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l.BsoneHHe 

Llsa 06CTO>tTGJlbCT£l8 rro6yll<i1CllllT £\HO£\b BepHyTbC>i K H3Y'IPI!Hl0 /101!0Jl

H!1TGJlbHOrO yCJlO!\llll ( Hlf~\e /l,y,) ¢epMH-fyrrTh! ll, 2 l B rrJi 3CJI6Pjlr0Lif:K<lii 

KapTIIHO II Jl,y, illHI!Hrepa-6m•iii1P[l£l 13 •4 1 l3 Ki1[1T!ll!0 1\3{!11' OIWiiCTI\111! II KBClll-

TOBOA 3J1eKTpOilllH8Ml!KO. 

Bo-rrepBhiX, 3TO HC"LlOCTDT0 1iHEHI H3y'-IeHHOCTh MexnHH3 1n pn6nThi 3THX 

n.y. B rrpHcyTCTBIIH ClH!3aHHhiX cocToHH!tii I 5,6l. Kpo~te TO-o, :t.y. illiii!IIrC!-

pa-6neiinepa 06hi'IHO He o6Cylh/WOTCII, TBK KClK !\ [l<lMKilX a 1lliJ61lTI!'!C<'KOii 

rl!!10T03bl C'll!TBC!TCII, 'ITO ilJl5! COCTOIIHHi"! ¥ (_±oo) OHO CBO l!!TCII K Jl,y, ¢ep-

MH-fyrrThi. CywecTBOB[lHHe CB5l3aHHhiX cocTOf!Huii TpP6ycT ) TO'IHC'J£1IH flJUirl-

6aTl!'IOCKOA r!!IIOTG3b! ll 8Cl!Ml1TOTI!'IOCKOro a,y, 

Bo-BTOpHX, ys:~cneHHe pa60TJ,[ n.y. B 3neKTpO!lHH[ll\111Kt B[lrld!O /UJS.! pac-

ll[lOCTpaHeHHII ljlopM8Jl1!3M8 ¢epM1I-fyrrTl>l HB pO!lCTr>CII!!Iole 3 IPKTJlU!l!!ll<l\IllKC 

TOO[HI!I - KBBHTOBBHHhiO TeopH!! .f!Hrn-MHJ111C8 17-0I ll 3iiHl!TeiiHa IJO-J 5 I

c cyuwcTneHHO 6orree CJJOli<HOli crpyKTypoii I 12 ,OI. 

B IT!!, 2 u 3 nncroHweii pa60TI>I KpaTKO pe3IOM11pyvnc 1 !13HeCTHI.fe pe-

3YI1bTi1Tbl 0 !1[lii'IE'M rHJlb6epTOBO !![JOCTpClHCTBO C fl('011[l011E'nE HHOii Ml'TflllKOii 

TpaKTyercll c l!OMOIUbiO yrrpOW0HHoro tpophtBJ1H3Mil fynru 
1101 

(eM, T<JK~,e 1 17 1). 

YKH3i111 pHil Bll>KHI>IX cnoiiCTB onepaTopa or f\r(?c.') 117 I n JOYTIIO OT\fO'WHl>l 

33KOH K8J1116pOB04l!I>IX Ilpe06pa30BUHllii MBTpl!Ubl ¢cii !IMUI!U-, lniiCOI!<l .S(t. ,t.:} 
( 15) ll CB>t3b (6) \fC'lhllY raii3eH6eprOBCKOii K11flTHHOii II KBflTl!HOii I\381!-

MoneiicTnl!ll (Koropue aaropy Il JJHTeparype ne BCTp0qanHCI ). PeuPnT nocr-

p08!11!11 COCT051l!!lii, y!lOBIJeTBOpii!OIIliiX 11.y, ¢epM11-fyi1Thl, 'lf 8!1CT<JBJI8H B 

11,3 B HeCKOJibKO 6onee llpOCTOii tllOflMO IJ71, '!eM rynTOBCK!l'i 
121 , o6J,!qf!Q 

H3IlnraeMb!.il n y406HuKax 118-201 
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B n.4 o6cy;K laJOTCSl MaTpH'IHLie 911eMeHThi :!:, -MaTpHUhl Me)l{llY COC-

TOSlHHSlMH, YllOB11e''BOpSl!OlUHMH n.y. PaccMOTpeHa .S-MaTpHua KaK Me)l{/ly 

6eCKOHe'IHhlMH BpE Me HaMil .( B paMKaX 06hi'IHOM anH868TH'IeCKOM f'HnOTe3LI), 

TaK H Me)l{ny KOHE'IHbiMH, KOI'Il8 9Ta f'HnOTe38 Hel!pHMeHHM8, a /l,y, eCTb 

yCI10BHe ill BHHI'ept -E11eli11epa, n 0Ka38HO, 'ITO HCllyCKaTbC Sl H l!Of'I10!Ua TbCSl 

Cl!OC06Hhl TOI1hKO IOl!epe'IHhle KBaHTbl (co Cl!Hp811hi!OCTSlMH :!:1) H 'ITO TOI1b-

KO OHH y'IaCTBYJOT H npoMe)l{yTO'IHNX COCTOSli!HSlX B yci10BHH YHHTapHOCTH, 

3To - Cl1ellCTHHe :OHMeCTHOM pa60TN /l,y, H K811H6pOBO'IHOli HHB8fli!8HTHOCTH, 

Mbr ocTaBnSleM B :Topone TPYilHOCTH, npHcyuwo :!:, -MaTpHue Me,.<ay KOHe'I

HI>IMH BpeMei!8Mll, T,O, TpyllHOCTH C Cy!UeCT!lOBLlHHeM 
1211 , C fJHCX0/1HMOCT5!

MH H nepeHOpMHp< BK8MH 
1221 , C npH'IHHIIOCTb!O /23/ B Halle)l{lle, 'ITO OHH 

B KOHe'IHOM C'!OTO naiiayT CBOe MaTeM8TH'IOCKOl' pa3pl'!Ul'I!He ( CM., HallpH-

Mep, /:!4/). 

B n.5 H3y'la< TCSl pa6oTa n.y. B raA3en6eproncKoii KapTHne. llJ!Sl cooT-

BOTCTBH5! <jlopMyJIH]•OBKH c!>epM11-fynTbl TeOpHH ll K8Jl!16pOBKe H3JlY'IOHHSl He06-

XOilHMO HMei!HO 11 • .', c!>epMH-fyliThl, a He KaKOO-JIH60 HHOe ( CM, /1?/), HMeH

HO OliO l!03BOJIIIC'T CI\OCTH ypaBHeHH>I H onepaTOph! ~lOpMyJIHflOBKH c!>epMH-fyn-

Thl K yp::mHCH!HI >'I II onepaTOfl8M B KaJI!16pOBKe H3Jly'!eH!H!, 3aTpyilll01!115! 

fannepa II f1illlft0H IU8 /G/ C a,y, c!>epMll-fyiiThl, B03MOJKHO, CBSl38Hhl C OT

KilOHeH!leM OT CT!l !!18pTHh!X o603HB'IeH!Iii ( KOHOU 11.5), 

n ,6 llOCFH(J(JO ! <jlop~t8JIH3MY c!>epMll-fynThl B KB8HTOB81!Hh!X TE'OPllSlX 5J H-

ra-MHnnca 11 SiinrJTeliHa. Mr,r orpaHH'IHBaeMCSl 11HWb 3aMe'laH!1SlMH o MaTpu

ue .s ::.,S(oo,-e>>), non'IepKHBBOTCSl, 'ITO )lJ!Sl TOI'O, 'IT06hi s -MaTpllUB 

ynonneTBopHna np; B!111hHOMY ycnonmo yHHTapnocTH, nocTaTO'IHO, 'IT06I>r oaa 

6h!l18 HHBBpllaHTHOl OTHOCHTeJlbHO 'IHCTO aJlilHTHBI!hlX KDJIH6pOBO'IHhlX npeo6-

pa30B8Hl!ll no Kpal IIOH MOpe B 06KI1allK8X MO)KJly COCTOSlHHSlMH, Yll0BI10TBO-

flSl!OlUHMH il,y, 

HeKOTopwe CBeneHHSl o 6a3Hcax B rHnh6epTOBOM npocTpaHCTBe Bh!He

ceHLI B npHllO)I{eHJ e. TaM, B 'IBCTHOCTH, llOK83h!BaeTCSl TeopeMa, xapaKTe-

flli3YJO!U8Sl Cll TyaUH :1, B KOTOpb!X npOJl011bHbie !I opeM<?HHI>!e BOKTOflHbie KBaH

Tbl ( H COOTBeTCTB '!OlUHe TeH30pHLie) He BHOCSlT BK/18)18 B CYMMY no llflOMe-

)l{yTO'IHhiM COCTOSll H51M, 
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2. ilononmtTeiibHoe ycnoBI!e B pa3JII!'c!HJ.rX npeacT mneJin>Ix 

Hac 6yJleT I!HTepecoBaTb CI!Tyaunll c Jl.y. B cneJlyJoutn ~ 'WTL<pex llfJell-

CT81\J1Cllll>IX, 

1) rati3eH6eprOBCKilH KapTHH8, TCOpli>I ¢epMll, il."lll Ol!J>CJ1CJICIIIIOCTJI 

nyCTb 3TO 6yaeT CflliHOpl!a>J 3J18KTpO/ll!H8Ml!K8 C fiJIOTl!OCTblO narpaJOhHIJllil x/ 

(1) 

rae 1\r("'-) - 4-BCKTOp-riOTOHUHMI 3JICKTflOMHPI!liTHOro IIOJ1,1 0 'f{;t..) - Clllllll>p-

1108 3J18KTpOHHO-fi03H TpOI!HOO IIOJ1C 0 ,C. (X)= c."(><.) - 3 lf>ll/lOllO-C<oiiJ "'-

lKCHI!OC , l!OJlG ( (.. -MaTpl!Uil 3ap>IIl01WPO COflfJHiKOHIH!), II 

=;.~ (_'f'l'r't'- 't'c. Yr't'c..J· 
jr(x) = 

¢H3H'-ICCKHe COCTOHHif5-I BI,J;IeJI>l ()TCH C llO\:C!lllbltl 

H.y. ¢<'p~tu-rynThl xxx/ 

(2) 

2) rafi::JCa6eproBCKIHI KapTI!HH, KllJ11!6pOHKH H3JI)"l011!!51. l.y. TO ;1\(' 

(3) 

x! 
ilns1 0603Hal{8fiHH OTlCparopoB l1 neKTOpOB COCTOHHIIH B r~ai 3\.~JI6~pl OHC'l\Oi'! 

KapTHHe HCITOJlb3yeM H<HpHhiii , [1 n K8pTUH8 B3aH l\IOJletic Tl' ~I H C!1CTJ11.1 it 

IupnqJT. M '" nar1eeMc>1, 'ITO ltcnollb3onauHe B HOKOTOflhiX r:ny<u >IX ;I\11[1HO-

ro 'llpllq•TH TIIKlKC II JlJISl 06031!H'!eHHII 3-BeKTOpOB l!O llhi301\•'T HOI!OpD3YMP

HIIH, 4-neKTOpbl cua6JKnKlTC>I rpe'!eCKl!Mll (J"-1,t,;,~t) , il 3- .. eKTOPI·l JietTI!ll-

cKH"H ( 11'\. = -1 11,;) llllill'KCH,.Il!; flpliHSlTH MeTpliKtl )1..~= .X,!;+-)(!= X,!; -'X!; 
()l~,:\.)1...,). 
xx/ 

ilo6annetme KOI!Tp-'!JICHOB nepeHOpMH['Ol3Kl! l!G li3MOIH1C'T llhlBO,JOLl, 

xxx/ ~ /5/ /18/ 
Cornacao raHTnepy l1 6oromo6oBy II WnpKony I OJl:J;:,aTeJlb!J(l-

11 0Tp11U8 TeJibHO- '!LlCTOTI!bie '!HCTH OT\10'!810TC>l 3HIJKH ~Ill (-) I ( +), 3To 011-

paBJlHHO Banoiine: n CBo6onaoM cnyqae A(-)(J_) Bld[lfi/,<'l<'TCII 40fl<'3 

a.Cp)e.-i<.Ut (w >0) 0 T,e. '10p83 OTl0pLlTOp YHII'!TCJ;i<<>ilfl,l II "lKCI!UIIOI!T)' 

CO 3HBKOM MltHyC ("nonO/K!!TeJibHO-qaCTOTHLtH" 3aBilCH:\:OCTb). 

5 



I 

3) KnpTHH:l n~ <t(f~Jo;u>~ICTBIIS.I DJIH TeorHJI <PepMH. il.y. ('C'Tb ycnornte 

illBHHrepn-6Jif'iiJIPpii /3,4 / 

rile 

['Orf\~'6<-~-~ ",.~~)0<-'<t))J't')l'i(t)=O, 
'!o=i 

4) KapTiiHfl n J<iH\lOUeiicrnHH, KOJIH6ponKa H3.TJ:VlJf'HIISl, r'ne n.y. cnonn 

eCTb ycJIOfiHP tPop,\1 1-fyllThl /4/ 

H3B (?CTHo, 1 JT( nee ~TH cflopMyJIHpORKH npa TnKHX H.y. >:)KBHHCJ.JlCIITIIhl 

MBlKJlY C060il II ~1BK-:BGII!lOF\CKOH rjJOpMe 311PKTfHl/11IJWMllhll (eM, /1?/), 

(4) 

(5) 

fipHBenel\1 Il,Jl;..[ CIIpnBOK CBH3t1 Me>±<...Jly 9THM!f t.IPTld)Jb'\lH rrpe,\CT<JBJl(~fiHS:f

MH ( 0;_ - TC' I!JHI 11HJ,!G Ha6JlJOJ]a8Mhle)o 

flepOXOii OT 1) K 2) 

A~ (x) =(o..,.,- ~ i. d..,o.,)A~C.X), 

,..1.()(.)= Q.-i.e.A.-"<l,_l\0\.(x),(x.), 

O .l.. 0 
'L i ' 

'i.l. - v 0 

flepeXOJl OT 2) K 4) 

flc•poX0/1 OT l ) I< 3) 

A,/Y..) = U(,....,,t;'}A/"')U-10<.,to)
7 

~(JI.~ = UG:o,to) 'f(J~.')U-~~ .. ,to) 
) 

Oi (t ~-=U(t,t.;-,Oi(t~U-1 (t,t.,), 

'-l(t)-=-U(t,to)Y 0 

flepexon or 3) K 4) 

A~ {1c.) = lJ.L.(Xo,t;)~(,c.')1J~i.(')(.,)to), A.~~)= (SIO'H,- JX1 0101 1n )f\1\.(~, 

't' .L(.)() = u.L. ()(..,,tc:) '4 .I. ()c.) u~~ V<olto), '-t' .L (,.~ = '\'(x)' 

OtC.t)=-lJ.~..(t.,to)O~(t.)U,;:"(t,t:), o t lt) =-v-\t)Ot.lt~VCt), 

Yl.lt) =-U.l<t:,to)~.L.. ~.l.(t):V-\t)~(t'). 
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OneprlTOpbl U , U .1. H V 
t. 

S(t,t .. ")=T e."'~'{i ~J~xj ,l>c)l\t-<.<)J, 
t to 

U(t,t .. ) = £,(t,t.~V(t..), (6) 

1fJt,t~=,S.L(t,t~=T e.J<.rtt ~J\ (lMt...lM- ~lit ~1}4 -l't-~4 ti'1:\.~t'(_x~~(7) 
to ' 

(8) 

rHe T o6o3H8'laeT T -ynopHJJO'lHBam1e, 0TMeTHM CBSI3b 

(8) 

CKilllS!pHa>J COCT8BTISI!Olll8SI ovA.,V<) neKTOp-ITOT8Hl{d1Wa o6nanaeT MllO

J:'HMH HHTepecHJ,JMH cnoiicTnaMH 
117 •251 • KaK onopaTop, nc Q'li!IHIIOlllHiicH cno-

60QHOMY ypanHeHH~ 

( 10) 

A 
• • 

(cnoaCTIIlle [J :-J u 0 J =-0 r r r r ~ ona ne H3MeHSieTCA npn nepexoao K 

KapTHIJe B38HMOaeACTBIIA 

(II) 

fla*e B rai\3eH6eprOBCKOi\ K8pTHH8 OH8 HMBBT npOCTWe CB<i\CTBB KOMMYTB-

UHH C 1\r(~) H '\'(~) 

[ovAvV<),Arl1)1 = i:;J< Ao(x-'<!-) (A.,0<-)=~':)0'\+~<-:\,c)J 
1 

(12) r 

Ec;>ee TOJ:'O, ovA..,(!.) noo6me KOMMyTnpyeT co MllOJ:'HMH ( nepaTopa~m: c 

1\. .. ('t), 't'l.(~)' jr('}), rr"(';} ), 1\~('t), ~('t)' j,kt) ''f~.,('t)' s-1. (t,to), 
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"caMa C co6oii", T.e. cOr" (1-~ ll CO CBO!lMI1 ITOJlO>KilT8JlbHO- ll 0Tp11Ua

T8JlbH0-48CTOTI!hl All COCT8BJl:!OlllllMil C!r "r('} ))(:+) x/ ll[lll Jl!06h!X Bpe~!e-
Hax X. ' ';}o t . B rrourrpocrpaHcrne cocrommii, ynonnernop>rJOJUilX 

n.y. ¢epMH-fyrrTir, oHa neaeT ce6>r KaK c.. -4HCno. To ~'e OTHOCHTC>r K ee 

nonO>KI1TCJJbHO- " oTp11UaTeJibH0-4aCTOTHbiM 4HCTI!M. 6n8rOJ~ap>r KOMMYT8U11H 

C 5 .1. ( t ,to) , I epeXOil OT ll.y. ¢epMH-fynTI>i (2) K yCJJOliHKl illBHHrepa-

6neiinepa (4) np ~TO OCHOBHH 118 COOTHOW8HHH /
4 / 

( 14) 

noll'ICJlKHCM, 4TO rrepeXOUbl 1)-+2) ll 2)-4) ll[li!BO!l>JT He K CT!lll

llapTHh!M ypar\f!ell1HM II onepaTopaM (aa6JI!Oil11eMbiM) ll KIHIH6poBK8 1!3JlY'Ie-

Hif}I 1 8 K TaKHM, :J KOTOpbiX CO}lep)l<H.TC5I nHUIHee I33[1HM0JlAf1CTBH:e C C. -t.m:c-

JlOBblM noneM o 1 1\v()<) , KaK, HanpH~wp, n ~.1.(t 1 to) 1171 . HeTpynHo 

y6paTb 3TO JIHUJII 'e l\381lMO!l8i1cTBUe ITyTeM llfl08UHpOBHHUH HH fl0JlllpOCTpL111-

CTBO cocTommii, YIIOr>JJeTnopl!lOIUI!X n.y. ¢ep,w-fynT~>I. Ho 3TO ycno~<HHeT 

B381!MOCB>l3H Me~ flY 11peaCT8BJJeHil5lMH, ll ~!hi, BMeCTe C 6nei1JJCpOM /4/, 

11p81ll104l!T[leM 3T >rO He JleJlBTb. 3Tl!!>.l 06b>TC!!I!CTCII ,rroqe~ty K8JIH0p0BKI1 113-

JJy48HHH Bblll18 CC ll[lO!W>Kfl8JI8Cb /l.y. 

0TMeTfiM 31 KOHhi Kanu6poB04HbiX npeo6pa3oBnii11ii onepaTopos S H V. 

r·ae 

(17) 

x/ 
Buiaenemw nor o~<uTeJJbHO- 11 oTp11UaTeJJbH0-4HCTOTHI>IX 4acTeii ~IO)hHO ocy-

rueCTBI1Tb C llOMC lllb!O /26/ 
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a !\(~~ - C- 'HICliOBaH KaliH6pOBO'lHa51 <jlyHKU1151. 06hl'lHO l raii3eH6epronc

KOll KapTHHC npeo6pa3yJOT onepaTOphl TIOllH, a BCKTOflhl COCTO>llll!>l v 
C'l HTaJOT KaJJu6pOBO'lliO-HHBapH11liTI!biMH. Torr111 H3 ( 15) II ( 1 6) HC I! a HC06XO

IH!~lOCTb BBC11eHH5l MJIO)hHTerr>r V(to) B 1}(t 1t.o), 'lT06hJ o( ecn<>'lHTb npa

BHl!bHOe Kal!H6pOBO'lHOC IIpeo6pa30BaH!!C BeKTO[JOB COCTO"'fl!l ¥ (t) /3,27' 17 < 
KaK BHI!HO H3 ( 15), B paMKax apua6aTH'lecKoii J'HTIOTe '"' oncpaTop 

~(oo 1 - oo) KarrH6poBO'lHO HHBilpHaHTeH, npH4CM cornucHo (!') S(<>o 1-~:.'::)_fao,-~. 
EHrrhlHHUKH-EupynH 1281 nopqepKHyn, 'lTD, CTporo ronopA, tanH6pono'lHoA 

HHBapHaHTHOCTb!O o6napaeT TOl!bKO nepeHOpMH[JOBaHHa>I MHT[ HUO s (bO,-oo). 

3. YcnosHe ~epMH-fynThl n cno6oaHoM cny'lae 

KpaTKO HaiiO\\HHM cuTyaUI!KJ c a.y. ~ep~IH-fyuTI·I n c J06onH0'-1 cny

'lae (e.=O) , KOTOpasi B OCHOBHOM TI!TIH'll!a II !lll5l CllY'lil51 n:: aH/',10/lCiicTBH>I. 

BsoaHM onepaTophi ymf'lTO~,eHH>I H pOlK!lCHHII pa3l!O)t\CIIIHI"Hf THIW 

I-re=\ pi)' 
(18) 

(10) 

B oTcyTcTBHH n.y. B rHrrb6epTonoM rrpocTpaHCTBe ~!OlKHO BJ..i5paTb fiCJ3!!C 

(20) 

rae BaKyyM ~. onpeaenHeTCH KaK 

( €(p,'i>) If c:..(p,c:.) - OIIepaTOp!,[ YHH'lTQ~{eHH 51 3JleKTp0110B If 10311TfJOHOB). 

CocT051HI!5l (20) c HC'lCTHbl~l 'll!CJlO" 'leTBepoK cpeaH r;. o6nanmoT OTpH-

ULlTel!bHOii HOP"IOH, OCTallbHhle - 110l!OlKl!TCilbHOf1 ( HCOHpepell ll!Jia A MeTpHKH) • 
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8 f\('J.) - C- 'IHCJlOBiJH KiJJJH6pOBO'IH811 cPYIIKIHHI, 06hl'IIIO > raii3eH6epronc

KOH KiJfJTHHC rrpeo6pa3yiOT O!IepaTOphl !IOJJH, iJ I\CKTOphl COC1 OHJBIH v 
C'IHTaJOT KLIJ1116pono'IHO-HHBnpHtli!THbiMH. Toran 113 ( 15) u ( G) HCHa Heo6xo

JlHMOCTb BBCJleHHH MHO>KHTenH V(to) B U(t;lo), 'IT061>1 oi•ecnc'IHTb npiJ

BlWbHOe KllJl!16pOBO'IHOC rrpeo6piJ30B81IliC FlCKTOpOB COCTOiliHI I ¥ (t) /3,27,17 < 
KnK BlH\IIO 113 ( 15), B paMKax ag!fa6aT!f'lecKori rHrroTc Jhi onepaTop 

~(00]- oo) KiJJlH6pOBO'IHO 111IB8pi181ITCH, !Ip11'1CM COr'IWCHO ( ) ) S(c:.o r~-=5.1..(ao1-~. 
EHJJhlHHUKH-EnpynH 128/ rrog'IepKHyn, 'ITO, CTporo roBopw, 1 iJJJ116poBO'II!oA 

HHB8fJl!BIITHOCTb!O o6nagaeT TOJlbKO rrepeHOpMHpOB8111185! MilTJ HlliJ s (bO,-oo), 

3. YcnonHe ¢epMI1-fyrrThl B cuo6oaHOM cnyqiJo 

KpnTKO HanoMHHM CHTyaUHH) c a.y. ¢epMH-fYIIThi ll c no6onHoM cny

'liJe (e.=O) , KOTOpaH B OCIIOllHOM TH!Ill'!HiJ !! 1-1Jll1 CJJy'lilH n: illll\10/lCIICTBHH, 

BnonHM onepiJTOphi yHif'ITO>hefmH H pO>KJl€'H!!>I piJ3JlO>KCHHHI\III THna 

~p.=\pl), 
( 18) 

( 18) 

B oTcyTCTBHH n.y. B r'lWb6epTOBOM rrpocTpaHCTne MO>KHO m. 6paTb 6iJ31!C 

¥o, a.+rr ... )v., a.: r ... )a..+ r ... \,.r 
't' 1 1 'f"'i 1"2. '-rtl "r 0 ' • .. , 

(20) 

rne BaKyyM ¥. onpeneJJHCTCH KaK 

( €(p,'i>) II c..Cp,s) - onepaTopi>i YHH'ITO~<CHHH 3JleKTpOHOil 11 I03HTpOHOB), 

CoCTOHHHH (20) c HC'ICTIIhiM 'lliCJlOM 'ICTBepoK cpenll r;. o6nanaJOT oTpH-

UaTeJlbHOii HOp~lOH, OCT8Jlbllble - [JQJlO~\HTCJlb!IOA ( HCOllpC/ICJl 'llli8H MCT[Jl1Kil), 
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YTo6Lr pa3pewHTb ycnmlHe <PepMH-rynThi, KOTopoc Mo~<~ro 3anHcaTb 

KAK 

~a..+~)'\f -=0, (22) 

yao6Hee DMCCTO (2J) !lOJ1b30H8TbCH 6a31!COM 1 llOPO*!lACMidM OnepaTOpaMII 

pO~<UCHIIH l!OllC[lO'IIldX, CKnJlH[lHOro II npe"e!HIOrO KBAIITOB 

e<~)a..+(p), e(2."a..+(p)
7 

flO..+~), -na..+(p), (23) 

rne OL~(") cnpoe l11pOBaHhl Ha HeopToromWbHhrii 6n3uc oeKTopon 

e.~1\p) , fr u rt..t' co cnoikmaMu 

e~\p), 

\'~=0 } ~e..(~) "0 c..'-i)e<..D=5 .. ~e.tt)=o n'l.=-1 (iJ)=1,2.)(21l 
1 J 1 , 

( CM. DpllJIO,I<Cl!UC). D OCTOpOHIII!M npeMCHI!llOJ106l!hiii BC'KTOp 1'\..J-' 6epoM 011-

HilM 11 Tc~r ~<e a1111 nr:<ex f! . Ycnonue <PepMu-rynTH cneayHJIIHIM o6pa3oM 

paC!IlCfiJIHCT rUJib6C pTOBO 11pOCTfJAHCTBO. 0HO [li13pCillilPT: 

1) ¢tH3~Jl-lt"'Cl<O ~ IJOflripOCTpaHCTBO, Hc:tTS:IHyToe Jl() 6a.:JIIC COCT0t;I![Ui1, B 1\0-

TOph!X llO!lYCT!1MO 'IC!CT!Ie TOJ!bi<O •lO!lC]lC''IIIl·IX KIHliiTUB ( ljlOTOIIOBl 

{<I?~ 1·· ¥4... 
e.l'-)ctc.,) v"-

(e.li) ~ ( ~ )) ( ~}) ctCct)) \\!a. 
................................ 

(25n) 

rae ¥ CL - DaKyy >I !Inl1 'IIICTO 3neKTp<JHIIO-!l03IITpOI!HhiC COCTOHIIHH: 

\. v~~·. 

'+-(","=>) g+ ('1,~) ~:io 7 

¥0 
e,+(r,s) ¥o, c..+cp,.~) ¥0 

~+ (lt,~) c..+c'\,5'Y':io . c.. +cp ,e;,) c..+ c,v~'}"~-0 

( AHAJIOrH'!HO MO)hfl• • DKfliO'IHTh B paCC~IOT[lC'l!I!C 11 Ll['yrHe 'WCTIIUhl); 
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2) 6C3Bfl8/lllhlii "<jlon" - COCTOSIHIHI C y'!aCTH8M XOT I 61>1 0.11!0PO CK8JI5!p-

JIOPO KB8JIT8 He3aBHCHMO HJ!H HiJfHIJlY C II011epe'-ll!I,IMH 

trr"J: t'~(r)1fa 
(e( i)~<r ))(ioc('\))¥oL/ra.+-cr ))~O:(C\))~c. 

(256) 

BMecTc pa3petlleHHt.Ie cocTOIIHH>I <!>"- H S'tm MJ,J 6yne\1 o6o3Ha'!aTb ¥.._. 
Ycnonue <PepMit-fynTbi 3anpemacT KaK ue<jm3H'-ICCKHe 

3) BCe COCTOSIHI!SI C Y'-liJCTI!CM XOTSI 61>1 O!lHOPO llfl<?\1CHHOPO Kllai!Ta 

( 1!83[llli1CI!MO HJ!H Hap>lllY C HpyruMH) 

{ Y"'" ~ ·. - n. o.~(p YYa_ 
(25n) 

(e.t i)o..+c., ~) (n_a_-+(ct)")V(i.. ,- C~o.+ (p))(ru:t"t"'l )Ya_,(n- l.+~)) (l't.ct(<\'))VCL 

Te.\1 cnMLIM HCKJ1H)1-I(JIOTC$"I Bee cocTOHII11H c oTpanaroJII>Hh MH HOJll\1LlMH (cpenu 

6n3HCHhlX - 8TO cocTO~liB1s.t c H0 1 IC"THI>IM '-:IHCJIOM upc~teiiHI x KBfl.HTOB), B 

HCKJlH) 1 l0HilH BpCMOJIHidX KBHHTOR - HCTIIIIHOC Ha-3!1Lf4QHI1l' : CJlOBIHI ¢epMH-fyn-

B n pHJIO)KCHHH l!JlOHJ!Jli()CTpHpOBHIIO, 'ITO 6a3HC ( 25) F3 OTJ!l1'{118 OT (20) 

nnnSieTc ~ HeoproroHD.llbHLI M. TaM iKe nnuo cooTHomeHHO n J!lHOTLI ':)THX 6aaH-

con. 

Pa:JpCIIIPHJIJ,!0 COCTO~IIIHH CTjlOSlTCH rryT0M nefiCTrHIH ra IH1KYYM Tflr'M5l 

e (1)~+ ,C'l.)~+ bOL. · xi 
COflTH~111 onepnTOj10B J'0lK/1CliiiSI: ......_ ~ v-. II I" a B OC-

Ti-IJ1bHOM npou3P.:'JJILHhl. Ha :-:JT0!\1 :.r3J,rKr:> nononLHO r.no.thHf,ll IfflaOHJla fynTJJr
121 

0 pa3pCllleJIIIJ,JX KOM6H HaUH HX Ilfl<l~lOJlbJJI.JX H BpeMeUHJ,!X KF HJITOR CBGJlHCb 

K npoCTOMy peuenTy: .1011YCTH"O J!~160<J '!llCJ!O CK<1Jl>lfllll>IX KB<lHTOll 1 !JOA'/188-

Mb!X Ol!PflLlTOfJBMll \JCI..+, 

"6e3BpeauocTb" cocTo>IH:Ji.i SL~ o6ycnonneua 11x c pTorounnbHOCTbH> 

BCCM p83fJPIIJCHHhiM COCTOSIHHII", B TOM '!IICne 11pyr llJlYI'Y II Ca~II!M cc6e 

(HOfJM8 IJCPX COCTOIIHHii 5L- HyJib), 

x/ BcneaCTBHe ynOMSIIIYTbiX Bblf.~ KOMMYT&~l!IOHHJ,JX cnoiic TB 

paTOJl r<L" KOMMYT!IpyeT C e ct.(p') 1 C2. a..(p) H pa.4•) 

II 

arArC)I.) one

(" C- 'IIICJIO"). 



(st,¥) ,~ (~,St) =(st,st)=O 
(26a) 

(3necb 11 HH>Ke ¥ 11 SL - np0113BOnbHhle JIHHeiil!hie KOM6HnaUHit cocTO>IHHii 

<I_>rl., Q.._, n SL~ ), 11 TaK>Ke cooTHOUJe!mSIMH 

(266) 

(26B) 

LUTH orwpaTopoB 31lfHIJ a Q , 4-IIMrrynbca Py , 4-MoMeHTn Mv).. 11 apy

r:JX Q:Hl31I'IC'C'KIIX BellH' !!H. 3TH COOTHOWeHH'il - Cll('J1CTFHfe 1) ljlaKT[l, t.tTO st"'-. 
conepz,HT xoTH 61>1 o;: 1111 onep<JTop }>C1.+ 

3) CBOiiCTII KO''"YT8l:lfll 

, 2) ycnonns1 <PepMH-ryiiTI>I 11 

(27a) 

(278) 

II T,[[, l·b COOTHOIUeHI ii (2fi) HCHO, '!TO rrpHMeCb COCTOSIHI!ii Sl. He BHOCHT 

HHKaKOro BKnana B M lT[HI'lHble 3neMeHTbl 

( ~~ ""Sl', ~·-+ Sl.) =(<'»' ') <'t>) (28a) 

(~'+st, Q ~D+SL))= ((b',Q<b) (286) 

(28B) 

TnKHM o6pa3oM, n K< HL"IHOM C'leTe ocTmoTCH MaTpl!'lHLie 3neMeHThl <jJH3H'lec-

KHX onepllTOpOB nHI!Ib ~IE'ki\Y COCTO>IHH>IMI!, 0 KOTO(Jl,!X >.IOryT Y'li1CTBOB£lTb 

TOJlhKO IIOilPpe'41lhlC K _\8HTI>I - (1HJTOHhl. 
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BoaMO)KHOCTb, ne BJIU5151 na peaynbrar, ao6ann51Tb K mo6oMy cocroH-

HUJO, yaoBnerBopHIO!UeMy n.y. <PepM <l-rynrhr, nponaBonhny~ • cynepnoanuuJO 

COCTOSIHHH Qt\. - 3TO CBOBf'O pOJJ.a K8Jif!6pOBO'll!a51 HIIB8pH81!TIIOCTb B f'UJ!b6ep

TOBOM npocrpancrne 
1171 . Ona, B qacrnocrw, n03BOJI51eT repexonurb or on-

I!Of'O BBKTOpa V\...r K JIJ060MY fJ.PYf'OMy, 'lTO CBUfJ.BTBJibCT lyeT 0 I!BCY!UBCT-

BBI!HOCTU Bbr6opa 3TOf'O BBKTOpa H TeM C8MhiM f'apai!THpy 'T JIOpBHU-HI!BapH-

8HTHOCTb TBOpHH (noanpOCTpai!CTBO COCTOSIIIUH (25a) H 1256) O!IpBJJ.8JIBHO 

nopeHU-HHBapHUHTHO) / 17/ 

4, S -Ma rpuua u aononm-rrenbnoe ycnonne n 

KapTHHB B38HMOilBHCTDH51 

MaTpHua 6 e C K 0 H e q H hl M H Bp<•MeHaMH. Paa-

6UBIIHB COCTOSIHUH Ha ~U3H'1BCKUB H HB~H3U'1BCKUB B CB060li!OM CJ!yqae HOCHT 

'lHCTO ycnOFlHblH XapaKTBp, 06 UCTUIIIIOM ~U3H'1BCKOM COilS J)I\81IHH MO>KIIO cy

/ll!Tb ronhKO n reopuH co naaHMOJJ.eltcrnweM, OnnaKo n 3T< •M cnyqae rpynno 

!IOCTpOHTb HaCTOSI!UHB ~H3U'1BCK!IB COCT051HH51 ( XOTSI 61>1 liB' <1JlhHOB H KOHB'l

HOB) - C06CTBBI!Hhle ~YHKUHH TBX HJIH HllhlX Ha6JIJOIJ.BBMNX (HJIH cynep!I03H

UHH TBKHX rpyHKUHH), 06bl'lll0 3Ty !Ip06JIBMy o6XOJJ.HT 1 pace '-'taTpHBaH s 
Ma TpHUy TOJibKO MB)[(Jly 6eCKOHB'lllblMH BpBMBHaMH t . .-.. -0::: , t-oo H anen-

nHpyH K anHa6arwqecKoii f'H!IOTeae. Cornacno f'Hnoreae npr 3THX npeMenax 

B3aHMO/lBHCTBHB BbiKJIJOqaeTC51 1 H ponb na6moaaBMbiX 6epy1 Hl1 ce651 CB060JJ.

HbiB oneparopbr 3ap511la, 4-uMnynhca u T.n., nocTpoeunLre ra cno60/1HbiX no

neii, a a,y. illBHnrepa-Eneiinepa ( 4) CBO/lUTCSI K ycnonu10 PepMH-rynrbr, Ta

KUM o6paaoM, aanaqa nocrpoeHH.S! cocTOSIHHii Y(±c:.o) cno :twrc;r K pemenno!l 

B n.3. Ha cnyqaii B3aHMOJleiicTBH51 nepenoc.IITCSI BCe caenaHHbie TaM aaKniO

qenuH, B qaCTHOCTil, COOTI!Oll'BHHSI (26) H (28). AnanDf'Hq}LlB COOTI!Oillf'Hii51 

HMB!OT MBCTO H fJ.JISI MaTpHUbl S :aS(oo J -e..o) 

OnH 51BJI51JOTC51 cnencTnueM cBoiicTn KOMMyrauuH 
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KOTOpbie, B CBOIO O'l )peAb, Bb!TeKaiOT H3 KBnH6pOBO'lHOH HHBapHaHTHOCTH 

:; - M8 TpHUbl x/ ( (10pM-HHB8pHBHTHOCTH) 

(30) 

0 1\(.x) =0 (3la) 

(3apHMeHHhle non;~ E npeACTaBneHHH B38HMOABHCTBHH He npeo6pa3yiOTCH, 

CM, /3,27,17/), KoH~peTHBe, Ami AOK83aTenbCTBa (30) cneAyBT BOCTIOnb30-

B8TbCH HH~HHHTB3HMliTbHOM ~OpMOM ycnOBHH (3la) 

(316) 

H nepBCTBHOBO'lHhlMH COOTHOWeHHHMH 

CooTHOilleHHH ( 29), oqeBHAHO, 03HB'laiOT, 'ITO OTITH'lHbiMH OT Hyn;~ ocra-

IOTCH :o>neMeHThl 1:, • MaTpHUbl nHWb Me MAY COCTO>li!HHMH <t> , 
Heo6XOAHMO e J.le y6eAHTbCH, 'ITO nHWHHe KBBHTbl He pa60TBIOT TBKMB 

11 B ycnoBHH yHHTap!OCTH, HcxoAHM H3 ycnoBHH yHHTapHOCTH AnH onepaTopa 

(33) 

f'lle BO BTOpyiO 'lflCTI, paB8HCTB8 BCTBBJ!8H8 CYMM8 no nOn HOM CHCTBMe npo-

Me~\YTCJ'!HhiX COCTO>ll HM, ll KOTOpyiO, KpOMB nonepB'lllbiX, BHOCHT BKITBll TBKMB 

Bpel\,IeHHbiB H CKannp ii•IB KB8HTbl, 0AHBKO, no TeopeMe, ,::tOIW38HHOii !3 npHnO-

•eHHH, B o6KnanKax Me/KAY cocTOHHHHMH V; H ~f , ynoenereopniOWH-

MH n.y. cPepMH-fyiiTl 10 cyMMa peAyU HpyeTCH AO CYMMJ,I nHWb no COCT0>1HH-

HM ¥ . n..· 

x/ <:!. 
tJ -MaTpHua IIJlt>l nonaraercH pa3nOMBHHoii no N -npOH3eeneHHHM, H 

ArcY-) sapbHpyioTc" nHWb noA 3HaKoM Jl -npow3seneHHH. HenocpencTneH-

HYIO nJ'onepKy 3Torc <jlaKTa CM, y <PeliHMaHa /29/ 11 y 6oron106oBa H WHpKo-

sa 11 I (crp. 250) CM. TaK~'e /17/, 
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(34) 

npll'JeM B CHny (29) Vi., ~I\. II ":i.f t MoryT npirJiaane>Ka rb nuwb K '!llcny 

COCTOHHIIH <1> • 
!1 TaK, Mhl y6enllnllCb, 'ITO ncnycKaTbCH II nornmuaTb:" cnoco6Hhl IICKnK>

'Il!TenbHO nonepe'!Hble Kl.laHTbl ( cPOTOHbl), 3TO pe3ynbT11T C OBMeCTIIOH pa6o-

Thl Kanu6pOBO'IIIOH Hllnapl!aHTIIOCTII II ycnOBilH <PepMn-fyn1 hi, 

3ToT )l<e Bh!BOA OTHOCJ!TCSJ H K onepaTopy SJ..(.,.,
1 
.. ..o), nocKcJnbKY 

COOTII01UeHH5l 

(35) 

n 3TOM cnyqae conep1110HHO oqennJlHhl, a n.y. c caMoro 111 '!ana ecTb ycno-

Bile <PepMn-fynThl ( 5). 

~ - M a T p II U a M e )!( [\ y K 0 H e 'I II bl M II npeMCII1MH. noCKOnbKy 

1.1 KanH6pOBKe 113Tiy'leHU>I TO >Ke BCpHO II np11 1\0HP'lllb!X Bp<•MeJiaX, T.e. n.y. 

CCTb ycnosue <PepMII-fynThl (5) u 

(36) 

TO COCTOS!Hil5l, YAOBTICTilOp>llO!Ulle n,y,, CHOF\a MOlKHO nOCTp ll!Tb no peuenTaM 

CB060AI!Of'O cny'!a5l x/ 

(37) 

11 onHTb ucnycKaTbCSJ n nornowaTbCSJ 6ynyT cnoco6Hhl n11tu, "nonepe'!HI,Je 

KBaHTbl". CnenyeT, OAHaKo, I!MeTb B BllAY, 'ITO B oTnu•me OT CBo6onHoro 

CTiy'laH BeKTOpbl <I>~ He OnHCb!BaJOT HBCTOS!lllHX cPil3ll'!eC CHX cPOTOHHO

X/ 
BeKTOP "'-t< cJwnyeT oplleHTilpoBaTb no HanpanneH¥ 10, no KOTo-

poMy Mbl CJJe!lHM 3a )ld3BUTI!eM Cl!CTeMbl, B JlaHHOM CTiy'la ~ !IO HanpaBneHHIO 

OCII t (noCKOTibKy .SJ. (t. 1tD') paCCMaTpHBaeTCH KaK tPYHK IllS! t ), T.e. 

Bhl6paTb B BH!le \'L,.,_ :-\_0 10 0 i_l • npu 3TOM BeKTOp ,J e_(.1 ) II e_(1.) 
, J.• 3 '-"' t' r 

6yAyT '!HCTO TpeXMepHhlMH e.rl) ~ \_£ J ',0~ • 
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3IIeKTp011HO-II03HTpOH IbiX COCTO!rtHHH, IIOCKOIIbKy ~.... He HBIIHIOTCH C06CTBeH

HblMH tPYHKUHHMH II Oil IOr'O r'8MHIIbTOHH8Ha ( BbiKIIIO'IeHHe B38HMOJleiiCTBHH IIpH 

apeMeHax '- t.., If) t 61>1IIO 6bi HacwnweM). BMecTe c TeM, HI1IIHHCb co6-

r'\ ..L.. 1?. .l... 
CTBeHHhiMH tPYHKUHHM I orrepaTOpOB 38pHil8 '-" H 3-HMIIYIIhCa K. H 

o6pa3yH IIOIIHbiH 6a3f C, OHH MOr'YT crry~<HTb M8Tep118IIOM lliiH IlOCTpOeHHH 

C06CTBeHHbiX BeKTOpl B IIOIIHOr'O r'8MI!IlbTOHH8H8o 

MaTp11ua ~(~ 1 lo) conpoaolKJlaeTcH 6onee crrolKHhiM Jl.y. (4). Ylloa

neTaopHIOmwe eMy CC:TO!rtHHH Heiib3H CTpOHTb IIpHMO ITO peuerrTaM CB060JlHO-

ro crry'la!rt. OllHaKo npeo6paaoaaHwe 

II03BOIIHeT CBeCTif llo r, illBKHr'epa-Erreiirrepa K n,y, ¢lepMH-fyiiThl (5), noaTO

My 6a3HC COCTOHHHii, YllOBIIeTBOp!rtiOmHX yCIIOBHIO illBKHr'epa-Eneiinepa ( 4), 

MOr'yT CIIYlKHTb BeKT Jpbl COCTOHHHH 

¥,~..<.-t~ ""'"V(t)¥l'\. . (3sl 

r'Jle vl'\.. - COCTOHHf H (25a) If (256). PaayMeeTCH, 3TO CHOBa TOIIbKO MllTe

pK8II JliiH KOHCTflYKPIB8HHH H8CTOHmHX, tPH3H'IeCKHX COCTOHHIIH, 

nycTb 1i (_t), ~·(t) II Sl_(_t) cyTb IlpOH3BOIIbHbie III!Heiil!hie KOM6HH8-

Uifll COOTBeTCTBeHHO COCTOHHHii 1i"'(t) . ~..,.(t) ("'- V(t) mn.) H 

st.._(_t) (-.. vt~)$L1 ~,.) • Tor)la crrpaaerriiKBbl COOTHOWeHK!rt x/ 

(S1_(t) 1 ¥(t)), (¥(t\5tlt)) = (SlC.t),SLlti)=O 
(39a) 

(.Q.(t),Q (t)~(t'))=l~Ct),Q(t).Q.lt)) = (SUt),Q lt)Sl(t)) =0 (396) 

(39a) Cstlt~ ,Pvlt~¥Lt))= (V(t),PJt)Sllti) =(SlLt\1?vLt)Slli:~ =0, 

(Sl.ltl,~(t,t~¥(-tj)=(1£(t).,S(t,t.:)S2.(t$)=(Sllt),~(t} ... )9(40,39r) 

L (Vt(t) ,~(~,i:~,'\£ n..(t.S}(¥n,(t..) ,£,4-(_t
1
to)¥ ;_(t)'= b·. (39n) 

n. 1 Y• 
x/ 

CooTneTCTBYIOlllHE COOTHOilleHHH B K8IIH6pOBKe H3IIy'leHH!rt Bblf'IIHilHT TO'IHO 

T8K lKe, paayMeeTCI, B TepMIIH8X ¥.l(t') ') Sl_..l.(t) .,Ql.(t)) 'Py.L(t) H ~J.lt,~. 
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rne Q 11 Pv _ onepaTophi nonHhiX 3apHna H 4-aMnynbca. '\nrwora'IHLie cooT

HOiueHaH HMl'IOT MecTo H AJHI apyrHx nafiniOJllleMhiX \an" 4- Mo~IenTa Mv}\ 
H T.n.). CooTHOU!el!l!H (38) O'ICHb noxo!Ka na (26), (29) 11 (34) 11 13h!BOI!HTCII 

BHBJlOI'H'lHO, !!pH BhlflO!le Cllel!yeT !1C!IOilb30llCJTb (14), <I flM?CTO (27) n (30) 

cooTHY~H~l.+\)(.'\ -) JCJ- 6.~+1(?1.-l;\,)'~oli'~'l Q(_t')~~=D' 
r r ~ .. "=<t (40a) 

(\1\(~\l(~- ~ A~J- ~~+~6r--~Y~ol~) ,P/t)]=-i~rt\~~~1-)~'! 1\~+)(1.-})].(), 
'i<>""t 'lo"'t_ (40;;{ 

0r t\~)(!.)-} ~~1\~+)(!.-'!)}.l't)stt,t~=~(t,\~~rf\~'<r-)- ~, 'i ~~T\"'-'!) jJ~ . 
~""t 'io~t., (~~B) 

nepBwe nsn npowe scero nony'lHTb H3 (63a) H (636) !lllll ra"3en6eproBCKHX 

o!!epaTopon. nocnennee nerKo Bb!BeCTH !13 (8), (14) 11 (31;), 

113 (38a)-(39B) MO/KHO C!lellBTb Te iKe flblf\Ofl!,J 1 'ITO 11 B CB060!ll!OM 

cny'liW (n.3). CooTIIOuleHH>I (39r) 11 (39n) CBHaeTenbCTBY 'JT o TO~I, 'lTO 

H3ny'fllThCH 11 IIOf'nOWHTbCH CHOD<J MOryT TOnbKO IrOriCpe'-IHI 1e KB8HTI>I - lflOTOHbl. 

5. DononHHTenbnoo ycnonHe B ra3eu6epronc :o~ 

KapTHHe 

E1•3 noTefHI o6Ill!IOCT!1 ni.ITCKBIOWHM !13 (I) n<?pecTano JO'IHbiM cooTHO-

uicHUHM nnH B3au:-..tonclicTsyiOWHX noneH Ar 11 4f1 :-..tOJ!\I-u ynoBnerBoparb, 

ll[lPJlCTLll\l1B /30~ ~ \ ~ i.p)t r + :"\ 1 ArC'1.)=(~) J 'lip\ e. L4 r4»;t')+«-r<:-r,tJJ 
(41a) 

;.Ur(l')=~~Arlx'>""lt....)i: ~ ~fp~ e.t:,,. \p\L-4rCf,t}+CI~~,t)1 , (416) 

'V(x) =(_t...ff) ~': eiPx.L_. [&Cp,c,,-t;)u.(p,s)+C.+(:-p,s,·)CliT(:-p,S)}(42) 
S:-1:,1: 

rae a..,.. , i , C. II a~ , g+ , ,. onepaTOph! c Hfl'lTOli<C'>IHH II 

p01KL\PH!1>!", flO!l'IHHH!Oill[!eC>I nepPCT8HOBO'll!biM COOTHOI!IPI!He ,[ 

[a.r4a,t') .,«-~ C«t,t)] = br~ilp\l,(p-ct), 
(43) 

{i<p,~,t') ,&+ ('\, b 1 ,t )\::{.e. Cp,s,t-) ,c.+(,, cg,t')) = bs~ i...o 'b(p-q)) 
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a OCT8l1bHble KOMMY raTO!lf,f ( BHTHKOMMYTBTOphl) paBHbl Hyn!O, n 0 onpenene-

HHK>, 

C noMOlllbJO ( < 1) H ( 42) ocywecTBl1!>IeTC51 nepexon H3 lC- npencTaa-

l1eHH51 B 

+ 
II f1r 

.,,t-np·'llCTaanenHe. OnnHM paanolKemwM (41a) onepaTopbl ~r 

ewe ne onr enenHJOTC51, 3ToT nponaaon ycTpaHHliH, nanpHMep, nyTeM 

orpaHH'leHH51 o6nacT~ HHTerpHpoaaHHI! no p nonynpocTpaHCTBOM acex 3Ha-

'l6HHll " /5/ ( CT J, 54), 'ITO H6KOB8pH8HTHO llBlK6 TpeXMepHO, 8h16paB 

Q~Ar B BH!l6 ( 41 5) 0 Mbl paCnOp51!lfWHCb 3THM npOH3BOl10M IIO-!lpyroMy., 

B TeCHOM COOTBeTC1 BHH CO CB060!lllb1M CliY'llleM, npH BbiKliiO'lei!HH B38HMO-

Il6MCTBH51 onepaTOpb «r(p,t) H c:t~~,t) •OilH03H8'li!O nepeXO!lHT COOT-

BeTCTBeHHO B Cl./p)e-\1,\t. H a.~(r)e1.\f:»lt , rae a.r(f') H 

a.~(p) - o6hi'!Hhl) cao6oaHhie onepaTOpbi YHH'-ITOlKeHHI! H pofKaeHHH. 

npencTal\neHH{ (42), nono6no (41), eCTb paano~<eHHe no nonnoil cHc

TeMe cpyHKUHM 

Cs-.-·L .i..) 
2 7 2. ' 

T.e. no C.. -'lHCliOf hiM llOliQ)KHTellbHO- H OTpHUBT6l1bi!O-'l8CTOTHbiM peW6HHHM 

cao6onnoro ypaaHeH~51 DHpaKa B r -rrpe!lCTfiBl1611HH C 3HeprHell W = J p t + wt 
T o6o3Ha'!aeT on ~paUHIO TpancnoHHpoaaHHH. 

EcnH noncTaBfTb paanolKeHHH (41) H (42) a onepaTop aapHna ~ 

H onepaTop 4-uMnyl bca PV 
3, HeTep), nony'!H~>. x/ 

( KOTOph!e MOlKHO H8MTH H3 ( 1) no TeopeMe 

O.= e.~~ I. ~l·c,,.,,t, ~<p,<:>,t) -e.+ 4», ~,t)c..ep,~,t~ 
!.-=-~,\ 

(45) 

x/ npH Bbl'll!Cl16111!H (45), (48) II (50) HCnOl1b3YIOTCH CBOMCTB8 OpTOHOp

MHpOBKH 

Litp,..!)~ .. L~,,) = 11 Cp,!>') ~" u(p,~) = 2.~.U &4~, 

iA.lp,~)"(~, rCp,c,) =~(p,~)Y~,L\.Cf,<:.)=O 
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(46) 

p::: ~; r,\ Ptt. a.~ c,,t)~(,,t) . (47) 

P,:" ~ r ~~~ r~L_ (''(f>,•,•) &Cf,,, ~ ') + <-'Cr•' t. )eCf,•·1 , ( 4sl 

.,,_1_,-r 

P!' ~ ~ ~rr, , pi (a.; c,,. 1 "'rc,.,t 1 + 2. .. co~ . ( 49
1 

Po~ =-1:. \~'1 [_ ('+(p,'>,t)o~ &q.,r:.,t)+ &c., !>,t)'OJ, i/Cf,'>,t)+ 

5.-=--\ ,.~ +e.+(tJ,~,t')a.~,c.<f,'>,"'-)+c.C,-,"-, ,)a4c.+~,<>,t~s::: 
d (, (50) 

=-\&wL ~+c~,<:>,t)tl,,'>,t)+ c.~c,,'> 1tlc.(f,'>,t) -'tl(o))-
~=-~,.if 

3necb 

l (~ t) = (1.1{{~ ~ ~- i"ipJf. j ()( t" ""' ie.. t d k ~ r ' l r '·J ~ltj:) ~,1 j wt>-"-wk L 
... , .. '=-\,1_ 

{~+ C:-r+k,~ ,t),(k,-..,t)- c.+f-~+k, ... ',t)c.(\c.,s ,~utr+\ ,~J)ri.LCk,'>)151 ) 
-(.4'- k,s.', t )&Ck,'>,-t:) u...,.. (p-k ,d) C:1 

)' lA.(k,'>)+ r 
+ f,+(-t+k

1
<:.1 >t.)e+(:-k,s,t) t:L(-\'+k,<::!)'lt' C. u.1"~ k,s)} · 
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B Br,rpa~{CJIII5lX (45) 1 (47)-(51) rrpo113HO/Wl!O " ){ -yrropllllO'!lmanr~e" -

oncpaTopr,, c Kfl(eCTotv IJOC:T:JI"\Jli-:.'Hhf C."'feBH OT Oilt::>paTOpOB 6e3 Kf>CCCTG X/, 

[!3 HLI[lel>~l'IIHH 45) ll s:~cl!u, 1-ITO oneparopJ,t Q. p~ 
. P"'-=P!' +P: 

(41)-(50) 

11 Pol\ o6JiflH<llOT 11 T0 11HOCTI1 TCMI1 )Ke Cll0K-

T[HJMH, lfTO 1:1 n CR06< ·£lll01\l CJ1yt-InG. 3ro CJlQ{l)'f")T H3 nepeCTrli-IOB01lHhiX COOT-

l!Oll!CIIIJH ( 13) ( ~tbl 111 JIOflllflYCM rrpeaCTUL111PIIIllf, OTJI!i'!Hl>IC OT llpc>itCTHBJ!eHII5l 

<PoKa). B To >Ke r;pe' 11, ecnu "'' o6pauwThCII K anr~a6aTW·recKoii runoTe3e, 

TO H3 (40) l1 (50) Tf YllHO C/1PJI[)Tb K8KOe-l!l160 3[1Kl!104CHHO 0 CIWKTpe ra

MI1lfbTOHHGlliJ P
0 

= P ~ + P:: . II e BHI1IIO IUUKC, 5lflJI5!PTC5! mr on IIOJIO>KH-

TCJibHl>IM, 0TJ,JCKumre ClleKTfW 11 co6cTBeHHhtX rPYHKUuii Po onHa H3 Hal1-

6onec B<1>Klll.JX H n Tc 1Ke !lfJCMil TPYI1Hl>IX 3CJ;t:J4 KnaHTonoir TeopHrr norrH. 

npa ee pC1118!lllll 3KCrnyaTI!fl.Y<?TC5! 138Cb !lflCP/lriJI llpH6Jifoi<elll!l>IX MC'T0/10B. 

OcTanHM B CTOf DHe 3Ty r1po6rreMy 11 o6paTH MCH K nocTpoeHiiiO IIOJIHor·o 

6o3HCa R r~Hnb6CpTOB< M IlfJOCTJ1flHCTBf?. 0 1-IC'I111/lHO, 'Y:TO B llf)(H13JH>JlbHhiti (t;nn<-

CHpOBDHHbJ?l) 1\tOMCHT BpPMCHH t 

H01\1 cny'4u0, 110 peuer rn \! (20) t:nu 

IIOIIl!MilTL a..~~' t) , B+(p,s.,t) 
r\.r ={0,0

1
0, i1 . r nay"-H·OTC',J, 11 

6t:t311C \10/f\HO l!OCTpOI1Tb 1 K.:_lK n cno6o.n

+ ctr (:2f3) 1 F'CJlH TaM liOll 

H c+(.,,s.,t') , a rl._f\ 113\!Tb 

r'l1llb6epTOI\n 11p01' f[lLI ICTI1(1 fiC'OlipCJ1ClleJl!U.lH 1 Till\ KaK c:peiUI ~-=)THX COCTO~JJ\!fll 

CHOBa 0CTb CUC:TU~1Jill~ 11 l' I!OJlO;hllT(:_:,lll,JJUII 1 II C UTJI[JllG.T0.'lbHOif HOjl\.1Hl\HI ( UT-

!IHUBTCJibHI.JM~t HOpMtli 111 n6na,'lt110T COCTOHH!f'.-1 C H8'-:l0THI>it\1 1-HICJIOM 

Hf,JX KBL-HITOn"). Tf)JICrJb ll0jlPCTpOHM 6a3HC 1 l.£Tn6J,I BJ,JiH'JlHTb COCTOHHHH, 

YllOII!leTnofi\II<>IIIIH' /l.y ¢<'pMn-rynT~>I (2). 

B T<'flMllllilX OllCClilTO)lOil Cl.J"(~,t) ll a;(p,t) llOilOJKIITel!biiO- II 

OTp111WTOni.IIO-'WCTOTI J,[(' '!.JCTI1 Orl\r{!t,) "il!IIIC!.lii[]KJTCil Cii<'JlyK>lUii"l o6-

[) i.l ~) () L\ 1: 

x/ 

3TllT\I JI)•Tervt )'llOp~ ;10 1-IltBa~)TC'II OII8pL1TOpJ,[ 1 OTHOCHIJ1H0CH K O!lHOMY MOMCH-

Ty Bp0MCHH. ilpyi'~10 >npeJH~JH?HIHf }/ -npou31H~JlCHHH raH3eH6PproBCKHX onc-

paTOpOB o6cy)h/li!!IIICh n 131 I. Eme o;~rw no3,ImhHOCTb cne!lyeT 113 pa3rro

tKHMOCTH r<.1H3L)H6epr~c '>CKifX oneparopos no t...,_,- H OtA...t-oneparopaM rro-
1151 /20/ 
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(orA,.~~y·)=-i0:rrY\ ~ !r,l e it' X Gr ... a.:.<:-.,, t) +i ~ <l.~(:-t', t))= (53a) 

""i.(t ... {~ ~~~I ei .,~ [- r"'a.;_tp,t)-lt'\Cl+o~~' t) + tCf, t)],!536l 

rne Bl>lpDiKPlll!ll (526) H (536) flOJI)'WhlTCil 1!3 BLljlflihC'l!l!ii ~52u) H (53a) 

C flO~lO!llb!O COOTHOilll'llHil (44) H ypaBH8HHil ol\'l=-j4 KoM6Hilll!'Yil ypllll-

Helme fiaHClM6epa ( J 0) IHHT CJr A.r l! COOTHOWPJHW ( 44), MO~<!IO fl0Kii:3CJTL,, 

'ITO 

(54) 

(55) 

(+) 
'18M TlOilTBej)~C/lClCTCil, 'ITO (o,. ""()()) ll8iiCTBliTC'JibllO lfiJIIJHITCil !lO}]O~<ll-
TOJlbl!O- H OTpHUBTCJlbliO··'!LlCTOTHblMH 'lilCTHMH Orl\r (?<.) II 'ITO OHH, KBK 

H orAf\ (x"')' YllOf\JlOTIIOfJiliOT cno6(.:.:_HoMy YPilBl!elll!lO ilalllM6epa, 

Henpll>iT!IOP OTJ!li'llle (of'~f) +) OT o,.A,.. COCT<,HT B TOM, 'ITO, 

KClK fll!/lliO 1!3 (526) l! (536), 

(56) 

TaK 'ITO B mii3eH6P!li'OBCKOii K<1pTHHe JJ,y, cjlpp~m-fynThl (2) OKU3l>iflal'TCil 

p, t -llpOilCTiJP.JlO!lllll 

(57) 
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OHO CKOpei'l HB/lOMI!I!, l'T YCJlOBHE' ill BI!Hrepa-Eneiinepn ( 4), 0/lllilKO C IIOMOUlbiO 

npeo6pa30BHHHSI 

'i = V(t)'\f(t) I (58) 

rae t -HeKOTOpblti ! H1KCilpOB<1HHhiH t\101\..10HT BpeMCJIH 1 Ll 

V ( t) = e~ ~ ,dlC tVc ,t~t:r 1 on.A~(x ,t) == 

=- e- ~ ~rp\ j 0 (~, t) ~ ~<l-w..C:-~, t) + a.+(p, t) 1 
(59) 

HCKOMhle COCTOIIHHII '\J MO>ki!O Bl<IJHl311Tb '-!cp03 ct>rTO>liiH>I "t"(t) ' 1\()Jl-

'-!IIHHIOWHCC>! li(JOCTOl\ y yCJlOBIIIO 

(60n) 

B X-npeJlCT(lBnCJIH I Cr'O \10)Kfl0 38riHC8Tb B Bl!ilC 
x/ 

[(p!'l\t'(:t-')'f) + :, Js-~~')v.-~ )jJ'} 11¥ (t)= 0 (606) 

'i· =t 

TaKHM o6pa.:...~of\., ncKoMHH 6a3HC raH3eu6eproncKHX cocTO~!IHH, ynoB-

JieTBOpmoWIIX n,y, cP :pMH-fynTLI (2), MOMHO llOCT[JOllTb n f\11/lO 

(61) 

rne 'i'l'\.. - COC T05IH I 5-J BliD.D. (25a) u (256) C 38\tCH£1~111 

o..~(p) _.,u;(p, t), 

(62) 

x/ B (606) 3DOilHO 1XBB'-!CH CJIY'-!BH HCCOBIIBftalOWllX BflE'MCH ?(o 11 t , 
DnSJ nony'-!eHHII (606) n KnanpaTHL<IX CK06Kax B (60n) npH6aBJliiPTCSI 11 Bhl'III

TaeTCSI io(f',t) , 11ocnco •1ero c y'-!eTOM (54) nony'-!noM 

[~..,dM(tJ,x.) -\f\tlo(p,x.) + jJp, ~.) -e -i\pl(~o-t) jJp, t)l\.i(t)=O 
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npH'IOM BCKTOp 1'\.t' /10n>KCH 6hiTb B351T B IHlllC "'-,..-{c,o,c
1
i\ ( CM, 

npHMe'lal!lie na CTp. 15) xi. CnoiiCTBa TaK IIOCTflOCIII!Ol'O 6 !3HC~J TC ii<e, 'lTO 

11 II CB060ni!OM cny'lae ( CM, 11,3). CoOTHOl1JeHil51 THlla (2(j) l (28) TCIIC[lb 

CYTb CflC/1CTFHl II 

(63a) 

(636) 

(63n) 

Vt3 ncKTopoB 6a3HCH MoryT 6J.JTh IIOCTpoeHhl 4n1.'3lflH-:>CKUP co ~T<BIHHH. 

/U I 
Mi>I liP \<10A\0M CO['JHlCHThC'i-f c rannepoM H JlnH/tUIHII(('TI.: ' OIIpOBepraio-

llli1MH Llfl51 ()rl-.r~(.:f.) Y[HlllfH'lllH' (10) H yCfiOIIHP CK<JJHIJlfHCTH (fl3!1), 3~!Tpyll-
HL'HHC 6IMIO 6t.I IIOH>ITHO, CCJIII 6t.l IIO!l l(-1-) ( T,C', 110;1 (c

1 
~t'y--)) IIO{Ij)[l-

3Y MeBMIOCb ll•c TO, 'ITO OOiol'liiO, a ) ~ r"' e i.px l.~~ Cl'"'~' t:' -IPI4o(.,, t)] 
( [l H<1111HX o6031!<1'lCHH 51 X). Tot'Jl[j n.y. x(+) \ 1'\.) =0 Ohlii<O Olol !JiliiiiUl(e!IIIO 

yCfiOBHIO (60), a IIOBOC /l,y, l'iiJIJICpa 11 J1aH/10BHUC! COB!Iililil·IO 01·1 C o61JlefiJ•II

JHITbiM B l'81l3C!I6Cpl'OBCKOH K<l[JTIIIIP /l,y. ¢C'[l\1H-f}IITiol (2), IICCMOTJIII llfl 

3811HCb n •i•opMc 11.y. Wmtiii'<'JW-EJJcitnepa (cno \ll'IIO It:l (5~G) ), 

OcrunotntMC~I HA. fJO:lCTBCHHI>rx KBDHTosoH 3JI0KTponuHri~1HKe TE'OfHiS.lX -

11a KBtlHTonoii TeopHH Hnra-M11nnca 17-9/ Ufi>I 6e3\laccont>~> BCKTopm.Ix no-

( e - IIOMOp l!OJHl) ~f Ha KI3DHTOIJOH TF:>Op Ul T~TI'UTE""lllH1 

x/ 
HeTpyuHo pacnpocrpaHHTh tlall/lnr• paccMoTpeH(H~ Ha llflOI1.:: uoJIJdli>H_: n..f". 

Jln" 3Toro ny>Kno ll3il!\WH (11) n (42) npoH3HecTH ¢ypLe-p. 3Jiu"-''fliF' Ar , 
(M)A.,.. II 4t' 110 11epe \:eHHt.I M J( r + I'\. I' (1'\.')(.') , opTlli'OIIil. 'blll·l M I'L~ , 

a nepeCTaHOBO'lHbiC COOTilOiliPilH >I 3artaTb Jltl !IOBCpXIIOCTH 1'\.) =COI'\.!.t ( BM·2C-

TO t"' C:OI'\.'ot B ( 43)), 3a"8Hiol ( 62) BHl'TI51UeJ11! 61>1 Cf!C/1~ HHI\HM o6pa30M: 

a,_~ (f') -ct+(rv+ nv\"'-\'),-1'\.~) pa.+- [rr+ nt'~P)1CIL~ +'I pt+ (1'\.~),_ n..a.• 
n T.n. 
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r 
i 

I 
:4 

KllK T£>0f11111 6CC1M:IC'C:C 10['0 CIIM~1<'Tf111'1HO!'O TCH30fll!Ol'O 110/Hl h..J"V(_)(~ /10-)5/ 

<!>eiiH'vldff /)
2 / 11 <!>UL1.\PPH /B/ o6pilTI1JI11 f1Hl1Mill!l1P Ha C'l\',/:31li!HJ'Kl C llPilOPJIP-

nocTb!O Knnu6poJH)l.JJ-fO i rpyrrrrhl cncuHcfm4PCKyio TPYHHOCTb :~THX TC'()PI,fi1 - llfl 

fH:yHUTfipHOCTl, "n61,1'4 -IOii" 5 -MnTpiiULT, ¢El/l.'{C0R fifJC'OJlOliCJI '?IT\' TpyrtHOCTb 

B T<:'Of11111 H!!f'<1-MHJIJIJ'fl Ilp11 IIOMOlllli M0TO/W q>yHKUI10H8JibiiOI'O 11IIT<'l'fli1Jl0ilil-

HHH. Ilpe!lCTDnli5-IC>TCs-t 1-'>ilihHJ,tM IH'ciienooaTh 3Ty IIpo6neMy B paMK<lX rpnna-

UHOHHOr'O MeTOiU1 4>er \!H-f'yiiTJ,I. 3neCb ML! orpnHH 1 1HMC'rf JlHl!lb }{(~CKOJibKHt-.Hl 

JaMet.InHHHMH. 

Teo pH " 5l 11 r 3-M 11 n n ca. A Han or' rjJopMynHpoBKH <I>PflMI1-fynT~>r oc •ro-

nr,rBaercH n TCO£Hfll H 1Irn-Tv,,1JlliCCl ( H ee o6o6menHHX) na JitH'pHJU\HtHIP /? 1 

.{,(x)=-: o,.o. o o. - ... 
.._ J )1.\1 j'J 'lV 

(64) 

BMCCTO B031\t0/hHJ,!X Bt Jl:l;'lOR LlPYI'HX 

npOIIOpUHOHLl.JibHl>l KOfH TBIJT(~ CBH.:1~l 

MaiiHa B ~ Ul.!>) II '.il. 

B cBo6onnoM en tHH~ (H B IIJH'JlCTiJ.HJit'HilH B3<Jif.MOnellcTBHH) OIH'JH.lTupJ,J 

IIpP/lCTilllHM I KilK 

(1)5) 

C HCpeCTC:lHOBOl.lHbiMH ( OOTJIOUieHH~MH 

llJIH HCKJl 10l.lCHHSl HeQJH.: (ii.H~CKHX COCTOHHHii Ha BC!I<TOJH>f COCTOHHU:H eCTGC:TIH.~JI-

no HanO)K!1Tb 11.y. THIIc y<'JTOBI11-! <l>epMH-fyiiThi 

(U7) 
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0'lOIHIIlHO, liOJ111851 CHCTOMa COCTOIII!Hii ~10>KBT Ob!Tb liOCTpOBH< TO'IHO T8K ~<e, 

K8K B 1!.3, C O/lHIICTB0HflbiM OTJII!'IHOM, 'ITO K8>Kilhlii OIIOpaTOp pO>K/lOH1151 CHao-

>KBOTC51 CBOIIM HHilOKCOM , npHHHMa~WIIM TPH 3HA'IBHII51 E TeopHH HHra-

MHrrnca HJlll 6orreo B oe o6o6moHH51X. VlMeHHO, ycrrosH5tMH (6") paapeweHbi 

I) tPH3li'IOCKIIO COCT051HH51 <l>rl.. Tl!lla (25a) C y'laCTHO>I nonepe'IHbiX 

(i) + ( ) (i.) -+ (_ ) 
KBaHTOB, pO>KilAOMLIX onepaTO[lilMII er <X.tr p =- e a..t I) 

2) 6easpenm.1ii "<jlo11"- cocTOIIHH51 SL\1\. nma (256), conep>KaWHe, Kpo-

"e TOI'O, OllHH HJlll OOJlOO CK£1Jl51[ll!biX KB8HTOB, pO>Kil80MbiX r a..1_ (f-), 
H aanpeweHbl 

3) COCT051HH51 C RpeMO!!H.,J'MII KflAHT8MII (TI!ll8 (25s)), [O>Kil80MbiMII 

on epa Top a Mil 

CFJo6oll!nre ypaBHeHH" 11 !l.y. IIHBapHaHTHbl oTrrocHTenbH•' KarrH6poso'IHbiX 

rrpeo6pa3oBaHHii 

(68) 

( ocrarrbHble IIOJII1 m16o 110o6we rre npeo6pa3y!OTC "• mr6o 11pe )Opnay~TC 51 c 

KO!!CT8HTHbiMII )..l ) • 

06bi'!Ha<J MaTpHUa S = S(oo,- oo) , IIMO!Ol!l!151 Bllil T"" - e>Kcno

I!OHTH, <~OpMaJlbHO YHHTapna x/ , HO He 00Jl8il80T 'IIICTO 8/liH THBHOH rpynnoii 

lii!B8pii811THOCTII (68). 0TCIO/lll HOO'IBBIIJlH8 <jJH31!'10CKall ymiTapi!OCTb, llpll KO

TOpOI"l B !1pOMO>KyTO'IHbiX COCTOI1H1151X B yCJlOBHII YHHTapHOCTII JlOJl/011>1 pa6o

TATb I!CKJliO'II!TenhJIO nonepe'!Hble KBaHTbi ( KBaHTLr co cn11pan .nOCT>rMH +I), 

no3TOMy uenecoo6pa3HO TaK npeo6pa30B8Tb OObi'IHy~ £, -Ma rpuuy, 'ITO~bl 
uona>r ( "xopol!lasl") £, -M[!TpHua o6nanana ¢u3H'IeCKoii yPHT lpHOCTbKl s sm-

HOM BHU9. 

npe/liiOJlO>KIIM, 'ITO "xopowa>r" s -MaTpi!Ua, qlOpM-HH<;.tpllaHTI!cl>l B 

KaKOM-TO CM!,ICJle OTHOCHTOJlbHO (68), MO)I<GT ObiTb l!OCT[JOOI! l ( H!JII'-10'1 B 

paMKAX 81li!A08TH'IOCKOii f'lii!OT03bl /l,y, JlJIH v ( ± 00 J II 'leer »Hil ( ()7), a 

CHCTOMa cPII311'lOCK!IX COCT051HHH COBli8Jl80T C 083HCOM, 0 KOT >[JOM f'OBOpii

JlOCb Bhlllle), 0JlHilKO BCe >KB CI!Ty8UH51 He 6yneT CTOJlb llfl0C10ii, KtiK B 9JleK-

x! 
Bo BTO[JOM nopsiJlKe no KOHCTaHTe CB513H 3TO MO>KI!O trw BP[Jl!T>o c no-

'IO!llbKl <jlopMyn (n.9) u (n.IO) pa6oThl 
181 
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TpOlli!HBMI!KE', '-!lleH s -MaTpi!Ubl nepBoro nopHaKa cornacHo (64) ~tMe-

eT nun 

(69) 

( B opurunallbHOH Teo :JIH! f!ura-MUllliCa Jla>Ke HE'3[tlll!Cl!MO OT BlfllB l!CXO{li!Oro 

narpaH>Kl!HHa OH MOih cT 6I>ITb Bbi6paH E'IHJHCTneHHI>IM o6pn3oM x/). OH l!Hna

pMaHTeH OTHOCHTOllblll K8liH6pOBO~HWX npeo6pa30BHHUH (68) lii!Wb C TO~HOCThiD 

no ~nella, COLlep>Kall!C ro Cl" J;,'ll , 

(70a) 

Cl CTpOr'O - JlHWb R (J )KJIBllKtlX M(')KJly COCTOHIIH>IMH, yfJOBJieTBOfHOOlllHMH /l.y • 

(68). ToJlbKO B o~TOM CMI>ICJle ~<o~<eT 6J.!Tb <IJopM-l!HnnpnaHTHoil 

IIO (o8) H s -MaTp lUll fl UE'liOM 

C fiOtvtOlllblO !1ep0CT8H•>B01-!HhlX COUTHOl!leHuif 

OTIIOCUTE'llb-

(706) 

(71) 

) 

x/ 
A noccTanonncnHC? qn<~non 6onee BJ,ICOKHX nopsi/lKOB MO}I\HO npoJt3BCCTH 

no MoTony illTIOKPJlb6Erwa, Punbo u np. 
1321 

n 6oroJilo6oBa 11 WHpKmJa /18/ 
C nOMOWblO ycnom!ii y 1!1TapHOCTI1 ll IIIJH~HIIHOCTH. 
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" .... (72) 

3THX COOTHOllleHHA H TaKOr'O pona COOTHOIJJeHHA B BhiCIJJHX IJ•>pSIUKaX llOCTa

TOqHO nnSI llOKa3aTenbCTBa (29) H (34) (Opuno>KeHHe). BMe~Te C COOTHOIJJe

HHSIMH Tuna (26), HnH (28) OHH CBHileTenbCTBylOT, qTo pean jHO CyiJJeCTBD

BaTb, HCnycKaTbCSI H nornoiJJaTbCSI cnoco6Hbl TOnbKO nonepe' Hhie KBaHTbl .HH-

ra-Munnca. 

B rali3eH6eproBCKOil KapTHHe H3 ( 64) cnenyeT, qro on ~paTop or 9t.J" 
nonquHSieTCSI He cao6onHoMy ypaaHeHHIO llanaM6epa, a ypaBH~HHIO 

n 0-BH/lHMOMY, n.y • B 3TOM cnyqae CnenyeT 3anHCI1Tb B BHJI( 

rne (ot' fi.'J•.')'0\cTh cno6onHaSI qacTh 

qllCThJO nynh), nanpHMep, 1.\'\.- unu 

( peweHH( 

01.\.'l -onep11Top. 

(73) 

(74) 

(73) C npllBOil 

Teo p 11 51 3 ii HIll T e i\ H a. MeTon ¢>epMu-rynThi npuMefl 1Tf'JJhfiO K KBilH

Tonoii TeOpllH TSir'OTefJHSI OnHplleTCSI f!a narpaH>KH8fl /10,27,1 1,15/ 

rne r -qucneHflbiii napa MeTp l ~ -1: ) , XapaKTepH3YJOIJJili HCOilH03HaqHOCTb 

B c!JopMe 3ani!CH CB060I!HOI'O ypaBHeHHSI /14/. JlarpamKH1lH B· 11li!MOileilcTBIISI 

,i:.. "" npellCT8BJJSieT 6ecKOf!eqHbiH pS!Il no CTeneHSIM KOHCTa !Tbl CBSI311. Oon-

H)'IO l!HcPOPM8llHIO 0 HeM B KnaccuqecKOM U KBaHTOBOM cnyqaSIX MOlKHO 

6 
/14,15/ 

Hai'TII H pa OT1lX 

Cao6onHoe none kt'V~) 
U pOlK/lef!IHI );..,lk) 3anHChJBaeTCSI KaK 

h.l"'"'~ == (bft ~ ~t. [ ~rv(k) e1.k)( + '(;vlk)i\b) 
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C !TepeCT8HOBO'lHLI~ II COOTI!OUICI!II51MII 

BaKyyM "lo c y 1eToM neonpenenenuoii M<>TpiiKII onpellen~TeTC51 KHK 

(78) 

a <;!H8JlOr ycnOtlH51 <l•epMH-fyiiTbl 11Jlll IICKJl!O'lCHIIH JlHilJHIIX COCTO>IIIIlii B Bli

/18 /15/ 

110/ \_ 
(Y fynn1 'f""-l . Jl.y. IIJHI rl\'1' 1 06Cy>KJlLlBIU0t..'CS.l HM, Il3.riHliJ-

He 113,15/). 

Euauc cocrOHI HH, ynoBJJCTI\OpH!OIIUIX ycJJoBI!Iu (70), \tO.tKCT 61>ITL IIO-

CTpoeH B JlYX<> !1.3. Jl.y. fH13[lP1111H'T 

J) COCTOHflllH m 
""'I'L , poiKLtDeMI>~e Ollc~puTopaMH po>hf1CHHH 

e <.1~ l + e. C\) _ e. <.t) .., + e.(!.)('·) 
r l'" " r • r" v " ., 

(3HIIIICbiBH!OHlUMH r1 aBH:TOHhl - KBaHThi co cnupctJibHOCTHMH !,2); 

(80) 

2) OP3Bperw~>Ii "tjlon• - cocT0511111 H Q~ , conep~<llll!lle ne:JaBnCHMO 

IIJlU HllpH/ly C rpi1BII fOI!llMU OJllll! Hill! 6onee KB<1HTOB 1 pmKiln8MhlX OnepaTopa-

MU 

('lCThlpe 011Pfl8TOpll BMCCTO OaHOrO ra..+
H 3nnpentaf'T 

B 8JleKTp0Jl11HllMIIKC), 

3) COCTO>IHilH y•wcTUeM KBaHTOB, po>KaaeMbiX onepaTopawu 
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(82) 

K 'H!Cny llOCJI<?iliii!X npnHililJIOli<ElT BCe COCTOHHHH C OTpHUilTOJib ll•IMH HOpMBMH, 

KaH<ilbl ii onepaTop pO>KAeHIIH (81), noAo6no pCIL+ , KOtv ~!YTHpyeT CO 

BCeMH OIIOflilTOJli!MI! pO>KileHIHI I! yHH'ITO>KeHHH Tllllil (80) I! (8 ), II TOM 'IHC-

ne II C 3pMHTOfiCIO! CO!!pi!,KeHHI>IM Ce6e, .[lpyrHMI! C/IOFlilMU, B lpOCTpilHCTfle, 

llO[lOll<ll<leMOM Oll<'pBT0£111:\IH (80) II (81), IIOCIIeAHHe Bl>ICTYIIBIO r KCIK C:- 'II!C-

11<1, 

Bee cocTOIIHIHI Q. o611illlHIOT HOpMoil HYJih H opTOf'OH1 llbHhl 11pyr npy-

ry II COCTOHHHIIM cp , T,e, CHOBil Bl>lllOIIHHIOTCH COOTI!OWeH IH (26a), MaT-

[lii'IHI>Ie 3/leMeHThl onepaTOpOB qHI3U'IeCKHX BeJIH'IHH Me>KilY COC fOHHHHMH, YllOB

JieTBOfJSIIOil!HMH J1,y, (79), MOI'YT 6J,!Tb OTJIH'IHI•I OT HYJIH TOJib<O fl TOM Clly-

'!Be, ecnu o6a COCTOHIIHII llflllllllilJie>KaT K 'II!CJiy COCTOHHI!ii <l• , HOTI[lH-

Mep, OIIHTb HMeiOT M8CTO COOTIIOWeHHH (~66) H (26o) IWH (2:\6) H (28n), 

.[lo6aBJI('I!f!e llpHM!?CH COCTOHHafl ~ He onaHeT Ha pe3yilbTar (Kanu6ponoq-

HBH HHBB[lHBHTHOCTb 13 I'I!Jib6epTOBOM npOCTpBHCTBe) 'IBM, KilK H B 3JIOKTpO-

11HH8MHKe, rapaHT!tpyeTC 5I necyweCTBeHHOCTb Bht6opa BeKTOpa H OT-

CI0/18 - ilOpeHU-HIIBB[HIBHTHOCTb TeOpHH. 

Cno6onHt.Ie ypaoHeHI!H n 11.y. HHBapHnHTHLt oTHOCI!TeilbHO rpynnbi 'IHCTO 

ililllHTHBHioiX KilllH6pOBO'IIIhiX npeo6pa30B8HHil 

o>l=O. (83) 

EcTeCTBeHHO O>KH11BTL, 'ITO, KilK n 31leKTPOI1HHBMHKe 11 Teopuu HHra-MHnnca, 

MilTpHU8 s ££, (oo 1- 00) x/ MO>KeT 6h1Tb Blo16paHa ¢opM-IIfl31l£1HilfiTIIOil 

OTHOCHTBilbfiO 3THX npeo6pa30BCJHHil, BO BCHKOM CJiy'IaO B o6~JIB£1KBX MO>KilY 

COCTOIIIII!HMII, YllOBJI('TAOfHIIOil\HMII a,y, (79), 

(84a) 

x/ 
nponaraTOp I'p<lBI!TOH8 ll[lll pa31IH'IHioiX p CM, 

1151 
B 
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HITH HH~HHHTB3HM8 lbHO 

(846) 

C KRJIH6pORQqHOfr I HOA!HfaHTHOCTblO CRs-t38H0 1 
1lTO KOM\t)'T8T0ph! OTI0JlllTOpOn 

(81) C s -MaTpi1Lfdi pnBHhl HyJIIO flO KpaHHci1 1\tepe C T01IJIOCTL10 flO 4JJCHOR, 

KOTOphlP. 06pEHIUllOT ~H B HYllb n o6KJILlllKLlX T\1e>Klty COCTOSTHH~l\1H 1 )'JlOBJIOTBO-

[l5110WHMH Jl.y., 

00CJI8LlHHe BbJqHCll~ IOTCH C ITOMOillbiO nepeCT£1HOn0 1-IHidX COOTHOlli0HHii 

[ k.r 'l' r"eSi \h.>-~('~<) 1= i l k~ e.~i) + ky e_~~)) ('-r.Y i: 

[k,:>tl')'-v, h>-y0')1::. k>-\c.l' l'hi)-~ e.-de..)( 

(85) 

(86) 

CBo(icTB (85) JlOCTI TO'JHO /liTH OOOCHOBBHH51 COOTI!O!UeHHH BIJ.'l[l (29) H (34) • 

BMecre c cooT Home IHHMH TH!Ia (2G) 11 (28) 01!11 03Ha'JaioT, 'ITO f"' anbHO 

CyWeCTBOBSTb, HCITY :KSTbC 5I H liOI'ITOW8TbC51 CliOCOOHbl .riHlllb JlBB COpT a TBH-

30pHbiX KBBHTOB- lpaBrrTOHN. 3TOT ¢aKT- CITB/lCTBHe, KBK H B 3ITBKTpO-

JlHHBMHKe, KBITHO[lOBl'JHOA HliBB[lllBHTHOCTH H D.y. 

noDOOHO 0 ... 9. r(x') B TBO[lHH Hara-Milnnca BBITH'lHHa ~ h __ !±.f ..... .'o h 
I ,. f'V i(l+'l.p) \1 1'1' 

B raA3eHOB[JI'OBCKOM rrpe/lCTBBITBHHil l!O/l'li1H510TC51 CITO}KHOMy fWITI!I!ei\noMy 

ypaBHBHI110 /15/. no-IH!LlllMOMy, n.y. Bee paBHO Ll0/l}Kfl0 ObiTb 38!111C[lfl0 1\ 

TBpMHHaX pelllBHIIH C LlOOOJU!OH 'lElCT!I ypaDHB!!HSl 

(87) 
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ABTOp HCKpeHIW npH3HflTeneH P.A. AcaHoay, M.A. M1 pKony, B.~l. OrHe

neuKoMy, M.l-l.U!HpoKony 3a o6cy)!U1eHIHt H ueHHbie 3aMe'!aH rst. llnst anropa 

6hiJlll necbMa none3Hhi CTH~Iynnpy10nme nncKyccnn c E.A.vh fiHOBbiM n B.H.nep-

BY"''"'"'~' no Bonpocy yHHTapHOCTH II Kann6ponoqHoil nHBnpll3HTHDCTil :-i -MilT

pH11hi B TeopHH .Hnra-Mnnncn. 

rJp!IJlO)KCHIIC 

Ycnon!le nopeHua 

pl'ui'=O (n.1) 

llpll Jl~60M HOKTOpe l>r H~teOT f\BLI He3£lilllCl!MhiX llpOCTf •LIHCTBeHHOll0/106-

Hid X JlOliiCHH 11, CKa>KCt--t, e~i) 11 • rJyCTb OHH B !6pa!!hl B3QilMHO 

oproi'OH!lJlhl!hi MH. TpeTHii 

(~) lt.) 
E.I'")..S' e...J e.). f'y 

opTorOH8Jlbl1hiH K 

6yaeT 
1171 

H 

lljlOCTp111!CTBCI1110ll01106eH, eCJlll ~r - Bp~MIH!fiOJlO }<JH, 

npeMeHII!lO,'lo6en, ecnu fr -npOCTpa!!CTBCHHO!lOllO )pn, 

!1 H30TpOneH ll KOJinHHeapeH ft- , ecJm ~I' 113DTP' •nen. 

Hac HIIOTepcyeT l!MeHHO H30TfJOITHHii !3PKTOp rr CuTyc. ua5r B 3TOM cny-

•;ae Henpr!Bhl41llHI. TaK, o6uwe pewenue (ri.I) npu naorpon 10~1 ft
ccTb /33,17/ 

II BXOJHIWHX C!Ollll neKTOfJOB IIMCCTe c Pr He XBaTaer nc noJIHoro 6a3nca 

B rrpocrpllHCTI>e }\11lHKOBCKOrO, ilo6aBHM ,PHKCHpOBElHHhiH flOC TpOHHilii npeMeHH-

IIOll06Hhlil BeKTOp 1'\..J' , flpfi4CM 6yaeM fl0llpC13Y"-ICBElTb, 4T l e~) ll e_~2.) 
B~>I6p!llll,l oproroHanLHJ,JMH K HeMy. llony•we:-.1 6u3IIC 

(!1,3) 
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co cnoilcTB8Mil (24). Tprr nepBbie neKTOpa cyTb peweHI!51 ycnoBI!51 JlopeHua 

(fl.1 ), a nocnewmil t M 3anpeweH x/, KaK mo6oii 6a3nc, conepA,aumti n3o-

TpOITHhii.:f. OpT, OH H80'lTOf'OHCll1bHhiiL 

Ecm1 OllHO'IilCTH' m.te cocTO>IHH51, y;J.onneTnopmowHe n.y. <Pep,m-fynTht 

, TO C HOMOII!b!O ( 19) II (21) 3illl8-

'l8 Cll01lHTC51 K pa3pCt CIIH!O yCJ10llH51 Jlopei!Ua (fl,1 ), 8 pe3yJ1bTQTC I!pHXO

IUIM K 683HCY (11 f'HJ1bl CflTOBOM ll[lOCTpilHCTBC) OllHO'l8CTH'll!biX COCTOIII!Hfl 

(fl.4) 

u3 KOTophtX nepnbte T 111 p113pem•eHbi, a nocnew1ee 3anpemeno n.y. (22). flop-

1\bte jJBQ COCTOili!H 51 "l [10CTfJBHCTBC!!I!Oil0!.106llbte" ( HOpMa > 0 ) , TpoTbC "1130-

TpO!li!OC" ( Y.+(~CL)( )Cf...+}":t'., - r'L = 0 ) . 'lCTnepTOC "BpCMCI!Hf!OIW6Hoe" 

(HopMa ~ 0 ). Ecn CTBetmo, 6a3HC CHona HeopToroHLJnbl!btii: npeMeHH"-

nono6noe COCTOHIIHC IIJ opTO!'OHili!bHO t!30Ti"li!HOMY - ¥_: (\'\.CL")(rcx.+)~o "'-' 

~ ""'P ::/= 0. i\HallOf'YPI ra CIITyaUH'il li C MHOf'OllBCTHqHhlMH COCTO~IHHHt>.tH. 

flpH 

(fl,2) 110 

pa3J10~\CHHH !!p0113BOJ1bi!Of'O BOKTOpa H3 IlOJlllpOCTpaHCTBil 

e. l' .) 
r K09rpcPHUI!CHT OCTill'TCH COllCplliCI!HO 

npOII2BOJ1bllbiM - Kannt pono•.rJHHI HHBapuaHTtJOCTb, B paMKilX 9TOI'O np<H13BO-

Jlil OT e~\.) , O!JTOf'l H8J1bHblX , BCCf'.Ua \..10/KHO 

e(~)l 
nepeihll ]( r , l pTOl'OH8J1bl!J,JM mo60MY !1pyr'OMY BfJOMCHHfl0!1061lOMY 

BCKTOpy \'\.~ <..r~(.i. I=.\'\.! e.(i)l =Q) 

C-(1.) 
:::::-

1 

(fl.5) 

T,O, KOHKpeTHbllf Bbi60i' BCKTOpa 1"\..t' HeCyiUCCTI\CHOH, 3TOT BhlBOil, O'lCBH/1-

HO, paC!lpOCTpBH51CTC51 H H8 COCT051HH51 (fl.4) If (25) (cp, KOHeU 11,3), TeopH11 

OK!J3biBBOTC>I JlOfJCHll-lf IB8pHaHTtfOii, HeCMOTpH Ha ynorpe6nenue llOCTOpOfllfC'

X x/ 
ro BeKTOpCl 

x/ 
flo TCOflCMe; Ill! Oil Ill IlpO~lCHtlliO!l06Hblii BCKTO]J He OpTOl'OH8J1011 H30T!JO!I-

HOMy. Heo6J.ttiHOCTb cnrycnUH1: c 1130TfJOIIHhiflvtH Bc~KTopaMH HnJilOCTpapyPTCH 

TaK>Ke Teope~wii: ecJHf !1Ba II30TponHhiX neKTopa pt< 11 '\ opTOJ'OHillfbHhi 

( ~'\:. f' 'f.. =. "\ '1.. = 0 ) , TO 01111 J(OifJ1liHCapl!bl: p '\... '\ f' 
xx/ I' r 

TaK, nepBbiC TpH c >CTO>JlltHI (fl.4) o6pa3yioT nopeHU-HIIIlo'\pllHHTHOC no;r-

npocTpWtCTno. 
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CooTHoweHI<e nonuoThl 6a3Hca (n ,3) ecTb 

(n,6) 

Il[lH'I8'1 OHO B8pHO 11 fl[lll H8H30Tp0f1HOM rt' CooTHOUie!l Je !IOJJHOThi 6a3H-

COB (20) H (25) B PMJib6epTOHOM IlpOCTpaHCTBe 'IO*HO 3BllAC8Tb B BHIIe 

(n.76) 

=L !~ t~ ... ~':; ~(ici,..)ct(t1 ,i~ ... a.+ep"',l.~L '\£a..®~~~vo.,i.~ ... a(p
1
,i) .. 

m"'O J r1o r"'o OL V" 
(n.7n) 

=i 

l'ne f!CIIOJib3Y!OTCH onepaTO[ll•l po•neHH>l 

(TpeTHii - onepaTop po•neHH>l "npoaoJJbHoro" KBBHTa), a no i.. 1 '" i-. 
nonpa3yMeBaeTC5l cyMMHponaHHe. "MeTpuqecKHii TeH3op" ~ = i npu 'leT!! OM 

u -1 npu He'IeTHOM qucne HHneKcon i , paBHhlX 0 ( Heonr oneneHIIa5l MeTpu

Ka). CooTHowenHe nonaoTbi nJJH onHux cocTo51Huii (1?~ 11M?eT m1n (n.7B), 

HO c ~ = i n c cyMMupoBaHI1eM no 1.. TOJJhKO oT I no 2. 

T e o p e M a o p e n y K u 11 u c y M '1 bl n o n p o 'I e * y T o q H bi M c o c

T 0 5I H 11 5I M, nycTb v t_ ll ¥\£. - COCTOIIHH5l, YnOFlJI8TBOp51 Oil!He n,y, ¢ep~m

rynThl (2), IWH (22), a " fl ~ - onepaTOpbl, KOMMyTfi[Y!OIUf!e C oYA'II(x) 

(n.9) 

Tor a a 
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(ll.lOa) 

(ll.l06) 

PUC JIOCJlC!lHSIH C)'!\1 1Ll C'CTb CyMMLl TOJ1L,KO ITO COCTOHHUHM, Yft0BJleTBOfHTH1lllHM 

Ll.y • U l!OTOJ\1Y o0l!n 1Bl01UHi\1 H00TJ1HllD.T0JlblTOii H0pi\10ii ( B TO Ilf10\f5l KUK l'J1PJlH 

COCT05ll!Hfi ~ TI]JECyTCTfiYHJT COCTO>IHII5l K11K YllO!\JlCTBO[llll<llllHC /l,y,, T<!K 

(1 HC ,VHODJIGTP.OpHJOJ lH8 eMy, K/lK C TIOnOA\HTCJlhJfl,!Mll, TLlK 11 C OTfJI.1UUTC'J1b-

f!J,f MH l!Ofli\181\III) • 

..Qn;r J10KU311Tl'; bCTilB 38M8TUM 0 "!TO (fl,9) U3Hil4i1CT, 'ITO 

(ll.ll) 

H Cl.(J'1 ,~) OllC)lBTO]Jbl \'1 Q+ H r~QL , nepeTilWHM HX C IIOMOWb!O (fl.!\) 

•wpec3 A. " ~ u yYTei\I n.y. llocne 3TOr'o BKnan HpononbJioro KllOI!T[l 

COK]J<lTIITCII 

C>J K 

rrw 110 i.
1 

Be/leTC> CYMMI1flOB,1HHC y;Ke TOTibKO OT 1 :10 2, flpollOIIAW>I Cc)TOT 

npouccc r:J;nnhwe, noJ: yqneM 

(ll.13) 

( "±'"- ,t\ ( et',)cC(\'1~ ··{'c(\,..\ll\~ .• ;))'V~&a...,(e.(:i. ... )~..,')) .. .( e.(''\:t.(p1~B "\>~, 
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'ITO 11 yTnep)I{/WJJOCb. OnepaTOfJJ,I, KOM\tYTHPYJOWHe c ~., f\\l(!r.), ItpoeonHJJHCb 

11 n.:!. K HX 'II!cJJy ~tox<no no6anHTb 5 -= 5(""' 1- oo) ( B paM :ax a/1Ha6aTH'Iec

I\Oli f'I!IIOTC3J,!). 

ilnH CliJH1H8JlJIHHOCTI1 YTI1CIJ>KDCHHH TeOpCMbl HC06H3aTe lbH0 1 4T06t,J 

[o.,f\y~).,l\ 1 11 (£>.,f\.\I~").,B1 pailJI>WHCb HyJllo. nocTilTO'I ro, '1To6r.t nee 

[a..,1Av,(x,_) ,[ov11\, 1(x 1')., B] 1 J 

(n.I4) 

6hJJIH pnBHhl HYJlHl u u6KnanKnx l\1eJKflY cocTOS.IHHHMH, yaooJH TBorHtK1Illl1!\H1 n.y. 

<PetnHJ-fyllTI,J, C TBKOii CHTyaUIJei\ Ml•l BCTpe'IL!JlUCb 1\ TOKC1 e, 

0'!eBU/lflO, 'ITO TltKIHI >KO TeopeMa Ctlflc1IlCJ1Jllli3CI H ll D! ynJX OOCY kfliJB-

WHXcs.r Tf}OpHHX, B KOToph!X BMeCTO on.Horo Oilt~paTopo OJ" f\..., IIJ\18JlOCb no 

f!OCKOJlbKy: o .. s>t... B TeOpllH HtH'Cl-f'.1!1JIJlC[l 11 'O,.h \)- 1
+}> 0 h 

1 1 J t" !t(_H~\') V t't< 
Jj TP(l}HHI 3iiHliiTeiii-Hl. 

Tlp0fJ,CTCJDJ18HHP 1 f'DC• OH0 1 B l.J.'ICT!fOCTH, Ht?OfJXO!lHMa IIpH CD€! lClllHI ypnBIH~HJ-Iii 

Teopnl! <Pep,IIJ-fynrr.: K ypanueHI!II\1 n KamtGponKe H3Jiy'leH!! ;1 !17 1 • Ha ·-•Ty 

TeopeMy ct>aKTH•teCKH OriHprteTC'il J!QK[I33TellbCTBO ITOJIO./hi1Tr!.1ll HOil Onpe!lCJIOH-

I!OCTH CITCKTpanbHOi1 (~ 1~(IIKLIJiH nn~: CpCJlHGrO ITO DBK)'Y~lY OT lpOU3I3CJ.lC'Jfli'il 

TOKOB 11 npyt'nx cneKTpEI!lb!!LIX rpyHKHHit 134,17 I 
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