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OE!JWl XAPAIITEPHCTMKA PAEOTl:l 

AKTYaJI&HOCTb T8Mli. lByMepaoe npocTpaHCTBO-BpeMH npe.14JiaraeT 
xopomyD B03MOXHOCTh ,llJIII anpoClHpo1aaH11, noHID.!aHl'lH l'l pa3BHTl'lff MaTeMa­
THQeCKl'lX MeTo-.itoB l'l cpH3l'lQ8CKl'lX npeicta.BJIBHl'llt B KBaHTOBolt TeopHl'l rtona •. 
Cy~eCTBOBBHl'l8 B H8LI TOQHO pemaeMHX MOA8Jielt np8,llCT8BJIH8T 3HaQHT8JlLH!,llt 
CHCTeMaT~eCKl'llt l'lHtepec ,llJlll oueHKl'l OClOCHOB•airnocTl'l oClumx M8TO.ll0B teo­
pl'll'l TIOJIR l'l BM8CT8 C oClo3pl'lMOCTLD BliQl'lCJl8Hl'lll 38J.18THO pacml'lpHeT Kpyr 
npoClneM, ataKyeMwx · c nosuuHlt .llBYMepHa. H3yqeaue .llBYMepH1ix M0,1te.11elt 
nopO,lll'lJIO H8J.!8.JIO l'lHTepeCHliX l'lAelt, KOTop1,1e ycriemHO npHMe~RDT~!I .B Clonae 
peaJil'lCTl'lQ8CKl'lX Q8Tlip8l0,!8pHHX T80pH!IX. 

TaK, pa3HooClpa3HHe cs -1,10,nenH c O(N)-H .SU(N)-'KHpaJILH!iMl'l 
cpepMl'lOHBMl'l mHpOKO l'lCTIOJIL30BaJil'lCL npn o~pa6aTW38Hlill KBa3.liKJiaCCHqecrurx 
M8TOAOB KBBHTOBOlt TeopHH TIOJIH ,ll;JIH B!,IQl'lCJl8HH!I cneKTpOB CB!l38HHHX 
COCTOHHHlt l'l l'IX cpopMcpaKTOPOB. Mo.neJIL THppHHra nochy:mna OCHOBOlt AJI!I 
HCCJl8,llOBaHl'lH npoClJI8M!i ~epMl'lOHHoro KO.HipaltHM8HTa B RBHO KHpaJILHO-HH­
Bapl'laHTH!iX TeOpHHX •. Ha npKMepe _ABYM8pHO~ MO,ll;8JIH XHrrca IlliTaJil'lCL 
BHHCHl'lTL $H3l'IQ8CKl'llt CM!,ICJI H8TpHBHaJILHOlt Tononorl'lQ8CKOlt CTpyKtyp!i 
BBKYYMa l'l CBH3aHH!,IX C Helt l'lHCTaHTOHOB. BnoJIHe 8CT8CTB8H8H l'lHTepec K 
M8X8Hl'l3MY CTIOHTaHHOro HapymeHl'l!I Cl'lMM8TpHl'l B .llBYM8pl'lH, noT0MY QTO 
.n;ByuepH!,18 roJI,ll;CTOYH OBCKl'l8 Clo30H!i BO MHOfOM IlOXO!:l'l Ha qe71,1peXL18pH!i8 
KaJil'lClpOBOQH!i8 Cl030Hli. 

Cpe.nH BC8B03MOXH!iX .llBYM8PHHX TIOJI8BHX MO,ll;eJielt ocoCloe M8CTO, H8-
CMOTpll Ha CB0D npoCTOTY, 3aHHMa8T MO,ll;8Jlb lliBHHrepa KaK THilHQHaH KaJIHCl­
pOBOQHaH TeopHH. B H8R peaJIH3Y8TCff M8XBHH3M reHepHpOBaHHH MaCCY ,llJIH 
Cl030HOB, OTJIHQH!ilt OT M8XaHH3Ma XHrrca. 3apa.n 3KpaHHPY8TCR,H 3TO no­
pO,llHJIO np8ACT8l!Jl8Hl'l8 0 K0H!paltHM8HT8__Ha OCHOB8 JIHHeltaoro poCTa noTea-

. UHaJia. -B paL!KaX 37011 M0,ll8Jll'l B03HHKJIH noHHTH8 g -BaKyyua H H,ll8H 
0Cl1>RCH8HHR Ha.pymeHHR ltHpBJILHOR CHMMeTpHH B KaJIHClpOBOQH!iX T80PHRX C 
Cl83M8CC0BWH cpepMH0HaMH JI0KaJlLH!iMH $JiyKTyaUHHMH TOilOJIOfHQ8CKoro 38-

pa.na. . 
B nocJieAH88 BP8MH B CBR3l'l C HHT8HCHBHW pa3BHTH8M T80pl'IH CTPYH!i 

B03poc liHTepec K KOH!pOpMHO-HHBapHaHTHliM ,ll;BJM8pHYM M0,ll;8JIHM. EHJIO 
.llOCTHrHYTO cepb83H08 npoABHX8HH8 B HCCJl8,llOBaHHH.TeopHH npeicTaBJI8HHR 

Oec1tOH8QHOM8PHYX aJireClp TIH - anreOp BHpacopo H Kaua - My~H~ B KOHT8KCTe 
teopHH CTPYHH B03pOCJIO 3HaQ8HH8 ABJILHeR~ero H3YQ8HHH H8JIHHeRaoH 
~ -MO,ll8JIH. 3TH ,ll;Ba llOCJ18;1J,HHX.acneKTa npocnexHBaDTCH B H8JIHH8HHOH-
G -MOA8JIH C B8CC-3YMHHOBCKHM QJI8HOM B .14ellCTBHH. 

nBYM8pHY8 MOA8JIH IlpHBJl81t8DT BHHMaHH8 H npH HCCJI8,ll;OBaHHH aHOMaJIL­
HliX T80pl'lll. KaK H3B8CTHO, B npouecce KBaHTOBBHHH H8KOTOpHe H3 
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xnaccuqecxux cauMeTp«a TeopwH woryT Hapymatbca. 3ta npoOnewa 
3atparHBaeT KHpaJibHYD CHMM8TPHD Oe3MaCCOBHX (BeRJI8BCKHX) ~epMHOHOB 
B npocTpaHCTBaX qeTHOR pa3M8PHOCTH, Hx'rpaBHTaUHOHHYD CHMM8TpHD B 
npoctpaHC'!Bax paswepHOCTH 41. + 2, ' I, = 0,1,2, ••• ' KOH~OPMHYD CHM­
MeTpHD. Hecwotpa Ha 3aMeTHHe ynpo111eHHR B ABYMepHH yxe npHCYTCTBYDT 
OCHOBHHe CTpyKTYPH MR aHoMaJIHR B npoctpaacTBax Oonee BHCOKOR 
pasMepHocrH. 

'TioatoMy oOp~eHHe K IIOJISBHM MOAenmi B ABYMepHOM npoctpaHCTBe-Bpe­
MeHH :AJIR oOocHOBaHHR B paMKaX raMHJlbTOHOBa ~Opl,laJIH3Ma KBaHTOBaHHR 
KaJIHOposoqHHX T80pHR Ha RBHHX pemeHHRX ypaBH8HHR CBR3H B TepWl'Hax 
H8JIOKaJibHHX noneR npeACTaBJiaetca aKTyaJibHHM. 

lieJib paOOTH COCTOHT B HCCJieAOBaHHH KBaHTOBHX 3~eKTOB B ABYMep­
HHX KaJIHOpoBoqHHX TeOpHRX npH TTOMOIIIH raMHJlbTOHOBa KBaHTOBaHHR B Tep-

MHHax H8JIOK~JlbHHX KaJIHOposoqHO-HHBapHaHTHHX ~YHKUHOHaJIOB OT HCXOAHHX 
none! Ha RBHHX pemeHHRX ypaBHeHHR CBR3H. 

HayqHaa HOBH3Ha H npaKTHqecKaa neHHOCTb paOoTN. raMHJ!bTOHOBO 
KBaHTOBaHHe Ha RBHHX pemeHHRX YPlBHeHHI CBR3H, OCHOBHH8 npHHUHnH 
KOTOporo C~OPMYJIHpOBaHH B ncceptaUHH, TT03BOJIR8T BHRBHTb HCTHHHHe 
npHQHHH pRAa H3BeCTHHX ~eHOM8HOB, OOHapyXHTb H OCMHCJIHTb HOBHe. 
B qaCTHOCTH, y;r,anocb rnyOse TTOHRTb,pOJib Mopa lHpaxa B ABYM8PHHX MOAe­
JIRX. OHO He TOnbKO nopOEAaeT mBHHrepoBCKHR QJieH B KOW4ytatope ~ep­
Wl'OHHHX TOKOB, HO B npHCYTCTBHH B3aHMOA8RCTBHR ero nonapH38.l(HR KaJIHO­
posoqHHM noneM asnaeTCR ~H3HQ8CKOR npHQHHOR aapymeHHR KHpaJibHOR CHM­
MetpHH. IlOHHllaHHe 3Toro ~KTa cy111eCTB8HHO AJIR aHaJIH3a npOHCXOXA8HHR 

0 -saxyywa B ABYM8PHOR Oe3MaCCOBOR K3l. HCilOJ!b3Y8MHR IlO,ltXOA Il03BO­
JIHJI OT'A8JIHTb BHPOEA8HHe saxyyMa OT axcHaJibHOR aHOMaJIHH. B OTJIHQH8 
OT TTOCJI8AHeR, CTpyKTypa Baxyyua HenocpeACTB8HHO CBR3aHa C rnoOaJibHHMH 
CBORCTBaMH Oo30HHOro cextopa teopHH: C TOilOJIOrHeR KOH~Hrypal(HOHHoro 
npoctpaacrsa xanuOpoBoqHoro nona. B cnyqae HetpHBHaJibHOR tononorHH 
OOHapynsaeTca OCTaroqHaa "npOAOnbHaa" BaxyyMHaa AHHaMHKa, COOTBeTCTBYD­
llt!lR IlOCTORHHHM BaKYYMHHM 3Jl8KTpHqecKHM IlOJIHM Oe3 HCTOqHHKOB, qro MOXHO 
HHrepnpeTHpoBaTb xax noneBoR aHanor s¢i4lexra nxose~coHa. nna onHcaHHR 
3TOR AHHaMHKH BBeAeHa HOBaR napa ,ltHHaMHQeCKHX nep8M8HHHX - TOilOJIOrH­
qecKHe KOOMHHaTa H HMilYJibC~. Tor;r,a ~H3HQ8CKHR Ba.KYYM MOABnH illBHHrepa 
onpuenaerca xax xorepeHTHoe cocToaHHe HaOJIDAaewx noneR. Tononon-

. ' . 
qecxoe BHPOX,lt8HHe 3aTparHBaeT He TOJ!bKO CTPYKTYPY COCTORHMfl H ~H3H-
qecxHe nona,·ao H ~a3H HCTOQHHKOB sapaxeHHHX oO~eKtos. OOHapyxeHHYD 
.lteCTPYKTHBHYD HHT8N8P8HUHD 3THX 4Ja3 MOXHO paccMatpHBaTb KaK Tonono­
ruqecKHR M8Xll.HH3M xoHtiaRHMeHTa. Tipe.ltCTaBnaet HHTepec HCCJl8,ltOBaHHe 
ero aHaJioros B peaJIHCTHQ8CKHX Q8THpeXMepHHX MO.lt8JIRX. 
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raMHJlbTOHOBO KBaHTOBaHHe C RBHHM pemeHHeM ypaBH8HHR CBR3H 
Il03BOJIR8T npO~BHffYTbCR B H3YQ8HHH aHOMaJibHHX TeopHR. lJIR .ltBYM8pHHX 
MO,lteJieR C BeRJI8BCKHMH ~epMHOHaMH y;r.aJlOCb He TOJ!bKO oOOCHOBaTb npe­
HMYlJl8CTBO KOHYCHHX KOOP.ItHHaT, HOH noctpOHTb 0,ltH03HaQHO onp8.lt8Jl8HHYD 
YHHTapHyD penaTHBHCTCKH•HHBapHaHTHYD KBaHTOBYll TeopHD. 

Ilna samHTH BWABMraDTCR cnegypmHe OCROBHH8 pe3VflhTaTW. nonyqeH­
HHe B .11Hccep1auuH: 

I. Ha npHwepe T80pHH CBOOO.ltHHX ~epMHOHOB H MO.lteJIH illBHHrepa noxa-
3aHo, qTo npHqHHOR B03HHKHOB8~HR aHOMamrnoro QJ18Ha B KO)DlYTatope TOKOB 
RBJIR8TCR .1toonpe,1t8J18HH8 ~OKOBCKoro npoctpaHCTBa KBaHTOBOR TeOpHH 
sanoJIH8HHeM wopa lHpaxa. 

2.,TioxasaHO, qTo CBOICTBa rnoOaJibHOR CHMM8TpHH KJiaCCHQ8CKOR H 
KBaHTOBOR T80pHH 3aBHCRT 9T CTPYKTypH HX OCHOBHoro COCTORHHR. Tax, 
BaKYYM C 3anoJIH8HHHM wopeM lHpaKa H8COBM8CTHM C KHpaJibHOR CHMM8TpHeR 
Oe3MaCCOBHX ~epMHOHOB, B3aHMO.it8RCTBYDIIIHX C KaJIHOpoBoqHHM nonew, no­
CKOJlbKY KaJIH0pOBOQH08 none HH,ltyUHpye-r npORBJieHHe mBH~repOBCKoro qne­
Ha B KOMMyTaTope TOKOB B BH.lt8 aKCHaJibHOR aHoMaJIHH. TI03TOMY BOCCT6HOB­
Jl8HH8 KHpaJibHOR HHBapHaHTHOCTH KBaHTOBaHHOro .narpaHXHaHa MO,lt8JIH illBHH­
repa HeoOOCHOBaHO H He MOX8T CJIYXHTb npHQHHOR BBU8HHR 0-saxyywa. 

3. TioKa3aHO, q70 H8TpHBHaJlbHaa TOilOJIOfHR KOH~HrypaUHOHHoro npocT­
paHCTBa csoOo.ltHOro aOenesa xanHOposoqHoro nona a¢i4leKTHBHO nopos;r,aet 
HOBYll ,llHHaMHQ8CKYD nep8M8HHylO co CII8KTPOM 3Haq8HHR 2 Jf /;_ +- 0 
( l -nenoe QHCJio). 3ry ocratoqHyD "npo.ltOn»ayn" saxyywayn .itHHaMHKY 
MOXHO HHTepnpeTHPOBaTb xax IlOJl8BOR aHaJior 3~8KTa nxo3~COHa. 

4. B MO,lt81IH illBHHrepa HCCJIUOBaHO B3aHMO.lteRCTBH8 ~epMHOHHOro IlOJI.11 
C TOilOJIOrHqecxoR nep8M8HHOR H noctp08H ~H3HqecKHR saxyyw KaK xorepeHT­
H08 COCTORHH8 aaOnD;r,aewx noneR. TionyqeHH 3HaqeHHR KBapKOBHX KOH,lt8HCa­
TOB, 3aBKCRIIIH8 OT yrnosoro napWl8Tpa 0. HCCJl8.ltOBaHH CBORCTBa 
xoppenRTOpOB TOKOB B 3TOM Baxyywe. 

5. OOcyx~aeTCR BHpOX.lt8HH8 ~a3 HCToqaHKOB "llB8THHx• noneR B 

cnyqae H8TPHBHaJibHOR TononorHH B ~ByMepHoR K3n. OOHapyxeHHaR HHTep­
~epeHl.(HR 3THX ~3 npHBO.ltHT K HyJieBoR BepoRTHOCTH POX.lt8HHR "llB8THHX" 
qacTKl.l, QTO MOXHO paCCMaTpHBaTb KaK TononorHqecxuR Mexa.HH3M KOH­
~alho,eHTa, HM81lll!HR M8CTO B 3TOR MO,lt8JIH. ~OPMYJIHposaH COOTB_8TCTBYDIIIHR 
TononoruqecxHR xpxtepHR. 

6. TionyqeH O,ltH03Haqao onp8A8Jl8HHHR MaCCOBHR cnexTp npH KBaHTO­
BaHHH .ltBYM8PHOR 3Jl8KTPO.ltHHaMHKH C BeRneBCKHMH ~epMHOHaMH H KHpaJibHOR 
MO,lt811H illBHHrepa npH coxpaH8HHH YHHTapHOCTH H p811RTHBHCTCKOR KOBapHaHT­
llOCTH T80pHH. 
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Anpo6armR pa6oTH. OCHOBHWe peayJibTaTW ,ltHCCepTaUHH HeO,llHOKpaT­
HO p6CYJ!i,ll;aJJll~D Ha C8MiIBapax Ia6opaTOplill .TeopeTH~8CKOll (pli3HKH 
OIDIB, . Ha cel4liliapax _no TeopHH .nOJDI B Mil HM. B.A.CTeKJJOBa 

,AH CCCP, Will AH CCCP, Ha ceMHHapax no TeopeTH~ecKoil WH­
sHKe XI'Y, /II'Y H YHHBepcHTeTa HM, K.Map~ca We~), Ha ceMHHape 
ceKUHH no TeopHH 3JleMeHTapHWX 'laCTHU HHHR3 EAR (Co/flHR). PaOOTW, no­
CJiy:irnBmHe ocHbBoB ~ccep1an1m, .it<>KJ1a,1U,1BaJIHC~ Ha YII H. Ylll MelQYnapo.it­
HWx COBe~aHHRX no npoOJieMaM KBaHTOBOR TeopHH OOJIR (AJ1ym1a, 1984 H 
AJiymTa, 1987), Ha YII H Ylll Mez;i;ynapO,ltHHX ceMHHapax no npoOJieMa.M /flH3HKH 
BWCOKHX'3HeprHB (J{yOna, 1984 H J{yOHa, 1986), Ha YII Mel[Jij'HapO,ltHOM ce­
MHHape no npo'OJleMau TeOpHH · nOJI R H -qlH3HKH BWCOKHX anepnB (IIpoTBHHO, 
1984), na YII BapmaBCKOM CHMn03HYMe no <pH3HKe 3JleMeHTapHYX qaCTHll 
(Ka3HMHepz -, 1984)' Ha coBeTCKO-aMepHKElHCKOM pa0011eM coseuiaHHH (Epe­
BaH, !983), 

ITyOJIHKaUHH. IIo MatepHaJiaM ,ltlfcceptanHH onyOJIHKosano 7 paOoT. 

CTpyK1ypa H oo~eM ~nccep1auHM, .IIHccep1anHR coc10HT H3 sse.iteHHR, 
11eu1pex rJiaB, 3aKJID'l~HHR H Tpex npHJIOZeHHB. Ona CO,D;ep:Z:HT 99 CTpaHHU 
MamHHOOHCHoro T8KCTa H 2 PHCYHKa, pacnOJIOZ8HHHX,BHYTPH T8KCTa. 
EH0JIHOrpa/flH'l8CKHB CnHCOK CO,ltepZHT 95 CCHJIOK H, BKJID'laeT 117 Ha3BaHHB. 

CO,IIEP:+:AHHE PAEOTH 

Bo BBe!8HHH nepe'IHCJl8HH ocoOeHHOCTH .ltBYM8PHYX peJIRTHBHCTCKHX 
noJieBYX MO,lteJieB. ,lieJiaeTCR KpaTKHB 003op npoOJieM, B pemeHHH KOTOpHX 3TH 
Mo.iteJIH oKa3aJIHCb nJIO.ltOTBopHHMH. Ilo.itqepKHyto ocoOoe Mecto, KoTopoe 
3a.HHMa8T B 3TOM nJiaHe MO,lt8Jlb IlJBHHrepa.'OxapaKTepH30BaHo COBpeMeHHOe 
COCTORHH8 HCCJie.I(oBaHHR .ltBYMBPHHX MO,lteJiel B KOHT8KCT8 TeOpHH CTPYHY 
H npH H3ytleHHH Teopmt c· anoMaJIHRMH, oodcnosan BliOop raMHJlbTOHOBa cpop­
MaJIH3Ma ,ltJ!R HCCJl8,ltOBaHHR KBaHTOBYX -~eKTOB 'B .ltBYMBPHHX KaJIHOpoBO'IHHX 
T80pHRX, KOTOpoe RBJIR8TCR neJibD ,ltHCCepTaUHH, 

. IlepBaR rJiaBa nocs~eHa raMHJ!bTOHOBY KBaHTOBaHHD KaJIHOpOBO'lHYX 
TeopHlt,- ,PaCCMOTpeHH MBTO,lt J{HpaKa H peJIRTHBHCTCKH-KOBapHaHTHOe onepa­
TOpHOe KBaHTOBaHH8 B pa,D;HaUHOHHOlt KaJIHOpOBKe • IlOCJ18,ltHee onHpa8TCR Ha . 
noctyJiaTHBHQM HC.nOJ!b30BaHHH YKa3aHHOlt KaJIHOpoBKH H KaJIHOpOBO'IHO-HHBa­
pHaHTHOro Te'H•sopa aHepnrn-mmyJibca {tensopa EeJIHH/flllHTe). IIpH 3TO¥ · 
B03HHKaDT HecTaH,ltapTHHe peJIRTHBHCTCKHe npeoOpasoBaHHR ,ltJIR KBaHTOBaHHYX 
H83aBHC~Hx nepeMeHHYX .-Ai7 

(x), i: 1,Z,3: · , 

8LA: (:x:.):: J/ Ai
7

(x) + diJ\(:x:), 

/1 (x) '"ti,,_!_ 00 A: (:x:), 
a2' 

(I) 

4. 

" 
l'I 

0 T 1 

ue 6L ecu oOH'lHoe npeoOpasosaHHe nopenna noJtd A14 = ( 0, Ai). 
~YHKttHH A ( x) onHCHBaeT H3M8H8H He KaJtHOpoBKH no JteBYX onepatopos, 
KOTOpoe H oOecneqHBaeT HX nonepe'lHOCTb OTHOCHT8JlbHO JIDOoa peJIRIH­

BHCTCKOI CHCTBMH OTC'leta e; = e; +d/ e; ., f/ =( -f, 0, 0,0), 
TaKHM o0pa30M, peJIRTHBHCTCKH8 npeoOpa30BaHHR, nosopaqHBaDmHe BeKTOP 
Bp8M8HH f; , 1ieHJ1Dt O,llHOBpeMeH~O H KaJIH0pOBKY IlOJleR, T,e. 
KaJIHOpOBKa KBaHTOBaHHHX noJiel B 3TOR cxewe KaK 01,1 CJl8,ltHT 3a. nosopo­
TaMH OCH BP8M8HH, B nepBOI rmse ~cceptaUHH IlOKa3aHo, 'lTO TaKHe 
noctyJiarH H H80p,ltHHapHHe npeoOpa30BaHHH IlopeHna (1) H8 TOJlbKO MOXHO 
oOOCHOBarb, HOH noCJl8,ltOBaTeJlbHO BHB8CTH npH r8l4HJibTOHOBOM KBaHTOBa­
HHH KaJIHOpOBO'lHHX 1eopHR B TepMHHaX H8JlOKaJii,HHX noJieR Ha RBHHX peme­
HH/iX ypaBHeHHI CB/i3H, 3rH H8JIOKB.JlbH1,18 ITOJIR onpe,lt8JIHDTCH npH IlOMO~H 
cpyHKUHO HaJia V' (A) 

Ai1
(A)= v(A)(Ai ifoi)v--YA), 

KOTOpHI CTPOHTC/i Ha OCHOBe liBHOro pemeHHR ypaBHBHHR CBR3H 

ss ZA ~ .., A . 
-- -:: 0 :::;> Oi o -:: ui ·Oo i + eJo JA . 

0 

H HM88T BH,lt 'Ml 

v-( A) '" ~ { i e ) dz: ;J, o i c) 0, A; J . 
-00 

Ilona (2) Y.ltOBJl8TBOPRDT TOX,lteCTB8HHO YCJIOBHD nonepe'lHOCTH 
T . 

8iAi (A) :0 

H ~HBapHaHTHY OtHOCHT8JlbHO KMHOposoqHl,IX npeoOpa30BaHHR HCXO,ltHHX 

nonel A I" ( :x:) 
T 9 } Q • q -~ T 

A/ ( A ) = v ( A { +} ai ){i ") = A.: (A) , 

nocrtoJlbKY npH 3TOM ll>YHKUHOHaJI v (A) npeoOpasyetca Kalt 

.,-i(A) =v(A 9) = 1J'(A):J·
1

• 

KJlaCCH'l8CKH8 peJIRtHBHCTCKHe npeoOpa30BaHHR HBJIOKaJ!bHHX noJieR 
COBna,JtaDT C onepaTOPHHMH npeoOpa30BaHHRMH (1). 

(2) 

(3) 

OTMeqaeTCH, 'ITO Ha pemeHHRX ypasHeHHR (3) BC8 KaJIK0posoqHO-HH­
BapHaHTHli8 B8J!HqHHY BHpa:a:aDTCR TOJ!bKO qepe3 nepeMBHHl,18 (2), qto 
oO~HCHHBT BY~8Jl8HHYD POJ!b T8H30pa EeJIHH/paHTe. 

IIpone,zypa, COCTORBtaH B RBHOM pemeHHH ypaBH8HHH raycca H 
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IlOCJI8.IJYXJll8M KBaHTOBaHKK teopKK B tepUHHaX HeJIOKaJILHliX nonelt THna 
(2), Ha3BaHa MKHHMMLHHM KBaHTOBaHKeM KaJIKOpOBO'IHliX teOpKlt. . 

Bo BT opolt r JiaBe MKHIDtaJIL,HOe KBaHTOBa.HKe npKMeHeHO K .llByMepHolt 
Oeawaccoaolt aneKTpO.JlKHaMKKe - MO.lleJIK illBKHrepa: 

ci f :x-)~ -f 1;,; J;,; ~ i 91/f-( ol"-1·eA!') Cf, 
( 4) 

.:Jt'v-=~A11-U11 A;,, )-',v-=0,1; 

~ 00 :, - j H : -1. 
3TO Il03BOJIKJIO npoaHaJIK3KpOB,atb CB.R3b rnodaJILHOlt CHllMeTpKK K ctpyKTyp1,1 

BaKyyMa KBaHTOBOlt TeopKK, Bli.RCHKTb pOJib MOp.R lHpaKa B B03HKKHOBeHHH 
KHpaJILHOlt aHOMaJIHH. IIOKa3aHo, KaK ,llOOnpe,lleJieHHe tlloKOBCKoro npoct­
paHCTBa BTOPH'l!IO KBaHTOBaHHOI! TeopKH CBOOO.]lHl,IX tlJepMHOHOB npHBO.llHT K 

nO.RBJieHHD mmm:repoBCKoro qneHa B KOMMyTaTope TOKOB 

[jso(x), js1<1)J-= t ,}if o{i-«t-)· 

B MO,lleJIH lliBHHrepa KY~OHOBCK08 B3aHMO'A8HCTBR8 M8lK,lzy TOKaMH 

f( ) ·iiir/Lc.') i/JT e-t . -! . 
;;., ;x, = 7 'I' I vf' T + T Jo d.z Jo, 

1 

lf'T(A,lJl)=v(A)lJJ, 
npHBO.llKT K npORBJieHHD 3TOro aHOMMLHOfO qJieHa B BH,lle K3BeCTHolt 
aKCHaJILHOlt aHOMaJIHH: 

7/,list (x.) = - ml. o/j51 {x) m:i. = e:i. 
Ji 

(5) 

C TaKOR TOqKH 3peHH.R HapymeHHe KHpaJibHOlt CHMMetpKH KCXO,llHOro 
narpan:maua (4) eCTb CJie,llCTBHe noJI.RpH3aUHH MOp.R !HpaKa Ka.JIHOpoBoqHl,IM 
(KYJIOHOBCKKM) noJieM. II03TOMY ee BOCCTaHOBJieHHe HeoOoCHOBaHo K He 
MOZ8T CJIJZHTI, npHqHHOlt BBe)leHH.R 8-sa&yywa, T.e. HeTpHBHaJibHa.R 
TononorH'leCKall CTpyKTypa BaKyY14a B MO.llenK illBHHrepa, 8CJIH H cy111ectByeT, 
He CB.R3aHa C aKCKaJibHOlt aHoMaJIHelt. 

Bo BTopolt rnase aonpocy o BHPOZ.ll8HHH saKyywa y.Jteneao ocoOoe 
BHHll8.HH8. Ha OCHOBe aHaJIH3a MO.llenH lliBKHrepa H CBOOO,llHOro MaKCB8JIJIOB­
CKOro noJI.R B ,llBywepHK noKa.3~HO, qTo 3TO BlipOZ.ll8HHe otpaimet HeTpH­
BKaJILHYD T()nOJIOrHqecKyD CTpyKTypy KOHt>HrypaUKOHHoro npoctpaHCTBa 
KaJIKOpoBOqaoro non.R. OHa nopox,llaeT .lOilOJIHHTeJibHl,llt ipa30Blilt lpaKTOP y 
ipyHKUHOHaJia 1"( A) , CB.R3aHH1,1lt C HYJl8BliMK MO,llaMH onepatopa o/· 
B ypaBH8HHH CB.R3H (J): 
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I 

J 

. 11( A) - 1J' i\ (A) '.::. lJ' (A) J ( x) , 

:c. 

g(x)= ur,{-ie f4x;J\(x)j 
-cx:J 

'o/'./l(x) =0 .. 

CootaetcTB8HHO M8HllDTC.R H nenoKMLHl,18 noJI.R THna (2): 

A1T'\A)-= ir~(A1 4- ~ 01) f 1
1!'-,f= - 9,20-~/1(-x.),. (6) 

<f T'\A, lf) = 119 Cf. 
TaK oOHapyxeaa OCTato'11na11 •npO,llOJll,Ha.R• BaKyyMHa.R .llHHaMHKa y 

.llBYMepnoro aoeneaa KanHOpoaoqnoro non11. Ona onHc1,1aaetc11 napolt uoa1,1x 

.lHHa.MHqecKHX nepeMeHHHX - rononorHqecKKe Koop.llHHata. N . . ,H ··mmym,c p 
co cneKTpoM 3Haqeuilt 2,_.Jik + 0 (. i -uenoe ,qHcno, /0/ ~ .Ji ), B3a-

IDIO.lleltcTBHe KOTOpHX CQ µIHHOpHHM noJieM .K nopOX.lla8T · ,0. -BaKyyM~ He­
TpH!3HaJILHall KHippaKpacaa,11 BaKYYMH~ll .,llHHaMHKa npOllB}JlleTCll B cy111eCTBO.,._, 
BaHKK IlOCT OllHHWX BaKYYMHHX 3JleKtpHqeCKHX ,nonelt Oe3 HCTOqHHKOB, qTO 
Mazuo KHtepnpetHpoaatL KaK noneaolt aaanor a~eKta nzo3et1Jcoaa. 

' ' 

B TDe?l,d [JlaB8 KCCJ18)lyeTCll Il0Be,ll8HH8 if>YHKUHA rpHHB. 3apneHHWX 
H aelttpaJILHliX oO~eKTOB npH pa3HOlt TOnOJIOrHH KOHipHrypaUKOHHOro npOCT­
paHCTBa KaJIKOposoqaoro UOJlll. liayqeaKe HX ocoOeHHOCTelt llBJilleTCll 0.llHHM 
H3 CTaH,llapTHliX M8TO,ll0B onpe,ll8JieHHll cneKTpa 3Jl8M8HTapHHX B030y)U8HHlt 
B KBaHTOBOR T80pHH nOJlll H CTaTHCTHqecKolt ipH3HKe. TaK, CYlll8CTBOBaHH8 
noJIDCa HHtepnpeTHpyeTCll KaK npHCYTCTBH8 B cneKTpe qacTHUW C ccioT­

BeTCTBYDIIIIDIII KBaHTOBHMH qffCJiaMH. Ilo3TOMY OTCYTCTBH8 occideHHOCTelt y 
tiiepMHOHHOlt tllYHKUHH rpHHa, npHBO.lllllll88 K HyJieBolt BepOllTHOCTK Ha0JID.ll8-
HHll CBOOO,llHOfO KBapKa, MOXHO dwno OH paccMaTpHBaTL KaK M0~8JlhHO-He-
3aBHCHMHR KPHtepHlt KORtlaffHM8HTa._ 0.JtHaKO KaJIHOpoaoquaa 3aBHCHMOCTD 
O,llHOqactHqJ!Olt ipyHKUHH rpHHa npHBeJia K aanpety HCUOJIL30BeHHll CTPYKtyp1,1 
toqaoro nponaratopa KBapKa B Kaqectiie' taKoro KpHTep·Ha. 

B paMKaX MHHHMaJibHOfO KBaHTOBaHKll O.llHOqaCTHqa1,1e ipyHKUHH rpHHa 
BwpamlltC'll qepe3 KaJIH0poaoqao-HHBapHaHTHH8 1pyHKUHOHa,JII,(, HX aHaJIHTH­
qecKH8 CBORCTBa H 3HaqeaHe a1,1qeTa B noJIDC8 O.llH03Haquo onpe)l8Jl8Hli. B 
TaKOM KOHTeKcte YCJIOBHe 

R es Gr = {uv., (p" - m) 6 P. ( p ) =- 0 
~ p➔ m 

8CTb CTOJII, xe CTpOrHR KpHtepHlt KOHipaltHM8Hta, KaK H KpHT8pKR BHJibCOHa. 
B CTaH OBJ18HHH nocne.JtHero MO,lleJib illBHHrepa C HMeDJllelt B Helt M8CTO 3Kpa­
HHpOBKOlt 3ap.R,lla cwrpana BaxayD pon1,. OiHaKO CTpyKtypa 1pepMHOHHolt 
1pyHKUHH rpHHa B 3TOI! MoieJIH B cnyqae tpHBHaJILHOlt TOUOJIOfHH KOHit>HrYM-­
UHOHHOfO npocTpaHCTBa Rallli6pOBO"ll!Oro IlOJIJI 
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-i.:I[ Llm(x-;J>-t.ix-iJ 
G(:x.-f!1= e G0 (x-J), (7) 

r.ne G. 6..) >LI O (::c) H Ll n, (x) - CBo<lo,llHHe ~YHK~HH rpHHa <leawa.ccoBHx 
~epMHOHOB, Oeawa.ccoBHX H MaCCHBH!iX CKanRpoB COOTB8TCTB8HHO, He oOec­
neqHaaer Hyneay1> aepoRTHOCTL po:a:.neHHR ~epMHOHa, a cne.noaarenLHo, H 
KOH~ffHM8HT • 3TO H8nocpe,llCTB8HHO cne.nyeT H3 nonyqe_HHliX aCHMnTOTHK 3T0'1 
WH~HH: 

A " G(p) ~ ~ . 
p>➔_,, f~ J 

G(p) ~ -f- s 
r➔ o (f2+1't) /q • 

Rax Oi.no noKaaaHo Bo BTopoa rnaae, B cnyqae·seTpHBHanLHOff Tono­
norHH KanH<lpOBO'lHoro nonR B03HHKa8T B!ipOX,ll8HHe BaKyyua. B rper1,ea 
fJl8.B8 paccMaTpHBa8TCR B03HHKHOB8HH8 8 -cTpyKtyp!i OCHOBHoro COCTORHHR 
B uo.nenH filBHHrepa. 3ra oco<laR crpyxrypa BaKYYMa ecr1, cne.nctBHe npH­
cytcTBHR ~epMHOHOB, OHa IlOCTpoeHa JillHO B ,IUiCC0pT~: 

I vcu: > -::. ~ {- i p as J / 0 >, (8) 

pl o> -::. (zJrl + 0) Io> 1 k =-OJ H,_tz) ___ , 

Q5:: )d-;c, Q~O(x.). 

( 0) ecn ~oKOBCKHff Baxyyu :$peKrHBHoro <loaosHoro nonR tf(:x .. ) · , 
onpe,i,;8JI8HH0ro co OTH0118HH8M 

r.ne 

. . ,/ . 
js;, (x.) = fi" ol' ':f(x.) ; [ IJ(:x.) ~ Os)°' "?5r 

BaxyyM (8) coxpaHR8T CBOffCTBO KJiaCT8pH3aUHH 

f;,Wt, <va.~:f T(;r+(:x:.) J-(o)) I va..c):: 
-z-,"" 

= < vcu/ J'+ / v<U-> < VtU..- I J-1 va,c, >) 
J'(:x:-),: 41 (:t)~(:x-), 

~(:t)" 4' (:r..) fs 4'{:x..), 

J±(-:x.) = f [ J (-x.) :± J5 (~)]. 
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ilOJIY'l8Hli 3Ha'l8HHR KBaPKOBliX KOH,ll8HCaTOB, 3aBHCR~He OT yrnoaoro 
napauerpa e: 

< va.c I J' (:x.) 1 v(l.C. > " :1v c eo& e , 
< va-,cl J5 (x.)I va..c.>-= 2iC si:vi,&, 

C - KOHCTaHTa~ rroc1ton1,xy B Hameu noHHMaHHH 0 RBJIR8TCR cy~ecrBeH­
HliM napauerpou reopHH Hero 3Ha'l8HH8 H8nb3R M8HRTl, KaKHMH-JIHOO 
npeoelpa30BaHHRMH, ooa KOH,ll8HCaTa B oO~eM cnyqae OTnH'lH!i or HYJIR. 

rroxaaaHo, qro·HerpHBHMbHaR rononorHR npHBO,llHT K B!ipOX,ll8HHll He 
TOJibKO COCTORHHff, HO H'~H3H'l8CKHX cnHHOpOB (6) H HX HCTO'lHHKOB B 
npOH3BO,llR~eu ~YHKUHOHane reopHH. Ycpe,llH8HH8 no 3TOMY Blip01:,ll8HHD we-
HR8T ~YHKUHll rpHHa (7) . 

. ½: 
Q\:x.-Lf)-::. &:iu G(:x.-1) litu .i L <j;'(rJ jh('j))

9
, 

d R,7➔,v • l,➔ ,;i l n,-½_ 

H B npe,llene uaJIHX HMnynLCOB OHa oOpa~ae!CR B aym,: 

G(p).==.O. 
f'l.➔ O 

(9) 

3ro npo11cxo.nHr acneicTBHe HHT8NepeHUHH ~aaoaux ~axropoB, xo­
ropaR Il03TOMY Ha3BaHa ,ll8CTPYKTHBHoff. ilpH 3TOM cne.nyeT IlO,ll'l8pKHYTb H8-
KOMJ4YTaTHBHOCTb onepaUHff ycpe,llH8HHR H CHRTHR HH~paKpaCHOff perynRpH3a­
UHH. HsreNepeHUHR He BJIHReT Ha crpyxrypy HeaapRX8HBHX ~YHKUHff rpHHa, 
nOTOMY qro B 3TOM cnyqae ~a3H raCRTCR B3aHMHO. 

TOX,ll8CTBO (9) B ,ll8'1CTBHT8JibHOCTH orpameT ~aKr cy~eCTBOBaHHR 
KOH~affHM8HTa B MO,ll8JIH filBHHrepa. OTCD,lla c.nenaH BHBO,ll, QTO .necrpyKTHBHYD 
HHTeNepeHUHll rononor11qecKHX ~aa MOXHO paccwarp11Bar1, KaK tononorHqecxHH 
M0XaHH3M xoli~affBMeHTa,. KOTopwa peanHayeTCR a ,llBJM8pHo0 K3ll. C~opwynH­
poBaH COOTB8TCTBYI>~H2 3TO~Y M8xaHH3MY ~pHTepHR. B KOHUe rnaBH oOcy:i,ll;aer­
CR ero B03MOXH08 npHM8H8BH8 R ipyrHM KaJIH0poB04HHM reopHRM. 

B qeTB8DTOff rnaBe paCCMOTp8HH ,llBe aHOManbHH8 .llBYM8pHH8 MO,ll8nH: 
KBaHTOBaR 3JI8KTpO,llHBaMHKa c·neBHMH ~8pMHOHaMH H KHpanbHaR wo.nen1, 
WBHHrepa. ilpo<lneua npH KBaHTOBaHHH KaJIHOpOBO'lHHX TeopHff C aHoMaJll!RMH 
BH3BaHa Teu, 4TO HeKoropwe H3 CBR3e0 nepBoro POAa CTaHOBRTCR nocne 

KBaHTOBahHR CBR3RMH Broporo po.na. K TaKHM "aHOMaJibHHM" CBR3RM OTHOCHT;. 
CR 3aKOB raycca, Blipa:a:aDmHR nonepeqsoCTb ~H3HQ8CKHX nonell. ilpH MHHHManL­
HOM KBaHTOBaHHH COOTB8TCTBYIJ~ee ypaBH8HHe pemaeTCR RBHO eme Ha Knac­
CH48CKOM yposse. 3TO He 03Ha4aer llrHOpHpOBaHHR aHOMaJibHOll npHpO,llli 
paccMaTpHBaeMoll MO,ll8JIH, IlOCKOJibKY ocoOeHHOCTH AaHHOR CBR3H nepeHOCHTCn 
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qepe3 <l>YHKUHOHaJI 'IJ'( A) Ha H8JIOKaJl:&HH8 q)H3.iqecKH8 nepeM8HHl»8 H 
CKa3HBaDTCR Ha CBOHCTBaJC wepMli!OHHOH M8PH npOH3BO,n;mll8rO W~OHaJia 
teop1rn. 

Ha npm.iepe ABYX yKa3aHHHX MOAeJieR npOA8MOHCTPHPOBaHa cy~8CT­
B8HHM pOJI:& <l>H3HqeCKH apryueHTHpoBaHHoro Bi»Oopa OCH Bp8M8HH CHCT8MH 
KBaHTOBaHHR. 3To 8CT:& 8AHHCTB8HIWR npOH3BOJI B cxeMe MHHHMaJl:&Horo 
KBaHTOBaHHR, H8 HcnoJI:&3YD~ea KaJIHOpoBOllHHX YCJIOBHR B Kaqec?B8 HCXOA­
HHX npeAnOJIOJ18HHR. B ncceprau1rn noKa3aHo, q70 CTPYKType CBR3eR KaK 
• JIBBOCTOPOHHeR" R3.U ~+-I , -TaK H KHpaJI:&HOR MOA8JIH lliBHHrepa HaHOoJiee 
aABKBaTHa CHCT8Ma KOOpAHHaT CB8TOBoro KOHyca. IlHm:& B 3TOM cJiyqae 
KYJIOHOBCKOe B3aHMOA8RCTBHe TOKOB, 8AHHCTB8HHOe OCTaBmeecR B ooenx 
MOA8JIRX, cormcosaHO C pacnpoctpaH8HH8M CaMHX <l>epMHOHOB. MHHHMaJI:&-

·HOe KBaHTOBaHHB 3THX MOA8JieR B KOHYCHHX KOOPAHHatax, C KOHYCHHM 
Bp8M8H8M ::x:,+ B Kaqectse <l>H3HqecKoro BpeMeHH, npHBOAHT K YHHTapaoR 
peJIRTHBHCTCKH-HHBapHaHTHOR teopHH,C OA803HaqHo onpeA8Jl8HHLDl MaCCO­
BW cneKTpOM. IlOKa3aHo, qro cneKTP ABYJ.48pHoR 3Jl8KTPOAHHaMHKH C Jl8BHMH 
<l>epMHOHaMH COCTOHT• H3 CKaJIRpHOR tJaCTlfUH C MaccoR m2.: lie1/.7i, a cneKTp 
KHpaJI:&HOR MO.ltBJIH lliBHHrepa noMHMO 3TOR qact.iuw COAepxHT AOnOJIHHT8Jl:&­
HYD Oe3MaCCOBYD CKaJIHPHYD MO,lij'. O~H03HaqHoe onpe~eJieHHe MaCCOBoro 

.. cneKTpa. COO TB 8TCTBY8T <l>HKCHpOBaHHD, pery JIRpH3aUHOHHoro napaM8Tpa Q. 

<l>epMHOHHOro A8T8pMHHaHTa. IloJiyqeHH08 B nccepTaUHH 3HaqeHHe MaCCH 
COOTB8TCTBY8T 3HaqeHHD Q.: 2 aroro napaMetpa. 

B S6KJID38HKW nepetJHCJl8HH OCHOBHH8 pe3yJI:&TaTH ,llliCCepTaUHH. 

B tpex npHJIOJIBHHRX llpHB8A8HH H8KOTOpH8 BW:IHCJI8HKII.B npHJIOJ18HHH A 
noKa3aHO,KaK aanoJIH8HH8 MOpR .UHpaKa npHBOAHT K noRBJl8HHD aHOMaJI:&HOro 
qJieHa B KOWyTaTope TOKOB B ABYM8pHH. B npHJIOJ18HHH E aHOMaJl:&HH8 Kowy­
TaTopi» M8Jl,lij' 0HJIHH82HHMH no <1>epMHOHaM B8JIHtJHHaMH BHqHCJl8HW Ha Oaae 
oOo0~8HHOro M8TOAa pa3iBHXKH Toqex. HcnoJI:&30BaHH8 pa3HHX M8TOAOB 
no3BOJIR8T npoCJI8AHT:&,KaKH8 aHOMaJI:&HHe CTPYKTYPH B03HHKaDT H3-3a 
nepeonpeA8J18HHJ(q>oKOBCKoro npocrpaucna BTOpHqHo KBaHTOBaHHOR TeopHH 
H K6KH8 00R36HH CBOHM npoHCXOJIA8HH8M B3aHMO~eRcTBHD C KaJIHOpOBQqHW -
noJieM. B npHJIOJl8HHH B nocTpoeHH acHMnTOTHKH <l>epMHOHHOR <l>YHKUHH rpHHa 
MOMJIH filBHHrepa B HMnyJI:&CHOM npocTpaHCTBe. 
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