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BIIMSIHHUE THMHAMUYECKOHN AECTKOCTH OBOJIOYKH HA PACITPOCTPAHEHUE

JETOHAITHI B ILTOCEIX 3APATAX FM3 HM3KOYYBCTBHUTEIILHOI'O BE HA OCHOBE

TATE.
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FHEIV meErvEzpoIEcE KoHQEpeHIDS «PHIHER SKCTPEMATHERI COCTORHME ESMMECTERY

JeToHAITHOHHEIH pOHT, pacOpoCTPAaHAIONIHACA B 2apAjaXx KOHEYHBIX
NONepedHBIX PasMEpPOB, HMeeT HCKPHEBISHHBIH BHO. YIOd HAaKIOHA JeTOHAIHOHHOTO
hpoHTa K TrpaHHYamedl MIACTHHE 2aBHCHT OT EECTKOCTH (AKVCTHISCKOT0 HMITEOaHca) ee
MaTtepuana. OcoOme cBoficTea OepunmHa (Domemol Mogvae HOwra, mameni
koadduument [lvaccoma ®W mp.) H3BECTHBEI, H OHH ©CTh CASICTEHE MOBBIIIEHHOH
CKOpPOCTH 3EVEA B 3TOM MaTepHane. Hamu—me rpamm=gamefi ¢ zapsjoM BB cremkm us
DEPHILTHA, 00TAJar0INers OONBINOH KECTKOCTBED JO/CEHO NPHEOOHTE K BRINDAMISHHED
JeToHAIHOHHOTo opoHTa. OgHako H3-3a 0OMBmMOH EBeTHIHHEI CKODOCTH 2BEVEAZ B
oepummaE (cx8.1 kM/c) B HeMm pacnpocTpaHseTcd VIapHad BOMHA CO CEOPOCTEIO,
NpeBBIIAIOMER CKOPOCTh OeTOHALIMH. lakad VIapHafd BOMHA, ABMKVIOAACH IIepes
bpoHTOM OETOHAITHH, NOTAHMAacT TPAHHYAINHE ¢ OepummmeM Toumkuid caod BB. B
pesvasTaTe TOoHKHE cnof BB pOmmam rpamMnel 2apasa HH3KOIVECTEMTensHoro BB
MOMKET HE JeTOHHPOEBATE.

B omerrax, npencTaengeMeIx B JokTage, JeTtoHannd no BB pactpocTpananacs B
CKOMb3AmeM pexddme. [Ipu atoM B OepriimHE GOpMHPVIOTCE OBE BOMHEI ciaTHd. [lepeas
pomHa — vipvraa Eé ckopocts B 1.8 paza mpepmmaer ckopocTs getoHanmuu BB. Ota
BOJHA BCErJa VXOOHT BIIEPE] II0 OTHOMEHHIO K GpPOHTYV JEeTOHAIHH, TO eCTh ABIAeTCA
oTcoemuHenHol pommoH. Oma mozeepraer Hepearupviomee BB Hebomwmony
NpeJEapHTEIEHOMY CKATHIO E 00IACTH OOKOBOro KOHTAKTA, 9T0 B HTOrE CKa2plBaeTCd Ha
XapakTepe JeTOHAHH. BTopad BoAHA — MIACTHYECKad. JTa BOMHA MOKET OBITE VIApHOH
HIH TpocToii BOMHOH ckaTHA. {18 Hee BO3MOMHBI pasHBIE CHTVAllHH: OBITH
NPHCOETHHEHHOH HIH VXOIHTH BIEPE], XOTA H Ha MEHBIIEE PACCTOSHHE, 9eM VIIPVrad
ponua [1]. Ilpucoegumennas BoaHa He cosjaeT vopesgaomero cxkatsa BB, ©pont

IIIACTHYISCKOH EOJIHEL pE-EJ]IiSDEEIHI—IBlfI E OIBITAX, HEMHOIO EI:]]'I}-'I{J]LIE-'I E HAIIPDAEJICHHH

OBHEEHHA H 3¢ BOBCE INIOCKHE H HE CIpOT0 NeplIeHIHKVIAPDHEIN K DOKOBOH

NOBEpXHOCTH (pHCVHOK 1).
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Pucyuok 1 — PoToxponorpasma dopusl dpouTa getomanun B 2apaite BEBu VE B
DEpHILTHH (pasBepTEa CIPaBa HANEBO Vp—3 MM/MEKC o GoTOmIEHEe:)
B mauwoii paboTe o0CVAIANTCA peIVIETATEL AECIIEPHMENTOR 10 HCCTIEI0BAHNED
pzanMogeiicTeHd YD u B am14 cxeMel IIIoCcKOro apsAna H3 HHIKOIVECTEHTeIsHOro BB,

2AKMOYEHHOr0 ¢ DOKOR B 0DOMOYKH M2 CTATH H DepHLTHA (pHcvHOK 2).
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Pucvaox 2 — DxcnepuMeHTANEHEIR Ve Oes Kopovea

Poccumncknn @egepanbHbin AgepHbein LleHTp — Beepoccunckmm HIAK @

TexHn4yeckon u3ankm nmeHn akagemuka E.W. 3ababaxwmHa

JoCTOMHCTEDO TIOCTAHOBKH OIBITOE C HCMIOIL30BAHHEM hoToXpoHOrpadHgecKo
(pacTpoRoH) MeETOOHKH H KIHHOBHIOHEIX OO0paslioB 3aKMHOYAIOCE B BOSMOEHOCTH
OJHOEPEMEHHO HAOMIOJATE JeToHAaUHOoHHEOT bdpoHt B BB, mmactudeckyvio BomdHV E
bepumme B VB B CTand, a Takke Nepegady VIapHOTO HMIVIsca oT BB k cramm =epes
OPOCTORKY H23HTPONHYeCKH cxaToro oepumand. [IpudeM Bech KOMIUIEKC BOMH H3VIAICH
E 2aBHCHMOCTH OT BpeMeHH. [loavdaeHBl pesvaRTATEI IO VIUIOIIEHHK) H pPAazEOpPOTV
tpouta /IB mcnencreme emmsuug Oepriumig. [Toxazamo, aro Heparenctea De-~Dss u
Ce=DpE cozgaror vciaoBHA 418 GOPMHPOEAHHA ONEPESKAMOIIHX BOIMVINEHHH B
getouupviomeM BB. Onepexaroniiie Bo3MVIIEHHS, B OTIHIHE 0T OTCTAKIHNX, 0CODEHHOD
3aMEeTHEI H B pazHoi opMe BIHAIOT Ha SeTOHAUHOHHENT dpouT. Croga MO#HO OTHECTH:
VCKOpeHHe (pPOHTa, TraleHHE JeTOHALMH E [OTPAHHYHOM CcI0e, GOpMHpPOB3aHHE
HCTOYHHKOE IIONEPEYHBEIX BOMH H OCVIIECTEIEHHE pa3BopoTa (PPOHTA JSTOHALIHH.
Takoro mmorooOpasHs SENeHH He HAOMOJASTCA, SCIH HH3IKOIVECTBHTeNRHO: BB
FPAHHYHT C OOBITHEIMH MATEPHATIAMH.

PesyvasTatHEHRIM cnocoOOM HCCIEIOBAHHA NpAMOH H 00paTHOH pEakilHH B
CXeMe HH3KOIVECTEHTensHoe DBB-Oepumrmmiti apngetcs  skcmepument. Caegver
NOO9epKHVTh, 9T0 CKOPOCTh INIACTHYECKOH BOMHBEI B DEpHIUIHH IHIE Ha 4 % Ooneme
ckopoctH geroHauuu BB. ®@axktudeckn mosmo npuHATE DEE=CB.. C Touku spenns
pacupocTpaHeHHA CIA0BIX BOSMVINEHHH B OEPHIUIHH CHIVALIHA, KOTJA HCTOYHHE
BOIMVINEHHS O8#MT co cEopocTeiD 2EVEA (JIB B mHakoavecTEMTensHOM BB Ha ocmoee
TATE). aenserca ocobemHof. B mobof MoMeHT BpeMeHH BOSMVINEHHA pPaHHHE H
OO3THHE B DEpMIIHE HMEeT 0DIMVID TOYKY KacaHHd, CORNAJalmvED ¢ Dervimeil Toaxoi

koHTakTa B (pHCcVHOE 3). AHaTOTHYIHEIE pesyILTATEL IIOOVIeHE B [2].

Pucvuok 3 — [lona Tegenuil ¥ H20MHHHH JaBTSHHA B HH3KOIVECTEHTENsHoM BB Ha
ocaose TATE u OepumHero# obomogxe

PaccMoTpHM BOIpOC rameHHA JeTOHAUHH B ToHKOM cloe BB Ha rpanmme c
DepuaTHEeM B Hammx omnbTax. MMeerca emiHas TOYKA 3pEHHA OTHOCHTEIBHO TIPHPOIBI
VIOpexJaromero nogTxaTHd BB B onpTax ¢ DepHIIHEROH MM KepaMHYecKold CTeHKOoH.
Ilom#atie obvcaoemeHo kocoH YB B mpHcTeHodHoM ciaoe. PasmH+aHe sakmogacTci B
TPAKTOBKE MNPHYHHE Gopuuporanugs kocofi YB. B [3] opuaunof caumTanace
OTCOSIHHEHHAT [VIACTHIECKAA EOIHA B DepHInHH. B HaIHX ONEITaX IpHIHHOH SBI4eTCH
VIPVIHHA NOpefBecTHHK B OEpHANHH, MO0 [MacTHYecKas BOJHA OKa3adachk
OpHCOegHHEHHOH K ¢poHTV geroHauuH. B onwitax ¢ kepammikod [4] TpakToEka

HISHTHYHA Hamed (pucvHoK 4).
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1 — diporr B & mmrowvecteETebEoM BE; 2 — Bomms oxatee B Geprrmm; 3 — yOpyrHEE DpelEecTHEE,
4 — HeTETOHMPVIOMNEE CT0H.

Pucvuox 4 — @opma dpouta 1B 0pH KOHTAKTE HHIKOIVECTEHTENsHOro BB ¢ beprmmiem

Hatomogate HEepTHEIH ToHEHH caod Ha doHE TOICTOH CTEHKH OSpHAMHA —
TpVIHA9 3a7a49a B MeTogudeckoM acrnekTe. (0OpaTHM BHHMAHHE HAa OOHV 0COOEBHHOCTE,
HAOMIOZAEMVED B ONEITax. Pedr HIOST 0 J0KANBHOM OTCTABAHHH (pPOHTA SeTOHALHH
BOMI3H rpaHHnE ¢ OepuamEeM (pHcyvHOK 2). [Ipeanonoszmn, 9T0 3Ta 0CODEHHOCTE €CTh
OTEJIMK JIOKAJBHOIO TAllleHHA JeTOHALHH. [OMIHHY C/I04 H3rHOa NpHMeM B KadecTBe
TOMIIHHEl HHEPTHOro ciaod B BB. lzMepeHmnsA, BRINONHEHHEBIE B ONBITAX IIOCHE
IPOXOXEAEHHA AeTOHAUHOHHOH BomHoH nvTH 90,64 vy, npueegens: B Tabmume 1.

Tabmuma 1 — Tommmua uuepTtHoro caoa BB

NOPHCTOCTE, Yo 22 1.5 12
TOINIHHA HHEPTHOTO 0.97=0.13 0,95x0.24 1.14x0.23
CTI0E, MM

Ilp EapEHpOBaHHH NOPHCTOCTH HHIKOYVECTEHTeTsHoro BB Tommmma
HHEPTHOTO CI04 NPAaKTHYECKH He H3MEHHIIACE.

IIpn marpveeHHH OepHTHA DPOHTOM JETOHAIIHH, KOTOPEIH NepIeHIHEVIIDEH
KOHTaKTHOH TpaHHIle, B OEPHIIHH PETHCTPHPVETCA BOMHA, PacHpoCTPaHAKOINAACH
TIapaXIeTsHO 3TOH rpadnue ¢ dpoHTOM ManoH KpHEH2HEL. Onepexaromad Togxa dpoHTa
EONHEI HaiFOZaeTcAd E CepedHHEe OSpHANHEEOTrO CI0d H omepexaer ¢pont B ma
~0.2 mxc. Takoe mopegeHHe BOMHEI Pe3K0 OTIHYacTCAd OT NPHEREMNHOH kKocod VB,
ceoficTEeHHOfl MaTepHMaTaM ¢ VMepeHHOH CEOPOCTRID 2BEVEA. 3aperHCTpHpOBaHHAT
EEIHYHHA CKOPOCTH BOMHEI (~7.9 apv/mMEc) OmHM3Ka K BenwgHHe 00BEMHOH CKOPOCTH
2evEa Oada bepummma Cep=7.9+8. 1 ananme [2, 6] ChnegoRaTensHO, MaccOBad CEOPOCTR
EemmecTea 2a GpOHTOM TAKOH BOMHSI OMH3KA K HV/INO, TO €CTh BOMHA 09eHb cuadad. B [2]
perucTpupverca Taicke crabas VB Dg.=8 2 spavrc. CixaTtie B TaKoil BOTHE ECETO MHIB
~2 %.

Taxksim  o0OpazoM, MOMHO CIOETIAaTh BRIEOI, 9YI0 HarpVEeHHe OepHIIITHA
NPOOVKTAMH B3PHIEA MPH CKOMB3AMNEH JeTOHALHH OCVINECTBIASTCH IPaKTHYIECKH

De3VIapHO, TO eCTh H33HTPONHIECKH.

462 Mu — YT, npoiigerred B

90,64 mu — myTe, npoiinemae B

EE

Pucvuok > — @oToxpoHorpamMma onelTa (pasEepTra COpaEa HAleRo Vp=2,23 MyM/MEC o
tdoTonnSuKe)

O0paTHM BEHHMaHHEe Ha nponecc QOpMHpPOEAHHA YD B CTANH, TPaHHYAImEH C
bepunmmes (pHcvHOK ). B cramsHoH mperpage BEHOHBI JBA CESTOBBIX Cliema (ogHH
NpOJOCEEHHE OPVIOTo) pazHoH ApPKOCTH M PazHOIO VIaa HakmoHa [lofcHeHHe JaHO Ha
cxeme pucvaka 6. [leperii cneg no cpagHeHHIO CO ETOPEIM MeHee SPOK H HAKIOHEH 0z
MEHBIMHM VITI0M. AHATOTHYHAA KAPTHHA pEaNH30BaTack H B JPVIHX ONBITAX C
DepHITHEM TOpH MODOM GpPOHTE NIACTHYISCKOH EBOMHEI B OSpHITHH (BRIIVEIOM H

ILTOCKOM).

1 - diposr OB E msrowyEcIEHTemEOM BB; 1 - EooH2 cxamHz B Oepiomis; 3 — aKyCIHTeCK2® EOH2 B CTATH;
4 — yozpEzT EOHE B T

Pucyuok 6 — ©@opma dponta [IB 1 VB npr geTtoHanus HH3K0IVECTEHTeIsHOro BB B
CKOIB3AIIEM pesHMe ¢ OEpHINHeE0l H cTANEHOH 000T0IKAME

Ilepesli cieg Mo CPAaBHEHHKD CO BTOPBIM MEHEE ApOK H HAKIOHEH 10 MEHBIIHM
vraoM (24° uw 35° cooreercTEenHo). CoOracHO OIIEHKAM NIEpBRIH CIeT eCTh 3BEVKOBad
EONHA, a BTOpoH cuex — ¥B ¢ gaemenmem Ha ¢pomte 16,3 [Tla. Takoe masnemme
IOIVIaeTcd, eCIi AMILTHTVIA BOMHE cEaTHa B Be parna 12 I'Tla. Tommmina “sevkoeoro™
cmoa crama ~1.8 apa JroDonEITHO OTMETHTS, 9TO VIO HAKIOHA BOMH, CASSVEMBIH H3
OIIEHOK (AKVCTHYecKOe MpHOMMEeHHE) pageH 29°, 9To OIH3KO K 3KECIEpHMEHTY. [akmuM
00paz0M, 3JIEMEHTHI aKVCTHKH HMET MeCTO NpPH Nepejade JeTOHAIHOHHOIO HMITVIBCA

Hepes TONCTRIA CIoH DepHIIHa.

POCATOM

Taxse OOHOH H3 EA#HBIX EADAKTCPHCTHE EZPBIE9ATEIX BCINECTE.

ONpefeNAlONHX €ro HeTOHAITHOHHVE) CIIOCODHOCTB, ABIASTCH KPHTHYECKas TOMIIHHA
JetoHanuH. KpHTHYeckad TOMMIHHEA JeTOHAIIHHE — BE&THIHHA He TOCTOAHHAA H 3aEHCHT 0T
pasTHYIHEIX GaKTOPOE, CEA3AHHEIX KaK ¢ TEXHOIOTHeH HArOTOBIEHH, TAK H C VCIIOBHAMH
npumenenna BB.

B gamuo#i paboTe NpOBOOMIHCE HCCASJOBAHHA 0 METOJHKE «IIOIEpPedHOr0»
KIHHA C perHcTpaluell MecTa 3aTVXAHHA JeTOHAIIHH IO IPEPHIBAHHK CBE9eHHA B
OpTCTeKIAHHOH oTcedke. bulna NMpoBefgeHa cepHA IKCIEPHMEHTOE ¢ KIHHBAMH H: BB
nopucTocTeie =1 .5%, rpammammx ¢ mmactamamm w3z [IMMA  (oprcrexmo).
thToponnacTa, MATHHA, ATIOMHHHA, OSpH/ITHA H MeTH.

JECHepHMEHTATBHEIH V3l (PHCVHOK /) COCTOAT H3 HCCIIeavemMoro oopasua BB
ua ocuoee TATD, BRnOTHeHHOr0 B BHAS KJIMHA H PAacIIONOKEHHOTO HA IIACTHHE H3
HCCIIEAVEMOr0 MaTepHana. [oMmHHA IIIacTHHEI cocTraBaarza 10 s Vroa pacteopa

xmunaa BB coctasnan o=3°, mmpuaa xamHa — 245 vy, gmmma — 30 s

Pucvaox 7 — CxemMa sKcIepHMeHTAIRHOTO VAIA

B oskcmepumeHTax TakKe ¢ NOMOINOBED CKOpocTHOro doToxpomorpada co
CKOPOCTBID PasBepTKH (COpaBa Hamdeso) mo doTomméake V=225 ma/MEc dHepes
PacTpOBBIE MTHHHH PErHCTPHPOBATOCH CEEYeHHE VIAPHEIX H JeTOHAIHOHHEIX BOJIH IIPH
EBEIXOJ¢ Ha IIOBEPXHOCTh, IPHIETAlOmell K OTCEYKEe H3 OPICTeKIa, 9T0 IIOZEOJIAN0
ONpedendars GopMy JeToHanHoOHHOIO dponTa B 2apiaze BB, dopmMy viapuoH BOIHEI B
IIIACTHHE H3 HCCIEAVEMOT 0 MATEPHAIA, MECTO 3aTVXAHHA JeTOHALIHH.

Ha pucvexax 8+13 mpencraeneHsl THOHYHBIE H300pa#enna GOTOXPOHOTPAMM,
noaviaeMelXx B ombiTax. Ha doToxpoHorpaMMax MOMKHO BHIETh CedeHHS KIHHA H3
BB. roe oTcyIcTEOEAIO BE2PRIEYATOR IPEEPAIEHHE (HET CECYCHHA B PACTPOBEIX JIHHHAX )
H I'Je pacupoCTpaHATACE JETOHAIHA (HMeeTcd CEeUeHHE B PacTPOBRIX IHHHEX) Taicke
BHIHEI QOPMEI VIAPHEIX EOMH E IUTACTHHAX 0T KIHHOM H B IEHOIUIACTE HAJ KIHHOM.

| J = | | f] ] B

Pucvuox § — Poroxponorpasma onerta ¢ mmactuaol u3 [IMMA

Pucvaox 9 — PoToxponorpamMa oNEITA ¢ IIACTHHON H2 dToponmacTa

Pucvuox 10 — @oToxpoHorpamMya ONEITA C IIACTHHOR M2 MarHHA
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pPacIpoCTpAaHEHHH JeTOHAITHOHHOTO ttnpama EOJOOE JAHHOTO MATEPHATAd, CBAZAHHEIX C

Experimental results demonstrate that the critical thickness of detonation depends
COOTHOMIEHHEM CKOPOCTH AeToHauHH BB co ckopocTeio 3BvKa B OepHITHE.

PesyIETATHL TDOBEACHHEIX SKCIIEDHMEHTOE TIOKA3ANH, 9I0 HA BETHGHHY both on compressibility of the contacting material when D>V, and on the sound velocity

KDHTHYECKOH TONIIMHBI ICTOHAIIHH OKA3BIBACT EIHAHHE KAK  CHEHMAEMOCTH in the contacting material when D<V_ Similar conclusions are made in paper [10].
KOHTAKTHPVIOMIEr0 MaTepHana, Korga D>c, TaKk M CKOpPOCTh 3BVEA B KOHTAKTHPVIOIIEM

MaTepHane, korga D<c. Amanoru4scie BEEIEOIEL 0TMedar0TCa B pabote [10]. References
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Pucvaox 14 — 3aBHCHMOCTE KpHTHYIECKOH TOMITHHLL JeTOHAIHH OT KeCTKOCTH
MATEpHATA, [PAHEEAmMEro ¢ HecTeayeMen: BB Figure 14. Critical thickness of detonation versus rigidity of HE-adjacent material
Mz ganuex prcvHEKa 14 BHIHO, 9T0 CEHMaeMOCTE MATEpHATA KOHTAKTHDYIOMei From Figure 14, it is obvious that compressibility of the contacting plate material
MIACTHHEL OKa3elBaeT BIHAHHE HAa BeIHIHHY KPHTHYecKOH TOMIHHEL JeToHanuu BB Ha influences the critical thickness of TATB-based HE detonation and this relationship
ocaoee TATE. XapakTep 3aBHCHMOCTH COTIACVETCA C PEIVABTATAMH, IIOIVIEHHBIMH agrees with the previous one from [9]. Our results confirm the conclusion from [10] that
panee B patcote [9]. Ilomvaennrle pesyIsTaTel NOOTEEP#IAOT CAeTaHEEIH B padoTe [10] presence of a material with greater compressibility compared to that of the HE charge
BBIEOJ, 9T0 HATHIHE MATEPHATA C DONEe BBICOKOH CHHMAEMOCTEED, 9eM CHEHMAEMOCTH causes no changes in the front shape along the contact boundary and, thus, no decrease in
2apaga BB, He mpHBOIMT K HaMeHeHHIO dopMel GpPOHTA BIOIE KOHTAKTHON IPAaHHITE H, the cntical thickness of detonation.
COOTBETCTEEHHO, K YMEHBIIEHHED KDHTHIECKOH TOMIIHHEL AeTOHAITHH. Measurement results shown in Figure 14 demonstrate that the critical thickness

PesyabTatel m3Mepenni. NPeCTaBICHHEIE HA PHCYHEE 14, IIOKa3bIBAIOT, TT0 H3 of detonation in the experiment with the bervllium plate “falls out™ of the general

0Omeft 3ABMCHMOCTH BEIIAJAST 3HATEHHE KDPHTHYECKOH TOMIIMHEL JETOHAIMH, relationship. Compressibility of beryllium is close to that of aluminum and two times less

TOMYIeHHOH B ONbITe ¢ MacTHHON H3 bepumia. CamMaeMocTs bepuma bmisxa k compared to copper though critical thickness of the detonating HE adjacent to bervllium

AMOMHHHIO M BJBOE MEHBIIE M OJHAKO KpPHTHYECKad TOMIIHHA JeTOHAI[HH ' ' ' .
2 o ke A is bv 230% less than in the case of contact with two other materials.

EB o 30% :
e 7 ORI IOERo Cr R ApRITIREN) BRSOt MERBIe; sseM s A smaller critical thickness of HE detonation in the experiment with beryllium

KOHTAKTE C JEVMA ITOCIEHHMIH MaTepHaTaMH. A . S—— : 2
ae ep can be explained bv certain features existing in the detonation front propagation along a
Bonee mizkoe sHageHne KpHTHYECKOH TONMMIHHEEL JeTOHAIHH Hecaenvemoro BB, : ; : ;
= particular material and these features are due to the "HE detonation velocity — sound
KOHTaKTHPVIOIIETo ¢  OEpHIIHEeM, MO#HO  ODBACHHTE OCODEHHOCTAMH B e .
velocity™ ratio in bervilium.
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EFFECT OF SHELL'S DYNAMIC RIGIDITY ON DETONATION PROPAGATION IN FLAT

the detonation front in HE_ the plastic wave in Be_ and the shock wave in steel, as well as

Methodically, it is a challenging task to register inert thin laver against a thick

Another verv important characteristic of an explosive material is its critical

CHARGES OF INSENSITIVE TATB-BASED EXPLOSIVES
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sokolovm 1982 @ mail

Russian Federal Nuclear Center — Zababakthin All-Fussia Research Institute of Technical Physics,
Snezhinsk, Russia
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Detonation front propagating in the finite-transverse-size charges is bent.
The angle of detonation front with the adjacent plate depends on the rigidity, i.e. acoustic
impedance, of this plate’s material Well-known bervllium properties such as high
Young's modulus, low Poisson ratio, etc., are due to the increased velocity of sound in
Be. The presence of a high-rigiditv Be wall adjacent to charge should lead to detonation
front unbending. However, high sound wvelocity of =&.1 km/s causes the shock wave to
propagate in Be faster than a detonation wave. It goes ahead of detonation front and
slightly compresses the thin HE laver adjacent to Be. As a result, the thin HE laver
located near the insensitive HE charge boundary can fail to detonate.

In the experiments described, the sliding mode of HE detonation propagation
was attained. Two compression waves developed in Be therein. The first one is an elastic
wave with the velocity 1.8 times higher than that of HE detonation. This wave always
gets ahead of detonation front which means that this is a detached wave. It is responsible
for slight side-contact pre-compression of nonreacting HE, which determines the
detonation character. The second wave is plastic. It can be either a shock wave or a
simple compression wave. So, different scenarios of this wave propagation are possible.
For example, it can be an attached wave or it can go ahead of detonation front but at a
smaller distance than the elastic wave does [1]. Attached wave causes no preliminarv HE
compression. The plastic wave front observed in experiments was slightly convex in
the direction of its travel or even plane and not completely perpendicular to the side
surface (Figure 1).

Figure 1. Streak-camera record revealing detonation front shape in HE charge and shock
wave shape in Be (time from right to left, Viweep=3 mm/us)
The paper discusses results of experiments aimed to studv the interaction

between the shock wave and the detonation wave using a flat charge made of insensitive
HE enclosed in steel and beryllium on lateral sides (Figure 2).
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Figure 2. Experimental assembly without a casing
Experimental setup that uses streak-camera photorecording, or scanning

analvsis, and wedge-shaped samples has an advantage of simultaneous observation of

of the shock pulse transfer from HE to steel through the laver of isentropicallv
compressed bervilium. At that, the whole range of waves was studied over time. We
acquired the data on how beryllium effects the detonation front flattening and unbending.
It is shown that the Dg-=Dre and VB-=DHE inequalities establish conditions for the
development of overtaking perturbations in detonating HE. Unlike the lagging ones, the
overtaking perturbations are verv distinct and have diverse effects on detonation front,
which include acceleration of front, extinction of detonation in the adjacent laver,
formation of transverse wave sources, and detonation front unbending. Such a varietv of
effects is not observed when insensitive HE is placed adjacent to conventional materials.
Experiment is an effective method to studv the direct and indirect reactions when
using the “insensitive HE — Be” scheme. It should be emphasized that plastic wave
velocity in Be is only 4% higher than that of HE detonation. In fact, we can assume that
Due=VB.. From the perspective of weak perturbations propagating in Be, the situation
when perturbation source, namely the detonation wave observed in the insensitive
TATB-based explosive, moves at the sound wvelocitv should be treated as a special case.
At anv given time, the earlv and late perturbations in Be have a common point of contact,
which coincide with the moving detonation-wave point of contact (Figure 3). Similar

results are given in paper [2].

b

Figure 3. Flow fields and constant- pressure lines in the insensitive TATB-based
explosive and the Be shell

Let us discuss the detonation extinction experimentally observed in the thin HE
laver at the bervllium boundarv. All experts share one view on the nature of preliminary
HE compression in the experiments with Be and ceramic wall. It is believed that pre-
compression is due to an oblique shock wave observed in the near-wall laver. The
difference is in the treatment of reasons why this oblique shock wave is developed.
According to paper [3]. detached plastic wave in Be is deemed to be responsible for this
phenomenon. In our experiments, the reason is an elastic precursor observed in Be since
the plastic wave appeared to be attached to the detonation front. In the experiments with
ceramics [4], the treatment is similar to ours (Figure 4).

1 — detonation wave front in insensitive HE, 2 — compression wave in beryllium, 3 —elastic precursor,
4 — nondetonztmg layer.
Figure 4. Detonation front shape observed when insensitive HE contacts with Be

Be wall. Attention should be paid to a phenomenon observed in the experiments, ie. the
local detonation front lagging near Be boundarv (Figure 2). Suppose that this is a local
detonation extinction response. Let bend laver thickness be the thickness of an inert HE
laver. Experimental measurements taken after the detonation wawve travelled the distance
of 90.64 mm are given in Table 1.

Table 1. Inert HE laver thickness

Porosity, % 22 1.5 12
Inert laver thickness, 0.97+0.13 095024 1.1420.23
mm

WVanation of insensitive HE porosity causes practically no changes in the inert
lawver thickness.

When bervllium is loaded by the detonation front which is perpendicular to
contact boundarv, the wave propagating in parallel to this boundarv and having a low
curvature front is registered in Be The overtaking wave front point is observed in
the middle of Be laver and has a lead of ~0.2 us when compared to detonation wave
front. Such wave behavior differs markedly from that of conventional oblique wave

typical for materials with moderate sound velocity. The registered wave velocity of
~7.9 mm/us is close to volumetric sound wvelocity for Be, VB=7.9+8.1 mm/us [3. 6].
Hence, mass matter velocity behind the front of this wave is close to zero, which means
that it is verv weak In paper [2]. thev also registered a weak shock wave,
Dg-=8.2 mm/us. In such a wave, compression is as low as ~2 %

Therefore, one could conclude that for the case of sliding detonation, Be loading

bv the explosion products is almost shock-free_ ie. isentropic.

Detonation-wave fravel distance is 9064 mm Detonation-wave fravel distance is 4.62 mm

HE
Be
Stesl

Figure 5. Streak-camera record from the experiment (time from right to left,
Vewaep=2.23 mm/us)
Turn attention to the process of shock-wave formation in the Be-adjacent steel
(Figure 3). In the steel barrier, we can see two light traces, one following the other,
having different intensitv and angle of slope. For details, refer to the legend in Figure 6.
Compared to the second one, the first trace is less intensive and has a smaller angle of
slope. The same pattem is realized in other experiments with bervllium for both convex

and plane plastic-wave front.

1 — detonation wave front in insensitive HE, 2 — compression wave in beryllium, 3 —acoustic wave m steal,
4 — shock wave n stesl.
Figure 6. Detonation front shape and shock wave shape under sliding detonation of

insensitive HE enclosed in bervllium and steel

Compared to the second one, the first trace is less intensive and has a smaller
angle of slope (24° and 33°, respectivelv). The first trace is estimated to be an acoustic
wave and the second trace — to be a shock wave with the pressure of 16.3 GPa at the
shock front. This pressure is attained when the compression wave amplitude in Be equals
12 GPa. Thickness of the “acoustic” laver in steel is ~1.8 mm. It is interesting that the
wave slope angle is estimated (acoustic approximation) to be 29° and this is in a fairly
good agreement with the experimental data. So, acoustic effects are observed to be
involved when the detonation pulse is transferred through the thick bervllium laver.

thickness of detonation as it determines HE detonabilitv. The critical detonation thickness
is a non-constant value that depends on different factors attributed not only to the
manufacturing process, but also to conditions of HE practical application.

The “cross™ wedge method was used for our investigation wherein the
interruption of light in the PMMA cutoff component indicated the detonation extinction
location. A series of experiments was performed with wedges made from explosives with
the =1.3% porosity when these HE wedges were adjacent to PMMA (organic glass),
fluoroplastic, magnesium, aluminum, bervllium, and copper plates.

Our experimental assembly (Figure 7) comprised the wedge-shaped TATB-
based HE sample placed on the 10-mm thick plate of the test material. The vertex angle
of the HE wedge was tt=3°, the wedge width was equal to 245 mm, and the wedge length
equaled 30 mm.

Intermediate

Figure 7. Schematic experimental assembly

In experiments, streak-camera with the sweep velocitv of Viw=ep=225 mm/|is
served to record, through raster lines, light from the shock and detonation waves when

thev arrived at the surface adjacent to PMMA cutoff component. This made it possible to
determine the detonation front shape in the HE charge, the shock wave shape in the plate
of the test material, as well as the location of detonation attenuation.

Figures 8+13 show tvpical streak-camera records. These records give a good

view of the HE wedge section without explosive transformation (no light in raster lines)

and with the detonation propagation (light is observed in raster lines), as well as a good

view of shock waves in plates under the wedge and in the foam plastic over the wedge.
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Figure & Streak-camera record from the experiment with the PMMA plate

Figure 9. Strealk-camera record of the experiment with the fluoroplastic plate

Figure 10. Streak-camera record from the experiment with the magnesium plate
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