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MOJiA KAK BO3BYXIEHHA KBAHTOBAHHBX KOOPOHHAT -
E.C.®paoxun, A.A.Llelitaun

Mpennoxen meron nocTpoeHuA 3ddeKTHRHOrO AeHCTBUA ANA NOMNeH, COOTBETCTRYIOUMX BO3-
GyxncHASM KBAHTOBAHHLIX KOODMMHAT NPOTSKEHHMX 06GBEKTOB (CTpyHBI, MeMOpansl H T.1L).
B HH3IkOSHepreTRYecKOM mnpefene bdeKTHBHOe MefCTBHE BKMOYIET KHHETHYECKHE WICHE! AMA
CKANAPHOro MO, TPABHTAHOHHOrO MONS H MONA AHTHCHMMETPHIHOro TeH3opa. OcHOBHOE coc-
ToSHHe TEOPMH 'ONpeMleNAeTCA HETPHBHANBHEIMHE BAKYYMHBIMH SHAUYCHHAMM ITHX ToNeH (4T, B
YaCTHOCTH, peiseT mpobneMy raxuona B Teopun 603e-CTpyH).

B nocnemiee Bpems Gonbiloe BHUMaHHE NPHBIICKIIH NOMBITKH NOCTPOSHHSA eAHHON TEOPHH B3aH-
MOJIEHCTBHA 3NeMEHTAPHBIX YacTHL (HEMPOTHBOPEYUBO BXIIIOUAIOIIEH KBAHTOBAHHYI0 rpasn'ra]mlo) §
OCHOBaHHbIE HA TEOPUK CTPYH ! u cymepcTpyH 2. B HactoAweil cTarse Mbl NpeyIokuM HOBBIH MOM-
Xon K GpopMynHpOBKe TAKOH TEOPHH, OCHOBAHHbIH He Ha aMIUIMTYNaxX Ha M&C_COBOﬁ obonouxe, a
Ha KOBapHAaHTHOM 3¢ deKTHBHOM [eHCTBHH 1A BeeH (DecKOHeuHOH) COBOKYIHOCTH MONeH.

OcHoBHas Kies 33KJIIOYAETCA B TOM, YTO B Ka4eCTBe KBaHTOBAHHOTO “NepBO-IONA" B TEOPHH
BBICTYNIAl0T KOOPAHHATH! [)-MEpHOro NpOCTPaHCTBa-BpeMeHH M D Bee dyHRaMeHTaNBHBIE TTOJNA
COOTBETCTBYIOT 37IeMEHTAPHBIM “"BO36YXIEHHAM” 3TOTO “[epBO-ONA", ABNAACH TOKATBHBIMH
' tbyﬂlﬂmﬂnm KBaHTOBaHHBIX KOOPIMHAT ( H HMes TEH3IOPHYI0 CTPYKTYPY, COOTBETCTBYIOILYIO CIIH-

"B036YXIeHHA" ) 1) | B xavectne “onepaTopa’KOOPAHHAT" MOXKHO B3IATH NIepeMeHHbIe CTPYHBI
(HJIH MemBpaHb1) x‘(z), j = . D, KOTOpPBIM OTBEYAET HIBECTHOE KOBapHAHTHOE NielicTBHe ¥ 5
(uHTerpan no 2-mepHomy (3 Mepnouy') BHYTpeHHEMY npocrpam'rny {z"‘} ). Knaccuueckue xo-
opmmam npocTpaHcTRa-BpeMeny y' BosHMKawT Kax "cpefHHe”’ KBAHTOBAHHBIX KOOpMMHAT (KaK
wacte x'(z), He 3aBMCAMIAA OT BHYTpeHHHX Kxoopauuar z* ). KosapuaHtHoe 3pdexHBHOE HeHCT-
Bre I' mna $yHOaMeHTATBHBIX NMOJNeH ONpefeNAeTcs KOHTHHYAIBHEIM HHTEIPAJIOM MO ‘xf(z} (a
TaKoKe 110 MeTpHkaM Ha BHYTpeHHeM npoctpaHcTse). [Ipu atom meficteue [, cToAmiee B 3KCIOHEH-
1€, BKJII0YaeT cnoﬁomloe neucmue C‘l‘p)ﬂ{bI Iy, a TaKKe BCeBO3MOXHEIE KOBAPHAHTHBIE WIEHB! C

“ucrounpkamu” ( § fd%zaxh .. & In B iy (x(z))). Iona B‘l'"'"n (noxanpHble GyHK -

IHH OT x'{z ))  ABnANICA cl:ymcuuouanumm aprymentaMd I'. BakyymHble 3HaueHu s Monei
HAXORATCA M3 YCIIOBHA 00panieHus B HyJIb IepBOH BapHauud I mo BceM nonAm. YcrouuBocTh
BaKyyma CBA34NA €O BTOpO# Mpon3BoaHo# I', . Beicume npouspoptbie I' B BaKyyMHOM TOUKeE OfI-
PEAenAT aMIUIMTYIbI pacceAHHA Ha POHe YCTOHUMHBOIO Bakyyma. Bea NpOrpaMMa fepeHOCHTCA
Ha CyTiep-CITyqaii 3aMeHOM KoopmHaT (x') Ha cynep-xoopmunatsl (x!, 8%) (nepexonomc cymnep-

CTpyHe).
Hwxe mMb1 paccMorpm Bhrumcnenue I [isl cnyuas 3aMKHYThIX GO30HHBIX CTPYH CO CBOBOIHBIM

1
peiicteuem ¢ Iy = groies Jd2z/gg" a”x‘ 3‘,.74:JT (gw — METpHKA Ha 2-MepHOM BHYTpeH-
o

Hem npoctpactBe M2, u, v = 1, 2). KoapuantHoe 3¢ dextnsHoe neficteue I’ on'penem!e'rcn
BEIpaXEHHEM

rie, Gij» A;;"--- ]= E 80:{{ [dgpn]f[dxi]exp (‘%)? 1)
X

. " _ )
I = [d%\/g® (x(z))+ ==, [ d% {\/g¢" a“xfavfoti(x(z)) -

+ e anx‘a,xu,,(x(z))} t o, )
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rne &, Gf!. " A jj — COOTBETCTBEHHO CKajiApHOe, TPABHTALIMOHHOE (METPHKA) W aHTHCHMMETPHY-

HOe TeH30pHOe nojie. CTapiume WieHs! B (2) OIBEYaloT NONAM C BHICIIHMH CUHaMK' (s > 2)

(9x" ... axin B; . ,."' ) la@x'] = N a&x'V G G =det G‘]. . CYMMHpOBaHHe HIET O JilTepo -
LA z

BO# XapaKTepHUCTHKE 3AMKHYTOr0 KOMIAKTHOTO NpocTpanctBa M2, 1.e. Mo uMcny “pyuex” n
(X =2—2n); o = const, MuBapuanTHOCTE (2) OTHOCHTENBHO ODLLeKOBAPHAHTHLIX MpeospasoBa-
nuit 8 MD u KamH6poBOYHBIX NpeoBpa3’oBaHuil aA,’ = a,.x,. _3,-7\; obecneunBaer "’Geamacco -
BOCTH” Gf:‘ H A” B I'; BCe ocTabHBIC NONA ABNAKTCA MACCHBHBIMH. [ HHBRPHAHTHO OTHOCH -
TemHo x' - x‘ + const, Tak 9ro “’cTar-cymMMa’ cBoGomHoii crpyrn I'[0, G i 5”. 0,..]
conepxut daxrop o6brema [ aP y . Ilpk HanwyHy NONEH ITOT HETErpan Mo “HyneBoi Mone” yxe
He TPMBHAJIEH, T. e. I JaeTCA MHTErpanoM MO MPOCTPaHCTBY-BPeMEHH M2, Brigenenne HHTerpa-
JIa IO KNIACCHYECKHM “KOOpIHHAaTaM” » OCYIeCTBIAETCH CTAHNAPTHBIM MyTeM: xi(z) = yi+ul(z),
JaxFx] = faPy [[du)Fy+u], [du]= dud®)(PY(y,u)) Q(y, u). P= 0napyuser sirsa-

OP (it +a) '
——— | - B pesynbrate I' mpunumaer Bun
oz a=0

I =P/ G(y] £ @[y} D, 8(3)..; GyfyhRiyyh.i Fielvho). ()

' PUAHTHOCTH 4 —> u + const, a Q= det

the D; ecTh KOBapHaHTHAA NIPOH3IBOJHAN OTHOCHTEJIBHO G; j R ; ki ©CTb TEH30p KPHBH3HKI G,
a Flik — HanpsDKeHHOCTD A,.’,. Paanoxerue no o' = 0 oTBEYaET PA3NOXNEHHUIO TIO NIETIAM HHTET-
pana no u'. JIns nonyyeHns KOBapHAHTHOH TEOPHH BO3MYILEHHH YIOGHO HCONB30BATH TeoHe3n-

' 4eCKHe KOODIHHATH p OKPECTHOCTH TOUKH y', 3amensn uf ma o' = u — %I}i, ()di* + ..., un

sbupas P'= [d?z./g'o’ . Orpanmuusasce nepssiv wresiom (¢ X =2) B cymme (1) ("npe-
BEeCHBIM” NPHOMDKEHHEM B TEOPHH CTPYHBI) , H BBITHC/IAA MHTETPas 110 METPHKAM B KBA3HKIIACCH-
4eCKOM NMpUOxXeHyH (T. e. HHTErPHPYA MO 3aMKHYTHIM NOBEPXHOCTAM M 2, “Mario onmaonmv-
cA” 0T cephl) MBI HAXOTHM

= — 0(21'[(!'_)'_ D{Z dey\/‘(?{ ﬂ:z i a'(aig )z(al + ‘Ilnn) +

-+ afr- JFuF™) b F b2y + 0@ ) - @
: . -2 -3 1 1 -1
a = uS+)1+v)" % a;= =2p(1 + »)™ 2, b,=z, by =— 5(1+v) ;

rme v = 1/6 (D— 25),ecmu D <26 u v=1,ecnmu D= 26; Q=(A"2p"1®)", y=—(1+p))2
(A > oo — 0Bpe3anue B 2-mepHOi Teopun) . OCHOBHOE COCTOSIHHUE TEOPHH OIpefenAeTCA KIACCH-
YeCKHMH YpaBHEeHHAMH, OTBevaruMy (4). [Ipennonaras MaKCHMaJIBHYI0 CHMMETPHYHOCTD Ba-
kyyma (§2 = const, Bmu... = () mMsI nonyvyaem:

1 .
B 2 Fie F7 = 2N, , DFU* = o,

3
Rij = tFima F™" = W'N,G. w?=1/a’, )

Ni= -20by +28)" 1, Ny=by[ 24, +28)]7Y, A= b, +b,In0 .

O6wee pemienHe (5) OTBeyaeT BHINENEHHOCTH 3-MepHbIX MOANPOCTPAHCTE 32 CYET Ff’,k ~ €y
(cp. ) (pewenus c nnocium npoctparcrsoM M2 oTCyTCTBYI0OT). B 31OM Ciyuae
- 2 Gk = an. —

Ny = [45— (D~ 2)b, )4l b, + 28) 171 ;a0 b=1,2,31,
o, f=4,..,D.

R.=u’NsG,, R
b 3
a ab (6)
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Pewenns (6) orBeuanT “3dp¢PeKTHBHOMY™ MPOCTPAHCTBY-Bpemesi B BHIC 3-mMepHOro NMpoCTpaH-
crBa (antH) fe Curtepa, “yMHOXeHHOMY" Ha BHyTpeHHee (D — 3) -MepHOe NPOCTPAHCTBO (Ha-
npumep S D - 3y Vpapuenus (5) DONMYCKAwT TAKXKE PELICHUS ¢ "BHYTPEHHAM™ [IPOCTPAHCTBOM
B BHfe npou3peneHusa 3-cep S 3% .. x8* (npustom Fijk ~ €y DA Kaxpoit u3 cep).
Cpenu peueruit (6) WMEOTCA CTAOKIBHBIC, YTO O3HAYAET, HTO npoGnema TAXHOHa B TEOPHH GO30H-
HO¥ CTpYHBI MOXeT ObiTh pellieHa 33 cuer oﬁpgaoﬁinml HETPHBHABHEIX (HOHOBBIX 3HAYEHHH CKa-
JNAPHOTO, FPABHTALMOHHOTO H aHTHCHMMETPHIHOTO TEHIOPHOTO MOJIA, OTBEYAIOIMX HCTHHHOMY
BaKyyMY TEOpHH. } )

Haitna pakyyMiible 3HadeHHA HoJiel, MBI MOXeEM MOCTABHT BONPOC O TOM, 06NananT i am-
IIMTY/B1, BRIYHCIIEHHbIE Ha OHE ITOr0 BAKYyMa pasyMHBIMH (H3MYECKHMH CBOHCTBAMH, T. €.
ABIACTCA JIH TEOPHA CTPYHBI Ha HalileHHOM HeTPHBHABHOM (oHe HepoTuBOpeunBoH. OnHum
13 HeOGXOIMMBIX YCIIOBHiE HEIPOTHBOpeUMBas (OTCYTCTBHE  YXOB”) ABIAETCA KOHGOPMHAA
MHBapHAHTHOCTh 2-MEPHOH  Teopwn C feglicTaueM (2) , BIATHIM NIpH BaKyyMHbIX 3HaueruaAx &, G, i
Ay .. . Jina HalieHHOTO BhILIE BAKYYMa TeOpHH GO30HHO# cTpyHBI (G, ~ MerpuKa S I iy
Fyy ™ €.) (2) pcmomaer (s 1okoro 5 2-gaxropa) mefictsue st SU(2)-cHrMa-MOMeNH ¢ Tie-
HoM Becca — 3yMHHO ¢ COOTHOLIEHHEM KOHCTAHT, OTBevalolleMy Hymo [ -pyHKIMH,T. €. KOHGOp-
MHO-HHBapHAHTHO# TEODHH . Tpeﬁonalme Knﬂ@pmbﬁ HHBAPHAaHTHOCTH MOXeT MO3BOIHTb Hail-
TH OCHOBHOE COCTOsHMe Ge3 pasnoxkerna I' mo a'=0, .,[[end B TOM, 4TO aHAJIH3 KOMMaKTH(}H-
KalyH Ha OCHOBe pasnoeua I mo o crpaBe[yIHB JMILb, ECIH pa3Mep 7 KOMIAKTHBIX H3Me-
peHuit CylecTBeHHO Gombiue 1/ F(paéh!epa CTpYHBL) , T. €. MbI CTAIKHBaeMcA ¢ npoGremoi mo-
JydeHHA eCTECTBEHHOM HepapXuu r >> \/Er: BoamoxHk1it Meton Buiuvcnenua I (1) Ge3 ucmons-
30BaHHA PA3NOXKEHHA MO O ' ocHOBaH Ha 3a/IAHUH ONpe/eNieHHOr0 'gn3aya’ IUIA BAKYYMHBIX
3HaueHMit oNeH 1 pasnoxkenud I' Mo CTeneHAM OTKIIOHEHHA NONEH OT BAKYYMHbIX 3HaueHHH (KBa-
3HKJIACCHUYECKOe BEITHCIIEHHE COOTBETCTBYIOIMX KOIQ(HIUHEHTOB, NAKIMX AMIUMTYIbl  Ha
(hOHe HeTPUBHANIBFOIO BAKYyM4 - GyfeT IPOBOAHTLCSA C YYETOM NpeI3KCIOHeHIMANBHBIX MHOXH-
Tenei).

Taxum 06pa3oM, pasBUTHI NOAXO], O3BONIAET KOPPEKTHO CHOPMYIHPOBATH H PELIHTH 32124y
0 HAXOXK/IEHHH OCHOBHOTO COCTOAHMA B TEOPHH CTPYH. Beumy 3rtoro, ocoBblii HHTepec NpenicIaB-
JifeT ero 0606EHNe Ha TEOPHIO CYNepCTPYH 2, B KOTOPOH OCHOBHOE COCTOSTHUE IOJDKHO OTBe-
4aTh IIECTH KOMIAKTHBIM NPOCTPAHCTBEHHBIM U3MEHEHHAM.
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