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I. a~JWHB:e
 

B nocne~Hee BpeMR a caR3M c nocTp~eHHeu ~anHOpoB04Ho-HHaap~aHT


HNX TeopK~ nona a3aKMO~eRCTaYD~X CTpYH 111 O~no npe~noxe~o /27I 
Hcnonb30BUTb fiPCT ~PManH3M 13 OCHOBHHM ~OCTwr.eHHey B 3TOU Hanpaa4 

li JIemtH RBnlleTCR no cr poeaae EPC'I' liHaapHaHTRO~ BepmHHbI a38.M~0)tettcTUtR 

pennTHDKCTCKHX CtpYH /4,51, c ncuoaao ICOTopOtt onpeaeaaerc s HeK014MY

i	 rarasn oe YMB osenxe a npoc rpaa crae CTPYffHIiX none a, H. aBe~eH ae sa 
OCHOBO atora Y»HoxeuHH 4JY H,lr,8J,teHTaJIbHOrO nOH~RTHR B-aJIre~pN 15,61 • 
BaxHYIl ponb a npoUHTHP0BaHHIiX pa60Tax HIpanH ~xoBNe nepeueHHble, KO

!;
. /1 rops e paccaat paaa nacs K8.K IJKCTO acnoaorar e asus e nep eueause B n011HOM 

COOTBeTCTBHH c KJIaCCH4~cKdH H~eonorHea 17/. 
B HacTonmeR paeore .nyxoBble n 01Ia , BO3HHKalllllHe npa KSaHTOB8.HHH 

re opaa peJUlTHBHcTCKOS! CTPy~HI:i (PC), paccaarpjaacrc s KaK .IlHHaOqeCKHed 

r 
i nepeueaaae , \{TO npHBO.llH'I K 4>OI:UynHpoaKe pacwMpeHHoA MO.lleJ1H PC, B 

i! KOTOpOS! JJ.YxoBlie CTeneHH CBOOO;J.bl »orYT npoRBAAThCR B. aCHwntOTHtleCKHX 

COCTORHHRX • TaltaR WO,llenb HOCHT acnOYOraTe;fihHlil~ xapaar ep , TaK Ka-K ee 
.IlHHaMHKa RBJIReTC li 0~061lleHHe» J1HHaMHKH O~lnHoA PC. BN4HClleH"HR B pac

II 

H wHpeHHos! MO,IlenH ocner saor nonY4eHHe aes oropsx pe3YJIhTaTOa .lUUI oOblqBoH 

r eopaa PC. 13 crar s e se BBOJlHTCR nOHRTHe CTPYHHor'o nOJ1R, XOTlI 3TO 

.lI er s o caexar h. Bce paccaorpeaae n pOBOJ1HTCSI_~ -OpOH3BO.JIpHD:! KaJUtOpoBKe,I 
KOr,M	 YHOJKHTeJIH JIarpaHJ:a ft~,'t) H f(0,t) ,B03HHKaIlIItHe 

'I
I, 
I: 

B raMHnhTOHOBOM n ozxoae , lIBHO ne t:IlHKCHPYIl'ICR, li Ct.lHTaIlTCR na ac e r 

arana x HCCne.llOBaH.HR (aa HCKJIIl4eHMe» 4 nYHKTa paoo ra) npOH3B011bHbUtH 

WHKUHJDlH. TaKoe paCCMOTpeHHe aOCX~.IlHT K onyOJH1KOBaHHIHL paaee paõo

Ta» 18/. qacTb pe3ynbTaToB H3 3THX nyOJlHKaUMA OIiRM He.llaBHO 

nepeoTKpliTbI B paO~Te 1101 • 
HacToRmaR CTaThll opraHH30BaHa CJIe~llmHM oOpa30M. Bo BTOpOM nYHKTe 

oOcyxJJaeTCJI ralllinhTOHOB no.n.XO;lK -reopHH PC HauOy-roTo KaK K 

OOOOlll9HHOR r8KMJlb'IOHo.aoR CHCTeM-e IlV . B rpe rs ea nYHKTe npeacraaxe
HO pemeHHe 3a.lla4H KomH, KOTopoe onpeAeJIReT COCTORHHn PC c AYXOB~tiH 

'f 
cren eH~n.lH CBO~O,.!U:II B nll6 oR Mo»eHT 

»oueHT apeaeaa , H HaR.IleH nonHhlt! 

a peMeHH no c OCT 01lH1Ul B Ha tia J1hHlin 

aacop TeH30pHhlX nOKanhHIiX 3aKOHOB 

coxpasea as , OOp:t.3yJJIIlHX ItOHeQHYIl cynellaJIre6py J1H. B 4etBepTOM paaae ae 

paOOTIi sa ocaoae pemeHHR (KBaHTOBO-MsxaIDPISCKHX) YPaBHSmm B aapaana
OHHHX npO}I3BO~ nOCTpOSHH ~O onspaTopa 3B~ ~ KHTerpan~Hoe

IJ 
npe~CTaBJleHHe .IlJlJl nponaraTOpa caoOo~oR 3aMKHYTOR PC c AYXOBIiYH CTene

I HJlYH CBOOO)llll. UOCTpoeHHbl~ np onararnp MOXHO HHrepnlleTHpOa6Tb KaK 

pe3YJlhTaT BlitlHCneHKR c nOJlOutbD DPCT 1l0pManH3M8. oaaoner neaoa 

1 

f)CfltClhi1t ,Jlik;U RHCnnyr t 
ga~~~~x ~CC~P,~OBJUR~ , 



~arpaMMN B TeOpMW OTKpHTO~ B3aHMOÃe~CTByD~eR CTpYHY 112/ • B nHTOM 

, ~ 

nYHKTe pa60TY HaMelleH nYTb nocTpoeHHH BepWHHY B3aKMoÃeRcTBHH 

3aMKHYTYX PC, npn4e14 cyaecrs eHHO HCnOJIb3YIlTCH pesy JIbTaTY xeraepror'o 

pa3Ãena • 

2. ~!![1E'LQ!i.Q~~Il!!1POBItªJ~illH1 ). ., .. ) 

~,B raUHJIbTOHOBOM nOAXOÃe COCTOHHHe 3awKHYTOR peJIHTHBHCTCItoR 

CTpYHY OnHCYB8.eTCH T04KOR B ~a30BoM npocTp~cTBe c KoopÃKHaTaMH /Ii
X)«(6J~) = X;«6+Z7C,T:)H ~(6,'C) "::2 r;. (<5+271:, 7::,) ( 6 - napaaer p aa 
c rpyns , rc; - napauer p 3BOJIJJUMM), r,1le 'X.~(6,"t)-BOItTOp-<llYHKURH, 

; 

38..n.aD~H WnpOBYD no aepxaocr s CTPYHY D D -uepaou nceB,noeBKJlHÃOBOM 

npocrpaacrae c KeTpHKoR ~fv (-, +,+ , ... ? +) ,a f;4 (G, t) -
nJlOTHO.CTb HMnYJlhCa CTpYHY B ToI.IKe G ,B 140KeUT tt · 

llHHaMHKa CTPYHY B raMHJIbTOHOBYX nspeaeunsx onMOblDaOTOSl 

,1leRCTBMeM {'1J" 

't:f 2fl.. 

A=~J.r ~J<!. (x,f' fI' -' :Í~;r;) aI'(d;t;)c:1"'(6,"t')+ T~~,"C)~,.c"jt)~fl (6,'C)) , (I) 

'L-t o ! f< LA I fl o~ .b... f.. }1 I Jl.. • _t'J I r; 
r ae BBe,1leHW 0603Ha4eHMí1:af{= J1 P + lV\.X- ,,f) -MP - Z J ~?~~/?t~7< \ 
4lYHKnHHJ~ic)=f(6t~;l;t) J.{ T(~,l;)'" I(6+ZR:,t) nnnnllTcn llHODTeJlHJut 1 

I 
lJIarpaHxa; X"(é,r;) H t.z.(Ó,T::) - ~H1tUMH OB1I301, a M -nepauerp 

pa.3KepHocTIf MaCCY, KOTOpuR B ÃaJlbHORmeK Jt1ISI npoOTOTbI OYÃOT no aerars


CH paBHHM MHHHue. ,ll,eRCTBl1e (I) MO:lIIO nonY4mtb, MCXO,nJl H3 ÃeRcTBHII 1
 
HaK6y-roTo OJIM nonsaysc s MeTO.l(OW nOKaJlM3auMo MHOIlw.l eOItMX npecopa


30B8.HMR /9/.
 
.neMcTBHe (I) HHBapWl.HTlIO OTHOCMTanllHO nOItOJIbJlhlX npe oopaaoaaaaã , 1 , • ~..t 

KOTOpwe reHepHpyl:lTCH epYHKU,HR1U! cBJlaeR Q."A H . .unSl KOMnaKT"I" 
HoR 3MHCM 3THX npeo6pa30BaHl1R BBa,neM B paCCMOTpeUHe 1I0BYI:l (aanoxans


HYJJ) nepeMeHHYIO Xr(~i <in." t) , KOTOpaH COÃepEMT BCD HH<IlopMau~D,
 
o CTpYHe: ' di. 

X,.. (6!,rbÂ-)'C) ~ i (.17..("<;10)+ ~",(o:~,'t) + 1.ü rI'- (o:, ~)) . (2) 

Tenepb aenoc peacraesnc MOXHO y6eÃHTbCH B TOU, qTO Ãe~cTBHe (I)
 
HHBapWiHTHo OTHOC HTe,JIbHO npe oopeaoae HHa ; ~
 

j:
Xt,J}i/~);)T-) ~ U1. U~ Xr-(éi.)~~'rc), (3a) 

__ f~ll.")~Al_ o f-'1 Ut o L K61t)~1 o ~J~(Vi. 0-J.~f(} -1~,t o f(G~~) (o UJ ~t l o f(~Â-.q'K o Ui. (30) ~ ~ 
2 

... 

3ÃeCh"Ut=~r(1P(6.f.;c>h) v~ ""~~(i7(6).,;r)~6 J- JIHHeMHye ÃH!MlepeHUHaJIbHye 

oneparops, peaJlH3~1Il~e_npe.JlCTaBJIeHHe~rpynnl:l Jlff(Si) e à.tft(Sd..). 
Ha nepaser ps 1j H 'lf npeocpaaoa aaaa (3) He06xo,llHMO HanOXOTb 

rpaHHlIHY e Y CJIOB HH 

1.f(d,'Ct}= 1{J(6,'ti.), 1p(~,'t,f) = ~ (6,t!-), 'V6 j 
(4) 

npa 3TOM npeoo pas OOOHHS{ (:3a) B T 04 xax 't:. -:'t ~ Vl 't' :tC.f CBe.nyTcH 

npOCTO K nepenapaWeTpH3aUHH rp8HH4HhlX KORTypOB. 

r8MHJIhTOROBU ypasHeHHH ÃBH~eHHR, KOTOpye BI:lTeKallT H3 ÃeRcTBHH 

(I), RMeDT BH.n 

"f 
. 
I ) 

-
f ( I • (f / T / -\) / ..x,. =. l (Pp. +X-p. - Z P,t<.-XI') , Ptt::: zCPr-+Xr-) f ~(p~ -Xf<~' (5a) 

(Pft+~r-).(pl4+~f<)=(Pf(. _{~)(pf(_~P) = O • (56) 

ITepeMÃeM Tenepb K 06CYE,1l~HHJJ KBaHToBoM ~HaMHKH PC. CornacHo 

npaBHJIaM KBaHTOBaRHII 0606~eHHYX r8.MHJIbTOHOBYX CHCTeM 111/ KBaHTOBaB 

ÃHHaKHKa 3aMKHYTOM PC OnHCYBaeTCII KOHTHHyaJIhHhIW HHTerpanDM 

~(ci,éz, ...,d!e)= ~$if~ BXp irA~, 
(6 ) 

sei,1 = rt ii}[F)~~vl1v[í1'l)[I1lL\n, 
6;r:. 

rÃe KHTerpMpOBaHH8 BeÃeTçí1 no BceM nnOTHOCTHM HMnYJIbca ~(é,~), 
n-o scea nos epXHOCTIIK x.Al~,r::.), or~HO~eHHblJ4 KOHTypaMH Cf-, 
H no BceM MH~:«HTenHJ4 JIarpaHX8. 5(El,-c) H t(~,.t) (ontenn., 4TO KHoxeCTBa 

3THX epYHKUHM OrpaHH'i8HY cool1paJ:eHWlMH npHlIHHHOCTH)' l:i -~eTepKHHaHT 

P8ÃÃeeBa-fionoBa, a ll-WHOSHT8nb, ~HKCH~y~KR Ka.nHl1poBOllHYR npOH3Bon 

(:3). EYÃ8J4 paco rer s B Knacce KaJIHOPOBOtffiWX ycnoBHI, aa neraeasx 

TOJIhKO aa MH OJ:MTeJIM JIarpaHJ:8. -f ,T : 

-f(li;t)-: \o(6,-e;ecl.f") ) 1'(~,L.)= Io(<t.;t:;eol.~), ~7) 

role lo H to - H8KOTopHe 38.,aaHHwe ~YiJKUMH (HX IIBHUI BH,J( 3aBHCHT 

OT TOnOJlOrHH u,wpoBoI nOBepXROCTH X.~C.6"1::') H Mft ,Il;8.JlbHeMmero 

HaM~e nOHa.aO~HTCft), 3B.BHCft~He DT ,1leBcTBHTenbHYX napaKeTpoB ~~~ 

H 9ol..f'>. 3T14 nap8148TpH B oO~eM cny'l8.e 3aBHCHHI:l lIJ OOpaSYDT se

~pHBna.nhRoe MHorOMepHoe, tIlaKTop-npOCTpaHCTBO (npOCTpaRCTBO <l>YHKUHR 

(f ,f)} /fnpocTr"cTBO npeoOpasoBaHd (JO)J, aasasa euoe npOCTpaHCT

BOM KO.Q'Jle1:t M~, paaM8pH OCT. KOTOp'oro onpeÃeJIHeTCH TOnOJlOrHeR 

KMpOBOI ncaepxaoãr H CTPYHW H paaaa 1137 (npx ~> i) 3(~ +.z,(<ã--.1.)), 
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rae , - qHCnO rpaHHq}iI:iX KOHTypOB CC, 6 fJ - ,pO.It nosepx-

HOC TH X)((~,'t'). BliO op ItJE.cca (7) It8JJHOPOBOqHYX ycnoB HA .ItOCTarOtlHO 

oO~HH H BOSUOXHOCTb TaROrO BYOOpa cne~et MS HBH~rO BH~ npeOOpa30

BaHHA (36). B 3TOM cnyqae KHOXHTenb n paseH 

Ill=~ (~e,,~J e"rJW(e"f',eol~n {~(~c';t)- !J.';'-;e~X( f(6,1:)-~oC?,t ;~..;»\ (8)
M.A 6;t	 

\,,1 

H He~3aBHcHT OT xoopzaaar ll>a30Boro npOCTpaHC1'Ba X;<--(6,""C) 
H Ff-L6, -ç.) . ,,1J.JlJI oO~HocrH B HHTerpaJle (8) BBe.leB6 BeCOBaJl 

~YHKUHJI W(60(/->, eo<.r.) • 
B cnJqae, Kor~ nOBepxHocTb '~~(~,~) HMeeT TononorHD UHJlHH-

Apa, '1TO COOTBeTCTByeT ,lUUfUUiKe caoOo.ltHoA 3aMKHYToR PC, B03110XeH 

BWOOp RaJIHOpOBOqHOrO YCJlOBHS (8) B BHAe (npoCTp8JlCT80 M~- o.ItHOKep

BO) 

In~Jen{gU(6,'t)_e~ :~(1~,t)+~'t.)l.	 (9) I 

61: 't! 'ri. r f L	 ~ ,O ) . 

KanHOpOBO'lHoe. ycnoBHe (9) cooTBeTcTByeT OpTOHOpMHpOBaHHOMY DUOopy 

CHCTeM!JI KOOp.ltHHa'l'(~O ::'t~-~L. , -gi. = ~ aa KHpOB olt neaspmocra 
X/A.t6it): ('ao X-J'<-±1J..x-;-<) 2.-:=, O) .. KaK npaBHJIO,B TeOIJIH CTPY8H paOOT8DT 

HMeHHO c TaKH),I Kal1H6pOBOQRJllM YCJlOBHeM, qTO, Kax MH yKa3WBnJU4 Bl:iIDe, 
HeCOBKec TH140 c ooxee CJI O:lHblUH Tono JIOrHSQUt KHpODOR nOBepXHO CIa 

X/<-(~~'t) . 
Onpe,lteJJHMTenepb ,neTepMHH6HT rre.;Ueeea-nOnOB8 ~ ,ICO'l'Oplrtl 000'1' 

B9ToTByeT BH60py WYHKUHOH~a TI B ~9 (8).CT~apTHaa T9XHWaca/7/ 

npHBO~T K cne~eMY P93Y~DTaTY (TaK ItRK UH HrHopHpyeM 

KOlJl!l0pMHl:lle aHOJiaRHH /14/ , TO naae paCCUOTpellH8 HBJIHe-.rOR crporau, 
aoccae r oaop a, r onsso npHD' .. 26): 

~/-f{))

6(-fo~~fo)=M(~+t~-+o~G)M(.?t+to-to~, = (10) 

L:~ ,2"( I \ •  n. -I 1lô ) -11 
",(<Jl!u l€-\lr[t~J1ó~J~ii~(%:-I!.-f"h)t..-I.-~~~'t+k .~ ~5 ,(lI)

J I-~ 't". o 

r j{05éJt,K~ J~ 1;l1~[~6,t)1 *GJ,t1~11(6;diJ[l/d,t.)11.	 ~ I 
l!BrorpapOBllHKe 

Be,JteTCJI no ne~lIIO.'1eCKHU aHTHIOMUYTHPfDlQilM nOJISM (.JlYXlUA ~a.JUteeBa

-nonose) , llO.lCTaBJIJl8 paseacrsa (8) • (11) B HHTerpaJI (6), n OJIyqaeM . 

CJIe,Q'IHllee mnerpaJIbHOe npexcraaaeaae ~.R tl!YHKQHOHAJlA G(~,~, ... ~).: 
, 

Ioi	 

I 
}~
 

...
 

G(~, ...,ti)" ~i~Jãtt)~"f>,~)~9;lf1/(6"tt)J ~ [1I'(6,'l:f}J . (12)
11 

.~!l i~ [f1'b[nS(H~K! -1.~~ ~~~~l1J~v1}bi!3 ~ l?,)(pti A'à\ 
r,lt9 'Cf ;X	 _ • 

A : ~i-t \~<1 \;u bf{ -!c:ê +*~.l + t~~ -i~ l 
~ 'tt o L (' r (D) 

- i t(zZ t.:/+ e/~) -t i-I (Z2 l/+2/~)J 
.CYM1UlpOBa.HHe no KonneKTHBHYIl n epeHeHHI:IIM ~(6 ,'C t ) H 1p(6,'C;';), 
3aAaD~HU Bce nepenapaueTpH3aUHH rpaHHqHI:IIX KOHTYPOB, OCtaOTca B 

tl!YHKIUfOBaJ1bHOM HHTerpane (12), TRK KaK B HeM HHTer-pHpOB8HHe BeAeTC.R 

no nOBepXHO CTRU Xr (6,-c) , orpaHHlleHHHY. ltOHTypallH 

~p(~(6~'Ci)'?..J)X..tl(6,,'ti)=:: ;c./<--(ep(6>"Ci.)~ "Clo)
'V~ / -	 , (14) 

E?,(p( '1.P(6''Cf)::6 )::c~(e~;r::f)~ X/,-C ep(~>-r:f);-Ci-). 
ffpoAeKoHcTpHpyeu reneps re<lleTpaqeCKHH cULlcn IlHODTeJleR JIarpaHJ:a. 

~n.R 3Toro BHnOnaKM B HHTerpane (6) 3aMeHY HMnynbcHoH nepeueHHoR 

P/) bel/ ~ Z (. -f+f /) ~rJ 

l;<-l6}t :\/,t.( l6,!J+P,.(d;Z:)=:f-T~~ - -ZX;< + fj«~,r:) ? 

TO eCTI> BW,lteJIHM ')l HunynbcHoR nepeMeHHoR fI"-- (6, 't:) KJIaCCHqeCKYIl 

COCTaBJ1HDII(yD fr- (d, 7:) , KOTOpaJl onpeaexa er ca YI8BHeHHeM (5a). 

!IpI' 3TO» KHTerpaJl (6) rrepenacaea er ca B BH,lte 

G(iJ.r.·~Ct)=:: J$11J0';(ri i Ã] , .	 (15) 

- AoHcruo'lJiíiJ. J.1l9[pr-]~ [xl' }.b[f1iJ[rjLln.a Ã a38 ecrsoe ... : 

f"Y U (f [ {( -)1:-'2 ia-d ~JA'" SJ6 jJ.e -4' f-f P - ~FifJ ~X~9~1:. (16) 
o T' 

HHTerpaJI (15) B noc~e~ee BpeM.R BeeLua aKTHBHO HccneAYeTCs /I5~ npH 

3TOM HCnOJIh3yercR onpeaezsaae Kepli ;{)tji-J PIS pa60rw 11~/ • B 
~plCyne	 (16) HCnOJIb30BaHI:II 0603HaQeHH.R: ta/!j,,[oJf.J;?,,~~ :C,,-t<; ~~-

=-X'fL ,3- -= rId//9a.i ll , ht. "o npOH3BOJIbHAH KOHCTRH-
ra , a ueTpn8 9e:tc! c TOlHOCTbD .li;O Be.wrsBoKHx npeo6paaoBwHIR 

orrpe~eJ1ReTCH paB9HCTBOII __ ) 

Ru..r!. __1..._(-Z f+t_ (17).a~ - (f - f) f+f -2ff . 
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3ra WopMY~a YKa3~Baer reOMeTpMNeCKHR CMHCn MHOXHTeneR narpaHEa. 

3.	 JlªHªIUIM_~~ijyT.Q!...lH~mt!.mlÇ~tLÇJPI.!!JL~!ºll~K
 

Ç.T ~n§Hª~ .s~º-~~_
 

B 3TOM pa3~ene paOOlH 6y~eT H3YtleHa ~HHaYHRa cHcTeHü, KOTOpaH 
onHCHBaeTcH ~eHcTBHeM (13), 6y~eT pemeHa 3a~aqa KOIDM H npencras aea 
nonH~R HaOOp nOnHHOMHanhHHX noxanbHYX HHTerpanOB ~BHXeHHH. 

!eRcTBHe (13) npHBO~H'I K ~HHaMHtleCKHM ypaBHeHHHH (5a), ~H 

Koop~HHaT !f>a30Bo ro npocrpanc rae ( XjL- H fr- ) H K ypaBHeHHHM 
~HHaMHKH ~XOB _ 

~	 : -f ~/- -fI~ ,t = f ~ / - f/?" , (18) 

~ -I /i	 =Zf/e + fel )e ~Zf'f +f2 . 
ABanora ypaBReHHH (5ó) B paCCMaTpHBaeXOM c~qae HeT (TaR KaK ~YHKUHH 

f H I HeJlBliO :mcllHRCHpOBaH~), XOTH MO:IHO uanacar b aaanor a 
8k

!f>YHltlUiH CBH3eR ~ Q~ H ~ • OHH HMOOT BH,ll 

T == a,Z + i (Z J? ~ I + y) I t;.) T = /; Z + i ('22" ~ /+ 2I?) . (19)
4 L C , .4 

,nJlH CJ!CTelül ypaBHeHHH (5a) H (18) MOmlO noc TpOHTJt ocaee peueaae 
~4H RomH, soropoe onpe~eJUleT COcToBHHe CHCT8KY B JJIlOo'i TOtlRe 
rc (t;,< rr: ~ 'Cf) no HaqanbHOKY COCTOIlHHIl B rosxe 't::1 ti. .,nns 
YJBBHeHHR {5a) 3TO peaenae Ra~JteHo B paocrax /8/ H Moxer OU'Ib 

npe~~TaBneHO B !to»naKTHoR !f>oP»B (cu. ~OPMYny (2) ): 

Xt- (fi-$..? ~~, T-) ~ XjA (~(C;;.L, t), P(ci.2./t ) , 'ti.) , (20) 

r.D;e 
t	 ~ 

r{6;"1:)"'1él'f{Sk!(t,t'~~ } 6) r(i,1:') -e,T~/"UJ'l:'Jc6,~f)l2 ~ 6 . 
(21) 

"ti	 'ri 
,nnH YPaBHeHMR (18) pemeHHe 3a~~ RemH 3anBCYBa8TCS B BlA8 

~@)t)= r~(~t:) ~(P(6,~), 'r,:) , 2(6,rr)={p~,tt P(P{6;r:), 'Ci) , 
(22) 

~~,'r)" i/, 4(f@;r:);r:[), ?(.i,'C)«pkctp(rf(6;r:))'ti). 
~ F&;r) 

6 

B TOM, tlTO ~YHKUHH (20) H (22) ~eRcTBHTenbHo onpe~eng~T pemeHHe 

36~tlH RomH ypaBHe~MR (5a) M (18), JJerKO YOe~KTpCR HenocpeJtcTBeHHo, 
, - / - --/

eCJI)r Bocnom,SOBaTIlC fi paBeHCTBfl.IIH F= f F ') F -. +F , 
f(6;tt) -:. F(6.;Ci.) = ~ • 

13 pemeHKR (20), npo~rMlepeBIulpoBaB no 61.. H ~...l., , aerso 
nOJij'tlK'Ih BypaxeHMR 

(23)
(L/~J~)'C)=pê6)-r:)a;.lP{6,r), ti), ~&>r;)= [7[6,7:) ~(p{6/c)') ri), 

soropse np e~c Tas JIIII)'I co OoR peae Hita 3a,Jl6'1H ROIIPl ~JUI ypaBlIeH MH 
• / - '_ I 

(24)CL/-=Cf~) ,~/'" =Cf~/-). 

S8aRMe sBonllIlHH c TpYHHYX .nepeHeHHHX :e,A-, F~) ~ , 2 , ~ ~ 2 
(cooTHomeHHH (20,22,23) n03DOJJSeT nOCTpoHTh Bce ~OKanhHYe nO!HBO
MH8JI&HWe 3a;ltOHW coxpaH6HHII B TeopKH 3aIlKHYTOR crpYHY c .u.yXOBIiMH 
CreneRHMH cBodo~. nepeqHCnKK 3~eCL 3TH 3aROHW: 

I)	 SaltOR ccxpaaenas nonno ro HWIyJlLCa
sn: 2.~ 

~ ~ )~" ~(6;t) = ~ â6 gr--L6;1 -C) '	 (25a) 
o	 o 

2) SaltOH COXpaHeHlIR 1I0HeHTa ltOJlHqeCTBa .D;BHlEeHHH
 
27C . '
 

(250)M,.v =- SJ~ (X!'-l6;r.)Pv(6;L) -X-V(6)r.) P?-- (6) t~ •
 
3) CoxpaHeRII~ ~XOBHX qHCeJl .2.~
 

Qé:~Yí<.(~(<!,r;)e(6;r:» ,Qc í.JJ~ (Z{·, t:) .?Ú~, t-5), (25B) 
o	 o 

~/JJ,(~(~"l:lar-(t,t:)({y(~lr)? l}li~JJG(t(.,t)~ltlt)gvU,'L~ , (25r) 

5)tI'V~LJM~~~a~) , K,v" i )~6(ll/~ iS.) , (25~) 

(258)
6h=i.~J'(Z~tl) , Q<dA~(flll) 

(25l1)7)II'-<i..~J6(~t(~I'~) , I~ = ijJ.I{Z-l/.('~). 
OtK8tMK, QTO KOM~.Ra~. saKO~08 coxpaReHHH (25r) M (25e) JaeT SPCT
3apll.lUl Q B R G[B 31 : 

iQf< - J..Q)< ~ 
Q~=4 !" -Q ,Ge ==- 2; 'J4- -Q	 (26) 
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HHTerpanw ~BH~eHYH (25) OTHOCMTen_HO CKOCSOK ITyaccoHa, KOTOpWe 

3a~aDTCR KaHOHH4eCKHHM cynepcKOÓKaMH 

iX.~(6;L) , py(61; C) ~ -= ~jl'; 8C6-:~/),	 (27) 

2'~(6,T),~(6;z:)j =.; $(6-(/) ') 2?(6,r),2(E5~r)J =: iJ(6-6~), 
oCSpa3YIlT.. .ltoHe4HYll 3aVKHYTYIl cynepaarecpy JIH. n~BCTB HTeJlbHO, acne nb

3Y8 COOTHomeHHR (27), nonyqaew ÃnR nepeMeHHWx (25r) - (25I) 

iGrv,GÃ.f j = -Zi(@À'V kt ( -+ @-vr K;«~ +§-~~ KVf + (3-jff k-v>.) , 
(28)

iG;,~) Q;yJ=2i. (~.UI K.1't +~ "/' KI'~ + ~I':' K Vf +gl'! k:vÀ), 

i&rv,QJ=-i ~"'J) iqJd,Q J=ti «: )Q{;,Qe,~ ~ iQB ?Q p,j = o 

(OCTanLHwe CKo6KH nyaccoHa nepeueH~X (25r) - (25.) paBHw H"nD). K 
BwpaIeHH8w (28) HeoCSxo~HMO ÃoOasHTb 04eSHÃHwe CKOOKM ITyaccoH8 c 

yqaCTHeM nepeueHHüx (256)-(25B). 
OTU8T8W, qTO npa paccwoTpeHHH KBaHToBoA BepcMH TeoplH c Ã8IcT

BReM (13), aa CQeT acpsansaoro ynoplIÃOqeHMH noneR B Bwpa.eBHRx ~Ml 

nepeweHHwx (25), KOMYyT6UHOHHwe COOTHomeHHR (28) MorYT BIÃOK3MeHRTL

CI, 6 qaCTL K3 nepeaesaax (25) nepe crensr COXpaHJI'Í:bcR BO BpeueHH 
(CM.paOOTY /16/ ). OTuenOl, 470.BaIHOCTL KBaHTOBWX ae.UNHH (25) 

3aKRIlQaeTC! B TOM, qrO OHH on~e~enaDT ÃononHHTenLHye CHYMerpHH none

Doro ~egcTBHII penRTHBHCTCKOB CTPYHW H H6KntlAYB61lT onp~eneHHwe 

orpa,HHQeHHR se cnocoõu nOCTpOeHHJI mKMX ~8RcTBHA. B qaCTHOCTH, 

COxpaH8BIBe EPCT-38.pR)J.a Qe y.e MCnOnltSOBtlJIOClt )VIII nOCT~oeHHSI lt8.J1MO
POBOqHO-HBsapH6HtHOro B3lunlOÃe~CTBHa OtKpWTWX CTPYH 14, I. 

4.	 ImglmraTQY.-~IDm.Q!L~~.I!J!!.Çm~~UYÜ-º-AY~Q.~~IUl 

f.l~~!!!!,~_~06Q~ 

BBe~eM BKeCT O nepe»..!RHHx (, ,r: , t li f HOBwe JJ.YxoBwe 
nepeseas se r;! ,7(d' C ,?Cc ,1t0T0IJ!le onpe.ll:SnRllTCR paBeHCTBBJlK 

t =C+ i 7Ce , ~ = C + i 7Lc ,1 == C- i KI:! ) ~ -z: C - i 1C c . (29 ) 

lI.nft HOBIiIX nepeaenasx 113, cooTHomeHMB (27) nonytla8M cneJIYllilHB CltoOltla 

ITY6ccoHa: 

[3tcl6,r),ç(6~T:))::: iJL(JCE5~-C)) C{6~'C)j = - ~ JC6-6/) • (30) 

(OCT6nLHwe CKO~KI ITyaccos6 paBHU HynD). PemeHHe 3a~qH RomH (22) 

B HOasliX nei/elleHHblx nepenacasaerc JI B BHÃe 
..... + Ao	 Ao 1\ 

C(6)'t)-=51. c(c:;q) +L ~ ~ítc (6;tL) , i J(~ Ú~,t) =Z~ C(6,TiJ+i$~ ítc &,Ti), (31) 

~ ~	 A 1\ 

c("r)=-~~C&;Ci)+ i~; 7Lr, (6)7:i ) ) i 7Le(é,r-)=$;[(6,ri) ti~1 Xc(6,Ti); 

A ri f'Q i. ) A + (1 »r i 'Pf -)
r.ae c!± =l.(re 1..:!fe -z: J.{ S-=1.. r e r ± -z: e l' a 

,JJ. ~ r :T Z:G J- 1" ' 

lflYSltItMH cs: C~;t:) 8 'FC~;t:) onpeaenanrca MS HeJlBHHX oneperopasx 

COOTHomeHllf1 
~	 .~ 

'fe><rHJt't(6,1:/~ 1=etjdt~,1:tI 'fetjrtíJr'f~,1:/~ê=0IrlH<;ti}.;l .(32) 
rr ;	 ''t. J )
~~	 ~ 

Hcnonb3YR 0603HaQeHH8 (32), pemeHHe (20) MOIRO nepenacars B BH,I,e 

~+ A 1.	 ~+i ~ 
Xjt(6;r:)=-i:> x.?-(.~,rr;~)tS-~p)'-(6,Ti.),B)6,t)=~u 'f[1J6;ti)/d~- Xj<-(6,ti.), (33) 

r.u s± =~ (eJXp('J'(6,r)~d) ±~rCi(6,r)~6)). 
BnOJIHe aCT eCti eRHo Cq8T8TL, QTO COOTsomeHIU (31) H (33) COXpaHJiIlT 

CBom ~OPKY H B KB8HTOBOK cJIyqae, Kor~ Bce ,l,HB8MMQeCKMe nepeKeHHwe 

CTaHOB!TeR oneparopeaz (cu.npe.lll~HR nyaKT paaOTW). Ilpa 3TOM 

MIlI nozaraea 
~	 --') 

Xt~;r)=-f-$- ,'7(c(d,r)=-} ;c-~r) , f/c-(6,-r:)c .t d~)«6t) 
(34) 

SC(~~) d ~/~	 I 

OnepaTOpHNe COOTHOGeHH! (31) li (JJ) B KBaHTOBOM c~yqae ~KK~YDT ypaB
H8HBI 88. RAPo::K: one~ topa 3BOJlD!MM PC :
 

1(('l-~/,~ f(l!X~/'~ ê(~ =J~[;e~Jl!~;fh[21M2 I'il[~ ]1J[lJ16l1r+ A~\= 
,	 (35) ~I 

i	 :1 
'= «~~, c ; c(~) l'fexpt-~Jt~J.:(rr-11')) lx~ /,l, -éi)57. 

'tt 
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...
 

li) -- (i.) -(i.)~	 A ti.) A (Z)
3.ne~b. IX/,,-") v , C // COClCTBeHHH8 aexrops oneper opoa X-JÇ , C 
H C Ú) ; aaoopu nOJIe~ {X(~) C(~) C{,L) 4 J.i {X{J·) e'" C (1)r , ? J ~, , 
Onpe~eJII[I)T COOTBeTCTBeHHO KOHetlHOe H HatlaJIhHOe COCTORHMe CTpYHW. 
OTHennl, QTO nenOqlty pa.BeHCTB~35) _MO:lHO IBC~aTpHBaTb It'8.~.09pe~eJIe

HHe MepY HHTerpMpOB8.HHil n i7}Lx~]'lJlfrJf)[Z]1JL~] 1J[p] <tJ[z;]r 
B HHTerpaJIe (12). 6,t:' 

YpaBHeH~il H8. !lJyHKUHOHaJl 1e (35), x or opse ,ltHltTYIlTCil paB'eHCTB8.IlH 
(31) H (33), RMellT BH,n. 

(2)T/I_(~+ (i)i.~-?)~ 4-rK -=:(s- o) !..~+r \k 
C f L - V1.~ - Z 01 (-(1.) /L J Z ~d.l.) ),C -.6 ã:>.z. c CO») )

de '	 õ (36a) 
~	 A ~ 

-(J) ("-+ -(i) j,. ~- L 'T/' {SfC ~(g-C(i)_ i. 5+ _~_, ~ 
C 1C~S2L- -2Sh~dJ.'»~,L~C(;') i :2 i~C(J») , (36Cl) 

(17/1 I·~- i 1- ~+ (J»)r/, _í~k .l: d+i-_â Â_ (i),
Xt-lL=,lL~ ~~x(t)f-+V X/A )R, ~X(.tt-\Ldv 'I ~x(1)f- +'15 ~~ih?(37 ) 

JIerltO npOBepHTh, tlTO pemeHHey 3THX ypa.BHeHMH RBJISeTCSI CJIe.nyDtnMM 

llYHltUH OHaJI : 

k ~ZCf J)~pi WG (x~(.)?g, t- :x/'f'(6) - 2:i~o»t- X ("~(6) + 

, 11	 ) A +) () i (J.,)(.) (38) 
+ X ~(6)?fS +X(J)jt(6)J -eNri2~J~(C(i(6)t1~i d!L6)-l i('6) SiC \.~ 

~ C(~(d.) hc.r,{d.) tC(")(.') g~ t/'r.»](c~)-c~JJ )(c'J- e~"~ J 

C)	 -(")
r.n;e HYJleBiie MO)l1ll c; , C oc. onpe~eJIJlIlTCJI M3 COOTHomeHIIR 

C. !i). fJ.. [(~(i)«)/ eMMO(.»] ,e:i). fJtiK{ctiV(4lc(i)(.p(i)(.))] 

(~(I)(,)=~{6,Ti), tj>(Í.){6) =p(,;" rf). - CIlOTpH 1Il0payJIW (14)>. 
~YHitIUIOB8.JI Z (f, f") H3 ypasHeHmt (31) R (33) ne onpeaeas eTC 1[. 

,UJIJI onpe,JteneHRil íIlYHKnROH8.JIa ~(t, f) HeoClxo,ll,HHO lBttTa .nonOJlHII· 
TeJI~HOe ypaBHeHKe • .unSl 3Toro BCnOKHHM, qTO ftlpo oneparopa 3BonllUKR 
CTPYHIiI (35) peanaayer npeac res JIeHRe (npoesraasoe) rpynnw G 
~~aoMo~3MOB MRpOBO! rroB~pXHoCTH CTpYHH c ~o~ CTarraHRMH 
CloClOJH. reHe~TopH' l' K "li 3TOR rpynnH B cJIyqae, Kor~ MHpOB8S 
noaepXBOCTIt IIMeeT TCJ1 onorHII UIIJlIlH.lpa (npa 3TOM G-=JtH-r(SJ.) ~JiffT(SJ.), 

onpe.aensarc SI tOpllY JI8l4H /16,3/
 

T(~):.!-i: rn-e i 
n.6 ~2i7Cf (T~ +T~)e~~6 -= Tx.l6) + T~(6)
 

J 27C l1..::-0- L 11.::-t><l ~	 , 

<X>	 V1.- -- l-\.. i • "'-M, k.I~.	 , - WttVl-· 0 • 
"V =-L .0-.: a .-~~Vl.O T~ .,-.2. ( )·21'1-LM.lA..	 I jN}'J\;):.. 4 r-.-- OO { . I' , (]" "",~-t>" 

,((?~'1.., t;;~lo'>-=-Y(",-lô>-=C\.~\o/=o (t1..-70)) 
(.nJISI oneparopa T <fJ0PWYJIY a.HaJlOrHQHH). YfHTepnpeTa.UMst azpa onepa.
Tapa. aBo~DUKH 1C (35) KaK anelleHTa. rpynnw ,n.H~eoMo~H3UOB 

n03BOnJleT HanHC6Tb CJIe.nyllutHe ypaBHeHHSI, onpe~eJlSlIlm.He}C /17,18/:

J P{6;tf) ~~,~ J~ (-t )NqNI ~. + L(2~ ~/ + ,?/;Ç') JJC = 

:!'I

= i-i-TCf.) + L(~;':b) 'D(<t/~»)}k ~	 (39a) 

P 1/,) ) Sk . N i {f L • ( - -I -I 7)\~
l0,"Cf	 (_ -= t t>(.L) - + L- ),2t:, -+- /} ~ 'j Jc ::: 

Ó F(~,Tf) ,Lt . 
(390) 

= 1i T(6)- i r:;~G) DCq,{l-)))]C , 

role CHMBon J\f4?-I 0~03H8.tla.eT HopwaJlhHOe ynop~OtleHHe, CSR36HHoe co 
cne~III11HIl pa.3JIO:leHHeM nonaR no 11I o,n.aM (p-1.( <1>(6))" <.f:{ 1>-tG)) = .5) : 

a.(6)<~ Igl+bZ(l"PiX:+e-íI!Pa~)] g(6H;r~ +bI (e'· tg~ +{,"P-t+"\1 
r Z'K vllCn=1 I I' J ~ l~T[ v2JC h=i I ')< ) J, 

(40) 

2(G)<~1[~~+in:~~etk-~ r: t e",1>2,,)1,~(6)~b~o +f~eil<~;:: +ê'.qt,:~ , 

fC.:H<P'nf; +~l:~}e"'~2" +eiltf 2:)},l(.) < } [lot~[et"~t...+é"4>~~, 
" <p//I?:> ( CP/I)2

r
 
D(4>1) ~ -, - ~ cP' - npOH3Bo.nBaH IlIBapna. ~ TIpeX.le qell
 
MH 8wnHmt. YPaBHeHHe, xoropo e onpeaeaaer Z(f,f) H xor opoe cne,n.yeT
 
H3 ypaBHeHHR (39)1. OTMeTHIl pJI~ ~a.XTOB H3 TeopHH rpynny ,ltH~eoIl0~H3


li OB OKPY:lROCTM ali{(~i) . nYCTh ~YHKnHI[ To HeRB,HO onpeaexaer

CI[ H3 paseBCTB8 ~~(-f'J)e-'Xf cr» = 0)(~ CTc,7J),
 
r orua	 beDT Il eCT o COOTHomeH HSI

f .ffe-f7~\(fe'f'õ4:.-\~t l°'O1.- (~e-of r\(~e~rT)= ~ é~r01'c 
~	 r ) r} o To, r J\T 10 o . ( 4I} 
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I
.
 :.. 

; 

PallaRKe ypaBH8HKII (45) xopoao K3Be CT 1'10 ~ 

D (.D-2. Xe)nQ<;) / 1)\2.-D _E. Jj ~Z-J)
Z~)= 2 e-ie LU / ll-8Yy:>{-in2reJ) 

'= zoe "Le(erf'(-i27[e~ (46)
l" o J1Co i ) 

12 

'J 

r,Il~ ~('l--)= q~Jt(i-1--K..) - ~YHKl\HII lle,IleKHH.n.a, 2 0 - npOM3BOJIbHa.R 
KOHCTaHl'a. t5KOH4B.TeJIbHOe sspaxea ae MR Mpa on epar opa 3Bonm.UUI (43) 
c Y4eToll ct>oPJ',n~ (46) HlleeT BH.n. 

K~ r.c~r lf1~[Xvll)[rv1*J'Jjlz]:b[ll~i2]1exr(iA<t)} =zoe-~. 
xY.) cu) cCl) 6,1: (47) 

~ , 
.( ( I· ~lf-D ii Af:(1) ,...{~) ) A(C::={í.) ~lt))~~C-{L)_c(J-))(c(!)_c(J)) 
2l~fl-L2í[e)jJ exp zH..J::-""x-f< t/.fp( .c Jj'- o o llo o). 

HHTerpaJIbHOe rrp e,nCTaBJIeHMe ,J(JIR nponara Topa r; (([.~, ([J.) peJIRTMBMC'P

CKoR CTpYH~ c .IlYXOBaMM CTeneHlIllM eB060.nu no~qae~CII, eCJIM no,nCTaBHTb 

B~pax8HHe (47) B ~oPIlYJIY (12), Y~T~BaR npH 3TOll KaJIH6pOB04eoe 
YCJIOBMe (9). B pesynbTaTe Klleell 

C><:l.Dra 172-])J (~) (~) 1• AC-M ~(J.,))Ç(~,il):: SJee-XLz(exr (-i2;(fI))j ~ tr 1) iP eXf Lt x-jJ;Ct + 
( 48)o 

+Z A(Cll~ C(i))J çc~J)- c~))Cc~) -c:/-~. 

B 3aKJIJ:lQeHMe aror o pasaeaa pa60TIi OTllenu., tlTO XOT R G(~~ 1;.) 
(48) ~OpMaJIbHO S~Be,neHO ,IlJI1I npOH3BOJILHOrO 4Hcna ]) H3Ke~eHHn
 

npOC7paHCTBa-BpeK8HH, HeoOxo,nMKoe y~BHeHMe .n.nll lJ(~~) BMAa
 
T{d)G{t4)~) =-í~)g{C1.)~)rv<<,::t/;!..JC{~ c(.J/x~),c{; c{~ n~nyqaeTCR TOJIJ,-


KO npa D :z 26, TaK KaK B 3T014 cnY'l8.e B ~oJAtYJIax (39) HCQe3allT 4JleHH,
 

nponopuaoaaasnae npOK3BO,IlH~1t JUsapua. I1pH 1) =I 26 SI.lPO oneparopa
 

3BOJIIlUKH]{ (47) HeoClxo.lU'lKO ~OKHOXHTb Ha !PYHKUHOHaJI ~f {i'W'l(t') f))
 
KOTOp~A Y.lOBJI8TBOPSlJI Oli ypaBH8HH~
 

rr.,Tf) SeJ/E {aJi J~ -r r.:,'tf)JeJ/ri111/t J~ _6>-2 (,) Deep(»)/'jIP1iI"i'j (49) 
~ ?""(~, Lt) ~ F[~) 't'~) 247C • 

JIerKo ICSe,nHTbCSI B TOM, tlTO se cyme cTayeT JIOKWlbHOro llYHKUHOH8Jla 

'vJ2(f,t) ,Y.IlOBJIeTiOpSlI'l~erO YCJIO~Il. (49). llonollY eCTeCTBeHHO 

aarepnperapoaar s cflYHKUMoRan 'IV ~ (1, t ) KaK CJIara81t0e Becca-3y
MRHO (XOUKKJI /19/ ). 

5. 11H~!H.Q1L~ª~A!llcm!~~Iri.H. 

B3aHMO,n~cTBHe KBfiHTOBIiX crpYH onHCIiBaeTCSI SI.IlPOIl onepaTopa
 

3BOnIJUHIIK3 ( :c~)(.;::) c.(<<J(~), C~){6',~ q€l~2,3}/KoTopoe Blipa:l88T npouecc
 

pacnaae CTPYHIII xJ!»' aa ne CTPY~bl x;~), X}4} • TaK KaK HHT8rpan
 

(35) no nOJIIIM Xj((6,'t),C(';r))~à)KKeeT BM.n. xaaaareycccaa aarerpaaa , eCTeCTB8H

HO npe.JtnOJIODTb cJIe~YDllU'Il 4>OPKY ,nJISI W ~ : 
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K!>: á(c,c)l(,.{if"~"'~ ~etJlf~(x(t)A~;4») +4c~(B~t ecf')~J. (50) 

3,lteCh A:,,:: AJ!'oL ; ~(c, c) - MHODTeJI&, Y'UtThlB8.IlJnlllR BKJl8.Jl or 
HYJI-eBhlX íaO)l n M aR C(d-.) i> H Z &j . 

B ~O~YJIe (50) ony~eHhI npoCTp6HcTBeHHO-BpeKeHHhle HH,lteKC&I Y 

nOJIeR x.;cl. (6) , 8. HHTerpKpOBaH.H.e no napeaerpaa Ha crpyne 6, .. · 
38.y.eHeHO aa -CYY.MHPOBaHHe no )lHCKpeTHhlK HHAeKcaM i, J, 0-) t, .... 
PemeHHa 3aAaqH KomM (22) M (23) 38.~IlT eCTecTBeHHYIl KOMnJIeKcHYD 

CTPfKTYPY Ha KMPODOR nOBepxHocTM CTpYHhI H no aHanorMH c ypaBHeHHaMH 

(36) H (37) MOXBO HanHcaTb CJIe~~He ypaBHeHHR, onpelaJlHD~We HJlPO}C~: 

i

(?» .3 (2) 2> :z.(J.) I:
 

Z!1:. i" 8:t z Z i: ..,. 8:ti. ± J re '3 : o , (5ta.)
 

J (3) ~ ~ (;!.) 3./J (J.) } 
(516)~t± ..,.5L±.~~± + 52!:i~± Yc~-=o, 

22~) + 1:>:;2, 'Z~) + .6~â ~)1 f'e?> '" O • (51&) 

B ~opwynax (SI) BBe,lteHW 0603HalleHHft 

:z:.(oUl. == L.tnol.p~ ± wij. x..("!-») .f!(d.)!J=(cCwJI:J +- 1. t)«J3 -:t_ '\
± \" c 1a!.~/ J , ~ ± - ;!, ( ~ ef!i))

t	 v ~ 

n(~) =(C{oI.) + s YJP~ rj) -r _(6 ~ g) . 
c. ±l> 8 - s: ( ~ c{f>ye , P - o o - i , 

ol. ()oL A oi.

B±f> ,.JL1::~ ,U±'f> :: aexoropae K8.TpJlUW, RBHwR BI,lt ItOTOpHX
 

Ha» na!a He laseH; Q GU~} - aHTKCHKMeTpKqHaa MaTp-na, ,ltMCKpeTHKI 

asaxcr npOH310,ltHOI ~~ •
 

PaCCKOTpaM 60Je8 no~o6Ho ypaBHeHHe (51a) (ypaB~eHaR (510) K
 

(511) paccuaTpHBallT CJI 8.AaJlOrHl.lHo). li3 aror o ypaSH9BH$I cJle,Jyet CHCT8

. Ma	 ypaBHeHH~;. 1tOTO~$1 onpe.aeJUlet KatpHUIII AoLj-> -: A~oL tlepea 

MaTpit11h1 e+ : - ~ÀlA ~iA(-A'?J?;'±w) + S± Z~ + e± iô = O , 

- ~~Z + e~(A;2.2. ±w)+ e~;L Ai.~ =0 ,	 (52) 

+ e~z., A~u + e~i(A~! ± w) -O.- A3 f 
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CHCTeKa (52) HMeeT peaenae TOJIbKO B TO)4 cnyllae, eCJIH sa lAaTpMUJi Aol,F>
 
HaJIOSeHY ABa YCJIOBHa, KOTophle lAOERO 3anHcaTb B B~e
 

3Z
 2.1. e:1.3
1...=8±8± x ,	 (53) 

2>,Il.eco 

8~f> =-(º-: ±úJ)A~rLA'tf(Qr ±w)-~ i(((~<Y)=(321),(zi~)J(1~2)1,c54) 

-i	 -.1. A . A-i A A2i::::Ai1-Ai-;.,A'!>').,A3i, 9.~=.A2,2.-A2.3Ai?> 1.2. ,c;L?;-=A?>1 Zi '2~ ~ 

,[JIJt OCTaJlhHIiIX KO~JlHaUHR HH~eKCOB (oL.f'<?) ,He nepel.lHCJl8BHWX B 

(54), nOJIOltHK e±.F' =(er-) 1 .. 
B cJIyqae BJWOJIHeHHa YCJlOBH$I (53) peaeaxe CHCTeMhl (52) 

Mo~eT 6YTh 3anJlCaHa B BH~e 

Ai?>= X:31.(<p~i -<p~~-1.(A?» + <p?>~) , 

A2~ :::: X3~ ( c?~;z, - cp '2>1)-1 (A~~ +«': , 
(55)

AiZ ':=:X'3i(cp?>i - ep32)-1. (A3~ + cp3)()(f~{:KJ.J-i)'1" -éXi~)~ 
? 

A« ~ 1>o: + (qP - c/!")(tH JYA 33+ (4)''''yX(1'''/'-(4>''57\x>ir, 
A1-~ ~4>:<'<+ (4:!--<t>U)(xJ.3f {A 33 +(q,3<T)((<p~J·(<j>"rr(1L3ZJ. 

3.aeCb X,d..f> = zce1- e~~r! W ,~o(t == 1(e1 + e~F') J.~" 
a MaTpHUa A2>~ y.aaBJI8TBOplJeT ypa.BHeHHD ' 

v: A?>?>Y2. +Y?>A,S4 = y5,fY~(Y~'I'+ Y3~4)1A!>?>: Y~ (56) 

rle

yL =- 1(&.yy:&.3Xi. v:~ ((<j:>'"')'l'_ (cPõ<JrYx'lí t~ lZ,(.p"'_q,'iJi 
?	 " 

y4~ (x~Y1:<'''fr y5=-(r.uT- XLZ+yi(r+>32.TY~-y34>?>iy4. 

llO-SH.lJIMOM)', Yp8.BHeBIIII (56) ae onpeaeasnr KaTpauy A?>1J O,J;H03HaQBO, 

T.e. Yp8.BHeHJdt (51) ae lOCtaTOqRO .JUIR no aao rc onpe.J{eJl8HHH Upa }c~ . 
Bonee Toro, OqelHABO, QTO ypaBB8HHa (51) De mpe,J;enfmT·~YHKU.OHaI 

l(~, B«.r)· llnJl O,J(H03BaIlHoro onpe,lt8JleHHII 4!YHItUMOHaJla je, Bea6xo,ltHKY 
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~onOAH~TelhH~e COOTHOmeaHH TMna ypaBHeHHH (39). B KOHe~HoMepHoM 

cnyl{ae- (KOr,It6 J4H.n;eKChl i, j ;ra., ~) ... • npooeranr KOHeqH oe 14HCIO 
3H6'18HHlt) .3TH COO-THOmeH~Jl OY ~YT ~MeTh B K)J. 

I i (Ol.)i. (oL)J D • yÇ~) t ~ ~(aL)~l/" 
T....(tl)~-- JQ.úJK~:::=t=L·L4Z± 2± etiJ' a--l.c±b ac ~±)A3(57) 

- ~Uc:.) V	 , :; 
rxe cHMMeTpHqH~e lIaTpHULI Ja.. y,noBleTBopHIlT YCI~BI!Il
riQ.c.ucit =({/z)tCl.~édc" r , e, da.. - 06pa3YIllllHe alre~phl JlM, 
a M6TPHnÍ:i U ('f.)=exp{TR(~ (úJJQ.)1 HBIHDTCR 3JIe14eHTaJ(~ rpynnw nH 
( tP(';) - naJ8MeT pbl 3TOH r pyrms) Morrpeaeaanrc $I M3 npe~CTaBnelUUI 

e~F> =(U ~)5l.úJ9d.P~11~ .	 (58) 

B03MOXHOCTL TaKOfO npanCTaBneHHH BYTemaeT M3 paBeHcTB (S4). 
OTMeTHM T6Kze ypa.BReHHe sa !lYHltUHOHaJI \-C 3 , 'KOTopoe se cnpeze

JIfteT Jcb noaaocrs» H xorcpoe cne,nyeT 03 Tpa60BaHHR COXpaaeHJUI 
EPCT -sa pR,1t8 : 

(Q(~) + Q(~) + Q(~ )}(~ ~ O, 

tr~e 

r-. (w..) _ i (~)i =2 (")jO.. .J~C\+ L r/ri) t: IJ e ~ oo ct /'~) • 
\..)t ± - '4- =;2 ± z; ± <ít-J'a.l,.± Z ( ± C! a.-t1 '? ± ?-

HHTepeCHwR pe3YnltTaT nonyl.laeTCR, eCJIH nO~CTa.BMTh <Ilopwyny (58) B pa
B8HCTDa (55) H (56) H lI~TH npeaen ,lUIR lIJYHKUHOHaJI8. Jc 3 (50) B cnytre.e, 
Ror,D;8. uaTpHUhI tt(f CTpalUITCH K e,nHHW4Hoft MaTpMue (3B.BHCHMOCTb OT ]Jy

XOBHX nepaMoHHHX c H C:H8 paCCMaTpRBaeTCR).B aTOM cnyqae nnrr,yqaeM 

K:~C\.?Z" a(x5~)+e-01x-(i) +e~2.x(.2-») ~(H~ix-(1) +M~2X('!'»)? (59) 

role	 Z - llJYHRUHOHaJI,- nponop~MOHaJlhHblm CTlIEType M~ ( .f. + 
+ w~ e2>2.(Wi)~1(e':>:l-)'T'+ w~e3j.(WiY.1. (e'õ )"') (aaecs Wot -K6TPHUW, 

,JtJlR zoropax dt;f h):i = M w)., =±ddvJ~ ), 6 Mol 
{3 - H8KOTopHe 

CMHryJISpBWe MaTpHUW, He HMellmHe OapaTH~X. ~OPUYJl8 (59) RBnaeTes 06leK 
lIJopMYJIoA ,JtJIR BepmMHH 83aHKO~elcTBHR 6030HHUX crpYH (C14.paOOTy/1 , 4- 6/ ) . 

6. ~~~!U1!~ 

B paôcre PicCIltaTpHB6nach KB6BTOBaR H KJIaCCHqeCKaR ~HIlH(HK8 (1030H
BaR peJlarHDHCTCKOR CTpYUH c AYXOBblMH CTeneHSMH cB060~. bHno nocTpoeHU 
JIOK6JIhHl:ie HHTerpaJW nHXeHKJi IaRoA CTpYRU H pemeHHe 38.,naqM Ko.SI. H6
 
aCIlODe pemeHiUI 3a~q~l KOIllH 6h1no non:yqeBO HHTerpaJIhHOe npeacraanenae
 
•UR	 JIPCIlaraTOpa. PC. 3TH/e3Yl1hT8TbI MorYT CTaTh OCHOBOm MR aoaor o, 
OTJlHIIUOrO cr pa60T /4-6 .' no.1lXo,M K nocrpoesan TeOPHH noxa B3111040

~eR CTBYDilHX CTPYH •
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B 3aKJIIll.{eRHe OTMeTHM YHHBepCanbH~R xapaKTep MeTO~B Hccne.n;OBa
HHH CTPYH, KOTop~e npe~CTaBJIeHhl B AaHHOm CTaThe. B Q6CTHOCTJ4, aTH 
MeTO~ ~OBQllhHO ~erKO nepeHOCHTCR Ha ~~aH ~epMHOHHOH CTPYHH/20/ . 

ABTOp 6n6ro~peH B.A.PyóaKOBY 3a YKa36HHe H6 B6XHOCTb pemeHHR 
3a~a'lH KOmH ~R nOCTpoeHHR KB6HTOBhlX TeopH~, a taK.e n.AJIhBapeay
-rOMe, A.E. K An.E.3aMonO~qH~BUM K A.T.~HnHnnOBY 36 none3Hble 
o6cy.~eHHa H neHHwe KpHTHqeCKHe 38Me'laHHR. 
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. Hc aea A.n. P2-87-587 
Teoplill peJlllTliBliCTCKOt\. CTpYHbl c AYXOBblM1i 
CTeneHlIMIi CBO~O~~ 

HccneAyeTclI MOAeJIb 9aMKHYTot\ ~090HHOt\ penllTliBlicTCKOt\ 
CTPYH~ c AYXOBblM1i CTeneHlIMIi CBO~OAbl. B 9T01\ MOAeJl:H uat\Ae
HO penenae 9aAatlli Koma li 11OCTpoeUbl ace TeH90pHble normno
MliBJIbHbJe. noxansaae 9aKOHbJ coxpauenaa , Ha ocaos e peurenaa 
ypaBHeHlil1 B c1JYHK~lioHanbHblX npoasaonnsrx Hat\AeHbl RAPO orrepa
Topa 9BonWQIili li nponaraTOp penllTliBliCTCKO~ CTpYH~ c AYXO
BblMli CTeneHlIMIi CBo~OAbl. HaMetleH nYTb nocTpOeHlill B9aliMO
Aet\cTBlill penllTliBliCTCKliX CTpYK. 

Pa60Ta ssmorrnena B Jlaõop a-ropaa TeOpeTlitleCKot\ cPli9liKIi
 
OHHH.
 

Ilpenpaar 06'be.l1mtOJlHoro HHCTHTyn lI,nepnhlx accnenonaanã. ,ny6n1l1987 

nepeBOA r.r~CaHAYKoBCKOt\ 

Isaev A.P. P2-87-587 
Re1ativistic String Theory with Ghost 
Degrees of Freedom 

A mode1 of"c1osed bosonic re1ativistic string with 
ghost degrees of freedom is investigated from a somewhat 
new point of view. A solution of the Cauchy prob1em is 
obtained and a11 po1ynomia1 local conservation 1aws are 
constructed. A heat-kerne1 and a propagator of this rela
tivistic string are found from a functiona1 equation re
solution. A construction of the re1ativistic Btring in
teractio~ is sketched. 

The investigation has been performed at the Laboratory 
of Theoretica1 PhysicB, JINR. 
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