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Pa3BnTa Cyl|eCTBEHHO HenMHeHas Teopua YNPYrux W Heynpyrux MUKPOMUKpOAe-
thopmaLumnii Ha OCHOBE MOAENN B3alMHO MPOHMKaKLWKUX nojpeweTok. faHo o6obujeHne us-
BECTHOI TEOpUM aKyCTUYECKUX W ONTWYECKUX KoneGaHWii Ha cnyyaii HenuHelHOro B3aumo-
fneiicTBMS mofpelwweTok. MocneaHee BBOAWMTCA C YYeTOM BHYTPEHHelW TPaHCNALWOHHOW CUM-
MeTpUN CMOXHOI peleTKN, BOCCTaHaBAMUBalOLLLell CBOKO CTPYKTYpy B pe3ynbTaTe B3aWMHOro
CMeleHns MOAPeWweToK Ha OAWH nepuod u 6onee. DTO MO3BOASET paccMaTpuBaThb CUSbl
B3aMMO/ENCTBMA NOAPeLeTOK KaK nepuoanyeckne (Hanpumep, CMHyconganbHble) QyHKLUN
OTHOCWUTENbHOTO CMeleHns noapeweTok. HennHelHble ypaBHEHMA aKyCTUYeCKOW W ONTu-
yecKoli Mofbl ABVMXXEHNS 0Ka3blBAlOTCA CBA3aHHbIMU, YTO NO3BONAET YUeCTb BANAHUE MaKpO-
CKOMWUYeCKNX fedopmaunii Ha MUKPOCKOMWYecKue, Te. Ha CTPYKTypy PpeleTku. Teopus
cnpaBeAnuBa U B cnyvae 60MbLIMX B3aUMHbIX CMELLEHUI aTOMOB, MPEBbIWAOWNX NEPUOA.
MosTomMy [OMYyCTUMO paccMaTpuWBaTb Takue KPUTUYECKWe ABNEHUS Kak KaTacTpoduyeckue
gedopmaummn, GasoBble nepexodbl, o6pasoBaHne AedekToB, hparMeHTaLuI0 peweTkn. Haii-
[eHO TOYHOE pelleHune, OMuchbiBatoLee hparMeHTaLMi0 HavyaNbHO MAeanbHOW pewweTkn - 06-
pasoBaHWe [JOMEHHON, GNOYHOW CYMepcTPYKTYpbl B Mofe KPUTUYECKUX HanpsdKeHuid. Bnoku
cnerka pasBepHyTbl APYr OTHOCUTENbHO Apyra B pasHble CTOPOHbI U pasfeneHbl CUCTEMON
JINHWUIA CKONbXEHWUA W OPTOrOHaNbHOW CUCTEMOI ManoyrfioBbixX rpaHuy. MocnegHune o6paso-
BaHbl pAAaMn AUCNOKauWil, BO3HMKLWIWX B npouecce (parmMeHTauun. Pasmepbl 610K0B
YMEHbLIATCA C POCTOM HanpsXKeHWii BNAOTb [0 NOTEPW YCTOWYMBOCTW BCell CynepcTpyk-

Typbl.

OB OMPEAENAKOWEN PO MUKPOTMJIACTUYHOCTU
MPN ®A3OBbLIX MEPEXOAAX B HEOPITAHNYECKUX U
OPITAHNYECKUMX CTPYKTYPAX

Kwucenb B. M.

WMHCTUTYT hm3ukm TBepgoro Tena PAH, YepHoronoska, Poccus
kisel@issp.ac.ru

HepaBHue pa6oTbl [1-3] nmokasanu, 4To No6Gble CTPYKTYPHbIE UAN QU3NKO-XUMUYECKUE
npespalieHns B TBEPAbIX Tenax, XWAKOCTAX, pacnnaBax, rasax W 6MONOTMYECKUX TKaHAX
(BT) npn BO34ENCTBUM aKTUBHbLIX BELLECTB, POCTE - Pa3MHOXEHUU KNeToK BT, gepmeHTaunu
- feHaTypauyuu 6enKkoB, MU3MEHEHWU faBNeHus, TemnepaTypbl W KOHLEHTPaLunW NPUMECHOI
(hasbl (BKMOYAA MONMMOAANbHYIO KOHLEHTPaLMOHHY0 3aBUCUMMOCTb BAWNAHUA XUMUYECKN
aKTUBHbIX BELLECTB NpK 06bIYHBIX U CBEPXManblX f03ax), KpUCTannamMsauuu W3 pacnnasa unu
aMop(HOro COCTOAHUA, 06AyYeHUU unu gedopmauumn No60W Npupogbl, 4pobaeHUn - arno-
mMepauun a3, OKUCNEHWN - BOCCTAHOBNEHUW, aAcopbuun - fecopbLumn, aNeKTPOXMMUYECKOM
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oCax/[eHun - pactsopeHuu, Anddy3nn M NPOBOAUMOCTU, OCBELLEHUN W 3NEKTPOMArHUTHOM
06/7y4YeHUN, MapTEHCUTHBIX WU CTPYKTYPHbIX MpeBpawieHnsx U T.4. ONpesenstoTcs MexaHns-
mMamy MukKponnactuyeckoi gepopmauyum (MMJ) Ha rpaHuuax ¢as. Jllo6ble peanbHblie Belle-
cTBa, Bkntoyaa bT (AHK, PHK, knetku), TBepAble pacTBOpbI, CTeKNa, XUAKOCTK (pacnnasbl,
BOfa W T.A.), ra3bl MCXOAHO coAepXaT KnacTepbl WM MUKPOBKIOUEHUS APYruX (a3, Xxumuue-
CKM U CTPYHOYPHO OTAMvalolwmMecs OT MaTpuubl. HanpsikeHUs Ha rpaHuuax pasanyHbiX
CTPYKTYp, BO3HMKAIOLWMNX M3-3a HeCopasMepHOCTU (a3, a TakXKe BHeLIHWe BO3AeWCTBUSA CTU-
MYNMPYIT POCT WKW pacTBOpeHMe (a3 3a CUYeT MX NAacTUYECKoi (CTpyKTypHoii) gedopma-
uum [1-3]. HarnagHoW, HO C HEKOTOPbIMW OrpaHUYeHUsMN UNAKCTpaLueil aTux n obeyxaae-
MbIX HWXe npoLeccoB sABnseTcs ob6neryeHHas geopmaLlmsi CBeXEBbIMaBLWMUX CHEXMWHOK, Cro-
cobCcTBYylOWAA MX CANMAHUIO W MPUMEP3aHWIO K Mb)KaM NpU MOBbIWEHHbIX TemmnepaTypax,
4TO CWUAbHO 3aTpPyAHSAET CKOMbXeHWe NOoCnefHUX. YNPOYHEHUe CHera 3a CYeT MOHWKEHUs
TemnepaTypbl WKW NpefBapuTenbHoi dedopmauuun, ycTpaHeHWe BOAbI C KnacTepamu - 3apo-
AbllWwamy nbaa [3] ¢ NOBEPXHOCTM NbDK NPaKTUYECKW MOAHOCTbIO MPEenATCTBYIOT HaNUMaHuio
CHera u o6ecneynBaloT UX Nerkoe ckonbXxeHue. Takue ke (as3oBble NepecTpoiiku (CTPYKTY-
pupoBaHne MaTpuL) NPOUCXOAAT W NPU U3MEHEHUAX TemnepaTypbl, AaBNeHUs, CKOPOCTKN Te-
YeHWs, KOHLEHTpaLun HOBbIX (a3, onpefeneHHon npeagedopmaynn pasnMyHOro NPOMCX0X-
feHWs B TBepAbIX Tenax (MpW OTXWre, CBCPNAACTUYHOCTU, 3ePHOrPaHMYHOM MpoCKa-
Nb3blBaHWW W T.4.), pacTBOpax, pacniaBax W PeosiorM4ecKUX XWAKOCTAX, rasax (Bkatouvas
cBepx-Teky4yecTb) [3], popmupoBaHuM U NPOTEKAHUN (CKONbXEHWUWU) B HUX WOHHOIO W 3NeK-
TPOHHOTO TOKOB (BK/ll0Yas CBEPXMPOBOAUMOCTb OpPraHUYeCKMX U HeopraHW4YecKnx CTPyKTyp)
[1], korpa 3apsag n AetopMUPOBaHHYK BOKPYF Hero 061acTb MaTpulibl MOXHO YNoAo6uTb
CBEeXEeBbIMaBLeld CHeXuWHKe. BaxHelhWwnMn nNposBneHN MU KOHTPOAUPYIOL el ponn MexaHun-
4ecKOro ynpouYHeHus - pa3ynpoyHeHWs B CTPYKTYPHbIX (a3oBbiX nepexofax sBnswTcs dop-
MUpOBaHMe U POCT KOHLEHTpauuu Aenokann3oBaHHbIX HocuTeneil 3apsaga (Hanpumep, anek-
TPOHOB WA BakaHcuii), 6narogaps o6opBaHHbIM CBS3AM B TBepAbix Tenax [1,3,4], BT (amu-
HOKMC/OTax, nentugax, GenKoBbIX MpenapaTax, PocTe W pPasMHOXeHUM knetok BT wu T.4.)
[5,6]. Apyrum BaxHeiWMM NOATBEPXAEHWEM TaKoro Mojxoja ABAAETCA WCKAOYMTenbHoOe
CXOACTBO crnekTpoB AP 1 AMHAMWUKM Pa3BUTUA UX TOHKOW CTPYKTYpbl B pacTyluieil KynbType
KNeToK Apoxokeil Saccharomyces cerevisiae [6] 1 B fe)OPMALNOHHOM pa3ynpOYHEHUN KPU-
ctannoB NaCl ¢ npumecbto Eii npu marHutonnactuyeckom addekte (MMI) [4]. Mpumeua-
TeNbHO TaKXe, YTO CMeKTp pa3ynpouyHeHus kpuctannos NaCl ¢ npumecamun Eif, Ca npaktu-
YecKu MOMHOCTbIO coBnajaeT co cnekTpom JMP npu MM3. Mpn 3ToM g-hakTopbl NUKOB pa-
3yNPOYHEHNA [UCKPETHO yMeHbLIAlOTCA C POCTOM MOCTOAHHOTrO nons B [4], kak 3To u A0NX-
HO 6biTb NPU [ABVXEHUWN [UCNOKALWUIA CO CTyneHbKamu, COMPOBOXAalOLWeMCa [UCKPETHbIM
CHVW)XXEeHNeM BbICOTbl ABONHOrO MOMEPEYHOro CKOMbXEHWA AUCNOKALWUA U COOTBETCTBYIOW UM
pOXAeHNeM KNnacTepoB BaKaHCWUIi BCE MeHblUero pasmepa B BWU/e TpuBaKaHCWii, 6uBaKaHCUiA,
BaKaHCUA M WX cmeceli npu pa3BuTum fedopmauuun kpuctannos [7]. OTo cornacyetcs u c
pewatoweidi ponblo TUNMYHOTO AedOPMALMOHHOTO YNPOYHEHUN - PasynpOYHEHUS He TONbKO
pasHbiXx MaTepuanos [1], HO 1 pa3NMYHOro TUMa pewweToK B NMPOBOAUMOCTU BELLECTB, BKIO-
4yas MarHUTHble BUXpeBble peleTKW B CBEPXNPOBOAHMKaX W pofa, 0 YeM CBUAETENbCTBYHOT
nccnefoBaHns BAUAHWS TeMnepaTypbl U MarHUTHOTO Nons B Ha BO3HWUKHOBEHWE W paspylue-
HUe CBepXNpoBOAMMOCTU B M@B2[8]. BaxHO NOAYEpPKHYTb, YTO ONMMCaHME NMPOBOAUMOCTU C
NOMOLLbI YNPOYHEHWUS MaTPULbl BOKPYT 3M€KTPOHOB COOTBETCTBYET YCUAEHWUIO (OHOH -
(hOHOHHOTO B3aMMOZENCTBUA 3N1eKTPOHOB B BKLL Teopun cBEpXMNpOBOAUMOCTM, MOCKO-/bKY
(DOHOHHbIEe MeXaHW3Mbl HaMpsAMY CBA3aHbl ¢ Aeopmayueid maTpuubl [7].
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The effect of applied compressive/extension stresses, s (s = 0.6S to 95S, where S is the
resolved shear stress) and stress rates (10 to 106 MPa/sec) on dislocation dynamics was inves-
tigated in pure NaCl and InSb single crystals in the temperature range T = 41073 to
0.945 ITeu, Tnm, is the melting point. The general damping character of dislocation unpin-
ning, motion and multiplication (work hardening of crystals, WH) under creep and interrupted
loadings manifests in the ultimate mean path lengths of individual dislocations (UMPID).
Having covered a certain UMPID determined by crystal prehistory and constant test parame-
ters (creep regime), the dislocations exposed to successive exhausting acts of multiplication
and fracture thus forming point defects, the slip lines, slip bands, subgrains, grain boundaries,
nano- and microcracks, macrocracks in series in all the materials [1-2].

The first important finding of this work is the fact that the dependences of the UMPID
versus creep, impulse, impact and shock wave stresses, temperature and impurity concentra-
tion are topologically similar to the conventional macroscopic strain-stress WH curves for the
same crystals and test parameters. As for microscopic stresses for dislocation motion and mul-
tiplication the concentration dependences of flow stresses under fixed strains or fracture
stresses at low and ultra-low temperatures and strain rates [2-4] are similar to the same de-
pendences of impact/shock wave stresses and stress rates at normal and elevated temperatures
[4-6] The climb, dislocation cross-slip and athermal bowing mechanisms are confirmed by
the same so-called “memory effect” at low (Figs 23-24 in [7]) and ultra-high (s~ 95S, [8])
stresses and stress rates, because dislocation dipoles are left in the wake of expanded disloca-
tion loops along the whole deformation WH - curve. This means that THE SAME
MICROMECHANISMS GOVERN THE DYNAMICS OF INDIVIDUAL DISLOCATIONS
AND MACROSCOPIC FLOW up to the values of flow in nanostructured (NSC) and frac-
tured crystals.

The second important finding is that the micro-/macro-WH varies nonmonotonously to
crystal softening according to the pulse length of the unloadings (restore time), and these de-
pendences are the same for micro-/macroscopic flow up to the extremely high values in NSC
crystals [9] and fractured oriented polymers [10]. The last fact and the similarity of the other
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