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PaRI' ny6JIHK1111Hll 06'bellHHeHHO!'O HHCTHTYTB ll,llepm.lx . '"l. 
. j 

HCCJieiiOBBHHII ·. ''j 
IIpenpBHThl B C006IUeHB.I: 0611oeJJ,BHeBHOTO HHCTBTyT& Jl,llepBhlX , . -~ _;' 

uccne.noaauui /OHJIH/ .J:BJJJUOTC.I: caM:ocTO.J:TenLHhlwa nytSJIBxana.aMa. . 
0HB H3Jl&IOTCJI B COOTBBTCTBBll CO CT. 4 YCT&Ba OHJIH. 0TJJB.jJ.e'.:-' -j 
npenpauTOB -oT coo6meuui -3~Kmo'laeTcJl a TOM, 'ITO.'TexcT npenpBJ(T~~- ;"''_; -:-.·,, .·· 
6y,lleT BDOCJle,IlCTBBB BOCDPOB3BB.Il8H B K&KOM•JIJi6o H&y'IHOM )Kypa8..ne , . -~ 
una anepBOJlB'IecxoM c6opuuxe. 

Hn11eKC1111Hll 
llpenpaaTw,coo6meunR a ,llenouupoaauuwe ny6JIBxau,uu OHJIH BMBJOT 

e,IlHH)'JO Hap&CT8JOl1{)'JO DOPJIJllCOB)'JO HYMep&UBJO,COCTABJIJIJODl.)'IODOCJJBJl• 
uue 4 ItBtbPhl BH,Ilexca. 

1 

IIepawi 3uax BHJlexca .. 6yxaeuuwi - MO)I(eT 6wTL npe.n,cTaaneu 
a 3 aapuauyax: 

"P" • B3Jl&HBB H& pyCCJCOM J13hlKe; 
"E" .. B3Jl&HBB H& aurJJBiCKOM Jl3hlX8j 
",ll;" • pa6oTa ny6nuxyeTCJI ua pyccxoM u aurnuicxoM .13hlXax. 
IlpenpHHTbl B C006UlBHBA, KOTOphle paCChlJiaJOTCJI TOJlLKO B CTp&HLl· 

yqacTuuuw OH.JIH, 6yxaeuuwx BHJ{excoa ue BMBJOT. 
Uatbpa, cne,llyKm~as 3& 6yxaeHHLlM o6o3uaqeuueM, onpenenJ:eT 

TBM&TB'IBCJC)'JO K&TeropHIOJl&HHOi ny6JJBJC&UBB, Ilepe'leHL TBW:&TB'IBCKBX 
xa Teropal B3Jl&HBi OHJIH nepaoAB'IBCKB paccwnaeTCJI ax nonyqaT_eJJ.J:M. 

HH)leKChl, ODBCABHLIB BLIDJe, DPOCT&BJJJlJOTCJl B npaBOM BepXHBM 
yrny H& 06JJO)KK8 B TBTyJJLHOM JJBCTB K&JK)lOTO B3Jt&BBJI, 

CCbiJIKH 
B 6a6naorpa41aqecKBX ccw:nxax ua npenpaHThl a coo6UlBHBJI OHJIH 

Mhl peKOMBHJlYBM yK&3hiB&TL: HHBUB&JJLl B 41aMBJlBIO &STOpa, JlaJIBB • 
COKP&IIlBHHOB H&BMBHOB&HHB BHCTBTyTa·B3Jl&TBJJJI, BHJlBKC, MBCTO B ron 
B3Jl&HBJI, 

IlpaMep 6a6nsorpacllu'lecxol CChiJJJCH: 
H.H.HBaHOB. OHJIH, P2·4985, .l(y6ua, 1971. 
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' B pa6oTe /I/ npueeAeHbl npaeuna KBaHTOBaHHll 3neKT­

poMarHHTHoro TIORR B CTaTHt.fCCKHX pHMaHOBbiX MHpax. ,!\JIB 

ruo6b1X puMaHOBbiX MHpoe 3TH npaeuna 6blnH c,PopMynupoeaubl 

e pa6oTe /2/ • 3AeCb Mbl npuMeHJieM yKa3aHHble npaeuna K 

3lleKTpOMarHBTHOMY llOlliO B CTaTH'!eCKOM clj>epH'ieCKOM MH· 

pe, KOTOpblii IIPC.Q.CTaBJIJICTCJI KaK IlpJIMOC IlpOH3BC.l\CHHC OCH 

epeMeBH u TpexMepuoii clj>epbl. B cuny KOMnaKTHOCTB c,Pepu­

qecKoro npocTpaHCTBa co6cTeeHHble eeKTOPbl onepaTopa 

nonllpH3auuu/1/ o6pa3yiOT C'ieTHblii 6a3oc, a cneKTP ero 

C06CTBCHHblX 3HR'ICHHii H, KaK CJIC.U.CTBHC, l.faCTOTbl d>OTOHOB 

OKR3b1BaiOTCJI .nacKpeTHblMH. C\.feTHOCTb nony1.feHHoro 6a3aca 

ll03BOJIJICT BBCCTB IIOJIHYIO cqe.THYJO COBOKYIIHOCTb onepaTo· 
poe poJKAeHHll u yuu'!TOlKeHBll lj>oTouoe. 0TMeTHM TaKJKe, 

'iTO BBH!l.Y KOH!j>OpMHOH HHBapoaHTHOCTH llOBei!.eHHJI lj>OTOHOB, 

i!.OKa3aHHOH B pa60Te / 2/ , ace pe3yllbTaTbl AaHHOH pa60Tbl 

cnpaeeAnHBbl 11.ns nw6oro Koulj>opMHO cTaTH'lecKoro clj>epuqe­

CKOrO MHpa. 3aMel..faHHe TaKoro >KC po.Q.a, CCTCCTBCHHO, OTHO· 

CHTCJI B K pafiOTe /1/ . 

1. TpexMepHaJI c(lepa 

TpexMepuax clj>epa pa!I.Hyca r npeAcTaenxeTCH runep­

noeepxHOCTbiO 

ll x0 xb 
ab 

( X I ) 2 + ( X 2) 2 + ( X 3) 2 + ( X4 ) 2 = r Z 

B 4·MepHOM eBKllHi!.OBOM llpOCTpaHCTBe. 3aAaBaH clj>epy S3 
napaMeTpB'ieCKBMH ypaeHeHHHMH 

x 1 = rsln(sin~. x 2 = rcos(sin~. 

x3 r sin( cos~. x4 rcos( cos~, 
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BBO)IHM Ha HCH 6HC~pH'ICCI<He I<OOPJIHHBTLI /;, ~ , (;. 0HH 
MCHJIIOTCJI B npe)ICJiaX 0 < (; , ~ < 2" , 0 < (; < 11/2 , Ha S 3 
I<BB)IpaT 3neMeHTa )lllHHLI-H CI<anJ!puoe npOH3BC)ICHHe (a,b) 
AH<!JijJepeuuuan~ouLix ljJopM a~a 1 dt;+ a 2a~+aad(; ,b~b 1d/;+ 
+ b 2 dq + b 3 d(; paBHJIIOTCJI 

' 3 
df 2 ~ l; g I k (I; 1, (; 2, (; 3) de d (; K 

I, k~ 1 

~ r 2 (sin 2<;dt; 2+ cos2(;d~2 + d(;2), /1/ 

" 2112l1 2 
(a,b)~faA*b~r 3 f f J (a 1 bi)sin(;cos(;d/;d~d(;, 

0 0 0 /2/ 

B 6ucljJepuqecxux xoopAHHaTax AJa.Aa'<a ua co6cTBeHHLie 
JHa'leHHll onepaTopa nonl!pHJauuu P /1/ 

A 

P a = ± pa /3/ 
RpHBO)IHT I< CHCTCMe AH<W!epeHUH8lll>HLIX ypaBHCHHH ( r ~ l) 

tg(;( Ja 3 

a~ 

_ a a 2_) ~ 
a;; ±pat' 

a a 1 a a a 
ctg(;(-- --) ~±paz, 

a<;. a 1; 

l a a 2 aa 1 (-· --·) 
sin(; cos(; at; a~ 

/4/ 

~ ±pas. 

PeweHHJI 3TOH CHCTCMLI npowe BCero HaXO)IliTCJI MCTO)IBMH 
TeopHH rpynn. 

TpexMepHaJI c~pa )lonycxaeT wecTHnapaMeTpuqecKyro 
rpynny C HH<jJHHHTC 3HManLHioiMH on epa TOpBMH 

a 
x.b ~ x. axb 

4 

a 
- xb --.­ax 

k l a 
ab ---a,; l , 

r.11e I; 1 • I<OOPAHHaTLI Ha c~pe. Bei<TOPHLie nonll k 1 b ~ 
= -k~a .BBnJUOTCJI nHHeHHO He3aBHCHMbiMH peWeHHJIMH yj,aa­

HCHHH Kunnuura 

1 a ak 1 a k1 

k --. gie+gu--+g1e--~ v,~ke+vek 1 ~o.;s; a,;• a,;e a,;J 
B I<OOPJIHHaTax ,;, ry, ( 

X 12 ~ -ctg(; sinry cos(; _ii_ + tg(; cos~ sinl;-a-- sin~ siu/;-a-, 
a,; a~ a<; 

x13~--L- , 
a,; 

X 
23 

~ -ctg(; sin~ sin ,;_ii __ - tg(; cos~ cos 1;-a- + sin~ cost;...£_, 
a,; . ary a,; 

Xu~ -ctg(;cos~cos ,;...L- tg(;sinry sin 1;-a-
iJ I; ary 

a 
x24~-a;· 

. ~ a 
- COS TJ Sin t,;-- , 

at; 

X 
34 

~ ctg(;cos~sinl;-a-- tg(;sinrycost;-a-- cos~cosl;-a-. 
ae ary a<; 

OnepaTop L , onpe)lenl!eMLiii ,aeKTOPHLIM noneM k 1 , 
nepeBOJIHT ljJopMy a B ljJopMy C a ~ (La) 1 d 1;1 , r .11e 

A J Jal akJ 
(La) ~ k -- + a 

1
• a,;l · 1 at; 1 

/6/ 

OnepaTopLI L , onpe)lenlleMLie aeKTOPHLIMH nonl!MH Kun· 
naura k I , y\~aneTaopl!IOT nepecTaHOBO'<HLIM .cooTHowe • 
HHJIM ab 

[Lab' Led 1 ~ 0 ad Lbc - a acLbd + 0 beL ad- 0bdL ac /7/ 
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u, cne,noaaTeJlhuo, 3a,naroT peanu3auuro anre6pLI nu rpynnLI 
0 4 • 06o6mHM CKanllpuoe npOH3ae,neuue /2/ ua ,nu4><jlepeu • 
UHBnLHLie <!>opMLI C KOMnneKCHLIMH K03<!><!>HUHeHTBMH, nonarall 

(a, b), 
2lf 211 tt/2 

r 3 [,f. f (ii.
1 

bi) sin(cos(d~d~ d(, /8/ 
0 0 0 

r,ne a1 • K034><jlHUHeHTL1.11H<!><!>epeHUHBnLHOB<!>OpMLI a~ a1 d~l, KOMnneKC.llO conplllKeuuoil <!>opMe a~ a 1 d~l. Tor,na one· 
paTopLI K ab = - i Lab 6y,nyT 3pMHTOBLIMH oTHOCHTenLHO 
CKBnllpHOrO ,PPOH3Btl,!leHHJI /8/. _nei!CTBHTeJlhHO, ,!IUJI nro6oro 
onepaTopa · K = -i L , onpe,nenlleMoro aeKTOPHLIM noneM Kun· 
nHHra ki, 

e a (- Jl ( e_ bJ) =ik- a.b ~iVe k aJ , 
"fe ' 

A- f - A f 
(Ka)f b - ae(Kb) 

TaK KaK cor ,nacHo /5/ V, k f = 0 . Cne,noaaTenLHO, ( K a,b)-~ [ * -(a, Kb), = 0, 'ITO H Tpe6oaanocL ,noKa3aTL. 

2. Co6cllleeHHble 3Ha'leHUJI u co6cllleeHHble eeKIIIOPbl 
onepa111opa nOARpu3a~uu 

KaK H B CUHHOpHOM BBpHaHTe/3/ , pacCMOTPHM cue,nyro· 
mHe KOM6HHBIIHH onepaTopoa Kab ·. 

~ I ( • 'I =- K43 
" 1 2 

A A l ·' ... ,. I A .... 

+ K 12)' M 2 = -( K 41 + K 23) 'M 3 = -( KurK31) ' 

• 
N1 

2 2 

I " A A I A A 
= -(K 43 +K 21 ), N2 =-(K41 +K32), 2 2 

A I A A 

N3 = -(K24+ Kat), 
2 

A A A A 

M2 =M:+M 2 +M 2 N2= N2+ N2+ N2. 
1 2 3 ' 1 2 3 

OnepaTopLI ~1 1 / TBK JKe KaK H onepaTopLI N 1 I 3BnBIOT pea· 
uu3auuro aure6pLI nu rpynnLI TpexMepHLIX apameHuil, no· 
CKOULKY 

6 

·-

' 

A A A A A AA AA A AA AA A 

M
1

M2 -M2M1 = iM 3 , M3M 1-M 1M3 = iM 2 ,M 2M3 -M3 M2 =iM 1 , 

/9/ 
AA AA A AA AA A AA AA A 
N

1
N

2
-N

2
N

1
-iN

3
, N

3
N

1
-N

1
N3 =iN 2 ,N 2N3 -N3N2 =iN 1• 

KpoMe Toro, 

A A A A 

/10/ MkNJ- N 1Mk = 0. (k,j = 1,2,3). 
fiepeCTBHOBO'!HLie COOTHOlleHHJI /9/, /10/ 03HB'IBIOT, 'ITO 
B OKpeCTHOCTH e,nHHH'!HOrO 3UeMeHTB rpynna 0 4 eCTL npJI· 
Moe npou3ae,neHue ,nayx rpynn TpexMepHLIX apameHHil. ,no­
BOJJhHO rpOM03,[(KBC, XOTJI B 3DCMeHTapHLIC BLUCJJaJJ;KH no· 
3BOUJIIOT npoaepHTL Cue,nyJOIIIHB pe3yULTBT! 

r = M2 
- N2

, P2 
= 2(M 2 

+ N2 l /11/ 

KaK xopomo H3BeCTHO, M 2 = W + I) , N2 = k(k + I) , r)le 
f, k • uro6'%e ue.{ILie HUH n~uyuepLie nouoJKHTeULHLie '!HCUa. 
YpaaaeaHe (M2-N2)2 = 2(\1 2+ " 2) HMeeT ,naa pemeHHH, 
e = k + I, k = f + I . nouara• )IUH nepaoro pemeHHJI s = 2k ' 
p= s+ 2, nouy'!HM 

W +I)= l.p2+ l.p, k(k+ I) = .l.p 2 - .l.p. 
4 2 4 2 

llouarall )lUll aToporo pemeHHll s = 2P , p =s+2, nouy'!HM 

W+l) =-Lp2-J.p, k(k+l) =.!..P2_.!..p. 
4 2 4 2 

0Tcro,na cue)lyeT, '!TO co6cTBeHHLie 3HaqeHHll onepaTopa 
UOUliPH3BUHH pBBHLI ±p, r.JW p = ?,, 3, 4 .... Co6CTBeHHLie liCe 
3Ha'leHHll m, n onepaTopoB \1 3 , N 3 , oqeaHnHo, paaHJIIOTCll 

m =-...!.- 1, - ~ , ... ,2- + 1, n=- _!.,- ...§. + l, ... , .!:L, 
2 2 2 2 2 2 

KOr,!IB C06CTBeHHLie 3HB'!eHHJI onepaTopa UOUllpH3BUHH pBBHLI 
p= S + 2 H 

m=-1L,-L+l .... , .-§., n=-...§...-I,-..§..., ... ,.§_+J, 
2 2 2. 2 2 2 

Kor,na C06CTBeHHLie 3HB'!eHHJI p paBHLI p = - ( s + 2) • 

7 



OfipaTHMCJI TenepL 1< peweHHIO ypaBHeHHii /4/. Tal< 1<a1< 
onepaTOPLI P , ~1 3 , N 3 J<OMMYTHPYIOT Apyr c APYrOM, TO 
nepeMeHHLie ~, ry ,( B 3THX ypaBHeHHJIX pa3Aenl!IOTCJI. 06· 
111ee pewenHe ·cHcTeMLI ypasneHHii 

A A 

M3 a=ma, N 3 a~na 

ecTL i(m+nl~ei(m-nlry.a((). a= e 

A 

iloAcTaBnllll 3TO pewenue B ypasHeHHe P a = -p a, nony'IHM 
CHCTCMY ofiLII<HOBeHHLIX AH~epeHnHanLHLIX ypasneHHii Anll 
a((): 

da
2 tg((-- i(m-n)a 3 ) = pa 1 , 

d( 

ctg((i{m + n) a
3 

dal) =pa
2

, 
- d( 

---=1--(i{m-n)a1 -i(m+n)a2) =PRJ· 
sin( cos( 

PeweHHJI 3TOH CHCTeMLI Bhlpa>KaiOTCJI qepe3 <i>YHI<QHH 
Z f {() ~ p f ( cos2() , paBHLie 

mn -m,n 

z~.(() = i-m-ny(f -m)!(f +m)!(e-n)!(e+n)! (cos() 2ex 

B (-I)k (tg()2k-m-n 
X l: ----·---

k =A k! ( f + m - k) ! (e + n - k) ! ( k - m - n) ! 

r AC 2 f , f + m, f + n • nenLie nonO>KHTCnLHLie 'IRena, 

A=max(O, m + n), B :min(f+ m,f +n). 
ilonolKHM 

8 

.l 

t 

- e e A(() = y(e+n) (e+n+ 1) Z m, 
0

_ 1(() + y(f- n) ( f-n+ I) Z m,n+t<~ ; 

B(() =v_U_+_n)-(c-e+_n_+_l_) zem,n-
1
(() -v{e-n) {e-n+l) z~.n+1((), 

C{() =v(f+n+l)(f-n+l)Ze (<::"). m, n 

D(() =v(e+m+l)(f-m+l) ze+ 1 
((). 

m,n 

TorAa 

..!!!__~1( c ( () 
sin2( 

i(e+Iln(,;) _.!.!!..A(C). 
2 

D ( ;-) ) i sin2( ~ = cos2( C(( + --- A((), 
2 

~=i(f+ I) A(() -in 8((), 
d(<::) 

dA(() = 4ifC(() + 2(m+ncos2() B(() _ 2cos2( A((); 
d(<::") sin2<::" sin2<::" 

a (() = I ( D ( () - C ( () ) , 
1 -

2 "P y 2c 

a2(() I (D(()+C(()), 
2up y '[;;' 

aa(() = I 8(<::}. 
2"p y 2c 

~nll ypaBHCHBJI p B = p a RMeeM 
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a.lw 1 _ (D(O -C(t.:)), 

2"p v 2c 

I -
a2(t;') =--:=:-( -D(t;') 

2"py2c 

I -a
3

W = --- B(t.:), 
21Tp ..;2c 

- C( t.:) ) • 

npa'leM· A (t;'), ii(t;) , C(t;') , O(t;') nony'laJOTCJI 38Meaoii 
a ljJopMynax .Illlll A(O , B( t;'), C( t;') , D ( {), m aa n a aao6opoT. 
IIony'leHHble pe3ynbTBTbi npoaepliiOTCJI c noMO~biO caoiicTB 
ljJyHKUHii P! n ( cos2{), npaae,!1eHHbiX a/4/. 

06o3HB'IHM aaii.IleHHble co6cTBeHHble aeKTOpbl onepaTopa 
nonllpH3BUHH aA, p • 3,!1eCb >. • HH,!1eKc nonllpH3BUHH, 
npaHHMBIOlUHii .I1&'.t03HB'IeHHJI: A = ± I . Co6cTBeHHble aeKTOpbl 
aA,p HOpMHpOBBHbl OTHOCHTBllbHO CKBllllpHOrO npOH3Be· 

mn ,!1eHHJI /8/ aa r/2pc. CMbiCn aopMapoaKH 6y.I1eT Jlceu H3 
.IlBllbHeiiwero. HeTPY.IlHO y6e.I1HTbCJI, 'ITO 

8
f-,p = (-l)m+n 8 A,p • 
-m,-n m,n 

/13/ 
A A A 

B paccMaTpaaaeMOM 6a3ace onepaTOpbl P , \1
3

, N3 ,!1HB· 
roHR!IbHbl 

A 

p a+ l,p = p a+ 1, P 
m,n m, n 

A 

M a+l,p= ma+l,p 
3 m,n m,n ' 

A 

N +1,p +l,p 
3 8 m,n= 08 m,n 

A A 

1-:13 onepaTopoa M 1 , M 2, 
A A A A 

M+ = M 1 ± iM 2, N± = 
- A A 

A 

P
-1p -1p a ' ·:::t - a ' m,n P m,n 

"· -l,p -M,a m, n 
-t,p 

na m, n 

A -1, p , -1, p 
N3 am,n = mam,n 
A A 

"' 1' N 2 COCTBBBM. 
A 

l'l1±il\2. 

KOM6BHBUHH 

OnepaTopbl M ±, N± ,!1eiicTaywT aa 6a3·acable peweHHll cne • 
.IlYIOlUHM o6pa30M: 

10 

A p + 2 p 
M+a+l,p =v'(-- ± m) (-- m) 

- .... 2 2 + 

• 
N+ a+ 1,p 

- m,n 

A 
-t,p 

M± a m,n 

=v(.l!..± n) (~- n) 
2 2 + 

=v ( .e.. ± n) ( .e..:: .. L :;: n) 
2 2 

A 

N± a:~·: =v(p+2 ± 
2 

m) ( l.- m) 
2 + 

a+l,p 
m ± 1, n 

a+l, P 
m. n ± 1 ' 

8-t,p 
m, n ±t' 

a-l,p . 
m ± 1, n 

3. Onepamophl poJtCOeHUR u yHU'IIIfOJtCeHUR (>omoaa 

Co6cTaeaable aeKTopbl a A, P onepaTopa .(!OnllpH3BUHH 
m n p· Y.IlOBneTBOpliiOT ypBBHeHHIO /)a;, 0, TBK KBI< /) •0. 'lT06bl 

Y.IlOBneTBOPBTb ypaaaeaaJIM Mai<caenna, I<OTOpble a KoaljJopM • 
HO CTBTB'IBCKHX pBMBHOBbiX MHPBX HMeiOT BB.Il/1/ 

1 a2 A 

- _2., + p 2a = 0. /14/ 
c 2 at 2 

lla = 0, /15/ 

paccMOTpHM ,PopMy cA,p • :aA,p , r,!1e c f.,p • CI<BJtllpHall 
m,n mn A p m,n .A,p 

,PyRKUBll OT BpeMeHH t • Il0,!1CTBBnJill_cm',n • Bm,n B YPBB· 
aeaae /4/, aaii,!1eM, 'ITO .PYHI<UBB c>.,p .IlOJDKHbl nO.Il'IB· 

m n HliTbCJI ypaaHeHBIO ' 

d 2 c>.,p (t) 
_1_ m,n 

dt 2 

2 
+ LcA.P(t) =0. 

2 m,n 
r 

/16/ 
c2 

YpaBHBHBe /16/ BMBBT ,!1BB naaeiiHO HB3BBBCBMbiX peWeHHll 
e -I ~-'p 1 , e 1 '-'p 1, r,!1e v • 'IBCToTa, paaaaJI 

p 

" = ..'!..p, p=2,3,4,... /17/ 
P r 

TBI<BM o6pa30M, B CTBTH'IeCKOM cljJepB'IeCI<OM MBpe 'IBCTOTB 
BbiPBlKBeTCJI qepe3 CKOpOCTb CBeTa B a6COlliOTHYIO ,!1llBHy • 
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Pll.liHYC c<j>epLI. MHHHMilHhHilJ! 'lllCTOTil OTHH'IHil OT HYHJ!. 
BBH.liY /17/ 

2c /18/ 
"'min r 

-iII t 06o3Ha'IHM perneHHe ~ P 
A,P 

am, n 
ypaBHeHHH /14/,/15/ 

'lepe3 u >., P. HMeeM 
m, n 

< u A' p I u_ A ~p,, > = < u .\' p I u >.. "; p .. , > = 0 ' 
m, n m ' 0 m, n m , n 

/19/ 

i(v-v.H \ \'p' 
<liA,p I uA';p', > 

m, n m ,n 

p p /\ 1 P A, ) 
= i ( v + v , ) e (a m , n ' a m ', u' * ' 

p p /20/ 

>.,p ~- A',p' '( <u u,,>=-Jv+ m, n m , n p 

-I( vp·-vp•H A , p 
v,)e (amn• p • 

r.11e 111 

<uJv>~(v.~) -(u,~) at at 

A' , ,P 
am' ') * ,n ' 

/21/ 

/22/ 

aHTHCHMMeTpH'iHOe CKRDJIPHOe npOH3Be,lleHHe B npOCTpRHCTBe 
perneHHH ypaBHeHHH /14/, /15/. npaBHna KBilHTOBilHHJ! 
3JieKTpOMarHHTHOrO llOJIR BblpR>K8.lOTCJI qepe3 3TO He 3RBH'" 
Cll!l1ee OT npeMeHH cKanllpnoe npoH3Be.llenae1

1
/. 

Pa3naraJ1 onepaTop a B pll.ll no u A • P , m,n 
A A ,\ A a~ l: (c ,pu ,P 

\ m,D m,n 
A, p, m.n 

"A,p*_A,p) 
+Cm,n°m,n 

HCfiOHL3Yll /19/,/20/,/21/ H YCHOBHe HOpMHPOBKH 

( 
X,p 

am' n 
,\. p 

am ,n 
r 

) ~ 2cp 

nony'IHM 
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• , .\,pIa> '- "ln,B 
• ->., P I a> <u m,n 

A A, p* . 
= -i cm,n 

" A, P 
= i c m, n 

1 
2v 

p 

/23/ 

/24/ 

/25/ 

npHMeHllll YI<Il311HHble a/1/ npaBHna I<BaHTOBilHHll 3nei<Tpo­
MarHRTHOrO DOJIJI, Haii.n;eM KOMMYTRTOp onepaTOpOB ~, ~* 

".\,p "'A',&t'* [c ,c, ,], ~hli,"li ,li ,li , , m,n m ,n · 1\A pp mm nn 

B, cTano 6WTL, onepaTOPLI c , c* cne.n;yeT Ha3hiBaTL one .. 
paTopaMH YHB'ITOlKeHHll PA polKJieHBll <j>oTonon. 

OnepaTop 3Hepraa H Tai<lKe BLipalKaeTCll qepe3 CKa­
nBpnoe npoH3Be.lleHBe /1/ 

A , A 1 A a a H = - < a I - > • /26/ 2 a t 
no.liCTilB.llllll /23/ B /26/ H HCfiOnh3Yll /24/,/25/, HaHJieM 
onepaTOp 3HeprHH B BB.lle 

• 1 "A AA * "A * "A H - - l: v ( c • P c • P · + c • P c •') • /27 I 2 \ P m,n m,o m,n m,n 1\, p,ra,s 
OnepaTop 3Hepraa .1111eT B03MOlKHOCTL O.liH03na'IHo onpe.-

.lle.liHTL BllKYYMHOe COCTOliHHe 3nei<TpOMili'HHTHOI'O fiO.llll. 

B 311KnJO'IeHBe anTop BLipalKaeT rny60KYJO 6naro.11apHOCTL 
npo<j>eccopy H.A. qepHHKOBY 3a 11eHHLJe coneTLI. 
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