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SUM!.:ARY 

Coherent state representation (CSR) in the relativistic field theory 
is introduced in two forms: without and with using supplencntary opera-

t.-i tionn (which converts symmetrized products into !1-ordered :c. 3s ; 1\ 
operates like the Hilbert transform, see eqs.(I:·-(J)). The CSR-2 
simplifies all the quantities and equations and removes acausality of 
coefficient functions in N-product decompositions (like transition from 
"analytical signal" to "real one" does). 1\ and (\-

1 
operate only on 

initial values (e.g., for a scalar field on two functions 'f{f:,t') and 
<f~>-",t') of 1 or, equivalently, on one function J(x) of 4-argument), 

see eq.(22). 
The field operators in the interaction and Heiseberg pictures are 

represented as operators in CSR for theories of the scalar field (eqs. 
(IS) and (J9),(40)) and for the electrodynamics (eqs.(67),(68) and 
(75)-(77)). In terms of the operators we can write in familiar form 
any other operators, e.g., the energy-momentum tensor and t!ce 41momen
tum, the current and the charge (eqs.(57) and (8J)). Coherent state 
expectation values of any operators are obtained simply by application 
of these representatives to unity (eqs.(45),(56),(58),(88) and so on). 

Equations of motion in CSR have usual form of the Yang-Feldman 
quantum field theory integral equations (eqs.(4I) and (80)-(82)) or of 
the standard differential equations with non-usual initial values, 
containing functional derivatives,(eqs.(44) and (85)). For the coherent 
state expectation values of fields the equations are reduced to eqs. 

(50),(86) and (87), perturbation series of which contain quantum 
corrections to the classical Neumann series (see below, p.I4).The 
equations (9),(27),(28) and (46) in 191 are to be interpreted in the 
operator sense, otherwise they are valid only for t:O(:in sense of/7,. 

After (\ -l has removed the acausal quantum correct.ions they are 
not regenerated in the course of evolution,and the rest quantum correc
tions (i.e.,all corrections in CSR-2) are causal. For the fields the 
latter contain only retarded functions. As to coefficient functions of 
S-matrix in CSR-2 they consist of the half-retarded-half-advanced 
functions (Sec.2 and eqs.(J4)-(J6)), like the Fokker..Wheeler-Feynman 
"action" /l 2/ • 

1\-l operation does not change eigenvalue spectra of operators 
and the Planck formula (Sec.5). (\ introduces the Gaussian factors 

(eq.(95)). 
Such presentation of the theory may be also considerEld as one mo

re functional method, when variating classical ini tia~ coz:;di tions, 
but not some external sources or external fields. 

I. BBE,'(EHHE 

KorepeHTHb!M COCTOffHHffM M >IX rrpn:.JOHGHV!ff:"! ITOCBliC(G .. LI 1AI!Or04:1CJ!';!I!IbiC 

pa60Thl (cr.IJI-S/, r,L\e i•.IO:~HO uaiiTH 06!~HjJHble C!Il1CEH JIIIITeparypu, IICIW

TOpb!O CCbiJIKI! Cc;l. TaKJKC B/
6/). ,i(Jin 3a:,!KHyTb!X C!lC'£GM !IOJiet; B pCJIHTV!

Bl!CTCKO~l 1\BaJITOBOil TOO[JH!t! !IOJH! CpG,'(lillO OT l!OJ!CI~ B KOrepeHTllbiX COGTO

HHH!DC H3y'laJllfCb B pa60Te/
7 ~ ,l(J!ff l!CCJ!C;'(OBaHJ<lH nepOXO,I(a K ypaBHGtil/l}U 

KJ!aCCl14CCK0!1 TeOp!1!1 !IOJ!H (i, .... O) 11 Bbl'll1CJ!Cl!V:fl KBai!TOBhiX liOTipL!BOK 

HCTIOJ!b30BaJ!Cff cpyHKI.\l10HaJ!bUhlt\ MCTOJJ; npOU3BOJ!bHblX BHC!illll1K !IOJ!Ch. 

B HaCTOffll\et1 pa6ore penffT!1Bii!C1'CI(aH KBaHTOBaH TOOjJHH !IOJIR rrpeo6pa-

3yOTCff B JJ,YXO TOOpl1!1 rrpeo6pa30BaH!1.V\ .i(11pi1!W/S/ B TipOJJ,CTLlBJ!CiiLiO KOrepeH

THhiX COCT0ffl1!1ti (!lKC). CpO.l.\H!1e B KOrepCH'l'Hb!X COCTOH!!JI!HXX) pacc•·.l.''lTfJ!1B3-

IOTCff KaK ljJyHKI.\IIIOHaJ!bl TOJ!bKO OT !la'laJ!bHh!X yCJ!OBl1H (HarrpHMcp, /(J])] CIW

J!HPHOrO ITOJ!ff - OT JJ,Byx QJYHKI.\Hii 'f(i:,t')M ~~t') or x !1JIIII, 3KBHDaJICIITHO, or 

OJJ,HOl\ rfJYHKI.\11!1 J~) OT 4-apryl.!eHTa), HO HO OT BIJO!"Hl1X HCT04HHIWB !1Jil1 

TIOJ!OW (rrpaKT!140CKaH ITOJ!C3HOCTb KOTOpb!X, pa3yMCCTCfl, Geccrrop:<a). 

TJKC JJ,OJ!aOT H3H!{ KBaHTOBO f] T80pi1!1 OJIH3 KI1"l !{ ll3bll\y KJI3CC!!40 CiWE: 

O,L(IIOBpO~CHHO l1CITOJlb3YIOTCR KO!.!MyT!1pyiD~!1e KOOp~HHBTa H KMrtyJibC (Ha ca

I.IOM JJ,eJie !1M8!011\IIIG CMb!CJl Cpe;LHHX, a Hr.ICI!liO Cp0i\IIH8 H CJ!C,ZJ.YCT COITOCTa

BJ!ffTb C KJ!aCCHKOt1/B{ CTp. 7 3), a KBaHTOBaR rrp:!pO.l.\8 Tip0flBJ!R8TCll B TO :A, 

qTQ TaK]f(e y'laCTByiOT K !Ip0i13BOJJ,HNO ITO 3THM rrepOMBHHNM - B TOOpMM 

ITOJIR 3TO, 8CTOC'I"B8HHO, 1]1YHKI.\l10HaJib!H'8 Tij)OM3BO/LHb!O • 

IlapaJIJI8JlbHO c npOCTN.! rrepeXO/\OM B nn:r~ (ilri:C-I) 1.!11 OOCY 1!CI(ac:·J TaK]f(G 

nepeXO.l\ B !li{C, COITpOBO ;(JJ,88MLitl, !\aK B pa6oTe/9/, Tip!1MGH8HH8M ,l(OITOJ!HM-

~-1 ~-1 
TGJ!bHOM orrepai.\1/IM 1\ (JJKC-2). Orrepal(MR /\ rrpeBpaw.aeT CHMMOTpH30BaHHhiO 

rrp0!13B8,l(CHMR onepaTOpOB ITOJIR B KapTMHO B3aMMO.l.\8HCTB!1R B ~-npOM3Be,lle

HMff, He !13M8HHfl K03\PcpMI.\M8HTHb!X qJyHI(I.\Mtl. (ilo cyT!1 .l.\8Jia, TaKOi1 pel.l,eTIT 

JJ,J!fl pR,lla B8J!l1qMIJ npeJJ,J!araJICH B MOHOrpa~Hl1/lO{ §10.4) K03W\PMI.\!1GHTHHe 

WYHKI.\HM !1CXO,l!HNX pasJio•euai1 no CMMMeTp!130BaHHhlM npollsBeJJ,eHHHM, >~rpa-

x)l,W pa6oraeM HCKJII04HTeJJbHO co cpcJJ,Hl1MH, a He,llaaroHaJibHb!e 

MaTpHqHHe 3J!CM8HTH ffBJ!RIOTCH M3JIHillHl1MM. 
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IOIJ(MX y HBC OCJIOBHyiO pOJI:b, OOJia,llaiOT ITpM'iliiHHb!MII! CBOHCTBai-.U! B OTJIII'ill8 

OT oc5bi'<llb!X pasJIO)f(eHV!i'i no N-rrpoii3Be,lleHII!RM. I1pm.!eHeHvie ~- 1 , !t1s6aBJIRH, 

TaKII:A o6pa30M, OT arrpll'iiiHHOCTII K03:p1J11U118HTHb!X rDyHK!.(IIlii !IOCJI8.l\Hlt1X, 

llpiiBO.l\II!T, KpOiv!e TOrO t K 3HBIJIIT8.1J:bHOMy yrrpO!U8H!1IO pa3JIII4Hb!X B8JIII!IJII!H II 

ypaBH8HI1lii. I103TO~y MH B OCHOBHOM OT)\aeM rrpe~li04T8HI18 I1KC-2. 

CyD,8CTBCHHO, QTO 0!18paTOp (\ (11 (\
1

) npe.~CTBBl1:>1 KaK 0!18paTOp, 

.l\C ''CTByiO!iiV!H TOJl:bKO HB !Ja lJaJibHLl8 ycJIOBHR/9 ~ uammyn11pya KOTOpLIMI1, 

:.111 ncer)\a n npl1HU!t!IT8 MO;KeM rrep8iiiTIII OT lli{C-2 J( i1KC-I, 11 rraooopoT. 

1:3 /G '':!' Il/ OTi·,l8'iBJIOC:b, IJTO D HBl100JICe npOCTb!X TeOpHHX KBaHTOBaHHOrO 

!IOJID C Jli1H8AHYMII! ypBBIIeHHRMH: a) T80pl111 CBOdO,!IHOrO llOJIR, d) ITOJIR,B3& 

11MO,lleACTBYDIJlero C BH8lliHI1M TOKOM, 11 B) UOJIR,B3Bl1MO,l\eMCTBYDIJlero C KJIBC· 

Cl148CKI1M BHelliHI1M liOJieM;ypaBH8Hl1R ,1\JIR Cpe,!IHHX OX TIOJieA B KOrepeHTHHX 

COCTORHHRX llpOCTO COBIT~BDT C ypaBH8HHRMH KJIBCCHQ8CKOA TeOpHH 
l-1 

!IOJIR CO CBO~iCTB0HH01i HM lljJ!ll!HHHOCT:bJO, a Oll8pal.(!1fl 1\ HI148rO H8 .l\B8T. 

C,n;HBKO OHa !(C>iCTByCT li8Tp!1Bl1aJILHO Ha B8Jiltll!lt!Hbl, H8Jllt!HCMHO ITOCTpOeH

Hbl(l ¥!3 3'l'I1X noneJ.I (TeHsop 3Hepr!t!H-mmyn:oca, S-r.mTpHL\B Ttl T.;n;. ). 

I"TI.IeT!t!M 1 QTO orrepaTOp f\ BblliOJIHReT pOJ!b, BHBJIOrli!'iHyiO pOJIM 

npeo6pa80BaHL1R rlt!Jlb08pTa. ECJIM B Ka'ieCTB8 11 BC!i\8CTBeHHOrO CI1rHBJIB 11 

B3H'l'b ! (x-y), TO I!pCOOpB30BBllltl8 rrrn:o6epTa llp!t!BO.l\l1T K 11 BHBJllt!Tl148CKO-

MY CllrHany" 

f:::. (-"1 (x-K) ::=. .:L. ( J-c:. ~(1'-}) Xo- }o-'"t" 
!1.1!\ ) 't -\f_ -) • 

3TOT )!(8 pe3y.TI:bTBT iAO}l{HO Il0JIJ411T:b Ttl C IIOMOil\:blO orrepaTOpa 1\ 
CocTaBI1:~ KOMOIIHUUii!IO 

(I) 

~(>.)lf{'cl-) + ~ b.C_,<.-d-), (2) 
r.l\8 ~ (x) - CB060.l\H08 KJiaCCIII48CK08 liOJie, l!O;ll;4MHHIOIJ(88Cfl TOMy JKe 

ypaBHBHMIO, IJTO Ttl !:::.(x-y), ,let\CTBYH OllepaTOpOM 1\ , HBti.Z\eM 

"l<t&<)lfC't-) +-\- ~(x-~)) = 'f&<W<'}) + tbt')6<·~) + ~M)(-:;) ~!fC><)'f(l)+i &tl(-}{3 ) 
l10JIB!'8R If =Q ('iTO He llpOTIIBOpB411T ypaBHeHIIIO), BOC!Ip0l13BO.l\MM rrpel!I:HIIii\ 

pe3yJI:oTaT. 0.1\HBKO, ecnn rrpeo6pasonaHl18 r11n:o68pTa cyu1.8CTBeHHO-JIIIH8t1-

Hoe, TO orrepaTopA li03BOJIHCT rrepeXO.l\I'!Tb OT BeiJ(eCTBeHH!lX @yHK!.(I'!t.\ K 

1-l 
KOMITJI8KCHYM II B HCJIIIH8HHb!X BbipBlK8HV!RX. 1\ OCyli\eCTBJIR8T 06paTH08 
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ITp800p830BBH!t1e (OT 118HBJli'!Tl'!'ieCKOrO C!tirHBJIB 11 K 
11

B8li\8CTBeHHOMy
11

). 

B Till, 3 I'! 4 orrepaTOpb! ITOJIH B KapTHH8 B3alllhW;ll;fti:iCTBI'lff I'! B radseH(iep

rOBCKOiii K8pTl1H8 rrpe;n:CTBBJieHb! KBK orrepaTOpb! B il!{G B T80p!1!ti CKBJIHp!IOrO 

!IOJIH (((JopMJJJbl (18) I'! (39),(40)) II B KBaHTOBO~i 3JleKTpO,i\IIIIBMIIIW (q,op

MyJJhl (67), (68) II (75)-(77)). !iep83 3TII orrepaTOpbl IIOJIH 3Ulli1Cb!Ba!JTCH 

B oc5hi4HOM Bl'!l\8 moc5b!e 11pyr11e orr8paTOpbl, Hanpi'!Mep, TeH;"op sn8prvm

I'!Mrryn:oca Iii 4-IIMllyJI:bC, TOK l1 3UpH;ll; II T .,n;. (tf!Op1~YJibl (57) I'! (1:>3)) • 

Cpe;ll;HM8 B KOrepeHTHb!X COCTOHHIIRX liOJiy'!aiOTCff rrpOCTO rrp!t!MeHCHIIICM 3Tlt!X 

rrpe,l\CTaBIITeJieL! K el\I'!HIIl.(e (eM. (45), (56), (58), (88) Ttl T.,l\. ). 

YpaBH8II!t!H .i\Blt!JKeHIIH B I1KC l'lM8IOT oc5b14Hyro .I\JIH rraaHTonol1 TCOJJI'l:1 noJIH 

rpOpMy l1HT8rpaJI:bHbiX ypaBHeHI'l~I 8Hra-QeJI;ll;iJBHU (ypaBH8l!IIH ( 4 I) 11 (80 )

(82)) 1-!Jlltl CTBHl\BPTHblX .l\11;p((JepeH!.(lt!UJ1bHbiX ypaBH8Hltlti C H800bJllHLLHI !IB'!8Jlb-

HillAII yCJIOB!t!Hlm 
1 

CO.l\8 pm:all(JI{HI4 riiYHKUl10HBJlbHhl8 llp0!tl3BO;~llbl8 (yCJIOBV!fl 

(44) Ttl (85)) • .l(Jlff Cp8,l\HMX B KOrepeHTHblX COCTOf!IHlllX ypaBHCJ!:1H CBO;ll;r!'r

CH K COOTHOllieHJI{ffiA (50) , (86) ll! (87), pH)(bl T80p!1JI! B03:,Iy!:i814Mi1 ,1\JlR 

KOTOpb!X CO,ll;ep;'(BT KBUHTOBble l!OllpBBKI1 K prr;n:a;.; He Vhl:JIIU B 1\JIBCC!t!I{C (C.!, 

CTp. 14). YpanHeHIIH (9), (27), (28) Ttl (46) B pa6oTt/
9/ ,1\0mmu 6uT:b 

l1HTCpllp8Tl1pOBBHbl B onepaTOpHOM CMblC,lle, a IIHRIJC 0Hl1 Cf!p8B8.1\Jlltlllbl 

TOJI:bKO B npe.n;ene 1:-.-!> 0 (B CMb!CJ!e pa6oTY /?I). 
"-\ CymecTB8HHO, QTO !IOCJ18 TOrO, KBK Hpl1 l!OMOli\11 1\ . IICK;il048Hhl arrplti-

QliHHble KBBHT0Bbl8 l!Ol!pBBKII, OHM He B03pOJK,l(aiDTCH B XOJ(8 3BOJIIO!.(ltll1 CO 

npeMeHeM II OCTBJI:bHbl8 KBBHTOBY8 IlOITpBBI(li (T. 8. nee Il0!1p8BKIII B llKG-2) 

HBJJRIOTCR ITp11411HHb!l,lldX) • ,I!JIH !IOJieh 01111 COCT8BJI8Hhl J!Mlil:b 1'!3 3Bll83,l\b!BUIO-

X)CTpaHHbl8 anpl14liHHbl8 CBOHCTB3. B OObl'!HOtli. J!op!.!e TeOp!t!ll (OTJIII'il-le 

rrponaraTopa A+oT HyJIR B npocTpaHCTBeHHOllO.l\OdHOR odnaCTI'!, c ca~oro 
.r-. a ' " A(~) 

HBl!BJIB O'rlletleHHOe <v8>'!HM8HOM, !IORBJIBHII8 anp!t!l!l-IHHblX I!JYHK!.(IIIV. u llOCJie 

~-ynopR.l\O'IliBaHIIR I'!T8pBUl1i1 ypaBHeHI-!\1 nHra-~8JI~:.!aHa), TIO-BIIJ(11J..!O:Ay, 

CBH38Hbl C 1'!Cll0JI:030BBHl1eM B KBBH·rOBOt.i TeOp111'! KOMllJieKCH!lX BOJIHOBYX 

~JHKUI1i1, aMl!Jli'!TY.l\ 11 nporraraTOpOB, T.e. C liCII0Jl:b30BBHl18M H3!1K8 

JtiHBJil1TI'!lJecKoro cl-!rHaJJa" (cp. llpi'!JIOJKeH!tie E B 161). OrrepaTop t\
1 

ll03BOJIR8T nepeii\TM Ha H3b!K 11 Be!llBCTB8HHOrO Cl<!rHana". 
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LHlA 'l!YH K'1Hi1 A'!.«.. ;{oa }·J!VIL\lWHTHLre ~JYHKI1Hl1 S _,!aTpl'll\E B ITKC-2 rrocTpo

emJ VI3 rroJJycy1ULI 3arra3.l(b!B3!0llje ll 11 orrepe;Karou(e t1 c(JyHI(L\11!1 A,:l"' (n. 2 11 

'l!Op:Jymr (54) liJ (35)). TaH:!!i\1 06pa30M, ITO CTpyKType OHa OK331IBaeTCff 

PO.ZICTIJeHHOLI ".lletiCTBHJ0 11 'ilOH:Kepa-YliJJJJJepa-OellHMaHa/I2 /. 

licpGXO.ll OT KOM!IJI8KCH1IX £:,. -·f;yHKL\JIIJil: K Beli(eCTBeHHhiM, liJ Ha060pOT, 

OCYI:.\8CTBVI;!. liJ !IpHMO B 06LJIIHOW (o11epaTOpHOH) t(JopMe KBBHTOBOtl TeOpliJliJ 

110JIH ( CI.I. KOHe L\ 11. .5). ITO,ll'Je pKHeM, 'ITO lllTpliJX:OBBHHble Ol1epaTOpbl ~1(x) 
1\ A ;> 

A:l"(X-),~ 1 (><.~ 1 lf' liJ .llp. 06JI3.113JOT 11p11lJliJHHb!MliJ K03tPtlJI1L\11eHTHb!MliJ l[JyHKL\I'lffMI'l 

CBOI!X pa3JIOJKeHI'!tl 110 N-11pOI13Be.lleHliJHM. C .llpyroH CTOpOHbJ, I'!CXO.llHLie 
A A A 

Ol1epaTOpb! ~(l),At'{,;f..) 11 1¥/l) 3TVIM CBOMCTBOM He 06JI3.ll3IOT, HOB TO JKe 

Bpe•AH 06pa3J!OT anre6py, B KOTOpot:J 11pl1lJ11JIHOCT:b 11pi1CJli(3 OCHOBHOH 

0118p3L\L111 - KOMMJTBTOpy. 3TO CJJ8)1CTBI'le 11p11trHHHOCTliJ K03t!JtJll'll\11eHTHb!X 

cPJHI\L\l'l~i pa3JJOJKeHI1H l1X 110 CVIMMCTpV130B3HHb!M 11pOV13Be,ZieHliJffM. 

/!3r!eHrrcT Jll'l 011epai\I1R f\ pe3yJI:&TaTLr TeopHH? B prr.11e cnyqaeB HeT. 

Bo-ne pBHX, He :-.wliHIOTca cneKTpu co6cTneH!lbrx 3HalJel!!1ii\, B lJaCTIIOCTI'l, 

ypoBHl'l aHeprl1>1 (Ha11p!1Mcp, ypoBHI'l aToua Bot~opo.11a). l:lo-BTOph!X, a To 

11peo6pa30BBI!l1e He Jll3MGHHCT jJOpMyJJy IlJJ3HKa. 3TH BO!IpOCbl 06CyJ!i,43JOTCff 

B 11. 5, TIOCBHII\CHHOU !lt{C B HBaHTOBOti ~J8X3JHIIC8. 0TlJGT~H, 'ITO .l\CWCTBI'le 

1\ 3KBJIIBaJieHTHO BBG.llCHI'!JO rayccoBcKoro IJHOlKI'!TeJJR (<Po pMy Jia (95)). 

!10-BI'l.l(l'lMOMy t OTI8p3f.111H f\ CJU(GCTBGHHa TOJJ:&HO .l\Jlff 06b!'II!Ot\ CXeMbl 

Bbi'II'!CJJelll'!ff 3MI1Jll1TY.li VI BepORTHOCTCii\ 11CpCXO.l(OB. 

0TMeTI!M t 'ITO Ha fi;{C MD:>i\110 CIIIOTpGTh liJ 11p0CTO !WI\ Ha CU(G Ot(I'!H 

ilJYHKL\liJOHaJJ:&Hb!H MCTO.l(, HOr.l(a Bap:&l'lpJKlTCff KJJ3CCI1'IC CHJile H3'IO.JI:&Hb!C 

YCJIOBl1ff 1 B .ll0TIOJIH8Hl1Je K M8TO.l\3M <llOHa, BHGillHliJX TIOJJetl, JllCTO'IHl1KOB 11 

.l\pyrl1M. J:l03MOJKHO, OH OK3lKCTCH TIOJJe3Hb!M B K3JJJil6pOBO'IHblX T80pl1HX. 
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2 • .S-MATPlli.lA B IIKC 

B TOM ~e .l(yxe, KaK paHee orrpe.l(eJJRJIOC:& none B IIKC, nerKo .l(aT:& 

orrpe.l(eneHRe .llJIH S -MaTpRL\hl: 

U(t,t')=-f\-1(~\U(t;C)\If)=<~IV'(t,t')llf> •. (4) 

B TeOpRH CKaJiffpHoro ITOJlff KMeeM 

.... 00 .. 

V(t,t')=L ~~ {J\x1 ... J~x .. Ks. ..,<_,t1 ... x .. )HQ<..) ... ~tx .. )l= 
h:O · i• ') 5 (5.a) 

c;,C i,. A 1\ ::. L ~.I~JC.1 ... .l~x .. K(x1···>'..,): l.fV<1) ···~(~): (5.6) 
k=O t! 

A c.<>t A A 

tJ'(t.,t')=L_ ~J~,..1 •.. d~ll.., K~&r··"'~: LS"(Ir..1) ... 'f(?<..,)•, 
11=0 t.' 

(6) 

H ....,.t 

1J(t,t•)-= L ~J~"1 ... .~~)(. .. K.>r(,..1 ... x .. )'fU<,) ... lf~ .. ) 
h:o t' 

(6) 

B STHX BHpa~eHRHX K03~HL\R8HTHHe ilJyHKL\HH K~- rrocTpoeHhl no npaBH-

naM ~etiHMaHa, no R3 Bell(eCTBeHHhiX "rrporraraTopoB" A s..,_ .... (x-y) 

BMecTo KO!lnneKCHb!X rpeiiiHMaHOBCKHX A+(x-y) B K • 
B KBaHTOBO~ aneKTPOAHH3MHKe ananorHtrHO 

-t t t 

U(t;t')=L \~~"- 1 ···~\v,).I\'.},···J~,. ... \ A~t, ... A~!._IC,'I"' fi, .. ·r~~,-··ll.,,'i,···'! ... ,~ .... ~~ 
... , .. ~ 0 *' t! t' 

1 " A " A. A " 
n\(:t ... )\ { ""~y.,) ... f!...t' .. lll,.)1 [ 't'l'i4) ... 't'('} .. )i¥C.t1) ... if(i..,)], (8) 

"\ t ~ 

V1
(t,t')= ~ ~d~x, ... J""'~ \!"'Ji·"' ~" ~ ... \<l"t, .. !lt,..\(..,..l',. .. l'.~'-"""•'h-'!,.,'l;··~ 

""''"'~o t.' ,, -t• 
"' J\ A. ,.. ~ !!. 

: ~ .. CJ.,) ... A (.<. .. )'l'(<j.)···'t'l'i ... )~Ci.,) ... lft"l ... ): (9) 
,.., "· 

1J (-t,t') = f\~ t\~ <:." IVlt,i))\ 19> =<'fl v'ct ,t')\'f> = 

=r \A~~ .... J~x .. ~""~ ···""~ ... \A'"\.1.-A"t., Ks.'1"'-r ... ,. ~····'K,.,'!1···';} ... ·"'····"l~ · .... , .... o t' t! t.' t h 

. A .. (r.,) ... A (!<.,) 't' (~) ... '\'( ..... )if (.~;) .. :ii'L~ ... ')' ... "" . ., (IO} 
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rrpwiBJ.! K,.'j"'' rrocTpoemr VI3 ~I'"A.s';l-"'~8) VI Ss.)..,(x-:!-) B?.WCTO 

lj!e LilliJ8HOBCKVIX rrporraraTOpOB. 

Uopa:aaeT aa ce6a mm;,ranue TO, t<TO TaK orrpe.l(eJreHHLIC c-'lVICJIOBLie 

.aenaq;lllLI U(-t.;t') rrocTpoeHbl uarro.l(o6He "t~roi1CTBVIH" ~OJCKepa-vei1H)mHa

YVIJIJiepa, B KOTOpO;A B3aH;.!Q;:(Ct1CT1Jil3 :JC,ti;,:(y KJiaCCil'lCCKW .. Hl 'laCTl1L\8;·Ji1 

ocyll\eCTBJIReTCH rrp11 rro:~ot:;l! As.';!-... (a He b.ut ), T.e. B .11yxe 3JICl\'rpo-

.ll.lll!8.MVIKl1, c;~op,;~ynnpoBaHHOti B TepMl!Hax rronycyr,r;,m 3arra3)4bJBalQ!l\11X 11 

Orrepe,;caiOUirlX !IOT811Lll1aJIOB/l2/. 

i:l K8'it.:CT138 llpl'mepOB paCCMOTpllfA B3a!11IO.~e;~CTBne C BH81iiHI11•1 TO!to;A 
' t t 

" T~J",.,.t~~~(lc\E.~-'!~j('a') d,d\ ~C><)j(x) (II. a) 
U(t t.')= e. t' e.. t , 

' t t 

¢r•r, " i )A'xA\d(x\i\(li.-';}')~C'}) • .;, ~t'.!\ lf(x.) j(,;.) • . 
v \.t t'1==e "' ·e.. . , (11.6) 

) . :t t 

1 ~r 1) t~J'd\}j()(')b;(,..-~')iC-r) i~,d~)(lJ'(><~j~) 
v lt,t' :::. e_ t! e.. (II.B) 

( CJ!j•iat't 3JI8 KTpO;.;arHI1THOI'O !IOJIH, B3a!I!M0)4e ~lCTBYIO!l\81'0 C BHCill!UV.I TO KOlA, 

aHaJIOI'!Il'lCH) i1 C 13HC8Hi1M !IOJICJ.! 

lr(t,t')= u-ls+): e.~ti t +L (.;,~t)t4" '! !~i ~C'tWrA.i':!)~~l'i-,"CJ'6.~v~)~c,~"'): = 
\ .. =\ t' 'Y 

=l3/P..;/e..:.f.. 1 (1+LGQ.,_~.t~'c\-~~~ ~c~~'!irl\ t1)s~ . .J1,i)'t,,"-l~)~~\\, (rz.a> ~ ... :1 t' t' .,. ;J) )a. .. t<<:J"''"· 

• "~ -j, ] ,... i.Lr ..., " " - " "" lJ1 (~,f) = 1Y.,~~~.0 :e 1 +~~e~~ A\.l~tlf'(~)'(t-~/'})S~'t"'~'i)'b),Jl)\fc.")) : , 
"'-1 tl (~6) 

·t <><> t. ~ "' 
Vlt,t) = Vo(S, ,..\ et 1 (1-+L 0e,_ ~a~~J~~ ~('J-l'"t-~fh·)c;t,...~,t)~v~{.l)l\'(~ 

1 't •) ... ~1 t 1 ;; 

t (12 .B) 

r;n.c Lr= -ie ~ .\~)( tfr(!')1t'~0-~i\t'(!..\ 
t' t 

~~lr-,t) = s~G-~')-ie\J~'}s)t-->a)'ir'f\tJ'l-)S~('},ioJ , cu.a) 
t' 

t ~,.. 

b~'t"'('ll,io~:::: ss.rJ)(-~')- ,:e_ ~a~'} s .. 't-~- ,.~~rt..r(~/;::,~('1-,~J. (13.6) 
t.' 
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3. TEOP~ CKAAffPHOro ITOAH B ITKC 

Terrep» Mbl paccMoTpKM paaxKqHble B03MO~HNe aarrKca orrepaTopoB rronH, 

a, CJI8,ll,OBaT8JlbHO, 1'1 JII06biX .IIPYI'I'IX onepaTOpOB ItaK O!lepaTOIJOB B f1Kr..:. 

llpe~.l(e BCero .l(J!H ITOJIO~I'IT8JlbHO- 1'1 OTpHUaT8J!bHOqaCTOTH~ qacTei1 

~Co1 {Y.) H ~( .. )(/<) onepaTOpa ITOJIH ~(y.) B KB.pTHHe B3all!AO.l(ei1CTBI'IH 1'1 .l(J!H 

caMoro 3Toro onepaTopa rronyqaeMx) 

<~ 1~' .. 1U<.)Ql o.g> = 'f(+)CJ<)('f\ Ql~)=/\( lf(·t~)-iv~~ fl:+\K-~)\ ~~Vf\\~IQI'f), (I4) 

<ii¥-'&.)Q\\1')~-\,.)- ~!>~K'{l'-~)~;~~~\Q\") = A\I.IJ<--\)(~1\'- <~10.1~. Crs) 
' 

('f\Q~(-l(?<')\~) =I.IJ(-l()<.~('\'\Q\'i')="(I.IJC-t_K)+t\A\.f1(x-~~:ll'ii~f\1(~\Q\'51), (I6) 

('f\ Q.~<t1M\1f)=-(1+1{Y.')+)r~Lf+)(l..-%~~~<..'f\~l'i'> == gl9~16<)t\1(~\~\o.g), (I?) 

<'i'l~(l<.')Q\~.~J> 1. ( . f :!> , + b :\ ... 
(~IQ~'-""'\~> 5 ==~~) ± • )J ~6-n{y.-i,')'b~£5(~')} <~IQ\~)= 

A 

=G'-"") + \!\' ~ (+)~-<)~~'f(~) +~ ~'K,.~<~\0.1~>= 
={~c") + )J\ L\ ':j:\1(-S~. ix, )) ('I' I o l'f > = 

=~(~(Jr.)± ~ ~'J{,<.v/\1 (~IQI~>, (I8~) 

r~e Q - npOH3BOJibHbl~ onepaTop. B WOPMynax (I8) 3HaKI'I cornacoBan~, 

T.e. cne.l(yeT 6paTb B8pXHI'I8 .l(J!H JI8BOI'O {n) npe.l(CTaB!1T8JIH H HH~HI'Ie 

.1\Jlff npaBOI'O (n), lo - npOH3BOnbH08 BpeMa, a 1~ = t 1 
• B OTJII'JqHe OT~) 

b b - ~ 
llpOK3BO.l(Hbl8 l)~(£1(~) ='b~tii('"';~) ClepyTCfl ITO \PYHKUHHM ~(~',1!) OT 3-apry-

M8HTa r • To lite OTHOCKTCH K ITpOH3BO.l(HW.I ITO ~(<,1 ) H o.,\f(~') • 
.l(JIH ITOHHMaHHH B3aHMOCBfl38~ Mellt,IIy pa3JII!qHNMI'I Bblpa~eHIIHMH ITOJie3HO 

HM8Tb B BH.IIY COOTHOill8HI'IH 

1\ "'(+}(v..)f\i::. ~ l+)(><) +.i. (!>{, ~l+)(lo..-~"\1: L.. 
.., L} 1 1/ "'6'l{5,) (19) 

A 4CJt.)f\
1 = ~<1')+-\:- ~4\ij ~(1\x-~)~<.&~) , (20) 

x)HeKOTOpble rrpe.l(BapHTenbHNe \POPMYJIH CM. B ilpl'lnOlltCHHH A. 
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s ' ( .:!> {. - ~ 
b~) = 1.) d ~ 6.'-"-~)o" 'b'l(_n 

(nocne.Zl;Hee - CJI8,~CTB\"W ClJOC06a, KOTOpbiM BBC,i\Cll 

(21) 

~ (x), c:.t/61). 

,ln.(qeprcH.-n, '!Tol\ nprqcTaBV!'J KaK orrepaTop, ~elicTBYIDllil'lll TOJlb!W 

'ia !Ia 4Cl.II bm:e 3HatJeH i1il ,x) 

A.= t'.)t~(~ \A\ J>z ~J(\)~ ~(11(~-I)~~ ~~(-z~= 
II (r- •J' •t§t)( I l)(_b 1 s ':\(~ 1 "b ~ 

= ('_"'\.11 ) ' ? ~ -~ \.'b'f<\•) + "''b 6H(~-)J~~(1') + "- "i>"3~o~t~hY := 

-: el< (.l_ \ J; I A"!. I &l)f, I i\ 'b b ~'·;/&1)(,_ I 1)b 'S ~ 
r 4) ~ 1 \.~-1 Jb~~)S~lt')+ o" "' '-'-2 S4,.g(~)'Sd4~·~, (22) 

I I t' 
rl\'3 ~- 1'1 lc -rrpo1'13BOJlbHb!C Bpe;,wna, a \o = z. = . 

AJIH rrpo1'13BOJ1bHOro onepaTopa F (~(lit), ~(x2.) ···) >L<~eeM 
<~\F(~l"'i),~{z<~ .. )Q\~)= F((1\, l'-),. ···)<~\Q\~), (23} 

(lf\Q F(~!!-~,~(ll.t) ... )\~)=F{l1)11 , (1)" ·· ·)<~~~\~)= ~+(o\_,<..t1...-·}<~IQ\~~(24) 
"' B (23) orrepaTOphl lj(li.\.) 3a:,teu(aJOTCH c coxpaHeH!tleM nopli,Z\Ra !tlX neBbiM!tl 

IlpC6\CT3B!tlTCJlfH.II'I ( t)JI B JII060L1 iJJopMe. AHaJIOri<I'!HO B (24) orrepaTOphl 

3aMCll\310TCfl rrpaBLIMI'I rrpe;IiCT3B!tlTCJiflrAH ( \.)n, HO llOpH;liOR IlOCJIC;liHHX IlpO

TlllBOllOJ!OcKCH rrepBOHa'!ani>HoMy (3TO o6o3Ha'!eHo TltlJ1I>.l(Oi1). OrrepaTop 

F ((I )rr ••• ) MOJKeT paccMaTpltlBaTI>CH RaK corrpm!<eHHhltl (r+) K F ((I )n ••• ). 

flepeCT3l!OBO'!Hble COOTHOlll8HI'IH B f1KC MOlltHO 33Il!tlC3Th B BM,lle 

[ 'S'(.±)(r.)' "'J.. 1.91.+) l'i-) t\-2] = ± i.l:l (.±)0--1-\ (25) 

[ ~<..") ± l ~31!-)' ~ l'}) ±-\: ~j('!)1 = ± i /).~-'}) ' (26) 

a .n;pyrHe KOMMyTaTOpbl paBHbl HYJIIO, B '!3CTHOCT!tl, 

KOMMYTI'IpyroT CO BCCMH rrpaB~W: 

BCe JICBBC orrepaTOpbl 

[ lj(.±)(x.) } /\'- ~ (.±\'t) 1\'1.1 = 0 ' (27) 

[ . b . s 1 
1.9(!.1+-\-'bx"-1 ' ~('t)-t~x'!-) =O (28) 

(aHaKK BCIDi'IY cne;~~yeT 6paTI> cornacoBaHHo}. 

X)li!Jl!tl Ha 3H3'!CHHH B J1!060ti .n;pyrol1 Jl!t1KC!IlpOB3HHhlli MO!lCHT BpeMCHI'I. 
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Vl3 (IS) CJICi'IYCT 

~<'fiH<.x .. ){~c.x"_,) ... t ~0<-,),Q~ .. .}!I'S') =t\'f<.",) ···lfC?<. .. )K 1 <~i0..l.g'>, (29 > 

('91 [ql><-.,')[~ 0:-.,.,) ... [~ (,.,),~ 1 ... 11 \ ~) = L"; J(x"y·· ~ JCX,) (~IQ\~). (.50) 

r3!10llt8HHyiO TeXH11KY IIpOHJ1J1JOCTpi1pyeM C!!8,ll:YillllviMI1 llpi1MCpaMviX): 

<~l~c",)-A<." .. ) I~>= (~c-.,)- ~J>1 ,b.(-\",-~~~ ~)}.(.gcx.,)- ~A\ &-10<.-~ .. 11.£x~~·1= 
. H (3I.a) 

='\'(<,) ... 'S'(x.,)+Lc~ (x,-~1)'\'(x~)···'S'lr--.)+L ··· + ··· = (3I.6) 
tl~kO ~&C\ 

c..n«.fLAS.Q..i>ii.(C. c...nC'.rl-1SAJ-(uA 

=t\ ( lf{ll,) + i ~J(x1~ •• · ('f(~ .. ) + -k ;)(.x.,0 'i = 

=t\l'-1'{:;.,) ... '\'(x.,)+L -\-~0<,-x1)'\'0:-,)-·4'(x.,')+l: ··· + ···}1, 
OAHO A.Sll. 

<-nD.r"'•e~.~we. t:.na..pa..t&ll.~.Jl 

~<'fl{ ~(x,) ··· ~(x.,)11lf) = 1~. 1 ('fl{~(x.,)t ~(x.,_~ ·· ~ ~(xt) ~(xt)1---131lf)"" 
= t\ ~(x,) ... 'f(x..,). i = 

=-'l'(x,) ... 'f(x,.') + L ~ ~('\,..,-x1')'-§'(x,) ... lf(.x.,)+L:_ ··· + ·- · 
O~tiO A"~ 

e..oa.p 1111.a..ww.e. c...nel.r"'B~u..st. 

<'fl 'T ~(x,) ···~0<.,)\4') =I: e (t,-t~ ·-B(t: •. ,-t.)<4'\~(K,) .. ·lf(x..,) I'S') = 
no &'-&k 

n£p<.~ta.Ho&~ 
1 ... " 

(3I. B) 

(3I. r) 

( 32. a) 

02.6) 

=2:6~,-tt) ... e (t •. ,- t.:)('f(><,)- \!'~,b.(-)G,-\ 1)-s: ~x,~·-{<f<.><.,)-)J;~.t\x .. -~~ .. ;~~·1= 
(33.a) 

=-t.f(",)···lf'<." .. )+L'.b)~ ... (",-"~)'1'(ll~) ... l.fc"-.)+L ··· + ··· == (33.6) 
o~wo A&«. 

C..nCLf'HIHuciAL c.na.p .... 11ct.H~&J, 

=-A2:S(t,-tt)···9(t. •. ,-t.:)(~(x,)+ ~ ~x .. ,iJ ···(~H" .. )+t;:J(x~·i= 
=A(~l><-,)···lf<.x.,)+L(-i)!\~(x,-"1.)'f<.x>)···lfCx.,)+L_ ... + .. \.i · ~ o)Ho ...... ) 

'"""f"~ c.na.r~..t~Jl 

(33.B) 

(33. r) 

Bblpa~eH!tlH (3I.6) H (33.6) COOTBeTCTBYIOT TeopeMaM ~3MCOHa 1t1 BltlKa. 

x)Cp. c COOTBCTCTByromHM!tl pa3Jl0~8HI'IIDd!tl onepaTOPOB B ITp!t1JlO~eHJ1K A. 
II 



Bbipa;:teH>IH ;,!elK,I\y f\ >I I B (3I.B) >I (53.B) CyTb [Il{(.;-~ COOTBCTCTBCHHO 

A A 'T'A 1\ 
/'].JIH 'f~1) ••• 'f(}..,) H I ~('1( 1~ .. ·lf~.,~, B (3I.r) <! (.:S3.r) - cpe.l{H<!C 3T11X 

orrepaTopon B IUG-~, 11, HaKoHeu, B (32.a) - cpe.l{Hee i.,\.~C.r'i)- .. tr(o(~. :JTH 1\, 

Bb!pa:.tC!!IlH rrpH'lH!!Hbl B yrror.!HHYTOM c;,rblCJIC B OTJI<!l.JilC OT (.)I.6), (32.6) 1'1 

(33. 6). 8 K31.JCCTBC Cll\C 0/'].HOrO rrpwMepa CHOBa paCCMOTpYif14 $ -MaTpHI.J.YX): 

lYlt,~)-= t\1(.'~1 U(t,t')\'f) E t\ 1
(-f \ 1J(t,t' i ~ (';1-)J H)= 

= u- (t,t'; ~l<t) + ~ {l('t0. 1"' 

= U'(t,t' ·, 'ft'})-~ ~:ic<tD · 1 . (34) 

Pa6oTaH c aTHMIII BbipallteH<rHMll, Mbi MOlKCM rrpaMO B ITKC rrp11t\Tll K pasnoJKe

HWID (7), HC o6pamaHCb K 06b11.JHOMy orrepaTOpHOlAY qJOpMaJIH3My. ,UJIH KpaT-

KOCTil BBC/'l.6M 0603HaqeHUH t 

lJ(t,t'·,+):: uc~,t'; ~c~)+ l~x~~ ='I~ ')l~)\ tx:(~(><)+ ~~d<!'-5) , 
t! 

u-~,~ ·,-) = lJ(t,t'., ~('1')- ~ ;j(: ~='I e.<.ft ~.,\'t,:S, rC~Qc.)-\:h(x~. 
1 t' 

C yqeTOM COOTHOlli8Hilt\ 

1J-1 (tt'·+-"1Y(tt'·+"= i 1 1 J \' J , I 1 

113 (34) CJie~yeT CBOt\CTBO 

v-1 (t;t.l j-) V(t.,tl;-'l =- i 

1 -lS- (t,t1 ·,+ )1}(t,t' j-). i = i ' 

KOTOpOe Bb!I10JIHH6TCH TOJlbKO B npHMCH6HI1il K 8/'l.HHUI.\e. 

(35) 

(36) 

(37) 

(38) 

Tenepb o6paTHf,!Cf! K orrepaTopy IIOJIH B rat13eH6eprOBCKOt\ KapTl!HC H 

rrpe.l{cTaBIIL: oro K&K onepaTop B ITKC: 
A "'- ,A A < ~\ 'f {.>-)0.\15') = <-s>\ 1)-\x.,t')~lx) 1J(_)(..,~)Q \~)= 
\ " =1J- (l-.,t';( \..)( \UG<.,t';l \)Z'fiQ\1.\')= 

= 1\ -u-1 (_x.,t';+)l'f0<)+ \. ~)"tJlx.,~·,+)f\1(4'\Q\~)= 

= /\~Q<.')f\1(4'\Q\~) • 

TaKwM o6paaoM, rrpe/'l.CTanwTeJib ~(1'', B ITitC-2 ecTD 

(39) 

X' R A ~ v lJ(t,t1):.1Jlt,t1"l'f('})J- 06b!1.JH8H A::)-MaTpWI.\3 B KapTWHC B3311M0,1\CI1CT-

BHH. 
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<D(2<.') = u-1 Cr-.,t' ·, +)(4'0<)+ t ~'j(z<.vuC?'-.,~ )+) . (4. j) 

l~a aToro onpeAeJieHW! 1\JIH orrepaTopa ~(?'.) •.!Oli(I!O rronyl.JHTb ypsBncH:!e, 

aHanorlll.JHOe ypaBHCHHIO HHra-<Yen.l{Mana, 

t 

{1)~")= ~(.")+ i ~3(1<.) + ~d~'} ~'l.d(_x-~)~(~('t~ 
t' 

(I+ I) 

Ecm1 paccMoTpeTb 

<~ 1 Q ~ \1'-">\•.f> = f\ 1H_x.,~ -,-)(""0<)--\: <F-s(/<~Y\r-\_><.,t' -,-)t\ 1<~\0. \'-9>= 

= t\(l}"G-')f\ 1 (4'\Q\~) (42) 
1 

11p>l)\eJ.! K COOTHO!ll8HHHU 
1 

KOMllJICKCHO-COIIpfflKCHHbiM (40) H (41). 

YpaBHCHHC (4I) :JKB<rBaJieHTHO /'1.11Q~epel!L\ll3Jlbl!Oi.IY ypa.nncmiio 

(0-m~)~(.>-.) =-j~(«.')) (1•3) 

C Hal:!aJibHWLI1 yCJIOBHffJ.IH, COtJ,ep:iaE;Hc.a! .jJyHI{L\WOHaJ!bi!blC IlpO<!:JBOJLHbiC, 

~(x,t')= -g(X,t•)+ ~ ~~{)(.t') , ~(X:,t')= .:YCi<7,t')-\-1~c;t,t') · (44) 

[~3 (39) ill (42) tJ,JIH BBe,Z{CHH0t\ B /9/ nenHl.JI!Hbl "¥ ~) H3X0,1\IIM 

tf{JI..)= /\ 1 ('f\~~'l\~)= (1)(1<.~·1= ~,.(x)-1 = \l..e.~&')·i . (45) 

""!. ].lnH CBH3H ~ ~) !13 (40) ii!Jlll ii!TCpi!pyH ypaBHeHHe (41) H8XO/'l.I1M C 

TOl.JHOCTbiD ,1:{0 TpCThCrO IIOPff/'l.K3 . L 

<Dc~1='f(i)+~~10) +~ v)(.1.~"-"*(u')('f(1.)+ 'i. ~J~~ + 

+of ~J4,._1. ,\4)(.:!. b.'th\-(12-)~'lL*-0-~) ~~(.-t)+ ~ ~3C.~~ ,(~(?)+ ~ ~':\(1>))'!. ~ + 

+ "'!" \ c\'xt.!~ "~A'~ ~'te.(:C-tt)b.'Wo~~utlt ~)~ \_~0>) + ~ ~JU.~\~G)+~ ~J<.~1 + 

+b.~~t;Jt~(?.)+\-~»~&0-)+~~'»~~~(J.)+ \ fJ(.4~,_3!) -~--~~ ... . (46) 

BXO~Hmlle CID,Z{a B~palKCHIIff MOlKHO 3811HC8Tb cne,ny~HW o6pa30¥: 

(, -i. c;; \'- l. . ~ 1 (b \t.. 
\..q(!.)+y'b'J(1.)) = ~ (~') +1.'V(~)'b'J~)- 't\'t>w)) , 

rr. . s :\ r.. . ~ ~1. c . 'b ~ r. . ~ ~L t\...~(_'!.)+1-smh~(2.)+ ~ co':\1})) s=1'f(1.)~(,)+\:~u!;)J +i\'1("!>)+ ~ ~)J -alC!.) 

\(~(~)+ t ~~~ ,(~~)+ ~~xJ i =l~~)~~)+ ~~X"~ +1.4-~~~~)+~ix~"b'b~~)-
.-{ (., ' ~ \'L(:i_ ~ ~'LA!.l~ ) -r~(t..)+\-'bl~)J\.._<b':lt>)) -1\,u\:'t ' 
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tC~c~)+t ;xi~L(~0)+t~)(3~, ('fb) + \_ ~'Jc;,~~ H== 
(47) 

=.t~(i){(~t>)+t;:~c~~' (~lio)+~ ~1(4))1 + i{ 0c>) 4 t~:x~,~(4)+t~'X4~~3~:~ci) · 
B ITplllMCHCHl/ll/l K C~MHlllUC 3Tl/l BUpBKCHl/JH COOTBBTCTBBHHO .1\B!OT 

<g~(~), 1'1(1)'\''\:;"'), 2.~1 (.:;)<g 1(~)-~'-6.i(;4)~ 4<g(i)~(:;)'f\4) ' (48) 

T. e • TO :i!te, liTO B KJ!BCCl/llte, 38 l/JCKJIJOqGHHCiA ,ll;06aBK.Il -'\i~i(;~) B 

TpeT:&e:.l qnene. 3ra )(06aaxa ;~aeT rrepayro KBBHTOByro nonpaaKyx) 
t 

- '!;t;\ d'xtA"x,d"x, l\u.t(H.)I\u.t(_t;")[\'t4.t(i4)fl~(:;t,) (49) 
t' 

Ic PHAY He ti•,wna B KJ1aCc;uce. TaK!IlM o6pasm1, COOTIIOllleHMe 

t 

~(x).i =-<g(x) + ~d~;! l\'«<lx-'})J({J)(_~)}1 (50) 
t' 

HG CBO.l(!lTCI! K KJIBCCl/lll8Ci(QMy YPBBHBHl/JJO .l(Jlff ~(x) = ~("-)· i. 

CBH3:0 Bblp8K8llllli1 (47) C Cl/JIAMGTplll30BBHllb!MI1 llPOI1~BC,l\8lH'!HMI1 ':S'~.)+~rl:">) 
TOqJiO TBKBH )!(G, KBK ,1\JIH 06b!qHblX OIIepaTOpOB IIOJ!f! tg('Kk) . (nepaoe, 

BTOpOC 11 qeTB8pT08 CI1MMCTplllllHbl8, Tp8T:08 CTBHOBI1TCH Cl/JMMBTp!llqHblM 

sa nhlqeTo;.t -~~!.(~~) ). 

X)8TOT l/l .l(pyrllle KBBIITOBbW liO!lpBBK!Il llOJiyqaiOTCH 11 113 i\JOpMyJihl (A • I) 

n/
9
/, TBK KBK He BCe YllBCTBYIOI!\118 Ta:A !lOBTOpHble BHTlllKOMMyTBTOpb! 

llpHMO CBO,llHTCR K CMMMCTplll30BBHHblM llp0lll3BB.l(Bll11RM: 

{.~ 1 (:;),~2.(4)1::: :. ~~(3.)~(~').)(~)~(4')3 t I -1.!.1\:1(34) 
.,.. 3.~~,~ .... ;, ' 

t'ft~)H\"),:ftc..~\H =- ~o \<f(~)~C'-)~(,')~ls'\~c_s•)~ , -ll'Nc~s)~L':!) 
i"'"'t 1L.,'S

1..,S ' 

H':!0-){qc_4) ,~ 1(s)}3 = ;0 He") .;,c"" )~~)~(s)~(s')}~· ... ;,s!...s $1\\~~~(-'t)- ~fA(3~) 1\~s")~<s) , 
HC2.){~l"1>')\_~('.),~t(s)1\~ = 1

1s {. ~(t)~(!.);f(4')~(s)~(s•)}, s• .... s • 

TBKJ.L\1 06p830iA, IIOCJie rrepeXO,Z(B K Cl1MMGTpi130BaHHblM IIp0lll3B8,LJ,CH11HM 

,Z(OIIOJ!HI'!TBJ!:OHO B03HMKaiOT He,ll;peBeCH!ie rpallJbl: 
.. ~ ... )t...f ~., 

')"~ +~"(~+~+~)+··· 
' ; ~ .l 

!I03TOMy YPBBHBHI1R (9),(27),(28) 11 (46) B / 9/cJie,Z(yeT IIOH!o!M3T:O B 

OIIepaTOpHOM CMb!CJie, a 11Haqe OHl/l BCpHbl TOJI:OKO B rrpe~eJie i;_-. Q. 
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AHBJIOr>!llllb!C Bbl'!J.'ICJI8Hl/JH B qeTB8pTOM IIOpr!!i,KB .1\B!OT 

~ lf(i)~ 7(4~ cy~(s)- i~!\~(4'>)lf0-~ 
1 

4 ~(4)~\>.)<g1(r)-2f..{{;s)~(t,)- '1f.:l(?'t')&(;s)cy(.s), 

IS ~ c_,.y~c_.,.)~("-) 'S 2-(_s) (51) 

l/l, TBKI1M 06pa30M, !lO!IpBBICY! 

-~<.if)a~ x!.d\y_ "!, fl\y..~ A"~, b. 'tct(\2.~1\~0."!>)~utl"~)b. ut.l>'>)6.."-(4S)'5l2.)+ 

+ l\u.t0-t.)tl.'teA(Js) ~ L'..~(:!>s) ~('<~ + 4 L\(_b~)L'l.C!.s)~(s~) • (52) 

B KaqecTBe rrp11Mepa neml'li1H 6onee CJIOJKHh!X, qeM orrepaTophi IIOJIH, 

paCCMOTpi1M T8H30p 3HeprMI1-llliiiiiYJI:OCB. Crrepna paCCMO'l'PMM ero B KapT11-

He B3alllMO,l\8HCTBlllf! 

A -" -\ ~ 
<'I' \ 1\ .. &.\\Lq)-= <'-d-or ~C"-Y'Vf(l<) - 'i;t'" .r...(,) H'>-=-

= <'-\' \-11'~(1'.Yav~0<)+'brl{o~~(o<'\o~(")+ vt_ ~1(xH ~ ~1 Lx) + t ~'C""~\lf)== 
=-ol'~(..,)'<v~G<.) + T ~r--~v&''to) + 'br,(t "6>-~LxYil~t.qQ<.)+ Yf~"-C.x)- i;-~o-m,.)&1\~ + 

-0 

+ ~(~"6<.)+f&-1)(sl)~(l<.~ + -f(~\'~<) + ~tf1)(o)<gt(1<) + t b-(1)\c~ • (53) 

"' l-icxo.l(HOe BhlpallteHwe .li.JIH T rv ~) rro,Z(pasyMeBanoc:o CI11\MeTp1130Ballnwa, 11 

B pesyn:oTaTe N -yrropHAOqi1BBHI1H rronnamic:o 6.C
1\o) , npw<eM qncH 

i 1r)v ~1\0~ Kali pa3 .l(i18T 3HeprMIO HyJICBblX KOJICOBHI1lii JJaKyy>,18 

i o~ &'\o) = i_ ~J!>r wc.r) • (54) 

I10.l(Ci1CTBOBBB (\-~ , .\lbl ycTpi1Hfl8M BCC I.JJ!8Ilbl C Dt\o): 

m 1 " "1 lr)"') = !\ (~I 'r ,..(x) \~)"== <.~\ Tl'11 {.lt.) \~) = 

= - ol''f(")~v~lx.'l + 'br,Ct""o,..~&.)'o)...~l"') + ~'i 'f1 (x.) + i-lf"(x. ') + +\f~,V<~, (55) 
A A A A 

EcJII1 paccuoTpen<~ IT. Jx) Q \lf) 1!: < ~ IQ i' l'Jil\~, TO rrpYI,lleM K KOMIIJieKc-
r * A 

Hbll.l orrepaTOpau J;_.,(x.) lll 'Jt'Jx.) , ilPCACTBBJIH!Oll\lll!.l t\.Jli.J B iUC, KOTO-

pb!e TIOJiy'la!OTCH 113 (55~ npOCTO 3al.!eHOI\ ~(:tc.) HB 'fUc.) ± ~ ~'j("-) .IlpH 3TOI4 

T rAl<.~ =<>;."(.,.). i = T; ... (;..). i. • (56) 
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Allanorl1'mo npe,llcTaB!IfTeJieM B IIKC-2 .l!Jlfl TeH30pa ::meprllfl'l-llfMnyni>ca B 

ra:laeH6eprOBC!to~i KapT!IfHe 6y,lleT COXpaHfl!Oll(!lft1CH ItOII![]Jl8KCHhlfil onepaTOp 

,..,._,J ( -{ iflv. 1. i 
rv(j)=-or<J>(l'.)ollcl)(:A.)+bt<"V: o~~n~<fi(l<.) + ~ (}) (x')+ 

+ t ~"(_,..') + t ~\l(~ 1 ~t'J;."&) = 0 
(57) 

(!!O)"\[kl3Y .• eBaeTCH C!lfr.IM8Tpl13aL\IIH) 1 a 

Tr,lv-1 = K1('flTrJr-) \lf) = <-'fl T~J--~1'-f) = \.'-"}i= J;.:&-1·1. <
58

) 

ToqHo TaR JKe B IIKC 6Y7J.YT 11MeTD cj)opuaJIDHO CBO~ o6~qHh!i1.BH;IJ;.ltl 

II}iei(CTaBI1'1'8JII1 JII06b!X .n;pyrwx COXp8l!HIOU\HXCH 11 HOCOXpaH!l!Oh(HXCH 01!0 pa-

TO[JOB • 

Pyl!Kl\HH fpHlta i•JOJ.mO opO,L(CTaBVITh B iL{G CJIC7J.Y!Oil\Hi·.; o6paso;,I: 

<-vl1'~l"-,)···~l,q V(t,t'~\t.f)h~o = 

::: "r(c~~,)+t~'J(I<~v···('f~ .. 1+t-~d(1'..,i)uctl;+~·iiJ~o ' (59) 

11 iAO. ~1!0 rOBOpHTb 00 OnepaTOpHb!X llp87J.CTaBI1T8JIITX 

E/&1 ... x.,)=T (C'fG-D+~~x",iJ··{~c ..... ,+ i~'l(><.,V Ul,t;~ C6o) 
C 1!pl14Hi!HO:i CTpyKTypoti. 

_ Uowmuo aMnmlTYll.bl nepoxo.n:a BLJq!lfcJIRIOTCR B IIKL!, uanpH:.~ep, Tax: 

(~\ ~H('1J···~l'l,.t) lrC!,t') ~<-'"1L"D···~<.+\x.,,)\~)'.\=O:::c 

= (\'!. ~<.-\'i<) ... 'f<--1c.1,.y\1 1T(t,t';+)J\\g('"\"',) .. 'f(.""\.x."~ · i 1 :~~o = (6I .a) 

= f\1 ~<.-)(.~) ... ~<.-)c.'!-.,t) 'f<.+)(?<.,) ··· 'fc+)<.>-.,,)1'\~ .(.'f\V(t,t')\'{)h=o= (61.6) 

=. f\'1. ~(-) ('}1) ... 'f(-)('}.,fJ 'fl+)(l<.,) ... 'f<.+)<_,._,.,~ t\1 1f(t,t' j+J ·1 h~o -c- (6I.B) 

11RH 11CITOJib3Yff (cp./II/) 

, \ [" A " ')l 'I ~ -. "- 'b ~ /.,.r'' t. i\1,-" --..'f ~{l'..,) ... ['fC!< 1), V(t.,t ... j '\'/h=o-1. t,d(><,)···'D':\{1<.,)'''1M.,tllv11~ 
_ . .., 'b ~~ , , (62.a) 
- 1. 'b~et-.. ) ··• b'bQ<1)·~C.t.,t ;+ ,. 1 h=o . (62.6) 

AHanorHqHQ (61) MOJKHO rrpe,llCTaBHTb !If BepOffTHOCTH 
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<'f~ <f(11l···~c,.l-a-,.t) iJ-\~,t·)? i(1)Ult,~) ~~x~)···~~"*") \lf'>. C63) 

IlpHM8H8H!Ife 06b!qH~ aMnJillfTJ,ll BepOffTHOCT!If nO,llpa3~48BaeT OIT!IfCaH!Ife 

RBaHTOB ROMllJI8KCHb!Mllf (ITOJIO~llfT8JlDH0- !If OTp~aTeBLHoqaCTOTHUMllf) 

~yHK~HHMH. ~OpMaJibHO, pa3yM88TCff 1 HeTpy,llHO nepeHT!If Ha ff3b!R B8ll(8CT

B8H~ ~yHK~llfi1 ( 1f(!<)=!iik~l"12<.) !If 'f(i)~)=-Hml{"1~) llfJI!If 'f(") !If ~(x) 

,llJlff O,llHOrO RBaHTa 1 'f(!c 1) ••• '-\'<1',) !If T. n. ,llJlff n.. KBaHTOB). 

Bee npHMeHHBillllfeca B UKC onepa~!lfllf HMeiOT aaanor!lf B o6h!qHofil onepa

TOpHofi ~OpMe KBaHTOBOH T80pllfllf nOJIH. ~llf¢WepeH~llfpOBaH!If!O no ~) 

" COOTB8TCTBJ8T ROMMyTaTOp C orrepaTOpOM ITOJIH 'f (!<.') 1 !If R03C~c{J>l~llf8HT-

Hbl8 ipJHK~llfllf pasnollteHHff no M -npoHaBe,lleHHHM MOJKHO naxo,ll~tTb cornacHo 

I 
/1. A 1\ .-\ 

F~1· .. ><.,~ =(o [~C!- .. )[~(lc.,._,) ... ['f("-1),0,1. .. ]Jio> (64) 

BM8CTO 11.-KpaTHOrO ,lll!:cJ.iiJ!l~peH~llfpOBaHifH ITO :l (x) !If npllfpaBH!IfBaH!IfH J-=0. 
0,1lHaRO HaC OC068HHO llfHTepeCOBaJI!If R03~llf~llf8HTHb18 ~yHR~llfllf pa3JIOJ!t8Hllffi 

[]0 CllfMM8Tpllf30BaHHb!M rrpO!If3B8,1l8HHffM BB~y rrpllfqllfHHOrO xapaKTepa TaR!IfX 

~yHK~Hfi. OnepaTOpb! MO~HO CBff3aTb C llfX illTpllfXOBaHHb!Mllf ,llBOfiHHKaM!If 1 y 

KOTOpb!X TaK!If8 K03~H~llf8HTHbl8 ~yHK~llfH CTOHT llpllf N'-npO!If3B8,1l8HHffX 1 

cornacao " 

Q t:" ~ k{ = ~ + i ~!~)(' [~lx!)~ [ ~(1) ~·) ,0:1}+-

+ ;
1 
l~Y\r·,d~r-"[~~··)~ [~(1)~·~[~Qr.·)~:[~(i)&),f«:J111+ ... , 

(65) 

r,lle ~)(x) - onepaTop nOJIH, no;n;BeprHyTh!i1 rrpeo6paaoBaH!If~ rHJIDoepTa 

(onpe,lleJieHKe eM. B ilpHnoxeHKH A). TaKHM o6paaoM, Mh! uo~eu nonyqHTb 
A I A. I ) 

mTpHXOBaHHble onepaTOpbl tfl (x), U ~,t' !If JII06h!e 71.pyrae. B qacTHOCTH, 

-1 .A A .A A A A -i 
n.\ t 'i ll{1) •.. 'f&q}, ~ 1\ :~1) ··· 'f (K~)~ 1\ (66) 
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4. oJISKTP~ .JLmA1lc1KA B l!f{C 

J BCKTOp-llOTeHUYiaJia A_r(x) 1'1 y COOTB8TCTByl()U\8rO .JJ"' (x) BCe O'l'Jll'l .. 

'Hl8 OT CIWJIHpl!OrO CJiyllaH COCTOl1T B HaJil1'1l1l1 BBKTOpHOrO HH.ZJ;BKCa, 1'1 

Mbl Ill; 6yAeM llOBTOpllThCH • .L(JIH ClllllHOp!!OrO llOJIH B KapT!Illle B3aW.iO)'(etl-

CTBl1H l1i.ICC!,I 

<A<t>I~(~<)Q\1\~¥)} ( i \{ ( (n b \ " 
<.A'!'IQ ~(~<)\~<t>) = ~QJ~"") ± i\ ~ + (x-~)'h't 1ii[6,)/(~'I'IQ\t..'t')= 

=(~)f\(~V(x)± ~ ~~~~Ki<.~~IG..\~~¥), (67) 

"' A 

<.k'\'\~(><.)Q\t>-..1\') 1 (1. )( C (_±) ~ A 

" A 1'--. = \t'(!-) ± {a>,-<::' -'\~£:: ~-x) <~~IQ\~"'>= 
(t-..~\Q. '1'(:1..)\~'\'/ ~0.. ) o~l't) 

= (~ J"(~(x) ±-\:- ~~("-~"1. <."lf\Q\~'t'') ' (68) 

r.n;e .ZJ;JIH npnB~X onepaTOpOB IlORBJIHBTCfl lll1CJIC!!HNB MHOlKHTBJlh. 1Q 
paBHUB tl llpH l!BT!!OM 1'1 -I npH llBl!BTHOM l!HCJie CIIHHOpOB B COCTaBe 

"' 
onepaTopa Q. • Orreparop 1\ HMeeT Blll.ZJ: 

/\= ""-\1.~~-i\A\J;l ~~l')"''1s'"')(~-l)~,.iiiCl~ . (69) 

.l(anec OTl.ICTHM COOTHOl!IeHHR 

-1 • (4~ ~f~)r. ) 'il 1\ If{)'.) t\ =If~)- 'i ) ~ \:"--~ ~"' 'bi[(1) (70) 

- -1. - 1. (A, L '"'(i)r, :'\ 
!\If l"-)t\ = ~<2<~+ T) ~CO 1(~) '\-'I~ ~-X; ' (?I) 

XJClll1HOpHNe I\OrepeHTHble COCTORHl1R 3alll1CbJBaiOTCR B BH,lle 
t 

l<t>> =e.l(~ (i.'!A +i. q,.\<1_~\o) =e.l'~liq,c..~c+i~·IJ.)Ic)= {~·~=\i-J(~(!c.)~Q<.~ 
t v '? 

= e"l-t\d'tx!4'! if(.~<) ~1)~-~~l'i~ ~f~ \~ll(~tx)~(:l-l~)+~l+)(!<)~(ll~jO)' npHl!CM 

t i! "" 

lfl"') = )!"1-S(lc.-<J)I(.L'!I) \f()<.')=- \Jt.l} ~C<t)SC1-X) 
~ v 

IIO,lll!l1HHJOTCR anre6pe rpaCCM3H8 H 

J-,,,\ii(1)·i=~'¥Qt.)·1=-~-'.l-) <~- .n;eBcTByeT HanpaBo, a~ - aaneBo!). 
o ~\."-1 o rtl't) o ~ o1_ 
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I 
1 

1 

' 

~ =-i~!~(s<.x-~)) ~- L- ·\,1.> 'b rite :"\ 
'b1(lt) ) 1 1 "<'b"iC.9' 'b1("-)--'t) 1b~('i,)'6'1r::>~-XJ• ('?r~) 

ilOJIOlKHTCJlhHO- 1'1 OTpHUaT8JihHOl!aCTOTH!18 llaCTH .lO.'i\HO Bt')'\t:OJ!ill'lb C 

llO!JOllibJO rpopuyn 
t 

'\1<.+\x)= -i~c\ \ ~<.+)c_,..-~~'&"< ~(~)= ~ <1''1- S t=.:')G-';1-)~l'}J , (75) 
t' 

\ill+) 0<):-i ~A\ \ii (\)'6,.S<.±)~-x) =-rA~'} ~ C<t)S (_±\'1-"'J . (74) 
t' 

JlerKo npoBeplllTh, 'iTO rronyl!eHHblC upei\CTaBHTem! orr.; !Ja'I'O[JOB nonrr 

HMBJOT TB lKB nepeCT8HOB01f!Ih!B COOTI!OlllB!illlH,~ liTO l1 l1CXO,l\Hbl8 orrepaTOphl 

llOJIR, l1 1fTO CHOBa BCe JIBBh!C npe.n;cTaDW!.'CJIH KOM:HYTHpy!OT CO BCe:,!H 

npaBb!MH. 

.l(anee, KaK 1'1 .ZJ;JIH CK3JIHpHOrO llOJIH, i.!OJKHO llOJIJlll1'l'h !W .. lfJJICKCilL!~ 

npe,I.LCTaBlllTCJllll l'at;3eii6eprOllCKlllX OllCp8TOpOB: 

J\/x)= 1J-
1

(K.;t.';+)(l\l'~)+ ~ ~ (><.i'fU<_x.,t1;+) J (75) 
I< 

1f (?<.) = u-1t-.. ~ ;+)('t'U<) + ~ ~t0<)')u~ .. ~ j+) , ('7G) 

¥ {.><.) = 15-1Cx.,t';+)(~(j-) + i ~~\?<;yuG.;t-' ;+) , (77) 

r,l\e 1}(t;l:_1.,+ ') - 06Nl!HaH 3JlC!\TpO/\l1!l8lH'!l!CCK8.H S -·.mTpV!l\U, 30.I1aCal!-

H8H B fli{C-2, 

1f lt. ,t.' ·1 +) = 'I e."'' fi )\t.,. L r.~; + )\ (78) ~ tl 'l)' 

~x0<;+)= i: (f\,.{.l<.)+ ~ ~:lr\1<~[(90<-)+\: ~'[~;~),~'(/c.)+ l ~~("-~1.(79) 
Ma (75 )- (77) ;.lhl h40)1(e;,r rrpi!liTH K ypaBHeHVIHi.I .D;lll1i\elHifl, Hanpw..wp, B 

ljiOpMe ypaBHeHHi,l r1ura-'Per..n;.\laHa: 

A/l()=i\"l"')+ \ ~'lt><) + \!~'}b.'Lrt0'-1)J/'¥), 
" t' 

"'i Q..) = \l'lr-) +t-~ - t~J !"'}Sru.t(1<.-'!")~r:ffi,J,_) lfC.<.t) , 
o~t(!<) {, 1 

""' 
¥(!<)= '+i()()+t~"l(.lc) -ie. td~';t li('cj-)yt'Jif'('j)S ... Jv(1-x) 
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(80) 

(81) 
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(r.zte Jr(x) - rrpe.ztcTaBVITeJib raM3eH6eproBCRoro TOKa 

Jr~) =.if[~~),"~" ~(x)] ) ' (83) 

VIRVI B WOpMe 06~qHhlX ,llVIg~epeHUHaRbHUX ypaBH6HH~ 3R6RTpO,llHHaMVIKH; 

o:l\r&.)-=-J,.(x), ('i~'(o,.-ie:/lr~))+m)¥(x)=O? (84) 

HO c Heo6~qHuua HaqanbHMMVI ycnoBHHMH, co.ztep~a~KMVI WYHRUHOHanbHue 

11pOH3BO,llHble. 

tl Q ... ')_A /:-" ')+.i._ ........,'i)'~~ j rlX,t'~ =~r'E,tt)- ~ ~ A.rl$,t~ ' 

'LI" /~ ') -Q ... ,, { 'b '( (85) 
' ~ \2"il:: = 'f x,t: ,-!. 'b'!I(.R',t!)"' • 

Dl.rx,t -1\J'~x,t: 1-.~A.,.(it:,t!'' 

Y~,t')=- ~(X',t')+ i ""'t'l'(x, -
ITpaweHHH ypaBHeHHH (80) H (81) R 6,llHHHUe, rronyqHM COOTHOill6HHff 

ArC ... )~/\~/\~ <A'I'\~l ... )\~'1'> = (.\'!'1~G<-)\kv)=JJ'~).i =A. lt-H ~!~ '!ll'Uk(!..--.t)J (~) ·1 (86 > 
l' r r v r ' 

'i*(ll.), f\~ K: (-'.ll!t~(!..)\~'1')=<-A.~ [Q'(,.)\.\'f); 'f~)·i = o/(x)-ie.)A~t~ S-ut(x-:f)\alh)Y~)-i, 
~ (87) 

pa3HOE6HHH KOTOphlX 110 TeOpVIVI B03My~eHH~,ITOMKMO qneHOB, 06blqHUX ,llHH 

PH.ztOB He~uaHa B 1knaccuKe", co.ztepxaT KBaHTOBhle rrorrpaBKH, O.ztHaKo HBHO 

ITpHqHHHhle (arrpHqHHHOCTb HCKnDqeaa ITpH ITOMO~H f\i ). 
B TepMHHax rronyqeHHUX rrpe.ztcTaBHTene~ B 06blqHQ~ wopwe aarrHCbiBa

mTCff Bee coxpaHsromMecs H HecoxpaHHIDmHecs orrepaTophl, HarrpHMep, 

4-BeKTOp TOKa, aapH,ll, TeH30p 3HeprHH-HMITYRhCa, 4-IDliTYHbC, 4-MOMeHT 

H T,.zt, Cpe.ztHHe B ROrepeHTHhiX COCTORHVIHX ITOnyqaiDTCff nyTeM ITpHMeHeHHH 

3THX orrepaTOpOB K 6,llHHVIUe, HarrpMMep, 
1\ 1\ 

J(y.) = !\-: f\~i (1\'fl j ~)lf1.'1') =<A--¥\ D'(~)\f..q;) = lr&.) ·1 r r r (88) 

0TIA6THM, qTo B 06hlqHQM onepaTOpHO~ TeOpVIH ITOnff CBH3b MeE,lly 

orrepaTOpaMH H HX illTPHXOBaHHhiMH ,llBO~HHKaUH MO~HO 3ai1HCaTb B BH,ll8 

a =".J" erfi~k~ 
A"'Qk~ =~-t ~A~~['i~et,)l~['l.~t~)C\),0.11+ (89) 

-+ i\ (-~y~!~~. J\L[ij_~(1._)'!!,J ,.~(1)(, .. )c~~(f,~)'h c~ ~(')(~f),a 1111+ ... 
r;~~e ~(1)(x) - rrpeo6pasoBaHHe rHni>6epTa OT nona ~ (x), a ~ a i[ 
ROHCTaHTHhle aHTHROMMyTHpyiD~VIe CI1HHOphl CO CBOMCTBOM it I'}_ :.1 · 
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5. !TP:UJEPbl ~3 KBAI!TuBOI; JE.UrU!U 

ilpHBe.l(el.l npOCTeiiuli'IC 11pHM8phl H3 KBa!lTOBOd !JeXaHrlKVI, iWTOpW~ e~e 

paa rrpoHnnJOcTpHpyiOT ponb orrepai..LHH A VI rrosBonaT conocTaBHTb .n; Be 

rJ!OpMhl !TKC (6e3 HCKn!OqcHHff f... 11 C HCIQIJO'!Clll1CM), X) 

( " -"'l.) I} CBooo.ztHaa HepenHTl1BHCTCRaa '!aCTHI..La H : ~ 
-\ -\ " ';\ ' c \'L {. - i 01 \'L 

<.)(tl~~~~~>l= (r+2:~ +t~J <" IQ\d~=J\\f +i:~J 1\'<?t~\Q\x~ 
<J<.p\QH\xp>j :trn... r ~ ~""' ~ ' 

TaR qTO , '6 '!. 

1t l= (p 4:t'bi<:J l-\=-t\1 <.xo\H\xP)="Jt·i=-L 'lC' s l.m- 1 \ I i.rn_. ' 

TOr.zta KaK 
" (t.. 1\iY- (r+ 4-') )2. ,_ 

<xr\H\ll.f)=t\H =-~'-1= ~ t=J'.: +A.. '-m. 1_.., ~WI 4ttt 

.llJIH 3BORIDI..\l1JII Cpe.ztHero OT KOOp.ll;MHaTh! HMeeM 

Xlt)::<J<p\X.<.t)\.,..p)= ""'r\X.<.o)+tt>=x(o)+-&-t GX6:)·~. 
~3 onpe;~~eneHHH 

" " " <.xyl x.<.t) Q \xv>= t\ 'X_(t)l\"1 <..>-~\ Q \xr> (90) 
HaXO,I\V!ll 

'X(.t) = ){+.1..-~ +:L(b_.i..:L'\:: Xlt.) + i'l.L_ • 
~ ·~ "" \.t 1 "".li J 'b·K-t) 

2) 0CUIWRHT0p ( H ':. 'i (t-..--1 ~'l. -t ~ V) } A."' ~0 

<.~\ H Q\"'f> L = w/K1( ~tT(4. :L ;:i "0':\_'-+~/Y..+.LL ±L~\<1'\'IQ\x~)= 
<!<yiQHixr> 5 ~ ~ •r '-~"') ~ U>."bx '-"~.f)} 

= ~ t\(f\\r + ~'hY +~(:!- ± t~r~~t\1 4~\6.\"'f> , 

~~ = '; (A.-\r;: \ ~-1-l-+~~t-\:~)) 1 H-=-t\'("~lH\xf>=Jlt=-~~tp'-4.-~.,, 

'"rl;ll~y>= 'i~\v+\~rY+t>..~+ ~~i)~·1·'i_ (t\ir'l.+~11.~-\- 'i , 
XJocHOBH~e \P<)pMynhl, Heo6xo.n;Hable .ztHH nepexo,':la B ITKC B RBaUTOBOtl 

MeXaHHKe JtaK B O;llHOMepHOM, TaR H B MHO rOMe pHhiX CnyqaHX, 11pJIIB6,l.lCHhl 

B ITpzno~eHI'IH E. 
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"' ® s.:l10t (xp\x(t)\xy') = Xlo)~wt. + ...,. -w- • 

( "' _t:_- e'<- \ 
5) ATO.! EO/\OPO.I\<1 H = 1-."1 l~l ) 

AA c(l A_o .L'L~ 2_ ~ A 
<.,.xp\ H Q \xr) J = '-.f+ ~ ~ + ,_ o~l _ e: , 'L (xp\Q\xf') 

" (', \ ' :1"'1 ~( ~ ? + 1. 2_ '\ (llr\Qtt "'f..-> x+!ll\ox -i:<~pJ 

~
fo -.L "'b\'= t\ \.I + ,_ ')))(./ 

!tm 
e.'- ~ 
~±t:\))i\ 1~1'\Q\xy) , 

. 0 'l 
'R l= (n:-1::~) _ e.'t ,,_~-' "\ ,_ . _£ _ ~t • 
';lt*j :L"' ~r, +i..'iS~ ' f\-l\ .(xf\H )(.v-Jt i- 9-,., \x\ 

\!'-- 'l. <~fl 

4) CEooo,l(HaH peJIHTYIBMCTCicaH l!aCTML(a ( H -=- ~ft+""0 
"'" <:"'rl HQ\.,..f> 1 ~ . J · " ~ . --r · -1 " "- "\ ) =~+\~o+ i ~~ +~>~t(xy\Q.\l<.V>;;:" (t>+-I-1J+~"~'-t\ (xr\Q\1Cf) 

<xrlG. \-\ "f ' ' 

~ 1"" ~(r+ -\:~.,.;}+~t ' 1-\:J\'~(xr\ ~H"-f> = ~·1 = ~t"-+~'

<.,.,rl H \~r> = ~(!' +~%r ')'!_ +~"~~'- ·i · 
" " B peJIHTHEMCTCKOM CJiyl!ae B8JIYI4!1Ha p(t}x(t) - x(t )p(t) He 

COXpaHHeTCfl,H n03TOMy KOrepeHTHOe COCTOHHMe 

\'1'\''> = exf -t(i"Ct)~(.t) -~lt)fCt)))\o)> 
3aBHCMT OT BpeMeHH (B OTJII!l!He OT BCCX 06CY'A(,l(aB,UHXCH HaMH ,l\0 Cl!X 

nop CJ!yl!aeB H3 KBaHTOBO~ TeOpH~ nOJIH H KB8HTOBO~ MeXaHMKH), ITyCTh 

\Y-\') OTHeCeHO K MOM8HTY BpeMeHI! t=0 , Tor.l(a 

A (r +A.~~ 
..(1:.~i;.,(t'\""r>= <..r-t\x,.lo) + .!';.- t \"-r)==x,.(o~+ !_ "' " .it ~ .. ~.!1 

H ~(1'+~4r'f+t>~"- . 
3aKOHY 3BOJ!~UHH MO~HO Be~HYTh KJI8CC04ecKy~ wopuy, eCJIK npaMeHHTb 

1-1 
onepaua10 " 

x,.(t)-=.<."'rl~~(t)\ .... v> = k1 <,.,rl~,t-~:)\xf'> = x .. (o) +1f-t . 
OnepaUHH ~1 noHa~OdHJI8Cb 1'!3-38 HeJ!HH8TIHOll 38BHCHYOCT0 CKOpOCTH 

OT HYllyJibCa, qero He d~JIO B HepeJIHTHBYICTCKOM CHyqae, M3 onpe~eJieHHH 
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(90) Haxo~m;.~ onepaTopHuti npe,l\cTaBwTeJib, 

:1_ (_t 1 =- (X + .i_ 2_ '\ + t (.I' - -\: ~ J Yl 

V\ ~ ,!_ '7>~·;,._ ~Cr-t~,.:l+YYI't (x.,"X..,to')~ , 

3a.l(al!H Ha C06CTBeHHb!C 3Hal!eHWH fi!OliCHO (\iop;AyJIHpOB<lTb B il.\v CJ!0~y
!Oill,HM o6pa3oll : 

J\
1

("-y\ H Qlx.t'>-= 'R 1\i~.'"·riQ lxp") =-E. 1\-1<-x.r\Q\xr) , (91) 
YIJ!H 

'Jt ~==E.G. 
" "I 1 " r~e Q HMeeT CI.!b!CJI M8Tpl1Ubl nJIOTI!OCTH, a Q = ..(xp!Q \xr)=f\ 4'-t\G, \><p) · 

B03MOJF.Hb!e BapwaHThl ypaBHeHMW Ha COdCTBeHHble 3H84eHHfl 

lt"'Q = EQ,, 
1 A " A ~ 1\- <.xri\H,Q1Ixp')::: n.. k1(l<.rlO.I!<.p), HJII'I (gedt,Q ="C. , 

i\- 1 <.."-~\[H,0.1\!<.t) == i.<.)...f\1<"'r1Q.\,.,r), wJIH e_r..,'Jt)Q ==\G., • 

04eB0,l(HO, l!TO 3Tl1M nyTeM np11 COOTB8TCTBYIJIIIHX YC!J.OBHHX MOlKJlO TIOJiy

l!MTb 06blqHhle CneKTpbl C06CTBeHHbiX 3Hal!eHHi1. 

"' 0TMeTMM T8Kl!W, l!TO yCJIOBHH HHBap!!aHTHOCTH one [laTOpa 0, , IIallfJHI!CP, 

" A ' OTHOCHTeJibHO 3-MepHb!X Bpall(eHHtl ( [ Jmn,QJ=-0 j npHodpeTaiJT eCTeCT-

BCHHbltl BH,l\ nOCJie npHMeHeHHH onepaUMYI A._--1 : 

J"'.,Q=O, d"'~::"',.,~,. .. -x"~""" +P .... ~r .. -p .. ~r .... , (92) 

" " <xrl ut>o~ ,Q1\x.f) =-0. HO BblrJIH,l\HT CJ!OlKHee, eCJIH npOCTO pacnHCaTb 

OnepaUHH f\-
1 

He l131~eHHeT ClJOpMyJry !JJiaiiKa, .l(eLiCTJJHT8JlbHO, H 

¥- H -~t.l.)) <.)<.r I ~e.- I 1( ~) :=. e-"fi H ( ~ = 1 - ~ w 
H f\1(Xf\e-f!>H\Kt)::: 

, -..&LH 
=ext(!!' 'i (A.Cr--\: ~ .... )'- +1--G+ i'- ~),·i=t\1 e-"6H.i=~-~t.w e. ~-'6~ (93) 

~a!OT O,l(HO H TO lite 3HaqeHHe ,l\JIH CT8THCT>ll!eCKOrO HIITerpaJia 

A 

) 
-~H ~ 

:2.=..1. JxAr~tle lxr)=..:L(J,.,~rl\--t<xp\e-!!-HI .... b'>=-1-
b !-~ I ~t~ (94) 

11, TaKH~ o6pa3ou, BeAyT K O.l\HHM H Teu ~e E, E~ 11 T.~. 

0TMeTJ11.1, liTO eCJIH Ty HJ!H HHyJO tlJYHI{l\1110 f-(x,r) (Hanpm~ep, f(x,p)::: 
"r 

=(!<.piG_ \"-p>) pa3J!Olltl1Tb B HHTerpaJI ~ypbe no X l1 p, TO ,l\0MCTBH8 
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Ol13l)3T0p0 f\ HB H8C 3KBKB3H8HTHO BB8~8HKID B ITO~HHTerp3!IbH08 

Br:pai:CliW3 rayccO:BCEOI'O cJHO:ctKT8JlR 

f\ ~(x,p) = t-._ ~a~J,~\Hi1pt(\,~~=)4~~'t ;~(f.\\•+f..~t~J et\X+i~p J:(i,,~) (95) 

cl:!T8p'3CHO, '-JTJ, E3,1B E ~JiC-2 Q=b(i(-tt), llO!IJ'-lBe.r B fH{C-I 
A --" \ 

{l<.t\0.1'~-\')=f\Q= f\"bli<?- ~t 1 = 

= T!- "h. J.u-~ ll t\ 1 +t..~)l\ · ~"~~(,X\fr..l~J)tx- t t)J (96) 

(BHBJIOI'IA'-l!lO ~JIR OCL\11JIHRT0pa) • .l\JJR Q(!:1)= "6(;;'-;(')'b(f-f') 
( I ''D '\2_ (I t 2_:)1. '- r- ~-nn (t-t') -i P +t"'"" (t-t') _, 

Q(1:)=e :Ltv~ "- i.~ Q(t')=S(t-X''-!,(t-t'))D"(r-P') 

-:!> -fl...(>:-~'- L(t-t')'\1. -A-1 (f-r')2.. 
t\Q(t) '"'11 e. .... lj 

(97) 

,i.\Jlf! npe~CTBll/JTBJJR raJ:138H6eprOBCKOI'O orrepaTOpa, O'l8BK,l\HO, !1MeeM 

X(t)=l5- 1 (t,£-,+)(x(t)t+ ~~f(t)}LYCt,t' 1 +) (98) 

X(t I = )((t) + t ~ Kt) + \ Jd;- 1 .• ~t t--.:) F(Xt-2>) (99) 
t' t 

';l((t) =K~ &1;'\*.(t)\>'r>=<x~\~.'(t.)\xp~=:X(t)·i ~xlt)+ \ J:t: G-"'"it:-t:)f(X£.-c~·i(IOO) 
t' 

YpaBH8Hl1H ,l(BI'!)iWHHR MOlKHO 33ITHCBTb TBK1Ke l1 B ,l\Hiplj_iep8llL\113JlbHOJil 

,pop'Ae (ypaBHCHIHI H:omoHa) 

Wl X(t) = F(:X(t)) (IOI) 

C He06H'lllb!Ml1 (~JIH K!l3CCIIKY!) H3'lBJl:OHb!Ml1 JCJJOBKRMY!, B KOTOpb!e BXO~f!T 

!lp0!13B0l\Hbl8, 

X I ') _ · ') + ;_ 0 ~t - Xlt T 'dy(t') ) 
• ) i. " m'X(t') =r(e -T 'J:x(t') 

Paay•AeeTCH, Ty JKe cpop\!y YINreiDT ypaBH8HHfl II B MHOI'OMepHOM cnyqae 

l1 B cnyqae, Kor .1\B rrapaMeTpor,! 3BOJIIDUHK cny:;(l1T napaMeTp THna 

C06C~EeHHOrO Bp8M8Hl1. 

24 

(IOZ) 

flPitlJIO;(.t<;I!:AE A 

!13 onpe,l\eJ!eHI1H KOrepeHTHh!X COCTOHH>1ri ,l\J!H CKRJIHpHOI'O !10JIH CJJe~yeT 

('S'\q,L-'I(,c.') =~~(-)(_,c.)+ 1. \!\ 1\(-)(l<.-~~~~C+)('(~.(.,\= 

=~~c.-)(l<.~ + ~A 11 A.(-\'fo.-{')~f(f,') +~' ;1 'f(~~ <-11 = 
t' " 

=-f;_:L_ + i.. \ J~\{ &{\_JC-'1)lG~<'f'l= ~ ~1~) ~ {. d" 5 'J 

=~~~('>.) + l ~(-)(,<.)- t'f(+)(,c.))<'fl = 

= (t '5'(-)(->.')- ~J>7 6.'--)G-~~"'i,. ~JL\~<.'f\ ' (A. I) 

<'f\ lf{_l(') = ( '5'<.+)(1<.) + i 'f<.-l(,c. )- ~l\ b.(-"~-{')~ ~J(\.y<.il= 
= ('S'l+)(Y-) + ··) , (A.2) 

r,l\e BI!8CTO TpOeToq>'lff MOl!CeT 6b!T:O ITO,l\CTBBJI8HO mo6oe Bblpa:Kelme, 

CTOH!l\ee rrepa.l\ ('f\ B (A. I). 

,llJIH cpaBHeHHH c .-popMyna:~H (3I )- (33) npHBO.l\11!! oc5H'lHble pasJlO:ileHI:IH 

no N -npoHaEe.n.enHHr~, aHTI1- N-npo!13Be~e~JI:IHM l1 c>EII!:IeTp1130BaHHblM 

npoHsBe~eHHHt.l 

-'\ A -"\ /' :0, A )'\ 

"()c1)---'f()c.,)= :~(,.;,) ... 'f~ .. )~+L.. ift c~{'"t'rl(lu.)--·<f{!' .. )~ +L. ... + ... = 
~- ~-U\"-r"'!.Cl.Wl£. e..n-.t"'-.~ 

A",.(+) A"'\""\" 
"";<f(J<,) ... ~lll.,): """L-" 1:1: (ll,-'l(.i);_'f~"'!.)··lf(,... 1\ +L- ---+ .. · = 

olKO ')"'"-
C.ntA.fU~f. LPA.f'UII<'U'\W.~ 

- { 1" "- :t ~ ~ ~ " 1 { f" " \+ 
- ~~ 1. '1'~1) ... ~(1<...,)_, + :i: ... T [ 'i' ~1\lfCI'2.)l~-1.)l.1. 'f(l<.>) ... 'f(><..,)) 

'""' .. ~ ... .,. 
+- L {-[ ~~,),~L"7.)J-t [~~>),~l"-)1,_1_~)1 ~~(<.s)---i0< .. ""!\-+ ... -

~·~ ~\ . 
\.Lctt-l-k1,.,...,.~, ..... 

~ "' .. 1 ........ ~ II.{, l(' ~ f" " 1. =- \.~(lc,)··-~(1<. .. )>+ L-. T"''-"~- '--"---•)1 dCh)·--'f(l<.,)_s +L. ... + ... , (A.J) 
n\ olKO ~ )... • ')fo..:r.. 

C.O""-f"' ,.,.,..Ku<. ~wf.a.KUJI, 

~A A\ A A ....-1!<) ~A ~~~(,<,)· <f(l<..,') "":•H!<•)··t.fli' .. )'. +L- ~n..(l<,-xl.]:<g(">)--·t.fG .. y+L···+··· 
". .))MO Qw."C\.. ""Af"""'""< "'""'f"'~ (A. 4) 

>\ I' • ..,. .f_'\.S<I " A =; t.f~,)--~(J<. .. '): + '-~"!Jn..~,-ll,_')<'f(lr.'!.)··'f(;.,). +L..--· + ... , 
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mA A "- A '(· \A A ~ 
I ~(>- 1) ... ~(1<..,) =: 'f(><,) ••. 'f(,..~·. + L_~._-1. )!\+ (1'

1
-x,,: 'f(J<,). .. ~{l<+4-L- ... + · · · ==-

D~H() .d,S4... 
c.na.r~!.~~ c.no:~~..p~-t&A..ku~ 

A A ""' A A '\ 
= ;'fl,..,) ···'f0< ... }. + L_(->)i\_(1'.,-x~ '"'(,<.~ .. -~(>:~\ +L_ ... + ... = 

a.a.,Ho OAiic 
e.n~p~&.u.ut(._ c.n.:&p"'-611..kue 

= ~ 1 { ~Ct-,). ~0< .. )1 + L (-t)ll, ..,(><1-x%~t)l \_.fer-~ ... ~(/<")3 +L .. · + .... (A· 5) 
(pAKO 1 . AG."'-. 

C..ll"'-f"'ba.~~ c.. 1'1"-f1.1.6a."u·"-E 

13 OTJIWH18 OT pa3JJ0ll{8Hl!H cdl = ~ \_e<.g}. 4- t [~,gl , 
(A.6) 

BCpHOrO BCerl(a, OCTElJiblWC B 06li;CIA CJiy'Iae OTJIIf'IaJiliJCb 6bl OT !IplfBC)1CH-

HblX, Ha!Ip11M8p, 

cd'..:.:: ~ ~a..k1 + 4;-{ a.[~cJ} + ~ { HCLC]l + t ~c..[a..,€]:3, + 

+tta..C~c:.11+ ~ [c.[€"-1] 

ITpeo6pa30BaHH8 rlfJib6CpTa O!Ip8)1CJIRCTCH 

"'(<)(><) = i.p ( dt• ({) ( .... t') = 
~ li' ) t -t' ' '", 

(A. 7) 

:::: ~~J?>x' ~(~\Y..-'Y.!)~~(x•)-= ~~(-)(1<.)-'f("-)(,._)) (A.8) 
' t 

l==-- ~A"'J~C1\"-';t)Ri) J ; L9C+\l<.) ==-1:~0<)+ t~c')C?<), 
TO CCTb pa60TaeT KaK orrepaTop 3HaKa 3Hepr!fH. B 'IaCTHOCTif, 

£\c•>0<)=1;:-p~_t~~.£\&,t'). (A.9) 

0TM8THM !IepecTaHOBO'IHble COOTHOlliCHifR 

[ ~l"), ~('} )1 = ~1\(Y--'}) [ ~(1)0<) ~ (<;t)} ==- ~L\(1) (lt.-'j-) 
1 

[~(1)(1<) ~(1)(~)}=· i 1\(x-<j.). 1 

' ' (A.IO) 
K ipOpMyJiaM (E. 2) B pa6oTe/II/ .l1JIR HOpMbi N ,11o6anaM Bb•paJKeHifR 

N =} ~d~x lq(~)(x.)~ 'f(l<-) = 1 ~,f!·x J~x' ~0<)~; Llc~)(x-x')~ 'f~')4~1-d~:~)(K)~(•)((})¥f~· 
ITpOHJIJIIOCTpHpyeM B3a!fMOCBH3b pa3JI!f'IIIh!X O!Ip8)18Jl8Hifi1 )1JIH HOpMh! ' 

(HHTCHCifBHOCTif) Cll\8 Ha llpOCTenweM !IplfMepe MOHOXpOMaTWlCCKifX KOJie-

6aHifJ1 (£=<.)I - 3HeprHR) 

I = ...L (cut 'f'i. + .f2.) = ~f ~t + ~(')'i\ = .!.~(1)"i' lD - ...,t+') 3 wC-)-
'iW 1_ \. ) ~ ~t 1 - -, <, -, -

'1' 
= ~~C+)~~t-1:: l't'\L =\"-It= i_'T' -~ Jt l~~(t))'i, (A. I2) 

r~e 

lD 1 (. -'<Jt \Wt) -i.~t "JL+)=-&\~e +<X-10 e 
1 

'f(t)=o..e =~'{(-)(t). 
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t1P~VIO~~Ellvli5 E 

liiHTepeCJIOli\He HaC KOrepPHTHb!C COCTOH!H1fl B l{?3HTOBO;, .:.:);:FIIi!J<P OHPE:-

)18JlRIJrCR .CJI~JJ.YDI!P'~M oeipa30M~ ,. { ~ "+ 

I ~(plt-xp)\ .._ CLa.+-CL,.O..\o> _ - 2 \<L\ CLO.. jo'- (!) ") "r">"" e. o? , C!. - .,_ e. , > • • 1 

M3 COOTH0ill8Hif~ x) 

<"r\&+ = o.''(!<tl (xf\0.. ==- (~ 0.. + ~a. .. )< .. !>l ' 

<-xr\x =--t_f.i..ct.+o!'+: )< .... •1 .JU. \:1 ott!'} I ' 
<><rl~ =-•~ (ta.-o.''+~..!<)<xrl (L.2) 

llOJiyqaiOTCH COOTHOllieHHH 

-'\ A A 

<-xr\a.+Q\x('=-a.,.<"-r\Q.\,..T'> , 

<.x.t\&.0. \xr> = (t:L+~.._,;.)~r\Q.\xy') = l\1.o...l'\'t<.,.._r\Qixl''> 
<><v\Q a.\ )(.r>:::: o..<.><v\G. \xr> , 

"'r\Q.&.+I><r'> =(a."~ ~.,_)<.><y\0.,\xy'> = rfCL"' K!.<.xr\D.Ix~) , (l:i.:l) 

... ~ { ') ~ G ' ·~~ " ("-fll\. Q \)!..\''>:. r.;-:; ( "-.+ o.l• + _:'\<(><.p\Q \M') = X+_'}__+~- (xy\QI.><v'>= 
~2.#. ~ oil!") ' ' 'll\ a)( ~ cy 

== t\(x+t~)K:\,..1'\Q.\xv') ' 

<"y\Q X \l<-f> "'m (~+~" + ~..:)<><y\Q \><.y')=G+ ~!>- ~- T}p J<"'r\Q h'>"' 

= f\~-~ ~f0K' (_xl'\0,\xy') ' 

<J<y\r C.l,..r> -=--1 ~ ( "--"" + ~,))<xt\Q. \x~') ={f+ ~ ~- ~~ }<-"-y\QI"-y"'l= 

l ') " -1 A -=- 1\ Cr--.:');,; 1\. <.><-t\ Q l"-1'"'> , 

.(1<1'\{)_ t \xl''> = i ~ G-"-a. +~2')(xy\Q, \xf'> =(r + ~ ~y ~-\: h }<xy\Q\l<-r')=-

= f\(1'+-\-~")t\1 <.xr\G..I"?'> • (!3.4) 

OrrepaTop 1\ 30.rrlfCL:BaeTCH B BHJJ.e 

f\= "'"f l1;-(f\~r~ +1\'~{r;)} = e,..\'(1: ~"-1<C'-) (E.5.a) 

HnH ~JIR 3aBHCHmlfX OT BpeMCHif BCJ!HqlfH - B B~e 

1\ = e.x• (.i. k ~ ""'') ~~ ~·'I"':L L.-\ = (_ ~ '1:
1 

- mo6hle) 
''1~>-il-t)')'t:J.J ~, ''l"''i>H"t')) ' 

= ~"-r(4; Dt')('t ,-c') ({xt•'J +~ ~i<lt'i}(~xc~·~ .:::. ~i<(~) (.<t:~'t'-t')' 
(E.5.6) 

xr- · rr · il ~ . ,.. 1 • . IT ') Q.-=K )(+ml', a!'='\£:)(- .ID.~, ~=mtr:-,~{r, ~ .. =- m•" .. '~"t lr · 
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r~e ~nff CB060~HOH HepenaTHBHCTCKOn '!aCTHUM 

ui) tt,'t') =- t-..-~ +f... (t-t')~~--t') 
(E.6) 

(B P-ne (B.I.a) B/9/~on~Ha CTOHTb npaBaH qaCTb (E. 6 ~ YMHOllteHHaa Ha ~· 

8•rH \IJOpMym> 6es Tpy~a nepeHOCHTCH Ha :moroMepHhlli cnyqatl, ROr~a 
~ ~ 

!1J.I88TCH HBCKOnbRO ROOp~HHaT ~I" H COilpffl!teHHb!X Hll HMnynbCOB Pr ; 

[~",x,)=o, E~r-3v1=io"", Crht"1=0 (E.?) 

B 3TOM CJiyqae A= na.,. .. u - CHMMeTpH'lHaff MaTpHua, a !/A - MaTpHua, 

o6paTHaa eli. PaccTaHOBRa HH~eRCOB (ecnn sTo noTpe6yeTca) otieBH~Ha. 

l!T06b! I'I36elitaTb OITepal\11!1 1'!3BJI8'!8HHH ROpHR ll3 MaTpHl\hl, y,l.(06HO BBBCTI!: 

onepaTOpbl 11 yliJII'!TOIK8Hl1ff'1 l1 11 pOJK~eHllff 11 liO-~pyroMy: 

" 1 (':' •1 A '\ " t A ( · " . A'\ 
ct,..=~'-x.t<+a..r..,fv;, Olt'=- ..fi: -'rr+ctl".,x"J' (E.8) 

TaR, 'ITO 0Hl1 CBR3aHbl He ilpOCTO 3p!!HTOBCRl1M COIIpfi:~8HH8M, a OITepal\Hett 

"t + 
Clt' = a..r" a..., 7 (E. 9) 

rAe + o6osHaT.IaeT o6hiT.IHoe spMHTOBCROe conpiueHHe (aHanontT.IHO ,l.(JIR 

t ,... 1\t 
a. I' l1 CLI' ) • llepeCTaHOBO'!Hble COOTHOill8HJI!R ~liR CLI" 11 CL~ 06b1'!Hble 

A A A At t t 
[c:~..t',a." l=O' ["'-r '<:L"' ]= 'brv ' [_a.t' ,C(., 1=0 

0npe~enl1M Cne~yiOU~l1e T.IeThlpe ITOJIHhle Cl1CTeMbl COCTOHHl1U: 

I) X.r \ll.''> = x•r \x.'> l 

2) ~r I r'> = 1"\. I r'> , 

<.x.''lx''> = '?l(x"-x') 
' 

<.p"\ f'> = 'b(\'"-p'). 

(E.IO) 

(E. II) 

(E. !2) 
3) KorepeHTHb!e COCTOHHl1ff, t4HOPOMepHhle ROrepeHTHhle COCTOHHHH, 

ilpOCTble l1 060611\BHHb!e, paCCMaTpl1BaJI!1C:O MHOPJ.fMl1 aBTOpaMl1. B pa60Te/I3/ 

MHOPO!.!epHble KOPepeHTHble COCTOffHl1ff 6h1Jil1 Bb!Be~eHbl KaK Ml1Hl1MJ.f3HpyiO!l\He 

TiaKeTbl (npHT.I8M OC060e BHl1MaH!18 y.n;eJIHJIOCb 4-MepHOMy CJiy'!aiO: r;v=··f,2,>/1j 

X~: it ), B KaT.IeCTBe ypaBH8Hl1ff, OTipe~enHIO!l\ero KOrepeHTHble COCTOHHHH, 

6h1JIO nonyqeuo 

[xr-xr +ic.",(~ .. -p,]J\xt>f\)=0.. (E.I3) 

TaKOe KOrepeHTHOe COCTOHHHe xapaKTepH3yeTCff cpe,l.(HHM!1 

xl" -=o<.xrf...\ ~,.. lxr,A..>, fr = <.xpA.I Yto \xrt-.> (E.I4) 

If MaTpHUaMif KOppeliHl\lfl1 ~ = 1\a.r-vi\H C.: II c.!'•l\ (o60611\eHife ~lfcnepCHH) 

ctt'"""~Afi"A.pv: 2.<."'rA.\(~,.-YrJC'P,-l>,)\x.\'l\)' (6-pl';;.~"-1';'\ (E.I5) 

c..r" =iA.'J(.t't.x. ::~<"'ri\\Cxr<-"'I'J~ .. -x..,.)\xl't>..> (t!.)(,...=-~r0 ' . 
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B TO Bp8!.!fl KaK "I" 11 f.r cyT:O COBBpllleHHO ilp01'13BOJI:OHb'8 !.f HC3aBVICl1-

Mb!e Tie pe!JeHHhle, !.laTpl1l\bl KOppeJiffl\VItl yl(OBJieTBOpfl!O'r/ 1 Jj 

a) ycJIOBlll!O l!.HHl1Lil13al.(!.fl1 HeOTip8;zi;8:ICHHOCTeti (ouo0;,18HIIe 0/\1!0'.!8pliOI'O 

COOTHOilJeHl1fl <i~x)2.(t.t')1.=1.) 

4 &Xt'f>.Xv A.~v t!.p,._ ="ill').. ' T. e. C.. = A.-1 • , (b. 16) 

6) ycJIOBI'Iflt.l 1 rapaHTHpyiO!l\!.fJli! TIOJIOJl\!.fTeJ!LHOCTb KBa;zi;p3.Tlll'!HblX ,l,op:·! 

t.x.t<t..x., tr,v H b. ~t<C..\'v ~t'~\1 (L.I7) 

('!TO HeTpi'IBManbHO i(Jlff UCeMOeBKJil1.1\0Ba TipOCTpaHCTBa, c,~.flJ/ ). 
KorepeHTHble COCTOHH!.fR (E, I) B 06Cyl!(JJ;3.e'.!O•~ CJiyttae !10;.'\fJOuHCe 

sanllillYTCfl B BJ.f~e 

'"'~~> =e. i.(Pr~.r-~rfl') \oo~)= 
(I{, - '\( 'A -A'\ 1 ( ' - '\{~ 0 - ~~ " 

= ""1'\J.\"'r+'l..i.b.'i.l'b.'i.~ ~ ..... rc' fr+l&pl'h.~vll.., r 'i'\~l'+H..~I'b.~""'"l~l'+...i.t.~l'b.)C." l'>jl ooty-= 

( ~- ~ - :\ (1 r. - '\L ·" - "~\ =e."\>' yA\'"'b.~v )(.~'"'"-rA~toh~"\'l'Y"/"'f~~t<+'ti.b.~"A)I.v\'vJ'ttt<+U.rt'&~ • .,.,vlj ooll.)= 
~t tA j t -'t 

= e.a.r"'to -o..t'a.r \Oo~)== Q..--r-a.t-o..r Q..o..toa.r toot>..) • (E.IB) 

B x- If p-npe,zr;cTaBneHHffX OHif npKHHMaiOT Blfl.\ 

--r.• (' )' , ... 
<.lli\JI.rA.>= N1 c..-atrt.~v\?'r-"'rl'~-•-"'" +•\'vX-.-"'£\'v)C.v (li.I9) 

q'l""tl\) = N'z..e-Al<.t'b.Y-u(f~-h)(y~-fv)- ir~Xv+1:1'""" • (E.20) 

3TH COCTOHHI1fl HOpMHpyeMb! Ha I (B OTnlfT.II'!e OT COCTOR!H'Ii1 (l:i. II )u(£. 12)) 

<.-..rA. \--.pf>..'> = ~ h 1 <><tt>..lx''><?<' l.,.,yf...Y=i 
(E.2I) 

l1 y~OBneTBOpHIOT COOTHOilleHl1!0 TIOJIHOTbl (l:.l. 29, r), KOTOpOe JIBP!W !1pOBe

p~T:O HeTIOCpe~CTBCHHO, HaTipHMep ~nR TICeB~OeBKJIH~OBa TipOCTpaHCTBa 
1 

( N~ = -r.-1 (-J.o..t r... ')'I) B x-npe~cTaBJieHifH 

l~,.)" \A~d~ I' < x" I xr A."">(.,., 1'1\ \ -x.•') = <.x'' I .,.,•) ='2>4 (,...,_.,.,,) • (E. 22) 

ilO,l.("!epKHell, "'TO ilOnHyiO CHCTeMy 06pasyiOT KOrepeHTHb!C COCTOHHifff CO 

BCeMif B03MOJ!tHb!MI'I ll.t' H rr llpl1 TOi1 HnH lfHOV.. ijJJilltCl1pOBaHHO~, MaTpHl\e 

KOppeJ!ffl\lf>i A ('!TO l10,l.(pa3yMeBaeTCR, !WPJ{a l~bl COKpat~eHHO !11fill8i.! lxl') 

BY:eCTO Jxrf...) ). 
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4) n-KBaHTOBNe (woKoBCKHe) cocTOHHHH- co6cTBeHH~e WYHK~HH 

OllepaTopa 11 '1VJCJI8 KBaHTOB" 
A ---AI\ AA 1\tl\ 

11- = 1\"-r t.."" l't- ~ ... +A""'!\~" "'-r Xv- i = Q.t<a..r •· 
ilai'!MeHI>wee H3 HI'!X coBrra.n;aeT c \001\ > . Oc<raJibHhle cyux) 

(E.23) 

lr. ···j'\,.,6..> = &t ... a~ loot...) 
r1 rh ' 

(E.24) 

(3TH COCTOHIIHH He HOpMHpOBaHH&e, HopMHpOBaHHh!MH 6hiJIH 6h!
1 

Hanpm~:ep 

I. A> p~!.:IUm' r!-t)Jr~t)"-IH)trAt)""'l "-. Jl-t .... l\ = \ (}+k.+t+1'11)f \fl., \Q..L ~:~. .__a.~, ooty , (E.zs) 

HO C TO'IKH 3peHHff KOBapHaHTHOCTH rrepBhle y.n;o6Hee). COCTOHHI'lff (£.24) 

B X- 1'1 p-rrpe.n;cTaBJI8HI'lffX HM8IDT BH,ll; 

<.x' I I"• ·· t'., T\) = ~ ~,._·~: UfrM,..,"-~:) .. .(-..;xrK +1. A.~l' .. b.h~"-~<x'loo"-) , 
. · (E.26) 

<r' I r1· .. .t' .. A..) ·"{·r~,+U.rr/•rx, i'{r' ') · -.~i r~ .. +tt..rr.A.h).;.,j(t>'loot>.) • 
"' T"'" (E.27) 

!{ cpyHKll)1ffM rrpeo6pa30BaHI'lff (E.I9), (E.20), (E.26) 1'1 (E.27) ,.n;o6aBHM el!ie 

\ 
-a.ta. 

<r1· .. r .. A. x.rA.> ==E.. r- r a..r, ... a.."", (E.zs> 
KOTopyro nerKO llOJiy'IHT:b C IIOMOUibiD cpopMyJihl (£.18). 

OTMeTHM, liTO o.n;Ho H TO lite cocTOHHHe I 00~) ("BaKyyu") .n;onOJIHH

eTca ,ll;O .ZJ;Byx pa3Hh!X !10J!Hh!X CHCTeM 3) H 4). 

HaKOHeU, B TepMHHaX 3TI'IX 'i8Thlpex llOJIHh!X CHCT8M COCTOHHH~ 

38l1Hill8M COOTHOWeHI'le !10JIHOThl 

i = ~t-x• lx')ZK-'1== (E.29.a) 

=- ~A'tr' 1 r'><.r'l = (E.29.CS) 

=~ ~\ a.~~· .. a.~ .. loo~)<.ooMa..l', ... a..t'" = 
"'"'0 

=~ (.flxJ'tp lx.r"-><.xr"'l • \g:w) ) 

(E.29.B) 

(B.29.r) 

~0 CHX nap MH He KaCaJIHCL ,ll;HHaMHKH, H onepaTOpW H HX npe.n;CTaBH-

X)CoCTOHHHff I)-4) - COCSCTBeHHWe ~YHKUHH COOTB8TCTB8HHO llOJIHWX 

"'- A A -"tA- Af"A Ha6opoB xou:uyTHPYillliHX onepaTopoB x,., Pr , a.r x a., a., , ... a..._ a...._. 

30 

TGJII1 Bbl!UG OTHOCI1JIIIC:O !C K3KO:.Iy-TO 07~HQ;,!y :.!Q'.WHTJ npe:.!eHI1 11JII1 3fl8'-lC-

HI1!0 napa:.!eTpa T.vma co6cTBemroro Bpe .. wnl1 5 (HallpiA .. !ep, rc Hwia.TJ:&-

HOMy S1 
). Tenep:o 38JII'!WeM COOTHOWGHv!r! .1\Jlfl 38Bli!Cf!t ')IX OT Bp8iVleHl1 orrepa

TOpOB B CB060.l(!iO:A CJiy'lae, T.e. ~Jlfl onepaTOpOB B~1WpT!'!l!G ll38l-LO,n:e, C'l-
~ A A ~.e A A of. ' A A!_ 

Bl'lfl(£(?)=-1[--;..r~)Xt'(s), rr"' ~.Xr =111,(1', 'X=O~rxt'-£=t£t): 

x"(.s)=xr-(s.'H ~ (?-s')= A-[0r,- ~ C&-~)a.r)a.v+~r-~+~(?-s')&r:)cin ,(b • .su) 

x~-\s)-=.~~t'"- ~(?-s')a.r~~v ' x~+)(.s)= h: (cl'" + ~ (s-s')SI'0a_t, (E • .:)l) 

[
A l+) " (.±) 1 ' Dl+\. '\ 
'\ 0-t"l, >'v (s~l = t. r" "-""~,sL/ 

G-r0t) Svl">t) 1 = i DI',C?~-sL~ , 

n'-+ts s ,_- s,-s'l. 0 - .i..Jc. + (s,-s')(j.~-5') a. \ 
r""' 1' LJ- :tw. "" + ~ \: ~'" w.t. t<V) , 

D rs. , - n'--'r. , D(+"'r. , s,-s2. c-r"~..::cs2.,- t'" \.?, ,<::. .. ,+ t'"\..s,,s2.1 =-~ orv 

(E • .52) 

(b. 55) 

(L • .:!4) 

(Ii.)5) 

"''') rs s '\- Jr--l-) rs s '\--r-.,H)rs s ~=C. +(s,-~)(s.,_-s') a. IL '6) 
vi'" 1.:1, 2.)- '\t'rv \:'1, 'L/ ut'., "'-' ,, -z.~ f<\1 ...,t ~'"•' • } 

<xrl x~+)(s.) = x~+)~)<.l<.fl ' (E. 57) 

"-) {1 l-) .,.._(-)(. ') 0 \/ \ 
<.x.r\ xt'l: (?) = \T x._. (s) + t .ul'" \.s,s 0 x.~•'Cs.')j"xp = 

( 1 (-) DL-) r. ')(o ~ L_\\/~bl-= 1: "'I' (s.') + \"~ \."-,S \:oxvU.') + Wt~, 'bfv(>')}J'< I -

=G~~r(!.) + i \l-c'D~~~,<t:)tv(<t:~("-r\= 
- (i.l__ + j__"'~)~) -1:"'~+)~~-(xy\ =:: 
- ~ 'b~l'(?) 1.. 

=={t"'~)(!.)+~ D~-? (s;t:)~ ~~"~<..xr\, 
<"'\'\XI"(>)= ~~+\s) + -t-"'~\s) + i D~-2(s;c)~ ~fv(~;}<"'rl::::. 

(E. 58) 

( ) 
(E. :S9) 

= y.~+\'>")+ "' <.."'~\ ' 
Ky~a SY6CTO TpOeTO'iHH WOXHO JIO~CTaBHTh JIIJOOe BHpaxeHHe, CTOHI!iee 

nepe.n; <(11.t\ B (E.38). ~YHKUI'lff f (3:-) BBO,ll;I'ITCH COrJiaCHO 
- t ... 

...-\.C.s) "" 1:)".,('>-s•)t;,Y-,~') =- t,A ~ Dt<"(r•-1.4) +v( .... ) .• (E.40) 
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)la.nee 

<xt\ x~+)(s)Q \xy):: )(.~+)0-)<.xr\G..\xt') 

(,c;ti;_~-)(<:.)Q\xf>==~~1(>)+-i])~~(s;~)1: ~~,tt~("-t\Q\><-f>= 
= tX- x~)c_s)t\2.<.~rl ~\xr> ' 

<)(.tiO. ~~\<:.)\""t>=- x~-)l5)<._,c.t\ 0.. \xr> 

<.xr\Qx~)(?)\xt> =G~+\s)-1 b~1c._s.;c)~ ~tv~~<_,<t\Q \r-v>=-

= r\-x~+)<?)t\2.~r\O.\xr') , (E.4I) 

<.xrl~r(s)Q \"r'>} . (+) , a :\ "' 
_..." = (:"<.?) ± 'D""(s,>)-o,..t+'(;.'))<.><:I'\Q \xr)= 

<-xr\Q """ls)\llr) " 

"'~t'(s) + b~:)(s,s'~xv(?') + M75 , ~\'vC?';))(><fiQ\x?>= 
( • (:+)r, "rt ~ \ " = \.."'t-C?)± t-'Dr" ~,<t)~<t 'bt..,tt:)}<.xr\Q\xr>= 

' . ~ \ 1 "' 
: t\!('t-(s) ± T'bt (_;;)Jt\ <..><-r\Q\xf> • (E.42) 

l' A 

,i.(pyr~e npaBMJI8.: o6pan\8Hl'l<C c 4JY!ii(L\l'!H,,m OT orrepaTo poB xt' (~) 

lWIIC'fpjKl\li!H npG,ll.CT<lBli!TBJI8iti ,l(JlH S -,.laTp!tll.\hl, rai/i3e;:6cprOBCKl'!X 

0!1CpUTOpOB fiO,ilfl 11 ypam!eHi1tJ ,ll.Bl'IA\GJHIH ,ZJ;JIH "l'IX, 3am!C:O pa3Jii14l!LlX 

Apyrl'lx oncpaTOpOB - TB Be, 4TO l'l B fl. 5. 

!1PviJ!UJr,EHlilE J3 

J) /':3/, !tpo:Ae l'!CflpaBJI8Hli!H 1 OTM84BHHblX BhlllJe, Ha CTp. 14 l'l 28 , 

!iYKHD CJ(eJia'l':O CJie;:(ytJ:~ll!e rrepeooosHa<IClll'!H l'l rronpanrm: 

cp-na (3.a) 2 ~ - ~ ~! ~ 
,IJ-Jia (4) l'!CKJI!O'IHT:b ~\ 

LQ-na (5) \~{><,),,~(1<. .. )1, ~ fA A l 
---- "''L'fl><1)···'1''-><. .. )_; 

QJ-JJa (I9.a) {,~r~C!'~), .. 
rj)-JJa (2Ll.a) ~~"'(><,) ... 

---+ 
-t ,. 

"! ('-4! \ ~r.l"-,),. ·' 
1 s~ '. -• lf:>..l',(zt.,) ...• __, 
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c[}-na (5f3) ll (t) - ;. ("-) ' 
!))-na (4J.a) L.) - L~~ 
:IJ-Jra (5J) n< •) ('t-l:'~ __. DC.')(:!:;-e') ' 

CTp. 2.7 t'~eo..,yt,t"~eo""-t ~ t = -~,' ) t = t." • 

JliATi',;PATYPA 

I. R.ITepli!Ha.KorcpeHTHOCT:b CB8Ta, iA •• olll1p, 1974. 

2. i'A.Jl::JKC. •iJJiyKTyaUL111 11 KOrepeHTllbl8 HBJJ8tiL1fl, .!. , :.!Hp, 1974. 

3. Q.ApeKKM, .A.CKaJJJm, r .XaKeH, B.J3at1,ZJ;JJL1X. J(Bail'fOBhle ~JIYKTyaL(rll'l 

M3Jiy<IeHI1H na3epa, i.!., M11p, B74. 

4. V.V,Dodonov, I.A,J,!aJ.kin, V.I.i,Ian 1l<::o. 

!1perrpl1HT <llVIAH he I06, MocKBa, I974. 

5. A.ul.IIepenDMOB. IIpenpMIIT lilT::W :,, 46, rdOCKBa, 1974. 

6. 11. B. IIoJJy6apl'!IIOB. Coo6meHl1H O'lil~l P2-7B'J..), .i(y6ua, b74. 

7. I,Bi3lynicki-Birula.Ann.Phys,(New York) 67, 252, I97I. 

8. IT.A.iA • .ll;VIpaK. fipVIHL\l'lllb! KBaHTOBOI'i Mexal!l'!l\VI, l)l •• rit!Yti!Jl, I%0. 

9. I. V ,Po1uburinov. Cor.ununic:J.tion of JINR E2-C~Ou, -'Jubaa, I':/74. 

IO. l!.H.EoroJI!OOOB,,ll.B.illl1pKOB. BBe,ll.eiil1e B TcOp11IO KBaHTOBallliblX nonel'i, 

M., HayKa, I973. 

II. !tl.B.Ilony6apl'!HOB. Coo6meHl'!H uU!tlV! P2-8362, JJ.y6Ba, I974. 

I2. K,Schwarzschi1d. Gettinger Nachrichten 128, 1J2, 190J; 

H.Tetrode. Zeits.f.Physik 10, J17, 1922 ; 

J.Frenke1. Zeits.f. Physik 32, 518, 1925; 

A.D.Fokker. Zeits.f.Physik 58, J86, 1929; Physica 9, JJ, 1929; 

12, 145, 1932 ; 

P.A.M.Dirac. Proc.RC~Y.S 0c. (London) Al67, 148, 1938; 

J.A.Whee1er, R.P.Feynman. Rev.Mod.Phys. 17, 157, 1945; 

21, 425, 1949; 

P.C.W.Davies. Proc,Camb.Phi1.Soc. 68, 751, 1970. 

I3. !tl.B.ITony6api1HOB. Coo6memm 0Hi'!lt1 P-269I, .lly6aa, 1966. 
PyKonHCb noCTYllHJJa B H3AaTenbCKHa OTA8JJ 

II vaa I975 roAa. 
33 


