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BBonnag gexknnug

KBanToBanue pejisTUBACTCKOII 4aCTUIIbI
KorTnayaabHbIii mHTErpaJ

I'ayccoBbl mHTErpabl 1 KOpPpeadiinoHabie PyHKIINNT
JIBymepHbIe Teopun 0030HOB 1 (PEPMIOHOB

Ilepexoa K omeparopHoMy (bopMaJI3My

Teopusa ckaasgpaoro moJjasa n aaredopa Bupacopo
Ten30p 3HEPrUNM-NMILYJIbCA U IIPUMAapPHbIE OLEPATOPHI

D®epMUOHBI U CUCTEMBI IIEPBOTO MOPAIKA

10 bo3oHuzanusg U CTATCyMMbl B TEOPUU CTPYH

10.1 CraTrcymMMbl HA TOpe JJis Teopuii 6030HOB

Nzyuas reopuio crpyn [losisikoBa, Mbl yUHIUCH BBIYUCIATH (DYHKIIMOHAIbHBIE HHTErpaJibl. Ha-
pUMeP, JIETKO BBIYUCIUTD CJICAYIONHUI OTBET JjIsi HHTerpaJia no [) DO30HHBIM MOJISIM - KOOP-

AnHaTaM CTPYHDI

D/2
/ DX e 2(X:R0X) / dXo / DX'ez(X"00X) —y ( / d%\@) (det’'Ag)~P/2 (10.1)
b

a eclm B KauecTBe MHUPOBOIO JIACTA B3ATh TOp ¢ MeTpukoii ds?® = |do' + 7do?]* = |dz|?,

Js @*0v/§ = Im7 10 pesyabrar (serepMuHanT!) BLIMHCISETCS SBHO

re

det'Ag = det’ A ~ (Im7)? |77(62”T)‘4

ng) =¢>[-¢"), q=€"" (10.3)

n>0

(10.2)



[Tosyanm (BCIIOMHUM Kak MOJIY9aeTcst) TOT Pe3yabTar B onepatopHom dbopmannsme. B Teopnu
€BODOOTHOTO CKAJIIPHOTO TOJIS JIJIS CTATCYMMBI Ha TOPe MOYKHO HAIMCATh:

Imr

det’ A "1/ .
/DXe_;(X,AOX) _ ( ¢ ) = Trpanqe /X gl =
(10.4)

’2 N 1 1
VImr n(0)n(q)

T.e. OJTY9ATH 3TOT Pe3yabTAT C ITOMOTIBIO BLIYUCICHUS CIea 10 IpocTpancTBy Poka ¢ 6a3ucoM
Q_k, - .. 0_k,|p) nas omepatopos !

1,2 Lo= Lp? e
Lo=30"+Y anan, Lo=3p"+) ana, (10.5)

n>0 n>0

_ /dpeiﬂ'(T—T)p2 ’q—1/24Tr}_ q2n>0ana—n

U HOCJIE/YIONEMY MHTEIPUPOBAHKMIO 110 HYJIEBOH MO/ P - OJIMHAKOBO Jiisi 1OJIOMOP(MHOIO U
AHTUTOJIOMOP(HOTO CEKTOPA.

B Teopun o1HOTO ¢BOOGOTHOrO 6€3MaCCOBOI0 CKAISPHOTO MO ¢ AeiicTBreM S = % f d?z(0,X)?,
HO IIPpPUHUMAIOILIEM 3HAY€HUA B OKPY2KHOCTU

X ~ X +27R (10.6)

dbopmya (10.1) mopudunupyercs odeBu M 00pazoM. [Ipu BbIYUCIEHHS CTATCYMMbI HA TOpE
Ternepb HEOOXOJAMMO YUeCTh MHOTO3HAYHOCTD TOJIS

1/2
Znn = / Dxe™® = e~ 5nm ( / d20\/§> (det’Ag)~12 =
b))

(10.7)
_ o—Sum 2R
VImT - nn
C 'PaHUYIHBIMHA YCJIOBUAMU
X(z+1,241)=X(2,2) +21Rn
X(z+7,2+7)=X(2,2)+2rRm (10.8)
n,m € 7
onpeaesdiomuMn KJIaCCuIeCKOe pelieHue
nT —m
Xo=Xo+pz+pz, p=2rR——" (10.9)
T—T

! Boruuranue ¢/24 jerko o6bacHAeTCs, HAIPUMED, LEPEX00M OT NUINH/IPA K ILIOCKOCTH, KAK SHEPIUs Hy/le-
o 1 . o
BBIX Kojlebanuii - B ciydae cBOGOIHOro Go30Ha 5 » . - o7 = —1/24, HEOGXOIMMOCTLIO MOJIYIAPHON MHBAPUAHT-
HOCTH W T.II.



n ,ZLeIL/'ICTBI/Ie, BBIYHUCJIEHHOE Ha 3TOM DPEITEeHUN

T R?

2ImT

1 _
Snm =5 /dQU\/EaXd@Xd = InT —m|? (10.10)
™

Takum obpazom, 1mojiHas cTaTcyMMa BO3HMKAET B Pe3yJIbTaTe CyMMbI 1O BCEBO3MOXKHBIM I'Da-
HUYHBIM YCJIOBUSIM, T.€.

2R 2R ~R? 2
Z 7-’ 7_-, R — ZTL m= —— eisn’m = 67 2Tm7 TP
( ) ; ’ VImT - nn Z VImt - nn ; (10.11)

n,m

Bocnosp3oBasuuchk (opmysioii mepecymmupoBanus [Tyaccona (Winm MOLYISIPHOrO Tpeodpazo-
BaHus i T9TAa (DYHKIUHE HA OJHOMEPHOM Tope!)

. s ™ s b
(9(b|m) — E 6—7ran2+27rzbn — a—1/2 E G_E(m_b)2 _ a_l/Qe_EbQ E 6—5m2+27r5m _

nez MEZ mEZ

. (10.12)
=qa V239 (ﬁ i) , a>0
a a
cymmupoBanue B popmysie (10.11) MokeT GbITH MEPENUCAHO B BUJIE
R 7 R> 9 R _ «R? 222
—al |n77m| —_ alr ((m Tln) +T2TL ) f—
€ o'Imt = e 2 —
Varm 2= Varm 2
meZ meZ
(10.13)

2 TR2 2 2 o 7 .
_ R €_Lf’ Tan? Z e a'm (m—min)? 6_ﬂ5 Ton? Ze—ﬂ R22 k24-2mitink

!
VT2 mez keZ

rJe Mbl BOCCTAHOBUJIM pa3MepHblil mapaverp o = 2. Takum obpazom, crarcymmy (10.11) (c
TOYHOCTBIO JI0 YHCJIEHHOIl HODMHPOBKH) MOYKHO MEPeNucaTh B BUJIE

Z(’/‘ 7 R) ~ R 6_ g,RTz ((m—‘r1n)2+722n2) _ i e—wrg(RiZLQ—&—o‘];—gz)—&-annk _
’ ValTy i an ] Zn -
’ , ’ (10.14)
— i_ %(%4—%)2@%(%—?7)2’ g = 627ri77 g= e—?m"?

C ToukM 3peHusa omepaTopHOro opMaJu3Ma 3TO 03HAYAELT, UTO OTIHIHE OT CKAJAPHOTO IO-
JI CO 3HAYEHHAMH B mpsaAMoii R 3ak/fodaercs B TOM, KaK YCTPOEHBI HYJIEBbIE MOJbI HYJIEBBIX
renepaTopoB Bupacopo, a umenHo

1.2 Z P 1-2 Z -
L() = 50‘0 + ApQ_p, LO = 50&0 + [67% 0 (1015)
n>0 n>0
JeHCTBYIONMIE B MPOCTPAHCTBE ¢ GA3UCOM (_j, ... _k |0;n, k) (TeH30pHO Ha anTHrOIOMOP-

HYIO KOMIIOHEHTYV ), Tae Tenepb “BakyyM’ |0:n, k) TOMOJHUTEIBHO HYMEPVeTCa ABYMM IEJIBIMA
) ) )

3



YUCIAMU, B OTJIMYHE OT OJHOTO HEMPEPBIBHOTO MapaMeTpa (MMITyJIbca WiIn 3apsiaa) p. Jpyravu
cioBamu (nipu o/ = 2):

1k  Rn\?
Lo|0; k,n) = 2ad|0; k,n) = = (— + _n) 0; k, n)

2 2\ R 2
L (10.16)
_ B 1 n
Lalosk ) = Jadoikon = 5 (5 = 5+ ) 10ikun)
4TO OTBEYAET
kR kR
ap|0; k,ny = (}_2 + TH) 0;k,n),  apl0;k,n) = (E - 771) 0; k, n) (10.17)
nJjim 2Ke
k
% (050 + 0_50) ’0a k7n> = E‘Ov ka TL>, (050 - @0) ‘07 ka n) = Rn‘07 kan> (1018)

rJe MepBBIil omeparop OTBeYaeT KBAHTOBAHHOMY (k € 7)) MMIYJIbCY YaCTHIBI (CTPYHBI Kak
eJI0T0) HA OKPYZKHOCTH, & BTOPOIi - YHCIY HAMOTOK 3TOH CTPYHBI HA OKPYZKHOCTb.

10.2 IIpocTpaHCTBO COCTOSHUIT ITPU PA3HBIX PAANYyCaX

Ormerum Jist HaYasTa BaxKHeiinee cBoiicTBo crarcymmbl (10.14) cKagsipHOTO MOJIST HA OKPYZK-
HOCTH: OHA MHBAPMAHTHA OTHOCUTEJIbHO 3aMenbl R <+ o/ /R, r.e.

Z(1,7;R) = Z(7,7;d'/R) (10.19)

HOCKOJIBKY IIPH TAKOM IIPE0OPA30BaHKN MOJIHBI crieKTp He Mensiercst. VI3 dopmya (10.18) sicHo,
9TO JIJIS CTPYHBI HA OKPYKHOCTH “00paTHOro pajuyca’ (MeHbIe MIaHKOBCKOM JymHbl: o /R <
va' eciim R > v/a') KBaHTOBaHHBIE MMITYJIbCHI MEHSIOTCS POJISIMH ¢ HAMOTKAMHU, MOIPOCTY
k< n.

I/IS 9TOTO pacCCyKJAeHnd BBIPDOCJIa OAHA U3 TJIAaBHBIX WHTPUTYIOHIUX T'UIIOTE3 COBpeMeHHOfI
MaTU3UKH: 0 KpaiiHell Mepe HA yPOBHE CIIEKTPa IPOCTeHIas TeOpus CTPYH Ha OKPY2KHOCTH
Sgr paguyca R (unu teopus na Sp X X') SKBUBAJEHTHA T€OPHU HA dpyzoti OKPYKHOCTH Sy /R
(COOTBETCTBEHHO Ha APYroM MHOroobpasun Sy p X X). B creayromem mo mpocToTe mpuMepe,
korna X = S npeacrasiisger coboit ToxKe OKPYKHOCTb, a Sg X X = Sp X Si - AByMepHBIil TOD,
IPU TAKOM MPeodpa30BAHUU

R+ d'/R, Area= RR < o/R/R = —id'T (10.20)

ok (0be3pasMepeHHast KBaJApaToM CTPYHHOIl JUIHHBI) TIEPEXOAUT B MOJYJIb KOMIIJIEKCHO
CTPYKTYPHI JIBOMCTBEHHOIO TOpa, U Ha0OOpoT. MareMaTuKu JI0OAT HAa3bIBATH TAKYI0 CHMMET-
PHUIO 3€pKATbHOI, a JBOUCTBEHHBIE TIPA TAKOM IPEeOOPA30BAHIUU MHOTOOODA3HS - 3€PKANOHBILMU
MH02000PA3UAMU.



B HeKOMIAKTHOM ciIyvae “BaKyyMbl” (MM TIPHMAapHbIE COCTOSTHUSI TEH30PHOI CyMMBI TOJIO-
MopdHOit u arTHrOTI0MOPGhHOI anire6p Bupacopo) HyMepyoTCst e IMHCTBEHHBIM BEIeCTBEHHBIM
YUCTIOM P, T.e.

Lolp) = 3p°Ip).  Lolp) = Lp*Ip), A, =A,=1p’. peR (10.21)

U OTBEYAOT AEHCTBUIO BepHmMHHBIX omeparopos : exp (ipX) : |0) ma “ncruunbiii Bakyym” c
p = 0. Teneps oxnako - mis cocrosinmii |0; k,n) (v orBedatoux uM moJsm!) npaBbie U JeBbie
pPa3sMepHOCTH

1/k Rn\> < 1/k Rn\’
A, ==X A, === 7, 10.22
k.n 9 (R+ 9 ) ) k.n 9 (R 92 ) ) k7n€ ( )

He coBmagaoT npu n # 0.

Tak mampuMmep mpu “camomayaibaoM paguyce’ R = v/a! = v/2 mis pasmeprocreii (10.22)
OJTy YaeM
(k +n)? - (k —n)?
Ak,n = ; Ak,n =
4 4
U MBI BUJIM, UYTO B TEOPUHU BO3HUKAIOT TOJOMOP(MDHBIE U aHTUTOJIOMOPGHBIE TOKH ¢ Pa3MepHO-
CTdMun

(10.23)

Ay =1, Ay =0
Api1=0, Ayz=1

KoTOpbIM oTBewatoT moms Ji(z) =: exp (£vV2X(2)) : m Ji(2) = exp (£v2X(2)) :, xo-
TOpble MOYKHO HPEJCTABATH KaK SKCIOHEHTHl OT rOJIOMOPMHON M aHTHrOIOMOPQHONH TacTu
nomHBIx omepatopos X (z,2) = X(2) + X(2). Bumecte ¢ “06BIMHBIME’ OmepaTOpaMi TOKOB
H(z) = v2J(2) = iv/20X () (M KOMILTEKCHO-CONPSAZKEHHBIM [Tl IPYTOii - AHTHIOI0MOPbHOI

—

mapsl) oHn 0bpa3yior anrebpy Tokos Kama-Myan SL(2), (mposeputsn!)

(10.24)

H(2)J(2) = iz — Je(2)+ ...
T = 1 _12/)2 + ffzz) (10.25)
H(2)H(2) = (z——22)2 4o
[TocmoTpum Temepb Ha MOy Y€HHBIH OTBET JjIsI CIIEKTPA, HAIPUMEp, TIPH Z—,Q = %, 9TO OTBEYAET
R =1 upn o = 2. Munumasbuble u3 pasmMepHocTeii
PR G 7 S W el 6 (10.26)

s Ta kn — 9

npUHUMAIOT 3Havenus 1/2 u 1/8.



10.3 ®depmmonm3anuga npu R =1

Tenepn, npu R = 1 dopmymna (10.14) st ogHONETIEBOI CTATCYMMBI TPUHUMAET BH

n(q)n(q)
1 2 2
_ p= Z <q%(k+m)2q_%(k—m)2 + q%(k+m+§) q%(kfmf%) > _ (10.27)
k,m

1 2 152 1 1\2 1 1)2
- _ PPl 3(r+3) g3 (+3) ) 14 (—1)Pt
p=k+m,l=m—k 217 -~ (q qr +gq q ( + (—1) )

IJle 3HAKOBBI MHOYKHTEb OCYIIECTBIIET MPOEKINIO, YINTHIBAOILYI0, YTO P U | OJHOBPEMeH-
HO OO YeTHBbIe, 100 HedeTHBIe. [lociequsss cymMa ecTecTBEHHBIM 00pa3oM pa30UBaeTCs Ha
JeTbipe BKJIa/Jda, T.€. €€ MO2KHO lIepeliucaTb B BU/IE

= %7 Z 16l (10.28)

rie HaupHo o = 1,2, 3, 4. Ha camom jesie, MOCKOJIbKY MbI OOO3HAYIIN

_ Z q%n2’ 64 _ Zq%rﬂeiﬂ—n7 92 _ Zq%(n+%)2 (1029)

ne’l nez nez

0= 3 38 e = 3 () (1t g (—1) ) =0 (10.30)

neEL n>0

B cymme (10.28) Beero Tpu wiiena.
BenomunM renepsb GopMysty TpOiRHOTO mpoun3sseaenus fKoOu st TTa-byHKIINHT
n ne1 nl,_
O(tlg) = > ¢=*t" = T[(1 - ¢") (1 +q 2t> (1 +q" 2t 1) (10.31)
kEZ n>0

KOTOpasi cpaldy yKasbiBaeT Ha (DEPMUOHHYIO TPUPO/LY KaXKI0T0 U3 caaraeMbix. V13 aroit popmy-
JIBI CJIeJyeT, B YaCTHOCTHU

03 D kez g —1/24 _1)\? Lo—c/24
i A— =q (1+qn 2) :TI‘H qoc
n q1/24 Hn>0(1 _ qn> 11:[() NS

2

0, D kez q%k2(_)k —1/24 n—1 F_Lo—c/24
F:q1/241—[>0(1_qn):q H(l_q 2) :Tr’HNS (_) q()

YTO JiBa CJAraeMbIX OTBEYalOT BBIYUCICHHBIM paHee CJeJaM I0 MPOCTPAHCTBY COCTOSHHII B
TEOPUH KOMILTEKCHOTO (bepMHOHA C EHTPAJTbHBIM 3apSI0M ¢ = 1 U MOTyIEeTbIMA TAPMOHHKAMH.
B teopun crpyn Takme dhepmuonsl HasbiBaoTca depmuonamu Hepe-11IBapiia.

(10.32)

n>0



10.4 CexkTop Pamona

Ocrasmniica BKJaI

1(p1)2 1.2
o Dkez g2 (++3) _ q1/8—1/24ZkEZ =" ¢ _
n q1/24 Hn>0(]‘ - qn) Hn>0(1 - qn) (10_33)
— q1/12 H (1 + q’n) (1 + qn—l) — 2q1/12 H (1 + qn)2 — Tr’HR qLo—C/24
n>0 n>0

npejicrapisier coboit crarcymMmy B ceKTope Pamona, KOrjja rapMOHMKM HYMEPYIOTCH HEeJbIMU
guciavu. V3 dopmyssr (10.33) cpasy ciegyer, Halpumep, 9TO B 9TOM CEKTOPE BaKyyM HMeer
HEHYJIEBYIO pa3MepHOCTh. [TockoabKy

Try, ¢ ~ ¢ (1+0(g)) (10.34)

TO 9Ta MHHUMAJbHAs pa3MepHOCTDb 1/8 s Teopun KomiieKcHoro dpepmuona, uwiu 1/16 - s
BemecTBenHoro. MoKHO cunTarh, uro pamonosckuii BakyyM |0)g = 0(0)|0) yg momyuaerca u3
“obbranoro” Bakyyma NS jieficTBHEM HEKOTOPOTO Omeparopa (CIHHOBOTO WM TBUCTA) C COOT-
BercTBYIOMIEil 1poOHOI pazmepHocThIO. OneparopHoe pasjioxkenne (pepMUOHOB C TAKUM OI€pa-
TOPOM O COJEPZKUT NOJIyIE/Ible CTEIEeHN.

10.5 CrarcymMbl O030HHBIX U (PEPMUOHHBIX CTPYH

Pesynbrar BEIYHCIEHNAS OJHONIET/IEBONO KOHTHHYATHLHOTO HHTETPAIa B TEOPUH OO30HHO CTPYHBI
IPUBOJUT K YK€ U3BECTHOMY HaM pe3yJbTaTy

D—2
dr  [(det!/ A\ T
Fi s g exp(—S[X,g]) = Vp /M1 (Im )2 ( T )
D—2
AT det/ A\~ 2 d2r omir |—2(D—2) 10.35
s /M1 (Imr)? ( Im7 ) = Vo /M(IIHT)—HD/Q n(e*™)] = (10.35)

d27— 2miTy | —48
D=26 Veo /M1 W |77(€ >‘

KOTOPBIil ABIgeTCA pPe3yJIbTATOM JIOMOJTHUTEIBHOIO MHTEIPUPOBAHUA CTATCYMMBI CBOOOHOTO
CKaJISIPHOI'O 110JI 110 [IPOCTPAHCTBY KOH(OPMHBIX KJIACCOB JIBYMEPHbIX MeTPUK. Beromuum oc-
HOBHBIE 3TAIbl U CYIIECTBEHHbBIE ITOPOOHOCTH BHIUUCIEHUS:

e Yuc/10 KOOpAUHAT CTPYHBI HJIH PAa3MEpPHOCTD IIPOCTPAHCTBA-BpeMeHn (hUKCHPYETCs YCI0-
BHEM coKparieHus KoHdopmHoi anomanun D + ¢ = D — 26 = 0 uim paBeHCTBOM HYJTIO
IOJTHOTO TIEHTPATHLHOTO 3aps/Ia;



o Oyuknua lenekunma, cCanTaomas BKIaL CTPYHHOTO CIIEKTPa, BXOAUT MPU STOM B CTEIICHN
n(q)P~2 = n(q)** Ha 1BOIKY MeHbIIe HAMBHON Pa3MEPHOCTH, UTO OTBEYAeT COKDPATIEHHIO
NBYX HebU3MUECKUX HANPABICHHH TyXaMH, IPeICTaBICHHBIME DC-CHCTEMO;

o [loryyennas Mepa HHTEIrpHPOBAHU IO IPOCTPAHCTBY MOy Ieil KOBapHaHTHA OTHOCUTE b~
HO MOJIYJIAPHBIX MpeoOpa30BaHuil, a B CUIY Pa3/IOKEHHS

77(627”"1') _ eifrT/l2 H (1 . e27rin7') _ ei7r7'/12 (1 . 6271'1'7' + .. )
n>0 (1036)

— e47rIrn7- + 57660 + 0(6—47rlrn7-)

27ri7') } —48
Rer=0

(e

BOCIPOU3BOJUT BKJAJIbI BCEX CTPYHHBIX COCTOAHHII B OJHOINETJIEBYIO MOIPABKY K CBOOOIHOI
SHEPIruu.

CxkazkeM BKparTIie, 9TO U3MEHUTC /s Teopuu (pepMUOHHON CTPYHBI ¢ JeficTBHEM
1 = = - = - 1 -
S = 7 g 0X,0X,+V,0V,+V,0V,+xV,0X, +x¥,0X, + §XX\I’M‘I’M (10.37)
HpeACTaBJISIONIEM cO00I 1psimoe 00o0IeHue jieficTBus Jijist (pepMUOHHON YaCTHUILbL:

e Touno Takke Kak JiByMepHasi KOH(pOpPMHAsE CUMMETPHUs BO3HHWKAJIA B POJU OCTATOYHOMN
perapamMeTpu3anuoOHHO WHBAPUAHTHOCTU TPHU BHIOOPE METPUKH B KOH(MOPMHOM BHUJIE,
0CTaTOYHAS JIOKAIbHAS CYIePCUMMETPHs Ha MHPOBOM JIICTE CBEIETCS K CYIMEepKOHMOPM-
HBIM IIpeoOpazoBanusaM. CynepKOHGOPMHYIO aaredpy o0pa3yioT TeH30P SHEPTUU UMITY.Ib-

__1 2 _ 1 _ )
cal = —5(0X,)" — 59,0V, u cyneproxk G = V,0X,;

T(2)T(¢) = 4(23?2/)4 - _22/)2T(z/) iT_(zz) +..
T(:)G() = %G(z’) 4 i%@ 4o (10.38)
GG = ——2 2 e

e VcJioBHE COKpalieHnsd KOHMOPMHOIT aHOMAIUU ITPUMET BU/T
cx+ey+epetcg,=D+DJ/2—-26+11=3D/2—-15=0 (10.39)

LI Cgy = 2(67%—6;j+1) - nenTpaabHLI 3aps,] GO30HHOM CyNepyX0BOii CHCTeMBbI IePBOTo
nopsiika Sgy = %fz BOvycj= —%, oTBeYAaoIIel CynepKOHMOPMHBIM IPEOOPAZOBAHUSIM.
YciioBre COKpallleHus aHOMAJIMK IPUBOJIUT K KpuTudeckoit pasmepuocru D = 10.



KonTunyaabHblil nHTErpaJl Ha TOpE

F = / DgDyDXDU x

1 = = - = = = 1_ -
X exp (—g / OXOX + VOV + VoU + xyWOX + yWoX + §>2><\P\If> = (10.40)
b

d*r
— vy /Ml G b Ix Lo

MPEJICTABJISETCS ONATH YKe B BUJE MHTErpasa Mo MPOMTPAHCTBY MOJYJeil OT HEKOH MephI, BbI-
pakenue Jijisg KOTOPO#l (bakTopusyercs Ha BKJIaJbl OO30HHBIX U (hepMUOHHBIX 1oJieil. Bkiia
OO30HHBIX KOOP/IMHAT

[...]X:<detlA)_D;2 _ (det'A)_4 L1 (10.41)

Im7 D=5 \ Imrt ~ Tmr? In(q)|*6

OTJINYAETCsS OT BKJIaJa B OO30HHYIO CTPYHY TOJBKO CTEleHbIo, OMpeaeaseMoil KpUTHUeCcKOi
Pa3MepHOCTHIO.

Ocraercs BBIYUCTUTD BKJIAJ (hepMUOHOB. MBI yzKe BUAENH, YTO /IS JIBYX BEIECTBEHHBIX
bepMuoHOB (KM OJHOIO KOMILIEKCHOI'O) TAKHUE BKJIAJIbl JAIOTCA B 3aBUCUMOCTH OT I'PDAHUYHBIX
yeaoBuit Beipakenusvmu tuna 0,(q)/1(q) - B KaxkKa0M CEKTOPe W NPU PA3TUIHBIX IPAHUTHBIX
yciosusax. B Teopuun depmuonnoit crpyunl Bcero D = 10 BemecTBeHHBIX (HPePMUOHOB, WJIH
D/2 = 5 KOMILIEKCHBIX, TI09TOMY OTBET MOYKET OBITh HPOMOPIUOHAJEH YeTBEPTON CTelneH:
oTBeTa JiJisl OJJHOTO KOMILTIEKCHOTO hepMUOHA (TOUYHEe HEKOTOPOil WX KOMOWHAINNM), TaK Kak
naTasg CTeNeHb OYeT COKPAIAThCI BKJIAJIOM CymepayXoB. Mbl MOXKeM MOTBITATHCA HAMUCATD
TeM CaMbIM

1 4 (=4
-] = AT (XZB Capblalq) 0s(q) (10.42)

rJe CyMMUPOBAHUE TPOU3BOIUTCS MO TPAHUIHBIM YCJIOBUSM (HE3aBUCHMO JIJisl JIEBBIX U MPABBIX
depmuonos ¥ u ¥ ¢ nexoropsimu kodddunuenrtamu C,g, KOTOPble HE OYEHb HOHSTHO KAk
OTIPEeIeJIATh.

10.6 MonayngapHass THBAPUAHTHOCTDH

Moyasipable Tpeobpa3oBaHusl Ha IPOCTPAHCTBE MOJYy/Iell Topa (uau npocTpancTse Teixmro-

7epa - BepxHeil momymiockoetn Im7r > 0 ¢ MeTpukoii JlobadeBckoro ds? = %):

o T — —1/7:
n(=1/7) = (=it)"Pn(7), 03(—1/7) = (—ir)"/?65(7)

10.43
Oo(=1/7) = (=ir)"204(r),  04(=1/7) = (~iT)"26y(7) 0



e 7T — T+ 1: 12 s
n(r+1)=e""n(r), Ox(r+1)=(:)"0(7) (10.44)
93(7'"‘1) :94(7'), 94(T+1> :63(T>

Im72
10 KpaiiHeil Mepe ¢ TOYHOCTBIO 0 YHCJOBBIX (akTopoB. VHBa-

8a(q) |
n(q)

crarcymma (10.14) 6o3ona Ha okpyzkHOCcTH pajuyca R = 1 npu N = 1. [Ipu N = 4 sr10
BBIPAZKEHHE MOIJIO Obl CJY?KUTh KAHINJATOM Ha [. . .J|g.

MOﬂyﬂHpHO—I/IHBapI/IaHTHbIe Bpra)KeHI/IHI JIETKO HpOBepI/ITb, qgTo I/IHBapHaHTaMI/I ABJIAIOTCA
2 —\2 __ 4
u Im7n(q)*n(q)* = Im7|n(q)|*,

PUAHTOM TaKZKe ABJIAETCA JUarOHaJIbHad KOM6I/IHaLLI/IH Zoc

npu Jirobom N - Hanpumep,

Oprako Gu3MIeCKuil KaHIUAAT UMEeT JAPYroil B, a HMEHHO
[...)y = Zu(1)Zg(T) (10.45)

rjie ,
—— (03(0)" — 0a()" — 02(q)" 10.46

n(q)* ( ) (10.46)
110 orBevaer cynepcummverpudnoit GSO-npoeknuu B criekTpe (hepMUOHHON CTPYHBI, ObecIedn-

BaOIIell TpocTpaHcTBeHHYIO (T.e. 10-MepHYI0) CyHepCuMMeTPHIO.

Z@(T) ~

[Toupobyem npeodpazosars npasyo dactb (10.46). Hanumem cuavasa

> ni=odd
n1,...,NaEZ N1,...,NaEZ

(10.47)

> ri=even

r1,...,Fa€ZL+1/2 T1,...,ra€Z+1/2

CyMMBI B IIPaBbIX YaCTAX OPOXOoadaT mo pemrerkaMm [ u [V B 4eTBIpexMepHOM IIPOCTPAHCTBE,
KOTOPBIE CBSI3aHBI peoOpa3oBaHueM

r=33 n, ra=F(mtny—ng—ng), rs=3%(n1—ny—ns+ng),
p (10.48)

ry =1 (ni —ny+ng —ny)

u3 rpynnst SO(4), a 3HAYAT 9TH CyMMBI paBHBI. TakuM oGpa3oM, moctpoentas B (10.46) og-
HOTIETJIeBAs CTATCYMMa, B T€OPUH JIECATHMEDHBIX CYHEePCTPYH (& 3HAYUT U COOTBETCTBYIONIAs
OJIHOTIET/IEBAsT TTONMPABKA K CBOOOJHOI SHEPTUM) PaGHA HYAK0 B CUIY TOXKAeCTB Pumvana s
TITa-PYHKIHAIA.
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