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OO0masg xapaKTepUCTUKAa ANCCEPTAINNI

AxkryanpHOoCTh paborbl. OHol U3 331349 (UMK KOHIEHCHPOBAHHOIO COCTOSIHUS SBJISIETCS

TeopeTuieckoe n3ydenne bU3MIecKoil MpupoIbl CBOMCTB HEOPTAaHUIECKUX W OPTAHUIECKUX COeTh-
HEHUl B 3aBUCAMOCTH OT TeMIepaTyphl. /Jid onucanns TepMoMeXaHNnIeCKUX CBOUCTB TBEPIBIX Tel
HCIIOJIB3YIOTCsI, B OCHOBHOM, JiBe KOHTennun. COrJIaCHO MEePBOil KOHIETIINHN, TeJI0 TPeJICTABISET CO-
60it HEeTPePBIBHBII KOHTHHYYM, MEKPOCTPYKTY POl KOTOPOr0 MOYKHO npenedpedb. Takoe KOHTHHY-
AJILHOE OIHMCAHUE XOPOIIO 3aPEKOMEH/IOBAJIO Ce0sl IPH PACCMOTPEHHH IIPOIECCOB, MPOUCXOSIINX
B TeJax Ha Makpo-Macmrabe. CorjacHO BTOPO#l KOHIENIUU (DU3MIECKOe TeI0 PACCMATPUBAELTCH
KaK COBOKYIHOCTH JUCKPETHBIX YaCTHUIl, B3aMMOJHCTBHE KOTOPHIX JAPYT C JAPYTOM OIIpeJesIsdeT
MEeXaHUYECKHe W TeIIOBble XapaKTePUCTUKHN TBEPAOro Tena. /IMCKpeTHOe OmucaHme darie BCero
UCIIO/IB3YETCS JIJTsT 33724, CBSI3aHHBIX ¢ MEXQHUKON MUKPOCKONUIECKHX TEJI.

B macrogmieil paGore mpeaMeTOM HCCJIEJIOBAHUS SBJSIIOTCS CBEPXUYUCTHIE (WIealbHbIe) rap-
MOHHMYECKHe W CIa00aHTapMOHAYeCKUe OTHOMEPHBbIe KPUCTALIBI. [ apMOHIYeCKH OJTHOMEeDHBIH
KPUCTAJLT CJIYKAT (DYHIAMEHTATHHON MOJETHI0 B TEOPETHIECKON (DU3MKe yKe C MOMEHTa, ee 3a-
poxkenusi. V3yuenne Moze/in OJHOMEPHOTO KPHUCTAJIA MO3BOJIAET HOHATH MHOIHE ACIEKTHI JTH-
HAMHMKH PEIeTKH TBepIoro Tesa. OHUM U3 IPEeUMYIIeCTB FrapMOHUYECKO MEIMOYKHU sIBJISeTCs TO,
YTO MHOTHE e€ CBOMCTBA MOXKHO MOJYIUTh aHaIuTH4Iecku. [locienaee BpeMs mHTEpec K U3y IE€HUIO
UJeaJbHBIX KPUCTAJJIOB BBI3BaH, B TOM YHUCJE, H CTPEMHUTETbHBIM Pa3BUHTHEM HAHOTEXHOJIOTHUI.
[Tpumepom 0 HOMEPHBIX KPUCTAJIOB MOTYT CJIYZKWUTh, HAIIPUMED, OJHOMEDHBIE TEMOYKN yTJIePO-
na (kap6un) win nenouku prytu B Hgs sAsFg..

SHAUYUTETbHBIN BKJIAJ B PA3BUTHE JUCKPETHBIX TOIXOM0B B (DU3MKe KOHIECHCUPOBAHHOTO CO-
crosguaus BHecau paborel @. Bomnoro, C.H. I'aBpmioBa, M.A. ['yseBa, O.B. I'enmensmana, P.B.
Tonpmmreitna, 1. E. Tonosuéra, C.B. /Imutpuera, E.A. Kopsuukosoit, FO.A. Kocesuua, A.M.
Kpuenosa, B.A. Ky3bkuna, A.M. Kocesuua, /I:x. Jlebosura, C. Jlenpu, P. Jlusu, 3. Peiiguepa,
A.B. Casuna, C. Yanra.

OHOMEDPHBIH caydail MOXKeT PacCMaTPUBATHCS KaK yI00Has MOJeTb JJisd ONUCAHUS MHOTHUX
peasbHBIX cucTeM. [loaxoa K ONMUCAHWIO TEIJIOBBIX U MeXaHHYeCKUX MPOIECCOB, PA3BUBAEMbIi B
JIaHHOH paboTe, MOKeT ObITH TaKKe PACIPOCTPAHEH HA JBYMEPHBIE W TPEXMEDPHBIE KPHUCTAJIb.

BeposTHo, 4TO siBjIeHUS, aHAJOTTYHBIE OITUCAHHBIM B HACTOsIIIEH pabore, MOTYT ObITh OOHAPY ZKEHbI



B MHOI'OMEPHbIX KPUCTAJLJIaX, 0/IHAKO UMEHHO B OJJHOMEPHOM CJly4dae UX aHAJUTUYECKOE OlIMCaHue
sABJIsgeTCs HauboJIee MPOCTHIM.

Taxum 0Opa3oM, TEOpeTHIECKOEe UCCIIeJOBAHIE OJTHOMEPHBIX KPUCTAIMICCKUX PEHIETOK U U3Y-
YeHue M3MEHEHUs X (PU3MIECKUX CBONCTB MPU PA3JTUIHBIX BHEITHUX BO3/IEHCTBUAX ABJIAETCH aK-
TyaJbHOI 3a/aveil (PU3NKM KOHJAEHCUPOBAHHOI'O COCTOSHUS, YeMy M ITOCBAIICHA JaHHas padoTa.

Ileas pabothl. Lleabio paboThl SIBAsETC MOJIYUYeHHEe aHATUTHICCKUX BbIPAYKeHHUH, OMUCHIBA-

IOIUX TIEPEXOMHBIC MTPONECChl, THUIIMAPOBAHHBIE MTHOBCHHBIM TEIIOBBIM BO3MYIILEHAECM B KOHEU-
HBIX OJHOMEPHBIX TAPMOHWYECKUX KPUACTAJIAX, & TaKyKe TMEePEeXOAHBIN MMPoIece, MTHATMUPOBAHHBI i
MTHOBEHHO# fedopmarnueil, B 66CKOHEYHBLIX OJIHOMEPHBIX CJa00aHTapMOHMYECKUX KPHCTA/ILIax.

Jutst JlocTUzKeHUsT IIOCTABJICHHON e/ PeIaloTcs CJiejlylonue 3a aum:

e Paspurue mojxo/ia K MOJYYEHHUIO BBIPAXKEHUI J/Is IBOJIONUN KUHETHYECKON TeMIepaTypbl
B IIEPEXOAHOM IIPOIecce, NHUIMUPOBAHHOM MTIHOBEHHBIM TEIUIOBBIM yJIapoM, B KOHEYHOM

OJJHOMEPHOM IapMOHHYE€CKOM KpHCTaJLJIEe.

e PasBurue 1mojxo/ia K MOJYUYEHHUIO BbIPAXKEHUI JIJIs IBOJIONUN KUHETHYECKON TeMIepaTypbl
B IIEPEXOTHOM IPOIecce, NHUITMIPOBAHHOM MIHOBEHHBIM J1e(hOPMUPOBAHUEM CJIA0OHETNHEH-

HOI'O OECKOHETHOTO OJJHOMEPHOI'O KpHUuCTaJlJIa.

e PazBurue 110/1X0/1a K 1OJyYE€HHUIO BbIPaXKEHUH JIIsi IBOJIONUU K JUCIEPCUU lepeMeneHui
B MIEPEXOTHOM IMPOIecce, NHUMUAPOBAHHOM MTHOBEHHBIM TEILIOBBIM YJIAPOM, B OJTHOMEPHOM

rapMOHHYeCKOM KpHCTaJlJIe.

Meroapl uccaemoBaunii. [Iposenéanoe B maHHONU paboTe HccIeNOBAHUE IWHAMUKH CTATH-

CTHYECKUX XapaKTePHCTUK OJHOMEPHOI'0 KPHUCTAJLIa OCHOBAHO HA MeTOJle aHAIn3a KOBapHaIuil.
VpaBHeHUd JUHAMUKA W CTATUCTUYECKUX XapPAKTEPUCTUK KPUCTAJLIA PEITAIOTCI C TTOMOIIBIO JIHC-
kperHoro npeobpasopanusg Oypue. [losydennbie anaanTUIeCKue PEIIeHUs UCCAEAYIOTCH ¢ TTOMO-
MBI0 AHAIN3a ACUMITOTUK. /[JI YuCIeHHOro pemenus 33724 UCTOAb3YIOTCS YUCTCHHBIE METOIbI
perterns auddepeHTIaJbHBIX ypaBHeHWH. [0CTOBEPHOCTh TMOTYYeHHBIX Pe3YIbTATOB HOATBEP-
JKJIaeTcd HaAEKHOCTBIO YKA3aHHBIX MeTOJIOB M MX COTJIACHEM C pe3yJIbTaTaMH YHCJIEeHHOTO Mo/ie-

JIMPOBAHU .



TeOpeTI/I‘{eCKaSI 1 IpakKTUuvYeCKad 3HAaYMMOCTDb AuccepTanumn. Pabora nmeer Teoperu4e-

ckuit xapakTep. Pe3yabTarsl JaHHON PAOOTHI MOTYT OBITH UCIOJb30BAHBI /IS OMUCAHWS TEPMOMe-
XaHUYECKUX TTPOIECCOB B OMTHOMEPHBIX Oe31edeKTHBIX KPUCTAJLIAX ITIPU TeMIIepaTypax, T0CTaTOq-
HO BBICOKUX, YTOOBI MOXKHO TPUHEOPEYDb BJAUSHUEM KBAaHTOMEXaHHYeKNX 3(P@PEKTOB HA TUHAMUKY
PeméTKr KPUCTa/LIa, HO JIOCTATOYHO HU3KHUX, YTOOBI HE YUYUTHIBATH AHTAPMOHUYHOCTH MEXKaTOM-
HBIX B3aMMO/IeHCTBUI WM CIUTATDH eé Masoil. Hampumep, mokazaHo, 9T0 B OJHOMEPHOM KPHUCTATLIE
PTYTH, TOIBEPKEHHOM MI'HOBEHHOMY TEIJIOBOMY yaapy 10 3Hadenud TemmnepaTypbl 100K, sabdekr
TEIJIOBOTO 3Xa MOYKET TMPUBOJUTH K CKAYKy TeMIepaTyphl mpuMepHo Ha HK; ogHopoaHasa jedop-
MalMsi OJJHOMEPHOrO Kpucrajia yriaepoga #a 1,0% orT paBHOBECHOIO MEXKATOMHOIO PACCTOSHUS
MOZKeT HPUBOIUTH K u3MeHenuio temmneparypsl Ha 1, 7K. CpaBuenue mojiydeHHbIX PE3y/IbTATOB C
9KCIIePUMEHTAJIbHBIMHU TAHHBIMH TO3BOJIUT ONPEIETUTDh MPUMEHUMOCTD UCIIOIb30BAHHBIX MOJIeseit
JIJId ONACAHUS PeabHBIX CHCTeM. Pe3yabraThl MOTYyT ObITH OOOOIIEHBI IS JBYMEPHBIX W TPEX-
MEPHBIX CJyYaeB, a Tak:Ke Ha cjaydan cjaboil HeJmHeiiHOCTH.

JloCTOBEPHOCTH MOJIYYEHHBIX PE3YJIbTATOB JIOCTUTAETCS 3a CYeT CTPOroil Maremarude-

CKOI TTOCTAHOBKHU 3aJ1a4, IPUMEHEHHs] MaTeMaTHIecKH OOOCHOBAHHBIX METOJOB peIeHHUs, CpaB-
HeHUEeM Pe3yJIbTaTOB aHAJUTUIECKUX BBIKJIAJIOK U YUCJIEHHOTO MOJIETUPOBAHUSI.

OcHOBHEBIE IOJIOXKEHUS U pe3yJbTaTbl, BBIHOCIMbIE€ Ha 3aIllIUTy

1. Boipakenue, onmchbiBaIoOIne SBOJIONNI0 KHHETHYECKO TeMIepaTrypbl BO BpEMEHHU 110C/Ie Ha-
YaJIbHOTO TEIJIOBOTO BO3MYIIEHU B OTHOMEPHOM KOHEYHOM TAPMOHUYECKOM KPHUCTAJLAE, TO-
JIydeHHOe MeTOJIOM aHaJu3a JUHAMWKW KoBapuarmuil. IlomydeHHOe BBIpazKeHWE MO3BOJIAET
MPeJICKAa3aTh CYMIECTBOBAHWE HOBOTO SBJIEHUS TEILJIOBOTO 3Xa — IEPHUOJIUYECKOTO KPAaTKO-

BPEMEHHOTO TOBBIIICHUS aMILTUTY/Ibl KOJeOaHnil KHHETUYECKONH TeMIIepaTyphl.

2. BrlpaxkeHme, ONUCHIBAIOININE BOJTIONMUI0 KUHETUIECKOH TeMIepaTypbhl BO BpeMeHHU B Iepe-
XOJ/IHOM TPOIecce, MHUIMUPOBAHHOM MTHOBEHHOM OHOPOAHO# nedopmalieii B oHOMEpHOM
OECKOHETHOM KPHUCTAJIJIe ¢ HeJUMHEHHBIM MeXKYACTUIHBIM MOTEHIHAJIOM, TOJIYUYeHHOe MEeTO-
JIOM aHaJIM3a JTUHAMHUKHU KoBapuanuii. V13 7amHOTO BHIpasKeHUus CJAeyeT, YTO pacCMaTpHUBa-
MBIl IepexoIHbII IpoIece uMeeT KojebaTeIbHBII XapaKTep U HPHOJIHKEHHO OIIMCHIBAETCS

dyukmueit Beccensg nepsoro poja.



3. Bbipaxkenue Jijisi JUCHEPCHU TIEPEMEIEHU B 1IePEXOHOM IIPOIEcce, MHUIMUPOBAHHOM Ha-
YaJbHBIM TEILIOBLIM BO3MYIIEHHEM B OJHOMEPDHOM KOHEYHOM TapMOHUYECKOM KPUCTAJLIE,
HOJIYI€HHOE METOIOM aHAJIM3a JIWHAMUKH KOBapHanuil. AHAJN3 IOJTyYeHHOI'O BBIPAKEHMUs
JIEMOHCTPHUPYET, YTO JTUCIEPCHS TIepEeMeIeHnil MOdnHsIeTCA TapadoTuIeCKOMY 3aKOHY, TTPU-

9€M €€ MaKCUMaJbHOE 3HAUEeHHE IIPpOIIOPUHHUOHAJIBHO KOJIHUYICCTBY YaCTUIl B KpUCTaJLIE.

Hayuynas HoBu3Ha.

Hayunasg noBu3Ha 1pecTaBJIeHHONR PAOOTHI OIIPEAeAIeTCs CACAYIONUMEI Pe3yIbTaTaMM, MOJIY-

YEeHHbIMU BII€PBLIC:

1. Pazsur IMOJAXOJ K OIIMCAHUIO TCIIJIOBBIX XapPaKTePUCTHUK KOHEYHbIX I'apMOHUYIECCKUX OJHOMED-
HBIX KPUCTAJIIOB. HonyquO BbIpazKeHHne, OIIMCLIBAIOIINE 3IBOJIIOIINIO KIHETHIECKON TeMIIe-
paTypbl BO BpeMEHHU IIOCJ/I€ HaYaJIbHOI'O TEIIJIOBOTO BOSMYIIICHHUA, IPUBOAAIINE K PeaJIu3allun
ABJIEHHUA TEIIJIOBOI'O 9Xa — IMEPUOJHYIECKOI'0 KPATKOBPEMEHHOTI'O IIOBbIMICHNA aMIIJIUTY/Abl KO-

Jiedannii KHHETUIeCKOil TeMepaTyphl.

2. AHAJUTHYECKH MOJIYIEeHBl BBIPAKEHH, OIUCHIBAONINE IPOTEKAHNe IIePEeXOIHBIX IIPOIECCOB
B OJIHOMEPHBIX cucTeMax. JIg mepexoHoro mponecca, MHUIMAPOBAHHOTO MI'HOBEHHOM OJTHO-
pojHoit jedpopmarnireit B 0JJTHOMEPHOM KPHUCTAJLJIE C HEJUHEHHBIM MEXKIACTHIHBIM MOTEeHI[U-
aJI0M, TIOJIYUeHO BBIparkeHWe JId KHHeTHIecKoi TeMmIepaTypbl KpucTtaaia. [lokazano, 9To
HePEeXOIHBII ITpolece uMeeT KojiebaTeIbHbIH XapakTep U NPpUOIHKEHHO ONMUChIBaeTCsS PYHK-

nueit Beccesrst meproro poja.

3. Paspaboran Meroj onucanud IupPy3UOHHBIX XapAKTEPUCTUK B KOHETHOM FapMOHHYECKOM
OJTHOMEPHOM KpucTaJiie. [lomydensl BolpazKeHUd /I TACIEPCUN TepeMeleHnil B mepexo/l-
HOM TIPOIECcCe, MHUIMHPOBAHHOM HAYAIbHBIM TEILIOBBLIM BO3MYIMEeHHEM. AHAJTUTHYECKH JIe-
MOHCTPUPYETCSI, YTO JIMCIEPCU IIePeMeIeHuil Mo unHsIeTCs MapadoJIMIecKoMy 3aKOHY, ITPHU-

q9éM €€ MaKCIMaJbHOe 3HAYEeHHe IIPOIIOPIHUOHAJIBHO KOJIUYIECTBY YaCTHUI[ B KpUCTaJLIE.

JInguprii BKJIA,. AHaJIITHYeCKOe OIMCAHUE ABJCHHUS TEILJIOBOIO 9Xa II0JIy4€HO JIMYHO aBTO-

POM. Kowmmaekce ImporpamMm AJid MOATBEPXKACHUA BCEX aHAJIUTUIECCKUX PE3YJIbTaTOB ,ZL&HHOfI pa6OTbI

paspaboraH JIUIHO aBTOPOM. Bee duc/ienuble 3KCIEePUMEHTDI, Pe3Y/IbTAThl KOTOPBIX IIPEJICTaBICHbI



B JIICCepTaliK, OJAIOTOB/IEHbI U IIPOBEJIEHBI JIMYHO aBTOpoM. [locranoBka 3ajia4 1 aHaInu3 1OJIY-
YEHHBIX Pe3yJIbTATOB MPOBOIUINCH COBMECTHO ¢ HAYUHBIM PyKoBojauTe eM. OCHOBHBIE MOJIOKEHUS
U BBIBOJIBI JUCCEPTAIMOHHONR pabOThl C(hOPMYTUPOBAHBI ABTOPOM.

Amnpobamnusa paboTsl. Pe3yibrarsl paboThl JIOKIAIBIBAINCH, HAa ceMuHapax HcTuTyTa 11pO-

6aem mammHoBenennss PAH (r. Cankr-IlerepOypr), xadenps Teopernmueckas mexanuka CII6-
ITY, Ha BCepOCCHHCKUX U MeXKIyHapOoaHbIX KoHbepennusax: Advanced Problems in Mechanics (r.
Canxkr-Ilerep6ypr, 2016, 2017, 2018, 2019, 2020), nayunom cemunape VHcTUTYTA TPOGIEM CBEPX-
mnactuaroctn MetasnoB PAH (r. Va), nayanom ceMuHApe WHCTHTYT XUMHYECKOH (DU3WKH M.
H.H. Cemenoa PAH (r. Mocksa, 2021), nayunom cemunape B OU3HKO-TEXHUYIECKUHT WHCTUTYT
uvenn A.@.Modde (r. Canxr-Ilerepbypr, 2021), nayunom cemunape kadegpbl QU3MKN KOHJIEH-
CHPOBAHHOTO COCTOsTHUST esIsIOMHCKOTO TOCYIapeTBeHHOrO yHuBepcuTeTa (1. Yensounck, 2022).

UccnenoBanusa aBTopa Ha PA3JIHYHBIX dTalaxX paboTHl MOAepKuBaInch: MuHICTEpCTBOM 00-
pazoBanus u Hayku Poccuiickoit Pegepannn B pamkax rpantop N2 18-11-00201 (riasa 2), N©
19-41-04106 (rnasa 3), N2 16-29-15121 (rsraBa 4), nporpammbl Hay4aHOro 1ieHTpa MEPOBOrO ypOB-
Hs 110 HampaaeHuio «Ilepemosrie mudposbie Texnoaorums» CIIGITY, cornamenue ot 17.11.2020 N2
075-15-2020-934 (r1aBa 4).

ITy6nukanmum mo TeMe auccepTanum, MOJHOTA M3JI0XKeHud Marepuasa. OcHoBHOe co-

JiepzKaHue JUCCEPTAITMOHHON PabOThl U3/I02KEHO B YETHIPEX HAYYHBIX MyOJUKAIUAX B PEIEH3UPY-
eMbIX JKypHaJIaX, BKJAIOYEHHBIX B [epedeHnb u3gannii, pekomen1oBanubix BAK P® u unjekcupy-
eMBIX B CHCTEMe SCOpus.

Ily6bnukanyu B n3aaHndX, BXOOANINX B I€PEYEHb B IIEPEYEHb U3JAHUI, PEKOMEH-

nosauHbIX BAK P®:

1. Kpusnos, A. Hecramuonapubie TepMo-a1uddy3uOHHBIE TIPOIECCH B KOHEYHOM OJHOMEPHOM
kpucrasre / A. Kpusnos, A. Mypauén, /1. IIserkos // Hebnimesckuii Coopuuk. 2017. T.

18, Ne 3. C. 330-349.

2. Murachev, A. Thermal echo in a finite one-dimensional harmonic crystal / A. Murachev,
A. Krivtsov, D. Tsvetkov // Journal of Physics: Condensed Matter. 2019. Vol. 31, Ne 19. P.

095702



3. Krivtsov, A. Transition to thermal equilibrium in a crystal subjected to instantaneous
deformation/ A. Krivtsov, A. Murachev // Journal of Physics: Condensed Matter. 2021.

Vol. 33, Ne21. P. 215403.

4. Krivtsov, A. Transient diffusion and thermal processes in a finite one-dimensional harmonic
crystal/ A. Krivtsov, A. Murachev, D. Tsvetkov // Journal of Physics: Condensed Matter.

2022. Vol. 34, Ne 9. P. 095401.

CrpykTypa u 0bbem paborbl Pabora cocTouT u3 BBeJeHus, 4eThIpéx riaas. Pabora comep-

KT 109 crparut, 10 puCyHKOB, CIUCOK JIUTEPATYPHI COMEPKUT 128 HamMeHOBAaHUIA.

Conepxkanne padoThl

Bo BBegeHuu 000CHOBBIBAECTCS aKTYaJIbHOCTH MCCACIOBAHUI, MPOBEIEHHBIX B paMKaX JIHUCCED-

TaIlMOHHOM paboThl, HpeJcTaBJIeH 0030p JHTEPATYPDI, (POPMYJIUPYIOTCA IEJIU IIPEACTABIIeMO
paboThl, u3jaaraeTcd eé HaydHad HOBH3HA U IpaKTHYeCKas 3HAYUMOCTb. B 0030pe juTepaTyphl
OT/IeJIbHO OOCYK/IaeTCsl MCIOJIb30BaHNE KHHETHYECKONH TeMIeparyphbl, KaK TeII0BOH XapaKTKpe-
CTUKM OJIHOMEPHBIX PEIIETOK, a TaK»Ke aJIbTePHATURHbBIE ITOXO/bI JJI ONUCAHUS TEIJIOBBIX SBJIE-
HUIl B MUKPO U HAHO-CTPYKTYPHI.

B nmepBoii raase jgaércd 0630p COBPEMEHHOI'O COCTOSHUS MCCIEIOBAHUN, a TaKyKe OIMMChIBa-

I0TCd HEKOTOPBIEC U3BECTHBIE aHAJIUTUYICCKUE PE3yJIbTaThl IO TeMe ,ZLI/ICCGpTaL[I/IOHHOﬁ pa6OTbI.

B pazzesne 1.1 060cHOBBIBaETCH 11€/16C000PA3HOCTH UCIOJIH30BAHUS JTUCKPETHBIX MOJIE/IEi Ipu
u3ydeHnn (pU3MIECKUX ABACHUN, TPOUCXOAANINX HA HAHOYPOBHE.

B pazmene 1.2 maércs onmcanme MaTeMaTHIeCKO# Moaean O€CKOHEYHOI'O OJIHOMEPHOIO rap-
MOHHYECKOTO KpHCTasTa. YpaBHeHNE JIBUZKEHUS YaCTHUIl KPUCTA/LIA B CJIydae JTUHeaPU30BAHHBIX

MEXKYaCTHYHBIX CBI3ell uMeeT BIJI:
. def
mo, = Ce, 1 —Cep 1, En = Upgpd = Up_1, (1)

rae £, — JedopMalins CBI3U MeKIy YaCTUIAMU ¢ HOMepaMu n + % an— %, U, — HepeMelreHue
YACTUIBI ¢ HOMEPOM N, U, — CKOPOCTH N-0ff 4aCTUIlbl, TOUYKOi obo3HaveHo nuddepeHnupoBanmne

110 Bpemenn, C' — KOHCTAHTa, UMEIOIIasd CMbIC YKECTKOCTH CBA3€i, a m — Macca dacTuibl. MHO-



xkeceTBo (Juist Beex n) ypasaenuii (1) npejcrasisier coboii GeCKOHEYHYIO CHCTEMY OOBIKHOBEHHbBIX
JuddepeHnuaabHbIX ypaBHEeHNIH.
B pazgesie 1.3 naxomurcs aHATUTHYECKOE PEIIeHUe CHCTEMbl YPABHEHU JUHAMUKA YaCTHUIL

kpucrasia (1), co caeayonuMin HadaaIbHBIMU YCAOBHSIMHU:
t=0: u, =0, Uy = 0Py , Ups N = Up, (2)

rie p, — CJaydaiiHble He3aBUCUMBbIE BEJMYUHBI ¢ €JUHUYHON Aucrepcueil U HyJIeBbIM MaTeMaTH-
YEeCKUM OXKHUJIAHUEM, 0 — JIUCIIEPCHsI HAYATBHBIX cKOpocTeii yacTul. Hauanbubie yeiaosus (2) co-
OTBETCTBYIOT OTHOPOJHOMY TEILJIOBOMY BO3MYIIEHWIO KPUCTAJLJIAa B HAYaJbHBIII MOMEHT BpEMEHH.

Pemtere navannuoit 3amaun (1) — (2) nmeer Bua:

N-1 N-1
o 90t sin ™ 2rk(n — s) 3)
Uy = g sin | 2wet sin — 5 Ps COS —————=,
2Nw sin Tk N N
¢ h=o MW s=0
def
rie N — KOJIW4IecTBO YACTHI] B KpUCTaLIe, w, = +/C/m — s1eMeHTapHas 9aCTOTA.

B pazgene 1.4 BBojuTCS MOHATHE KHHETHIECKOW TeMmepaTypsl 1

kT & m(32), (4)

p

~  def
rie kg — KoHcTanTta bosibnmana, 0, = v, — (U,) — HEHTPHPOBAHHAS CKOPOCTH TACTHILL P, & (...) —
OIepaTOp MATEeMATHIECKOrO OXKUIAHUA. TaM zKe IPUBOAATCA (POPMYJIBI [ HEIEeHTPUPOBAHHBIX
a2 2
KBaApaTHIHbIX Beaudann: (us) u (V).

p p

B pazaene 1.5 BBojsTCS Ciejyloline KBaIPATUIHbIE BEJIMINHbI:

fk = <unun+k> ’ Kk = <Unvn+k> ) Vg = <Un'Un+k>. (5)

YKa3aHHBle BeJIMYNHBI XapPaKTePU3YIOT KOPPEeJSAINI0 MeK/1y XapaKTepUCTUKAMHU YaCTHUIl B KpPH-
crae. 3amernd, 910 T = K|, _,. CBea3b Mexx 1y Bestmunuamu (5) MOKHO BBIPA3UTh B CIe/IyoIeil
3aMKHYTOI cucteme JinpdepeHIuabubIX YPaBHEeHUI:

ék - 4£§k = 262, Kk - 4,6%,1€ = —2,662, )\k - 45/\k = 0,

Ak dof K + L&

rje \p IpeJICTaBjsgeT co00i BeJIMYNHY, TPOTOPIHOHAIBHYIO JarpaHKUAHy CUCTEMBbI, a

L f dﬁfw?(fk_l —2fk + frt1) (7)
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— Pa3HOCTHBIN ouLeparop.

B pazgene 1.6 noJiydeHa cBsI3b MeXKIY HEHTPUPOBAHHBIMH U HEIEHTPUPOBAHHBIMU JIHCIIEP-
CHUSIMH CKOPOCTEll M IIepeMeIeHnii, a TaKzKe JJAHbl TOUHbIe aHAJUTHIeCKAe (DOPMYJIBI /I EHTPHU-
POBaHHBIX BEJIMYMH.

B pazmene 1.7 nano pemrenne guddepeHnnaabHOro ypaBaeHust 1t A,. CBA3b MEKIY A\, U Ky,
HMeeT BUI: 2Ky = A\,+€0,, TOe € — IIOJIHASI SHePTUsl CUCTEeMBI, a 05, — JeabTra Kponekepa. [lokazano,
YTO B CJaydae OECKOHEYHOI'0 KPUCTAJLIA aMILIMTY/Ia KHHETHIECKOH TeMIIepaTypbl OCIULIMPYET,
NPpUIEM 3TH OCHULIAINN ONUChIBaioTca pyHkueit Beccesnst HyaeBoro mopsigka.

Bo BTOpOIii r1aBe paccMaTpuBAOTCH KOJIe0aHUA KHHETHIECKON TeMIepaTypbl HHUIIUHTPOBAH-

Hbl€ MI'HOBE€HHBIM TCIIJIOBBIM BO3MYIIICHUEM B KOHCYHOM OJHOMEPHOM I'apMOHUY€CKOM KpUCTaJLJIE.
B pasgene 2.1 npeacraBiieHO 000CHOBaHUE HEOOXOAUMOCTH M3y4YaTh TEILIOBLIE ITPOIECCH B
KOHEYHBIX HAaHOPA3MEPHBIX Tejlax.
B pazgene 2.2 naércs popmaabHas MOCTAHOBKA 331291 O TEIJIOBOM BO3MYIIEHUN B KOHETHOM

KpucraJjije ¢ HepuoJNIeCKUMU I'PAHUYHBIMA YCJIOBUAMM:

. def o def C
Up = £un = W, (un—l — 2uy, + un—l—l) ) We = E;
_ _ (8)
Uo = UN, UN+1 = U1,
=0: U, =0, Uy, = O P,

rie W — dJeMeHTapHad 9acToTa. Kunernuyeckas TeMIlepaTypa KpucTaJljla HaXOAUTCA ¢ IIOMOIIbIO

dbopMyIb:
T= "R (9)

= — HTL
kB n=0

rae Kk, — KOBapuanud NEHTPUPOBAHHBIX CKOPOCTEi.
B pazaene 2.3 nokasaHo, 4TO TOYHOE aHAJIUTHIECKOE BbIParKeHue JIJisi KHHETUIECKOH TeMIie-
paTypbl MOKET OBITH TPEJICTABICHO IBYMs PA3JIUIHBIMU criocobamu. 1lepBeiM — depe3 KOHEIHYIO

CYMMY KPaTHBIX KOCUHYCOB:

6T <= k
—= _ S ] —_— 1
T=Tg+ 2N§cos 4wt sin ~ ) (10)
riue
det AT 1 def 1
T, & 1— e -
e ( N—l)’ 5T AT(H—N_l),
: 1)
ATE 52 (1 — ,
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e N — 4ucjo 4acrtuil B Kpucrajuie. BropbiM — depes beckoneunyo cymmy dyukiuii beccesis:
6T -
T =Tp + - Jo(4wet) + 6T > Jopn(dwet), (12)
p=1
U3 Beipaxkenus (12) caemyer, 910 /1715 GECKOHEIHOTO KPHCTALTA KHHETHIECKAsT TEMIIEPATYPa CTpe-
MUTCS K PaBHOBECHO# Temieparype Tg, Torja Kak Jjisi KOHEYHOTO KPUCTAJLIAa TeMIepaTypa occ-
untpyer B okpectHocTH Tp. O6a Boipaxkenns (10) u (12) gBaSIOTCA TOYHBIMHU, HO BBIDAZKe-
nue (12) Gosee ya06HO JJisT AaHATUTHIECKOTO aHann3a. Kaxkmoe, KpoMe mepBoro, ciaraeMoe B BbIpa-
xennu (12) B qasbHeifnemM Ha3bIBaOTCs TemIoBoit Mooii. Cornacuo dopmyste (12) KuHeTHYICCKAST
TeMIlepaTypa MOKeT OBITh BBIDaKeHa KaK CYNepHO3UNusd 0a30BOU TEIJIOBON MOBI %TJO(ZLwet) u
0T J,(4wet) — TEmIOBBIX MOJ HODPSIKA P.

B pazgene 2.4 anajusupyercs OCHUILINNA KHHETUYECKOH TeMIepPaTypPhl.

B nmoapazgese 2.4.1 BBoIuTCA MOHATHE TEILIOBOTO 3Xa, 3aKII0YAIONIETOCd B PE3KOM KBa3HIIe-
PUOJINYIECKOM TIOBBINNEHUN aMILTATYIBI KOJeOaHU! KWHeTHIecKoi TemmnepaTyphl. Jlaérca dusmde-
CKas MHTEPIpeTaIus MTPUpoJIbl TEIJIOBOTO 3Xa. [lepBoe TerjioBoe 3X0 peajan3yercsd B TOT MOMEHT,
KOI/Ia, BCTPEYAIOTCS JB€ BOJIHBI, MHUIIMMPOBAHHBIE B HAYAJIBHBI MOMEHT BPEMEHH, PACIPOCTPA-
HSIOTIINECsS OT KayKJI0i YacTUILI B PA3HBIE CTOPOHBI. DTO MPOUCXOAUT TTOCJIE TOTO, KaK KaXKIas U3
9TUX JIBYX BOJIH MPOXOJSAT MOJOBUHY JJIWHBI KpUCTaLIa. BTopoe TemmoBoe 9X0 peaan3yercs mocie
TOro, KaK BCTPEYAIOTCS BOJHBI OT KayKJI0H YaCTHUIBI, TTOPOK/IEHHBIE MEPBBIM TEILIOBBIM XOM H
TaK Jajee.

B moapaznene 2.4.2 npupejieHO CpaBHEHHE AHAJUTHYIECKOI'O W YHCJEHHOIO perneHunii. Kak
BUJIHO M3 PUC. | pelleHus OKA3bIBAIOTCA MPAKTUYECKW MIeHTHYHBI. [lokazaHo, 4TO0 MHOTOKpAaT-
Hble PeaJIn3aliy TeIJIOBOTO 9Xa MPUBOAAT K OMEHUSM B aMILTUTY/Ie OCIUJISINN KHHETHIeCKOM
Temieparypbl (cM. puc. 2). UncaeHHbIe SKCIEPHUMEHTH MOKA3BIBAIOT, YTO JJisl GOJIBITAX BPEMeH
MHOTOKPaTHbIE Peau3aliui TeIJIOBOI0 3Xa NPHUBOIAAT K Bce Dojee ciaoxkHOi dopme Ouennii. Ha
DOTBIUX BpeMeHaX KOJeOaHUs KUHETUIECKOH TeMIepaTyphl MIPUOOPETAIOT KBA3UCTOXACTHICCKUIA

XapakTep, HAIOMUHAKIIUNA TeIJIOBOI IIyM.
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t/7o

Puc. 1: Kosebanus Kunernueckoii Temneparypsl T B KoHeYHOM Kpucrasuie. Juciennoe (BBepxy)
M aHAJMTUYECKOe (BHU3Y) DEIIeHUs. YCPeIHEHHEe YUCACHHOTO PEIIeHUsT HPOBOJUTCS € UCIOJIB30-

BanneM 100 umcaeHHbIX sKcnepuMenToB. OOo3HaueHus: t — BpeMs, Ty

N

—— — KBa3uIepuos
20,

Tena0Boro 3xa, N = 10° — KOAHYecTBO YaCTHI] B KPUCTAJIe, W, — dJeMeHTapHad JacTOTA.

23]
= 2| 0.015
1 15 0.01 s
e~
o =1 001
0.005
0.005
(@ 0 (b) 0
-0.005 -0.005
20.01 0.01
0.9998 0.9999 1  1.0001 1.0002 1.0003 1.0004 1.9997  1.99985 2 2.00015 2.0003  2.00045
t/7o t/7o
3]
£, 0.012
S
~| 0.008
[\
0.004
(c) 0
-0.004
-0.008
-0.012

2.9997 2.99985 3

3.00015 3.0003

3.00045 3.0006
t/to

Puc. 2: DBuenusa Temueparypbl, HaJOKEHHBIE Ha TPHU IOC/I€I0BATEIHHBIX TEILJIOBBIX 9XO-CUTHAJIA.
Kommuaectso wactun, N = 10, Ty — pasHoBecHad Temmeparypa, 01 = AT (1 + ﬁ), AT —
TEMIIEPATYPHBIH CKAYOK KPUCTAJLIA, BHI3BAHHBIA TEILJIOBBIM BO3MYIIEHUEM, ¢ — BPeMs, To — IHEPUOJ
pea3alyy TeII0BOrO IXa.

B moapaznene 2.4.3 npuBoadTcsa aCHMITOTHYECKHE TIpecTaBaenns 1id dyHkiuu beccess.

OcobeHHOCTBIO ITUX MPEJACTABICHUN SBJISETCS TO, YTO OHU BBIPAXKAIOT CIIENHAJIBHYIO (DYHKIIHIO
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J, (%) AByX epeMeHHBIX Z, (4 B TePMUHAX clieruasbHoi yuxunn Ditpu Ai((), 3aBucseil oT onHOI
nepeMeHHOU. I[ToaToMy Kazkaasg TelioBad MoJa, KpoMme 6a30BOil MOJIbI, MOXKET ObIThH MOIYYEHA U3

byHKIUU DHIpu myTeM JIMHEHHOro Ipeodpa30BaHus:

4¢ \ Mt A (¢
e
x
52;7
r 2/3 2/3
3 14+4/1-¢2
2 In % — /1 =& ,ecan 0 < € < 1;
¢ = 5\ /3 >
{3 [\/52—1—arcsec§} , ecan £ > 1.

B nmoapaszaesne 2.4.4 aHanu3upyercst aCUMIITOTHKA, TEIJIOBOI MOJIBI TTOPSIIKA P JJIsT OOIBITHX
snavdennit N. [Tokazano, 4rT0 ocraTodHble KOJeOAaHUS (OCIUIISAIMA TeMIEPATyPbl OT IIPE/IbITy-
1Iedi TeIIoBON MO/IbI) SIBJISIIOTCS HEOGOJIBIIUMU U 9aCTBIMH 110 CPABHEHUIO ¢ TeKyIeil peajnsanueii
TEILJIOBOTO dXa.

B nmoapaszaesne 2.4.5 B KauecTBe MpUMepa PaccMaTPUBAETCS TapMOHHYIECKAs IEIIOYKa, COCTO-
amas 13 N = 10% aToMOB PTYTH C TIePHOANYECKIMA TPAHNIHBIMA YCIOBUAMI W HAYAIBHOI TeM-
neparypoii To = 0K. Takue nenovuxkun (mpaBja MeHbIIHX pa3MepPOB), HAPUMED, BXOAST B COCTAB

BermecTBa Hgs_sAsFg. TemnoBoe Bo3MyIneHne MIHOBEHHO IIOBBIIIAET TEMIEPATYPY 10 3HAUYCHHS
Ty + AT = 100K. (14)

B pesyabrare 3TOr0 BO3MYINEHHST B KPUCTAJLIE PEATU3YIOTCA KoJiebaHus TeMiepaTypbl BOJIM3N
paBHoBecHoro 3uadenus 1Tg ~ S0K. Eciu yuects ocrarounbie Kosiebanns, MaKCUMaJ/IbHAsT TeMIIe-
paTypa, JoCTHTaeMasl IIePBBIM TEILTOBBIM 3XOM, COCTaB/IsgeT npubdaum3uTe b0 H6.2K. KBasunepnos
peaM3alliil TEIIOBOTO 3Xa cocTabder 7o = 1.65 - 10712 cex., 4T0 B % ~ 80 pa3 GoJibIlle, YeM Iie-
puoJi KosiebaHuii aToOMOB B PeIIéTKe.

B pazagene 2.5 noaBojasiTcst UTOTH TJIaBhl 2.

B Tpetbeil riiaBe n3y4darorcs KosiebaHusd KHHETHIECKOH TeMiiepaTypbl B ognoMepHom a-PITY

KpPUCTAJLIe B IIEPEXOJTHOM IIpOIecce, MHUIMHPOBAHHOM MTIHOBEHHOW OIHOPOIHOM medopmariueit

KpHucTaJia.
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B pazagene 3.1 obocHoBbIBaeTCS aKTyaJlbHOCTH MCCJIEI0BAHUS HEPABHOBECHBIX ajinadaTu4e-
CKUX MIPOIECCOB, NHANMAPOBAHHBIX MI'HOBEHHOU MEXaHWYECKOW HAUPY3KON B HEJIMHEHHDBIX CHCTE-
MaX, B KOTOPBIX MEXaHUYECKNE U TEIJIOBBIE MTPOIMECCHl OKA3bIBAIOTCA CBA3AHHBIMU.

B pazgene 3.2 naércs mareMarudeckoe omucaHue Mojesu. Jlis onucaHus CTaTHCTHIECKOTO
nopeJcHuA CUCTEMDBI BBOAATCA KHHETHNYICCKaAA K 1 IIoTeHIIMaJIbHaA U QHEpPIrun, a TakK>Ke KHHEeTH-

Jeckas Temneparypa 1"

e 2K
e + %83 : T2 (15)

o
N
| Q)

K om@),  Ulete) ¥ (de+e)), ()%

rie Il — mexxkdactuaablil morennuaa, C' 1 o — KECTKOCTH ME:KYaCTHIHBIX CBA3€dl IEpBOro U

BTOPOTO MOPSIIKA, U, — IEeHTPUPOBAHHOE TePeMeIeHne JaCTUIbl ¢ HHIEKCOM 7, € — OIHOPO/I-
def - ~

Has abcojtoTHas jgedopMmanud U €, = U, — U,_1 — CToxXacTudeckas abcosiorHas jedopMalius.

ypaBHeHHe JUHAMUKH 9aCTHUIDBI JJId KpUucTaJljla HMeeT BUJL
mi, = Fpp — F,, F,= —F(e+e,), F(e) = —II'(e) = —Ce — ag?, (16)

riae F, — cwuia, jeficrBylonias Ha 4YacTHIly 7 — 1 €O CTOPOHBI YaCTHIbI N, & IITPUX O3HAYAET
nuddeperupoBaHue Mo IPOCTPAHCTRBY.

B pazgene 3.3 narorcd BepazkeHne 11 KHHETHYIECKON TeMIlepaTyphl KpUCTaJLIa Mepe] MTHO-
BEHHBIM ,ZLGCbOpMI/IpOBaHI/IeM " BbIpazKeHue JJd aCUMIITOTUYECKOT'O 3HaYCHUA KUHETHYECKO TeM-
neparypbl Ha OOJBIIMX BpEMEHAX I0CJie MI'HOBEHHOH jedopmalinm.

B nodpasdene 3.3.1 npencrapiaeH BbIBOJ BUPUAILHOIO COOTHONIEHUS I MATEMATHIECKOTO

O2KH JaH A KHHETHIECKON JHEPIuu:

K = %<gnFn>, (17)

rie (...) — omepaTop MareMaTHIeCKOrO OKUIAHUS, €, —aedOpMAaIHst 1n-0i CBS3H.

B nodpasdene 3.3.2 ¢ nomoipio BAPUaIbHOro cooTHoneHust (17) 1oy deno BbipazKeHue, CBsi-
3BIBAIONIEe KHHETHIECKYIO TEeMIIepaTypy U JucIepcun jtedopManuii 1 CKopocTeil 10 MTHOBEHHOI'O
nedopMUpOBAHHUST:

ksTy = m{v2) = C{e2), (18)

n

rie Ty — Temneparypa KpuCTaJLia JIo OJIHOPOAHON jJedopmanuu, kg — KOHCTaHTa BoJsibriivana.
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B nodpasdene 3.3.3 1ojiydeHo BblpazkeHue Jijisi KHHETHUYECKOW TEMIEPATYyPhl HA OOJIBIITHX

BpeMeHaX MOocje MIHOBEHHOTO J1e(pOPMUPOBAHUS KPUCTAJLIA:

Ty =To (1+ %) . (19)

U3 Beipaxkenns (19) caemyer, 9To W3MeHeHWe KHHETHYECKOH TeMeparypbl 1 B TIepBOM Mpub.IH-
JKEeHUH TIPOHOPINOHAIBHO OJHOPOAHON medopmanuu €. 3aMeTuM, 9TO OJHOPOIHAS abCOTIOTHASA
nedopMaIys n3MeHseT PABHOBECHBIE MOJOXKEHUST aTOMOB, CJIEIOBATETBLHO €€ BIUSHIE MOXKET WH-
TEPIPETAPOBATHCH KaK M3MeHeHHe YKECTKOCTH CBSI3ei KpucTaJiia.

B pa3zgnese 3.4 ocHOBHOe BHUMAaHUE yAeasdeTCsa TMOUCKY BBIPAyKeHUS 19 KNHETUIEeCKON TeM-
neparypbl Kak hyHKIUA BpeMenn. Kunerndyeckas remnepaTypa KpUCTa/ijia MOXKeT ObITh Hailliena
C UCIIOJIb30BAHNEM KOBAPUAIMOHHOIO aHAJIM3a, IIyTEM BBeJIeHUS O0OOIIEHHBIX SHEPIUi, IIPONOPIHU-

OHAJIBHBIX KOBapHAILUIM CKOpocTeil n jnedopmMalimii:

1 1
K, & §m<vnvn+k> , U, & Emwz (EnEntk) Lo Ky — U, (20)

rie K u U, — 000D0IIeHHBIe KHHETHYECKasd W HOTeHIHaabHag dHepruu, u L, — O00OOIIEHHBII
narpauzxuan. Jnddepennuposanne ypapuenuit (20) 1 ypaBHeHHI [BUKEHHUsST 9aCTHI[ KPUCTAILIA
HPUBOJINT K CJIEAYIONIEH HAYaJIbHOM 3a1a4e /st 000DIIEHHOrO JarpaHKuaHa:

Ek = 4w2(£k,1 — 2L + £k+1) )

Tok . (21)
t=20: Ek:—%ae(gk, £k:0

Penrenne anajiornynoil Hava/ibHON 3a/1a49u 1Oy 9eHO panee B ryiase 2. CoriacHo 9TOMY PEIreHuio

00OOIIEHHDIN JIarPaHKHAH OCIIHJIIAPYET ¢ YOBIBAIOMIEH aMILIATYIOM:

Ly = —%J%@wt), (22)

vie Ji(r) — dynkuus Beccens k-ro nopsijka. C uciosib3oBanueM cBsi3u 0600LUIEHHOTO JIAIDAH K K-

aHa U KUHETHYECKON TeMIIepaTyphl, MOCAEIHASd MOXKET ObITh BhIparKeHa CJAeIYIONUM 00pa30M:

ToOéﬁ

T="T,+ (1 . JO(4wt)>. (23)

Ha puc. 3 nmokaszaHo cpaBHeHHe aHAJUTHYECKOrO pereHus (23) ¢ YHCIeHHBIM PEeIeHneM, 1mo-

JIYIYEHHBIM C IIOMOIIIBIO KOMIILIOTE€PHOI'O MOJCJIUPOBAHUA CJIa60aHFapMOHI/IquKOFO KpucraJja.
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0.85 ‘ ‘ ‘

Puc. 3: Ha pucynke n3obpazkeHbl KoJieOaHHsT KHHETHICCKOU TeMIiepaTypsl 1T’ B 6€CKOHEIHOM KPH-
crajuie mocjae MIHOBeHHON Harpy3ku 1nipu ¢ = (. [TpecraBiensl qucieHHoe (TOUKN) U AaHATUTHYe-
CKOe (CHﬂOHlHaH JH/IHI/IH) pemeHusd. pre,ZLHeHI/Ie IPOBOAUTCA C IIOMOIIBIO YUCJCHHDbIX IKCIICPUMEH-
toB 103. Yucsio wactun, N =5 - 10%, koucranra 7 = 27 /w,, kospdurnuenr ae/C = —0.1.

Kak BugHO W3 puC. 3, HOJYyYeHHOE aHAJUTHYECKOe Delrenne (23) MpaKTHYeCKH COBIIAJALT C
PE3YJIbTATAME YUCJEHHOTO WHTErPUPOBAHUS YPABHEHUS JTUHAMUKU 4acTHI Kpuctaana (16) mia
HECKOJIBKUX JIECATKOB IePHOI0B KOJIeOAHMIA.

B pazgene 3.5 nmpousBejieHa OleHKA CKadKa TeMIEPATYphl B IMEPEXOTHOM HPOIecce, BhI3BAH-
HOM MI'HOBeHHO# abcomoTHoil nedopmanueii ma 1.0 % 0T paBHOBECHOr0 MEKATOMHOIO PACCTOSHAS
B OJHOMEPHOIl Iemouke yriepoga ¢ HadaabHOi Temueparypoit Ty = 300° K. Corsacao ¢hopmy-
ne (19), HOBoe 3HAUEHHE PABHOBECHO! TeMmieparypbl pasHo 298.3 K. AcuMnroruka mpu G6oJIbIITOM
qucjie dactuan N Jijid nepuoja KojeOaHuil KUHEeTHYECKOH TeMIepaTypbl B IIEPEXOJIHOM ITPOIec-
ce, onuchiBaeMoro ¢opmy.oii (23), npubansurensro paaa 10.2 demrocexyna. Takum obpazom,
nedpopmanusg pasuas 1.0 % npusogur K m3menenunio remueparypbl kpucraaia na 0.6 %.

B pazgene 3.6 nmoaBoagaTcd UTOTH TJIABHL 3.

YerBépTasg riiaBa NoCBdAIeHa aHAIN3Y AUGOY3HOHHBIX IPOIECCOB B OJTHOMEPHOM FapMOHH-

YeCKOM KpHCTaJJIe.

B pazagene 4.1 naércs mareMaTndeckoe ONMCAHUE MOIEJIH:

. 9 gt |C
iy, = W (Un—1 — 2Un + Uny1),  We = ([
m
24
Uy = UN, UN+1 = U1, ( )
t=20: U, =0, Uy = O P,

rae p, — CJIy‘I&fIHbIG BE€JIMYHUHDI C HYJIEBBIM MaT€MaTHY€CKUM O2KHJaHUEM H GZLHHHHHOfI JUCIIEePCH-

eil, 0 — aucnepcusd HaYaIbHBIX CKOpocTeil dacTull. BoauTcs nmousrue qudy3uoHHBIX HPOIECCOB,
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ACCOIUUPYIONIUXCH C IEPEMEIIeHUsAME dyacTuil. He cMoTpst Ha TO, 4TO B KpUCTaJLIe HE HPOUCXO/IUT
W3MEHEeHUS MTOPSAIKA YACTHUI] B CUJTY HAYAJIbHBIX YCJIOBUN, YACTCHHBIE IKCITIEPUMEHTHI TOKA3BIBAIOT,
YTO YACTUTIBI MOTYT JaJeKO YXOAUTH OT CBOEro MepBOHAYAJIBHOTO MOJOXKeHU. Takoe moBe/ieHne
MOZKET BBI3BIBATH OoJjbiue jedopmanuu B Kpucrasie. [lad aHanimsa cTaTUCTUYECKUX CBOHCTB
CUCTEMbI UCHOJIb3YETCs NPUBEIEHHDBIN JIArPAHKHUAH \p U NEHTPUPOBAHHLII IPUBEIEHHbBINH JIATPaH-

KUaH A\

2
def o

e = Kg + L&, S\kz)\k—ﬁa (25)

riae N — 9uca0 9acTull B cucteMe. KoBapualMoOHHBIH aHAINA3 TTO3BOJIAET MOAYyIUuTh auddepeniu-

AJIbHbIE€ YpaBHEHUA W HaYaJIbHbIE YCJIOBUA OJIA HpI/IBe,ZLéHHOFO Jlar'paHzKHaHa:

A = K + L&, i = 4L,

. (26)
t=20: )\k:025é\7, )\k:O.
Pemenne naganbaoll 3a1a4n (26) MOKeT OBITh IPEeJICTABICHO B CJAEIYIONIEM BHJIE:
AE) = [ Jo(dwet) + 23" Topn(dwet) | . AE) E N,| (27)
p=1 n=0
IloBTOpHOE HMHTErpUPOBaHLE IPUBEAEHHOIO JIArPAHZKUAHA JAET JUCIEPCHIO IIepeMeIeHnii:
2t2
(i) = 21°A(t) — -, (28)
N
I‘,ZLG HNCIIOJIB30BaH I/IHTeI‘paJIbeIfI onepaTop
def t
Tf() % / f(r)dr. (29)
0

B pazpene 4.2 ananusupylorcsi BbIpazkKeHHs JJIs JIUCIEPCHI TepeMelneHnii B 0eCKOHeIHOM
kpucrasie. [Tokazano, aro u3 dpopmysst (28) B pesesne N — 00 CIpaBeJINBbl ACCUMITOTUIECKUE

BbIpazKeHud:

2
(@2) = 20272 Jo(4wet) = % D(dw.t),  B(2) L 12I0(2). (30)

Bripaxkenne ning @ npeiacTaBUMO B BHUIE:

72%(Ho(2)J1(2) — Hi(2)Jo(2)) .

D(2) = 2*Jo(2) — 2J1(2) + 5 (31)
Oynknus P(z) uMeer CIeAYIONHe ACHMITOTHKH:
2
21l = O(z)~—,
2 (32)

z — 00, D(z) ~ 2.
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Takum obpasom, B ciydae KpHCTa/ia, COCTOSMIIEr0 U3 OECKOHEYHOI'O0 YMCJIa YACTHIL, JUCIEp-
cus IIepeMeleHuil mpeacTaB/igeT cob6oii MOHOTOHHO BO3pAcTAONIYIO (DYHKIIHIO OT BpeMenu. BO.u3u
ACHMIITOTHI JIUCIIEPCHUS TIepeMeleHnil coBepIaeT 3aTyxaionue Kotebanus. Ha 6o/bimmx BpeMenax
POCT IMCIIEPCHUN TIEPEMENIEHANT MOXKHO CUYUTATH NPAKTAYECKHA JAHEHHON, COBIIAIAIONIENH C ACHMII-

toroit (cm. puc. 4):

def 27T ~9 ag
t = —: ~ — 1. 33
>T o (1) 20, (33)
257
20 P
___15F )
\1:2/ ”,/
K
10 - el
5+ 7
0 //f | | | | |
0 5 10 15 20 25
Z

Puc. 4: I'paduk byuxmnun (z), orodpazkKaioniuii pocT AUCIEPCHU TTePEMEIeHuil B 6eCKOHeTHOM
kpucramie. [lynkrupom mokazana acumnrora P(z) ~ 2.

B paznene 4.3 paccmaTpuBaeTcs TEPBBIH KBA3UIEPHO TUCIIEPCHT TTepEeMeTeHn B KOHETHOM
. def N .
KPHUCTAJLI€ — BPEMEHHOM OTPE30K OT HyJid BILIOTH JI0 To = 5. Jlucnepcus nepememnenunii umeer
e

KBagpaTHIHy0 HopMy OT BpeMeHHn (mpejcTanisier coboil epeBepHyTOl mapabosry ):

)

N = o0, <az>:%t(m—t>. (34)

Camble 3HAYUMBIE OTKJIOHEHHUsI OT 9THX 3aKOHOB HAOIIOMAIOTCS HA TPAHUIAX PACCMATPHBAEMOTO
uHTepBaIa. dem GoJIbITie YHCI0 YaCTHIL B KPUCTAJLIe, TeM JIydle annpokcuvanus (34), TeM MeHee
3aMETHBIMHU OYyT yKa3aHHbIE OTKJIOHEHHs. B MOMEHT BpeMeHnu t = Ty JAUCHEpPCUS TepeMeIeHunit
obpalaercs B HOJIb. DTO O3HAYAET, UYTO B 3TOT MOMEHT BPEMEHHU TEePEeMeIleHUs] BCeX YaCTHUIl B

HEIoYKe B TEPMOJUHAMHYECKOM IIpejese obpamiaioTes B HOJIb. KpHCTa/I TPpaKTHIECKH BO3Bpa-
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IAeTCs B UCXO/HOe cocTosinue. /luciepcust nepeMeriennit oopaiiaercst B HoJib B MOMEHTHI BpEMEeHU
KpaTHbIE Ty OECKOHEUHOe YUCI0 pas.

B pazaesie 4.4 paccMaTpUBAIOTCI ACUMITOTHKHA JTUCIIEPCHH TIePEeMeIeHuil IpH O0JIbIIIOM YHC-
Jie 9acTuIl 1 GOJIBITHX BpeMeHaX. ACHMITOTHYIECKH TOYHOE MpeJcTaBieHune st aucnepenii (34)

MOZKHO Hpe,ZLCTaBI/ITb B BI/I,ZLe
() ~ Y f(t = pro), (35)

riae dbyuknus f(t) va 3amkayToM uaTepBade [0, 7o) onpenesasercs dopmynoi

O (36)

U paBHA HYJIIO BHE YKa3aHHOro murepsaJja. [locie nepBoHadaibHOrO TEIJIOBOTO YAapa JUCHepPCus
MepeMeInennii pacTéT crepBa JUHEHHO, & TOTOM POCT €6 3aMeJIsIeTCsI, U TIPU ¢ = To/2 AOCTUTAeTCsT

MaKCHMYM
o’y o*N
AN 16w?’

(37)

<az>max =

Benmuuna MakcuMyMma IUCIEPCHE IPONOPIHOHAJLHA N, 3HAYUT, MaKCHUMAJILHBIC MePeMeNICHIa
OTHOCHTEJIBHO IEHTPA MACC KPHCTAJLIA MPOIOpIHoHaIbabl v/ N. Tlocie JOCTHKEHHST MAKCHMYMa
HAYMHACTCA CUMMETPUYHBIA CHa IUCHepCHH, HPUBOLAIIMNA K €€ TOXKICCTBeHHOMY OOpaIIeHUIO B
HOJIb IpH [ = Tp. 3aTeM JNCIepCHd CHOBA HAYMHAET PacTH, W IPOIece nmopropdercd. Takaa kap-
TrHa HAGII0JaeTCa Ha OOJIBINNX, MAKPOCKONMNYECKNX, BpeMeHax. Ha MaabiX, MEKPOCKONMNYECKHX,
BpeMeHax BOJIM3M MOMEHTOB BpeMeHu t = pry, p = 1,2, 3, ... peann3yrrcs 1epexo/HbIe TPOIECChI.
B pazmene 4.5 mpousBoauTCd CcpaBHEHHWE IUCIEPCUH TepeMelleHu# yCpeTHEHHBIX 1O aH-
camMbmio (G2) W mpocTpaHcTBY {U:}. AHaIN3 Pe3yJIbTaTOB YHCJICHHBIX PACYETOB MO3BOJIACT 3a-
KJIIOYHTh, 9TO BPEMEHHBIC 3aBUCUMOCTH JUCIEPCHN TIePeMeIleHnil YCPeHEHAbBIC 0 TPOCTPAHCTRY
CHJILHO OTJIMYAIOTCA B KasKJIOM M3 YHCICHHBIX KCIEPHMEHTOB OT KBaApaTUIHON (GOPMBI AuCIIep-
cun, onuceiBaeMoii hopmystamu (35)—(36). CpaBHeHEe OCPEIHEHHBIX MO TIPOCTPAHCTBY KBAIPATOB
HepeMeleHnil 1 MATeMAaTHIeCKOr0 OXKHIAHUS TUCIICPCHHT IIepeMelleHnil IpuBeIeno Ha puc. 5. Kak
BUJIHO M3 aHAIM3a I'padUKOB Ha PHC. D, JUCIEPCHd IepeMeNeHnil, yCpeaHeHHas 0 IPOCTPaH-
crBy {G2} cayuaiinag BeJMUMHA, W IS DA3HBIX HAYATBHBIX YCJIOBHIl MOJTYJalOTCA PA3HBIE KDH-
Bble. JapucuMoctu {U: } u (U2) 0OpalaoTcs B HOJIb ePUOJNYecK: ipu t = pTo, tae p = 1,2,3... u

MPpaKTHYECKU ITOBTOPAIOTCA Ha KazKJI0M H3 KBAaSHUIICPUOIOB. 3aBUCHMOCTD <1~L%> ABJIdeTCd MaTeMa-

THYECKUM OXKHJaHIeM 3aBucumocteit {us }. Onnako, sapucuMoctu (i) He cTpeMaTcs K {43} npu
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{ai}/A,

0.5

0 0.5 1 1.5 2 2.5 3
t/1o

Puc. 5: OcpesHénnas 110 IPOCTPAHCTBY JAMCIEPCHd nepementennii {G3 } 1 pasamYHbIX Deaan3a-
uuit ipu N = 1000 (ToHKMEe JUHUHM), OCPEIHEHHAA 110 AHCAMOJIIO JUCTIEPCHst epementennii (i} )

def def
(xupnas annns), A = o272 /(4N), 7o = %

yBeJIMYEHUU 4duc/ia dacTtul. Takum obpasoM, /i KBaJpaTa IepeMelleHnii cpeiHee Mo IPOCTPAH-
CTBY W CpeJiHee MO aHCaMOJII0 CYIECTBEHHO Pa3/IndaloTCs.

B pazaene 4.6 noaBoasiTCst UTOTH TJiaBhl 4.



