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11ccnenoaaHH0 aanaqu O 38XB8Te MSCCHBHOii qaCTHUbI KBSHTOBbIM 

noneM •. t. MeTOll KonneKTHBHbIX KOOpllHH8T Eoron101Sooa 

B npu6nH}l{0ffHH cum,aoA CBSl3H C noMOmbIO KSHOHHqecKOI'O npeo6paaoaa

HHH H.H.Boron106oaa K KonneKTHBHbtM nepeMeHHbIM, yqaTbIBSIOIIlHM Tpaacnst

uuoany10 HHB8pH8HTHOCTb, uayqaeTCH aa.o.aqa O B38HMO.OeACTBHH TSDKenoii 

"18CTHUbI co CKansrpHbtM KB8HTOB8HHbIM noiteM. IloK838HO, qTO npli COOTBeT

CTBy10meM Bbt6ope napaMeTpOB aanaqe 6onbIIISH Macca 't8CTHUbI noqTH 

nonHOCTblO •c1,enaeTCH"' B38HMOll08CTBHeM. HayqeH cneKTp aoa6y}l{ll0HHbIX 

_COCTOHHH8 CHCT0Mbl qaCTHUa-none s6nH3H OCHOBHOI'O COCTOHHHH. 

Pa6oTa s1,monHeHa B na6opaTopHH TeopeTH•<ecKol! <j,HSHKH OIHll1; 

Coo5meH11e Q51,e1111HeHH0l'0 IIHCTIITyTa !UlBPHblX uccne!lOBaHHll, Ily5Ha 1978 

Vashakidze Sh.I., Matveev V.A. P2 - 11637 

Investigation of the Problem of Heavy Particle Interaction 
with Quantum Scalar Field. I. The Bololyubov Transformatio 
to the Collective Coordinates 

In the strong coupling approximation the problem of heavy 
particle interaction with quantum scalar field is studied with the help 
of the Bogolyubov .transformation to the collective coordinates, which 
manifestly takes into account the translation invariance. It is shown 
that the large mass of the particle is almost completely "eated" by 
the interaction, if parameters of the problem are appropriately 
chosen. The excitation spectrum of the particle-field system is 

studied. 

The investigation has been performed at the Laboratory of 
Theoretical Physics, JINR. 

' Communication of the Joint Institute for Nuclear Research. Dubna 1978 

@ 1978 06f>eP.aHeHHMl1 HHCTHTyT HP.epHMJC accneP.OB8HHl1 Jly6Ha 

I. I3_Be,nemre 

Pa3BliTHe COCTaBHllX MOl(e~ea~s~eMeHTapHHX ~aCTHI.( rrpHBe~o K 

3al(a~e ITOCTpoemrn KBaHTOBOR TeOpHH rrpoTJDKeHHHX 06'1,eKTOB C 6om,

mm.m l(eqieKTaMH Mace, 

B O~OM H3 rrepBHX Bap:rraHTOB ITO,!OCOl(a It orrncamno ~OHOB B 

TepM:IIBaX TJDKe~ KBaPKOB H aHTRKBapKo/I/ rrpe~OJiaI'MOCb, ~TO 

sqqieKTHBHOe B38HMOl(eil:cTBHe ITO~TH ITO~HOCTblO 11 C'l,el(aeT" MaCCH 

o6pa3y:t(l!IHX KBapKOB H I!pHBOl(HT K B03IrnR!lOBeHHJO ITOTeHUHMhHOrO 

6apbepa, I!pmIJITCTBynnero B~eTaHHJO KBapKOB Hapy,ity. 0Tiq>HTRe 

HOBoro KBaHTOBOro ~Ma - ~eTa, ll03BOJIHBmee perrmTh rrpo6~eMY 

CTaTHCTHIW KB"1PKOB/2/, OTKp~o nyTb K rrocTpoeHHJO TeOpHH KBapK

~OHHllX JIBJiemrn B pm.max KMH6poBo~oro IIPHHUHITa H!Ira-M.mnca. 

Ilpel(CKa3HBaeMoe sTm.m TeopHJIMII ~aCTH~oe HJIH rro~Hoe 3a~emre 

KBapKOB BizyTpn ~OHOB TaKl!te B 3Ha~TeJU,HOH cTerremr CBll3aHO 

C pa3HOCTblO SqqleKTRBHllX SHeprna KBapKOB B H30~0BaHHOM H B 

CBll3aHHOM COCTOHmm/3/. STO HMemre, o6pa3HO Ha3BaHHOe B pa-

60T/4/ "apXHMel(OBHM sqqieKTOM", Tpe6yeT ,I\JIII cBoero orrncamm: 

pa3BHTIDI MeTOl(OB TeopHH CHJU,HOH CBll3H rrpn Y'leTe He~HeHHOCTH 

B3aRMOl(eHCTBHII, xapaKTepHoro ,I\JIII l(HHaMHKH CO~TOHOB. 

B Hamett pa60T/5/ 6~a p~c~MOTpeHa I!pOCTaH MOl(em, MaCCHBHO:il: 

~CTIIl.(H, CHJll,HO CBH3aHHOH C KBaHTOBaHHHM CKaJIRpHllM rro~eM, Ha 

rrpHMepe KOTOpoa MOJKHO rrpoc~el(HTb HeKOTOpHe oco6eHHOCTH HMeHRII 

3aXBaTa ~CTHI.(H rro~eM, T,e. o6pa30B8HIDI KO~eKTHBHoro ~OKMH-
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80Ba.HHOro COCTOJIHIDI llOJIII H lffiCTHIUl C 60JII,IIIHM ,neqieKTOM MaCCll. 

B 8TOH H noCJie.nyllJllRX pa6oTax MU npe,IUIOJUll'aeM .naTL OOJiee nOJUioe 

HMOJteHHe pesyJII,TaTOB HCCJie.nonamm 8TOR MO.ne~. 

OcHOBHllM MOMeHTOM ,naHHoro HcCJie.nonaHIUI JIBJUieTCJI HCnOJII,80-

BaHHe KaHOHHtJecKoro npeo6pasonamm EoronvOoBa K xonneK

THBHllM neper.mHHHM, noBBOJIJIKIIIHM pas.ne~n TpaHCJUmHOHHO-mma

IJHaHTHHe CTeneHH CB06o~·oT ,lUlllXeHIUI CHCTeMll Kai{ JJ,eJior/
6/. 

BBe.neHHOe B p8.00Tax ll.H.EoronvOoBa H ~.D.TnOnHKOBa no ltB8.HTOBOA 

TeOpHH non~poHa/7{3tO npeoOpa30BaHHe II03Bonner CHHTL BUpol(JJ;eHne 

OTHOCHTeJII,HO rpynnu TJl8HCJllIJJ,lra H pa8BHTL Teopmo BOBMYil{eHHH 

no o6paTHOH KOHCT8HTe CBHBH npH yCJIOBHH ~a6aTH1IlIOCTH B8aIDAO

.neacTmm:. B noCJie;nyx:meM sTo npeo6pasonaHHe 6wro ycnelllllo ncnoJII,-

30B8.HO·B paOorax E.Il.ConOAOBHHKOBOI, A.H.TaBX8Xl!A3e H O.A.Xpyc

TaJteBa no TeOpHH CMLHOA CBH3H/S/H npnBeno K neno»y PHAY HHTepec

HUX pe3ynLTaTOB/9,IO/_ 

HID!te Ull HBJIOlltHM l'.ieTO,n KOJIJieKTllBHllX KOop.nniraT Eol'OJIXJ6ona 

B npm.ienemm K Bll6paHHOLIY HaMll rar,llfJII,TOHHaey, OllHCllBalWleUy 

8axB8T M8CCHBHOH 6eccmmonoil: 1IacTHJJ,U CKa.JIIIPHlIM KBaHTOBaHHlIM 
( 

noJieM, H ,na,nnM nOJUioe OllHCalllie cneKTpa HHBKOJielltalllllX B086YJIO\eH-

HllX COCTOJIIDrli B6mrnH OCHOBHOro ypoBWI. 

2. MeTOlt KOJIJieKTHBHIDC KOOpltlillaT EoroJI!JC5o~ 

raMWII,TOHHaH, OllHCUBaxmroi .nnueime lffiCTHIUl B KBaHTOBaHHOM 

CKa.JIIIPHOM noJie, mAeeT BH.n ( C = t = i) 
[2. 1.' ~,....., (to 10+) H = M - v + IL w-s ts b-\- + 1,-s bs + (I} 

~ :{?( .... D ) 
+ A ~.L. Jl.;e. t, + D_~ ) 
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r.ne w~ - :rneprII.fI KBaHTOB CB060.ll;Horo CIIBJUI!)Horo no.JUI D 1!8KOTOp01.l 

orpaIDitJeHHOU 06'.beMe, J\.-s - rpop1-1paKTOp Baam,10,neilcTBU.fI KBa!!TOB 

ITO.JUI C MaCCUBHOii '-I8CT1:!JJ,eii, ,.mcca KOTOpoil B .1{8JII,Heiirue1.1 6y,n:eT 

npe,nrro.rraraTLCJI O'-I8HL ()OJII,IDOii. 

Ila 3TUX 3aMe'-IaHUH O'-I8BUJJ:I!O, '-ITO .ll;OJIJKHll y,n:oMeTBOP.fITI,C.fI 

06ll'-IH!le Tpe6oBaHU.fI BemecTB8IIHOCTH 

J\-: = Jh~ w3 = W.;s-

JI KOMMYTfilUiOHHlle COOTHOIDeHIDI cio6o.n:HHX ITOJieii 

[ t£ i es~J = c\~, [i;; t,1 =[(; t~J =O. 

(2) 

(3) 

KoHcTaHTY B3aJIMo,n:eiicTBJI.fI j Bbld.11pae11 60JILIDOi1 ( S >> j ) , 

rrpn: .Jl~ JI w~ ,.., 1 . IIpn: aTOM rrpe,nrro;raraeTc.fI, tJTo Macca lffiCTUUH 

M "'~2., TaK tJTO crrpane.n.mrno paaJIOJKeHJie 

J. Mz. - vr: I t 1.. 

~ M - 1. M vr (4) 

KaK 6y,neT BlllUIO U3 .ll;aJILHeimrn:x paCCYJI0\8HHil:, TaKOli BH6op rrapa

MeTpOB .naeT qiJIBHtJeCKU HHTepecHHil peayJILTaT, B KOTOPOM, B '-IacT-

HOCTU, .n:orrycKaeTC.fI rrpe,ll;eJll,Hllli rrepexo,ll; ~- 00, XOT.fI OH 

He Krult8TC.fI TaKUM YJK 6es60JI83H8HilliM 113 mma · raMHJILTOHimHa (I) • 

,lL7I.fI y,no6CTBa .ll;aJILHeil:mnx paCCYJI0\8HUH rrepeft,neM K KaHOHUtJeCKHM 

nepeMeHHHM KOop,nnHaT H HMIIYJILCOB noJieft 

a - _4 t2 .. ~: , .... t l; -e_~ . 
IJj - 3 il ~ ~ {I 

(5) 

IIoCJie TaKOH 3aMeHH rrepeMeHHHX ITOTeHJJ,RaJILHM :rneprIDI ITO.JUI H ::rnep

rH.fI B3aJIMO,ll;eil:cTBIDI ITOJI.fI C lffiCT:l:!JJ,ett HMeIDT O.ll;HHaKOBllll rropJI,nOK 

no ~ • 
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B HOBHX nepeMeHHHX raMWII,TQJlliaH npIIMeT BlI,ll; 

l. { t 2 l. r-° 11 ::?; t '°" 6l. ~ ~ H=am.-'""i'-~+~L..~~e ~ -r-[w. IJQ-t--eP. <s> 
o J J. m. ¼ 1 :( I~ '--t ~d 1 , 

r;n;e ... ~ l N 
, •• ~1 • 

CoBepnnm Tenep1, npeo6pa3oBmme EoroJ111lloBa K HOBw.t: 

rrepeMeIDIHM f 
1 

. r ll Q.f 

t{q ~ ' \ = e ( 'llf + ~ Gy, ~=£\+tX. (7) 

8;n;ec1, ii~ - 110KOTOplie C-1Il!CJI8 (KJiaCC}Itl0Cime 3Ha'l:eHWI nepeMEm

HHX IIOJIII) ' Q !i- - HOBlle KBaHTOBHe ROOp,IOIHaTH IlOJIJI. A nepeMeHHHe 

if ll A OIIlICJil1laltJT COOTBeTCTBeHHO ;n;mmemrn nenTPa CHCT0Mll 

'laCTHna-noJie II 'lffiCTHnll OTHOCHTCJII,HO neHTpa. !Io JipHpO;n;e CBOero 

B03Jlll1UIOBemm: i nepe;n; RBaHTOBOH nepeMeJllIOll Q ,& crumana C 

RaHOIDI'lec:rwM npeo6pa3oBaimer,i neper.iemmx: (5). Tmme onpe;n;eJieHlle 

HOBllX neper11emrux coxparmeT nopsr,u;o:rt no ~ n0Ternora,11a mia:mm;n;eil:cT

Brur KBaHTOBaIIIIOro nOJUI C 'l:aCTHneil:. 

C-'llICJia '11£ OIIIICIIBaIO'l' KJiaCCll'ICCJWH m@ewr IrnaIITOBOro 

B3am.m;n;eiicTBrur. RaK 6y;n;eT BH;n;Ho ll3 ,n;aJII,ueiinmx paccyJK;n;ellllii, 01m

rropsmxa e,ll11mnt1,1, a aro 03Ha'!aer~ 'ITO KJJaccntJecKan tJaCTI, 

B3aHll[O,n;e:iicTBIDI n(I) - IIOPH.I{Ka 132. ' T.e. nopsmim MaCCll -qacTHnH. 

MHOJKHTCJII, f rrepe;n; 'X B (7) Il03BOJUieT Ha?,1 Y'JCCTI, .ltBR

xemre 1JaCTHn!I OTHOCllTeJII,HO neHTPa cncTeMU 1JaCTIIIm-IlOJIC B IICPBOM 

HeTpmmaJII,HOM nol)J'J;n;Ke pa3Jloxemm raMHJibTOH1Iana no o6paTIIIlll cTe

neH.IIlll KOHCTaHTH B3aJiIMO;n;eiicTBKII. 

TaK KaK npeoclpasoDaJme nepeMemmx (7) YJ3eJill'IllllaeT nx 't!HCJIO 

Ha TplI, HaitJia,l{l{BaeM TpH ;n;oIIOJIHllTeJII,JIJIX yCJIOBIDI 

~ -- ~ L- £ t5-5 Qj = o, (8) 

6 

r;n;e 'IJ5 - Herme C-tm:CJia, y;n;oBJieTBOpi!Ja!U1e yCJioBino nemecTBeHHocTII 

n 

'lJ: = tS_-& . (9) 

Ee3 orpaffi!llemm 061I1HOCT1I MOJKHO ;n;orrycTllTI,, 'ITO Be.IDI'illHH 1Si 

'U! y;n;oBJieTBOpmoT COOTHomeIDIIO opTorOHaJII,HOCTll 

Z SA.1> n_t'll-l =tr. 
(IO) 

Kart xopomo 1I3B0CTH/I /, IlOCJie 3THX KaHOHH'leCRIIX rrpeo6pa-

30BaHH11 raMlIJII,TQHllaH He 3aBH~llT OT nepeMeHHoii 9 ' 'ITO 

COOTBeTCTByeT JIBHOMY Y'J0TY 3aROHa coxpanemm :m.mym,ca. IlpH 3TOM 

no;ryqeHHHii BH;n; raMIIJll,TOHHaHa II03BOJUieT pa3JIOJKlIT1, ero no o6paTHOii 

ROHCTaHTe CBJI3ll ll npRMeHHTI, CTaH,n;apTHHe MeTO;n;H TeOpHR B03MYl!leHHn. 

Ilepe;n; TeM RaK nepeilTn R pa3JioxeIDIIO rru,mm,ToHHarra no o6paT

Hott ROHCTaHTe CBJISn,c;n;e;raeM KaHOHll'IeCKOe rrpeo6paaoBaHHe BOJIHOBOH 

WJIRUmI 
riJ l~ Jq + i. .L. S~ G.t . 
I = e <p ' (II) 

r.n:e ~ J ._ p ""'3Ha'Ielllle ITOJIHoro RMIIyJII,Ca CRCT0Mll, a 'illCJia Mil 

BBeJilI .wm y;n;o6cTBa rroCJie;n;yICIIlllX paccyJK;n;eIDiil, rrpe;n;noJiarM,tITo 

OHR y;n;oBJieTBOP.IIIOT YCJIOBIU!M 

L. $£ u~ 5 = O • ·* s s, = -5, (I2) 

IloCJie aToro raMllJII,TOHllan, 

ROHCTaHTe cBJisn f, RMeeT BH;n; 

pa3JioxeHHHii B p!I.ll; no oclpaTrrott 

H =- J2. H2. + J 1-1, 
r.n:e 

+ ~o' 

~2. = tT\. T ...r. Ji➔ ti; + i I: wJ1'i r-, (I3) 
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H1 = i.L Jl-5 U-5 [:>:) + L Q ( \ + w5 u;)~ (14) 

H., = - fv/ - _½ I: i/U;~X) + Z Jl5 Q~ (s;J + 

l •:-, I s-,, [ o1 1'/f )11[ 1 ,, t? )] (15) 
+:tl.:w-5Q,Q_¼+ J.L.. W~ I~ +.-li-'\SS~v: J f?£ -t-i:{1+15£\3~ , 

r~e BBSJm O6O3Ha~eHWI 

·It(""'-\ 
d.3 = Ss + i.0£ 5 JJ, 

P~ = ~ - u;.r:~f1 ·u¼. ~., P t'2.... 
5 =- 'r.>Q½ 

(16) 

JJ,7m cymecTBOBaHJI/I peryJIRpnoro pememm namero raMHJII,TOHl!a.Ha 

MEI ~OJDIUlll TIOTpe6oBaTI> o6p8.II(elllie B nom, H, , KOTopu:it JmHeeH TIO 

TiepeMeHHUM TIOJL!I, 

HlIJI TIOJIJI '115 

3To Tpe6oBa:mre onpe~eJI.!Ie~ KJiaccn~ecIC11e 3Ha~e-

Jt ; 
)I-

+ w V =O ;; 5 • (17) 

ECJIH TeTiepI> TIOTpe6OBaTI, o6p8.II(e:ime B HO.Th ll \-1..t 'Mil TIO.eytmM 

ycJiomre, naKJia,wmaeMoe Ha 3Ha~emm TiapaMeTpOB Hame:it 3~a~ 

rn. - 1 -r I ,T l.t - }.,..:..__. Wi;;t£ ; (IS) 

3TO ,COOTHOmeHHe Oy~eM Ha3HBaTI> ycnoaneM 3axaara qaCTH~ll 

KBaHTOB8HiillM TIOJieM ll 6y,n:eM npe.r(IIoJiaraTI>, ~TO OHO BIDIOJIRR:STCH, 

IlocJie aToro BeAYJI1llM ~eHOM B pa3Jioxemm rru.mm,To:mrana B p~ 

TIO CT8TI81UIM J HBJI.!I8TCH ~d, KOTOpll:it MO:lKHO Tiepe:rmcaTI> B 60Jiee 

y,n;o6Ho:it qi<>pMe, BBSM HOBHe TiepeMeHH!le 

~ Q = Q 
5 ~ 

-~ I 

~ = pf 

+ i uirx). 
/I.(-; -J + ::1.,!, - 155 ~ v>- , 

8 

(19) 

y,n;oBJISTBOpJII(l!JHe ROMMYTaqIWHHID.I COOTHOJIJ81l1UIM 

L ~; Q~,J = -i.~H', 

[-t?).~ a!] = u;r 
(20) 

B HOBllX o603Ha~eHIDIX IIOJ!~aeM 

H .. ·= /~ v: + IL w~{ a.~ Q.5 + i\ e'sJ. c2n 
...., ,... 

IlepeMeHHlle A. Q.i, H P¼ He JlllJLIIlOTCH He3aBHCIIMEIMII. H3 ,n:orroJI

mrTem,uoro YCJIOBHH ( 8) n COOTl!Olliemm opTOrOHaJII,HOCTli (IO) JierKO 

IIOJIY'filTI, COOTHOIII8HHH M8ll!,lly IIHMH 
_.. ... ~ ,--

L. -~ us Q.£ = 'l, .A ' 

r.. r ~5 ~ -= i, 1 -~. 
(22) 

3Tl1 COOTHOmeHliH IIO3BOJIHKYr HCKJOO~TI, ~ U3 H0 • Ilepe,n: 

3TUM, c,n:eJiaB eme o,n:uo KaHOHH~ecKoe Tipeo6pa3oBa:ime BOJIHOBO:it 

W'HKIOOI 
ct, ·- • rn.~:X) 

. - e. er, (23) 

IlOJIY'I88M 

Ho = w" + ]) + y{, (24) 

_1.. I l.t w = ~ -;- ..!... "V u.J \d..~ 
0 1. 1.,...t-.-5"J, 

r,n:e 

(25) 

J) - ~ (')"7112..)2.. 1<vS,....Q a~ -~~Zw., 
- 1 m. .L. J 'id Q., +- l L-. L ~ . -s 'J Qt ~ G_fj • ' (26) 

" r i ;- ., . , 11J 9 
.,.r = £ l u; ~CJ - 'l,W.,.,1.-i ?a , 

5 

·(27) 

r,n:e 
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~~ = ss + i. t;(_r[ J- me~. 
(28) 

Tpe6yJt odpat1emrn (2?) B HOJII,, IIOJIY'IaeM cooTHomemrn 

. =·~cs-~) d.y '\, (A) , 

·! 
(29) 

11s Koxoporo onpe.n;e.11aey SS qepes w~, Jl ~ n c. Ilp11 srou CTa.HO

BI!TCH .ffC!lliM, 'ITO c Mll BBe.irn )l;J!Jl Toro, '!T06ll y,noBJieTBOpllTI, 

nepBOMY 1!3 ycJIOBiii1 (12). 

3. 9mrcaHHe . C]l'.8]tTpa B036meHH» B6.irn8H OCHOBHoro. COCTO.ffHM 

XapaK'repHott 'lepTott IIOJIY'ICHHHX pesyJThTaTOB JIBJilICTCJl TO' no 

npn Ha,JT,JI8JKalll8M BU6ope rrapaMeTpOB sa,na'JH (CM. (18)). IIpOHCXO,I(I!T 

IIOJIHM "HeilTpamrnan;IDI" 60JII,IDOH MaCCll 'laCTHUU. BoKpyr 'laCTHUll 

rroHBJIJICTCJI r.rry601to rroTe1m;n:anI,HM mm, KOTopaJI "c'be,naeT" ee uaccy 

H OCTaeTCJI H8KOe KBa3Jif'i8CTH'!HOe oopaSOBaHHe, OilHCllBaeuoe 

raMHJII,TOHHaHOM (24). Ono HMeeT "rorneTHt1eceyio" sHeprnro VVc, H 

BHYTPCHHHe BOSOYJ!meHHIIe cocTomIHJI, onncuaaeuue oneparopoM 

KOTOpHil: mt.eeT BI!)]; 

~ I" - /\I _t 11. 1 f" ( ~ 1 · ,., :D = ! )l'\. ~ 5 1.-t~ "Jr~ + i L., W1 I a~\ +\"3'r-5 \j, 

r,ne 

~ . ~-. =- 'l.'dG~ 
'$r = •;f-.£. 

'j) ' 

(30) 

(3I) 

Haxollr,ll;eHHe COOCTBCHHllX qiyrrn:unn I! 8Ha'iemd1 raMHJTI,TOimaHa B 

.n;rurnoM npe,ncTaBJiemm, 

H8HRllM ,ll;BllCHY.R 

Cl~ = W5;fi-~ 

r.11e I rrepeMeHHile y.n;oBJieTBOP.moT ypan-

I - ,,..., _., * 
+ m. ~ '1..1!2..'.... 5 ti~· ct_.,, , 

. ,.., 
'Yi = -Cui Q_~ ' 

(32) 

(33) 
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I. 
l 

,ii 
'!t 
r 1, :, 

.IIBJIH8TCJ1 rrpOCTOH sa,nat1eft .n;n& craunoHapHoro HCTO'IHHKa, 

Kor,na rn. - :,0 • B 8TOM CJiytrae crreKTP co6cTBCHHllX SHa'leHHH 

COBIIa,naeT co crreKTPOM rrepBOH8'laJil,ffilX '18CTOT w~. 
llTo6u pemnTI> STY sa.na~ B CJIY'Iae KOHe~oil m. , Mll ,I(OJD!tHiil 

,I(I!a!'OHamIBOB8TI, Ham raMHJII,TOHllaH ~, T.e. rrepeftTH B HOBOe 

rrpe.n;cTaBJieHHe, BBe.rur orrepaTopu a.... H 

KOMMYTauHOHHilM COOTHOIDCHllllM 

+ a,__ , y.n;oBJieTBopmmne 

[ 0..,_; Q:] = all!\' (a";al\,l=[a:~a:,]= O · (34) 
(> 

Ilpll BTOM rrpe.n;rroJiaraeTCJI, 'ITO B HOBOM rrpe.n;cTaBJieHHH ypaBHeHllJI 

.n;BID!t8HM llM8IDT IlpOCTOH BH.n; 

a.II, ....:-i...Q"'Q,-. ' 
• -t- t-a ... -= ;,,..Q,.. a .... , (35) 

r.n;e .fl._, - co6cTBeHH!le SHB.'ieHM orrepaTopa j) , KOTopue Hae 

HHTepecym. 

a ... 
PasJiaraJI KOOp.I(I!HaTll Q:§ PI ci-£ B pH.n; IIO HOBllM rrepeMeHHHM 

+ 
HQ~ ¥1\. ,.. ~ s ~ ~ +l 

Q~-= .r..L. \_ sr a. ... + ~-~ Q,._), ,.l h, 

1.,-,'I\.+ II. • 'II J ~ = vi~ { lt; a,,. - \/l"' , 

(36) 

(3?) 

11,BOCilOBb80BaBmHCb ypa.BH8HHSIMH (J2)H(JJ), nonyqaeu, qTQ ,11na 

I\. " y.n:oBJieTBOpeHHJI ypaBHeHHH (35) KOB@)IDUieHTll pa8JIOlltemm: S H 'l 1 
~ 4 

KOTOpHe ,llOREHll y,110BneTBOparb YPa.BHCHliHM 

l ""' C I\.~... -ll11. ) ~ 
I' L. S~ \, -t- S_-5 'l._~• = B', 

I\. 

- ~ -;, :u· I\ I\ w~~: + ~ ~V➔ ..L.. :r. ~•\, -=- s1 .a ... , 

..Q,,_ ti_~ = (µ~~;. 
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(38) 

(39) 

(40) 



B HOBOU rrpe,ncTaBJiemm rar.uIJII,TOID!aH ]) .nnaroHamranpyeTcH 

'l'\ = '>' r'\ a- ♦ a. + c. -L,J ~ J.LI\.. Y\,, I'\.. , (4!) 

r,n;e 

C - ) L. wJ \f 11 
i"l~jlj + ~~llt I: \I: Iuf ~-: ( 

, l\.5 t n. 
(42) 

n aa,na~a o HaxoJK,neIDin co6cTBeHHHX <pyHKIJ;l!H n 3Ha~eIDifi orrepaTopa 

:D, TaIGl'.M o6pa30M TpaHccpopr.m:pOBaJraCI, R ll3~eIDIIO YPaBHeHl!ll (38)

(40), R ~eMY MH l! rrepexo,r(HM. 

Rafi.nm.! crreRTp HOp!,lBJII,JlliX ~aCTOT .11... • 

JJ,Jur 3TOro, HCXO,Il,!I Il3 ypaBHeIDIH (40), Bupasm.i 

n,no~CTaB11B B (39), IIOJiy'IaeM 

( 1. '2.) I\. 1..'I.J ')'/j"--r, ¥ -c'" tfl ... - w-f s~ = ht fL<lH~'U~, w.f, .s~. 

BBe,IJ,!I 06O3Ha~eHHe 

_..,.. . "" --£ 5 w_/U~ !➔ --= s ~ 
ypaBHeIDie (43) rrepeIIl!IJieM B BH,ne 

I"-=!£ w~!Ul·f(rf") ,,1.i_w .. 
➔ .... .(..,, ~ 

n. -e" n ~epea ~ 
lf 1 ' 

(43) 

(44) 

(45) 

Ms 3Toro ypaBHeIDIH rro.rryqaeM .nncrrepcllOHHOe rrpaBMO CYMM ,nJIJI 

orrpe,neJiemm ~CTOT HOPMaJII,JlliX ROJie6aHHii 

J_ J: w t 1~~ 11 = 1 
3 /1\. S f ..a..,. -w_/ ' (46) 

WllI, IIO,ItCTaBJifI.ff RJiaCCl!~ecRl!e pemeHHH IIOJIJI - ?J-' Il3 (!7),. 

m.ieeu: i _.... i1. \l-il2. J . 
- L - ~ 1. = I, (47) 31'\. w., ..0..,.. -1..1,1~ 

IlpaBHJio cyMM (46) rro~eHo ,nJIJI orrpe,neJiemm: HOPMaJII,HllX ~acTOT 

IIpO,ItOJII,JlliX MO.It. T. e. B c~ae 'Ror,na BeRTOp f... OTJlll1'IeH OT HYM. 

12 

B ~ae JKe rrorrepe~H!1X MO.ll:, T. e. Ror.n:a tf" I --= o, JierRo 

BH,neTI, U3 (39), (40) u IIOJIOlitlITCJII,HOH orrpe,n:eJICHHOCTH ~aCTOT 

ROJie6aHl!ll, ~TO 

.JJ..,,.., -= w..f. (48) 

TaimM o6pa30M rro~aeTCH, ~TO CIICRTP rat.uIJII,TOHl18Ha CHCT8MH 

COBIIa.n;aeT co crreRTpoM CB06o.n;uoro (pOI!OIIHOro IIOM (.vf • A aqxpeRT 

B3aHMO,n:eiicTBM DupaxaeTC!! B ~aCTl!~OM C!UITIDI BupOJK,JJ;eIUUI C (l)OI!OH

I!Oro crreRTpa II rroHBJiemm HOBllX trtcToT B peayJII,TaTe pacmeTIJierum, 

KOTOplie orrpe,ne.mmrCH 113 IIpaDMa CYMM (46). 

3HruI CBO:ltCTBa crreRTpa HOPl.laJII,}lllX ~aCTOT (46) u (48), nepell:-
_._ t1"' 

,ne14 lt onpe~OJIOHlm CBOiiCTB aMIIJIIITY.It pa3JIOllWID!H !; • l! ·1. 
7 ~ 

OCHOBllllasIOI, Ha YCJIOB:lm IlOJII!OTll (38). 

IIepBoe CBO:ltCTBO, ltOTOpoe IIerrocpe,ncTBemro BllTeKaeT ll3 (38) 

Il orrpe,n;eJiemm f"' (45), 3TO YCJIOBne CXO,nl!?,!OCTlt .u,mi: rrpo,n:oJII,JlliX 

MO.It 

.Z ~j i"- I~= Z 1,.wf \11-r I~ (49) 

ln1TepecHO OTMe'hiTI,, tJTO rrpaBasI CTOpoHa He saBl!'.CHT OT Maccu 

~CTim!l tr\, • 3To COOTHomemrn JKa3ImaeT ua HaJIIItnie rrpo,!\OJII,IlllX 

MO.It B ~ae CTauHOIIapnoro lICTO~llKa ( In - ""' ) . ll, TaimM o6pa3OM, 

Ha cnpaB0,ll;JlllB0CTI, npalH!Jla CyID.I ( 1f7), pet1e1me K0T0poro B np;iCiJHJ

xemrn CTIUUl0Bapnoro l!CT0'lllll!Ka C0lln~a0T C pemennsum, C00TD0TCTBYD

IJ1l!J.III nonepeqmru l!0.1(811 - ('18). Ilo11ytJeHHHR pesy111,:rar Ha.xo.n;nrca n 

C00TBeTCTBlUI co c.n;enrumilll JlHlil0 3!UI0'llfillll8ll. 
I'\. 1\-

H 3 YCJIOBl!il: .n:eilcTBl!TeJII,HOCTll JICHO' '!TO ~;. l! fl~ 
T0Jite MOryT 6UTI, BU6paH!1 Tarum o6pa3OM, ~o6u y.n:oBJieTBOp.fV!lICI, 

YCJIOBWI 

"' lJI n. 

ri.~ = t~ ~l'\.=-f" 
~ -~ . (50) 
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OTcro,na o"l:eBII,IUio, "ITO ;n:JIII nonepe"l:HUX MO;n: m.meM 

. I\. -e"' I ~o) l [ I> C' + t. 1f (' 1 n -= s. "'= -t, -= - '-l~O..r u..,cl, .. r t.\'. Ir ., fi ..,'to , ..,, '" ' 
(51) 

r;n:e ~. - B0RTOpH, xapaRTeplI3yJWllie COCTOJIIDUI rrorrepetIHo:li MO;n:H II 

onpe.n;eirneirne, CRaJKeM, ycJioBruu.nr: -½3 > C, ' lIJilI, ecJilI 11 =" ' TO 

~ ;::, O , MR, HaROHen;, ~. >o , eCJm t.._ =o • IlpII TaROM 
~ -

paa;n:eJieHIIll Bee rrpocTpaHCTBO BeRTOpOB ~ paa;n:eJIIIeTCJI Ha ;n:Ba 

3KBilBaJieHTill:lX IlOJlYIIPOCTpaHCTBa, CBfl3lUIHUX M0l!UIY co6o:li onepan;n:eft 

OTpaJKeHIUI r-- -r. 
YcJioBne IIOJIHOTH - (38) MOlltHO neperrncaT:E, B BII;n:e 

:::-1 I\.)< ... ,-, I\.~ ... f s.i; \ 1 + + sf t~, = J➔ .!ji. (52) 
nonepeqa. npo.oonbH. 

IIo;n:cTarurmr ( 51), CYMMY no rronepetIHllM MO;n:aM rrpe,n;CTaBHM B BH.n;e: 

.,..., ... ~... ~ r ll a+ ll , 8-,.i 1r J+ " H+ J + ti \, = fl a.~~· ..;~• rQ_~O:..f, H) + l l0l~ -H' 1'~.f~ l:!H' • (53> 
nonepe'IJH. 

BBe.n;eu Od03HaqeHHe 

~ i " 
H; = f ~~t.~o J+'±~ ... 

C-yMMy IIO npo;n:OJU,HllM MO;n:aM rrpe;n:cTaBHM B BII;n:e 

r.n;e 

)2 !ii.{" = J. w 'IJ ~~(rrj 6£-hf~ , 
~ f ➔ 1 rn'- ~ ~ ~ ~ -~, 

npon C?JILH• 

- 1-i"'11. < 
.6; -L - -a.· 

..Q."' .a. ... -w➔ 
IIp:ir IIOJIY"l:0Hl!Il (54) MU BOCIIOJU,30BaJilICh COOTHOW0HHflMH (40) II 

11. I l U {;-) ~ ~ = in: .[11.. -wz. ~\J 1 • 
"' ~ 

IIOJIY"l:0HHllM Il3 (39) lI (44) • 

14 

(54) 

(55) 

(56) 

lf;m mmOJIHemm: ycJIOBml IlOJIHOTH (52) w ;IJ;OJIZllll llOTJ)eOOBaTI,, 

1IT061l 

-~\ 

Q~ YJtOBJieTBOpanO yCJiomm Bell!eCTBeHHOCTH 

-=a.• a.½ -t ' -oT ~ He samtcRT. noCJie '!ero uaxomru 

l ~ lt - ~z. wt~'Ut1:. i:~ = 1., 
' ~ 

a..2. = 1 w,/u; ~lL dli~ 
~ rnL d~ 

Ha aTHX ypam1emni Jiel'KO HaXO.JnIM aMIJJIHTY;ttH nonepetmHX MDJ:t; 

'IL~ 
~-= l"tl 

B yCJIOBBe CXOJ:t;HMOCTB WIii IlJ)OJ:t;OJII,HHX MOJ:t; 

,. I. ..a ... l :!:-':"! ... t . v r,. I'll l.l. 
tn. -t ls"" l.l. ~ 1 ~ t · 

(57) 

(58) 

(59) 

cro> 

(61) 

B saK1Ill'leHBe HaCTOJmteii pa6oTH pacct~TJ)BM YCJIOBBe llOJIHOTH Jt1UI 

o6paTHoi sa,ttallB 

1\. .. ~· 

I.. !t t-t =S .... ,. (62) 

BocllOJII,30~CI, ypaBHem.mLm (40) B (56), JieI'KO llOJIY'IKTI, Jt1UI 

IlJ)OJ:t;OJII,JIHX OOJ:t; 

z ~ .. t· = _J_ 1f~t .. •' ~ .tl.J: l(a ... ), 
..\ ~ tna. n l: J 2. z. --,,_, ..fl - £l I ,. n 

(63) 

rJ:t;e BBeJJB o6osna'!el!Ke 

8-'j 2{g.,.)-= .E. IU.l U%_ fA, 
.f 

111.. -w-z. 
... f 

(64) 

F.cJm Tenep1, yqecTI>, 'lTO wm .fl,., mmOJIHJieTCH npamIJIO cyi.1t1 ( 46) , 

llOJIY1Ule1.t, 1lTO Jt1UI Cnpa.Be.Jt1ll'IBOCTB (62) Mil J:t;OJillllll llOTJ)eOOBaTI, 

_fl f"l2._f ~ = 1 
tn'- ..fl Q ,.,2. , 

... ~,<. ... 

(65) 
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OTey~a. ytmT!lBaJI YCJIOBHe CXO.IJ;llMOCTH (49), IlOJiytiaeM HOBOe 

npaBWIO"CYMM 

30:.E.( d~ )-1 ·=L ri. , 1u 1.2. 
11. d.Q~ :r u.;5 ~ • 

(66) 

B c.nyqae nonepetUWX MO~ JierKO npoBepHTD, ~TO ycJIOBRe IlOJIHOTH 

8BTOM8TwtecKH BHilOJIHJteTCSI. 

TaKllM o6pa80M,MH paccMOTpe.Jm: npH6.mmeHRe C~HO:lt CBH8H B 

8~a~e O TmiteJIO:lt ~CT~e, B88RMO~e:ltcTByJllle:lt C KBaHTOBaHHHM CR.a-· 

JI.fij)HHM IlOJieM. C IlOMOll!DD npeo6pa80BaHIDI EoronDCiOia CiWia 

nocTpoeHa MO,Itll:~OBaHHBJI Teoplitll B08Mylllemnl:,B KOTOpott RCHO Ha6Jm

~aeTCR B08MOXHOCTD HaJIW!RR "apXHMe~OBa 8qlPeKTa". leTaJIDHO 6HJIR 

H8ytleHH CBO:ltCTBa cneKTpa B086yx,n;emna: COCTORHR:lt B6JIR8H OCHOBHoro 

ypOBHR. 

B 88KJIIJ'leHRe MH XOT:HM no6Jiaro~apHTD H.H.EorOJID6ona 88 HHTe

pec R pa6oTe H cTRMy.Jm:pYIJIIRe o6cYJlI{emm. ABTopu 6Jiaro~pHH 

A.H.TaBxe,mm3e 8a nJIO~OTBOpHHe ,ItRceycco H ~emrae 8aMe~mm. 

BecDMa nJio~oTBOPHHMR 6HJIR 06cyz,J1;emm c A.H.KBRHmam8e, M.A.CMoH

.ItHPeBHM H A.A.XeJialllBHJIR. Mli IIPRHOCHM RM CBOH 6Jiaro~pHOCTH. 
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