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Summary 

A two-point function of local infinite-component fields 4> and t(1 
transforming undet· arbitrary irreducible representations X 1 and x2 
of the proper Lor•mtz group is studied by the manifestly covariant 
technique. The lo·~ality and normal spectrum condition imply the fol
lowing general form· for the two-point function: 

< 0 14> ( X ; f) t/1 ( y ; !(: I 0 > = ~ ~ r 111 "
11 

n (f. !()a ... a F (x -y ) • 
n a a · 11- 1 f.1 n n,u 

where r~ !" lln ( f, ~:l are covariant continuous bilinear functionals 
over spaces of the representations X 1 and X 2 ; moreover r eft "'lln 
are symmetric 4-tE•nsors of the .n-th degree and satisfy the condition 

!( /1,112 r 11
' .. 

11 
n =0; Fn, a (X ) a~e positive-frequencies distributions, 

the number of F n , a which are different from zero being finite. 
A generalized version of the Grodsky-Sreater theorem on the. infi
nite degeneracy o' mass with spin in the infinite-component field 
theory is proved. 



I, B B e ll e H 11 e 

0JlHIIM 113 IIHTepeCHblX BOTipOCOB TeOpllll 6eCKOHe'iHOK JMTIOHeHTHblX TIOIJefi 

HBIJHeTCH 38Jlaqa OTbiCKBHIIH npe)lCT8B/JeHIIH ( 8H8/JOI'II'iHOI'( li3BeCTHOMY npell

CTBB/JeHIIIO t:fenneHa-neMaHal 1/) Jl/JH JlByXTO'ie'iHOfi !j>yHKUf 11 1 YllOB/JeTBOpHJO

meli ycnOBIIHM cneKTpanbHOCTII 11 noKanbHOCTI!, Bl 2-3/ 6bJII Hall:neH o6m11l! 

Bllll B IIMTIYilbCHOM npOCTp8HCTBe JlByXTO'ie'iHOl! !j>yHKUIIII TIJ/Jel! ~ II 

npeo6pa3yJOmiiXCH COOTBeTCTBeHHO TIO HeTipi!BOili!MbiM npell ~T8B/JeHI!HMX/ 

x.=(k1,c1] II Xz. =[k~..c1] C06CTBeHHOl! rpynnbi nope ~ua; np11 9TOM HB/18-

1'8/JOCb TO/JbKO CII/JbHOe~C/JOBI!e cneKTpallbHOCTII: cneKTp 9Hepr1111-IIMnynbC8 

npHHa!lneJKHT {oJUV+ ={~: p=o 11nH ~~~~~1+p1 
}, rne ~ >0-

MBCCOB8H menb, 8 ll~HHOH pa6oTe 113yqaeTCH llByXTO'ieqHaH !f>yHKUIIH nonel! 

'f 11 '/' ( TaKJKe npeo6pa3yJOmHXCH no npe!lcTaBneHHHM ~~t 11 X 1 ) B Koop-

lli!HaTHOM npocTpaHcTBe, B nononHeHHe K ycnoBHJO cneKT~a/JbHOCTH,~OTopoe 

V = Mbl npHMeM B cna6oft !j>opMe: cneKTp ::meprHH-HMnynbca 1 eJKHT B + 
= {~: ~·~~~~} t - Mbl HB/JBI'BeM YC/JOBI!e /JOKB/JhHOCTII no/JH (aHTII) KOM

MyTI!pyiOT npll npoCTp8HCTBeHHOnO)l06HOM pa3)leneHI!II aprrMeHTOB, 

8 COOTBeTCTBIIII c/3/ Mbl paCCM8Tpi!BaeM pellHTHBI!C TCKOe KBBIITOBOe 

none Cf , npeo6pa3yJOmeecH no npeJlcTaBneHI!JO l ~p~·nnhi L: , KaK 

onepaTopH03H8'iHbiH 61!/JI!Hell:HbiH !j>yHKUIIOHan t{> ( W.) f) Hall (LL,f) ~ S (R,.} X 

)( ~-X , rile 5(R")- npocTpaHCTBO lliBapua 6biCTpO ylibiBaiOmi!X OCHOBHbiX 

!j>yHKUI!l! B 4-MepHOM BemeCTBeHHOM eBK/JIIIlOBOM llpOCTp81ICTBe, a ~-X -
rrpocTpaHCTBo rrpeacTaBneHHH/5/ 'T'_X rpynnbi Sl(21C), yHHBepcanhHOH 

x/ 
Henpi!BO)li!Mbie npellCTBB/JeHI!H co6CTBeHHOl! rpynTibl nopeHua o6o3H8-

'i810T/4/ napoli qncen·l=[k,t] , raek- uenoe 111111 nonyuenoe, C -npo-

1!3BO/JhHoe KOMnneKCHOe 'ii!CIJO. 
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H8KpbiB810IUell rpyiiiib L! . npH ljJHKCHpOB8HHblX fE ll-x.1 '1 E I>-x.2 
nayxToqeqHall ljlyHKUH ~ F'f'f' (X; f, g.) rronell 'f H '/' ecTb Hnpo 6HnH-

aellaoro tpaacnHUHoaqo-HHaapHaHTHoro (aerrpepbiBHoro) ljlyHKUHOHana Han 

LL, V E $(R,.): 

<oltp(w;f)f("; g; jo) = J J F1,(x-y; f.J) U(it) v(y) J•x Jy. 
MLI aHnHM, 'ITo nayxToqeqayJO ljlyaKuHJO F'f't (X; f, g) MO>KHo oTo>K

necTBHTb C Heiipepbli·HbiM TpHIIHHeliHblM ljlyHKUHOH8IIOM Ff, ( U; ~~ 9) Han 

S(R,.) X l)_x, )( ;o_ x.~. LfTo6bl noCTH'Ib cyruecTBeHHOro yrrpomeHHH 3ana

'IH OIIHC8HHH IIOIIHIIHHellabiX nopeHU-HIIB8pH8HTHbiX ljlyHKUHOH8IIOB 1 yno6HO 

BOCIIOIIb30BBTbCH H30MopljJH3MOM Me >KAY l)~ X - rrpocTpaHCTBOM aerrpepbiB

HbiX IIHHeliHbiX ljlyHKUHOHanoB nan l)_'X - H rrpocTpaHCTBOM d X 
onnoponHhiX HaneKca X o6o6meHHbiX ljlyHKUHll B nayMepaoll KDMrrneKcaoll -o6naCTH c2. = c2.' { 0} ( pa6oTa/3/' norronHeHHe A). 3TOT H30MOpljJH3M 

II03BOIIHeT COIIOCT8BP. ;b TpHIIHHeliHOry ljlyHKUHOH8IIY. n,., (u; f.~) o6o6UieH

HYIO ljlyHKUHIOx/ F,., ~X; z,w)e D (R_.x ~2 x(!2)' o6nanaJOUIYIO CBOliCTBOM 

onaoponaocTH: 

_ c1-t c,-1 C: (k1cc, +k,oe,) 
- ft f1 t X 

( 1.1) 

npH 3TOM CBH3b Me:Kny ljlyHKUHOHanoM F.,.,cu; f, 1) H o6o6rueanoll ljlyHK

UHell F.,., (X j z, w) ocymecTBIIHeTCH ljlopMynoll 

F.,.,(L(;f.J) := (F.,.,(x;z,w), w(x)T(z)9(wJ), (1.2) 

I I ( ---.;;;r--) 
x :0 R,.~tCl•C1 -.,[IPDlJ'PBHCTBo Waapua o6o6meHHbiX ljlyHKUHli, 

CBH38HHbiX c Oelii8C'IbiO R,. ac c, ... c~,.B neliCTBHTenbHOCTH ( HH>KE' Mbl HL:JlOIIb-

3YeM 3TO o6cTOJlTeHbc~o iim ljlopMynHpoBKe ycnoBHH ( 1,4)) F'N'<; it, li) 
rrpHaanne>KHT S (R, 1 ~tC1 ac~J- rronrrpocTpaacTBy a D'(R .. I( C,a"'-'1Jo6o6-
rueHHbiX ljlyHKUHH yMepeHHOrO pOCT8, 
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rne 1'(z) H !J(z) - ocuoBHbie ¢YHKUHH HaD(C1.) , cas:aaHHbie c f H f 
COOTHOilleHH51MH f=Lxt 1' 'g= I.%.~,9 ' a r X - one pi Top H3 :O(E,a) Ha 

l:>x, , aaeneHHbiii a/3/, nononHeHHH A. 

CtjlopMynHpyeM Tenepb ycnOBH51 1 HaKn8llbiB8eMbie H8 L ByXTO'Ie'IHbie tPY!IK

UHH Ff'f' (:t; J. $) H c;ooTaeTCTByJOmHe HM o6o6IlleHHbiE ¢YHKUHH ~(x;z,w). 

1, flopeHU-KOB8pH8HTHOC'l'h: 

F,,(A(A)x; T_x
1
(A)f.T..x

1
(A)g) = Ff'f' (:r.;f,$-), 

F'r'f'(A(A)x; zA-1
, wA-') = F.,.,(~> z,w); ( 1.3) 

anech fE ~-,_1 • 2 E D-X.a• AE SL(2,C), 1\ (A)- c·~aunapTuoe npen-

cT~neuHe rpynnbi SL(2,C)a npocTpaHcTBe MnuKo/cKoro, Z A - BeKTop 

a C.t c KoMnoueuTaMH (zA) .. =I. z, Aa . 
l:t,l 

2. CneKTpanhHOCTb: 

- - - -su~p F.,1 (p; z1 w) c v+ x C1 x c~. , 1.4) 

-
anecb ~=.,'l'(p)z,w) - rrpeo~830B8HHe 4>ypbe flO X OT F.,.,(:t> z,w), 
8H8nOrH'IHbili CMbiCn HMeeT ~., ( ~) f 1 ~) • 

3. noKanbHOCTb: 

( 1.5) 
anech 

c:S = ±1. 
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1:13 ycnoBHH 2 ;neayer, qro F 'f'f (X) f, g) ecTb rpaHHqHDe-3HaqeHHe 

<jlyHKUHH H'f'f (~ ~ }~8) - 11peo6pa3osaHHH na11naca 110 p or Ff'f(p;f,g)
ronoMop<jlHoil 110 ~ B sepxHeil Tpy6e :J; = R't +i. ~. YcnosHe 3 c 110-

MO!llbJO reope~bi Eoi'OnJ06osa-BnanHMHposa16/ o6ec11eqMsaer cymecrsosaHHe 

ronoMop¢Horo 11pOilOllKeHHH H~'f' ( ~; f~ '/) B TaK HB3biBaeMyJO 'pacmH

peHHyJO Tpy6y" g- = { l; EC't: ( l:)a.¢ a. 11pH ll1060M a~ 0} . 3To 

03HaqaeT, qTQ F.,., (x; Z, w) HBnHeTCH rpaHHqHb!M 3Haqe~HeM 11pH]IIll)E v+, 
Im~ .. o o6o6meHHOH <PY;:T-UHH H""(~;z,w) ED ( fTw. cl ~e,_), 
rorroMop<jlHoilx/ 110 4; E :J : 

( 1.6) 

Mbi 11pHxonHM K cnenyiOmeil 3anaqe, Hel1ocpeacrseHHbiM o6pa3oM CBH-

3BHHoil C 110CT8B/IeHfOH Bhlllle 38/laqei\ 011HCBHHH llBYXToqeqHhlX <jlyHKUHH! 

HailTH o6mHil BHil pEc11peaeneHnil H(a;;z,w)ED'(1"~tC.txC1),yaosnerso-
pH!OillHX ycnOBHHM! 

a) rorroMop¢HOCTH r 0 ~ E r 
L H = o~ 
'al;~'-

6) rropeHU-HHBBpHBHTHOCTH! 

(I. 7) 

H (A(A)~;zA'"',wK')= H(~;z,w), A E Sl(2,C); ( 1,8) 

B) OllHOpOilHOCTH 11C Z 1 W : 

x/ . 
llrrH TOr01 qT06b! o6o6IUeHH8SI <jlyHKUHSI B KOMI1/IeKCHOH o6naCTH 6bi/IB 

rO/IOMOp<jlHOH 1 aeo6 WllHMO H llOCT8TQqHQ 1 qro6b! OHB YllOB/IeTBOpHIIB KBK 

o6o6meHHaH <jlyHKUHH ypasaeaHHM Komn-PnMaaa (17/, §4), 
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OrrHrneM xon perneHHH aToll 3aAa'fH. H3 nepeMeHHhD ;.z,w,z,w 
MOlKHO COCTBBHTb C/IeAYIDl!lHe ( ronOMOpQJHbie ITO ~ ) 8/IT e6pa11'!eCKIIe IIHBa

pllaHTbl rpyiiiibl npeo6pa30B8HIIil ( ~) z I w)-- (A(A)I;; z A-1
, w A-'): 

(1.10) 

s=z&w, s=itw, 

II t- 2 X 2 - MaTpiiUbl COOTBeTCTBeHIIO ITO/IYT0~8/IIIHei!HOi! If 6111111-

aellnoll ljlopM aa 

( 1.11) 

-
3TII IIHB8p118HTbl ITOil'flll!el!bl TOlKAeCTBy W1,- IA11 -u.,1·~L1, = t SS. 
B o6nacTII S 5 Z tw :f: 0 MOlKHO Bbr6paTb III!BapHaHTb u,1 . ufl. . U.tt) 

"11 • s B Ka'!eCTBe rrepBbiX IIHTII /IOK8/Ibllb!X KOMII/IeKC llbiX KOOpAIIHaT; 

B IIyHKTe 2,2 Mbl IIOK83biBaeM, 'ITO YCIIOBIIH a) II 6) (rrc.cnennee yno6nei! 

rreperr11caTb a IIHQJHH11Te311Manbaoll ljlopMe) rrpiiBOilHT K BirBony, 'ITO H(~;z~w) 
ecTb o6o6l!leHH8H QJYHKUIIH TO/IbKO 3TIIX IIIIB8p118IITI!b!X m·peMeHHbiX0 !Ipll'leM 

oaa ronoMopljlna rro 1L11 , U.fl , W.tf , U,z.a, ~ .Uanee ocTaeTCH ncrronb30BaTb 

ycnoBne onaoponaocTII ( n. 3,1). B o6nacTn, coneplKal!l';ii Z E W= 0, rronoJKe

ane 3HB'IIfTenbno cnoJKaee, .Ueno B ToM, 'ITO aa MHolKec rae Zt W= 0 naaa-

p!IBI!Tbl "'11 ° l(.il.. 0 1(11 

'!epe3 naa aapnaaTa l(ff 

0 UJJ. CT8HOBHTCH 38BIICHMJ,[Mif: OHII Bh!p8lK810TCH 

II CJ. : ~: = ~: 1 II03roMy B OKpeCTHOCTif 

s=o He/Ib3H liO/IHOCTbiO rrepei!Tif K III!Baplf811TIIb!M IIe;JeMel!l!blM C ITOMOlllbiO 

perynHpHOil 38Mel!bl rrepeMel!HbiXo 'fT06bi yrrpoCTifTb 38Ad'fy 0 Mbl BII8'18/Ie 

OTbiCKIIBaeM perneHifH ( B 06/I8CTII 0 rae XOTH 6b! Ollllll lf3 lfi!B8plf811TOB 1.(11 t 

uft . ulf . "''" . narrp11Mep LL1f • OT/IIf'feH OT HynH)' KOTOpbie lfMeiOT 

aociiTenb Ha MHOJKecTBe $::0 j coaeprnaH B ycnoan11 KoBapllaHTHOCTif '!aCTII'I

Hhiil rrepeXOil K IIHBaplfaHTHblM rrepeMeHHb!M If lfCIIO/Ib3YSl YCIIOBIIe Ha HOCII-
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Tenb, Mbi rrpHxonHM K SIBHO KOBapHaHTHOMy rrpencTaBneHHIO (rr, 2,3), YcnoBHe 

onHoponHoCTH aTHX pEl!JeHHl! HccnenoBaHo B rr, 3,3, B rr. 3,2 paccMoTpeH 

BOll pOe, llpH KaKHX DO lOnHHTenbHbiX orpaHH'IeHHSIX peweHHSI, Hal!neHHbie 

B l!, 3,1, rrponon)KaiOT :H BO BCIO o6naCTb H3MeHeHHSI rrepeMeHHbiX ~ ,z,w. 
06beDHHSISI pe3ynbTaT.,r rrrr. 3.1-3,3, Mbr rronyqaeM ( TeopeMa 3.1) o6wHl! sHn 

¢YHKUHl! H (~;Z,W), ynoaneTaopSIIOWHx ycnoBHSIM a) -a), 

C rroMollJbiO TeopeMbi 3,1 pewaeTcSI ( rr. 4,1, TeopeMa 4,1) 3anaqa o Ha

xo)KneHHH KOBapHaHTH >ro rrpencTaaneHHH nnH nayxTo'Ie'IHbiX cPYHKUHl! Ff'f' 
ynosneTBOpHIOU!HX rrep9'IHCneHHbiM Bb!llie ycnOBHSIM ( 1,3) - ( 1,5), 0TMeqaeTCSI 

TBK)Ke norronHHTenbHO~ orpaHH'IeHHe Ha aTo rrpencTaBneHHe, HanaraeMoe 

Tpe6osaHHeM TCP.- IHBapHaHTHOCTH rronel! ( rr, 4,1, 3aMe'IBHHe 2). B 3aMe'Ia

HHH 3 ( l!, 4,1) YK83biB8eTCSI 0 KaKHM o6p830M pe3ynbT8Tbl MoryT 6b!Tb rrepeHe

CeHbl Ha HerrepeHopMHpyeMbJe TeopHH rronH, B rr. 4,2 Mbi rrpHBODHM o6o6weH

Hbil! BapH8HT H3BeCTH Jl! TeopeMbi rponcKoro-CTpHTepa/8/ 6e3 norronHHTenbHbiX 

"TeXHH'IeCKHX" rrpenrronolfteHHl!j 9T8 B8)KH8SI TeopeMa yTBeplKnaeTx/, 'ITO B TeO

pHH 6eCKOHe'IHOKOMliJHeHTHbiX liOnel! C ycnoBHSIMH noKanbHOCTH H Cl!eKTpBnbHO

CTH o6SI38TenbHO HMe ~T MeCTO 6eCKOHe'IHOe Bb!pO)KDeHHe MaCChi l!O Cl!HHY.o 

B 38KniO'IeHHe r. 1 Mbr rrpHBODHM crrHcOK HeKoTopbiX o6o3HB'IeHHll, HC

rronb3yeMbiX B pa6oTn, 

0 6 0 3 H 8 q e H H Sl 

Rl\- n- MepHOe BeliJeCTBeHHOe eBKnHDOBO llpOCTp8HCTBOj 

C:l\-- ~- MepHOe KOMl!neKCHOe eBKnHDOBO llpOCTpaHCTBOj 

el\-c"' {o}; 
J)(Q) HD'(!l) •cooTBeTCTBeHHo rrpocTpaHCTBa Waapua oCHOBHbiX H o6o6-

weHHbiX cPYHKUHl! B O(•naCTH n BeliJeCTBeHHOrO HnH KOMrrneKCHOro eBKnHUOB8 

rrpocTpaHCTBaj 

xi 
He3aBHCHMO l•T rponcKoro H CTpHTepa K T8KOMy )Ke Bb!Bony rrpHWnH 

A6ap6aHen H <PpHWMI·H/9/ (eM, TBK)Ke/101), 
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~ = (~ •. ~,.~t,~l) E Cit. ( ~)t = (a;•)"-(~t)t_(~'t- (~S)t; 

(

>11 
~= ") 
- ~l1 

s1t) _ ( ~·+~' 
~u - ~1+.: t" 

~1_,~1.). 

~~- ~I I 

- 11 - fl. - ,tf - "' - ( c c ) Z_£w • ~ z1w1 +~ z1w.t + ~ z1w1 +~ z~w, , Z1 W E 2.• SE " j 

0 
E = ( -1 ; ) ; 
z ' w = z1 w1 - z, Wt , ( z, w E C2.); 

m=C1'{l.: :A~o} 

(T = f ~ e C,. : ( ~)'t. E 1rl } i 

l=fi: ~e.r}. 

2. YcnoBHSI nopeHU-·llHBap!IaHTHOCTJI 11 'onoMopqlHOCTII 

B paCll!llpeHHOH Tpy6e nnSI nByXTOLieLII ol\ cpyHKUIIII 

2.1. CHcTeMa nHcpcpepeHuiianbHbiX ypa BHeHI!i nnSI H{~;z,w} 

Mbi ycnoBHMCSI oTo)l{necTBnSITb KoMrrneKCHbiH 4-BeK·rop ~ c 2 x 2 - MaT-

pHueti: ( 1.11) ~ = ( ~a.i)a.,i=,,l.. B TepMHHax MaTpHUbi S ~- o6nacTb 

H3MeHeHHSI S - 38ITHCb!BaeTCSI B BHne 'f: { ~! rl.et~E 11Z'La rrpeo6pa3oBa-

HHe nopeaua ~ -A(A)~ rrpHHllMaeT cpopMy ~--A'};* . 
YcnoBHe ronoMopcpaocTH ( 1.7) H~;z,w} no-~; HMeeT BHn 

() 
0 ---: H(~;z,w)=O. 

a ()~d -
(2.1) 
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Y cnosne nope a l-HHBapnaHTHOCTH ( 1,8) rreperrnllleM B na<jlnHnTe3nManb-

Hofi <jlopMe, C aTon lenbiO (KaK n s/3/, rr, 2,1) Bbi6epeM A1
1 , A", , A1

,_ 

B Ka'leCTBe He3aBHCHMhiX rrapaMe2£.DB MaTpHUbi A= ( A•,} E SL(J,C} j 
nn<jl<jlepeaunpyll ( 1,8: rro A"1 , A"f , A1

,_ , A';, B To;Ke A:;{, rronyqaeM 

( c y'leTOM ( 2.1)) '• nn<jl<jlepeaunanbHbiX ypasaeanll, coneplKaliJHX BCIO HH<jlop-

MBUHIO 0 nopeHU-HH!18pH8HTHOCTH: 

(A) ( 11 "() 11. ~ z.~.L w1 t-)H=O. ( 2.2) 
; "al;11 + s ()~12. ()Zf wf 

(E) t ~11 0 ~11 .() - () Wt ~-)H=O, ( 2.3) 

\ d~, .. + . o~u - Za.-= oz, w1 

(B) ( 7.1 .:a__ 11. L.. - z, l_ w, ..L) H=O, ( 2.4) 

~ '0~" + s ()~11. ~z,. ~wt 

HnlKe, B rr. 2,2, Mhi aaxonnM o6liJee pellleane cncTeMbi ( 2.1) - ( 2.5) 

B o6nacTH 

ztw~o}. (2.6) 

8 II, 2,3 UIISI 9TOH ;<e CHCT8Mbl H8XOUHM BCe pellleHHll 1 HOCHTeiib KOTOpb!X 

IIpHHannelKHT MHOlKe•:TBy 

rrpn 3TOM Mbl OrpaH l'lHIIHCb o6naCTbi01 B KOTOpOH Z~ Z :1: 0 -

10 
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2,2, 06mee pemeHIIe CIICTGMhi (2,1)- (2,5) B o6nacTa (2.6) 

noKa)!{eM 1 'ITO B 06naCTII ( 2.6) H(~;Z,W}51BJHieTc51 o6o6meHHoi1 
I'<J 

~YHKUIIeif, 3DBIIC51meif TOJ1bKO OT IIHBapiiBIITOB, B cany (1.8) OOCTBTO'IHO 

L\OKB3aTb 1 'iTO 8TO yTBep)!{):leHIIe CIIpBBGJ:llliiBO B Il0006J1aC fll c91 c (9 1 TDKOI'i 1 

'!To A~u2 cf01=~3aecb A~1={(A!A~zK~wA"'): (£;z,w)e<9t]. 
B Ka'!eCTBe €)

1 
B03bMeM 

01 = { (~ i z, w) e tJ: z1 -;o}. c 2.8) 

n eMMa 2.1. B o6naCTII (91 peryn51pHa 38MeHa rrepeMef Hh!X 

HOBbie 

(S11 ,s"·,~11 , ~ 11 ;z1 ,Zt> w4 ,w.t).......,. (L<1,=4~Z, a.t1,=Z!W, 

Lt.u=W£Z, W.u,=w.fw; z,,z,~; S=ZllV, w,.) i 

rrepeMeHHbJe T8K)!{e Ilp11HliM8JOT 3HB'!eH!I51 B o6naC~II (91 , 
n 0 K a 3 aTe J1 b c T B o. OcymecTBIIM 38MeHy rrepeMeHHhlX II /IeMMe 2,1 B Bl!):le 

IlOC/lenO!laTeJ1bHOCTII nByX perynSJpHbiX OT06pa)!{eHI!H ( T,e, B3ilHMO O!lli03H8'1-

Hh!X II 6eCKOHe'!HO Oll~<jlepeHUI!pyeMb!X OTo6pa)!{eHliH C He.ryneBbiM 51K061!.1HOM) j 

OTC!OOB II 6yaeT cnenoBBTb yTBep)!{L\GHlie ne!II.Mbl, 

rae 

Wu=Z!Z• u.,l=z~w, Ll11 =WjZ. LLu.=WjWi 
51K0611aH OT06pa)!{eHI!51 J, =I 'a ( u.,.,u..,,u.,,,Uu.) , ... =I z f. wl a -:1: o. 

(It) () (~11, ~". ~lf. ~""') ) 

rae 
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JleMMa 2.1 il03l\Oll5!eT o6o6meHHOH tPYHKUMM H(~; z,w) e D'(~1) 
conocTaBMTE· K (CU. ;Z,,Z" ·,s,w ... )eD'(0,} (rne -u - 2 X 2 - MaTpMua 

C >.>neMeHT8MM u.. 1 ijfl, 1 lo(.,\t 1 W.,lJ, ) T8KMM o6p830M1 'ITO 

(2.9) 

nollCT8Bn51H (2,9) B yp8BHeHMH (2,1) - (2,5) 1 !IOny'IMM 

a K =0 I 

cHt~~.~ 
ae., fA = 1, t . ( 2,10) 

z,. 0 K =O, oz, 
( 2,11) 

2~_ L K =0 I az, 
( 2.12) 

( z, 0 ... z, w,- s . .L) K =o oz,. z,. DW.a. I 

( 2.13) 

(- 0 --
· ~- ) K = o. z, w.,- s z, ---= + 

Za. oz1 w.~. 

( 2.14) 

-nM<!J<)JepeHUMPYH ( 2,13) !10 Z 1 M ( 2,14) !10 Z1 M Y'IMTbiB8H1 'ITO $ =#: 0, 
W.t,:/:.0 B <91 1 rrony'IMM BMeCTO (2,11) - (2,12): 

C) K _ o K ·- o K _ o K _ o K _ o K _ 
0 

( 2.15) 

lz, - -az, ·- -az,_- oz.~,- ()w.~.- ~~- · 

TaK KBK !1pOM3BOnbHC e ceqeHMe (<tl., s )=ton.st o6n8CTM ~1 CBH3HO no 

(Zt
1
l..t,,W.J,) 1 TO M3 (2,15) _cneAyeT Cy!lleCTBOB8HUe 1l('U.~ $) e 

~J)'(Tx (!",), 'IaKon, 'ITo K CtL z.,z.r. ;s,w.,) = j( ('U; s). 
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anecb ( z~i ~= -
w~z .... 

Zlw ) S = z t w. ( 2. 16) 

w~w , ... 
T e 0 p eM a 2.1. B o6nacnr Zf, Wr/: 0 o6o6meHH851 tPYHKUIIH H (~;'Z., w). ynoB

neTBOp51!0!U851 ycnOBIIHM ( 1,7) - ( 1,8), IIMeeT Blla (2,16) r;; Jl(U; S) 
I - tll 

npiiHanne)!{IIT)) (T xCt) 11 ronoMopti>Ha no lA. , 

2,3, PemGHIIH B · o6nacTII Z!Z;f:O, cocpenoT J'IeHHbre ua 

MHO)!{eCTBe Zt.W=O 

B :3TOM nyHKTe Mbr Hai1neM ann o6o6meHHhrx ¢YHKUti1 H (~;z,w}, 
yaoBneTBOpH!O!UIIX ypaBHeHIIHM ( 2,1) - ( 2,5) B 06JIBCTII 

( 2.17) 

II IIMe!O!UIIX HOCIITeJib HB MHO)!{eCTBe 

sazt.w=o}. ( 2,18) 

Te )!{e apryMeHTb!, 'ITO H B n. 2.2, !I03BOJ151!0T nnH 113Y'I ~HilS! H ( ~; Z, w) 
B n orpaHII'IIITbCSI nfc n , rae -

n1 = { (~;z,w)e.Q ( 2.19) 

B o6naCTII n1 perynSipHa 3aMeHa rrepeMeHHb!X. 

( 2.20) 

rne 
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aeil:CTBI!TenbHO, OT<,opa)l{eHI!e ( 2.20) ni!Heil:HO liD rrepeMeHHblMr liOJJBepraJOtUI!M

CSl 3aMeae, rr ero IKo6naa 

I ()(~ 1 v 1 j > s » 2, \ - ( fi 2.f l,t 
O(t1t,~H.~u..w,,w,.) = z,.zA, ~ z,+~ z,.) ' 

O'JeBI!AIW, DTn~'leH OT Hynn B n, . HoBbLe rrepeMeHHbJe rrpo6eraJOT o6nacTb 

( 2.21) 

~ ~'E c,, !E c., z1 E c,, z~.eE., (s.IJ.)EC,~J 

( 2.22) 

Toraa cl!cTeMa (2. ) - (2.5) x/ 
IIpi!MeT BI!A : 

(a') 

(A') 

(E') 

ac;._ 
ot -
't) 

av 
G :: o, 

14 

dG = 0, oi 
( 2.23) 

( 2.24) 

( 2.25) 



ilHtflljlepeHJ.tHpys:r ( B') ITO z1 J IIO/Iy'!aeM, c y'leTOM ( 2.24) I BM8CTO 

(B') rrapy ypaBHeHnfi: 

(B',l) (B',2), 

8H8/IOI'H'IHO BM8CTO ( f 1
) MO:>KHO H81IHC8Th: 

( r'.l) 

(r'.2) ( 2.28) 

EyneM HcKaTb cocpenoTo'!eHHhie Ha MHo:>KeCTBe S: 0 pewenns:r cHcTe

Mhi ( 2,23) - ( 2,28) B 06118CTH w , npe:>K)l8 BC8I'O 38METHM1 'ITO TDK K8K 

G= 0 rrpn S 'fO, aocTaTo'!Ho orpaHI!'II!ThCH 1!3y'!eHneM (~ B o6nacTI! Gl1C:c.>: 

w1 = { se c1, (t, v.~1\~ ;z,,z ... ,~} E X=7ll1Ce:11(c,~c1)(c,l(c, <,}. 
CBoflcTBO HOCI!Tens:r G no3Bons:reT rrpencTaBHTb G B anne 

G(t, V, ~11, $; z,, Za.; s, 'J-) = [. /mn. (t)v. ~". $; Z1,~z.; 'f, )x 
11\,ll:O,I,... (2.29) 

It of'lt+fl. b (s) I 

as"" ()s .. 
rae 0(5)- o6o6III8HH8SI ljlyHKUI!SI 1!3 p'(C.), orrpenens:reMa" ljlopMB/IhHbiM I!H-

TerpaiiOM J d' (s) 'f(s) Ids alsl = 'f(o) ~ f"'~ (f,v.~~.~;z1,~;~)eD'(X), 
rrpH'IeM B 111o6ofi .rroao6nacTnx/ j(

1
CS 1(. TO/IhKO KOHe'!HO ~ 'Ill CliO ~ "'"' 

OT/IIl'IHO OT Hy/ISI, 

03H8'188T1 'ITO x1 

15 



C ITOMOmhiD TO~eeTB8 

(s = Z!W), rrepemnueM ( 2,29) ( y'IHTbiBaSI, 'ITo V !i Z$Zf 0 B paeeMaTpHBaeMoft -o6naeTH): 

G( t, v, ~fl.~; z.,z" ~ s,,_) = E ~~ ... (t,v,~". ~,z,za.;~)l( 
hl,l\:0,1,... (2.31) 

npaBHl!O neft6HHU8 ITO~ BOl!SieT rrpeo6p830B8Tb ( 2,31) K BHIW 

G(tv.~tt·!; z"z" ,s,,) =[ (-~ tfz)"'(zs_r.&)"' x 
"'·" ( 2.32) 

·~:; .. IL(t,v,~tt.!;z,,z .. ;~) o(s)) I 

rae GltLn. - o6o6meH f!bie cPYHKUHH H3 D 1 
( :JC) , KOTOpbie oanoaHa'IHO BoeeTa-

HaBnHBaiDTeSI rro tjlyuKu HIM ~ ~... (a, eneaoBaTenbuo, H rro cPYHKUHH H(~;z,w)). 
£lpyrHMif el!OB8MH, eel: H BbipalKeHrre TIJ:IT8 ( 2,32) paBHO HYl!ID, TO Bee ( 2,32) 

paBHbi Hyl!ID ( aoKaaaTE l!heTBo nerKo rrpoBeeTrr Al!ll G Mit. e Harr6onhUJIJ:MIJ: 

HOMepaMIJ: ftl. , ft, , " aanee e rroMomhiD rruayKurrrr rro nt.,n. ; aaeeb ey-

meeTBeHH0 0 'ITO V * 0 ) , 
Bb!palKeHIJ:e ( 2,3~) eOOTBeTeTByeT eneayiDmeMy rrpeaeTaBJieHIJ:ID Al!SI tPYHK

Uifll: H(~;z,w) B o6Ji8eTIJ: .a (2,17): 

" m n. 
H(s;z,w) = 4[ (- ;wE~z) (z!r.iw) HnuL(~;z.~,(2.33) 

'"· ... 
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rue Hl'llll (~;z,w)- o6o6weHHLie <jlyHKillll1 113))'(0), o6pa uaJOwrrecSI B nyrrh 

npli YMHO:eHHli Ha Zf.W !Iilli ztw, npli'I€M B JlJ06ol1 l'Ouo6rraCTlla'e~n 
CyMMa ( 2,33) B ueilCTBHTE'JlhHOCTI1 KOHe'!HaSI, npi1MeHI1M ycnOBI1SI ronoMop<jl

HOCTI1 H nopE'HU-11HBap113HTHO<"'T11 ( 2. i) - ( 2.5 )' K tPYHKUHI' H ( ~ ;Z, w), 33fiH

caHHOH B BI1UE' ( 2,33) • LJ.I1<jl<jlepeHUHanbHbie onepaTopbl (- i;_Eti) 11 (z ~£ !:) 
c·W ..., - )w 

KOBllpH3HTHbi 0 J111HeHHbf no 1;: 11 0 cne/IOB3T8/lbHO, KOMMc'T11pyiOT C Jll1q><jle--peHUI1El/lbHbiMll oneparopaMll B rreBbiX '!aCTS! X ( 2.1) - ( ~ ,5) • noaTOMY U/111 

rorroMop<jJHOCTll no ~ 11 liHBapl!aHTHOCTH H ( ~ t z.w) H<-o6xouHMO ll UDCTa-

TO'IHO, 'IT06bi KaMn;; H3 <jlyHKUHil Hll\1\ (~; Z,W) yuoBrrerr•opSirra ypaBHeHl!S!M 

( 2,1 ) - ( 2,5) ( 11lv!eHHO B 3TDM COCTOI11' npeHMyiUeCTBO npeucTaBneHHSI 

(2.32) nepeu (2.29)). 

CrreuoBaTerrhHo, o6o6weHHbre • <jlyHKUJnr G"''- ( i,V, ~~ $; z.,z.t.; ~) · ( (S) 
U0Jl1f{Hbl yUOB/lE'TBDpS!Tb ypaBH€HI1Silvl ( 2.23) - ( 2.28) • 0T•:JOna norry'!aeM, 

G. -- tt- - - -
'ITO Bee '13CTHbTe npoH3BOUHhl€ OT lall,no t,V,~ ,ttt,~,f,Zt,ZhZa, 1 Z.t, 
paBHbr HyrrJO. B cHrry CBSI3HOCTll npGili3BO.TJbHoro ce'leHI1H (t,V,'),)= COI'lSf 

o6nacTli W no nepeMeHHbiM ( ~11, ! , z, , Z.t, ) 3TO 03Ha'!aer cywecr-

~fftlt. (t.v;,)E~ J)'(mKe1xC.). BOB3Hli€ o6o6IUeHHhlX tPYHKUliJf 

rorroMop<jJHLIX no t,v 1 TaKHX 1 'ITO 

-- ( 2.34) 

M Lr uoKa3arrrr crrenyJOIUYJO TeopeMy. 

T e 0 p eM a 2.2. B o6rraCTll ( 2.17):, rue z t z~ 0, o6o6neHHSSI <jlyHKUI1SI 
~~~-~~~~~~ -
H (~ ;Z, w). ynoB/leTBDpS!!OlU3SI ycrroBHSIM ( 1.7)-( 1.8) li COCTp€UOTO'IeHH8SI ... 
Ha MHOM€CTBe Z 6 V(: 0, HMeeT Blill 

H (!; ztl = ~ Hw t!Z )"' (z!t ~)" [ ~ .... (t,v;~J)S(s~.~ '·''I 
rue i = (~) . V=z.iz . CJ. eCTb OTHO!U€Hlie OUHilHMeHHbiX KOMnoHeHTx/ 

x/ "'• T.e. B Ka'!eCTBe Cf, cneuyer B3S!Tb Z nprr 

npli z .... 0 ; 9Ta HeOUH03H3'1HOCTb B onpeueneH11li 'J 
B (2.35), TaK KaK Ha MHOMecTBe Z'W•O BeKTOpbr 

KonnHHeapHbi, 
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Be;TopOB _w ..!!. Z. ll3 CJ. i 7"'11. (t,V;tp- o6o6meHHb)8 <jlyHKUIIIl 113 

1> em l(ct I(Cf}, r!IJJOMOp<jJHbl8 n~ t, v 1 np11'!8M 1 8Cllll ' H8XOiliiTCSI 

B np0113BOJlbHOiJ: non of naCTII ~ ~ C1 , OTJlii'IHO OT HYJJSI Jllllilb KOH8'1H08 

'!IICJlO g .. ft. 

3. On11< aHIIe o6o6meHHhiX <jlyHKUIIii 113 l> '( :J'" ._ C2 tC C,~.), 
ynoBneTBOpHIOUlHX ycnoBHHM ( 1,7) - ( 1.9 ronoMop<jlnocTII, 

~opeHU-IIHBapllaHTHOCTII II OllHOpOilHOCTII 

3.1. YcnoBIIe opHoponnocTII B o6nacTII ZtW:f:O 

llo CIIX nop Mbl IICCJ181l0B8Jlll Jlllllib. nepBb!8 llB8 113 Tpex CBOMCTB ( 1,7) 

( 1.9) nnH H(~;z,w); nony'leHHhie B n.2 pe3ynbTa~bi npiiMeHIIMhi nnH 113Y-... 
'!8HIISI llBYXTO'I8'1HhiX :!JyHKUIIM JlOK8JlbHbiX noneti tp II t , npeo6pa3y!OIUIIX-

CSI no onpeneneHHhiM KnaccaM ( npocTo) npiiBOilHMbiX npencTaBneHIIti. Hano

•HM Tenepb ycnOBIIe OllHOpOilHOCTII (1.9), KOTopoe BWil8JlSI8T llBYXTO'I8'1HW8 

<jlyHKUIIH noneii, npeolipa3y!OWIIXCH no uenpiiBOiliiMhiM npencTaBneHHHM rpyn-

Ilbl SL(2,C) . 
BHa'lane Olllllli8" OllHOpOilHbl8 cPYHKUIIII H c~ ;Z, w) npll z 'w. o. 

npenno.eHIIe 3.·. 06o6weHHbi8 <jlyHKUIIII H(~.z.w)B o6nacTII (2.8), ... 
yllOBJ18TBOpS!!OUlll8 yc 10BIISIM ( 1, 7) - ( 1,9) 1 OTJlii'IHbl OT HynH Jllllllb np11 

U8Jlb!X c_ :C4-c1 II k .. = Jc.-k1.B 38BIICIIMOCTII OT 3H8KOB C- H k-
IIMeeM cnenyJOmlie npencTaBneHHH: 

(3.1) 

H 
c I It_ I t(c1-l)...k_ t(rt'J uw)(~tk1) 

(~;z,w)=(z~i) -(w~z) lztw\ e )( 
- ,... (3.2) 

•h+_(t,1C) rrpll c_~o.lt_~o. 
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8H8JIOri!'IHO 38MeHoii z-VJ 1 '\ ........ %. rrony'Ia!OTCSI rrpellCTa 3JieHHSI 

rrpH c_ ~o; (3,3) 

la.++{t, X}-ronoMop<jJHble ¢YHKUHH B o6naCTH m ~ cf . 
11 o:~ 3 aTe nbc Tao, noucTaanSieM ( 2,16) a ( 1,9), non) qaeM: 

cf>yHKUHSI :Jl ( u,h Uu., uL, I W.u.; s) roJIOMop¢Ha no Utt ~ ,,, .. ,u .... 'u '"-
rrpH LLtt·w,.~,- U.,;&t.lt em i nosToMy <jlyHKUHSI Jl'(l;Uft,Wtl•Uu, 
"u; S) = 1l (Aw,"w,,,~t.t,, 1 U,u.; s) rOJIOMop¢Ha ( H OllH~ 3H8'IH8) no )... 

a o6nacTH).:;e:O. KpoMe Toro, cornacHo (3,5), npH · h=p>o 
3( I ( ~ ; ~ •• ,u,, I U..atl I Ut.a. i s) = s>'- .1f ( Un, Ku .• w~,., Uu., s). 

0TC!Oil8 cneayeT1 'ITO 1l~o JIHlllb npH yCJIOBHH: c_ - UeJioe 

'IHCJI0 1 T8K 'ITO npH ).. :#: 0 

. ( -t 
npH LLff =/: 0 MOJKHO B ( 3,6) nOJIOlKHTb A: 1.(11) r no ~y'IHM: 

19 



rae 81 ( ~, Uu,,14,u> S) := :J{(11 Uf2,,U21,J;S) ronoMo~¢rra rro J, U1.._, Wtt 
rrprr ~ - w,a; w2. E m. 

llml orrpeaenerHOCTH 6yaeM cqrrTaTb c_ ~0 . Toraa, oqearraHo, 

( 3, 7) OCTBeTCSI CllpitBeanrraol! H B TeX ToqKaX, rae uff MOJKeT o6pa!UBTbCSI 

B HYl!b, 

OeperrnmeM Te 1epb ( 3,4) rrpn p1: ft.: f , OC.1 = -ot1:otE R1 c TIOMO!llbJO 

(3,7): 

f!CHO, qTo a
1 

'¥= 0 1Hlllb B TOM cnyqae, ecnH It_ 5 k1- k1 : uenoe qnc-
4' , .. 

l!O, Oo aHanorHH C 1epexoa0M OT (3,5) K (3,6) Mbl MOJKeM e. B (3,8) 

3BMeHHTb HB I1pOH3E Ol!bHOe K'OMITl!eKCHOe qncno )_ * 0 : 

~1 (t, ).Ltu.·~ U11 ;s) = 'Ak_ 11 (§;u..,.,u~,,;s). 
OonaraH anSI OTipeaE l!8HHOCTH It_ ~0 , HBXOaHM OTCJOaa 

' 1 = (f. "ta.. u,, ; s) = (uu.) It_ $a. ( {, l.l.ta.' U.,u ; s). 
rae 

91(fht~,;s) = g.,(ft• 1•!a. ,s). 

~J..([t,f.a_j$) ronoMop¢Ha !10 ~t~r~ !1pH ~1- ~JL£mn S!Bl!HeTCSI o6o6-

lll8HHOli cPYHKUHel! .S B o6nacTH 5 'f= 0 , OepexoaH OT S K perynHpHbiM 

nepeMeHHbiM I sl H ... , s HaxoaHM 113 ( 3,9): 
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rne S! ( ~1, ~a) ronoMopqma B o6naCTl! m. X c1 . 
nonaraH Terre ph ' 3 ( ~1 , ~ ... ): h.++ ( f1 • t) nprrxonrrM 

K npencTaBneHiuo ( 3, I), 

AHanoruqHwM o6pa30M noKa3wBaeTCA npencTaBneHrre nnA H£.~; z, w) 
nprr npyrrrx 3HaKax c_ rr k_ 

,... c- c-
~3;;.·.;;2;.. • ..;n;..;..t;P;..O;;..;;Il..;o;..n;.;...;;x;..< .;;,e.;.H;.;u;,;,;;e_~P;..;e:..::w;.;e:..;.;H...:ll;.;rr;,;," _;,;,n:..• ..:3~·...:1_...:B:..o:::........;B:..:c..:.JO:::.......:.o:..;l; n a c T b ,J K :.2. K :.t. 

PaccMoTpl!M Tenepb, npu KBKUX nononHl!TenhHhiX orpaHl!qeHrrHx pellle

Hl!A, naBBBMbiB ~J.£,enn~eHrreM 3,1, rrponomKa!OTCH ( KBK o6o6meHHhiB l)lyHKUl!IT) 

B o6nacTh T)(C!.xCa,c coxpaHeHrreM cBoficTB ( 1.7) - (I 9). 

Openno>KeHue 3.2x
1

• JlnH Toro, qTo6bi o6o6weHHaA <)lyHKUIH H(~;Z,W), -onpeneneHHaH B o6nacTrr (2,7) ¢opMynofi (3,1) (rrpu C. ~(,1-l:.:tO It •k-k ""'0) 
,_ ~ - .-,il"' ' -- 1 4"' ' 

no nyc Kana rrponon>KeHue B o6nacTh 'r X C.a, X C.a, c coxpaHE HI! eM cBoficTB 

( I, 7)- ( 1,9), Heo6xonuMo u nocTaToqHo, qTo6hi '++ ( t.X.) 6hina rronrrHo

MoM ITO~ BIT/l8 

N 

h++ (t.~) =L (3.10) 

l=o 

rne a,e(t) - ronoMop¢Hbie l)lyHKUITIT tem. MHO>KITTBJ1b 1 

BBB/lBH B ( 3,10) ll!IA TOrO, qTo6bi IIO/lqepKIIyTb rrcqe3HOBBH¥ e K09</JI)JIT"liBHTa 

xi 
JlnA orrpeneneHHOCTll Mw orpaHuqrrnrrch cnyqaeM uenwx HeoTprruaTenb-

HhiX C _ rr It , Korna crrpaBennrrBo rrpencTaBneH 1e ( 3,1), Jlpyrrre 
B03Mil>KHOCTIT /lilA 3H;KOB c- IT k. _ IIpiTBO/lAT K Br anorl!qHbiM BbiBO

llBM, 
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l 
rrpH 1C ecTb uenoe HeoTpHuaTenhHoe 

'IHCno), ITpH 3TOM OClllHH BHU IIpOUOJ!*eHHQ IIpeUCT8BJ!eHHQ (3,I) B o6naCTb 

T ,C. CJ. )( CJ. 3auaeT:;g 4JopMynow: 

( 3,II) 

rue 

N 

L 
l=o 

juwlt.(c1;t)-k_ ei.(o."3 z'w)(lt1+k1)(
3

.I
2

) 

) 

r ( c.,_- t- IN"' { k.41-1t,J > 

- ,_ 
a H1 ( ~ ') Z, w) - IIpOH3BOJ!bH8Q o6o6meHHaH 4JyHKUHQ B 1" )( C,a. )( C.z.. 

,-J 

yuoBneTBop<~IOma<~ yCJIOBHQM (I. 7) - ( I,9) H cocpeuoTo'!eHHaQ Ha MHo*ecT-

Be Z f. W= 0 ( o6umw BHU H1 ( ~ j %, W) CM, B rr, 3,3) xl. -ll 0 K a 3 aTe Jl b C T B O, ilOCT8TO'IHOCTb yCJIOBHH ( 3,IQ) tPBKTH'!eCKH cnenyeT 

H3 4JopMyn (3.11) - :3.I2) 1 ecnH nonoMHTh B HHX H
1
=0 . lln<~ noKa3a

TenhCTBa Heo6xoAHMOCTH ( 3,10) rrpenrronaraeM 1 'ITO cymecTByeT npouonMeHHe 

rrpaBow '!aCTH ( 3.I) 1 o6nacTb j,c.C.t. )(C.z. , ynoBneTBOpHIOtuee ycnoBHQM 

(I. 7) - ( I.9). Yno6Ho BMeCTO T)C e~, )C e .. B3QTb nono6naCTb 

( 3,I3) 

xl • 
0THOCHTeJ!bHO OIIpe!leneHHQ OUHOPOUHOH o6o6meHHOH tP~HKUHH B KOMII-

rreKCHOH IIJ!OCKOCTH 1: - Isle e'"'{Q.,., $) 

I 51 n;,c - rc e + Jrl + l ) 
CM, 1 uo6aBneHHe, JTf',,~THM 1 '!TO ( 3,I2) neHCTBHTeJ!bHO OIIpenerrQeT o6o6-

meHHY!O tPYHKUIIIO B 'T'lC c,)C ~ ... 1 T8K KaK TaM BCerna MO~<HO nepeMeHHyiO 

ZS.W Bbr6paTb B Ka~eCTBe J!OKaJibHOH KOMIIJieKCHOH KOOpUHHaTbi, 
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a aMecTo H(~:,z,w) paccMaTpiwaTb 

A(~;z~w) 
~ 

-c -k = (ztz) -(z~w) - H(~ .z~w). ,., ,._ ,.. 
(3,14) 

vb ( 3,1), ( 3,14) cnenyeT, '!TO rrpn Z f, W :/= 0 

rne C = 2.{C.z,-i) -lc;._ 1 M.= lt1+k..z.- uenoe '!Hero, h. (t,1C.)-ro-

m H 
llOMOpcjlH85l <jlyHKUH5l B ~ c, , 

C liOMOWbiD peryn5lpHOA 38M8HW rrepeMBHHOA B H8KOropoA o6nnCTH 

~1C:f!J, conep)!<HJnei1 TO'lKH c ZlW::sO, rrepei1neM o;(~~'Z1 W)K Ho,., 
Bb!M !18p8M81lllb!M T!lK 1 'lT06b! !1pBBil5l 'lBCTb ( 3,15) llM<'/111 /lOCT8TO'!HO 

rrpocToil ann. B Kfl'l8CTBe 1'!>1 BO.::lbMeM 

KaK rroKaaaHo B norronHeHHH A, B ~'f peryn5lpHa cneny~•W85l aaMeHa rrepe

MeHHbiX: 

rne 
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KpoMe Toro, B HOBhlX rrepeMeHHhlX Mbl MOlKeM paccMaTpHB\)Tb A ( t) z., w) 
I -KBK o6o6mennyiO QJYHK UIIO OT s , A , JA- , JA- , II , z1 , Z.z. , 311BHCH-

IUYIO OT t E m K lK OT rrapaMeTpa: 

(3.19) 

3aMeTHM nnH nanbnell uero, 'iTO Korna rrepeMeHHbte ( t ~ Z, W) rrpo6era10T 

ceqenne(~)t:t oenacTH ~1 ,rrepeMeHHbte (s:>- 1 f- 1 f' 1,Y,Z 1,z1 ) 

rrpo6eraiOT neKoTopyiO o6naCTb ~ , rrpH'ieM rrpoeKUHH ~ na rrnoc-

KOCTb (s,l.,;t) ecTb c, xC1'1(c •. 
B rrepeMeHHbiX (3.18) pasencTBO (3.15) rrpHHHMaeT BH!l 

11 ( , I e ~'n.(o:r.' s) ( l. 1-'1 ~t s,A.,JJ-,Jf·,-J,z,,t.,)= sl e f~ T+ii1 ) (3.20) 

rrp11 SJ#aO, 

rne ft (u.) =ft.++ (i 11 + ~) - uenaH QJYHKUIIH oT &,(, E Ct , a i pac-

CMBTpHBaeTCH KBK II8J l8MeTp, ( Eonee TO'iHO, ( 3. 20) BbiilOrrHeHo B 'i8CTH 

o6nacTH ~ , rne ~; :f::. 0 ) . H eTpynno BHneTb, 'iTO cymecTsyeT o6o6men-

HaH QJYHKUIIH ft;(s,A,f«-)E])
1(C'\xC,)(C,), COBil81lBIOtn8H sC,Kc.xe, 

c rrpasoll qacTbiO (3.~0). ilellcTBI!TenbHo, rrpasaH qacTb (3.20) 3anaeT o6o6-

mennyiO QJYHKUIIIO ~(-~A1f')E :O'(c.)(ct )(~1)) TBK KBK .lct(S,A,j4.1 

JA!,Y1 Z1 ,z~,)l!MeeT KOHI!'!Hbtll rrop>~noK s n106oll rrono6nacTH JC <! 
( ~ 

1 
TO ~(S,l.,t J HMeeT KOHe'!HblM IIOpHJlOK B III06oil 110Jl06rraCTII BHJl8 

~1 )( ~ ... I( 6, . 

rne 61 ::. f s : (I < I Sl < R,} 6J. = {" : P·l < R.2.}. 
{ 

I . .N I } ~ S = }4-: R1 ( 1ft/< ~•\ 1 Rl) 0 1 H no TeopeMe Xana-Eanaxa JlOrrycKaeT 

rrpononlKeH!re JlO o6o6IleHHOM QJYHKUHH 113 )>1
( c1 )(c. I( c. ),Terrepb TOT <jlaKT, 

'iTO h (u.) - IIOilHHDM no t..(. , cnenyeT H3 BCnoMoraTenbHOM neMMbl1 IlpH-

BeJ:tennoll B JlOrronneHHH E. 

Mbt rroKa3ann, qro A++(t,IC) B (3.1) HBrrHeTCH rronHHOMOM no lC: 

ft.+t (t, 1C) = f_ 81 (t) iC I 
l•o 

( 3.21) 
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B TBKOM cnyqae B KaqecTBe oaaoro H3 B03MOmHhlX rrpoaonm~HHA rrpeacTaB

neHHSI ( 3.1) B o6naCTb T )(c2. I( c... MD mHO B3S!Tb 

(3.22) 

06o6meHH8SI ~yHKUHSI (3.22) YOOBJIBTBOpS!BT ycJIOBHSIM rono~op~HOCTH (J.7) 

H KOBBpHSHTHOCTH ( 1.8) • EcnH HH AJISI OQHOrO e B ( 3.22) He BhlDOJIHSIBTCSI 

ycnosue: l+rn.i~{t1 ,-k,.l- CL+ ~ ecTb uenoe aeoTpHUBTenhH Je qncno ( 3.23 ) , 

To ( 3. 22) yaoBneTBDpSieT TaKme ycnoBHKJ oaaopoaHocni ( 1.9;. OcTanoch pac

cMoTpeTh cnyqan, Koraa .l yaoBneTBOpSieT ( 3.23), T.e. 

l-k1-Ca.+f=rrtl,e~lt.-Cz.+1cn.t,rae m,,n., - HBTypanbHbiB qncna. 

-· -"' npn HaTypaJihHblX "'• fl. o6o6meHH8SI ~YHKUHSI F" ft\1&, (s) =(~) ( s) 

(3.24) 

SIBJISIBTCSI rrpHCOBAHHBHHOA OOHOpOAHOA o6o6meHHOA ¢;HKUHBA nepBoro ITOpS!AKa 

CTBITBHH (-tfl.~ -I&.): 
M+~t lll+"·L 

Fm"' (>.s) ={lf .. (l)~[ F,."'(s)+l...lll (~~.)~(~-o! a~"'-'"iF" G(sil. (lto) 
!51 

(eM. , Q068BJIBHHB), IT03TOMY DpH Bb!ITOJIHBHHH (3.24) rrpEBSSI qaCTb (3.22) 

IlpH IIOQCTSHOBKB B YCJIOBHB OQHOpOQHOCTH ( 1.9) BBABT cei)SI CJIBAyKJmHM 

o6pa3oM: 
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rne 

(3.26) 

S=ZIW 

CyMMHpOBBHife B ( 3,2E) pacnpoCTp8H51eTC51 TIMWb no i , Yl10BJJeTBOp5110WMM 

(3.24). 

CnenoBaTenbHO, 3CTIM ~(t)¢ 0 npM e . ynosneTBOp5110WMX ( 3. 24). 

TO J1J151 (3,22) He BhlnJnHeHO ycnoBMe (1,9), HoB TBKOM cnyqae He cy-

WeCTByeT HMKaKoro nr yroro nponon)f(eHMH H ( ~) Z, W) npasoli qacTM ( 3,1) 

i' -c ~ -
B )(. ~ )( v.t. , yno 3neTBOp51JOWero ( I. 7) - ( 1.9). llelicTBMTenbHO, npen-

nonaraH npOTMBHoe, n myqnM, qTO pa3HOCTb H,(~;z,w)= H(~;z.w)-H,(~;z,w) .... ,. ... 
I) cocpenoToqeHa HB MJIQ)f(eCTBe ztw = 0. II ) ynosneTBOpSleT ycnoBHSlM 

( I. 7) - ( 1.8), III ) y nosneTsopHeT ypaBHeHMJO, rronyqaeMoMy 113 ( 3.25) 3aMe-

Holi H0 ua H 
1 1 £.. Vp1 fa. na -In, Vf1 ft.. 113 I -II cnenyeT, qTo B o6-

nacTM ( 2.17) nmr H1 (~; Z, W) cnpaBerrnMBO npencTaBnenHe ( 2,35), a oHo 

HecoBMeCTMMO c ycno 3;'eM III , ecnn tl{i)=J! 0 rrpn l , ynoBneTBOpH!OlliHX 

(3,24). 3To snnno, HnnpnMep, H3 Toro, qTo npn ft=fa.=f>O , -'t=«..t=O 
ycnosne III , 3annca f!Hoe B rrepeMeHHhrx ( 2.20), rrpMBorrnT K cnenyJOrueMy 

ycnosn10 nmr ~11'1.1\(f,V;~) n Vm.l\(t,v;t) , cBH3aHHhrx cooTBeTcTBen-

no c H1(~·.z,w) H V(~»z,w)~opMynoli (2.35): ~"'"(t,pv;~) = 
e +t - " ... =p' .\ r,(t,v;'tt)-.. :"'f"V"'"'(t,Vif)]. rrpnqeM '"'"'(t,V;~) H v."(t,v;,) 

T"OTIOMOp<jJHbl no V e (;1 ) SlCHO, qTo 9TO B03MO)f(JI0 TIHllib B cnyqae, KOT"J18 

Bee v,.n.(t,v;~)= 0 . T.e. Korna V(~)Z,w) =0. 
TeM caMbiM npE nno)f(eHne 3.2 nonHOCTbJO noKa3aHo. 

3.3. y c n 0 B He 0 n H 0 p 0 n H 0 c TH n J1 5I H (! i z,w) c HOCHTeneM Ha 

M n o )f( e c T s_e __ z_t_W_=_;..O 

YcnoBne onnop::.nnocTH ( 1.9), npnMeHennoe K o6o6rueHHbiM tjJyHKUMSIM 

H ( ~ ~ Z, W) , onnc' HHblM B TeopeMe 2.2, npHBDJ1HT K cnerryJOTlleMy ycnoBMJO 

rrnSI ,...~ lrl.ft. ( t 1 V;~) B npencTaBneHnn ( 2,35): 

26 



e. 
· (ft lft•IL) L .t.+~ 

(3.27) 

~ "'"' ( t , v ; , ) . 

nonaraH 3A8Ch ft = P~ = 1 . ot.1 = oe..,:. oc., rronyqaeM, 'ITO 1•tt.=/= 0 !Illlllh 

B cnyqae, ecnll 

Dpll f1: fa.:. p . ot1:= ot...,- 0 ( 3,27) !IpllHilM88T BllA 

~mr. (t, fV i ~): f C1+C.a, '"'"' (i, V) ,) (3.29) -
TBK KBK 9rtt.r.{t, v;~) ronoMopqJHa noVE c, . TO a.,:/= 0 TO!IbKO 

rrpll ycnoBHH: 

- uenoe 'lllcno. (3.30) 

HaKOHeu, rrpll r,-=1. f2.-=p"' ,-ot,=ct.~.-=a(, (3.27) rrpHBOAHT K yc-

!IOtlH 10 

'ITO BM8CT8 C (3,29) ABeT: 

( 
. ) _ 0 (.1) c+ I l.te,~.tm+n. ··i It_,,_,,; ,. ) ( 3.sn 

~"'"' t, v, ~ - ~""" -.; V 'Jt e. 

noACT8B!IHSI (3,31) B ( 2,35), H8XOAHM BllA o6o6ll!8HHIIX rjJyHKUHil B o6-

!18CTil (2.17) (rae Z~Z=#=O ), yaoBneTBopH!Oll11lX ( 1,7) - ( 1,9) ll cocpeao--TO'I8HHblX na MHolKeCTBe Z E W = 0 
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H ( ~; z,w) ·= .[ ,.. 

(3,32) 

3!leCb '"'"' ( t) - <jlyH:KUIHI 1 rorrOMOp<jJH:bie B m 1 II pi!'! eM III!Wb KOHecmoe 

'!IICIIO IIX OTIIII'IHO O'T H}'IIS!j ~ orrpe!lerr.eHO B ( 2,35), 

l1HTepeCyJOIU8SI HaC IIpo6rreMa 1 CBSI38HHOSI C rrpe!lCTaBrreHI!eM ( 3,32) 1 

COCTOIIT B H8XO)!<!leHI H ycrrOBIIH 1 rrpH KOTOpb!X ( 3,32) llOilYCKaeT 11pOilOJI>Ke

HHe BO BCIO o6rraCTb , l(e.t,)( e1 C C06JIJOIIeHHeM ycrroBHH ( 1, 7) -( 1,9), Oe

peiiiiUJeM ( 3,32) c rrt•MO!llb!O <jlopMyrrbi Jlei161!11Ua: 

H (~;z.,w) = ,.. L 
o~l',... 

o~r~m+k+ 

x (z1i)C++l+r. (e) . ("';It+) 

UnH aanbHei1we"o nocTaTO'!HD orpaHH'!HTbCSI o6rrac'TbJO 

(3.33) 

(3,34) 

IIOCKOJibKy 1' xC.t )( c.t 
o6nacTb :/:) . B o6.wcTH 

nopo)!<naeTcSI nei1cTBHeM rpynrrhr SL (2 1 C) Ha 

$) MO>KHO rrp0113BeCTH 38MeHy rrepeMeHHb!X ( 2,20)1 
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(2,22). Y'IHTbiB8H, 'ITO 

( 
~ )off 2t J 

Zt't~) i:) z,~t Za. __ ..l_ 

- ~w ~ - ~ 
rrony'IaeM BMecTo ( 3,33): 

rue 

Bm(t) = (-t)~ l,.. ,ult (t). 
' + 

{3,36) 

06o6meaaaH <jlyHKUHH G nonJKHa ynoBneTBopHTh cHc1·eMe ypaBHeHHll 

( 2,23) - ( 2,28) BO BCel! o6naCTH S:J ( 2,34), B '18CTHOC~'H 1 OUHO 113 ypaB-

HeHHll ( 2,23) ecTh ~ G = 0 ; G ynoBneTBOpHeT eMy B TOM H TOnhKO 

B TOM Cl!y'!ae, KOT'U8 !1p8B8H 'I8CTb ( 3,35) HBl!HeTCH l!Ol!HH OMOM !10 V , 
Mbi rrpHxonHM K cnenyJO~HM orpaHH'IeHHHM aa gm (t) E {3,35): 
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(3,37') 

B"' (t) = o 

!Ipll BC8X U8Jlb!X HeOTpiiU8TeJlbHb!X e, e: r , T8KIIX0 'ITO 

c+ + t + t '+ r < o . (3,37") 

YcnOBIISI ( 3,37) rapaHTllpyiOT, 'ITO G(t, v, ~f~ ~; z,,zt; s, fJ.)3aBIICI!T 

OT V liOJ111HOMII8JlbHO; B T8KOM cnyqae 113 TOre, 'ITO (3,35) YllOBJ18TBOpSieT 

CIICTeMe ( 2,23) - ( 2. 28) B o6nacTl! V. 0 ( TeopeMa 2,2)., cnenyeT, 'ITO 

( 3,35) ynOBJ18TBOpS!e1 STOll CIICTeMe BO BCel! o6naCTII ( 3,34), TeM C8Mh!M 

noKa3aHo cneny10mee yTBep~neHIIe. 

n p ell n 0 ~ e H II e 3,3, 06o6meHHbie tjlyHKUIIll 

ynoBneTBOpSIIOmlle ycrOBIISIM ( 1,7) - ( 1,8) II 06J181l8IOmlle HOCI!TeneM fiB MHO

~eCTBe Z E W = 0, HeTpiiBIIanbHbi ( T,e, oTnii'IHbi oT HynSI) TonbKO rrp11 

uenbiX c+= c1 ... c.t II k.,..::.k.1 ... k.a.B o6naCTII 1' ac C.t )( cl Of! II O)lfi03H8'!HO onpe

nenSIIOTCSI C liOMOmbiO 8fi8JIIIT!!'l8CKOI"'O !IpOilOJl~eHIISI ITO ~ tjlopMynbi ( 3,32), ,_ 
crrpaBe)lJliiBOH !Ipll Z ~ Z:f:. o. llnSI cymeCTBOB8Hl!SI 8TOI"'O !IpO!IOJ1~81!11SI Heo6xo-

!IIIMO 11 nocTaTO'!Ho,"'.!T06hi tjlyHKUIIll B,.. (t) (3,36) ynoBneTBopSinll Cl!CTeMe 

COOTHOill8HIIH ( 3.37) • 

lloKa~eM Terre pi., 'ITO o6o6meHHbie tjJyHKUllll H (~; Z, w) 113 rrpenno~eliiiSI 
xl ,.. 

3.3 norrycKaiOT rrpencraBneHl!e Bllrra 

14-1"'""- 1 H"' (~ ; z,w), 
(3.38) 

xl 
no llBB~llbl ll<•BTOpHIOml!MCSI BepXHl!M II HII~HIIM 11Hll8KC8M ~'<i Mbl 

rronpaayMeBaeM cyMM !poBaHl!e OT 0 no 3, 

30 



H 1'-t···l'n. 1 '( - -
rne 1\ (I; ;z, w) ED m "'c.t)(Ct),cnMMeTpH'!Hbl no i'•) .... /'-n. 

H rOJIOMOptPHbl no t H /(f"·l'r~. 
1 npH'!eM JIHWb KOHe'!HOe 'IHCJIO ft. He paBHO 

uymo. 

Bocnorrh3yeMCH TeM o6cTOHTerrbCTBOM 1 'ITO B o6rracTH (3.34) cornacuo 

(3.35) tjlyHKUHH (~11 ~~ +t11)NH(~;Z,W) npn nocTaTo'lro 6onbrJJoM N 
nonycKaeT npencTaaneune THna (3.38): 

N 
( ~1t.!_z' .... ~/') . H ( ~; z, w) -

.2. ,.. (3,39) 

rne P(~ •. ~a..~\lt;z,w) H ronoMop¢-

HBH tPYHKUIIH te m . TaK KBK o6e '18CTH paBeHCTBa (3.(.9) rOJIOMOplfJHbl 

no~E 1' .,.,.. 1 TO (3.39) cnpaaennnao B o6nacTII 

{ ( ~, z, w) e 'T' )(c.~, j(c.~. 
nperrCT8BHM p B B;e: 

(3,40) 

rrre p f II p If o6narraJOT TeMH l!<e CBOHCTB8MH 1 'ITO II p , HO CTerreHb 

P' ~ rro ~3 He 6onbwe N j T,e. 

N 

P'(~ •. ~.~..r31t;z,w) =.L (fs)tt Qlt(~1·!.tli; z,w). 
lt=o 

( 3.41) 

yf3 ( 3,39) - ( 3,40) en en yeT, 'ITO l10CT8TO'!HO l10K838Tb B03 ..!Ol!<HOCTb npen

CT8BJ1eHIIH anna (3.38) rrrrH H'(~;z,W), onpenenHeMoil ¢o~Mynoil 
I ... 

H (~;z,w) = H(~ ;z;w) - P"(~".~'t-zz, +t~~~zz, ,.)oul~t;z,w)(3.42l ,.. ,.. .t .l ~ 
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H YDDBJ!8TBOp1HOlll8H C00THOJU8HHIO 

ilnH 3TOrO B oGJiaCTH 

c liOMOIUhJO P"rynSJpH Jii 3BM8Hhi llep(}ilneM s pasencTse ( 3.43) K llepeMeHHl>tM 

(~,=1;11 .~1=s12.~~+su. ~~=~'"·, t=tlet~ i z,w) 

(3,41) 

Cornacno (3,42), H'(~;z,w) ronoMop<)lna lloiEi 'T' , n, cnenosaTenhno, 

tl-'(~,.~ ... ?,\t;z,w) ~:noMop¢na liO (l •. l .... ~,. i) e C,~<c,-c,~m. 
B TaKoM cnyqae llpn nJ06oM K:O,t, ... ,N ¢YHKUHII ~lt(t.,l,,}t)Z,W) = 

tt-N 
= (~,·~2.-t) Q~(lh~.J.It;z,w) rOJIOMOp<jJHbl liO ~1, lt. 1 t ; 11 TBK KBK 

QIC. - liOJ!HHOMbl 10 },,,J,, TO (no T80p8M8 flHyBHJ!JlH )'R.~t,(~~~~ .. lt;z,w) 
- nonHHOMhi llo f,, ~~ . Telleph H3 (3,44) - (3,45) cnenyeT, LITo H'(~;Z,w) 

~ 

nollycKaeT llpencTasn••HHe THlla ( 3,38), 

H 
,., ... II-"- 1 

B llpencTBBJ18HH f ( 3,38) ¢YHKUHH n. ( ~ j z, w) MO)KHO 

Bbi6paTh SL(2.,C)- Ko ;apHBHTHhiMH, T,e, TaKHMH, 'ITO 

1\ (A)~' ... 1\ (a.):~ 
t ,~ 

H'll, ... \1 ... ( 1 A A - H ~, ... ,.... il( 3.46) 
n. ~ ; z ,w ) - n. (t/'i z,WJ. 

LfT06bi y6enHTbCH B o TOM, 6yneM p8CCM8TpHB8Th ( 3,38) KBK liOJIHHOM liD 

s E c'f HB KOMli18KCHb!X rHllep6onoHnax nt = { ~ ec .. : (~).t= t J 
llpH t Ci m. , npoH::BOJlhHbiH liOJlHHOM HB rHllep60JIOHU8 7lt DI!HD3IW'IHO 
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pa3naraeTCH1 ITO "ITC8BUOrapMOHHLJ8CKHM" ITOnHHOM8M ( Mbl H8;!biB88M ITOnHHOM 

P(JJ. S) B Cit ITCeBnorapMOHHLJeCKHM 1 ecnH P(~~ 1 L ~)-
rapMOHHLJ8CKHH ITOnHHOM), nepepa3naraH ( 3,38) ITO ITC8Brror.lpMOHHLJ8CKHM 

ITonHHOMaM 1 Mbi ITpHXOllHM K pa3noJKeHHIO THITa ( 3,38) 1 KOTOP0" 1 Bo-ITepBbiX1 

OllH03H8LJH0 1 H 1 BO-BTOPhiX1 

YcnoBHe onno3HaLJHOCTH pa3noJKeHHH ITo ITCeBnorapMoHHLJecKHM ITonHHOMaM 

BMeCTe c ycnoBHeM SL(2., c) -HHBapHaHTHOCTH H ( ~) Z, w) o6e:ITeLJHBaeT 

ycnOBHe KOBapHaHTHOCTH (3,46), 

H ~ .... ,.~( J. ,\ 
i-'13 <jlopMynbi (3,35) BHUHO TaKJKe 1 LITO ft. t; ) Z, fiJ B (3,38) 

B neiiCTBHTenbHOCTH CyTb nHHeiiHhie KOM6HH8UHH ITpOH3BerreHHil ronoMop<jJHb!X 

tPYHKUHil OT ~'e m 1!8 o6o6IUeHHbie tPYHKUHH OT 2, W , T,E, 

H(~;z,w) =L L ~JC ... ~JC. r:· .. ·f"'(z,w)·Atlll.(t;~).(3.47) , -' ,. '" 
npeunoJKeHHH 3,1 - 3,31 llOK838HHb!e B n,3, BMeCTe 118101 ITOnHoe OITHCa

HHe o6o6meHI!b!X <jlyHKUHil 113 l>' (~X C.a. xC.&),yuoBneTBOpHIOl !HX ycnOBHHM 

(I, 7) - ( 1.9). Mbr o6beuHHHM nx B cnenyiOUlyiO TeopeMy, 

TeopeMa 3,1, KaJKnaH o6o6meHH8H ¢yHKUHH H(~;z,w)E )'(rxc.~.·C1). 
yuoBneTBOpHIOUlaH ycnoBHHM (I. 7) - ( 1,9) 1 ITpencTaBHMa B BH[le 

(3.48) 

rne Hr(~;z,w) H Hy(~~z,w) - o6o6meHHb!e d)YHKUHH H3 D'r.r;cc~, xC.~.). 
TaKJKe yuoBneTBOpHIOUlHe ycnoBHHM (I, 7) - ( 1.9), ITpHLieM HI 
oTnHLJHa oT aynH nHmb ITpH uenhtx C_sC,-C.t H k_: k.,-k.tH 3au9eTcH ¢opMynoii 

(3,12) ITpH uenbiX H80TpHUaTenbHb!X c_ H lc_ , H ana.IOr8MH <jlopMynbi 

( 3,12) IT pH npyrHX 3H8K8X c_ H k- ( Cp, <jlopMynbi ( 3,1) -( 3,3)}; 

Hll - o6o6menrraH 

OITHC8HH8H B ITpeunOJK8HHH 3,3; 

H k.+=:k1+kJ." 

<jlyrrKUHH c nocHTeneM na MHO)!<.•!CTBe Z&W=O, 

H]. neTpHBHanbHa nHmb ITp~ UE nbiX C+S: C1-tCt 
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4. C BOHCTBa nnyxTD'!e"'HbiX cPYHKUI!ll noKal1bHbiX 

liOJleH, lip€ o6pa3yiOIUIIXCSI !10 He!Ipi!ROI111Mh!M !1pe!lCTBBJ18HIISIM 

TeopeMa rponcKoro-CTpi!Tepa 

4.1. Koaap!!aHTHOe rrpencTaBneHI!e 

06paTIIMCSI K 113Y"!eHI!IO llBYXTO"!e"!Hb!X qJyHKUI!ll ~.,<~~ z, w) I YllOBJleT

BOpSIIOIUIIX yCJ10BI!SIM ( 1.1), ( 1.3) - ( 1.5), KaK yKa3.biB8110Cb BO BBe!leHI!II, 

F;,t (x j%, w) MO;>KH J !IOCTBBI!Tb B CDOTBeTCTBI!e o6o6ll!8HHylO cPYHKUIIIO 

H(I;;Z,W) co caofcTnaMn (1.7)- (1.9). 113 o6mero aHna H(~;z,w) 
( TeopeMa 3.1) cnen) eT BD3MD>!<HDCTh rrpencTanneHIISI H (~;z,w) a cneny10met1 

e,:UIHOD6pa3HDH qlDpM•!x/: 

rne 

H (~;z,w) ::I. L Hn,IC. (~i z,w), 
'\:0,1,... oc. 

r-~, ... p.,.. ( . 
lee. Z,WI E 

I - .... D (C,~.xC1.) - SI!lpa 

BBpl!aHTHb!X TeH3DpH l3H8'1Hb!X 61!J1l!HeliHh!X qJyiiKlll!DHBI10B 

( 4.1) 

(4.2) 

SL(2.,C) - KD

r;'"'14" (f.g) 
HB!l ( f 1 ~) e ~-:,, )( ~-x ... ; IIH/l8KC 0(. CJ1Y;>KIIT i]JISI HyMepaUHH 1111-

H8HHO-He3aBl!CHMh!X r!JopM J:.. ~ Al\,1(. ( t) - rono,op¢Hhie cpyHKUHH 

B m' rrpH'IeM TOJlb co KOlfe'IHOe 'IHCJJO nx OTJJII"'HO OT l!YJJSI. Konu'!eCTBO TeH

aopoB B ( 4.1) - ( 4. 2) MO;>KI!D CBeCTH K MHI!HMyMy 0 l10Tpe6oBaB, "'T06b! 

r /1-i · ··fn. (f ) &(t,,X,) 
0(. 1 g. l1)111HB!ll1e;>KHJIH !IpDCTpaHCTBy..}l\ 

rlff"'JA"( 
T8H30p03H8'1Hb!X cPYII CUI!OIIBJIOB f ·I) 11HJ1 

SL{l,C)-Konopna HTHbiX 

l)-x. )( :D-x, , 
ynoaneTBDpSIIOUIIIX creny10UJHM ycnoBHSIM ( Bbi!leJ1SIIOIUHM B rrpocTpaHCTBe 4-TeH-

3DpoB 1'\ -DH CTerreHH l10!1l1pOCTpaHCTB0 1 l1peo6pa3yiOIU88CSI 110 He!If.•IIBO!liiMOMy 

rrpencTaBneHI!IO [O,h.+f] rpyrrrrbi flopenua): 

x/ Bo3MD;>KHOCTJ. 3Bl1HCaTb ( 3.12) B Bl!!le ( 4.1) - ( 4. 2) o'!eBIIDHa; 11/lSI 

( 3.32) 8TO 6bi/10 l1C KH3HHO B KOHUe lio 3.3. 
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r /4i"'""'(f, a)-f CHMM8TpH''!Hblii flO p1,,,, > 1"11, T8H30p 1 (4.3) 

(4.4) 

3 aM e q a H He I • HBHhrii BHu nm1 Siuep KOB8pl!aHT-

r /4t···J4,., (f ) 
Hb!X <jlyHKUHOHaJI0!3 1 ~ 61>1Tb norryqeu H3 

T80p8Mbl 3,1, .[lJIH 3~ 01'0 UOCTBTO'IHO B ( 3,39) orpaHH'lHTbCl o6o6Tll8HHh!MI! 

H (>- ) - >- .> . •14····/4,.( ~ 
<jlyHKUHSIMH BHlla ') j Z 1 W - ')1'-f • • ~,.fl I . l,W,, I OTOpb!8 SIBJlSIIOTCSI 

OUHOpOUHb!Mll "HC8BUOrapMOH!I'l8CKI!Mll" HOr!l!HOMaM!I CT8Il8HI 

( "nceBnorapMOHli'IHOCTb" H 03HaqaeT, 'ITO Cll:; H ( <; ; Z, w:l 
Yno6Ho rrepenllcaTb nbrpa>Keul!e (4.2) anSI Hltl(.(<;;z,w) 

I 

9KBH!38J18HTHOii <jlopMe: 

n. no ~ ; 

). 

B cneuyJOrueii 

( 4.5) 

rne B"el(t) o6na!l.1IOT TeMH )!(8 cBoiicTsaMll, 'ITO ll An.lt.(t) B (4.2) • .ilnSI . B , 
UOK83i1T8J1bCTB8 UOCTBTO'lllO B Ka'!BCTB8 fl,-' ( t) B3>1Tb n. · ·10 rrepB006pa3-

HYIO OT 2.-n. An. ot. (t) H BUCITOJ1b30BaTbCSI ;0)Kl\8CTBOM 
I 

rp, ... 14 ... d ~ B(~--)=2"'·>- ... ~ r14····J.'"(i.. ' 11 B(~~) (4.6) r .... r,."' ')f• .,.... ~"~>'-~ · 

r/4i"' ""' crrpaB8U/Il!BbiM unSI JIK,6oro T8H3opa 
1 

ynonrr8TB<>p51«)U!ero yc.noBI-r-

liM (4,3), (4,4), 

Hano>KnM T8rrepb ua o6o6meHHhlB ~yHKUHH 

ycnosn8 ( 1.6), ocywecTBJIIIJOUte8 cBSI3b M8)!<uy 

H { <; i z. w) L OllOJ1HHT8Jlbll08 

H ( <; ~ z., w) n nByxToqeq-

Hb!MI! ¢YHKUI!SIMH F'f'l' (x ~ z, w) • HaiiueM cooTBeTCTByrotme orpnllli'I8HI!'il 

Ha Ka)!<ll08 crraraeMo8 Hn.,CL 
BIL,et (t) 

B (4,1) (ll COOTB8TCTB8HH) Ha <jlyHKUIHl 

B ( 4,5)) 1 CJWI1Y!Ollll!8 l!3 9TOT'D UDI10JlHI!T8r!biiDrD YCJlDBl!SI, 

r !1-t"' "'"' npll 3TOM MI,I 6yueM C•!l!TaTb 1 'ITO -. 

~(t."x,,> 
6a3HC B .;}1\ , 

o6pa3yiOT ~HKCI!pDBaHHhlii 
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H(~;l,w)a (4.1) nann-

CTCH npeoopa:l0fl<9.HH•!M Jlarrrraca ITO rrepeMCHHOH p OT 0606!lleHI!Oil c!JyHKUHH 

F(Pi'Z,w) E S'(R,xc,~. )(C,~.) c HOCHTerreM B v+ )( e.z, )( c.t I 
TO TaKI!M )f(e CBOIJC~ BOM o6rranaeT KIDKnoe cnaraeMoe . H "-,Gt (t; ~ Z, w) 
B ( 1,1 ), 

n 0 K [\ 3 aTe nbc T B ( • YTOUb! 110Kll38Th, '-!TO crraraeMoe H rn.~ ( ~; z, w) 
II:J ( 4,1) o6rranaeT • pe6y,MLIMH CBOHCTBEIMII, I10CT8TO'-!I!O y6Ci111TbCH, '!TO 

nMn o6nanacT nm6a1 c!JyHKUIIH 

(4.7) 

l!yCTb r -ITonnpccTpaHCTBO B l>(C.~. )(C~) OCHOBHh!X cjJyHKUIIil F(z, w), 
r ~, ... ,_,., A ""'o · 

Tmorx, '-!TO nrrn see;: ~ 1 sxonnwnx B ( 4,2) c "~ :r , KpoMe r:· .. ·f'~ ITPH n,:m, ,ot.:~, {/'tl'"•f'"}:{Y1I'"I)l,..} , BblllOITHeHo 

yCJlOBHe 

( r ~ .... ~,., 
ot. (z,w) F(z,w)) =0 

(KBK OTMe'-!8J10Cb Bl!llle, 8 (4,2) 

c Ar.,r~.. ¥ o 
r /"t ... /'fta. 

BXOUHT KOHC'-!HOe '-!l!C/10 ~ 

(£ (r::• .. ·" ... (z, ... ), F(z, .. '') ) , H" ITonnpocTpaucTse ~ 
1
,. "' ~1 

rre MO>KeT Cr,nb To>~ necTneHHbiM Hynm, B rrpoTl!BHOM cnyqae c!JyHKUIIOHan r: 1 ..... Ym. 
~ r:t·"f-11. ::1: ~ll, ... v" 

HBJ1DCTCH ITIIHeilHOil KOM6HHaUHeil ¢YHKUIIOH8110B 

, T,e, CY!llCCTByeT HeTpH81!8J1bHOe COOTHO!lleHI!C 

~ '\ (et) r·JI.r ... ~,., (~) 
~ ~ c,.., ... J4.,., o~. (z,w) =0 , rne C111 ... \l"" :f:O 

I'L 0(. 

SL(2,C) - KOB!lplleHTHOCTII r~··"~"'(z,w) cnenyeT Torna 

• 113 

~ ' (oe.) ( ~, ~ L C,, .. >.-. A14-, ... 
"' ae. r,., ... ~,., 

TBK KBK pa3J1H'-!HLIC GC, C 0/lHHBKOBh!M P\. l!peo6pa3yiDTCH ITO IIH-

AeL!; 

neKCaM !'tl,,, 1 JA-n, ITO OllHOMy II TO My lKe 11pCI1CT8 BJ1eHIIID [0, t1.+1] rpyiTIThl 

JlopeHua, TO ITOC1CI1Hee paBCHCTBO BKBIIBBITCHTHO CI!CTeMe 

I. c~oc.> r~· .. ""' (z,wJ = o . 
o(. 

ITpnqeM 
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r ,., ... ,. .. 
Ho sTo rrpoTnsopcqnT nnaeAaoR HB3BBHCHMOCTH ~ pa3nllqflbiMH OC:.. 

Mbi noKa3ann, qTo cywecTsyeT 

r /4• .. ·1'-rt. 
¢yHKUH5l F : F'/~~.~". 

, BXOD5lWHX B (4,J' 

(z,w) c:l>(C~JCC.a.) 
- (4,2), TBKB5l, qTQ ann BCBX ~ 

(r"i"'""" w) F.(~) ) { 0(. (Z, • i, ... ~ .. (z,w) paBHO I npn It= In • 0(.: ~ . ~ ...... p,.J= 
:{)lfl"'t 'It',_} ll paBHO 0 B OCTBnbHblX cnyqa5JX, 3TO C DOMOWI•IO ( 4,1) 1 ( 4,2) 

DC3BOiilfFr 38DIIC8Tb (4,7) B BllDB 

I ( 1,8) 

OTKyna cnenyeT DOKB3blBBBMOB YTBBp>KABHIIB, 

3aMBTHM, qTo H3 ~OpMynhl (4,8) cnenyeT TBK*B BDIIHCT•BHHOCTb npea

CTBBnBHll5l H (~) z, w) B ¢opMe ( 4.1) - ( 4. 2) ( TQqHee, OAH 03HaqHa5l orrpe

neneHHOCTb ¢yHKunA Afl.,!l. (~) s (4.2) rrp11 3anaHHoR H(~;z,w) ; c npy

roR CTOpOHLI, cornacHo ( 4.6), ~YHKUHH Bfl,a(. { t) B ( 4,5) orr JenennJOTCSI c no-

MOWbJO H ( ~:. z,w) c TQqHOCTb!O no nonnHOMB CTerreHn n.-t no t ) . 
¢aKTHqeCKH Ml·l HMBBM Tenepb peUJeHne DOCTBBnCHHOA 3 n,J 3anaqn 

ODHCBHHSI ABYXToqeqHblX ~yHKUllf! F.,'l' (:x. i Z, w) noKanbHbr:; none A t.f ll f I 
npeo6pa3yJOWHXC5l no HenpnsonnMLIM npencTasneHH5lM X, 11 XL rpynnbi 

flopeHua. CooTseTcTsne (1.6) Me•ny Ffvo{x;z,w) n H.,,,(~;z,w) 
H DpCACTBB.TIBHll5l ( 4,J), ( 4,5) BMBCTB C npeano•eHHBM 4, Dpl!BOASIT K l!C-

KOMoMy KOBapnaHTHOMy npencTaBnBHHJO anSI nsyxToqeqHb!X ¢y1 KUllA, Pe3ynb

TBT c<jlopMynnpyeM B BRAD TBOpBMhl, 

TeopeMa 4.1. LlnSI Toro, qTo6Lr nsyxToqeqHLre rpyHKunn F~"f'(x,;z,w) E. 
e S'(R,.I( e ... ICC"') YAOBnBTBOpSinll ycnoBHSIM nopBHU-KOBapJrBHTHOCTif ( 1.3). 

CITCKTpan&HOCTR (1,4), nOKBnhHOCTif (1,5) If ODHOpODHOCTR·(I,I), Heo6xo

DHMO ll UOCTBTQqHox/, qT06hl OHll HMBnH BHU 

x/ "LloCTBTQqHOCTb" TpHBl!BnhHB H npHBBABHa AnSI nonHO'rhl, 
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F'f1(:x.;z,w) :: L. L (-it . r:• .. ·/1-rt.(z,w) ()14t"'d"" ~ • .,_(~).(4,10) 
n. 0(, 

F: ( ~ \ () ( ')"' r~• .. ·/4r.- . r 'l'f Xiw,z)==~~ · t · or. (z,w)f>,..1 ... 'd14,..r11,«.(X),(4.11) 

-
rue F ... "' (p;z,w)- iJypbe-npeo6pa30BflHHe OT F.,.,tx~z.w) !fO rrepe-

T T rJ•·· .. /An.( ,\ SL{ ) MeHHoii X ; , Z, WI - >~upa 2.,C - KOBapH!lHTHI>IX 6HnH-

e~ r~ .... /'frt.. (f ) '!\ "!'\ 
HefiHhlX <jlyliKUHOIIBJJOII ot, 1 9 HB[l ~-'Xf I( tf--1-X.t 1 

yuoBrreTBop>~Kluwx yc~oenHM (4.3)- (4.4); Fn,ot.(x) - nono;;mTenbHo

qacToTHhw cKanllpHhre> JJopeHJ;l;-HHBapHllHTHhie o6
1

o6meHHhle <j1yHKUTHI H3 S'(R,.) 
(!IX qlypbe-np8o6pa3C BLlHHil ~II. ( p) I!MeiOT HOCHTeJJb B ~ ) , npnqeM 

TOJJbKO KoHeqHoe q!fc no FI'L,o(. 
1 

oTJJifqno oT nynH, 

3aMeqanlle 2. Cp3BHllM rrpc>ncTaBneHllH (4,10) - (4.11) c ycnoBJWM 

TCP-HHBLlpllaHTHOCTI· B TepMllHax nByxToqe'IHblX tPYHKUllii P.JHI ( 6ecKoneq

HOKoMrroneHTHblX) llCJJeii 1 o6pa3yJOIUllXC51 ITO He!TpHBO{lllMI>IM !Tp8UCTBBJleHJf51M 

C06CTBeHHOii rpyllllhl flopenua, rrpeurro;wraH, qTo B COBOKylli!OCTII { cp, cr*} 
Bcex noneii HllKaKHe nBa pa3JJ1fqHwe nonA He npeo6pa3yJOTCA no onnoMy 11 To

MY ;;<e npencTaBneH!fiO L: (I II I, rpopMyna ( 8)) x/: 

( 4.12) 

x/ 
¢aKTHqeCKll IIMei!HO K 3TOMy CJJyqaJO IIM8J10Cb B BllllY llpllMeHATb 

ycJJOBHB TCP -III!Bap! BHTIIOCTII B BI!Ue ypaBHeHHA ( 5) Bill/ ( XOTA Bill/, 

n,2, He uenanocb HH:aKBX rrpennono•eHHA o nopeHU-IIHBapHaHTHOCTH rroneA). 

B o6meM cnyqae, Korua HMeeTcA npo!l3BOJJb!JaA CHCTeMa rronei1, rrpeo6pa3y

JO!UHXC51 no (He) npHBOilllMblM rrpencTaBneHMAM Lt , ycnoBHe TCP-rrH

BapHaHTHOCTH COOTBE TCTBeHHO YCJJO*HilTC51, ( YMeCTHO HBIIOMHHTb/ 12/, qTo 

8CJ11l UOilOJJHHTeJJbHO llMe!OTC51 BHyTpeHHHe UHCKpeTHhle CllMMeTpHH, H81lpH

Mep, C-HHBaprraHTHO•:Tb, TO onepaurrH TCP-npeo6pa3oBaH!lf! rroneA onpene

neHa HeOUH03HaqHo), 
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rne ~ ('f) 11 ~{'f) - tjla3bi TCP-npeo6pa3oBaHIISI noneli 

Mnt npiiXDiliiM K cneuyJOIUeMy orpaHII'!eHIIJO, HaKnanhiBIJeMO~ty TCP-ruma

pllaHTHOCTbJO: B ( 4,10) Jl810T BKJ181l 111160 TOJJbKO '!eTHI>Ie, J 1160 TOJJbKO He'!eT

Hhie n. ; cn~noBaTeJibHO, H'f.,(~; z,w) . CBSI38HH8SI c J~., (x:,z,w) 
IjlopMynoii ( 1,6), 111160 '18TH8 0 r1116o H8CJ8TH8 no ~ e ,. : 

rne 1=±1. (4.13) 

nu ~ ..t.o 
8 COOTBCTCTBIIII C IjlopMyJJOH ( 8) 113 B H8TpiiBII3J1hHO!V CJ1yqae rrr.,. 
nonyqaeTCSI CIJeJlYIOIU811 CBII3b M8)1(Jly d ( "CTFlTHCTIIKOli"), Ip838MII '('f) I 
~(.,)II 'IOTHOCThiO IIJJII He•tieTHOCTbiO 8HiliTIITII'I8CKOrO IlpOJ 0J1)1(8HIISI llBYXTO

'Je'IHOH <jiyHKUIIll Frr B paClllllp8HHyJO Tpy5y: 

(4,14) 

3 aM e q a H 11 e 3, TeopeMa 4.1 nonycKaeT o6o6nren11e Ha c 1yqai'! aerrepeHop

MIIpyeMbiX Te0p11li; npH 3TOM H800XOJliiMO nepeijlopMyJIIIpOB.JTb yciTOBHe ITO-

~JJbHOCTII, T8K K8K npe)I(HSIII qlDpMa ( 1.5) CT3HOBHTCSI H8ll:Jlii'OJlHOii, nycTb 

F"' (p; f, ') - ~YXTO'I8'1H8SI qJyHKUHII' noneli 'f II r.- B HMIIYITbCH~ 
nepeMeHHblX ( Frr ( p; f, 9) ~ D ( R"), SW.p~ r=¥1' (p; f,g) c v+ ). 
Mhi orpaHII'IHMCH HenepeHopMII[l~MhiMH TeopHIIMII 1-ro pcual 12/ x/, a KO

TOflhiX npll nJ060M ~ ~ v+ e-P~ r=.,.,.(p; f, f) e S' (R,\,!!.. cnenoaaTeJlbHO, 

H'f'l'(~il9) ~T ~.,(~; f, ')' CyiUeCTBYIOT npeo6pa3088HIIII flannaca 

ronoMop<jlHbre no ~ n aepxueli Tpy6e "J; = R'i+t.~., B TaKoM cny'!ae 

ycnOBII8 JJOK8JJbHOCTH !liTH JlBYXTO'I8'1llhlX <pyHKUHH nonei! 1p II r cneL1yeT 

<jJopMynllpoBaTb a cnenyJOIUeM anne: H«flf{ S ~ f, 3) ll 6'· H'l''f ( -s i 11 f) 
nonycKaJOT auaniiTII'IecKoe nponon)l(eune B o6nacTb aewec1BCHHWX npocTpaH-

CT88 HHOITOJl06HhlX 11 coananaJOT TaM. Torna no TecpeMe CTpnTepa/14/ 

xl 1 
npnMepOM T8KIIX Teo pili'! MoryT CITYlKllTb ITOJJII ,ll)l( l<jl<jle 13/, 
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rne ~('f) 11 ~{'f) - <jla3bi TCP-npeo6pa3oBaHJHI nonefi 

Mbr nprrxoarrM K cneuyJO!lleMy orpaH!l"'eHllJO, HaKnaabiBaeM011Y TCP-llHBa

prraHTHOCTbJO: B (4,10) ):l810T BKJ18il J1ll60 TOJibKO qQTHNe, JllOO TOJibKO neqQT

Hble I\. ; Cil<O?ilOBaTeJibHO, H'fY'(~; z,w) . CBH38HH8H c ~~"' (xiz,w) 
cpopMynoi1 ( 1.6), n11Go qeTua, ;1116o HP'IeTHa no ~ E !/": 

-- rae 1=±1. (4.13) 

nu L """o 8 COOTBPTCTBIIII C <jlopMyJIOH ( 8) 113 B HPTpiiBI18J1hHOM cnyqae rrr ~ 
nonyqaeTCH CilPLlYIOlll8H CBH3b M0)K):ly d ( "CT8TllCTllKOif") <jla38MII '('f) J 

7 (f) II '1C'THOCTh10 ll/111 He"'eTIIOCTbiO 8HilJ111Tll"'PCKOI'O rrp0/1 0/l)Kei!IIH LlBYXTO

'IP'IHOil 1j1y HKUllll F,r B paCIJ!llpeHHYIO Tpyfiy: 

(4.14) 

3 aM e q a H 11 e 3. TeopeMa 4.1 nonycKaeT o6o6meHIIe ua c.ryqalf uerrepeuop

MrrpyeMbiX Teop11i1; npn 3TOM Heo6xoanMo nepe¢opMynHpOBL Tb ycnonne no-

I~JibHOCTII, T8K K8K npe)KHHH q<opMa ( 1,5) CT8HOBilTCH Hen li!I'OUHO!l, nycTb 

Fn(p;f,,)- ~YXTO'I8'1H851 <jJyHKUIIH,noneti " H r- B HMI!yilbCH~ 
nepeMeHHbiX ( Frr(p;f,a) ~ D (R"), su.~~ r=.,~(p;f,g)c v+ ). 
Mbr orpaHH'IHMCH uenepeHopMHp1t>MbiMH TeopHHMH 1-ro po 18/12/ x/, B KO

TOpb!X npll JII060M ~ (i: v+ e-Pt F'f'f'(p; f, I) E S' (R,.) ,.J!.• cnenoaareJJbHO, 

H.,r(~;:f.l) ~T ~tf~; f, t) . 
"J; = R~t+ tv+ . B TOKOM cnyqae 

cymecTBYIOT npeo6pa30B8Hl!H flannaca 

n aepxueti Tpy6e 

yC/108118 /lOK8JlbHOCTII LlJIH LlBYXTO'I8'1Hb!X q1yHKUl!H noneti ~) ll r CJlP):lyeT 

ljJOpMynllponaTb B cneayJO!lleM anne: H'f'f{~~ {,j) n d·H'f'f(-Si1,f) 
aonycKaJOT aHaniiTII'IecKoe rrponon)KeHHe B o6nacTb aemecTBeHHhiX rrpocTpaH-

CTB8HHOllOUOOHh!X H conrranaJOT TOM, Toraa no TeopeMe CTpiiTepa/14/ 

xi ; 
npiiMepOM T8Kl!X TeOpiiH MOI'YT CllY)KifTb noJIH Jl)Kf cp<jle 13/ •. 
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HC('f (~ ~ {, ~) '"'ln!!TJPJOCKII nponon~;neTcH no ~ 
H'fl/'(~. z,w)e l)'(Jx Cz. xC.t) <!IJ'HKUHOHilJlD 

(f,-9) e ;D_'X.
1 

I( ;D_ X a. 

B 06Jli1CTb r 
H 'f'f' ( ~; d.l) 

, Hnpo 

HFI.Jl 

.YilOflllPTBO[JHOT y<'.f(OBI!<IM ( 1,7) - ( J.9), 11, Clle!lO-

nnTenbHo, llJlll Hen cnpaBennHBo npencTanneHHe ( 4,1 ~. ( 4.5). TaKI!M o6pa:JoM, ,... 
:w" F'f'l'(p;z,w) 
C Tnii JIHI/Ib pn:-JHHU2f't 1 

no-npe)KHPr>!y l!MeeT MPCTO npenCHJBilPH!Ie 

'JTO F~,oc. (p) e D'(R"). 
( 4,9) 

4,2, Teope" a fponcKoro-CTp!ITep!l 

I 81 
B 3DKilJO'J<'HIIC I!pi!BeneM n"opeMy fpollCKoro-CTpHTepa 6eCJ nononHH-

Tt:llhHh<X ("Texmr'le~roiX") nonyLUOHHti, KaK H Bb<We, Mh< He !lenneM npenno

no>!(PHIH! 06 ,YilHTrJp !OC::TH npeACT!lBJlfeHHfi x1 H xt , no KOTOpLlM npeo6-

flil3.YJOTC51 fiOJl<l 'f H tf 
npHMAHHM K iiBYXTO'I"'H!Dii 'PYHKUIIH ( 4,9) B o6nacTH 

pa:1JlOH<eHHS! no ClllHY (131, ypaBHP!!HH (4,14), (4,13)): 

( 
,, lt1-.lt.L 

" ZEW) 

rpopMyny 

f'[le 6s('t')- Mepbl Hll (0,00), P (ot.,~) 
1'1. - nonHHOMbr HKo6H; npH 3TOM 

c.nyqnfi k.1 ~ J k~,J ; npyrHe B03MO)KHOCTH {\/151 onpeneneHHOCTI Mhl B3HJ1H 

CO!WpllleHHO 8HilJ10f' !'!Hbl, 

{ p: !')le 0 < Q,< e • (4.16) 

B p83J10)KeHHH (4,1c) OTfiH'IHO OT HYJ151 KOHe'!HOe HeHyneBoe 'IHCJ10 rpyHK-

UHfi 6s ('t") . r YCTb So - nenH'II!Ha HaH60J1blllero cnHHa s B ( 4,15)' 

TaKoro, 'ITO ds ('t) $0 Ha ( 0. 1 ~) , noKa)KeM, 'ITO ( (1 -Itt) H {ca, -llt.t.I)-
HaTypanbHLJe 'IHCCI!l H k1 ~ So ~ min. { c1- f) c ... -11. 
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8 o6naCTH {3,49) npOH3B8U8M 38MeHy B8KTOpa p no ~OpMyne 
P= n ·ttY I rne 't' = ( p)"' I a tti npo6eraeT rHnep6onoHn 

(4.17) 

8 nepeMeHHbiX ('f:', ~~ Z, w) (4,9) npHBOUHTCH K BHUy 

Fft(~i z,w) = ~- Cf}141 ... Vjt,., /:• .. ·f'n. ('I:; z. ~). 
oTKyna cnenyeT1 LITo F'f'f (~;z,w) HBnHeTcH ronoMop~Hoil tP) HKUHeil no V' 
H8 KOMnneKCHOM nOUMHOI'006pa3HH n B elf 

(4.18) 

MOMHO X8p8KT8pH30B8Tb LI8TB8pKOH 

KOMnneKCHbiX LIHCen 

n 1 "~- n - 1 ~- n - f n'- n - 1 v--11 c iSi z ~ z I 11.- iii z .... w. .&1 - iSI "'! z. u.- ,,, w,... w. 
CBH38HHbiX COOTHOWeHHeM n11• n1J.- n12

1 
• n ... f = 1, OTKyQa cnenyeT, 

LITO npH n12
1 
'1#:0 B K8LI8CTBe KOMnneKCHbiX KOOpUHH8T II8 1t MOMHO 

B3HTb ( n11o n,,, nu.) e c~ )( ~~ )t c1 , 8 nepeMeHHbl { (t'1 nH,n~nlt,s) 
BHUH0 1 LITO ( 4,15) nonycKaeT ronoMop<jJHoe npoAonMeHHe no ~ B fl, 

TOI'U8 H TOnbKO LIHCna 1 

npeBOCXO.IlHIUHe 

TeM caMbiM noKa3aHa cnenyJOIUaH TeopeMa, 
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-TeopeMa 4.2. OycTb F#(p;z, w) HBmleTCH J:IBYXTO'!e'IHOII 

cpyHKillieM ( B HM lYJibCHOM npocTpaHCTBe) JIOK8llbHbiX nonelt 

'/ H t , npeo6p 13YIOutHXCH cooTBeTcTsenno no npeacTasneHHHM X,:r [t,,~] 
H 'XJ. : [ k..a,, c,] rpynnhl flopenua, B TeopHH noJIH C ..J:.CliOBHeM cneKTpanb-

HOCTH, EcnH B o6nBCTH ( 4,16) BbiiiOJIHeHbl ycnoBHH : F,, (~) Z, w):jE 0 
H a pa3noJKeHHH F:'ft(~;z,w) no cnHHy (131, ¢opMyna (4.14)) aaeT 

BKJI8,[1 JIHutb KOHe'IHC·e 'IHCJIO CJiaraeMbiX, TO c.,- I k, I H C.t,- It., I 
HBJIHIOTCH HaTypallblbiMH 'IHCJI8MH H 1 CJie,i:IOB8TellbH0 1 /5/ IIpOCTp8HCTB8 npea

CTBBJieHHM Xt H X,_ coaeplKaT HHBapHaHTH~ noanpocTpancTsa oano

pOJ:IHhiX noJIHHOMOB, B asyxTO'I8'1HOII cpyHKUHH Fftf(p; ZJ w) B ~naCTif 
{4.16) npHcyTcTsye" TonbKo "KoneqnoKofnoneHTnaH 'lacTb', T.e. F-,.,(p;z,w) 
HBJIHeTCH B ( 4,16) HO~HHOMOM no z, W H J:IJIH nee cnpaBe,i:IJIHBa cpopMyna 

THna {3.9) H3/ 3 /, 

TeopeMa 4.2 cnpaaeanHsa KaK anH nepenopMHpyeMbiX, TaK H anH nene

penopMHpyeMbiX ( 1-r'O poaa) TeOpHfij ,i:lliH llOCJIBJ:IHifX J:IOlllKHO 6b!Tb BbiiiOll

HeHO YCliOBHB JIOK8ll>HOCTH B TOM BH.[Ie, K8K yK838HO B 38Me'!8HHH 3, 

AsTopw swpalK9IOT rny6oKyiO npH3HaTenbHOCTb M.K.nonHsanosy 3a no

CTOHHHwfi HHTepec K pa6oTe H ueHHhl8 38MB'I8HHH, 

.Uononnenne A 

PerynHpHoCTb oTo6paJKeHHH {3,17) s o6nacTH (3.16) 

0pe,i:ICT8BHM nEpBXOJ:I (3,17) K HOBbiM nepeMeHHbiM K8K pe3yllbTaT llOCJie-

,[10B8TellbHOCTH nHTH perynHpHbiX OT06palKBHHM, II~H'IBM IIBpBbie '!eTb!pe H3 HlfX 

JIHHBMHbl no nepeMBHHbiM, .noaaepraiOutHMCH 38MeHe : 

1) (~".~.a, ~ll, ~u' z1, z~.. ~ ""', w..,) .... (1:; ~ '\ ~tt, ta' ~ z,, z..,; w., w.~,) ~ 
rae 

J, =I :~~\1 = l~'tlt:Fo. 
nycTb A ( ~;2,w)- olio6IIlBHH8H cpyHKUHSI B o6nacTH ( 3.16). f'OJIOMOpqlHaH no r; 
B TaKOM :nyqae Mhl MOlKeM cpHKCHpOBBTb 3H8'1eHHe nepeMBHHOM t H pac- -

A()o. ) tl >11 >•1.1, • 
CMaTpHB8Tb ~)Z 1 J¥ KaK o6o6uteHHyJO cpyHKUHIO ~ 1 ') >) ,z,,'Z,,Wt,W,c., 

38BHCHutyiO OT t e 1n.' KBK OT napaMeTpa, 

42 



2
) (l.· It ,_tL 2.1 ) (J. ,.tt y ·''· . w) -..,~ ') .~ ; z,,z.l~w,,w.., ....,. ~~:> 1 , .. 1 Z.,Z~ ,sl , , 

rue Y=~"z1 +~"Iz.,Y'•~-ttz 1 +~1'z.t.. 1 s:z,w,-z.tw,> 

i \~(~ v',s>\2. ' 
J ~. = a(~''· t1', "'•> = I z,j :#= o ' 

3) (t; ~ 11
, ..; I v '; z1, z.~. • s, w,~,) .-. ( t; ~ 11 

1 VI "'" 1 ~~,, z"' 1 s. w), 

rn·e 

4) 

rne 

U,tt :, ~)I I-tt Z2, ~ 
~1t 

w: ,,_ . 
(= z~z) I w:: 'IJ ~; t s (= t"wt+~u~,). 

,.,; J. 

J =-I a(~.t,pCAl) It= I ~i \t :f:o; 
3 l(v'1 W~,) ~"z.., 

(i) ~ ffl ~ 1 uft 1 %1 I Z.t, 1 51 W ) ... ( t ; ~ ffl ~ 1 f.tff 1 l fl Zz. 1 S, Itt a,), 

Uu. = Lt11 w ~ t s z, (= z,tw); J'f = \ ~~!\ t= 1 ~j 2:t=o. 

B nepeMeHHhrx ( i) ~ 14
1 ~. &C.ff 1 z,, Zz. 1 S 1 14.1a.) HHBapH.tHT I.( ft..' U,u 1 

BXO!llllllHil B !1p8BY!O 'IBCTb (3,15), HMeeT BH/l: 

_ ( W11·l Ltu/)1 ( tt \'1JI 1 t lz.~.l 1 ) J. Lt,,· u.,.~, . 
u.~,_.u..a.,- I I -+ 5 ~ --- - . - z ' 

"" w.1f 1.4.,, ')I .t. 
'IT06br ynpocTHTb 9TO Bbrpa:>Keane, cnenaeM nocnellHJO!O ( Ta {:>Ke perymrpHy!O) 

:JaMeHy ne peMeHHbiX, KOTOpa51 I1pHBO/lHT K HY:>KHOMy pe3yllb"aTy: 

5) ( t i s 1 ~ 1\ W,ff 1 U.ft,1 '\1 I z f 1 z J.) ..... ( t ) $ t l, JA-1 p /0 v, zf 1 Z .t.) 1 
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rae 

llorronHeHHe E ( K rr. 3. 2) 

KpHTe!'Hfi rronHHOMHanbHOCTH uenofi ¢YHKUHH 

n eMMa. nycTb l(w.) - UenaH !jlyHKUHH B c1 • llnH Toro 'IT06b! cymeCTBO

Bana o6o6meHnaH ¢ynKuH~ F(S)\;p) H3 ])'(C3)(HnH H3 'D'(C, )(C,)(Cf)>, 
T8K851 0 'ITO 

rrpH (E. I) 

(3JleCb C - KOMllneKC'iOe, t1.- uenoe 'IHCnO), He06XOJlHMO H UOCT8TO'IHO, 

'IT06b! /( 1.(,) 6b!l18 llOllE HOM OM. 

llocTaTO'IHOCTb y~noaHH cneayeT H3 Toro, 'ITO ¢yHKUHH, paBHaH 

ISit.'t("'(Q.., .s) npH s rf.o ( c' - KOMrrneKCHoe, n/ - uenoe 'IHCno), 

norrycKaeT ,KaK o6o6me IH851 !jlyHKUHH
1
llp0Jl0ll)l(eHHe BO BCIO KOMlllleKCHYID llllOC

KOCTb S (pa6oTa/5,, ao6aaneHHe). 

llnH Jl0K83aTellbCrBa Heo6XOJlHMOCTH YCllOBHH rrpeUIIOI10)1(HM 0 'ITO 

F(sl),,f'). orrpenemHH851 B (E. I) rrpH s+o.norrycKaeT rrponon)l(eHHe B Cs 
( HllH B c, )( c1 IJ( e-, ) . B TaKOM cnyqae F='(s.:A. "') B orpaHH'IeHHOfi o6naCTH 

~={(s,l,JA-): ls1<'1
1 

\AI<1, 1j,.<lf'/<1fcC3 HMeeT KoHe'!Hbrfi rro-

pHil OK: 

(E.2) 
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nycTb f(S1~1 ;t) - <jlyHKUIISI 113l>(C)) c HOCIITeneM B { (S~A;f4.).: 
Yy<ISI< y,l 1~1< Y.t» Y.,.<ll'l<t }. YAOB/IeTBOpS!!Olll8SI ycnoBIISIM: cp ~s .. ed~f l, e'~J= 
:: f(S,,.,,._) rrp11 n106biX BemecTBeHHbix 9f,9.t.; J'f(S),f')I•IS~i"cll~r.ll'.tfl=-1. 
C noMOUlb!O <jlopMy/Ibl 0 cpeaHeM A/IS! uenoil tPYHKUIIII /(u) : 

f ~(w.+>.) xc~) .l"~"rl = ~(!A.) J x(l.) ,,>..(rl, 
rae 'X e- ])(C1) II X(el 9>.)=X(>.) llpll IIJ060M e~ R1 ) l!0/1 rqaeM: 

~(") = f l( u+>.+,.'-J !f(s .. ),,.) I~ s.r ~ "~ .t r .tr .tf I. (E.3) 

npll lot of 0 paBeHCTBO ( E.3) He HapymiiTCSI, ec1111 BMeCTO ~(S,A .. f) llOA-

CTBBIITh l~.ti"·ISI'f· 'f(~S, s)., lsl;t) : 

4l CA.)= f f( ~t+)+ f-1) I ~tit 1 sl ~ 'f( iis, r ~,I s-1,-..) j.t s J :f clt«f ,t~JXI • 

= fl(~-t .E:.) lc.tlt\f(i's,}.- us, f') 1 .tsats .tl.tr J~Jrl. r s lsi"' 
a 3TO 3KBIIB8/IeHTHO C/IeAyJOUleMy: 

f(u) = J!slctit~-(cu' .s) I(~ tfk.~.) ~" {s,>..4~.) IG1s.tsl..\af+~/.(E.4) 
rae 

A;. t+.t -L11.(UJ ~ot.) J; 
'!'""(s,>.,f-)=lt.tl e r{W:~,.>..f). (E.s> 

II ~ -c -irt.(t~."' s) _ 
":t'(S,A1 J4.) =Is\ e. cp(s, ).- s,JA.). 

C rroMOlllbJO ( E.l) rrepermmeM ( E.4) B B11ae 

~(~t)= (F(s,~,J4), tPw.(s,~ .. ,.)). (E.6) 
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EyneM C'IIITBTb ~ ¢nrKC!!pOB8HHOI1, TaK KBK npl! lur ~ 1 HOCI!Tenb ~" 
nep)!(!!TCH B ~ , To 113 ( E,6), ( E,5), ( E,2) cnenyeT 

\ 

. 1 Re c -t.t(N+f) 
~(u.) l ~ c · 'tN ( ~~~> ~c ·1u1 npw · I U I ~ 1 • 
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