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OBm;AR XAPARTEPMCTMRA PABOTbl 
' . . ~ . ' . 

AKTyaJibHOCTb rrpo6JieMhl 

MccJie.n;oaamre BhICOK0TeMrrepaTypHhIX CBepxnpoBO.ZJ;HlIKOB (BTCII), OTKphl­

ThIX .ll:m. Be.n;nopueM 11 K MIOJIJiepoM a 1986r:, npo.n;oJI}KaeT 0CTaBaTbCR 

o.n;nott: 113 caMhIX .n;mrnMH'IHhIX o6nacTett: B cpu3IIRe TBep.n;oro Tena. Ilpem.n;e 

Btero 3TO CBR3ano c pR.n;oM neo6hltJHhIX ·c:sott:CTB BTCII, co3.n;aHHhlX Ha 

6a3e nrnpoKoro RJiacca Me.n;Ho-oRCH.ZJ;HhlX coe.n;1rneHutt:: K TaR111r CBOHCTBaM 

BTCII OTHOCRTCJI IIX KpIICTaJIJIOXHMII'leCKOe;cTpoemr~ - CJIOHCTM CTpyR­

Typa, 6JIH30CTh K rrepexo.n;y MeTaJIJI ..:. .UH3JieKTpHK, '. aHTllq>eppoMarHIITHOe 

yrropR.n;oqe1rne C BhICOKQli TeMi:repaTypott: HeeJIR; :BhlCOKaR TeMriepaTypa 

cBepxrrpoBo.n;muero rrepexo.n;a, CHJihHM aHH30TponHR, MaJiaR .ZJ;JIHHa Kore­

penmocTH. Me.n;HO-OHCH.U~I,J~ CBepxrrpo1m,n:HUKll xapa.RTep:U:3JeT pR.ZJ; ilHO­

MaJibHhlX CBOHCTB ·B nopMaJibHOli cpa3e: · JIIIHett:uaR 3aBiicIIMOCTh rrpOBo.ZJ;IIMO­

CTII OT TeMrrepaTyphl, 3aBIICllM0CTb R03cpcpuu11eHTa Xo'JIJia OT TeMirepaTyphl, 

Heo6hltJHM TeMnepaTypnaR 13a:aurnMocTh JIMP u .zip. TaRoe pa3uoo6pa3He 

cpu3uqecRHX CB0HCTB u 11i' auoMaJihH0CTh · 3aTpy.n;uReT pa3pa6oTRY MHRpo­

CROIIIIllecRott: Teopmr BTCII. 

C TeopeTUlJeCROli TOlJRll 3peHUR, Iian6onee BalKHhlM npe.n;cTaBJIReTCR Bb~ 

npoc O MexaHU3Me BhlCOROTeMrrepaTypii:ott: CBepxrrpOB0.ZJ;HMOCTH: RBJIJieTCR 

JIU OH cTan.n;apTHhlM, Turra BKill, HJIH HJlKHhl HOBhle no.n:xo.n;hl n npe.n;~ 

CTaBJieHUR. 11··3.n;ec1, MOlKeT 6bITI, neo6hllJatt:HOe 'pa3Hoo6pa3ne/oi CTaH~ 

.n;apTHhIX 3JieRTpOH-q>OHOHHhIX MexaHH3.MOB .n;o HecpOHOHHii!X MeXaHII3MOB, 

B rrpe.n;eJie CHJihHhIX If CJia6hIX RoppeJIRUIIH, qepe3 CIIUHOBhle If 3ap.HiOBhle 

B036ym'~eHHR H i:.n;. qT06hl IIOHRTI, MexaHH3M BTCII, Heo6xo.n;HMO H3JlJHTI, 

rrpupo.n;y HOpMaJibHoro If CBepxnpoBOMniero COCTORHHii, B qacTHOCTH, 0TBe­

TUTh, na Borrpoc o Tirne HocuTeJiett:, npnHHMaIOrn;ux yqacTne B cnapnBannn, 

If O B3aHMo.n;ett:CTBUH, C IIOMOJ:UI,IO ROToporo OHO rrpoHCXO.ZJ;HT. 

BhIJIO rrpe.n;JioJKeHo 6onee cTa pa3JIHlJHhIX Mo.n;eJI~tt: BTCII. · BoJihIIIHH~ 
. -

CTBO If3 HUX npe,n:IIOJiaraeT, lJTO, HeCMOTpR Ha BCe MHOroo6pa3He RpHCTaJI­

JIUlJeCRHX cTpJRTYP, ocHOBHJIO pon1, B BTGII nrpaIOT Me.n;Ho-oRcn.n;nhle 

IIJIOCROCTII CuO2 - o6rn;utt: 3JieMeHT 3TIIX coe.n;nHeHntt:. Cei:iqac 3Rcnepn-
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MeHTaJII,HO ycTaHOBJieHo, qTQ crroco6aocTblO rrpOBO.D,IITb. TOK BTCII o6JI-

3aHbl .D,BII}l{eHIIIO .D,blpOK IIMeHHO B 3TIIX IIJIOCKOCTHX. 8KcrrepIIMeHTaJibllbIC 

HCCJie.D,OBaHIIJI yKa3bl~aIOT Ha CIIJiblIJIO rII6pII.D,II3aUIIIO MC.D,IlbIX II KIICJiopo­

.D,HbIX op6nTap:eii, a TaKme, .Ha uaJIIIqIIe CIIJlbIIOro KYJIOHOBC:Koro OTTamrnBa-

' HHH aa_y3nax Me.n,II c 3Heprnen U, .KoTopaR 6on1,me IIJIII rropR.n,Ka mIIpmm 

30Hbl · npoBO.D,IIMOCTII W. CIIcTeMbl, · y KOTOpbIX ij 2: W,, RBJIRIOTCR CIICTe­

MaMII' C CIIJlbHbIMH 3JleKTpO~HbIMII 'KoppeJIJIUIIJIMII. ' 0 HaJIIIqIIII CIIJlbHhlX 

KoppeJIRUIIii B BTCII ,roBopRT TaKH~ IIX cBoiicTBa, KaK 6JIII30CTb K aHTII­

<peppoMarHIITHOM,Y rrepexo.n,y ,II p:epexo.n,y MeTaJIJI - .D,II3JieKTpIIK, uanIIqIIe 

JIOKaJIII30BaHIIbIX .MarHIITHbIX MOMeHTOB na Me.D,II. CIIJibIIhle, KoppeJIRIJ;llll 

3aTpy.n,HJIIOT l!Jlll .n,eJiaIOT ueB03MO}l{HbIM 11CIIOJlb30BaH11e o6bJqlJbJX 30HHI,IX 

MeTo.n,oB pacqeTa 3JieKTponnoii CTPYKTYPhl BTCII; 

B_ CBH3II C 3,TIIM B03HIIKaeT neo6xo.n,11MOCTb IICCJie.D,OBaHl!H rrpoCThlX Mll­

RpOCKOIIJiqecKIIX MO.D,eJieii, KOTOphle 'yq11TbIBaJIII ,6bl HaJIIIq11e 3JICKTpOHHbIX 
' .. ,. . 

ROPPfJIRUIIH. K TaKIIM Mo.n,eJIRM OTHOCRTCH MH_oro30HHaJI p-d Mo.n,en1,, ciau-

.n,apTHaJI MO.D,eJib Xa66ap.n,a II nonyqennaJI Ha OCHOBC IIX t-J MO.D,CJil>, B rrpec 
,_· ; ' .. . . -· . ' ' .. 

.n,ene CHJll>HbIX 3JieKTpOHHbIX KoppeJIJIUIIii. O.n,HaKO aHaJil!TIIqecKIIe IICCJie­

.D,OBaHIIJI. 3TIIX MO~eJieH npe.D,CTaBJIJIIOT , 9rrpe.D,eJieHII~e; Tpy.D,HOCTII, B CBJI3r 

C qeM B.IIOCJIC.D,HIIe ro.n,bl.6bIJI pa3BIIT pR.n, ,qIIcJieHHbIX MeTO.D,OB (KBaHTOBblii 

MeTO.n, MoaTe-Kapno, 1_1eTO.n, TC>'!Hoii .n,11aroHaJIII3aUIIII Jla~rnumna), KOTOpble 

. II03BOJIRIOT. IIOJIY'l1lTb, CTporIIe. pemeHIIH .D,JIJI KOHe'IHbIX CIICTCM. lIIIcJieII-
; .' ,,.. - . -. - ' ,; ' •: ', ') 

Hble MeTO.D,bl .n.a1<,>T B03MO~HOCTb oueHIIT~ rrpaBIIJIJ,HOCTb IICIIOJlb3YCMbIX B 

anaJIIITII~ecm1x rro.n,xo.n,ax, rrpII6JmmeHIIii, a, TaKme rroMoraIOT B Bhl6ope Ha~ 

rrpaBJieHIIii .n,an1,aeiimIIx .IIccne.n,OBaHIIii. B ,uenoM, OTKpbITIIe .BTCII .n,ano 
. -.- '.· ' . . . -' ~ 

TeopeTIIKaM orpOMHblii c;rIIMYJI B II3yqeH~II CIIJIJ,IIO KoppenIIpOBaHHbIX Cl!~ 

CTCM. 

HacTOJIIUaJI .D,IICCepTaUIIJI TaKme IIOCBJIIUeHa 3TOH aKTY'.1Jll>HOii TCMe -

II3y'leHIIIO BJIIIJIHirn CIIJlbHbIX 3JieKTpOHHbIX RoppeJIJIUIIii na CBOHCTBa _BhlCO-
' ~ : . . , 

KOTeMrrepaTypHbIX CBepxrrpoB0,11.HIIKOB. 
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ll;eJih .zv1ccepTaQI1IH 

Uen1,10 .n,IIccepTau11oauoii pa6on,~ IIBJIJIJIOCb rrocne.n,oBaTeJibHoe paccMOipe­

H11e BJIIIIIHIIJI CIIJibHbIX KoppeJIIIUIIH ua 3JieKTpOHIIblii crreKTp II _CBepxnpOBO­

.D,IIIUee crrap11BaH11e HOCIITeJieii 3apII.n,a B paMKaX aarapMOHIIqecKoii II CIIIIH­

IIOJIIIpOHIIOii MO.D,eJieii Me.D,HO-OKCII.D,HbIX CBepxrrpOBO.D,HHKOB. 

HayqHa.JI HOBIII3Ha 

Hccne,11.oBaHo CBepxrrpoBO.D,IIIUee crrapIIBaHIIe B .0,11.aoaoHHOii Mo,11.emi Xa6-

6ap,11.a C CIIJlbHO aurapMOHIIqecKIIM 3JieKTpOH-q>OHOHHbIM B3aIIMO,l].eiiCTBIIeM. . .·,,; "'· . ' . ' . ·- . 

IloKa3aHo, qTo yqeT CIIJIJ;,HbIX KoppeJIJIUHii npIIBO.D,IIT K cymeHIIIO 30Hbl II K 
. .:;, ' ' . . ' 

cooTBeTCTBYIOIUeMy yBeJIIIqenHIO Tc. 

B paMKaX CIIIIH-II~~.a'poH~Oii ~o.n,eJIII B caMocornacoB.;HHO¥ 6op~?BCKOM 

rrpII6JIIImeHl!II rronyqeHa cIIcTeMa ypaBHeirnii 8nIIam6epra ,11.nII orrIIcaHIIII 

,11.BII}l{eHIIII ,11.blpKII Ha aHTII<peppoMarmiTHOM · q>OHe:' 'IloKa3aHo, 'ITO KBa-

3II'laCTII'IHOe. orr11caHIIe ,11.JIR yKaaauHoii · M0,11.eJIH coxpaHIIeTcII rrpII yMepeH­

HOii KOHUeHTpauIIII .D,blpOK n BbICOKIIX TeMrrepaTypax;• O6aapymeHa CIIJlb-
) 

Ha.fl nepeHopMIIpOBKa · KBa3II'laCTII'IHOro crreKTpa· ,11.blpOR aa • C'leT CIIIIHOBbIX 

q>JIIOKTyao:IIii. BrrepBble rroJiy'leHO d-BOJIHOBOe crrapnBaHIIe CIIIIH-IIOJIRpOHOB 

B MO,l].CJIII C CIIJlbIIOii KoppeJIRIJ;lleii H Bbl'IIICJieHa 3aBIICIIMOCTb TeMnepaTypbI 
. ,:' ,;_ ' " : . 

CBepxrrpoBO.D,IIIUero nepexo.n,a OT ~<OHUeHTpanIIII 
0
HOCHTeJI~ii, c01:nacy10iua-

IICII C 3KcnepIIMeHTOM. 

Hay4Ha.JI III npaKTJII4eCKa.JI 3Ha4IIIMOCTb pa60Thl 

HayqHaJI ueHH0CTb npe.n,cTaBJI.HeMoii ,11.IICcepTaUHb:irnoii 'pa60Tbl o6ycJIOBJieHa 

pa3pa6oTKOii MIIRifocKOIIII'leCKoii TeOpHII cirnpn~~~HII KB~nqacniu B CIIHH­

IIOJIIIpOHHOil MO,l].eJIH, o6'bIICHIIIOIUeii Mexanmi~ , BTCiI ~-, KJiacce Me,l].HO­

OKCII,11.HblX coe.n,IIHeHIIii. UonytJ:eHHoe Heo6hl'IHOe noBe,11.eane d-BOJIHOBoit 

q>YHKUHII IUeJIII (pe3KaJI 3aBHCHMOCTb OT qacTOTbl H 6oJiblliOe' 3aTyXaHIIe 

B6JIII3II II0BepXHOCTII <I>epMH) Il03BOJIReT o6'bIICHHTb HeROTOpble aHOMiiJlb­

Hble CBOHCTBa KynpaTOB, ,Ha6JIIO,l].aBlliHeCII B 3RcrrepIIMeHTax no TYHHeJIHpo-

3 



Bamuo (v-o6pa3HaH qwpMa m;em1 11 6om,ruaH MHHMaH qacTb), 1rncppaKpa­

cH0My norJiom;eHHIO ( 6ecm;eJieBaH CBepxnpOBO,D.lIMOCTb), lI3MepeHHIO cpoT0-

3MlICClIOHHhlX CIICKTpOB C YrJIOBhlM pa3perueHHeM. 

OcHOBHble Il0JI0}KeH1u1, BhIH0Cl1Mble Ha 3aIQl1TY 

e 3JICKTpOHHhle KoppeJIHIJ,1111 B aHrapMOHliqecKoii: ~0.D;CJilI CBepxnpoBo­

.D;HlIKa IlplIBO.D;HT K _cyJKeHHIO 30Hhl IIpOBO.D;lIMOCTlI lI IIOBhlIIICHIIIO Tc ; 

• CIIMMeTpHH napaMeTpa nopH.D;Ka B 3JieKTpoH-q>oHOHHOM MexaHII3Me 

~rrapIIBaHIIH C CIIJibHhlM aHrapMoHif'leCKIIJ\I . B3aIIMO,D;eHCTBIIeM cym;e-· 

CTBeHHhlM o6pa30M 3aBIICIIT OT TIIIl~ (Ji~i<iJibHOe - HCJIOKaJII,HOe) B3a-

IIMO,D;eii:CTBlIH 

• B CillIH-IlOJIHpOHHOll,MO,D;eJIII CBepxnpoBO.D;HIIKa KBa3IIqacTIIIJ,hl HBJIH-

' IOTCH ycToii:qlIBhlMlI o6pa30BaHIIHMII npII yMepeHHhlX KOHIJ,eHTpall,IIHX 

HOCHTeJieii: 3apH,D;a:lI BhlC0KlIX TeMnepaTypax, HO <PYHKIJ,IIH lIX pacnpe­

,D;eJieHIIH B IIMilY"'1hCHOM np·ocTpaHCTBe N ( k) cym;ecTBeHHo 3aBHCIIT OT, 

TeMnepaTyphl 

• yqeT B3aHMHOro BJIH;HHH . .D;hlpOH II CIIIIHOBhlX q>JIIOKTya11,nii: IIplIBO~lI; 

K cli:°JibHOll nep'e~~pM~p0BKe KBa3HaCTHqHoro ;hlpoq!I();O cneKTpa, :~ 

TaKJKe K pa3pyrueH1IIO ,D;aJibHero aHTIIcpeppoMarHIITHoro IIOpR~Ka IIpII 

HeKOTOpOH KplITHqeCKOH KOHIJ,eHTpall,lIII .D;hlpOK nc ~ 0.1 

• CBepXIIpOBO,D;Hill;ee CIIapm1aH1Ie CIIlIH-IIOJIHpOHOB B MO,D;eJI;1l C CIIJlbHOH 

3JICKTpOHHOll KOPI>f;JIHil,lICll npe,D;CTaBJIHeT co6oii: M~XaHH3M BhlCOKO-
•' '. ' ' . .. 

TeMnepaTypHOli,CBepxnpoBO.D;lIMOCTII 
. ' ! * '.; , 

Anpo6aQ11J1 pa6oThI 

MaTep11anhl, npe,D;CTaBJieHHhle B .D;HccepTa11,1111, .D;OKJia,D;hlBaJIHCb Ha CJie.D;y­

IOlll,IIX KOHcpepeHIJ,IIJIX 11 ceMHHapax: MeJK.D;yHapO.D;HaH I<oiicpepeHIJ,IIH "Ilo­

JIHpOHhl II 6IIIlOJIHpOHhl B BhlCOKOTCMIIepaTypHbIX CBepxnpoBO.D;HIIKax II po,D;-
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CTBeHHhIX MaTepuanax", KeM6pH.D;}K, BenuK06puTa1rnn, 7-9 anpenn, 1994r.; 

K01Iq>epe1111,uu HeMeIJ,Koro cpu3uqecKoro 06I11,e_cTBa, BepJIHH, fepMaHHR, 20-

24 MapTa, 1995r.; Me}K.ZJ;ynapo,D;Hhlll CCMimap no CllJibHO KOppennpoBaHHbIM 
-, 

cncTeMaM, Mem.D;yHapommfi 11,eHTp TeopernqeCKott cpn3HKH, TpnecT, 3 - 21 

HIOJIJI, 1995; Hayq11h!e CCMHHapbl B J1a6opaTopnn TeopeTnqecKOll cpH3HKII 

HM. Boron1060Ba, Ol1JI11, nncrnTyTa MaHca-IlnaHHa (llhyTTrapT, fep­

MaHnH), Jleiirruurc~oro yuIIBepcnTeTa (fepMaHuJI). 

OcHOBHhle pe~ynhTaThI_ .D;HccepTall_~H ony6nuHoBaHhI B pa6cirnx [1 - 5]. 

06'beM 11 cTpyKTypa .zv1ccepTaQm1 

.L(nccepTa11,no111IaJI pa6oTa cocTOHT 'u3 BBC.D;CHHJI, qeTh!pex rnaB, npnnome­

unJI, 3aHJIJOqeuHJI H CIIHCKa Il,llTHpyeMOll JIIITepaTypbI. O6I11,l1ll 061,eM .D;HC­

c:epTaµnu_ - 98 CTpaHHIJ, .l\faIIIHIIOIIHCHOro TCHCTa, B.TOM qucne 28 pucyHKOB 

l1 2 Ta6JIHIJ,bl. 
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OCHOBHOE CO.LI;EPJKAHI1E .LI;l1CCEPTAQI1l1 

Bo BBe,n:eHl-10 06cym.na10TCH ocnoBHbie ~TJIIlqIITeJibHhle CBOHCTBa BbICo­

KOTeMrrepaTypnbIX CBepxrrpoBO,UHIIKOB, OTMeqalQTCH naI160Jiee Ba}I{Ilble BO­

rrpochl reopIIII BTCIT, .uaeTCH Kparnoe co.n.epm~Hile II cpopMyJIIl.pyeTCH ocno­

BHaH ueJib ,UIICCepTaUIIII. 

IlepaaJI rnaaa rrocBHmena oirncanIIIO B03MOHrnhlX Mexanil3MOB 11 MO~ 

,neJieit BTCIT, o6cym.nenmo BJIIIHHIIH CIIJibHhlX KoppeJIHUIIH na cBoitcrna 

CBepxrrpoBo.ri~riKa · II poJIII CIIIIHOBbIX <pJIIOKTyaUIIH. fJiaBa cocTOIIT 113 Tpex 

pa3,neJIOB. 

B pa3,neJie 1.1 .uaeTCH KpaTKOe OIII1Ca1me II rrpllBO,UIITCH o6maH cxeMa cy­

mecrnymm11x Mo,neneit BTCIT. PaccMarp11Ba10TCH naI16onee I13yqemrne Mo­

,neJibHhle raMllJibTOHilaHhl, cpe,UII HIIX MHOr030HHhlH raMllJibTOHilaH 8MepI1 

11 o.nno3onnhlit raMllJibTOHllaH Xa66ap,ua . 

B 1.2 BBO,UIITCH aHrapMOHllqecKaH MO,UeJib CBepxrrpoBO,UHllKa c JIOKaJib­

HhlM II HeJIOKaJibHhlM 3JieKTpon-cpOHOHHhlM B3allMO,UeHCTBlleM. IlpIIBO,nHTCH 

KaqecTBeHHhle oueHKll TeMrrepaTyphl CBepxrrpoBoMmero rrepexo.ua B 3Toit 

Mo,neJill rrpII cTpyKrypnoM cpa30BOM rrepexo.n;e. 

Ponb crr11noBhlX cpJI10KTyauI1it B 061,HcnenI111 cBoitcTB BTCIT B nopMaJib­

Hoit II CBepxrrpoBoMmeit cpa3ax o6cym.uaeTcH B pa3.n;ene 1.3. 3.n;ecb me 

yKa3b!BalOTCH OCHOBHhle Teoper11qecKI1e IIO,UXO,Uhl K IrnyqeHlllO CBepxrrpoBO­

.UHllKOB C aHTilcpeppoMarHllTHhlM ( A <I>) OCHOBHhlM COCTOHHileM. OrrllChlBa­

eTCH .UBllmeHile .UhlPKII Ha A <I>. cpone II rrpouecc o6pa30BaHIIH CIIIIHOBOro 

IIOJIHpona. ,LI:aeTCH KaqecTBeHH_aH KapTIIHa CBepxrrpoBOMmero crrapIIBaHIIH 

.UhlpOK B aHTilcpeppoMarneTIIKe. < 

Bo BTopoii rnaae IICCJie.n;yeTCH 3JieKTpon-cpOIIOHHhlH MexaHil3M crrap11-

BaHI1H B anrapMOHilqecKOH MO,ZJ;eJIII CBepxrrpoBO,UHIIKa C JIOKaJibHhlM II HeJIO­

KaJibHhlM B3aIIMO,ZJ;eHCTBlleM. fnaBa C0CTOHT ll3 Tpex pa3,ZJ;eJIOB. 

B pa3,ZJ;eJie 2.1 paccMaTpHBaeTCH JIOKaJibHOe 3JieKTpOH-cpOHOHHOe B3all­

MO,ZJ;eitCTBlle. Yqer CllJibHhlX 3JieKTpOHHhlX KoppeJIHUHH rrpHBO,Zl;llT K Heo6-

X0,UIIMOCTII paccMaTpHBaTb OT,ZJ;eJibHO rro.urrpocrpaHCTBa O,UHOKpaTHO II .UBY-
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Kpanm 3_aHHThlX COCTOHHIIH1 KOTOphle YJI:06HO OllllCb!BaTI, orreparopa1:rn: Xa6-

6ap.u11._ ,LI:JIH llCCJie,UoBaHIIH .n;aHHOH MO,ZJ;eJIH BBO,nHTCH orrpe,neJieHHhle Ha orre­

paropax Xa66ap.ua .UBYXBpeMeHHhle cpyHKUllll fp:i'rna, .n:JIH. KOTOphlX 3aIIHChl-. 

Ba!OTCH ypaBHeHIIH .UBll}I{eHHH. B rrpeHe6peH<eHHH rrepenopMHpOBKD;li Bep-. . . 

lllllHhl, KaK ll B Il3BeCTHOM IIpH6JIH}I{eHHll MHr.n:ana, rroJiyqaIOTCH ypaB_HeHirn 

.n;nH M_accoBor.o orreparopa o,nnoqacrHqHoit cpyHKUHH rpHHa. AHaJiorHqno 

BBO.ll:llTCH cpoHOHHaH cpyHKUHH rpHHa, rrocrpoeHHaH ,n:JIH orreparopoB nee-' . . . : , ' 

B,ZJ;OCIIHHa, OIIIIChlBalOIQllX CllJibHhle aHrapMOHHqecKHe KOJie6aHHH HOHOB B - . ' , ' _. . - ' ' .• 

KpIICTaJIJillqeCKOH peIIIeTKe. ,LI:aJI(!e IICIIOJib~yeTCH CTaH,napTHaH rrpoue.n:ypa 

BhlBO,ZJ;a ypaBHeHHH 8nHaIII6epra B rrpH6JIHH{eHHlI cJia6oii: CBH3ll ,n:JIH 3aIIHCH . - . . . . : . . 

ypaBHeHIIH CBepxrrpoBoMmeii: menH H TeMrrepaTyphl cBepxrrpoBoMmero rre-

. pexo.n;a. Orrpe.n:enHeTC-ff, TaKH<e TeMIIepaTypa CTPYKTypnoro rraii:epncoBcKoro 

rrepexo.ua IIO o6pameHHIO B HYJib rrepeHOpMIIP<?IJaHHOH qacTOThl rrceB,ZJ;OCIIH­

.H0BhlX B036yH<,neHHii:. IlonyqeHa_ 3aBHCHMOCTb. H30TOIIHqecKoro 3cpcpeRTa 

OT ROHQeHTpaUHll_HOCHTeJieii: 3apH,na . .ll;JIH cpaBHeHH.H 6blJIH·BhlqHcJieHhl 

TaRme TeMrrepaTyphl CBepxrrpoBoMmer~ H,rra:tiepncoBcRoro rrepexo.n;oB n rro­

Ra3aTeJib H30TOrrHqernoro 3cpcpeRTa .B cnyqae cBo6o.n:H<?fO q>epMH-ra3a. B 

pe3yJibTaTe. 6b!JIO IIORa3aHo, qTo yqeT Cll~bHhlX 3JieRTpOHHhlX . ROppeJIHD;H_ii: 

Be,neT R cyH<eHHIO 3JieRTpOHHOii: 30Hhl ll CMemeHIIIO oco6eHHOCTII BaH-XoBa 

B o6JiaCTI, ROHD;eHTpan;IIH 3JieRTpOHOB n ~ 2/3. 8To IIpIIBO,Zl;IIT' ,B CBOIO oqe­

pe.n;b, R pocTy CBepxrrpoBo,nHmen TeMrrepaTyphl ll c~emeHIIIO ee MaRCIIMyMa, 

a TaKH<e R COOTBeTCTBeHHOMY CMeIQeHIIIO MaKCIIMYMOB .n:pyrIIX BblIIIeyrroMH­

HYThlX cpyHKD;IIH. IloKa3aHo, ~TO B .cnyqae HeJIORaJibHOro,:B3aIIMO.n:eii:CTBIIH 

B03MOH{HO S-BOJIHOBOe crrapIIBaHIIe C II30Tporrnoii: meJibIO II d-BOJIHOBOe crra­

pHBaHHe c CIIMMeTpIIe:ti b29 • 

B pa3,ZJ;eJie ~-2 _aHaJIOrII'IHhlM_ MeTO.ll:OM. IIOJiyqaeTCH. ypaBHeHIIH CBepx~ 

rrpOBO.ll:lIMOCTll B cnyqae HeJioRaJibHoro 3JieRTpOH-qJOHOHHOro B3aIIMo,neii:­

CTBllH. Haxo,n:IITCH TeMrrepaTypa cBepxrrpoBoMmero rrepexo.n:a B 3aBIICIIMO­

CTH OT CllMMeTplllI rrapaMeTpa IIOpH,n:Ka. 

B IIOCJie,n:HeM pa3,neJie ,naHHOH rnaBhl, 2.3, o6cyH<,naIOTCR II0JiyqeHHhle 

pe3yJibTaThl, rrpeHMymecTBa H He.n;ocTaTRII ,nannoii Mo,neJIII •• 
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B TpeTbeii rJiaBe B paMKaX CIIIIH-IIOJIHpOHHOil M0,11,eJIII IICCJie,11,yIOTCJI 
::'· 

KBa3IIqacTIIqHJ,Ie cneKTpLI ,11,hlpOK II MarHOHOB ,11,nJI KOHeqHLIX TeMnepaTyp 

II KoHn;eHTpan;IIii aa A<I> perneTKe B caMocornac01ia.HHoM 6opHOBCKOM npiI-

6JIIIlI<eHIIII. rnaBa COCTOIIT II3 qeTLipeX pa3,11,eJIOB. 

B pa3,11,ene 3.1 npll' IIOMomII MeT0,11,a BcnoMoraTeJII,HhlX cpepMIIOHHLIX no­

Jieil: lJ.nII t - J Mo,11,enII BLIB0,11,IITCJI raMIIJihTOHIIaH cnIIH-nonJipoiiaoil: Mo.nentt 

B 0,11,HOno,11,perneTOqHoM npe,11,cTaBJieHIIIL ' B KaqecTBe OCHOBIIOI'O cocTOhmi:11 

B3JIT neeneBcKIIil: aHTIIcpeppoMaraeTIIK; )lanee,'MeTo,11,oM ypaBiie1mii ,11,BmKe­

HIIJI ,zi;nJI ,11,BYXBpeMeHHLIX <PYHKD;IIii rpIIHa BLIB0,11,JITCJI ypaBHeHIIJI JJ.JIJI one­

paTOpa co6cTBeRHOii :rneprIIII. B npeHe6pe:meHIIII nepeHopMIIpOBKOii cnIIH­

BOJlHOBOii cpyHKD;IIII rpIIRa nonyqeHa caMOCOrnacoBaHIIaJI CliCTeMa ypaBHe­

HIIii; KOTopai :n:anee IICCJielJ,OBaJiaCh qHcJieHHLIM o6pa30M. 

B 'pa3,11,ene 3.2 npe,11,cTaBiieai./pe3yirhTaTLI'..imqIIcnea11ii ,11,nII cneKTpanh~ 

HOii <PYHKD;IIII ,11,LipOK; A(k, w ), <PYHKD;IIII pacnpe.zieneHIIJI IIX no IIMriyirhcaM 

N(k) B 3aBIICHMOCTH OT ·KoHn;eHTpaUIIII Ii II TeMnepaTypLI T. 
': )lJIJI IICCJie,11,0BaHIIJI B:iam.~Horo 'BJIIIJIHIIJI ,11,hipoK II cnlIHOBLIX BOJIH. B HOp­

MaJihHOM COCTOJIHIIH B pa.3,11,e.rre 3.3 nonyqeaa caMOCOI'JiaccrnaHHaJI CIICTeMa 

ypaBHeHIIll' ,11,nJI CnIIH~n·onJipo'ii:iJ:oii MOl1,eJIII C yqeTOM nepeHOpMIIpOBKII Ma­

rHOHHOro cneKTpa B ca1irncornacoBaHHOM 6opHOBCKOM np116n11:meHI1ll. 

Pe3yJihTaTLI BLiqil:ciierinii 06cym,11,aIOTCJI B pa3,11,ene 3.4. IloMIIMO cneK­

TpaJihHOii cpyaKn;IIIi hiiipoK A( k; w) ii: cpyaRn;1111 pacnpe,11,eneHIIJI no HMnynh­

caM N(k) B 3aBIICIIMOCTlI oi' KOHUeHTpau1111, B ,11,aHHOM pa3,11,ene BhlqllCJIJI­

JIIICh cneRTpaJihHaJI cpyHKD;IIJI Mamo II OB B (k, w), cnIIn:.. ilon~oBaJI ,11,11cnep­

CIIJI Wq II 3aTyxaiiIIe 1q, a TaKJKe' m( Ii) - MarHHTHLiii MoMeHT. HaII6on~e 

Ba1KHLIIl pe3yJihTaT npoBe,1],eHHLIX pacqeTOB - ycTOH'IIIBOCTh cneKTpaJibHOii 

cpyHKUIIII A(k, w) B BII,11,e, KorepeHTHorO nIIKa np11 ::>neprII~x MeHbrne 11n11 

nopJI,11,Ka 'J II IIIIIJ>OKOii _HeKorepeHTHOii qacTII npll 6oJihlllllX ,meprHJIX, KO­

TOpLiii coxpanJieTCJI II npII yMepeHHLIX imnuenipau11Jix II TeMnepaTypax. 

CymecTBOBaHIIe xopoIIIo onpe,11,enennLix KBa3IIqacTIIU ii IIccne,11,yeMoii M0-

,11,enII no3BomreT paccMoTpeTb IIX cBepxrrpoBo,11,Jimee cnap11Ban11e. 

B- qeTaepToii rJiaae IIccne.n.yeTcJI CBepxnpoBo,11,Jimee cocTOJIHHC B cn11H-
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IIOJIJipOHHOii M0,11,CJIII. TaK HilK 3Ii'eprHJI CIIIIHOBbIX <pJiyKTyau11il:, 06ecnetm­

BaIOm11x cnap11Ba1me, 0,11,Horo nopII,11,Ka c nrnpmroii KBa311qacTI1trHoro IIHKa,· 

TO neJib3JI orpaHHtIHThCJI npn6nn:meHneM cna6oii ~BJI3ll B Teopnn 'BKIII n 

Heo6X0,11,lIMO peIIIeHll:e TIOJIHOH ClIC'feMbI ypaBHeHHii 8nnarn6epra. J1ccJie­

,11,0BaIIIIIO ,11,amrciii npo6JieMbI lI IIOCBJimena' HaCTOJimaJI rnaaa, COCTOJimaH ll:3 

Tpex pa3,1],CJIOB. 

B pa3,1l,eJie 4'.1 'intlB0,11,lITCJI raMll:JibTOHllaH ,11,ayxno.ripeIIIeTOtIHOii IIOJIJipOH~ 

non Mo,11,emi:, KoTopLiit nonytraerrn ll:3 t _:_ t' -- J Mo,11,enn. )lnR 3Tbro nc­

nonh3yeTcJI MeT0,11, BCIIOMoraTeJibH,bIX qiepMHOHHbIX. noneii lI npe~cTaBJieHne 

ronh,nnITeiiHa - IlpnMaKoBa .n.ni oriepaTOpOB CIIll:Ha B _Jill:HeiiHOM c'nnH­

BOJIHOBOM npn6nnmenmr. Heo6X0,11,llMOCTb lI3JtieHll:JI ,11,Byxno,11,peIIIeTOtIHOii 

cnnn-nonJipoHHOii Mo,11,enn o6ycnoaneHa · TeM, 'ITO npn 06cy:m.LI.eH1rn cmi­

rnenroro cnapnaaHHJI npnxo.nnTcJI paccMaTpHBaTb ,11,an:menne ,11,ayx ,11,hlpoK, 

npnHa,11,ne:manrnx pa3HhIM ·uo,11,peIIICTKaM re.it3eir6eproacKoro anTmpeppbMa-· 

rHeTnKa. TI pn nccne,11,oBaHHH nopMaJibHoii · cpa3hl · .n:ocTaTotiHo paccMoTpeTb. 

,11,Bil:meime ,11,hlpKH JIHIIIb' rio oilnoii no,11,pcIIIeTKc;' KaK 3To; 6Miio ·onncano B 

npe,11,M,n:ynreii rnaae. 

B pa3,11,ene 4.2 nonytreHhl caMocornacoaaHHhle ypaanemrn ,11,JIJI ,11,hlpotr­

HhIX II MarHOHHbI~ 'MaTplltIHhl~ cpyHKl{llll rp11Ha. One~~TOp co6CTBCHIIOH 

3HeprHH _,11,hlpOK ~ TIOJIJIP,ll3~l{HOH!Iblll oncpaTop MarHOHOB, npe.n;cTa,BJICHHbIC 

B BHP,C, nenpHBO.D:lIMbIX tracTeii MHOrotraCTlltIHbIX <PYHKL\llll rpm1,a, BhltIH­

CJICHhl B caMocornacoBaHHOM 6opHOBCKOM npn6JIH1KCHllll. 
. . . ; . . 

CncTeMa ypaBHCIIIIii ,11,JIJI MHIIMbIX qacTOT BbIB0,11,IITCJI B pa3,1],CJie 4.3, r,11,e 
. . •. '·, :·, . . 

TaK:me 06cy:m,11,aIOTCJI nonytreHHLIC tIHCJICHHbie pe3yJibTaTbI. 3anHCb ypa-
l ',. ,• • ', f,_ • 

BHeHHii B_ MHHMbIX qacTOTax Il03BOJIJICT llCIIOJih30BaTb MeTo,n: 6bICTporo npe-
•' . . . ~ . 

o6pa30BaHHJI <l>yphe. 8TO Il03BOJIJieT MHHlIMYM na nopJI,11,0K yrnopll:Tb 'Ill-
', -: . . 

CJICHHhlii pactreT no cpaBHeIIIIIO C BhltIIICJieHHJIMlI ,11,JIJI pcaJibHbIX 'laCTOT, 
• • • -< • ' , 

KOTOpbie lICIIOJib30BaJI_HCh_ B TP~Theii rnaBe ,11,HccepTal{lllI: Ilep_a~natJaJiblIO 

peIIIanacb CaMOCO~JiacoaamtaJI CllCTeMa ypaBHCHllll ,11,JIJI HOpMaJibHOll cpyu­

KIJ,llll rpnua ll ee MaCCOBoro onepaTopa lI naxo,nHJIHCb CIICKTpaJibllaJI IIJIOT-
, . . . 

HOCTb, ,11,IICIIepcHOlIHbie KpHBbIC 1rna3ll:tiaCTlIIJ., HX noaepxnocTb <I>cpM!-1 1-1 

9 



IIJIOTHOCTh .D.bipoqHhIX COCTO~HIIH .D.JIR pa3JIIIqHbIX HOHIJ.CHTpau:IIii .ll.hIPOH. 

3aTeM IICCJie)10BaJIOCh JIIIHCapI130BaIIHOC ypaBHCIIIIC .D.JIR oupe.n.eJICHIIR co6-

CTBCHHhIX BCHTOpOB I1 MaHCIIMaJihHhIX co6cTBCHHhIX 3HaqeHIIH IUCJICBOH <pyH-
' ' ::·.·. " ". : . . 

HIJ.1111. BhIJIO IIOH~3aHo, q10 ClIMMCTpIIR ~apaMeTpa .uopn.n.Ha-: CBepxupOBO-

.D.Rmeii IUCJIII Ha IIOBepXHOCTII <l>epMII - OIII1ChIBaeTCR d-BOJIHOBOH <pyHI{IJ.IICH. 
< j' ' , ,.. • 

11ccJIC)10BaJiaCh 3aBIICI1MOCTh IUCJII1 OT lIMIIYJihCa II :rneprIIII, ~.o:ropaR IIMCCT 

CJIOlKHhIH BII.D. I1 He MOlKCT 6bITh IJP,C.ll.CTaBJieHa B BII.D.C upoII3BC)1CHI1R HC3aBII-
•• / ,, ., t .. , . , ' ·, ' • • 

CIIMhIX <pyHHIJ.IIii OT I;IMIIYJihca II 3Hepr111:1. Bbiq11cnena, 3aBI!'C~IM?CTh Tc(8), 

HOTOpaR IIMCCT MaHCIIMaJihHOC 3HaqeHIIe uopR)1Ha 0.0lt B o6JiaCTI1 HOHIJ.CH-
. ' -i ' ; ' .• , .• • '.), ' • • •• 

Tpau:11ii .ll.hIPOH 0.25 11 J = 0.4t. C pocToM o6MeHHoro B3aIIMo.n.eiicTBIIR 
,' . . . ~ - • . . ' . '. ! .,, . • . ' • . 

J TeMnepaTypa Tc pacTeT BITJIOTh .n.o J '.:::'. 3. , Ha ocnoBaHIIII. npoBe.n.en-
. . ., I' ,,;." -', ' • :· .. 1,., • 

H~X p~~q_eTOB M,C?lKHO _C)1CJiaTh BhIB0)1: _ ~napIIBaH_IIe .ll.hipOH Ha .D.Byxno.n.pe­

IllCTOqHQM aHTII<peppoMarneTIIHC 3a C'ICT o6MeHa CilI1HOBhIMI1 q>JI!OHTyau:II-
. ;;, . ' ' ' . ' ~ . . . . . 

RMII npe.n.cTaBJIRCT co6oii MCXaHI13M BhICOHOTCMnepaTypuoii CBepxnpoB0)1I1-
., . . ,· ; . . ' . ,,i.' ' 'f •• 

MOCTII, 'ITO coci;aBJIRCT OCHOBHOH pe3yJihTa-r: . .n.a1pioii: rnaBhI. 

,13 3~KmoqeHI.Uf . cqiopMyn11poBaHhI OCHOBHhIC IlOJIOlKCHIIR, BhIHOCI1MhIC 

Ha 3aIUIITy. 

·'.'. " .. , : .· ' '· ' 

OCHOBHbIE PE3YJibTATbl M BbIBO,n:bI 
~j 

1. .Ll:JIR 0)1H030HHOfi M0)1CJIII Xa66ap.n.a C ClIJihHO anrapMOHI1'ICCKIIM 3JI~H­

TpOH-q>OHOHHhlM B3am.ioieii:CTBI1CM noJiy'IeHhI :iaBI1CIIMOCTI1 T~Mnepa­

TYPhI CBepxnpOBo.D.Rmero Tc H naii:epJICOBC~oro Tp rrepeXO.lJ.OB ·11 :H30-

TOill1~CCHOro 3<p<pe:ina O'. OT HOHIJ.CHTpau:1111 H~ClITCJieii: n. IloRa3ano, 

'ITO y<IeT CIIJihHhIX Roppennu:11ii: npIIBO.D.IIT R cymeu1110 30HhI 11 c.n.B11ry 

oco6euuocT11· Ban-XoBa B ·o6nacTh 'n ~ 2/3' 1i'"coorneTcTBYIOIUCMY 

ll3MCHCIII1!0 3aBHCI1MOCTCH Tc; Tp I1 a OT ROHIJ.CHTpau:ii:~ 'imc11TeJieii:. 

MaKCHMYM TeMrrepaTyp CBepxupoBO.D.RIUero I1 naii:epnco~CHoro nepe­

X0)10B 'onpe.n.eJI.HCTCR IIO.ITOlKCHII~M oco6euuocTI1 Bau-XoBa. Il~Ha-

3aHo·; 'ITO .D.JIR. nenoRaJihHOii: MO.D.eJIII 3JieRTpoII-q>OHOHHoro B3aIIMo­

.n.eiicTBIIR xapaRTep 3aBIICIIMOCTI1 Tc( n) oupe.n.e.imeTCR CI1MMeTpI1eii: 

menII. 
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2. Ha OCIIOB°C CilIIH-IIOJIRpOI1110ro n'p'e.n.CTaBJICHIIR .D.JIR t~J 110)1CJII1 MCT0-

)10M BCilOMoraTCJihHhIX qiepMI10HOB BhI'IIICJICHhI. cne1npa,1hHaR <pyn­

l{J{IIR A(k,w) .D.hlpO'Il!hIX B036ym.n.c1rnii II HX p_acupe.n.ene1me N(k) B 

IIMIIYJihCIIOM npoCTpaHCTBe. IloHa3aHhI cna6a11 HOHIJ.CHTpau:I101IHaR I1 

TCMuepaTypuan 3aBIICIIMOCTII cneHTpaJihHOH <pyHHIJ.I1II 1rna3H'IaCTII'I­

HOro .ll.hlpo•moro CilCHTpa II cy!l{CCTBCHHOe II3MCHCHI1e pacnpe.n.enemrn 

no IIMIIYJihcaM N ( k) c pocTOM TCMnepaTyphI B I1HTCpBaJie T > Td, 

r.n.e Td '.:::'. J {;. Ilonyqe11hr TeMnepaTypnaR ,Ii uo11u:enTpau:1Ionnan 3aBII­

CI1MoCTII CIICHTpa H 3aTyxaHIIR HBa31I'IaCTIIIJ.. 

3. IloHa3al!O, 1ITO pacrra.n. ,CIII1110BhIX BOJIII Ha B036y}H)lel!HR Tuna " 'lac-

TIIIJ.a~.n.hlpHa" npHB0)11IT I{ CIIJihHOMY CMRfllCHIIIO II 3aTyxaHH!O )lJIIIH­

HOBOJIIIOBhIX CIIIIHOBhIX BOJIH. CnnH-B~JIIIOBaR CHOpOCTh II MarHHTHhIH 

nopR.D.OR CTpeMRTCR H uymo upn HC~OTOpoii HplITII_'IeCHOH HOHIJ.Cl!Tpa­

IJ.H_II 8c ~ 0.1, 'ITO yHa3hIBaeT Ha <pa30Bhlii nepexo.n. B Manrnrnpa3yno­

pn:zi.oqe1myw cpa3y. Ilo.i:iytreno 311aq1ITCJihllOC yrn.1Ipc11ne 30Hhl HBa31I­

'laCTH'IIior6' .D.hlpoqnoro CIICHTpa C poCTO~.i: l{QIIIJ.~l!Tp:a1{~II 8' npI1 IIC-

31Ia'IIITCJihl!OM H3MCHCIII1ll ero <popMbI. cho yHa3bIBaCT Ha 11apywe111Ie 

npI16JIHlKCIIIIR "lKCCTHOH 30llhl"' pauce HCIIOJih30BaBIIIC!'O·cR Jipynn.rn 

aBTopaMH. 

4.• B paMHax )1Byxno.n.pcrncT0'111oii cn1I11-uonnpo11noii MO)ICJIH BhI'IHCJICHhI 

MaTplI'lllhIC <pyHRIJ.IIII rp1I11a )1JIH )10U1Ip0Ba111mx .ll.hlp~H (2iimi-noJIR­

poHoB) II Ma!'HOIIOB. Pcwc1rncM CaMocorJiaCOBa1111oii CIICTCMhI ypaBHC­

IIHll C IIOMOil{h!O 6bICTporo npco6pa30Bal!HR <l>yp1,c IIOHa3a!IbI CHJihllaR 

nepeuopM1IpOBHa HBa3I1'IaCTH'IHOI'O CTICHTpa .ll.hIPOI{ 3a C'lCT CfllIIIOBhIX 

q>JIYHTyau:1Iii: II d-BOJIHOBOC CBepxnpoBO.lJ.HIIJ.CC cnapIIBa1rne CIII11l-IIO­

JIHpo110B C MaHCIIMaJih!IOH TCMIIcpaTypoii 7~ '.:::'. 0, 0lt B6JIH3I1 HOIII{CII­

TpaIJ.IIII )1hlp0!{ 0,25. Tiony'ICHO, 'ITO MaHCIIMaJihHOC 7~ COOTBeTCTBj'CT 

ROIIIJ.CHTpau:IIII .D.bipoH, Hor.n.a MaJiaJI IIOBepXHOCTh <l>epMH B BI1)1C 'IC­

Tblpex "RapMaHOB" B)10Jlh aHTH<pcppoMa!'HHTIIOH 30llhl BpI1JIJII03Ha 

rrepcxo.n.in B 6onhrny10 c IJ.CHTpoM B To•mc k=(O, 0). 
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