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B YHHBepcanhHOli 'leTbipex<j,epMHOHHOli TeopHn
121 

cna6hIX B38HM0)1elicTBHli nenTOHHbie 

pacna)1bl cnnhHOB3aHMonellcTByJOIQHX 'l8CTHU OilHCbIBBIOTC!I narpaH>KHBHOM B38HMoneliCTBH!I 

BH.llB 

L = G 

..;2 ( 1) 

~• ro 
rne G ~· ___ -yanaepcanhHaH xoacTaHTa cna6oro aaanMoneiicTBHH, a ]a n J a -

M~ 
COOTBeTCTBeHHO cna6b1e TOKH cHnhHOB38llMOJ1eiicTBy10IQHX 'laCTllll H nenTOHOB, KOTOpbie aa-

IlHCb1B8lOTC.sl KBK 

(2a) 

(f) 
J a ~ ;;; • Ya (1 + ·y 5 ) e + "'u Ya (1 + Y 5 )u + • • • (26) 

HaaecTHo
111

, 'ITO KOHCTBHTa TOKa (2a) nepeaopM11pyeTC!I CllnhHb!Mll B38IIM0)1elicTBH!IMII, a 

IT03TOMY He IIMeeTcH B03MOlKHOCTII TeopeTH'leCKH aan11caTb ero )1IIHBMH'leCKYIO cTpyKTYPY B 

aaaepIIIeHHOM BH)1e, Mo>KHO nony'lHTh TOnhKO CaMbJe o61QHe coo6pa>KeHIISI O 'IBCTH MaTpH'l

Horo aneMeHTa nenToH11oro pacnana, o6ycnoaneaaoli cHnh11oaaanMoneiicTBy10IQIIMII qacTm,& • .tll, 

ile:tiCTBHTenbHO, H3 Toro (paKTa, qTo MaTpH'IHblfi aneMeHT snmsieTCSI CKansipoM, a nenTOHHBSI 
+ 

'lBCTh ero !IBnlJeTCSI BeKTOpHOli aenll'lllHOii fa , TO non>KHa 6b!Th aeKTOpaor, aenH'lllHOll 

H 'lBCTh Xa 1 o6ycnOBJI8HH8H CHnbHOB3BHMO.!l0:fiCTBYJOillHMH tI8CTHU8MH; T.e. UM80M 38-

IlHCb MBTpHl.JHOI'O aneM0HTa nenTOHHbIX pacna.noa cnnhHOB38HMO.neilcTByJOmHX 'q8CTHll B Bli

ne 

TaKHM o6paaoM, a caMOM o6ineM a1111e 11nH nepexona B nenToHHOM pacnane 6ap11oaa 

A a 6apnon B qacTh MaTpll'lHOro aneMeHTa X a MO>K0T 6b1Tb co-:=TaaneHa H3 BeK-

Topnoil Va 11 axcnanhno-aexTopnoii Aa t.JBCTefi 

(3) 

r11e 

(4a) 
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-= A E p 

Aa =-B(F ya +:F "a,'3qf3+:F 4a )y5 A , 

ecnH OTHOCHTenbH8H qeTHOCTb 6apHOHOB H 8 nono>KHTenbHa: p = + 1 • 
AB 

(46) 

IlpH 

PAB=-- 1 Bblpa:>1<eHHH nnu Va H 

A 

Aa cnenyeT noMeH.RTb MecTaMH. 3necb 

2u =- y y -,y y , A 
af3 a f3 {3a H B - 6apHOHHbie cnHHOpbl 4a -qeTblpexMepHblll HMrrynhc, 

nepenauub1ll nenTouaM, a F HBHHJOTCH $yHKUHHMH q 

HHH MOJKHO HaITHC8Tb B BHae 

1 2 
F(q 

2
) =- F(O)(l + a

0 
_q_) , 
4m 17 

2 2 

2 
• KOTOpb1e B nepBOM npH6rrmKe-

(5) 

rne F(O) - auaqeuue F(q ) npH q = 0 H 6eapa3MepHble KOHCT8HTbl a HMeroT 

auaqeuuu nopunKa enuuHnw. Bep0>tTHOCTb pacrrana A ➔ Bfv 
/3/ 

Tenepb aanHrneTcu 

B BB,ne 

r.ne B8JUPIHHa H 

A 

rllfv 

2 • 
G (mA- mB) 

6()17 3 (l+:t;) 
H • 

(6) 

onpenerrueTCH $opM$aKTC,'8MH, BXOllHlliHMH B BblpaJKeHHH (4), a 

/;= mA-mB 

m A+: mB 

TaxDM o6pa30M, nenTOHHble pacnallHbie CBOHCTBll CHIIbHOB38HMOllellcTBYJOlliHX qacTHU 

onpenenuJOTCH mecTbJO $yHKUHHMH F • KOTOpb10 H3 Tpe6oaaHHH CP-HHBllpHaHTHOCTH 

nom1au,1 6b1Tb neiicTBHTeITbHbl • B µ -pacnane neiiTpona H3 Tpe6oaaHHH G -qeTHOCTH 

nnu TOKa cnenyeT o6pameuue B uonb $opM$aKTOpOB ':aq,,jleKTHBHoro CKBnSipa" Fa H 
E 

'cna6oro aneKTpH3~a· F • TaKHM o6paaoM, f3 -pacrran neiiTpoaa onHcbtBaeTcR 'le-

ThlpbMH $opMq,aKTopaMu, a ucnonb3onanue rurroTeabr coxpa1rnromerocu aeKTopnoro ToKa 
T 

naeT eme, qTQ BeKTOpHbill q,opM$aKTOP F (0)= 1 , a q,opM$aKTOp 'cna6oro Mar-
M 

neTuaMa" F MOJKeT 6b1Tb 38ITHC8H qepea MarHHTHble MOM8HTbl HyKnonoa. KpoMe Toro., 

ncnonb3yD. coo6paJKeUBSI, OCHOB8HHbl8 Ha nucnepCHOHHblX COOTHOW0HHHX, MQ)KHQ CBH38Tb 

q,opM$aKTOP ':aq,,jleKTHBuoro rrceanocKanupa• 
p 2 

F_ (q ) C 8KCH81JbHO-B0KTOpHblM 
A 2 

$opM$aKTOpoM F (q ) Hccnenoaauuu f3 -pacna.aa aeffTpoHa naroT npencTanne-

IIH.lt O BeJIHqHHe nepeuopMHpOBKH 8KCHanbHO-B0KTOpHoro $opM$aKTOpa, a HMenno: 
A 

F !0) =- l.15 ;t 0,5. 

Ecmo: JKe onHCblBaTb B paMKllX paCCMOTpeunoii cxeMbl nenTOHHble pacnanbr CTpllHllblX 

'l~CTHU., oco6eHHo eCJIH KBaHTOBOe TfHCno CTpaRHOCTH s D3MemreTCH KllK l\s = 1 • 

TO HHKaKDX paayMHblX OCHOBaHHll MH oneuoK aenuquu q,opM$aKTOpoB F n (4) He l!MeeT-

CB, a no3TO:uy npaKTHqecKH HHKllKHX KonuqecTBeHIILIX cnencTBDii ,nonyqHTb ne ynaeTCH. 
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141 
11ony'<HBWR8Cll 31l8Ch onemrn B 20-40 paa OT.JIH'I8IOTCll OT 0ITblTHblX ll8HHblX, 'ITO M0)KHO 

BHll8Th no rrpHB81l8HHhlM B Ta6nHrre l_ nH¢paM. 

O1tHBKO B rrocnennee -Bp8MH ll0CTHrHyT 38M8THbIII rrporpecc B aorrpoce OITHCBHHH nerr

TOHHblX pacrranoa CTpaHHblX 'I8CTHn. 3To ynanoch cnenaTh, HCITO.Jlh3YH Hll8H YHHTapnoll CHM

/5/ 
M8TpHH CH.JlbHOB38HMOll8llCTBYIOWHX 'I8CTHn ll.Jlll rronyqeHHll KO.JlH'I8CTB8HHb!X xapaKTepnc-

THK yKa3aHHbIX rrponeccoa. 

l1ocKO.JlbKY ¢opMa.JIH3M CHMMeTpHH' OTHOCHT8.JibHO BpallleHHll B BOCbMHM8pHOM YHHTap

HOM rrpocTp8HCTB8 coaepweHHO ananorH'IeH T8KOMY )K8 ¢opMa.JIH3MY B TpexMepHOM H30TOITH

'I8CKOM rrpocTpaHCTBe, TO paccMOTpHM HY)KHbie HaM acrreKTbl 9TOll ananornH. 

Ocnoaoll BB81l8HRll ¢opMa.JIH3Ma H30TOITH'I8CKoro CITHHa llB.Jlll8TCll ¢aKT TO)Kll8CTB8HHOC

TR MHOrRx CBOllCTB rrpoTo~a H H8llTpOHa. C'IRTall rrpoTOH_R HellTpOH llBYMll 38pllllOBhlMH coc

TOHHBBMR OllHOll 'I8CTRnbI, MO)KHO OTB.Jl8'IbC>I OT pa3.JIH'IHll B H8KOTOpb!X HX KB8HT0Bb!X 'IHC

nax ( Macca, aHOMB.JlbHblll MBrHHTHblll MOM8HT H T.ll.) • Torna ll.JIB .JIIODOro B3BRMOllellcTBH>I B 

paMKBX TaKoro rrpHD.JIH)K8HHB Mhl llO.Jl)KHbl Tpe6oBaTb RHBapRaHTHOCTH OTHOCHTe.JibHO apame

HHll B ¢opMB.JlbHO orrpeneneHHOM H30TOfiR'I8CKOM rrpocTpaHcTae. 3To CBOllRTCll K Tpe6oBaHHIO, 

'ITODhl TaKoe rrpeo6paaoaanne fl 

rne CITHHOpbl N H N 8CTh 

OCT8B.Jlll.JIO HHBapHBHTHOll ¢opMy 

NN, 

N =- (p, n ) • 

(7) 

(8) 

TaKHM o6pa3oM, rrpeo6pa30BBHH8 fl ll0.JI)KH0 rrpencTaB.JillThCll 2 X 2 MaTpnnell, TaKoll, 'ITO 

H3 Tp8DOBBHBH - + 
N N a N!l fl N a NN 

rrony_'IB8TCH, 'ITO 

+ 
3TO 3H8'IHT, 'ITO 9pMRTOBOCOITpll)K8HH8ll M8Tpuna Q 

(9) 

paana_ MaTpnne o6paTnoro rrpeo6pa-

30BaHHll, T.e. M8Tpnna fl yHBTapHa. 11ocKO.JlhKY B naweM pacrropll)K8HHH HM88TCll TO.JlbKO 

'I8Thlpe .JIHH8IIHO-H838BHCHM!,IX 2x2 MBTpllnbt, B Ka'IeCTBe _KOTOpb!X MO)l(HO Bb!0p8Tb ellHHH'I-

HYIO MaTpHny 1 " TpH MaTpHnbI l1aynn r 1 

(10) 

To B Han6onee o6meM anne MaTpnna YHBTapnoro rrpeotipaaoaaHHH MO)K8T 6b1Th aaiincaHa 

KaK 

rne =--·(w 1 ,w3 ,<,J 3 ) 

la 
e e 

.... ,,., 

- TPR B8WeCTB8HHb!X napaMeTpa. 

5 

( 11) 



ITpeo6pa30BSHHe ( 11) Ha3bIBaeTC>I ,aa . >13b!Ke TeopHII rpynn ,YHHTapHblM npeo6pa30Ba

• 
HHeM paara 1 B llBYX H3MepeHH>IX: u (2). Oao MO}KeT 6b!Tb npe11cTaBneao B BH/le npo-

H3BelleHH>I 

U (2) = U( l)@SU(2) 

(12) 

ya11Tapaoro npeo6pa3oBaHH>I 

n,ipaoro npeo6pa3oBaHH>I SU 

u (1) paara 1 B 0/IHOM H3MepeHHR H YHHTapnoro YHHMOIIY

(2) panra 1 pa3MepHOCTH 2. HeCKOHbKO cnoa O TeopeTHKO-

rpynnoaol! TepMHHonorHH. ITpeo6pa3oaaHHe SU ( 2) Ha3bIB80TC>I YHHMOIIYH>lpHbIM, HOCKOHb-

KY ero MSTPHIIS xapaKT0pH3yeTC>I 11eTepMHH/?HTOM, paBHbIM e11RHHI1e. Paar rpynnbl onpe11e-

n>1eTc>1 qncnoM reaepaTopoa H3 rK , KOTOpb!e MoryT 6b!Tb IIpHB0l10Hbl K llHaroaam,ao-

My BHIIY, H B rpynne SU ( 2) OH 0/IHII: r 
8 PasMepHOCTh rpynnb1 onpe11en>1-

eTCll qHcnoM napaMeTpoa, onpe11en>110mnx ee aneMelITbl HHH qncnoM 6asHCHbIX BeKTopoI,, 

Bb!OpaHHblX /Ill>! q>HKC11pOBaHH51 npocTpaHCTBa, II B rpynne SU ( 2) HX 11aa: p H n 

T.e. r =· 2 • PasMepHOCTb npocTpaHCTBa paBHa r 
O 

-• 1 , HilH B SU ( 2) Olla paB1Ia 
0 

2 - 1 = 3, T.e. Mb! HM00M i:1eno C Tp0XM0pHblM npocTpaHCTBOM H30TOHHqecKoro cnnHa, 

qTo COOTBeTCTByeT HannqHJO Tpex 6a3HCHblX MaTpHll r 
K 

• naarOHSllbHOCTb onepaTopa 

•s COOTBeTCTByeT coxpaHeHHIO H30TOnHqecxoro CHHlla B CHHbHblX B38HMOllellcTBH>IX. 

CnMMeTplrn OTHOCl!TeHblIO rrpeo6pa30BSHH>I u 

HOHHOro TOKa 

(1) COOTBeTCTByeT coxpaHelIHIO HyK-

na = t-NYc;r N , a =· 1, 2, 3, 4 7 

( 13) 

a CHMMeTpH51 OTHOCHT0HbHO npeo6pa30BSHH>I BTOporo Tnna COOTBeTCTBY8T coxpaH0HHIO TOKa 

H30TOfiHqecKoro CilHHa .. - ... 
9a=IN;yaN, 

TaK KaK no a1IanornH C aneKTPOllHHSMHKOl! Mb! MO}K0M cqnTaTb, qTo 

iia9ka= 0 , k = 1,2,3, 

Hs qeTBepTb!X KOMHOHeHT TOKOB (13) n (14) CTPO>ITC>I 6apHOHHOe qncno 

n =-fp,d
8

x 

H TpH KOMHOlleHTbl H30TonnqecKoro CHHHa 

I a--i r9 d 
3 

x k t k4 ,, 

(14) 

, ( 15) 

( 16) 

( 17) 

KOTOpble >IBHSIIOTCll coxpaH1110mHMHCll aennqnaaMH. nocxonhKy 6apHOHHb!l! TOK H TOK H30TO

HH'l0CKOro CHRHa coxpaHlllOTC!I, TO RX onepaTOpb! KOMMYTRpy10T. 

B pa3BHTOM cel!'laC q,opMHilR3Me BeKTOpHbll! TOK CHllblIOB3aHMOl10llCTBYIOmRX 'ISCTRII 

B (2a) Tenepb 3HllRWeTCl1 B BHJ:10 

8 



(T) 

J a • · 9 I a+ i g 2a 

H 6y.lleT xapaKTepH30BBTbClI KBBHTOBblMH qffCITBMH J p= I I • 1 H COOTBeTCTBO-

BBTb nepexo.llBM, B KOTOpb!X .llITlI CHIThHOB3BHMO.llelicTBy10nrnx qacTHll HMeJOT M8CT0 npaBHITB 

~T6opa ti S •-0 

Onpe.llenHM ~OpMBIThHO BKCHBITbHO-B8KTOPHYJO aenHqHHY .. 
Pa•iNyYaYsN ( 19) 

KOTOPBlI yJKe He coxpaHSieTclI, T.K. ii a Pk a ,/,· 0 Tenepb MO>KHO Bb!p83HTb aKCH8ITbHO-

BeKTOpHbll! TOK CHITbHOB3BHMO.ll81iCTBYJOIIIHX qaCTHll B \ 2a) B BH.ll8 

(20} 

IlnH nonHoro coxpaHHJOil!ero CTPBHHOCTb cna6oro TOK8 CHITbHOB38HMO.lleliCTBYJOIIIHX qaCTHll 

HMeeM 

(21) 

qT06bl nocTpOHTb BHanoruqHyJO cxeMy .llITH npoueccoB C yqaCTH8M CTpaHHblX qacTHQ, 

Heo6XO.llHMO B paCCMOTpeHHe BKnJOqHTb H KBaHTOBOe qffcno CTP8HHOCTH s (HnH 6onee 06-

mee - KBaHTOBoe qucno rHnepaapH.lla Y •· B + S , rJle B -6apHOHH08 qffcno). KOTO-

poe B rpynne SU (2) 6blno DOCTOpoHHeli xapBKTepHCTHKoli. noHSITHe HyKnoua, onHCblBaB-

merocH CITHHOpaMH (8), Tenepb H8.llO pacmHpHTh. IlnH 3TOro B pBCCMOTpenHe cne.llyeT ,j,op-
0 

MBITbHO BKITJOqHTb A -rHnepou, qaCTHDY co CTPBHHOCThJO, H BB8CTH ~OpManuaM /lITH Tpex-

PH.llHOli MBTpHllbl (caKaTOHB) BH.ll8 

p 
h=·(n) 

/\ 
b=(p,n,A). 

IlnH TOl·O, qT06b! OITlITb OCTBBanacb HHBBpHBIITHOl! ~OPMa 

bb 

(22) 

(23) 

HBM Heo6XO.llHMO, qT06bl B3BHMO.ll8l!CTBHH 6bmH HHBBPHBHTHbl OTHCCHT8ITbHO YIIHTBpHoro npe-

o6pa30BBHHH B Tpex H3MepeHHHX U ( 3). AuanoruqHo TOMY, KBK :no 6hmo C.llenaHO B cny-

qae H30TOITlf{8CKOli CHMM8TpHH, Tenepb TBKOe npeo6pa30BBHH8 6yaeT reHepHpOBBTbCH .ll8BHTblO 

3 x3 - MBTpHUBMH, O.llHB H3 KOTOpblX 8.llHHHqHaH 1, B BOC8Mb OCT8ITbHblX -

M8TPHll8MH co mHypaMH, paBHhlMH HYITJO .06mee npeo6pa30B8HHe fl npe.llCT8BJJH8TCH B BH.lle 

la 1·).0 
n = e e 

(24) 

H COOTB8TCTBY8T npe.llCT8BJJ8HHJO YHHTapeoro npeo6pa30BaHHH paaMepHOCTH TPH U (3) 

B BH.lle npoH3B8.lleHHH YHHT8pHoro npeo6pa30B6HHH U (1) paaMepHOCTH 1 H YHHTBpHoro 

cneuHanhHoro npeo6paaoaaHHH SU (3) paHra 2 paaMepHOCTH 3. nocKOITbKY HM88TCSI 

7 



TPB 083BCBbIX B0KTOpa p • n B A • B cpenu ero BOCbMB ( T,K, r 
2 _, 1 -· 9 -1 - 8 ) 

reuepaTopoa >. 1 )lB8 npHBO)lBTCH IC nuarouan&HOMy BB)ly. 8To COOTB0TCTByeT uanuqu10 

B paccMaTpuaaeMoA rpynne nayx coxpauu10muxcu aenuquu: uaoTonuqecKoro cnuua 1 u ru-

nepaapuna y TaKHM o6pa30M, Tenepb Mb! yJKe BM00M neno C BOCbMBMepBbIM:·.' npoc-

Tp8HCTBOM, KOTopoe H830B0M_ npocTpaBCTBOM YHBTapuoro cnuua. 6 TeopeTHKo-rpynnoaoA 

TepMBHOnoruu (24) 38nBCbIB80TCB B BB)le 

U(3) •·U(l)@SU(3). (25) 

HuaapuauTuocT& oTuocuTen&uo 

ro TOIC8 

u ( 1) CHO Ba COOTB0TCTByeT coxpaueuu10 oapHOHHO -

na -· i b Ya b 
(26) 

HuaapB8BTBOCTb OTBOCHTen&BO SU (3) COOTBeTCTByeT coxpaueHBIO BOCbMBICOMllOH0HT~ 

uoro ro1ta yuuTapuoro cnuua 
.. .,. >. b 
1a-·ibT Ya • 

(27) 

Tax )l[e, xax a pauee, oyneM cquTaT&, qTo KaK u TOK ua0Tonuqec1toro cnuua, TOJC yuuTap-

uoro cnuua r.. coxpauueTCu, noxa cnpaaennuaa runoTeaa yuuTapuoA CBMMeTpau. HMe-

eM a&1pa)l[euuu nnu oapuouuoro qucna 
a 

n --•if n 4 d " {28) 

R BOCbMB ICOMfi0B0BT YBRTapuoro cnuua 

I 
F" --•if:{, d :i: , k • 1,2,3, 4,5,6,7,8 •. (29) 

CpaBBRM CTpyxTypy M8Tpan r " ( 10) • JlnH ICOTOpbIX HM0IOT M0CTO COOTBOW0HRH 

< a," 
>., 

Spr k 'f -· 281<[ , 

Lrk •'f I-= 2i• kfm r., '. 

Lr" , 't It - 2<\f I 

(30) 

-CRMBOn Kpoexepa, 8 f itlm -aoconIOTHO 8BTBCHMM8TpRqu1,1A .TeH30p), B. M8Tpun 

>,I•· 

>.,-

1 0) 
>. -· 0 0 • 2 

O 0 (! 

(; : :)( 0 .0 :·)-· 

O 0-, >.,-· O i 0 

(
0 -i O) 
i O 0 
0 0 0 

(

1· 0 

>.,-· 0. -1 
0 0 :), 

(

0 0 
0 0 
i 0 

-i) (0 0 0) 0 , >-,=· 0 0 . 1 . 
0 0 1 0 ' l (1 0 0) .\ I • · -,=;r- 0 1 0 , 

- v3 00-2 
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nm, KOTOpblX 

(32) 

(33) 

3necb fkf; nonHOCTblO aHTIICIIMMeTpll'IHblii OTHOCIITenbHO nepecTaHOBOK ero IIHJleKCOB, a 

d kfm - nonHOCTbIO CIIMMeTpll'IHblii OTHOCIITenhHO TaKIIX nepecTaHOBOK TeH30pb1. Han11caHHb!e 

KOMMyTaUIIOHHbJe COOTHO!lleHll9 cneny10T 113 ypasuett11ii, KOTOpb!M YAOMeTBOp<IIOT A -MaT-

i1MeeM cneAYIO!lllle 3Ha'!el!ll9 OTilll'IHblX OT Hyng TeHaopOB fkfm II dkfm 

QqeBIIJlHO, 'ITO MaTpllllbl A I I A 2 II A 3 ecTb MaTpllllbl '2 
OKaltMneHHbJe uyn<1M11. TIIKIIM o6pa30M, TPII KOMilOHeHTb! YHIITapuoro cn11ua 

KaK paa II eCTb TPII KOMITOHeHTbl 1130TOilll'!eCKOro cn11na. MaTp11na ,\ 8 

II 

(34) 

(35) 

Fa 

nuaroHanbHa H 

IIMeeT OJlHO co6CTBeuHOe 3Ha'!eHlle An<! HYKilOHa II Apyroe Ang A rnnepona. noaTOMY 

F 8 eCTb n11neiinag KOM611nau11g CTpaHHOCTII II 6ap110HHOro 'IHCna. Ona KOMMYTHpyeT C 

11aoTon11qecK11M cn11110M. KoMnoneHTbt F • , F 
5 

F 
6 

H FT 113MeH910T CTpaHHOCTb na 

eAIIHIIUY, a 1130TOilll'!eCKllii CITIIH Ha 1/2. 

- Tax11M o6paaoM, xoMnoneHTbt ynnTapnoro cnnna F 1 , F 
2 

, F 
3 ' F 8 

n 6apn-

OHHoe qncno ncerAa coxpan<110TC9. KoMnoneuTb! F • , F 5 , F 6 n F 7 coxpanmoTcg, 

ITOKa He BKilIO'leHo B3SIIMOAeiicTBlle, Hapywa10mee YHIITSPHYIO CIIMMeTp1110. 

Tenepb no ananor1111 C ( 18)' 11cnonbayg TOilbKO 'ITO c,j,opMynnpoBaHHble CBOiiCTBa KOM• 

IlOHeHT YHHTapuoro cnnua F k . , Mbl MOJK0M 38IlHC8Tb BeKTOpHblfi TOK cenbHOR38DMOneiicT~ 

ny10lllHX '!aCTIIU B (2a) B llHAe 
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/vJ =· 3' + i3' +'.f +:i:f 
a ta 2a 4a 6a (36) 

flepBbie )lBa •rneHS'. TOKa aHam,rii'IHbl TOKY ( 18). 3TO 03Ha'!aeT, '!TO O!IH xapaKTepH3YIOTCll 

p -
KBB!ITOBbIMH '!HCnaMH J =·1, I =·1, I\S=0, L\Q =·+ 1 • H3 Ton&Ko '!TO pac-

CMOTpeHHblX coo6pa)K9HHii cne.oyeT, 't!TO qaCTb TOKa.OITHCbIBaeMaSI OCT8JlbHbIMH .llBYMSI ttneHa-

Mn, xapaKTepH3yeTCll KBaHTOBbIMH '!HCnaMH J p =· 1 - II COOTBeTCTByeT nepexonaM 

c /\I = ½ , i\Q/1\S = + 1 • TaKHM05pa3oM, OTCJO)la BbITeKaeT BBJKHOe cnencTBHe, 

t:JTO IIpH TaKOM OilHCBHHH nerrTOHHhIX pacnanoB CTPBHHbIX qacTHll B CXeMe HeT M0CT8 J:lJISI 

rrepexonoB c Ll.Q =·-•i\S H LI.I =· + . 
OrrpenennB ITO aHanorHH c (19) aKCHanhHO-BeKTOpHyJO BenH'!HHY 

.. ➔ 

(f = ib ~ y y b a 2 a 6 
(37) 

B KOTOpoil qJH3H'!eCKHil CMbICn HM8IOT KOMIIOH8!1Tbl C ,\ -MaTplIUBMH C HH)leKCBMII 

k = 1, 2, 4, 5, 38IIHlli8M aKCHanbHO-B8KTOPHYIO '!BCTb cna5oro TOKa CHnbHOB3aHMO)leilCTBY

!OIUHX qaCTHU B (2a) B BH)le 

(A) 

Ja =· (l1a + j(} 2a + (l 4a +·i<l 6a • (38) 

KoTopall TaKJKe o5ycnaBnHBaeT nepeXO/lbI TOnhKO c I\ Q / t, S =· + 1 II /\I = ½ 

3TOT TOK, O'!eBH/lHO, He coxpaHll8TCll /laJKe B paMKax YHHTapHoil CHMMeTpHH, flonHb!l! TOK 

( 2a) CHnbHOB3811MO/l8HCTBY!Ollll!X '!aCTIIU 3aITHCblB88TCll KaK cyMMa B8KTOpHoro ( 36) II aK

cnanbllO-BeKTOpHoro (38) TOKon, KBlK/lb!l! H3 KOTOpb!X coneplKHT qneHbI, o5ycnaBnHB8IOIUHe 

nepeXO/:tbl c t, S = 0 H Ll.S = 1 • Ero MOJKHO nepenncaTb B BH)le cyMMbl TOKOB, 

COOTBeTCTBYlOlllllX - 9THM .UBYM THIIBM nepexonoa: 

.rri:e 

(0) 

J a = J a 

(I) 

+ J a 

(O) 

Ja = '.f,a + i '.f 2a + (Ila + j{l 2a ' 

(t) 
J = '.f + i'.f + (1 + j(t a 4a tsa 4a tsa 

(39) 

(40a) 

(405) 

nanhHel!rnHii cymecTB8HHblH war 5yneT COCTOS!Tb B nplIHSITHH cneny10meii r11noT83b/
61 

TOK 

CIInbHOB381IMO)lei!cTBYIOIUIIX '!BCTIIU 

171 
[tJlHHOll... 1 HO rronyqaeTCSI H3 TOK8 

poM KOTOporo l!BmieTCSI yron () 

1a 
(0) 

Ja 

xapaKTepH3yeTCll,, KBK H B ( 39) •• e)ll!HII'!HOl! 

C ITOMO!llb!O HeKOTOporo BpameHllll, napaMeT-

Torna BMeCTO (39) HylKHO H8ITIIC8Tb, '!TO 
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(41) 

11crronh3Y'1 Bbrpa>KeHl!8 ( 41) /1TI51 TOKa ' Tenepb MO)KHO nepeHTH K pacCMOTpeHIIIO 

nenTOHHbIX pacn8.o.oa rHnepOHOB. BoceMb H3B9CTHbIX OTHOCHT9nhHO CTa6nnhHbIX 6apHOHOB 

(1!30T011HqecKH8 MYTihTHl1n8Thl N ,\ H :=. ) BX0/151T B COCTBB 0/lHoro YHI!-

TapHoro OKTynneTa H rrpeo5pasy10TC'1 no 

KaK I! KOMl10H8HTbl TOKOB J (v) H 
a 

BOCbMl!M8pHOMy 11p8l1CTaBneHHIO rpynnbl s u (3) ' 

J(A) • KpoMe 3THX 5apHOHOB, TOnhKO eme 0/ll!H, 
a 

B8p051THO cymeCTBYIOlllHll -rHrrepoH c s - 3, HCITbITbIBaeT pacrra1:tb1 no c11a60My 

B38MMOU9HCTBHIO, B TOM qucne H nenTOHHOro THrra 

n 
0 

E ev I! 
- o* 

!l ➔ C:, 1530 ev (42) 

OH BX0/ll!T B COCTaB YHl!TapHoro 11eKyrr11eTa,H /11151 paCCMOTP8HH51 ero 11811TOHHhlX pacrra110B 

c11eI1yeT pasa11Th 11a11ee 06cy>K11aeMy10 cxeMy, Ho s11ech Mb! He 5y11eM :aToro 11e11aTh. 

Ceflqac HaITOMHIIM cxeMy ITOCTpoeHllll MaTpi!U 1111!1 pas11HqHbIX ceMeilCTB qaCTHU, o5pasy

IOlltB:x yHHT8pHbl8 OKTynneTbI, a T8K»ce H9KOTOpbl9 .llHH8MIPl9CKHe acrreKTbl TeopHH CHnbHhlX 

B3aHM01:teflCTBllfl B paMKax YHIITapH0il CIIMM8Tp1111
181 

Bapi!OHHblil 0KTeT ·a TBK0il cxeMe 

"""~'."'"~' M --•:~•••(~~ 

E 

,\0 + 
+ 

,/6 
l p 

,o;-0 /1.0 
-,/2 + 

16 -~J (43) 

E. 0 

.,/ti 
nnll 8HTII08pl!OHOB COOTB8TCTBYIOl!l8ll MaTpllUa 11011yqaeTC'1 Tpal!Cl!0llllp0B8H119M II 3aMeHofl 

+ -+ 
5apll0HHblX ·11011el!• Ha 8HTII08pl!OHHb!9! p .. p • :£ ➔ :£ II T,11, 

Terrepb o5pa:ayeM _Me30llbl, K0TOpbl9 rrpeo5pa:aoaam1cb Obi KBK KOMDllll8UHII 5apll0110B 

H aHTHoap110110B, -PaCCMOTpHM np.!iM0e rrp·OH3B9/18111!9 8€)8 H BbIIlHlll9M --ero aenpRBO-

,nnMhie npe.ncTaaneHHst. Mhx. Ha1lo,eM·, "-!TO 

(44) 

(HarroMHHM, qTo A =· A , ecnu A 

HO Tenepb Bbll11!C8Tb M8Tp111lb( Jlnll OI{TeT0B !IC9B/10CK811llpHblX I! B9KT0pHblX M930H0B: 

0 
1T 

,fr 

11 

,,.+ 

,,o ,,o 0 
--+~k 

-./2 v 6 

(45) 
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0 0 
+ K*+ 

0) 

~ + - p 
.,;T .,/6 

0 0 ,ll 

"\,= I - -,..!?_ +~ K p 
../2 y6 

(46) I "--· K*o 2 0 
K -.:.._cu 

.JK 
nayKpaTHOe ITOHBneHHe BOCbMHMepHoro npe/lCT8BITeHHH a (44) o5ycITOBITeHo CITe/lyIOIIlHMH 

rrpHttHHBMH. raMHnbTOHHBH B38HMO.ll9fi:CTBHH AOn>KeH conepmaTb tineHbI, HHBapHaHTHbI9 OTHO

cn:renbHO yHHTapHblX npeo5pa30B8HHH, TaKHMH HHBapHaHT8MH MoryT 5b!Tb aenH'IHHbl, o5pa-

30B8HHbie C ITOMOIIlbIO CITe/lOB MaTpHI(. PaccMaTpHBaH CHMMeTpH'IHOe Me3oH-5apHOHJiOe B38-

/8/ 
RMO.llefiCTBH0 lOK8BOBCKOro THrra, MO>KHO ITOK838Tb t ttTO HM09TCR TOnhKO naa H038BHCH-

MhIX B03MO>KHblX qneaa raMHJlbTOHHBHa B38HMO!l0fi:CTBIUI. 8 M8TpHttHblX o6o3H8'tJ0HIHIX OHH 

38ITHCblB8IOTCH CITe/lyIOIIlHM o5pa30M: 

CBH3H D -Tnna 

CBH3li F -Tnna 

Sp(BMB + DBM), 

Sp (BMB - BBM)' 

(47) 

(48) 

rile 1,1 -Me30HH8H 3x3 -MaTpnua (45) HITH (46). TaKoe H8HMSH0B8HH8 CBH3H ITOITY'IHITH 

H3-38 aH8ITOrHH C ypaBHeHHHMH (34) /!ITH A -MaTpHU, 

HaHOOITSe o6mee, HHBapH8HTHOe OTHOCHTSITbHO rpynnbI SU (3) Bb!paJKSHHe /!ITH CHM-

MSTpH'IHOro B38HMO/l8HCTBHH IOK8BOBCKOro THna oy/leT 38ITHChlB8TbCH B BH/le npOH3BOITbHOil 

KOMOHH8UHH CBH38H F - H 0 -THITOB, nITH CBH3H nceB/lOCK8ITHPHblX M830HOB H oapno-

HOB OHO HM00T BH.ll 

ii;, aP ~(Bl,IP y6 B + MP By• B )/2 + 
(49) 

+ig (1-a )Sp(BM y. B-M By. B)/2. 
p p p l,J p "' 

Koa<pq>HUHSHTbl a 
p H (1- ap ) xapaKTepnayroT BKIT8/l BO B38HMO/l8HCTBHe CBH3H 

KB>KJloro TJIIIa. 3TH CBSI3H paannttaIOTCSI ITO HX IIOB0Jl0HJIIO OTHOCHT0JlbHO R -npeo6pa3o-

B8HIH1 1 COCTOSIIIl0I'O B 38M0H0 N H8 E , K .. K M .. a"i H T • .ll, 

ITepBblll 'IITeH CHMMSTpH'ISH OTHOCHTSITbHO R -npeo6pa30B8HHH, a BTopoll - 8HTHCHM-

MSTpH'ISH, IToKa cnpaBS/lITHBa rnnoTe3a YHHTapnoil CHMMSTPHH,HMeeTCH Bcero O/lH8 KOHC-

TaUTa CBSI3H 

HbIX THilOB! 

~ • Ecnn OHB Hapylll80TCH, TO ecTeCTB0HHO IIOSIBSITCSI KOHCT8HTbl paann:q:,.. 

gNN7T gNAK H T.JJ;, 

AHaITorH'IHO 38ITHCblB88TCH CBH3b BeKTOpHblX M830HOB C 6apHOH8MH: 

igvav~(BMva Ya B+MvaByaB)/2 + (50) 

12 



M By B )/2 
,a a . 

(50) 

C KOHCT8HTOfi: CBH3H gy H KOHCTBHTBMM rrepeM9llIHB8HIUI a 
V 

11 ( 1- av ). Ilnll 11pocTOTbI 

3.ll8Cb He BbIIlHCBHbi qneHht, 38BHCSIIUHe OT CflHHOB. EcnH o6o6mHTb cxeMy TBK, 1IT06bt OKT9T 

B9KTOpHbIX ·M9301:_0B M va JlOMHHHpoaan B .nncnepcHOHHbIX COOTHOllI8HIHIX .llnH TOKB YHH-

Tapaoro cmrna J a ' 6yueM IIM9Tb scj,cj,eKTIIBHYIO CBl!3b M 
va 

C KOMIIOH9HT8MH 

• TaKaH IlOCTBHOBKB Bonpoca 9KBHBaneHTHa ITOCTynnpoea

HHIO rllIIOT93bl coxpaHsnoruerocg B0KTOpHoro TOKa B TOK8 CHnbHOB38HMO.ll9ti:CTBYIOIIUIX 't.!BC

THU. OcHOBOfi ero HBJUIBTCSI coxpaHeHne aneKTpOMarHHTHOf'O TOKa j I:: ~ + 2- s= Ba , 
a az ...; 3 

KOTOpbifi cocTaaneH H3 KOMilOH8HT BOCbMHM8pHoro coxpaHsnomerocsi TOKB YHHTapaoro CIUIHB 

aa <~ ;r TaKl!M o6pa30M, B9KTOpHal! '18CTb TOKa J a OITl!CbIBB9TCll TOITbKO CBll3l!MII 

F -T11na, B 3TOM cnyqae Mb[ nony'IIIM, '!TO p -Me30H sq,cpeKTIIBHO CBl!38H C TOKOM 

H30TOilH1.J8CK0f'O CilHH8 1 W -M93011 - C TOKOM r11rrepsapl!ll8, a r.l(= K") -M930H- C 

B8KTOpHbIM TOKOM, Hapymarom:HM CTpaHHOCTb. ITocKonhKY nepBbl8 ABB TOKa coxpaHHIOTC51, TO 

3TO uaeT np116n113l!TenbHYIO YHl!BepcanbHOCTb CBH3efi p -, H W -M930110B C 6apHO-

HBMHe 

flpencTaBn9Hll8 0 xapaKTepe nepeM8Illl!B8Hllll D- II F -CBH3eit ~o B38HMO.lleficT-

BHH nceBJlOCKBnHpHbIX Me30HOB C 6apnoHaMn MO)KHO nonyqlfTb H3 n1-1anH3a .1l8HHbIX 06 1T N -

11 KN -B38l!MOll9fiCTBHl!X II llBHHblX O KB8HTOBbIX 'll!Cnax 1!306ap YHIITapaoro ll9KynneTa. 

OueHKII npHBOllllT K 311aqea1110
191 

(A) 

J a 

aP ~ 0,6 - ()7 • 

HTaK, IIM99M Ha6op 6apl!OHOB YHl!Tapaoro OKTynneTa (43) II Ha6op TOKOB 

Te II upyr11e npeo6pa3yroTCH no BOCbMl!Mep110My 11pencTasne111110 rpynnbI 

(51) 

(,,l 

J a II 

5U (3). 

3To II03BonneT 9.llHHbIM o6pa30M OIIHCBTb BCIO COBOKYITHOCTb nenTOHHbIX pacrraAOB 6apHOHOB 

( KpOMe, KOll9'1HO, n- -rune po Ha)• B3al!MOll9fiCTBHe Oill!CbIBaeTCH narpaHlKIIBHOM BIi/la 

G - -
L=_[ey (l+y )v + µy (l+y )v I>< 

V2 a • • a • µ (52) 

(0) (I) 

x[cosOJa + sin 0,!«> I+ h.c. 

KoacTa11Ta 0 B 3TOM BbipalK9111111 M0lK9T 6b!Tb onpeueneHa 113 cpaBH9Hllll Bepol!T-

HocTeH [' pacnallHhIX npoueccos c i\S = 0 11 i\S = 1 

8 K8'19CTB9 TaKOBblX MOlKHO B3S!Tb llB9 napb[ pacnauos 

+ 
" •• 

+ 0 + 
K +rr e v •• 
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II + + 
1T µ2 .... µ II 

+ + .,+ K .. IL 
IL2 

ITepBbie /lBa nponecca Olll!CbIBalOTClI BeKTOpHbIM Bap11aHTOM, nocKOnbKY '!eTHOCTII IICXO/lHOl! 

H KOHeqHofi CHnhHOB38HMOneficTBYJOIIlHX qacTHn OAHHSKOBbl: 1T - H K - M030Hbl lIBnlIJOTCll 

nceB/lOCKanlipHbIMII 'I8CTIIII8MII. TaKIIM o6pa30M, /lnlI onpeaene1111g yrna ov B B0KTOpHOM 

B3811MOlleilcTBIIII IIMeeM COOTHOilleH11e 

rae mK II 

1Ke8 

r ".a 

2 2 
2 ~ (q ) 

=tg ov =-r.-r.) 
F (q 

1T 

m17 - M8CCbl IT 

0,023 ( mK ) 5• 
m

11
+-,m

11
o 

- II K -Me3011oe, a 
2 

Fk (q ) II 
2 

F" (q ) 
+ + 

K - 11 " e3 e 3 
q,opMq,aKTOpbl - pacnaaoB. 113 r11noTe3bI coxpaHlI10I1Ierocg BeKTopHoro 

TOKa cneayeT, 'ITO F77 (0) a 1 • ITpeHeoperag nepeHOpMllpOBO'IllbIMII a<pq>eKT8MII, oyaeM 

C'IIIT8Tb, 'ITO Fk (q 
2 

) He 38BIICIIT OT q 2 
II TOJKe paBeH ea11Hll1Ie. Toraa 113 113BeCT-

+ + 
HhIX naHHbIX O aepOSITHOCTSIX K e3 - H 1T ea -pacna.ooa HMeeM 

JOV I 0,23 ± O,o2. (53) 

+ 
l1c11onb3Y" OTHOI1IeH11e eepolITHocreil 

+ 
K µ2 - II "µ 2 - pacnaaoB, MoJKHO nonyq11Tb 3Ha'Ie-

HIie napaMeTpa 0A nnSI 8KCHanbHO-B8KTOpHoro B38HMOneHCTBHSI. B 3TOM cnyqae 

1 k.!!_2 

r 
rr µ2 

2 2 
2 B (q) 
0 k 

tg A ~-(-2) 
B,, q ~ 

m 2 
m 1- (_µ_) 

k mk 

;;;-;;- 1- (~)· 
m,, 

] '. 
2 2 

ITonoJKIIM onSITb /lml q,opMcj,aKTOpon, 'ITO Bk (q ) =· B,, (q ) a 1 

HH0 H3B8CTHbIX 9KcnepHM0HT8nhHbIX J:l8HHbIX naeT, 'EITO 

10 Al C 0,26 + 0,01 • 

Toraa 11cnonb30Ba-

(54) 

B1111Ho, qro OA ' XOTSI M HecymecTB0HHO, HO H0CKOnhKO 6onhlll0 0 V , 'ITO no-

Bll/lllMOMY, ooycnoeneHo 38DIICIIMOCTbIO :j,opMcj,aKTOpOB OT 
2 

q , KOTOpasi CK83b!B80TCSI B cny-

qae Kµ2 - pacnana. 

B aanb11eilI1IeM 6yaeM nonaraTb, "To 

0 = 0,26. (55) 

B CBMOM o51neM BIi/le /lnlI M8Tpll'IHOl'O aneMeHTa nenTOIIIJOl'O pacnaaa A .. Bfv 

HOil aeilCTBll0M K8KOil-n1160 

/10/ 
m -oli KOMllOH0HTbl TOKa '.f mCL + (t na , IIMeeM Bblp8lK0HHe 

B BIi/le 
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(56) 

TaKalI aanl!Cb MaTpll'IHOI'O aneMeHTa 11Bn>1eTCS1 0606me1rneM H3B0CTHOH TeopeMbl B11PHepa-

8KapTa B TeopHH. npocTpaHCTBBHHblX BP8Ill0HHH/ ll/. BenH'IHHbl <t>a H /'ia 11Pp810T ponb 

npHB0)l0HHblX MaTpll'IHblX aneMeHTOB 3TOfi TeopeMbl, To, 'ITO HX no11a11nocb )lBa, 0CTb cne11-

CTBHe cymecTBOB8HIIS1 ynoMIIHYTblX Bbllll0 IIBYX THITOB CBS13efi 

Meao11-6ap110HHblX B38IIMO)lei!cTBll11X. Koaq><j,HHHBHTbl f 
ABlo 

F -Tnna H 

II 

D - THna B 

Te >Ke a6co-

nJOTHO CHMMBTPH'IHbll! H a6conJOTHO 8HTHCHMMeTpH'IHblfi no IIH)l0KCaM T0H3Opbl, 'ITO H B KOM-

MyTaUHOHHblX COOTHOIIIBHHIIX (33) 11n11 MaTpHU )\ 1 H 3)l0Cb HPpaJOT ponb Koaq><jlnnneHTOB 

Kne6111a-rop11a11a, C llPYPOfi CTOpOHbl, MO>KHO uanHC8Tb MaTpH'IHbie aneMBHTbl )lHH B0J<TOP

Hofi H 8KCll8HbHO-B0KTOpHol! qacTeli B Bll)l0 

(57a) 

(576) 

/'i 
rae aenH'lHHhI V H xapaKT0pH3YJOT BKll8)lbl CBH3eil F 

THna H D -Tuna B B0KTOpuoe H 8KCHS..~bHO-BeKTOpHOe B38HMO!l0ACTBHff COOTBOTCTBeHHo. 

CpaBHHB8H ( 57) H ( 56)' IIM00M CTpyKTYPY npHB0)l0HHblX MaTpH'IHbIX aneMBHTOB B BH)le 

<l>a= V <pYa + A <pYa Y5 • (58) 

/'i /'i 
l'ia=·V ya+A yays 

TaKHM o6paaoM, CHllbHOB38HMO)lei!CTBYJOillYJO 'I8CTb MaTpH'IHOPO aneMenTa nenTOHHOPO 

pacna11a A +Ifv IlO)l )l0HCTBHeM KOMilOHBHTbl TOKll J (.., + J (A) C /'is = 0 
a a 

' HCilOllb3Yl1 Bblpa>KeHHII (40) )llll1 3TOI'O TOKa' MO>K0M 38IlHC8Tb B BH)le 

Xa =·T(0,1'1S)(F,.y + "FAy y ) 
,-, m a • • m a 

r.a.e Bbipa>KeHHR JlnR B0KTOpHoro F: II OKCHanbHO-B0KTOpHOro F mA q,opM<j,aKTOpOB 

HM0IOT BH)l 

F,.=(if -f )V<p+(d +idA +
1

)V/'i 
m Aan ABm+l ABm Bm (60a) 

FmA=-(ifABm- f )A <p +(d +id )A /'i 
ABm+{ ABm ABmf-1 

(606} 

H KOHCT8HTOfi /J Y'IHTLIB80TCS1 nepeHOpMHpOBKll 8KCH8llbHO-B0KTOpHOI'O <j,opM<j,aKTopa. Kpo-

Me Toro, 3.[l0Cb 
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T(O,AS=-0)=oos0, T(0,AS=l)=-9.n0, 

IJH!18KC m paaeH 1 .nm1 nepexo.noa c As = 0 n paaen 4 .nm1 nepexonoa c AS = 1 • 

Mcnonh30BnHHe rHilOT83bl coxpaHHIOUierocg BeKTOpHoro TOKB naeT 

V </, =- 1 • 
A 

V = 0; 
(61) 

3TO COOTB8TCTByeT TOMY, qTo CBH3H D -Tnrra He .na10T BKna.na B BeKTOplib!i\ q,opMq,aKTOp. 

flepennmeM MaTpH'Ilibiil :meMenT (59) B cne.ny10meM an.ne: 

X =T(O,AS)F"(y +pay y ), 
a m a ma 5 

r.ne a -oTHomenne aKcnan&Ho-aeKTopnoro n BeKTOpHoro q,opM<paKTopoa 

,1.. A d ·d 
am :1::: A"P +· A ABm +l ABm+·t 

if - f ' 
ABm ABm+ I 

H3 CBOI\CTB TelI3OpOB fABm n d ABm cne.nyeT, qTo aTa aenHqnaa am 

am 

nn6o 

am 

A,f, t AA dABm+l, 

fA&n 

,f, A dABm 
A -A 

f A&n+:t 

(62) 

(63) 

paana nn6o 

(64a) 

(646) 

Unq,pOBble lIH.Q0KCbl OTOJKJ10CTBnHIOTCSI C nnneKcaMn qacTHl! A lI 3 cornacno cne.ny10mei\ 

Ta6nBUbl: 

~ ~+- p qacTnua so E 0 
Eo 0 

A 
---- ·-----
1mneKc 2 3 4 5 6 7 8 

B Ta6mme 2 npe.ncTaBneBbl Bblp8lK0lil!Sl a 
m 

nnSJ paannqu&1x nenTOHHbIX pacnaaoe 

6apnonoa. Tenep& aennqnna II a BblpalKennn (6) nm, BepoHTHOCTH P -pacna.na 6apno-

ua 38IlHChIBaeTCSI B Bll.Q.e 
2 v2 2 2 

H=T (OAS)Fm(l+ 3fj am). 

(65) 

A,f, A 
Onpe.nennM aenH'IHHbI lI A H3 ll3BeCTHbIX naHHbIX 0 p -pacna.ne nei\Tpo-

Ha CJ10JlyeT, qTo {J = 1, 15 :!: 0,05 ef, A 
A + A =· 1 • (66) 
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11crron&3osamie naHHbIX o sepos!THOCTII pacrrana I ~ Ae11 rro3BonSieT ·orrpenennT& senn-

'IIIHY f3 
2 

A 6.
2 

' KOTOpaSI OKa3bIBaeTCSI paBHOli 0, 72, TaKIIM o5pa30M, {3A 6. ~· ±. 0,85 • 

0TpnnaTenhH09 3Ha'!eHne A 6. )lOITlKHO 5b!Th OT5pornerro, ITOCKOIThKY OHO )laeT B9I111'1HHY OT-

HOCIIT9IThHOli BepOS!THOCTII pacrrana I-~ n e II 

KHM .o5pa30M, 1IM99M 

rropS!JlK8 1%, 'ITO I1pOTIIBOp9'IHT OITbITy. Ta-

A 
A ~ 0,74 , (67) 

<l>opM<paKTOpbi' TaK JKe, KaK 3TO nenanOCh rrpn 38ITIICII o5rnnx Bblp8lK9Hllli ( 49) H ( 60) JlITSI 

M930H-5apHOHHbIX CBS13ell,,MoryT 5b!Th 38ITIIC8Hbl 'tepe3 rrapaMeTp a cMellIHB8HJHI CBR-

ael! D -Tnrra F -Tnrra, Torna 
F,. = ad ABm + i(l -a) f ABm , (68) 

CpaBHHBaSI 3TO Bb!palK9Hll9 C ( 675)' BH)lHM, 'ITO )lITSI aKClf8I1hHO-B9KTOpHoro cj,opM<paKTOpa 

6. 
aA=A =·0,74 

TaKIIM o5pa30M, xapaKTep rrepeMeIIInBaHIISI CBSl39li D - TIIITa II F -Tnna, nony'leHl!bili B 

orrncaHIIII aKcnanhHO-B9KTOpHoro B3811MO)l9l!CTBIISI B neITTOHHhlX pacrranax 5apl!OHOB, OK83aITCSI 

B xopoIIIeM cornacnn C B9ITll'IIIHOI! (61) rrepeM9IIIHB8HIISI 3THX CBSl39li B CIIIThHbIX B3aHMO)lel!

CTBHHX nceBJJ;OCKanHpHbIX M830HOB C 6apHoltaMn. 3To 'H9 IIOK8}1{9TCH H90)KllJl8HHbIM, ecnn 

C'IHT8Tb, 'ITO H3B9CTH09 COOTHOIII9HH9 fon&)l5eprepa-TpnMeHa MelK)ly KOHCT8HT8MH aKCH8I1bHO-

B9KTOpHoro B381IMO)l9l!CTBIISI B {:3 -pacrrane HYKITOl!a H CHnhHOf'O 11 -HYKITOHHOro 

B38HMO)l9l!CTBHSI g NN7T 

- KOHCTBHTa CBfl3H D "µ
2 

-pacrrane) crrpasennnao JlITSI nepexonoB c 6.S ~-1 

B CI19JlYJOIIl9M o5o5meHHOM BHJle: 

A 

(m + m ) GBA 
A B G 

f 
~sin0g ~ 

ABK mK 

(69) 

)lITSI 8KCil8I1bHO-B9KTOpl!OH KOIICTBl!Tbl {3 -pacrrana rnnepouoa c 6.S ~·1 H KOHC-

TaHTbl CIIITbHOro BAK -B38I1Monel!CTBHSI , 3necb f ,_ aHanornqHa KOHCTBHTe B 

Kµ2 -pacnane, TaKIIM o5pa30M, H8M9'!89TCSI rny5oKaSI CBSl3b MelK)ly aKCll8I1bHO-B9KTOp

HblMII TOK8MII B cna5b!X B3811MO)lel!cTBIISIX II I1C9B)lOCK8I1S!pHblMII ITITOTHOCTS!MII B CIIITbHbIX 

B3al!MOJl9l!CTBIISIX. 

Terrepb MOlKHO rrarrncaTh BbipalK9HllSI )lI1ll Bll)la B38HMO)l9l!CTBIISl1 npenrronaral! ere B 

cj,opMe V-aA , rne , CooTB9TCTBYJOIIIII9 )l8Hllbl9 JlITSI p83I1H'lllb!X nerr-

TOHHblX pacna)lOB 5apnoHOB COBM9CTHO C upencKaaamrnMII H IIM9JOIIllIMIICSI 3KCII9pllM9HTanb-

1lblMII )laHHblMII O H9KOTOpbIX neITTOHHblX pacrranax 5apl!OHOB npnseneHhl B Ta5nnne s. 113 

3TOro J-IaGopa Jl8HHbIX BH,ll,HO, qTQ aKCHanhHO-B9KTOpHblfi BKnaa B pacna.n I -+ nev 

IIO)laBneH, 3To o5bSICHSl9T, ll0'19MY 3KCII9pi!M9HT8I1bHO ll3MeperrrraSI B9pOl!Tl!OCTb 3TOro pac-
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nana 110 cpaBH0HHIO C nepOS!THOCTblO pacnana A ➔ pell ITOJlBBneaa 6onee 3H8'1HT91JhHO, 

'10M 3TO npencKa3blB80TCSI nepBOHa'la/lbHOfi YHHBepcanbHOfi '10Tbipexq,epM11011HO<! Teopneil, 

06pamaeT Ha ce6>1 BHIIM8HHe -raKJKe M8/lblll BK/lS/l aKCl!a/lbHO-BeKTOpHoro B3al!MO/leficTBIIH B 

pacnan E. ... Ae11 • Bnneo, 'ITO HMeeTCH paayMH00 KOlJII'-l•J~TBeunoo COBila]le1rn:e 1")')-

;>eTU'l0CKII npencKa3bIBaeMbIX H 3KCnepl!MeHTa/lbHO ll3MepeH!II,IX BepoSITHOCTefi nenTOHHbIX 

pacna/lOB 6apHOHOBo nnn ;:::. -pacnana TO'IHOCTb aKcnepnMeHTanbHoro MaTepnana noKa ae-

aenuKa, a IlO3TOMY roBOpHTb O KBKHX-nH6o paaaornaCHHX TeopHH H 8KCrrepHM0HTa noKa, KO

H0'1HO, paao. 

8 npoBeneHHOM paccMOTpeHl!H 11cnonb30BaH MHHIIMYM 3KCnepHM0HTanbHbIX naHHbIX /lllSI 

onpeneneHHSI BXO/lSllllllX B TeopHIO KOHCTaHT. Boo6me roBOpH, HMeeTCSI eme uenbifi Pllll npyrnx 

naHHblX O BepOS!THOCTSIX neDTOHHbIX pacnanoB rnnepoHoB,11 npencTaMHeTCH B03MOlKHbIM IIC-

/12/ 
nonb3oaanue CT8THCTH'l0CKHX M9TOJ:tOB onpeneneHHB 3THX KOHCTaHT • DeACTBHT0llbHO, JllIH 

OTHOCHT0/lbHbIX BepoHTHOCTefi nenTOHHblX pacnanoB rnnepOHOB MOJKHO 11an11caTb cneny10m11e 

Bb1p8>K0HHH COBM0CTHO C BX 3KCll0pHM0HT8llbHbIMH 3H8'10HHSIMH: 

rA ..., 
r 7t 

~
r,,.., 

r 
~-

• 2 
2 3 2 <f, />,. 2 -a 

0,37,10 sin 0, _[1+3,8 (A +!.A ) I ~(0,86+ 1,0), 10 
2 3 

-2 2 2 />,. <f, 2 •I 
1,52 010 sin 0(1 + 3,8 (A -A ) I- (1,2+ 0,2)· 10 

r;:, 
r:t""' 

-• 2 2 2 />,.2 -• c0,6-10 cos 0,T[3,B A ]-(0,75+0,3),10 , 

r~.., 
--;;:;;-r;:::. 

-a 2 3 • ef, t,. 2 -a 
5,7 • 10 sin 0 •.,... [ 1+ 3,B (A -,..!.. A ) ) -{:1.4+ 1,4) • 10 

,{. 3 -

KpoMe TOro, 0'10BH/lHO, 'ITO OTHOW0HH0 B0KTOpHblX KOHCTaKT fj -pacnana uefiTpOHa H 

/l -,e -pacnana eCTb 
n-peV 

G 
y 

~··""' G,. 

) 
2 

-- cos 
2 

0 =· 0,975 !: 0.01 , 

a OTHOmeHHe aKCH8/lbllO-B0KTOpHoA H B0KTopuon KOHCTSHT B ,8 

G <f, />,. 
(2) - ,8 (A + A ) = 1,15+ 0,05. 

G - . 
y 

na11n1,1e Taxoro ananuaa B TepMnnax senH'IHH ,BA<f, 
/>,. 

H {1A 

(71) 

- pacnane neATpoaa ecTb 

(72) 

rpa,j,u"lecKn npencTaa-

neuu Ba JJHC. I, a ero peaynbTaT1>1 npencTasneHbI B Ta6nHUe 4. 3necb nonyqaeTcH nsa pe-
ef, /!J. 

wenna. PaccuaTpnsaa anaqenasi senu'IHH A u A c TO'IKU apeuu11 yKaaa11uoA Bbl-
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we CBH3H C CHnbHbIMH B38HMO]lel!cTBHHMH MOJKHO llYMSTb, 'ITO 6onee npe]lHO'ITHTenbHblM HB

IIHeTCH pemeHHe A. 

BHllHO, 'ITO H 
. 

X -aepoHTHOCTb pemeHHH A HeCKOIIbKO 601Ibme, qeM pemeHHSI B • 

Ilo CHX nop B paCCMOTpeHHH npeHe6pera1IOCb BKIIBJlOM HHJlynHpOBSHHblX ¢opM¢aKTOpOB 

'cna6oro .MarHeTH3Ma' FM H 'aq,¢eKTHBHOro nceB]lOCKanHpa' Fp • HanOMHHM, 'ITO B 

npH61IHJKeHHH TO'IHOli YHHTBPHOI! CHMMeTpHH ¢opM¢aKTOpbl , aq,¢eKTHBHoro CKamrpa' F s H 

'cna6oro 91IeKTpH3Ma" FE o6pamaIOTCSI B Hynh, ITocKonhKY B o6meM cnyqae ¢opM¢aKTOpb! 

F o6yCIIOBIIeHbl Me30H-6apHOHHblMH CBSl3SIMH KSK F -THna, TBK n D -THna, TO JllISI 

111 -ol! KOMHOHeHTbl TOKS nx HYlKHO nncaTb B BH]le ( 68). Ha OCHOBe YKS38HHblX 

Bb!llle apryMeHTOB H3 r1mOTe3bl coxpamrromerocsr BeKTOpHoro TOKa JllISI BeKTOpHblX ¢opM¢aKTO .. 

(60) V </>_.1 H vt:,.-.o n "' pOB HMeeT MeCTO BblpaJKeHHe a C - - pn 9TOM nnsr ..,opM-

¢aKTOpoa' cna6oro MarHeTn3Ma' nonyqaeM BbipaJKeHHSI 

FM• µ A-,µ B (73) 
m 

rne a -=· 3 
M 21 .!:lt__ 

H paBHO, HanpnMep, 0, 774 JllISI HYKIIOHOB, eclt.l' µ p n µn -aROMBnhHble MarHIITHbI8 MO-

MeHTbl npoTOHS H HeliTpOHB COOTBeTCTBeHHO, 3ToT ¢opM¢aKTOp OT q 
2 

He 3SBHCHT, ITapa-

MeTp a A B ( 68) JllISI SKCHBnhHO-BeKTOpHblX ¢opM¢aKTOp0B cnenyeT onpenenHTb H3 OHbITS, 

HaKOHen, o6o6masr COOTHOllleHHe fonhJl6eprepa-TpHMeHa, MOJKHO 38HHC8Tb CBSl3b SKCHBnbHO

BeKTOpHoro ¢opM¢aKTopa C ¢opM¢aKTOpOM 'a¢¢eKTHBHOro nceBJlOCKSnHpa' B BH]le 

p 

Fm 

rne m1::,.
8 

Maces rr -Me3oHa nnsr nepexonoa c /',.S a.Q 

pexonoa c t:,.s a. 1. 

(74) 

u Macca K -Me3oHa nnsr ne-

Tenepb c noMOIHblO BbipaJKeHHll (36) H (38) JllISI 6apHOHHblX BeKTOpHoro H aKcnanbHO

aeKTOpHoro TOKOB nonyqaeM BbipaJKeHHSI nnsr BeKTOpHol! H SKCHSIIbHO-BeKTOpHol! 'ISCTel! MST-

pn•rnoro aneMeHTa pacnana A .. B ~" B BHJle/ 
131 

(76) 

19 



2 

J a F(q ) ~· Q v "'. ( i f ABm - f ABm +·I ) > 

QM.,4. .... aM.,4. (dABm+:idABm+:I) + ( l - aM,A) Qv 

n 1rnaeKc m om1Tb paBeH 1 am1 llS=-0 n 4 - am1 lls .. 1 • 

BBelleM, KpOMe rrapaMeTpOB 0 v H 0 A , eme aHanorH'IHbil! rrapaMeTp 08 B 5apnoH-

Hb!X neIITOHHblX pacrraaax. Ha f3 

f3 2 = 

- pacrraaa Hel!TpoHa HMeeM CBSl3b 

1.724 
--- - 0,331. 
cos

2
0 ' 

l1crronhay11 llaHHbte o pacrraaax A .. pev H .£ .. nev HMeeM 

f3 = 1,22 :!: :0,02 , 

I 0
8

,,. 0,23 ±:0,02 , 

aA"' 0,68 :!: 0,03. 

(76) 

TTpHBIIe'!eHHe ll8HHblX O pacrraaax l--+ nev H l -+ Aev aaeT TaKHe >Ke BeIIH'IHHbl 

llIIH yKa3aHHbIX rrapaMeTpoB. BnaHo, '!TO 3Ha'leHne I 0 8 I coBnaaaeT co ana'lenneM 

(63) an11 napaMeTpa 0v • 3naqenne aA OIIS!Tb cooTBeTCTByeT aHaqenmo (61) aHa-

norH'IHOro rrapaMeTpa a p B CHIIbHb!X B38HMOllel!CTBHSIX, 11cnonb3Ylt npnBelleHHbie Bb!We 

napaMeTpbl, nony'!aeM rrpellCK83E'HHSI O BepoSITHOCTltX neIITOHHblX pacrrallOB 5apHOHOB, KOTOpbre 

rrpnBe)leHbl B Ta5rrnne 6 COBMeCTHO C H3BeCTHb!MH 3KcnepnMeHTaIIbHb!MH BeIIH'IHHaMH. KaK 

BH.UHO H3 npHBe.Q0HHbIX naHHhIX, .u;enaTb KBKHe-nH6o KOnIPl8CTB8HHbI8 BhIBOllhI H3 TBKOro 

cpaBHeHHlt IIOKa ewe paHo, IIOCKOIIbKY TO'IHOCTb 3KCrrepnMeHTaIIbHOro MaTepnana HellOCTaTO'I

HO xopoma. 

3anHCb MaTpH'IHb!X aneMeHTOB B BHlle ( 76) II03BOIISleT CllenaTb HeKOTOpb!e rrpellCKa3aHHlt 

0 BKnaaax pa3IIH'IHblX <j,opM<paKTOpOB B na5moaaeMble a<j,<peKTbl, ITpeacTaBnenne <j,opM<p8KTopa 

'cna5oro MarHeTH3Ma' Bb!pa>KeHHeM (73) COOTBeTCTByeT H3BeCTHblM )laHHblM O f3 -pac-

naae Hel!TpoHa, rae era BIIHltHHe cpaBHHTenbHO BeIIHKO, IIOCKOIIbKY µ -•µ = 3,7 
P n 

HaBeCTHbl aKcnepHMeHTaIIbHble naHHbie O MarHHTHOM MoMeuTe Ao -rnnepoHa, cpeaHee aHa-

qeune KOTOpb!X paBHO µA=- 0,8 " ennunnax lt)lepuoro MarHeToHa, '!TO H8XOllHTCSI B COOT-

neTCTBHH C npellCK838HH.SIMH 

TBK, TO nng f3 -pacnaaa 

SU 
0 

A 

(3) - CHMM8TpRH ( µA=·- 0,% ) . Ecnn 8TO 

-rnnepoHa µ P -µ A ,. 2,8 , T,e. 'MarHHTHbll! MO-

MeHT" TaKoro nepexoaa c llS = 1 HMeeT TOT )Ke IIOPSlllOK B_eIIII'IHHbl, '!TO n B nepexoaax 

C l°lS "' 0. 

lfTo KacaeTCSI <j,opM<j,aKTOpa •aq,q,eKTHBHOro IIC8BllOCKan11pa', TO ero aannci, B BHlle 

(74) rrpeanonaraeT, '!TO B rrepexoaax c lls = era BllHHHHe Ha na5moaaeMbie aq,<j,eK-

Tbl Mano, llOCKOnbKY B 3H8M0H8Tene B 3TOM cnyqae Mhl HME!:0M aeno C KB8.llp8TOM MnCCbI 

K -MeaoHa, '!TO Ha· nop11llOK Benn'IHHhI 5om,we no cpaBneHmo co cny,rneM rrepexoaa 

C 

Ha, 

llS .. 0 
1 KOrna B 3HBMeHaTene HCIIOIIb3yeTCSI anaqe11He KBaapaTa Macci,1 ,,_ -Meao-
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BHJl 

Ecmr peq& nueT o 
/3/ 

f3 -pacnauax. 6apnonoa, TO aennquna 

2 v2 
Hf3" T (0,L\S) [F 

A2 A 
+:3F +:,0 F 

M2 v M 
, 1 F +:, 2 F F ) , 

H 

HUH Toqnoll YHHTapnoll CHMM8Tpnn. 

HannweM oTnowenne aeponTnocTell 
/3/ 

- pacnauoa n 

B anue Bb!palKeHHH 

rue 

a I • (1 _, .2_ 1/ 
2 

A 
r BµV 

~ 
Bev 

=O'· (1 + ~). 
I H. 

• __ 15 • 

1

1+\!1-71 I 
471 )y'l-71 + - 71 1n -· -- , 

4 1-._rr=;j""" 

H{J a (6) HMeeT 

(77) 

0 a npn6nnlKe-

/3 - pacnauoa 5apnonoa 

(78) 

(79) 

3Jl8Cb H µ ODHTb onpeuenneTCH q,opM<pBKTopaMH F ' BXOJllllllHMH B Bhlpa:>KeHHll unn 

MaTpHqHblX aneMeRTOB. B aennqnne /'!; JlOMHHHpy10mne qneHbl llpOHCXOJlHT OT HHTepq,epen-

nnA q,opuq,aKTopoa F" n F 8 , a TaK:>Ke F A n F E , na KOTOpbIX a npn6nn»(ennn 

TOqnoll ynnTapnoA CHMMeTpnn F 
8 

FE=· 0 • ITocne aToro ocTaIOTCH qneHbI oTnnqnhIX 

OT nyng q,opM<paKTOpoB, K09<p<pHUH8HThl npn KOTOpb!X OUHTb no nopHJlKY aennqHHhl COCTaann-

!OT necKOllbKO npoueHTQB OT K09<p<pHUH8HTOB npn q,opMq,aKTOpax H • Eonee 

onpeueneeno HMeeu: 
2 v2 A2 M2 

H11 .. Rµ T (OL\S)(F + 3F +t 3 F + 

(80) 

10-:--2, a D09TOMY H3 cpaaneHHH (80) H (78) BHJlHO, qTo 

(81) 

-- 0.16 MIi A - runeponoe, ai - 0,46 unn -rnneponoe a 0,27 .nnn 
0 

E runeponoe. 3xcnepHMBHT8llbHbl8 JlBHHhW O neDTOHHhIX pacnauax I\ - H i-

ranepoHOB ll8IOT Mll OTHOW8HHii aepOHTHOCTeii µ - H 
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/17/ 
.e -pacnaAOB BenH'IHHbl 0, 16 i 0,08 H 0,6 ! 0,2 COOTB8TCTB8HHO • 'ITO H8XOJ:IHTC.II B 

COOTB8TCTBHH C yxaaaHHblMH BbIWe 3Ha'l8HH.IIMH,nonyqaromHMHC.II H3 e-µ -YHHBepcanbHOC• 

TH, TO'IHOCTb 8THX AaHHblX, O.[IHaKo, eme H8J:IOCTaTO'IHa .11n.11 nony'l8HH.II KaKHX-nH6o cylKJle

HHl! 0 BKna.11e HHAYUHPOBaHHbIX q,opM<j,aKTOpOB, 

Dpyryro oueHKY OT HHAYUHPOBaHHblX q,opM<j,aKTOpOB MO>KHO npny'IHTb, paccMaTpHBa.11 a6-

conroTHbie aepo.llTHOCTH /3 -pacna.<10B runepoHoB H Hcnonbayst Bb1pa>Ke1<ue (77). 

BenH'IHHa a MO>K0T 6b!Tb He3aBHCHMO nony'leHa H3 HaMepeHHll cnexTpoB H Koppe-

n.11null B f3 -pacna.11ax rHnepoHOB, ilellCTBHTenbHO, yrnoBoe pacnpe.11eneHHe sneKTPOHOB 

OTHOCHTenbHO B0KTOpa nonstpHaaUHH HCXOAHoro 6apHOHa onpenensteTCH Bb!pa>K0HH8M 

1 + {J
O 

p 
O 

00S <{, 
0 

, 
(82) 

r.11e /3. - CKOPOCTb sneKTpOHa H 

2 
a ~a 

p -· - 2 
• 1 +:3a• (83) 

/ 14 16/ 
CoBMeCTHbIA aHanna HM0IOWHXCH no 8TOMY aonpocy 8KCnepHM8HTanbHblX AaHHbIX ' 

CBHAeTenbcTBYeT o TOM, 'ITO f3 -pacna.11 A0 
-runepoHa onHCb!BaeTcst V - A -aa-

/ 17 / 
pHaHTOM TeopHH H 

a ~ -• O, 7 +· O, 3 , 
(84) 

'ITO xopowo cornacyeTCH C TeopeTH'leCKHMH 3Ha'l8HHHMH BenH'IHHbl a , nony11:a101I1HMHCSI 

B paanH'IHb!X MOllH<!>HKaUHHX paccMaTpHBaeMoll TeopHH, EcnH ee Hcnonb30BaTb B ( 6). TO 

llnst 0 nonyqaeTcsi 3HaqeHne 0,27, xopowo cooTBeTcTayromee oueHKaM, nony'leHHbIM Ha ocHoBBHHH 

.11pyrnx coo6pa>KeHHll. 3To 03Ha'laeT, 'ITO axna.11 OT HHAyUHPOBaHHblX <j,opM<j,aKTOpOB B /3 
0 

pacna.11 A -· rnuepoHa Man, ilm1 nony'leHnst onpe.11eneHHblX cy>KJ:18HHll no STOMY Bonpocy 

Tpe6yeTC.II cymecTB0HHOe YTO'IH0HHe 8KCnepHM0HTanbHbIX .[laHHbIX, BbI3bIBaeTcH 8TO cne11y10-
A 

IllHMH o6CTOHT8nbCTBaMH, Bo-nepBbIX, cornaCHO ( 77), BKnall B r Bev OT q,opM<j,aKTopa 
M y 

'cna6oro MarHeTH3Ma', .<1a>Ke ecnH F • F , onpe11ensteTc.11 Benn'IHHaMn no-

P.llllKa H0CKOnbKHX npoueHTOB, Bo-BTOpb!X, BnHHHHO HHllYJlHPOB8HHblX <j,opM<f,aKTOpOB Ha cneKT

pbl H KOppenstUHH B nenTOHHbIX pacna11ax 6apHOHOB TaK>Ke oueHHBa~TCH aenH'IHHaMH Taxoro 

>Ke nopstAKa, Tax, nonpaBO'IHbil! qneH K napaMeTpy 

HHeM THna 

p• B ( 83) onpe11ensteTcst Bbipa>Ke-

a+·µ 2 • a 2 E 
-•2--:--,,- [(3a +: 2a - 1)-=!.... -·(3a +:9a +:Sa - 1)_!_ 

(1 + 3a2)2 3M 3M 

2 
2 m 

-2 a (a -• 1) _ ~ I , 
ME

0 
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M -BenH'IIHH8 nopSIJlKS MacCbl 6apHOH8, ~ •· m A_, m B , µ - µA-µ. B • E. H m. -

sHeprm1 n Macca sneKTpoHa. OTcrona cnenyeT, 'ITO nonpaBO'IHbie qneHhl nMeroT 3Ha'leHBSI no
/',. 

PSl/lK8 aenn'lBHbl 3M , qTO COCTBBnSleT H8CKOnbKO nponeHTOB OT OCHOBHOro qneaa. 

CTpnBeneHHhle doo6~aJKeHBSI no3eonsi10T cynBTh o TPYllHOCTSIX pemeHBSI aonpoca o ennsiHHB 

HH/lY,UBpOBBHH~;x 'cj,opMcj,aKTOpOB Ha Ha6n10naeMbie 3Cj,cj,eKThl. 

HaKOHeu, eme 0/lHY oueHKY MHSIHBSI HH/lYUBPOBBHHbIX cj,opMcj,BKTOpOB M0JKHO nony'lHTb 
+ 

ea conocTaeneHBSI pacnauoB s_ - -rnnepoH0B c !ls - 0 no cxeMe S -+ Aev • KaK 

6binO noKB38H0 Bbime ( CM, Ta6neuy 2)' B 8TBX pacnanax B paMKBX npoaeueHH0ro paCCM0T-

peHBSI BeKTOPHblil cj,opMcj,aKTOp F .. o6pamaeTCSI e nynh, noaTOMy 0TH0IDeHne Bep0SITH0C-

Tell 8TBX llBYX pacnanoe B /l8HH0M npn6neJKeHHB onpenensieTCSI T0ilbK0 pa3H0CTbIO MBCC 
+ 

H s -rnnep0H0B H PBBH0 

s-· 
rA.v 

7;V 
rA.v 

1,67 • (86) 

nonpaBO'IHblil MHOJKl!Tenb OT IIHUYUBp0BBHHhlX cj,opMcj,aKTOpOB llllSI 8T0ro 0TH0IDeHBSI HMeeT 

/3/ 
rnaBHbI9 qneHbI BH.tla 

(87) 

3To 03H8'll89T, qTQ .anSI ero onpeneneHHSI HY}l{Hbl OIIblTHble JlBHHble C TO"qHOCTblO nopSIAKS, 

no Kpai!Heil Mepe, 1%. 11Me10m11ecsi ceil'IBC 0nhlTHbie /lBHHbie
1171 

Kpai!He HeT0'lHbl B llBIOT 

OTHOW9HH0 

1,1 ;!: 0,6 • 
(88) 

MeJKUy TeM npoeepKa SToro 0TH0meHBSI S!MS!eTCSI oco6eHHO BBJKH0il, nocKonhKY 0HB naeT 

B03MOJKH0CTb npoaepBTb rnnoTe3y 0 G -BHBBpBBHTH0CTB T0KB, 0TBeTCTBeHH0ro 38 

pacna/lbI c fl s -- 0 , K0T0pBS! cnenyeT H3 Toro, 'IT0 38 TBKBe pacnanbI I -rnnepo-

HOB 0TBeTCTBeHHhl pa3nB'lHb!e K0MIT0HeHTbl B30BeKT0pHoro 6apHOHHOro T0KB. B o6cyJKua-

eMoil Teopnn K0HCTaHTa BeKT0pHoil CBSl3B nnsi f3 -pacuana ecTh He G, G ms O • 

3To naeT nonpaBKY nopS!UKB 6,6% K BenB'IBHe K0HCTBHTbl CBB3B /lllSI cj,epMn-nepexonoB. OHa 

ueilcT_eyeT B npaBBJlbH0M HanpaeneHBH, HO cnnmK0M B8JlHKB, llBBBSI nepeK0MneHCBUHIO Ha 

2%. KoHe'IHO, HeT HH'lero YllBBBT8JlbH0ro B 8T0M o6CTOS!TenbCTBe, U0CK0ilbKY .cpa3y B3BeCT

H0, 'ITO YHBTBpHaSI CHMMeTpHSI B neilcTBHTenbH0CTH He SIMS!eTCSI TO'IH0i!. KoHCTBHTB CBSl3B, 

CBSl38HHBSI C T0K0M flS -- 0 9' la +· i:J' 21 He nepeH0pMHpyeTCSI CHilbHhlMB 

1>38HM0ll!'ilCTBHSIMHo B TO JKe Bp8MSI TOK C flS •· 1 ,: + i!f 
4a la 

BMeeT 0TilB'IDYIO. OT 

HYllB UHBepreHUHIO B CBny npn6nB3SIT8IlbBOro xapaKTepa YBHTapaoil CHMMeTpHB. TaKHM 06-

pa30M1 K0HCTBBTB CBSl3B llnSI TOK0B C flS •· 1 non,1ma, ooo6me rooopsi, nepeaopMHpoabl-

BBTbCSI. 
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/18/ 
OneHHM nopRJIOK aenH'IHH, KOTOpbie npH 8TOM JIOn>KHbl 0ORBn!ITbCR • JlnR Bbl'IHCne-

HHSI 0 .. + 
H3 OTHOW8HHR aepO!!THOcTell pacnaJIOB K.a H 

+ 
1T 

•3 
ucnonb30B8~IHCb 

G -
3Ha'leHHR KOHCTaHT CB!l3H B BHJie ,j2 sin0,. H v'2Gcos 0.. COOTB8TCTB8HHO, Hae HHTepecy-

eT xapaKTep nepenopMHpOBKH nepaoll H3 HHX. KonH'18CTB8HHbl8 OJI8HKH MO>KHO nony'IHTb, 

Hcnonb3Y!I yKB38HHbl8 BbIWe JIHHBMH'leCKlle acneKTbl cHnbHblX B3811MOJI8llCTBHl! B paMKaX rH-

+ + 
DOT83bl YHIITapnoll CHMMeTp1111. nenTOHHble pacnaJibl THDa K fa H fT t 

3 
ooycnoaneHbl 

TeMH JKe CaMblMII BeKTOpHblMII TOKaMH F -T11na, KOTOpble SIBnRIOTC!I II IICTO'IHIIKaMH 

p!.. H M+(K"'+) -Me30HOB. YHHTapHa!I CHMMeTpH!I npe11CKa3b!BaeT 11n11 aenll'IHHbl 

OTHOmeHHR pacna.r:tHblX WHpHH M - H p -M830HOB aaaqeHHe 

3 2 
r(M .. K11) 3 ~11 /mM 

-· 0,3, (89) 

rep .. ""> 
= 4 

p • /m 2 
1T1T p 

OTnH'ISIOllleec R OT 8KCnepHM8HTBJibHO H3B8CTHOll aenll'IHHbl, KOTopa!I HMeeT 3Ha'leHHe OKono 

0,5. EcnH 8TO paanH'llle C'IIITaTb npoHCXOJIHDlllM 38 C'I8T nepeHOpMHpOBBHHblX 3<j,cjleKTOB, KO• 

TOpLle OJIIIHBKOBO npoHBn!IIOTC!I II a11ecb,11 B 

TORBblX pacna110B B8KTOpHoro Tllna C As - 1 

K+ 
•• - pacnanax, TO B KOHCT8HT8X nen-

BMeCTO npeJKHero 3Ha'leHH!I sin 0 -· o, 26 

HYlKHO C'IIITaTb, 'ITO 11ellCTBHT8HbHOe 3Ha'I8Hll8 napaMeTpa opHeHTllpOBBHH!I 6ap110HHOro 

cnaooro TOK8 B YHIIT8pHOM npocTpaHCTBe M8HbWe aToro Ha aenK'IIIHY (..JfJ..) ½ - 0,8 • 
50 

T.e. paBHO sin 0 -· 0,21 • Tor11a IIHH B8KTOpHoll KOHCT8HTbl B <j,epMH-rrepexo11ax IIpll 

fJ -pacrra11e 8TOMHLIX H.r:tep nonyqaeTCH 3H8'I8Hlle, KOTopoe xoporno COOTBeTCTByeT 8KC-

rrepRM8HTanbHO orrpeneneHHblM BenH'IHHaM. K COJKaneHHIO, rrpoBepKa 3TOro yTaep)KJ:leHHH B 

rrepexonax c AS • 1 He HBn!l8TCR IIpoCTblM 11enoM, IIOCKOnbKY T8Klle neIITOHHble 

pacnanbl oapHOHOB o6ycnoaneHbl CM8Cbl0 B8KTOpHoro K 8KCHllnbHO-B8KTOpHoro B31lHMOJiell-

CTBHii. B aToM CMb1cne HHTepeceH pacrra11 5 -+ Aev f rne TeopHSI npe.QCK83b1B88T Many10 

IIpHM8Cb 8KCHBJibHO-B8KTOpHoro B38HMO!lellcTBHH ( CM. Tll0nHllY 3). TTpoaepHTb 8TO MOJKHO 

IIO 8CHMM8TpHH BblneTa aneKTpoHOB nnst non11pH30B8HHblX E -rHrrepoHOB, KOTOpaH 

cornacHo (82) H (83) nonJKHa pbITh O'I8Hh uanoll. EcnH 3TO onpaanaeTcH, TO Torna MO)((-

HO 6y11eT onpe11enHTb aenH'IHHY 

BeKTOpBhlM B38HMOJJ..eii:CTBHeM. 

sin0,. a rrepexo11ax c AS • 1, ooycnonneHHbIX 

Tenepb aecKOnbKO cnoa O CIITyllUIIH C llKCIIBJibHO-B8KTOpHLIM B31lHMO.r:telicTBHeM B pac

rranax llpH AS• 0 H AS • 1 • fpyoo roBOp!!,' JinH TllKHX llOCTpoeHHli 8KCHanbHO-B8K

TOpHOii 'IllCTH cna0blX B38HMO.r:telicTBHA, K8K 8TO 0blnO c11enano npH II0CTyn'HpoBa!lHH T0Ka 

(39), neT HHKllKHX OCB0BBHHA· B CHny HMe10merocst napyrneHHSI yHHTapH0li CHMM8TpH11. Ho 

naJKe ecm, ona H ob!Ha obi TO'lnoii, TO rnnoTeaa coxpan1110meroc11 TOKa, KBK aTo · 11MeeT 

MecTO Jlllst B8KT0pBoro TOKa, ne HpBM8BHM8 K 8KCllanbBO-BeKT0p110A 'I8CTH oapHOHHOro T·o

Ka. TaKHM o6pa30M,. B oomeM cnyqae cnenyeT OlKHJI8Tb nepeHopMHpoBO'IIILIX acjipe1<TOB 

1uu1 a:oucTaHThl ceR3H 3Toro TOxa. MLI ee u.Meeu peuenTa, xax: cnena.Th 3Ty nepeuopMH-
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pOBKy,noCKOllbKY He MO>KeM CBH38Tb 8KCH8llhHO-B8KTOpHbI:ti aneMeHT cna6oro pacnana C 

113Mep51eMb!M M8Tpll'IHb!M aneMeHT0M xaxoro-n1160 CllllbHOl'O ( 11n11 anexTpOM81'HIITHOl'O) rrpo

uecca. ITo3TOMY B cnyqae paCX0JK/leHll51 11pe11cxaaa1111ll Te0pllll C 0IIb!T0M Mb! He 3HaeM 11p11-

'll!Hbl pacxOJK/leHIIH,.-1160 !IX M0JKeT 6LITb 11ae: n1160 11eaep11a Teop1151, IICII0nh3Y!Olll8H YHIIT8p11y10 

CIIMMeTp1110, , n1160 nepe11opMHp0BO'IHbIH aqi¢eKT aen11x II M8CK11pyeT CIIMMeTpll!O IICX0/11101'0 nar

pa11JK11a11a. 

BTopag B03MOJKHOCTb 6bma paCCMOTpe11a Bb!llle, Mb! Blll1en11, '!TO nepe11opMllpOBO'IHb!Ee 

a<ji¢eKTbI 11eaen11xn II onpe11engn11cb rrapaMeTpoM /3 q 1,2 Tax11M o6pa3oM, 11p11 yny'I-

III9HHH TQqHQCTH aKcnepHM9HT8llbHbIX .ll8HHbIX1 K8}K9TCSI, 9CTb B03MO:?KHOCTb npoBepKH cnpa

B9.llllHBOCTH OCHOBHbIX nono>KeHHii paCCMOTp9HHOfi: TeopHH cna6bIX B38HMoneti:CTBHti. 

Yron 0 6bm BBe11e11
161 

B TeOpll!O KaK rrapaMeTp Ha OCHOB8HIIII l'IIIIOTe3bl 'o e11111111'1-

11ofi 11n1111e' cna6oro TOKa c11n&11oa3a11Mo11ellcTBy10m11x '!aCTIIU, Ero 'lllcne1111oe 3Ha'!e1111e, 

paBHOe 0,26 pa11, 11ai!11e110 113 cpaa11e111151 C OIIb!THb!MII /18HHb!MII, O6pamaeT Ha ce6H BHIIM8Hlle 

TO o6CTOHT9llbCTBO, qTo era saaqeaue .llOBOllbHO xoporno COOTB9TCTByeT aennqHHe 

tg0 q ~ = 0,28 • 
m K 

(90) 

IT03TOMY 11p11anexaTen&H0H 51Bn5leTCH 1111eg IIOIIb!T8TbC51 o6~51CHl!Tb 3TO 3Ha'l~Hlle 118 OCHOBe 

T0l'O ¢axTa, '!TO 38 op11e11T11poaxy cna6oro TOKa B YHIITapHOM rrpocTpaHCTBe OTBe'laeT TOT 

)Ke qneH raMHllbTOHHaHa CHllbHoro B38HMO,lleticTBHSI, KOTOpbiti OTB9TCTB9H9H H 38 pacmerrne

HH8 MBCC YHHTapHbIX MYllbTHIIll9TOB. EcnH 38IlHC8Tb 3TOT raMHllbTOHHBH B BH.[{9 

H 
(0) (8) 

H
O

+ S + yS 
(91) 

(8) 
To pe'lb 1111eT o qne11e yS , rrpeo6pa3y10meMC51 xax qne11 y1111Tap11oro oxTeTa c 

1 =0. s (O) 3/leCb-CIIMMeTpll'IHb!H M8CCOBbli! qneH, TeopeTH'!ecxoe paCCMOTpe1111e
1191 

.oaeT 

aenH'IIIHY 11p0113Be11e111151 T8Hl'eHC0B yrnoB 

TOpHbIX TOKOB B BHne 

8 , V 

r11e 

tg8 
T 

tg0 A• BKFK 

B,.F" 

X c( l-y/2~2) ½ 

l+y/y'2 

nna B9KTOpHbIX H 8KCH8llhHO-B9K-

(92) 

(93} 

3nec& F 
K 

F 
" 

H B c.q,opM<pbKTOpb!, II051BnHIO!lllleCSI B BeKT0pHblX II ax-
rr 
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CHanbHO-BeKTOpHbIX MaTplP:IHbIX aneMeHTax COOTBBTCTB9HHO. Ha rHIIOTe3bl coxpaHHlOIUeroCH 

B9KTOpHoro TOKa cnenyeT, oqeBHilHO, qTo F = 1 
1T ITocKonbKY uapyrneu11e yu11Tapuoli CHM-

M0Tplm nonaraeTCll cna6bIM, 1·0 0'10B11AHO, 'ITO B ( 91) y << , T.e. X "" 1 Eonee 

nonHhIB Bb1pa>KeHHH nnH yrnoa o., II 0A IIM0JOT BIIA 

m 
~ X !g 0 V -

1T 

mK FK 
(94) 

tgO A -
m B" XY ~-- . 
mK r UK 

(95) 

r11e 

l y = ( 1-p/2,/2 , . 
1 + p/,JT (96) 

311ecb Ben11'!11Ha p onpe11eneua KaK 

(8) 

p = 
<O I$ IO> 

<o I s<o> Io> 
(97) 

n, T8KHM o5pa30M, KBK y B (91), llBnli0TCll ManbIM napaMeTpoM, B npeue6pelK0Hl!II 

peuopMan113aUl!OHHblMII aq><p0KT8MII , KOrAa <popMCjlaKTOpb! nonaraJOTCll paBHbIMII 0Al!HIIU0 11 

nocKonbKy X - 1 

paB0HCTBe 0 
V 

II 

II Y - 1 

0 
A 

• 113 ( 94) II ( 95) BbIT0KaeT cneACTBl!e O np116nl!311Tenbl!OM 

II cne11yeT OU0HO'll!Oe 31!8'10Hl!e 3Tl!X yrnoB (90). 3To 03Ha'la-

eT, qTo HCXOJ::tHaH H.[leH YHHBepcanbHOCTH *e.oHHH'1:III08 nnHHbl ... TOKa CHllbHOB38HMOil9fiCTBYl0111HX 

'18CTIIU, op11eHTIIPOB8HHOro B YHHTapHOM npocTpai!CTBe, 11elicTBl!Tenbl!O MOJK0T 6b]Tb 06'.bllCl!e -

118 11a OCHOBe coo6palKellllli cna6oro Hapyrne1111l1 yHHTapHOM Cl!MM0Tp1111. 

TaKl!M o6pa30M, 11anbHelirnee pa3B11Tli0 YHl!Bepcanbl!Ofr '10Tb!pex¢epMHOHHOli TeopHII 

cna6b!X B3811MOA0MCTBl!li, OCl!OB811H00 Ha BB0A0HIIII B Teopll!O coo6palK01!HM y1111Tap11oli CIIMM0T

p1111 c11nbllhIX B3aHMOAeilcTBHli, noaBon11no o6ecne'll!Tb 11anbuelirnnil nporpecc B npo6neMe cna-

6L1x B38HMO.QeficTBHH aneMeHTBpHbIX traCTHU. flerrTOHHbie npoueccbl C y11acTHBM cTpaHHbIX 

'l.1CTIIU opraHl!'IIIO Bollinll B o6mee paccMOTpe11ae npo6neMbl, ITony'l0HHb!0 npeACK83811Hll 

Bnonae COOTBBTCTBYIOT OIIbITHbIM ¢aKT8M. HaMeTn:nacb B03M0}KHOCTb YCTBHOBHTb 

6onee rny60KHe CBll311 MeJKAy npoueccaMH, o6ycnoBneHHbIMH Clll!bllb!MH II cna6b!MII B38HMOA0MCT

BIHIMH • Ilanbueii:mee yToqHBIIHe 8KCIIepHM9HTBnhHbIX !lBHHblX Il03BOnHT nonyqHTb OKOHtraTenbHOe 

cyJK.llBHHe O npaBHnbHOCTH paCCMOTpeuaoro pa3BHTIIH TBOpHII cna5bIX B3llIIMoneiicTBU11. 
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T a 6 JI H ~ a l 

T H n TeopHH PettHMaHa-
pacn8.,lta reJIJI-MaHHa(10-3) 3KcnepHMeHT (10-3) 

A .. pev 14 0,86 :!: 0,09 
}:- -+ nev 51 1,2 :!: 0,2 
E-... Aev 14 2,4 :!: 1,3 

T a 6 JI H ~ a 2 

P a C ll a .n; an 

n .. pev 

A .. pev 

~ -+ nev 

I-.. Aev 

s-~ Aev 
_JJ t 
.:. -+ ~ Bl 

P a c n a .n; 

A .. peN 

I.- ➔ ne11 

=- + Aev 

E- .. ~ 0 
ev 

0 + 
E. .. '.£ £SI 

cf, t,. 
A + A 

cf, t,. 
A + l A 

3 
cf, t,. 

A -,A 
t,. 

A 

A cf, - l At,. 
3 

A</>+At,. 

T a 6 JI H ~ a 3 

BapaaHT ( r;,; /r A) • lO 4 

xeopm1 Teo pan 3KcnepaMeHT 

v - 0,58A 7 8,6 :!: 0,9 
v + 0,55A 15 12 :!: 2 
v + O,U2A 3,5 24 :!: 13 
v - I,15A 0,62 
v- 1,15A 2,3 

-
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TAbJI.111.{A 4 

Pe·wemi:e A Peraemrn l3 

J) lfHCJIO BBe,IleHHHX ,IlaHHHX (i) 8 (ii) 6 ( i) 8 (ii) 6 

lJ:HCJIO CTeIIeHel1 CBodO,IlH 5 3 5 3 
2 

(4,75) 45% (3,51)32% (7,n)I7% (7,04)8% X - BepOSITHOCTb 

0 U,264 U,272 0,249 0,246 
' {JA<p 0,437 0,436 0,715 0, 7ll9 

,·, j t,. 
=-, {3A o, 742 u, 742 u, 4LiY u,377 <'",: lJ ~•. 

J A A ~;.. 
o,9x10-3 u,%xrn-3 I,LJbxllr3 1,rnxro-3 ; ~ r /[' 

:-- ~ pev 

i- i-
r ;r 

neV 
I,32xI0-3 1,3ux10-3 1,19xHF3 I 28xIU-3 

' :t- I-
o,61xru-4 u,59xI0-4 U,HxlU-4 u,16x10-4 IA.,,JI' 

s- --
u,65xI0-3 U,66xIU-3 I, U6xll.!- 3 rA.,., ;r I,U6xI0-3 

GA/G,. ,IlJISI I ➔ nev +0,305 +U,292 -0,3LJ6 -U.372 

GA/Gv 
0 

,IlJISI A ➔ pev -U,685 -0,684 -U,b51 -U,l.375 

BapHaHT (i) Y1Ul:ThIBaeT ,IlaHHble O BCpOSITHOCTSIX "ea ,K
0

; H "µ• ,Kµ2 -paCIJE.l.l(OB. 

BapHaHT (ii) He YtIHTHBaeT 3THX ,IlaHHHX. 

T a d JI H 1l a 5 

T e O p H SI 

X 104 
3xcnepHMeHT 

X 104 

A A 2,01 :!: 0,2J I,J :!: 0,6 rpµv ;r 
r+ I+ 

0,2J :!: 0,02 0,7 :!: 0,4 T rA./r 
r a- ;r 2.- 5,1 :!: 0,6 24 :!: IJ 

Aev --
-- I=. r = ;r 1,5 :!: 0,2 Aµv 

r~-;r 2- 0,9 :!: 0,1 
I ev -o 

'I:: 0 /:. 
2,7 :!: 0,4 r; ;r 

I.J' 
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