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Xopomo· BSB8C'l'BO, 11'1'0 D}m B3:t"18RIIB PQ8 ~SH'II8CDX ~aq B 

paiiK8X DaftOBOI '1'80JWB DO.U BOSUK88'1' B80dXO,ltBIIIOC'l'Io p&SB.I'l'IUI 

DpBCIJDiae.ama: M8'1'0,JlOB, Be OJIIlpallltBXCR B8 npe,!tTIOJIOI:8HH8 0 CJUl

doC'l'B BS&BMD~eiC'l'BRK. 

Taue 'l'eope'l'necae npoCS..ea, UK npod.lleMa aeBUe'l'8RIUI JU!8.p

JtOB, 38,l&'118 ,Jt11BaJ111118CKOro ODBCIUWI CBC'1'8M C do.IJ.DIIII ~EKflerraaar 

MaCC B Dpo'l'S8.RJIHX Klla&'l'OBHX CBC'l'8M, Jt0'1'0p&8 Be IIIOI'J'l' dB'l'Io pe118BY 

aa ocao:ae C'l'aJI,Jla.PfBIIX Me'l'O.JtOlS 'l'eopu BOSMYJI(eRIII, C'l'aBII'l' nepe~ 

Jt:BaB'l'OBOI '1'80p.l81 DOJIJJ SSJl&'IIY p&SU'l'U M8'l'O~OB C.IJD,BOI CBDB. 

:3'1'0 OdC'l'OJI'l'S.U.C'l'BO. DpB:Be.IO Jt p&SU'l'BJI BOBHX DpBCI.mlaeiUIIIX 

lle'l'O~OB B .IBU'l'OBOI '1'80PJUI DOJIJJ, C DOIIIOJIII>II lto'l'Opyx DODIUI8'l'CR 

BOSIIIOJUIOC'l'Io D,I)OCJl8,U'l'Io B81to'l'Op&8 JDI.II8BIUI c)BSIUtll 8Jl,I)OROB. B Plllt8 

pado'l' pa3UBa8'l'CJI M8'1'0~, OCBOBaJIIUII B8 8R8.U88 .IU&CCB"'8CUX pe-
r 

meult 1Pf1BB8Bd DOJUI 8 :t"'8'1'8 Jtli8JI'l'OBHX 8(flcflelt'l'OB, COO'l'B8'l'CTBYDQBX 

IWDDI BOs~q~~eiWIM Bduu a'l'U uaccnec.ax peareDI. QllBaJtO DPI 

peaus-.• 8'1'01 cxe& BOaRIIKae'l' xopcmo BD8C'l'B'8JI npoo.nua sy.re

BYX 1110~, CBII38HHM c 'l'eM, "''l'O uacc••ecme pemeae xapa!t'l'epJI

sye'l'CR do.lee USJtOI CDII8'1'.PI81, "18M BCXO~BaS 38,Jl&'ll8. 

B sac'l'OJII(el sueTae MY ode~ npod.reiQ' Dall'fOBaiUJI Bc1us• 

&&aCCB"'8CJ\:BX SBa"18BIII DOJUI sa OCBOB8 M8'l'O~a ltO&X8K'l'BBBHX JtOOP

~BBa'l' H.H.EorO.IIldoBa /I/, KO'l'Op&l D03BOJllt8'l' IIBBO ,rqeC'l'Io CBOIC'l'Ba 

BBB8p.I8Jl'l'ROC'l'B CBC'l'8101 B, 'l'aJtiDI o6pas011, peon npod.reiQ' .IIJ.II8BHX 

MO,JJ; /2-3/. 

06V-1!~t!~jULI» IUlcnrryT 

uepuwr t~c:r.Ae,IOIIIIBI 

6Hl:.Jii'lOTEHA 



PaCCY'Q8BB8, KO'l'Opoe MH Uj)OB8){8M B ROO.M'l!Ba'l'BO.M npe:ztc'l'SM8RII 
,ItJlJI C.BCTBMH C Tpa..!:lC.limOlORBOI ii'HB8PBaH'f'HOC'!'DJJ, 8B8JIOr.HqRO paccya~8HZHM, npaBe~eSHHM B pa6oTe IZI ~ ~ npoasDOHLHOA Henpe
pimHoli rpYiliiil CDIM8TpU, 0Mai<0 BH6pa!l.ll08 II8Mil I<OH~OHH08 
Upe.D;C'l'a.BJI8HH8 U03130JIRBT Hat'Jm.llBO npoCJie.ItJI'n X8paltT6PHY8 OCOCfeH
HOCTII npeo6pasOBaHIIH H.H.Jlol'OJIIl6oBa B 38,1(H'I8 B8H8.1eDJI JIYJI6Bwt 
MO){ B npoB8.D;6HHS KBaH'l'OBSHBH B64K3B CTaTB~8CKOrO ~OKSAB30Baa&Oro 
pemeiiBH. 

J\>Ill npoCTOTH j)llCCMOTpmil ~eJICTBHT8JILH08 CKaJ!HpH08 no.ae tfl(x), 
OnHCHBa81106 TpaHCJIJI!li!ORHO-KHBaPJIBIITIIHM JIB!'pe!IDBIIOM .;z-[ lf'(oo) 1 • 
JipB STOll ()y~eM npe~IIOJI8l'HTL, 'ITO ~eliCTBBe npeHBMa8T SRCTpeMHJILH08 
saeqeRJie npe RJiaccHqecitoM SH8'18HBH nOJIH - U(o:). KaK xopoll!O HsBe-
cuo, npe j)llCCMOTpeHIIJI RBBIITOBHJ< <\iJmi<TYailllli B6Jn!SII RJiaCCII'!eCI<OrO 
pemeHIIH, Hepyman!lerO Tpa!lCJIJI!li!OHHyJl H811HBapl!BIITHOCTL, o6HsaTeJILHO 
BOSHBJ<ai>T ROJI66BIIJIH C JIY.II8BHMII qacTOTaMJ! ( W \ = Q ) , )?lOllJie'l'BO
~e ypasHeRHD Tl!na Wpenaarepa 

(I) 

r~e 

OT 'U(?.). 
orrpe.n;e~eTCH .B3 ROHKp8THOro B~a ~arpaHaBaaa B 38BHCHT 

Jipm 3TOM 8MIIJIIIT)'~Ii JIY.IISBHJ< ROJI66a.HIIli CllJ!lJQ!ili C RJiacCJI-
~ecKHM noneM OOOTHOmeHHeM 

(2) 
r~e J._ - HOJ*BpoB0'1H811 HOHCTBIITH. 

TSKHM o<1paaoM BAIUfO, 'tl'l'O Ha.zJJIUe ny.aeBI:lX wo.n: onpe.n:eJIHeTCJI 
HM6BHO TpaK~OHROA HB.BBBapBaHTROCTDD KaSCC.B~eckOro pemeBKH. 
8TO 06CTOHT6RDCTBO npHBO.D;BT R B3B6C'f'HWM Tp,ynHOCTRM, CBR38BHHM 
C yqeTOM HHBaPBaHTHOCTB CBCT8MU npB UOC'l'po8HHB TeopHH B03~6BII 
nyTeM KBaHTOBaHHH B~3B BTHX pemea.ea. 
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3Ta TpynHOCTb AerKO o6xonBTCH C UOMO~m BB~SHHH KQRA6K

THBIIHX KOOp,Italla" H.H.Eor0JIIl6oaa lit). BBO,liiiTCJI HOBSJI JCa.IIOHli'IOCKaH 

nepeMeHHaa: Q(t) , onBcim~ ;u;aeaelUie cJ11C'i'8MI:l B u;eJioM 1 B noJie 

B OYHOCBTenbBHX KOOPnBRaT8X OnpeneJIH8'i'Cft BHpa&eBBeM Eana 

(3) 

r,n;e ~(::c) - ROBiie,TpB.HCJIHJ.UlOHHO-HHBS.PJlaH'l'Hble IIep8ll6HHH8. PaBeHCT

BO (3) paCCMaTpBBSOTCJl KaK RSHOHR'!eCKOe npeo6pasOBaHlle OT CTSpYX 

nepeMeHH!lX <f\'¥,~ It HOBllll- Q(-\:.), cf>~,t) . O,llllaKO, TaK 

KB.K UCJIO aoBHX nepeM.eltW:IX aa TPII dOJIDme 1 MS ltC>.DHI:I HSJIOU'l'h 

TPH CBJIS&. Bs6epeu STB CBJI3B B cne~eM BftA6: 

s v 'U~) <f>~,-t)d"' = o. (4) 

OHll BMem UpoCTO!I ljiBsBqBC!tBII CMHCX: TaK KaK V til"') 
I!JIIIXBTYAH JIYJlOBliX MO)I, TO JICHO, qtO ypaBHSHBO (4) JlBJIReTCJI 

ycnoBieM, ·~ as nona ae~ase~ecKBe, Tpa&~oHHHe MO,n;s. 

Tpaa~OHHHe CTOUOHR CI!060;IIH TenepL OUBCHBallTCJl C UOIIOIIli>D 1<8.

HOHli'!OCKOI nepeueHHOl! Q~) , ltOTOpaa &MeeT 6cJlee IIBI'.IUU!HHI 

(pBSJI118C.KJII Clll:lCJI B ;n;aeT BOSMO&HOCTb 'l'OtiHO yq:ecn 38.ROS: COXpa.H8H.BS 

BMfiY~Ca CBCTSMH. 

nelcTB!TeJILHO, as-sa Tpaa~oHHOl! BHBSPBSHTHOCTB &amell 

Se)la'!B UpH npeo6paSOBSHBB (3) JlHl'paHUaH MOKeT SaBBCeTL TOJlLitO 

,.j Paccp,neHBJI 6YJ1ell npoao)li!TL B mpe,llllarepoBcKOM npe;ncTaa-

JISBBil, r.l(e 

[ CV(¥,t); 'f@•-t')jq =[~(2;,t-);9f(O:.',-l')]{o-\' = 0 

l 'f~); ~',t')J."'' = ;8(0:-.:) 
peaJIBSYJl'l'CJI c UOliOJJILD npe;ncTSJ!JleiiBJI onepaTope. lllllliYJILCa B cne~e11 

BB)Ie: Q 

4-~) -- ''d'l'~). 
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OT CROJ>OC!'B 
B811.8e (3) 8BJ11i8TCH OOil'rHOJI T:pa!!CJllJI1118ll HH. 

Q ~) = 0 npecdpallo

Q(_t.) ~ Q. ) , B J<BJIOH.B-
"i8CROM. {popMMBSNe 8'1'0 03Ha'tlae'l', 1J'fO raMBJIII'!'OHIISH OJJCT8MI:l He 38-
BBOBT OT R00pn8&8'l'H neaTpa CBCT6MH !5~) B, ~8~0Ba'l'SXLHO, COOT
B8TCTByJJllllll KBJIOH.B'IOCI<IIll lU!IlyJlbC HBJIJI8TCH COXpai!HIII(Ol!CH BOJIJI
qe.aol. TSKil.M o6paSOM,Wi MOZ8M DOJUIOC'l'Dil BCMJJ1m'l'D 1!3 pacCMO'l'p8RU 
nepBMBHJ!Yll Ql-') , SBMBUB COOTBBTCTBYJXllllll I<BJIOH.O'IBCI<JIJ! lU!IlyJII.C -i'dj&Q Ra ero SHS'IBUB p Jl, Tal< KaR I<BJIO_l!!I'IBCI<JIJ! BJmyJlbC 

- i ?j';;!Q COBIIB,l(SBT C DOHI!WI4 lU!IlyJII.COM CliCTOMH p 
-i~~ =( ;;)~"')[-;; ld.,; ~ (d,nf~;vlf'~)= P O'Q J?Q a'fta,)J J ' 

npliXOnBM I< JIBHOII,Y yqeTy Sa!<OHa COXPBJI9RMH BJmyJlbca. 
Ta!<BM oOpallOM BII]Uio, 'ITO npeoopalloBIII!Jle H.H.EorOJIJ)6oaa x 

K04n6R'l'BBHHM nepeMeHHHM ~aeT BOSMO.aOCTL npoBeCTH KS8BTOB88B8 
B0nm3B xnacca~ecaoro pemeRBs, RBHO yqBTRB~ee Tpaa~o~ 
liH.BaPBBJITHOCTD S~H.'Ill, 

~ Onpe;lleJIOIIIIR I<BJIORJI'!OCRMX BJmyJII.COB DOJ/SI ~) Y)lOOHO 
pacCMoTpeTD nwr!Wll Ha6op pemeRllll YpallHOUH IDpe)ll!JII'epa (I) - Y.C?O} 
~ npocTOTH OY)leM npe;llnOJiaraTD, 'ITO 8TH pemeHBR BemecneHH.H H 
:YilOBJieTBOpRDT yCJIOBBRM DOJIHOTR B OPTOHOpMipoBBJIHOCTH 

(5) L lf.cx)'l((j')=n"'-;;') k . 

Tor)la YpallHeue (3) c yqeToM ;llODOJIRliT8JlbHOro yCJIOBI!Ii (4) JierRO 
nepenacan. B 6aa•ce 9T.BX B61C'l'OJX>B 

(6) 

r)le Q, ( l'l > 3 ) - HOBI!e Kanoanecxue xoop)u!HaTII, 
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C noMO~D npeo6pasoBaHHH (6) n~aeM ~ KaSOHBqecKBx 

liiMIIYJIDCOB 

c£-(?'):=-i'2__ ='dQ P+L QQ, \)~ 
'd<f~) 'd'f0,) ">1 9'-f(?o) ' 

r,n:e p H p~ - HOB~e HM!IynbC~ 

(?) 

(8) 

~ nepexo,n:a B HOBOB npe,n:CTaBXBHB6 llpaBJD qaCT~ ypaBHBHBH (?) 

HalO 3aDICaTD B TepMHRSX HOBHX KBHOKB~BCKBX BMQYALCOB Z ROO~

HaT. !loeTOMY •• ypaBHOHBH (6) c noMO~D yCJioBal! opToroa~socu 

(5) B~paSBM l!OBHe Kal!OHBqecKBe nepeM6HHH6 qepes CTapae 

(9) 

C llOMO!Ili>D 8TOrO ypaBHOHBll .n:erKO HSJITII CMSb MOW BO.n:BUHaMII 

9i'd<fl&) II ~~~) , JleliCTBIIT8.1lloHO, ,n:ll<fiPepel!llllpyH (9) no t\)~) 
H BOcno.n:~SOBaemKC~ ypaBH6HIIHMH (5), (2), .n:erKO no.n:yqaT~ YpaBBOHBO 

(IO) 

r.n:e 

IIo.n:cT&B.n:aH (10) B ypasaeHBe (?), n~eM 

(II) 
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'dQ 
Hall!leM Tenepr, 'dcf(,;o) • ,It>JH a~oro ypaBaeue (6) crrpoeKTMpyex 

Ha DOB8pxHOCTb RyRBBHX MD~ 

llpo~epeJII1llpoBaB 3TO Y]JIU!HOHIIO DO Cf'(§.) , DO.Ily'laOM 

(!2) 

r~e 

(!3) 

!Is ypaBHOHliJI (12) HHXO.IIKM 

'JQ - ' -1 ) ?<f~) = -l oc +~Jl Q,1i ~/2'-Q 
B on~exgeM &aaoHaqecKBI HMUY~C nona, DOACTasxaR 8TO.BHpazeBHe 
B ypaBHeHHe (II) 

llOJJ;n!8HH08 BH]JUeUe .IIBJIHOTCJI KOH8'UIIlM IzyH.KTOM B Dpoe!JI8M8 KBaBTo
BaHHS B6AISH RnBCcHqBCKOro pemeaaa H8 OCBOBB o60~BBBHX KOO~
HHT H.H .EoroJlllC!oBa. 

,lt>JH DOJ!ROTH KaPTII!IH pecCMOTPIIM yCROBII8 8.l)MJITOBOCTII, KOTO.POMY 
~OJillt!IH y~BJieTBO.ll!I'rD onepeTope IIMIJyRDca 

- ,!(} 1+ ,9 l- '":l<ffu<) = .,?~)' (!5) 

CnpeBSA!HBOCTb 8Toro yCROBIIR Be HBJIR8TCJI 0~8~1 liS DO~SBBOro 
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BHpaEeBRH (14), a ee ~oRaaa~e~cTBO Tpe6yeT paccuorpeHHH BK0-

6Haaa npeodpasosaHHH 

(16) 

i =i}, 3. 

Ma~PJIIIY q IIOlUIO DpOJlCTBBll~" B BMO DpoH3Be~eSRH 
de< 

(17) 

c 

' c= 
I -· F'" o , < F F >,s < ; 't~ > 

___ 1 _______ _ 

"''
1 F > I 0 I~, 1 1 

' 
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I 

d l =/' <F,f;>. 0 e-c d de-c - - _ _ ~ 

0 ~.~ r.11e 

de+. (I+ c) 

uanyqaeM, ~ B cyuuy (IS) ~eHH c aeqe~KYN 
' TaR RBK xs-sa onpe~exeHZS c 

iK~~ 

c =0 
' 

r)18 ~ 'i - 118"P"111i paaMepHOCT.I 3x3 

a;j =T, < F F>;/. < F;. t ><'f, F> 
~I> t\. 

D0.!1CT~ uanyqesaoe BHpaaeaae B ypaBReK.Ie (I7), n~ae» 
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\Je--l F\" =de.-L\n; F;>\de.-LCl. H).J = 

=dd\ ~ ~ F; > -~ < F,'L>" ~Jj? \ 
(19) 

BocnOHDsoBaBmBcb Tenepb yCJOBBeM noxaoTH (5), ypaBH6HMD (19) npe-

Aaell BB,l\ 

l .deH\~ =de-l)L<'F;~Jl,><~,F> [ = l-det 1F;'J!)]" 
~ •I :) J ) - ~ J ) 

~ 

OTicy,lla llliXO,Illlll J!BIIIll! BHJl Jllt06BaBQ 

r,lle 

BBeAR o6osaa.reHHe 

e. =rd. ·L" Jl'Q,) .. 
1J ~- )v ~ ~ ' 

.neri<O nOKa3HTb, 'ITO ARB apMBTOBOCTB onepaTopa JIMilY.nDCa (15) 

~o~o y~oB.neTBopRTbca ypaaseHBe 
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c noMO~~ ROTOPHX £erxo ~oRaSaTL cnpase~BOCTh ypaaseHBS (2I). 
TrumM odpaamn,orrepa.'l'op (14) snuiHSTCJi spu:aTo:eLtM: JJ, CJie.n;m~a'l'SJffiBO, 
npi!BO~T K SpMBTOBOMy r&UlJII>'l'OI!HaHy Jllll!Th np.ll 7'<8TO JU<00Ka.Ba npe-
06paBOBaiiBH, 

B Sa.ltJIPq8U6 8.B'l'Op C"V:'l'a8T CBO.HM UPliiB'l'HHM llOJli"OM BBpa..3HT:& 
dJiaro,llapHOCTD B.A.Ma'I'Beeay sa DOCTaHOBKy Sa,lla'<l! B ll8JIIIIie Sllll8'<a
Haa, H.H.BorOHDdoay B A.H.Tas.xeJIIJ)lae sa BH'l'epec a padoTe a nOHes
Jilie oOcyll)lel!l!a, H npasaaTMeH G .11. 311aTeay sa wro~oTBOplllie ~c
eyccl!a. 
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