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[TpoBeneHO TEOPETHUYECKOE HCCIIEAOBAHIE 3aKOHOMEPHOCTEH BOIIONNU U
(hopMHpOBaHUS TUCITIOKAIMOHHBIX CTPYKTYP IIPH IUIACTUYECKOH 1e(hopMaIy Kpuc-
tajutoB. Paspaborana HenuHeliHas Teopust GOpPMHUPOBAHHUS JUCIOKAIIMOHHBIX CTPYK-
Typ SYEUCTOTrO THIIA B aHCaMOJie BUHTOBBIX AucioKauui. Mccnenosanue HenuHei-
HOW TMHAMUKH aHCaMOJIsl IUCIIOKALINI IPOBE/ICHO B IBYMEPHOI 00JIaCTH C yUeTOM
HAJIO)KEHHBIX Ha UCXOJHOE YpaBHEHHE IIEPHOINYECKUX IPAaHUYHBIX YCIOBUN THIIA
bopna — Kapmana. JlokasibHasi KHHETHKA TUCIIOKALINA BEIOpaHa B BUIE PA3MHOXKCHUS
JUCIIOKAIMH MOCPEICTBOM JBOMHOIO MOIEPEYHOTO CKOJNBXKEHUS M aHHUTHILILAN
Juciokanuii. HaiiieHo oJHOpOHOE CTalMOHAPHOE PEIICHUE CUCTEMBI (TepMOINHA-
MHYecKasi BETBb). YCTAHOBIICHO, YTO IIPX KPUTHUECKOM OTKJIIOHEHHH OT TEPMOIHU-
HaMHYECKOH BETBH B CHCTEME BO3HHKAET HEYCTOMINBOCTH OAHOPOAHOTO COCTOSHHS,
00ycIIoBIIEHHAS KOPPEISILIMOHHBIM B3aUMOACHCTBUEM TUCTOKaMi. [1ist mosry4eHust
pelieHuid B 00J1acTH HEYCTOMYMBOCTH CHCTEMa 3BOJIIOIMOHHBIX YPaBHEHHUH Tpe-
o0Opa3oBaHa K CHCTEME YpaBHEHHH Ui KOJUIGKTUBHBIX (MOJIOBBIX) IEPEMEHHBIX.
IenecooOpa3HOCTE TAaKOro MpeoOpa30BaHMs 3aKII0YAETCs B TOM, YTO TAKyIO CHCTEMY
MOYKHO pa30OHTh Ha MOICUCTEMbl HEYCTOMUYMBBIX U 3aTYXAIOIUX MO/ M IPUMEHUTh
HPUHIMI aJ1a0aTHIeCKOT0 UCKITIOUEHNSI HEYCTONUMBBIX MEPEeMEHHBIX (TIPHHINI
niogurHeHus ). C UCHOJIb30BaHUEM MAJIOCTH BEJIMYHH, XapaKTEPHU3YIOIINX HHKPEMEH-
TBI HEYCTOMYMBBIX MOJ, IPHMEHEH IPHHIHI OYMHEHHS JUTS CHCTEMBI KOJUIEKTUBHBIX
MepEeMEHHBIX. B 3TOM ciydae moka3aHo, 4TO CUCTEMY MOXKHO CBECTH K PELICHHUIO
nuddepeHInaTbHBIX YPAaBHEHHH OTHOCHTEIFHO HEOOJIBIIOTO YKCIa TEPEMEHHBIX
(mapameTpoB nopsnka). B okpectHocTu Touku Oudypkanuu 11 napaMmeTpos Io-
PAIKa MOTyYeHbI IBa yCTOWYIMBHIX pemieHus. [lepBriii mapameTp — claecTBHE KOH-
KypEHLUHU MOJI, OH IIPUBOJHUT B PEXKHUME MITKOTO BO30YXKIEHHS K IEPHOIUIECKON
OTHOMEPHOH CTPYKTYpE VTS IFIOTHOCTHU JUCIOKALINI; BTOPOH — pe3yNbTar Koomnepa-
LU HEYCTOWYMBBIX MO/ M ITPUBOAUT K (POPMUPOBAHUIO TEKCArOHAIBHON CTPYKTYPbI
B JKECTKOM PEKMME BOSHUKHOBEHUS. PeeH Bopoc, Kakast u3 9THX ABYX CTPYKTYp
peanu3yercsi B MOMEHT IOCTH)KEHHS CUCTEMOM TOUKU OudypKauu. YpaBHEeHHS 1S
HapaMeTpoOB HOPSAKA 3aMMCaHbl B BApHALMOHHON (opMe, 1 ONpeieNeHa COOTBET-
CTByIOLIAsl MoTeHuuanbHas GyHkiua. Ee aHanus3 B TOYKax MUHMMYMOB IOKa3aJ,

*BrINoTHEHO B paMKax rocynapctBenHoro 3ananms UI1® PAH Ha npoBenenne QyHIaMeHTab-
HBIX Hay9HBIX uccienoBanuit Ha 2021-2023 rr. mo Teme Ne0030-2021-0025.
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YTO TeKCcaroHalbHash KOHUTypauus Oosee BEepOsSTHA B MOMEHT BO3ZHUKHOBEHHS
HeycToiunBocty. [To Mepe yBennueHust OudypKalmoHHOTO mapaMmeTpa dosee Bepo-
STHOM CTAaHOBUTCS OTHOMOIOBas CTPYKTypa. Takum 0O6pa3om, HOpMUpOBaHHE TUC-
CHIIATHBHOM SYCHUCTOM CTPYKTYPHI CIyXKUT [TOKA3aTENIeM JOCTIKCHHUS B IOKATEHOM
00beMe HEPaBHOBECHBIX KPUTHYECKHX YCIOBHH, KOTAA Ae(hOPMUPYEMBbIH KPUCTAILT
HAYMHACT U3MCHATH CBOKO AC(HEKTHYIO CTPYKTYPY, MUHUMHU3HPYS CBOIO YIPYTYIO
9HEPTHUIO.

Knrouegvle cnosa: MMCIOKAITMOHHBIN aHC3M6J'H:, BHUHTOBBIC JUCJIOKAIIUU, KOP-
pesinnOHHas HeyCTOfI‘-IPIBOCTB, HeJMHEHHas JAVMHaAMHUKa, s9€UCTas1 CTPyKTypa.

BBepgeHue

CornacHo TeOpeTHYECKUM MPEACTABICHUSM, IUTacTHUeCKas AeopMalus B MeTauiax
SIBIISIETCS TEPMOIMHAMUYECKH HEPABHOBECHBIM M HE0OpaTuMbIM TiporieccoM [ 1, 2]. Ipn
OTHOCHUTENIHFHO MAJIbIX BHELITHUX HArpy3Kax KPUCTAJUI pearupyeT Ha BHEIIHUE HANPSKEHUS
C/IBUTOBOI1 nepopmarimeii, odecrieanBaeMoii HOCHTEISIMH [UTACTHYHOCTH — IHUCIIOKAIASIMA
[3]. [To mepe yBenu4eHuUs cTeNeHU aeOpMaLliU PACTET INIOTHOCTh JUCIOKALIUH P U CBS-
3aHHAss ¢ HUMU YIpyras sHeprus kpucrtamia [4, 5]. DTo npuBOIUT K YIPOYHEHUIO
Marepuaia 1 MOBBILEHHUIO HATPY3KH [T MPOJOJLKEHUS IeopMaliy B 3aJaHHOM PEKUME.
[Tpu 5TOM KpUCTAIT HAYMHAET PearupoBaTh HA N3MEHEHNS TAKUM 00pa30M, 9TO U3MEHSET
JIe(eKTHYIO CTPYKTYPY, MUHUMU3HPY:I MOBBIIICHNE CBOEH YIpyroi sHeprud [6, 7].

Ha ctpykTypHOM ypOBHE 3TO IPOSIBISETCS B TOM, YTO YK€ Ha BTOPOM cTaauu Iuiac-
TUYECKOH Ae(opMaliy SHEPreTUIECKH BHITOAHBIM CTAHOBUTCS HEOAHOPOAHOE pacmperie-
JIeHue AUCIoKanui B Kpuctaiie [8, 9]. HaumHas ¢ 3Toro MoMeHTa B TMCIOKAIMOHHOM
aHcamOJle BOBHUKaeT CHJIBHOE B3aHMOJICHCTBHE, MOSBIIIOTCS KOJUIEKTUBHBIE 3(h(eKThI
(BO3HMKHOBEHHE SICHCTHIX CTPYKTYP), a XapaKTep NepeMeneHI IUCIIOKAil CTAHOBUTCS
3aBHCSILIM HE TOJIBKO OT BHEITHETO HANPSHKEHUS G, HO H OT U3MEHEHUS YIPYTOro MOt
okpyxaromux auciokanuit [10, 11]. [Tocnegnee mMpUBOAUT K KOPPEISIIHOHHOMY
B3aUMOJEHCTBUIO auciokanuii [12, 13], koTopoe, kKak U3BECTHO U3 (QU3UKU ILIIA3MO-
MTOZOOHBIX CPeJT C CHIIBHBIM B3aUMOJICHCTBIEM, O0YCIIOBIIMBACT B PsIC CIIyIaeB paccio-
€HUE OJHOPOJHOTO COCTOSHUS M BOSHUKHOBEHHE STUEUCTHIX CTPYKTYp [14, 15].

HexoTopsie pe3yabTarsl, CBI3aHHbIE C STUM BOIIPOCOM IIPUMEHUTENBHO K IUCIIOKALIU-
OHHBIM aHCaMOJISIM, CoZiepKaTcs B cTaThsx [16, 17], rae, ucxXoas U3 3BPUCTHYECKUX CO-
o0pakeHHiI OTHOCHTEIHHO paxuyca KOPPEeISIINH IUCIOKANui 1 (HEHOMEHOIOTHIESCKU
3aJJAHHOTO KOPPEJSILIMOHHOTO MOTOKA, MIPECKa3aHO pa3BUTHE HEIHOPOIHOU CTPYKTYPHI
JUIS INIOTHOCTH Juciokaiuid. K coxxaneHuto, mocienoBarenbHbli MaTeMaTHUeCKU aHaIn3
KOPPEJSILMOHHOTO B3aUMOJIEHCTBHUS JUCIOKALNN OTCYTCTBYET, UTO HE MTO3BOJISIET CYAUTh
0 IOCTOBEPHOCTHU PE3Y/IbTATOB, IIOJIyU€HHBIX B 9TUX HcceoBaHUAX. CI0KHOCTb 3TOrO
aHaJIM3a 3aKIF0YaeTCs MPEXJe BCETO0 B TOM, YTO COOTBETCTBYIOLIHE KOPPESIIHOHHBIC
ITOTOKX UMEIOT (hOpPMY HEJIOKAJIBHBIX U HETMHEHHBIX (DYHKIIMOHAJIOB.

B [18, 19] nns BeisiBieHus 3(h(HekToB, CBSI3aHHBIX C YIPYTUM IOJIEM JAWCIOKAIMH,
JUHAMHKa AUCIOKAlMOHHOM cUCTEMBI OblIa pacCMOTpEHa Ha MOAEILHOM YPOBHE, I7i€ B
KauecTBE MOJIENIFHOTO 00BbeKTa ObUT BHIOpAH aHCaMOJIb MPSMOIHMHEHHBIX BUHTOBBIX JIHIC-
JIOKaIui. DTO TIO3BOIHIO CHOPMYIHPOBATE CAMOCOIIIACOBAHHEIE IBOJIIOIIMOHHEIC YPaB-
HEHUS JUHAMUKH JUCJIOKALUH C Y4eTOM HUX KOPPEJSLHOHHOTO B3aUMOJCHCTBHS U B
pamKkax JIMHeHoTo aHanm3a [19] cucteMbl onpeneuTh 00JIACTh HEYCTOHYNBOCTH OHO-
POAHOTO pacmpeneneHus auciokanuii. [loaToMy B HacTOsIIEH CTaTbe TEOPETHUECKOE
HCCIIeJOBaHNE 3aKOHOMEPHOCTEH (OPMHPOBAHUS HEOTHOPOIHBIX TUCIOKAITMOHHBIX
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CTPYKTYp SYEHCTOTO THTIA IPOBOJAMTCS Ha OCHOBE CPOPMYITUPOBAHHBIX B cTaThe [19] He-
JIMHEWHBIX YPAaBHEHUH JJIs IUDIOTHOCTH IUCIIOKAIIUM.

1. HennHenHas AMHaMunKa AUCNoOKaLUOHHOro aHcamons

ITosy4eHHbIe Ha TMHSHHON CTaUH MCCIICJOBAHHS PE3Y/IbTaThl HE TIO3BOJISIIOT BBISIC-
HUTb XapaKTep SBOMIOLIHN AUCIOKAHOHHOTO aHCaMOIIst 38 TOUKO# OypKaLUy, TOITOMY
HEOOXO0INMO HCCIICI0BATh HEJMHEHHbIC YpaBHEHHUS JUSI CyMMapHOH II0THOCTH P(I, £) =
=p,(r,?) + p_(r,?) nucnokanwuii [18, 19]:

Py div (I +300) = F) 0
J(r,t)= —D/-Vp(r,t), )
3. (r,0) = Mp(r,H)V j o(r',H)G(r —r')dr’' 3)

HJIX B BUAC OJHOTO YPABHCHU:
op(r,t ' N,
% —D,Vp(r,0)+ Mv[p(r, OV [p(,)G(r —r')dr'|= F(p). @)

31ech U fajee UHTETPUPOBAHUE MO KOOPIMHATAM IIPOBOIMTCS MO CCUCHHUIO IIIUTMHIIPA
Q; D F=T V/Ame — sddexrupnsbiii koaddurment quddy3uu, o0ycIoBIeHHbIH peaakca-
Uel TUCIOKaMOHHBIX 3apaaoB [20], 7 — cpelHee pacCTOSHUE MEXIY TUCIOKAIMSIMH,
V' = Mbc, — npeiidoBas ckopocTh IucIoKanui, M — MOIBMKHOCTD JUCIOKANNiH, b —
Moayis Bektopa broprepca. @yukuus ['puna G(7) Moxker ObITh MpenCTaBICHA B BUJIE
paznoxkenus [18]

RN P
G(r)= D — (7 A)"8(r), (5)
47Tp 0 n=17

rae G — MOyl C/IBUTA, ', — PaIyC SKPAaHUPOBAHMS YIIPYTOTO IO AUCTIOKAIMH (paamyc
KoppenAun) [12], p,— crarroHapHOE OMHOPOAHOE PEIIEHUE, KOTOPOE HAXOAUTCS U3 YC-
JIOBHSI paBEHCTBA HYITIO MPaBoil yacT ypasHeHus (1) umu (4).

COOTBETCTBYIOIIYIO 3aBUCUMOCTD F(p) 1151 OTpeIeIeHHOCTH BhIOEpEM B CTaHIaPT-
HOM BUJIE

F(p)=38,p—xp’, (6)

e Oy — K03 PUIMEHT pa3MHOKEHHS AUCIOKAIMH 10 MEXaHU3MY TBOMHOTO MOMEPEYHOTO
CKONBXEHHs, K = 2/} — koadduunenT nMMoOmn3anuu auciokanuii (h = Gb/(4nc,) —
pajMyc 3aXBara Pa3HOUMEHHBIX JUCIIOKAIMI B AUMObHBIEC KOHpUTYypanun) [4, 16].

C yuerom ckazaHHOTO u3 ycioBus F(p) =0 HaxoAUM CTAIMOHAPHOE OAHOPOIHOE
pemenue P, = O,/«. [Ipu mpUONMKEHNN CUCTEMBI K COCTOSIHHIO PABHOBECHS P, HeIIMHEHHAS
¢byukuus F(p), OTBETCTBEHHAS 32 KHHETHKY, IPUHUMAET PEJIaKCAHOHHYIO (POpMy

p—p
F(p) R - ! b (7)
T
rae t= Kpo — BpeMs peilakCallii K COCTOSITHHIO pO'

Hccnenyem B paMkax ypaBHEHHS (4) COCTOSTHAE PABHOBECHS P = P HA yCTOWYHBOCTE.
B utore nonydaeM xapakTepUCTHUECKOE ypaBHEHHE
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x:-i%m(r+k%b+k%j+1za
OTKYyJIa CJIEAYET, YTO HEYCTOMYHUBOCTH OMHOPOIHOTO cocTosHus (A > () BO3MOXHA, ecin
L@%=1+H¢—£lma+ﬁﬁ)<m ®)
T

e = G*b’p,/c> — NapameTp, KOHTPOIHUPYIOIIMHA IPOLECCHl KOPPEISUHOHHOIO B3a-
AMOZICHCTBHS B IUCIOKAITMOHHOM aHCaMOJIe U UTPAOLIHIA POJIb YIIPABIISIONIETO OHU(ypKa-
[IMOHHOTO [TapaMeTpa.

W3 ananm3a (8) HETIOCPEICTBEHHO CIIEAYET, YTO MPH HEMTPEPHIBHOM YBEJIMICHNH T1apa-
MeTpa 1| HEeyCTOHYMBOCTh BOHUKAET B TOUKE M = 1), = 47le NPHU 3HAYCHHH BOJHOBOTO
BekTopa |K |= k., tne k, =+/e—1/r,. HeycTOHYNBOCTE MMEET OPOTOBBIA XapakTep
peanmmsyeTcs pH T > 1. B HHTepBaie BONHOBBIX umceld |K |€ (K, ,k,.x ). Brdypka-
LHOHHASI JUArpaMMa, HILTFOCTPUPYIOIIasi BOSHUKHOBEHHE HEYCTOHYHUBOCTH OJHOPOIHOTO
COCTOSIHHSI, TOKA3aHa Ha puC. 1.

A or

A Y
n>ne
-1/t \
Ay
Ay

\

YT

I
| |
| |
|

| I
| |
| |
| |
| |
| |
I |
| |
2 2
¢

krznin k kmax k2

Puc. 1. Bo3HukHOBEHNE HEYCTOWYHBOCTH OJHOPOAHOTO COCTOSIHUS
B aHcaMOJie BUHTOBBIX AUCIOKALUi

HccnenoBanue HeJTMHEHHOW TMHAMUKN aHCaMOIIs JIUCITOKAINKA OyieM TPOBOJIHUTE B
IByMepHOM obmactn (2= L,L, ¢ y4eToM HaJOKeHHBIX Ha YpaBHEHHE (4) NepHOINYeCKIX
TPAaHUYHBIX YCIOBUN

p(r,t) =p(r+L,1), ©)

rie L= Lie, + Lye, —Bexrop Tpancisiuuy. OU3HIECKH €CTECTBEHHO IPEIONOKHTb, YTO
L, n L, iMeroT XapaKkTepHbIH MacIITad MopsaaKa pasMepa 3epHa Ul IOIUKPHCTAIUIOB H
nopsiIKa pa3Mepa oopasia Ui MOHOKPHCTAILIOB.

[IpencraBuM UCKOMOE pelICHNE YpaBHEHUS (4) B BUJIE

p(r,) =pg + D (& (W, (1) + x.c.]. (10)
k

B pasnoxenun (10) KoJIeKTHBHBIE NEPEMEHHBIE &, () — HEM3BECTHBIE TIOKA (DYHKIIUH
BpeMerH, , (1) = exp(ikr) — opToroHanbHble coOCTBeHHBIE (yHKIMHM onepaTopa L(A),
a BOJTHOBOH BekTop K ¢ yueToM rpaHn4HBIX yciIoBuii (9) IpHHUMAET TUCKPETHbIC 3HAYESHUS
I k, o n/L, an
b
ky ny/L,

TIe 7, , — LieNble YHCIA.

427



IMoncraBum pasiokenne (10) ast mepemenHoit p(r,t) B ypaBHeHue (4), HCIONB3YS
OPTOTOHANKHOCTE GyHKIHH Y, (1) :

1 -
(Wi W) = 5 J W e () dedy = 8y, (12)
Q

HOJIy49UM CHCTEMY YPaBHEHHUH JUIs IepeMeHHBbIX &, (f) B MOIOBOM IIPE/ICTaBIECHUH. DTy
CHCTEMY MOKHO Pa3OMTh Ha IOACHCTEMBI HapacTalomux B uHTepBase |K|e (K .,k .y )
MOJI ¥ 3aTyXaromuXx (U1 KOTOpeIX A, < 0 ) Moz. 3aTyxaromue MoJIbl BOIU3U TOYKU Oudyp-
KaIllM1 a1iabaTHYeCKH CIIEIYIOT 32 He3aTyXarIMMHU MOJJAMH, TOTOMY UX MOXKHO UCKITFO-
YUTh U3 PACCMOTPEHUS, allreOpanvecKy BEIPa3HB Yepe3 HapacTaromme Mos [21].

B pesynbTare noaydyaem pe3oHaHCHbIE ypaBHEHHs I apaMeTpoB nopsaka &, (7),
KOTOpbIE TPH YCJIOBUH Claboit HaakputnaHocTd (p,~p,, K~k |, A ~A; ) npunumaroT
BUI:

0
i =1& +4 2 ECir O — B 2 Ex | &y |2 . (13)

ot Nl —
Kk, K=k,

3neck A, = —L(k*)t~[M-n,)—y(k* —k>)*]/t, Benuuunsr A, B u'y sBIsI0TCS OJI0-
JKUTEIFHBIMH BEIMINHAMH.

Cucrema (13) gomyckaeT CIIEKTp pa3IMYHBIX CTAIIMOHAPHBIX PEILICHUH, OIPEIETUB KO-
TOpbIe MOKHO 110 (hopmyie (10) mOCTPOUTH perIeHHs Ik KICXOMHOH mepeMeHHo# P(T, £).
Jaree orpaHUYMMCS U3YYECHHEM CTPYKTYD, JUTsl KOTOPIX BEKTOPHI K 10 MOTyTt0 paBHSI £,

2. lnccnnatuBHbIE AUCNOKALNOHHbIe CTPYKTYpPbI

Uccnenyem cucremy ypaBaennii (13) Ha mpeaMeT CyIeCTBOBaHUS HETPUBHAIBHBIX
YCTOMYUBBIX PELICHUH, COOTBETCTBYIOLINX HEOAHOPOIHBIM COCTOSHHUAM JJIsl UCXOIHOM
pacrpeeneHHONU CUCTEMBI (4).

U3 ypaBHenwuii (13) HEMOCPENCTBEHHO CIIEAYET, YTO TPUBUATBHOE COCTOSHUE PABHO-
BECHSI, COOTBETCTBYIOIIEE OHOPOAHOMY COCTOSTHHIO ICXOTHOH CHCTEMEI, SIBIISIETCS YCTOH-
YMBBIM TOJILKO B OTCYTCTBHUE HeycToiuuBocTn (A, < 0). Ilpu A > 0 Beerna ycToiunBbiM
SIBJIICTCSI OMHOMOJIOBOE PEIIeHHE. 371eCh BCE MOJIBI, 32 HCKITIOUCHIEM OHOM, TapaMeTpH-
3yeMOM BOJHOBBIM BEKTOPOM k|, TIofIaBieHbl. Byl mostydaronieiicst B 3ToM cityqae npo-
CTPaHCTBEHHOW CTPYKTYPHI (pHUC. 2) ompenessieTcs! BRIpaKeHNEM

p(r) = p, +2&, cos(k,r), (14)

rae &, =+/2A,/B.

Puc. 2. OnnomepHO-nIeprogudecKas JUCIOKAIIMOHHASI CTPYKTYpa
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TpexMOIOBOE PEIEHHUE PEANU3YETCS IIPU &kl = F’kz = §k3 =&, xormak +k,+k, =
= 0. [pu 3ToM BenMuuHa &, NpUHUMAET 3HaYeHue &, = A/5B, UTO XapaKTepusyeT BO3-
HUKHOBEHHE CTPYKTYPHI B pEXKUME KECTKOTO BO30YKICHUS. 3eCh OpPUECHTAIHS TPOHKH
BEKTOPOB, 00Pa3yIOIIKX MPAaBUIBHBIN TPEYrOJbHUK, TPOU3BONIbHA. Peanu3anus Toi win
MHOHM OPHEHTALINH TaK e, KaK B IIPEIBIAYIIEM CITydae, CBI3aHa CO CIIOHTaHHBIM HapyIIle-
HHEM CHMMETPHH.

CranmoHapHOMy TPEXMOIOBOMY PEIIEHHIO &) OTBEYAET IIPOCTPAHCTBEHHAs CTPYKTYpa
TeKCaroHaIbHOTO BUIa (pHc. 3), momyyaromasicst ojcTaHoBkoi &) B (10):

3

24 X ﬁ X
r)=p, +— cosk x+cosk.|—+—y |+cosk | ———— . 15
p(r)=p, 55 X |3t 7 |37 5 (15)

—JLCL— L, X

Puc. 3. I'ekcaronanbHasi AUCIOKALIMOHHAS CTPYKTypa

3aknoyeHue

[omyueH pe3yabTar, U3 KOTOPOTO CIEAYET, YTO B CHCTEME JIOKAJIBHO YCTOMYMBBIMU
SIBIIAFOTCSL KaK OJHOMOJIOBBIM, TaK M TPEXMOJOBBIN peXUMBL. [IepBbIii €CTh cleacTBUE
KOHKYPEHIIUH MO X TPUBOANT K CTPYKType OTHOMEPHO-HEOAHOPOAHON, BTOPOM — pe3ysbTar
KOOTIEpaluy HEYCTOMUMBBIX MO, IPUBOIUT K BOSHUKHOBEHHUIO T€KCAarOHAJILHOM CTPYKTYpBIL.
BosHukaeT Bompoc: Kakast U3 3TUX JIBYX CTPYKTYP peasu3yeTcsi B MOMEHT JIOCTHIKEHHUS CHU-
CTEeMOH TOUKH OU(ypKaIIMH, COOTBETCTBYIOIEH HEYCTOHYMBOCTH OTHOPOHOTO COCTOSTHHS?
Pemmute 3T0T BOPOC MOXKHO, €CIH YU4ECTh B CUCTeME (PITyKTyaIluy U BBIYUCIIUTH BEPOSTHOCTD
HaXO0KJCHHS CHCTEMBI B TOM H IPyroM cocTosHIsIX. Hanbonee BeposTHEIM OynieT cocTosHue,
obnazaroiee 6osee NTyOOKUM MUHIMYMOM MOTEHIMANBHON (QyHKUIUH 17151 cucteMsl (13).
Ee MoxHO BBeCTH, 3amicaB cucTeMy ypaBHeHHI (13) B BApHAITMOHHOM BHUJIE:

B __ OV (16)
o 8g,

A€ MOTCHIWAaJIbHAA (l)yHKHI/ISI V umeer BU

== [nlalP+d X Gbebiixe|-BIal TGP |

kl=k, K'+k"=k Ikl=k,,

Amnanms cuctemsl (16) TIOKa3bIBacT, 4TO reKcaroHabHast KoH(QUTyparws 0oJee BeposTHa
B MOMEHT BO3HUKHOBEHH: HeycToitunBoctTn ipu 0 <A, (M) <A, = 0,051 84%/B. o mepe
yBenu4yeHHus OudypkalMoHHOroO mapaMeTpa B obmactu A, (1) > A, 0oaee BEPOATHBIM
SIBISICTCS] PEKUM YCTAHOBIICHUS OJHOMOIOBOH KOH(HTYpaIIHH.
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Takast PBOJIIONNS TUCIOKAIMOHHBIX CTPYKTYpP HPH IUTACTHUSCKON JehOopMaIiii Me-
TAJUTOB HAOIIONACTCS IKCIepUMEHTaNIbHO [22]. OTMedaeTcsi, 4To MPU Pa3HBIX YCIOBHIX
Harpy>XeHHs B Pa3JIMIHBIX METaJUIAX ¥ CIDIABAX I UCIIOKAIIMOHHBIX CYOCTPYKTYP C POCTOM
JedopMaIu XapakTepHO pa3pylIeHHe UCXOMHOM CTPYKTYpHI U co3danue HoBoil. [lepe-
XOJHOU CTPYKTYPOH B 3TOH SBOJIOIUH SBIISETCS STUCHCTAsI CTPYKTypa, GOpMUPOBaHUE KOTO-
POIi CITY>KHT IOKa3aTeieM TOCTIKEHHUS B JIOKAILHOM 00beMe HEPaBHOBECHBIX KPUTHICCKHX
YCIIOBUH, KOTJIa HaYallbHAs OTHOPONHAS CTPYKTYpa yxke He obecreurBaeT d3Q(eKTHBHOM
Jquccurnanuu saeprum [11].
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FORMATION OF CELLULAR-TYPE STRUCTURES
DURING PLASTIC DEFORMATION

Sarafanov G.F.

Mechanical Engineering Research Institute of the Russian Academy of Sciences —
Brunch of Federal Research Center “Institute of Applied Physics of the RAS”,
Nizhny Novgorod, Russian Federation

A theoretical study of patterns of the evolution and formation of dislocation structures during the
plastic deformation of crystals is carried out. A nonlinear theory of the formation of cellular
dislocation structures in an ensemble of screw dislocations has been developed. The nonlinear
dynamics of an ensemble of dislocations is investigated in a two-dimensional domain, taking into
account periodic boundary conditions of the Born — Karman type imposed on the initial equation.
The local kinetics of dislocations is chosen in the form of multiplication of dislocations by means
of their double transverse sliding and annihilation. A homogeneous stationary solution of the system
(thermodynamic branch) is found. It is established that at a critical deviation from the thermodynamic
branch, an instability of the homogeneous state occurs in the system due to the correlation interaction
of dislocations. To obtain solutions in the domain of instability, the system of evolutionary equations
is transformed to a system of equations for collective (mode ) variables. The expediency of such
transformation lies in the fact that the system can be divided into subsystems of unstable and
damped modes and it makes possible to apply the principle of adiabatic exclusion of unstable
variables (the principle of subordination). Using the smallness of the values characterizing the
increments of unstable modes, the principle of subordination is applied for the system of collective
variables. In this case, it is shown that the system can be reduced to solving differential equations
for a relatively small number of variables (order parameters). In the vicinity of the bifurcation
point, two stable solutions are obtained for the order parameters. The first one is a consequence of
the competition of modes and it leads, in the soft excitation regime, to a periodic one-dimensional
structure for the dislocation density, the second parameter is a result of the cooperation of unstable
modes and it leads to the formation of a hexagonal structure in the hard regime of emergence. The
question is solved, which of these two structures is implemented, when the system reaches the
bifurcation point. The equations for the order parameters are written in the variational form and the
corresponding potential function is determined. Its analysis at the points of minima showed that
the hexagonal configuration is more likely at the moment of instability occurrence. As the bifurcation
parameter increases, the single-mode structure becomes more likely. Thus, the formation of a
dissipative cellular structure serves as an indicator of the attaining of non-equilibrium critical
conditions in a local volume, when a deformable crystal begins to change its defective structure
minimizing its elastic energy.

Keywords: dislocation ensemble, screw dislocations, correlation instability, nonlinear dynamics,
cellular structure.
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