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I. BBe.n;e~me. 

Xopomo maBeCTHO III, ~To ~arpaHEHaH HBHHeTCR y.n;o6HHM 

cpe.JJ;CTBOM Bapa&elillR CBOICTB CHMMeTpmz ,JJ;aHaMKqeCKOI CHCTeMH 

ld IIOCTpoeH!dR CM3a.HHWC C HHMH ,nmiaMH'leCIWX RHBapHaHTOB, flo

MID40 rrpeo6pasoBaHHI Heo.D;Hopo.JJ;Hol rpyrrrra JlopeHUa (4eMy coor-

sercrsynr ~HBap~aHT~ TeHaopa aHeprHH-HMny~ca, MoMeHTa 

~ CII~Ha) ~ HHBapHaHTeH OTHOCHTerrhHO rpa.n;HeHTHHX rrpeo6-

pa3oBaHKft, C KOTOpaMH CM33Ha 3aKOHH COxpaHeH!dR COOTBeTCT

B~ 3apR.JJ;OB H TOKOB, 

TaKHe BHYTpeHHHe cHMMeTpmm npHCYJIIR ~:& orrpe.n;MeHHbiM 

B3aHMO.JJ;eiCTBHRM H 3a~CTYD HapymaDTCR .npyrHMH B3aHMO.JJ;eACT

BilllMH. CYII!eCTByeT, O.JJ;Ha.KO, rpa,IUieHTHOe ~ s -rrpeo6paaoBaHHe, 

OTHOCHTMI>HO KOTOporo He~HBap~aHTeH MaCCOBal ~eH KD6ol 

CIIHHOPHOI TeopRH • 

To, 'ITO fl co,nepllldT 'lJieHH, He HHBapldaHTHHe OTHOC!d

Te~:&HO orrpe,ne~eHHHX rrpeo6pa30BaHHI, rrpHBO.JJ;HT K CYII!eCTBOBa

HHD B CHCTeMe HeKoToporo Ba.n;e~eHHoro "HarrpaaxeHHR", WHKCH

pymmero CHRTHe Bapo~eHHR OTHOCidTe~HO rrpeo6pa30BaH!dl .JJ;aH

HOI rpyrrrra. Ec~ Ilpld 3TOM HapymeHHe CKMMeTpHH HBHHeTCR He

yCTOI~HM OTHOCHTe~HO "BKnD'!elillR" ~eHa, HapymaDmero CHM-

MeTpHJJ, T,e, yxe 6eCKOHe'lHO MaJIHe ~eml B c<_ , CHHMBDDtHe 

BHpo~eHHe, IIpHBO~ K KOHe'!HHM 3Ha'leHRRM COOTBeTCTB~ 

.JJ;HHaMK'leCKKX Be~~. TO rroc~e.JJ;lme cne~yer oiiHcaaaT:& Ha 

R3HKe KBa3HCpe.n;aHX 121 H rOBOpHTI> 0 CIIOHTaHHOM HapymeBHH 

C:mo!MeTpHH. 
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Uenecoo6pasHOCTL xcnonLsoBaHHB Taxoro no~o~ B KBBB

TOBOI TeopHH nona ~yeTcs ycnoBxeu, qTo pea&THBHCTCKOe no

KanLHoe onxcaHHe HSOTonxqeexoro CnHHa H rHnepsapa.a Tpe6yeT 

BBe.u;eHHJI B tL KaJIH6poBo'UIHX nonel Rara-IIBJIJJ:ca, B TO BpeMII 

RaK B pea.m,JWX MO,D;eJIJDt CHnLJWX H CJia6fix BSB.HJIO,D;eiCTBd llaC

Ca 06MeHHoro KBaHTa OT~a OT HYAR. TeopBR CO cnoHTaHHO

HapymeHHOI CHMMeTpHel ~eT MeTO,II; pemeHHJI STOI npo6neMH H 

HSBeCTHa Ha npHMepax peanxaauHH MexaHHsua IHrrca: BBe~eRHa 

B cL CKaJUiplWX 60SOHHHX nonel C OTJllAHlDI OT HYM BaKYYJI

HHM ope~. KOTopue sa c~eT KBHO~ecxoro npeo6pasoBSHHR 

(C.u;BHra no nonRM) o6~e,D;HHSDTcs c nonepe~ KOMnOHeHTBMH 

nonea Rara-Ml!:nnca, o6pasys MaCCHBHHe BeKTopHHe uesoHH. Ha 

STOM np~ne nOCTpoeHO 6onLmHHCTBO e,D;HHHX Mo.u;enel aneKTpo

MarHHTHHX H CJia6HX B8aHMO,D;eiCTBHI aneMeHTapHHX ~aCT~ /J/. 

PaBHHM o6pasou onoHTaHHo-HapymeBHoe pemeHHe MOZHO 

non~TL B HCXO,D;HOI HenHHeiHol T80pHH HS nepBOHa~HO 6es

MaCCOBOro ~ sa C~eT ,II;HH8MKq8CKOrO MexaRHSIIa CUOHTaBHo

ro HapymeHHJI CHMMeTpHH. B npHMeHeHHH K MO,II;8nRM C 4-<(Jep

MHOHHHM BSaHMO,D;eiCTBHeM OH CBO,II;HTCR K RCUOnLSOBSBHD peM

THBHCTCKOrO aHMOra npo~e.u;ypu laPTPH~Ka-EoronD6oBa / 4/, 

B KOTOpoM MaCCa !fle:I*HOHa BBO,II;HTCR TaR, ~T06il HOKJIIlliHT:r. 

co6CTBeHHo-aHepreT~ecKHe ~eKTH, BHSBaBHHe cauo.u;eiCTBHeM 

B rl. • B TaKOM no~o.u;e "xmrrcoBCDe" 6osoHH ecTeCTBeBHo 

BOSHHKall'l' RaK KOppeJmpOBaHHHe !flepMKOH-aHT~el*HOBHHe napH, 

np~eM B CHnf yC~OBBR MHBHMH~ peanxsyeMOe HMH OCHOBHOe 

COCTORHHe RBMeTCR YCTO~ no OTHOmeHHm K TPHBHBnLHOyY 

(6eSMaCCOBOyY) COCTORHHm, lfapymeHHe CJDIM8TpJII 8,II;6CL 8CTL 

Hapymeoe RCXO,D;HOI KBpaJILHol IIBB8.PHSBTHOCTR rL 
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llOCTaHOBKa Sa,D;a~ nonyqeHHR MaCCHBHHX perueHHI B nepBO

HaqanLHO 6eSMaCCOBOI TeOpxH npHH~eXHT relseH6epry / 5/, 0,11;

HaKO B npeAHO~HHOI HM HenHHeiHol CnHHOpHOI TeOpHH BOSHHKa

DT HSB6CTHHe TPY,D;HOCTH, CBRSaHHHe C ITOHSneHHeM OTPKUaTenL

HHX qneHOB B KOMMJTaTopax. AHHaMKqeCKHI MexaHRSM CITOHTaHHO

ro HapyrueHHR CHMMeTpHH 06XO,II;HT HX 6es ITOTepH YHHTapHOCTH. 

OTMeTHM aaanormo MeJK,D;y HapyrueHHeM 0S- HHBapHaHTHOCTH 

MaCCOBHM qneHOM H HapymeHHeM SaKOHa COXpaH6HHa qJ1CJia ~aCTHIJ; 

B TeOpHH CBepxnpoBO,II;HMOCTH. B ITOCne,D;HeM C~ae MeTO,II; KOMITeH

CBUHH orracH.wc ,D;HarpaMM I 6/ rrpHBO,D;HT K rroRBneHHIO MeJK,D;y ocHoB

HHM COCTOHHHeM H KBaSHqaCTaqHHMH B036YE,IJ;eHHRMH 3HepreTHQe

CKOn llleJJH, COOTBeTCTBYIOIIIel rrepeHOpMHpoBaiiHOI "MaCCe" KBa3H

qaCTKUH, TaR qTO ypaBHeHHH, OITpe~eJJHDIIlHe 3Heprmo KBa3H~ac

TH~ B036YE,D;eHJ.11 B CBepxnpoBO,D;HHKe, aRMOr~ ypaBHeHHRM 

CB060,D;HOI MaCCHBHOI ,II;HpaKOBCKOI qaCT~. 

2. KaHoHRqecKoe rrpeo6pasoBaHHe H HapyrueHRe 

ts-- HHBB.pHaHTHOCTH. 

06H~aR npoue.u;ypa TeopHH B:>SMYJUeHHI ocHoBana Ea rrpe.u;

CTa.BneHHH J_ B BH,D;e 

r.u;e ~ 
Jiel, a 

cL = lo -f rl,u.e , (I) 

- KBa,D;paT~aR ~pMa aCHMITTOTH~eCKH CB060.u;RHX ITO

oe~t onpe.u;enneT HX B3aHMO,D;eiC~BHe •. HHBapHaHTHOCTL 

rJ._ OTHOCHTenLHO rpa.u;HeHTH.WC npeo6pasoBaHHI ,II;OIIYCKaeT cy-
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~eCTBOBaHRe, rroMKMo o6~oro pemeHHa, ITo~eMoro ITO Teo

PHM B03My~eHHI:, CITOHTaHHo-HapymeHHoro pemeHHa, OIIHCWialllle

ro RJiacc .JnmaMR'Iecm Be.JIKtmH, ae o6.JranaD!IKX .HHBapHaHTHo

CTLID OTHOCHTe~HO 3THX npeo6pa30BaHRi:. ~e TaKBX Be~

tnm BH,IUIO yxe ,IVIJI Jia.rpammaHa CB060,D;HOrO MaCCHBHOro ,D;Hpa

KOBCKOrO ITOJIR 

.I~ i.: ('f{!<J r't~'t- ~~ ~H.)l'Cx:J):- m: if'(!J 'f(!J: (2) 

KHHeT~eCKHI ~eH (2) HHBapHaHTeH OTHOCHTe~HO rpa,IlHeHTHHX 

npeo6paaoBaHHit 

'f{_J() -7 eLot..p(J() J 

·~ 
lf(x) ~ e "~ 'f(><) 1 

(fC><) __., 'PO<Je iot I 

ip(x)-..., y;~) ec:r& 

:wm: 3KBHBMeHTHOI HM rpyniiLI KH~HHX npeo6pa30BaHHit 

lf'C><)~Tf~..JR'f(K)) i:p(><)-7 'P(K)UL~R. 
r • .s; 

[;L;K- = exp~(l:tt')o<.. 

(3) 

(4) 

(5) 

MaCCOBiiil ~eH He HHBap1iaHTeH OTHOCHT~HO (5) H npeo6paay-

eTCH ITO npe,IlCTaMemm (!'! I) x (I) I "~~) • Iloc~e.n'{ee 

03Ha~aeT, ~0 OCHOBHOe COCTOHHHe 6e3MaCCOBOI TeOpHH HBAR

eTCH BHpolii,D;eHHHM H IIpoHBJIReTCH B OTJIHlll'lH ItBa3HCpe,D;HHX OT 

o6H~HHX cpe,IlHHX 121. KBaaHcpe,IlH&H oiTpe,IleJIReTCH KaK cpe,IlH&H 

IIO BaKYYMY, B~C~eHHaH B IIpHCYTCTBHH MMOrO, HapymaDmero 

CHMMeTpHD, ~eHa IIpH CTpe~eHHH ITOC~e,IlHero K Hy~. IlpH aTOM 

KBa3Hcpe,D;HHH no~aeT KoHe'lffioe, oT~oe OT HYJIR,aaa~eHHe. 

IloaTOMY ue~ecoo6paaao HCXO.IlHTL H3 6~ee o6~ero, aeze~ (2), 
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"' 

rf' 

rrepBOHa~anLHO 6e3MaCCOBOrO ~ (i) , o6~ero .HHBapHaHT

HOCTLID OTHOCHTe~HO npeo6pa30BaHHa (5)1 H HCKaTL ,IVIJI Hero 

pemeHHe, He HHBapHaHTHOe OTHOCHTenbHO (5). 

HaH6o~ee o6maa ~pMa 4-¢epMHOHHoro B3aHMO,IleitCT-

BHH, .HHBapHaHTHaH OTHOCHT~HO C06CTBeHHHX npeo6pa30BaHHit 

rpynnH ~opeaua, oOpa~eHHR BpeMeHH, npoCTpaHCTBeHHoro OTpa

zeHHH H aa~oBoro conpaxeHHH, reaepMpyeTCH ~e6pott ( 

MaTpHIJ; ,UHpaKa H npe,IlCTaBHMa. B BH,Ile 

J . 2. 
ot ud: = L;. ~ i(:( ip(><) 0 t.-cp (K) :) , 

c. (6) 

r,Ile oi B~~aH e,IlHHH'IHYJO MaTpHey I6 ~HettHo He3aBHCH-

Ml:.lX KOM6HH~ 

O~= I; ~~ cr~ o/1.6~ G""".,.J;Cf"o"'-o~("')) (7) 

TaK ~TO KBa,IlpaTR'IHlle !P<>PW Cf' ot:c.p ITpeo6pa3YJOTCH OTHOCHTML

HO npeo6pa30BaHHI HeC06CTBeHHol rpyniiLI ~opeaua COOTBeTCTBeH

HO KaK CKaJIRp, IICeB,IlOCKaJIRp, BeKTOp, aKCHanLHHit BeKTOp H 

Teaaop. IlpocTelniiDt ~ , HHBapHaHTHHI OTHOCHTe~HO 

rpa,IlHeHTHHX npeo6paaoBaHHit (5), HMeeT BR.Il 

d-= {(~~J(' ~"- ~K(f(x)j:-3((-'f(K)'I{tJ:/'-(f(~r)rf(l<J0).(8) 

~ aaxoX,IleHHH CITOHT8HHO HapymeHHoro pemeHHH c~e,IlyeT npex

,Ile Bcero BH.Ile~TL H3 / d.t HaH6o~ee caary~HYJO ~acTL 
rls , COOTBeTCTB~ CaMO,IleUCTBHD IIOJieU,H B~TL 

ee B lo 
/ J/ 

/:(c!o+ls)+(/.u.t;-l.s)= /.o+ V...t:-t.d::, (9) 
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I' 

of~e TOr~ OllHCHBaeT TO~KO BSaHYO~eACTBHe 6e3 yqeTa 

CaMO~eACTBHR, KOTOpoe IIOAHOCTbD Co~ePEHTCH B of: , ilo

CK~KY ~: ~OJDiteH !IpHBO~TD K mmebiiM ypaBHeruurM IIO

JIH., TO ~ ~OJDiteH rrpe~CTaBJIH.TbCH KBa,npa.TH'mOA IIO IIOJI.f!M 

~pMOI, TaR ~TO ~ C~aH 4-~epMHOHHOro B3aHMO~eiCTBZH 

'VIeHH cis Bol.nyT B I: yxe B ~CTJI'IHO rrpocJ~MMHpo
BBHHoA ~pMe H ~axe ~ 6eCKOHe~O ManOA KOHCTaHTH B3aHMO

~ei!CTBM .na.nyT KOHe~ BKJia,ll; B 1: 
KoHe~ BKJia,ll; co6CTBeHHol aHeprHH orrpe~eJIH.eT OT~~

HYD OT HYJIH. MaCCY ~epMHOHa, a TaK RaK MaCCOBHI 'VJeH Hapy

waeT KHp~HYD HHBapHaHTHOCTb, TO rrpH ~aCTH~OM CYMMHPQBa

IUIH CJie.nyeT ~THBaT:O 6 S - HeHHBapnaHTHHe aHOMaJ!l>Hble 

crrapHBaHM nap orrepaTOpoB po~eHM ~epMHOHOB H aHT~epMHO

HOB C O~Ha.~OBOI ~HOCT:OD, llocJie~ee !IpHBO~T K IIOHB

JieHIDO B anrrpOKCHMHpYJ!llleM JiarpammaHe 'VJeHOB C ~eJieHHHM 

"HanpaBJieHHeM" ~HOCTH, T.e. K CHHTHD BHpo~eHM OTHO

CHTe~HO rrpeo6pasoBaHHA (4). 3anHCaHHHA B KMUY~CHOM rrpe~

CTaBJieHHH ~epes orrepaTOPH CIIHHOPHHX IIOJiel, HOpMHpoBaHHHX 

Ha KOHe~HHi! o6~eM, COOTBeTCTB~ arrrrpoKCHMHp~ raMRJI:O-

IOHHaH AHH OCHOBHHX qacillU HMeeT BY~ 

~1'::: L. 1-\ 
0 l·"~~ f 

S,I{ecb C 

*+ - "' v ( ... II. • j '1. Cl.:-"a. --L.~cf) ca..: r.t" .. ca..- lC +~v: p, f,Y J 'f,v p,v -'f.~ ,,ll -p,• 2 • 

(IO) 
orrpe~eJIH.eTcn RaK HeTpHBH~Hoe pemeHHe ypaBHeHRR 

c.- J... L' G1~ <a""- a- )v -v ~" c'i) -'f" ~" H:, (II) 

.8 

jf 

\[ -HOpWHpOBOQHHM o6~eM: Ky6 C ueHTpoM B Ha~aJie KOOp~

HaT 

V=L~_, p=-£!rr. 

CIIHHopHHe IIOJIH lf BHPalleHH l!epes orrepaTOPH po:ar,n;eHHH a 

YHJ411TO:E6HM '18CTHU H aHTHl!aCTHU 

-k ii.p'll :!- -t 
If(~<) ='IV ~ e_ Cl1/'" 1Jf".~-J' 

"? 1"•\1 
- I • -± . b)( ~ .± - ± 
U)l,c;)-=- ~e. \.1 Q..., u-... '<J 
• l: w ~,..., tJ J 

-) ;'-~ 

y~oBJieTBOpmJtRe aHTHKOMt.fYTauHOHHHM COOTHOmeHHHM 

¥<-
{ct~t'~ 
{, a.~)r ' 

Q~'-1! ;::: ~IAv ~1~1 
J 

~; I 

ct~;-~ ~ -= ~r~ ap~'. 

(12) 

(13) 

(14) 

H~ rrpHBo~TCR R ~aroH~HOMY B~ rrocpe~CTBOM KaHOHlll!ec

KHX rrpeo6pasoBaHHI EorOJID6oBa /?/: 

t..; -u....~~ -u.,.~.:\~ tll:t -:::u .... a..:\ -'\S"'C1~ 
1'•-.j- P r)~ r -1',-.J ' fJ" ~ PJ" \' -r)>J ' (15) 

o(~.l'1 = '\J.,f (1~)"-+ '\St Cl.; t~ ' ~~ Jol-t- 'i!-
~ ~)-.~-::; u¥f ~J'o) o~- ~~ a.-p)' . 

Ko~eHTI:l rrpeo6pa.30BaHM 'Lt... \5'.4 y)I;OBJieTBOpRM yCJIO-
f'J " 

Bml 
't 'L C' \Lt ~ '\Sf ::. (!)~( ' (16) 
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TaR 'ITO onepaTOpH tJ. IlO,ll;'mHJIIOTCR TeM lite nepeCTa.HOBO'llWM 

COOTHOilleHWIM (I4), 'ITO M onepaTOpH (}., 

~ BoapacTanmea noc~e~oBaTe~HOCTH o6~eMoB L'fL~ 
rrpH V;., ~ o::x:::> 

(~Lli>~-~ df? ~ 2 _G.i'~' \, ... dp. (I?) '" · · ) ~v... zn\,~ J f I 

ITpu npe~e~HOM nepexo~e (I?) Ko~~eHTH Ka.HOH~ecKMX rrpe

o6pasoBaHHit U,f 
1 

IJf KB.K KO~JmHeHTHHe <lJYHKWm KBa3H~O

~bHHX onepaTOpoB /I/ RB~CR o6o6meHHHMH <lJYHKURHMH, T.e. 

HX C~eAYeT paCCMaTpMBaTb KaK peay~bTaT HeC06CTB8HHOro rrpe

~e~bHOro nepexo~a. 

KaHOHH'leCKMe npeo6paaoBa.HHJl: (!5) noaBo~ Henocpe~c-r-

BeHHO BH~e~Tb n H 'tJI8HH, He HHBapHa.HTHH8 OTHOCHTe~bHO 

rp~eHTHHX npeo6pa30Ba.HHH (4).faMHRbTOHHaH ~nR OCHOBHHX qaCTHU 

(, ++ .i d' ~/"-I- -+ ""- - 1 \-\,. ~dhrt ~ ~/).~.-~ -cgn~:.) ~ ~c~·%Qf+~·~~-~-JO:.~J" QfJ"J) <rs> 

noc~e nepexo~a K ~-npe~cT~eHHID H rrpHBe~eHHR K Hop~

HOH WopMe HMeeT BKn 

\-1: \dp~ynJf -d11'?\dq~(~)U~ 'Jf' ~~·"I('U~-~~+ 

-+(t pl(11~-u~)+t~ur-Jty,~cA~f~~tv llP.~f~.-Dl~ .• + ~}.--~~")+ <I
9
) 

+~ !~\ 'llrur -r~~ -ur\~~J~.~~·~'lir·~(~f/~~ .. + c~.~ .• J.:-!1.")) + 

+ q~eHH 4-oa CTeneHH no orrepaTopaM ~ J 

T. e. H ~ rrpHBO.IU'ITCR K ,IU!arOH8JII:,HOMY BH,Izy npu yc~oBHH BHnoJIHe

HHR ypaBH8HMR KOMil8HCauHH 

10 

) 

l 

J 
). 

~'.rl 'U~ \.lr- cv.f -15~~ ~d~<¥-c:t;~~'"\~+4 = o, (20) 

MHTerpa.lll>HH! ttJieH B (20) B03HHKB.eT za H \ H onpe~eMeT 

BKHan B C06CTB8HHO aHepreTH'!eCK,YD '!aCTb 

"M .. c:m~ d~ ~ ~)~cv v1 ... ~. (2I) 

Hs (I5),(I6),(20),(2I) c~eAYeT 

tt!t - i. ( I + l~L '\ 
r - ~ ·, (_~>~'i.t\~f!.)'h. 

u: .. i ( \- J8 -, \ 
r - 2 \.. (IN. "I.;. I ~\l.''l ) 

H liiHTer~H08 ypaBHeHHe ,n;JIII WI 

I ( 1.. _, ~ 

WI = Z(Cll~ j q~ 'tf(~<+\~)/<-. 

(22) 

(23) 

IToMHMO TpHBH8JII:,HOro pemeHHR npR \.lf =I , \Sf = o , ypaB-

HeHHe (23) HMeeT HeTpKBH~oe pemeHHe, orrpe~eMeMoe MHTe-

rpMOM 
)., 

i - 1 \ d -J t<f> 
- 2.(i:<J\"l )0 ~ (,"#.'l.t\~1") 1 -'t . 

~ ynpomeHHOI <lJopMH B3aMMO~eftCTBHR 

~(pl-=) '}) o<\f\<-" 

1. 0 lpl>\ 

~_,2. 
~)\~""" ~Ji<2.+ I - {z. ~I i--t Vi"+ I-\ J 

')( = '}, 
\M, 

, 

(24) 

(25) 

(26) 



IlOCKOJibKY npaBa.Jl: "l:aCTI> (26) orpa.lm"'eHa -i_ , HeTpKBHa.JILHOe 

peweHHe CYIIleCTByeT ,ltJI.Il 0 ';> 0 

' ~,.t 

H pea.JILHllX ')( B o6JiaCTH 

0 < ~ ~i. (2?) 

Hs (26) BHTeKaeT HeaHanRT~ecKll:A ITO KOHCTaHTe C:MSH xapaK

Tep peweHRH, TaK 'ITO npadHREeHHe K HeMY He MOEeT 6HTL TIO~

"l:eHO Cy.MMHpoBaHEeM KOHe"'Horo 'lll:CJia ~paMM pa.D;a TeOpll:H BOS

~eHHA. 

3. liHBapHaHTHHe CBoacTBa CTIOHTaHHO-HapyweHHoro 

peweHIDI. 

BBe.n;eHHHe "l:epes KaHOHH"'ecKHe npeo6pasoBaHRH (15) one

paTOpH 1;1( ~aromumsyJlT He;' , onpe.u;eJI.IDJ!Jtlrll HOBoe ocHoB

Hoe COCTORHHe H cneKTp !l>epMHOHOB. ilOCKOJibKY KOaiPIP~eHTH 

'Ut, "J' p y.u;oMeTBOp.!IDl' YMOB:Im ( 16) , ,IJ;M Bel!leCTBeHHWC 

npeo6paso:BaHHA 

u tt = (.0! ~r) '\fr -= ~ ~fj (28) 

KaHOHH"'eCKHe npeo6paSOBaHRH (15) rrpe,ll;CTaBRMH B BH,D;e 

-I 
~ ~ .. = '\Jf<lr,, uf ' 
tJ.-:: e~p (:-~if) ' 

p -*+ + (1- a,-
11 -= a.::~ <1 ...... - -"'" 'llJ"" • " r,'~ -rJ t'J r 

(29) 

OcHoBHoe cocToRHHe I cp> .ItJlll H ~ , onpe.u;eJUieMOe KaK coc-

ToRHHe c Hy~e:swm 'lll:CJUUm sanOJmeHRH onepaTopoB rJ... • BH-
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f 

1 
l 
. > 

paxeHHoe "l:epes onepaTopH a., , ZMeeT BH.n 

It>= ~--(Vvr-u~~;f,-l q,~>-J)\a> (30) 

B C~Y1J:ae HOpMHpoBKH Ha KOHe"l:HH! o6~eM (~CKpeTHOe RMITYJibCHOe 

npe.u;cTaMeaae ( I2)), HOpMa onepaTopa V KaK il>YHKU>Ui o6~

eua, orpamr'leHa, TaK 'ITO \ o> H \ ~> c:MsaHH YHHTapHHM 

npeo6pasoBB.HEeM 

1¢> = ~ v~ \o'>. (31) 

Tor.u;a as WOKOBCKoro npe.u;cTaMeHHR ,IJ,liJI ~ 

~'<l \o> = 0 •' ) 

>1<-
(l ..... \0') = U "' -' 

(32) 

C~e.n;yeT ifJOKOBCKOe npe.n;cTaBJieHHe ,IJ,liJI 1:)1. 

- -'1<-
ol. 'f,-.J \~> ':: 0 > Oil. t)'~ \~> :::. 0 (33) 

llpa HopMHpOBKe Ha 6ecKoHe"'HHA o6~eM rroc~e,D;Hee yxe He HMeeT 

MeCTa 

~.o\<?>= 9Ut-=- e)(-p ~-itA\-t(.l~~.,~")\, (34) 

~00 

v~o= 

T.e. onepaTOp V HeOrpaHH'IeH, H He CYIIleCTByeT YHHTapHoro 

npeo6paso:BaHRH, C:MSHBaDUlerD TpHBHa.JILHOe H CITOHTaHHo-Hapy

meHHOe pemeHHJI: npe,ll;CTaBJieHIDI Q H o( OJlTOrOHa.JILHH • 

13 



Bc~e~CTBMe STOI'O BeKTOp [~:> He cymeCTBYeT B rrpoCTpaHCTBe ~ 

npe~CTaBJieHIDI, HO \<t>/ - BCe e111e In!ItJmtieCKRI BeKTOp B rrpo-
' 

CTpa.HCTBe r;J..._ npe~CTa:BJieHWI. 

WM3H'!eCKMI CMHC~ II0~06Hol CMTya!llm B TOM, 'ITO J ~> OIIH

CHBaeT OCHOBHOe COCTOHHRe C OT~OI OT HY~ nJIOTHOCTLD B 

6eCKOHe'I!:HOM 06~eMe, T.e. ~ Hero He CymeCTByeT ~KOBCROrO 

COCTOHHMR C Hy~eBHM 'IIMC~OM 'l!:aCTMn. B peaJILHHX C~aRX rroa

TOMY cymecTBeH Y'lfeT rpaHH'IIHHX ~eKTOB. 

AHMOI'H'I!:Ha.R: CHTYanHJi HMeeT MeCTO ~ npe~CT~eHd 0(. 

c paa~HHMH !P.IU<CHpoBa.HHHMH KMM6poBKaMH. B Q;-npe~cTa:BJie

HHH rp8,l.UfeHTHHe npeo6pa30Ba.HWI ( 4) rrpHBO,IVIT K 

H 

~0 
-~~-"' e-~c~. .. ,q. 
QfJ\1- Cl.~··J ' 

+ :he~- 4-
(L ::t \)--'> e.. a. .. -J 

P r' ) 

a.:.. .; -.,;. Q. +~c~. a:;p .J , t.) p 

=fw ~~-:. ...., e a: ~ 'o) , 
.,,~ l"J 

(35) 

I' n u ±w.~-~- + 
ltp>~\(\:>> ~f.'~(._~- l5' e a..fJ'~ q,_~'~')\'0). (36) 

CrroHTaHHo-HapymeHHoe pemeHHe (no CBoeuy nocTpoeHRD) He o~a

~aeT HHBapHaHTHOCTLD HCXO~OI'O o( : He HHBapHaHTHO COOTBeT

CTBYIDIIIee eMy OCHOBHOe COCTOJiHHe (36)
0 

ITOCKORbKY 

.:rt.W 
<~\qi>= 1\ (u~-~ -u~)= 

~,'~ r r 

= ~p(_~~\(l+(e:t2~1) u~) 
'f 

--'> C>-::1 ' C>l-:b.. 2rr 11. 
"~ o...-, J 
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(37) 

r 

r ,, 

TO He cymecTByeT yBHTaPHoro npeo6paaoBa.HMR, CBR3HBaDII~ero 

npe~CTaBJieHIDI tt( B pa3HHX KaJIH6poBKaX. B ~oM Ma npo

CTpaHCTB ;1/tl.. C iPHKCHpoBa.HHOft lt8JIHdpOBKOJI Cyn{eCTByeT 

e,JUIHCTBeHH!iA IUIKJUflleCKd BeKTOp \1'o<) • Tor~ MHBa

pHB.H'l'HOft OTHOCliiTMLHO ( 4) Cly;o;eT J:IpJD1a.R: CYMM8 I'ML6ep'l'OBilX 

llpOCTpaHCTB 

'-Jf~ ~ )e ~-J.do._ (38) 

H RanB6poBO'IIHQ- MHBapwaHTHOe OCHOBHOe COCTORHHe 

\~.> = &\<£ \ <fbO clcL (39) 

BeCROHe'I!:Hoe rrpoliiaBe~eHHe B (30) - cynepnoamuur paMn-

Horo 'lllii~ nap onepaTopoB N = 2.11 c onpe~e~eHHoA KHpaJIL-

HOCTLil 

.,..cl 

\4>>= £.:.. eN \<\\v 
N..,.-.a 

2.Ti "NoL. 
C.'t-1\'~tJ)=~~ e"" \ ~> clr;j..._ 0 

llpH npeo6paaoBSHKH (4) 

-iNd 
c..\-.1 -7' e c.N 0 

ilOSTOMY \ ~ \ = <:.. 

~ Jlll6oro N , 
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(40) 

(4!) 

(42) 

(43) 



T. e. Bee cocToRHM [ ~N) IJ>H3H'l:ecKH aKBMBaJieHTHbl (HMeiOT 

O~aKOBYIO llnOTHOCTb 3HeprMH). 

'leTHOCTb COCTORHH.ff \, <fJN J orrpe.n;eJI.fleTC.ff 'l:eTHOCTb!O 'l:HC

Jia nap, ll03TOMY ~.~> He MMeeT orrpe.n;eJieHHOH '!eTHOCT.I:!. IIo

CJie,IJ;Hee 06CTORTeJibCTBO TeCHO CB.ff3aHO C rpa~ReHTHO~ llHBapHaHT

HOCTbD: MCXO.n;HbiH ~ HHBapHaHTeH OTHOCV.TGJ!bHO rrpeo6pa30-

BaHHft (4), .1:! ITOTOMY ITO.~a.ff KapTRHa ~ CITOHTaHHO-HapyweHHO

ro perneHM .n;oJIXHa 6HTb rp~eHTHO-HHBapnaHTHOH. IIoaTOMY 

B aiJ>!J>eKTMBHbiH JiarpaHXMaH 1 Oll.I:!CHBaiDmMH CITOHTaHHO-HapyweHHOe 

perneH.I:!e, B ~.I:!KC.I:!poBaHHOH KanR6pOBKe CJie.n;yeT BKJ!ID'lHTb KOM

rreHC.I:!pJIOlllMe 6030HHbie ITOJI.fl, BOCCT8.HaBJIHBaiOIJU!e HCXO.IUiYIO CHM

MeTpHIO. BBe.n;eHHe TaKMX 6030HHHX ITOJieH He HBJI.fleTC.ff, ITO cy

meCTBy, IJ>OpMaJibHHM llp.l:!eMOM H CBR3aHO C TeM 06CTO.ffTeJibCTBOM, 

'ITO J!OKaJibHOe 4-cpepMMOHHOe B3a.I:!MO,IJ;eftCTB.I:!e He yq.I:!THBaeT 3cjJ

cpeKTOB sarra3,IJ;HBamm B CHCTeMe: ero MOJKHO TpaKTOBaTb KaK 

rrpe.n;eJibHYIO WoPMY ~ npo~eCCOB 2-ro nop~Ka B MO,IJ;eJIH C MaCOMB-

HUM rrpoMeXJ'TO'lHHM Me30HOM. Tor~ OCTaTO'lHHe ~eKTg, CBR-

3aHHbie C ITOCJie,IJ;eHCTBHeM, llp.I:!BO,IUIT K OTmenneHHIO OT \ ¢> 
6030HHOH BeTB.I:! B036~eH.I:!H, CB.ffSaHHOH C KO~~eKTHBHHM.I:! !J>JIYK
TY~ nJIOTHOCTH !J>epM.I:!oH-aHTHWePMHOHHHX nap. B TepMHHax 

~ e.ft - 3TO 6030HHbie ITOJI.fl, B3a.I:!MO,IJ;eftCTBYIOIJU!8 C MaCCHBHHM.I:! 

~epM.I:!OHaM.I:!, 'ITO rrpHBO~IT K ~eKTHBHOH rrepeHOpMHpoBKe MaCC 

~epMHOHOB H BOCCT8HaBJIHBaeT HCXO.n;HJIO rp~eHTHYIO RHBapMaHT

HOCTb pemeH.I:!.ff. ilOCKOJ!bKY rrpeo6pa30BaHHe (4) MeHReT 'I8T

HOCT!J \~N) , .f e{f BKJIJO'IaeT CKaJI.ffPHHe :a nceB.n;ocKa

JIRPHbie 6osoHHbie rroM :a B iJ>HKCHpoBaHHoft KanR6poBKe o< = o 

MMeeT BH,II; 
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<V 

,, 

oj) 

~ - .._ -gy o? .... \ "' . ~ 6- )' . -
';;ttH-::. 2: ( 't'(x) 1' ~ - ~ 0 Ytxl( -T "i · ?x"' ~11..: 

-:- ~'I.: ~ ': + i : ~: ... ~ ... : -t ~~: "t (ll.) "'t tx) ~ex,: -T < 44) 

. - ... '2. 
+ "~·· "tu.)ls-'Yt")lt(~: ... 1'\..: ( G- ('th'fi\x)): 

BeJIIri'IHHbl uacc !J>epMIWHOB H 6osoHOB RB.1.1.1mTCSI iJ>YJUmHSIMH r:J.. 

O,llHaKO iJ>HsH'IecKa.R: nepeHopMHpoBaHHaR uacca <lJepMHoHa He 3aBH

CHT OT ~ • B ~YM8PHOM IIpoCTpaHCTBe CKaJI.flPHHX H TICeB.n;o

CKaJI.fiPHHX IIOJiel rrpeo6paSOBa.HIUi ( 4) HH,Il;yJ.lRpYIJT YHHTapHHe 

rrpeo6pasoBaHHSI 

'f =- ~)--;.~I =\..bt ~' 
I _( ift. \ 
J - \i.'f('t'J) 
v ( c..os :l..L W...'k ) 

J.,. - ~~.. :1...1. ~ .l.l 
H ~ (,~{, MOJWO SaiD!CaTb B :HHBapE:aHTHOI <I>opMe 

d~~~= ~j us . 

(45) 

(46) 

YxasaaHble o6cTo.R:TeJibCTBa, cBSisaHHHe c r~eHTHol HH

BapHaHTHOCTbiO, .R:BJIRDTCSI CJie,IJ;CTBHeM o6mero Tpe6oBaH.I:!.ff .n;JI.fl 

CIIOHTaHHO-HapymeHHoro pemeHM /2/ nplil BBe,IJ;eHHH KBa3HCpe.n;

Hel CJie.n;yeT Sa<l>HXCHpoBaTb orrpe.n;eJieHHOe "HanpaBJieHMe", CHH

MaDmee BHpo~eHMe, TaR 'ITO B OTJIH'lHe OT 06H'IHHX Ope~, 

KOTOpue HHBap.l:!aHTHH OTHOCHTeJibHO COOTBeTCTBynmel rpyniiH 

rrpeo6pasoBaHHI, KBaSHCpe~e 0~ JIHillb CBOICTBOM ~0-

BapHaHTHOCTH. IlpH rrpeo6pa30BBHKH COOTBeTCTBynmeft KBaSH-

17 



cpenHea C~8AY8T rro~eprHYTb TaKOMY xe rrpeodpaSOBaHHD BeK

TOp, WHKCHPJD!lll'llt "Harrpa.Bl!eHHe", c TeM 'lTOCll:t sHa'!eHHe 

KBa3MCp€AH€H H€ M€HRR0Cb, 

HapymeHHe r~eHTHoa HHBapHaHTHOCTH CITOHTaHHO-Hapy

Dl€HHOrO pelll8Hlffi H8ll0Cpe,D;CTB8HHO CBRSaHO C HCll0.7I1>30BaHH8M 

KaHOHH'l8CK¥~ rrpeodpaSOBaH~ B <l!opMe (15), 'ITO OTpaxaeTCR 

B H3M8H8HHH KO~H~8HTOB 1LfJ tr~ npH npeodpaSOBaHHRX 

(4). 

rpaAM€HTHO-HHBapHaHTHaR WOPMa MOAe~ COXpaHR8TCR npH 

:HCIIO~bSOBaHHH 0606IUeHHHX KaHOHI:Pi8CKIDC rrpeo6paSOBafnfi1, B 

KOTOPI:tX xo~H~eHTI:t 'U t, Vf! yn.e He .IIBJliDOTCR C-

'li1C~QMH, a onepaTOpaMH, ,neftCTBJDU!I'IMH B npoCTpaHCTBe ~ \ 4='r-.i'>. 

B cH.'IY (4),(15),(35) .ll.ILfl orrepaTopoB ~ 

¥ -\- ±id f -t :P,ol "lL <f-..--._ ~~'.: :!-t-DI -\-~ 
.;t~,.;->u.ta a-;,'"+'\fjt~~ ~~,"~' ~~e, 'r,..,+~Q. Q.~/J 

+ :tio. + ;Flo\ -· -*- ~lcJ.. +- ±id + (47) 
ot..t.....,.u,~e a~--Do::"'· et~-.J d..~~'lJ.....~ a,_. -v.-.e,(t4 

~"''v I" r,'~ • \J ' f'J~ --p p3J l' - r,-v' 

KO~H~eHTU o6o6meHHoro KaHOHH'lecxoro rrpeodpasoBaHHR orr-

pe,IJ,CJlffi}TCJI paBeHCTB8.MM 
I' 

~::;'Up> 

·vr -;c· Rt·r , 

A .>k 
~-~ =-: v.,f' ) 

~.>/.. rA. vr = y, ~, 
(48) 

rAe n 1 0 N "":.> ::_, 1 0 \'l -1 / j'<,. \. _j ,;- I _::) .,. ) 

~ Q \OJ N / = \ 0, N-t \ ~ 
- ' 
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... 

Ta.K 'ITO rrpeo6pa30BaHl'fJ1 ( 4 7) 3aM6RlmTCR Ha 

'I+ II .>j. + A' -'/, - ±-ioi..r .+ - ,(<, - A + ;: it:J.. -
0(~"=: up- C1 ~,,+ urQ;"f, .. ~ e. f;" _,~~ "11~l 'l.>rlfr£1-~~e o.rt41) 

+ ~- ~ - - ::!-id. ~- A "f- II ..j. iD, 
~..)=~ 1-r v~ ~B..J~ ~ d.~J~ ~~t,v=Upc.;-J-lf~~~ a-~-.~, 
T. e • orrepaTopH oC. rrpeoClpaaymcR aHa.JIOI'K'iHO orrepaTopaM (L,, 

YRaSaHBHe IIOAXO,IJ;H K Borrpocy 0 rpaAH6HTHOI HRBapBSHT

HOCTll RBJ!IDJTCR 8J!l.T6IJBS.TltBHiiMI![, UeJiecooClpasHocu liCIIOJil>ao

BaHl'fJl: HX ,lllDt'rye'l'CR paumnm paCCMB.'l'plrSB.eiiiHX BOrrpoCOB. 
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Y CJIOBHSI 06MeHa 

IlpenpBBTW B coo6JQeHBJI OHJIH pacchiJUUOTCJI 6eciUJaTHo, sa ocsose 

B3aBMBOrO 06MeBa, YJIBBepCBTeTaM, BBCTBTyTaM, Jia60paTOpBJIM, 6&6-

JIBOTeKaM B HaY'IBWM rpynnaM 6oJiee 50 CTpaH. 

IIOMBMO peryJIJipBOB paCCWJIKB B nopJIJUCe 06MeHa, B3.Q.a.Tem.cxd 

OT,IleJI e:ac:erO,IlBO BWUOJIBJieT OKOJIO 4000 OT,IleJibBWX 3aDpOCOB Ba BW

CWJIKY npenp&BTOB B coo6JQeHBi OH.HH. B TaKBX 3anpocax cJie,llyeT 

oOJI3aTeJibBO YKa3WBaTL BH,IleKC 3aDpaWBsaeworo B3.Q,a.BBJI. 

A,~:~peca 

IIBCLMa DO scew BODpocaw o6weua DY6JIBKa.JlBJIMB, a Tax:ac:e 3aDpo-

cw Ha OT,IleJILHWe B3,1laHBJI CJie,llyeT HanpaBJIJITL DO a,llpeCy; 

101000 MocKea, 
FAa6Hblii not~•aM•, n/JI 79, 
H3oa•eAbcKuii o•oeA 
061JeOUHeHHOZO UHc•u•y•a 
JIOepHbiX UCCAe006QHUU. 

A.llpec .llJIJI DOCWJIKB scex Dy6JIBxaud s nop.IIJUCe o6wesa, a Tax:ac:e 

,llJIJI 6eCDJiaTHOB DO,IlUBCKB Ha Hay'IBWe :ac:ypBaJIW:-

101000 MocKea, 
FAa6Hblii not~•aM•, n/JJ 79. 
Jlayt~Ho-•exHut~ecKaJI 6u6Auo•eKa 
061JeOUHeHHOZO UHc•u•y.a 
JIOepHbiX UCCAe006QHUU. 


