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1. BBE.QEHHE 

8 HBCTOR~e~ pa6oTe HCOOI1b3Y~TCR HeKOTO~e peaynbTaT~ HCCne

AOBBHHR CHMMeTpHH H ~OpMyilHpOBKH nonesOH TeOpHH B o6DeAHHeHHOM 

BOCbMHMePHOM npocTpaHCTae·/1/ AI1R OOI1y4eHHR H30TOOH4eCKI-1X npa

BHil OT6opa pacnaAOB a.neMeHTapHbiX 4BCTio1~. YKaaaHHbiH noAXOA no

nesoH Teop~·n1 noKaablsaeT paaJU14He MelKAY nonesbiMH ypasHeHHRMH 

4aCTH~ nepsoro POAa /HecTpaHHble 4aCTH~bl/ H 4BCTH~ BTo

poro poAa /a Hero BKI1~4a~TCR CTpaHHble 4aCTK4bi/.Apyro~ BbiBOA 

3T0f0 OOAXOAB,KOTOpbiH 6yAeM HCOOilb30BaTb,3BKn04BeTCR 8 TOM, 

4TO nenTo~ H ~oTOHbi,KaK BAPOHbl,o6naAa~T HaocnHHaMH H rHnepaa-· 

PRABMH. 6yAeM onepHpOBBTb CO WOypHOHHbiM nOileM, KOTOpoe Bnep

Bble 6bl.no sseAeHo a eAHHYIO nonesy10 TeopHIO reHaeH6epra Jzt;. 3To 

none MOlKHO nony4HTb a paMKax yKaaaHHoro noAXOAa. KeaHT~ wny

PHOHHoro nonA - wnypHOH~ Hawero nOAXOAa 9 onHc~ea~~HecR none

B~MH ypaeHeHHRMH 4acTK~ BToporo poAa a o6DeAHH6HHOM npocTpaH

CTee. 0HH KPOMe H3ocnHHa I= 1/2, CTpaHHOCTllf ·g = -1 HMeiOT BHYT

peHHHe KBaHTOB~e 4HC11a R,aHa110rH4H~e CTpaHHOCTH 8 H o6pa3y~He 

nonHble cTpaHHble 4Hcna: Sn = S + R. 

4>opMa11H3M YH111TapHoH S -MaTpH~bl'/t/ a o6DeAHHeHHOM npocTpaH

CTBe CO CneKTpaJlbHbiM npeACTa8116HH6M Tpe6yeT 110P6H~-HHSapHaHT

HOCTH H HHeapHaHTHOCTH OTHOCHT611bHO npeo6pa30B8HHVI BO BHyTpeH

H6M npOCTpaHCTBe. npoCTpaHCTBO HHHKOBCKOrO H BHyTpeHHee npOCT

paHCTBO RB11AIOTCR OOAnPOCTpaHCTBaMH 06DeAHH6HHOrO npOCTP8HCT

Ba. JlnR npHM6H6HHR T8KOH 8 -MaTpH~bl npH HCC116AOBaHHH pacnaAOB 

3116M6HTapHbiX 4aCTH~ C116AY6T paCCM8TpHB8Tb 11arpaH*H8Hbl, YAOBneT

BOPRtOlltH6 HeKOTOPbiM OOP6A6116HHbiM Tpe6o88HHAM HHBa·pHaHTHOCTeH, 

a 48CTHOCTH ABYM npHBeAeHHYM BbiWe. B CBR3H c HHBapHaHTHOCTbiO 

0THOCHT611bHO npeo6paaoaaHHH SO BHyTpeHHeM npOCTpaHCTBe npeA

nonO*HM, 4TO B narpaH*HaHbl pacnaAOB C Y48CTHeM CTp8HH~X 48CTH~ 

BBOAHTCA wnypHOHHOe none. 

C4HTaR, 4TO 6apHOHHoe, nenTOHHOe H nonHoe CTPaHHOe 4Hcna 

RB11AIOTCA COXp8HR~HMHCA, C narpaH*HaHaMH, KOTOpble onHCaHbl B 

pa6oTe 1 1 1~H c noM~biO pasno*eHHH BHYTP6HHHX noneH no c~epH4e

CKHM $YHK~HAM Mbl M0*6M 0011Y4HTb 38KOH COXp8H6HHA AnA Tp6TbeH 

KOMOOH6HTbl H30CnHHa /C Y46TOM H30CnHHOB 1160TOHOB, ~TOHOB H 

wnypHOHOB/. Jlanee HCnOJlb3Y6M 3TOT pesyJlbTaT ·/npasHJla OT6opa/ 

AnR cpasHeHHA c aKcnepHMeHTanbHbiMH A8HHbiMH no pacnaAaM 4aCTH~. 

TeopeTM46CKHH pesynbTaT yKaswaaeT secbMa npocTyiO aaKOHOMep

HOCTb A11R scex pacnaAOB. Mw· paccMOTpenH pacnaAW 1'-, r- , n- , 



11-, ·q- , K-, 
4To see HaBecTH~e 
3aKOHOMepHOCTb~. 

A-, ~-, S
AaHHble f.s/ xopowo 

H !} -4aCnfl.t. nony4aeTCR, 
cornacy~TCR c nony4eHHoH 

M~ TaK*e paccMOTp~M caRaH Me*AY npaaHnaMH oT6opa AaHHoro no,qxo,qa c HcnonbayeM~MH a TeopHH 3neMeHTapH~X 46CTH~ npaaHna-MH OT6opa aQ a~ as a ' !aS a I ~ 1' di a ~ 1/2 /HHAeKc a- AllR a,qpoHos/. 06cy,qHM cny4aH, KOrAa HawH npaaHna OT6opa cosna,qa~T c He cosnaAa~T c npHse,qeHH~MH npaaHnaMH. 
8 ,qaHHO~ CT6Tbe H3flO*eH~ TeOpeTH4eCKHe OCHOBbl 3TOrO OO,QXOA6 H paccMOTpeH~ HeKOTop~e npHMep~. B cneAY~~Hx cTaTbRX npe,qcTaBHM nocne,qosaTenbHoe· cpaaHeHHe HawHx peaynbTaToa c 3KcnepHMeHTanbHbiMH ,QBHH~MH. 

2. TEOPETH4ECKHE OCHOB~ 
Hccne,qoaaHHe cTpyKTypbl npe,qcTaaneHHR rpynnbl npeo6paaoaaHH~ B o6oe,qHHeHHOM npOCTpaHCTBe yKa3~aaeT Ha ~YH,Q6MeHT6J1bHOe paaJ1J.14He Me)I(AY ABYMR po,qaMH 4aCTH~J4I .. 4aCTH~bl nepaoro po,qa onHc~-

aa~TcR ypaBHeHHRMH, nony4aeMbiMH Ha OCHOBe Tpe6oB6HHH HHBa-pHaHTHOCTH OTHOCHTeJ1bHO BCeX npeo6pa3086HH~ B .06De,qHHeHHOM . 8-npocTpaHCTBe(U).TaKHe 46CTH~~ AOJ1*H~ HMeTb COHH~ H H30COHHbl o,qHoapeMeHHO Hl1H 4enble, HJlH nony~ellble. TaK, HanpHMep, 71 -MeaoH MO)I(eT 6b1Tb onHCaH CKanRpHbiM ypasHeHHeM, rpynnbl ¢lepMHOHOB I v e , + 0 . e, p, n /,/vi', ,.,., N 1 ,N 1 I 1o1 T.,q. MoryT 6b1Tb onJ.o~caH~ COHHOPHbiM ypaaHeHHeM 8 npOcTpaHCTBe U H T.,q. ~anee OOK63b1BaeTCR, 4TO ,qnR 46CTH4 nepaoro po,qa HMe~TCR ABe COXpaHR~HeCR BHyTpeHHHe xapaKTepHCTHKH: TpeTbR KOMOOHeHTa H30COHH6 (lg) H TpeTbR KOMOOHeHTa TaK Ha3~aaeMOrO 0-COHHa (0 3). npH4eM OHJ.1 BXOART 8 COOTHOWeHHR fenn-MaHHa-HHWHA)I(HMbJ B ¢lOpMe Q = 'l:s+ D:.S. Tor,qa AJ1R a,qpoHoa coxpaHRIOtllY~CR 'aenH4HHy Q3 MO>KHO OTO)I(,QecT-y . 
BHTb c 2 I Y - rHnepaapR,q/, a AJ1R nenTOHOB D- 8 HrpaeT pollb 
nenTOHHoro 4Hcna. KoHKpeTHo, 'q -Me30H "tMeeT Is= 0, D·s= 0; v e 
HMeeT I 8~V2, D8 ~-112 ; e-- 1. 8~-1/2, D3 ~-1/2; p- 1 3 ~+1/2, 
D.3 = 1/2; n - 'Is=-112, D3= 1/2 /no,qo6Hble xapaKTepHCT"tKH HMeiOT 4ac
nt~bl vp. , ,.,. , Ni_, Nl / 151 ; ·y HMeeT ls=O , D3 =0 ; 11 +- I 13= 1, 
D·s= 0; rr-- I·s=-1, Ds= 0; 11°- ls=O, D- 3=0 .YpaBHeHHR 
46CTH~ nepsoro po,qa MOryT 6b1Tb npeo6paaoBaHbl B COOTBeTCTBY~
~He ypaaHeHHR a npocTpaHCTae HHHKOBCKOro. TaK, HanpHMep, cKallRpHoe ypaaHeHHe Al1R ·11 npeo6paayeTCR a ypaaHeHHe Kne~Ha-ropAOHa, cnHHOPHoe ypasHe.-·Hie ,q.nR v e , e, p, n- a ypaaHeHHe ,QHpaKa161,seKTopHoe ypaaHeHI-Ie AllR !J>OTOHOB /c noneBbiMH .KoMnoHeHTaMH AJ, f = 1 ,2,3,4/- a ypasHeHHe MaKcsenna, aeKTOpHoe ypaaHeHHe 1AJ1R n~OHOB /c AK, K = 5,6,],8/ - e o6bJ4HOe nces,qocKallRPHoe ypaBHeHHe/3/ H T.,q. 
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4aCTH~~ BTOporo POAa OnHCWBa~TCR napaMH nonee~X ypaeHeHHH. 

B KaH<AOH Ta.KOH nape HMeeTCR OAHO ypaaHeHWe B npOCTpaHCTBe MHH

KOBCKOrO /M/ K Apyroe - BO BHYTPeHHeM npOCTpaH-CTBe (l} • Bee 

CTpaHH~e 4aCTK4~ BXOART B Knacc 4aCTK4 BTOporo POAa.I4~.HanpH

Mep, AflR KaOHOB HMeeM o6~4HOe nceBAOCKanRpHOe H BHyTpeHHee 

cnHHOpHoe ypaeHeHHR, AflR A -rHnepoHa - o6bi4Hoe cnHHopHoe H 

BHyTpeHHee CKa.flRpHOe ypaBHeHHR, AflR ~ - 4aCTH4~ - 06b14HOe 

CnHHOpHOe H BHyTpeHHee BeKTOpHOe ypaBHeHHR, A.flR a -4aCTHL\ -

06b14HOe COHHOPHOe H BAYTPeHHee CnHHOpHOe ypaBHeHHR. 8 OTflH4He 

OT 06W4H~X noneH ace BHYTpeHHHe no.nR KBaHTyOTCR no CTaTHCTH

Ke 6oae:/~{,llnR 4aCTHL\ BTOporo POAa, KaK OOKaaaHO, B CBR3H C 

npeo6pa30BaHHRMH BO BHyTpeHHeM npocTpaHCTBe HMeeTCR eAHHCT

BeHHaR coxpaHRJOil.laRcR aenH4l-1Ha 1:3 • C APYroH cTopoHbl, npH HanH-

4HH OTAenbHbiX BHyTpeHHHX noneH·AonyCKaeTCR paCCMOTpeHHe BHyT

peHHHX KanH6poeo4HbiX npeo6paaoeaHHH, AaJOil.lHX coxpaHR~HecR 

CTpaHHble KBaHTOBble 4HC.na 8, KOTOp~e BXOART 8 COOTHOWeHHR fen.n-

MaHHa-HHWHAlKHMbl s o6b14Ho>i 4>oPMe: Q =1 3+ f.rAe Y = B+ S. B-

6apHOHHOe 4Kcno. KoHKpeTHo, K+ HMeeT lg=l/2,8=+1; K0 -

lg=-112, 8= 1 ; A - l,s= 0, 8= -1; l:+- Ig= 1, 8= -1 l: 0 
-

lg=0,8=-1;l:- -I 3=-l.8=-1;'S 0 -l3=1/2,8=-2 =
lg=-V2, 8=-2 H T.A· 

HaaeCTHO, 4TO B eAHHOH nolleBbH TeopHH feH3eH6epra 121 H B 

PRAe pa6oT no TeOpHH 3.fleMeHTapHWX 4aCTH4/8/ HCnonbayeTCR nOHR

THe wnypHOHHoro nonR. CornacHO npeAcTaeneHHID eAHHOH noneeoH 

Teop""H KeaHTbl- wnypHOHHoro nonR - wnypHoH~ o6naAaiOT MaccoH m=O, 

3HeprHei1 E=O, aapRAOM Q =0, Haocni1HOM I= 1/2(lg=±1/2).Aanee npew 

nonaraeTCR B 3TOH TeOpHH, 4TO 4HCflO WOYP""OHOB 6eCKOHe4HO H na

pbt wnypHOHOB H aHTHWnypHOHOB' o6paayiOT Hwn-ypHOHHOe MOpeu, KO

TOpOe Ae~cTeyeT Ha CTpaH~e- "taCTH'-'bl• 

B paMKax Hawero ~opMan~aMa noneeoH TeopHH a o6~eAHHeHHOM 

npocTpaHcTae noKaableaeTc-R, 4TO Tat<oe wnypHoHHoe none cytlleCT

eyeT. 0Ho n'peACTaenReT co6ol:i -cneu,H(l)H-4e·cKoe none 4acTH4 eToporo 

POAa, Hx KBaHTbl HMeiOT BCe xapaKTepHCTH-KH WnYPKOHOB eAHHOH no

.neeoH TeOpHH. .Q.anee, OHVI. HMeiOT nOI1HYJO CTpaHHOCT b S rt= S + R. 

KpoMe TOrO, B CB060AHOM COCTORHHH OHH OKa3~BaiOTCR HeHa61110Aae

M~MH. 3TO CBR3aHo C TeM, 4TO none CB060AHOro wnypHOHa paBHR

eTCR HY.fliO, WnypHOHbl MOryT BXOAVITb BO B3aHMOAeHCTBHe TO.flbKO Ha

XOARCb B COCTORHHVI npa4aCTHU,, KOTOpble B03HHKaiOT npH KOHTaKT

HbiX CTOflKHOBeHHR-x c APYrHM11 4aCTH1.4aMI-1. npawnypHOHbl o6naAa10T 

MaCCaMH VI. BeAYT ce6R,KaK CTpaHH~e 4aCTH4bi,H 3aTeM B CB060AHOM 

COCTORHVIH cnOHTaHHO npeapall.laiOTCR B wnypHOHbi/9(HaKOHeU., KaK 

CKa3aHO, B CBR3H C Hei1rpaJlbHbiM XapaKTepOM VI m = 0. wnypHOHbl 

HMeiOT KPOMe CTpaHHOCTH 8 =-1 1-1. APYrOe BHyTpeHHee KBaHTOBOe 

4HCilO-R..HMeeM,WnypHOHHOe none ~s=t~SJ.'·tJ) 82 ), npH 3TOM '<11 81-
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none wnypHoHa ·s1 c Is=-1/2, ·s =-1 H R =0, a ·c!J8 2 - none ·s 2 
c 1 3~-112, s~-1 ~ R ~ 2. 

B Ta6n.1 npe,QcrasneH~ BHyTpeHHHe xapaKrepHCTHKH 4aCTH~ nep
eoro PDAa, a ~ ra6n.2 - 4aCTH4 aToporo po,Qa. 

Ta6nm:~;a 1 

T 

Is 0 0 ± 1,0 1/2 -1/2 1/2 -112 -112 

0 0 0 -112 -112 1/2 112 -1/2 

Ta6nH"a 2 

K+,-o A :s±..O So.- !l s I ·~2 

Is 1/2, -112 0 ±1,0 1/2, -1/2 0 1/2 -1/2 

s 1 -1 -1 -2 -3 -1 -1 

R 0 0 0 0 0 0 2 

H3110H<HM Tenepb OCHOBbl OO,QXO,Qa noneeo~ reopHH 83aHMO,QetiCTBHR 
a· npocrpaHcTBe· U c ~e!lbiO nony4eHHR npae1-1n or6opa. 8 pa6ore 111 

6biJ1a .. C¢lOPMY11HpoeaHa ·g -MaTPHU.a·, B KOTOPY-10 BXO,QRT JlarpaH>KHaHbl 
saalo1MO,QeHcrBHR, npe,QcrasnRIO~He co6o~ KOM6HHau.wYI noneebtx onepa
ropoa a o6De,QHHeHHOM-npocrpaHcree. B cneKrpanbHOM npe,Qcrasne
HHH. 3TH OnepaTOpb1 RBJ1R10TCR npOJ.13Be,QeHHRMH 06b14Hb1X H BHyTpeHHJ.1X 
nonee~x oneparopoe. narpaHmHaHbl eaawMo.QeHcreHR, raKHM o6paaoM, 
6y,QyT J10peHU.-HHBapH8HTHbl H HHBapHaHTHbl OTHOCHTeJlbHO npeo6paao
BaHH~ BO BHYTpeHHeM npocrpaHCTBe. 

AnR nony4eHHR npaaHn or6opa HCXOAHM Ha npe.QnonomeHHR o TOM, 
4TO eCJlH y4eCTb BHYTpeHHHe xapaKTepHCTHKH He TOJlbKO a,QpOHOB, 
HO H nenTOHOB, $OT0HOB H wnypHOHOB /npH y4aCTHH CTpaHH~X 4aC
THU./, TO npOLJ.eCCbl pacna,QOB 6y,QyT npOHCXO,QHTb C COXpaHeHHeM 
BHYTPeHHHX x·apaKTePHCTHK 4aCTHU.. 8 CBR3H C 3THM KPOMe JlOp.eHU.
HHBapHaHTHOCTH HaM rpe6yeTCR BHyTpeHHRR HHBapHaHTHOCTb. KOHK-



peTHO npeAnOnOmMM, 4TO Teop~R ~HeapHaHTHa OTHOCHTenbHO npeo6-

paaoBaHHH a npocTpaHcTee I. TorAa narpaHmHaHY pacnaAOB OOA4H

HR~TCR seeM Tpe6oaaHHRM AnR narpaHmHaHOB,BXOAR~~X B npHBeAeH

HY~ ·g -MaTPHI..lY B npOCTpaHCTBe U, H AI1R pacnaAOS MY MomeM nocne

AOBaTenbHO npo~.taeoAHTb pac4eTbt no Teopt-tH aoaMy~eHHH. Hy·mHo noA-

4epKHyTb, 4TO 3AeCb TaKOH MeTOA OOCI1eAOBaTenbHbiX npH611H>KeHHH 

OKa3NeaeTcR BOOnHe 3aKOHHYM, TaK KaK MaTpH4Hble aneMeHTY He 

COAepmaT paCXOARW.HXCR HHTerpanoB ":/ lO/ • 

HanomHM Tenepb OOAXOA K nony4eHHIO npaaHna OT6opa AJlR 1:s• 

nycTb HMeeTCR narpaHmHaH pacnaAOB, B KOTOPbiH MOrYT BXOAHTb 

aApOH~e, nenTOHHble, ~TOHHble H WOYPHOHHble nonR. B cneKTpanb

HOM npeACTaene·HHH MomeM pa3IlOmHTb 4aCTH BHyTpeHHHX noneH 00 

C$epH4eCKHM $yHK~HRM /a cny4ae cnHHOpHoro HaononR - no wapo

BbiM COHHopaM/,H TOrAa B MaTpH4HbiX 3JleMeHTaX 6yAeT ~HrypHpOBaTb 

MHO>KHTeflb ntna 

21T {!) (!) (!) (1) 
fe>p!M 3 -M 8 -1 3 +1 3 ld¢, 

0 

/1/ 

fAe HHAeKCbl i H ( 0603Ha4~T Ha4anbHOe H KOHe4HOe COCTORHHR 

pacnaAa, M - nonHbiH H30MOMeHT /H30MOMeHT KOI1H4eCTea ABH>KeHHR + 

H30COHH/. TaK KaK HMeeM AeilO C ~HBapHaHTHOCTb~ OTHOCHTeilbHO 

npeo6paaoaaHHH eo BHYTpeHHeM npocTpaHCTBe, cneAOBaTenbHO, 

M~!) = M 'I) • H TOrAa /1/ AaeT cneAYIOI!ll1e npae11na oT6opa: MaT

PH4Hble aneMeHTbl MoryT OTilH4aTbCR OT HYilR /paapeweHHble pacna

Abl/ TonbKO a c.ny4ae, KOrAa l~f) = I.~t) • APYrHMH cnoeaM!I1, nP~-t 

y4eTe H30C0111HOB nenTOHOB, ~OTOHOB ~ wnypHOHOB paapeweHHble pac

naAbl npOHCXOART C coxpaHeHHeM TpeTbeH KOMOOHeHTbl 11130COHHa: 

Als= 0; ecm1 Y4HTbleaTb TonbKo 1113oCnHHbl aApOHOB, TO MOmHo no-

11Y4111Tb o6b14Hble npaa1o111a: AI; = 0. 6:1 .a3 .f, 0 • Aanee, a CBR3H 

C. Ma.noCTbiO KOHCTa.HTbl B3aHMOAeHCTBHR H KOHe4HOCTb.fO MaTpH4HbiX 

aneMeHTOB 4enecoo6paaHo paccMaTp~eaTb KaK rnaaHbiH aKnaA a npo

~ecc pacnaAa MaTpH4Hble aneMeHTbl a nepaoM npH611H>KeHHH TeopHH 

soaMy~eHHR. TorAa CTPYKTypa narpaH~HaHoa coanaAaeT co CTpyK

TypoH COOTBeTCTBYIO~~X MaTp~4H~X 3fleMeHTOB. 

Tenepb· MOmeM CAeJlaTb CfleAYDW.HH B~BOA. A.nR B~nOnHeHHR HHBa

pHaHTHOCT~ I1arpaH>KHaHOB pacnaAOB OTHOCHTeflbHO npeo6pa3oBaHHH 

e npocT.pattcTse I Heo6xoAHMo, 4T06bl: -

1 I a narpaH>K~aH He BXOAHI1H wny_pt-tOHHble nonR Hllt-t BXOAHllO 4eT

Hoe 411CI10 w~ypi10HHbiX none>t ·<J>.0(x, x) = 'S(x) Ill ( x), rAe S(x) -

CKaflRPHOe o6~4HOe none, W(x) - COHHOpHOe H3000Jle, eCflH 4HC/10 

COHHOpH~X H30nOneH, COOTBeTCTBY~W.HX 4aCTH~aM B npo~ecce p~c

naAa /Ha6Jl~AaeMble 4aCTH~bl, HMe~~He 1=V2 B Ha4allbHOM H KOHe4-

HOM COCTORHHRX/, 4eTHO; 
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2/ a narpaH>KHaH 6b1JlO_ sse,qeHo ... He4eTHoe 4-Hcno wnypHoHHbiX noneaii, eCJlH 41<o1CJ10 cnHHOpHbiX H3~:>n0J1ei:1, COOTBeTCTBY1011V1X Ha6niO,qaeM&JM· 4acn1t:taM s npo~eti::e p~-cna,qa, He4eTHO. 

3. lfEKOTOPbiE nPHMEPbl 
AJ1R J.1111110CTpa~l<o1H npHse,qeHHbtX BbtBO,QOB paCCMOTpHM cne,qyiO~He pacna,qbt: 

till :..e;:v· ... 
3,qecb HMeeM 4eTblpe cnHHOPHbiX H3ononR. Cor nacHO 1 I a na-rpaH)f(HaH He BXOART wnypHOHHble no11R. ;C. ,qpyroH CTOpOHbl, H31fCTHO, 4Tf TaKOi1 pacna,q: Oni-1Cb1SaeTCR' narp8H)f{HaHOM BH,qa J t X_ ~ r,qe J - nenTOHHbtH TOK-. B HaweM n:o,qxo.qe, KaK noKaaaHo s' 12~- cy~qecTsyer TaKoH >Ke TOK. J.1cnOJ1b3YR J1enTOHHbli:1 TOK B· o6'be,QH-HeHHOM npocrpaHCTBe, HMeeM B narpaH>KHaHe npHBe,qeHHOrO THna KOM6HHa4HH o6b14Hb1X I cnHHOpHblxl noneH, Koro·pble HH·eapHaHTHbl OTHOCHTeJlbHO J10peH4-npeo6pa30BaHHH, H KOM6HHa4HH BHYTPeHHHX lcnHHOpHbtxl H3ononeH, KOTOpble HHBapHaHTHbl OTHOCHTeJTbHO npeo6pa3o·aaHH_H SO BHYTPeHHeM npocTpaHcTse I -I - HHsapHaHTHbtl. · 8 -- + + -TaKOM narpaH>KHaHe A11R pacna.qos ll .... e v e v ll , ll .... e v e v ,_,_ HMeeM MH0)f(HTe11b 

121 
(~,v~) ) (e,v 9 ) r,qe X ( r H x ( x) RB11RIOTCR cnHHOpHbtMH HaononRMH rpynn nenTOHOB (,.,.,v,.,.) 1-1 (e,ve} cOorsercTEieHHO. Bblpa>KeHHe 12/ I-$1HBapHaHTHo.- 0Ho ,qaeT npaaHna or6opa. Jlei:1cTB$1Te:'lbHO,· ecnH paano>KHM x no wapoa~M Cn$1HOPaM, To nony4$1M ,qnR MaT PH4HbiX aneMeHros pa~na,Aa 1';, -MeaoHOB MHO>KHTenb THna j1 I H11H pa~weHHble npaBHna: I ~-1 =1 ke-)+ I f•>+ I <a'~), I!J'+>= I&• > + Ig'•> + I(a~), T.e. npaBHnoMa=O. HMeeM cxeMbl /eM. Ta6n.1/ 

p. ~ .- v. v~ 
I . :a· -112 -112 -112 1/2 

D:J: -112 -1!2 1/2 -1/2 

+ 
~ ~ 

e+ v. vp. 

I:a ': 1/2 112 112 -1/2 

Da ': 1/2 -1!2 -112 1/2 
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il· 

3,qeCb BHA~M., -4TO ~S, KOTOpbiH HrpaeT pOflb nenTOHHOfO 4HCna ,. 

T8K)I(e COXpaHAeTCR. 3TO nerKO BbtBeCT~, ecn~ y4.eCTb 33K.OH CO

xpaHeHHR aapAAa H coOTHoweHHe Q =lg+ D· 3 .• B AailbHeHweM- 6y·AeM 

npe,qno..naraTb, 4TO .eo acex nenToHHbiX pacna,qax D3 - "xopowee" 

KBaHToaoe 4Hcno, T. e. AflR acex nenTOHH.biX pacna,qoa cnpaBeAJlHB 

aaKOH coxpaHeHHR 0 3 • 

Cne,qoeaTeilbHO, c Y4eTOM H3oCnHHOB H D -cnHHOB nenToHoa no

ny ... aeM npocTble- npaaHna oT6opa 6:1:. 3 = 0 , M> 3 ~ 0. 

,llanee paCCMOTpHM 

2/ " ~ ,.; .. 
CornacHo 1/ narpaH)I(HaH, onHCbiBa~~HH TaKHe pacna,qbl, AOil*eH 

.I . " a ( *(~.'jt)( ) (~,v~) ) 

COAep>KaTb - HHBapHaHTHbiH MHO)I(HTe..nb nma 11."11. X) X X X (X , 

* (~,v) \~,v~) 
IT~ (x)x ~ ( •) j'~ X ( Jr) H T.A., rAe. "{r)- BHyT-

peHHee BeKTOPHOe H3000J1e OHOHOB, ~- M3TPH~a ypaBHeHHR COHHOp-
* . "'(f 

Horo ~-taononfl. KoM6HHa~HH x x, x·JI' x BXOAflT a narpaH)I(HaHbl 

c J(IJ.,vll) • TaK KaK npHBeAeHHble KOM6~Ha~~t~H I -HHaapa.iaHTHble, no

nyY~M cor nacHo /1 I L\I 3 = 0. KoHKpeTHO no cKeMe 

" 
l:j: 1 1!2 1/2 -1 -1/2 -1/2 

03: o 1!2 -1/2 0 -1/2 1!2 

Tenepb paccMOTPHM pacna,qbl 

3/ K ~ ~v. 

3,qecb ~MeeM TPH cnHHOPHbiX HaononR. CornacHo 2/ He06XOAHMO aao

AHTb a narpaH)I(HaH wnypHOHHoe none. I - HHBap~aHTHaR Y9CTb nar-
• \~,vu) \p,v~ ) 

paH)I(HaHa AO!l>'<Ha npHHHMaTb BHA lli (x)QKK(x)X (xJ Q KX (x) , 

rAe W(x)- BHyTpeHHee cnHHopHoe none wnypHOHoa, K(x)- eHyT

peHHee cnHHOPHOe none KaOHoe. HMeeM pacnaAbl no cxeMaM /eM. 

Ta6n.2/ 

K+ ~ ~ 
+ Vp + 82 K ~ ~ Vp +"S2 

Is'' 1/2 1!2 1!2 -1/2 -1/2 -1!2 -1/2 1!2 

Ds': 0 1/2 -1/2 0 0 -1/2 1!2 0 

s ... 
"' 

1 0 0 1 -1 0 0 -1 



3TH pacnaAbl npoHCXOART c L\I a = 0 • AD'.3= 0 11 L\8 =0. noA4epKHeM. 4TO TaKaR npOCTdR 3aKOHOMepHOCTb HMeeT MeCTO TOnbKO np~ Y4eTe HeHa6.niO.qaeMOrO wnypHOHa -H H30COHHOB nenTOHOB. 8 AdllbHe~weM .qnR KpaTKocTH .qonycTHM, ~TO scer~a MO~Ho noA06paTb no.qXOAA~He narpaHmHaH~ pacnaAoB, KOTop~e nopeH4- H I -HHBdPHdHTHbl. 
PacCMOTpHM pacnaAW, a KoTopwx HeT nenToHOB H crpaHHbiX 4acTHI.l, HanpHMep '71 ~ ·an:.. Cor nacHo 1 I t.1MeeM cxeMbl pacnaAOB: 

~ ~ '3tr0 
: 

~ -+ 'IT+,- 'IT 0 

la': 0 0 0 1 -1 0 
s '• n· 0 0 0 0 0 0 

3AeCb Mbl TdK)I(e nony4HnH npasHna 1\1 3= 0 • L\8 = 0 (1\03.0, 1\B =0}. PaccMOTpHM pacna.qbl c Y4acTHeM 4>oTOHOB: 

4/ ,.+ ~ jt + v, y ~ ~ "+" y 
I a·: 1 1/2 1/2 0 0 1 -1 0 
s .. 
n· 0 0 0 0 0 0 0 0 

51 K+ + -+ e v
8 y + ·s 2 K+ -+ 7T + 7To y + ·s 2 

la': 1/2 1/2 1/2 0 -1/2 1/2 1 0 0 -1/2 

Sn: 1 0 0 0 1 1 0 0 0 1 

PacnaAbl rr ...,·., onHcwsa~TCR narpaHmHaHaMH, YAOBJleTsopRIO~HMH rpe6osaHHIO 1/, pacna,qbl K- Tpe6oeaHHIO 2/. PaccMaTpHsaeMble npo4eccbl npoHCXOART, KaK BHAHO, no npaBHJlaM Ala"" 0 , ASn =0, AD3 = 0 • 
HaKOHe4, paccMoTpHM nonynenTOHH~H pacnaA a--rHnepoHa, e KOTOpoM y4aCTByeT wnypHOH 

=- ~A e- v. + ·s 1 

I .. ·a· -1/2 0-1/2 -1/2 1/2 

Sfi: -2 -1 0 0 -1 

B AaHHOM cny4ae narpaH*HaH CTPOHTCR no npasHny 2/. npo4ecc npoHCXOAHT no aaKoHy l\1, 3 = 0, 1\S =0, 1\Q =0, AD a=O, 1\B ,; 0. 
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3AKJ1104EH~E 

M~ paccMorpen~ HecKOJlbKO pacnaAOB paaH~x 4acTH~ no pa3H~M 

MOAaM H nOKa3aJ1H, 4TO 3TH pacnaA~ npOHCXOA~T C npOCTO~ 3aKOHQ

MepHOCTbiO: his~ 0, hS ~ 0, hi~3 ~0 , hB ~ 0, hQ~O - np11 Y4eTe 

3Ha4eHH~ BHyTpeHHHX xapaKrepHCTHK BCeX 48CTH~ B Ha4aDbH~X H 

KOHe4HbiX COCTORHHRX! Q, 1 3 , D·a , B, S ..:aAPOHOB, nenTOHOB, 

¢oroHa "" wnypHOHa. EcnH renepb, KaK o6~4Ho, He y4HTblsarb BHyr

peHHHX xapaKTepHCTHK nenTOHOB H wnypH0HOBJ TO .6YAeM HMeTb 

npaBlo111a L\Qa =0.± 1, ...• AS z= 0, ±1, ... , AI; = 0, ± 1!2 

H T.A., rAe HHAeKC a o6o3Ha4aer 6APOHbl. 

XoTHM CAenaTb·3aMe4aHHe, 4TO HCKI1~4HTe11bHO aa~HY~ ponb 

a npHBeAeHHo~ npocro~ aaKoHoMepHoCTH Hfpa~t ·HaocnHHbl /H D -
CnHHbl/ nenTOHbB, H30Cnt.1Hbt lo1 CTpaHHOCTio1 HeHa6.n~QAaeMbiX CB060A

Hb1X WOypHOHOB. 

Bee nony4eHHble peay.nbTa•Tbl OCHOBbiBaiOTCR. Ha TeopeTH4eCKOM HC

c.neAOBaH~H CHMMeTpMH 1o1 $QpMy.n~pOBKe no.neaoH T~OPHH B 06beAH

HeHHOM BOCbMHMepHOM npoCTpaHCTBe. 
B c.neAYIO~Hx pa6oTax npeACTaaHM noc.neAoBaTe.nbH~~ aHa.nHa· 

3KcnepHMeHTa.nbHbiX AaHHbiX no pachaAeiM H TiiKlKe 6'5cYAHM ce.R3b 

MemAY HaWHMH npaat-1.naMH oT6opa 1o1 npaea.tnaMH 6-Q a = M a. , 'j.1S a.\= 1 , 

hi"~ 1!2 . 

B 3aK.nto~eHHe asTOpbl BblpalKa~T rny6oKYIO ·6.naroAaPHOCTb npo¢ec

copy B. A. Met~~epfl,KOBY, npo<t>eccopy A.A. KyaHe4oay, ~1.<1> .Il~<xa4eBy 

sa nocTORHHOe BHHMaHHe K pa6oTe, npo~eccopy 6.C.6ap6awoay aa 

4eHHble yKa3aHHR H 06CYlKAeHHR . .. 
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