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BBEJIEHHUE

ITpoGieM KB HTOBBIX YMCEN U4 JTIOOBIX 4 CTHL UMEET [OBE COCT BIISIOLIME.
Bo-mepBbIx, 3T0 3 1 4 ONUC HHUS CBOOOAHBIX Yp BHEHUH, pEIIeHUs] KOTOPBIX IPH
3 IMCH M TPUYHBIX 3JIEMEHTOB MIP 0T POJb H Y JIbHBIX U KOHEYHBIX OOKJI JOK.
Brop s ctopon npoGiieMsl CBSI3 H C ONKMC HHUEM B3 UMOJIEHCTBHH TEX Xe C MBIX
Y CTHLl C Y CTHIl MU, B 0OmIeM ciyd e, Apyroro copT . O6e CTOPOHBI CBSI3 HBI
Mexay coOoii He Bcern OYEeBHIHBIM WM TPUBH JIbHBIM 00p 30M. Hemporusope-
YHBOE pelleHre MpooieMbl B 1IEJIOM H KJI JIbIB €T OIp HHUYEHUs 110 COIVI COB HUIO
9THUX ABYX CTOPOH IPOSBICHUS CBOWUCTB 2J1€MEHT pHBIX 4 cTull. H mpumep, 3 psan
DIEKTPOH OTCYTCTBYET B CBOOOIHOM yp BHeHMHU [lUp K , OOH KO 11 JEKB THOIO
OIIC HUS MOBEACHHUS 3JIEKTPOH B M T'HHTHOM IIOJI€ TPYMIT ~y-M TPHUL CBOOOTHOTO
yp BHeHHUd JuMp K [OIKH YHOBJIETBOPSTH OIPENEICHHbIM TPEOOB HUAM.

Yp BHeHusI CBOOOOHBIX COCTOSTHHHM SBIISIOTCS €IMHCTBEHHOM BO3MOXHOCTBIO
MOJTyY Th TEOPETHYECKH KB HTOBBIC YHCI , MACHTU(DUIUPYIOLINE JTI00bIE JTENTOHBI
B TOH Mepe, B K KOIl 3TO BO3MOXHO JI1 CBOOOOHBIX yp BHeHHH. T Kue KB HTO-
Bble YMCIT (WM MX HEKOTOPYI0 COBOKYHNHOCTb) OyleM H 3bIB Th CTPYKTYPHBIMH
KB HTOBBIMHM YMCJI MH TOTO WJIM WHOIO JIENTOH , HE 3 OBIB s IIPH 3TOM, 4TO BO
BCEH IOJIHOTE CBOWCTB JIENTOHOB, BKIIIOY 9 KB HTOBBIE YHCJ , MPOSBISIOTCS B
PE3yNbT Te B3 UMOIEUCTBUS.

HecMoTps H SCHYIO W BIIOJIHE OIPEIENCHHYI0 POJib CBOOOMHBIX COCTOSHUIA,
MBI HE MIMEEM EJMHOIO M YIOBIETBOPHTEIBHOIO TEOPETHYECKOrO OIUC HHS 00b-
€KTOB, KOTOpBIE H 3bIB €M JIENTOH MM K K CT OWIBHBIMH, T K M HeCT OWJIbHBIMH,
BIUIOTH 10 H WX AHEH. B 4 cTHOCTH, Teopus He OOBSICHSIET IPUYUHBI U X P KTEp
P 31MUMii MEXTy CT GUIBHBIMHU JIENTOH MM €t M HecT GUIBHBIMM MIOOH MU THIT
ut((i — €)-yHuBepc JBHOCTB) M He B COCTOSHHM OTBETHTh H BOTPOC O TIOJTHOM
YHCIIe JISNTOHOB U PN IPYrMX BonpocoB. T Koe MoJoXeHHe CIyXHUT MPU3H KOM
HETIOJIHOTBI TEOPHH B BOIIPOCE, KOTOPBIHA SBISETCS MCXOOHBIM Ul (DH3UKH 3Jie-
MEHT PHBIX 4 CTUI. 3H YMMOCTh KOHLEILUH KB HTOBBIX YHCeNl OyaeT BO3p CT Th
B TOW Mepe, B K KOW Oy#eT p CTH pOJjib IPYIIIOBBIX METOIOB B TEOPUH dIIEMEH-
T pHBIX 4 ctull. [ToaTBepXkaeHHEM TOMY CIIyXKUT OIpefeleHUe KB HTOBBIX YHCEll,
1 HHoe Beiinem [1]: «...KB HTOBbIE UHCH SBIISIOTCS UHIEKC MU, X P KTEpU3y-
IOIUMH TPeACT BJCHUS Ipynm». OCHOB HHMEM ISl T KOTO 3 KJIIOUEHHMS MOCITYXUIT

H JIU3 TOMHBIX CIEKTpPOB.



K 4ecTBeHHO HOBYIO pOJIb KOHLENUUS KB HTOBBIX YUCENl CBIIP J1 B YTBEP-
KIOEHUU U P 3BUTHM YHUT PHOU cuMMeTpuu. Ee poib B IPOHHOM CEKTOpE OK -
3 JI Ch ONPEAENSIoEeH I MOCAeoyOIEero mporpece (PU3MKM BIEMEHT PHBIX U -
cTUL. 31ech KB HTOBBIE YHCI MPSIMO CBSI3bIB IOTCS CO CTPYKTYpOW 4 CTHI H,
IO CyTU A€ , NOAMEHSIT €e. YHUT PH 4 CUMMETPUS H YUH €TCd ¢ KOHLENLIUU
COXp HAIOIIUXCA KB HTOBBIX YMCEJ, B OCHOBE KOTOPOH JIEXUT KOMIUIEKC DKCIIe-
PUMEHT JIBHBIX () KTOB, YCT HOBJIEHHBIX C JOCT TOYHOH TOYHOCTBIO, IIPH IOJTHOM
OTCYTCTBUH TEOPETHYECKOro OOBSICHEHMS IPUPOJIBI C MUX KB HTOBBIX 4ucen. bo-
Jiee eCTECTBEHHBIM IIPEJICT BIIFAETCH IOJIOXKEHHE, KO COCTOSHHS 9JIEMEHT PHBIX
4 CTUL 4BJISI0TCA OCHOBOU IS IOSBJIEHUS KB HTOBBIX uHcell. UTo K ¢ eTcd mpen-
[IOJIOKEHUS O TOM, YTO 9JIEMEHT PHBIE Y CTHULBI YKJI JbIB I0TCd B P MKU IIpEl-
CT BJIGHUU YHUT PHBIX IPYII, TO OHO, JEHCTBUTENILHO, BBIIIOJIHAETCH, HO HE €IU-
HOOOp 3HO, HE TOYHO, HE Bcerh . bosee TOro, U3 YHUT PHOM CXEMbI HOTHOCTBHIO
BBII [ €T JIENTOHHBIA ceKTOp. H K 4YecTBEHHOM ypOBHE 9TO MOXHO IOHUM Th
T K, YTO JIENTOHHBIH CEKTOP HEBO3MOXHO OIHUC Th BHE P MOK IIOCJIENOB TEIBHOIO
PEJIATUBU3M , TOTJ K K YHUT PH Sl CHMMETPHS HE YIOBJIETBOPSIET dTOMY TPEOOB -
nuio. [TogoGHbIe cOOOp KEHUS CIyX T JIONOJTHUTEIBHBIMU PIYMEHT MU B IOJIb3Y
BOJTHOBBIX Yp BHEHHMI JI JIENTOHOB K K HOCHUTEJEH CTPYKTYpPHON MH(OPM LHUH.

ITo mpormecTBun MONyBEK CO BPEMEHHM OTKPBITHA HECOXP HEHMs MPOCTpP H-
CTBEHHOI YE€THOCTH HEJIb3s HE OTMETUTD, YTO 3H UUTEJIbHBINA IIPOTPECC B ONUC HUU
JIENITOHHOTO ceKTop He oboutencs 6e3 npobenos B Teopun. COBEpIIEHHO HE Ipe-
TeHAysd H TOJIHOe OOCYyXIeHHEe JI HHOrO BOIPOC , MOJIE3HO OTMETHTH JIMIIb TO
HEMHOI'O€, YTO MOXET OK 3 ThCd CYLIECTBEHHBIM B J{ JIbHEHILEM IIPU IIepEXOfe K
KOJIMYECTBEHHBIM OLIEHK M M BBIYHMCIICHUAM.

X pOHOJIOTUYECKH TIEPBBIMH, KTO O0Op THIICS K BBIYHMCIICHUSM C Y4 CTHEM Hell-
TPUHO, H PYLI IOIIMM IIPOCTP HCTBEHHYIO YETHOCTh, C YETKO OOO3H YEHHOMW I10-
sunmed, 6put JIn 1 SIHr [2]. ABTOpBI cien Jin BBIOOD B MOJIB3Y T K H 3bIB €MOi
ABYXKOMITOHEHTHOH Teopuu HelTpuHO, npemioxeHnoi I1 ymu [3]. T xoii BbiOOp
I K€ B TO BPEeMsI HE SIBJISUICS OMHO3H YHO OOOCHOB HHBIM.

B uzBectHoii p 60Te M #i0p HBI [4] C MOMOIIBIO UCKYCHOTO, HO YU CTHOTO IPH-
€M TIONyYeHO yp BHEHHE Ul HEHTp JbHOW 4 cTumbl. MoXHO MoK 3 Tb [5], 4To
OHO OIIKCHIB €T JIyOJIETHOE M CCHUBHOE HEMTPUHO, BIIOJIHE IPUTOAHOE IS IOCTPO-
eHuit JIu u Aur . C M M ilop H He CT J1 H JIM3UPOB Tbh MOJYUYEHHOE Yp BHEHHUE,

H €ro OCHOBE IIBIT JICS MOJTYYUTh APYTHE Yp BHEHUS JUId ONMUC HUA Y CTHIL, KO-
TOpBIE TENEPh UMEHYIOTCA K K UCTHMHHO HEUTp JibHbIE. BBIBOg M HOp HBEI O TOM,
YTO B PE3yJbT T€ T KHX MOCTPOEHHMI «HET HUK KOrO OCHOB HHA IPENINOIN I Tb
H JIMYMe HTHHEHTPOH WIM HTUHEHTPHHO», CETrOIHS HE MOXET ObITh MPUHSAT,
C MU IIOCTPOEHUS HENb3d CUUT Tb BIIOJIHE 3 KOHYEHHBIMHU.

Cresyer OTMETUTh T KXe, YTO p 6OT [2] comepXUT HUYEM He OIp B HHbIH
IIpHUeM, KOTI JABYXKOMIIOHEHTHOE HEUTPUHO, MPEACT BIAIOLIEE pEIIEHHE OJHOrO
yYp BHEHH, BCTP MB €TCA B BBIYUCIIUTEIIBHYIO CXEMY C UYETBIPEXKOMIIOHEHTHBIMU
CIMHOP MM, TPEICT BIISIOIUMHU PEIeHus] IPYroro yp BHEHHMS, IyTeM 00 BKH



JBYX HYJIEBBIX KOMIIOHEHTOB. OYeBHIHO, YTO €CJIM HEHUTPUHO OIKCBHIB Tb ABYX-
KOMIIOHEHTHBIM CIIMHOPOM, TO BO3HHK €T TPYOHOCTb COINI COB HMS BBIYUCIIEHHI
H OCHOBE OOBIYHOU YeThIpeX(PepPMUOHHON TEXHHKH, B PCEH Jie KOTOPOWl hMme-
I0TCA TOJIBKO YETBIPEXKOMIIOHEHTHBIE CIIMHOPBI,  JABYXKOMIIOHEHTHBIE HE ITpEmy-
CMOTPEHBI.

B npyroii mssectHoit p Gore, cBa3 HHOH ¢ mmeH Mu Deitum H u Temwi-
M uH [6], chopMyaupoB H T K H 3bIB €M 51 yHHBepc JbH 1 (V-A)-Teopus.
OcHOBHBIE NPEIIONIOXEHHd TEOPUU CBOAATC K ciefyiouieMy. BosiaHoBywo ¢yHK-
LU0 3JIeKTpOH B (-p cll A¢ B OOBIYHON YeThIpeXxd CTUYHOH CBA3U 1), BCErN
HYXHO 3 MEHATb H

e — 1/2(1 + Z.’Y5)we = atpe.
2

Ipu atom ¢® =a, a= (1 —1ivs), aa=0.

JI Iiee mpenron r ercd, 4To 9TO Xe IP BUIIO NPHIOKHMO KO BCEM BOJIHOBBIM
(pyHKIIMSAM, BXOISIIIUM BO B3 HUMOAEWcTBHE (N, D, (i, V). TOIBKO B T KOM CIIy4 €
TEOpHs CT HOBUTCS YHUBEPC JIBHOW. P 31muume MeXIy 4 CTHLl MU CBOOMTCA K P 3-
mnunio M cc. HeoOXoaMMOCTh B CTOJIb CHIIBHBIX IPEANIONIOXEHHUIX ObLT  IIPOJIUK-
TOB H [UI1 BTOPOB T€M, YTO ®JIEKTPOHbI, 0Op 3yloliuecd B Ipouecce 3-p ci 1 ,
HMEIOT MPOOJIBHYIO MOJIAPU3 LMIO.

Cnenyer MOMHUTb, YTO NPUHATh H 3B HHbIE MPEAINOJIOXEHUS B TEOPUU O3H -
Y €T OTK 3 ThCd OT BO3MOXHOCTH 3 IIHC Th BOJHOBBIE yp BHeHMs THI Jup K
WM UM NOJOOHBIE M TEM C MBIM MCKJIIOUMTb MOMCK KB HTOBBIX YHCEN UL MieH-
THU(UK LUK JIENTOHOB. [le10 B TOM, YTO B CWJTy CCOLM THUBHOCTH IPYIII HE MOXET
comepx Tb aeMeHTsl Tiil (1 £ 475), T K K K OHH HE UMEIOT 00p THBIX.

K k 6b110 MOK 3 HO p Hee [8], 27IeKTPOHBI UMEIOT B CTPYKTYpE CBOETO Yp B-
HeHUs P-conpsXeHHBII KOMIIOHEHT CBS3HOCTHU. Ero H ynyue a1 €T BO3MOXHOCTb
HPUIIUC Th JIEITOH M IIPOAOJIBHYIO IOJIAPU3 LIUIO, II0CJIE YEro 3 J 4 CBOAMUTCA K
TP MOTHO# (hOPMYJIMPOBKE B3 MMONEHCTBHUS, T.€. JEKB THOH 3 IICU WHB pH H-
TOB B3 MMoZeHcTBUIA. B T KoM ciiyd € HEoOXOOMMOCTb B NMPOEKUMOHHBIX OIle-
p Top X (1 4 iv5) mwist »aeKTpOHOB OTI 1 eT. [lo-BUAMMOMY, IIpHU JI JibHEHIIeM
P 3BUTHUHM TEOPUM OTH JET HEOOXOIMMOCTh B NPOEKLMOHHBIX ONEp TOp X M JUIs

JPOHHBIX COCT BJISIOLIUX pe KLUU.

ITocnenyromiee H KOIUIEHUE DKCIIEPUMEHT JIBHBIX PE3yJIbT TOB IIPUBEJIO K OT-
KPBITHIO T YOH . YK€ CYLIECTBOB BII 5 ({4 — €)-yHHBEPC JIBHOCTb P CIIHPUI Chb 10
(it—e—T)-yHuBEpC JIBHOCTH. YHUBEPC JIBHOCTH B I HHOM KOHTEKCTE O3H 4 €T He-
OINpPENENICHHOCTh B IIOHUM HHH, T. €. B TEOPETUYECKOM OIUC HUM P 3TIMYUH MEXIY
Tpema ay6ier mu u ctun et, u, 7F. Jlpyrum crencTBueM TOro Xe OTKpHITHS
CT JIO P CIIMPEHHE CEMEWCTB HeWTpuHO. [Ipu ®TOM BO3HUK €T HeOOBICHUMOE
MOJIOKEHUE, KOIJ P 3JIUYHBIE TUIBI HEHTPUHO MBI CBA3BIB €M 110 UX IPOMCXO-
KIEHUIO OT 4 CTHIL, KOTOPbIe MBI HE MOXEM P 3/IM4 Thb UH Y€, YEM IO M CC M.
ABTOM THYECKM T K 1 XK€ y4 CTb IOCTUT €T Vg, Vy,Vy. DTO O3H Y €T, YTO IIPU
T KOM IIOAXOJE Mbl HE MMEeM JAOCTYyI K TOH 4 CTH MH(OPM LUHU, KOTOP ¢ CBd-



3 H C BHYTPEHHUMM X P KTEPUCTUK MU T KHUX JIENITOHOB, T.€. K CTPYKTYPHBIM
KB HTOBBIM YHCII M.

Coo0p XeHud, MOTOOHbIE BHICK 3 HHBIM BBILIE, CBHAETEIBCTBYIOT O TOM, YTO
TPYAHOCTH M HEYBA3KH B TEOPHH JIENITOHOB, C y4€TOM JUIMTENIBHOCTU UX CYyHIECTBO-
B HUd, IIPUHSUIM CUCTEMHBIM X p Krep [7]. He uckioueHo T Kxe, 4TO B I HHOM
CIIyd € Mbl CTOJIKHYJIUCh C T KUM IIOJIOKEHHEM, KOIJ HEeT CMBIC TOBOPUTH 00
OTHEJIbHBIX PE€ KUUAX WU IIPOLECC X, HE OXB TUB BCETO KPYI BO3MOXHBIX Y4 CT-
HHUKOB XOTs1 ObI 31eKTpoci ObIx B3 mMmozercTsuil. Ilonoxenne ocrmoxHsaeTcs emie
TEM, YTO K K IIOCT HOBK OKCIIEPUMEHTOB, T K M HHTEPIPET LU UX PE3YIbT TOB
IIp KTUYECKU BCErJ SBJIAIOTCA MOJEIBHO-3 BUCUMBIMU.

OTMeueHHBIM TPYAHOCTSM MOXHO NPOTHUBOIOCT BUTh CUCTEMHBIH moaxon. B
J HHOM CJIy4 € 9TO O3H Y €T M KCHM JIbHYIO CBOOOJY OT IPOW3BOJIBHBIX MPEIIo-
JIOXEHHUI U Orp HUYEHHOCTb MUHUM JIbHBIM KOJIMYECTBOM H JEXHBIX IMPHUHIIUIIOB
s (OpMYTHPOBKH BOJTHOBBIX yp BHeHUH. [Ip KTHUYECKOW pe nH3 Hued T KO
IpOrp MMBI SBHJIOCH NOCTPOEHHE yp BHEHHWid JUIS CT OWIBHBIX M HeCT OMIIBHBIX
JentoHoB [8,9] B p MK X equHoro moaxox . Ero IropurM ocHoB H H  ciedylo-
mUX TpeOOB HMSX:

1) uHB p¥ HTHOCTb M KOB PH HTHOCTb YpP BHEHUI OTHOCHUTEIIBHO OXHOPOJHOM
rpymnsl JIopeH; ¢ y4eToM YeThIpeEX KOMIIOHEHTOB CBA3HOCTH;

2) ¢opMyTHpPOBK Yp BHEHMH H OCHOBE HEIPHBOOUMBIX IIPEACT BICHHUI
IpYIIL, ONPEAEAIUX K XIO0€ JIEHTOHHOE YpP BHEHUE;

3) coXp HEHHE YETHIPEXBEKTOP TOK BEPOATHOCTH U IOJIOXUTEIBHO OIpese-
JICHHBIU YETBEPTBI KOMIIOHEHT TOK ;

4) BeIMYUH CIIMH JIENTOHOB NPENNoJ I eTcd p BHOU 1/2.

COBOKYNHOCTb TE€PEUYNCICHHBIX (PH3MYECKUX TPEOOB HUIl C yUETOM HEKOTO-
PBIX TEOPETUKO-TPYIIIOBBIX 3 KOHOMEPHOCTE! M03BOJIsIeT (DOPMYIUPOB Th JIEITOH-
HbIE BOJIHOBBIE YP BHEHHMsI, He 0Op 1 Sich K hopM u3my JI rp HX .

B ynomsanyrom nukie p 6ot [8,9] ycr HOBIEHbI HEOOXOAUMBIE U JOCT TOY-
HbIE YCIIOBHSI (POPMYITMPOBKH BOJIHOBBIX yp BHEHHH MId JIEITOHOB B P MK X Of-
HOpoxHOH rpymmsl Jlopenn . OHM NpeACT BISAIOT cOOOW TOYHBIE PE3YIbT ThI, BBI-
TEeK IOLIHMe U3 JOCT TOYHO OOIMX (PyHZ MEHT JIbHBIX NPMHLMIOB. IIpemn r emblii
noaxoxn, cienysd Burnepy [10], MOXHO H 3B Th KUHEM THYecKUM. BMmecTe ¢ TeM,
CYILLIECTBEHHbIM JOIIOJTHEHHUEM SIBIISIETCS YUET CTPYKTYPBI U3yd eMbIX 00beKTOB. [1o-
9TOMY METOJ, CIIE[yET OX P KTEPH30B Thb B TO XK€ BPeMs K K CTPYKTYpHBIIi.

Bersicanocs, 4T0 HEOOXOUMBIE U JOCT TOYHBIE YCTIOBHS (DOPMYIHPOBKH BOJI-
HOBBIX yp BHEHHH MOTYT OBITH W3BJICYEHBI W3 CTPYKTYphl yp BHeHus Hup KX ¢
NIPUBJIEYEHUEM HEKOTOPBIX TEOPETHKO-TPYIIIOBBIX TeopeM M JreOps! JIu rpynisl
Jlopenn .

HoBuszH MeTon ompepensercd HECKOABKUMU ¢ KTOp MHU. Bo-mepBbix, H
OCHOBE TEOpEMBI O TpeX TUIl X HEHPHBOAMMBIX M TPUYHBIX Ipymn [11] ObuT H i-
JEH U HCIIOIb30B H HOBBIM TUI MHB DU HTOB BOJIHOBBIX Yp BHEHHIA, IIPEACT BId-
0L COOOH YMCIIOBYIO X P KTepUCTUKY. I K KIOr0 KOHKPETHOTO yp BHEHHMs



OH [IPUHUM €T OfHO W3 Tpex 3H uenmii (+1,0). I see T BenuuuH Oymer H -
3bIB ThCA CTPYKTYPHBIM MHB PU HTOM. [Ind yp BHeHHd Jlup K OH OK 3 JICA P B-
ueiM In[D, (IT)] = —1.

Jpyroii ¢ KTOp CBA3 H C TE€M, YTO BBISICHWII Chb POJIb P 3JTUYHBIX KOMIIOHEH-
TOB CBA3HOCTHU rpynmsl JIopeH B (opMupoB HuUM yp BHeHUs Jup K U APYrHX
JIENTOHHBIX Yp BHEHUIl. YeTblpe KOMIIOHEHT CBSI3HOCTH NEPEXOAAT IpYyr B APYr
IIPU JUCKPETHBIX NPeoOp 30B HUSAX: HPOCTP HCTBEHHBIX OTp Xenusx (P), odp -
mennn BpeMenu (1') u momydenun ux npomsseneHus (PT17). IlomydeHsl B SBHOM
suge rpymnsl (d, fy, by, Cy), H KOTOPHIX D€ JIM3YIOTCS BCE YETHIPE KOMIIOHEHT
ceszrocTd. OHU UMEIOT HIEPBOE BECOBOE YUCIIO, p BHOE lg = 1/2. Dro omHO U3
ABYX 4YHUCeJI, OAHO3H YHO ONpElesSIoIUX K XA0e HEelpPUBOAUMOE IpPeACT BICHHUE
rpynnsl Jlopenn [13]. KommyTt nuonnsie cootnoutenus: aist (P)- (1)- u (PT)-
CONPSKEHHBIX MPEICT BIEHWH (0 OTHOIIEHUI0 ¢ COOCTBEHHOMY IPENCT BIICHHUIO
rpymmsl JlopeHn ), T.e. mnd rpymm by, cy, fy, B (usndeckoi nmuTep Type ObLn
NPEACT BIEHBI BrepBble. UTO K ¢ eTcd HeNPUBOOMMBIX HPEACT BICHUH COOCTBEH-
HOM OpTOXpPOHHOH Tpymibl JIopeH , TO OHU J BHO ONMC Hbl B (PU3MYECKOU U
M TeM TuYecKoil jaurep Type [12-14].

W u koHen, cp BHEHHE KOMMYT LHOHHBIX COOTHOLIEHMI OIHOW M3 MOATPYIII
(d,) rpymnel y-m Tpun Jup K ¥ KOMMYT TOPOB MH(MHHMTE3UM JIbHBIX M TPHL
HenpuBoauMbix nipenct siaenuit (HIT) co6erBennoit rpymmst Jlopenr [13] mo3so-
JIWJIO YCT HOBUTH MEXIy HUMH OIJHO3H YHOE cooTBeTcTBUE. T KM 00p 30M ObUI
MOJIy4eH BO3MOXKHOCTb (pM3MYECKON UHTEPIpPET LUH onep TOpoB (M TPHL) yp B-
Henust up K cH u s HII coberBennoii rpynnst JlopeHr , 3 TeM Juist Tpex
APYTHX KOMIIOHEHTOB CBA3HOCTH. IMEHHO OHM SBHJIMCH COCT BIIIOIIUMH JIENTOH-
HBIX yp BHEHHUH.

1. CTPYKTYPHBIN MOAXOJ K ONTIUCAHHIO
CTABWIBHBIX JIEIITOHOB

Bcs monmHoTa MHOpManMy, KOTOpasi CONEPXKUTCS B CBOOOIHOM ypaBHEHHU
Hupaka, omnpenensercss TeM, 4TO y-MaTpullbl 00pa3yloT KoHeuHyl rpymmy [11]
(x nee rpynn Tup k.  — D, (II)), u crpykrypoii sroii rpynmel. HBecTHoe
00CTOATENBCTBO, KOTOPOE B IOJTHOM Mepe He M3y4alnoch M HE HCIONb30B JIOCh.
H3znoxeHHblil 1 jlee H JIM3 BOCIIOJNHSET WUMEIOUIMicS 1poOen Mo 1 HHOMY BO-
pocy.

1.1. Crpykryp rpymmel Qup K . [Ipumem orpenenenue y-mMarpul, Hpef-
JIOXeHHoe B pabote [15], KoTopoe MpUBOOMT K ypaBHeHUIO upaka B Bume

[Z.(’Y/Lp“) + mhb =0, (1

rae
VYo + WV = 200, v =1,2,34, vh =1



35ech U I jiee UCIOJb3yeTcs CUCTeM eauHuI ¢ = i = 1.
O603HaYNM

aip ~ Y37v2, az ~ Y173, a3z = aia2 ~ y271- 2)

CHUMBOJI ~ 03HAYAET COOTBETCTBUE OTHOIIEHUI MEXILY BJIEMEHTAMU UCKOMOM MO/
IpYNIIBI, CONEPX IU€l a1,as, W y-Marpunamu. Torn mojiyd eM p BECTB a3 =
a3 =a3 = —1, agajay’ =ajy’, OTKYN CIEyer, 4TO BIEMEHTHI a1, dy TEHEpH-
pyfoT rpymiy kKBarepHHOHOB. OG03HaYNM ee Kak (Qafay, as].

Il 1iee 0603HAYUM C ~ 71Y27y3. BUIHO, 4TO ¢ KOMMYTHPYET CO BCEMH DIIEMEH-
TaMH NOATPYIIbl Q2 (a1, asz] u ¢ = af. TIpAMbIM BBIYUCIIEHHEM MOXHO YOEIUThCS,
4r0 paciuupenue (Qafai,as] ¢ MOMOLIBIO ¢ NPUBOIUT K rpymrme 16-ro mopsuka.
T xum 06p 30M, rpynn  ~y-M Tpull JIUp K CONEPKUT MOATPYIILY, KOTOP S J Jiee
Oyner 0003H 4 Thed K K d.

Crnieniys p 3BUTOH p Hee MeTomuke [8], MOXHO NOCTPOUTh HENPUBOAUMBIE
IIPEJCT BICHUS IPYHIBI d, U TOLA KOMMYT TOpbI OOp 3YIOLIHX ®JI€MEHTOB JIre-
Opbl [IPUHUM 10T BHJL;

[a1,as] = 2as, [az, a3] = 2a4, [as, a1] = 2aq,

[b1,b2] = —2as3, [b2,b3] = —2a1, [b3,b1] = —2as,

[a1,b1] =0, [az,b2] =0, [as,bs] =0, 3)
[a1,bo] = 2b3 [a1,b3] = —2bg,

[az, bs] = 2by [ag,b1] = —2b3,

[as, b1] = 2by [as, ba] = —2b1

31ech BBeJAEHBI 0003H UYEHUS
b1 = ai1¢, b2 = azc, b3 = ascC. (4)

Ecnu oreieuscs or obwiero wis BceX COOTHOLIEHHH HOPMUPOBOYHOTO MHOXKHUTEIS
2, TO NOJIyYeHHbIe KOMMYT LIMOHHbIE cooTHOLEHHd (KC) moiHocTh0 COBI A 10T C
KOMMYT TOp MHU UH(HHHUTE3UM JIbHBIX M TPHIL COOCTBEHHOIO OPTOXPOHHOIO IIpe-
00p 308 Hus Jlopennr [13]. C mectbio onep top mMu (a1, az,as) u (by,bs, bs)
CBSI3 HBI LIECTh JEHCTBUTENBHBIX I p MeTpoB rpymmsl Jlopenn . Onep Top ¢ B A H-
HOU Tpymiie MepeBoguT MH(UHUTE3UM JIbHBIE OIlep TOPbI TPEXMEPHBIX Bp ILICHUH
(a1, az,as) B onep TOpbl MH(UHKUTE3UM JIbHBIX MPeoOp 30B Huil JIopeHIl BIOIb
COOTBETCTBYIOINUX oceil koopauH T (b1, be,b3). K K cienyer u3 onpeneneHws,
oIep TOp c SABSETC DIEMEHTOM LEHTP TIPYIIb d., TO3TOMY B JI HHOM HPEJCT -
BJIEHUU OH P BEH €IMHUYHOMY OIEp TOpPY, YMHOXEHHOMY H MHHUMYIO EJUHUILLY %.
I nee coOcTBEHHBIE OPTOXPOHHBIE MPEACT BJIEHHS ¢ KOMMYT LIMOHHBIMH COOTHO-
meHusIMu THH (3) OyZyT H 3bIB ThCS CT HJ PTHBIMHM IPEACT BJICHHSMHU TPYIIIbI
Jlopenn .



Mocnenytomee paciupeHye d- ¢ MOMOIIBIO JTONOTHUTENBHOIO IeHepaTopa by
MPUBOIUT K rpymme y-marpul Jupaka. IIpu 3ToM cymMMy Bcex 371€MEHTOB TPYIIIbI
Iup X (WM ee UMKJIMYECKYIO CTPYKTYPY [8]) MOXHO 3 mucC Th B KOMII KTHOM,
MYJIBTHIUINK THBHOM BHE

D, (I1) = d[a1, as, c|e + bdl, )

riie by SBJISETCA TPYIIIOBBHIM KBUBATEHTOM Y4 U b = €; € — e[IMHUYHBII B/IeMEHT
u dy a1, az, c] = Q2la1, as][e+ ¢] ABaseTcs UUKNUIECKOH CTPYKTYPOU IPYIIIBL d-,
T.€. CYMMOI1 BCEX BIIEMEHTOB, 3 IHC HHOW B MyJIbTHIUIMK THBHOM (hopMe.

1.2. T-conpsizkeHHOe mpeacT BieHHe. Boipaxenue (5) JOMyCKaeT HHYIO 3aIlUCh
[MKJINYECKON CTPYKTYphI, Giarojapsi ApyromMy BbIGOPY T€HEpaTOpOB TPYINIBI -
marpul. Bwmecro renepatopos {ai,as,c,by} MoxHO BbIOpare {ai,as,c,b)}.
3nech ¢’ ~ —y1727374 U by ~ V17274

B pesysbrare LMK/IMYECK S CTPYKTYP TOM Xe C MOJi IPYIIIbl IPHHAMAET BHJ|

D, la1, a2, ¢, b)) = Qalar, as]le + ¢][e + b}]. (6)

Tak xe kak u B ciaydae (5), maHHOE BBIpaXEHHE MPEACTaBIIeT COOOH CcymMMmy
BCEX BJIEMEHTOB IPYIIIBI, HO 3allMCAHHYI0 B BUIE JPYrMX coMHOXuTenei. [psmoii
NPOBEPKON MOXHO yOEIUThCS, YTO BBIpAXEHUE

bylar, az, '] = Qzlar, az]le + '] (7

HpeAcTaBgeT co00i LUKINYECKYI0 CTPYKTYpY Hoarpymims! 16-ro nopguka. W3 Bbl-
P XEHWIA IS TEHEP TOPOB a1, A2, ¢ CIEAYIOT T KHUE ONPEENSIOIIEe COOTHOIEHHS
JUIS. HOATPYNNBI b :
-1 -1 -1 -1
G201y = =aq ai1a20, = ag (8)

daid ™t =ay, dasd ™' = as.

Cp BHeHME TOK 3bIB €T, 4TO d, M b, ONM3KM 1O CBOUM CBOWMCTB M. [leiicTBu-
TEeJbHO, K XJI S TPYNIl HMEEeT HOPSAOK 16, HEHTPbI COOEepPX T MO YeThIpe dJie-
MEHT , M COBIl J €T 4UCI0 conpskeHHbIX ki1 ccob — 10. K x dy, Tk u b,
COJIEPXUT MOArPYIITy KB TepHHOHOB. Ho umerotcs u p 3muuus. T K, reHep Top ¢
UMEET TOPSAIOK YETHIPE, TOII K K ¢’ — BTOPOro MOpsAAK . B pesynsT Te rpymm
b, He nszomopcH rpynne d,.

0O603HaYNM

by =dar ~ =117, by = d'ag ~ —voa, by =cag ~ —y3v1,  (9)



Ecnu na snementax rpynmst b.laq,as,c’| = Q2lar,az]le + ¢'] onpenenurs
anre6py aHATOTMYHO CIy4al0 d., TO IOMYyYUM KOMMYTALHOHHBIE COOTHOIICHHS,
BechbMa Imoxoxwue Ha (3):

[a1,as] = 2a3, [as,a3) =2a1, [as,a1] = 2aq,

[ /176/2] = 2as, [ é»bé] = 2a1, [ gvbll] = 2az,

[a1,b]] =0, [az,b5] = 0, [as, bS] = 0, (10)
a1, b5] = 205 a1, b] = —2by,

[a27bg] =2 /17 [a2ﬂb/1] = _Qbév

las, b1] = 205, [as, by] = —2b).

OueusHo, yTo (3) nepexoaut B (10) mpu 3 MeHe
by — b, =ibp  (k=1,2,3). (11)

Ilpu 3TOM NIPOUCXOAUT NEPEXOL ONHOM IPyNIIbI B ApYyryio: d, — b,. P 3nuune KC
(3) u (10) 3 ki0Y ercs B IPOTUBOIIOJOXHBIX 3H K X TPEX KOMMYT TOPOB, P CIIO-
JIOXEHHBIX BO BTOPOii BepxHeil cTpoke. HukaxuM HeocoOeHHbIM peobpazoBaHueM
9TO PACXOXJEHHE HE YCTpaHAeTcd, TaK KaK rpynnsl d., u b, HensomopdHsl. Bpems
K K I p MeTp npeoOp 30B HUU JIOpeHI NpOSBIsSETCS H YUH S C 9TOH CTPOKH.
Bce ocT npHBIE KOMMYT TOpBI, P CIIOTOXEHHbIE HUXKE, SBISIOTCS CJICACTBUEM IIep-
BBIX IIECTH ONEP TOPOB, P CIOJOXEHHBIX B [ByX BEPXHHX CTpouk X. IlosTomy
I HHBII THI HEMPUBOAMMBIX MpPEICT BiIeHME ObuT H 3B H (1')-CONPSIKCHHBIM IO
OTHOMIEHHIO K CT HJ PTHOMY, KOTOpBIi pe nu3sylorcs H rpymne d.. Jdpyrumun
cioB Mu, H rpymne b, pe yusyercst (1)-CONPSXCHHBIA KOMIIOHEHT CBSI3HOCTH
rpymisl Jlopenn . OueBuano, yro (T')-compsikeHue HE 3 TP THB €T OIEP TOPBI
a1, asz,as, MOITOMY OHO HE MEHsET BenuduHy lop = 1/2 ¥ He MEeHSeT THO CIHUH ,
T. €. BCE TPHU MPOCTP HCTBEHHBIX OCH OCT IOTCSI OOWH KOBO BO3MOXHBIMHU IS BbI-
60op ocu KB HTOB HHUS. DTO OOCTOSITENHCTBO SIBJISIETCS OJHUM U3 B XHBIX (P KTO-
POB w1 POPMHUPOB HUSI OOBEKTUBHBIX KPUTEPUEB JUIsl (DOPMYITUPOBKH OTHOLIEHHIA
Y CTHLl — HTUY CTHII .

Ina nocnenyromero orMeruM, yro B rpymne D. (II) comepxurcs m  Tum
noarpynn d, ¥ b, U He couepXKUTCA APYrMX IOAIPYNn 16-ro mopaax , He M30-
MO(HBIX FIM.

1.3. P-conpsKeHHoe NPeJCT BJeHHe U ABOHCTBEeHHOCTh d.. JleT npHOe u3y-
YeHUe CTPYKTYphI MOATPYIIbI d., MOK 3 JIO, 4YTO OH 001 J| €T JABOMCTBEHHOCTBIO.
BrIp X ercd 3TO B TOM, 4TO IIOMUMO HOATPYHIEI (2 B d., CONEPXKUTCA elle OnH
MOATPYNIT  BOCBMOTO MOPSIAK @2 C IMKJIMYECKOH CTPYKTYpOH BHA

g2lay, ay, az] = Cylar][e + ay), (12)

e a; ~ Y3v2, Gh ~ Y2, a3z = ajah ~ y3 u Cylar] 03H 4 eT cymMmy ane-
MEHTOB LMKJIMYECKOU IPYIIIbI YETBEPTOTO HOPSAK C FEHEP TOPOM ai. Onpenens-



IOIe COOTHOIIEHMSI MEXy dJIEMEHTaMH go T€ Xe, 4To U B (J2. Pasnmua 3a-
KJII0YaeTcsd B TOM, 4TO B (Jo BCce TP 2JIEMEHTa aj, a2, (3 MMEIOT IMOpaioK 4,
TOIZA KaK B ¢2 TOJIBKO BJIEMEHT a MMEET MOPSIOoK 4, ABa APYIUX — IMOPSAOK 2.
DneMeHTHl anreOpbl, IOCTPOSHHOH HA @2, YIOBJIECTBOPSIOT CIIEIYIOIUM KOMMYTa-
LUOHHBIM COOTHOIIEHHAM:!

[a1,ab] = 2aj, [ah, ab] = —2ay, [as, a1] = 2aj. (13)

OHM NpaKTHYECKHU COBIMANAIOT C TAKOBBIMU Ui IPYIIbI TPEXMEPHBIX BpallleHUi
(cm. nepByio ctpoky (10) wiu (3)). OTuyue Muilb B 3HaKe BTOPOro KOMMYTaTopa.

Ilepexon oT mepBoil CTPOYKM KOMMYT LMOHHBIX cooTHoweHuil (10) x (13)
p BHOCHJIEH 3 MEHE as — fiah, W 1O ONpENeNieHHI0 (a3 = ajaz) MOIyY eM
a3 — iak. Tlpu oTOM TMOATPYNN KB TEPHUOHOB (Qa2[ai,as] Mepexomut B MOM-
[Py gz[a1,a%] ¢ TeMH e ¢ MBIMH OIPEAETSIONINMH OTHOLICHHUSIMH MEXIy re-
Hep Top MU. K K CiIeICTBHE p 3/THMYHBIX MOPSAKOB BIEMEHTOB af,a% W a1, MBI
MOJy4 €M 3[0eCh U [ jiee B HOJOOHBIX CIlyd SIX HEIKBHB JICHTHOCTh MPOCTP H-
CTBEHHBIX H Ip BICHUH, WIH, K K IPUHATO TOBOPUTH, CHMMETPHIO MEXY JICBHIM
U TIp BBIM.

TMocneayroiee pacliMpeHde TPYIIbl g2[a1, ah] ¢ MOMOIIBI TOrO Xe reHepa-
TOpa ¢, KOTOPbII pUrypupyer B p BeHCTBe (5), BeleT K rpymie 16-ro nopsaka

[y = Cular][e + ab]le + . (14)

B cuny nocrpoenuns noarpynn  f., uzoMopH d.. P 311Mune LMKIMYECKHX CTPYK-
TYp OTp X €T HEeOOWH KOBBId BBIOOp TpeX IeHep TOPOB B MEPBOM M BTOPOM CIIy-
4 gx. Ilpm sTOM ¢ ~ 7y17y2y3 TMO-IpEXHEMY SBISETCS 3JIEMEHTOM LEHTP TOf-
TPYIIIBL.

KoMMyT 1MOHHBIE COOTHOLIEHHS H OCHOBE MOATPYNIbI f, CTPOATCSA B MOJI-
HOH H JIOTUM C ABYMS NPEIBIIYLIMMH CITyd SIMU:

= —2a1, [a},a1] = 2ah,

2 )
[ /1’ /2] = Qag’n [ évbg] = 2ay, [ g’)vbll] = _2a/27
[a1, 4] =0, [az, b5] = 0, a3, b5] = 0, (15)
a1, b5] =205, [a1,b5] = —205,
[ag, b5] = =20}, [a5, 0] = —2b3,
[ag’u bll] = 2b/2’ [a’g’ﬂ bl2] = 2bll'

JI HHBII BUA npencT BieHUs ObUT H 3B H P-CONPSIXKEHHBIM MO OTHOIIEHHUIO K
dy, T X K K p 31MYM€e BO3HUK €T yXe B IepBOi CTPOKE KOMMYT LIHOHHBIX COOT-
HoweHu#t (15), T.e. H ypOBHe MOATPYMIBI TPEXMEPHBIX Bp IleHuil. Bce mocne-
Jayloluye (HUXe NepBOM CTPOYKHM) OTKJIIOHEHMS OT CT HA pPT (3) sBIIOTCA Cief-
CTBHSIMHM NEPBUYHOTO M3MEHEHUd 3H K KOMMYT TOp B IOATPYIIIE TPEXMEPHBIX
Bp LLEHUM.



H ocHose coorHotennit (15) 6b110 ycr HOBIEHO [5], uTo rpynn  f.,, BChen-
CTBHE CHMMETPHH MEXIy JIEBBIM H TP BBIM B MOATPYIIIE @2, OOM I 9 TeM Xe
C MBIM BECOBBIM 4HCIOM lop = 1/2, ormma ercst ot d. J HHOE 4HCIIO B CIy4 €
Ipynmsl f, OPUHAM €T IEHCTBUTENBHOE 3H YEHHE TONBKO I ONHOIO M3 Tpex
[IPOCTP HCTBEHHBIX H NP BJIEHUNA. DTO NMPUBOAUT K TOMY, UYTO Ui HEKOTOPBIX
BOJIHOBBIX YP BHEHHIA CITUH Y CTHI[BI MOXET ObITh OPUEHTUPOB H TOJIBKO B H TP -
BJIICHUM UMITYJIbC WJIH MIPOTHB HETO.

K x yxe ormeu nock, rpynm  y-M Tpull Jup K COZEPXKHUT TOIBKO OB THII
noarpynn 16-ro nopsuk , He n3oMopHbIX Apyr apyry, d. u b,. IlosTomy mis
yp BHenust Qup K cootHomenus (3), (10) u (15) vucyepnsiB 10T, y4UTHIB 51 JBOM-
CTBEHHOCTH d.,, BCE BO3MOXHbIE THIIbI P BEHCTB, KOTOpbIE H 3bIB IOTCS KOMMYT -
uoHHbIMU cooTHOmeHussMU (KC) 1t HH(UHUTE3UM JIBHBIX OIep TOPOB TPYIIIIBI
Jlopenn . Opyrux KC He umeercs.

Beenem 0003H uyeHuUs JUisl OIep LMid Mepexojl MeXiy H HIeHHBIMH HOArpyI-
n Mu u coorBercTByfomMu KC. B HexoTOpoi#l (puKCHpOB HHOM M TpPHYHOH pe-

JM3 UM HeNPUBOJUMOIO MNpejCT BieHus nepexon d., — b, Oymem 06O3H 4 Tb
K K

by = (T')d,, (16)
YTO DKBUB JIEHTHO 3 MEHE
by — b, =ibp  (k=1,2,3). a7
Cnencrsuem nepexosi OT noarpymmsl d. K b, sensgerca nepexon ot KC (3) k
(10). Onep uuio, 06p THyIO K H 3B HHOi, 0603H unm (T~1). Torm nepexon
d = (T~1)b,, oueBumHO, CBS3 H ¢ 3 MeHOIi
r— b =1b, (k=1,2,3). (18)
An normuno mna nepexon d, — fy 1 00p THO BBENEM T KHe 0003H UEHHS:
fy = (P)dy, dy = (P™1) fy; (19)
snech (P) 03H 4 eT 3 MeHy IeHep TOPOB II0 1P BUILY
as — ab = ias. (20)
K K cnencreue nonyy em
az — ay =iaz, by — by =01, by —by=1iba, bz — by =1ibs

u niepexon or KC (3) x (10). Ipouemyp o06p THoro nmepexox (P~1) coorser-
CTByeT Npeolp 30B HHUIO ah — ag = iah.
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EcrectBenno, 4ro moarpymmsl f, U by TOXe MOIYT OBITb CBS3 HBI MEXIY
co60ii ¢ nomompio onep wwit (T') u (P). Heiicrsurensho, d, = (P~1) f,. OGo-
3H uMB N0CNENOB TesbHoe neiicteue onep muit (T)(P~1) = (TP~1Y), nomyu em,
yuutsiB 4 (16),

(TP~ Yf, =b,. 21

HetpymHo 3 MeTHTh, 4TO ¢ MH 1O cebe 0Oe orep UM KOMMYTHPYIOT:
(TP~Y = (P'T). (22)

Ho npu »TOM BBISCHSIETCS, YTO yp BHeHHe Up K He 3 MKHYTO OTHOCHUTEJBHO
JeHcTBHST BCEBO3MOXHBIX KOMOMH 1mid (T') u (P). Dro 03H 4 er, 4TO JeiicTBUE
9TUX olep LMl H noarpymmst d., fy,b, IPUBOANT K MOSBICHUIO IOAIPYIIIBI,
HEe comepX wieics B rpymme y-M Tpun Jup K . JOCT TOYHO MPOCTO U H IIOHO
B 9TOM MOXHO ybOemutbcs H npumepe KC (3). OG603H 4MM IOCIENOB TEbHOE
neiicteue aByx omep wuit (I') u (P) H dy T K

(TPYd, = c.. (23)

JlelicTBUE BTUX XK€ Olep LM H KOMMYT LIMOHHBIE COOTHOILIEHUS (3) NPUBOAUT K
KC, otnuunbiM ot tpex npensurymumx (3), (10), (15):

[alﬂaé] = 2agv [a/27a3] = —2ay, [G'é’al] = 20'/2»

[ lllvbg] = 2a§i’ [ gvbg] = —2a1, | gvblll] = 2&’2,

[al’ /ll] =0, [a/Q’ /QI] =0, [aé’ bg] =0, (24)
[alv /2/] =2 g» [alv g] = _Qb/2/7

[al2’ g] = -2 /1/7 [al2’ /1/] = -2 gv

[aé’ /ll] = /2l7 [aé’ /QI] = 2blll'

Huk xuM HeocoOeHHbIM 1peolp 30B HueM monyuuth KC (24) u3 npempyiyinux
HEBO3MOXHO, T K K K OHM CB3 Hbl C TPYNIIOH C-, HE M30MOPGHON MOATPYNIT M
dymb, [5]. T x Xe K K B clIyd e HoArpynnsl f., oriuyue or ¢t Hi prHeIX KC
(3) BO3HUK €T yX€ B IIEPBOM CTPOKE. DTO O3H 4 €T, UTO C COAEPXKUT IOArPYIITY
gala1, ab). Ee UKIMYECK s CTPYKTYp OTIHY €TCS OT LUKIUYECKOI CTPYKTYP fy
TeM, 4TO TpeTuii rerep Top ¢/, T KXKe OyLy4d HEHTPOM IPYIIIBI, HMEET HOPSIOK
IB :

¢y = Cifar][e + aj]le + "], (25)

e ¢ =e

I'pynna c,, Tak Xke Kak dy M b, UMEET LEHTP, COCTOSLIMI U3 UYEThIpeX
3JIEMEHTOB, U JECSATh CONPSIKEHHBIX KJI CCOB. DTO O3H 4 €T, YTO MMEETCS BOCEMb
OIHOMEPHBIX U JIB HE3KBUB JICHTHBIX HENPUBOAUMBIX mpexacT BieHus (HII). B
9TOM OTHOILIEHMU BCE TPHU TPYyNIBl CXOXH. Bce cK 3 HHOE O IepBOM BECOBOM
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umcie lp = 1/2 pisa fy BEpHO U I €y, T K K K OHO OIPEAC/IIOTCS HOArPYIIIOi
q2 [G,], al2} .

HUcxong u3 cootnomennii (16), (19) u (23), MOXHO 3 THC Th CICAYIOIIUN PAX
P BEHCTB:

(TYdy = by, (P)dy= [y, (PT)dy=cy, (26)
Ty =dy, (P)by=cy, (T7'P)by = fy, 27)
(T Yey = fy, (P Ye,=b,, (T7'P e, =4d,, (28)
(D) fy=cy, (PO fy=dy, (PTIT)fy =y (29)

P BeHCTB cO Bceil OYEBHIHOCTBIO TOK 3BIB IOT, YTO YETBIPE TPYMIEI d, [y,
by, ¢y 06p 3yIOT HOMHEIN H 6Op, KOTOPBIHA 3 MKHYT OTHOCHTENBHO IPOM3BOIBHOTO
COYET HUS JUCKPETHBIX HpeoOp 30B HUii. UeTbipe IPYIIbI CBSI3 HbI C YETHIPbMS
KJI cC MU TipeoOp 30B Huid rpymmsl Jlopenir . [IpuHSATO p 31MMY Th 3TU KJI CCHI
[0 BeJIMYWHE AeTepMUH HT (Z1) M U3MeHeHMI0 3H K (Z) BpeMEHHOro KOMIIO-
HEHT 4YeThIPEXBEKTOp IpH 1peobp 30B HusiX. K K BUIHO M3 KOMMYT LMOHHBIX
cootromeHwi (3), (10), (15) u (24), H K X1I0i W3 NOATPYIII pe JIU3YeTcs MO Of-
HOMY HETIPUBOAMMOMY IPEACT BJICHHIO TPYHIEl JIOpEHIT W3 YeThIpeX BO3MOXKHBIX
KJI CCOB. YK 3 HHbI€ IEPEXObl MEXIY P 3JIUYHBIMUA KOMIIOHEHT MU CBS3HOCTH U3-
BECTHbBI B JIUTEP Type T K Xe, K K H JIUTUYECKHe MPOAOJIKEHHS 110 T P METP M
rpymm [16].

K x BunHO u3 onpepenenuii (17) u (20), Bce onep LUU CONPSKEHUS SBJISI-
I0TCA Tpeodp 30B HUAMH YETBEPTOTO MOPSAK , T.€. KB Jp T K XIOr0 M3 HHUX
He SBJISETCS TOXIECTBEHHBIM MPeoOp 30B HUEM. DTO O3H U €T, H MpHMep, 4YTO
(TYT) = (T?) # I u tonbko (T*) = I. TlonoxeHUe 31€Ch MOJHOCTHIO MOBTO-
pdeT X p KTep M3MEHEHHU CIIMHOPOB MPH TPEXMEPHBIX MOBOPOT X H 27 U 4.

1.4. CTpyKTypHBIe UHB PH HTbI. [[OMOTHUTENFHBIM WHCTPYMEHTOM H JIU3
00BEKTOB THIT Tpymmbl y-M Tpull Hup K ¥ TOHHM HHS HOBBIX BO3MOXHOCTEH
B P MK X €IMHBIX OOmuX TpeOOB HUM ABISETCA TEOpeM O TpeX THII X M -
TpuuHbix rpynn [11]. Teopema yreepxmaer: ecnmu D., = {v1,...,n} sBIeTCA
HEIIPUBOAUMOU MaTPUYHOH IPYIIION, TO

I(D,] == Sp(7) = —01, (30)

3iech n — mopsanok rpymnsi; Sp(y?) — chen KBajpata i-il MATPHLBI M3 JaH-
HOi MarpuuHOi rpymmsl. Jdatee uucio In[D.] Gyaer Ha3bBaThCS CTPYKTYPHBIM
unsapuanrom (CH) rpymnst D.,.

Cornt cHO Teopeme, ecid Ipymmna OTHOcUTCs K mepsomy tumy (In = 1), To
OHa 3KBUBATECHTHA I'PYIIE peaTbHbIX MaTpUIl. B TakoM cilydae OHa 3KBHBAJICHTHA
TaKKe Ipymnre OpToroHaJbHbIX MaTpull. Ecnu rpynmna oTHOCHTCA KO BTOPOMY THITY
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(In = —1), To OHA DKBUBAIEHTHA CBOEH KOMILIEKCHO-COIPSKEHHOI rpymme (TaK,
uTo cymectByer S Takad, uto v = S~1v;S5), HO He peanbHOI rpymme. 3mech * —
CHMBOJT KOMILTEKCHOTO conpsikeHusi. Tperuii Tunt (In = 0) xapakrepusyercs Tem,
YTO TpyNna He dKBUBAJICHTHA KOMIUIEKCHO-CONPSIKEHHOM, TO €CTh HE CYIIECTBYeT
S Takoii, uro v} = Sy, S.

s rpynmbr ~y-marpun Jupaka cTpyKTypHsii uaBapuant (30) momydaercst
paBHbIM In = —1, YTO SIBSIETCS OMHO3H YHBIM CJICACTBHEM OIpEIesiCHUs

VYo + VoV = 20,0, wv=1234 4 =1 (31)

BenuuuHa MHBapuaHTa He 3aBHCUT OT KOHKPETHOIO BbIOOpa IPEACTABIEHUS JULL
7Y-MaTpULl U OIIPENENSeTCS TOJIBKO COOTHOLIEHUEM MEXIy YHCIOM 3JIEMEHTOB
4eTBepPTOro U Broporo nopsuka s rpyme Iup x D, (II), 1. e. gBisercs HeKOTOPOL
CTPYKTYPHOH XapakTepucTukoii [17]. g nocienyomux BbIMUCICHUN B XHO MOJI-
YEPKHYTh, YTO B 3 BUCHUMOCTH OT BEJIMYMHBI CTPYKTYPHOTO UHB PH HT MEHSIOTCA
ceoiicts rpymmst Dy = {v1,...,7,} B tenom. T K, H npumep, wid rpymms! du-
p x , korn In = —1, TpeGoB Hue 3KBUB JieHTHOCTH 7 = S~ 1v;S 060p uuB -
erca Bromopgusmom D, (II) = D, (II)*. HWmenHo mostoMy yp BHenue Jlup K

OIVH KOBO YCIIELIHO ONHCHIB €T ABUXEHHE B BJIEKTPOM THUTHOM IIONE K K 3JIeK-
TPOH C 3 PANOM —e, T K W IO3UTPOH ¢ 3 paaoM e. T Koe MOJOXEHHUE HEBO3-
MOXHO B ciIy4 €, ecni In = 1, T K K K IPH 9TOM BCE 7y-M TPHLBI CT HOBATCH
JAeUCTBUTEIIbHBIMU.

Jpyrum, He MeHee B KHbIM OOCTOSTENILCTBOM, SBIISIETCS TO, YTO IPEACT Ble-
Hue rpynmnsl Jup X B LEJOM 4BI4eTCS HePUBOAUMBIM, M KCHUM JIbHBIE UHB -
pU HTHBIE MOATPYNIIBI d~, fv, by CBA3 HBI C P 3MUYHBIMH HENPHBOAMMBIMU TIPEN-
CT BIEHMAMHU oO1meil rpynms! JIopeH . DTUM ¢ MbIM OYEpYMB IOTCA P MKHU I
MOCTPOEHHS Yp BHeHUi tun Jup K .

Ecnu 1o OTHOIIEHMIO K YHOMSHYTBIM HOATPYHI M d, f, b, c, BOCIONB-
30BaThcd TeopeMol (30), TO MOMyYuM T KHE YUCIH :

In[d,] = In[f,] =0, Infb,] = -1, Infc,] = 1. (32)

IMockonbKy noarpymnsl d., fr U30MOPGHEI, UX CTPYKTYPHBIE HHB DU HTHI CO-
BN 1 10T. HenzomopdHbIe MOATPYIIBI UMEIOT P 3IUYHBIE CTPYKTYPHBIE MHB PH-
HTBI. X 4KCIIO CBUOETENBCTBYET B MOJB3Y TOTO, YTO H HIEHHBIE YETHIPE IPYIIIBI
UCYEpIbIB 10T Bech H OOp, H KOTOPOM p€ JIU3YIOTCSl HENPUBOANMBIE NPEJCT Bile-
HMS BCeX YeThIpex KJI CcOB IIpeoOp 30B HMil oOieil rpymmnst JIopeHl ¢ IepBbIM
BECOBBIM 4YHCIIOM [g = 1/2.

1.5. BorHoBoe yp BHeHHe 11 Ayosaer HeiTpuHO. [pynna [Jupaka conepxur
20 »7€MEHTOB YETBEpPTOro NOpsAka U 12 sJ1eMEHTOB BTOpPOro. DTO OIHO3HAY-
HbII pesynbTar onpenenenns (31) u, xak ciaencrsue, In[D.(II)] = —1. Ecin,
K npumepy, nomoxuts v2 = 1,(s = 1,2,3) u 42 = —1, T0 B TaKoii rpymme
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nonyyaercs 12 snemeHToB yeTBepToro nopsuka u 20 anementos Broporo. IMomyu -
€TCsl COOTHOLIEHHE MEXIY 3JIEMEHT MM YETBEPTOTO W BTOPOTO MOPSAK , oOpaTHOE
o orHowenuio K D~ (IT). Boraucnenue B ganuom ciydae gaet In[D, (I)] = 1.

Bcero umeercst MsTh pa3iiyHbIX BO3MOXHOCTEH BbIOOpA 72 =+1(p=1,2,
3,4). Bce oHM HPHUBOIAT K IpyIiiam 32-ro mopsiika U TOJIBKO K JBYM HECOBITAIAI0-
MM 3HAYEHHUsIM CTPYKTYpHOro WHBapuaHta (—1) B mepBom ciyd e u (+1) — Bo
BTOPOM:

D=1 (u=1,2,3,4),
272 = -1 (n=1,2,3,4), (33)
3)73 =-1 (S = 17273)7 %% =1

Ko BTOPOMY CJIy4 10 OTHOCATCA B PU HTBI
=1, (s=1,2,3), ~i=-1, (34)
5)’7‘3:17 (821727)’ '73,4:_1'

IlepBble TpU BapuaHTa JAi0T IPYIIIbI, u3oMopdHsie rpymie Iupaka ¢ In[D., (II)] =
—1. B pu HTbI 4 U 5 TakXkKe NPUBOAIT K U30MOP(HBIM MeX1y cOO0i Ipymil M, HO
K JIpyromy cTpyktypHoMmy unB pu Hry In[D.(I)] = 1. Pasmuune mexuy uzomopd-
HBIMH IPYIIIAMH CBOJUTCS K P 37IMYHBIM B P HT M BbIOOp UETBIpEX IeHEepaTopoOB,
HO K XIbId p 3 B p MK X cooTHowenwuii (33) wiu (34).

I moaHOTHI H JM3  yp BHeHWs uMp K HMMEeT CMBICI OCT HOBHUTHCS H
tpex p BeHCTB X (33). Vp BHenue [up K ONKCBHIB €T AyOJieT U MMEET B CBOEii
CTPYKType HeOOXOIUMBIE DIIEMEHTHI, OTBETCTBEHHbIE 3 00 KOMIIOHEHT . OmH KO
B K KIOM CIIy4 € B SIBHOM BHUJIE B YP BHEHUM COIEPXKHUTCS TOJIBKO OOMH U3 HHX.
Bropoii npucyTcTByeT, HO He IBHO, OH CKPBIT B ONPEJEsIIOIIMX COOTHOLIeHUsIX. B
cinyd e yp BHeHud Hup x (1) ¥ €T HA PTHOM 3 MUCH ONpPEJEsAIOUINX COOTHOLIe-
HU# U1d y-M Tpull (31) MBI UMEEM SIBHYIO 3 IIMChb YP BHEHUS H OCHOBE IOATPYIIIBI
dy. DTO 030 Y €T, 4TO NepBble TPU M TPHULBI Y1, Y2, Y3 ABIAIOTCA I'EHEP TOP MH,
HOPOK IOIMUMHU TOArpynmy d~. YToOwl 3 MUC T yp BHEHHE, KOII B SIBHOM BHIE
NpeJCT BIEH NOArpynn b, HeoOXOAMMO B P MK X 3TOH Xe rpynmbl nepedTu K
apyroMy H 6opy renep Topos. IlepBble TpU W3 HUX H XOHSATCS M3 COOTHOILEHUH
(9) u p BEHCTB, CBA3bIB OLIUX a1,a2,a3 U Y1,7Y2,7s (2). I nee Bbluucigercs
~4 MCXON M3 COOTBETCTBYMIIEH HUKIMYecKoil cTpykrypsl (7) mma D~(II) . B
pe3yasT Te OyaeM UMeTh

[(v,p},) +m]¥" =0,

Vv + 1 = =20, 1,V =1,2,3,4, (35)

rae Koa(h(pUIUEeHTHl THII =% MPH (W’ZLPZL) BBIOHpP 0TCA W3 TPeOOB HHS PEeayKIMH
I HHOU JuHEeHHOH (opmsl K yp BHeHHIO KieitH —[opaon . Yp BHenue (35) gBid-
ercd pe M3 nueil nyHkt 2 u3 (33).
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Cp BHUTENBHBIN aHAIU3 IBYX TUIIOB HEU30MOP(HBIX IPYIMII, ONpPEALIIeMbIX C
momotnsio p BeHCTB (33), (34), mokaseiBaeT, 4To 00e NMEIOT MOPIHOK 32, i Kaxaas
umeeT 17 CONpsKEHHBIX KJIACCOB. DTO O3HAyYaeT, 4To 0be uMeroT 16 oHOMEpHBIX
HII u ogno yerbipexmepHoe. OnHako €cTh pas3iinyMs, BeECbMa CYLUECTBEHHBIE C
TOYKHU 3peHus (pU3MYEeCKOi MHTEepIpeTaltu.

Conocr Bnenue rpynn d., f, by, c, TOK 3bIB €T, UTO I€HEP TOPBI MH(UHU-
TE3UM JIbHBIX NpeoOp 30B HUH JIOpeHIl  HTUKOMMYTHPYIOT JUIS BCEX YeThIpex
KOMIIOHEHTOB CSI3HOCTH. B 001eM cityd e Bce OHM MPEACT BUMBI B BUIE

b1 = cay ~ 7, by = caz ~ 72, b3 = casz ~ 73,

IJe ¢ — 31eMEHT UEHTP COOTBETCTBYyIoLIel noarpynnsl d., f, by, c,. K x1 g u3
YeThIpeX MOATPYII MOPOXKI eTCS TPeMs FeHep TOP MH H SBISETCS P CIIHPEHHEM
6o moarpymmsl (J2, MuOO MOArpYNNsl go. B cBow ouepenp, K XO S U3 3THX
ABYX IOATPYNII MOPOXI €TCS ABYMS I€HEep TOP MH, KOTOpble HTHKOMMYTHUDYIOT.
IMocnenyromee p ciupende Oo rpynns! JIopeH B J000M U3 YeThIpeX CIIyd eB
MOXHO OCYLIECTBUTb C IIOMOLIbIO BJIEMEHT , OTHOCSLIErocs K LEHTPY TPYIIIbL.
Torn mnpou3BeIeHHe MEPBbIX JBYX EHEP TOPOB M DJIEMEHT LEHTP TOXe HTH-
KOMMYTHPYET C ABYMS HEPBBIMH I'€HEpP TOpP MM U MOXET UIp Thb POJb TPEThEro
TeHep Top .

P zmuuust mexay by, (K = 1,2,3) wist p 3IMYHBIX KOMIIOHEHTOB CBSI3HOCTH
CBOIATCS K P 3JIMYHBIM IOPAAK M OTHX omep Topos. B cimyd e d Bce Tpu by
UMEIOT NOPSNOK 1B , B CiIyd € b, BCe TpM — IOpAIK deThipe. B ciyd e mog-
Ipynmel f., MoNoXeHue ycioxHsaercd. 31ech B ONep TOp UETBEPTOro HOPsIK
1 ofuH BTOporo. B moxarpynme c,, H 060pOT, IMEETCS OAUH ONEP TOP YETBEPTOrO
nopsaak u OB Broporo. OTCION ciieqyeT BbIBOA. B p MK X OOHHUX M TeX Xe H-
THKOMMYT L[MOHHBIX COOTHOIICHHUI, B PHHUPYS TOIBKO MOPSIOK TPEX TeHep TOPOB
rpymmsl (MOPSIOK SIEMEHT TPYIIIbl €CTh MHUHUM JIbH S CTENEHb ero, Mpu KOTOo-
POii BTOT dIIEMEHT 00p I €TCS B eAUHUILY), MBI IIOJIYd €M BCE YEThIpe KOMIIOHEHT
cBa3HocTH rpymnsl Jlopenn . [Tostomy mis Toro, 4ToObl B BOIHOBOM yp BHEHHH
a0 JMp K BBIIOJHUTH TPeOOB HUE JOPEHI-UHB PH HTHOCTH, HEOOXOOUMO JUIS
H Y4 JI H JHMYUE TPeX HTHKOMMYTHUDYIOIIUX I€HEP TOPOB.

BMmecre ¢ TeM, Mbl BUIUM, 4YTO Ipymi HduUp K HOPOXI eTCS YeThIPbMS [eHe-
p Top Mu. McxomHeiM TpeOOB HHUEM B JI HHOM CIIyd € SIBIISIETCS KB HTOBO-MEX -
HHYECKOE YCIIOBHE CYIIECTBOB HHUS MOJIOKUTENBHO ONpeeeHHON IIOTHOCTH Be-
POSTHOCTH, YETBIPEXBEKTOP TOK BEpOSTHOCTH M yp BHEHWS HENPEPBIBHOCTH UL
TOK BEPOATHOCTH, B KOTOPOM IpPHCYTCTBYIOT 4eThipe omep Top : 0/0t, 9/0z,
0/0y, 0/0z. C jnpyroil CTOPOHBI, 9TU K€ YEThIPE OIEP TOP IPHCYTCTBYIOT B
JIMHEWHOM [0 9THM omnep Top M yp BHeHuu [up K . M TOMBKO U3 COBMECTHOIO
BBINOJIHEHUS K K YP BHEHHS] HEMPEPhIBHOCTH, T K U PEISITHBHCTCKOTO BOJIHOBOIO
yp BHEHHUS BBITEK IOT BCE CBOMCTB Tpymubl y-M Tpul. [loaromy s 3 nmcH pens-
THBHCTCKOIO BOJTHOBOI'O Yp BHEHHMS B KOB PH HTHOM (hopMe HEoOXOIMMO K K MH-
HUMYM YEThIpe FEHep TOp , MOPOXI IOUIMX COOTBETCTBYIOILYIO TPYIIY 7Y-M TPHII.
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COBOKYIHOCTh BBICK 3 HHBIX BBbIIIE COOOp KEHHWH IOK 3bIB €T, 4YTO CYIIe-
creyer eme ogd rpynn (D, ([)), KoTop 4 1n03BoIsgeT c(hOPMYIUPOB Th BOTHOBOE
yp BHenue tun up X . Comt cHO (34) rpymily MOXHO ONpENe/IUTh, H IIPUMED,
T KUMH COOTHOLICHHSMH:

VsVt + VeVs =205, Ve, =1 (s,t=1,2,3),
Vs + Y14vs = 0, (s =1,2,3), (36)
7= -1

Tak kak mng p, v = 1,2, 3 coorHowenus (1), (2) He U3MEHWIIUCD, TO BCE NIOCTPO-
€HUs M BBIBOJIBI, Kacaloluecs NoArpynn ()2 u d., ocraiTcs B cuie, T.e. LH-
KJIMYECKHUEe CTPYKTYpPbl U COOTHOIIEHHUSI MEXJy COCTaBISIOUIUMU UX dJIEMEHTaMu
ocrarTcs 6e3 H3MeHEeHUH.

Hukmrgeck s CTPYKTyp TPYIIIBI B IIETIOM MOXET OBITh MPEACT BIEH B BHIE

D,(I) = dy[ay, ag, J[e + V)] = Qala1, az[e + c|[e + b, (37

. 2
rae by ~ 4. Tpu marpuunoit peanmusaiuu HIT oto Bener k b}~ = —1I, u6o 3mech
4 ynoeierBopsiet (36). K x u p Hee, 31ech OpHHATHI 0003H YCHHS:

aip ~ Y3Y2, a2~ 7Y17Y3 a3 =aia2 ~ Y271, C~ Y1273

M3 nocrpoenus D., () BumHO, 4TO OH comepxXut moxrpymmy d.. P Hee GbUIO
YCT HOBJIEHO, YTO Kaxjas d. COAEPXKUT NOATPYNITY go:

g2lay, ay, az] = Cylar][e + ay),

/ / /!
e ap ~ 7372, a4z~ 72, daz=aidz~"3.
IMocnenymomee paclIMpeHne TPYIIBL ¢a[a1, b, as] ¢ TOMOLIBIO TeHeparopa
¢ = a1b); nocr Buser rpymiy 16-ro mopsaka c.:

¢y = Cyla][e + as)le + ).

IMono6uo tomy, Kak D.(I]) comepxut Tonsko moarpynmst d, 4 b., rpymma
D (I) cogepxXur TONbKO MOArpyNHms! d, U ¢,. EcTecTBeHHO, NpU 3TOM HEOOXO-
JUMO TIOMHMTH O momrpymme f., momopdHoit d,. CTpPyKTypHBIH UHB DH HT B
T KoM ciyd e nonyd ercs In[D. (I)] = 1.

CornacHo yrBepxaenuio Teopemsl (30), ecnu In = 1, To rpyina sKBUBajIeHTHA
rpymme jeiictBuTenbHbIX MaTpull. C HOMOLIBIO P 3BUTOM p HEe METOOUKU OHHU
OBUTH TTOSTyYeHbI B IBHOM BHzE [8]:

1 0 0 0 0 0 1 0

. 1o -1 0 o o 0o 0o -1

=10 o —1o0]> ™71 0 0o o |°
00 o0 1 0 -1 0 0
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0100 0 01 0
100 0 o 00 -1
BZ1looo0 1| ™T] -100 o0

00 1 0 0 1 0 0

B pe3ynbpT Te BBINOTHEHHBIX MOCTPOEHHUN ITOMYYESHBI BBIP XEHUS IS YEThI-
pexX HTUKOMMYTHPYIOLMX T'eHep TOpOB. I'pynm B LIETOM COXEpXKHUT TOJIBKO TPU
noAarpynnsl d., f,Cy, H KOTOPBIX pe JIU3YIOTCS HENPUBOJAUMbIE NPEJACT BIICHHS
rpymst Jlopenn . ITpu atom npeact snenue rpymmst D (1) B cuny Teopemst (30)
C MO SIBJISI€TCS HEMPHUBOAUMBIM, T P HTHPYS T€M C MbIM JIOPEHI-UHB PH HTHOCTb.
K K yxe oTMeu J10Ch, UTS BBITIOTHEHHUS JIOPEHI-MHB PH HTHOCTH JIOCT TOYHO TPeX

HTUKOMMYTHPYIOIINX TeHep TOpoB. OCT BIIMICS YE€TBEPTHII TEHEP TOP COBMECTHO
C TpeMsl IIEpBbIMH OIPENEIISieT B UTOTE THUIl Yp BHEHHs, COCT B IPYMIIBI B LEJIOM,
T. €. KOJIMYECTBO M KCHM JIbHBIX MHB DM HTHBIX IOATPYII U MX NPUH JUIEXKHOCTD
K p 31muHbeiM HIT rpynner JlopeHn . @ KTUYecKH 8TO O3H 4 €T, YTO YETBEPTHIN
T€Hep TOp PEryJaupyeT X p KTep OTHOIIEHWH MeXIy MOACHUCTEM MH, KOTOpbIe (B
TOM 4YHCJIE) TPUBOAAT K ONMC HUIO K K 4 CTUIBL, T K U HTWUY CTUIBL. 3 TNHUChH
BOJIHOBOrO yp BHeHMs s rpynmst D.(I) BbIIONHAETCS IO TOMY Xe peLemnTy,
K K yp BHeHHe [JUp K , C IpelB PUTEIbHO BHIOp HHOHM VISl SIBHOTO IPEJACT Bile-
HUS OJHOM U3 TpeX MOACTPYKTYD d., f~,Cy. J1d Gonblieil sICHOCTH HEOOX0AUMO
OTMETHUTH CJIEAYIOUTylo NeT 1b. B coorHomenmax (33), (34) gepes v, 00603H -
geHbl reHep Topsl rpynn D.(I1) u D.,(I). B yp BHenunu Jup K 71,72,73,
K K yXe OTMeu JIoch (4), UMEIOT CMBIC/I MH(HHUTE3UM JIbHBIX OIep TOpoB Oy-
cTOB. ['OBOPUTH O CMBICIIOBOM COBII AE€HHM OJIUH KOBBIX CHMBOJIOB B BOJHOBBIX
yp BHeHHSX U B cooTHomieHusx (33), (34) B obmem ciyd e Helb3sd. be3ycioBHO
BEPHO TOJIBKO YTBEpXKAeHHEe 00 M30MOp(U3Me TPYII, ONpeleIeMbIX COOTHOLLE-
auamu (33) wm (34).

Ecii ju14 4BHOM 3 NMCH BOJIHOBOIO yp BHEHMd BLIOD Th HOArpymmy d., TO
poJib TpeX MH(UHUTE3UM JIbHBIX OIep TOPOB OYCTOB WIp 10T K K P 3 M TPHILBI
Y1,7Y2,73 p BeHCTB 4) u3 opmynsl (34). JInd HUX OCT I0TCA BEPHBIMH COOTHO-
wenud (2), (4). Poap yeTBepToro reHep TOp MOXKET BBIIOJHATH Y4 B IOJIHOM
COOTBETCTBUH C yCIOBHAMHE 4) u3 (34) U oNpemesIiouMi cOOTHOIeHUuIMH (36).
B pe3ynpT Te BOTHOBOE yp BHEHHE NPHHUM €T BUJ

[i(r}/,ltp#) - mohﬁ = 07 n= 17 2a 374a (38)
rae
VsVt + YtVs = 255t7 73,,‘, =1 (Svt = ]-7 273)7
Ysya+71vs =0, (s =1,2,3),
7 =-1

TpeboB HHS pedyKIHH MMOTYy9eHHOTO yp BHEHHS K yp BHeHHio Kmeitn —Iop-
noH pomyck 0t mgy # 0. Ilo ¢dopme oHO coBm ;1 eT ¢ yp BHeHHeM [up X .
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Omnuuye 3 KIOY eTcst B UHOU CTpyKType rpymibl D. (1), KOTOp S OXHO3H 4HO
ompenensercs cootHomenusmu (36). T x ke K K B ¢1yd e yp BHeHus Hup x ,
4BH s ()OPM 3 IHCH C KOHKPETHBIM BBIOOPOM IS MPEACT BIICHHS OOHOM M3 MOJ-
TPYNIl HE BBIABIAET BCEX X P KTEPUCTUK yp BHEHMA. YD BHEHUE C HEUCTBU-
TEJIBHBIMU 7y-M TPHULl MH MOXHO H HTH yXe B p 6ore M iiop uel [4]. AH nu3
ero (hM3MYECKOro CojepX HHs IPH 3TOM He ObUI NMPOM3BENEH, T K K K OIHOU
W3 IJ1 BHBIX 3 1 4 BTOp ObUI (hOPMYJMPOBK yp BHEHHH, HE COAEpPX LIMX Jy-
6meTsl 4 cTUIl — HTWY cTull . IIpuBeneHHOe BhIIE MOCTPOEHHUE MpECIenyeT Leib
HE TONIBKO MPO H JIM3UPOB Th KOHKPETHYI IPYIMITy, HO U J Jiee YHU(DHUIUPOB Tb
METO/bI NOJIy4eHHd JIENTOHHBIX Yp BHEHHUIl.

1.6. KB pretHoe yp BHeHmue. [locie aHanmmza OByX NMPEABIAYIINX IPYI BO3-
HUKAeT €CTECTBEHHBI BOIPOC O BO3MOXHOCTH CYILECTBOBaHUA Ipynmsl ¢ In=0.
Kak yxe oTMeuanocs Bbllle, BCe JOIYCTUMbIE BapUAHThl COXpaHEHUs KiIuGoprao-
BbIX aHTUKOMMYTALUMOHHBIX cOOoTHoueHuid tumna (31) u (36) npuBOAAT TOIBKO K
asym BosmoxHoctam D, (II) u D (I).

Eciu orp HMYMTBCS NMOUCKOM Yp BHEHHMS Ul 4 CTHL co crniuHoM 1/2, (lp =
1/2), To M KCUM JIbHBIMU HOATPYNI MU MOTYT OBITH TONBKO d., fy,b.,cy. Cie-
JOB TEIBHO, MIOPSIIOK TeHep TOPOB K K 2JIEMEHTOB IOATPYIIT MOXET ObITh JIN6O 4,
6o 2. K K oT™Meu Jioch BbllIe, HEOOXOAUMBIM YCJIOBHEM (pOPMYITMPOBKH JIOPEHII-
UHB pH HTHOTO BOJIHOBOTO Yp BHEHHS SIBIF€TCS H JIMUUE TPeX HTUKOMMYTHUPY-
IoIuX reHep Topos. IIpu 3TOM NONHOE YHCIO TeHep TOPOB Ul (POPMYIUPOBKU
BOJIHOBOTO Yp BHEHHS IIOK IIPEAIION I' eTCd p BHBIM 4eTblpeM. T KOBBI Heo06Xo-
aumble orp HudeHud. OIMH U3 HEMHOTUX B DU HTOB ITOJIOXHUTENBHOTO OTBET H
MOCT BJICHHBIN BOIIPOC MpelcT BiieH B p Gore [18].

ITycts chopmanbHas 3alUCh LUKJIUYECKOH CTPYKTYpPBI sl HEKOTOPOU TPYIIIBI
Y-M TpHILl UMEEeT BUJ

Dy (1) = Dy[ay, az, c1, bg] = Q2[a1, az][e + c1][e + be], (39)

3x1ech, Kak paHee, (Q2]a1, az] — NOArpyIa KBATEPHHOHOB C FEHEPATOPAMH a7, 2.
BriGepeM resep TOpsI ¢1 U bg T K, o6l D (I1]) comepx 11 aBe moarpymst 16-
ro nopszka dy (a1, az, ¢1] = Qzlar, aslle+c1] u bylar, as, bg] = Q2ar, az]le+bg).
Bce uetpipe reneparopa aj, as, €1, bg AIMEIOT TOPIAOK 4.

Kpome Toro, ok 3 710Ch,4TO MOXHO BBIIIOJIHUTB ITOCTPOEHHE T K, YTOOBI 371€e-
MEHT €] CTal 9JIEMEHTOM LIEHTPA He TOJIbKO HOATPYNIbI d[a1, a2, 1], HO U Beel
rpyrnel D (IIT). Tora ¢ ydetom onpenenenuii @2, dy 1 b, nonyuaem ciegyromui
Ha00p COOTHOIIEHUI MEXIy reHep TOp MH:

—1 —1 —1 -1 —1
aza1a,  =aj , (10207 =a, , bsciby =ci,

-1 -1 -1
ciaic; = ai, crasc] = ag, cibecy ™ = bg, (40)

-1 _ -1 -1 _ -1
b6a1b6 =ay, , bﬁagbﬁ =aq .
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IMonyyenn s T xum 06p 3om rpynn D, (III) umeer nopsnok 32. I'pynma, kak
n obe mpeAbIaylne, YCTPOEH Tak, YTO KBaApaThl JIIOOBIX 3JIEMEHTOB YETBEPTOIO
nopsiaka cosrnagaoT. O603Ha4uM 3TOT aieMeHT (k):

(a1)? = (a2)* = (c1)* = (be)* = (k), (k)* =ee. (41)

CyI1ecTBEHHO U3MEHWIAach CTPYKTypa Ipymmsl. Eciii B ABYX MpenblIyuX ciaydasx
LEHTPBI TPYII COCTOSUIA M3 OBYX 21eMeHTOB (e ~ I k ~ —I), To Temepb LEHTP
COJIEPXHUT BOCEMb 2JIeMEHTOB. IMEHHO:

1 1 1
e, k, c1, ¢, azbs, azby , azbsci, asbgci . (42)

Yucno conpsxeHHbIX KJIAaCCOB CTAaHOBUTCH paBHBIM 20, mOaTOMY Ipynn umMeeT 16
OIHOMEPHBIX HEIPHUBOAMMBIX MPEACTABICHUI U YEThIpE HEOKBUBATIEHTHBIX JByMEp-
HbIX. DTO O3H 4 eT, 4To penieHHs OyayT He OMCIIHMOpHbBIE, HO CIIMHOpPHBIE. [py-
roe B XKHOE OTNIMYME OT OyOJETHBIX yp BHEHHUH 3 KJIIOY €TCsS B TOM, YTO TPYIII
D, (II) conepXuT BCce TPH BO3MOXKHBIX MOATPYMIbI d, by, cy. B cuny mocrpoe-
Hus (39) comepXuT noarpynist d, u b,.

MOXHO 3 METHUTb, YTO H OOp T KHX DIEMEHTOB

2 3 3 3
{e, a1, aj, a3, asec, ajc, ajasc, ayaxc’}

o0p 3yer moarpymmy gs. /[l JbHeiillee ee p CHIMpPEHHE C MOMOILIBIO JIEMEHT
ayazbs 1 et nmoarpynmy c.. Onpegensdiomue cooTHomenus (40) Mo3BonsioT me-
pPEeHUTH K BBIp KEHUSM B NPHUBBIYHOM BHJE, T.€. B BUJE COOTHOIUEHHH MeXIy -
M TpHI MH, KOTOpbIe T KXX€ MOPOX] 0T HEPHBOONMBIE M TPHUUYHBIC IIPENCT BIIe-
Hus. B nonHOM H soruum ¢ yp BHeHueM [lup K 1OJyd eM

Yoyt + VeYs = 205, Yi=1 (s,t=1,2,3).
Yeya — Yays =0 (s =1,2,3), (43)
7=1

OueBuiHOE U NPUHLMIIM JIbHOE omiMyue oT yciaosud dup k (31) 3 kimou ercd B
TOM, UTO 74 KOMMYTHPYET CO BCEMH OCT JIbHBIMU reHep Top Mu. IIpgamoii nmposep-
KO MOXHO yOeIuThCsl, YTO B IPYIIE HE UMEETCs] YETBEPTOro reHep TOp , KOTOPBIii

HTUKOMMYTHPYET C 1epBbiMM Tpemd. IIpu sToM BhIAcHAETCH, uro rpynna D, (III)
cofiepXuT 16 37IeMEHTOB YeTBEpPTOro mopsaka u 16 — BTOPOro mopsizka, T.e.
nocsie nocrpoenus HII nonmydaem In=0.

W3 ycnoBus pepykuuu I HHOTO (X Jiee KB PTETHOIO) yp BHEHHUS K Yp BHEHMIO
Kneitn -T'opgon mnomyu eM, yto M cc 4 ctunl m = 0. SIBH 4 ¢opM BOIHOBOrO
yp BHEHHS 3 BHCHT, K K YXe OTMeY JIOCh, OT BbIOOp MOATPYIIIbI, CBS3 HHOW C
TEM WM WHBIM HEPUBOOUMBIM NpeAcT BiieHueM. Ecim uist sBHOM 3 mumcH BeIOp Th
d~, To mony4d em

(Vsps)¥ —y40Y /Ot =0 (s =1,2,3), (44)
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[€ Y-M TPULbI ONPEAeNIIoTCs p BeHCTB MU (43). 31ech U B MOC/IEAYIONINX BOJTHO-
BBIX yp BHEHHSX 110 HOBTOPSIOLINMCS MHAEKC M IOAP 3yMEB €TCSl CyMMHPOB HUE.
[omo6no TOMY, K K caen H mepexox oT yp BHeHus (1) k (35), MOXHO 3 mHUC Tb
yp BHeHue (44) juId ABHOTO NPEACT BIEHHS C NOAIPYNN MU b, WM c,.

ITockonbKy 74 KOMMYTHPYET C Y1, Y2,7Y3, 3H YAT OH KOMMYTHPYET CO BCEMH
OCT JIBHBIMH, U TIOTOMY Y4 Kp TH €IMHHUYHOH M Tpuue. B T Kom ciyu e yp BHe-
HHE TIPUHUM €T BHA

(Ysps)p £0¢/0t =0 (s =1,2,3). (45)

3H KM £ BO3HMK 0T U3 TOro TpeOOB HUS, YTO JIMHEHH s ¢dopM (45) nOImKH

nepexoanTs (P yMHOXEHUM H CONPSCKEHHYI0 K Hel) B KB AP THYHYH, KOTO-
p 4 H 3bIB ercd yp BHeHueM KineiiH —['opnon . BUgHO, 4TO B I HHOM Cllyd € Mbl
HMEEM JIEJIO C YETHIPbMS MOACTPYKTYp MH. B IyONmeTHsIX Clyd sIX BOIPOC O TOM,
YTO CUUT Th U CTULEH U HTUY CTHULEH, IPEJCT BISETCA BO MHOIOM YCIIOBHOCTBIO.
Teneps HEOOXOAUMO CzIell Th BHIOOP TOrO KPUTEPHS, 10 KOTOPOMY MBI BBIIEISIEM
I py 4 cTMl — HTHY cTHl . Pusnyeckoe TpeGOB HHE, K KyLIeecs HPOCTbIM U
€CTECTBEHHBIM, — IPOTHBOIOJIOXHOCTh 3H YEHHH T K H 3bIB €MbIX KB HTOBBIX
YHCcell — B YCIOBHSIX CBOOOIHOIO yp BHEHHS SIBIISIETCSl HEXOCT TOYHbIM. [ToaTomy
MOXHO UCXOIOWUTh U3 H Jjoruu ¢ yp BHeHueM Jlup k . Bynem cuur Tb, yTO I p

HOATPYII, CBS3 HHBIX Mexjy coboii (T)-peobp 30B HHEM, OTBETCTBEHH 3 y-
6JeT 4 CTHLl — HTUY CTHL . DTOT BBIOOP I' p HTHPYET OAHOTHITHOCTh CIMHOBBIX
cpoiicts nyoner [19]. B T KoM cityd e umeeTcs JBe BO3MOXHOCTH OHOBPEMEHHO,
KO OOH II p CBA3 H C NOATpynn MM dy W b,, BTOp 4 ¢ noarpymmn mMu
fy 1 cy.

W3 ycr HOBIEHHOH BbIlle (PU3MYECKONW WHTEpHpPEeT LMW BEJIMYMH a; U by
(i,k = 1,2,3) 1 METOOMKM BBIYUCIEHHS H HX OCHOBE BECOBBIX YHCENl HEIpHU-
BOJAMMBIX IPEJCT BileHuil rpynns! JIOpeHI BHIHO, YTO HEPBOE BECOBOE YMCIIO
(lo = 1/2) onun xoBo s moarpynmst d, U it by T K Xe, K K U B yp BHEHUU
Hup k . IToaTOMYy CIIMHOBBIE CBOWCTB I1 Pbl U CTHUI, CBSI3 HHOI C MOATPYNI MU
d-,by, COBIl I 10T C T KOBbIMH [yt ayOier ete™ B TOM CMbICHe, 9TO K KO 5
U3 TpeX NPOCTP HCTBEHHBIX KOOPOWH T MOXET ObITh BBIOD H B K YECTBE OCH
KB HTOB HUS.

OcHOBHBIE X P KTEPHCTHKH BTOPOH I PbI U CTHII, CBSI3 HHOH C MOATPYIIT MU
f~, €y, TIO CIIUHOBBIM CBOWCTB M COBII J IOT CO CBOWCTB MM T KOI Xe€ Il pHI IOJ-
rpynn B p MK X rpymnsl Do (I). B 4 cTHOCTH, He MEHSIOTCS COGCTBEHHBIC 3H -
YEHUS OIep TOPOB, ONpPENeNAIOlNX BECOBble YUCT MpPEeACT BieHuil rpymmnsl Jlo-
peHrr [13]. DTo 0O3H 4 €T COBII JIeHWE CIIMHOBBIX CBOMCTB COOTBETCTBYIOIIEH
I pbl Y CTUL — HTMY CTUL . T KM 0Op 30M, BTOp 4 I p 4 CTHLl UMeeT CIIHH,
OPHEHTHUPOB HHBIN 110 H P BJICHUIO MM MPOTHB UMIIYJBC T K XK€, K K 3TO UMEET
Mecto B cinyd e D (I).
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B ornmnume or ayOneTHBIX yp BHEHHI, B KB PTETHOM CJIy4 € yp BHEHHE 3 -
MKHYTO OTHOCHTEJIBHO K KIOr0 W3 BO3MOXHBIX 1peobp 308 Huil (26)—(29). Jlo-
0 S U3 AUCKPETHBIX OIlep LM JIMOO OCT BIISET K KIBIN U3 ABYX H GOPOB MOATPYIIIT
(dy,by u fy,cy) 6e3 nu3MeHenus, MO0 NMepeBORUT OauH B Apyroil. Ho B kB prer-
HOM CJIyd € Ipynn B LeJIoM nepexoauT ¢ M B cebsd. T koe B3 uMHO 0Op THOE
IpeBp ILIEHUE ABYX I P B YCJIOBUSX €IUHOIO yp BHEHMS €CTECTBEHHO CBSA3BIB Tb
¢ ocumuuuaMu. HeoOXoauMbIM yCTIOBHEM HX pe JIM3 LU SBISeTCS H JINYKe
KB PTETHBIX cocTosHME. KcT TH cK 3 Tb, T KO€ MOJOXeHHe H OJon eTcs B CiIy-
4 e ocuwuranuid K -Me30H0B. Bompoc 0 10CT TOYHBIX YCIOBHSIX 3 BUCHT OT TOTO,
OyzeT 1 H #igeH MeX HU3M WIHM YCJIOBHS UL MEPeXoi OIHOH HHUTHIHMPYIOLIEH
II Pbl B APYTYIO.

be3Mm ccoBoe IByXKOMIIOHEHTHOE HEHTPUHO He 4BIIFeTCS HOBOCTBIO, IIO3TOMY
BO3HUK €T HEOOXOIMMOCTb CP BHUTH P 3MYME HPEIIOKEHHOTO (hopMm jIM3M H

H JIOTUYHBIX MMEIOLIUXCS.

K x yxe ormeu jiocs Bo Beenenuu, JIu u SHr [2] B CBOMX NOCTPOEHUSIX H
OCHOBE JIByXKOMIIOHEHTHOTO HEWTpUHO ucxomuiu u3 p 6otsl I1 ymu [3]. B mo-
ClleIHel UMeeTCsl CJIOBECH S HEYETKOCTh. A UMEHHO, TOBOPHUTCS O HEOOXOIMMOCTH
«3 4epkuB Husi» (B KHHre 1947 r.) «M CCOBOrO WieH » WIH ero «0T0p ChIB HHUSI»
B ApyroM u3n HuM [20]. Ho 4ro mpuHUMOM JIBHO, HE IPOCTO M CCBl 1M,  BCErO
WIeH 1M7y4, TAE Y4 — YETBIPEXPsOH s M Tpulm w3 yp BHeHus Jup x . B mpo-
TUBHOM CIIyd €, €ClId OCT BUTb Y4, HE INPOU3OHWAET p 3[ejieHHe yp BHEHUS H
P CLEIUICHHbIE IByXKOMIIOHEHTHBIE U CTH. DTO TOBOPHUT O TOM, YTO T KO CHOCO0
nosy4yeHus: 6e3M CCOBOTO yp BHEHMSI H OCHOBE Yp BHeHus! [JUp K HEBO3MOXEH,
n6o nepexon K ciayd 10 m = O TpeOyer cTpyKTypHOU mepecTpoiiku. OH He BO3-
HUK eT BTOM Thuecku. K dectn II ynmm, T cioBecH S HEOOTOBOPEHHOCTh HE
NpuBel K OMIMOKE B M TeM THYECKO# (hOpMYIMPOBKE yp BHEHHSI.

It H ¢ B XKHBIM B H JIM3UpYyeMoii p 6ote siBisiercst To, uro I1 ynmu H nuc n
B KOB DU HTHOM BHJE U BOJHOBOE yp BHEHHUE, U yp BHEHME HEIPEPLIBHOCTH I
YETBIPEXBEKTOP IUIOTHOCTH TOK BEPOSITHOCTH. 31€Ch, K K U MOJIOXKEHO, MPUCYT-
CTBYIOT BCe 4eThipe omep top 0/0t,0/0x,0/0y,0/0z. Torn B caya e m = 0
B OTHX Yp BHEHHSIX orep Topy J/0t HeoGXOIMMO COOTHECTH MHOXHTEND Yy (T. €.
H nuc b Y40 /0t ), KOTOPBIi B 6€3M CCOBOM CJIyd € Kp TEH eIUHUYHON M TpHIIE.
DTO 03H Y €T, YTO 4 ~ I KOMMYTHUPYET C OCT JIbHBIMU TpeMs i, 72,73, K K
3TO 3 MUC HO BO BTOPOI CTpOKE p BEHCTB (43) M K K 3TO MMeeT MecTo B ¢op-
mynupoBk X IT ynu. B pesynst Te BomHOBOE yp BHeHue I1 ynau coBnm A €T ¢ yp B-
HeHneM (45), momydeHHbIM H ocHOBe (43). B mpoTuBHOM ciyd e, KOTO OTCYT-
CTBYET Y4, BOJJHOBOE Yp BHEHHUE TepseT KOB pu HTHOCTh hopmbl. Ilpu atoMm 4
OTHOCUTCS yX€ K Yp BHEHHIO JUId JABYXKOMIIOHEHTHBIX CIIMHOPOB, HE K Yp BHe-
o Iup K . [logoGHbli H M3 yp BHeHUid Tun (45) co BCEMH BBITEK IOLIMMHU
OTCIOA TIOCTIEACTBUSIMH P HEE€ HUKEM HE MPOBOIMIICS.

1.7. CunrieTHble cOCTOAHMA JeNTOHOB. OTK 3 OT HTHKOMMYT IIMH YEeTBEp-
TOrO TeHep TOP U ero KOMMYT IMd C TpeMs IepBBIMU OTKPBIB IOT €lle B HOBbIX
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B pu HT . OHM OTJIMY I0TCA OT KB pTeTHOW rpymmsl (43) 3H YeHHIMH CTPYKTYp-
HbIX MHB PU HTOB, IIOJNYydY IOTCS B P MK X TpeOOB HHUil KOMMYT LM OIHOTO W3
TEHEP TOPOB C TPeM: OCT JIbHBIMHM U B PH LIUEH IIPH 9TOM MOPAIKOB BCEX YETBIPEX
resep Topos [21].

IMepsblit U3 ByX BO3MOXHBIX B pU HTOB, 0003H u eMmslii 1 nee D~(IV), 3 1 -
eTcd T KUMHU OINPeAesIONMMI COOTHOLICHUSIMU:

VsVt + YtVs = _255t7 (87 t= ]-7 27 3) (46)
YaYs — YsYa = 0, V=1
Beraucnenust 1 1ot npu atom In[D~(IV)] = —1.

ITpu apyrom BEIOOpE OMPERENSIOUINX COOTHOLIEHHN

%’Yt + ’Yt’Ys - 07 S 7& t (S,t = 1a273)a
7§ = 'V% =1, ’712 =-1 47)
TaYs =7 =0, =1

HOJTydY eM Ipymmy, 00603H 4 emyio 1 see D, (V), n BelTH4nHy CTPYKTYPHOTO HHB -
pu ur In[D, (V)] =1.

OOG6e rpymmbl, K K TPU NpeAbLIyLIHe, UMEIOT HOpPsIoK 32 u, MogobHO KB p-
TETHOMY COCTOSIHUIO, UMeIoT 20 conpsikKeHHBIX K ccoB. LIeHTp rpynmsl coCcTOUT
13 BOCBMH 3JIEMEHTOB BTOpPOro nopsak . CienoB TeNbHO, CHHIVIETHBIE COCTOSHHS
OMHCHIB IOTCS ABYXKOMIIOHEHTHBIMU CIIMHOp MU. M3 cooTHOmmeHmit (46), (47) co-
BMECTHO C TpeOOB HHMeM peiyKuuu K yp BHeHuto KieilH —['OpfoH OIHO3H 4HO
crenyert, uro m = 0 Juist 060UX yp BHEHHMH.

OCHOBH 51 0COOEHHOCTbh 00EHX TPYIHII 3 KJII0Y €TCsl B TOM, YTO K XI s U3 HUX
COOEPXKUT HOArPYNIbl ofHoro tam : rpymn D, (IV) conepXuT TOJILKO TOATPYIIIbI
by, rpymn D.(V) TONbKO NMOATPYNIBI C~. 3IECh MMEITCA B BUIY NOATPYIIIbI
16-ro MoOpaAK , T.€. MOATPYIBI, KOTOPbIE MPEACT BT TOT MM MHON KOMIIO-
HEHT CBSI3HOCTH Ipymnnsl JIopeH . Yp BHeHHd, CBS3 HHble C T KUMH TpYII MH,
He cofepX T (T')-CONpSIKEHHBIX KOMIIOHEHTOB CBS3HOCTH, Y CTHIIBI HE UMEIOT

HTUY ctul. T XKuM o6p 30M, MbI HIOJTyd €M CHHIVIETHBIE COCTOSIHUS.

B nonHON H JOrMM ¢ TPEAbIAYIIAMH CIIyd SIMH CTPOSITCSI BOJTHOBBIE Yp BHe-

Hud. g D, (IV) oHO npuHHM €T BHJL

(tpaya — p1y1 — P22 — p3y3) ¥ (x,t) = 0. (48)

Bonnosoe yp Buenue D.(V) mnsd omHOrO W3 KOHKPETHBIX BBIOOPOB Y-M T-
punl (47) npuHUM €T BULI

(paya — ip1y1 — P22 — P3Y3)¥(x,t) = 0. (49)

AH JIOTHYHbBIE P BEHCTB MOXHO 3 IIMC Th Ul APYTMX B PH HTOB, KOTJ COII -
cHO (47) w73 = —1, wm 73 = —1.

22



W3 KOMMYT LMOHHBIX COOTHOLIEHUH (24) U oNpeAedIouX COOTHOIEHMH (47)
CIIEflyeT HEp BHO3H YHOCTH TPEX MPOCTP HCTBEHHBIX H NP BJICHWI VIS TIOATPYIIIBI
¢y B rpynmne cunriaeroB Tun Do (V). DTo ecTh cieicTBie HEOAHOTUIIHOCTH Olle-
P TOPOB a1,az,as. Onep Top a; umeer mopsnok 4 (aj = I), B To BpeMs K K
OIep TOPBI G2, a3 MUMET MOPAIOK 2: a3 = a3 = I. KB HTOBOE 4MCIIO CIMH B
1 HHOM CJIy4 € IPUHUM eT JeHCTBUTENIbHOEe 3H 4eHue 1/2 TOapKO BIOJb H Ip -
BiieHHs a1. COOCTBEHHBIE 3H YEHHUS OIEpP TOPOB G2 U a3 SBJISIOTCS MHUMBIMH. DTO
O3H Y €T, YTO CIIMH MMeeT H Ip BIIeHue JIUOO0 BIOJb, THOO IPOTUB UMITYJIbC , CBS-
3 HHOTO C H I BJICHHEM ap. 31eCh MOJOXEHHEe BO MHOTOM H JIOTHYHO OyOieTy
M CCUBHBIX HEHTpPUHO.

Heob6xomuMo oTMeTHTb, YTO H HEpBbId B3I B yp BHeHHU (49) mmeercs
BBIJIEIEHHOCTh OJHOI U3 HPOCTP HCTBEHHBIX Oceil. JIelicTBUTENbHO, BBIp KEHHE
1P17Y1 COLEPXKHUT MHOXUTEND ¢, TOTA K K OB H JIOTMYHBIX He cofepx T. Ho H
C MOM JIeJIe C TIOMOLIBIO BIIEMEHTOB 3TOH X€ ¢ MOU TIPYIIBI MOXHO COBEPIIUTH
MOBOPOT BOKPYI OZHOH W3 MPOCTP HCTBEHHBIX OCEH, M TOTA MHOXHTENb ¢ Oyner
CTOSITB IIPH Y2 WIX NPpH y3. T KUM 00p 30M, HUK KUX OIp HUYEHUH H H Ip Bile-
HUE UMIIYJIbC HE MMEeTCsl, HO BCerJ IpPU 3TOM CIIUH OPUEHTHPOB H 110 UMITYJIbCY.
B T KOM cMmbIciIe MOXKXHO TOBOPHUTH, YTO KOB P HTHOCTb (DOPMYITHPOBKH B IIETIOM
BBITIONHSETCA, T K K K BCE HEOOXOIMMBIE [UISl 3TOTO MPEANOCHUTKHM MMEITCS, HO B
CKpPBITO (hopMe. DTO MOXKHO BOCHPHHUM Th K K HEIOCT TOYHOCTb CT HI PTHOIO
(coOCTBEHHOrO OPTOXPOHHOIO) MPEICT BJCHUS IPYNIbl JIOpeHLl Uil JeKB THOTO
OIKC HHS BCEI0 MHOrOOOp 3MSl CBOMCTB JIEIITOHOB.

MOXHO NOK 3 Tb, YTO KOMILJIEKCHOE CONPSIKEHHE SBIIsIeTCs Ipeodp 30B HHEM

BTOMOpP(U3M JUISl K XKIOM M3 yHNOMSHYTBIX TPymIl <y-M Tpuu. B cumy T Koro

CBOWCTB BOIIPOC O TIOJIOXUTENIBHOH OIPENESIEHHOCTH IUIOTHOCTH BEPOSATHOCTU
(UW), x x cnp Beamupo otmey Ji IT yiu [3], ABIseTcss MPOCTHIM CIIEICTBHEM JIH-
HEIHOCTU yp BHEHHMS M MHOTOKOMIIOHEHTHOCTH V. MopMyaupoBK Yp BHEHUS
HENPEepbIBHOCTU Ul TOK BEPOATHOCTH T KX€ He IpeTepleB eT NPUHLUIM Jb-
HBIX U3MEHEHUH.

ITpsAMBIM BBIYUCIIEHHEM MOXHO IIOK 3 Tb, YTO BO BCEX CIy4 X, Korg m = 0,
oriep Top 74 (6 B 06031 veHusix I1 yiu) CT HOBHUTCS KP THBIM EIUHUIE. DTOT Olie-
p TOp yMHOX ercs H /Ot B KOB pu HTHOIi (POPMYITHPOBKE, OYiIb-TO BOJHOBOE
yp BHEHHE WIH yp BHEHHE HeIpepbIBHOCTU. [103TOMy yp BHEHHE HENpephIBHOCTU
B BHze, npemtoxernnoM I1 ymm [3] (c. 252),

O (x,)/0t + Y 0pdV(x,t)/0xk =0, (50)
k=1

OCT eTcsl CIp BEIIUBBIM IIPU YCIOBUM 3 MeHbl 0 H (by)r B ciayd e D, (IV)
uH (cy)y — Bcayd e Dy(V). 3necs o, — M Tpuupt IT ymu; kK = 1,2,3,

(by)k 4 (cy)r — M TpHYHOE IIpEACT BIIeHUe JUI omep Topos OycTos mist T- u
P-conpsiKeHHBIX KOMIIOHEHTOB CBS3HOCTH, T.€. IPYII by U ¢, COOTBETCTBEHHO.
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Ho uckmiou Tb Ipu 9TOM Y4 U3 P CCMOTpeHHs, corll cHO (46) u (47), 03H 4 er
OTK 3 ThCSl OT BOJIHOBOTO Yp BHEHHSI.

SIBubrii Bug M Tpull (b )g U (Cy)k, KOTOPBIE UIP IOT POJIb DKBUB JICHTOB M -
TPHUIL Ok, U1 KOHKPETHOTO BBIOOp yp BHeHuil (48) u (49) T koB [19]:

on=(52) o= (% ) e=(2 )
=6 5 ) = (55 ) en= (0 )

IMonct HOBK B yp BHeHud (48) u (49) pelieHuil B Bulle INIOCKUX BOJIH, T. €.
Mepexo K P-TIPEACT BICHUIO IS CT LUOH PHBIX PEIIEeHUi, MOK 3bIB €T, YTO pe-
LIEHHs CYIIECTBYIOT ITPU MOJOXHUTEIbHBIX M OTPHUIl TEIbHBIX 3H YEHHIX 3HEPIUH

p? + p3 + p3. Otmume or yp BHeHMst [IUp K M B PU HT M CCHBHOTO
AyOJeT HEHTPUHO 3 KIIIOY €TCS B TOM, YTO B JIyOJIETHBIX COCTOSIHUSIX MIMEET MECTO
JABYKP THOE BBIpPOXIEHHE 000MX 3H YEHHH DHEpruu.

U3 ompenensrommx cootHomnenuil (46) u (47) ciemyer, YTO CBSI3 HHBIE C
HUMH TPYIIbl UMEIOT YEThIpe HEOKBUB JICHTHBIX HENPUBOIMMBIX IPEICT BICHHS
p 3mepHoctu 2. K xmoMmy u3 HHX, corl cHO Teopeme bepHc il , comyTrcTByer
[0 OJHOMY 3KBHUB JIEHTHOMY HENPHBOAMMOMY IMpEACT BiIEHHI0. MOXHO MOK 3 Tb,
YTO 9KBUB JICHTHBIE INPEACT BJICHUS OTIMY IOTCS OXHO OT OPYIOro TOJIBKO IpO-
CTP HCTBEHHBIM IIOBOPOTOM.

YeTblpe HE9KBUB JICHTHBIX IPEJICT BJICHUS OTIMY I0TCS OOp THBIMHU 3H K MH
9JIEMEHTOB LIEHTP CO CleJd MM, HE P BHBIMU HyII0. B pe3ynsT Te HosBisioTcs
YeTpIpe, TUN PpEIeHUH, OTINY IOUIMXCS OBYyMS 3H K MU ®HEPrHd M ABYMS 3H -
YEeHUAMU NPOEKLMH CIMHOB. DTO NpsAMOe CiIeicTBUe Toro, yro rpymusl D (IV)
u D (V) nopoxj I10Tcsa YeThIpbMs T€HEP TOD MM M UMeIOT nopanok 32. B aTom
OTHOIIEHUU CUHIJIETHbIE YP BHEHHUS BIOJIHE H JIOTUYHBI JyOJIETHBIM.

K x yxe ormeu nock, K k1 g4 u3 rpymn D,(IV) u D, (V) umeer B cpoeil
CTPYKType M KCHUM JIbHYIO MHB DU HTHYIO IIOATPYIIIy OXHOro copr — b, u ¢,
COOTBETCTBEHHO. P 3711uKe CBOICTB MOArpYyNIl BeJeT K P 3IMYHMI0 CIUHOBBIX X -
P KTEpUCTUK CHUHINIETOB. I3 KOMMYT LIMOHHBIX cooTHouIeHu (10) 11 moarpynmnst
b, 0YeBMIHO, YTO BCE TPU MPOCTP HCTBEHHBIX H IIP BIE€HUS 3KBUB JICHTHBI JUIS
cunrneros Tun D, (IV). Cnenos TenbHO, OCh KB HTOB HMS CIIMH MOXET OBITh
H 1P BJIEH BJOJb JIIOOON M3 HUX T K XK€, K K y ®IeKTPOH WU MO3UTPOH . YuH-
THIB 51, 4TO nourpymn b, cea3 H ¢ d (T')-peoGp 308 HueM (16), 1 HHPIA THI
COCTOSIHMS /1 Jiee OyneT H 3bIB ThCs 1'-CHHIJIETOM.

Y4YUTHIB 4, YTO MOAIPYIII C CBA3 H C IPOCTP HCTBEHHO-HECHMMETPUYHOMN
HOATPYIIOi ga[ay, as], I HHBIA THUII COCTOSHUS J Jiee OyIeT H 3bIB ThCsl P-CHHI-
JIETOM.
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Jlio60e U3 p CCMOTPEHHBIX P Hee JICNTOHHBIX yp BHEHWH 001 J eT TOi Win
MHOU WHB PH HTHOCTBIO OTHOCHTENBHO AMCKpPEeTHBIX Hpeobp 308 Huit (1), (P),
(PT). Corn cuo p BeHCTB M (26)—(29), cOCT BISIOIIKME CHHIVIETHBIX Yp BHE-
HUl HEMHB PH HTHBI OTHOCHTEIBHO JIIOOOI0O U3 JUCKPETHBIX 1peoOp 308 Huil. ITo-
9TOMY €CJIU CHHIJIETHbIE COCTOSIHUS Pe JIM3YIOTCS B IPUPOJE K K C MOCTOSITEIIbHbIE
0OBEKTHI, TO B3 MMOJNCHUCTBUS C UX Y4 CTHEM MOIYT UIp Th BBIIEICHHYIO POJIb B
HOKMCK X HeoOp TUMOCTH BO BPEMEHU WIH CHMMETPHH BEIeCTBO— HTHBEIIECTBO
H MHKPOCKOIIMYECKOM yPOBHE.

TMepeunciieHHble pe3yabT Thl Il BCEX TUIIOB Yp BHEHHI MO3BOJIAIOT YTBEp-
XJI Tb, Y4TO K 3KIO€ Yp BHEHHE Il CT OMIIBHOTO JIEHTOH HMeeT COOCTBEHHBbIN,
He MOBTOPSIOIIMIICS COCT B, T.€. H OOp MOACTPYKTYP, H KOTOPBIX pe JIM3yeTcs
YeThIpe P 3JIMYHBIX KOMIIOHEHT CBSI3HOCTU OJHOPORHOI rpynmsl JIopeHr .

1. ¥p Buenne up x — D,(I): d,, b, f,.
In[D,(II)] = —1.

2. Vp Buenue mia ny6ner M ccuBHBIX Heiirpuno — D~ (I): dy, ¢y, fy.
In[D,(I)] = 1.

3. Yp Buenme w1 KB preT 6e3M ccoBwix Helitpuno —D,(I1): d., by, ¢y, fsy.
In[D,(IIT)] = 0.

4. ¥Yp BHeHue ans 6e3m ccosoro T-cunrner — D, (IV): b,.
In[D,(IV)] = —1.

5. ¥Yp BHenue mid 6e3m ccooro P-cunrner — D, (V): c,.
In[D, (V)] = 1.

BuiHo, 4TO CTPYKTYp Yp BHEHHU [O3BOJISIET OTJIMYUTH OJHO Yp BHEHUE OT IpY-
roro. Bce msTh TUIOB yp BHEHUil HE UMEIOT MOACTPYKTYP, HOIMYCK IOMMX (DU3H-
YecKyw HHTeprpeT muio. [lo »TOH nmpuyrMHE HEeT OCHOB HHUIl CUMT Th MX HECT -
OWIBHBIMH T K Xe, K K 3TO HMEET MeCTO B CJIy4 € 3JeKTpoH . [Ipocroii mepebop
BCEX BO3MOXHOCTEH H OCHOBE CTPYKTYPHBIX MHB PH HTOB YEThIPEX KOMIIOHEHTOB
CBSI3HOCTH M BO3MOXHBIX MHB PH HTOB Yp BHEHHUH B LIEJIOM [103BOJISIET YTBEPKI Th,
YTO APYIUX CT OWJIBHBIX JIEIITOHOB B P MK X OTOBOPEHHBIX IPEINOI0XEHHI U Tpe-
0OB HHUIl HE UMEETCH.

2. PACIIUPEHUA I'PYIIII CTABIIBHBIX JIEIITTOHOB
MOXHO I, OCT B §ICh B P MK X NPEXHHX YEThIPeX IPEeNOIOXEHHH, MOy-
YUTh JOINOJIHUTEIIbHbIE JENTOHHbIE Yp BHEHMA? OK 3 JIOCh, YTO BO3MOXHO [9].

Pemr ercst moct Bi€HH $ 3 O 4 BBEJCHHEM JONOIHHUTEIBHOIO (MATOTO) IreHe-
P TOp A MOPOXIEHUS HOBOUW I'PYMIIBI BOJTHOBOIO Yp BHEHUS. BbricHMIIOCH, YTO
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CYILECTBYET TPU U TOJIBKO TPU BO3MOXHOCTH, KOTOpPBIE NOIYCK IOT UHTEPIpET -
L0 K K HOBBIE BOJTHOBBIC YP BHEHHS CO CBOMMH HOIOJHUTEIBHBIMU X P KTEpH-
CcTUK MH. [Ipy 3TOM B HOBBIX TPYHNIT X TOSIBJIAIOTCS MOACTPYKTYPBI, JOIMYCK HOIIHE
(puznyuecKyr0 MHTEpPNIpET HUI0 B TEPMHMH X CT OWJIBHBIX JIENTOHOB. B ®TOM HX OT-
JIMYKE OT TPYNII CT OMIIBHBIX JIENTOHOB, KOTOPOE M03BOJISIET MHTEPIIPETUPOB Th MX
K K HecT OWJIbHBIE B TOM CJIy4 €, €CJIM M CC 4 CTHUIIbI OK KeTCsl GOJIbIIE CYyMMBI
M CC COCT BJISIIOUIMX Y CTHII.

T x p cumpenue rpynmel y-M Tpun Jup x (D, (II)) ¢ nomoupo oxHOro

HTHKOMMYTHpYIOLIETo TeHep Top I's T Koro, uro I'Z = I, NpuBOAUT K TpyIie

A co cTpykTypHbIM HHB pu HTOM In[A;] = —1. P cumpeHue TOii Xe rpyrmist
C HOMOLIBIO TEHEp TOp T Koro, yro I’ 2 = —1, nocr Buser Az co CTPYKTYPHBIM
unB pu HroM In[Az] = 0. H KoHel, p CIIMpeHHe IPYIIIBI y-M TPHL] AyOIETHOrO
ueirpuno (D, (I)) ¢ nomomsio I 2 = —1 npuBoaut K rpynne Ay ¢ UHB pH HTOM
IH[AQ] =1.

Bce Tpu rpynmsl uMeroT psn obmumx cBoiicts. [lopsmok rpymit p BeH 64, LeHTp
K XJIOH IPYIIBI COAEPXKUT YETHIPE DIEMEHT , DIIEMEHTHI IPYIIl UMEIOT MOPSIOoK 2
wim 4, 1 K XA g u3 rpynn umeer 34 conpsxeHHblx ki cc . K x cnencrsue,
TPYIIBl UMEIOT N0 32 OJHOMEPHBIX HENPHUBOAMMBIX MPEICT BJCHUS U IO B He-
®KBUB JICHTHBIX UYeThIpeXMepHbIX. Kpome TOro, K Xi s IpPyHI HMEET B CBOEM
COCT B€ 110 TPU U TOJBKO TPU HMOATPYHIbl 32-ro mopsak , KOTOpble H30MOPGHBI
OIHOMY M3 IISITH IIEPEYUCICHHBIX B P HTOB yp BHEHHI Ul CT OMJIbHBIX JIEHTO-
HOB. Ho coct B moarpynn 32-ro mopsfk B K XAOM CIIyd € CBOM, HEHNOBTOPSIO-
LIUICA.

I'pynn  A; nmeer crienyionye onpeaeNsiomie COOTHOEHUS

F/LFD + FI./F/L = 26/w (,uv V= 1a 273a47 5) (51)
W3 HuX BBITEK €T, UTO
Lo, =TI, Ti=1 (u=1,2,3,4,5), (52)

rae FG = F1F2F3F4P5.
D10 03H U eT, 4To ' gBIsSETCA LEHTPOM TIPYHNBl U YTO MPH MEpexone K
HEMPUBOAUMOMY M TPUYHOMY IPEJCT BIEHUIO MOXHO 3 nuc Tb I'g = £1.
OueBHIHO, YTO KOrjA 4 U v mpober 10T 3H yeHus 1,2,3,4, MbI MOMyd eM
rpyrmy Oup K . MoxHO 1ok 3 Tb H ocHoBe (51), 4To A; MOMHMO MOATPYIIIBI
IIup X COHEpXUT IBE U TOJILKO JBE NOArpyIIsl 32-10 NOpsAaK . B pe3ynasT Te Mbl
IIOJIyd €M T KOW COCT B:

A{D,(I), D,(II), D,(IV)}. (53)

Boip xeHue (53) BMecTe cO CTPYKTYpHbIM MHB pu HTOM In[A;] = —1 unentn-
tunmpyror rpynmy Aj, T.e. fen eT ee (hPM3MYECKOe COIepX HUE OTIHMYHBIM OT
OCT JIbHBIX.
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BonHoBoe yp BHeHue hopMyaupyeTcd B IOIHOW H JIOTHM ¢ yp BHeHHeM [u-
P K IIpU YCJIOBHMH H JUIEX LIEro BHIOOp SBHOTO BUI Y-M TPHLL

4
[i > (Tapa) + Tgmaltp =0, L= £l (54)

a=1

tie po(a =1,2,3,4) u m — YETHIPEXUMITYJIBC U M CC HECT OWJIBHOW 4 CTHIIBL
3 nuch yp BHeHHs B Bujie (54) OK 3 JI Cb BO3MOXHO# OJ1 TOJl psi yiI YHOMY COBI -
AEHHI0 OOCTOSITENBCTB, B CHITy KOTOPBIX P 3MEPHOCTHIO HEMPHUBOAMMOIO MpEICT -
BIICHUS U1 TPyNnbl Aj COBH JI C P 3MEPHOCTBIO NIPEACT BISHUS IS ITOATPYIIIBI
Iup x — D~ (II). Tlpu stom a8 3H Xk 1mpu I'¢ = 1, cBI3 HHbIE C ABYM
HE3KBUB JICHTHBIMU INIPEACT BJICHUAMH, CCOLMHUPYIOTCI C 4 CTHULEH U HTUY CTH-
ueid. K K Mok 3 1 H JIU3 yp BHEHHUH U1 CT OWJIBHBIX JIEITOHOB, HEOOXOIMMbBIM
YCIIOBUEM ONKC HMSI OyONMeT 4 CTHI — HTWY CTHUIl SBJISIETCA H JINYWE B yp BHe-
HUU T'-COMPSKEHHBIX KOMIIOHEHTOB CBSI3HOCTHU IPEJCT BieHUH rpymnmsl JlopeHr .
I HHOe TpeOGOB HHe BBITONHAETCS WIS BCEX TPEX NEePEUMCIICHHBIX IPYIIL.

H nunuue B coct Be Ay (53) moarpymmst up K sSBISETCs MPSMOM pero-
CBUIKOH 7T ONUC HUS 3 PSKEHHOTO AyOJIeT , H PojIb KOTOPOrO MOXET IPETEH0-
B Tb . TIpU 5TOM eCTeCTBEHHO BO3HHK IOT HE TOJIBKO CXOJCTBO C 1y6eToM et
HO M P 3JIM4M$, CBSI3 HHBIE CO CTPYKTYpoil. MOXHO H A€AThCd, YTO OHO IOCITYXUT
OCHOBOII [Tl PeLIeHus 3 CT penoil mpobiiemsl (1 — e)-yHuBepc JpHOCTH [22].

BelunciieHrue HeNPUBOAUMBIX MPEICT BICHHWI TSl Tpymmbl Ay 1 eT SBHBII BUA
I'-m Tpum:

-1 00 0 0 -1 0 0 0 i 0 0
0 1.0 0 -1 0 0 0 - 0 0 0
Di=to o1 o™ o o o1]"™ {0 00 =i
0 0 0 —1 0 0 1 0 0 0 i 0
0 0 -1 0 00 —i 0
0 0 0 -1 00 0 —i
Bi=t 20 0 0 o |'=io0 0 o
0 -1 0 0 0 i 0 0

I'pynn A3z mony4 ercs mpu p CIIMPEHHH Tpymibl JUp K ¢ MOMOIIBIO T0-
XOXKUX ONpEeACIAIOIMMNX cooTHoeHui. OTIn4Kne JIUIIb B NOPAAKE IIATOIO I'€HEP -
Top I's

I‘SI‘t +1"tI‘S = 255t (S,t: 1,2,3,4),
s+ 50, =0 (s=1,2,3,4), (55)
rz=-1.
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Otcro BHITEK €T, 4TO
Ig =T19TsTals, Tl =T,Is (k=1,2,3,4,5). (56)

Mo-npexuemy I'g siBnseTcs neHTpoM rpymmsl U ['2 = —I. B 1 HHOM ciyd e
M TPHYH 4 pe JM3 LS HpeAcT BiaeHus BepeT K I'g = +il.

CocCT B IpyIiibl M3MEHWICH CIEAYIOLIUM 00D 30M:
A3{D’Y(H)7 D’Y(I)v D’Y(HI)}v (57

4TO COOTBETCTBYET CTPYKTYpHOMY uHB pH HTy In[Aj] = 0. Tomrpymn [Hup K
MO-TPeXKHEMY HUMEeTCsl B COCT Be, HO B LIEJIOM OH YCJIOXHWIcia. B coct Be Ag
MMEETCSl IBe M CCHBHBIX COCT BJISIIOIIMX, YTO €N €T P 3JIUYHBIMU M cChl Aj U
A3, U NOTOMY Y CTHIly, CBI3 HHYIO C Az, MOXHO CYUMT Th 0OJiee M CCHUBHOW.
Kpowme Toro, atu M ccusnbie coct Bisiomue D, (II), D (I) BeICTynl 10T H p BHBIX
Ip B X B TOM CMBICJIE, YTO UMEIOT P 3MEPHOCTh HEMPHUBOAMMBIX MPENCT BIICHHIA,
COBII /I I0LIYIO C P 3MepHOCThI0O As. B03MOXHBIM MOCIEACTBUEM T KOro 00CTO-
STEJIbCTB MOXET SIBJIAThCS OOJIbIlIee YHUCIIO K H JIOB I P CII JOB. DTO O3 €T

IPEAINIOCHUIKU CBA3bIB Th A3 C Z[yGHCTOM Ti.

Bce 3 meu HUs, BBICK 3 HHBIC UId MMPEAbIAYHIECTO BOJTHOBOI'O Yp BHEHM:A, OCT -
I0TCA B CWJIE U B 1 HHOM CIIy4 €:

4
{Z(Fapa) + mg] Yp=0, Tg=i.

a=1

30ech OmATh P, ¥ M3 — YETBIPEXUMITYJIBC U M CC HECT OWIbHOMH, HO YXe Apyroi
Y CTHLBI.

YeTpipeXMepHOE HEIPHBOIMMOE M TPUYHOE MPEACT BiIeHHE Ui rpymmbl Ag
uMeeT BUJ

-1 00 0 0 -1 0 0 0 i 0 0
0 1.0 0 -1 0 0 0 - 0 0 0
=t o1 o™ o o o1]"™ {0 00 —i|
0 0 0 —1 0 0 1 0 0 0 i 0
0 0 -1 0 0 0 1 0
0 0 0 -1 0 0 0 1
=13 0 o o |'™=| -1 0 0o
0 -1 0 0 0 -1 0 0
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I'pynn A, ompeniesieH ¢ HOMOIIBI0 COOTHOIICHUIA

I‘SI‘t —+ I‘tl"s = 25st (S,t = 1,2,3),
I'sly 4+ s =0 (s=1,2,3),

2 =—1. (58)
r,l's+TIsI'y, =0 (u=1,2,3,4),
I =—1.
Orcrog cnenyer, 4ro
I'e =T1olslals, T'el'y =T,.Is (1=1,2,3,4,5), (59)

T.€. [ BXOMMT B LEHTP IPYIIbI U SABJISETCS JIEMEHTOM BTOPOTO Mopsak 12 = 1.
B M TpuuHOIl pe nu3 uuu oH npuHuM et Bux I's = £1.
CocT B Ipynmnsl OTIMY €TCA OT ABYX IPEAbIIYIINX

Ao{D,(1), D,(II), D,(V)}, (60)

T K Xe K K U CTPYKTYpHbIii uHB pu HT In[As] = 1. Cp BHenue coct B Ag ¢ msi-
ThIO IPMBEACHHBIME P Hee Yp BHEHHSIMH JUIS CT OWIBHBIX JICITOHOB MOK 3BIB €T,
4yTO BBIp XeHHe (60) COmEepXHUT TOJIBKO HEHTPHHHBIE COCT BIIAIOIINE, BKIIOU o
M ccuBHyl0. IloaTOoMy A MOXHO CBA3BIB Th C M CCHUBHBIM HECT OMJIBHBIM Heii-
TPUHO.

BosHOBOE yp BHEHMeE Ul 1 HHOTO CIy4 $I IPU COOTBETCTBYIOLIEM BbIOOpe
4BHOTO BUA ['-M Tpul BHelIHe COBI 1 eT ¢ yp BHeHueM (54). P 3mmumd mexny
HUMH TIOJTHOCTBIO OTIpenensioTcs cooTHomeHmIMu (51) u (58):

4
[i Z(Fapa) + F6m2]1/) =0, T'g==1

a=1
Cwmbici 0003H YEHUi TPEeXHUI.
IMomnyden cnemyromuii Bug I'-m Tpun

1.0 0 0 01 0 0 00 10
, o =10 o], [(1to o o, (0001
i=lo o -1 ol'™ oo o —1|'™7|1 00 of
00 0 1 00 -1 0 010 0

0 10 0 0 0 1 0

, | -1 00 o , | o 0o 01

=19 00 -1 |15 -1 0 00

0 01 0 0 -1 0 0

OtMmeTHM, 4TO 371eCh BCE IISITh M TPHII IIPUBEAEHBI K ACHCTBUTEIBHON (hopme, 4TO
B Il HHOM CJIy4 € BO3MOXHO B COOTBETCTBHM C TeopeMmoi (30) 0 HEmpuUBOOMMBIX
M TPUYHBIX [PYIII X, KOLJ HX CTPYKTYpHbIl UHB pu HT p BeH In[D,]| = 1.

29



3AKJIIOYEHHUE

CylecTBeHHOH X p KTEPUCTHKOH IMpPEIIOXEHHOIo MeTon sBIseTcd p 3p -
0GOTK  JITOPUTM MOCTPOEHHS yp BHEHW THH [Up K , T.e. BOJHOBBIX yp B-
HEeHWH, JTMHEHHBIX MO MPOHM3BOAHBIM, 0e3 MPUMEHEHMS J1 I'P HXEBOH METOIMKH.
TeopeTHKO-rpynIoBble METOIBI CIEM JIM BIOJIHE 0003pUMON 3 | 4y NepeyrCIeH s
BCEX THIIOB JIENITOHHBIX yp BHEHHH B P MK X HEMHOTHUX HMCXOIHBIX IOJIOXEHHH.
OOGIIHOCTD METO TO3BOJIMIJI B €IMHOM ITOJXO/Ie OXB THUTh K K CT OWJIbHbBIE, T K U
HecT OuibHBIE JIenTOHbl. T K 9 METOOMK CT HOBUTCS OCOOEHHO BOCTPEOOB HHOM
B CBETE MOMCK OTBETOB H BOIIPOCHI, IIOCT BJICHHBIE Nepel (PpU3NKOH MUKPOMHD |,
CTPO(U3UKOIA U IPYTUMH CMEXHBIMU O0J1 CTSAMH 3H HUH. BbIoMHEHHBIH H 13
103BoJsieT 6ojiee 000CHOB HHO OLIEHHTh BO3MOXHOCTH U OIP HUYEHHOCTh OIHO-
ponHoii rpymiisl JIOpeHn , OHUM M3 OUEBHIHBIX CJIEICTBUN KOTOPOM SIBIISIETCS TO-
YEYHOCTh OOBEKTOB, OTCYTCTBUE Y HUX IPOCTP HCTBEHHO-BPEMEHHOH CTPYKTYPBI.
JI HHBII 0030p COCT BJIEH H OCHOBE JOKJI JIOB, IIPEICT BJIEHHBIX BTOPOM H
koH(epenuusax B 2007 r. [23-25].
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