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OBIIJ;A.H XAPAKTEPMCTMKA PABOThl 

A1ffyaJihHOCTh TCMhI. 3a.n.aqa onncaHIIJI q>ll3II'leCHI!X CBOHCTB ynpyrIIX 

MaTepIIaJIOB C TOilOJiornqecHIIMll .n.ecpeHTaMII JIBJIJieTCJI aHTyam,uo:il: ,ll,JIJI co

BpeMeHHOll Teopnn H0H,ll,eHCHpoBaHH0ro COCTOHHHH, Il0CR0JibRY Il03B0JIJieT 

rny6me Il0HJITb lpll3IIHY peaJibHhIX RpIICTaJIJI0B. lluTepec I{ llCCJie,ll,oBaHHIO 

,ll,aHHOll rrpo6JieMhl o6ycJIOBJieH Il0JIBJieHHeM Bee H0BhlX 3RcrrepnMeHTaJibHhlX 

.n.aHHhlX, qTQ CBJI3aH0 RaR C pa3BllTIIeM TeXHIIHil 3RCilepnMeHTa, TaR Il C 

n3yqeuneM .n.ecpeHTOB B H0BhlX MaTepIIaJiax. Pe3JJibTaThl 3RcrrepnMeHT0B 

3aCTaBJIJIIOT BH0CIITb R0ppeRTIIBhl B IIMeIOlli,IleCJI TeopeTnqecRIIe cxeMhl. 

TorroJiornqecRIIMII .n.ecpeHTaMn B yrrpyrnx MaTepnaJiax HBJIHIOTCH ,ll,IIC

JI0Haunn H ,ll,HCHJIHHaunn, a B 0,ll,H0MepH0M cJiyqae - T0il0JI0rll:qecRne co

JlllT0Hhl. .l].ocTOBepHo yCTaH0BJieHa BalliHaJI p0Jib ,ll,IlCJI0Rau;II:il: B rrpou;eccax 

rrJiaCTilqecHOll .n.ecpopMaD;IIII RpHCTaJIJI0B B nrnpoH0M IlHTepBaJie TeMrrepaTyp. 

.l].ncRJIHHau;1rn Ba}I{Hhl B CllJibH0 .n.ecpopMilpOBaHHhlX TBep.ri;hlX TeJiax. Kon

u;errn;IlJI ,ll,IlCRJIHHau;n:il: cymecTBeHH0 ucrronn~yeTCJI rrpn orrncannn cTpJRTYPhl · 

TaH Ha3bIBaeMhlX HOBhlX MaTepnaJioB: CTeR0JI, aMop<pHhlX TeJI, Il0JIHMepoB, 

Il0JIIlHpllcTaJIJI0B, R0Mil03Ilil;Il0HHhlX MaTepnaJI0B, }Kll,ll,RIIX RpHCTaJIJI0B Il T.Il .. 

B nocJie,ll,HHe ro.n.hl pe3H0 B03poc IlHTepec R 3RcrrepnMeHTaJibH0MY Il3J'leHilIO 

CTPYHTypHhlX, 0ilTilqecRilX, 3JieRTp0HHhlX Il MarHilTHhlX CB0HCTB 3TllX Ma

TepllaJI0B BBil.ll.Y IlX aHTilBH0ro rrpnMeHeHilJI B COBpeMeHHOll MHHp03JieRTpo

HHHe. TorronoruqecRile C0JIIlT0Hhl aHTilBH0 IlCCJie.n.yIOTCJI B JlllHellHhIX Il0JIIl

Mepax C corrpHmeHHhlMil CBJI3JIMH, rrpem.n.e Bcero B TpaHC-Il0JIIIau;eTHJieHe Il 

,ll,ByxaT0MHhlX Il0JIHMepax. 

Oco6hlil IlHTepec rrpe,ll,CTaBJIJieT aHaJIH3 3JieRTp0HHhlX CBOHCTB .n.ecpeHT

HhlX MaTep~aJI0B. cha rrpo6JieMa HBJIHeTCH aRTJaJibll0ll RaR C TeopeTH'leCROll, 

TaR Il C 3HCrrepnMeHTaJibHOll T0'll{Il 3peHHJI. Xoporno H3BeCTH0, uarrpHMep, 

qTo, IJPUCJTCTBYJI .n.ame B He3Ha'lnTeJibHhlX R0HUeHTpau;HHX, .n.ecpeRThl cy

mecTBeHH0 Il3MeHJIIOT MeXaHuqecHne, 3JieHTpnqecRile, 0ilTU'leCRHe Il Tpauc

rropTHhle CB0llCTBa rroJiyrrp0B0,ll,HUH0B H MeTaJIJI0B. B II0CJie,ll,Hee BpeMJI .n.e

cpeRTHhle CTPYRTYPhl aRTHBH0 IlCCJie,ll,JIOTCJI B CBJI3Il C rrpo6JieMOll BhlC0R0-

TeMrrepaTypHOll CBepxrrpoB0,ll,UM0CTU. BecbMa IIpHMe'laTeJibHhl 3JieRTp0H

Hhle CB0:il:CTBa JIHHe:il:HhlX Il0JIUMepoB. B o6hlqHQM COCT0JIHHil 0Hil HBJIHIOTCH 

,ll,Il3JieRTpURaMU. O.n.HaRO rrpn .n.orrupoBaHUU u;erroqel{ Ha6JIIO,ll,aeTCJI IlX Me

TaJIJIU3aD;IlJI, rrpn'IeM rrpoB0,ll,IlMOCTb CTaH0BUTCJI 6JIH3ROll I{ rrpoB0,ll,IlMOCTU 

HOpMaJibHhl:X: MeTaJIJI0B. K T0MY me UMeeT MeCTO He06hl'lHOe C0OTH0llleHne 

CilllHa u 3apH,ll,a y H0CilTeJie:il:. A IlMeHH0, ua6JIIO,ll,aeTCJI rrepeH0C CilllHa 6e3 

rrepeHoca 3apH.n.a n rrepeHoc 3apH.n.a 6e3 rrepeuoca cmrna. TeopeTnqecRoe 
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o6'bRCHeHne 3Toro He06hlqHoro 3q>q>eKTa Hafi,neHO C IIOMombIO rrplIBJieqeirnn 

rnrroTe3hl o HaJinqnn B u;erroqKax TOIIoJiornqec1mx coJIHTOHOB. 

K HaCTORmeMy BpeMeHlI o6'beKThl c HeTplIBliaJibHOH TOIIOJiornefi o6napy

}ReHhl n xoporno n3yqeHhl B pa3JiliqHhlX KoH,neHcttpo:saHHbIX cpe,nax. TaK, 

HanpnMep, HaROIIJieH o6rnnpHhlH MaTepnaJI O CBOHCTBax BHXpefi B }Rll,Zl;KOM 

reJIHlI, COJilITOHOB B HlI3ROpa3MepHhlX CllCTeMax (MarHeTHRax, mrnefiHbIX 

IIOJilIMepax, opraHnqecRHX MOJieKyJiax)' llCCJie,noBaHhl CBOHCTBa MarHIITHb!X 

BHXpeil: B CBepxnpoBO,Zl;HHRax II T .,n .• 

CJie.nyeT OTMeTIITb, qTo llHTepec R aHaJIII3Y TOIIOJIOrIIqecKIIX o6'beKTOB B 

ROH,Zl;eHcnpoBaHHhlX cpe,nax BhlXO,Zl;IIT 3a paMRll o6hlqHI,IX 3a,naq q>II3llKll KOH

,neHcnpoBaHHOro COCTORHHR. Bo3HHRaIOT IIHTepeCHhle anaJIOrHII C 3q>q>eR

TaMH, o6ycJIOBJieHHhlMlI TOilOJIOrll'leCKIIMII o6'beKTaMH e ,npyrnx o6JiaCTRX 

q>ll3.lIRlI (Teopnn IIOJIR, rpaBHTaD;llll ll T.n.). TaR, B HaCTORmee BpeMR II3Be• 

CTHO HeCROJibKO TO'IHhlX perneHHil: HeJIHHefiHhlX MO,Zl;eJiefi, nrpammnx BaJRHYIO 

poJib B coepeMeHHOfi Teopnn noJIR. 9To rrpeJR,ne ecero perneHne T'Xoq>Ta

IloJIRROBa ,nJIR MoHonoJIR B Hea6eJieBofi Mo,neJIH Xnrrca, IIHCTaHTOHbI B. KBaH

TOBofi xpoMO,Zl;lIHaMHRe, COJilITOHhl B Mo,neJilI CKttp11rn, MarHIITHble BIIXpII Hn

JlbCeHa-OJibCeHa B a6eJieeoil: Mo,neJIH Xnrrca n T.,n.. MccJie,noeanIIe q>II3H

qecRnx cncTeM, co,nepJRam:u:x 3TH o6'heRThl, onpe,neJI:u:.i:ro 3Ha'lttTeJibHhlfi npo

rpecc B COBpeMeHHOil: Teopnn IlOJIR .. OTMeTHM, 'ITO B03MOJRHOCTb rrpRMoro 

3RCnepHMeHTaJibHOro lI3y'leHHR TOilOJIOrH'leCKllX ,neq>eKTOB B ROH,nencIIpo

BaHHhlX c~e,nax ,neJiaeT 3TH cpe,nhl :u:,neaJibHhlM IIOJIIIrOHOM ,Zl;JIR npoeepKH 

IIpe,ncRa3aHHil: TeOplilI IIOJIR, RaCaIOID;llXCR CBOHCTB TOIIOJIOrH'leCRIIX 06'beK-. 

TOB. 

HecMOTpR Ha ,Zl;OCTlirHyThle ycnex:u:, B Teopllll TOIIOJiornqecRHX ,neq>eRTOB 

B ynpyrnx cpe,nax nMeeTcR pR,n cepbe3HhlX npo6JieM, 3acTaB)!HIOm:u:x IICRaTb 

nplIHD;lIIlliaJibHO HOBhle IlO,Zl;XO,Zl;hl npn onncaHHlI MaTepttaJIOB C ,neq>eKTaMH. 

,lI;eJio B TOM, qTo o6hlqHo ripn TeopeTnqecROM OIIHCamin ,Zl;IICJIOKau;IIfi II ,Zl;IIC

RJilIHau;nil: llCilOJib3YIOT JIHHeil:HyIO TeOpllIO ynpyrOCTll. I1 pH 3TOM IIpIIXO

,Zl;lITCR orpaHnqlITb paCCMOTpeHHe ,neq>eKTaMH, Bhl3hlBammttMll MaJibie ,neq>op- •. 

MaD;lllI cpe,nhl. B cnyqae ,Zl;llCJIORau;:u:il: 3TO 03HaqaeT MaJihle 3Ha'leHHR BeRTopa 

BIDprepca, a B cnyqae ,nncKJIHHau;nil: - MaJihle 3Ha'leHHR IIH,neRca <l>panKa 

(TaR Ha3hlBaeMhle MaJioyrJIOBhle ,Zl;IICRJIIIHaD;IIII). JicHO TaRJRe, 'ITO B paM

RaX JilIHefiHoil: Teopnn ynpyroCTH HeJib3R onncaTb q>II3II'IeCRII IIHTepecHyIO 

o6naCTb Rp;pa ,neq>eRTa. B cnyqae, Ror,na ,neq>opMaD;llll CTilHOBRTCR 6oJib

IIIIIMlI, Heo6xo,nIIMO lICIIOJib30BaTb cymecTBeHHO HeJIHHefinym Mo,neJib yrrpy: 

roil: cpe,nhl, qTo qpe3Bhl'IaHHO ycJIO}RHReT aHaJill3. 

O,nHlIM II3 COBpeMeHHhlX HanpaBJieHlIH llCCJie,Zl;OBaHHH RBJIReTCR RaJiil:6po-
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BO'IHaR TeopHR ,Zl;IICJIOKau;nfi II ,Zl;llCKJIIIHau;IIfi, KOTOpaR II03BOJIReT caMocorna

COBaHHhlM crroco6oM OIIIIChlBaTb yrrpyryIO cpe.ny c TOilOJIOrlitJ:eCRlIMlI ,neq>eR

TaMII. BaJRHb!M ,Zl;OCTOHHCTBOM rrpe,nJio.lReHHOH MO,Zl;eJilI RBJIReTCR TOT q>aRT, 

qTo Olia II03BOJIJieT IIOCTpOIITb ,Zl;IIHaMIIKY ,Zl;IICJIORau;nfi lI ,Zl;lICRJilIHau;nil:. He

COMHenno, rrpo6JieMa C03,Zl;aHIIR e,nlIHOH MO,Zl;eJIH ,Zl;JIR OllIICaHlIR RaR ynpyrnx, 

TaR II 3JieRTpOHHhlX CBOHCTB MaTepnaJIOB C TOilOJiornqeCRlIMll ,neq>eKTaMlI 

RBJIReTCR aRTyaJibHOH. TaRaR MO,Zl;eJI~ II03BOJIReT ,naJibIIIe rrpo,Zl;BlIHYTbCR B 

caMOCOrJiaCOBaHHOM OIIIICaHIIII q>ll3IIRII peaJibHhlX RplICTaJIJIOB. 

ARTyaJibHOH 3a,naqefi q>II3IIKII JIIIHeHHhlX IlOJilIMepoB RBJIReTCR n3yqeHne 

q>II3IIqeCRIIX CBOHCTB TOIIOJIOrIIqecRIIX COJIIITOHOB II IlOJIRpOHOB lI BhlRCHeHne 

IIX poJIII B q>II3llKe ,neyxaTOMHhlX IlOJIIIMepoB, IlOJIIIeHOB II ,npyrIIX npoBOM

mnx rroJIIIMepoe. 

:U:eJib .nnccepTau;1m coqoIIT B IIOCTpoeHIIlI e,nlIHOH RaJitt6poBO'IHOH Teo

pIIII ,Zl;IICJIOKau;IIfi II ,Zl;IICRJIIIHau;nfi ,Zl;JIR onncaHlIR q>lI3IIqecKIIX CBOHCTB ynpy

roro ROHTIIHyyMa C TOilOJiornqecRIIMII ,neq>eKTaMH, B IlOlICRe HOBhlX perneHHil: 

,Zl;JIR TOIIOJIOrIIqecRIIX ,neq>eRTOB ll IICCJie,Zl;OBa.HIIII IIX q>lI3nqecRlIX xapaRTepn

CTHR, B pa3pa6oTRe MeTO,Zl;OB Bhl'IIICJieHIIH B Teopnn JilIHeil:HhlX IlOJIIIMepoB. 

HaytJ:HaR HOBlI3Ha ll npaRTII'leCRaR u;eHHOCTb. B ,nnccepTau;nn OTRphlTO, 

HOBOe HarrpaBJieHIIe B RaJin6poeoqHofi TeopnII ,neq>eKTOB - pa3BIIT e,nlIHhlll 

no,nxo,n R OIIHCaHlIIO 3JieRTpOHHhlX CBOHCTB ynpyrnx MaTepnaJIOB C TOIIOJIO

rII'leCKIIMII ,neq>eKTaMII, OCHOBaHHhl:il: Ha npIIHD;HIIe RaJIII6poeoqHofi ClIMMe

TpIIII. 

BnepBhle Cq>OPMYJIIIpOBaHa caMOCOrJiaCOBaHHaR RaJIII6poBO'IHaR MO,neJib 

yrrpyro:il: cpe,nhl C TOilOJiornqecRHMlI ,neq>eKTaMn, BRJIIOtJ:aIOmaR 3JieRTpOHHhle 

IIOJIR e KaJIII6poBO'IHO-IIHBapIIaHTHOM Bn,ne. 9neRTpOHhl paccMaTpIIBaIOTCR e 

nptt6JIII}ReHIIll 3q>q>eRTlIBHO:il: MaCChl, B3alIMO,ne:il:CTBlie C perneTRO:il: BBO,Zl;lITCR 

B paMRax Teopnn ,neq>opMaD;lIOHHOro IIOTeHu;IIaJia. B OCHOBY onncaHlIR B3a

lIMO,ne:il:CTBIIR 3JieRTpOHOB C IlOJIRMII ,neq>eRTOB IlOJIO.lReH nplIHD;IIIl MIIHHMaJib

HOH CBR3II. KaR pe3yJibTaT, xapaRTep B3aIIMO,ne:il:CTBlIR npRMO CBR3aH C BII,Zl;OM 

RaJIII6poeoqHo:il: rpyrrnhl. 

BrrepBhle y,naJIOCb BhlHTII 3a paMKII JIHHeapH30BaHHO:il: cxeMhl npII OllIICa

HIIlI TOIIOJIOrII'leCRllX ,neq>eRTOB. A IIMeHHO, Ha:il:,neHhl TO'IHhle perneHlIR ca

MocorJiaCOBaHHhlX HeJIIIHe:il:HhlX ypaBHeHII:il: MO,Zl;eJIII ,Zl;JIR TOilOJiornqecRII CTa-

6IIJibHhlX ,Zl;llCKJIIIHau;noHHOro MOHOIIOJIR lI BlIXpR, qTo Il03BOJilIJIO onncaTb 

HaIIpRJReHIIR II ,neq>OpMaD;lilI B o6JiaCTlI R,npa ,neq>eRTOB. IlonyqeHO RBHOe 

BhlpaJReHne ,nJIR pa,nIIyca R,npa ,neq>eRTa. 

Cq>opMyJIIIpoBaHa MO,neJib ,Zl;JIR onncaHIIR TOIIOJiornqecRlIX ,neq>eRTOB B 
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roiyMepHI,IX yrrpyrnx CilCTeMax. IlpH 3T0M cym;ecTBeHH0 HCII0Jib30BaHa HaJIH-

6poBO'lHaH rpyrrrra TpaHCJIJIIJ;Hii: H Bpam;eHHii: B ,n;ByMepHoii: IIJI0CH0CTH S0(2)t> 
T(2) :::ha M0,D;eJib aHTyaJibHa rrpH OIIHCaHHH T0II0JI0rHtJ:eCHHX .n:ecpe!{TOB B 

IIJieHHax, MeM6paHax H CJI0HCThIX CTPYHTypax, a TamHe B cny11ae JIHHeii:HhlX 

,n;ecpeHTOB, Ror,n;a HarrpRmeHHR, o6ycJIOBJieHHble ,n;ecpeHTOM, JielliaT B o,n:Hoii: 

IIJI0CR0CTH. 

B paMRax Ram16poB011Horo rro,n;xo,n;a rrocTpoeHa caMocornacoBaHHaH JIH

HeapH3oBaHHaH cxeMa ,ll;JIJI 0IIHCaHHH TOIIOJI0rHtJ:eCRHX ,n;ecpeRTOB MaJioii: MOID;

HOCTH. IloRa3aHo, 'ITO B paMRax .n;aHHOii: cxeMhl y,n:aeTCH HoppeRTH0 OIIII

caTb II0JIJI HaIIpHmeHHil H ,n;ecpopMaIJ;Hil B rrpn6JIH}KeHHH BhlCIIIHX rropH,ll;I{0B. 

B paMRaX ccpopMy:1rnpoBaHHOil cxeMhl BIIepBhle rrony'leHO TOtJ:HOe peIIIeHHe 

,ll;JIJI ManoyrnoB0il RJIHHOBOil ,ll;HCHJIHHaIJ;HH. Hatt,n;eH HBHhlii: BH,ll; HCTOtJ:HHHa B 

ypaBHeHHHX TeopHH yrrpyroCTH, o6ycJIOBJieHHOro ,ll;HCHJIHHau;Heii:. IloHa3ano, 

'ITO OH u;eJIHR0M orrpe,n;eJIJieTCH RaJIH6poBO'lHhIMH IIOJIHMH ,n:HCl{JIHHail,Hll.. 

B paMHax Rann6poBO'!Horo rro,n;xo,n;a rrpe,n;cTaBJieH aHaJIH3 crreHTpa ,n;mrn

H0B0JIH0BhlX ROJie6aHHii: yrrpyrHX MaTepHaJI0B c ,ll;HCJI0Hail,HHMH H ,ll;HCHJIHHa

Il,HRMH. Ilony11eHhl ,n;HHaMH'leCRHe ypaBHeHHH RaJIH6p0B011noll TeopttH .n:e

<peRTOB ,D;JIH 061,eMHOll. H IIJIOCHOH 3a,D;a'l B JIHHeliH0M ITO CMem;eHHRM rrpH6JIH

}KeHHH. Hccne,n;oBaH cnyqaii: rrpHMOJIHHeliHhlX BHHTOBOii: ,n;HcnoHaU,HH H Ma

noyrnoBoll RJIHHOBOii: ,ll;HCRJIHHaIJ;HH. BrrepBble HCCJie,D;0BaH xapaHTep yrrpy

rnx ROJie6aHnll B rrpHCYTCTBHH TOIIOJI0rHtJ:eCRH CTa6HJihHhIX ,ll;HCRJIHHau;Hll. B 

'laCTH0CTil, rrony11eHbl acHMIIT0TH'leCHHe pe11IeHHH ,n:JIJI pa,n;HaJibHhlX l{OJie6a

Hilii: H rrpe.n;cTaBrren Ra'leCTBeHHhlli aHaJIH3 xapaRTepa Hone6anHii: B cny11ae. 

,ll;IlCRJIHHaIJ;H0HH0ro M0H0II0JIJI H BHXpR. 

B paMRax ccpopMyJIHpOBaHHOll. M0,D;eJIH IlCCJie,D;0Bana 3a,n;a11a O JI0HaJIH-

3au;1rn 3JieRTpoHa y RpaeBoii: Il BHHTOBOH ,ll;HCJIORaIJ;Hll, y ,ll;HCHJIHHail,H0HH0ro 

M0H0II0JIJI H y ManoyrJIOBOll. H IIOJIHOH RJIHH0BhIX ,ll;HCRJIHHail,Hll.. OTMetJ:eno, 

'ITO B 0TJIH'!Ile OT cny11aa· ,ll;HCJI0Rau;nii: Il T0'le'!HhIX IIpHMecell B3aHMo,n;eii:

CTBHe 3JieRTpoHa C RaJIH6poBO'lHhIM II0JieM, o6ycJIOBJieHHhlM ,n;HCRJIHHaIJ;HHMH, 

Il3MeHHeT TaRme Il RHHeTn'leCRHll. 'lJieH, 'ITO rrpnB0,ll;HT H cym;ecTBeHHO HHOH ·. 

CHTyau;Hn ,ll;JIJI JI0RaJIIl3aIJ;HH 3JieRTp0Ha. Ilony11eHo, 'ITO B cny11ae 0TpH

u;aTeJibROii: ManoyrJIOBOll. RJIHROBOH ,ll;HCRJIHRau;HH B03M0lliH0 IIOHBJieHHe pe-

30RaHCHhIX 3JieRTp0RRhIX C0CTORHHii:. Ilpe.n;cRa3aRo, 'ITO ,D;JIH T0II0JI0rH'le

CRH CTa6HJihRhIX ,n;ecpeRTOB B03M0}KHa CHJihHaH JI0HaJIH3ail,HH 3JieRTp0HHhlX 

COCTOHHilll. B6JIH3H JIHHilll ,ll;IlCRJIHRau;nH (cpaRTH'leCHH IIp0HCX0,ll;IlT 3aXBaT 

3JieRTpoHa H,D;pOM ,n;ecpeRTa). 

Ilony'leHo, 'ITO B cny11ae ,ll;HCHJIHHau;nii: T0II0JI0rHtJ:eCRaH rrpHpo.n:a .n:e

<peRTa 3aTparnBaeT cpa3y BOJIHOBOii: <pyHRIJ;Illl CB06o,n:Horo 3JieHTp0Ha. He-
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xo,n:H H3 3T0I'0 upe,n:cHa3all HOBbiti., TO!IOJIOI'H'1CCHHti. 110 npupo.n:e, Hana,1 pac

CCHHHH 3JieHTp0H0B B MaTcpnanax C ,n:HCHJIH!Iall,HHMH. Pacc'1HTana BCJ!HtJ:HHa 

0CTaT0tJ:H0rO corrpoTHBJICHHH, o6ycJIOBJICHllaH rrpucyTCTBHCM .ll:HCH,1HHail,Hil.. 

IloHa3ano, 'ITO )''ICT B3aHMO,n:eti.CTBHH ,:lJICHTp0II0B C II0JIC!\I .n:ecpopMail,HH .n:e

cpe1na IIpHB0.ll:HT H CJIO}KIIOMY xapaHTepy pacceHHllH, HOr,n:a .ll:OMHHHpyIOID;HM 

MO}HCT 6b!Th Hal{ TOIIOJIOI'HtJ:CCHOe pacccmme, TaH H .n:ecpop!l!all,HOHIIOC. l13y

'1CH ci1yirnll 3apHmeHHhIX nu11eti.11b1X ,n:ccpewroa. Iloi1y•1e11n1,1e ou,emrn !\IOI')'T 

6hlTh HCII0Jih30Bam,1 rrpH l.-!CC,1CJlQBaHl.-!H npoBO,Ul.-!l\lOCTl.-1 B 110.1ynpoBOJlHl.-!Ji0-

BhIX MaTep1.-1anax C lll.-!CHJIHilaitl.-!Jl!\IH, 11aup1.-1!11cp 8 a!\top<pllb!X rro,1ynpoB0-

.n:111.-1RaX. 

B pal\max cal\10cornacoaa11noro HaJm6poao1111oro 110,uxo.n:a noHa3aHa B03-

MmRH0CTh o6pa30BaHHH COCT0HHHH nonnpounoro THJia B MaTep1.-1anax C JIH

HCll.HhlMH ,UHCJIOKail,HRMH. OTMCtJ:CHO, l!T0 3T0T pe3yJihTaT IIOJIJl!CH 6e3 np11-

BJICl!CHHR KaHOii:-JIH6o ,UOIIO.ITHHTCJihHOH HH<pOpl\!a!lHII OTH0CIITCJihII0 l{OHHpeT

uoro BH,n:a ,UHCJIOKaIJ;HH . 

B paMKaX HOHCtJ:H030HHOti. CXCMhl IIOCTpoena HOHTl.-!Hyan1,11a11 MO,UC,1h JI).-1-

HCHHhlX ,UBJXaT0MHhIX JI0Jil.-!MepoB, H HOTOpoll .ll:OIIOJIHHH'Jlh!I0 }"'ITCHO H3aH

MO.ll:CllCTBIIC MC}H.ll:Y BT0pb!MH COCC.ll)IMII. Pacc•mTa!IO 0CIIOHIIOC COCTOHIIIH' II 

<pOHOHHhIH CIICHTp. IlocTpoc110 T0'III0C pc111c111.-1e B BIIJl<' T0II0,101'11'1CCH0ro 

C0JIHT0Ha 1.-1 1.-!CCJIC.ll:0Ball 3JJeHTp01111Idll 311CprcTH'I<'CHHti. c11c1np 8 11p11cyT

CTBl.-!H COJIHT0Ha. B paMHax ccpop111yimpoaa1111oti. I\I0JlCJIII_ II3J'!Cllhl. qrn:rn

qecrrne xapaKTCpHCTHKH COJIHT0H0H C ytICTOM 3<pq>eHTOB HOIIC'IIIOH JtJIHilhl 

nerroqel{. I1 pe,n:cTaBJieH ca111ocornac0Bal1Hhlil )tHCHpeTHhlH auaJIII3 OCH0BII0I'0 

C0CT0HHHR II COJil.-!TOHHOH rraphl B npoTmKCHilhlX neno•max .uayxaT0MHhlX IIO

JIHMepoB. Hccne,uoaano cpop1111.-1poaa1rne rronnp0HllhlX COCTOJIHIIH B I\IO,UCJIRX 

JIHHCll.HhlX IIOJIHMepoB. Bw•mcJICllbl 0CII0BllhlC qrn3H'ICCHl.-!C xapaHTCpHCTHHl.-1 

IIOJIHpOIIOB: PaccMOTpCHhl 6nrronnp01moc, TpHH0JIJlpOHIIOC II rromqHHCHT0II

H0e COCT0JIHHR B M0,ll.CJII.-! II0JIHCJ!a. lI pC}lC'faBJICH0 cpaBHClll.-!C pe:1ym,TaT0B, 

II0JIJ'1CHHhlX B paMI{aX HOHC•mo:1011uoti. II JIHI1Cap1.-1:10Ba1111oti. H0IIT11l1Ya,11,111,1x 

CXCM, C pC3JJihTaTaMH Jtl.-!CHpCTIIOI'0 pac•1cTa. 

Ha 3am;nTy Bhl.UBHraIOTCH cne,n:y10nt1.-1e pe3JJihTaThl. 

1. B pa111Hax Han116poBotinoll Teop1.-111 ,n:ncn0Ha1t1.-1ll H .UHCHJIH11an11ll noi1y

•1e111,1 T0tJ:IlhlC CTaTHl!CCl{HC peIIICIIIIJI JVIJI IIOJillhlX TOIIOJIOl'l.-!'l('CHH CTa-

611JihHhlX .ll:HCl{JIHHannll: ,n:HCHJIHHaitH0IIII0l'O M0IIOII0JIR ( C}l{a) 1.-1 JlHC

J{JIHHail,H0Hl!Ol'0 BHXpH (upnMOJIHI!Cti.11an HJIHII0BaJI )llICHJJHHa!UUI ). Pc
IIICHl.-!JI C0J.tepmaT 'ICTH0 BhIJtCJJCIIIIYIO xapa1ncp11y10 o6nacrh, H0Topa11 

MO}!{CT 6h1Th Tpa1noaa11a ){al{ o6naCTh JJJtpa JtHCHJIHBaltHII. Onpe;tc-
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,1eHhI TeH3op uarrpnme1rni1 H pa.uuyc 11.upa .uecpe1{Ta. ITocTpoeua Ha

,1u6poBoqnaJI MO,Ue,1b .UJIJI OIIHcamrn T0II0JI0rHqecHHX .uecpeHTOB B .UBy

.MepHhlX yrrpyrux CHCTeMax ( CJIOHCThle CTpyHTJPhI, IIJieHHH H T.II. ). 

2. B paMHax HaJIH6poBoqnoro rro.uxo.ua pa3BHT HOBb!ll MeTO.U TC0pHH B03-

MJIIJeHHll .UJIJI aHaJIH3a CTaTHqeCHHX .UHCJI0l{auui1, nerrpepbIBH0 pac

rrpe.ue,1eHHb!X B MaTepuane. Mccne.uoBauo perneHHe .un11 rrp11MOJIH

nei1HhIX BHHTOBb!X .UHCJIOHau;Hi1. 13 paMHax JIHHei1noro IIpH6JIH}I{eHHJI 

rronyqeuo Toquoe pernenue .UJIJI .upo611oro .UHCHJIHHau;uonnoro BHXpJI 

( aHanor Manoyr,10Boi1 HJIHHOBoi1 .UHCHJIHHailHH). TeM caMhlM rrpiMo 

IIO,UTBepm.ueno, qTo poTaUH0Hilble T0IIOJIOrHqec1rne .uecpe!{Tbl no CB0ei1 

rrpupo.ue JIBJIJIIOTCJI BHXp.HMH yrrpyroi1 cpC,Uhl. BbJqHcJICHbl IIOJIJI HaIIp.H

}KeHHll H .uecpopMau;Hi1, 06ycJIOBJieH11b1e .uannoi1 l{JIHH0BOll .UHCHJIHHa

UHCll. 

3. B paMHax HaJIH6poBOqHoro rro.uxo.ua pa3pa60TaH MeT0.U ,UJIJI OIIHCaHHJI 

yrrpyrux l{OJie6aHHll l{0HTHHyyMa c TOIIOJIOrttqecHll.MH .uecpeHTaMH. ITo

JiyqeHhl .UHHaMuqecHHe ypaBHeHHJI .UJIJI 0IIHCalrnJI MaJihlX l{OJie6a1rni1 B 

cpe.ue C TOIIOJIOrHqecHHMH .uecpeHTaMH pa3JIHqnoro THna. 8 paMHax 

pa3pa60TaHHOro MeT0,Ua H3yqeHhl .UJIHHHOB0JIH0Bb!e yrrpyrue l{OJie6a

HHJI B H30TpOIIHblX MaTepuanax C IIpJIM0JIHHCllHb!MH l{JIHH0BhlMH .UHC

l{JlHHau;HJIMH H .UHCHJIHHaUHOHHblM M0H0II0JieM. I1oHa3aHo, qTo B npH

CJTCTBHH TOilOJI0rHqec1rn ycToi1qHBblX .uecpeHTOB, xapaHTep l{OJie6a1mi1 

CJIIJCCTBCHH0 H3MCHJICTCJI, oco6eHno B o6JiaCTH JI,Upa .uecpeHTa. 

4. Kanu6poBoquan MO,UeJib ,UJI.fl OllllCaHH.fl TOilOJioruqecHHX .uecpeHTOB B 

yrrpyroM l{OHTHHyyMe pacrnupena IIJTCM BHJIIOqeJIHJI 3JICHTpOHHbIX CTC

IlCHCll CBo6o.uhl B HaJIH6poBoqJio HHBapttaHTHOM BH,Ue: B paMHax ca

MOcornacoBannoro rro.uxo.ua uccne.uoBana rrpo6neMa noHaJIH3aUHH 3Jie

HTpoHa B yrrpyrux MaTepuanax c .UHCRJIHHaUHJIMH. I1oRa3ano, qTo 

B cnyqae TOII0Jioruqec1rn CTa6HJibHOi1 RJIHH0BOll .UHCRJIHHau;HH H .UHC

HJIHHau;HOHHoro M0HOII0JI.fl B03HHHaIOT 3JICHTp0HHb!e COCT0JIHHJI, CHJib~ 

HO JIORaJIH30Bamlble B o6nacTH n.n:pa .n:ecpeRTa. O6uapymeuo, qTo B 

cJiyqae TOilOJioruqecRH HeCTa6HJibHOH 0Tpttu;aTeJibHOH HJIHH0BOll ,UHC

HJIHHau;HH npou;ecc JI0HaJIH3aUHH CJIIJCCTBCHH0 3aBHCHT OT BH,Ua .ue

q>OpMaD;HOIIHOro IlOTCHUHaJia. I1oRa3aHa B03M0}KH0CTb o6pa30BaHHJI 

pe3oHancuoro 3JieHTponHoro cocTOJIHH.fl B o6nacTH JI,n:pa .uecpeHTa. qH

CJICHHo paccqHTaHbl HHlliai1rnHe .UHCHpeTHhle ypoBHH B O,UH03JieRTp0H

HOM CIIC!{Tpe H .flBHhlll BH,U BOJIH0Bb!X q>JHl{JlHH. 
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5. I1oHa3ano, qTQ T0II0JIOrHqeCHa.H IIpHpo.n:a ,UlICHJIHHau;HH npHB0,UHT I{ 

B03HHHH0BCHHIO ,UOIIOJIHHTeJibH0ll ( TOilOJIOrHqecRoii:, THila AapoHOBa

BoMa) cpa3hl y 3JieRTponoB npoB0.UHM0CTH. Pe3JJibTaTOM 3Toro JIBJIJI

eTcJI Il0JIBJieHHe H0Boro RaHaJia pacceJIHHJI 3JieRTp0H0B. PaccqHTaH 

BRJia,n: B 0CTaToqayIO npoB0,UlIM0CTb, o6cJIOBJieHHhlll l{JilIHOB0ll .UHCRJIII

Hau;Hell. I1oHa3aHa B03M0}KH0CTb pe30HaHCH0rO JCHJieHHJI pacceJIHHJI 

3JieRTpOH0B, qTQ npHB0,UHT R 3aMeTH0MY pocTy conp0THBJICHHJI Ma

TepHaJI0B C ,UHCRJIHHaUIIJIMII. 

6. ITpe,n:cTaBJieH l{aqeCTBCHHhlll aHaJIH3 cneHTpa 3JICKTp0HHhlX COCTOJIHHll 

H CilCUH(fllIKH pacceJIHHJI 3JICRTp0H0B B cnyqae 3apJilliCHHhlX .n:ecpeR

T0B. I1oHa3aHo, qTo yqeT RJJIOH0BCRoro B3aHMO,UCllCTBIIJI BJIIIJICT Ha 

xapaKTep JI0RaJIH3aUHH 3JICKTpOH0B lI ,Uhlp0R. 8 cnyqae, Ror.n:a 0CHO

BHhlMH HOCHTCJIJIMH JIBJIJIIOTCJI 3JICRTp0Hhl, HMeeT MCCT0 OCJia6JieHHe 

pe3oHancnoro IlHRa J 3JICKTpOH0B lI_JCHJICHHe JI0KaJIH3aUHH ,Uhlp0R. 

CooTBCTCTBCHHO, H3MCHJIIOTCJI JCJIOBHJI pe30HaHCHoro pacceJIHHJI 3JICI{- · 

Tp0H0B. 

7. B paMRax caMocornacoBanaoro RaJIH6poBoqaoro no,n:xo.n:a Hccne,n:oBaHa 

npo6JieMa cpopMHpoBaHHJI Il0JIJipOHHOro COCTOJIHHJI B npIICJTCTBIIII ,UH

CJIOHaUHII. PaccqIITaHa 3HeprIIJI CBJI3H ,UHCJIORaUH0HH0ro noJIJipoHa II 

ero q>H3HqecKHe xapaRTCpIICTIIKII ,UJIJI cnyqa.H BIIHTOBOll II RpaeBOll ,UII

CJIOHau;IIii:. 

8. ITocTpoeaa R0HC'lH030HHaJI R0HTIIHyaJibHa.H M0,UCJib JIIIHCllHOro .UByxa

T0MHoro IlOJIIIMepa. PaccqIITaHa CTpyRTypa 0CHOBHoro C0CT0JIHIIJI II 

q>OHOHHhlll cneRTp. IloRa3aHO, qTQ B UCIIO'lRe C <J>lIRCIIpoBaHHhlMlI rpa

HHqHblMH aT0MaMH Bcer.n:a pom,n:aeTCJI COJIIIT0H-aHTIIC0JIHT0HHa.H napa, 

npH'ICM Ra.lR,Uhlll C0JIHT0H IIMCCT .n:po6Hblll cpepMHOHHhlil: 3apJI,n:. ITpe.n:

CTaBJICH caMocorJiaC0BaHHhlil: ,UHCRpCTHblil: aHaJIII3 0CH0BHoro C0CT0JI

HHJI H C0JIHTOHHOll naphl B npoTJI}KeHHhlX uenoqKaX ,n:ByxaT0MHhlX no

JIHMepoB. PaccqHTaHbl 0CHOBHhlC q>H3IIqeCRHe xapaRTCpHCTHRH COJIH

T0H0B. 

9. B paMRax KOHeqHQ30HHOll ROHTIIHyaJibHOil: CXCMhl HCCJie,UoBaHO cpop

MHpoBaHHe Il0JIJipOHHbi:X C0CT0JIHIIil: B M0,UCJIJIX mrneil:HblX Il0JIIIMepoB. 

8hlqIIcJICHhl 0CH0BHhle q>II3IIqecKIIe xapaKTepIICTHKH Il0JIJipoHoB: CTIIIH, 

3apJI,n:, 3HeprIIJI pom,n:eHHJI, illHpHHa, 3HeprIIJI CBJI3II. PacCMOTpCHhl 6H

Il0JIJipOHHOe, TpHIIOJIJipOHHOC II Il0JIJip3RCHT0HH0e C0CT0JIHHJI B M0,UCJIH 
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nomieHa. IlpoBe,UeH q:ircJieHHiuii caMocornacoBaHHhlii pacqeT nonRpo

HOB B .UHCRpeTHhlX nerroqRax. .LJ:aHo cpaBHeHHe pe3JJibTaTOB, nony

qeHHhlX B paMRax ROHeqH030HHOH H JIHHeapH30BaHHOH ROHTHHyaJibHb!X 

cxeM, C pe3JJibTaTaMH .UHCRpeTHOro pacqeTa. 

Arrpo6au;:irR pa6oTM. Pe3JJihTaTM, rrpe,ucTaBJieHHhle B .u:irccepTau;irn, .uo

RJia.n;MBaJIHCh Ha CeMHHapax Jia6opaTOpHH TeopeTHqeCRoii <pH3HRH OI1JII1, 
6MJIH rrpe,ucTaBJieHhl Ha III Me}I{.uyHapo,uHOM CHMno3HJMe no H36paHHhIM 

rrpo6JieMaM CTaTilCTnqeCRoii MeXaHHRH (.LJ:y6Ha, 1984), Ha Me}I{,UJHapo.n;HhlX 

ROH<pepeHn;nRx "CoJIHTOHhl n rrp1rno}I{emrn" (.LJ:y6Ha, 1989), "Bo36y}I{,neH

Hhle IIOJIRpOHHhle COCTORHHR B ROH,UeHcnpoBaHHhlX cp~.uax" (IlyIIJ;HHO, 1990), 

"NEEDS-92" (.LJ:y6Ha, 1992), XIII eBporreiiCRoii ROH<pepemu-m no cp:ir31-me 

Roll.n;eHcnpOBaHHhlX cpe.u (Ilpara, 1993), Ha BcecoI03HOM ceMHHape "He
mrneiiHhle BOJIHhl" (Kan:irHnHrpa.u, 1984 ), Ha BcecoI03Hoii Roncpepenu;:ir:ir 

"CoBpeMeHHhle npo6JieMhl CTaTHCT:irqec1wii <pH3HRH" (JlbBoB, 1987), Ha I 
n II BcecoI03Hhlx pa6oqnx coBeman:irRx "TeopHR coJIHTOHOB n rrpnnomeHnR" 

(.LJ:y6Ha, 1985, IOpMaJia, 1986), Ha Me}I{,UyHapo,unoM pa6oqeM COBemaHHH 

"ABTOJIORaJIH30BaHHhle COCTORHHR B yrropR,uoqeHHhlX H HeyrropR,uoqeHHhIX 

CHCTeMax" (IIym:irHo, 1994). U:nRJI CTaTeii, BRJIIOqaIOIIJ;Hii 3TH HCCJie,UOBa

HHR, 6MJI y,uocTOeH BTopoii rrpeMnn OI1JII1 3a 1995 ro.u. 

Ily6nnRau;nn. Ilo MaTepnaJiaM .unccepTau;nn ony6nnRoBano 26 pa6oT. 

CTpyRTypa iI 06'.heM .unccepTau;nn . .LJ:nccepTan;nR cocTOHT H3 BBe,uennR, 

6 rJiaB H 3aRJIIOqeHHR. OHa co.uep}I{HT 167 CTpaHHQ MaIIIHHOIIHCHOro TeRCTa,. 

9 pncyHROB n 5 Ta6nnu;. CrrncoR JIHTepaTyphl BRJIIQqaeT 200 HaHMeHOBaHnii. 

CO,[J;EPJKAHME PABOTbI 
Bo BBe,UeHnn o6ocHoBaHa aRTyaJibHOCTh rrpoBe,ueHHoro B .unccepTau;nn 

HCCJie,UoBaHHR. Ilpe,ucTaBJieH COBpeMeHHhlii CTaTyc HCCJie,UOBaHHii ll o63op 

JinTepaTypM no TeMaTnRe .unccepTau;nn. O6cy}I{,uaIOTCR rrpo6JieMM, cyme

CTBJIOmne B OIIHCaHHH TOilOJIOrnqecRHX .uecpeRTOB. CcpopMyJinpOBaHa u;eJib 
pa6oThl n H3JIO}I{eHo ee RpaTRoe co,uep}I{aHne. 

B nepBoii rnaBe ,uaHa cpopMyJinpOBRa Rann6pOBoqHoii Teopnn ,uncJioRa

u;:irii H .UHCRJIHHau;nii H IIOCTpoeHhl ,UBa ToqHI,JX peIIIeHHR MO,UeJIH. 

(§1) O6cy}I{,UeHHe naqHHaeTCR c cpopMJJIHpOBRH OCHOBHhlX IIOJIO}I{eHnii 

RaJI:ir6poBoqHoii TeopHH ,UHCJIORau;nii n ,UHCRJIHHau;nii H IlOCTpOeHHR Jiarpan

}I{HaHa. Il pHBJieRaTeJibHOCTb TeopHH COCTOHT B 3aMRHJTOM BH,Ue CaMOCO

rnacoBaHHhlX ypaBHeHHii ,UBll}I{eHHR, qTo, B rrpHHQHIIe, n03BOJIHeT H3J'IaTb 
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.unHaMHRY TOIIOJiornqecRHX .uecpeHTOB. O.uuaRO HBHOll TPY.UHOCTblO Teopnn 

HBJIHeTCH ee MaTeMaTnqecHaH CJIO}J{!IOCTh, '!TO ne II03BOJIHJIO cymecTBCHHO 

npo,nBHHJTbCJI Bnepe.n B onncaHHH JlC<pCHTOB no cpaBHCHHIO C JlpJrHMH Hl\lC

IOIUHMHCH MO,UCJIJIMH. 

(§2) Ba}HIIJ,IM pa3BHTHCM TCOpHH JIBHJIOCb IJOCTpocirne Ha.1u6poBO'IHOll 

MO,UCJil1 ,DJIJI IIJIOCHHX ynpyrnx CHCT{'l\l C )lHCJIOHaUHH~IH H .UHCn,1HHaUHR'.',IH. 

'ITO a1nyaJibIIO )lJIJI OIJHCaHHJI np1IMOJil1IIellllh!X )lHCIOHaUHi-i H .UHCH,1HHaunil: 

B cnyqae, Hor.na BCC uanpHIBCIIHJI, o6ycJIOBJICIIHhlC JlC<peHTOM, JIC}l{aT B IJ,10-

CROCTH, a Tal{}KC .UJIH HBa3ll,UBJMCpllhlX ynpyrnx cpc.n C .necpeHTa~rn. B .UBY

MepnoM cny,rne Hanu6poBO'IHaH rpynna ecTh G2=SO(2)t>T(2). On.1enrn, 

qTo rpynna npoCTpa11cTBCHHhlX apame1rnii SO(2) a6eneBa, qTo cymecTBeuno 

ynpomaeT anaJIH3 B ornuqne OT TpexMepnoii 3a,naqn. B qacn1ocTn, Hmme11-

cnpyIOJUHM II0JICM, CBH3aIIJih!M C IICO,UHOpo,nnhIM .nei-iCTBIICM rpynIIhl 50(2) 

HBJUICTCH BCHTOpH0C IIOJIC Wa. 
floCTpoe11 JJarpaHIBHaH H ccpopMJJJHpoBallhl ypaBHCIIIIH ~~il:.1epa-Jlarpa11-

}l{a ,UIH!aMIIHII )lCqJCJ{TOB B BH)W: 

83p; - aAuf = c{(W3pj - WAuf + j<~bR'/), 

a Rab i W Rab zb/2 
a j - fj a i = ~j , 

a (Gab+ iRacxj) = ~i(zbxj +? Rbc,1,.j) 
a J 1 2 J 1 / - '1 'f' C ' 

(1) 

r.ne uf CCTb TCll30p ynpyrnx 11anpmKCllllll 

A (1/2).cA.c (8 j + iw, k + ,1,.i )(' ,BC.cF/J r.' + 2 ,HH,SCJ' ) CY; = UBUij CX (k CX 'f'C AV O l~F/J /W Cl ~HS , 

Pi - llMIIJJlhC 
.c (8 j jW k ,1,.i) Pi = Po<1ij 3X + (k 3X + 9'3 , 

ll Te1rnop Rfb onpe,neJIJICTCH CJIC,UJIOil._\llM o6pa30M: 

R';b = -s1D;jkackbd[8c</>~ - ad</>~+ t{(Wc</>~ - Wd</>~) + t{Fcdl]. 

B (1) xi(Xa) = i(X, Y, T) CCTh BCHTOp COCTORHHR, Wa - HOM!Je!ICllpy10-

mtte RaJitt6poBoqHhle IIOJIH, CBJI3aIIJ!hlC C II0JIHMll ).\llCKJlllHal(llll, B TO BpCMJI 

Hal{ </>~ CBJI3hlBaIOTCR C IIOJIJIMll ).l,llCJIOHaUllll, Fab = Oa wb - ab 1,V(!, c;ab = 
-s Fab zA = -(YA z3 = p- gAB = _5AB g33 = i;r kAH = -liAH J..::1:1 = 

2 ' 1 1 ' 1 1, , ':,' , 

1 /y. flepaoe ypaBIICllllC a ( 1) CCTh ypaB!ICI!lle )(Hl1}HCIIHH, T0I'J(a l{al{ /_\Ha 

OCTaJihllhlX B03!1lll{a!OT npll BapllaUHH JiarpamKHana M0)lCJil1 110 II0JIJl!\I /l('

<peHTOB. flocTpoenuan MO,UCJlh CO)lepmHT qeThlpc napaMeTpa: /lHC HOII

CTa!IThl CBH3ll (s 1 ll s2 ) ll )lBa "napaMcTpa pacnpocTpa11emrn" (( ll y). B 
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3aBllCllMOCTll OT Bhl6opa rrapaMeTpOB MO}KHO rronyqn:Th MO,ZleJill pa3JilfqHhlX 

yrrpyrn:x cpe.u. 

B (§3) paCCMOTpeHhl CTarnqecime ypaBHeHllR KaJin:6poBoqHoil: Teopn:n: 

.uecpeKTOB B cnyqae, Kor.ua llMeIOTCR TOJihKO IIOJIR ,Zll:ICl{JlllHaU:l:lll. IToHa3aIIO, 

qTo Bam1rne rrpel:IMJIUeCTBO HaJII:16poaoqHoro IIO,ZlXO)~a COCTOI:IT B TOM, qTo 

rronyqeHHh!e MO,ZleJill BO MHOfllX qepTax aHaJiorn:qHhl l:13BeCT!lhlM MO,ZleJIRM 

Teopn:l:I rro,rn (npejl{.ue acero nea6encaoil: l:I a6encaoii MO.UeJIRM Xn:rrca), r.ue 

TOIIOJiorn:qecKl:le ofrheHThl ,ZlOCTaToqHO xopowo l:ICCJie,ZlOBallh!. Cyn~eCTBCHHO 

n:crroJih3JR OTMeqennyIO ananorn:IO, naii.ueno .uaa Toqnhlx cTaTI:1qec1mx peme

HllR .UJIR .ZlllCHJillHau:n:il:. B cnyqae ToqeqHoro .uecpeKTa B TpexMepHoM HOHTH

HyyMe ccpepn:qecHll CllMMeTpn:qHoe peweHn:e llMCCT MOHOIIOJICIIO,Zl06Hhlll Bll.Zl 

x\XA) = 8~F(r)XA, 
r 

XB 
WA°'(X 8

) = 8°'{3€{3AB-, 
r2 

W4"' = 0, (2) 

r.ue r 2 = XA XA- Pemenl:le (2) ecTh Tmrnq11b1i1 "em" c Torro110rI:1qecKI:1M 

llH.ZleKcoM N = I (on me n:n.ueKc <l>paHKa). TaKoe Toqequoe pemeHl:le aechMa 

3K3OTllqHo ,ZlJIR .ZlllCKJillHau:n:ii B ofa1qnhIX yrrpyrl:IX cpe.uax. TeM He MeHee, 

pemeHllC TaKoro Tn:rra xopomo ll3BCCTHO B MO,ZleJill HeMaTn:qecKllX }Kll,ZlKllX 

Kpn:CTaJIJIOB. XapaHTepl:lcTn:qeCKan cpyHKU:llR F(r) B (2) onpe.ueneHa qepe3 

BCITOMoraTeJihHJIO cpyHKU:llIO g(r) = OrF(r), KOTopan n:MeeT Bll.Zl 

( 
-{g1(t) = Nocosh[½ cosh-

1 M, 
9 t) - (t) _ l\T [1 -1 1 2,r/l 92 - lVO COS J COS (l + :J , 

t '.S 1 

t ~I' 

r.ue N0 = 2/(B /3A), A= >./2+µ, B = 3)../2+µ,).. n: µ - rrocTORHime JlaMe, 

ll BBe.ueH 6e3pa3MepHhii1 rrapaMeTp t = r/r0 , r0 = (27g5A/4B3
)
114

. TeM 

caMhIM peweime co.uepml:IT xapaKTepHhlfi pa3Mepimi1 napaMeTp ro, KOTOphlil: 

orrpe.uenneT pa.un:yc 11.upa .uecpeKTa. 0TMeqaeTcH, qTo, KaK n: omn:.uanoch, 

l:IH<pOpMaU:llIO O H,Zlpe y.uaJIOCh IIOJIJ'IllTh TOJihl{O B pe3JJihTaTe TOqHoro pewe

HllH ITOJIHOCThlO HCJil:IHCHHOit 3a,Zlaqn: Teopn:n: yrrpyroCTll. Oco6hlil: llHTepec 

Bhl3hIBaeT TOT cpaHT, qTo IIOJiyqel{hl HarrpnmeHllH B o6JiaCTll n.upa .uecpe1na. 

( o6nacTb t '.S 1). 
B cnyqae JillHeil:HhIX .uecpeHTOB Hait.ueHo ToqHoe pemeHn:e, o6na.uaIOJUee 

U:llJillH,ZlpllqecKOit CllMMeTpn:eit. B cnyqae, 1{O1',Zla IIOJIR ,ZlllCJIOKau:n:it OTCJT

CTBJIOT' CTaTl:lqecKoe pewe1me ypaBHCHl:lit ( 1) l:IMCCT Bll.Zl ( B U:HJIHH,ZlpHqe

CKllX 1wop.un:HaTax ( r, 0)) 

x 1(XA) = F(r)cosv0, 

Wr(X 8
) = 0, 

x2(XA) = F(r) sin v0, 

Wo(X 8
) = W(r) = v/r, 
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(3) 

1 
! 

I,\ 

'.! 

BeKTop <l>paHKa ,ZlJIR TaKoro pemeHllR HOpMaJieH K IIJIOCKOCTll w = (0,0,w), 
ll V eCTh llH,ZleKC <l>panKa, rrpllHllMaIOJUllll 3,ZleCh JII06hle u:eno•rn:cJieHHhle 3Ha

qeHllR. <l>yHKU:llR fl( t) Hail.ueHa B Bll,Zle 

g(t) = {g1(t) = Nocosh[½cosh-
1 ¼J, • 

92(t) = No cos[! cos-1 ! + 2"
1
] 

3 t 3 ' 

t '.S 1 

t ~ l 

r.ue N0 = 2J(B/3A), A= >./2 + µ, B ).. + µ, H ro = /(27g5A/4B3 ) 

orrpe.uenneT pa.un:yc n.upa. 

Bo BTopoil rnaae ccpopMynn:poBaHa JillHeapn:3oBannan cxeMa .UJIR n:ccne

.uoaaHHH .uecpeKTOB MaJioil: MOJUHOCTll B paMKax KaJin:6poBoqnoii MO,ZleJIH. 

B (§1) rrocTpoena caMocornacoaannan rrpou:e.uypa JIHHeapn:3an;n:H ypa

BHeHn:ii KaJIH6poaoqnoii TeOpHll ,ZlHCJIOKan;Hii H ,ZlHCKJIHHaU:Hii, OCHOBaHHaR 

Ha O,ZlHOpO,ZlHOM CKeiiJIHHre r'enepaTOpOB KaJIH6poaoqnoii rpyrrrrhl. ITpHBe

.uenhl ypaaneHHR rrepaoro H BToporo rropn.uKa TeopHH B03MyJUeHHii B cnyqae 

,ZlllCJIOKaD;Hii. 

B KaqecTBe rrpHMepa B (§2) paCCMOTpeH 'cnyqafi rrpRMOJIHHeiinoii BHH-' 

TOBOii ,ZlHCJIOKau:n:n:. IToKa3aHo, qTo B qJH3HqecKH OCMhlCJieHHOM rrpe.uene 

K, -+ t, r.ue K, = µ/2s1 eCTb rrapaMeTp, xapaKTepH3JIOJUHii OTHOIIIeHHe yrrpy

roii 3Hepnffi K 3Heprn:n: ,ZlHCJIOKaU:HH, IIO,ZlXO,Zl BOCIIpOll3B0,ZlHT KJiaccn:qecKHe 

pe3JJihTaThl TeOpHH ,ZlHCJIOKan;Hii. 

(§3) B Kaqecrne .upyroro rrp1mepa y.uanoch Toqno perrrnTh JIHHeapH3O

BaHHYIO 3a.uaqy ,ZlJIR rrpRMOJIHHeiiHhlX MaJioyrJIOBhlX KJillHOBhIX ,ZlHCKJIHHan;nii . 

IloKa3aHo, qTo B rrpH6muKeHHH rrepBoro rropR,ZlKa MO,ZleJih BOCIIpOll3BO,ZlHT 

KJiaccn:qecKyIO mrneiinyIO TeopHIO yrrpyroCTH, Tor.ua KaK IIOJIR ,ZlHCKJIHHan;Hil 

BXOMT B ypaBHeHHR BToporo rropR,ZlKa. YpaBHeHHe paBHOBeCHR B rrpHcyT

CTBllH ,ZlllCKJIHHaU:HH rronyqeno B Bll,Zle 

i:,.i1 + (L + I)'\ldivi1 = 1(r), (4) 

r.ue U - IIOJIR CMeJUeHHii, L = >./ µ - rrapaMeTp, xapaKTepH3JIOJUHii OTHO

IllCHHe yrrpyrnx KOHCTaHT, ll IIOKa3aHo, qTo BH.Zl HCTOqHHKa ] ( r} n;eJIHKOM 

orrpe.uenneTcR KaJIH6poBoqHhIMH rroJIRMH WA. Hatt.ueno caMocornacoBannoe 

peIIIeHHe B BH,Zle 

. C AX .. 
WA= -vt:0 -

2
, u' = x'(C1 ln r + C2 ), 

r 
(5) 

r.ue KOHcTaHThl cpn:Kcn:poBaHhl KaK C1 = -v/(L + 2) H, c yqeTOM KOHKpeT

HhIX rpam-1qHhIX ycnoBHil, 2C2 = v + [v(l - 2a)/(l - a)]lnR. IloKa3ano, 
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qTo rrpn 3T0M B0CIIp0H3B0,lVITCJI lI3BeCTHhle II0JIJI HaIIpJI.H<eHHll ,n:JIJI HJilIH0B0il: 

,n:ncumrnan;nn B n;nnnH,n:pe. 

TpeTI,JI rnaBa II0CBJIII~eHa aHaJIH3Y crreHTpa ,n:JIHHH0B0JIH0B1IX HOJie6aHHil: 

yrrpyrnx MaTepnaJI0B C ,n:HCJI0HaD;lIJIMlI lI ,n:HCHJIHHan;nJIMlI. 

C 3Toil: n;en1IO B (§1) rrocTpoeHa o6maJI cxeMa n rronyqeH11 ,n:nHaMnqe

CHHe ypaBHeHHJI uann6poBoqaoil: Te0plIH ,n:eq>eHTOB ,n:JIJI ofr1eMHOil: ll IIJIOCHOil: 

3a,n:aq B JIHHeil:H0M no CMemeHHJIM rrptt6JIH}HeHHll. 

(§2) .ll:JIJI ,n:eq>eRTOB MaJioil: MomH0CTH ,n:nHaMnqecHtte ypaBHemrn uail:

,n:eHhl B Btt,n:e 
2 . . A 

po8tu' - µ-6.u' - (>. + µ)8;8Au = J;, (6) 

r,n:e 6 = 8; + 8; +·a;, lI Bll,n: lICT0qHttHa J; orrpe,n:eJIJieTCJI CJI0}l{HhlM o6pa30M 

qep~3 II0JIJI CMemeanil: lI II0JIJI ,n:eq>eHTOB. OTMeqeHo, qTo B 0TCYTCTBHe .n:e

q>eRTOB J; = 0, lI B0CIIp0lI3B0,lVITCJI RJiaccnqernne ypaBHeHHJI ,n:BHllieHHJI .n:mi 

lI30TpOIIHOH yrrpyroil: cpe,n:hl. l1ccne,n:OBaH cnyqail: rrpJIMOJIHHeil:HhIX BlIHT0-

B0il: ,n:HCJI0HaD;HlI lI MaJioyrJIOBOll HJilIHOBOll ,n:HCHJilIHan;nn. 

B (§3) lICCJie,n:oBaH xapaHTep yrrpyrnx HOJie6aHHll B rrpncyTCTBllll T0-

II0Jiornqecmr CTa6HJibHhlX ,n:HCHJilIHan;Hil:. CqiopMyJIHpo:eaHhl ,n:HHaMIJ:qecutte 

ypaBHeHHJI ,n:JIJI auycTIJ:qecHHX pa,n:HaJibHhlX B0JIH. OTMeqeHO cymecTBeHH0e 

0TJIHqne 3THX ypaBHeHHil: OT CJIY'IaJI ManoyrnoBhlX ,n:HCHJIMHan;Hil:. l1ccJie

,n:oBaHhl aCHMIITOTIJ:qecHHe perneHHJI ,n:JIJI pa,n:HaJibHhlX HOJie6aHHll M rrpe,n:

CTaBJieH ua'IeCTBeHHhlH aaaJIIJ:3 xapaRTepa HOJie6aHHil: B cnyqae ,n:ttCHJIHHa

D;H0HH0ro M0H0IIQJIJI M BlIXpJI. 

B qeTBepT0H rJiaBe HaJitt6poBoqHaJI Mo,n:eJib pacrnHpeHa ,n:JIJI 0IIHCaHHJl'. 

3JieRTp0HHhlX CBOllCTB MaTepHaJI0B C T0II0JI0rnqecHlIMH .n:eqieuTaMH. 

(§1) C 3T0il: n;eJibIO II0CTp0eH aqiqieHTHBHhlll narpaHllittaH, BHJIIOqaIOmttil: 

3JieRTp0HHhle II0JIJI B HaJin6poBoqHo lIHBapttaHTH0M BH,n:e. Ilptt 3T0M cyme

CTBeHH0 lICII0Jib30BaH0 IIp}l:6JIH}HeHHe 3q>q>eHTHBHOll M,acc11 ,n:JIJI 3JieHTp0H0B 

rrpoB0,n:HM0CTH lI B3alIMO,n:eil:CTBHe 3JieHTp0H0B C yrrpyroil: cpe,n:oil: paccM0-

TpeH0 B paMRax TeopHH ,n:eqiopMaD;HOHHOro II0TeHn;ttaJia. 8neHTpOHIIaJI qa-. 

CTb JiarpaHlliliaHa HMeeT BH,n:: 

L111=!{in[w+n4w-(D4w+)w]- r,,*
2 

(nAw+)n8 w}, 
2 mAB 

(7) 

Tor,n:a RaR ,n:eqiopMaD;IIOHHhlll II0TeHn;HaJI 

UdeJ(rJ = -GdSpEAs(r) - Gu L, 11AB(r)(m~s)-1 D ADB, (8) 
A,B 

12 

r.ue B cnyqae rpymm S0(3) H0BapuanTHaJI rrpott3B0.llHaR ;vrn 3,1euTpo111111x 

none.ii onpe,n:eJIJICTCR Hau (Daw) j = Ba w j - iT}k vV7 wk, rnr.n:a Hali B c,1y,1ae 

rpyrrmr S0(2) Daw= (Ba - iWa)W. I10I<a3ano, '!TO ,lla}Ke B 0TCYTCTBIIII 

,n:eqiopMaUttOHHOro B3alIM0,n:eil:CTBlIR 3JICHTp0Hllhle II0JIJI B3attM0,n:eil:cTByIOT C 

IIOJIJIMII ,n:IICHJilfHaUllil:. CqiopMy1mpoBaHa CaMocornacoBaHnan ClICTeMa ypa

B1Ie1rnil: Mo.uentt B rrpttcyTcTBtte 3JieHTpommx rro,1eil:. B HaqecTBe rrpttMepa 

llCCJie,n:oBaua 3a,n:aqa 0 JI0I{aJilI3aUttlI 3JICHTpoua y KpaeBoil: lI BIIIITOBOil: ,n:Hc

JI0Hauuil:. 

B (§2) HCCJie,n:oBana 3a,lla'Ia 0 JI0HaJitt3aUHH 3JieHTp0HH1IX C0CT0RHHil: y 

./lHCHJIHHaUHOHIIOro M0H0II0JIR. Jl;rn pa.unaJII.H0ii B0JIH0B0ii q>}'HHUlIH rro.1y

qe110 ypaBHeHHe 

[ 
1 d 2 d 2m* ] 
--r - + -(E- Uj(r)) WE(r) = 0 
r 2 dr dr ti2 

r,n:e 3q>q>eHTJIBII1Ill. II0TeHUHaJI IIMeCT BH,n: 

{ 
(3/2)G - BG cosh

2 [½ cosh-
1 (r0 /r)2] + K(J)/r2, U· r -

i( ) - (3/2)G - BG cos 2[½ cos- 1(r0 /r)2 + ~1rl] + K(J)/r2, 

(9) 

r :'.S ro 

r 2: r 0 

( 10) 
3;~ec1 G = Gd, B = 2(3>.+2p)/3(>.+2/l), K(J) = [J(J +I)- 1/4jf,,2 /2m*, 
J = I /2 rrptt j = 0, J = j ± 1 /2 npll j = I, 2 ... l1ccnc;{oBan BH.ll II0TCH

Uttana (10) B 3aBJICJIM0CTH OT Gd JI r0 • YpaBHCHJie (9) c II0T<'llllttaJJOM ( IO) 
HCCJie,n:oBano qu:cneHH0. Y11a3a110 11a B03M()}HIJ0CTI, II0JIBJICIIIIJI JJOHaJm:10Bal1-

HhlX 3JieHTp0HHhlX C0CT0J!Illlll. 

(§3) IIpoBe,n:eHo 1Iccne,n:0Ba11u:e 3JICHTpoHHhlX cBoil:cTB 111a;myri10Boil 11 

IIOJIHoil: HJIIIHOB1IX .n:ncunmiar{tt:it. Grauu:oHapuoe ypaB11e111IP III pe ,n:ml!'epa 

,n:JIJI pa,n:HaJihHOii. B0JIH0B0ii. q>yHHUlllI IIMCCT BHJ{: 

( 
1 d d (j - v) 2 2m*G . . 

---r- + _ __ , J 2 ; 
r dr dr r2 ti2 SpEAB )uE(r) = k u1~(r). ( 11) 

j = 0, ±1, ±2, ... ; II k2 = 2m* E/h 2
. YHa3auo, 'IT0 11a1160;1ee Bamnoe ornn

qIJ:e OT cnyqan ,n:JICJI0Haunil: II T0'IC'IH1IX IIpiIMeceit C0CT0llT B TOM, '11'0 B:1an

Mo,n:eitcTBHC 3JieinpoHa C Han116poBO'lllhlM II0JICM, o6ycJIOBJICIIHhIM /lHCHJil-!lla

UHRMH, II3MeHRCT TaH}He lI HHHeTtt'leCHllii 'IJICH, '!TO IIpHB0,n:llT H CYIIl<'CTBt'IIII0 

llHOit CHTyaUIIII J{JIJI JI0HaJitt:3aUtt:ll 3Jie1npona. fl pHBC./lCIIl,I pc3yJihTaThl •m

CJienuoro perne1rnn ypaBne1m11 lllpe.n:m1repa B cny•1ae JlCq>opMaI{Ho1111oro 

B3aHMo,n:eil:CTBllJI' o6ycJIOBJICHIIOI'O npu:cyTCTBIICM 3TIIX TIIIJ0B /lllCHJilflial{ll il. 
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IloHa3aHo, 'ITO B cnyqae 0Tp11uaTeJib11oti Ma11oyrn0Boti HJIIIHOBOti .L(IICHJIIl-

11au1111 B03110iKHO IIOHB,1e1me pe30HalIC!Il,IX :we1n-poHHhIX COCTOHIIIIH. Jl,Jrn 

TOII0,10[ll'ICCl{lf CTa611;11,11oti JllfC!WlfllaUllll 3cpc}>elffl1HllblH IIOTeHUlfa~ IIMCCT 

BIi,[(: 

U;(r) = -
r::; ro 

' r > ro { 
Gd - DGd cosh

2
[½ cosh-

1
(r0 /r)] + I<(j)/r2, 

Gd - DGdcos2[½cos- 1(r0 /r) + ~1rl] + I<(j)/r 2
, 

(12) 

me D = 4(>. + µ)/3(>. + 2µ), I<(j) = (j - v)
2h2 /2m*, 11 v npmrnMaeT ~I0-

6oe ueJIO'IlfCJieHHOe 3Ha'!eHlle. IloHa3aHO, 'ITO IIpll j = 1 H03MO}KHa CllJibHaH 

,10KaJII13aUIIH 3JICKTpOHHbIX COCTOHIIIIH B6Jlll3lf JI11Hllll JlllCKJil111aUllll ( cpaKTlf

qecKH rrpOIICXOJlllT 3axBaT 3Jielnpona H.L(pOM JlCCpe1na). 

IlHTaH rJiaHi! IIOCHHIUeHa HCCJ1e.L(OBaHlfl0 KHHCTll'lCCHIIX CBOHCTH MaTepn-

aJ10B C JlllCJIOKaUHHMH ll JlllCl{J[lfHaUHHMlf. 

(§1) IloHa3aHo, 'ITO B cnyqae JlllCKJIHHaunti TOIIOJIO[H'!eCHaH np11po.L(a 

.L(ecpeHTa 3aTparnBaeT cpa3y BOJIHOBOi1 cpyHKUHH CB060JlH0[0 3JieKTpona, qTO 

npHBOJlllT K JlOIIOJIHHTeJibHOMY TOIIOJIO[lf'!eCKOMY TIO npnpo.L(e pacceHHH!O 

Tnna pacceHHHH AaponoBa-BoMa. D oTcyTcTBHe .L(eqiopMaunonnoro B3a

HMOJlei1cTBHH ypaBHeJIHe III pe.L(HHrepa HMeeT BH.L(:. 

- ~(aA - iWA) 2w = Ew. 
2m* 

(13) 

IloKa3aHO, 'ITO B cJiy•iae HHxpeBO[0 pelllCHIIH JlJIH l{JIHHOBOi1 JlllCl{JIHHaUHll 

pelllCHHC ypaB11enne CB0JlllTCH H npo6JreMe AaponoBa-BoMa c aMIIJIHTy.ztoi1 

pacceHHIIH B BH.L(e 

J(0) = _l_e-i{v}0ei(v+t/2)(0+1r) sin7rV· 
-/2irk sin0/2' 

(14) 

r.L(e v = v - [v], n cHo6HH [ ] 060311aqa10T uenym qacTh qncJia. TeM 

caMbIM, npeJlCKa3aH HOBbii1 KaHaJI pacceHHHH 3JieHTpOHOB B MaTepnaJiaX C 

JlllCl{JIIIHaUIIHMH, 'IHCT0 TOIIOJIO[IfqecKHH no CBOeti npnpo.L(e. Onpe.L(eJieHO 

COOTBCTCTBYIOIUee BpCMH perraKcaunn B BHJlC 

l 2h 
Tdis = m* ndis sin

2 
1rv. 

(15) 

[Jle ndis o6o3Ha'!aeT IIJIOTH0CTb JlllCHJIHHaunti. I1ccJie.L(OBaHa pOJib .L(eqiop

Mau11011uoro B3aHMO.L(eticTBHH. B qacTH0CTH II0l{a3aHo, qTO yqeT B3allMO

.L(eHCTBHH 3JieHTJ>0H0B C II0JieM .L(eqiopMaUHH .L(eq>eHTa IIpHBOJlllT H CJIOH{HOMY 
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xapaHTepy pacceJIHHH, Kor.n;a Jl0MHHHJ>YIOIUHM MomeT 6bITb KaH T0II0JI0[H'!e

CH0e pacceHHHe, TaH ll .L(eqiopMaUHOHHOe. 

B (§2) B paMHax caMOCOrJiaC0BaHH0[0 HaJin6poBoqHoro II0JlX0.L(a HCCJie.L(O

BaH Bonpoc O B03.MOH{HOCTH o6pa30Bamrn COCTOJIHHJI. II0JIHJ)0IIHO[0 THIIa B Ma

TepnaJiax C JIHHei1HbIMil JlllCJIOHaUHHMH IloKa3bIBaeTCH, 'ITO o6iuni1 BbIH[pbIIII 

B 3Hepr11H 6Jiaro.L(apH qiopMHpoBaHH!O COCTOJIHHJI IIOJIHJ)0HII0[0 THIIa ecTh 

E 0 
- Ep = ½c OTMeqeno, qTo 3TOT• pe3JJihTaT noJiyqeH 6e3 npHBJieqe

HHH KaHOi1-JIH6o HHq>OpMaUHH OTHOCHTeJihH0 K0HRpeTHO[O BH.L(a JlllCJIORa

Ullll . .l(JIH UJIJIIOCTpauuu MeTo.n;a paCCM0TpeHbI cJiyqan RpaeBoi1 II BllHTOBOi1 

JlllCJIOHauni1. 

B (§3) paccMoTpeHbI 3apHmeHHbIC JIHHei111bie .L(eq>eRTbI. OTMeqeHo, qTo 

II0TeHuuaJI .L(eqiopMaunn, o6ycJIOBJieHHbii1 RJIHH0BbIMH JlllCRJIHHaUHHMH, HMe

eT JIOrapHq>MllqecRym 3aBUCilM0CTb OT r, T.e. TO me caMOe Il0Be.n;enne RaR Il 

HJJIOHOBCHllli IlOTeHUUaJI. OcTaToqnoe conpoTHBJie11ue, o6ycJIOBJieHHOe JlllC

HJIUHaUHHMil HMeeT BH,ZI;: 

2h · 
Pdis = 

2 
= --

2 
ndis ( sin2 1rv + 2 sin2 80 ) • 

ne Tdis ne · 

m* 
(16) 

OTMeqeno, qTo BeJinqnna cpa30BOro CJlBHra lio cyiuecTBeHHO 3aBHCHT OT pa

Jlllyca 3HpannpOBRH Pn.n;a. 

B IIIeCTOi1 rJiaBe n3yqaIOTCJI T0ilOJI0[IlqecHHe .L(eq>eRTbI B 0JlHOMepHOM R0H

THHyyMe Ha npnMepe COJIHT0HOB B JIHHe:i1HbIX IlOJIHMepax. 

(§1) B paMHax ROI1eq1103011Ho:i1 cxeMbI Il0CTpoena R0HTilHJaJihHaH M0,Zl;eJih 

JIHHe:i1HbIX .L(ByxaT0MHbIX II0JIHMepoB, B ROTopo:i1 ,Zl;0ilOJIHHTeJibHO yqTeHO B3a

UMO.ZJ;e:i1cTBile Mem.n;y BT0J>bIMil coce.n;HMil. PaccqnTaHO 0CH0BH0e C0CT0HHHe 

II qJOHOHHbii1 cneHTp. IlocTpoeHo T0'!Hoe perneHHe B Bn.n;e TOil0JI0[IlqecHoro 

COJIHTOHa 

.6.(x) = ±.6. tanhk0x. (17) 

Il HCCJie.n;oBaH 3JieRTJ>OHHbI:i1 3HepreTH'!eCRil:i1 cneRTp, ROT0pbI:i1 B npncyT

CTBHil ,C0JIIlTOHa C0CTOilT H3 JIORaJIH30BaHHO[0 COCT0JIHHJI C 3HeprHe:i1 E = 
±a, JiemaIUHM B IUeJIH, Il R0HTHHyyMa COCTOJIHH:i1 B 30He npoB0JlllMOCTH Il B 

BaJieHTHOH 30HC C 3HeprHJIMil Ek= ±jf.% + .6.z + a 2 • 

(§2) B paMRax cqiopMyJinpoBaHHO:i1 MO,Zl;eJIIl n3yqe11bI qJil3HqeCRHe xa

paRTepHCTHRH C0JIHT0HOB C y'leTOM 3cpcpeRTOB ROHeqHo:i1 ,Zl;JlllHbI uenoqel{. 

Ocym.n;aeTCH npo6JieMa 3apH.n;a coJIHT0Ha B ROHTHHyaJibHO:i1 Mo.n;eJIH. Pac

cqHTaHa 3HepruJI pom,n;eHHJI coJIHT0Ha. B qacTH0CTH, .n;JIH coJIHT0Ha A-Tnna 
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ona HMeeT BH,n; 

s 2b. { 1 [ ) 2 , EA= avo+ + - -
2 

E(m - (1 - m )A (m)] + 7r m 

k [I<(m)+ 7 (%-~)]}+ 
2vt0 [ ~ 7r] -8L yl+y2E(m)--, 
1ra 2 

(18) 

r.n;e J{ ( m) H E ( m) - II0JIIIIile 3JIJIHIITHqecRHe HIITerpam,1 nepBoro H BT0-

poro po.n;a, cooTBeTCTBenno, tg~ = zv'[+y2/(y.Jf"=z2), m 2 = (1 -

z2)/(1 + y2
), z =· b./2to, y = a/2to. YRa3ano, qTo IIpH q>HRCHpOBaHHOll 

)l;JIHHe :a:enoqRH B03M0}l{H0 p0}l{)l;eHHe T0JibR0 C0JIHTOH-aHTHCOJIHTOHHOH napbr. 

PaccqHTaHa 3HeprHH p0}l{)l;eHHH IIapiiI. O6cy}l{,n;aeTCH B03M0}l{H0CTb 06pa3oc 

BaHHH H30JIHp0BaHH0ro C0JIHT0Ha B :a:enoqRax C H36IiITQqHbIM 3JieinponoM. 

ITpe.n;cTaBJieH caMOCOrJiacoBaHHiilll )l;HCRpeTHiilll anaJIH3 0CH0BH0ro COCTOR

HHR H C0JIHTOHH0H naplil B IIp0TH}l{elIHiiIX :a:enoqRax .n;ByxaT0MHhlX II0JU!Me

poB. .ll:ano cpaBnenHe pe3yJibTaToB qHcJiennoro pacqeTa H RoneqJio3oHnoti: 

BepCHH R0HTHHyaJibHOH TeopHH ,n;ByxaT0MIIhlX II0JIHMepoB. 

B (§3) B paMRax RoneqHQ30HHOH ROIITHHyaJiblI0H cxeMhl HCCJie,n;oBano 

qiopMHpOBaHHe II0JIHp0HHiiIX COCTORHHH B M0)l;eJIHX JIHHeHHhlX II0JIHMepoB. 

BhlqHcJieHhl 0CII0BHhle q>H3HqecRHe xapaRTepHCTHRH II0JIHp0H0B: CIIHII, 3a- . 

pR.n;, 3HeprHH P?}l{)l;emrn, m:n:pHHa, 3HeprHH CBH3H. PaccMOTpeHhl 6HIIO

JIHp0HH0e, TpHII0JIHp0HH0e H II0JIHp3RCHT0HH0e COCTORHHR B M0)l;eJIH II0JIH_

ena. IlpoBe,n;eH qn:cJieHHhlH caMocornacoBaHHhlH pacqeT II0JIRp0H0B B )l;HC

RpeTHiiIX :a:enoqRax. .ll:ano cpaBHeJIHe pe3yJibTaT0B, II0JiyqeHHhlX B paMRaX 

ROHeqno30HHOH H JIHHeapH30BaHHOH R0HTHHyaJibHhlX cxeM, C pe3yJibTaTaMH 

,n;HcRpeTnoro pacqeTa. 

B 3aRmotiemrn .n;ana ciio.n;Ra 0CH0BHhlX pe3yJibTaT~B, nonyqennhlx B ,n;Hc

cepTa:a;HH. • 

OcJIOBHiile pe3yJibTaThl .n;n:ccepTa:a;HH orry6JIHROBaHhl B cne.n;yIOIU:HX pa60Tax
0
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