 6eCHapaJIJIaKCHbIX ANCTAHIIMOHHO
VIIPaBISAEeMbIX H(MPOBBIX IJTEKTPOHHO-ONTUYECKUX
kamep (DOK) u MHOrOKaMepHbBIX KOMILIEKCOB HA MX
OCHOBE /IJIsI CBEPXCKOPOCTHOM perucrpanuu ObiCTPO-
npoTekaonmx mpoieccos. Pazpaborannas B « HITIT
HAHOCKAH» comectno ¢ «<HITK BUJEOCKAH»
JByXKaHaJIbHas 9/1€KTPOHHO-ONTHYECKAsE KaMepa
HAHOTEUT T2 (NANOGATE T2) nocrpoena Ha
OCHOBE JOPA0OTAHHBIX ABTOPAMHU ILJIOCKUX 3JIEKTPOH-
Ho-onTuuecknx mpeodpasosatenein (DOII) Broporo
IIOKOJICHUA.

N3o6paskenne perucTpupyemMoro o6bekta uepes
BXO/IHOI OOBEKTHUB U JIMH30BO-TIPU3MEHHYIO CUCTEMY
JlesteHs n3006pakKeHust IPOeUPYeTcs Ha HECKOJIBKO
KaHayoB (B aHHON KamMepe — Ha [Ba) 1 (POKYCHPY-
ercst Ha (DOTOKATO/IBI IBYX 3JIEKTPOHHO-OIITHYECKUX
npeoGpasoBareseil. Ha Kaxaplil u3 AByX 3JIEKTPOH-
HO-OITHYECKUX TpeoGpasoBaresieil nocrymaer 50%
9HEpPruu perucTpupyemoro mzobpaskenuns. Taxas
9JIEKTPOHHO-OTITHYECKAST CXeMa KaMepbl 00eCIeInBaeT
OTCYTCTBHE MapaJakca IPU MHOTOKAHAIbHOH (MHO-
TOKa/IPOBOIT) CheMKe ObICTPONPOTEKAIUX MPOIEC-
coB. B kamepe nmpumenensr DOII ¢ pabounm aumamer-
pom dotokatoga 18 mm u [13C marpuisl popmara
1/2" 1390 x 1040 nukceneii. Bce Bpementbie u sHep-
retnueckne mapamerpbl kamep cepun NANOGATE
(/:[JII/ITGJIbHOCTI/I 3aTBOPHBIX MMITYJbCOB, BPEMEHHAA
3ajepskKa 3amycka n koadpdunuent yenaenus IOII)
YCTAHABJIUBAIOTCST AUCTAHIIMOHHO C YIAJIEHHOTO KOM-
nbrotepa (HE3aBUCUMO I KaK/0r0 KaHaua) B Jiha-
Ma3oHax:

10 1c g 20 MKC
(mrar 10 ne);

40 1c u 1 300
Mxc (mrar Suc);

JUTHTEJIbHOCTH 3aTBOPHBIX
umnyabcoB DOIL

BpEMEHHbIE 33/IePXKKH
3alycKka Kamep

koaduimenT
yeuneans JOII

ko puImeHT
yeuneans JOII
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PesynbpTupytoniee mpocTpaHCTBEHHOE pa3perie-
Hue JOK, mpuBesienHoe K POTOKATOMY, COCTABJSET
30mm-1 mpu 10 He m 33 MM-1 A9 OCTAaNbHBIX 3HA-
YeHU JAJUTEJbHOCTN 3aTBOPHBIX mMITyJsibcoB DOII.

B kaxmoM m3 KaHAJOB BO3MOKHO BKJIOYEHUE
pexkrmMa MHOTOKPATHOM 3KCIO3UIINH, TIPU KOTOPOM
aJIeKTpoHHDBIHN 3aTBOp JOII mocsenoBaTeIbHO OTKPHI-
BaeTCs HECKOJIbKO pa3 yepe3 TOYHO 3a/[aHHble MHTEp-
BaJsibl BpeMeHn. Takum o6pa3oM, ¢ 0JJHOTO KaHasa pe-
TUCTPHUpYeTCs M306pakeHHe, COCTOSIIee M3 HECKOTb-
KUX CJIOKEHHBIX M300paskeHUl JeTSImero o0beKTa.
[TporpammHo-anmmapatubie MeTOAbI (POPMUPOBAHUS
BPEMEHHBIX MWHTEPBAJIOB 00ECTIEYMBAIOT TTOTPEITHOCTD
ux ycranoBku metee 0,1%, oGecrieunBasi Mpu 9TOM
BBICOKYIO TOYHOCTb M3MEPEHUS MPOCTPAHCTBEHHBIX
XapaKTepUCTHK O0BEKTa MePeMeIIaioIierocss B Ipo-
CTPAHCTBE CO CKOPOCTBIO /10 7 —8KM / CeK.

B noksaze mpuBeseHb! pe3yIbTaThl PETUCTPAIINN
n300pasKeHNI OBICTPOIIPOTEKATONIUX TIPOIIECCOB TTPH
HAHOCEKYH/IHBIX BpPEMeHaX 39KCITO3UINN, TOJTyYeH-
nple kamepamn cepun HAHOTEWT B pasamunbix
nHay4Hbpix nenrpax crpanbl (PHIL «KypuaTtosckuii
WNuctutyt>, MHCTUTYT TEMJIOPUZNKHI 9KCTPEMATHbHBIX
coctostanit OVBT PAH, VHcTuTyT 31ekTpodusnkn
u snexrposnepretukn PAH u 1p.).

CUCTEMBI BBICOKOCKOPOCTHOM
BUJIEOCBEMKU U OIIBIT
UX MIPUMEHEHUS B
AKCIIEPUMEHTAJIbHON ®U3UKE

A. A. byty3zos, B. II. MaiioroB,
JI. @. OBunnuukos, K. 0. OKyHbKOB,
1. M. Cemun, M. C. CEMUH

3A0 «HIIK BUJEOCKAH», Mocksa, Poccuga

B nokmaze npencraBiieHbl apaMeTpbl pa3pado-
tannoii B 3AO HIIK «BUUJEOCKAH» cucrembr
ckopocTtHoll BugeocbeMku VS-FAST u pesynbraTo
ee IpPUMEHeHUs IPU PerucTpanu ObICTPOIPOTE-
KaIOIMKUX TTPOIECCOB B PA3JUYHBIX 06JIACTIX HAYKH
u texauku. Cucrema VS-FAST o6iiaziaer BbICOKUME
MPOCTPAHCTBEHHO-BPEMEHHBIMU XapaKTePUCTUKA-
MU U [O03BOJISIET IIPOU3BOIUTH PETUCTPAINIO OBICT-
POIPOTEKAIONIUX TIPOIECCOB € KaJPOBOW YaCTOTOM
488 —250 000 kaapos B cexynay (cm. Tabu.), ocy-
MIECTBJISITD OMEPATUBHBIN ITPOCMOTD 3apEruCTPUPO-
BaHHBIX BU/EON300PAKEHUN U BBIIOJIHITh UX TMPEJ-
BapuTeJbHyI0 06paboTKY.

Tabruya
Yacrora kagpoB | MakcUMalbHO BO3MOXKHbII popmar
B CEKYH/LY PETHCTPUPYEMOTO H300PAKCHIIS
[lo 488 1280*1024
500 1280*1000
1000 1280*500
2000 1280*250
5000 1280*100
10000 1280*50
250000 1280*1

CucremMa BBITTyCKaeTCs KaK B I[BETHOM BapHaHTe
TaK U B MOHOXPOMHOM.

Cucrema BRJIOYAET B ceOs:

— Kamepy ckopocTHO# BUIEOCHEMKH ¢ OOBEKTH-

BOM;

—  YmpaBagionnii KOMIbIOTEP;
— CoelMHUTETHHBIN KabeIb.

[To »xenannio 3aKa3uMKOB MbI MOXKEM yCTaHABJIN-
BaThb KaMepy CKOPOCTHON BU/IEOCHEMKHU B 3aIUTHBIN
TEPMO-KOKYX JIJIST UCIOJIb30BAHUS KaMepbhl TIPU TEM-
neparype okpyskaioriero Bozayxa ot —30 no +50° C.

CoenHUTETbHBIN Kabe b KaMepa-KOMIbIOTep
uMeeT JauHY 710 50 METPOB W TaKKe MOXKeT ObITh
clleJIaH [ 9KCILTyaTallud TIPU TIOHMKEHHON TeM-
neparype.

B cucremy mosker ycranaBiauBatbes GydepHas
naMaTh, obecnednBaiomas Bpems Bugeosanucu (Ipu
MaKCUMAJbHOM pa3Mepe KaJpa U MaKCUMAJbHO KaJl-
poBoii wactore) ot 2,6 10 16 cex. BoaMokHO, yBe-
JINYEHNEe BPEMEHN BUICO3AITNCH 32 CUET YMEHbBICHUS
yucaa cTpok B Kajape (IIpy cOXpaHeHnn YnCIa THKCe-
JIell B CTPOKE) PErMCTPUPYEMOTO M306PasKEHUS .

/lnamnason ycraHaBJIMBAEMbIX HKCITO3WITHI B CHC-
teme VS-FAST ot kagpoBoro mepuoga g0 10 Mkc.
[lns obectievenust Gosiee KOPOTKUX IKCIMO3UIIHUIA,
BIIoTh 10 10 HC, KamMepa MosKeT ObITh OCHalleHa
3JIEKTPOHHO-ONTUYECKUM 3aTBOPOM Ha ocHoBe DOII.

Cucrema VS-FASTmmpoko mpuMeHsieTcss BO MHO-
IUX HaydHbIX yupexjaeHusx crpanbl (BHUNDD,
BHUUT®, MOTU, MTY u 1. 1.). C NOMOIIBIO
CUCTEMBI MOJKHO TTPOM3BOJUTH MCCJIEOBAHUS B pPas-
JIMYHBIX 0OJIACTSX TEXHUKU U HAYKHU.

B wactnoctu B BHUMNO® 6biiin ipousseieHbl
ChEMKH MPOIECCOB B3PbIBA MOINIHOTO 3apsina BB
B oObeMe 3aI0JTHEHHOM MOKapPHON MEHOW W UCIIbITa-
HUS MaKeTOB 9KCIEPUMEHTATBHOTO 3apsijia.

Ha 6asze u ¢ yuactuem creruanuncro MIYII
[THUWN «Bypepecrauk» (H-Hosropoa) 6bumm mposezie-
HBI CheMKH PA3JTMYHBIX OAJTMCTUYECKUX MTPOIECCOB.
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NMITYJAbCHBIE XUMHNYECKHE
NCTOYHHUKU CBETA
C AETOHAIIUOHHBIM
NHUIINNPOBAHUEM

M. C. [rosnos, JI. 1. BysHOBA,
C. U. CBET/IMYHBIN

Duanan VHCTUTYTA 9HEPreTUYECKUX TTPO6IEM
xumuueckoir pusuku PAH, Uepnorososka, Poccus

PaccmarpuBaioTcst MOIHbBIE MHOTOPA30BbI€ UM-
nysabcHbie (M UMY TbCHO-TIEPUONYECKIE) XUMU-
YyecKre MCTOYHMKHU CBeTa Ha OCHOBE CMecell AuinaHa
€ KHUCJOPOIOM HJIN OKHCTAMU a30Ta. AnnabaTmdeckast
TeMIIepaTypa B3PbIBa B HUX PEKOPIHAS /IS XUMWH
n cocrapisier okosio 6000 K. /1 pa3zHooOpasHbIX
npuMeHennii (HaKauyKka TBEPAOTENIBHBIX aKTHBHBIX
a/IeMeHTOB, Masgkh, MK-noBynkn u np.) GbLim paspa-
6OTaHBI JIAMITBI PA3JIMYHO reoMeTprun. XapaKTepHble
pasMepsbl BapbupoBaimch oT 1 10 50 c¢M, wu3Jyyao-
e 00beMbl — OT HECKOJIBKUX CM3 JI0 HECKOJBKUX JI,
sHeprus udnayuyenuss — ot S0 [x no mecsatkoB Kk,
JUTATENBHOCTD M3JydeHus: o6brauo ot 0,5 1o 3 Mc.
PaGoune maBsenusi cmecu coctaBisiii 1 —2 at™. B coc-
TaB cMecu BXoauau ocobbre no6askm (~1%) tuma
BClL,, xotopble o6ecriednBaIn HEOOXOANMYTO U3/Tyda-
TEJBHYIO CTIOCOOHOCTH. [1o m3MepenusM u pacuetam
ceetoBoii KIT/] momo6nbix mamm 0koso 20%.

CoXXHO 3a7laueii 0Ka3aJ0Ch OCYIIECTBUTDH ObIC-
TPOE, OTHOCHTEJIHLHO OJTHOPOIHOE U Ge30TIacHOe WHU-
IUUPOBAHNE B3PBIBOB B YCTPONCTBAX 3HAYMTEHHOTO
o6bema. TompKo eToHalmst 06ecrneunBaeT CropaHue
MCXOJTHOTO Ta3a 3a BPEMEHa, CYIECTBEHHO MEHbIITHE
BPEMEHW OCTBIBaHUS MPOAyKTOB. Jlydime Bcero mmst
9TOTO MOAXOJUT TEPENyCK JAETOHAINN U3 «UHUIUH-
pyfomieity TpyO6ru. OpHAKO, B psijie CAyYaeB pa3Bu-
BaeMble JIaBJEHWST BO B3PbIBE CTOJIb BBICOKHU, UTO
Jlaske caMmble TPOYHbIe pa30opHbIE 3JEeMEHTDI KOHC-
TPYKIIMK pas3pylnanuch. VccaenoBanue pesknMoB
PaACIPOCTPAHEHUsT JIETOHAIIMK TTPU BBIXOJIE U3 Y3KUX
KaHAJOB B 00BbEM TMOKA3aJI0, YTO Pa3pyuieHus: Ipo-
MUCXO/SAT TIPU HAYAJbHOM JABJIEHUH CMECH He BBIIIE,
a HUKE HEKOTOPOTO KPUTHYECKOTO HAYAJIBHOTO JIaB-
JIEHWST CMECH, 3aBUCSIIETO OT JJIUHDbI «UHUIITHPYIO-
nieii» TpyOKu. OTBITHBIM ITyTeM HaiiIeHbl ONITUMAJIb-
HbIe pa3Mepbl «MHUIMUPYIOMNX» TPYyOOK, obecredn-
Balolre HaJeKHOe U Ge30MacHoe MHUIMHPOBAHME
JIeToHAINU B pabounx cMecsx npu gasjaennu 0,2 atm
u Bbille. B urore 6bLI CKOHCTPYUPOBAH Psifi YCIIEl-
HO paboTaIONINX WHUIMATOPOB PA3JNIHON (HOpPMBbI
U CUMMETPUU.

Baskneiinme H0CTOMHCTBA XUMUYECKUX HUCTOYHH-
KOB CBeTa: aBTOHOMHOCTb, MOOGUJIBHOCTb U KOMITAKT-
HocTh. JlazepHast rerepaitusi Gblia nosrydena Ha Nd**
docdarnbix crexaax, A= 1,06 mxm. Jlazepuprit KIT/I

U ylesJbHas SHEPTUs TeHepaluu B MHOT03JIEMEHT-
HBIX ycTpoiicTBax mpubmamkaoTes K ~1% u k ~1 JIx
¢ 1 cM® aKTHBHOTO AJIEMEHTA, COOTBETCTBEHHO.

PULSE CHEMICAL LIGHT
SOURCES WITH DETONATION
INITIATION

M. S. Drozbov, L. I. BuBNova, S. I. SVETLICHNY]J

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 K). 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 KJ, duration
of radiation is usual from 0,5 up to 3 ms. Working
pressure of a mixtures is 1—2 atm. 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 Nd** phosphatic glasses was obtained,
A = 1,06 micron. Laser efficiency and specific ener-
gy in multielement devices approach to ~1%
and ~ 1 J /1 cm®of an active element, correspondently.
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KYMYJISTUBHBIE ABJIEHUS
B 3APA/IAX KOHIEHCUPOBAHHBIX
BB, COJAEPKAIIAX
BBICOKOMO/IYJIbHBIE
YIIPYTUE DJEMEHTBI

M. A. Banarancknit', A. JI. MaTpPoCcoOB?,
M. A. Cragnnuenko?, A. B. Bunorranos!,
A. 1. Tnymos!

'"HoBocu6npcKuii rocy1apcTBEHHbII TeXHIYECKUIt
yuuBepcuret, HoBocubupck, Poccust

Nuctutyt ruapoaumHamMmuku umM. M. A. JlaBpeHTbeBa
CO PAH, Hosocut6upck, Poccust

B3pbiBHBIE cECTEMBI HA OCHOBE 3aps/IOB KOHJICH-
cMpOBaHHBIX BB, BKJIOYAIONIX BBICOKOMO/Y TbHBIE
yIpyTrue 5JeMeHThI, TaKhe KaK KePaMUKU U CTEKJIa,
[IPEJICTABJISAIOT GOJIBINON UHTEPEC JIJIs1 UCCIIe/JOBAHUIA.
B wactHOCTH, B HUX MOTYT HaOJIOJAaTbCS KyMYJIsi-
TUBHbIE SIBJIEHUS. B JuTeparype omnucaHbl IpoIec-
CBI KyMYJISIIUK TP B3PBIBHOM 06KaTHH TPYOKHU U3
OKHCH aTOMIHUS U 3(PEKT MOBBIMIEHNS JTOKAIBHOTO
JlelictBus B3pbiBa 3apsiia BB, nomemennoro B 060-
JIOUKY u3 Kapbuga kpemuusi. B pannoit pa6ore bl
IKCIIEPUMEHTAJTbHO H36JIIO[[3JII/I SABJIEHNE KYMYJIAIIUN
B naccusuoM 3apsige jutoro TT 40 /60 Ges kymy.is-
TUBHOHN BBIEMKM IIPU €0 Y/IapHO-BOJIHOBOM Harpy-
JKEHUU B3PBIBOM aKTUBHOTO 3apsi/la Yepe3 BOJLy IMOC-
Jie TTPEeIBAPUTEIHbHOTO CXKATUSA OTlepekaonieil BOJ-
HOU yepes3 cTepiKeHb u3 KapOuga KpeMuus. SBienue
MPOSIBUJIOCH B 0Opa3oBaHuu Kparepa B 06pasiie-CBU-
neresie TayOuHOl okoso 10 MM U [UaMeTpPOM OKO-
a0 5 mM. O6pa3sel-cBu/ieTe b yCTAaHABIUBAJICS HA
3a/IHEM TOPIIE MMACCUBHOTO 3apsia JJs Onpe/e/eHus
HaJiA4uusg UJan OTCYTCTBUA AE€TOHAIIUN. HpI/I 9TOM IIO-
BEPXHOCTHh 06pa3la-CBU/IETENS MMesa 1BeTa mobe-
JKAJIOCTH, YTO CBUETENbCTBOBAJIO O /IEHCTBUU BbI-
cokux temmeparyp. Ilo HameMy MHEHUIO OCHOBHAs
IpuinHa KyMyJiAnun IIpoAyKTOB B3PpbIBa ITaCCUBHOTO
3apsja BB sakiiouaercs B ero jlecencubuinsaium
IIPU HArPYy>KEHUH OTlepeskaloNieil BOJHON 1 MOCIey10-
1leM UHUIIMUPOBAHUU HE C TOPIEBOI, a ¢ GOKOBOI
MTOBEPXHOCTH.

Pa6ota BbiTiosiHeHa TTpU (PUHAHCOBOH MOJI/IEPIKKE
PDODU, npoexr #06-08-00138.

CUMULATION PHENOMENA IN HIGH
EXPLOSIVES, WHICH INCLUDE HIGH
MODULUS ELASTIC ELEMENTS

I. A. BaLacansky', A. D. MATROSOV?,
I. A. STADNICHENKO?, A. V. VINOGRADOV',
A. 1. GLumov!

Novosibirsk State Technical University,
Novosibirsk, Russia

nstitute 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).

JUDPAKITUS YIAPHBIX
U JIETOHAIITMOHHBIX BOJIH
B TA30B3BECHX

10. B. KpratroBa, A. B. ®enoros, T. A. XMEJIb

Nuctutyt TeopeTnvyeckoil u MPUKJIAIHON MEXaHUKI
um. C. A. Xpucrnanosuua, HoBoscubupck, Poccus

B nanwnoii paboTe Ha ocHOBe (PUBUKO-MaTeMa-
TUYECKOU MO/e/n ABVWKEHUS ABYX(MaszHOU cpejbl
B paMKaX /JABYXCKOPOCTHOW AByXTeMIepaTypHOU
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MEXaHWKN TeTePOTeHHDBIX CPeJl M YICJIEHHOTO MOJIeJN-
POBaHMS ABYMEPHBIX TEUEHWH aHAJU3UPYIOTCS BOJI-
HOBBIE CTPYKTYPBI, BO3HUKAOIIME TTPU AU PAKINN
VIApHBIX W JIETOHAIIMOHHBIX BOJIH Ha pacrajie ceve-
HUS TJIOCKOTO KaHaJta. B KauecTBe paboyero Tesa, 3a-
MOJTHSTIONIET0 KaHaJl, PacCMaTPUBAIOTCSI MOHO/MCIIEP-
CHBbIE CMECH YaCTUIl aJIOMUHUS PA3JIUIHOTO JHaMeTpa
n kucaopoza. ITokasano, uto: 1) BausHME pasmepa
YaCTUI] HA KapTuHY Au(pakiuyd yAAPHBIX BOJH Ha-
n6oJiee BBIDAKEHO B MHTEPBAJie BPEMEHM, KOT/a Xa-
paKkTepHbIE Pa3MepPhl CTPYKTYP COMOCTABUMBI C MaCIII-
TaGaMu PEJAKCAIIMOHHBIX 30H; 2) PasBUTHE TIPOIECca
neronanuu (CPbIB ¥ PEMHUIIMUPOBAHKE) 3aBUCHT KAK
OT COOTHONIEHNSI CTOPOH Y3KOW M IMTUPOKOH 4acTH Ka-
HaJla Tak W OT pa3Mepa YacTHUIl, MAaCCOBOW 3arpy3Kn
7 CTETeH! TepecKaTusl JAeTOHAIMOHHON BOJHBI.

DIFRACTION OF SHOCK
AND DETANATION WAVES
IN DAS SUSPENSIONS

Yu. V. Kratova, A. V. FEporov, T. A. 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.

MEXAHU3M PACIIPOCTPAHEHU
BOJIHbI HEITHOU PEARKIIUU

B. I. Krurep, A. B. KalEHCKUIA,
M. B. AuanbeBA, A. II. BOPOBUKOBA,
A. A. 3BEKOB

KemepoBckuii rocyiapcTBeHHbDI YHUBEPCUTET,
Kemeposo, Poccus

Bo3MOKHBIM KaHAJIOM TIPEBPAICHNS SHEPTUH, BbI-
JleITtoneiicss Tpu pas3JiosKeHU! SHEPTETHYECKUX Ma-
TEPUAJIOB, HAPS/LY C AUCCHUTIAIAEH B TEIIO, SBJSCTCS
PasMHOKEHHE HIEeKTPOH-AbIpounbix (e.h.) map, uTo
MPUBOJIAT K PA3BUTUIO B KPUCTAJLIE SHEPTETHIECKOMN
nennoit peaknuu (IIP). CKopocTh pacmpocTpaHeHus
peaKIn B3PBIBHOTO Pa3JIOKEeHUs B a3uje cepebpa
(AC), MHUIMUPOBAHHOTO MMITYJTbCHBIM M3JTy4eHHEM,
coctasJsier Besmawny ¥ ~ 1000 M /¢, 4TO 3HAYUTETD-
HO MeHbIIe ckopoctn getoHanuu (V' ~ 5,7 kMm/c),
HO Topasao Gosblre ckopoctn roperns (V ~ 5 m/c).
[enpio HacTosimiel paGoThI SABJIsETCS (DOPMYJIUPOBKA
7 anpobarnus HOBOTO MEXaHM3Ma PacClpoCTpaHEHUS
BoJHBI [[P 110 KpucTanay, OTAMYHOTO OT W3BECTHBIX
MEXaHW3MOB JIeTOHAIINK 1 TopeHust. OCHOBHAS THTIO-
Te3a MpeAIaracMoro MeXaHu3Ma COCTOUT B TOM, 4TO
Pa3MHOKEHNE HIEKTPOHHBIX BO3GY KAeHnii (nmepenoc-
YMKOB IEMK) 3a CYET IHEPTUH PEAKIINH TIPOUCXOIUT
He TOJbKO B OOJYUEHHOU 30HE, HO W B HEKOTOPOM
CJI0e TOJIIIMHON 7, BHE €e.

CurreieTBUEM 5TOTO sIBAISIETCS 3Ha4nTepHoe (Gosee
YeM Ha MOPSAJ0K) yBEJTUYEHHE MOPOTOBOH TIJIOTHOCTH
SHEPIrUN MHUIMIPOBaHs peakiun (F ) P yMeHbite-
HIM quaMerpa obuydaemoii 30ab1d = 1000 @ 10 MrM.
C apyroii cTOpOHBI, Tiepe/lavya SHEPTHH M3 PEAKITNOH-
HOH 30HBI TPUBOJAUT K yMEHbBIIEHUIO 9 HEKTUBHON
KOHCTAHTBI 9KCITOHEHITMATBHOTO POCTA (Kp) CKOPOCTH
IIP (rrpu BapbupoBaHuy d B TEX Ke Mpe/esax).

ComnocraBJieHe ¢ 9KCITEPUMEHTOM TTO3BOJIUJIO OII-
penesnThb 9 PEKTUBHOE PACCTOSHIE TIepelavun SHEP-
run £y =55 = 5 MM g H (d) n ry= 60 = 5 MM
ans K (d). TIpakTuueckoe CoBIa/ienne MoJyYenHbIx
BEJIMYMH 7 TI03BOJIAET T10JIaraTh, YTO yMEHbIICHHE
K (d) u yseqmuenue H (d) npu yMeHbIeHnn amer-
pa 30HbI 061yyeHnss (Ha 3 OPSKA) OTPEAEISIOTCS
OZTHOW M TOW Xe MPWYMHON — Tepegadeil sHepTUN
peakIu n3 o6Jy4eHHON 30HBI B HETIPOPEAarnpoBaB-
MIy10 4acTh KPUCTAJLIA.

C nomyvyeHHbIME 3HAYEHHUAMH 7, TIPOBEIEHO MaTe-
MaTU4ecKkoe MojesMpoBanne (OPMUPOBAHUS U pac-
npoctpanenust mo kpuctaary AC Bomnawr [[P. Pac-
CMOTPEHBI HECKOJIBHO BAapUAHTOB WHUITUUPOBAHUS
IIP: remepanus e. h. map B mpUIIOBEPXHOCTHOM
06JTacT! KPUCTAJIJIa, 09aroBO€ W rOMOTEHHOE BO3-
Oysknenne. PacyeTsl MPOBOAUINCH TTPU PA3JUYHBIX
pacmpeiesieHusX M0 KPHUCTAJNITY KOHIEHTpAIUuu
1eHTPOB o6pbiBa 1enn. [losydeno amaantTndeckoe
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BBIpaKEHHE /IJIsI CKOPOCTH PACIIPOCTPAHEHNUS Peax-
IUU 110 KPUCTAJIY B 3aBUCUMOCTH OT TTApaMETPOB
Mozesn. [lomyueHHbIe 3aKOHOMEPHOCTH 1 PACCUNTAH-
HbIe CKOPOCTH PAaCHPOCTPAHEHWS PEaKINN MO KpHC-
TATy OJIU3KHM K 9KCHEePUMEHTATbHBIM.

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 (¥ ~ 5.7 km /s) and is greatly
more than burning rate (¥ ~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 r, out-
side area too.

In result of this the threshold energy density
(H)) of reaction initiation under decreasing irradi-
ated area diameter d = 1000 v 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 (K) of chain reaction rate (under varia-
tion d within the same range).

The comparison with experiment allowed to
determine effective distance of energy transfer
r, =955 =5 pum for H(d) and r, =60 = 5 um for
K (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
r, 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).

B3PbIBHOE PA3JIOKEHUE
KPUCTAJIJIOB ASUJIA
CEPEBPA B KOHTAKTHOM
IJEKTPUYECKOM IIOJIE

/1. B. [lospbiHuH, B. V1. KPAIIEHUHUH,
JI. B. Ky3bmuHa, E. I'. TABEHAYP

TOY BIIO «KemepoBckuii rocyrapcTBeHHbII
yuuBepcurers, KemepoBo, Poccus

[lepio HacTosiMEl PaOOTHI SIBJISIETCST U3YUEHHE
OCHOBHBIX 3aKOHOMEPHOCTEN M Pa3BUTUE MOJIETbHbBIX
MIpe/ICTABJIEHII TIPOIECCa TIepeX0/Ia PeaKIuu Me/IJIeH-
HOTO 3JIEKTPOIIOJIEBOTO PA3JIOKEHWST BO B3PBIBHOE
B KpUCTa/LUIaX a3uja cepebpa.

PaspaGoTrana MeroauKa W3MepPeHUS B3PBIBHON
YYBCTBUTEIHHOCTH KPHUCTAJJIOB a3ujaa cepebpa mpu
JIEHCTBUN TTOCTOSIHHOTO 3JIEKTPUYECKOTO 110JIsT. B3phiB-
HYIO YYBCTBHUTEJIBHOCTH ONPEIEIsIN KaK BPeMs 3a-
JIEPKKHU B3PBIBA, MPU KOTOPOM C JOCTOBEPHOCTHIO
50% MoskHO (ukcupoBaTh (GakT B3pbiBa 00pasiia,
OTIpe/leITeMOT0 10 BeIbImKe. [[0CKOJIbKY m3Me-
psieMas BeJUYMHA BPEMEHU 3a/eP)KKHU B3PbIBA CO-
JIEPIKUT BEPOSITHOCTHYIO KOMIIOHEHTY, M KaK ITTOKa-
3aJI1 HKCIEPUMEHTBI, 3aBUCUT OT Guorpaduu o6pas-
1a, TO JJIs ydYeTa BCeX YKa3aHHBIX MapaMeTpoB
B KauecTBe 9TAJOHHOTO BbIGPAHO BPEMsI 3ae€PIKKU
B3PbIBA TIPU HANPSIKEHHOCTH KOHTAKTHOTO 3JIEKTPHU-
geckoro monst 3kB/em (Ga-AgN,), T. K. aTa Hanps-
JKEHHOCTb COOTBETCTBYET IIpu BepositHocTH 50% Bpe-
MeHU 3a/iepKKu B3pbiBa — 350 cek. Iloatomy 3K-
CIIepUMEHTAJbHbIE PE3YJIbTATHI 10 BJIUSHUIO Pas3-
JIUYHBIX BUAOB 00paGOTKH HAa B3PBIBHYIO UYBCTBU-
TEJIbHOCTb OY/IyT CPABHUBATBHCS C 9TAJOHHBIM 3HAYe-
HIEM, U3 9€r0 MOYKHO C/IeJIaTh BbIBO/ HA KAYeCTBEHHOM
ypoBHe 0 Hasmunn 3hdeKTa NIl ero OTCyTCTBUN.

IKCIePUMEHTAIBHO YCTAHOBJIEHO, YTO B3PBIBHOMY
Pa3JIOKEHNI0 KPUCTAJJIOB a3uaa cepebpa Impejiiec-
TBYET Pe3KOe yBeJndyeHne CKOPOCTH BHEITHEro ra3o-
BbBIJIEJIEHUsI, 9JIEKTPUUECKOIl TPOBOAMMOCTH, a TaK-
JKe M3MeHeHUe JUHEeHHbIX pa3MepoB 00pasIloB.
O6HapysKeHa TUTAHTCKAS 3JEKTPOCTPUKIINS KPUC-
TAJJIOB asuja cepebpa. MakcuMaabHOE N3MEHEHUE
pasMepoB KPHUCTAJJIOB COOTBETCTBYET 3HAYEHUIO
AU=(1,6£0,5)-102.

Ha ocHoBe 110/1y4eHHbIX 9KCIIEPUMEHTATbHBIX JaH-
HBIX TIPEJIOKEHa HEMPOTHBOPEUNBAs MOJIEJb Iepe-
X0/Ia PEAKINU ME/JIEHHOTO 3JIEKTPOIIOJIEBOTO PasJio-
JKEHUST BO B3PBIBHOE, MTPECTABJIIIONIAS PSI/] IOCTIEI0-
BaTebHBIX CTA/UI: WHKEKIHS OCHOBHBIX HOCHTEJIEN
sapsana (IpIPOK); pasBUTHE PEaKINN B PEaKIIMOHHBIX
00J1aCTSX; TeHepaIisl HOBBIX INUCJIOKAInil u o6paso-
BaHNE HOBBIX PEAKIIMOHHBIX 00JIACTell; Pa3BUTHE Pe-
aKIMU B HOBBIX PEAKIIMOHHBIX 00JIACTAX. ITO MO3BO-
JIMJIO TIPE/ICKa3aTh MUHUMaIbHOe BpeMs (2 mun 30 ¢)
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nepexo/ia Me/JIEHHOTO 3JIEKTPOTIOJIEBOTO PA3JIOKEHST
BO B3PBIBHOE B KPHCTaJIaX asuja cepedpa.
Paspa6oTaHbl HOBbIe METO/IbI YIIPABJICHUS B3PbIB-
HOM 1yBCTBUTEJIBHOCTDIO KPUCTAJIOB asu/a cepebpa
¢ momompo arekrpuuecknx (E =107 +172 B /cm),
maruuTHbiX (H = 0,3 Ta) u ynpyrux moJeii.

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
measured 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 3kV /sm (Ga—AgN,) 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
AL = (1,6x0,5) 1072

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-

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 =107 102V /sm), magnetic (H = 0,3T) and
elastic fields are developed.

NMHUIIUHUPOBAHUE A3NU/10B
TAKEJIBIX METAJIJIOB
BHEIIITHUM UMIIYJIbCOM

B. M. JIucunpig, B. Y. Oaemko,
B. II. Hununes, A. H. dKOBIEB

Tomckuil nonmuTexHU4YeCKNil yHUBEPCUTET,
Tomck, Poccus

WccemeioBanb! sHEpreTHUeCcKye OPOTH W KMHETHKA
mpoliecca WHUIMIPOBAHMS a3UI0B TSKEJIBIX METaJl-
s0B (ATM) (Ioponku, MakpOKpPHCTAJLIbI, HUTEBU/I-
HbI€ KPUCTAJLIbI) TIPU BO3OYK/IEHUIH KOPOTKUM MMITYJIb-
COM JIa3ePHOTO M3/IyYeHNs B 00JIACTY TIPO3PAYHOCTH a3W/I-
HOIl MAaTPHITBI M B 0OJIACTH U B 06JIACTH CUJIBHOTO COOCT-
BEHHOTO TIOTJIOMIEHW, a TaK:Ke UMITYyJIbCOM YCKOPEH-
HBIX 3JIEKTPOHOB.

[IpoBeneno cpaBHenme uyBcTBUTEbHOCTH ATM
npu Bo3OY:KAeHUH ITyuKoM HeoumoBoro (A = 1060 nm),
akcnmeptoro (A = 308 um) u CO, (L = 10600 um)
JIa3epoB, a TaKKe MMITYJbCOM 3JIEKTPOHOB C 3HEp-
rueit 300 kaB. CornocraByienne TOPOroB TPOBO/INJIOCH
1o Hau6o/iee HHPOPMATUBHOMY HapaMeTpy w,, IOpPo-
TOBOI 06BEMHOI TVIOTHOCTH 9HEPTUH — MUHUMAJTbHOMN
9HEPTuH, TIOTJIONIEHHOH B efiuHuile o6beMa BB we mpu-
BOJIAIIEH K B3PBIBHOMY Pa3JI0’KEHUIO BEIECTBA.

[Toxkazano, 4TO TIpU JIa3ePHOM BO3/EHCTBUU B 06-
JIACTH TIPO3PAYHOCTH PEATN3YIOTCST HI3KOTIOPOTOBBIE pe-
JKUMBI MTHUIIUPOBAHMST (w05~ 1073k /em?, p=10%cm ™,
HEOIMMOBDIIA JIazep), a NPH YBEJUYEHUU TIOTJIONCHUST
nopor Bozpacraer or 103/ /cvm® (u = 103cm ™, Co, —
nazep) 1o 10°/Ix /em®(u = 10°cm™!, XeCl — masep).
ITH pe3yJIbTaThl HE MOTYT HAlUTH OOBSICHEHNS C TO3H-
Uil 1enHoi npupoibl (PasMHOKEHUS 30HHBIX HOCH-
TeJeli 3apsaia) 1 TEIIoBoi MaKpoo4aroBoii (TemaoBoi
pasorpes 06/ IydeHHOro o0beMa).

O6cyskaar0TCs BO3MOKHOCTD U MEXAHNU3MBI B3PbIB-
HOTO PA3JIOKEHHs U3 TEIJIOBBIX MUKPOOYATOB IPH
Pa3JIMYHBIX CIT0CO6aX BHENTHEro MMITYJIbCHOTO BO3-
neiictBus. [lenaercs 3aKJioYeHNe B TIOJIb3Y TETLIOBOI
0YaroBOil IPUPOBI MHUIINUPOBAHUS B3PBIBHOTO pas-
JoxeHus: BB npu s1azepHOM U 3J1eKTPOHHO-ITYIKOBOM
UMITYJIbCHOM BO3/I€HICTBUN.



Section 2. Explosion and detonation phenomena 89

OO6Hapy>KeHbI CJIbHbIE PA3JIMYus B TIOPOraX W KHHe-
THKE B3PBIBHOTO Pa3JIOKEHWHW HACBIMHBIX U TTpec-
coBaHHBIX TTOpOmKOB ATM. Tak B HachITHBIX 06pa3-
1ax, T/le peajn3yeTcs BBICOKOIIOPOTOBOEe WHUITMHIPO-
BaHUe, BO BpeMs 00JydeHus 0GHAPY KeHbI TPOOOITHbIE
SIBJIEHUST, HaOJTI0/ITaeMbIe TTPH TTO/TTOPOTOBBIX YPOBHSIX
JIA3ePHOTO BO3/ICHCTBYS, COMPOBOKAAtoIIHECs (asoil
ropenns BB B pexume saryxanus. [lpn naummmpo-
BAaHWU TPECCOBAHHBIX 06PA3IOB M KPHUCTAJJIOB TIpe/l-
B3PBIBHBIE SIBJIEHUS OTCYTCTBYeT. OOGCYKIAAIOTCS TIPU-
YIHBI HAOTIO/ITAEMBIX Pa3JTUYHH.

Pat6ora Bomonraena mpu noaepskke POMU, rpanT
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 (A = 1060 nm), excimer
(A =308 nm) and CO, (A = 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 w  — 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 (w0, ~107J /cm?, p=10?cm™, neodymium
laser) were realized, and at rise of absorption the
threshold increase from 10%J/cm?® (p = 103cm™,
CO? — laser) to 10°J /cm?® (p=10°cm™, 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.

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.

KUHETUYECKUE 3®®EKTDI
B3PbIBHOI'O PA3JIOKEHUA
A3UJAA CEPEBPA

B. I. Kpurep, A. B. Kaneuckuii, B. II. Ilunuies,
A. II. BoroBukoBa, A. A. 3BEKOB

KemepoBckuit rocyjapcTBeHHBIN YHUBEPCHUTET,
Kemeposo, Poccusa

Pa6ora 11ocBsiena sKCIepuMeHTaIbHOMY U Teope-
THYECKOMY UCCJIEJIOBAHIIO KUHETUKHI U MEXAHU3MOB
Pa3BeTBJIEHHBIX TBePAO(A3HBIX IEITHbIX PeaKInii
B DHEPreTHYEeCKUX MaTepuajax, TUIUYHBIM Ipe[-
craBuTesieM KOTOPBIX siBJsieTcs asuzl cepebpa (AC).
[TpoBejieHo KOMILIEKCHOE UCCJIEIOBAHIE 3aKOHOMEP-
HOCTEll B3PBIBHOTO pasJsioskenus kpucraanoB AC me-
TOJIOM CHHXPOHHOTO U3MEPEHUsI OCHOBHBIX TapaMer-
POB TIpoliecca: CBeYeHne 13 30HbI JIA3ePHOTO BO3/ielic-
TBUS, CBeYeHue Bcero o6pasiia, akycrnueckuii (yaap-
HO-BOJIHOBOW ) OTKJIMK. B KauecTBe MCTOUHUKA ONTH-
YeCKOTO U3JIy4YeHUs] MCII0Jb30BAJICS OJJHOMO/IOBBII
O/THOYACTOTHDBIN HEOIMMOBBIII Jlazep. MakcuMabHast
aHeprus uajydenus Jasepa cocrapisier 20 [k, am-
TEJbHOCTDh UMITyJIbca Ha mosyBbicote T = 30 HC.

[lns kaxgoro o6pasiia onpeeissiuch mapaMeTpbl
XapaKTePHBbIX YYACTKOB KUHETUKU B3PBIBHOTO CBeYe-
HUSI, CBETOCYMMBbI, CKOPOCTb PACIPOCTPAHEHUS pe-
aknuu no kpucraary. Ilokazano, 4to curHasbl 30H-
HBIX U 0630pHBIX DDY UMEIOT KaueCTBEHHbIE PA3JIH-
uns. Tlepsble nMeioT npocreiinryio ctpykrypy (ogauu
MAKCUMYM), OTHOCUTEJIbHO KOPOTKYIO IJTUTENHHOCTD
(100—300 nc). Curnasubt 0630pHbIx DAY uMeIOT
COKHYIO CTPYKTYPY (10 4 MUKOB) U GOJIBIIYIO J1/1H-
teabHoctb (2—25 Mkc). OcnoBHas 4acTb (PUKCUPO-
BaHHOTrO naHopaMHbIM DY u3TyYeHUsT OTHOCUTCS
K IIPOJYKTAM PEAKIIUN.

WccnenoBanbl 3aBUCUMOCTU KPUTUIECKOI dHEP-
TUU UHULIUUPOBAHKS B3PbIBHOTO passoxenus AC ot
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pasamepa o6pasua H (r) u quamerpa 30HbI 06Ty He-
uust H (d). Tlokasano, uro 3asucumocts H (d) mosxer
OTIPE/IETISITBCST OCOOEHHOCTSIME TIPOIIeCca Tepeaadn
SHEPTUM MPOYKTOB peakinu pemietke AC. Ixcre-
PHMEHTAJIBHO TI0Ka3aHo, 4to 3aBucumocts H (r) or-
penesisercss nudysneii peareHToB Ha MOBEPXHOCTD
KpUCTAJIa W UX OBICTPO pekoM6uHaImeii Tam. Briep-
BbIE OIpe/iesIeHbl KoadurmerT audysnn peareHToB
(D =0,3 cM?/¢) ¥ KOHCTaHTa CKOPOCTH PEKOMOMHALIIN
e.h. map (crazmm o6pbiBa nierm) k= (4,5 + 0,4)-105 ¢!
B YCJIOBHSIX B3PBIBHOTO pa3dsioykenust o6pasia. Ormpe-
JleJIEHHbIE BEJMYUHBI XOPOIIO COBIAIAIOT C KCIIEPH-
MEHTAJbHBIMHU, MOJYYEHHBIMU MPU UCCJIE[OBAHUH
otonpoBomMocT 1 acpderta Xomma B AC. Pabora
BBIMTOJIHEHA TIpH (puHaHCOBOI noaepxkke PODOU
(# 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
t© =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 ps). 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 H (r) and irradiation zone diameter
H (d). It is shown that H (d) dependence can be
determined by process features of reaction prod-
uct energy transmission to silver azide lattice.

It is experimentally shown that H (#) dependence is
determined by reagent diffusion to crystal surface
and their fast recombination on surface. The first
the diffusion coefficient of reagents (D ~0.3cm?/s)
and constant of e.h. pair recombination rate (break-
ing chain stages) k, = (4,5 = 0,4)-10° s™" 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).

ANHAMUKA PA3JIETA TIPOAYKTOB
B3PbIBA ASU/IA CEPEBPA

H. JI. Anvkep!, A. I. KpEUETOB?,
A. IO0. Murpowanos?, A. C. ITamMNEKH?

"Kemeposckuii puianan VHCTUTYTAa XUMUAN
TBeporo Tema u Mmexanoxumun CO PAH,
Kemeposo, Poccus

2KeMepOBCKHUII TOCY/IapCTBEHHDBIN YHUBEPCHUTET,
Kemeposo, Poccus

Panee 6b1710 06HAPYIKEHO, YTO IIPU B3PbIBE a3u/1a
cepebpa TO/IABJISIONAs YaCTh AHEPIUU BbIJEJISETCS
yoKe TocJie UCIeprupoBanus o6pasia, T. €. Ha cTa-
JIMK pasjieTa MPOJYKTOB B3PbIBa. MOMKHO OKN/ATD,
B CBSI3U C 9THM HArpeBOM, HAJIMYUS HEKOTOPBIX OCO-
GeHHOCTEl B KMHETHKE pPasJieTa MPOJYKTOB B3PbIBA.

OO6beKxTaMi NCCJIEJI0BAHUS CTYKUJIM HUTEBU/IHDIE
KpHCTaLIbl a31jia cepebpa. VHumnpoBane ocymecTs-
astoch umnyabcamu YAG:Nd* nazepa. Ucnosbso-
BaJIOCh /[BA KaHaJa PErUCcTPAlUd — OIIOPHBINH Ka-
HaJl, MO3BOJISIONNI PErMCTPUPOBATD TOKOBBI UM-
IyJIbC B WHUIIHMPYEeMOM 00pasiie M TeCTOBBIN KaHAJ
[IO3BOJISIIONUI PETNCTPUPOBATD TOKOBBII UMITYJIbC
B TECTOBOM Pa3Psi/HOM IIPOMEKYTKE, BO3HUKAIOIIUIT
IIPH €r0 3aMbIKAHUH PA3JIETAIONMMHUCS TIPOJAYKTAMI
B3pbIBa. CUrHAJIBI O/IABAJICH HA BXO/| OCIHJLIOrPa-
da Tektronix TDS3032B. Bpemenuoii caBur Mesxry
OIOPHBIM ¥ TECTOBBIM CUTHAJIAMU OIIPE/IEJISIIICS [IJTH-
TEJIbHOCTHIO 1TPOJIETA TIPOJYKTOB B3PbIBA JI0 TECTOBO-
IO Paspsi/IHOTO TIPOMEXKYTKA.

YBesnuuenue 6aspl pasjera «/» MPUBOAUT K CMe-
IIEHUIO TECTOBOTO CUTHAJIA B CTOPOHY OOJIBIINX Bpe-
MEH ¥ yMEHbIIEHUIO ero aMImTy/pl. Jlo [ = 3 MM ata
3aBHCHMOCTb XOPOIIO ANPOKCUMHUPYETCS BbIpaske-
uieM [ = 0,5a (t — ¢ )* npu a = (3,6 £ 0,2)-10° m /2,
t, = 70£20 nc.

[Tpu yBesmuenun 6aspl pasJjera CBbIIEe ~3 MM, yC-
KOPEHNE T13/1aeT, a 3aTeM C YBEeJMYEHUEM PACCTOSHUS
najaer U CKOPOCTb pasJiera.
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Hanwawe ycKopeHUsS OJIHO3HAYHO CBU/IETEJHC-
TBYET O 9HEPTOBBIIEJIEHUN Ha ATON CTAUU pasJjera
MPOYKTOB B3pbiBa. [109TOMY yCKOPEHHDII XapaKkTep
JIBIDKCHMST Ha HAYAJIBHBIX CTAUSAX pasJjiera MOXKHO
paccMaTpuBaTh B KayecTBE €Mle OHOTO CEPhE3HOTO
JIOBOJIa B TIOJIb3Y CJ/IEJIAHHOTO B TIPEABIAYIIUX pPado-
Tax BBIBO/IA O TOM, YTO OCHOBHASI 9K30TEPMUYECKAs
peaknmsa 2N, — 3N, nmporekaer 8 ATM, B ocHoBHOM,
He B MCXOMHOM 006pasiie, a y:Ke Ha CTaJUU pasJjera
MIPOJIyKTOB B3PbIBA. .

Pa6oTa BbINTONHEHA TMPHU TOAEPIKKE TpaHTA
PDO®DU (npoext 05-03-32010a).

DYNAMICS OF SILVER AZIDE
EXPLOSIVE PRODUCTS RECESSION

N. L. ALUKER!, A. G. KRECHETOV?,
A. Yu. MITROFANOV?, A. S. PASHPEKIN?

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

2Kemerovo State University, Kemerovo, 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:Nd*" 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 «[» increasing is resulted in test
signal displacement to the direction of greater times
and decreasing of its amplitude. Until / ~ 3 mm this
dependence is approximated well by the equation
[=0,5(t =t at a =(3,6 = 0,2)10°m /s?,
t, = 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

2N, — 3N, 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 # 05-03-32010a.

BJUAHUE YCJIOBUI
NEPEKPHUCTAJIIN3AIINN
TATB HA ET'O CBOUCTBA

1. A. Batanosa, H. 10. ®uinunmnosa,
B. II. ®unun, H. II. TAiibUHOB,
T. B. Autunosa, . B. UHemaruna, A. JI. Tarapun

Poccniicknit penepaabHbIil SAepHBIN TIEHTP —
BHUU Ttexnmveckoii puankn
uM. akajg. E.M. 3ababaxuna, Cuexkunck, Poccusa

B noknane mpuBeeHBI pe3yabTaThl OTPAbOTKI
TEXHOJIOTHH TOJTYYeHUs] KPYIHBIX (710 2 MM) KpHUCTaJ-
a0 BB TATDB. Kpucramnmaet TATB nomyvyann mepe-
KpHUCTAJIN3anneil 13 pacTBopa Ha YCTAHOBKE C pery-
JITPYEMOii CKOPOCTBIO OXJIAXK/IeHNS. B KavyecTBe pacTBO-
putess qist BB TATD ucnosib3oBasicst iuMeTniacyib-
doxenn (JIMCO).

TepmocTtoiikocTh kpuctaanoB TATD, nmoayuen-
HBIX TIPU PA3JMYHBIX PEKUMAX TIePEKPUCTAIIN3AIINH,
OblyTa MccaeloBaHa METOJJAMU TEPMOTPABUMETpUYe-
ckoro n auddepeHIatbHO-TEPMIYECKOTO aHATI30B
B cpaBHeHnn ¢ TATDB, nmosy4eHHBIM MTPOMBINIIEH-
HbIM crioco6oM. [lokazaHo, 4TO HajWyue mpuMeceit
B TATD mpuBOAUT K CHIKEHUIO TTapaMETPOB TEPMO-
CTOWKOCTH.

B noxnazme mpusenennl hoTorpadun KpUCTAJIIOB.

OBHAPY/KEHUE CJIEAOB
BB KAIIEJIbHBIM
KOJMTOPUMETPUYECKUM METOAOM

O. B. XpyieBa, B. II. ©unun, H. II. TaitsuHOB,
T. B. Autunonsa, H. B. TAPMAIIEBA,
H. 10. ®ununnosa, T. H. Koraac, B. II. BEgEHUH

Poccwuiickuit degepabHbIil SAEPHBINA TIEHTP —
BHUMU texunveckoii ¢pusnxu
nM. akajx. E. 1. 3a6abaxuna, Cuexunck, Poccusa

B noxmaze oTpaskeHbl OCHOBHBIE 3Talbl pabOTHI
110 COBEPIIEHCTBOBAHUIO METOAMKU KaIleJbHOTO
KOJIODUMETPUYECKOTO IKCIIPECcC-aHaIm3a obHapysKe-
nusi BB. B pa6ore mpe/cTaBiieHbl pe3yJabTaTbl 110
oTpejieJIeHUI0 YyBCTBUTEIbHOCTU 14 BHIOPAHHBIX
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1 yJYYIIEeHHBIX TeCcTOB. Pe3ybTaThl uccae0BaHIi
NPUBE/ICHBI HA MHEPTHBIX MaTeprasax, cMecsx (muep-
THBIH MaTtepuasn + BB) u npo6ax ¢ rpyHTOM.

BJIUAHUE IIOPUCTOCTH
N TEMIIEPATYPbI HA BEJIMYNHY
KPUTHUYECKOIO CEYEHUA
AETOHAIINN BB HA OCHOBE TATB

b. I. Jlosoiiko, B. II. ®unun, O. B. KocTuiibix,
10. A. Benenosckuii, E. B. CMUPHOB,
A. B. BeErminnun, A. C. Hukynus,
B. A. IIectpEunxun, K. M. MupromkuH,
K. M. IIroCBUPHUH

Poccuiickuit degepaabublil g/epHbIi HEHTP —
BHUWMN rexunueckoii pusnku
uM. akajg. E. 1. 3a6abaxuna, Cuexunck, Poccus

WccanenoBanne KPUTHYECKUX YCJIOBHI Pacripo-
CTPaHEHMs JETOHAIIMH KPOMe IparMaTuYecKoro MH-
Tepeca MMeeT BakHOe (pyHIaMEHTaJbHOE 3HAUYEHUE.
B o6racti OKOJIOKPUTUIECKUX YCJOBUI pacIpocTpa-
HEHWS JETOHAINH, PeaJu3yIoNuXcs Ipu NpulImKe-
HUW K KPUTUUYECKOMY CEYEHUIO JETOHAIUU,B 3HA-
YUTEJbHON CTEMEeHU TPOSBISIOTCS (PaKTOPBI, Olpe-
JIEJISONIe KUHETHKY TTPOTEKAHUS XUMUYECKOH peak-
U B JIETOHAITMOHHON BoJHe. Bimsinue atux dak-
TOPOB W WX POJIb Jierde BCETO OOHAPYKUBAETCS [IJIST
B3PBIBYATBHIX BEIIECTB 00JaJaionuX OOJIbIIUM KPH-
TUYECKUM CeYeHUeM JeToHaluu. SpKuMu mpejcra-
BUTEISIMUA TaKWX B3PBIBUATBIX BEIIECTB sBJsseTcss BB
Ha ocHoBe TATD.

B mannoit pa6oTe POBEIEHO HKCIIEPUMEHTATBHOE
onpejie/ieHne BeJUUYNHBI KPUTUIECKON TOJIIUHBI Jie-
TOHAIMY B3PbIBUATOTO BelecTBa Ha ocHOBe TATDB.
WccaeoBano BAWSIHUE HA JAHHYIO BEJMUNHY TaKUX
(aKkTOpPOB KaK MOPHUCTOCTL W TEMITEPaTypa.

EFFECT OF POROSITY
AND TEMPERATURE ON THE VALUE
OF CRITICAL SECTION OF TATB BASED
EXPLOSIVES DETONATION

B. G. Losoiko, 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

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.

NCCIEAOBAHUE
YAAPHOBOJIHOBOIO
NHUIIMNPOBAHUSA BB
HA OCHOBE TATb

b. I. Jlosoiiko, B. II. ®uaun, O. B. KocTuipiy,
10. A. Benenosckuit, E. b. CMuprHOB,
A. B. JIEseneB, B. H. IIlepsakoB, A. I MOXK1H,
O. C. brogsrun

Poccwuiickuit ¢gesiepabHblil SA€pHBINA IIEHTP —
BHUMU rexuuveckoit ¢pusnuku
nMm. akaj. E. 1. 3a6abaxuna, Cuexunck, Poccus

Haw6oJiee mosay1o mHGOPMAIIIO O PAa3BUTHH TIPO-
1ecca yJIapHOBOJTHOBOTO WHUITUMPOBAHUS JI€TOHAIH
MOJIy4atoT PErucTpaIireil IBOJIOINNN BOJTHOBBIX TTPO-
(puneit faBireHNS MM MacCOBON CKOPOCTH.

B pa6ore npejcTaBieHbl pe3yJIbTaThl 9KCIIEPUMEH-
TAJIBHOTO MCCJIe/IOBAHKS Y/IADHOBOJHOBOTO WHUIIUU-
pOBaHUS JIETOHAIIMU B 3apsijlaX M3 B3PbIBUYATOTO Be-
mecrBa Ha ocHoBe TATDB. Muunuuposanue ocyiiect-
BJISLIIOCH B3PBIBHBIM TIJIOCKOBOJIHOBBIM T€HEPATOPOM.
AMIINTYla WHUIIMUPYIOIEH yZapHO# BOJHBI Bapb-
upoBasach ot 15 go 23 I'lla, TommuHON Tperpaibl
u3 dropornacra. [Tapamerpsl ylapHOit BOJTHBI, BXO-
Jia1ell Bo B3pbIBUATOE BEIECTBO, W YAApPHOW MU
JICTOHAITMOHHOM BOJIHBI, BbIXosMIel 13 BB Bo ¢grropo-
IJIACTOBYIO TIPETPajly, ONPEIEsSIUCh TIPU TIOMOIIH
JIBYX MbE30PE3UCTUBHBIX TATYMKOB JIaBJeHus. Peruct-
pupyembie TPOQUIN MTO3BOJSIIN OTPEJEJUTh Bpe-
M MPOXOKAEHUS yAapHoi (JeToHAIMOHHON) BOJI-
Holl 3apsija m3 BB. B otmespHBIX omblTax mporecc
rnepexo/ia yJAapHON BOJIHBI B JIETOHAINIO JOTIOJTHU-
TEeJbHO PErucTPUPOBAJICS IIPU MOMOIH PAJUOMH-
tepdepomerpa. [losyyeHa 3aBUCUMOCTD TJIyOUHBI
BO3HUKHOBEHUS AeTOHAINWU B 3apsae u3s BB ot
JIABJEHNS BXOAsAIeH yaapHoii Bosnel (auarpaMmma
Pop-plot).
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SHOCK-WAVE INITIATION
OF TATB-BASED EXPLOSIVES

B. G. Losoiko, V. P. FiLIN, O. V. KOSTITSIN,
Yu. A. BELENOVSKY, E. B. SmirNOV, A. V. LEBEDEYV,
V. N. ScuerBakov, 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.

NCCIEAOBAHUE
YJIbTPA/IUCIIEPCHbBIX AJIMA30B
CIIEKTPAJIBHBIMU METOAMU

II. 4. JerkoB, H. B. TAPMAIIEBA

Poccuiickuit degepasnbHblil gJepHbIi HEHTP —
BHUWMN rexunueckoii pusnku, CHeskunck, Poccust

[IpoBeneHsI HCccTeIOBAHNS YIbTPAINCIEPCHBIX
anmazoB (Y IA) JeTOHAIMOHHOTO CHHTE3a METOAMK
NK-crexrpockornmu. VccieqoBanns mpoBeIeHbl 1
noponrkoB Y /IA, MOJy4YeHHBIX /[€TOHAIIMOHHBIM CHH-
tezom u3 tporuaa (THT) u cMeceii TpoTi / rekcoren
(T/T), Gensrpudypokcan / TpUaMUHOTPHUHUTPOOEH-
304 (BT® /TATB) B cpaBHEHUH ¢ CHHTETHYCCKUMH
anmasamu (ACM). Tlokaszano, uto MK-cnextp VA
cozepkuT uHMGOpMaNKMio 06 OpraHndyeckKux (HyHK-
IMOHAJBHBIX T'PYIIaxX, aJcopOMPOBAHHBIX HA IIO-
BEPXHOCTH YaCTHUI[ OPOIIKa. BT M oTHOCHTEbHOE

cofiep:KaHue OpraHmdeckoil coctapsonenr ¥ /[A 3a-
BWICUT, B OCHOBHOM, OT BW/Ia TEXHOJOTHYECKIX BO3-
JIeHICTBUIA, MCIIOJTb30BAHHDBIX TIPU OYUCTKE aJIMa3HOM
muxTtel. VccaemoBanbt o6pasiel Y /1A, npoiie/iinme
KHUCJOTHO-TIEJIOYHY IO 06pabOTKY, TePMUPOBAHUE TTPH
temnepatypax ~300° C, ozoHmMpOBaHue.

Kpome opranmueckoit coctaBiasiomnieit, NMK-cmex-
Tpol Y [IA HecyT mHGpOPMAIIIO 0 HEKOTOPBIX BHUIAX
WCKaskeHWs ajMa3Hoil pemerku. [lokazano, 4to
HEKOTOpbIe nccieoBantbie o6pasiibl Y [IA comepskar
A-nedeKThI, MPeACTABILIONINE BRJIOYEHUS [IBYX
aTOMOB a30Ta B ajiMasHylo pemieTky. IIpoBeaeHo
CpaBHEHWE TOJYYEHHBIX PE3YJIbTATOB C JIAHHBIMU
JUIST TIPUPOJTHBIX U CUHTETUYECKUX aJIMa30B.

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° C) 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.
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BJUSHUE KOJUYECTBA
U TIOJIOKEHUS HUTPOTPYIIII
B MOJIEKYJIAX HECKOJIbKUX
HUTPOCOEJIUHEHUI HA SHEPTUU
JMCCOLMAIIN C-NO,, N-NO,
1 0-NO, CBSI3EI

B. K. TonysEB

Poccuiickuit benepampubrii aaepubiii ientp — BHUU
akcnepuMenTaabhoil puszuku, Capos, Poccus

[TpencraBieHbI pe3yabTaThl KBAHTOBO-XUMUYECKIX
pacyeToB MOJIEKYJ HECKOJHKUX HUTPOCOECAMHEHWI
¢ TIOCJIETOBATETBHO YBEJNUNBAIOIINMCS KOJTIMYECTBOM
HUTPOTPYTII, OT OIHON /I0 MAKCUMAJHHO BO3MOKHOTO
KosimyecTBa. /[ BBISCHEHUS BJIUSHUS KOJHMYECTBA
HATpOTpyNI Ha sHepruio aucconnanun C-NO, cBa-
3efl paccMaTpUBAJNCh BCe HUTPOTPOM3BOIHBIE Me-
TaHa, OT MOHOHUTPOMETaHa /[0 TETPAHUTPOMETAHA.
[Tpu paccMoTpeHUM BCeX HUTPOMPOU3BOIHBIX JTaHA,
HapsIly ¢ BBISICHEHUEM BJMSHUS KOJMYECTBA HUTPOT-
PYIII, ONPEAEJISIOCHh TAKKe BIUSHIE WX TTOJIOMKEHIIS
B MoJieKyJTax-u3oMmepax. /1y BbISCHEHWS BJIUSHUS
KOJIMYECTBA HUTPOTPYTIT HA SHEPTUIO [UCCOIIAATITIN
N-NO, cBasell paccMaTpuBaInCh HUTPONPON3BOJI-
Hble aMMWaKa W TpuMeTnaamMuHa. ComocTaBieHme
TUX PE3YJbTATOB MO3BOJHUJIO TAaKKe BBISBUTH a(-
deKT BAUSHUSA 3aMeNleHusT BOJ0PO/Ia METUIBHBIMI
rpynmnamu. /s BBISICHEHWS BJIWSHUS KOJMYECTBA
HUTpOTpPyMI Ha sHepruio aucconmarmm O-NO, caaseit
paccMaTpuBAJUCh BCE HUTPATHI METaHa, OT MOHOHMWT-
paTa /1o TeTpaHuTparTa.

Pacuetnt BomostasICch o mporpamme Gaussian 98
€ UCTOJb30BaHNEM KOMOWHUPOBAHHOTO (DYHKIMOHA-
jga B3LYP wu psga 6asnucHbIXx HAOOPOB 3JEKTPOHHBIX
dyukiwit, or 6-31G(d) no 6-311+G(d, p). [Lus co-
MOCTAaBJICHUS 1 aHAJN3a BCEX TTOJYYEHHBIX pe3ysbTa-
TOB MCTIOJb30BATCH JaHHbBIE, TTOJyYeHHDIE C TTPUMe-
HenneM GasrcHoro Habopa 6-31+G(d). Tloayuentnbie
€ WCTIOJIb30BAHUEM 3TOTO GA3MCHOTO HAbOpa pe3yJib-
TATBI COMIOCTABJISLIACH ¢ OOJBIIMM OOGHEMOM JTAHHBIX
M0 9HEPTETHKE AMCCOTMAIIMA HUTPOTPYTT, MOJTyYeH-
HBIM paHee IS MOJIEKYJ PAa3JMYHBIX B3PbIBYATHIX
BelecTB. B mpotiecce TPOBeEHHBIX 3JTEKTPOHHBIX
pacyeToB ONMTHUMHU3UPOBAIUCH TEOMETPUH MOJIEKYJT,
OTIPE/IEISIIACHh WX HJEKTPOHHBIE CTPYKTYPBI U 9JI€K-
TPOHHBIE SHEPTUH. B mpoilecce 4acTOTHBIX PacyeToB
OTIpeIeJIIINCh KoJebaTebHbIE CIEKTPBI MOJEKY.T,
SHEPTUM HYJEBBIX KOJEOAHWI, TETIOBbIC TIOTPABKI
JUIST OTIPe/Ie/ICHUS] TEPMOIMHAMIYECKUX XapaKTepuC-
TUK. DHEPTUU IUCCOTMAINH OMPEAEsINCh TIPH HY-
JIEBOH TeMIlepaType, T03ITOMY KPOMe 3JeKTPOHHBIX
SHEPTUil YUUTHIBAJINCH TOJTHKO IHEPTUU HYJIEBBIX KO-
JeGanuii. Hapsimy co 3HAaUeHUSIMU 9HEPTUN JTUCCOITHU-
AIUN OTIPE/IEJISIINCHh 3HAYEHUS JJTMH COOTBETCTBYIO-

IIIX pa3pbIBaeMbIX cBsi3eil. [losyuennbie pe3ybTaTol
MMO3BOJINJIA TTOJIYYUTD 3aBUCUMOCTH DHEPIUU JTUCCO-
AN 715 BCEX PACCMOTPEHHBIX THUIIOB CBS3ei OT
KOJIMYECTBA U B3AaMMHOTO PACIIOJIOKEHNA HUTPOTPYIIIT
B MOJIEKYJIaX pacCMaTpPUBAEMbIX HUTPOCOCIMHEHUII.
IDTH 3aBUCUMOCTH MOTYT OBITH MCIIOJH30BAHBI IS
aHam3a 6oJiee KPYITHBIX MOJIEKYJI, TOCKOIBKY B pac-
CMOTPEHHBIX MAJIBIX MOJIEKYJIaX ObLTH Pean30BaHbI
[Ipe/le/IbHO IUPOKUE JUalla30Hbl BO3MOXKHON KOHIIeH-
Tpaluyu HUTPOTPYTII.

INFLUENCE OF QUANTITY
AND POSITION OF NITROGROUPS
IN MOLECULES OF SEVERAL
NITROCOMPOUNDS
ON DISSOSIATION ENERGIES
OF C-NO,, N-NO, AND O-NO, 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-NO, 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-NO, 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-NO, 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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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.

OCOBEHHOCTU PASPABOTKHA
ABYXCTYIEHYATBIX B3PbIBHbIX
TEHEPATOPOB OCECUMMETPHUYHbBIX
OCKOJIOYHBIX ITIOTOKOB

A. E. Kyrenun, B. A. Cemun, E. B. CujgoroBa

DesepaibHoe rocyJapcTBEHHOE YHUTAPHOE TIPE/IpUATHE
«JocynapcrBennblii Hay YHO-HMCCJIE/I0BATEIbCKUI
MHCTUTYT MAlIMHOCTPOEeHUs», [[3epskunck, Poccns

MeToa KyMyJasanuu 3HEPTUHW B aBTOMOJEJbHON
MHOTOCTYTIEHYATOW CUCTEME CJIOEB U3 JIETKOTO U TS-
JKeJioro ra3os, npejasoxkennbiit E. V. 3ababaxunbiM,
OBbLT TIPUMEHEH JIJIs1 pa3pabOTKU JIBYXCTYTIEHUATDHIX
B3PBIBHBIX TEHEPATOPOB BBICOKOCKOPOCTHBIX Paji-
AJBHO PACXOJISAININXCS OCKOJOYHBIX TTOTOKOB M3 TO-
TOBBIX WM (DOPMUPYEMBIX B IIpOIlecce METaHUS 3JIe-
MEHTOB.

[Tpu pazpaboTke TakWX yCTPOUCTB, B OTJHYUE
OT KOHCTPYKIHUH, UCIOJb3YIOMNX IJIOCKYIO CHCTEMY
CJIOEB, BO3HMKAET PsIi 0COOEHHOCTEH, BHI3BAHHBIX
HEOOXOIUMOCTHIO COXPAHEHUS TEJTOCTHOCTH TINJINH-
Jipudeckoit 06009k 3apsga BB mepsoii cTynenu B
MOMEHT ee coyzaapeHus ¢ 6ydepHbIM cJjioeM, pa3me-
IEHHBIM Ha BHyTpeHHel moBepxHocTy gaiinepa (060-
JIOUKH BTOPOU CTYIIEHM).

B noxjame mpuBOAATCS 9KCIIEPUMEHTAIbHBIE Pe-
3yJIBTATHI HCCJIEIOBAHUST HAYAIBHOTO ITAIA TIPOIECCa
B3PBIBHOTO METAaHMWA CIIJIOITHBIX M COCTAaBHBIX, BbI-
MMOJTHEHHBIX W3 TOTOBBIX BJIEMEHTOB, 000JOYEK IH-

guaapwdeckuxX 3apsanoB BB. Ilokazano, uto B Mo-
MEHT TPOXOK/EHUS TTI0 COCTABHOM 000JI0UKE yIapHOI
BOJIHBI TPOUCXO/IUT 3aKPBITHE UMEIONIUXCS MEXK/Y
aJIEeMEHTaMU KOHCTPYKTUBHBIX 3a30poB. I[locie aTo-
ro 000JI09Ka JIehOPMUPYETCS KAaK CIJIONIHAS, BILIOTDH
JIO CHUDKEHUS JIaBJIEHUS TIPO/YKTOB JIETOHAIIMH Ha ee
BHYTPEHHIOIO TIOBEPXHOCTD JI0 3HAYEHUH, orpeeJisie-
MBIX JIMHAMUYECKO POYHOCTHIO MaTeprasia dJaeMeH-
TOB. IIpn yMeHbIIEHUN AMHAMUYECKON MTPOYHOCTH
paJyc pacrajgia 060JOYKN Ha OTAEJbHbBIC 2JIEMEHTDI
YBEJWUNBACTCS, & TTPU YMEHBIIEHUN TOJIIUHDBI 060-
JIOUKH — CHUIKAETCSI.

[TpuBeneHbI pe3yIbTaThl pa3pabOTKU TeHEPATOPOB,
CO3/IaI0IINX BBICOKOCKOPOCTHBIE PaJinaibHbIe TTOTO-
KU 13 000JI0Y€K BTOPOH CTYIEHHU, BBITOJTHEHHBIX W3
GopMUpPYEeMBIX 2TEMEHTOB TUIA «YAAPHOE SAPO»
(mavampHag ckopocTh 3,8 —4,1 KM,/C) U U3 TOTOBBIX,
MMEOIMX KOMITaKTHY10 (hopMy a/1eMeHToB (Havamb-
Hasl CKOpocThb 2,4—2,5 KM,/ C).

[TosryueHHbBIE PE3YJBTATBI MOTYT OBITH MCTOJb-
30BaHbI /1711 Pa3pabOTKU BBICOKOCKOPOCTHBIX MeTa-
TEJBHBIX YCTPONCTB B3PBIBHOTO JIEHCTBUS, a TaKKe
JUISI TECTUPOBAHUSI YNCJEHHBIX IIPOrPAMM IIPU pellie-
HUU TIPUKJIAJHBIX 33/1a4 MEXAHWKU CILIOIIHON CpeJibl
B Ta30/IMHAMWYECKON W YIIPYTO-TJIaCTHYeCKOH Tmoc-
TaHOBKE.

Astopsbl 6aaronapubsl 0. U. TapacoBy, npunsB-
meMy aKTHBHOE ydacThe B pa3paboTKe JABYXCTYTIEH-
YaThIX TEHEPATOPOB OCECHMMETPUYHBIX OCKOJIOUHBIX
MOTOKOB U3 (POPMUPYEMBIX 3JIEMEHTOB.

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).
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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.

BJINSIHUE HECOEPUYHOCTU
JE®OPMUPYIOILIETOCH
XUMHUYECKU AKTUBHOTI'O
IIY3bIPBKA HA BO3MOKHOCTH
IIY3bIPBKOBOI1 JETOHAIIUU

/1. B. Boronnun, B. C. TEC/IEHKO

Wncturyt ruppoaunamMuku um. M. A. JlaBpeHTbeBa
CO PAH, Hosocut6upck, Poccust

[TpoBeseHo YncaeHHOE U KCIIEPUMEHTAIbHOE UC-
cJleloBaHue B3auMO/IEHCTBUS OJMHOYHOTO UJIU I'PYyII-
IIbl XUMMYECKU aKTUBHBIX IIy3bIPbKOB C BOJHAMU
CKaTHA U paspekeHus JIMHON L, pacnpocTpaHsio-
muMucsa B Tpy6e aumeTpoM L, 3amo/iHeHHOl Bo-
Joil. Pacuerpl npoBe/ieHbl 110 MO/IeJIN HeCTaluoHap-
HOTO /IBYyMEPHOTO OCECMMMETPUYECKOI0 JIBUXKEHUS
nJieabHON CXKUMAeMOl XUMUYECKU aKTUBHOI cpe/ibl
Ha OCHOBE 3aKOHOB COXPAHEHMS MaccChl, UMIIYJbCa
U 9HEPTUHU.

[Toxkazano, uto ecsm ammmTya BosHbl > 100 at™,
tonpu L,/d_<6(d_  — MakcHMaJbHbIl ramMeTp
nyspipbKa) gedopManus mysbipbKa HecepuuHa
(crpyiinas nedopmarms). A ecm L, /d_ > 6,9, To
B Haberaioleit BoJiHe CXKATUS MPOUCXOIUT CXJIOTIBI-
BaHme Ty3bipbKa. [Ipu aToMm o6pasyioTcst cTpym de-
TBIPEX BUJIOB, UMEONNX PA3TMUYHYI0 (PU3NIECKYTO
MIPUPOTY:

1) KyMyJIATUBHBIE BOJASHbBIE CTPYHKH;

2) BBITYKJOCTH CTEHOK CKUMAIOTIETOCS My3bIPhKa
BCJIE/ICTBHE HEOJHOPOIHOTO paclpeeseHus moJiei
mapaMeTpoB Ta3a BHYTPHU MY3BIPbKA;

3) BBITATMBAHME BOJTHAMHU Pa3PEKEHMS Ta30BbIX
CTpyii, HAITPABJEHHBIX U3 IY3bIPbKA B JKUIKOCTD;

4) cXOAANMMECS KOJBIIEBBIE BOJASHbBIE CTPYH, BO3-
HUKAIOINe BCJeACTBIe HeycToirunBocTn Pases — Teii-
Jopa Meskdas3HOI TPaHUIIDI.

[lanpueiimas ¢parMenTanus cTpyil NpUBOIAT
K 06pa3soBaHMIO MEJKMX My3bIPbKOB (C AMaMeTpoM
Ha TTOPSIOK MEHBINE) B OKPECTHOCTH GOJIBINOTO. JTH
My3bIPbKHU TPUOOPETAIOT 3HAYUTEJIBHYIO CKOPOCTD
(10 500 M/ ¢). Tlymbcanuu my3bIpbKOB MeJKOi (hpak-
[IIU TIPOMCXO/IAT MPHU MAJIbIX U3MEHEHUSIX TTapaMer-
POB KPYIHBIX My3bIPbKOB. Cikatne MesaKoi hpakimm
HOCHUT aJnabaTHYecKnii Xapaktep ¢ 0o6pa3oBaHWeM
JIOKAJIBHBIX 00J1acTei ¢ TTOBBINMIEHHBIMU 3HAUCHUS -
MM TEPMOAMHAMUYECKNX mapamMeTpoB (¢ maBjaeHmeM
1o 0,8 TTla u Temnepatypoii 1o 10000 K). B pesynb-
TaTe MPOUCXOIST MUKPOB3PBIBBI MEJIKUX TTY3bIPHKOB.
Ecam mavagbHBIT aKyCTHUYECKUN WMITYJIbC PaCIIpo-
CTPAHSIETCS Yepe3 TPYIIY KPYIHBIX My3bIPbKOB, TO
WX TocJenyiomas crpyitnas nedopManus U MUKPO-
B3PBIBBI 06pa3oBaBIieiicss MeKol (hpakiuu crocos-
HBI TPUBECTU K JETOHAIMY BCEHl My3bIPbKOBON CMECH.
B pa6ore 4ymcieHHO MMOKAa3aHO, YTO BO3MOKEH B3PbHIB
OJIMHOYHOTO Ty3bIPbKA U MPHU €ro B3auMoeiicTBUN
C CUJIBbHOU BOJIHOW padpexenus. OmpeneseHbl Tak-
JKe KPUTHYECKNE 3HAYEeHNs mapameTpoB motoka (ma-
YaJbHBIN pa3Mep My3bIPbKAa U PACCTOSTHUE MEXKTY
HUMH), TIPK KOTOPBIX BO3MOKHO PACIHPOCTPAHEHHE
CaMOTIOJIIEP>KIBAIOIIEICST BOJHBI IETOHATINT BJIOJTH
METIOYKH TTY3bIPHKOB.

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 L), propa-
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gating in tube (diameter L) 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 L,/d__<6(d___ismaximal bubble diameter)
bubble deformation is non-spherical (jet deforma-
tion). If L, /d_._ > 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 temperature up to 10000 K). 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.

O METATEJIbHOI1 CIOCOBHOCTH
CMECEI BB C AKTUBUPOBAHHBIMU
N YIAbTPAAUCIIEPCHBIMH
IIOPOIIKAMMU AJIOMHUHUA

B. 10. JIaBbiioB', M. A. CTPIIKEHOK?,
B. I. IIIEBYEHKO?

"HayuHo-1ccJieoBaTe IbCKU MAITMHOCTPOUTEIbHbBIT
nnctutyT, Mocksa, Poccus.

2Poccuiickuii (pesepabHbIil SAEPHDBIN IEHTP —
BHUMU Ttexumdeckoii puamkm
uM. akaja. E. WM. 3a6abaxuna, Cuexunck, Poccusa

SUnctutyt XumMuu tBepaoro tena YpO PAH,
Exarepun0ypr, Poccust

Hacrositiee coo6inenre 6bLI0 MHUITMHUPOBAHO [TOK-
gdagom [[. B. Muabuenko na VII XapuToHOBCKUX
Hay4yubix ureHussx B 2005 r. B KOTOPOM CTaBUTCS
BONPOC 0 HEOOXOAUMOCTU M3yYEHUU MyTell aKTu-
Banuu Al B ycJIOBUSIX B3PBIBHOIO IIPEBPAIIEHUS.
JlelicTBUTEIbHO, UCCJAEJOBAHUI MeTaTeJbHOU CIIO-
co6roctn (MC) cmeceit BB ¢ noporikamu u mygpamu
Al, nposenennbie mo mMetogukamM M-40 u T-20 moxa-
3aJi1, 4TO nosy4deHHblii mpupoct MC ropaszo Hike
pe3yJbTaToOB, MOJYYEHHBIX B KaJOPUMETPUYCCKOMN
6oMGe. EcTecTBEHHO TIPEATIONOKHITD, YTO 9TO CBsi3a-
HO € HU3KOW CKOPOCTBIO OKucaeHust Al.

B kauectBe xommounentos BB uncciaemosann: nu-
tepmeraanuabt AlSc, AlY, ALY, ALSm a rakxe
craebl ¢ gobaBkamu 1% Eu, 0,02% La. Vsyuasu
takke ciasbl Al ¢ go6askamu 0,01...0,5% Ga, Sn,
crtaBa Byga u 4%7Zn, cunre3upoBanHbie BAMI,
r. C.-Ilerep6ypr. Ilosaras, 4T0 OCHOBHBIM IMPETLSITC-
TBUEM JJIs1 BocIlaMeHeHus1 yactuil Al gaBisercs ux
OKMCHAs TIJIEHKA, UCCJIeJI0BAN TAKKe TIOPOIIKH, T10-
aydennbie B UHX JlatB. AH, y KoTopbIX OoKcui ObLI
3aMelleH Ha MOKPBITHE M3 HUTPO- U JUHUTpOdTAIaTa
Mequ. Bce TOPOINIKK 110 JJAaHHBIM TEPMOTPABUMETPU-
yeckux (TT) uccrenoBanuii o61a1a01 3HAYUTEIBHO
6oJiee BBICOKOI CKOpOCThio okucaenus, yeMm AC/[-4.
MatepuaJibl BBOJMJIN B TEPMOIJIACTUYHbBIE COCTABbI
HAa OCHOBE OKTOTeHa M3 PACTBOPUTEJISI B KOJMYECT-
Be 15 1 20% M cpaBHMBA/IM ¢ aHAJOIMYHBIMU KOM-
nosutusiMu, cogaepxkamumu AC/l-4. MeTaTebHyT0
CIIOCOGHOCTD MOJYYEHHDBIX KOMIO3UIIUIN OIIPeIeIstin
o Metoauke M-40.

BoJbImHCTBO UCC/IeIOBAHHBIX TOPOIITKOB He UMe-
JIT TIPEUMYTIIECTBA WJIN YCTYTIAJIN TIPOMBIIIIJICHHOMY TI0-
pomiky AC/T-4. Ormeuaercst ipupoct MC wa 2—2,5%
JUIS TIopoliika, jgerupoBarnoro Ga u ~3,5% st AlSc
npu usbpirounom (20%) cogepskanuu J06aBKU BO
B3pbIBUATOIl KOMITo3unu. OTMETHM, 4TO 062 pe3y.Jib-
TaTa CBSI3aHDBI C IBJEHUEM JOMOJHUTEJBHOTO U3-
MeJIbUEHUS YaCTHUIL TIOPOIITKOB TPU YIAPHOBOJTHOBOM
Harpy>KeHuH.



98 Cexius 2. B3pbiBHble U IeTOHAIIMOHHbBIE STBJIEHMS

[l 9KCIIepUMEHTOB UCIOJIb30BATN YIbTPAIHC-
nepcusbnii amomuanii (Y IA), TTOJTYYE€HHBIN METOI0OM
BapbiBaommxcs npooannkos (Y IA1) n nmasmo-
xumuueckum MeroznoMm (YIA2). Cmecu 15% YA
¢ BB rorosunu mMeronom cyxoro cMemtenusd. Y JIA1
He ToKasaJs mpenmyiecTBa 1o cpaBHeHuio ¢ AC/[-4
KaK B cMecsiX ¢ (hJIerMaTu3upOBAHHBIM OKTOTCHOM
(DO) rak n B cMecax ¢ BB-okucaurenem: BTHOHA.
3aavennsgs MC aag Y A1 TouHo jeram Ha COOT-
sectBylomue npsambie MC(p) ans cmeceit atux BB
¢ ACJI-4. B To xe Bpems, cmecu Y [IA-2 ¢ DO umeror
Ha 2% Gosbinyto MC, uem cmecu ¢ AC/I-4. Drot pe-
3yJIbTAT TaKyKe CBUJECTEJIBCTBYET O MpeBaJUPYIOMIei
pPOJIH yJeJbHON MOBEPXHOCTU NP OKucaeHun Al
B gertoHanmoHHbIX BoHax (/IB). Ilpemmoskena mo-
neab nosegennsa vactuil Al B /B, nossosadiomas
OODBSCHUTD TIOJyYeHHBIE PE3yJIbTATHI.

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

V. Yu. Davipov!, M. A. STRIZHENOK? ,
V. G. SHEVCHENKO?

'Mecanical Engineering Research Institute,
Moscow, Russia

’Russian 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, ALY, ALSm 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 INCof 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
(UDAT1) and by plasmochemical method (UDA2).
15% UDA with explosives were mechanically mixed.
UDAT1 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(p) 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.

HAINPAKEHHO-
AE®OPMUPOBAHHOE COCTOAHHNE
KOPIIYCA B3PbIBHOU KAMEPDI

II. A. HUKOJIAEHKO

AuTalicKuit TOCyIapCTBEHHBIN TEXHUYECKU
yHuBepcuret, bapuays, Poccus

B nok/maze mpuBOAATCS PE3yJIbTAThl TEOPETUYEC-
KHX 1 3KCIIEPUMEHTAJIbHbIX I/ICCJICI[OB&HI/Iﬁ MaKeTa
B3PBIBHOW KaMepbl, NMPEACTABAAIONIEro cO60M 1u-
JIMHAP AnaMeTpoOM 2 M C 3JIUINTUYECKIMU JHUIIa-
mu (o popme 6msKoit K ceprdaeckoii) u 60KOBOR
3arpysKoil, IIpM TOJpPbIBE B Hell 3apsAI0B B3PbIBUA-
TOTO BEMEeCTBAa. A Tak)Ke aHAJIM3 IOJYyYEHHBIX Pe-
3yJIBTATOB.



BOJIHA TOPEHUA
B IWJIMHAPUYECKOU
r'mbPU1IHON DD MUIIEHU

A. T. Axkcenos, /I. I. KOLIKAPEB,
M. [I. Uyrazos, B. IO. IIIapkoB

WNucTtuTyT TeopeTnyeckoil u aKCIepuMeHTaTbHON
¢usnku, MockBa, Poccus

[TepBoHaUaNbHO MUJIUHAPUYECKUE MUIICHU JIJIS
TSKEJONOHHOTO WHEPIUATbHOTO CUHTE3a paccMar-
puBasuch g1 DT rommmsa. [loctatounstii koaddu-
nuent ycunaenus 100 MOXKHO HOJYy4YUTb HIOCJE CoKa-
T MuIienn Bpamaiommmes myukom (10 M/Ix /cm)
10 JocTuKenud B romause miaotaoctu 100 r/cm?
u mapamerpa \rho r = 0,5 r/cmM®, nocaexyio-
UM 3aKUTanueM uHTeHcuBHbIM myukoM 10' Br /T,
U pacIpoCTPaHEHWEM BOJIHBI TOPEHUS MO CXKATOMY
TOIINBY. JlJIg cO3MaHus TTOPKUTATIONIETO TTyYKa MOXK-
HO HCIIOJIb30BAaTh MOHBI PA3HOTO 3HAaKa, CHEINAJb-
HO MOJOOPAaHHBIX M30TONOB ¢ GIM3KOU MacCCOil.
Komkapes, Ilapkos (2002) Bumepsble paccMaTpe-
JIU S7IepHOE JIeJIeHNe B WHEPIUAJbHOM Y/IePXKAHWH.
s tubpugnoit DT mumiern addekt ot 00IyIeHNs
o6os0ukn U23806bICTPLIMU HEHTPOHAMH YMEPEHHDIH .
UccnemoBanus DD mutiieneii mokasam, 4To A pac-
pocTpaHeHus BOJHBI Topenus Tpebyercs B 300 pa3
6oJibirast aHeprus Ha cxkarme, DT tabmetka ais 3a-
SKUTAHUS W TAKOW Ke TMOJPKUTAIONINN TTy40K, KakK
B cayuae DTromnusa. Tormmuso DD muenu nerpo-
3payHo /7151 (POTOHOB, a 000JOYKA MUIIEHN YACTUIHO
MorJionaeT OGbICTPble HEHTPOHDI.

[Toatomy mss DD tommBa ectecTBeHHA THOPUL-
Hag MUIIEeHb ¢ ob6osoukoit u3 U238. B wactHoCTH,
BoJTHA ropeHuss B DD mumienn ¢ nmaccuBHOi 060J104-
KOli cyiecTByer npu mapamerpe \rho » =10 r/cm?
n mnorHoctu tommsa \rho=100 r/cm?, obecrieunBas
koadbunmenT ycusnenus Ha yposHe 10. Bsenenue
JleJIsIienicst 060M0YKY MTO3BOJISIET CIKUTATh TOTLIUBO
npu \rho 7 = 4 r/cm® (sHeprun cskaTHs MEHbIIE
B 6 pa3) ¢ xkoadduimentom yeusenus 40. OcHOBHOI
BKJIQ/l B 9HEPTOBBIICTICHIE 00€CTIeYNBAET PEAKITHS
JIeJICHNS, B TO BPeMsl KaK PeaKIs CUHTe3a TOCTaB-
JisieT ObICTpble HEUTPOoHbI. Ecsu BociiaMenenue Tou-
JINBA B MUIIIEHU BO3MOKHO TPH C3KATUU, TO THUOPU/I-
Hasl MUIIeHb MOKeT oKasaTbcsi mHTepecHee DT muire-
HU € OBICTPBIM TIOKUTOM. Y JIbTPAPEJITUBUCTCKUI
JpaifBep ¢ aHeprueil HecKoabKo coteH M /[k caenaTn
poilie MHTEHCUBHOTO TTOJKUTAoNIero mydka. llesanb
JTAHHOM paboThl — OTIpe/ie/IeHre MUHUMAJbHOTO Tia-
pamerpa \rho r B ru6puguoit DD mumenu. Takske
IEJIbI0 UCCJIeIOBAHU SBsieTCsl pa3paboTKa MHOTO-
MEPHOTO THAPOJNHAMUYecKoro Koja. [lepeHoc uac-
THUI] OTIMCHIBACTCS B paMKaxX ypaBHeHuit auddysnn
C OTPAHMYEHUSIMU TTOTOKOB. JTO MO3BOJISET MOJY-
YUTh BCE WHTEPECYIONINE XapPaKTEPUCTUKH JIOOBIX
muliereii. Bo3aMoOKHO Takke MojieJiupoBanue oObly-
HBIX MWINEHEH, KOTOPbIe WHTEPECHDI [JIS UCCIE/0-

BaHUA ypaBHeHI/Iﬁ COCTOAHUA Pa3JIMYHDbIX BEHIECTB.
IKCIIEPUMEHTBI Ha ycKopuTee 6y/IyT BO3MOKHBI IT0C-
Jie osrydenus: sHeprun myuxka 10 —100 x/[x.

THE BURNING WAVE IN THE
CYLINDRICAL HYBRID DD TARGET

A. G. AxseENov, D. G. KOSHKAREY,
M. D. Cuurazov, B. Yu. SHARKOV

Institute for Theoretical and Experimental Physics,
Moscow, Russia

Initially the cylindrical targets for the heavy
ions inertial fusion was considered for DTfuel. 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 /cm?® and the parameter \rho r = 0.5 g /cm?,
the subsequent ignition of the fuel by the power
beam 10' W /g, and the burning 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 DTtarget 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 DTtablet and the
same ignition beam as for DTfuel. 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 U238shell. In particu-
lar, the burning wave in the case of the passive
shell exists at \rho » =10 g/cm? and \\rho = 100
with the gain coefficient 10. The active U238 shell
allows to burn the DD fuel at \rtho 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 DTtarget 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 # 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.



IKCIIEPUMEHTAJIBHOE
NCCAEAOBAHUE 3AIIIMTHDBIX
CBOMCTB IIOPUCTBIX
KOMIIO3UITNOHHDbIX
IIPETPAJl OT BPU3AHTHOI'O
JENCTBUSI KOHTAKTHBIX
B3PbIBUATHIX BEIIECTB

B. 1. Maym, A. B.nbunbix

Wucruryt ruapogunamukn uMm. M. A. JlaBpentbeBa CO
PAH, HoBocubupck, Poccus

Cy1iiecTByoIIIe OIEHKHU ¢ moMoIbio Metoza (P, )
auarpaMM u 6oJiee CJIOXKHBIE PAacyeThl afoT MPOTH-
BOPEUYNBBIE PE3yJbTATBl U HE TO3BOJISIOT HAJEKHO
OTIEHUTD 3AIUTHDBIE CBOWCTBA TIOPUCTBIX KOMITO3UITHU-
OHHBIX TMPETPAJl OT JECHCTBUS B3PHIBUATDHIX BEIECTB
(BB). Hamu mccie1oBanbl 3aMIMTHBIE CBOMCTBA TIpe-
Ipajl, COCTOSIIUX M3 TOHKUX CTAJbHBIX MPSIMOYTOJIb-
HBIX COTOBBIX KOHCTPYKIIUI, 3aIIOJHEHHBIX CYXUM
MIeCKOM, OT JeHCTBHS KOHTAKTHBIX 3aps/IOB aMMOHHUTA
Ne 67KB u naceimHoro rekcoreHa. CpaBHUTETbHBIE
UCIIBITAaHUS OPU3aHTHOTO JelicTBust 3apsigoB BB
MPOBO/IMJINCH TT0 MOAMGUIMPOBAaHHON cxeMe [ecca
¢ WCIOJIb30BAaHNEM CBWHIIOBBIX IUJIWMHAPOB, Ha IO-
BEPXHOCTH KOTOPBIX pasMellayi B PasJUIHOI Ioc-
JIEIOBATEJbHOCTH UCITBITYEeMbIe TPErpajibl TOJIIH-
HOM 20 MM. W cTaHIApTHAs CTaJbHAS MJIACTHHA TOJI-
muHoi 10 mMM. IIpoBenmenbl ABe cepuy MCUBITAHWH
OPU3AaHTHOTO [JefICTBHS 3aps0oB aMMOHWTA ¥ TeK-
corera ¢ maccamu 50 U 25 TpaMM, COOTBETCTBEHHO.
OO6Hapy>KeHO, YTO B3PBIBHOE YILTOTHEHNE TIECKa COIIPO-
BOJK/IAJIOCh BOJIHOOOpasHOl nedopmarmeil TOHKIX
CTaJIBHBIX Teperopogok. O6HapPY KeHBI pA3INIns
3aIUTHBIX CBOHCTB OT COCTaBa, MECTa PACMOJIOKEHHS
nperpazpl 1 oT Buga BB. Haiizeno pacrososkenne
KOMITO3UIIMOHHON TIPerpajbl, TP KOTOPOM OpH3aH-
THoe JieiictBe BB ymenbinasocs GoJbie, yeM TpH
MCITOJb30BAHUN MOHOJUTHON CTAaJTbHON MPerpajbl
PaBHOM TOJIITIHDI.

EXPERIMENTAL STUDY
OF PROTECTIVE PROPERTIES
OF COMPOSITE POROUS TARGETS
AGAINST THE BLASTING EFFECT
OF CONTACT HIGH EXPLOSIVES

V. 1. 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-
combstructures 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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