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A H H 0 T a U H R 

I 

PaCCM8TpHB8JOTCR C8Mble o6u.me, He 38BHCSIWHe OT LJ.HHSMHKH, CHMMeTpHH MHOrOnHOHHh!X 

CHCTeM C onpeLJ.eneHHbiMH CnHHOM, 'leTHOCTb!O H H30CnHHOM. nepe'IHCneHbl cneLJ.yJOWHe H3 

HHX 38npeWeHHbie KOHq>HrypaUHH nHOHOB D.nSI CHCTeM H3 qeTbipex H Tpex nHOHOB B COCTORHHRX 

CO CnHHOM 0, 1., 2, H30CnHHOM 0, 1 H 'leTHOCTb!O !_1. 3TO MO:>KeT 6hiTb HCnOnb30BSHO D.nR onpeLJ.e

neHHR KBSHTOBb!X 'IHCen M biCnHMb!X pe30H8HCHblX CHCTeM,IJSCnSLJ.SJOWHXCR HS nHOHbl nocpeLJ.CTBOM 

CHnhHb!X B38HMOLJ.eltCTBHJt. 

' 

Abstract 

Most general, independent of dynamics 'symmetries of multi-pion systems with definite spin, parity and isotopic 

spin are considered. The torbidden pion conhgurations resulting from these symmetries are obtained for the s ystems 

consisting of four and three pions in the states with spin 0,1, 2, isotopic spin 0,1 and parity~ l. This can be 

used to determine the ..quantum numbers of conceivable resonance systems decaying into pions by means of strong 

interactions. 
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§ l. Bse.aeHue 

He.aaBHO 6binH 8KCnepHMeHTa1!bHO o6HapY:)!{eHbl pe30HaHCHb!e COCTOHHHSI ( p -Me30H, CU 

Me30H H ~p.) B CHCTeMe TT -Me30HOB. He HCKn!O'ieHO, 'iTO B 61JH)!{altwee BpeMSI 'iHC110 TaKHX 

HOBbiX TH)!{enbiX MeaoHos soapacTeT. JJ.nSj onpe.aeneHHSI KB'SHTOBbiX queen o6cy)!{.aaeJMbiX peao

HaHCHbiX COCTOHHHlt ( CnHHa, H30T~nuqeCKOI'O CnHHa H qeTHOCTH) HCCne.ayJOT HeKOTOpbie CBOltCTBii' 

pacnpe.aeneHHlt no HMnynbCaM p~cnaL(HbiX rr -Me30HOB, xapaKTepHbie .011SI TeX H11H HHbiX Ha6o

pOB KBaHTOBbiX 'iHCen. J]nSI 8TOI'O BbiiiHCbiBaiOT npOCTeltWHlt MaTpH'iHbllt aneMeHT pacna.aa, y ,ao

B1!eTBOpH!OlliHlt Tpe6oaaHHHM penSITHBHCTCKOft H H30TOnH'ie CKOA HHBapHaHTHOCTH H CTaTHCTHKH 

/1 2 3/ 
6oae-3AHlllTeltHa .011H rr -Me30HOB ' ' , H C OnOCTaB1!HIOT COOTBeTCTBYIOWee eMy pacnpe.ae-

/1 2/ 
neHHe B cpa30BOM npOCTpaHCTBe C 8KCnepHMeHTa1!bHblM ' • npu 8TOM HeT ysepeHHOCTH, 'iTO 

I 
B . MaTpH'iHo'M· aneMeHTe o6mero su.aa coxpaHHTCH Te csoltcTsa npocTeltwero aneMeHTa ( o6pame-

HHe B HY11b B onpe.aeneHHbiX 0611aCTHX cpaao.;OI'O npOCTpaHCTBa), KOTOpb!e 6bi1IH HCn01!b30BaH I:,I 

.011H onpe.aeneHHH CnHHa H qeTHOCTH pe30HaHCHOI'O COCTOSIHHH. 

B HacToSimelt cTaTbe Halt.aeHbi H nepe'iucneHbi o6mue caoltcTaa aMnnuTy .a pacna.aoa nocpe.a-

. CTBOM CH11bHbiX B3aHMO,OeltCTBHlt - a HMeHHO, o6p8'WeHHe B HY11b npu onpe.aeneHHhiX 3Ha'ieHHSIX 

HMny1!bCOB - cne.ayJOlliHe T011bKO H3 . TOI'O, 'iTO nHOHbl nO.O'iHHHIOTCH CT8THCTHKe 6oae-3ltHWTelt

x) 
Ha H L(01J)!{H8 C061!JOL(aTbCH nopeHU- H H30TOnH'ieCKaH HHB8pHaHTHOCTb 

CsoltCTBa CHMMeTpHH (s OCHOBHOM, 38pH.OOBbie) MHOI'OnH OHHhiX CHCTeM 6 hi11H HCC1!eL(OB8Hb! 

/4/ 
naltCOM • HaM, OL(HaKO, noKa3a1!0Cb y.ao6Hb!M HCXO.OHTb He H3 pa60Tbl naltca, a Henocpe.a-

CTBeHHO OnHpaTbCSI Ha Hau6onee o6wHlt BHL( raMH11bTOHHaHa. npocTeltwue MaTpH'iHbie aneMElHT bl 

/3/ 
.4rr -pacna.aa 6h!nH HaA.aeHbl J]!OppOM H raAaeH6eproM • 0TMeTHM T8K)!{e pa60Tbl Ko6bi H 

/51 
rpHH6epra no MHOI'OnHOHHbiM pacna.aaM, B KOTOpb!X COCTOS!HHH K naccucpuuupy!OTCH no Op6u-

Ta1!bHbiM MOMeHTaM nOL(CHCTeM. JJ.nH CHCTe M 3rr 06lllHOCTb - T.e . He3aBHC HMOCTb OT .OHHaMH

KH pacna.aa - HeKOTOpb!X aanpeTOB 6hl118 H3BeCTH8 paHee ( CM. 1!eKUHH J]a1!HTUa/ 
61 ). 

8 § 2 pa60Tbl Bb!BO.OHTCH o6wHlt peuenT BbiHB1!eHHH CHMMeTpHH 8Mn11HTY .0 pacna.aa Ha 
. • + 

IIpHMepe pacna.aa CK811SipHOlt 'iaCTHUhl 0 Ha 4 nHOHa. 8 § 3 nOK83aHO, KaK H3 8THX CHMMeTpHl! 

nony'iHTb CHMMeTpHH aMn11HTy .0 pacna.aa 'i8CTHU C .apyi'HMH 3H8'ieHHHMH CnHHa H 'ieTHOCTH. 8 

§ 4 noKaaaHo, 'ITO npu pacna.ae Ha 4 rr cy wec TsyeT He 6on ee 23 T unoa aanpemeHHhiX KOHcpu-

rypauHA; a:r.u .aanpeT.hl Knac.cucp.IULI:IposaHhi H Bhi pa)!{eHbi a~anHTH'ieCKH. B § 5 p ac'cMOTpeHbi 

pacna.Obl Ha 3 nHOHa. 8 § . 6 Ha OCHOBe peaynbTaTOB § 4 ,5 06Cy)!{.Oa!OTCSI CIIOC06bi 8KCnepHMeH

Ta1!bHOI'O onpe.aeneHHH CnHHa H 'ieTHOCTH p eaoH aHCHb!X COCTi::JSIHH lt. Be e KOHKpeTHbie pe3y11 bT8Tbl 

- 06lliHl! BH.O CBOltCTB CHMMeTpHH aMn11HTY.O CH11bHOI'O pacna.aa Ha 4rr H 3rr .anH peaoHaHc-

Hb!X COCTOSIHHI! C H30CnHHaMH 0 H 1, CnHHaMH 0, 1 H 2 H qeTHOCTSIMH :t_1, o61!aCTH B cpa30BOM 

npOCTp8HCTBe, B KOTOpb!X . 8Mn11HTY.Ohl o 6pawa!OTCH B HY11b , nepeMeHHhie, pacnpe.aeneHJ.fe no KO-

TOpb!M ( OL(HOMepHOe) n03B011HT BbiHCHHTb 'CnHH H 'leTHOCTb pe3QHaHca, nepe'IHC1!eHbl B T861!HUaX 

1-9. 4HTaTe11b, H e HHTepecyJOWHltCSI L(OKa38Te1!bCTBOM, MO)!{eT OI'p8HH'iHTbCSI 8THMH Ta611HU8-

MH H § 4,6. 

x) M bi He oro a a puaaeM 3Ha'ieHue 

H
0

HB8pH8HTH OCTb. 

I 

G -qeTHOCTH, nocK011bKY npe.anono.)!{ e Ha H30TOnuqecKaH 
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+ 
§ 2. BbrBo.a o6wero npaBHna. Pacna.a , qacTHUbi 0 

B aToM naparpacpe Mbi ccpopMynHpyeM peu e nT nonyqeHHH H3 o6wero BH.aa raMHnbTOHHaHa 

CBOltCTB CHMMeTpHH STOrO pacna.aa. J..1MeSI B BH.OY nony'IHTb C ero OOMOWbiO He 38BHCSIWHe OT 

.0HH8MHKH B38HMO.OeltCTBHSI CBOitCTBS pacna.aoB, Mbi 38.08.0HMCSI C8MOit OOWelt TeH30pHOit H HSO

TOOH'IeCKOit CTpyKTypolt raMH1lbTOHH8H~. PeuenT 6y.aeT BbiBe.aeH \ .OllSI CHllbHOro pacna.aa '18CTHUbl 

CO COHHOM 0 H qeTHOCTbiO _+ l. 0.aH8KO H3 Bb!B0.08 6y .aeT SICHO, 'ITO peuenT npHMeHHM H npH 

.apyrHx saaqeHHHX cnHHa H tieTHOCTH HnH npH 6onee .aeT anbHOM saaHHH cTpyKTYPbi raMHllbTOHHa-

a a. 

+ 
B cnyqae pacna.aa '18CTHUbi ¢ (0 ) HaH6onee o6wHA BH.a nnoTHOCTH acpcpeKTHBHoro raMHnb-

TOH HaHa T8KOB: B COCTOSIHHH T =0 

B COCTOSIHI!H c T .. I 

3.aecb A , B , C , D 

A _a_ , 
axiL 

" 
?>(x)M(x) H (x) 

M (x)"' I. (Arr Brr)(Crr Drr) 
A·D 

fl(x) 
.... , ,, ,, 
c/J,. (x) (M.: (x) + At~ (x)) (a= 1,2,3) 

Af' (x) =-I. A'rr (B'rr[C' rrD'rr]) 
a " A•D 

Jl•; (x)=- I. [A"rr B"rr],.(C~'-rrD"rr). 
A•D 

cyTb .aHcpcpepeauHanbHbie onepaTopbi ( HanpHMep, 

B=- a2 C=-
ax>.. axp 

a 2 . 
- ---' 
aXIL ax), 

D=- __ a-, 
ax p 

( 1 ) 

( 1.) 

(2) 

(2') 

(2") 

npH'ieM no.apasyMeBaeTCH cyMMHpOBBHHe no noBTOpHIOWHMCH HH.aeKcaM p. , >.. , p ) • B cpop-

Mynax ( 1), (2) CYMM8 pacnpOCTp8HSieTCSI H8 BCe Mb!CllHMbi e COBOKYOHOCTH T8KHX onepaTOpOBX) 

CKOOKH ( ) osaaqaroT cKanHpaoe npoHsBe.aeaHe B HsonpocTpaacTBe. TeasopHbie HH.OeKcbl, cKpbiTbi~ 

B one.paTopax A, ... , D , .001l)I(Hbl Ob!Tb CBepHyTbi, TBK K8K pe'lb H.OeT 0 pacna.ae CK81lS1pHOit 

'18CTHUbl, . nerxo OOK838Tb {eM. npHllO)KeHHe). 'ITO nro6oA H30CK81lSip npe.aCT8BHM B BH.Oe (I). 
" 

8 lliOOOit H30BeKTOp- B BH.Oe CYMMbl (2') H (2 ), T.e., 'ITO (1,2) Bb!p8)1(8IOT COOOIO C8Mbllt 

xx) 
OOWHlt BH.O raMH1lbTOHH8H8 pacna.aa • noaTOMY MO)KHO nepeltTH K nony'leHHIO OOWero B R.08 

8M01lHTy .Obi pacna.aa Ha qeTb!pe Me30H8 B onpe.aeneHHbiX 38pSI.OOBb!X COCTOSIHHSIX, 0CT8HOBHMCSI 

a a T a 0. J..1s ( 1 ) cne.ayeT, 'ITO aa.ao B3!1Tb MaTpH'iHbie aneMeHTbi OT 
. . 

x) 
OnepaTOpbi onpe.aenHIOTCH c TO'iHOCTbiO .ao nocTOHHHoro MHO)KHTenH. 

xx) Mo)KeT noKasaTbCH, 'ITO npe.anono)KeHHe o TOM, 'ITO A, ... , D - ~HcpcpepeHuHanbHbie 
onepaTOpbi, SIBllSie TCSI orpaHH'IHTellbHbiM H 'ITO Mb!CllHMbl .apyrHe cpopMbl /II , . co.aep)K8WHe, 

H80pHMep, .OB8 80C01liOTHO 8HTHCHMMeTpH'IHb!X TeH30pa, CK8)KeM € r:l ., € , (a a 'IT aAJ 'IT )(a rl rra~ri rr) 
a ,._.y u JLY "P a IL 15 v y J\ lrp • 

O.aaaKo, aeTpy .aao yCMoTpeTb, 'iTO Bee TaKHe cpopMbi CBO.OHTCH K ( 1 ) • · 
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I 

~f'(+ -00) -v ::£ (Arr + Brr Crr 0 Drr 0 +Arr-Brr+Crr 0 Drr 0 + Arr 0 Brr°Crr+Drr-+ 
A•D 

+ Arr 0 Br;°Crr- 'Drr+); 

li{+- + -) ,.., I ( Arr + Brr-Crr +Drr- + Arr + Brr- Crr- Drr + + 
"•D 

+Arr-Brr+crr+Drr- + Arr-Brr+crr-Drr+) 

,, 
M(OOOOJ..v :::£ Arr

0
Brr°Crr 0 Drr 0

• 

A•D 

( 3.) 

(3 .. ) 

( 3 ... ) 

3.lleCb He 8billliC8Hbl MHO)KHTenH, He cyweCT8eHHb!e .llml C80llCT8 CHMMeTp!iH (HanpHMep, 

-'h 
(2cu) ), 

PaCCMOTpHM ITO.Llp06Hee, HanpHMep, COCTOHHHe ( +- 00), 0pHC80HM Me30H8M HOMepa B 

STOM ITOpH.llKe - 1234 • .[lnH HCHOCTH 803bMeM CH8'1ana O.LlHH qneH 8 CyMMe ( 3') 1 H8ITpHMep, 

as 
; B "" a {3y ; C .. a a8 , D = a 8 . 

ax a ax{3ax a 

06oaHa'IHM ewe pI - 4-HMITynhC '18CTHUbl HOMep ; q - 4 - HMnynbC TH)Kenoro MeaoHa, 

I p = q , q 2 = m 2 • • Tor .Lia BKna.ll 8 MaTpH'IHbiA sneMeHT oT sToro <~neHa 6y .LieT 
I 

+ qneHbl C nepecTasneHHb!MH HH.lleKC8MH 3 H 4 = 

(plp3)(pl P~) 2 (p3p4)+(p:.lp3)(P~Pt) 2(P P )+(pp )(p P ) 2 (P P )+(p P )(p P Jtpp}+ 
• • S4 31 S4 12 S2 S4 12 · 

.[lnH Kp8TKOCTH 0603H8'1HM 

p = i 
I 

pI p k • ik 

(3TH 0603H8'1eHHH 6y LlYT npHMeHHTbCSI S CT8Tbe SCIOLlY). Tor.lla 

(4) 

M(+- OQ),-v ·t13)(12) 2 (34)+ (23)(12) 2 ,(34) + (13)(34) 2 (12) + (23)(34) 2 (12)+ (3:. 4) . (5) 

.flcHO nOSTOMY 1 'ITO SCSIKOe cnaraeMoe S ( 3
1

) COCTOHT H3 SOCbMH cnaraeMb!X SH.Ll8 

( 12) a ( 13) b ( 14) c ( 23 ) d ( 24) • ( 34 ) 1 (6) 

B ( 6) SXO.llSIT see weCTb CKanS!pHb!X npOH3Se.lleHHA 4-HMnynbCOS Me30HOS ( T8K K8K i i = IL : 

TO 388HCHMOCTb OT KB8.llp8TOS 4-HMnynbCOS Sbill8.ll8eT, H ITOSTOMY S K8)K.ll0M H3 onepaTOpOS 

A,B,C,D · MO)KHO onycKaTb LIHcpcpepeHuHanhHbie onepaTopbi THna 0 ). CyMMHposaHHIO no scesoa

MO)KHbiM onepaTopaM A-D s (3') cooTseTcTsyeT cyMMHposaHHe no seeM soaMO)KHbiM cTeneHSIM 

a- I . B npuMeHeHHH K sbrpa)KeHHIO (6) - O.llHOMY H3 SOChMH . <~neHos, nony<~aeMbiX H3 (3') -

peaynbT8T T8KOrO CyMMHpOS8HHSI eCTb HeKOTOp8S1 HeH3SeCTH8SI H 38SHCS!Ill8SI OT MeX8HH3M8 pac

n8.llHOrO S38HMO.llell:CTSHSI cpyHKUHSI weCTH CK8nHpHb!X npOH3Se.lleHRil: 

F ( 12, 13, 14, 23, 24, 34 ) , (7) 

5 



KOTOpaS! .ll11SI KpSTKOCTH 6y ,lleT aanHCbiB8TbCSI 
x) 

B BH.Ile F ( 1234) • 

0CT811bHble CeMb '111eHOB B MSTpH'IHOM aneMeHTe OT11H'l810TCSI nepeCT8HOBKOA nOK838TeneA 

CTeneHH, 'ITO COOTBeTCTByeT nepeCTSHOBKe nopS!.IlKS, B KOTOpOM CTOSIT HOMepa nHOHOB, TaK, 

CYMMS BTOpblX '111eHOB B ( 3'), ,ll810WHX BK118.1l B MSTpH'IHblA 911eMeHT BH,Il8 

:£ (12).(13)d(14}•(23}b(24) c(.34/, 
a-1 

npHBO.IlHT K F ( 12, 23, 24, 13, 14, 34 ) H11H Kopoqe F ( 21.34 } • 3aMe'laSI, 'ITO nepBbJe .oaa 

'111eHa B cpopMyne ( 3') TSK:>Ke OT11H'l810TCSI nepecTSHOBKOA 1T + H 1T - , npHXO.IlHM K C11e.OyJOWe

MY peuenTy, n03B011SIIOWeMy cpaay no BH.IlY acpcpeKTIIBHOro raMH11bTOHH8Ha 38niiCbiB8Tb 06Wy10 

cpopMy aMn11HTY .llbl pacna.oa, B KOTOpOA SIBHO OTpa:>KeHbl CIIMMeTpiiH pacna,llHblX niiOHOB, 

1. Jl11SI H36paHHoro 38pS!.IlOBOrO COCTOSIHIISI pacnHC8Tb H30TOfiH'leCKYIO CTpyKTypy acpcpeKTHB

HOrO raMH11bTOHH8H8 pacna.oa, COXpSHSISI B KS:>K,IlOM '111eHe nOpS!.IlOK C11e,llOB8HHSI OnepaTOpOB 

A,~C,D. 

2. 8bl6paTb onpe.oeneHHYIO HyMepaUIIIO 'ISCTHU ( HanpiiMep, B COOTBeTCTBIIII C nepBbiM 'lne

HOM). Tor.oa nepBOMy '111eHy 6y ,lleT COOTBeTCTBOB8Tb nopS!.IlOK ( 1234), a OCT811bHblM '111eHaM 

HeKOTOpble nepeCTSHOBKH p = ( i k f m ) 9TOrO nOpS!.IlKS B COOTBe TCTBHII C nOpS!.IlKOM C11e,llOBa-

HHSI fi011eBblX onepaTOpOB 1T -Me30HOB, 

3. VfCKOMSSI 8Mfi11HTy .08 6y ,lleT Bblpa:>KSTbCSI B BH,Ile 

:£ siAn P • F (i H m J , (8) 
p 

npll'leM, ao-nepB biX, CyMMHpOBSHHe .ll011:>KHO npOBO.IlHTbCSI no TeM nepeCTSHOBKSM p = (i k f m}, 

KOTOpble COOTBeTCTByiOT p8311H'IHbiM '111eHSM B acpcpe K THBHOM raMH11bTOHH8He pacna.oa 11, Bo-aTo

pblX, nony'leHHOe Bblpa:>KeHHe .ll011:>KHO 6bJTb CHMMeTpH30B8HO no TO:>K,IleCTBeHHblM '18CTHU8M, 

3HaK np11 F ( ikf m } , o603HS'leHHbiA . siAn P , COBna.oaeT CO 3H8KOM COOTBeTCTBYIOWero 

'111eHa B raMII11bTOHH8He, 

B Bll.lle npHMepa, r11SI.IlSI Ha ( 3'), HanHweM cpaay o6wHA BH.Il aMnnHTY .llbl pacna.oa 'ISCTH

+ T =0, S = 0 Ha (+-00) Ubi 

M((+-}(00}) = F(1234) + F(21.34} + F(.3412) + F(.3421} + 
· 1 2 34 r=o 

+ F(1243) + F(214.3) + F(4.312}+ F(4.321) = 

( 91) 
= (1+P }(1+P )(1+P P )F(1234) 

12 34 13 24 ' 

( r.oe 1 - TO:>K,IleCTBeHHSSI nepeCT8HOBK81 pI k - nepeCTSHOBKS i II k ) • 

AH8110rH'IHO nony'ISIOTCSI .. cpopMy11bl CIIMMeTpHH .. .ll11SI .llpyrHX 38pSI.IlOBblX COCTOSIHHA 

U (( 0 0 } (00 } } = ( :£ P ) F ( 1234 ) 
1 2 3 4 T = 0 1, 2, 3, 4 

( 92) 

M(+-)(+-)) 
T=O 

( 1 + P ) (1 + P ) ( 1 + P ) ( 1 + P ) F ( 1234 ) 
t 3 24 12 3 

(93) 
1 2 3 4 

x) 
Vfa-aa 38KOHOB COXpaHeHHSI O,llHO H3 CK811S!pHhlX npOH3Be,lleHHA 38BHCHT OT fiSITH OCT811b-

H biX. H aM, O.ll fi SKO, y.oo6Hee COXpSHRTb CHMMeTpHIO B 0003HS'leHHSIX, 

6 



r.ae l: P 
il,i2, ... 

M' ( ( +-0) 0 ltJIIi (0-+) +) =(I + P )( l: 8 P ) F ( 1234) 
123 4 123 4 T<=l 34 1,2,3 p 

M" ([ +-] (00) ) = (1 + P ) (I - P ) F ( 1234) 
!2 34 T='J 34 12 

M" ((+-](+-)) =(1+...P )(1-+:P )(l+P)(1-P IF.(1234) 
12 3 4 T='J 13 24 3 12' 

M"([0+](+-))=(1 +P )(1 +P )(I -P )F(1234), 
23 34 12 

12 34 T='l 

M" ([ + 0] (00) ) = ( l: P )(I' - P
12 

) F (1234), 
12 34 T='J 2,3,4 

0603H8'!8eT onepauHID nonHOA CHMMeTpH38UHH no HHL{eKC8M i 1 , i 2 , ••• a. ~ BPP-
11 ,12•··· 

nonHyiD aHTHCHMMeTpH38UHID no i 1 , i2,···· ConocTaansrsi npaayiD qacTb paBeHCTB (9 
1
_

8 
c neaoA, 

(a KOTOpoA .ansi HCHOCTH YK83f.H8 H30CTpyKTypa 8MnnHTY Ll), nerKO llOHHTb npaBHnO BhiiiHChiB8HHH 

'!epecqyp naKOHH'IHhi. B HBHOM BH.Oe cpOpMynhi CHMMeTpHH BhinHC8Hhl B Ta6nHUe 1. 

+ 
<t:>opMynhi ( 9

1
_

8
) BhiBe.aeHhl .anH pacna.aa '18CTHUhl 0 . 0.0H8KO OHH OCT8IDTCH BepHhiMH 

H npH .apyrHx 3Ha'!eHHHX cnHHa H qeTHOCTH, ecnH TOnbKO nepeCMOTpeTb CMhiCn F (1234) . 

+ 
B paccMaTpHaaeMOM cnyqae 0 F (ikfm) HBnHnOCb CK8nSipOM B npOCTp8HCTBe-apeMeHH. 

OqeaH.aHo, 'ITO .anSI pacna.aoa pe3oHaHCHhiX cocTOSIHHA c .apyrHMH 3Ha'!eHHHMH '!eTHOCTH H cnHHa 

CBOACTBa CHMMeTpHH aMnnHTYLl pacrra.aa, CBSI38HHhie C H30TOllH'!eCKOA HHB8pH8HTHOCTbiD H TO)K

.aeCTBeHHOCTbiD llHOHOB, Bh!p8)1{8eMhie COOTHOllleHHSIMH ( 8), OCT8HYTCH HeH3MeHHhiMH. 0.0H8KO, B 

3THX cny'IBSIX B COOTBeTCTBHH CO CllHHOM H '!eTHOCTbiD H3yqaeMhiX TSI)KenhiX Me30HOB F ( ikfm) 

6y.ayT TeH;opHhiMH aenH'IHHBMH (HanpHMep, ncea.aocKanHp a cny"!ae 0 , aeKTOP B cnyqae 1 

H T • .a.) • .[lnH H3y'leHHH CBOACTB T8KHX 8MllnHTYLl y.ao6HO Bhi.OenHTb B HBHOM BH.Oe HX TeH30pHyiD 

CTpyKTypy. Tor.aa 38BHCHMOCTb OT MeX8HH3M8 pacna.aa 6y.aeT BKniD'IeHa CHOB8 TOnbKO B CK8nH

phl BHLlhi F (ikfm) - cpyHKUHH oT wecTH cKanSipHhiX npoH3Be.aeHHA ik = Pi Pk 

noSICHHM 3TO H8 npHMepe pacna.aa '18CTHUhl T =I) S=O Ha ( + - 00). BMeCTO ( 1') ' 
" 

Tene pb M (x) cne.ayeT B3SITb B BHL{e ' 

M (x) = l: f A ( a, A rr av Brr ) (a, Crr aa Drr ) , 
A - D llV (J .- " 

( 10) 

r.ae CMhiCn A-D TOT )Ke, 'ITO H B ( 1" ). <t:>opMyna .anSI M(+ -00) T8K)Ke 6y .aeT HMeTb 

BH.O (3'), HOc cpaKTopoM fpvAo nepe.a cyMMOA H c 3aMeHoA A Ha all A H T • .a. noaTOMY c noMo-

ill biD TOI'O )Ke peuenTa H3 HOBOA cpOpMynhi (3') MO)KHO nony'IHTb TOT )Ke 06WHA BHLl 8MnnHTYLlhl pac

na.aa (9
1 

), C'IHTaSI TOnbKO B (9) F ncea.aocKanSipoM: 

F (1234 ) = ( ·' 
/LV AU 

1 2 .3, 4 F' ( 1234) , 
/LVA (J 

r.ae ' F' (1234 )HeKOTOpaSI HOB8SI cpyHKUHSI wecTH CKanHpHh!X npOH3Be.aeHHA. 
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Mbr BHLlHM, 'ITO anropHTM nony'leHHSI aMnnnTy Llhi pacna.aa H3 pacnncaHH Ofi H 3 0C T P YKTyphr 

I'8MHnbTOHH8H8 o6wero BH.[l8 He 38BHCHT OT CllHH8 H qeTHOCTH p8Cll8.[18IOWei'OCSI COOTOSIHHSI : 

' + n e pecMaTpHBaSI CMhrcn F (ikfm) B ¢opMyne ( 9 ) .anSI pacna.aa 0 , MO:>KHO nony'IHTb ¢opMynhr 

.anSI nro6oro cny'laSI. 

C llOMOWbiO OllHC8HHOI'O anropHTM 8 6binH nonyqeHbl CBOltCTB8 CHMMeTpHH 8MnnHTYLl pacna

.08 cxanSipHofi '18CTHUbl c T "'0 " T = 1. 0HH npnae.aeHbl B Ta6nnue 1. n PH pacn a .ae '18CTHUb l c 

T c 1 HeKOTOpblM 38pSILl08biM COCTOSIHHSIM COOTBeTCTBYIOT LlBe H30TOilH'IeCKHe CTpyKTyph l (2') H 

( 2 N ), H B Ta6nHUe YK838HO, K8K8SI H3 CTpyKTyp, HMeeTCSI B BHLly; ( 2') 0603H8'18eTCSI 77 ( 777777 ) , 

(2N) - (7777] ( 777T) • 

• 
B cne.ayroweM naparpa<Pe 6y.ayT .anSI .apyrHx KBaHTOBhiX 'IHCen yxaGaHbi Bhrpa:>KeHHSI, KOTo

pbre cne.ayeT no.acTaBnSITb B ( 9
1
_

8
) BMeCTO F (ikfm) 

§ 3. Pacna.[lbl pe30H8HCHblX COCTOSIHHfi C LlPYI'HMH 3H8'1eHHSIMH 

CllHH8 H 'leTHOCTH 

B 3TOM naparpa¢e 6y.aeT noxaGaHo, xax Haxo.aHTb o6wyro <PopMy aMnnHTYLl pacna.aa 

+ 
MhiCnHMbiX pe30H8HCHblX COCTOSIHHlt, OTnH'IHblX OT 0 • · 

*=HO, 'ITO H30TOilH'IeCK8SI CTpyKTypa M8TpH'IHbiX 3neMeHTOB He 38BHCHT OT CllHH8 If 'leTHOCTH 

n 6y .aeT no-npe:>KHeMy onpe.aenSITbCSI ¢opMynaMH ( 1), ( 9) .anSI T "'0 H 1. O.aHaKo, TeH30pH a SI 

CTpyKTypa 6y.aeT HHOfi: Tenepb He BCe TeH30pHhie HH.[leKCbl onepaTOpOB A, B, C, D 6y.ayT 

CBepHyThl Me:>K.z:iy C06oA. 4aCTb HHLleKCOB .[10n:>KH8 6b!Tb CBepHyTa C TeH30pHbiMH HH.[leKC8MH 

pe30H8HCHOI'O COCTOSIHHSI HnH :>Ke C HH.[leKC8MH a6conroTHO 8HTHCHMMeTpH'IHOI'O TeH30pa f JLVAC7 

( B TeX cny'laSIX, KOI'Ll8 ero cne.ayeT BBOLlHTb .[lnSI COXpaHeHHSI qeTHOCTH). 3TH w CB060.0HbleN 

HH.OeKCbi, OTHOCSIWHeCSI K TeH30pHOA CTpyKType M8TpH'IHOI'O 3neMeHT8, y.ao6HO BblilHCbiB8Tb SIBHO, 

B OTnH'IHe OT OCT8nbHblX HHLleKCOB, KOTOpble CBOp8'IHB8IOTCSI BHYTPH npOH3Be.aeHHSI A 77 -8 77 C;r D rr . 

A) PacnaA nceBAOCK8nS1pHoA '18CTHUbl o:- nnoTHOCTb 3¢¢eKTifBHOI'O raMHnbTOHHaHa pacna-.. , ,, 
.aa B o6weM cnyqae HMeeT BHLl ¢ (x) M (x) , r.ae ( onycKaSI H30TonnqecKyro CTPYKTYPY) 

" 
M = fJLVAu l: AIL " it " C A "D17 " 

A-D 

( 12) 

(HanpnMep, AIL"B;,"c>."Du "=aJlll "ita,B "a>.y "au{3yr). 3To .aeAcTanTenbHo caMoe o6 w e e Bhrpa:>Ke-

HHe .OnSI aMnnHTY Llbl: B CHny 8HTHCHMMeTP.HH f JLVAC7 Bbipa:>KeHHSI C LlBYMSI CB060.0HblMH HH.[leK-

caMH npn OLlHOM onepaTope (HanpnMep, AJLV ) HC'Ie3aroT, a qneHbi c TpeMSI TeHGopaMn f CHO-

B8 MOI'yT 6h1Tb 38llHC8Hbl B BH.Oe ( 12) • 

MaTpH'IHhiA 3neMeHT pacna.aa 6y.aeT npe.acTaBnSITbCSI cyMMOA no onpe.aenSieMbiM H30Tonn-

qe.cKoA CTPYKTypoA nepecTaHOBKaM P = (iklm) qneHOB 

(1234) F (1234) sign P, ( 13) 

r.ae o6o3 H a qeHo 

( 1234) = f \- 1 2 .3 \ 4(7 . 
JLVIW IL v 1\ 

( 14) 

8 

' 

B CH• 

F - r 

.[lOBO: 

.aena : 

n ' yqv. 

KOC TH 

¢opM 

3KC ilE 

( 15 ) 

(none 

" II = 

;.;(2) 
IL 

(ocTa 

B 

npocT 

'IHTC SI 

.[158 I 

Ty.a a 

CTB 8W. 

Ta6n n 

c Te~ 

BTOp O 

na.a a. 



rypbi 

HI: 

s en a-

ol C 

' ) li 

TT ) 1 

KOTQ-

rHOCTH 

SI 

lYT 

IBHO, 

'rr Drr . 

na-

!) 

CHQ-

3) 

4) 

B CHCTeMe IIOKOSI TSI)Kenoro Me30H8 q = I m1 ol li ( 1234) 
-+ -+ -+ 

m (( 1 x 2) 3) 8 ( 13) no-npe)KHeMy 

F -aeKOTOpaSI cpyHKUHSI llleCTH CKSnSipHb!X npOH3Be.lleHHli. C IIOMOlllb!O ( 13) .anSI K8)K.ll0I' O 3apSI-

/lOBOI'O COCTOSIHHSI li3 cpopMyn Ta6nHUbl 1 HnH ( 9) MQ)KHQ nony'IHTb cpopMynbi .anSI pacn a.aa 0 ' 

aenag IIO/lCTaHOBKy 

F ( 1234) -+ ( 1234 ) F ( 1234 ) (15) 

H Y'IHTb!BilSI aHTHCHMMeTpH'IHOCTb ( 1234). PeGynhTSTbl CBe.aeHbl B Ta6m!Ue 2. Vf3-3a rpOM03.ll

XOCTH nonyqaeMb!X Bb!pa)KeHHJi, Mbl He npHBO.llliM B Ta6nHUe 2 li nocne.ayiOlllliX Ta6nHUSX 3,4 

cpOpMyn JlnSI pacna.aa Ha COCTOSIHHSI C .llBYMSI H 6onee HeJ!:TpanbHb!Mii Me30HSMH ( Tpy aHbie anSI 

3KCnepHMeHTSnbHOI'O Ha6nroaeHHSI). 8 cnyqae Haao6HOCTH 'IHTaTenb C IIOMOlll b!O Ta6nHUbl 1 1i 

( 15) nerKo GanonHHT nycTbie MeeT a a i'a6nHue. 

" " 
6) Pacna,g aeKTOpHoA qacTHUbi 1 • 3aecb H ¢p. (x)MIL (x) 

MIL I. (Ap.rr Brr)(Crr Drr) 
A-D 

, rae anSI T =0 

a ,gaHHOM cnyqae He HrpaeT ponH); a anSI T = I 

" " ''XI) "(1) " ( 3) " ( 4) 
ll=¢p.(Mil+Mil+MIL+MIL) , r.ae 

"(1) 
M =!.[A rrBrr](CrrDrr); 

IL A-D IL 

if<1>= I. [ArrBrr](Crr D, rr) 
IJ. A-D r 

" (4) "<' 
U, = k Arr(BrrCrr D, rr) 

,.. A-D ,.. 

(16) 

( 17) 

(ocTanbHbie paccTaHOBKH HHAeKca p. caoaSITCSI K o.aHoA H3 npHBe.aeHHbiX; onepaTopbi A,8,C, D 

B KS)K,!:!Ol! CYMMe CBOH) • 

HanoMHHM Gaecb, 'ITO aepoSITHOCTb pacnaaa nponopuHoHanbHa cyMMe KBaaparoa M o aynel!: 

x) 
1IpOCTp8HCTBeHHb!X KOMIIOHeHT B CHCTeMe IIOKOSI TSI)Kenoro Me30H8 

nerKO BHaeTb, 'ITO 06lllHJi BHA . CHMMeTpHJi SMIInHTya pacnaaa BeKTOpHOJ!: '!SCTHUbl nony

'IHTCSI li3 Ta6nHUbl 1 HnH H3 ( 9) npH IIOMOlllH aayx IIO,I:!CTSHOBOK 

F ( 1234) -+ 1p. F ( 1234) 

F( 1234) -+ 41L F ( 1234 ). 

(18) 

PeGynbTaTbi cae,geHbi a Ta6nHue 3. npH T = .1 nonyqaro-rcSI anSI Ka)Kaol!: H30CTPYKTYPbi 

,gsa 06lllHX Bb!pS)KeHHSI anSI SMIInHTY A, He CBOaHMb!X ,gpyr K ,gpyry, a Bcero anSI T = 1 SMIInH

Ty,ga pacna,ga Bbipa)KaeTcSI, aoo6we roaopSI, a BHAe cyMMbi qeTbipex qneHoB c pa3HbiMH caol!:-

CTBaMH CHMMeTpHH. 8 aanbHeJillleM IIpH H3Bne'!eHHH KOHKpeTHbiX cne.llCTBHJi H3 STHX CBOJiCTB 

Ta6nHue 5 BbiAeneHbi cneacTBHSI, o6wHe .anSI scex qneHoB, sxoaSIWHX s aMnnHTY ay. 

B 

x) 
¢SKTH'!eCKH npH S = 1 aonHoaaSI Q:>yHKUHSI aon)KHa HMeTb BH.ll M = M 1 

- m "1 q ( q U 1
) , 

IL IL 1L 1L 1L 
c TeM, 'IT06bi BbmonHSinOCb aononHHTenhHoe ycnoaHe qiLMIL = 0 , Bbi,genSIIOWee cnHH 1. OaHaKo 

BTOpOJi 'lneH B CHCTeMe IIOKOSI TSI)Kenoro Me30H8 paseH HyniO H He BnHSieT Ha sepOSITHOCTb pac

na,ga. 
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+ 
B) PacnaA nceBAOBeKTOpHoA qaCTHUhl 1 • 3¢¢eKTHBHhiA raMHnbTOHHSH pacna,lla COCToH-

HRA c S = 1 HMeeT o6wHA BH.ll H (x) = ~P. (x) M p. (x) 

" 
MIL l: € p. v >.a Ay rr B>.. rr C u rr D rr 

A-D 

, r .lle 

(H30CTpyKTypa onyweHa). 3TO 03HS'ISeT llO.llCTSHOBKY B Ta6nHUe 1 HnH B (9) 

F ( 1234) -+ ( 123) F ( 12.34 ) • 

3.llec~ 

(123)=fp.v>..u 
...... ...... .... -+ .... .... 

1v 2 >.. .3 u = ( 1 x 2 ) E 
3 

+ (3 x 1 ) E 
2 
+ ( 2 x .3 ) E 1 

C yqeTOM TOrO, 'ITO p. f 4 (HaC HHTepecy!OT TOnbKO npOCTpSHCTBeHHbie KOMllOHeHThd. 

(19) 

(20
1
) 

(21) 

npH ¢HKCHpOBSHHH H30CTpyKTypbl raMHnbTOHHSHa CTSHOBHTCSI CyWeCTBeHHbiM, KY.llS nOCTa

BHTb onepaTOp 6e3 CB060.llHOrO TeH3 0pHoro HH,lleKCa ( D B ( 19)) 1 TSK 'ITO B03MO:>KHbl 'leTbipe 

llO.llCTSHOBKH 1 npH llOMOWH KOTOpb!X H3 Ta6nHUbl 1 HnH H3 ( 9) nony'IS!OTCSI Bbipa:>KeHHSI .llnH aM-

+ 
nnHTY.llhi pacna.lla qacTHUhi 1 • HeKOTOpbie H3 9THX no.llCTSHOBOK npHBO.llHT K O.llHHM H TeM :>Ke 

06WHM Bbipa:>KeHHHM. TaK, .llliSI H30CllHH8 0 BCe qeTbipe Me30HS BXO.llHT B ( 1) paB.HOnpaBH01 

ll09TOMY .llOCTSTO'IHO TOnbKO O.llHOA 38MeHbl ( 20') 1 'ITO 6b! nony'IHTb o6wee Bb!pS:>KeHHe .llnSi 

BOnHOBOA ¢YHKUHH • .[lng COCTOHHHA C T = 1 38MeHa 

F ( 1234) -+ (234) F ( 1234) 
(20') 

I 
npHBe.lleT K .llpyr<My Knaccy BOnHOBbiX ¢yHKUHA 1 OTnH'IHOMY OT nonyqaeMoro H3 (20). Pe3ynb-

TSTbl llO.llCTSHOBOK npHBe,lleHbl B Ta6nHue 4 • 

.[lpyroa MhicnHMhiA BH.ll M P. 

ii" = l: € , A rr B, rr C rr D rr 
,.. A-D avAu v " u p.a 

CBO.llHTCH K (·19 ). UeAcTBHTenbHO, 

it' 
p. l: 8/lK fav>..u Av" 8 >.." Cu" DKa" 

A-D 

1 l: € 
6A-D p.a•{3•y• €Ka 11 {3 11 y 11 f a v >.. u A v a •·a"" B >.. {3' {3 " " C u y'y"" D K a " 

Ka "{3"y" 
( p.a '{3 'y ,l: l: _!_ 8 av>..u Ava •a•" 8>..{3 •~:~~" cuy'y"" D Ka 1T • 

A -D6 1-' 

(22) 

(23) 

r) PacnaA qacTHUhi co cnHHOM 2. nno THOCTb a¢¢eKTHBHOrO raMHnhTOHHSHa pacna,lla 

qacTHUhi co cnHHOM 2 ecTb H (x) = ¢ (x) M (x) 
p.v p.v 1 npH'IeM B CHCTe Me llOKOSI TH:>K enoro 

Me30H8 .llOn:>KHbl y .llOBneTBOpHTbCSI .llOllOliHHTellbHbie ycnOBHSI 

"' ,, 
- M = M =O·M 

4k 44 ' II 
" M,k 

" 
AI kt (i' k 1, 2, 3 ). 0 (24) 
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COCTOSI-

(19) 

(21) 

• nocTa-

'leThrpe 

BH01 

(20') 

(22) 

(23) 

aaa 

oro 

(24) 

BepoSITHOCTb pacnaaa 5y aeT nponopuHoHanbHa cyMMe KBaapaToB MoayneA MaT pH trHhi X a neM eH-
. x) + 

TOB OT KOMllOHeHT M lk B CHCTeMe llOKOSI TSI)Kenoro Me30H8 npH pacnaae COCTOSIHHSI 2 

THUH'IHJ;>Ie 'lneHbl , BXOaSIWHe B M 1 k fYTb 

H 

A1 rr Bk rr CrrDrr + Akrr B 1 rr Crr Drr- -j- 8 lk Ae rr Be rr Crr.Drr 

A 1k rrBrr Crr Drr 1 

3 
8 lk A ff rr B rr C rr D rr • 

(25') 

nocne 38KpenneHHSI H30 TOUHqecKOA CTpyKTyphl llOSianSieTCSI pSia qneHOa, OTnH'I810WHXCSI Me)Kay 

C050ft nono)KeHHeM Ca050aHhlX TeH30pHblX HHa e KCOa H k • Ll.nSI T= 0 H 1 HMeeTCSI nSITb 

noaCT8HOBOK 1 npHaOaSIWHXCSI K p83Hh!M Kn8CC8M 06WHX cp opMyn 

rae 

F ( 1234) -+ f ( 12) F ( 1234) f ( 14) F ( 1234 ) 

... f (34) F ( 1234) f (11) F (1234) 

-. f (44) F ( 1234) , 

2 -+ -~ 
f ( ab ) = B I b k + B k b I - _ 8 lk ( B b ) , 

3 (27) 

a F - ~ CHoaa cpyHKUHH llleCTH CKanSipHblX npoHaaeaeHHA . npH T =0 K p83Hb!M KnaccaM npHaoaSIT 

(26.1,2 ,4 ) , npH T = 1 H H30CTPYKType rr (rr rr rr) - ( 26 1 ,
2

,
4

,
1 

, npH H30CTPYKType [rrrr] (rrrr) 

- ac e JISITb cpopMyn (26), 

H 

nJ?H pacnaae COCTOSIHHSI 2 THnHqHbie qneHbl 1 axoaSIWHe B M lk 

xx) 
, cyTb 

( l A rr + E _a A rr- 2/3 8 E n {3 An rr ) B{3 rr C rr D rr , 
1a{3y ka k..,_.y Ia lk La y La y 

( 28') 

(28") 

Ll.nSI K8)KaOA H3 H30CTpyKTyp ( 1') 1 ( 2'), ( 2") nonyqaJOTCSI HeCKOnbKO cyweCTBeHHO paanHqHblX 

Knac.cos o5.wHx cpopMyn anSI aMnnHTYLl pacnaLia: y T=O TpH, y T=1 rr(rrrrrr) - nSITb, y T•l 

[ rrrr] ( rrrr) llleCTb, HanpHMep, anSI T = 1 [ rrrr ] ( rrrr ) 3TH Knacchl nonyqaJOTCSI H3 Ta5nH-

Ubi 1 noaCT8HOaK8MH 

x) Mo)KHO He aa5oTHTbCSI o abmonHeHHH ycnoaHSI M41c= M44= 0 , TaK KaK H3 n106oro 

CHMMeTpHqHoro TeH30pa MIJ.V MO)KeT 5hiTb UOCTpOeH TeH30p 

L ::M -1138 M +_1_8 a a, M , - m -
2 

(ap av M,P+ ap a,, Mv I+ 
IJ.V IJ.V IJ.V pp 3m2 IJ.V P " P" 

2 
,.. ,.. P' 

1 + 3m2 all. av ap a>. Mp>. + ---:JmT all. av /llpp' 

npH~eM a CHCTeMe UOKOSI TSI)Kenoro Me30H8 M8TpHqHbie aneMeHTbl OT KOMUOHeHT Ljk CoanaaaJOT 

c MaTpHqHbiMH aneMeHT8MH OT Mik (npH ycnOBHH Mii=O ) H B To )Ke speMSI L 4 k"" L 44= 0 
xx) ( ) + 

Bbrpa)KeHHe 28 HcqepnhraaeT ace aoaMO)KHOCTH anSI cnyqaSI 2 • CTpyKTypa 

I E~f3YsAI-ID. rr Bv{3 rr C y rr D 8 rr npeacTaaHMa a aHae lteKoTopoA nHHeAHoA KOMisHHSUHH 

(28'} H (28" ), . 
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F (1234) .. I (1; 234) F (1234); .. I ( 4; 123) F (1234); 

.. I ( 1; 1l3) F ( 1234) ; .. I (1; 134) F (1234) ; (29) 

.. I ( 4; 124) F ( 1234) ; ... I ( 4; 13.4) F ( 1234) , 

r.ae 

I (a;bcd) ... ai (bcd)k+ak(bcd);-2!38 ik ae(bcd)e (30) 

H 

( bed ) k = f ka{3 y a Y b c {3d • (eM. (21)) (31) 

.[lnst .apyrHX H30CTpyKTyp 'ISCTb IlO.OCTSHOBOK ( 29) IlpHBO.OHT K O.OHHBKOBbiM KnBCCBM. vf3-aa 

OGHnHS! H rpOM03.0K OCTH cjJopMyn .anSI CllHHS 2 Mbl HX B CT8Tbe He IlpHBO.OHM ( O.OHSKO cne.ayro

WHe H3 HHX aarrpeTbl BKnJO'IeHbl B Ta6nHUY 5'). 

§ 4. 3arrpeweHHbie KOHcjJHrypaUHH Me30HOB 

8 nonyqeHHbie BbiWe o6wHe Bb!pS)KeHHSI .anSI 8MllnHTy .a pacrra.aa ( Ta6nHUbl 1-4) BXO.OSIT 

HeH3BeCTHbie 1 38BHCSIWHe OT .OHHSMHKH pacna.aa, cPYHKUHH F ( iklm ) • npH Ollpe.aeneHHH 

KBSHTOBbiX 'IHCen peaOHSHCHbiX COCTOSIHHA 06b!'IHO Bbi6Hp810T IlpOCTeltWHA MSTpH'IHbiA sneMeHT 

pacrra.aa H conocTaanSIJOT cooTaeTcTayrowee eMy pacrrpe.aeneHHe HMrrynbcoa c SKcrrepHMeHTanb

HbiMH .OSHHbiMH. npH 3TOM OC060e BHHMSHHe y.aenSieTCSI HynSIM MSTpH'IHOrO s n eMeHTa , 6naro.aa

pst KOTOpb!M HeKOTOpbie o6naCTH B HMilynbCHOM I1pOCTp8HCTBe OK83b!B810TCSI !10.0 38!1peTOM. Ha-

+ -
IlpHMep, IlpH pacna.ae 'ISCTHUbl w 0 

( T= 0 , S = 1 ua 11 11 110 npocTeltWHA M8TpH'1HbiA 

sneMeHT pacrra.aa ecTb fJ 1 x fJ 2 ; oH HC'!eaaeT Ha rpaHHue .aHarpaMMbi .[lanHTua. 

I 
npH TSKOM IlO.OXO.Oe HeSICHO, CBSI38Hbl nH HynH 8MllnHTY.Obl pacrra.aa C 'ISCTHbiM 

Bbi60pOM HMeHHO IlpOCTeltwero MSTpH'IHOrO sneMeHTS, T BK 'ITO CyWeCTByJOT MSTpH'IHbie SneMeH-
/ 

Tbl, He o6na.aaJOWHe TSKHMH HynSIMH, HnH )Ke 3TH aarrpeTbl - o6wee CBOltCTBO 8MllnlfTY.O pac

rra.aa, CBSI38HHOe TOnbKO C KBSHTOBbiMH 'IHCnaMH COCTOSIHHSI H He 38BHCSIWe'e OT .OHHSMHKH 

B38HMO.OeltCTBHSI • .[lnSI HeKOTOpbiX p8Cll8.00B TSI)KenbiX Me30HOB HS J11 Crrpaae.anHBO IlOCne.aHee 

/5/ 
yTaep)K.aeHHe 

B STOM rraparpacjJe c rroMOW bJO Ta6nHU 1-4 6y .ayT Halt.aeHbi o6nacTH cjJaaoaoro rrpocTpaH

CTBa HMilynbCOB '!eTbipex Me30HOB, aanpewaeMbie CBOltCTB8MH CHMMeTpHH p8Cll8.00B TSI)KenbiX 

Me30HOB C .OSHHblMH KBSHTOBbiMH •mcnSMH '( N 38!1peweHHbie KOHcPHrypaUHH N) • npoCTeAWHe )Ke 

M8TpH'1Hbie sneMeHTbl pacna.a a HS 4 IlHOHS IlpHBO.OSIT 1 KSK Ilp8BHn0 1 K nHWHHM aarrpeTSM. 

Hac HHTepecyeT B KSKHX o6naCTSIX HMrrynbCHOrO I1pOCTp8HCTB8 8MllnH.Ty.aa TOrO HnH HHOrO 

pacna.aa acer.aa o6pawaeTCSI B Hynb .!!.ill! nJ06biX cP YHKUHSIX F , T.e. BHe 38BHCHMOCTH OT .OHHa

MHKH pacna.aa. TaKHe HynH rroSIBnSIJOTCSI rro .aayM rrpH'IHHBM. 
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29) 

30) 

H) 

i:IHT 

lUI 

eHT 

u·oaa-

• Ha-

l bli! 

pac-

eaHee 

I b!X 

:>Ke 

IIHOI'O 

Bo-nepBbiX, <PYHKllllll F axoaHT B aMnniiTyay a onpeaeneHHoi! CII MMeTpii'IHOi! KOMt>IIHa 

llllll; II n03TOMy np11 HeKOTOpbiX p8BeHCTB8X Me:>K,o;y apryMeHT8MII (CK8nHpHbiMII np0113Be .o;eHIIH-

Mil ik ) 8MnnHTy,o;a p8BH8 Hymo np11 np0 113BOnbHbiX F • HanpHMep, B cny'!ae 

[-i--](00) aMnniiTyaa 

M = F (1234) - F ( 2134) + F (12 43) - F ( 2143 ) = 

= F ( 12, 13, 14, 23, 24, 34) - F ( 12, 23, 24, 13, 14, 34) + 

+ F ( 12, 14, .13, 24, 23, 34) - F ( 12, 24, 23, 14, 13, 34) 

6ya~T o6H38TenbHO paaHa Hynro, Koraa 

13<= 23, 14= 24, 

13 = 24, 14 = 23 

+ s = 0, T = l; 

(32) 

(33) 

(33') 

Bo-aTOpbiX, 113-38 onpeaeneHH Oi! TeH30pHoi! CTPYKTYPbi a MnniiTYt:t bi. H a npiiMep, B Cny'!ae 

+ 
pacnaaa S .. l , T = l, [ +-] (00) oa11H 113 aayx B03MO:>K H biX o6ru11x Bllt:tOB a MnniiTY t:tbi 

( 123) [ F (1234) + F (2134) ] + ( 124) [ F( 1243 )+ F (2143) ] (34) 

nPHBO.QHT K aanpemeHMIO KonnHHeapHbiX KOHc}JHrypauHA MeaoHoa _( npH i II i 11 k ( i j k) = o.) ) . 

B no11cKe IIHbiX 3anpeToB 113-38 npo113BOnbHOCTII F Mbi o6H38Hbi orpaHII'liiTbCH cny'! a5I MJI 

noqneHHOI'O paaeHCTB8 F (1234) = F (1243), F(2134) e F (2143) llnll F(1234)=F(2143), F(2134) = F(J 24i3) ' 

'ITO co6nroaaeTcH n11mb np11 

13•14, 23 = 24 1.3= 24, 14-= 23. (35J 

C TO'lHOCTbiD t:lO Heii3BeCTHOI'O K03lPlP11lll!eHT8 (34) Tenepb p8BHO ( 123) + (124) ;: ( 1 x 'J") m
1 

1 .. II 2.. .. .. 
o6paruaHCb B Hynb np11 ('ITO He npoTIIBope'lii T (35)). Ycnoa 11e 1 11 2 Bbi.o;enHeT 

-+ -+ 
113 (35) Knacc KOH¢11rypau11A: 1112, E3 = E 4 . 

"' B . x) vTII npiiMepbl Tllnii'IHbi. 0 BCeX Cny'IBSIX nOIICKII 38npeTOB H8'!11H8ID TCSI C yCT8H OBne-

HilS! paBeHCTB Me:>K,o;y CK8nS!pHb!MII. np0113Bet:teHIIS!MII (ik) 

Hbi c pa3nii'!HbiMII F (iklm) 

· HbiX 3TIIMII paBeHCTB8MII, 38TeM Bblt:tenHIDTCSI 6onee '!8CTHble KOHlPIII'ypBllllll. 

noaTOMY CIICTeM8TII'leCKIIA nOIICK 38npeTOB yao6HO H8'!8Tb C yCT8HOBneHIISI BCeX KOHlPII

ryp8UIIA, BbiTeK8IDlUIIX 113 paBeHC TB 

F (iklm) = F ( 1234) (36) 

np11 n pOI!3BOnbHOA F • EcTb 24 paBeHCTBa Tllna (36) B c ooTBeTcTBIIII c 4! nepecTBHOBKBMII 

iklm • nepeCMOTpeB IIX Bee, nony'IIIM 4 Knacca KOHlPIIrypalliiA : a , f3, y , 8 • 

a) KOH<P11rypau1111 T llna 

13 23, 14=: 24 . (37 ) 
a . -

x) 
E cn11 He roaopiiTb o nerKo o6Hapy:>KIIB8eMbiX 3anpeTax Ha KonnHHeapHOCTb 11 KOMnna-

HapHOCTb. 
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0603H8'1HM STY KOHqmrypaUHJO a(1,2) • B03M011<Hbl WeCTb KOHcjJHrypauHil: TIUia a 

a(1,2), a(1,3), a(1,4), a(2,4), a(3,4), a(2,3); 

{3) KOHcjJHrypaUHH THI18 

13 = 24 :, 14 = 23. 

0603H8'1HM STy KOHcjJII:rypaUII:JO f3 (1,2) • BoaMO»<Hbi 3 KoHcjJKrypauKH Tim a f3 

{3(1,2), {3(1,3), {3(1,4), ({:J(3,4) '= {3 (1,2) II T • .U. )i 

Y ) KOHcjJHrypaUHII TII:I18 

12 .34; 13 = 23 = 14 = 24 

0603H8'1HM STY KOHcjJKrypaUHIO y (1,2) • 803MO)KHbl Tpll KOHcjJHrypaUHH TIHI8 y 

y (1,2)~ y (1,3), y (1,4) 

0 ) KOHcjJHrypaUHH THI18 

12 = 13 = 14; 

0603H8'1HM STY KOHcjJHrypaUHJO 0 ( 1) 

0 (1), 0 (2), 

23 = 24 = 34 

BoaMO»<Hbi 'leTbipe xoHcjJHrypauKH THna o : 
0 (3), 0(4). 

.. 
(37{3 ) 

(37y) 

(370 ) 

KpoMe nonapHbiX paseHCTB ( 36), qacTo 'npHxo.oHTCSI Tpe6osaTb O.UHOB peMeHHoro BbmonHe

HHSI (36) .01ISI HeCK01lbKHX nap, H 3H8'1HT, O.UHOBpeMeHHO!'O BbJn01IHeHHSI paBeHCTB O.UHO!'O H1IH 

HeCK01IhKIIX THnos. HanpHMep, ecnH I10Tpe60B8Tb O,UHOBpeMeHHO!'O Bbll101IHeHHS! a(1,2) H 

f3 (1,2) , I1pH,UeM K paseHCTBY 13=23=14=24 , T.e. K HOBOil: KOHcjJHrypaUHII nepe6paB 

BCe KOM6HH8UHH a 1 {3 1 y , 0 1 npH.UeM 1111:60 K TeM »<e KOHq>HrypaUHS!M , 1111:60 K O.UHOMY 

11:3 Tpex HOBbiX TllllOB: E , ( , TJ 

E ) KOHcjJHrypaUHH THI18 

13=23 = 14 = 24 ( 37 ( ) 

3Ta KOHcjJHrypaUHSI 0603H8'18eTCSI E (1,2) • B03MO»<Hbl TpH KOHcjJHrypaUHH THI18 E 

( (1, 2), ( (1,3), ( (1, .4). 

() KOHcjJHrypaUHII THI18 

12=34, 13=24, 14=23 (37' ) 

(T01lbKO O,UHa). 

TJ ) KOHcjJHrypaUHSI THI18 

12 ... 13 =14 •23 =24 =34 (37 TJ ) 

( T01IbKO O.UH8). 

KoHcjJHrypauHH E , ( , TJ eCTb '18CTHhle C1IY'l8H KOHcjJII:rypauii:Jl: a- 0. npH IlOII:C-

K8X aanpeTOB IIX H8.UO HCilb!TbiB8Tb T01IbKO B TOM cnyqae, eC1III COOTBeTCTBYJOWHe 6onee 06WII:e 

xoHcjJKrypauKII He .uaJOT aanpeToB. 

0npe,oe1IHM H8!'1IS!.UHbiil: CMbiC1I paBeHCTB (37) B CIICTeMe IlOKOSI pe30H8HCHO!'O COCTOSIHIISI. 

CxanstpHo yMHO»<IIB ypasHeHII:e 

1+2+3 +4= q 

nocne.uosaTenbHO Ha 1,2,3,4t nony'IHM 'leTbipe paseHCTBa 

14 
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$ 

(37{3 ) 

monHe-

p aa 

lH OMY 

n.,) 

o6w11e 

HIHH SI. 

12 + 13 + 14 

2 
12 + 23 + 24 = m E 2 - 1.1 , 

2 
13 + 23 + .34 = m E 3-1.1 , 

2 
14 + 24 + 34 = m E

4
- 1.1 (384) 

EcnH cnpaaeunHBO ycnoaHe a (1,2) ..... ..... T.e. (37 a ), TO neBhie '18CTH (38 f ) H (38
2

) c oanaua 10T, 
+-+ -+-+ x) -+-+ -+-+ 

T.e. E1 = E2. nosTOMY 13 23, J4 = 24 • .LJ.an~e,npH STOM nnOCKOCTH (1, 2) II (314) 

nepneHLlHKY,nS!pHbl 1 T8K K8K 

-+-+ ......... 
(I x 2)(3 x 4)= 

1
£ 
23 

14 ..... 
24 

TaKHM o6pa30M, KoHqlll rypauiiH a (1,2) o6nauaeT caoAcTBBMII: E1 = E2 , r/J = " /21 E3 11 E4 
nJ06bie ( p11c. 1 ) . 

PHc. 1. 

BepHo 11 o6paTHoe yTaep)!{LleHHe: 113 

-+ ... .... .... ... -+ 

E
1
= E

2 
1 ( 1 x 2) ( 3 x 4) = O}IPH'IeM 3 x 4 f. 0 (39a ) 

cneuyeT ( 37 a ) • AHanorii'IHO n e rKo n ony'IIITb B3811MHOOLlH03H8'1H Oe COOTB eTC TBIIe Me)!{LlY . ' 

f3 ( 112) if E1= E21 E3= E4 I r/J - n106oe (:39{3) 

y (112) II E1= E:l= E3= E4 1 r/J = "/2 (39y ) 

( (112) II E1 = E2 1 E3= E4, r/J = "/2 (39( ) 

( H E 1= E2= E3= E 4 I r/J - m o 6oe (39 () 

., II E1= E2= E3 =E4 , r/J = "/ 21 OB = y 2/ 3( 1/ 16m 2 - 1.12) • (39., ) 

x) 3aMeTHM.._ 'ITO LlnS! BCe X ..JCOHdllfrypaJliiA (37) BbinOnHSIIOTCSI CH CT eMbl COOTBe TCTBYIOWHX Tpex
MepHb!X paaeHC TB , II H8000POT. 
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--......_ " 

KoHqJHrypauHH 8(1) cooTBeTcTayeT qepT. 2 c E2 = E3 = E 4 , 1 npH'leM M;MnynbChi 2, .3, 4 
ne)i(aT Ha KOHyce c OCbiO 1 H npoH3BOnbHhiM yrnoM pacTaopa, o6pa3ysr Me)i(.ay co6o10 pas-

-+ .... -+ -+ 

Hbie yrnhr, EcnH KOHUhi aeKTopoa 11 2 1 3 1 4 cyTb aepwHHhi npaaHnbHoro TeTpa3.apa, nonyqaeT-

CSI KOH¢HrypaUHSI ~ 

i 

-t 
PHc. 2. 

' Mbr nepe'lHCnHnH ace ao3MO)i(Hhr e 3anpeweHHhie KoH¢HrypauHH 'leTbipex Me30HOB ( HX 23 1 ecnH 

BKniO'lHT.b a HX 'lHCno KonnHHeapHOCTb ji x Zl = I i x 3 I = 0 H KOMnnaHapHOCTb (i Z a)= 0 

no.acTaanRSI a Ka)i(,ay!O H3 aM!InHTY .a Ta6nHU 1-2 ace 23 paaeHCTaa H abr.aensrR H3 HHX Te 1 KOTO

pb!e o6paTRT aMnnHTy.ahr a Hynb 1 nony'IHM ace 3anpeTbi a p·acna.ae qacTHU c o cnHHOM 0. 

3anpeTb! a pacna.aax 'laCTHU C HeHyneabiM C!IHHO M TaK)Ke MOI"yT 'lepnaTbCSI TOnbKO 113 

nepe'lHCneHHh!X 23 KOH¢HrypauHft 1 HO · CaO,aSITCSI K HX 'laCTHb!M cny'laSIM ( KaK a pa3o6paHHOM 

npHMepe). no3TOMY Cne.ayeT !IpH !IOHCKe 3a!IpeTQa: 1) OT06paTb Te KOH¢HrypaUHH 1 KOTOpb!e 

o6'be.aHHSIIOT pa3nH'lHhie aeKTOpHbi e 'lneHbi (( 123) H ( 124) a npHMepe) 1 .aenasr abrpa)i(eHHe .ansr 

aMnnHTy.ahi npowe; 2} HaftTH HynH 3TOI"O HOaOI"O abrpa)i(eHHSI H npoaepHTb 1 'ITO OHH He !IpOTHBO

pe'laT OT06paHHb!M KDli¢HrypaUHSIM. 

B Ta6nHue 5 npHae.aeHhi ace nony'leHHhre no.ao6Hoft npo ue.aypoa 3anpeweHHhre KoH¢Hrypa

UHH Me30HOa. 06b!'IHO Ka)K,aOft CXeMe pacna.aa 'laCTHUhl C O!Ipe.aeneHHhlMH KaaHTOabiMH 'lHCna

MH, T.e. o.aHoft KneTKe Ta6nHUhl 1 OTaeqaeT HeCKOnbKO 3anpe TOa. Ka)K,aasr CTpOKa aHyTpH KneT-
-+ -+ 

KH ·- 3TO O.aHa 3anpeWeHHaSI KOH¢HrypaUHSI. 0603Ha'leHHSI TH!Ia " .J) - 8) i= j, Ek= E e" 
-+ -+ 

o3Ha'laiOT 1 'ITO ecTb 6 3anpew e HHhiX KOH¢HrypauHft" i =i , Ek= E ~ 1
1
1 OTnH'laiOwHxcsr nepecTa-

HOaKaMH j j , k e • B Ta6nHue npHao.aRTCSI TOnbKO He3aaHCHMb!e KOH¢HrypaUHH. Mbl 

He abi,aenRnH TeX 'laCTHbiX aH.aOB 3 TH X KOHqJHrypauHftl KOTOpb!e .aaiOT a aM!InHTy .ae Hynb aTOpo

r'O !IOpR.aKa. 8 T~X cny'laRX,_ Kor.aa o .aHOMy 3apsr.a OBOMy COCTOSIHIIIO OTae'laiOT HeCKOnbKO 06WHX 

¢opMyn .anSI aMnnHTy.a HnH HeCKOnbKO 1130CTpyKTyp. a T a 6nHUe npHae.aeHb! 3anpeTbl 1 06WHe 

BCeM ¢opMynaM ( 1130CTpyKTypaM). 

Yf3 Ta6nHUhl BH.aH0 1 'ITO HHKaKHM .aByM 3H8'leHHSIM· C!IIIH8 II 'le THOCTH He COOTaeTCTayiOT 

o.aHHaKOabre CHCTeMbl 3anpeTO.B. 3TO aa)i(HO .anSI 3KC!IepHMeHTanbHOI"O O!Ipe.aeneHHSI KaaHTOBb!X 

'liiCen TSI)K e nbiX Me30HOa. 

' 
16 

n 
11n11 F ' 

OTa e 'lal 

C HynR! 

aMnnH T 

a TO a ] 

II C J 

c 
npHae, 

r.ae 

eCTb q 

T aK ~ 

aMnn 11 · 

a HaH 



paB-

ecnH 

! 3)= 0 

' • KOTO-

3 

OM 

OTHBO-

en a-

~eTa-

• Mbi 

nopo

o6wHx 

:e 

YIOT 

)Bb!X 

no.ocTaBHB B Ta6nHUbl 1-4 npocTeAwHA MbiCnHMbiA BH.O F ( 1234) ( F = 1 . HnH F = 12 

HnH F = 12 • 13), MO)I(HO nony'IHTb npOCTeAwHA BH.O aMnnHTy .0 pacna.oa ( HHOr.oa O.OHOA cPOpMyne 

OTBe'laiOT ,OBe npOCTeAwHe aMnnHTY .Obi) H 3aTeM HaATH ee HynH, 06b!'IHO OHH He COBna.oaiOT 

c HynHMH aMnnHTY.Obi o6wero BH.oa. TaK, B paccMoTpeHHOM BbiWe npHMepe (32) npocTeAwaH 

aMnnHTy.aa M = 13- 23 + 14 - 24 = m ( E 
1 

- E 
2 

) EI E 
2 

GanpeLUaeT COCTOSIHHSI C 

B TO BpeMH, KaK aMnnHTY .oa o6wero BH.oa Ganpe w aeT COCTOSIHHSI c E 
1 

= E 
2 

, r/J = 11/2 (pH c. 1) 

H C E 
1 E2 ' E E 

3 4 

§ 5, Pacna.abi Ha TPH 11 - Me30Ha 

CoBepLUeHHO aHanorH'IHO nonyqaeTCSI H3 peuenTa § 2 o6LUHA BH.O aMnnHTY.O pacna.oa Ha 3 11 • 

npHBe.CleM OCHOBHbie 9Tanbi Bb!BO.Oa, He B,OaBaSICb B .oeTanH, AMnnHTY .a a HMeeT BH.O 

r.ae 

I sign P • F ( i k f-J , 
p 

F(123) = F(12, 13, 23) = F(p 1 p 2 , P 1 PJ' P 2 P 3 ) 

eCTb cPaKTH'IeCKH cPYHKUHSI aHeprHA .OBYX '18CTHU, T8K K8K 

if = Y.z ( m 2 - ll 2· -2m E 1: ) • 

(40) 

(41) 

TaK )l(e, K8K H .anH pacna.oa ¢ 4 411, MO)I(HO noK838Tb, 'ITO ni06bie H30TOOH'IeCKHe CTPYKTypbi 

8MOnHTy .Cl pacna.oa <jl 4 311 CBO.ClSITCSI K .OBYM npOCTeAWHM ( CM, n pHnO)I(eHHe): 

a . HaH6onee o6LUHe TeH30pHbie CTPYKTypbi aMnnHTy.o T8KOBbi: 

+ 
M2 

j.(V 

M2 
j.(V 

M o- = I A" B11 c" 

MI 
j.l 

A,B,C 

l {3 I Ava "Bf3"Cy 11 + ( {3 I. A a" B{3" C 11 _ 
j.la YA,B,C va y A,B,C j.l y 

+A" TTB"TTC"TT 
j.(V 

( {3 I A 1 11 B {3" Cy 11 • 
Ia y A,B,C a 

.J...o A'Ja"B""C"TT)· 3 j.(V U. 
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(43) 

(44) 

(45) 

(46) 

(47) 

(48) 



0TCIOaa CneayiOT O'leBHaHbie peueUTbl nony'leHIUI anSI Ka:>Kaoro 38pSI.llOBOr O COCTOSIHH SI 113 o6-

. -
mero BHaa aMnnHTy a hi pacna.aa 0 o6wero BH.aa aMnnHTy .a pacnaaa qacTHU c .apyrHMH KBaH- _ 

TOBbiMH 'IHCn8MH 

3aech o6o3Ha'leHo 

1+ F r 123) -> 11 F ( 123) HnH 31 F ( 123) 

1 :. F ( 123) -> ( 123 ) 1 F ( 123 ) 

2+ F ( 123) -> f ( 1 ) F ( 123) 11n11 .. [ (3) F ( 123 ) 

2 : F(123)-> f(12)F(123) HnH ... f(23)F(123) 

HnH -f(ll) F (123) HnH-..f(33)F(123). 

... ... 

( 123) I flv>..a 1v 2 >., 3 a m(1 x 2}
1 

f ( 1) 1 1 ( 123) A: + 1 A: ( 123) I ;: m ( 1 1 ( t X 2->) k + 1 k ( j X 2) I] , 

f ( 12) 
2 ...... 

11 2 k + 1 k 2 I - ~ lk ( 12 ). 
3 

(49) 

(50) 

(51) 

(52) 

(53) 

(54) 

(55) 

C UOMOlllbiO 3,THX cpopMyn COCT8BneHbl Ta6nHUbl 6,7 06lUHX BH,llOB 8MUnHTya CHnbHhiX pacn a.aOB 

- ± + 
¢ · ... 3 rr c KB8HTOBhiMH 'IHcnaMH T = 0,1 H S = 0 , 1 , 2 - • B Ta6n11ue 8 npHaeaeHbi 

3anpeThi, cneayiOWHe H3 o6wHx cpopMyn. Mh1 c paaHHnH Hx c GanpeTaMH, cneayiOlllHMH 113 

npocTel!:wHx ¢opMyn anSI aMnnHTy.a, 11 so acex cny'laSix o6Hapy:>KHnH coana.aeHHe p e3ynhTaTOB . 

§ 6. npaKTH'IeCKOe UpHMeHeHHe peGynhT8TOB 

3aBHCHMOCTb X8p8KTepa 38UpeTOB OT CUHH8 II 'leTHOCTH pacnaaaiOWeJ!:CSI '18CTI!Uhl U03BO

nS!eT onpeaenSITb 3TH KB8HTOBbie 'IHCna, He 3H8SI KOHKpeTHOrO BHaa 8MUnHTyahi pacna.aa. Cne-

ayeT nHWb Bbi6paTb nepeMeHHYIO "u"- " npo6HyiO cpyHKUHIO ", - pacnpe.aeneHHe no Ko-

TOpol!: BhiSIBHT HanH'IHe GanpeTa. Jlng 3 rr - pacnaaa Bhi6op ·u o6ner'lancSI B03MO:>KHOCThiO 

HarnRaHo H3o6pa3HTb cpaGoaoe npocTpaHCTBo, T.e. Ha'lepTHTb aHarpaMMY .LlanHTua. Bo3Mo

:>Kea oaH8KO CUOC06 Bh!60pa U, He 38BHCSilUHJ!: OT p83MepHOCTH cp830BOrO npOCTp8HCTB8. 

nycTb anSI aaHHOrO THUS pacna.aa HaJ!:.aeHbl HeCKOnbKO 38UpeweHHb!X KOHcpHrypauHJ!:. 

3anHWeM HX B BHae 
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113 o6-

H KBaH- _ 

(49) 

(50 ) 

(5 1) 

(52) 

(53) 

(54) 

(55) 

crraa os 

~ ae H bi 

>T8TOB . 

I03BO-

• Cne-

10 Ko -

HIL 

ecnH ••• = KJ'II!\ eCIIK l 1>= 1(2>.., ••• -l(lc;_o ••• 
2 2 2 

(56) 
1(1> = IU> = ••• = /lc..,>=O , . '1'o 

m m m M = 0. Hnll ecn11 

B f (11) '••• lm(lc m> ..l-. H ce cyTb 113BeCTHb!e 't'YHKUIIII IIMIIynbCOB nHOHOB. anpHMep, anSI C1{y''I8SI > 

Bb!p8)K8eMOI'O cpopMynoA ( 32), 

I (1) = 1.3- 23 I (2
) = 14- 24' I ~ 1 ) = 1.3- 24' 

1 ' 1 ~ 

(2) 
I 2 "'1.4-23 

06pa3yeM HeOTp11U8TenbHbie cpyHKUHII 

It n116o 
R 

(1(/) )' u I 1 r n I u ..; "J} (57! 
1 1 1 t= 1 

1 
/""' 1 

u ~ I f (I i _,,_ -··--2 2 
t= 1 

lcm 
I I~> I u ~ 

__ .,_ -··-m 
/"'1 

B Ka'leCTBe rrpo6Hoft cpyHKUHII u Tor a a MO)KHO Bb!6p8Tb 

u .. u (58) 
m 

n1160 np0113BeaeHHe mo60I'O 'iHCna U I - B 'i8CTHOCTII, U MO)K e T 6 b! Tb paBHO mo6oMy U I 

CTpOSI anSI co6biTHA B o6naCTH pe3oHaHcHoro nHKa pacrrpeae neHIIe no u 
1 

, cneayeT O)KH-

aaTb E TO'iKe U I= 0 nposana B pacnpeaen e HHII anSI TeX 3 H8'ieHIIA CnH H 8 II qeTHOCTII, KOTOpble 

3SnpeWSIOT COOTBeTCTBYIOWYIO KOHcpHrypaUIIIO. D.nSI npO'iHX 3Ha'ieHHA C!IHH8 HnH qeTHOCTH STOI'O 

rrposana He 6yaeT 11n11 oH . 6yaeT cna6ee . Crraa B pacnpeaeneHIIII no u anSI aaHHhiX KBaHTOBbiX 

'ii!Cen aon)KeH 6b!Tb OC06eHHO rny60K, TaK K8K HynH K8)KaOA 113 rrpo6Hb!X cpyHKUHH U 
1

, •••, U m 

aon)KHbi 6biTp ManosepowrHbi. 

Cnaa, oaHaKo, MO)KeT o6'bSICHSITbC SI 11 'iHCTO KIIHeMaTH'ieCKHMII npll'iHHaMH - ManbiM cpa3o

B biM 06'beMOM o6naCTII U "' 0 • l.J:T06bi IICKniO'iHTb STY npll'iHHy, Haao cpaBHIITb pacnpeaeneHIIe 

no U I C06b!TIIft BHyTpll II BHe pe30H8HCHOI' O UIIK8 np11 U I= 0 : B n e pBOM cnyqae cnaa aon

)KeH 6biTb CllnbHee. 

Ecn11 HeKOTOpbie H3 3anpeTos, HarrpiiMep, u 
1 

11 u 
2 

, o6w11 HecKonbKIIM 3Ha'i9HIISIM cn11Ha 

II 'ieTHOCTII, TO no H8nll'illl0 Hnll OTCYTCTBIIIO cnaaa B pacnpeaeneHIIII no u=u:Ju
4 

••• u 111 

MO)KHO OTaeniiTb IICTIIHHOe 3H8'ieHIIe CniiH8 II qeTHOCTH OT npO'iiiX • 

B Ta6n11ue 9 no STOMY cnoco6y BblliiiC8Hbi npo6Hbie cpyHKUIIII u 1 anSI 38pSI)KeHHbiX 

cxeM .pacnaaa aa .3_rr H 4rr. ~en.ae.M .o..aa 3aMe'iaHHSI: 1) so sce x cpopMynax Ta6nHUbi 9 

.sHeprllll 11 IIMnynbCbi Bbipa)KeHbi B Maccax rr -Me3oHa, TaK 'iTO see u 
1 

6e3pa3MepHbi. 2) npea

naraeMbiA B Ta6n11ue B Ua npo6HbiX cpyHKUIIft OTH!Oab He e,D.IIHCTBeHHO B03MO)KHbiit. HanpHMep~ 

anSI y ·K838HHOI'O cnyqag ( 32) MO)KHO BMeCTO 

C HarnSiaHbiM CMbiCnOM 38npeTa (pH C. 1), 

K8KIIe npq6Hbie cpyHKUIIII nyqwe. 

u 

U 
1 

/1.3-231 + 114-241 B3SITb, B C OOTBeTCTBIIH 

1 
I E

1
-E

2
1 + lt/1 -rr/21 11 T.a. 3apaHee ReSICHO, 
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§ 7. 3 a K n 10 q e H H e 

CnenaeM HeCKOnbKO GaMe"laHHA, 

l, 3anpeTbl H3 Ta6nHIIbl 5 HOCSIT a6coniOTHbiA xapaKTep: n106aSI lleTanH3aiiHSI B3aHMOlleA

CTBHH He MO:lKeT CHHTb HH OllHOro H3 HHX, a TOnbKO ll06aBHTb K HHM HOBbie. TaK, MO:lKHO no-

C?aBHTb 3alla"ly 0 BbllleneHHH H30CTpyKTypb! raMHnbTOHHaHa HnH 0 nposepKe rHIIOTe3 0 llOMH

HaHTHOA ponH TeX HnH HHbiX KaHanos peaKIIHH ( HanpHMep, "lepe3 (> -Me30H), 3Ta KOHKpeTH3a

IIHH raMHnbTOHHaHa HaftneT CBOe Bb!pa:>KeHHe B ll06aBO"lHbiX 3anpeTaX, Yfx MO:lKHO OTbiCKaTb 

TeM· :>Ke cnoco6oM. 

2. HapHlly C 3arrpeTaMH, H3 Ta6nHII 1-4 MO:lKHO nony"lHTb CHMMeTPHH MHOrOMe30HHbiX CHc

TeM. nposepKa HanH"lHH :3THX CHMMeTpHlt TaK:>Ke Il03BOnHT ycTaHOBHTb KBaHTOBbie "lHCna TH:>Ke-

noro Me3oHa, TaK, s cnyqae ( 32) nerKo BHlleTb, "iTO pacrrpeneneHHH rro E - E , E - E , 
1 , 3 4 

cos.;, CHMMeTpH"lHbl OTHOCHTenbHO HynH, 

3. EcnH B HeKOTOpOlt MOlle pacrrana 3aiipeTbl O"leHb senHKH, TO CTBHOBHTCH sepOHTHbiM pac

IIall rrocpen<o:TBOM aneKTpoMarHHTHoro sGaHMoneltcTBHH, B aTHX cny"laHx H30CIIHH MO:>KeT MeHHTb

CH Ha 0,1,2 H B COOTBeTCTBHH C :3THM 3aiipeTbl CylUeCTBeHHO OCna6nSIIOTCSI, TaK KaK peanH3YIOT

CSI nHlUb 3arrpeTbi, 06IUHe BCeM H30CIIHHaM, 

4. npH H3y"leHHH aHHHrHnHIIHH aHTHHyKnOHOB B COCTOHHHH C M8nbiM op6HTanbHblM MOMeH

TOM MO:lKHO llOBOnbHO nerKO H3nO:>KeHHbiM CIIOC060M rrony"lHTb 3anpeiUeHHbie KOHcpHrypaiiHH B 

CHCTeMaX 3-6 Me30HOB, 

ABTOpbl 6naronapHbl Yf.B. nony6apHHOBY H M.Yf. WHpOKOBy 3a ueHHbie 3aMe"laHHSI. 

nPYfllOX<EHYfE 

noKa:>KeM, "iTO n1060A H30CKanHp npellCTaBHM B BH.z:ie ( 1'), H30BeKTOp B BHlle Cy'MMbl 

(2') H (2 .. ). JleAcTBHTenbHO, H3 nsyx rrcesnoseKTopos s H3orrpocTpaHcTse A11 
+ - - + 0 0 

cocTaBHTb:1) CKanHp (A11B11) = A11 B11 + A11 B11 + A11 B11 ; 2) 

[ A11 B11] • = £ •" c A11" B11 c ~ 3) TeH3op 2-ro paHra, onHCbiBaiOIUHA CIIHH 2 

T., (AB)= A11
8 

B11, + A11bB11• --}o,b(AitBit). 
noaTOMY H30TOIIH"leCKHA CHHrneT, COCTasneHHbllt H3 "leTbipex orrepaTOpOB A11 

D 77 , 3aiiHWeT<;SI 8 BHlle nHHeAHOlt KOM6HHaiiHH qneHOB 

( A11 B11) (C11 D11) 

nH6o 

[A77 B11] [C77 D11] (A11 C11)(B17 D11) -(A77D77)(B77C77) 

nH6o 

H B 77 MO:lKHO 

rrcesnoseKTop 

, B11 , C11 

( A.1) 

(A,2) 

· (A.3) 

T •b (A B ) T •b (CD ) 2 (A 11 C 11 ) (B 11 D 11 ) + 2 (A 11 D 11 ) ( B11 C 11 ) - .i_ (A 11 B 11) ( C 11 D 11 ) • 
.3 
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TaK KaK Ka)!(.Ubllt H3 8THX qneHOB rrpe.aeTaBHM B BH.Ue ( 1 '), TO .UOK83aH0 1 'ITO ( 1, 11
) Bbipa)Ka

eT eo6mo o6umlt BH.ll acpcpeKTHBHoro raMHnhTOHI1aHa paerra.aa rrpH T =0. 

To'!HO TaK )!(e Bee MbienHMhie H30TOIIH'!eeKHe rreea.aoaeKTOpbi rrpe.aeTaBHMhi B BH.ae nHHei!.

HhiX KOM6HHaUHlt Bbipa)!( e HHlt THIIa ( 2
1

) H (2") 1 TaK KaK eBO.US!TeSI K 

1 ) [ Arr Brr ]., (Crr Drr) (eM. (2")); ( A .4) 

2 ) [[A rr 8 rr ] [ C rr D rr]] ., = 8 rr ., (A rr C rr D rr ) - A rr
8 

( B rr C rr D rr ) (eM.(2')) (A.5) 

= Drr.,(CrrArrBrr) + Crr.,(Drr ArrBrr) -~[ArrDrr] (CrrDrr) .3 ' .. 
(A.6) 

(eM.(2') H (2")} 

4) € T (AB)T (CD) 
abc bd cd 

( Brr Crr) [ArrDrr J., + 

+ (BrrDrrJ[ArrCrr]• + (ArrCrrJ[BrrDrr].,+ (ArrDrr)[BrrCrr]., (A.7) 

H .llOKa3aTenbCTBO 3aBepweHo. 

llnSJ cnyqaSJ pO)!(J:leHHSI Tpex 1T -Me30HOB B COCTOSIHHH C T=l, KpOMe H30CTpyKTypbl (43), 

MO)!(HO rrpe.aeTaBHTh e e 6e eme M'.,= [Arr[BrrCrr]]., H M '~ = T • " (A B ) C rr b 

Ho OHH TaK)!(e CBO.USITCSI K ( 43): 

M' .. Brr 
8 

( Arr Crr) - Crr., ( Arr Brr) 

M" .. Arr (BrrCrr) + 8rr (Arr Crr) -2Crr (ArrBrr). .. .. . · .3 .. 
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PyKOIIHCh rroc~yrrHna B Ha.aaTenbCKHlt OT.aen 
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TaOJIHqa I. 

AunnHTY .lUi pacna~a o+ Ha 4 .1(; • 

1JB 

-----------------------------------------------------------------------------+---------------3api!MBOe I pocrehxll BK.Jt 
cocroi!HHe I AunJIHTy~a · F(12J4) 

~~_'!'_p]_:<TY.IJ~----L---------------· ---...------- ___ -----------
(OC ) (oo) I . LF(12J4)*) Canst 

T=O ~: ___ ::_ _______ +----·-----_!----------------------------t---------------
(+-) (oo) 1 F(12J4)+F(2IJ4)+F(J412)+F(J421)+ I Canst 

12 J4 I +F(124J)+F(214J)+F(4J12)+F(4J21)+ 
1 . 1 -----------------1!----------------------------------------------r-------------

(+-) (+- ) I F(12J4)+F(21J4)+F(124J)+F(214J)+ 

12 J4 I +F(J214)+F(2J I 4)+F(J241)+F(2J41)+ I Canst 

1 +F(14J2)+F(41J2 )+F(142J)+F(412J)+ 

1 +F(J412)+F(4J12)+F(J421)+F(4J21) I 
-------------...------ ---------------------- _________________ __J_ ___________ _ 

(+-0 )0 1 F(12J4)+F(2J14~+F(J124)-F(J214)-F(21J4)-F(1J24)+ I 12•24 
T=1 (0-+)+ +F(124J)+F(241J)+F(412J ) -F(421J)-F(214J)-F( 142J) 1

1 12J 4 

----------------- ---------------· --------------------------------4--------------
[+-]Coo ) I F(I 2J4)-F(2IJ4)+F(I24J)-F(214J) 1 IJ 

12 J4 1 1 
----------------- ------------------· --------------------------------~-----------
[+-](+-) 

1

1 F(12J4)+F(124J)-F(21J4)-F(2I4J)+ 
12 )4 . +F(J214 )+F(J241)-F(2J14)-F(2J41)+ 1J 

I +F(14J2)+F(142J)-F(41J2)-F(412J)+ . I 

--~-------------j _______ :F(J4~2 ):F(J421)=~(4J12)-F~~=~------------~1 . -----
(0+] (+-) I F(I2J4)+F(I 24J)-F(2IJ4)-F(214J)+ . 
I2 J4 I +F(IJ24)+F(IJ42)-F(JI24)-F(J142) . IJ 

-----------------1-------------------------------------------------R-------------[+o] ( OD) · F( I2J4 )+F( IJ42 )+F( 142) )+F( I4J2 )+F(IJ24 )+F( 124) )-
12 J4 -F(21J4)-F(J142 ) -F(4 I2J)-F(41J2)-F(J124)-F(214J) 1J 

------------------------------------------------------------_L-

T=O 
( 

T=1 

-
T=I 

T=1 

ITpHue4aHHR: *) Cyuua no sceu 24 nepecraHOBKall QHCe.ll 1,2,3,4. 

\.... 
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Ta6nHya 2. 

AMD.Ilii·TY.ItY pacna,ll,a 0- Ha .7'C+:Jt.+'Jt-Jt- II ~+:rc;•:n;.-:Jt• 

IJaCtHUY 

--------------------- ------------------------------------------------------------ · 
T:::O 

(+-) (+-) 
I2 )4 

(I2J4)·[F(I2J4)-F(2IJ4)-F(I24J)+F(2I4J) 
-F(J2I4)+F(2JI4)+F(J24I)-F(2J4I)-

ITpocreltmHlt JM.I! 

F(I2)4) 

I4 

- F(I4J2)+F( 4IJ2 )+F(I42J )-F(4I2J)+ t +F(J4I2)-F(4JI2)-F(J42I)+F(4J2I)]. ------- I ------
--[.~(+-) ---~ --~::~:) · [F(I2J4)-F(I24J)+F(2IJ4)-F(2I4J)- t. IJ 
T=I I2 )4 I -F(J2I4)+F(J24I)-F(2JI4)+F(2J4I)-

I -F(I4J2)+F(I42J)-F(41J2 )+F(412J)+ 

~ 
+F(J412)-F(J421)+F(4JI2)-F(4J2I)] • ___j_ 

-----~~)+____ (12J4)~[F(I2J4)+~~2J14)+F~:::;:F(J2 I4)+F(2IJ4)+F(:J2:;=r 14 
T=I C+-0)0 -F(I24J)-F(241J)-F(412J)-F(421J)-F(214J)-F( 142J~.I 

12) 4 

I 

T=1 {o.}C+-) 
I2 )4 

I 
(I2J4)•(F(12J4)-F(124J)-F( 2I4J)+F(2IJ4)

-F(IJ24)+F(IJ42)-F(JI24)+F(JI42)] 
I) 

I 
---------------~----------------------------------------------~-------
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Ta<lnHua J. 

AllllJIHTY.lUII pacna,~~;a 1+ Ha ~:r{:Jf:Ji" 11 'Jt~Jt~ 3t-:Jto 

llaCTKUiil I AWYJIKTY,D;a 

-------T----· 
I 

c~-) C+-) 1 

I 
(123) • (F(1234)-F(2134)-F(3214)+F(23I4~ 

+( 234)· (F( 234I)-F(3241)-F(4321)+F(3421)]+ 

+(341} [F(J41 2)-F(1432)-F(4J12)+ F(4132~+ 
12 34 

T=O 
I +(412} [F(1243)-F(2143)-F(1423)+F(412J)]. 

[+-)-(+~:(12J)·(F(I2J<)+F(2IJ4)-F(J2I4)•F(2J14))+ 
12 34 I +( 234)·(F(4321)+F(3421)-F(2341)-F(3241)]+ 

T=1 I +(341)· [F(3412)+F(4JI2)-F(I432)-F(4IJ2)]+ 

1 
+(412)•[F(1243)+F(2143)-F(1423)-F(4123)); 

!Ipoctellnll BII.Jt 
F(1234) . 

lJ II JIM · 14 . x) 

' (2 npocr. ~arp. 
sneueHra) 

12 HJIH I) 

IJ MJIM 2) I M2=( 123 )- (F( 4IJ~ )+F( 4321)-F( 4123)-F( 4312)) + 

+( 234)• [F(1234)+F(1423)-F(I24J)-F(1432)]+ 
I +(J4I } [F(-2I43)+F(23!4)-F(2IJ4)-F(2341)] t _l -+(412} [F(3412)+F(3241)-F(.J214)-F(3421)]. 

I (4 npocr. ~arp. I 3JieMeHra) 

(0-+) + 

C+-o)o 
123 4 

·r=1 

-+ 
M~=( 123). [F( 12)4 )+F(2314 )+F(J124 )+F(3214 )+F(2IJ4 )+F(IJ24 )] + I 

+(124)•(F(124J)+F(2413)+F(412J)+F(42I3)+F(2143)+F(1423)]; : 

I 
M2=(12J)• (F(1234 )+F(2IJ4)} +(124)• (F(I243)+F(2143)]+ t 

+( 234) · [F(2J4r'J-F(2431)+F(3241)-F(42JI)]+ I 
Const 

I +(IJ4)- [ F(4IJ2)-F(J142)+F(1432)-F(IJ42)]. ' I :":::· 

:1;;~+-) -~-~:=(:23~~ LF(1234 ) +F( 2IJ4)~~(IJ~~~~F(3124)}~ I ConstC~ 
12 )4 +(124 ) ·(F( 1243)+F(2143)).(134)· (F( I342)+F(3142)}j 

M2=( 234 )- (F( !234 ) +F( IJ42 ) - F( 1243)-F( IJ24 ) ] + 

1 +(IJ4} {F( 2I43)-F(2IJ4)] +(I24)·~(3I42)-F(3124)]. 
-------- ----------- -·------"--------

24 

----
lla 

( +-) ( 

12 

T=' 

[+-1 ( 
12 

·r=J 

( 0-

( +
r; 

LO+ 
12 



L x) 

·p. 

TadJIIn~a 4. 

Al.mJIHTY.lUi pacna,na r Ha 'Jt ... 'Jt .. :Jt_X_ H 1+:J('t n-:n" 

----------- ---------
IIpocTel'lmHit BH.lt 

F( 12J4) 

--+--·----------·---------------------1~---------

(+- ) (+-) 
12 J4 

T=O 

l 

i. [F(I2J4)+F(I24J ) +F(14J2 ) +F(142J)] + 

+2· [F(21J4 )+F(2I4J ) +F(2J14)+F(2J41)) + 

+J· (F(J2I4)+F(J24I)+F(J4I2)+F(J421)] + 

+!· (F(4IJ2)+F( 4I2J )+F( 4JI2)+F( 4J21)] . 

-----------t------
[+-1 ( +-) ... , 
12 J4 M1=1·!¥(12J4 ) +F(1 24J)+F(14J2)+F(I42J)j-

T=I -2- (F(2IJ4 )+F(214J )+F(2JI4 )+F(2J4I)]+ 

+J· (F(J2I4)+F(J241)+F(J412)+F(J421)J-

-!· (F(4IJ2)+F(412J)+F(4JI2)+F(4J21)) ; · 

M2 =i-~(J24I)+F(J421)-F(2J41)-F(4J21)) + 

+2 · [F( 14J2 )+F( J4 I2 )-F( 4 IJ2 )-F( 4J 12 )] + 

+J·[F(124J)+F(I42J )-F(2I4J)~F(412J)]+ 

I +4· (F(12J4)+F(J2I4 ) -F(2IJ4)-F(2J14)]. 

12 MJIH IJ 

Const 

--------------4----------- -----+--
(0-+ ) + I M1=I · [F(12J4 )+F(124J)-F(IJ24)-F(142J)] + 12 HJIH J4 

(+-0)0 +2· [F(2J 14)+F(241J)-F(21J4)-F(214J~+ 
I2J 4 +j. (F(J124)-F(J214)] +4~(4I2J)-F(42IJ)}; 
T=I M2 =~·(F( I2J4 )+F(24JI)+F(41J2)-F(42J1)-F(21J4)-F(14J2)]+ 

+4 · (F(124J)+F(2J41)+F(J142)-F(J241)-F(214J)-F(1J42)) 

~0+]~:~;---------r--::.r~;;~::4 )+F(I24J )+F(IJ24)+F(IJ42~-
12 34 I -2·(F( 2IJ4)+F(214J)]-J·~ (J124)+F(J142)]; 

T=I I M2=l· [F(12J4)+F(IJ24)-F(2IJ4)-F(J124)]+ 

I +1· (t'(124J)-F(2I4J)]+2· [FCIJ42)-F(J142)]; 

Const 

I ------------------------
________ _. __________ _ 
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"' "' 

TaClJIH~a 5. 
3anpe~eHHHe KOH~Hrypa~H 4 llHOHOB 

'IIICTIIU,bt j o+ --1 o- - ~-------

r 4----------
1 \ I KounJiaHapHOCT:& 

c~2) c;4) I H' I ~< oi. CI,J) I 
T=O I . I J 5 o(. ( 2 , ~) I 

(+-)(+-) k~ €. (:r:-~--+--1 I .l KOIIllJI~H . 
I 2 )4 I 2 €. (I,4) 2 a(. (I,J) 

T-I J '< J a, (2,4) 
- 4 -r:; 

,. 1,-- I ~. I 
I) KOJIJll1HeapHocT:& I I) 4~ ~ I •) 
2) s. ( 1 '3) 2-4) "..!1"' 
J-S ) t::J ;Ek=Et . I =t.t= 0 

Il KOJmHe.\PI{ . 
2 €. (I,J) + 
J Et.• Er.; lll4 . 
4 ~, ... e .. ; tnt 

I)1+3=o . I) 

llntui 114 npH 

E1: Ea.cE3 &E" 

2- ' 

I) KOJIJIHHelf'll . 
2-4)t•T· t.t&"o 

B Kot!J;9PH. 

- 5- 8Jtcj; Eft•Et,; 

- I I - --(i,A)"~~~~)~1,ic),(3,2), I . ----
0-+-+ --+j-I-)-""='Q-(2_)_ ----t- I~ KOIInJit.ti. 1 I) KOJIID1H • .,. .. I I) I=J=l .. I) .. .. I I) KOJIJll1HeapH. 
I 2J4 +) -t; j 2 ol.(J,4) . 2)E!o=E-.; 11/2. -1Jfilt31(1t npN 

I J ~ I . . 

:::O -- H) _J~--I-< -KO-M-llJ1-l-H.---~- I)KOJ!Jll1H. ', I) "t; •,. E:)EJ.=E,c.E"-h) 

.::~ L2::Cfl::~ _ _j __ i2a)~:y:~ •. e,;~lt•r·~t·o __ _[ ___ ...:.,..~--
+-00 I I ) .,!.,(I,2) I I~ KOMnJiaH. I . I) KOJiiiHH:. .. I I)?...... I) '7 ... ..,. I **) 

'I' =I r 1 J t (I,2 ) ' ' 1 1 
I 2J4 I 2) e, (I,2) I 2 o(. (J,4) J 2)E'!t= E,.· ~ 1~2.. 2) I=2 2) -J) I= !. 2 1 

I I I - l --~----
::QM--ll)~----T-r---l Koi.inna~--- ,---I) Konnia. I I ) 1:: 0 ; ... I2 .. .. 1-) 
I2J4 I l 2 o(,~2,4~ I' 2) )8CrJ 1 Et=Er.=E-.. ~112.115114 rrpH 
T=I I J co(.. 2,J ~ I J-5 Tff~, · Ek~E~ I E -E -E -E 

I l 4 oL J,4 ; 5 ) ., I (!:1;(4) . I ' .- J.- '!>- .. 

ooo-o--+,-H-)-------1- I) KOMnJia H. ,

1

--- I ) KOJI;;;:----t-1~~ _ ~ ~ I H) 
I2J4 ' 2-7 ) o(.(i..j) 2 ) 7 12-.r o..+,l=IOL+t=O I 
T~O I ~ I I 5 -8 )1 = 0; 

I ' I I 'E.~-=Ek=Et.; 
I I I I i 

--} 

---- ---------- -------------------------------------~------------

H) 
H*) 

Pacna.l( Ha 2. :n: -
He paccqHT~Bano c:r,, 

... 

H·l ' ' ' :1 ' I I o, I ~ ·- ·~ 



Taci.IIXUa 6 . 

.AlmJIKTY.I{H pacna,l{a \16CTKU 0-, l+, r Ha 3n . 

-
J I IIpoctelluma BK.l\ 

UHH \JaCTHUH A~o~nJIHTY.l\a F( I2J) 
I 

~--------I 

0 - F(I2J)+F(2JI)+F(JI2)-F(2IJ)-F(J2I )-F(IJ2) I I2·IJ2 T=O; +-0 
11~ 

I - -
T=I· (+-)0 F(I2J)+F(2D) Const 

' 1 ~~ 
MnH Coo + L ______ - -

T=I;+(+-) F(I2J)+F(IJ2)+F(2IJ)+F(2JI). Const 
1 2 "!> ' 

T=I; F(I2J)+F(2JI)+F(JI~)+F(2IJ)+F(IJ2)+F(J2I) . Const 

(~9)~ --
r+ '1'•0;( +-0) ; i· (F( I2J):-F(IJ2~1· (F(2JI)-oF(2D}J. (:r(JI2)-:r(J2I)). 12 

1 :l "t 

T•I; (+-)0 111=H( I2J)+~(2IJ); M2= j. [F(I2J)+F(2IJ~. Const 
• & .. 

(00)+ 
-

K1= I ·(F(I2J)+F(IJ2.j:2. [FC2IJ)+F(2JI)] 
--- --

T=Ij+(+-) co'nst 
1 l "t 112= j · F(2JI)+2F(IJ2)+~ ·~(I2J)+F(2IJ)). 

" : Ja,!. {_F(I2J)+:F(IJ2j.-Z·ff(2IJ)+F( 2JI))+r · f!'(J2I)+F(JI2)). t.lii; (00)0 Const 
1 z. !> . ' 

/ 

A':I- 1'•0; ( +-0) (!23) • (F(I2J)+F(2JI)+F(JI2)+F(2I.J)+F(J2I)4{IJ2)) . ' Const 
. 1 z .. 

T=I; (+-)0 (I2J)-(F(I2J)-F(2IJ)] IJ 
1 2. .. 

(00)+ I 
I 

T=I; +(+-) (I2J)-~(I2J)+F(2;I)-F(IJ2)-F(2IJ)] --------~----I;----
1 :l \ 

- T=I; (00)0 (I2J)· [F(I2J)+F(2JI)+~JI2)-F(2IJ)-F(IJ2)=:(J2I~ _____ -:t~~ I2 .~ 
1 z. ~ 

27 



Ta<lnnua 7. 
AllnmfTy.lUl pacna.~ta qacTI!Ul-1 c S= 2 Ha 3:Jt 

CmtH i llacnntu AamnHTy .na 

- .-
1 
1 IlpocTeMmMM 

2+ I T=O; (+-0) 
~ 2.~ 

f(I)• [F(I2J)+F(IJ2)) +f(2}~(2JI)+F(2IJ)] +f(J}(F(JI2)+F(J2Il 

IBI!)( F( r n ) 

l I2 
-

T=I; (+-)0 
"!'\.• (00)+ 

I 

M1=f(I)¥(I2J)-f(2}F(2IJ); M2=f(J} (F( I2J)-F(2IJ)j 1 Const 
I 
I 

, T=I; +(+-) 
1 2., 

M
1
=f(I} j!( I2J)-F(IJ2)) +f(2}[!(aJI)-F(2IJ)j; ~----

Mn=:f(I} F(2JI)-f(2)•F(IJ2)+f(J)•f!(I2J)-F(2IJ)]. - i Const I 
T=I; 0(00) I M =f(I}[!(I2J)-F(IJ2)] +f( 2}[!'(2J!)-F(2IJ)] +f(J}(F(JI2)-F 

" 2.., 

2- T=O; (+-0) M1 =f(II)·~(I2J)-F(IJ2)) +f(22 } ~( 2JI)-F(EIJ*'f(JJ )-~(JI2) 1 U M2=f(I2} j!(I2J)-F(2IJ)] +f(2J}[F(2J I)- F(J2I :3rf(JI){F(JI2 ) 
I 

T=t (+-)0 M1=f(I2){F(I2J)+F(2IJ~; M2: rCIJ:»'(I2J):f(2J:»'C2IJ); -
1 • , Ji 

( 00)+ · MJ=f(II)· F(I2J)+f(22}F(2IJ); M4 =f(JJ)-1!(12J)+F(2IJ)]. 

~--------+-- ----
T=I; +(+-) ( 1 

1 1 , M1=f(I2)• F(I2J)+F(2IJ~+f(IJ)•F(IJ2)+f(2J)•F(2JI); 
M2•f(JJ)"(F(I2J)+F(2IJ~+f(22)•F(IJ2)+f(II)'F(2JI); 
M3=f(2J) • (F(I2J)+F(IJ2)) +f(IJ) • [F(2IJ)+F(2JI)] ; I M4=f(II) ·LF(I2J)+F(IJ2)] +f(22). [F(2IJ)+F(2JI)] ;. 

T=Ii o(oo) 

1

1 M1-r(r2)·~(I2J)+F(2IJ~f(2J)·~(2JI)+F(J2rj+r(JI~(JI2)+F 
1 

1. ~ M2 =f(II)·f!'(I2J)+F(IJ2}-f(22)·~(2JI)+F(2IJ}f(JJ}~(JI2)+ 
- I 
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(mv I 2 . J I 
I 

-F(J2(~i IJ 

- F(IJ2 ll 

------t---r.~~;t~--
1 
I 
I 
I ------------
1 Const 

I 
I 
I 
I 
I 
I 

I ___ "-1-____ _ 

cn2)]: I Const 

:(J~~~~j_ ___ __ 



Ta6JIHua a. 

3arrpemeHH~e KOH~HrypaUHH 3 ITHOHOB. 

T r+ r 1 2+ 

I) I=2 
2) 2S 
J) !=1 

I) KOJIJIHH~) Er=E2=EJ 
HOCTi-r I ;) KOJIJillJHo 

-+ 
I 

I) KOJIJIHH. 

2) EI=E2 

I) EI=E2=E3 I I) KOJIJIHH. 

2) I=O I 2) EI=E2 

4) J=O 4) E3=EI 

I 

I) 1=2*J 

I 2) KOJIJIHHo 

l I) E1 =E2=EJ 

I 
2)I -=2 H) 

J) 2=j*) 
4) 1;!H) 
5) KOJIJIHH. 

I 

I 

2-

I) I=2 
2) 2S 
J) 1=1 

I- :S: 

"" 

4) EI=E2=EJ 

HeT 

HeT J) !=0 L___:) E2=EJ 

--~~~------~------ ----~------------~---------
H) 3arrpeT~ ft nOpll,llKa ( 'CiaC'l'BHK CJiy'ISK KOJIJIHHeapHOCTH ') 



l 

T a 6JI!rlll,a 9 , 

fi p06Hble WYHRII,Irllrl .IIJIR HeROTOpb!X pacrra;t10B Ha 4't >1 3:rt. 

'I <f < rrc o) - !Jt. :n:- ~ ... :n-.. 
CnHH 1t ~ a. ~ _., 

'4eTHoeT .. 1 ' o---+
1

--u
1
= Tcrn)j--;-----u2=T12-2jl:m--j41 ; u3 = 112-r:!F~J-1477" ___ _ 

+ , .... , , .... , , ....... , , ...... , ,.. .., 
I U1 = 1x2 + 1xJ ; U2= 12: 14-+ 12 - 2J + 12 - J4 ; 

I uJ' u4, ..• ,u8 =1_Et- E~~\ {-tl 
I \.... .. .. , ,..... ~·, ,..... ..#, ,- .. , ,- - ,- ... , r- UI= 12 - J4 + IJ - ~ 4 + 14 - 2J ; ul I + 2 ; u3 = r + J I; u4= I + 4 ; 
I , ... ,1 ... , r -, r -, r -, 

:~ __ j ___ :~:_:::_:~:: __ j ---~2 = _:_:_~~----:~~-:~~-~--: 4 = _:~_:__· -------------- -·--

( ) + - + -
. ~ 1 t , " -- ------- -------------------------------· -t 

10 T= i. - :Tt ::Ji ::Jt .1t . 

.. . ... ... ·- .... .. .. ... - -- -· -- ..... o+ I u1=ln - I4 l+I IJ-24 1+1 IJ-2J I; u2=!12- IJ \+\D- 24 [+\IJ- J4 /; 
I u = li2-j41 ... tn-241 ... I"I4-2j\, 

- I 
3 1 r·· 1 ,-- .... , ,-- .... , ,-- .... , ,-- --, ~- -, ,-- --, , .... --, o .. I UI= C n)) .. u2= IJ-;: ! .. I4-~! .!. .. U:}= _1~:2 J + I4- J4 ; u4=1I;-J4 + IJ- 24 + I4-2J; 

1 u1=tfx2 \+\1xJ\; U2=\I2- I4\+\ 12- 2J \+\12-J4j; u3 = 1 "r-~>3 1 + \2x4 1; 
1 U4 = I E2-r~4\+\ix~l; U5=\Er-E2\+\j-!\; Uo=\E1- E4\+12-jl; 
I u7 = 1 ~> 3-ro:2 1+\i-4 1; u8=1gr E41+\1-2\; 
I • .. , 1

1 
u1=\I+J . 

2+ U1=\ix2\+\ixj\+ \E1-E2\ +\E2- E3\+ \E3- E4\; 
~,- I u1=\ix2\,.. \'Ixj\; uAl+jl; 

I 

_ _ _j__ ____________ ·------------------------------·- -·-- -

( ) 
• - + ..,.+ 

!0 .,.. = i - :n Jt :n. .. ~ ' 
~ 1 ~ 3 ., 

-:;:-----~ ---,~ .. -:;-;;-,--, .... -... -,--,j-.-=-,-·-,~:-;.-,---------,~-... -,-,==-==,-·-,-·-:;:-,---------0 U1= :!: d + 24-~~ _!" .. 4-~! _::_.>4- IJ ; .. -- U2._:_I ?.-;~ + :~-.:! + l4-2J ; o: 
1 

ui~!2J) I ;_ u-'= ~ I4-IJ I+\ ~4-2JJ\ .u3=11 ;>- J4 l+IIJ - 24I+II4- 2J I; 
J 1 U 1 =\ Ix~ \+\ I~\, U2 = \ E3-EJ+\ 1x~ l, 
1- ! u1=11-11+\1-4t; 
2+ l UI= lix2 1+1ixj l + \EI-E2 \ + IE2 - ~>3 1+I E 3-E4 \ ; 

- I \i .. , ~- .. , . 2 1 u1= x2 + 1xJ ; 
-----'------------------------------- ----------------------------

£0 (T= o)- :n:• :n:- ll" 
.., 1 a 1 

---o - -----u----,:--:--1~-u----1-.. ~-~-~--u-----IJ' -;-,-. ----------------------------- -------·---
1= ~1-D2 ' 2= ~2-LJ ' J ~ 'I-QJ ' 

+ , ... , , .... , l ... 1 I UI= J- 2 ; U2= 1-J ; UJ= 2-J ; 
1- u1=frx21; 

?+ u1=\E1- E21+\Ec E3!; U2=frx2 \; 

l.... .. .. , , .... , 
2- U1= J- 2\; U2=\ I-J ; UJ= 2- J ; U4= 1 ~I-E2 \+\ E1-BJ /i 

~-----------------------------------------------------------------------------
\f ('l'= !) .... Jt ... :Jt ... :Jt- I<' JIM 

i 2. ~ 

Jt+ :n- :It" 

" 2. ~ 

r+ 

1-

2+ 
o-, 2-

---------------- --------------------------·------------------· 
u1 =ljl 
u14Tx21; 

.. ..1 u1=\I - 2 ; 

U2= \E1- E2 \; 

U2=1ix?. I; 
lan peTo& tUT . 


