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§I. B B e ~ e H 11 a 

B HaCTOflllle~ 1'8001'0 Mb! 118.CCM01'PUM 3a.na'lY 0 nOC1'poellJm KOBapIWH1'

HbI)( KBWITOBO- fLOJl013llX pomellltil .B MO,l(B.'1JlX npOTJlli(GI1HUX O(YL8KTOB . 'raRllC ;'.10

nl:l.rm upimSITO paCCM8'rI'1iB8Th B CBfl31!. C rrpo6JIOMOii rrOCTpoelU'lfl MO,neJlei1 

3JIeMe HTapHWI: 'lB.CTmJ.. K lIMN! OTllOC.ATC.fI. HrurPMM8j). MO)le.1lH Maumoe. CTJ!YH I 

BO.1T'lKOB. MIJ 6y,neM paCCM8TlJJl138TT:. KnaHTOBUe JJeJIJ!'I'fl13f1C1'CKIH: MO;neJlJ'l, JlJlJi 

KOTOPWC COOTBeTCTByut1i'Ie MaCCH'lOCKHe Y1lSD1JOHIiJi JOIIIJ!lelll1J! HMel()1' HeTpU

BJllalThHOB. T. e . 3aBHcsnnOe 01' nallaMe1'poB I'pynnlJ CmAM8TI'im MO.neJlJ'l. KOHe'l

Ho-:moprenf 'leCIWe pornelille ':/ • 

MOTO.nb! onopa'l'opHoll TCOPlIJI nOJIll, KOTopble rT03ROJLfl1OT IlJ)OKBaHTOBaTI> 

CHCTeMY B O!qlOCTlIOCTH luracCH"leCKOI'O pemeHJI',R , IlruiTII COCTOJIHID{ I!. 

ClIeKTp KBaJ:!TOBhlX 4urYKTya..uKll, xopomo U3BeCTllhl 1/. Ilac oy.neT 1IHTepeco

BaTT:. ;!W1I 014 acrreKT Tf'OPIUI, ]{or,na OCHOBHOC BIDIMrume y;ne.l!lIeTC.FI nOCTpo

ermil JlORalIhHOI'O KOB8PlUUlTllOTO rrOJIR/2- 4/. 

I1pocTef'lllle!>. Mo.n.eJThHl. KOTO!J8.fl B .nOCTaTO'tlloH Mepe HJlJIIOCTPlAPY8T Bce 

B03lmlUlunHe oco6eHHOCTH I .FIBJIj{eTCR MO.nOJrb )'leilCTlHI1'8JrbHOro CKa.JmpHOTO 

leii3eu6eproBCl<OTO nOM! B lJ;BYMepHOM rrpOCTp8HCTHe-BpeMf:!IIM: 

(I>' (..l) f ( J.~· )'!-I'IV')1 
IlJlOl<llaHTOBaHHOI'O no 3aHOlIy: 

• J/ ~Y-j t , ~ . I d o /) { { ' , 0' I 
J , 

tr ( ~ • I,. • ( 'I , ,.) 
• - (,-, 0 ,.~ , ( ) I /' ) ," ()., 

lpe;D.TIoJIo~HM, 'iTO COOTBeTCTBYJOIIlee M 8CCHQeCKOe ypaBHeHue .nBIDlteHHR 

rJ l~ I (l] ) - 0 
U1w1eeT HOTPI1D1HlJTbHOe peUiolUIc I HarrpllMep , COJIHTOHHOro TlATI8: 

, 

A"1 i<. < -.-(_t:, .< .,) 
,I -Z," , 

xlTe~H "ITJ!OTRlI:~IIHlI.H o6'bowr" 3aMeR1!OT 3;neCh Te~ "COJIHTOH", 
TJaKTyet~! B 1ID11JOKOM CMHC.Ile. 
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PeweH.l!e / J ~eTCR TUlBCClf'laCKOH COCTaBJUlJOIIleM nOJleBOli 

'lJyHKllJ!l'I l\ onpe.neJlR.er npOCTpaHCTBelUlNe cBO.ilCTBa OCHOBHOro COC-

TOflHHfl. CymecTByeT deCKOHe~Oe ~~nno pa~ KnaCc~eCKHX pemo~. 
xapaJ{Topl'I3yeMliX napBM9TTIOM TIJaJiCJIJ!lUill l .. , J!: RMeDII\IU O,nEO i'l TO lK9 SH8

'leHKe 3HeprIDI ,,' I' • r,ne ,i1. ,.", j 1"( LYU).l-'. 
TalUIM 06pa30M, OCHOBH08 COCTOIDUlO BIIPOJK.n6110 OTHOCJ.l:TeJThHO npe06pasoBa

HlIil TpaHCJUIl.U{li, a KJlaCCIf'lOC!<O(>' pewemte HapymaeT TpaHCJ/JU.l.KOHHJ'1O CHM

M,'Tpmo. £,m! ,lQ)YJ'I\J.: 'fllnOh jlUi;IOUKii ypaBHelflrii JiuIepa B03MOJilHO H8pyme1fi1e 

II 'WYnlX CaMM8'rp'.I,I , CBil:lo.Hl!I~X C rpynnoli .nBHE9ID!l'i, 3qq.eKTHBHblM MeTo,nOM, 

nUJIIiJ.1lffiOI\lKM paCCM8TpimaTh CKCT9MH C BI:lPO~9reM • .RBJIR9TCfl M9rOll K8J:10

1!,I'leCKlIX n:pe06p1i:!O£lP.Hn~ H.lI. l;or'O.m06oB8 5-7 . 

OCHoBnoii l1..lll)l),1 1~I:JTo.na i:>oro.m06ona JlaJUleTCfl nepexo,n 1< HOBbIM ,mma
MII'WC KHM ne peMtl 11111 1M , C1'I:J,IJJ; KO '1'0plH HMeJOTCil )l.OnOJI1ll!TElJI1>Hlie nepeMoHiffie. 

n:BJIIDOlI\HCCfl napaMl:! Il'BMM rpYTmu (!I'!MMU1'1'I1J.,. I1x npllllIiTo HaSliBaTL KOJIJIBK

1'aHIII:lMH Koop)J.HHaTaMK . tl CJly48\! l'py l1ltH MlDK9IDrn KIIOMO TpaHCJIJID;ltO~UlJD( 

l<Oo p.lU.f..HaT w' B "aB~ICi'!MOC Tll 0'1' ItWil1.'lOCKO~i c KTy8U.RK MO)l(HO BBeCTll TaK

;w yrJlO BWe 'rrepsMemme ." K COOTBOTCT!3YJOOI.H€l 'UlCTO JlopeHlJ,eBCKHM Bpa-

U\GlliU1M nepeM8HHHe ~~' • BBe)1,eHKe KOJIJICI(TKBHIlX l{OOPMH8T n03BOJIJleT pe

~30BaTh Ha nOJIeBHX nepeM9ltHHX lleKOTOpoe TlJl9.nCT8BIIJi!IfI19 rpymw IIyaHK8

pc 4/ . lLnR 3TO ro C" pDRTCil KHBapHaHTIill8 OTIlOCHTeJJbHO npeo6pa30 BaHHH 

F..,>ynI1H IIyaHl\8pe ~YHKIJ;IDI , .' OT npDcTp81!CTB9HHO-BpeMOHHJD( KOop)UUlaT 

l , KOJlJleKT.I'IBHblX l<OOp)l.IDl8T ./ , , (y' H RBJIOHH'leCKH corrpmKeH

Hl/X 1m Be.1llf'mH. B KJIaCCIPl eC1<OM ITp9.ne.1l8 ipyluuum ~ xspaKTepH3YllT no-

JIOlKeHJl e 11 o }JReHTal(l11O npOTRlIWHlIOro OO'beKT8 B npoCTpaHCTBe. 

0600weHMe JIBYMepHOM Mo.ne~ C~HOI~ nORfl BKnD~aeT B ceOH H3y 

~eHHe MHOI'OCOJIl'!TOHHOr;O c e ? opa 4,8 , pacIIIlfPeHHa 'l1I:CJla H3MepeHIDi rrpoc 
lTpaHCTBa MHlIKOBc;oro 9, IO • rroJIei1 60JIe e CJIOJllHOh, '1, c~, JIopeHUe

Boi1 CTPYKTyp/II , pemoffil"e npod.1leMbl rrepeHopMlfpOBOI{ I2/ If T • .n. 

UanL .naHHOH p aOO TI:l COCTOHT B nocTpoeHHK B 'leTupe XMepHoM rrpOCT

paHCTBe KBa 3HIUIaCCH'!eCKoro rrpH~effil"fl AHR ceKTopa TeopKH, co.nepMa

mero o.rum npoTIDKeHlIWt OO'beKT. OCHOBHOl-i 3a.na,!e~ RBJlReTCH H3yqe

H.I'Ie B03MOXHOCTH pacCMOTpeHKR .ne~pMKPOa8HHl:lX ( cqepKqeCKH HeCI~eT

li'l Hl:lX ) OO'beKTOB B 'leTup9XMepHoM rrpOCTp aHCTBe-BpeMeRlJ. 

fuaH H8illerO !!3.'iOy.eHliil CJIe.nYJOllll!R. B § 2 omlc:u.aaeTCR M8TO,ll, IUlHOH..1

tteClillX rrpeoop a30Erumi\ H.E. boro.m060Ba lI)IR rpymm ITYaHKaj}e. B § 3 pe

waeTCR sa.na'l8 0 il ,,:; O" llfl' I-IHBapHBlITHUX qJyHKIUtiI ~(;.L ) B 'le Tup€XMOp 

HOM rrpoCTpaHCTBC ( . ( = ·1). i3 § 4 B KBa3HKJIaCClfl!eCKOM rrpl!"6.J:rD.emm 

CrpOIlTCfl KOBapv.aHTlioe JlOY-aJIbHOe nOJIe JIJIR Mo.neID! ITpOTroKeHHoro 06'beKTa. 

YlTOnl PI HUBOr.}; IT) :'B?,nl'HI:I !: . ,::";:.'UD'le!-ULI § 5). 

:l 

§ 2. Ilp eo6pasoBamlo H.H. EoroJIJ06oBa 

B STOM pas,n,eJIe MIJ paCCMOTpIDiI no.nxo,n K pemeHlflO 3a,na'lH KB3.HTOBa

HRR rrOHR B OKpBCTHOCTH KJlaCCH~ecKoro pemeHKR C TIOMO~~ MeTOna KaHO

lm'leCKHX rrpeo6paSOBElHldt H, H. EoroJl1060Ba. BU.IJ:eJT9l:me KO!!.1leKTJ.lBHI:I..X KO

op,I\HHaT n03BOJlR.eT nopenncaTl> KCXO,JlHl:le ypaBHeHRil 'lepe3 nepeMellHue , RH

BapH8HTHbl9 OTHOCHTeJll>HO npe06pa30Bll.IiKf1 rpyrrIJ],! CllMMe'rpRH , It CTPOro 

Y'l9CTL COOTBeTCTBYJOutI!.9 38KOHbI COXpaHeHl1R B JOOC50M nOpR)tKC l 'eOplH! BO~>

MYII\eHlf.R. TauaR npoue.nypa YJF.e B HYJIe130M nOpfl;lI.Re TeOplrn BO 3MymeHru1 

y<UJTl:lBa9T H9TpHBli8.lThHYJO C'rpyKTYJlY peweHHR . CIlfI38HJlj"O co cnOHTaJIIIllM 

HapyruelfHeM OID.1MeTpl1Jl. 

HaJm'U!e B CHCT£JMe npO'rf11!tCHIlOro OOM, I(T8 OOR3areJTbllO npHBO.IUI'l' I{ 

HapywelllOO TpaHC.IUII\r!OHHOH H JlopeHll.eooii CaMMeTpl1i1 . ::'TO ooycJlODJIellO TeM. 

'ITO B JUI8cclPlecKOiI Mex.a.zrnKe MarOpH8JThHO,i TO'U<H OOH3aTe.nJ.HO CJle.nYCT 

y-Ka3aTl>, B K81<oki TO'Ute ITpOCTpaHCTBa II C I(Bl{()j.i CKopocn,1O JIBI1li!BTCR 'laC

TKl(a . ECJm rrpoTfIlI(eHHhti'i 06'b9J{1' crpeplf'leCI'JI HeCllMMe'lpI1'l9H, TO .llOllO.1lH1'

'reJlbHO CJIe.nyeT YKa3aTb ero 01l19J1'r8U.R1O B lI]10CTpaHCTBe. 

IIepe:li.neM KAicCMOTpelUfJO rJ.x:>lUy;mpOBl<H KOBapHB.HTHoro aHaJI01'a M9

To,na Eoro.mo60Ba Ha npHMepe nOJIeBoi1 MOlleJrn CaMo,neiiCTBYJOI1\ero CI(8.]!RJr-

Horo nOM c,,'{--t) B ({ - MepHOM npOCTPaHCTIl8. 

Bu6epeM .1larpaHRaaH eopIDf B cpo~e 

",.I(.. lA . \-:= -.{. J. <.-~ ) . L· , ( ~ . I) 

r ,ne r:J.. = '} .J.t • = D, I, .. . , d - I l'l C (W' -CKaJlJJpHaRI . ~ .-

IPYHKl(HR. orpaHWleHHM cIDI3y. ll,onYCTlIM, 'ITO cymccrByeT ReTplfBl'laJILHOO 

pemeHl19 JI,~, (.)) ( He OORSaT8JThHO CTaTll'leCRoe) C KOHe'llloll 3Heprliel1 

J~aCCHqeCKOrO ypaBHeHRR A~emlR 

I ,-' (; - i-:;'~
" t r (' (//) ~ 0 (2 . 2 &.' 

np» K8HOill\'lfJCKOM KBaHTOBaHIDl c.PY1i~ :I,X) C1'aJIOBHTCR onepa

TopH03Hawoil CIUl.!UIpHo'i JlOJ<a.lIbHOn nOJleBOJ.t dlY1UUI;Kel!, YJl,OBlIeTBOpm'lUIol! 

ypaJ3HeH1flO ( 2 . ;':) .1 ltaH01Uf'leCKKM !tOMM-yTauHOHHHM COOTTIOllleHIDlM 

1 ,'1 l, [.J J i;, f/~!) - !. ~ i, ' A. ;7 \ 

1= 0 , (2.3 )/$"' ''I , c) , ~, , (~o)
.:;. 

3,neCh Cf - :pOpMam.HIDi napaMeTp TeOpKH B03MYll1eillili • 

:~ 
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TeopHH . Orrpe.D.CJIeHHaR JIarpa!OO!aHOM (2 . 1). 0 'tl9BH,!{RO mmapRaHTHa 

OTHOCB.Tcm,HO rrpo06pa30Bamm rpyrrrn,l IIYBJiKape . ::lTO o 3 Ha'W.eT • 'lTO BllA 

ypanlleHlfil (:;.;n H CooTHowelUlM ( 2.3) He M9liffeTCR 1Iplf rrpe06pa30B!lHlffiX 

nOJI.R : 

,., 
T ~ .~ '" i -l" ) ' L -1 • 1 . / 'J I 'J .) (? .. v I . ;.,.K .(, '''. N.4)~ 1\ ' ;., ';. \ ... I L\ " = '+'( 'X.. .I , /1<'·l v -== 

. / 

reHepaTOpaMll OTRX rrpeo6pa30aaHHil RBJIRlOTCR onepaTopbl 

v I , . I · ,; I • l J J ")
,j .C :' -; J .t L -; ' )JlI) ~ ., l ~. ~ ) r U (~ :.: .Ii J. 

_' '- L ( u 	 .. 

, I I " C ~ ~,') 	
... (. , -= - )'.. J 

I 
, " .J. . \ l L :l ~ 'J,=' 

-, . 	 (2.5),1 I I ! ' 
), I ..... " \ ' f ',' ~ ).. , J. '. f ' 

,1 
J ·. Z " "J ., j

J 

nOCTPOeHHbl9 lIO TeopeMe HeTOp H3 (2.I). 

KnaCCi1'leCKOe pelUelUfe ypaIlH9Hldi (2 . 2 ). B006mo roBOPi.I. Hel!lRBapU

aJlTHO OTHOCllTeJIbHO npc06p a30Brumi! (2..1). Ii cIH3lfl{eCKaR CHCT8Ma ORa3H

BUSTCR Bupo~eHHo~. TpYnHOCTK , CBR3aHHHe C ~eM B~~eBRfl B 

CHCTeMe . CHIDllaJOTCfl, 8CM BUllom!UT'b npeo6pa30BaID!e BoroJ!l06oBa K HO

BUM nepeMeHHhIM . 

ITYCTb ap.mTOBli Ol1ep aTopl:l 1-13 MHO~e("rBa 5'''' 1Pl" J :"1 •• '1 \ Y.D.OBJIeT-

BOpmoT COOTHOIlJeIUUlM aJlrc6pu ITyaHKape: I 

, 	 / /1 ,10 ;0) 1- 0 [ l) II/ I - ..J (' 
... 1/ 

'" ~ rI, / u/r,Lo I r" ~ 'j \. '/ "!) - - .{ lor. i,d~ I 

i \1 ~" 1 . - ' " I' t: '~' -- (t' 'f: ·1 ' L. 	 ," .1 I I I ~: : j .-:: . l;/ <JI .. t· I ~ -; .~ .7 ,1_" / • .; 1 '.'; v" / 'I.. 7 
j J .J i I J, ,/ ~, ., / / ' / 

PaCCMOTpHM rrO.D.CTaHOBKY: 

On-') = ~lS(')')) "'" j'J ,i{ ~'pl' t , <s~l.x) ' l til-f) , ( 2 .6) 

r,ne t < -lllfC]lOBHe nepSMeHHI:l8 IiHTerpepoBClHIDl. a orrepaTopno 3Ha'tJHHa 

i[lYH~ C;'" (.1) fI.BJIJlj!)'rCfi tlJYH~ ti=l ,MJ fi ,;t • IIpe;IJJl0JI8rae1'cJI. 

'iTO BTOPIf'lliO KBaJ-ITOBD..FIHClC 110ne i 'Ll) ]{OMMYTHpyeT C onopaTOpru.m 1'13 

aJIreOpli P . a rrpoC'l'P8.HCTBO rrpC.D.CT8DJ!eHlUI rrOJIJ! C(~) H.B.iLIleTCR 1Tp1l

MIlM npDM3Bo.nelliHlM npoCTprulC 'I'B ITpenCTaMeami rurre6pH {P If rrOJIJ! q,LX) 

ITepeMellHhle C: .<,;.l) OIlJ)e,neJIeHH CBOHCTBOM 

LJ ( - ") . ,;; 4- ' • I

:," '~~ 'h t~, , t"-:" l, .L lor ~ ; 1.-.,.,.' ( : , tr r l j 

r: e ~~.~, 1-,0 (-' &- -' ~~ ( 2 . 7)':) ..... 

.~ 	 , - /JI ~ iL~) ( ;).' f" ttf" ,v  " 
y.O'l.'opoe r apaHTHpyeT COBMeCTHOC1'h npe0 6pn:30BaH.lUI (~. 7) C Tjl8JICT1l.op:r.<t

l.lJfOHIillMH CBol1CTBaMH nOAA q:>( x ) _ 

IIoMe BbIllOJTHeHlU! 3aMeHbI ( ;2.6) . ( 2.7) onopa T0l>u ;') . • I~I r v C1'a

llOBi.lTCR reuepaTOpaMM rrpoc'rp8.HcTueHHo- DlJeMeHlillx IlpI)06!Ja~OBam[li. OTOlK

,neCTBJlCHH8 3T>lX orrepaTopoB C Dblpa'KC lmH:·,~ ;1 COOTIle'I'CTIJyY1Uij1X r eH9[JaTopoB 

(2 . 5). nocTpoellliillC no rroJllO \lJLl ) C nOMOll1hlO Teoper.llJ !leTep. ,!lae T one 

paTOpHI:le CBSl3H, KOTopue 1'1 06eCrre'lJffia'OT COXpaJlCHJ1e '&10.1.<.1 H93;llillCJ.L\UIX 

nep9MeHlillX llO 11 IlOCJIe npeo6pa 30BaHJl[R ( :2 . 6 ) . :./I'I!: Clffi311 paCCMrlTp>IB8JilTCR 

Ha ReMTope COC1'OflHlllil )~) M ID-leJOT mUI 

• ,j , 	 , 

) 0 ' I . \ -- C' \ i'{I M " ), - l' L r ' ... - [ ,'''' \ !..l. ») J l 'r / - ' " , [ [, ..... " - I .. '4 \ ,: _ ~ . I • I y.- I - • (2. 8) 
I 

ITpe0 6pa30B8JlI'Ie (2 . 6 ) C YCJIonPlf!MJl c Efl3eJ.i (~o C. ) Jo! ]{OMMYTa.I.(J10HIl1:lMl1 

COO THoweH1HIMVI .D.JIR nOM! C:/ .x. ) • neperrncaHHbJM}! B HOBUX nepeMe HHblx £., -t) 

• ~ .),' . ~ ' " j ) f .). ~ , ,..JL'! -Su.' h~ J -:; I. c> 	 (2 .9) 

H83UBaeTCil I<aHOlUflleCKHM rrpe OOpS30BallliCM IJoroJT1OC.io Ba .D.JIjl pPynt'lH lIYaHl<a

pc/1/ 1\ n03BOJIRC'f fi lUlHOM BVI.D.e peaJlJl30B8Th np0)1CTaBJIelUf8 ::lTOti rpymrn . 

JJ.nR TOl'O '1'm6b1 HDHUM 0 6pa30M BHITOmUfTb npeoops 30Bamre BaroJTI(}-
OBa. CJJc .n:yeT IlIll1TH I1lIBapl'IaHTHHe nepeMelllibl.e (:,', . J ) VI rrpoK3se CTK 3aMe

By nOlJeMeHHJiX B COOTIlOlUeHl1Jl.X ( ? 0), ( %.9). 'lTO VI 6YJ16T CJ1eJI8.HO B § 3 

II § 1 COOTBllTC TIJeHI!O. 

~ J . 1 0C'l'poeH.liu P11lllapHaJfTIII.IX nepeMOIU11.I.X 

$lUUUeM c VlcTeMY YPaBlIOHlHI ( ~ . ?). onpeneJlR1OOllofx iJJyHKUKJol C; .. :J.) 

B I'Hr\MHllTeJHMaJIbHO~i 11-OpMe : ,'- \. . } /; 

.1 ~" , 

"I }).. " ) I r'i ,J ~ \ -= , lil f y ~~ J - Iv J;~rJt.... (3 . I) 
1 I I 'I 

AMee n :.TOM pa3J1eJre H8M 0 Y.D.eT YllOOHO nOJIOJKlllTl> I) 1. 

:; 
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Cymec TBOBaHHe pelllemrn ypaBHeFlliH (3. I) H FIX m>mm: BlUl 3aBHClIT 0 T 

Budopa KOHKpeTHoro rrpe~cTaaneFllilI anredpu rpyrrnu llyaHKape jO B Tep

MHHax KaHOmrqeCKFlX orrepaTopoB ( y. 'p I 0 , Po ). Budop lKe rrpe,ncTaane

ID!lI orrpe~e.ID!eTClI !lM3FI'leCKIDIIlI CO 0 clpalKeFlliHMH • l1epeMeHHHs S'" (X) 

FlMeIDT CMHC~ ododmeHHHx KBaHTOBHX Koop~aT, KOTopue B COCTOJIHHH rro

KOlI od~eKTa rrepexo~Jl:T B ~CCH'ieCKOM rrpe,n~e B rrpocTpaRCTBeHHO-Bpe

MeHHlle KOopmmaTu rrpoCTpaHCTBa MmlliOBCKOro ,2'",- • OTMeTflM, 'lTO t ; .;,
:> 

~O~ dUTb de3pa3MepHHMH Be~HBMH. TaR RaK rrpeodpa30BaHHe ( 2 . 6) 

He co~epJKHT 'lliC~OBOro pa3MspHoro rrapaM9Tpa. IIpH 3Tl'IX ~orrO~Te~HHX 

ifJH 3H'lSCKFlX rrpe,n;rrO~OlKelmRX ypaBHeFlliJI (3 . I ) rrO~OCTbID orrpe,ne~T d (cI
-pa3MepHocTb rrpoCTPaHCTBa-BPSM8HFl ) H93aBHCRMllX HHBaPllaRTHliX OTHOCH

TenHO rrpeodpa30B8.IU.lli rpymm n yrurnape rrepeMSIDillX S-< RaK lPyHKIUm 
aprYMeHToB X , ~' • ;J • () • / tJ . B W'HR.ILHRX S rrpe,n;rro~araeTClI 
orrpe~e~eHHoe yrropR.UO'leHHe H8J<OMMYTHPynttHX rrap orrepaTopOB Ii • ~ H

I /
() () - Harrp>IMep. ( II Jj , c' D J)

I L.~ I, . l ,. l . 

PaCCMOTp>IM Terrspb rrpOCTei1wee rrpe.n:CTaBJISID!e aJII'sdpu F 'lepe3 Ka

HOHWleCKH8 orrepaTOpu 'I i'l /' ' KOTOpoe peaIDl3ye TcH B rrpOCTpaHCTBe 

QJyHKlUfi1 1 '/ ) H 3MaIIO C rrOMOIllMl Coo TBolDemrli : 

p;~== r' (' , 1'v1.r' = ((~ J' P ,;' - l( G' Pf) 
(3.2) 

Lp l~ ( 
I I ) '\" L (1, 

B rrpOCTpaHCTBe.n;BYX H3M8peHlll1 ( j = 2) ypaBHeFlliH (3.1) B rrpeJ]:

CT~eH:'H'H (3.2) >lMeIDT CBOFlM pellleFllieM ~Ba ~Hej.iHllX rro 2' orrepaTopHo-

3Ha'lHHX pemeHKH: 

t;oUJ~.2!~1" +f~I//'r T-/Y)")~ J:/'I; " r~ 
(3.3)

," ~ _ ' -<v ) t
~l(:lf= cl (X"7~/'r/" -= u ~" L v r flo.1 

B BHpaJKeHm\ ( 3. 3 ) oIIepaTop JIOpeHIJ;eBCKI!X BpameHJ-fi1 /!OL c ~ , a orrepa

TOp j)= ;lIc" l 1\1'" P " ' pr(1 ~) >lMSeT TaIDle lKe KOMMYTamlOHHue CBol-icTBa C 

anre6poJ! C?2. ' I'lTO H ohepaTOp pacTJIlKeHIDi. 

I1HBapHaHTHUe rrepeMeHllile S "'- (v-G = 0, I) ItOMMyrnpylOT MaJK,ny CO

dOll FI rrOJIHOCTbID y~OBJIeTBOpHIDT BceM TpedOBaHllHM,Heodxo)l;HMHM ~ HC

IIOn30BaHH.ff 3THX ifurma.mi1 RaK apryMeHToB B rrpaBofI 'laCTH rrpeodpa30BaIllilI 

(2.6) B .n;ByMepHllX MO~eJIRX, OrraCliBaIDmKX KBaHTOBOe pe.ID!TllBHCTcKoe .n;BH

llleFllie O,lJ,Horo rrpoTJIlKeHHoro od~eKTa/2 ,4/. 

KoMMyrHPyromne KOBapHaHTHe Koop~HaTu qr,BHp8lKeHHl1e 'lSpe3 orrepa-

TOpH H3 aJII'edpH t(f2. ) .D 1 
6 

l'-.iL' ~Cl_~J ?il(~ - 2 D, M" ~ 2. L Me 1- , M2 J j 

i -=.1 r pi l i if?" I 
~ 2. l,D, t'j 2. J -"2. LMOL ' Mo!. J I 

(3.4) 

1'v)"'=P.!. -P~ 
C! l ) 

JIBiIRKlTCR aHaJlorBMI1 KOo:p.mmaT fu, IOToHa--B}ITHepa B ~YMepHOM iIpOCTPaH-

CTBe. 

O'leBHJ{HO. 'lTO B rrpoC TpaHCTBe d » 2 H3Mep eHllM cywecTByeT Ton

KO O,I\HO JIlIHel!Ho e rro X .pelliorme (3.1): S,,f.2) = 2/~~.,.j) 1I03To

MY B 06mSM c.nyqae rrpe,lLCTaBJI8flHe (3.2) HerrpID'o,IlRO ,II)IR OIIHCaHHH peJlR

THBHCTCKOro IIpOTHlKeIDloro Od1.eKTa,l1' CJI8,I\ye T paclllFlpHT1 KO l!qmrypaIJ,HOH

Hoe rrpoCTPaBC TBO rrpe~CT~ermlI. ~OrrOrrHffB ero YTJIOBHMH rrepeMeHHYMH. 

O,lLHaKO eCJIB rrpoTHlKeHHilll od~eKT 06~a,JLaeT CBO~CTBOM c~p~eCKOH 

CI1MMeTplm , TO OKa3UBaeTClI ~OCTaTO'iHO nOCTpoHTb ~e IDmapHaHTHllX KO

op,I\JffiaTu: "BpeMeHHyIO" H " pa,JJ;lfanHyro" 

Sc(')c) = (.ctr~)rpr) l~ \x)l" coo LJl,ql"() (3.5) 

~TO HaxO~TCR B COOTBeTCTBllH C pe3YJIbTaTaMll pa60T/9/. 

KaK j~e OTMe'laJIOCb Bume, paCCMOTpeHH8 dOJIee od~ero CJIY'iaJI MO

,ue.1IH cif>epWl.eCKI1: HeCHMMe TpH'lHoro od~eKTa TpedyeT rrepexo,ua K dOJIse 

C~C»UUlM npe,lLCT~eH1UlM . ,lJ.Jm OrmCaHMH CTaTH'leCKoro ~eiJoPMrrpOBaHHOrO 

06'beK'ra MH BH6epeM rrpe~CT~8ID!8 anredpu lIyaHKape 13 iPJPMe: 

J . C l e lL r I f.' f11S ::
P = I> IV) = (i f - ~'I' ) J ) ; ') ( (J" ;'1) 

)-.) K';"1 -- (C( pd - ~r~ \~ . ~ - c 
, - J 

1/) : fj ' /=t ~/' )(3.6)\ j ~ , - J 

1 r~ , 
[S' ) ':f ~1"" L..i' ( y) 7 ( - (:;' : .r; .1 1= (C Coil:' S'~ 

~ro npS.uCT8.BJI8HH8 pea;m3yeTcH B rrpoC Tp aHCTBe IWH1QWlli If yJ ~ 
r~e X - yrJill rrpoCTpaIlCTBCHHHX BpamellmL TIo ifJH3H'1eCKOMY CMliCJIy KO'[

JIeKTI'lBHl:le KOOPlUrnaTH r H,;I' ol1IJe~eJIRlOT rrMOlKefDlle ~8t}xlpMllpOBaHHO
r o od~eKTa 1<1 ero opHe»TaIJJm B rrpo CTpaHCTB:: MaTp~ , vl lre'( .YJ B (3.5 ) 

3a,JLaIDT BH.n r eHepaTopoB rpymru Bpame~ S "" t /I ':!l) pyt?" 

http:lre'(.YJ
http:IIOn30BaHH.ff


~ c: .. (l)' (.;(, ~)/' O'l.eBHlUlO Y,!{OBJIeTBOPReT Cl!C'r eMe 

ypaBHermii (3.1). Hai1,l1;eM Te n epb TJlH .IlPyrRX HHB8PHaHTHWC peIDeHRH cnc
TeMil ¥PaBHeHHil (3 . I) , IIBJIHI[ll.lHXC$l JIHHeiiHliMll no .-:t H RIlHO 3aBffCRlItltX 

0 '1' yrJIOBbIX nepeMeHHIDC. .llruJ 3TO" Ile.JIJ! MbI paCCMOTpHM CHa~ ypaBHeHHH, 

orrpe~e~e TpaHC~OH~ HHBapnaHTHOCTb KCROMHX pemeHR~, 

'J .... . l1 ..(
")' c, ~ (?T S (3.7) 
, '/'. . " 

0611\HM perueHKeM ypaalieHIDl: (:3.7), OqeBlmHO, HBJIReTCSl <PYtu<mm 
,~ u ', I( J I ), y' S) == c; (,I' , 1 ,;); !J. ,~ ) C Y'l.eTOM IIO;ryq9HHOI'O pemsmm 

CMCTeMa ypaTmelllHl. ' rapaHTIIPYfOIllWl mrnafiHaHTHOCTl> pemeHlUl OT80ClIlTe..7IbHO 

rrpoCTp aHCTBeHHhIX Bpa1I\9HHii. BJ,JI'JlR)tll'r C.1!9.I(ylOlllID>'l 06pa30M: 

- , :' (.t, ,< ' r &; _,~ I,j ~ L~ i :1 ' I; c'"" ') ,SJ~LL\ ) \.1 I ,1'1' ., ip' rJ r ~P! p' ~ , (:1.8) 

Jli.lHeilHhle no _t peweHK,c1 yprumelDfH (3.!:l ) HMelOT ID'l.ll 

So (J.. J (', fl, 'f ~) = ;?'.I (J) j(J( l • '!,;J, ~)p,e );' ',/ U t' ) - MaTp\o!UB. 
TPeXMePHHX 13P8U(OHlol.11 , 3am1CalUlaJT, i'llllTpl1Mep. B napaMeTpif31lltIDl! ~JIe-
pa , 

I, 
,i 

U , ) -;: 
l 

( ').1 ' \) 
~ 
~l.l. 'I t) 

l~ UII'Jr , 1
\ 
1 
dk 

( P)· /": 
,-

( P) £. '
\/\ y~ p' , ,/) ~ 

j l' , (' .J \.: II " .'1J ' I , I)' \ ( ' " , l II) ) ) j \) ) 1.( P) , 
a lljJ) , Fr jJ) , I. 'r;)) 111 /11/ ) - npol~ 3BOJIbHble \PYJiRl.tlm. SIBJIftlOOUI8Cf! CIUl

.n.fYpflMH OTIlOCHTeJIhHO npoCTVaIiCTBeHIiliX BpamellJ.iJ:i nepeMeHRl1X p 

~ '1 , t , ;;r , 1'1 OTI}IC.llCJl1IM 113 p8Ul8HM OCTaBIDKXCR 

ypaBHeHIlli CHCTeMIi (3 . I) , KOToplie BupalKaKlT c060H c BOkicTBO H!mapHaHT
HOC T.H IfCROMliX <WH~I! OTHOCII'TeJIbHO \:[ZCTO JlOpeaneBCl<J1X Bpauterurlt ) 

t '.it pJ/s' ~ "/ r t".l 
i f '/12. .:.. F ' .;i- pJ/Y ld f ,_ 

( "r/It ) ':. Pt.;I'! ( 1'1 )l r, () rf-'f;~/;fjij" ~ (3.9 

= LaC 1. T (1 ~!L ,. 1. i)' L ' I ' 
\ ;)1(: 1 J,( J11 ' Jp'? ~ 

TIOCJIe nO,ll;CTaHOBKPI B ypaBHeHIHl (3.9) pemeHlUi (3.8) 1I0JIy<mM ypaB-

HeHHH Ha HeH3BeCTHJ,le !JiYHKl(KJ.I ~ , L' , Z.F , 'U ~ Hal1,neM HX peweHH8 : 

i.z....~ l-I :.. (Ill/ I' ll(, P) / -'I /-", _ p -' ./ =- Ili 
r f .' ) 

T8KHM 06pa30M, MH n ORa3aJrJt. ~TO B I!pe.llCTarureHID! (3.6) mmapH8.BT
lWMH OTHOCHT8J1bllO npeo6pa30Ba~ rpynnh! IlyaHK8.pe (3. I) P9JIJITlrIBIICTCl\.l1
MIl ROOp.ItHHa TaMll JIBJtIllOTCH nepeM9HHlle BIfJJ.B: 

» 

S
c· 

p o) = (.1 .,. rJl c; '(.). ) = A) '''''j) ,X,'' : :t ), (3.1u) J 

eP) r .f:. ,/",n f> n .oS' /rlXd,:t) =- [( 'X ri)k _ ('L rq/ -g; 1{} ,ik ...r .lle --{ f?-r p ,j 

LlJklP) = (a Jk -T p,~ r>( _ ) M 
Mt ~h r '') , 

HanOMRHM, 'ITO no}.! 111lBal'HaHTHOC'rM1 n epeMeHHlLX (3 . ro) nO,ll;pa3YMo

BaeTCR CJI8~ee CBOtlCTnO: nycTb T(l = f:::.Jl ,') ( 1 c1 [» 1-1 Lf..., = c~ (L " ~.f) 
eCTb YHHTapHble onepaTopu TpaHC.JI.mm0 H JlOpeHU.eBcIGJX Bpamemrn COO 1'

BeTCTB9HHO TOr.n.a 

U T -'-'<:>.:) T: ' U· L -= S(/I(4~)(, ;f"a)) . 
i() tl.. l:J R LL) 

O'l.emIJrfIO , '11'0 

LS °C).J , S ':( )c ) ]=U,> (3. 1I ) 

TaR KaK S~ < 

(x) 6eSpa3MepHl1. 

KOMMYT8.UHOHlrue COOTHomellIDl Mea,ny S ~Y.) HMeJOT BH.n. 

l c; "0.') l tI~~-J.1 =-.:.;'. c' ~/f!S~_ P I« l~~5:)/ ( 3 . L 
/ '7 , (fl-r Pj!. . 

TrurnM o6pasoM, B rrpe,!{cTaBJI81!ID1 a.n:re6pu r8liepaTopoB rpymru TIyau
Kape, 3aAaHHOM COOTHOWeHHRMI1 (3 . 6), cymecTByeT 4 KHBapHaHTHUe ve~~-

1".rnWCTCKlW KOo]1Jl.HHaTIi ~('( 2 ) (3. IO ) , AAHei<lHl1e no ,,t l'l IDIIeJOmHe 

Mell'..nY eo60M KOMMYTattHOHHhle COOTHomemm (3. II). ReKoMMYTa'I'¥!BHOCTb 

BeJmllJfJ l 4'U') (3. TI) orpatlH'llffiaeT B031JlOlKHOCTh IIOCT]XlSH\o!$l pery-

JISJpHo}i TeOplrn B03Mymelllf}i no /J ,lI.lUi nOJIR 0(X) (2 .6). TI03TOMY B 

CJIe.n}'llUleM p a3.llOJle. T,!{e MlJ zCIloJlb;;yeM nepCtvleHHll8 ,IJ.1IR lJOCTS""- (2) 
poeHHH UOJUI B Mo,neml CTamqeCKoro ]J.9cJxlp.mpOBalUlOI'O 06'b9KTa, Bce Be

JmtUrnbi '!eoprul paCC~mTpltB&lTCR TOJIhKO B ,l{Byx nepBux fIeI1'C~e3&lnnrr no

pJI.nK8.X Il.X pa3JI01l'eHIDI B }IM no napaM8 -r{1Y 17 (ItIm lleROTOpoii CTeneHR

J ). 
ilepSMeHH!18 71" (3 . 10) JllIJI1IM o6pa30M Bup~alOTCJ:! tIe:pea reHepa-

TOphi l'pyYlIlH PI'" , L~ fr 
) 

reHcpa'rop paCTRllteHKi1 j) : 
v • i. I? I. 

. 

i?C 
~ =- L 112. i' ] 1"11 

I) 

http:P9JIJITlrIBIICTCl\.l1
http:IlyaHK8.pe
http:mmapH8.BT
http:P8U(OHlol.11


q = _L, , ~.k i?i.~Jk \ 
T "Do. ~ ~ 

~ .~ 

LV t- W-) p': M'" 
r ,ue '~L' -_ L" T CC 'Ik P I::' 

V'd1 S 

3TH ~eTHpeXMepHHe KOOp~TU ~TCH aHanoroM KOOp~T HbDTOHa
BKrHepa B ~eT~eXMepHOM rrpoCTp8HCTBe. EnH HKX BUDo~eHH COOTHomeHKH 

L' l~ r,t( J I -0 0 ) L l1 r' pJ 1~ - ~~ ", 

B 3aRJIJO'leHl1e SToro pa3,ll;eJIa MI:l paCCMOTpIDJ! C~ oCimIDi CJIY'iaH MO
,lle~ HepaBHOMepHo ,llBHEyme rocR ~eqopMKpOBaHHoro oCi~eKTa. 

~ STOro BuCiepeM rrpe.llCTaBH8HHe rpynnH ITYaHKape, ,lle ttcTB~ee B 

MaKCHMarrbHO pacIDHPeHHoM ICOHqiHrypauHOHHOM rrpoCTpaHCTBe napaMeTpoB 

rpyrrrru \ {I ( , L; f' 0) ~ 
, 

" f" \I ( " V 4 '<v (3. 12 )I ~ i' r , M = {j 1'" ' (! pi Sl )~ -t

r,lle [ r () LI' ",h LGj rv LC; r J 0 r' J = L fl t" (l'~)(; , r' j"') 

[ S(' '') sf" J ~ (' fj/ ' f,S' '/\} J;1 /;/" "-f IY,!; '))1 V:s:/JJ 

B STOM rrpe,llCTaMBHIDI iPYlnuurn 

{ A/>Ll) (): ,~ ) V' , /\(.;\I))r/ , (}" (\)Pl \)'· lt ,?" 1 (3. 13) 

oCipa3yroT TIM M HaCiop mrnapHaHTHRX peweHJtii ypaBHC~ (3 . I) . B Bupa
l!te HIDI (3 . 13) /t/~ C-') een MaTpHua npco6pa30BaHIiH JIopeI-n18. ~CKOMye 
peJIRTlml'lCTClrne Koopmrn3ThI BI> Ci epeM B BlUle 

, /" ")S ( J. ) = II I _ f{l 1 '/' ~ ) . 11; ( 3 .14 ) 

ITepeMeHHHe (3 .14) o6Jla)l8JOT cBOil.CTB8MH: 

LJ 'T C (X) Tt' ,i L,
1 £\ 
-t 

-= S( _1'. .J ) 
80.'> ' " 

10 

r,lle ',~r. 

-= /it II((})]' II 

R LSr(.~)) SJ(:r) J = {j [(/lj)/'"r!1jJ) J_ UIf)'(//f Y I.'J 

MTaK, HaMH nOKa3aHO, 'ITO C nOMomom BuCiopa pa3~ux rrpe.llCTaane
HHH anreCipu ITyaHKape 'lepe3 KaHOHH'leCKHe KOOp,llHHaTU (3.2 ) , (3.6), 
(3.12) MorYT CiUTb nocTpoeHN ouepaTopH03Ha'lHHe fiHBapHaHTHUe nepeMeH
HUe C; oX. O-'} (3.3), (3.5), (3.10), (3.14). 3TH <pyHKIl;ID! BXOJ!fjT KaK 

apryMeHTU B rrpaByro 'laCTb rrpeoCipa30BaHHR (1.6). 

B c~e.uyromeM naparpaWe MI:l Bocno~3yeMcR pa3BHTliM B § 2 B 

qoPM~~noM ~ nocTpoeHMR TeopHH B03MYmeliHH B oKpecTHOcTH ~aCCH
'leCKoro pellle ImR, XapaKTepH3Yl!Jl11ero CTaTliJ:1lec KIrl! ,lleqopMH:pOBaHHlill rrpo
TRlIIeffilm oCi~eKT . 

§ 4. 3aMeHa nepeMeHHux 

BepHeMCR K nOCTpoel-Urn B MO,ll8Jrn: (2.1) nOM cfJ ( ::t) • rrpOKBaH

TOBaHHOrO C nOMOmhm KaHO~eCKKX KOMMYTauHOHHUX CooTHollleHHM (2.3). 
TpY,llHOCTH, CBR3aHHUe C pa3.lle~eImeM onepaTopoB !? R nOM 0rx) , a 
TaKlKe HeKOMMYTaTRBHOCTbm C; "'- (2,,) (3. II), ,lleJIaJOT 3aKOHHllM UOIiaK pe
llieHHR KHllih B KBa3H~aCCH'leCKOM rrpH~eHHH: 

(4. 1)ocs) = ~\«) Vf q; L Cs) ~ 0(d)'t-

3,lleCb 0 (~) CO,lleplKHT oCTaTo'lHl1i1. ~eH paMOlKeHMR nOJiR C1JCS;) H He

onpe;ue~eHHOCTb, OCiyc~OMeHHy1O npoCiJ!eMoll ynopR,llO'leHMR onepa1'opoB C;..<. 
KaK BI1,llHO H3 ,llaJIbHeilIlJero, B ITpHCiJIIDKeHHH (4. I) nepeMeHl-ilie MOlKHO pac-
CMaTpHBaTb KaK C -'llic~a, a BUp1ll{eIDIR (2.8), (2.9), orrpe,ll8JIIDJllU1e 
CBR3H H KOMMyTauHoHHHe COOTHomeHKH, ,llOCTaTO'lHO C~TaTb orrepaTOpHliMR 
COOTHOmeHRID.m. 

PaCCMOTpHM 38MeHY nepeMeHHblX B ypaBHeIDIRX ,lUllIlKeaaa, KOTopue B 
oCiDleM BR,lle l'lMem fllopMy 

,w ll.IJ;>., Cj) - U'(Q))\ ( f) l 'X)) 14J >= 0 , (4.2) 

BoCIT0JU,30BaBIlIKCh RlIIillIM lJH]lOM nepeM811HllX C, ( :3 . 12 ) H cI?oPMY~8MR 

II 

3 



, -< :) ,A'P
d '" , ..., c' \ 
'j 

( [) :' 
, \'1 ' ;'. J)

: ) A ( " \, 

HM80M 
' j L . J 

/'.)(4 )I I I 4 '-:;-) •• L ' /
'U'J}. I~. . .). 

~
'j ~'/. 	 (4 .3) 

:'\llI:lCJ, i\L - nepB~l-i ' I.1IeH B pa3JIOllteHlfR 

. ' . ' . s/;. )
~l co ~' ( -0- V I' ~ I 1 ' (, ~1 L ' ( , ( d 

~ ·1 

( [Ii i = U B clUJ)' Bl:IllOm; 8ID'1R yCJloJmii CBR 311 CM. liIDPie ). TaKHM 0 6pa 30M, 

no.nyqaeM, 'ITO ypaRHeHI1Jl .IIBIDK8Hl<f11 B HYJle1l0M 11 nepOOM nOPMRO oa3JIOllle
' 1 

IIlHi no ' D HOBblX n epSMOH1:lUX 11j ilUiHM!l1OT Dlf,n 

1 

, 
'I' 

I L ; I , (1 L (( L ) ( 	 (4.4)L ' ,

'.. 
:'.j (4 .5 )lJ ((1 l • (' 'ur · )\1 t ' 

iteJlJ!He>iHOo y paJ3H0Jll'Ie (4.4 ) Ilpe.n.cT8BJUIeT codol! KJIaCCI1'!eCKoe ypaBlletme 

.n.B1U:8HlIH , COOTSOTCTBY!Olueo MO)J.eJH' ( :.; . l ) . 0110, no npeJIJlOJ[OlKeHIfIO, }!MeeT 

HeTpHBlfa.JID HOe peOJl?lrne ,1 , (t, ) ,xapA.K'repI1 3YXlIllec CTa'l'll'lCClillii Jl(?

~OPMHllOBaHHWi OO'heKT. i3 TpeoyeMoM nj ll1(IJIWIWHHI1 Yl)aBHBlllIe (4.5) onJl8Jle

J1ReT BTOPll'UlO KBaHTOBaJlHoe n o;re n i \ .I. ) . 

TIepei-i,nUM TeneJ.!b K Rli110JlY TP.X oJ'J ,aHl1'!PHHii. K I{OTOPHM nplHlOlll1T 

lIaJTOl>lCltI1P YCJJOBlIP. CBR311 (;! . i\) Ha no.lll q, J.) . OTM P. THM. 'ITO KOBAlI11

aJITlIOCTb no,nxo,na ooucne'!I1Ba8T rrpaalVTMIJjO ~laBHCJlMOC r h i{OHC'I'aHT JlBIIJlte 
~HHH 0'1' JIlIHeliHoil ' 1'1 yrJlOBO f'f{OpOc nd1 . nO ~lTOMY yCJlOHlIR CnRal1 

IJ8CCMO TPJIM Hrl At'lno!',' C()CTOIlHHJI . coo 'rHuTC 'I'nYlI1li1"" 1I0 KOl\weMYCJ.l OO,.·H K'l'Y 

~,~ ( • l ) : 

c" )H I'j \ ,n i : ,1\ I' \ (\) 
( ,\.6) 

~ )l!\ .i \' \ .\ \')1 rT ) " , \ ' \\1) \ 11'1 

: j'fl1 COOTI!OUlelll'!R I! ypan Bl'IUlR (4.4 ) Ilol11(CJ11JYJOT j{O ~~i(lJ1W1e IlTU ra3.ll0J,WHlUI 

orrcpAToF3 .~\ 

12 
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AHaJI01'l-f"lJIO 1!3 CBR3efi C	<) , C~1 ' (' r1 . noJIY'lKM , COOTl:le,['CT 
I , VL 'l

BSHHO, YC:.I!OH\1.f{: 

~ I ~ )CPl 'XJ.\ _ 0II -._ ( 'l.B )'3::t: TA.." .> 

JCD~ Q. C~'d):, d X 1.. -~ ') 
(4 . ttj) 

~' I 	 ~ III( l.. (X JJ - J:") ) G-I 	 ,.~ .= D 
I . u :) .x . 	 ( ,1. (. u ) ,I 	 'L 

ITPU)J.CT8.BI1M ITo.JIe ([,II C; ). R13Jrmomeecp. l'BWeHv.eM (4 . 5 ), H Blf,n:e P&3Jlo·
:!teHJUl no nOJllioll CHCTeMe pem8H1f~ YP8.BHSHIf!l ; 

J::' f f ./)- ,)';: o.J.' U' ((j)~, ) ,.I. = it) t .t ) 

(4.. 9)~ C~<) fJ.
A 

(C;') (\" (() = ~;'.<r 

.YCJWBI1.H (4. 8a), (4. 8d) flCI<.J1X)'laroT \f:l p a :ilIoJt:EilTllil J(OMIIOHGIITLI , COOTl:!e'f 

cTRYlOUU-Ie IIYJleBIJM MO,nBM: 

. J 11~.j .J ~/(,./j '-' ((<' / ', ) r,. I' _(/ J ... ... ... de' · 	 <'
) . 

;:"111 C'f8J.l110HapHUX KJl.aCClf'leCKlIX !,UWulIlll1 C (. YCJJ(lBII': ( L I'IJ) I:Uilo.IIIl,I 

UTC}! , CC.II!1 yCJlOUI18 ( 4.88) YJtOH.ll! !'l'IlOJ.!f Il O. Tr,! ']IJl NUl lion'! (/;/' HI..r.I~"" 

IIIE'lnCll 1'8W('IlIWM YjlEllIllt' llIlfl (.1,r,) ~I 1I0)I' IIIW'IIl!r'j 'O yo..qOlll'lHM (·I . t·) I lIo.ny
'IJiM l'U:~fWlltf: l lIll' ; 

,....1/: { «') , ./. (I) (4 . Ill)I .... (. ~ / 

Hrul.lleM f'II;" 1\(lMMY1'lHlIICI II II II 

1:1 

http:l'BWeHv.eM


11 YCJIOBI1R KBaHTOOOHHR BMTlJIIfTy,n ex .. . C IIOMOUlhlO rrpe odpa30BaHlUl 

(2 . 6) rrpli y,llCpl!8.IiID! B pa3J!oll!.e lUIR BI1pall!.81ildi (2 .3) CJIara ElMHX He Bhllll8 


nepsoro I10PR.IlKa no ~ noJIY'UIM 


[ (j\l(T) ' (] i. l ~'I) ( .-(\)1 .- L,A lJ(t~ ~7) =C ) 

[G1((;r\,rd? ', ('/\) ] ,.1,1; t 8(((~)=tf;r((()- I1((;(~/ 

t'r' -;).T I : ' r,- \J J' P .) jJ, 1 I? ( - ) I -. _ (4.II)
L' 	 1\';,(, J '1.\ \,', ) I' "\) r l /\ F ~{~ ~ ":« ' r- ~- 1' -~' It. b( t $.<,) = a 

;; \ . 1 'IJ ) 

,(h 0.">(: 7) = r)- / + ) f7'(t~/, g(s~F') = L 0/', (//J.,dl l 
- t l ' 	 ... , '1 ~ 

/\- [ 6. Ip) R l~)\ < t:,) \ I? . 	 -
COa"feC'rHOCTb pa3J!Olf.eIDIR (4.10) H COOTHOm8H.H.A (4 .n) rrpImO,llwr K rrpa
Bwry KBaHTOBalliUl : 

,-.[ [1. ~ (t 1 ~ , 	 ,,( 
T, 

L1.i ~' 

I () -J. L( ;, I l ll'-'- , (I T~, I ~ c' ~ 	 (4. 12 ) 

'ITO JIeI'KO npOBepRCTCR Ha ael<TOpe COCTORI-UiR !JOKOR (;\ = 0). 

Ta.K.HM o dpa30M, B l'!CKOMOM rrop!U)(e T80Pruf B03MymCHHIl nOJIe ct
npellCTaBHMO B ~e: 

1lh 	J ) :0 '4. , .1 (~ ) " \ ~ (J' l (. ,~ , S.-) -c= 

(4.13)
- J ~ J) i" \ - r 
\

[\ 	T t:' r l L I . 1,,1 u . ) \1 ~ i ) ) 

r .ue 

d (1 ) r t/4
1 . ' " \ \ ,1' ~ ,- , • 1 

J (/~ lS UT( -' ~tiIr) 1'1 , (}) Il'_ j q\U,l~) , 

OJ	 I i ) JIBJIJIeTCR peWeHItOM KJIaCCI'I'l.el'){oro y\IaBHeHIUI (4.5 ), ae 
BTOPtllUIO l<BaJiTOB8HHoe IlOJIe 'J.1. 1 "1.) ()rrpelleJIReTCR pa3JlOIIIBHl1eM 

(4. 10) • 

§ 5 . 3 a K Jl 10 Ii e H If e 

B llaHHO ~ p a 60 Te C nOMOmhlO rrpeodpa30BBHMR boI'O~oBa HaMH H3yqe 

H8 rrpoCJI8Ma rro c TpO eHnn rrpo ue~yp~ KBaHTOBBHHR rrOJIR B o KpecTHo c TH He

TPRBIII8.JI.bHOro KJIa CCH'i8 CKOro peW8HHR B '18 TllpeXMepHoM npoCTP8.HCTB8 • 

1,1 

Hm.m 110 KlllUlJ I.) , 'I'T'O, 111/(,IIp'LH IJ83.TI\II'lJW(; rtl)o.n.CTalVll'l!I1H 8JIl'uOpU ITyaHI\.C1

pe, MOll!liO OllltOU'fl, !Je, .n.mtlltbllHR IYpOTRlReHHoro 061,UKTa. n KBOSIOUl8Cl'l! 

'l.eCIWM nr'llI~-"1"'t 11m! nocTllOOHll. npoue.nypa KBaHTOl:lrumR ,nOKaJIbUOl'O reli-
30Ildl'11J'CIIIC JtOI'O nOAA B MO,lleJIH CTaTIPieCKoro .n.eq.()P'<Iiij)oBatlHoro II[oOTR

lIWHJlOI'O o01,ewra . 

C 3TOH ~eJn.lO B § ;C npOli3BS.n.SHO rrpeo dpa30Brurne K HOBUM Tlq)eM8H

HLIM, n03DOJU!lOlltee cTporo yqecTb 3axOll~ COxpaH8lffiR II OT.IleJUfTi> KHIJ8TH

'iecKYlO 'laCT}' 3a,naTffi OT .Jl.1'Ill8MJ.~'lecKOI1 . 1:1 pS3yJllii'8T8 rrpo06pa30BalHfR ap
ryMellTaMH nOJIR CTaHOBRTCR CneUKanbHHe HllBapHaHTH~e n eVeMeHHU8 . ~TH 

nepeMeHH~e ~TCR KOMdllll~eR reHepaToI~B rpynTIH .IlBIIXeHHR \II B 

I<JIaCClf'leCKOM npe.lle.n:e XapaKTepH3YJlT .I(.BIDtelrue npOTmteHHoro 06'b&KT8 1:81': 

u eJtoro. KaK nOKa3aHO B § 3, RBHIDi. BM IlliBapH81ITH~X nepeMeliJ-illX ~813\O{CliIT 

OT B~dopa npe.n.cTaBJIeflliR aJIre6ptl nyruIKapo, '1'1'0 B CBOID O'lepellb onpe.ne

JmeTCR ~3lf'leCKO~ CHTYauHeK. B paCOTe paCCMOTpeHU rrpenCTaBJIe1~{R, 00

OTBeTCTBJ1OUU1e n;BIDIteHIDO JUfIlffi o.nHo ro ITfJOTRZeHHoro Od'b9Y.T8 _ 13 § 1 .IlJlH 

peme}IHR ,J:I.RHaMH'!eCKOH 'laCTH 3a.l.I,a1.Jll I1CnO.lTh30DaHO l<BaSHKJlACC}fI·reCKOO 

npHd.1OOKeHHe . \113- 3a H9KOMMYTaTHBHoc'rn l1H13apIHllITHHIX nepell'em llix TeOpl1Jl 

B03MYUleHIrt\ CTPOHTCR JOOIlI, ,nO nepBoro IIOPR,llKa pS3JlOlKemm nOAA ,'! , no 

5t 
 BKJIlOliHT8JIbHO. 
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PyKOllllCh ITOCTYTUL1U 3 il3~aT~UbCK;~ l OTA~1 
~O aarycTa 19b5 ro~a , 

Ifl 

/llll" , P2-85-632 
I- (1 1' I\ U;lIITOR l1HHe B MO,lJ,e nHX rrpOTHlKeHHbIX 06'beKTOB 

C IIOMOlllblO npe06pa30BaHHH EoroJ1lo60Ba HsyqeHa rrp06neMa 

nIH'TpoellllH npoue ,lJ,YPbl KBaHTOBaHHR rronH B OKpeCTHOCTH HeTpH

llHaJlbllOJ' O Kn a CCH'leCKOrO pemeHHH B qeTblpeXMepHOM rrpOCTpaHCTBe. 

B p e 3 ynbTaTe rrpe06pa30BaHHR apr)'Me HTaf.1H nonR CTaHOBRTC.R crre

UHa nb llblC HHsapHaHTHbie rrepeMeHJ!bIe . OHH HBnRIOTCR KOM6HHaUHeif 

rl'H C'pa'ro pOB rpyrrrrbi AB HJKeHHR H B KJlaCCH'ICCKOM rrpe.Ae n e xapaK

TI', pll~yIOT ,!lBHlf(eHHI:! npOTHlKCHHoro 06'beKTa KaK uenoro. nOKa3aHO, 

t l n~ . 1I1.1l'iIIP;Ul pa~ITH'lHble npt!ACTaBneHHH aITrc6pbl nyaHK a pe ....lOlKHO 

Onlll:I:I 'l h II I'l' lllH l lKe ll HR npOTRlKe HHoro 06'beK T a . B KBa3HKnaccu

'il!C l l: !'~' IIlJIII1J1I1'+'l' lIll11 nOCT p oeHa rr p Oue,lJ,ypa KBallTOBaHHR nOKaJlbHO

1"0 "I .'fl ' I," I!f1 " p l 'UII CKO 1'0 1T0nR B MO,lJ,eJ1 H eTa THlleCKOrO ,lJ,e4l0pMHpollaH

HOl'll tqllll 'Hln' llllul '( ' " l\'lICKTa . 
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