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MHD SIMULATIONS OF FAST ELECTRICALLY
EXPLODING WIRES
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Before attempting to learn how exploding wire
evolution affects z—pinch behavior it is crucial to
establish the ability to accurately model a single
exploding wire. We have done simulations of a single—
exploding wire (either Aluminum, or Tungsten) with
Sandia's new MHD code ALEGRA. We have so far
limited our study to the radial evolution. Our standard
configuration corresponds to well-diagnosed exploding
wire experiments. Accurate equation of state and electron
conductivities are crucial and ours are based on data and
molecular dynamics simulations [1]. There are parameter
regimes where electron emission does not play a sig-
nificant role in the explosion process and where the wire
material remains reasonably continuous and the MHD
approximation provides a valid description. In these
regimes (fast pulse: 150 A/ns, and close to the cathode
side of the wire), we have achieved excellent agreement
with experimentally measured voltage and detailed
atomic density radial profiles (reconstructed from
2—-wavelength interfero—metry). We have achieved only
partial success in simulating slow—pulse explosions
(20 A/ns), and hypo-thesize that the always—present
hydrocarbon coating (not included in present simulations)
needs to be taken into account in cases of slower energy
deposition. A key feature that occurs for wires exploding
into vacuum, as observed in experiments, is the rapid
transition to a coronal state coinciding with a voltage
collapse. Features of the corona formation process will be
presented. Expansion velocities of the core and corona
depend on how much energy gets deposited into the core
prior to corona formation, and our simulation results
agree well with measured velocities for fast explosion of
Aluminum, but simulation of exploding Tungsten gives
twice the measured velocity. Understanding this
important discrepancy should suggest possible impro—
vements in our model. Simulations show that the path in
phase space that an exploding wire takes in its evolution
from solid metal to high—temperature plasma is quite
sensitive to the EOS and conductivity models used.
A novel phase—space view of exploding wires allows us to
see graphically the mutual relations between the EOS and
the electrical conductivity during the exploding wire's
evolution. Phase—transition issues will be discussed.
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TP BBICOKO UHTEHCUBHOM
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WucruryT dusuku metamoB YpO PAH,
Exarepun0ypr, Poccus

E.A. Ko3j10B, C.A. bPMUUKOB, B.1. BY3AHOB

Poccuiickuii penepabHbIN SIEPHBIA HEHTP —
Bcepoccuiickuit HUU texundeckoit hpusuku
umM. akana. E.W. 3a6abaxuna, CHe:kUHCK, Poccust

Panee ucciieoBaHbl 0COOCHHOCTH yJIApHO — BOJIHO-
BOrO IUIABJICHHs ABYX(a3HbIX Al— cruiaBoB c nepexon-
HeiMi MeTaiiamu Ti, Zr u Hf u onpenenensl ycioBus
wraBnerns Al matpunwst [1, 2]. B manHo# pabote peann-
30BaHbl 00JIe€ MHTCHCHBHBIE PEKMMBI B3PBIBHOTO Ha-
IpY>XEHUsI, TI03BOJIMBIINE 00ecrieunTh (ha30BbIe U CTPYK-
TypHBIE TIPEBPALIECHHS B TYTOIUIABKUX HHTEPMETAIINAAX.

Lenpro paboTH ABNSETCA aHATU3 U3MEHEHUs Mopdo-
JIOTHH, pa3MepoOB M KPHCTAJUIMYECKOW CTPYKTYpBI aito-
MuHHIIA Zr B 1Byx¢azHom crase Al-2,5% Zr.

KomruiekcHoe uccnenoBaHue CTPYKTYphI, (azoBoro

cocrasa u Mukporseproctu Hy (r, 0, ¢) marepuana
B 00KaTBIX M COXPAaHEHHBIX 00pa3lax IMOKa3aIo HaJMIne
Pa3BUTHIX 30H IUIABJIECHUS, B KOTOPBIX MPH MOCIEAYIOIEeH
BBICOKOCKOPOCTHOHM KPUCTAJUIM3AIIUH TIPOUCXOIUT 33apO-
KIIEHHUE U POCT OTIIMYHBIX 110 (POPME U KPUCTAJUTHUECKO-
My CTPOSHHIO METaCTaOMIBHBIX aTFOMHHHUIOB C KyOndec-
Kot pemerkoit tTuna L1;. [Tocmenane nHUIMUPYIOT Qop-
MHPOBaHHE MHUKPOKPHCTAITHYECKON CTPYKTYPHI aITFOMHU-
HUEBOUM MaTpUIbI C BICOKON TBEPAOCTHIO.

PabGoTa BbITIONHEHA TPHU MOAJEPKKE KOMIUIEKCHOM
nporpammbl [lpesuanyma Poccuiickoil akagemun Hayk
«Tennmodusnka 1 MeXaHUKa UHTEHCHBHBIX U YHEPreTHYe-
CKHX BO3JEHCTBUID.
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Features of shock—wave melting for two—phase
Al-alloys with transition metals Ti, Zr and Hf were pre-
viously investigated and melting conditions for Al-matrix
were identified [1, 2]. This work realized more intensive
modes of explosion loading. These modes allowed en-
sured phase and structural transitions in high—-melting
intermetallic compounds.

The purpose of this investigation is to analyze
changes in morphology, sizes and crystal structure of
zirconium aluminide in the two—phase alloy Al-2.5% Zr.

Comprehensive studies of the structure, phase compo-

sition and microhardness H, (r, 6, ¢) of material in the
compressed and recovered samples demonstrated pres-
ence of developed melting—zones, in which metastable
aluminides, having different form and crystalline struc-

ture, including a L1,—type cubic lattice, appear and grow
in the process of the follow—on high-rate crystallization.

This work was supported by the complex program of
the Presidium of the Russian Academy of Sciences
«Thermal Physics and Mechanics of Intensive and Ener-
getics Impacts».
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I3BOJIOIUA MUKPOCTPYKTYPBI METAJLJTIA
TP BBICOKOCKOPOCTHOM
HATPY KEHUU
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[IpoBeneHo uccienoBaHUE 3BOJIIOLMHA MHUKPOCTPYK-
TYPBI 110CJIE BBICOKOCKOPOCTHOT'O HArpY>KEHHs 110 METOY
MIOJIOTO TOJICTOCTEHHOTO IMiuHApa. CTpyKTypHBIE OCO-
OeHHOCTH Je(DOPMHUPOBAHHBIX MATEPHAIOB H3yJAIUCh
C TIOMOIIBIO ATEKTPOHHOTO CKaHUPYIOIIET0 MUKPOCKOTIA.

XapakTepHOH  OCOOCHHOCTBIO,  COIPOBOXKIAIOIIEH
B3PBIBHOW KOJUIAIC TOJICTOCTEHHBIX LWJIMHJPOB, SIBISIETCS
o0pa3zoBaHWE I10JIOC JIOKAIM30BAHHOM IJIACTHYECKOM
nedopmanuu [1—3]. s psima MaTepuanoB yCTaHOBJICHA
3aBUCUMOCTb BEIUYUHBI JeopMaluu €, , IPU KOTOPOil

MIPOUCXOJUT 3apOXKICHHUE M PACHPOCTPAHEHHE MOJI0C
JIOKJIN3alMK TUTACTHYECKON JedopMannu, OT pasMepa
3epeH. B aToii cBs3u ocoboe BHUMaHue B pabote yaens-
JIOCh M3YYCHHIO 3aKOHOMEPHOCTEH IPOIIECCOB JIOKAJIH-
3auuu  JAedopMalMu B MEJIKO3EPHHUCTBIX Marephaiax
(d < 50 mxm). B mporiecce BBICOKOCKOPOCTHOM aedopma-
UM TIPOUCXOANUT U3MEHEHHE MUKPOCTPYKTYPBI: BO3pac-
TaeT IUIOTHOCTh JUCIOKAlNi, 00pa3yloTCsl IUCCHIIATHB-
HBIE CTPYKTYpBI (S4eucrasi CTpyKTypa, JBOHHHUKH, MHUK-
po3epHa), HaOmomaercss (parMeHTamus CTPYKTYpPHl Ha
BCEX MAacCIITaOHBIX YPOBHSIX.

MexaHnu3M (QparMeHTalul 3JIEMEHTOB CTPYKTYPEI
W CBOMCTBa mpu nociexnywouieid nedopmanuu onpene-
JSIFOTCSL MCXOIHBIM COCTOSIHMEM Marepuana. B menko-
3epHUCTON CTPYKType CTEIEHb Pa3BUTHS CyO3epeHHOU
MUKPOCTPYKTYpBI, ONpEIeNICHHAsl NEPECTPOUKON IUCIIO-
Kal[MOHHOTO aHcaMOJisi, O0ecleunuBaeT OJHOPOAHOCTD
IUJIACTUYECKOr0 TEYeHHs [0 OONbIIMX 3HAYEHUH €, .

[IpoBeneHo comocraBieHue HOPMUPYEMBIX MHKPOCTPYK-
Typ C COOTBETCTBYIOLIMMH WM BeJIHYMHAMH rAedopma-
I[UH, B TOM YHKCIIC U B MTOJIOCE JIOKAU3AINH Je(opMaIum.

YcraHOBIIEHHBIE  3aKOHOMEPHOCTH — (pparMeHTaluu
CTPYKTYpPHI B TPOLIECCE TUHAMUYECKOHN NedopManuu aa-
10T 0a3y A TOHMMAaHUS MEXaHW3MOB (OPMHPOBAHUS
MHUKPO— U HAHOKPHUCTAIUIMIECKUX CTPYKTYP.

CchLIKH

1. Hecrepenko B.®., bougape M.II. Jlokanu3zamus ne-
¢dopMaM IpH CXJIONBIBAHUM TOJICTOCTEHHOTO IIH-
muuzpa. // ®I'B. — 1994, — 30, 4. — C. 99—111.

2. Nesterenko V.F., Meyers M.A., LaSalvia J.C., Bondar
M.P. °, Chen Y.J., Lukyanov Y.L. Investigation Of
High—Strain, High—Strain—Rate Behavior of Tantalum
UsingThe Collapse Of A Thick—Walled Cylinder. //
Material Science and Engineering. — 1997. —
A229.—P.23—41.

Section 5



CBoiicTBa BEIIECTB IIPH BBICOKOMHTEHCUBHBIX ITpoLieccax 157

3. boumaps M.IL., IlepByxuna O.JI. 3aBHCUMOCTH
CTPYKTYpBl THTaHa, (OPMHUPYIOIIEHCS MPU BBICOKO-
CKOPOCTHOM Harpy>eHHH, OT €r0 UCXOIZHOTO COCTOS-
Husa // ®I'B. — 2000. — T. 36. — Ne 2. —
C.110—121.

v

BJINAAHUE HA MEXAHWYECKOE ITOBEJEHUE
APMKO-XEJIE3A TEMIIEPATYPbI, CKOPOCTH
JE®OPMALINHU U TPEJIBAPUTEJIBHOI'O
YIAAPHOI'O HATPYKEHUA B OBJIACTD a—¢
DA30BOI'O IEPEXOJJA

A .M. BPATOB, A.K. JIoMYHOB, 11.B.CEPTEMYEB

HayuHo-uccnenoBaTenbCkuil MHCTUTYT MEXAHUKU
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(HUMM—HHI'Y), H. HoBropon, Poccus
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Poccuiickuii penepanbHbIi SISPHBIA IEHTP —
Bceepoccuiickuit HUW Texandeckoi pusuku
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[IpoBeneHbI B3pBIBHBIE SKCIIEPHMEHTHI IO COXpaHe-
HUIO C 3arOTOBKOM U3 apMKo—xene3a. B pesynbrare npo-
BEJICHHBIX HCCIICIOBAaHUH IOJy4eHbl HOBBIC NaHHBIC 10
JMHAMIYECKUM CBOHCTBAM apMKO—XKele3a B HCXOIHOM
COCTOSHMM M IIOCJIe IPEIBAPHUTEIBHOTO yIapHO—BOJIHO-
BOro JehopMUpPOBAHHUS, CONMPOBOXKAABILETOCS MPOTEKa-
HHEM 00paTUMOro O—¢ MpeBpaIIeHUs.

[Toka3aHo, YTO MpeaBapHUTEIbHAS BBICOKOCKOPOCTHASI
nedopmanms xenesa B o0nactu McxoaHou 0—dasbl mpu-
BOJUT K NMPUMEPHO TAKOMY K€ BIUSHHUIO HA JHATPAMMY
nehOpMHUPOBaHUsI, KaK U KBa3HCTATUYECKas AehopMarus
J0 TOTO K€ YPOBHA. DTO OTpa)kaeT CIalyr 4yBCTBH-
TENBHOCTD JKeJle3a K MCTOPHU W3MEHEHHsS CKOPOCTH Ie-
(dbopmarmu. DTOT (PakT MOATBEPXKICH pe3yJIbTaTaMH HC-
NBITAaHUH, B KOTOPBIX OCYILECTBISUIOCH CKa4KOOOpa3HOe
HU3MEHEHUE CKOPOCTH JedopManuy HENmoCpeaCcTBEHHO
IIPH COKaTUH.

[IpenBapuTenbHas BBICOKOCKOPOCTHASI yIapHO—BOJI-
HOBass jaedopmarust »kene3a B 00JaCTH MPOTEKAHHS
HOJIUMOP(HOTO O—€¢ TpEeBpaIlleHNs] TPUBOIUT K CYIECT-
BEHHOMY M3MCHCHHUIO 3aBHCHUMOCTECH HANpPSKEHHS OT

ypoBHs nedopmanmn. CymecTBEeHHO U3MEHSIETCS] HaKJIOH
9THX 3aBUCUMOCTEH. BennynHa OTHOCHTENBHOrO IOBBI-
LIEHHUs] HANpPSKEHUH COOTBETCTBYET BEIMYMHE W3MCEHE-
HUSI MUKPOTBEPIOCTH MATEpUaloB IPU IPOTEKAHUH
B HHUX mpeBpauieHusa. Ha momydeHHBIX quarpammax jae-
(OpMHUPOBaHUS OTMEYEHO TIOSIBIICHHE «3y0a TEKY4YECTH».
BocnpousBogumMbie  SKCHEPUMEHTAIBHBIE  PE3YJIBTaThI
ObUTH NoJTy4eHs! HezaBrcuMo B Poccun u CILA.

OtMmeuennble 3QQEKTh CBS3aHBI ¢ KaueCTBEHHBIMHU
U KOJWYECTBEHHBIMH H3MEHEHMSMH MHKPOCTPYKTYPbI
MaTepHaJIOB TIOCIIC B3PBIBHOTO HarpyxkeHus. Takum 00-
pa3om, MOJydYeHHBIE B PE3yIbTaTe KOMIUIEKCHBIX HCCIe-
JIOBaHWH, JaHHBIE II0 W3MEHEHHIO MAaKpPOCKONHYECKHX
CBOMWCTB, NPY KBa3UCTATUYECKUX U IUHAMUUECKHUX HCIIBI-
TaHMAX, U3MEPCHUIO TBEPAOCTH COXPAHEHHBIX 00pa3loB
KeJie3a U MHUKPOCTPYKTYPHBIX M3MEHEHUi, HaloT HeoO-
XOJMMYI0 OCHOBY JUISI IPOBEPKU U COBEPIIEHCTBOBAHUS
(u3ueCcKn—000CHOBAaHHBIX MOJIEJel IMOBEACHHsS Mare-
pHAaJIOB B BOJIHAX HaNpPsDKEHUI.

THE INFLUENCE OF TEMPERATURE, STRAIN
RATE HISTORY AND SHOCK PRELOADING
IN THE REGION OF o-¢ — PHASE TRANSITION
ON THE MECHANICAL BEHAVIOR
OF ARMCO-IRON

A.M. BRAGOV, A K. LOMUNOV, 1.V. SERGEICHEV

Research Institute of Mechanics, State University of Nizhny
Novgorod (RIM—NNSU), Nizhny Novgorod, Russia

S.A. BRICHIKOV, E.A. KozLOV, A.V. PETROVTSEV

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

G.T. GrRAY III

Los Alamos National Laboratory (LANL),
Los Alamos, New Mexico, USA

Explosive shock—wave recovery experiments have
been conducted on Armco-iron. New data on the
dynamic properties of Armco—iron both in its as—received
annealed condition and following shock—wave prestrai-
ning above the a—¢ transition were obtained.

It is shown that shock—wave prestraining of iron in the
o—phase results in approximately the same evolution in
the constitutive of Fe as that observed following
quasistatic deformation to an equivalent plastic strain.
This observation demonstrates a weak sensitivity of iron
to strain—rate loading history. This fact was further

Properties of Matter at High—Intensive Processes
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confirmed using results of compressive strain—rate jump
SHPB tests.

Shock—wave prestraining of iron above the o—¢ phase
transition is seen to result in significant changes in the
stress—strain response of iron. In addition the post—shock
prestrain strain—hardening behavior is seen to change
significantly. The relative increase in the flow stress is
seen to correspond to hardness evolution in accordance
with the a—e phase transition in iron. A substantial yield
drop was observed on as—received deformation curves.
Reproducible experimental results were independently
obtained in Russia and the USA.

The observed shock hardening effects in Fe reflect
qualitative and quantitative microstructure evolution
changes in iron after explosive loading. The data obtained
from quasi—static and SHPB tests, hardness measure-
ments of iron specimens, and microstructure evolution
after shock—wave prestraining experiments provide a criti-
cal foundation for the validation of physical-based predic-
tive models of the constitutive behavior of materials.

v

OCOBEHHOCTH NPOTEKAHUA
XUMHUYECKUX PEAKIIUI
B INJIMHAPUYECKUX AMITYJIAX
COXPAHEHUA

C.C. BALIAHOB, HO.A. I'OP/10OITIOJIOB

HHuCTUTYT CTPYyKTYpHOU MaKpOKUHETUKU
u npobiiem Marepuanosenenus PAH, Poccust

C.H. bYPABOBA, C.M. 'ABPUJIKUH

Bcecoro3Hblit HayqHO—HCCIIeI0BaTEbCKII HHCTUTYT (DPM3UKO—
TEXHUYECKHUX U paJHOMETPHYECKUX n3MepeHui, Poccus

OKcrepuMeHTaIbHOE H3yYeHue (a30BOro MmpeBparie-
HUA OKCHJa CBHUHIIA, PA3JIMYHBIC MOIll/I(i)I/IKaLIl/II/I KOTOpOI'o
HUMEIOT Pa3HYI0 OKpacKy, IO3BOJMIA OOHAPYXUTh B aM-
IyJax COXpaHEHHs TPU XapakTepHble obsactd. BOmusu
CTEHKH HMMEET MECTO IIOJIHOE IIPEBpAICHUE HCXOJHOM
pomOo3prueckoii MomudUKaMM B TETPAaroHAIBHYIO.
B nenrtpanbHON 30HEe MCXOIHBIM OKCHJ CBHHIA IPHUCYT-
CTBYET TOJBKO B BHJE BKparuieHui. O01acTh ¢ HOBBIMH
(da3zamMu pa3ieneHsl MIHPOKOH MPOCIOWKONH HCXOTHOM
¢a3zpl. ['pannna mexay dazamu 4é€Tkasi, BOTHOOOpa3Has,
YTO CBHJCTENBCTBYET O IEPHOJUYECKH IPOTEKAIOLIUX
Iporeccax.

Pacuer MeTOIOM XapaKTEpHCTHK C HCIOJIb30BaHUEM
Majioro mapamerpa IoKasall, YTO BOJIM3U OCH BO3HHKAeT

00yacTb BBICOKOTO JaBiieHHs, B 7—I10 pa3 mpesblmaro-
mas HadaiabHOe. Pasrpys3ka STOH OOJIACTH COIIPOBOXK-
JIaeTCsl TIOSABJICHUEM IIONIEPEYHBIX YAAPHBIX BOJIH. Bokpyr
LEHTPaIbHON 30HBI OpMHUpYETCsi OapbepHBIi CII0i, KO-
TOPBIA NPENATCTBYET NPOABMKEHHUIO KOCBIX BOJIH K LIEH-
Tpy. BelectBo, BOBIE€YEHHOE MNOMEPEYHBIMH BOJIHAMH,
nepeMeIaeTcs OT LIEHTpa K CTeHKaM aMiryiisl. OmHako
YBEJIMYEHUE MOBEPXHOCTH (POHTA NMPHUBOIUT K 3aTyXa-
HUIO BOJHBI, U HA HEKOTOPOM PACCTOSHUM KOCBIE BOJHBI
MOJIy4aroT BO3MOXKHOCTb MMOBEPHYTHCS K LIEHTPY.

Pasrpy3ka oceBoil 30HBI BHICOKOT'O JaBIEHHUS NPOUC-
XOIUT CYIIECTBEHHO OBICTpee, YeM B ciydae IUIOCKON
cumMmerpun. HyneBoe naBineHue nocturaercs B Naaaro-
nieil BojHe pasrpy3ku. Huskoe naBiieHME W BO3HHUKAIO-
masi B LIEHTPE IIOJIOCTh 3acTaBiIsIlOT 4acTh BELIECTBA,
JIBUTAIONIETOCS 3a MOINEePEYHON BOJIHOM, U3MEHUTH CBOE
HaIIpaBJICHUE U YCTPEMUTHCS K LIEHTpY. bapbepHblii ciioi
CO3/1aeT HOBYIO 30HY BBICOKOTO JaBieHus. JlaBieHue
B Hell HIvke HadaybHOTO Ha 10—15 %.

Takum o00pa3oMm, ra3oAMHaAMHUYECKHE OCOOCHHOCTH
TCUCHHUA B HWIMHAPUYCCKUX aMIyjiaX COXpaHCHUA
OOBSCHSIOT 00pa30BaHUs TPEX XapaKTepHBIX 00acTew.
LlenTpanbHast oceBasi 30Ha XapakTepu3yercsi HambOolee
CWJIBHBIM II€PENafoM JaBJICHUS OT BBICOKUX 0 OTpHLA-
TEJbHBIX, CONPOBOKIAEMBIX pa3pyLIEHUEM MaTepuaia
u 0o0pa3oBaHHWEM KaHAJIbHOH TMPOJOIBEHOW TPEIIUHBL
Criermudraeckod OCOOCHHOCTBIO 3TOW 30HBI SIBIISACTCS
IyJIbCalKs B IIPOJIOJIBHOM HarpasieHuH. [Ipumbikaromas
K 30HE BBICOKOTO JABICHHA 00JACTh XapaKTePU3yeTCs
[IOIEpEeYHON Mysbcanueld. Marepuai 34ech NOIBEPKEH
10 KpaliHEd Mepe JBYKPATHBIM JMHAMUYECKUM Harpys-
kaMm. [lepudepuiinple CI0M, MPUICTAOIINE K CTEHKAM
aMITyJibl, UCHIBITBIBAIOT ﬂeﬁCTBMe TOJIBKO KOCBIX yAapHbIX

BOJIH.
v

MEXAHUW3M PA3PYIIEHUS ITPEI'PA/IbI
IPU KABUTAIIMOHHBIX BO3JEVCTBUAX

C.H. BYPABOBA

HHCTUTYT CTPYKTYpHOM MaKpOKHMHETUKU
u npobiaem mMatepuanoseaenus PAH, Poccust

[IpenioxkeHHbIH OTKONBHBIA MEXaHU3M 0a3upyercsi Ha
aHaIM3e XapakTepa MOBPEXIAEMOCTH NMPU IUHAMHYECKUX
Harpy3kax B IIMPOKOM JHala30He aMIUTUTY]] BO3AEHCTBUA
[1]. OxcnepumeHTaNBEHOE U3y4YEHHE Pa3pyLIeHHs NOA Jei-
CTBHEM CXJIONBIBAHMS IIy3bIPHKOB [2] OOHapykuBaeT Ha
TIOBEPXHOCTH KpaTephl ¢ TIIyOOKHMU PAaKOBHHAMH B IICHT-
pe, OT KOTOPBIX BIIyOb PaclpOCTPAHSIOTCS IPOAOJIBHBIC

Section 5
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MHUKpPOTPELIMHBI. YBEJINYEHUE YMCIIA IIUKIOB HPUBOAUT
K BO3HHKHOBEHHIO KPYITHBIX BBIOOMH, YHOC Marepuana
IIPY 3TOM IPOUCXOJUT BCIEACTBHE Pa3PyLICHUS KPOMOK
TaKMX S3BEHHBIX oOpasoBanuid [3]. Hu oauu u3 ussecrt-
HBIX MEXaHNU3MOB HE CIIOCOOEH OOBSCHUTH COBOKYITHOCTb
SKCIEPUMEHTANIbHBIX TaHHBIX.

B nanHoli paboTe KaBUTALMOHHAS HMOBPEXIAEMOCTD
paccMaTpUBaeTCsl Kak pe3yiabTaT MEepHOAMYECKOrO BO3-
JNEeUCTBHSA C(EPUUECKUX BOJH, MIYIINX U3 30HBI CXJIO-
MIBIBAaHMS KaBUTAIIMOHHBIX My3bIPHKOB. /laBleHne B TAKUX
BOJIHaX olleHMBaeTcs B mpeaenax 50—1000 MIla [2].
[Ipu coynapennn chepudeckoil BOIHBI ¢ TOBEPXHOCTHIO
B IIperpaje BO3HUKAET yJapHas BojHA. LleHTpupoBaHHas
BOJIHA Pa3TPy3KH HOSBIISETCS, KOTZIa CKOPOCTh T'PAHUIIBI
KOHTaKTHOM IMOBEPXHOCTH CTaHOBHTCSI HID)KE CKOPOCTH
3ByKa B MeTaJuIMueckoi nperpane. @okycupoBka co3na-
€T KaHaJbHYIO OOJIACTb pACTATMBAIOIINX HANPSIKEHHH
B IPOJOJEHOM HampaBieHuu. Ecnu ympyro-ruactuue-
CKUIl THCTepe3uC MaTepuana U OTKOJbHas MPOYHOCTh
W3BECTHBI, TO MOXKHO OLEHUTh KPUTUYECKOE UUCIIO LIUK-
JIOB, HEOOXOAMMBIX ISl paspylleHust Mmarepuana [3].
OO0pa3oBaHne KaHANBHOW TPEIIMHBI MEHSET XapakTep
MIOCIIEAYIOIIETO HarPYXKEHHs, T. K. TPEIIMHA caMa CTaHO-
BUTCS MICTOYHUKOM BOJIH pa3pekeHus. B pesynprare uH-
TephepeHIIN BOIH PasTPy30K BOKPYI KaHaIbHOW Tpe-
LIMHBl TEHEPUPYETCs] CHa4yajla OJHA, a IOTOM CHCTEMa
KOJIBIIEBBIX TpemmuH. PaspymieHne marepuana U3 30HbI
MHOXECTBEHHOT'O ITPOAOJIBHOTO OTKOJIA ABJSAETCA NMPUYU-
HOM 00pa3oBaHHE PaKOBMH B KpaTepax, BO3HUKAIOIINX
[0/l KOHTAKTHOW IIOBEPXHOCTbIO. Dusuueckas MOJECIb
OTKOJIBHOM KaBUTALIMOHHOW MOBPEXAAEMOCTH MpPErpaabl
CrIocoOHa OOBSCHUTH COBOKYHNHOCTh H3BECTHBIX JKCIIE-
PUMEHTAIBHBIX (PaKTOB.
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BJUSIHUE COEPUYECKHX YIAPHBIX BOJIH
HA KPUCTAJUIMYECKYIO CTPYKTYPY,
®A30BEIIl COCTAB 1 JE®EKTHOCTh
OKCHJOB MEJU U MAPTAHIIA
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Bceepoccuiickuit HUM texHuueckoit Gpusuku
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B.A. T'mxEBCKuiA, B.JI. APbY30B, C.B. HAYMOB,
A.IlL. IpyxKoB, B.1. BoroHMH, B.P. 'AJIAXOB,
H.B. KoctpoMuTHH, K.B. IIIAJIbHOB

WuctutyT Pusukn meramios YpO PAH,
ExarepunOypr Poccus

B.J1. )KYPABJIEB

WuctutyTt xumuu tBeproro tena YpO PAH,
Exatepun6ypr, Poccus

WnteHcuBHBIE chepuyeckn cxomsmuecs [1] mm pac-
xozsmuecst [2] ymapHbBIe BOJHBI CIIOCOOHBI CO3/1aBaTh
B IIOPOIIKOBBIX Marepuagax HeoOXOAUMYI MHKpPO—
U HaHOCTPYKTYPY, NPUBOJUTh K CTPYKTYpHBIM U (a3o-
BBIM IIEPEX0AAM MaTepHrayia BHyTPU 3€peH, TEHEPUPOBATh
pasimmuHoro poxa aedektel. HaydHbId W mpakTHYecKui
MHTEPEC MPEICTAaBISIIOT chepuuecKre B3phIBHBIE IepMe-
TUYHBIC CHCTEMBI COXPAaHEHHMs, ITOCKOJIBKY OHH IaioT
BO3MOXXHOCTD I10JIy4aTh BBICOKOIIJIOTHBIC KOMITIAKTHI ITPU
MIOJTHOM COXPaHEHHH O00pa3loB, HCKIIIOYATh BHEIIHHE
3arpsA3HEHUs] CHUHTE3UPYEMBIX KEpaMUK U IPOBOIUTH
9KCIIEPUMEHTHI C pealn3alyell B CIOsX BAOJb paauyca
LIMPOKOT0 AMAana3oHa IapaMeTpoB Harpyxenus [1—3].
C nenbro nzydeHUs 3(h(HEeKToB BO3NCHCTBUS CPEepHUECKU
CXOOAMUXCA YyAapHbIX BOJIH Ha OKCHJAHBIC MaTEpHalibl
MIPOBEJCHA CEpUsl SKCIEPHMEHTOB M0 YIapHO—BOIHOBO-

My HarpyxeHuto CuO, Mn3O4, LaMnO3z u Lag 7Cag 3

MnO3. B akcniepuMeHTax UCIOIb30BATUCH ChepuiecKue
repMOUeXJIbl C BHYTPeHHUM anamerpoM 49 mm. V3mene-
HHUE BUA BB, €T0 TOJIIHWHBI U HAIlpaBJICHUS WHULIHUHUPO-
BaHUS (Hapy>XHOE, BHYTPCHHEE, BCTPEYHOE) ITO3BOJISIIO
BapbUpPOBATh ITApaMETPhl HArPpY)KEHUS B IIIMPOKOM [Ha-
nma3zoHe. McxomHble 00pa3mbl MPeCcTaBisuTd co00 mIaphl
n3 okcuaa ¢ maotHocTero 70—80 % oT TeopeTnuecku
BO3MOXHOU ¥ 3epHOM 3—30 MrM. OOxkarbie 00Opa3Ilbl
HCCIIEOBAINCh METO/IaMH PEHTIEHOBCKOM JIn(paKTo-
METPHUM, CKAHUPYIOLIEH TYHHEJIBHOM U 3JIEKTPOHHOU
MHUKpPOCKOIIMU. B psije ciiyyaeB HCIOJIB30BAINCh HEW-
TpoHOTrpadudeckne mMepeHus. JedekTHOCTh 00pa3IoB
n3yyajach TaKkKe C MOMOIIbI0 PEHTI€HOBCKON (hOTO3IIEK-
TpoHHOU crekTpockomnu (POC) m meromom yrioBoi
KOoppeJsIU aHHUTUWIAOUOHHOTO U3JIYyYCHUS MMO3UTPOHOB
(YKAN).
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B nogasnsromeM OONBIIMHCTBE CIIy4aeB MPOHU3OILIO
YIUIOTHEHHE Marepuana ¥ o0pa3oBaHHE MEIKOAMCIIEPC-
HOM MMKpPO— WJIM HaHOCTPYKTyphl. IlomyueHHsle crioco-
O6amu [1—2] marepmanbl ciemyeT paccMaTpUBaTh Kak
IUIOTHYI0 HaHOKepamuKy [3]. V3MeHeHHMe cocTaBa wHC-
XO/IHOTO COEAMHEHHUs] B CJOSIX Ha INIyOOKOM pajauyce

npousonuio npu HarpyxeHun CuO u Lag7Cap3MnO3
no criocoOy [1]. B ciiyuae CuO o6uapyxena ¢aza Cu,O

B NIyOOKuX ciosix obxaroro mapa. Lag7Cag3MnOj
MIPENCTaBIsIeT COOOW TBEpABI pacTBOpP, KOTOPHIA dHac-
THUYHO pacrajcs Mo BceMy 00BbEMy IIapa C BBIACICHHEM

CaO. B toxe Bpemst uncTeiii Manraaut LaMnO3 coxpa-
HWJI CBOM HOMHUHAJIBHBIA COCTaB, HO MpETEpHEN CTPYK-
TYpPHBIN TIepeXo 13 poMOO3IPUIECKOH pemeTku B KyOu-

yeckyo. Mn3O4 noaBeprazics 6omnee caaObM BO3IEHCT-
BUSIM M COXPAaHWI CBOW COCTaB M TETPArOHAJIBHYIO
CTPYKTYpPY C HECKOJBbKO HM3MEHEHHBIMH IapaMeTpaMHu.
Hekoropoe u3MeHeHue napamMeTpoB MOHOKIMHHOW pe-
metkn oTMedeHo U st CuO. VIHTeHCHBHBIC BOJHBI Ha-
TIPsDKEHUHA TIPUBOJAT K BO3HUKHOBEHHUIO BBICOKOW KOH-
[EHTPAINY TOUYCYHBIX Ne(HEeKTOB. XapakTep Ne(EeKTHOCTH
ucciefoBaics Ha npumepe okcupa menu CuO, Harpy-
KEHHOM 110 criocody [1]. Metogom YKAM nokazano, 4to
nedekTHOCTh HaHokepamuku CuQ ompenensercss BbICO-
KOM KOHUEHTpalMell KHCIOPOJHBIX BaKaHCHM, cocpeno-
TOYEHHBIX HA IPAaHULAX KPUCTAIUIMTOB [4]. OTu pesyns-
TaThl coraacyrorcs ¢ faHHbiMu POC, cornacHo KOTOpsIM
HaHokepamuka CuO colepKUT BBICOKYIO KOHIETPAIHIO

+ o
noroB Cu [5]. HefitpoHOTpaduueckue wccieqoBaHUSL

Mn30O4 Taxke CBHIETENBCTBYIOT O BBICOKOH JedeKTHO-
CTH MO KHCIOPOJHOHM TNOJPEMICTKH U YBEJINYEHHH KOH-

LIEHTPaUUd MOHOB Mn~ € NOHM>XEHHOM BaJIECHTHOCTBIO.

Takue xe TeHAeHIMH oTMedaroTcs U s LaMnOj3. Xa-
pakTepHas JePEKTHOCTh HAHOKPUCTAJUIMYCCKUX OKCH-
IIOB, TIOJIY9E€HHBIX METOJAMH YIapHO—BOJIHOBOTO HArpy-
KCHUS, OMpeeNsieT M3MEHCHHE WX ONTHYECKUX, DIIEK-
TPOHHBIX W MarHUTHBIX CBOWCTB, YTO OTKPBIBAET BO3-
MOYHOCTH UX (DYHKI[HOHAJIBHOTO IPUMEHEHHUSI.

Takum o0Opa3zom, Bo3aeicTBHe cepudecKkuMu yiap-
HbBIMU BOJIHAMH Ha OKCHUABI MOXKET CJIYXUTb HE TOJIBKO
JUTST KOMITAKTHPOBAHUS MaTePUAJIOB, HO U JJIs IeJicHa-
MIPABJICHHOTO M3MCHEHUS UX NE(PEKTHOCTH C LEIbI MO-
IUGUKAIMA WX (PU3HKO—XUMHYECKUX CBOWCTB U CO37a-
HUS HOBBIX (DYHKIIMOHAIEHBIX MAaTEPUAIIOB.

Pabora mognepxxana PODU, rpanter 01-02-96403,
02-02-16429, u Otnenenuem obmeit pu3ukm U acTpo-
Homuu PAH, mpoekt «OnTrdeckne u MarHUTOTPACTIOPT-
HBIC SIBIICHVSI B MaHTaHUTAX C KOJOCCAJIBHBIM MarHHUTO-
COTIPOTUBIICHUEM).
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EFFECT OF SPHERICAL SHOCK WAVES
ON CRYSTAL STRUCTURE, PHASE
COMPOSITION AND DEFECTIVENESS
OF COPPER AND MANGANESE OXIDES

E.A. KozLov

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

B.A. GIZHEVSKY, V.L. ARBUZOV, S.V. NAUMOV,
A.P. DRUZHKOV, V.I. VORONIN, V.P. GALAKHOV,
N.V. KOSTROMITINA, K.V. SHALNOV

Institute of Metal Physics, Ural Branch of RAS,
Ekatherinburg, Russia

V.D. ZHURAVLEV

Institute of Solid State Chemistry, Ural Branch of RAS,
Yekaterinburg, Russia

Intensive spherically converging [1] or diverging [2]
shock waves can create the required micro—, and nanos-
tructure in powder materials, cause structural and phase
transitions of a material inside grains, generate various de-
fects. Spherical hermetically—sealed recovery systems are of
scientific and practical interest, since they allow to obtain the
high—density compacts of large scale, to eliminate of exter-
nal pollution in ceramics, as well as to realize a wide range
of loading parameters in layers along the radius [1—3].
A series of recovery experiments with shock—wave loading

of CuO, Mn304, LaMnO3 and Lag 7Cag 3 MnO3 was carried
out to study how spherically—converging shock—waves
effect oxide materials. Spheri-cal hermetically sealed
shells with 49—mm internal diameter was used in these
experiments. Changes in the kind of HE, its thickness and
initiation direction (external, internal, oncoming) allowed
wide-range variation of load parameters. Initial samples
were oxide spheres with 70—80 % density of theoreti-
cally possible and 3—30 pum grain. The X-ray diffracto
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metry, scanning electron and tunnel microscopies were
used to study compressed and recovered samples. The
neutron diffraction analysis was used in some cases. De-
fectiveness of samples was also studied with the help of
the X-ray photoelectron spectroscopy (XRPES) and the
method of angular correlation of the positron annihilation
radiation (ACPAR).

In the majority of cases, a material was compacted
and the fine—dispersed micro—, and nanostructures were
formed. Materials obtained by methods [1, 2] are to be
considered as a dense nanoceramics [3]. Composition of
the initial compound in layers with a deep radius changed

when CuO and Lag 7Cag 3 MnO; were loaded by method

[1]. In the case with CuO, the CuyO phase was detected
in deep layers of the compressed and recovered sphere.

Lag 7Cap 3MnO3 is a solid solution, which partially de-
composed over the entire sphere with the precipitation of
CaO. At the same time, pure manganite LaMnO; pre-
served its nominal composition, but its lattice changed

from a rhombohedral to a cubic one. Mn3Oy4 suffered
weaker impacts and preserved its composition, as well as
the tetragonal structure with slightly changed parameters.
Certain changes in parameters of the monoclinic lattice
are noted for CuO also. Intensive stress waves cause high
concentration of point defects. Defectiveness character
was studied in copper oxide, CuO, loaded by method [1].
The method of angular correlation of the positron anni-
hilation radiation demonstrated that defectiveness of CuO
nanoceramics is conditioned by high concentration of
oxygen vacancies at the crystallites boundaries [4]. These
results agree with the data of the X-ray photoelectron
spectroscopy. These data indicate that CuO — nano-

. . . . +
ceramics has high concentration of ions Cu [5]. Neutron
diffraction analysis of Mn;0, also shows high defective-
ness over the oxygen sublattice and increased concentra-

. . ¥ . o
tion of ions Mn~ having smaller valency. Similar ten-

dencies are also noted for LaMnQj3. Characteristic defec-
tiveness of nanocrystal oxides, synthesized by the shock—
wave loading method, conditions their optical, electronic,
and magnetic properties. This opens possibilities for their
functional application.

So, the action of spherical shock waves on oxides can
be used both for compaction of materials, and for changes
in their defectiveness in order to modify their physical
and chemical properties and to create new functional
materials.

This work is supported by RFBR, grants 01-02—
96403, 02-02-16429, and General Physics and
Astronomy Division of RAS, Project «Optical and
Magnetotransport Phenomena in Manganites with Huge
Magnetoresistance».

References

1. RF Patent #2124716 of December 24,
E.A. Kozlov, E.V. Abakshin, V.I. Tarzhanov.

2. Patent # 2192333 of January 17, 2000 / E.A. Kozlov,
V.1. Andryushin.

1997 /

3. E.A. Kozlov, B.A. Gizhevsky, V.P. Galakhov, et. al.
Abstracts of «VI Zababakhin Scientific Talks», Sep-
tember 2001. — Snezhinsk. — P. 156—157.

4. Druzhkov A.P., Gizhevskii B.A., Arbuzov V.L., Ko-
zlov E.A., Shalnov K.V., Naumov S.V. and Perminov
D.A./J.Phys.: Condens.Matter. — 2002. — V. 14, —
P. 7981—7990.

5. Gizhevsky B.A., Galakhov V.P., Z atsepin D.A.,
Elokhina L.V., Belykh T.A., Kozlov E.A., Naumov
S.V., Arbuzov V.L., Shalnov K.V. and Neumann M.,
Russ. / J. Physics of Solid State. — 2002. — V. 44, —
P. 1318—1325.

v

BBICOKOCKOPOCTHASA JE®OPMALIUA
MOHOKPHUCTAJIJIA ME/IM ITPU HATPY ) KEHUHN
COEPNYECKHU CXOIAIINMUCA
YJIAPHBIMU BOJTHAMHA

A.B. JIospOMBICTIOB, H.W. TATYIT, K.A. IIIETKOB

WnctutyT pusukn meramnos YpO PAH,
Exatepun6ypr, Poccus

E.A. KO3j10B

Poccuiickuii ¢penepanbHbIi IICPHBIN HEHTP —
Bceepoccuiickuit HUU texnuueckort Gpusuku
uM. akan. E.W. 3a6abaxuna, CHexunck, Poccus

10.1 UyMJISIKOB

Cubupckuii PU3NKO—TEXHUIECKUI HHCTUTYT, ToMCK, Poccust

B nomnonnenue k [1] npoBeneHO M3ydeHUE BBHICOKOCKO-
POCTHOM MacTHdeckoi AedopMarii MOHOKPUCTAIIA MEAN
JameTpoM 34 MM, TTOJBEPrHYTOrO BO3JEHCTBUIO ceprye-
CKH CXOMSIIMMHUCS YIApHBIMM BOJHAMH. lcciemoBaHue
NPOBOAMIIM METO/IAMH  PEHTTEHOCTPYKTYPHOIO —aHAIIN3a,
ONTHYECKON MeTayuIorpadun, MPOCBEUMBAIOIICH JIEKTPOH-
HOM MHKPOCKOIIMM ¥ M3MEPEHHEM MHUKPOTBEpPIOCTH
BJIOJIb PAANyca B Pa3sHBIX KPUCTAJUIOTpaUIEcKUX Har-
paBiieHUSX.

OO6pa3zer mocie HarpyXeHusi uMeeTr (GpopMy TOJICTO-
CTeHHOHN cepruueckoll 00O0JIOYKH C HECKOJBbKO YBENH-
YeHHBIM TI0 CPaBHEHHIO C HMCXOIHBIM HApY)KHBIM IHa-
MmetpoM (35,9 Mm). MoHOKpHUCTalIBHOE CTPOCHUE COXpa-
HSETCSI TOJBKO B TPUIIOBEPXHOCTHBIX CIIOSX, a BOIU3U
MOJIOCTH 00paser] MPUOOpPETaeT MOJUKPUCTAIINICCKOE
crpoenue. [Inactuueckas nedopManus Mpu HCTIOIB3YeMOM
crocobe Harpy>KeHHH OCYILECTBIISIETCS ITyTEM KpUCTaILIO-
rpadudeckoro U HEKPUCTAIIOrPaHUECKOTO CKOJBKEHUS,
NPUYEM HEKPHCTAILIOrPAUUeCcKOe CKOJIBKEHUE SIBIISIETCSI
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NIPEUMYILECTBEHHBIM criocoboM aedopmanmn. Kpucran-
sorpa)uIeckoe CKOJIBKCHHE HaOIromaeTcs BOJIM3KM Ha-
npasieHuit <100> 1 npoucxoaur 1o miaockocTsiM {111}.
BOmm3u mampaBnernit <110> mpHCYTCTBYIOT —CII€ABI
TOJILKO HEKpHCTAJUIOrpaduecKoro cKojbkeHus. B cpex-
HUX 1 TIyOOKHMX CHIOSIX IIapa CleAbl HEKPUCTAIIO-
rpadu4ecKoro CKOJBKEHUS! HaOIIONAIOTCs HE3aBHCHMO
OT KpHCTAJUIOTPa)MuecKOTO0 HAMPABJICHHUS HCXOJHOTO
MOHOKpHCTaJUIA. XapaKTepPHOW OCOOEHHOCTBIO CTPYKTY-
PBI SIBIISIETCS] OTCYTCTBHE 1e()OPMAIOHHBIX ABOMHUKOB.

Habmrogaemsrii xapaktep nedopManny HEOOBIYEH s
I'IK metamoB U, BeposTHEE BCETO, CBSI3aH CO CIe(pu-
KOM MCIOJIB30BAHHOTO METOZAa HAarpy>KeHHs, MPH KOTO-
pom nedopmanust MaTepuana IPOUCXOIUT B CTECHEHHBIX
YCIIOBUSIX.

PaGoTa BbINOIHEHA 1O MPOEKTY, OCYIIECTBISIEMOMY
B paMKax KoMIUlekcHOH mporpammsl Ilpesnanyma PAH
Ha 2003 r. «Temnodusnka U MexXxaHHMKAa HHTCHCUBHBIX
SHEPreTUYECKUX BO3JIEHCTBUI.
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HIGH-RATE DEFORMATION OF CU SINGLE
CRYSTAL UNDER LOADING BY SPHERICAL
CONVERGING SHOCK WAVES

A.V. DOBROMYSLOV, N.I. TALUTS, K.A. SCHETKOV

Institute of Metal Physics, Ural Division
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E.A. KozLov
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YU.l. CHUMLYAKOV
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In addition to [1], we studied high-rate plastic
deformation of Cu single crystal of 34 mm in diameter
loaded by spherical converging shock waves. X-ray
diffraction, optical metallography, transmission electron
microscopy, and hardness measurements along radii in

different crystallographic directions were used in this
investigation.

The specimen, which was saved unbroken after the
shock loading, has the shape of a thick—wall spherical
shell with an outer diameter somewhat increased
compared to that of the initial unloaded ball (35,9 mm). It
was established that single crystal structure is retained
only in the layers near the surface of the specimen, and
the specimen has polycrystal structure near the inner cav-
ity. High-rate plastic deformation occurs by crystallo-
graphic and non—crystallographic slip, non crystallograp-
hic slip being the primary mode of deformation.
Crystallographic slip is observed near <100> directions
and the {111} planes are the active slip planes. Near
<110> directions there are traces of non—crystallographic
slip only. In middle and deep layers, the traces of
non—crystallographic slip are observed indepen—dently of
crystallographic direction. Absence of deformation twins
is characteristic feature of the structure.

Observed character of deformation is unusual for FCC
metals, and it is connected probable with specific of used
mode of shock loading at which deformation of material
occurs in straitened conditions.

Work has been done on the project fulfilled in the
framework of the complex Program of Presidium RAS
(2003) «Heating physics and mechanics of intensive
energy influences».

References

1. Dobromyslov A.V., Kozlov E.A., Gorshkov M.M.,
Taluts N.I., Dolgikh G.V. Features of plastic
deformation of a niobium single crystal under
conditions of of loading by spherically convergent
shock waves // Abst. Int. Conf. VI Zababakhin Scien-
tific Talks. — Snezhinsk, Russia, 2001. —
P. 166—167.

v

3HEKTPOCTATHHECKHﬁ INOTEHIUAJI
®A30BOU 'PAHUIIBI
B KYJIOHOBCKHNX CUCTEMAX

N.JI. UOCUJIEBCKHIA, A. UNTBUHIIEB

MockoBckHil HU3MKO—TEXHUYECKUI HHCTUTYT
(Toc. YuuBepcurter), lonronpyaueiii, Poccus

OTIMYMTENHHOM 4YepTOl  JI000H  HEOIHOPOMHOCTH,
BKJIIOYast MeXK(a3Hble TPaHUIIBL, B TEPMOJMHAMHIECKU PaB-
HOBECHOH KYJIOHOBCKOM CHCTEME SIBJISIETCS CYLLIECTBOBAHUE
CTallMOHAPHON pa3HOCTH («CKaukKa») 3JIEKTPOCTaTHYe-
CKOTO TOTEHIMana Ha 3TOM HEOZHOPOAHOCTH. JTOT
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CKa4OK TOTCHIHAJA SBISETCS YHCTO TEPMOAMHAMHYE-
CKOM BEJIMYMHOM, ompenesnsieMOd paBHOBECHBIMU CBOM-
CTBaMH B TJIyOuHe cocyiiecTByromux ¢a3. OH 3aBHCHUT
OT TEPMOJMHAMHUYECKUX IapaMEeTPOB M HE 3aBUCHT OT
CBOMCTB MeK(pa3HOW MOBEPXHOCTH. BeauunHa IMOTEH-
nuana (a3zoBoi rpanupl B npeaene 7 = 0 (Booss ¢aso-
BOH TpaHUIIBI) SIBISICTCS WHAWBHIYATBHOW TEPMO—3IIEK-
TpopU3NYeCKOW XapaKTepHUCTHUKONH BELIECTBa, MOIOJI-
HSIOUICH W3BECTHBIN HA00p TEPMOXMMHUYECKUX KOHCTAHT
BCHICCTBA, TAKUX KaK JHCPIrud cy6n1/1Mauyu/1, IoTeHuualna
WOHM3aMU W Ap. MexdasHas pa3sHOCTh NOTCHIHANIA
CTPEMUTCS K HYJIIO B KDUTHYECKON TOYKE Mepexojia ra3—
KHUIKOCTh. XapakTep ATOr0 CTPEMIJICHHS ONHCHIBACTCS
OTJCIBHBIM KPUTHYCCKHM HHICKCOM. OO0CYyXKIaeMblit
ckavyok noteHuuana, A (7) orimdeH oT paboThl BEIXO1a
3apsDKEHHOW 4acTHLbl (MOHA, JJIEKTPOHA U Jp.) M3 KOH-
neHcupoBaHHON (azbl. OH XapaKTepu3yeT CTENeHb He-
CUMMETPHUYHOCTH B CBOMCTBaxX 3apsSKEHHBIX KOMITOHCHT
B KaXI0i M3 cocymecTByomux (a3. Bennmannaa moteH-
mmana A@ (7) TOXXKIECTBEHHO paBHA HYJIIO B 3apsOBO—
CUMMETPUYHBIX CHCTEMaX, TaKUX KaK DJICKTPOH—
MO3UTpOHHAA I1Jla3Ma, T. H. <«IIPUMUTHUBHasA» MOACIb
AIEKTPOJINTA U Jp.

OcobeHHocTH TOBeeHUS MeX(]a3HOro ckadka I1o-
TeHIMaja 00CYKJaf0TCs ¥ WIUTIOCTPUPYIOTCS Ha IIpUMepe
(a30BBIX TIEPEXOJ0B B HACATH3HPOBAHHBIX MOJICIIIX
IUTa3MBl: KPUCTAJUIM3AIMA U TepeXofa Ta3—KHUIKOCTh
B OJHOKOMITOHeHTHOH Monenu mia3Mbl (OKII) Ha xect-
KOM H/WIH OJHOPOJIHO CXXHMAaeMOM KOMIIEHCHPYIOILEM
¢done [1, 2], momenu OuHapHOW HOHHOHM cMmecu (BIM)
u np. CymiecTBoBaHHE M CBOWMCTBAa MEX(a3HOTO CKadka
IMOoTCHIIMAJIa B KYJIOHOBCKHUX MOJCJISAX MOT'YT 6I)ITb HEIIO0-
Cp€ACTBCHHO MU3YUYCHBI B IPSIMOM YHCJIICHHOM MOJCIUPO-
BaHUHN (ba30130r0 PaBHOBECH B TAKUX CUCTEMAX B paMKax
MeToJ0B MoHTe—Kapio u MonekynsapHOi TUHAMUKH.

[ToBenenune mMexda3HOro ckayka MOTEHIMAIa 00CyX-
JAeTCs JUIS Psiia pealibHBIX KYJIOHOBCKHX CHUCTEM, TaKUX,
KaK TPaHMIla Ta3—KHUIKOCTh B METAIIaX, TPaHHIA HEKOH-
TPYHTHOTO HCHApeHHs] B MOHHO—MOJEKYJISPHOW BBICO-
KOTEMIIEPATYPHOH XMUMHUYECKU aKTUBHOH CUCTEME ypaH—
kucnopon [3] u mp.
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ELECTROSTATIC POTENTIAL OF PHASE
BOUNDARY IN COULOMB SYSTEMS

1. IOSILEVSKIY, A. CHIGVINTSEV

Moscow Institute of Physics and Technology
(State University), Dolgoprudny, Russia

Remarkable feature of any non—uniformity in equilib-
rium system of Coulomb particles is the existence of fi-
nite difference at the average electrostatic potential
through this non—uniformity. In particular it is true for
any inter—phase boundary in such system. This inter—
phase potential drop A (7) is a thermodynamic quantity.
It depends on temperature only and does not depend on
properties of inter—phase surface. The zero—temperature
limit of this potential drop (along the two—phase coexis-
tence curve) is individual thermo—electrophysical con-
stant for every substance. The potential drop tends to zero
at critical point of gas—liquid phase transition. Special
critical exponent can be introduced for description of this
near—critical behavior. The quantity of A¢ differs funda-
mentally from work function. The value of inter—phase
potential is a manifestation of non—symmetry in equilib-
rium properties of different charged species in coexisting
phases. It is identically equal to zero in totally symmetri-
cal systems like electron—positron plasma, primitive ionic
model of electrolyte solution etc. Properties of the inter—
phase potential drop are, first of all, discussed and illus-
trated on example of simplified Coulomb models:
Wigner crystallization and evaporation in one—component
plasma (OCP) with rigid and/or uniformly compressible
compensating backgrounds [1, 2]; Model of binary ionic
mixture (BIM) etc. All predicted properties of discussed
potential of phase boundary in Coulomb models could be
checked by direct numerical simulation of two—phase
coexistence within Monte—Carlo or Molecular Dynamics
techniques.

Electrostatic features of inter—phase boundary are dis-
cussed for phase transitions in some real Coulomb sys-
tems: gas—liquid interface in metals, non—congruent phase
coexistence in high—temperature uranium—oxygen system
[3] etc.
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K PACUETY BOJIbIINX JE®OPMALIUIT
MOPUCTBIX MATEPHAJIOB

C.H. KocoryKkoOB, I'.B. KOBAJIEHKO

Poccuiickuit GpenepanbHblil SOCPHBIA HEHTP —
Bceepoccuiickuit HUU TexHndeckor Gusuku
uM. akana. E.W. 3a6abaxuna, CHe:xuHCK, Poccust

Wmeercst uenblid psia MaTepuaioB, As KOTOPBIX HPH
OJTHOOCHOM C3KaTHUM 3aBUCUMOCTb INIOTHOCTH pP; OT JaB-

JieHHs p| OJu3Ka K TUIEPOOIMIECKON U MOXKET OBITh BbI-
pakeHa KaK

B
p=A-——,
P1—P1k
I
0 0
PL—P Yip —VY
p=C 1 10=C010 1’
Pl ~P1 VI ™Mk
3nech p?o — MakCUMaJlbHasl IUIOTHOCTb, MIPU KOTO-

POi CONPOTHBICHHE CKATUIO PABHO HYIIO; P — ILIOT-
HOCTh crutomHoro matepuana; Cig, Cpg — KOHCTaHTHI

Marepmana; vi, v|(, V{k — COOTBETCTBYIOIINE yICTbHBIC
00BEMEI.

Takast XapakTepUCTHKA CBONCTBEHHA B OCHOBHOM Ma-
TepHaiaM, WMEIOIINM TOpBL: MECOK, IebeHb, CTPYXKKA,

MOPOLIKU U T. II. 3a‘laCTyIO HaydajlbHasA IJIOTHOCTHb p?o

Ha MOPSAIOK — ITOJITOPa MEHBIIE INIOTHOCTH CILTONTHOTO
MaTepuana OKCHEPHUMEHTAIBHOE OINpeNeNeHUe 3aBHCH-
MocTd p(p) B CTaTUKE JIs CIUBHOW IMOJUITUIICHOBOMH

CTPY)KKH TIpH HAYalbHOM IUIOTHOCTH pP1g = 65Kr/M3
MOKa3aJI0 MPAKTUYECKHU MOJTHOE COBMAJCHUE C BBIICIIPU-
BeZIeHHOH (opMyIoif B MHTepBasie NaBICHUH OT HYJIS
1o 15 MIla. AHaOTHYHBIA pe3yabTaT ObUT MOTY4eH ISt
TPaHUTHOTO IIEOHS TIPM  BCECTOPOHHEM  CXKATUH
10 100 MITa.

3Ha4YNTENBHBII MHTEPEC NPE/ICTaBISACT MTOBEICHUE CMe-
CH TakoW cpembl (OCHOBHOH KOMIIOHEHTHI) C BO3IyXOM
B OBICTPBIX Ipoleccax 00bEMHOIO CKATHS, KOTa COIpo-
THUBJICHHE BO3JlyXa COCTaBJIET 3aMEeTHYIO, HHOrza 00Jib-
LIYIO 4acTh OOIIEro cConpoTHBIeHUs. B peanbHbIX cutya-
LUSAX Y4acTBYET dYallle BCETO MMEHHO Takas cMech. Pac-
CMaTpHBaeTcsl Cilydail OJHOOCHOW jaeopMalMu CMecH.
IIpu sTOM cpena cuuTaeTcss OXHOCKOPOCTHOM, CXKATUE
BO3/lyXa M30TEPMHUYECKNM 3a cyeT OOJIBIION TEeII0eMKO-
CTH OCHOBHOH KOMIIOHEHTBI, CPEIHEE HANpPSKEHUE P
BIOJIb OCH CXKAaTHsl PaBHO CyMME JABIECHHS B BO3JyXe
1 HanpspKeHUs] B OCHOBHOM KomnoHeHTe. HampspkeHue p

MOXET OBITh BBIPAKEHO UYEpPe3 XapaKTEPUCTUKH OCHOB-

HOW KOMITOHEHTHI M Ha4aJIbHOE TaBJICHUE BO3IyXa P)():

Vo =V
)—

p=p1+p2— P =(Cr+ pa .
V1 = Vik

IIpu 5TOM B OCHOBHOM KOMIIOHEHTE MOXET BO3HUKATh
MIOTIEPEYHOe HANpPsDKCHNE, BEJIMYMHA KOTOPOTO MPOIOop-
IMOHAJIbHA NTPOAOJILHOMY HANPSHKEHHIO B HEH.

IMosydeHs! BBIpaXeHUs! AJsl CKOPOCTH 3ByKa B CMECH.
Pemiena 3agaya o ABMKEHHMHM MAacCHBHOTO IOPIIHSA C 3a-
JIAHHOW HAYaJIbHOM CKOPOCTBIO B TPyOe, HAIOIHEHHOMN
cMmechlo. [l mopiiHs OEeCKOHEYHOM MacChl IOJIy4YEeHO
AHAJIUTUYCCKOC PCUICHUC. OTMC'-ICHO, 4TO IpU HaJIU4YUH
TPEHHsI OCHOBHOM KOMITIOHEHTBI O CTEHKU TPYOBbI MOXKET
BO3HMKAaTh Ha MOPLIHE JAaBJIEHHE, CYIIECTBEHHO OOoJIbIlee
JIaBJICHUs] Ha yJapHOW BoijHe. [l MOpIIHS KOHEUHOU
Macchl 3ajada pelajach ¢ MOMOILBI0 KOMIUIEKCA IMpo-
rpamm «Bonna». Pacuer ¢ yueToM TpeHHs Cpelbl O CTEH-
KN TpyOBI Tarkke MOKa3aJl 3aMETHOE YBEIMUYCHHUE JaBJle-
HUSI Ha TOPIIHE 10 CPAaBHEHHUIO C pacdyeToM 0e3 TpeHHs.
CpaBHEHHE PE3yNIbTaTOB CUETA C IKCHEPHMEHTAIbHBIMU
MOKAa3aJI0 UX yJOBJIETBOPUTEIBHOE COOTBETCTBHE.

v

SKCNEPUMEHTBI IO KPUCTAJUIMYECKON
KOHBEPCHUU I'PAG®UTA B AJIMA3
HA KPYITHOMACIITABHOMN
BAJUIMCTUYECKOM YCTAHOBKE ITHAVMAIII

I1.B. KrrokoB, A.. YNPKOB

IlenTpanbHblil HAyYHO—UCCIIEI0BATEIILCKUH HHCTUTYT
mammrHocTpoenus, Kopones, Poccust

B BakyyMHpOBaHHOM OaJUIMCTHYECKOM KaHaje ycTa-
HOBKH JuHON 200 M o1 NMeHCTBHEM paCIIUPSIOLIIXCS
IIPOJyKTOB B3pbIBa I'a30BOW CMECH IIPOU3BOIUTCS MeETa-
HHE CTANbHBIX THPOCTAOMIN3UPOBAHHBIX IHCKOB JIHa-
MetrpoM 0,5 M, IBUTAIONIMXCS B KaHale HAa MAarHUTHOM
monBece 0e3 KacaHWs CO CTeHKaMHu. B siHBape u ampene
1997 r. OBUIO OCYILECTBIEHO COOTBETCTBEHHO JIBA JKCIIE-
PUMEHTA IO JEMOHCTPAIMH BO3MOXHOCTH PEaji3aliu
KPUCTAJTHIECKO KOHBEpPCHH rpaduTa B amMma3 B yCio-
BUSIX JWHAMHYECKOTO HArpPYXEHHUS CO CABHIOM. B 3THX
9KCIepUMEHTaX OBUTM MOJIYYCHBI BBIXOIHBIE CKOPOCTH
Metanus 1,4 km/c u 1,6 km/c nas guckoB Becom 30 KT.
BBICOKOCKOPOCTHOH ymap AWCKOM IO MHIIEHH ¢ 00pas-
namu rpadura aemndupoBaics razoo0pasHbIM BOJOPO-
JIOM, 3aIOJHSIONIMM Pa3rOHHBIM y4acTOK TpPyObI, YTO
obecrnieynBaio MpoQIKPOBAHHYIO BO BPEMEHU HArpy3Ky

Section 5
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kpucrayuioB rpadura go 26 ['Tla B Teuenme 12 mkc
0e3 yIapHO—BOJHOBOTO pa3orpeBa M MeXaHHYEeCKOTro
paspymenust npu pasrpyske. CKOpOCTb CIIBUTOBOTO Jie-
dbopmupoBanus gocrurana 350 m/c. Ilpu opueHTHPOBaH-
HOM CIBHIOBOM Je(DOPMHPOBaHHUHU CXKATOTO MOHOKpH-
craiia rpadura CTPOro BIOJb ATOMHBIX IUIOCKOCTEH
BO3MOXKHa pean3alis KOTepeHTHOH MepecTporKHu Kpu-
CTaTMIecKor pemetku rpadura. IIpu stom OwicTpoe
OTHOCUTEJILHOC CKOJIb)KCHHUC aTOMHBIX CJIOEB CTUMYJIU-
pyeT TpaKTHYECKH OJHOBPEMEHHBIH IIEPEXON aTOMOB
yrieposia B HOBOE JJIEKTPOHHOE COCTOSIHHE ¢ 00pa3oBa-
HUEM TIPOYHBIX MEKCIIOMHBIX KOBAJICHTHBIX CBSA3CH, UTO
o0ecrieunBaeT MepecTpoiKy KPUCTALINYECKONW CTPYKTY-
p®I TpaduTa.

MarepuanoBedeckue HMCCleNOBaHUS  TPa(UTOBBIX
00pa3moB A0 W MOCIe HarpyKeHUs MOKa3alH, 4To W3—3a
BBICOKOH YTJIOBOH pa3zopueHTanuu (~1) MOHOKpHCTaILIN-
YECKHX JOMECHOB B HCXOAHBIX TPaUTOBBIX 00Opa3max
IPSIMOM MEpexo B aliMa3 B MaKpOCKOIIMYECKOM 00beMe
COBEpILAJICS HEKOTePEHTHBIM 00pa3oM B TUPPY3HOHHOM
peXuMe, a He B BOJHOBOM, KaK IPEAINOJIarajoch arpuo-
pH, 9TO 0OYCIIOBIIIO OorpaHUYeHHYIO (He Ooxee 0,3 MM)
NIyOWHY TPOHUKHOBCHUS aiMa3HOW (a3bl B 00pasiibl
¢ monepeyHsM pasmepom 20x20 mm. KorepenTtHas miepe-
CTpOMKa KPHCTAJUIMYECKOW peleTku rpadura B aiamas
HaOII0AaIach TOJNBKO B MpeeNiaX OTACTHHBIX MOHOKPHC-
TaJNIMYECKUX JIOMEHOB pa3MepoM ~10 mxm. Ha ocnoBa-
HUM TIPOBEJEHHBIX  WCCJIENOBaHMH  CHeNaH  BBIBOJ,
YTO JUIsl OCYILECTBJIEHUSI KOTEPEHTHON NEPECTPOMKH KpHC-
TAJJIMYECKON pPeIeTKH rpadura B aiMa3 B BOJIHOBOM pe-
JKUME BO BCeM 00Bbeme rpaduToBOro odpasia TOJIIIHHON
JI0 5 MM C COXpaHEHHEM HCXOJHOTO KPHUCTATMYECKOTO
Ka4yecTBa JHHAMHUYECKOMY HArpy>KEHHIO CO CIIBUTOM He-
00XOIMMO TOJBEPraTh KpUCTALIBI rpaduTa, MMEIONINe
MIPAKTHYECKH UACATBHYIO CTPYKTYPY.

EXPERIMENTS ON GRAPHITE-TO-DIAMOND
CRYSTAL CONVERSION IN THE TSNIIMASH

LARGE-SCALE BALLISTIC FACILITY

P.V. KrYUKOV, A.I. CHIRKOV

The Central Research Institute of Machine Building,
Korolev, Russia

In the evacuated ballistic channel of the facility 200 m
long, gyro—stabilized steel plates 0.5 m diameter are cast
under the action of expanding gas mixture explosion
products. In the process, the plates move along the chan-
nel on a magnetic suspension without contact with the
wall. Two experiments (January 1997, April 1997) were
performed to demonstrate feasibility of graphite—to—dia-
mond crystal conversion under shear dynamic loading. In
those experiments, output velocities of 1.4 and 1.6 km/s

were obtained for 30—kg plates. The high—velocity impact
by the plate on a target inclusive of graphite samples was
damped with gaseous hydrogen filling the gun's accelera-
tion section to assure time—distributed loading of graphite
crystals up to 26 GPa within 12 pm with no shock—wave
heating and mechanical breakdown during relief. The
shear deformation velocity ran up to 350 m/s. For a com-
pressed graphite single crystal subject to directed shear
deformation definitely along atomic planes, a coherent
rearrangement of the graphite's lattice is feasible. In this
case, the atomic layers quick relative slip induces virtu-
ally concurrent transition of the carbon atoms to a new
electronic state to produce strong interlayer covalent
bonds thus providing graphite crystal structure rear-
rangement.

Before— and after—loading material study of the
graphite samples showed that due to high angular off—
orientation (~1°) of single—crystal domains in the initial
graphite samples, direct transition to diamond in macro
volumes took place non—coherently in a diffusive mode,
rather than in a wave mode, as was expected a priori,
which conditioned limited (less than 0.3 mm) penetration
of diamond phase to the samples 20x20 mm cross size.
The graphite lattice coherent rearrangement was observed
only within separate single—crystal domains ~10 pm size.
Based on the analysis performed, conclusion has been
made that to realize wave-mode graphite—to—diamond
coherent rearrangement in the whole volume of a graphite
sample 5 mm thick with all the initial crystal quality con-
served, graphite crystals of practically perfect structure
should be taken to be subject to shear dynamic loading.

v

INEPBOIIPUHIIMITHOE U3YYEHUE
JEKTPOHHON U MATHUTHOM CTPYKTYPBI
AJIbB®A-PU, IEJBTA-PU, AMEPULIUSA
N KIOPUsA

A.JL. KyTENOB, C.I'. KYTEIIOBA

Poccuiickuii penepabHbIN SICPHBIH IEHTP —
Bcepoccuiickuit HUU texundeckoit hpusuku
uM. akan. E.W. 3a6abaxuna, CHexuHck, Poccus

B noknane OyayT mpencTaBiIeHBl Pe3yIbTaThl IEPBO-
MIPUHIMIHOTO U3YyUEHHUS SIIEKTPOHHOM CTPYKTYpBI U Mar-
HUTHBIX CBOHMCTB s ainb(a—Pu, nemsra—Pu, Am u Cm.
Pacuerbl ObUTM BBINOJHEHBI C HCIOJIB30BAHHEM IIOJI-
HOCTBIO PEIATUBUCTCKOTO, MONHONOTEHIHAIBHOTO, CIHH—
TIOJIIPM30BAHHOTO  JIMHEIHOTO MeToAa NPHCOEIMHEHHBIX
wiockux BosH (RSPFLAPW). Bee u3ydeHHble MeTauibi
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HMMEIOT HEKOTOPYI0 MarHUTHYIO CTPYKTYpy. BeranciieHHbIe
CIIMHOBBIE M OPOUTANIbHBIE MarHUTHBIE MOMEHTHI Ha aTo-
Max B BBIIICYNOMSHYTHIX aKTHHHIAX UMEIOT IPOTHBOIIO-
JoKHOe HampaieHne. OHM B 3HAYUTENBFHOH CTENECHU
COKpaIawTcs B ciiydae anbha —Pu. DTo cokparieHne
YMEHbLIIACTCA B )leana—Pu 1 OHO IIOYTHU IIOJIHOCTBIO OT-
cyrctByeT B Am u Cm. [lonHbli MarHUTHBIE MOMEHT
YBENMYHMBACTCS B JaHHOW mocienoBarebHocTH. CoKpa-
IICHHUE CITHHOBOTO M OPOMTAIbHOTO MATHUTHBIX MOMEHTOB
B anb(a—Pu MOXeT CITy>KUTh OOBSICHEHHEM TEMIIepaTyp-
HO—HE3aBUCUMOW MarHUTHON BOCTIPUMMYHUBOCTH, KaK 3TO
Habmomanock B 3kcrepuMente [1]. B moxmane Oymer
MPECTaBICH Takoke dPPEKT ydeTa HaJMIUS MAarHUTHON
CTPYKTYpPHl Ha BBIYHCICHHBIE CBOHCTBA OCHOBHOTO
COCTOSIHUS JJIS1 TAaHHBIX aKTHHUIIOB.
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FIRST-PRINCIPLES STUDY OF ELECTRONIC
AND MAGNETIC STRUCTURE OF ALPHA-PU,
DELTA-PU, AMERICIUM, AND CURIUM

A.L. KuTeEPOV, S.G. KUTEPOVA

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

The ab—initio investigation of electronic structure and
magnetic properties for alpha—Pu, delta—Pu, Am, and Cm
will be presented. The calculations have been performed
by the new full-relativistic full-potential spin—polarized
linearized—augmented—plane—wave method (RSPFLAPW).
All studied metals have some magnetic structure. The
calculated spin and orbital magnetic moments in the
above mentioned actinides have opposite directions. Spin
and orbital magnetic moments are almost cancelled in
alpha—Pu. This cancellation decreases in delta—Pu and it
is almost absent in Am and Cm. Total magnetic moment
groves up in this sequence. The cancellation of spin and
orbital magnetic moments in alpha—Pu may be serve as
an explanation for temperature independent magnetic
susceptibility as was observed in experiment [1]. The
effect of taking the magnetic structure into consideration
on calculated ground state properties of the above acti-
nides will be presented.
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VIAPHAS AJIUABATA ®YJUIEPEHA C®

B.B. MIWWIIBCKHIA, A.B. YTKUH,
A.3. XKvyK, B.E. ®OPTOB

WHCTUTYT Teropu3nKH IKCTPEMaTbHBIX
cocrostauit PAH, Mocksa, Poccust

E.B. 3BAPELIKUIA

VYuusepcuret «ben—I'ypuon», U3panns

BriepBeie BBINOTHEHO 3KCIIEPUMEHTAIBHOE Ompesie-

JICHWEe yIapHOH cxmmaeMoctu ¢yimiepeHa C U ckopo-

60
CTH 3BYKa B yIapHo—ckaTtoM QymiepeHe C B muamaso-

e masnennii 0,3—48 I'Tla.
B Hammx skcnepruMeHTax Mbl UCIIOJIb30BAIM 00pa3Lbl

3
¢ miIoTHOCThIO 1.64 T/cM~, chpeccoBaHHBIE W3 TIOJIHU-

60

kpuctaunaeckoro ¢ymwieperna C . OOpasipl Harpyxa-
JUCHh YAApOM METAIUTMYCCKHX TUIACTHH, YCKOPSHHBIX TIPU
IOMOIII ITHEBMATUYECKOM CTBOJIBHOM MeETaTEIbHOU
YCTaHOBKH (CKopocTh MeTanus 10 0,53 km/c) nnu B3phIB-
HBIX METATeNbHBIX YCTPOHCTB (CKOPOCTH METaHUs
0 5,2 km/c). Peructparust npoduiieii CKOPOCTH 3aaHel
MOBEPXHOCTH 00pa3lia BBIIOJHSUIACH Yepe3 OKOHHBIH
Mmatepuan (IIMMA win Bogy) mpH NMOMOIIHM JIa3€PHOTO
unrepdepomerpa VISAR. JlonoiHuTeNbHO LI M3Mepe-
HHUH HCIIOJIb30BAJIHNCH KOHTAKTHBIE WJIH ITbE303JIEKTprYe-
CKHE JaT4YHKH.

YcTaHoBIIEHO, UTO ynapHas anuadarta gymiepena C60
UMeeT psl 0COOEHHOCTEH, CBSI3aHHBIX C CEpPHEW ITO0NH-
Mop¢HBIX (a3oBbIx mpeBpamennid. JlaBnenne ~15 I'Tla

SIBISIETCSI MPEENIOM CTAOMIBHOCTH CTPYKTYPBI C60 pu
a71nabaTHYecKOM yIapHO—BOJIHOBOM CXATHH M COOTBET-
CTByeT Hadanmy (ha30BOrO TpeBpamicHUs QyIuiepeHa
B OoJiee IIOTHYIO aJUIOTPOIHYIO MOTU(HUKAINIO yTIIepo-
na. Ilpu naBineHnm 3a (PPOHTOM YHAPHOH BOJHBEI CBBI-

o 60
e 33 I'Tla xon yaapHoi anuabater ¢ysepena C on-
penensieTcsi CBOUCTBaMH alIMa30ToI00HOH (a3bl BEICOKO-
r'0 aBJICHHS.

PaGora BbImosHeHa mnpu nojuepxkke Ilpesunmyma
PAH u PODU (02-02-16582).
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HUGONIOT OF C* FULLERITE

V.V. MILYAVSKIY, A.V. UTKIN,
A.Z.7ZHUK, V.E. FORTOV

Institute for High Energy Densities RAS, Russia

E.B. ZARETSKY

Ben—Gurion University of the Negev, Israel

Hugoniot of C60 fullerite and sound velocity in
shock—compressed fullerite were experimentally studied
at the pressures range from 0.3 to 48 GPa.

. . 60

In our experiments we used polycrystalline C~ sam-
ples with a density 1.64 g/cm. The samples were loaded
by impact of metal plates accelerated by gas gun (projec-
tile velocities up to 0.53 km/s) or by preliminary cali-
brated explosive projectile systems (projectile velocities
up to 5.3 km/s). The continuous monitoring of rear sur-
face velocity of the samples was performed using laser
interferometer VISAR through PMMA (low—pressure
region) or water (high—pressure region) windows. To
determine velocities of impactors and (or) shock veloci-
ties, contact gages or piezoelectric gages were used.

The Hugoniot of fullerite has a set of peculiarities,
which are connected with a series of polymorphic phase
transitions. For C* fullerite a transformation to a dense
carbon phase is observed with a transition onset pres-
sure 15 GPa, the stability limit of the fullerite structure
under single—step shock compression. The two—wave
structure of the transition is overdriven to a single wave
above 33 GPa.

The work was supported by Russian Academy of
Sciences and RFBR (02-02-16582).
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YUCJIIEHHOE MOAEJIMPOBAHUE
JOKAJIM3AINU INTACTHYECKOT'O TEYEHUA
ITPHU IMTPOCTOM C/IBUT'E

B.M. EibkuH, B.H. Muxaiios, T.;O. MUXAJIOBA

Poccuiickuii penepanbHbIi SISPHBIA IEHTP —
Bceepoccniickuit HUM texandeckoit ¢pu3ukn
uM. akana. E.W. 3a6abaxuna, Cuexunck, Poccus

Pa3paboTaH anropuT™M YHCICHHOI'O MOAEIUPOBAHUS
JOKIM3AIMN TUIACTUYECKOTO TEUCHUS MPU Harpy>KeHUH
10 CXEM€ MPOCTOro CABHUra TEPMO—BSI3KO—IIACTHYECKOTO
marepuana. [IporpaMma peanusyeT pelleHue CBSI3aHHOMN
CUCTCMBI ypaBHeHuﬁ B YaCTHBIX IPOU3BOAHBIX, OIIUCHI-
BAIOIIMX TE€YEHUE CIUIOIIHON cpeabl. B xauecTBe ypaBHe-

HUSI, 3aMBIKAIOIIEr0 yPaBHEHMS CIUIOIIHOM cpensl ObUIO
HCIIOJIBb30BAHO ONPENENAIONES COOTHOLIEHUE, N3BECTHOE
B JINTEPAType KaK «CTENEHHON 3aKOH», KOTOPOE CBS3bI-
BaeT CKOPOCTb ILTACTHUYECKOH nedopmanum ¢ Hampsoke-
HUEM TEYEHUs, TEMIEPaTypoldl M HAKOIUIEHHON IUIACTH-
yeckoil aedopmanmeii. Omnpenensioniee COOTHOIICHHE
B JOCTaTOYHO INPOCTOM BUJAE YUUTHIBAET 3aBHUCUMOCTh
HaNpsDKeHUST TEYCHUS] OT CKOPOCTH AedopManvy, a Tak-
xe nehopMaliOHHOE YIIPOUYHEHUE U TEPMHUUECKOE pasy-
IIpoYHeHUe MaTepuana. [Ipy 4HCIEHHOM pElIeHHH CHC-
TEMBbl YPaBHEHUH, OIUCBHIBAIOIIUX TEUEHUE CIUIOIIHOMN
Cpelsl MpH MPOCTOM CIBUTE, YACTHBIE NIPOU3BOIHBIE 110
MIPOCTPAHCTBEHHON KOOPAMHATE BBIYUCISAINCH C IOMO-
IIbI0 MHTEPHOJIUOHHBIX KyOMUECKHX CIUTai-(yHKIHUH.
Jis uHTerpUpoBaHus (QYHKIMH MO BPEMEHH HCIIONB30-
Bajach SIBHAs pacyeTHas CXeMa.

B pe3ynbpTare 4HMCIEHHOIO MOJETUPOBAHUS IKCIEPH-

MEHTOB TI0 JMHaMHYEeCKOMy (& ~ 10° c_l) KpPY4EHUIO

TOHKOCTEHHBIX TpyO4aThIX CTaJbHBIX 00pa3uos [1, 2] Ha
ycraHoBke Koibckoro, moxydeHa IojHas KapTHHa pas-
BUTHS JIOKAJIM3ALIMH TJIACTHYECKOro TeueHus. PacueTHble
3aBHCUMOCTH 3BOJIIOLIMK BO BPEMEHH LIMPUHBI IOJOCHI
C/IBUTA M JIOKQJM30BaHHBIX B HEW TeMIlepaTypbl U IUIa-
CTHYECKOH JedopMalnl XOpOLIO COIIACYIOTCS € JKCIe-
PUMEHTAJILHBIMU. XOpOLIee COBIAJEHHUE C SKCIIEPUMEHTOM
NONMYYeHO TakkKe M JUIA  paclpeieNieHds —TeMIepa-
TYpbl IO 00pa3lly Ha Pa3BUTOM CTaauM IpoLecca JIOKa-
JIM3anuH.
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1. A. Marchand, J. Duffy. An experimental study of the
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the temperature profile during shear band formation in
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NUMERICAL SIMULATION OF PLASTIC FLOW
LOCALIZATION UNDER SIMPLE SHEAR

V.M. YELKIN, V.N. MIKHAILOV, T.YU. MIKHAILOVA

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

The numerical simulation algorithm for plastic flow
localization in the case of thermal-viscoplastic material
loading by simple shear is developed. The program solves
the connected system of equations in partial derivatives
describing the continuous medium flow. The constitutive
relation, known in publications as the «power lawy,
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which connects plastic—stain rate with the flow stress,
temperature and accumulated plastic stain was used as an
equation closing the equation of continuous medium. In
a simple way, the constitutive relation takes into account
the material strain rate sensitivity relationship, as well as
strain hardening, and thermal softening of material. If the
system of equations describing continuous medium flow
under simple shear was solved numerically, partial de-
rivatives with respect to the spatial coordinate were cal-
culated with the help of interpolation cubic spline-
functions. The explicit computation scheme was used to
integrate functions with respect to time.

Numerical simulation of experiments on dynamic

(e~ 10° s_l) torsional loading of thin-walled tubular
steel samples [1, 2] at Kolsky bar gave a full picture of
plastic—flow localization development. Estimated de-
pendencies of shear bandwidth evolution in time, as well
as temperature and plastic strain localized in this band-
width, well agree with experimental ones. Good agree-
ment with the experiment was also observed for tem-
perature distribution through the sample at the developed
stage of the localization process.
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MOJIEJINPOBAHUE PAZPYIIEHUSA
CIIOJIYMEHOBOWM CTEKJTOKEPAMUMKH
IPU YIAPHO-BOJIHOBOM HAT'PY KEHUU

T.A. ITAHBKOBA, C.A. 3EJIENTYTUH

Otaen CTpyKTypHOH MaKpOKHHETHKH
Tomckoro Hayunoro uentpa CO PAH, r. Tomck, Poccus
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A. JIOPOMAH, A. PAIIXEJIb
Achidatex Ltd, GlassCerax Ltd, M3pawnb

IIpn koHCTpYHMpOBaHUM OPOHEKMIETOB IIMPOKO HC-
MOJIb3YIOTCS BBICOKOIIPOUHBIE KEPAMHUECKHE MaTEPHAIIbI

Ha ocHoBe Al;O3, B4C, AIN, TiB, u tak nanee. Ongnako
OJJHU U3 HHX 00JaJaroT JOBOJBHO OOJIBIIMM YyIEIbHBIM
BECOM, IpyrHe TpeOyIOT IOPOroCTOSIICH TEeXHOJIOIUH
JUISL M3TOTOBIIEHUs. MaTepuansl Ha OCHOBE CTEKI000pa-
3YIOIIMX OKHCIIOB, B CBSI3U CO CIOKUBIIMMHUCS CTEPEOTH-
aMy B JaHHOW OOJacTH MaTepHalOBEACHHUS, B MPOU3-
BOJCTBE OpPOHE3IEMEHTOB JI0 HACTOSILIETO BPEMEHH
CEepbe3HO HE PACCMaTPUBAIIHCH.

Ha ocHoBe npoBeneHHBIX HCCIENOBAHUII B CHUCTEME

LiO7—Al;03-Si0,-TiO; pa3paboTana CTEKIOKEpaMUKa,
M0 CBOMM XapaKTEPUCTHKAM YIOBJICTBOPSIOIIAsS BO3-
MOXHOCTH HCIOJIb30BaHUA €€ IIpU MPOCKTUPOBAHUU
a5ieMeHTOB OpoHexuiieToB [1]. Creknokepamuka ycTou-
YrBa K BO3JICHCTBUIO (DAKTOPOB BHENIHEH cpensl (Iepe-
Majbl TEMIIEPATyp, BIIAXHOCTh, COJHCYHAS pPajuanus,
MHUKPOOPTaHU3MBI | T. [I.) ¥ K YIapHBIM BO3JCUCTBUSIM, HE
TpeOyeT 0COOBIX YCIOBHH XpaHEHWS W TPaHCIIOPTHPOBKH,
MOJIAeTCS BBICOKOTOYHOW MEXaHHYeCKOW 00paboTke
C HMCIOJIb30BAaHUEM aJIMa3HOr0 MHCTpyMeHTa. Jlist moy-
YEHUsI BBICOKOIIPOYHBIX CBOWCTB CTEKJIOKEpaMHKU pas-
paboTaHbl yHUKAIIbHBIE METOIbI YIPOYHEHUS! XHUMHKO—
TepMuieckorr 00paboTkoi. M3MepeHHble HEKOTOphIE Xa-
PAKTEPUCTUKH CTCKJIOKEPAMUKH CIICAYIOIINE: TIOTHOCTh

3
2,5~2,6 Tr/cM, TOPUCTOCTH ¥  BOJOIOTJIOIIE-
Hue 0%, moxyns ynpyroctu 100 I'Tla, ynensHas ynapHas

BSI3KOCTh 70 ympounenus 4,5—5,0 k/x/M~, mocne ym-

pounenus 35,0—40,0 KII)K/MZ.

Pa3zpaborana KOMOWMHHpOBaHHAsI MAHENb I WHIU-
BUIYAIBHBIX CPEACTB 3aIUTHI, COCTOSIIAS U3 CTEKIOKE-
paMUKH M KEBIAPOBOW MOJIOKKH. sl TeCTUpOBaHUS
Obuta cobpana ruata pazmepom 250300 MM n3 crekio-
KepaMU4eCKUX 3JIeMEeHTOB pazmepamu S50x50 MM, TOj-
mmHON 9,4 MMm. OO0muii Bec miatel 2,58 Kr, mpuBeACH-

HbI Bec 34,4 KF/MZ, tommuHa 21 MMm. PaccrosHue mpu
TecTupoBaHun coctasuio 20 M. IIpu HarpyxeHuu mynei
SS109 co ckopocThro mopsaka 920 M/c mpoOUTHS HET,
TpaBMa npuMepHo 5 MM. Ilpu HarpyxeHuum nyinei
7.62x51 NATO co ckopoctbio nopsiaka 840 m/c npoOu-
TUS HET, BEeJIMYMHA TPaBMbI IpuMepHo 10—15 mm.

Ha ocHoBe mpoBenEHHBIX 3KCHEPHUMEHTAIBHBIX HC-
CJIEZIOBaHUH 1TO100paHbI KOHCTAHTHI YHCICHHOW MOJIEIH,
ONMCHIBAIOLIEH NOBEIECHUE CIOLYMEHOBOH CTEKJIOKEpa-
MHUKH TIpH cKopocTsx yaapa 700—1000 m/c. Mozens
BKJIFOUa€T KMHETUYECKYIO0 MOJIENb PA3pYIICHHUs aKTUBHO-
r0 THIA, UCTOJIb3YeT CTEHEHHYIO 3aBUCHMOCTbH MPOYHO-
CTHBIX XapaKTEPUCTHK CTEKIOKEPAMHUKHU OT JOCTHTHYTO-
rO YpOBHS IOBPEXKACHHOCTH, OIMCBHIBAIOILYIO IIajie-
HHE MPOYHOCTHBIX CBOWCTB (JAMHAMHYECKOTO Ipeaesa
TCKYUCCTU, MOIYJIA C)IBI/IF&) pyu 3aJaHHbIX 3HAYCHUAX
YZIeJIBHOTO 00BbEeMa TPEIIHH.

Section 5
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Pabora BeImONMHEHAa TpH (PUHAHCOBOW IOIIEPIKKE
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IMPOTHO3MPOBAHUE HAKOIVIEHUS
HOBPEKJAEMOCTH B METAJIUTIAX
B ABJIEHUU JTUHAMHUYECKOI'O
PA3SPYHIEHUS
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E.B. KOmENEBA, C.A. HOBUKOB, JI.A. TIJTATOHOBA,
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Bceepoccuiickuit HUU sxkcnepumenTanbHoi Gusnkwy,
Capos, Poccus

Pabora mocBsiieHa OMpPENCICHUIO KOJTHMYSCTBEHHBIX
XapaKTEePUCTHK JUCCHUIIATUBHBIX CTPYKTYp (Kackanma
LICHTPOB pa3pylICHUs) B MeTalUlaX, ITOJBEPTHYTHIX
BO3JICHCTBUIO TIPOHHUKAIOIINX U3TYUICHUH (IUama3oH A0J-

6 _
roseynoctu ¢t ~10 =10 C, JWana3oH HadaJlbHBIX

temneparyp Tg ~4K + Ty, Temm BBona sueprum d7/d¢
~10% = 10" K/e) [1—3].

PaccMoTpeHsl BpeMeHHBIE 3aKOHOMEPHOCTH HAaKOII-
JICHHS MTOBPEXXIAeMOCTH B METaJUIaX M IMEePEeX0]] Imporecca
pa3pymeHnst ¢ OAHOTO MACIITaOHOTO YPOBHS Ha JAPYroi
(mporiecc HaKOIUIEHWS M YKPYIHEHHs LEHTPOB paspy-
IICHHUS).

MeTtogaMu KOJHYECTBEHHOW (hpakTorpaduu moxasa-
HO, YTO YHMCJIO LIEHTPOB pa3pyLIeHUs MPEIbIIyLIIEro pas-
Mepa N(D;) BiusieT Ha YUCIO LEHTPOB IOCIEAYIOLIEro

pa3mepa N(D;, ), rae N — 4uCIIO LIEHTPOB pazpylie-
Hud, D; — pasMep i—To meHTpa paspymenus. Ilepexon

Ipolecca paspylieHus ¢ OJHOTO MacIITaOHOTO ypPOBHS
Ha IpYroil ykas3bIBaeT Ha OMPEACICHHYIO 3aBUCHMOCTb
Tporecca paspyueHus ot npeasicropuu. Ilponece nuna-

MHYECKOTO0 Pa3pyIICHHs SBISETCS MPOIECCOM Ipeodpa-
30BaHUS CTPYKTYp, ONHUPAIOIIMMCS Ha IPEIBICTOPHIO,
KOTOpPBI MOXET CIIyKHTh HPUMEPOM HEMapKOBCKOTO
mpormecca [1, 2, 5].

B pesynbrare npoBeJeHHBIX UCCIEN0BAHUN [IOJIyYEHO
PEKyppeHTHOE BBIpa)KEHHUE, TTO3BOJIIONIEE OLIEHUTh MOBpe-
KIAEMOCTh HArpyKEHHOTO TBEPAOTrO Teia Ha Jiro0oil cra-
JIUH TIpoLiecca JUHAMUUYECKOTO pa3pyIleHus. OTO MO3BOJI-
€T TPOTHO3MPOBATh HAKOIUICHHE ITOBPEXKIAEMOCTH, 00pa-
0aTeiBasg MEHBIEE YHCIO KOHTPOJBHBIX 00pa3IoB
C LEJBI0 MPOBEICHNS M COTJIACOBAHMS TECTOBBIX PACUCTOB.

IIpennoxeHHbIiI MHOTOYPOBHEBBIA NOJIXOJ HCCIEA0-
BaHMA OOIYyYEHHBIX METAJUIOB II03BOJISET YCTAHOBUTH
KOJIMYECTBEHHbIE  XapaKTEPUCTUKH  JUCCHIATHBHBIX
CTPYKTYp (Kackaja IIEHTPOB pa3pyLICHHS) W MPOILECC
YKPYIHEHHUS LEHTPOB pa3pyllieHus. 3HaHUE KOJIMYECT-
BEHHBIX XapaKTEpUCTHK Iepexoja mpolecca TUHAMUYe-
CKOTO pa3pylIEHHs C OJHOTO MacITaOHOTO YPOBHSI Ha
JIpyroii, KOTOpBIE SIBISIOTCS YHUBEPCAIBHBIMH IS LIH-
POKOro Kjacca MaTepHajioB, MO3BOJSIET MPOrHO3UPOBATH
MOBEJICHNE TBEPAOIO TeNla MPH OJHO— U MHOTOKPAaTHOM
BO3/ICHICTBUM, YTO SIBJISETCS aKTyaJbHBIM AJISI TPOTHO3H-
pOBaHMS TOBEIEHHS HOBBIX AJIEMEHTOB, Y3JIOB, KOHCT-
pykuui, u3nenuiit Munaroma.
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FORECASTING OF IMPERFECTION
ACCUMULATION IN METALLS
N THE DYNAMIC FAILURE PHENOMENON

V.T. PUNIN, A.YA. UCHAEV, N.I. ZAVADA,
YE.V. KOSHELEVA, S.A. NOVIKOV, L.A. PLATONOVA,
N.I. SEL’CHENKOVA, N.A. YUKINA

Poccuiickuii penepabHbIN SIEPHBIA IEHTP —
Bceepoccuiickuit HUU sxcnepumenTanbHo# Gusuky,
Capos, Poccus

The work is devoted to determination of quantitative
characteristics of dissipative structures (failure center
cascades) in metals subjected to penetrating radiation

action (longevity range ¢ ~10_6 + 10_10 sec, range of ini-
tial temperatures Ty ~ 4K + T},,0)s , €nergy input rate d7/d¢

~10°% = 10" KJsec) [1—3].

Time regulations of imperfection accumulation
in metals and the failure process transition from one
scale level to another one (process of accumulation and
amalgamation of failure centers) were studied. Methods
of quantitative fractography show that the number of fail-
ure centers of the previous size N(D;) affects the num-

ber of centers of the next size N(D,.;), where N— is
a number of failure centers, D;—size of the i—th failure

center. The failure process transition from one scale level
to another one points out to the definite dependency of
the failure process on pre-history. The dynamic failure is
a process of structures conversion basing upon prehistory
and may serve as an example of non—Markov process
[1,2,5].

As a result of conducted studies, there was obtained
a recurrent expression allowing evaluation of imperfec-
tion of a loaded solid body at any dynamic failure stage.
This allows forecasting of imperfection accumulation by
processing a less number of control samples in order to
conduct and agree test calculations.

The proposed multi—layer approach to a study of irra-
diated metals allows determination of qualitative charac-
teristics of dissipative structures (failure centers cascade)
and the process of failure centers amalgamation. Knowl-
edge of qualitative characteristics of dynamic failure pro-
cess transition from one scale level to another one, which
are universal for a wide category of materials, permits to
forecast behavior of solid body under single and multiple
action. This is acute to predict behavior of new elements,
units, structures, items of Minatom.
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JTUHAMHMYECKOE BO3JEIiICTBUE
HA MATEPHAJIBI B TEOPUH IIJIACTHYHOCTH
MOPUCTBIX TEJ

JILA. PABMYEBA, 10.B. KPABLIOBA

BocTouHoykpanHCKUiT HAIIMOHATBHBIA YHUBEPCUTET UMCHU
Bnagumupa [ans, Jlyranck, YkpauHa

JedopmupoBaHue MOPHUCTHIX TE ¢ HEOOPATUMOW CHKH-
MaeMOCTBI0, KaK IPaBHJI0, OIMCHIBAIOT MOJIEISIMH, KOTOPBIE
IIOCTYJIUPYIOT HHBAPUAHTHOCTH IIpOLIECCa W3MEHEHUS
MOPHUCTOCTH OTHOCHUTENBHO cKopocTH aedopmarun. [Ipu
3TOM, KaK M3BECTHO, HanboJjee CyNIeCTBEHHBIM OTJINYH-
€M CTaTH4ecKoro ae(OpMHUPOBAHHUS OT JUHAMHYECKOTO
SBIISIETCS. BOSHUKHOBEHHE yJapHBIX BOJNH. JlaHHOE sIBIICHHE
TECHO CBSI3aHO C BHJIOM 3aBHCHMOCTEH HalpspKeHHe — Jie-
(hopmarys ¥ IIIOTHOCTH (IIOPUCTOCTh) — JehopMarys.

B manHOI paboTe mpeasio’keH BapHaHT TECOPHH ILIa-
CTHYHOCTH TIOPUCTHIX TEJ, N3MEHEHHE 00beMa KOTOPBIX
00yCTIOBNICHO M3MEHEHHEM 00beMa Iop, B MPEIIIOI0Ke-
HUM YyBCTBUTEIBHOCTH JAHHOTO IPOLIECCa K CKOPOCTH
nedopmanuy u peKUMy MPUIOKEHUS HArpysku. Taxoke
YUUTBIBAETCS, 4TO Tpouecc AehOPMUPOBAHUS COIPOBO-
JK/IAeTCsl YIPOYHEHHEM TBepJ0i (ha3bl, KOTOPOE 3aBUCHUT
OT BEJIMYMHBI IKBUBAJICHTHOH Ae(opMalyyu MOPUCTOTO
Tela o, SBIAIONIEICS MEpOi HAKOIUIEHHBIX B MaTepuaie
MaTpuIbl aeopmarmid.

Section 5
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Bo Bcex paccMOTpeHUsIX UCXOAUM U3 CYLIECTBYIOLIEH
TEOPUH IUIACTUIHOCTH MOPUCTHIX Tel. CKalsipHbIE CBOM-
CTBa YIJIOTHSEMOTO IOPUCTOTO Tea, MOTY OBITh OXapak-
TEpU30BaHbl KaK yPaBHEHHUSAMH, KOTOPbIE BBIPAXKAIOT 3a-
BHCUMOCTH THUAPOCTATHUYECKOrO JABJICHUS p U UHTEH-

CHBHOCTH KacaTENbHBIX HANpPsDKCHUH T OT OTHOIICHHSA
CKOPOCTH HM3MEHEHHUs o0beMa e K CKOpocTH (hopMOm3-
MEHEHHUs Y, HOpUCTOCTH O M IapaMeTpoB, XapaKTepH-

3YIOLIUX COCTOSHHE IOPHCTOro Tena ((PYHKLUHH HOPUCTO-
CTH), TaK U YPaBHEHUEM IIOBEPXHOCTH HATPYKECHHUS.

IIpu popMynrupoBKe ONMPENETSIOMNX COOTHOIICHUH
nojiaraeM, uTo Buj (yHKIMH [MOPUCTOCTH (¢ U Y Ompe-

JeNseTcsl TOPUCTONH CTPYKTYpOH (B3aMMHBIM PAacIojo-
JKEHUEM 1op, ux (HOPMOI U pacrpejesieHneM o pa3Me-
paMm), a TaKKe UYYBCTBHTEIBHOCTHIO MOPHUCTOTO Tela
K ckopoctu nedopmauuu. s 3TOro Mojenupyem Hux
BUJA TakuM obpazom, uto mpu 0 —>0, ¢ > 1,y —> o,

OHHU TaKXe COoJlepKaT HEKOTOpble mapameTpsl ki u ky,

KOTOpBIE SIBJISIOTCS MEPOH 4yBCTBUTEIEHOCTH MOPUCTOTO
Tena K ckopoctH aedopmarun. [Ipu aTom, k| xapaxrepu-

3yeT CKOPOCTHYIO YyBCTBHTEIBHOCTH IIpoOLECCa YIUIOT-
HEHUS, a k, YYUTBHIBAeT BIUSHUE CKOPOCTH AedopManuu

Ha YNpOYHEHHE TBEpZOil (a3bl MOPUCTOrO Tesa U 3aBU-
CHT KaK OT BHJa 3aBHCHMOCTH OSKBUBAJIEHTHOH aedop-
MAIiH OT MOPUCTOCTH, TaK U OT €€ BEJINIHHBL.

Takum 006pa3oM, npeiaraeMelii B TaHHOW paboTe Ba-
PHAHT TEOPUH IUTACTUYHOCTH HOPHUCTHIX Tel, Oa3MpyrOIii-
Csl Ha CyLIECTBYIOIMX MOCTYJaTaxX, yUUThIBAET HE TOIBKO Me-
XaHmM JeopMariy TBepaor ¢asbl U CTPYKTYPY MOPOBOTO
MIPOCTPAHCTBA, HO M YYBCTBUTENILHOCTH JE(hOPMHPYEMOTrO
MTOPUCTOTO TeNla K CKOPOCTH Aehopmanui. YyBCTBUTENb-
HOCTb CXKMMaeMOTO HOPUCTOTO Tejla K CKopocTH Jedop-
MAaIi¥ YYUTHIBaEM KaK BIMSHUE TTOCIEAHEH HAa BETHINHY
JOCTUTaeMOM MOPUCTOCTU C OJHOU CTOPOHBI U HAa UHTEH-
CHBHOCTb POCTa YIIPOUYHEHUsI TBEPAOii (a3bl C APYToii.

JlaHHas METOMKA MOXKET OKa3aThCs MOJIC3HOM ATl Po-
THO3HPOBaHMA Je(hOPMAIMOHHBIX XapaKTEPHCTHK CIEYCH-
HBIX METUIOB C ydeToM HH(popMamyy 00 yNpoYHEHHH
TBepIoi (pa3el M ee TOBEACHUH TPU TUHAMHYIECKOM BO3-
JICUCTBUH 10 PA3JIMUHBIM TPACKTOPUSAM Harpy>KEHHUS.

DYNAMIC EFFECT ON MATERIALS
IN PLASTICITY THEORY OF POROUS BODIES

L.A. RYABICHEVA, J.V. KRAVTSOVA

East Ukrainian National University named after Vladimir Dahl,
Lugansk, Russia

The deformation of porous compressible bodies is de-
scribed by models, which postulate the invariance of po-
rosity decreasing process with respect to strain rate. Thus,
as is known, the most essential difference of static defor-

mation from dynamic is occurrence of shock waves. The
given phenomenon is closely connected to a form of de-
pendences pressure — deformation and density (porosity)
- deformation.

In this work the variant of plasticity theory of porous
bodies, which can change its volume at the cost of change
in the volume of certain pores, in the assumption of sen-
sitivity of the given process to stain rate and to loading
condition is offered. Also it is taken into account, that
process of deformation is accompanied by hardening of
solid phase which depends on value of equivalent defor-
mation of porous body. The equivalent deformation is
a measure of deformations saved up in a matrix phase.

In all considerations we proceed from the existing
plasticity theory of the porous bodies. Scalar properties of
a compressed porous body can be characterized as the
equations describing dependences of the hydrostatic pres-
sure pand the tangential stress intensity t on the rela-

tion of the volume variation rate e to the forming rate vy,

porosity 6 and parameters influencing the state of the
porous body (function of porosity), so the equation of
a yield surface.

At the formulation of the constitutive equations we
believe, that the form of functions of porosity ¢ and

is determined by porous structure (a relative positioning
of pores, their form and distribution in the sizes), and also
sensitivity of the porous body to strain rate. For this pur-
pose the kind of this function is modeled in such a man-
ner that 6 >0, ¢ > 1,y — oo . Their also contain some

parameters kjand k, which are measure of sensitivity of

the porous body to strain rate. Thus, the parameter
ky characterizes the sensitivity of densification process to

strain rate, and the parameter k, takes into account the

influence of strain rate on solid phase hardening and de-
pends as on form of expression of equivalent deformation
from porosity, so from its value.

Thus, the variant of plasticity theory of porous bodies
suggested in this work, basing on existing postulates,
takes into account not only the mechanism of solid phase
deformation and structure of porous spaces, but also the
sensitivity of compressed porous body to strain rate. Sen-
sitivity of compressed porous body to strain rate is taken
into account as influence of last one on value of porosity
on the one hand and on intensity of solid phase hardening
growth with another.

The given procedure can be useful for forecasting of
deformation characteristics of sintered metals in view of
the information of a solid phase hardening and its behav-
ior at dynamic effect on various loadings paths. In con-
trast to other models, the suggested one takes into ac-
count not only the materials properties, but also their sen-
sitivity to the strain rate.
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MOJIEKYJISSPHO-IMHAMHWYECKOE
MOJIEJIMPOBAHUE CTATHYECKOI'O
U YIAPHO-BOJIHOBOI'O CoKATHUS
METAJLJIOB C TPAHELIEHTPUPOBAHHOMN
KYBUYECKOM PEHIETKOM

B.K. I'OJIYBEB, A.A. CEJIE3EHEB

OTKpBITBIN BEIYUCIIUTENBHBINH LeHTp, CapoB, Poccust

C HuCTIOIB30BaHMEM METOa KJIACCHYECKOH MOJIEKYJIIIp-
HOU JIMHAMUKY TPOBENICH PACUET CTATHICCKOTO (M30TCPMU-
YECKOTo U aqrabaTHIecKoro) U yAapHO—BOJIHOBOTO CKAaTHS
META/UIOB, MMEIONIMX Hanboiee CHMMETPUYHYIO U3
IUIOTHOYTIAKOBAaHHBIX ~KPUCTAUTMYECKUX CTPYKTYp —
TPaHEIEHTPHUPOBAHHYIO KYOMUECKYI0. OTH METalTbl —
TFOMHUHUH, HHUKEIh, MEIb, PO, Mmamaanii, cepedpo,
UPHUIUHA, TUIATHHA, 30JI0TO, CBUHENl — 3aHUMAIOT
B MIEPUOJMYECKON CHCTEME 3JIEMEHTOB MecTa oT 13 mo 82.
PaccMoTpenune mporieccoB cxxaTusi MPOBOJIUIOCH B JUa-
Ma30He CXKATUM A0 NPEEIbHOIO 3HAYEHUS G = P / Pop=2.

B npenBapuTenbHBIX pacyeTax HCIONB30BAINCH HECKOIBKO
TUIIOB TIOTEHIMAJIOB MEXAaTOMHOTO B3aMMOJICHCTBHSI.
JIyisi OKOHYATEeNBHBIX PAacdeToOB OBLI BBHIOpAH ISITHUIApA-
METPUYECKUH MOTEHIMa] OOILero BHIA, IpelCTaBlsie-
MBI COBOKYITHOCTBIO JKCIIOHEHIIMAIBHONH M CTETICHHBIX
¢byuknuii. [Togronka mapameTpoB MOTEHIMAIA OCYIIECT-
BIISUIACh Kak C HMcHoab3oBaHueM nporpammbl GULP, Tak
U aHATUTUYECKUMU METOJaMHU.

MonekynsipHO—TMHaAMHYECKOE MOJIEJIMPOBAHHUE CTa-
THUYECKOTO CXKATHsI OCYLIECTBIISUIOCH C HCIIOJIb30BaHUEM
nporpamm GULP u SageMD. OO6pasubl KyOHueckoii
dbopmel comeprkanu okoiio 4000 aromoB. Ha Bcex rpamsx
00pasloB 3a7aBaINCh NEPUOMYECKUE TPaHUYHbIE yCIIO-
Busi. MCHIONb30BaNnCh TaKKe TIPAaHUYHBIC YCIOBHS Ha
KECTKMX MOABIXHBIX CTEHKax. MOJEeKyJIsIpHO—INHAMHU-
YECKOE MOJIENIMPOBAHUE YAAPHO—BOJHOBOTO CXKAaTHs OCYy-
LIECTBIIUIOCh € HCIONb30BaHMEM mporpaMMel SageMD.
B sToM ciydae mcmonp3oBaiMch 00pasmsl B opme ma-
pannenenunenos, cogepxamie okosno 20000 atomos. Ha
OOKOBBIX TpaHsIX 00pasloB 3a/1aBajUCh MEPUOAMUECKUE
I'paHWYHBIC YCIIOBHS. Y IapHasi BOJIHA CO31aBAJIACh ITyTEM
3aJaHusg HEOOXOOUMOH MacCOBO CKOPOCTH TIpHIIEKa-
LmieMy K OJIHOM M3 TOPLEBBIX IMOBEpPXHOCTEil oOpasia
CJI0I0 aTOMOB. MaccoBbIe CKOPOCTH BapbHUPOBAINCH IS
MOCTPOCHHS YIApHBIX aauadaT M H3Yy4YEHUS COIyTCT-
BYIOIINX (PM3MYECKNX SBICHUH B YKa3aHHOM JHAIa30HE
cokatuid. HavanpHble TemmepaTypbl 00pa3lOB TaKkKe
BapbUPOBATINCh B INHPOKHX mpenenax. CTpyKTypHBIH
aHaJIM3 yapHO CXKaThIX METAJUIOB OCYIIECTBIISIICS C HC-
MOJb30BAaHNEM BBIYMCIAEMbIX (YHKIUH paanaabHOTO
pactipenenenus. B pesynbrare ObUTM MOCTPOEHBI yaap-
HBIe aguabaTel U QyHKIMH | proHali3eHa pacCMOTPEHHBIX
METaJUIOB, ONpEAeeHbl YCIOBHA HUX IUIABICHUS IIpU
YAapHO—BOJIHOBOM cxaTud. IIpoBeneHo comocTaBieHNE
MOJTyYEHHBIX PEe3yJIbTaTOB C PacyeTHO—TEOPETUUECKUMU
pe3yibTaTaMy APYTUX aBTOPOB M C M3BECTHBIMH JKCIIE-
PHMEHTAIbHBIMU JaHHBIMH.

MOLECULAR-DYNAMIC SIMULATION
OF STATIC AND SHOCK-WAVE COMPRESSION
OF METALS WITH FACE-CENTRED
CUBIC LATTICE

V.K. GOLUBEV, A.A. SELEZENEV

Open Computer Center, Sarov, Russia

Calculations of static (isothermal and adiabatic) and
shock—wave compression of metals having the most
symmetric of close—packed structures — face—centered
structure — were performed with the use of the met-
hod of classical molecular dynamics. These metals —
aluminum, nickel, copper, rhodium, palladium, silver,
iridium, platinum, gold, lead — occupy places from 13 to
82 in the periodic system of elements. Examination of the
compression processes was conducted in the range of
compaction up to the maximum value of c=p/py=2.

In the preliminary calculations several types of interatomic
interaction potentials were utilized. For the definitive
calculations the five—parameter general form potential
represented as an aggregate of exponential and power
functions was selected. The fitting of potential parameters
was realized using as the GULP program so analytical
methods.

Molecular—dynamic simulation of static compression
was performed using the GULP and SageMD prog-
rams. The specimens in the cubic form contained
about 4000 atoms. The periodic boundary conditions
were set on all the sides of the specimens. The boundary
conditions on the hard mobile walls were used too. Mo-
lecular—dynamic simulation of shock—wave compression
was performed using the SageMD code. The speci-
mens in the form of a parallelepiped containing
about 20000 atoms were used in this case. The periodic
boundary conditions were set on the lateral sides of the
specimens. A shock wave was created by means of
assignment of a necessary mass velocity to the layer of
atoms adjoining to one of the specimen frontal surfaces.
The mass velocities varied with intent to build shock
adiabats and to investigate concomitant physical phe-
nomena in the mentioned range of compaction. The initial
temperatures of the specimens also varied in a wide
range. Structural analysis of shock—compressed metals
was realized with the use of calculated functions of radial
distribution. As a result the shock adiabats and Gruneisen
functions of the examined metals were constructed, con-
ditions of their melting during shock—wave compression
were determined. Comparison of obtained results with
calculation and theoretical results of other scientists and
with known experimental data was made.

v
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BPEMEHHBIE 3AKOHOMEPHOCTHA
INPOLHECCA JUHAMMUYECKOI'O
PAZPYHIEHUSA METAJUIOB,
OBYCJIOBJIEHHBIE HEPAPXNYECKNMUA
CBOVMICTBAMM JIMCCUITATUBHBIX
CTPYKTYP —KACKAJA HEHTPOB
PA3ZPYIIEHUSA

A5l YUAEB, B.T. ITyHUH, C.A. HOBUKOB,
E.B. KOIIEJEBA, JI.A. INIATOHOBA, H.!. CEJIbMEHKOBA

Poccwuiickuii penepanbHbIi SISPHBIA IEHTP —
Bceepoccniicknit HUU sxcniepuMeHTaIbHOM (BH3NKH,
Capos, Poccus

B pabore paccmaTpuBaeTcst MEXaHH3M JTUHAMHUYECKO-
r0 paspyuIeHUs] METAIJIOB, BbI3bIBAEMbIH CHIIbHOTOUHbI-
MU My4YKaMH PEJSITHBUCTCKUX AJIEKTPOHOB B JIHMAIla30HE

-6 _ —10
nponroBeyHoctH ¢ ~10 "+10 ¢, TemIe BBOJa SHEPTUU

6 12
d7/dt ~10"+10 ~ K/c, nmpu amIinTyie UMITyJIbCHOTO BO3-
JeHCTBHS eIUHULIBI—COTHU KII00ap.
V3BecTHO, YTO METaUIbl, KaK B KBA3UCTATHIECKOM

-3
(monroBeunocth ¢ > 10 ~ c), Tak U B ITUHAMHUYECKOM

(t< 1078 ) Marna3oHax JOJITOBEYHOCTH, IIPH pa3pylie-
HUM HCIBITHIBAIOT IUIACTUYECKYIO nedopmaruio. Jlo He-
JIABHETO BPEMEHH IPOLECCHI IUIaCTHYEeCKor nedopmanuu
CBSI3BIBAIM C DBOJIIOLMEH pa3IMuHOro pojaa JedekTo
KPUCTAJUINYECKOH CTPYKTYpbI, KOTOpBIE, B3aUMOJIEIHCT-
BysI MEXIy CO0OIl M HCIIBITHIBasi BHEUIHEE BO3JCHUCTBHUE,
OCTaBaJIUCh CAMOCTOSTENLHBIMH CTPYKTYPHBIMU €IHHU-
LaM{, OONaJaloIMH MPUCYIIUMHA WM CBOMCTBaMH.
B pamkax 3Toil KOHLENUMHU MpoliecC MIACTUYECKON Ie-
(dbopMmanuy NpeacTaBIsIICA KaK pe3ybTaT 3proguieckoro
MOBEJICHUSI CHCTEMBbl NEe()EKTOB, TPACKTOPHH KOTOPBIX
3aI0JHSIN C TEYEHHEM BpeMeHHU Bce (ha30BOE MPOCTPaH-
cTBO. Takol KIacCHYECKOU CUCTEMOU SBIIACTCS HJI€alb-
HbIi ra3. ®a3oBble TPACKTOPUU aTOMOB I'a3a HEyCTOMYM-
BbI [1]. Ecnii 00beM rasa orpaHudeH, TO HEYCTOHYUBOCTD
JBIDKEHUSI U YIPYTUe CTOJKHOBEHUS NPUBOIAT K IEpe-
MEIIMBAHUIO (ha30BBIX COCTOSIHHM aTOMOB. JTO mepeme-
mMBaHWE HaOMIOJaeTcs Kak SBOJIONMS MICATBHOTO ra3a
K IIepBOHAYaIbHOMY COCTOSIHHIO. Taxke mpearonaraercs
OTCYTCTBUE HEPAPXUUECKON COMOJIIMHEHHOCTH H B TOBE-
JIeHnd Ae(eKTOB KpucTaumdecKoi perretkd. [loBexme-
HUE 3a[aeTCs BHEUIHMMHU CHJIOBBIMHU IIOJISIMH U JIEHCT-
BHEM TepMocTaTta. B Takoil mocTaHOBKE 3aBUCHMOCTH Tep-
MOAMHAMUYECKOTO  MOTEHIMAala CHCTeMbl  Je(heKTOB
B KOH(HI'YpallMOHHOM HPOCTPAHCTBE MMEIOT BHJ «pery-
JIAPHOTO» paclpeiesieHss MUHUMYMOB, HaUMEHBIIMHA U3
KOTOPBIX COOTBETCTBYET YCTOWYMBOMY COCTOSIHUIO CHCTE-
MBI Ie)EKTOB, a OCTAIBHBIE METACTAOMIILHBIM COCTOSTHUSIM.
B pe3ynbrate 3BoMOLMS CHCTEMBI NE()EKTOB KpUCTAIIINYE-
CKOHM pemIeTKH B IpoLecce INIaCTUUeCKOr Aedop- Marmn
TpEACTAaBIsIETC KaK LEroyka TEepMOQIYKTYallHOHHBIX

n1e0aeBCKMX TPOIECCOB MNPEOAOJICHHUS HHEPreTHUECKHX
0apbepoB, a BpeMEHa PEeNaKCalui ONpPEAENSIOTCS COOT-
HomleHWsIMU THuna AppeHuyca. Takas KapTHHa peanu-
3yeTcsi IPH MaJIbIX CTETICHSIX IIACTUUIECKOH Aedopmarim.

[Ipy GonblIMX CTENeHsX IUIacTUYecKor JedopMaiyn
IUIOTHOCTh PA3IMYHBIX JE()EKTOB KPUCTAIINUECKON CTPYK-
Typbl JOCTUIaeT KpUTHUYECKUX 3HaueHui. Hauunaror
nposiBisTC  Apyrue 3G¢eKThl B IMOBEACHUHM aedex-
TOB [2]. DTO O3Ha4aeT YCTAaHOBJIEHUE OIpPEIEICHHBIX
cBs3el B aHcaMOIie Ae(eKTOB, 4TO O0YCIIaBIMBAET IIPO-
TeKaHWs, Hampumep, (a3oBbIX, KMHETHUECKHUX IpEBpa-
IICHWH. Y CTaHOBJICHUE OTIPENIEIIEHHON CBSI3H B aHCAMOIIe
OJIHOTO CTPYKTYpPHOTO YPOBHS JA€T MNPEIIOCHUIKY IS
aBTOJIOKAJIM30BAaHHOTO 00pa30BaHUs APYroro CTPyKTyp-
HOTO YPOBHS, KOTOPBI MI'PaeT pOjb HUCXOZHOTO CTPYK-
TYpHOTO YPOBHs 1yisi Ooiiee BbIcOKOro. HepaBHOBecHHIe,
HepapXU4ecKue COMOJYMHEHHbIE CHCTEMBI, KOTAa J0C-
THXKEHUE BEPXHEr0 COCTOSHHMA BO3MOXHO JIMIIb IIOCHE
JIOCTHIKECHUSI HIKHUX COCTOSIHHH, SIBJISIFOTCSI HEIProAnd-
HeIMH. Takoe OTIMYME, B KOJUIEKTHBHOM IIOBEJCHUH
aHcamOIs 1e()eKTOB OT OOBIYHOTO Tporiecca (a3oBhIX Mpe-
BpalieHuii OOYCJIOBICHO HEPAaBHOBECHOCTBIO aHCaMOIs
nie(heKTOB, BOHHKAIOIIEH B Iponecce JUHAMUYECKOTO Pa3-
PYUICHHS TIPY HAMYHAN Pa3BHTOW IUIACTHYECKOH Jedop-
Malluu.

B pesynbraTe npoBENeHHBIX UCCIEAOBAaHUN OBIIO TMO-
Ka3aHO, YTO IUIOTHOCTH IOTJIOIIEHHONW 3HEPIuH, HMPUBO-
JSIIEH K pa3pylIeHHI0 CpaBHHMAa C JHEPreTHUYECKHMHU
rapaMeTpamMy KpUCTaNTN4ecKoi pemerku [3].

ABTOJIOKAJIM30BAaHHBIA XapakTep NoBeAeHHs aedex-
TOB (a mainee «cynepaeeKToB», B HalleM Cilydyae IOBe-
JIeHHE KacKajia IEHTPOB Pa3pyILEHHUs) SIBISIETCS CIIEJCT-
BHEM IOTEPH IPTOANYHOCTH B MOBEICHUN aHCAMOJIs jie-
(heKTOB, KOTOPHIH, B CBOIO OYEPE/b, CBSI3aH C HepapXuye-
CKOH CONOAYMHEHHOCTBIO.
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PROPERTIES OF DISSIPARIVE STRUCTURES —
FAILURE CENTERS CASCADE

A.YA. UCHAEV, V.T. PUNIN, S.A. NOVIKOV,
E.V. KOSHELEVA, L.A. PLATONOVA,
N.I. SEL’CHENKOVA

Poccuiickuii GpenepanbHblil SOCPHBIA HEHTP —
Bceepoccuiickuit HUU sxcnepumenTanbHoi Gusuky,
Capos, Poccus

In the work there is studied a mechanism of metals
dynamic failure caused by high—current beams of relativ-

istic electrons in the longevity range ¢ ~10 <10  sec,

energy input rate d7/d¢ ~10 +1012 K/sec, at the ampli-
tude of unit impulse action amplitude equaling to hun-
dreds of kilobars.

It is well-known that under failure metals undergo
plastic deformation in both quasi-static (longevity
£>10° sec) and dynamic (¢ < 10 ° sec) longevity ranges.
Up to now the processes of plastic deformation have been
connected to evolution of different kind defects of crystal
structure which interacting between each other and un-
dergoing external action remained independent structure
units possessing distinctive properties. Under this concept
the process of plastic deformation seems to be a result of
ergodic behavior of the system of defects whose trajecto-
ries filled the whole phase space in process of time. Such
a classic system is ideal gas. Phase gas atom trajectories
are not steady [1]. If the gas volume is limited, the motion
instability and elastic scattering lead to phase atom states
mixing. This mixing is observed as ideal gas evolution
toward the initial state. Absence of hierarchic co—subor-
dination in crystal lattice defects behavior is also ex-
pected. The behavior is set by external force fields and
thermostat action. In this case dependencies of thermody-
namic potential of the system of defects in the configura-
tion space have a type of «regular» distribution of mini-
mums, the least among which corresponds to the defect
system steady state, and the rest of them — to metastable
states. As a result, the evolution of the crystal lattice de-
fect system in the course of plastic deformation is repre-
sented as a chain of thermofluctuation processes of en-
ergy barriers overcoming, and times of relaxation are
determined by relations of Arrenius type. Such a picture
is realized at small degrees of plastic deformation.

At large degrees of plastic deformation the density of
different defects of crystal structure reaches critical val-
ues. Other effects in defects behavior begin to appear [2].
This means establishment of definite connections in the
defect ensemble what conditions the flow, for example,
of phase kinetics transformations. Establishment of defi-
nite connection in the ensemble of one structure level
provides a premise for autolocalized formation of another
structure level, that plays the role of initial structure level
for the higher one. Non—equilibrium, hierarchic co—sub-
ordinated systems, when the top state can be reached only

after low states are reached, are non—ergodic ones. Such a
difference in the collective behavior of defect ensemble
from the common process of phase transformations is
conditioned by non—equilibrium of defect ensemble aris-
ing in the course of dynamic failure under developed
plastic deformation. As a result of conducted studies it
was shown that the density of absorbed energy leading to
the failure is comparable to the energy parameters of
crystal lattice [3]. Autolocalized character of defects be-
havior (and further «super—defects», in our case — be-
havior of failure centers cascade) is a consequence of
ergodicity loss by the defect ensemble behavior that, in
its turn, is related to hierarchic co—subordination.
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INPOKOIUATIA3OHHOE YPABHEHHE
COCTOSIHUSI BOJIbI C YYETOM
JTACCOIUALINA, UCTIAPEHUS

1 MOHU3ALIMH (TJIOBYC-3)

M.C. CMUPHOBA, B.B. /IPEMOB,
A.T. CATIOXXKHUKOB

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

B nmaHHOM COOOIIEHMM W3JIOKEHBI PE3YIbTaThI
MOCTPOCHNA HOBOI'O HIMPOKOJAUAIIA30HHOI'O0 YpaBHCHUSA
cocrostHus (YPC) BOIBI € y4eToM AMCCOLMAINH, HCTIa-
peHus U MOoHM3AaLMU. [[J1s1 IOCTPOEHUsT ITOr0 ypaBHEHMS
COCTOSIHHSI HCIIOJIb30BaHBl HECKOJIBKO JIOKAIBHBIX MOJIE-
neit u YPC, ¢ xopolieii TOUHOCTbIO OMUCHIBAIOIINE Be-
IIECTBO B PAa3HBIX 00IACTIX (ha30BOM AUATPAMMEL.

YPC IT'JIOBYC n YPC MenxynuHa — noy>MIUpU-
YeCKHe YPaBHEHHUsS COCTOSIHUS OIHCHIBAIOIINE BOIY
C BBICOKOM TOYHOCTBIO NpPU TeMIEpaTypax BIUIOTh JO
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JUCCOLMAIMA W IIOTHOCTSIX, ONM3KHMX K HOPMaJbHOH,
BKJTFO4asi 00/1aCTh UCTIAPEHHS.

BapuanuonHast Teopusi BO3MYIIEHHH HCIOJB3YETCS
B 00y1acTH, Irie BOJA MOXKET OBITh NMPEACTABICHA B BHUIE
CMECH MOJIEKYJISIPHBIX JKHUAKOCTEH, B KOTOPOH KHWHETH-
YyecKasl 3HEpIus ABM)KEHHS MOJIEKYJl CpaBHHMA C HOTEH-
OUATEHOW SHeprued B3ammojeiicTBus. B aroir obmactu
y4YTEHA U AUCCOLUAIINS.

[Tpu TUIOTHOCTSAX BBIIE HOPMAIBHOW BEIIECTBO pPac-
CMAaTpUBAJIOCh KaK TOMOT€HHAsi CMECh aTOMOB KHCJIOPOJa
U Bojoposa 1o mozaenu Tomaca—Depmu ¢ KBaHTOBBIMH
1 OOMEHHBIMH TIOTIPaBKaMH C y4ETOM BKJIaJa IBHXKCHUS
anep no moaenu Komneimesa .

IIpu MIOTHOCTSX HHMKE HOPMAJIBLHOM BELIECTBO OIHU-
ChIBACT MOJENb PABHOBECHOW IHUCCOLMALMM  CIa00—
HEHMJEAIbHOTO Tra3a (MCIIONb3yeTCs pa3lIoKeHHE A0 BTO-
poro BHpHaNbHOTO Kod(dduimeHTa), Ipu BHICOKHX TEM-
nepatypax — mozenb Caxa 11 paBHOBECHOW HOHHU3ALUS
U/IeaNbHOTO rasa.

YPC mpencraeneH B TaOIUIHON GopMe I SKOHOMAY-
HOTO BBIYUCICHUS  TEPMOJMHAMUYECKUX CBOWCTB Be-
IIECTBA B IIMPOKOM JIMAIa30He INIOTHOCTEN U TEMITEPATyP.

WIDE RANGE EQUATION OF STATE FOR
WATER TAKING INTO ACCOUNT
EVAPORATION, DISSOCIATION
AND IONIZATION

M.S. SMIRNOVA, V.V. DREMOV, A.T. SAPOZHNIKOV

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

Here we present new wide range equation of state for
water. It has been constructed by sewing together a num-
ber of local models describing the matter with good accu-
racy in different regions of the phase diagram.

EOS GLOBUS and EOS Menzhulin are semiempiri-
cal equations of state describing water with high accuracy
at temperatures under dissociation, moderate densities
and taking evaporation into account.

Variational perturbation theory is applied in the
region where water can be considered as a mixture of
molecular fluids that is the kinetic energy of molecular
motion is comparable to potential energy of molecular
interaction. Dissociation is also taken into account in this
region.

At high densities the matter is considered as homo-
geneous mixture of atoms and Thomas—Fermi model with
quantum corrections and nuclei treatment by Kopyshev
is applied.

At low densities and high temperatures the model of
weakly non—perfect dissociating gas (virial expansion up

to second coefficient is used) and Saha model of ionized
gas have been used.

The EOS has been converted in tabular form to be ef-
ficient when using in hydrodynamic codes.

v

CKATHUE TBEPJOI'O TEUTEPUSA
MEI'ABAPHBIMHU JJABJIEHUSMMU Y JAPHBIX
BOJIH

A.W. BEJOB, P.1. UJILKAEB, B.JI. CEJIEMUP,
I'.B. CUMAKOB, P.®. TpyHUH, B.JI. YPJIH,
B.E. ®oprTOB, A.H. HIVIAKUH

Poccuiickuii ¢penepanbHbIi IICPHBIN IEHTP —
Bceepoccutiicknit HUU skcniepumeHTansHoi GU3HKy,
Capos, Poccus

[IpuBeneHsb! JaHHBIE IO YAAPHOMY CXKaTHIO TBEPAOTO
neitrepust npu gasneHusx 120 I'ma.

B oskcmepumeHTax He HaOIIONAETCS aHOMAIBHOTO
YBEJIMYECHUS! TUIOTHOCTH NEUTEpHs IO THUIy TOTO, YTO
3a()MKCHPOBAaHO B HCCIICAOBAHUSIX aMEPHUKaHCKHX Yyde-
HBIX Ha J1a3epHOH ycTtanoBke NOVA.

v

OCOBEHHOCTH NPOLHECCA
JUHAMUYECKOI'O PASPYIIEHUA
METAJIJIOB ITIPA BO3JIEMCTBUM TEILIOBOT'O
YIAAPA U MOIIHBIX UMITYJIbCOB
JIABEPHOI'O U3JIYUYEHUSA

B.T. I1vHuH, A.A. YUAEB, B.B. JKMAit10, A.C. KOHKHH,
H.N. CEJbYEHKOBA, 1.K. PO3TAYEBA, E.B. KOIIEJEBA,
JLLA. TITATOHOBA, H.A. FOKMHA

Poccuiickuii penepabHbIN SIEPHBIH IEHTP —
Bceepoccuticknit HUU skcniepumeHTansHoi GU3HKY,
Capos, Poccus

B pesynbrare NpoBEIEHHBIX paHee HCCIIENOBaHUI
OBUIO TIOKA3aHO, YTO METAIUIBl B SBJICHHH JHHAMHUYECKOTO
pa3pylleHnsT OOHAPY)KUBAIOT YHHUBEPCAIBHBIC CBOMCTBA
MOBEJICHHS], KOTOpble OOYCIIOBIICHBI CaMOOpraHU3alueit
U HEYCTOWYMBOCTSAMHM B JUCCUIIATUBHBIX CTPYKTypax
(kackamax IIEHTPOB pa3pyIICHHUs), JISKAIIUX B OCHOBE
CONPOTHUBIICHUS TeNa BHEUIHeMy BozaeicTButo. [Ipu am

Properties of Matter at High—Intensive Processes
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IJIMTyAaX UMIYJIbCHOI'O JAaBJICHUSA CAWHUIbI-COTHU KH-

—6 -10

nobap B AuanasoHe JojiropeyHoctd ¢ ~10 ~ + 10 c
IBOJIIOISI MUKPO— M ME30CKOIMYECKUX Ie(PEeKTOB Kac-
KaJI0B LIEHTPOB pa3pylLICHUS B SBJICHUM TUHAMUYECKOTO
pa3pyIIeHus ABISETCS ONMpPEEIAIoNel B 00X 3aKOHO-
MEPHOCTSAX UHBAPUAHTHOTO MOBEACHUS TBEPABIX Tel IpU
BO3JICHCTBUH TEIIOBOTO YAapa, BEI3BIBAEMOTO MOIITHBIMHU
UMITYJIbCaMH1 IPOHUKAIOIIUX I/I3J1y‘leHPIﬂ C TEMIIOM BBOJAa
snepruu d7/d¢ ~1O6+10
temnepatyp 1o ~4 K Ty, [1—3].

YHuUBepcallbHbIE CBOMCTBA MOBEACHUS TBEPJOrO Tela
Ha MaKpOYpOBHE ONpPEAEICHBI MPOIlecCaMi CaMOOpPTaHU-
3aLUU JUCCUIIATUBHBIX CTPYKTYp Ha ME30YPOBHE.

B manHO#l paboTe mokazaHa BO3MOXXHOCTh HPOTEKa-
HUS Ipolecca JUHAMUYECKOro pa3pyLIeHUs MO OMUCAH-
HOMY BBIIIE MEXaHH3MY B IHMKOCEKYHIHOM JIHAIa30HE
JIeIICTBUSL OTPULIATENILHBIX JABJICHUI.

Jnst co3gaHusi HEPABHOBECHBIX YCJIOBHM HCHOJIb-
30Balach Jla3epHas YCTaHOBKa C TapaMeTpaMH Har-
PYXCHHSA: MOIIHOCTh TIOTOKA JIA3€PHOTO H3IYUYCHUS

K/c, nmamasoH HayaabHBIX

2 -1
J > 10" Bt/cm’, anurenbHOCTh umiyibca T <10 [¢

[4]. B obmacti BO3HEWCTBHS JTa3epHOTO H3Iy4YCHHS Ha
MeTaJlll KpUCTAJUTMUECKasl PEIETKA UCIBITHIBAET IBOMHOE
BO3JCIICTBHE: BO3JEHCTBUE TEPMOJU30BAHHBIX 3JIEKTPO-
HOB Ha MOHHYIO CHCTEMY C SIPKOCTHOM TeMmneparypoil —

Ty, 9TO TPUBOIUT K JIOKAIBHOMY SIBJICHHIO TEIJIOBOTO
ymapa. Taxxe 3Ta 00JacTh HCHBITBIBAET ACUCTBUE HM-
ITyJILCHOTO JIABJICHUS BCJIEJCTBHE HCIIAPCHUS YacTH Me-
Tajuia. Ilocne oKOHYaHMsI BO3AEHCTBUSL MMITYJIbCA JIa3ep-
HOTO HW3TYYCHUS BO3HHMKACT OTPHUIATEIBHOE JaBICHUE
BCJIC/ICTBHE Pasrpy3Kd B HEPAaBHOBECHOW 00IacTh, 4TO
MOJXKET MPHUBECTH K BO3HUKHOBEHHIO KacKaja IIEHTPOB
paspymienus, oOmajgaromero (QpakTaapHOH pa3MepHO-
CThIO B MIUKOCEKYHHOM 00JIaCTH JOJITOBEYHOCTH. MeTo-
aMH KOJIMYECTBEHHON (pakrorpaduu ¢ MpHUMeHCHHEM
BBIYHCIIUTECIbHBIX CPCACTB YCTAHOBJICHO BO3HUKHOBCHHUE
JUCCHUTIATHBHBIX CTPYKTYpP — Kackazua IICHTPOB pa3pyIie-
HUSI, 4TO MOKA3hIBAET BO3MOXKHOCTh IPOTEKAHUS MPOIIEC-
ca JMHAMHYECKOTO pPa3pyLICHHs B MHKOCEKYHTHOH 00-
JIACTH TOJITOBEYHOCTH.

Takum 00pa3oM, IPIMEHEHUE JTa3ePOB C IMUKOCEKYH]I-
HOW M, OCOOCHHO, ¢ ()EMTOCEKYHIHOW JIUTEIHHOCTHIO
UMIYJIbCa OTKPHIBAET HOBBIE BO3MOXXHOCTH HCCIIEOBA-
HUS Tpolecca JUHAMUYECKOTO paspyIlleHHUs B MHKOCE-
KYHIHOM Jana3oHe AeHCTBUS OTPULIATEIHHOTO IABICHHS,
YTO CYIIECTBEHHO pacHIMpsieT HCCIeayeMylo o0acTh
HEPaBHOBECHBIX COCTOSHHIA.
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SPECIFIC FEATURES OF METALS DYNAMIC
FAILURE UNDER ACTION OF THERMAL
SHOCK AND POWERFUL PULSES
OF LASER RADIATION

V.T. PUNIN, A.YA. UCHAEV, V.V. ZHMAYLO,
A.S. KONKIN, N.I. SEL’CHENKOVA, [.K. ROZGACHEVA,
YE.V. KOSHELEVA, L.A. PLATONOVA, N.A. YUKINA

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

As a result of studies conducted earlier, it was demon-
strated that metals in the phenomenon of dynamic failure
showed behavior universal properties conditioned by
self—organization and instabilities in dissipative structures
(failure center cascades) forming the basis of the body’s
resistance to the external action. At the amplitudes of
pulse pressure units—hundreds of kilobars in the longevity

range ¢ ~ 10_6+10_10 sec evolution of micro— and meso—
scopic defects of failure center cascades in the phenome-
non of dynamic failure is determinant in the common
regularities of invariant behavior of solid bodies
under the effect of thermal shock caused by powerful
penetrating radiation pulses with the rate of energy input
d7/de ~ 10+1O12 K/sec, the range of initial temperatures
To ~ 4K=Tyep [1—3].

Universal properties of solid body behavior on the
macro—level are determined by processes of dissipative
structures self-organization on the mesolevel. In the
given paper there is described a possible way of dynamic
failure progressing according to the mechanism described
above in the picosecond range of negative pressures
action.
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In order to create non—equilibrium conditions, there
was used a laser facility with loading parameters: laser

radiation flux power J > 1013 W/cmz, pulse length

—-10 . .- .
7 <10 " sec [4]. In the region of laser radiation action to
the metal the crystal lattice undergoes double action: ac-
tion of thermolized electrons to the ion system with

brightness temperature — 7, , what leads to the local
phenomenon of thermal shock. Also this region endures
the action of the pulse pressure due to vaporization of
a part of metal._After the end of laser radiation pulse ac-
tion there appears negative pressure due to off-loading in
the non—equilibrium region, what can lead to appearance
of failure centers cascade possessing fractal dimension in
the picosecond longevity region. Methods of quantitative
fractography with application of computational means
established appearance of dissipative structures — failure
centers cascade what demonstrates the possibility of dy-
namic failure progress in the picosecond longevity re-
gion. Thus, employment of lasers with picosecond and,
especially, with femtosecond pulse length opens new
capabilities for studying of the dynamic failure process in
the picosecond range of negative pressure action what
significantly extends the non—equilibrium state region
under study.
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OBPA30BAHUME PUHI'BYJIUTA
IPU YIAPHO-BOJHOBOM HATI'PYKEHUU
ABYCJIOJAHO-KBAPIIEBOI'O CJIAHIJA
(QKCIIEPUMEHTAJIBHBIE JTAHHBIE)

E.A.K03JIOB

Poccuiickuii penepabHbIN SIEPHBINH HEHTP —
Bceepoccuiickuit HUM texHuueckoit Gpusuku
M. akana. E.M. 3a6abaxuna, Cuexunck, Poccus

JI.B. CA30HOBA B.1. ®EJILIMAH

I'eonormueckuii pakymnprer MI'Y um. M.B. JlomoHocoBa,
MockBa, Poccus

H.A. JIYBPOBMHCKAS, JI.C.JIYBPOBUHCKHIA

Bbapapckuii reonorudeckuil UHCTUTYT, T. balipoiit, I'epmanus

OKCHEepUMEHT MpoBOAMICA Mo Mertoauke PDALl —
BHUUT® B r. Cuexuncke. llap mopoasl nmen Havaib-
HBII JuaMeTp 49 MM 1 ObUI TEpMETHYHO 3aBapCH B YEXOI
13 aycTeHUTHOH HepkaBeromer cranmu 12X18H10T. O6-
XKaThe 3arepMETH3UPOBAHHOIO IIapa OCYILECTBIIAIOCH
chepryeckn CXOASIIEcs IeTOHAMOHHONW BOJHOW, MHU-
IUUPOBAHHON B CJO€ OKTOTCH—COAEPIKAIIero B3pHIBYA-
toro cocraBa (HMX-based composition) ¢ HapyXHbIM
pamuycom cioss BB Rgg = 40 MM mpHu TOJIIMHE CIIOS

hgp = 10 MM. YmapHbIe HamnpspKEHHS B TIOPOJE COCTaB-
asmn okosto 30 I'Tla ma pamgmyce 24,5 MM W IOCTH-
ramu 300 I'Tla Bo GpoHTE cxoAsLIeHCs BOJIHBI HAa paiuy-
ce | M.

Punreynur (xyOuueckass monuMopdHas Moauduka-
LUs OJIMBUHA — TaK Ha3blBaEMblli raMMa—OJIMBUH) BIIEp-
Bble OBII MOJyYeH NPHU YAApPHO—BOJHOBOM HarpyXeHUH
ropHoii noposl. IIpu 3TOM OMOTHT B NBYCIIIOASHO—KBap-
LIEBOM CJIaHIE IIpeTepnes yIapHO—TEPMUYECKOe pPazio-
KEHHEe TpH HampsbkeHusx B uHTepBaie 20—50 ITla.
WHorma BMecTe ¢ pPHUHTBYAHTOM B aMop(r30BaHHOM
OCTaTKe OMOTHTAa HAOIIOMAEeTCsA IIIMHENb, OIU3Kas II0
COCTaBy K TepIIHUTY.

Punryaur oOpa3zyer BBITSHYTbIE M TaOJIMTHATHIC
KpUCTaUTBl 10 20 MKM JUTHHOW TP IIMPUHE 10 7 MKM.
Ha xoHIax KpHCTAJUIOB MHOTJA HAMEYAIOTCS MPU3HAKU
¢ymsipoBugHoro crpoenus. CocraB puHrByaura (B Be-

coBeix %): SiOy = 29,13—32.84; TiO, = 0,27—0.91;
AlLO3 = 0,94—14,17; FeO = 28.78—47.54; MgO =
17,44—28.97; CaO = 0,00—0,14; K;0 = 0,09—0,31.
OH XOpOIIIO0 COOTBETCTBYET CTaHIAAPTHOH (opmyiie Si'"
(Mg, Fe)y Og.

JIMarHocTHKa PUHTBYIUTA OCYHIECTBICHA C UCIOJIb-

30BaHHEM PaCTPOBOTO JJIEKTPOHHOrO MUKpockona Cam-
scan 4DV c sHeproaucnepcHoHHBIM aHanm3atopoM Link
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ANI10000 (MI'Y) u mabopaTopHOTO PaMaHOBCKOTO CIIEKT-
pomerpa LabRam (baBapckuii reosioriyeckuii HHCTUTYT).
B nocneHeM citydae BbISIBICHBI TUIIMYHBIE U1 PUHIBY -

Ta JUArHOCTHYECKHUE TyOseTsl B 00mactu 780—900 CMil.

B 3eMHBIX MUMIIAKTUTAX PHHIBYAUT OOHAPYKEH MOKA
TOJIEKO B OJTHOM CITy4ae — B UMIIAKTHBIX [TEM3aX DCTpe-
Maaypsl B Mcnanuu, rjie ero KpUCTallibl POCIIH B OBICTPO
ocTheIBaromeM pacruiaBe. OOHAPYKESHHBI B MPHUPOTHOM
MeTeopuTHOM Kpartepe B Mcmanmu B 2001 roxy u Bmep-
Bbl€ CHHTE3MPOBAHHBIH BO B3PBIBHBIX 3KCIEPUMEHTAX
naboparopHoro Macmrtaba (Rgg = 40 MM) pUHIBYIMT
oOpazoBasics Ha TBepao(da3HOM craguu Mpeodpa3oBaHUs
mopoJi. B mpupose BEISBICHHE TaKOTO PHHTBYIHWTA BO3-
MOJKHO TOJIEKO B BEIOpOCAX M3 acTPOOIIeM, TaK KaK TOJb-
KO 3/IeCh MOXXHO PAacUUTHIBATh HAWTH 3aKAIEHHBIC BBICO-
KoOapmdeckiue MUHEpanbHbIe ()a3bl B 0OJOMKax IOpOI,
HCIBITABIINX BHICOKOIIAPAMETPHUYECKUIN YIapHBIA MeTa-
MOp(H3M, HO HE MPOIIE/IINX CTAJANH [LIABICHHS.

PaGoTta BhIIONIHEHA TP YACTUYHOW TMOIAEPIKKE
PODU, rpant 00-05-64102.

v

K BOITPOCY O METACTABNJIBHOCTN,
HEINNOJIHOTE NPOTEKAHUSA a—-< —®A30BOI'O
HPEBPAIIEHUSA B HEJIETUPOBAHHOM
KEJIE3E TP TOPOT'OBBIX UMITYJIbCAX
HATI'PY3KHU. OCOBEHHOCTH
JE®OPMAIIMOHHOI'O NIOBEJEHUSA
N CTPYKTYPBI APMKO-XEJIE3A

E.A. Ko3i10B, 1.B. TEJIWYKO,
JI.M. I'OPBAUEB, /I.I". [IAHKPATOB

Poccuiickuii GpenepanbHblil SOCPHBIA HEHTP —
Bcepoccniickuit HUM texundeckoit pusuku
uM. akaa. E.W. 3a6abaxuna, CHexxuHCK, Poccust

A.B. JIOBPOMBICJIOB, H.W. TANTYI]

WucruryT dusuku metamoB YpO PAH,
Exatepun6ypr, Poccus

[Tomy4yeHp! HOBBIE JaHHBIE IO KMHETHKE pPETaKCaIliH
HanpsbkeHuit Ha QpoHTax ynpyroro u ¢asoBoro mpen-
BECTHHUKOB IIPY B3PBIBHOM Harpy K€HUH apMKO—Kese3a.

[IpoBeneHO coImoOCTaBICHHE PE3YIBTATOB, IIONYYEH-
HBIX HEMOCPEACTBEHHO B MPOLIECCE B3PBIBHOIO HArpy»Xe-
HUS 00pasIoB, C JAaHHBIMH IOCIEIYIONNX METajuIorpa-
(MUecKUX HMCCIIEI0OBaHUI COXpAaHEHHOro BelecTBa. Brl-
SIBJICHO TIPOTEKaHWe O—&—(a30BOro IPEeBpAILCHUS B y3-

KOM CJIO€ Y TIOBEPXHOCTH HArpy>KEHHS MPH HATrPYKCHUU
00pasoB apMKO—Kele3a CKOJB3SIIeH JAeTOHAIMe TOH-
kux (1; 1,5 u 2 MmM) cnoeB mutactuuHoro BB Ha ocHoBe
TDOHa (PETN-based composition). OTMeueHO Xopoiiee
COOTBETCTBUE TIIyOWHBI IEepexofia OT TPEeX— K JIBYXBOJI-
HOBOH KOH(HTIYpalMu HpH HArpyKEHHH apMKO—Kene3a
cKonb3suieil netroHanueil cnost BB Ha ocHOBe OkTOreHa
(HMX- based composition) mpu Ttommmee ciosi BB

Lo N
hgs = 15 1 20 MM C BEIMYMHON X, COOTBETCTBYIOIICH
CKa4YKOOOpa3HOMY W3MEHEHHIO 110 TOJIIMHE COXpPaHEH-

HOTro o0pasua MUKpoTBepaocTH H,, (x).

[Momyyena konM4ecTBEHHAST HHPOPMAIUS 110 pacrpe-
JICJICHUIO IO TOJIIUHE 00pa3loB MHUKPO— W MaKpOTBEp-
JIOCTH, IUIOTHOCTH IABOMHHMKOB M JUCJIOKAIMi, HEO0XO0-
JMast JUIsl IPOBEPKH M aTTeCTalvy (pU3MYECKUX MoJesen
U PacYeTHBIX MPOTPAMM HOBOTO ITIOKOJICHHS.

TO THE QUESTION ON METASTABILITY
AND INCOMPLETENESS OF o—s-PHASE
TRANSFORMATION IN UNALLOYED IRON
UNDER THRESHOLD LOADING
PULSESFEATURES OF DEFORMATION
BEHAVIOUR AND STRUCTURE
OF ARMCO IRON

E.A. KozLov, 1.V. TELICHKO,
D.M. GORBACHOV, D.G. PANKRATOV

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

A.V. DOBROMYSLOV, N.I. TALUTS

Institute of Metal Physics, Ural Division of Russian Academy
of Sciences, Ekaterinburg, Russia

New data are obtained on the kinetics of stress re-
laxation at the fronts of the elastic and phase precursors
under explosion loading of armco iron.

Results of time—-resolved diagnostics and data of met-
allographic study of recovered specimens were compared.
The o—¢ phase transformation in a narrow layer near the
loading surface was revealed in the case of loading armco
iron samples by sliding detonation of thin (1; 1,5 and 2
mm) layers of the PETN-based composition. Depth of
transition from the three— to two—wave configuration
when armco iron is loaded by sliding detonation of the
HMX-based composition layers (HE layer thickness

hpp = 15 and 20 mm) is noted to be in good agreement
with xaﬁs, which corresponds to the jump—wise change of

microhardness H,, (x) throughout thickness of the reco-
vered sample.
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Quantitative data on the distribution of micro— and
macrohardness, density of twins and dislocations
throughout the sample thickness are obtained. These data
are necessary for verification and validation of new—
generation physical models and numerical codes.

v

CTPYKTYPHBIE UBMEHEHUS B IIAPOBOM
OBPA3IE U3 CTAJIA 40X
ITPU KBASUCOPEPUYECKOM
B3PBIBHOM HATI'PYKEHUU

H.}O. ®POJIOBA, A.D. XEU®EL, B.1 3EJI10BAY

WuctutyT Pusuku metaiuio Y panbckoro otaencHus PAH,
Exarepun6ypr, Poccus

b.B. JIutBUHOB, H.II. ITyPbITH, B.U. BY3AHOB

Poccuiickuii henepanbHBIN SACPHBINA LEHTP —
Bcepoccniickuit HUU texanueckoit ¢pm3ukn
uM. akana. E.W. 3ab6abaxuna, Cuexunck, Poccus

MertogamMu npocBeUMBArOUIEH 3JIEKTPOHHON MHMKpPO-
CKOIIMM W MeTautorpadyi HCCIEIOBAaHBl HN3MEHEHHS
CTPYKTYPBI MIapoBoro oopasna u3 cranu 40X, quaMmeTpom
40 MM, mocne KBa3sHC(HEPHIECKOTO B3PBIBHOTO Harpyxe-
HuA. CTPYKTypHBIE M3MEHEHHUSI CBA3aHbI C T€OMETpHei
HArpy>eHUsl U CONOCTAaBJIEHBI C PaHEE PACCUUTAHHBIMU
yapHO-BOJIHOBBIMH NTapaMeTPaMH BO3EHCTBHSL.

B xaxpoll TOYke CTOJIKHOBEHMs YyIApHBIX BOJH Ha
1IapOBON MOBEPXHOCTH BOZHUKAIOT 10 JIBE TOJIOCHI ajHa-
0aTHYECKOTO CIBHIa, PacHpOCTpaHSAIOUIMECS B o0beMe
11apa ¥ HalpaBJICHHbIE B POTUBOIOI0KHBIE CTOPOHBI OT
TOUYKHU CTOJIKHOBEHHS.

Haumnasg oT moBepxHOCTH IIapa, A0 CEPEIUHBI pa-
JIyca, CXOASIIascs ylapHas BOJHA BBI3BIBAeT aedopma-
LMOHHbIE HM3MEHEHUs (DEepPPUTO-TIIEPIUTHON CTPYKTYpBHI.
Habmronarorcst ciieibl o—>€—>0L MPEBPAIIEHHS, MOIOCHI
CIIBUTA B MEPIUTHBIX KOJOHUSX, JPOOJICHNE U Pa3BOPOTEHI
IUIACTUH LEMEHTUTa B nepuute. HepaBHOMEpHBIE CcMe-
LICHUsI Pa3ApOOJICHHBIX EMEHTHTHBIX IUIACTHH YKa3bl-
BAIOT Ha HaJIWYME JIOKAIBHBIX (IIYKTyallid JaBICHHS
U MaccoBOM CKOpPOCTHU B YJApHOH BOJHE. XapaKTEPHBII
pasmep QuyKkTyauuii cocraBisieT AeCAThIE A0JIM MUKPOHA.
Jlokanu3oBaHHas ceponan3anys IEMEHTUTA CBUJE-
TCIBCTBYCT O JIOKAJHbHOM TOBBIMNICHUKW TEMIEPATYPHI.
Jlokanu3auusi Temmepatypbl CBsi3aHa C OpHUEHTALMENR
MEPJIIUTHBIX KOJIOHUHA OTHOCHUTENIBHO YJIapHO-BOJHOBOIO
¢bpoHTa M OOBICHAETCS OCOOCHHOCTSMH IOTJIOIICHUS
SHEPruu BOJIHBI MJIACTHHYATON CTPYKTYPOH MepiuTa.

[Ipu cxoxkneHnn yaapHbIX BOJH K HEHTPY, NPUOIN3H-
TEJIbHO Ha TMOJIOBUHE pajnyca, HayaJbHbIE YCIOBHUS OIbI-

Ta «3a0BIBAIOTCS», U (PPOHT BOJIHBI CTAHOBUTCS chepuyec-
KkuM. BenmumHa paBieHus B LeHTpe oOpaslna OocTu-
raer 300 ITla, ocrarouHas TeMmepaTypa NPEBBIIIAET
TeMIIepaTypy miaBieHus cranu. IloaTroMy B LieHTpe 1mapa
BO3HMKAeT MNpaBWIbHAs cdepruyeckas IMOJOCTb ¢ olbia-
CTBbIO HANPABJICHHOW KPUCTAIM3AIMHU, MOJOCHI CHIBHO
JIOKJIM30BaHHOTO TEUYeHUS € M3MEHEeHHOH eppuro-
MEPIUTHOW CTPyKTypoil. Ha paccrosHmsx mpubnmsu-
TeJIbHO 4—06 MM OT LIEHTpa B CTPYKType oOpasua Habiro-
JIAIOTCS 00JIACTH OL—>Y—>0L MIPEBPALLECHHS, PEKPUCTAILIN3A-
M KM30bITouHOro (epputa M (eppuTa NEPIUTHBIX
KOJIOHH, IpOo0IIeHNe U cPeponan3anys e MeHTHUTA.

HccnenoBanue BBINOJHEHO B paMKax KOMIUIEKCHOM
nporpammsl [Ipesunnyma PAH «Temnopusnka m mexa-
HUKA UHTEHCUBHBIX 3HEPI€TUYECKUX BO3JIEHCTBUI

STRUCTURAL CHANGES IN SPHERICAL
SAMPLE OF STEEL 40KH AT QUASISPHERICAL
EXPLOSIVE LOADING

N.YU. FROLOVA , A.E. KHEIFETS, V.I. ZEL’DOVICH

Institute of Metal Physics, Ural Division
of Russian Academy of Science, Yekaterinburg, Russia

B.V. LiTviNOV, N. P. PURIGIN, V.I. BUZANOV

Russian Federal Nuclear Center — All-Russian Scientific
Research Institute of Technical Physics, Snezhinsk, Russia

By methods of transmission electron microscope and
metallography the changes of structure of the spherical
sample of steel 40 Kh (0,4 wt %C; 1,1 Cr) with the
diameter equal 40 mm were investigated after the quasi-
spherical explosive loading. The structural changes
accorded with the geometry of loading were compared to
the earlier computed shock wave parameters of the
action.

In each point of collision of shock waves on the
spherical surface, two strips of adiabatic shift, directed to
the opposite sites from the point of the collision, have
arisen in volume of the ball.

Near the surface of the ball sample, on distance up to
10 mm from the surface of the ball to the centre the con-
verging shock wave causes the deformation change of the
ferritic-pearlitic structure. The traces of a—&—a trans-
formation, strip of shift in pearlite, splitting and rotations
of plates of cementite in pearlite were observed. The non-
uniform displacement of the shattered cementitic plates
specify the presence of local fluctuations of pressure and
mass velocity in the shock wave. The characteristic size
of the fluctuations is the tenth shares of micron. Located
spheroidization of cementite testifies to local increase of
temperature. The localization of temperature is connected
to orientation of the pearlitic fields concerning shock
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wave front and is explained by features of dissipation of
energy of the wave by the place structure of pearlite.

For motion of the shock waves to the centre, ap-
proximately at half of radius the initial conditions of ex-
perience are «forgotten» and the front of the wave be-
comes spherical. The value of pressure in the centre of
the sample achieves 300 GPa, the residual temperature
exceeds the temperature of steel melting. Therefore in the
centre of the sphere the correct spherical cavity with area
of directed crystallization and the strips of a strongly lo-
cated flows of the changed ferritic-pearlitic structure were
observed. At distances approximately 4,5—6,0 mm from
the centre in structure of the sample the areas of a—>y—a
transformation, recrystallization of ferrite, shattering and
spheroidezation of cementite were observed.

The investigation was carried out within bounds of
Presidium of the Russian Academy of Sciences program
«Thermal physics and mechanics of intensive energy
influence».

v

®U3NKO-MATEMATUYECKUI AHAJIU3
OCOBEHHOCTEM PA3PYIIEHUSA ITPETPAJT
M KOHCTPYKIUAMA ITIPU OJIMHOYHOM
N TPYHNIIOBOM YJAPE TEXHOI'EHHbBIX
OCKOJIKOB

I'.A. ErpoxuH, B.C. Ko3i10B, 11.E. XOPEB

ToMckuil rocyjapcTBEHHbIH YHUBEPCUTET CUCTEM YIIpaBJICHUS
u paguoanexrponuku (TYCYP), Tomck, Poccns

OO6cyxnaroTcs pe3yiabTaThl KOMIDIEKCHOTO HCCIENO-
BaHUs OCOOCHHOCTEH pa3pyIICHUs Pa3IUYHBIX MHUIICHEH
(mmacTMH W pPa3HECEHHBIX KOHCTPYKIWH) B CIOKHOM
po0iieMe BBICOKOCKOPOCTHOTO COYJIApEHHsS MOCIETHIX
C TEeXHOTCHHBIMU OCKOJNKaMHu. C IETbI0 IONy4eHUs He-
Jocrarorield “HGOpPMAIMK HENOCPEICTBEHHO W3 30HBI
6ompmmx AedopMariii 1 pa3pymeHus] KOHTaKTUPYIOIINX
TEJ UCIOJIB3YETCS ONTHMAIBHOE COYETaHHWE (PHU3UUCCKO-
T'0, YUCJICHHOTO U KOMITBIOTEPHOTO IKCIIEPUMEHTOB. Du-
3MYECKOE MOJICIIMPOBAHUE BHICOKOCKOPOCTHOTO COY/a-
PEeHHUsI TEXHOTEHHBIX OCKOJIKOB Pa3JIM4HOIO Beca U (op-
MBI C IPErpaJiaMu M KOHCTPYKIMSMH OCYIIECTBISUIOCH Ha
CIeTMATbHBIX SKCIIEPUMEHTAIBHBIX cTeHnaX. OHU BKITIO-
Yyaau OaUTUCTUYCCKUE YCTAHOBKHU (TIOPOXOBBIC U JICTKO-
ra3oBble), TPacCy C PErHCTPUPYIOMIEH ammapaTypoi
U MUIIEHHYI0 OOCTaHOBKY C CHCTEMOW PErucTpaiyu Io-
BEJICHUSI OCKOJIKA y TIPETPajibl, a TaK )K€ CHCTEMY YIIaB-
JIMBAaHUsI COXPAaHEHHBIX 00pa3loB. YKciIeHHOe MOJEIH-
pOBaHHE YAApHOTO B3aMMOJCHCTBHA Ae()OpMUpPYEMBIX
TBEPABIX TEJ IMPOBOAMIOCH MOIU(PHUIMPOBAHHBIM METO-
IOM KOHEYHBIX JJIEMEHTOB. B o0mieM ciygae HCHONB-
3yeMasi MOJENb JMHAMUYECKOTO0 KOHTAKTa Pa3TUYHBIX

YIApPHUKOB C KOHCTPYKIMOHHBIMH MaTepHajlaMi OIHCHI-
BaeTcs C:KMMaeMou mpouHoi cpenoil. Ee noBegeHue npu
YIIApHBIX Harpys3kax XapaKTepH3yeTcsl IIHPOKOHMAaIa3oH-
HBIM  YpaBHEHHEM  COCTOSIHUSA, MOIYJIEM  C/BHIA,
JIMHAMHYIECKAM TIPEZIENIOM TEKy4eCTH M KOHCTAaHTaMH KHHE-
THYECKOM MOJIENN AUHAMUYECKOTO pa3pyIICHUs] aKTHBHOTO
turna. [locnenHsss onMCHIBaeT 3apOKAEHHE, POCT M 3BO-
JIONXI0 MHUKPONOBPEKACHUH, KOTOpPBIE HETPEPHIBHO
W3MEHSIIOT JIOKAJIbHbIE CBOMCTBA MaTepHaja M BBI3bIBAIOT
penakcanuio HanpsbkeHuil. Iloka3aHo coraacoBaHHBIMH
COBMECTHBIMH KOMITBIOTEPHBIMH pacdye€TaMH M JIKCIIEpH-
MEHTaMH, 9TO HCIIONb3yeMas KHHETHYecKast MOJENb -
HAaMUYECKOTO pa3pylIeHUs] TBEPIBIX Tel B AKCTpEeMallb-
HBIX YCJOBHSX, KAYECTBEHHO M KOJMYECTBCHHO OIMCHI-
BaeT OCOOEHHOCTH DPa3BUTHS JIMILIEBOTO, THUIBHOTO pas-
pYIIECHWS, B3aUMOBIMSHUS OTKOJBHOTO W CABHUTOBOTO
TIOBPEX/ICHUH U MHOXKECTBEHHBIH OTKOJI NpH yjaape Ofl-
HOTO W TPYyNITBI OCKONKOB. COTJIacOBaHHBIMHU (hU3MUE-
CKUMH ¥ YHCIIEHHBIMH SKCIEPHMEHTAMH IOKa3aHO, 4TO
BpEMS Pa3BUTHSl THUIBHOTO OTKOJIBHOTO ITOBPEKACHHA
nperpaasl KOHEYHOH TONIIMHBI (TUIACTUHBI) MOXKET OBITH
CPaBHHMBIM C BPEMEHEM IIPOHMKAHMS OCKOJKa (KOM-
MAKTHOTO ¥ yJUIMHEHHOI'0) 4€pe3 MUIIEHb, B Pe3yJbTaTe
Yero NPOUCXOIHUT HEIOCPEJCTBEHHOE B3anMOEHCTBHE
(hOpMUPYIOIIEHCS OTKOJIBHON TapeIovYKH ¢ OOMKOM, YTO
HEOOXOANMO YYMTHIBATh IPU pacdyeTe B3aUMOJCHCTBHA
OCKOJIKOB CO CJIOKHBIMHM KOHCTpYKIMsAMH. [Ipoananusu-
poBanbl HanOoee d3PPeKTUBHBIE (MOHOJIUTHBIE U pa3He-
CCHHBIE) KOHCTPYKIMHU B IJIAHE 3alUTHl OT IIPOOUBHOTO
JIEWCTBHS BBICOKOTIPOYHBIX U Ae(hOPMUPYIOIIMXCS TEXHO-
TeHHBIX OCKOJIKOB Pa3IMYHOIO YIJIMHEHHS U OCOOEHHO-
CTH IPOOMBAHMS UMM PA3IMIHBIX MUILICHEH.

Pabora BeImoNHEHA TIpH (HUHAHCOBOW MOAJEPIKKE
PODU (xon mpoekta 03—01-00386).

THE PHYSICAL AND MATHEMATICAL
ANALYSIS OF FEATURES OF DESTRUCTION
OF OBEXES AND DESIGNS AT SINGLE
AND FORMATION IMPACT
OF TECHNOGENIC DEBRIS

G.A. EROKHIN, V.S. KozLoV, I.LE KHOREV

Tomsk state university of control systems
and Radioelectronics (TUCSR), Tomsk, Russia

The outcomes of complex research of features of
destruction of different targets (laminas and diverse
designs) in a composite problem of high—velocity impact
last with technogenic debris are discussed. With the
purpose of obtaining the missing information directly
from
a zone of large deformations and destruction of con-
tacting bodies the optimum combination of physical,
numerical and computer experiments will be used. The
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physical simulation of high—velocity impact of tech-
nogenic debris of different weight both forms with
obexes and designs implemented on special experimental
benches. They actuated ballistic ranges (powder and mild
gas), line with recording equipment and the targets
conditions with the recording system of behavior of
a debris for an obex, and as a system of catching saved is
model. The numerical modeling of impact interplay of
deformed solids was conducted by a modified finite
element method. The generally used model of a dynamic
contact of different strikers with structural materials is
described by compressed strong medium. Its behavior at
impact loads is characterized by a wide—range equation of
state, shear modulus, dynamic yield strength and
constants of kinetic model of dynamic destruction of
a fissile type. Last describes a germing, growth and
changes of aircraft attitude of microdamages, which one
continuously change local properties of a stuff and invoke
a stress relaxation. Is rotined matched joint computer
calculations and experiments, that the used kinetic model
of dynamic destruction of solids in extreme conditions,
qualitatively and quantitatively describes features of
development of facing, back destruction, intercoupling
chip and shift damages and multiple chip at impact one
and group of debris. Matched physical and numerical
experiments is rotined, that the time of development back
chip of damage of an obex of final depth can be
comparable with time of an insinuating of a debris
(compact and elongated) through the target, as a result of
which there is a direct interplay reshaped chip plate with
brisk, that it is necessary to allow at calculation of interplay
of debris with composite designs. Most effective are parsed
(monolithic and diverse) design by way of protection against
breaking operating of high—strength and warped technogenic
debris of different lengthening and feature of punching by
them of different targets.

The activity is executed at financial support of the
Russian fund of basic researches (code of the project
03-01-00386).

v

MOJIEJIUPOBAHMUME INOJIUMOP®HOTI'O
o—¢ [IPEBPAIEHUA B ’KEJIE3E B LINPOKOM
JUAITAZOHE COCTOSSHUU

T".A. 3A10POXHBIN, I".B. KOBAJIEHKO, A.B. IIETPOBLIEB

Poccuiickuii GpenepanbHblil SOCPHBIA HEHTP —
Bceepoccuiickuit HUU Texandeckoit GU3NKH
uM. akana. E.W. 3ab6abaxuna, CHexunck, Poccus

[pencrasnena Mozxenb NOIMMOPGHOTO O—€ IpeBpalle-
HUA B JKeJe3€, OCHOBAaHHAs Ha HCIOJIb30BAaHMM KHUHETHYE-
CKOTO YpPaBHEHHs pellakcalMoHHOro tuma. Ha ocHoBe

aHaJM3a MMeoeiics NHPOPMAUN M0 NMPOGUIIM BOIH
HAaIPsDKEHUI ITOCTPOEHa 3aBICUMOCTh BPEMEHHU pPeJlaKca-
LY [IPeBpaLIeHHs OT CTEIIEHN HePaBHOBECHOCTH TE€PMO-
JMHAMHYECKOTO COCTOSHMA. Monenp mpuMmeHsercs s
YHCIICHHOTO MOJIETUPOBAHMS SKCIIEPUMEHTOB, B KOTOPBIX
CYILIECTBEHHBIM 00pa3oM M3MEHSIIOTCS XapaKTepHC-THKU
BBICOKOCKOPOCTHOM JehopMaluy 4YacTULl MaTepuaia
(ammutuTy 12 BOJIHBI, HavaJIbHas TeMIepaTypa
oOpasuoB u ap.). IlpencraBiaeHsl JaHHBIE TO BIMSHHIO
YIPYro—IUIACTHYECKUX CBOMCTB Ha BBIOOp IapaMeTpoB
KUHETHKH IIPEBPAILeHNs 110 SKCIICPUMEHTaIbHON HH(OP-
MaliH O CTPYKTYype BOJIH HAaIPsSHDKEHUI B HCCIIELyeMOM
MarepHae.

v

HNCCJIEJOBAHUE JE®OPMAIIMOHHOI'O
MOBEJEHMUS U TEIIVIOBBIX D®®EKTOB
B CIIVTABAX MEJIU 1 TUTAHA
TP HATPY KEHUHU CXOJAIINMHUCHA
YAAPHBIMH BOJTHAMH

HN.B. XOMCKASI, B.J. 3EJIbI0BUY

HuctutyT dusuku metaio Ypanbckoro otaeneHus PAH,
Exatepun0ypr, Poccus

b.B. JIuTBUHOB, H.II. ITYPLITUH,
B.N. by3AHOB, H.JI. MATYIIKUH

Poccuiickuii penepabHbIN SICPHBIH IEHTP —
Bcepoccuiickuit HUU texundeckoit hpusuku
uM. akan. E.W. 3a6abaxuna, CHexunck, Poccus

Metonamu Metauiorpaduu u Au(pPaKHOHHON JICK-
TPOHHOH MHKPOCKOITUH HCCIEIOBAIH JIOKATH3ALUIO Jie-
¢dbopmanmu, mosockl amgnabaruueckoro capura (ITAC)
u ¢a3oBbie npeBpaineHus B narynun Cu—37 % Zn, OpoHse
Cu-12,5 % Al u tutanoBom cruiaBe BT3—1 Ha ocHOBe
cucrembl Ti—Al-Mo mnpu HarpyeHHH CXOJSIIHMMHUCS
yaapHeiMu  BonHamu. IllapoBele 00pas3ubl U3 JIaTyHH
nmuamerpoM 40 u 60 MM moIBeprayii KBa3uchepuIecKkoMy
UMITYJIb,CHOMY Harpy’k€HHIO C JaBJICHHEM B LIEHTpE Ila-
poB 200—300 I'Tla. Lunuaapuyeckue oOpasibl U3 TUTA-
HOBOTO CIUTaBa U OpoH3BI quamerpoM 60 MM u 20 MM,
COOTBETCTBEHHO, W BBICOTOH 30 MM mMoOJBepraiu Harpy-
KCHHUIO TUIOCKHMHU CXOJSIIUMUCS yIApHBIMHA BOJHAMHU
¢ maBneHueM B neHTpe muauHApoB ~110 I'Tla. Bo Bcex
CIy4asix JUIs COXpaHEHHs OOpaslloB CHCTEMa IOMeIIa-
JIach B MacCCHBHBIN KOPIIYyC.

JedbopmanmoHHoe BO3JEHCTBHE YIapHBIX BOJIH IIPO-
SIBJISIETCSL B 00Pa30BaHUU CUCTEM MHUKPOJBOMHHUKOB M CIIOXK-
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HBIX TUCIIOKAIIMOHHEIX CTPYKTYp BO BceM o0BeMe o0pas-
LIOB, ¥ OT/IEIBHBIX YYAaCTKOB CHIBHOTO JIOKATH30BAaHHOTO
TeueHusl. Ha OCHOBaHMM HalIUX UCCIIENOBaHUM U aHAIU-
3a IUTEPATYPHBIX NAHHBIX THIBI JOKATH30BAaHHOTO TEYe-
HMS pas[IesIMIA Ha TPU TPYNIBL. CABUIOBOE, €CIIM TeUe-
HHUE O0YCIIOBJICHO Je(opMalueil cIBura oxHOW 001acTU
o0paslia OTHOCUTENIBHO APYroif; CTpyiHOE (KyMYJISITHUB-
HOE), eCIH TeueHHe OOYCIOBJICHO IEPEHOCOM YaCTHIL
BEIIECTBA BHYTPH HEKOTOPOH TMOJOCHI WM TPYOKH;
1 TypOyJICHTHOE, €CIH BEKTOP CKOPOCTH YACTHUI[ BEIECT-
Ba HeENpephiBHO wm3MeHseTcss. OOpa3oBaHHE YYacTKOB
CHJIBHOTO JIOKAJIIM30BAaHHOTO TEUEHUS TMPEIIIECTBYET 3a-
POXKIIEHUIO TpemrH B oOpasmax. B oOpasie TUTaHOBOTO
criaBa TpemuHbl pacnpoctpansiores B ITAC. TIAC
MMEIOT BHJ NMPOTSDKEHHBIX, Yalle IPSIMOITUHEHHBIX, HHO-
raa U3BWIMCTBIX HE TpaBAIIHUXCA TOHKHUX ITOJIOC HIUPH-
HOM 10 10—15 MrMm. IIpoucxoxnenue [TAC He cBs3aHO
C OCOOEHHOCTSIMH MHKPOCTPYKTYpBI, HO OOYCIIOBIIEHO
TreOMETpUEN yIapHOBOJIHOBOIO HarpysxeHus. IIpu nasie-
uHusix 100 I'Tla u BeIIE CyliecTBEHHOE BIMsSHIE Ha (Qop-
MHUPOBaHHE CTPYKTYpPHI CILIABOB OKAa3bIBACT OCTATOYHAS
TeMIeparypa.

[okazaHo, 9TO CTPYKTypa UCCICAOBAHHBIX CIDIABOB H3-
MEHSIETCS BCIIENICTBUE Ae(hOPMALMOHHBIX SIBICHUHN U (azo-
BBIX TMPEBpAICHUN: MPOUCXOIUT OOpa3oBaHHUE CHCTEM
MUKPOJBOWHHUKOB BO BceM 00beMe 00pasroB, BOZHUKHO-
BEHHE TpPEIIWH, 00pa30BaHHE IMOp, MOJIOC aauadaTuyec-
KOTO CHABWra, TPOJOJBHBIX KaHAJIOB Jedopmanu,
f—a—p u By'—>a+y— B, mnpeBpamieHus, IUIaBICHUE
1 KPUCTAJTH3AIIHS.

HccnenoBanue BBIOJIHEHO B paMKax KOMIUIEKCHOI
nporpammsl [Ipesnauyma PAH «Temnodusuka u mexa-
HHUKA UHTEHCHUBHBIX SHEPreTUYECKUX BO3ACHCTBUIY.

STUDY OF DEFORMATION BEHAVIOUR
AND HEAT EFFECTS IN COPPER
AND TITANIUM ALLOYS AT CONVERGENT
SHOCK WAVES LOADING

V.I. KHOMSKAYA, V.I. ZEL’DOVICH

Institute of Metal Physics, Ural Division of Russian Academy
of Science, Yekaterinburg, Russia

B.V. LiTviNOv, N. P. PURIGIN,
V.I. BuzaNov, N.D. MATUSHKIN

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

The effects localization of deformation, adiabatic
shear bands and phase transformation occurring in brass

Cu-37 % Zn, bronze Cn—12,5 % Al and titanium alloys
on basis of TI-Al-Mo system under the loading by con-
vergent shock waves were investigated by optical micros-
copy and electron microscopy methods. The ball samples
of brass with diameters 40 and 60 mm were subjected to
quasi—spherical impulsive loading. The pressure in the
center sample reached 200—300 GPa. The cylindrical
samples of titanium alloy and bronze of 60 and 20 mm
diameter, correspondingly, and of 30 mm high were ex-
posed to a plane shock waves loading. The pressure in the
center samples reached ~110 GPa. In all cases to preserve
samples the whole system was inside a massive casing.

The deformation action of shock waves developed in
forming of microtwing system and complex configuration
dislocations in the whole volume of the sample and in
particular areas strong localized flow. On the base of the
results of our investigation and literature data analysis the
localized stream types were divided into three groups:
flow of shear if the flow is caused by shear deformation
of one part of the sample relatively another part; jet or
cumulative one if the flow is caused by transfer of mate-
rial part inside any land (or tube); and turbulent flow if
vector of speed of material particles flow continuously
changes. Their areas of intensive localized flow often
forms the basis of crack generation nucleation cracks
samples. In the titanium alloy sample cracks spread in
adiabatic shear bands (ASB). The ASB appear as ex-
tended, oftenly rectilinear but sometimes twisty non—
etching thin bands up to 10—15 pm in width. The bands
do not depend on microstructure peculiarities, but it’s led
by geometric of shock waves loading. Under the pressure
of 100 GPa and more residual temperature exerts substan-
tially influential on formation of alloy structure.

It is shown, that the structure of investigated alloys
changed because of deformation phenomena and phase
transformation: the forming of microtwins systems oc-
curs; formation of cracks, pores, adiabatic shear bands,
longitudinal deformation channels; the forming of
B—a—p and B,'—>a+y—>P," transformation, melting and
crystallization.

The investigation was carried out within bounds of
Presidium of the Russian Academy of Sciences program
«Thermal physics and mechanics of intensive energy
influence».

v
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METOJUKA TBEPAOTEJIBHOI'O
KAJIOPUMETPA JJIsA UBMEPEHUSA
OCTATOYHO! SHEPTYMM NPUTEPNEBIINX
B3PBIBHOE OB KATHUE IITAPOB 1 OBOJIOYEK

B.I'. BujibJJAHOB, M.M. I"'OPLIKOB, E.A. KO3JIOB,
0.B. TKAUEB, JI.T. FOCY1IOB

Poccuiickuii henepanbHBIN SACPHBINA LEHTP —
Bceepoccuiickunit HUU Texnndeckoi pusuku
uM. akana. E.W. 3ab6abaxuna, CHexunck, Poccus

Pa3pabotana ¥ 3KCIIEPUMEHTAIBHO OMPOOOBaHA Me-
TOJIMKA TBEPAOTEILHOIO KAJOPUMETPA.

MeTO[ll/IKa TMO3BOJIACT BBINIOJHATL M3MEPCHUA OCTa-
TOYHOM TEIJIOBOW 3HEPrHH COXPAaHEHHBIX C(HEPUUECKHUX
00pa3IIoB MOCIIE UX CPEPUUECKOTO B3PHIBHOTO 00XKATHSL.

PaspaboraHa MONyIMIMPUYECKas pacueTHAsh MOJICIb
TBEPIOTEIBHOTO KAJIOPUMETPA, YIOBIETBOPUTEIILHO OITH-
CBIBAIOII[As] SKCIICPUMEHT.

ITpoBeneHa KanuOPOBKa KaJOPUMETPA B CTATHYECKUX
YCIOBUSIX.

IIpuBeneHb! SKCIEpUMEHTAIbHbIE PE3YJIbTATHI B3PhIB-
HBIX SKCIIEPUMEHTOB M0 OIPEACICHUI0 OCTATOYHOMN dHEp-
rum mapoB u3 craneit 30XT'CA, 12X18HI10T u menu M1.

TECHNIQUE OF SOLID-STATE CALORIMETER
FOR MEASURING OF RESIDUAL ENERGY
OF BALLS AND SHELLS WHICH HAVE BEEN
UNDERGONE TO SHOCK COMPRESSION

V.G.VIL’DANOV, E.A . KOzZLOV,
O.V.TKACHEV, D.T.YUusurov

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

Technique of solid—state calorimeter was developed
and tested.

The technique allows measure residual thermal energy
of recovered ball samples after spherical shock loading.

Semi—empirical calculation model of solid—state calo-
rimeter was developed, which satisfactorily describes the
experimental data.

Calorimeter static calibration was carried out.

Shock experiments data on determination of residual
energy of balls, made of steels 30XI'CA, 12X18H10T
and copper M1, are given.

v

MOJEJIb YIIPYT'O-BA3KO-IIJIACTUYECKHX
CBOWMCTB KEJIE3A, OITACBIBAIOIIAS
CJABHUI'OBBIE HAIIPSI’)KEHUSA B INIMPOKOM
JIAUAIIA30HE CKOPOCTEM JIE®@OPMAIIMA

M.JO. CAXAPOB, I'.B. KOBAJIEHKO,
A.B. IIETPOBIIEB, J[.A. IIATTIOPOB

Poccuiickuii penepabHbIN SIEPHBIH IEHTP —
Bcepoccniickuit HUM texundeckoit pusuku
uM. akana. E.W. 3a6abaxuna, CHexxuHCK, Poccust

[IpencraBneHpl pe3yabTaThl aHATW3a JAHHBIX IO Xa-
PaKTepUCTHKAM CHIJIBHBIX YIOApHBIX BOJIH B JKeJe3e Ha
OCHOBE TEXHONOTHH, TpemioxeHHor Wallace—1982
M PacCMaTPHUBAIONICH TUCCUIIALIMIO SHEPTHMH BO (PPOHTE
BOJIHBI BCIIEJCTBHE TUTACTUYECKOTO TEUCHHUS W TETUIOTPO-
BOJHOCTH. YUHTBIBA€TCS HM3MEHEHHE CBOWMCTB Kejesa,
CBSI3aHHOE C TONIUMOPGHBIM 0—€ TpeBparieHueM. [lomy-
YCHHAas I/IH(i)OpMaIJ,l/IH COIIOCTABJIISICTCA C IlpyFI/lMl/I JaH-
HbBIMHU I10 BCJIMYUHAM CIABUI'OBBLIX HaHpﬂ)KeHI/lﬁ B 3TOM
MaTepMane (KB%HCT&TH'{GCKI/IC UCIIbITAHUA, TUHAMHNYCC-
KHe WCIBITaHUs 10 MeToay KoJbckoro, maHHBIC aHau3a
npouIeli OTHOCHTENBHO CIHAa0BIX YNAPHBIX BOJH IS
YOpYroro NpeiIBECTHHKA M (POHTA IUIACTUYCCKOW BOJ-
Hel). Ha ocHOBe Bceld MHpOpPMALMU ITOCTPOCHA MOIEITH
YIPYTro—Bs3KO—IUIACTUIECKAX CBOHCTB JKele3a, KOTopas
HCTIONB3YETCSl ISl MOJAEIMPOBAHUS yIapHO—BOIHOBBIX
JKCIIEPUMEHTOB.

v

MOBEJEHUE METALNIOKEPAMUYECKHUX
MATEPHAJIOB C BJOYHOM
METAJJMYECKOM MATPUIIEN
IPU BBICOKOCKOPOCTHOM VYJIAPE

N.JO. ITALIKEEB

IOxHO0—Ypanbckuil rocy1apcTBEHHbIH YHUBEPCUTET,
Yensounck, Poccust

B noknane wmznararorcs pe3yibTaThl HUCCIENOBAaHUM
TTOBEACHUS METAJNTIOKEPAMHUYECKUX MATEepHaIOB C 0J04Y-
HOM METaJNINYeCKOW MaTpHulEed NpU BBICOKOCKOPOCTHOM
yAape U BO3JCHCTBUM HAa HUX KyMYJIITHUBHOU cTpyu. Mc-
CJICOBAaHbl KOMIIO3MIIMOHHBIEC MaT€puajibl B METaJLUIM4YC-
CKOM 000JI0YKe, MOJYYCHHBIC B TPOIIECCE CaMOPAaCIIpoCTpa-
HSFOIIETOCS BBICOKOTeMIteparypaoro cunre3a (CBC—mpo-
uecc). Jlokman sBIsSeTcs MPOJODKEHHEM IMKIA pPador,
BKJIIOYAIOIIMX  NPOTHO3MPOBAHME M  HCCIEJOBAHUE
pa3pylLleHusl MaTEPUANIOB IIPU BHICOKOCKOPOCTHOM yIape
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1 BO3JEHCTBHM KyMYJIATUBHOH CTPYH, MPEICTAaBICHHBIX
Ha 3HU-5 u 3HUY-6. B HacTosmemM nokiane IpuBeIeHBI
pe3yabTaThl HCTIBITaHU 00pa3noB ot 40 kr 10 6 T B qua-
nma3oHe ckopocrteit yaapa ot 1500 mo 8000 m/c.

v

BJIMSTHUE PASMEPA 3EPHA
N TUITA HATPYKEHUS HA CABUT'OBYIO
N OTKOJIBHYIO ITPOYHOCTH B ME/IN

M.A. ZOCHER

Los Alamos National Laboratory

C.A. HOBUKOB, B.JI. ' TVIIIAK,

10.B. BATBEKOB, B.A. CKOKOB, A.H. MAJIBIIIEB,
N.B. llIusEPUH, O.A. TIOTAHOBA, A.I1. BOJIBIIIAKOB,
O.H. UTHATOBA, E.B. KAIIATOBA, B.A. PAEBCKUIA,
N.P. TpyHUH, U.A. TEPEIIKUHA, C.B. EPYHOB,
B.A. OroroiHuKkOB, B.I1. Co10BBEB, I1.H. HU30OBILIEB,
C.A. HAgexrH, H.A. FOKHHA

Poccuiickuii penepabHbIN SIEPHBIA LHEHTP —
Bceepoccuiickuit HUU sxcnepumenTanbHoi Gusuky,
Capos, Poccus

A.M. BPATOB

HUWU Mexanuku Huxxeropoackoro rocyHuBepcureTa,
Hwuxuuit Hosropon, Poccust

Kak HN3BECTHO, BBICOKOCKOPOCTHOC }_qu)OpMI/IpOBaHI/Ie

METaioB (& >106 c_l) COIIPOBOXKIAETCS HEOOPATUMBIMU
HU3MEHEHHUSIMU — O0pa30BaHUEM IEPHUOJUUECKUX 00ac-
Tell C MOBBIMICHHOW IIIACTHYECKON medopmanmeit [1, 2].
BayTpu 3epeH 001acTH COPUEHTHPOBAHBI B OHOW TIIIOC-
KOCTH, BO3MOXXHO COBIIAQIAMOIIEH C IIOCKOCTHIO CKOJIb-
JKEHUST KpUcCTaia. XapaKTepHBIH MacmTad TreperoreH-
HOCTH COCTaBISeT sl Meau ~5—10 MkM U cnabo 3aBH-
CUT OT HHTCHCUBHOCTH HATrPy>KCHHS.

[NosiBIIeHNE TONIOC JIOKANIM30BAaHHOH Iedopmannu 3a-
BUCHUT KaK OT THUIIa TaK W YPOBHSA HArpyXe€Hus, TO C€CTb
CYIIECTBYET HEeKas MOPOTOBasi BEIIMYMHA HHTCHCHBHOCTH
YAApHOH BOJIHBI IO JAOCTMXKEHUIO KOTOPOW B MaTepuase
MIPOUCXOIAT HEoOpaTUMbIe M3MEHEHHSI — O0Opa30BaHHE
MOJIOC JIOKAJIM30BAHHOW TIJIACTHUECKON JedopMaIuu.
OLEHKH, NOATBEP>KICHHBIE SKCIEPUMEHTAIBHBIMU HC-
CJIEIOBaHUSMH, ITOKA3BIBAIOT, YTO B MEAH IOJIOCH CABHUTa

HAuMHAIOT 00Pa30BHIBATHCS NPU JOCTHXXEHUH YyIapHOH
BOJIHOW HanpspkeHuit ~27 I'ma.

[omockl caBUra M3MEHSIOT CTPYKTYPY BEIIECTBA —
YBEJIMYUBACTCS KOJIUYECTBO T'PAHUI], MPETSATCTBYIOLIIX
JIBIDKCHUIO JMCIIOKALMM, W MaTepuasl CTaHOBUTCS Oolee
MEIIKO3EPHHUCTBIM. JTO MOXET BIHATH KaK Ha CABHTO-
BYIO, TaK U HA OTKOJIGHYIO IIPOYHOCTb.

Lenpro maHHOW pabOTHI SABISETCS M3YUCHUE BIMSHUS
THIIA U YPOBHS Harpy>eHHsl, a TakKe UCXOIAHOHM CTPYKTYpBI
BEIIIECTBA HA €T0 CIBUTOBYIO M OTKOJIBHYIO TIPOYHOCTb.

I/I3BCCTHO, 4YTO B CTAaTUYECKHUX YCJIIOBUAX METAJIbI
(asmroMuHMIA, MEIb U 1p.) C YMEHBIICHHEM pa3Mepa 3epHa
MEHsI0T cBou cBoicTBa [4]. Ho kak ynbTpoaucnepcHbie
MaTepHasbl BemyT ceOs MpH IHHAMHYECKHAX Harpyskax

(¢~10°—10" ¢  u BbIIIE M OPU PA3TUYHBIX YPOBHAX
JIaBJICHUI) U3 IUTEpaTyphl HE U3BECTHO.

UccnenoBanust CBOWCTB MeNU C 36pHOM MeHee 1 MKM
npyu  TUHAMHYECKOM 1e(OPMUPOBAHUHM MPOBOAWINCH
JIIByMsI METOJJAMH: COCTaBHOTO CTEpXKHS | ONKMHCOHA
(é~102+3-103 c_l, € < 0,2) u mumEapos Teitnopa
(é~105 cil, € < 2). Ilony4eHHbIE DKCIEPUMEHTAILHBIC
JaHHbIC CPAaBHUBANOTCA C aHAJIOTUYHBIMU JaHHBIMU IJIsA
MeIH, IMeIoIIei OOBIYHBIN pa3Mep 3epHa.

HccnenoBanus BIUSHUS THUIIA U YPOBHS Harpy-
JKCHHUSI Ha CABUTOBYIO M OTKOJBHYIO HMPOYHOCTH MPOBO-
JUIOCH CIenyromuM obpazom. OOpasiiel U3 MEIU TO-
BEPrajich BO3ACHCTBUIO YIAPHBIX U KBa3HU3IHTPOIIHYE-
CKUX BOJH 10 AaBieHust P~27+30 I'ma. Jlanee HarpyxeH-
Hble 00pasipbl HCCIENOBAUCH METOJOM COCTAaBHOTO
crepns Tomkuucona (£~10° ¢ |, & ~ 02, T ~ 293K)
U MPOBOJMIIOCH 00pa3oBaHKe PacTATUBAIOIINX HAIpsDKe-
HUHM ¢ MOMOIIBI0 OauMCTHYeCKoW yctaHOBKH BYT-76.
Cxema cOOpkH BBIOMpanach TakuM 00pa3oM, 4To B 00-
pasiie peaTu30BbIBAIACH TTOBPEKACHHOCTH  ~ 0+0,08.

Pe3yJ'II)TaT])I CpaBHHUBAIOTCA C JaHHBIMHU, IMOJYYCHHBI-
MHU ISl MU B UCXOTHOM COCTOSTHHH.

CchLIKH

1. Chhabildas L.C., Asay J.R. Dynamic yield strength
and spall strength measurement under quasi—isen-
tropic loading. Conf. Shock Wave and High Strain
Phenomena in Materials. New York, 1992. —P. 947.

2. Grady D., Asay J.Calculation of thermal trapping in
shock deformation of aluminum // J.App.Phys. —
1982. — V. 153.—Ne 11.—P. 7350—7354.

3. Iemomuanes W.YO., Bammes P.3., Anekcannpos U.B.,
XorunoB B.A., Kunbmametor A.P., IlomoB A.A.
OCOOEHHOCTH MEXaHMYECKOTO TTOBEACHUS MEIH C CyO-
MHKPOKPHCTAJUIMYECKOH CTpyKTypoir // PMM. —
2001.—T.92. — Ne 1. — C. 99—106.
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MOJEJIBHASI OEHKA BA3KOCTH
MIPOAYKTOB B3PbIBA
KOHJAEHCHUPOBAHHBIX BB

B.I1. KoreiieB B.I1., A.b. MEIBEJIEB, B.B. XPYCTAJIEB

Poccwuiickuii GpenepanbHbIi SISPHBIA IEHTP —
Bceepoccuticknit HUM sxcnepumeHTansHoi Gu3uky,
Capos, Poccus

IIpenyoskeHa Mozenb BA3KOCTH Ul CMECEBBIX >KH-
KOCTEll M IUIOTHBIX Ta30B, HOAYMHSIOMINXCS MOANGDUIN-
POBaHHOMY YpaBHEHHUIO COCTOsiHUS Ban—nep—Baaibca.
sl OCHOBHBIX KOMITOHEHTOB TPOAYKTOB B3pbIBAa M HMX
cMecell TPOBEIEHO €€ TECTUPOBAHME MPU OTHOCHUTENIBHO
HU3KUX IABJICHUSAX M TEMIEpaTypax, Iie MUMEIOTCs Ha-
JACKHBIC OKCIICPUMEHTAJIbHBIC JaHHBIC. bes CHeLIMaHbHOﬁ
MIOJTOHKN MOJIETb COTJIACyeTcs C SKIEPUMEHTOM C TOY-
HOCTBIO ~2 IPU U3MEHEHUU BA3KOCTH HA HECKOJBKO IO-
psankoB. TIpuOMU3UTENHFHO TOH K€ TOYHOCTH IPOTHO3a
CllelyeT OXHIATh M Ipu 0oJiee BHICOKHX JIaBJICHUSX
1 TeMmIepaTrypax, IZi¢ NMPUMEHNMa MOJENb YpaBHECHUS
COCTOSAHHSA CMCCH. le/IBO[ll/ITCﬂ OLICHKAa BSA3KOCTH IIPO-
IYKTOB B3phIBa TekcoreHa, TOHa m HUTpOMeTaHA B CO-
CTOSIHUAX, PCAJIMIYIOIIUXCA B JACTOHAIMOHHBIX ITpOLEC-
cax. Bmoms anmabaThl paciiMpeHusi MPOIYKTOB B3PbI-
Ba MOJENbHAs BA3KOCTb H3MEHSETCS NPUOIN3UTENILHO
Ha 2 mopska (o1 =12 - 10° Ma - ¢ 02107 IMa-c)
IIpU CHUXKEHUU AABIECHUS OT AETOHAILMOHHOIO JO aTMO-
cthepHoro.

MODEL VISCOSITY ESTIMATION
OF CONDENSED HE EXPLOSION PRODUCTS

V.P. KOPYSHEV, A.B. MEDVEDEV, V.V. KHRUSTALYOV

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

The model of viscosity for fluid mixtures based on
modified Van der Vaals equation of state is proposed. For
the basic components of explosion products and their
mixes the model testing was carried out at rather low
pressure and temperatures, where there are reliable ex-
perimental data. Without special adjustment the model is
coordinated with experiment with accuracy =2. Approxi-
mately the same accuracy of forecast should be expected
and at higher pressures and temperatures, where the
equation of state of a mixture is applicable. The estima-
tion of explosion products viscosity for hexogen, TEN
and nitromethane in conditions, realized in detonation
processes, is presented. Along the expansion adiabate

of explosion products the model viscosity changed
on ~2 order (from ~12-10"° Pas 1o %210 Pa-s) at
decrease from detonation pressure to atmospheric.

v

ANALYTIC MODEL OF THE SHEAR

MODULUS AT ALL DENSITIES
AND TEMPERATURES

D.L. PRESTON, L. BURAKOVSKY

Los Alamos National Laboratory,
Los Alamos, NM 87545, USA

We present an analytic model of the shear modulus —
a fundamental property of solid matter — that is ap-
plicable at all densities greater than or of order ambient,
and at all temperatures up to melt. It is based in part on
a melting relation obtained from our theory of melting as
a dislocation-mediated phase transition. This relation
between the density, the melting temperature as a func-
tion of density, and the shear modulus along the solidus
has been verified through comparisons to high-pressure
data on several metals, argon, and hydrogen; the data and
the melting relation agree to 1% for argon and hydrogen.

We construct our analytic model of the shear modulus
by combining the melting relation with three additional
ingredients. First is the Preston-Wallace model for the
temperature dependence of the shear modulus. Second is
an analytic model of the Gruneisen parameter that is used
in conjunction with the third ingredient, the Lindemann
criterion, to generate an analytic expression for the
density dependence of the melting temperature. The
model involves seven parameters, all of which can be
determined from zero-pressure experimental data.
Electronic structure calculations of the shear moduli of
copper and gold to compressions of two agree with the
model to within uncertainties, and our model for tantalum
is in excellent agreement with measured shear moduli
along the Hugoniot of tantalum [R.S. Hixson et al.]. Use
of the model for numerical simulations of the plastic
deformation of metals at high compressions is briefly
discussed.

v
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MOLECULAR DYNAMICS INVESTIGATIONS
INTO ELASTIC-PLASTIC PROPERTIES
OF SOLIDS

V.V. DREMOV, F.A. SAPOZHNIKOV, M.S. SMIRNOVA

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

Large—scale classical molecular dynamics has been
applied to investigations into elastic—plastic properties of
solids. Investigations include behaviour of monocrys—
talline and polycrystalline samples under shock loading
and fracture mechanisms when stretching in rarefaction
waves.

To investigate the processes we used samples
constructed of up to 2-10’ atoms arranged initially in fcc
and bcc lattice having the form of parallelepiped
njaxn,axnsa, where a— lattice constant. Various types of
boundary conditions were used. The well-known Verlet
leap—frog algorithm was used for numerical integration
of the motion equations. Embedded Atom Model (EAM)
and Lennard—Jones potential have been used to describes
interaction between atoms.

Dependence of microstructure response upon copper
monocrystalline sample orientation relatively to shock
front have been of our initial concern. It was also shown
that initial temperature of the sample has strong effect
upon character of microstructure behaviour.

Investigations into polycrystalline samples behaviour
concern dependence of dynamic yield stress upon average
grain size, initial temperature and strain rate.

Simulation of shock compression of bcc iron
monocrystalline samples revealed structural changes that
may be characterized as polymorphous transition corres-
ponding to bec—close—packed structure transition. Such
transition indeed takes place in shocked iron at ~12 GPa
and is known as a(bcc)—e(hep) transition. The pressure
of the transition obtained in our calculations (~30 GPa) is
higher than experimental one and here we face the
problem of proper interatomic potential capable to
describe equally well more than one phase.

The next series of calculations refers to an
investigation into a material behaviour under stretching
strain. We have carried out a series of calculations of the
model set-up consisted of two fcc samples of different
length colliding with given velocity. Boundary conditions
were chosen periodic or mirror in transverse to the
motion directions and free in parallel direction. As
a result of interaction of two release waves formed after
shock waves reached free surfaces the region of negative
pressure is created in the longer sample. This stretching
force may lead to fracture.

We found that initial stage of the fracture is the
nucleation of vacancies in the form of spherical voids
despite of one—dimensional character of the motion.

Fusion of the voids results in formation of a crack. In the
case of polycrystalline samples the centers of the
nucleation lay on grain boundaries whereas in the case of
monocrystalline sample the centers are stacking faults
created by shock waves.

v

KYMVYJATABHBIA CUHTE3
BBICOKOTBEPbBIX ®A3

C.A. KMHEJIOBCKUI, FO.A. TPUILLINH

Wucruryt runponunamuxu uM. MLA. JlaBpentseBa CO PAH,
Hoocubupck, Poccust

C.A. I'POMUJIOB

WuctutyT Heopranuyeckoit xumun CO PAH,
HoBocubupck, Poccust

[Ipu M3roTOBIECHWN OOTUIIOBKH KyMYJIATHBHOTO 3a-
psiAa U3 MOPUCTOTO MaTepHaia MpH OMpeaeeHHBIX YCIIOo-
BHSX BMECTO KOMIIAKTHOM KyMYJIATUBHOU CTpyH 00pasy-
€TCsl Pa3yIJIOTHCHHBIM MOTOK YACTHI[ MaTepuayia o0Ju-
LIOBKH, KOTOPBIA BMECTO IPOOWBAHUS MPErpaibl MOXKET
6I)IT]J HCII0JIB30BaH JId HAHCCCHUS IMOKPLITUA HaA Iperpa-
Iy—T0UT0KKY. [Ipr 3TOM peanmzyembie B KyMYJISITHBHBIX
TEUYCHHUSAX YPOBHH IABICHUNA U TEMICPATYPHI TO3BOJISIOT
MPOBOJIUTH CHHTE3 KapOWJOB, HUTPUAOB U OOJIEe CIIOXK-
HbIX COEIMHEHUN M3 MEXaHMYECKMX CMeceil mopoul-
KOB MeETalla W COOTBETCTBYIOUINX HEMETAJUIMIECKUX
BEIIIECTB.

[IpemnoxxeHsl nBa crocoba cuHTE3a, MPUBOIAIINX
K 00pa30BaHUIO BBICOKOTEMIIEPATYpHBIX CBEPXTBEP-
IBIX (as.

B nepBoM cilydae «KyMyJSITUBHYIO CTPYIO» YJIaBJIU-
BalOT Ha METAUIMYCCKYIO MUILICHb (CTaHb, TUTaH, MCIb
U JIp.) WK B CIICHUATBHYIO JIOBYIIKY, 3aITIOJTHEHHYIO BOJIOU
WM JTHIOM. B TpOBEIEHHON CeprH OMBITOB OBLTA HC-
TIOJTE30BaHbI OOJIMIIOBKH, H3TOTOBJICHHBIC 13 MEXaHUYECKUX
cMecell TIOPOIIKOB BOoNb(pamMa, Tpadura U aMMHAYHOHN ce-
JUTPHI, B3ATHIX B PA3HBIX COOTHOIICHHAX. Y CTAHOBIICHO,
YTO WCIIONIF30BAaHHUE PA3HBIX CIIOCOOOB 3aKalWBaHUS 3a-
METHO HE CKa3BIBAETCA HA OTHOCHUTEIBHBIX KOJHMYECTBAX
U KpUcTauiorpadMueckux XapakTepUCTUKaX 00pasylo-
HIMXCSl BBICOKOTEMIIEPaTYPHBIX (ha3.

ConocraBiieHHE Pe3yJbTaTOB JKCIICPUMEHTOB C pe-
3yJbTaTaMH aHain3a (a30BOH JAMArPaMMbl CHCTEMBI
W-C, mo3BOJIWIIO MOJyYUTh OLICHKY TEMIIepaTypHOH 00-
JIACTH, SKBUBAJICHTHOW CTaTHYECKMM ycioBusM. Ha oc-
HOBAaHUU TaKOHW OLIEHKU OBLIO YCTaHOBJICHO, YTO YMEHBb
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[ICHUE yTJIa PacTBOpa KYMYJISITHBHOW OOJIUIIOBKH COTIPO-
BOXAETCS POCTOM TEMIIEPATyphbl M, BO3MOYKHO, JlaBjc-
HUS B KyMYJIITHBHOM IIpoIiecce.

Bo BTOpOM criocobe cuHTe3a HOBbIE (ha3bl 00pa3yoT-
Ci IpU B3aUMOJACHCTBUM KyMYJSATUBHOM CTpyd C IIO-
BEPXHOCTHIO MHUIIEHHU. B psne TpPOBEIEHHBIX OIBITOB
OBUTH MCIIOJIb30BaHbl KYMYJIATHBHBIE YCTPOHCTBA, BKIIIO-
YarOIIUE TUTAHOBYID MHUIICHh W OOJHIIOBKH, W3TOTOB-
JICHHBIC W3 MEXaHHYSCKHX CMECEH MOpOUIKOB rpadura
W aMMHAYHOW CENUTPHL. B pesymprare OBLTH MOIyYeHBI
TTOKPBITHS, COAEPIKAIINe KapOOHUTPUABI TUTAHA.

[Ipu ucmonp30BaHAM KOHHYECKOH OONHUIIOBKH C YT-
JoM pactBopa 30 °, U3rOTOBIEHHON U3 CMECU MEJIKOJIUC-
MIEPCHBIX TIOPOIIKOB OOpa W aMMHAYHOW CEeNUTpHI, Ha
TUTAHOBBIX MHIIEHSX IOJyY€Hbl IOKPBITUS, COAEpIKa-
e KapOuasl THTaHA — KyOHMYEeCKON M TeKcaroHalTbHON
Mojudukanuid. 3HadeHHEe NapaMeTpoB JIIEMEHTAPHBIX
SYEEK CBUJIETEIBbCTBYIOT 00 OOpa30BaHMH CIOXHBIX IO
coctaBy (a3. MHKpPOTBEpIOCTh B HEKOTOPBIX YdacTKax

MuieHu gocturaer 3800 Kkr/MM .

[Nony4yeHHble pe3yNbTaThl MOKA3bIBAIOT, YTO BaphH-
pOBaHKE YCIIOBHH CHHTE3a ITyTEM I[eJICHANPABICHHOTO
M3MEHCHHS XapaKTEePUCTHK KyMYJSTHBHOTO yCTPOHCTBA
SIBJSIETCSI TIEPCIIEKTUBHBIM C TOYKH 3PEHHs OCYIIECTRIIE-
HUSI IOMCKA HOBBIX (Da3 C YHUKAILHBIMUA CBOMCTBAMH.

Pabora BbImoNHEHA OpU MOJJEPXKKe Poccuiickoro
¢donma QyHIAMEHTANIBHBIX HCCIIEMOBAHUI (KOl MPOCK-
toB 03-03-32328, 01-03-32873).

SHAPED CHARGE SYNTHESIS
OF EXTRA-HARD PHASES

S.A. KINELOVSKY, JU.A. TRISHIN

Lavrent'ev Institute of Hydrodynamics of SD RAS,
Novosibirsk, Russia

S.A. GROMILOV

Institute of Inorganic Chemistry of SD RAS
Novosibirsk, Russia

Under certain conditions a dispersed stream of liner
particles is formed rather than a compact shaped charge
jet upon the production of a shaped charge liner from
porous materials. The stream may be used to cover
a barrier—base instead of penetration of target. In this case
pressure and temperature points realized in cumulative
flows make it possible to synthesize carbides, nitrides and
more complex compounds from mechanical mixtures of
metal powders and nonmetallic substances. Two ways of
the synthesis were suggested to form high—temperature
superhard phases.

In the first case, the cumulative stream was caught with a
metal target (steel, titanium, copper, etc) or into
a peculiar trap filled with water and/or ice. In the series of
the experiments we have used the coats produced of the
mechanical mixtures of tungsten, graphite, and am-monium
nitrate powders which were taken in various ratios. The
different annealing techniques have no a noti-ceable
influence on the relative amounts and crystallographic
characteristics of the high—temperature phases produced.
The comparison between experimental results and data on
the phase diagram analysis of the W—C system allowed us to
estimate a temperature range equivalent to static conditions.
Decreasing the aperture angle of shaped charge liner was
found to be accom-panied by a rise in temperature, and
possibly, pressure in cumulative process.

The second synthesis technique provides the forma-
tion of new phases upon the interaction of the cumulative
stream with the target surface. In some experiments we
have applied the cumulative devices that involve the
titanium target and the coats prepared from the
mechanical mixtures of the graphite and ammonium
nitrate powders. This results in the coats containing the
titanium carbonitrides.

With conical liner with angle of a cone of 30 deg.,
manufactured from mixture of finely divided powders of
boron and ammoniac niter, on titanium targets the
coverage’s containing carbides of titanium — cubic and
hexagonal modifications are obtained. Value of
parameters of unit cells testify to formation composite on
composition of phases. The microhardness in some sites
of a target reaches(achieves) 3800 kg / square millimeter.

The results obtained show that a variation of the
synthesis conditions by means of purposeful change in
characteristics of the cumulative device is promising in
a search for new phases with unique properties.

v

YPABHEHHUE COCTOAHUA ATIOMUHUA
C YYETOM UCITAPEHHUS U HTOHU3ALINN

A.T. CATIOXXHUKOB, E.E. MUPOHOBA

Poccuiickuii penepabHbIN SIEPHBINA IEHTP —
Bcepoccniickuit HUM texundeckoit pusuku
uM. akana. E.W. 3a6abaxuna, CHexxuHCK, Poccust

AJIOMMHUH IIUPOKO IPHUMEHSETCS B TEXHUKE M Ha-
VYHBIX HCCIICIOBAHHUAX MEXAaHHUYECKHX W Teruiodu3mde-
CKHX CBOMCTB BermiecTB. 11 MaTeMaTHYECKOr0 MOJIEIIH-
pOBaHUsI MPOLIECCOB MPHU BBICOKOW KOHLIEHTPALMU IHEP-
ruH TPeOyIOTCA YPaBHEHHS COCTOSHHS B IIMPOKOM JHa-
[a30He TUIOTHOCTEHN U TeMIeparTyp.

B nokiane wmzmararorcst croco® M pe3ysbTarhl MO-
CTPOEHUS IIHMPOKOJUANIA30HHOTO YPABHEHUS! COCTOSIHUS

Properties of Matter at High—Intensive Processes
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(YPC) amomuHuS C y4eTOM HCHAapeHUs] W HOHHU3ALWU.
Jns onncaHWs MOHM3AIMH MPHU MAJBIX IJIOTHOCTSIX HC-
MOJIb30BAIUCH PE3YyJIbTaThl PAacueTOB MO MOAU(HIMPO-
BaHHOW MOJIeTIM MOHM3AIIMOHHOTO paBHOBecHs B razax Ca-
Xa, a TIPH IDIOTHOCTSIX BBIIIE HOPMATEHON — IO KBAHTOBO—
cratuctudecko moaenu Tomaca—®DepMu ¢ KBaHTOBBIMHU
n oOMeHHbIMU TonpaBkamu (Monens TOII). Bruan Temn-
JIOBOTO JIBM)KEHUS SIIEpP B ATOM IHANa3oHe IUIOTHOCTEH
onuchiBancs 1o monenu KombimeBa (Moxens TOIIK).
Jns ommcanns oONacTH TpU HOPMAIBHOM JaBIICHHU
n 005acTH, KCCJIENOBAaHHOW B YAAPHOBOJHOBBIX OITBITAX,
MIPUMEHSIIOCH TIOY3MITMPHIECKOE YPaBHEHHE COCTOSHUSL.

YpaBHEHHE COCTOSHHS AJIOMUHHS IOCTPOEHO IyTeM
«CIIUBKMY oy mmupudeckoro YPC meramnos ¢ Teope-
truueckuMu MozensiMu CAXA u TOIIK u ygoeneTBopu-
TETPHO ONNCHIBACT HWMEKOIINECS HKCICPUMEHTAIBHBIC
JTAaHHBIE O TEPMOJMHAMMYECKHX CBOMCTBaX B HOPMaJb-
HBIX YCJIOBHUSX W WUCHAPEHHU, a TAKKE AKCHEPUMEHTAIb-
HBIE JIaHHbIe 00 yJapHOM CXKaTHH CIUIOIIHOTO M MOPHC-
TOTO amOMHUHHA. [IpH BEICOKMX TaBIICHUSIX WK TEMIIEpa-
Typax YPC ¢ BBICOKOM TOYHOCTHIO amlMpOKCUMHUPYET
pacueTHBIe IaHHBIE MO0 TeopeTmdeckuM moxesiv CAXA
u TOIIK.

Hnst skoHOMHUyHOCTH pacueToB Ha OBM YPC mpen-
craryieH B Tabnmmunoit hopme «I'JIOBYC» u mMoxeT mpu-
MEHATbCA B MPOrpaMMax pacuera IWHAMUKU Cpel MpHU
BBICOKOM KOHIICHTPAIIUH SHEPTHU.

EQUATION OF STATE OF ALUMINUM
TAKING INTO ACCOUNT EVAPORATION
AND IONIZATION

A.T. SAPOZHNIKOV, E.E. MIRONOVA

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

Aluminum is widely used in technics and scientific
investigations into mechanical and thermophysical prop-
erties of the matter. Mathematical simulation of the proc-
esses at high energy concentration requires the equation
of state in the wide range of densities and temperatures.

In this report the technique and the results of the con-
struction of aluminum wide range equation of state taking
into account evaporation and ionization. To describe
ionization at low densities the results of calculation by
modified Saha model of ionization equilibrium have been
used, but at the densities higher than normal density
Thomas—Fermi model with quantum and exchange cor-
rections and nuclei treatment by Kopyshev has been
applied. To describe the region at normal pressure and the
region studied in shock experiments the semiempirical
equation of state has been applied.

This equation of state has been constructed by sewing
together the semiempirical EOS and theoretical models by

Saha and Thomas—Fermi and has good accuracy when de-
scribing available experimental data on thermodynamic
properties at ambient conditions and evaporation and ex-
perimental data on shock compression of solid and porous
aluminum. At high pressures or temperatures the EOS pro-
vides for high accuracy approximation of the data obtained
with Saha and Thomas—Fermi theoretical models.

The EOS has been converted in the tabular form
«GLOBUS» to be efficient when using in hydrodynamic

codes.
\ 4

HNCCJIEJOBAHHUE YJAPHO-BOJIHOBBIX
INPOLECCOB B MATEPHUAJIAX
C HCITOJIb30BAHUEM CUHXPOTPOHHOI'O
N3JIYYEHUSA

JILA. MEPXUEBCKUA, IT.1. 3YBKOB,
JILA. JIVKbSIHUMKOB, K.A. TEH, B.M. TUTOB

WuctutyT runponunamuku uM. JlaBpentseBa CO PAH,
HoBocubupck, Poccust

I''H. KyJIMnAHOB, M.I'. ®EJIOTOB,
M.A. [IIEPOMOB

Wucruryt saepuoit pusuku uM. bynkepa CO PAH,
HoBocubupck, Poccust.

Bb.I1. Toj104KO, M.P. IIAPA®YTIUHOB

WuctutyT xumuu tBepgoro tena u mexanoxumuu CO PAH,
Hoocubupck, Poccust

Hcnonp30BaTh peHTIEHOBCKOE CHHXPOTPOHHOE M3IIy-
gyeane (CH) s wmccnenoBaHUWS — yIapHO—BOIHOBBIX
W JIETOHAIMOHHBIX IIPOLECCOB BIEPBBIE MPEIOKEHO
B [1] . Tam >xe mpuBeACHBI TIEPBEIC PE3yIBTATHI U3YICHUL
JACTOHAIIMOHHBIX MNPOLCCCOB, IMOKa3aBIIME YHUKAJIbHLIC
JTUArHOCTUYECKHE BO3MOXKHOCTH TpeUIaraeMoid METOIH-
ku. B nannoii padore CU mpumeHsieTcst Ajsi MCCIe0Ba-
HUS 1ehOPMUPOBAHUS U Pa3pyLICHUS Psiia MaTepHajoB.
B kauecTBe OCHOBBI MeTO/Aa UCHONB3yeTca 3(h(heKT mo-
TJIOLIECHUS U3ITyUSHHUs TIPErpasiol, ¢ MOMOILIbI0 KOTOPOTro
OCYIIECTBIIIETCSI N3MEPEHHUE W3MEHEHHS IUIOTHOCTH Ma-
Tepuaga B Ipolecce AeOpPMUPOBAHUS M pPa3pyLICHHUS,
n qudpakiys Ha Majble YIIIbl (MaJIOyTJIOBOE paccesHue),
BO3HMKAIOIleE HAa MHUKPOCKONMHMYECKHX (IIyKTyanmsx
IUTIOTHOCTH, 9YTO TIO3BOJIIET TMOJNy4YaTh HH(OPMAIAIO
0 Hayaje U KUHETHKE JIECTPYKIMM MaTepuaia 1 3BOIIOLHUI
BO3HHMKAIONIMX WIJIM CXJIOMBIBAIOIIMXCA MHKpomnop. [lax
aHAJIN3 O0COOCHHOCTEH NMpHUMEHEHMs! yKa3aHHBIX 3()(eEKToB
JUISL IUarHOCTHKU B YCJIOBHSIX NPOBEACHHBIX 3KCIEPUMEH-
TOB. VccrnenoBaHbl MpoLECCHl YIapHOTO CKaTHsS U pa3py

Section 5
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LIEHUSI KBapIIEBOTO CTEKNIA, KaHU(OJIM, MOJIMMETHIMETaK-
punata u ceporutactuka. [losydeHsl faHHBIE O IUHAMUKE
pacrnpocTpaHeHHs! yIapHBIX BOJH W BOJH paspylLeHHs
B XPYIKHX MaTepHayiax, CTPyKType BOJH CXXaTusl B TIOPUC-
TOM MaTepuaie. Pe3yibrarsl cpaBHHBAIOTCS C JIaHHBIMH,
TIOJTy9IEeHHBIMU APYrUMH MeTonamu. IIpemosxkeHsl Moaenu
JUTSL OIIMCaHMsI HaOJIIOABIINXCSI TPOLIECCOB.

Pabora BeIONHEHAa TpH (PUHAHCOBOW IOIIEPIKKE
Poccuiickoro donma QyHmaaMeHTaIbHBIX HCCICIOBAHUMN
(rparT 02-02-16799), mporpaMMbl BeAyIINX HAYYHBIX
mwkosn (rpant HII-2073.2003.1) u WHTErparioOHHOTO
rpaata CO PAH Ne 120.

CchLIKH

1. Anemae A.H., 3yoko IL.M., Kymunanor I'.H.
u 1p. [IpuMeHeHre CHHXPOTPOHHOTO M3IYYCHUS IS
HCCIICIOBAHYSI ICTOHAIIMOHHBIX M YIapHO—BOJHOBBIX
npoueccos // ®I'B. — 2001. — T. 37, Ne 5. —
C. 104—113.
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HEKOHI'PYDHTHOE ®A30BOE PABHOBECHE
B BBICOKOTEMIIEPATYPHBIX XUMHNYECKHA
PEATUPYIOIIUX CPEJAX

N.JI. UOCUJIEBCKUI

MockoBckuil GU3MKO—TEXHUUYECKUI HHCTUTYT
(Ioc. Yuusepcurer), Jonronpynusiii, Poccus

B.K. I'P43HOB, B.E. ®OPTOB

WucruryT npobiem xumudaeckoit ¢pusnku PAH,
Yepuoroinoska, Poccust

E.C. 5Ikyb, C. RONCHI

European Commission, JRC, Inst.
for Transuranium Elements, Karlsruhe (Germany)

[IpuHIMIIHATBEHON  OCOOEHHOCTBIO  TEPMOAWHAMHUKHI
(ha30BBIX MPEBPALICHUI B BBICOKOTEMIICPATyPHOH XHUMU-
YECKH pearupyrouieil cpee sIBIseTCsl UX HEKOHIPYIHTHBII
XapaxTep, BBIPAXKAIOLUIUNCSI B BO3MOXKHOCTH COCYILIECTBO-
BaHHA (a3 C pa3HON CTEXHOMETpHEH MpH COXpaHECHHU
(bMKCHPOBAHHOTO OPYTTO—COCTaBa BCeil cUCTEMbl. BaxkHbIM
CIIEZICTBHEM HEKOHTPYIHTHOCTH B JWHAMHUKE (Pa30BOTO
MpEBpaIlCHUs ABJIACTCA ABHAsA 3aBUCHUMOCTH IapaMeETpOB
mepexoa OT CKOPOCTH TIpeBpalieHus. B TepmoamHamuke
HEKOHI'PYSHTHOCTh ()a30BOr0 IPEBPAIIECHHS MPHBOJIUT:
(A) x m3meHennto Tomoiorud (a3oBeix rpaHui; u (B)
K W3MEHEHHMIO XapakTepa M IapamMeTpoB OCOOBIX TO-

YeK, IPEKAE BCETO KPUTHYECKOW TOUKH Iepexoia raz—
KHUIKOCTb.

B Hacrosimedr pabote mpobieMa HEeKOHIPYIHTHOCTH
M3y4yaeTcsl Ha MpUMepe Mpolecca MCHapeHusl B BBICOKO-
TEMIIEpPaTypPHON CHCTEME ypaH—KHCJIOpOoJ. 3HaHHE ypaB-

HEeHUs1 coCTosiHMsl mpoxykroB HarpeBa UOpix HeoOxo-
MO TIPY aHAJM3¢ BO3MOXKHBIX MOCIEICTBUN THIIOTETH-
YeCKOW KpyMHOMAaCIHITaOHOW SJIEpPHOI aBapuu Ha Cylie-
CTBYIOIIUX M TEPCHEKTHBHBIX THIAX SACPHBIX PEaKTO-
POB, KOrja B Ipoliecce MMITYyJILCHOIO HarpeBa saepHOro
TOPIOYEro MOTYT OBITh JOCTHTHYTBHI TEMIIEPATypHI BO
MHOTHEC TBICAYU T'padyCOB U JaBJICHUA B COTHU U TBICAYU
atMocgep. B pabore pazBuTa TepMOAMHAMHYECKAs MO-
Jiebh TUIOTHOW M BBICOKO HArpeToid MHOTO(a3HOUN cHCTe-
MBI YPaH—KHUCIJIOPOJ JJIsI OIHMCAHUS JKUJIKOTO W ra3oo0-

pasnoro guokcuma ypaHa (UOrix) [1, 2]. T'maBHBIM
B MOJCNH SIBJSIETCSl BBIOOpP EIUHOTO TEOPETHYECKOTO
ONHCAaHWsI B paMKax Tak Ha3. «XHUMHYECKOH MOJeIu
mwia3mMe» [3]. Obe cocymecTtByrone (Hasbl, Ta3oBas
U OKHUIKas, OIHUCBHIBAIOTCS, KaK MHOTOKOMIIOHCHTHAsS
CHIIBHO B3aMMOJIEHCTBYIOMIAsA («HEHIealbHas») CMECh
XVUMHYECKH PEarupyromnuX aTOMOB, MOJICKYJ, ATOMHBIX U
MOJIEKYJISIPHBIX HMOHOB M 3JIEKTPOHOB. OJTO ITO3BOJIMIO
TEPMOJAMHAMHIYECKH CaMOCOTJIACOBAHHO PAaCCUUTHIBATH
TpaHHIly PaBHOBECHS I'a3—KHIKOCTH BO BCEM JIHAIa30HE
mapameTpoB (7'<10+20 kK, P <1+2 GPa), Bxirouas
OKPECTHOCTh KPUTHYECKON TOYKM HEKOHTPYIHTHOIO HC-
napenwus [1,2]. PacueT xuMru4eckoro, MOHU3aIMOHHOTO U
($a30BOTO paBHOBECHSA pPEATM30BaH C IIOMOINBIO KOJa
SAHA-VI (pa3Butue nuHuu konoB «SAHA», ycnemHo
HCTOJB3YEMBIX B pacueTax TePMOAMHAMHKH HEHWIealb-
HBIX CpeJI, BKIFOYass OOBEKTHI SACPHON IHEPreTHKH [3]).
B pacdere HCHONB3YIOTCS TEPMOXUMHYECKHE JTaHHBIE
6anka UBTAHTEPMO u KOMIUIEKC MOJAEIBHBIX «IIO-
MPaBOK HAa HEWICANBHOCTBY, YUUTHIBAIOIINX «BHEXHMH-
4ECKOe» KOPOTKOJEHCTBYIOIEE MPUTSDKEHUE M OTTAIKH-
BaHUE YaCTHUI[, a TaKXKe KYJIOHOBCKOE B3aWMOJCHCTBHE
3apsinoB. [lapameTpsl MeX4YacTHYHOTO B3aUMOJIEHCT-
BWs, TIPEIBAPHUTENBHO OIICHEHHBIE TeopeTmuecku [1, 2],
OKOHYATEJIBHO BBIOMPAIOTCS U3 YCIOBHUS IPaBUIBHOTO
OTHCAaHMs CBOWCTB JKHUAKOTO JHWOKCHIA ypaHa B TOYKE

mnasinenus (Ty, = 3120 K). JlanpHeimmii pacyeT mo «oT-
KaTMOpOBaHHOW» MOJENN TO3BOJSIET AOCTHYGL YIOBIIE-
TBOPHUTEJIEHOTO COIJIACHSl CO BCEMH OSKCIIEPUMEHTAIBHO
N3BECTHBIMH CBOWCTBAMHM KUAKOTO JHOKCHIA ypaHa.

OxoHYaTenbHBIE PE3yJIbTAaThl pacyeTa IapaMeTpoB
HEKOHTPY?HTHOTO ()a30BOTO pAaBHOBECHS B CHUCTEME
YpaH—KHUCIIOPOA (BKJIIOYasl TOJIOKEHUE U CBOMCTBA KpH-
TUYECKOH TOYKM) IAEMOHCTPHUPYIOT OOBEKT NPHHIIUIIH-
QTBHO OTIIMYHBIN TI0 CBOGH CTPYKTYpE OT «OOBIIHOTO»
nepexoja Ta3—KHIKOCTb. DTO JAeT OCHOBaHUE O0CYX-
JIaTh BO3MOXKHOCTh peajiM3alliy TaKkoro ke THUia (pa3oBo-
IO PaBHOBECHS U JUISA APYTHX XMMHUECKH PEarupyronmx
CHCTEM, BKJIIOYasi T'MIIOTETHYECKYI0 HEKOHI'PYIHTHOCTb
T. HAa3. «IJIa3MEHHOro» ()a3oBOro mepexoga B IUIOT—
HOM BBICOKOTEMIEPATYPHOU TIe€IMii—BOJOPOIHON CcMecH
B Henpax maHeT ruradtoB (CatypH u HOmmrep) u apy-
THX acTPOU3NIECKUX OOBEKTOB.

Properties of Matter at High—Intensive Processes
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NON-CONGRUENT PHASE COEXISTENCE
IN HIGH-TEMPERATURE CHEMICALLY
REACTIVE MIXTURES

I. IOSILEVSKIY

Moscow Institute of Physics and Technology (State University),
Moscow, Russia

V. GRYAZNOV, V. FORTOV

Institute of Chemical Physics Problems, RAS,
Chernogolovka, Russia

E. YAKUB, C. RONCHI

European Commission, JRC, Inst.
for Transuranium Elements, Karlsruhe, Germany

Phase equilibrium in high—temperature chemically
reactive mixture principally differs from that in
«ordinary» substances with fixed stoichiometry. The
basic feature of such two—phase systems is their ability to
vary stoichiometries of coexisting phases with no
violation of the total «bulk—stoichiometry» («non—
congruency»). The phase transformation dynamics is
defined as the (strong) dependence of phase transition
parameters on the rapidity of the transition. On the other
hand, the phase transition thermodynamics is the
essential change of topology of all two—phase boundaries
and nature and properties of singular points (first of all,
the gas—liquid critical point). In this contribution results
of a multi-annual theoretical study [1,2] of the non—
congruency problem are reported. The main subject is the
high—temperature equation of state (EOS) of the
uranium—oxygen system, a system where large—scale
non—congruency effects are experi-mentally observed.
From the technological viewpoint, the physics of phase

transformations of uranium oxides (UO 5.y) is of primary
importance in calculations of the behaviour of nuclear

calculations of the behaviour of nuclear reactors during
hypothetical severe accidents [1], where temperatures of
thousands of Kelvins and pressure peaks of several
kilobars may be expected, conditions under which the
molten reactor core undergoes rapid disassembly.

A thermodynamic model of non—congruent
evaporation in fluid uranium dioxide has been developed.
Adequate numerical algorithms and an effective
numerical code (SAHA—VI) were constructed on the base
of the «SAHA» code-line [3]. The model was developed
with the basic attempt of describing both coexisting fluid
phases (liquid and vapour) in a uniform manner, as
multi-component  strongly interacting (non—ideal)
mixtures of atoms, molecules, molecular and atomic ions,
electrons, etc., with a formalism, which is commonly
referred to as a «chemical picture» [3]. Chemical
reactions, including ionisation, and phase equilibrium
have been calculated self—consistently by taking into ac-
count all important non—ideality corrections. Parameters
of major inter—particle interactions (short-range and
Coulomb repulsion and attraction) were evaluated
theoretically [1—3]. The EOS was «calibrated» from

known thermodynamic properties of liquid UO, at the

melting point, 7,,=3120 K. Finally the fluid model
(unique for liquid and vapour phases) have been used for
self—consistent calculations of non—congruent phase
coexistence in whole useful range of temperature and
pressure (7<10+20kK, P <1+2GPa) including the
vicinity of the real critical point [1,2].

Calculated phase coexistence in high—temperature
U-O system differs fundamentally from an «ordinary»
gas—liquid phase transition. Hypothetical effect of non—
congruency on phase transitions in other strongly coupled
mixtures is also discussed. In particular, it is predicted for
so—called ‘plasma phase transition’ in the H:He mixture
in the interiors of giant planets (Saturn and Jupiter) as
well as in other astrophysical objects.
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PAIMAJIBHOE PABPYIIEHUE
N IIJIACTUYHOCTDH CTAJIBHBIX
NUJINHAPUYECKHUX OBOJIOYEK
ITPU B3PBIBHOM HAT'PYXKEHUU

E.®. I'pa3HOB, M.M. Boiiko, B.H. OXUTHH

MockoBckuii ['ocynapcTBeHHbIH
Texumuecknit Yausepcuret uM. H.D. baymana,
Mocksa, Poccus

L[I/IJ'II/IHZ[pI/I‘IeCKI/Ie OGOHO‘JKH, Harpy>K€HHbIC U3HYTPpU
B3pPBIBOM 3apsijia BB, SABJIAKOTCA MHCTPYMCHTOM JId U3Y-
YeHMS IUIACTUYECKUX CBOMCTB MaTepraJioB B HIMPOKOM

JMarasoHe cKopocteil nedopmanuii (1o 106 c_l). OpHa-
KO, OIICHKHM Je(OpMAallMH Ppa3pyIICHUs, IOJIydaecMble,
C O/IHOH CTOPOHBI, B TIPOIECCe HATPY)KEHHSI C MOMOLIBIO
BBICOKOCKOPOCTHOH ONTHYECKOW I PEHTTeHOMMITYJIbC-
HOW CHEMKH, U, C IPYrOi CTOPOHBI, ITyTEM U3MEPEHHH Ha
(parMeHTax 000J0YEK MOCTE WX YIABIUBAHUS B MITKOM
TOPMO3SIIIEH cpenie, TaloT 3aMETHO PAa3UYHBIC Pe3yIbTa-
TBl. B wacTHOCTH, U1 060MOUeKk w3 cramu 20 B TIepBOM
ciydae pedopmarus paspyienus gocruraetr 70 %, a Bo
BTOpOM — He npeBbiaeT 35—40%. OnHa n3 OCHOBHBIX
MIPUYNH JAHHOTO TPOTHUBOPEUHUS CBs3aHA C HEOAHOPOJ-
HOCTBIO pacmpernencHus nedopManuii B CTEHKE PacIIn-
PAIONIEHCST 000TOUKH.

Mertamtorpaduyeckuii aHaJIN3 MO3BOJIAET BBISBUTH B
HONEPEYHBIX CEYCHUSIX (ParMeHTOB 000JIOYEK, N3TOTOB-
JICHHBIX, KaK M3 Manoyriepoauctsix (cr.20) Tak u cpea-
HeyraepoaucTeix (cT.60) cranei, HECKOJIBKO XapakTep-
HBIX 30H. MHKpOCTpYyKTypa BO BHEUIHEH M CpPEAMHHOMN
30HaX ()pParMEHTOB HE3HAYWUTENHHO OTIMYACTCS OT HC-
XOJHOH, 3/16Ch MOXXHO OTMETHTH TOSBJICHUE TPEUMYIIIe-
CTBCHHOW (TaHTCHIMAILHOW) OpPHEHTAIlNU 3epHa. BHYyT-
peHHsAA 30Ha (pparMeHTOB (HauuHAs ¢ TIyOWHBI ~0,5MM
OT BHYTPEHHEW IMOBEPXHOCTH OOOJIOYKH) MPENCTaBISAET
co0OW 30HY MHTEHCHBHOTO IUIACTHYECKOTO TEUCHHS —
3epHa CHJIBHO BBITAHYTHI B TaHTCHIMAIGHOM HaIpaBie-
Hun. KonmuuecTBeHHast orieHKa aedopMariuii, HaKOIUICH-
HbIX K MOMEHTY pa3pylleHHs, IPOBEIECHHAs MHKpPO-
CTpYKTypHbIM MeTozioM ['.A. CmupHOBa—AnsieBa, MoKa-
3aja, 4to B obonouke 3 c1.20 neopmariust paspymeHus
BHeIlIHeW 30HbI (parmMeHToB coctaBisier 40—45 %; Bo
BHYTpeHHEH 30He pocturaer 60 %; MUHUMAIbBHBIL ypo-
BeHb JiehopMaluy paspylieHus HaO0aeTcss B CpeavH-
HOM 30He cTeHku — 35 %. M3MepeHne MUKpOTBEPIOCTH
B TIOIIEPEYHOM CEYEHUH (PpParMEeHTOB IOKa3allo, YTO pac-
TpeesieHe MUKPOTBepAOCTH Kak B cT.20, Tak u B cT.60
AHAJIOTHYHO PacIpeesieHIIO TepOopMannii.

JanHble (DaKTHI MMOATBEPKAAIOT BOIHOBYIO IPHUPOIY
3apOKACHUS 0YaroB TPEUIMH B CPEIHMHHOW 30HE CTEHKH
obomouku. Ilocienyromiee pa3BUTHE MEPBUYHBIX OYaroB
MPOUCXOIUT B HANPABICHHH HAPY>KHOH IOBEPXHOCTH
000JI04KH. 3aKITIOYUTENBHBINH 3Tall pa3pyLeHHUs CBsI3aH C

JIOKAJIM30BAHHBIM CIBUIOM BHYTPEHHEM 30HBI CTEHKH
obomouku. Jlehopmanss IMEHHO JaHHOW 30HBI CTEHKH
000JI0YKH ¥ OMNpEAENIeT BbICOKHE 3HAYCHHs PajnyCOB
paspymieHus HaOIOJaeMbIX TPH BBICOKOCKOPOCTHOMN
ONTUYECKONM M PEHTITCHOUMITYJIbCHOM cheMKe. BHyTpen-
Hsisl 30HA CTEHKU 00O0JIOYKH SIBJISIETCS 30HOH 00pa3oBaHusl
CBOCOOpA3HOW «IICHKH», AHAJOTMYHOW TOH, KOTOpas
HAOIOAAeTCS MPU CTATHYCCKUX HCIBITAHUSAX CTAHAAPT-
HBIX 00pa3I[0B HA PaCTHKCHHE.

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 mm
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.
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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.

v

YUCJIIEHHOE UCCIIEJOBAHUE JUHAMUKH
®POHTA BLICOKOCKOPCTHOM
KPUCTAJUIM3BAIIMN BUHAPHOI'O CIIJIABA
HA OCHOBE MOJEJIA ®A30BOTI'O I1OJIA

A M. JIAILMH

00O «Pactp—TtexHonorus», Mocksa, Poccus

B ycnoBusiX BBICOKOCKOPOCTHOM KpHUCTAJUIM3ALUU
OMHApHBIX METAJUIMYECKHX CIUIaBOB, KOIJa CKOPOCTBb
(poHTa KpUCTATTN3AINH OHM3Ka K Mpeery abCOTI0THOM
YCTOMYMBOCTH, HAOIIONAETCsl BO3HUKHOBEHHE HOBBIX
MEXaHU3MOB pPOCTa KPUCTALIMYECKOH a3bl, oOpa3oBa-
HHUE MEIKOJUCIEPCHON MUKPOCTPYKTYPBI (HAHOCTPYKTY-
pBI), @ TaK € 3apOoXKICHUE pa3HOOOpa3HBIX MeTacTa-
OmnbHBIX (a3, TakuxX, HapuUMep, Kak aMopQHbie (asbl,
4eil COCTaB U CTPYKTypa HEe MOTYT OBITh MOJIy4€HbI C UC-
MI0JIb30BAaHUEM TEXHOJIOTHYECKUX IIPOLIECCOB TPaHIIH-
OHHOW MeTaytyprud. [1o00HbEIEe YCIIOBHST BEICOKOCKOPO-
CTHOTO OXJIAXJICHUSI XapaKTEePHBI JUISl NIEPEIOBBIX TEXHO-
JIOTHYECKUX IPOLECCOB MOTYyUSHHSI HOBBIX MaTepHaJIOB.

OmanM w3 Hambonee WHTEpecHBIX 3(dekToB mpu
KPHCTAJUIM3alMH METAJUINYECKUX CIIABOB B YCJIOBHSAX
BBICOKOI CKOPOCTH OXJIAXICHHS SIBISIETCS 00Opa3oBaHUE
TaK Ha3blBAEMOI 30HHOM MJIM «II0JIOCATON» CTPYKTYPBI.
Takass crpykTypa HaOironaercsi, Hanpumep, NpH Kpu-
CTaJUTM3ALMK CIJIAaBOB HAa OCHOBE ATIOMHHHUSI U COCTOUT
n3 4YepeAYIOIUXCA CBCTJIbIX W TEMHBIX 30H, PaCIIOJIO-
KEHHBIX MapajuleNbHO (pOHTY KpucTanM3anuu. Tem-
HBIE 30HBI UMEIOT SYEHUYECTOJCHAPUTHYIO MM SBTEKTH-
KO—JIaMEJIbHYI0 MHKPOCTPYKTYPY, @ CBETJIbIE MOJIOCHI
COOTBETCTBYIOT TBEpIOH (ha3ze ¢ OXHOPOAHBIM KOMIO3H-
LMOHHBIM COCTaBOM 0€3 MHKpOCErperanuy IMpHUMECH.
[Ipr BBICOKOCKOPOCTHOH KpHCTAILIM3aIUN OWHAPHBIX
CIIaBOB, BEIMYMHA KOHIEHTPAIMU NPHMECH B TBEPHOM
¢baze 3a GPOHTOM KPUCTAJUIM3ALMU MOXKET 3HAYUTEIHHO

TIPEBHIIATh 3HAYCHUS MpPEICKa3bIBaeMble PABHOBECHOM
(azoBoii muarpaMmoii. ITo SBJICHHE, N3BECTHOE KaK «3a-
XBaT» NPUMECH, NMPUBOJUT K YMEHBIICHHUIO BEITHYMHEI
paspeiBa («CKadka») KOHIIGHTPAIMH MPUMECH Ha (pOHTE
KPHUCTAJUIM3AlMU C YBEIWYEHHEM CKOPOCTH €ro JIBHKe-
ausa. C YBCJIMYCHUEM BCJIMYMHBI CKOPOCTU ABUIKCHUA,
IUTOCKUI (DPOHT HAIMPABICHHON KPHUCTAJUIM3ALUU TEPSET
CBOIO YCTOWYHMBOCTb M €T0 JMHAMHKA HOCUT KoJeOaTelb-
HBII (MM aBTOKOJeOaTesbHbIN) Xapakrep. Ilepronnye-
CKOE€ M3MEHEHHE CKOPOCTH (PpOHTa MPHUBOAMUT K TEPHO-
TUIEeCKOMY M3MEHEHHWIO KOHIICHTpAI[MH IPUMECH B pac-
Tymeil TBepmoi ¢aze, T. €. K HaOmogaeMoil 30HHOU
CTPYKTYDE.

B TpagumMOHHBIX TEOPETHUYECKHX HCCIEIOBAHUAX
mporecca KPUCTAJUTM3AIUH CIUIABOB HCHOIB3YETCS] Mak-
pockornmueckas mozaenb CredaHoBckoro tuna. IIponec-
CBI TEIUIO — W MAacCOIEPEHOCa B 3TOM MOJIEIH ONHCHIBaA-
10TCsI ypaBHeHUsIMU T dy3un Tersia 1 Macchl B KaKAO0H
(haze nHezaBucumo. DaszoBeiii mepexoxa (PpPoHT KpucTal-
JM3alUK) TPEACTaBIsIeT COOOH MOJBIDKHYIO IIOBEpX-
HOCTh (Monenb 'mb0ca), AMHAMUKa KOTOpOW ompenens-
€Tcs pPELICHHUEM COIPSHKEHHOH TepMOoIu(dy3HOHHOH
3a1auu.

Mogemn CrtehaHOBCKOTO THIIA MOXKHO JOCTaTOYHO
YCIENTHO HWCIOJB30BaTh I PACUETOB IIpoIecca KpH-
CTAJUTM3aLMH METAJUIMYECKUX CIUIAaBOB IPH CKOPOCTH
nBrkeHus pporta ~1m/s. Ilpu 6osee BRICOKOW CKOPOCTH
KPUCTAUTU3AINH, XapaKTePHBI MacmTad H3MEHEHUS
pacrpeneeHus] KOHIEHTpaluu npuMecH (T.e. nuddysu-
OHHas ]IJ'II/IHa) JJIA TUIIMYHBIX METAJJIOB CTAHOBUTCS
CPaBHHMM C LIMPUHOW (PpPOHTA KPHCTAJUIU3ALMU U MOJEIb
Mex(pa3HOI MMOJBIKHOM MMOBEPXHOCTH HE IPHUTOJHA IS
ornucanust (ha30BOro nepexoia.

B nanHoM poxiaze mpencrasiieHa Moaens ((hazoBoro
TOJISI) HEM30TEPMHUYECKON KPHCTALIM3AINN HICaTHHOTO
OmHapHOTO pacTBOpa. TepMoAMHAMIYECKU—COTIIACOBAH-
HBIC YpaBHEHUS MOJENH IIOJIydYeHBl Ha OCHOBE 3aKOHOB
coxpaHeHusI (MacChl U SHEPTUU) HEPABHOBECHOW TEPMO-
TUHAMUKA U BpeMeHHoro ypaBHeHus Jlangay—I ma30ypra
JUTS CKaJISIPHOTO TapameTpa nopsaka. Mozaens hopmyu-
PYCETCda B BUAC CUCTEMBI TPEX HEJIMHEHHBIX napa60m/1qe—
ckux i depeHInanbHbIX YPaBHEHUS AUl TEMIIEPaTyPBbl,
KOHLICHTPALlMK TIPUMECH W Tapamerpa mnopsaka. B mox-
JaJie TPeJICTaBIeHbl HEKOTOPbIE Pe3yNbTaThl YUCICHHOTO
WCCJIEJOBAHNS HAIlPaBIEHHON KpHCTAJUIM3AlMU TIepeox-
JMaXICHHOTO (METacTa0MIBHOTO) paciulaBa  YHCTOTO
MeTaJula, BBIIIOJHEHHOTO Ha OCHOBE MOJENU (Ha30BOTO
moisi. B wacTHOCTH, TIOKa3aHa BO3MOXKHOCTB CYIIIECTBO-
BaHUS KBA3HCTAI[IOHAPHOTO PEXHMMa KPHUCTAJUIA3ALUN
MEPEOXTAXKAEHHOTO paciuiaBa ¢ 00pa3oBaHHEM TBEpPHOI
(ha3bl B eperperoM (MeTacTabUILHOM) COCTOSTHHUH.
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NUMERICAL SIMULATION OF AN INTERFACE
DYNAMICS DURING THE RAPID
SOLIDIFICATION OF BINARY ALLOYS ON THE
BASE OF THE PHASE-FIELD MODEL

A.M. LASHIN

«Raster—technology» Ltd., Moscow, Russia

In rapidly solidified allows, at growth rates close to
the absolute stability limit, a different metastable phases
and unexpected microstructures have been observed. One
of the most interesting effects is the formation of the
so—called «banded structures». These structures, observed
in various aluminum-based alloys obtained using
different techniques, consist of alternating light and dark
bands lying parallel to the solidification front. The dark
bands exhibit a cellular—dendritic or eutectic—lamellar
structure, while the light bands correspond to
microsegregation—free  solid phase with uniform
composition. During rapid solidification of binary alloys,
solute may be incorporate into the solid phase at a
concentration significantly different from that predicted
by equilibrium phase diagram. This process, known as
solute trapping, leads to a progressive reduction in the
concentration change across the interface as the velocity
of the solidification front increases. The banded
structures originate from an oscillatory dynamics of the
solidification front, driven by loss of interfacial
equilibrium. The oscillations of interface velocity result
in the periodic variations of solute concentration (solute
bands) in the growing solid.

The previous theoretical studies treated the
solidification process using the sharp—interface classical
model. Sharp—interface (or Stefan—type) macroscopic
models of alloy solidification employ the solution to the
conventional diffusion equations for heat and solute in
each phase independently. The interface between regions
of different phase is represented by a zero—thickness—
moving surface, which must be found, as part of the
solution. The velocity dependence of the jump in solute
concentration across the interface («solute trapping») via
a velocity—dependent partition (segregation) coefficient,
defined as the ratio of the solute concentration in growing
solid to that in the liquid at the interface, provides
a mechanism whereby the jump vanishes at high rates of
solidification in a manner consistent with experimental
observations (partitionless or microsegregation—free
solidification). While this modeling approach has met
with considerable success at low solidification rates, it is
clear that at high rates of solidification, the diffusion
length is comparable to the interface thickness for metals.
At such length scales diffuse interface theories by Cahn—
Hilliard are often found to provide more reasonable
description of the diffusion process in and around
interfacial region.

The paper presents the model of the non—isothermal
solidification process of binary alloys based on time—
dependent Landau—Ginzburg equations for order
parameters and the equations of energy and mass
conservation (the phase—field model). The thermo-
dynamical consistence of the model and it applicability to
describe the solidification process are discussed. The
phase—field model will be utilized to investigate the full
time—dependent interface dynamics, which underlies the
band formation.

v

SOME RECENT WORK PREDICTING
DUCTILE FAILURE

M.A. ZOCHER

Los Alamos National Laboratory, X-7, MS F699,
Los Alamos, NM 87545, USA

When ductile metals are loaded to capacity, the
following sequence of events is often observed. Localized
regions of large deformation and plastic flow begin to
form on a microscopic level. Then as the deformation
proceeds, these localized deformation regions spawn
damage in the form of voids, which with further loading
grow and coalesce to produce cracks and ultimate failure.
The formation of these localized regions of deformation
and damage formation introduces a physical length scale
to the problem within which localized material softening
occurs. The presence of this localized softening
phenomenon has important ramifications for the analyst
who wishes to predict the deformation and damage
evolution process. In dynamic loading problems, the impact
is manifested in an ill-posedness of the initial boundary
value problem as the governing equation becomes elliptic.
Classical rate—independent material models applied to this
problem are inadequate in that the numerical results exhibit
an unacceptable mesh sensitivity.

To adequately model the above described processes,
a material model must introduce an appropriate
characteristic length scale to the mathematical for-
mulation which will remove the potential numerical ill-
posedness. This might be accomplished through the use
of higher order temporal derivatives which are associated
with rate—dependent methods, or through non-local
schemes which introduce higher order spatial derivatives.
A rate—dependent material model has been proposed by
Addessio and Johnson to address this issue [1]. This
model successfully removed the ill-posedness and
exhibited reasonable predictive capability, but because of
the explicit nature of the numerical integration algorithm,
required a time step so small as to render the model

Properties of Matter at High—Intensive Processes
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impractical for some applications. This model has been
recently reformulated employing a semi—implicit
numerical scheme which allows for a much larger time
step. The present work is directed at an evaluation of the
the predictive capability of the semi—implicit reformu-
lation. The predominant tool to be utilized in this
evaluation is a comparison between predicted behavior
and observed behavior in experimental tests involving
flyer plate impact. Comparisons will be made concerning
pressure profiles, free—surface velocity profiles, as well as
damage morphology.
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YPABHEHUSI COCTOAHUSA METAJLJIOB
B TABJIMYHOU ®OPME C YHETOM ®A30BbIX
I'PAHUIL U METACTABWJIBHBIX OBJIACTEN

I1.P. JIEBALIOB, K.B. XUIIEHKO, 11.B. JIOMOHOCOB

WHCTUTYT Temno(pU3UKN SKCTPEMaIbHBIX COCTOSIHUI
OO0BeIMHEHHOTO MHCTUTYTA BBICOKUX Temnepatyp PAH,
Mocksa, Poccus

[Mupoxonuama3oHHbIe MHOTO(GAa3HBIE YPAaBHEHHS COC-
TOAHHSA BEULICCTB HeO6XOle/IMI)I Ui peIICHUA MHOTHUX
3amad (U3UKH BBICOKMX IUTOTHOCTEH »Heprun. OmHaKo
pacyeT TCPMOJUHAMUYCCKUX CBOMCTB I10 aHAJIUTUYECKUM
3aBHCHMOCTSIM MHOTO(A3HBIX ypPAaBHEHHH COCTOSHHUS
3aHUMAET JOCTATOYHO OOJBIIOE BPEMs, YTO MPHUBOIUT
K HEO0OXOJWMOCTH WCIIONB30BAaHUS PA3IIMYHBIX METOMIOB
UHTEepHOJsIiMU. B naHHOW paboTe mpeyiaraeTcsi HOBBIN
croco0 TpencTaBIeHUS] MHOTO(A3HBIX YpPaBHEHHH CO-
crostnust [1] B Buze TaOMuUL TEPMOAMHAMUYECKUX (YHK-
OUi ¥ UX TPOW3BOTHBIX HA CHEIHATBHO CKOHCTPYHPO-
BaHHBIX CCTKax, aJlallTUPOBAHHLIX K TIpaHULlaM (1)8.3
1 MEeTacTaOMIBHBIX 00JIacTeH.

[Ipr MHTEPHIONAUN UCTIONB3YIOTCS IBYMEpHBIE Ta0-
JIUIIBI TEPMOJMHAMUYECKAX (QYHKIIUH U X TPOU3BOIHBIX
B 3aBHCHMOCTH OT YIEIBHOTO 00BEMa M TEMIIEPaTypHI.
Jnst xaxkmort o6macTi CTaOMIBHOCTH OIHOTO U TOTO KE
(ha30BOro COCTOSIHUSI MPSMOYTOJbHAS CETKa KOHCTPYH-
pyercs TakuM o0pa3oM, 4ToObI (pa3oBasi rpaHUIA TIPOXO-
nuina gepes ee y3isl [2]. s obnacteit MeTacTabMIbHBIX
COCTOSIHUH TIEPETPETOH KUIKOCTH U MEPEOXIIAKICHHOTO
mapa Ipu TOJOXKUTEIFHOM JIaBJICHNH, a TaKKe TBEPAOTO
TeNa, 30HBI TUIABJICHUS M KUIKOCTHU MPH OTPHIIATSIEHOM
JTABJICHUH Takke (OPMHUPYETCs OTIENIbHAs CeTKa. 3Have-
HUS TTapaMeTpoOB B IPOHM3BOJBHON TOUke (ha3oBOW ama-

TpaMMBbI HAXOJATCS B pe3ylbTaTe OWIMHEHHON HMHTEPIIO-
JSAIUU 10 YEeThIpeM ToukaM, a BOmMM3M (Da3oBBIX Tpa-
HUL — JIMHEHHON MHTEpIOJISILMEN MO TPEeM TOYKaM, JIBE
M3 KOTOPBIX HAXOAATCS HEMOCPEACTBEHHO Ha TpaHUIIE.
3HAaYCHUS TEPMOAMHAMHYCCKUX (YHKIUH HA KpPUBBIX
IUTaBJICHUS, NCHAPEHUS, CyOIMMaIii M TPaHHWIaX MeTa-
CTaOMIIBHBIX O0JIACTEH ONpEACTSAIOTCS JTMHCWHOW HHTEP-
TOJISIIIMEN TIO IBYM TOYKaM. B kadecTBe BXOIHBIX Mapa-
METPOB MOJKHO TaK)e HCIIOJB30BaTh YICIBHBIA 00BEeM

U JTABJICHUE WM YICIbHBIA 00bEM U BHYTPEHHIOIO SHEP-
ruro. OnucaHHBINA CITOCO0 MHTEPIIOILINN 00eCTIeYnBaeT
MOHOTOHHOCTH TOBE/ICHHS TEPMOAMHAMUYECKHX (YHK-
Ui, B YaCTHOCTH, YICNBHBIX M300apHOH U H30XOPHOMH
TEIUIOEMKOCTEH M aanabaTHYeCKOi CKOPOCTH 3BYKa, IMO-
3BOJISIET CYNIECTBEHHO ITOBBICUTH TOYHOCTH MX pacdera
BOMM3M (a30BBIX IpaHHMI] [2], a TaKKe CYIIECTBEHHO YBe-
JMYMBAET CKOPOCTH BBIYMCIICHUI MO CPABHEHUIO C METO-
JaMU UHTCPHOJIALUN BBICOKOT'O IMOPsJaKa.

CchLIKH

1. Bymman A.B., Kanems I'.U., Hu A.JI., ®optoB B.E.
TCHHOQ)I/BHKa U JUHaMHWKa MHTCHCHUBHBIX HUMITYJbC-
HbIX BozjaeucTBuil. — UYepHoronoBka: UXD AH
CCCP, 1998.

2. Jlesamos I1.P., Jlomonocos 1.B., ®optoB B.E., Xu-
menko K.B. // ®usuka SKCTpeManbHBIX COCTOSIHUI
Bemiectea — 2002 / ITox pea. ®oprosa B.E. u mp. —
UYepnoronoska: UTTX® PAH, 2002. — C. 70—72.

EQUATIONS OF STATE FOR METALS
IN TABULAR FORM TAKING INTO ACCOUNT
PHASE BOUNDARIES AND METASTABLE
REGIONS

P.R. LEVASHOV, K.V. KHISHCHENKO,
1.V. LoMONOSOV

Institute for High Energy Densities of Associated Institute
for High Temperatures, RAS, Russia

Wide-range multiphase equations of state are neces-
sary for the solution of many problems of high energy
densities physics. But the calculation of thermodynamic
properties using analytical dependencies of multiphase
equations of state takes rather long time. Therefore it is
essential to use different interpolation methods. In this
work we propose the new way of multiphase equations of
state [1] representation as the tables of thermodynamic
functions and their derivatives on specially constructed
meshes adapted to the phase and metastable regions
boundaries.

In the interpolation procedure it is used two—dimen-
sional tables of thermodynamic functions and their
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derivatives depending on specific volume and tempera-
ture. For every region of stability of every phase state the
rectangular mesh is constructed so that a phase boundary
passes through the nodes of the mesh [2]. For the regions
of metastable states of superheated liquid and super-
cooled vapor at positive pressure as well as for the re-
gions of solid state, melting zone and liquid state at
negative pressure the separate mesh is generated. The
values of parameters in the auxiliary point of phase dia-
gram are found as a result of 4—point bilinear interpola-
tion. In the vicinity of phase boundaries we use 3—point
linear interpolation, two of these 3 points lie immediately
on the boundary. The values of thermodynamic functions
on melting, evaporation and sublimation curves and
boundaries of metastable regions are calculated by the 2—
point linear interpolation. One can also use specific vol-
ume—pressure or specific-volume—internal energy as in-
put parameters. The described way of interpolation gua-
ranties the monotonous behavior of thermodynamic
functions, in particular, specific constant pressure and
constant volume heat capacities and adiabatic sound ve-
locity. This technique allows one to increase the accuracy
of their calculations near phase boundaries [2] as well as
speeds up the computations in comparison with the inter-
polation methods of high order.
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JIEKTPOHHBIE U ATOMHBIE CBOMCTBA
JKMJIKOT'O IE3USI BBJIN3U KPUTUYECKOM
TEMIIEPATYPbI: KOMIIbIOTEPHOE
MOJEJUPOBAHUE U SKCIIEPUMEHTAJIBHBIE
JAHHBIE

Bb.P. T'EJIbYNHCKUN

UensOunckuit HayuHslil nentp YpO PAH,
Yenstounck, Poccus

v

YIAAPHASA CKUMAEMOCTbD, U309HTPOIIbI
PA3I'PY3KHU U YPABHEHUE
COCTOSIHUSA XPOMA ITPHU BBICOKUX
IVIOTHOCTSX DHEPI'MHA

K. B. XMIIEHKO, C. 1. KUPIIIAHOB,
H. B. IoMOHOCOB, B.E. ®OPTOB

WuCcTUTYT TermoQu3nKu 3KCTPEMaIIbHBIX COCTOSTHUI
OO0BeIMHEHHOTO HHCTHTYTA BEICOKUX TeMneparyp PAH,
MockBa, Poccus

M.B. XXEPHOKJIETOB, A.E. KOBAJIEB, A.b. MEXEBOB,
M.A. MOYAJIOB, M.I1. TPyCcOB, A .H. HIYUKUH

Poccuiickuit GpenepanbHblil SOCPHBIA HEHTP —
Bceepoccuiickuit HUU sxcnepumenTanbHoi Gusuky,
Capos, Poccus

[IpencraBneHsl  pe3ynabTaThl  AKCIEPUMEHTAIBHOTO
WCCIIEIOBAHMSI TTOPUCTHIX 00pa3LOB XpoMa ¢ HayaJIbHOM

IUIOTHOCTBIO 4,22 T/CM B BOJIHAX aanabaTHYECKOW pas-
IPY3Kd TpPU OTPAKEHUH MPOXOISIIUX YAAPHBIX BOJH
¢ uateHcuBHOCThIO 0,9 1 1,1 Mbap oT mperpan pa3nmid-
HOW JMHAMHYECKON KECTKOCTH (TUICKCHIIIAC, TEHOIIOH-
CTUPOJI PA3TUUHON HAvaJIbHOM IJIOTHOCTH, KCEHOH, KpPHII-
TOH, aproH W BO3AYyX). Pa3pa0oTaHO MOTy3MIHPHUYECKOE
YpaBHEHHE COCTOSHHE METallla C YUeTOM IUIaBICHUS U HC-
MIAPCHUSI, TIPOBEICHBI PACUCThI TTApaMeTpoB (ha30BOM ana-
rpaMMBI B IIMPOKOM JHAIIa30HE JABJICHUH U TEMIEparTyp.
BEITIONTHEHO KPHUTHUYECKOE COITOCTABICHUE PAaCUYCTHBIX
pPE3yIBTaTOB C COBOKYITHOCTHIO HOBBIX M HMMEB-IIUXCS
PpaHeC JaHHBIX SKCIEPHUMCHTOB ITPU BBICOKHX IJIOTHOCTAX
SHEPIHU.

SHOCK COMPRESSIBILITY, RELEASE
ISENTROPES, AND EQUATION OF STATE
OF CHROMIUM AT HIGH ENERGY DENSITIES

K.V. KHISHCHENKO, I.V. LOMONOSOV,
V.E. FORTOV

Institute for High Energy Densities, RAS, Moscow, Russia

M.V. ZHERNOKLETOV, S.I. KIRSHANOV,
A.E. KOVALEV, A.B. MEZHEVOV, M.A. MOCHALOV,
I.P. TRUSOV, A.N. SHUIKIN
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Russian Federal Nuclear Center — All-Russian Scientific
Research Institute of Experimental Physics, Sarov, Russia

In the present study we have measured states of
chromium samples with initial density 4.22 g/cm3 in
adiabatic release waves originated from Hugoniot pres-
sures of 0.9 and 1.1 Mbar using barrier technique (bar-
riers were polymethylmethacrylate, foamed polystyrene
with various initial densities, xenon, krypton, argon, and
air). We propose the semiempirical equation of state for
chromium, which takes into account melting and evapo-
ration effects. The critical analysis of calculated results in
comparison with the newly acquired and available at high
energy densities experimental data is made.

v

MPOIECCHI HA HAYAJIBHOM CTA/IUA
SJIEKTPOB3PBIBA ITPOBOJIOYEK
B MOJAEJIAX C PASHBIMU KPUBBIMHU
IITABJIEHUSA

C.1. TKAYEHKO, K.B. XHIIEHKO, I1.P. JIEBAILIOB

WHCTHTYT TeTIO(GU3UKH IKCTPEMAIbHBIX COCTOSHUH
O0BeIMHEHHOTO HHCTHTYTA BEICOKMX Temneparyp PAH,
MockBa, Poccus

IIpu ananuze npoueccoB, MPOUCXOAALINX B CILUIOLIHON
cpeze MpU BBICOKOH KOHLEHTpAlMH 3HEPTHH, OOJBIIOE
3Ha4YeHHE UMeeT KOPPEKTHOCTh OIMCAHMs TeIodu3niec-
KHX CBOWCTB BelllecTBa. B maHHOW paboTe MpOBOIUTCS
COIOCTABJICHUE PE3yJbTaTOB MOJICIUPOBAHUS IIEKTpUUE-
CKOTO B3pbIBa BOJI()PAMOBOTO MPOBOJIHHMKA C HCIOJIB30-
BAaHUEM JIBYX DAa3sHbIX MOJIySMIMPUYECKUX YPaBHEHUM
COCTOSIHUSI, OCHOBHOE Pa3JIMuUe KOTOPBIX COCTOUT B TOU-
HOCTH OIMCaHMs XapaKTePUCTHK TBEPAOH (a3bl MeTasuia
U KPUBOU MJIaBIICHUS.

PROCESSES ON INITIAL STAGE
OF WIRE ELECTRICAL EXPLOSION
IN MODELS WITH DIFFERENT MELTING
CURVES

S.I. TKACHENKO, K.V. KHISHCHENKO, P.R. LEVASHOV

Institute for High Energy Densities, RAS, Moscow, Russia

It is very important for numerical simulation to in-
clude correctly thermophysical properties of substance at
high energy densities. We present results of modeling of
tungsten wire electrical explosion. We compare results
obtained using two semiempirical equations of state with
different quality of description of solid phase properties
and melting curve of metal.

MEXAHUYECKHE CBOICTBA HEKOTOPBIX
TOPHBIX MOPO/I IPM BLICOKUX CKOPOCTSIX
JNIE®@OPMALIMH

A M. BrPATOB, A.K. JIOMYHOB, 11.B. CEPTEMYEB

HUU mexanuku HHI'Y, Huxuuiit Hosropon, Poccust

B noknane npencrasieHbl pe3ysbTaThl HCCIIENOBAHHS
MOBEICHUST HEKOTOPBIX TOPHBIX nopoi. VccienoBaiuch
CTaTHUYECKUEC U JTHUHAMHUYCCKHEC CBOICTBa JABYX COpPTOB
MpaMopa ypainbckux mecropoxaeHuii (Koenra u Ilepso-
YPJIBCKHI) U OAMH COPT KapesIbCKOro rpanuTa (rabopo-
nmuabaz). [IporpaMMoil MCHBITAaHUA TPEAYCMAaTPHBAIOCh
MONyYeHWE CTATHYCCKUX M IOUHAMHUYECKHX IHarpaMm
TOPHBIX TOPOJ TP CKATHH ¥ OIPEIeNIeHIE pa3pyIIaro-
IMX HANPSKCHUH TPU PACTHKCHWH METOIOM PacKajIbl-
BaHUS MPH CKATUH.

OO0pasiel A WUCOBITAHWH B BHAE NPSMOYTOIBHBIX
napajjiejIenuie108 6bIJ'II/I BBIINMWJICHBI aJIMa3HbIM OTpPE3-
HBIM KPYTOM U3 IJIOCKUX IUIUT TOMIIMHON 20 MM U HMe-
au pazmepbl 20x20x10 MM, 20x20x20 MM, 20x20x30 MM
1 30x30x20 MM.

C nomorpio MeToauku KoabCKOTo ¢ MCIOb30BaHuU-
€M pa3pe3Horo crepkHs ['onkuHcoHa quameTpom 20 MM,
MPOBEICHBI JIHMHAMUYCCKUE HWCIBITAHUS IIPH IPOCTOM
cxartnd. VcnbeIThiBanuch oOpasmpl cedeHneM 20x20 M
u pmHou 10, 20 u 30 MM, 4TO MO3BOJIMIIO, C OJIHOW CTO-
POHBI, OLIEHUTHh MacIITaOHBIA (QakTop, a ¢ Ipyrol — or-
pPEIeNHUTh CKOPOCTh PACHPOCTPAHCHUS YIPYTHUX BOJH
B Marepuaie. [IpuBeACHBI MONYyYCHHBIC IMHAMUYCCKUC
IUarpaMMbl 1e()OPMIPOBAHUS U OTIPENEICHHBIE TT0 HUM
HEKOTOpHIE XapaKTepHBIE MapaMeTphl: MOIYJIH Harpy-
309HBIX BETBEH, MPOYHOCTH MPU CKATHUH, BPEMS 10 pa3-
pymenuns. OGHapyXeHa 3aBUCHMOCTb CBOHCTB OT CKOpO-
CTH HArpy>KeHUs] U TEOMETPUU 00pa3IIoB: C YBEIHUCHUEM
cKkopocTH JAehopMalMi MPOYHOCTh BCEX HCIBITAHHBIX
TUIIOB TOPHBIX IOPOJ YBEIUYWIACH, IPU YBEIUYECHUU
JUTMHBL 00pa3ila KPyTU3HA HArpy304YHOH BETBU TaKKe
YBEJINYNBACTCA.

CraTHyecKue UCTBITAHUS MPH CXKATHH BBIIOIHSIIICH
Ha ycraHoBkax YPC 20/2000 u YMD-10T ¢ Tupucrop-
HbIM TipuBOoJOoM. OOpasiel rabbpo-auada3a mpu JTOCTH-
JKCHUH TPEACITbHON IPOYHOCTH pa3pyllalucCh OYCHb
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PE3KO Ha MEJIKHE KyCKH, a 00pa3Ibl MpaMOpoB IIpU JI0C-
TYDKCHUU TIPENIeNIbHOM TNPOYHOCTH pa3pyllaiich J0cTa-
TOYHO IUIABHO, C TOCTETIEHHBIM BBIKPAIIMBAaHUEM Mate-
puana Ha OOKOBBIX moOBepxHOCTsAX. [lo cpaBHeHHIO
¢ rab0po-auadazom msi 000MX COPTOB Mpamopa MOYKHO
OTMETUTH OoJpmMK pa3dpoc 3HAYEHHH IMPOYHOCTH
1 KPYTHU3HBI Harpy>karomiei BETBH, YTO MOXKET OBITH BBI-
3BaHO, C OJIHOM CTOPOHBI, MEHbLIEH MPOYHOCTHIO MPaMO-
pa ¥ BO3MOKHOCTBIO €r0 BHYTPEHHUX ITOBPEKACHHUHN MpH
BBIMWIMBAaHUM 00pa3loB, a C JPYroid CTOPOHBI — BO3-
MO>XHOM aHM30TPONUEN MaTepuana 1 HEKOHTPOJIUPYEMO-
CTBIO OPHEHTALlMH BBIPE3KH 00pa3lOB U3 MaccHBa Mare-
puana.

JII/IHaMI/I‘IeCKI/Ie HCIbITaHUA Ha paCKaJbIBaHUC IIPOBO-
IUINCh TI0 TUITy «Opa3smiIbCKOTO TECTa», HO 00pasIbl
uMenu (GopMy NPSMOYTOJIBHBIX MapaliesenunesoB ce-
yerreM 20x20 mm u 30x30 MM mpu ToJIIHHE 000MX Ba-
puanToB 20 MM. AHaJOTM4YHAas METOAMUKA OMpPEAeNCHUS
MIPOYHOCTH TIPH PacKaIbIBAHUKM NPUMEHSIAcCh U IPH CTa-
TUYCCKUX HUCIIBITAHUAX.

IIpoBeneHo cpaBHEHME 3HAUYEHUU MPOYHOCTH, KaK
IIpHA CXKAaTHH, TaK U IPU PACTSHKEHUH, IOJYYEHHBIX IIPU
CTaTHYECKUX M JUHAMHYECKUX HchbITanusx. [Ipu pacts-
JKCHUU TMPOYHOCTH T'OPHBIX IMMOpOA MEHBIIC, YE€EM IIpU
C)KaTHH, TMPUOJIM3UTENBHO Ha TOPSAA0K, YTO XOpPOLIO CO-
rjacyercsi ¢ OOIIENPUHATHIMU TIPEACTaBICHUSAMHI O IPOY-
HOCTH XPYIKHX MaTepHaJIOB THUIa OETOHOB M KaMHEH.
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CHUHTE3 U CIEKAHUE AJIMA3A B3PBIBOM

B.B. JJAHWJIEHKO

Ouneproaromusaat, Mocksa, Poccnst

B kHure paccmarpuBalOTCS BOHIPOCH, CBS3aHHBIC
C B3pBIBHBIMH TEXHOJIOTHSIMH CHHTE3a U CIEKaHWs aIMasa:
OCHOBHBIE CBOMCTBA anMasa, YAapHO—BOJHOBOM M JIETOHa-
LIMOHHBI CHHTE3 ajMa3a, yCJIOBUS 00pa30BaHMS yIbTpa-
JICTIEPCHBIX aJIMa30B, UX CBOICTBA U IPUMEHEHHE, MIPOEK-
THUPOBAaHHUE B3PBIBHBIX KaMep, CIIEKaHHWE alMa3HBIX IO-
POIIKOB B CTAaTHMYECKUX M AWHAMUYECKUX YCIOBHUSX,
KOMIIBIOTEPHOE MOJIEIHPOBAHHE HEKOTOPBIX IPOIECCOB
YapHO—BOJHOBOTO crekaHus. KHura mnpeaHazHadeHa
JUIs. Hay4YHBIX PaOOTHHMKOB, MHX HEPOB, TEXHOJIOTOB, ac
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IMAPAHTOB, CIHCIUATIM3UPYIOINXCSA B 00JIaCTH CHHTE3a
ajMasa, B3pbIBHBIX TEXHOJIOTUH U MaTCpruaIOBCICHNA.

SYNTHESIZING AND SINTERING
OF DIAMOND BY EXPLOSION

V.V. DANILENKO

Energoatomizdat, Moscow, Russia

In the book the problems, bound with explosive
know—hows of synthesizing and sintering of diamond are
esteemed: main properties of diamond, shock—wave and
detonation synthesizing of diamond, condition of
formation of ultra—dispersed diamonds, their properties
and applying, designing of explosive cameras, sintering
of diamond powders in static and dynamic conditions,
computer simulation of some shock—wave sintering pro-
cesses. The book is intended for the scientists, engineers,
technologists, post—graduates specializing in the area of
synthesizing of diamond, explosive and materials tech-

nologies.
v

JIEKTPOITPOBOJHOCTbH AJIIOMUHMUS
TP HETPEPBIBHOM NNEPEXOJE
N3 KOHAEHCUPOBAHHOI'O COCTOSIHUA
BTI'A300BPA3HOE

B.H. KOPOBEHKO, A.Jl. PAXEJIb,
A.M. CABBATUMCKUI, B.E. ®OPTOB

HHCTUTYT Temno(hU3UKH SKCTPEMATIBHBIX COCTOSIHUIA,
MockBa Poccus

MeToauka HMMITyJBCHOTO JKOYJIEBOr0 HarpeBa [1]
MTO3BOJISIET MCCIIEAOBATh MEPEX0] MeTajlla U3 KOHICHCH-
POBAaHHOTO COCTOSIHUS B Ta3000pa3HOE MMOAICPIKUBAS IPU
9TOM IOYTH OJHOPOJHOE COCTOSHUE BEIecTBa B 00pas-
ue. Ilpu oMoy 3ToM TEXHUKH OBUIO W3MEPEHO JJIEK-
TPUYECKOE COIPOTHBICHUE AIIOMHUHHMEBOrO oOpasua
B IIpoIlecce, NPU KOTOPOM JAWHAMUYECKOE IaBJIEHHUE IMOJI-
JIEPXKUBAIOCH Ha ypoBHEe 20—45 k0ap, a MIOTHOCTh Me-
TaJUla YMEHBIIAJIACh OT HOPMAJIbHON IUIOTHOCTH TBEPJIO-
ro Tena 10 3HadyeHuil npumepHo B 15—30 pa3 MeHbIIUX.
ITockonbKy OTMEYEHHBIH YpPOBEHb IaBJICHUH TOpasno
BBIIIIE KPUTHUYECKOTO JaBieHHs (IO Pa3HBIM OIEHKaM,

KPHUTHYECKOE JTABJICHUE ATFOMHUHIUS COCTaBIseT 3—5 KOap),
mepexoa W3 KOHIICHCHPOBAHHOTO COCTOSHHS B Ta3000-
pa3sHoe OBLI HENpephIBHBIM. Pe3ynbTaTel, MOTydYECHHBIE
B HacTosAmIeH paboTe, MoKa3aau, 4YTO JJIs MpoIliecca ¢ Xa-
pakTepHBIM naBieHueM 20—25 kOap IUIOTHOCTHAS 3aBH-
CHMOCTh MPOBOJUMOCTH aJTIOMUHUS PAIUKAIBLHO MEHSIET
CBOH XapakKTep MpHU OMPEISIICHHOM 3HAUYE€HUH IIJIOTHOCTH
(TIpu 3TOM IUIOTHOCTH HAa COOTBETCTBYIOIICH 3aBUCHUMO-
CTH (OPMHPYETCS «KOJIEHOY»). IIJIOTHOCTBH, COOTBETCT-
BYIOIIAs 3TOMY «KOJIEHY», TpuMepHO B §&—10 pa3 MeHslIIIe,
yeMm HOpMaﬂbHaﬂ IIJIOTHOCTH TBep[lOFO TCIa, a BHyTpeH-
HsIsl QHEPTHUs 00paslia B 3TOM COCTOSIHHU B HECKOJIBKO pa3
MPEBBIIIACT TEIUIOTY CYONMMANUHU alfoMUHHA. [Ipu 1mo-
BhImeHnH AaBieHus ot 20 mo 40 xOap, MIOTHOCTHAS 3a-
BHCHUMOCTH IPOBOJAUMOCTH B OOJIACTH «KOJICHA» CTaHO-
BUTCS ropa3fo Oolee moIoroi u IIaBHOM.

CcblIKH

1. Korobenko V.N., Rakhel A.D. // Int. J. Thermo-
phys.—1999. — V. 20. —P. 1259.
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