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B nocnenaee speMll o6cylKJlllnac& anelt-rpoMaraaTH&Ie 4>opMcjlaKTOpb1 ayxnoaos c 

TO'IIItR 3p911Bll BbiCIIIJIX rpynn CRMMeTpRII, 

speMeB&ble caMMeTpKR ( SU(12) , U 1 x Ue 
IS/ 

o~enaamomRx sHyTPeHRRe a npocTp&HCTBeRRo-

11 21 
B Jlp.) ' , a T&KlKe C TO'IIKH 3peHBll COCT8B-

aoA Monena aneMeHTapHbiX '118CTan 

Hx nen&~ &BnllnOCb o~SICaeaae ycTasosneHHbiX sxcnepRMeHTan&ao cooTaoweaall 

141 
MelKJly HOpMRpOB8HHbiMB C81tCOBCKBMB 4>opMcjlaKTOp8MB ayxnOHOB 

a a 
C 111 P (q ) • Clip (q ) • CMn (q ) , 

-q a ~ lOOf -a 

CIlia (q ) • 0 ' 

(1) 

0JlliB TOnbKO COO!SpalKeHBSI CRMMeTpBR He D03BonmoT yCT8HOBRTb BCe COOTHOWeHRll ( 1) • 

llnll Toro 'I!To!Sbl DOSIBRn&Cb CBSI3b MelKJly aneKTpB'I!eCKBM B M&rRRTRbiM 4>opMcjlaTOp8MR 0 

OK83anOCb Heo6XOllRMbiM npasneK&Tb onpeneneHHble ARH&MB'IIeCKRe npeAUonO>KeHRll, T8KRe 

Ill 161 
K8K AOMRRRpy~mRII BeKTOpBblli 60308 t Cllb~pBORBbiii DOIIXOA R liP• 

lSI B penliTHBHCTCitOII MOAena Ksapxos aneKTPOM&rHBTHble 4>opM4>aKTOpbl ayKnOROB 

nony'leHbi B npeADonOlKeHRB MBHRM8nbHOrO B38RMO)leliCTBRSI KB&pltOB BRA&: 

I'. 2e(AI' PI' - e 11 2 Ill' FIJI' (s), 
(2) 

rAe 
PI' •-ial' FIJI' .ai'A 11 -a11 AI' 

3TO COOTBeTCTByeT npeAnonoJKeHB~, 'ITO KBApKR He RMe~ CO!SCTBeHROII CTpyKTypbl, a 

CTPYKTYPB COCT8BHbiX '118CTRll BRIIYllHpOB&Ha B38HMOAellcTBReM KB&pKOB. npa aTOM !Sblna 

nony'lleHbl COOTROWeHHR a 
a q ( a ) 

C 111 P (q ) • (1 + T,ji7) Cyp q I 

Cilia (qa ) • O. a 

c ... (qa ) • C Ma (qa ) I 

Hana'llle nononaaTen&aoro MRO>KaTenll (1 + i!;r> B nepBoM as coOTaowesalt (3) 

(S) 

Henb3H C'IBT8Tb, BOO!Sme rOBOpll, DpOTRBOpe'I&WHM 9KCnepaMeHTy, T81t K8K npe,!ICK838HHll 

COCTABHOII MOAenB 38KOHRbl TOnbKO B oonacTR - q a << m a ( m - M8CC8 COCT8BHOil '18CTHllbl) t 

r.[le MHOlKBTenb (1 + qa /2m a) M&nO OTnR'l&eTCll 0T eABHRllbi. 
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npe,llCTaB.IIB8T B.KTepec, O.llBUO, BOupOC: 1:81: B&IC50p BB.Il8 B3aBMO,IleliCTBBH ltBapJ:a 

c sneJ:TpoMarB.KTBbiM noneM BllBHeT .aa cjlopMy CBSI3B aneJ:TpnecJtoro a MariiJI'l'soro topw-
~Topoa &yltllOSOBT 

B sacTolll!lell 38M8TJta Ml>l noJ:alKeM, JtaJt, OCTaaall'CJo a paMux MBBBMa~~~osoro· snaa:Tpo

MarsaTsoro B 38BMO.Il8liCTBBJI ltBapJ:OB, MOlKBO D<m)"UITio D8pB08 B3 COOTBOm&BBll ( 1 ) , 

HanOM .. M OC.IIOBBH8 "18PTI>I paiiSITBBBCTCJtoll MO.Il&IIB I:BapltOB, 8 STOlt MO.Il811K C5apso

BW paCCMaTpBBaJOTCJI ltAit CBH34.11HH8 COCTOHDH B CBCTeMe Tpex KBapltOB B MOrYT C5b1Tio 

onacaaw ypaaseBBliNB, JtOTOpl>la a upa,11ene C50111omoll Maccw JtaapJtoa a a upacyTCTBBa 

181 sneJtTpoMaraaTaoro nons BMeK>T BB.Il : 

a a a 1 
(p, + P1 + Pa -T W)r;f>•bo<"t "a "a >-<f', +ra +ra >rf>.ba<"t "a "a> • 

r,lle r I Ollpe,lleiiRK>TCSI Bl>lpalKeBBHMB (2) 0 a IV - CltaiiSipBHJI DOTeBilBan OCTaTO"'BOro 

B3aBMO.IleliCTBBH ltBapJtoB, 11cnon..ays ypaaaeaaa (4)
1 

MOlKBO DOily"'BTTo BblpaJKa .. a .lliiH 

sneJtTpOMarBBTBI>IX TOKOB OltT8Ta C5apaoaoa: 

(4) 

P p. qa 1 - a 
(J,. )aa • {-(1/JI/J)F' (1 +;:-,-) + -(1/Jr,. rf>)aD-t~~F}F(q ) ' (5) ,.. m 2m 2m ,.. 

1 2 
r.11e •,.,. •-;;;-tfiV>.p qv P>.YpYa , a F(q >- penBTaaacTCJtB aaaapaaaTaas fjlynuas, 

aopMapoaaaaas aa e.llBIIRlly .llllH q
1 

• o • Ha Bl>lpaJKeaasr (5) cnecyeT casa~o MelK,Ily 

SlleltTpB"'eCJtBM B MilrBBTBI>IM cjlopMijlaltTOpaMB ByKIIOBOB B ljlOpMe (8), 
a 

noS!Bneaae MBOlKJfTeiiJI (1 +~) B BblpalKeBBB (5) OC5'bSICBHeTCH TeM, 'ITO SlleltTpB-

"'eCKoe B MarBBTBoe B3aBMO.Il8liCTBBH Be anonae pa3,1leiiRK>TCH B BepmBBBOM ODepaTOpe (2): 

"0' p.v F /IV • I • !X + y 6 i) . (6) 

0.11aaxo B38BMO,IlellcTBae ltBapxoa c snaJtTpoMaraaTBI>IM noneM a cjlopMe (2) ae SIBnJIK>TCJI 

8.1lBBCTBeBBO B03MOlKBI>IM, 

npa Bbl( :'C'e BB,Ila B38BMO,IleiiCTBBSI XBapltOB C Sll&ltTpoMarsaTBI>IM noneM Mbl MOlKeM 

nocTynaTJo cne,11y10maM oC5paaoM, BY.Il&M acxo.llaT& aa aepensrraaaCTcxoro cjleaoMeaonora•e-

Cltoro ypaBB&BBH .lliiH CB.B34BBOrO COCTO.!IBBH CBCTeMbl TpeX ltB8pltOB BO BBemB&M CTaTH"'&

CitOM BlleltTpOMarBaTBOM nona: 

a 
IE - l: (M* 

1•1 

P 
.. a .. 

e .. J( 
W + erf> + "ii*O' >sll/l.bo (pt•Pa •Pa >• 0 • 

(7) 

r,11e M~- &cjlcjleXTHBBI>Ie M8CCbl ltBapKOB1 CBSI38BBI>IX BSyTpB C5apBOB8, nepeXO,IlH X nepeMaB

BI>IM lleBTpa THlK8CTB B OTBOCBT&IlloBOro .llBBlKeBBH: 

PI • 1/S; +;I .. .. 
ql+qa+qa•O 

4 

(8) 

B npeaeC5paraH ltB&,IlpaTir'ISI>IMB CTaneSHMB q
1
a , Mbl BB.IlBM, 'ITO ypaaaesae (7) OniiCbi-

BaeT CB.B3assoe COCT HBB8 C M8CCOJI m •3M* 

{E-m 
p2 a .. .. .. .. 

--2-- (e I+ ea + ea )r;f>- -(etO't + eaO'a +ea O'a )J( ~~•b•(P)• 0 • 
m 2m 

r.11e ~abo( P)• rpabo(P/S,P/3, P/8). 

Ha CHMM&TpB"'Bblll T8S30p 

• 
~abo sanara10TC 11 .llODonBBT&IlloBble ycnOBBSI: 

• b' a 
<yo>. ~abo • (yo)b ~abo' • (yo>. ~abo' • ~abo', 

(9) 

(10) 

ltOTOpble B COOTB&TCTBHB C BepenSITBBHCTCKBM xapaltT&pOM .llBBlK8SBSI KB8pXOB BByTpll Co

CT8BSOJI "18CTBUI>I Bbl,lleiiSIK>T TonbltO aepxsae XOMDOB&STI>I XBapKOBI>IX cnaaopoa, 

PenSITHBHCTCXOe oooomeHBe ypaasesall (9) H (10) SeO.IlS03S8"1SO, 0.1188 11.3 B03MOlKBo
-o 

CTell aaJtniO"'aeTCH a ot5ol5mesaa sepenHTHBIICTCXOro onepaTopa cnaaa u 110 pensrraaaCT-

cJtoro 0'/IV • 3aMesa .. F 
;;J( .. "up.v p.v r;6 .. 1/m (A p. P p. ) 

DpiiBO.IlBT K peayn&TaTaM, onacaasi>IM paaee, 

Ml>l paCCMOTpHM T8118pb ,11pyry10 B03MOlKBOCTio, 

3aMeTHM, 'ITO ypaaseBBSI (9) II (10) B OTCyTCTBIIe sneJtTpOMSriiBTROrO nonS! IIS-

B8plr8STSI>I OTSOCHTen&HO npeoC5pa30B8HHll rpynnbl 

ypaaaeaag (9) a (10) sa JtonnBaeapsble nponeccl>l, 

U (6) x U(6) • By.lleM ot5ot5maTJo Tenep~o 

KOr,lla ace OTIIB"'HI>Ie OT HYIIII HMDylllt

Cbl "'aCTHII aanpaan&Hbl B,llonb TpeT&ell OCII, ,llononBBTen&H&Ie ycnOBHSI (10) MoryT t5b1Tio 

/' 
3aiiHC8Hbl TOr,lla B BRJle: 

b ' ' • • 
<yot-yaPa>a ~a'bo • <Yo' -yaPa )b ~•b'o •<Yo'-YaPa)o~abo'• 0 • (11) 

H CBO.IlSIT M8KCRM8111oByiO U (6) XU (6) CHMMeTpBIO It SUW(6) CHMMeTpHB, .. 
CHMMeTpBH CTpOBTCSI Sa OCBOBe BBe,lleSHSI W - Cnasa, 

/6/ 
rpynna su w (6) reaepa-

TOpbl KOTOpOrO B Sa3meM XB8plt0BOM llpe,llCTa&neSHir 3a,ll810TCSI M8TplrU8MH : 

w "·'~' • " Yo I. "·" • W • • " I. .. . (12) .. 
nerKO yC5e,llHTbC!I0 'ITO resepaTOpbl w 

CO CB060.IlHI>IM .11Hp8XOBCKBM onepaTOpOM 

aasall nopeaua a.llon& TpeT&ell oca 

- cnasa ot5pasyiOT anre6py SU (2) a KOMMYTRPYIOT 

( Yo f - Y a p a ) H CO CIIHSOBOII "'aCTbiO npeot5pa3o-

6 
U 6 • exp • T Yo Ya 

By.lleM Tenep& C"'HTST&, 'ITO a Konnaseapa&IX npoueccax MarsaTHoe none B38BMOJlell.. 
cTayeT c onepaTopoM W -cnasa. TaKaM oC5paaoM, ypaaseaae (9), o6o6measoe sa cny"'all 

XOIIIIHSeapSbiX nponeCCOBJ B CRCTeMe nOKO!I "18CTHU DpiiSHMaeT BH.Il: 
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a 4 ... .. .. 

(G.,.m)~abo •l(e 1 +e 2 +e 1 )t/J +jjj(e 1 W1 +e2 W8 +e 1 W8 )J(J~abo" (13} 

KoaapaaBTaoe o5o5meaae ypasaeaaa (13) aa npoaason&a~e nopeanoscxae cacTeMhl xoop

ABRa? npasoAK? x ypasaeBB~ 

(P
2- .,a >~abo • <rl +ra +ra >~abo. (14) 

r11e 3 • ' 
r 1 • [2e(AP) + I t:',Mt.p r,..., P.\ 'Yp 'Ya J. 

JleAC?BB?811bHO, B CBCTeMe DOXOH 'IACTBn~ ( P • 0 B~lK8BB8 rl paBBHGTCH 

Se •' 
2m[et/J + -;;;-WJ<J •• 

11CDon&3yH Bblp8lK8RB8 04)1 MOlKRO DOJIY'IBTb aneXTpOM&rRBTR~e TOKB OKT8T8 5apao-

ROB: 

Pu - 1 1 2 <J,. >u • 1--;;:=-<!b.P>F + 2,;;<Y, •,. Y,>ao +2F F(q ) ' (15) 

OTKY118 CD811Y8T Dp8BBRbH8H CBSI3b M8lKIIY BOpMBpOBaHHbiMII $opMcilaKTOp8MB HYKnOBOB 

a a a 
GEp(q) • GMp(q ) • Gwn(q ). 

B 38KR~'le&Be Mbi XOTBM Bbip&3HTb 5naroAapaocT& axaAGMBKY H.H. Boron106osy 

38 nocTaaosxy 3aAa'IB, a T&KlKe B.B. CTpyMHRCKOMy B A.H. Tasxena11ae aa o5cylK,!leHae. 
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