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BBe,n:eHHe 

06CJ)KLJ:CHHC TCOpCTH'lCCKHX acneKTOB . npofiJICMbl MCXaHR3Ma 

CBCpXIIpOBOLJ:HMOCTli MCTaJIJIOOKCH.D:HhlX COC.D:HHCHRH co,n:ep)KHT yfie

.D:HTCJibHbiC apryMCHTbi B nOJib3J 3JICKTpOH-qlOHOHHOrO B3aRMO,n:eft-· 

CTBHH. O.n:naKo · <!JonoHHbiH Me_?CaHH3M cnepxnpono.n:nMocTn ne noJBo

rra:eT norry'ln:Tb BhlCOKne 3Ha'leHn:a: Kpn:Tn'lecKoii TeMnepaTypbi. B 

3TOM KOHTeKcTe nccrre.n:onanua:· BJI!l.smn:e :meKi'ponnoro n cTpJKTyp

noro ¢la3onoro nepexo.n:a na TeMnepaTypy cnepxrrpono.n:uuero ¢la3o

noro nepexo,n:a HBJIH C•TCH BCCbMa aKTJaJibHbiM. llerro B TOM, 'ITO BbiCO

KOTCMnepaTypHbiC CDepxnpoBO.D:HIUIIC COCLI:RHCHHH RMCIOT ·CTpJKTyp

HbiC ( B TOM 'lRCJIC R HCCOH3MCpRMbiC) R 3JICKTpOHHbiC <!Ja30DbiC nepe

XOLI:hl Bhlme cnepxnpono.n:a:mero nepexo,n:a. Harrn-qne Ma:rKoi'r MO,n:br n 

3<lJ¢leKTHBHoii KOHCTaHTbi IBanMo,n:eiicTBRH 3JieKTponon c 3Toii Mo,n:oii, 

ofipaTHO nponopUHOHaJib-HOHCpe,n:HeMy 3Ha'leHHIO <!JoHOHHOH 'laCTOTbi, 

.D:OJI)KHO: npn 3TOM B03paCTaTb. C ,n:pyroft CTOpOHbi, Dbipa)KCHHC .D:JIH 

TeMnepaTypbi cnepxnpono.n:a:mero nepexo.n:a co,n:ep)IGIT cpe.n:nee 3Ha

'leHne <lJOHOHHOH 'laCTOTbl D npe,n:3KCnOHCHIIHaJibHOM MHO)KRTCJIC. I1o-

3TOMJ TeMnepaTypa nepexo.n:a B cnepxrrpono.n:a:mee cocToa:nne .n:orr)lma 

RMCTb MaKcnMyM, KaK ¢lYHKIIRH cpe,n:nero Kna.n:paTa '!acTOTbi. O.n:naKo 

R3J'ICHRH R3MeHCHRH <lJOHOHHbiX xapaKTCpiiCTHK npu CTpJKTJpHOM 

npeBpaiUCHIIR, a OCOfiCHHO D COJIHTOHHHOM pe)KUMC HCCOH3MepR!V~OH 

<lJa3:bi 1 CDH3aHbi C J'ICTOM HeJIUHeHHbiX D3aHMO.D:CIICTDIIII DbiCillHX no

pH.D:KOD, J'leT KOTOpbiX D MIIKpOCKOnli'ICCKOM no,n:xo,n:e 3<tTpy,n:HCH. 

B .n:annoft pa6ore n paKax o6o6menua: <!JopMamnMa ITan,n:ay

fnn36ypra npRBCLI:CHbi liCCJie,n:onaH:riH HCJIHHeHHbiX <lJOHOHHbiX xapaK

TepHCTHK D DbiCOKOTCMnepaTypHbiX CDCpXnpODOLJ:HIIIIIX KpHCTaJIJiaX 

C nepeMCHHbiM COCTaDOM (1]. WCHOMCHOJIOri-PICCKaa: TCOpiiH <lJa30DbiX 

nepexo.n:on c Hecopa3Mepnoii <!Ja3oi'r n n.n:caJibHbiX Kpncrarrrrax c .n:an

Hoi'r npOCTpaHCTDCHHOH rpynnoft CliMMCTpHII D DbiCOKOCHMI\ieTpli'IHOli 

<!Ja3e fia3upyeTCH Ha 3HaHIIII pa3JI0)1(eHUH <!JJHKUIIOHaJia TCpMO.D:HHa

MII'leCKOrO nOTCHUUaJia <!> no CTCnCHHM napaMCTpa nopa:,n:Ka (2]. Xa

paKTepii3JIOIIIIIH ¢lu3n'!ecKne cnoikTna KpiicTarrrra n6JIJI3H ¢laJODbiX 

IIepcxo,n:on <!JJHKUJIOH<tJI <!> KOHCTpyupyeTCH II3 HHDapnaHTOD MaTpiFI

HbiX · rpynn, HDJIHIOIIIIIXCH HCIIpiiDO.D:IIMhlMII npcncT<tDJICHIIHMII rrpo- ' 
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CTpaHCTDeHHOH rpyrrnbi·DbiCOKOCIIMMCTpii'IHOH <!Ja3bl 1 COOTDeTCTDJ

IOIIICii ,n:aHHhlM neKTopaM 30Hbi Bpiirrrrroena, :KoTopbre onpe,n:erra:roT 

Tpanc<!JopMaiiiiOHHble CDOHCTDa rJiaDHoro II BTOpOCTCIIeHHbiX napa

MeTpOB nopa:,n:Ka B COOTBeTCTBIIII C IIX <lJR3II'leCKOH npiipo,n:oft [3]. B 

TO'!Ke noTepii JCTOH'IIIDOCTII HeycTOH'liiBbiM CTaHOBIITCH rJiaBHbiH na~ 

paMeTp nopa:,n:Ka, KOTOpbiH onpe,n:eJIHeT II3MeHeHIIH CIIMMeTpiiii npii 

<!Ja30DOM nepexo.n:e [3, 4]. . . 
B nen.n:eaJibHhlX KpncTarrrrax npiicyrcTBIIe B cTpJKType ,n:e¢leKTOB 

OniiCbiDaeTCH, B COOTBeTCTBIIH C OfiiUHM-npHHUHnOM no,n:'lHHeHII.SI [5], 
nne.n:eniieM B <I> ,n:onorrnuTeJibHhlX creneneii cno6o,n:bl. BTopocTeneH

Hbre napaMeTpbi nopa:,n:Ka R ,n:onOJIHHTeJibHble CTeneHH CBOfiO,n:bl onpe

,n:eJIHIOT none,n:eHII.SI MHKpocKonii'leCKIIX '!acTeii no.n:cncTeMhl. O,n:naKo 

npiiCJTCTBIIe B <!> rJiaBHOrO napaMeTpa nop.SI,n:Ka R ,n:onOJIHRTeJibHbiX 

cTeneneii cno6o,n:hl noJnorra:eT cucTeMe naxo,n:IITb cnoro cTpJKTYPY [6]. 
llpii OniiCaHIIII KIIHeTII'leCKIIX npoueCCOB Ba)KHO IIMeTb B BII,n:y, 'ITO 

CTpJKTJpHble ,n:e<!JeKTbl MOryT C03,n:aBaTb IIepapXII'leCKII COnO,n:'liiHeH

Hble aucaM6rrn, 'ITO MO)KeT cymecrnenno BJIHHTb Ha perraKcaun:ro na

paMeTpa nopa:,n:Ka. KpoMe 3Toro, TaK KaK cpe,n:nee no o6'beMy Kpn

crarrrra 3Ha"lenne napaMeTpa nopa:,n:Ka npe,n:cTaBJIHCT co6oii rrn:neftnyro 

KOM6IIHaUIIIO KOOp,n:IIHaT 'laCTIIII CHCTeMhl 1 T. e. HBJIHeTCH OLJ:HOH II3 

Mexann-qecKnx cTeneueii cno6o,n:br KpiicTarrrra, To B rrro6oii peaJibHoii 

CIICTeMe .D:BII)KeHIIe, OTBe'laiOIIIeC OLJ:HOH CTeneHII CBOfio,n:hl, CBH3aHO C 

,n:BII)KeHHHMII, OTBe'laiOIIIIIMII BCCM OCTaJibHbiM CTeneHHM CBOfiO,n:bl 

[5, 7]. ITo3ToMy, ecTeCTBeHHO npe,n:noJIO)KIITb, 'ITO ,n:a)Ke ecrrii cncTeMa 

B npouecce 3BOJIIOIIIIR npoxo,n:nT "'!epe3 nee cocTOHHIIe nenpepbiBHhlM 

o6pa30M 6e3 KaKn:x-rrn:6o noTepb, perraKcaunonn:hle ypanneHIIH .n:rra: 

napaMeTpon nopa:,n:Ka 6y,n:yT ,n:ocTaTo~Ho CJIO)KHhlMR [2]. Ecrrn: orpa

HII'liiTbCH MaJibiMII OTKJIOHeHRHMII napaMeTpa nopH,n:Ka OT ero paB

HOBeCHOrO 3Ha'leHIIH, MO)KHO 3aniiCaTb ypaBHeHIIH .D:BH)KeHIIH KaK JIII

HeHHble, HO co,n:ep)KaJUHe BpeMeHHble npOH3BOLJ:Hble CKOJib yro,n:HO Bbi

COKOrO nopa:,n:Ka [2, 6]. Heo6xo,n:n:Mo no,n:'lepKHJTb, 'ITO niie.n:enn:e na

paMeTpa nopa:,n:Ka n03BOJI.SieT OniiCaTb KpiiCTaJIJI Mo,n:eJibiO CnJIOillHOH 

cpe,n:bl. llpn: TaKOM paCCMOTpeHIIH ,ZJ;HCKpeTHOCTb KpHCTaJIJIH"leCKOH 

cTpJKTYPhl MO)KeT 6b1Tb npoa:nrrena KaK ,n:e¢leKT [8]. Tpanc<!JopMa-
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UliOHHbiC CBOMCTBa rrapaMeTpa IIOp.SI,n;Ka BMCCTC C ycJIOBIICM I1HBapii

aHTHOCTll ~ C TQqHOCTbiD .IJ;O rrapaMeTpOB O.IJ;H03HaqHQ OIIpe,n;eJI.SICT 

q>yHKUllOHaJI TepMo.n;IIHaMIIqecKoro rroTCIJUIIarra crrcTeMbi [3]. O.n;HaKo 

n ciicTeMe c 3a.n;aHHOM reoMeTpiie:ii: pacrrpe.n;erreHll.SI .n;eq>eKTon,n rrpo

uecce 3BOJIIDUIIII IIapaMeTpa IIOp.SI,n;Ka M02KCT Bbi2KIIBaTb TOJibKO qacTb 

COCTO.SIHllM, a .n;pyra.SI qacTb COCTO.SIHIIM OT IIX o6IIJ;ero qiicJia Heo6pa

TIIMO TCp.SICTC.SI (rrpiiqeM IIOTCp.SI qacTII COCTO.SIHIIM IIOHIIMaCTC.SI BTOM 

CMhlCJie, qTQ OHII HC06paTIIMO Tep5IIOTC.SI II c'TaHOB.SITC.SI HC.IJ;OCTYII

HhlMII ,l{JI.SI CllCTCMhl). 3BOJIIOIJ;ll.SI rrapaMeTpa IIOp.SI.D;Ka, y~IllTbiBaiOIUa.SI 

HCJIOKaJibHhlC IIpOUCCChl B TaKIIX CllCTCMaX, OIIIICbiBae ·TC.SI IIHTerpo

.IJ;IIlPlPCPCHUIIaJibHbiMII ypaBHCHll.SIMII [9]. 

JbmaMIPieCKHe ypaBHeHH.R B lP?PMaJIH3Me 
JlaH.uay-rnH36ypra 

PaccMoTpiiM ciiTyan;IIro, Kor.n;a pemeHIIH o6o6IUeHHoro KIIHeTnqe

cKoro ypaBHCHII51 IIpii He 3aBIIC.SIIUHX OT BpCMCHII rrapaMeTpax rrop51,n;Ka 

conrra.n;aeT c pemeHIIeM cTaTnqecKo:ii: 3a.n;aqii .IJ;JIH II.n;eaJibHoro Kpii

cTarrrra. Bne.n;eM HerroKaJibHYID q>yHKUIIID K ( T), xapaKTepii3YIOIUYID 

npeMeHHyro .n;IIcrrepciiro, cn5r3aHHyro c rrpucyTcTBIIeM B cTpyKType 

6ecrrop51.D;Ka, II 0606IUCHHOC KIIHCTII~ICCKOC ypaBHCHIIC ,l{JI51 rJiaBHOrO 

rrapaMeTpa rrop.SI.n;Ka rrpe.n;cTaBIIM n BII.n;e 

acp(x, t) ( ) _ jt l(( ) o~[<p, P, ... ] d . m ~ + I'P x, t -- t- T _ T. (1) 
0 

B crryqae, ecrrii K ( T) = 1, To rrpocThlM .uuq>q>epeHUIIponaHneM M02KHO 

rroKa3aTb, qTo ypanHeHIIe (1) conrra.n;aeT cypanHeHneM 3aTyxaroiiJ;ero 

rapMOHIIqecKoro OCUIIJIJI.SITOpa, OIIIIChlBC:1IDIIJ;ero .IJ;IIHaMIIKY rrapaMeTpa 

IIOp5I.IJ;Ka IIpii rrepexo,n;ax C MCXaHII3MOM TIIIIa CMCIUCHII.SI: 

a2cp(x, t) acp(x, t) 
m at2 +! at 
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c5~[cp, P, ... 
ocp 

(2) 

Ecmr K ( T) = c5 ( T) - .n;eJibTa-q>yHKUII.SI liiipaKa, KIIHeTnqecKoe ypanHe

Hrre ( 1) IIpiiHIIMaCT BII.IJ; 

acp(x, t) ( ) __ o~[<p, P, ... ] 
m at + 19 x, t - ocp (3) 

YpanHemre (3) omrcbmaeT perraKcauuro rrapali.IeTpa rrop.SI.n;Ka rrpn q>a-

30BbiX rrepexo.n;ax c MexaHII3MO~I Tnrra rrop.SI.n;oK-6ecrrop.SI.n;oK [4]. 
p CillCHliC KHHCTIIqcCKOrO ypaBHCHII.SI ( 1) II03BOJI.SICT orrpe.n;eJIIITb 

rrpocTpaHCTBCHHYID II qacTOTHYIO 3aBIICIIMOCTII .IJ;IIHal\HiqecKOii BOC

rrpiUIM~IIIBOCTII. KoppeJI.SIUIIOHHYIO q>yHKUIIID cMeiUeHn.SI M02KHO cn.SI-

3aTb c MHIIMOM ~mcTbiO .n;IIHaMII~IecKmi nocrrpiniM~nmocTn,n pacce.SI

HIIe, xapaKTCpii3YCMOC CIICKTpaJibHOli IIJIOTHOCTbiO, B KJiaccnqecKm.I 

IIpii6JIIDKCHIIII IIpC.D;CTaBJI.SICTC.SI Bbipa2KCHIICM [8] 

.J(q,w) = (k8 Tjrrw)Imx(q,w). 

TaKIIM o6pa3oM, nne.n;emre li>YHKUIIII K ( T) xapaKTepu3yeT BJIII.SIHIIe 

6ecrrop.SI.n;Ka, BHOC.SI II3MCHCHIIC Ha o6o6IUCHHYIO CIIJIY O~(<p, P, ... ]jO<p, 
rro.n; .n;el'rcTnneM KoToporo rrponcxo.n;nT .n;ImaMIIKa rrapaMeTpa rrop.SI.n;Ka. 

Crre.n;onaTeJibHO, n6mi3II KpiinrqecKo:ii: ToqKu rrpncyTcTnnc n cTpyK

Type ,n;eq>eKTOB M02KCT CYIUCCTBCHHO BJili.SITb Ha pcJIC1KCC1UIIIO rrapa

MeTpa IIOp.SI.n;Ka K' COCTO.SIHIIID paBHOBCCII.SI. <I>II3IIqecKII HCJIOKaJibHa.SI 

lPYHKUII.SI I( ( T) OIIIICbiBaCT BJIII51HIIC HCO.IJ;HOpO.D;HOCTCif IIOTCHUIIaJib~ 

HOII :mepriin, Bbi3BaHHbiX rrpncyTCTBIICM B cTpyKType .n;cq>cKTon, Ha 

rrpouecc perraKcaunn rrapaMeTpa rrop.SI.n;Ka K cocTOHHIIID panHoncciiH 

Ilpii orrpe.n;erreHHbiX pacrrpe.n;erreHIIHX cTpyKTYPHbiX .n;eq>cKTon ,rro

TCHUIIaJibHa51 3HCprii51 M02K~T CO.D;Cp:IKWI'b MHO)KCCTBO M<'JIKIIX 1\HIHII

MYMOB, cooTneTcTnyroiUIIX MeTacTa6ImbHhlM q>a3aM. IIo:nmry, ccm1 

CIICTCMa B HaqaJibHOM COCT051HII1:I HC:1XO.IJ;IITC51 B orrpe,n;eJICHHOM COCT051-

HIIII, TO IIpC2K,l{C ~ICM IIOllaCTb B KOHC~IHOC COCT051HIIC COBcpmaeT IIOCJil'

,l{OBC1TCJibHYID n;erro~IKY rrepexo.n;on MC2K.IJ;Y COCC.IJ;HIIMII MIIHIIMY11Ia11III. 

MH02KCCTBO MCJIKIIX MIIHIIMYMOB IIOTCHUIIaJibHOII 3HCpriiii IIH.ll;)'UIIpy-. 

CTC51 reOMCTpiiCM q>paKTC:1JibHOrO pacrrpe,n;CJICHII51 .n;eq>'eKTOB, 'ITO TPCHO 

CB513aHo c rrpucyTcTBIIeM n cTpyKTypc cJI02KHoro B3aiiMo.n;ei'n·TmiH. 

TaKIIM o6pa3oM, reoMcTpnH pacrrpc.n;errcHII51 .n;eq>cKTon n cc BJIIIHHIH' 
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Ha peJiaKCaUIIIO rrapa.MeTpa IIOp.ll,n:Ka K COCTO.liHIIIO paBHOBCCII.ll xapaK

TCpH3YCTC.ll HCJIOKaJihHOII ¢1YHKUIICII K ( T). Knaccu¢luKaumo KpiiBhiX 
K ( T) MOMHO rrpmnno.n:nTh pa3MepHOCThiO Xayc.n:op<!Ja - Ee3IIKOBII'Ia 

de (9]. llanee paccMoTpiiM BJIII.liHIIC K(r) c de< 1, de= 1u de> 1 Ha 
rrpouecc penaKcaunn rrapaMeTpa rrop.a.n:Ka K cocTO.liHIIIO panHonecn.a n 

COJIIITOHHO.M peMHMC HCCOH3MCp1IMhiX CBCpXCTpyKTyp. 

.IlnHaMHKa rrapaMeTpa riop11,n;Ka B CHCTeMaX C 

pacrrpe,n;eJieHHeM ,n;e!l>eKTOB, xapaKTepH3yeMhiX MHO.IKeCTBOM 

KaHTopa · 

PaccMoTpHM IIHTerpo.n:n<!J<!JepeHunaJibHoe ypanHeHne (1), KOTopoe 

OIIIICbiBaeT 3BOJIIOUIIIO HCCOH3MCp1IMOH CBCpXCTpyKTyphi, rrepene,n:eH

HOC CKa"t!KOM B HepaBHOBCCHOC COCTO.liHIIC, II orrpe,n:CJIIIM HCJIOKaJibHYIO 

<!JYHKUIIIO K ( T) Ha <!JpaKTaJibHOM MHOMecTne KaHTopa (7]: 

1 2N 
·"( ) _ " ( (N) (N) ) It t - T - ( ()N L.. 'f] tm < t < tm+l . 

2 t m=l 
(4) 

3.n:ecb ~(~ < 112) - rrapaMeTp rro.n:o6n.a, t~) - Koop.n:nHaThi TO'ICK, 
neJIII'IIIHa 1 I ( (2~) N t) .ann.aeTCH IIJIOTHOCThio oCTanmnxcH cocTO.liHIIil 

Ha N-M :narre rrocTpoeHIIH MHOMecTna KaHTopa, 'f](t) - cTyrreH'IaTaH 

¢JYHKUIIH. 
Bno.n:H o6o3Ha'ICHIIH f ( t) = o<I> I Or..p .UJIH II3o6paMCHIIH <PYHKUHII 

t 

J(t) = j K(t- r)f(r)dr, 
0 

MOMHO IIOJIY'IIITb 

J(t). =· <I>(p) = F~p) [1- exp-pt€N]QN(z), 
~ pt 

r,n:e BBC.UCHbi 0603Ha'ICHII.ll 

1 N-1 N 

QN(z) = 2N }lo (1 + exp-z€ ), z = pt(1- o. 
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(5) 

(6) 

IJoCJIC.IJ:HCC BbipaMCHIIC II03BOJI.liCT IIOJIY"'IIITb .IJ:JI.ll Q N ( Z) peKyp- . 
pCHTHOC COOTHOill~HIIC 

z 1 z 

QN(~) = 2(1 + exp-qQN-I(z). (7) 

B Herro.n:nnMHoil TO"t!Ke 

<I>*(~)= !<I>*(z) 
~ 2 ' 

(8) 

peiDCHIIC KOTOporo IIMCCT BII.IJ: 

<I>*(z) = Avz-v J (9) 

r.n:e v = ln 21 ln(11~) - pa3MepHocTh <!JpaKTaJibHoro MHOMecTna KaH

Topa. 

Crre.n:ona TeJihHO, 

<I>(p) = Av(pt)-v(1- o-vF(p). (10) 

I13o6paMeHne ¢1YHKUIIII K(p). nMeeT nn.n: 

I<(p) = Av(pt)-v(l- o-v. (11) 

C IIOMOIUbiO rrpeo6pa3oBaHII.ll MeJIJIIIHa Haxo.n:nM 

I<(t- r) = Av (1- ~)-vcv 
r(v) ' 

(12) 

r.n:e r(v) - raMMa-<!JyHKUIIH 3il:nepa. TaKIIM o6pa30M, ¢lyHKUllH J(t) 
orrpe,n:eJIHCTCH B CJIC.UYIOIUCM BII,n:e: 

t 

J(t) = Av(1- ~)-vt-v rtv) l (t- rt~1 f(r)dr .. Av(l- ~)"".;,;t-v n-v f. 

(13) 

Bno.n:H 6e3pa3MepHyiO rrepeMeHHYIO u = TIt, c rroMOIUbiO KOMMyTa
TllBHhlX cnoilcTB .n:po6Hoil· rrpon3no.n:Hoil, ypanHeHne (1) MOMeT 6hlTh 

rrpe.n:cTanneHo B nn.n:e 
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m ai+v ( ) 'Y av ( ) ( )-VJc!J[cp, P, ... ] 
- 2 -a I+ <p x, t +--a cp x, t = -Av 1- ~ , t u v t uv u<p 

(14) 

0TMCTIIM, "'TO OTJIII"'IITCJihHaJI OC06eHHOCTh MOHOI]JpaKTaJihHOro 

MH02KCCTBa KaHTOpa COCTOIIT B TOM, "'TO 0Tpe3KII, IIOJIY"'CHHhie Ha 

Ka2K,UOM 3Taiie ,UCJICHIIH IICXO,UHOrO I]JparMeHTa, IIMCIOT O,UIIHaKOBhiC 

,n:JIHHhi H peaJIH3YIOTCH c O.UHHaKonoil nepoHTHOCThiO [6]. EcJIII rrpe.u-
~' 

IIOJI02KHTh, "'TO ,UJIHHhl 0Tpe3KOB CTaHOBHTCH pa3HhiMH, TO KaHTOpOB-

CKOC MH02KCCTBO IIpHo6peTaeT .UBYXMacmTa6HhiH xapaKTep, H IIpH 1a-

,UaHHhiX ,UJIHHaX 0Tpe3KOB OHO OIIpe,n:eJIHeT C,UHHCTBCHHOe ~Ha"'eHHe 

I]JpaKTaJihHOH pa3MepHOCTH (HaiipHMep, 3Ha"'CHHe V = 0,611 MeHhme 

"!eM 0,631 .UJIH o,n:HoMacmTa6Horo MH02KecTna). Heo,n:Hopo,n:HOCTh n 

pacrrpe,n:eJieHHH MacmTa6on JIHillh yMeHnmaeT I]JpaKTaJihHYIO pa3Mep

HOCTh, OCTaBJI5151 ee C,UHHCTDCHHOH H He IIpHBO:UH K TpaHci]JopMaUHH 

MOHoi]JpaKTaJia B MYJihTHI]JpaKTaJI [6]. Heo6xo,n:HMO TaK2Ke rro,n:'iepK

HYTh, "'TO pa3JIH"'Hhie orrpe,n:eJieHHH orrepau:rr:rr .upo6Horo .u:rri]JI]JepeHUH

ponaHHH rrpHBO.UHT K pa3JIH"'HhlM pe3yJinTaTaM. To o6cTOHTeJihCTBo, 

"'TO HMCIOTCH pa3JIH"'Hhie orrpe,n:eJieHHH ,n:po6Horo .UHI]JI]JepeHUHpoBa

HHH, o6hl"'HO II03BOJIHeT y.uonJieTBOpHTh Ha"<IaJihHhiM ycJioBHHM 3a,n:a"'H 

3a C"'CT Bhi6opa O,UHOro H3 orrpe,n:eJieHHH [7]. 
Pacrrpe,n:eJieH:rre BTOpH"'Horo rrapaMeTpa rropH,n:Ka P n Hecopa3Mep

HOH I]Ja3e orrpe,n:eJIHeTCH H3 ypanHeHHH 

Jc!J[cp, P ... ] = 0. 
JP 

(15) 

B Han6oJiee o6meM cJiy"<Iae I]JyHKUHOHaJI TepMO.UIIHaMH"<IecKorc 

IIOTCHUHaJia, OIIIIChlBaiOIUHH KpiiCTaJIJihl C Hecopa3MepiiMOH CBepx

. CTPYKTypoil, npe,n:cTanmieTcH [9] 

1 d 

clJ = d j c!J(x)dx, 
0 

c!J(x) = ~p2 + ~p4 + 'Yrf' cosp<p _ Jp2<p' + ~p2(cp')2+ 

8 

/ 2 p 2 + 2~Prf' sin 2<p- P /(2xo)- P E. (16) 

3.uech p H <p - aMIIJIH:Ty.ua n I]Ja3a rJiaBHoronapaMeTpa rropH.UKa co

OTBCTCTBeHHo, p - O,UHOKOMIIOHCHTHhifi BTOpOCTCIICHHhii~I rrapa~IeTp 

. rropH,n:Ka (rroJIHpn3aUIIH), E - corrpH2KeHHoe c HII:t-.1 BHemHee rroJie, p
IIH.UeKc aHII30Tpomm, d- rrepno.n; c!J(x). IIocJie rro,n:cTaHOBKII (16) B 

ypaBHCHIIH ( 14) II ( 15), COOTBCTCTBCHHO, IIOJiy"<IaeM 

ai+v av 
mo aul+v cp(x, t) + /0 auv cp(x, t) = 

= prf' sinpcp(x, t) - p~Pr/'12 cos ~cp(x, t) + k/cp", 

2~rf'/2 sin Ecp(x, t) - p - E = 0. 
2 xo 

(17) 

Ilpn MaJihiX E = Eo cxp(ivt), rrpmi3BC.UH JIIIHeapinaumo cncTCMhi 

ypaDHCHIIH (17) B6JIII3II CTaTH"'CCKHX pemCHIII1 

p 
<po(x) = am(2qx, K), 

Po(x) = -2xo~rf'-2 
sin ~<po, (18) 

r,n:e am(u)- tPYHKUIIH 5IKo6n, ,UJIH D03MYIUCHIIH I]Ja3hl c!J(x) II IIOJI.Hpii-

3aUIIII p (X), COOTBCTCTDCHHO, IIOJIY'IaCM ypaDHCHII.H 

2 

[:~(iwt)l+v + k;2 (iwtt- ~ 1rf'-
2

cosp<po]c!J(x)- c!J"(:r) = 

PXoc 2E P. = -y.,p . o cos 2<po, 

P(x) = -xoEo·- PXo~r!'12 ciJ(x) cos ~'Po· (19) 

HeTpy,n:Ho rroKa3aTh, 'ITo pcmeHne ypanHcHIIll (19) .UJI.H c!J(x) II}>P.U

cTaBJIHeTc.a: D DII,Ue 

ciJ(x)=PXo~p2Eo cos~<po(:r) 
12 

,. 

k !!!:.Q..(iwt)l+v + JQ_(iwt)v + ~;:ypp-'2E;-
kp2 kp2 K2 1 k2 

(20) 
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Cpe.umur crroHTaHHa.a IIOJIHpinaruur n Hecopa3MepHoii cpa3e orrpc.ue

JIHCTCH Bhlpa)KCHIICM 

r.ue 

1 2d 

P = -d j P(x)dx, 
2 0 

1 2
1r d'lj; 

d = p [ Jc~ g('lj;) 
v' 

(21) 

(22) 

SIBJIHCTCH IICpiiO,UOM CTaTII"'ICCKOrO pCillCHHH ,UJIH cpa3:bl IIpii IIOCTOHH-

HOM BHCillHCM 3JICKTpii"'ICCKOM IIOJIC. 3,n:ecn 

p 
1/J = 2<p, 

(·'·) 2~xoEop2 

. ·'· 4"fpP-
2 

. 2 ·'· 9 'f/ = - k sm 'f/ + k . sm 'f/, (23) 

C- IIOCTOHHHaH IIHTerpiipOBaHIISI. HeTpy,n:HO IIOKa3aT:b, "'ITO CIIOHTaH

HaH rrorrHpii3aUIIH rrpii HyrrenoM BHemHeM rrorre panHa HYJIIO. 

.IliiHaMII"'ICCKaSI nocrrpiiiiM"'IIIBOCT:b X ( w' T) = lim Eo-tO apIa Eo 
orrpe.uerrsreTCH Bnrpa)KeHIIeM 

Xst- Xo ( T) - + (iwtt+v' X w, - Xo 1 + r (iwt)v + 
2 Wit wit 

(24) 

r.ue 

2 p
2"fpP(K') 2 

v 'Y x5~2 E(K) 
w1 = A 2 (1- ~) ,r = -,Xst = Xo + -=-((1 2)J.'( ) -1). 

vmK m "( - K \. K 

(25) 
TeMrrepaTypHa.H 3aBIICIIMOCTn rrapaMeTpa K II p orrpe.nerrsreTcsr II3 B:bi

pa)KeHIIii 

E(K) 1 1 

-"'- = a(1 +c) (1- ~)~· 
p

2 = a(T- Tr), (26) 

E ( K) II K ( K) - rroJIHI>Ie 3JIJIIIIITII"<IecKIIe IIHTerparrhl nepnoro II BToporo 

po,non COOTBCTCTBCHHo, a, C II "f- HCKOTOphle KOM6IIHaUIIII rrapaMeTpOB 

10 

cpyHKUIIOHarra TepMo.UIIHaMII"'ICCKoro rroTeHUIIarra, T 1 - TeMrrepaTypa 

IICpCXO,Ua II3 IICXO,UHOI'J B HCCOpa3MCpHyiO cpa3y, KOTOpOH COOTBCT

CTBYCT 3Ha"'!eHIIe rrapaMeTpa K = 0. 3Ha"'!eHIIe K = 1 cooTBCTCTnyeT Tc-

rrepexo.uy II3 Hecopa3MepHo:ii n copa3MepHyiO cpa3y. Crre.uonaTeJinHo, 

3a,UaHIIC IIepapXIIII JIOKaJI:bHhlX MIIHIIMYMOB TCpMO,UIIHaMII"'ICCKOro IIO:

TCHUIIaJia cppaKTaJinH:biM MHo:tKeCTBOM KaHTopa rrpiiBO.UIIT K ToMy, 

"'ITO npeMCHHnre Kopperrsrrriiii y6hlBaiOT 
1 

KaK exp (-tIT) 11
• l13MeHeHIIe 

MacmTa6a o6pa3onaHIISI MHO)KCCTBa KaHTopa, o6ycrronrreHHO e, Ha

rrpiiMep, IIOHII)KCHIICM TCMIIepaTyphl, MO)KCT IIpiiBO,UIIT:b K TCMIIepa

TypHOH 3aBIICIIMOCTII v. Heo6xo.UIIMO rro,n:-qepKHYTn, "'ITO rrpii Bnmo.ue 

( 24) rrpe.urroJio)KeHo, "'ITO .upo6Ha.H rrpoii3BO.UHa.H rrocTOHHHOH paima 

nymo (.ueiicTBIITCJinHo, narrpiiMep, rrpoii3BO.UHa.H Mapmo oT rrocTosrn

Ho:ii panna nymo, o.unaKo .upo6Ha.H rrpoii3BO.UHa.H PIIMaHa'-JIHyBIIJIJISI 

oT rrocTOHHHoii He cyruecTnyeT [7]). B Haii6orree o6rueM BII.Ue .ueiicTBIIe 

orrepaTopa moal+v 1au1+v + "foav 1au11 Ha cpyHKUIIIO <p(x, t) IIpiiBO,UIIT 

K cpyHKUIIII g(x, t), CBH3aHHOH C reOMCTpiiCH pacrrpe,n:eJICHIICM ,n:ecpeK

TOB B CTPYKType. <PyHKUIIH g(x, t), B 3aBIICIIMOCTII oT KOHKpeTHoro 

BII,Ua TCpMO,UIIHaMII"'ICCKOrO IIOTCHUIIaJia, MO)KCT BII,UOII3MCHSIT:b. KaK 

corriiTOHHYIO CTPYKTYPY necoii3MepiiMOH cpa3hl1TaK . II npeM:ennyiO 3a

BIICIIMOCT:b ,UIIHaMII"'ICCKOit BOCIIpiiiiM"'IIIBOCTII. 

PenaKcan;H.H napaMeTpa rrop.H,n;Ka B CllcTeMax c 

pacnpe.n;eneaneM .n;ellleKToB, xapaKTepn3yeMhiX · 

3KCIIOHeHn;llaJibHOH lllYHKO:lleH 

PaccMOTpiiM crry"<Iaii7Kt>r.ua rrpoiicxo,n:IIT pa3MhlTIIe K(t) = &(t)-
cpyHKUHII B KOJIOKOJI006pa3HYIO 3aBIICIIMOCT:b, OIIpe,neJISICMYIO 3KC

TIOHCHUJiaJI:bHOH (cl>YHKUJICH, illiipHHa KOTOpOH· 3a,naeTCSI IIHTepBaJIOM 

npeMeHu To. TaKIIM o6pa30M, K(t- T) = exp( -b(t.- T)ITo); IIpe.nrro

JIO:tKIIM, "'ITO xapaKTepHhlH IIHTCpBaJI BpCMCHII To = 1.· 
B 3TOM crry-qae KIIHCTII"<IecKoe ypanHeHIISI (1) 3aiiiichlnaeTcsr n BII,ne 

a<p(x, t) ( ) __ jt· -b(t-r) &<I>[<p, P ... ] d. 
m a + "(<p X, t - exp J: T. 

t 0 u<p 
(27) 
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ITo orrpe.n:eJiemuo .n:po6Hoii rrpoii3BOJJ:Hoii [10, 11] 

1 t 
nv f(t) = n/ \ I (t- r)I-v !( r)dr, 

0 
(28) 

r.n:e -oo < v < 0. BocrroJib3JeMcj! pa3JIO.IKCHIIeM 3KcrroHeHI:UiaJibHOI1: 

!lJYHKD;IIII B pj{.n: TeiiJiopa: 

.; 

1 
exp( -b(t- r)) = 1- b(t- r) + --,b2(t- r) 2 + .... 

2. 
CJie.n:onaTeJibHO, MO.IKCM HarriicaTb 

It -b(t-T) J"<P[cp, P, ... ]d - {n-I bn-2 b2n-3- }J"<P -
exp c) T- + + ... c) -

0 <p • p 

n-1 J"<P 1 J"<P 

1 + bD- 1 J"p = b + D J"p. (29) 

C JTICTOM IIOCJICJJ:Hero COOTHOlliCHI·lJI KIIHCTIITICCKOC ypaBHCHIIe (27) 
3aiiiiCbiBaCTCj! B BIIJJ:C 

(~ b)( ~ ) ( ) -- J"<P[cp, P, ... ] 
at + mat +I <p x, t - J"cp (30) 

CJie.n:onaTeJibHo, pacrrJibiBaHIIe J"-o6pa3Hoii K(r) B ypanHeHIIII (1) 3Kc

IIOHeHn;IIaJibHoii tPYHKD;IIeii TpaHc!lJopMIIpyeT ypaBHCHIIe TII,rra Map

Kona, OIIIICbiBaiOID;ee KIIHCTIIKJ !lJa30Boro rrepexo.n:a C MCXaHII3MOM 

TIIIIa II0pj!JJ:OK-6ecrropj!JJ:OK, B ypaBHCHIIC 3aTyXaiOID;ero rapMOHIITIC

CKOrO ocn;IIJIJij!Topa, orrpe.n:eJij!IOIIJ;ee peJiaKcan;IIro rrapaMeTpa rropj{.n:Ka 

rrpii rrepexo.n:ax c MexaHII3MOM TIIIIa cMeiD;eHIIj{. Heo6xo.n:IIMo rro.n:TiepK

HJTb, TITo BBe.n:eHIIe K( r) rrpe.n:rroJiaraeT HaJIIITI:ne B CTpyKType .n:e!lJeK

Ton IIJIII rrpiiMeceii. O.n:HaKo, Heo.n:Hopo.n:HOCTb CTpyKTyphl, IIH.n:yn;IIpy

eMoii rrpiicyTcTBIIeM B cTpyKType .n:e!lJeKToB, j{BJij!CTCj! cJia6biM 6ecrro

Pj!JJ:KOM. IIocJie.n:Hee 03HaTiaeT, TITO He 3aBIICj!IIJ;ee OT BpeMeHII pemeHIIe 

ypaBHCHIIj! ( 1) COBIIa.n:aeT C peillCHIICM ypaBHCHIIj! JJ:Jij! IIJJ:CaJibHOro 
KpiiCTaJIJia. 

12 

i 
I 
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.ilJij! IICCJICJJ:ODaHim OTKJIIIKa CIICTCMbl Ha DHClliHCe IIOJie D6JIII3II 4Ja-

30DbiX IICpCXOJJ:OD C MCXaHII3MOM CMCID;CHilj! JJ:OCTaTOTIHO pClliiiTh CII

CTCMJ KIIHCTIITICCKIIX ypaDHCHIIII 

a2 
m at2 <p(x, t) +I! <p(x, t) = - J"<P[<p, P, ... ] 

J"<p ' 

0= 
J"<P[<p, P, ... ] 

J"P 

p ClliCHIIC CIICTCMhl ypaDHCHIIIT ( 31) 6y.n:eM liCK a Th B BIIJJ:C 

<p(x, t) 

P(x, t) 
<po(x) + <P(x) expiwt' 

- Po(x) + P(x) cxpiwt. 

CTaTIITiecKne pciiiCHJij! (31) orrpc.n:eJij!IOTCj! II3 ypanHeHml 

kp
2 <p~ +PI rf' sin p<po - p~ rf'/2 Po cos ~<po = 0, 

,.p/2.. p 
P0 = -2xo~,.., sm 2<po 

II HCTpy.n:Ho rroKa3aTb, TITO 

r.n:c 

(p/2)'Po du 

qx = i I V1 - "'2 sin2 u' 
2 0 

E.-,.p-2 1 
2_ 21fT 

q -~-k-2' 
"'· 

q2"'2 = ~-ypP-2 
k 

(31) 

(32) 

(33) 

(34) 

Crrc.n:onaTeJibHo, (pf2)<po = am((pf2)qx,K,). 
IIocrrc JIIIHeapu3aD;IIII ypaBHCHIIj! (31) n6JIII3II CTaTIITICCKIIX JH'lliP

HIIii ( 34) II DDCJJ:CHIIj! 0603Ha<IeHIIII 

mw
2 
j(kp

2
) = 0 2

, T= 1wj(kp2), a= p2ip6 jk, 
(: 2 

E = Jh,.\oPEo 
~: 

JJ:JI5I II\)JICIT <P(x) II P(x), COOTDCTCTDCHHO, IIOJIJTiaCM 

(0
2
+ifr-acosp<p0 (x))<i>(:r)- <P" = -'fcos~<po, 
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P(x) = Xo(Eo- p~pP12 i!!(x) cos ~t?o). (35) 

HeTpynHo noKa3aTh, qTo 

iJ!(x) = 2lco~Jtpo~X~2 
f1 - ZT - a (~~:')2 

(36) 

Ilpii HeHyneBOM BHeiiTHeM 3neKTpWieCKOM none, MIIHIIMII3aUIHI ip 

no oTHorneHIIIO none:il: P(x) II rp(x) npiiBOJliiT K ypanHeHII.HM, cooT-.. 
neTCTBeHHO, 

P = -1
-(E- 2~pPI2 sin Erp(x)) 

2xo 2 ' 

k II -,..p p . p p~pPI2E p 0 
-rp + 2PIP cos -rpsm -rp- cos -rp = , 
2 2 2 xo 2 

(37) 

rne 1 =I+ e lx6. HeTpynHo noKa3aTh, qTo 

~cp P. 
Ex-(~)~ J d2rp 
2 - 2 o JTJ- g(~rp), (38) 

rne cpyHKUII.H g(u) = ~sin2 u- ..\sinu, ~ = 2"frf'-2 , ..\ = 2~p2Efx0 • 
IIepiiOJl Monyn.auii:il: onpenen.aeTc.a Bhipa)KeHIIeM 

k r 271" du 

xo = ~(2)2 [ VTJ- g(u) (39) 

CnenonaTenhHo, cpenH.a.a non.apii3anii.a onpenen.aeTc.a Bhipa)KeHIIeM 

1 2xa . 
P =- J P(x)dx. 

2xo 0 
(40) 

C Y'IeTOM COOTHOIITeHII.H (37) HaXOJliiM 

2 2 1 1 2xa 
P = xoE- P Xo Eo . 2 - J cos2 4rpodx. 

k rl2 - - /C 2 
H -ZT-a(~~:')2 XQ Q 

(41) 
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.iliiHaMIIqecKa.H nocnpiiiiMqiiBOCTh, onpenen.HIO:W:a.H OTKniiK CII
CTeMhi Ha nHernHee 3neKTpiiqecKoe none, npencTann.aeTc.a Bhlpa)Ke
HIIeM 

(w T) = + Xst - Xo 
X ' Xo 1 + i ·w.:2w _ m1 ~~:2w2 • 

p2(x:')2 pP"j 

{42) 

TeMnepaTypHhle 3aBIICIIMOCTII napaMeTpa K II aMnniiTYJlhl napa-
MeTpa nop.H,li;Ka p onpenen.HIOTCH COO'l;'HOIITeHII.HMII (26). . 

Heo6xoniiMo yqecTh, qTo n Hecopa3MepHo::il: cpa3e m = m0p2 II 
1 = loP2

• B 3HaMeHaTene Bhlpa)KeHII.H ( 42) Ko3cpcpiiniieHT niiHe.:il:Hoi:t 
qacTOThl IIMeeT CMhlCn BpeMeHII penaKCaUIIII T II B COniiTOHHOM pe
)KIIMe (K -t 1, T -t Tc), npeM.a penaKcauuii napaMeTpa nop.anKa K 
panHonecHoMy cocTO.HHIIIO T 1".1 (T- Tct 1 pacxoniiTC.H. CTaTIIqecKa.a 
Jlii3neKTpiiqecKa.a npoHIInaeMOCTh Xer npii T -t Tc neneT ce6.a KaK 
(T- Tct 1

• OnHaKo npii KoHeqHhlX qacToTax, cornacHo ( 42), x(w, Tc) 
KOHeqHo. 

0TMeTIIM, :<ITO qacTOTHa.a 3anuciiMOCTh MHIIMoi:t 'laCTII JliiHaMII
qecKo:il: nocnpiinMqiiBocT~ IIMeeT enuHcTneHHhlH MaKCIIMyM. TaK KaK 
Ko3cpcpiiUIIeHT norno:rn:eHII.H Ko(w) nponopuiioHaneH Imx(w, T)_,To II3 
ycnonu.a MaKCIIMyMa K0 (w) .onpenen.aeTc.a TeMnepaTypHa.a ··3aBIICII
MOCTh qacTOT Mon, conpono)K.zj;aro:rn;IIx cpa3onhlii nepexon. AHanii3 ri:o
Ka3hlnaeT, qTo MaKCIIMYM Ko ( w) onpenen.aeTc.a Bhipa2KeHIIeM 

2 - 1 12 [1 12 . 
Wmax,s•- 3(a- 2) + ~ g-(a- 2 )2 + a2 .. {43) 

TeMnepaTypHa.a 3aBIICIIMOCTh w~ax. s npencTanneHa Ha p~c. Kplino:il: 1. 
' 

Ilpu a -t 0, TOr,ZJ;a W~ax; = 0, 'ITO COOTBeTCTnyeT 06hlqHOH nii
HeHHOH cerHeT03neKTpiiqec~oii M.HrKOH MOJle (npii I = o,.w~ax s 1".1 

' a rv (T - Tc)). Ilo3TOMY onpeneneHHa.H nocpe,ll;CTBOM KIIHeTIIqecKIIX 
ypaBHeHIIH {31) JliiHaMIIqecKa.H npOHIID;aeMOCTh ( 42) .HBn.HeTC.H HII3KO
'!aCTOTHOH. 

PenaKcauiiOHHhle ypanHeHII.H {31) npenno'n:araiOT npii6nii)KeHIIe, 
qTo neniiqiiHhl m II 1, cooTneTCTBYIOIUIIe non.apii3aD;IIII P, panHhl 
Hynro. Ilocne,ZJ;Hee 03Ha'laeT, 'ITO BTopocTeneHHhlH napaMeTp nop.anKa 
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(()2 

0 

TeMnepa TypH:ble 3amrcnMOCTII Kna.upa Ta •racToThi Mo.u. conponmK.UaiOIIIliX 

cpa30BhiH nepexo.u, B Hecopa3MepHoJ:r cpa3e (1- Wrna.:r:,s, 2- Wrna..r,p· 3- ..;Jsu·· 

4- Wt) 

P a.uRa6aTR"'leCKli cJie.uyeT 3a rJiaBHbiM napaMeTpoM nop.H.UKa (p, cp). 
3TO llpli6Jili.JKCHlie D;CJiecoo6pa3HO TOr.Ua, KOr,Ua "'IaCTOThi 1 COOTBCT

CTBYIOIIJ;IIC norr.HpR3aD;Rli P, 3KCTpeMaJihHO Bhime, "'ICM -qacTOThi, cooT

BeTCTBYIOll!Re rJiaBHOMY napaMeTpy nop.H.UKa. TaK KaK n coJIRTOHHOM 

pe.JKRMe Hecopa3MepHM cpa3a npe.ucTaBJI.HeTc.SI B BR.Ue -qepe.uyromRXC.H 

.UOMCHOB1 pa3,UCJICHHbiX 06JiaCT.HMli COpa3MCpHOCTli1 TO a,UJia6aTWIC

CKOC llpli6Jili.JKCHliC 03Ha"G:aeT 1 'ITO npli peJiaKCal!IIli napaMeTpa ITO

P5f.UKa K cocTo.HHliiO paBHOBCCli.H .uoMeHbl a.uRa6aTR"'ICCKli cJie.uyroT 3a 

o6iiacT.HMII copa3MepHOCTli. llpRCYTCTBRe n CTPYKType .uecpeKTOB Ha

pymaeT yKa3aHHhiH pe.JKRM. llo3TOMY paCCMOTpliM "'!aCTHhiH cJiy"'IaH 

KliW~Tli"'ICCKliX ypaBHCHliH (1), a IIMCHHO [13]: 

82
rp(x, t) fJrp(x, t) 

mi fJt2 +/I fJt = 

082 P(x, t) 0 fJP(x, t) 
mi fJt2 +ii fJt 

J<I>[rp, P, ... ] 
tScp 

J<I>[rp, P, ... ] 
tSP 

YpaBHeHR.SI ( 44) nocJie no.ucTaHOBKli (32) npRHRMaiOT Bli.U 

·. mi 
02~~~, t) +/I fJrp~~' t) = -p~P(x, t)[?l2 cos ~rp(x, t)+ 

+Pit? sinprp(x, t) + kp2cp" (x, t), 

16 

(44) 

0 8
2 
P(x, t) 0 fJP(x, t) __ 2c rP/2 • !.!_ ( ) _ P(x, t) E ( _) 

m1 !:) 2 + 1 1 !l - '>P sm cp x, t + . 4u 
ut ut 2 Xo 

ll pOII3BO.U.H JIIIHcapii3ai!IIIO CIICTC.l\lbl ( 45) B6JIII3U peiDCHIIfi ( 33), 
.UJI.H ITOJICH <J>(x) II P(x) ITOJiy-qae"'-! COOTBCTCTBCHHO 

2 . 2 . 
m1w lJ1W P 2 2P ( ---+-- -(J + Xo~ ) cospcpo- f3 cos -cpo)<I>(x) = kp2 kp2 k 2 

;r;."( ) PP2Xo~Eo P = -'±' x - h cos 2cp0 , 

1 I P P(x) = -
1 
(E- p~[? 2

<I>(x) cos -cpo(x)), 
l 2 (46) 

r.ue 

-mow2 + how + 1 h = 1 1 

XO· 

p2,.;p-2c2 2 !3= p ., ~ 
kh - Xo 

YpanHeHII.H (46) .UJI.H cpyHKn;Im <I>(x) TO'IHO He pcnmiOTCH. Y'm
ThiBa.H, "'ITO limrno .... o--+0 f3 ---7 0, c ITOMOIUhiO MCTo.ua EoroJII06ona~ 

}Jil . 

MuTpanoJihCKoro [13] n ncpnoM nop.H.UKC Tcoprm B03MYIII<'IIIIII Haxo-

.UIIM 

pp2 E0~ cos ~'Po ( x) . 
<I>(x) = (m1w 2 

_ i-r1w _ ~('""+c2Xo)(K'Y)hk. 
kp2 kp2 k I <, / K-

(47) 

Y•JUThJBa5.I1 'ITO B Hecopa3McpHOII cpa3e 

2 2 
m1 = "!oP , /I = ./oP , 

(t1:1)2 = P- 2 ( T- Tc 
2 · (TI-T)' 

2 I ,JJ-2 
K = 0 p ' 

0: 

ITOCJIC HCKOTOphiX Dhl'IUCJICHIIH MO.JKHO ITOKC13aTh, 'ITO .UIIHCll\IIl'l<'CKClH 

BOCllpiiiiM"'IIIDOCTh onpe,UCJI.HCTC.H Dhlpct.JKCHIICM 

1 p2(~)o:O(T- T )C2 ~(~) - 1 ( T) - - + 2 c ., I\ (K) 
X w' - h h 2mo1o (TI - T ) (Y - w2 + i ..1!!..w • 

c 11lo 

(48) 

llJIH OllpC.UCJICHli.H TCMITepaTypHhiX 3H.DIICIIMOCT<'II KB<t.Up<tTa 'Ia

CTOT MO.U, conpOBO.JK.UC1K>IUIIX cpa30Dhifi nep<'XO.U, pacCMOTJ>IIl\1 ITJ><'-



.neJihHhiii crry"<Iail, Kor .na ( m V mo) < < 1 II hU ro) << 1. B 3TOM 

crry~Iae Ko3<P<PIIUIIeHT norrrorueHIIH K0 (w) nponopunoHaJicH neml'mHc 

w w3 

K 0 (w) "' a + b . 
(a- w2)2 + (!)2w2 (a- w2)2 + (!)2w2 

(49) 

llocrre onpe.nerreHIIH MaKCIIMYMOB Ko ( w) M02KHO noKa3aTh, "'ITO q>a-

30BhiH nepeXO.ll conpoB02K,ZlaeTCH, HapH.ZlY c MHrKOII MO,ZlOH ( 43), MO.llOH, 
.... ·~ 

KBa.npaT "'!aCTOThl KOTOpOII HCJIIIHCIIHO 3aBIICIIT OT TCMnepaTyphi 

2 _ r 2 I 12 
Wmax,p- -(a- 2) +~(a- 2 )2 + 3a2. (50) 

TeMnepaTypHaH 3aBIICIIMOCTh w~ax,p npe.ncTaBJICHa Ha pnc. Kprmoil 2. 

IT pn 3TOM npn noHII2KCHIIII TeMnepa TYPhi mrK nor rrorucHIIH Ko ( w) 
BHa"'!aJie CMCIUaCTCH B 06JiaCTh MaJihiX ~IaCTOT, a 3aTCM npii a < 
( 12 /2) Ha"'!IIHaeT .nnnraThCH B npoTnnonoJI02KHOM HanpanrreHIIII. Crre

.nonaTCJihHO, B ,ZlaHHOM CJiy"<Iae CIICTCMa BC,ZlCT ce6JI KaK ,ZlBa rapMOHII-

1lCCKIIX OCUIIJIJIHTOpa C 06hi"'IHOH 

w 
Jmx(w) "' (a_ w2)2 + (!)2w2 (51) 

II Heo6hi"'IHOH 
w3 

Jmx(w) "' (a- w2)2 + (!)2w2 (52) 

JaBHCIIMOCTHMII "'IIICJIIITerreii OT -qacTOThi. Crre.nonaTeJihHO, -qacTOT

HaH 3aBIICIIMOCTh I m x ( w) co.nep2KIIT .nna MaKCHMyMa, norro.JKeHHH KO

TOphlx 3aBIICHT OT TCMnepaTyphi. 0TMCTIIM, "'ITO HaJIII"'IIIC q>yHKUIIII 

· h = h(T) B ( 48) npiiBO,ZliiT K B03HIIKHOBCHIIIO MO.llhl, KBa.npaT "'!aCTOThi 

KOTopoii C nOHII.JKCHIICM TeMnepaTyphi JIIIHCHHO paCTCT 

w;ee = w5 + ao(T- T1 ). (53) 

TcMnepaTypHaH 3aBIICIIMOCTh w;ee npe.ncTaBJieHa Ha piic. KpiiBOH 3. 

/' 
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PeJiaKcan:u:$1 napaMeTpa nop$1.n;Ka B c:u:cTeMax c 

pacnpe.n;eJieH:u:eM .n:el}leKToa, xapaKTep:n:3yeMbiX 

HenpepbiBHbiMII, HO H:U:r .n;e He .D::U:I}ll}lepeH:U:U:pyeMbiM:U: • 

Kp:U:BbiM:U: 

PaccMoTpiiM HHTerpo.niiq>q>epemurarrhHoe ypanHeHIIe (1), B KoTo

poM HeJioKaJihHM <PYHKUIIH K( r). orrpe.nerreHa KaK q>paKTaJihHM Kpii

BaH pa3MepHOCThiO 1 < de < 2. flpiiMepoM HerrpephlBHOH, HO HIIr,ne He 

JJ;n¢q>epeHUIIpyeMoii KpiiBOH pa3MepHOCTh10 de '> 1 HBJIHCTCH <l>YHKUIJ:x 

BeepmTpacca [15]. O.nHaKo .n:arree paccMoTpiiM Kpnnyro 'lt(t), TecHo . 
CBH3aHHyro c <PYHKUIIeii BeepmTpacca, B nn.ne 

1-a 00 .( ). 
K(t- r) = 'lt(t- r) = -- L anbn exp-bn t-r . (54) 

a n=O 

HeTpy.nHo rroKa3aTh, "<ITO cpyHKUHH 'lt(t) npii 6orrhmiix t HBJIHeTcH 
o.nHopo.nHoii cpyHKUIIeii. B caMoM .nerre 

ab'lt(bt) = 'lt(t)- (1- a)bexp-bt, 

OTKy,na CJie.nyeT, "'ITO 

'lt(tl = ab'lt(bt). 

flocrre no.z:r;cTaHOBKH (54) B ypaBHCHIIe ( 1), IICnOJih3YH pa3JI02KCHIIC 

3KcnoHeHUIIaJihHoii cpyHKUIIH B pH.n Teilrropa, II onpe.nerreHIIH .npo6Hoil 
npOII3BO,llHOH (28) norry-qaeM 

a<p(x, t) ( ) 1 -a ~ an . 8<P[<p, P, ... ] 
m + '"'f<p x, t = -- ~ 

1 at ' a n=O 1 + bn D 8 <p (55) 

TaK KaK a < 1 II b > a-1
, crre.nonaTeJihHO b-n HBJIHCTCH MaJihlM 

napaMeTpoM. HanpiiMep, no BTopoM nopH.UK~ Teopiin B03MYIUCHIIH no 

b-n ypaBHCHIIe (55) JannchlnaeTcH B crre.nyrorueil cpopMe: 

&<P[<p, P, ... ] [ , ( b) a 2 ( ) a2 
( ) a 

d<p = 1 + JO a, at + fo a, b at2 + f2 a, b at-

a2 · a 
fi(a, b) at2 + ... ][mat+ !]<p(x, t). 

3.necb fo(a, b) = (1-a)jb rv E, fi(a, b) =·a2(1-a)jb2 rv E2 r.n;e E << 1. 
Crre.nonaTeJihHo, B HyrrenoM rropH.r:r;Ke Teopnn BOJMyrueHIIH cppaKTaJib-
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HOC CBOHCTBO C:UCTCMhl HC IIpOSIBJUICTCH II peJiaKCaU:UOHHOC ypaBHC

H:UC (55) :rrMeeT q>opMy ypanHeHIIH MapKona, xapaKTepHyiO ,n:JIH rrepe

xo,n:on c MexaHII3MOM TIIrra rropz,n:oK-6ecrropz,n:oK. B rrepnoM rropz.n:Ke 

TCOpiiii B03MyriiCHIIH KIIHCTII'ICCKOC ypaBHCHIIC (55) TpaHcq>opMIIpy

CTCH B ypaBHCH:UC 3aTyXaiOIUero OCUIIJIJIHTOpa, XapaKTCpHOC ,li;JIH rre

peXO,li;OB C MCXaHII3MOM TIIIIa CMCIUCHIIH. B 06IUCM CJiyqae ypaBHCHIIC 

(55) co,n:ep)KIIT npeMeHH~Ie rrpoii3BO.D:Hbie rrpoii3BOJibHoro rropz,n:Ka c 

MaJihlMII K09<l><PIIUIICHTaMII. PaccMOTP!IM ypanHeiiiie .n;BIDKCHIIH .n:rrz 

q>a3hl II IIOJIHpii3aUIIII B CJie,n:yiOIUCM BII,n:e: 

a3<p(x, t) a2<p(x, t) a<p(x, t) 
... + g at3 + m at2 + I at 

0 
= &<I>[<p, P] 

&P . 

&<I>[cp, P] 
&<p '. 

(56) 

B IIpiiHUIIIIC, ypaBHCHIIC (56) B COOTBCTCTBn:II C ( 1) II03BOJIHCT IIO

JIY'IIITb ,li;IIHaMII'ICCKYIO BOCIIpiiiiM'IIIBOCTb B 06JiaCTII 60JibiiiiiX 'Ia

CTOT. IIocrre rro,n:cTaHOBKII (16) B ypanHeHIIe (56) rrorryqaeM 

a3<p(x, t) a2<p(x, t) a<p(x, t) 
... + g at3 + m. at2 +I at . = 

= PI rJ> sin p<p - p~ P pPI2 
cos %<p + kp2 <p

11
, 

0 = -2~pPI2 sin p_<p- !__+E. 
2 xo 

(57) 

CTaTII'ICCKIIe perneHIIH orrpe,n:eJIHIOTCH Bbipa)KeHIICM (18). IIocrre JIII

Heapii3aUIIII ypaBHCHIIH (57) n6JIII3H CTaTII'ICCKIIX peiiiCHIIH ,li;JIH IIOJICII 

<I> ( x) II P ( x) rrorryqaeM . . 

· ( 9 . 3 m 2 . w ) ;F. ( ) ;F." ( ) ... + k 2 ZW - k 2 W + Zf k 2 'l' X - 'l' X = . p p p 
p~ xoEo cos p_'Po' 

kp2 2 

P(x) = xo(Eo- p~pPI2 <J>(x) cos %<p0 ). (58) 

Herrocpe,n:cTBCHHOH rro,n:cTaHOBKOH MO)KHO y6e,n:IITbCH B TOM, 'ITO pe

rneHIIe ypaBHCHIIH (58) IIMCCT BII,ll; 
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~Eo~ cos 4cpo <I>(x) = P 
·~ mw2 ~0:£ · w • •• - z kp2 - kp2 - p K2 + ll kp2 

(59) 

Cpe.n:HHH rrorrzpn3aUim P ( x) orrpe.n:errzeTcz Bbipa)KCHIIe.M 

- P2X2 . gw3 mw2 
P = xoEo- --0 EoepP[, .. - i-- -·-+ 

k kp2 kp2 

.IW P21pP-2 (K')2 -1 1 2/xo 2 p .. + z-- ] - cos -cp0dx. 
kp2 k2 K2 2xo 

0 
2 (60) 

.IbmaMII'ICcKaz nocrrpiiiiM'HIBOCTb x = X ( w, T) IIMeeT. nu.n: 

2 3 n2 2 3 ·- .2 
• K, W - H K, W +~tl. (61) x(w,T) = Xo+(Xst-Xo)[ ... -zgkp2(K')2a (K')2a (K')2a 

c Y'ICTOM, 'ITO 

(~~:')2 = (P- ·2) (T- Tc) 
2 ('J_'J- Tc)' 

/\,2 ....:. lpP-2 
- aO , 

MO)KHO IIOKa3aTb, 'ITO 

f22K2 a TK
2 b 

(K')2a = (T- Tc)' (K')2a = (T- Tc)' 

g~~: 2 C 1/ 

kp2(K')2a = (T- Tc)' Xst = (T- Tc)' 

r,n:e a, b, c, 1/ - HCKOTOpbiC KOM6IIHaUIIJI IIapaMCTpOD T~J>l\IO,li;IIHaMII
'ICCKOro IIOTCHUIIaJia. Ecnii n· KIIHCTII'Iecimx ypanHeHuzx (56) Ko3q>

<l>IIUIICHThl DCCX DpCMCHHhlX IIpOII3DO,li;HhlX DhliiiC TpCTbCro IIOJ>H,li;Ka 

panHhl HYJIIO, To .D:IIHaMII'ICCKM nocrrpiiiiM'HIDOCTb (54) III)('.D:CTannz

eTcz Dblpa)KCHIICM (14] 

1/ 

x(w,T) = . 3 .b (T T). -zcw + z w - aw + - c . 
(62) 

HeTpy,n:Ho rroKa3aTb, 'ITo rrpn g < 0 

bw+cw:l 
Jmx(w) "'K(w)"' (b- cw2)2 + ((T- Tc)- aw2)2" (63) 
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CJie.uonaTeJihHo, yqeT npeMennoro rrpoiiJDOL(Horo TpeThcro rro

pH.UKa rrpiiDOL(IIT K TOMy, 'ITO CIICTCMa DCL(CT CC6H KaK L(Da HC3aDIICII

:MbiX ocUIIJIJIHTopa. TaKIIM o6pa3oM, ¢a30Dhiii rrepexo.u, napHLlY c MHr

KOII MOL(OII, COITpODO.IKL(aCTCH MOL(OII C HCTpiiDIIaJihHOII TCMITepaTyp

HOll 3aDIICIIMOCThiO. IJpii rrpOI13DOJihHhiX DCIUCCTDCHHhiX 3Ha"'!CHIIHX 9 
MO.IKHO ITOKa3aTh, 'ITO TCMITepaTypHhiC 3aDIICIIMOCTII KDaL(paTa qa

CTOThi MOLl, COITpODO.IKL(aiOIUIIC <iJa30Dhlll rrepeXOL(, orrpeL(CJIHIOTCH Dhi

pa.IKCHIICM 
2 ·' 

WI=[, 

wl = w5 + xol + xiz2, (64) 

r.ue l-rrporropuiioHaJihHa (T- Te), w5, xo, XI -HDJIHIOTCH HCKOTO

phiMII KOM6IIHaUIIHMII rrapaMeTpOD TCpMOL(IIHaMII"'ICCKOro ITOTCHUIIaJia 

II w5 > 0, xo < 0, XI > 0. TeMrrepaTypnaH JamiCIIMOCTh wl rrpe.ucTa

DJieHa na piic. Kpiinoii 4. Y"'IeT ncex npeMeHHhiX rrpoiiJDOL(HhiX rro

Ka3hlDaeT, 'ITO D COJIIITOHHOM pe.IKIIMC Hecopa3MCpHOH <iJa3hi CIICTCMa 

DCL(CT ce6H KaK 17!-rapMOHII"'ICCKIIX OCUIIJIJIHTOpOD, Jmx(w) L(JIH KOTO

phiX 3aL(aiOTCH KaK 

wn 
(65) Jmx(w)"' [b 2 ] [( ) 2 )2' · - cw + ... + T - Te - aw + a ... 

rL(e n- HC"'ICTHOC UCJIOC "'IIICJIO. IJpii 3TOM <iJa30Dhlll rrepeXOL( D CIICTCMC 

corrpoDO.IKL(aeTcH, HapHLlY C MHrKOH MOL(OH, m - 1 MOL(aMII, KDaL(paT 

qacTOThi KOTOphiX HeJIIIHeiino JaDIICIIT oT TeMrrepaTyphr. ToT ¢aKT, 

"ITO rrpii HII3KIIX qacTOTaX ypaDHCHIIC L(IIHaMIIKII L(JIH rrapaMeTpa ITO

pHL(Ka L(JIH rrepeXOL(OD TII~a CM~IUCHIIH HDJIHCTCH ypaDHCHIICM 3aTyx_a

IOIUCro rapMOHII"'ICCKOrO OCUIIJIJIHTOpa, rrpeL(ITOJiaraeT, 'ITO rrapaMe

TpOM ITOpHL(Ka HDJIHCTCH CL(DIIr HCKOTOpofr ITOL(pemeTKII, CITOC06HOH 

·CODepmaTh UCJIOC KOJie6aHIIC OKOJIO ITOJIO.IKCHIIjl paDHODCCIIH. IJpii 

3TOM oqeniiL(HO, 'ITO qacTOTHM JaDIICIIMOCTh MHIIMOH qacTII L(IIHaMII

'IecKoii DOCITpiiiiM"'IIIDOCTII IIMCCT CL(IIHCTDCHHhlll MaKCIIMYM II <iJa30-

Dhlll rrepexo.u corrpono.IK.uaeTCH MHrKoii Mo.uoii. HaJIII"'!IIe JaDIICHIUeii OT 

TeMrrepaTyphl m -1 MaKciiMYMOD B qacTOTHoii JaDIICIIMOCTII MHIIMOH 

"IaCTII L(IIHaMII"'ICCKOH DOCITpiiiiM"'IIIDOCTII 03Ha"'!aeT, 'ITO rrapaMeTp ITO

pHL(Ka pacuerrJIHeTcH II rrpoiicxoL(IIT peJiaKcauiia m-1 cocTOHHIIii paB

HoneciiH. IIocJie.unee xapaKTepno L(JIH ¢aJonoro rrepexo.ua co cMemaH-
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HhiM MCXaHII3MOM (rropjiL(0K-6ecrropHL(OK II CMCIUCHIIH) D HCOL(HOpOL(-
: ' ; ' 

HhiX CIICTCMax, Dhi3DaHHOC <iJpaKTaJihHhiM pacrrpeL(CJICHIIeM. L(e<iJeKTOD. 

3aKJIIO'IeHIIe 

BmTHHIIe cJia6oro 6ecrropa.u~a na peJiaKcauiiro napaMeTpa rro

pHL(Ka XapaKTepii3YCTCjl reoMeTpiieH pacrrpeL(CJICHIIH L(e<iJeKTOD D CII

CTeMe. Ilpii 3TOM HeJioKaJihHM <PYHKUIIH K( r) j{BJIHeTca KOJIII"'ICCTDeH

Hoii Mepofr DpCMCHHOH L(IICITCpCIIII II xapaKTepii3YCT II3MCHCHIIC o6o6-

IUCHHOH CIIJihi, ITOL( L(CHCTDIICM KOTOpOII rrpOIICXOL(IIT L(BII.IKCHIIe napa

MeTpa rropj{L(Ka. KpiiTepiieM cJia6ocTII 6ecnopj{L(Ka, j{DJIHCTCj! To, 'ITO 

CIIMMeTpiiHHhlll aHaJIII3 ITO onpeL(eJieHIIIO npocTpaHCTDCHHOH rpyrrrrhl 

CIIMMeTpiiii copa3MepHOH <lJa3hl, OCHODaHHOH Ha tPYHKUIIOHaJie TepMO

L(IIHaMII"'ICCKoro ITOTCHUIIaJia (16), rrpiiDOL(IIT K pe3yJihTaTy, COOTDCT

CTDYIOIUeMy n.ueaJihHOMY KpiicTaJIJiy. PemeHIIe KIIHCTII"'!ecKoro ypan-, 

HCHIIH ( 1) C. de < 1, de = 1 II de > 1 llOKa3hiDaeT, 'ITO peJiaKca-, 

UIIjl HCCOII3MepiiMhiX CDCpXCTpyKTyp CYIUCCTDCHHO 3aBIICIIT OT reo

MCTpiiii pacnpeL(CJICHIIjl L(e<iJeKTOD II XapaKTepinyeTCH pa3JIII"'!HhiMII 

<PYHKUIIHMII OTKJIIIKa. <PyHKUIIjl K ( T) D cJiyqae de = 1 xapaKTepiiJyeT 

pacrrpeL(eJICHIIC L(e<iJeKTOD1KOTOphiC COJL(aiOT ycpeL(HCHHOe llOJie II li3-

MCHj{IOT peJibe<iJ ITOTCHUIIaJihHOll 3Hepriiii CliCTCMhl, 'ITO IIHLlYUIIpyeT 

II3MCHCHIIC MCXaHII3Ma <lJa30DO~O nepeXOL(a. IJpn 3TOM MHliMM. "'!aCTh 

L(IIHaMII"'ICCKOH DOCIIpiiiiM"'IIIBOCTII COL(Cp.IKIIT CL(IIHCTDCHHhlll . MaKCII

MYM, II <iJa30Dhlll nepeXOL( COllpODO.IKL(aCTCj! CMHr"'ICHIICM MHrKOH MOL(hl. 

<PyHKUIIH K(r) D CJIY'IMX de < 1 n de > 1 xapaKTepiiJyeT c:rpyK

TYPhl c nepeMeHHhiM cocTaD?M, B KOTophlx, napa.uy c rrepiiOL(II"'!Ho

cThiO Kp~cTaJIJinqecKoii CTPYKTYPhl, rrpncyTcTnyeT .uorroJIHnTeJihHM 

rrepnOL(II"'IHOCTh, CBj!JaHHM ,UOITnpyeMhlM DCIUCCTDOM. IJpn peJiaKCa

UIIli rrapaMeTp llOpH,UKa paCUCITJIHCTCj! li CTpCMIITCH K MHO.IKCCTDY 

paDHODCCHhiX COCTOj{HIIH llOTCHUIIaJihHOH 3HCpl'El.ll, IIH.UyunpODaHHhlX 

¢paKTaJihHhiM pacnpe.neJienneM .ue¢eKTOD. Epa 3TOM ¢a30DhlH nepe

xo.u D CliCTCMC COllpODO.IK,UaeTCjl MO,UaMn, KDa,UpaT "'!aCTOT KOTOphiX 

HCJIIIHCHHO 3aDIICIIT OT TCMrrepaTyphl, li "'!aCTOTHM 3aDHCliMOCTh MHH

MOH qacTn .UIIHaMn'IecKoii nocrrpiiiiM"'IIIDOCTII rrpoj!BJijleT MHO.IKeCTBO 

MaKCIIMyMon, rroJio.IKeHnH KOTOphlx Janncj{T OT TeMrrepaTyphl. Heo6:-· 

XO,UIIMO ITO,U"'IepKHYTh, 'ITO, Hapji.IJ:Y C MjlrKOH li HCJiliHCHHhiMII M0-
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p;aMII, nonHIIKaiOili;IIMII npii penaKca:rJ:IIII rnanHoro napaMeTpa nop5I.IJ:Ka 

Tip II nepeXO.IJ:C B HCCOpa3MCpHyiO <jJa3y, npOIICXO.IJ:IIT pacmenJICHIIC KO

Jie6aTCJlbHhlX MO.IJ:, COOTBCTCTBYIOTIJ:IIX BTOpii"t!HhlM MO.IJ:a:M:, KBa.n:paTbl 

-qaCTOT KOTOphlX llpii TIOHII2KCHIIII TCMTiepaTypbl llp05IBJI5IIOT JIIIHCII-
1 

HhlH poeT. 

IIpocTpaHCTBCHHoe pacnpe.n:enemie .IJ:II3JICKTp1I"t!ecKoii npoHIIUae

MOCTII OllpC.IJ:CJI5ICTC5I llpOCTpaHCTBCHHbiM pacnpep:eJICHIICM <jJa3bi na

paMCTpa rrop5I.IJ:Ka. TaK, o6nacT5IM copa3MepHOCTII (r.n:e <jJa3a IIO'ITII 

TIOCT05IHHa) COOTBCTCTBYCT IIOCT05IHHOC 3Ha"tJCHIIC .IJ:II3JICKTp1I"t!CCKOH 

npOHIIUaCMOCTII, paBHOC ee 3Ha'ICHIIIO B BbiCOKOCIIMMCTpii"t!HOH <jJa3e. 

06JiaCT5IM · pe3KOrO II3MCHCHII5I <jJa3bl COOTBCTCTBYCT .IJ:CJibT006pa3HOC 

II3MCHCHIIC .IJ:II3JICKTp1I"t!CCKOH IIpOHIIUaCMOCTII. C IIOHII2KCHIICM TCM

nepaTyphl ( c np1I6JIII2KCHIICM K TO"t!Ke T c) B o6nacT5IX copa3MepHo

CTII 3Ha"tJCHIIC .IJ:II3JICKTp1I"t!CCKOH IIpOHIIUaCMOCTit HC MCH5ICTC5I, Tor.n:a 

KaK B 06JiaCT5IX pe3KOro II3MCHCHII5I <jJa3bl aMIIJIIITY.IJ:a .IJ:CJibT006pa3-

HbiX IIIIKOB pacTeT II npii TO"t!Ke T c cTpeMIITC5I K 6ecKOHC"tJHOCTII. Ta

KIIM o6pa30M, B COJIIITOHHOM pC2KIIMC Hecopa3MCpHOH <jJa3bl IIpOCTpaH

CTBCHHOC pacrrpe.IJ:CJICHIIC .IJ:II3JICKTp1I"t!CCKOH IIpOHIIUaeMOCTII .IJ:OCTa

TO"tJHO TO"t!HO anrrpoKCIIM1IpyeTc5I cKa"tJKoo6pa3Hoii <jJyHKUIIeii. Cne.n:o

naTeJibHO, B COJIIITOHHOM pe2KIIMC HCCOpa3MCpHa5I <jJa3a 11pC.IJ:CTaBJI5ICT 

co6oil CJIOIICTYIO CTPYKTypy, KOTopa5I <jJopM1IpyeTC5I II3 .n:nyx cnoen, 

pa3JIII"tJaiOIIJ:IIXC5I 3Ha"tJeHneM .IJ:II3JicKTpn-qecKoii rrpoHIIUaeMOCTII. Ton

TIJ:IIHhl cnoen 5IBJI5IIOTC5I <jJyHKUII5IMII TeMrrepaTypbi. B II.IJ:eaJibHbiX Kpii

CTannax rrpn rrp1I6JIII2KCHIIII K TO"t!Ke T c ycpe.n:HeHHM .IJ:II3JICKTp1I"t!e

cKM rrpoHnuaeMoCTb cTpeMIITC5I K 6ecKoHe'IHOCTII. IIocne.n:Hee CB5I-

3aHo C TCM, "tJTO C IIOHII2KCHIICM TCMIIepaTypbi B COJIIITOHHOM pc2KIIMC 

Hecopa3MCpHOH <jJa3hl, aMIIJIIITY.IJ:hl .IJ:CJibT006pa3HhlX IIIIKOD B JIOKaJib

HOM pacnpe.IJ:CJICHIIII .IJ:II3JICKTp1I"t!CCKOH IIpOHIIUaCMOCTII CTpCM5ITC5I K 

6eCKOHC"tJHOCTII. 

06JiaCTII .Il:CJlbTOo6pa3HOrO II3MCHCHII5I .IJ:II3JICKTp1I"t!CCKOH llpOHII

uaeMOCTII aHaJIOrii"t!Hbl aMop<jJHhlM MCTaJIJiaM II B03pacTaHIIC pomi 

HII3KIIX "tJaCTOT IIpiiDO.IJ:IIT K yneJIII"tJCHIIIO 3JICKTpOH-<jJOHOHHOH CB5I31I 

B 3TIIX CTpyKTypaX. 0"tJCDII.IJ:HO, "tJTO 3JICKTpOHHbiC CDOHCTDa Ta

KIIX CJIOCB 3Ha"tJIITCJibHO OTJIII"tJaiOTC5I OT IIOBC.IJ:CHII5I yrrop5I.IJ:O"tJCHHhlX 

MeTaJIJIOB. IIone.n:eHne copa3MepHbiX cnoen aHanorii"t!Ho rrone.n:eHIIIO 

"/ 
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cnoen rrepiiO.IJ:II"tJecKoii cTpyKTYPbi. B coJIIITOHHOM pe2KII::Yie Hecopa3-

MepHOII <jJa3bi 3Ha~ICHIIC .IJ:II3JICKTpii~ICCKOii IIpOHIIUaC::YIOCTII DbiiiiC, ~IC:\1 

D IICXO.IJ:HOII <jJa3e, II C IIOHII2KCHIICM TCMIIepaTypbi DC.IJ:CT CC65I, KaK 

(T- Tc)- 1• 

B [16] rroKa3aHo, ~ITO n Y Ba2Cu307_,s cymccTnycT .n:na TIIIIa HO

CIITCJI5I 3ap5I.IJ:a, a HMCHHO, CIIJibHO KOpperrnpoBaHHbiC 3JICKTpOHbi D 

IIJIOCKOCT5IX Cu02 u 3ap5I.IJ:bi, rrpo5IBJI.siiOmnc oco6eHHOCTII rroKa;nno~ 

naHHbiX IIOJI5IpoHoB Manoro pa.n:nyca. 

HeiiTpoHorpaqm-qecKue 3KcrrcpnMcHTbi no KDa3nyrrpyrnM pacce5I

HII5IM [17] IIOKa3biDaiOT Hami~IHe HCJIIIHCIIHbiX <jJOHOHHbiX MO.IJ: D CTpyK

Typax Y Ba2Cu301-J II Bi2Sn2CaCu20s. 
3KCIICpiiMCHTbl IIO paMaHODCKOMY paCCC5IHIIIO D CBCpXIIpODO.IJ:5ITIJ:IIX 

KpiiCTaJIJiaX C IICpCMCHHbiM COCTaDOM [18] Dbi5IDIIJIU HaJIIl'IIIC cpOHO

HOD, "tJaCTOTbl MO.IJ: KOTOpbiX C IIOHII2KCHIICM TCl\IIICpaTypbl JIIIHCIIHO 

pacTyT. 

3JICKTpOH-cpOHOHHOC D3aiiMO.IJ:CHCTDIIC HC M02KCT o6'b5ICHIITb DCCX 

CDOHCTD MCTaJIJIOOKCII.IJ:HbiX CDCpXIIpODO.IJ:5ITIJ:IIX. COC.IJ:IIHCHIIh .. <PoHOH

HbiC 11pC.IJ:CTaDJICHII5I HC.IJ:OCTaTO~IHbl .IJ:JI5I OIIIICaHII5I TCMIIepaTypHOII 3a

DIICIIMOCTII MarHIITHoii nocrrpinrl\PIIIDOCTII, n oco6cHHocTn' rrcpcxo.n:a 

B aHTIIcpeppoMarHIITHoe .IJ:II3JICKTpiPiecKoe cocT05IHIIc [19]. O.n:HaKo, 

060TIJ:CHIIC BbiiiiCII3JI02KCHHOrO <jJopMaJIII3Ma JierKO 1103DOJI5ICT OIIIICctTb 

3TII OC06CHHOCTII. 

TaKnM o6pa3oM, Hanwme Hecoii3MepiiMbiX <jJa3 n BTCP-m~cn.n:ax 

C rrepeMCHHhlM COCTaBOM, IIH.IJ:YUIIpODctHHbiX HCO.IJ:HOpO.IJ:Hbi~I pacrrpe

.IJ:CJICHIICM KIICJiopo.n:on n 3TIIX cTpyKTypax, 5IDJI5ICTC5I orrpc.n:cJI5IIOTIJ:IHI 

.IJ:JI5I rromrMaHII5I oco6eHHOCTeii cpn3IPICCKIIX cnolrcTn 3TIIX CTPYKTYP· 

AnTopbi Bbipa2KaiOT rny6oKyiO rrpn3HaTCJibHOCTb 3a o6cy2K.IJ:CHIIC n 
co.n:eilcTnne n BbiiiOJIHemnr. pa6oTbi rrpocpeccopy B.JI.Ar~ccHony, rrpo

<jJeccopaM H.M.IInaKH.IJ:e II IO.M.ry<jJaHy 3a ucHHbic 3al\re•mHII5I. 
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fa,u)lmea D.P., .[{)l<:aaa.uoa H.A. 
HemmeiiHbie cpoHOHbi a BbiCOKOTeMrreparypHbiX caepxrrpoaowrruni 
KpllCTaJIJiax C IIepeMeHHbiM COCTaBOM 

P17-98-128 

licCIIe,uoaaHbi oco6eHHOCTII perraKcamm rrapaMcrpa rropM,llKa a HecoHJMepllMbiX CTpJK
rypax Kpncrarmoa c rrepeMeHHbiM cocraaoM. Orrpe.uerreHbl rrpocrpaHCTBeHHaJI II BpeMeHHaJI 
.UllCIIepCllll .UllHaMllqecKOll BOCIIpllll~llBOCTll B COJlllTOHHOM pe)I(IIMe Hecopa3MepHOll QJaJbl. 
IloKa3aHO, qTQ B CTpJKrypax C rrepeMeHHblM COCTaBOM Qla30Bblll rrepexo.u, HapH.Zly C WIIXOH 
MO.UOH, COIIpOBO)I(.IlaeTCll MO.UaMll, KBa,llpaT qaCTOTbi KOTOpbiX HeJIIIHeHHO JaBHCllT OT TeMIIe
paTypbl. IlpiiBe.UeHbl cprumeHllll IIOJiyqeHHbiX pe3yJibTaTOB C 3KCIIepHMeHTaJibHb!Mll .UaHHb!Mll 
110 BbiCOKOTeMIIeparypHblM CBepXIIpOBO.IlliiUJIM KpllCTaJIJiaM C IIepeMeHHbiM CO,CTaBOM. 

Pa6oTa BbmonHeHa a Jia6opaTOpiiii HeiiTpoHHoii QJIIJIIKII HM. li.M.<l>paHKa OlUili. 

llpenpHHT 06bellHHeHHOfO HHCTH"ryra llllepHI>IX HCCJie)lOBaHHH . .rly6Ha, 1998 

Ilepeso.u aaTOpoa 

Gadjiev B.R., Javadov N.A. Pl?-98-128 
Nonlinear Phonons in High-Te Superconductors Mixed Crystals 

The integrodifferential kinetic equation which is a generalization of the Landau
Ginzburg formalism is introduced. The peculiarities of nonlinear kinetics are investigated 
by entering the nonlocal function, which is a quantitative measure of time dispersion. 
The classification nonlocal function is made by its Hausdorf dimensionality de. It is shown 
that in the case de< I the relaxation equation is a differential equation of fractional order. 
In the case de= I, the relaxation equation is the equation of damping harmonic oscillator. 
In the case de > I, the relaxation equation contains the time derivation arbitrary high order. 
After linearization of the corresponding dynamic equations near the corresponding nonlinear 
static equations the dispersion and then after spatial averaging, temperature and frequency 
dependency of corresponding dynamic susceptibility have been determined. It is shown that 
in the cases de< I and de> I the temperature evolution system alongside with the soft mode 
is accompanied by the modes which depend nonlinearly on the temperature. The physical 
nature of quasiscattering in the incommensurate . phases of layered crystals are studied. 
The obtained theoretical results are applied to the layered HTSC crystals. 

The investigation has been performed at the Frank Laboratory of Neutron Physics, JINR. 
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