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PAJIMOJIIOMUHECIHEHINS A3UJA CEPEEPA
MPU BO3BY KJIEHUU UMITYJIbCAMHU
BBICOKOPHEPTETHUYECKHUX 3JEKTPOHOB

A.H. JIrosunK, A.I'. KPEYETOB, E.B. TyIUIMH

KemepoBckuii rocy1apcTBEHHBIN YHUBEPCUTET,
Kemeposo, Poccus

B.II. AQYEB,

Kemeposckuit ¢pumman UXTTM CO PAH,
Kemeposo, Poccus

B pabote u3yuancs CeKTp JIOMHHECLEHIMH MOHO-
KpHCTaJIOB a3uja cepedpa Npu UMITYyJIbCHOM OOJIydeHUH
ITyYKOM 3JIEKTPOHOB. CIIEKTPHI JFOMUHECLICHIIH PETUCT-
pUpPOBAINCH B CHEKTpanbHOM HHTepBane 1,1—3.,5 »B
npu Temmneparypax 300 u 80°K. B xoxe skcnepuMeHTOB
HCIIOJIB30BAJICS IOTIOPOTOBBIN PEKUM BO30YKICHUS CBe-

genus (J = 1,2 A/CM2), YTO TI03BOJLIO TPOBOIHTH HC-
CJIe/IOBaHUsI HA €AMHIUYHOM 0o0paslie.

B cniextpe cBeuenus npu 300 K nHabmromaercs monoca
Ha Kpalo (yHIaMEHTAJILHOTO IIOTJIOIIEHHSI C MaKCUMY-
MoM ~3 3B. B obnactu cniektpa 1,1—1,5 3B Habmogaer-
cs1 cabOBBIpaKEHHAs 110J10Ca, KOTopast U JajbHeHIeM
panuanMoHHOM BO3IEHCTBHHU BbIropaet. Ilpu m3mepeHH-
SIX Ha HU3KUX TEMIIepaTypax B CIIEKTpe oOpasia IposiB-
JIAI0TCS ABE MoJIockl cBeuenus — 1,65 u 1,87 3B. Ilpu
9TOM BTOpas TOJOca HAONIONACTCS B CIIEKTPE TOJBKO
mocne orxura oodpasma g0 300 K, nmpexBapurensHO 00-
nydgenHoro mpu 80 K, mibo mpu mpoBeneHUN mpenBapu-
TEJIHHOUW paaualuoHHOH o00paboTKe TpH KOMHATHOM
Temneparype. VIHTEHCHBHOCTh NAaHHBIX IOJOC YBEJIUYH-
BAETCSl C POCTOM MpeABapUTEIbHON paMallMOHHOW 00-
paboTKu.

Ha ocHoBanuu IMOJYUYCHHBIX JSKCHEPHUMCHTAJIbHBIX
JAHHBIX TIPEJUIO’KeHa TMBAKaHCHOHHAsE MOJENb JIOIIOPO-
TOBOW JIFOMUHECIICHIIMH, COIJIaCHO KOTOpOoW Halumozae-
MBI€ TIOJIOCHI JIFOMHUHECLICHIIMN CBSI3BIBAIOTCSl C M3JIy4a-
TENBHBIMU TIepexoaaMu B oOxactu auBakaHcuid. [lomoca
¢ MakcuMyMoM < 1,5 3B mpunuceiBaeTcs Tak Ha3bIBae-
MOH «3aXBaTHOI» JIFOMUHECHEHIINH, T. €. U3Iy4aTebHO-
My 3axBaTy 3JIeKTpOHa Ha auBakaHcuio. [lomocel 1,65
u 1,87 3B CBA3BIBAIOTCS C BHYTPUIICHTPOBBIMHU II€PEXO-
JaMH B IICHTPax JIOMHHECHECHINH, SIPOM KOTOPBIX SIB-
JISIOTCS IMBAKAHCUM Pa3IMyHON opueHTanuu. TepMuue-
CKU aKTMBMPOBaHHBIN mepexos nonockl 1,65 3B B monocy
1,87 5B 00ycioBneH peopueHTauel TMBaKaHCHA.

Pabora BbImosHeHa TpH mojanepkke rpanra POOU
(mpoext 01-03-32015a).

RADIOLUMINESCENCE OF SILVER AZIDE
INITIATED BY HIGH-ENERGY
ELECTRON PULSES

AN. DROBCHIK, A.G. KRECHETOV, E.V. TUPITSIN

Kemerovo State University, Kemerovo, Russia

B.P. ADUEV
Kemerovo branch ICSSM SB RAC, Kemerovo, Russia

Luminescence spectrum of silver azide single crystals
irradiated by an electron beam pulses has been
investigated. Radioluminescence spectra were registered
in the 1.1—3.5 eV spectral range at both 300 and 80 K.
The under threshold excitation was used, allowing us to
investigate an isolated sample.

The band with maximum at ~ 3 eV has been observed
in glow spectrum at 300 K at fundamental absorption
edge. In the 1.1—3.5 eV spectral range a weak band di-
minished under further radiation effect has been
observed. At low temperatures two glow bands at 1.65
and 1.87 eV were appeared in the spectrum of a sample.
The band at 1.87 eV was registered only for samples an-
nealed at 300 K, which were pre—treated by radiation
at 80 K or at room temperature. The above bands were
intensified proportional to radiation pre—treatment duration.

From the data obtained a divacancy model of under
threshold radioluminescence of silver azide is suggested.
The model proposed agrees well with the experimental
results available by now. According to the model the
luminescence bands are related to radiative transitions
near divacancies. The band with maximum < 1.5 eV
is ascribed to the so—called «trapping» luminescence
(i. e. radiative trapping of electron by divacancy). The
bands at 1.65 and 1.87 eV are associated with transitions
in luminescence centers whose core consists of divacan-
cies with various orientation. The thermal-activated
transition of the band at 1.65 eV to the band at 1.87 eV is
due to re—orientation of divacancies.

The work is supported by RFBR (grant No. 01-03—
32015).
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HAYAJIBHBIE CTAJIUU ITPEJAB3PBIBHBIX
MHPOLECCOB B ABUJAX TAXKEJIBIX
METAJIJIOB

10.A. 3AXAPOB, D3. /1. ATYKEP, A.I'. KPEUETOB

KemepoBckuii rocyiapcTBeHHBIM YHUBEPCUTET,
Kemeposo, Poccus

B.I1. AIYEB

Kemeposckuii ¢pumman UXTTM CO PAH,
Kemeposo, Poccust

B a3zmpax tsokenbix merawioB (ATM) Obuin 0OHapy-
JKEHBI TIPEJIB3PhIBHBIC SIBJICHUS (IIPOBOAUMOCTD U JIFOMH-

HecueHnus. VX kuHeTHKa 11 BpeMeH Oolee 10_8 ¢ Xo-
POIIO ONMCHIBAETCS, UCXOAS U3 NPEACTABICHUS JIMHEH-
HOT'O Pa3MHOKEHHUS M KBaIPaTUIHOTO 0OpHIBA LETH.

B nanHO# pabote npencTaBieHbl pe3yJbTaThl HcCIie-

JIOBaHWH HAavYalIbHBIX CTaaAWi mporecca (¢ < 1078 c). Yc-
TAQHOBJICHO, YTO KWHETHKA HAayalbHBIX CTagui 3HAYM-
TesIbHO Oosiee ciioxkHasi. Ee HEBO3MOXHO ommcarh Ipo-
CTBIM BBIPQKCHHUEM, HMEIOIIUM MPO3payHbIil (u3nue-
CKUH cMbIC. B oTiauuue oT pa3BHBIIErocs mpouecca Ha
HayaJIbHBIX CTaJUSAX OOHApy>KeHO 3HAYNUTEIHHOE OTJIH-
Yhe KMHETHYECKUX I1apaMeTpOB IIPEAB3PHIBHON IIPOBO-
JIUMOCTH OT 00pasia k o0pasiry.

AHanu3 pe3yibTaToOB IO3BOJMI CBS3aTh 3TH OCOOEH-
HOCTH C Pa3iHYUSAMH CTPYKTYPHOH nedheKTHOCTH 00pas-
LIOB ¥ F€TEPOr€HHOMN NPUPOJON 3apOKIACHUS pEaKLIUU.

Jnst monTBepKIAeHUsI T€TEepOreHHOM NMpUpoa 3apoxk-
JIEHVs1 PEaKUU OBbUTH MPOBEACHBI MPSIMbIE U3MEPEHHS TIPO-
CTPaHCTBEHHO—BPEMEHHBIX XapaKTEPUCTUK IIPE/B3PBIBHOM
nroMuHectieHnd. OOHapy)KeHa ouaroBasi IpHUpoJa Ipen-
B3prBHOI>i JIFOMUHECUCHIINY TP MTHUIUHMPOBAHUN CBECPXKO-
POTKMMH JIa3epHBIMH HMITyJIbcamu. VI3MepeHa CKOpOCTh
pacIpocTpaHeHus JIIOMHUHECIIEHIIMK 10 00pa3iy. 3Hade-
HUe 3To# ckopoctu (okoiso 1000 m/c) mo3BossieT cBsA3aTh
pacmpocTpaHeHHe peaknuu ¢ IudQy3uer dIeKTPOHHBIX
BO30YXKICHUA.

[IpencraBnena Momens WHHUIMHAPOBAHMS, OCHOBBIBAIO-
IIasics Ha IPOoLIEccax 3aXBaTa MEKTPOHA JUBAKAHCHEH.

HccnenoBanus CHEKTpalbHO—KMHETHYECKUX Xapak-
TEPUCTHK JIOMHHECHEHIMH TIPH IOIOPOrOBOM BO30YX-
JICHUU JIAI0T OIpeZeJICHHbIE OKa3aTeJIbCTBA B MOJb3Y
MOJICIIH.

IIpuBeneHHble pe3ynbTaThl IEMOHCTPUPYIOT IIPUHLIU-
MUAJIBHYI0 BO3MOKHOCTH M3MEHEHUsI UyBCTBUTEIBHOCTH
ATM 3a cuer Bo3ueicTBU Ha Je(EKTHOCTH CTPYKTYPHI
oOpa3iia.

Pabora Bemmomaena mpu noanepxke MHTL] (mpoekt
2180).

INITIAL STAGES OF PRE-EXPLOSIVE
PROCESSES IN HEAVY METAL AZIDES

YU. A. ZAKHAROV, E.D. ALUKER, A.G. KRECHETOV

Kemerovo State University, Kemerovo, Russia

B.P. ADUEV
Kemerovo branch ICSSM SB RAC, Kemerovo, Russia

Previously, pre—explosive phenomena (conductivity
and luminescence) in heavy metal azides (HMAs) have
been found. Its kinetics for times more than 10°* s is de-
scribed reasonably from viewpoint of linear develop-
ment and square—law break of a chain.

In the present work, initial stages of the process con-
sidered (1 < 10 s) have been investigated. Kinetics of
early stages has been found to be more complicated.
It can not be described by any simple expression having
clear physical meaning. In contrast to developed process
great discrepancy of pre—explosive conductivity kinetic
parameters for different samples is observed at early
stages.

From the analysis of the results obtained the above
peculiarities can be associated with differences in defect
structure of samples and heterogeneous nature of reaction
origin.

The heterogeneous origin of the reaction has been
proven directly in studies on space—time characteristics of
pre—explosive luminescence. Hot spot nature of pre—ex-
plosive luminescence initiated by an ultrashort laser pulse
has been established. The wvelocity of luminescence
propagation over a sample has been measured as well. Its
value of about 1000 m/s allowed us to relate it to electron
excitation diffusion.

A model of initiation has been proposed. The process
of the trapping of an electron by divacancy underlies the
model.

Investigations on spectral-kinetics luminescence
characteristics subthreshold excitation give some evi-
dences in favor of the model.

The results obtained seem to us demonstrating princi-
pal possibility to control of HMAs sensitivity by the in-
fluence on defect structure of a sample.

This works has received financial support from
ISTC (project 2180).
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YPABHEHHUSA COCTOSHUSA TPOJAYKTOB
B3PBIBA KOHAEHCHUPOBAHHBIX BB

10.A. AMUHOB, 10.A. HUKUTEHKO

Poccuiickuii GpenepanbHblil SOepHBIA HEHTP —
Bceepoccuiicknit HUU Texanveckoit GU3NKH
uM. akana. E.W. 3ab6abaxuna, Cuexunck, Poccus

PaccmarpuBaroTcs HEKOTOPBIE MOTYIMITUPUUIECKHE PaB-
HOBECHBIE KaJOPHYECKHE YPAaBHEHMSI COCTOSHHUSI CPEAHEH
CJIO’KHOCTH (C YHMCIIOM NOOMpaeMbIX KOHCTaHT MeHee 10),
HCTIOJIB3YEMBIC IS OIMCAHMS HPOLYKTOB B3pbIBa KOHZICH-
cupoBaHHbIX BB. AHamuzupyercs pacyeTHOE IMOBEICHUE
ra30MHAMUYECKHX MapaMeTpoB IPOIYKTOB B3pHIBA B AWa-

nmasoHe IWIoTHocTeH ot ~0,2 10 ~5 r/cM™ Ha mpuMepe cocra-
Ba Ha ocHoBe TATD. IIpoBogurcsi cpaBHEHHE PAaCUETHBIX
PE3yIBTaTOB C 3KCIICPHIMEHTaMH.

v

AHAJIN3 THTEHCUBHOCTH YJAPHBIX BOJIH
B I'OPHBIX BBIPABOTKAX ITPU PA3JIMYHbIX
THUITIAX B3PbIBOB

A.B. ACTAHUH, 1.M. BACEHUH, A.IO. KPAIIHOB.,
O.P. IIPATEP, JI.1O. ITAJIEEB

ToMckuii rocy1apcTBEHHbIH YHUBEPCUTET
Poccuiickuil HayuyHO—HMCCIEN0BATENbCKUI HHCTUTYT
ropHoOcHacTenpHoro aena, Tomck, Poceus

MeTonpl pacueToB B3PHIBOOE3OMACHBIX PACCTOSHUI
TIPH B3pHIBaX B TOPHBIX BEIPAOOTKAaX OCHOBAHBI, KakK Ipa-
BHJIO, HA OI[EHKE WHTCHCHBHOCTH yIAPHBIX BOJH, BO3HH-
KalOIIUX TPH MTHOBEHHOM B3PBIBE METAHOBO3IYLTHON
CMECH B HEKOTOpPOM 00beMe BBIpaOOTKH. B peanbHbIX
YCIOBHSX NETOHALUS CMECH, €CIIM OHa BO3HHMKAeT, HauM-
HaeTcs B MeCTe MHUIIMMPOBAHUS, a 3aTeM paclpoCTpaHs-
€Tcs B BUJE JETOHALMOHHOW BOJHBL [loaToMy BakHO
3HaTh, KaK BIUSET IOJOXXEHUE MECTa WHULIMUPOBAHMS
1 PAaCIIOJIOKEHUS 3ara30BaHHOr0 00beMa B BBIPaOOTKE Ha
WHTCHCUBHOCTH YIapHBIX BOJIH.

B mokmaze m3maraercs MCCIENOBaHWE ITOM mpolite-
MBI, TIPOBEACHHOE ITyTEM YHCICHHOTO pEIICHUs ypaBHE-
HUM ra3oBoil n1uHaMuku. [IpuBonsTCs pe3ysbTaThl Hccie-
JIOBaHUM pElIEHUI YpaBHEHUM HECTALIMOHAPHOM ra30BOil
OUHAMUKA TPH Pa3lIWYHBIX THUIIAX B3PBIBOB B TOPHBIX
BBIpaOOTKax. Pe3ypTaThl pacyeToB CPAaBHUBAIOTCS C YHC-
JIEHHBIMM PELICHUSAMH 3aJjaudl O PaclpOCTPaHEHUH ynaap-
HBIX BOJIH IMOCJIC TUITIOTETUYCCKOTO MTHOBEHHOI'O B3phIBA.

ITpu pacuerax IETOHAIMOHHBIX BOJH B Ka4E€CTBE Ha4aJlb-
HBIX YCJIOBHH HCIIOJNB3YETCSl pacHpesiesieHHe apaMeTpoB
B3pBIBA, HANJEHHOE B PE3YJIbTATE AHAJIUTHUECKOTO pe-
LICHMS 33aJa41 O JETOHALMHU 3ara30BaHHOTO 00beMa.

B pabore noka3aHo, 4To, HECMOTpSI Ha 3HAYHUTEIILHBIE
OTJINYUA MMapaMCTPpOB B3PBLIBOB PAa3/IMYHbLIX THUIIOB, WH-
TCHCUBHOCTL YAApHbLIX BOJIH Ha PACCTOAHUAX ITPEBbI-
HIAIOMKX JUIMHY 00beMa B3pbIBa, OTJIMYAIOIIUXCS MaJlo.
OTO MO3BOJIAET HUCHOJIB30BaTh sl PacueToB paclpo-
CTpaHEHHs yJapHBIX BOJH B3pbIBa M B3PHIBOOE30MACHBIX
PAcCTOSHUI B IaXTaxX MPOCTEUITYIO MOJEIb MTHOBEHHOM
JICTOHALHH.

THE ANALYSIS OF INTENSITY OF SHOCK
WAVES IN MINE WORKINGS AT VARIOUS
TYPES OF EXPLOSIONS

A.V. ASTANIN, I.M. VASENIN, A.YU. KRINOV,
E.R. SHRAGER, D.YU. PALEEV

Tomsk state university Russian Research Institute
of Mine Rescue Work, Tomsk, Russia

Methods of calculation of explosion—proof distances
at explosions in mine working are based, as a rule, on
estimation of intensity of shock waves arising at an in-
stant explosion of a methane—air mixture in a some vol-
ume of a working. In real conditions detonation of the
mixture, if it appears, begins in the place of initiation, and
then spreads in the form of detonation wave. That’s why
it is necessary to know, how the position of the place of
initiation and the position of the air pollution volume
in the working influence intensity of shock waves.

In the report is stated the research of this problem carried
out by a numerical solution of equations of gas dynamics.
The results are given of numerical researches of solutions of
equations of non—stationary gas dynamics at different types
of explosions in mine working. The results of the calcula-
tions comparing with numerical solutions of the task on
shock waves propagation after hypothetical instant explo-
sion. During calculation of detonation waves as initial con-
ditions are used self—similar solution.

It is shown, that, despite of significant differences
of parameters of explosions of various types, intensity
of shock waves for them on distances exceeding length of
volume of explosion differ a little. It allows to use for
calculations of distribution of shock waves of explosion
and explosion—proof distances in mines the elementary
model of an instant detonation.
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KHNHETUYECKAS MOJIEJIb PA3JIOKEHUA
TF'ETEPOI'EHHBIX BB C YYETOM U3MEHEHUSA
YCJIOBUM YIAPHOI'O HATPYKEHUA

B.M. BEJIbCKHNIA

Poccuiickuii penepabHbIN sSIEPHBIA LHEHTP —
Bceepoccutiickmnit HUM sxcniepuMeHTanbHON (PH3HUKH,
Capos, Poccus

PaccmarpuBaeTcst aeKBaTHOCTD CYILECTBYIOIIUX MaTe-
MaTHYECKNX MOZENeH Mpolecca MHULMMPOBAHUS peajlb-
HBIM YCJIOBHUSIM, NIPOUCXOJAIINM B T'€TEPOT€HHOM B3pPbIB-
YaTOM BEIIECTBE 32 ()POHTOM HHUIMMPYIOIINX YIapHBIX
BOJIH.

[TokazaHo, YTO B CyNIECTBYIOIIMX MOAENAX HE Y4H-
TBIBA€TCSl PEAKIMs BOJIHBI TOPEHUSI HA M3MEHEHUE YCIIO-
BUIl HAarpy>KeHHMs 32 yIapHBIM (pPOHTOM.

[Ipennoxena Gosee nosiHas MaTeMaTU4ecKas MOJIEIb
mpolecca ¢ y4eToM peakluM IUIAMEHM Ha U3MEHEHUE
BHEIITHHUX yCJIOBHH.

v

HEKOTOPBIE OCOBEHHOCTHU PA3JIOKEHUA
TATB 1P HATPEBAHUU

H.B. 'APMAIIEBA, B.I1. ®1inH, .B. UEMATHHA,
H.IT. TAitBMHOB, B.T. TUMO®EEB, H.}O. ®UIHIITIOBA,
M.B. KA3AKOBA, U.A. BATAJIOBA, FO.A. IIAXTOPUH,
B.T". JIOBOIKO

Poccuiickuii penepabHbIN SIEPHBIA LHEHTP —
Bceepoccuiickuit HUU TexHndeckor GusuKu
uM. akana. E.M. 3a6abaxuna, Cuexunck, Poccus

Meronamu muddepenumansHoro repmudeckoro (JATA)
u tepmorpaBumeTpudeckoro (TT'A) amanmm3oB mccieno-
BaHO TMOBE/ICHUE HECKOJIBKUX B3pBIBUATHIX BemiecTB (BB)
npu HarpeBanud. [lokazano, yto Ha KpuBbix JTA Heko-
topeix BB (TATB, BT®) nabmronaercs TOHKast CTPYK-
Typa S5K30TEPMHUYECKOr0 NHKa (TPH CKOPOCTH Harpe-
Ba 2 °C/MHH), COOTBETCTBYIOUIETO DPA3JIOKEHHUIO STHX
coemuuenuit. Jnsa 1,1-muamMuHO—2,2—TUHUTPOITUIICHA
(JAJIHE) na kpuBoii JITA 3aperncTprupoBaHbl ABa 9K30-
TEPMHUUECKHX ITUKA.

ChopMyTupOBaHbI BE THIIOTE3bI, OOBICHSIONIUE M0-
JIy4eHHbIE SKCIEPUMEHTAIbHbIE (aKThI: MEPEUNCICHHbIE
B3pbIBYATHIE BEIECTBA INPEACTABIIIOT coboi cmecu (1)
60 pazinoxkenue 3tiux BB npoucxoaut B 1Be cragnu (2).

C menmslo TpOBEpKH CHOPMYITUPOBAHHBIX THUIOTE3
MIPEANIPHUHSATA TIONBITKA CHU3UTH COAEPXKAHUE NpUMeEceH

B TATDB nyrem ero mnepekpucTauIM3alUd € HCIOJIb30-
BaHMEM CEPHOH KHCIOTBI M IUMETWICYIb(oKcHIa
(IMCO).

HccnenoBana CTpyKTypa 3K30TEPMHUYECKOTO THKa Ha
kpuBsIX JTA nu UK—®ypse cnextpsl TATE B 3aBucumo-
CTH OT crnocoba nepekpucraumzanuu. [lokasaHo, 4ro
ounctka TATDB OT 3HAUYNTENBHOTO KOJIMYECTBA MIPUMECEi
HE TpUBeNa K CYIECTBEHHOMY YMEHBIIEHUIO BTOPOIO
sK30TepMuueckoro nuka Ha kKpuBsix ITA storo BB. Ilo-
Jy4eHHbIC pPe3yJbTaThl MPUAAIOT JONOJHUTEIbHBINA BeEC
THIIOTE3€ O JABYXCTAAMHHOM XapaKTepe Mporecca B3phIB-
yaToro paznoxxeHust TATB.

C mOMOIIBIO CHCTEMBI BUIEO—MUKPOCKOIINU B Peallb-
HOM MacmTabe BpeMEHHU IIPOBEJCHA BUIEO ChEMKA MOBeE-
nenust kpuctawioB TATDB npu paBHOMEpPHOM HarpeBaHUH
B muamazoHe temmepatyp 20—350 °C. [InaBneHus xpu-
crauioB TATD B rccie0BaHHOM AWAna30HE TEMITEPATyP
He 3apeructpuposano. [Ipu temmeparype Boime +290 °C
kpuctaiiel TATD nperepneBaror OecrylaMeHHBIH 3K30-
TEPMUUYECKUI IEPEXOM, CONPOBOXKAAIOIIMNCA MOTEpPE
MIPO3PAYHOCTH, YMEHBIIEHHEM MAacChl U pa3MepoB KpHU-
CTAJUIOB C TOCIIEAYIONIMM 00pa30BaHHEM TEMHOT'O OCTAT-
Ka Ipu TeMiieparype npudnmsurensHo +350 °C.

v

HUCITIOJIB30BAHUE METOJA
SJIEKTPOITPOBOJHOCTH
JJIsA OIPEJAEJIEHUA BPEMEHU PEAKIIUN
METAJUIMYECKOM JJOBABKH
CIIPOAYKTAMMU JETOHALINHN

C.J. Tunes, A.M. TPYBAUEB

WuctutyT runpoanHamuku M. MLA. JlaBpeatseBa CO PAH,
Hoocubupck, Poccust

B3priBuatsie BemectBa (BB) ¢ meraummueckoit mo-
0aBKOIl SBJISIOTCS Ba)KHBIM KJIACCOM B3PBIBYATHIX Mare-
puanoB. OcHoBHas (yHAaMeHTalbHAs Hay4Has MpooJe-
Ma JUIsl TAKHX COCTaBOB COCTOHUT B TOM, B3aUMOJICHCTBYET
M METAJUT C MPOAYKTaMH JETOHALMH M KAaKOBO BpEMs
3TOro B3auMoneucTBUs. i pelieHnsl yKa3aHHOH 3aaun
OIIBITHBIC JAHHBIE (CKOPOCTH ETOHALMH, NPOGHIN AaB-
JICHUs,, MAacCOBOH CKOPOCTH, TEMIEpAaTyphl) COMNOCTaB-
JSIFOTCSL C pe3yibTaTaMH pacyeTOB JETOHAIMU CMECH
B IPEJIIOJIOKESHUH Pa3IMYHOIO B3aUMOJICHCTBUS 100aB-
ku. Cpeay HEJZOCTaTKOB Takoro MOAXOAa: ciaboe Bius-
HHE peakLUuK 100aBKH Ha H3MepsieMble apaMeTphl 1eTo-
HallUM, HEOJHO3HAYHOCTb TEOPETHUYECKOTO OIMCAHUS
COCTOSIHUSL TIPOAYKTOB JIeTOHaUMu. B HacTosmee Bpems
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npsamvle W3MEPEHUS BPEMEHH PEAKIUN METaJUTHYECKON
JI00aBKH C MPOAYKTAMH AETOHAIIUN OTCYTCTBYIOT.

B manHo#t pabote mis uccnenoBaHus GU3NKO—XUMU-
YECKOT0 B3aMMOJIEHCTBUS JOOABKH HCIIONB3YETCS METOJ
AJIEKTPONIPOBOAHOCTH. VcIoap30BaHNe METOa OCHOBBI-
Ba€TCsd Ha TOM, 4YTO IIpU BSaMMOﬂeﬁCTBHM KOMIIOHEHT
PE3KO MEHSIIOTCS JIIEKTPHUUYECKHE CBOICTBa cMecu. B ya-
CTHOCTH, OKHCJICHHE MeTajjla COIPOBOKAACTCS IEepexo-
JIOM METaJUI—JUIJIEKTPUK C W3MEHEHHEM 3JIEKTPOIpO-
BOJHOCTH HAa MHOTO TOPSIIKOB. MOXHO OXHIATh, UYTO
perucTpanysi MaKpOCKOIHYECKON 3IIEKTPOIPOBOIHOCTH
CMECEBOT0 COCTaBa AacT HH(GOPMAIHIO O (aKTe pPeaKIun
Y TIO3BOJIUT HaiiTh ee BpeMs. B cury Gonpiroro nuamaso-
Ha M3MEHEHHS 3JIEKTPOIIPOBOJHOCTH TaKOH crocod o0-
JIaJaeT BBICOKOM YyBCTBHTENBHOCTBIO M MOXET JaTh
IpsIMyI0 HHGOPMALHIO 0 (PU3MYECKOM COCTOSTHUH JI00aBKH.

B noxnane o0CyxIaroTcs MOAXOBI K pa3paboTKe Me-
TOJA SJIEKTPONPOBOAHOCTH IPOAYKTOB JAETOHALUH Me-
Tayum3upoBaHHbIX BB. TpeboBaHus k cxeme n3mepeHuit
HOCSIT IIPOTHBOPEYMBBII XapaKkTep W OCIOXKHSIOTCS BIIHS-
HHUEM DJIEKTPOMarHuTHOTo0 ckuH-3ddekra. [Ipeanaraercs
AJIEKTPOKOHTAKTHAS TEXHHWKA W3MEPEHHUS DIEKTPOIIPO-
BOJHOCTH BBICOKOTO BPEMEHHOTO pa3pelIeHHs], OCHOBBI-
BalOIIAsACsd Ha yIapHO—BOJHOBOM HHULMUpoBaHuu BB.
IIpuBondaTcsa pe3yiabTaThl PETMCTPaLUU ACTOHALMOHHOMN
3JIEKTPOIIPOBOTHOCTH CMECEBBIX COCTABOB UL PA3iIN4-
HOTO cojaepxanus n00aBku. KauecTBeHHbIE 0COOEHHOCTH
MOJIYYCHHOI'O BbIBOJA O MPOBOAUMOCTHU MOATBEPIKIAAIOTCA
6eCKOHTaKTHbIM QJICKTPOMAariuTHbBIM ME€TOJ0M, HCIOJIb-
3YIOIIUM CXOKAEHHE KBa3U—LIMIIMHIPUYECKON JIeTOHa-
LIMOHHOM BOJIHBI B MAarHUTHOM II0JI€. DJEKTPOKOHTAKT-
HBIM METOJIOM ISl COCTaBOB C PA3IMYHBIM HPOLEHTHBIM
CoIepKaHHEM MeTallla 3aperHCTPHUPOBAHBI CIIAAOIIIE
POUIIN AIIEKTPOTIPOBOAHOCTH B IETOHAIIMOHHOM BOJHE,
YTO MO3BOJAET CHeNaTh OIECHKH BPEMEHH OKHCICHHUS
ATIOMUHUS B 3aBUCHMOCTH OT COJIECpIKaHMs, pa3Mepa Jac-
THII, CTETICHH TIePECKATUS JETOHAIIH.

Pabota mognepxana rpantom POOU 03-03-33175.

USING THE ELECTRIC CONDUCTIVITY
METHOD TO OBTAIN REACTION TIME
OF METALLIC ADDITIVE WITH DETONATION
PRODUCTS

S.D. GILEV, A.M. TRUBACHEV

Lavrentev Institute of Hydrodynamics, Siberian Division
of Russian Academy of Sciences, Novosibirsk, Russia

High explosive (HE) with metallic additive is an im-
portant class of explosive materials. Basic fundamen-
tal scientific problems for such compounds are the fol-

lowing: does metal interact with detonation products?
What is the interaction time? To solve the problems ex-
perimental data (detonation velocity, profiles of pressure,
mass velocity, and temperature) are compared with
simulations of detonation under assumptions on additive
interaction. Among the weaknesses of the approach are
the following: poor effect of the reaction on measurable
parameters of detonation, ambiguity of theoretical de-
scription of state of detonation products. At present direct
measurements of reaction time of metallic additive with
detonation products are absent.

In this presentation the electric conductivity method is
used to study physical-chemical interaction of the addi-
tive. The method uses that under the interaction electric
properties of the mixture change sharply. In particularly,
oxidizing metal leads to metal—dielectric transition and is
accompanied by change of the electric conductivity up to
few orders of magnitude. One would expect that registra-
tion of the mixture conductivity gives information on the
reaction and allows one to obtain the reaction time. Due
to large range of conductivity variation the approach has
good sensitivity and may give direct data on physical
state of the additive.

We discuss technique for measuring the electric con-
ductivity of detonation products of metallized HEs.
Wants to measuring scheme are mutually contradictory
and are complicated by electromagnetic skin effect.
An electric contact technique of measuring the conduc-
tivity of high temporal resolution is used. The technique
is based on shock initiation of the HE. Results on detona-
tion conductivity of the mixtures are presented for
different content of the additive. The conclusions on the
conductance are supported by non—contact electromag-
netic technique using convergence of quasi—cylindrical
detonation wave in magnetic field. Decreasing profiles of
the detonation conductivity are recorded for mixtures of
different percentage of metal by the electric contact tech-
nique. This allows one to get estimation of aluminium
oxidation time in dependence on metal content, grain
size, and detonation overdriving.

The work is supported by grant of RFBR Ne03-03—
33175.
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NHUIINUPOBAHUE JETOHALIMOHHBIX
MHIPOLECCOB B MIUPOTEXHUYECKHUX
KOMITIO3NIUAX JIASEPHBIM U3JIYYEHUEM

A.H.TosoBUAK, A.C. JIYJIBIPEB, A.B. BEJEHELKUIA

Cankr-IlerepOyprekuii Tocy1apCTBEHHBIN
TEXHOJIOTHYECKHI HHCTHTYT (TEXHUUCCKUIT yHUBEPCUTET),
Canxr—Ilerepbypr, Poccus

ITuporexuuueckue cocrassl (IIC) no HenaBHero Bpe-
MEHH TPEJCTABISUIA MHTEPEC JINIIb B Ka4eCTBE 3apsI0B,
peaNM3yIoIUX I0J] ACHCTBUEM JIa3epHOTO H3ITyYEHUS
UCKJIIOYNTENILHO TIPOLECCHl TOpPEeHUs (CTalMOHApHOTO
W B3PBIBHOTO) W, CIEOBATEIFHO, HE MOTIN HCIOIH30-
BaThCS B JIA3€PHBIX IEIAX IMOAPHIBA, OCHOBAHHBIX Ha Je-
TOHALIMOHHBIX peXHMaX. BriepBble KOMIIO3UINH, CIIO-
COOHBIE K AETOHAIIMOHHBIM TIPEBPAIICHUSIM O JEHCTBH-
€M UMITyJIbCHOTO JlazepHoro m3nmydenus (A = 1,06 mMxm),
obutn pazpadoransl B CITIGI' TU(TY) Ha ocHOBe mepXJio-
para aMMOHHUSI ¥ TUNIOPOCHUTOB aMMOHHUS U IEIOYHBIX
MetayuioB [1, 2]. KomMno3umuu ycToMYMBO AETOHHUPYIOT
MoJl AEUCTBHEM JAa3epHOrO H3IYy4eHHs, KaKk B pEXHUME
MOJIYJINPOBaHHON JOOPOTHOCTH PE30HATOpa, TaK M CBO-
00/HOH reHepaly U TPAHCIUPYIOT MPOLECC IETOHAIMN
MIPU MaJIBIX KPUTHYECKUX auameTrpax (~1,8+2,0 mm). On-
HaKO K HEZOCTAaTKaM 3THX KOMIIO3UIMH CIIeyeT OTHECTH
JIOCTaTOYHO BBICOKUI MOPOT JIa3€pHOT0 WHULIMHPOBAHMS,

KOTOpBI cocTtaBmsieT 1,5—6,0 J[/cM , 9TO CyIIeCTBEeH-
HO HIXE INopora MHULMUPOBaHUA Opu3aHTHBIX BB, HO
BBIIIIE IOPOra HHULMUpPOBaHus mTatHbix UBB.
Pe3ynbraTaMu NmpoOBEAEHHBIX MCCIEIOBAaHUM IMOKa3a-
HAa BO3MOXKHOCTb CHIDKEHMS 3TOT0 IOPOra MpPaKTHUECKU

Ha TIOPSIIOK u JocTikeHne yposHs 0,2—0,6 Z[)K/CMZ, 9TO
COOTBETCTBYET ITOPOT'Y JIa3epHOT0 HHULIMMPOBAHMS I TAT-
Hbix MBB. IlepcnieKTUBHBIMA B 3TOM OTHOLICHUU SIB-
JISIFOTCSl KOMITO3MLIMM Ha OCHOBE IEPXJIOPAaTOB aMMOHUS
1 KaJus ¢ TaKUMHU TOPIOYMMH KaK 0— KapbopaH u Oop-
THIOPHUI Kaus. DKCIEPUMEHTAIBHO YCTaHOBIIEHA MEHB-
masi 3aBUCUMOCTB TUIOTHOCTH DHEPTHUH WHUITMHPOBAHUS
cMecel OT pekuMa TeHepalud W3IY4YCeHUs, B OTINYHE OT
nHunuupyromux BB.

Bricokass 9yBCTBUTENBFHOCTh Pa3pabOTaHHBIX KOMIIO-
3UIUH K JIa3epHOMY HM3JIy4eHHI0 00yCIIOBIICHA, 110 BU/IHU-
MOMY, CIIOCOOHOCTBIO FOPIOYHX AUCIPONOPLUOHUPOBATH
¢ 00pa3oBaHHEM B Ka4eCTBE NMPOMEXYTOUHBIX ITPOYKTOB
BBICOKOAKTHBHBIX coeanHeHuil (dochuna, mnudocduna,
BOJIOpPOAA, AMOOpaHa M IIp.), KOTOpble MOTYT B 3HA4H-
TETBHON Mepe CIOCOOCTBOBATH Pa3BUTHIO LICITHBIX Peak-
it B [IC mox gelicTBHEM TEPMUYECKOTO HIIH YAAPHOTO
HMIYJIbCA.

CkopocTb gAeToHanuu cMmeced coctaBisieT 5500—
6000 m/c. TTokazaHa BBICOKAs HA/ICKHOCTh WHUIIMAPOBA-
Hus 3apsinoB OpusantHeix BB (TOH, CL-20) ot cBero-

YYyBCTBUTEIIBHBIX KOMHOBI/IL[I/If/i Ipun HUX MHUHHUMaJIbHBIX
HaBCCKax.
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INITIATION OF DETONATION PROCESSES
IN PYROTECHNIC FORMULATIONS UNDER
THE ACTION OF LASER IRRADIATION

AN. GOLOWCHAK, A.S. DUDYREV, A.V. VEDENEZKY

Russia, St.—Petersburg, St.—Petersburg State Institute
of Technology (Technical university), SPbGTI(TU),
Tomsk, Russia

Until recently pyrotechnic formulations (PF) were of
interest only as charges realizing exclusively combustion
processes (layer—by—layer or explosive) under the action
of laser irradiation and, therefore, could not be used in
laser blasting circuits based on the detonation regime.
The formulations capable of detonation under the pulse
laser irradiation (A = 1,06 p), were originally developed
at SPbGTI (TU) on the basis of ammonium perchlorate
and hypophosphites of ammonium and alkali metals
[1, 2]. The formulations steadily detonate under the ac-
tion of laser irradiation acting both in the mono pulse
mode and in continuous generation regime, the detona-
tion process propagating under the conditions of small
critical diameters (~1,8—2,0 mm). However, the formu-
lation feature some drawbacks, among these are suffi-
ciently high threshold of laser initiation (it ranges

from 1,5 to 6,0 J/cmz). It is significantly lower than the
initiation threshold of high explosives, but higher than the
initiation threshold of ordinary primary explosives (PE).
The results of our investigation showed that this
threshold can be lowered by one order of magnitude and

the level of 0,2—0,6 J/cm2 can be attained, which corre-
sponds the laser initiation threshold of ordinary PE.

In this respect the formulations on the basis of ammo-
nium and potassium perchlorates and such fuels as
o—carborane and potassium borohydride are promising. It
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was shown experimentally that the energy density of ini-
tiation of the mixtures depends on the regime of genera-
tion of laser irradiation, in a lesser extent than for primary
explosives.

Probably, the reason for the high sensitivity towards
pulsed laser irradiation is the ability of fuels to generate
some active compounds (phosphine, diphosphine, hydro-
gen, diborane and others) as intermediates. These inter-
mediates appreciably promote the development of chain
reactions in PF under thermal or shock pulse.

The velocity of detonation of the mixtures is 5500—
6000 m/sec. It was shown that even a minimal amount of
high—sensivitive pyrotechnic formulations studied by us
can initiate industrially produced high explosives (PETN,
CL-20) with high reliability.
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TEPMHUYECKOE YPABHEHHUE COCTOSHUA
INVIACTU®UIIUPOBAHHOI'O TATH

K.®. I'PEBEHKMH, A.JI. )KEPEBIIOB,
B.B. [1orioBA, M.B. TAPAHUK

Poccuiickuii GpenepanbHblil SOepHBIA HEHTP —
Bceepoccniickuit HUU texandeckoit ¢pu3ukn
uM. akana. E.W. 3ab6abaxuna, Cuexunck, Poccus

B pabore mpeanoxeHO TEPMUUYECKOE ypaBHEHHE CO-
cTostHusl B3pbIBUaThIX coctaBoB (BC) na ocnoBe TATB,
IIPY TIOCTPOSHHUH KOTOPOTO HAapSAy C SKCHEPHUMEHTAIb-
HBIMA JaHHbIMH (yJoapHbie aamabatbl oOpasmoB PBX
9502 (95%TATB, 5%Kel-F) ¢ pasnuuHOl HavambHOM
Temnepatypoii [1,2]) nucnonp30Batuch pe3ynbTaThl KBaH-
TOBO—MEXAHMYECKHMX W  MOJEKYJISIPHO—INHAMHUYECKUX
pacyeToB TEPMOAMHAMUYECKUX IapaMeTpoB — TEIUIO-
€MKOCTH TPH TIOCTOSHHOM OOBEME M HM30XOPHYECKOTO
kod(unmenTa napiaeHUs. Beui BBISBIEHBI MX OCOOEHHO-
CTH, a2 IMEHHO — CHJIbHAs! 3aBHCHMOCTD TETNIOEMKOCTH OT

TeMIepaTyphl, a N30XopHdeckoro koddduimenrta mgapie-
HUSI OT yZAENbHOro o0beMa. B ypaBHEHUH COCTOSIHUSA HC-
MOJB3YIOTCA TEPMOJMHAMHYECKH COIJIACOBAHHBIC Iapa-
MeTpHI cocTosTHUS Kpuctaummueckoro TATD Ha m3o6ape
1 arMocdepa, nonyueHHbIE Ha OCHOBE aHaIN3a pacyer-
HbIX U SKCHIEPHUMCHTAJIbHBIX JaHHBIX. HpOBeHeHa OLICHKAa
BIMSIHUS TUTACTH(HUKATOpa HAa YIAPHYIO CKHUMAEeMOCTh
BC na ocnose TATB.

[pennioxxeHHOE ypaBHEHHE COCTOSIHUS TTO3BOJIMIIO OITH-
caTh pe3yJIbTaThl SKCIEPUMEHTOB 110 yAapHOMY cxxaturo BC
PBX 9502, B KOTOpBIX HadaIbHAs TeMIIepaTypa 0OpasIoB
BapbUpOBATaCh B IMUPOKUX Mpeaenax oT —55 mo 252 °C,

a HavaJgbHas IUIOTHOCTH OT 1,7 mo 1,93 F/CM3. PaccuuTtansl
TEMIIepaTypbl yAapHOTro HarpeBaHus storo BC ¢ pasmunu-
HOW HavanbHOW Temreparypoil. OOHapyXeH CHIIBHBIH
HenuHeHHbIH d3Qdexkt — BC ¢ NoBBIIEHHOW HayaJIbHOM
TEMIIEpaTypoii UIMeIoT 0oJiee KpyTyto 3aBUCUMOCTh T (P).

AHaM3 pacyeTHBIX JAHHBIX MO TEMIIepaTypaMm yaap-
HOTO CXKAaTWs JaeT yKa3aHHs Ha TO, YTO MOMHMO CTPYK-
TypHBIX (aKkTOpoB (IOPHUCTOCTh, pasmep 3epeH BB),
ornpeesironux (GOPMUPOBAHUE «TOPSIUYUX TOUYCK», TEM-
neparypa o0ObeMHOI0 pa3orpeBa B 3HAYMTENILHOI crerie-
HU ONpeIensieT CKOPOCTh XMMUYECKOTO INpeBpaIleHUs
BB. C 37001 TOYKH 3peHHs] MOXXHO OOBSCHHUTH CJEIYIO-
Iye SKCIepUMEHTaIbHO Halmogaemble 3ddeKkTsl: 3Ha-
YUTENILHOE CHIDKEHHE JaBiieHHus nHuuupoBanus BC Ha
ocHoBe TATH npu npeaBaputTenbHOM HarpeBaHuUM 00-
Pa3IoB WIH YBEIUYCHUH TOPUCTOCTH MIPH HOPMAIEHOU
HaJaJbHOM TeMIepaType, a TakKe CHIDKEHHE YIapHO-
BOJIHOBOH YYBCTBHUTEIHHOCTH IPEABAPUTEIBHO MOKA-
1h1Xx BC (momxkaTue cnaboif yaapHOH BOJHOM MM Harpe-
BaHHE B METAJUTUIECKOM 000JI0UKE).
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P,V,E, T-EQUATION OF STATE FOR
TATB-BASED EXPLOSIVES

K.F. GREBYONKIN, V.V. POPOVA,
M.V. TARANIK, A.L. ZHEREBTSOV

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

The paper presents the theoretical P, V, E, T-equation
of state for TATB-based explosives. The EOS has been
constructed using the experimental data (Hugoniots of
PBX9502 with different initial temperatures [1, 2]) and
the results of ab initio and molecular dynamic calcula-
tions of the thermodynamic parameters — heat capacity
at constatnt volume and isochoric pressure ratio. The
main features of these thermodynamic coefficients were
identified, namely — the strong temperature dependence
of heat capacity Cj; and the strong volume dependence

of isochoric pressure ratio.

The EOS uses the thermodynamic consistent pa-
rameters of TATB at isobar 1 atmosphere. The estimates
of the binder influence on shock compressibility of
TATB-based HE were done.

The calculations of shock wave heating of HE with
different initial temperatures were performed. The strong
nonlinear effect was found — HE with higher initial tem-
perature has more strong dependence T (P).

The analysis of calculated dependences T(P) shows
that besides structure factors (porosity, grain size of HE)
the temperature of shock heating determines the decom-
position rate at high extent. From this point of view some
experimental effects can be explain: the significant de-
creasing of initiation pressure in case of preheated HE or
in case of high porosity samples; the decreasing of
shock—wave sensitivity of precompressed HE (for exam-
ple, by weak air shock wave or for samples heated in
a metal confinement).
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Hoocubupck, Poccust

Teepnast ¢da3a COXpaHCHHBIX MPOAYKTOB JCTOHAIMH
TpaauMoHHbIX BB cocTouT W3 KOHAEHCHPOBAHHOIO
yriaepona, Ipyrux CTPYKTYyp, B TOM YHCJIEC U H3 YIBTPa
nucnepcHbIx anmmazoB (YJIA). Ilpu ee wmcciemoBaHUH
OCHOBHOE€ BHUMaHHe yaeisioch YA, MX KOJIUYECTBY
u pa3mepam. Jlpyrue CTpyKTypbl HE3aCTy>KEHHO UTHOPH-
pPOBAIIUCH.

Brmre ckazanHOe MOOYIIIO aBTOPOB HadaTh MCCIe-
JIOBaHHE CTPYKTYpPbI TBepAoil a3kl cCOXpaHEHHBIX MPO-
IYKTOB JETOHAINH (IIWUXTHI) C TPHUBICUYECHHEM HOBBIX
METOJIOB UCCIIEIOBaHUA (B TOM YHCJIE U CHHXPOTPOHHOTO
n3nydeHus). MccnenoBanace TBepras (aza TpoTwia, TeK-
COTeHa, OKTOT€HA, TOHA U CMecel TPOTHJIa C TEKCOTCHOM,
U THHA CO CTEaPUHOBOM KMCIIOTOW U CTeapaTamH.

Jist mosyyeHus: 4yucTOW TBEpIOW (a3bl MPOAYKTOB
JIETOHAIINY HCIIONIF30BAIMCH B3PBIBHAS KaMepa OOJHII0-
BaHHasl Hep)KaBeIOIIeH cTalpio U Meablo. 3apsan BB Ha-
XOJUIICS BHYTPH OOOJOYKH W30 JIbJAa, €r0 MOAPBIB IPO-
BOJIWJICSI C TIOMOILBIO CHELUAIBHOTO OOEBHKA, MHUIIMH-
pPOBaHHE KOTOPOTO OCYIIECTBIBUIOCH JIEKTPUIECKAM
B3pPLIBOM MeﬂHOﬁ IMMPOBOJIOYKH B MCJIKOAUCIIEPCHOM TOHE
(0,2 r). Kopmyc 6oeBuka otnuBancs u3 TT .

Jis uccnenoBaHUM UCIONB30BAIUCH AIIEKTPOHHO—OII-
THYECKAN METOM, METOJ AJIEKTPOHHOW Audpakiuu, Me-
TOA IU(GPAKTOMETPHH CHHXPOTPOHHOTO H3IIyYEHHS, Me-
TOJ 3JEMEHTHOI'O aHaliu3a Ha My4yKaX CHUHXPOTPOHHOTO
W3ITYYEeHUS, METOJ DJIEKPOIPOBOAHOCTH COXPAHEHHBIX
HIPOAYKTOB U METOA 3JIEKTPOIPOBOJHOCTH MPH YAAPHOM
CKaTUM CTeapaToB, METOJ MAaJOYIJIOBOTO pacCesHUs
CUHXPOTPOHHOI'O M3IY4YEHHs] B JUHAMUYECKUX SKCIEPH-
MEHTax.

B nokmame TpuBOIATCS Pe3yIbTATHI MPOBEICHHBIX
HCCIIEI0OBaHUM.
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HNCIIOJIb30OBAHUE CBETOYYBCTBUTEJIBHBIX
NHUNUUPYIOUX BEIIECTB
KAK 9JIEMEHTA MAKETA MOJEJIN
CBETOAETOHATOPA

W.B. HEAUHCKUI, M. A. YowvH, U.A. YTPIOMOB

Cankr-IletepOyprckuii rocyapcTBEHHBIA TEXHOIOTHUCCKHN
WHCTUTYT (TEXHHYECKUH YHHUBEPCUTET),
Cankr-Ilerepbypr, Poccus

CHHTE3 HAHOCTPYKTYp C 3aJlaHHBIMH XapaKTE€PHUCTH-
KaM{ W co3laHue (YHKINOHAIHHBIX MATEPHUATIOB Ha WX
OCHOBE B CHJIy YHUKAJIBHOCTH UX CBOMCTB BOLUIM B YHC-
JIO IPUOPUTETHBIX 3a7a4 MUPOBOM Hayku. HaHowacTuipl,
0OBIYHO pa3Mep KOTOPBIX JEeXHT B npeaenax 1—100 Hw,
4acTO MPOSBIAIOT HEOOBIYHBIE CBOMCTBA IO CPaBHEHUIO
CO CBOWCTBAaMH MAaTEpHAaJIOB, OOPAa30BAHHBIX YaCTHLIAMH
MHUKpPOHHOTO pa3mepa. Pa3zmepHbie 3G (deKkThl B 3HAYU-
TEJIbHOM CTENEHU U3MEHSAIOT MAKPOCKOIIMYECKUE CBOMCT-
Ba MaT€pUaoB. Bricokas xumuueckasi akTUBHOCTh HAHO-
4acTHL[ OOYCIJIOBJICHA, OYEBUJHO, BBICOKUM 3HaYCHUEM
OTHOIIEHHS IOBEPXHOCTH YAaCTHIl K HX 00BEMY.

Cpenu TepCcleKTHUBHBIX 00JacTell HCIIOIb30BaHMS
HaHOCTPYKTYPUPOBAHHBIX KOMIIO3UTHBIX MAaTEpHUajiOB
MOXHO BBIJIEIUTh U JHEPrOEMKUE KOHAECHCHUPOBAaHHBIE
CUCTEMBI, HAIIpUMEP CBETOUYYBCTBUTENbHBIE BB mi1s1 cuc-
TEM JIa3€PHOT0 MHULIMMPOBAHUSL.

JlazepHOE€ MHMLIMUPOBAHUE — OTHOCHUTEJIBHO HOBBII
croco0 mozapeiBa BB, oTnuyarommiics MOBBIIIEHHON
6e3omacHOCThIO. [Ipu Ja3epHOM HMHUIIMUPOBAHUU OOecC-
[I€YUBACTCS BBICOKHII YpOBEHb W30JISILMU CBETOACTOHA-
TOpa OT JIO)KHOTO MMITyJIbCa ITE€pPelaBaeMoro Mo JIMHUU
CBA3U C HMITYJIbCHBIM JIa3€pOM, IOCKOJIbKY B OIITUYC-
CKOM JIMalla30HE OTCYTCTBYIOT CIlydailHble HCTOYHUKU
C MOILHOCTBIO, JOCTAaTOUYHOW AJIS MOAPBIBA JI€TOHATOPA.
CBeToIeTOHATOPbl HEUYBCTBUTENIBHBI K 3JIEKTPOMArHUT-
HbIM HaBOJAKAM M 3apsAAaM CTaTHUYECKOrO AJIEKTPUUYECT-
Ba. OZHAM U3 OCHOBHBIX DJJIEMEHTOB IICTIH JIa3epHO-
r0 UHULHUHUPOBAHUS SBIIAIOTCS CBETOYYBCTBUTEJIbHBIC
SHEProeMKHUE BELIECTBA.

Hcxons u3 aHanuza UMEIOLIMXCS Pe3yIbTaTOB U3yde-
HUS BIMSHMS pa3Mepa KpUCTaJIOB Ha BOCHPUMMYUBOCTb
CBETOUYBCTBUTENIbHBIX BB K J1a3epHOMY MMITyJIbCY MOX-
HO IPEAIOJIOKHUTb, YTO CYLECTBYET ONTUMAJbHBIA pa3-
MEp YacTull JJis JAaHHOTO CBETOYYBCTBUTENbHOrO BB,
HMMEIOLIUX HAaUMEHbIIUN OPOT HHULIMKPOBAHUS, PUUEM
UX CEYEHHE JOJDKHO OBITh OJIM3KO K BEIWYHMHE «TOPTIUX
TOYEeK» (MHTEHCHBHBIX OYaroB JIOKaJbHOTO pa30rpeBa)
B BemlecTBe. OUeBUAHO, pa3Mep HAHOCTPYKTYP LIS SHEP-
TOEMKHUX COJIEBBIX CHUCTEM AOJDKEH JieXkKaTh B JUANa3oHe
ot ~100 mo ~1000 HM, HCXOMs U3 PE3yIbTaTOB, TOIyICH-
HBIX IIPY U3YUYEHHUU JIA3€PHOI0 MHULMHPOBAHUU IEPXJIO-
paTa aMMOHHUSL.

B xauectBe cBeTouyBCTBHTENbHOTO BB Hamm Obin
CUHTE3UPOBAH U U3yY€H KOMIUIEKCHBIM IIEpXJIOpaT pTYTH

(I) ¢ S5-Tuppa3swHOTETPa30JOM B KA4eCTBE JIMTAHIA
(coenunenwne (I)). JlaHHBINH BEIOOP OCHOBBIBAETCS HA BBI-
COKOH TOJIOKUTEIHHONW IHTAJIBIUN 00pa3oBaHUs S—THI-
Pa3MHOTETPA30J1a, MOIIHON OKHCIWTENBHONH CIOCOOHOC-
TU TMCPXJIOpaT—MOHAa, BBICOKOM IOTCHIMAJIC HWOHH3AlUN
KaTuoHa PTYTH, YTO IAOJDKHO IPUBECTU K HOJTYUYCHHIO
BBICOKOHEPIrOEMKOTO COCAUHCHHS C KOPOTKHUM yYacT-
KOM TIepexoJia TOPEHUsSI B ICTOHAIMIO, YYBCTBUTEIHHOTO
K JJa3epHOMY H3ITyUYCHHIO.

ITonyuyeHHOE KOMIUIEKCHOE COCOMHEHUE 00JanaeT
9KCTPEMAITbHO BBHICOKOH BOCTIPHUMYHUBOCTBIO K Ja3epHO-

My MoHommmyiscy (A = 1,06 Mkm, T, =30 Hc,

-2
dyyqa = 0,48 Mm) <5 MJLK-CM ~, 9TO MO3BOJISIET OTHEC-

Tn coeaunaeHne (I) K cpaBHUTENFHO HOBOMY KJIacCy dHEp-
TOEMKHUX CBETOYYBCTBUTCJ/IbHBIX MECTATJIOKOMIUICKCHBIX
VBB u ucnonb3oBaTh €ro B JIA3€PHBIX CHCTEMax WHU-
UUPOBAHUA.

Ha ocaose coequnenus (I) 6pu1 pa3paboTaH CBETOUYB-
crBUTENbHBI coctaB BC-2, cocrosmuii u3 ~90% xom-
IUIEKCHOTO Tiepxiyiopara ptytd u ~10% ontuuecku mpo-
3payHOrO MOJIMMEpA, UTPAOIIEr0 POib CTAOMIH3HUpPYOLIEeH
HMHEPTHOM MaTpHULIbL.

Wzyuancs ontuyeckuit aeronarop (OJl), B koTopom
BC—-2 ¢ 1enpro moBBIMIEHNT 0€30IIaCHOCTA OBUT OTIEJIEH
oT HaBecku BB merammmnueckoit wamkoil. CoctaB HaHO-
CHJICSI Ha YalllKy B BUJE IUIEHKU TonuHou ~1,5 mm. Ha-
Becka BC-2 ~30 mr.

[penBapurenbHble UCTIBITAHKS TOKA3aJIH, YTO UyBCTBH-
TenmpHOCTh BC—2 K J1a3epHOMY HMITYJIECY HEOAMMOBOTO
Jlazepa TIPEBBICHIA UYYBCTBHUTEIBHOCTH a3Wa CBHHIA
(~80 mx/Ix) n mpyrux mrataex VIBB. Tak, 50 %—oe cpa-
OatpBanre MonenbHbIX O], cHapspkeHHbx BC-2, B pe-
XKUME MOHOHMMIIYJIbCA HMENO MECTO IPH SHEPTHU H3ITy-
gennsa ~20 Mx/[k, a B pexxnme CBOOOAHOHN TeHeparmn —
2,5 m/x. ammmposanne BC—2 Bo Bcex ciry4asx HpHBO-
IO K TIepenade JieToHaumu BB, pasMenieHHOMY 1ox dam-
Koil. B pesynbrare ynajoch MHULMHMPOBaTb HE TOJIBKO
nanpupyone BB, nHo u TOH, otHocsmmiica k kiaccy
opmanTHEIX BB. Takum o6pa3om, pa3paboTaH 1 yCIIETHO
HCHBITaH MakeT 0e3omacHoro OJ] HOBOTO MOKOJICHHS.

PRIMARY EXPLOSIVES AS ELEMENTS
OF OPTICAL DETONATOR MODEL

ILA. UGRHUMOV, M. A. ILYUSHIN, [.V. TSELINSKY

The St.—Petersburg state institute of technology
(technical university), St.—Petersburg, Russia

Synthesis of nano—structures with predetermined
characteristics and development of functional materials
on their basis have become one of priority problems in
the materials science. Nano—particles, whose size lies
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within the limits of 1—100 nanometers, frequently dis-
play unusual properties in comparison with the properties
of materials formed by particles of the micron size. Di-
mensional effects substantially change macroscopic prop-
erties of materials. High reactivity of nano—particles is,
apparently, due to the high value of the ratio of the sur-
face of particles to their volume.

Among perspective areas of application of nano—
structured materials it is possible to bleed energetic
condensed systems, for example, photosensitive primary
explosives (PE) for the systems of laser initiation.

Laser initiation is a rather new means of PE blasting
distinguished by improved safety. In the optical range
there are no sporadic—energy sources with the capacity,
sufficient to blast the optical detonator (OD). It provides
a high level of isolation of the OD from the occasional
pulses transferred along the communication line from the
pulse laser. OD is tolerant to electromagnetic interference
as well as to discharges of a static electricity. One of the
basic elements of the laser initiation circuit is a photosen-
sitive power—intensive compound.

Starting from the results of research devoted to the in-
fluence of crystal size on susceptibility of photosensitive
PE towards pulse it is possible to assume the existence of
the optimal particle size for a given photosensitive com-
pound, possessing the lowest threshold of initiation. Their
diameter should be close to the size of «hot points» (cen-
ters of intensive local heating) in PE. Apparently, the size
of nano—structures for energetic ionic compounds should
lie in the 100 ~1000 nanometers, judging from the results
of study of laser initiation of ammonium perchlorate.

As potential photosensitive energetic primary explo-
sives we synthesized and investigated complex perchlo-
rate of mercury (II) with 5-hydrazinotetrazole as a ligand
(compound (I)). Our choice is based on the high positive
enthalpy of formation of 5-hydrazinotetrazole, high oxi-
dizing ability of the perchlorate ion and a high potential
of ionization of mercury cation. These parameters should
provide the synthesis of energetic compound with a short
site of burn—to—detonation transition, sensitive to laser
radiation.

Complex (I) has extremely high susceptibility to

laser mono pulse (A = 1.06 microns, 7,,;, =30 ns,

dyqy =0.48 mm) <5 mJ-cm™2, which allows to classify

compound (I) as a representative of a photosensitive
energetic metal-complex PE and to use it in laser systems
of initiation.

On the basis of compound (I) the photosensitive for-
mulation EC-2 consisting of ~90 % of the complex mer-
cury perchlorate and ~10 % of optically transparent
polymer playing the role of a stabilizing inert matrix has
been developed.

The optical detonator in which EC-2 formation for
the sake of increased safety was separated from the sec-
ondary high explosive (SHE) by a metal cup, was stud-

ied. The cap was coated with EC-2 formation 1.5 mm
thick (weight about 30 mg)

The trial tests showed, that EC-2 sensitivity to pulse
the neodymium laser pulse exceeded that of lead azide
(~80 mcJ). So, the 50 % explosion probability of the
model of OD, charged with EC-2, in a mono pulse mode
of initiation took place at radiant energy of 20 mcJ, while
in the free generation mode it comprised 2.5 mcJ. Initia-
tion of EC-2 in all cases resulted in the transfer of deto-
nation to charge the SHE charge. Thus, the model of safe
OD of new generation has been developed and success-
fully tested.

v

HNCCIIEJOBAHUE PACHPEJAEJIEHUA
SJEKTPUYECKUX 3APAI0B
B JETOHALIMOHHbBIX BOJIHAX
KOHJAEHCHUPOBAHHBIX BB

T1.1. 3yBKOB, I1.1. UBAHOB, A.M. KAPTAIIIOB,
JLA. JIVKbSIHUMKOB, B.I'. CBux, K.A. TEH

Wuctutyt rugponuaamuky uM. M.A. JlaBpertseBa CO PAH,
Hoocubupck, Poccust

[Ipu pacnpocTpaHeHNH CHIBHBIX YIapHBIX BOIH IPO-
HCXOJUT pa3feliCHHue AIEKTPUICCKUX 3apsI0B, CBI3aHHOE
C UX pa3IM4YHOM MOABMXKHOCTBIO M C IOJISIpU3ALUEN Be-
niecTBa. BBICOKME TI'paMEHThl OAaBJICHUH, TEMIEPATYP
W MAacCOBBIX CKOPOCTEH M BO3HHKAIOIIAsl IMPOBOIUMOCTH
B JICTOHAIIIOHHON BOJIHE B3PBIBUATHIX BEIIECTB MOXKET
MMPUBOJUTH K aHAJIOTUYHBIM SABJICHUSAM. HOZ[TBep)KIleHI/I-
€M JITaHHOTO IPENOI0KEHHUS SIBISETCS MOIYdYEHHOE pa-
Hee aBTOpaMM paclpejeeHHe TMOTEHIMaja B JETOHa-
LMOHHBIX BOJHAX.

Jlnst vuccnenoBaHusi pacrpeneneHus 3apsaoB B J€TO-
HAIIMOHHON BOJHE OBUIM IIOCTABIICHBI JKCIIEPUMEHTHI
MTO3BOJISAIOIINE BOCCTAHABIMBATE PACIpPEICICHUE TTOTCH-
uana BIOJh PacHpOCTpaHeHUs AeToHaruu. Mccienosa-
JIUCH HACBHIIHBIE U IPECCOBAaHHBIC OKTOTEH, T3H, TPOTHUIL

OKcIleprMEeHTaIbHBIE PE3yIbTaThl MPEACTABIISIOT CO-
00if 3aBUCHMOCTh HalPsDKEHUST Ha U3MEPUTEILHOU sT4eii-
Ke OT BpEeMEHU. OTU pe3yJbTaThl MO3BOJISIIOT BOCCTAHO-
BUTH pacOopeacjIcHUC IMNOoTECHIHalla B ﬂeTOHaHHOHHOﬁ
BOJIHE BJIOJIb €€ pacripocTpaHeHus. [1lo BoccTaHOBIEHHOMY
MOTEHLMATy HaXOAWIOCh PACIpEleSeHUe JIIEKTPUUECKUX
3apsIoB omeparuell ABOMHOTO muddepeHIMPOBaHUS 110
KOOpJUHATE U AUMOIbHBIA MOMEHT.
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JunoneHelii MOMEHT B HccaeayeMblx BB Hanpasien
B CTOPOHY PAcIIPOCTpaHEHHUs NeToHauuu. B cranuonap-
HOM PEKUME OH MOCTOSHEH.

ITomyueHHoe pacnpeneneHue 3apsgoB HMEET Clie-
YOI BWA: BIEpeOu HIeT HeOONbLION oTpuuarelib-
HBIA 3apsjl, 32 HUM CIEAYIOT OOJBIION MOJIOKHUTEIbHBIN
U 0OJIBLION OTpHULATENBHBIN 3apsibl. B HACHITHBIX TIHE,
OKTOTeHe U TpoTwie mupuHa pacnpenenenus 0,15; 0,23
u 0,34 MM COOTBETCTBEHHO.

XapakTtep paclnpeleNneHuss CBHIETEIbCTBYET IO
MEHBILIEH MEPE O JBYX MEXaHU3MaX €ro BOSHUKHOBEHUSI.
Ilo mpencraBneHHsAM aBTOPOB OIHHMM M3 MEXAHH3MOB
aBisgeTcs nojsipusauus BB B mHunuupyromeil yaapHoit
BonHe. J[pyroii MexaHu3M 00yCIIOBJICH MPOLECCaMHt TIPO-
HCXOAAIUMH TP BO3HUKHOBEHUH IIPOBOJUMOCTH.

Bosnpinasi BenmvurHa NOTeHIMAal a Ha (QpPOHTE JEeTOHa-
IIUOHHON BOJHBI (HOPSIIKA HECKOJIBKUX KHJIOBOJIBT)
CBUJIETENILCTBYET O HETEIUIOBOM MPHPOJIE €ro BO3HUKHO-
BEHUS.

Takum 00pa3oM B NMPOBENEHHBIX SKCIEPUMEHTaX 00-
Hapy>XeHa TOHKasl CTPYKTypa JIETOHAILMOHHOTO ()POHTA.

RESEARCH OF DISTRIBUTION
OF ELECTRIC CHARGES IN DETONATION
WAVES OF CONDENSED EXPLOSIVES

P.1. ZuBKOV, P.I. IVANOV, A.M. KARTASHOV,
L.A. LUK’YANCHIKOV, V.G. SVIKH, K.A. TEN

Lavrent’yev Institute of Hydrodynamics SB RAS,
Novosibirsk, Russia

At propagation of strong shockwaves there is a sepa-
ration of electric charges, related to their different mov-
ability and matter’s polarization. High gradients of pres-
sure, temperatures and mass rates and the arising conduc-
tivity in a detonation wave of explosives can result in to
analogous phenomena. The potential distribution in deto-
nation waves, obtained earlier by the authors, is the con-
firmation of the given supposition.

For research of distribution of charges in a detonation
wave the experiments permitting to restore a potential
distribution along the detonation propagation were car-
ried out. The powdered and pressed HMX, PETN and
trotyl were investigated.

The experimental outcomes represent time depend-
ence of voltage of measuring cell. These outcomes allow
restoring a potential distribution in a detonation wave
lengthways its propagation. Distribution of electric
charges was found by operation of double coordinate
differentiation of the retrieved potential and dipole mo-
ment was found too.

The dipole moment in investigated explosives is codi-
rectional with the detonation propagation. At stationary
regime it is constant.

The obtained distribution has the following form: the
small negative charge goes in advance, followed by large
positive charge and large negative charge. In powdered
PETN, HMX and trotyl widths of distributions are 0.15,
0.23 and 0.34 mms respectively.

The nature of distribution testifies at least to two gears
of its originating. On authors conception one of mecha-
nisms is the polarization of explosive in priming shock-
wave. Other mechanism is conditioned by processes
which take place at originating of conductivity.

The large value of a potential at the front of detona-
tion wave (about several kilovolts) testifies to the non—
thermal nature of its originating.

Thus in the conducted experiments the fine structure
of detonation front is detected.

v

O BJIMSAHUN MEXAHUYECKHUX ITPOLIECCOB
HA 3A’KUT'AHUE TBEP/bIX BEIIIECTB

A.I'. KHSI3EBA

HucTuTyT QU3NKH TPOYHOCTH
u marepuaniosenenust CO PAH, Tomck, Poccus

M3BecTHO, YTO CKOPOCTh TOPEHHUs TBEPIBIX TOILUIMB
3aBHCUT OT HampsHKEHHO—Ie()OPMHUPOBAHHOTO COCTOSI-
HUSI, BBI3BAHHOIO BHELIHEH MEXaHUYECKOW Harpy3kou
WK yCIOBHUAMU (uKcanuu Torumsa B kamepe PJITT. DOra
3aBHCHMOCTh MOXET OBITH CBSI3aHA C Pa3IHYHBIMU TPH-
YHMHAMH — OCOOCHHOCTSIMU aKTHBALMU PEaKIMU B TBEp-
Ioit (pase, CTPYKTYPHOI HEOJTHOPOTHOCTHIO TOIUIHBA (Ha-
JIUYMEM BKIIOYCHUH, TOP, MHUKPOTPCIIUH), HAITHIHEM
OONBIINX TPaAUECHTOB TEMIEpPaTyphl U (PU3UKO—MEXaHH-
YECKUX CBOMCTB B 30HE peakuuu. OU3NYECKUE MTPOLIECCHI
B TBEpOi (a3e B3aMMOCBS3aHBI U MOTYT BIUATH HA CKO-
pOCTb XHMMHUYECKOIO IPEBpallCHHUs Kak MpsAMO, TaK
1 KOCBEHHO, T. €. IOCPEICTBOM TaK Ha3bIBaEMBIX 00pat-
HBIX cBsa3ed. CraenoBaTeNbHO, BHEIIHEE BO3IEHCTBHE,
B TOM YHCJIE ¥ MEXaHMYECKOE, MOXKET MPOSBUTHCS Pa3-
JINYHBIM 00pa3oM.

B HacTosimiem nokiajie ¢ UCMOIb30BAHUEM CBA3AHHBIX
MoOZeJiel MpenrnoJiaraercs MNpOAEMOHCTPUPOBATH POJIb
MEXaHUYECKUX MPOLECCOB B WHUIMHPOBAHUM PEAKLIUU
B TBepHOi (pasze, B YACTHOCTH, B 3aKUTAHUH TBEPHABIX BeE-
mectB. [lpy aHanu3e 4acTHBIX 3a7ad TEOPUM 3aXKHUTAHUS
C y94EeTOM MEXaHWYECKUX IPOIECCOB (BBITOIHEHHBIX ABTO-
pOM B pa3HOe Bpemsl) BBIICHEHO, YTO YCIOBHS (pUKcanuu
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oOpasia BIMSAIOT Ha CKOPOCTh €r0 Harpesa M, CIel0Ba-
TEJIbHO, Ha CKOPOCTh MNPOTEKAIOUIMX B HEM IpeBpalie-
HUIA; POpPMaIbHO—KMHETHYECKHE TTapaMeTpbl CyMMapHOii
peakuuu B TBepIOM (aze MOryT MMETh COBCEM HE TOT
CMBICJI, Kakol UM nmpuaacTCs B YUCTO TCIJIOBBIX MOACIAX
3QKUTAaHUST M TOPEHUS; XapaKTepUCTUKHU PEaKIMOHHOMN
30HBI W CTPYKTypa HpPOJIYKTOB TBepaodasHoW cranuu
IIPEBpAILEHHs] CYLIECTBEHHO 3aBUCIT OT KHHETUKU HAKO-
IUIEHHUS] TIOBPEXICHUH (MOBPEXICHUS, HAKOIMBLINECS
B TBEpHOH (a3ze, MOTYT OBITH OJHOW M3 OCHOBHBIX IPH-
YHH HEYCTOWYHMBOHN pabOTHI ABHTATE]ed HA TBEPABIX TO-
IUINBaX B OCOOBIX KIMMAaTHYECKHUX YCJIOBHSAX); XapakTe-
PHCTHKH TIpOIiecca 3aKUTaHMs U CTPYKTypa 30HBI peak-
LU CYLIECTBEHHO 3aBUCST OT PEOJIOTMYECKUX CBOWCTB
TOIUIMBA, & NPH TEOPETHYECKOM HCCIEIOBAHUA — OT
BBIOPAHHOW PEOJIOTMYECKON MOJIEH, OIHCHIBAIOIICH
KOHKPETHOE KOHAEHCHPOBAHHOE BELIECTBO.

IIpu uccnenoBaHUM HCIONIB3YIOTCA IMPOCTEHIINE aHa-
JIUTUYCCKHUEC OLCHKHU, ACUMIITOTHYCCKHUC W YHCICHHBIC
METOAbI.

TO MECHANICAL PROCESSES INFLUENCE
ON THE IGNITION OF SOLID SUBSTANCE

A.G. KNYAZEVA

Institute of Strength Physics and Material Science,
Tomsk, Russia

It is known, that the burning rate of solid fuels de-
pends on stress—strain state caused by the external me-
chanical loading or by the fuel fixation condition into
chamber (in combustion engine). This dependence can be
connected with the various causes — features of reaction
initiation into a solid phase, structure heterogeneity of the
fuel (inclusions, pores and micro cracks are present into
fuel always), high temperature gradients and physical —
mechanical properties changes into the reaction zone.
Physical processes into solid phase are interrelated and
can effect on the chemical reaction rate direct and indirect
that is by means of feedbacks. Therefore, external me-
chanical action can appear with different ways.

In this report, it is proposed to demonstrate the role of
the mechanical processes in the solid—phase chemical
reaction initiation, particularly, in the solid substance
ignition. During the analysis of particular problems (sug-
gested and examined in different time), where the me-
chanical processes are taken into consideration, ones suc-
ceeds to ascertain, that the fixation condition of the
specimen with given form effect on the heating rate, and
hence on the rate of the conversions running in them; the
formal-kinetics parameters of summary reaction into

solid phase can have the sense differs from one that pure
thermal combustion theory imparts to them; the reaction
zone characteristics and the structure of solid product of
solid phase stage of conversion depend essentially on the
damages accumulation kinetics (the damages accumulat-
ing into the solid phase can be one of cause of the un-
steady working of the engine with solid fuel in the spe-
cific condition; the characteristics of the ignition proc-
esses and the reaction zone structure depends essentially
on the rheological properties of the fuel, and during theo-
retical investigations — on the chosen rheological model
for specific condensed substance.

The simplest analytical estimations, asymptotical and
numerical methods have been used for investigation of
individual problems.

v

OYAT'OBOE 3APOXKJIEHUE B3PBIBHOI'O
PA3JIOKEHUSA ABUJA CEPEBPA

2.J1. AYKEP, A.I'. KPEUETOB,
A.JO. MUTPO®AHOB, E.B. TYIIMIMH

KemepoBckuii rocy1apcTBEeHHBIH YHUBEPCUTET,
KemepoBo, Poccust

b.I1. AIVEB

Kemeposckuii ¢pumman UXTTM CO PAH,
Kemeposo, Poccust

[IpencraBnensl UccaenOBaHus AMHAMUYECKOM TOIO-
rpaduu B3pbIBHOTO CBEUSHHUS a3UJIOB TSDKENBIX METAILIOB
(ATM) ¢ HCIONIb30BaHUEM COBPEMEHHBIX JKCIIEPUMEH-
TaIBHBIX METOAWK C HAaHO— W CyOHAaHOCEKYyHIHBIM Bpe-
MEHHBIM pa3pelIeHueM.

YBenuueHHoe 300paKeHUEe HUTEBHIHOTO KpUCTaIa
asuzia cepedpa IepenaBanoch ONTHUYECKHM OOBEKTHBOM
Ha (orokaron crpuk—kamepsl «View 2A». [Ipocrpancr-
BEHHOE paszpelueHue coctapisio 50 mkm. Maunmupoa-
HHE OCYIIECTBIBUIOCH JIa3epPHBIM UMITYJIbcoM. CBedeHue
o0pasia mpu HHIIUHUPOBAHUH BOJIM3H TTOPOTa B3PBIBHOTO
pa3IoKeHUsT JIOKATM30BAHO B OTHENBHBIX CBETSIINXCS
Toukax. CriemyeT MOAYEPKHYTh, YTO IPH IUIOTHOCTU

9HEpruu ~5 MJK/CM~ JTIOMHUHECHEHITUS SBISETCS Tpe-
B3pBIBHOH. EciM IUIOTHOCTE JHEPTHU BO3OYKICHUSI

2
yBennuuth 10 150 mJDx/cM™, TO CBEYEHHE CTAHOBHUTCS
TOMOTCHHBIM, W TPOSBISCTCS MEPBBI KOMIIOHEHT TPE-
B3PBIBHOTO CBEUCHUSI.
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PesynbraThl MOKa3bIBalOT, YTO pa3BUTHE B3PHIBHOTO
paznoxeHus! BOJIM3K MOpora MHULMHAPOBAHKUS MEET BbIpa-
JKEHHBII TeTeporeHHbId Xxapakrep. Mbl mpeamnonaraeM, 4To
9TH 00JIaCTH UMEIOT YBEINYCHHYIO JIOKAIBHYIO KOHIIEHTpa-
U0 CTPYKTYPHBIX Ae(eKTOB (HarmpuMmep, o0JlacTH BOIHM3U
mucnokarmid). OCHOBaHWS JJIsI TAKOTO TPEATOJIOAKESHUS
JIAI0T paHee MOTy4eHHBIE Pe3ynbTaThl. ABTOpHI [1] ycraHo-
BWIH, YTO MEJUIEHHOE pa3nokeHne ATM B 3JIeKTpHUECKOM
Y MarHUTHBIX TOJSIX HPOMCXOAWT BOJIM3M JTHCIIOKALIMH.
Kpome Toro, Teopermueckue pacdeTsl ISl OpHU3aHTHBIX
B3PBIBYATHIX BEIIECTB IPEACKA3bIBAIOT 3HAYMTEIHHOE Cy-
JKEHHE 3aIpeIIeHHOMN 30HBI BOJIM3H TUCTOKAIHA [2].

IlpuBeneHHOE paccMOTpEHHE MPHPOJIBI JIOKAIBHBIX
obnacreit manmmupoBanus ATM npenBapuTeIbHOE H Tpe-
OyeT JIOTIOTHUTENBHO IKCIIEPUMEHTAIBHOM POBEPKH.

Pa6ora Bemomuena mpu nognepxkke MHTLI (mmpoexT
2180).
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THE HOT SPOT-ORIGIN OF EXPLOSIVE
DECOMPOSITION IN SILVER AZIDE

E.D. ALUKER, A.G. KRECHETOV,
A.YU. MITROFANOV, E.V. TUPITSIN

Kemerovo State University, Kemerovo, Russia

B.P. ADUEV
Kemerovo branch ICSSM SB RAC, Kemerovo, Russia

The investigation of topography dynamics for heavy
metal azides (HMA) explosive glow, using modern
experimental techniques of nanosecond and subnano-
second time resolution is reported.

An enlarged image of silver azide whisker was
transmitted by optical objective to photoelectric cathode
of streak—camera «View 2A». Spatial resolution was 50
pm. Initiation was performed by a laser pulse. The
sample glow under initiation near threshold of explosive
decomposition is localized in separate luminous points. It
should be emphasized that we concerned with predetona-
tion luminescence at the density of energy ~5 mlJ/cm™.
When the density of excitation energy is elevated
to 150 mJ/cm™ homogeneous glow in a sweep is obser-
ved, the fast first component occurs in predetonation glow.

The results obtained show that development of explo-
sive decomposition has expressed heterogeneous charac-

ter near initiation threshold under the effect of even
ultrashort laser pulses. We propose that these areas have
increased local concentration of structure defects (e. g. areas
near dislocations). The results presented elsewhere give
an evidence for the above assumption. The authors [1]
have stated that HMA slow decomposition in electric and
magnetic fields occurs near dislocations. Furthermore,
theoretical calculations predict appreciable constriction of
band gap near dislocations for high explosives [2].

The above considerations on the nature of local areas
of HMA initiation are preliminary ones and require fur-
ther experimental testing.

This works has received financial support from ISTC
(project 2180).
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BJIMSIHUE ®@OPMbI IIPET'PA/JIbI
HA EE CTOUKOCTbDB K JEUCTBUIO B3PbIBA

M.A. JIEBEJEB, /.M. JIEBEJIEB

Poccuiickuii penepabHbIN SIEPHBINA LHEHTP —
Bcepoccuiickuit HUU texundeckoit hpusuku
uM. akana. E.W. 3a6abaxuna, CHexxuHCK, Poccust

B nagane 80—x romoB mpu OOCY)XOCHHH OJHOTO W3
KOHKpeTHBIX BorpocoB E.M. 3ababaxuupiM ObUIO TIpen-
JIO’)KEHO WCCIIC0BATh MOBEACHUE TPerpaabl Ha MyTH pac-
MIPOCTPAHECHUSI TPOIYKTOB B3phBa B (opME KOHYCa,
KOTOPBIN MPH B3PBIBE MOXKET 00JIanaTh OOJBINEH Mpod-
HOCTBIO TI0 CPAaBHEHHIO C TUIACTUHOM.

B nokmame TpPUBOIUTCA PACUETHOE OIPENCIICHHUE
OCEBBIX HMITYJICOB, COOOIIAEMBIX B3PBIBOM 3apsina
B3pBIBYATOr0 BELIECTBA IIOCKOW M KOHUYECKOW mperpa-
JIlaM OJIMHAKOBOTO JIAAMETpa.

W3 cpaBHEHUs MOJIyYEHHBIX 3aBUCHUMOCTEN BHUIHO,
YTO OTHOIICHHE HMITyJhCOB B OCCBOM HAIPABICHUH,
BOCIIPHHIMAEMOE TIOCKOCTBIO I KOHYCOM, COCTaBIISIET

1
K — -OJacTuHa _ L ,

)
I KOHYC s

e Iipacruma —— HMILYJIbC, COOOIIAEMBIH KpyIioif

TLIOCKOH [yioyyc — MMITYJIBC, coo0m1aeMblii KOHNYECKOH

mperpase ¢ yriom 3aoctpeHus 23.
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W3 »rToii 3aBHCHUMOCTH CJIeAyeT, 4YTO HNPUMCHCHHUC
nperpaasl B BHUIAC KOHYCa IIO3BOJISIET CHU3UTH JeucT-
ByIOIIII/Iﬁ Ha HEe OCEBOM HUMITYJIbC OT B3pbIBa 3apsia

B 1/ sin® B pas, 10 CPABHEHHIO C IUTOCKOM TPEerpajIoii.

[anee B nokiane M3J1araroTcsi pe3yibTaTbl dKCIEpH-
MEHTAJIBHOW MPOBEPKU CTOMKOCTH ITUX Mperpaja K Aeil-
CTBHIO B3pHIBA.

Jlnst wcnbITanmid ObIT BBIOpaH IIApoOBOW 3apsa W3
TL40/60 (p = 1,68-10° kr / >, D = 7,85-10° m/c) maccoit
2,95 xr, nuamerpom 150MM, pacroyioKeHHBII Ha pac-
cTOSTHUHU 185 MM OT OCHOBaHHWS TpErpajgbl ¥ HHUIHHPO-
BaBIINIICS B LIGHTPE OJJHUM 3JIEKTPOJIETOHATOPOM.

OKCIEepPUMEHTAIFHO TIPOBEPSUIACh CTOHKOCTh K JeHCT-
BHIO B3pEIBA MPETPabl TPEX BUIOB:

— TIJIACTHHA, 3alleMJICHHas 10 KOHTYpY (B OmbBITax —

BBITIOJTHEHHAS 32 OJTHO LIEJIOE C LIUIIMHIPOM);

— TIIACTHHA, OTIEPTas MO KOHTYPY;
— PaBHOTOJIIMHHBIA KOHYC C

60 wmm 90°.

31U mperpajibl B OJJHUX OIBITaX ObLIM OTKPBITHI HETO-
CPEICTBEHHOMY BO3IEHCTBUIO YIAPHOW BOJHBI M TPOIYK-
TOB B3pBIBA 3aps/ia, a B APYTUX 3aKPhIBATUCH HAKIIAIKON M3
TIOJIUSTUIIEHA C IUIOCKOM WIIM KOHYCHOH ITOBEPXHOCTBHIO
CO CTOPOHBI 3apsijia ¢ yriioM 3aoctpenus 60 i 90°.

B noknane onuceiBaeTcsi MOCTaHOBKA OIBITOB, W IIPHU-
BomaTcsi ¢ororpaduu Tperpajy TOCIe HarpyKeHUs
B3pBIBOM.

W3 cpaBHEHUs pe3yJIbTaTOB OIBITOB BUJHO, YTO CTOM-
KOCTh KOHYCa K JISHCTBHIO B3pPbIBA BBIIIE, YEM Yy IUIACTHHBI
TaKOM JK€ TONIIMHBL. Tak, MpOruObl y KOHyca C YIJIOM
3aoctperus 90° B ~2 paza MeHbIIe, YeM Y TUIACTUHBI TOH
’Ke TOJIIIMHBL, ¥ Ha HEM HE 00pa3yloTCs TPEIIMHBI JaXKe
IIpH YMEHBIICHUH TOJIIIMHBI KOHyca B 1,3 pasa.

Taxum o6pa3oM, B pe3ysbTaTe MPOBEACHHONW PabOTHI
MOJYYEHO PacdyeToOM M SKCHEPHUMEHTAIBHO IMOJATBEpK/Ie-
HO, YTO BBITIOJTHEHHE BOCTIPHHUMAIOIICH UMITYJIbC B3pHI-
Ba MOBEPXHOCTHU Iperpajasl B (opMe KOHyca IMO3BOJISIET
MOBBICUTH €€ CTOMKOCTh (MCKIIOYHMTH 0Opa3zoBaHUE Tpe-
IIMH U YMEHBIINTH Jedopmarin).

YIJIOM  320CTPEHHS

THE EFFECT OF A BARRIER FORM
ON ITS RESISTANCE TO EXPLOSION ACTION

M.A. LEBEDEV, D.M. LEBEDEV

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

In the early 80—s on consideration of one of the spe-
cific problems E.I. Zababakhin proposed to investigate
the behavior of a barrier on the way of explosion products
propagation in the form of a cone, which, in an explosion,
can offer higher strength as compared to that of a plate.

The paper gives the calculated determination of axial
pulses imparted by an explosion of an explosive charge to
plane and conical barriers of equal diameter.

It is obvious from comparison of the derived relations,
that the ratio of pulses in the axial direction, which is
taken by the plane and cone is

K = Iplate _ 1

2 2
Leone  sin

where: [ .
plate
1

cone — @ pulse imparted to a conic barrier with an

— a pulse imparted to a round plane plate;

angle 23.
It follows from this relation that the usage of a barrier
in the form of a cone makes it possible to lower the acting

axial pulse from charge explosion by a factor of 1/sin” 3,
as compared to the plane barrier.

Then discussed in the paper are the results of experi-
mental verification of these barriers’ resistance to explo-
sion action.

A ball charge made of RDX 40/60 (p = 1.68-103 kg/m3,

D= 7.85-103 m/s) of mass 2.95 kg, diameter 150 mm,
positioned at a distance of 185mm from the barrier basis
and initiated in the center by one electric detonator was
chosen for tests.

The resistance to explosion action was experi-
mentally verified for the barrier of three types:

a plate restrained over contour (in experiments —
made solid with a cylinder);

— aplate supported on four sides;

— equally thick cone with an angle of 60 or 90°.

In some experiments these barriers were opened for
direct action of shock waves and charge explosion prod-
ucts, and in other experiments they were closed by
a polyethylene protection with plane or conic surface
from the side of a charge with an angle of 60° or 90°.

The paper describes staging of experiments and gives
photos of the barriers after explosion loading.

It is obvious from comparison of the experimental
results, that the resistance of a cone to explosion action is
higher than that of the plate with the same thickness.
Then, deflections of the cone with an angle of 90° is
about half as large as that of the plane with the same
thickness, and cracks are not formed on it even with
reducing the cone thickness by a factor of 1.3.

Therefore, as a result of the performed work it has
been calculated and experimentally confirmed that the
resistance of a barrier surface taking up an explosion
pulse is heightened if it is made in the form of a cone
(cracks formation is to be excluded and deformation is to
be reduced).

v
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PACITIPOCTPAHEHUE
JETOHAIINHA B MOJIYKOJIBHAX
N3 HEYYBCTBHUTEJIBHOTI'O BB

C.H. JIrosatrHCKUI, C.B. BATAJIOB,
A JO. TAPMALIEB, B.I'. ICPADJIbSIH,
O.B. KocTulipiH, b. T'. JIOBOMKO, B.A. TTALLIEHIIEB,
B.A. CusnEB, E.b. CMUPHOB, B.I1. ®MJIMH

Poccuiickuii penepanbHbIi SISPHBIA IEHTP —
Bceepoccuiickuit HUU Texnndeckoi pusuku
uM. akana. E.W. 3ab6abaxuna, CHexuHck, Poccus

PacnipocTpaneHue JAETOHAIIMHA B IIONYKOJBIAX
nx HeuyBctBuTensHOro BB (IHE) Oputo mccnemoBano
IIpH TIOMOIIM MeTOAa 3IEKTPOKOHTAKTHBIX JaTYUKOB.
Mupuna momykoien Obuta 60 MM, a WX TOPIBI OBLIN
3aKpBITHl CTAIBHBIMHU IUIACTHHAMH. HapyXHBI pammyc
nojykoser; Obu1 60 MM, a BHYTPSHHHH R, BapbUPOBAICS
oT 30 mo 50 Mm. BHyTpeHHsI1 U Hapy)KHas MOBEPXHOCTH
TIOJTYKOJIEN OBUTH 3aKPBITHI OOJIHIIOBKAME W3 ILICKCHTIIAca
WM cTaiad. Beuio oOHapykeHO, 4TO CKOPOCTh pacipocTpa-
HCHUSI JICTOHAIIMH 110 BHYTPEHHEH TIOBEPXHOCTHU CTAI[HOHAP-
Ha ¢ camoro Hauyana. [locyie nmepexonHOro ydactka JIMHOM
okonio 90° pasnmuume BO BpeMEHaX BBIXOJA ICTOHAIIMH
Ha HAPYXHYI0 W BHYTPEHHIOIO TIOBEPXHOCTH CTaOWIIH-
3upyerca Ha yposHe 0,2...2,3 MKC B 3aBUCHMOCTH OT

R; marepuana oONHIIOBKU. DTO IMOJpa3syMeBaeT oOpa-
30BaHUE CTAMOHAPHOTO JETOHAIIMOHHOTO pEeXHMa, IpH
KOTOPOM BCSI 30HA pEaKIiy MOBOPAYMBAETCS KaK TBEPIOE
teno. Onepexaromuil yqaacTok GpoHTa pacmojaraercs Ha
paccrosHUH 2...5 MM OT BHYTPEHHEH IOBEPXHOCTU
U pacrpocTpansercs co ckopocthio 90...98 % ot ckopoctu

CTallMOHAPHOM J1€TOHAIMU B 3aBUCUMOCTHU OT R; U Ma-
Tepuana oONMIOBKHA. B ciydae 000104Yek H3IUIEKCH-

rnaca U Ry = 50 MM neroHanus 3aTyxaer, IOBEpHYB Iie-
pex >TuM pumepHo Ha 90 °©.

v

3AIIIATHBIE CBOMCTBA MPOTSIKEHHOM
HATPETOM OBJIACTH BO3JIYXA

B.H. Oxutun, C.C. MEHBIIIAKOB

Mockosckuii ['ocynapctBennbiit Texuuueckuii Y HuUBepcuTeT
um. H. O. baymana, Mocksa, Poccus

W3BecTHO mpeanoxKeHue o 3alnuTe 00BEKTOB OT BO3-
JelcTBUsl ynapHoil BonHBI (YB) BBICOTHOTO simepHOTO
B3pBIBA, COCTOSIILIEE B CO3JAaHUH NIEPE] B3PHIBOM Ha HEKO-

TOPOH BBICOTE HaJl MOBEPXHOCTBIO 3€MJIU MPOTSHKEHHOIO
CJIOSI 4acTHI], MOTJOINAIINX H3Iy4yeHHus. B pesymbrate
BO3JCHCTBUSL HAa YaCTHULBI ONEPEXKAIOLUIET0 CBETOBOTO
U3JTy4eHHUs SIAEPHOTO B3pbIBa 00pa3yeTcs CIIOH Harpero-
ro BO3/yXa, IPH B3aUMOJCHCTBUU C KOTOPHIM MOJOLIEN-
el Mo3/Hee B3pBIBHOM YB NpOUCXOIUT CHUXKEHHE €€
apaMeTpoB.

B mpempiaymmx pabotax aBTOPOB Ha IMpUMEpe TUIOCKOH
YB TpeyroiapHOro npoduiis aHATUTHYECKA W YHCIICHHO
OBITO TIOKA3aHO, YTO B CITydae TOPSTIEro CJI0sI C TOCTOSTHHOM
110 TOJIIWHE TeMnepaTypoi?I, CHI)KCHUE aBJICHUA B IIPO-
xomsme YB HaOmomaeTcs Wb TpU TeMIIepaTrype, mpe-
BBIIIAIOIIEH HEKOTOpoe KpUTHUYeckoe 3HadeHue. [lpu
MEHBIIEH Temreparype ciosi JaBjIeHHE, 10 CPaBHEHHIO
C BOJIHOM, pacnpocTpaHsolieiics B BO3LyXxe ¢ IOCTOSHHON
HayaJIbHOM TEMIIEPATypPOil, BO3PACTAET.

B peanbHbIX cioydasx INPaKTUYECKU HEBO3MOKHO
MOJIYYUTh TOPSYUM CIIOM C MOCTOSIHHOM TeMIepaTypoil,
MIOATOMY CIIeJlyeT TOBOPUTH O HEKOTOPOi 00acTu Harpe-
TOTO BO3[yXa C JOCTATOYHO IUIAaBHBIM M3MEHEHHEM TEM-
nepaTyphl Ha rpaHHIax.

B nacrosmieii paboTe mpoBeIEHO YHCICHHOE MCCIIENO-
BaHWE BIUSHHUSA HEOJHOPOIHOCTH PACIIPENECICHUS TeM-
neparypsl BO3LyXa B CJIO€ Ha MapaMeTpsl npoxopsiiei YB.
AHanu3 TOIyYeHHBIX PE3yJbTATOB MOKA3bIBACT, YTO IIPU
pacnpocTpaHeHn YB mo obiactsaM ciiost ¢ IepeMeHHON
TeMIIepaTypoil IPOUCXOAUT H3MEHEHHE PO TaBICHUS,
a UHTEHCHBHOCTb MPOXOSAILEH 3a CI0H BOJIHBI MOXKET OKa-
3aTbCs KaK HWJKE, TaK ¥ BbIIIE HHTEHCHUBHOCTH BOJIHBI, Pac-
TpOCTpaHsoUIeiics B OJTHOPOIHON aTMocdepe.

DEFENSIVE CHARACTERISTICS
HEATED AREA OF AIR

V.N. OKHITIN, S.S. MENSHAKOV

Bauman Moscow State Technical University,
Moscow, Russia

Known offer on protection of objects from influence
of shock wave (SW) of high—altitude nucleus blast, con-
sisting in creation before blast on a certain height on
surface of land layer of particles, absorbing radiations. As
a result of influences on particles overtaking light radia-
tion of nucleus blast is formed the layer of hot air, at in-
teraction with which later explosive SW occurs the re-
duction of its parameters.

In previous works the authors on example flat SW tri-
angular profile analytically and numerically there was is
shown that in the case of hot layer with constant on
thickness by temperature, reduction of pressure in passing
SW exists only under the temperature, exceeding certain
critical importance. Under smaller temperature a layer
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a pressure, in contrast with wave, spreading with constant
initial temperature midair, increases.

In real events practically impossible to get the hot
layer with constant temperature so follows to speak of
a certain area of hot air with enough fluent change the
temperature on borders.

In persisting work is organized counted study of in-
fluence to spottinesses of sharing the temperature of air in
layer on parameters passing SW. The analysis of got re-
sults shows that when spreading SW on areas a layer with
variable temperature occurs change the profile of pres-
sure, but intensity passing for layer of wave can turn out
to be as below, so and above intensities of wave, spread-
ing in uniform atmosphere.

v

JIETOHAILIMSI TA30BO CMECH
B IHIEPOXOBATBIX TPYBAX U HIEJIAX

B.H. OxutuH, C.1. KIMMAUYKOB, 1. A. IIEPEBAJIOB

Mockosckuii 'ocynapcrBennblil TexHuueckuil Y HUBEpCUTET
uMm. H.D. baymana, Mocksa, Poccust

lNazonmHaMuueckue mapameTpbl JETOHAILMU B LIEPO-
XOBATbIX KaHajlaX MPEACTaBJIAIOT MHTCPEC C TOYKHU 3pC-
HUA OLUCHKH HOCJ'IeIlCTBl/Iﬂ cnyqaﬁﬂmx B3pPLIBOB, CBs3aH-
HBIX C BOCIUIAMEHEHHEM M MOCIIEAYIOUIMM IEPEX0a0M
K JIETOHAIMH TbLJIe— U ra30—BO3JYIIHBIX CMeced B dlie-
MEHTaX TEXHOJIOTHYECKOTO 000py/I0BaHHSI XMMUYECKOTO,
He)TerazoBoro, MUIIEBOIO U HEKOTOPHIX IPYIMX OTpac-
Jieil MmammHocTpoenus. [lpu pacrpocTpaHeHnn JeTOHALMU
B IIEPOXOBATHIX KaHaJax 3a CUCT TPEHHUS U TEIIOOTBOJA
B CTEHKH MapaMeTpsl Ha (PpoHTE BOIHBI (B IDIOCKOCTH
Yenmena—)Kyre) CHIKAIOTCS, 110 CPaBHEHHIO C TEPMO-
JTUHAMHYECKUMH, a Ta30ANHAMUYECKHE TapaMeTphl Tede-
HUSI 32 ()POHTOM HAYMHAIOT OTKJIOHSTHCS OT aBTOMO-
JIENTbHOTO pelIeHus [JIs OJHOMEpPHOW JI€TOHAIMOHHOM
BOJIHBI.

B noxyane npuBOIsATCS pe3yJbTaThl YUCIEHHOIO pe-
LIEHUS OJJHOMEPHOM HECTAallMOHAPHOM 3aJauu O pacmpo-
CTpaHEHHM JICTOHAIIMOHHOM BOJHBI C MOCTOSHHBIMHU
(TepMOOMHAMMYECKMMH) TlapaMeTpaMu Ha  (poHTe
(B mpeHeOpeKeHNH OTEPSIMU B Y3KOW 30HE XUMHYECKOU
peaknuy) NpH MHULMUPOBAHUH y TIyXOTO TOpIA >KECT-
KOH TpyOBI M BOJIb OCH CHMMETPHH B LIETH MEXIY IBY-
MSl TapajieldbHBIMH IUTACTHHAMU C YYETOM TPEHHS
1 KOHBEKTMBHOTO TEIUI00OMEHa co creHKamu. [Ipoana-
JIU3UPOBaHbl JUHAMHKA W3MEHEHHMsS IapaMeTpoB 3a
(pPOHTOM IO Mepe paclpOCTPAHEHUsI BOJIHBI U BIIUSHHE

OTHOCHTEJIEHOTO pa3Mepa OOJIaCTH 3aJIaHUsl HAYaJIbHBIX
(aBTOMOAENBHBIX) ycinoBui. IlokazaHo, 9To ¢ Te4eHHEM
BpEeMEHH B HAIPaBIECHWH OT (poHTa, Kak B Tpyde, Tak
U [IeTH HAauWHAeT YCTAaHAaBIMBATHCA ACHMIITOTHYECKOE
pacrpezeneHe napaMeTpoB, He M3MEHSIOLIeeCs] B IpO-
Lecce JajbHeiero pacrnpocrpanenusi BosHbl. [losyude-
HbI YMCJICHHBIC PCIICHUA AJIsI AaCUMITOTHYCCKUX pacCIpe-
JIeNIeHnH, KOTOpble B OOOMX CiIydyasx OIMCHIBAIOTCS
OHUMH W TE€MH e OOBIKHOBEHHBIMH Iy depeHnnas-
HBIMH YPaBHEHHSMH B CHCTEME KOODAMHAT, CBS3aHHOM
¢ ¢porTom BomHBI. [Tom00paHkl aHATUTHYIECKHE AITPOK-
CHMAaLUH JUIs aCHMITOTHYECKUX PaclpeneNieHuil u ycTa-
HOBJICHBI PACCTOSIHUSA, C KOTOPBIX MMH MOXKHO IIOJIB30-
BaTbCsl U ONMUCAHMS PACIPEAENICHUS IapaMeTpoB 3a
(hpPOHTOM BOJIHBI € IOCTaTOYHO BEICOKOH TOYHOCTHIO.

DETONATION OF GAS MIXTURE
IN ROUGH TUBES AND CHAPS

V.N. OKHITIN, S.I. KLIMACHKOV, I.A. PEREVALOV

Bauman Moscow State Technical University,
Moscow, Russia

Gas—dynamic parameters of detonation in rough
channels are effective to estimate from the viewpoint of
analysis of consequences from accidental explosions due
to ignition and following transition to detonation of dust—
and gas—air mixtures in equipment of chemical, oil, gas,
food and some other industries. When detonation propa-
gates through rough channels, the Chapman—Jouget pa-
rameters at the detonation wave front are decreased at the
expense of friction and heating of walls in comparison
with thermodynamic ones, and gas—dynamic conditions
of flow following the front start deviating from self—same
solution for one—dimensional detonation wave.

The paper presents the results of numerical simulation
of one—dimensional non—stationary problem on detona-
tion wave propagation with constant (thermodynamic)
conditions at the front (assuming no losses in narrow
zone of chemical reaction), when the detonation is
initiated near dead end of a rigid tube and along the axis
of symmetry in the gap between two parallel plates, tak-
ing into account the friction and convectional heat ex-
change with walls. Dynamics of change of conditions
following the front as the wave propagates and influence
of comparative size of the area to set the initial (self-
same) conditions have been analyzed. The paper shows
the asymptotic distribution of conditions starts settling
and then doesn’t change further as the wave propagates.
Numerical solutions for asymptotic distributions, which
are described by the same common differential equations
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in frame of reference connected with the wave front in
both cases, have been obtained. Analytical approxima-
tions for asymptotic distributions have been found and
distances, when they become applicable to describe the
distribution of conditions following the wave front with
quite high accuracy, have been determined.

v

YHPABJEHUE JETOHALIMEN TBC
B JIBUTATEJIE
BHYTPEHHEI'O CTOPAHUS

M.M. PYCAKOB, JI.A. ITABJIOB

TonpATTUHCKUN TOCYIaPCTBEHHBIN YHUBEPCUTET,
TonpsarTu, Poccus

OCHOBHBIC TTOKa3aTENH ABHTATEsl BHYTPEHHETO CTo-
panust (ABC) MOIIHOCTE W YACTBHBIA pPacxXoll TOIIMBA
3aBUCAT OT JETOHALMOHHON CTOMKOCTH NPUMEHSIEMOTO
TorUIMBa. JleTOHAIIMOHHAs CTOMKOCTh TOIUIMBA OIpee-
nsercss okTaHoBbIM umcioMm (OY). Uem oHa BhINIE, TEM
Beire OY rormmBa. MI3MeHATE IeTOHAIMOHHEIE CBOMCTBA
TOIIJIMBA, MO>XHO BBOJs ZlO6aBKI/I B TOHJ'II/IBOBO3Z[yHJHy10
cmecy (TBC). DkcnepuMeHTanbHbIE HCCIEIOBAaHMS Ha
ycraHoBke YUT—85 moxasamu, 4To MpUMEHEHHE aKTHB-

HbIX 1100aBOK (O m Hj) yMeHBIIAIOT NETOHAIMOHHYIO
croiikocts TBC, a uneptasie (CO,) ee yBenuuusaiot. Jlo-

6aBka B TBC 10 % CO; yBenmuuBaeT IETOHALMOHHYIO
CTOMKOCTh NpHOIM3UTENbHO Ha 17 emunun (ot 76 mo 93
u ot 93 no 110).

3HaHWe 3aBACHMOCTEM W3MEHEHHS IETOHAIIMOHHON
croiikoctn TBC oT paznuuHBIX (paKTOpOB TAaeT BO3MOXK-
HOCTh PalMOHAJIBHO OpraHm3oBbIBaTh padorty JIBC. Ha-
mpuMep, H006aBKa BOJOPOJAa MOXKET oOecrednTs paboTy
JABC Ha cBepxOemHBIX CMeCSX W IMPU ITOM CHHXKATh
YICNBHBIA PacXoll TOILIMBA M TOKCHYHOCTh OTpPabOTaB-
mux razoB (OI'). OnHako yMEHbIICHHE E€TOHAIIMOHHOM
CTOMKOCTH IIpyu 3TOM YMCHBIIAECT MAaKCUMAJIbHO AOCTHU-

XHUMyI0 MomHocTb. MueptHast nobaska (COj) yBenmmuu-
BAaeT JETOHALMOHHYIO CTOMKOCTh TOIUIMBA W MO3BOJISIET
pabotats JIBC Ha Gonee nemeBoM Oen3uHe ¢ MeHbIuM OU
WIHM YBEJIMYUTH CTEIEHb CXKATHS JIBUIaTeNsl M YMEHBIIHTh
yIeNBHBIM PacXo/l TOIUINBA.

PacueTHas olLleHKa, HAa OCHOBE 3KCIIEPUMEHTAIBHBIX

JIAHHBIX, TOKa3aia, uto 6en3un ¢ OY 76 u nodaskoit CO;
B Kon4ecTBe 8 % MOXKHO NPHUMEHITh BMECTO OCH3WMHA
¢ OY 92. B pesynpTaTe CTOUMOCTb €IUHUIIBI MOLIHOCTH

cHusutcd Ha 20—22 %. OgHako mpH 3TOM MaKCHMallb-
Hast momHocTh JIBC cHusutcs Ha 8 %. OLieHKa UCIIOJNb-

3oBanus O6eH3nHa A—92 ¢ nobaskoii 8§ % CO, B nBuraTe-
Jie ¢ YBEJIMUYEHHOW CTeneHbto cxatus (1o 11) 3ameTHoH
BbIrONbI He mokasana (1—2 %). OmHako B oOoux cCity-
gasix Oynmer ymeHbIneHue TokcumuHocTH Ol ocoOGeHHO

NOy. Ilpr 5TOM MOKHO OTMETHTB, YTO BEICOKOE OKTAaHO-
BOE 4HciIo TpeOyeTcs Mmpu padoTe IBUraTeis TOJIbKO Ha
MaJIbIX 000pOTax, BCIEICTBHE YEro MOTEPH MOIIHOCTH Ha
OospIIMX 000pOTax MOXET HE OBITh, a VISl YIPOIIEHHS

KOHCTPYKIMHK Bo3MoxkHa 3ameHa CO; Ha xomoaasie Ol

CONTROL OF DETONATION FAM
IN THE INTERNAL COMBUSTION ENGINE

M.M. RusAkov, D.A.PAVLOV

Tolyatti state university, Toliatti, Russia

The basic parameters of engine (ICE) power and
a specific consumption of fuel depend on knock value of
used fuel. Knock value of fuel is determined by octane
value (OV). The it is higher, the above OV fuel. To
change detonation properties of fuel, it is possible using
different components in FAM. Experimental researches
on installation YUT-85 have shown, that application

of add activations (O, and H;) reduce knock value
FAM, and inert (COj) it augment. The component in

FAM 10 % CO; augments knock value approximately by
17 units (from 76 up to 93 and from 93 up to 110).

The knowledge of relations of change of knock value
FAM from different factors enables to organize activity
ICE rationally. For example, the component of hydrogen
may ensure the functioning ICE on lean mixtures and
thus to reduce a specific consumption of fuel and toxicity
of exhaust gases (EG). However reduction of knock value
thus reduces maximum accessible power. Inert additive

(COy) augments knock value of fuel and allows to work
ICE on cheaper benzine with smaller OV or to increase
intensity of compression of the engine and to reduce
a specific consumption of fuel.

The computational estimation, on the basis of experi-
mental data, has shown, that benzine with OV 76 and
component CO» in quantity of 8 % can be applied instead
of benzine with OV 92. In outcome the cost of a power
unit will decrease on 20—22 %. However thus maximum
power ICE will decrease on 8 %. The estimation of use of
benzine OV-92 with the component of 8 % CO, in the
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engine with the increased intensity of compression
(up to 11) has not shown noticeable profit (1—2 %).
However in both cases there will be a reduc-

tion(decreasing) of toxicity EG especially NOy. Thus it is
possible to mark, that high octane value is required at
engine run only on low speeds owing to what a power
loss on high speed may not be, and for simplification of a

design replacement CO» on cold EG is possible.
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SJEKTPOITPOBOJHOCTH ITPOAYKTOB
B3PbBIBA KOHAEHCHUPOBAHHBIX
B3PBIBUATBIX BEHIECTB
IPU INEPECKATOM JETOHAIIUU

I1.1. 3VBKOB, I1.1. UBAHOB, JI.A. JIVKbSIHUMKOB,
H.I'. CKOPOBOT'ATBIX, K.A. TEH

WuctutyT runponunamuku uM. M.A. JlaBpentseBa CO PAH,
HoBocubupck, Poccust

A.M. KAPTAIIOB, B.I'. CBUX

HoBocubupckuii rocyapcTBEHHBI YHUBEPCHTET,
Hoocubupck, Poccust

OKCIIEPUMEHTAIbHOE HCCIEAOBAaHUE MPOBOAUMOCTHU
IPOAYKTOB JI€TOHALMK B3PBIBUATHIX BELIECTB AKTyaabHO
[0 CETOMHAIIHUKA JeHb. IHTepec BBI3BIBAIOT KaK H3y4e-
HHUE BOSHUKHOBEHHUS JETOHAMOHHON MTPOBOJUMOCTH, TaK
1 3a[1a9¥ MCCIIeJOBAaHUS NETOHAMOHHBIX U YIapHO—BOJI-
HOBBIX IIPOIIECCOB METOJOM 3JIEKTPOIPOBOAHOCTH.

B nHacTosmeit pabore mpeacTaBieH MaTepuan dKCIie-
PUMEHTAIBHOTO HCCIIEIOBAHMSA MPOBOAMMOCTH TMPOIYK-
TOB ACTOHALIMU KOHACHCHUPOBAHHLIX B3PbIBUATBIX BE-
IIECTB HACBIMHOW IUIOTHOCTHU: T€KCOr'€Ha, OKTOTeHa, TPO-
tuna, TOHa. V3mepenusi npoBoAMMOCTH OBUTH BBIIIOJN-
HEHBbI JUIA CIIy4yaeB HOPMAaJbHOM M IepecikaToil JeToHa-
LUU DNEKTPOKOHTAKTHBIM MeTogoM. [lo pesympTatam
U3MEPEHHON MPOBOJUMOCTH BOCCTaHABIMBAJIOCH paclpe-
JIETICHAE JIEKTPOTIPOBOJHOCTH 33 (PPOHTOM JIETOHAIIHH.

OKcriepuMeHTanbHass cOOpKa TMpeAcTaBisiia co0oi
UWIMHAPUYECKUN 3apsii HMCCIEIyeMOTo B3pPBIBUYATOTO
BEIIECTBA C KOAKCHAJIbHON HW3MEPUTENIbHON SYEUKOM.
Crnyyail mepeckaTus OCYIIECTBILUICS TP ITOMOIIA
BHEIITHETO 3apsijia B3PhIBYATOTO BEIIeCTBa (FE€KCOTLIACTA)
¢ OouibllIeil IJIOTHOCTBIO M CKOPOCTBIO JIETOHALUH 10
OTHOILIEHHUIO K HCClIeAyeMbIM BemecTBaM. CKOpPOCTh Je-
TOHAIMU TeKcoruiacta 7,7 KM/c, IpH 3TOM KBajpaT OT-
HOILICHHUSA CKOPOCTH HOPMAJIbHOW [E€TOHALMM TeKCOILIa-

CTa K CKOPOCTH HOPMAIIbHOW JETOHAIMH HCCIETyEeMOTO
BEIIIECTBA PaBHBI: ISl OKTOTeHa 1,25, mns TeKcoreHa
1,54, nis TOHa 2,1, nns tpotuna 3,2.

B pabote 00Cyx)maroTcsi MEXaHU3MBI BOSHUKHOBEHHS
MMPOBOAMMOCTHU TpPHU AETOHAIMOHHBLIX W YHAAapHO—BOJIHO-
BbBIX ITpoHeccax. I[J'IH BbBIICHCHHUS MEXaHH3Ma BO3HHKHO-
BCHHA NPOBOJUMOCTH AOMOJHUTCIBHO K HCCIICAOBAHHIO
B3pBIBUATHIX BEIIECTB OBUTH MPOBEICHBI 3KCIICPUMEHTHI
[0 WM3MEPEHUI0 MPOBOJMMOCTH «HMHEPTHBIX» OpraHuYe-
CKHX BEIIECTB IPU yJapHO—BOJIHOBOM Harpyxenuu. Mc-
ClIeyeMBIMHU BEIIeCTBAMH OBLTH BBIOPAHBI IIOPOIITKOBHIE:
CTeapuHOBasi KHCIIOTa W cTeapar cepebpa. M3mepeHus
MPOBOAWIIUCH B aHAJOTMUYHOM KOAaKCHAJIbHOM MOCTAHOB-
ke. Jns ckaTHg HCCIIeAyeMBIX BEUIECTB MPUMEHSUINCH
B3pbIBUATHIE BemecTBa: TOH, rekcoracrt.

PesynpraThl NPOBENEHHBIX MCCIENOBAHUN IOATBEP-
JWJIN HAJIMYUC ABYX 30H MPOBOJAUMOCTH: 30HbBI HCPABHO-
BECHOM BBICOKOW 3JIEKTPONPOBOJHOCTH M 30HBI OCTATOY-
HOM paBHOBECHOW AJIEKTPONPOBOAHOCTH. JIJII KaxKIOro
KCCJIEIOBAHHOTO B3pPHIBYATOIO BEIIECTBA IMOJIyYEHBI pac-
MpeJeNICHHsT IIEKTPOIPOBOAHOCTA 32 (DPOHTOM HOp-
MaJbHOW U MEpecKaToi NeToHauuu. Peann3oBaHHOE ne-
peckaTHe JeTOHAMU 3aMETHO TIOBBIIIAeT MAaKCUMAIIFHOE
3HAYCHHE DIIEKTPOMPOBOJHOCTH, IIPH 3TOM IIUPUHA MTHUKA
ANEKTPONPOBOTHOCTH HE WU3MeHWiach. s OKTOreHa
3HaYCHHE YBEIUYWIOCH B 3 pasa, Ui rekcorena B18 pas,
Ju1s Tpotria B 14 pas, s TOHa B 35 pas.

ELECTRICAL CONDUCTIVITY OF EXPLOSION
PRODUCTS OF CONDENSED EXPLOSIVES
AT OVERPRESSED DETONATION

P.I. ZuBKkov, P.I. IVANOV, L.A. LUK’YANCHIKOV,
N.G. SKOROBOGATYH, K.A. TEN

Lavrentiev Institute of Hydrodynamics,
Siberian Division, RAS, Novosibirsk, Russia

A .M. KARTASHOV, V.G. SVIKH

Novosibirsk state university, Novosibirsk, Russia

Experimental research of conductivity of detonation
products of explosives is issue of the day till today. Both
analysis of originating of detonation conductivity and
research problem of detonation and shock wave processes
by a method of electrical conductivity are exciting .

In the present paper the material of experimental re-
search of conductivity of detonation products of condensed
explosives with powdered density such as RDX, HMX,
PETN and trotyl is submitted. The measurements of con
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ductivity were made for cases of normal detonation and
overpressed detonation by an electrocontact method. By
results of measured conductivity the distribution of electrical
conductivity behind front of detonation was restored.

The experimental assembly is a cylindrical charge of
an investigated explosive with a coaxial measuring cell.
The overpressure case was realized by an external charge
(hexoplast) with greater density and speed of detonation
in relation to investigated matters. Detonation velocity of
hexoplast is 7,7 km/s, thus a square of normal detonation
velocity of hexoplast devided by normal detonation ve-
locity of investigated matter is equal: 1,25 for HMX,
1,54 for RDX, 2,1 for PETN, 3,2 for trotyl.

In activity the mechanisms of originating of conductivity
at detonation and shock wave processes are considered. To
find out the mechanism of originating of conductivity in
addition to research of explosives the experiments on meas-
urement of conductivity of «inert» organic matters at shock
wave loading were carried out. The matters selected to in-
vestigate are powdered stearin and argentum stearate. The
measurements were conducted in the similar coaxial state-
ment. The explosives applied to load investigated matters
were PETN and hexoplast.

The results of the conducted researches have confirmed
presence of two conduction zones: non—equilibrium high
electrical conductivity zone and residual equilibrium electri-
cal conductivity zone. For each investigated explosive the
distributions of electrical conductivity behind front of nor-
mal and overpressed detonation are obtained. Realised deto-
nation overpressure increases maximum value of electrical
conductivity essentially, at that electrical conductivity peak
width has not changed. The value was increased in 3 times
for HMX, for a RDX in 18 times for RDX, in 14 times for
trotyl, in 35 times for PETN.
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PACITPOCTPAHEHMUE JETOHALIUU
B IWJINHAPNYECKHUX OBPA3IIAX
N3 HEYYBCTBUTEJIBHOI'O BB

B.T". JJopOIikO, B.IT. ®uJiH, O.B. KOCTULIbIH,
C.B. BATAJIOB, C.H. JTIOBATUHCKMIA, E.B. CMHUPHOB

Poccwuiickuii penepanbHbIi SISPHBIA IEHTP —
Bceepoccuiickuit HUU Texandeckoi pusuku
uM. akan. E.W. 3ab6abaxuna, CHexuHck, Poccus

HccnenoBano pacnpocTpaHEHUE CTALMOHApHOH Jie-
TOHAIMU B IWIMHAPHYECKAX 00pa3Iax pasinyHOTO IHa-
METpa M3 HEYYBCTBHUTEJIHHOTO B3PHIBYATOTO BEIECTBA.
[o mporecTBUM yyacTka pa3BUTH, COCTaBIIOLIEro (d —

JaMeTp MCCIeayeMoro odpasia) U YCTaHOBIICHHS CTAaIlAO-
HAPHOTO PEXMMa AeTOHAIMU (HOTOXPOHOrPadoM peruct-
pupoBanack ¢opma aeToHalMoHHOTO (poHTa. [loyueH-
Hble (opMbl PpoHTA B 00JACTH OT OCH 3apsia 0 TOJOBHHBI
€ro pajiyca 00JIaJar0T MPAKTHYCSCKX TIOCTOSIHHOM KPUBU3HOM 1
No3TOMy OBUIM aIMpPOKCUMHPOBAHBI YPAaBHEHHEM OKPYXKHO-
cru. B pesynbrare nosydeHa eapHas 3aBUCUMOCTb CTallMOHap-
HOM CKOPOCTH JCTOHALMHI OT KPHBH3HBI (PPOHTA JICTOHAIMOH-
ot Bomusl D(k) = Dy(1+170 k)/(1+180 k) rme: D, —
CKOPOCTh JICTOHAIIMK TIPH HYJICBOM KpUBHU3HE (POHTA JETO-
HAIMOHHOM BOJHBI, kK — KpUBU3HA ()POHTA CTAIIMOHAPHOMN
JIETOHAMOHHON BONHBEL CyIleCTBOBaHWE ONHO3HAYHOM
3aBucUMOCTH D(k) sBJIACTCS OCHOBAaHUEM JUIS TPUMEHH-

MOCTH MOACINU DSD I UCCIIEAyEMOI'0 B3PbIBUATOI'O
cocCTaBa.

v

OIIEHKHU CKOPOCTH PACITPOCTPAHEHUA
BOJIHBI T'OPEHUA U3 «'OPAYUX TOYEK»
TP YJIAPHO-BOJIHOBOM
NHUIIUNPOBAHUU TATH

K.®. I'PEBEHKMH, M.M. T'OPIIKOB, A.JI. )KEPEBIIOB,
B.B. [TorioBA, M.B. TAPAHUK

Poccuiickuii penepabHbIN SIEPHBIA IEHTP —
Bceepoccuiickuit HUU TexHndeckor Gusnku
M. akana. E.M. 3a6abaxuna, Cuexunck, Poccus

W3BecTHO, YTO NpW yHapHOBOJHOBOM HHHIIMMPOBA-
HUM JICTOHAIlMM TEeTEPOTreHHBIX KOHIEHCHPOBAHHBIX
B3pBIBUaTHIX BemecTB (BB) xumuueckne peakunyu Hauw-
HAIOTCSl B TaK HA3bIBAEMBIX «TOPSYMX TOYKax». Bpewms
MIPOTEKAHNs PEAKLUUH B yJapHO CXKATOM Te€TEPOr€HHOM
BB, At, ompeapensieTcss CKOPOCTBIO PaCHpOCTPAHEHUS
BOJIHBI M3 ropsyux Toyek D: At = 8/D, rae & — xapax-
TEPHOE PacCTOSHUE MEXy TOpSYMMH TO4YKaMu. Pasmmd-
HbIE OLIEHKH BeanuuHbl D marot: D ~ 10+100 m/c.

Opnako B pabore [1] 6b1T0 MOTyYeHO pacyeTHOE 3HA-
YeHHEe CKOPOCTH BOJIBI TOpeHHA B yaapHO ckatoM TATH
mopsiaka 0.5+1.0 m/c, 9To yka3pIBaeT Ha HEOOXOIUMOCTh
CYILECTBEHHOTO YTOYHEHHS HCIIONB30BaHHOH (u3ude-
CKOI MOJIENN.

B nanHolt pabore mpeanaraercsi yTouHeHHass MOJETb
pacmpoCTpaHEHHUs BOJHBI TOPEHHA W3 TOPSUUX TOUYEK
B TATB. Ilo cpaBHeHMIO ¢ MOAENBIO [1] CyleCTBEHHBIM
00pazoM MOIU(UIMPOBAHbI KaK CKOPOCTh PEaknuy pas-
noxxenusi TATDB, Ha OCHOBaHUU OIIEHOK 110 METOJLy MOJIe-
KYJISIpPHOM JTMHAMMKH, TaK U TEIUIONPOBOIHOCTH BB, koTO
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pasl OLIEHWBANACh IO PE3yNIbTaTaM W3MEPEHUS 3JIEKTPO-
npoBoxHocTH TATB npu yapHOBOIHOBOM HAarpy >KeHHH.

B pesynprare yaanock YHMCIEHHO BOCIIPOM3BECTH Ha-
OmogaeMyr0 B 3KCIIEPHMEHTAX CHIIBHYIO 3aBHCHUMOCTD
CKOpPOCTH BOJIHBI TOp€HUSA OT MHTCHCHUBHOCTU HWHUIIUH-
pyrouierd yaapHoi BoaHbl. [lpu 3TOM camu 3HauYeHHS
CKOPOCTH NOJYUYUJIMCh HA ABa NOPsAJAKa BbILIC, YEM B pac-
yeTax [1], 4TO TakxkKe COrylacyercs SKCIEePUMEHTAbHBIMU
JIaHHBIMH.
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1. Tarver C.M., Nichols A.L.. Hot Spot Growth in
a Thermal—-Chemical-Mechanical Reactive Flow Mo-
del For Shock Initiation of Solid Explosives // Proc.
Eleventh Symposium (International) on Detona-
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ESTIMATIONS OF THE VELOCITY
OF A BURNING WAVE PROPAGATED
FROM THE «HOT SPOTS» IN SHOCK

ININTIATED TATB

K.F. GREBYONKIN, M.M. GORSHKOV,V.V. POPOVA,
M.V. TARANIK, A.L. ZHEREBTSOV

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

It is known that chemical reactions in shock initiated
heterogeneous high explosives (HE) occur in so called «hot
spots». The reaction time At determined by the velocity of a
burning wave D propagated from the hot spots, so At ~ &/D,
where 9§ is a tipical distance between two hot spots. Various
estimations shows that D ~ 10+100 m/s.

However the velocity of a burning wave in shock
pressed TATB calculated in [1] was in the range of
0.5+1.0 m/s. Therefore the physical model used in [1]
needs to be more precise.

The goal of this work was to build more specified
model of a burning wave propagation from the hot spots
in a shock pressed TATB. Comparing with [1] there are
two main differences: 1) the reaction rate, which was
calculated by the molecular dinamics method; 2) and the
thermal conductivity of TATB, which was estimated
from the experimentally observed electronic conductivity
of shock pressed TATB.

As a result, the calculated burning wave velocity was
strongly dependent from the intensity of initiated shock
wave and the values of burning wave velocity were in the
range of 10+100 m/s, which is in well agreement with
experimental data.
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HCCIIEJOBAHME ITPEPBIBAHUSA JETOHAIIUN
B IINIOCKUX OBPA3IAX
HNU3KOYYBCTBUTEJIBHOI'O BB
C MIOMOINBIO HHEPTHBIX ITPOKJIAIOK

C.M. losirux, B.I'. UCPABJIBSH,
M.B. MAKEHKWH, A.W. TIOrPEEOB

Poccuiickuii penepabHbIN SIEPHBIH HEHTP —
Bceepoccuiickuit HUU texunueckoit pusuku
uM. akan. E.W. 3a06abaxuna, CHexuHck, Poccust

B pabote mpemcTaBIeHBI pe3yJibTaThl JKCICPUMEH-
TAIBHBIX HCCIENOBAaHUN A(PQPEKTUBHOCTH TPUMCHEHHS
MPOKJIAJIOK M3 MHEPTHOTO MaTepuana Ha MpephIBaHUE Jie-
TOHAIIMK B 00pa3max HU3KOYyBCTBHUTENBHOTO BB. Dkcrme-
PUMEHTHI MPOBEJCHBI Ha IUIOCKUAX 00pasiax ¢ MpUMEHe-
HHEM 3JIEKTPOKOHTAKTHON M ONTUYECKOW METOTUK.

HccnenoBano BiIMsHUE Ha MpepbIBaHUE IETOHAIIUH
B oOpasnax BB cnenyromux mapameTpos:

—  KOH(HTIYpaluu HHEPTHBIX MPOKIIAIOK;
— Marepwaja W IUIOTHOCTH OOpasloB HU3KOYYBCTBH-

TeapHOTO BB;

— BEJIMYMHBI 3330pa MEXIY 00pa3mamMu.

v
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ITPEAB3PBIBHBIE ABJEHUS ITPU BBICTPOM
NHUINIUNPOBAHUU BPU3AHTHBIX BB

B.A. TAPXXAHOB

Poccuiickuii henepanbHBIN SACPHBINA LEHTP —
Bceepoccuiickunit HUU Texnndeckoi pusuku
uM. akana. E.M. 3a6abaxuna, Cuexunck, Poccus

Lens 0030pa — BBIIBUTH CXOACTBO M pas3iinyuue
MIPEAB3PBIBHBIX SBICHUA B HMHUIMUPYIOUMX (MIEpBUY-
HBIX) U Opu3aHTHBIX (BTOpHUHBIX) BB, yka3ats Ha obmI-
HOCTb SIBIICHUI IIPH YAApHO—BOJIHOBOM H JIa3€pHOM HHH-
OUUpOBaHWU Opu3aHTHBIX BB, oOpartuth BHHMMaHue Ha
BO3MOXKHBIE TOAXOABI B HWCCIECJOBAaHWU JTUX SIBICHUI
B Opu3aHTHBIX BB.

B m3ydyeHun npeaB3pBIBHBIX SIBICHUH IPH OBICTPOM
UHULMUPOBaHUUM BB [OCTUIHYT CylIeCTBEHHBI Ipo-
rpecc.

B uacTtHOCTH, BegyTCS IIMPOKHE HCCIENOBAaHHS pas-
pYLIEHHS TBEPAOTO Tela NPU yAapHO—BOJIHOBBIX BO3JEH-
crBusix. Pazpymenne BB — 310 cragus mpouecce ero
WHHULMMPOBAHMS, HEOOXoauMmasl Uil  IOCJEIYIOIIEro
3¢ (GEKTUBHOTO BBOJAA DHEPTHHU. Y CTAHOBJICHO, YTO pa3-
pYLICHHE BELIeCTBAa HOCUT JIOKAIBbHBIN XapakTep. Juccu-
Manys SHEPTHH PEATU3YETCsl B TAK HAa3bIBAEMBIX TOPIIUX
Toukax. Ha cramgum 3apokaeHMs TakMX TOYEK BEJIMKa
POJIb AMCIIOKAIMIN MW CKOTUIEHWH auciokanmid. Kioue-
BBIM 3BCHOM Ha TBEpPAOTEIBHOH CTaguM Ipolecca
ABJISIFOTCSL 3JIEKTPOHHBIE BO30YyxaeHus. JlokampHOE Cy-
JKCHHE 3allpellleHHO 30HBI BOJM3M JUCIOKAlMH NpU
CKaTHU PE3KO YBEIWYMBACT BEPOSITHOCTH 3JIEKTPOHHOTO

BO30yxkIeHUs 1 pa3psiBa N-NO)—XHUMHUYECKOH CBSA3H.

[Tpu npsiMoM J1a3epHOM UHULMMPOBAHUH OPU3aHTHBIX
BB Takxke u3yudeHa ctanus UX pa3pylI€HUs — KpaTepo-
oOpa3zoBaHKe. YCTaHOBIICHO CYIIECTBOBaHHE IOpOTa
KpaTtepooOpa3oBanus. [lokazaHo, 9TO Ha MOpore HAOIO-
JlaeTcsl Pe3Koe M3MEHEHHE ONTHYECKUX XapaKTEPHCTHK
BB, kortopoe mposiBisieT ce0s uepe3 cpe3aHue 3amaHer
YaCTH JIa3epHOro umiyibca. Tonbko 1 % HE00X0oauMOit
JUTI MHALUHPOBAHUS SHEPTHH TIOTJIONIACTCS Ha IEPBOM,
JIONOPOTOBOM, JIMHEHHON OTHOCUTEIHBHO MOIIHOCTH W3-
JIy4eHUsI, TBEPIOTEIFHON CTajuK Ipouecca. ITO II0po-
rOBOE SIBJICHHE TPAKTYETCsl KaK ONTHYecKuil nmpodoii BB.
[Ipn sHeprusix BbIIIE MMOpOra peaM3yercs IIa3MEHHas
CTajus Tporiecca.

BrickazaHa rumnore3a 0 BO3MOKHON KOHKYPEHTHOCTH
HpoLIECCOB — oNTHYecKoro npobdost BB u ero xumuue-
cKoro pasnoxeHus. [IposiBieHne 0JHOTO M3 MEXaHU3MOB
MOXET OMPEAEIATHCS CTENEeHBI0 AePEKTHOCTH (TIOPHUCTO-
CTBIO, JcIIepCcHOCTHI0) BB 1, oueBuiHO, ero peakumoH-
HOM CIIOCOOHOCTBIO.

[IpenB3priBHBIE siBIeHMs B Opu3aHTHBIX BB, Takum
obpa3om, 6ojiee MHOTOCTAUIHBI TI0 CPABHEHHUIO C TaKO-
BBIMH B a3ujiax MetaiuioB. Llenecoodpa3Ho n3yyeHue Kak
TBEPIIOTEIHHOM, TaK W IJIa3MeHHOU ctaauii. Mccnenona-
HHUE NEPBOM U3 CTaguii BO3MOXXHO C HCIIOJIb30BAaHHEM
METOJ]a UMIYJIBCHOTO Pagnoin3a, 3p(PEeKTUBHOCTh KOTO-

pOro mokas3aHa MpH U3yYeHHH a3uA0B MeTasioB. Bropas
CTagus JOJDKHA MCCIIEA0BATHCS C BapbUPOBAHUEM CTETIe-
HU JedeKTHOCTH KpuctaiioB BB B cBere HasBaHHOI
BBIIIIE TUNOTE3bl O KOHKYPEHTHOCTH IpolueccoB. Hemb3s
3a0bIBaTh O TOM, YTO TpH padoTe ¢ pazMepamu 0Opas3LoB
BB, MeHbIIMMH, YEM €ro KPUTUYECKUM AUAMETpP, XUMHU-
YecKoe pasjoKeHHe BellecTBa He OyJeT NIpPHUBOAUTH
K B3pBIBY, U, CJIEIOBATEIILHO, CAMO MOXET OBITh OTHECE-
HO K ITPEB3PBIBHBIM SBICHUSIM.
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PRE-EXPLOSION PHENOMENA UNDER FAST
INITIATION OF HIGH EXPLOSIVES

V.I. TARZHANOV

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

Goal of this overview is to identify similarity and
difference in pre—explosion phenomena in initiating
(primary) and high (secondary) explosives, to indicate
similarity of phenomena in the case of shock—wave and
laser initiation of high explosives (HE), as well as to
point to possible approaches in studying these pheno-
mena in HE.

Studies of pre—explosion phenomena under fast ini-
tiation of HE are in good progress.

In particular, destruction of a solid body by shock—
wave impact is being extensively studied. HE destruction,
a stage in the HE initiation process, is necessary for the
follow—on effective energy contribution. Matter destruc-
tion is stated to bear local character. Energy is dissipated
in the so—called hot spots. At the stage of hot—spots nu-
cleation, dislocations or accumulation of dislocations play
very important role. Electronic excitation is the key point
at the solid stage of the processes. Compression—induced
local narrowing of the prohibited zone near dislocations
sharply increases probability of electronic excitation and
breakage of N-NO — chemical bond.

In the case of direct laser initiation of HE, considera-
tion is also given to the stage of HE destruction, i. e. to
cratering. Cratering threshold is stated to exist. Optical
characteristics of HE are demonstrated to sharply change
at the threshold. This manifests itself through the laser—
pulse tail cutoff. Only 1% of energy, necessary for initia-
tion, is absorbed at the first pre—threshold, linear (relative
to radiation power) solid phase of the process. This
threshold phenomenon is understood as optical break-
down of HE. With above-threshold energies, the plasma
stage of the process is realized.

Explosion and Detonaton Phenomena



06 Cekrus 2

Forwarded is the hypothesis on possible rivalry of
processes, i.e. optical breakdown and chemical decompo-
sition of HE. Prevalence of any mechanism can depend
on HE defectiveness (porosity, dispersity) and obviously,
on HE reactivity.

Therefore, pre—explosion phenomena in HE have
more stages, if compared with those in azides of metals.
Both solid, and plasma stages are worth studying. The
first stage can be studied by the method of pulsed radi-
olysis whose efficiency was demonstrated in the study of
metal azides. In studies of the second stage, defectiveness
of HE crystals is to be varied in the light of the above
hypothesis on processes rivalry. One is to keep in mind
that if HE sample size is less than its critical diameter,
chemical decomposition of the matter will not result in
explosion and thus can be referred to pre—explosion phe-

nomena.
v

JETOHAIMSI B TPOITAHOBO3/1Y IIIHBIX
COCTABAX IIPM NOBBIIIEHHBIX TEMIIAX
WH)KEKI[AY F'OPSIYMX IPOJYKTOB
JETOHALIUUN

B.A. TAPXAHOB, 1.B. TEJIMUYKO, B.I". BUJIbJIAHOB,
B.1. C1oBHOB, A .E. MAKAPOB, A.B. BOPOBLEB,
N.I'. KoPErkuii, C.JI. MyxuH, A.H. 'PAUEB,
B.A. MATKIUH, B.A. TIOTAIIIHUKOB

Poccuiickuit GpenepanbHblil SOCPHBIA HEHTP —
Bceepoccuiickuit HUU TexHndeckor Gusuku
uM. akaa. E.W. 3a6abaxuna, CHexxuHCK, Poccust

B POALl — BHUNT® npeanoxens! criocod u ycra-
HoBka TCJ-01M s uccrnenoBaHusT BO3HUKHOBEHUS
JIETOHAIIMM B Ta30BBIX CMECSAX NMPU MHXEKLUUH B HUX I'O-
PSAYUX TIPOAYKTOB JIETOHAIHH.

B wactm wmccnenyemoro oOwema yHmapHOH TpyOBI
YCTQHOBKM C BHYTpEHHHUM aumamerpoMm 402 MM U AiH-
HOH 17 M co3faeTcst cMech UCXOJHOTO MPOMAaHOBO3AYLI-
HOTO COCTaBa C TOPAYMMH IPOAYKTaMH JAETOHALUH
(I'TL). T'TIA wHKeKTHPYIOTCS B OCHOBHOM KOAKCHAJb-
HBIA 00BbEM YCTaHOBKH M3 BCIIOMOTATENbHOW Majlod Tpy-
Obl (c HapyXHbIM JuamerpoMm 159 mm), nepdopupoBan-
HOW Ha YacTH MAJMHBI OTBEPCTHSMM, IPU JETOHALUU
B HEW Takoro ke MpOMaHOBO3IyIIHOrO coctaBa. OTBepc-
THSI HA MaJIOW TpyOe pacrojioKeHbl Ha JUIMHE 5,5 M Tek-
CaroHaJbHO O 8 OTBEPCTUH B psifly € IIAroM MEXAY
psaamu 55 MM. B skcnepumeHTtax BapbHpOBanach KOH-
LEHTpalMs MpoNaHa B MCXOJHOM COCTaBe 1 U AUAMETP
OTBEPCTUH.

B nononHeHne k paHee OMyOJIMKOBAaHHBIM pe3yJIbTa-
TaM, MOJYYEHHBIM IPU AUAMETPE OTBEPCTUH MaJION Tpy-
6561 7 MM, IPOBE/ICHBI 3KCIIEPUMEHTHI C AUAMETPOM YaCTH
OTBEPCTHH, U3MEHSIOIINMCSA OT MaKCHUMAJIbHOTO AWaMET-
pa 9 u 12 MM y TOpIia OCHOBHO# TPYOBI IO 7 MM B KOHIIE
nep(pOpUPOBAHHOTO Y4acTKa.

IIpu yBenuuenun temna Beoja I'TLJ] 3a cuer yBenu-
YEeHUsI JUaMeTpa OTBEPCTHH OOHapy>KeHO paclIMpeHue
KOHIICHTPAlMOHHBIX TPEAETIOB BOZHUKHOBEHUS JETOHA-
uuu. g nuamerpa 12 mm 310 3,2 <M< 7 % 06., s
quamerpa 9 MM 3,2 < < 6% 00., B TO Bpems Kak st
nuamerpa 7 MM auamnasoH 1 Obut 3,3 <M< 5 % 06. Io-
CTpOeHbl Koppensiuuu BBoguMoit ¢ I'TIJ] sHepruu ¢ mMom-
HOCTBIO BBOJIA U C 33J€PKKON BOSHUKHOBEHUSI JIOKAIIbHO-
TO B3pBIBA, Pa3BUBAIOLIECTOCS B JeToHauuio. [Ipu moBeI-
IIEHHON TPaJUEeHTHOCTH PEaTN30BAaHHBIX IWMHAMUYHBIX
pactpenenenuit ['TI/] mo anmHe ycTaHOBKH OOHapyXeHa
CMEHa MEXaHU3Ma BO3HHKHOBEHUS JIETOHALMH IIPU OTXO-
JIe OT CTEXHOMETpUU. BO3HMKHOBEHHE YIapHOIl BOJIHBI
U €€ Pas3roH [0 JETOHAIMM CTAaHOBUTCS Oojee Mpeirnoy-
TUTEIBHBIM, Ye€M BO3HHKHOBEHHE JIOKAJHHOI'O B3phIBA

npu Beoge I'TI/T.

DETONATION IN PROPANE-AIR
COMPOSITIONS AT ELEVATED
INJECTION RATE OF HOT DETONATION
PRODUCTS

V.I. TARZHANOV, 1.V. TELICHKO, V.G. VIL’'DANOV,
V.I.SpOBNOV, A.E. MAKAROV, A.V. VOROBIEV,
1.G. KORETSKY, S.L. MUKHIN, A.N. GRACHEV,
V.A. MATKIN, V.A. POTASHNIKOV

Poccuiickuii penepabHbIN SIEPHBIH LIEHTP —
Bceepoccuiickuit HUU texunueckoit pusuku
uM. akana. E.W. 3ababaxuna, CHexxunck, Poccus

RFNC — VNIITF proposed both the method, and fa-
cility TSD-01M intended to study detonation onset in gas
mixtures when hot detonation products are injected.

The initial propane—air composition is mixed with hot
detonation products (HDP) in one part of the volume of
the shock tube with 402—mm internal diameter and 17-m
length. Hot detonation products are injected into the main
coaxial volume of the facility from the auxiliary small
tube (with 159—mm external diameter and perforations at
one portion of the tube) with the same propane—air com-
position detonated inside it. On the small tube, holes are
arranged at the 5.5-m portion with 8 holes in each row
with 55-mm spacing between rows. Experiments used
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different concentrations of propane in the initial compo-
sition 1 and different diameters of holes.

Previously published results obtained with 7-mm di-
ameter of holes in the small tube were supplemented by
experiments in which part of holes had the diameter
changing from the maximal one, 9 and 12 mm, near the
face end of the main tube down to 7 mm at the end of the
perforated portion.

Increased rate of HDP introduction due to enlarged
diameter of holes resulted in the expanded range of con-
centrations for detonation onset. For 12-mm diame-
ter, this is 3.2 < n< 7% vol.,, for 9—-mm diameter, this
is 3.2 £ n< 6% vol., but for 7-mm diameter, the range
N is 3.3 < n< 5% vol. Correlations between energy, in-
troduced with hot detonation products, and introduction
power, and the delay in the onset of the local explosion
developing into detonation were constructed. With higher
gradient of dynamic distributions in hot detonation prod-
ucts along the facility, mechanism of detonation onset
was revealed to change with the removal from stoichi-
ometry. Occurrence of the shock wave and its up—to—
detonation acceleration becomes more preferable than
local explosion onset when hot detonation products are
introduced.

v

BOCCTAHOBJIEHHUE PACIIPEJIEJIEHUSA
IIVIOTHOCTHU 3A ®POHTOM JETOHAIIMU
IO PE3YJbTATAM U3MEPEHUI
MHTEHCUBHOCTHU CUHXPOTPOHHOI'O
N3JIYYEHUA

I1.1. 3yBKOB, JI.A. JIVKbIHUNKOB, E.B. MAMOHTOB,
JI.A. MEPXUEBCKUH, D.P. [TPYVAII,
K.A. TEH, B.M. TUTOB

WuctutyT ruapoanHamuku uM. JlaBpenteeBa CO PAH,
Hoocubupck—90, Poccus

B.M. AVJILUYEHKO, B.B. )KVJIAHOB,
I".H. KvJIurAHOB, M. A. IIIEPOMOB

nsid CO PAH, HoBocubupck, Poccus

O.B. EBJ1I0KOB, N.JI. 2)Korux, H.3. JIIXO0B,
A.B. IInporos, B.I1. TOJIOUKO, M.P. IIIAPA®YTAMHOB

UXTTM CO PAH, HoBocubupck, Poccus

PaccmaTpuBaeTcs 3amada 00 W3MEpPEHHH IPOCTpaH-
CTBEHHOTO DPACHpENENeHNs IUIOTHOCTH IIPH  JIE€TOHA-
UM LWIMHIPUYECKUX 3apsAfoB KOHAECHCHPOBaHHBIX BB
¢ MOMOIIBI0 CHHXpOTpoHHOTO m3ny4eHus (CH). Mcmons-
3yeMbId JJI1 U3MEPEHUN JETEKTOpP PErMCTPUPYET UHTe-
TPAILHYIO XapaKTEPUCTHUKY J03bI U3TyUYEHUs, MPOLIEIIETO
1o (UKCHPOBAHHOMY HAIIPABJICHUIO Y€pe3 HMCCIEAYyEeMBbIi
00bexT. [Insi moyrydeHHs: NMpOCTPaHCTBEHHOTO paclpere-
JICHUS! U3MEHEHHSI HHTEHCUBHOCTH UCTIONb30BaH JIMHEHHBIN
OJIHOKOOpIMHATHBIA peHTreHoBckuil aerekrop DIMEX.
[IpennoxeH U peaqn30BaH METOJ PEIICHHS OOpaTHOH 3a-
Jaydl IO BOCCTaHOBIECHHIO IBYMEPHOIO HEMPEPBIBHOIO
pacnpezneseHust INOTHOCTH 0CECUMMETPHUYHBIX OOBEKTOB.

[IpoBeneHHBIC IEPBBIE SKCIIEPUMEHTHI 110 H3MEPEHHIO
MPOIIEAIIEr0 H3JIy4YeHUsI TOKa3bIBAIOT BO3MOXKHOCTh
U TIEPCTIEKTUBHOCThH UCMOIb3yeMONH METOJUKHU ISl OTpe-
JIeJIeHUs] TPOCTPAHCTBEHHOTO paclpeiesIeH s INIOTHOCTH
B JICTOHALIMOHHBIX Mpoueccax. [JanbHeliee ynydlieHue
MapaMeTpoB JETEKTOpa (KOHTPACTHOCTA WM OTHOIICHUS
CUTHAJI/IITYM) TIO3BOJIUT MOJYYHTH 0OJ€e TOYHBIC 3HAYE-
HUS pacIpelesieHus INIOTHOCTH B JIETOHAIIMOHHBIX TIPO-
eccax.

v

PA3PABOTKA AIIITAPATYPBI
JJISI SKCIIEPUMEHTOB HA ITYYKAX
CHUHXPOTPOHHOTI'O U3JTYUYEHUS
IO UCCJIIEAOBAHUIO JETOHALIMOHHBIX
N YAAPHO-BOJIHOBBIX ITPOITECCOB

0O.B. EB1ok0B, N.JI. XXoruH, F0.M. KAMEHELKHIA,
H.3. JIsaxoB, B.I1. ToJ104KO, M.P. IIAPA®YTAUHOB

WuctutyT Xxumun tBepaoro tena u Mmexanoxumun CO PAH,
Hoocubupck—128, Poccus

B.M. AVJILUEHKO, B.B. )XVJIAHOB, I".H. KVJIUTIAHOB,
M.I'. ®EJI0TOB, M.A. IIIEPOMOB, JI.U. IIEXTMAH

WucrutyT sigepHoit ¢pusuku um. Byakepa CO PAH,
Hoocubupck—90, Poccust

I1.1. 3YBKOB, JI.A. JIVKbSIHUUKOB,
K.A. TEH, B.M. TUTOB

WuctutyT runponunamuku uM. JlaBperteeBa CO PAH,
Hoocubupck—90, Poccust

Cratyc. B Cubupckom meHTpe CHHXPOTPOHHOTO H3-
nyqenust (CH) Ha 6aze USID cMoHTHpOBaHa M 3amyiieHa
B OKCIUIyaTallMi0 SKCIEPUMEHTAIbHAS CTAaHIUA «OKC
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TpeMaJbHbIE COCTOSIHMS BEIIECTBa» I UCCIEIOBAHUS
JIETOHAIIMOHHBIX W yJapHO—BOJHOBBIX mpomeccoB [1].
IIpenBapurenbHbIe SKCIEPUMEHTBI TOKA3a]I BO3MOXKHOCTU
pa3pabaTsIBa€MOl YCTaHOBKU: BPEMEHHOE pa3pelieHue I
U3MEPEHUs paclpeneneHus IIOTHOCTU mnopsaka 20 He,
TOYHOCTh M3MEPEHHUS IIOTHOCTH Topsiaka 5 %, BpeMeH-
HOE pa3pelleHue A U3MEPEHUs] MaJIOyIJIOBOIO pacCesHUs
n mudpakumu — 125 He npu skenozutmu 1 He [2]. Oxu-
JlaeMOe IIPOCTPAHCTBEHHOE pa3pelleHHe U1 H3MEpPEeHUs
mwiotHocTH 0,1x1 Mm. Ha craHimm BbINONHEHA CEpusi dKC-
MIEPHMEHTOB TI0 MCCIIEIOBAHHIO JETOHAIMU B Pa3-JTUYHBIX
BB, a Taxke mo UCCIEIOBaHUIO BO3JACHCTBUS YyIAapHBIX
BOJIH Ha pa3MyHbIe BeuecTBa.[3]

B Hacrosimee BpeMst MBI pa3BUBAEM IISITh METOIUIEC-
KHMX HaIPaBJICHUN:

1. m3MepeHHe paclpeesieHus TUIOTHOCTH (PEeHTTEHOB-

CKasi MUKpOoTOMOrpadus);

2. MaJoyTJIOBOE PEHTIC€HOBCKOE PACCESHUE;
3. peHTreHoBckas U(PaKTOMETPHs C BBHICOKHUM Bpe-

MEHHBIM pa3penieHneM «IH(ppaKInoHHOE KHHOY);

4. peHTreHOBCKas CIEKTPOCKOMHS
5. peHTreHOBCKas Tomorpadus ¢ HAaHOCEKYHIHBIM Bpe-

MEHHBIM pa3peIIeHUueM.

IlepciexktuBbl. Hamm OCHOBHBIE IIIaHBI OMpeze-
JISIOTCSL pe3yJIbTaTaMU padOT B YETHIPEX HANPABIICHIIX:
1) HoBele ucrounuku CU, 2) netekropsl; 3) peHTTEeHOB-
cKas ONTHKa; 4) crenualTu3upOBaHHbIE PEXHUMBI PAOOTHI
yckoputenei. [4]

OneHkM MOKa3bIBAIOT, 4TO ycTaHoBKa Ha BOIIII-3
cBepxmnpoBojsuiero 101-montocHoro Burriepa ¢ Imo-
geM 7 T mo3BOMAT MOJyyaTh MOTOKH JKECTKMX IaMMa—

12 2
KBaHTOB mopsaka 10 = ¢oToH/MM 3a Bpems MOpsaKa
OJHOM HaHOCEeKyHIbl. Vcrosip30BaHHE BO3MOXHOCTEH
PEHTI€HOBCKOH ONTHKM M COBEPIICHHBIX JIETEKTOPOB
MO3BOJIAT TOAHATH AKCIIEPUMEHTHI MO HCCIIEIOBAHHIO
JIETOHAIIMOHHBIX M YJAapPHO—BOJIHOBBIX IIPOIIECCOB HA
HOBBI KaueCTBEHHBIN YPOBEHD.
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INSTRUMENTATION FOR DETONATION
AND SHOCK-WAVE INVESTIGATION
BY SYNCHROTRON RADIATION

V.M. EvDoKovV, I.L. ZHOGIN, Y.M. KAMENETCKY,
N.Z. LYAKHOV, M.R. SHARAFUTDINOV, B.P. TOLOCHKO

Institute of Solid State Chemistry and Mechanochemistry,
Novosibirsk—128, Russia

V.M. AULCHENKO, V.V. ZHULANOV, L.I. SHEKHTMAN,
M.G. FEDOTOV, G.N. KULIPANOV, M.A. SHEROMOV

Budker Institute of Nuclear Physics, Novosibirsk—90, Russia

L.A.LUK'YANCHIKOV, V.M.TITOV, K.A.TEN, P.I.
ZUBKOV

Physics Lavrentiev Institute of Hydrodynamics

Status. The «Extreme conditions» beamline was
constructed [1]. The purpose is «in situ» investigation
of detonation and shock waves. The tests have shown
the parameters of the beamline: 1) spectral range

10—40 keV; 2) flux 109 ph/ns/mmz; 3) exposure time 1 ns;
4) time resolution for detonation investigation by absorp-
tion measurements in local point — 20 ns; 5) time
resolution for detonation investigation by absorption
measurements in all sample — 250 ns; 6) time resolution
of the SAXS and WAXS —125 ns; 7) space resolution
for absorption measurements — 100-100 microns, for the
SAXS and WAXS experiments 0,1x1 mm [2, 3].

There are few types of experiments we have made:

1) X-ray microtomography;

2) time resolved WAXS and SAXS;
3) time resolved XAFS;

4) X-ray topography.

Perspectives. The perspectives depends from success
of four directions of activity: 1) insertion devises;
2) positionsensitive X-ray detectors; 3) X-ray optics;
4) storage ring novel operation modes [4].

1. At fist the flux will be increased in 10 times after
5T wiggler installation. The installation of 101 pole

superconductor 7 T wiggler will gives 1012 ph/ns/mmz. It
will be the basis for novel time resolved experiments with
picosecond and femtosecond time resolution.

2. Two detectors will be developed: 1) microstrip
ionization chamber (MSIC); 2) microstrip solid state
detectors (MSSD).

3. Focusing optics needs for improving the quality of
the beam.

4. The novel modes of operation of the storage ring
are need for receiving more good time resolution.
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TEPMOJIUHAMUWYECKUN PACUET
ITAPAMETPOB JETOHAIIN
1O OBOBINEHHBIM YJIAPHBIM AJIMABATAM
IPOAYKTOB B3PbIBA

B.A. BEPETEHHUKOB, B.C. TPO®MMOB

MHCTUTYT CTPYKTYPHON MaKpOKHHETUKH
u npobnem marepuanosenenus PAH, Mocksa, Poccnst

[Ipennaraercs MeTox NpeiBapUTEIbHONW OLEHKH Ia-
paMeTpoB JIETOHAIMM KOHJEHCHPOBAHHOTO B3PBIBYATOIO
Bemiecta (BB) Tonbko Ha OCHOBaHMM JTaHHBIX O TEPMO-
JUHAMHYECKUX I1apamerpax camoro BB u mpomykros
B3peiBa ([1B) B KOHIEHCHPOBAaHHOM COCTOSIHUH TIPH HOP-
MaJIbHOM JaBJIeHUH. [10 3TUM JaHHBIM BOCCTaHABIMBACT-
Csl ypaBHEHHE JIeTOHAMOHHON aauabatsl:

E(P,V)-Ey=(P+R)(Vy-V)/2,

rae E (P, V) — ynensHas BHyTpeHHss sHeprus [1B, P —
JaByieHHe, V — ynenbHbI 00beM, £y 1 V) — ynensHbIe
BHYTpEHHsIs1 SHeprusi u o0beM BB B HawanbHOM coCTOS-
HHUH, COOTBEeTCTBeHHO. DyHKIus E (P, V) BoccraHaBiIu-
BAETCs B BUJE:

E=Eg+(P-Ps)V/T,

rae Es, Psu I — Qynxuun V, npencrapisomue, cooT-
BETCTBEHHO, YIEIbHYI0O BHYTPEHHIOIO SHEPTHUIO, IaBIe-
Hue U koadunment I'proHaii3eHa Ha ynapHOW aguadate
KOHJICHCUPOBAHHBIX MPOJYKTOB B3pbiBa. DTH (DYHKIHH
OIIPEICTISIIOTCSl M3 YypaBHEHUs O00OOLIEHHOH yAapHOi
annadare:

Py = (a’b/Vp)XF(X)/(1- X)
U aCCOLIMMPOBAHHBIX C HEIO BbIpakeHuil [1]:

Eg = Ep + (B —R)(Vp=V)/2;

C=Tp(1-X3)+T (X - X3)+
+T, (X2 - X3 +2(b-1)X3,

rae b = 4/3, Vp u a — ynenbHblil 00beM 1 00beMHas

CKOpOCTh 3ByKa cMecu I[IB B KOHAEHCHPOBAHHOM CO-
crosuud mpu P = Py, X = b(Vp — WV)/Vp
FX) = (1 — gX + hX *)*; g u h — xoncrantsl; ['p — KO-
s¢pduument I'proHaiizeHa npoyKTOB B3pbIBa pu V = Vp;
P =Py, T’y ul', —xoncranTsl. I'| u Iy, Taxke kak g u A,
PacCUYUTBHIBAIOTCA, UCXOAA U3 €CTCCTBECHHBIX (l)I/ISI/IlleCKI/IX
npeanoioxenui [1].

ITapameTphl 1eTOHANIMK COOTHOCATCA C MapaMmeTpamu
Toukn Yenmena—Kyre, paCCUUTAHHBIMU TI0 JICTOHAIIH-
OHHOI amuabate. B kauecTBe mpumMepa NpHUBEICHBI pe-
3yJIBTATHI pacdeTa JUIsi TeKCOTeHa.
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DETONATION PARAMETERS
FROM GENERALIZED SHOCK ADIABAT

V.A. VERETENNIKOV, V.S. TROFIMOV

Institute of Structural Macrokinetics and Materials Science,
Russian Academy of Sciences

We propose a novel method for estimating the
parameters of detonation in condensed explosive (CE)
based on thermodynamic data for CE and its explosion
products (EP) that are present in their condensed state
under normal pressure. These data may be used to restore
the detonation adiabat:

EP,V)-Ey=(P+R)(Vy-V)/2,

where E (P, V) is the specific internal energy of EP, P is
pressure, V is the specific volume, Eg and V) are the spe-
cific internal energy and volume of CE in its starting
state, respectively. The E (P, V) function can also be pre-
sented in the form:

E=Eg+(P-P)V/T,
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where Es(V), Ps(V), and T" (V) are the specific internal
energy, pressure, and the Griineisen parameter in the
shock adiabat for condensed EP, respectively. These
functions can be determined from the equation of gene-
ralized shock adiabat:

Py = (a?b/Vp)XF(X)/(1-X)
and associated expressions [1]:

Eg = Ep + (B —Ry)(Vp=V)/2;

C=Tp(1-X3)+T (X - X3)+

+T, (X2 - X3 +2(b-1)X3,
where b = 4/3, Vp and a are the specific volume and the
volume sound speed in condensed EP-mixture at P = Py,
X=b(Vy =NV, FX) = (1 —gX + th)z; g, h are some
constants, I', is the Griineisen parameter for EP at

V'="Vy, P=Pg; and I'}, I'; are some constants. I'j and I';
as well as g and A can be calculated under some rea-
sonable physical assumptions [1].

Detonation parameters agree with Chapman—Jouguet
point ones calculated from detonation adiabat. Calculat-
ing data for RDX are presented as an example.
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OIIEHKA JIABJIEHU B AMITYJIE
IPU CUHTE3E B HEM CYJIb®UJIA IIUHKA,
HWHUIIMUPOBAHHOTI'O 3JIEKTPOB3PBIBOM
ITPOBOJIOYKHU

10.A. T'oriononos, B.C. TPoouMoOB, O.B. TPO®GUMOB
HNCMAH, Yepnoronoska, Poccus

B pabore [1] Obuta TeopeTnueckn 0OOCHOBaHAa BO3-
MOJKHOCTh JETOHAIIMOHHBIX PEXXKHMOB CHHTE3a B 0e3ras3o-
BBIX JK30TEPMHYCCKHX CMECSAX IOPOIIKOB IOJM00HBIX
TeM, KOTOPBIE OOBIYHO MPHUMEHSIOTCS MPU CaMOPACIIPO-
cTpassitonieMcs BeicokoTemnepatypHoM cuHteze (CBC)
1 chopMyITUpOBaHEI KPUTSPUH, KOTOPHIM JOJDKHBI YIO0B-
JIETBOPSITh CHCTEMbI TIOPOILIKOB JIJIsl HAOIIOJICHUSI TAKOTO
npouecca. B [2] onucaHbl KaueCTBEHHBIE OMBITHI 110 UHU-

LIUUPOBAHMUIO 3JIEKTPOB3PHIBOM IPOBOJIOYKH XUMHUYECKOH
peakmuu B cucTeMe Zn—S, YIOBJIECTBOPSIOUICH BBIIIE-
YIOMSIHYTBIM KpUTepusiM. OIIBITH TPOBOAMINCEH B aMITy-
Je COXpaHeHHs, KoTopas uMena GpopMmy TOJICTOCTCHHOTO
(5 MM) cranbHOro INeHaja ¢ TOHKOW (2 MM) KpBIIIKOH

u pabounm 00bEMOM 20x20x60 MM~ . ITpu 3ToM HaGIIO-
JAIMCh JBa BHUAa IporeccoB. llpomecc mepBoro Buaa
XapaKTepu3yeTcs 3HAYUTENbHOW OCTaTO4YHOU aedopma-
IUeH KPBIIKN aMIyiael 1 HU3Ko# (1o 50°C) ocraTouHO
TEMIIEpaTypO, MPOIEecC BTOPOrO BUA — OTCYTCTBHEM
Takoil gedopmarm 1 Beicokoi (Berme 100 °C) ocraTou-
HOW Temmepatypoil. B [2] mpouecc mepBoro Buma 0TO-
KJIECTBJIEH C JETOHAIMEH, a MPOIecC BTOPOrO BUAA —
¢ roperneM cmecu Zn—S (mpouecc CBC).

Hacrosmas paboTa mocBsimmeHa BepXHEi TepMoanHa-
MHYECKOIl OIIEHKE JaBJICHHUS, KOTOPOE MOXKET UMETh Iap
YKa3aHHOW pearupyomieil cMecu NpH ee MeIJIEeHHOM To-
PEHHH, U HIDKHEH OIIEHKE aBICHUs, KOTOPOe HEOOXOIH-
MO Ul TOHM nmedopMalMy KPBIIKK aMITyJbl, Kakas Ha-
Oroanack IpU Iporecce MepBOTO BUAA. Y CTaHOBIICHO,
9TO TepBas OICHKA B HECKOJBKO pa3 MEHbBIIE BTOPOM.
Otcrona caenaH BBIBOI, 4TO HaOogaeMas aedopmMarius
KPBIIICK aMITyJl BO3MOXKHA TOJIEKO IIPU CBEPX3BYKOBOM
mporiecce, T.€. IPHU AETOHAIINHN CMecH Zn—S.

Pe3ynbTaThl OICHOK MOYKHO paccMaTpuBaTh Kak KOC-
BEHHOE SKCIEPUMEHTATBHOE TIOATBEPKICHNE BO3MOKHO-
cti 0e3ra3oBOii JIETOHAIIMM B paccMaTpHBaeMOil cucre-
Me.
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THE PRESSURE ATTAINED IN A RECOVERY
SYSTEM DURING SYNTHESIS OF ZNS:
THEORETICAL ESTIMATION

YU.A. GORDOPOLOV, V.S. TROFIMOV, O.V. TROFIMOV
ISMAN, Chernogolovka, Russia

The possibility of detonation synthesis in the powder
systems similar to those normally used in the so—called
Self—propagating High—temperature Synthesis (SHS) was
theoretically predicted in [1] along with formulation of
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basic requirements to such systems. The chemical
reaction in the Zn-S system (which meets the above
requirements) yielding ZnS was initiated by electro-
blasting wire [2]. These experiments were carried out in
a recovery system—a thick—walled (5 mm) steel rectan-
gular container with a thin (2 mm) steel cover and

a useful volume of 20x20x60 mm3. In this geometry, two
different processes have been observed. One is characte-
rized by marked deformation of the cover and low
(about 50°C) residual temperature while another, by the
absence of cover deformation and high (above 100 °C)
residual temperature. The former process was identified
[2] as detonation while the latter one, as combustion
(conventional SHS) in the Zn—S system.

In this communication, we report on our estimates for
the upper limit of pressure that could be attained during
slow combustion and for the lower limit of pressure that
caused the cover deformation in the first process. The
former value was found to be lower by a factor of several
times. Such a deformation of the cover is possible only in
a supersonic process, that is, due to detonation in the
Zn—S system.

Our data can be regarded as an indirect evidence for
the occurrence of gasless detonation in the system under
consideration.
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OIITUYECKUE CBOUCTBA
KPUCTAJLJIOB TOHA

O.B. XPVYJEBA, B.I1. ®uiiiH, H.B. TAPMAIIIEBA,
JLH. ®umHA, B.I'. JIOBOMKO

Poccuiickuii GpenepanbHblil SOCPHBIA HEHTP —
Bceepoccuiickuit HUU Texandeckoi pusuku
uM. akan. E.W. 3ab6abaxuna, CHexuHck, Poccus

Jisi  KpPUCTAUIOB  MEHTa’pPUTPUT  TETPAHUTpATa
(TOHa) ¢ ucnoyib30BaHHEM CIEKTPOPOTOMETPUH MOIY-
YeHa KpUBas MOTIOMICHHs (TMPOIYCKAHUS) B IIMPOKOM
JrarasoHe JUTHH BOJIH OT YJIBTpadroIeTOBON 10 HHOpa-
kpacHoit obmacta (190—1100 aM).

Kpucramner TOHa roroBunu mytem ABOIHOHN nepe-
KpucTamuzanuu u3 ameroHa. WMaentuduxammo TOHa
nposogin no UK—®ypre ciektpam.

[Toka3aHo, 4TO KpWBas MOTJIOIIECHUS (IIPOIYCKAHU)
kpucramutoB TOHa cocTouT U3 AByX XapaKTEPHBIX y4acT-
KOB, MIEPEX0J MEXIY KOTOPBIMH HMEET MOPOTOBBIA BH
u nexur B amanasone 300—330mm. [Ipm mmmHAX BOITH
BBIIIE YKAa3aHHOTO JHana3oHa (BUANMAs 00JacTb, OIIIK-
w1 MIK) morsorieHne u3mydeHus, B OCHOBHOM, 3aBHCHUT
OT e(eKTHOCTH M TE€OMETPHUYECKHX ITapaMeTpOB KpHC-
taimoB TOHa. Ilpu mmmaax BomH Menbine 300—330 aM
st kpuctamuioB TOHa HaOmromaercss pe3koe majaeHHe
MIPOIYCKAIOIICH CIIOCOOHOCTH.

WCCJIEJOBAHUE
JTAAMUHOIVMHUTPOITUJIEHA (JAJTHE)

W.B. YEMATMHA, B.I1. ®1ivH, H.B. TAPMAILIEBA,
M.B. KA3AKOBA, I0.A. IITAXTOPUH, B.I'. JIOBOMKO

Poccuiickuit GpenepanbHblil SOCPHBIA HEHTP —
Bceepoccuiickuit HUU texHuueckoit Gpusuku
uM. akan. E.W. 3a6abaxuna, CHexuHck, Poccus

Meronamu nuddeperimansHoro repmudeckoro (JITA)
u TepMmorpaBumerpuueckoro aHamuzoB (TI'A) wuccnenmo-
BaH 1,1-muamuno—2,2—nunutpostier (JJAJIHE), u3sect-
Helii Takxke kak FOX-7. Ha xpusbix JTA JAIHE
oOHapyXeHBbl JBa JHIOTEPMHYECKMX ITHKa, KOTOpBIE,
MIPEATIONIOKUTEIIBHO, COOTBETCTBYIOT IEpexXo/iaM MEKIy
MOJIMMOP(QHBIMH  MOAM(MUKAIUSIMH 3TOTO COEAWHEHUSI.
TemoTa HU3KOTEMIIEPATYPHOTO MOJUMOPGHHOTO TIEPEXO0-
na (oxomno +113°C) cocraBmiia ~25 JIk/T, BEICOKOTEMIIE-
patypHoro niepexoza (okono +158 °C) ~20 JIx/r.

IMoarBepxneno nanmune Ha kpuBbix JTA JTAJITHE
IBYX 3K30TepMmuyecknx mukoB (+207 um +277 °C mpu
ckopoctu Harpesa 2 °C/mun). [Tokazano, 4To mpu Harpe-
Banuu Beile 210 °C JAAHE pasnaraercs B 1Be cTaauu.
[ponykrom mepBoit cramuu paznoxenus JAJIHE sB-
JisieTcst HoBoe B3phiBuatoe BemecTBo (JIAJIHE-T).

CdopmynupoBaHbl THIIOTE3bl, OOBACHSAIOIIAE MOIY-
YCHHBIC DJOKCIICPUMCHTAJIbHBIC (baKTI)II MEPECUUCIICHHBIC
B3pBIBYATHIE BEIIECTBA NPEICTABISIIOT CO00H cMecH JInbo
pasnoxenue 3tux BB npoucxonur B 1Be cranuu.

IIpu nepexpucrammusanuu JAJIHE u3 aunerona, Bo-
bl U1 BOJHO—AIIETOHOBOW CMECH MOJIyYeHbI KPUCTaILIbI
TpeX THIIOB: Y/UIMHEHHbIE YETHIPEXI'PaHHBIC IPHU3MBI,
KPUCTAUTBI pOMOMYecKO (OpMBI W IIECTHTPaHHBIE
npu3Mmsbl. [lomydeHHBIE KpHCTaJUIBI MCCIIEAOBAHBI METO-
namu UK—-®ypre cnekrpockonuu, ATA u TT'A.

C noMomIpio CHCTEMBI BHJICO—MHUKPOCKOIINU B peallb-
HOM MacuTabe BpeMEHHU IIPOBEJCHA BUIEO ChEMKA MOBE-
nenust kpuctawioB JAJIHE nmpu HarpeBanuu B nuamaso
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He temnepary 20—>500 °C. IloxydeHbl Bu3yajabHblE CBU-
IeTenbCcTBa IpeodpazoBanmnii kpuctamwioB JAJIHE mpu
TemnepaTypax npubmusutensHo +113 u +158 °C, xoro-
pBIE COIMPOBOXKAAIOTCS PACIPOCTPAHEHHEM BOJIH HAIPs-
KEHHUS, IPUBOIAMINX K U3MEHEHHUIO IPO3PAYHOCTH U pac-
TpecKUBaHUIO KpHucTaiwioB. Ilpu Temmeparype BHI-
me +210 °C xpucramist JAJHE TepsitotT mpo3padHocTs,
NPaBUIIBHYIO TEOMETPHYECKYIO (OPMY, U3MEHSIOT LIBET
(xkentTelii Ha CBETIO—KOpWYHEBHIH). [lpu Temmepatype
Boitie +250 °C uccnenoBaHHbIE 00pa3ibl MPETePIEBATH
9K30TepMHUUECKUI MEepexos, B pe3yibTaTe KOTOporo oo-
Pa30BBIBANICS TEMHBIH OCTATOK.

IIposenens! uccnenoBanus JAAHE-T npu narpeBanuun
(ATA, TT'A), nonyuenst UK-®ypbe crniektpsl. B Temmnepa-
TypHOM juanazone 20—400 °C B JA/IHE-T sumotepmu-
YeCKUX MPOIECcCOB He 3apeructpupoBano. Ilpu +277 °C
3apErUCTPUPOBAHO HAYATIO 3K30TEPMUUYECKOTO pa3IoxKe-
nuss JAIHE-T. Ilo pesyapratam UK-®ypre crekrpo-
CKOIMM BBICKa3aHO NpennonoxeHue o Tom, yro JAIAHE-T
SIBIIETCST TIPOAYKTOM XHUMHUYECKOTO TpeoOpa-30BaHUs
nByx wmonekyn JAIHE c ywactmem wacth amMuHO—
1 HUTPOTPYTIIL.

v

BJIMAAHUE 3A30PA
B HU3KOYYBCTBUTEJIBHOM BB
HA PACITPOCTPAHEHHME JETOHALIMHN

E.B. IlloroxX0OB, B.U. BESIKOB, C.B. CBhIPLIOB,
A.B. J)KVPABIJIEB, I1.H. 3AroPOHIOK, A.H. KAPXKEHKOB,
A.B. JIEBEAEB, H.II1. OI'JIE3HEBA

Poccuiickuii ¢penepanbHbIil sICPHBIN HEHTP —
Bcepoccniickuit HUM texumndeckoit pusuku
uM. akana. E.W. 3a06abaxuna, CHe:kuHCK, Poccust

OKCHEepUMEHTAIIbHO MCCIIE0BATIOCh Pa3BUTHE JIETO-
Hanuu B BB mocie BBeneHust B HEro 3a3opa. AHajnoramu
n3ydaemoro BB sBisttorcest coctaBel Ha ocHoBe TATE —
PBX9502 u LX-17. U3BecTHO, YTO 3TO MaJOYyBCTBU-
TelbHbIE K BHEIIHeMYy Bo3aedcTBuio BB. Oxwupanocs,
4YTO HapylleHHe CIuIomHocTH BB B BUE 3a30pa, HOIKHO
OTPa3HUThCS HAa XapakTepe B3pPBHIBYATOrO MPEBPAILCHHUS.
Lenpto manHol pa®oThl OBUIO BBISBIEHHE 3aKOHOMEPHO-
CTell B M3MEHEHHH 3TOTO MPEBPAIICHUS.

B skcnepuMeHTax HCIONB30BAINCH METOAUKH —
MaHTaHWHOBAsI, 3JEKTPOKOHTAKTHAs M PEHTTCHOBCKas.
BapbupyemMelM mapaMeTpoM Oblla BENHYMHA 3a30pa
B BB. Ona mensmnace ot 0 10 4 mMm. 3a30p ycTaHaBIUBaII-
cs Ha TOHM TyOmHE oOpasma, Korjaa AETOHAIUS yXKe BBI-

X0Juja Ha HopMasbHbIN pexuM. Ilocre 3a30pa, Ha HEKO-
TOpoM paccTosiHuM B BB, pacnonaranuch MaHraHuWHO-
BbI€ JJATYMKU. PEerucTpUpoOBaINCh aMIUIUTYAA U TPOPHIIH
JIETOHALIMOHHOW BOJHBIL. [0 ckOpocTH IosieTa MIacTHHBI,
YCTaHOBJIEHHON Ha TOpIie 3apsia, ONpeneNsInch TUHA-
MUYECKUE XapakrepucTuku BB B 3aBUCHUMOCTH OT Belu-
YUHBI 3a30pa.

W3 nonydeHHBIX pe3ynbTaTOB CIEAYET, YTO 3a30pHl
J10 2 MM ci1abo BIMSIOT HA aMIUTUTYy AE€TOHAIlMOHHOTO
(dponTa, KOTOpas cocrapiser Benuunny P = 27+30 I'Tla.
Ux BnuwsiHEE oTpaxkaercs Ha (GopMme TpOQIIIS BOIHEBI
U TIPOSIBIISICTCS B TEMIIE CITaJa JaBJICHUS 32 (PPOHTOM.

OTMeueHo, YTO BBEACHHE 3a30pa MPHBOAWT K 3a-
JIEp’KKE pa3BUTHS I€TOHALMU B OTBETHOW aeranu u3 BB.
IIpuBonuTCS 3aBUCHUMOCTb BPEMEHHU 3alEPKKU OT Be-
JUYMHBI 3a30pa. MakcuManbHas BEJIWYMHA 3aIEpPiKKH
moiy4ena mpu 3a3ope B 4 M. [Ipu 3TOM oT™MeUeHO sBie-
HHe HecTaOWiIbHOTO MHHIMHpoBaHus BB, pacmonoxen-
HOT'O IIOCJIE 3a30pa.

YcTaHOBJIEHO, YTO BEJICHHE 3a30pOB MIPUBOAUT K DHEp-
FeTUYECKUM MOTEepsSM B JWHAMHUKE PAa3rOHSEMBIX ILIac-
TuH. IlomyyeHHble B JaHHOW paboTe pe3ynbTaThl Mpej-
CTaBJISIIOT UHTEPEC JIS1 MHKEHEPHBIX MPUIIOKEHUM.

CLEARANCE INFLUENCE
IN A LOW-SENSITIVE EXPLOSIVE MATERIAL
ON DETONATION TRANSMISSION

E.V. SHOROKHOV, V.I. BELYAKOV, S.B. SYRTZOV,
A.V. ZHURAVLEV, P.N. ZAGORODNYUK,
AN. KARZHENKOV, A.V. LEBEDEV, N.P. OGLEZNEVA

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

Detonation development in explosive materials, after
the clearance was arranged in them, was experimentally
investigated. Compositions PBX9502 and LX-17 are
analogs of explosive materials studied. These materials
have low sensitivity to external effects. It was expected
that disturbance in the solidity of explosive materials in
a form of clearance should influence the nature of
explosion transformation. The purpose of this effort was
to find out regularities in the mechanism of this
transformation changes.

Experiments used manganin, electrocontact and
X-ray procedures. The clearance in explosive materials
was a varying parameter. It ranged from 0 up to 4 mm.
The clearance was arranged at such a depth of a sample,
when detonation already reached a normal mode. Man-
ganin probes were installed in explosive materials at
some distance behind the clearance. Amplitude and pro

Section 2



B3pBIBHBIe 1 J€CTOHAIIUOHHBIC SIBJICHUA 73

file of the detonation wave were registered. Flight veloc-
ity of the plate installed at the face—end of the charge was
used to determine dynamic characteristics of HE de-
pending on the clearance size.

Results demonstrated that up to 2 mm clearances have
weak influence on the detonation front amplitude, which
is P =27+30 GPa. They influence the wave—profile shape
and manifest themselves in the value of pressure drop
behind the front.

Clearances were noted to delay detonation develop-
ment in the counterpart of explosives. The «delay time—
clearance value» relation is presented. Maximal delay
was obtained with 4 mm clearance. The phenomenon of
unstable initiation of explosives located behind the clear-
ance was registered.

Clearances were stated to cause energy losses in the
dynamics of accelerated plates. This work results are of
interest for engineering applications.

v

OLEHKA BO3MOKHOCTHU CHM)KEHUA
YYBCTBUTEJIBHOCTU 'EKCOT'EH-

N OKTOTEH-COJAEPKAIIUX B3PBIBUATBIX
COCTABOB K YJIAPHO-BOJIHOBOMY
NHUIUNUPOBAHHIO 3A CHET
MOINPUKAIIUN KPUCTAJIJIOB

I0.T". IIEYEHEB, B.I1. Mi1bKH, M.E. EBCTU®EEB

DenepanbHOE TOCYJAPCTBEHHOE YHUTAPHOE MPEIIPHUATHE
I'ocynapcTBeHHBIN HAy4YHO—HUCCIIEAOBATEIBCKUI HHCTUTYT
«Kpucrann, [zepxunck, Poccus

B nocnegnue roasl BO BCeX BEAYILIUX TOCYAapCTBAX
MHpa TPH MOJEPHHU3ALMH U pa3padOTKe HOBBIX Ooerpu-
1acoB HauOoJIbIllee BHUMAHHUE YIEISIeTCsl X JKCILTyarTa-
LMOHHOM Oe3omacHocTH. OAHUM U3 IyTell CHIDKCHUS
YSI3BUMOCTH OOETPHITACOB SBJISETCS MCIIOIb30BAHUE IS
WX CHapsDKeHHUs B3pbIBUATHIX cocTtaBoB (BC), obmamato-
WX TOHM)KEHHOW YyBCTBUTEIBHOCTBIO K BO3/EHCTBHIO
BHEIIHUX (PAKTOPOB U, B YACTHOCTH, K yIapHOH BOJIHE
(YB). U3BectHO, YTO yOapHO—BOJHOBAas YyBCTBUTEIb-
HocTb Takux BC 3aBucur ot psina haxTopos:

— XMMMYECKOH IPUPOABI U COIECPIKAHUS B3PbIBUATHIX

HUHI'PEIUCHTOB,

— JedeKTHOCTH 3apsna M ero (pu3NKo—MeXaHUYECKHX

XapaKTEePUCTHK;

— nedexTHOCTH KpucTauioB BB — HanosHuTeNei.

OTO ompesenseT MepCcreKTUBHbIE IyTH CO3IaHus Ma-

nouyBcTBUTENBHBIX BC:

1. KommonoBky penentyp BC Ha OCHOBE HH3KOMO-
IIyJBbHBIX MTOJMMEPHBIX CBA3YOILINX, IPU KOTOPOIl 10CTH-
raeTcsi MOJEKYJIpHas (ierMaTH3anus SHEepreTHYEeCKHX
IUIACTU(UKATOPOB, BEICOKOE KaUueCTBO CTPYKTYpPHI 3apsia.

2. CunTe3 u ucnonp3oBanue B peuentypax BC unnu-
BUJlyaJIbHbIX HU3KOUYBCTBUTEIbHBIX BB.

3. Tlouck crenuanbHBIX TEXHOJOTHH, MO3BOJISIOIINX
nojy4aTh MomiHbsle BB—HanonauTenn ¢ manoi nedekr-
HOCTBIO KPHCTAJJIOB.

Hanbonpmmii mpakTHYeCKUit HHTEpEC, Ha HaIll B3I,
MIPE/ICTABISIIOT MEPBOE M TPEThE HAINPaBJICHUS] HCCIIEO-
BaHUM.

OOIenpuHATHIM SIBISETCS MHEHHE O TOM, YTO MCTOY-
HUKaMU Havaja peakuuu B 3apsgax BC mpu mpoxoxne-
HUM 10 HUM Y B sBisitores «ropsaune Touxw». Jlokanusa-
M TOPAYMX TOYEK CBA3aHAa KaK C MakpoaedexTaMmu
CTPYKTYpPBI 3apsloB, TaK U JNe(PEKTHOCTHIO KPHCTAJUIOB
BB-Hanonnurenei.

B nannHHOI paboTe nmpoBeseHa OleHKa BO3MOXKHOCTH
CHIDKEHUS yJIapHO—BOJIHOBOW YyBCTBHTEJILHOCTU T'EKCO-
F€H— U OKTOTEH—COJEP KALIUX B3PhIBUATBHIX COCTaBOB 3a
c4eT MOAM(UKALNK OBEPXHOCTH YaCTHUI] U yCTPAaHEHUS
BHYTPUKPUCTAIUTMYECKHX TIOP.

[oper BHyTpu wacthi BB 00ycnoBieHBI 3axBaToM
MaTOYHOI'0 PacTBOpa PACTYIIUM KPUCTAIIIOM Ha JedeKT-
HbIX Yy4YacTKax I[OBEPXHOCTH TIpaHEld U MOCIenyIoLIeH
muddysuel 1 ynaneHneM JerkoiIeTy4ero pacTBOPHUTES.
ITpoBeneHHBIE SKCIEPUMEHTHI TOKA3alH, YTO IEPEeKpH-
CTaJUIM3aLlUs TeKCOTeHa M OKTOI€Ha B PacTBOpax BBICO-
kokursmux pacteopureneit (BKP), ynmamenme xotopbix
U3 KpHUCTayla 3aTPyIHEHO, MO3BOJISET MOJyyaTh I'eKCO-
TeH W OKTOT€H C IHKHOMETPUYECKOH IUIOTHOCTHIO

1,801“/CM3 i 1,9Or/CM3, COOTBETCTBEHHO, HE3aBUCUMO OT
JUCTIEPCHOCTH KPUCTAIIOB

[IpoBeneHHBIE SKCIICPUMEHTHI IMOKa3ald, 4YTO Ha
YAapHO—BOJHOBYIO YyBCTBHUTEIIFHOCTh T'€KCOT€H— M OK-
TOTEH—COJICPKAIUX B3PHIBYATHIX COCTABOB HA TIOJIHMEp-
HOM CBSI3YIOIIEM ONpEAENIIONee BIMSHAE OKa3bIBaeT
BHYTpeHHSA Ne(()EeKTHOCTh KpucTaioB BB—HamomauTe-
Jie — UX MOPUCTOCTh. BimsiHne BHeuHei nedgexTHo-
ctu MeHee cyuiectBeHHoe. [lopucrocts 3apsgoB BC
C TMOJUMEPHBIM CBS3YIOIIMM Ha MX BOCIPHHUMYUBOCTH
K YIapHO—BOJTHOBOMY WHHIIMUPOBAHHIO BIUSHUS HE OKa-
3pIBaeT. TakuM 00pa3oM MOAM(HKALMS MEeKCOTeHa U OK-
TOT€HA MyTeM X NepeKpucTain3anuu u3 pacrsopa BKP
C TOCTIeNYyOIIell OKaTKOH sBisieTcs BBICOKOI((eKTHB-
HBIM CIIOCOOOM CHIDKCHHS KaK BHEIIHEH, TaK U BHYTPCH-
Hell pedexktHOCTH wacTHi. lMcmoiap3oBaHWE MOTUQHIIN-
POBAHHBIX II0 HpeJJ,J'IO)KeHHOI‘/II TEXHOJIOTUU TI'€KCOI'€Ha
U OKTOT€Ha BO B3PBIBYATHIX COCTABAaX IO3BOJIACT CHHU-
3UTh UX YYBCTBUTCJILHOCTb K YAApHO—BOJHOBOMY HHHU-

uuupoBanuio Ha 10—20 k6ap (20—40%).

EVALUATION OF THE POSSIBILITY
TO REDUCE SHOCK WAVE SENSITIVITY

Explosion and Detonaton Phenomena
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OF EXPLOSIVE COMPOSITIONS CONTAINING
HEXOGEN AND OCTOGEN BY MODIFICATION
OF CRYSTALS

V.P. ILYIN, YU.G. PECHENEV, M.E. EVSTIFEEV

Federal State Unitary Enterprise State Scientific Research
Institute «Kristall», Dzerzhinsk, Russia

In the last years in all the leading world states at the
development and modernization of new ammunition great
attention is paid to their operational safety. One of the
ways to reduce ammunition vulnerability is the use of
explosive compositions with low shock wave sensitivity
(SWS). It is known that SWS of such explosive
compositions depends on a number factors:

— chemical nature and content of explosive ingre-
dients;

— defects in a charge and its physical and mechanical
characteristics;

— defects in crystals of filling explosives.

This determines perspective ways to produce low
sensitive explosive compositions:

1. The development of explosive compossitions based
on low modulus polymer binders providing molecular
phlegmatization of energetic plasticizers, high quality of
a charge structure.

2. Synthesis and application of low sensitive pure
explosives in explosive compositions.

3 The search for special technologies providing high
explosives—fillers with low presence of defects in crys-
tals.

In our opinion, the first and the third trends are of
great practical interest.

It is well known that to initiate reaction in explosive
composition charges with a shock wave passing through
them "hot spots" are necessary. Their location depends on
availability of the charges continuity defects and defects
in crystals of filling explosives

In this work the evaluation of possibility to reduce
shock wave sensitivity of explosives based on hexogen
and octogen by modification of crystal surface and elimi-
nation of pores inside crystals.

The pores inside crystals are due to the entrap of
mother solution by growing crystals on defective parts of
their surfaces with following diffusion and removal of
volatile solvent. The experiments show that recrystalliza-
tion of hexogen and octogen in solutions of highly
boiling solvents, the removal of which from crystals
is difficult, allows to produce hexogen and octogen
with 1.80 g/cc and 1.90 g/cc pycnometric density inspite
of crystal dispersivity.

v

BE3OIIACHOCTbD IIPH OBPALIEHUA
C AMMHUAYHOMU CEJIUTPOU

E.B. KoraHoB, B.A. COCHUH

DenepallbHOE roCy JapCTBEHHOE YHUTapHOE npeanpustue «Io-
CyJapCTBEHHBIN Hay4HO—-MCCIEN0BaTENbCKUN UHCTUTYT «Kpu-
craimy, J3epxunck, Poccus

B nacrosimee Bpemst 6e3 AC HEBO3MOXKHO TPOHU3-
BOJICTBO MPOMBIIIIEHHBIX B3phIBUaThIX BemiecTB (I1BB)
JUIsT HapOJHOTO XO34HCTBa, MOTOMY YTO OHA SBJISAETCA
OJHUM M3 OCHOBHBIX MX KOMIIOHEHTOB. B Poccum Ha
n3rorosnenue [IBB ucnons3yercs okono 550 ThIC.TOHH
AC, ugto coctaBiser 6onee 40% OT ocTaBIIEHCs TOCTE
skcniopta. Kak m3BectHo, AC, SIBISSICH CHIIBHBIM OKHCIIHU-
TeJeM, JaXe B CIEKABIIEMCS COCTOSHHH OONamaer mo-
’KapOB3pPBIBOOINIACHBIMU CBOMcTBaMHU. [Ipu mpousBoaCTBE,
TpaHcTopTHpoBKe W xpaHeHHH AC 3aperucTpupoBaHO
JIOBOJIBHO MHOTO CITy4aeB I0XAapOB M B3PHIBOB, U 0OJIb-
IIMHCTBO W3 HUX MPUBEIH K TPATMIECKUM ITOCIIEICTBUSIM
C MHOTOYHCIICHHBIMH J>KepTBaMH. TOJBKO 3a ToCIenHue

10 et mpomsonwio okono 10 kpynHbIX aBapuil. Hampumep,
B 1996 r. B Kutae mpu B3psiBe Ha ckiane AC nmorubmio 73
yenoBek, paneHo 99. B 2001 r. Bo ®paHiuu B30pBaIoch
250 T AC, 29 yenoBek moruoo.

OCHOBHO! TIPUYMHOM B3PHIBOB SIBIISIETCSI €€ TEPMHUYEC-
KOE€ Pas3lIOKeHHE B OTCYTCTBHHM TEIUIOOTBOZA W IIOBBIIICH-
HOE JTaBJICHIE, a TAK)Ke BOSMOKHOCTb CAMOBO3TOPAHUS TIPH
KOHTAaKTE€ C OPTraHWYECKHIMH H APYTUMH MaTepHajaMu.
XoTst wWMeeTrcs MHOTO [aHHBIX IO HCCIEIOBAHUSIM
cBoiicTB AC, BCe OHM HOCST MPOTHBOPEUUBBIN XapakTep
W TIPOBEIEHBI PA3NUYHBIMH METOJAaMH Ha CEIUTPax pas-
JMYHOTO KadecTBa. [loaToMy OBUIH IPOBEAEHBI UCCIIEN0-
BaHHWA BJIMAHHUA PA3JIMYHBIX (baKTOpOB Ha B3PbLIBOIIOXKA-
poomnacuele cBoictBa AC. MccnenoBanus mo ygapHO—
BOJIHOBOH 4yBCTBUTEIIBHOCTH HIOKa3aJIM YTO BOJIA B HEOOJIb-
IIMX KOJIMYECTBAX SBISIETCS KAaTalM3aTOpOM B IIpOIecce
Tepmuyeckoro pacnaga AC.

B3preiBuaTeie  XapaKTEPUCTHKH OIPEIENSUINCh I10
METOIMKAM JJIsi OICHKH B3PBIBYATHIX MAaTEPHANIOB, TaK
KaK CHCIHANBHBIX METOJOB JJIS ONPENEICHUS B3pPHIBO-
OMAaCHOCTH TAaKUX MAaJOYyBCTBHTEIBHBIX BEIIECTB, Kak
aMMHayHasi cenuTpa, HeT. llpm 3ToM mcmonp30BasIach
CXeMa OIIEHKH B3PBIBOOIIACHOCTH BHOBB pa3pabaThiBae-
Mbix BB M oOmacHOCTM TEXHOJIOTMYECKHX IIPOLIECCOB,
paspadorannas B 'ocHUU «Kpucramm». [ns xapakrepu-
CTUKM OTHOCHUTEIbHOM YYBCTBUTCJIIBHOCTU aMMHa4YHOU
CENTUTPHI IIPU YAAPHBIX BO3IEHCTBHUAX MPOBOAMIN HCIIBI-
TaHus Ha Ooipmiom kompe Tturna BK—6. UyscrBurens-
HOCTh K TPEHHIO HEyJapHOTO XapaKTepa HCIBITHIBAIACH
Ha npubope N-6—2. AMMuadHas cenutpa 0e3 opraHude-
ckux 106aBok HeuyBcTBUTENbHA K K/ n I maxke B m3-
MEJIBUYEHHOM JI0 TOJIHOTO Mpoxoja depe3 cuto Ne 15 Bu-
JIe TIOCIIe TIPOCYIIKH.
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B nanpHeMInmMx vcciaenoBaHUAX OLIEHUBAIACh TPaHC-
MIOPTHAsI ONIACHOCT CEJIUTPHI ¥ KPUTEPHUN KiIacCH(UKaIn
BeIEeCTB B cooTBeTCTBUH ¢ pekomeHmanusmu OOH. Co-
TJIACHO ATHUM HCCJIEIOBAHUSAM YHCTasi aMMHAYHAas CEJIHT-
pa (psAaoBas u mopucras) He OTHOcHUTCs K Kiiaccy 1 (BB),
a oTHocutcs K knaccy 5.1. Opgnako mo nmanueiM CIIA
npu conepkaHun opranuku Oozee 0,2% wu3MmenbuyeHHas
aMMUaYHasl CEeJIUTpa OTHOCUTCS K KJaccy B3pbIBUATHIX
BemiectB 1.1/1. B To xe Bpems ciegyeT OTMETUTh, YTO
mopuctas cenutpa CIIA mpomnnta TecT TOIBKO BO BTOPOi
CEpUH OMBITOB Yepe3 MPOKIagKy W OHa 0ojee B3pHIBO-
orracHasl.

VYuuteiBasg Oonpire 00beMBI IPUMEHEHNST aMMHUaY-
HOM CeNUTpPHI B MPOMBIIUIEHHOCTH, KaK Ha MPEIAIPHUSITH-
sx, npousBoasamux [IBB, Tak 1 B cenbckoM X035HCTBE,
JUIS OLUEHKHU JKCIUTyTAallMOHHOW ONAacCHOCTH aMMHUAYHOU
CEeNUTPBl U Pa3pabOTKU MEPOIPHUSTHH 10 TOBBILICHHUIO
0C30MMaCHOCTH TPU OOpaIlleHHH C YHCTOW aMMHAYHOMN
cenuTpoi, cenutpoit KB u mopucroit aMMuauHoOU cenuT-
poii, HeoOXoIMMO pa3paboTaTh cHelUalbHbIE METOANKU
U HPOBECTH JOINOJHHUTENbHBIE HCCIENOBAHUS C ILEIbI0
KIIaCCH()MKAIIUN OIACHOCTH PA3NIMYHBIX BHIOB CEIUTP
W CHIDKEHHsI CTENICHH BO3HWKHOBCHHWS aBapwuil MpH ee
IKCIUTyaTalui

SAFETY MEASURES IN HANDLING
AMMONIUM NITRATE

E.V. KOoLGANOV, V.A. SOSNIN

Federal State Unitary Enterprise «State Scientific Research
Institute «Kristally, Dzerzhinsk, Russia

At present it is impossible to produce commercial ex-
plosives for the needs of national economy without am-
monium nitrate (AN), which is their basic component. In
Russia nearly 550000 t of AN are used for production of
commercial explosives. It is known that AN being a very
strong oxidizer has fire and explosion hazard properties
even in a consolidated state. A lot of fires and explosions
were registered during production, transportation and
storage of AN, most of them led to tragic consequences
with numerous victims. Only in the last 10 years there
occurred 10 serious accidents. For example in China in
1996 there was an accident in AN depot with 73 persons
killed and 99 wounded, in 2001 in France 250 t of AN
exploded, 29 persons were killed.

The main reason of AN detonation is its thermal de-
composition without heat removal, high pressure and
possibility of self ignition in contact with organic and
other materials. Though much information on AN prop-
erties is available it is of contradicting character and re-
ceived with AN of different quality using different meth-

ods. So the investigation was carried out concerning in-
fluence of different factors on fire and explosion hazard
properties of AN. Thus, the investigations on shock wave
sensitivity showed that water in small quantities is
a catalyst in the process of AN thermal degradation.

Explosive characteristics were determined according
to the methods of explosive materials evaluation because
there are no special methods to determine explosiveness
of such low sensitive materials as AN. For this purpose
an explosion hazard evaluation procedure for newly de-
veloped explosives and their production technological
processes worked out in GosNII «Kristally was used.
To characterize relative sensitivity of AN to impact in
handling and transportation tests were carried out using
BK-6 drop hammer apparatus. Sensitivity to friction of
non—impact character was tested with 1I-6-2 apparatus.
AN without organic additives being even in finely di-
vided state (complete passing through sieve Ne 15 after
drying) is not sensitive to detonating caps and detonating
cord without organic additives

Further tests were carried out to evaluate AN trans-
portation hazard and determine class of hazard of AN
different kinds according to UN procedure of testing. The
results show that pure AN (standard and porous) does not
belong to Class 1 (explosives), it belongs to Class 5.1.
However, according to USA data finely divided AN
comprising more than 0.2% of organic substances
belongs to Class 1.1D. At the same time it should be
noted that USA porous AN passed only through the sec-
ond series of tests (gap tests) and so was more hazard.

Taking into account that AN is used in large quanti-
ties both in plants producing commercial explosives and
in agriculture it is necessary, for evaluation of AN opera-
tional hazards and for development special procedures to
provide higher safety in handling it, to carry out addi-
tional investigations with the aim of hazard classification
of different AN kinds and reduction of accident risk.

v

JETOHAIIMOHHBIE XAPAKTEPUCTUKHU
OMYJIbCHUOHHBIX B3PBIBUATHIX BEIHLIECTB

E.B. KoJIrAHOB, B.A. COCHUH

®denepanbHOE rOCYJAPCTBEHHOE YHUTAPHOE NIPEANIPHATUE
«["ocynapcTBeHHbIH Hay4HO—HMCCIIEA0BATENbCKUI HHCTUTYT
«Kpucranny, [Izepxunck, Poccus

B Hacrosiee BpeMs IpenMyIIECTBEHHOE Pa3BUTHE BO
BCEX TOPHOAOOBIBAIOIINX CTPAHAX MOJIYYHII HOBBIN KI1acc
MPOMBILIUICHHBIX  B3PBIBYATBIX BELIECTB 10X OOIIUM
Ha3BaHWEM B3pbIBUaThie dMyibcun (OBB). Onn obnana
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0T OTIMYHOW BOJOYCTOHYHMBOCTBIO W TIO B3PHIBUATHIM
XapaKTepUCTHKAM HAaXOAATCS Ha ypOBHE TpoTmia (Tpa-
Hynorona). [Ipu upe3BBIYaliHO HHU3KOW YyBCTBHUTEIBHO-
CTH K TEIUIOBHIM M MEXAaHHYECKMM BO3AcHCTBUAM OBB
MOXXET MHHUIIMAPOBATh OT CTAHIAPTHOTO KaIlCIOJS—AETO-
HaTopa U U3MCHSTH CKOpOCTI) JCTOHAIIMU B OUYCHb mnpo—
KHUX npeﬂeﬂax 3a CUCT TCXHOJOI'inu U3rOoTOBJICHUA U KOM-
MOHEHTHOro coctaBa. DBB He coxepxaT B3pbIBUATOrO
CEHCHOMIIN3aTOpa M MaTpUYHAS IMYJIbCHsS, TOTydaeMast

C IUIOTHOCTBIO 10 1450 Kr/mM™, sSBIIS€TCS HEICTOHAI[HOH-
HOCHOCOOHOW B NPHMEHSEMBIX Ha IPAKTUKE JHaMeTpax
3apsijia, 4To obecneunBacT 0E30IaCHOCTh €€ M3TOTOBJIC-
HUsl, TPAHCIIOPTHPOBaHU U puMeHeHus. [ nepesona
MTOJTyYCHHON 3MYJIbCUH B JIETOHAIIMOHHOCIIOCOOHOE CO-
CTOSIHHE HEOOXOAMMO BBECTH B HEE «TOPSAYUE TOUKID»
B BUJIC T'a30BbIX My3bIPHKOB HJIM MMOPUCTHIX MaTEPHATIOB.
HccnemoBanns IMoOKasald, YTO HauOojee BaKHOU
XapaKTePUCTUKOW IJIs MPAKTUIECKOTO MPUMEHEHUS SB-
JIIETCS 3aBHCHMOCTh CKOpOCTH jeToHaruu OBB ot
IJIOTHOCTH €ro 3apsbkanud. 1Ipu aToM mmeercst akcrpe-
MajbHas 3aBHCHUMOCTh C MakKCUMyMoM ckopoctu 5200

3
M/C 11t 0OBIMHOTO TIOPAMHMTA NpH IUIOTHOCTH 1,25 T/eMm

U Jlajiee MpU MOBBIIICHUU TIOTHOCTH A0 1,35 F/CM3 Ha-
OmromaeTcs 3aTyXxaHue JeTOHALNH.

3aBucuMOCTh cKopocTH aeroHanmu (D,m/c) oT kuc-
sopogHoro 6ananca (X, %) Wi KOMIOHEHTHOTO COCTaBa
XOPOIIIO OMHCHIBACTCS YPABHEHHUEM PETPECCHH:

D=-73524X>-40,414YX +3798.8
(R =0,0995; S = 2,43%; Sa5c. = 81,5 M/c)

MexanmsMm neronamun DBB oTinnuaeTcs or TakoBoro
IITaTHBIX CMECe aMMHAaYHON CENUTPHI C TPOTHUIOM HIIH
MAaclIOM, ¥ B HEKOTOPBIX CIydasx OJM30K K MEXaHH3MY
KUJIKUX MHAUBUAYalbHbIX BB. [ oulleHKH BO3MOXHO-
CTW BO3HHMKHOBCHUA B3PbIBUATOI'O MPEBpAIICHUA B YCJIO-
BUAX H3TOTOBJICHUA, TPAHCHOPTHUPOBAHUA W IHPAKTHUYC-
CKOTO MPUMEHECHHUS IKCIIEPUMEHTAIBHBIM ITyTEM OTIpeie-
JSUTA  KPUTHYCCKUE YCIOBUS TMPOSBICHUS JIETOHAIMU
MaTPUYHON 3MYIECHH TPHU Pa3IUYHON TeMmIeparype 00-
pasioB, BILIOTh 10 TexHonormdeckoii (80°C). Mcrmbita-
HUS TIPOBOJUIIN B 3aBUCHMOCTH OT IHAMETPa M MaTepua-
Ja 00oodek (pasnuyHas yAeIbHas IUIOTHOCTB, CKUMae-
MOCTh M TPOYHOCTh Ha pa3pbiB), (HOPMBI 0OOJOUKH
U (PU3UYECKOTr0 COCTOSIHUSI MATPHIbl (IIOPUCTOCTh, TEM-
meparypa, CoaepKaHne BOJIBI M TUI TOPIOYETO).

B mportecce nccrnenoBaHuii OBUTH OIPEAEICHBI IPY-
THe JCTOHAIIMOHHBIE XapaKTEPHUCTHKH: MAaccoBas CKO-
pOCTh, NaBIEHHE B JETOHAIIMOHHON BOJHE, IUIOTHOCTH
B JICTOHALIMOHHOM BOJIHE, MOKAa3aTeNlb MOJUTPOIBI, IIH-
pUHA 30HBI XMMMYECKON pEaKLUU U BPEMs XMMHUYECKOH
peakuuu. [lonyyeHHble JaHHBIE MOATBEPKIAIOT, YTO J€-
TOHAIIMOHHBIC XapakTepucTuku DBB 1mo OoNBIIMHCTBY
MapaMeTPOB HAXOJATCS HAa YPOBHE TPOTHIIA, YTO MO3BO-
JSIeT 3aMEHUTh 3TO JIOPOroe M SKOJOTMYECKH Hediaro-
npustHoe [1BB nipu B3peIBHBIX padoTax.

WHTtepecHble pe3ysbTaThl ObIIM MOJIYYEHBI IPH OLIEH-
K€ BO3MOXXHOCTH HCIOJb30BAHUS yTHUIU3UPOBAHHOTO
rekcorera B cocraBax OBB. OmHOBpeMeHHO C BOIpoca-
MU 0€30MaCHOCTH HCCIIEA0BATIACH U ICTOHAIMOHHAS CIIO-
COOHOCTh COCTaBOB MNpHU BBEACHHU rekcoreHa. JlaHHbIe
MOKA3BIBAIOT, YTO MPHU copepkaHnu okoso 40—50% yrtu-
JIM3UPOBAHHOTO TEKCOTeHA JIOCTUTAETCSI IOBOJILHO BHICOKAs
CKOPOCTb JICTOHALMH, OJIM3Kas K YNCTOMY T'€KCOTEHY.

DETONATION CHARACTERISTICS
OF EMULSION EXPLOSIVES

E.V. KoLGANOV, V.A. SOSNIN

Federal State Unitary Enterprise State Scientific Research In-
stitute «Kristall», Dzerzhinsk, Russia

At present a new class of commercial explosives
known as emulsion explosives received a large develop-
ment effort. They exhibit excellent water resistance and
are on TNT level according to their explosive character-
istics. In spite of very low sensitivity to heat and me-
chanical effects they have possibility to be initiated with
standard detonating caps and they can have a wide range
of detonation velocities depending on a process of their
production and on their formulation. Emulsion composi-
tions do not contain explosive sensitizers and emulsion

matrix with high density of up to 1450 kg/m3 is non—
detonable in charge diameters used in practice that
provides safety in its production, transportation and use.
To make the emulsion matrix detonable it is necessary to
introduce in it gas bubbles and porous materials as «hot
Spots».

The most important characteristic for use is depen-
dence of emulsion explosive detonation velocity on
charging density and there exists extremum with velocity
maximum 5200 m/s for common Poremit at 1.25 g/cc
density and with the increase of density up to 1.35 g/cc
detonation decays.

Dependence of detonation velocity (D, m/c) on oxy-
gen balance (X, %) or formulation is shown in regression
equation of the following type:

D=-7352YX?-40.414X+3798.8

(R = 0.0995; S,ef. = 2.43%; Syps= 81.5 m/s)

There is a difference between detonation processes
of emulsion explosives and standard mixtures of ammo-
nium nitrate with TNT or oil which in some cases are
close to that of liquid pure explosives. To evaluate the
probability of detonation in production, transportation
and use, critical conditions of emulsion matrix detonation
were determined experimentally at different temperatures
of the samples approaching to a process one (80°C). The
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experiments were carried out with different charge di-
ameters and sheath materials (different specific density,
compressibility and tensile strength), sheath form and
matrix physical state (porosity, temperature, water con-
tent and fuel type).

In the process of investigation other detonation char-
acteristics were determined: particle velocity, pressure
and density in detonation wave, polytropic index, chemi-
cal reaction zone width and chemical reaction time. The
results also demonstrated that emulsion explosives deto-
nation characteristics were on TNT level. So this expen-
sive and ecologically unfavourable commercial explosive
can be replaced with emulsion explosives in blasting
operations.

Interesting results were received in evaluating the
possibility of utilized RDX application in emulsion ex-
plosives compositions. Simultaneously with safety prob-
lems detonation ability of the compositions with intro-
duced RDX was investigated. The results showed
that 40—50% content of utilized RDX provided rather
high detonation velocity.

v

PEHTTEHOI' PA®UYECKOE UCCJIEJOBAHUE
BOJIHOBBIX IPOLIECCOB
B HU3KOYYBCTBUTEJbLHOM BB TP
HATPYKEHHUH ET'O CKOJIB3SIIIENA
JETOHAIIMOHHOM BOJIHOM

A.W. BPYMKOB, JI.A. 'PUBAHOB,
A.K. My3bIr4, /[.B. ®POJIOB

Poccuiickuii GpenepanbHblil SOCPHBIA HEHTP —
Bcepoccniickuit HUU texandeckoit ¢pu3ukn
uM. akaja. E.W. 3a06abaxuna, CHexxuHcK, Poccust

PaccmarpuBaercsi B3pBIBHOE HArpyKeHHe OOpa3IoB
N3 HU3KOYYBCTBUTECJIHLHOI'O B3PLIBUATOI'O COCTaBa CKOJIb-
3stmmeit geronanuert ciost Opuzantaoro BB. Ilpu onpene-
JICHHBIX YCJIOBUSX JICTOHAIUS HArpy»aemMoro o0pasia
HE BO3HHKaeT. B HeM, kak B WHEPTHOM Marepuaie, pac-
MpOCTpaHseTcs yaapHas BoyiHa. Ee mapameTpbl Makcu-
MaJBHBI Y TPAHUIIBI «CIIOW—00pa3ey u yOBIBAIOT C TIIy-
OMHOM M3—3a MPOIECCOB 3aTyxaHus. IIpeameroM 3KcIie-
PUMCHTAIBHOTO MCCIICIOBAHUS B JaHHOW padoTe SIBIISCT-
Cs1 3aKOHOMEPHOCTh YOBIBaHHSI CKOPOCTH YIAPHOM BOJHEI
M0 OCH, HOPMAJIBHOW K TUIOCKOCTH pa3Jielia «CIIoi—o0pa-
3ey. Obpasen u3 uccienyemoro BB umeer gopmy mnapasi-
JIeNenuIiesia, Ha OJHY K3 MOBEPXHOCTEH KOTOPOTro HaHO-
CWICSI JIETOHMPYIOIIMHM CiloH. Perucrpanys B3pbIBHOIO
HATPYXKCHUS C TMOMOIIBI0 MMITYJIbCHOH PEeHTreHorpaduu
JlaeT MTHOBEHHBI CHHUMOK BO3HHKAIOIIEro B oOpasie

BOJIHOBOTO TIpoliecca. JTO HECTallMOHapHOE SBJICHHUE
IIpeBpaIiacTcss B JIByMEPHOE CTAallMOHApHOE TEUYECHUE
B CHCTEMEe KOOPJHMHAT, CBSI3aHHOW C ()POHTOM JETOHALIUH
Harpy>xamwoliuero cioss BB u aBuwxymieiics co CKOpOCThIO
JeToHanuy. BapeiBuaToe BemecTBO 00pasna B HCXOIHOM
COCTOSIHMH BTEKaeT BO (PPOHT yIapHOH BOJHBEI CO CKOPO-
CTBIO JIETOHAMM Harpyxatomero BB m BeiTekaer u3
(poHTa CXKaTbIM, C HW3MEHEHHBIM BEKTOPOM CKOPOCTH
TedyeHHs. PaccMOTpeHHMe CHHMKa Kak CTallMOHapHOTO
TEYEHHS JJaeT CBA3b MEXKIY CKOPOCTHIO ACTOHALUH CIIOS,
MOJIO)KEHHEM WM KPWUBU3HOH ynapHoro ¢poHTa M CKOpO-
CTBIO YIAPHOW BOJHBEL. BBIMOTHEHB! 3KCHEPHMEHTEHI
C pa3HOH TOJIIIMHOW Harpy’karollero cjos W MOCTpOeHa
00001IeHHAsT 3aBUCUMOCTh CKOPOCTH YIAAapHOH BOJHEBI OT
NIPUBE/ICHHOW TPOCTPAHCTBEHHOH KOOpAWHATHI (BBIpa-
’KaeMOH B TOJIIIMHAX HAIPYKAIOLIETO CIIOs).

RADIOGRAPHIC ANALYSIS OF WAVE
PROCESSES IN A LOW-SENSITIVE EXPLOSIVE
MATERIAL LOADED BY THE SLIDING
DETONATION WAVE

F.I. BRICHKOV, D.A. GRIBANOV,
A.K. MUZYRYA, D.V. FROLOV

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

Consideration is given to explosion loading of sam-
ples, made of a low—sensitive explosive composition, by
the sliding detonation of HE layer. In certain conditions,
detonation of the loaded sample does not occur. Shock
wave is propagating in the sample as in an inert material.
Parameters of the shock wave are maximal near the
«layer—sample» boundary and are decreasing with depth
due to attenuation. This effort experimentally investigates
regularity in the shock—wave velocity decrease along the
axis, normal to the «layer—sample» interface plane. The
sample made of the studied explosive material has the
shape of a parallelepiped, one surface of which was
coated by a detonating composition. Registration of ex-
plosion loading by means of pulse roentgenography pro-
vides a snapshot of the wave process arising in the sam-
ple. This non—steady phenomenon turns into the two—di-
mensional steady flow in the coordinate system, which is
associated with the front of HE loading—layer detona-tion
and is moving at the detonation rate. Explosive material
of the sample in the initial state is flowing into the shock—
wave front at the rate of loading—HE detonation and
leaving it in the compressed state, with the flow—velocity
vector being changed. Examination of the snapshot as
a steady flow provides connection between the rate of
layer detonation, the shock—front location and curvature,
and shock—wave velocity. Experiments with different

Explosion and Detonaton Phenomena



78 Cekrus 2

thickness of the loading layer were carried out, and the
generalized dependence of shock—wave velocity on the
reduced spatial coordinate (expressed in loading layer
thicknesses) was constructed.

v

PACIIPOCTPAHEHHME JETOHAIIMOHHBIX
BOJIH B SJIEKTPUYECKOM U MATHUTHOM
MOJIAX

B.A. JIEBUH

MuctutyT aBTOMaTHKH U nponeccoB ynpasienus JIBO PAH,
Bnagusoctok, Poccust

Hccnenyercst pacnpocTpaHeHHE BOJH —JETOHAIUH
B TUIOCKOM KaHalleé TIOCTOSIHHOTO CEUEHUs! MPU HATWYUH
BHEIIHUX DJIEKTPUYECKOIO M MAarHUTHOro NOJEeH mpu
MajJbIX MAarHMTHBIX 4uciiax PeliHonpaca. Bceaencrteue
OOJIBIION TeMIIepaTyphl 3a BOJIHOW ra3000pa3HbIe MpPO-
IIyKTHI CTOPaHUs CTAHOBSTCS NMPOBOMSIIMMH U TIPH HAJIH-
YUH 3JCKTPOMATHUTHOTO TIOJIS 0 Cpe/ie HAaYMHAET TeUb
JJEKTPUYECKUH TOK. B pesynpraTte B3auMOAEUCTBUA
AJIEKTPUYECKOTO TOKA C JJIEKTPOMArHUTHBIM TIOJIEM
U CPeIoW BO3HHMKAIOT IOTIOJHHUTENbHAs MaccoBas CHiIa
1 100aBOYHBIN MPUTOK YHEPTUH 32 CUET HKOYIICBOH IHC-
CHUTIAIlMHU, KOTOPHIE OKAa3bIBAIOT BIMSHHUE HA PaclpocTpa-
HCHUC }IeTOHaHHOHHOﬁ BOJIHBI U TCYCHHUEC rasa 3a Heﬁ.
PaCCManl/IBaIOTCSI yCﬂOBI/IH, HpI/l KOTOp])IX MAarduTHBIC
yucia PeifHonbaca Masbl, U IOATOMY BIMSHUEM UHIYLH-
POBAaHHOTO JJIEKTPOMATHUTHOTO TMOJS MOXKHO IPEeHEO-
peub. CHayana u3ydaercss aCUMITOTHYECKOE TOBEJICHUE
TUTOCKOM TIepecKaTol BOJIHBI JICTOHAIMH TPU YAaJICHUU
ee OT MCTOYHWKAa MHHUIuHpoBaHusA. [lokasaHo, 9TO B 3a-
BHCHUMOCTH OT BEJIWYWH MPHJIOKEHHOTO MarHUTHOTO
U JIEKTPUIECKOTO TTOJIEH BOZMOXKHBI PA3IMYHBIE CITyYau
MOBEACHHUS BOJHBL. [IpW OJHUX 3HAYEHHUSAX MapaMeTPOB
nepecikaTtasi BoJHa AETOHAIMK TepexoauT B BoaHy Y. K.,
HpI/l 3TOM nepexou MOXKET OC}’HJ,eCTBJ'IﬂTbCﬂ Ha KOHCYHOM
PacCTOSHUU OT UCTOYHUKA MHULMUpoBaHus. [Ipu apyrux
3HAUEHUsIX MapameTpoB mnepexon B BoiaHy Y. K. He BO3-
MOXKEH U BOJIHA OCTaeTcs nepeckaroil. Takoe nmoBeaeHue
BOJIHBI KOPEHHBIM 00Pa30M OTIIMYAETCS OT CIIydasi OTCYT-
CTBUS DIIEKTPOMArHUTHOTO TIOJS, KOT/a IJIOCKas Iepe-
cKarasi BOJIHA ETOHAIUU OcllabeBasi CTPEMUTCS K PEXKH-
My UK., ymamssace OT MCTOYHMKA WHHUIMHPOBAHUS Ha
OCCKOHEYHO 0OJIBIIIOE PACCTOSHUE.

OmnpeneneHbl HEOOXOIMMBIE YCIOBHUS CYIIECTBOBAHMUS
BoiHbl UK. JImst Tex 3HAYEHHUH OMpENessIONINX IMapa-
METPOB, IIPU KOTOPBIX BOo3MOKHA BojiHa YU.JK. mosyueHsl

AHATMTHYECKIE BBIPAXKEHUS UL PaCIpEeNeTICHUs CKOPO-
CTH, JaBJICHHUS W IUIOTHOCTH 3a BOJMHOW. OKa3anockh, 9TO
UMEIOTCS /1Ba TEYEHHS, MPUMBIKAONINE K ICTOHAIMOH-
Hoii BomHe U.JK. OmHO — € BONHOMN pa3pexeHus, Apy-
roe — ¢ BOJIHOH CyKaTusl.

Pabora BwImosHEHA TIpH (HUHAHCOBOW MOAJEPIKKE
PO®OU rpant Ne 02-01-00110.

DETONATION WAVE PROPAGATION
IN LECTRIC AND MAGNETIC FIELDS

V.A. LEVIN

Institute of Automation and Control Processes FEB RAS,
Vladivostok, Russia

Detonation wave propagation in the plane
channel of constant section in the presence of external
electric and magnetic fields at small magnetic Reynolds
numbers are studied. Owing to large temperature beyond
the wave combustion gas becomes conductive, and in the
presence of electric field electric current begins to flow
through the medium. As a result of interaction between
electric current and electromagnetic field additional body
force and additional energy penetration due to Joule
dissipation, which affect detonation wave propagation
and gas flow beyond it, appear. Conditions, in which the
magnetic Reynolds numbers are small, are considered. In
this case we can ignore influence of induced electro-
magnetic field. First, asymptotic behavior of the plane
overcompressed detonation wave at its moving away
from the source of initiation is studied. It is shown that
different cases of wave behavior are possible depending
on values of applied magnetic and electric fields. For
some values of parameters the overcompressed
detonation wave passes into CJ wave, in this case passage
can be realized at the finite distance from the source of
initiation. For other values of parameters a passage into
CJ wave is impossible, and wave remains overcompres-
sed. Such wave behavior radically differs from the case
of electromagnetic field absence when the plane
overcompressed detonation wave subsiding tends to CJ
regime moving away from the source of initiation at
infinite distance.

The necessary conditions for CJ wave existence are
determined. We obtained analytical expressions for
speed, pressure and density beyond the wave for the val-
ues determining the parameters at which CJ wave is pos-
sible. It has been found that there are two flows adjoining
to CJ detonation wave. One flow is a flow with suction
wave, and another — with compression wave.
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KBAHTOBO-XUMHWYECKHA PACYET TEILIOT
OBPA30BAHUS, CTOPAHUS U B3PBIBA
KJIACCHYECKHUX B3PBIBYUATBHIX BEIIECTB

B.K.T'OJIVBEB

OTKpBITHIN BBIYMCIUTEIbHBIN 1IeHTp, CapoB, Poccus

B npubmwkennu Teopum (pyHKIMOHaNA IFIOTHOCTH
(DFT) mpoBeneH pacueT TEeIIoT 00pa3oBaHusl, CTOPaHUS
n B3pbiBa Oosee TpuamatH Kiaccudeckux (CHNO)
B3pBIBYATHIX BELIECTB. PaccMaTpuBalMCh BCE OCHOBHBIC
TPYIIIBI B3PBIBUATHIX BEIIECTB. JTO apOMaTHYECKUE HUT-
pocoenuuaenus (TpuHuTpoToiayon wim THT, TpuaHTpO-
0eH30J, TPUHHUTPO(EHOT WIM NHKPHHOBAs KHUCIIOTA,
TPUHUTPOKCHIION, TPUHHUTPOKPE30Jd, TeKCAaHUTpoxUde-
HWJI, TeKCAaHUTPOCTHILOCH M APYIue), HUTPOIPOU3BOJI-
HBIE apOMAaTHYECKUX aMUHOB (TPUHUTPOAHWINH, I'eKca-
HUTPOAN(EHMIAMIH WIN TeKCHI, TPUHUTPO—N—METHIIHNT-
POAHWINH WM TETPWI, TPUAMHHOTPHHUTPOOCH30MI WIN
TATB, nuamuHOTreKCaHUTPOAUGESHUIT U IPYTHE), HUTPOCO-
eIHe-HUA amn(aTHIecKoro psga (HATpOMETaH, TETPaHUT-
pOMe-TaH, JMHUTPOITAaH M JAPYrHe), HUTPONPOHU3BOJHBIC
amnaTHIeCKNK aMHUHOB (HUTPOTYaHUINH, OTHICH-N,

‘—puautpamud unu  OAHA, N-awdranon—N-HUTpa-
vuaauauTpaT wim JUHA, N, N'-OHCTpUHUTPOITHIMO-
yeuHa uin BTOM u npyrue), HUTPOIPOU3BOIHBIE
TETePOIMKINIECKIX AMHUHOB (IIMKJIOTPUMETHICHTPUHHT-
paMHH WM TeKCOTEH, LUKJIOTEeTpaMETHJICHTETPaHUTPa-
MHH WJIM OKTOTEH, IUKJIOTPUMETIICHTPHHUTPO30AMHH),
HHUTPATBhl CIUPTOB (METWIHUTPAT, TJIMIEPUHTPUHUTPAT
WM HUTPOTJMIEPUH, AUTIHLEPUHTETPAHNUTPAT, STHIICH-
TJIMKOJIBMHUTPAT, IEHTadpUTpUTTETpanuTpar win TOH
1 IpyTHE).

Bce pacuers! mpoBOAWINCH C HCHOIb30BAaHUEM KOM-
IJIEKTa KBaHTOBO—xumuueckux mnporpamm GAUSSIAN
98. Jl71st BBINOJIHEHHS PACUYETOB 3JIEKTPOHHON CTPYKTYPBI,
OINITHMU3AIIMY TEOMETPUU MOJIEKYJI M 4acTOT UX KoJeOa-
HUM HCIOJIB30BAJNCh PA3IWYHBIE YPOBHH TEOPHHU.
OOmum 1ns Bcex pacueToB Obul ypoBeHb B3LYP/6—
311G(d). bomee BBICOKHM ypOBHEM, HCIOJIb3ye-
MBIM JJISl PACUETOB OTHOCHTEIILHO HEOOJBIIMX MOJICKYJ
U U OTHEIBbHBIX KOHTPOJIBHBIX PacdeToB, ObUI yPOBEHb
B3LYP/6-311+G(3df).

Heckonbko pazinMyHBIX CXEM HCHOIb30BAINCH IS
paccMOTpeHHsl peakluii 00pa3oBaHMSI KOHEUHBIX HpO-
JIYKTOB B3pbIBa. J[11 HEKOTOPBIX U3 paccMOTpeHHbIX BB
OIIpEZIeTICHbl CXEMBbI, ONTHMAaJbHBIE [0 peaTu3yeMOu
sHepruu B3pbiBa. g Heckonbkux BB paccmorpeno
BJIMSHHE HA DHEPrETHKY IPOLIECCOB M30MEpHH (Harpu-

Mep, OpTO—, MeTa— U IMapa—Hu30Mepbl IUHUTPOOEH30:1a),
HPOCTPAHCTBEHHOTO CTPOEHMS MOJEKYN (Halpumep, o,
B— m d—MmomudukaMu OKTOreHa) M HEKOTOPBIX IPYTHX
¢axropos. [TomyueHHble pe3yIbTaThl IPEICTABICHb! B BUJIE
MHOTOUYHCIIEHHBIX Tabiui U rpagukos. [IpoBeneHo comnoc-
TaBJICHUE C Pe3yJIbTaTaMU KIACCHYECKHX TEPMOXHMHYE-
CKMX pacuyeroB M C M3BECTHBIMH OSKCIICPHMEHTaJIbHBIMU
JAHHBIMH.

QUANTUM-CHEMICAL CALCULATIONS
OF THE HEATS OF FORMATION, COMBASTION
AND EXPLOSION FOR CLASSICAL
HIGH EXPLOSIVES

V.K. GOLUBEV

Open Computer Center, Sarov, Russia

Density functional theory (DFT) was used to calculate
the heats of formation, combustion and explosion for
more then thirty classical (CHNO) high explosives. All
the main groups of explosives were studied. They are
aromatic nitrocompounds (trinitrotoluene or TNT, trini-
trobenzene, trinitrophenol or picric acid, trinitroxylene,
trinitrocresol, hexanitrodiphenyl, hexanitrostilbene, and
others), nitroderivatives of aromatic amines (trinitroani-
line, hexanitrodiphenylamine or hexyl, trinitro-N—meth-
ylnitroaniline or tetryl, triaminotrinitrobenzene or TATB,
diaminohexanitrodiphenyl and others), nitrocompounds
of aliphatic series (nitromethane, tetranitromethane, dini-
troethane and others), nitroderivatives of aliphatic amines
(nitroguanidine, ethylene—N, N'-dinitramine or EDNA, N—
diethanol-N-nitraminedinitrate or DINA, N, N'-bistrinitro-
ethyl urea and others), nitroderivatives of heterocyclic
amines (cyclotrimethylen trinitramine or RDX, cyclotet-
ramethylen tetranitramine or HMX, cyclotrimethylen
trinitrosoamine), nitrates of alcohols (methyl nitrate,
glycerol trinitrat or nitroglycerine, diglicerol tetranitrat,
ethyleneglycol dinitrat, pentaerythritol tetranitrate or
PETN and others).

All calculations were performed using the GAUS-
SIAN 98 suite of quantum chemistry codes. Different
levels of theory were used to carry out the electronic
structure, geometry optimization and frequency calcula-
tions. The common level for all calculations was the
B3LYP/6-311G(d) level. The higher level used for cal-
culations of quite small molecules and for some control
calculations was the B3LYP/6-311+G(3df) level. Several
different schemes for the reactions of formation of final
explosion products were used. For some examined explo-
sives the schemes optimal on the realized explosion en-
ergy were determined. For several explosives the effects
of isomerism (as the ortho—, meta— and para—isomers of
dinitrobenzene), steric structure of molecules (as the o—,
B— and &— modifications of HMX) and some other factors
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on the energetics of the studied processes were examined.
All obtained results were exhaustingly tabulated and
plotted. Comparison of obtained results with results of
classical thermochemical calculations and known ex-
perimental data was made.

v

B3AUMOJIEUCTBUE KOMIIOHEHT
I'ETEPOI'EHHOI'O BB

A.Il. EpmiOB, /. A. MEJIBEJIEB

WucturyT ruppoaunamuxu uM. M.A. JlaBpentseea CO PAH,
HoBocubupck, Poccust

10.B. sIHujikud, E.C. TABPMJIOBA

Poccuiickuii penepabHbIN SIEPHBIA HEHTP —
Bceepoccutiicknit HUU sxcniepumeHTansHoil Gu3nky,
Capos, Poccus

PaccmarpuBaercsa ruapoAMHaAMUKAa B3aUMOACHCTBUSA
B JBYXKOMIIOHEHTHOH CHCTeMe, KOrja BellecTBa He-
CKOJIbKO OTJIMYAIOTCS 10 CBOMCTBaM (HANpUMEP, TPOTHI
u rekcoreH B criaBe TT)). OLeHKH MOKa3bIBAIOT, YTO OC-
HOBHYIO pPOJIb WUTPAET OTHOCHUTEIBHOE INPOCKAJIH3BIBAHHE
BKIIFOUEHUH, MOpOXKJaroliee HeycToiunBocTh KenbBuHa—
I'enpmromnbia Ha rpanunax pazaena. CKOpoCcTh MPOCKab-
3pIBaHHUS  (OPMHUpPYETCS TMPH IMPOXOXKACHUH (PpPOHTA
yaapHO# BoJHBL. B nepBoil cepuu pacyeToB 3Ta CKOPOCTh
3a/1aBajach Kak HayallbHOE YCJIOBUE.

JBr>keHre BKIIOYEHHH HCCIIEIOBAHO  YHCJICHHO
B JIBYMEPHOW IMOCTAHOBKE IBYMS CIIOCOOAMHU: C TOMO-
IpI0 Ta30MHAMHUYECKOTO KoMmImiekca mporpamm DI'AK
U IIyTE€M PELICHMsI PELIETOYHOI0 ypaBHEHUs boibimana.
O0a Merona Jamm XOPOIIO COBIANAIOIINE PE3YIBTATHI.
3aMeTHOE CMEIIEHUE KOMIIOHEHT MPOMCXOIUT 3a BPEeMs
MOpsiIKA YABOCHHOTO BPEMEHH OOTEKaHWS HEOTHOPOI-
HocTH. PaccMoTpeHsl pasnuuHble (OPMBI BKIIFOUSHHUI:
KpYTJble, KBAJPAaTHBIE C PAa3IMYHBIMA OPHEHTAIHSIMHU
OTHOCHUTEJIbHO TIOTOKA, a TaKXe pa3InyHble HadaJlbHbIC
PACIIONIOKEHUS: B y37aX KBaIpaTHOHN pEIIeTKH, IaxMaT-
HOE M pa3MellleHue ¢ HapylieHneM cumMmerpun. Kak mpa-
BHJIO, BCAKOE HadaIbHOE BO3MYIIEHHE (K KOTOPBIM MOXK-
HO OTHECTH HETJIAIKOCTh ()OPMBI M HAPYIIECHHS CHMMET-
pHUH) yCKOpSIeT cMelieHne. PaccunTalbl 3aBUCIMOCTH OT
BPEMEHHU CpENHEH IPOBOJUMOCTH JABYXKOMIIOHEHTHOM
CHUCTEMBI JUTS CITy4asi, KOTJla HeCYIIHii KOMIIOHEHT 00Jia-
JIaeT BBICOKOH 3JIEKTPOIIPOBOTHOCTHIO.

Psig pacueToB mpoBeneH B TPEXMEPHOW IMOCTAHOBKE,
a TaKXKe C OTCICKUBAHHEM (HOPMHPOBAHUS ITPOCKAIB3BI-
BaHUS KOMIIOHEHT 3a yJapHOW BOJHOM. 3aMETHOTO OTJIH-

YU pe3yabTATOB OT MPOCTEHIIel MOIETN He OOHapyxe-
HO.

Jlnst TunmuaHoro coctaBa TIT xapakTepHoe Bpemsi 00-
TEKaHMs, KOTOPOE XapaKTepU3yeT Me3oMaciTaOHbIe
MIPOIIECCHI, COCTABIISET MopsAaKa 1 MKC.

Pabora BhinonHeHa npu noanepxxke PODU # npoekt
99-03-32336; 02-03-32873).

INTERACTION BETWEEN THE COMPONENTS
OF HETEROGENEOUS EXPLOSIVE

A.P. ERsSHOV, D.A. MEDVEDEV

Lavrentyev Institute of Hydrodynamics SB RAS,
Novosibirsk, Russia

YU.V. YANILKIN, E.S. GAVRILOVA

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

The hydrodynamics of interaction in the two—compo-
nent system is considered provided that the components
somewhat differ in their properties, like TNT and RDX in
the cast mixture. Estimates show that the principal proc-
ess is the velocity difference between the inclusions and
the surrounding medium which leads to Kelvin—Helm-
holtz instability of the interfaces. The velocity difference
is formed during the passage of the shock front. In the
first series of calculations this velocity was set as initial
condition.

The 2D motion of inclusions is simulated using two
approaches: a gas—dynamic program complex EGAK and
by lattice Boltsmann equation solver. Results of both
methods are in good agreement. Noticeable mixing of the
components takes about doubled characteristic time of
flow about the inclusion. Different forms of inclusions
are considered, i.e. circles, squares with different initial
orientations relative to the flow, as well as different initial
positions: in the nodes of square lattice, checkers—like
placing and non-symmetric placing. Generally all kinds
of initial disturbances (like edges or lack of symmetry)
enhances the mixing. The behavior of average conductiv-
ity is calculated assuming that the connected component
is good conductor.

A series of 3D calculations was performed, as well as
simulations of the formation of the velocity field behind
the shock. No noticeable distinctions from the simplest
model was observed.

For typical TNT/RDX mixture the characteristic flow
time which is responsible for mesoscale processes is
about 1 ps.
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SJIEKTPOITPOBOAHOCTD YJIAPHO-CXKATOI'O
HEB3OPBABHIEI'OCSI BB HA OCHOBE TATH

M.M. T'oPIIKOB, B.T. 3AVKUH,
B.M. Cj10BOJEHIOKOB, O.B. TKAUEB

Poccuiickuii GpenepanbHblil S0epHBIA HEHTP —
Bceepoccuiickunit HUU Texandeckoi pusuku
uM. akan. E.W. 3ab6abaxuna, CHexuHck, Poccus

B aKkcmepuMeHTax HcClienoBaiack B3phIBUATasl CMeECh,
cocrosmas u3 90% TATD u 10 % 31meKTpoU30ISIIHOHHOTO
miactuka. OOpasen Harpykajcs OTHOKpPAaTHO —yIapHOW
BOJIHOM 3a Bpemst ¢ < 0,15 MKc, naBieHue noaaep:KuBajJoch

B HEM IOCTOSIHHBIM B TeueHue £ > 0,5 mxc. Taxas mocra-
HOBKa SKCIIEPMMEHTAa II03BOJIIUIA OIPEe-IeNATh yICTIBHYIO
3JIEKTPOIPOBOTHOCTH HeB3opBaBierocss BB (o) mo m3me-
PEHHOMY 3HAYEHHIO COTIPOTHBIICHUS 00pa3la B MOMEHT
BPEMEHHM ¢ > {], HO JI0 Hadaja Pe3KOro pocra 3JIEeKTPo-
TPOBOAHOCTH U3—3a XMMHUYECKOT0 pasioxxeHus BB.

B oskcmepumeHTax IOJlydeHO, 4YTO JO JaBJCHUI
P < 15 I'lla ¢ ocraercst mepBOHAYANBHOM (IIPAKTHYECKU
paBHOU HYNIO), a B HHTepBaie naBieHuit (17,5+34) I'Tla
nexut B npenenax (0,5 +1,3) 1/Om-m.

ELECTRICAL CONDUCTION
OF SHOCK-COMPRESSED UNEXPLODED
TATB-BASED EXPLOSIVES

M.M. GORSHKOV, V.T. ZAIKIN, V.M. SLOBODENYUKOV,
O.V. TKACHEV, I.R. SHAKIROV

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

An explosive compound including 90 % TATB and
10 % insulation plastic was studied in the experiment.
The sample was loaded once by the shock wave during ¢,
< 0.15 ps. Pressure was kept constant during #, > 0.5 ps.
This experimental setup allowed determining conducti-
vity of the unexploded HE (o) using the measured value of

sample resistance at £ > ¢, but prior to a sharp increase in

electrical conduction due to chemical decomposition of HE.

Experiments demonstrated that up to P < 15 GPa
pressure, ¢ remains to have initial value (practically zero)
and in the (17.5 + 34) GPa pressure range, it falls within
(0.5+1.3) 1/Qm.

v

SJIEKTPOITPOBOJHOCTSD ITPU JETOHAIIUN
IINIOTHBIX BB

A.II. EpiioB, H.IT. CATOHKHHA

WuctutyT runponunamuku uM. M.A. JlaBpentseBa CO PAH,
HoBocubupck, Poccust

HccnenoBana »11eKTpONpOBOAHOCTh THA, T'€KCOTeHa
1 OKTOT€HA IPH Pa3lIUYHBIX MJIOTHOCTSIX 3apsiia BIJIOTh
JI0 MaKCHUMJIBHO JOCTHXHUMBIX (OJM3KHMX K MOHOJUT-
HeIM). Mcnonb3oBanace KoakcHajbHas siueiika, B KOTO-
poii ¢dopMHpoBanCcS HCCIEAyEeMbId 00pa3el TIyXHM
npeccoBaHueM. VIHTerpaipHble H3MEPEHUS IO3BOJIMIN
OLICHUBATh MUKOBYIO JIEKTPOIPOBOJHOCTh B 30HE XMMH-

yeckoil peakiuyu (Heckonbko OM CM ) M ONpEIeNsTh
OCTaTOYHYIO 3JIEKTPOIPOBOIHOCTD 32 MpenesaMH JTOi

-1 -1 o
30HHI (mecsateie gomn OM cM ). Kak u mpu HaCBITHOM
IJIOTHOCTH, 3JIEKTPONPOBOJHOCTh B IpeccoBaHHBIX BB
3a (DPOHTOM JAETOHAIMM PE3KO HEOTHOPOAHA. Pe3kuit
CIaj 3JEeKTPOIPOBOJHOCTH C YAAJICHHEM OT (ppoHTa —
WHJIUKATOp CBSI3M BBICOKOH 3JIEKTPONPOBOAHOCTH C XHU-
MUYECKOH peaxuue.

IIpoBogumocTs yka3anHslx BB ¢ yBenuuenuem mior-
HOCTH B OOIIIEM PacTeT, OCTaBasiCh 3HAYUTEILHO MEHBIIE,
YeM y MPECCOBAHHOTO M JIUTOro TpoTuina. st rekcoreHa
3aMeueHa 0COOEHHOCTh — HEKOTOPOE yYMEHBLIEHHE OC-
TATOYHON MPOBOAMMOCTH TPH MAaKCUMAaJbHBIX IUIOTHO-

crax (1,75 u 1,8 r/cM™), 9TO MOXKHO TPaKTOBaTh KakK CO-
KpAaIllEHUE 30HBI PEAKIUU. ITO KOPPEIUPYET C Pe3yiIbTa-
TaMH JPYTUX HCCIeAoBaTeNeil, U3MEpsIBIINX MeXaHHYe-
CKHE mapaMeTpbl (B OCHOBHOM JJIsl araTUPOBAHHOTO I'eK-
corera). OqHAKO JJIS OKTOTeHA TaKas 0COOCHHOCTH TIPO-
BOJMMOCTH HE HaOII0/1a/1ach.

Bouee omnpeeneHHbie pe3yabTaThl MOTYT OBITh MOJY-
YCHbI HpI/l ITIOBBILLICHUU HpOCTpaHCTBeHHOFO pa3pemeHM>1.
IIpopaboTaHbl [MOCTAHOBKH, ITO3BOJISIIOLIME JIOCTHI-
HYTh CYOMHJUIUMETPOBOro paspemieHus. OOCYyxaarTcs
BO3HHKAIOIINE METOAMYCCKUE TPYAHOCTH, HPUBOISTCS
Hpe)lBapI/ITeﬂbHI)Ie JaHHBbIC 3KCHepl/IMeHTOB.

Pabora BemonHeHa npu moxmepxkke PODU (kox
npoekra 02—03-32873).
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ELECTRICAL CONDUCTIVITY
IN DETONATING DENSE EXPLOSIVES

A.P. ERSHOV, N.P. SATONKINA

Lavrentyev Institute of Hydrodynamics SB RAS,
Novosibirsk, Russia

Electrical conductivity of PETN, RDX and HMX is
investigated for different initial densities up to maximal
achievable, close to the monolith ones. The explosive was
pressed into a coaxial measuring cell. The integral con-
ductance measurements allowed us to estimate the peak
conductivity within the chemical reaction zone (several
Mho/cm) and to determine the residual conductivity out-
side that zone (fractions of Mho/cm). In the dense explo-
sives, as well as in loose—packed ones, the conductivity
behind the detonation wave front is sharply non—uniform.
The fast drop of conductivity vs distance from the front
indicates that the origin of high conductivity is the
chemical reaction.

The conductivity of the said explosives generally in-
creases with density remaining substantially smaller than
that of the pressed or cast TNT. For RDX a peculiarity is
observed, i.e. certain decrease of the residual conductivity
at maximal densities (1.75 and 1.8 g/cc), which can be
attributed to the shortening of the reaction zone. This is in
correlation with the results of other researchers who
studied the mechanical parameters (mainly for the
agatized RDX). However, no such conductive singularity
was found for HMX.

To get more definite results, the spatial resolution
should be enhanced. The configurations which permit the
sub—millimeter resolution are worked up. The problems
in this line are discussed and the preliminary experimen-
tal results are presented.

This work was supported by RFBR grant no. 02—-03—
32873.
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KBA3BUCTALIMOHAPHBIE JIBYMEPHBIE
JETOHAIIMOHHBIE TEYUEHUS B 'A30OB3BECHU
YACTHUI AIIOMHUHUA B KUCJIOPOJE

T.A. XMEJb, A.B. DEJJOPOB

HuctutyT Teoperuueckoit u nmpukiagHoit Mexanuku CO PAH,
HoBocubupck, Poccust
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B3AMMOJIENCTBUE KOMIIOHEHT
I'ETEPOI'EHHOI'O BB

A.TI. EpiioB, JI.A. MEJIBEJIEB

MucrutyT ruaponunamuku uM. M.A. JlaBpertbeBa CO PAH,
Hoocubupck, Poccust

10.B. SIHnikuH, E.C. TABPHJIOBA
Poccuiickuii penepanbHblil sIIEPHBINH HEHTP —
Bcepoccuiickuit HUU sxcniepumeHTansHoii Gu3nky,
Capos, Poccust

PaccmarpuBaercss ruapoaMHaMHMKa B3aMMOIEHCTBHS
B JIByXKOMIIOHEHTHOW CHCTEMe, KOIJa BelIecTBa He-
CKOJIBKO OTJIMYAIOTCS IO CBOICTBaM (HAIIpUMeEp, TPOTHI
u rexcored B cmae T17). OueHkH MoKa3pIBaloOT, YTO OC-
HOBHYIO POJIb UIPAET OTHOCHUTEIBHOE MPOCKAIb3bIBAHHUE
BKJIIOYEHUH, MOpOXKJIarolee HeycTOWYMBOCTh KenbBu-
Ha-['empMromneIla Ha TpaHumax pasnmena. CKOPOCTh IMPO-
CKaJIb3bIBaHHs (POPMHUPYETCSI MIPU TIPOXOXKACHUH (POHTA
yAapHO#1 BOJIHBL. B nepBoil cepun pacyeToB 3Ta CKOPOCTh
3aJaBajlach Kak HaqaJlbHOE YCIIOBHE.

JIBrKE€HUE BKJIIOYEHHUH HCCIIEJOBAHO  YHCJIEHHO
B JIByMEpHOH NOCTaHOBKE JBYMS CIOCOOaMH: C TOMO-
IIpI0 Ta30IMHAMAYECKOTO KoMmIniekca mporpamm DI'AK
U IIyTE€M pEUICHMs] PEIIETOYHOr0 ypaBHeHUs boibnmana.
O0a Merona AajiM XOpOIIO COBMANAOIINE PE3YJbTATHI.
3aMeTHOE CMEIIeHHEe KOMIIOHEHT IMPOHMCXOIMT 32 BpeMs
MOpsIIKa YIBOGHHOTO BPEMEHH OOTEKaHWs HEOJHOPO.I-
HOCcTH. PaccMmoTpeHsl pasiaudHble (OPMBI BKIIFOYCHUI:
KpyIJIble, KBaJpaTHbIE C PA3IUYHBIMU OPHUEHTALUSIMU
OTHOCHUTEJIBHO IIOTOKA, a TaKXe pa3/InyHble HadyaJbHbIE
pacIoNIOKEHUs: B y371aX KBaApPATHOM peIleTKH, maxmar-
HOE U pa3MelIeHne ¢ HapylieHneM cuMMeTpuu. Kak mpa-
BWJIO, BCSIKOE HAYaJIbHOE BO3MYIIEHHE (K KOTOPBIM MOX-
HO OTHECTH HETJIaAKOCTh ()OPMBI M HApYIICHUS CHUMMET-
pHH) YCKOpSIET cMelleHue. PaccunTanbl 3aBUCUMOCTH OT
BPEMEHU CpENHEH NPOBOJUMOCTH JBYXKOMIIOHEHTHOM
CHCTEMBI ISl CiIydasi, KOT/a HeCYIIMi KOMIIOHEHT o0ia-
JIa€T BBICOKOH 3JIEKTPOIIPOBOJHOCTHIO.

Pan pacueToB mpoBefieH B TPEeXMEpPHOU MOCTAHOBKE,
a TaKKe C OTCIEeKUBAHHEM (POPMHPOBAHUS IPOCKAIH3BI-
BaHUsI KOMIIOHEHT 3a yIapHOH BOJHOM. 3aMETHOTO OTIIH-
9Hs pe3yabTaTOB OT MPOCTEHIIeH MOIeNN He 00OHAPYKEHO.

Jns tummasoro cocraBa TI xapakrtepHOe BpeMsi 00-
TEKaHHs, KOTOPOE XapaKTepu3yeT Me3oMaclTaOHble
MIPOLIECCHI, COCTABIISET MOpsiaKa | MKC.

PaGora BeimonHena npu noxaepxkke PODOU (kombl
npoekToB 99-03-32336, 02—03-32873).
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INTERACTION BETWEEN THE COMPONENTS
OF HETEROGENEOUS EXPLOSIVE

A.P. ERSHOV, D.A. MEDVEDEV

Lavrentyev Institute of Hydrodynamics SB RAS,
Novosibirsk, Russia

YU.V. YANILKIN, E.S. GAVRILOVA

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

The hydrodynamics of interaction in the two—compo-
nent system is considered provided that the components
somewhat differ in their properties, like TNT and RDX in
the cast mixture. Estimates show that the principal proc-
ess is the velocity difference between the inclusions and
the surrounding medium which leads to Kelvin—Helm-
holtz instability of the interfaces. The velocity difference
is formed during the passage of the shock front. In the
first series of calculations this velocity was set as initial
condition.

The 2D motion of inclusions is simulated using two
approaches: a gas—dynamic program complex EGAK and
by lattice Boltsmann equation solver. Results of both
methods are in good agreement. Noticeable mixing of the
components takes about doubled characteristic time of
flow about the inclusion. Different forms of inclusions
are considered, i.e. circles, squares with different initial
orientations relative to the flow, as well as different initial
positions: in the nodes of square lattice, checkers—like
placing and non—symmetric placing. Generally all kinds
of initial disturbances (like edges or lack of symmetry) en-
hances the mixing. The behavior of average conductivity
is calculated assuming that the connected component is
good conductor.

A series of 3D calculations was performed, as well as
simulations of the formation of the velocity field behind
the shock. No noticeable distinctions from the simplest
model was observed.

For typical TNT/RDX mixture the characteristic flow
time which is responsible for mesoscale processes is
about 1 pus.

This work was supported by RFBR (grants #. 99-03—
32336, 02-03-32873).

v

TEHEBOE ®OTOI'PA®UPOBAHUE
C UCIIOJIb3OBAHUEM B3PBIBHOI'O
HNCTOYHUKA CBETA

C.U. 'EPACUMOB

Poccuiickuii penepabHbIN SIEPHBINA LHEHTP —
Bceepoccuiickmnit HUM sxcriepuMeHTanbsHON PH3HKH,
Capos, Poccus
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WCCJEJOBAHUE B3PBIBUATOIO
MPEBPAILIEHUS B TBEPIOM B3PBIBUATOM
BEIECTBE C IOMOILbIO UHAYLUPYEMBbIX
JIEKTPUYECKUX CUTHAJIOB
MPU YIAPHO-BOJIHOBOM HAT'PYKEHUU

A.Jl. 3UHYEHKO, B.H. CMHMPHOB

Poccuiickuii GpenepanbHblil SOCPHBIA HEHTP —
Bceepoccuiickuit HUU TexHndeckor Gusnku
uM. akana. E.W. 3a6abaxuna, CHexxuHCK, Poccust

[Ipn ynapHO—BOJHOBOM Harpy>eHUH BEIIECTB B OT-
CYTCTBUHM BHEIIHMX 3JIEKTPOMArHUTHBIX IOJEeH WHIyLH-
PYIOTCSL  DIIEKTPUYECKHWE CUTHAJIBl aMIUIUTYAOH OT
HeckonbkuX MB gm0 Heckonmpkux kB [1—3]. dopma
1 aMIUTUTY/la CUTHAJIOB 3aBUCST OT yPOBHs Harpy>KeHus,
CBOWCTB HCCIIEAYEMBIX MaTepHanoB, TadapuTOB COOPKHU
Y TUIA U3MEPUTEIBHON STYEHKH.

C TOuYKH 3peHHsT MHOT000pa3usi CTPYKTYPHBIX H3Me-
HEHUH NpU yapHO—BOJIIHOBOM HAarpykK€HHHU H, KaK CIell-
CTBHE, MHOT000pa3usi TI'CHEPUPYEMBIX JIIEKTPHUECKUX
3¢ (GeKTOB 0COOBI MHTEPEC MPEACTABISIOT B3pPhIBUATHIC
BeniectBa (BB). HeoOxomumMo ObUTO MOHSITH, 3JCKTPUYIC-
CKHE CUTHAJIBI OTCJICKUBAIOT JIM CHEUU(HKY B3PHIBYATBIX
npespamiennii BB u Henb3s nm HaOmonaemble 3G GeKThl
MIPEBPAaTUTh B HMHCTPYMEHT II0 M3YYEHHMIO MEXaHH3Ma
pasBUTUSL JIETOHAlMM Ha aTOMapHO—MOJIEKYJIIPHOM
YpOBHE.

OKCHEPUMEHTAIFHO M3yYallUCh 3JCKTPUYECKUE CHI-
HaJjbl IIpY BO3JECTBUM Ha TBEpAble BB miockumu ynap-
HBIMH BOJIHAMHU aMIUINTYOH OT AECSITKOB 10 COTEH KOap.
CucremaTudeckie HCCIEeI0BaHUS NMPOBOJAMINCH Ha JIBYX
B3pBIBUATHIX COCTaBax, cojepxanmx Tpotua (T) u rek-
corex (I):

— nuTbeBoil cocraB TT'4/6, p = 1,65 F/CM3,
— TmpeccoBaHHbI cocraB TI'2/7+uHeptHas mobaBKa,

p=1,72 F/CM3.

Explosion and Detonaton Phenomena
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OKcrepuMeHTaIbHas cOOpKa BKIIOYaia B ceOs MaKeT
W3 IJIACTUH HCcleayeMoro marepuaia. OTHUM H3 dIeK-
TPOJIOB OBIT METALTUYECKUH IWIMHIP, B KOTOPBIA IO-
Melalncs nakeT. BTopoil anmekTpoj npuMblKall K TOpIiie-
BOM IIOBEPXHOCTU IIOCIEAHEH IIACTHHBI mnakera. Ilaker
Harpy»xajcs riockoi YB paznuuHoi aMIiuTyel. Dnek-
TPUYECKHE CUTHAJbI MMOCTYNAIM Ha ocuuuiorpad uepes
HNEePeaoNy0 KOAKCHANbHY0 JHHUIO C COIJIACOBAaHHOM
OMHYECKOW Harpy3koil Ha Bxone B mnpuOop. YacrorHas
roJsioca npomyckanus peructparopa 5 kI i—150 MI .

HccnenoBanuch HU3KOCKOPOCTHOE B3pBIBYUATOE IIpe-
BpalleHHE, NEPEXOIHBIN pexxuM U AetoHauus. Kaxnomy
PEXHMY COOTBETCTBOBalla CBOSI (hopMa DIEKTPHUECKUX
CHUTHAJIOB, TaK YTO 3JeKTpuueckue 3pdexts uneHTndu-
LUPYIOT XapakTep B3pbIBUATHIX IHpeBpaiieHui. Hanu-
Yye KOHTAKTHBIX I'DAHULl B UCCIIELYEMOM IAKETE IPUBO-
T K JOMOJHUTEIBHBIM JJeKTpuueckuM 3ddexTam,
MO3BOJIIIONIMM TJIyO)Ke IOHATh HCCIETyeMble SBIEHHUS,
a TaKKe yBA3aTh M3y4aeMble MPOIECCH HE TOJIBKO BO Bpe-
MCHH, HO U B IPOCTPAHCTBE, YTO B COBOKYITHOCTU PACKPbI-
BaeT JMHAMUKY pa3BUTHs Ipouecca. B uactHocTH, yaaercs
OIIPE/ICNIUT  CKOPOCTH  PAclpoCTpaHeHus BOJH  0e3
HEOOXOAMMOCTH BBOJIa BHYTPh CHCIUANBHBIX TaTYAKOB.

Ilo nmaHHBIM 3KCHEpUMEHTa OIpeaesaeHa IIUTeNb-
HOCTb MEPEXOJHOI0 PEXHUMA ¢ B 3aBUCUMOCTU OT JIaBJie-
Hus P Ha YB, Bxoasmieit B BB. C Bo3pacranuem P Benu-
YHHA { YyMEHBIIAeTCS. ODKCIEPUMEHTAJbHBIC JIaHHBIE
B HccieqyeMoM nuama3oHe masineHuid ~80—310 xbap
U JTUTETBHOCTEH mepexomgHoro pexknma ~0,05—,3 Mkc
MOXKHO OmKcaTh B JiorapudmMuueckoM Maciitade Ju-
HEHHOM 3aBUCUMOCTBIO TUIIA!

— lqt=5,27—2,831q P ona TT'4/6,
- lqt=7,11—3,771q P ona TT'2/7,
rae ¢ (us), P(x6ap).

Pa3HOOOpa3ne THIOB T€HEPUPYEMBIX JIEKTPHUIECCKUX
CHTHAJIOB MOXHO OOBSCHUTH C TIO3WIMMH DJIEKTPHUYECKON
nojisipusanuu. [Iprdem, nosspusanus B OOJBIION CTEICHA
NOSIBJISIETCSL B pe3yJibTare (pOPMHUPOBAaHUS M OPUCHTALIUH
JIUIIOJICH TP CXKATUH M pacTsHKEHHH o0pasla B yIapHOH
BOJIHE M BOJHE pas3rpy3ku. CmeHa 3Haka Jedopmanuu
IPUBOAUT K CMEHE 3HAKa MOJSIPU3ALMOHHOTIO CHUTHAJIA,
moTI00HO TOMY, KaK BeAyT ceOs B aHAJIOTHYHBIX yCIIOBH-
SIX IBE30AUIIEKTPUKH.
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STUDYING EXPLOSION TRANSITION
IN A SOLID EXPLOSIVE MATERIAL WITH
THE HELP OF INDUCED ELECTRICAL SIGNALS
UNDER SHOCK-WAVE LOADING

A.D. ZINCHENKO, V.N. SMIRNOV

Russian Federal Nuclear Center — Zababakhin Institute
of Technical Physics, Snezhinsk, Russia

Electrical signals with the amplitude from several
millivolts up to several kilovolts are induced under
shock—wave loading of materials in the absence of exter-
nal electromagnetic fields [1—3]. The shape and the am-
plitude of signals depend on the level of loading, on the
features of materials, on the overall dimensions of assem-
bly and on the type of the measuring cell.

Explosive materials are of particular interest from the
standpoint of the variety of structural changes under
shock—wave loading, and consequently, variety of electri-
cal effects generated. It was necessary to understand,
whether electrical signals depend on the specificity of HE
explosion transformations, and if the observed effects
could be made a tool for studying the mechanism of
detonation development at the atomic—molecular level.

Electrical signals induced when solid explosive mate-
rials were impacted by plane shock waves with the am-
plitude ranging from tens to thousands of kilobars were
experimentally investigated. Systematic investigations
were conducted with two explosive compositions, con-
taining trotyl (T) and hexogen (H):

— casted composition TH4/6, p = 1.65 g/sm3,

— extruded composition TH2/7+binder, p = 1.72 g/sm3.

Experimental assembly included a pack of plates
made of investigated material. One electrode was a metal
cylinder wherein the pack was placed. The second elec-
trode abutted on the end surface of the last plate in the
pack. The pack was loaded by the plane shock having
various amplitudes. Electrical signals reached the oscillo-
scope via the transmitting coaxial line with matched oh-
mic load at the instrument input. The frequency band of
the recorder was 5 kHz—150 MHz.

Low-rate explosion transformation, the transient
mode, and detonation were investigated. Each mode had
its own shape of electrical signals, therefore electrical
effects identify the character of explosion transforma-
tions. Contact boundaries in the investigated pack produce
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additional electrical effects allowing deeper understanding
of phenomenon under study, as well as coordination of
investigated processes both in time, and in space. And
this, on the whole, uncovers the dynamics of process
evolution. In particular, determination of wave—propaga-
tion speed is possible without the necessity to put special
probes inside.

Experimental data were used to determine transient—
mode duration t versus pressure P in the shock wave en-
tering explosives. Value t decreases with P growth. Ex-
perimental data in the investigated range of pressure
(~80—310 kilobar) and of transient-mode duration
(~0.05—1.3 psec) can be described in the logarithmic
scale by the linear dependence:

— lqt=5.27—2.831q P for TH4/6,
- 1qt=7.11—3.771q P for TH2/7,
where, t(us), P(kilobar).

Different types of generated electrical signals could
be explained by electric polarization. Moreover, polari-
zation mostly appears as a result of doublets formed and
oriented while the sample is compressed and stretched in
the shock and rarefaction waves. Change of the strain
sign causes the change in the polarizing—signal sign,
similarly to the behavior of piezodielectrics in the same
conditions.

References

1. Hayes B. The Detonation Electric Effect, J. of Ap-
plied Physics, V 38, N 2, 1967

2. Zubkov P.I, Ivanov P.I., Kartashov A.M., Lukyan-
chikov L.A., Svikh V.G., Ten K.A. Measurement of
Electric Potentials Occurring under Detonation of
Powdered HE // Paper at V Kharitonov Scientific
Conference, March 17—21, 2003, Sarov.

3. Morvan J. and Pujols Y. Shock Induced Electricai
Polarisation of a Solid Explosive, V Symposium on
Detonation, 1970.

v

PACHIPEJEJIEHUE SHEPTUN MEXY
PA3JUYHBIMUA TUITAMUA CEHCMHAYECKHX
BOJIH ITPU TIOA3EMHOM B3PbIBE
N 3EMJIETPSICEHUN

I'"A. MAKCHMMOB

MoOCKOBCKHIT HH)KEHEPHO—(pU3NUECKUI HHCTHUTYT,
MockBa, Poccus
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HCCJEJOBAHUE BO3MYIIEHUS
MATHUTHOI'O ITOJISA
YJIAPHO-UHAYIIMPOBAHHOM BOJIHOM
MMPOBOJIUMOCTH B METAJUIMYECKHX
MOPOIIKOBBIX CPEJIAX C PA3JIMUHBIM
®PAKIIMOHHBIM COCTABOM

SILJL. JIVKbSHOB, B.B. T1Ai1, 11.B. SIKOBJIEB,
T'.E. KV3bMUH

WuctutyT rugponunamuku uM. M.A. JlaBpentseBa CO PAH,
HoBocubupck, Poccust

B pabore mpoBeneHsl SKCHEpUMEHTANBHBIE U TEope-
THUYECKHE MCCIIEIO0BaHNS BO3MYIIEHHUSI MarHUTHOTO TIOJIS

YAApHO—MHAYLUUPOBAHHONM  BOJIHOM  IPOBOAMMOCTH
B MeIHbIX mopomkax. [lopomkn mpencraBisiim coboit
rpaHyisl pazmepom ot 30 mo 200 MxMm. MarauTHOe 1oie
CO3/1aBaJIOCh TOKOBBIM HCTOYHHKOM B BHAE IUIOCKOH
cripanbHO KaTymku. OOpasen Harpykaics IUTOCKOH
YIAApHON BOJHOW, T€HEPUPYEMOH COCTAaBHBIM 3apsiioM
B3PBIBYATOTO BELIECTBA, COCTOSIIMM M3 B3PBIBHOM JIMH3BI
U OCHOBHOro 3apsaa. [l perucrpanuy BO3MYIIECHUS
MarHUTHOTO MoJis mpoBoamiock udMmepenue J/1C nuayk-
LM JaTYMKOM, PAacIOJI0KEHHBIM BHE 00pasia.

B cepun 3KkcriepMMEHTOB ¢ MEIHBIM MOPOIIKOM pas-
JIMYHBIX (pakiui 1MojydeHa 3aBUCUMOCTh 3((EeKTUBHON
CKOPOCTU «BMOPaKUBAHMS» MarHUTHOIO MOJISL OT pa3Me-
pa 4YacTuI] IpH OJMHAKOBBIX YCJIOBHSX B3PBIBHOTO Ha-
rpyxenus. TeopeTnyecku Moka3aHa CBSI3b 3TOM 3aBUCH-
MOCTH C TIapaMeTpaMd M CTPYKTypoil (hpoHTa yHapHOMH
BOJIHBI B IOPOIIKOBOM Cpejie.

INVESTIGATION OF THE MAGNETIC FIELD
DISTURBANCE BY THE SHOCK-INDUCED
CONDUCTIVITY WAVE IN METAL POWDER
MEDIA WITH DIFFERENT BREAKUP

YA.L. LUKYANOV, V.V. PAI,
I.V. YAKOVLEV, G.E. KUZ’MIN

Lavrentyev Institute of Hydrodynamics Siberian Branch
of Science Academy, Novosibirsk, Russia

In this paper the experimental and theoretic investiga-
tion of the magnetic field disturbance by the shock-
induced conductivity wave in copper powders had carried
out. The granulated powders with particle sizes from
30 to 200 pm had been used. The magnetic field was
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created by a current source in the form of flat helical coil.
The samples had loaded by plain shock wave generated
using explosive charge composed of explosive lens and
basic charge. For the magnetic field disturbance registra-
tion, the EMF of induction has been measured. The in-
duction gauge had been located outside of a sample.

In the set of experiments with copper powder with
different fractions the effective velocities of a magnetic
field «freezing» depending on particle size had deter-
mined at equal loading conditions. The connection of this
dependence with parameters and structure of a shock
wave front in a powder material are theoretically shown.

v

PAIJMAIIMOHHO-IMHAMUWYECKHUE
IOPEKTBI U CTPYKTYPHBIE ®A30BBIE
INPEBPAIIEHUS B KOHAEHCUPOBAHHBIX
CPEJAX, THUIIMUPYEMBIE
«ITOCJIEKACKAJHBIMHW» MUKPOYJAPHBIMH
BOJIHAMMU ITPU KOPITYCKYJIAPHOM
OBJIYYEHUU

B.B. OBUMHHUKOB

Wncruryt anexrpodusuku YpO PAH, Exarepun0ypr, Poccust

B Hacrosiiiee BpeMsi HHTEHCHBHO H3y4aroTCsl pajua-
nuoHHO—auHaMudeckue (PJl) mpouecchl, ”HUIMHPYEMbIe
KOPIYCKYJISIpHBIM 00irydeHueM. [Ipuposaa sTux mporec-
COB CBsI3aHA C M PACIHPOCTPAHEHHEM MHUKPOYIAPHBIX
BOJIH, (DOMHPYEMBIX B pe3yJbTaTe SBOJIOIUH IUIOTHBIX
KacKaJgax aTOMHBIX CTOJKHOBEHHH, OCYIIECTBILIIONINX Ha
cBOEM (pOHTE CTPYKTYPHBIE HEpPEeCTPOWKH U (a3oBbie
MIpEeBpAILEHIS.

[pu o6myuenrm noHamu Hu3KHX 3Hepruit (10—100 kaB)
P/ mpouecchl puBoAsT K dddexTam JanbHOAESHCTBUSA |,
3aKII0YAIOIIMMCS B U3MEHEHUSX CTPYKTYpPbl U CBOMCTB
MaTepHalioB Ha IJIyOWHe, Ha HECKOJBKO IMOPSIKOB Ipe-
BBIIIAIOIIEH MPOEKTHUBHBIE MPOOErM HOHOB YKa3aHHBIX
sHepruid. Ilpum oOmydeHNMH HEWTpOHaMH aHaJloTaMu HO-
HOB SIBJISIIOTCS IIEPBUYHbIE aTOMBI OTAAYH.

OOHapyXeHHbIe SIBJICHUS TO3BOJIIIOT (DOPMHPOBAThH
YHHUKAJIBHBIE DJIEKTPUYECKHE MarHUTHEIC, TPHOOIOTHYe-
CKHeE U JIp. CBOIMCTBA KPUCTAJUIMIECKUX, HAHOKPHUCTAIIIH-
4eCcKUX U amMop(HBIX MaTepuanoB. K coxaneHHuio 3ako-
HomepHocTH P/l 3¢ dexToB emie kpaiiHe c1ado N3ydeHsl.

He uccnenoBanbl yclioBUsI HHUITUMPOBAHUS U IIPOTeE-
kaHus PJl mpoiieccoB B 3aBUCMMOCTH OT 3HEPTUHU, MacChl
WOHOB, TNIOTHOCTH MOHHOTO TOKA, TEMIIEpaTyphl, COCTaBa

U cTpyKTypsl mumieHd. CooOIIeHNe MTOCBSIICHO aHAIN3Y
3aKOHOMepHOCTeH u npupobl P/l nmporeccoB B meTacTa-
OMIIBHBIX METAJUIMYECKHX CIIIaBaX Ha OCHOBE YK€ IOIy-
YEHHBIX W OIyOJIMKOBAHHBIX JAHHBIX, & TAKXKE IOCIEAHUX
WCCIIEIOBAaHMH, BBINOJHEHHBIX B MHCTHTYTE 3neKTpodu-
3uku YpO PAH coBmectHo ¢ MHCTHTYTOM (Pr3MKH HMOH-
HbIX TyukoB HccnenoBatensckoro Ilentpa Poccenmopa,
I'epmanus. [locnenHee kacaeTcs HAHHBIX, MOTYYEHHBIX
npu OOJIy4YeHHH METaJUIMYECKHMMH HOHaMH, IIO/TBEp-
JKIAIOINX W JIOTIONHSIOMINX PE3YNbTaThl, OTHOCSIIHECS
K BO3JICHCTBHIO ITyYKOB T'a30BBIX HOHOB, 4 TAKXKE UCIIOJIb-
30BaHMS KOMOWHHMPOBAaHHOTO HOHHOTO M 3JIEKTpOMar-
HUTHOTO OOJTyYeHHSI.

3aMeleHne 4acTH IUIOTHOCTH MOIIHOCTH HOHHOTO
my4ka (o1 0 1o 100%) cBETOBBIM M3ITyUYCHHUEM [TO3BOJINIIO
IIPY COXPAHEHUU HEHU3MEHHOM CTAallMOHAPHOW TeMIlepa-
TYpbl MHUIIIEHU BapbUPOBATh B HIMPOKHUX IPEAENIax 3HEP-
TMI0O HOHOB U IUIOTHOCTh MOHHOTO TOKa. BapeupoBanuch
TaKke J03a OOMydeHUss M copT HOHOB. KwuHernka
P/l mponeccoB 1 ra3oBbIX U METAJUIMYECKHX HOHOB,
a TaK)Ke BOIPOC O KPUTUYECKHUX 3HAUCHUSAX SHEPIHU HO-
HOB ¥ IUIOTHOCTH HMOHHOTO TOKa, MHUIMUpYyrommx PJ{
MpEeBpaIleHHsI, ObUTH MCCIIEA0BAHBI Il METACTaOMIBHBIX
CIJIaBOB )KEJIE30—XPOM, JKEJIe30—MapraHel], XeJae30—Tall-
JTaAu—30JI0TO, ATFOMUHUHA—MEb.

Pabota BeIMONHSNACh TpH Tojjaepkke Poccuiickoro
®onna Oyanamentaneabix Vcenenosanmii (rpant N Ypan
01-02-96428), a Taxke B pamkax IIporpamMmel rocyaap-
CTBEHHOM MOJJAEPKKU BeAYIIUX HaydHbIX IIKon P
(rpantr N HIII-639.2003.2) u IIporpaMmsl MOJIEPKKH
MEXIYHapOAHOIO0 COTPYJHHUYECTBA CO CTOPOHBI MMH-
MpOMHAyKH 1 nipaButTenbeTBa ['epmannu RUS 01/231.

RADIATION-DYNAMIC EFFECTS
AND STRUCTURAL PHASE
TRANSFORMATIONS IN CONDENSED MEDIA
INITIATED BY POST-CASCADE MICROSHOCK
WAVES UNDER CORPUSCULAR IRRADIATION

V.V. OVCHINNIKOV

Institute of Electrophysics, UB RAS, Ekaterinburg, Russia

Radiation—dynamic (RD) processes initiated by cor-
puscular irradiation, their nature lying in propagation of
microshock waves formed at evolution of dense atomic
collision cascades initiating structural and explosive
phase transformations at wavefront are discussed.

Under irradiation with low—energy (10—100 keV)
ions, RD processes cause long—range effects: changes in
the structure and properties of materials at depths

Section 2



B3pBIBHBIe 1 J€CTOHAIIUOHHBIC SIBJICHUA 87

exceeding ions projected ranges by several orders of
magnitude. Under neutron irradiation, primary recoil
atoms appear as analogues to ions.

These phenomena permit to form unique electrical,
magnetic, tribological and other properties of materials.
However, the laws governing RD effects remain underin-
vestigated. The conditions of RD processes initiation and
life, depending on ions energy and mass, ion current den-
sity, target temperature, composition and structure need
further study.

Analysis is offered of the laws and nature of RD pro-
cesses in metastable metal alloys based on available data
and the latest investigations done at the Institute of Elec-
trophysics UB RAS jointly with the Institute of Ion
Beams Physics of Research Center at Rossendorf, Ger-
many. The data on irradiation with metallic ions corrobo-
rate and supplement the results obtained for gaseous ion
beams and exposure to combined ion and electromagnetic
irradiation.

Partial (0 to 100 %) ion beam power substitution with
light irradiation, while maintaining stationary target tem-
perature, allowed varying ion energy and ion current den-
sity over a wide range. Irradiation dose and kinds of ions
also varied. RD processes kinetics for gaseous and metal-
lic ions, also the critical values of ions energy and ion
current density initiating RD transformations were inves-
tigated for iron—chromium, iron—-manganese, iron—palla-
dium—gold, aluminium—copper alloys.

Work carried out with the support of the Russian Foun-
dation for Basic Research (grant Ural 01-02-96428), with
financing under the Program of Government Support
to Leading Scientific Schools of Russia (grant
NSh-639.2003.2) and the Program of Support to Interna-
tional Collaboration RUS 01/231 of Minpromnauka and
the German government.
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PAIMAJIBHOE PA3PYHIEHUE
N INIACTUYHOCTD CTAJIBHBIX
NUJINMHAPUYECKHUX OBOJIOYEK
ITPHU B3PBIBHOM HAT'PYKEHUUN

E.®. T'ps13HOB, M.M. Boiiko, B.H. OXUTHH

MockoBckuii I'ocynapcTBeHHbII
Texuunueckuit YuusepcureT um. H.D. baymana,
MockBa, Poccus

Humuaapudeckre 000I0YKH, Harpy>KeHHbIE U3HYTPH
B3pBIBOM 3apsizia BB, ABIsroTCS MHCTpYMEHTOM /IS M3Y-

YeHMS IUIACTUYSCKUX CBOMCTB MaT€pruajoB B IMHPOKOM

JIMama3oHe ckopocred medopmariuii (10 106 c_l). Onna-
KO, OLEHKH JedopManuy paspylIeHHs, I0JydaeMble,
C OIHOW CTOPOHBI, B MPOLIECCE HATPYKEHHS C TOMOIIBIO
BBICOKOCKOPOCTHON ONTHYECKON I PEHTTCHOMMITYJIbC-
HOH CBbEMKH, H, C IPYTOM CTOPOHBI, IIyTEM U3MEPEHUN HA
¢dparmeHTax 000JIOYEK ITOCTE UX YJIABIMBAHHSA B MATKOH
TOpPMO3sILEH cpene, Aat0T 3aMETHO Pa3IUYHbIE PE3yNIbTa-
Thl. B wacTHOCTH, /11 00onouek u3 crtamu 20 B mepBoM
ciyuae aedopmarius paspyieHus gocturaet 70 %, a Bo
BTOpoM — He TpeBbimaeT 35—40%. OxHa U3 OCHOBHBIX
NPUYMH JTAHHOTO TPOTHBOPEYMs CBs3aHa C HEOJHOPO.I-
HOCTBIO pacnpenesieHus: aedopManuii B CTEHKE pacliu-
PSIOMIEHCST 000IOYKH.

Meraorpadguueckuii aHajIu3 TO3BOJISIET BBISBUTH B
TIOTIEPEYHBIX CEYEHUSX (PparMeHTOB 000JIOUYEK, U3TOTOB-
JICHHBIX, KaK U3 MaJoyriepoaucTeix (ct.20) Tak u cpea-
HeyrIepoaucThiX (cT.60) crajeil, HECKOIBKO XapaKTep-
HbIX 30H. MHKpPOCTPYKTypa BO BHEIIHEW M CPEIUHHOU
30HaX (PparMeHTOB HE3HAYUTENIBLHO OTJIMYAeTCs OT HcC-
XOJIHOH, 3/1eChb MOXXHO OTMETHTh IOSIBIICHUE NPEUMYILe-
CTBEHHOH (TaHTCHIMANTBbHOW) OpPHEHTAIlMH 3epHA. BHYT-
peHHsist 30Ha (parMeHTOB (HauMHasi ¢ TayOouHBI ~0,5MM
OT BHYTpPEHHEW MOBEPXHOCTH OOOJIOUKH) IIPEICTABIISET
c000l 30HYy MHTEHCHBHOIO IUIACTUYECKOTO TEUCHUS —
3€pHa CUJIBHO BBLITAHYTbHI B TaHI'CHIIMAJILHOM HalpaBJic-
nun. KonmudectBeHHas oneHka nedopmanuii, HaKOIIeH-
HBIX K MOMEHTY pa3pylleHHs, IPOBEIEHHAs MHKpO-
cTpykrypHbiM MeTogoM [.A. CmupHOBa—AusieBa, moka-
3aja, 910 B obomnouke u3 cT.20 pedopmarus pazpyieHus
BHEIIHeW 30HBI (parmeHToB coctaBisier 40—45 %; Bo
BHYTpeHHEH 30He mocturaer 60 %; MHUHUMAaIbHBINA ypo-
BeHB JedopManuy pa3pynicHUsT HAONMIONAeTCs B CPEAHH-
HOM 30He cTeHKkn — 35 %. V3Mepenue MUKpOTBEPIOCTH
B TIOTIEPEYHOM CEYECHUH (hParMeHTOB IOKa3alo, YToO pac-
npeeneHrne MUKPOTBEPAOCTH Kak B ¢T.20, Tak U B CcT.60
AQHAJIOTHYHO PACIIPEIeNICHUIO Ae(hOpMAaLii.

JanHble (aKThl NOATBEP)KAAIOT BOJHOBYIO IPUPOTY
3apOXKICHUSI 0YaroB TPEIIMH B CPEJIMHHOW 30HE CTEHKH
obomouku. [locnenyroiee pa3BUTHE MEPBHYHBIX OYAroB
IIPOUCXOJUT B HANpPAaBICHUM HApYXKHOU IOBEPXHOCTH
000J104KH. 3aKITIOYUTENBHBII ATAll pa3pyIICHUs CBS3aH C
JIOKAJIM30BaHHBIM CIBUIOM BHYTPEHHEH 30HBI CTEHKH
o0osouku. Jlepopmanysi UMEHHO AaHHOH 30HBI CTEHKH
000JI0YKH W ONpEAENIAeT BHICOKHE 3HAYEHHS DPaanyCoB
paspyuieHust HaOMI0JaeMbIX TP BBICOKOCKOPOCTHOM
ONTHYECKON M PEHTITEHOUMITYJIbCHOM cheMKe. BHyTpeH-
HsIsL 30HA CTEHKH 00O0JIOUKH SIBIISIETCS 30HOH 00pa3oBaHus
CBOEOOpa3HON «IIEHKW», aHAJOTUYHOW TOM, KOTOpast
Ha6J'IIOIlaeTC51 Ipu CTaTUYCCKUX HCHBITAHUAX CTaHAapT-
HBIX 00pa3I0B Ha pacTsHKEHHUE.
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RADIAL FRACTURE AND PLASTICITY
OF STEEL CYLINDRICAL SHELL
OF EXPLOSIVE LOADING

E.F. GRivAzNOV, M.M. BOIKO, V.N. OKHITIN

Bauman Moscow State Technical University,
Moscow, Russia

The cylindrical shells, loading internal explosion, are
the specimens for study of material plastic properties in

broad range of strain rate (about 106 c_l). However,
estimations of failure strain, got, on the one hand, in pro-
cess of loading by means of high—speed optical or rent-
genography registrations, and, on the other hand, way of
measurements of fragments of shells after there recovery
in soft damping environment, give noticeably different
results. In particular, for shells, made from steel 20, in
first event the failure strain obtain 70 %, but in second —
does not exceed 35—40 %. One of the main reasons of
givenned contradiction is connected with spottiness of
sharing of strain in wall of expanding shell.

Metallographic analysis allow to several in cross—
section of shell fragments, made as from low—carbon
(steel 20) so and medium—carbon (steel 60) steels, several
typical zones. Microstructure in external and middle
fragment zones is small differs from source, here possible
note, the appearance preferred (tangential) grain orientation.
The internal zone of fragments (as from depth ~ 0,5 mMm
at inner shell surface) presents itself zone of intensive
plastic current — grains are to a marked degree extended
in tangential direction. The quantitative estimation of
strain value, smoked to moment of failure, at by micro-
structure G.A. Smirnov—Alaev method, has shown, that
in shell from steel 20 failure strain of external zone of
fragments forms 40—45 %; in internal reaches 60 %; the
minimum level of failure strain exists in a middle zone of
wall — 35%. The microhardness measurement in frag-
ments cross—section has shown that both in steel 20 and
in steel 60 microhardness distribution similarly distribu-
tion of failure strain.

These facts confirm the wave nature of crack nuclea-
tion in middle zone of shell wall. The following evolu-
tions of primary centers occur toward external surface of
shell. The finale stage of failure is connected with local-
ized shear of internal zone of shell wall. Failure exactly
this zone of shell wall defined high value of failure ra-
diuses observed under high—speed optical or rent-
genography registrations. The internal zone of shell wall
is a zone of formation a distinctive «neck», is similar that,
which exists under static tests the standard samples of
tensile.
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BJIMAHUE TOKOITPOBOJAIINX JTOBABOK
HA YYBCTBUTEJBHOCTb BPU3AHTHbBIX
B3PBIBYATBIX BEHIECTB K YIAPY

P.M. BaxuaoB, T.H. ICXAKOB

Kazanckuii rocyapcTBeHHbIN TEXHUYECKUI YHUBEPCUTET,
Kazans, Poccust

THE INFLUENCE OF CURRENT CONDUCTING
ADDITIVES ON SENSITIVITY OF SECONDARY
EXPLOSIVES TO BLOW

R.M. VAHIDOV, T.N. I[SHAKOV, V.]J. BAZOTOV

The Kazan State Technological University

There are known works on secondary explosive’s
sensitivity under electromechanical influence. The need
to research the influence of current conducting additives
on explosive substance’s sensitivity to blow appeared in
this connection. The colloidal graphite C—3 was used as
the current conducting additive in amount 0.1—0.7%.

It is revealed that the current conducting additive is
the effective sensitizer for explosive substances which
crystals are possessing piezoelectric  properties
(6—modification of HMX). Explosive substances, which
crystals have not piezoelectric properties, are made
phlegmatic by colloidal graphite (B—modification of
HMX) or the additive does not influence on explosive
substance’s sensitivity to blow (RDX).

Got experimental data are indicative of that fact, that
explosive substances sensitizing is conditioned by electric
field appearing in consequence of piezoelectric effect.
Particles of colloidal graphite having bolt on the crystal’s
surface lead to creation of local zones with high tension
of electric field in adjacent areas, which probably can be
beginning centers of initiating of explosive decomposition.
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HWCCJIEJOBAHME DBOJIIOLNHA IIIOTHOCTH
NP1 HHUIIUMPOBAHHUY TOPUCTHIX BB
C IOMOIIBIO CH

JI.LA. JIVKbSIHUMKOB

HuctutyT rupponunamuxu uM. JlaBpentbeBa CO PAH,
Hoocubupck—90, Poccust
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U3YUYEHUE TMIIEPCKOPOCTHBIX UCCJEJOBAHME B3PBIBYATOIO
YJIAPHUKOB PA30THAHHBIX ITPOJTYKTAMM MPEBPAILIEHHS B TBEPJIOM BB
MEPEC/KATOM JIETOHALIMU C MOMOILbIO HHIYLUPYEMbBIX
JEKTPUYECKUX CUTHAJIOB
WEN SHANGGANG IPU YJIAPHO-BOJIHOBOM HATI'PYKEHUU

Institute of Fluid Physics, CAEP, China
E.b. CMHPHOB

Poccuiickuii penepabHbIN SIEPHBIA HEHTP —
v Bceepoccuiickuit HUU TexHndeckor GusnKu
uM. akana. E.M. 3a6abaxuna, Cuexunck, Poccus

PA3PABOTKA BBICOKO- v
N HU3KOCKOPOCTHOI'O 'EHEPATOPA
TIJIOCKOM BOJIHBI C B3PBIBUATHIM
BEHIECTBOM 61510; JTMAMETPOM 200 M

HUANG YIMIN
Institute of Chemical Materials, CAEP, China
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