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~OKTOp <l>H3HKO-MaTeMaTn"'eCKHX HayK / . f/tf!E. ,ll,opoxon 

OB~A.H XAPAKTEPHCTHKA PABOThi· 

AKTYaJII>HOCTb rrpo6JieMbl 
OrKpbiTHe Be~opn.eM H MromiepOM B 1986 r. RMeHHR .BhiCOKQ

TeMnepaTypnott CBepxnpoBO~HMO.CTH. B M~HQ-OKCH~hiX C~eMHeHHHX 
Bbi3BaJIO 6ecnpen.~eHTHO BhiCOKyiO aKTHBHOCTb B H3y"'eHHH <PnsH"Je
CKHX CBOtlCTB ~nn:x CHCTeM. BJiaro~apR CyiiJ;ecTBeHHOMY rrporpeccy B 

' ' ' ; 

TexHOJIOrHH CHHTe3HpOBaHHR BhiCOKOTeMnepaTypHhiX CBepxnpOBO~H
KOB (BTCII), y~aJIOCh noJiyqHTh BhiCOKOKa"JeCTBeHH~Ie Mono:KpncTaJI
JIH"'ecKne o6pa3U.bi n ncCJie~onaTh n:x ocnonnhle (pn3n"'eCKHe. cnottcrna. 
8KCJJepnMeHTaJibHhle HCCJI~OBaHHR o6napy:>KHJIH1 ~TO STH C~HHeHHR 
o6Jia,rr.aroT U.eJihiM pR~oM neo6bi"'HhiX c:BottcTB. K TaKHM cnottcTBaM 
BTCII OTHOCHTCR 6JIH30CTh K · nepeXo~ ~eTaim - ~naJieK±pnK, an~II
<i>eppoMarnnTH:oe ynopR~O"'enne c BhiCOKott TeMnepaTypott HeeJIR, Bhl
coKM TeMnepaTypa · cnepxnpono~RIIJ;ero nepexo~a, CHJibHaR .. ann30Tpo-
nnR, MaJiaR ,LVIHHa KOrepeHTHOCTH. , 

C TeopeTn"'eCKott TO'IKH · speHHR, nan6oJiee . na~HhiM n~CTaMR
eTCH BOJJpOC 0 MexaHH3Me cnapnnaHHR1 npHBO~HIIJ;eM K BhiCOKOi1 TeM
nepaType cnepxrrpono~RIIJ;ero qepexo~a. C STIIM nonpocoM Tecno cnRsana 

~pyraR, iie Menee HHTepecHaR npo6JieMa - onncanne SJieKTpOHHhiX 
cnottcTn BTCII n nopMaJibnott · <Pase, KOTopaR Ta.K~e xapaKTepn3y
eTCR pR~OM CBOi1CTB1 BbiXO~RIIJ;IIXCR 3a paMKH CTa~apTHOrO <i>epMH
~H~KOCTHOrO JJOBe~eHHR .. 8JieKTpH"'eCKaR II . Te~~H"'eC~aR npOBO~H
MOCTb1 CKOpOCTb R~epHOtl peJiaKCaU.HH1 TeMnepaTypHaR 3aBHCHMOCTb KQ

a<P<Pnn.neHTa XoJIJia, "'aCTOTHaR sanncnMOCTh onTH"'eCKOit npono~n~o
CTH II HHTeHCIIBHOCTH paMaHOBCKOrO pacceRHHR .RBJIRIOTCR aHOMaJibHbl
MH. 

f' 

HecMoTpR na MHoro"'nCJieHHhle iicCJI~onaHIIR ne cyiiJ;eCTBYeT o~o
sna'Inott TeOpeTH"'eCKOtl IIHTepnpeTaii.IIH pR~a <PIISH"'eCKH:X CBOi1CTB HOp
MaJibHOrO COCTORHIIR II MexaHII3Ma BhiCOKOTeMnepaTyp~Ott CBepxnpOBQ
~IIMOCTII. BoJ1bnmHcTBO 1do~eJxet1 np~n(:maraeT, · ~To, necMoTpR · na nee 
Mnoroo6paslle KpiiCT8.JIJIII"'ecKn:x cTpyKTyp, ocnonnyro poJib B BTCII 
11rparoT M~o-oKC~hie nJIOCKOCTH Cu02 - o6III.Htt aJieMeHT aTn:x co
e~nnenntt. B HaCTORIIJ;ee npeMH na ocnone .conoKynnocTII .. aKcnepiiMeH
TaJibiihiX ~aHHhiX yCTanoBJien:Ho; qTo aixe:K'l'p<)rrpoBO~HMOCTb BTCII o6y~ 
CJioBJieHHO ~BII~enneM ~hlpoK nMenno B aTn:x nJiocKocTHX. 8KcnepnMen
TaJibHhle ncCJI~onannR Ta.K>Ke y:Ka3hiBaiOT na CHJibHy:JO rn6pHM3a~ro 
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Me,wibiX H KHCJIOpO.D;HbiX Op6HTa.ITefi, a TaK)Ke Ha HaJIHqHe CHJihHOrO Ky

JIOHOBCKOrO OTTaJIKHBaHHR 9JieKTpOHOB Ha y3Jiax Me)J;H1 KOTOpOe npH

BO.n;HT K CHJihHhlM aJieKTpoHHhiM KoppeJIR~HRM B TIJIOCKOCTRx Cu02• 0 

npncyTCTBHH CHJihHbiX KoppeJIR~Htt n BTCII roBOJ>RT TaKne cBottcTBa, 

KaK. HaJIHqHe .D;aJihHero aHTHcPeppOMarHHTHOrO TIOpR.D;Ka B HeJierHpOBaH

HbiX o6pas~ax H 6JIH30CTh K nepexo.n;y MeTaJIJI - .n;naJieKTpHK. BhiJio o6-

mipy*eHo, qTQ 9cPcPeKThl CllJihHbiX 9JieKTpOHHhiX ~OppeJIR~Hfi He y,n;aeT

CR OTIHCaTb B paMKax CTaH,n;apTHOfi 3QiiHOfi TeOpHH MeTaJIJIOB, TI09TOMY 

Heo6xo.n;nMapaspa6oTKa HOBhiX no.n;xo.n;oB B TeopHH TBep.n;hlx TeJI. B CBR-

3H C 9THM B03HHKaeT He06XO,l1.HMOCTh HCCJie,JJ.OBaHHR MHKpOCKOTIHqeCKHX 

MOAeJiefi, KOTOphie BKJIIOqaJIH 6bi B ce6R HaJIHqHe 9JieKTpOHHhiX KOppe

JIR~Hlt. K TaKHM MO.D;eJIRM OTHOCHTCR CTaH.n;apTHa.R MO.D;eJih Xa66ap.n;a, 

Miioro3oHHaR p~d Mo.n;e.m. H t.:....J MO~eJih. Han6oJiee cTpome pesyJihTaThl 

B 9TOfi o6JiaCTH 6hiJIH noJiy'<ieHhi c m)MomhiO qnCJieHHhiX MeTo.n;oB, TaKHX 
' • • ~ 0 ' • • ' • " ' 

KaK MeTo.n; MoHTe-KapJio H MeTo.n; ToqHott .n;naroH:a.rrn3a~HH JlaHK~oma 
P.JIH K(meqHhlx cncTeM. O.n;HaKo B nepBm.f MeTO.n;e Tpy.n;Ho pa6oTaTh c HH3-

KHMH TeMnepaTypaMH H BhiCOKHMH KOH~eHTpa~HRMH1 a BO BTOpOM TIOKa 

OCHOBHOe. OrpaHHqeHHe CBR3aHO C p8.3MepaMH KJiacTepa - qHCJIO . nepe-
• ' ' ' ' ' • ', l ., ,. ' 

MeHHhiX; OTIHChiBaiOmHx COCTORHHR KJiacTepa, 9KCTIOHeH~Ha.IThHO paCTeT 

c yBeJinqeHHeM q~~a qac.;H~ B HeM. Pe3yJ!hTaThi qnCJieHHhiX MeTo.n;oB 

.n;aiOT B03MO)KHOCTh o~eHHTh npaBHJihHOCTh npn6JIH)KeHntt, ucrroJih3ye-

MhlX B aHa.ITHTH.feCKHX TIOAXO.D;aX. ' 

B . 9TOfi. CBR3H npe.n;cTaBJIReTCR aKTYa.IThHhiM H3yqeHHe cPH3HqecKHX 

cnottcTB MHKpocKonnqecKnx Mo.n;eJiett KoppeJinpoBaHHhiX aJieKTpoHoB 
) ". . . ' ' ' . 

aHa.ITHTHqeCKHMH MeTO.D;aMH. 

CJie.n;yeT OTMeTHTh; qT() ceMefiCTBO Me)J;HhiX OKCH.D;OB TIOTIOJIHeHo B 

noCJie.n;Hee BpeMR KBa3no.n;Hi:rMepHI>IMH co~.n;iiHeHHRMH, H3BeCTHhiMH KaK 

"cnHHOBhie JieCTHH~hi". MHorne cPH3HqecKue CBOfiCTBa HOBhiX coe.n;n

HeHntt, a TaK)Ke 6asncHI>Ie MO.D;eJIH, noJio)KeHHhie B ocHoBy nx HCCJie

.n;oBaHuR, CXO.D;Hhl 'c BTCII COCTaBaMH. no 9TOtt npnqHH.e H3yqeHHe o.n;

. HOMepHhiX CHCTeM C. CHJihHhlMH 9JieKTpOHHhiMH KOppeJIR~HRMH TaK)Ke 

TipH06peTaeT OCo6yiO aKTYarihHOCTh. 

Il;errb · AHCcepT~HH . . 

lJ;eJihiO ~HCCepTa~liOHHOfi pa60Thi RBJIReTCR liCCJie.D;OBaHHe BJIIIRHHR 

9cPcPeKTOB KOppeJiir~Hfi Ha .D;HHaMuqecKHe CBOfiC~Ba· 9JieKTpOHHhlX CH

CTeM HH3Kcitt pasMepHocTJI B paMKax cnnii-nomipomion n t- J M:o.n;eJieD 
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cBepxnpoBO.D;HMOCTH, a TaK)Ke o.n;HoMepHofi .pacnmi>eHHOfi MO.D;eJIH Xa6-

6ap.n;a. 

Hay'lHrui HOBH3Ha. 

lloCTpOeHa cP8.30BaR .n;narpaMMa OCHOBHOrO COCTORHHR O,wiOMepHOfi 

pacnmpeHHOfi .n;Byx3oHHOfi Mo.n;e.Jm Xa66ap.n;a c yqeToM B3a.HMo.n;ettcTBHfi, 

OTIHCbiBaiOmHX KOppeJIHpoBaHHhie nphl)KKH 9JieKTpDHOB. liOK8.3aH01 qTQ 

aJihTepHHpoBaHHe KYJIOHOBCKoro OTTaJIKHBaHHR na y3Jiax MO)KeT npHBo

.D;HTh K OTKphlTHIO meJIH B cneKTpe 3apR.D;OBbiX Bo36y)K)J;eHiitt. BhlRBJieHo 

BJIHRHHe p8.3JIHqHbJX B3aHMo.n;ettcTBHfi Ha CTPYKTYPY ocHOBHoro COCTOR

HHR. Ha OCHOBe t - J MO~eJIH B CaMOCOrJiacOBaHHOM OOpHOBCKOM TipH-

6JIH)KeHHH HCCJie.D;OBaHO o6paTHOe BpeMR )KH3HH O.D;HO.D;hlpOqHbJX B036y

)K)J;eHHfi B6JIH3H TIOBepXHOCTH <l>epMH B pe)KHMe Ma.ITOrO .D;OTIHpOBaHHR. 

liOK8.3aH01 qTQ 3aTyXaHHe O.D;HO.D;hlpoqHbJX B036y)K)J;eHHfi HMeeT cPOPMJ, 

xapaKTepHYJO P.JIR ,n;ByMepHOfi HOpMa.IThHOfi cPePMH-)KH)J;KOCTH B .OTJIH-. . . . . 
qnH OT paHHero YTBep)K)J;eHHR 0 MaprHHaJihHOM xapaKTepe TIOB~eHHH 

KB8.3H,l1.hlpDK; . 

BnepBhle B paMKax MeTo.n;a cPYHK~HH TiaMRTH. HCCJI~OBaHhl cneKTphl 

KOJIJieKTHBHhiX B036y}K.n;eHHfi B t~J MO,n;eJIH. BhlqHCJieHhl cneKTp cnnHo

BbiX H 3apR.D;OBhiX cPJIYKTya~Iitt, OTITnqecKaR npoBO.D;~MOCTh B napaMar

HIITHOfi cP8.3e t - J MO.D;eJIH. 

Hay'lHrui H npaKTH'leCKrui 3Ha'IHMOCT~ pa6oThl 

IIo~eHHhlfi pe3yJihTaT o <I>epMH-)KH.D;KOCTHOM noBe.n;eHHH aHcaM6JIR 

.D;hlpoqHhlX B036y)K)J;eHHfi HMeeT Ba)KHOe 3HaqeHHe P.JIR OTIHCaHHR H np~

CK8.3aHHR p8.3JIHqHbJX CBOfiCTB BhlCOKOTeMnepaTYP.HbiX . CBepxnpOBO.D;HH

KOB. PasBHThlfi B .n;nccepTa~IIOHHofi pa6oTe MeTo.n; cPYH~HH naMRTH c 

ucnoJih3oBaHHeM onepaTopoB Xa66ap.n;a TI03BOJIReT no~HTh xopomee 

COrJiaCHe C pe3yJihTaTaMH qHCJieHHbiX pacqeTQB :P.JIR CTieKTpOB KOJi.rreK

THBHbiX B036y)K)J;eHHfi II ,n;aTh 06'hRCHeHHe aHOMmHOfi qaCTOTHOfi 3aBH

CHMOCTH npoBO,l1.HMOCTH, Fia6mo.n;aeMofi B BTCII/ 8ToT · no.n;xo.n; CTporo 

yqHThlBaeT Hecl>epMHeBCKYJO CTaTHCTHKY qaCTH~ C CHJihHhlMH KOppeJIR

~HRMH H MO)KeT 6biTh HCTIOJih30BaH P.JIR H3yqeHHR ,iq>yrHX MO,l1.eJiefi KOp

peJIHpDBaHHbiX 9JieKTpDHOB. 

OcHOBHhle pesyJihTaThl, BhiHOCHMhle Ha 3~TY 

1. liOCTpoeHa cP8.30BaR .n;narpaMMa OCHOBHOrO COCTORHHR P.JIR O,l1.HQ-
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Mepaoit Mo.n;e;m Xa66ap.n;a c aJibTepanpoBaHHhlM B3aHMo.n;eitCTBHeM 

aa ySJiax Ha ocaoBe peaopMI'pynnoBoro no.n;xo.n;a. 11oKasaao, 'ITO B 

CJIY'lae 1/4-3anOJIHeHHH 30Hbl aJibTepHHpoBaHHe B3aHMO,JJ;eitCTBHH 

npHBO)J;HT K OTKpbiTHIO ID;eJIH B CneKTpe 3apH,JJ;OBbiX B036y:>K,JJ;eHHit. 

2 .. B paMKax o.n;HoMepHoit pacnmpeHHOit .n;Byx30HHoit Mo.n;e;m Xa6-

6ap.n;a C Y'JeTOM B3aHMO,JJ;eitCTBHit, OnHCbiBaiOID;HX KOppeJmpoBaH

Hbie npbi:>KKH 9JieKTpOHOB1 onpe.n;e.ITeHa CTpyKTypa OCHOBHOrO Co

CTOHHHH CHCTeMbi. 110CTpOeHa <iJasOBaH ,JJ;HarpaMMa OCHOBHOrO co

CTOHHHH B TIIHpOKOM HHTepBa.rre 3Ha'leHHit napaMeTpOB MO)J;eJIH 

. n. BhiHBJieao · BJIHHHHe pa3JIH'lHb!X B3aHMo.n;eitcTBHit a a CTPYKTYPY 
OCHOBHOrO COCTOHHHH. 

3. Ha OCHOBe CnHH-nOJIHpOHHOit MO,JJ;eJIH Me)J;HbiX OKCH)J;OB pacC'lHTaH 

nepeHOpMHpOBaHHblit B pe3yJibTaTe )J;bipO'IHOi'O .zionHpOBaHHH CH

CTeMbl cneKTp MarHOHHbiX B036y:>K,JJ;eHHit. C y'leTOM nepeHOpMH

pOBKH MarHOHHOrO CneKTpa paCC'lHTaHO 3aTyxaHHe O)J;HO)J;bipO'lHbiX 

COCTOHHHit B6JIH3H nOBepXHOCTH CllepMH. 110Ka3aH0
1 

'ITO 3aTyxaHHe 

HMeer <PopMy r(k,c) oc (c2/cp)ln(c/cF) xapaKTepayro )J;JIH .n;By
Mepaoit <iJepMH-:>KH)J;KOCTH. 

4. B paMKax <PopMaJIH3Ma <PYHKJl.HH naMHTH c ncnOJib30BaHHeM 

onepaTopoB Xa66ap.n;a BhiBe.n;eabl caMocorJiacoBaHHhle ypaBHeHHH 

)J;JJH )J;HHa~m'leCKOit CnHHOBOit BOCnpHHM'lHBOCTH B t - J MO)J;eJIH. 

110Ka3aH01 'ITO CnHHOBaH )J;HHaMHKa HMeeT .n;n<iJ<iJy3HOHHbiit xapaK

Tep B rH,JJ;pO.n;HHaMH'leCKOM npe.zx.eJie, B TO BpeMH KaK B KOpOTKQ-

. BOJIHOBOM BbiCOKO'lacTOTHOM npe,JJ;eJie cym;eCTBJIOT B036y:>K,JJ;eHHH 
THna CnHHOBbiX BOJIH. 

5. Bbi'lHCJieHbl .n;HHaMH'leCKaH 3apH,JJ;OBaH BocnpHHM'lHBOCTb n onTH

'leCKaH npOBO)J;HMOCTl> B t-J MO)J;eJIH. 110Ka3aH0
1 

'ITO B )J;JIHHHOBOJI

HOBOM npe.zx.eJie CTieKTp 3apH,JJ;OBbiX <iJJIYKTyau.Hit .n;aeTCH 3aTyxaio

m;eit 3ByKoBoit Mo.n;oit. Bhl'lHCJieHbl cKopocTb n 3aTyxaHne 3ByKa. 

B KopoTKOBOJIHOBOM npe.n.eJie BhiHBJieHo cym;ecTBOBaHne nmpoKo

ro MaKCHMYMa c xapaKTepaoit 9Heprneit rv t B cneKTpe 3apH,JJ;OBb!X 

<PJIYKTyau.nn. IIoJiy'leHo o6o6m;eHHoe .n;py.n;oBcKoe noBe.n.eHne onTH

'lecKoit npOBO)J;HMOCTH H paCC'lHTaHbl ee xapaKTepHCTHKH. 
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Anpo6~HH- pa6oThi 
MaTepna.rrhl, npe.n;cTaBJieHHbie B .n;nccepTau.nn, .· .n;oKJia.n;hiBaJIHCh .Ha 

CJie.n;yrom;Hx KoH<iJepeHU.HHX n ceMHHapax: CnMn03HYM no <PH3HKe.KOH

.n;eHcHpoBaHHoro COCTOHHHH "KoypOBKa~96", r.11:>KeBcK; 13-19 <}>eBpa.rrH, 

1996r.;. Me:>K.n;yHapo.n;HaH mKoJia "CHJibHO KOppeJinpo:BaHHhie cnCTeMbi H 

KpHTH'leCKHe HBJieHHH", r. ,r:cy6Ha, 26 aBrycTa-05 CeHTH6pH, 1997;r.j Me:>K

,JJ;yHapO)J;HaH illKOJia-CHMn03HYM no <iJH3HKe KOH)J;eHCHpoBa:imoro COCTOH

HHH "KoypOBKa-98", 2-7 MapTa, 1998r.; Me:>KJJYHapo.n;HaH KOH<}>epeHU.HH 

"CHJihHO KoppeJinpoBaHHhte 9JieKTpOHHble cncTeMbi", 11apn:>K, CllpaHU.HH, 

15-18 HIOJIH 1 1998r.j Hay'lHbiX CeMHHapax B Jla6opaTOpHH TeOpeTH'le

CKOit <iJH3HKH HM. BorOJII060Ba, 0115!11; HHCTHTyTa aTOMHOit <iJH3HKH 

(ByxapecT, PyMhiHHH), yHnBepcnTeTa r. Ca.JiepHo (Ca.rrepiio, 11Ta.JIHH), 

Me:>KJJYHapo.n;Horo u.eHTpa TeopeTH'leCKOit <Pn3HKH (Tpneci, 11TaJIHH); 

Ily6JIHK~H 

ITo MaTepnaJiaM .n;nccepTau.nn ony6JIHKOBaao 6 pa6oT. 

CTpyKTypa H o6'heM pa6oThl 

,lJ,HCCepTaJl.HOHHaH pa6oTa COCTOHT H3 BBe.n;emiH, 'leTblpex rJiaB, 3a

KJIIO'leHHH H CTIHCKa Jl.HTHpyeMOit JIHTepaTypbi. 06m;Hit 06'heM )J;HCCepTa

Jl.HH - 107 CTpaHHJl. MamHHOTIHCiiOrO TeKCTa, B TOM 'lHCJie 9 pHCYHKOB H 

5 Ta6JIHJl.. . 

OCHOBHOE CO,Il;EP)KAHHE ,Il;HCCEPTAIJ;HH 

Bo ·BBe.n;eHini o6cy:>K.n;aroTCH HeKOTOphle acneKT,hi HeTp.a,rr,nu.noHHhiX 

CBOilCTB xapaKTepHbiX )J;JIH BbiCOKOTeMnepaTypHbiX CBepxnpOBO)J;HHKOB, 

OTMe'laiOTCH Han6oJiee Ba)KHhie Bonpocbi Teopnii BTCIT; .n;aeTCH KpaT:KOe 

CO,JJ;ep)KaHHe H <iJopMyJIHpyeTCH. OCHOBHaH U.eJib ,JJ;HCCepTaJl.HH ... 

. IlepBaH rJiaBa nocimm;(ma onncaHHIO B03MO)KHbiX Mo.n;eJieit · BTCIT. 

,lJ,aH KOpOTKHit ·0630p cym;eCTBYIOID;HX <iJeHOMeHOJIOrH'lecKHX TIO)J;XO~OB, 

o6cy:>K,JJ;eHa 9JieKTpOHHaH CTPYKTypa C_u02 nJiocKOCTeit, npHBe.zi.eHhi MH

KpocKonH'leCKHe MO)J;eJIH H pe3yJihTaTbl )J;JIH CTieKTpa · O)J;HO)J;bipo'IHbiX 

B036y:>K,JJ;eHHit BHOpMaJibHOit <iJase. rJiaBa COCTOHT. H3 TpeX pa3,.1I,eJIOB; 

B pas.n;eJie 1.1 .n;aeTCH KpaTKOe onnciume cym;ecTByrom;nx <l)eHoMe:. 

HOJiorn'lecKHX MO,JJ;eJieit BTCIT. 06cy:>K.n;aroTCH OCHOBHhie OTJIIPIHH Me~-
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l1Y <l>epMH-:>KH~OCTHhiMH H He<l>epMH-:>KH.IJ.KOCTHhiMH rro.u.xo.u,a.MH. Pac

cMaTpHBaiOTCH KOHIJ,elliJ,HH MaprHHaJibHOD H llO'ITH aHTH<i>eppoMarHHT-

HOD <l>epMH-:>KH.IJ.KOCTH. . ' 

CxeMa Q>opMHpoBaHHH ~lJieKTpOHHoD , CTPYKTyphl .II.JIH nJIOCKOCTeD 

Cu02 Ha npHMepe coe.u,HHeHHSI La2Cu04 .o6cy:>K.u,aeTCH B pa3.u,e.n:e 1.2. 

3.u,ech ~e npHBO.U,.HTCH .HaH60Jiee H3BecTHbie .MO.U,eJibHbie raMHJibTOHHa

Hhl, Cpe.IJ.H HHX - MHOr030HHbiD raMHJibTOHHaH MO.U,eJIH 8MepH H raMHJib-

TOHHaH CTaH.U,apTHOD MO.U,eJIH Xa66ap)!a. · ' . 

B 1.3 paccMaTpHBaeTCH t """" J MO.U.eJib, KOTopaH HBJIHeTCH o.u,HoD 

H3 OCHOBHbiX MO.U,e.TieD, OllHChiBaiOIIJ,HX BbiCOKOTeMnepaTypHhle CBepx

npoBO.U,HHKH. 06cy:>K.u,aiOTCH TPY.IJ.HOCTH TeopeTH'IecKoro Hcene.u,oBaHHH 

.IJ.aHHOD MO.U,eJIH. ,[l,aeTC.H cPH3H'IeCKa.H .KapTHHa .U,BH:>KeHH.H .U,hlpKH Ha 

Q>oHe aHTH<i>eppoMarHHTHOrO (ACl>M) nopH.U,Ka H OllHChJBaeTC.H npoiJ,eCC 

o6pa3oBaHHH cnHHOBoro nOJIHpoHa. IIpHBO.IJ.HTCH pe3yJibTaTbi .II.JIH cneK

Tpa O.IJ.HO.IJ.bipo'IHbiX Bos6y:>K.u,eHHH KaK B ACl>M Tai< H 'B napaMarHHTHOD 

cPa3e t- J MO.U,eJIH. 

Bo BTOpOfi: rmme HCCJie.IJ.YeTC.H CTpJKTypa OCHOBHOrO COCTOHHH.H 

pacnrnpeHHOD Mo.u,eJIH Xa66ap.u,a Ha a.JihTepHHpyroiiJ,eD. u.erro'!Ke c y'le

TOM B3aHMO.U,eDCTBHD, OllHCbiBaiOIIJ,HX KOppe.n:HpOBaHHhle llpbi:>KKH SJieK

TpDHOB~ rnaBa COCTOHT H3 Tpex pa3.U,eJIOB. 

B pa3.u,e.n:e 2.1 npHBO.IJ.HTCH KpaTKHD o6sop peHopMrpynoBoro rro.u.

xo.u.a, KOTOpbiD HCllOJib3YeTCH )J.JIH llOCTpOeHHH cPa30BOD .U,HarpaMMbl 

OCHOBHOrO COCTO.HHH.H CHCTeMbi. 

B 2.2 pacc:MaTpHBaeTC.H cPa30BaH .U,HarpaMMa OCHOBHOrO COCTO.HHHH 

.II.JIH o.u,HoMepHoD MO.IJ.eJIH Xa66ap.u,a c a.JibTepHnpoBaHHhiM B3aHMo.u,eD

CTBHeM' Ua Ha 'leTHbiX H ub Ha He'leTHhiX y3Jiax. ,[J,JIH HCCJie.U,OBaHH.H 

HH3KOSHepreTH'IeCKHX CBODCTB .U,aHHO:It MO.U,eJIH CTpOHTCH KOHTHHYaJib

Hbi:it npe.u,e.n: pemeTO'IHOro raMHJibTOHHaHa. PaccMaTpHBaeTCH CJiy'laD 

l/4-sanoJIHeHHO:it 30Hbi, KOr.u,a .U,HHaMH'IecKa.H 'He9KBHBa.JieHTHOCTb ys

JlOB CTaHOBHTC.H Ba:>KHhl:it H Be.u,eT K B03HHKHOBeHHIO rrpou.ecca nepe6poca 

C KOHCTaHTOD CBH3H paBHOD g3 = Ua -Ub. ,[l,a.rree HCllOJib3YeTCH CTaH.U,apT

Ha.H CXeMa peHOpMrpynOBOrO llO.U,XO.U,a )J.JIH aHaJIH3a OCHOBHOrO COCT~.H

HH.H CHCTeMbl. Bbi'IHCJIHIOTCH 3Ha'leHH.H KOHCTaHT B3aHMO.U,e:itCTBHD )J.JIH 

cPHKCHpoBaHHbiX TO'IeK H KpHTH'IecKHe SKCllOHeHTbl .II.JI.H cPJHKIJ,H:it OT:: 

KJIHKa, OllHCbiBaiOIIJ,HX TeH.u,eHIJ,HH CHHrJieTHOrO H TpHllJieTHOrO KynepoB

CKOrO cnapHBaHH.H H o6pa30BaHHH BOJIHhl sapH.U,OBOD H CllHHOBOD llJIOTHD-
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CTH. Ha OCHOBe STHX pesyJibTaTOB llOCTpoeHa cPa30Ba.H .IJ.HarpaMMa OCHOB

HOrO COCTOHHH.H CHCTeMbl B TepMHHax 3aTpaBO'IHhJX KOHCTaHT. B3aHMD

.u,e:itCTBHD. liOKa3aHO . 'ITO· aJibTepHHpoBaHHe B3aHMO.U,e:itCTI3H.H npHBO.IJ.HT 

K OTKphiTHIO IIJ,eJIH B cneKTpe sapH.IJ.OBhiX Bos6y:>K.u,eHHH. B 3aBHCHMo

CTH OT 3HaKa H OTHOCHTeJibHhiX 3Ha'leHHD 3aTpaBO'IHhJX KOHCTaHT B3aH

MO.U,e:itCTBH:it npH · T = 0 CHCTeMa "CTpeMHTCH K CBepxnpoBO.U,.HIIJ,CMY HJIH 

aHTH<i>eppoMarHHTHOMJynOpH.IJ.O'IeHHIO. 

PacnrnpeHHaH MO.U.eJib Xa66ap.u,a Ha aJibreimnpyroiiJ,eD u.erro'IKe c 

.IJ.BYMH He9KBHBaJieHTHbiMH . y3JiaMH Ha SJieMeHTapHyiO H'leDKy C J'le
TOM B3aHMO.U,e:itCTBHD, OllHChJBaiOIIJ,HX KOppeJIHpoBaHHhle npbl:>KKH SJieK

TpDHOB, paccMaTpHBaeTcH B pa3.IJ.eJie 2.3. McnOJihsyeTCH KaHOHH'IecKoe 

npeo6pa30BaHHe; .U,HarOHaJIH3HpYJOIIJ,ee O.IJ.HO'IacTH'IHhl:it raMHJibTOHHaH 

B npH6JIH:>KeHHH CHJibHO:it CBH3H .II.JIH . BBe.u,eHH.H B3aHMO.U,e:itCTBHD THlla 

Xa66ap.u.a ( o.u,HoyseJibHoe, Me:>K.IJ.YY3eJibHoe, nphl:>KKH nap, o6MeHHhle ne

pecKOKH H B3aHMO.U,eDqTBHe "CBH3b-Y3eJI") B COOTBeTCTBYIOIIJ,eD .IJ.BJX30H

HOD M?.IJ.eJIH. PaccMaTpHBaeTCH CJiy'laD 6oJibmoD BeJIH'IHHhl IIJ.errH Me:>KJIY 

30HaMH, KOr.U,a MO:>KHO orpaHH'IHTbCH npOIJ,eCCaMH pacCeHHH.H B 'lacTH'I

HO 3aUOJIHeHHOD 30He. ,[I,Byx30HHa.H CTpyKTypa npHBO.U,HT K .U,OllOJI

HHTeJibHOD saBHCHMOCTH OT KOHIJ,eHTpaiJ,HH 9JieKTpOHOB ScPcPeKTHBHhiX 

KOHCTaHT B3aHMO.U,e:itCTBHD (gi-KOHCTaHT), OllHChJBaiOIIJ,HX SJieMeHTapHble 

rrpou.ecchl pacce.HHHH. AHa.rrorH'IHhiM MeTO.IJ.OM nocTpoeHa <l>a3oBaH .IJ.Ha

rpaMMa CHCTeMhl H Bhl.HBJieHO BJIHHHHe pa3JIH'IHhiX B3aHMO.U,eDCTBHD Ha 

CTPYKTYPY OCHOBHoro cocTOHHHH .II.JIH npOH3BOJibHOro sanoJIHeHHH Bepx

HeD 30HbL liOKa3aHO,· 'ITO ScPcPeKT B3aHMO.U,e:itCTBHH "CBH3b-Y3eJI" sa

KJIIO'IaeTC.H; B nepeHopMHpOBKe o.u,Hoyse.TihHOro B3aHMO.u,eDcTBHH. Kpn

TH'IecKoe 3Ha'leHHe Me:>Ky3eJibHOrO B3aHMO.U,e:itCTBIDI KOHTpDJIHpyeT . Ha 

cPa30BO:it · .U,HarpaMMe ll03HIJ,HIO "sap.H.U,OBO:it-JIHHHH" , JIHHHH pa3.IJ.eJI.HIO

IIJ,eD CBepxnpOBO.U,HIIJ.YIO. 06JiacTb OT o6JiaCTH BOJIHhl · sap.H.IJ.OBO:it llJIOT

HOCTH. "CnHHOBa.H-JIHHHH", JIHHHH OT.IJ.e.TIHIOIIJ.a.H : o6nacTh CHHrJieTHhiX 

COCTOHHHH OT. OOJiacTH B03MO:>KHhJX TpHllJieTHhiX COCTO.HHHH, sa.u,aeTCH 

KpHTH'IecKHM~ma'leHneM KO,HCTaHThi o6MeHHhiX nepecKOKOB; B u.errO'IKax 

Cu03 , KOTOphie HBJIHIOTCH sJieMeHTaMH HeKOTOphiX BTCII coe.u,mieHHD, 

3anOJIHeHHe 6JIH3KO K 3/4. IIOKa3aHO, 'ITO B CJIY'Iae 3/4-sanOJIHeHH.H H 

)J.JIH peaJIHCTH'IecKHX 3Ha'leHHH pemeTO'IHhJX napa.MeTpoB OCHOBHOe CD

CTO.HHHe CHCTeMbl XapaKTepHsyeTC.H COCyiiJ,ecTBOBaHHeM BOJm 3ap.H.IJ.OBOD 

H cnHHOBOD nJIOTHOCTH •. Ha no.u.pemeTKe c MeHbnrnM scl><l>eKTHBHhiM o.u.
HoyseJibHhiM OTT~HBaHHeM B03HHKaeT BOJIHa sap.H.IJ.OBOD llJIOTHOCTH, a 
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Ha .II.PyrOit TIO,rq>eilleTKe - BOJIHa CTIHHOBOit TIJIOTHOCTH. 

B nOCJie,JJ.HeM p8.3,ll;eJie cyMMHpyiDTCH pe3yJibTaThl .n.aHHott rJiaBbl. 

M~TepHaJibl m.2 ony6JIHKOBaHhl B pa6oTa.X [1,2]. . 

B TpeTbei rmme B paMKax CTIHH-TIOJIHpDHHOit MO)J.eJIH HCCJie.n.yiOTCH 

nepeHOpMHpOBKa MarHOHHOfO CIIeKTpa H 3aTyxaHHe O)J.HO)J.blpD'IHbiX B03-

6y)K)I.eHHH B pe:>KHMe MaJIOrO JiernpoBaHHH. · rJiaBa COCTOHT H3 'IeTbipex 

pa3)1.eJIOB. . .J 

B . pas.n.eJie 3.1 Ha ociioBe t - J MO.II.eJIH npH noMom;H Mero.n.a 

BCTIOMOraTeJibHbiX <l>epMHOHHbiX IIOJieit · BbiBO)J.HTCH raMHJibTOHHaH CTIHH

TIOJIHpDHHOit MO.II.eJIH B o.n.HOTIO.II.PemeTO'IHOM npe.n.cmBJieHHH. B Ka'IecTBe 

OCHOBHOfO COCTOHHHH . npHHHMaeTCH HeeJieBCKHit aHTH<l>eppOMarHeTHK. 

):I;aJiee MeTO)J.OM ypaBHeHHit · )J.BH:>KeHHH )J.JIH )J.ByxBpeMeHHbiX <l>YHKD;HH 

rpHHa B CaMOCOrJiacOBaHHOM 60pHOBCKOM IIpH6JIH~eHH~H BbiBO)J.HTCH CH

CTeMa ypaBHeHHit )J.JIH )J.blpO'IHOit H MarHOHHOit MaTpH'IHOit <l>YHKD;HH 

rpHHa. CaMOCOrJiaCOBaHHaH CHCTeMa yprumeHHit HCCJie.n.yeTCH aHaJIHTH

>lecKHM o6pa30M. 

B pas.n.eJie 3.2, :H:a ocHoBe xopomo H3BeCTHbiX pesyJibTaTOB )J.JIH cneK...: 

TpaJibHOit <l>YHKD;HH O)J.HOit )J.blpKH Ha aHTH<l>eppOMarHHTHOM <l>oHe, HC

CJie)J.YeTCH nepeHOpMHpOBKa MafHOHHOfO CIIeKTpa, Bbl3BaHHaH HaJIH'IH

eM HOCHTeJiett. IloKasaHo, 'ITO c yBeJIH'IeHHeM KOHD;eHTpan;HH HOCHTeJiett 

HeKorepeHTHOe )J.BH:>KeHHe )J.bipOK TipHBO)J.HT K CMHr'IeHHIO )J.JIHHHOBOJI

HOBbiX.MarHOHOB. IlpH KOHD;eHTpaD;HH JierHpOBaHHbiX )J.blpOK 6 > 6c ~ 
0.04 ~epeHOpMHpOBaHHbiit MarHOHHbiit CIIeKTp TIOIIa)J.aeT B "'IaCTH'IHO

)J.blpO'IHbiit'' KOHTHHYYM, TIOJIIOC MarHOHHOit <l>YHKD;HH rpHHa CTaHOBIITCH 

'IIICTO MHIIMbiM, II )J.JIIIHOBOJIHOBbie MarHOHbl TepHIOT CBOIO IIH)J.HBII)J.YaJib::. 

HOCTb, 'ITO YKa3hiBaeT Ha paspymeHIIe )J.aJibHero aHTII<l>eppoMarHHTHoro 

TIOpH)J.Ka B CIIHHOBOit IIO)J.CHCTeMe. 

B pas.n.eJie 3.2 nepeHopMHpoBaHHbiit cneKTp MarHOHOB IICIIOJib3YeTCH 

• ,[QIH Bbl'IIICJieHIIH MHHMOit 'IacTII. MacCOBOfO OIIepaTOpa HOCIITeJieit, Ko

TOpa1J: OTipe)J.eJIHeT o6paTHOe BpeMH :>KII3HII KBa31I'IacTHD;. · IlOKa3aHO, 'ITO 

3aTyx~}me O)J.HO)J.blpO'IHbiX B036y)K)I.eHIIH B6JIH31I .IIOBepXHOCTH <lJepMII 

<inii~hiBaere,H II3BeCTHOtt <l>opMott ImE(k',e) <x: (t:2 jt:p)ln(t:/t:F), xapaK

Teimott )J.JIH .II.BYMepHott <l>epMII-:>KII)J.KOCTII. 8To yKa3biBaeT Ha cym;e

CTBC>BaHIIe XOpomo onpe)J.eJieHHbiX KBa31I'IacTIID; Ha IIOBepXHOCTH !llepMII 

B )J.aHHOit CIICTeMe. 

B noCJie~HeM pas.n.eJie maBbl o6cy)K)I.aiOTCH TIOJIY'IeHHhle pe3yJibTaTbl; 
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Pe3yJihTaTbi 9Tott maBbi ony6JIHKOBaHbi B pa6oTe [3]. 

B 'leTBepToA rJicme HCCJie)J.YIOTCH cneKTpbi 3apH.II.OBbiX II CIIIIHo

BbiX <l>JIYKTyan;IItt B napaMarHIITHott <l>ase t - J MO)J.eJIII. Bbi'IHCJiHIOTCH 

)J.HHaMH'IeCKaH CIIIIHOBaH II 3apH)1.?BaH BOCIIpHHM'IHBOCTb II 'OIITII'IeCKaH 

npOBO)J.IIMOCTb. 

B pas.n.eJie 4.1 oniiCbiBaercH o6m;Htt <l>opMaJIII3M Mero.n.a <l>YHKD;HH 

naMHTII • 

B 4.2 Ha OCHOBe <l>opMaJIII3Ma <l>YHKD;HH IIaMHTII C HCTIOJib30BaHH

eM onepaTopoB Xa66ap.n.a BbiBe.n.eHbi CaMocomacoBaHHhle ypaBHeHHH )J.JIH 

)J.IIHaMH'IecKOit CIIHHOBOit BOCIIpiiiiM'IHBOCTH.IllyHKD;IIH IIaMHTH, Tipe)J.CTa

BJieHHaH B BH)J.e HeiipiiBO)J.HMOit 'IacTH MHOfO'IaCTH'IHOit <l>YHKD;IItt·rpHHa, 

Bbi'IHCJieHa B npH6JIII:>KeHHII B3aiiM0)1.eitCTBYIOID;HX MO)J.. IlOKa3aHO, 'ITO 

B Bbipa:>KeHHII )J.JIH <l>YHKD;HII IIaMHTH IIMeiOTCH )J.Ba pa3JIH'IHhiX IIO IIpii

po.n.e BKJia)J.a: nepBbiit BKJia)J. OT IIO)J.CIICTeMbi )1.eJIOKaJIH30BaHHbiX )J.blpOK 

B03HIIKaeT 3a C'IeT KHHeMaTH'IeCKOfO B3aiiM0)1.eitCTBHH; H · BTOpoit BKJia)J. 

- OT CHCTeMbi JIOKaJIH30B~HHbiX CIIHHOB, B3aHM0)1.eitCTBYIOID;HX IIOCpe)J.

CTBOM rett3eH6eproBcKoro o6MeHa. Cym;ecTBOBaHIIe 9TIIX )J.Byx BKJia)J.OB B 

HBHOM BII)J.e OIIHCbiBaeT KOHKypeHD;HIO Me:>K)J.Y JIOKaJIII30BaHHbiM H 30H

.HbiM MarHeTII3MOM. J1CIIOJib30BaHHbiit B )J.aHHOit pa6oTe IIO)J.XO)J. II03BOJIH

eT B e)J.IIHOM IIpH6JIII:>KeHHH OIIIICaTb KaK HH3KO-, TaK H BbiCOKO'IaCTOT

Hble MarHIITHbie CBOitCTBa CHCTeMhi. IlOKa3aHO, 'ITO B fii)J.po)J.HHaMII'Ie

CKOM IIpe)J.eJie CIIHHOBaH )J.IIHaMHKa HMeeT .II.H<l><l>Y31IOHHbiit XapaKTep, B 

TO BpeMH KaK B BbiCOKO'IacTOTHOM IIpe)J.eJie MOryT cym;ecTBOBaTb B036y

:>K)J.eHHH THIIa CTIHHOBbiX BOJIH. IlOKa3aHO, 'ITO IIOCJie)J.HIIit npe)J.eJI BOC

IIpOII3B0)1.1IT pe3yJihTaT )J.JIH CTIIIHOBOit BOCIIpHHM'IIIBOCTII, IIOJiy'IeHHblit 

paHee B paMKax TeopHII KoH.n.o II<51Ma)J.:>KH. 

B pas.n.eJie 4.1 aHaJIOrH'IHb'tM MeTO)J.OM ·Bbl'IHCJIHeTCH .II.HHaMH'IecKaH 

3apH)J.OBaH BOCIIpiiiiM'IHBOCTb. <l>yHKD;IIH naMHTH npe.n.CTaBJIHeTCH B BH

.n.e HeiipHBO)J.HMOit 'IaCTII KOppeJIHD;HOHHOit <l>YHKD;IIH "CHJia-CHJia" II Bbi

'IHCJIHeTCH B npH6JIH:>KeHHII B3aHMo.n.ettCTBYIOID;IIX 1\fo.n.. Bhlpa:>KeHIIe )J.JIH 

<l>YHKD;HH TiaMHTH CO)J.ep:>KIIT B ce6e )J.Ba 'IJieHa: nepBbiit 'IJieH OIIIICbiBaeT 

BKJia)J. OT napHbiX B036y:>K)J.eHHH 'IaCTH'Ia-)J.bipKa, BTOpOit - BKJIIO'IaeT B 

Ce6H IIpOn;ecc paCCeHHIIH 9JieKTpDHOB Ha CIIIIHOBbiX H 3apH)1.0BbiX <l>JIYK

TyaD;HHX. CaMocorJiacoBaHHaH cHcTeMa ypaBHeHIItt )J.JIH 3apH.n.oBott Boc

npHHM'IHBOCTII )J.aJiee IICCJie)J.YeTCH aHaJIHTH'IeCKHM o6pa30M. IlOKa3aHO, 

'ITO B )J.JIIIHHOBOJIHOBOM IIpe)J.eJie CIIeKTp 3apH)1.0BbiX <l>JIYKTYaD;HII )J.aeTCH 
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3aTyxarom;ett 3BYKOBOit Mo.n;ott. BhJqHCJieHhi CKOpocTh H 3aTyxaHHe 3BYKa. 
B KOpoTKO-BOJIHOBOM npe.n;e.rre Bhi.HBJieHo cym;ecTBOBaHHe mHpoKoro MaK
cHMyMa c xapaKTepHoit 9HeprHeit ,..., t B cneKTpe 3ap.H.D;OBhiX cPJIYKTya
n;Hit. IlpoBe,n.eHHO CpaBHeHHe DOJIYqeHHhiX pe3YJibTaTOB C pe3yJibTaTaMH 
TOqHOit .D;HarOHaJIH3aD;HH. 

OnTHqecKa.H npoBO.D;HMOCTh a(w) BhlqHCJI.HeTC.H B pas.n;e.rre 4.3. ,[VI.H 
a(w) nonyqeH o6o6m;eHHbiit 3aKOH ,[ij>y.n;e C cPYHKD;Heit pe.rraKCaD;HH, o6y
CJIOBJieHHOit pacCe.HHHeM 9JieKTpoHOB Ha CDHHOBbiX H 3ap.H.D;OBbiX cl>JiyK
TyaiJ;H.HX. I10Ka3aH01 qTO 3aBHCHMOCTb <i>YHKD;HH pe.rraKCaD;HH OT qaCTOThi 
HMeeT BH.D; w312 npH W < 2IJ.LI H ODHCbiBaeTC.H JIHHeitHbiM 3aKOHOM npH 
w > 2jj.tj, r.n;e J.L- XHMHqeCKHit DOTeHD;HaJI CHCTeMhi. 

B pas.n;e.rre 4.4 CyMMHpyiOTC.H pe3yJihTaThi ~aHHOit rJiaBhi. 
PesyJibTaThi 9TOit rJiaBbi ony6JIHKOBaHhi B pa6oTax [4-6]. 

~ 

B 3a.KJIIO'leHHH KpaTKO c<l>opMyJIHpoBaHhi OCHOBHhle pe3yJihTaTh1 
.D;HCCepTaD;HH1 KOTOpbie BbiHOC.HTC.H Ha 3aiD;HTy. 
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