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YCIHHEXMN PUZNYECKHNX HAVYK

OU3UKA HAIIUX JTHEN
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Ipeocmas.aen kpamiuiit 0030p NOCACOHUX Pe3Y.AbIMAMOE IKCHNEPUMEHIMAALHO20 UCCACOO8AHUSL MEeMNePAmMYPHO-
CKOPOCIHBIX 3A6UCUMOCTNET HANDANCCHUTI MEYeHUS U PA3PYULEHUA MeMAA108 NPU 8bICOKOCKOPOCMHOU dedhopma-
Yuu 6 UMNYAbCAX YOAPHO-60AHOGOT HACPY3KU OAUMEABHOCIBIO 0N 0eCAMKO08 NUKOCEKYHO 00 MUKDOCEKYHO.
Peaauzosaro npubauxncenue k npedeavho 03moxncnoim ("udearvnoin') snavenuam npounocmu Ha cosuz u Ha
DpaAcMAdNCeHUe, NOAYUUAO NOOMBEPICOCHUE AHOMAAbHOE O3PACIAHUE ¢ TNeMNEPAMY POl HANPANCEHUA NAACUYe-
CK020 MeueHUs NPu 8bICOKOCKOPOCIHOL dehopMayuil HeKomopwix mMemaios. Iloayuensl Hogvle cudemeabcmea
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cocamusn. Haiioeno, umo 6 smux ycaosuax eKAloueHus u opyeue ynpounsowue Gakmopvl MO2Yyn OKA3bi8amb
pasynpounsarowuti Agghexm. OOHapycetvl HOGble HEONCUOAHHBIE OCOOCHHOCIU 980AOYUU YIPY2ONAACTNULECKUX
80.1H YOAPHOO CHCAMUA.
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1. BBenenne

Pa3zBuTHe HOBBIX TEXHOJIOTHH 00pabOTKM MaTepHaJOB,
IKCIICPUMEHTAJILHON TEXHUKH M METOIOB KOMIBIOTEPHOIO
MOJIEJIMPOBAHUS IPOIECCOB HEYIPYTOTO AeHOPMUPOBAHUS K
paspylleHnss Ha ATOMHCTUYECKOM YPOBHE CTHMYJIMPOBAIU
BO3pacTaHME MHTEpeca K HCCIICIOBAHUSIM MPOYHOCTH U
MJIACTHYHOCTH TBEPABIX TEJ MPHU YPE3BBIYAWHO MaJIbIX
JUIATEIBHOCTSIX ACHCTBUS HATPY3KH. B yacTHOCTH, OHO U3
MEPCIEKTUBHBIX HAMPABJICHUN MPENU3UOHHON 00paboTku
MaTepHaJIOB CBSI3aHO C HMCIOJIB30BAHHUEM (PEMTOCEKYHIHOM
JlazepHO# TexHUKH. Kax mpojeMOHCTPHpPOBAHO B HACTOS-
meM 0030pe, MPH CTOJIb MaJIbIX UTUTEIBHOCTSIX CONPOTHUB-
JieHue eopMUPOBAHMIO M PA3PYILCHUIO TBEPABIX TeJl HA
MOPSIAKA MPEBOCXOAUT COOTBETCTBYIOIIUE 3HAYCHHS IIPU
OOBIYHBIX CKOPOCTSIX JiehopMaIii U MPHOJIMKAETCS K Tpe-
JeTBHO BO3MOXHBIM ("uaeanbHbiM") BeMuMHAM TPOYHO-
ctu. Ha Hamm B3rJisiz1, 111 ONTUMHU3AIMH TEXHOJIOTUH COBCEM
He 6e3pa3JIMYHO 3HATh, YTO IPU KPATKOBPEMEHHBIX BO3ICH-
CTBUSIX aJIFOMUHHUI MOXET MPOSIBIISATh TAKYIO ke TBEPAOCTD,
kak carndup. HeoObIMHBIM OKa3bIBACTCS U BIIMSHIE TEMIIEpa-
TYpBbI HA HAPSDKEHHE TEUSHUS! KPUCTAJUINIECKHAX TeJl, KOTO-
pOe B HEKOTOPBIX CIIyYasix OKa3bIBACTCS JaXe OOPATHBIM IO
3HAKY TI0 CPaBHEHUIO C HOPMAJIbHBIMU YCIOBHSIMHU. DTO, B
YACTHOCTH, OOBSICHSICT, TOYEMY OJHU METaJLTHYSCKHE MaTe-
pHUabI TPOSIBIISIOT CKIOHHOCTD K Pa3BUTHIO HEYCTOWYHUBO-
ctu nedopmarmu ¢ GOpMUPOBAHMEM TIOJIOC aguadaThye-
CKOTO CIIBUTA, & APYyrue — HeT.

OOBIYHO 3KCTpEeMasIbHbIE COCTOSHHS BEIIECTBA CBS3bI-
BAIOTCS C BBICOKMMU JAaBJICHUSIMH U Temriepatypamu [1, 2],
KOTOPBIE B 9KCIICPUMEHTAX JOCTHIAIOTCS B Pe3yJIbTATe CxKa-
THSI BELIECTBA B CHJIBHBIX yIAPHBIX BOJHAX. MaJtast IJIHTeI b
HOCTb yJapHO-BOJHOBOTO BO3/EICTBHUS 3a4aCTyIO paccMaT-
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puBaeTcs Kak HeAocTaTok MeTona. C Apyroit CTOpoHsl, Ma-
Jasi JIMTEJIbHOCTD AeHCTBUSI MEXaHUUECKOW HATPY3KU Ma&T
BO3MOXHOCTh peaM3aluyl 9K30THIECKIX COCTOSIHUH Bele-
CTBa, JAJEKUX OT PABHOBECHS], U M3YUCHHUSI MOBEIICHUS Pa3-
JITYHBIX MATEPUAJIOB MPH YPE3BBIYANHO OOJIBIIINX CKOPOCTSIX
nepopmarmu. MceiaenoBaHusi TeMIEpaTypHO-CKOPOCTHBIX
3aBUCHMOCTEN CONPOTUBIICHUS 1e(OPMHUPOBAHUIO U PA3Py-
IIEHUIO METAJIJIOB U CIIJIABOB MO3BOJISIOT U3YYUTh OCHOBHBIE
3aKOHOMEPHOCTH [IBHKEHHSI HOCHUTEJICH ILIACTUYECKON Ie-
(dbopmanuu — JUCIOKAIWiA, BBISIBUTL OMpeeIsifoniue hak-
TOPBI ¥ 3aKOHOMEPHOCTH (POPMHUPOBAHUS U PA3BUTHUS TI0-
BpEXJAEHHOCTEW B MaTepuajie. DTU CBEJCHHUS HYXHBI IS
ONTUMU3AIMHA PEKUMOB MEXaHUYECKOW 0OpabOTKH MaTe-
pHUAaJoB, a TakXke JJIsl PEIIeHNs 3a/1ad BHICOKOCKOPOCTHOTO
yaapa u mpoOuBaHUs.

Pe3ynbTaThl WCClIeIOBaHUNA B 3TOM HANpaBJIeHHH 00-
001LeHbl B cepuu 0030poB U MOHOTpaduil; cpeau HeAaBHUX
MOXHO yka3aTbh paboThI [3—8]. OnyOJuKOBaHBI Pe3yJIbTAThI
MHOTOYHCIICHHBIX W3MEPEHHH 3aBUCHMOCTH HANPSDKCHUS
TEYeHUS OT JABJICHUS B YCJIOBUSIX yIapHOTO cxaTus (cM. [9]
U IUTUPYEMBbIE TaM MyOJIMKAIIMN), & TAKXKe P Oe3yJapHOM
(xBazumzaHTpOonuyeckoM) cxatuu [10, 11]. HoBbIM siBisieTcst
onpezesieHre HapsHKEHHOTO COCTOSIHUS MaTepualjia Ha pas3-
JINYHBIX CTAUSX YIPYTOMJIACTHYECKOTO YAAPHOTO CXATHS C
MIPHUBJICYCHAEM UMITYJILCHOM PEHTTE€HOCTPYKTYPHOU TUArHO-
ctuku [6, 12, 13]. JlanHbIA 0030p MOCBSIIEH HAanbOIEE IK30-
THYECKUM pe3yJIbTaTaM, MOJyYeHHBIM aBTOPAMH B MOCIIE/I-
Hee aecsituieTue. st ux oOCyXIeHUs MOJIE3HO HATIOMHUTh
HEKOTOPbIE OCHOBBI COBPEMEHHBIX NPEACTABJICHUNA O MeXa-
HU3MaX BBICOKOCKOPOCTHOW medopManu W pa3pyIIeHHs
TBEPIBIX TEJI.

B TepMuHAX TeOpHH IUCIOKAIMA CKOPOCTH TIaCTHYe-
CKO1 TehopMaIiy j ONpeaesIIeTCs CPEAHEN CKOPOCTHIO IBU-
JKEHUS! TIOJIBUXXHBIX TUCIOKAIMHA vq U MX IUIOTHOCTBIO Ny,
CBSI3aHHBIMU MEX 1y coO0l cooTHoleHneM OpoBaHa

').):bNmUd7 (1)

rae b — BexTop broprepca. CpeaHsisi CKOPOCTb HOIBUKHBIX
IUCIOKanuil siBysieTcst GyHKIUEH HaupspKeHUs, Temmepa-
TYPBI, & TaKKe KOHIEHTPAIMH PA3JIUYHOrO poa Ae(eKTOB,
MPENSITCTBYIONMINX JBMKEHUIO JHUCIOKAIMNA, B TOM YHUCIIE
camMux mmciiokamnuii. Pazymeercsi, moMuMo AuWCIOKAIil B
MEXaHU3M IJIaCTHYECKOll Aedopmanuu 3HAYUTEIbHBIN
BKJIaJI MOXET /1aBaTb JBOMHUKOBAaHUE, KOTOPOE OCOOEHHO
CYIIECTBEHHO ISl KpUCTAJIIOB co cTpykTypoit I'TIV (rekca-
roHajibHas IiotTHoynakoanHas) 1 OLIK (00bEMHOIICHTPH-
poBaHHasl KyOwmueckast). 9TO, OJHAKO, B OOJBITUHCTBE
CJIyyaeB HE BHOCHUT PaJWKaIbHbIX N3MEHEHUH B MHTEPIIPETa-
LU0 CKOPOCTHBIX M TEMIIEPATYPHBIX 3aBUCUMOCTEN HANps-
KEHUsI TEYeHHUs NPH BBICOKOCKOPOCTHOH aedopmaiuu
MeTasuioB. Ilodydyaemasi B 9KCHepUMEHTaxX OTpAaHUYCHHAS
WHTETpalibHas WHPOpMAIHS O 3aKOHOMEPHOCTSIX BBICOKO-
CKOPOCTHOTO Ie(hOPMUPOBAHHUS, KAK TIPABUIIO, HE TO3BOJISACT
TAK)Xe BBIICIUTH BKJIAQJbl PA3JMYHBIX THIIOB JUCIOKAIIHIA.
ITo sTuM npruMHAM B JaJibHEWIIEM MBI OyJeM HCIOJIb30-
BaTh AUCJIOKAIMOHHYIO TEPMHUHOJIOTHIO B HEKOTOPOM YCpe-
HEHHOM W YIPOIIEHHOM CMBICJIE, HE BAABASCh B HEJOCTYII-
HBIE IS COBPEMEHHBIX KCIIEPUMEHTOB JETaJIN MeXaHIM3Ma
BBICOKOCKOpOCTHOHI Aedopmaruu. CoBpeMeHHbIE (usnde-
CKHME€ TEOpUHU IJIACTUYHOCTH PACCMATPUBAIOT TAaKXE TaK
Ha3bIBAEMBbIEe OUCKJIMHAIIMA U POTAIMOHHBIE MOJBI, KOTO-
pble B HEKOTOPBIX CIIydYasix NMPUBJIEKAIOTCS [JI OMHCAHUS
0OJIBIIINX TUTACTHYECKUX JlepopMaInmii, OTHAKO ISl OOCYXK-

JIaeMBIX B 0030p€ MPOIIECCOB U SIBJICHUIA 3TO, HA HAIII B3TJISII,
SIBJISIETCS M3JIUIIHUM YCIIOKHEHHUEM.

M3BecTHO, YTO HANPSDKEHHWE TEUEHUS KPHUCTAJIIMYECKUX
TBEPABIX TEJI BO3PACTAET C yBEJIMIEHUEM CKOPOCTHU HArpyxKe-
HUd. J{J1s MHOTHX METAJJIOB 3Ta 3aBUCUMOCTh PE3KO yCUJIIH-
BaeTCsl ¢ MpEBBILIEHHEM CKOPOCTH maepopmanuu ~ 103 —
10* ¢c~!, uTo MHTepmpeTHpyeTCs Kak CleACTBHE U3MEHEHHS
MexaHu3Ma ABIKeHus nuciokanui [4, 14]. [1pu maasix cko-
poctsix aedopManiu JUCIOKAIMH TPEOIOIEBAIOT Oapbephl
[Taliepiica 1 mpensITCTBUSI B pe3yJIbTATe COBMECTHOIO JCi-
CTBUSI IIPHJIOKEHHOT'O HANPSKEHUS U TEIJIOBBIX (JIyKTya-
umii. BenencTBue 3TOT0 yBeNIWYEHHE TeMIEPaTyphbl COMpPO-
BOX/IA€TCsl TIOHMDKEHHEM MIpeJesia TeKy4eCTH MaTepHalIoB.
Hnst nepopMupOBaHUS C BBICOKOW CKOPOCTBIO HEOOXOMMO
MIPIJIOKUTH O0Jiee BHICOKUE HaMpspkeHus. [Ipu qoctaToyHo
0obIII0H cKOpocTH AedopManuu JIEHCTBYIOIIUE HATPsIKe-
HHUSl HAaCTOJIBKO BBICOKH, YTO AHUCJIIOKAIIMM OKa3bIBAIOTCS
CIOCOOHBIMHU TIPEOJ0JIeBATh Oapbepbl U MPEMSTCTBUS 0Oe3
JOTIOJIHUTENILHOTO BKJIaJa TEIUIOBbIX Giaykryammid. [Ipum
3TOM CPEJIHSS CKOPOCTh NUCIOKAIMI v CTAHOBUTCS JIMHEH-
HOW WM OJM3Ko# K JMHEHHOW (yHKIMEH MPUIOKEHHOTO
CABUIOBOI'O HAIPSDKEHUS T U KOHTPOJIMPYETCS CUJIAMH TOP-
MO>EHUSI Pa3JIMYHON MPUPOABI B COOTBETCTBUH C COOTHO-
mrenueM [15]:

Bv = bt, (2)

rae B — Ko3(pQPUIMEHT AUHAMHUYECKOTO TOPMOXKCHHUS,
KOTOPBI BKJIIOYAET BKJIAIbI, CO3daBacMbIe MPEIsT-
CTBUSIMH, 3JeKTpoHamMu u (poHOHamu. B3ammomeiicTBue
JIBIKYIIAXCSI TUCIIOKANIUH C 2JIEKTPOHAMU CUUTAETCS CYIIle-
CTBEHHBIM TOJILKO MpPH HU3KHX Temmepatypax. [Ipm HOp-
MaJIbHBIX W TOBBIIMICHHBIX TeMIepaTypax Kod3(pQuiueHt
TOPMOKEHHs ra3oM (oHoHOB B, (POHOHHOE TPEHHE HIIA
(hoHOHHASI BSI3KOCTb) MOXET OBbIThb TpenacTaBiieH [16] kak
JIMHeRHa sl QYHKIHS TEMIIePATYPhI:

2
_kBTCOD
By =—33>, 3)
n2c
rae kg — kxoncranta boabpnmana, wp — gebaeBckas

JacTOTa, ¢ — CKOPOCTH 3BYKa.

HcuepnbiBaroniee o0CyxaeHUe MPOSIBICHUN (HOHOHHOM
BSI3KOCTH MOXHO Haitu B 0030pe [17]. [Tockosbky (hOHOH-
Has BSI3KOCThb IIPOINOPIMOHATIbHA TEMIEpaType, IpU O4YeHb
BBICOKHX CKOPOCTSIX AehopManuy MOXHO OXHIATh JIMHEH-
HOTO BO3pPACTAaHUs HAIMPSDKEHHUS TEYCHUs C yBEJIMYCHUEM
temnepatypsl [17]. TIlpu gocratouno OOJIBIIOM HampsiKe-
HUM, HA3bIBAEMOM HJIeaTbHOW WJIHM MPEeIbHON CIIBUTOBOM
MPOYHOCTBIO, MaTepuaj JOJIKEH TePSITb YCTOWYMBOCTH IO
OTHOLIECHUIO K CABUTOBBIM HANPSDKEHUSIM U MOXeET nedop-
MHUpPOBAThCsl 0e3 KaKoro-inbo BKJAaa Juciokaiuit. Besu-
YMHA Tjq WACATbHOW CIBUTOBOW MPOYHOCTH MPOMOPIHO-
HaJIbHA MOJYJII0 cABUra G W MO pa3HbIM OIEHKAM COCTaB-
et Tig = G/10—G/2n. TIocKOJIbKY MOIYJIb CIBUT'd YMEHb-
IIAeTCsl ¢ TEMIIEPATYpO, uaeajabHasi MPOYHOCTb HA CHABHUT
TaKXe JOJDKHA YMEHbLIAThCS Npu HarpeBe. COOTHOILICHHE
BKJIAJIOB TEPMOQIIYKTYaIMOHHOTO ¥ HAI0APBEPHOTO MeXa-
HU3MOB JIBYDKEHHSI JUCTIOKAIMI B 3aBUCHMOCTH OT TeMIIepa-
TYpbl U CKOPOCTH AeHOPMHUPOBAHMS WILTIOCTPUPYETCS Ha
puc. 1.

BropeiM, HEe MeHee BaXXHBIM MapaMeTPOM, ONPEaesito-
IIIM CONPOTHUBJICHUE ILIACTHYECKOMY Je(GOpMHUPOBAHMUIO,
SIBJISIETCSI TIOJTHAS TUTOTHOCTD TUCIIOKanuil. PrucyHox 2 mosic-
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Ckopocts nedopManuu

Puc. 1. K nosicHeHnIo MexaHn3MOB TeMIIEpaTypHO-BPEMEHHEIX 3aBICH-
MOCTEM Tpejiesia TEKYYeCTH.

WNpeanpHas
MPOYHOCTh

ITpounoctb
MeTasumaeckux "ycos"

ITpounoctb
TEXHUYECKUX METAILIIOB

Ipenen TekyuecTn

JedopmupoBanHble
MeTaJLJIbl U CILIABBI

N, * YucTeie MeTaJLTbI

I110THOCTD AUCIOKAIIANA

Puc. 2. Cxematnyeckoe peCTaBlICHHE 3aBUCUMOCTHU HANIPSDKEHUS T1ac-
THYECKOTO TEYEHHS] KPUCTAJIMYECKOrO Tejia OT IJIOTHOCTH JMCIIOKA-
i [18].

HSIET 3aBUCMOCTb TIpe/iesia TeKYUYECTH OT INIOTHOCTH JIUCIIO-
kanuii. be3nedekTHple KPUCTAIIBI XapaKTEePU3YHOTCS Hau-
BBICIIIMMU 3HAUYECHUSIMU TIpe/iesia TekyuecTd. [10/100HbIe nin
OJIM3KKEe K HUM BBICOKOTPOYHBIE CTPYKTYPHBIE COCTOSHHS
peanusyroTcss B MeTajuimdeckux 'ycax" MHKpPOMETpPOBOIL
TommmHel [18]. C mosiBJieHWEM IUCIIOKAIMN HANpPsDKEHUE
TEYECHUSI OBICTPO YMEHBIIAETCS 10 MUHUMYMa TIPU KPUTHYE-
CKOM TJIOTHOCTH N, a C JaJbHEHIIUM yBEJIMUYEHUEM ILIOT-
HOCTH JMCJIOKAIIMA HAYMHAKOT OJIOKHUPOBATH APYI JIPyra,
BCJIC/ICTBUE Y€r0 HAMPSDKEHUE TECUYCHHUSI BO3PACTACT. Y BEJIM-
YeHHe TUIOTHOCTH TOJBUKHBIX JTUCIOKANUN MPOUCXOMUT B
MpOIIecCce TTACTHIECKON e(hOpMAaITHH.

B oTimune oT paspyuieHus Ipu HOPMAaJIbHBIX YCIIOBUSIX,
KOTOpPOE€ MPOUCXOAUT MYyTEM PACIPOCTPAHEHUSI OTHOU WIIN
HECKOJIBKUX TPEIUH, BBICOKOCKOPOCTHOE pa3pylleHHe MpU
YJIBTPAKOPOTKUX [JIUTEIBHOCTSIX HATPY3KH B CHJIy HEIO-
cTaTka BpeMeHM sl oOMeHa WH(pOpManueidl MpOUCXOIUT
NyTéM OJHOBPEMEHHOTO 3apOXKICHUS, POCTa W CIUSHUS
MHOXECTBA TPEIIMH Wi TOop. TTOCKOJIbKY 3apOXACHUE U
POCT HUMEIOT OIpeAeSEHHYI0 CKOPOCTb, BEJIMYMHA pPa3py-
IIAFOIIETO HANPSIKEHUsI BO3pACTaeT MO Mepe YBEJIUYCHUS
CKOPOCTH paCTsDKeHHUs. Peam3yemMble IpH 3TOM 3HAYEHHS
COTIPOTHBJICHUSI PA3PYIICHUIO IPEJICTABIISIOT COOO0 pe3yJib-
TaT KOHKYPEHIIUM POCTa MPUJIAraeMbIX PACTSATHBAFOIINX
HAMPSDKEHW ¥ UX pEeJaKCAllUd B Pe3yJIbTATE MOSBJICHUS U
pocta HecrutomHocTel B Matepuaie. CylecTByeT npeaesib-
HO BO3MOXHOE€ 3HAY€HHME Pa3pyLIAIOIIET0 HANPSKCHUS —

ujeaabHasi MPOYHOCTh HAa Pa3pbIB, KOTOpasl ONpeJIesIseTCs
obpallieHueM B HYJIb POU3BOJHON OT AABJICHUS 1O YAEIb-
HOMY 00BEMY Ha U30TEpMeE BelllecTBa. BenmunHa uaeaabHOR
MIPOYHOCTH HAXOJUTCS JIMOO MyTEM OSKCTPAIOJISLUU ypaB-
HEHHSI COCTOSIHHSI B 00JIaCTh OTPHUIATENbHBIX IaBJICHHUH,
JIM0O0 NMEPBONPHUHIUITHBIMY pacuéTaMu cxumaemMocTu. Ocra-
€TCsl IPAKTUYECKH OTKPBITHIM BOIPOC O BO3MOXHBIX MOJIH-
MOP(hHBIX TPEeBpAIIEHHUSIX B 00J1ACTH OTPUIIATENILHBIX AaBJIe-
HU ¥ UX BJIMSIHAU HA COMPOTHBJIEHHE Pa3pYIICHUIO.

HccnenoBanusi MeXaHHYECKMX CBONCTB MaTepHAJIOB B
CyOMHKPOCEKYHITHOM JUAala30He UINTEIHLHOCTEH BO3IEH-
CTBHS IIpH cKopocTsx aedopmuposanust > 103 ¢~! mposo-
JATCS B YCIIOBUSIX yIapHO-BOJHOBOI'O HATPYKEHUS! HCIIBI-
TyembIX oOpa3noB. M3mepeHWs] OCHOBBIBAIOTCS HAa TOM
(dakTe, YTO CTPYKTypa BOJIH U TUHAMHUKA BOJTHOBBIX B3aUMO-
JIEUCTBUN ONPEEIISIOTCS, TOMUMO TEPMOIUHAMHYECKOTO
YpaBHEHMsI COCTOSIHUSI BELIECTBA, IPOLECCAMHU YIPYroIuia-
CTUYECKOTO eOpMHUPOBAHUS U pa3pyIIeHUs] B MaTepHraie
[5, 7, 19, 20]. C npuMeHeHnEM 3TON TEXHUKH B MHPE BbI-
TIOJIHSIETCS. OIPOMHOE KOJIMYECTBO HM3MEPEHHil, COMPOBOXK-
JIaeMBIX KOMIIBIOTEPHBIM MOJIEJIMPOBAHUEM YJIAPHO-BOJI-
HOBBIX SIBJICHUH METOJaMH MEXAaHUKU CIUIOLIHBIX Cped U
METOJaMH MOJIeKYJIsipHO# nuHamuku [8]. Kaxawsle 18a roga
AmepukaHckoe (puznueckoe OOIIECTBO MPOBOIUT KPYIHBIC
MEXAyHAPOIHbIE KOH(DEPEHIINH, IO Pe3yIbTaTaM KOTOPBIX
myoukyetcss 400 m OoJree MOKJIAIOB; HOBBIE PE3YIbTAThI
WCCJIEJIOBAHUN €XEHEIENIbHO MOSBIISIFOTCS B BEIYIIMX MEX-
JIyHAapOAHBIX U3NaHusAX. Bece 3TH pabOThI NPAKTUYECKU He-
BO3MOXKHO OOCYIOWTH WJIM AK€ YHIOMSHYTDL B XYPHAJIbHON
crathe. B HacTosmeM 0030pe MBI IPEACTABIISIEM TJIABHBIM
00pa3oM pe3yJbTAThl COOCTBEHHBIX OKCIEPUMEHTAbHBIX
WCCJIEJIOBAHUN TOCJIETHETO ACCATHIIETHS], KOTOphIE B TOMU
WJIM WHOW CTETCHU SIBJISIFOTCS MMOHEPCKUMH, BBINIAJIAFOT U3
psiia pyTUHHBIX U3MEPEHHUU B JaHHOW OO0JIACTH, OTYACTHU
JIUCKYCCHOHHBI ¥ TPHBJICKAIOT BHHUMAaHHE CHEHUAIHCTOB
CMEXHBIX HayK. MBI cuMTaem, YTO BCE IPE/CTaBIICHHBIC
UCCIIEJOBAHUS JIEKAT B PYCJe MaruCTpaJIbHOTO HaIpaBJe-
HUS PA3BUTHS 3TOM 00JIACTH HAYKH, IIOCKOJIBKY ITOCTAHOBKA
3a7a4 Ha U3YYCHUE BIIUSHUS CTPYKTYPHBIX (PaKTOPOB, TEM-
nepatypsl M JJIUTEIbHOCTH BO3JEHCTBHSI €CTECTBEHHA U
Hen30exHa.

B o0cyxkaeMbIX dKCIIepUMEHTAaX B IIACTHHE HCCIIEye-
MOr0 MaTtepuaja TeM WM HHBIM CIIOCOOOM CO3Ma&Tcsi
IJIOCKasl yaapHas BOJIHA M U3MepseTcsl e€ CTPYyKTypa Ha
BBIXO/I€ M3 00pa3na — Kak MPaBujo, MyTEM PErucTpanuu
CKOPOCTH CBOOOHOM MOBEPXHOCTU KaK (DYHKIIMM BPEMECHHU.
TommuHa mnockoro obpasma, ompeAessromasi BpeMs pac-
MPOCTPAHEHUs YJIAPHON BOJIHBI, MOXET BapbHUPOBATHCS OT
npumepHo 50—100 mMxm no 10 MM u Oosiee, a npodpuiIbL
CKOPOCTH CBOOOJHOI MOBEPXHOCTU MPU HUCIOJIb30BAHUU
COBPEMEHHOM IKCMEPUMEHTAILHON TEXHUKU HU3MEPSIETCS C
paspemrennem 1 me (1070 ¢). B camoe mociieinee Bpemsi CTajio
BO3MOXHBIM JKCIIEPHUMEHTUPOBAThL C 00pa3laMu MHKPO-
METPOBON M CyOMHUKPOMETPOBOW TOJIIIUHBI, MPH 3TOM
BPEMEHHOE pa3pellicHre U3MEPEHHIA JOCTUTaeT TMKOCEKYH/I-
Horo (10712 ¢) yposHs.

Ha pucynke 3 npuBe/ieHbl 118 TpuMepa IpoQuiim ckopo-
CTH CBOOOJHOI TOBEPXHOCTU ugs(f) IUIOCKHX 0Opas3ioB
MarHueBoro crjasa Ma2-1 pa3Ho# TOJIIUHBI, ©3MEPEHHbIC
[21] B skcnepuMeHTax Npu KOMHATHON TemmepaTtype. Vm-
MYJIbC YAAPHOI'O CKATHS TEHEPUPOBAJICS B 00pa3Lax yaapom
MJIACTHHBI, TOJIIIMHA KOTOPOii OblLjIa B HECKOJIBKO pa3 MEHb-
me TOJMIUHBI oOpasma. M3-3a pe3koro yBeIWUeHUS CKH-
MaeMOCTH IPH MEPEXo/ie OT YIPYroro OJHOOCHOTO CXATHs
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Puc. 3. Pe3yabTaThl u3MepeHuit npohuieit CKopocTi CBOOOTHON MOBEPX-
HOCTH 00pa3IoB MarHueBoro cirasa Ma2-1 [21]. UnciamMu y BOJIHOBBIX
npodueil ykazaHbl 3HAYCHUS TOJIIUHBI 00pas3ia.

K TUIACTHYECKOMY YyJapHasi BOJIHA TepSeT YCTOWYUBOCTH H
pacIIeruIsieTCsl Ha YIPYTHid MPeIBECTHUK, KOTOPBIA pacmpo-
CTpaHSIETCsl CO CKOPOCTBIO, OJIM3KOH K IPOJOJIbHON CKOPO-
CTH 3BYKA (|, U CIIEAYIOLIYIO 32 HUM IUIACTUYECKYIO YAAPHYIO
BOJIHY, CKOPOCTb KOTOPOH OmpeneseTcs OObEMHOU CXKH-
MaeMOCTbIO MaTepualia. HampspkeHue cKaTwsi B yIpyrom
MPEJIBECTHUKE PABHO TMHAMHYECKOMY MPEJIeNTy YIPYrocTH (B
aHTJIOS3BIMHON JuTepatype — Hugoniot Elastic Limit,
HEL). ITo usmepeHHOMY TPOQHIIIO CKOPOCTH CBOOOIHOU
MOBEPXHOCTH BEJIMYMHA JUHAMHYECKOTO Mpeiesia yupyrocTi
OTpeAeNsAeTCs Kak

au
oupL = )

TJIe UgEL — CKOPOCTh CBOOOIHOM OBEPXHOCTH 32 PPOHTOM
YIIPYroro MpenBecTHHUKA, p — MJIOTHOCTh MaTepuaia. XoTs
TepMuH "IUHAMUYECKHMIA Mpenest ynpyroctu" cuuTaercs
OOIIEIPUHATHIM, OH, CTPOTO TOBOPS, HE SIBJSIETCS BIIOJIHE
KOPPEKTHBIM, TaK KaK BeJIMYMHA OyEL. HE SBJISIETCS KOHCTaH-
Toil. VI3 comocTaBiieHus BOJIHOBBIX npoduiieii Ha puc. 3
BHJIHO, YTO, HECMOTPS Ha BO3pacTaHHe NapaMeTpoB 3a
(POHTOM YHPYroro mpeaBECTHHKA Ha KaXXKIOM BOJHOBOM
npodune, HanpsbkeHne HA GPOHTE YIPYroro MpeaBeCTHUKA
YMEHBIIIAETCS 10 MEpe pacCIpOCTPAHEHUSI BOJIHBI. DTO
3aTyXaHue YIPYroro MpeABECTHUKA SIBJISIETCS CJIEICTBHUEM
peJlakcalluyl HAPSDKEHUH B ITpoLiecce IIacTUUeckoro nedop-
MUPOBAHUS HEMTOCPEACTBEHHO 32 YIPYTrol yIapHON BOJHOU.

[Ipu ucronap30BaBIIEMCS B OMBITAX COOTHOIIEHUU TOJI-
IIMH yOapHUKa U oOpasla YCJIOBHUS HArpyXeHus BOJIM3U
CcBOOOHOM THUILHOHI MOBEPXHOCTU 00pa3la Ha puc. 3 COOT-
BETCTBYIOT Hauajly 3aTyXaHus yJAapHOW BOJIHBI MOJ JeH-
CTBHEM HAroOHSIOLIEH €€ BOJIHBI pa3pekeHusi, BHIXOJ KOTO-
PO Ha TIOBEPXHOCTDH BBI3BIBAET YMEHBIIIEHHe ckopocTu. Ha
npodune ckopocTH CBOOOTHOW IOBEPXHOCTH PETUCTPH-
pyeTcs TOJIbKO YacTbhb BOJIHBI Pa3peXeHHs, OrpaHUYCHHAS
BEJIMYMHON AMHAMHUYECKOW MPOYHOCTH MaTepuaja Ha pac-
TspKeHue. Jleio B TOM, YTO MOCJe OTpakeHHsl UMITyJbca
CKaTus OT CBOOOIHOM MOBEPXHOCTU BHYTpHU 0Opa3iia reHe-
PUPYIOTCS PACTATUBAIOIINE HAIIPSIKEHHS, B PE3YJIbTATE YeTrO
MHUIMHIPYETCS ero paspyuienne — oTkoJ. [1pu atom npouc-
XOJIUT peJlaKcalus pacTAruBAOIINX HANIPSDKEHUA U popmu-
pyeTcst BOJIHA CXaTUSl (OTKOJIBHBINA MMITYJIbC), BBIXOJ KOTO-
pO# Ha MOBEPXHOCTh 00Opa3ia BhI3BIBAECT BTOPOH MOABEM €&
CKOpOCTH. [IeKpeMEeHT CKOPOCTHU MOBEPXHOCTU Augy Tipu eé
crajie OT MaKCHMyMa JI0 3HA4YeHHs repes] PpoHTOM OTKOJIb-

HOT'0 UMILYJIbCA IPOIOPIUOHAJIEH BEJIMYMHE PAa3PYIIALOLIETO
HaIpPSDKEHUS] — OTKOJIBHON MPOYHOCTH MaTepuasia B JAaHHBIX
ycJIoBHsIX Harpyxenus. COOTHOILCHHE [Jisi OIpenesIeHHs
OTKOJIbHOW MPOYHOCTU MO U3MEPEHHOI BenmunmHe Augg TO-
JIy4AEeTCsl U3 aHAJIM3a BOJHOBBIX B3AaUMO/ICUCTBUN METOIOM
XapaKTEePUCTHK; 1JIs yIIPYTOIJIACTHYECKUX TEJI COOTHOILIEHHE
HECKOJIBKO YCJIO)KHEHO HEOOXOAMMOCTBIO Y4YéTa pPas3HbIX
BOJIHOBBIX cKkopocTeil. [Tocnemyronme koneOaHus CKOPOCTH
TIOBEPXHOCTU €CTh Pe3yJIbTaT MHOTOKPATHBIX OTpaXeHUU
BOJIH BHYTPU OTKaJIbIBAIOLIErOCs CJIOsl 00pasla Mexy ero
TBUJIBHOW TOBEPXHOCTHIO M TOBEPXHOCTHIO Pa3pyIICHUSI.
Ilepuon octmmyuIsSUUA CKOPOCTH OMPENEISIeTCS TOJIIMHON
OTKOJIA ¥ CKOPOCTBIO 3BYKA.

2. MeT0/10J10THs1 Y/ 1aPHO-BOJIHOBBIX
HceJieI0BaHii CKOPOCTHBIX H TeMIepaTyPHbIX
3aBHCHMOCTelH JTHHAMHYECKOIl MPOYHOCTH

CylIecTBYIOT ABa COCO0a HEMOCPEACTBEHHOTO MOJTyYeHHS
“HGOPMAIMH O COOTHOIIIEHHN MEXTY CKOPOCTBIO ILIACTHYE-
CKoit ehopManuy 1 HANPSHKEHAEM TEUSHNUsI, OCHOBAHHBIE Ha
MU3MEPEHUSIX 3aTyXaHHs YIpPyroro mnpeasecTHuka [22, 23] u
U3MEPEHUSIX IUPHUHBI IUIACTHYECKOUW YAapHOU BOJHBI [24,
25]. BBICOKOCKOPOCTHOE pa3pylleHHe H3ydaeTcsl MyTeéM
aHaJIM3a OTKOJIbHBIX sIBJIeHU# [26, 27]. Huxe OyayT KpaTko
0XapaKTepU30BaHbI 3TH METO/IbI UCCIICIOBAHUI, TTOCIIE YeTO
OyayT mpenacTaBieHBl Hamboyiee MHTEPECHBIE Pe3yJIbTaThI.
JU1st mosTyueHus JOMOJHUTEIbHON HHPOPMAIIMHM O MAKPOKH-
HETHYECKUX 3aKOHOMEPHOCTSIX BBICOKOCKOPOCTHOTO n1edop-
MUPOBAHUS U PA3PYIICHUS TPUBIIEKAIOTCSI METOIBI KOMITBIO-
TEPHOTO MOJIEJIUPOBAHUS YIAPHO-BOJHOBBIX JKCIEPHUMEH-
TOB C HCIOJIb30BAHUEM TEX WJIM WHBIX THIOTETHYECKUX
MOJIeIel M ONPEACIISIONIMX COOTHOIICHHA. DTO HaIpasile-
HUE TpeOYeT OTIeIbHOTO OOCYXKACHUS U B JAHHOM 0030pe He
paccMaTpuBaeTcsl.

2.1. 3aTyxaHue ynpyroro npeaBecTHHKA

H Ha4aJbHasl CKOPOCThb IIACTHYECKOIl Aedopmanun
3aTyxaHue ympyroro HpeaBeCTHHKA BOJIHBI yJApPHOTO CXka-
THS BCJICACTBUE PelaKCAlUH HANPSDKEHHH CBSI3AHO CO CKO-
POCTBIO TUIACTHYECKOR Aepopmanuu 3a ero GppoHTOM 7|, =
= (éY — ¢))/2 cootnowmennem [22, 23]

d 4 Gy
) =22k (5)
dh HEL 3 C|
rae 71 — TpoiAeHHOe BOJHOW paccTosiHue, G — MOJIYJb

CIBHTa, ¢| — CKOPOCTh PaCHpOCTpaHeHus: QPOHTA MPEIBECT-
HUKA, IPUHATAS] B 3TOM MPHUOJIMKEHUH PABHOW MPOIOTIHHON
ckopocTH 3Byka. Ha pucyHke 4 cyMMHpOBaHBI Hallu U
JINTEpATYpPHBbIE JKCIIEpUMEHTAIbHbIE NaHHbIC [28—34] mo
3aTyXaHUIO YIPYTOro MPEIBECTHUKA B AJIOMHHUHU, B TOM
qHCIIe JAHHBIE B TUKOCEKYHIHOM IUANA30He TN TEIbHOCTEMH,
TOJIyYeHHbIE Ha TUIEHOYHBIX 00pa3lax TOJIIUHONW Mmopsiika
1 MkM. DT u3MepeHus: OyayT OTHEIbHO O0CYXIaTbCs B
pasnene 3.2. HanpsokeHue cxaTtus 3a (ppOHTOM INpeaBecT-
HHUKA, pABHOE BEJIMYMHE JUHAMHYECKOTO Mpeiesa yIpyrocTu
(HEL) anromMuHUs1, COTJIACHO U3MEPEHHSIM, BAPbUPYETCSI OT
50 MITa na paccrosituun 10 mm o 20,5 I'lla Ha paccTosiHUN
1,2 mxm. 3amerum, uto ynpyroe cxarue mo 20,5 I'Tla
peanu3yeTcsl TakkKe B CTAllMOHAPHOM IJIACTHUYECKOM yaap-
HOU BOJIHE, UMEIONIEH Ty e CKOPOCTh PACHPOCTPAHEHUS
Us = 7,8 kM ¢~! Ipu KOHEYHOM [aBIECHHM YJAPHOTO CXKa-
tus 38,7 I'Tla. CTtonb cuiibHOE CXKaTUE MPUBOJUT K 3HAYM-
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Puc. 4. 3aBUCHMOCTb aMIUTUTYABI YIIPYTOil yJapHOIl BOJIHBI B QJIFOMUHUU
OT HPOWJEHHOTO pacctosiuus [28—34]. Iy cpaBHEHUs NPEACTaBJICHbI
TaKXKe JaHHBIC /1T aJTFOMUHHEBOTO crutasa J116.

(Go/G) THEL» I'Tla

Puc. 5. 3aBUCHMOCTb HaYaJIbHOIM CKOPOCTH ILIACTUYECKO medopmanyn
3a ()POHTOM YIPYroro NpeIBECTHUKA B aJIFOMHHUY OT BEJIMYUHBI HAMPSI-
JKEHHsI CIIBUTA, PACCUNTAHHASI B COOTBETCTBUHU C COOTHOIICHUEM (8) 1o
aHHBIM Tpaduka puc. 4.

TeJIbHOMY BO3PACTAHUIO MOAYJIS CIBUT'A B COOTHOLLIEHUH (5).
CIUIOIIHBIMY CUMBOJIAMH Ha pUC. 4 HOKa3aHbl HOPMHUPOBAH-
Hble BesmuuHbl oppLGo/G [30]. C aToil KOppekiuell Bech
Ha0OP IKCIEPUMEHTAJIBHBIX TaHHBIX HA PHC. 4 ¢ pa3yMHOI
TOYHOCTBIO OIMUCHIBAETCS SMIUPUYECKUM COOTHOIICHUEM

G A\
EOO'HEL:S(}Z_O> , (6)

rae ho =1 mm, S = 0,16 I'Tla, nokazartens o = 0,63. Ipu
HamnpspkeHusix okatus MeHee | ['Tla, uto Ha puc. 4 cooTBeT-
CTBYET PACCTOSHUSIM 0o0Jiee HECKOJIbKUX JIECATKOB MHUKPO-
METPOB, BO3paCTaHWE MOJYJIsSl CIBHra HECYIIECTBEHHO U B
JaJbHEWIlIeM Mbl OyleM 3TUM TpeHeOperaTh. BenunumHa
MAaKCHMAaJIbHOTO HATIPSDKEHWSI CIBUTA 32 PPOHTOM IpeaBecT-
HuKa paBHa [19, 20]:

3 c? G
THEL:ZUHEL<1 ——2) = OHEL —; (7)
<

rae E' = pycf — MOJysb IPOobHON ynpyroctu. B nrore
sMIHpUYecKasl 3aBUCUMOCTh (6) ¢ yuétom (5) u (7) TpaHc-
(bopMupyeTcs B 3aBHCHMOCTb HAYaJIbHOM CKOPOCTH TLIACTH-
4eCKOil AehopManuy OT HANIPSKEHUS CIBHUTA:

3/ tE\V* Suel
Ty (E) hoG

. 2,59
7o =91 x 107(%) e, (8)

rae 1o = 1 I'Tla. Kak BumHO u3 rpadukoB Ha puc. 5 u 6,
HavaJIbHAsl CKOPOCTD IUIACTHYECKOH Aedopmanun 3a GppoH-
TOM YIPYTOro NPeABECTHUKA 110 MEPE Er0 PACIPOCTPAHEHUS
nagaer ot 10° ¢! ma paccrosmuu 1 MxM g0 10° ¢! ma 5—
10 MM U B manbHeWIeM 3aTyXaHHe MPEOBECTHHKA PE3KO
3aMeIsieTesl. 3aMeTUM, YTO SKCIEPUMEHTBI CO CTEPKHIMHU
I'onkuHcona [35] 1eMOHCTPUPYIOT Pe3KUN POCT HANIPSKEHUS
TeyeHus pU ckopocTH jaedopmanuu ~ (2—5) x 103 ¢!,
Ha pucynke 4 npecraBieHbl Takxke JaHHBIC 11O 3aTyXa-
HUIO YIPYIOro npe/IBeCTHUKA B aJIFOMUHUEBOM ciiiase []16.
BoJiee npovHbIii CIjIaB IEMOHCTPHUPYET OYeHb caboe 3aTy-
XaHHUe YIPYroro MpeaBEeCTHUKA 0 Mepe ero pacripocTpaHe-
must oT 0,5 1o 5 mMm. B 3TOM mmamazoHe mpoiAeHHBIX pac-

nin

SVY®H, 1. 187, Ne 5

300
7, MIla
250 +

Al
el = (7/(9,1 x 107))%
200

150
100

50 THEL Ha 5-10 MM ‘5:10+2lg()‘1)

0 mnnml TR T B R R TTTT AW R TIT]
10! 10 103 104 103 10 107
1

CKOpOCTb IUIaCTHYECKO Aedopmanuu, ¢~

Puc. 6. Hanpspkenue TeyeHUs aJFOMUHMS IPU YMEPEHHBIX (J10rapudmu-
yeckas pynkus [14, 35]) u BBICOKUX CKOpOCTSX aedopmanmn.

CTOSIHUI AMHAMHUYECKUI Tpeesl YIPYrOCTH CILIaBa COCTaB-
ssier npumepro 0,71 I'Tla. B amomunum takoe 3HaueHHE
HAIpPsDKEHUS 32 QPOHTOM YIPYroro NpeABECTHUKA peali-
3yeTCsl HAa pAcCTOSIHUU 92 MKM, T€ CKOPOCTb IJIACTUYECKON
nedopmaruu coctapnsier 7 x 10° ¢!, EcrecTBeHHO mpeAmno-
JIOXKHUTD, YTO 151 00pa3IOB MEHbIIIEH TOJIIUHBI TOBEICHIE
CILTaBa JOJDKHO HE CTOJIb CHJIBHO OTJIMYATHCS OT A TFOMHUHUSL.

2.2. Ckopoctb edopManuu

B IJIACTHYECKOH y/1apHOii BOJIHE

BTOpBIM HCTOYHMKOM AAHHBIX O MOBEAECHHH MATEPHAJIOB
MIPU YPE3BBIYAIHO BBICOKHX CKOPOCTAX AehOpPMUPOBAHUS
SIBJISIETCSI CKOPOCTH CXKATHUS B TUIACTHYECKOW yIapHOW BOJIHE
[24, 25]. B npunIune, mojaHasi CKOPOCTh aepopmanuu &, B
CTAIMOHAPHON yIapHOW BOJIHE ONpenessieTCss JOCTATOYHO
npocto — audpdepeHIMpPOBAHUEM COOTBETCTBYIOIIET O
ydacTKa MpoQuis MaccoBOil CKOPOCTH i, (¢) U JeJIeHueM Ha
CKOPOCTh pacHpocTpaHeHus BOJHBI Us: & = i,/ Us. Ha
npoduiie CKOPOCTU CBOOOIHOM MOBEPXHOCTHU ugs(Z) peru-
CTpHpPYEMOE BpeMsI HApaCTAHUS B IUIACTUYCCKOW yIapHOU
BOJIHE MOXET OBbITh HEMHOTO 3aBBIIICHO, a KaXyIlasics
CKOPOCTh AeopMaIi COOTBETCTBEHHO 3aHIKEHA B PE3YJIb-
TaTe MHOTOKPATHBIX OTPAXEHUH YNPYrodl BOJHBI MEXIY
CBOOOTHOI TOBEPXHOCTBIO U IUTACTHYECKUM (ppoHTOM [5].
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OrnpesiesieHre CABUTOBBIX HANPSDKEHUH B YapHOM BOJIHE
HE CTOJIb 0JTHO3HA4HO. [TpubmkeHre cTallMOHapHON BOJTHBI
MPENoIaraeT MOCTOSHCTBO €€ (OPMBI M IOCTOSIHCTBO
napaMeTPOB COCTOSIHUS BEIIECTBA NEPE] HEM U 3a HeW, uTo,
BOOOIIIE TOBOPSL, HE BIIOJIHE COOTBETCTBYET 3KCIIEPUMEHTAJIb-
HbIM JaHHBIM. [To 3TOH mpuyrHe 00CYy)KIaeMble HIKE JTaH-
HBIE CJIEIyeT pacCMaTPUBATh KaK OI[CHOYHBIE.

IMonnas ckopocTh aedopmanuu &, OIpeAesieHa s
TOYKH MaKCUMAJIbHOW CKOPOCTH CXATHUs Ha npoduite ug (1)
Kak &, = i5/2Us. MakcuMajibHasi CKOPOCTb CABUTOBOM
neopMarMi TMpH  OAHOOCHOM CXATUH, 7§ = &y/2, €CTh
CyMMa ympyroi KOMIOHEHTHI J, = t/2G U CKOPOCTH IjIa-
cTuyeckol nedopmanmu casura j,. B pesynprate umeem:

& T

szf—%- )

B crammoHnapHOi MIIOCKOH BOJIHE U3MEHEHUE COCTOSHUS
BEIIIECTBA POUCXOIUT BAOJb JUHHUU Panes, mpeacTaBisito-
wieit coboit npsimyto smHuIO 0y = —pgUZ(V — Vy), coenn-
HSIIOIIIYIO COCTOSIHUS Tiepe] BOJIHOM U 3a Heil. JeBnatopHas
KOMIIOHEHTa HAMpPSDKEHUS] B BOJIHE MPEJCTaBIIsIET COOOM
Pa3HOCTb MEXy HaIllpsDKEHUEM oy Ha JUHUU Pases U nas-
JIeHWeM p Ha yIapHoOi aauabaTe BeLIeCTBa NMPH TOU xke
crerieHn cxatus [24, 25]. Ilpu 3TOM HampspKeHUE CIABHTA
7= (3/4)(0x — p) O Mepe CXaTHsI IPOXOAUT Yepe3 MaKCH-
MYM B HEKOTOPOW MPOMEKYTOYHON TOUKe. B Touke MakcH-
Myma t=0 u j,=é /2. CoOTBEeTCTBYyIOILAsl BEJIMYMHA
HAIpPSDKEHMS CIBUTA OLIEHUBAETCS KAK €ro 3HaYeHUE B TOUKE
MaKCHUMYyMa IUTFOC BEJIMYMHA CABUTOBOTO HANIPSHKEHUS TIEpeT
BOJIHOU, KOTOpAas OMpeessiach TeM ke CIocoOoM, YTO U
THEL, HO C WCIOJIb30BaHHWEM Oo0Jiee BBICOKOTO 3HAYEHHS
CKOPOCTH TIOBEPXHOCTH B CEpEIUHE y4acTKa BOJIHOBOTO
npoduias Mexay GpOHTOM HPEABECTHUKA W IIACTUYECKOMN
yaapHON BOJIHOM.

Hatinennple TakuM 00pa3oM MO pe3yjIbTaTaM OIBITOB
[21] ¢ maraueBbIM cruiaBoM Ma2-1 3Ha4YeHUsI CIBUTOBOTO
HAIPSDKEHNS T U CKOPOCTHU Ie(pOPMHUPOBAHUS IIPEJICTABIICHBI
TOYKOM Ha puc. 7. JlaBieHue ygapHOroO CXaTus B 3THUX
onbITax cocrasisuio 3,8 I'Tla. ITorpemHocTh onpeneneHus
CBSI3aHA TJIABHBIM 00pa30M C OTCYTCTBHEM HH(OpPMAIUH O
HANPSHDKEHHOM COCTOSIHHY CILTaBa B YAAPHO-CKATOM COCTOS-
Hun. M3 mpeacraBiieHHOro Ha puc. 7 rpaduka BHIHO, YTO

300
7, MIla Ma2-1
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Puc. 7. CooTHOIEHHE MeX/Ty CKOPOCTBIO IIACTUUECKO# nedopmanuu j,
M HAIIPSDKEHUEM CABUTA T 32 PPOHTOM MPEABECTHUKA (CIIJIOIIHAS JTUHUS )
M B IUIACTUYECKOW YAAapHOW BOJIHE (TPEYroJIbHHK) IO pe3yjbTaTaM
ONBITOB C MarHueBbiM criaBoM Ma2-1 [21]. IITpUXOBBIMEH JIMHUSIMH
OTMEUCH JKCIIEPUMEHTAJIbHBIN HANa30H MapaMeTPOB YIPYroro mnpei-
BECTHHKA.
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Puc. 8. Cxopocth ckaTsi B YAapHO# BOJIHE KaK (DYHKIUS JaBJICHHS
YAApHOTo CKaTus Ui TuTaHa [36] u rimuepuna [37].

CKOPOCTh IUTACTHYECKOH AehopManuu B yAapHOH BOJIHE HA
MOPSITOK MTPEBHIIIAET TAKOBYIO B YIIPYTOM MIPEIBECTHUKE PU
TOM € 3HAYE€HUU CIBUTOBOI'O HAIIPSIKEHUSL.

[TonoGHoe cooTHOUIEHHE CKOpocTed nedopmanuu Ha-
OJIF01ATIOCD M B OTIBITAX C OOJILIIMHCTBOM JAPYTHUX METAJIJIOB
U CIUIABOB C Pa3HON KPUCTAJIINYECKOU CTPyKTypoi. 1o Beeit
BEPOSATHOCTH, TAKOE MAJIEHUE XapaKTEPHOU BAKOCTH T/7,
Martepualia o Mepe pa3BUTHUS ILUIACTHYECKON Jedopmanuu
00BSICHSIETCSI MHTEHCUBHBIM PAa3MHOXEHUEM AMCIOKanuid. B
9TOH CBSI3M YMECTHO 00CYTUTh SMIUPUUECKOE COOTHOIIIEHHE
Swegle — Grady [25], koTopoe 10 CHX TOp SIBJISIETCS HHTPH-
TYIOIIUM [IJI1 MHOTHX HcclenoBateseid. [Ipoananm3upoBas
pe3yIbTaThl U3MEPEHUI BpeMEHN HapaCTaHUs TApaMeTPOB B
IJIACTUYECKON YHApHOW BOJIHE JJIs PAa3HBIX MaTEpHUAJIOB,
Swegle n Grady Hamum, 4YTO BCE OHU C MPUEMJIEMOU TOY-
HOCTBIO MOTYT OBITh OIMCAHBI CTENEHHHIMH (HYHKIUSIMU
KOHEYHOTO JIABJICHHS YIAPHOTO CXKATHS C OJTHUM M TEM XKe
T0Ka3aTeseM, paBHBIM 4.

Ha pucynke 8 comocraBiieHbI pe3yJIbTaThl U3MEpPEHUI
CKOPOCTH CXaTHsl B YOAapHOW BOJIHE IUIsl TUTAHA U IJIMILE-
pUHA, KOTOpbIe MOKA3BIBAIOT, YTO AJIS KUIKOCTH 3aBHCH-
MOCTb OT JIABJICHHSI YAAPHOTO CXXATHS ropa3ao ciadee, uem
g TBEpaoro Tena. IlpuunHa pasnnums cBsizaHa C pa3HOU
(bu3IIecKON MPUPOO BI3ZKOCTH KUIKOCTEN U TBEPIBIX TEIT:
BSI3KOCTb JKUAKOCTEH OIlpenestsieTcs HEPeHOCOM MMILYJIbCca B
IIpoLecce Xa0TUUECKOTO ABIXKEHUSI MOJIEKYJI, B TO BpeMsl Kak
BSI3KOCTb KPUCTAJUIMIECKUX TBEPBIX TEJI OMPEeIISIeTCs] q1-
HAMUKOW TUCIOKAUil. B wacTHOCTH, CHIIbHAS 3aBHCUMOCTD
CKOPOCTH CXaTus B YJApHOH BOJIHE OT €€ MHTECHCUBHOCTHU
€CTh, MO-BUAMMOMY, pe3YJIbTAT OBICTPOrO pa3zMHOXEHUS
JUCIIOKAUA B MPOIIECCE BHICOKOCKOPOCTHOM IIACTUYECKOM
nedopMalyu.

2.3. TemnepatypHble 3¢ deKThI

BimsHEe TeMmepaTypsl B CKOPOCTH AedopManny Ha TIMHA-
MHYECKUIl Tpees TEKYYeCTH MIPH yIapHO-BOJIHOBOM Harpy-
KEHUH OTHOCUTEJILHO BBICOKOTIPOYHBIX METAJIIOB U CILIABOB
HE OTJINYAETCSl WM HECHJIBHO OTJIMYAETCS OT OXUAAEMOTO
Ha OCHOBE 9KCTPATOJISIIIUY TaHHBIX, MOJTYYSHHBIX P MEHb-
X CKOpoCTsX nedopmanuu. s mpmMmepa Ha puc. 9
CYMMHPOBaHBI JaHHBIC IO 3HAYCHHUSIM Ipefesia TeKyYeCTH
BBICOKOTIPOYHOTO TUTAHOBOTO crutaBa Ti-6-22-22S [38] npu
Pa3IMYHBIX CKOPOCTSX AedOopMaIid, OJyIeHHbIE PA3HBIMU
criocobamu. Pe3yabTaThl ygapHO-BOJHOBBIX M3MEPEHUH,
M3MEpeHHi METOAOM CTepXHel [ omkmHCOHa mpu ymepeH-
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Puc. 9. 3aBUCHMOCTB npejiesia TeKYUYECTH BBICOKOIPOYHOTO TUTAHOBOTO
crutaBa Ti-6-22-22S ot ckopoct edopmaru (10 pe3yJibTaTaM u3Mepe-
HUH CTAHAAPTHBIME CIIOCOOAMH MPU HU3KOCKOPOCTHOM AedopMaIui, Ha
cTepkHsix ['ONKHHCOHA ITPU YMEPEHHO BBICOKHX CKOPOCTSIX Ae(OpMAaIui
¥ YapHO-BOJIHOBBIX U3MepeHui [38]).

HBIX CKOPOCTSX nedopMalui W CTAaHAAPTHBIX HU3MEpeHHi
MpY HU3KOCKOPOCTHOHW JaedopmManuu, B OOIIEM, BIOJIHE
COTJIACYIOTCSl U OTHCBLIBAIOTCS €IUHOW JIoTapupmuueckon
3aBUCUMOCTBIO. [{JIs1 MOJIeJn, NUTFOCTPUPYEMON Ha puc. 1,
9TO O3HAYaeT COXpPaHEHHE TEePMOAKTHUBALMOHHOTO MeXa-
HU3Ma AedOopPMaIIK, COOTBETCTBYIOIIEIO0 HU3KOCKOPOCTHOI
BeTBU oO1eil 3aBucuMocTd. C yBeIMUIeHNeM TeMIepaTyphbl
TUHAMAYECKHH TIpe/iesT TEKYUEeCTH 9TOTO CIIaBa yObIBAET.
JJ1s1 psiia METaJJIOB M HOHHBIX KPUCTAJIIOB 3KCIIEPUMEH-
TaJIbHO OOHAPY)XCHO aHOMaJIbHOE BO3pacTaHWe TUHAMHYC-
CKOTO Tpefejia YNPYrocTH C YBEJIMYEHHEM TeMIEpPaTypBhl.
O¢dexT wunrocTpupyercss Ha puc. 10, re comocTaBJIeHbI
mpouiIM CKOPOCTH CBOOOMHON IMOBEPXHOCTH 00PA3IOB
TEXHUYECKOTO aJTFOMHHUS, U3MEPEHHbIe TP HOPMATbHOU U
noBblIeHHON Temmepatypax [33]. TloBbleHune temmepa-
TYpPbI IPUBEJIO K 3HAYUTEJIbHOMY BO3PACTAHUIO AMIUIUTYAbI
YIPYIoro NpeaBeCTHUKA M YBEJIMYEHHIO BPEMEHHM HapacTa-
HHUSI TAPaMETPOB B IVIACTUYECKON yaapHOU BOJIHE: OT 3 — 5 HC
pu KOMHATHOUW Temmepatrype m0 8—12 nc mpu 605°C.
OTMeTHM, YTO BO3pACTAHHE AMIUIUTY/IbI PEABECTHUKA OT-
YaCTHU CBSI3aHO C YMEHbILICHUEM ITPOI0IbHON CKOPOCTH 3ByKa
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Puc. 10. HavanbpHble y4acTKU BOJIHOBBIX NMpOoGuiell yIapHOTO CXKATHS
QJIFOMHUHUEBBIX 00pAa3lOB TOJILIMHON 5 MM mpu Temmnepatypax 20 u
605°C [33].

l*

Temnepatypa, °C

Puc. 11. 3aBucHMOCTH TMHAMIYECKOTO Mpeniesia TeKydeCTH THTaHA U ero
CILJIABOB OT TEMIIEPATYPBI MO JJAHHBIM YIaPHO-BOJHOBBIX M3Mepenuit [39, 40].

¥ COOTBETCTBEHHO yBenmyeHueM kosd¢uiuenta ITyaccoHa.
VMeHbllleHHe TPOJOJIBHOW CKOPOCTH 3BYKa C HAarpeBoM
IPOSIBJISIETCS HA BOJIHOBOM Ipo(uie TakkKe U B yMEHbLIIe-
HUM MHTEPBAJa BPEMEHU MeXay (PPOHTOM MPEIBECTHUKA U
MJIACTUYECKON ynapHoW BoJiHOW. OmHako 3¢ddekT He cBo-
JIATCS. K YMEHBIIEHUIO [UHAMHUYECKOTO HMIIEJaHca MaTe-
puasia; pacu€T CABUTOBBIX HAIPSIKEHUHN 1O BEJIMUUHE OHEL C
HCIIOJIb30BAaHUEM 3HAUCHHUM MOTyJIed yIPYTrOCTH NPU TAHHOMN
TeMIepaType MOATBEPKIAET AHOMAJIbHOE BO3pacTaHUE
HaIpsDKEHUS TEUEHUS] B 9TUX YCJIOBUSAX C TEMIIEPATYPOH.

Ha pucynke 11 conocrasiens! [39, 40] pe3ynbTaThl u3-
MEpPEHUN BJIMSHUS TEMIIEpATypbl HA TUHAMHUYECKHUI IIpeaes
TEKYYeCTH THTAHA U €ro CILUIaBOB. BUIIHO, YTO aHOMAaJIbHOE
BO3paCTaHME JUHAMMYECKOrO Ipeesia TeKy4ecTH IpU Ha-
rpeBe MMEET MECTO ISl YUCTOTO THUTAHA, IJ€ HaIpsKeHHE
BBICOKOCKOPOCTHOI'O IIJIACTUYECKOIO TE€YEHHUS! CONOCTABUMO
¢ cuiiamu (POHOHHOU BSI3KOCTH. [Ipemmes TeKyuyecTr CrIaBoB
TIOBBIIIEH MCKYCCTBEHHO CO3/IaHHBIMU IPEMSATCTBUSAMH IS
JIBIDKEHMS AUCIIOKAIMIA U 3HAYUTEJIbHO MPEBBIIACT HANPSI-
JKEHUE TOPMOJKEHHUS IUCIOKanuil (OHOHHOU BSI3KOCTBIO, B
pe3yjibpTaTe aHOMAaJIbHOE TEPMMYECKOE YIPOYHEHME IS
CILJIAaBOB HE PETUCTPUPYETCH.

2.4. OTKO/IbHASI IPOYHOCTH METAJIIOB
OTKoOJIbHASI IPOYHOCTh MaTepuajia PAacCUUTHIBACTCS IO
M3MEPEHHOMY 3HAYEHHIO CIIaJla CKOPOCTH MOBEPXHOCTH A
OT €€ MaKCMMAaJIbHOTO 3HAYCHUs B MMIIYJIbCE CXKATHUS 0
3Ha4YeHUs nepen GPOHTOM OTKOJIBHOTO UMITYJIbCA, KAaK 9TO
IoKa3aHo Ha puc. 3. Pacuét ocHOBaH Ha aHaIM3€ B3auUMoeil-
CTBUS NaJarouell 1 OTPaXXEHHON BOJIH METOJIOM XapaKTepu-
CTHUK C YYETOM, €CJIM 3TO HEOOXOUMO, YIPYTOIJIACTHYECKUX
CBOWCTB MaTepuasia. B TMHEHHOM NMPUOIVDKEHNH pacyéTHOE
COOTHOIIIEHHE nMeeT BUJ [26, 41]
1

Osp = B pocb(A“fs +9), (10)
rae 0 — MONpaBKa HA UCKaxXeHue mpoduis CKOpOCTHU
BCJIEICTBHE PA3JIMYMsI CKOpPOCTel PpOHTA OTKOJBLHOTO UM-
MyJIbCa U CKOPOCTH TUTACTHYECKOW YACTH TaIaroIIell BOJTHBI
pasrpysku nepel HuUM. ITojoOHbIe nCKaXXeHUsI UMEIOT MECTO,
KOIJa pejlakcalysi HaIpsDKEHUH NpU pa3pyLIeHUH MOPOXK-
JlaeT B PACTSIHYTOM MaTepuajie BOJHY CXaTusi, GpoHT
KOTOpPOH pacmpoCTpaHsieTcsl C MPOJOJIbHON CKOPOCTHIO
3BYKa (| M HAaroHsieT IUIACTHUYECKYIO Pa3TPy304YHYIO 4acTh
MAJJAOIIEr0 UMIIYJIbCA CXKATUSL, IBUXKYIIYOCS C OOBEMHON
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CKOpOCThIO 3BYKa (cp). MckakeHre MUHUMAJIbHO TIPH Tpe-
yroJbHOU (hopMe Tpoduiist UMITyJIbCa YIAPHOTO CXKATHUS B
MOMEHT €r0 BBIXOJa Ha MOBEPXHOCTh, YTO OIpPEACIIseT
ONTHMAJIbHBIE YCIIOBUSI U3MEPEHUsST OTKOJIBHON MPOYHOCTH.
B HaHOCEKYHTHOM ¥ MAKOCEKYHTHOM JAWAna30Hax JIHTEIIb-
HOCTeH peaym3yroTcst OOJIBIINE PACTITUBAIOIINE HATPSIKE-
HUS, ¥ IPEHEOPEeXEHNEe HEJIMHEMHOCThIO BHOCHT OOJIBIIYIO
omubKy B ONpE/e/icHHe WX BEIMYUH. B 3TOM ciyuae mpu
00paboTKe pe3yIbTATOB U3MEPEHHI UCIOJIB3YETCsl IKCTpa-
MOJISINUSL YAAPHOU anuabaThl B KOOPIWHATAX HAIPSDKEHHE
CXKATHUSI—MaccoBasi CKOPOCTb B 00JIACTh OTPHUIATEIbHBIX
JABJICHUIA, YTO MPUBOIUT K COOTHOIIICHUIO

1 bAug
USPZEPO(CO_ 2f>(A“fs+6)a (11)

rae ¢o u b — xod(pPUINEHTHI JTUHEHHOTO BBIPAXKECHUS IS
yaapHo# anuadatel Us = ¢y + buy, (Us — ckopocTh yaapHOi
BOJIHBI, U, — CKOPOCTb YaCTHII BEILECTBA 32 €€ (HPOHTOM).

BenmunHa COMPOTHBIICHUS OTKOJIBHOMY pa3pyIICHUIO
WM OTKOJBHOW TMPOYHOCTH MaTepHalia XapaKTepHU3yeT
YCJIOBHSI MHULIIMUPOBaHUS pa3pyiuenus. [To Mepe ero pa3su-
Tust Matepuai "ocnabiserca" pacTylUMMK HECILIOIIHOCTS-
MM, U 3aBepIIeHNe MPOIIecca MPOUCXOAUT MPU TOHNKEHHBIX
HAnpsDKeHHUsIX. VI3BECTHO, YTO MPH MAJbIX JJIMTEIHbHOCTSIX
HATPY3KN pa3pylieHue, HAYaBIINCh, MOXET HE JTOUTH 10
HOJIHOTO OTKOJIA, T.e. O pa3fiesieHus Teya Ha vacTu. Jlis
3aBeplUeHUs Ipolecca HeOOXOAUMBI JOTOJIHUTEIbHBIE 3a-
TPAaThl HEPTUH, KOTOPAsl PACXOIyeTCsl Ha POCT 3apOAbIliIe-
BBIX HECIUIOIIHOCTEW ¥ IJIACTHYECKYIO AedOopMaIio MaTe-
pHasa BOKPYT HHAX. B CBSI3M ¢ 3TUM BCTAET BOMPOC O BEIOOpE
KPUTEPUEB OTKOJBHOTO Pa3pYIICHUs, KOTOPbIC TO3BOJIMIN
OBl MCIOJIb30BATh PE3YJIbTATHl OTPAHMIEHHOIO0 KOJMYECTBA
UCTILITAaHUI MaTepraa JIsl IPOrHO3UPOBAHUS €r0 PeaKIuu
B IPOU3BOJIbHBIX YCIOBHSIX HATPYKEHHUSI.

B 1960-e—1970-¢ TOaBI OBLIN TPEIOKEHBI PA3INYHBIE
IMITUPUYECKIE KPUTEPUH, KOTOPBIE OMPEACIISIN BO3MOX-
HOCTh U MOJHOTY OTKOJIA B 3aBUCHMMOCTU OT COOTHOIIICHHS
AMIUIATYAbl U JUIMTEJIBHOCTH JEUCTBYIOLIEIO HMITYJIbCa
yAapHOU HATPY3KH WK 3aI1aca SHEPTUHU B OTKAJIBIBAIOIIICHCS
IJIACTHHE. DTU KPUTEPUH, OJTHAKO, HE YIUTHIBAIOT PEAIbHYIO
UCTOPUIO HATPYXKEHUS C peslakcanrell HANpsHKEHUH B Mpo-
mecce pa3pylieHHs M IJIOXO COBMECTHMBI C aJITOPHTMaMHA
KOMIIBIOTEPHOI'0 MOJEJIMPOBAHUS YAAPHO-BOJHOBBIX SIBJIE-
Huil. XOTs MOJOOHOTO poAa KPHUTEPUHM NPEeAsIararoTcs
BILUIOTh JIO HACTOSIIErO0 BpeMeHH, B pabortax [42-45] B
HayaJjie 1970-x u B 1980-e o161 BMECTO KOHEUHBIX KDUTEPUEB
OBLIIO TIPEITIOKEHO UCIOIB30BATh KWHETHYECKHIE COOTHOIIIE-
HUSI, ONPENEIISIONINE CKOPOCTh Pa3pyIIeHUs] Kak (YHKIIHIO
TEKYLLETO 3HAYECHUS PACTATMBAIOLLETO HAIPSDKEHUSI, JOCTHUT -
HYTOH CTENIeHN pa3pyIllIeHHs ¥ APYTruX NapaMeTpoB COCTOS-
Hus. [Ipu TakoMm moaxonae OTKOJMbHAS NMPOYHOCTH TaK WA
WHAYe XapaKTepu3yeT HANpsDKEHHE, MPH KOTOPOM POCT
HECIUTOITHOCTEH KOMIIGHCHPYET HapacTaHWe pacTATHBAIO-
LIETO HAMPSIKEHUS B IPOIIECCE BOJTHOBBIX B3aMMOICHCTBHIA.

Bomnpocbl MmeTouku 1 GakTOPEI, ONPeIeISIOLINE COPO-
THBJICHAE OTKOJBLHOMY Pa3pYIIEHUIO METAJIJIOB U CIUIABOB,
KepaMHUK ¥ CTEKOJI, MOHOKPHCTAJIJIOB U KHUIKOCTEH, MOAPOO-
HO oOcyxpaaroTcst B [26, 27]. 3aech MbI KPaTKO MPEACTABUM
pe3yIIbTATHI MCCIIETOBAHHUHN MTOCIICTHUX JICT.

Bosblioe KOJMYECTBO M3MEPEHUN OTKOJILHOM NMPOYHO-
CTH TPOBEACHO ISl TEXHMYECKUX METAJUIOB M CILIABOB C
[EJIbI0 0XapaKTepU30BaTh UX CIOCOOHOCTh MPOTUBOCTOSTH
BBICOKOCKOPOCTHOMY yAapy wim B3pbiBy. C nmpyroi cro-

POHBI, YAapHO-BOJIHOBBIE HCIBITAHUS MOTYT TaKXke JaTh
HOBYIO MHQOPMALMIO O MpeNeNbHON MPOYHOCTH MaTepua-
JIOB, KUHETUKE U MEXaHU3ME 3apOXKIACHUSI U PA3BUTHUS Da3-
PYILLIEHW, TOOJIOTUU U CTATUCTUKE MOTEHIUAIBbHBIX OYaroB
pa3pyLICHNS K MOTYT IIPEACTABIIATH HE3aBUCUMBI HHTEPEC C
MaTepuaioBeueckoil Touku 3penusi. I1o 3Toil nmpuunHe uc-
CJIeJOBaHMs MOCJEIHUX JIET B MUpe B OOJIblIel Mepe Io-
CBSIILIEHBI TOMCKY KOPPEJIALUU MEXy CTPYKTYpOil MaTepua-
JIOB M HX CONPOTHUBJIEHUEM pa3pYyLICHUIO B IIMPOKOM
Jama3oHe CKopocTel 1e)opMUPOBAHNS U TEMIEpaTyp.

Ha pucynke 12 cyMMHUPOBaHBI 3KCIEPUMEHTAIbHBIC
nansble [28, 33, 46—48] 1o OTKOJILHOW MPOYHOCTH AJTFOMH-
Hus. JlaHHBIE IPECTABIJIEHBI B BUJIE 3aBUCUMOCTHU BEJTMYMHbI
pa3pyLIAIONIErO HANPSIKEHUs IPU OTKOJIE OT CKOPOCTHU Jie-
(bopMupoBaHHs, TOJ KOTOPOI 37eCh MOHUMAETCSI CKOPOCTh
pacIIMpPEHNs BELIECTBA B BOJIHE PA3PEKEHUs, OIPEeIsieMast
Kax

LA (12)

V() 2Cb ’

T A€ tlfy — U3MEPEHHAs CKOPOCTD Caga CKOPOCTH CBOOO JHOM
MOBEPXHOCTH UCIIBITYEMOTO 00pa3ia B pa3rpy304HON 4aCcTH
uMIyibca yaapHoro cxartusi. [lokazano [49, 50], uto
HavaJbHasi CKOPOCTh POCTA OTHOCHTEIBLHOTO 00BEMA
HECIUIOITHOCTEH MPU OTKOJIE C TOYHOCTBIO JI0 TOCTOSIHHOTO
MHOXHTENS ~ (2—4) paBHA BBIYUCICHHOM TakMM 0Opa3zom
CKOPOCTH PACLIUPEHHS BEIIECTBA B BOJIHE PAa3rpy3KH. DTO
03HAYAET, YTO 3aBUCHMOCTb OTKOJILHOHM MPOYHOCTH OT TaK
MMOHMMAaeMOU CKOPOCTU AeHOPMUPOBAHUS MOXKET OBITh
npocTo TpaHCHOPMUPOBAHA B 3aBUCUMOCTH CKOPOCTH
paspylieHus ot HanpspkeHus [S1].

ComnpoTHBJIeHHE OTKOJILHOMY Pa3pyIICHUIO Y MOHOKPH-
CTAJIJIOB BBIIIIE, YeM Y MOJUKPHUCTAIIINYECKOTO AJIFOMUHUS U
QIFOMUHMEBBIX CIUIaBOB. [lOJMKpUCTATIIMYECKHEe MaTepH-
aJlbl COJIEPKAT OTHOCHTEJIBHO KpYNHBIE KOHIEHTPATODPHI
HANPSDKEHWH, TaKkue Kak MeX3&peHHbIE I'PAHHIIbI, BKIIFOYE-
HUS U T.1. DTU JePEKThl MOHWKAIOT YPOBEHb HANPSHKCHHUH,
HEOOXOAMMBIX ISl MHULIMUPOBAHUS pa3pylueHus. Boicokas
00BEMHASI TPOYHOCTH MOHOKPHCTAJIIIOB, OUYEBUIHO, 00YCIIO0-
BJIEHA WX BBICOKOW romoreHHocThio. Ha pucynke 12 moxka-
3aHBI TAKXKE PE3YJIbTATHI ATOMUCTHYECKOTO MOJICIIHPOBAHUS
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Puc. 12. Pe3ysnbTaThl M3MEpEHHH OTKOJILHOW HPOYHOCTH AJTFOMUHHS
Pa3JIMYHON YUCTOTHI B CONMOCTABJICHUH C JAHHBIMHU JJ11 MOHOKPHCTAJLIN-
YECKOr'o aJIFOMHHUS, PE3yJIbTaTaMU MOJIEKYJISIPHO-IMHAMUYECKOIO MO-
JIeTMPOBAaHMs OTKOJIA, & TAKKe 3HaY€HHEM UJI€aJIbHON IPOYHOCTH aJIto-
MHHHS U3 I€PBONPHHIUIHBIX PACYETOB.
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[52, 53] BBICOKOCKOPOCTHOTO pa3pyllIeHUs U OTKOJIA U Tep-
BONPUHLMIHLIX pacuéToB [54] "umeanbnoi" mpounoctu
AITFOMUHHSI. DKCTPAIOJISIMS IKCIIEPUMEHTAIBHBIX JTaHHBIX
K O0Jiee BEICOKAM CKOPOCTSIM JIe(OpMHUPOBAHUS TOKA3BIBAET
WX COTJIACHE C MOJICKYJISIPHO-THHAMUYECKIMU PacuéTaMu U
IPEICKa3bIBAET JOCTUKEHHE HACAJBHOM MPOYHOCTH IPU
CKOPOCTH pacTsikKeHHs mpuMepHo 2 x 1010 ¢~1,

VBenuueHne TeMIepaTypbl BHI3BIBACT ITaI€HIE OTKOJIb-
HO¥ mpoyHOCTH. U 1S MOJIMKPUCTAJTMIECKUX METAJIIOB, U
TSI MOHOKPHCTAJIJIOB MaIcHUE JMHAMUYECKOM MPOYHOCTH C
HarpeBoM 10 ~ 0,9 Temmepatypbl miaByieHust Ty, 3HAYM-
TeJIbHO ciabee, 4eM 3TO UMEET MECTO IPU HU3KUX CKOPOCTSIX
neopMHUpPOBAHUS; C NAJbHEUIINM YBEJIMYEHHEM TeMIepa-
TYpbl U €€ MpHOJKEHHEM K TeMIepaType IJIaBJIeHUs I1a-
JIeHe OTKOJILHOM MPOYHOCTH ycKkopsieTcst. [Ipu aToM MOHO-
KPUCTAJUIBl ¥ BBICOKOYHMCTBIC MOJMKPUCTAILUINICCKAC Me-
TQJJIbl COXPAHSIIOT BBICOKYIO IPOYHOCTH TNPAKTHYECKU
BIUIOTH O TeMIEPATyphl IJIABICHHS, YTO O3HAYAeT Iepe-
ceueHune (pa3oBOI TpaHUILI TUIABJICHUS B OOJIACTH OTpHIIA-
TEJIbHBIX JAaBJIeHUI. IHBIMU CITIOBAaMH, B YMCTBIX METAaJLIaxX
TIPH BBICOKOCKOPOCTHOM PACTSDKCHUH B 3THX YCIOBUSIX pea-
JIN3YIOTCS NIEPerpeThbie KPUCTAJIIMYECKUE COCTOSIHUS. TexHu-
YecKHe MOJIMKPUCTAJUINYECKAE METAJUIbl IPAKTUYECKH MOJI-
HOCTBIO TEPSIOT CONPOTHUBJICHUE PA3PYIICHUIO C MPHOIIH-
xeHueM K Ty, [46, 55].

Kak u3BecTHO, IUTaBJIEHNE CIUTABOB HAYMHAETCS MIPH TaK
HAa3bIBAEMON TEMIIEPATYpe COJIMAYCA M 3aKAHYUBACTCS TPU
0oJiee BBICOKOI TeMIepaType JUKBUIyca. Pe3yibTaThl ONbI-
TOB [56] ¢ amroMHMHHMEBBIM ciiaBoM 6061 mokaszanu, 4YTO
CILUTaB HE TEePSET CBOIO CABUTOBYIO U OOBEMHYIO JHHAMUYE-
CKYIO MIPOYHOCTh HEMEJIEHHO NP HavaJie TJIABJICHUS C Tie-
pexomoM 4yepe3 conuayc. C pocTOM TeMIepaTyphl K COOTBET-
CTBEHHO JI0JI pACIIaBa OTKOJIbHAS MPOYHOCTH cruiaBa 6061
YMEHBIIAETCS] TMOCTENIEHHO W JOCTUTaeT HyJs JHUIIb NPU
20%-HOM conepXaHUM XHUAKOH (a3bl. XOTs SBHOTO TO-
JI0OWsI B TOBEJICHUN TEXHUYECKOT'O AJIFOMUHUS U AJTFOMIHUE-
BBIX CIUIABOB HET, MOXHO MPE/IOJIOKATh HAJIMIAE MAJIbIX
obrnacTeil Ha rpaHunax 3€peH C MOBBIIIEHHON KOHIIEHTpA-
el mpUMeceii, rie MIaBJIeHue MOXET HauuHAThCS el 10
JIOCTIDKEHUSI TEMIIEPATyphl COJMAYca U ObICTPO MOHUXKATH
CONPOTHUBJICHUE OTKOJIBHOMY Pa3pYILICHUIO.

Kugxoctu, kak u TBEpABIE Tesa, 00JIaar0T COMPOTUB-
JICHIEM BCECTOPOHHEMY PACTSKEHHIO, T.€. IPOYHOCTHIO Ha
Ppas3pbIB, KOTOPas MPOSIBJISETCS, HAIPUMED, IPU KaBUTALUH.
B camoe mocnenHee BpeMst yIaJIoCh U3MEPUTH OTKOJIbHYIO
MPOYHOCTH PACIJIABJICHHBIX METAJUIOB KaK B cyOMHKpoOce-
KYHJTHOM HATNa30He UM TEILHOCTEN yIapHOU HATpy3KH [57,
58], Tak 1 B muKOCceKyHIHOM nuana3one [59]. Oka3zaynock, 4To
IpPU OTHOCUTEIHHO OOJIBIIIUX BPEMEHAX OTKOJIBbHASI MPOY-
HOCTb )KUJKOTO OJIOBA, CBUHIIA ¥ ITMHKA HA MOPSA0K MEHbIIIE
MPOYHOCTH ITUX METAJUIOB B TBEPIOM COCTOSHUM M COCTa-
BJISIET 3HAYUTEbHO MEHBIIIYIO TOJIIO UACaIbHOM MPOYHOCTH,
4eM 3TO MMeeT MecCTO sl BoAbl [60] m Apyrux kxuakocrei
Mpy KOMHATHOW Temrmepatype. B mUKocekyHIHOM Jamamna-
30HE OTKOJIbHAS MPOYHOCTh PACILIABJIEHHOTO OJIOBA COCTA-
Bwia 1,9 + 0,3 I'Tla, 1.e. meHee 30 % OT uaeabHOU TPOYHO-
cTH. 17151 MeTaJIOB B TBEPIOM COCTOSIHUU OTKOJIbHAS IPOY-
HOCTh, M3MEpEHHasi B 3TOM JHANa30HE [JIUTEJLHOCTEH,
00b1yHO TIpeBsbIaeT 70 % uaeanbHOM MPOYHOCTH.

2.5. Ipudam:keHne K npeaebHOl (M1eaabHOI) MPOYHOCTH

PaccmoTpuM Ha mpumepe xesne3a 0COOEHHOCTH TOBEACHUS
METAJIJIOB MPH YIbTPAKOPOTKOM Bo3JekcTBuu. Ha pu-
cyHke 13 moka3aHbl MpoUIN CKOPOCTH CBOOOIHOM TTOBEPX-
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Puc. 13. DBojronust UMIyJIbCa CXATHUs, TEHEPAPYEMOTO B ILUIEHOYHBIX
obpasnax xeje3a Ja3epHbIM HMITYJIbCOM (pEMTOCEKYH/JHOTO UATa30Ha.

HOCTHU IUJIEHOK »eje3a Toyumuaoi 250 =5 m 540 £ 5 am,
W3MEpEHHbIE TPU BO3JCHCTBUM HA HUX JA3EPHBIX HMITYJIb-
COB ¢ JuMTeNbHOCThIO 150 ¢ um miI0THOCTBIO 2HEPrUM B
HeHTpe (pokambHOro naTHa 3 JIx cM~2 [61]. B skcmepumMen-
Tax UHTEPHEPOMETPUIECKHIM METOIOM C NMPHUMEHEHHEM
JaCTOTHO-MOAYJIMPOBAHHON MUATHOCTHKH DPETUCTPHUPOBA-
JIOCh CMeEIIIEHUE CBOOOHON ThUILHOM MOBEPXHOCTH 00Opasia
KaK (YHKIIMHA BPEMEHH C MOTPENIHOCTBLIO Mopsiaka 1 HM 1o
cMeleHuro U 1 ric mo BpeMenu. [1po¢uiu ckopocTu moBepx-
HOCTH 3aTeM HOJIyYaJHCh TOCJe HECKOJbKHX HTEpaluii, B
nporecce KOTOPBIX NOOMBAJIMCh HAHJIYYIIETO COTJIACHS
WHTETpaJla CKOPOCTH C M3MEPEHHON HMCTOpHEN CMeEIIeHUs
MOBEPXHOCTU. VTOTOBAsI MOTPENIHOCTh CKOPOCTH OICHHU-
BaeTcs npumepHo B 10 %. CkopocTh pacnpocTpaHeHUs
(poHTa BOJHOBOW KOH(purypamum Ha ydactke ot 250 1m0
540 HM B cpegHEM IO BCe CyMMe MPOBEIEHHBIX OIBITOB
cocraBuina Us = 6,454+ 02 xm c~'. IIpu 3ToM cKOpoCTb
TIOBEPXHOCTH 3a NMEPBOM yAapHOU BOJIHOU IO MEpPE PacIpo-
crTpaHeHns yMeHbinaercs oT 1,06 + 0,06 kM ¢! Ha paccros-
Hun 250 BM 10 0,45 40,03 kM ¢! Ha paccrogHum 540 HM.
Bounbimas ckopocTh pacnpoCTpaHEHHUs BOJIHBI U Majioe
BpeMsl HapacTaHUs MapaMeTPOB YKAa3bIBAIOT Ha TO, 4TO
nepBasi BOJIHA B JBYXBOJHOBOW KOH(MUTYpaIWH SIBIISIETCS
VIPYrUM TpeaBecTHUKOM. HampsbkeHne cxatusi 3a GpoH-
TOM TIpelIBeCTHUKA cocTaBuio 27,5 £ 2,5 I'Tla Ha paccros-
Huu 250 em m 11,0 £ 1 I'lTa va 540 M. 3amMeTuM ajs
CpaBHEHUSI, YTO TMHAMHUYECKUHN TpeAes yupyroctu camdupa
B CyOMUKPOCEKYHIHOM BPEMEHHOM JUAINA30HE B 3aBUCUMO-
CTHU OT HampaBJIeHUs cxkaTus Bapbupyetcs ot 13 no 24 I'Tla
[62], muraMmIYecKnil TIpeAest YIPYrocTH ajiMa3a COCTaBJISICT
50—100 I'TTa [63, 64].

IIpu cTosap GOJBLIMX HANPSDKEHHUSIX YIPYroro OJHOOC-
HOTO CXATHUSl MBI yXKe He MOXXEM OTPAHUYUBATHCS MPUOIH-
JKEHHUEM IIOCTOSIHCTBA MOJYJIEH YINPYroCTH M CKOpoOCTei
3Byka. [ aHaiW3a ¥ KOMIBIOTEPHOTO MOJICJIMPOBAHUS
ObUIO OBl yIOOHO HMMEThb OMHUCAHHME OOJIBIIMX YIPYIHX
CKaTHii, OCHOBAHHOE Ha KAKOM-JILOO IIPOCTOM MPEIIIOTI0NKE-
HUHM U C PAa3yMHOH TOYHOCTBIO OTBEYAIOIlee IKCIEPHMEH-
TaJIBHBIM JaHHBIM. Panee ObuTO mOkKa3aHo [67], 4yTo ecTe-
CTBEHHOE MPUOJIMKEHNE /ISl OIEHKH MPOJIOJIBLHON CKOPOCTH
3ByKa Ha OCHOBE IPEINOJIOKEHHUS O MOCTOSHCTBE KO Pu-
mueHTa IlyaccoHa XOpoIIO corjlacyercss ¢ MMEIOLUMUCS
9KCIIEPUMEHTAJIBHBIMU JAHHBIMH JJISI METAJIJIOB B IIUPO-
KOM Auamna3oHe AaBjeHuil ynapHoro cxatus. [locTossHCTBO
koadpdunuenta [Tyaccona o3HaYaeT MOCTOSIHCTBO OTHOIIE-
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Puc. 14. Pe3ynbTaThl N3MepeHHil ckopocTeii pacnpocTpanenns Us 1 MacCOBBIX CKOPOCTEi 1y 32 ()POHTOM yHPYroro mpeIBECTHUKA B TOHKMX MUIEHKAX
amoMuHus [28], sxenesa [65], BaHaaus [66] B COMOCTABJICHUN C PABHOBECHBIMH a/1Ma0aTaMM U METACTAOUIbLHBIMU YAAPHBIMU adadaTaMu ynpyroro
CKATHSI, PACCINTAHHBIMH B MPEAIOIOKEHAN MTOCTOSTHCTBA Kodddunuenta [Tyaccona. [TokazaHHbIe TaHHBIC ABTOPOB TI0 CKOPOCTH YIPYTHX YAAPHBIX

BOJIH B TUTAHEC TOTOBATCA K OHy6J’IHKOBaHI/IIOA

HUSI TPOJOJBHON M 00BEMHOI ckopocTteil 3Byka ¢/c,. C
WCIOJIb30BAHUEM KBa3MaKyCTHUecKoro mnpubimxenus [20,
67] nnst 0OBEMHOU CKOPOCTH 3BYKA Cp MOXKET OBITH IOKa-
3aHo, 4To oTHoutenue ¢;(V)/c,(V) oka3piBaeTCsl OJHAM U
TeM XKe Kak Ha aguabaTe BCECTOPOHHErO CXaTHsl, TaK U Ha
MeTacTaOMJILHON aguabaTe OQHOOCHOTO CXKATHUSL TOJIBKO B
TOM cJIy4ae, e KO3 GUIUEHT b B THHEHHOM COOTHOIIICHAN
MEX/y CKOPOCTbIO yaapHO# BoJiHbl (Us) M MaccoBoil CKo-
pocTbro 3a Hel (up), Us = ¢ + bup, AMeeT OJIHY U Ty Xe Be-
JIMYUHY 1)1 00enX ynapHbIX aauabdat. [IpuMeHuMOCTb 9TOTO
NPUOIIKEHUST WJUTFOCTPUPYETCsST Ha puc. 14 Ha mpumepe
YeTBIPEX UCCIIeJOBAHHBIX METAJITIOB.

Ha pucynke 15 mokazaHa cOOTBETCTBYIOIIAS IUATPAMMA
COCTOSIHUI XeJie3a, peaTu30BaHHBIX B MUKOCEKYHTHOM qHa-
[a30HE JIMTEJIbHOCTEH HArpy3ku, Ha KOTOPOW IpelncTaB-
JIeHBI paBHOBECHAS yaapHas aauadaTa xejes3a ¢ Iepexoaom
B €-(pa3y BBICOKOrO IaBJICHHS, MeTacTaOWJIbHAsT aquabarta
p(V') a-ha3bl HU3KOTO AABJICHHUS U MeTacTaOHIbHAS a/ua-
b6ata oJHOOCHOTO ympyroro cxatus. [1o OTKJIOHEHHIO CO-
CTOSIHUS 32 ()POHTOM IPEIBECTHUKA OT PABHOBECHOH aul-
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Puc. 15. TTapaMeTpsl COCTOSIHHS keJie3a 3a (PPOHTOM YIPYIroro npe-
BECTHHKA Ha paccTosiHusX 250 u 540 um [65].

abaTsl (ha3bl HU3KOTO JTaBJICHHS OIpe/esieHa BeTNYNHA MaK-
CUMAaJIbHOTO HAIIPSDKEHMS CIIBUTA T U3 cooTHoMIeHus [19, 20]

4
(V) =p(V) =3, (13)
IrJle 0y — MPOJOJbHOE HAMNPSKEHUE YHPYIOro CHKATHS.

IMomyuennsie 3Hauenns T coctaBuiau 7,9 u 3,3 I'Tla.

IIpenenpHble 3HAYEHUS CONMPOTUBIICHUS CABUTY — HJIe-
QJILHOW CABUTOBOI MPOYHOCTH, OJTYUYECHHBIE U3 IEPBONPHIH-
LIUIMHBIX PAcu€TOB, COCTABJISIIOT s xkene3a 7,2—7,5 I'Tla
[68, 69]. OneHku TO MPEACTABICHHBIM 31eCh Pe3yJibTaTaM
U3MEepeHni Janu MakcumalibHoe 3Hauenue 1 = 7,9 I'Tla, T.e.
JTa)ke HECKOJIbKO BBILIE PACYETHOW BEMYMHBI HJI€aJIbHOU
casuroBoit npouynoctu. Cienyer, OJHAKO, YUECThb, YTO NpHU
CKAaTUM BO3PACTalOT Kak MOJIYJb CABUIa, TaK U, COOTBET-
CTBEHHO, NPOIOPIUOHATBHAS €My BeJMYMHA HIeaIbHON
CIIBUTOBOM MpovyHOCTU. BO BCSIKOM citydae, MOXHO ompe[ie-
JIEHHO YyTBEPXKIATh, YTO B IMMKOCEKYHIHOM JHAIA30HE IJIH-
TEJIbHOCTEH Harpy3Ky peain30BaHbl U U3MEPEHbI HANIPSIKEH-
HbIE COCTOSIHUS JKeJie3a, BeCbMa OJIM3KUe K 3HAUYCHUSIM Uie-
aJbHON IPOYHOCTH.

K coxanenuto, 3HaUNTEIbHAS! HECTAMOHAPHOCTH BOJIH U
BBICOKasl CKOPOCTh PEJIAKCAIIMOHHBIX MPOIIECCOB HE HAIOT
BO3MOJXXHOCTH OUEHHUTBH XOJ M3MEHEHHsI COCTOSHUSI MaTe-
puaJa mocie npeoaoJieHus TMHAMHYECKOTO Mpejiesa yrupy-
roctu. B Hamumx ombITax Mbl HE MOJYYUIN YO€OUTEIBHOTO
CBUETEILCTBA MOJIUMOP(HHOTO IPEBPAIIECHUS 0L — € B KO-
CeKyHIHOM BpPeMEHHOM nuama3one. B pabote [70] pe3yiib-
TaThl U3MEPEHU POl CKOpocTH CBOOOTHON MOBEPX-
HOCTH OoJiee TOJCTBIX oOpasmoB xeneza (1,2—1,6 MKM)
YKa3bIBAIOT HAa BO3MOXHOCTb IMOJUMOP(HOIO IpeBpalle-
Hus 3a BpeMst mopsiaka 100 mc.

K HacTrosimeMy BpeMeHH NpOBEIEHBI U3MEPEHUS TIHA-
MUYECKOTO Mpenesia yNpPyrocTd M OTKOJIbHOM NPOYHOCTHU
BOJIN3M UX MpeAeSIbHO BO3MOXKHBIX 3HAUEHHH 11 METAJIJIOB
co crpykrypoit I'lIK (rpaneneHTpupoBaHHasi KyOuueckas)
[28 —30], OLIK [65, 66, 70] u T'TIY. [Ias1 3TUX e METaJIOB
MPOBEJICHB! CHCTEMAaTHYECKUE M3MEPEHUS IBOJIOIUH YIPY-
TOIUIACTUYECKHX BOJIH YAAPHOTO CXKATHUS B CYOMUKPOCEKYH/I-
HOM JMana3oHe JiuTenbHocTed. Bece coBokymHOCTH 3KCIe-
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PUMEHTAJIbHBIX JAHHBIX, KaK IPaBUJIO, PA3yMHO CoOIJia-
CYIOTCS M CO3/1al0T OCHOBY JIJIsl IOCTPOEHHUS IIMPOKOIUaTa-
30HHBIX MOJeJIel BBICOKOCKOPOCTHOTO 1e(hOpMHUPOBAHUSI.
DKCHepUMEHTAaJbHbIE TAHHbIE B IMKOCEKYHIHOM JIHaINa30He
HYXXHBI TaKXXe JJIsl TECTUPOBAHUS U TIOCTAHOBKHU 3a4a4 JJIsl
ATOMUCTHUYECKOT0 MOAEIUPOBAHUS MIPOLECCOB AeHOPMUPO-
BAaHUS U pa3pyLICHHUS.

3. TemnepaTypHO-CKOPOCTHBIE 3aBUCMMOCTH
conpoTuBeHus1 1e¢OPMHPOBAHHIO METALIIOB

B pamkax mporpaMmbl ONpeAesieHUs] TeMIEepaTypHO-CKO-
POCTHBIX 3aBHCHUMOCTEH CONPOTHUBIIEHHUS! BBICOKOCKOPOCT-
HOMY AeDOPMHPOBAHHIO U Pa3PYIICHUIO METAJLTHIECKIX
MaTepUaioB MPOBEICHBI M3MEPEHUS IBOJIFOIMH YIIPYTOTLIA-
CTUYECKUX BOJIH YIAPHOTO CKATHS B METAJUIAX C PA3IMIHON
KPUCTAJUINYECKONR CTPYKTYpOH IpU HOPMAJIbLHOW U MOBBI-
HIEHHBIX TemmepaTypax. Tem caMbIM co3laHa OCHOBA IS
0000I11IeHNsT ¥ OIICHKM BKJIaJa pa3JU4YHBIX (HAKTOpOB U
MOCTPOCHUS ONPENEIISIFOIUX cCoOoTHOIeHn. Mccnenosa-
JINCh YHCTBhIE METAJUIbl, METAJIbl TEXHUYECKOW YUCTOTHI,
CIJIaBbl, a TaKXe MOHOKPHCTAJJIbl METaJIoB. B 3TOoM
0030pe MBI NPEACTABUM JIMIIb HamOOJIee MHTEPECHbIE U
HEOXHJIaHHBIE Pe3yJbTAThl;, 0OJiee TOJIHbIE JaHHbIE MOTYT
OBITH HAM[IEHBI B OPUTHHAIBHBIX CTAThAX. TeMmepaTypa mpu
HCTBITAHUSIX BapbUpoBajlach MyTEM HarpeBa oOpa3ImoB
HETMOCPEICTBEHHO TMEPEl OMBITOM C MOMOIIBIO PE3UCTUB-
HOro HarpesaTtess B TeueHue 5— 15 mun. Harpes conpoBox-
JIAJICSl UM MOT CONPOBOXAATHCS M3MEHEHHEM [e(eKTHON
CTPYKTYpbI MeTasu1a. [IoCKOJIbKY €CTEeCTBEHHO CONIOCTABUTh
MOBeIeHNE MPH PA3JUYHBIX TeMIepaTypax MaTepHalioB C
NPUMEPHO OJHUM U TeM JXKe COJepXKaHWeM JePeKTOB,
OCHOBHAS YaCTh OMBITOB ObLJIa MPOBEJCHA C OTOMIKEHHBIMHU
obpasnamu. I1pu 3TOM BBISICHUIIOCH, YTO BIIMSIHHE IpeaBa-
PUTEIBHOTO OTXKHUIa HAa CONPOTHBJIEHHE BBICOKOCKOPOCT-
HOMY 1e(hOPMUPOBAHHIO U Pa3PYIICHUIO HE COBCEM TPHUBH-
aJIbHO U 3aCITYXUBAET CHENUATLHOTO OOCYK/ICHUS.

3.1. Bansnue otxura

U YNpPOUHsAIONIeil MexXaHn4ecKoii 00padoTKn

M3BeCTHO, YTO OTXKHI MeTajlla TOCJe ero MPOKATKH WU
JIPYroro BUJA WHTCHCUBHOUN TJIACTHYECKOH edopManmu
YMEHBINAET TUIOTHOCTH JIUCIOKAINN B HEM U B pe3yJIbTaTe
MOHMXKAET Ipees TEKYUeCcTUu. DTO, OJHAKO, HE BCErJa BEPHO
JUTSL BLICOKOCKOPOCTHOHM nedopManuy mpu cyoOMHKpoce-
KYHIHOM yIapHO-BOJHOBOM HarpyxeHuu. Pucynok 16
JIEMOHCTpUPYET pa3yuune B 3PPeKkTax OTKHUIa YUCTOU
menu [71] m TanTana [72]. B To BpeMms kak DWHAMUYECKHA
npenest ynpyroctu (HEL) Memy MHOTOKpAaTHO YMEHBIIIHIICS
MocJie OTXKUTA, 11 TaHTaJIa U APYTUX METAJIOB CO CTPYKTY-
poit OLIK oTxwur npusén x yBenunuennro HEL. Ha pucynke 17
moka3aH 3pQPeKT OTKUTa TEXHUUECKOTro TUTaHa [73], umero-
mero ctpyktypy I'TlIY; B atom ciyuae u3mMeHumiach He
TOJIbKO BEJIMYMHA JUHAMHYECKOTO Tpeesia YIPYyrocTH, HO
u (hopMa ympyroro mpeABECTHUKA HA BOJHOBOM Tpoduie.
OO0pa3oBaHue Muka BO GpOHTAJILHOU YaCTH CBS3aHO, 110 BCeH
BEPOSITHOCTH, C MHTEHCUBHBIM PAa3MHOXXEHHEM JUCIOKAIUN
[5] wim ux pasbiiokupoBaHueM U3 oOJiaka mpumeceid. B
MPHUHINIE, 3TO HAOIIIO/IeHNE He TIPOTUBOPEUHT CYIIECTBYIO-
IIUM TPEICTABICHUSAM O KOPPEJISIUN MKy HATPSDKCHUEM
IJIACTUYECKOT O TeUEHUS U IVIOTHOCTBIO IUCIIOKALUM, 00CYX-
JIaBIIMMCSl BO BBEIEHHM. 3aMETUM elI€ pa3, 4To I BCeX
00CYXKIaEMBIX METAJUIOB TBEPAOCTb MOCIE OTKHUTA YyMEHb-
mmsack. CrietoBatesibHo, "kpuTrieckas' MIOTHOCTD qHUCIIO-

400

300

200

100

CKOpOCTDb HOBEPXHOCTH, M €™ !

(=]

0,25 0,50
Bpewmsi, mkc

Puc. 16. ITpoduiu ckopocT cBOOOJHON MOBEPXHOCTH ABYXMUJUIUMET-
POBBIX ITACTHH B COCTOSIHHU IIOCJTE NPOKATKU (IITPHXOBBIC JIMHHH,
unzeke "r'") u nocsie okura (Crutorele uHuK, ueaekce "a") Menu [71] u
TaHTaa [72].

600
To 4 MM
=
£ 400
<}
T
=
o Iocne
3 TIPOKATKH
=
a
g 200 0,57 Mm
8- HEL
14
O

0 | | | |
0 0,2 0,4 0,6 0,8 1,0
Bpewmsi, Mxc

Puc. 17. Ipopuan ckopocTu cBOOOJHOI MOBEPXHOCTH MPOKATAHHBIX
(IUTPUXOBbIE JIMHUU) M OTOMOKEHHBIX (CILIOLIHBIE JMHUHM) OOpa3IoB
Texuudeckoro Tutana BT1-0 Tommuuoit 4 u 0,57 mMm [73].

Kanuii, Ipu KOTOPOH HAMpsIKEHHE TEYEHUS NPUHUMAET
MHUHAMAJIbHOE 3HAUYCHHE, PA3JIMYHA JJISl Pa3HBIX CKOPOCTEH
nepopmanmu.

Ha npuBenéHHBIX IpEMepax BOJHOBBIX mpoduiei Bud-
HO, YTO TOCJIE OTXKUTA HE TOJIbKO U3MEHHJICS JUHAMHUYECKUAN
Ipelesl YOpyrocTd, HO M YBEJIMYMJICS MHTEPBAJ BPEMEHHU
MeXOy YNpYyrodl M IJlacTHYecKoi BoiHaMHU. bojee mom-
po6HO 3TOT 3¢ deKT moka3zan Ha puc. 18, Tie ComocTaBICHbBI
pe3ysbTaThl M3MepeHuil [72] aToro mMHTEpBaJa ISl IPO-
KaTaHHOTO M OTOXJKEHHOTO TaHTajla B 3aBUCHMOCTHU
OT mpoilAeHHOro BOJIHOU paccrosiHus. Ha paccrosHmsix
h <1 MM peructpupyeMasi CKOpocTb IJIACTHYECKOM ymap-
HOU BOJIHBI OKa3bIBACTCSl paABHOI 00BEMHOM CKOPOCTH 3ByKa
¢p B TAHTAJle, XOTS MO TEOPHH HOJDKHA IMPEBBIATDH e€; B
HEKOTOPBIX [JPYrUX CJIydasix PErucTpupyemMasi CKOpOCTb
MJIACTUYECKON YIApHOHN BOJIHBI MOXET OBIThH Ja)e MEHbIIIe
CKOpOCTH 3ByKa [74]. Jl03BYKOBasi CKOPOCTh ILIACTHYECKOU
yAapHOU BOJIHBI 4ACTO ACCOLIMUPYETCS C MTOTePel CABUTOBOM
MPOYHOCTU B Tporecce yaapHoro cxartus [75, 76]. Takas
TPaKTOBKA, OJHAKO, MOXET OBITh CIPABEIJIUBOM TOJIBKO IS
CTaIlMOHAPHBIX BOJIH; rpaduk Ha puc. 18 CBUAETENbCTBYET
CKOpEe O NMPOIIECCe YCTAHOBJIEHUS CTALIMOHAPHOCTH yIIPYroi
U TIIacTHYecKor BosiH. HectanmonapHbie mpoIiecchl B peiak-
CUPYIOIIMX cpeax TpeOyroT OoJjiee CIIONKHOTO aHaJu3a, KO-
TOPBIH MOKa enIé He TPOBEACH.
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Puc. 18. MaTepBasisl BpeMeHN MEXAY YIPYToi U MJIACTHYECKON BOJTHAMU
B TAQHTAJIE B COCTOSIHUSIX ITOCTIE IIPOKATKHU M IOCJIe OTKHTa Kak (QyHKINH
NPONHJIEHHOT'O PACCTOSIHUSI.

C HaOJIIOICHUIMHA @HOMAJILHOTO BIIUSIHUSI OTXKHUTA HA Be-
JIMYUHY JUHAMHYECKOIO Npenesa TeKyYeCTH KOPPEIUpPYIOT
pe3yJIbTaThl UccieAOBaHUN 3P QPEeKTOB U3MeIbUeHUs 3EpeH-
HOHM CTPYKTYpbl METOJOM HHTEHCHUBHOW ILIACTUYECKON [ie-
dbopmaruu [77, 78]. B To BpeMs kak Takast oOpaboTka Bcerja
COTIPOBOK/IAETCS] 3HAUUTEIHHBIM BO3PACTAHUEM TBEPIOCTH
MaTepualia, pe3yibTaThl U3MEPEHUIA HATIPSDKCHUST TCUCHUS B
CYOMUKPOCEKYHIHOM AMANa3oHe IJIMTEJbHOCTEH HArpy3Ku
HE CTOJIb OAHO3HAYHBL. [IPpUPOCT BETUYNHBI TUHAMUYIECKOTO
mpe/elia TeKYy4eCTH A TFOMUHUEBBIX CIUTABOB C YMEHBIIICHUEM
pasMepa 3epHa MPUMEPHO COOTBETCTBYET NAHHBIM HHU3KO-
CKOPOCTHBIX WCIbITaHMA; st Tutana BT1-0 m Tantana
BMECTO BO3pACTaHUs IMEET MECTO HeOOJIbIIOe NaACHHS [TU-
HAMHYECKOTO TpeAesia TEKy4YecTH; [JIsi MeAH, Xeje3a U
tuTaHoBoro cmiaBa BT6 3¢dexT cyliecTBeHHO MeEHbIIIE,
4eM B YCJIOBUSIX HU3KOCKOPOCTHOTO JehopMupoBaHUsI.

B xavecTBe npumepa Ha puc. 19 conocTaBiieHbl pe3yib-
TaThl W3MepeHnit [78] npoduieit ckopocTr cBOOOHOI MO-
BEPXHOCTHU ufs(f) 0Opa3loB UCXOTHOTO KPYIMHO3EPHUCTOTO
(CG) u cyomukpokpuctayummueckoro (UFG) Tanrana. Ux
TBEpHOCTL cocTtaBiser 76—79 m 103—-104 emununy HRB
(TBEPIOCTH 1O mIKaJIe B) COOTBETCTBEHHO, T.€. UHTCHCHBHAS

wiactuyeckas nedopmanus npuseia K 30%-HoMy yBesuye-
HUIO TBEpHocTH. TeM He MeHee W3 MPE/ICTABJICHHBIX Ha
puc. 19 skcriepruMeHTaJNbHBIX JAHHBIX BUIHO, YTO BEJIMYMHA
JMIMHAMPYECKOTO Tpeielia YIPYTOCTH oL TOCIe U3Mebye-
HUS 3€PEHHON CTPYKTYPBI OKa3aJ1ach JaXe HECKOJIbKO MEHb-
e, 4eM Il MCXOQHOI'0 KPYIMHO3EPHUCTOTO MaTepuala.
Oco0eHHO HATJISAHO 3TO PA3JINYUe MPOSBIISIETCS B OIBITAX C
obpaznamu TommuHOU ~ 0,65 MM. Dddekt 0O6bsicHEH Ootee
BBICOKOHM CKOPOCTBIO PEJIAKCAIINY HANPSDKEHUI B MEJIKO3ep-
HUCTOM MaTepHase. Y CKOpEHHas! pelaKkcalys HapsDKeHU B
MEJIKO3EPHUCTOM MaTepuaje MpOsBIISIETCS Takxke B OoJjiee
BBICOKOU CKOPOCTH CXXATHS B IJIACTUYECKOHN YIapHOU BOJIHE.

Pe3ynapTaThl mpoBeAEHHBIX HUCCIIEIOBAHUN HEIBYCMBIC-
JICHHO JEMOHCTPHPYIOT aHOMAaJbHOE BIUSHHE YIPOYHS-
FOITIell MeXaHW4IeCKoi 0OpabOTKU Ha CONMPOTHUBIICHIE BBHICO-
KOCKOPOCTHOMY Je(hOpMHUPOBAHMIO U pa3pyiieHuio. deHo-
MEHOJIOTMYECKU MTOHMXXEHUE AUHAMMYECKOTO Mpeiesa TeKy-
YeCTH Ha CXKATHUE MOCJE MPOKATKA MOXHO ObLIO OBl MICH-
tuunupoBaTh kKak mnposiBieHue 3¢pdexra Bbaymmnrepa,
COTJIACHO KOTOPOMY OIpeAeIEHHAs! OIS IUIACTHIECKOil sTe-
(dbopmanum siByIsieTCs 0OpaTUMOIL U He Ta€T BKiIana B iedop-
ManuoHHoe ynpounenue [79]. B monb3y addexra baymmn-
repa rOBOPSIT TaK)Xe MHOTOYUCIJICHHBIE Pe3yJIbTAThl PEru-
CTpallMy MOJIHBIX UMIIYJIbCOB HanpsikeHus [20], mokasbiBaro-
e, 4To Iponecc 1ehopMUPOBAHUS IPH Pa3TPy3Ke MOCe
YIIAPHOTO CXATHSI OTKJIOHSIETCSI OT YIPYTOIIACTHYECKOTO B
CTOPOHY MEHBIINX JIEBUATOPHBIX HAMPSIKECHUIA, & MIacTHye-
ckasg JgedopManus OYeHb 4YACTO HAYMHAETCS HETOCPEACT-
BEHHO 32 ()POHTOM BOJIHBI Pa3rpy3ku 03 KOHEYHOI'O yIpy-
roro y4yactka. MlHasi TpaKTOBKa UCXOIUT U3 TOTO, YTO He-
COBEPIIIEHCTBA CTPYKTYPhI MOTYT CIYXXHUTh HE TOJIKO Ipe-
MATCTBUSMHU JJIs1 IBHKCHUS JIUCIIOKANNN W JBOWHUKOB, HO,
pu OOJIBIINX HAMPSKEHUSIX , M UX UCTOYHUKAMU, TEM CAMBIM
ocnabsiss 3aBUCUMOCTDL Tpefesia TeKy4eCTH OT CKOPOCTH
neOpMUPOBAHHUS.

JJs OHUMAHUSI pe3yJIbTATOB NPOBENEHHBIX JKCIEPH-
MEHTOB, OUEBUIHO, HYXHO MPUHITH BO BHUMAaHKE, YTO IO/
JIEWCTBUEM TMPUTIOKEHHBIX HAMPSKEHHUIA CIIBUTA TIPOUCKOTUT
HE TOJIBKO CMEIlIeHNE TUCIOKAIMMA, HO U UX 3apOoXXACHUE U
pa3MHoOXeHHe. 3apOXKACHUE TUCTOKAIUN TIPOUCXOTUT BOIIH-
3 KOHIEHTPATOPOB HAINPSDKEHUH, KAKOBBIMH SIBJISIFOTCS
HapyIIeHUs] KPUCTAJUINIECKOTO JaJibHEro mopsiaka. Heco-
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Puc. 19. PesyibTaTel n3mepenuii [78] mpoduieii ckopoctu cBo001HOM moBepxXHOCTH 00pa3ioB ucxoanoro (CG) u cyomukpokpucraimieckoro (UFG)
taHTana. LHudpamu y mpodueit ykasansr TosmuHbl 06pasnoB. HR — u3MepenHble 3HaUeHns TBEpOCTH 110 PokBesTy.
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BEPILIEHCTBA CTPYKTYPBl, C OOHOH CTOPOHBI, SIBJISIOTCS
YIPOYHSIOMMM (HAaKTOPOM, a C APYrOod — MPEACTABISIOT
c000¥ MCTOYHUKU HOCUTEJICH TIACTUYECKOU medopManuu
(mucnoxanwmii). VTHBIMU cJTOBaMU, OJHA W Te XK€ AeEeKThI
MOTYT OMPEEISITh TOBBIIIIEHHOE CONPOTHBIICHHE JIe(hOPMU-
POBAHUIO B KBAa3UCTATHUYECKUX YCJIOBHSIX U OBITH MCTOYHH-
KaMH HOCHTEJICH IJIacTHYeCKOU Aedopmanuum — AuciIioKa-
Ouii — TPpU BBICOKUX CKOPOCTSX AehopMupoBaHus H,
COOTBETCTBEHHO, BBICOKHX HAINPSDKEHUSIX U TEM CaMBIM
MOTYT MOHMXXATh CONMPOTUBJICHUE MJIACTHISCKOMY TepOpMHU-
poBaHu0. VI3 NpuBeIEHHBIX JAHHBIX CICIYET, YTO Pa3JIMINEe
CKOPOCTHBIX 3aBUCHUMOCTEH MOXET OBITh HACTOJILKO 0O0JIb-
[IMM, 9TO C MEPEXOJOM OT KBAa3UCTATUYECKOTO K BBICOKO-
CKOPOCTHOMY HATPYXEHHIO BIHMSHHE JTHX Ae(eKTOB Ha
HApsDKEHUE TEUCHISI MOXKET U3MEHSITh 3HAK.

3.2. TemnepaTypHO-CKOPOCTHBIE 3aBHCHMOCTH
HANpsIKEeHNs] TeYeHNs] Ha Pa3HBIX CTaTUAX
YAapHO-BOJIHOBOIO J1e(hopMHPOBAHHASI METAILIIOB

Ha pucynxke 20 npeacTaBiieHbI 9KCIEPIMEHTATbHbBIE TAHHBIE
[80] o TeMmepaTypHO-CKOPOCTHOW 3aBHCHUMOCTH HaIIpsikKe-
HUs TCUYCHUs BBICOKOYHMCTOTO AJIOMHHHS B AMana3oHe
ckopocTeit nepopmaruu 10* —10° ¢!, momydennsle M0 H3Me-
peHHSIM 3aTyXaHWsI YIPYTOro MPEeIBECTHUKA M IIHPUHBI
IJIACTUYCCKOM yJaPHOM BOJHBI MPH TEMIIEPATypax BIUIOTh
JIO TOYKY TUIABJICHHsI. BUIHO, B 4ACTHOCTH, YTO IIPU TOM XKe
HAIPSOKEHUH CABUTa CKOPOCTH MJIACTHYECKOW medopMarmu
BO3pacTaeT Mo KpaiiHeil Mepe Ha MopsiIok mocie aedopma-
UM B YAApHOH BOJIHE, cocTaBJsitoleit ~ 2 %. HampsokeHue
CHABUTAa B yNPYrOM MpPEIBECTHHKE THgl CBS3aHO CO CKO-
POCTBIO ITACTUYECKOU TeOpMAIMH j COOTHOIICHUEM

theL = A7 (14)
rie o = 0,88—1,148(T/Tpy) + 0,598(T/ T)* — nokasatensb
CTETEeHN B SMIUPUIECKOM COOTHOIIEHNH (6) IJIsI 3aTyXaHUs
npeaBecTHUKA, Bappupyercs ot 0,33 mo 0,6 (7, =934 K —
TeMIepatypa IUJIaBJICHUS aTIOMUHHS), a kodddunuent A
JIMHEWHO BO3pacTaeT C YBEJIMYEHUEM TeMIepaTypbl: 4 =
= 0,01557—4,07 mpu pa3zMepHOCTSX BeJIMYNHBI HATIPSDKEHUS
[MIla] u ckopoctn aedopmamuu [c~!]. VEBIME croBamH,
HavaJbHASl CKOPOCTh IUIACTHYECKOH AedopManuu 3a (HpoH-
TOM YIPYToro INPeaBECTHHKA BO3PACTAET C HAMPSDKEHHEM
IPUMEPHO MPONOPIHOHATILHO TPEThE CTENEHU ITOCIIEHETO.
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Puc. 20. 3aBECHMOCTH HAYaJIbHOTO HANPSDKEHUS! TedeHHs (JIMHHHU) U
HATPSDKEHUS TeYeHUs mocie 2%-Hoi aeopManuu (TOYKH) OT CKOPOCTH
IUTACTHYECKON ehopMalui ¥ TeMIepaTyphbl Ui BHICOKOYUCTOrO aJo-
MUHHUSL.
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Puc. 21. TemnepaTypHbIe 3aBUCHMOCTH HAYaJIbHOTO HAIPSDKEHHS Tede-
HUSI B YUCTOM QJIFOMUHHY IPH TPEX (PUKCHPOBAHHBIX CKOPOCTSIX IUIACTH-
yeckoil neopmarmn. JIMHEHHBII XapakTep 3aBUCHMOCTEI coracyercst ¢
(hOHOHHBIM MEXaHU3MOM TOPMOXKEHYSI IUCIOKALMH.

Ha pucynke 21 HanpsiKeHHs TeYeHHS B yIPYroM Ipen-
BECTHUKE U3 puc. 20 MpeICTaBJICHBI B BUIE UX 3aBUCUMOCTEN
OT TEMIIEPaTypbl MpH TPEX (PUKCUPOBAHHBIX 3HAUYCHMSIX
CKOpPOCTH TIacTu4eckoi aedopmanuu. JIMHEHHBIN Xxapak-
Tep 9TUX 3aBUCHUMOCTEH COTJIACYeTCsl C MEXaHU3MOM TOPMO-
JKEHUSI AUCIIOKAIMii (POHOHHOM Bsi3KoCcThI0. C APYroi cro-
POHBI, CHJIbHAS 3aBUCHMOCTh HAYaJIbHOW CKOPOCTH TJIACTH-
Jyeckoit AehopManuy OT HANPSDKEHUs] TPOTUBOPEUUT MeXa-
HU3MY (OHOHHOW BSI3KOCTH NPH IJIOTHOCTU MOJBUKHBIX
IUCIOKALNN, COOTBETCTBYIOIIEH HMCXOJHOMY COCTOSIHUEO
MaTepHaa.

CKopocTh IJIACTUYECKO# nedopManuy CBsi3aHa C IJIOT-
HOCTBIO TOJBMKHBIX JUCIOKAIMA U UX CPETHEH CKOPOCTHIO
HU3BECTHBIM cooTHoIIeHneM Oposana (1). 3HaueHus II0THO-
CTH NOABWXKHBIX auciiokamuii 107 —10° cm 2, HeoOXoauMBbIe
st obecrieueHNs] HAOJFOJAeMBIX HAYaJbHBIX CKOPOCTEH
MJIACTHYECKOH NeopManmu, MpeBhIIAIOT OOBIYHYIO IMOJI-
HYIO TUIOTHOCTH JTUCIIOKAIUN B OTOMOKEHHOM YHUCTOM Me-
tanne, pasayro 106 —107 cm—2. CrnefnoBaTesbHO, A7 OMUCA-
HUSl BBICOKOCKOPOCTHOH AedopManuy B AUCIOKAIMOHHBIX
TepMHUHAX HEOOXOAMMO TMPENNnojaraTb MX HWHTEHCUBHOE
3apOXKICHUE TN PAa3MHOKEHHE MO ASHCTBUEM MPHIIOKEH-
HbIX HanpspkeHu#. [1o10OHBIE pe3yTbTaThl MOJYYSHBI IS
cepebpa [74] u meau [71], Taxxe umerommx cTpyktypy I'LIK.
MonekyIsipHO-IUHAMHUYECKOEe MOJIEIUPOBAHNUE [IBUKEHHS
mucnokanui B [LIK-mertammax [81, 82] moarBepxkmaet
3HAYUTEJbHBIA POCT HAPSDKEHUSI, TPEOYEeMOTO ISl HOIIep-
KaHUSI UX CKOPOCTH, C TEeMIEpaTypoil, 4TO OOBSICHSETCS
yBeJIMUeHAEM (POHOHHON BSI3KOCTH; MEXaHHU3MBI OBICTPOTO
Pa3MHOXEHHSI OCTAIOTCS HE BIIOJIHE SICHBIMH.

C npyro#t cTopoHbI, MeTajibl co cTpykTypoir OLIK
(xene3o [83], tantan [72], Banaauii [72]) JEMOHCTPUPYIOT
HECKOJIbKO OTJIMYHOE IOBeACHUEe B ITUX YCIOBHSX. s
mpuMepa Ha puc. 22 MpeICTaBJICHbI Pe3yJIbTAThl H3MEPEHUI
3aTyXaHWsl yNPYroro MpeIBECTHUKA B TAHTAJIe BBICOKOU
4icTOThl. HecMOTpsi Ha 3HAYMTENBHBIA pa30poC 3KCIEPH-
MEHTAJIbHBIX JaHHBIX, KOTOPBIHA, MO-BHAUMOMY, BOOOIIE
xapaxteped 1 OLIK-mMeTanios, n3amMepeHnst Ipu KOMHAT-
HOI TeMIrepaType 4€TKO NEMOHCTPUPYIOT MEPEXO]] C BBICO-
KOCKOPOCTHOM BETBH 00I1Iel 3aBUCUMOCTH CKOPOCTH Jieop-
Malluy OT HaNPSDKEHUs] HA HU3KOCKOPOCTHYIO BETBB 110 Mepe
3aTyXaHUsl TpenBecTHHKA. Takoll mepexond, pasymeercs,
umeer Mecto u s ['LK-mertannoB, HO mpoucxoauT oH
MIPH 3HAYUTETHHO MEHBIINX HAMPSDKEHUSX B YIIPYTOM Tpe/-
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Puc. 22. 3aryxaHue ynpyroro npeaBecTHHKa B TaHTase [72] mpu HOp-
MAaJIbHOH U TOBBIIICHHBIX TEMIIEPATYPAx.

BectHuKe. B oTtnuume ot 'LIK-meranios, B JaHHOM cityuae
HE PETUCTPUPYETCS] aHOMAJBbHOE BO3pACTAHUE TMHAMUYE-
CKOT'0 Tpenesia YIPYroCTH IPH YBEJIUYEHUH TEMIIEPATYpHI.
Habronaemoe ymeHbllleHuEe JUHAMHYECKOTO MIpeesia yIupy-
TOCTU NPHU HArpeBe OCOOEHHO 3HAYUTEJILHO ISl 00pa3loB
TOJIIMHOW Oojiee 1 MM; Il TOHKUX OOpA3LOB BJIMSIHHE
TeMIepaTypsl HeBenmko. Criabasi TemuepaTypHasl 3aBHCH-
MOCTh TIOJIydeHa TakXe B MOJIEKYJISIPHO-INHAMHIECKOM
MoaeupoBaHuU [84] IBUXKEHUS TUCIOKAIMI IPH HATIPSIKe-
HUSX BB HampspkeHus [laifepiica; mpu MEHBINUX HAIpS-
KEHUSIX ABIDKEHUE TUCIOKALUI UMEET BBIPAXKEHHBIH TEPMO-
(dbaykTyanmoHHbIN XapakTep. PaccMaTpuBas conpoTUBJicHHE
JIBIKEHUIO JMCIIOKAIMHA KaK CyMMY BKJIAJIOB HAIIPSDKCHUS
[Maitepica u GoOHOHHON BS3KOCTH, CIA0YIO0 TEMIEPATYPHYIO
3aBUCUMOCTh MOXHO MPEACTABUTH KaK Pe3yJIbTAT MPOTHUBO-
MOJIOXHBIX TEMIIEPATYPHBIX 3PPEKTOB B 3THX COCTABJISIFO-
LIHX.

Mertasbl ¢ [ TTY-cTpykTypoii 0OObIMHO MEHEe MJIACTUYHBI
W B YACTOM BHUJE HUMEIOT CKJIOHHOCTh K 0Opa30BaHUIO
KPYIHO3EPEHHOU CTPYKTYPBI, UTO 3aTPYAHSIET IPOBEACHUE C
HUMH TIOJOOHBIX HccienoBanuii. K Hacrosimemy BpeMeHH
MOJIyYEHBI 3KCIEPUMEHTAIbHbIE JAHHbIE JIUIIb IS CIUIaBOB
(WM METaJIIOB C TIPUMECSIMHU) U MOHOKPHUCTAJLIIOB.

Ha pucynke 23 moxa3zaHbl pe3yabTaThl m3Mmepenuit [73]
3aTyXaHHUs YIPYTOro NpeIBECTHUKA B OTOXKEHHOM TEXHH-
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Puc. 23. 3atyxanue ynpyroro npeasecTHuka B Tutane BT1-0 mpu HOp-
MaJIbHOM M HOBBIIIEHHBIX TemnepaTypax [73]. opgL — AMHAMUYECKUI
Tpejesl yupyrocTy, paBHbIM HANIPSDKEHUIO CKATHS B YIIPYTOM IIPEIBECT-
HHKe, ¥ — HanpspKeHHe IIAaCTUYECKOT O TeYeHHUsI.
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Puc. 24. 3aBucuMOCTH CKOPOCTH IUIACTHYECKOH AeOopManuH OT BeJIHIH-
HBI CIBUT'OBOT'O HAIIPSDKEHUSI B yIPYTOM Ipe/IBeCTHUKe 1ist TuTana BT 1-0
NpH HOPMAJIbHOM TemmnepaType (cruromHas jJuHus) 1 npu 600 °C (rpu-
xoBast siuHus) [73]. BepTHkaabHbIe JIMHUM MOKA3bIBAIOT I'PAHUIIBI UCCIIE-
JIOBaHHON oOslacTu mapameTpoB. Kpyrible Mapkepbl, COCIUHEHHBIC
IITPUXIYHKTHPHOH JIMHUEH, MPEACTABISIOT CKOPOCTh Ae(opManud B
MJIACTHYECKOH yaapHoii BoJHe [36].

yeckoM tuTane BT1-0. Ha rpaduke BUAHO, 4TO TUHAMMYE-
CKUI Ipeesl YIPYTrOCTH HECKOJIBKO YBEJIMUMIICS IPU MOBBI-
mIeHHOM Temrnepatype. OQHAKO 3TOT MPUPOCT HEZHAYNTEIICH
U 3HAYCHUS HANPSDKEHUS TCUCHHUS, PACCUMTAHHBIC 110 3TUM
JTAHHBIM C YYETOM TEMMEPATYPHBIX 3aBUCUIMOCTEN MOIyJIei
YIIPYrOCTHU, OKa3bIBAIOTCS yKE MPAKTHYECKU HEUYBCTBUTEIIb-
HBIMU K TemriepaTtype. Ha pucynke 24 comocraBisroTcst 3a-
BHCHMOCTH CKOPOCTH AehOpMaIlUK OT HATPSDKEHUS B YIIPY-
TOM IIPEIBECTHUKE M B IJIACTUYECKOH yaapHoii BosiHe. Kak n
JUJTSL IPYTUX METAJIJIOB, CKOPOCTh JieopMalluy B TIACTHYE-
CKOM ydapHOW BOJIHE HPU TOM XK€ HAINpPSDKEHWHM CHABUTA
OKa3bIBAETCSl MPUMEPHO Ha MOPSAOK OOJNbIIEH, YeM HayaIb-
Hast CKOPOCTh MJIACTHIECKOH MeopMaIiy B yIPyroM Ipe-
BecTHUKe. B cocrosiHnm mociie mpoxatku [36] 3aTyxaHmue
MPEBECTHUKA HE3HAYUTEIBHO, BEJIMYMHA JTUHAMHYECKOTO
npejesia YIpyrocTd Bo BCEM JUAIA30HE MPOUJIEHHBIX BOJI-
HOU pPACCTOSIHUM OCTAETCSl MOYTH HEM3MEHHOU U COOTBET-
crByroieit BemunHe HEL B oToxok€HHOM MaTepmaie Ha
OOJIBIIINX PACCTOSIHUSIX, & CKOPOCTh CXKATHUS B IJIACTHYECKOM
yIapHOW BOJIHE NPUMEPHO Ta €, YTO U B OTOXIKEHHOM
MaTtepuale.

3.3. IloBeieHEe MOHOKPHCTAJLIIOB
[pH y1apHO-BOJHOBOM HAI Py KeHHH
V1apHO-BOJIHOBBIE HCCIEJOBAHUS YIPYTOMIACTUISCKIX
nepopManuii 1 paspylmieHAss MOHOKPUCTAJIOB 3aHUMAIOT
0coboe MeCTO, TaK KakK IO3BOJISIIOT Pa3/eUuTh BKJIAbI
PA3JIMYHBIX MEXaHU3MOB 3aPOKACHUS U PA3BUTHSI IJIACTHYE-
ckux nedopmarnmii v pazpymieHust. [1o TOHATHBIM MIPHYTHAM
9KCIEPUMEHTHI C MOHOKPHCTAJIIAMHI METAJUIOB HEMHOT OYH-
cJIeHHBI. BeposiTHO, HAMOOJIbIIEe UX KOJIMIECTBO MPOBEICHO
¢ MeTaJUIaMH, UMEIOIIUMU TeKCArOHAIBHYIO TIOTHOYIIAKO-
BAHHYIO CTPYKTYpY: ¢ Oepuimem [85], muHkom [86, 87] u
maruuem [88, 89]. MccnenoBanuch Takke MOHOKPHUCTAJUIBI
METAJUIOB ¢ OOBEMHOLCHTPUPOBAHHON KYOMUIECKOW CTpPYK-
Typoii: moymbaeH [90] u TanTan [91, 92] — u ¢ rpaHeneHT-
PUPOBaHHON KyOMUYECKOW CTPYKTYpOi: Me b [93], aslroMuHAN
[47, 94].

Ha pucynke 25 conocTaBjieHbl BOJIHOBbIE Tpoduiu st
AIIFOMUHHSI B PA3JIMYHBIX COCTOSIHUASX MPH HOPMAJILHOW U
MOBBIIICHHON TeMriepatypax. [JJnHaMIUecKuil mpeiest yupy-
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Puc. 25. Conocrasienue npoduieii CKopocTH CBOGOAHOM MOBEPXHOCTH ISl TEXHUYECKOTO aTtfoMUHUSL AJl1, MOHOKPUCTAJIHYECKOTO aJFOMUHUS 1
BBICOKOYHCTOT0 HOJIMKPHUCTAJIINIECKOTO AJIFOMIHUS IPH HOpMasIbHOU TemmepaType (a) 1 620—630°C (6) mo ganusM pabort [33, 47, 80]. Tommmuuna

00pasmos 2—3 Mm.

TOCTH AJIIOMHUHUS HEBBICOK U ITPU KOMHATHOH TeMIepaType B
JTAaHHOM MaciTabe pa3/inuusi B 3aBUCUMOCTU OT CTPYKTYP-
HOTI'O COCTOSIHMSI HE BUIHO. MOHOKpHCTAILI, HE COAEPKAILUN
KPYIIHBIX BKJIIOYEHUH, KOTOpPblE MOIJIM ObI CTaTh O4aramu
3apOXKACHUS Pa3pyLIeHNUs, JEMOHCTPHUPYET HAauboJIIee BICO-
KO€ COTMPOTHBJIEHUE OTKOJIbHOMY pa3pyiieHuto. OTKoJIbHAS
TPOYHOCTh BBICOKOYHUCTOT'O TMOJIMKPUCTAJUINYECKOTO AaJIto-
MUHHST HECKOJIBKO HIDKE, 4 TEXHHMUYECKUN aJIFOMUHUHN Xapak-
TEPU3YETCs €1l MEHBLIUM 3HAYEHUEM Pa3pyIIAOLLIEro Ha-
MpspDKEeHUs Tpu oTkoJie. [1pu BhICOKOW TeMrepaType aMILIH-
TyJa YHOpyroro mpeaBecCTHUKA M COOTBETCTBEHHO BEJIMYMHA
JNIMHAMHUYECKOTO TIpenesia YIPYroCTH MHOTOKPATHO BO3-
pociu. [1py 3TOM B YMCTOM MOJIMKPUCTAIIINIECKOM AJTFOMHU-
HUM 1 B MOHOKpHUCTAJLIE Ha (PPOHTE MpeIBECTHUKA CPOPMHU-
poBaJICsl XapaKTEPHbIN MUK HANPSHKEHUS, CBUJIETEIbCTBYIO-
IUH 00 YCKOPSIFOIICHCS peTakcalliy HATIPSKCHUS, 4 B CJTydae
TEXHUYECKOT'0 aJIFOMHUHUS aMILIATY/A MPeIBECTHUKA OKa3a-
JIACh HECKOJIbKO MEHBINEH W (opMa €ro Mo CpaBHEHHIO C
KOMHATHOU TEMIIEpaTypoil He U3MEHWJIACh. Y CKOPEHHE pe-
JIAKCallUM €CTb, BEPOSTHO, PE3yJbTaT MHTEHCHUBHOIO pa3-
MHOXEHHSl JUCJIOKaIlil. B TeXHHYEeCKOM aJllOMHUHMM HMe-
€TCsl, OYEBUIHO, JOIOJHUTEIbHAS BO3MOXXHOCTb 3apOK/Ie-
HUS HOBBIX TUCJIOKANUi HA yacTuax npumeceit. OTKoJIbHAS
MPOYHOCTH BOJIM3U TEMIEPATYPHI IUIABJICHNUS] YMEHBIINAIACH
JUIS1 BceX TPEX MaTepuajioB, B HAUOOJIbILIEH CTENEeHN — IS
TexHH4eckoro ajgroMuuus. Ilociennee, no-suauMomy, cBs-
3aHO C HAYaJIOM 3€PHOI'DAHMUYHOIO IUIABJICHUS NPU TEMIle-
partype, MEeHbIIIEeH TepPMOAMHAMUYECKON TEMIIEPATYPHI ILJIAB-
JIGHUSI A TFOMUHUS [55].

ITpu Boicokolt cummerpun I'LIK-pemérku TpyaHo 0xu-
JaThb OOJIBIIMX BapHalui HPOYHOCTHBIX XapaKTEPUCTUK
KPUCTAJUIOB B 3aBUCMMOCTM OT HallpaBJIEHUs yJapHOU
Harpy3ku. B aTom oTHOIEHWN Hambojiee MHTEPECHBIE pe-
3yJbTaThl HoJy4ueHsl B onbiTax ¢ I'TIY-kpucramiamu. Hike
TIPUBEJCHBl HEKOTOPBIE PE3YJIbTATHI IKCHEpUMEHTOB [88] ¢
MOHOKpHCTAJIJIAMH MarHusl.

Mexanusm nedopMany MarHusi BKJIFOYAeT TPH XOPO-
IO U3BECTHBIE CHCTEMBI CKOJIbKCHHUS: NEPBUYHYIO Oa3uc-
HYI0, IPU3MAaTHYECKYIO U IHpaMunaibayro. Ecim 6asucHoe
CKOJIb)KEHHE TOJIaBJICHO, TO 3HAYMTEJIbHBIA BKJIAJ B ILIAC-
THYECKYIO aedopMaluio OKa3bIBaeT IBOWHUMKOBaHuWe. Jljs
YAApPHO-BOJIHOBBIX M3MEPEHMM BaXHO, 4TO, M3MEHssl Ha-
[IPaBJICHUE PACIPOCTPAHEHUS] BOJH OTHOCUTEJIBHO Ocei
KpHCTaJUla, MOKHO M3y4YaTh IJIACTUYECKOE TEYEHHE B Kaxk-
nou cucteme otAenbHO. [lepBruuHOe 0a3uCHOE CKOJIbKEHHE

JIOJDKHO HAOJIIOAATHCS TIPH YAAPHOM CXKATHU B HAINpaBlie-
HUH, HAKJIOHHOM K OCH ¢ KpHCTaJlla. BropuuHoe npu3martu-
4eCKOe CKOJIbXKEHHE aKTUBUPYETCS MPH PACIPOCTPAHCHUU
BOJIHBl B HAIIPaBJICHUH, NEPIEHAUKYISIPHOM OCH CHMMET-
pUU KpHUCTAJIa ¢, KOTJa B NEPBUYHON Oa3MCHON cucteme
CKOJIbXEHHS OTCYTCTBYIOT CABUTOBbIe HampsbkeHus. Hako-
Hell, TPeThs, NUPAMHUAAIbHASI, CHCTEMa CKOJIbLXECHUS U
JIBOWHUKOBAHMSI IOJDKHA AaKTHBAPOBATHCS IPH PACIIPOCTPA-
HEHUH yIapHOM BOJIHBI BAOJb OCH ¢ KpUCTAJLIA.

Ha pucynke 26 comocTaBIsitOTCS BOJHOBBIE Npoduiy,
M3MeEpPEHHbIE MTPH yIapHO-BOJIHOBOM HATPY)KEHUH B HATIPAB-
JICHUU OCeH ¢ M ¢ KPUCTAJIIA U MO YIJIOM 45° OTHOCUTENIBHO
ocu c¢. Pe3ynbraThl m3MepeHHN UYETKO JIEMOHCTPUPYIOT
3aBUCHMOCTb TUHAMHYECKOTO Tpeesia yIPYTrOCTH U OTKOJIb-
HOW MPOYHOCTU OT HAIMPABJIEHUS MPUIOXKEHUS YIapHOU
Harpy3ku. Kak v 0KHaJIOCh, CKOJIb)KEHHE BIO0JIb OA3UCHON
mockocTH (0001) IpOUCXOIUT MPU HAMMEHbBINIEM 3HAUYCHUN
CABUTOBOTO HATPSDKEHUST W JA€T HAaWMEHbIllee 3HAUYCHUE
JMUHAMUYECKOTO Mpe/iesia YIPYroCTH MPH yIAPHOM CKATHUH.

Ha pucynkax 27, 28 geMOHCTpUpPYETCS BIMSHUE TEMIIC-
paTypbl Ha BEJIMYMHY AMHAMHYECKOTO Ipeneia ynpyrocTu
MOHOKPHUCTAJUINYECKUX 00Pa3MOB MarHusl IBYX OpPHEHTa-
muit. OXHUIaJIoCh, YTO CHJIBI ()OHOHHOH BSIBKOCTH MOTYT
OBITh CPAaBHUMBI C HANPSDKCHHEM TeueHWs] B Oa3MCHOM
IJIOCKOCTH, 4TO JOJDKHO BBI3BATb BO3pACTAHME AMHAMMYE-
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Puc. 26. TITpodusm ckopocTu cBOOOTHON MOBEPXHOCTH MOHOKPHUCTAIIU-
YeCKUX 00Pa3OB TOJIIMHOMN 2 MM TPEX Pa3IMYHBIX OPUEHTALIMIM.
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Puc. 27. Ilpodumu cxopocTH cBOOOTHOII NMOBEPXHOCTH OOpasloOB ¢
opueHTanyei 45° mo oTHomeHuro k wiockocty (0001) mpu HOpMaIbHOU
U TIOBBILLIEHHO! TeMIlepaTtype.
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Puc. 28. ITpoduiam ckopocTr CBOOOAHON HOBEPXHOCTH 0OPA3IIOB TOJIIIH-
HOit 3 MM ¢ opuentamuerd (0001) npu HOpMaJIbHON M TOBBILIEHHON
TeMmeparype.

CKOTO IIpeJiesia YIPYTOCTH C YBEJIMUEHUEM TeMIIepaTyphl IpU
yIAPHOM CXKATHU B HAKJIOHHOM HANpPAaBJICHUH. DKCIEPH-
MEHTBHI TOJTBEPXKIAIOT 3TO MpeanoJioxeHne. Heoxumgan-
HBIM 0Ka3aJI0Ch BO3pacTaHUE JIMHAMHUYECKOTO IIpejesa
YOPYTOCTH C YBEJIMYCHHEM TEMIIEpaTypbl NpU YAAPHOM
CXKATUM B HAIIPABJICHUU OCH ¢ KPUCTAJLJIA, KOTJa IUIacTUye-
ckas aeopManus NpoUCXoaUT € YIaCTUEM ABOMHUKOBAHUS
W HANpSDKEHWE TeYeHWs BeJIuKo. PacuéT HampspkeHuUd B
MJIOCKOCTSIX TUIACTHYECKOTO CIIBUTA C YYETOM TeMIepaTyp-
HBIX 3aBUCHMOCTEH MOJyJIeHl YIPYrOCTH IOKA3bIBAET, YTO
3 deKT 3HAYNTEIHLHO MEHBIIIE, HO BO BCSIKOM CJIyYae HATpS-
JKEHHUE BICOKOCKOPOCTHOT O TIACTUYECKOT'O TEUEHHS 10 BCEM
HAIPaBJICHUSIM B KPHCTAJLJIe HE YOBIBAET C HATPEBOM.
HHTepecHo#t 0COOEHHOCTBIO MPEICTABIEHHBIX BOJTHOBBIX
npoduneir sBiseTcss GOPMHPOBAHUE IBYX IJIACTHYECKUX
BOJIH TP PACHPOCTPAHEHWU HA OTHOCUTEIBHO OOJIBIIOE
paccrosinue. J1si opueHTANUMN HATPY3KH BAOJIb U TIEPIICH M-
KYJSIPHO OCH CHMMETPHM KPHUCTAJIa ¢ JOMOJHUTEIbHAS
CTyleHbKa Ha mNpoQuiie IUJIACTUYECKOH YAApHON BOJIHBI
MOSIBIISICTCSI B PE3YJIbTATE MEPEOTPAKEHHIIA YIIPYroro Ipe-
BECTHHKA MEX/Y CBOOOJHON TOBEPXHOCTHIO U TUIACTHYECKON
ynapHoil BosiHOU [5]. OgHako 3TO OOBSICHEHHE HE MOXKET
OBITb BEPHBIM U1 O00PA3LOB C HAKJIOHHOW OpHUEHTAIUEH,
r7e OUHAMMYECKMH Tpenei YOpYroCTH CIHIIKOM Mall.
HyxHo ckazaTth, 4TO paciierieHue miacTUYeckol yaapHoi
BOJIHBI NpH €€ paclpoCTpaHeHHH IMOJ yrjiom 45° k ocu

KpHCTaJl1a, KOTOPOE TaKkXe HabJIF0IaJIOCh B AKCIIEPIMEHTaX
¢ MOHOKpHCTaUIaMu Oepusuius [85], MpOTUBOPEUUT TEOPUU
pacupoCTpaHeHus MIIOCKUX BOJH B AaHM3OTPOIHBIX YIPYIro-
IJIacTUYeCKuX cpenax [95].

O6pazoBaHue TONOJHUTEIBHON CTYIIEHHKU Ha BOJITHOBOM
npoduie B o6pasue ¢ opueHTanue 45° MOxeT OOBICHITHCS
AKTHUBUPOBAHUEM CHCTEM CKOJIbXKEHHS! 00Jiee BHICOKOTO TO-
psanka. IIpm 0THOOCHOM CXATUH CKOJIbKCHUE B HAKJIOHHBIX
6asucHbIX mIockocTsX (0001) MoxeT obecreynTh peslakca-
[UIO TIPOJIOJIHLHON M OJTHOM M3 MOMEPEYHbIX KOMIIOHEHT Jie-
BHATOPHBIX HATPSDKEHUH, HO HE MOYKET MPUBECTHU K peJlakca-
UM TPEeTbell KOMIIOHEHTHI C HOPMAaJIblO B HANPABJICHUH Z.
Ilo »To¥ mpuuKMHE PAa3HOCTH HANPSIKEHUH 0, —0, TPOIO0JI-
JKaeT HapacTaTh MO Mepe CXKATHUs, HECMOTPSl Ha TO UYTO
TIPOUCXOAUT CKoJIbxeHHue B mtockoctu (0001) u BropuuHas
CcUCTEMa CKOJIbXKEHUS JIOJDKHA aKTHUBUPOBATHCS, KOTIa pas-
HOCTb HAIIPSDKEHUH 0 — 0, CTAHET JOCTATOYHO OOJIBIIOMN.

Ecnu nBa xaHana penakcanud HANPSDKEHUNH aKTUBU-
PYIOTCSl OZIMH TIOCJIE APYroro, TO €CTECTBEHHO MPEATOJIO-
KUTh, YTO TepBas IUIACTUYECKasl yAapHasi BOJIHA JIOJDKHA
OBITH TOIO0HA YIIPYroMy MPEABECTHUKY B CMBICIIE OIpEe-
JIEHHOW CKOPOCTH paCIpOCTpaHEeHUs U cJ1aboil 3aBUCKMOCTH
eé mapamMeTpoB OT KOHEYHOI'0 JAaBJIEHUS YAAPHOIO CXKATUSI.
7151 mposiCHEHUSI BOJTHOBOM TMHAMUKH IPH yIAPHOM CKATUU
B HAKJIOHHOM HATIPABJICHUH IMPOBEJICHBI JOTOJIHUTEIbHBIE
9KCIIEPUMEHTHI C BAPbUPYEMBIM JaBJICHUEM yIIAPHOTO CXKa-
THsl. Pe3ysibTaThl moka3zanel Ha puc. 29. V3 npuBen€HHBIX
JAaHHBIX BUJIHO, YTO MapaMeTphl 3a MEPBOM MIACTUYECKOM
BOJIHOW TEM BBIIIIE, YeM OOJIbIlle KOHEYHOE JABJICHHE yaap-
Horo cxatud. [TogobHast 0COOEHHOCTb BOJIHOBOM IUHAMUKU
HAO0JII01aJIACh IPH PACTPECKUBAHUH yIAPHO-CKATOTO CTEKJIIA
B BoJiHAx paspymenns [5]. CKOpocTh BOJHBI pa3pyIIeHUS
OIIpPENeIICTCS CKOPOCTBEO POCTA TPEIIMH, OYeHb cJIado
3aBUCUT OT JaBJICHHS M HE CBs3aHA HEMOCPEACTBEHHO CO
CKHMAaeMOCTBIO MaTepHaja, U3 4ero cjeayeT, YTO Hamps-
JKEHHOE COCTOSIHHE Tepea BOJHOW pa3pylleHHs Ompese-
JISETCSl apaMeTpaMH COCTOsiHUS 3a Hell. 1o anamormm c
BOJIHOU pa3pyIIeHUs MOXHO TIPEANOJI0KUTD, YTO JOTOJIHH-
TesbHast "cTynenpka" Ha BOJHOBBIX IIPOQUIISX 00pa3IoB Ha-
KJIOHHOW OpHEHTAINH CBSI3aHa C pacpocTpaneHneM ppoHTa
JIBOMHUKOBAHMSI KPUCTAILIA.

DK30THYECKAS IS METAJUIMYECKUX MATEPHAJIOB BOJIHO-
Basi KOHPUTYparus 0e3 ONepekaroIero yupyroro npeaBect-
HHKa HaOJII0/1aJ1ach B 9KCIEPUMEHTAX ¢ MOHOKPUCTAJIAMHI
nuHka [87] (puc. 30). I1pu BeMunHE MacCOBO# CKOPOCTH 10
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Puc. 29. TTpodusm ckopocTu cBOOOIHOM MOBEPXHOCTH 0OPA3II0B TOJIIIIH-
HOM 2 MM C OpHeHTaLuel 45° pu pa3JMYHbIX JABJICHHUSIX YIAPHOTO CKATHUSI.
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Puc. 30. [Tpoduiau ckopocTr CBOOOIHOM MOBEPXHOCTH 0OPA3IOB I[HHKA
tomuuHoit 0,25—-0,5 MM ¢ opuenTtanueit (0001) npu pasiu4HbIX 1aBie-
HUSIX yaapHoro cxaTus [87]. Y napHble BoJHEI ¢ naBiaeHueM 6oiee 30 I'Tla
TEHEPUPOBAJIUCH IETOHALMEN 3apsiia B3PbIBYATHIX BEIIECTB B KOHTAKTE C
3KPaHOM; B OCTaJIbHBIX CJIy4asiX OCYIIECTBJISIOCH COYIapeHUE MJIACTHH.
Vka3aHbl MaKCHUMaJIbHbIC 3HAYECHUS CKUMAIOLIMX HATIPSHKCHUIT 32 ppOH-
TOM yaapHoii BosubI B [ TIa].
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Puc. 31. V3MeHeHHe IWHAMHIYECKOTO IpeAesia YHOPYrocTd H (OpMbI
YIPYroro NpeaBEeCTHHKA BOJIHBI yIAPHOIO CXATHs B YHCTOW Memu C
YBEJIMYEHUEM TemIepatypbl ucnbiTanuil [71]. V3mepenust npoBeseHb
IIPU CKOPOCTH yapa MeIHOI IIIacTHHOM-yaapHikoM 161 + 8 mc!.

~ 1 xmM ¢! (manmpsxenne cxatus ~ 14 I'Tla) BoHa cxaTus
(akTHYECKH TpEACTaBJseT cOoOOH CKAyOK HapaMeTpoB C
BpeMEHEM HapactaHus He Oojiee 1—1,5 HC, 3a KOTOPBIM
cienyeT o0JyiacTh TOCTOSHCTBA HapameTpoB. C yBemmue-
HUEM JIaBJICHUS] YAAPHOTO CKATHS 3a yIapHbIM (ppoHTOM
MOSIBJISIETCS. 0OJIACTH OTHOCUTEJIBHO TUIABHOTO HAPACTAHUS
IapaMeTpoB, [JIMTEIBHOCTb KOTOPOTO COKPAILAETCsl IO
Mepe BO3pacTaHMsi MHTEHCUBHOCTU yJaapHoil BosHbI. Ecte-
CTBEHHO MPEANOJIOKHUTD, YTO MOSIBJICHUE ITOT'O JUCCHIIATHB-
HOTO y4acTKa O3HayaeT HavaJio IIaCTHIeCKOro aedopmupo-
BaHMS B yaapHoi BoJsiHe. CoKpallleHne JJTUTEIbHOCTH 00Jia-
CTH peJaKcallii HANpSDKEHWH C yBEJUYCHUEM JaBJICHUS
YIAPHOTO CXXATHsI, OYEBUIHO, UMEET TY XK€ MPUPOJLY, YTO U
00BIYHO HAOIIOAAEMOE YMEHBILICHHE IITMPUHBI TIJIACTHYECKUX
YIapHBIX BOJH.

3.4. DddexTh pasMHOKEHHS TUCTOKAIMIA

CuiibHast 3aBUCMMOCTb Ha4aJIbHOM CKOPOCTH IJIACTUYECKOM
nepopmanuu 3a GpPOHTOM YNPYroro mpeaBeCTHHKA OT
HAMPSDKEHUS! TPOTHUBOPEUUT OXKHUAAEMOW NI BBICOKOCKO-
POCTHOI1 BeTBH OOIIell 3aBUCHMOCTH CKOPOCTH ILJIACTHYE-
CKOTO TEYEHHUs OT HAINpPSDKEHUs, MOKa3aHHOW Ha puc. .
O>xugaHus OCHOBBIBAJIUCH Ha cooTHoleHun OposaHa (1), B
KOTOPOM CKOPOCTB JUCJIOKAIMMA, KOHTPOJIUpYeMasi B 3TOM
pexxuMe GOHOHHOH BSI3KOCTBIO, IMHEHHO 3aBUCUT OT HAIPSI-
KEHUsI, & IUIOTHOCTh MOABUXXHBIX TUCIOKAIUN COOTBET-
CTBYET UCXOJTHOMY COCTOSIHHIO OTOXXKEHHOT'O MaTepuasa u
sIBJIsIeTCsl KOHCTaHTOW. CHJIbHBIC HEJIMHEWHBIE 3aBUCUMOCTH
Ha4yaJIbHOM CKOPOCTH TIJIACTUYECKOU Jnedopmanuu 3a GpoH-
TOM YIPYTOI'O IPEeIBECTHUKA OT HAIPSDKEHU S U HEOXKUTAHHO
OoJIbIIIME 3HAYECHUST CAMOM 3TOW CKOPOCTU MOXKHO TPAaKTO-
BaTh KaK CBUACTEIILCTBO TOTO, YTO IPOIECC KOHTPOIUPYETCS
B OoJIbINIell Mepe 3apOXKICHAEM U PA3MHOXEHHUEM JTUCIIOKA-
LUH, YeM UX CKOPOCTBIO. BeposTHO, 3apoXkaeHNE U pa3MHO-
JKEHUE NHUCIIOKALUN B 3HAYUTEIHLHON Mepe MOTYT MPOUCXO-
JIUTh HETIOCPEACTBEHHO BO ()POHTAIBHON YACTH YHPYroro
MPEIBECTHUKA, B MPOIECCE CKATHUSL, KOTOPOEe OOBIYHO CUM-
TAeTCsl YUCTO YIPYTUM.

Ha pucynke 31 moka3aHbl HauaJbHbIE YYaCTKH popuieit
CKOPOCTH CBOOOJHOI IMOBEPXHOCTH [IBYXMUJUIMMETPOBBIX
00pa3IoB YUCTON Meau, HOABEPTHYTHIX YIAPHOMY CKATHUIO
MpU pa3nyuHbIX Temmepatypax [71]. OOparmraer Ha cebs
BHUMAaHHUE CPABHUTEJILHO OOJIBIIIOE BpeMsI HapacTaHUsI mapa-

METPOB NpH KOMHATHOH TeMIepaType B YIPYrod 4acTu
BoJiHOBOro mpodmist. OObIMHO NpH aHaIu3e 3aTyXaHUs
MIPEIBECTHUKA BPEMEHEM HapacTaHUs MPEHeOPEeraroT, cuu-
Tasi 9Ty YacTb BOJHBI YAAPHBIM DAa3pbIBOM, HO BIIOJIHE
BEPOSITHO, YTO MPHU OOJIBIIIOM BPEMEHU HApaCTAHUSI PAa3MHO-
JKEHHE JTACIIOKAIMH UMeeT MECTO YXKe B IPOoLEecce CXKATUS B
JCIIeprupoBaHHoOM (ppoHTe npensecTHUka. C pOCTOM TeM-
NepaTypbl U COOTBETCTBYIOIMM YBEJIMYEHHEM BKJaga ¢o-
HOHHOMH BSI3KOCTH B COMPOTHBIICHHE TLIACTUUECKOMY Iedop-
MHPOBAHUIO 3aMEJISIETCsl peJIaKCalusl HANPSDKEHUH, YTO
MPOSIBJISIETCSl B YBEJIMYCHUM AMIUIMTY/IbI TPEIBECTHUKA U
BPEMEHU HapacTaHUs MapaMeTpoOB B IJIACTUYECKOW ymap-
HOU BoJiHe. BenenctBue 3¢h(heKTOB HEJIMHEHHOCTH C POCTOM
HANpPSDKEHUs] CKAaTUSl B yNPYIOM NpPeABECTHUKE YMEHbILA-
eTCsl BpeMsl HapacTaHHs apaMeTpoOB B HEM: PE3KOE COKpa-
[ICHUE IIAPHHBI YINPYrol BOJIHBI BOJIM3M TeMIEPATYDPHI
IJIABJICHUS COMPOBOXIAETCSA Takke H3MEHeHueM e€ (op-
Mmbl. [Tuk HanpskeHust BO (PPOHTAIBHOM YaCTH TOSIBIISIETCS
OOBIYHO BCJIEICTBUE YCKOPSIOILECHCS peslakcalliuil HaIpsike-
HUSl, HATPUMED KaK Pe3yIbTaT HHTEHCUBHOTO PA3MHOKEHUS
mucnokanuit. VI3 comocTaBieHnst BOJHOBBIX mpoduieir Ha
puc. 31 MOXHO NPEANOJIOKUTh, YTO COKpAIIEHUE BPEMEHU
HapacTaHUs CMEIIAeT UHTEHCUBHOE pa3MHOXEHHE B 00J1aCTh
HETIOCPEACTBEHHO 3a YHNpPYyruMm ckaukoM. K coxasnenuro,
CKOJIbKO-HUOYIb TOJIHOM TEOPUU BOJH B PEIAKCUPYIOLIUX
cpenax, KoTopas yCTaHaBIMBAJIA Obl KOJTMYECTBEHHYIO CBSI3b
MEX/ly 3aKOHOM PEeJIAKCAIIUH ¥ 3BOJIFOIIUEN BOJIHBI, B HACTOSI-
11ee BpeMsi HeT.

Ha pucynke 32 wumroctpupyercs BaxKHass OCOOCHHOCTD
9BOJIIOLMM YIPYIOro NMPEIBECTHUKA C MUKOM HAIPSIKEHUS
BO (GpOHTAIBbHON 4yacTH. BumHO, 4TO mapaMeTpsl B TOUYKE
MHHAMYMa MEXY YIPYTo# U IIACTHYECKOW BOJHAMH BO3-
pacTaroT C YBEJIMYCHUEM CKOPOCTH yJapa, B TO BpeMs Kak
peructpupyemas peimunHa HEL ocTaércest mpakTuyecku He-
U3MEHHOU. Y4acTOK ynpyroro npeaBecTHUKA OT ero ppoHTa
MOYTU A0 TOYKM MHHHMYyMa XOPOLIO BOCHPOU3BOIUTCS
HE3aBHCHMO OT CKOPOCTH yaapa. IHBIMU clioBaMH, MeXaHH-
YeCKHe BO3MYIICHUS OT IUIACTHYECKOW yJAapHON BOJIHBI HE
MOTYT HPOUTH 4Yepe3 TOYKY MUHHUMYMa M OKa3aTb KaKoe-
Jmbo BIUsSHUE HA (POHTAJIBHYKO YacCThb YIPYroro Impen
BECTHHKA.

ITo pesynbTaTam u3MepeHU 3BOJIIOLIMUA YIPYTUX MPE.I-
BECTHUKOB B Meau npu temnepatype 1353 K [71] ymanocs
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Puc. 32. [Tpoduim ckopoct cBOOOJHOIN MOBEPXHOCTH ABYXMUJLIUMET-
POBBIX 00pa3mOB MeAHW, MOJBEPTHYTHIX yAApy MEAHOH ITACTHHON C
pasMuHBIMU CKOpocTsiMu Tipu Temmnepatype 1353 K [71]. Yucna y
npodueil yka3pIBaloT CKOPOCTh yaapa B [M c~!].

OIICHUTH CKOPOCTH IJIACTHYECKOH JedhopManiu B IpeaBeCT-
HUKE Ha DA3JUYHBIX €ro CTaausX M 3aTeM, IOJIb3YSCh
cootHomenneM OpoaHa (1) u pacyéTHbIMU JaHHBIMU [96]
0 K03 (PUIUEHTE TOPMOKEHHUS TUCTOKAIIUMN, OIIEHUTh U3Me-
HEHHE TUIOTHOCTH TOABIDKHBIX AHMCIOKAIMNA. Pe3ynbTaThbl
nokazansl Ha puc. 33 u 34. DTU OLEHKU MOKa3ajd, YTO
IJIOTHOCTh JIMCJIOKAIMH BO3pAacTaeT IOYTH Ha MOPSIOK
BeJIMUMHBI B TmiepBbie 13—15 HC mocnie cxatusi BO ppoHTe
YIPYroro MNpeABECTHHKA W 3aTeM OCTAEéTCs NPAKTHYECKU
TOCTOSIHHOM, B TO BpeMs KaK COCTOSIHHE MaTepHaja MpH-
OmKaeTcs K TOYke MEHUMYMa MEXTy YIPYroil U IiacTmde-
ckoit BostHamu. Cama Tutactuieckas neopMmaiivs B epBbie
1315 He pocruraet Benmuunbl nopsiaka 0,1 %. IMpekparie-
HUE DPa3MHOXEHUs AUCIOKAIMHA NpU chaje HaMpsHKEHHs
MOJET TPAKTOBATHCS KaK CBUIETEILCTBO TOTO, YTO PA3MHO-
JKeHUe KOHTPOJIPYETCS He TOJIBKO BEJIMINHOMN eopManuy,
HO U BEJIMYMHOU NEHCTBYrolero HampsbkeHus. Ilocuemyto-
1ee cKaTue B IJIACTUYECKOM yJapHOW BOJIHE COIPOBOXKAA-
€TCsl YBEJIMYEHUEM CIBUIOBOIO HANPSDKEHMSI M, KaK YXe
TOBOPHUJIOCH, JAJTbHEUIIINM PA3MHOKEHUEM JUCTOKAIIHIA.

ITockonbKy MOJTyYEHHBIE JKCIEPUMEHTAJbHBIE NAHHBIC
JTat0OT OCHOBAHME IPEANOJIOKHUTh, YTO 3HAUYUTEIBHOE pa3-
MHOJEHHE TUCIOKAIINI MOXKET MPOUCXOANTH yKE B IIpoLiecce
CKaTusl BO (POHTAJBLHON YacTH YHNPYIOro NpeaBecTHHKA,
OBLJIO €CTECTBEHHO HCCJIEIOBATL CBS3b MEXIY BpPEMEHEM
HapacTaHMs MapaMeTPoB B YIPYroM MPEABECTHUKE U TEKY-
MM 3HAYEeHWEM JUHAMHYECKOTO TIpejesia YIPYrocTH, a
Takxke ¢ OOIIeil 3BOJIFOIMEN YMPYroIIACTUYECKON BOJIHBI
ynapsaoro cxatus. C 3Toif 1eJ1bto poBeneHsI [97] sxcrepu-
MEHTBI C BaHaMEM, B KOTOPBIX BOJIHA CXKAaTHUs BBOAUJIACH B
00pasipl Yepe3 NPOMEXYTOUHbIE IUIACTUHBI U3 PA3IUYHBIX
copToB cTekja. CXUMAaeMOCTh CHJIMKATHBIX CTEKOJI BEIET
ce0s aHOMAJIbHBIM 00pa3oM, BCJIEJCTBUE YerO BOJIHBI CXKa-
THS B HUX YBEJIMYMBAIOT CBOIO IIMPUHY IO MEPE pacmpo-
CTpaHEHMUSI.

Ha pucynke 35 comocTtaBiieHbl BOJIHOBBIC Tpoduin, u3-
MepeHHbIe 1Tt 00pa3noB TomuHou 0,5 1 2 MM mpu TpéX
TANAX AWHAMHUYECKOTO CXATHUS: YAapHOM, Oe3ydapHOM U
cMemiaHHOM. KoHeuHOe HalpshKeHHe CKaTusl BO BCEX TPEX
cepusix ObLIO MPUOIM3UTENILHO OJIMHAKOBBIM. ITapamerpsl
CMEIIIAHHOT O CXKATHS TAKOBBI, UTO NEPEXO] OT Oe3y1apHOM K
yIapHO-BOJTHOBOH YAaCTH MPOUCXOTUT NPU HANPSDKCHHUHU,
MEHBIIIEM, YeM AMHAMHYECKUHA Tpedes YIPyrocTd Ha OOJIb-
X paccTOSHUSIX. TeM He MeHee caMo 1O cebe yBeJInueHHe
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Puc. 33. CooTHoIIEHHE MEXY CKOPOCTBIO INTACTHIECKOU AeopManuy U
HAIPSDKEHUEM B 3aTyXaroLIeM YIPYroM IPEIBECTHUKE B MeAU IIpU
temneparype 1353 K [71]. ITyHKTUpHBIE JIMHUM COEAMHSIOT TOYKH ISt
paccrosinuii pacrpoctpaneHusi BojHbl 2 u 0,5 mm. IITpuxoBoil u
IITPUXIYHKTHPHOM JIMHUEH MOKa3aHbI MapaMeTpbl B MUHIMYMe MEXKIy
YIOPYroi M IIACTHYECKOH BOJHAMH IPH ABYX Pa3IHYHBIX CKOPOCTSX
yHAapa Uimp-
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Puc. 34. [110THOCTH MOIBIDKHBIX AUCJIOKAIMN Kak (QyHKIHS CABUTOBOTO
HAIpsDKEHUs: 10 AaHHBIM puc. 33. CIUIOLIHBIE MapKepbl MMOKa3bIBAIOT
napaMeTphl Ha MHUKe npeaBecTHHKA. CTpeskaMu ITOKa3aHo HalpaBJIeHue
HM3MEHEHUS HapaMeTPOB 32 MAKCUMYMOM HAINPSDKEHHS B IHKE.
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Puc. 35. TIpodumm ckopocTn cBOGOJHOM MOBEPXHOCTH 00PA3LOB BaHa-
st TOJIIAHOM 0,5 MM (CIUTOIIHBIC JIMHUA) B 2 MM (IITPHUXOBbIC JINHUH),
u3MepeHHble npu yaapHom (7), OesymapHom (2) m cmemanHoM (3)
JIMHAMHYECKOM CKaThu [97].
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BpPEMEHHU CKaTHs B 3TOM cepuu oT 1 —2 He 10 nmpumepHo 150 He
HEe TPHUBEJIO K 3HAYUTEJLHOMY MAJCHUIO HANPSDKEHWS Ha
TUKe MPeIBECTHUKA. PerucTpupyeMble mapaMeTpbl Ha TIHKE
JUIst 00pasna TomuuHou 0,5 MM B 3TOM CJIydae JaXe BBIIIIE,
4eM INpU YJAPHOM CXAaTHUHU, OJIHAKO 3TO OOBSICHSETCS HE
0COOEHHOCTBIO peJIaKCAIUU HANIPSKEHUH, a BOJTHOBOM JIMHA-
MUKOH OTPaKEHHS UMITYJIbCA CKATHUSI OT CBOOOTHOM MMOBEPX-
HocTH [97]. C npyroil CTOpOHBI, B 3KCHEPUMEHTaX C MOJI-
HOCTBIO O€3yJapHBIM CKATHEM HATPSDKEHUE Ha THKE Tpe/-
BECTHUKA JIEUCTBUTEJILHO MIOHU3UIIOCH BCIIEACTBUE YBEJIMYE-
HUS BpEMEHHU HapacTaHUsl.

Bonee unTepecHbIM mpencTaBiseTCS pe3yabTaT 3TOU
CepUHU IKCIIEPUMEHTOB, MOKa3aHHbINA Ha puc. 36. Oka3ayiocsk,
4TO JJISl BCEX TPEX BAPUAHTOB JUHAMHYECKOTO CXKATHS
IapaMeTpbl B TOYKE MUHUMYMa MEX]1y YIPYTOil U TIacThye-
CKOIl BOJIHAMH 3BOJIIOLIMOHUPYIOT 110 MEPE pacHpocTpaHe-
HUS IPAKTUYECKU OJJUHAKOBO U MOT'YT OBITh AIIIIPOKCUMUPO-
BaHbBI €JIMHON (PYHKIIMOHAJIBLHON 3aBUCUMOCTBIO. DTO O3Ha-
9aeT, YTO, HECMOTPS Ha pa3HbIe HCTOPUU 1ehOPMHUPOBAHUS,
MaTepuall HOAXOAUT K TOYKE MHHHMYMa HPaKTHYECKH C
OJHOM U TOU ke MJIOTHOCTBIO MOIBUXHBIX IUCIOKALIU.

I'paduk Ha puc. 36 IEMOHCTPUPYET TaKkKe He HAOIFO1aB-
LIYIOCS paHee HEMOHOTOHHOCTb 3BOJIIOLUU YIPYTOIJIACTH-
YeCKOW BOJIHBI YIAPHOTO CXKATHUS B OTOXOKEHHOM BAHAIHU.
3aTyxaHue YyOpyroro mpeABeCTHHKA BBI3BAHO pellakcaiueit
HANPSDKEHUI 3a ero GPOHTOM, HO HUKAKOH pelakcarmOHHbIN
MPOIIECC HE MOXET MPHUBECTH K POCTY HAINPSIKEHHS! B BOJIHE
o Mepe e€ pacupocTpaHeHus. Bo3MokHbII MeXaHU3M pocTa
HANPSDKEHUs] B MUHUMYME MEXly YIPYToil U MIIaCTUYeCKON
BOJIHAMH CJIEAYET M3 COMOCTABJIEHUS! BOJHOBBLIX Ipoduieit
Ha puc. 37, KOTOpoe YETKO NEMOHCTPUPYET HCIYCKAaHHE
IJIACTUYECKOH yIapHOM BOJTHOM HOBOTO YIPYIOT'O MPEABECT-
HUKA, [T0CJIe TOT'0 KAK OHA MPOIILIA PACCTOSIHUAE OOJIbIIE 2 MM.
DTo0 03HAYAET, YTO HANPSDKEHHE Tepesl MIIACTHYeCKO yaap-
HOU BOJIHOW B TpoOIlecce 3aTyXaHHUs MPeIBECTHUKA YIMAJIO
HUXE IIpeiesia yOpyroctu Matepuajia. BHOBb amMutupoBan-
Has yrnpyrasi BOJIHA MOJHUMAET HANPSIKEHUE Tepe/] IIaCTH-
YeCKOW yJTapHOU BOJIHOM A0 TEKYIIEro 3HAUE€HUs TUHAMMIYE-
CKOTro mpezesia yupyroctu. Tak uiy uHave, oOHapyKeHHAs
HEMOHOTOHHOCTD SIBJISIETCS CJIEACTBHEM ONPEACIEHHOTO CO-
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Puc. 36. 3aTyxaHue ynpyroro npeBeCTHUKA IPU YAapHOM, Oe3yJapHOM
U CMEIIAHHOM ANHAMHYECKOM CXaTHH BaHausl. Mapkepamu MOKa3aHbI
mapaMeTpbl B MEHEMYMax MEXIy YIPYrodl M IUIACTHYEeCKOI BOJHAMH,
IITPUXITYHKTHPHAS JIMHUS OIMCHIBACT 3aTyXaHWE IUKA IPEIBECTHHKA
HpH YIAPHOM CXaTHH, MyHKTHPHAs JIMHUS CIIPaBa MOKAa3bIBAET OLEHKY
BesnunHbl HEL mociie okoHYaHMst 3aTyXaHust IPe/IBECTHHKA.
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Puc. 37. TIpodmim ckopocTd CBOOOTHON MOBEPXHOCTH OTOXKEHHBIX
o0pa3noB, u3MmepeHHble [72] B 00JIacTH HEMOHOTOHHOCTH 3BOJIIOLUU
YOPYTOIIACTHYECKON BOJIHBI yaapHoro cxatusi. Ywcna y mnpoduieit
MOKAa3BIBAIOT TOJIIMHY 00pasia.

OTHOILLEHUS BKJIAJA0B PA3MHOXKEHUS TUCIOKALUM 1 BbI3BAH-
HOW UMM peJlaKCALIUK HAMIPSDKEHHS B BOJIHOBYIO THHAMHKY. C
JIPYTO# CTOPOHBL, m3BecTHO [98, 99], uTO B MexaHW3M TIaC-
THYECKOW Jedopmanuy BaHAIWsl OOJIBINION BKJIAJ BHOCUT
nBoitHuKoBaHMe. C 3TO# TOYKM 3peHHs] HaOJIroaemMast 0co-
OEHHOCTb MOXET OBbITh CBSI3aHA C TEM, YTO JUISl 3aPOXKICHUS
JIBOMHUKOB TPeOyeTCsl CYIIECTBEHHO OOJIbIIIee HATIPSIKEHUE B
00BéMe MaTepHaia, 4eM I UX pocTa.

4. 3akmouenune

IIpencraBieHHble pe3yIbTaThl HOBBIX 9KCIEPUMEHTOB MOJI-
TBEPXKIAIOT HHPOPMATUBHOCTD U IJIOLOTBOPHOCTD YAAPHO-
BOJIHOBBIX HCCJIEIOBAHUI IPOYHOCTHBIX CBOWCTB MaTepua-
JIOB TIPH 9KCTPEMAJIBHO BBICOKUX CKOPOCTSIX HATpyXeHus. B
MOCJICTHUE TObl 3HAYUTELHO PACIIUPEH BPEMEHHON Iua-
[a30H MCCIIeNOBaHMiA, 61arogapst 4eMy CTajIo BO3MOKHBIM
MPOBOIUTL M3MepeHusl (HaKTUUECKH HA T'PAHUIE TPUMEHH-
MOCTH MEXaHUKHU CIUIOIIHBIX CpeJ U BOWTH B IHANA30H
MPOCTPAHCTBEHHBIX ¥ BPEMEHHBIX MAacIITaboB, C KOTOPHIMHA
paHee IMPUXOAUJIOCh UMETh [EJIO TOJIBKO IPU MOJEIUPOBA-
HHUM JIBWXKEHUS BEIIECTBA METONAMH MOJIEKYJISIPHON AMHA-
MuKH. TTojydeHHBIE HOBbIE CUCTEMATHYECKHE TaHHBIE IO
TEMIIEPATYPHO-CKOPOCTHBIM 3aBHCHMOCTSIM CONPOTHBIIE-
HUSI BBICOKOCKOPOCTHOMY Je(OPMHPOBAHHIO METAJIIOB C
Pa3JINYHON KPUCTAJINYECKON CTPYKTYpOil (HOPMUPYIOT
OCHOBY ISl pa3pabOTKH HCUEPIBIBAIOIINX IIUPOKOIUATIIA-
30HHBIX OIPEAEISIFOIINX COOTHOUIEHUHM, HEOOXOAUMBIX IS
pacuéTOB UHTEHCUBHBIX UMITYJIbCHBIX BO3/IEUCTBUI HA MaTe-
puanbl 1 KOHCTpykiumn. OmnpeneséH Kpyr MaTepuajioB, B
KOTOPBIX BO3MOXHO aHOMAaJIbHOE BO3pACTaHHUE HAIpsDKe-
HUS BLICOKOCKOPOCTHOTO IJIACTHYECKOTO TEUCHUS ITPH MOBBI-
IIEHHBIX TeMImepaTypax. [1oJydeHbl HOBbIE CBEICHUS O
3aKOHOMEPHOCTSIX PA3MHOXKEHHSI 2JIEMEHTAPHBIX HOCUTEEeH
ILUTACTHYECKON nedopManuu — OUCIOKAIIMNA HAa PaHHHX
cramusx aepopmupoBanus. OOHApYXeH psi crerudmye-
CKUX OCOOEHHOCTEH MUHAMUKH YHPYTOIUTACTHYECKUX BOJIH
YIApHOTO CXXATUSI B PEJIAKCUPYIOILIUX CPENax, KOTOPhIE elé
KAYT OCMBICIIEHHS U TeopeTudeckoro onucanus. K coxare-
HUIO, OTCYTCTBHUE CKOJIBKO-HIUOY b MOJTHON TEOPUH SIBJICHUS
orpaHuunBaeT o0BbEM HMHQPOpPMAINNHU, MOJTYyYaeMON U3 aHa-
JIn3a JUHAMUKH YIPYTOIMJIACTUYECKUX BOJIH YAAPHOTO CXKa-
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THsl. ABTOpBI HAJICFOTCS, YTO MPEACTABJICHHBI 0030p CTH-
MYJHPYeT TeOpEeTHYECKUE PAOOTHI B 9TOM HAIIPABJICHUM.

PabGoTa BeImoJiHeHa nipu moaAepkke Poccuiickoro Hay4-
Horo ¢ouga, rpant Ne 14-12-01127.
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Unusual plasticity and strength of metals at ultra-short load durations

G.I. Kanel ), E.B. Zaretsky ¥, S.V. Razorenov ), S.I. Ashitkov (), V.E. Fortov (!

M) Joint Institute for High Temperatures, Russian Academy of Sciences,

ul. Izhorskaya 13, 125412 Moscow, Russian Federation

@) Ben-Gurion University of the Negev, 8410501 Beer-Sheva, Israel

G) Institute of Problems of Chemical Physics, Russian Academy of Sciences,

prosp. Akademika Semenova 1, 142432 Chernogolovka, Moscow region, Russian Federation

E-mail: Dkanel@ficp.ac.ru, asi@iht.mpei.ac.ru, ashitkov@yandex.ru; ? zheka@bgu.ac.il; ® razsv@ficp.ru

This paper briefly reviews recent results on the rate-temperature dependence of flow stresses and fracture stresses in metals under high
strain rate conditions for pulsed shock-wave loads with durations from tens of picoseconds up to microseconds. In the experiments, an
approaching to ultimate ("ideal") values of the shear and tensile strength has been realized and anomalous growth of the yield stress with
the temperature at high strain rate has been confirmed for some metals. New evidence is obtained for the intense onset of dislocation
multiplication immediately in the elastic precursor wave. It is found that under these conditions inclusions and other strengthening
factors may reduce the dynamic yield stress. Novel and unexpected features are observed in the evolution of elastic-plastic shock
compression waves.

Keywords: shock waves in solids, high-rate deformation, the high-rate fracture, dynamics of dislocations, ideal strength, anomalous
thermal hardening, polycrystalline metals and single crystals
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