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OBIUA.51 XAP AKTEPI1CTI1KA P ABOTbI. 

AKTyaJihHOCTb TeMbI. CucTeMaTnqecKnfr MeTo.u rrp0Be.uenm1 Bb1qu

c11cnIIiI B KBaHTOBOH TeopIIII rromi: 0CH0BaH Ha Teopu:n B03MyW:eHIIH, K0-

T0pa5I .UJI5I CHCTeM co CJia6ofr CB5I3bIO !1Pe.uocTaBJrneT 3cpcpeKTIIBHhlll crro

c:06 arrrrp0KCHMauuu pa3JIHqHblX BeJIIIqun, HCII0J1b3J5I rrpII 3T0M JlIIIllh 

rrapaMcTphr narpamimana. B coqeTaHIIII c rrpoue.uypofr rrepenopMII

poBKH ec rrpm,rnnenue B KBaHTOBOH 3JieKTP0.UIIHaMIIKe, B Teop1rn 3JieK

T!)OCJia6bIX B3aHMO,UeI1CTBIIH II B nepTyp6aTHBHOII 0611aCTH KBaHTOBOH 

X!)0l\10,UJIHaMIIKII II03B0JI5IeT aliaJIII3Hp0BaTb IIIHpOKIIH Kpyr B0IIP0C0B. 

B1v1ecTe c TeM, crreumpIIKa KBaHTOBofr TeopIIII II0J15I TaKoBa, qTo paccqu

ThIBaTh Ha .U0CTaT0'-IH0 II0JIH0e u3yqenIIe CTpyKTyphI KBaHT0B0II0JieBblX 

Mo.uc11eii, orpanuqnna5ICh JIHIIIh paMKaMn TeopnII B03Myw:enIIfr, ne c11e

.uycT ,Ua:lKe B Te0pH5IX C MaJibIM 3HaqenIIeM K0HCTaHTbl CB5I3II. Pa3pa-

60TKa MeT0.U0B rrpone.uenn.sr BbJqIICJieHHH' BHe paM0K Te0pIIII B03Myw:e

HIIH oco6enno aKTyanhna .UJI5I conpeMenaofr TeopIIII CIIJlhHhIX B3aIIMO.UeH

cTBHH - KBaHTOBOH xp0M0,UIIHaMIIKII, r.ue nerrepTyp6aTIIBHbie 3cpcpeKTbI 

nrpaIOT peU1a10w:y10 p0Jih KaK .UJI5I rro11yqenII5I 0TBeTa na rrpIInu1rnIIaJih

Hh1e B0IIp0ChI, narrpHMep, d6'b5ICHeHne KOHcpaHHMeHTa KBapK0B H rmoo

H0B, TaK II ,UJ15I ueJieH 0IIIICamrn cpeH0MeH0JI0rIIII a,np0H0B H C0II0CTaBJie

HII5I TeopeTIIqeCKHX pe3yJihTaT0B C 0IIhITHblMU .uaHHbIMII . 

Pa3pa60TKe HerrepTyp6aTIIBHblX MeT0,U0B B KBaHTOBOH Te0pIIn II0J15I 

y,neJI5IeTC5I 60J1bIIIOe BHHMaHIIe. CrreKTP TaKnX II0IIblT0K neChMa IIIUp0K 

H B JIHTepaType M0:lKH0 BCi'peTIITb caMbie pa3H006pa3Hbie II0,UX0,Ubl I( 

rrpo611eMe Bhixo.ua 3a paMKII TeopIIII B03MJW:eHnH. TaK, o.z:i;Ho II3 Harrpa

nneHIIH 0CH0BbIBaeTC5I Ha cyMMHpoBaHIIII p5I,U0B Te0pHH B03MyW:eHHH. 

Ilpu 3T0M ,UJI5I HeII3BeCTHhIX T0qH0 qrreH0B BbICllIIIX II0p5I.UK0B rrpnMeH5I

IOTC5I aCIIMIIT0THqecKne oueHKII, rronyqeHHbie, HarrpnMep, C II0M0W:bIO 

MeTo,na cpynKUII0HaJihHoro rrepenarra. OcnoBHM Tpy.unoCTb TaKoro rro.u

xo.ua CB5I3aHa c acnMIIT0TuqecKIIM xapaKTepoM p5I,na TeopuII B03Myw:e

HHH: Ilpoue.uypa cyMMIIpoBaHH5I aCHMIIT0THqecKHX p5I.U0B co.uep:lKHT, 

noo6w:e r0B0p5I, <PYHKUHOHaJlhHhlll rrp0H3B0J1. KoppeKTHOCTh :lKe II0CTa

H0BKH 3a.z:i;aqu cyMMHponaHH5I .U0CTHraeTC5I 3a cqeT IIpHBJleqemrn .U0II0J1-

HHTeJ1hHOH HH(p0pMaUHH 0 CJMMe pJI,Ua, K0T0pa5I H3BeCTHa J1Hillh .UJI5I 

rrpocTefrIIIHX Mo.ueneH Teopun rrorr5I. Ilpu paccMoTpennu cncTeM c cnH

ryn5IpHhlMH II0TeHunanaMH 06b1qHa5I Teopun B03Myw:em1ii 0Ka3hIBaeTC5I 

rrnoxo rrpucrroco6rrena .UJ15I rrorryqeHn5I xopoIIInx rrpu611u:lKeHnfr. 3To CB5I-
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3aH0 C TeM o6CTOaTeJihCTB0M, qTQ aCIIMnT0THKa CB060.IlHhIX B0JIH0DbIX 

qiyHKUHll cymeCTBeHHhIM o6pa30M 0TJIIIqaeTCa OT aCIIMnT0THKII T0'l

HhIX perneHHJI. CIITyauIIa M0)KeT 6hITb ynyqrneHa, ecnII T0'IH0 J'ICCTb 

CHHrynapHyIO qaCTb nciTeHUIIana n CTp0IITb nepTyp6aTHBHOC pa:mo,n:c

Hlle no ero perynapHOJI qacTH. B · KBaHTOBOJI Teop1rn nona nonhITKII 

pa3pa60TKH no,llX0.Il0B, Hertocpe,ucTBeHHO He CBa3aHHhIX C pa,U0M TC0JJHH 

B03MymeHnii, npe,unp1rnnMaJIIICh BO MH0rIIX pa6oTax. OTJl,1CTHM 3,llCCb 

MeTo.u 8-pa3JIO)KeHHa, BapnaUII0HHbie no.u':xo,ubl H MeT0.Il rayccOBa :=icpcpcK

TllBH0ro noTeHunana. 

B .unccepTaUHII npe,uno)KeH MeTO.Il nocTpoeHna HenepTyp6aTMDHhIX 

pa3JIO)KeHHH, KOTOpblll n03B0naeT npe.ucraBHTb paCCMaTpnnacMyIO BC- . 

JIIIqIIHY B BII.ne TaK Ha3bIBaeMhIX BapIIaUII0HHbIX IIJIII "nnanaIOlUIIX" ·pa

,IJ;0B. OTJIHqnTeJibHOii qepToii MeTO,lla aBnaeTca TOT qiaKT, 'ITO OH CCTC

CTBeHHbIM o6pa30M coqeTaeT npoue.uypy 0IITIIMII3aUIIII ll perynapHblll 

cnoco6 BbiqncneHHa nonpanoK. B 06biqHOM BapHaHTe Te0pIIII D03MY

meHIIH IICn0Jih3yeTca pa36IIeHne nonHoro .uettCTBIIa, C0OTBeTCTBYIOlUCC 

HeKOTOpOH qlll3IIqecKOH CHCTCMe, Ha CB060.UHYIO 'IaCTh H 'IaCTh, KOT0-

paa onnchrnaeT B3aHMo.ueiicTBIIe. Ilocne,n;Haa paccMaTpnBaeTca KaK no3-

MymeHIIe, a BX0,uamaa B Hee K0HCTaHTa CBa3II, KaK MaJihIH napaMCTp 

pa3JI0)KeHIIa. TaKoe paCCM0TpCHIIe, KaK npaBHJI0, npHB0,llIIT K clCIIM

nT0TIIqeCKIIM pa.naM, KOT0pbie IIIllp0K0 IICnonb3YIOTCa B qlII3HKC H no-

3B0naIOT H3BneKaTh none3HYIO IIH(pOpMaUIIIO 06 II3y<IaeMoii CHCTCMC B 

o6naCTH cna6oii CBa3II. C p0CT0M KOHCTaHThl B3aHMO,llCHCTBIIa pa3no-' 

)KCHIIe n pa.u Teopnn B03MylUeHIIH CTaH0nHTCa nee Mettee II MeHeC npn

MeHIIMbIM. IlpnqnHa 3Toro noHaTHa II C0CT0HT B TOM, qTo nHC paMOK 

cna6oii cna3H paCCM0TpeHne .neiiCTBIIa B3aHMO.IlCHCTBIIa n Ka'ICCTBC B03-

MylUeHHa CB060,IlHOii CHCTCMbl He aBnaeTca 6onee a,IlCKBaTHbIM, TaK KaK 

n 3T0M cnyqae H3y<IaeMaa (pll3IIqecKaa CIICTeMa .nancKa no CBOHM CBOH

CTBaM OT CB060.IlHOii. Ilna II3yqeHHa CIICTeM BHC paMOK cna6011 cna3II 

cne.nyeT np0BCCTH IIH0e pa36HCHIIe nonH0ro .IlCHCTBIIa TaK, 'lT06bI HOBoc· 

".ueiiCTBHC B3aHMO,IJ;CHCTBIIa" .nonycKano TpaKT0BKY KaK B03MYlllCHHa HC 

T0JibK0 npn MaJibIX 3HaqeHIIaX K0HCTaHTbl cna3II, HO II .nna 6oncc umpo

K0ro ee .unana3oHa. KaKHM )KC o6pa30M M0)KH0 "yra.naTb" TaKOH qiyHK

UII0HaJI, KOTOpbIH C 6onhIIIIIM 0CH0BaHneM, qeM 06b1qHoe .IlCHCTBHC B3a

HMO,IJ;CHCTnHa, M0)KHO 6bIJIO 6bI IICnonb30BaTb KaK B03MYlllCHIIC? O.nHa 

H3 B03MO)KHOCTCH, K0TOpaa pcann3yeTca n npC.IlJIO)KCHH0M B .IlHCCCpTa

UHH MCT0.Ile Bapnau110HHOH Teop1111 no3MYlllCHnii (BTB) cocTonT B '',oH

.u11ponaH11n" CHCTeMbl C II0M0lllblO qiyHKUHOHana nap11aunoHHoro Tuna, 
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II3Y,'1M ee OTKnIIK Ha H3MeHeHne napaMeTpon "30H.Ila". HecMOTpa Ha 

qinrypIIpymmee B Ha3BattIIII no.uxo.na cnoBa "B03MYlllCHIIe", MeT0.ll BTB 

annaeTca HenepTyp6anmHhIM, TaK KaK no cymecTBY He onnpaeTca · Ha 

ucnonb30BaHne K0HCTaHTbl CBa3H B KaqeCTBe Manora napaMeTpa pa~

JI0)KeHna. BTB no.nxo.u no3BonaeT nocTponTh oTnuqHhie OT 06h1qHou 

Teopun B03MYllleHUH pa3JI0)KeHna, K0T0pbie annp0KCHMHpyIOT paccMa

T})I1Bac111y10 Bem1qnHy, BHe pa.MOK_ cna6oii CBa3H. 

O.uHa n3 cepbe3HhIX npo6neM MHor~x BapHaUH0HHhIX MeT0.Il0B CBa-

3aHa C TPY.IlH0CThlO oueHKH T0qH0CTH H ycTOuquB_OCTH pe3yJ1bTaT0B, no

nyqaeMhIX c · noM0lUhIO BapnaunoHH,Oii npoue.nypbr. IlpHqHHa cocT0HT n 

TOM, 'ITO ianeKO He BCer.ua q!OpMynnpOBKa MeT0,IJ;a C0,n;ep)KHT B ce6e an

r0pHTM BhiqncneHna Heo6xo,n;HMblX nna 3T0ro nonpaB0K. B pe3yJihTaTe 

3aTpy.nHeH 0TBeT Ha nonpoc n Ka~OII Mepe TaK Ha3blnaeMblH "ocHon

HOH BKna.n", HaII,IleHHblll Bap·uaunoHHbIM nyTeM, a.ueKBaTeH u3yqaeMOMY 

o6'heKTY, B oco6eHHOCTH, ecm1 TaKOH 06'heKT He CBa3aH Henocpe,uCTBeHHO 

C HeKoii 3HepreT11qecKOH xapaKTepllCTllKOH CllCTeMbI, H KaKona o6JiaCTb 

npnMeHMM0CTll nonyqeHHhIX Bhrpa)KeHIIH. B MeTo.ne BTB c ca.Moro Ha

qana onpe.ueneH anropnTM nh1q11cneH11a nonpaBOK, qTQ Il03nonaeT llC

cne.uonaTb B0npoc ycToHqllBOCTll 0CH0BHOr0 BKJia.ua. Eonee Toro, pa.u 

BTB He annaeTca )KCCTKOH, pa3 11 Hancer.ua 3a,n;aHHOH KOHCTpyKu11eu. 

C n0M0lllbIO cneu11anhHbIX napaMeTpon M0)KH0 ynpannaTb CBOHCTnaMll 

cxo.u11MoCTH BTB-pa3no)KeH11a. Ilna pa.non TaKoro T11na; Ha cBoiicTna 

CX0.IlllM0CTll K0T0pbIX M0)KH0 nn11aTb C noM0lllblO cneu11anbHhIX napa

MeTp0B, ncnonh3yeTCa TepMHH napnaUll0HHbIH HJill "nnana10m11ii" pa.u. 

B 0Tn11q11e OT xapaKTepHbIX .una Teop1111 n03MYlllCHHH ac11MnT0Tnqe

CK11x pa3no)KeH11ii BTB no3nonaeT n pa.ue cnyqaeB nocTpOMTh annpoK

CHM11py10m11e pa.Ubl, I1Me10m11e K0HeqHyIO o6nacTh CX0.IlllM0CTll. Cyme

CTByeT TaK)Ke TaKaa HHTepecHaa B03M0)KH0CTh, KaK nocTp0CHlle cxo

.uam11xca 3HaKonepeMeHHhIX pa.non, KOT0pbre .uaIOT B03M0)KH0CTb np0ll3-

no.n11Th .IlBYCT0p0HHlle oueHKll paccMaTp11naeMOH Ben11q11Hhl, HCil0Jih3Ya 

y)Ke nepnble qneHbl pa.ua. Ilpll 3TOM ynpaBJia10m11e napaMeTpbl no3n0-

JiaIOT TaKlle oueHKll onTllMll3llpOnaTb. 

B cnyqae KBaHTOBOH xpOM0,IJ;llHaMllKll y.uaeTca CK0HCTpy11poBaTb Ta

KOH napaMeTp pa3JI0)KeH11a, KOTOpbIH 0Ka3hIBaeTca MeHbIIIe e,IlllHllllhl 

npll n106hIX 3HaqeHllaX llCXO,IlHOH K0HCTaHThl CBa3ll. B .IlllCCepTaUllll 

npe.nno)KeH MeT0.Il nocTpoeHna TaKoro Manora napaMeTpa 11 npo.neMOH

CTp11poBaHo, qTo H0noe pa3n0)KeHlle no3B0naeT He T0JibKO cymeCTBeHH0 

"npO,D;JillTb )Kll3Hb" Teopnll B03MymeHHH ll npo.nnHHYTbCa npn coxpa-
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HeHHH xopornero ypOBH.ll annpOKCHMaUHH B CTOpOHY 60JihillHX 3Ha•reHnl1 

KOHCTaHThl CB.ll3H, HO H .naeT B03MO:lKHOCTh aHaJIH3HpoBaTb npe.ncn Cltnh

HOH CB.ll3H. TaKOH no.nxo.n Il03BOmieT C e.nHHhIX Ii03HUHH paCCl\1aTp1rnaTb 

KaK Tpa.nnuiioHHO n~pTyp6aTHBHYIO o6nacTh, TaK H BhIXO.IlHTb Ja ee npe

.nenbl. 

Cero.nH.si: TPY.IlHO npe,ncTaBHTh o6JIHK KBaHTOBofi: TeopttH non.si: 6e3 

M,OIUHoro MeTo,na peHOpMaJIHJarbrnHHofi: ·rpynnh1, ccpopMy1rnpoBaHHOro B 

pa6orax H.H. Eoromo6oBa n 11.B. UinpK<>Ba. Oco6eHHO BCJIHl(a pOJih 

3TOrO_ ~eTo,na B. CJiy<Ia.llX, KOr.Ila B3aiI110,nefi:CTBJie He .si:nmieTC.ll Cna6hIM. 

PaccMOTpeHHe npaKTl~'leCKH Bcex a.n'i:><'>H,HblX ripouectof Ha OCHOBe KBaH

TOBOH xpOMO.IlHHaMHKH HeMblCJi~~m ce~o.ri:H.si:
0 

nm! peHopMrpynnonoro aHa

JIH3a. Xoporno H3~eCTHO, q;o He;n'~cpe,ncTI3eliirne "perneHiie 'peHOpMrpyn

nonoro _ ypa~HCHH.ll .IlJl.ll HHBap~aHTiioro 3ap.si:Jla nptlBO.IlHT K HCq>ll3H'IC

CKHM oco6eHHOCT.si:M, Ha~p~~ep _ ·_ • B onHonei'nenoM · npn6nmKeHH11 -- K 

11pn3pa<iH0My nomocy: Y<reT ch~.nyrouinx MHoroneTJICBblX nonpaBOK He 

MCH.lleT CYTH .nena, a JIHillh reHepnpyeT .IlOIIOJIHHTeJibHhlC Heq>H3H'lCCKHe 

pa3pe3hl n KOMnneKcHofi: nnocKOCTH Q2 . CyiuecTnonaHne TaKoro po.na 

oco6eHHOCTeH npOTHBOpe<rHT 06IUHM npHHUHTiaM JIOKaJihHOH KBaHTOBOH 

TCOpHH IIOJI.ll. Eme n KOHUe 50-x ro,noB B KOHTeKCTe MeTo.na peHOpMa

JIH3aUHOHHOH rpy1111b1 B pa6oTe H.H. Eoromo6ona, A.A. JforyHona H 

ll.B. lliHpKOBa, 6bln0 IIOKa3aHO, 'ITO CIIOC06 pa3penieHH.ll npo6JICMbl 11pH-

3pa<rHOrO IIOnlOCa MO:lKCT 6b1Tb Hafi:,neH Ha IIYTH IlpHBJIC'leHH.ll K pCHOp

MrpymiOBOMY pecyMMHponaHHIO ,IlOIIOJIHHTeJibHOro Tpe6onaHH.ll aHaJIH

TH'lHOCTll THlla 9enneHa-JleMaHa, OTJ)a:iKa10mero o6mne npHHUHilbl JIO

KaJibHOH KnaHTonofi: Teopnn non.si:. B cny<rae KBaHTonofi: xpoMO.IlHHaMHKH 

C npo6neMOH Heq>H3ll'lCCKHX CllHryn.si:pHOCTCH TCCHO CB.ll3aHa HCYCTOH'lH

BOCTb acHMIITOTH'lCCKOrO p.si:.ua TCOpllH B03MYIUCHHH B llHcppaKpacHofi: 

o6nacTH, B KOTOpofi: Ha,ne:lKHOCTb TeopeTH<reCKllX pe3yJibTaTOB cyme

CTBCHHblM o6pa30M CHH:iKaeTC.ll, 110.llBJI.lleTC.ll CHJibHa.ll llX 3aBHCllMOCTb OT 

BbI6opa peHOpMaJI113aUHOHHhIX npCJJ:llllCaHllll H, B KOHUe.-KOHUOB, MHOro

neTJieBbie 11011panK11 11p11no.u.si:T K "n3phrny" p.si:.ua Teopnn noJMYIUeH11fi:. B 

.u11ccepTau1111 npe,nJIO:lKCH aHaJillTll'lCCKllll no.uxo.u K KBaHTOBOH xpoMO.Illl

HaM11Ke, KOTOpblll II03BOJI.llCT cymecTBCHHhIM o6pa30M MO.Ullq>llllllponaTb 

nepTyp6aTHBHOC pa3JIO:lKCHHe B llHcppaKpaCHOH o6naCTll ll ll36e:iKaTb OT

MC'lCHHblX TPY.UHOCTCH 'lllCTO nepTyp6aTHBHOrO aHaJIH3a . 

C03.UaHne 3cpcpeKTllBHblX MCTO.IlOB BblXO.Ua 3a paMKll cna6ofi: CB.ll3ll 

Ba)KHO KaK C TO'lKll 3peHH.ll pa3BllTll.ll TeOpllll, TaK ll C TO'lKH 3pCHll.ll 

COIIOCTaBJICHll.ll TeopeTH'lCCKllX pe3yJibTaTOB C OIIblTOM, IIOCKOJibKY OIIH-
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cam,e II l!HTepnpcTaurrn l\moro•IHCJICHHblX 3Kcnepm,,eHTaJibHblX ,naHHhlX 

H~")K,nacTc.si: n npnnnc,rc1c11111 TaKoro po.ua no.uxo.non. TaKnM o6pa3m1, 

J>cnpa60TKa II npm,ICHCHHC HcnepTyp6anmHblX MCTO.UOB B KBaHTOBOfl 

Tcopnn non.si: .si:nn.si:cn:.si: aKTyanbHOII Hay,rnofI 3a,na,1efI. PeJyJihTaTbl, 110-

ny,ieHHb1c n 3TO!II mmpanncmm, no3non.si:T rny62Ke TIOH.llTb CTPYKTYPY 

KBaHTOBOII TCOJ)Hll nomr, JIC)KclIUCfl B OCHOBC q>ll311Kll cpyH.ua:-.1CHTaJibHblX 

B3allMO.UCIICTBllfl, II paCillllJ)UTb o6naCTb ce IIJHI!IICHCHllfl B (pll3HKe 3Jie

;1,WHTapHbIX 'laCTIIII. 

OcHOBHa.si: UCJib .uncccpTaunn COCTO.llJia B pa3pa60TKC HenepTyp6a

THBHOrO !IICTO.Ua · napnaunoHHOfl TCOpnn B03111YlllCHIIII H ero npH!l!CHC

Hllll .um1 am1m13a J>cl3nll'lHblX 1\10.UCJICJI KBaHTOBOII (pll3HKII OT KBaHTO-_ 

BO-MCXclHH'IeCKOro aHrap!IIOHll'ICCKOrO OCUUJIJI.llTOpa .no KBaHTOBOII xpo

MO,IlllHaJl,UIKM, a TaI,)KC B pa3pa60TKC H npll!IICHCHllH aHamITil'ICCKOro 

no.nx9.na B KBaHTOBOfI XJ)Ol\10,IlHHaMHKC. 

Hay<rna.si: mmn:rna. B .nnccepTaunn pa3pa60TaH HOBbIII HenepTyp6a

THBHblII l\lCTO.Il · napmlUIIOHHa.ll TCOJ)llH B03111YlllCHlllI II pa3Bl!T amrnn

Tll'ICCKllll 110.nxo.n B KBaHTOBOJI xpOMQ.IlllHal\ll-lKC. 

lln.si: cny<Ia}.l cKan.si:pHbIX Mo.nci-,c11 npc,nJIO)KCHhl H nccnc.nonaHbI pa3-

JIH'IHbie DH.Ubl BapnaunoHHblX cpyHKUllOHaJIOB. lloKa'.HtHO, 'ITO B cny

'Iae aHrapMOHll'ICCKOll napmtUHOHHOII npouc.nypbl CJlUCCTBJCT KOHC'IHa.ll 

o6naCTb 3Ha'ICHlllI napaMCTpOB, B KOTOJ)OJI p.si:.n BapHaUHOHHOJI TCOplrn 

B03MJIUCHlllI .llBJI.llCTC.ll CXO.U.llllll!MC.ll. IIpn n1,16ope rapMOHH'ICCKOro na-

1maunoHHOro cpyHKUIIOHaJia CXO.IllIMOCTb IIOHIIMaCTC.ll B .uyxe 11p1rnunna 

llH.UyunponaHHOJI CXO.Ul!MOCTH, cornacHO KOTOJ)OMy napnaunoHHblC napa

MeTpbl MOryT ll3MCH.llTbC.ll OT nop.si:.nKa K IIOJ).ll.IlKY. 8cpcpCKTllBHOCTh pa3-

pa6oTaHHOro MCTO,Ila npO.IlCMOHCTpHponaHa Ha TIJ)IIMCJ)C IIJ)OCTbIX !IIO)l('

JICJI. TaK· B cnyqae a.HrapMOHil'ICCKOro OCUllJIJI.llTOpa IlOKa3aHO, 'ITO Y)KC' 

nepBblll nop.ll.UOK HOBoro pa3JIO)KCHll.ll xoporno nocnpOll3BO,IlHT OCHOBHbie 

xapaKTCpHCTIIKll OCUIIJIJI.llTOpa BO BCCH o6naCTH H3MCHCHil.ll KOHCTa.HTbl 

CB.ll3ll, BKJIIOtJa.si: IIJ)C.UCJibHbllI CJiy<IalI CHJibHOJI CB.ll3ll, Kor.na COOTBeT

CTBYIOllla.ll 06e3pa3111epeHHa.ll KOHCTaHTa CTpCMIITC.ll K 6ecKOHC'IHOCTll. 

MeTo.u BTB npnMemrn .nn.si: Hccne.nonaHH.si: cnoiicTn cp4-Mo.nem1 Teopm1 

IIOJI.ll BHC paMOK TCOJHIH B03MYlllCHllll. I1oKa3aHo, 'ITO HenepTyp6aT1m

Hblll rayccon 3cpcpeKTHBHblll IIOTCHUllclJI B npocTpaHCTBC .11JJOll3BOJibHOro 

'IllCJia ll3MCJ)CHllll MO:lKCT 6b1Tb nony<rCH TIJ)ll pa3Jill'IHblX cnoco6ax Bhl-

6opa npo6Horo cpyHKUHOHana KaK ncpBOC HCTJ)l!BllaJibHOC 11pn6mrn,cm1e, 

.uanaeMoe napnaum>HHblM p.si:,noM. lln.si: cKan.si:pHofI cp4-Mo.nenn n 'll'TbIJ>eX 

ll3MepeHH.llX paccMOTJ)(rna npoue.uypa. nepeH<)J)!IUIJ)OBKll II IIOCTJ)lWHcl HP-
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nepTyp6aT1IBH8.SI peHOpMrpynnosa.si: /'1-q>yHKUH.SI. Ilony'ICHHOC .llJI.SI HCC 

Bhipa)KeH1Ie· npH ne1lTyp6aTHBHOM pa3JIO)KCffl,III DKJIIO'IaCT D cc6.si: DCC 

CTeneHH HCXO,llHOll KOHCTaHThl CB.Sl3H'g. Pa3JIO)KeHue Hene1nyp6aT!!DHOll 

j3-q>YHKUIIH, HaiineHHOll B DC.llYlllCM nop.si:.nKe BTB. D p.si:.n no CTCnCH.Sll\l 

g C xopornei'1 TO'IHOCThlO DOCnpOH3BO.llHT 'II3BCCTHhlll nepTyp6anmHhlll 

n.si:TnneTJieBOll pac•1eT, a npe.ncKa3aHIIe .llJI.SI rneCTIInCTJICBOI'O KO3q>q>II

UHeHTa HaXO,llHTC.SI B cornacnn C oueHKOll, Haii.neHHOll Ha OCHOBC cncun

aJihHOI'O MeTo.na cyMMHposaHH.SI •meHOB p.si:.na Teopnn D03M)'IUCHUU. 

Ilpe.nno)KeH HOBhill HenepTyp6aTHBHh111' MCTO.ll B KBaHTOBoi'1 xpm.10-

.nnHaMnKe. AnnpoKCHMaUIIII CTpO.SITC.SI Ha OCHODC' Manoro napal\ICTpa, 

CB.Sl3aHHOI'O C KOHCTaHTOll CB.Sl3H C nOMOIUhlO onpc.neneHHOI'O ypamremrn, 

perneHH.SI KOTOporo JIC)KaT B HHTepsane OT Hyn.si: no C.llHHHUhl npH JII0-

6hIX 3HaqeHH.SIX HCXO.llHOll KOHCTaHThl CD.Sl3H. Pa3pa6oTaHbl cneu11aJih

Hhie npasnna II .nnarpaMMHa.SI TCXHHI<a, nO3DOJI.SIIOIUHC CTpOHTh q>yHK

UHH rp11Ha II HaXO,llHTh KOHCTaHThl nepeHOpMHpODKH B DH.UC l).Sl,llOD no 

BBC.lleHHOMy HenepTyp6a THBHOMy. napaMCTpy pa3JIO)KCHH.SI. 

Pa3pa6oTaHa npouc.nypa nepeHOpMHpOBKH II Haii.neHhl OCHOBHhIC HC

nepTyp6aTIIBHhIC peHOpMrpynnOBhlC q>yHKUIIII s KBaHTOBOll xpOMO.llHHa

MIIKC. IloKa3aHo, qTo nose.neHne nocTpoeHHOii TaKIIM o6pa30M /'1-q>yHK

UHII npH 60JibllIIIX 3HaqeHII.SIX KOHCTaHThl CB.Sl31I COOTBCTCTBYCT HHq>pa

KpaCHOll CIIHryn.si:pHOCTH HHDapnaHTHOI'O 3ap.si:.na DH,na, KOTOpoe accou11-

11pyeTC.SI C JIHHCIIHhIM pOCTOM Ha 60JibllIHX paCCTO.SIHH5iX CTaTH'ICCKOI'O 

KBapK-alITHKBapKOBOI'O noTeHunana. Haii.neHHhlll B .lllICCepTaUnlI n9-

TCHU1IaJI B3alIMO.llCIICTBII.SI KBapKOB xoporno cor nacyeTC.SI C cpeHOMCHOJIO

rnqecKIIM, HaXO.ll.SIIUHM CBOC nO,llTBC{))K,llCHHC B cneKTpOCKOnHH MC3OHOD. 

PaccMaTplIBaCTC.SI p.si:.n q>IIJ1IqecK1IX npoueccos n JlCMOHCTpnpyeTC.SI xopo

rnee cornac1Ie nonyqeHHhIX pe3yJihTaTOB KaK C BhICOKO3HepreTnqecKHMH 

3KCnepnMCHTaJihHhIMH .naHHhIMII, TaK II C .naHHhIMII, OTHOC.SIIUHMHC.SI I( 

HenepTyp6aTHBHOll HH3K03HCpreTHqecKOll o6naCTII. 

11cnOJih3Y.SI cneunanhHhlll MCTO.ll crJia)KHBaHH.SI pe3OHaHCOB, noKa3aHo, 

qTo pa3pa6oTaHHhill no.nxo.n no3son.si:eT onncaTh npouecc e+ e- aHH1Irn

n.si:u11n B a.npOHhI npH HH3KHX 3Heprn.si:x. IloKa3aHO, qTO 3q>q>CKTHBHa.SI 

KOHCTaHTa CB.Sl3H "3aMopa)KIIBaeTC.SI" B HH3K03HepreTnqecKOll o6nacTH, 

npHqeM ee nose.neHHe B HHq>paKpacHou o6nacTII xoporno cornacyeTc.si: c 

HMCIOIUIIMHC.SI 3KCnepHMeHTaJihHhIMH ,llJI.SI npouecca e+ e- aHHHI'HJI.SIUHH 

n H3BJICKaCMOll 113 q>H3HKH CTpyii HHTerpaJibHOll xapaKTCpHCTHKOll 6e

ryruero 3ap.si:.na. Ilpe.nno)KeH caMocornacosaHHhIH cnoco6 onpe.neneHH.SI 

6eryrueii KOHCTaHThl CB.Sl3H KBaHTOBOll xpOMO,llHHaMHKH BO BpCMCHnno-
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.no6HOII o6riaCTII. IlaHO HOBOC paCCMOTPCHHC npouecca HHKJI103HBHOI'O 

pacna.na T-JICnTOHa, B paMKaX KOToporo y.naeTC.SI npeo.noneTb TPY.llHO

CTll, npncyru11e nepTyp6aTHBHOMY no.nxo.ny. Pa3pa6oTaH cnoco6 yqeTa 

BKna.na peHopManoHHhIX uenoqeK 11 onpe.nenemrn q>yHKUHH pacnpe.nene

Hn.si: snpTyanhHOCTeii, yq11Tbrna10run11 cTpyKTYPY onepaTopHoro pa3no

)KCHII.SI. Ha OCHOBC HenepTyp6aTHBHOI'O pa3JIO)KCHH.SI n MCTO,lla npaBHJI 

CYMM KDaHTOBOll xpOMO.llHHaMHKH .naHO on11caH11e cneKTpa Mace T.Sl)KC

JlhIX KBapKOHIICB. 

Pa3pa6oTaH aHaJIHTHqecKHll no.nxo.n B KBaHTOBOH xpOMO,IlHHaMHKC, 

KOTO{)hlll coqeTaeT MeTO.ll peHOpMrpynnosoro aHaJIH3a C KOppeKTHhIMH 

aHaJIHTHqecKHMH CBOHCTBaMH HHBapHaHTHOI'O 3apH.na. Heq>113uqecK1Ie 

oco6eHHOCTH Tuna np1I3paqHoro non10ca y aHannTIIqecKoro 6eryruero 

3ap.si:.na OTCYTCTBYIOT. IlpH 3TOM peryn.si:pHOCTh ero nose.neHII.SI B 1rnq>pa

KpaCHOH o6naCTH 06ecne1IHBaeTC.SI 3a cqeT HenepTyp6aTHBHhIX BKJia,uoB, 

KOTOphie "HeBH,IlHMhI" B TeOplIH B03Myµi:eHIIH II BO3HHKaIOT aBTOMaTII

•IeCKH DCJie,IlCTBHe cneKTpaJibHOI'O npe,ucTaBneHII.SI. 

IloKa3aHo; qTo cyruecTsyeT yHIIBepcanhHOe IIHq>paKpacHoe npe,uenh

Hoe 3HaqeHIIe aHaJIHTnqecKoro HHBapnaHTHOI'O 3apH.ua, KOTOpoe He 3a

BIICIIT OT oueHOK Ha MaCllITa6HbIH napaMeTp, a onpe,uen.si:eTCH JIHlllh 06-

IUHMH xapaKTepHCTHKaMH narpaH)KIIaHa. y CTaHOBJieHo, qTo npe,uno

)KeHHa.SI B ,IlHCCepTaUHII aHaJIHTIIqecKa.SI TeOplIH B03MyrueHIIH nplIBO,IlHT 

K neTJieBOH II cxeMHOH CTa61IJihHOCTH He TOJihKO s YJibTpaq>HOJieTOBOH 

o6nacTHj a ,un.si: Bcero 3HepreTnqecKoro IIHTepBana. 

IloKa3aHo, qTO B paMKax aHaJIIITnqecKoro no,uxo,ua BO3MO)KHO Henpo

THBOpeqnBoe onpe,ueneHIIe 3q>q>eKTHBHOI'O 3ap.si:,ua BO BpeMeH1Ino,uo6HOH 

o6naCTH, a ,IlJI.SI COOTBeTCTBy10rueii /'1-q>yHKUHH OKa3bIBaeTCH cnpaBe,um1-

BOll rnnoTe3a IO. llIBHHrepa o ee CBH3H co cneKTpanhHOH nnoTHOCThIO. 

11cnOJih3Y.SI JIHlllh o6rune CBOHCTBa aHaJIIITHqHoCTII, ,IlOKa3aHO YTBep

)K,IlCHHe O TOM, qTO HHBapHaHTHbIH 3apH,Il He MO)KeT o6na,uaTb CHMMe

TpuqHhIM nose,ueHHeM B eBKJIH,IlOBOH II BO BpeMeHnno,uo6HOll o6naCTHX. 

IleMOHCTpnpyeTCH xopornee cornacHe aHannTIIqecKoii Teop1rn BO3Myrue

HIIH C 3KCnep1IMeHTaJibHhIMH ,uaHHhIMII ,IlJI.SI npouecca e+ e- aHHHI'HJIH

UHH B a,upOHhl npH HH3KIIX 3HeprnHX II HHq>paKpaCHOll IIHTerpaJibHOll 

xapaKTepHCTIIKOii 6eryruero 3apH,ua. PaccMOTpeH IIHKJII031IBHhIH pac

na,u T nenTOHa II noKa3aHO, qTO no,u,uep)KKa KOppeKTHhIX aHaJIHTHqeCKHX 

CBOIICTB D-q>yHKUHH nrpaeT npHHUHnHaJibHYIO ponh ,IlJIH HenpOTIIBOpe

quBoro onncaHHH 3Toro npouecca. 

B KOHTeKCTe npnMeHeHHH peHOpMIIHBapnaHTHOH aHaJIHTHqeCKOll q>Op-
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MynnpoBKH K onucamno npoueccoB Heynpyroro nenToH-HYKJIOHHoro pac

ce.srnmi:, CBOHCTBa CTpyKTypHbIX q>yHKUHH HYKJIOHa aHaJIH3IIPYIOTC5I Ha 

OCHOBe o6mHx npHHUIIIlOD Teopm1, CKOHUeHTpHpOBaHHhIX B HHTerpanh

HOM · npe.ncTannennn I1ocTa-Tiel\rnna-llaii:cona. Mcnonh3yeTcx necTan

.napTnax CKeHJIHlirOBax. nepeMenHax, KOTOpax npHBO.UHT. K MO.UHq>HUH

pOBliHHhIM MOMeHTaM c'tpyKTYPHhIX q>yHKllllH, 06na.na10mnx npOCThll\UI 

aHaJIHTH'IeCKHMH CBOHCTBaMH no nepeMeHHOH Q2
. Y CTaHOBJieHa CB513h 

aHaJIHTH'IeCKHX MOMeHTOB C pa3JIO)Kem1eM npOH3Be,nemrn onepaTO}JOB. 

Ilo.iiyqeno nonoe Bhipa)KeHne .nnH CTPYKTypHoii: q>yHKUHH, co.riep)Kaiucc 

3aBIICHMOCTh OT MaCChI MHllICHH II 06na.na10mee K0ppeKTHhIM CIICKTpanh

HhIM CBOIICTBOM. 

Hayqnaa: n rtpaKTn'IecKaH ueHH0CTh pa60ThI. IIpe.nno)KeHHhIH B .nnc

cepTaunn MeTO.U napuaunoHHOJI TeOpHH B03MynteHIIH o6na.naeT BhICOKOJI 

CTeIIeHhlO ymrnepcaJibHOCTlI H M0)KCT . 6hITh. npIIMeHeH KaK .UJI51 .nanh

HCJilllero IICcnenonamrn paccM0TpeHHhIX B .UIICCCpTauun CHCTCM, TaK II 

,IlJI5l: u3yqemur .npyrux TeopeTIIK0-noneBhIX MO,Ileneii:. BhIUOJIHCHHbIH B 

pa6oTe anamn p5I.na a.nponnux npoueccon npo.neMOHCTpHpoBan 3q>q>cK

THBHOCTh TaKoro no.nxo.na K 3a,Ila'IaM KBaHTOBOH Xp0MO.UIIHaMIIKH, '-ITO 

C03.UaeT npe.nnoChlJIKH ,IlJI51 .naJibHCHIIIero ero npuMeHCHII51 K H3y<-ICHIIIO 

npoueccoB C yqaCTIICM CIIJibHO B3aHMO,IlCMCTBYIOIUIIX qaCTHU. 

Pa3pa6oTaHHhlll B J.J:IICCepTaUIIII anaJIHTH'ICCKIIII IlO,IlX0,Il B KBaHTO

BOH xpoMomrnaMnKe o6na;n:aeT Ba)KHhIMII .nnx n106oii npe.nnaraeMoii: an

npoKcnMaunoHHOH CXCMbl .IJ:OCTOilHCTBaMII. Pe3yJihTaThI, IIOJIYtJCHHhIC 

B aHaJIHTHtJeCKOII TCOpHH B03MymeHIIH, OKa3bIBaIOTC51 ycTOII'-IHBhIMII rio 

OTHOIIIeHHIO K BhICIIIIIM nonpaBKaM He TOJibKO B aCHMIITOTHtJCCKOll YJih

TpaqmOJICTOBOll o6JiaCTH, HO H .UJI51 Bcero 3HepreTH'!eCKOro HHTepnana. 

KpoMe Toro, OHII 06na.na10T BbICOKOll CTa6HJibHOCThIO OTH0CIITCJihHO BhI-

6opa CXCMhI nepeHop1rnpOBKII, a caM no.nxo.n: ne HCilOJih3YCT KaKIIX-JIH60 

.UOTIOJIHIITCJibHhIX napaMeTpOB MO.UCJibHOrO xapaKTepa. TaKIIM o6pa30M, 

pa3pa6oTaHHhill B .nnccepTaUIIII MCTO.U aHaJIIITII'ICCKOll Teopnn B03MY

meHHM II03BOJI5l:CT cymecTBCHHbIM o6pa30M pacrnIIpHTb no cpaBHCHHIO 

C o6bI'IHOM -TeOpIIeii B03MymeHHll o6naCTb npHMCHHMOCTII xpOMO.UHHa

MII'ICCKIIX pactJCTOB II B c1rny IIX BbICOKOH CXCMHOH II IICTJICBOH CTa-

6HJibHOCTH pe3K0 CHII3IITb neonpe.neneHHOCTb Teopen1qecKoro OilIICamrn. 

3HatJHTCJibHOe CHII)KeHne TeopeTIItJeCKIIX Heonpe.n:eneHHOCTell Ba)KHO c 

TO'IKII 3p€HII5I TCCTIIpOBaHHH KBaHTOBOll xpOMO.UIIHaMHKII, TaK KaK no-

3BOJI51CT IIOBbICIITb Ha.n:e:iKHOCTb II TO'IHOCTb onpe.neneHII51 ec napaMC

TpOB. B oco6eHHOCTII 3TO OTHOCIITCH K HII3K03HepreTH'ICCKIIM npouec-
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ca:-.1, KaK, HanpUI\If'}J, K aKTIIBHO II3Y'-IaCI\IOMY IIHKJI10311BHOMY pacna.ny T 

JICIITOHa, ,IlJI51 KOToporo 3KCIICpUI\ICHTaJibHhie .naHHbIC IIOJI}"ICHbI C BhICO

KOll TO'-IHOCThlO. 

McnOJib30BaHIH' pa1pa60TaHHhIX B .nnccepTamm no.n:xo.n:oB II03BOJI51CT 

Il36C)KaTb px.na TPY.IJ:HOCTCII n nponmopC'-IIIll, c KOTOpbIMII CTaJIKHBa

CTCH o6bPIHax TCOJHI51 B031\!JlllCHllll BHC acnMIITOTH'ICCKOII YJibTpaq>no

JICTOBOll o6naCTII. TaKUI\I o6pa30M, B03HHKaIOT 6naronp1rnTHbie npe.nno

ChIJIKH ,IlJI51 .naJibHCf1rncro pa3BUTH51 II npHMCHemrn 3TllX H.IlCII. fI pC.IlCTa

BJI51CT onpe.nencHHhif1 nHTCpcc pacrnnpcm1c o6nacTn npnJIO)KCHIIll Me

To.na KaK ,IlJI51 ll3y<IeHil51 HC paCCI\IOTpCHHbIX B .nnccepTaunu CllCTCi\1, 

TaK n ,IlJIH 6onec IlOJIHOro aHamna paCCMOTpCHHhIX anpoHHhlX npoucc

COB, B 'laCTHOCTII, aKTHBHO Il3)"-IaCMOrO B HaCT051lllCC npe:-.rn npouccca 

rny6oKOHcynpyroro JICilTOH-HJKJIOHHOro pacce51HII5I. IIpe,IlJIO)KCHHblfl B 

.nm:ccpTau1rn IlO,IlX0,Il OTKJ)bIBaCT HOBbIC B031\10)KHOCTII .IlJIH !pCHOI\ICHOJIO

rlPICCKHX nplrnO)KCHIIII. TaK cnoco6 onpc.ncncmrn 6ery1llcf1 KOHCTaHThl 

CB5I3H BO npeMcmmo.no6HOll o6naCTil B OTJill'IHC OT ncpTyp6aTIIBHOrO 

no.nxo.na cornacomtH C aHaJIIITll'ICCKIIl\lll CBOHCTBaMn a.npOHHOro KOppe

JIHTOpa. Bo3HIIKalOlllCC pa3JIII'-IHC D BCJill'IHHC 3q>q>CKTIIBHhIX KOHCTaHT 

B CBKJIII.UOBOII H BO B})CMCHIIIIO,Il06HOll o6JiaCT5IX CJIC,IlJCT IIJ)llHlll\IaTb BO 

BHIIMaHIIC npn aHctJIIl3C 3KCIIepnMCHTaJihHOll CIITyaunn. Ilpc.ncTaBJI51CT 

TaK)KC IIHTcpec .nanhHCHIIICC HCCJIC.UOBc"lHHC Ba)KHOrO ,IlJI5l: TCCTHpOBamrn 

KBaHTOBOll xpOMO.UHHaMIIKH HHKJII03IIBHOro 7-pacna.na, .UJI51 KOTOporo B 

OTJIH'IIIC OT nepTyp6aTIIBHOrO no.nxo.na y.naJIOCh npC,IlJIO)KllTb HenpOTH

BOpC'-IIIBblll MCTO,Il onncaHH51. IlpHHIIMM BO BHIIMaHIIC IlOCTOXHHO B03-

pacTaIOlllYIO TO'-IHOCTb II3MCpCHHll, 3.UCCh cnc.nyeT J'ICCTb 6onec TOHKHC 

3q>q>CKThI, BhrnCHIIB, B '-IaCTHOCTII, p0Jih MaccOBhIX II noporOBhIX BKJia,IlOB. 

Anpo6auna: .nncccpTauun. Pe3yJibTaThI, BOIIIc.nrnne B .nuccepTaun10, 

.UOKJia,UhIBaJIIICb Ha CCMirnapax Tia6opaTopnH,TCOpCTll'ICCKOII q>H3IIKH Hl\1. 

H.H. Eoron1060Ba O6'bc,nnHCHHOro IIHCTHTyTa x,uepHhIX nccne.nonaHmt, 

OT.UCJia TCOpCTH'ICCKOll q>II3HKH MHCTHTyTa !pll3IIKH BbICOKIIX 3Heprnii, 

MHcTnTyTa q>II3IIKII AHE, MHcTnTyTa TeopeTII'-ICCKoii n 3KcncpIIMCH

TaJihHOH q>II3HKH PAH, HaunoHaJihHoro HHCTIITyTa 51.IlCpHoft q>H3UKH (r. 
KaTaHnH), roMenhcKoro rocy.napcTBCHHoro yHnBcpcnTeTa HM. <P. CKo

pHHhI, roMCJihCKOrO rocy,napCTBCHHOrO TCXHII'ICCKOr0 YHIIBCpCIITCTa HI\!. 

rr.o. Cyxoro, YHIIBCJ)CllTCTa HM. ryM60Jib,Ila H CB060,IlHOro ymmcpcn

TCTa (r. EcpnnH), l1Mnepnan Konnc.n)Ka (r. TioH.noH), q>n3n,1ecKoro 

q>aKyJihTCTa ymrncpCIITCTa (r. OKnaxoMa), MHCTIITyTa q>H3IIKII (r. raii

.nenb6epr) H })51,Ila .npyn1x Hay<IHbIX UCHTpOB H ymrnepCIITCTOB. Pc-
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3YJibTaThl, COCTaBJIHIOlllHC pa3Jill'IHbIC pa3JICJibl nnccepnuum, JIOKJiaJihl

Bam1cb Ha :\!C)KJlyHapOJlHbIX iwmpepCHUHHX, COBCUlaHirnx II CC:\IIIHapax 

"MeTOJlhI cnMMCTIHm B cpn1nKe" (r. lly6ua, 1993, 1995, 1997), "13o

roJIJ06oBCKne 'lTCHirn", <t>yHJlal\leHTaJibHbIC npo6JICMhl TCOpCTlPieCKOll 11 

:\IaTeMaTH'lCCKOl1 q>H3HKU (r. lly6Ha, 1993, 1994, 1999), "HcmmettHhW 

aanettna B CJIO)KHbIX cncTetmx" (r. TionauK, 1994, r. M1rncK; 1999), XVI 
n XVIII coaemaHuax "Ilpo6neMhI cpn3HKH BhICOKnx 3HCJ>rnf1 n Tcopnu 

nona" (r. IlpoTBHHO, 1993, 1995), "KaapKn-94" (r. Bnamrnnp, 1994), 

"IlpoMe)KyTO'lHhie H BhICOKHC 3Heprnn" (r. ·fly6Ha, 1995), X ccMnnap 

"<t>n1nKa BhICOKHX 3Heprnii: n KBaHTOBaa Teopna nornr" (r. 3aemiropoJl, 

1995), "e+e- CT0JIKHOBCHHH OT¢ K J/1.J!" (Honocn6npcK, 1999), MC)KJlY

HapoJlHhIX IIJKonax-ceMnHapax "Tipo6JieMhI !pll3UKH 'laCTIIU II BhIC0KHX 

3Heprnii:" (r. tOMCJih, 1997, 1999), MC)KJlynapOJlHhIX ceMnHapax "Pcna

THBHCTCKaa HJlCpmrn !pH3HKa H KBaHT0Baa Xj)OMOJlHHaMnKa" (r. lly6ua, 

1996, 1998, 2000), KpynHeii:rnnx MC)KJlyHaj)0JlHbIX K0H!pCJ)CHUHHX no cpn-

3HKll BhICOKHX 3Heprnii: {r. BpIOCCJih, 1995, r. Baprnana, 1996, r. BaH

KyBep, 1998) n Jlpyrux Hay'IHhIX cpopyMaX. 

CTpyKTypa JlnccepTaunn. llnccepTautt.a cocTOHT H3 BBCJlCHHH, rnc

CTU rJiaB OCH0BHOrO TCKCTa, COJlCp)KalUHX 26 pa3}lCJIOB, 14 Ta6JIHU II 39 

pncyHKOB, 3aKJIIO'lCHIIH, 'ICThipex IIJ)IIJIO)KCHIIii: II CillICKa UIITIIpyeMoii: 

JIIITepaTyJ)hI II3 300 nalIMCHOBaHnii:. O6'hCM JlHCCepTaunn COCTaBJIHCT 

245 CTpaHIIU. 

COllEP)KAHI1E P ABOTbI 

Bo BBC}lCHHH o60CHOBbIBaeTCH aKTyaJihHOCTb TCMbl JlHCCCpTaunn, 

}laCTCH ofoop pa60T' CBH3aHHhIX C HanpaBJICHHCM BbIIlOJIHCHHbIX B JlllC

cepTaunn IICCJICJlOBaHIIii:, cpopMyJinpyIOTCH OCHOBHbIC 3a}laqn H KpaTKO 

lI3JiaraeTCH COJlCp:lKaHlIC JllICCCpTaUlIOHHOM pa60ThI. 

B nepaoii: ·rnaae cpopMyJIIIJ)YIOTCH OCHOBHhIC lIJlCH II MCTOJlbl, JIC)Ka

mne B OCHOBe BapnaunOHHOii: TCOJ)IIH B03MYlUCHHii:, H Ha npoCTbIX npn

Mepax JlCMOHCTpnpyeTCH 3!p!pCKTIIBHOCTb npHMCHCHIIH Bap1IaUHOHHhIX 

pa3JIO)KCHHH. B pa3JlCJie 1.1 aapnaunoHHaa Teopna B03MJlUCHHii npnMe

HHeTca JlJIH HCCJIC}lOBaHUH HYJibMCpHoro aHanora CKanapHoii: cp4-MO}lCJIH. 

TioKa3bIBaeTCH KaK CTj)OHTCH BapnaUHOHHhiii: pHJl, KaKHM o6pa30M MO)KHO 

ynpaBJIHTh CBOHCTBaMH ero CXO}lHMOCTH II paccMaTplIBaeTCH B03MO)K-

10 

HOCTb npnMCHCHIIH MCTO}la BTB JlJIH IICCJIC}lOBaHirn npe}leJia CIIJihHOii: 

CBH31I. 

3aTCM B pa3}lCJIC 1.2 paccMaTplIBaeTCH KBaHTOBaH CIICTCMa - KBaHTO

BOMCXaHH'ICCKIIii: aHrapMOHII'lCCKIIii: OCUIIJIJIHTOp, KOTOJ)blll, HBJIHHCb O}l

HOMCpHbIM aHanoroM KBaHTOBOilOJICBOll MO}lCJIH, TpaJllIUHOHHO CJIJ:lKIIT 

"nCilhITaTCJihHhIM IlOJIIIrOHOM" }lJIH npoBepKH HOBbIX MCTOJlOB BbIXO}la 

3a paMKII cna6oii CBH31I. B }lnccepTaunn noKa3aHo, 'ITO MCTOJl BTB no-

1aonaeT IlOJIJ'IHTh CXOJlHlUHCCH annpOKCHMaUHH JlJIH pa3JIII'lHbIX xapaK

TCj)HCTHK TaKoii: CHCTCMhI, KOTOpbIC o6ecne'lnBaIOT xopornyJO TO'lHOCTb 

npn6JIII)KCHIIll. TaK nanpnMep, y:lKe nepBbiii: HCTJ)IIBHaJibHhiii: IlOJ)HJlOK 

BTB-pa3JIO)KCHHH JlJIH 3Heprnn OCHOBHOro ypoBHH }laeT cneJlyJOmee pa3-

JI0)KCHne CIIJibHOii: CBH31I 

E61
) = g

1
/
3 

( o:676 + 0.1407 w
2 

- 0.0085 w4 + ... ) ' (1) 

r}le g - KOHCTaHTa CBH3II, a 6e3pa3MCpHaa qaCTOTa w Bblpa)KaCTCH 'IC

pe3 MaCCOBbiii: napaMeTpOM H KOHCTaHTY CBH3II COOTHOillCHHeM w 2 = 
m 2g-2

/
3_ Bb1pa:lKenne (1) xoporno CO~JiacyeTCH C 'llICJICHHhIM pC3JJih

TaTOM 

E~xact = g
113 

( 0.668 + 0.1437 w
2 

- 0.0088w
4 + · · ·). (2) 

l1ccJie}lOBaHbl TaK:lKC Jlpyrne CBH3aHHble C nponaraTOpOM H 3!p!pCK

THBHbIM IlOTCHUHaJIOM BCJIII'lHHbl B o6JiaCTH CIIJihHOII CBH3H. IlonyqeH

HbIC pe3JJibTaTbI noKa3wBaIOT, 'ITO y:lKe B nepBhrx nopHJlKax BTB yJla

eTcH C BbICOKOII TO'lHOCTbIO onncaTh caMhIC pa3H006pa3HhIC xapaKTCplI

CTIIKH aHrapMOHH~recKoro OCUHJIJIHTOpa. B pa3}lCJie 1.3 3!pqJCKTHBHOCTh 

BTB IlOJlXOJla JlCMOHCTplipyeTCH TaK)Ke AJIH HaXO)KJlCHHH perneHIIH ypaB

HCHHII npH HTepaUIIOHHOM cnoco6e IlOCTpOCHIIH amipOKCHMaUHII. 

BTopaa rJiaBa IlOCBHlUCHa H3J'ICHHIO cp4-MO}lCJIH Ha OCHOBe Bap1Iaun-

0HHOrO IIO}lXO}la. B pa3}lCJie 2.1 paccMaTp1rnaIOTCH cnoco6hI IIOCTpOeHHH 

aap1IaUHOHHhIX pa3JIO:lKCHHH JlJIH cpyHKUHii: 1p1IHa. HenepTyp6aT1IBHblf1 

rayccoa 3cpq>eKTIIBHhrI'i: noTeHuHaJI aHaJIII31IpyeTcH B paMKax BTB B pa3-

JlCJie 2.2. lleMOHCTpHpyeTCH, 'ITO MCTOJl BTB npeJlOCTaBrnieT pa3JIII'l

Hhre cnoco6hI IIOJIJ'ICHHH TaKoro IIOTCHUHaJia. TaK HanpnMep, npH Ba

p1IaUIIOHHOii: KoppCKUHII KBa31IKJiaCCH'lCCKOro npn6JIH)KCHHH B03HHKaeT 

3cpcpeKTHBHhIM IIOTCHUIIaJI, KOTOJ)hlll B npOCTpaHCTBe n II3MepeHIIM 3a

IllICbIBaeTCH B BH}le 

¼ff ( cp) 
1 1 
-m2cp2 + >..cp4 +-z2.6.o(z2) + 
2 n 

(3) 
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+ ~(m2 
- z2 ).6.o(z2

) + +,\ [ 3.6.~(z2
) + 6c/.6.o(z2

)] , 

r.ne eBKnn,noB nponaraTop .6.(x = 0, z2
) = .6.0 (z2

) B pa3Meptt011 perym1-

p113au1111 onpe,nemleTC.sI cne,nyIOI..UHM o6pa30M 

.6. ( 2) = 2i r(l .,.... n/2) ( 2)n/2-1 (.) 
o Z µ ( 47T )n/2 Z , 4 

a ycn0BHe 0ilTHMl13aUHH npHB0.llllT K ypaBHeHttlO ,mm BapnauH0HH0ro 

napaMeTpa z 2 · · · · · 

· · · · z2 = m2 + 12:.Xrp2 + 12,\D.o(z2). (5) 

CooTHOllleumi: (3)-(5) onpe.nen.s110T uenepTyp6aTIIBHbIH rayccon 3cpcpeK

TIIBHhIH Il0TeHunan B np0CTpaHCTBe n II3MepeHIIII. 

PaccMoTpeHHhIH B pa:mene 2.2 rayccoB 3cpcpeKTIIBHhIH noTeHuIIan M0-

2KeT 6bITb Il0JIY,:IeH IIPII pa3mPIHbIX cnoco6ax BbI6opa BapIIaUII0HH0ro 

cpyHKUHOHaJia. Bo3HHKamrn:IIe npII 3T0M BapnauII0HHbie p.sI.llbl 6y.nyT 

o6na.naTb C00TBCTCTBeHIIO pa3nHtJHbIMH CBOHCTBaMH CX0.llHM0CTH. Ta

KHe CBOHCTBa CX0.llHM0CTH B np0CTpaHCTBe tJeTbipex H3MepeHHH paccMa

TpHBaIOTC.sI B pa3,nene 2.3, B K0T0p0M .nn.si Haxo2K,neHH.sI acnMIIT0TH'IC

CKHX Bblpa2Kettnn .nn.si .nanhHHX tJnettoB BTB pa3no2Kemrn ncnoJih3yeTc.si 

MeT0.ll <PYHKUHOHaJII,HOro nepeBana. 3HaKO'Iepe.nyeMOCTb HnH 3HaK0-

onpe.neneHH0CTb BTB pa3no2KeHHH M02KeT 6bITh ycTaHoBneHa Ha ocHoBe 

cpyuKunoHaJibHoro HepaneHCTBa Co6oneBa. Onpe.nen.sieTc.si o6nacTb cxo

.llIIM0CTII BTB p.si.noB n cpopMynupy10TCH cne.ncTBH.sI acnMIITOTH'IecKott' 

0IITHMU3aUHH. 8n1 pe3yJibTaTbI npuMeH.sIIOTC.sI B pa3,nene 2.4, B K0T0p0M 

HaX0,UUTC.sI HenepTyp6aTlIBHa.SI ,B-cpyHKUH.sI ,UJUI 6e3MaCCOBOH rp4-M0.ll€JIH B 

IIp0CTpaHCTBe 'I€Tbipex H3MepeHHH. Ee pa3JI0)K€HH€ B p.si.u II0 K0HCTaHTe 

CB.sI3H B0CIIp0H3B0.llHT C xopollleH T0'IH0CTblO H3BCCTHbIH II.sITlIII€TJ1€BOH 

pe3JJihTaT. Hatt.nCHHa.sI ,B-cpyHKUH.sI M0H0T0HH0 B03pacTaeT C p0CT0M 

K0HCTaHTbI CB.SI3H g H .nn.si 60JiblllHX 3HatJeHHH K0HCTaHTbI CB5I3H HMeeT 

cne.nyrorn:ee noBe.nemrn 

,B(g) ~ ~ ..fir g312 ~ 2.99g3/2 . 

10 37r l 
8-

(6) 

B TpeTbett rnaBe .nnccepTaunn paccMaTpnBaeTC5I npnMeHeHne Me

To.na BTB .nn.si cnyqa.si KBaHTOBOH xpoMo,nnHaMHKH. linH cpyHKUHII rpnHa 

CTp0.sITC.sI HenepTyp6aTHBHbI€ annp0KCHMaunn, 0CH0BaHHbIC Ha H0B0M 

12 

l\mnm.1 napal\ieTp<' p,nnmIWHH5I. Bem1•nrna 3Toro napaMeTpa oKa3hI

BaCTC.sI m:er.ua l\lC'HblllCII C,n:IIHIIUbl npn npn ,JIKl60l\l 3Ha'ICHHH HCXO.llHOII 

K0HC:TaHTbI CB5I311. 3cpcpeKTUBHOCTb TaKoro no.nxo.na B pa3,uenc 3.1 .ne

l\!OHCTpllpyeTC5I Ha Ilj)0CT0l\l Ilj)lll\!Cpe. TioKa3hIBaeTC5I, lJT0 HCCl\IOTJ)5I 

Ha Il})Hl\!eHCHIIC raj)l\lOHU'I<'('KOII BapnaUHOHHOII npoue.nyphl, 6naro.nap5I 

l\l<'XaHll3l\lY lIH.ll}'Ullj)OBaHHOfI cxo,nnl\lOCTll, npe.nnO:>KCHHhifl l\IeT0,ll II03B0-

JI5ICT cyruecTBCHHbil\l o6pa30l\l BbIIITJI 3a paMKH cna60JI CB5I3Jl. 

B pa3.ncnc 3.2 HC'IlCJHyp6aTIIBHOC 'pa3J10)KCHUC CTJ)OIITC5I .nn5I cny•Ia5I 

KBclHTOBOII Xj)0l\lO.Ii:IIHal\!IIKJl. TioKa3hIBaCTC5I, 'ITO napal\IeTp pa3JJ0:>KeHirn 

a CB5I3aH C BXO,U5IIUC'fl B narpaH:>KHaH KOHCTaHTOH CB5I3ll g nocpe.ncTB0l\l 

ypaBHCHirn 

>. = _i__ 
(41r)2 

1 (],2 

-- 3' 
C (1 - a) 

(7) 

KaK C,Tic.nycT H3 :noro YJJaBHCHirn, IIJ)H JIKl6hIX 3Ha'ICHH5IX K0HCTaHTbI 

CB5I3ll g HOBbU1 napal\lC'Tj) pa3JI0)KCHH5I a y,n:0BJICTB0p5ICT HepaBCHCTBY 

() '.S (I, < 1. I\foTo.n JWH0pMrpynnhI Il03B0JI5ICT )'CTHH0BIITb 3aK0H Q2
-

3B0J1KlUHH 6eryrucro napaMPTJHl a. B HH3lllCl\1 Il0J)5I.Ii:Kt' cpyHKUirn a( Q2
) 

0IIJ)C.Ii:CJ15ICTC5I ypanHPHHCl\l 

(,)2 
ln-t - C Qij - 2 f3o [ J(a) - f (ao)] , (8) 

r.uc ,Bo -- O,n:HOIICTJ1CBOH K03!p!pHUHCHT ,8-cpyHKUHH, a cpyHKUH5I J(a) Hl\lCCT 

DH.Ii: 
2 12 1 - a 

J(a) =-;- + - + 21 ln --
a2 a a 

9 

1 - a 
(9) 

TiapaMeTp C M02KCT 6hITb !pHKCHp0BaH Ha 0CH0BC .nonOJIHIITCJibHOfl 

HH!pOpMaUHH ncnepTyp6aTHnHoro xapaKTepa. Iln.sI 3Toii ucnn B pa3.nenc 

3.3 npc.nnorraraeTC5I, 'ITO nnBapnanTHbrf1 3ap.sI.n .>.( Q2
) o6na.naeT nncppa

KpacHott cnnrynHpH0CThIO Bn.na 1 / Q2
. TaKoe noBe,nenne cor nacoBano c 

IIOTCHUHaJJbHOll KBapKOBOll M0.Ii:CJlbK) II C00TBCTCTBJCT JlHHefrnoMy pocTy 

Il0TCHUHarra B3aHMO.llCHCTBH5I KBapK0B Ha 60J1blliHX paCCT05IHH5IX. TI pH 

3T0M ,B-cpyHKUH5I .Ii:J15I 60J1blliHX 3Ha•reHHH K0HCTaHTbI CB5I3ll HMeeT cnc

.uyioruce Il0BC.Ii:CHHC~ /1(,\) ~ - >.. KaK Il0Ka3aH0 B pa3,nene 3.4 l\lCT0.Ii: 

a-pa3n02KCHH5I nmnon5IeT nonrmTb TaKoc noBe.ncnne /1-cpyHKu1rn .nn.sI 

60J1bllIHX 3Ha•reHUM >., npH'ICM pe3JJ1bTaT 0Kcl3hIBaeTC'5I ~·cTOH'IllBbll\l no 

0TH0illCHHKl K cne.nymrum,1 nonpaBKaM. 
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IIpm,WHCHH.SI' MCTO,lla a-pa1nmKCHIUI ,lln.SI onncamrn p.H,lla a.llpOHHbIX 

npoueccoB B Hil3K03HeprCTM'ICCKOH o6naCTII KBaHTOBOII xpm.mmma:-.mKU 

pacCMOTpCHbl B 'ICTBCpTOH rnaBe. 

B pa3,llene 4.1 06CJ)K,llaCTC.SI npo6ncl\ta onucamrn npouecca e+e- aH

HllrIIn.SIUIIlI B a.llpOHbl B o6naCTII HU3KIIX 3HepruiI. I1cnonb30BaHite nr.p

Typ6aTIIBHbIX Bbipa)KCHIIII ,lln.SI Henocpe,llCTBCHHOrO onncamrn 3KCnr.pn

!\1eHTanbHO Ha6monac:-.10iI nentt'lllHhI R( s) npn ManhIX s He npr.m:Tann.H

eTC.H B03MO)KHbIM BBII.llY HanII'IH.SI noporOBbIX c1mryn.S1pHOCTCll B nr.p

Typ6a THBHOM pa1no)KCHIIII Bil.Ila (a./ v t. B nnccepTau1m ncnonh1yr.Tc.S1 

cneuuanhHhrii npuel\t, no1nonmoruuiI, TCM He MeHee, nponecnr cpamicHnr. 

c onhITOM. CornacHo 3TOMY no.llxony, BMCCTO ncxo.llHOii nemI'IHHhI R(s), 
KOTOpa.H onpe,llen.HCTC.SI 'Iepe3 '1Cpe3 CKatJOK KOppen.HUHOHHOH cpyHKUHlI 

II ( S) Ha pa3pe3e, paccMaTpIIBaeTC.SI BCnlltJUHa 

1 
Rt. ( s) = 

2 
i [ II ( s + i~) - II ( s - i~) ] (10) 

C HCKOTOpbIM KOHC'IHbIM 3HatJCHlICM '6.. CooTBCTCTBYIOIUa.H "3KCncpu

MCHTanhHM" Kpnna.H MO)KCT 6bITb HaM,llCHa, ecnu, BOCnOnb30BaBIIIlICb 

m1cnepCIIOHHhlM COOTHOIIICHIICM ,lln.SI KOppen.HTOpa II ( q2
), npe,llCTaBIITb 

Rt.(s) n Bil.Ile 

'6. (XJ R( s') 
Rt.(s) =-;( lo ds' (s - s')2 + ,6.2 (11) 

II IlO,llCTaBIITb 3aTeM CIO,lla 3KCnepnMCHTanbHYIO cpyHKUlIIO R( S). 

II pu paccMoTpeHun Rt. ( s) TPY.llHOCTII c ManhIMII 3HatJeHII.HMII v ~e 
B03HUKaeT. TeM He MCHee np.HMOe npIIMCHCHHe Teopuu B03MYIUCHIIM ,lln.SI 

onucaHn.H Rt. ( s) ace erue He B03MO)KHO, TaK KaK cpyHKUII.H R( s) n Bhrpa

)KCHnn (11), napaMeTpII30BaHHM C IlOMOIUbIO nepTyp6aTIIBHOro lIHBa

pnaHTHOro 3ap.H,lla o6na,llaeT HC!plI3litJCCKHMH c1rnryn.S1pHOCT.SIMII. IIpu

MCHCHIIC MeTo,lla BTB ,llaeT B03MO)KHOCTh n36e)KaTb _3Toii TPY.llHOCTII. 

IIone,lleHue ttaii.llCHHOH cpyHKUirn .lln.H ~ = 3 f3B2 .llCMOHCTpupyeTC.H 

Ha Pnc. l. II puBe,lleH TaK )KC TeopeTntJecKnii pactJeT, nonytJeHHhlii npn 

OilTIIMH3aUHII TpCTbero nop.H,llKa nepTyp6aTHBHOro pa3n0)KCHII.SI, BhIIIOn

HCHHbIM Ha OCHOBC npIIHUHIIa MlIHIIManhHOII tJYBCTBHTCnhHOCTH. Pe-

1ynhTaT, nonytJeHHhrii y)Ke n nepnoM nop.H.llKC BTB, xopoIIIo nocnpo113-

no,ll11T 3KCnepIIMCHTanbHYIO Kpnny10. 

B COOTBCTCTBIIH C MCTO,llOM peHOpMaJIH3aUIIOHHOM rpynnhI IIHBapn

aHTHhIM 3ap.S1.ll onpe,llen.HCTC.SI B npocTpaHCTBCHHOIIO,ll06Hoii, CBKnII,llOBOM 

o6naCTH. IIapaMeTpH3aUII.SI npoueccoB, ,lln.SI KOTOpbIX xapaKTCpHbIMH 
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Puc. 1: I'pa<jJHK <PYHKUHH Rt.(s = Q2
) /OIH ~ = 3 I'3B

2
. CmIOIIIHaH 

KpHBaH cooTneTcTnyeT BTB pe3YJII,TaTy. 8KcrrepHMCHTaJibHaH KpHBaH 

o603Ha'leHa IIYHKTHp0M, a pe3yJibTaT 0IITHMH3a]lHJf TpeTbero II0pH.aKa 

rrepTyp6aTHBHOI'O pa3JI0)KCHHH, BbIIIOJIHCHHbIH B COOTBCTCTBHif C rrpirn
JlHIIOM MHHHMaJibHOH 'lYBCTBHTCJibH0CTH, o603Ha'leH T0'lKaMH. 

.SIBn.SIIOTC.SI BpeMeHHil0,ll06HbIC HMnynhChl, KaK CKa)KCM .B npouecce e+ e
aHHHrIIn.SIUIIII, Tpe6yeT cneu11anbHOM npOUC.llYPbI "aHanlITHtJCCKOro npo

,llOn)KCHlUI". B ,llHCCCpTaUIIH IlOKa3aHo, tJTO ,lln.SI CaMOCOrnaconaHHOro 

BbIIIOnHeHH.SI TaKOM npOUC.llYPbI npIIHUHillianhHO Ba)KHhlMH OKa3hlBaIOTC.SI 

onpC,lleneHHbIC aHanIITHtJCCKHC CBOMCTBa IIHBapnaHTHOro 3ap.H,lla, corna

cy10runec.S1 C npe,llCTaBnCHHCM 9enneHa-JleMaHa, KOTOphle OtJCBH,llHO pa3-

pyIIIaIOTC.SI nepTyp6aTHBHbIM np116~1I)KCHIICM, npHBO,ll.SllUIIM K HC!pH31ItJC

CKIIM oco6eHHOCT.SIM TIIna npn3patJHOro non10ca. B pa3,llene 4.2 BBO,lllITC.SI 

IlOH.SITHC 3cpcpeKTIIBHOro 3ap.H,lla BO BpCMCHHil0.ll06Hoii o6naCTH II IlOKa-

3bIBaCTC.SI, tJTO MCTO.ll BTB npe.llOCTaBn.HeT HenpoTIIBopetJIIBhrii cnoco6 

ero BbitJIICneHII.SI. 

AHanIITIItJCCKIIC CBOlfCTBa KOppen.HTOpa IIrpaIOT npIIHUIIITIIanbHYIO 

ponh npu paCCMOTpeHIIII IIHKnI031IBHOro pacna,lla T nenTOHa, KOTOpbIM 

npe,llOCTaBn.HeT YHIIKanhHYIO B03MQ)KHOCTb ,lln.SI HII3K03HepreTIItJCCKOro 

TCCTIIpOBaHII.SI KBaHTOBOM xpOMO,llIIHaMIIKII. Macca T nenTOHa C 0,llHOM 

CTOpOHbI ,llOCTaTOtJHO nenuKa, tJT06hl 6hlnll B03MO)KHhl a,llpOHHhle MO,llhl 

pacna,lla, a C .llpyroii CTOpOHhl, B IIIKane xpoMO,llIIHaMIItJCCKIIX MaCIIITa-
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6oB, ee 3Haqemre Mano II HaxO,IlIITC.sI B HII3K03HepreTIIqeCKOll o6JiaCTH. 

AHaJIII3 npouecca IIHKJII03IIBHoro T pacna.ua B paMKax BTB no.uxo.ua BhI

nonHeH B pa3.uene 4.3. I1cxo.IlHhIM .urnI TeopeTIIqecKoro paccMo_Tpemrn 

CJIY)KIIT cne.uy10mee Bbipa)KeHIIe ,IlJI.sI 3KCnepIIMeHTaJihHO H3MCp.sieMoro 

Rr OTHOIIIeHII.sI a.upOHHOM II JieilTOHHOM IIIIIpIIH 

{M; ds ( s ) 
2 

( 2s ) -Rr = 2 lo M; 1 - M; 1 + M; R(s), (12) 

r.ue .R(s) onpe.uen.si:eTC.sI qepe3 BeKTOpHbIM II aKCIIaJihHO-BeKTOpHbIM a.upoH

Hbie KOppeJI.sITOphI IIuq,V II Iluq,A II 3JieMeHThI MaTpHUhI Ko6a.si:rnII-Mac

KaBa. 

IlpII nepTyp6aTIIBHOM aHaJIII3e B03HIIKaeT TPY.IlHOCTh npIIMCHCHH.sI 

IICXO.IlHOM cpopMyJihI (12) . .IIencTBIITeJihHO, napaMeTp1nauII.SI cpyHKUMH 

R( s) c noMOIUhIO nepTyp6aTHBHOM KOHCTaHThI CB.sI3II, 06Jia.n:a10meu He

<pII3IIqecKIIMII oco6CHHOCT.sIMII, npIIBO.IlIIT K CIIHrymipHOCT.sIM IIO.IlIIHTC

rpaJibHOrO Bbipa)KeHII.sI. bhIJIO OTMeqeHo, qTO IIHTerpaJI. B (J2) MO)KHO 

npe.IlCTaBIITh KaK KOM6IIHaUII.SI IIHTerpaJIOB IIO 6eperaM pa3pC3a B KOM

IIJICKCHOM IlJIOCKOCTII s II npeo6pa30BaTb 3aTeM K IIHTerpany IIO KOHTYPY 

Is I = M;. B II Tore B03HIIKaeT cne.n:y10mee npe.n:cTaBJICHHC Rr •iepe3 

D-<pyHKUIIIO 

Rr 2~i f dz 3 2 - (1 - z) (1 + z) D(M.,z). 
z 

(13) 
lzl=l 

.IIn.si: caMocornacoBaHHOCTII TaKon npoue.n:yphI Heo6xo.n:HMa no.n:.n:ep)KKa 

Tpe6yeMbIX aHaJIIITIIqeCKIIX CBOMCTB D-<pyHKUHH, KOTOpbIC HC coxpaH.si:

IOTC.sI IIpH IIpIIMCHeHIIH nepTyp6aTIIBHOM annpOKCIIMaUHII. MeTO.Il a-pa3-

JIO)KCHII51 .n:aeT B03MO)KH0CTb HenpOTIIBOpeqIIBoro paccMOTpemrn T-pac

na.n:a. C yqeTOM peHOpMaJIOHHOro BKJia.n:a, KOTOpbIM OUCHCH B pa3,IlCJIC 

4.3, II3 .n:aHHhIX IIO T-pacna.n:y IIOJiyqeHO CJIC.IlYIOIUee 3HaqeHIIe as(M;) = 
0.326 ± 0.015, KOTOpoe xoporno cornacyeTC.sI C BhICOK03HCpreTII'-ICCKHMII 

3KCIIepHMCHTaJibHhIMII .n:aHHhIMII. IIonyqeHHhIC pe3yJihTaThl o6o6ma

IOTC.sI Ha MaCCIIBHhIM cnyqau II IIpIIMCH.sIIOTC.sI .IlJl.sI OIIIICaHII.sI CIICKTpa 

Mace T.sI)KCJibIX KBapKOHIICB B paMKaX MeTO,Ila npaBIIJI cyMM KBaHTO

BOM xpOMO.IlHHaMIIKII B pa3.IlCJIC 4.4. IlpII TaKOM IIO.IlXO.IlC IIO cpaDHCHHIO 

C 06b1qHhIM paccMOTpCHIIeM o6JiaCTh CTa6IIJibHOCTII MOMCHTOB 3m1'III

TCJihHO pacrnIIpIInach. IloJIO)KHTeJihHOM qepTon TaK )KC .si:BJI.si:eTc.sI TOT 

cpaKT' qTo npII 60JibIIIIIX n 3aBHCHMOCTh OT HMilYJihCa .IlJI.sI OTHOIIICHII.sI 
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Tl'OJ>CTll'IeCKU DhI'IIICJI.sICl\lhIX l\lO:\ICHTOD TO'IHO TaKa.sI )KC, KaK H B a.n:poH

HOl\l CCKTOpc. IlpoDCllPHHOC paCCl\lOT})CHIIC IIOKa3hIBaCT, 'ITO 3KCIIcpu

l\lCHTclJihHOe paCIUPIIJiemie ;\IC)K,Il}' DCKTO})Hhll'\I, aKcUaJibHO BCKTO})Hhl:\1 II 

A' COCTO.sIHll.sil\111 DOCII{)Oll3BO.IlllTC.sI C xoporncii: T01IHOCThlO. 

13 II.sITOII rnanc II})(',IlJIO)KCH a1rnmITII'ICCKIIII IlO,IlXO,Il K KBaHTOBOII xpo-

1\IO.IlllHa!',UIKC. II pn cro IICilOJih30Bamrn HC<pH3ll'ICCKIIC OC06CHHOCTII y 
IIHBcl})UaHTHOro 3ap.silla He IIO.sIDJI.sIIOTC.sI. IJOJI}''IaCl\lhIC pe3yJihTaTbl CTa-

6UJihHbI IIO OTHOIIICHIIIO K BhICIIIlll\l IlCTJICBhl:-.1 IlOIIpaBKal\l .IlJl.sI BCCrO IIH

TC})DclJia ncpc.n:aHHhIX IIl\lil}'JlhCOD. Kpol\lC Toro, D aHamITil'ICCKOII TCO:

pnn B03MYIUCHIBI c:vmccTDCHHhll\l o6pa30l\l cmi)KaCTC'.si: HX 3aBIICll:\IOCTh 

OT BhI6opa CXCMhl IlCJ>CHOpMUpOBKH.' IlO.Il.IlC}))KKa npaBIIJihHhIX aHaJIH

Tll'ICCKHX CBOMCTD OKcl3bIDclCTC.sI IIpllHUHilliaJibHO Da)KHOII npn on11camm 

HHKJil03HBHOro pacni1.ua T-JICilTOHa. CornaconaHHbIC C o6mmm IIpllHUII

IIal\m aHaJIHTH1IeCKHC CDOHCTDa lIHDapnaHTHOro 3ap.sI,Ila II03DOJI.sIIOT .IlaTb 

HCIIJ)OTHBOJ)C'IHDOC OIIJ>C.IlCJICHH{; 6cryrucf1 KOHCTaHTbI CD.sI'.311 BO BJ)Cl\lC

HI!Il0.Il06HOM o6JiaCTII, IIOBC.IlCHIIC KOTOpOII OTJIH'IaCTC.sI OT IIOBC.IlCHirn B 

CBKJIH.IlOBOH o6JiaCTII, 'ITO OKcl3hIBaCTC.sI Ba)KHbll\l npn H3BJIC1ICHIUI 3Ha-

1ICHil51 KOHCTclHThI CB513H CHJihHhIX B3aHMO}lCIICTBHII Il3 JH13Jill'IHOro po.n:a 

'.3KCilC})HMCHTOB. 13 clHclJIHTH'ICCKOl\l IIO.IlXO.IlC Hclp.sI.IlY c xapaKTC})Hhll\III 

.IlJl.sI 06b11moii TCOJ)IIH B03MYIUCHHII norapH<pMil1ICCKIIl\lU 3aBIICII:\IOCT.sil\1H 

B03HHKaIOT CTCIICHHhIC HCIICpTyp6aTHBHhie BKJia.IlhI, KOTOpbre IIO.sIBJI.sI

lOTC.sI aDTOMaTH'IeCKH H JCTJ)flH.sIIOT HC<pH3H1ICCKHC oco6eHHOCTH. Ilpe.u

JIO)KCHHhIM D .IlHCCCpTaUHII IIO.IlXO}l He CO.IlC}))KlIT KaKnx~m160 .IlOIIOJIHH

TCJihHhIX napaMCTpOB l\10.IlCJlhHOro ypoBH.sI, OH oncpnpycT, KaK H 06bI1I

Ha.sI TCO})H.sI B03MYIUCHHH, JIHIIIh C MaCIIITa6HbIM napaMCTpOM KBaHTO

BOM xpoMO.IlHHaMHKH A HJIH co :ma1 IeHHCM KOHCTaHThl CB513H, 3cl.IlclHHOII 

B HCKOTO})OH T01IKe HO})MH})OBKII. B YJibTpa<pHOJICTOBOH o6nacTH clHclJIII

TH1ICCKOe pa3JIO)KCHIIC IlJiclBHO ncpcxO,IllIT B P.sI.Il 06hl'IHOM TCOpim B03MY

IUCHHM, a pa3JIHqnc B HH<ppaKpaCHOM o6nacTH CB.sI3clHO C xapaKTCpHhll\lII 

.IlJl.sI aHaJIHTHqecKoro IlO,IlXO,Ila HCilCpTyp6aTHBHhlMH BKJifl,IlclMH, KOTO})hIC 

BOCCTaHaBJIIIBaIOT npaBUJlhHhIC aHaJIHTWICCKIIC CBOHCTBa II HC Bll.IlHhI D 

IIC})Typ6aTHBHOM pa3JIO)KCHHH. 

B pa3.IlCJIC 5.1 IlOCJIC KpaTKHX BBO.IlHhIX 3aMC1IaHHII HCTOJ)H1ICCKoro 

xapaKTepa II3JiaraIOTC.sI OCHOBHhIC H.IlCH MCTO.Ila, KOTOJ)hIM II03BOJI.sICT II3-

6e)KaTb IlO.sIBJICHH.sI HC<pll3H'ICCKIIX CIIHryn.si:pHOCTCII npn BbIIlOJIH('HIIH JW
HOpMrpynnonoro cyMMIIJ>OBaHII.sI. 3aTeM B pa3.uenc 5.2 CT})OHTC.sI aHam1-

TH1ICCKHII IIHBapnaHTHblll 3ap.sI,ll, KOTO})hll! Jill,IllIJ)YJOIUel\l IlOJ).sI,llK(' UMCCT 

--~.!!,~~----.,,,,..,,.-_,.._,...;-:,_~~ 
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BHJl 

[ 
\2 ] -(!) 2 - ~ . 1 + . . 

aan ( Q ) - /3o ln Q2 /A 2 A 2 - Q2 
(14) 

IIepsoe cJiarael\toe n npas011 qacTn (14) onpeJleJI51eT cTaHJlapTHOC m>ra

pmp!\rn'IecKoe IlOBC)lCHUC 6erylllero 1ap51Jla B YJibTpacpnOJICTClBOII o6Jia

CTU. BTopoe CJiarael\me, KOTopoe o6ecne•msaeT npannJihHhW aHam1-

Tl!'leCKne csoiICTBa. KOMneHcnpy51 np1npa•rnb1iI nomoe npu Q1 = A 2, 

}IBJI51eTC51 HenepTyp6aTHBHbll\l. IIpu pa1JIO)KCHUU B p51Jl Teopun B01My

llleHHH cJie.ll OT :noro CJiaraer-.mro TCp51eTc51. TaKnM o6pa3oM, Tpe6o

samie coxpaHeHH}I npaBHJibHbIX aHaJIHTU'-IeCKHX CBOIICTB npnBO)lllT K 

Il051BJieHIUO CTeneHHblX nonpaBOK, HeBHJlHMbIX B llCXOJlHOM nepTyp6a

THBHOM' pa3JIO)Kemrn. AHaJIHTH'-IeCKHH HHsapuaHTHhIH 3ap51Jl o6Jia)lacT 

KOHe'IHblM IIHcppaKpaCHbIM npeJleJibHblM 3Ha•1eHUeM O'.an (0) = 47f / /3o, KO

TOpoe He 3aBIICHT OT 3KCnepHMCHTaJihHOH HHq>OpMau1rn, CB513aHHOH C 

TO'IKOH HOpMUpOBKll a(f),2) llJill co 3Ha'ICHUCM MaClllTa6Horo napaMeTpa 

A, a onpe)leJI}ICTC}I Jllllllb O)lHOilCTJICBblM K03q>q>HUUCHTOM /3-cpyHKUllll, 

TO ecTb o6lUeiI rpynnosoiI cTpyKTypoiI JiarpaH)KttaHa. 

1,5 , 

c \ d 

1,0 

' 

0,5 

0,00 

··-

Q (GeV) 

:__---------

2 3 

Puc. 2: IIoBe,aemre HHBapIIaHTHoro aHaJIHTH"IeCKoro 3ap>1,aa &an ( Q2
): 

(a) - ,aJI>I A =200 M3B, (b) - ,aJI>I A =400 M3B. Kp1rnbre (c) H (d) 
COOTBeTCTBYIOT TCOpHH B03MyW:eHHH ,aJI>I Tex )KC 3Ha'IeHlfH rrapaMeTpa 

A. 

Ha Puc. 2 u306pa)KeH ny'IOK KpIIBhIX &an ( Q2
), noJiy'leHHhIX B JIU-
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JllIPYIOllleM nop51JlKe u . oTseqaIOlllIIX pa3JIII'IHhIM 3HaqemrnM A, a TaK 

)Ke cooTseTCTBYIOllltte TeM )Ke A nepTyp6aTIIBHhre pememrn. AHanu3 

BbIClllllX nonpaBOK Il03B0]lll]l IlJ)llJlTII K Ba)KHOMY 3aKJIIO'leHIIIO O neTne

BOH YCTOH'lllBOCTH nony'leHHbIX pe3yJihTaTOB JlJI}I scero HHTepsana 113-

MeHeHirn nMnynhcnoiI rrepel\rnHHoiI. MaKcnMaJihHOC OTJIII'IIIe OJlHoneTJie

n011 aHaJIIITH'leCKOII KOHCTaHTbl OT JlByxneTJieBOM COCTaBn}IeT npuMepno 

10 % npu HII3KHX 3Heprtt51X. Pa3nnqHe Me)KJlY JlByxneTJieso:rr II Tpexne

TJICBOH aHaJIHTH'leCKHMII KOHCTaHTaMII IIMeeT y2Ke IlOJ)51JlOK l %. TaKIIM 

o6pa30M, aHaJIUTII'IHOCTb CylUeCTBeHIIbIM o6pa30l\I MO.llllq>nuupyeT 3a

KOH 3B0]1IOUlll1 3ap51Jla B nucppaKpaCHOII o6JiaCTH n rrpuBO,D;IIT K fH'TJTCBOH 

ycTOH'IHBOCTH )lJl}I BCex eBKJlll)lOBbIX 3Ha'IeHUII Q2. 

B pa3)leJie 5.3 )lJl}I IlOCTpOeHml attaJIHTH'leCKOro 3ap51Jla paccMaTpll

naeTC}I MeTOJl Bbl'-lllTamrn tteq>U3ll'-IeCKHX oco6eHHOCTef1, KOTOJ)blll )lJl}I 

HeKOTOJ)blX ueneiI OKa3bii3aeTC}I 6onee y,no6HbIM, 'ICM rrp51M.OC HCIIOJlb30-

BaHIIe cneKTpaJihHoro npe,n:cTaBJICHII51. TaKo:rr crroco6 no3nonHeT 3anu

caTh BKJiaJlbl, BOCCTaHaBJIUBaIOllllle aHaJIUTH'ICCKIIe CBOUCTna 3ap51,n:a, 

n su,n:e pa3JIO)KeHuiI no CTeneH51M A 2 / Q2, HaIITH ,n:ononuu·rcJibHhie ap

ryMeHThI yuusepcaJibHOCTu uttcppaKpacttoro npe.n,.eJihHOro 3HatieHII51 (.lle

TaJibHOe paccMOTpem1e 3Toro sa2Kuoro ,n:JI.si: attaJIHTU'IeCKoro no,n:xo,n:a 

sonpoca .n:auo B pa3,n:ene 5.4), a TaK2Ke nony'lttTh npoCThle, y,n:o6tthle 

JlJI51 npuMetteuu:rr npu6ntt)KCHHhle cpopMyJihI. HanpnMep, ,n:syxneTJiesoiI 

attaJIUTll'IeCKUH llHBapuaHTHbIH 3apa:.n: MO)KCT 6bITb npe,n:cTaBJICH B BllJlC 

cyMMbl nepTyp6aTUBHOro, nony'ICHHOrO c IlOMOlllblO OJlHOH IITepauuu pe

HOpMrpynnosoro ypasuemrn, II JlBYX CJiaraeMhIX, OJlHO ll3 KOTOJ)blX Bbl

'IUTaeT HCq>ll3ll'ICCKIIll IlOJIIOC, a BTOpoe ycTpatt.si:eT Heq>ll3H'ICCKIIH pa3-

pe3. 3TII JlOilO]IHIITCJlbHbIC BKJiaJlbI MOryT 6bITb npe,n:cTaBJICHbI B BII,n:e 

CTCilCHHhIX nonpaBOK. 

IllecTa.si: rnaBa JlIICCepTaUIIH IlOCBJ:J:llleHa npuMeHeHIIIO II ,n:aJibHe:iirne

MY pa3BIITIIIO aHaJIIITII'IeCKOro no,n:xo,n:a. B paMKax attaJIIITII'leCKOH Te

OpIIII B03Mymeuu:rr BbIIlOJIHeH auanu3 pa3RII'!HblX a,n:pOHHblX npouecCOB. 

PaccMaTpnBaCTC.sl IIHTerpanhHM xapaKTCJ)HCTHKa IIHBapIIaHTHOro 3a

p.si:.n:a B IIHq>paKpaCHOH o6naCTII, npouecc e+ e- aHHIIrIIJIHUIIII s a,n:pOHbl 

II IIHKJII03IIBHblH T pacna)l. J1fayqaeTC.sl rrpo6neMa 3aBIICUMOCTH TCO

peTII'ICCKIIX pe3y]lbTaTOB OT Bbr6opa peHOJ)MIIJ)OBO'IHOro rrpe,n:rrIICaHIIH, 

IIOKa3hlBaeT<;H, 'ITO rrpIIMCHCHIIC aHaJIIITII'ICCKOH Teopnn B03MJIUCHII11 

II03B0]1.sJ:CT 3aMCTHO CHII3IITb CXCMHblll rrpOII3B0]1, cymeCTBCHHbIM o6pa-

30M IIOBbICllB TCM caMbIM rrpe,n:CKa3aTCJihHYIO CIIJIY TeopeTII'ICCKOrO aHa

]III3a . .IleMOHCTpIIpyeTC.sJ:, 'ITO y)Ke JlOCTIIrHYThlll JlJIH MHOrnx rrpoueccos 
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TpexneTJieBOH ypoBeHb npaKTMqeCKll OKa3bIBaeTCH He3aBMCMMbIM OT Bbl-

6opa cxeMbl nepeHOpMMpOBKll. B KOHTeKCTe aHaJIMTIIqecK0ro nonxona 

paccMaTpIIBaeTCH IIHTerpaJibHOe npencTaBJieHIIe l1ocTa-Jie1mHa-Ilaiico

Ha .UJIH cTpyKTYPHhIX <pyHKUIIii Heynpyroro nenT0H-anpoHH0ro pacce

HHIIH, K0Topoe, nono6Ho npencTaBJieHIIIO 9enneHa-JieMaHa mm nByx

ToqeqHbIX <pyHKUnii, HBJIHeTCH 0Tpa)KeHIIeM o6IUIIX CBOHCTB JIOKaJibHOll 

KBaHTOBOH TeOpIIII noJIH. O6pamaeTCH BHIIMaHIIe Ha cneuIIaJihHYIO CKCH

JIIIHr0BYIO nepeMeHHYIO, M0MeHTbl CTpyKTYPHhIX <pyHKUIIH no KOTO!)Oll 

06nana10T npoCTbIMII aHaJIMTIIqecKIIMII CBOHCTBaMII no KBanpaTy ncpe

naHHOr0 IIMnyJihCa, qT0 nenaeT IIX BeCbMa yno6HbIMII .UJIH aHaJIII3a B 

paMKaX aHaJIHTIIqecKOll TeOpIIII B03MyIUeHIIH. Y CTaHaBJIIIBaeTCH CBH3b 

aHaJIIITIIqecKIIX MOMeHTOB co CTPYKTypoii: onepaTOpHoro pa3JI0)KCHHH. 

IIonyqe:iio Bbipa)KeHIIe .UJIH CTpyKTypHoii: <pyHKUIIII Heynpyroro JienTOH

a.upoHHoro pacceHHIIH, KOTOpoe HaXO.UHTCH B cornaCIIH co cneKTpaJihHbIM 

cBoii:cTBOM II yqnT'brnaeT 3<p<peKThI, CBH3aHHhie c Maccou MIIIllCHII. 

OniIIqIITeJihHOii: qepTott aHaJIIITnqecKoro 3apHna HBJIHeTcH ero K0-

HeqHoe IIH<ppaKpaCHOe npeneJibH0e 3HaqeHIIe. TaKoe CBOllCTBO, K0TOpoe 

IIHorna H·a3hIBaIOT IIH<ppaKpacHoii: 3aMopo3KOH .KoHCTaHThI CBH3II (xoTH, 

KOHeqHo, B i(aHHOM cnyqae IIHiiapIIaHTHblll 3apH.U II3MeHHeTCH, HO pe

rynHpHbIM o6pa30M), HepenKO IICilOJib3YeTCH .UJIH <peH0MeHOJIOrIIqeCKIIX 

ueneii:. O.uHnM II3 3KCnepIIMeHTaJibHbIX CBnneTeJibCTB peryJIHpHoro no

BeneHIIH IIHBapIIaHTHOr0 3apHna B IIH<ppaKpaCHOH o6JiaCTII HBJrneTCH ero 

IIHTerpaJibHM xapaKTepIICTIIKa, K0T0py10 M0)KHO II3BJie"Ib II3 q>II3IIKH 

cTpyii. B paMKax auamnIIqecKoro nonxona TaKaH BeJIIIqnua paccMo

TpeHa B pa3neJie 6.1, rne noKa3aHo, qTO noBeneHne aHaJinTIIqecKoro 3a

pHna B IIH<ppaKpacHOll o6naCTII xopOill0 corJiacyeTCH C 3KCnepIIMCHTaJib

uoii BeJinqIIuoii. B 3T0M )Ke pa3nene uaiineubI npII6JIII)KeHHhie q:iopMyJihI, 

K0T0pbie y.uo6HO IICnOJib30BaTh npn <peH0MeH0JIOrII"IeCKOM npIIMeHeHIIII 

auaJIIITnqecKOll TeOpIIII B03MyIUeHIIH, a TaK)Ke paCCM0Tpeu Bonpoc O Be

JIIIq1rne MaCillTa6Horo napaMeTpa A. 
B pa6oTax lllBnuTepa AJIH cJiyqaH KBaHTOBOH 3JieKTpO.UIIHaMnKII 6bmo 

Bbl.UBIIHyTO IIHTepeCH0e npennoJIO)KeHIIe 0 B03MO)KHOH nponopuIIoHaJib

HOCTH peHopMrpynnoBOll <pyHKUIIII fenJI-MaHHa-Jioy n cneKTpanhuofI 

nJI0THOCTII. B nocneny10meM 3T0 npennoJI0)KeHIIe n0.UTBepnIIJI0Cb Ha 

.UByxneTJieB0M ypoBHe. O.uHaKO TpexneTJieBbie BKJia.Uhl npIIBeJIII K Ha

pyllleHHIO TaKoii B3aIIMOCBH3II. B pa3.UeJie 6.2 3Ta rIInoTe3a paCCMOTpCHa 

B KOHTeKCTe aHaJIIITII"IeCKoro nonxona. BHaqaJie pa3.uena noKa3bIBaCTCH, 

'ITO B paMKaX aHam1TnqecKoii TeopIIII B03MyIUeHIIH B03M0)KH0 KoppeKT-
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HOC onpe.UCJICHIIC 6Prymcro 1a1rnna BO BpCl\lCHIIIlO.U06HOll o6JiaCTJI. Ero 

BbIJHl)KCH!ie '!C!)('1 cnPKTpaJibH~"IO <pyHKUIIIO Ill\lC'CT CJicny10m11f1 BII.U 

1 1cc da (l_,(s) = - - p(a). 
1i s (l 

(15) 

1aKOH cro 3B0JIIOUJIII fiyneT 0TJill'IaTbCH OT 3aKOHa 3BOJIIOUIIH 6erymero 

1apHna B eBKm1nonof1 o6naeTn. 'ITO BeneT K IIHof1 /:J-<pyHKUirn. lhteHHO 

:na /:J-q:iyHKUllH, 0TBC''IaIOIUaH 3<p<pCKTIIBHOl\IY 1apH.UY BO Bpel\lCHIIIIO.U06-

HOII o6JiaCTJI, ll 0Ka3bIBaeTCH nponopunoHaJihHOll cneKTpaJibHOll nJI0TH0-

CTH. Pa3Jlll'IHC l\lC)K.UY CBKJllI.U0Bhll\l lIHBapnaHTHhl:1.1 3apH.U0:\I II 3apH.U0M, 

onpencJieHHhIM BO Bpel\wmrnono6Hoii 06nacn1, B Teopnn B03MYIU<'Hnf1 Ha

'urnaeTcH c TJ)CTheJI nCTJIII. Cne.UOBc"lTCJibHO .UJIH o6hI'IHO onpeneJICHHOII 

/1-<pyHKUIUI BbIIl0JIHHI\TCH /:J = -p(s)/1r + O(3-loop). 

Ha•nrnaH C Tpexm~TJieBoro ypoBHH, K03<p<pHUIICHTbI .,3-<pyHKUIIII CTa

HOBHTCH 1aB1ICill\lbll\lll OT BhI6opa CXCMbI nepeHopr-mp0BKII. B pa3.UCJIC 

G.2 .U0Ka3aHo, 'ITO cpyHKUHH, CO0TBeTCTBYIOIUIIC CBKJilI.UOBOII KOHCTaHTC' 

CBH3Il II llHBapnaHTH0l\lY 3a1rnny, onpeneJICHH0MY BO BJ)Cl\IeHIIIlO.U06HOII 

o6JiaCTH, He MoryT C0BnanaTb HII B Ka.KOH pCHOpl\IaJIU3aUHOHHOII cxe:,.1e. 

8TOT BbIB0.U 06 nx aCHMMCTJHl'IH0M noBe.UCHIIH H0CIIT .UOCTaTO'IH0 06-

IUllll xapaKTep, TaK KaK He onIIpaCTCH Ha TCOpHIO B03l\IYIUCHHfI, a IIC

nOJih3YCT Jllllllb CBOHCTBa aHaJIIITH'IHOCTlI; KOTOpbie OTpa2KaK1T 06mm' 

npIIHUHnhI TeopmI. 

B pa3.UCJIC G.3 Ha 0CH0Be aHaJIHTll'ICCK0ro nonxona BbIIl0JIHCH amlJill3 

npouecca e+ e.,.. aHmirnJIHUIIII B anp0HhI. IlnH cpaBHemrn c 3Kcnepnl\ICH

TaJihHhIMII naHHbIMII IICn0Jib30BaH cneuHaJihHhIH MCT0.U crJia)KIIBamrn 

pC30HaHC0B. IIoKa3aHo, 'ITO Y2KC B nepB0M nopH.UKC aHaJIHTll'ICCKOfl TCO

pIIII D03MyIUeHIIM ynaeTCH .U0CTil'lb xopolllero cornaCHH C IIMCIOIUI!l\lHCH 

3KcnepIIMCHTaJihHhIMII naHHhIMll. II pn 3TOM nponeneHH0C paCCM0TpCHIIC 

He OCH0DaH0 Ha KaKOM-JIII6o onTIIMII3aUllll CXCMHOro np0II3DOJia. Bonee 

Toro, KaK noKa3aHo D pa3.UCJIC G.4 .UHCCCpTaUIIII, CXCI\.IHaH 3aBHCIIM0CTb B 

auamITH'ICCKOM TCOJ>IIII D03MYIUCHHM 0Ka3hIBaCTCH cymecTBeHH0 MCHb

IllCll, •ieM npn IICn0Jih3onaHnn o6bI"IHoro nonxona, n npcncKa3aHnH atta

JIIITll'ICCKoiI TC0pIIn D03MyIUeHIIll npaKTH'ICCKH He HMCIOT CXCMHoro npo

II3D0Jia .UJIH nccro 3HcprcTH'IeCKoro HHTepnana. Ha Pm:. 3 H3o6pa:iKcHa 

xpoM0.UIIHaMH'ICCKaH nonpanKa r(s) K R-oTHOillCHHIO n.rrn npouccca c+c
aHHIIrIIJIHUIIII D anpoHbl KaK <pyHKUMH Js/ AMS> Bbl'IHCJI()HHaH B TpeTbel\l 

II0J)H.UKe D TC0J)llll D03MY1UCHH1I u D aHaJIIITll'ICCK0M nonxone .UJIH nnyx 

cxcM nepcHopMnpoBKH H 11 MS, xapaKTCJHI3JIOIUIIXC~ nJHIMCJ>H0 onHnM 
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n TeM )Ke HH,neKCO:\l coKpameHHH Cn '.:::'. 2. Puc. 3 ,ne:\IOHCTJH!pyeT, 11To 

Ill)H:\feHeHHe aHamITH1IeCKOro rro.nxo.na I103BOJUICT Kap.n1rnaJihHbIM o6pa-

30:\I Y:\leHbllIHTb cxe:\!Hblll rrpOH3BOJI. 3TOT )Ke BbIBO,n crrpaae.nmrn n .nm1 

.npyrnx q:>H3H1IeCKUX BCJIH1 IIIH. 

0.20 ~~------------------, 

0.15 

0.10 

0.05 

\ 
\ 

\ ·, ·, 
·, ........ _ 

4 

"'· ...... 

--AA(MS) 
········· AA(H) 
-·--·-- PT (MS) 
------PT(H) 

~-

, , , , 

VS/AMS 

6 8 10 12 

Puc. 3: I'paqJHK <PYHKUHH r(s), BbJTIHCJICHHOH B Teoprrrr B03Mym;eHHH 

(PT) H B aHaJIHTH'leCKOM rro.zrxo.zre (AA) .zrmr ,zrByx cxeM rrepeHopMHpOBKH 

HrrMS. 

11HKJII03HBHbllI pacrra.n T JierrTOHa B aHaJIHTH1IeCKOH TCOpHH B03My

meHHlI paCCMOTpeH B pa3,neJie 6.5. .1lrn1 BKJia,na CHJihHbIX B3aHMO,UeH

CTBHlI ~r B Rr-OTHOllleHne rroJiy11eHo cJie,ny10mee Bhipa)KeHne 11epe3 3<p

<peKTHBHYIO crreKTpaJihHYIO <pyHKUHIO 

d1 100 
da eff d1 kM; da ( a )

3 
( a ) eff 

~T = - - P ( (f) - - - 1 - - 1 + - P ( (f) , 
1r o a 1r o a M; M; 

(16) 
B KOTOpOM, 6Jiaro.nap51 CBOHCTBY YHHBepcaJibHOCTH, HHTerpaJI C rrepBOM 

CJiaraeMOM MO)KeT 6bITb Bbipa)KeH 11epe3 HH<ppaKpaCHOC npe,neJihHOe 3Ha-

1ICHHC attaJIHTHtJCCKOro 3apH,na. 

B pa3,neJie 6.6 paccMoTpeH npouecc tteynpyroro JICIITOH-a,npottHoro 

pacceHHHH, KOTOpbllI xapaKTepn3yeTC51 CTpyKTypHbIMH <pyHKUHHMH, 3a

BHC5IlllHMH OT ,nayx CKaJIHpHblX apryMeHTOB. B 3TOM CJiyqae o6mHe 

IIpHHUHIIhl TeOpHH aKKYMYJIHPYIOTC51 B HHTerpaJibHOM npe.ncTaBJICHHH 
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' ' ' ' 
' ' 

0.000 --
0.00 0.25 0.50 0.75 1.00 

PHc. 4: IIoBe.zreHrre crpyKrypHhlX <PYHKUHH. 

6oJiee CJIO)KHOrO BH,na - npe,ncTaBJICHHH 11ocTa-JleMaHa-.1laiicoHa, KOTO

poe Jie)KHT B OCHOBe BbIIIOJIHeHHOro B pa3,neJie 6.6 aHaJIH3a. 3.nech HC

IIOJih3yeTC51 HecTaH.napTHa51 CKettJIHHrOBM nepeMCHHM, KOTOPM IIpHBO

,r(HT K MO,r(H!pHUHPOBaHHbIM MOMCHTaM CTPYKTYPHhIX <pyHKUHH, .sIBJI5IIO

IUHXC51 aHaJIHTHtJCCKHMH <pyHKUHHMH no nepeMeHHOM Q2 . B KOMIIJieKCHOlI 

IIJIOCKOCTH C pa3pC30M'B,r(OJlb OTpmi:aTeJibHOlI IlOJiyOCH. Bb1B0,r(5ITC51 ,r(HC

nepCHOHHbie COOTHOllICHlUI, ycTaHaBJIHBaeTC51 CB513b aHaJIHTIItJCCKHX MO

MCHTOB C onepaTOpHblM pa3JIO)KeHIIeM H B JIIIAHPYIOIUCM nopH,nKe Haxo

,r(5ITC51 Bbipa)KCHH51 ,r(Jl51 aHaJIHTIItJeCKHX' MOMCHTOB CTpyKTypHbIX <pyHK

UHlI · HYKJIOHa. Ilony11etto Hoaoe Bhlpa)KeHIIe AJIH CTpyKTypttm1 <pyHKUIIH, 

co.nep)Karn:ee 3aBIICIIMOCTb OT MaCCbI MHllleHH, KOTOpoe He npOTIIBOpe11HT 

CBOIICTBY cneKTpaJibHOCTH. Ha PHc. 4 npHae.netto xapaKTepttoe noae

,neHHe CTPYKTYPHhIX <pyHKUHH. <l>yHKUHH F(x) cooTBeTCTByeT napToH

HOMY pacnpe.neJieHHIO, <pyHKUIIII W(x, t = M2 /Q2
), co,nep)Kamee 3aaucu

MOCTh OT MaCCbl MHllleHII, noJiy11eHhl B paMKaX MCTO,na ~-CKClIJIHHra, KO

TOpblll npHBO,r(HT K HapyllleHHIO CBOHCTBa CilCKTpaJibHOCTH, II Ha OCHOBe 

npe,nJIO)KeHHOro B ,nIIccepTaUIIII no.nxo,na. 

B 3aKJII01ICHIIII Cq:>OpMyJIIIpOBaHbI OCHOBHhIC pe3yJibTaTbl1 IIOJiytJeH

HbIC B ,r(IICCCpTau1rn. 

B IlpIIJIO)KeHII51 BbIHCCCH p51,n pe3yJibTaTOB, IlO.sICHHIOIUIIX OCHOBHOH 

TeKCT ,nIIccepTaUIIII. B IlpIIJIO)KCHIIII A npIIae.neHhI .nayxneTJICBhle Bbl-
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pa)KeHIUI .n:mr KOppemnopoB TOKOB MaCClIBHbIX KBapKOB. Pa3'baCHCHlIC 

BOrrpoca, CBa3aHHOro C KYJIOHOBCKHMH cnrynapHOCTaMH, .n;aHO B Tipnno

)KeHne B. Tipn6JIH)KeHHb1e qlOPMYJihl .n:na .n;ByxneTJieBoro BKJia.n;a [a2Jan 
nonyqeHbl B Tipnno)KeHnn C, a B Tipnno)KeHnn D paccMOTpeHbI .n:cTann 

BhlqncneHna BennqnHhl Re:. B aHaJinTnqecKOM rro.n:xo.n;e. 

IlJ15l 3AIIJJ1Tbl BbIIlBI1I' AIOTC5l CJIEilYIOII.UJJE 

PE3YJibTATbI, TIOJIYYEHHbIE B Ill1CCEPTAUI1I1 

l. Pa3pa60TaH MCTO.n; rrpoBe.n;eHna HenepTyp6aTHBHbIX Bhl'lHCJICHHii 

B KBaHTOBoii Teopnn nona - BapnaunoHHaa Teopna B03Myrn;eHnii. Tio

Ka3aHa 3qlqlCKTIIBHOCTb npe.n;JIO)KCHHOro no.n:xo.n:a Ha npnMepe HYJibMCp

HbIX II 0.D:HOMCpHbIX MO.n;eneii. B cnyqae aHrapMOHnqecKoro OCUHJIJI.sI

TOpa Hau.n;eHo, qTo y)Ke nepBbIM nopa.n;oK HOBoro pa3JimKeHna xoporuo 

BOCIIpOH3BO.D:lIT OCHOBHbIC ero xapaKTepnCTHKH BO BCeM o6JiaCTH H3MC

HeHna KOHCTaHTbl CB513H, BKJIIoqaa npe.n;eJihHbIM cnyqau CHJibHOM CB}l3H. 

2. Ha ocHoBe BapnaunoHHOM Teopnn B03MymeHHM nccne.n;oBaHhI CBOM

CTBa cp4-Mo.n:enn Teopnn nona. TioKa3aHo, qTo HerrepTyp6aTHBHhIM rayc

COB 3qlqleKTHBHbIM IIOTeHunan B npOCTpaHCTBC npOH3BOJibHOro qncna H3-

Mepemrii MO)KeT 6hITb HaM.n:eH KaK rr_epBOe HeTp1rnnaJibHOe rrpn6JIH)KeHne, 

rronyqeHHoe Ha ocHOBe HOBoro pa3JIO)KeHna. Ilna cKanapHoii cp4-Mo.n;enn B 

qeThipex H3MepeHnax nocTpoeHa HenepTyp6aTHBHM peHOpMrpyrrnoBaa 

/3-<PYHKUna. Pa3JIO)KeHne 3Toii <PYHKUHH B pa.n: no CTerreHaM KOHCTaHThI 

CBa3H xoporuo BOCnpoH3BO.D:HT nepTyp6aTHBHblll rraTnrreTJieBOll pacqeT, 

a npe.n:cKa3aHne .n:na ruecTnrreTJieBoro K034)4)HuneHTa Haxo,n:nTca B co

rnacnn C OUCHKOH, Haii,n:eHHOH Ha OCHOBe crreunaJibHOro MeTo,n:a cyMMH

poBaHH.sI pa.n:a Teopnn B03MymeHHM. 

3. Tipe.n;JIO)KeH HCIIepTyp6aTHBHbll1 no.n:xo.n: B KBaHTOBOM xpOMO.D:H

HaMHKe, OCHOBaHHblll Ha HOBOM MaJIOM rrapaMeTpe pa3JIO)KeHna. Pa'.}pa-

6oTaHhl crreunaJibHbIC rrpaBnna H .n:narpaMMHM TeXHHKa, II03BOJiaIOW:HC 

CTpOHTb <PYHKUHH I'pnHa H Haxo,n:HTb KOHCTaHTbl rrepeHOpMHpOBKH B 

BH.D:e pa,n:oB no 3TOMy MaJIOMY napaMeTpy. Pa3BlITa rrpoue.n:ypa rrepeHop

MHpOBKH n Haii.n:eHbl OCHOBHbie HerrepTyp6aTHBHbie peHOpMrpyrrrrOBble 

<PYHKUHH B KBaHTOBOH xpOMO.D:HHaMnKe. TioKa3aHo, 'ITO IIOBC.D:eHHe Haii

.n:eHHOH /3-<PYHKUHH rrpn 60JiblIIHX 3HaqeHH.sIX KOHCTaHTbl A CB513H HMCCT 

BH.D: /3(..\) ::= -A, qTo COOTBeTCTByeT HH(ppaKpaCHOM CHHrynapHOCTH HH

BapnaHTHOro 3apa.n:a Bn.n:a o:,(Q2) ~ Q-2, KOTopoe accounnpyeTca c JIH-
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ll<'IIHbll\l pOCT<l:\I KBapK-aHTIIKBapKOBOro IIOTCHunana Ha 60JibIIIHX pac

CTO.sIHH.sIX. Ha11.n:CHHblll IIOTCHUIIaJI xoporuo cornacyCTC.sI C q>CHOl\IeHo

Jl{ffil'JCCKIIl\l. BbIIIOJIHCHbI Dbl'IHCJICHll.sI BbICIIIl!X nop.sI.D:KOB pa3JIO)KeHirn, 

CDII.D:CTCJibCTDYKlW:11(' 06 ~'CTOil'IJIBOCTII pC3YJibTaTOB u rrpm,ICHUl\lOCTH 
l\IeTO.n;a B Illl!pOKO!\! UHTCJmane :=meprm'i . 

4., Ha OCHOBC a-pa1JIO)KCHil51 C HCIIOJib10BaHIIel\l cneunaJibHOro cno

co6,HTJia)Kl!DaHII.sI pc10HaHCOB npc.n:JIO)KCHO onncamw rrpouecca e+e- aH

m1rnm1unn B a.n:poHbI npn HH3Knx 3HCprnax. TioKa3aHo, 'ITO y)Ke B rrep

Bo!\1 nopa.n:Ke y.n:acTca .n:ocTll'Ib xopoIIIero cornacna c 3KcnepnMeHTaJib

Hbil\rn .n:aHHhil\rn. Tipc.n:no)KCH caMocornacoBaHHhIII cnoco6 onpe.n:enenna 

6crymeM KOHCTaHTbI CD.sI3lI KDaHTOBOII xpOl\lO.D:JIHal\IHKH BO Bpel\ICHIIIIO

.n:o6HOH o6nacTn. llano HOBOC paCCMOTJ)CHHC rrpo6JICMbl UHKJII03IIBHOro 

pacna.n:a T JICIITOHa, II03_BOJI5IIOW:CC II36C)KaTb TPY.D:HOCTCII, npncymnx 
ncpTyp6a THBHOl\ly no.n:xo.n:y. 

5. Pa3pa6oTaH am1JIHTH'ICCKHI1 no.n:xo.n: B KDaHTOBoii xpol\romrna

l\UIKC, KOTOJ)blll CO'ICTclCT MCTO.n; J)CHOPl\IrpynnoBoro aHam13a C Q2-aHa

JIHTll'IHOCTblO. HcqlH1IPieCKHC oco6cHHOCTH nma np113pa'moro IIOJIIOCa 

y 6crymcro 3apa.n:a, nocTpoeHnoro na ocnoBe TaKoro no.n:xo.n:a, OTCYT

CTDYIOT. PerynapHOCTh era noBe.n:emrn n. HHqlpaKpacHm'i o6nac-i;n o6ec

ne,rnnaeTca 3a C'ICT HCnCpTyp6aTHBHbIX BKJia.D:OB, KOTOpbIC "HCBH.D:lll\lbl" 

n Tcopm1 B03Mymcunf1. IloKa3aHo, 'ITO B paMKax aHannTH'IeCKoro no.n:

xo.n:a cymecTBYCT ymrncpcaJibHOC IIH(ppaKpacHoe npe.n:cJihHOC 3Ha'ICHHC 

KOHCTaHTbl CB513H O'a11 (0) = 47f / fJo, KOTOpOC HC 3aBHCHT OT 3KCnC!)Hl\lCH

TaJibHbIX OUCHOK mt MaCIIITa6HbIM napaMCTJ) A, a _onpc.n;CJI.sICTC.sI ,Jllllllb 

o6mnMH xapaKTCJ)HCTUKaMn narpaH)KHaHa. TioKa3aHo, 'ITO npe.n;JIO)KCH

Ha.sI n .n:nccepTaunH aHaJIHTU'ICCKaa Tcopnn D03My1n:cttnii rrpnno.n:nT K 

neTJICBOll CTa6HJibHOCTH He TOJibKO n YJibTpaq>HOJICTOBOll o6nacTn, HO n 
.D:JI.sI BCero 3HepreTll'ICCKoro HHTCpBana. . .· . 

6. Y CTaHoBnetto, 'ITO B paMKax aHaJIHTH~I~·CKoro no.n:xo.n:a B03l\IO)KHO 
-~ • • > < t 

nenponmopeqnBoe onpe.n:eneHnc 34)q>CKTHBHoro 3apa.n:a Bo npeMt;mmo-

.n:o6Hoii o6naCTH. TioKa3aHo, 'ITO mm COOTBCTCTBYIOW:Cll /3-<PYHKUllll 

oKa3bIBaeTca cnpanc.n:nnBOH rnnoTe3a lllnnHrepa o ec CB.sI3H co cncK

TpanbHoii IIJIOTHOCTbIO. I1cnoJib3ya JIHIIIb o6mne CBOMCTBa aHaJIUTH'I

HOCTH, .D:OKa3aHo YTBCJ))K.IJ:CHHC O TOM, 'ITO HHBapnaHTHbIM 3apa.n: HI.' 

MO)KCT o6na,n:aTb CHMMCTpll'IHbIM IIOBC.D:CHHCM n CBKJIH.D:OBOM n BO npe

M<rnnno.n:o6HOM o6nacTax. IleMOHCTpnpyeTca xopoIIIee cornacne amwn

TH'IecKoii TCOJ)HH B031'vtymennii C 3KCnepnMCHTaJibHbIMII .n:aHHbll\UI .D:JI.sI 

npouecca e+ e- anHnrnnaunn B a.n:pOHhI npn HH3KHX :rneprnax. Pac-
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CM0TpeH IIHKJ1103IIBHblll pacna.u T nenT0Ha H Il0Ka3aHo, 'ITO no.u.uep:a<Ka 
K0ppeKTHbIX aHamJTnqecKIIX CBOIICTB D-cpyHKIIIIII 11rpa13;T nprmmmu
aJlbHYIO ponb .um1 cal\mcornaconaHH0ro om1camrn 3Toro npouecca. Tio
Ka3aHo, qTQ npUMCHCHIIe aHaJlHT!I'IeCKOl'i Teoprrn B03MYIUCHIU'i Il03BO
JlHeT cymeCTBeHHbll\f o6pa30M yMeHbIIIIITb 3aBIICIIMOCTb pe:iynbTaTOB OT 
Bhr6opa cxel\Ibl nepeHOl)l\ntpOBKH Ha BCCM 3HepreTU'ICCK01\f HHTCpBaJIC. 
Y CTaH0BJleHa CB}I3b aHaJlIITWieCKHX M0MeHTOB CTPYKTypHbIX cpyHKIIIUI 
C onepaTopHbIM pa1JIO)KCHJ1eM. Tipe,llJlO)KeH HOBblll cnoco6 y<reTa 1anncn
M0CTH OT MaCCbl MUilleHn, KOTOpbIH npIIBO.llllT K Bbipa)KeHJIIO ,llJlH (:TpyK
TypHbIX cpyHKIIIIH C KOppeKTHblMII cneKTpaJibHbIMII CBOHCTBHMH. 
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