IIpupoanbie camocBedeH st -CJIeICTBHE HEOHOPOIHOCTH (H3He-
CKOro BaKyyma.*

A.H. imurpnes, B.JI. Aaraos’.
Hucmumym zeonceuu u zeogusuxu CO PAH, "anmumym mamemamuxu CO PAH,

C nmoznuuu reoM3BKH, NNaHeTOQUINKY U ONITHKH
arMocepsl  HeoOblYHbIE aTMOC(epHUECKHe ABIEHMUS
(HAA) mavany mIaHOMEPHO M3Y4aThCA C KOHIA CeMH-
aecateix roaos [11,12,13]. K cepeaune 80-x ronos Gui-
JI0 BBIABJICHO PAN NPOCTPAHCTBEHHO-BPEMEHHBIX 3aKO0-
HOMepHocTeR BeTpewaemoctd HAMA [3,8]. OcHoBHbe u3
aToro psaa: nokanusauus HASA npuypodena x 3oHam
BEPTUKAIILHOTD 3HEPTONEPETOKA, B TEKTOHO-(HU3IHUECKH
HanNpMXCHHBIX 30HAX; MAKCHMANbHAs BCTPEYAEMOCTE
COOBITHH TPUXOANTCA Ha rofsl aktHeHOro ConHua: 06-
paTHad 3aBHCHMMOCTb BCTPEUAEMOCTH 3EMITETPACEHHIH W
HASl B celicMOHArDYXEHHBIX paliOHaX: BBISBIEHO
€/IMHCTBO NPUPOAR! IFAPOBBIX MojaHuil (ILIM) u HAS, K
Havanmy ACBAHOCTEIX roaoB npobiema IIM-HAS o6pe-
Jia OPOYHYIO IKCIEPUMEHTATbHO-HalMI0AaTeNbHYIO OC-
HOBY ¥ OIBITHI MOCTPOEHUS AHANUTHIECKMX MOIenei
[1.2,8]. B 90-x rr. ocHOBHOE BHMMAHHE PAta HCCNEMO-
sarenedt [11,12] cocpenorouunocs ma peructpanuu u
dbopmynuporkax dusrdeckux ceoiicts HA S,

B cepemune 90-b1x romos [3,5,6] HeoBbiyHbe aT™MO-
ceprbie sBAenna ("XonomHeie nuasmonas") no Mepe
CocTaBIeHNA Goslee NONHOTe CTATHCTHYECKOTO NOPTpe-
Ta ABACHUH, OB HA3BAHE! NPUPOAHLIMU CAMOCBETS-
wumucs ofpazopanuamu (ITCCO). B o6o6uiennoii xa-
pakrepuctuke [NCCO conepxarca Takue cpolictsa: 1.
"caMOCBeUEHHE" - H3NMYdEHWE B NIHPOKOM [WAMAzoHe
3IEKTPOMATHHTHBIX BOH; 2. HM3Kas Temnuepatypa I1IM,
IpH TOM, YTO PABHOBECHAN TEMIEPaTypa MOMKHA GBITH
PaBHOI HECKOJBKUM THICAYAM IPanycos; 3. 3neKTpH4e-
CKoe monie; 4, MCKaXeHHe TPABUTALMOHHOTO TIONA (ne-
BUTALNA);, 6. OblcTpoe BpalleHHe, 7. NPOXOXIEHUE
CKBO3L ra3bl, JKHIKOCTH, TBEPAbIE TENa, 8. upe3npiuaiiHo
HH3KOC a’pOIHHAMKHYECKOE CONPOTHBIEHHE, 9. CKAYKO-
ofpastoe mepeMelieHHe B NPOCTPAHCTBE TPOJETa, He-
o0bluaiinbie yekopeHHs U Topmoxenns; 10. yxon [1IM s
3a3€MJICHHBIE NPOBOAHWKKM M "3aHbipuBanne” TICCO B
YYACTKH THTOCHEPHI ¢ MOBBIIEHHON 3/IEKTPOHPOBOIHO=
cteio; 11. crnabuie B3psisel (B mpemenax 10° [k mpu
muametpe LM okono 0,2m) npu nansueiimem coxpane-
HHY 0ObexTa; 12. OTMeueHH CcAyYaH BO3ZeHCTRUA
B3PBIBHOH BOITHbI TONBKO HA METATTUYECKUE [PEIMEThI;
13. eunbhbie B3pbiBBI (> 107 [k ots [UM), "oTonnsie™
B3PBIBEI, COMPOBOXAAEMBIE CHILHLIMM Y-H3/TY4eHHEM
(Tynrycckuit B3pbiB 1908 oxono 24 MI'T [7]; 14. BCTpe-
HAOTCA CIydaM MOCTOAHHOH Monubukaunp GopMe! u
ceetumoctd [1CCO; 15. BerpewaloTes rpynmoBsle aBu-
xenua [ICCO B n0CTPOEHHN NPABIILHBIX reOMeTpHYe-
CKuX (uryp; 16. HamHYME BUNOH3IMEHEHHT XHMHEECKO-
ro cocrasa g Mectax sozaercrsus [ICCO Ha rpynT; 17.
"BblyBaHHe" MSATKOrO TIpPYHTa M "BBICBEpIHBaHWE"
TBEPOBIX FOPHBIX TIOPOJ Npd norpyxenue I[ICCO B
HIJKHEE MPOoCTpaHeTBO; 18. oTMeuaercs noBBIMIEHHBIH

*Tlybauxyercs 8 nopsaake o6y K ASHIA.
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pagHaLMOHHBIH (hOH B MECTAaX BBICOKOH 4acTOTH! BCTpe-
yaemocty [ICCO; 19. uHTeHCHBHOE CAMOCBEUEHHE ACT-
podusmaeckux [ICCO B kocmoce (TWna Komer, Lyra
miasMounos  Ulymebikepa-Jlesn, Xeiina-borma); 20.
NpOCTPAHCTBEHHO-BPEMEHHOE coBMeuleHHe ("onTHue-
ckue npeasectuku') ICCO u zemnerpsceunii; 21.
BeuiBlieHk [1CCO-a3gipextuBHbie Mepruauansl CorHua U
Bosaeiicreue TICCO na reomaraurtHoe nose [3,4,5].

Veranoeneno, uto denomen [ICCO-UIM TpeGyer
BELIBHACHUA HOBBRIX OOUINX KOHLENLMH COBpEMEHHOMN
¢uznkn, B 1995 ropy nyGnukyetca HOBas BepcHs He-
OZIHOPOMHOTO (H3MYeckoro Bakyyma ®B [6,9,10], no-
3BOMKMBILAA 0OBACHUTE MAKPOCKOIMYECKHE (hHINUECKHE
ocobennoctu IICCO (moamywkrs 1-12). OcHory Moe-
4 COCTaBNIACT MPEACTABIEHHE, COINACHO KOTOPOMY
3MEMEHTAPHBIMH YaCTHIIAMH OCHOBHOro ®B arIfOTCA
KBanpur Teprieukoro: 4acTHila - aHTHYACTHIIA FPABOTO
MUpa (C NONOXUTERLHEIMH MACCAMM), YACTHNA ~ AHTH-
HacTHua (¢ OTPUUATEALHBIMM MAccaMk) JIeBOro Mupa
[6]. @usieckuit Bakyym u3 kBagpur Tepnenkoro adco-
MOTHO HelTpalien u HaspaH abCOMOTHLIM (PUIKUECKIM
BakyyMoMm (A®B). HeWTpanbHsiMu SBNSIOTC W B
KoMOWHAaUnK B3 9acTUL IPABOre MUpa M YacTHII IEBOro
mupa (PBB) # u3 aHTHYaCTHI NPABOro MUpa W AHTH-
gacTuly nesorc mupa (®BA). Cymecteyior 1pu OB:
ADB, ®BB, ©BA. JlokaneHsie 06aacTH [POCTPAHCTRA,
sanonnenuste @BB (unu ®BA) npenctasasior coboit
MCCO-IIM. Mogiens coiepKuT HeThipe TONA U YeThipe
HX [MONAPM3ALMI: BJEKTPUYECKHE, MAarHHTHbIE, TPaBu-
TALMOHHbLIE, CIOUHOBbIE (TOPCHOHHBIS). DIeKTphYeckue
H MarHUTHBIE NOMA W NONAPH3ALMH CBA33HBI OCHOBHbI-
MM ypaBHeHUSMM MaxcBenna; rpaBUTALMOHHBIE M CIH-
HOBBIE MMOJNA W MOAAPH3ALMM CBA3aHHLIE OCHOBHHIMU
ypasHeHusmMn Xepucaiiga (ITyankape, MunbkoBCKOTO).
B A®B nononHutensHble ypaseHMs Makceenna cBs-
3bIBAKOT TONBKO PA3HOMMEHHbIE BNEKTPHUECKHE H Mar-
HUTHBIE MONA W nonspusauuy. [lononHuTensusle ypas-
HeHHs XeBucaiila CBA3BIBAIOT TONBKO OAHOMMEHHBIE
FPaBHTAUMOHHBIE ¥ COIMHOBRIE TOMA W Moaspuzauuy. B
®©BB 1 ©®BA JONMOTHUTENBHBIE YPABHEHUS CBS3BIBAIOT
S/ICKTPHYECKYI0 M TPABHTALIMOHHYIO TONAPH3ALMH ¢
SNEKTPHUSCKUMHM H TPABUTALUHOHHBIMH [IONSMH; Mar-
HUTHYI0O H CIMHOBYIO MOAAPH3ALMIO C MarHUTHBIME W
CIMHOBLIMU TIoNsMK , B ADB ckopocts rpasuTaimon-
HBIX BOJIH NIPHHATA PAaBHOM CKODOCTH CBETA; YpaBHEHMSA
Maxcsenna n Xepucaiila KOBapHaHTBI OTHOCHTETHHO
rpymisl npeobpasopanuit Jloperua [9,10].

Ananuz Mopenn HeonHopoaroro ®B no3BonseT Bbl-
ABUTL YHHKATLHYIO ponb LM u [ICCO ua 3emne u B
Kocmoce. C kpynHomacmTaGHBIME 3TuMH 06pasosa-
HUSIMM CBA3aHbl OfWennaneTapHble COOBITHS: OrpoM-
Hble B3pLIBBI (TMma TyHrycckoro) B atmocdepe; mon
BOZOH (C BO3HHKHOBEHHEM IYHAMH); NHTOCHEpHbIE
BIPBIBbI (KATACTPODUIECKHE 3eMACTPACEHUA); TOPHAIO,
TaA(yHbl, yparaHkl, TeXHOreHHbIE KaTacTPOGbL.




BLIZBHHYyTas MOZENb U TEOPUA MO3IBONAIOT YCTAHO-
BHTE criocofbl pannero obnapyxenua [1CCO u Hame-
THTb TIONXO/IbL K YIPABIEHI0 UX ABIKEHUCM.
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On supersonic penetration of a jet into a condensed medium.

L.V. Simonov and K.Yu. Osipenko.
Institute of Problems in Mechanics, Moscow 117526

The well-known Lavrentyev's approach to the pene-
tration of a shaped-charge jet into a target based on the
theory of an incompressible liquid is extended to the
case of supersonic penetration of a jet inte an infinite
medium (or collisions of jets), where compressibility
and thermodynamics are of significance [1]. It is as-
sumed that the process is steady and only one shock-
wave front is formed ahead of the contact surface in the
medium and another is produced behind it in the jet
(Hugoniot curve without inflection points). The effects
of viscosity, heat conductivity, and rigidity are ignored,
but different equations of state for solids or liquids un-
der high pressures and velocities can be used (Mie-
Griineisen, Tillstone equations, etc.). The thermody-
namic states at the points of symmetry on the wave
fronts are related to the states on the corresponding side
of the interface by Bernoulli integrals for compressible
liquids assuming isentropic loading processes. The gen-
eral continuity and jump conditions throughout the in-
terface and the shock-wave fronts supplement the sys-
tem of “integroalgebraic" equations for determining
values of the thermodynamic functions at specific
points of the flow pattern. A semi-inverse numerical
method of solution is suggested. The calculations are
simplified for the Mie-Griineisen incomplete equations

of state, which are based on the well-known empirical
linear relation between the wave and mass velocities;
the temperatures are determined from the general ther-
modynamic identities. The cases of subsonic flows of
the jet or/and target materials are also studied.

Numerical results are obtained for a jet velocity of up
to 20 km/sec for various pairs of the following materi-
als: iron, tungsten, sand, water, and ice. Averaged
Hugoniot curves are used ignoring phase transitions. An
unexpected result of this calculations is that the penetra-
tion velocities, and, hence, the penetration H of the jet
of length L axe in good agreement with those following
from Lavrentyev's formula for the case of incompressi-
bility. The contribution of the thermal part of the pres-
sure remains minor in the calculated ranges of tempera-
ture and pressure. In summary, the proposed method of
calculating the peak values of the thermodynamic func-
tions and the penetration velocity of super-and-
hypervelocity jet flows is extended to the case of phase
transitions in the jet or/and target materials.

Simonov 1. V. Maximum pressure, temperature and
resistance at the supersonic flow of a body by con-
densed medium // Int. J. Impact Eng. 1997. V. 20, P.
743-752.
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