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BBel\eHIIe 

B pa6oTe/I/ .6wro BBe.n;eHo a,n:Ha6aTnqecKoe npe.n;cTaBJieHne sa.na~ 
Tpex Te~ B rnrrepc~epnqecrui:x KOOp~aTax. OHO OTJIBqaeTCH OT CTaH.I(ap
THor/2/ TeM, qTO B ItaqeCTBe Me.JJ;JieHHO:it nepeMeHHOli B H8M Bll6HpaeTCH 
He paCCTOHHite -;)Cc ' Melli,IIY TruiteJWMll qacT~ffl' ().. ll t '(RJJJ)ru.m) ' a 
HHnapnaHTHM KOJIJieKTllBHM rrepeMeHHasI X , crursaHHasI c npHBe.n;eH-
HHMll HK06lleBCKllMR BeKTOpru.111 (CM. pllc.I) COOTHOUleHllHMll 

X
2. 2 ' 2. 

= ~ + .Y~ ot = a..,c.1 f:.. 
I "' ~ ,f 2 !, 

B KOHC£lll'YP8.UHOHHOM npocTpaHCTBe l X, X ] E JU~ = /Rf Jt' £ >< .E 
npll (fllKCHPOBaHHIDC 8Haqemmx IIOJIHoro op6HTa.Jll,HOro ~l!OMeHTa 1:~ , 
ero npoeKIUIHLzH IIOJlHO:it qeTHOCTll ~ot '1'!)8Xtm.C~·BOJIHOB8Jt q,yHK-
QIDI 'lf/'(~X} npe.n;cTa.BJllleTM B ~e paa.119,emm . 

V (x, x) = ~ 4:J· {x,.x) !x· ~- {'x; . · 
A,. ( ... d (r L 2( 2 .3) 

Easnc "I' X, >< ) E: Y: .K ~ $ ><' .S . sa.naeT 6ucTpoe f:jll-
JKeHHe Tpex qacTllll; npir RruK,IJ;OM q;mccnpoBaHHOM sHaqeHllll X ~ ~ = ~f •. 
Ilperu.,ymecTBO Trutoro a,u;ua6aTnqecKoro pas6neHna cocTOllT B TOM, qTo 
6asircHue q:yHI<wm <f:>.. {X, X) He TOJII,KO HecyT m1q;opMB.UIDO o Bsam110-
.u;eitcTBlill Tpex qacTJ, HO li aCliMIITOTllqecrui: COrJlaCOBaHH C rpaH:aqmm,m: 
yc.110BHJIMII sa.naqn pacceaH1ml3/. 3@';eKTHBHOCTD r.imepcq;epnqec,·oro a,n:Ha-
6aTnqecKo_ro H .SA -pa8JlolKeHna rrpo.n;eMoHCTpnpoBaHa B pa6oT/ 4 · npn Bll
qnCJleHllll OCHOBHOrO.ll B086ylK,ll;eHHWC CM8aHHIDC COCTOHHllli llOHa II03llTpo
HIDI 'Ps,-= -e-,e-e-f; 

C rroMouu,10 HSA-rrol,I;K.O.na B paooT/5/ 6wm rroJIYqemt HOBRe oneHIW 
BeJlllqnHll to .s KOajxl;llll;lleHTa IIPMllIIaHIDI MIOOHa x· reJlll!O B peaKI.tllll 
1.f< ( d, n') 4//el', nrparomeit F.JIIOqeByro poJID B rrp~6.11eMe MIOOHHoro KaTa

JlllSa. 
B HacToameit pa6oTe .n;aHa CfOPMYJlllPOBKa MHoroKaHam,Hoii aa.na'IR pac

cemrna, IIOSBOJmlOIIlasI OIIllCllBaTD nponeccH B086yJK.n;eHIDI (dj<-) + f ➔ 
~{dr.-)~+ t u rrepesapMIDt MeaoaToMoB {cJfc-)+ -I:~ ol + (iµ.) 
B fl sA -rrpe.n;cTaBJI0Hllll. B OTJP,Nlle OT CTaH.n;apTHOro .J];JIH smepµoit q:nsm 
npe.n;cTaBJieHWI BSaRMo;eitcTBrur' 61 , peaJmsoBaHHoro c IIOMOllU>IO paa.110JKe-
HM IIO !1-/ -rapMOHmta!H7 / . -

'lf (x, X);:: ~ · Yx (X ) x-¾ Xx (x), 



B fl.sA no.n.xo.ne CBH31> MelK,lly rurna.na1.1u 3a,naeTcJI He r,taTPll'lllliMil sJieMeHTa

MH <X / V /H'> rroTeHUilaJII,Hoil 3HeprIDi V Tpex "!aCTI~, a u.aTpU"!HHMli 

sJieMeHTaMII Ac./= <4>._ I dx I ck>, HMS.ICIIUlMli CMHCJI ~KTHBHoro KaJIH6po

BotIHoro nod8/. Tarum o6pa3og_ B cucTeMe pa.n;mi,'Il,HHX ypaBHeuuii ;I.i,JIJI 

Ko3CM~eHToB fiJ. B03ImKaeT y.rr.mmeHHM rrpo11sBo.u;HM ( 11«7 ox+ 
+ A~- (x). >1 "!To rro3BoJIJieT .u;aT1, KaJ.U16poBo"!Ho-mrna.p.11arrTHYJO TPaKTOBicy 

MHOrOKa.HaJII,H0.11 3a.ll;a'll! pa.ccerunm .11 IIOCTpO.IITl, rurna.pna.HTHYJO 8.MILlIIITY.IJY 

C Y"l8TOM .u;aJII,HO.n;eiiCTBYJO!Qero .ll;UIIOJII,HOro B3aHMO;J;eiiCTBIDI. 

Co.u;eplK8H.11e pa6oTH CJie.IJYIO!!lee: 

B. nepBOM pa.3,u;eJie .u;aHa IIOCTaIIOBKa. 3a.ll;a.'lll . pa.ccemrn.!I B ~o6neBCitI1X 

KOOp.ll;ilHa.Ta.x. 1Ip1rne.nemr B8.IJY!!l.118 aCUMIITOTilKll TpeX"!a.CT.li'lliOH BOJIHOBOM 

lfYHRI.lIDI Hrute TpeX"!a.CT.li"!HOro rropora. pa.3BaJia., COOTHOl!leHrur ,IT,JIJI aMII.llliTY.ll;Il 
, 4 4' 4' 

.l1 MaTPlltIHHX 3JieMeHTOB orrepaTopa paccerunm S: SI ( I - orrepaTop 

llHBepcrur KOOp.ll;llHaTH CTOJ!KHOBSHHJI) B .u;mIOJil,HOM rrpe.u;cTaBJieHim A . 
B pa.3,u;eJie 2 paccMoTpeHa na.pa.MeTp:irna.nwr 3a,u;atIB Tpex TeJI B rimep

~ep.11-qecruIX 1wop.ll;llHaTa.x. ,llaHo orrpe.u;eJieHne onepaTopa noJIHoi-i HHBepcllll 

.i , nosnoJIJilCIIlero BBSCTll rrpe.u;cTaBJieH:ae co6cTneuHUX if8.30BHX c.u;Buron 

;cr.ruI rrap~aJII,HOfi a?,!!IJIJITY'AH• IIpnBe.n;eHo BHJlaT.ieHIIe ;cr.ruI aMIIJIIITY'AH yrrpyroro 

paccemrll.!I Ha (rrurep )~ep.H"!ecKH CUMMeTplitJ:HOM rr6Teruuia.ne. · 

B TpeT1>eM pas.n;eJie oiipe.n;eJieH 8:'Alla6aT.HtJ:ecmrft.r.111Iepcg;epu-qecKllli 6a-

3liic ;cr,JI.!I eyJIOHOBCKOH 3a.11;8.tJ:ll Tpex TeJI. )LaHa Imaccr.r,mmr~m CII8KTpa 6HCT

poro ra.M:i!JibTOHlla.Ha, B COOTBSTCTBllH C B03MOlKHl,lW1 Ka.HaJIB.M.ll 3a.n;a,u1 pac

CSJIHIDI. lIOJIYtJ:SHa C.llCTeMa pa,!(llaJil,ffilX ypaBHSH.IIli l! yita3aHl1 aCUMIITOTmu>l 

ee pellJSHlIM. . 

B 'ISTBepTOM pa3,u;eJie orrpe.u;eJieHU peryJIJI,PHlile ll (fli3!1'!8CKUe pemeHll.!I, 

a TaKl!tS pemeHHJI H qlyH~l :t:!ocTa. Bne.n;eHO rrpe,ncTaBJieH11e CO~CTBSHHUX 

g;a30BHX C.u;Buron ;cr.ruI ymrTapHoro orrepaTopa pacceJIHH.FI S = SI , corJiaco

BaHHoe. C .u;aJII,Ho.n;eiiCTBYJOi!UIM .ll;UIIOJil,ffiIM IIOTSH~'laJIOM. lIOJIY"!SHO B!Ipruit9H.l19 

;cr,JI.!I llHBa.pllaHTHOM rrapuUaJII,HOH ll IIOJIHOH aMIIJIHTY.D:U paccerurllJI B r.111Iepcg;e

PlltJ:SCKOM a.u;na.6aT.l1tJ:9CKOM 6a3l!Ce HIDKe TpeX"!aCT.ll"!HOro nopora pa3BaJia. 

B 3aRJI!OtJ:9HIDI Kpa.TKO o6c~TCJI YCJIOBUJI rrpUMSHSHl!Jirrpe;u,n:oiiteHHOro no.n;

xo.n;a K 3a,u;aq:ar,1 MlOOHHOro Ka.TaJil!3a • · 

I. Sa,natJ:a pacceJIHll.!I B Jilto6.l1eBCKHX KOOp.IUIHa.Ta.x 

A. IlOCTaHOBKa. 3a,na'lll 

PaccMOTpm1 CllCTeMy Tpex eyJIOHOBCKlIX tiaCTllU a. , I, ll C C 3ap.rr.u;aM.11 

Z a. , Z 8 n !?'c. =-I n Ma.ccru.m M ct. ~ M {, > Mc = { , € = -/, = Mc = f. 
1laCTRU!l a. .Ii. l 6y.n;eM Ha3UBa.TI, si:n;pa.Mll, a "!8.CTUUY C - MIOOHOM. B CliCTe-

Me U8HTpa .l1Hepu:im BBe.u;eM rrpune.n;eHHHe KOOp.n;ilHaTH HKo6.l1 ::;.. ~:; 

(CM. pnc.I), o6pa3yJO!JUle KO.mJiuryp~OHHOe rrpocTpa.HCTBO OTHOCJ1TSJI1,HO-
. ,.►,. ➔ - , 
ro .n;BID!teHlIJI. .I\ = :x: Q) ::I E fl(;-..' ~"'· • HarrpIIMep. 

2 

I 

\: 
➔ .r:-=-r ..., .- ) 

• -Xe. :. ".2 me ( j f - f>a. , 
--+ &,,/ -+ 

-'I .r=-. c➔ M«ee.+ ... •11.ra..) Ye. : V 2},ic. Pc. -/ . :J . Me, + MCL. •· 
-1 -4. -f . _4 -4 -I 

m"--=- Ma.-+ Mt. , J<c = fvfc + (/\fi+Hi), 

Frie.I. CTaH.n;apTHaJI JIK06HeBCKM 

rrapa BSKTOpOB • 

C 

_ zLx£r 
a 6 

(I) 

r.n;e me. n f"..c - rrpune.n;eH.Ern:e Ma.Celi. Tp.!i Ha6opa 1toop;J;I1HaT IDto6H {i:..i., Y:J, 
o( = a., C, "' - HOMep napu tJ:aCTllU C OTHOCl!TSJil,HOH KOOp.ll;ilHaTOH .. ::X..t 

(CM. pnc.2), CBilllaHll MSJK,Dy co6oil opTOrOHaJII,HllM rrpeo6pa30Ba.Hll9M 

( 
.;! ~ ) ( C..t p. - S."" f ) ( =i r, ) ➔ = - ➔ m> 
::J c1. . s. .... ,-. C .,,, f!> .J fl 

r.n;e o( c a.., c., I:. u cooTBeTCTBSHHO r-, = ! .,a.., c::.. • Koajq)~eHTli 

S-r,- H C o1. f-a 38.BI'IC.!IT OT rrpnne.n;eHffilX Ma.cc:: 

So1.p- = ~ m.,,./f r' = V m}/j<d-
1 

7 Co1p = Vi-~f 
1

, 

,.J- 2.. (3) 
c:;1 -+ .s"'-f ... 1,, s<><t---;i:.o, c"'J- '?:=-O. 

I:" __., -'I ➔ 
~1MrryJII,CH rr. u f - CO_!!IJJiiltSHHUS c :ic:. II ,J, o6pa3YJOT rrpocTpaHCTBO OTHOC.ll-

TSJII,HHX m,myJII,COB 'P • f..c ... $ f' € .f" "' R ~ ll CB.!I3aHI:l TSMll :!lt8 COOT

HOlllSHHHM.ll. CoOTHOll!SHlIJI (2), (3) corJiaCOBa.ffil co CTaH.n;a.pTHHM ~-qe

CK.liM orrpe.n;eJieH.l19M. JIK06l!SBCKUX KOOp.ll;ilHaT, a Illi.ll;SKCa,uruI JIK06l!SBCKOH 

rrapa .,,(-= a.. , I:, - c acmmToTH"!eCKHMll cocTOJIHllll!,il I A> .l1 I B > , Ko

TOplie IzyMepyroTCJI 3HatJ:eHruIJ\~ sHeprIDI CA :a cp. aToMoB o.c n '=,c.. • 

C .. 

Xa~-
·a 

(ac)•b 

C 

)?.' 
(ab)•C 

C 

-~. 
a 

O•-(bC) 

Puc.2. IDto6lleBCKUe KOOp.ll;ilHaTH ;cr.ruI CIICTSM!l ey~OHOBCRHX tJ:aCTMU. 

0rpa.H.l1'llIMC.!I o6cp.n;eH.l1eM rrpo:uecCOB pacceJUUtJI "!8.CTllUll i, Ha CB.!I-

38.HHOM cocTomum I A"> rrapu o<. = a... HDe TpeXtJ:aCTHtJ:Horo nopora pa3Ba

Jia. B Ha.HOOJiee .llHTepecHoit ;cr,JI.!I M930aTOMHOH <pl'l3.l1K.l1 C.l1TY8.U.11li, Ror.n;a 3apJI-

~ sr.n;ep 2' a. • Z g • "f • CocTOJIH:!ie I A"> .. 1..£ "'t. me '> , r.n;e 

11 = "1J.,. .. rJiaBHOS KBa.HTOBOS tmCJIO, e_.;;. e CL .l1 fll (. ~ med- - op6HTa.JI1,-

3 



Hl:le U a3IIMyTa.rrI,Hlle RBaHTOBUe q}iCJia c.,:Y0OHa, onpe,ll;eJI.ID0TC.IT CO6CT::38Hffi.ll·.U1 

(YHRIUIJIMH 

t.pA (:r.L) = I.pot r.e Cx:....) Yeme (.;.,_ ) (4) 

n co6cneii1ruMn sHaqemr.m,ni :meprmr c A = - ::Ri° < 0; CA : - 9;_ / 4 n ~l.e., 
(a. e-= 2 Mc R_y , ~..,_ -= Z-t_~2 m~) rrapHoro rar,T..1TbTOH.Ha1Ia 

h.,1. 
- ( 

, - A .x:_ + V.,;. C ~ ) , V "'- ( :£" ) : ::c.i 1.,,. (5) 

3Haqemrn rror.tHoti ::rnepr.tm 

E E EA (pA ) = 2 · .2 2 PA ➔ £.A-=- °PA - ?J?A (6) 

nprr Hy-JieBOM m.,rrryJU,Ce ~A OTHOCllTGJII,HOro ,!\BJ!::-.emm rrap!.! a.. !-I HaJI6TaI0-
meii qacTm.lll sa,zi:aeT rropor .I1BY<IacT11quoro rtana.n:a 

EA ( D ). = - a' A:2. < O , (7) 
.f.ByXtiacT.nqmrtt rcanaJI OTiqi:.maeTCH, Kor,n:a aneprmr cucTe1.111 c5om,me nopo

roBoro 3Haqe1rn.rr E 7 - YA 2 

EA(~,.)>-=EA(o),T.e. t~ = E +~A
2 ':i?>D, (6) 

I'JiaBH11li l:ffiiaJI pacna}:\a Ha Tpn CBO()O,n:Hl:,le qacTlll.UI OT1,p11BaeTC.fI npu HYJieBOH 

:mepr:.m: 

E o (o) -= D T.e. 
!,/. 

P.,, =- E., '.:;?. 0. (9) 

Acm.mT0Tnqec1rne rpamr'!lme YCJIOBH.rr rrp11 X ·+ = ,Il;IDI BOjillOBOiJ: qyHI<I.Ulli 
~ (X ). , OTBeqalOIItlle npou;ecca.M oc. +K ➔ t"l..-d,c.. n IIO3BOJIRlOll!He Ji.,r,n;e,.. 
JIUTI, e,rumcTBeHHoe pe□emre ypo.BHemm :::pe;rr,;mrepa 

' 7 -:.Ii;_ + L V,,. (':'.(_,)· -· E 
..,,_ JtJ-~rZ~)=o, (IO) 

JierRo sa,rr.aTI,, ecru1 BOCITO.JII,3OR1TI,CH CJie)J'Ji:JI!!:lll,1 pas6Hem1er,1 WA 

:,~teHTU 

'UJA -= f,,,,.,, F,_t\ . . (II) 

Ff-A . y,!\oIJ.i,eTBop.mJT r.1O,rr,r,r(m~11poroum,M ypaBHemmM ~a,JJ.ll;ee-

1- Li X + V c:.. + i + ~ V;) - E l Fol A = - V.i. FI!, A • (I2) 
" r,-a,t I 

3,necI, Ve,( .n v:0
> - COOTBeTCTBeHHO ItOpOTRO;n;eiiCTBYIO!!!aJI n AaJII,HO,ne:fil:cTByID-

lllaJI 'IacTu RYJIOHOBCRoro rroTeHI.µIaJia V.,t .: V..1.' 
0
'-+ i nap11 ol = a, t : 

4 

A 

Vc1. =- Vot c-x"' J s;;:,( C x) 

V (O) . ~ -
.,J. ~ V,.._ (~ ... ) (-i- c:>,,( (X)), 

~ ( X) - rJia,I(lmH (ymc11;,m cpes;m: r.ne 

(I3) 

[ 

y 
_.. . 1, -:.C.,,_<.;)(1+J"'-) • 

c:;;(x)= o, 'X!..,,_ >c:11(1-+y,,1)>'; , (I4) 

c) < ~ /; ~~ f , y < y I< ½ 
BeJIYrrurn ac1mlrT0Tmcu KOMITOHeHT F13-A , np;r ,~oTopm:: yparmemm (I2) 
mme TpexqacTnqHoro noporn. pasBaJia (9) o,IUIO3HaqHo paspelllltMH, m'1eIOT 
BJI.n; 

a.s ➔ • -¼ I 
FP.A (X ;A)~/ (21r) L lf/\(~) • 

I , I 'If- ~,..-- lb I 

• ( ➔ ➔ J · , I (I5) 
[ 

L ~PA~ --1 
1 >'r-P&b-~2f (" , ➔ )-1/i] 

e &A+ Jf"" e n~ a>. >'r,.,fA PA . 
3,!\eCI, BXOT-\HOH Ita.HaJI OITIIChIBaeTC.'I na;r:;m:xiien IlOBepxuoCTHOfr BOJIHoii*) . -, ... ) 

I () ·➔ L ( y.,,_ ~ A V ✓ 2. 
'"f•A,(-::c.u1.) e , r.ne fA=E-c.A =_E+~,. ':;a.Q_ 

- 0Tl!OCITTGJII,H1fil m.mym,c Jia.'IeTaIOIJJeii qacTll!lU U napu i"- • AMIIJll'ITY)J.I,I 
paCXO,nml{HXCH IIOBepXHOCTHUX BOJIH npu r- =- ..t.. OffilCLIDalOT npou;eccu ynpyro
ro paccemnm H Bosdy:,o:teHrm: rrapu "'- , a rrpu p.,r-"' "nepecTporu:y"; 
cyr.l!v<J1pOBamre ~o f-> c i {'> n l rne J OCYJlleCTBJUieTCJI npu J,mtCh'JlOBaHHOM 3Ha-

'Iemm r-, : Le.= L "pt,..ml~ Tor,n;a B cooT-BercTB!Il.f c pasc5uemmu (II) 
m,1eeT MecTo ac.0MI1TOTR'I8CKoe noe,ncTaBJie!Ille ,!J,JUI'l/'"A. 

') • r c:1.s "- ~ F ti. s 
't' A .:. F a. A + l ~ • (I6) 

BHIJruKeHMe ,Il;IDI .najq:epeHIJ;RaJII,Horo ce'IeHrur npou;eccoB pacce.HHlll! (ac.JA ➔ t 
·➔ a. +-(~ C. ) ~ t;opMa.JII,HO orrpe,zi:emreTCJI ICBa,IfJ)UTOM aMllJ!lITY.Inl 
·f.1!> A npu pacxo,I!;J1llleficJI IlOBepXHOCTHOM BOJllf0: 

of G f!,.A .: I f P->A \ 2. "' y r- . (17) 

E. EncJ,epuqecKIIll 6asnc 

raMMJII,TOH.Ha.H f-l CHCTer.!Ll Tpex 3apm:temrnx 'illCT.ID.\ B CliCTeMe u;eHTpa 
• MHepwm 

H = - At -+ ~ vol ex~ ) , era> 
* 's.necr, M!l llCIIOJII,3yeM TepMI1HOJIOrmo, nprmmyro B MOHOrpaj.mt/IO/ • 
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r.n;e /J; = J~ .i-L!i - orrepaTop Jiaruraca-Ee.m,Tpar,!ll B IR~{oJ. 1w1,m1yTJ!I)~T 
c orrepaTopar-.m: oTpa:KSHIDI BpeMemr T , rroJIHoii HHBepcmr Cj' : X ➔ - X -H orrepaTopa IIOJIHOrO op6UTa.JII,HOro .MOMeHTa L 

' -,,, ....., ~ 

L = e -1- ?I , (19) 
_,, ..... 

r.n;e f =-~ -:i:.,. V-'C u ~ = -(!J" V.9 - orrepaTopI:I op61ITa.ru,H11X r.101,rnHTOB rra-
1)1:I 'laCTm:J; Il TpeT:r:,e:li 'laCTIIll;Il. Co6CTBe,HI:Ie (J,~m 3TilX orrepaTopoB -
cTaH,Ji;apTHI:Ie ~ep11-qecYJJ:e rapr·.!OHIIKll7II Ye mt ( ~ ) H Y .,.'""" ( 9) B 

L 2 ( $ 2
(·)) , onpe.u;eJieHH11e Ha $.z(X) : ~ =- (<9,<P) II 

. y = ('\J, ~ ) , 01:4. pHc.3 • .TI:eilCTBHe orrepaTopoB rurnepcHll "P Ha c~:e
pe $ 2(• ) 3a.rr,aJ!O COOTHOilleHH.HMil 

:}>4 t<9~®-'7i, c;J::,-";><jj'"+~) 

'7 / c v"...., ii_ ?r, q ~ 1r -+ l()- ) <20 > 
. l"u a> . 

Co6CTBeHHHe 3Ha'leHIDI .. ~I ~_g-<reTHOCTI:, s. =:tI-orrpe.n;eJI.lIIOTC.8: RBaHTOBllMJf 
'lHCJiaMlI i II ). : 

.,;) y rt1e " '>- mt ( " e 
J- x e. (-::c ) ""'. H Ye ::c) , >f = (--1) , 

't'"' Y ,..,,,. ,.. >- Y m,. " ?I 
y f. C.::J ) = ) ~ l ( .Y ) • ~ ?o""(- ~ ) • 

B rrpe.n;cTaBJieHIIH rroJIHoro MOMeHTa L uMeeM 6a3Hc 61Icg;ep11<recK1IX 
rapMO!IIIR 

...Y 4 
·O, 

me , mlo 

(~ y) = Z <'erne)m)t LM)YtxJY.<yl 
,, . l'n> -t ,..,,. "' M . C A (21 ) 

B npocTpaHCTBe L 2 
( 5:2 ,,t. $ 

2 
) Ha 'leTupexMepnou Tope s}-c-1.J\Cit,s >. 

3.n;ec:r:, 4 l\'.IJ'JII:,Tilllli,IJ;el{C: 4. - ~ L M ! l • .UeiiCTBIIe 'J> B IIpOCTpaucTBe 
.M ! = rR~ x s. J. x .$

2 ~ IR'' i O l ~ 
1' '. 'J ; 'J'9 1'-i"' 

(22) 
' 2. 

He 3aTpar.rnaeT IIO.n;IIpOCTpaHCTBO ::c, y ~ 'fR.: ~ • Co6CTBeHHHe 3Ha'le-
Hrui: 'J> - IIOJIHM 'leTHOCTI:, 3 =:tI-onpe.r-e.JIHIOTC.8: COOTHOilleHl!eM 

. <y ~ ~ ·(. ,.. -\ ~ A t'·O 
h -:,c_,, .Y J = ! Yo\ (-:,c, y) / S--=- ~ e 's°:,, = (-1) . (23) 

BupruteHue .IJ;JIB orrepaTopa JiarrJiaca-EeJII:,TpaMII Ax B M IIMeeT CTaH'AclPT
Hm1 mm 

,\ ,1(2) -2 'iJ'L -2. --z 
- L..::i. - = -.Ll + ':,c. C. + 'j }. X ~y ~ (24) 

r.ne • 
A c2> 

-:s:'j = ...:2. 'J -x: 2.--;;> +y-2' y2 J 
.:X. ">< X dy 'Y 

6 

\ 
' 

\ 

• "rr.,1:oc:KaJI" 'laCTI, Ax B t! .. • CooTBeTCTByromnil: 3JieMeHT o6MMa. B./1,,f :pa
BeH ' 

J'x:::. (:Zf<r3 x 2 tfx ,y:Zrf'J/ · rfxcfy I 

J x. :: sine Jle Jlfl:J, ef y = t:;,'n 'J cf>J Jl(p. (25) 

3.D:ec:r:, jt:::: { M, M,2 M3 /(Mt+M,.tH} rurBapIIaHTHM TpeX'IaCTH'lHM Ma.Cea. 
B OTCyTCTBHe ,IJ;aJII:,HO.n;efl:CTBYIDIJUIX IIOTeHIJ;IraJIOB HapH,IJy C 6a3llCOM 

6I1~.epII'lecmrx J,yHRUI1il ncrro.m,syroT TaKJJre rrpnBe.n;emwe iuapoBue q;y~: 

YJ/ me>. ( Yot) = (Y/'l!(Zt)·· Uf ti, Y.t))= ' 
,A I Y'"'" " =2_ < e IYle )..m). lM> ,\ (Yo<.) J 

"'" · -..\. .. 
·1t0Topue odpasyIOT 6a3nc B l:1. ($ 2{y)) : 

(26) 

,.i. (")I" "', II "1 V f ~ime,\ Y-. IJe'm~,,\ {Y.,J =- J'(Y.1 -~ )~~, <1,.,,.., (27a) 

SJ" "'L. I\ 1-' ") 
Yo( YJeme>JYot.) IJe-me>.' {Y°'- = i.c:' cJ,\,V (276) 

B 'J - rrpe,ll;cTaBJieHllU ecTeCTDeHHO BBeCTll IlOBepXHOCTHHe ~YHKUim 

(DL - mL (-. " ) - 4 - t. " 
Ti:::. Tne>, .re(, Y"' - L. lfnemJXot) IJemr1-A{Y.J 

.. "'c1. ""t=-l 
(28) 

- co6CTBeHHHe ffYHKIU,rn: COCTOHHIDI ' / i > =; In« eot Ac> acmmTOTll"IeCRoro 
raMIIJII,TOHiraHa 

h. a~ /_ -2 -
o< ::::: n°' + ye,{ A :2 • (29) 

Tor'Acl .IJ;JIB ROMIIOHeHT fpA CIIpaBe;rr.mrno CJieJIY1!lilee pa3JIOllt9Hlle 

0JA (x,~) = fltl?; F,1 (x,p) IJime,\ {-PA) A· -,. (SO) 

Ero cornacoBrurn:e c acm.mToTn'leCRHM yCJioBHeM (15) 3a.n;aeT acm.mTOTll'le
cRoe IIOBe.n;eHne rrapUHBJII:,HllX KOMIIOHeHT f'/'e· : 

F,1 (X,tJ;,,,J '. <f>/ rx,, 9,) Y;' x/ ( !1,.f) · csr, 
lI ;IJII3ll'leCKWC l)a,IUiaJII:,HWC ROMIIOHeHT 

Xi~ (!f,, p)~-f,. (e-'H,~·0i -e'NPPi{lisJ~· (P) p/-1 <32> 
. /jp .. - J 
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3.u;ec:& rrepBim MYJII,TIDl.H,n;eKc j q:asn'!ecKo~ pa,ruram,Hoii qymuurn: Xii 
OTBe'IaeT KaHaJIOBOU KOMIIOH8HTe, a BTOpoiJ: l Hy}.iepyeT Ha'Ia.JI:&HOe COCTO-

. rurn:e CllCTeMll. I!OJIHM aMIIJIUTy.u;a rrepexo.u;a f BA ' OlIHCUBaIOil\M rrpo-

u;eccbl paccemrn.H (aC)A + g - (!, +(~C)B 

.f. (I\ -) L, I\ /I "'1, I\ 

IBA 'j p, PA = 'I J[ 2. lJe,13 rneJJ>-.)'Jp)£.~ { p)n':m (-PA) (83) t Ap A r. T.i, -~ e... .x<A. , 
o( /\ 

onpe.u;eJIBeTc.H '!epes rurrap.rraHTHYID rraprwam,HYID ru.filJI11Ty,n;y fji : 
"l ( ) ( " L ·r · ' ) ( . )-1 D ,· p. = s Ji pJ-·I;j Jj, 2, P,· ~ (34) 

KOTOP~.H sa.u;aeTC.H r.1aTl)U'!HhIM11 sJieueHTaMH yHuTaprroro orrepaTopa pacce.H
Hliff 5 = Si , r.u;e S - r,ia.Tpilll;a, .u;eiicTBYlmtM Ka.I': 1IHTerpaJI:&Hllli orrepa-

2.. " f ~ Top H_a cqiepe $ ( ~ ) , a = ~.,9 - orrepa.Top rurnepmrn Koop,rurnaT_hl CTOJI-
KHOBemm. 

Herrocpe,n;CTB8HHa.H lIO,JJ;CTaHOBI{a acv.~.mTOTII'IEiCKOro BlJI)ill:t8HM (32) 
.rr,im Y. f, B (30 ) n ucrroJI:&3oBaHne yCJiomm IIOJIHOTll ·, (27) rrpn:oe,n;eHHIDC 
yrnoBRX '1lYHI\l.U1H IJ B '-':i ( $YjJ}, Heo6xo.n;nMoe JJ,JIB (:op1;mp0Bamm IIJioc-

Kon BoJIHH B fR-! x_ J/· ( 9) : · _ 
(2nr¾. e'°f$fo1. ~),;:;, -_J}tY2i-1 ( f}«PAY~ 

ff«fA . (35) 

· { e-'°g~PA S ( Qol + PA) -· e-c'IJolfA t ( g.,( -PA)]~ 
lIO3BOJI.ff8T y6e,JJ;UT:&C.H B corJiaCOBillIHOCTH BB8,JJ;8HHh!X Bl{llie pa3JIOil8Hl1ii C 
ac1IMIITOTH'I8CIDIMI1 yCJIOBllRMll (15). 

B. )Lmrom,Hoe npe.u;cTaBJiemre 

HaJill'l:118 ,JJ;a.JI:&HO,JJ;8HCTBYIO!l1IDC noT8HI.J;UaJIOB B acll!,IlITOTll'IeCKIDC napHh!X 
ra.MHJII,TOHllaHax o<. = a I & : 

h-~ -2 4 · ~ 

c,( = - A Xo1. + Vo1. + ,,\ f/c,1. + Vc + V p 
IIpllBO,JJ;l1T K MO,JJ;l1~HKaI.J;IUl I.J;8HTpo6elltHoro IIOTe.HIUiaJia 

has = - ~ - + V,: + [.JL". J[:i. f 2p ( l,c1)V2JL 1 (36) 
« X~ << i .X°' <X cl <I r:,1,. fjot :r ....;_J 

ll IIOJIBJieH~ a.'1:'ili.mTOTll'I8CKOro .u;nlIO.'Il,HOro HHTerpaJia .n;Bl!lK8HIDI /12/: 
II -.z n j,{ _., A ,· 

llo1. == ).. -3 2:·rn: 2,sgo1. ( Ac1. • ff~) . 
(37) 

8 

r) 

0.nec:& _ _L__ { ,_ . . . 

' AO(.= ✓-'tcA' [~ )( l.]-[e:xR~]-vzm.,,."z()i. xot] 
- BeKTop P:/Hre-Jiear(a, c.A =- - 2,/moi./2 n;_ - ·sHeprrm aToMa. o(.c • aaxo

.r(.flli\erocsr B cocTomrmr /A), i-rrro;:mTeJu, 9o1. : 9« = ( M,;( f4'q/1"'-+I) 
BosmmaeT sa c<reT rrepe:mmi It m:O6nenCI-:m.1 Koop)UIHaTar.1 u OT.IteJieHmo · 
.n;mmemm u:eHTpa tiacc aTor.ra o<C B :(,;e1tTe Il!TapKa: f}ot. = 1. , 
ecJII1 2"'- = 1 . ITp!I aT.OH rrprrne;;,enmro 1UapoB!Ie •;YHK1\.!m n I.. · npe~-

.. l/.1..,, h• J« e me,\ · pasyrOTCH C lIOl!,Oili:&10 opTororw~ThHO:I 1,iaTp;rr(LJ B /,"II · 
.,_, fm a 

l hL,n -~ Ln l ,, 
'J e t11e d. ( 7)0 ) = L. u o(_ ( d I e >i) IJ e me,\ (~Pl) 

)\ :.t 2. " \) 
rr oclpasyiOT )UU1OJI:&H11il 6a3HC B. l { $ ( f}o1. ); 

(SB) 

l11 ,/\ "ta ", " ",., . ti f) emeo. ( :J .. J r.J e't11e''a. {Jj"'-J= J1 ( 'd°'- fjo1. )Je~,f Jtfei"e' (39) 

( t1 ,. ,,: L,rJ /I ) i, 1 /? II ~ 

j rx /jo<. fj emea ( z}ot 1 e,Yle~'( Jjo<)= du' ua~' (40) 

3,nec:& v:._n ( d. / e}. )- COOCTB8Hllbl8. B8KTOpbl ,ll;IIITO.i,:&Horo llHTerpaJia 
.n;BllHemm ~ B fJ -rrpe,ncTaBJiemru 

2. [< <p,1~). I~ /(}Jn~~I > - .A:a Jee'~~·Ju:ra.Je~')=O (4I) w , e . m" 
r,n;e· 'A~ = r n e>. - co6cTBCHHlle iYHrmm; (28) acmmToTnttecrwro raMrr.1u.-
TOHHa.Ha (29 ) rrapu o<.. • IlOBep:rnocTHue (YHIUJ;rm <pf' -= <pj:, <l. acm.mTo--
Tn<rncr-:oro rru.mJir,Toi-rnaHa (36) nap:1 o( uyMepyI0Tc.H· m1.u;eKCoM a , on-

~n pe.neJIHIOil1lIM ITOP,ff,IJ;OR BO3pacTarum co6cTBeHHHX 3HQ'I8HIIil A:;a ,D;.'IDOJII,1-{Q-
ro IIHTerpaJia .A.t: 

m"- rn (.-~ ") ,::;:- ..... ln ("·) 
T/ = r 11~ X.r,(,,#"'- =c.. lfne;ne{:X. .. )'Jem a. f/o1. = 

l .. e~ ~ 

l;. V fX 

11 

( d /e >i)~~>. (~,go<)= . (42) 

= t <fa<ne (Xot) Y;: (x°'I yoi) 
q~ln " ,, · · 

~YHKIUill ;J ea ( Xot: 1 /jo1.) oc5pasyroT ,JJ;l1IIOJII,Hllli 61Icy)epn'!ecrurtt 6asnc 

B LR. ($2{X.,J,c 'i/{gc1-)) 
rt/ l ri ( ,., " ) . 1., n vL (." " ) 
J ea x"'-,Ji"'- = ,f 1J °' (d../e).) Je>. x-<-,}1" • 
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IIpmmr.taJI BO BH!IlJJaHlle nepeorrpe.neJieHue npuBe.nemrux i!!apoBll..'i: Gymcwct iJ 
II 3aIII8HY A-- d.: d. { e ✓ A) , a Taiv.:e uy.m:,Tnmr.neKca t" : { ot. n e ,\) 
:-- i = { n a) · , Bee nprrne;:{emrne Biae pa3Jio;:mmm )¥1.lI <Ia.rr.neeBcICIX 
K0MIIOHeHT (30) !1 (3I), [ll3l!'IeCKHX pa,ll;llaJ!l,HIDC I<Or.lIIOfieHT (32) u mipa
iremm ]J,JUI 8.MIIJIIITY.Inl (23) n (34), l,IO;;HO I!CII0JII,30BaTI, JJ,,15I omwamur 
npou:eccoB pacce.mnur {ac)A + g- a ,r (<?c.)e B cncTeMe Tpex 1cy-

JIOHOBcrurx '!8.CTlII.( C 3ap.rr,n:awr 2a. -=2t=1 :I 2e, = -f 

2. 3a,n;aqa pacceJIH!ill B rrmepc:" epn-qecrurx rcoopprnaTax 

A. rruAll.ThTOHliaH 

:z 
PaccMoTplli'11 napaMeTpH38.1(}llO n~ocTpaHCTBa X 

1 
/j € R t c rro-

M0:I;I,IO rnnepc,Iepn'IeCKflX r:oop,n:rIHaT O/' . 

x == X st'111; 1 ~ = X cos r; ; 05:, 'l~ ~ . c43 > 

I.IaTp~a nepexo.na (2) r.:e;;-;;rry m:06uenc1tHMH napavm (L,fo1.), Pl:a,t.c H 

{-Xp, !fp) 
1 

p:.: t, c, a 3a.n;aeTC.fI npH ST0M TpeM.fI <lHKcnpoBaHH!lMll yrJiaMH 

Up: , 
5.1.p::: Stn Up , C°'P == GOS Up. (44) 

3,neCI, 

'Up= o.rzdg 111
~ 1 O ~ Ups ~ 

(45) 

-YrJIIl M6FJIY 6ucceKTpHCaMH TpeyroJII,HHI'..a Mace '!aCTl'II.( co CTOpOHaMH: 
o<-)3 = IY/ o< + IYlr, , B KOT0ph!l1 BIIHCaHa OKpy?.tHOCTI, C pa,ruryCOM, paBHblM 

TpenacTH'!HO:li Macce f' : 
'U ct + U g + Uc. ::: '][ , ( 46) 

rHIIepcq:;ep.1:1qecKaJI napar1,eTp1rnau:1m B11rJI.IT,IU1T ecTeCTBCHHoi,i, eCJin nepeitTH 
K y,n;BOSHHOMY yrJIY E. = :2. r; II npocTpaHCTBO fR ~ ,lI,OIIOJIHF!TI, .no iR.! , 
I'lCII0JII,3Y.fI yroJl °0 = 1':'x }j_ 11.e:.,JJ;,r BeKTOpaMH X If 'ff : 

w.s 0-~ cos e c.os 13- +·sin 8 .s/,1 f3. w.s {1>- Zi>). (47) 

0rrpe,neJISHHbe TaKHM 06pa301,1 DHYTP8HHee npocTpaHCTBO /R; 
( X , # , &x ;t J ~ fR! i . 

OTo6pa;meTC.fI tieTupl>M.fI 01cTaIITru.m cj ep11 $ x {J;, 19) c pa.nnycoM X = 
= i)-:i:_z+ /jz' n yrnaMH ~ n t.9 (cM. pnc.3) 

0 < X < 00 / 0$~ !: '][ I 0~0 ~ '.I[ • (48) 

3ajHKC.l:lpyeM, HaIIpH!Aep, .fIK06liSBCKYJO napy jXc ✓ 'ic} • Tor,na B npH
H.fIT0¾ napaMeTp,rnau:,m npocTpaHCTBa Jltt= fR!x $ ramt1ThTOHHaH H rrpHo6pe-

10 

) 

TaeT BII,n 

H ;_ - X-sdx X'Jx - x- 2 6.x + L, vol (XI ~o<) 
ol:a.,,,c. . 

3,neCI, 
(49) 

- /J /\ --~ ~ • l d -;jz \ l 
X - Sinl? ~ S01 i; ,..,.. +.-Ji<- + .Ll__ 

\ d.&, ~~ s,J111z eosi3:.-
7: 2. 

(50) 

-yrJioBM 'IaCTl> onepaTopa JlaIIJiaca-EeJII,TpaMH Ll,R Ha "$pe" S,s { X.) 

X= (?I 1J"{0/P, ~I c'f)}E. $s{'x)c;. R',fo}, 
a napH11e II0T8HI:(H8JI!1 3a,IJ;a.Hl1 C0OTHOfilSHli.fIMII 

¼ = - 2211, VfY/a
1 X-1

(1+ C,OS lFa COS~+ Stn2Ja5c~(co.s&J; 
• -J[ ) Vi= -22, Jmi x-' (it ecs "Ill cos r- s (~ Vi s/v,i:cose;-) ~ csr 

Ve= 2 2a 2t time' x-' (1-ios~rYz. 
IIapH11e IlOT8H1(I'laJill o6p8.111aIOTC.fI B 6eCKOH8'!HOCTI, B TO'<llte Tpoillioro coy,na
peHim X = o n B TO'!Ka.X napH11X coy,napemm -rmcTm:i;: 

(ca) <9cec == 'J[ 1 ~ca = 9t - V"e,. , 

(c8) 0ct=O ,. ~d=W- Ve , (52) 

(a & ) l9a./ E. fo/ll], ~"-i = 9l -9i::: O , 
r.ne 3Hatie,all.fI 1fp onpe.ne.n:moTC.fI Ko~eHTa.MH nepexo.na Up: Up := 2 Up, 
COOTBSTCTByl!lIUm 3~8MSHT 00':beM9. B.)/1 paBeH 

Jl'x =. ><s-tfx rP fl {x) , 

rfl Q_ (X) = (2j<r
3 f Sl'v, 2f If Jx ,; . (53 ) 

B ORpSCTHOCTH TO'IKII TPO~Horo coy,napeHrul: M0litHO KCll0JI1,30Ba.Tb rrpe.n
-'1 

cTaBJieHHe onepaTopa rmrepMoMeHTa 'J( :: - LlR : 
--<> 

x-zcp1< {xix)= 'J<(J<+'t) cpK {K1x} • (54) 

Ero C06CTBSHHHe q:yHKIJ;Im 9} (X/X.) o6pa3ym 6a3IIC B i_z ( $~ (x)) 
CitaJIJipHoe nponaBe.neane 

<k /J<'> == 5.J J2.1 {x, x) <T{ (x1 x)({{(x,x)=Jx1<' c
55

> 
B f..2, ( S!{x)) y,no6ao aa,na.Th. c imnapimHTHoii Mepoii 

d .Q¥(x/x) == xz~ d .f!.{x) , 
(56) 

II 



ROTOPM II08BOJUI8T cor~aCOBB.TI, HOPMllpOBKY rr.mepciJ"?epII'l8CIDUC ¢YHKI.iIIH 

cpx (x,x) ~ >C¥~ (X) .,J 6'=-¾. (57) 

C Hop1.mpoBROii IIOBepXHOCTHHX ipy~ ~- (42) ac!Il,lIITOTII'l8CROro raMJlJII,

TOHKaHa (36). YMOBKe rro~oT11 B l:1.. ( $.,tx)) HMeeT BH.n; 
-le'· . X 

xzr2 <1k (tJ<.) cpx rx/ x1
) == J(x-x') . 

K 
(58) 

rmrepcq)epnqecRI1e ¢YHRIUIB 

~ (x) = (2.pfJ YK (X) ·(59) 

C TO'lHOCThID .n;o MHOl!WTeJIR COBIIa,ll;aIDT co CTaH.n:apTHiilMII J<-ra~OHKKru,u/10/: 

· v ") . , ~ e P.ed: >.+~ ,, ,. . 
1K (X -= CN.). Sen '} c..os 'l H ' (cos21) 1ie >Jx,;j) 

C
. _ ~[(:2..)l+e+>.+2))1.'(Yte'.+J..n)?~ C6o) 

Ne>-- 2 rtN+e+¾J rW .. ,,\+~:) J 

- HOPMilPOBO'IHIDf MHO'/ltliTe~; K - My~Trurn.n;eKC: 1( ~- {J( e, >.] , 
'7\ e ~ ,ir, .X+{ u r N - IIOml:HOM HRo6n:, HM8IaJllili/V =0,I, •• ,., Hy~efi !IO rrepeMeH-

HOli f/ , }<-:::.2../V+l?f )._ - RBaHTOBOe '!HMO r1mepMOM8HTa. IIpn:Be.n;eHHe K 

cTaH.n;apTHO:fr Hopr,mpoBKe ,JJ,JIH ½'.,, (R) ocymecTBJIBeTcR B pesy~I,TaTe IIe-. n Y. 
pexo.ua K ?/'.aCmTaO~OBaHHOMy r:rmeppa;mrycy x.J< = {:zjtr~ X , 'ITO !Ipll-

BO,n:HT K saMeHe di flt ( X ;J- cR R.; { x/>l) = P<j,J3 J x . Tor.n:a ,IT,JLH RaHo-

HH'lecKII corr~r!teHHoro C x~ I!MIIY~I,Ca P.,u -{2p)Y.. p HM88M 
rrpllBH'!Hoe/I cooTHOrneane pz:::. f?,.J,< E , B~ecTO _p 2

:::. £ , IIPHHHTO-

ro B MOHorpaq;uuf 9/. IIpn Heo6xo,IUIMOCTll YRaSaHHM saMeHa MOIK8T 6HTI, 

~erKO BillIO~eHa. 

B. OIIepaTop HHBepcllll 

IIpn CTaH,n:apTHOM OIIpe.ue~eHllll yr~OB ~ '6- Ha c¢epe $; (~ / &) orre

paTop 'l8THOCTII :f He saTparnBaeT BHYTP8HH8rO rrpocTpaHCTBa !R! , TaK

llte, KaR n. JR,2.. Ero .n;eircTBHe Ha ~ ( x, X) orrpe.n;eJmeTcR cornacHo (23) : 

'YCfx (x,x) = (-1/2+>-'P-x (x/x) . ;. 
na.n:HM orrpe.ue~eHn; orrepaTopa rro~oii HHBepcnu 7, .n:eilcTBynnero B rrpocT

paHcTBe .).A= lR ><, .1; { x) . ' KOTOPIIB ROl~,WTHpyeT C raM~TOHiiaHOM H 
II orrepaTopoM J<Z . Co6cTBeHHHe sHa'!eHnR I - rro~M '!eTHOCTI, 5 =:t_I, 
sa,n;aroTC.ff COOTHOill8HilRMH , 

12 

} 

I\ I\ I\ ' .;J(. 
I~ (><1 x) =~'ff< (x, x) , ~ -=/.-1J . (GI) 

IlpHHHMM BO BHUUaHUe, 'ITO 

) = (-l)J<.-=. (-,):i.N+e+>-.==(:-i)e+>i, ,., (62) 

m.meM M8.IJ:YIOII(He orrpe.n:e~emm orrepaTopa rro~oi1: mrnepcIIII I B JU : 
" '1 "" , -,. ,, 

~I= Ir. Pir == k $. YJiii , 
2 

. (63) 

r.n:e l.i: i ..., St-~ - orrepaTop oTpa::teHIDI Ha c(i;epe $ xf~1 t.J-) • Ero 

,n;eil:cTnne Ha rIDiepcclepn'leCit.tre GYHRIUIB ~ sa.n;aHO COOTHOill8IIlleM 

if 'Px (xix)= {-/)N ~ lx,x) ·, _ . (64) 

B CJ1,10M .n:e~e , IIOCRoney ~O'!Kll X , II - )( neyweHHero IIpOCTpaHCTBa 

lR ~ oTo:;mecTBJieHh!, rrpn ,n;effoTBIIH orrepaTopa I B,A1 MH m11eeM . .n;Bott-

Hoe OTpa::teHHe 'ii?! . . . " . 
;::aau/oe Jrrpe.ue~emre orrepaTopa rro~oit mrnepcmr T cor~acoBaHo c 

I!8B8CTHm 
14 

:P~J!2llt8Hll8M meCTl!M8pHOi1: IIJIOCito:it BOJ!HH B )1 : 
12.wr¾-t e'x P:::. - {if)Yi { :Z t' X py-'. . . . 

XP.-oo . 
• ( e-i(xe-fr>rxp]"if J'(x+P)- e·(XP-£orxPT~J(x-P)}~65 ) 

IIpn 'If= 0 8TO COOTHOill8HI!8 rrepeXO,n:HT B pas~o;rurnne TpeXMepaoii IIJIOCROt1 

BOmH (35). IlpllHUMM BO BHHMrume yMonue IIOJIJIOTH (58) B L.2. ( $~ (x)), 
pas~Ol!t8Hll8 (65) MOlltHO rrpe.n:cTaBIITI, B BI!,n;e 

(27lr¼-r e i x~::; ... :/-ff.f~ (:zi'xPT
1 ·o/{{x.,x ). rx.er¥ • 

·{ e-itxP-;fi) . ,_ e :t~-¥ r>f) <1k ( P
1 

_p) .. (66) 

EMII IIOJI.fIJJHM OCI, 0# (CM.pn:c.4) COBIIa.n;ae1..c QCI,10 2 Ha PI!C.3, 
HarrpaBJieHIIe ItoTopoit BH6prurq B,n;o~ B81'Topa f' , TO B1!p11:.'t8Hlle (66) yn-

pomaeTCR: . • . , . _ 1 -I{ 

(2.wri-t e, xews7 z - (2. f;; { 2,xe). (xp) 
:xp-oo Yt. X . 

{ e-,'{xe- !fi)~ er><.E-'lflfj~} Pf< (cos~), (67) 

r.n;e ))>'(cos()= f'(f+J') ·r,/ I )C~+~r· ... } 
X ( 2.'li)k +r ./". + 2 + j' JC COS f/ , 

<frx+PJ-== L. J>/(1: cosr) . 
J< 
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z,. .. 
tr . . ... 

XI\ <. I.• I ,,, "~ 

.y 
" 

P.11c. 3. 3@>eKTRBHaJI napaMeTp.1138Wi.fl c(pepbl J j 
tJ8p83 K00p,!UlliaTbl cqiepbl$

3• 

N 

-x 
s 

Pnc.4. 3qx,peKT.11BHa.fl napru~eTpli38W{.fl K00p,ll;li

HaTbl no;:oco,Il;Rllleil: nOJIYcqiepH j~ . 0TM8THM, tJTo 

TOJihR0 BBe'AeHRe {HenpepblBHoro) onepaTopa 

.11HBepcru1I nosBOJI.fleT·'AoITOJIHHTh rra~eTp.11-

s~HIO 'AOS!f'. Ilp.11 3T0M Bli,Il,H0, tJTOs~ Ha--·;; 

Kpb!Ba8TC.fl 'ABalli,D;bl. 

14 

l 
! 

I 

1 

' 

B .na.HH0M CJIYtiae cos~ ~. co.s 13;,,0 , a onepaTop noJIHoil rurnepc:m j = f; 
. ~ -'-+Y- X.c % 

orrpe'AeJieH Ha g;yHKqIDIX C .z a ( UJS~) cooTHorneHHeM . 
n I+{ J< ,;J< ~f( I Cf< [cos~)= (-11 C"x (cos~). 

II pH (= Ci ' ]( = ✓\ 11 C00TH0IIJ8HIIe (67-) nepeX0'AHT B pa3JI0liteHHe TpexMep

HOif IlJI0CROM B0JIHll no Il0JIIIH0MaM JieJKaH.n;pa: 

f)_ . ;,·. ). • 

0\ (C<JS tr/ff)=- CA { cos &11p), ~ 13- ( cos '/Jg;,)={-t) A lcos~r). 
B. AMrlJrnTY'A8 pacce.flHll.fl Ha rwepaj)epntJeCKH CllMM.eTpll'IHOM IT0T8.lmH8JI8 

PaccMoTpHM TpeXtJaCTHtJHoe paccemr.11e Ha 6blCTpoy6IIBalOllleM M0'AeJII,H0M 

IT0T8HUHaJI8 V(x) C T8M, tJT06ll rrepeHeCTH 0CH0BHble IT0HHTM. 38'Aa"lll 

pacceRHHH ns HR00HeBcKoii napa.MeTpnsawrH B rHnepcq;epwrnceyro. · .._ 

~H3ll'leCRaH B0JIHOBaH cpy~ B rrpe'ACTaMeH:im: rHITepMOMeHTa X -z 
l!MeeT Bli,Il, 

. . :¥ 

'fp),{x,l}=(#tt-2 g:>;, (xlx)x-'X:}/ (x,P)rx(pl-e)P-i. 
1,J<J(' J'-

TorM HMeeM CJI8.JJYIOII1Yl(l CHCTeMy Pa'AHMhHblX ypaBHeHHH IDpe,!Ullirepa ,wm 
Rosq4HIUieHT0B X : · · 

{-/; +[1<1(1<' 1
+¥)+ o{t+ 1JJX-2 -PJXx,/X)=t,,Y°x'x"fx)r,dx}c68) 

,11,Jm rHITepcqiepll'leCKH CRMMeTpHtJH0ro Il0T8HUHa.Jia. V(x ): V(><) 
CllCTeMa ypaBH8HHH (68) yrrpo~aeTCH: 

{-/; + [J<{J< +'l)-1xft+1)]x-2-P1X: 1/x)= - V(x)Xxfx). <69 > 

CBo6o,rurue Pa'AHMhHble 4JYHRUHH 'X UJ .sToro ypaBHeHM ( V (x): o) 
Bup~cn tJepes UHJIHH.n;pll'lecRHe q;yHKUHH BecceJI.H. JJ<+ 2 ( x, p): 

x-;t(X,f)= v'JJ; IJ<+fr+J'(XP) . 
0HH H0pMHp0BaHll YCJI0B.118M 

ff:i Sil1(x1p) ~J?(x,p1tRx =P-2!(.f-P? 
H HMeIDT CJI8.JJYI(l!llee acHMIIT0THtJeCK0e IT0B8'A8HHe: 

i;.; (x,.P):::. p-' sin {><P-'lt-f:k) . 
xp~ao m-

IIpncyTCTB.118 MH0JmTeJI.H. - J t o6yCJioMeHo Henc-qesa.IOlllHM neHTpo6elKHm.1 

Il0T8HIU!aJI0M o'{(+t)X-2 B ypaBHemm (68) H corJiaC0BaH0 C pa3JI0liteHHeM 

meCTHMepHott IIJI0CR0H B0JIHbl (65). AcllMIIT0THRa peryJIHpHblX perneHml: 

ypaBHeHM (68) HMeeT Bli,Il, 
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'){;/{x,p) ~ p-'sin{XP- ?!t+fb'X-!!!1<)}, <7o> 
XP-oo .- ·-4. 

r.n;e ~'J<. = ~;x( P) - napr(llam,HHii q;8.30Bm1 c.n;BIIr. ~H3lI"l:ecK11e pememur 

cBrI3aHl:l c pery.1I.ffPHl:lMll 06!:l"lHHM o6pa30M 

%~ (X,P)= ')t;/(X,P) e;U,x-9!'~ .f 
H y,n;oBJieTBOpmoT COOTHOmeHIDIM opTOrOHaJil,HOCTR H IIOJIHOTl:l: 

it SJ>< x;/rx,.e>~:1.rx,.P, = J(.P-.eJ (7I} 
0 

"° . 25 n rh ►\ >« Pl. r · ' . , .;;;- ) ') P 
X ti.PX:J<(x,P1X~ lx ,.P; + f Xn(x ~"'{>< =v{x-x'}. (72) 

0 
AcHMnTOTmta ~H3HlreCKOro perneHIDI HMeeT BH,Il; xi (X,P);-(:Lt'T'{e-t'{xP-f()_e'KR-f r)e2.d£j.1<-'jJ'()J. 

><.e- ·. . . (73) 

B acHMnTOTHKe pemeHIDI ypaBHeHIDI IIIpe.n;HHrepa a.MIIJIMTy.n;a pa.cxo.wmieiic.a: 
BOJIHl:l IIOJIY'laeTC.8 B pe3ym,Ta.Te .n;eiiCTBIDI YHHTa.pHoro onepa.Topa. 

II A 

S = s I · . . . /I . <74) 
Ha a.MIIJIMTY,Il;Y cxo.wmiettcsr BOJIHH/I5/. B M.HHOM CJIY'la.e I - onepa.Top HH
Bepmm (63), a S - MaTpmi;a.. pa.ccesrmur, . .n;eiicTBYJOmM Kart HHTerpa.11&Hl:lii 

OIIepa.Top Ha 8,Il;HIIlr<n!Ofi opepe $ S-( J?ll • One pa.Top $ KOMMyTnpyeT C ,I(O
IIOJIHHT8JII,Hl:lM HHTerpaJIOM ,I(BIIJKeHIDI J( , T.e. 8TH onepaTOpb! IlMeIOT 06-

l!lYIO CJ!CTeMY' co6cTBeHmrx qiyHKr(llfi C/>K( oo ~ X) , o6pa3yroUUIX 6a3rrc B 
L. .2. ( $ s-( X)) . Tor.na. <I,a.soBHii c,nBHr Llx - 9[ :K B acHMIITOTHKe pa.n;H-

am,HJ:lX pemeruill .fIBJl.fieTcsr q;a3oir YHHTa.pHoro onepa.Topa 

S,. m I.. ") m / ") :i./ (fjK -?f::k) 
'K loo , x = rl<. l oo , x e 

11 
• c75 > 

9TO COOTHomeHHe llOJIHOCTI,IO onpe.n;eJIHeT one pa Top s I a CJI8,I(OBaT8Jll,HO. 
H s -MaTpHIJy B :J< -npe,ncTaBJieHHH: 

<xis JK'> = e2 u A:J<-f J<.) < K II IX'> . 
B OTJIH'll!e OT ,S' Ca.Ma$ -MaTpmi;a., B0061I!e roBop.a:, He ,IJ;HarOHaJII,Ha. H CTa.
HOBHTC.fI Ta.KOBOii TOJll,KO B CJIY'Ill8 KOMMYTar(lllI .nonomurreJIE,HOro HHT8l"paJia. 
.I(BHllteHIDI (B .naHHOM CJIY'l8.8 J<2 ) c onepa.TopoM HHBepcHH T. ·llirurvm 
CJIOBaMH, ecJIH llOTeHIU18.JI 06.n:a.,n;aeT I:(8HTPOM UHBepmm, a B .naHHOM CJIY'lae 
sTo Ta.It; To yrJIOBl:le !fYHKr(IIH .fIBJIJilOTC.fI co6cTBemrnMn qjyH~ S-MaTPH
nu: 

<Kl s / 1<'> = e2
'A:x flxx' (-1)3< • 

16 

BoccTruraMMBWI Ha6op l =- __ { L, M :SJ . KBaHTOBHX 11uceJI TOtIHl:lX UHTerpa
JIOB' ,I(BliiiteHlU!, KOTOplifi l:lll IIO corJiarneHIIIO orryCTUJllI, onpe.neJIIIM co6CTBeH
Hl:le 1a30B!:Ie C,ll;B!-IrU B J( -npe,r;;cTaMeHml paBeIICTBOM 

g;_ = 6 -x - J {J< - l ) . . /'h • (?6) 
Tor,u,a a.cm.mTOTHtieCKOe Bupai::emre M<I. ~. IIPIIMeT BU.I( 

";t(P~)L.(x .e),;:; - { :z. ;_ r'[e-{XR-':f o)_ e ,"txP-7{~/,J<./S /l';'), e-'lil._J ' 
:J(_ I Xf= ➔o<> • . (77) 

r.n;e '().L 

<L /"! I I 2.lcJJ< (? (' J< s L :1< > = e u1.1.·0J<:J<.' • 

l1CIIOJII,3yJI COOTHOIJJeHJie IIOJIHOThl (58) ,lJ,JUI r,mepc(epmemmx <I,yHI~ 

91 (oo, X) f h2 ( f,.s(x)) II npe,ncTaBJieHirn (66) ,lJ,JUI IJJeCTRMepHOH IIJIOC
ROfi BOJIHl:l, rro.rry-craeM a.cm,1IITOTI1'18CROe pa3JIO\i\8Hlrn ,lJ,JUI (l,H31ItieCKOM BOJIHO

BO:ii: 1YHI<w!I1 

,11"1.f>< }J~ (2.Jrr1-r[et'rxf)_x-,-te/fxp-fr>(rx e;17 . 
T , xP~~ ' J 

IloJIHasr aMILJiuTy,na f {X I P) onpe,neJI.fieTcsr :suprutemm,.i 

f(x,e)=4Yl J
1
/f:r00,x> fx~JP) <f;/(CXJ_,-P) , 

r.ne 

2l {.F'= [<J.1</S/ll<'>/'71
1._ <lK/I /LX'>]{f<. tPY'J.rY 

~k' J • . 

(78) 

- rrap~aJII,Ha.fI aMI1JIUTy,na B npe,ncTaBJISHill! co6CTB0HHl:lX qJ830Bl:lX C,Il;BHI'OB 
( '75 )-('77). ~opr,wJia ,lJ,JUI .n;H(tJ:.epem,uIDJII,Horo ce11emm orrpe.rr.eJI.fieTcsr KBa.n:pa.
TOM _ aMITJIHTY.I(bl rrpn: pacxo.wmieffcn BOJIHe 

rfo,,jQ··roo,,x)-= If (x,lJJ2, (?9> 

r.n;e 'Q {oo I k) = JJ [l.{x)-sJieMeHT TeJieCHOro yrJia. Ha sr ( x) • CM. 
(53) ,0'10BH,IUIO,'ITO ,lJ,JUI rHII0pC\P0Pll:tI8CKli CllMM0Tpll"IHOrO IIOT0~aJia aMilJlli·· 

Ty.n;a pacce.fIHU.fI r;x, P) 8aBUC,l1T. Jiill!II, OT yrJia . 1'.>C'P -:: ~ 
-✓ "I I 

MeliiJJY · BeKTopaMH n .P { f' = X'). IIosTOMY MoJKHo aHaJiorntIHo (67) Ha-
rrpaBHTI, TIOJI.a:pHJIO oc1, ON no Z , a rroCJie,IUIIOIO B.JJ;OJII, HMrrym,ca f na.
,IJ;aIO!l1ett ILlIOCKOli l110CTHMepHOH BOJIHhl, TOr,na Bl:lprutemre ,IT,1IJI ffX

1 
p) ynpo

lI!aeTC.fI 

f ( cos ~.e, .P) :: 1/:J[ ~ <;J/ (oo, X )[e2
'

6 :i<(P)_ 1] (2 ,pr 1. 
-t,"L, .. L.J< • 

· P 'Px (oo, P) = 4-9' ~ JJJ (cos13-xp)[e:i.,t':l:1<CPl1J(~i.ft1.f-X' -:x , 
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r,n;e p1_{cos °l9xp)orrpe.u;eJieHo B (6'7). Ilpn (=0
1

:J<.~,,\,P-!',X~ y 
aTo Bupa!\e_HJ:Ie nepexo,IUiT B CTaH,n;apTHoe pa3JI0:i:em1e Tpexr.1epHoii ru.m.IDITY
.Illl no noJIIDIOMaM·Jlel!raH.n;pa 

f(cos0-~f, p)::: f (:2).+1) P1.(cos ~p)[e2 '°4'.(P)_1.][zi'pl1.. 
0TM8TllM, 'ITO )J,JlJI TpexMepHoii a!.mJil'ITY.Illl B cq,epOJmaJII,HllX rwop.rurna

Tax {~,,Z Cf} f .JIA.:;_J?l rrpe.u;cTaBJieHUe C06CTB8HHHX q;a30B!lX C,ll;Bll
roB, B Ko-ropoM nHq:opMar~ro o paccemrR'1:HJcyT He TOJU,KO (ta3u, HO n yr
JIOBHe (fYH~Hl'I, 6HJIO BBe.neHO B pa6oTe 6 • Ilpm.mp c rrurepcq;eputreCKil 
CID,1MeTpll"!HHM IIOTeHUllaJIOM IIOHa,ll;06MCH HaM )J,JlJI HarJUI,IUIOro orrpe,neJieHM 
0£1IOBHHX ITOHHT.mi: .nonOJIHHTeJU,HOfO llH!erpaJia ,nBVuKemur (B .naJIHOM CJIYtiae 
:J<2 ) n yHuTapHoro orrepaTopaS::: ST , IIMeICI11IDC oc5lllYIO cncTeMy co6cT-
BeHH11X CfY~, a Taru:te rrpe,ncTaBJieHM C06CTB8HH1:IX g°;a30BHX C,ll;BirrOB, 
KOTOpHe Heo6xo.rumo BBO,IUlT!, B 1/lHOI'OMepmzx ll MHOI'OKaHaJII,HHX 3a,naqax 
pacceHHHH. Tai<oe rrpe,ncTaDJiemrn corJiaconruro c onpe,neJieHReM onepaTopa 
HHBepcu J B rrurepC(fepifec1mi1 napaMeTp.113auirn B 0T.'llit1ne OT npe,ncTaB
JieHrur ITOJIYU8JIHX MOM8HTOB S/ • 

3. A!!!!a6aTHtiecrutii 6as1tQ 

A. OCHOBHHe ypaBHeHUH 

BH6epeM r:e:nepcqiep.11treceyro napaMeTpH3aumo (43)-(48) KOH(l:lirYPaUJ!OH

HOI'O npocTpaHCTBa X = Xe< (J;) .Yc1. E. fi1 = /R; >< $s- • BBe,neM CJie.JJYIO!Illle pa3-
JIOEeHM )J,JlJI napUHaJII,HllX ifa.rr.n;eeBCKIDC Kor.moHeHT /7p"' (II): 

f}ii{X,f) =~Pp~· (x,x,)x-J.xt (X,f), (80} 

r.ne 6a3UCHHe KOMIIo~eHTh! F; j (X, X) f Je {J<) onpe.u;eJieHI-1 AKaK p~me-
HM CII8KTpaJII,HOii 3a,n:aq11 )J,JlJI c110TfMll ypanHeHIIfi (I2) Hf cc;;epe X t .f"fx) 
np11 q;HKc.11poBaHHOM 3Hat1emm runeppa.neyca X € B = "IR. t 

{-x-2
D.. + Vdx, -) t V .. Jx,-) + !, v;.,,1 (x,•)- E/(x))l:/(x,.)= 

I\ P- 11 ,£ · · · J (SI) 

::: - V,,,_ (x,-) Pp; (x,-). 
3;:i;ec1, A,= fl x - yrnoBM t1aCT!> onepaTopa JI~aca-Ee.JI:E,TpaMH (cM. 
(50) ) , £;· ( X) - crreKTpaJII,Hirn rrapaMeTp, { l J ) - Ha6op KBaHTOBHX 
'Ince.JI, H'JMepyIO!IlIDC cneKTP <5 { II (X)) TpexqacTntIHoro rarmm,ToHRaHa 

H (X) 

/-I(><)::; -x-2 t1,< + ~ v.(. (x ,x), (82) 
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KOTOPHH ,neiiCTByST B CJIOe g:)( =. L, 
2 

{ $ s(J.)) ll 3aBUCllT OT TO'!Kll X 
6a3H 8 · KaK OT napa.MeTpa. PenieHne mpe,IU1HrepoBCKOH 3a_naqn (IO) Ha ~ 

{ 1-1 (x)-Ei rx J) 9"~/ tx/xJ = o 
· res> 

c no.n:xo,n.RIIUIMI'l rpaHH'IH11MU YCJIOBI'f.HMI'l/4/ COCTaBJIHeTCH rro,n;o6HO (14) B 

BII.nS CYMMH 6a3UCHIDC ROMIIOHSHT 

<f{'( ><)) =· Z P; { ><, xp) . (84) 
p . {d)i . ,,_ .}"° J 1\ 

u rropolK,Ita.eT rllJI!,6epToBo paccJioemi:e T J (X,x) j~, € Je (x},.. ~.2. (IW,1 
C neKor..maKTHOii 6a30it 8 . CKBJIHpHOe IIPOll3Be;n;eH.11e 

<li/t 'j >= S lsi:'(x, x)<7;.''fx,x)<f}4/x,x}= ~,· lt.' (85) 

3a,D;aHO B /., y tr {x)) C l'lHBapl'laHTHOii Mepofi cP.R~(x,x)= 
: >(:i.J&7 J2.ts- (x) , t =3/2~ aHaJIOrl'ltIHO (55) • COOTBSTCTBeHHO rrp.11 
qiUKC.llpOBa.HHOM )( E 8 nMeeM yCJioBne noJIHoTH B L.2{ is-(x)) 

2o"' ml. · A ~ 6 · ") P(" "I) x ti: , .. (x, x),, ( x,x = o x- x . cas> 
PasJiolKeHne (14), (80) c y'IeTOM (84) rrpu tpHKC.llpOBaHHoM L · npuo6pe

TaeT Bll,ll; 

'P" r x, f)-= i cpf r x, x) x-.1 x)~ t><, P > . c87 > 
J 

TaKoe npe,ncTaBJieHRe rllIIepcq;epl'l'!ecKoro a,u;ua6aTI'ltiecKoro pa36neHHH aB-
ToMaTnt1ecKI'l corJiaCOBaHO c rpaHlltIHHMH yCJIOBWIMI'l 3a,n;atIII pacceHHIDI, rro
CKOJI:E,ey B neM C CaMoro IIa'laJia 11CIIOJII,3yeTCH pa3611eIDie Ha qia,u.n:eeBCruie 

KOMITOHSHTH. 
IIo;n;CTaHOBKa pa3JI0'1t8HID! (87) B HCXO.n;H08 ypaBH8HR8 lllpe.u;imrepa (IO) 

rrpn qimtc.llpOBaHHOM noJIHOM op6nTa.JI:E,HOM MOMeHTe L IIPHBO.IUlT lt cncTeMe 

o6HKHOB9HHHX .IJ:li@:epeHUHaJII,HWC ypaBHeH.llii )J,JlJI KOS(!Xpm:UieHTOB ~- =(~·;{)(,f}j 

i (-2>,~ -r (£;, (x)+ t{t+1)x-2-E)Sij-} ~,· = o . 
J . (88) 

3.u;ec!> £; ( X) + t ( '(+ 1) 'X-2. - aqxpe~T~BH!:rli, IIOTSIDnffiJI_, ( = ½ , ]),.,· - .Ko-
BapHaHTHM rrpo11aBO.n;HM · ~- · =; < , I J. > d x. + A lj ( x t ) • 

OnepaTOP A;; ; A,j-= 2 i./d /It>-+ a ~ "°!(i 1 > IIMeeT·. CMHCJI CBH3HOCTH 
B rwn,6epToBOM pacCJioeHHliI t/ (x . ) ,-. l ( J x, (x) ) c HeKOMIIaKTHoii 6asott 
B n o6ecne"Il!BaeT corJiac.ol3alme pemeHHii (87) c ag_:ru,mToTntrecKmm rpa
H.lltIHHMll yCJIOBI'f.HMI'l Ha <ta,n;.n:eeBCKI'le KOMIIOHSHTH 5JX ). 
E. Knacc}$1KanruI COCTOHH:wi 

B HaCTOJmteii pa6oTe Mll paccM11TpllB8.eM rrpoueccH paccemIIDI np:e: auep~ 
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rrurx: CTOJIKHOBeHIDI £ mute TpexTiacTH'!Horo rropora pas.BaJia 

E=. EA(p~) < £0 {0)=0 (CM. (9)). 
Tor;na .ri;ocTaTO'IHO paccMOTpeTD Trurne COCTOrurIDifi.i> a,nna6aTHtieCKOro 
6asnca (83), IWTOPHM B rrpe.ri;eJie X .- oo cooTBeTCTBYIOT co6cTneuHI1e 
3HatieHIDI £".·L. ( ><) · acmmTOTHTieCKOro rru.mm.TOHliiaHa (36) 

£.-" (x) - {£A f 2_g (2a.-i) x-.1V.2J',; f-~a >(-z , 

' Ee+ 21,\ (2g-1) x-'✓2..)'/ + ..lLt x-2 (89) 

l 

3.ri;ecD ~A:: - 2 a 1. ~na.2 H £ 8 -:::: - rt 111½n I - 3Heprnu l13OJll'IPOBaF!HllX 

aToMoB (ac) n (le) ,.JL.11..IL,- sHatieHIDI (41) cooTBeTcTBYKlllHX ~IIOJIDHHX 
HHTerpaJIOB .Il;BIDKeHIDI (37). IlpH 8TOM co6CTBeHHUe q;yH1UUrn a.ri;11a6aTU1Ie
CKOro 6a3HCa / i. t > 

mL. . " ) - ) ? J L,"' {. ~ " ...,-, (x-- 00 ,X-< -J: ({Jo<.ne(x- 00 ,'E"" -:lea ><,,..,~J.)(42•) e . 
rrepexoMT B .ri;urrom.HHe qiy~a (42 ). 

Taruru o6pasoM, a,nna6aTHtiecrum 6as11c /L, t' > B rrpe,rr.eJie >(-.- o0 

xapaKTepH3yeTC.!I rrpn:6JIIDJteHHHMH RBB.HTOBb!Mll tIHCJiffil!I1 ,· ~ (o{1 /11 aJ i1=nu£ 
- rJiaBHblM KBaHTOBHM tIHCJIOM aTOMa (o<. c) , .o(-:::: t:<., 8, u ,Il;UIIOJTI,Hw-:i KBaH
TOB!1M tJ:HCJIOM d. =:d....(. (41). Jlerno IIORa.3aTD' TITO acm,'IIITOTll!IB CI'!CTeMhl 
ypaBHeHHH (88) B rrpe,ri;eJie ')(-..c,0 HMeeT BU.Il; 

j J-Z r, 11 to) I J 
z -52 + LE'c·(><)~E]fX.·=-,Z.'~. At'j x'ifx''X/, 

. J 

r.ri;e A!~' = ..L (£-'~' ..,,..£.'o') /1}1,toll x: / VJ.to)> . 
• J :2 ' ./ C.... Y, :2. Jn..t ; 

(90) 

C TOTIHOCTDJO O { ')C') peruemm (90) 3a;na.JOTCJ1 B11pax:eun:eM 

x.:-} z ~ C!lir'{ J'.J· e-"XP/_ e t'><~·PJ-4 s.;J; t;·Y,_J . (91> 
_, J,/ 

IlpHcyTCTBlle He~arouam.H:b!X MaTpHtIH:b!X aJieMeHTOB ~ )( tfx' CB.a3aHO 
C OTJµI'IlleM >( OT MO.Il;yJieii .!IRO6HeBCKllX BeKTOpOB /jo<. :=)( - fi /3/ . 
YtI8T H8~OHaJID.HHX M8TplitJ1IHX aJI8M8HTOB IlO3BOJI.!I8T corJiaCOBaTD 
aCUMIITOTHRY (91) c ,(32) rrpH 6om.nmx, HO KOH8TIH1IX X /1/. 

TaKHM o6pasoM, a,nna6aTn'l'.eCKoe pa3JIOJKeHne (87) B rrpe.ri;eJie X _.,,oo 
. rrpH clHKClipOBaHHOM L, rrpe.ri;cTaBlIMO B Bu.ri;e 

\I/ as(•-<> ) en " ) , · as ( 
. T,· X,,f =I, Tnaa.,,, (x- 001 K4 x-:x11"a..,,· x, P}t 

",'¼ . 

+ ~ Cf;,,,,_ {x-oo I x g )x-'.x;,;! . ( x,,p). 
n. a ' · ,, ' · .,, e 

(92) 
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3,ri;eCD rrepBID1, rum O6h!'IHO, :::ym.T!'Illli.Il;eKC pa,nUa.ThHOii (yHitIJ;Inl OTBetiaef 
Ka.Ha.JIOBoii KDr,'IIIOHeHTe, BTOpo::\ Hyr,;epyeT Hallam.Hoe COCTOJI.HIIe CUCTeMhl 

Tpex tiaCTJrn;. . . • . n..,t.. . .,, 

IIpu X-- o :I;yumi;,m.~a6aTHTiecKoro;~asucal.6 t >: Y-:· t><,,><)= ·,.,.t. ,, . -= i l'~t' (X, X.,JrrepexoMT B •1urneil:n11e 1tsm61rnawm rrrrrepc;epuqecKHX 
(yHK1u1fi (57 )-(60) rrpII .q;1mCJrpo:riaHHoM sHaTieii:rn rurrepMOMeHTa J<, : 
I? (x ... o, xo(,) ·=-2,'PX<_ _( '><; X'oi.) C ~"' . ca3 > 

' l'...:NE.K. " 
:1pnumaa.ir Bo BHIIMarrne: · TITO £.· ( X) rrp.li X ...,, 0 rrpe.ri;cTamIMO B Bn.ri;e 

) ( -r/ ) . -2 - ft) -I r{2) · { ) E,·(x = X :J<...+¥ X f .C../ X re,-· -f OX ·. (94) 
i ,~ 

KoscJ:qH1J;IreuT11 C x"' orrpe,n:eJim0T BMecTe c rrorrpaBKaM:11 E, · ll3 ce11.-y-
JI.fIPHOro ypaBuemm 

<CJ)x_/x-<)i Ve (x:,.)t ~1 (x, ,)rlf;a,'{/ti<,, ·)-E/'iP~{~.JC.£ ~ 
::: ~. < <p_, / t~ /<'D ) cJ· (95) 

Jl=-a,i J<-'- v"' ~J<p ' J<.p 
Tamn.1 o6pasoM, a,1v,1a6aTntiecrum 6asnc / l.,. 1 > . B rrpe,neJie X-,;, o xa
paKTepnsyeTC.fl rrpn6JllIJKeHH1IMII KBaHTOBllMl1 'll'ICJiaMJI ,·= { 1<, J); 'J< - rn
rrepMOM8HTOM CIICTeMLI Tpex '!aCTHIJ; B OKpeCTHOCTI! TOTIR:11 TpoflHoro coy.ri;ape
mm, H "eyJIOHOBCKUM" TIIICJIOM V:: IJ(~ ,,\), HyMepyiomnM B rrop.ir.ri;Ke Bospac-
Tamm Ropmr ceKyJUipHoro YIJaBnemm (95). · 

'B acHMIITOTllKe ClICT8MH ypaBHeHirrl (88) B on:peCTHOCTII TOTIR:11 TpO:itHO
ro. coy.n;apeHU.fl 

X · {x)~ ~ xXo+~ (/·. (x) 
./ X ~o { (/ j 1c 

HBHO BUJ],eJIHeTc.fl Jro
0
rap:ajJJVrnTiecRa.a oco6euuocTD/ ::f '1- l 

g/,~ (xJ = z g-J:~ xt +2 z fJJ•:-:·s)xt~xl 
t=o t=2 !=, I I 

IIepBHe Koaq.q;IDU'leHTli pa3JIO:KeHHJl BUIIHCamI ~ pa6OT8 l. 

(96) 

4~ 3a,p;atia pacce.amm B a,n;ga6aTntiecKoM rrpe,p;cTaIJJiemm 

A. CncTeMa pa.nna.m,HHx ypaBuemili 
. pl, . . . ·. . 

IIOJIHM q;ll3lltJ:eCI~M BOJIHOBa.lI qiyHKIJ;IIB 1./,/ , OIIHCliBalOUIM COCTo.auue 
pacce.aHR.fl HIDKe Tp~XtI8CTU'IHOrO rropora rrpli cj)UtclipOBarIHOM HarrpaBJieHHll 

fJ,,"'- HMIIYJIDCa Pn.c. rra.rr.aiome:it R.JiacTepuofi /r?c1.."> Bo.1l!II1,:m.1eeT BU.Il; · 

1.uPI. { X 1. )- l:z.)Yi~ · (/'/,)1, r~ ·. 11 ;;K ~ ( "J ·,-;t 
T vi"' 1 n.,_ - (!][ 6 Y'n "' tX /PJ 9-11 a 00,-P,1 Pn., • 

1., ~"' n.,_ "'"'-< "'-, "' (97) 
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3,IteC:& ~~~/, {x, p) 3B..ItaHa B a,nRa6aTH'!8CROM rrpe;rr,CTaIIJieHIIB (88) 
R np.1! X ~- o0 onpe,neJUieTCJI rro;rr.o6Ho (92 ) : 

,11fPJ.)/.. r- ):: L, C" t1) f " -1-1', (X !) .r;, ... a. x,p p- AL,./J Y,,,a, ,oo,x.,_)>( ~,.,,.ap ""'a"',/', 
- 4 ,1o ,,,"P - ,- ' , (98) 

r.ne 'Pn,_~,. (o0, Xp) = x.1 <phJJ ~, ( x- 00
, x,) 

OTJIH'IaIOTCJI Ha HOPWf.POBO'lliIDf MHO?.il1TeJII, X -( OT 6a3HCHUX <J:ymm;m (83). 
HOpMlq)OBaHilliX yCJIOBlleM (85). CqIJ'.Taer.1, qTo .n,rarouam,HM l,IaTpnua illl!

rrym,coB 3a,Iia.Ha B 6JIO'lliOM BU,ne: 

/pl-= (Po. o) 
0 e,, , 

r.n:e f 11"' = I/ E _ E,,; , of-: (), f - .nuaroHam,HM MaTp~a UO)lyJieft 
m.myJI:&COB OTHOCn:Te.l!I,HOro ,D;BJL'KeHIDI ueHTPOD . MaCC aTOMOB (ex. C) C 

sHeprneii E ~-= - ae:.._ = - 2;:r-nJ < 0 • Tor.na .u.mr pa,rum.,11,Hoft 
q;yHRIJ;.'m ')::' 

X= ( 
Xu 'Xia) 

Xaf X.ta (99) 

mAeeM COOTBeTCTBYKK!lee rrpe.ncTaBJieHIIe ;rvm: CMCTeMu ypaBHeHPift (88) mme 
TpexqacTH'IIIoro rropora pa3na.Jia 

(
-1)/q + ll11 -- P/ -f Ae(J. -Aea £-'42),tt +llt~{iux, .. \-=o. 

- JAat-Aa1£{A 7)ai +Uai -L>a! t-t/114 -p/ )~el""} 
(IOO) 

3,nec:& st;;(eRTHBHUe IIOT8HIJ;H8JIU [,{d,f> rrepeorrpe;n;eJie~: 

u~p=['&.{x).,-a(ot-l)X-2]iat t-ll"'/1 tCAJ«p 
11 _ < dq:>o<.f ~, o2 r 
no1..p - JX .l X .,, - xz rJolp 

B CBJI3H C. TeM, qTo MU He ncrrom,syeM yCJIOB!:!e IIOJIHOTU 6asnca, np:a ROTO
poM MMeeT MecTo pa.BeHCTBO Ho<.p -= -tt\ 11µ ', rrpn rrocTpoemrn: MaTpiiIJ;ll Ha 
ROHeqrrou ttHCJie OTI{P3TUX KaHaJIOB. AcHMIITOTm.m ~II3I11:f8CRHX pellleHPfii,YPf 
COOTBeTCTBYmtHX BOJIHODOit ~YHRUIDI (97 )-(98), orrpe.n;eJUieTCJI COOTHomemm
Mli 

x;~l:: -(:2A.'T'( e-c'{xpp-!f o) s f,i -e ,{Xfp- ~.()f/{ s;!: p/1,, 
r.n:e s ~1,)I. = { 

~'I:'" 
S

(pJ.)J. 
,d 

~ (pl,)l) 
la 

S
{pl,)J. 

aa 

22 

(IOI) 

- cJ?Hsnttec.1mR YHUTapHM rrapq11a'll,HaJI S.-:,taTpHIJ;a, II03BOJIRK1UM Oil_D8.U8JiilT:& 
ari1IIJillTY:.IUI Bcex B03Mor-JIUX npoueccoB paccemmJI mrie TpexqacTlittHoro no
pora. IlOJIHM ru.m.JllITYM nepexo.na H3 COCTOJIHIL'I /llo< > R.lffiCTepa o< 
B cocTomme In ft> RJiacTepa j1 pamm 

L (" - m.t. . "),,. L ( m (oo _ 11 ) r11, n"'- XI lf,,,,) = 4'.97 A 't""'np ~p ( o0, >( £,,dp,h..t!. Tn..~ I f,, .. ·cI02) 
- ,a,,,~., - . . 

H.lrnapnaHTHM aMr·wrnozy.rr.a , -

f~:~P, n«~ .. ( p) = { S {p) - I fl}nflap,n"~f 2 /11,,,,/1. 
(I03)_ 

onpe.n;eJUieTcJI MaTpn:ttH11M11 3JieueHTarffl yHI1TnpHoro .. orrepaTopa pacceJIHIDI 
5 = .sf (74) rr orrep~Topa noJIHoil IIHBepcml I (63) Ha no,nnpocTpaHcT-
Be 0YHRIUili (J)/7~6..,. ( .:;o, xo()' KOTopue 3a,JJ;aTQT acm.mTOTU'leCROe IIOBe,nemrn 
t;H3H'lecKofr pan:na.m,Hoii t;;ymavm: (IOI) 

:yPAZ - (2.iJ-' ( e- t'(xp-Jj o) ~ e /(x;,-f,r)j j{J f 

+ e t'fxP-'iio)( p-Y. s fx -ID) . (IOI') 

E. Pa;n;uaJI:&Hhle pel!leHM 

JI,:_ rrocTpoeHUJI <Irrnmecrmx pewemnt Hcrrom,3yeM cTaH;n;apTHYJO rrpo
uemy 6,tJI. BBe.n;eM perymipmie per:remm Xu; }J.]IJI cucTeMH pa,nJiaJI:&HllX 
ypaBHeHirii (IOO) c rpaHH'llirn.m yCJioBIIBMII npu X ➔O 

//•11,,, X u,1 (x P) x-(X+o-t-t) - ,// 
c.,, 1 - .l! • (IU4) 

x-o . 
Bmro.tIHemi:e 3Toro yCJioBM o6ecrre"lll'.BaeTcJI acm.mTOTHRofi (94) V(X):::: 
:::/)f{J<t-'t)I- r( (t1)] x-2. II peryJIJipHUM IIOBe.nemieM A(x} . li. 

~ .. -;tlx, p) npn: ><~ o • _ _ _ _ . 
PeryJIBJ)Hl:le pelllemm npe,ncTaDJIBIOTcJI B BH.n;e JIHHeliHoii KOM6IIHaumt 

MaTpHqHUX pel!leHPift ilocTa F=- P {X
I 
p) 

x'"lll1 = - r2A:r' ( /7_ p-'7; - F+ p·1T..}, cIOs) 

ROTopue y,norureTBOpmoT ClICTeMe PB..ItliaJI:&HLIX ypamreHH:ir n rpaHH'!HhlM 
YCJIOBII.fIM ,.,;-

!Yt ( x, p) x--;ooe i. (><p- ~ t) fl . 
(I06) 

23 



3]leCI,, Kalt o6wmo, llHJl8KCll "+" ll "-" OTB8lffiJOT pacxo.wmumc.!l ll CXOJl.!l

Il(IDAQJI BOJIHa.M. Ma.Tpll"IHM g;yHKll;IUI ltocTa frt. = '1:1:. {p)r.o orrpe;neJieHIDO paB-

Ha*' 

g:t. -= ~v' { P.t IX 'ZIJ)-= ~ _,r-/ 

r;_ D"X VJ - { 'JJP) ?(~3 
,J ' 

(IO?) 

r]le I)= /J (~it. + d X-?rA(i)- KOBa.Plla.HTHaJI rrpOll3BO]lHaJI (88). 0TCJO,JJ;a 

HeMe,WXeHHO CJI8.l1Y8T, 'ITO Tt_ CB.!l8a.H2 C acm.mTOTIIBOii ft COOTHOI:18Hil8!.1 

~ x~i 
(j;.-= 2..(1< +'(+ f) e~ .. ~ (x,p)Y .• cros> 

Ilpn aTOM pery.nsi:pHUe perueHll.!l X ZtJ Hopr,rnpoBaHhl yCJioBueM (~) r Jx X'l.13 ( X ,P) ')t1L/J{x/p') = p-
2 

l{t-P') 
ll lIMSIOT CJie.IJYIDllllle acllMllTOTlll"..ll 

(109) 

X •Z,~ ~ -ra~:;-11 e-t'(xp-Jfr)f-l(I - e•'fxp-:ft)n-1~] 
Xp oo 1 .T.,- r • (IIO) 

~n:swi:ecrurn peruemm BHPazaIOTC.!l '!epes pery.nsi:pmrn 0611'lHIIM o6pasoM : 

f Ph= x'UJ f(P:. -(;leT'{ /'_ -t Ft- s Jxr;_oo 
~ - {fl.er' { e- l (xp-fo) J - e /(xp-'?ft)5J (III) 

~ymaum RocTa sa,JJ;aIOT MaTPIDlY pacce.!IHR.!l 

s = p-'7_ %-'p. (II2) 

Hs paBeHCTBa W { X 'ZL~ ;;( u J} = O nMeeM rrpvIB!I'IHHe cooTHOIIleHR.!l 

r"'/ r- -J. ,._, ~ 
er p-'cr - rr f-'rr f-,r, rr rr-.1 n-
7+ .r- - J_ :r+ ~ ✓-ft- f;- f1- '.f_ • 

OHR Il08BOJIJIIOT BBeCTl! CMMMeTplltrHyJO S ~ 5 { f,') uaTpruiy 
~ . ~ ~ s = l'J{ s p-J(_ I s : s (II3) 

" 
Ha OTKPllTllX Ka.HaJiax ll8 CID.lll!eTpll'lHOH S 
yHnTapHaJI .S -MaTpnua pacceJIHIDI 

-MaTpllUll Bll:zt8JIJI8TC.ff [fll8M'l8CKa.ff 
<' 

~ II A A s+ s = sst = fl (II4) 

*) 8;n:ec1, smut n~ " osHa'!aeT Tpa.HcnoH.llpOBa.Hlle. 
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n cooTBeTCTBYJ0111lle eil: q:ns11ttecrure pememm , 

~Ph= - ( 2.t'F' { I'.. + f't p·~ s pY.} • (II5) 

3TU perueHJL'I IIM8JOT acm,mTOTlllcy' (IOI ) • rapa.HT.llpYJOll.1YIO YCJIOBll8 coxpaHeHll.ff 

pa,IJ,HaJII,HOro TOKa . 

/] ' ( I p/., yf'J.} 
~ >(T:: 0 / 1 = - ( w X I ,t. • (II6) 

IlpH aToM yHnTapmm rrpoHsBoJI ll = t( Ix) B KaJI1I6poBKe pa.n;,raJII,HHX 

iYHI<wtl! l'➔ X'= u X' OCTaBJIJieT w mrnapHaHTHW:f). . 

Ilpn: rrprutT.lflleCKOM Bl:ltJ:IICJieHIDI yHirrapHOH 5 -MaTpmni: rrpIDv18H.ff8TC.ff 

rrpe,n:cTaBJieHne co6CTBeHH!lX qiasoBllX CJJ:BHI'OB J { I ,u J) = O 

SB= 8 e 2 '°J' :f+ = P~ 8 e:;t'! 
I - J (II?) 

r.ne B - opToroHaJII,HM MaTpnua 

,-.., )( . (T t. iJ') 8 B = 1 1 B = f - : Re ( Y.t. e (II8) 
~U81ItfeCI"..a.JI BOJIHOBM g;yHKIUIJI (98) B 8TOM rrpe;n:cTaBJieHmr co.neprurT Ila]la

!Olljlle BOJIHbl Bo Bcex Ka.HaJiax, a KoaifxpIIIJ;IieHTE B .nrpaJOT poJII, napa.MeT-:

poB CM8UlliBa.HR.!l 

.'l/p1, :: V'"t.B -::. -{ :1,./t'x-'P{K x )[r.. 8-P+B e:,_,'J=:;;, 
I . 

=:> -(,2,)-'x-t 'P(x x)(e-d><p-'jt)8-e/f><!'-11) i,-f](II9) 
xp-,,,oo I .,... A Be . 

IIpeo6pasoBa.Hlle KeJIR .wI.ff YHUTapHOH S -1,!a.TPilIU:l S' = {t + ,' K) { j -t'K)"1 

rrpnBOJJ:RT K BeuiecTBeHHOil II CIIMMeTpH'!HOi-l: K-MaTpnue • . · 

K B = B f;j S . . c120 > 
ltITaJt. perneHIIe paJUiaJII,.l![DC ypaBHeHm1 (100) ;n:aeT B08MOlKHOCTI, IlOCTPO.llTl, 

YHllTapizyIO (J;ll8lltfeCKyK> S -MaTpruiy (IOI), (II2 )-(II4) .wI.ff OilIICa.HllJI ,IIPO

qeccoB. B086y:K,IJ;eHIDI u nepepacrrpe.n:eJieHll.ff B CHCTeMe Tpex aap.imeHHllX 

ttaCTllU. · 

Hanor,IHllM, tfTO ~II8.ll'lecrure pel!leHru:r· y,A CTpOWIHCI, trepes pery.nsi:p

Hl:le (III),H FIX acMMIITOTllKa 8aMBa.JiaCI, 8HatreHlleM qeHTpo6el!llioro IlOTeHIUI

aJia B TOtJ:Ke Tpoil:HOI'O coy,napeHllJI, 0,llHrutO, B OTJilltme OT CTa.H,napTHOro 

no;n:xo;n:a, ca.110 noBe.rr,eHne qeHTpo.6elit!Ioro noTe.lIT(HaJia rrpeTepneroe'r CYJ!l8CT- • 

BeHHoe nsMeHeHne rrpH 6oJII,mruc X. B c!JJsn c aTIDJI B aToii o6JiacTll Heo6-

XO,I(llMO llCilOJII,80Ba.TI> .n,pyrne pemeHllJI ;Y , aCHMIITOT:mta. KOTOPUX OTBe

ttaeT C06CTB8HHllM 8Ha'!eHRJIM ]lllilOJII,HOro rurTerpaJia ]lBIDlt8HR.!l ../L (3?): 

3£) Ka.mr6poBOtJ:Hllit rrpOR8BOJI cpopMaJII,HO Il08BOJIJieT nepettTll K Ta.It Ha8llBae-

MOMY -".n;,ra6a.T.ll'lecKoMy" rrpe:ztcTa.BJieHllJO • 
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'X1>:::: .- ( 2'T1 
{ e _, xp - e .-.<p P-v.. S;, PY.] • 

(I2I) 

IIpn aTol.l sa:arrcm.1ocT:& OT :I ru:Topa '( =3/2 !1CtresaeT, a DOR m( opMaIUIB 
0 .IUffiOJl1,Hh!X clasax s,, co,nep:-:-J!TCJI B MaTpH'!HllX 3JieMeHTaX acuMIITOTII-
qecKoro ortep;Topa g::i, = sDi_ • r.n;e j orrepaTop IIOJlHOl.J: !!HBepcIDI 

Koop.n;ruraT (6I )-(64/ 16 I • . :urro.JJJ,HM 1iaTp1m:a paccemr:arr 51> BU'UW.'IB
eTC.!I !'!3 yCJioBIDI C:rJIDlKH (I2I) c ;;rnutiecKIIWI pacce.!Imun.m (II5), (IOI) 
np:n .n;ocTaTO'iHO 6oJI:&IIIOU 3Ha'!emrn X" . B pesym,TaTe MO?JIO Ha:iiTII 
mrnap11aHTHYlO (I02) l1 IIO..'IffY10 (I03) ru,WIBTY.ml paccemnm. IICIIO.Th3YJI co-

OTHOl!IeHlre 

" •'Jl"r/1]) ·:z S= e•-z s e'~r. (I22) 

B. AMIL'llITY,n;a pacce.!IH~a 

I J/pi,(-o .... 
~JI3HtieCruUI BOJIHOBa.!I (yiumrm '(' A '>( J ~), OII!lCHBa.!Oll!M rrpou;ecchl 

Bos6y;;:,u;emm rr rrepesapronm (2 - 2) B Kor-(urypaD;iroHHOM rrpocTpaHCTBe 

c KJiacTepoM o(. B Ha'IaJibHOr.1 COCTOJIHlrn /A~·=/''"'- e,,. l'J1eJ.cmrnaHa c (9?) 

COOTHOUieHIIeM 

11.1/'li(... - ss· pl,(-- - d' ·o 11 r"' x,pA) = f,,.. ><.,P,.,.,.) p,,., ~ (¢ ,w .. )ott..>,a«"'"'ae., (I23) 

r.n;e riyHY.U:H.!I Mnmemr I1 ::JJier-1eHT oci'ber.1a 

i.fA {o01 w.,_) = x~ {/J,.,.,e ... (x..>oo, ~"') Yew mt' .. ( x.,_) 

J (A)"'- ~ ( :2.)' f 3 t 5 t'n
2

(,t. cf~-< JI x"' 
(I24) 

(I25) 

orrperr,eJieHH corJiacHo (42•) H (53). 
:J:crro.m,syJI orrpe.n;eJieHJrn (42.) CBOi,iCTBO opTOrOH3.,1bHOCTU ({)A H 

CBOi-iCTBO IIOJT..HOTH ,IU!IIOJ!bHHX c(epli'IeCIUIX rj;yHI<UHH '7; ;:»~ <l. ( g,,/.) (39 ~ 
IIO.JI'J'IaeM aCI:!MIITOTII'l:eCKOe pa3JIQ;;;.eHJie )f.)IR 1/1 :J, (X, P,.) 

1r,/" (x
1 
l) ~ ( :2.'iil* Z <.f 8 { x-00

, w fl> ~ 
B (I26) 

.~ ( /I ) I,; {"> x·' ;,-,x-'fr) ->:.1 1" - ) x 
'f_/'-.o, K1 )( ➔00, ti<>< 

1 
~ AA 08A + e 'fe 7811./P,fA ~-. • 

3;:i:ecI, BMeCTO CTaH.n;apTHOit IIJIOCitoi-t BOJ!Hll (35) B03HURaeT BUpaY.eHHe 
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(fl7IT¾XA (lf,x-co, YPi, FA)IAA JsA ~ (ft f {-.2. c"x~ S,7/J n" • 

~2fif/"·. (f:,.) 1e-,(XP,,. - lo)_ e,'(K~- 'i"r !z"' 7 o_~ 11 .. (.p)_!2?) 
.la -~;i" (I"'- 'Le; . ~,n.,qd r.e..rn~ .. 4./f'-

= {&}~(-~,· x-1) J'eA[e-i{><p;i -?.rJ J' ({;""+~)LA -

_ e ,•txpll -'ff r)_cf (§°' -~)] ~-/, 
(I28) ,, 

- e I 
r.n;e .f AA= _i 1) tt 11.,a"'-, n.,_ ,l., = l" :- co6cTneHHHe snaqemm orrepaTopa 
MHBepcim .!. (63) Ha rro.rurpocTpaHCTBe :l:YHI<Ul.tiI <PA ( 00 / Wo<.) ll. 

<7-1,L., 
0

(00 Xot.) COOTB8TCTBeHHO. 
'1~ °""" I . / 

AMIJJIIITy.n;a rrepexo.na f «A us cocTOJIHIIJI A= 111.d!" ... '"tlKJiac'.l'epa o( · B 
cocTO.!IHMe B=l1p<?pmt;,"> rmacTepa p rro.1tyqae!c.1I ycpe.mrem1eM i:roJIHoii rm-
BapuanTHoit aMIJJIHTY.IUl (I02·) rro cocTomnurM /A> 11 /8 > . . 

f eFj = IS JJ w P :Pe (oo, w p) ipl1.._ (x ,1 l',,,..,)<eJ~ w.JcPw~.(I29) 
1Icrro~:&3Y.!I acHMIITOTmecrme rrpe.n;cTaBJiemre (42 •) II yCJioBue. opTonma;r..1,

HOCTM lf,.. n Lf t1 ., IIOJIY'Iae.~ BllpaJKemrn l1)IJl .J.. ,.,A 

f (" /,i7/J A I>~ .:4CL,J1« 'I . 

OA f}/J I pl',)= ~~e,smlfi°'fl (gi) i~,flx,lt~p )fe.,,,ne,J!:) (ISO) 

'iepes IlHBapHaHTHylO rrapu;rraJI:&.HyIO aMIJJillTY.llY (I03). 

06cywi;eaIIe pesym,TaToB 

BhlpallteHIIe l1)IJl . aMIIJIIITY.IUl pacceJIHIDI (I30), IlOJIY'I8HHOe B par.max rn
rrepcq;epU'IeCitoro a.n;ua6aTU'l8CKOrO IIO)CXO,!J;a, o6o6maeT !I3BeCTHOe (33) Ha 
CJiytirui Hen;eHTPaJI:&Horo B3alIMO.n;ei1CTBID.l CTaJIKIUlalOUUDCC.fI q;parMeHTOB. IIp:ir 
aToM .n;IIq¢epeHU:RaJI:&Hoe ce'IeHne (I?) :wm rrpon;eccon pacce.1IH1rn ( a c. ),. -,. i -~ 
- ( a c),.,, + (l , BOo6me rOBOP.!I, l1)IJl COCTOJIHUii c 11?.2. pacXO.IUITC.!I, 

o.mraKo TpaHCIIOPTHOe cetieHlle OCTaeTC.!I :I\OHe'iHh!M I1 MOliteT CJiyru!Tb lIHTer
pam,Hoit xapaKTep:ircTmtofi pacceRHWt/ 9/. C )U)yroil cTopoHh!, yqeT pe- · 

JI.!ITHBHCTCfilIX IIOI!paBOK IIOJiaplI3an;IIIi BaKYYJl,ID. II T • .n;. ) , a TaKlKe KYJIOHOBC
CK0:11 aKpaHnpoBKH rrpu OIIUCaHJm peaJI:&Hh!X Me30MOJI8RyJiapHWC npon;eccoB 
npHBO,IU!T It ItOHetIHHM .n;ajifepeHIJ;HaJI:&HHM JI IIOJIIillM Ce'!eHHJIM. STO II03BOJI.!I

eT lICIIOJI1,30BaTI, rrpe.n;JIOi.'teHHylO cxeMy l1)IJl pememm MHOrotl:UCJISHHIDC sa.n:ai. 
B03HlIK8.lOOUIX B rrpo6JieMe MlOOHHoro I\<lTaJIII3a. 
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