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AnHoTamust. PaccmarpuBaeTcst CTpyKTypa rpynioBoil ainre6pbl KOHPOPMHOM rpyI-
bl (TPYIITBL, JIeXKaIlell B OCHOBAaHUU TEOPETUKO-TPYIIIOBOTrO OMUCAHMUSI EPUOANYe-
CKOIl CUCTEMbl XUMUYECKHX 3JIEMEHTOB) B paMKax JIByKpaTHOTO HakpbITusl. M3yua-
eTcsl BOTOpojHas peanu3anus noganre6pel Kaprana n renepatopos Beiins rpynmno-
BOH anre6psbl.

KiroueBble coBa: nepuognyeckuil 3akoH, Tabnuna MeHpaesneeBa, KOH(pOpPMHas
rpymmna, rpynmnosas aire6pa, nopaiarebpa Kaprana, reneparopsl Beiinst.

1. BBegenmne

Knura npupojipl HanMcaHa Ha si3bIKe Ma-
TEMATUKHU.
Tlamneo lanunen

OO61en3BecTHO, YTO HayKa TOJbKO TOIJAa JOCTUraeT COBEPUIEHCTBA, KOIrJla HAaYWHAET
noJjb3oBatbest MaTemaTrkoil (K. Mapkc). B monHo# Mepe 3T0 OTHOCUTCS K XUMUH, TJIe Te-
PHOIMYECKUN 3aKOH SIBJISIETCS Hanbouiee BaXKHBIM 0000IIIeHHeM 3TOI HAyKH, a IePHOIH-
yeckas Tabnmna MeHjeneeBa HasbiBaeTcs E. Scerri «<MKOHOM cOBpeMeHHOW XumMum» [1].
Cpasy xe nocine otkpbitus I.J. MeHaeneeBbIM NepHOIUIECKON CUCTEMbl XUMUYECKUX
3JIEMEHTOB CTaJIU NMPEJIPUHUMATHCS MOMBITKM MAaTEMaTUUYECKOIro ONUCaHUs (MaTeMaTu-
3al1K) NepUoInIecKOoro 3akoHa (06 ucropuu Bonpoca cMm. [2]). HeynusurenbHo, 4To Hau-
6osiee MOAXOMSIIE MAaTeMaTHUECKON CTPYKTYPOH i ONMMCAHUS SIBJICHUS] IEPUOIUIHO-
CTH, T. €. IOBTOPSIEMOCTH (LIMKJIMYHOCTH), OKa3aJlaCh TEOPUS IPYIIIL.
TeopeTuko-rpynnoBbie METOAbl U3yUEHHs MEPUOANMUYECKON CHUCTEMbl ObUIM Mpefio-
>K€Hbl HE3aBHCHMO HECKOJIbKMMU aBTopaMu B Hadase 1970-x rr. B 1971 r. nosiBisiercst
pa6ota I0.B. Pymepa u A.W. ®eta [3], B KOTOpO# GbIJIO OTMEYECHO TIOPA3UTEIIbHOE CXOJI-
CTBO MEXJy CTPOCHHEM CUCTEMbI XUMUYECKHUX 3JIEMEHTOB U CTPOEHUEM SHEPreTUUECKO-
ro creKTpa aToMa Bofopoga’. DTo cXocTBO 00bsCHIeTC B [3] B paMKax NpecTaBIeHus

13, MapenyHr nepBbiM NPUMEHHT «BOAOPOIHBIE» KBAHTOBLIE UMCA 7, [, 11, S JUIS HyMEPALUU 31eMeH-
TOB MEPUOIUIECKON cucTeMbl. CIIeyeT OTMETUTh, UTO YUCIA 1, [, M, S He SIBISIOTCS B Moieln bopa kBaH-
TOBBIMH YNCIIAMH, TIOCKOJIbKY B 9TON MOEJIN HET INHOTO KBAaHTOBO-MEXaHUIECKOTO OIMCAHUS CUCTEMBI
3JIEMEHTOB, MOCJIEHIM MPUCBAUBAETCSI ATOMHBIN HOMEP Z, pa3Inyalolyil, a He O0bEIUHSIIONINI OT/IENb-
Hble KBAHTOBbIE CUCTEMBI. [T0ydeHHYIO KITacCU(DUKAIMIO 3JIEMEHTOB MaJieTyHT Ha3BaJl «IMITUPUIECKON»,
MOCKOJIbKY OH HE CMOT CBsI3aTh €€ ¢ Mojiesibio bopa. BuguMo, IMEHHO U3-3a OTCYTCTBUSI TEOPETUUECKOTO
o6ocHOBaHMS Ha TOT MOMeHT (1936 r.) oH onyOuKoBal e€ B BUje cpaBoyHOro marepuania B [4, c. 585].



Mamemamuueckue cmpykmypbt u mooeauposarue. 2024. Ne 1 (69) 19

B.A. ®oka F' [7] anst ciuHopHO# rpynmbl Spin(4) (IBYIMCTHAsI HAKPBIBAIOLIAS TPYIIIIbI
SO(4)). OnHako raBHBIM HEOCTATKOM OMUCaHUsl B [3] SIBASIETCS MPUBOIMUMOCTD TIPEf-
CTaBJieHUs [, 4TO He MO3BOJISIIO pacCCMaTPUBATh CUCTEMY KaK «3JIeMEHTAPHYIO» B CMbIC-
ne rpynnoBoit Mexanuku. B 1972 r. B.I. Kononenbuenko [8] paciupun npencraBieHue
®oka F nio npeficrasienust F KOH(GOPMHOM IPYIIIbI, yCTPAHUB TEM CAMbBIM YKa3aHHBIH
BhIIIIe HeocTaTok. B Tom ke 1972 r. nosiBisiercst crathst A.O. Bapyra [9] o rpynmoBoit
CTPYKType MEepHOMMUYECKOl CHCTEMbI B pamkax KoHpopmuon rpymmbl SO(4,2). Bapyr
BBOJIUT KBAHTOBBIE UMCIIA” U, \, [y, [l TPyTIbl SO (4, 2) ¢ Hesbio pacCMOTPEHUS XUMUYE-
CKHX 3JIEMEHTOB KaK Pa3IUYHbIX COCMOAHUL ETUHON K8AHMOBO CUCHEeMbl, KOTOpasl, B
CBOIO OY€epefb, pacCMaTpUBAETCS KaK CBOEro pofia ceepxyactuna. Crenys npejioxeHuo,
nanHomy no3gHee C.E. Bynsdmanom [11] B 1978 1., aTa nceBnovacTuiia, CiekTp KOTOpon
SIBJISIETCSI aTOMHBIM cyniepMyJibTuiieTom bapyra, 6yneT o603HauaThCst Ha3BaHUEM Oapy-
mon. Pasnudnbie cocTosinust (Wi aneMeHThl) BapyT npeficraBisier KeT-BeKTopami | «v),
| B)s] ), ..., KOTOpbIe 00pa3yOT 6a3uc 66CKOHEYHOMEPHOTO THIbOEPTOBA MPOCTPAH-
cTBa. B pamkax TeOpeTHKO-IpyNIoOBOro OMUCAHUSI Pa3IMUHble XUMHUECKUE IJIEMEHTHI
paccMaTpuBalOTCs Kak 6ecccmpykmypHble YaCTHULIbI, TIPU 3TOM MPEAnoaraeTcs, 4To aTo-
MBI SIBJISIOTCSI HECOCMABHBIMU, @ TIOITOMY UX BHYTPEHHIOIO IMHAMUKY MOXXHO UTHOPUPO-
BaTh .

OnHOBpeMEHHO ¢ 3TUMHM MyOsMKanusMu nosiisitorcst paborsl O. HoBapo ¢ coaBTo-
pamu [16, 17], rae rpynmnoit CMMMETpUU MEPUOTUYECKON CUCTeMbI NpeiiaraeTcs rpymnmna
Gy = SU(2)®SU(2)®SU(2), o6pasoBaHHas TpeMsl B3BAUMHO KOMMYTHPYIOLIUMH YTJIO-
BbIMH MOMeHTamu J, Jo, J3. ['pynna HoBapo—bepponno Gy p A0MycKaeT CIeNyrolyo

PEeayKLHUIO:

SU(2) ® SU(2) ® SU(2) S 0(4) S SO(3).

Henpusonumele npencrasienust rpynmbl G yp uMeroT BUp (ji1, Jo, j3), TAC Jji, J2, J3 SB-

ITpu paccMoTpeHnn nCTOpUK BO3HUKHOBEHMS TpaBuiia MajenyHra (n + [, n) BOSHUKAeT MHOXKECTBO MpHU-
oputeTHbIX BorpocoB. Kak ormedaer B.H. OctpoBckuit [5], TpymHO MpoCieanTh NPOUCXOXKACHUE ITOTO
npaBuiia, KOTOPOE BBIMIISIUT Kak CBOEro pofa Hay4Hblil ¢onbkiop. Tak, B 1930 r. B. Kapaneros ucnosns-
30BaJjI 3TO MPABUIIO JJIsl MPEACKa3aHNsI TPAHCYPAHOBBIX 3JIEMEHTOB A0 Z = 124 BKIIOYUTEIHHO [6].

2Y106bI HEe OBITH MPEB3SITHIM [0 OTHOIICHUIO K KBAHTOBBIM YUCIIaM N, [, m; U m s MeXaHn4ecKou (Ia-
HeTapHoi) Mofenu bopa, onuceiBatolieil BOTopoionoGHbIe cHCcTeMbl, bapyT HaMepeHHO BBENI CUMBOJIBI v,
A, fix 4 [t , IMEIOIINE, TIPEXKIE BCETO, TEOPETHKO-TPYNITOBOM (HE MEXaHWYECKUIT) CMBICI, XOTSI Iana3oH UX
M3MEHEHHUS TAKOM e, KaK Y «BOJOPOAHBIX» KBAaHTOBBIX unces. OCTPOBCKHI aHAJIOTHYHBIM 00pa3oM Ipo-
BOJUT Pa3iMiIne MeXIy OObIMHBIME («BOMOPOJHBIMI») KBAHTOBBIMH urciiaMu 1 aGetpaktabivu SO(4, 2)-
CHMBOJIaMU, 0003Ha4asl MOCJIETHNE 3HAKOM TWJIBALL: 72, i, my, mg [10]. DTOT cuMBONM3M MpU3BaH MOf-
YEepKHYTh XOIUCTUYECKYIO TPAKTOBKY TEOPETHKO-TPYNIIOBOrO MOAXOAa B OTJIMYHE OT MEXaHHUCTUYECKOrO
penyKuumoHu3Ma Mofenu bopa, B KOTOpoil KBaHTOBbIE Y¥CIIa COOTBETCTBYIOT PalialibHbIM U OpOUTAIBLHBIM
IBMXEHUSIM «COCTaBHBIX YacTel» aToMa 3a MCKJIIOUeHNEM KBaHTOBOTO YUCIIA 1M, HE UMEIOIIEro, KakK u3-
BECTHO, KJIACCHUECKOTr0 aHAJIOTa, YTO JIMIIHUN pa3 yKa3blBacT HAa MAJUIMATHBHBIN XapakTep Mofenan bopa.

3Tlon «GeccTpyKTYpPHOCTBIO» 3[IECh HE ClIEyeT MOHUMATh OTCYTCTBHE KaKOIi-TM60 CTPYKTYpPbl BOOOIIIE.
[Ipe>xne Bcero, nox 3TUM MOHUMAETCS! OTPULIAHKE CTPYKTYPBI PELYKIIMOHUCTCKOTrO MylaHa B BUE MEXaHU-
yeckux Mojienel (mianetapHasi Mofiels Pesepdopna—bopa, Mofesib KBapKOB), IPUBHECEHHBIX, KAK TOBOPHT
I'eitzenGepr, 3 «penepTyapa KJaccHueckoil (PU3NKM», T. €. MOIeJIeH, aleKBaTHbIX Ha YPOBHE MaKpO(H3NKH,
HO TEPSIIOIINX CBOW CMbICI M 3aTEMHSIIOIINX CYIECTBO Jiesla PH ePeHoce X Ha MUKPOYpOBeHb. B pamkax
TEOPETUKO-TPYNIIOBOTO MOAXOfa peanu3yeTcsl CTPYKTYpa XOJMMCTHUECKOro MIaHa. A IMEHHO, pa3luyHbIe
COCTOSIHUS, SIBJISIIOILUECS Yukauweckumu sekmopamu K-runp6eproBa NpoCTpaHCTBA, UMEIOT CTPYKTYPY
TEH30pHOTro npousBefeHus [12—15]. Dta cTpykTypa 3a1aéT AMHAMUYECKYIO CBSI3b MEX/Y CITUHOM, 3apsioM
" Maccoil.
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JISFOTCSL COOCTBEHHBIMY 3HaueHusMU onepatopos Kasumupa J2, JZ, J2 v npuHuMarot
1esble W NoJylesble 3HaueHus. PU3ndecku TOmyCTUMbIEe NpeAcTaBlieHus: rpynmbl Gy g
umeroT fiBa Buna: (7, 7,0)u (4,0,7), 7 = 0,1, %, ... JTO caeacTBue npefcrapiaeHust Poka
F (j1 = j2) nnst rpynnst O(4), BXOAsien B peyKIHMOHHYIO Henouky st Gy g.

V3ke u3 nmepBbiX paboT B 3TOM HaIpPaBJIECHUU MOSIBISETCS BAXKHOE pa3inuue MEXIy
IByMsI TEOPETUKO-TPYyNIoBbIME nogxofgamu. [lepBeiM Ha 210 paznuuue ykazaia B.H. Oct-
poBckuil [10]. Mcropuuecku CIOXUIOCH TaK, YTO €IUHCTBEHHON M3ydaeMoll (MeTofia-
MU TE€OPUU TPYII) KBAHTOBOW CUCTEMON ObLT aTOM BOIOPOJA, FAMUIBTOHUAH KOTOPOTO
ObLT TOUHO U3BecTeH. Koryma Teopust rpymnm Hayajia MPUMEeHSITbCSl B aTOMHOM (DPU3UKE, 3TO
ObU10 TUNUYHBIM citydaeM. Crenyst Tepmunosiorun Octposckoro [10], 6ynem Ha3bIBaTh
aT0 n00x000m amomuoi uzuxku (ITAD). OgHako, Korjga Aeno JOXOIUT A0 Mepuoauye-
CKOW CHUCTEMBI, TOPa3fo CIOKHEE MOCTPOUTh FaMUIIBTOHNAH, HE TOBOPS yKe 00 U3yUueHu!
ero cummeTpuu. I100xo0 snemenmapnoix yacmuy, (I134), 0CHOBBI KOTOPOIO 3aJI05KEHBI
B paborax Pymepa, ®era u bapyta, onupaercst Ha aHaJIOTHIO C FPyNIaMy IUHAMUYECKUX
(«BHYTPEHHHX») CHMMETpUil (PU3NKK dIIeMEHTApHBIX YacTull, Takux kak SU(2) (u3oto-
nuuecknii ciiu), SU(3) 1 SU(6). B aToM noixoe XuMHYeCKHe JIEMEHThI paccMaTpuBa-
I0TCSl KaK pa3IM4HbIe COCTOSIHUSI HEKOTOPOI CyOCTaHIUK: «aTOMHOM MaTepun» Bapyra?
[9] unu «GeccTpyKTYypHOU YaCcTUIBI C BHYTPEHHUMU CTeNeHsIMU cBOOOJIbI» Pymepa—®era
[3].

Bce nanbHelne T€OPETHKO-TPYIIIOBbIe 0000IICHNS ObUIN CBSI3aHBI C TOMBITKAMH
TEOPEeTUYECKOro OOBSICHEHUS] TaK HA3bIBAEMBIX aTOMHBIX MA2UUECKUX Yucen, ONUCHIBA-
IOIIUX yosoeHue nepuoodos: 2, 8, 8, 18, 18, 32, 32, ... Kak ormeuaet P.-O. Lowdin [18],
OTCYTCTBUE TEOPETUUECKOr0 OOBSICHEHUS YIBOCHUS NEPUOAOB (MMEIOIee MECTO 10 CUX
nop, cMm. [1,19]), paBHO3HAYHO OTCYTCTBHIO TEOPETHUECKOTO TTOHUMAHHUS IIEPUOINIECKON
CHUCTEMBI XUMUYECKHX 3]IEMEHTOB B LIEJIOM . YIBOEHHE IEPUOJOB O3HAYAET, YTO BCE MHO-
roo6paszue XuMIUYECKHX 2JIEMEHTOB €CTECTBEHHBIM 00pPa30M pacrajiaeTcsl Ha JBa MHOXKe-
CTBa C CyMMOIii (n+1), 4 THOM WM HEYETHOIA, TJie 1 M | — TIIaBHOE M OpOUTAIbHOE KBAHTO-
BbI€ YKCJIa COOTBETCTBEHHO. B pe3ynbTare 3J1eMeHThI U3 OJJHOIO U TOTO e (UETHOro Wiu
HEUYETHOT0) MHOXKECTBA XUMHUECKU 00Jiee CXOXKHU, YEM 3JIEMEHTHI U3 Pa3HbIX MHOXKECTB

“TMockonbky B pamkax 19U pasnuuHble COCTOSHUS 0OPa3YIOT eOUHYI0 K6AHMOBYIO CUChey, TO, Kak
CJIEAICTBHE, BO3MOXXHBI K6AHMOBble Nepexodbl MEXILy COCTOSHUSIMU (TPAaHCMYyTalsl 3JEMEHTOB). B aTom
KOHTEKCTE «aTOMHYIO MaTepuio» bapyTa cienyeT noHUMaTh Kak «IepBUUHYIO MaTepuio» (prima materia).

3CornacHo IMpOKO pacnpoCTpaHEHHOMY 3a6Ty>KIEHUIO, IIaHETapHas Mojiesib Bopa 00bsICHSIET nepy-
oyeckyio cucteMy MenneneeBa. OnHako Bop BBIBOOUII 3/1eKTpOHHBIE KOH(MHUTIYpaLy HE U3 KBAHTOBOH
TEOPHH, a UCXOMS U3 U3BECTHBIX XUMUYECKUX U CIIEKTPOCKONMMYECKMX CBOWCTB 3JieMeHTOB. Bonee Toro,
MHTEpHpeTanys CTPYKTYpbI EPUOAMYECKON CUCTEMBI Ha OCHOBE MOCIIE0BATEIbHOCTH 3aMOHEHUST AJIeK-
TPOHHBIX aTOMHBIX OpOMTaslell B COOTBETCTBIM C MX OTHOCUTEJIBbHBIMU SHEPIUSIMU €, BeCbMa M BECbMa
NpUOIKEHHA. Y HUBEpCAJIBHOM MOCIIEI0BATEIBHOCTH OPOUTANIBHBIX SHEPTHH £, HE CYILECTBYET, K TOMY
e Takasi II0CJIeOBAaTENbHOCTb He ONpeesIsieT MOJHOCTBIO MOPSIOK 3aceIeHNs] aTOMHBIX OpOuTasei aaeK-
TPOHaMH, TOCKOJIbKY HEOOXOIUM YUET KOH(UTYPAILIMOHHBIX B3aUMOICUCTBUII (HaI0XKeHHe KOH(Urypanui
B MHOTOKOH(UIYpalMOHHOM NpubimkeHnn). HenspecTHa npuyrHa MOBTOPEHUST CXOIHBIX 3JIEKTPOHHBIX
KoHpurypanuii aromoB (6osnee nmogpo6Ho cM. [20]). B pesynbrare Mofens Bopa MoxkeT BocniponsBecTH (ar-
MPOKCUMHPOBATh) IEPBOHAYAIbHOE OTKPhITHE MeHjieneeBa TOJIbKO C MOMOIIBIO MaTeMaTHIeCKUX MpuOJIn-
JKeHU# (B paMKax OIHOAJIEKTPOHHOTO MPUOIIMKEHNsT XapTpH) — OHA He MOXKET Mpeficka3aTh (00ObSICHUTB)
nepuogryeckyio cucremy. Kak cnencrsue, HIMpoKo pacpocTpaHEHHOE MPEICTaBIeHIE O CBOTUMOCTH (pe-
OYKIHN) XUMUU K (PU3UKE CTABUTCS 1o coMHeHue [21,22]. B ¢Bsi3u ¢ 3TUM B MOC/eIHee BpeMsi B )KypHaJsie
Foundations of Chemistry Bo3HHKJIa JOBOJIHO MIUPOKas JUCKYCCHUSI 00 OHTOJIOTMUECKOM CTaTyce XUMHU.
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[23-25]. BapyT nbitalics o0ObsSICHUTb YIBOEHHE NEPUOIOB NPU MOMOIIY PEAYKLUU MPe-
cranenuit h kondopmHoii rpynmet SO (4, 2) otHocuTensHO nogrpymnist SO(3, 2) (rpynmna
anTu-1e Currepa), OCHOBAaHHOM Ha CJIEAYIONICH [eNoYKe:

S0(4,2) S SO(3,2) D SO(3) ® SO(2),

COIJIACHO KOTOpOW MpeficTaBieHue h pacnagaercs Ha cymmy h = h, @ h,, rae h. co-
oTBeTCcTBYeT 4€THOMY (1 + [), h, — He4uéTHOMY (1 + [). OCTPOBCKUIi, KPUTHKYSI CXEMY
BapyTa, oTMeuaert, 4To coriiacHO 3Toi pegykiuu noarpynna O(4) monHoCcThiO TepsieT
cBo€ 3HaueHue. OTcrofia cliefyeT, YTO KBAaHTOBOE YUCIIO 7, KOTOPOE HENOCPENCTBEHHO
cesi3aHo ¢ O(4), He mosiisieTcs B 1ol cxeme. OHAKO 3TO KBAHTOBOE YHCIIO SIBIISIETCS
CYILIECTBEHHBIM JIJIsl ONIMCAHMS MepHOANIecKoi cucteMbl®. Bonee Toro, ¢ rpymmnoi O(4)
CBSI3aHO NEpPBOE MPUMEHEHUE TEOPHHU IPYIII B KBAHTOBOW MexaHuKe. B cratbe 1926 T. [27]
[Taynu ucnosb30Basl MATPUYHYIO MeXaHUKY ['eii3enbepra Jist moyyueHusl CeKTpa aToMa
Bofoponia. [Tomumo yrioBoro Momenta L, Tlaynmu Takske BBENT KBAHTOBOMEXaHUYECKUN
a”aJsior A knaccudeckoro Bekropa Jlannaca—PyHre—JIenua. MHBapuaHTHOCTb raMUJIbTO-
HMaHa OTHOCHUTENIbHO 3TUX onepatopos (L u A) okaszanack 10CTaTOUYHOM AJ1s1 0ObSICHEHUSI
MOJIHOTO BBIPOXKEHHUS crieKTpa Bogopoaa. Kpome Toro, coorBercTByoias anrebpa Mo-
XeT ObITh MACHTU(UIMPOBaHA Kak anre6pa JIu rpynisl BpaleHuil B 4eThIpEX U3MEPEHU-
sIX, N30MOp(GHAs crenuaibHOl opToroHansaon rpymmne SO(4), uto BnocieacTBun O6bLIO
cTporo ycraHoBjieHo B. @okowm [28] (u nanee B. baprmanowm [29]).

B pa6orax A.HN. ®era [30,31] ynBoeHne nepuopoB UHTEPIPETUPYETCSI NOCPEACTBOM
BKJIIOYCHHUS] IUKJINYECKON TPYNIbI Zso (T. €. TPYNIbI EPECTaHOBOK JIBYX 3JIEMEHTOB) B
IUHAMUYECKYIO TPYIITy:

Gr=0(4,2) ® SU(2) ® Zs.

Hanee, B 1981 r. OctpoBckuid [32] BBOIUT rpyniy
Go =0(4,2) ® SU(2)s ® SU(2)r.

Eé noarpynmna O(4) ® SU(2)s ® SU(2)7 conepxut cummerputo O(4), koTopasi IpuBo-
IUT K MpecTaBleHusM pasMepHoctu n?. Tlocpeactsom pacimpenus rpymmnbsl O(4) 1o
O(4) ® SU(2)s pasmMepHOCTH NpefcTaBieHuil yaausaores 1o 2n?. Hwkuuil ubgekc S
3/1eCh yKa3bIBaeT Ha (u3nueckoe nporcxoxaeHue rpymmsl SU(2) OT aMeKTpOHHOTO CrH-
Ha m; = £1/2. OCTPOBCKHI HA3bIBAJ 3TO «TOPU30HTAIIBLHOE» YIBOCHHUE JJIMH MEPUO-
JIOB CNUHOBbIM YO80eHueMm. «BepTukanbHOe» yIBOEHNUE JIJIMH NEPUOIOB, U3BECTHOE KaK
(hakTHUecKoe yogoeHue nepuodos B NEPUOANUECKON cucTeMe, ObUIo ChOPMYIUPOBAHO
OCTpPOBCKHMM B TEOPETHKO-TPYIINOBON (hopme myTéM BBeneHusi Bropout rpymmsl SU(2),
o603navaemoit SU(2)7 u ¢popManbHO aHATOTHYHON IPYIIe U30CIUHA. ITO MPUBOIUT K
08ym konusm npencrasnennii rpynnsl O(4,2) @ SU(2)g, KOTOpble peatu3yrTcst B IBYX
Pa3IMYHBIX THILOEPTOBBIX NpocTpaHcTBax . 1 H_. OCTPOBCKHIA BBOJUT TPH ONEpaTo-
pa Ty, T_ u Ty anre6psl su(2)r, rue oneparop 13 neiictByer kak reHeparop Kaprana,

®VnBoenue nepuonoB, NpeaiokeHHoe BapyToM MocpecTBOM IBYX pasiMUHbIX MPEACTABJICHHUI IPyTITIbI
antu-se Currepa SO(3,2), O. HoBapo [26] HasbiBaeT «(aTaabHbIM HEOCTATKOM», IIOCKOJIbKY TOTyYato-
1Mecs pa3MepPHOCTH He COOTBETCTBYIOT MarndeckuM uucnam. Cam HoBapo nbITancst 0ObSICHUTD YABOEHHE
[EPUOMIOB TOCPENCTBOM pa3iMyust ByX TUIOB npefcrasieHuii (7, 7,0) u (4,0, §) rpymnst G g [26].
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pa3IMYAIONIMIA COCTOSHUSI U3 000MX HNOMIPOCTpaHcTB H, 1 H_, a JIeCTHUYHBIE Onepa-
Tophl 1 NEWCTBYIOT KaK oneparopsl capura Mexay H., u H_. CpaBHeHue C rpynmnoun
®eta G, rjie yiBoeHHe MEePHOIOB 3a1aETCsl IIUKIMUYECKOM TPYIOi Zy, MOKa3bIBACT, YTO
KOHCTpYKIus GG - He IPUBOAMT K UCTIOJIL30BAHUIO JIECTHUYHBIX OMEPATOPOB ISl COENUHE-
HUS IByX HemepeceKaomuxcs npencrapienuit rpymnmst O (4, 2) @ SU(2)g, Kak 310 uMeer
MecTo B koHCTpyKun OctpoBckoro Go. B cBoux nmocnenyomux padorax [33,34] der
HCIOIb3YET 1O CyTH Takyio ke rpymnimy SO(4, 2) ® SU(2) ® SU(2)’, kak y OcTpoBCKOro.

B Hacrosiiieit crathbe, SIBISIOLIECS TPOIOJI’KeHueM cepur pabot [35-38], nsyyaer-
Csl CTPYKTypa IpymnmnoBoi anre6psl 50(4, 2) kordopmuoii rpymmnbt SO(4, 2), rpyrisl, Kak
nokasaJjo BpeMsl, Haubosiee NOgXOAsIe 1Sl U3y4YeHus epUOAUYECKON CUCTEMbI XMMU-
YeCKuX 3JIeMeHTOB. 3a uckitouenueM rpynnsl HoBapo—beppongo Gy, aTa rpynna sis-
JIIeTCS TJIAaBHOW COCTAaBHOM 4acThio rpymmbl ®eta G u rpynmsl OctpoBckoro Go. [To
9TOW MpPUYKMHE rpymnmoBasi anrebpa $0(4,2) OMMCHIBAET OCHOBHBbIE CTPYKTYpPHbIE CBOW-
cTBa mepuoprueckoil cucteMsl. [Ipexnae Bcero, anrebpa Jlu so(4,2) sBisiercs anre6-
pOil TPEThEero paHra, YTo JieJaeT BO3MOXHBIM IpapuyecKyio BU3yaslu3allio KOPHEBON
¥ BECOBOM anarpamm’. ['paduyeckuii acrekT upe3BbIUaiHO BaXKeH, MIOCKONLKY MEPBON
(hopMoi1, B KOTOPOU SIBJISIETCSI IEPUOAMUECKHI 3aKOH, €CTh BCEM M3BECTHOE ero TabInd-
Hoe npencraBienue. B kaure E.I. Ma3zypca [40] (cm. Takke kaury [.B. Ban CnipoHcoHa
[41]) npuBeneHo Gosnee 700 paznuuHbIX rpaUyYecKUX MPEACcCTaBICHUN NepPUOAUYECKOn
cucreMbl MenpeneeBa. Cam MeHjiesneeB, Kak U3BECTHO, IPEANOYUTAT TPEXMEPHYIO CIU-
pajieBUHYI0 KOHCTpYKLHMIO (HanogoOue koHcTpykuuu llankoprya). CtpykTypa anreopbl
50(4, 2) onpenensieTcsi Bbiie/eHreM nofaireopbl KapraHa i nociegyommmM mocTpoeHu-
eM rereparopoB Beilis, uto mo3Bosisiet 3aath 6a3uc Kaprana—Beiist anre6pst so(4, 2)
U MIOCTPOUTH COOTBETCTBYIOIYIO KOPHEBYIO M BECOBYIO AMarpamMMel. B 1.2 B kpaTkoi
(hopMe paccMaTpuBaIOTCsl Bce HEOOXOAUMbIE ISl JaIbHEUIIero UccieoBaHusl IpyIo-
BOU anreOpsl 50(4, 2) TeopeTnyeckre KOHCTpyKuuu: nofganredopa Kaprana, reneparopsl
Beiins u unBapuantsl Kasumupa. B 1. 3 ucnonssyercs npencrasinenue bapyra nist reHe-
paTtopoB anre6psl 50(4, 2) kak HanbGosee yroO6HOe AJIst moceayoei peaykuun so(4, 2)
K e& moganreGpam s0(3,1) ~ sl(2,C), so(4) u s0(2,2). IIpu 3TOM HCHIOJB3YETCs Te-
pexoll K IBYKPaTHOMY HaKpbITHIO KOH(opmHou rpymimbl SO(4, 2), kotopoe nu3oMopdHO
rpynne SU(2,2)8. Yuurapnbie npencrasienus rpynnst SU(2, 2), cinenys metony Toma-
ca [43], m3yuanuck B pabotax [44—49] rnaBHbIM 00pa30oM OTHOCUTEILHO MaKCUMAJIbHOM
kommakTHou mogrpymnsl K = SU(2) ® SU(2) ® U(1). KonedHOMepHbIe NpecTaBIeHUs
rpynmnsl SU(2, 2) onpefensitoresi B Gasuce Mao [47] OTHOCHTEIBHO noarpynmsl K.

"Hnst anre6p JIu panra r > 3 rpaduueckas peanusalis KOPHEBBIX U BECOBBIX JMarpaMM CTAHOBHT-
Csl IPAKTUYECKH HEBO3MOKHON. AJTbTEpHATHBHBIM METOTOM TIOCTPOCHUS TAKUX JHarpamm it anre6p Jlun
JI000ro paHra sijsieTcst Metop guarpamm JpiHkuHa [39].

8C uncro anre6panueckoii TOuky 3penust Gojiee ajgeKBaTHO pacCMOTPeHHe KOH(OPMHOI FPyMbI ¢ 06-
parHoil curHatypoit, T. €. SO(2, 4), HOCKOJIBKY B 3TOM Cllyyae JIBYJIMCTHOE HAKPBITHE (CIMHOPHASI TPYIIIa)
Spin (2,4) ~ SU(2,2) umeer kBaTepHronHoe Kombuo nenenust K ~ H B ormmume ot Spin, (4,2) ¢
BelecTBeHHbIM KojibioM K ~ R, cm. [42].
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2. Ilopanreopa Kaprana u reneparopsl Beilis

[Tyctb g — anre6pa Jlu pazmepHocTu n, obpazoBaHHas reHepaTopamu X; (i = 1 <— n),
KOTOpPBIE YIOBJIETBOPSIIOT IEPECTAHOBOYHBIM COOTHOIIICHHUSIM

[sz Xj] = Z fijkxk = fijkxk7
k=1

1€ fijx — CTPyKTypHbIE KOHCTAHTBI. 1m reHepaTtopoB X; o0pasyloT 6asuc B anre6psl JIn
g.

Omnpenenenue 1. (MakcumanbHas abeneBa nogajiredpa.) AGenesa nopanredpa K aj-
reOpbl JIu g Ha3bIBAETCS MAKCUMANBLHOI, KOTIA HET NOTIOHUTEIILHBIX 2JIEMEHTOB anre6-
Pbl g, KOTOpble KOMMYTHPYIOT CO BCEMU 3JieMeHTaMu nojanreopsl K.

[TopanreOpa K Gojee u3BeCTHA Kak nooaazebpa Kapmana anreOpsl g, a 4UCIO M
aneMeHTOB nopanreopsl Kaprana Ha3zbiBaeTcst paneom anredpst Jlu g.

Omnpenenenue 2. (ITonanre6pa Kaprana anre6pst JIu.) [Tycts g — n-MepHas anre6pa
JIn, Torma MHOKECTBO BCEX B3aMMHO KOMMYTHUPYOIINX Ga3ucHbix anemeHToB {X; = H; }
(: = 1 — m) anre6psl g oOpasyet 6a3uc MmakcumasibHOU abeneBon noganreopel K C g.

Omnpenenenne 3. (Panr anre6pst JIu.) PasmepHocts m nopanre6psl Kaprana & C g
omnpenensieT parne anreopsl Jlu g.

Onementsl H; nomanre6psl Kaprana K HaszbiBatoTcs eenepamopamu Kapmana nnm
anemenmamu Kapmana. I'eneparopel Kaprana ynoBiaeTBOPSIIOT IEPECTAHOBOYHBIM COOT-
HOIIIEHUSIM

[Hi,Hj] :O, VZ,] = 1,...,m. (1)

970 o3HayvaeT, uto Bce H; omHOBpeMeHHO inaroHanuzupyeMbl. O603Hauast ux COOCTBEH-
HbIE 3HAUEHUS Yepe3 h;, MoTydnm

Hi‘hl,hg,...,hm>:hi’hl,hg,...,hm>, Vi=1— m.

CoOGcTBeHHbBIE 3HAYEHUS h; HAa3bIBAIOTCS 8ecamu. h; MOXKHO paccCMaTpUBaTh KaK KOMIIO-
HEHTBI M-MEpHOro BekTopa h, KOTOpbIi Ha3bIBACTCS 8eCO8biM ekmopom. Beca nonai-
reOpbl KapTrana ucnonb3yroTcsl Kak KBaHTOBbIE UMcia i1 0003HAYEHUS! IAaHHOTO MYJIb-
TUTLIETA.

Hanee, u3z ocrapuuxcs reneparopoB X; anredpol g (i = 1 — n — m), He gABJIS-
IOIUXCS AJIeMeHTamMu noanre6psl Kaprana K, o6pa3yeM JTUHEHbIE KOMOUHAIIMN, KOTO-
pbie, B CBOIO OUepefib, 00pa3yoT MHOXKECTBO NOBbIULAIOUUX U HOHUNCAIOUUX OTIEPATOPOB
(recmuuunvle onepamopuwt E, — cenepamopui Betina unu sanemenmot Betins). Hapsny ¢
reHeparopamu Kaprana H;, onu cocrasisitor 6asuc Kapmana—Beiins {H;, E,} anre6ps
g.

Takum o6pa3om, anredpa JIu g MosKeT ObITh pa3iodkeHa B MPSIMYI0 CYMMY, COCTOSITITYIO
u3 nopanre6pet Kaprana 8 (m reneparopos H;) u (n — m) ogaomepHbix nogaire6p 2,
o0pa3yeMbIx reHeparopamu Beins E,.:

n—m

i=fPW.=foW oW ... 0W, .

a=1
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Teneparopsl H; u E,, yI0OBIETBOPSIOT EPECTAHOBOYHBIM COOTHOIIEHUSIM
H,E,|=E,, VYi=1—-m, a=1—>n—m. 2)

CootHomienus (2) MOryT ObITh 3allMCaHbl CAEAYIOLUM 00pa3oM:

[Hla Ea] (0%1

H, E, o

| o N ?| Eq = aE,
[Hma Ea] Om

PaznuuHble «; Ha3bIBAIOTCS KopHsamu TeHeparopa E,. MHOXecTBO KOpHE# a; MOXET
paccMaTpuBaThCsl KaK COBOKYMHOCTb KOMIIOHEHT BEKTOpPa (x, Ha3bIBAEMOT'O KOPHEBbIM
8€KMOPOM, KOTOPBII MPUHAJICKUT M-MEPHOMY KopHesomy npocmparcmay. KopHeBon
BEKTOP JJIs1 Kaxoro reneparopa Beins E, MoxxeT ObITh 300pakéH Ha [uarpaMmme, Ha-
3BIBAEMOU Ouazpammoil Beitas, pa3sMepHOCTb KOTOPOW paBHa paHry m anre6psl Jlu g.
CanenyeT oTMeTHTb, 4TO B cuity (1) Bce reneparopsl Kaprana H; umeror kopau «; = 0 1,
ClielloBaTeNbHO, paclojiaraloTcs B IGHTpe AuarpaMmbl Beis.

B o61eM ciiydae crannapTHasi popMa KOMMYTAIIMOHHBIX COOTHOIICHUIA JIJIsl TeHepa-
TOpOB aireopsl JIu g 3anucbiBaeTcs CaeqyomuM 00pa3om:

H,H,] = 0 Vij=1,...,m;

H,,E.] = «E,, Vi=1—m, a=1—>n—m; 3)
[E.,E_.] = a'H;

[E.,Es] = NE,, B# -«

Bennunzel Ngﬁ TaK>K€ MOTYT ObITb BbIPa)KEHbI Uepe3 KOPHEBbIE BEKTOPbI, TaK YTO Mbl
3HaeM alrebpy g, eciid U3BECTHbI €€ KOPHU. DT KOPHU 00J1aJJaloT CBOIICTBOM

E iy = 0ij,
«

e (v MOXKET IPUHUMATD TOJIBKO (1 — M) 3HAUCHHI:

1
a==+1, +2, ..., j:§(n—m). 4)
Hanee, unsapuanmot Kasumupa C,, KOMMyTHPYIOT CO BCeMH reHeparopamu X; ai-
reOpsl g:
C..,X;]=0, Vu=1—-m,i=1—n.

Yucno uaBapuaHToB (onepatopoB) Kazumupa st jaHHon anre6psl JIu g onpenensieTcst
paHrom aToi anreGpbl.

Teopema 1. (Teopema Pakd) [las kaxcooit n-meprhoit arcebpol Jlu g panea m cyuye-
cmeyem 6 obueit caoxcHocmu m onepamopos Kasumupa C, (n = 1 — m), komopole
Kommymupyiom ¢ cenepamopamu X; (i = 1 — n) arzebpwi g.
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Kak ciencrsue, Bce C,, Takxke KOMMYTHpYIOT ¢ reHepaTopamu Kaprana H;:
C.,H)| =0, Vu,i=1-—=m.

Takum 06pa3zoM, MOXKHO HAWTH TTOJIHBIN HAG0P COCTOSIHUM, KOTOPbIE OMTHOBPEMEHHO SIBJISI-
10TCsl coOcTBeHHbIMU cocTosiHusiMu Beex C,, m H;. Onpenenym KeT-BeKTOp ClefyIonero
BUJIA:

01)027"‘)Cm;h17h27”‘7hm> - |C,Lt;h'i>7

rae c,, h; — cobctBeHHble 3HaueHus oneparopos C,, H;. Torga
C.lew hi) = culeus hi) s Hileu; hi) = hilcys hi)

ISl BCeX fi,% = 1 — m. Mbl IpuxoguM K BbIBOMLY, 4TO MHBapuaHThl Kasumupa C, n
o6pasyromue H; noganre6psl Kaprana S no3BosisioT HaM NIOMeUaTh KaKI0€ COCTOSTHHE
MYJIbTHUIIETA, B TO BpeMsl Kak JeCTHUYHbIE onepaTopbl E, mo3BossioT nepemeniaTbest
MEXJy COCTOSTHUSIMHA BHYTPU MYJIbTHILIETA, KaK MOKa3aHo Ha nuarpamme Beiins. Takum
o0Opa3oM, Korja iecTHHYHBI oneparop E,, Bo3neficTByeT Ha KeT-BeKTOp |c,,; h;), OH CIBH-
raet coOcTBeHHOE 3HavyeHue oneparopoB H; Ha BeIMUMHY v; B COOTBETCTBUH C

Ea |CM; hl> ~ |CM; hl -+ Oél> .

3. Kondopmuas rpymma SO (4, 2)

CrerpanbHasi ICEBIOOPTOrOHAIbHAS IPYIINA B mecTH uamepeHusix, SO(4,2), coot-
BETCTBYET IPyNIE BPalleHUH IIECTUMEPHOTO NCEBIOEBKIMIOBA TpOCcTpancTBa RY2, umw,
YTO 9KBUBAJIEHTHO, MHOXECTBY 6 X 6 OPTOrOHAJbHBIX MATPUL], OCTaBJISIOIINX KBaJpa-
TUYHYIO (hOpPMY

Q(r)=ai+a3+ai+ai—ai—ag=r'"r,

e r = [y, o, T3, Tq, Ts, x6]T, MHBAPUAHTHOM.

CtpykTypa cooTBeTCTBYMOIIEH anre6psl JIu s0(4, 2) onpenenseTcss KOMMYTallHOHHbI-
MU cBolicTBaMy e€ reHepaTtopoB L, s. L, s 06pasytor 6asuc anreGpsl s0(4, 2). Yuco Hesa-
BUCHMBIX T€HEpaTOPOB JIETKO HAWTH: U3 36 BO3MOXKHBIX KOMOWHAIIMN WHIEKCOB v U 3
1iecTb KOMOMHAIMI Ucye3aoT B cuily L, = 0, 3TO yMeHbIIAeT YUCIIO FeHepaTopoB J10
30. bonee Toro, B cuny L,g = —Lg, ocTaércs TonbKo 15 HE3aBUCHMBIX F€HEPATOPOB,
YUCII0 KOTOPBIX TAKXKE MOXKET OBbITh MOJIYIEHO ¢ MOMOIIbIO (hopmysib nn(n — 1) /2. Takum
obpazom,

0 L2 Liz Ly Lis Ly
0 Ly Lo Ly Ly

0 Lsgy Lgs L
Lo 34 bss L36| (5)
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Cucrema nsTHaaLaTH reHepatopos L,z anreGpsl 50(4, 2) ynoBIeTBOpPSIET CIICAYOLMM
NepeCTaHOBOYHBIM COOTHOLIECHUSIM:

[Lag, Lys) = 7 (gaslpy + 98yLas — gayLss — 9aslar) (6)

e o, 3,7,0 = 1,...,6, ¢ # B, v # 0, IPU ITOM g11 = Qoo = §33 = Gaa = 1,
g55 = ges = — 1.

3.1. Bogopoanasi peamm3anus anre6psl so(4, 2)

B aroMm nyHKTe paccMoTpuM npedcmasaenue Bapyma [9, 50] anre6ps JIu so(4,2)
koHpopmuon rpymmnst SO(4, 2). Kak ormeuanocs Bo BBegenunu, noarpynmna SO(4) ume-
eT BaXKHOE 3HAaUeHHUE B MOJIHON crieKTp-renepupytomiei rpynmne SO(4, 2). I'pynna SO(4)
OMMKCHIBAET BBIPOXKJCHKE YPOBHEH dHEpruu aroma Bomopona [7,27]. B anre6pe so(4, 2)
nofanre6pa $0(4) npeacTaBieHa CIeAyOIIIMI TeHEPATOPAMH:

I—l = L237 I—2 = L317 I—3 = L127

A; =Ly, As =Ly, As;=Ly. (7

3mech Ly, Ly, L3 — reHepaTopbl yriaioBoro MoMeHTa, reHepatopbl Aq, Ay, A3 COOTBETCTBY-
10T BekTopy Jlannaca—Pynre—Jlenna [27]. KommyTanmonnsie cootHoteHus ajist (7) ume-
0T BHJ]

[I—i> L]] = igijkl—ka [LZ, AJ] = igijkAky [A“ A]] = igijk"—k-

Ianee, mojHasi CeKTp-reHepupymolias anreopa $0(4, 2) oKHA BKIIIOYATh anreopy
50(2, 1), rerepartopel A; (i = 1 — 3) KOTOpPO#i IEHCTBYIOT HA PAIHAIbHYIO YaCTh BOJO-
ponHoi BoHOBO# (yHkimu (1, 6, ¢) = R, (r)Y,™(6, ¢), a nockonbky reneparopsi L;
JIEUCTBYIOT TOJILKO Ha yIJIOBYIO YacThb, TO

CriefoBatenbHO, reHepaTopbl A; nogaareopbl $0(2, 1) He JOIKHBI COlepKaTh OOLINUX UH-
JIEKCOB ¢ reHepaTopamu L; yrinoBoro MmomeHnTa. Takum o6pasom,

A1 = I-467 AQ = L457 A3 = L56-

Kom6unupyst reHepatopbl A; ¢ As, oydnM aeMeHThl L5, Los, Lgs maroro cronbma B
(5), xotopble 0603HAYMM CUMBOJIOM B;:

Tpu reneparopa B; siBnsitoTcst komrnoHeHTamMu BekTopa B, KOTOpEI B HEKOTOPOM CMBICTIE
conpsikéH BekTopy Jlannaca—Pynre—Jlenna A.

Ananoruuno, aneMeHThl Lig, Log, Lsg mectoro cronbua B (5) noayyarTcs: nocpef-
CTBOM KOMMYyTanuu Bektopa A ¢ Aq:
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B cBoto ouepenp, Tpu renepaTopa ['; SIBISIIOTCS KOMIIOHEHTaMU BEKTOPa, 0003HAUEHHOTO
Bapytom I'.

Takum o6Gpasom, Bce 15 renepatopoB aireOpsl 50(4,2) MOTYT OBbITh IPEICTABIICHBI B
MaTpU4YHOU (hopme

0 |_3 —LQ A1 Bl 1—‘1
0 L Ay By Iy

0 A; Bz Iy
L&
0 Ay Ay
0 Agj
0

3.2. Ilopanreopa Kaprana

Haiiném makcuMaibHOE MOAMHOXKECTBO KOMMYTHPYIOHIMX TE€HEepaTOPOB ajireOphl
50(4, 2). Kak u3BecTHO, jBa reHepaTopa KOMMYTHPYIOT, €CITH OHH HE UMEIOT OOIIMX HH-
neKcoB. JIerko BUETh, YTO CPEid 'eHepaTopoB ainreOpbl $0(4, 2) 3TOMy yCIOBHUIO YIO-
BJIETBOPSIIOT Tpu reHepatopa Lo, Ly, 1 Lyg (T. €. L3, A3 1 A3 COOTBETCTBEHHO):

Ly, As] = [Ls, As] = [Ag, Ag] = 0.

Tpumner {Lj,As, A3} obpasyer 6asuc makcumasvbhoil abenedoii nodascebpor 8 C
50(4,2) (nooanzebpor Kapmana). L3, A u Az HasbiBatotcs 2enepamopamu Kapmana.
PasmeprocThb mofanreGpsl K onpepessiet pane anre6pet JIu s0(4, 2). Kak cnencrsue, Bce
KOpPHEBbIE M BECOBBIE IUarpaMMBbl Jitst 50 (4, 2) OyayT TpEXMEPHBIMU.

Hnsapuanmor Kazumupa. B cuity teopemsl Paka u Toro ¢akra, uto anrebpa s0(4, 2)
MIMEeT paHr 3, MOXKHO OXuAaTh, uto rpymnna SO(4, 2) gonyckaeT Tpu HE3aBUCUMBIX UH-
sapuanma Kaszumupa C, (;t = 1 — 3), KOTOpblE KOMMYTHPYIOT CO BCEMU I'€éHEpaTOpaMu
anre6psl s0(4, 2). Hanbonee BaxubiM oneparopom Kasumupa rpynmst SO (4, 2) siBasiercst
KBaJpaTuyHas KOMOUHAIMS UHBAPUAHTOB PA3JIMYHBIX MOATPYIIIL:

C,=L"+A>-B*-T?+A2- A2 - AL

3nech L? + A% u A2 — A? — A2 usBecTHbl Kak onepaTopsl Kasumupa rpynn SO(4) u
SO(2, 1) coorBercTBenHo. OcranbHble Ba onepatopa Kasumupa rpynnst SO(4, 2) siBisi-
IOTCSI TIOJIMHOMAaMH TPEThel U YeTBEPTON CTETIEHN OTHOCUTEILHO TeHEPaTOPOB aNreOphl

s0(4,2):
1
C3 = ﬁgabcdefLabLCdLefa C4 = LabLbCLchda-

4. TI'pymma SU(2,2) u 6a3uc Slo

IBynuctHOe HakpbiTHE KOH(OopMHOI rpymmbl SO(4, 2) nuzomopduo rpymmne SU(2, 2).
SU(2,2) (rpynma nceBaoyHUTapHBIX YHUMOIY/ISIPHBIX 4 X 4 MaTpHIl) ONpeessieTcst Kak
rpynna Npeo6pa3oBaHuii YETLIPEXMEPHOTO KOMILIEKCHOro mpoctpanctea C* (TBUCTOP-
HOI'O POCTPAHCTBA), OCTABIISIONIE MHBAPMAHTHOM KBaipaTHuHyo Gopmy | Z; |2+ | Z, |2 —



28 B.B. Bapaamos. Teopemukxo-epynnosoe onucatue...

| Z3|* — | Z4|?. Tlpu atom meucmoput (Bextops npoctpanctea C*) onpenenstiores kak pe-
yIIUPOBAHHbIC CITMHOPHI 1)1k KoH(PopMHON rpynmbl (cM. [Tpunoskenue b B [51]).
Basyc anreOpsl 5u(2, 2) OTHOCUTEILHO MAKCUMAJIbHONW KOMIAKTHOM MOArPYIIIbI

K =SU(2) ® SU(2) ® U(1)
CBsI3aH C reHepaTopaMu anreGpsl 50(4, 2) crienyonumMn cooTHOIeHusIMu [47-49]:

Ki=1/2(Las+ L), Ko=1/2(Ls;1+ L), Ks=1/2(Li2+Lss), (8

3 =1/2(Los — L), Jo=1/2(Ly —Loy), Js5=1/2(Li—Ls), (9
Ti=1/2(—Lis — Lag), To=1/2(Lss—Lig), To=1/2(—Ls—Lss), (10)
S;=1/2(—Lis+Lag), Ss=1/2(—Los—Lig), So=1/2(Lis—Lss), (11)
P, =1/2(—Lss —Ly), Po=1/2(Ly —Lss), Po=1/2(—Lss—Ls), (12)

Qi =1/2(Lss —Lss), Q2=1/2(Lys+Lss), Qo=1/2(Lss — Lsg). (13)

Bazuc o (8)—(13) copepxxut 18 reneparopoB, 4To cO3AaET U3OBITOUYHYIO CUCTEMY Ie-
HepaTopoB st anreOpbl §0(4, 2), NOCKOJbKY MOCIEIHSISI COCTOUT U3 15 He3aBHCHMBIX
reHeparopoB. Basuc anre6psl 50(4,2) MoxHO mosyuuth u3 (8)—(13), UCKIIOUKMB TPH re-
HepaTopa ¢ MOMOIIbIO COOTHOIICHHIA

J3+ K3 =S5 —T) =L =Ls, (14)
J; — K3 =Py — Q= —L3y = —A;, (15)
Po+Qo=S0+Typ=—Lss =—As. (16)

Jlerko BueTh, uTo mecth reHepaTopoB Ks, J3, Py, Qo, Sp, T 6a3uca 5o B cuiy co-
orroteHuit (14)—(16) amynupyror noganre6py Kaprana & = {Ls, A3, A3} anre6psi Jlu
s0(4,2).

W3 ocraBmmxcs 12 reneparopos 6asuca (8)—(13) o6pasyem reneparopsl Beiinst no-
CPEfICTBOM CIIEAYIOIINX JTMHENHBIX KOMOUHAIIUI

Ji =3 £idy, PL=P;+iPy, Si=85;+1iS,,

Ki=K;+iKy, Qi =Q:+iQz, Ti=T;£:To. (17)

W3yueHne sIBHOrO BUja 1 KOPHEBOM CTPYKTYpPbI FreéHepaTopoB Beiliisi B 3aBUCUMOCTH
OT Pa3IMYHBIX MofaIre6p anreOpbl §0(4,2) BBIXOIUT 3a OrpaHUYCHHBbIC PAMKU TaHHOU
CTaThy U OyIET pacCCMOTPEHO B cllefyolleil paboTe.
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GROUP THEORETICAL DESCRIPTION OF PERIODIC SYSTEM OF ELEMENTS.

IV: GROUP ALGEBRA
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Abstract. The structure of the group algebra of a conformal group (the group underlying the
group-theoretic description of the periodic system of chemical elements) is considered within
the framework of a twofold covering. The hydrogen realization of the Cartan subalgebra and
Weyl generators of the group algebra is studied.
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