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Jam 0630p FPYIN CHMMETPUU W CYIEPCHMMETDUR B KBAHTOBOM TEOPHH HOJA.
PaccMOTpeHH IPOCTPAHCTBEHHO-BpeMeHBhe TIPYINH CUMMETpHA (rpynne Jlo-
penua, 1lyaskrape, Beiiad, xoH(OpMHAA FPYNNA) ¥ IPYNIH BHYTpEHHEEH CHMMeT-
pum co CKANAPERIME ¥ CHORHOPHHIMH HapameTpaMil (rpyunms cymepcuMMmeT-
pun). OcHOBHOe BHHMAaHNE obpamaercs Ha CYMECTBOBAHHE TeX MM MHEX TPy
cummerpuu. IlokaszaEo, 4T0 TpefoBaHMe PeNATHBUCTCKON MHBAPMAHTHOCTA IPH-
BONUT K CUABHHM OCpAHWIEHUAM HA CTPYKTYPY BOSMOKHEIX IPynIl CHMMETPHUH.

Symmetry and supersymmetry groups in quantum field theory are revie-
wed. There are considered space-time symmetry (Lorentz, Poincaré, Weil,
conformal) groups and those of internal symmetry. The existence of any
symmetry groups is carefully analysed. The relativistic invariance is shown
to give strict constraints on the structure of possible symmetry groups.

BBEJEHUE

XO0poImo M3BECTHO, YTO TPYUIBL CHMMETPHA npuoGpeTanT BaKHOe
3HaUenme B KBaHTOBoil Teopun. IHBapMaHTHOCTD T€OPUHA OTHOCUTEILHO
HEKOTOPOH TPYNIBE OTPa)KaeTcs B CYIECTBOBAHMA OIPE/OICHHEIX
COXPAHAOMUXCA BEJIWIAH, IPaBuil 0T60pa, B OTPAHNICHAAX Ha dopmy
JIATPaHIKMAHA, AMILIATYA paccesHHsA ® T. f. llpumIms cuMMeTpuu
Q0T MeToj, KiaccuEKAUA dJIeMeHTAPHBIX 9acTArn (yEmTapHas CHM-
MeTpHs) U HCHOJB3YITCA JUisi IOCTPOeHUs pasHoOOPA3HBIX MOJEBHIX
Mopedeil (MojelH €O COOHTAHHIBIM HAapymeHAeM CHMMETpPHH).

B cBAsH ¢ TAKIM IIMPOKMM HpPEMeHeHWeM IDYNIOBHX MeTOJ0B
B KBAHTOBOH TeODUH NOJs IPEeJCTABIAETCS WBTEPeCHHIM BLIACHATD,
KaK@e TPYINbl CAMMETPHH BOOOME BOBMOKHEI, MHAYe IOBOPA, KAKHE
IPYOIBE MOTYT PAcCMATPHBATHCA KAK TPYNIE CUMMETPHH. Ob6cy:xme-
HEAE TAKAX BO3MOMHOCTEHl M HBAASTCH OCHOBHOM I@JBI0 HACTOAMEIO
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o63opa. Kak Mpl yBHAMM, WHBAaPHAHTHOCTH KBAHTOBOM TEOPHH HOJA
OTHOCHTEJNbHO TpyNnb Ilyamkape HarIagHBaeT CHUIbHbBE OTPAHHNIE-
HEA HA CTPYKTYPY BO3MOKHLIX TDYHH CHMMETDHH.

B 0630pe 6yayT paccMoTpenn npocTpaHCTBeHHO-BpeMeHHbIe TP YIIIIh
CHUMMETPUH W BHYTpeHHel cumMerpuu. W3 npocrpaHCTBEeHHO-Bpe-
MEHHBIX TPYII OCHOBHOE BHHUMAHWe YAeIuM KOHPOPMHON TIpymue.
T'pynns Jloperna u Ilyamkape maust ouenb KpaTtko. BymeM o6cysx-
IaTh CTPYKTYDPY BOBMORHHIX Tpynn Jlu mpeo6pasoBaHmil B HPOCTpaH-
crBe Muuxoscroro. Ilokasxem, dro rpymmamu Jlopenma, Ilyamkape,
Beiina u roudopMEOi Tpyumoil MCIEPUHIBAIOTCH BO3MOKHEE KOHed-
HbI¢ TPYIOH HIPOCTPAHCTBEHHO-BPEMEHHBIX CHMMeTpPHii, COBMECTHMEIX
€ PeNATHBHCTCKON WHBADHAHTHOCTHIO. SHAagdTeNbHAas 9acTh 0630pa
TIOCBAMEHA TpynnaM CyIepCAMMETDUH — TPYLHIAM BHYTPEHHEH CuM-
MeTpHH CO CUMHODHHME mapaMerpaMmu. ['pynoel cymepcuMMerpusn
MAPOKO OBGCYXIAAITCA B HOCHAERHSS BPEMA B CBASH € PAAOM BO3MOMK-
HOCTell, KOTOpHe IPHU 2TOM BOBHAKAIOT. B 0630pe paccMoTpuM BOSMOIK-
HHI# BAJ airefp IPpyId CymepCAMMETPUR U Peasn3anuio TPy cymep-
CEUMMeTPUN KaK TIPYII HpeoO6pasoBaHWE CYmepupoCTPaHCTB.

1. TPYIIIBI JJOPEHIA I IIYAHKAPE

IMocronbry rpynnw Jloperna u Ilyanxkape Xopomo M3BeCTHEL, pac-
cMOTpHM ¥X Kparko. OG03HAIAM KOOPIMHATH OPOCTPAHCTBA MEHKOB-
ckoro x,, rme n =0, 1, 2, 3.

I'pynna JlopeHna sBafeTca Ipynuol HeOIPePHBHEX, OIHOPOJHBIX
npeo6pasoBaEUil KOOPAAHAT

Zy — y = Ay, (1)

COXPARHANIMAX HOpeHneB KBagpar 2 = z,x, = 1 — 27 — x2 — zZ.
I'pynna Jloperna, 6ynyds rpynuoit Bpamenmit 9eTHPeXMEPHOTO IICeBI0-
€BRJBKOBA IPOCTPAHCTBA, WMEET IMECTh HEIPePHBHEIX HAPaAMETPOB
H COOTBETCTBEHHO meCTh TeHepaTopoB Y,y (¥ ,y = —Y,,). Tene-
paTopu Y, YHOBIETBOPSIOT XOPOWIO H3BECTHHIM IIE€PECTAHOBOUHBIM
COOTHOMIGHA AM

[Yy,va YpE] =1 (guZva + ngYu.Z - gquvZ “'gVEYup)y (2)
rge gy = diag (1, —1, —1, —1). Oneparoprr Kasummpa rpynust
Jlopenia uMeroT BHp

Ci=YuwYyu; Ci= EuvpzY pvY px- (3)

TaxmM o06pasoM, HeupPUBOJEMEE NDPEJCTABICHMA TPynme JlopeHna
KJIaccAQUOAPYOTCA 0 3HATSHAAM ABYX umces. BymeM HETepecoBaThCA
HeIPUBOIUMBIME KOHETHODSAHHMH npefcraBienusmu. O603HATAM 5TH
npexncrapixesus D (j, k); ju k npranmaror smaverns 0, 1/2, 1, 3/2,...
Pasmeprocts npepncrasxenns D (j, k) pasna (2j + 1) 2k + 1) {1, 2L
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Bce snopeEn-KoBapHaHTHBE 1M0JA, Dpeofpasyomupecs mo TeM Wk
FHEIM IPeJCTaBIenuaM rpynms Jlopenna, pacnafaoTcs Ha IBa Kjacca:
TeH30pHEIE TWONnA j -+ k — mejioe W cOMHODHHeE j -+ k — moaymedoe.
Taroe pasfmenme Bcex moJjieil CBsI3aHO KaK C TeM, YTO IOJIA HepPBOTO
KJacca 1wpeo0pasyioTca N0 OJHOSHAYHEIM OPENCTaBJIeHUAM, & BTO-
pOro — TO JABYBHAYHKIM HpENCTABIeHHEAM TIpymosl Jlopemma, Taw
¥ ¢ TeM, YTo IPU KBAHTOBAHWH JJIA MEPBHX Hmoieil HeoOXOofuMO pac-
CMAaTpHUBATH KOMMYTATOP, & [JIA BTOPHX — QHTHKOMMYTaToOp (Teopema
0 ¢BA3W comHAa K cratHeTukm [3]). BeeBo3MOMHLIe TUIIEL DOMEH MOMKHO
3ammcaTh eUALIM 06PAa30M, HCIONb3Ys CHUHOPHEE 0603Hadenud. g
BTOTO BBOIATCA IBA THIIA MHIEKCOR: 6€3 TOYeK ¥ C TOYKAaMH, HPAHAMATO-
mye IO JBa 3HaYeHusA. Belmunmpa, npeobpasyiomas IO HeIPUBOAA-
momy D (j, k)-upegcraBmenuio rpynnil JlopeHna, AMeeT BHJ CIIHH-
TeH30P& T py-.. a2jBi -+ By, MOIHOCTHI0 CHMMETPHYBOTO B KaK[IOM

tane mHAeKCoB {4; = 1,2; B; = 1,2). Ponp mEBapmaHTHOU! METPUKH
B IIPOCTPAHCTBE COUH-TEH30POB MIPAOT AHTHCHMMETPHYHBE TEH30DHl
€ap U &4ip (ap = — €p, ¥ &ip = —epy). (DopmMaamsMm cOouH-

TEH30POB yHOOEH NpH PacCMOTPEHHH PAAa BOIPOCOB, I BOCHOIb3YEeMCs
aM HHIKe.

I'pynna Ilyamkape cofepsKaT KpoMe JOPEHNEBHX IpeobpasoBamuil
(1) cnpurm

T, Tp=2x,+a, (4)

B OCTABJIseT HHBAPMAHTHEIM KOHYC (x — y)?=0. I'pynna Ilyamkape
SIBIACTCS: JIECATHIAPAMETPHIECKOH TPYNIO, M ee TeHepaTops Y,
P, YHOBIETBOPAWT MEPECTAHOBOYHEIM COOTHOMICHHsIM [IIIOC COOTHO-
merns (2)]:!

Yy, Pol =1(8upPv— gvpPu); } (5)
[Py, Py1=0
I'pynna Ilyamkape mmeer psa omepaTopa Hasmmupa:
Ci=P?% Co=Y Y wP?2—Y ;Y P P,. (6)

B pempmBonmmux mpepcraBiesusx ¢ P2 = M? > 0 Begmumna C, =
=M?s(s+ 1), tne s —cuma (s=0, 1/2, 1, 3/2, . ..). Taxum
o6pasom, npun M? > 0 menpuBoguMHEe IpeAcTaBiaenus rpynnos [lyas-
Kape KIaccHQEIUPYOTCA no Macce M u cnmry s. B mpepcraBizenmax
¢ M =0 Bropem omeparopoMm HKasumupa sBiIseTcs COHpPAJIbHOCTD

A(A =0, =1/2, 41, +3/2, ...). OrmernM, IT0 B HpejcCTaBIe-
pusax ¢ M? > 0 wmeercs DOMOJTHUTONbHEN WHBAPHAHT Sgn Py =
= po/| po |-

B cuny pessiTUBHCTCKOA MHBAPHAHTHOCTH BEKTODPH HPOCTDAHCTBA
COCTOSIHME KBAHTOBOM TEOPMH WOJsi mWpeo0pasyioTCs IO YHUTaPHBIM
npencTaBireHuaM rpynns [Tyankape. CooTBeTCTBeHHO KBAHTOBHE NOJA,
ONMCHBAIIAE 3YJIEMEHTAPHEE YACTHIH, Opeobpasyorcsa Ho Hempn-
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BOAUMBIM YHHTAPHBIM IpPE[CTaBIeHNAM Tpynou Ilyamkape m, ciego-
BAaTEJIbHO, RIACCUPAIApPYIOTCA mo Macce M u cummy s (mpu M = 0
110 cnnpaanocTn)

OnHako BO MHOTHX CIyYaax (HampuMep, OPH IOCTPOSHHH JATPaH-
KHUAHOB) yA00HO HCHOOAB30BATH MOJHA, HpPeoGpasyIOMEecs 1o IpUBO-
OUMbIM OpeacTraBieHUsaM Tpynns [lyaukape, a mmenmo, moias w(’ ®
¢ maccoit M, npeobpasyomumecsa mo D (j, k)-mpencraBienaaM rp yoier

Jlopenna. HOCI{OJILKy D (j, k)-mpencrasmenme rpymust Jloperua
j+h

ABIseTcs mpaMmoit cymmoit [D (j, k) = ) ® Dgsos (m)l wempu-
M-— | i—k

BonuMEIX Dgo(s (m)-mpefcTaBiennii T'pymmel 3 -BpaleHnii, To moJe

P§; P opu M2 > 0 mpeo6pasyeTcs mo mpsaMoit cyMMe HEIPHUBOIMMEIX

ApeCTaBICHHIA rpynnm Ilyamrape co cuexrpom cmommos j - k, j -+

+%k—1, ..., |j—Fk|. HauGosce wussecTHHe upEMEPH HOIeH

Taxoro THIA — BeKTOpHOG moae V, (D (1/2, 1/2)) v cummerpudHoe

TeH30pHOEe 1ode h D1, 1) 11 YIC TCTBUE PA3JIUIHBIX 3HAYCHUN
v y p

COHHa Yy ToJedl Ttuma 11)5&_,50 IPABOOAT K pAAY mpoliaeM, CBA3AHHEIX

¢ HCKIIOUeHHeM JHINHAX KOMIIOHEHT.

B GeamaccoBom ciywae coorBercTBMe Meskmy mapoit (j, k) m cunm-
PaTBPBOCTBI0 yCTaHaBIAMBaeTcsa Teopemoit BafinGepra [4]: 8 mpeamomno-
JKEHNHM O TOJOKMTEJIBHOCTH METPHKU IOJe p$.2) onmesiBaer Geamac-
COBYI0 HaCTUI[y CO CHMPAIBHOCTBIO A = k — j u o6parHO, Ge3macco-
Bast 9aCTHIA CO CHUPAJNBHOCTBIO A MOKET OMHCHBATLCH TONBKO IOJIEM
1p“ M ek — j=Ah B pgambmeitmem O0yaeM WMeTh JIe0 ¢ HeOpHBOIU-
MEIME 7 TpEBogmMEIME (V$7 ) KBAHTOBEIME momAME.

B sarmioueHme mpuBeeM HepPeCTAHOBOYHEE COOTHOIICHHS IIyaH-
Kape-KOBaPHAHTHOTO KBAHTOBOTO HOJIA C TeHepaTopamu rpynner [Iyan-
Kape, T. e. KHOEHATE3MMATHHYIO 3ANACH TPAHCHOPMAIHOHHEIX CBOHCTB

mosa Y

[YIW’ IP(J’ » (x)] =1 (x“ aav —xvsz-_l‘- + Zu\’) IPE& P (x)' i
l (7

[Py, 95 () =1 =20 ¥ ().

Hrax, TpeGoBanue pelATHBUCTCKOM HHBAPHAHTHOCTH TEOPUH CYIIe-
CTBEHHO OIDaHMYMBAET BO3MOKHEIE THIH HOJIeH, a TaKKe X CBOUCTBA.
Onnako eme ocraercs Goiabmas CBOGOKA, OIPAHMYATH KOTOPYIO HpPH-
3BaHH IpyrAe CAMMOTDHUH, B TOY UJIN WHOH CTETIeHN CBA3aHHEIE ¢ AUHA-
Mukod. HoopmmmaTel mpocTpamcTBa MHHKOBCKOTO H JIOPEHI-KOBa-
PHAHTHHE MOJA (1p(” M) sBIAIOTCH BIEMEHTAMH TOTO IpOCTpPaHCTBa,
Ha KOTODOM JeHWCTBYIOT STH T'PYIIHHL.
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2. KOHOOPMHA TPYHIIA

T'pynnsr Jloperna u Ilyankape ABIASOTCS TOYHHMH I'PYHHAME CHM-
MeTpHH KBAHTOBOM TeopHM mojs, a GONBIMAHCTBO OCTAJLHLIX I'DYIO
CAMMOTPUE — OPAOIMKEAHEIME U CTAHOBATCS TOYHHIME JHIIb B HEKO-
TOPHIX HIPeNelIbHEIX yCJAOBHAX. BymeM smecs mHTepecoBaThCA HTPUHIMA-
TUAABHON BO3MOKHOCTHIO CYHIECTBOBAHHSA TOM WJIWM WHOUW TPYONH
CUMMETPHE, HO3TOMY YIOMSHYTHE BHIIME NPegeJdbHEIe YCIOBAA 00CyIAM
0Y€Hb KPATKoO.

HagreMm ¢ mpocTpaECTBeHHO-BpEMEHHHX Ppymn. 1[0CKOABKY KBaH-
TOBAsE TEOPHA HOJA [JOJKHA OBITH PEIATHBUCTCKU-WHBAPHAHTHOM,
T0 13002 TPOCTPAHCTBEHHO-BPeMEHHAsA TPYNNA CAMMETPUM KBaHTO-
Bo#l Teopumm mwoAs (UPUOMMKEHHAS WJIE HeT) MO0JKHA COIepKaTh
B KauecTBe MOATPYyHUH rpymmy I[lyanxape. PaccMoTpuM BO3MOIKHEIE
TpyOnE mpeoOpasoBaHWi B mpocrpancTBe MumkoBckoro, ABIAWIIEECH
pacmmpenusamu rpynns Ilyankape.

BosMomuayo CTPYKTYpY TakmX I[PYOI IOACKA3HBAI0T CBOHCTBA
VpaBHEHYI, ONUCHBAWMIUX 6e3MaCCOBEE NoJs1. A MMEHHO, YPaBHEHHA
1111 663MAaCCOBHIX TMOJIel HHBAPHAHTHE OTHOCUTEIHHO IpeobpasoBaHmii,
KOTOPHEe 00pasyiT Tak HasbpBaeMble Ipynny Beinsa B KoHGOPMHYO
vpyony. Koudopmmas rpymma comepsxut [5, bHal:

1) woprpynmy Ilyamkape

Zy,— Ty = Ayy -+ ay;
2) coenmaapasie KoHGOPMHEE uUpeolpa3oBaHUsA
Zp, — 2p = (2y, — cu22) /(1 — 2cx + c22?);

3) mmiatamuio (pacTseHne)

Z,— = Az,

rfe ¢, ¥ A — mapaMeTphHl COOTBETCTBYIOMUX mpeobpasoBanmil. I'pynma
Ilyanrape n mmiaramums o6pasyior rpyuny Beiurs, xoropad, B cBoio
ogepefn, sBIACTCA HOATPYyunoil xoudopMmHOK rpynns. Paccmorpmm
KOHPOPMEYI0 Tpynmy, HapajielbHO (GOPMYIHDPYA pPe3yAbTaTH AIs
rpynnsl Beits.

ITpeo6pazoBaums 15-napaMerpuueckroil ROHGOPMHOM IPYIIH 0CTAB-
ASI0T MHBADUAHTHEIME CBeTOBOHM KOHYC (x — y)?2 = 0 @ yTasl MexIy
MWUDPORBIME AuHAAME. {15 npeobpasopannit rpyunst llyankape n guna-
TAIUN 9TO OYEBUAHO, A A CHeNUaJbHOI0 KOHGOPMHOTO mpeoGpaso-
BAHHS HTO CBOWCTBO ciaefyer m3 gopMmysisl mpeobpasoBanus (z — y)2:

(z—y?—> @ —y)? = (x — (1 — 2z + *2®) X
X (1 — 2¢cy -+ c*yH).
s sroit opMyaH BHTEKAaeT, 9T cuel@alibHoe KOH(opPMHOe mpeobpa-
30BaHNe MOKET MEHATH 3HAK (¥ — Y)? u 2z, — y,. BosEukaromue npu
3TOM TPYHNHOCTH ¢ NOPWIMHHOCTHI0 B mpocTpaHcTBe MMIHKOBCKOTO
MOKHO YCTPAHHUTH IEPEXOI0M K GECKOHOTHOJIUCTHOMY HAaKDHBaoOMEMy
npocrpaHcTBY [ba—8l.
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Brimie 6bimm paccmoTpens HempepsiBHEE KOHPOPMHEEE Tpeobpaso-
Bauma. HauGosee BakBBM IUCKpeTHHIM KOHQOPMHHM mpeofpasoBa-
HEeM sBISIeTCSI HHBEPCHsA [l OTHOCHTENBHO eIUAMYHON Tmmepcdep:

xy il zp= Ry = z,/2°. (8)

Hcnoassys R-mpeoGpasoBanue, cmenualipHoe koEGOpMHOe mpeolpa-
soBanme K MOIKHO IPEACTABATH B KOMIOAKTHO# (opme:

h ’
zy—> xyp= Kz, = RPRu,,

rpe P — cpsur r,, — x;, = z,, + ¢,,. VI3-3a croskHoro Bufa Helmmeii-
HOTO CHeNVAIBHOTO KOHGOPMHEOTO Npeofpa3oBannd 9aCTO BHAUUTEILHO
yrobmee paGorats ¢ R-mpeofpasoBammeM.

Pacemorpum axre6py wondopmuoit rpynmel. I'emepatopst mJopen-
IeBBIX npeobpasoBanmii Y ,,, CABATOB P, CHenuaabHuX KOHPOPMHBIX
npeobpazosammit K, m amnatamum D yAOBIETBOPSIOT CIHEIYIOLUIM
OepeCcTaHOBOYHBIM COOTHOIMEHHAM [5]:

[Yuvv YpE] =i (guZva + gvpyu}:'—gupyvz*“ngYup); )

[Yuvv Pp] =i (guppv—gvppu);

[Ylw’ Kp] =i (gupKv _gvpKu); (9)

[Pw Pv] = O; [Kuv Kv] = O;

[Pw K, =2i (guvD_’“ Yuv);

[Yuv’ D=0 [Pw D)= ipu§ [Kuv Dj= _iKu'
OrmeTum, d9ro KoH(OpPMHAs anreGpa comeps;kutT JBe MOAAITe6GpH, H30-
MopprEe anrebpe [lyankape: momaire6py ¢ GABHCHBIME bieMEHTAMHE
Y, 8 P, u nonanreGpy Yy, K, Ecim RY,y, R =Y ,,, RP,R =

= K,, 10 3TH mojaure6pn cBszann R-mpeoGpas’oBanmeM.
HKongopmras rpymna mmeer tpu omepatopa Kasmmupa:

Co=Y Y w/2+ K, P, — 4D — D? )
C3 = (I/Vqu, -+ K}J.W}L)/4 — SLWQZDY;WYQE/S;
Co={KuK PP, —4K,Y .Y Py —4K,Y P, (D4 6i) +
-+ 3 (Yuquv)2/4 + (SuVQEYMvaZ)Z/i 6 +
+ Y oY v (D24 8iD — ¢y — 22) — D+ — 16i D3+ S0D? +-
+1281D+- 36¢c, — 16icy D — 2¢,D%} /4,
rie Wy, = euwsP,Yx/2. TaxuMm o6pasom, HenmpumBogmMbe IIpeji-
CTaBJEHMA KOHPOPMHOM TpYNNH 3a/[Al0TCA TPEMA YHCIAMH.
Huaccmpurxanusa mempmBogmmeix mpepcTaBiaennit KOHPOPMEHOM
TPYOOE — JIOCTATOYHO CJOkHAA 3ajava. OueHb WOJNE3HHM IPH 3TOM

OKa3HIBAeTCH JIOKAJBHEE W30MOp(H3M MeREy KoHPOpMHOHE rpynmoit
u SO (2,4)-rpyumoit [5]. B cymecTBoBammE 5TOTO mMBOMOpHEBMA MO-

(10)
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;kHO yOemurbesi, mepexoma oT Y, P, Ks, D x roMOumammam
L. =7Yuw Ly = Py+ K)2; Lg = (P, — Ky)/2; Lsg = D.
W3 coorHomennit (9) maxommm, aro omepatopsl Ly, {a, b =0, 1, 2,
3, 5, 6) yIOBIETBOPAKT THepecTAHOBOYHHIM cooTHOmeHHAM SO (2, 4)-
3-711’961)51, [Lab? Lcd] =i (gadLbc + gbcLad — gacLbd - gdeac)’
roe g.p = diag (1, —1, —1, —1, —1, 1), uTo ¥ HOKa3HBaer
JORAAbHBIHA m3oMopdu3M TpyDI.

Joxraapunit msoMopdusy roudopmio# rpynus 2 SO (2, 4)-rpynnsl,
BO-IEPBHX, HO3BOJIgET MOCTPOHTH G-MOmeas mpocTpaHCTBA MuWHKOB-
croro (Moness Jlmpawa [9]), B KoTopoit HeanHelAEE KOEQOPMHEIE Hpe-
06pa30BaHAA CTAHOBATCHA JIUHEHHEIME OJHODONHHMH IpeoGpasoBa-
HUSIMH, H, BO-BTODHX, 9T0 (0Jjiee Ba;KHO, HO3BOJIsSIET NPUMEHSTH JJIst
wKiIaccEPUKATNA HeNPWBOAMMEIX IpeACcTaBIeHu# KOHPOPMHOHE TpyHIH
MeTOJIH, PaspaloTAHHHE A ICeBIOOPTOTOHAIBHLIX M NCEBIOYHATAD-
aex rpyon [SO (2,4)-rpynna dokaasao nsomopdra SU (2,2)-rpynne].

Kiaccmpuranma HeOPHBOJUMEIX TNPEACTABIEHAR KOHQOPMHOMH
rpynon 6mura mposefena B paGorax [10—14]. @uswmueckn mamGoiee
UMHTEePECHH Te IIPECTABIenNs, B KOTOPHX p? > 0. Hockonsky npn am-
Jaranmm p? — A-2p2, Bee mpencrasiaerus ¢ p? > 0 paszbmpaioTcd Ha j1Ba
KIacca: OesmaccoBme mpemctaBienma (p®> = 0) u upecTaBIeHHA
¢ HEPePHBHBIM CIEKTPOM Mace (p? — 060e HONOKUTeIBHOe THCIO).

HenpusopgmMele yHETapHBE 0e3MaccoBHE HpEACTABIEHHS — NPO-
cTeiimue yHUTapHBIe TpeACTaBIeHwWs KoHPOpMHO# TFpymmel. B HmX
omepaTops KasuMupa BHPaKAIOTCA depe3 efmHcTBeHHOE Ynciio g [12],

Co =3(2—1); Cy3 = q(®—1); C, = —3(¢> — 1)%4 (11)

roe ¢ opunmMaer 3smagemms 0, 1/2, 1, 3/2, ... B GeamaccoBnix
TIPECTABIGHAAX BHAK DHEPTUH €, = P¢/ | Py | ABIAETCA NHBAPUAHTOM.
TlosToMy IpPH KaKIOM 3HAYEHHH ¢ CYMECTBYIOT UeTHPe HeIKBUBAJIOHT-
HEX TpeficTaBlIeHWa [koMOMHANWM m3 3HAKA p, # 3Haka Cy; B (11)].

YHUTapHEE HEOPUBOAMEE Ge3MAaCCOBLe HPeCTaBIeHN S KOHPOPM-
HOfi TPYOHHL COBOANAIOT ¢ HEIPUBOIUMEME YHATA DHHIMA 6€3MaCcCOoBHIMI
OpefcTaBIeHMAME Tpynoel Ilyamkape €O CIHPAIBHOCTBIO A = o= g
[15]. NMenno ¢ 3TuM 0GCTOATEIHCTBOM CBA33HO TO, UTO ypaBHEHUd,
OUHCHBAIOMME (e3MACCOBLE YACTHIE, KOHQODMHO-MHBADHAHTHEL

PaccmoTpuM Temeph HempuBogMMble UpejcraBieHus ¢ P2 > 0.
B »sTmx mpencTaBieHMAX BHAK p, TAKKe ABIAETCS HWHBADUAHTOM,
a omeparopn Kaswmmmpa [12] TaroBs:

Co=Ap (A +4)+2Y 5 (Yo + 1) 4 2K5 (K + 1)5

C3= —(An+2) (Y — Kp) (Ym+ Kn+1);
Co=(An+2)"4—(An+2)*— (12)
—(An+) Y (Yt 1) + K (K -+1)]+

+4Y (Y i+ V) K (K + 1), J
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B yHHTADHEIX HENPUBONUMHX HpPeACTABICHHAX Y,,, K, = 0, 1/2,
1,3/2,.. ., a A, MoKeT HPHHAMATH BEIECTBEHHbIE BHAYCHYIA, orpanu-
qenHBe HepaBenctBamu [16]: A, << —(Y,, + K, + 2 mpu Y . K, 54
7 0 (Tak Ha3HIBAEMBIE HEBHIPOKACHHEIC IPeNCTaBIeHUA) U A, <<
<—{+Yn+ Ky) opu Y, K,, =0 (Berpossennbe npecTapienyus).
Otmetum, gro mpepcraBienua ¢ A, = l/n (I, n — wease umesa)
SIBJISIIOTCS. N-3HAYHBIME, & IPeJICTaBIeHMsl ¢ UPPANMOHATLHEME A, —
Geckoneunosnaunbivi. Tem caMBIM yHEBepCadbHAag HAKPHBAIOMIAS
KoH(opMHOH Trpynnsl GeckonewmonmerHa [16, 5a—8).

IlepefitemM K KBaHTOBHIM HOJIAM, 1PEO6PABYIONMMCH TO HEIPUBOIH-
MEIM YHHTaPDHHIM NpPeACTaBIeHHAAM KOHGPOPMHOH rpymme. OO6mas
OpOIEeyPa NOCTPOCHUs TPOM3BOJILHBIX KOHPOPMHO-KOBADHAHTHHX
moyeil m3xoena B paborax [5, 17]. Mer paccMoTpum Kiaace KOHGOPM-
HHIX Toiell, OIpefelsTeMHX COOTHOIHCHMAMHE:

7}

.—xv

[prv ‘pUL 72 (Z)] =1 (xu. m -+ Zuv) IP(jL 7 (x)’ \]

dz¥

[Py, $U 0 ()] — i Eii Pl 4 ().
(K, o1 (x)]= (13
=i [ (2%guy — 2z, 2y) 0—2\, —2z,d 4 2i xvguv] Ut i (.

Nupexcw (j;; j,) oGosmauaroTr, gro moae Utid (r) mpeofpasyer-
¢ mo mpepcrasiaexwio D (j;, j,) rpymmet Jloperna; X, — cooTBeT-
CTBYIOHIAs CONHOBasg MaTpUnra. BemecTBeHnoe dmciro d — TaK Ha3b-
BaeMag MacmTafHas pa3MepPHOCTb KOHGOpMHOTO moms Ut j)d,

Dopmyast (13) oznavator, 970 TpaHCHOPMAIMOHHBIE CBOKCTBA KOH-
GOPMHOTO mOJIsT 3aTAOTCS TPOMS TUCAAMH J;, jo B d- ECII CMBICT 9nCeT
j1 # j, odeBmaeH, To MacinTa0Has pasMepHOCTh d ABIAETCH HOBEIM
KBRHTOBHIM YWCJIOM, XapaKTePHU3YIOIUM KOH(ODPMHO-KOBADHAHTHES
TOJIS.

Hakme sHawenma Moryr mpmemMaTh MacmrafHAs pasMepHOCTH d
4 jy, Jo IV WOJel, TpecTaBAAMAX QUIAUeCKHH HHTepeC, T. e. I
HoJIeit, HpeofpasyomMuXCsa MO YERTAPHLIM HEIPUBOAMMEIM TIpeCTaBIIe-
HEAM KOH(opMHOH Tpynmsl ¢ p? > 0? Jliua oTBeTa Ha dToT BOIpPOC
HeO0X0JAMMO YCTAaHOBATH COOTBETCTBHE® MEKIy TPOHKAMHE whCed f,, 7,
dunY,, Kn, Ay (1 g mpu p® = 0).

Brrumeanm smavennms omeparopoB Kasmmmpa Ijis omgHO9AaCTHIHBIX
cocromHmit moma YU A(z), 1. e. CypUtid(z) | 0); Capiit 24| 0);
CopUt324(z) 10), rme |0) — wHBapmanTHENT Bakyym. Mcemoasays
dopmyan (10), (13) m rTpaHCIANUOHHY0 WHBAapWAHTHOCTH C,, Cj,
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C,, naxogum [18}]:
Co=(d—2)— 4+ ZpyZpy/2;
Cy=1(d—2) euvpsZ v 2p3/8;
Co=(d—2)44 —(d—2)2+ (2,,Z,,)%/16 -+
+ (BpvprBuvpx)?/64 — (d— 2)% 2,20/ 4,

(14)

rAe B JeBOH M TpaBofl dwacTAx QopMya mojpasymeBaeTcsa fAelicTBHe
na BexTopsl YU P (2)|0). TlocKombKy s CHMHOBOE MATPHIH

Zuvzuv: 4]1 (]1+ 1) +4]2 (]2 +1)1
Suvpzzuvzp):: 8i [71 (]1 -+ 1) —Ja (]2+ 1)],
OKOHUaTedbHO moxydaem [16, 19]:

Co=(d—22—442j, (j, +1) +2j5 (jo -+ 1);
Cs= —(d—2) [y (js+ 1—Jj. G2+ 1D
Co=(d—2)4—(d—22—(d—2)*[j1 (js+ 1)+ j2 G2+ D]+
+4j (G +1) j2 (ja+1).

Pacemorpum crauaza IPe/CTaBIeHHsA C HerepBIBHBIM COeKTpOM p2.
CpasamBasg (12) m (15), maxommum j, =Y, jo = K, d = — A,
B pesyabrare B YHUT2PHHIX HENPHBOIMMEIX IIPeICTABICHAIX KOH(‘I)Op—

MHOH TPYNNH ¢ HEHPEPHBHEIM CIIEKTPOM MacC MMeeM:
1) HeBBIpORIEHHBIE TpPEACTABICHHUA

jlv j2:1/2’ 17 3/27 "'; d:2+]1+]2+p7 p>0;
2) BHpOmIEHHEHE IIPENCTABISHNA
j1=01 fz=f=0, 1/2’ 17
HIIH d=1+j+p', p'>0.
j2=0, j1=7j=0, 1/2, 1,

Hasa GesvaccoBHX mpefcTaBleHdmii m3 comocTaBieHHEa Qopmyna (11)
m (15) BHTeKaeT, 4T0 HMETCHA CAEAYOUAE BO3ZMOKHOCTH:

1=0, jo=7=0, 1/2, 1, ... A=p=1})
I d=1+7j.
j2:07 ]1=]=01 1/21 1, (;":_p= _])

Taxum 06pasoM, TOABKO Te GesMaccoBHe IOJsA, KOTOpHE mpeoGpa-
syworea mo D (j, O)-mmu D (0, j)-upepcraBinerusaM rpynns Jlopenna,
ABNAIOTCA KOHQOPMHBIMI KOBADUAHTAMHM |[KOHEYHO, B IPENOJIOKEe-
HUN 3aKO0HOB mpeobpasoBammsa (13)]. DToT peayabTaT MOKHO TAKMKe
OONYINTh U3 aHANM3a YypaBHeHHmH A OesmaccoBhix modeir [20].

(15)
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Pasmeprocts d = 1 4 j cBobonEEIX Ge3MaccoBHIX moJeit HasHBaeTCs
KAaHOHFYECKOH M coBHajaerT ¢ Gu3MIecKoil pPasMepHOCTHI) HoJeil.

MacmraGHble PAa3sMEPHOCTH TOJIel, OTIHYHBEE OT KAHOHAYCCKHX
¥ YIOBJIETBOPAOMKE B TEOPUAX C DOJOKATEIBHONR METPHKON HepaBeH-
crBam d (j) > 1 + j, HaseBapoTcs AHOMAIBHEIMH DPa3MEPHOCTAMH.
Tlons ¢ aHOMAJIBHBIME Pa3MEPHOCTSAMH, KaK BHIHO W3 HpefsAyIlero,
npeoGpasyIoTCs IO BHPOMEHHBIM W HEBHIPOKIEHHEIM OeCKOHEeIHO-
BHAYHBIM IIPEJCTABISHAAM KOHGOPMHOR TPYUIH ¢ HEHPEPEBHEIM CHEK-
Tpom p? (0 << p? << o0). KomdpopmHO-KOBAPHAHTHEE COXpaHAIIAECH
TeH30PH, mpeobpasywinueca o upejcrasiennam D (n/2, n/2) rpynns
Jlopenna, Tuna Toxa J, i TEH30pa DHEPTAN-UMIYIBCA C PA3MEPHOCTHIO
d = 2 4+ n upeo6pasywTCsa IO HEBHPOKTEHHBIM IpeCTaBIEeHUIM.

OrMeTuM, 9T0 OEpeducIeHHHe BHINE HEeOpHBOAEMEE YHUTAPHEE
OpefcTaBAeHTs KOHPOPMHONA TPYIIHE ABIAIOTCA TAK/Ke HOIMPHUBOXUMEL-
MH YHUTAPHHIMH OpefcTaBleHuaMu rpynnst Beitas. Houdopmmag
TPYLIIA AMEeT TAK:e GeCKOHeTHOKOMIOHEHTHBIE HOPABJIOKUMEIe TIpe/l-
CTaBjeHUs, PACCMOTPeHHHEe B paorax [21, 221

ChopmyampyeM Temepb KPATKO OCHOBHBIE CBONCTBA KBAHTOBBIX
rouGopMHEHIX moxeit. CBoGomHbIe KOHQOPMHELIe MO MOKHO IOCTPOHTH
METOOM, AHAJOTMIHEIM METONY WNOCTPOeHUsA CBOGONHEIX HYyaHKape-
KOBapHAaHTHEIX IoJIeil, IpemIoskeHrEOMY B paGortax Baitubepra [23, 4].
Crob6onusie 6e3amaccoBbie KOHQOPMHEBE IOJIA IPOCTO COBIAZAIOT C COOT-
BeTCTBYWOIHUMHA CBOGOTHHIME (e3MacCOBHIMM MYaHKape-KOBAPUAHTHEL-
mu moiamu. CBoGojusie KoHdopMHBe moisa YUt 2d(z) ¢ HempepsB-
HBIM CHEKTPOM p? — oGobmennbie CBOGONHbIE OIS, B KX MOMHO Hpef-
cTaBUTh B craepyoomeM Bmpe [16, 18]:

ji+is oo
L P S dm? (m2)@=/2 G 3 (5,
s=|j1-jal 0

e \pgi.»sfz)d(x) — cBoGOJfHOE PEJATHBUCTCKOE HOJe ¢ Maccoil m

n comeoM s [24]. ABHs Bup koHGOPMHEEIX moden YU f2)4 (z) mpuBeseH
B paGotax [16, 18, 25].

BrauMopeiicTByiomue KoEQOPMHELIe TONsA 06HAPY;RABAIOT PsIT MHTE-
pecHBIX ocoberHOCTH. OCHOBHOE OTIHYTE OT OGLIIHON PeIATHBUCTCKHA-
MHBAPHAAHTHOW TEOPHU COCTOUT B CIeAyoimeM. B Teopun B3auMomencT-
BYIOIIAX PEJIATHBUCTCKAX TONEH Y, s (¥) BEKTOPH VY, ¢ (z) | 0)
ofssareapHno (B cumay mpeacTaBieHus JleMana) comepsRaT KpoMe MaceH
m HEKOTODHH CIOEKTP Mace, T. e. Ipeo0pasyioTCA 1m0 HPHBOJEMOMY
npepcraBienwio rpynosl Ilyamxape. B Teopmm ke B3amMomeiiCTBYIO-
muEx  KoHGopMHEIX womedr YUt )¢ BerrTope YUt d(z) |0) obpa-
3YIOT IPOCTPAHCTBO HENPMBOAAMOTO IIPEICTABIGHAA KOHOOPMHOR
rpynms (¢ pasmeprocTbo d) [16, 19]. Baskno To, ato aToT pesyabrar —
9ACTO KHWHeMartuueckmid. TeMm caMbeiM B KOH(QOPMHO-HHBAPHAHTHOH
TEOPHHU CBOMCTBA OTHOYACTHYHHIX COCTOSHHN MOJHOCTHI0 fAKCHApOBA-
HBl B He 3aBHCAT OT KOHKDETHOH MUHAMAKH.
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HmeHHO ¢ 3TEM 06CTOATEIHCTBOM CBABAHO TO, 9TO TpeGOBaHNEe KOH-
($opMHOT WHBaPHAHTHOCTH IIOJHOCTBIO QUKCHDYET BUJ ABYX- H Tpex-
ToaedEH X Qyurnmit ['prHa (¢ TOYHOCTHIO [0 I'POUBBOJBHEIX KOHCTAHT)
{26, 27]. 910 cBoMicTBO KOH(POPMHO-HHBADHABTHON TEOPHH HO3BOJAET
chopMyIAPOBATH GYTCTPANHYI0 HPOTPAMMY BHUHRCICHHMS AHOMAJIBHHIX
pasmepnocreit [27—-30]. O6cyxnenme 6yTcTpanELX ypaBHEHHH, a TaK-
e APYIUX OpEMeHeHUA KOHQOPMHOH HMHBAPHAHTHOCTH B KBAHTOBOR
TEOPHH MOJA BHXOIAT 32 PAMKH JaHHOTO o63opa (cM., HampuMep, [31,
32]). llomaepKHEEM 3feCH TOIBKO, 9T0 TpeGoBaHMe KOR(GOPMHON HHEBADHA-
aHTHOCTH TEOPHH (QHKCEPYET SHAYATEIHHYI0 YACTH [UHAMHUKH.

B peanpHHX TeopuAX KOHQOPMHAS WHBAPHAHTHOCTh B CHIY KOHEd-
HOCTH (QUBAYECKAX MAcC TaCTHI, SABIAETCS NpHOAMKeHHOW M CTaHO-
BHUTCA TOYHOH JWImMb B Ipefeiie, KOTIa MOKHO IpeHeGpeYb Xapaxrep-
HHIMH MaCCaMH.

3. CTPYKTYPA I'PYIIH HPEOBPA30OBAHUIN
B ITPOCTPAHCTBE MITHKOBCROI'O

B mpepbiaymeM pasjese Msl BEAENH, 9T0 HHBAPHAHTHO CTh OTHOCH-
TeJAbHO KOH(GOPMHOM IpynUH HAKIATHBAeT 3HAUATENHHO GOJee CHIb-
HBle OTPAHWYOHNS HA KBAHTOBYIO TEODHIO, I€M WHBAPHAHTHOCTH OTHO-
cuteapHo TodbKO rpynu Ilyamkape — moarpymmmr  koudopMHOR
rpynnsl. Buio 6B OIpEBIeKAaTEIBHHIM HAUTH TAKYO IpyIny npeobpa-
30BaHUN B IPOCTPAHCTBe MHHKOBCKOTO, KOTOpas, B CBOIO OvYepens,
cofep:xaia 6ol KOEPOPMHEYO IPYINY B Ka9eCTBE HOAIDP YIIEl 1 GHKCH-
poBaxa eme Goapmyo gacTs gmHEAMnuku. HesaBmcumo oT pTOTO mpef-
CTABJI€T UHTEPEC BONPOC: KAKHE CYIECTBYIOT HPOCTPAHCTBEHHO-
BpEMeHHBIE TPYOOH cuMMeTpud Oojee BBICOKWE, deM KoH(opMmHan?
(HomweprHeM, 94T0 MBI MMeeM B BHLY KOHEUHbHIe HeNPEPHBHBIE IPYIIIH
upeobpasoBanuit.) OTBeT Ha HTOT BONPOC OTPULATEIbHEN. A MMEHHO:
HEe CYHIeCTBYeT KOHEeUHHX Tpynn Jlm mpeobpasoBanmii B mpoCTpaHCTRE
MHEHEKOBCROTO, COMEPIRANUX B KAMECTBE TOATP YIIIH KOHGOPMHEYIO TPy~
Iy W, TeM CAMBIM, He CYMIeCTBYeT KOHEYHLIX I'PYIN JIM IpOCTPAHCTBEH-
HO-BPEMEHHBIX CHMMeTpuil Gomee BhCOKux, 4em Komdopmmas [33].

HoxrasxeM 310" yTBepskneHue. H{ak m3BecTHO, TeHEPATOPHI ITPOU3-

BOJBHOM Tpynnst JIu mpeoGpasoBaEnil KoopauHaT mpocTpancrea MuH-
KOBCKOIQ HMMEIT BH[

Li@)=ifu(@) 5 =0,1,2,3), (16)

rae QyEROun f;, (r) oNpemeIsAIoTCA M3 3aKOHA IPeol{pa3oBaHusA KOOD-

OHHAT; AHIEKC { IpuHuMaer 3Havenus 1, 2, . . ., N (N — gqucio mapa-

MOTPOB rpynusi). B wacTHOCTH, I KOHQOOPMHOR IPYIIIb:
Y yo=1(2,0/02"% — x,0/02"); P, =10/0x*; }
K, =i (a%guy— 2z,2y) /02¥; D =1ix,0/0x°.

10 OYAd, 7. 8, Bom. 1

17
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ITorasxem, aro B mpocTpamcTBe MUHKOBCKOTO HEBO3MOMKHO Peajim30-
BaTh anarefpy xKoHeuHoi Tpymnl JIu, KOTopas MMeeT reHEPATOPH BHa
(16) m comep:xuT KOEPOPMHEYIO FPYHITY B KaUeCTBE IOATDYIIIEL.

ITpegmomoxmm ob6patHoe. PaccMoTpuMm mIa HATIAXHOCTH 9aCTHEIR
caygaii. IIycrs B mpoctpamcTBe MHHKOBCKOTO CymecTByeT rpyuima
npeo6pasoBaEmid, JoKaabHO-H30MopdHAs SO (p, q)-rpynme (p + g >
>6,p>2,q9g> 4). Teneparopu £ 45 (4,B=0,1,2,3,5,6,7, .. .,
p + ¢ SO (p, q)-Tpynnms YAOBIETBODPAIOT CTAHARDPTHEIM IEPECTAHO-
BOYHEIM COOTHOMIEEHAM

[£aBs Lepl =1(gaplpe+ gselap—8acLlsp— gspLac), (18)

rne gup = diag (1, —1, —1, —1, —1,1, .. .)). Axre6pa SO (p, q)
comepsxut nofpanrebpy SO (2, 4) (msomopdryo KoBGopMHOH amredpe)
¢ remepaTopaMu L., =L, (@, b =0, 1, 2, 3, 5, 6). CoorBercrBue
Me:RIy TeHeparopamu L, m reHepaTopamu KOHPODPMHOM IpyIOH OpH-
BeJIeHO BHIIIE.

B cuny coorromenwii (18) cpenm remepaTopos £ 4 Beerna cymect-
BYyeT, o KpaiiHeil Mepe, oauH reHepaTop A (Hampumep, Lg,;), KoTOpHit
KOMMYTHDYeT ORHOBpeMeHHO ¢ L., m Lg,, obpasyomumu SO (1,4)-
anre6py. Hafimem Bup taxoro remepatopa. Ms yemosms [A, L, 1=
= [A, Y,y] =0 srrrexaer

A(z) = iD(2?)2,(0/0x"), (19)

rae @ (2?) — npomsBonpHas ckaxspHas Gpysxnus z2. [lamee, U3 ycio-
Baa (A, L5l =[A, P, + K ,1/2 = 0, yantrBaa (17) 7 (19), noaysa-
€M ypaBHeHHe
(1—22) g,,pD (2%) + 22,7, [(1 — 22) dD (22)/022 4 D (22)] = 0,
p, p=0, 1, 2, 3. (20)

EnnHCTBeHHNM HECHHTYJIADHHM PENICHAEM CHCTeMH ypaBHeHHi (20)
ABIAETCHA, KaK HETPYAHO Bumeth, @ = (.

Taxmm oGpasowm, remeparop A (z) = 0, T. e. B mpocTparcTBe Mun-
KOBCKOT0 He CymecTByeT omepaTopa suaa (16), KoTophiit KoMMyTHpyeT
onHoBpemenHo ¢ L,, =Y, u L;, = (P, + K,)/2. CaegoBatensHo,
SO (p, q)-rpymuy (p + ¢q>6, p > 2, q¢ > 4) meanss peanmsoBaTh
Kax rpyuny npeo0pasoBaHWil IpocTpaHcTBa MEHKOBCKOTo. AHago-
THYEEIM 00pasoM MokHO moOKasath, uaro m SU (p, ¢)-rpynmy (p +
+ ¢>4, p>2, ¢ > 2) Henp3a peanmso0BaTH KAK IPYLIY mpeodpa-
80BaHMI HPOCTpaHCTBA MARKOBCKOTO. [las 5TOTO HEOGXOMIMO YU2CTh,
aro SO (2, 4)-amreGpa msomopdma SU (2, 2)-amrebpe, a SO (1,4)-
anre6pa, KOTOPYH 06pasyT TeHepaTophl Ywr (p,+ K,)/2,—
anxrefpe yHHTapHOW cmMILIeKkTHdeckoit U, (2,2)-rpymms.

JoxasaTenbcTBO, IPABEeHHOE BHIME, 0606maeTes Ha IPOHU3BOIb-
HYI0 KOHeYHYI Ipynny Jlm, cofgepskamyn koHPOPMHYHO mOACPYOOY.
HefictBuTenrro, m06asa KoHedHas rpynua Jlu moxamsmo msoMopdua
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HeKoTopoil imEeiiHo#t rpynme [34]. {as auHefHEIX jKe Ipymm, Kay
MOJKHO IIOKa3aTh, BCETIa CYIECTBYeT, 110 KpaiiHei#l Mepe, OIUWH reHe-
paTop, Xoropslit He mpuHamiexur SO (2,4)-mopaarebpe [~ SU (2,2)]
m KOMMyTHEPyeT ¢ remeparopamd L,, # Ls, SO (1, 4)-mogrpynmm
[~Usp(2,2)], Tme SO (1,4) < SO (2,4). Ho, xak MBI BHAeas, TaKoid
remepaTop HeXb3sl Peasid30BaTh B HPOCTPAHCTBe MUHKOBCKOIO, CIeA0-
BATEJIHHO, PACCMATPHBAEMYIO TPYIOY HeJb3S Pealn30BaTh KAK TPYI-
ny opeo6pasoBaHE mpocTpaHcTBa MuHKOBCKOTO. '

Takmm o6pasoM, B mOpocTpaHCcTBe MEUHKOBCKOTC He cymeCTBye'r
KOHEUHHIX rpynn Jlu mpeo6pasoBaHmii KOOPAMHEAT, COAEPKAMMAX KOH-
$opMHYI0 I'PYONY B KavecTBe MOArpYHNOH. TeM caMbIM He CymecTByeT
IPOCTPAHCTBEHHO-BPEMEHHBIX cUMMeTpHit Gojlee BEICOKHX, YeM KOH-
dopmuas. HogueprreM, 9T0 BajKHYH) POJb B BHBOJIe 3TOTO yTBEPKIe-
HHs ATpaer TpefoBaHMe WHBAPWAHTHOCTH OTHOCHTEIBHO npeo6pa3o-‘
Bammii JlopeHna.

HKpome xordopMuoi rpynnH B HpocTpaHCTBe MEHKOBCKOTO cymect-
Byer emle offHa Ipynma, cofepskamas rpymny I[lyamkape B kaduecTBe
HOArpyUnsl. JT0 rPynma Beex JWHEHHHX mpeofpasoBaHmMil KOODATHAT
(a¢ppmEHAA Tpymma):

Zy — Ty = Ay Ty + by (21')

20-Ilapamerpuueckas adduuHaa rpynna ABIAETCA HOJYOPAMEIM DPO-
usBegeHueM rpynnsl L (4, E) u rpynnsl caBuroB. Axare6pa adpdrrnoi
TPyOOs COCTOWMT M3 reHepaTopoB Y, JOPEHNEBHX mpeoOpa3oBaHMil,
regepatopos R, (R,v = Ry,, R,, = 0) cob6cTBeEHO-IHHEAHEIX
npeo6pa3oBaHuii, remepatopa D) IuIaTanmm W remeparopos P, ciBm-
roB. I'emepatopm Y., P, m D yROBIeTBOPAIOT IePeCTAHOBOYHHIM
COOTHOIEHUAM anaTedph Bemm (cm. pasp. 2). OcranpHEe ke mepe-
CTAHOBOYHHE COOTHOIIEHWA HAMEKT BH:

[Ruv, RpE] =1 (gm:va -+ gvauE + gu.vaE—i_ ngYup);
[Rp.vv D] =0;

[Yuw sz] =i (gupRv2+ guERvp - gvauz— ngRuD);
[Ruv» Pp] = i\'guppv +gvppu_ guvpp/z)'

OTmetuM, 14T0 npeoOpasoBamus JlopeHEna m co6CTBEHHO-IUHEHHEIQ
npeobpazoBarma 06Pa3yoT cnenuaIbHyw Jureinyo SL (4, E)-rpyn-
ny, JoxajxpHO-30MOpdEYI SO (3,3)-rpynme.

Addunnasa m KoEGOpPMHAA IPYNUB, XeHCTBYS B OFHOM U TOM K6
IIPOCTPAHCTBe (mpocTpaHcTBe MHHKOBCKOTO), MMET ONHMHAKOBHIE
moArpyunsl — rpynny Beifirs. Opgmako Ha 9TOM HX CXOMCTBO, II0-BA-
OEMOMY, KoHuYaercsg. HoudopMmeas rpynma Kpome rpynnsl Beiins
COJIePIKAT HeNWHEHHEE CHemuajbHee KOHGOpMHEE npeoGpasoBaHusd,
a adpdmEHas rpynma — IpHeHHHE COGCTBEHHO-IMHeHHHIE mpeo6paszo-
BaHAA. ITO OTAMYHE NPABOAUT K CYMECTBeHHON PajgHULe Py PaCCMOT-
PEHHHM DTHX TPYOI KaK Tpynn cuMmMerpuu. Fcaum xoHdOpPMHAA Tpymma,

10*

)

(22)
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HMeeT NpeJCTaBIeHUA ¢ UKCHPOBaHHOHE Maccoit (M2 = P? = (), To
apduBEHAA Tpymma B CHAY COOTHOIIEHHS [R,P? = 4i(P,P,—
—guvP?/4) obIagaer npefcTaBIeEMAME TOABKO C HEIPEDPHBHEIM CIEKT-
pom macc. B 10 Bpems kax KOHQopMBas CHMMeTpHs, ABIASCH npu-
OMMKEHHON JUIs PeAJbHBIX YACTMI[, CTAHOBATCH TOUHOH B mpepede,
T. €. MOKHO HpPeHe6pPeYh Xa PaKTePHBIME MAcCCaMH, apduuHasA cHMMeT-
pus (CHAMMETDHS OTHOCHTEILHO COGCTBEHHO-TMHEHHBIX npeo6pasoBa-
HEil) ocTaeTcsas UPHGIMKEHHOH HpPH H06HX COOTHOIIEHMIX MEKIY
XapaKTePHBIMA MMIYILCAMH B MacCaMi. ITHM jKe CBOHCTBOM o6IanaeT
u ao6as KoHeuHas rpymnna Jlu npeo6pasoBanuii B npoctpancTBe Mun-
KOBCKOTO, Cofep:xamiasd apPUHHYMD rpynmy B KadecTBe HOATDYIIIHL.

Wtar, cyMMEpYys pesyiIbTaThl H3I03KeHHOTO, MOJKHO BHETH, UTO
9HCIO0 BOSMOKHBIX TOYHBIX KOHEUHHIX TPYHN JIM cHMMeTpuit B mpo-
CTpaHCTBe MHHKOBCKOTO OT'DAaHMYEHO U WHCUEPUIHBAETCH TPYIIAME
Ilyankape, Beitna n xongopumuoit rpymmoit * (B paGote [35] IIPUBENEeHO
APYroe NOKasaTedabCTBO oToT0 (akTa). OTCIONA, B YACTHOCTH, CIAETYeT,
9T0 9UCI0 THOGATBLHEIX COXPAHAWMMUXCA BEIMIHH, WMIOITAX Lpo-
CTPAHCTBEHHO-BPEMEHHYI0 UPHPOAY, KOHEUHO.

Bce paccmoTpenmrie Bbme KOHeUHbE HempepHIBHbE I'DYIIIHL mpe-
06pasoBanmil B mpocTpaHcTBe MHHKOBCKOIO SBIAIOTCH OOATpyDuaMu
GecroHeTHOM TPyHIEl 06IMX TPEoGPasOBAHEI KOOPIXHAT

.Z‘u—>$;,,= fu. (x()v Ty Lo,y .1‘3),

e f, (z) — mpousBoxbHEE QYHRIAE KoopANHAT. DHBMYECKHI CMBICIT
FPYIIB 00muX Npeofpa3oBatmnii KOODANHAT BEABIACTCA B 00MIel Teo-
PHHE OTHOCHUTEJIHHOCTH, OCHOBAHHOM HA 3TO# Ipymme.

 Kax n3Becrro, cymectByer raryfokoe pasimdme MeskLy KOHETHEIMI
B GeCKOHEYHBIME IPYNIAaMH cHMMeTpud. OIHAKO, KAK YBHIUM HUJKeE,
GecrxoHeuHas rpymna o6mux HpeobpasoBaHmii KOOPANHAT B HEKOTOPOM
CMEICJI® CBOTHMTCA K JBYM CBOMM KOHEUHHIM HOArpynmaMm — adyuuHoi
H KOH(DOPMHOIA.

I'pynna o6mux mpeoGpasoBanmit KOO PIMHAT ABIAETCS GECKOHETHO-
napamerpudeckoii. IlapamerpaMm 210if TpyNIB MOMRHO CUHTATh KODP-
PUIMeHTH PasnoskeHnii PYHKIAN fu (z) B GeckoHeUHEIE PAMH TO CTe-
HeHAM KOOPAUHAT. Anrefpa rpynme o6mux 1peo6pasoBanmii KOOPAA-
HaT CONep:KUT GecKOHeYHOe THUCJIO IeHepaTopoB BHIA

; . a

Lﬁ' no, Ny, ng, NI __ lxgox?ix?zizxgs 'ﬁ (n = g+ 1y + 1y + ng). (23)
A

Auxre6pa remepatopos Ly " " " ™ coniepxut NBe 3aMKHYTHE TOIAITe-

Opni: anre6py KOHQOPMHOH I'DYNOH ¢ reHEpPATOPAMH Yy, Po, Ks,

D (17) wm anre6py addumuHOfi rpymms ¢ remepaTopaMm Y, Ry,
Py, D, rpme remepatop R, COGCTBEHHO-THHEHHHX P06 pa3oBaHMH

* AHaJIOTHYHNE DPe3yibTaTH CIPABeUINBE ¥ JUIA HPOCTPAHCTBA— BDPEMEHH
HpOU3BOJILEOI pasMepHocTH (> 2).
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pMeeT BHJ

. a a 1 a
Ru\,=1(.Iu-a—\’—"}—(l?vm—?guv(xp-;;)). (24)
Asre6po adPuHEOH B KOHGOPMHOR IPYII HMEIOT ofmue nogaaredpH —
axreGpsl Beiins; oCTaIbHEE TeHEPATODH OTIMYAIOTCA APYT OT APYra.
B pesynbrate apdmanas u KoHPOPMHAS anrefpsl He KOMMYTUPYIOT
Mepy coboi.

PaccMOTpEM MHHEMAJIBHYIO ajre6py, KOTOpag COMep:Hala On1 ad-
$UHEYO 1 KOHGOPMHYIO aJNre0phl B KaUecTse nopanre6p. Taras axare6-
pa KpoMe TemeparopoB Y, Ruv, Py, Kx & D nomxHa COREPIKATH
BCEBO3MOKHBIE KOMMYTaTOPhl 5TUX I'eHEPATOPOB Me;KAy coboli, a Tak-
;xé BCEBO3MOJKHEI® IOBTODHBIE KOMMYyTaTopel. OKashBaeTcs, UTO
mcroMas anrebpa — GecKoHeYHas W COBOANACT C agre6poil TPYOIE
o6mux mpeobpasoBanmit Koopaunat. lHage ropops, 11000 TeHepaTop
L™ ™" ppynne o6mux IpeofpasoBammii KOOPAMHAT IPECTa-
BUM B BHJIe JWHEHHON KOMOMHAUMK HOBTOPHLIX KOMMYTaTODOB reHe-
patopoB adduHHONE M KOH(OPMHOH rpyHn {361

Jlisi MOKABAaTeNBCTBA DTOM TEOPeMH HEOOXOJMMO TOKA3ATh, 9TO
TOBTOPHBIE KOMMYTATODH I'€HEPATOPOB ¥ HX JIMHEHHHE KoMOUHATUHT
¥CUepUHIBAIOT Bee TeHepaTopsl Buja (23). PaceMoTpum mociefoBaTenbHo
remeparopst Ly " ¢ n =0, 1, 2, ... I'eneparops CABATOB P, =
= i (§/0z") naxpT Bce TeHEPATOPEL Ly ¢ n = 0. [lanee, reHepaTopst
JopenneBHX mpeofpasoBannit Y,y = 1 (zy (8/02") — zy (8/0x*), cob-
CTBeHHO-IWHeHHBIX npeobpasopannit Ry =1 (x, (9/02V) 4 &y (0/0zM) —
—gu/2 lz, (8/02P)]) m reHepaTOpH JMIAATALAN D = ix,(0/02°)
ncuepmuBaoT Bee L, ¢ n == 1. T'emepaTopsl CHENMAIBLHBIX KoHDOPM-
HBIX upeobpasopammit K, = i (2%guv — 2z,2v) (0/9x¥) mpmHAmAEKAT
K L,Z,f -, Tloxasken, UTo Bce TemepaTops Ly’ ¢ n = 2 COlePATCH B
samukazomeit anreGpe. Pacemorpum rommyTatop Ry, ¢ Ky (p 7= v):

(R, K= — 21}, (0/02%).
Moxyauinu remepatop iz (8/0z) (u 7= v). [Hauee,

- . a a .0
2 2
[ R idh 5 | = 2navss— ok o (25)

Cpasumsas (25) ¢ K, MBI BU{UM, 9TO 3aMBIKAIOIIA ajIre6pa ComepyKuT
TeHepaTopsl i &,y (0/02¥) (p == v) u izj (0/0x*). Hakomer, remepa-
T0p iz,2y (0/02%) (1 7= v 7= X) BOBHEKaeT B KOMMYTaTOpe

74

oz

. a
[Rm,, 1xpTy ] = Z,Z, P

Urax, Bce reHepaTop Ly’ ¢ n = 2 MCUePUIAHEL
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Kommyrupys wmesmnpy coboir TeHepaTOPH BHUAA Lﬁ;"', IpuaeM
K TeHeparopam Lﬁ‘ "*, HaupmMep:
' ' N Y )
2 2 2
lry ——, iz — | = — 2222 .
[ Hogv ? ax"] B g

HOCJIG}IOB&TGJIBHOG KOMMYTHDPOBaHHE TOBTOPHBIX KOMMYTaTOpOB opu-

BOJMT K TeHepaTopam Ly’ ** co Bce Gosree BEICOKUMI 7. Mosromy yreepsx-
ACHHE TEODEMELl CTAHOBHTCA eCcTecTBeHHHM. CTDOroe TOKABATeNBETBO
MOKeT OBITH JaHO METOHOM MaTeMAaTHYeCKO mHAyRIng {36].

WNrax, axre6pa rpymmsr o6mux 1peolpa3oBaHmit KOOPOMHEAT ABIIs-
€ICsT 3aMblkaHueM auare6p addumnoit u roEpopMHOH rpyoa. Tem
CaMBEIM JI00asd TeOPHs, WHBAPHAHTHAM OIHOBPEMEHHO OTHOCUTENHHO
addurnOil 1 KORPOPMHEOH IPynN, MHBAPHAHTHA M OTHOCHTEIBHO TPYII-
16 06MKUX HPeoGpasoBanuii KOOpANHAT. Iockoanpkry Tpanchopmanmon-
HBI® CBOHCTBA J1060# BONMIMHEI OTHOCHTENBHO GECKOHOTHO obme-
KOBADHAHTHON TIPYNOEL ONpEReNAIOTCA ee TpauncHopManHOHHEIMA
CBOMCTBAME OTHOCHTENHHO CYINIECTBEHHO Goee HPOCTHX KOHEYHO-
MePHLIX aGOUHHOA M KORGOPMHOH IPYIH, TO MOFKHO OOCTPOUTH TEO PHUIO
TATOTeHAs. JHHMTeHHA Ha 0CHOBE COBMECTHBIX HOIHHEHHEX peanusa-
muit srEx rpyonm [37].

OTMeTuM TecHyIO CBA3D PACCMOTPEHHOU TEOPEMEL C COMePIKAIMMC
BLLINE, B HAYalle pasfela, pesyabTaToM o HeCYIMeCTBOBAHNA KOHOUHOMX
Ipynns mpeo0pasoBaHmii IPOCTPAHCTBA MmuxkoBckoro, comepsxamgeit
KOHGOPMHYI0O HOArpymmy. HeitcTBuTenbHO, nobaBienue k KOH(OpM-
Ho# aureGpe moGoro remepatopa Bmna (23), ormmunoro or Y, Py,
K,, D, Hemeuienno IpHBOANT K GeCKOHETHOMN axrebpe rpynns obmux
mpeo6pasoBannii Koopamaar. Orciona ciegyer, 9T0 CTPYKTypa Gecko-
HeTHOH rpynmel ofmux mpeoGpasoBammit KOODAMHAT CYNIECTBeHHO
OTIUIAETCA OT CTPYKTYPH rpynn Jln [wanpumep, SO (p, q), SU (p, ¢l
B OpMaTLHOM TIpefieste 6eCKOHETHOTO YneiIa napameTpos (p, g — oo).

4. TPYIONIbI BHYTPEHHEN CUMMETPUN

3HaumTeIBHOE PaCIIAPEHHe KAACCA BOBMOKHHX I'DYNN CHMMETDHH
BOSHHKAET IIPH PaCCMOTPEHHM TPy npeo6pasoBaHuii, He 3aTparmBa-
IOIMUX KOOPAMHAT IPOCTPaHCTBA MEHKOBCKOTO, — TPYOIl BHYTpPEeHHER
cuvmerpur. Ilpocreitumit mpumep TpyOnsl BHYTPEHHCH CHMMeTPHH —
Tpynma rpagueHTHHX HpeoGpasoBaHmii:

P (7) — @i (z) = exp (ia) ¢ (2), (26)

Ile ¢ () — KOMILIEKCHO® IONe; « — MPOMBBOMBHAS TIOCTOSHHASL
I'pynna rpapmentrrx mpeo6pasopammii — s1o OJHOIIa PAMETDHIECKA 5T
yaurapras U (1)-rpymna m mose ¢ (2) B (26) mpeoGpasyercs mo yHu-
TapHOMY (OHOPANHOMY) HpeNCTABIEHIIO HTOM rpynos. Bosee carosx-
HHIMI I'PynnaMu BHYTPeHHed CHMMeTpHHA siBasoTes S U (2)- m SU(3)-
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rpynne. B sTEX caydasx moue npeoGpasyercss [0 HEKOTOPOMY
n-pAfHOMY HEIPHBOMEMOMY HPEeJCTABICHHIO STHX rpyum:

@ (2) > @i (@) = Usr on (2),
rae wHIeKc i mpoferaer 3HAYEHUS 1, ..., n; U;p — n-pannag yHua-
TapHAas MAaTpHIA.
B ofimeM ciydae TPYNNOR BHYTPeHHeH CHMMETpUN MOKET OBITH JT0-

Gas WempepHBHas rpymma. [Ipm 5TOM KBAHTOBBIE IOJH 6ymyT upe-
06pa30BBIBATECA TO HEKOTOPOMY HPECTABICHIUIO rpynus G

9 (2) > i (@) = Saps (2).

QcHOBHOE OTpaHMYCHHe, HAKIa[HBAGMOE Ha I'DYMHIIhl BHYTpeHHei caM-
MeTpHH B PaMKaX OCBIIHBIX AKCHOM KBagTOBOM Teopun moxs [3], co-
CTOAT B HOJORATENLHOCTH METPUKE NPOCTPAHCTBA coctosmuit. OHO
IDPUBOTAT K HEOGXOTAMOCTH PACCMATPUBATEH TOIBKO yHATapHE Opef-
cTaBienus. B coderaEmm ¢ TpeGoBaHUWEOM KOHETHOCTH UAC]IA oJiex
(sacTui) B MyJBTHILIETAX HOTY4aeM, 410 IPYIIEL BHYTpeHHe# CHMMeT-
pud JOJKHEL ObITH KOMIIAKTHHIMI # TaguMm oOpasoM, Kaace I'pynnd
CUMMETPEH TOIOJIHAETCA KOMIAKTHEIMA IPYIIaMi JIu.

OTMeTHM CYIECTBEHHYIO DPASHMIY MeKIy HpOCTPAHCTBEHHO-Bpe-
MEHHBIME TPYHIAMA CHMMOTPUH ¥ IPyIHaMH BHYTpeHHEH CHMMeTpPHH:
B TO BpeMs Kak TPYIIH BHYTPeHHEH CHMMETPUU HOJIKHEL GHITH KOM-
OAKTHKIMZ, BCE pacCMOTPEHHBIE HaMHU OPOCTPAHCTBEHHO-BpeMeHHEIe
IpyLIB HEKOMIAKTHE, XOT#A B 000KX CIYIafX MLl HMOOM [eJI0 C KOHe -
HOKOMIIOHEHTHHMH TOJAMM. DTO pasjimd@e CBA3aHO C TeM, 9T0 B CIy-
qae IPOCTPAHCTBEHHO-BPEMEHHSIX IPYMI KOODJMHATEL HpOCTPAHCTBA
MEZHKOBCKOTO, OT KOTODHX BABHUCHT TOJe, FBISIOTCA HOMOIHNTEIND-
HbHIMI MHIEKCAMA, HyMeDYOIIMI BEKTODH IPOCTPAHCTBA IPE/CTaB-
JIeHHs, UTO W MO3BOJIAET PeaTn3oBaTh (eCKOHEUHOMEPHLLe yHHUTapHEE
npesicTaBiIeHisa KOHeTHOKOMIOHEHTHBIMU IIOJAMIL.

Vi3 mpesirymiero pasyesia n3BecTHO, 970 Pa3MepHOCTD (4ncio napa-
MeTpOB) IPOCTPAHCTBEHHO-BPEMEEHHX FPYNN CHMMETPUN OTPAHUYEHA.
Jlis TPYNI BHYTPeHHe[ CHMMETPUN TAKOTO OTPANMHCHIA e BO3HMKAa-
er. Jle;o B TOM, 9TO TPYNIH BHYTPEHHHX cumMeTpuin [Hampumep,
SU (n)] mpexcraBasmior co6oit TPYDIE! mpeo6pasoBanuil HEKOTOPHIX
a6CTPAKTHHX IPOCTPAHCTB (n-MEPHOTO KOMIIEKCHOTO IPOCTPAHCTBA
B cayuae SU (n)-rpynns). HoopmumaTsl sTHX IPOCTPAHCTB HAKAK HE
CBA3AMH ¢ KOOPANHATAMI IIPOCTPAHCTBA MAHKOBCKOTO, W HIKAKIE du-
BHYecKHe COOGpayKeHHA He OTPAHAYUBAIT TUCIO TARMX KOOPAHHAT.
B pesymnbraTe JOIYCTHMB HPOM3BOJIBHEIC (xOMIAKTHEE) TPYDIE IIPe-
obpazopanuit **, CTpyKTYypa sie MPOCTPAHCTEA MEHKOBCKOTO CTPOTO

* ToIbKO KOMIIAKTHEE TPYDIB AMEOT HeTPUBHAIDHKE KOHEYHOMEepHE e YHU-
‘TapHHe TpefcTABIeBNA (CM., HAIpUMep, CTaThIo K. ®pomcuena B paboTe 138D).
** OQpEAKo, ecIu PUKCHPOBATH TUCIO mouyeil, BXONAMMUX B TEOPHI, TO orpa-
HWYeHUS Ha BO3MOKEBE TPYNIS CHMMETpPHH BOSHUKAIOT. Haupumep, B cayiae
Tpex Iojeil MAKCHMAJbHOE TPYNNOE CHMMETPHH 6yner U (3)-
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¢urcnpoBana, YTO M OPUBOAMT K PACCMOTPEHHHIM BHIIE OrpaHHTIeHN-
am. lloygepkieM, 910 yHOMAHYTHE Bhime a(CTPAKTHEE HPOCTPAHCTBA
(1 ux KOOPAMHATH) MOIHOCTHIO PUKTUBHE. HaGmogaeMemu ($pusumye-
CKYAMH) ABIMIOTCA TOJBKO KOODAWHATH HPOCTPAHCTBA MUHKOBCKOTO
U KBAHTOBHI® W0JIsi, NPe0GPA3YIONINeCca 110 TeM WM HHBIM IPeCTaBle-
HEAM PA3INIHEX TPYI.

He Gymem spech paccMaTpuBaTth pasimyHbe TPYNIS BHYTPEHHEi
cuvMeTpuy (HauGosiee NOMYJIAPHHIMU CPOH HUX ABISIOTCH YHATAD-
uee SU (3)-, SU (4)-u SU (6)-rpynns) ¥ uX OPMIOIKEHUH, B YACTHO-
cTH B (QU3WKe ajJ[pOHOB, MOCKOJBKY CYIMECTBYIOT noapobHEe 0630pH
m MoHOTpadmm mo 3TuM Bompocam [38—40]. OrmermM TodBKO, uTO
GoIbIMUHCTBO TPYNI BHYTPEHHEH CHMMETPHH ABITSIOTCSA HA PYIeHHBIMA.

I'pynnsr BHyTperHel CHMMETPHE IPHBOMAT K KIACCUPUKATIAN »iTe-
MEHTaPHBIX YaCTUI[ 10 BHYTPEHHUM KBRHTOBBIM YHCJIAM THIA 3apsfia,
U30CIUHA, CTPAHHOCTH, YHWUTAPHOTO cumHa. B To xe BpemMsa Takas
BayRHEHIMAs XapaKTePUCTHKA YACTHI], KAK MAcCca, MOJHOCTHIO OCTAETCH
82 paMKaMu TPynn BHyTpeHnHeidl cummerpuu. [lostoMy 6suio 6B Xopo-
0 HAUTA TAKYI0 TPYIOY CHMMETPHHU, KOTOPas GH OTHOBPEMEHHO JaBa-
A2 KIACCUQHKANMIO JACTHI D0 BHYTPOHHMM KBARHTOBHIM YHCJIAM H IIO
mMaccaM. IloCKOABKY HOHATHE MAacChl 9aCTUI[ B PAaMKAX KBAHTOBOI
TeOPUH IOJIsi CBABAHO ¢ MHBapmaHTOM p® rpyunns Ilyankape, To mcko-
Mas Tpynna J0xHa OHTh HeTPHBHAIBHEM 00beIHHCHNEM IPYDH BHY-
TpPeHHe# cuMMerpny u rpynosl llyamkape. Takas rpymma Gmma GO
OHOBPEMEHHO W HEeTPMBUAJLHOH PeIATHBU3ALNE IPynn BHYTpeHHEH
cnmmerpuy. TpuBmanbHOE pemeRnme — IPAMOe HPOW3BeJeHne T'PYIIIL
BHYTpPeHHEH cmMMmerpum u rpyoosl Ilyamrape — paeT oqumHAKOBHE
MacCCH JaCTHI[ B MYJBTHIUIETAX TPYIN BHYTPeHHeN CEMMeTpun. Peme-
Hme 1ol 3agadm maer Teopema O'Padeprm [41].

IlycTh G — anreGpa mpomsBodbHON KoHewmoit rpymm Jlu, cojlepiKa-
mas anre6py Ilyankape B xavecrBe moganreGpu u Hafop reHepaTopos,
HampuMep, IPYNNBl BHYTPeHHeH# cumMerpuu. Torfa ecam omeparop
KBajipaTa IMIyabca p? = p, P, m m06as ero cTeneHb caMOCOIPAKEHE
omeparopaMu B TmabGepToBOM mpocTpaHcTBe H mpepcraBaenust G-aj-
re6pel ¥ ecam cmexTp omepatopa p? B H comepkur JHCKPETHYIO TOU-
Ky m?, To mpocTpamcTBo H,,, IpHHA/IERATIES COOCTBEHHOMY 3HAge-
HA m?, B3aMKHYTO ¥ WHBADHAHTHO OTHOCHTETHHO OIEPATOPOB,
npencraBasomux B HG-anre6py. [lorasarenbCTBO »Toit TeopeMmbl
ne Gy/eM 3[ech NPUBOIMTH W TEpeiiieM IIPAMO K CAeICTBHAM.

Ws reopemnr O’Pageptu BEITEKaeT, 9T0 B MPEIONIOKEHAN 0 KOHEU-
HOCTH MCKOMOM rpynns JIu, mOI0KATEAISHOCTH METPHEKH (IIPOCTPAHCT-
BO COCTOSIHAN THIAL6€PTOBO), MUCKPETHOCTH COGCTBEHHHX 3HAYeHHTH p?,
COOTBETCTBYIOMAX MaccaM dYacTHI, WM HabmiogaeMoctu p? (yciaobue
CaMOCOIPSAKEeHHOCTA p?) CHEKTD MAcC BHYTDH MYJILTHILIETOB IPYII
BHYTPEHHEH! CUMMeTPHMA HJIM COCTOMT U3 ONHON TOUKW, WU HeIpephl-
BeH. Takum o6pasoM, HEKAKAas KOHeuHas rpymma JIum cuMMerpmii He
HO3BOJsAET O0BACHATH BAaGII0/IAeMBl CIEKTDP Macc 9YacTHII.
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Nlazee, ecim moTpe6oBaTh, 4TOOE B MYJIBTHIUIETAaX TDYON BHYT-
peHHeil CMMMeTDHM Macca IPUHNMAJA JUmb KOHEYHOe YHCJIO0 3HAde-
HE, TO ACKOMAas FPYNNa CBENEeTCs K UPsSIMOMY HPON3BEIeHHNIO I'D YL
Ilyankape U Tpynnsl BHYTpeHHe# cuMMeTpuu. i TaKoMy ke pesyib-
TaTy IIPWBOAAT ¥ HEKOTOPHE JWHAMAYECKWE Mpelmojokenus [42].

IlogueprHeM, wIo B mokasartenberBe teopembi O'Padeprn Bamueii-
myio poiib mrpaer TpeGOBaHME PEIATMBHCTCKON WHBAPHAHTHOCTH.
VMenno cBOMCTRA CTPYKTYpH axreOpn Ilyamkape OpHBOIAT K cupa-
Be/IIABOCTA 3TOM TeOpEeMHI.

Nrak, nonwsTKa 060BeIMHOHHAA TPYIN BHYTPEHHeH CAMMETDHY € IPO-
CTPAHCTBEHHO-BPEMEHHBIMY I'DYNNAMA CAMMETDHM He IPHBOJIMT K HO-
BOMY THIY Tpynn. 'pynmsr BEHyTpeHHeN CHMMETPHAR M HPOCTPAHCTBEH-
HO-BpeMeHHHIE I'DYIIEl AeHCTBYIOT COBEPIIEHHO HE3aBUCHMO : POCTPAH~-
CTBa, B KOTOPHX ACHCTBYIT 3TH TPYIOL!, HEe CBA3AHE — npeolpaso-
BaHWe B OJIHOM W3 HAX He WHAYOHPYET HPeolGpa3oBaHU#l B JAPYrom
TIIPOCTPAHCTBE; KBAHTOBHE 0 HPeo6pasyoTesd M0 HPAMOMY IPOH3Be-
AeHHI0 OpelCTaBIeHnii IPynI BHYTPOHHEH CHMMETPHHM W HPOCTPAH-
CTBeHHO-BPEMEHHHX TDPyHN. BajKHO OTMETHTH, UTO MBl OTPAHHUYKBA-
JHCH TOJABKO KOHeIHHME rpynnamu Jlu. Ecam pacemarpmsars Gecko-
HeYHEE TPYOOH WJIW TPYOOb, He ABIAMIOHecHs rpyumamu Jlm, 10
BOSHAKAIOT HOBHIC BO3MOMKHOCTH.

Opumu m3 Haubogee U3BECTHRX KJaccoB GeckoHedHbix Tpynno Jlm —
KJI4cC JIOKAJIBHBIX IPYLI BHYTPEHHeH CHMMeTpU#. B rpyumax BHYT-
peHHe#l CHMMeTPHH, PACCMOTPEHHEIX BhlIle, MAPAMETPH IPYIOB GYAYT
OIMHAKOBLIMM BO BCEX TOYKaX IpocTpaHcTBa MuHkoBckoro. B mo-
KJBHBIX e TPYOIaX, pealus3ymHuX HAeo GIH3KOMHCTBHs TeopPHH
OJIA, WApPAaMeTPHl TPYOOH MABISIOTCA (QYHKIUSMA KOOPAMHAT (CM.,
nampumep, [43, 44]). TlomofGHEM ke 06GpPasoM MOM{HO PACCMOTPETH
JOKAJLHBIE IPOCTPAHCTBEHHO-BpeMeHHEHeE rpynuel (43, 44].

B gorkampHeIX Tpyomax BO3HWKAeT ONpeJielleHHAs R3ANMOCBARH
MeRAY NIPOCTPAHCTBOM MHHKOBCKOTO M IIPOCTPAHCTBOM, B KOTOPOM
nefCTBYeT paccMaTpHBaeMas Ipymma. JTa B3aWMOCBA3H OMHCHBAETCH
HOHATAEM PACCIOCHHOTO MPOCTPAHCTRA, KOTOPOe IPHABONAT K KPaCcHBO
TEeOMOTPUIECKON WHTEPIPETATIAN JOKAJIBHHX Tpymn (CM., HAODH-
Mep, [44]). JlokaabEHIM KaIMGPOBOTHEM TPYUNAM U TEOPHUSM, HHBADHA-
SHTHHIM OTHOCHUTEJIBHO HTHX TPYIO, HOCBAMEHA ofIupHas JATEPaTy-
pa (em., mampumep, [43—501), ¥ ®oTopoit M oTCHIAEM TUTATENS.

5. TPYHNLI NIPEOBPA3OBAHUI CO CIIMHOPHBLIMU
TEHEPATOPAMNI

Bce paceMoTpeHHBIE B IPeJBAYINUX pasgerax IPynOs mpeobpaso-
BaHMil sBIAgOTCA rpynmaMu Jlu, cooTBeTCTBYIONINE aXreGps — anres-
pamm JIu, T. e. GuHapHas omepanud B aare6pax ecTb KOMMYTAaTOD ABYX
0mepaTopoB. ITO CBA3AHO C TeM, ITO ImapaMeTpH Ipyunn Jlum asxaioTes
KOMMyTHpylommMu guciamu. [lo oTHomennio K rpynue Jloperma mapa-
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MeTpPH rpyun JIu pMeIoT TeH30PHYIO IPAPOAY, T. €. MOPYT OHTH CKAJs-
paMu, BEKTOpaMM, TEH30DaMu K T. II. B peayisrarte MyapTumiets: rpynm
CHMMETDHUY COEPKAT MIHM HOJA C ONHUM ¥ TeM ke 3HaueHHeM CINHA,
WA TOJiA € OJMHAKOBOH €TATHCTUKOM, T. €. WM HOJIA C HEJBIMHA, M
¢ TOJYNEeJBIMH 3HAYCHHAMH CINHA.

Kax merro Bugers, HeMCmOIb30BAHHON OCTAIACH BOBMOKHOCTE, KOT-
Aia mapaMerpH IpeodpasynTcd M0 CONHOPHBIM MPEICTaBICHHAM IPYyI-
ou Jloperna. OXHAKO B HTOM CIydYae BOBHHKAGT CYMECTBEHHOE OTIIH-
4que 0T rpynn m anre6p Jlu. [leiicTBuresnbro, remeparoprl npeobpaso-
BaHUH CO CONHODHHIMH [aPAMETPAME — CIMHODH II0 OTHOTIEHWIO
K rpynme Jlopenma.

CemoBaTelbHO, IJIA COXPAHEHMSA TNPABWIBHON CBASM COHHA 0
CTATUCTHRKA COOTBETCTBYIOIAS aarefpa MOMKHA CONEPIKATH AHTHKOM-
MYTaTODH CIHHODHHX T'eHepaTopoB MeKAY Co6o0if, 4To 03HAURET BEH-
xon 3a pamuum aare6p Jlm.

OueBugno, uto mpeoGpasoBaHUs CO COMHOPHEIMA HapaMeTpaMu He
MoryT OHTH Ipeofpa30BAHMAMH KOODAMHAT HPOCTPAHCTBA MEHKOB-
CKOT0. JTH Ipeo6pa3oBaHMA HEHCTBYIOT B «HPOCTPAHCTBEY KBAHTOBHIX
IOJIedl M B 9TOM OTHOIICHHH IOXOKN HA IPeoGpasoBaHUA IPYII BHYT-
pesneii cumMerpuum. Jlallee, HOCKOJIbKY UpH WHPAHATEIHMAJIBHOM
mpeoGpasoBaHU| CO COMHODHEIM mapamerpoM ed¢ ~ &, moas ¢ u P
ONNCHBAOTCA PABIMYHEIMA CTATUCTEKAME. T€M CAMHM HEIPUBOIMMELS
HPECTABICHAA TPYNN, BKIOYANIAX OPeoGpasoBaHUA CO CIMHODHL-
MU [aPaAMETPaMH, COAePIKAT MOJIA ¢ MeNBIMA W MOJYNeAHMA COXHAMHE.
TaxaM o6pasoM, Tpynmel mpeoGpasoBaHmil CO CIMHODHBEIME TIaPaMer-
paMu (TeHepaToOPaMH) HPUBOJAT K HOBHIM BO3MOKHOCTSIM.

PaccmoTpmm rpynny, comepskamyro moArpynmy Ilyamkape, m mpe-
ofpasoBanme ¢ mapaMeTpoM, ABIAMAMCA MPOCTEHIMMM JIOPEHIEBHIM
cnunopoM. Ajnre6pa TaKod rpymmbl COCTOMT U3 TEHEPATOPOB JOPEeHIle-
BEIX Ipeo6pa30BaHMil, CABUTOB U CIHHOPHOTO reseparopa Q, T. e. siB-
AseTcs pacmupenueM anre6pr IlyaBkape cnnHOPHEM renepartopom Q.

Haiinem Buj Bo3MOSKHBIX IpOCTeMUX CIMHOPHKIX PAaCIAPEHH aJI-
re6pm Ilyanrape, s 9ero yno6HO HCIOIH30BaTh CIIMHO PHEIE 0603HAYe-
HHAs, pacCMOTpPeHHHe B pasn. 1. B artux oGo3Hagenusx TeHEPATOPH JI0-
PeHIeBHIX mpeo6pa3oBaHMil 3aNAUCKBAIOTCS B BAJIS BYX CHAMMeTPHYHEIX
COMH-TEH30POB Y 4 W Y 4ip, IPeo6pPasyONMAXCA COOTBETCTBEHHO IIO
D (1, 0)- m D (0, 1)-npencraBrenmsam rpynns Jloperna, remeparop
¢aBuros — B Bupe P ,p [upencraBaenme D (1/2, 1/2)], a commopumne
TeHeDATOPH. — B BHJle IapH IBYXKOMIOHGHTHHX CIMHOPOB— CIIHHO-
pa Q,, mpeobpasywmerocsa no upencrasienuo D (1/2, 0), m comps-
YKEHHOTO cHHHOpa Q3 [npeﬁCTaBneHne} D (0, 1/2)]. Basuc B mpoct-
paHCTBe IpeJICTaBIeBWsa BrbepeM Tak, uTobm Y Aip = Yjiz m Qi =
= (Qa)*, rae «+» obosnavaer spMmTOBO compsyxennme. COOTBETCTBHE
MeKIY TeH30PHOM M CIMHODHON GopMaMA 3aNUCH HAETCA CASHYIOMHUMA
dopmymamn:
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IJIA TeHepaTopoB IOPEHIEeBHX IpeoGpasoBaHmit
Yyv= {(Gu)AC' (GV)BéYAB -+ (Uu)AC' (Gv)Aﬁ?éb}/4;
YAB = (GM)AL: (GV)B}:: Yuv/2§ (27)

Y5 = (00) g (O Vil %

IJIA T€HepaTopoB CABHUTIOB

Pu=(00) 5 P 5% P =0, Py, (28)

rge 6, = (0y, 0;) — Marpuns llaymm. Ilo moBTOpAIMEMCA BEKTOP-
HEM HHIeKCcaM IpPOH3BONATCS OOKYHOe (JeHHMAaHOBCKOE CYMMHDOBAa-
HEe, a [0 NMOBTOPSIOIMMCS CHHHODHHM HMHAEKcaM (37lech B faiee) —
cumHOpHOe cymmupoBamme EaMs = £a®apNp = &iMe — &My

Nrak, paccMoTpuM cTpYKTypy aareGpsr S¢/2), comepskamei rexe-
patopst Y5, Yis, Pap, Qs u Qs Temepatopst Y5, Yip u
P L5 YIOBIETBOPAIT OOCKYHHIM II@PECTAHOBOYHHM COOTHOMEHHAM
aareGpsr Ilyamkape, sammcaHHEIM B cnuHOpHO# dopme. IlepecranoBod-
Hble COOTHONCHEs COMHOPHHIX TeHepaTopoB (J, um (J3 ¢ TeHepaTopa-
MM JI0 EHIIEBLHIX TpeoGpasoBaHNil ONHOZHATHO PUKCHPOBAHEL Tpa”cdop-
MAanMOHEHME cBoiictBamum Q (Q) otHocmrenpHO TpynmH JlopeHna
i ¥WMeoT BHA:

(Y 45, Qcl=1(eacUp+ esc04);
(¥ 150 Q1 =140 +e550)5 (29)
[Y a5 @C-] =0 [?A1§9 Qcl=0.

TaruM 06pa3oM, OCTAETCS HAATH MePecTaHOBOIHEIE COOTHOMEHUS TOHe-
partopa ¢aBuroB P ¢ ) m () u CUMHODHBIX TeHEPATOPOB MEKY coboii.
Yrob COXPAHNTH NPABIILHYIO CBA3H COWHA H CTATHCTHKY, neos-
XOHMO PACCMATPUBATE, KAK YK€ OTMEYANIOCEH, AHTHKOMMYTATODH
COMHOPHEIX TeHepPaTOpOB.

Bo3aMokHBI BUA STHX HEPECTAHOBOUHHX COOTHOIIEHMHA MOKHO
HANMCATb W3 COOOpPaKeHMit JOpeHI-NHBapHaHTHOCTY. Mcmoab3oBanue
COMHOPHOH (JOPMEL 3aOMCH HO3BOJALT CHENATH 3TO HOYTH ABTOMATH-
YECKH, 9T0 W ABIAETCS OCHOBHEIM IPEMMYIeCTBOM CIMHOPHEIX 0603Ha-
wenmii. J[Jsg MCKOMEIX IE€PECTAHOBOYHHEIX COOTHOMIEHM HMeeM:

[P

AB’ Qcl= alsACQI};

—_ (30)
[PAé’ Qé]=azeéc-QA
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n

QAaé + ééQA = bPAB';

Qu0s+ QpQa= 1Y 45; (31
0;0;+0;0;, =Y .o

e a4, as, b, ¢;, €, — OPON3BOJIBLHEIE KOHCTAHTEHL.

Haapneitmme orpasmuenms ma Bmpg axre6p (30) m (31), 7. e. Ha
BOSMOKHBIC BHAUEHWsS KOHCTAHT 4y, ds, b, ¢;, €5, JAWT 0606IMEHHEE
TOxIecTBa flKOOH, KOTODHIM MOJKHBL YHOBIETBOPATH reHepaTopH
Y, Y, P, Q n Q. O6o6menusie TosrnectBa fko6n aBIsmoTCS Moaudu-
Kanuen oOHYABIX TOMKTeCTB fko6U Ha ciydaii anre6p, ComepsRaIUX
AHTUKOMMYTATODH, # mMeior Bun [50]

(— 1)g(x1)g(m) [21, {72, 23]} +(— 1)g(x2)g(x1) [23, [23, 24]] +
+ (— 1D [ [y, 2,]] =0, (32)

Tae zy, 3, 3 — M00HEe TPH TeHepaTopa paccMaTpuBaeMoit aireGpsi;
[2g, 25] = 2@y — (—A)eE0eza; g (2) = 0 (g (Y, P) = 0) mas
TEH30DHBIX T€HEPATOPOB z; £ (¥) = 1 AN COMHODHHEX TEHepaTopPoB
z (g @, Q) =1).

Pacemorpum ToskmectBa (32) mis BCeBO3MOKHBIX TPOGK TreHeparo-
poB Y,Y, P, Qu(Q. I'eneparopst Y, Y u P rpynns [lyasrape, ecte-
CTBeHHO, YIOBIETBOPSIOT DTHM ToecTBaM. OTpaHHuYeHUs HA dq, dg,
b, ¢y, €; MOTYT BOBHHKHYTH TOJNBKO B TommgecTBax (32) muaa Tpoexw,
COTepIKAIlNX CHMHODHBE TIeHepaTopsl. Herpyamo mpoBepwTh, 4TO
TosnecTsa (32) mus tpoex (Y, Y, Q @) (Y, P, Q (Q), Y (),

Q. Q@) n Q@) Q@) Q(Q) BumommAICH ToMTECTEHHO
U TAKUX OrpanmieHmid He faroT *. I3 oGoGmennnx toskmects Axobu
aaa p, P u Q(Q) Haxomum aa; = 0. [lanee, u3 toxmects (32) mua
tpoek (P, Q, Q) u (P, O, () momxyuaeMm COOTBETCTBEHHO ¢; — a4b

U Cp = axb. Hakomern, mis remeparopos P, Q u ( Tompecrsa (32)
MA0T ao¢y = 0 m ayc;, — 0. TIpHBeXeHEBIMA COOTHOMIEHAMH Hegep-
OBIBAJOTCA OTPAHUMYEHUS HA KOHCTAHTHL a4, dg, b, C;, €y, BHTEKAOMHE
U3 IPYOHOBHIX COO0pasKeHnii.

* 060611191255[1,19 TosKAeCTBa fIKOGH, Ccoflep/KamEe TeHepaToOpH JOPEHUEBHIX
opeobpasoBanuii, He faOT OTPaHMIEHAI IO OYEBUIHOI NpHINHE — BCe TpeGoBa-
H?ﬁ};, CBA3AHHBIE C JOPEHU-HEBRPHAHTHOCTHIO, YiKe VYTEHH B dopmynax (29)—
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TaxnM o6pasoM, cymecTByer ABa tuma S/2-amreGp:
[PAé’ Qc]=08Acaé§ [PAé’ 60'150;
{QAv Gé}= bPAé§ {QA? QB}: abY 4g; {GA’ éé}z 0.

1. [PAé7QC]=O; [PAé,Qé]=a81§C-QA;

{04, 05} =P .3 {04, 05} =0; {0, Oz} =abY¥ .,

rge @ U1 b — mpou3BOJBHHEE YHCHA.
IMofggepkaeM, d9TO NepecTaHOBOYHHE cooTHomenus (33) m (34)
BMecTe ¢ cooTHomeHuAMHA (29) E mepecTaHOBOYHHIMH COOTHOINCHUAMHE

11 Y a5, YAip B P45 11T BUJ BceX BOBMO;KHEIX pacIumperud aaret-

pu Ilyankape cnaHopHEME regeparopamu Q4 i Q5. AnreGps Tnna (33)
n (34) HaszmBaroTcsa aare0paMy CymepCHMMETPHM W BIepBhie GbLId pac-
cMoTpern B paborax [51—55].

Anre6pu cymepcnmMMeTpHH He ABIsioTcA aarebpamm Jim, Tar Kak
KPOMe KOMMYTATOPOB OHH CONED/KAT aHTHKOMMYTaTOopH. OHaKO HX
MOKHO PaccMaTpHBATH Kak Takoe oGobmenne auare6p Jlm, B xoTopom
COOTBETCTBYIOIME TPYNIOH KMEKT CBOMMIE IapaMeTpaMu He OGHYHBIE
(KOMMYTHpYIOIEe) ducaa, a saeMenTH aare6ps I'pacemana [50, 56].
[pn 310M mapaMeTps npeoGpasoBaHuil ¢ TEH30PHLIMU T'eHEPATOPAMHA —
KOMMYTHPYIONMe BeJIWIWHE (deTHBe diieMeHTH ajireGps 'paccmana),
a mapamMerpsl upeo0pas3oBaHHWii €O CIMHOPDHEIMH TIeHEePaTopaMm —
TOJHOCTBIO aHTHKOMMYTAPYOIAe (HedeTHbe dIeMeHTH anre6pe I'pac-
cmana). O6mas TeopnA TAKOTO THHA aaredp paccMaTpuBajiack B pabo-
rax [0, 57].

Hnrepecnas 0cOGEHHOCTE QIrefp CymepcMMMeTDHM COCTOMT B TOM,
YTO TeHepaToOPHl CABMIOB (MMUIYJIBC) W JOPEHNEBHX IpeolpasoBaHUN
(MOMEHTH) ABIATCH OWMIAHEAHEIMY KOMOWHAIUAME COAHOPHBIX TeHe-
PaTOpOB. :

He Bce anre6pst Buma (33) m (34) mpepcranisioT cofoil OMUHAKO-
BHiT (U3MUEeCKUII HHTEpPeC: BO-MEPBHIX, IOCKOJBKY IDH DPMHATOBOM

- - Sa .o a e 1
COONpAKEeHun QA <> QB» YA B —> YAB, YAB — YA B> S(L/%%—a.ure6p}>1
npu a = () He WHBAPHAHTHH OTHOCHTENBHO BPMHUTOBA CONPSKEHUA
1 1 . 1

(S(I 2 _ S(II/2)). TeMm camuiM aareGpHi S%ylf% upu a =% 0 He mMEIoT
SPMUTOBEIX, & CIAeJ0BATEIHHO, COOTBETCTBYOHIE TPYHIEl HE HMEIOT

B, 1/
VHUTaPHLIX IpeJICTA BN, BO-BTOPHIX, IOCKOABKY A aare0pul S%/f}

e 1/3) = .

[p% Qal = aP 4 503/2, a mus aarebps Sir” [p* Q3] = aPciQc/2,
TO B HENPHMBOAMMEIX NPEJCTaBIeHUAX dTHX aureOp upn a = 0 cmexTp
omepaTopa P? mempepmBen. TaxkmM of6pasoM, Toxbko amreGpa S¢/2
upu a = 0, KoTopasA WMeeT SPMHUTOBEL IPEICTABISHWS M B KOTOPOH
omepatop P? aBindercs MHBAPHAHTOM, MO)KeT PACCMATPABATHCA KaK

aare6pa CUMMETDPIE TEOPH, ONUCHBAIIHX B3aHUMONEUCTBUE YACTHUIL-

(33)

(34)

é;
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Mogenn Teopum o5, HEBAPUAHTHEE OTHOCHTEIBHO TPYIOE ¢ aJ-
rebpoit SU/2 (a¢ = 0), msyuamucs B paborax [51, 53, 58—62]. Hautco-
Jee MHTePECHEe 0COGeHHOCTH STHX MOENell COCTOAT B CYIIECTBOBAHMIN
6osbIIOTO UMCHA COKPAIIEeHHH PACXOANMOCTeH B B MOSBICHWH CIITHOD-
HBEIX KaXuGpoBouHBIX mojeir [58—52] (cm. Tamsxe 0630pm [63—66]).

6. OBIIASA CTPYKRTYPA CIIMHOPHBIX PACHINPEHUN
AJITEBPBI IIYAHKAPE

B pasp. 5 651 Haiifen Bupj pacmupenui aare6ps Ilyankape cmu-
HODHEIMYM TeHepaTopaMu, IpeofpasylomuMUCs OO ABYDPANHHEM IIpej-
craBaenuaM rpynne Jlopemma [D (1/2, 0)- u D (0, 1/2)-upepcras-
aeHmaM].

PacemoTpuMm 37ech BO3MOIKHEIE HOTPHBUAIBHEE PACHIADEHHS AJiTe6-
poi Ilyamkape mpow3BOJIBHHIMM COHHODHHMH Te€HEPATOPAMH, T. e.
S-axreGpH, cocroAmue M3 TeHEPATOPOB JOPEHIEBHX IpeobpasoBanuit
Y 4p, YiB, cusuros P, j; u cumHODHEX TenepaTopos QY™ A2jB1... Bans
npeo6pas3yomuXxcs N0 HeIPABOAMMEM npefcTaBienuam D (7, k) rpyn-
nu Jlopenna (j + k — noaynenoe). Pacumperue aareGpu Ilyamrape
Ha30BeM HeTPUBHAIbHBIM, €CIM XOTA 6B ONMH M3 KOMMYTaTopOB [P, O}
man asTEKOMMYTaTopoB {Q, Q} oTaAWYeH OT HyaA.

I'emepatopn Y,p, YA m P,up obpasyor aure6py Ilyamkape co
CTAHAAPTHEIMY II€PeCTAaHOBOYHBIMEA COOTHOMMEHHWAMH. llepecTamHoBou-
Hbleé COOTHOMEHHUs CImHOPHOro regepatopa QU ® ¢ Y n Y ¢urcupona-
HH TpPaECPOPMALAOHHBIMA CBOHCTBAMHU:

[YAC’ O(j’ &

: (G, k) .
. ]=l Sym SAAiQC’A . .

Ao AgBy Byt a4, g AgBy. . By,
Y G, k) . G, k)
Wi Q) 4 5. g 1=1 Sym e, Q0% 0 o0 o,
vefefe B g g, PP A A0 By
By

rae Sym — CHMMETPH3AMHAA 10 COOTBETCTBYIOIIM HMHIEKCAM.

Has Raxomxnenns Buga KommyraTopos [P, Q] m anTHROMMYTATOPOB
{Q, Q} BocmommpsyeMcs, Kak B mpeAHAYMEeM pasfeie, TpaHcHopMa-
OHOHHEMHE CBOMCTBAMH I'eHePATOPOB Y, Y,Pnu (@ 10600 MEHARME TOK-
necreamu flxobm (32).

PacecmoTpum S-anreGpy, cofepskamyoo eIHHCTBEHHBIH CIMHOPHEIH
resepatop QU: . W3 GopMya A5 pasimoskeHns TeH30PHEIX IPOX3Bee-
HE¥# upencraBlenmi rpynmst Jloperma, a mmemno D (1/2, 1/2) ®

®D (j, k) = 26D ( £ 1/2,k =1/2uD (k) ® D (j, k) =D (2],

£ - .
2k) ®...® D (0, 0) Brrrexraer, aro kommyratop [P, QU: ] pasen HyIo,
a agTAakoMMmyTaTop {Q, O} Moxer GHITH HPONOPIUOHATEH TOJIHKO IeHE-
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patopy Y. Onnako us TokmecTs (32) mua P, @, () ciaenyer, 4ro CoOT-
BETCTBYIOMAH KodHPUnuenT npouopruoHaIbHOCTH paBen Hynaw. Ta-
KAM 06pasoM, He CYIMECTBYeT HeTPUBHAIBHHX S-ajire6p, Comep/Kammx

e[IMECTBEHHH CUONHODPHHIH TeHepaTop.
syunnnm S-anreGpy, COMEPKAMYI0 [BAa COMHODHEX TEHEPATOPA

Qé:mu QG P, Us pasnoswennit D (1/2, 1/2)@D (j, k)=2&D (j +
+ -

+1/2, k+1/uD G DG H=DG+7 k+bHe ... ®
oD (lj—il, |k— % |) caemyer, 4To MMeeTCs JiBe BOBMOKHOCTH.
Meppasg j — =0, |k—k| =1 (mm |[j—F|=1, k—% =0).
Mpu otom [P, Q1 = 0, [P, Q1 = 0, aanTmroMMyTaTOPH {Q, Q}, {QN, QN},
{0, ()N} IPONOPIEOHANBHE TenepaTopam Y (Y). Onrako B cuny 0606-
meHHBIX TommectB fxobu mua P, Q (0), O (0) coorBercTByOMEE

KO03QOUIMEHTH OPONOPHMOHANBHOCTH PaBHH HYII0, M TeM CAMBIM
3Ta BO3BMOJKHOCTH COOTBETCTBYeT TpHBHAJBHON S-axrebpe, BTOpas

BO3MOKHOCTE |j—j | =1/2, |k — k| = 1/2. B srom caywae BO3-
MOJKHH CJIEIYIOIMEe MepecTaHOBOYHEIE COOTHOINCHNA:

[P, 01~0Q, [P, 01~ 0, {0, 0}~ P,
{0, 0} ~Y (Y), {0, 0} ~Y (V).

Bce S-anreGpmi aT0oT0 THIA MOMHO Pas0HTh Ha JBA KiIacca: K Iep-
Bomy ormeceM S ™ -amreGpy, comepskamyio CIEHODHBE TEHEPATOPEHE
QU:® g QY—Y2 h+1/D (mru, uTo SKBEBaJeHTHO, QUM M QU+1/2 k=),
KO BTOpOMY — SiT M)_anreGpsi, comepixamime CIMHOPHBIE TEHEPATOPH:
Q> B g QU+1/z, k+3/2), DTEME IBYMA KIACCAMH MCUEPIEIBAIOTCH HETPH-
BUHAJBHHE S-aare6psl, COJePsKamMe [Ba COHMHOPHHIX Temeparopa. Us
cBoiterB Sy - B Syr-aire6p oTMETUM, 4To B 00IEM clydae OHM HemHBa-
PHUAHTHH OTHOCHTEIHHO HPOCTPAHCTBEHHOTO OTPAKEHHUA.

Ina ¢usuveckux MpUIOKeHNH HanbonbmMWi WHTEpPEC MPeACTABI-
0T PPMATOBH HpeAcTaBieHusi anre6p (yHHTApHBE IPEICTABICHUS
rpymm). IJockonbky mpu spMuToBOoM conpshkenun D (j, k)-mpeacras-
nserme Tpynou Jloperna pepexomur B D (k, j) - mpenmcraBienne, TO
S-anre6pa MoskeT IMETh SPMHTOBE IPEACTABJIEHM JUTIb HPA YCIOBAN,
4T0 OHA BMecTe ¢ reepaTopoM QU B copepsrmt renepaTop Q¢ . Iromy
TpefoBaHMI0, KAK HETPYAHO BUJETH, YAOBIETBOPSET TOIbKO S ¢ M_anre-
6pacj—k = 1/2 (caywair j — k = —1/2 sxBUBaJIeHTeH €My H COOT-
BerctByer mape QU:® m QU+lz k—1/2),

Haiizem nepecTaHOBOUHBIe COOTHOMEHUS MIIA angre6pe SO =
= S?’ 3= pu j > 1/2. (Coygait j = 1/2 paccMoTpeH B IpeIbILYIIEM
pasaerne.) Tpefoparme JOpeHI-WHBAPHAHTHOCTH PUKCADYeT BUE STHX
MePEeCTAHOBOYHEX COOTHOINEHWH € TOYHOCTBIO [0 MPOM3BOJNBHBIX
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KOHCTAHT:
U, i-1/2 AG-1/2, .
Q A, B ..B I=a; Sym Q Ay BB .B,. .’
g---Bajy Ay, .,Azj 2j~1
NG—-172,3) G, F-1/2) .
I QA ! B ] ay Sym QAA A B é ]
1 -Agj_4By- . . By 14254 27
Bi,...,sz
{Q(J, j- 1/2) Q(J 1/2, 3) —
AgiB.. By Ve --CysyDy. - --Dy;
=b Sym e ... 8 €.. ...8. . P .-
44 Aai12 Gt B4D, ByjtDgjq AgiDpy’
A, B c, D J J J a7
{Q(J i-1/2) G, i-1/2) _
. . . =
LA B1 ‘Byjq TCy...CyiDy.. Dy,
=c Sym €4, ...€4 0 Lo o ...E. . Y. . 4
11 2 2 . . . .
ABcC D 1721 B D, Byj_oDgj g 2j-1D2j_1
- €e o ...E. Y :
+d S.ym . Basc 8A2i-1021‘—i B,D, 8B 1Dt A55Ca5?
A,B,C, D 27-1023-
{Q(J 1/2, ) Q(J 1/2, ) . —
Ay...Ay; \By...B, ai Cy.- Cos Dy . .Dy;
=¢, Sym ¢ L. & e . E. Y. .
2 DY 4,0, Ay 4Coji® 5,5, Bayas By, +
A, B C D J— J J 7
d - €¢+ ... . Y .
+ S.ym A BagjoCajms B,D, By,  A2-1C2j-1
A, B, C.D 27727

OGobmennre Tommectsa flkobm (32) manT orpaHwYenms Ha Bos-
MOKHEIE BHAYCHUSA Gy, o, b, ¢y, dy, C3, dy, & uMenHO (j > 1/2): aya, =
=0, ab =0, asb =0, ¢; =d; = ¢, = dy — 0. Taxum ofpasom,
BOBMOKHBL TpU caefiyromux tana SO -axreGp mpu j > 1/2 (opm j =
= 1/2 em. (33) u (34) [67]):

G, i-1/2) . 3\
I. (2, Q“ a5, 52;-1]—
_ Ai-1,2, 5 R
_aAi,S_y? o eaa,0, a---49;BBy. By, (39)
[P, Q1=0; {Q, }=0; {QQ}=0; {0, O} =0. )
11. P AG-1/2, ) . _ 3
[ QAi A2] 1B1 B ]
—a Sym QUi .3 (36)
13.1,...,152]- BB1 AAi A2] iB sz
[P, Q1=0; {Q, 0}=0; {Q, Q}=0; {Q, 0} =0.
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L [P, Q1=0; [P, Q1=0; {0, Q}=0; {0, Q}=0; )
G, i— 1/2) AG-1/2, 3 . v
{Q Ay; .B2J-_2 Q Cy...Co; oDy . } } (37)
=b S'm € R T . |
N Byc p A4Cy 2]—102]—1 1311)1 Byj_sDaj Ay;Dy; ,

3ametnM, 4TO B TO BpeMs Kak mpH j = 1/2 (a = 0) GmampeiinpiMu
KOMOHHANMAMA CHEHODHEIX FeHEPATOPOB ABIAITCA B Pap m Y, p X
X (Y i3), B cryaae j > 1/2 ToAbKO TeHEPATODH CIBUIOB P 47 EMIOT BAR
OunmHeMHBIX KOMOMHANMU COMHODHBIX TeHepaTopoB (Spr-amre6pa).
IT0 pasjipuHe CBA3aHO C MOABIEHHeM HpH j > 1/2 B amTUKOMMYTaTO-

pax {Q,Q} m {6,-(—)} 9IeHoB ¢ KosdpunnenTaMa d; 1 dy, ITO IPUBOIHAT
B cury TosxmectBa (32) ans Q (0), Q (Q) = Q (0) x ofpamennio B HyIH
Ch C2 u dh d2‘ . .

N3 obmux csoiicts SW-axre6p ormermm, aro S{-u SP-amre6pu
HemHBAPUAHTHBL OTHOCHTEJBHO IPOCTPAHCTBEHHOTO OTpakenus. [Ipm
npocTparcTBeREOM oTpateEmn SY) <> S¥. Tem campmv B TEOPHAX,
WHBaPHAHTHEX OTHOCHTEIHHO TPYIM C S(’)H -anrebpaMn YeTHOCTH He
coxpansores. Bomee Baskuo, wto SY)- u S(’)—anreﬁpm HEeUHBAPUAHTHE

OTHOCHTEIBHO HPMUTOBA CONPKEHNUs (OPH HTOM S (7)) W, CIeJo-
BaTEIIbHO, He UMEIT HPMHUTOBHX NPEICTABICHMIA (COOTBeTcTBymmme

rpynOOH — YHHUTADHHX TpefcTaBieHmil). HKpome Toro, mis SP-

u Sﬂ)—a.uretip omepaTop P? He ABIAETCA WHBADPHAHTOM I OPUHUMAET
HEIpePLIBHLIA CHeKTp 3HaueHmit. Takum o6pasoM, Toabko S{f-anreGpst
(S(‘/2> (e = 0)) mpemcTaBIAOT HATEpEC KAK AXreGpPH CEMMETDHUH TEO-
puii, ONUCHBAIOWNX B3aMMONEHCTBHE YACTHUIL.

AHamOrmIHO MOKHO paccMoTperh S-ajreGpsl, comepskamme Golee
ABYX CHMHODHBEIX TEHEPAaTOPOB, & Takske anreGpHl, colmepskaiue CIIM-
HODHEIE T'eHepaToOPHI, Ipeofpasyolimecss N0 HPHBOIMMBIM IIPERCTAB-
senusam rpynns Jloperma (Ranmpnmep, npepcrasienuaM (D (1/2, 1/2)"®
®D (1/2, 0)). Ormernm, 910 aare6ps, COAep/KAIIEE HEUeTHOE UHCJIIO
COMHOPHBIX T€HEPATOPOB, HE MMEIOT 3PMUTOBHIX IPEICTABICHMIL.

B saxmpouenme ofpaTnM BHEManme Ha COASP;RAMYKCH B pabo-
Te [35] ommbGry. PaccmarpmBas pacmmpenms asnre6pm Ilyamkape
COOHOPHBIMA reHepaTopamu Q u (), aBTOPEL 3TO# paGoOTH FEIAIOT BEIBOT,
aro S¢*/2(a = 0)-anre6pa ABIAETCA €MHCTBEHHHIM BO3MOKHBIM CIIH-
HODHEIM pacmmpeHneM anre6pst [Iyaraxape. UcTounnk stoft omubrr —
conepsxameecss B pasp. LIl paGorm [35] menmpaBmabmoe yrBepsxmenme

o170 —Gei/2.]
o ToM, uro amTmroMmyrtatop QY7 1, .oQutta
- ] T Ay AgBy...By, (TCy...Cy; (Dy...Dy;
G-1/2,5) G, i-1/2)
Q . . .. TNOJHOCTHI0 CHMMETDHYCH IO
Cy...Co5 4Dy...Dy; " Ay.. . Ag:By.. . By; 4

MHACKCAM KaKIOTr0 THIA.
11 9YAdA, 7. 8, Bhm. 1
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7. CIINTHOPHLBIE PACIIVPEHUA AJTEBPHI BEUJIA
¥ KOH®OPMHON AJITEBPLI

MeTon HAXOKHEHWA COMHOPHBIX PACIIMPEHMH, WMCIOIbL30BAHHELN
B pasp. 6, OpMMEHNM KO BCEM MPOCTPAHCTBEHHO-BPEMEHHBIM PYIIAM.

I'pyana Beiina. Pacemorpam otaennro pacmupenusa aareGps Beii-
Js CMHOPHEIMU FeHepaTopaMu, npeobpasyomumucsa: 1) no D (1/2, 0)-
u D (0, 1/2)-npepcraBrenusm rpynus JlopeHma m 2) mo Impom3BOIb-
HHIM CIOMHODHBIM IIPECTABACHHAM.

1. Temeparopu Y 45, YAB, P4 u D anrebpw Beiina ymosaerso-
PAIT CTAHNAPTHHM HOPECTAHOBOYHHIM COOTHOMeEHHAM. I[lepectamo-
BOYHEE COOTHOIIEHWS COHHOPHHX TeHepaTopoB Q, ¥ (Jf ¢ reHeparo-
paMu Y5, Y i3, Pap naores {(29) m (30), a anTHKOMMYTATOPHL CIIm-
HODHHIX TeHepaTopoB Mexnpy coboit — (31). Haronen, mepectamoBog-
HEe COOTHOINEHHA TEeHEPAaTopa AMAATanud [ m CIHHOPHHIX TeHEepPATO-
POB HMEIOT BHJ

(D, Qu1=f1Q4; [D, Q ;1=1,0 ;. (38)

rge fi ¥ f, — OPOHW3BOJIHHHE KOHCTAHTHI.

O6o6mennne TorgecTBa fIKoGHM [Aa0T pAR OTPAHMYEHAM HA KOH-
CTaHTH a1, a3, b, ¢}, s, f1, foo VI3 TOsmecTB (32) mua remepatopos Y,
Y, P, Q, n Q monyaaem, ecrecrBenno, (33) m (34). Iaa toro utobm
DOJY9IATH OTPAHWICHHAA HA [y U fs, HEOOXOMAMO PACCMOTPETH, YIMTH-
Bas (33) m (34), TompectBa (32) A1A TPOEK TEeHEPATOPOB, CONEPKAMMX
D n Q (Q). Herpynuo mpoBeprts, 9T0 TosgecTBa (32) Aua TPOeK reme-

patopos [D, Y (Y),Q ()l u [D, D, , Q (0)] EuKaKREX OTpaHUTeHHiT HA f
u f, e najor. Ias tpoex (D, P, Q) u (D, Q, Q) B caydae (33) 0606-
OeHHHE TOMAecTBa fAKOOHM BHIOOJNHAITCA TOMKASCTBEHHO, B CAydYagx
e (34) onm gator cootBeTCTBEHHO @ (fi—fs—i) = 0 1 feab = 0. [axee,
misa tpoek (D, P, Q) u (D, Q, Q) tosumectBa (32) B caydae (33) maioT
a (fo—fr—i) = 0 u fiab = 0, B cnydgaax me (34) HEKAKEX OTpaHHIe-
HEA He _BOBHHIKAeT. W maxomen, oGobmiennne To;RAecTBa fIkoOm misa
D, Q, Q B obomx caygasx mgawr b (fi + f, — i) = 0.

B pesyabrare moamydaeM mecTh CAEQYIOMUX THIOB PACIIMpPEHUI
anre6prs Beitns remepartopamu Q4 u Q3 [He Oyaem BHOHCHBATEH 01A-
HaKOBBE BO BCEX CIYy4asgX NEePECTAHOBOUHHE COOTHOMECHHA A Y,

Y, P, D u coormomerns (32)]:
1) [P,; Qel=aescQ;; [P, 10 0,1 =0;
{04, 0y} =P ;3 {Qa, Qp} =abY 455 {0, 0,}=0;
(D, Qal=0; [D, Q,1=i0,.
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2) [P, Qc)=0; [P, ., Q;]=ae,.

AB BC
{Qar Oy ="bP ;5 {04y Qs}=0; {Q;, 0} =abY, .;
[D, Qu1=iQu; D, Q41 =0.
3) [P,; Qcl=aeacQy; [P, Q1=0;
{0, 0}=0; {Q, Q}=0; {0, O} =0;
[D, Qa1 =ifQu; (D, Q;1=i(1+1)0;.

A

4) [P, Q1=0; [PAé, Q_é]zaebéQA;

{0, 0}=0; {Q, Q}=0; {0, O}=0;
(D, Qal=i(1+ 1) Qu; D, Q1 =ifQ;.
5) [P, Q1=0; [P, Q1=0;

{Qas éé}szAi}; {Q, O}=0; {6’ G}ZO;
[D, Qal =ifQa; [D, C;1=1(1—1)0Q;.
6) (P, Q1=0; [P, Q1=0;

{Q. 0}=10; {0, 0} =0; {0, O} =0;
[D, Qal =ifQ4; [D, Q,1=1d0,

rae a, b, f 1 d — upousBogbHEEe gucaa. OTMETHM, 4TO TOIBKO aare6-
pHl oaToro THOa upd f = 1/2 u wecroro Tuna upu f = d AEBAPHAHTHH
OTHOCUTEIBHO SPMHUTOBA CONPSIKEHUA H, CJIENOBATENHHO, 00JaHAI0T
BPM]?ITOBHM]Z[ HpeﬂCTaB.TIeHI/IHMI/I.

2. ABaJoru9HO MOKHO PACCMOTpETh pacmupeHmsa ajareGpu Beinsa
OpPOWM3BONBHBIME CHUHOPHEIME TeHepaTopamu. B o9ToM ciiydae mmeercs
deTHpe TUma ajredp:

1) mepecraroBountie cooTHOmEHHsT (35) m

(i, 3-1/2) G, i-1/2)
(D, Q. 1= 1@, k.

AzJBi 321 1 32]'-1’

=E-1/2,5) . =E-1/2, )
[D Q LA 1B. ] i (1 +f)Q «.Agj-1B1...Byj"

2) coorHomenma (36) n
(D, Q0.7 P =i (1 41) Q%1% 4
(D, QU120 = 1f0Y-1/% 9 -
11*
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3) mepecTaHOBOUHEE coOTHOmMeHHmA (37) m
[D, Q7P =15QY 712,
(D, Q97 M =i(1—f) QI %,
4) [P, Q9P —0; [p, QY12 M0,
{0, 0}=0; {0, 0}=0; {Q, 0}=0;
(D, ¢1=1fQ; [D, Q1 =1d0,

rge f W d — OpON3BOJBHEIE KOHCTAHTH. Anre6pw tumma 3—6 mig
j = 1/2 aBasorcs wacTERME cxydaaMu aare6p 1—4 fura IpomsBOIL-
goro j. Tak ke kaxk m mpu j = 1/2, »pMHETOBEIMH I peACTABICHUAMA
o6ramaoT ToabKO aare6pe Tperhero (f = 1/2) m werseproro (f = d)
THIOB.

IlpmBenennHMy anreGpaMu MCIEPIBIBAIOTCH HETPHBHAJLHEIE PACIIH-
perus anredpH Beiins napoit Tpou3BOMBHEIX CIEHODHBIX FEHEPATOPOB,
mpeo0pasyomExcs 0 COIP syKEHHBIM IPeIcTaBAeHu AM rpynms Jloperna.

Hongopmuaa rpymnma. Axarebpa xouopMHOH TPyOOH COCTOHT U3

reHepaTopoB Y 45, Y PAI.;, D n remeparopa cnequasbHOTO KORPODPM-

B’
HOTO Hp806pa3OBaHKH KAE}’ YAOBJICTBOPAKIONAX NEePECTAHOBOYHBIM COOT-

somennam (10). Pacemorpum pacmmpenme aiare6prr (10) cnmpopueiMa
remeparopamMa (4 1 Qé' Ofmuit BU nepecTaHOBOYHBIX COOTHONICHHMI

COXHODHHX Te€HePaTopoB ¢ Y 45, Y}u';’ PAia m D BrTeRaer u3 coobpaske-
HA# JIOPEeHI-MHBAaDHAHTHCCTH H maeTcsa ¢opmyiamm (29), (30) m (38).
3 atux ke coobpaykeHUH BHTEKAeT BHJ KOMMYTaTODOB KAé ¢c Qu Q:

[KA;B, Qcl =g18Acaé§ [KAf;’ (70-] = gzabé\cm E(39)
a4 3aHTHKOMMYTATODOB COMHODHEIX Te€HEDPAaTOPOB MEKIYy COOOI:
{QA7 QB}= 1Y a3 {-Q—Av 61;} = Cz?‘:u-?;
{QAs Qé}:bPAé_'_pKAéy (40)

rjae g1, L2, €1y €2y b, p— OPOU3BOJIBHBIE KOHCTAHTHL.

Bocooassyemcsa Temepb, Kax ¥ B IpegHAYIMEX pasienax, o0obIeH-
HEIME To)rpectBamMu flroom. HatimeM Bo3MOKHEIC 3HAYEeHMS KOHCTAHT
b m p. YumrwBaa coornomenms [D, P .1=iP . u [D, K .]=

AB AB AB

= _‘iKAjg’ u3 toxmects (32) mas D, Q, Q moxyuaem cmcteMy ypas-

gennit: b (fy+fo—i)=0u p (f; +f,+ i) =0. Taxknmm o6pazom, TMewTCA
TP BosMoskmoctd: 1) b=%0, p=0, fi+f,=i; 2) b=0, p£0,
fid+fo=—im3) b=p=0 (f; ¥ f,— OpoW3BOTBHEIe uUHMCHA).
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Ilanee, u3 ToskmecTB (32) mus PAf}’ KA1'3 n Q, maxomum: f;+ fo=0;

gias — 4+ 8ify=0; a;g8,—4—38if;=0. 91 ypaBHeHHs COBMECTHMEI,
Kag JIeTKO BHJETh, TOJBKO ¢ BO3MO;RHOCTHIO 3). Haxomer, IOCKOIBKY

remepatops y, y u K obpasyror aarefpy Ilyamkape, pacmupenue
aareGpsl Y, Yy, K rtemeparopamm () ®m () MMeer TaKO@l ke BHJ, WTO

m pacmmpenma anreGps y, y, P. B wacrnocra, 2.8, =0.
B pesyabraTe moaydaeM, UTO HMEIOTCA [iBé BOBMOKHOCTH:

1. [P, Qcl=aescQy; [P, Q1=0;
K, Ql= 0; [KAé’ (—)b] = 88156'0A/8;
(D, Qu1= —iQa/2; [D, Q;1=1i04/2;
2. [P, Q=05 [PAia’ (‘—)blzasbéQA;
[KA;?’ Qcl =88Ac6é/02 K, Q1=0;
[D, Qa1=1Q4/2; 1D, Q1= —iQ4/2;

IlBe BO3MOKHOCTH, MOJHOCTHIO aHAJOTHYHEE OPUBEJSHHEIM, HMe-
I0TCA ¥ IPH PACITHPEHAM KOHQOPMHO aiare6ph ABYMsI IPOM3BOIBHE-
MU CIIMHODHEIMH TeHePATOPAMH, 2 HMeHHo : QU 1-1/2)g Q7-1/2, 9. Opnaxko
5TH aJire6pHl, KAK JerKO BHAETh, HE¢ HHBADHAHTHH OTHOCHTEJILHO
OPMHTOBA COUDSKEHUsI M, CJAEJOBaTelbHO, HE HMEIT 3PMHUTOBEIX

npeacTaBICHAT.
DPMATOBBIMI IIPeJCTABICHUAMY 0018 Ja0T PACIHPERES KOHPOPMHOHR

anreGpsl ABYMs MAapaMi CIMHODHEIX remeparopos Qf:i-1/2), Qy-1/2.0
n QY i-1/2) Q@~1/2. 9, Ofmmii BUA TAKAX pacmAPEHRH KOHPOPMHOHA
anre6pHl HETPYNHO MOIYYUTH, HMCHOJb3YA PE3YIbTATHL IPeNBIYIIHX
pasgenor. B mpocteiimem cayuae j = 1/2 mmeem [35]:

[P, 021=0; [P QF1=0;

[P, Q81 =2ieacQP; [P, QY1 2ie;, OF;
K 5, 081 =2ieacQP; 1K, 5, 01 =2ie,, 003
(K, QP1=0; (K ;, OP1=10;

D, QF1= —i0%/2; (D, OP1= —iQP/2;
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[D, 01 =iQP/2; (D, Q$1=10%/2;
2,00} =P {02, 0B} =0; (0P, Q¥}=0;
{02, Q) =K 53 {0, 08} =0; {02, 0} =0.

i
{0, 0} =24sD — Y as; (07, 0P} =2, DY, ., (0, 0P} =0

ITI0C COOTHOMeHHs (32) M mepecTaHOBOYHBIE COOTHOMEHHS TEHEPATO-
POB KOH(QODPMHOHA I'DYIIH.

T006H MOXYIHTE 5T0 ¥ APYTHE CIUHOPHbIC PACIIAPEHMA KOHpOPM-
HO# areGpsl, yRo6HO MCIoIb30BaTh KOHPOPMHEIH CIMHOPHBIA AHAINS,
KOTODHI# I108BOJII€T yIUTHBATE TPe6OBAHNA KOHPOPMHON WHBAPHAHT-
HOCTH HOYTH aBTOMATHICCKH.

[ockoapky rpynnamm Ilyanrape, Beiins n KOHGOPMHON TpyHmoi
HCICPUOLIBAIOTCA BO3MOKHBIE I POCTPAHCTBEHHO-BPEMEHHEE TI'DYIIIE
cumMerpuu (pasf. 3), TO, TEM CaMBIM, B pasmy. 5—7 PacCMOTpEHH Bce
BO3MOKHEE aJre0pe CymepCHMMETDHH.

8. OFBEJIWHEHHUE IPYII CYHEPCUMMETPUN
1 BHYTPEHHEN CUMMETPUU

MeromoM, MEOTOKDATHO MCHOAB30BAHHEIM BHIME, MOJKHO H3y9aTh
¥ I'PYOOEL CHMMETPHM, COMIEPIKAIIe KPOMe IIPOCTPaHCTBeHHO-BpeMeH-
HHX npeo6pasoBaEmii u cymepupeoGpasoBanmit (mpeoGpasoBarmii co
CHOUHODHHMY T€HEPATOPAMH) TaKke MpeofpasoBaBmA IPymm BHYTpEH-
Helt cummerpud. CooTBeTCTBYyMOmUe aure0pH musa cayuas rpynn
IIyanxape m xoHGopMHOH Tpynmos n COIMHODHEIX TeHEPAaTOpOB, Ipe-
obpasyomuxcs mo mpegcrasrenmam D (1/2, 0) u D (0, 1/2) rpyoom
Jloperna, paccmorpenst B paGote [35]. B ciywae rpynons ITyamkape
¥ DIpOMBBONBHHIX CHHHOPHBIX FeHEPATODOB HCKOMAS airefpa mMe-
eT BH[:

P . QWi-t2e =0; [P ., QU V2D 4 _ g
[ AR’ (T)A«_li...Angi...sz_il i AB’ QA1...A2j_1B1...B2j] 0;
[QU,i-1/2)a . B,]l=— Y g%pu.i-1/2)8 . .

At. .. AgjBy.. . Bgjy i} ; * QAi...Az,-B,...sz_,’

A-1/2, Hha . ‘S?fﬁ—(j—l/?',f)ﬁ .
[QAI...Azj_.ij...sz,Bi] BZ * QA:...Agj_il.h...égj’

{Q(j,j—uz)gc . qG-1/2, ) B }_
Af...A9jBy. . . Bpjt’ <Ci...Cyj_1Dy...Dyj
=0% Sym ey ¢ EApi s Cois® € Pa,idyi
1Cg »+ A2J—i 02]_1 * e ... . 3 A2jD21’
A BiD Bpj-1Dyj-
AR, C,D 1001 2]=-172j-1
{Q(J',i—i/Z)a (G, 7-1/2) 8 }_

Ay...ApjBi...Byjy’ “Ci...CeiDy1...Dejy
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=2Z"% Sym e L BAiCai€e e ce B s}
o Sadc 42702% 5,1, Baj-tDpj-1’
A, B, C D
{O'(J'—i/’Z,J')a H0-1/2,3) B }::
Ai...Azj_iBi...sz’ Cy...Coj-1D1...Dgj
=27 Sym €A, ... €A0iCoi€e o ce-Er 2
KA 27¥2J-1" By Dy BajDaj’
A, B C D

[PAé» B1=0; [Y s, Bi]=0; [YAI';’ B;1=0;
[B;, Byl= Z/ CiniBy,

re B; — reHepaTopH IPYNNH BEYTPeHHeH CHMMETPUM; CIMHODPHLIE
rerepatopsl Q (Q) mpeoOpasyloTcs mo LPOM3BOJIBHOMY (n-pagsOMY)
npeficTaBIeHNi0 IPYNIs. BEYTPeHHe#d CAMMETPHH, T. €. WHJIeKC & IpH-
guMaeT sHawesdma o = 1, ..., n; S¥__MarpumE n-pAXEOTO BPMHTO-
Ba IpeJICTABJIEHHMA TPYUIbl BHYTPEHHEN CAMMEeTDHH; C;y; —CTPYKTYP-
HEle KOHCTAHTH 3TOM rpynmsl; Z*P — BeanynmHa, KOMMYTHPYOIAA CO
BCEMH TeHEepATOPAMEK pPACCMATPHBAEMON IPYUIBL.

9. PEAJIN3AIIUA TPYHI CYNEPCHMMETPUI
KAK I'PYIII IIPEOBPA3OBAHNIN
CYINEPIIPOCTPAHCTB

3HaHUA IEPeCTAHOBOYHHX COOTHOMEHUH s TeHepaTopoB Ipynn
CyIepcUMMeTpPHH, PACCMOTPEHHKIX BHIIIE, BIIOJIHe JOCTATOMHO [JLA MOCT-
POeHUs HeTPHBOAMMBIX NpPEfCTABIEHHH M HX KIACCHPUKAIUM, TMOCT-
pOeHMA KBAHTOBBIX 110JI€fl, KOBAPHAHTHHIX OTHOCHTEIbHO I'D YIIIEL CyHep-
CHMMETPHH, 1 T. . KaK M3BECTHO, H3ydIeHue IPYIIHE CAMMEOTPUA YIPO-
maeTcs i Bce POPMYIIH CTAHOBATCH 3HAUMTENBHO (ojlee HATIANHHMA,
©CJIM JANHYIO IPYLIY CUMMETPHN MOKHO IIPEACTABUTE KaK TPyNny npe-
06pa3oBaHMil HEKOTOPOTO IPOCTPAHCTBA. B ciyuae rpynn cymepeum-
METDPUH TOJIBKO IPOCTPAHCTBEHHO-BPEMEHHbE MOATPYIISL (IpYIIEL
[Tyaukape, Beitna u koHpopMHasA Ipynma) ABAANTCA ITPynHaMu Ipe-
ofpasoBaBnil {KOOPAUHAT MPOCTPAHCTBA MEHKOBCKOTO), a cymepipe-
oGpasoBanms — 5T0 Ipeo0pasoBaHMA KBAHTOBHIX HOJeH, He 3aTpa-
ruBajomne xoopamuar. TakuMm 06pasoM, HeoOXOIAMO HAUTH pacHiape-
HYe TpocTpaHCcTBA MEHKOBCKOTO, KOTOPOE IO3BOJIAL0 OB HPeCTaBuTh
u cynepnpeofpa3soBaHUsA KaK Ipeobpa3oBaHUA HEKOTOPHX KOOPARHAT.

Poxb Takoro pacmMpeHNs NPOCTPAHCTBA MUEKOBCKOTO MIPaeT
cynepnpocmparncmed — OPOCTPAHCTBO, 9YaCTh KOOPAHHAT KOTOPOTO
ABJAIOTCA KOOPIAMHATAMEA NIPOCTpaHCTBA MHHKOBCKOTO, & OCTAJIbHEIE
KOODIHHATH — HOJHOCTHI0 AHTHKOMMYTHpyoOmme COMHODPH. Ilop-
YepKHeM, YTO TOJIbKO JaCTh KOOPAWHAT CYNePHPOCTPAHCTBA, a AMEHHO
KOOPIAAHATH MPOCTPaHCTBA MEHKOBCKOTO, MMEIOT QU3MIECKHIM CMEICH,
ocTaJbHHE K€ KoOpAmHATH (QUKTHBHH, W Bce QuU3WIeCKHe BeJIMIMHEL
0T HOX He 3aBUCAT.
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Paccmorpum mus omwpememensocTm S1/2 (¢ = 0)-axre6py — pac-
muperne aare6pm Ilyankape cnmHOpHEIMEU resepatopamu Q4 u Q
b =2):

B
[PAé’ Qcl=0; [PA).?;’ 6&]20;
{QAv 61;}=2PA'; {QA1 QB}:O; {@A’ 61;}=0

B

(41)

OJI0C COOTHOMeHHA (32) ¥ mepecTaHOBOYHBIE COOTHOMIEHMUS IJIs1 TeHe-
paropos rpynns Ilyankape.
CooTBeTcTBYIOIIEE CYmEePHPOCTPAHCTBO — 3TO BOCHBMHMEDHO® Ipo-

CTPAHCTBO € KOOpDZUHATAME z,. 0 0,4, 91.3, e z . = (Gu)f“éxu —
ROOpAWHATH mHpocTpaHcTBA MmBKOBCKOTO, a 0 W 0 — moctosmmLIe
TIOJNHOCTBI0 AHTHKOMMYTHPYIOMKE [BYKOMIOHEHTHHE CIHHOPH |68,
69]. Anre6Gpa (41) siBasercs anreGpoit rpynos npeo6pasoBanmit cynep-
IIPOCTPAHCTBa, CONEpP;KAMe:

1) npeoGpasoBamms Jlopernnua

, ’ 1/2, 0 ey e 0, 1/2
Ty = Ty = Ayyzy; 8,4 — 04 =SH Vg, 0, >0, =5%"".,
e SYA O g SO.UD_ npypannse npeacTaBieHns Ipynnsl Jlopenna;
2) caBuru

Zy—>= Ty =z, + a,; éA—>921=9A; 6‘&»5'. =0

kS
B

3) cymepupeo6pasoBamms

GA*GA—GA“FEA; 6. > ;i= A+ A;
T = T, s 1§A()1.3 + 19A§1§.
CooTBeTcTBYOMmMHEE reHEPATOPE HMEIOT BHN:
e 2 i )
Vo=t (a0 55— a0 o) 7 04 00 Oulan g —
i f o
703 0w ol g —— (42)
08
. 0 a Ry = a .
P ==]1—" —_—_— . .y ¢ = —— e
H 1 ('7.’12“’ ’ QA 59A IGBaAB, QA aéfi leBaBA7

e 8A1§ = (8,) AB (0/0z¥). Herpymmo ybenurecs, wTo TeHEPaTOpH

Yy Py Qg, 01'3’ 3aJlaHHBIC (42), NECTBHTENBHO YHIOBIETBOPSIOT

[ePECTAHOBOYHEIM COOTHOmEHAsAM (41).
Hopueprrem cymecrBennoe orimame cynepnpeo0pasoBagnii OT Ipe-
o6pazoBammit rpynm BHYTpeHHEH CHMMeTpHH. B To Bpema Kak mpe-
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006pasoBaHAA TPYNN BHYTPeHHeHl CHMMETPHY HE 3a7eBaOT IPOCTPAHCT-
BeHHO-BPEMEHHHX KOOD/IMHAT, CYymepHpeofpasoBaHMs SBJIAIOTCA Of-
HOBpPeMEHHHIMI NPeo0pasoBaHUAMU HePU3KHYeCKAX CIHHODHHX KOOp-
mmEaT 0 B 0 m KoopAMHAT npocTpaBcTBAa MEUHKOBCKOTO.

OTMeTHM, uTo MpeoGpasoBaHus PACCMOTPEHHON IPYHNEl CYNEepPCHM-
MeTpHH OCTaBJIAIT MHBapUaHTHOH Mupdepennumansayo dopmy (dzy +

+ i60,d0 — i60,d0)%. @opmammsM CymepopoCTPAHCTBA IO3BOJAAET
KOMIIAKTHO 3ANUCHBATH BEJIMYMHLI, KOBAPUAHTHHE OTHOCHTEJIbLHO
rpynmsl cynepcuMmerpud. s 9TOTO BBOAWTCA HOHATHE CYNEpPIOJIA
P (z, 0, 6) — omepaToposHauHOf (YHKIEK KOODPAMHAT I, 6n 6
[68—70]. 3akom mpeo6pa3oBaHms CYUEPIOJA OTHOCHTENBHO T'DYIIIHI
CYmepCUMMETDHN 3a[aeTCsi [0 AHAJOTHA ¢ OOBIYHEIMYM HOJAMH:

Uy (z, 0, 0) U=’ (z,8,0) =y (z', 0, 9). (43)

Cymepmoue ¢ (x, 6, 0) MoskeT mMeTD TaKsKe JOPEHIEBH (CIMHOPHHE WA
TeHBOpHEE) WHAEKCH, TOTHA B mpaBoii gactu (43) mpu mpeoGpasoBa-
Husx JIopeBIa BOBHMKAeT COOTBETCTBYIOmAs MaTpuma. lIoCKOIBKY
cymepnpeoGpasoBaHWs He 3aTPaTMBAIOT JOPEHNEBHX HHJEKCOB, AJIA
cymepnoJs ¢ MoGHMA HHIEKCAMH IPH CYIepnpeoGpasoBaHmAX HMeeM

UEY...x 0,00 U E)="V...(@ss— igA61§+ iBAEé,
6A+§A7 'é-[i +_§—A')' (44)
[Ipn #HEHUTESEMAIBHBX CyIepnpeolpa3oBaHHAX

S ... (z,0,0)=E, (_ae%—iééaAé)xp (2, 0, 0)+

- a . —
+E, (-—,+19Ba ) V... (z,6,0). (45)
AN 5d BA
Jlerko BHAeTDH, 9TO Mpom3BOAHEE 0/00 u #/00 HeKOBapPHAHTHHI OTHOCH-
TeapHO cymepmpeobpasoBanmii. M3 gopmyas (49) ciemyer, 4TO KOBa-
PUAHTHEE IIPOW3BOJHBIE UMEIT BHUJ
9 1i8.0

ey a .
= 11i6.
A aeA_ T B

a5 Di— “gg—leA@Aé-

ITepecragoBouHbe cooTHOmeHua mis D, n Diz COBHAJAIOT C Hepe-

CTAHOBOYHBIMHA COOTHOIMGHUAME HIA (4 H Qé ¢ TOYHOCTBIO 10 o0mere

sEaka. llomATme KOBApHMAHTHON I POM3BONHOM OKa3hHBAETCH O4YeHb
MOJIe3HBM TPH PACCMOTPEHNH HEIDHBONMMEX CYIEpHoJae#, moCTpoe-
HON CYIeDPCHMMETPUIHBIX JIATPAHKEAHOB # T. H. [68—T72].
Cynepnosie sKBHBAJIEHTHO HEKOTOPOMY MYJIBTHILIETY OOBYHEIX IO~
aeii. IlokaskeM 3T0 Ha mpuMepe cymepnoas P {(z, 0), He 3aBHCAMETO OT
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roopaunats 0. Pasmaras ¢ (z, 0) B cremennoi psax mo 6 Y4IuTHBa A,
9TO KBAJPAT KasKJT0UM KOMOOHEHTH comHOpa O ofpamaeTcs B Hyab, Tak
Kak 0,4 05+ 05360, =0, ana cxaxspHoro CYNMePHONA TOJMyIaeM

Y (z, 0) =9 (2) -0, 9D (z) + 04845050 (2). (46)
Taxum o6pasom, cragspHoe Cymepmole SKBHBAIEHTHO MYJAbTUILIETY K3
ABYX OOLMBEIX cKaxApEMX moxeit [YD (z) m ¢ (2)] u ommoTo
o6sranoro cimropHoro mous [YR (x)]. Has cymepmons pr’;",?_ Ay (z, 6),
npeobpasyromerocss mo D (j, 0)-mpencrasienmio rpymms Jlopenna,
HaXOIuM

‘Pgl 0) cAgg (z, 0)= ‘P(fi;- Ay (2)+ eAilpf“Zz)' rAgj () +

+ 095k, . 4y, (@) + 058ncOepl).  a (2). (47)
CrxemoBarensuo, cymepmode WX;O,),, Ay; (x, 8) DKBUBaJNEHTHO MYJbTH-
WIeTy OOBYHBIX LOJeH, COCTOAMEMY U3 moei YD gp® npeobpasyro-
muxca mo D (j, O)-mpencraBienusm rpynnom Jlopemma, @ modeit
P® 1 P mpeoGpasyomEXCT COOTBETCTBeHHO mo I) Gg—1/2, 0)-
# D (j+ 1/2, O)-upencrasiaenmsm.

Amanormno cymepmoie 9 (z, 8), mpeoGpasywomeecs mo D O, -
mpefCcTaBleHnio Ipynnsl JIopeHna, ABIAeTCA MYIBTHOISTOM 0GBYHEIX
nojeit, mpeoGpasyromuxcs no D (0, j — 1/2)-, D (0, j)- u D (0, j +
+ 1/2)-mpeperaBnennsam. MoxHo HOKA3aTh, 4TO CyIEPIOIA Pe.0 (z, 6)
u P09 (z, 8) o6pasywT momHEIN HAGOD HEmpPHBOLEMEX CyHmepIoJei.
Henpusonumsie cynmepmossa kiracenbummpyorcs mo smauenmaM Y —
== ] — CYHmepcunuWHA, KOTODHIE MoKeT NIpuEHMMATh 3Hauenms 0, 1/2,
1, ... 173, 64]. O6brumriit come He sBageTCA WHBaPWAHTHOW XapaKTe-
PHCTHKO} CYNePIOA W IS CYIePIOJs ¢ CYmepenuHoM Y, KaK BHIIHO
m3 (47), npuAUMaeT 3HAUCHHS

Y —12,Y,Y 4 1/2

Dopmanu3M CymepopocTpaBCTBA W CYmepIoJell MOKHO TOCTDPOHTH
W I pacmupenuit axre6pe Ilyamkape mpomsBONBHEIME CHHHOPHE-
ME renepatopamm (S{)-amreGpa) [74]. CymepnpocTparEcTBo B aTOM
caysae — 810 4 -+ 4j (2j 4+ 1)-Mepmoe mpocTpaHCTBO © KOOpAAHATA-

M z. ®0 . . ,0 . , Tie O m 0 — moaHOCTBIO
AB Af ... A2jBy1..B2j_1 C1... C2j-1D1 ... D2j

AHTAKOMMYTHDYOIIAE COMHODHL. Sif-anreGpy MomHO peajn30BaTh
Kak anre6py rpymmst mpeoGpasoBaHHE CyHePIPOCTPAHCTBA, COMEPIKA-
mei moxrpyuny Ilyamkape m cymepmpeofpasoBaHms

00 =0+& 0>0=04E

z o>z =2 .—if . . 0 ..
AB AB AB Ad,. .. A,

+i0 ..
AA2...A2]-BI. ..B
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AHaaoTHYHO ¢Ay9ar j=1/2 BBOATCA cymepHnosd B NOKa3hIBAeTCH,
9T0 OHMW SKBMBAJIeHTHH MYyJbTUIIeTaM o0wuHBIX mojeii. Hax m npu
j = 1/2, menpmBofmMEIME sBisioTcs cymepmoas Y0 (z, 6) m
P(©.Y) (z,0). Pasnaras cynepmonsa ¥ O(z, 8) m $© ¥) (z, 6) B nonmso-
mu cremeng 2j (2j -+ 1) mo crenensM cooTBercTBeHHO O m 0, yOexmaem-
€5, 9TO DTH CYMEPHOJIA SKBUBAJIEHTHH HA00PY OOBIUHBIX moJe# Co
cmexTpom cnmHOB [74]:

Y — jj—1), Y—ej 4 — DH1/2,. .., Y —1/2, Y, ¥ +
/2, . Y G G—1)—1/2, Y + j (4—1).

Haxomel, Aaa TPyOIH, PACCMOTPEHHORE B pash. 8, COOTBETCTBYIOMEe
CIMHOPHEE KOOPANHATH MMEIOT KPOMe JIOPeHIEBBIX MHEKCOB TAKIKe
MHIEKCH ., OTHOCAIIWECH K Ipymnme BHyTpeHneil cummerpmu. Hempn-
BOI¥MEIE CYTEPIOJIs ¢ CyIeperaHoM Y 9KBUBATeHTHH HA60 DY OOHIHEIX
nmone#f ¢ PasIMYABIME BHYTPEHHEME KBAHTOBHIMH UHCJIAMH W CHOKT-
pOM CIWHOB:

n(Y—j 4—1), n(Y —j G- +1/2, ..., Y =172, Y,
Y412, ,n (Y +j @& — 12,2 +7E-1),

rie n —pasMepHOCTh IPEICTABICHHd TDYNOH BHYTPOHHEN CHMMeT-
pUH, TO KOTOPOMY Ipeofpa3yiorTcs CHEHODHHE TeHepaTops () u 0.
TaxuM sxe 00pa3oM U COMHEOPHBEE pacmuUpeEns rpynnsl Beiia nm xoH-
dopMEOft TPYIHH MOKHO IPEACTABMTH B BHJe IPyLNn HpeobpasoBa-
HUI COOTBETCTBYIIHX CYIEpPIpPOCTPAHCTB.

10. PACIIMPEHUA AJITEBPHI IIYAHKAPE
TEH30PHLIMHI I'EHEPATOPAMN

IIpeo6pasoBannsa OOBHIYHBIX TPYINI SBHYTPEHHEH CHUMMETDHM ABJHA-
I0TCA TPeo0PA30BAHUAME CO CKAIAPHHMHE (IO OTHONICHHIO K TpyINe
Jloperma) mapamerpamu. Cymepmpeo6pasoBaHUs MOKHO PaccMaTpu-
BaTh KaK NpeoGpas3oBaHms BHYTPeHHeH CHMMETPHH CO CIMHODPHBIMH
mapaMerpaMu. B paMEax TAKOTO IOAXOMA €CTeCTBEHHO DacCMOTPETh
TaxKke MpeoGpasoBanusa BHYTpeHHeH CMMMETPHH C BeKTODHEBIMH, TeH-
30PHBIMA HapaMeTpamu, T. e. pacmupenus anre6psr [Iyarkape remepa-
TOPAMHA, ABIAKIIUMACS TeH30PaMH DPA3IUTHOTO DaHTA.

Haunem ¢ pacmupernns anre6ps Ilyamkape BeKTODHEIM TeHepaTo-
poMm YA]'; = (UM)AI.?YW Wz coobpaseHuil JODPEHI-EHBAPUAHTHOCTH

nMeeM:

[P 50 Vgl = (eacY zptessYac)

Vg0 Vel =0 (EacY g te5.Yack
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Tae @ ¥ b — OPOM3BOJLHEIE KOHCTAHTHL. Ucnoassysa rosupectBa Arobu
mia P, PuV, maxonqum g — 0, a u3 rosmects fixo6u mus P, V,
V ponyuaem b = Q.

Taxmm o6pasom, pacmmpenue axre6pi ITyamkape BeKTODHEIM Tree-
paTopoM TPHBHANBHO. TPHBAANLHEIMA ABIAIOTCH, KAK HETPYIHO npo-
BepuTh, u pacmupenus anre6pr [Iyankape mpomssompubMm TEH30p-
HEIME TeHepatopamu. OJHAKO eClIM PacCMOTDeTh PaCIIAPeHHsT agnre6pni
IlyaBkape BEKTODHEIM M CKAIAPHBIM TeHePATODAMHA N TEeH30PHBIM
Ty (Tyy = Topyy Tyy = 0) 1 CKaJIAPHLIM TeHEPATOPAMH, TO TOJYINM
HETPUBHAJIBHEIE aJIreCPE: B IIEPBOM CIydae — aiare6py usomMopdhuvIo
KOHQOpPMHO# axre6pe, Bo BTOpoM — axrebpy msoMopduymn adpduumoi
aareGpe. Tem cameiM cBoiicTBa Takmx PacIINpPeHNii TeCHO CBA3AHEH €O
CTPYKTYPO# KoudopMHOL u adduHHOM rpyna. B gactHOCTH, MynbTH-
neTh 6eCKOHEYHOKOMIOHEHTHEL. IlpuBenennsMu axre6paMn Mcuepme-
BAIOTCA BO3MOKHBIe pacmmpenus axre6per Ilyamkape TeH30DHEIMHA
resepatopamn [35]. -
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