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1. BBe,J4eH He 

OlBOBpeWeHHYH nO~xOl K OnHCaHKD CMCTew qaCTMU B KBaH TOBoR TeopHM 

nona, npe,ltno J:eR!III 1t A.A.JIorYHOBYW H A.H.Tasxe JIH ,Il3e /1/ , Rallen IBHpoKo e 

nplilMeHCHlle B IPH3HKB 3J1ewet! TapIlWX qa CTIlU. Oc0 6eHll o ~eKTMBeH 31 0T 

no~xo,lt B 3a~aq e 0 CBi3aHHYX COCTO RIIHRX. H6 ero OCHOBe pa CC 4HTYB6DTCR 

T6KHe xap6ltTepilCT KitH COCTWl HY X CH CT ew, Kalt cnBKTphi y poBHeR 3ReprHlI, 

ynpyrHe ~o~aKTOpM , CTPYKTypHhle ~YHKUHM r ny 6 0KoHe y npyroro pacc eRRH R 

)( T. ~. 

PenRTHBIICT CKaa sonROBaR <PY HKQHR CH CTew .. ,IlBYx 46 CTHU B o.D;HoBpe

MeRHOW no,ltxo,lle nO.ll4HRReTCil Tpex wepHowy HHT er paJlbHowy ypa BHeHIlD TMn6 

ypaBH eHHH ill p eAH Hr epa B K1irrynbc HoM npocTpaRc TBe. Hl PO ypa BHeHHR 

KBa3i1rn TeH QH6n RsnReTc R, Bo06me ros OpR, Ko wn ne KcHol! H na paweT pH4ecKH 

3aB"C lIIII el! o r 3HeprHil CHCTe)!Y Be nH 'IMHol! . MeTo,ll eru 1I0CTpOeRMII Ha OCHO

s e HCnO Ab 30BaHMR TeopeTMKo-nonBBOl! lByxspeweH Ho l! ~YHKQMM rpMHa 6Yn 

C<p0pMynMpoBaH S pa60Te /1/. B nocJlelyD~ew lnR on p eJl eneHMR K B6 3Hn OTeH

UHana npMK eRRnCR TaK:l e II ,Ilpyroll loIeTol, o CHosaHHhI " Ha Hcn OJlb 30BaHilil 

~M3HqeCKol! aunJIMTYlhi pacceRRMR, KOTopaR C4MTae r CR npH 3TOW 36AaHROIl, 

Ranp Hw ep , ~IlRwaHOBCKIlWH lKar paMw6 101M Te OpH I! nonR /2,3/ • 
Cne,a.ye r , O,lHB.KO, orw eTllrl., lfI'O noc TpoeH ll e KBa311nOT eH UKana Ha oc

HOBe awnJIM TYAW pac c eRH IIR Tpe 6yeT JlOOnpe,ll Bn8HMR, n o cKo nbKY 6wnnll TYAa 

pacc eRHMR 113B eCTH6 TonbKO H6 :3HepreT iNe cKoR n OBe PXHOCTII, 6 KS63Hno 

TB RQMaJll.HO e ypaBHeHMe nMmeTCR SHe ee. TaKHW 0 6 P630W, weTOl n ocr poeHM R 

KBa3HnOTeHQ K6 n6 C n <if OD\l.D JlSYXBpe wen HoR cflYHKUMIl rpHH6 , ltOT OP6R oDp e

.IlBnReTCa M SHe 3HepreT lN eClt0l! nOBep XROCTiI, IlSJllleT CII 60 nBe noc n8loS6

TeJlbHhl w. 

B pa6 0Te /4/ HC XO.U 113 IIlpa ypa SHeH HII BeTe - ConnHTepa 6wn 

paC CqHT6H so STOPOW nopalKe t eopHH 803wy~e H H; II n epsow npM611KxeH IIB 

no v~ let KBa3HnOT eIlUH6J1 8 3aHWO.ll ellcTSHIi JlBYX CKa1!lIpHIiX \laCTHU . I1PK 

3TOW T8Kxe a cnol\!. 30B6110Cb n pll6J1HJ:eHHe Ya1!OCTH 3H eprHH C BII 3H. C,I;enaBHWe 

B /~/ npH61!HJ:eHHR RSlIlIDtCII BnOllHe 060CH08aHHhlMM, eClIH npHWeHSTb KBa

3Hno TeRUHaJI bRw e ypaBHeRIIR ,IlII 1I Hccn~ oBaHK II C na d OCS II3aRRYX CHC TBW Tllll a 

n03HTpORKR .~H 8TOW8 SOAOP0Aa . 

B ncc~eAHee BpeWIi yp6SH 8I! IIR K sa3HDOT eBQHIlnb Boro no ...xo .lla CTaJlH IIH

POKO npHweB i TIoCIi .l1li11 OOH CaRKH CK~bROC Bll 36HHWX COCT6BHilX CHCTelll, B 1t0TO

pYX pellIlTJ(BKCTCKHe 3cWleitTii BenllKa, Mnp_ep, ,lJI1i lIerKHX Me30Ros. B 
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CBRSH C 3TKM CT8 HOBHT CR aKTyaAhHOA 3aAa4a n OCrpOeHRH KBa3BnO TeRQHana 

de3 OOpa~eH MR K pas noxeHHD no CT e n eHHM V1!'C1 

P8 3ywe eTCR, cneAYeT O.H~aTb , 4TO nO CTp o eHH oe taKKU 00pa30M H~pO 

KalleTCII ~oCTaT 04HO cnoxH1o!W C TOll ltH SP EI R lUI HaXO~ElIUl H T04RYX lIM OO 

npR OnK. eHB IU a HaJI HTII4 e CKII X p elleH MA K88SKnOT aJ Q1I6 AhH 0 r o ypaBHeH lUI. O~

HeKO B no c neAHeEl Bp eMII n o nY 411n H pa3BKT KC MeTO~ 4 11c ne HHo ro pemeHKR 

IIBTerpaJrDHliX KBa SlJnO T eRU II8JU.HYX ypaBHElII I6I1, B TOM IUIcne YIl!l.BReBHR, 

R~pa KOTOPax 3a BKCII T OT cneKTpan bH oro napawetpa - n0 1lHO~ 3HeprlJB. 

B Racrolllllell j:600TEI MY, .ltM lIpOCTOTY, paC CW8.Tp I4BSeW cllcTewy 

AB YX Oe CCnKHOBYX 4aCTMU, B38KWO~ElICTBYD.RX n OCpe.ltCT BOM oOweRa CKa~RP

Rlill 0030ROW. 11nll YKa38BRol! C IIcrellii MY onpe~ellllW onepaTOp KBa3MnCl Te R

UMana Ra OCHOBe nonHO~ , a r aKE e Ha OCHO Be 36 ija3AUBaD~ElI! ~YHKU I! II r p M

Ha BO Bt Op O» n oplIJ(Ke r eopKR B03MYllleRMIi. 01lleTKU. 4tO MCIIOnt.:Jy oww ll 

Ha WIi WElT oJ( n03BOllHT YCTaBOBHT b 38BIICIlMOCTb KBS3111l0TEl lI l l llun/.i OT :Juep rlUI 

Bce Z CHcreKli. 3aBHClUiIo CTb KBa3HIlOTellQMIl.JlB OT no nll oll :J IIIJPC"IIK COCr8.B

DOl! CHCT e~.. , KaIt 3TO n OKa38.HO B padOTe /V, CYIllOCTIlElIIIIWIII Unpn:IOW 

BJlHlleT II Ha YClIOBM e HOPWKpOBKM B01lll0BOR !fJYRKUMK. 

2 . OCH OIlH li e olIp 8,1l.e.noH I!JI 

ll.BYXI/B CTHll Hall IPYIlItU II II r ptlllB 8 KlllHT080 l! TOOPI1K nun" Ul1I1UACJllleT

CR c ne~yo~KM odpaa ow: 

'G (XL , X~ : yL I 1J ~ ) = (0 lor {1f\JiJ'f1(X,.) 1f1./t (~1)"rJJA)r lo) .(~ .I) 
3.1t8Cb 'f~.cXt\ ' If,J''l) - reRaentleproBcKlle on epaTOpw CIW.J11IPIIWK lio ne l, 

OnHCYBaIJUX 4a CTlftU_ C O.lllHaKOBOII waccoll I'll. ; 'f - OneptlTOp XpOHOJlO

f11l1leCltOr O ynO PJI,lI,0 411 BliBIIII, \0> - Bext OP Bdltyywa. JlarptillalltlH 1I :18. IIWO

,lI,eRCTBil ll Bbl6 epeM B BI!.lte 

£,nt (J<) = 3- :lf:()C)"f.. (X) ~(J() : + ~ :"f:(X)"f1 ( ){)<P(") : .(~' . 2 ) 

rAe <P (x ) - CltaJUl pHoe n OA e npoweXYT O'iHYX 003080B C IIB.CCon t" 
~ - pa3M8j) Ba Jl KOIIC Ta RTa OB1I 311 . 

K OM p »aB THO on I )eJl,eJleBBaJl .IIlIY XBpeW8HaaJl 4;y aKllHJI rpllHa B H,,"y.lllo

CROll npe,ll,C Tall Jl8 HIIH 38T1 HCIiBaeTC JI Talt /6 ',I1: 

"'G ( . \\ _r hf ' 'b ' . } (2 3)~j.. , P1. ,~ ", ~,, ; f\) - Sexl_ Ll PiX.. + L p Xl- l ~'~ 1- L k:.J2. . • 

.S(AXL-AX1)~''(A~j.. - ~~2.) G(x .. ,x1 ; ~1 '4 1) dr, dXl d ~ .. d ~ l ' 

2 

31eclo A - Relt o topwl Bp eJieSHnOJl,OOHIiII! e,IUIRH4 H1iIt BeKTOp 

( ~L = '>.: _XL = i ). B c u y c npaBe,lln KBOCtH cne.llYlllllero 3B.KOHa npe

00pa3 0BaRWR ~YIIKnM. (2 . 3) rrpH npeoO pa 30BaHHJlX n Op eBua, 

G(p"p~; ~',~& ; ~J = G(Cp1 ,Lh ; L\~t } Ck:L ; C\j , 
OY.Jleli paCCW8.Tp.BaTD cJt' qall, Kor,ltll. A': (I , 0 , 0, 0 ) . 

BBe,lleM HOBKe WMflYTihCHWe nepeweHBwe (nOAHW Z • OTHOC MTe nbH~1 Ha 

'1aJ!LRwe W !tORe QRWe II llny.ll bC IoI ABYXQaCTB4HOII CHCTeIlY) 

p Pi + p~ K= k"i+k,.; (2 . 4) 

p= 
Pi - P2. K = 1St - kl 

2. 2 


C nOIlOll(hll rpaHCJlJlUKOHHOR HHBapKaH TROCtH Jlen;o ilOIt1l.38.n, 4 TO 


4lYPh e- 00pa3 ~YH&UKK (2 .1) HM8 e t BU 

G(Pl,P1;~t , K!1) '=(21f)~ b(p- l\)G(P;f,/Q) , (2 . 5) 

AS8Jl Or HqHO, c n paBe~lIHBa ~pwyJla 

G(pi,P,. ; j(1, } ~&) = (27r/ &,(p-R') G(P; ~, IC) , (2.5 ' ) 

n pH 3TOM 

(2 , 6) G(P;f,K) = (2~)lfdfDdko G (E ; ?, ~) . 
Hcn O.!!b3YII npe.JlC taBneHlle T - npOIl3B8,!,ell ll ll C n OWOIII,J.1l e ..q,YRKUJlf Il 

11 npe.JUJoJlar all cy. ecrBOBaR M8 nOJlHOr O HaOopa cocr OIlRlllt Ir'l> , 
~YHltnMD (2 . 6) 3anM_eM B Bil le CYWMW 3ana3AWBa~~eA II on eVeKaD~ ell 4aCT eA, 

= (2 . 7 )G(p; ~ ,i) G'fLt(£ ; f,lC) + Go.ciJp; p, It) . 
G Cn eltTpaJlbH Oe npe~C T aBJle R l1 e w»eeT BH.Jl / 1 , 6/.Il.lIli 'U.t. 

Gut (P; p,ff) -= fdM - ,--~ (2. 8 ) 

. L t(M- H,J~ n) ~ J"(P -K,.).xOIL (p) j o: (F) 
/I. 

.11 aHailOrlFfHO ~ G <:L"-V. 
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B BbipaJeHKe (2 .8) BXO'!UI T O,llHOSpeMeHBIl.l! BOJlHoall.l! <PYRKUKIl JO lt (1), 
KOTOpal! onpe)leJle H8 ~opMynoR 

(2 .9) 
Jo tL (f) =Sexp(-ifx)(o/ y((O, 	;Jr2(o,-fJlh). 

Onpe .lleJll!~ oOpa THlie~ K G= i G/ (2 7i r I ~ ti.t -= i Gttt ~2 Ti)J 
Onepll.TOpbl k - ,, ~ -ut • 31l.JUl,,lUIIII, COr1laCHO /1 ,7/ , CJle,nyllll!iul 

06Pll.3 OM KBIl.3HllOTeHUIlIl.JlbI : 

V=- c. -I. - G-- ~' TT G-:L G- t 
(? Hl)

V'llt : _ (O) Ut - _ 'Ut , _ (0) _ ' 

r.lle Gro ) Il ~(o) 'tLf - CB06o,llHail ,IlBYXBpaWeHHIl. l! il'YRKUIUI r pKHIl. II ee 

3anIl.3~ BIl.DlIlll.ll 'lIl.CTb. Tor,lla . c n ('li OW,bD 	 TOKAe CTa !i -1{! ",, 1 , .fr-:.n {! ut -= i 
I! npe.llC r ll.B neHKlI (2.8) BOJlll31l nOJlcca CBlI 3aHROrO C OCTOllHII~ C 3HeprKeR 

Eo"" (f i + f1:)U~ IIlInyJlbC OM P H .npyrlOtll KBaH TOSWnt 1I1!Cnalilil n' .JVll! 

cpytl KUIUI (2 . 9) Mox eM nonY'lHTb YIBBH8 BII l! 

(2 .II)fU~/~o:L;(P ; p, ;) - V(P;P,"K1.tP:M.,h,(i) df ~ 0 7 

I[~(~:,)v.l (p ;F);?) - Vut (p ;1. k)].tl f1 ~ ,h' (k) d[( ::= O. ( 2 .12) 

B CJl e.nyOllIeM pa3.D.eJl6 Will ocyw, eCTBIlW nocrpoe RHe V II Vu t 
K 3an llmell Y(llB ueH IlIl ( 2 . Il) , (2.12) B IISHOM SH,Ile . 

3 . 	 nocTp oe HMe on epaTopoB KBa 3lfnOre HU I!8na 

t - f 

<l>YRKII,HI! rpKRa Q- II g. 'tLt l! 11M 00 parRilla {!- II gu.t , a 
Bwe c re C 3TIUl 1I KBa3I1nO TeRUI!8J1b1 V H Vut WOIR O Ballfll n o Te opHK 

BO:tlYllIeaHlt: 

G -= ~ (O l + ~r2 1 + ~(~ ) T... g 't.<t =. f lo) ut -+ S! (t l tLt + ". (J .1) 

n Jll! <PY Pbe - 06pa 3a 'IeTwp exapelil6RHolI IPYIlKIlHH (2 . 1) no c Jl e Blue neRIIl! 

S- IPYBKUKK, cooTBeTCTBj~~eA 3aK OHY co x paHeBKIl nonHoro 4-KMnynbca , 

lIlIee}! 

G(O) ( P; pJ Ie) = 
(3. 2) 

=(27r)" S(f -k ). L 	
L 

(P/2.-p) 2_Itt I+iO ' 

,. 


i 


- lr1 z +{'O (pi2-pl-m2+ i O (3 .3) 


1. t 1 


(P-f.'f"-f 2 
+ iO (Ph +lfr- ffl ~+iO (P./2 - ky- tn 1 

+c'O 


C nOMO~bD ~opMynbl (2. 6) He rpYAHo onpeAenMTb Tenepb CBo doAHY D 

AByxBpeweHHYD il'Y BKUIID rpllHa 

0 . 4) Gro )(E ; ~, iC) = grodP,'P) t(f-;) . 

1 { . i 	 ~J(J .5 
'()G{oJp ;"f ) -= 2W". 2 W". Po-W'1-w,.+iO 

II ee 3ana3,1l~BIl.D~D 'laCTb 

(J .6)
g(o)'ut (E ; f.;) =q(O)ut (E ;f) t(p-k'), 

i i 
(3.7) 

f:(O) ~t (E ;p) :: 2UJ pt 2 WP2 Po -Wft -Wpz +iO 

B ~oplilynax (3 .5), (3.7) MY 0603saQMJlM 
~-------,

'/_2 i 11t-~ + "")2 2 (3.8) 
Wpt,'l = VPl,2 + m l = V{Pf2 -f +/7/ 

nOCKonbKY BYpaIeHIIl! 0 . 4) M 0.6) cO,llepmr t- il'YIlKUIID OT~-IC, 
T.e. MHTerpaJIbHble onepaTOpY Gro ) II G(OI ut Kp8THbi e,llllllM'lHolIIY 

- -	 1..' 
TO Cpa3Y Ie 3aMe'laeM, 'lro II,JI;pa OOpaTllbiX onepaTopOB !! - M {! -~t 
npe,llCTaBnl!DTCR B Bille 

c (-t)(P;f,il) = G~~ (P;f}t(f- k ) 

0 .9) 

- ~~; (F;F) f.(2) (p ; f,F) fr~~ (P;k) + 

H) 
H allanorM4HO.IUIl! ~ ut . 

TaKHw Odpa 30W , BO BTOPOlil nOpl!~Ke TeOpHl! B 0 3111~eHH. ~l! KB83H

nOTeHll.HanOB V H V'ttt beeM BYpa:eHHR 
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v,,-) (E ;F. iC) = f;~ (p ;p) f:(z/E ;p, F) ~~; (E; k) . (3.10) 

\{11 uf (p; P. iC) ~ 1!~~ 'UdP; f ) ~(2) 'Udp :1:;)Y~~uJp; K) . (3.1I) 

EJlll HaXOX,lleHHII <W RKnHH fi(2) u.t npOKHTerpHpyeK , cornaCRO 

(2 . 6) , BlllpBll eHl!e (3 . 3) no po_H Ko • nplIB~eK OTBet )tJIlI clIY'Iall, 

Kor,llll nonHiII lt IIKnym.c CHC t eKill P=O (B cnY'Iae P "* 0 BllpalleRile AJlII 

Q-C2.) ui 60Jlee rpoM03)lKoe) H KOr,l!,a llOnR8J1 3ReprIlJl CIICT eMW 

Po= vP'~-+M~ '= M lfeHh llle 'l eK 2 m • 'ITO COOt Be tCtByet cnY'lall 

CBR 3aH Roro COCtOIl RilII : 
9- 2 .,.... _ i 

G(2. ) u t ( M;PI 1\:) ~ - (2 7r) 3 (-Z-w-")~2(2 -W,.-)a-=- w;-I',1<

1. 	 1. Wf + WI( - M (3.12 ) 
------+ + 

(2wl'- M)(2WI<-M) { W"+ WK +w,,, /(-ti-1 (WI'+WI<+ W",~) (Wf+W,,) 

2(Wp +wl<-M) 
+ 

(wI' +w/( + Wf'l<) (WI> +W,. +Wr,I< -M) 
+ 

(2 W p - M)(2W/( - M 

(WI' + WI( + W",I( r ( + WI< + w;,,1< -11) } . wf 
B 3tOK sw paxeHlliI KIll 0603RaQ MnM 

UJf Vf z. + tn 2 ' ; w/( = Vit + in ' 0.13) 

WI',I< = v(r -iCY +r2. J. 	 (3.14) 

On epellalllJl8.lI 'lacn ~YRltIUlH fplIHa G(2.) d«~ , KaK RBT py)tHO nO.Ka

38Th npJlK!llM BW'lKCneHHew, CBII38R8 C (3.12) ~opKyJlOa 

(3.15)GI2.) Q.d.1t (M ;f. iC) = G(2) 'Ut (-M ;P, r) . 

6 

Donee toro, cBOItCTBO (3. 15) cnps Be)tJlHBO BO Bcex nOPJl)lKsX Teopllll 

1I0JllYllleRHR III H CJle,lij'et 113 HHBa PKflHtROCtH teOpllH OtHOCHt euHO 06ps

lIIeHMII BpeweRM. 

TaKHM 0 6pa30K, illYHltUHII fpHHa G(2) BO BtOPOM noplI)tKe teOpllH 

B0 3wYllleHHR KYe er B H~ 

(3. 16) 
g(2) (M,' p, K) = J!. (2. )7ef (M;r, I?) + ~(t) UI (-M; p, i) . 
B Be)teK t e neph 	0603J1t 'I eSllli 

.n. 0 .17) 
p.1< =W p +wlc+Wr,.... , 

A p,l< (M) 0:: 4WI' w~ M-
2 

; Bp,., (M)=2 -M(Wf+lJS~Af,l1) .(J. IB ) 
2Cf,r< (M) =-(2 (Jf - M)(2UJK -M)M- ~ 

c nOWO~~D KOtOpBX II ~opwyn (3 .7), CJ. II) ~Jl R KB 63RnOt eR~H6n6 
Vf3.) 't.d no J\')' qaeM 	 2 

8- i 
V;~)tQt (M; p, If) == - 

(27ir 	 0 .1 9) Wp,K 
Ap,K (M) Bp,K (M) C""JM) 

{ n M + + 2 }.
.JL p•K - Slf,f( .J2",1< 

OtMet KW c ne~ D~He oc o~eHROCI H Billpax eRHR (3 .19): 1) KBa3KnOIes

~H8n Vc,,) 'ttt(M; fi', iC) He IIBJlJl e tCII no KanhHII K , t.e . 36BIICllt He tOnh-

KO OT pa3HOCtM BeKtOpOB f - k , flO II OT 1Io)\j'JleR If l M IK' \ ,2) 
.ll.nll CJlY'l811 CBII3e.HHWX CoCtOIlBHIl ( M.( 2 h1 ) KB63MllOteHllll8.n IIB !UlerCR 

BeDleCtBe s ijWw , 3) KDa3HnOteHIUlaJl Vr1l~~t (11; p, K) ,l{OBonh HO CJlOJ:

Hlill 06pa30K 38BHCHt o r nOJlHolI 3HeprMII cllC tell10i ~ByX '1aCtHll M 
4) H8 3Hepre t M'I8 CKOA nOBepXHOCt ll W p -= W I< = M (2 KBa 31lnOTe HUII6n 

( .II.JlII M >2 In ero Bli pa:l8 HHe 8nanOrH'IRO 0 .19) ) COBnaRlet C illeRHMa

HO BCKOR 8Mn nHtY.ll.oA pac c ellHll1I )tByX '1aCTHn, narpaRIHaH B36IUIO.ll.eRctBH.8 

KOT OpY X HWB et BM)l (2 .c). 
OtMetll1l TaKE e, 4TO npll nOCtpOeHHIl KBa311nOt eH IUlanh HIoi X yp.sBHeRIll! 

sa OCROBe r aKlIJlU OHOB oll ill OJII Y JlIlp OBKII KM HtOBuR teOp MII nonll 781 )tJlJl 

KBa311nOTeHIUI6na nO~'1 a.ot Bl:lp a.J:e RMe 18 ,91 

v, H ( . ..... ..... ) aa f i 
(ll M, p,K = - ( '1 7r )J Td 

YV p,1r .fl.?,1< - M 
aHanOfM'IROe nepB oKY c n6raeWOKY ~OPMYJlW (3.19). 
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YpaBHeHMe ( 2 .12) C KBa3HnOTeHnMailOY ( 3 .19) AnR BOIlHoaol 

~YHKn MM V(M ; ~, K) = V (M; wp ,W" ; (f-~t)
k.t ----"» J 't et ( -...) j M,n' ( f = p~ O, M~ , n' p , II !taK cneAC TBMe 3Tor o KRBUP MaHTHIi OTHOC HT enbHO npo cT IRH c TBeHHblx 

s pallleHMIi R . TO e CTh 
nony qeHHO e Ha OCH OBe 3ana 3A~BaD~ eR ~YHKUHA r pHHa , npHR MMaeT, TaKHM 

oOpa3011 . Cile~KlmH a BH.Il.: 2 v(M; Rf .R;) = V(M: p, f ) . 
2 [ ] ~et ..... !J f 	 Ii 

( ) 	 B CHny 3T oro ~aKTa llH YO KeM np OH3BeCTH pIl.3nOI eHHe KUXAoro H3 nOTeH2 VJ r M- 2UJ r j~,1/r) ::::. - !z") ~ w.- ' 
UIIUJlOB (3 .19) , (3 . 21) no C¢epMII e CKlI» <llYRltnKlIloI B c n eAYlllQe 1 ilJopMe:14 f , K (3.20 ) 

. { 	 Ap,K (M) -+ Bp"JM) + C",I<!M) }J::(k)dK. v(M •WI', Woe ; f ' + z/ f )'/ i< ) GD:S Gr." +K') = ( 4.1) 

52 p,1( - M Qr,l< Q "f. K ' i 

= f (2 e+i) 2.- Ve (M; w • w ) P ((; O~ ()f.,, ) = p	 K e 
f " O 

~ 	 l * 
.llJIlI KSU 3Im OT e HIl}llu a ~) , K OTOp~1I CTPOHTC R HIl. OCHOBe i{l YHKQHH 

rpMHIl. G =~'r., t -+ ~4,(" ,noilyqaeW , C Hc nOJlb30BaRM ew ~opwYJI L L 2 71 Vt (M;wp,w K ) 'tem. (Fir) Yem (iiJ . 
f~o 	m. -e

(3 . 10 ), 0 .16) BlilpIl.KeHHe 

Mill 0003HUQ Hnll n:~ -=- filI'I , fi~ '" k/ IKI, a 't (n ) 
- c~epMllecltlle IPYIIKIUllI. nUpUKII.Jlbllille n OT eHQlIanw VI' ( e =0 ,1,2 , ... )y',,(M; p,K) ~ "CiJ~ I,w. {(2W+M)(lW,<M) V,,,,,,(M;p,KjP·2]) 	

em 

r	 Onpe;;6J1HllTCR ,co r nacllo ~OPIiY·JlII.M 
~ 

V((M,W,.,W,.) = rV(M;Wr . w", ; "f"+ 2 ) pll~I )'+ K')Pe(1)dl. ( 4. 2 )+~ WI' - M)(2 Wk -M) V;l)tEt (-M,~ , ~) }, 
-1 

Pa3)lOUW no c~epWl eCKKIoI IP YHKUKlIM m n e II BonHOBYIl clIYHKUHll 
B KOTOP OW ~l\ Ht on p6AeJlR6 TCR, COrJl8 CHO (3 .19). I1eTpyJtBO Tane (J J ut ) . U K 
BlinKcaTb K Ba 3KIlOTeHUllanb Hoe ypaBHeR He An R ~YHKnMK .t~ n' (p) CRAp O.. 

(3 . 21) If CB DOO,ltHO II ~YH~Hel! rpJlHIl. (3 .4), (3 .5). • (4. 3 ) 
B~ pIl. IeHHe (3 . 21) TaKEe Be~eC T BeHHO M He ilOKanbH O H Ha 3Hepr eTK  J. ,.. >t' (~) = L L J M e (p) Yt m (ir,,) p~ /p) .

'!ecKolI n OB ep xHoc TH (Jp -= W~ -= MI2 COB na,:tne T C ~ e il HwaH oBcxoA Wln ilJl  , . 
TYAOR. 

ilOCJl6 nO ,D,CTIl.H OBn pl3J10nHIIR BiI,lIl. (4 . 1) H ( 4. 3) B YpaB HElHlI e 

( 3 . 20) II KHTerpllp oBUHllR B lI eM no YrJlOBWll nepelil ell illolll BeKTopa ~ 
4. n apUHa llbHoe pa 3J10IeHHe KB!l.3MnOTeHUKIl. JlbHWX ypaBHeSHI 	 n OJIY'Ul1l O,ltBOKep llil e nap Ul1a1U>Blile yp8.BHeH RR .lUIH clIYHItqMIl ;: h t (p)

M , t 
8 B.;;8 	 aoHeCllOTpH Ha T O, 'ITO KHa3~nOTes~AW l3 . 19) H (3.21) RB JlRDTC R 

HenOKB.Jlb HIiIMM, B y paBHeHiIiI (3 . 20 ) II aHan orH '!H O}l ypll.BHeHMH An R G~~ ut (M: p)J~,~(t (p) =27iJVt7M;Wf' . Wy.)~:t(K) ~ "dk . 
( 4.4).PMI'l' (p) }lOIH O npoBec TM n apUMailbRoe pa3J10 :w:eHIoI6, T.e. pa 3AeJlilTb 

3 JlecI>, c o r nacJlo (3.7). 0 	 ' pIl.AHRJlb HYD M yrJloBlil6 nepewe HHli e • .ll eRcTBlIT en bR o , B~ paIe H ilH (3 . 19 ) II 

(3 . 21) RloieDT B KJi 

g~;Ht (M,'P) ~ G(~~ut (f1; uJf) = (2W,.r(I1 -24Jf ) . 

8 	 9 



Tftod: 
a Ve onp e,ll.e neHW 1P0pk yno l! ( 4. 2) . TaK, nap lUl!!JIhHhlA nO T BHUHIU B 

cnYllae ~= 0 , !lonYllaekhlll , cornaCHO (q .2 ), 113 (3 .19 ), HKeeT BH,I{ 

Ht M' w W _ ~(J 2 1 { w,,~W - M+w'~llt. O ( , 1" ,, ) -(2 ,,)3f~ A",.,(M) fn / " ~ 
... ... I . • ,._ 

\ We • til, ·W. I
+ Br.ot ( M ) ~IL . LV W - (4 .5 ) 

Wp ~ ~ + _ 
- 1 


Cr,,(M) l w .. w -rW ~ w,' :, • w_1 } 
r .. .. 

B SToll 1P0pN.y.~e MbI Hcnonb 3yeM 0603Ha lleHilli 

(4. 6 )
, / :1. ----'Wi ~ V(p 1: K) +f1l 

OTMeTH'" T8KlIe TO Ba1:HOe 06CTOllTBllbCTBO, liTO )Itl I e B cnylla e , KOr,ll.a 

Ka Cca npOK eXYTOIlHoro 6030Ha t1 ~ 0 , napUHanbHwA KBa 3HnOTeHUHa n ( 4.5) 
IIBnlleTClI HellpepblBHolI tflYH KlUIell apry we HToB P~ IPI H k -:. IK I 
H He IIKeer o c06e llHOCT H npl! P-:. K • aT OT 41altT n03BOJUleT 31P1Pe KTHBRO 

n p OBO ,lJ.IITb IlHcneHHoe I!CCne,lJ.OBaHHe p emeHa!! ypaBReH I Ii ( 4.4) C II,11.PO" 

(4.5). 
AH!!JIOr RIlHO KOXAO onpe,ll.ell l!Tb napUKallbHWA nOTeHllllan, cooTBeTcTBYD

~1I 1! (3. 21) . O,ll.HOMe pR o e y p aB BeHHe ,ll.nll STor o cnYllall npHH2wse T B H,I{ 

Wr( M'- "W;lJH,.(P) ~ 2, J
00 

4"',\", 
o 

{ ( 2 wr~M)( 2 U)~~ M) V~~~; ( M; wr .WJ + 

+ (2 tVp - M) ( 2 LV )( - M ) V;z : ~t (-M) wt' . w.) JJ M, e (K) If ~ dk , 

.~ "tof 

r,ll.e ,ll.nll CnYllali ~-=o I l) 3a,ll.8eT CH ~opWyn oll ( 4.5 ) . 


5. 0 n O B 8,lJ.eHII ~ KBa3Hno TesUHa na B KOOp,ll. II HaT RO~ npocTpascTBe 

KBa3HnOTeHUHanw (3 .19), (3.21) , &alt y xe OTMella nOCb, He IIB 1lI\IlTC H 

nOKan bHli MIt. aTO 03Ha.llaeT, liTO , ec nll, HarrpltKep, ypaBHeRlle (3. 20) c 

nOKOl bD npe06pa30BaRHII ~YPbe 3anltCaTb B OOhillHOM KOOP,lJ.RH8TH OM 

10 

npOCTpaHCTBe, TO OHO 6~,eT MKeTh cnoXHhll! HHTerpO-,II.H~epeHUManbHhlA 

BH,II. ( CK. , Hanp lOIep, I I ) . II03TOkY ~CCKOTPMK Tenepb cnYllaA KanhiX 

3HeprMII CBII311 t ~ 2 WI - M « Z m , 
BBe,l{ek !Py HKlUIll Y (p) = 2 wp JH~:'(l) H pa3.148J11 K ypa BHeHHe 

(3 . 20) Ha 2W
f 

• Tor,ll.a He TpY,lJ.BO YCTaHO BHTb, IlTO tPYHKlUUl Y (p) 
6WCTPO y 6wBaeT C POCT OM P-= /P"I H OTnHIlHa OT Hynll npUtTKIl eC KH 

TonbKO npH p'Z. ~ M. e . ' licnOnJ,3YII 3TO CBoAC TBo, pa31l0IHM B ypaBHeHHH 

,lJ.nll "f' (p ) Bce BIi~J:e HH II no CT e neH~n' E1m. II p1m.. (f( 1m ) . 
HanpMMep, 

f _1_ [J.. + 'tIm £ + Pl2tJl +~1/2"'] (5. 1) 

W
2 •M1(JLp,~- M) -:::: 41111 WI',/C f,lt. 

Bp,K(M) 1. £. + ~!2tn + k,/2tn 
(5 . 2) 

4WpWK12 ("K 4m 2 2 ttl (2 /t2 + w".) 
B 3TOM npH61lKxeHH. ypaBHeH He ,lJ.1l11 BonROBolI IPYHKUHM 

npltKeT c neJIYDD{HII B HA: 

2 

9 i i + Elm -t ( 5.3)I{(E 1- p~/M) Y (p) = 4m2 (2li) ~ (f-;),+ f' 

+ (£ + p/2", + iiY2",) [ ((I' - ;)~ +"'J'" + 

" ,,__" f., / _ , ,,]} Y(K)d~ 

Onp eAe nxM Tenepb BonROBYD 41YHKuH~ B KoopAHRaTHOM npelCTa BneRlt1t 


KaK n p eo 6p!. 30BaBlle CPypbe 0 T 1J! ( f) , 


y (f) = (2~t J1Y(f) eXf(ifi) df . (5.4 ) 

Tor.-a , Ital: ReT pY,II.HO y Oe.JDITbCII, Jl3 ypaBReBHII (5.3) CneJIYeT, liTO 

IIIYHKlllllll 1:(7') nOAIlMH HeTClI Jl~epeBIllta.lIltB OKY yPaB HeHID 

II 
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(t. + Ho)Y (i) "'- -lV()(t;£ I ~) +Vi(f:£'~)1 1'(1'), 
(5.5) 

" 
B KOTOPOU (J1 epaIOp He eCTh OOY 'IHyR K BaHTO B ouexaH~ eCKKI onepaTOp 

KIiHeT K4 eCKoA 3Hep r KK 
" i d"" P --' :1./Ho -=- h1 -=-- m d.r" 

(HanOUHIIU , 'ITO n pn e,lleHHall Macca paBHa m / 2. ). On epaTOpy ItBa3W

nOTeRlUta na Vo II V B ypasHeHKK (5.5) 3a.l\aDTCR CJle,ll.YDIII,K)l1I BYpa 1 

lleHIIJIllH: a 2. E I 
" if i + /h1Vo (f,-E ,f1) = - /.Z 4 eXp (-J.t7) (5 . 6), m nZ /'. 

" ... i { A

VJ'l,'£)f1) =: 2 E+Ho I ~,J'C :f1) + ~,l (l :/I)} (5 .7) 

r,ll.e {}+ 03Ha qaeT aHTIlItOUMYTaTOp. IIplI 3TO» !fJYHItUKR ~,i ('l)f) 
KMeeT BII.ll 

g.2 i 

~,i ('l; f1) = 'tin 2 2 7r z KJto) , (5.8) 

a 3a,ll.a8TCIl npeot1pa30Ba Hlleu <l>ypbeV,.2 (l;/1) 
I92. i J €Xf(i ri) d.e; (5.8)

Vl ,2(7;/1) = 4m 2 (2,,)3 2m(9L+~lrZ[2 1tt +Nz+(1z)'r,] 
EcnK IIB.CC!l npoueSY TO'lHOrO t1030Ha f <:< tn • TO BwpaJ:eHlle 

)l,nR ~ 2 ynpollla 8TCR II npKHIIIIB.eT BII,ll. 

. 9 2 ~ 
~,'J.('l ; f1 « m) =: (~m'l.f 27r r 'l. Kt (j1z) . ( 5.9) 

B !ll0PIolYJlaX (5.8), (5.9) KJ,< (l) - MO.ltIl!llJlllHpOBaHBaR !fJYIIK UIlI 

EecceJul n OpR,llIta. V. 

}ITaR, ypasReHHe ( 5 .5) :.nnHlleTCR Tenepb cne,ll.YIlIIlMu 0t1pa30u: 

9
2 

( . " ) [1. + E I n-, ()E+Ho ~(f) -::: Lj m. ~ 471'1. exp -f' 'l 

'/li { E + Ho , Ko (f'c) -{ f1("m2zrKJf1lij~] :r(i'},t (5.10) 

]2 

EC JlH Kpoue npe,ll.nOJlOlleH IUI 0 c.nat1oA CBR3aHHO CT H CII CTe1l.bl MY t1Y.l\eu 

CqKTaTb , qTO 3<jxpeKTK BH611 Oe3pa3uep HaR KOHCTaHla CBII311 g/ 21n 
Taue ..ana ( g.12tn. ~< i ) , TO B npaBoA qacn ypaBHeHKR ( 5.3) 
lton o OCTaBlfib TOnb ltO nepBoe c nar aeM08, 1I MY npIl XO,ll.KK , Du eCT O (5.10), 
It ypaBHeHIlD llpe,ll. IIHrepa C n OTe HUKanou CxaBY 

9 1 ~ i 
(f+Ho)Y( i ) =: ' fin " itT'! eXjJ(-ln) "i: (f) , (5 . 1I) 

PaCC)lOTpH)I Ten epb cnY'laA pa s HoR BynD uaCCY n p ou eI YT O'lHOrO t1030

Ha . Ha nepBwll B3rnll,ll. ,ll.JI 1i IjJ YHK UHH 1J: (if) ror,na non Y'la eu y paBHeHKe 

BHM (5.lI) , B KOT OPO)l nOTeB ll.KaJl Cm HOB HT CJI KYJlOH OBCKIIU. O,ll.IIa KO 

CJle,llyeT OTM9T.I1Tl> . 'ITO lI,ll.pO napUKallbHoro IIHTer pan bHO ro y pa BR eHIIR T1Ula 

( 4. 4) An Ji KYJl OH oBcKoro nOTeHUKana IIBlIReTCR c KHrynRpHHY, B TO Bpeu R 

Mit y paBHeHK8 ,ll.JI lI !llYBKUKIl 1't (p ) , xaK MIll Bl-!)!, enK BYlDe. HeCKHry n RpHo 

l alle n pil f1 = 0. 3TO 03l1a qaeT , 'ITO np H f'f = 0 w.I ,ll.On J:HY 119CKOJlhKO 

nO-,IU)y r ol\fY n POB O.I(BTb pa 3J10 J: eHKII Tilna (5 . I ) , (5 . 2) . 
Jlel cTB HTenD HO , ,ll.J\ lI cnyqaR f1 = 0 II alm « f C TO'lHOCTb D 

,ll.o qneHOB noplllKa plm MR nepBoro CJla raeMOro KBa 31i1nOTeHUKana 

(3.19) IIMeeu 

1. i1. 1 (5 .12) 

WI',/( Ml (J2",1c -/1) ~ h1 z /p-k/ E -~ I~-KI 

a OCTaJlbHW e CJla raeuye ( J .19) 3aH'JJl IID'ICIi. YpaBHEHule ,ll.Jl JI Y(p) 
B paCCMaTpHBaeu ou cnyqae KweeT B~ 

( 5.13)(E + Pl m) 1f!(f) :: 

9
2 

_1 -. / __I 1J:(i )d'k= ~S4m2 E+ ~ - IC 

a napUMM bHo e y paBu eBKe ,l\1UI 1f'e. (p) B cuy 3aBHCKM OCT M ltBa 3 l1n O

I e HD.Ilfl.na OT 3a e p r ll ll £ t1Y,ll.e I He cnry nR pHYll. 

IIocJle nep exoAa B ypBBOeRlilIl (5 . 13) It t - n pe;!tc TaBneRHJl , co r Jla c

HO (5 . 1l ), n o ny4/1l1f .lJ. J1 Jl "¥(i ) YPaBHeHIl8 lllp e,J1.J4Hr epa c nOTe HIUIa1l0» 

9 2. i [. ). . ]
('l ) :: - 'tin ' 2~ 2 Cl (E'l S-Ul (n) - 3L(E'r) co!J (n) , (5.14)V 

3.lleC b ci (z ) ~ i (z ) - KH T8rpanbHli 8 KOCIDIYC H CKHYC. 

IIO Be,ll. eBK e KBa 3H1l0 Te HD.lmlla (5.14) npll uanw x 'L 3a,I!,B.eTCR 4l0puy

.11 0 It 
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I/· 1. 
V('Z) = 'tm 1 'tTl'! [t + ;'-EZ[n.(f.t)t- (5 . 15) 

+ ~ (r-t) E'l + O(El~Z) ] ; i l E 'l« 

rIPH 60JlJ. lU.M x t nOBe.l\eHHe (5.14) cJle.l\yJllllee: 

~z 1 1. [" 1.] i. 
V('l.) ~ - 4ml 27(2'[ 7? 1. + O([il') ; "l» E- . (5.16) 

TaKHw. 06pIl.3 0"' , B c Jlyqae. HYJleBOA waCC bI npCJI eZYT04Horo 6030Ha 

KB8 3HOO TeHUil8.JI (5.14) Cna,l(aeT R8. 60Jlb mllX Jll.CCTOJlHi'IlIX tlwc Tpee,4 eM 

KYJlORO BCKHI!. npH4KHo l! Ta Kol! ·caMo3KpaHMpoBKiI " JlB JlJleTCJI 38.BKCKMOCTJ. 

KB8.3I1nOTeHl\Hana OT nOJIHo lt 3ReprHII CllC Teww. 

OTMOTI,ut Tax_e , 4TO npll E-. 0 JlOrapl'ltPMKtleCKaJl ocotleRHOCTh 

KBa3J!nOTeRUHaJia (5.14) B HYJle HC'le3aeT, a TOqIt6,C ltoTopol m. 4HHa eTCJI 

KBa.llJll.TH4ROe, a He KynoHoBcKoe y OwBaHHe nOTeH Ulla n8. (T04M 'lo~ 1. /E ), 
OTO.llBllraeTCJI H8. OeC KORe4HOCTb . TaKilK 06pa30M, B npe.lleJle E ~ 0 
nOBe.lleHlle KBa3HnOTeHU HaJia (5.1 4) CTaROBHTCR KyJlOHOBC KHM. 

6. 	3a Kililtl eHile 

TaKK'" 06pa3 0M , B HacTOR~eH pa~oTe BY4 KCJleHa AByxBpeKeHHa Ji 

4lYHKUI!JI rpl!Ha H aa 3ana3,J1;YBall~aJl 4acTb, a T8.K_e cooTBeTc TByll~lIe KM 

KBa3KnOTeHUllany BO BTOPOM nopJlAKe TeOp!!1I B0 3wy ~eRHIt. rIp01!3Be.lleHO nap

UHanbRoe pa3J101leHKe no Jly qeHHYX ItBa3HnOTe HUllaJlbHYX y Jll.BH eH1l 1I )VIR BOJlHO 

BYX ~YHKUI! II CBR3aRHWX COCTORHKA . UnpCAeJleHO n OBeAeRHe na A.lleRHOrO KBa SH

nOTeHUHa Jl8. B KOOpJUlHa THOM npe.llCTB.B JleRJ411 B cJlyqae c na60CBR38.RHolt 

CHcre.... . 

B 3a KJI Dq eRile aBTopbl BWpallallT OnarOAaPROCTb 3a nOne3Hye 

o6cy..lleHHH A.A.A~oRKHY, ~ .A.~CIl, A. B .E¢peMoBY , C.TI.KYP1l0 BH'IY , 

M.J! .Cona BUOSy H B.H.C TapilItOBY. 
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