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I. B B e A e H H e 

HeABBHO/I/ 6Hno npeAno~eao npeAcTaB.neHHe AHR npoHSBOHbHOR kHBapHaHTHOR ;IIByxTO'!e'!HOR 

~YH~H B Teopzz, BKmD'lBD~eR 6ecKOHet~ao-KounoseHTHHe nonR. Ue.nbl aacoroR~eR pa6oTH RBnaeTCR 

CTporHR BHBOA H ASHbHeRmHR 8H8nHS STOrO npeACT8B.neHHH. MH H8'1H6~ C TO'IHOR llOCT8HOBKH 88)18qH 

H llpHBeAeK KpaTKKR o6aop COAep~aHHR pa6oTH. 

IIycTb "t' -nzaei!aoe npeAcTaBneHHe A- T(A) KBaHTOBo-uexa~ zqecKoR rpynnH .nopeaua 

S L {2,C) aenpepHBHHKH onepaTopauz T(A) B .nzaeltaou TOnonorzqecKCII npocTpascne ;f) , 11 

nycTb AaJiee ~(It~) - npocTpaaCTBO 6ecKoaeqac AH~epesuzpyeu~, 6~cTpo y6HBa~~x ~YHK­
uzlt B qeTHpexuepHOK npocTp8HC'fBe. PeJIHTHBHCTCKOe KB8HTOB8HHOe none '/'(11. if) (11.eS(R~ 
f E ;D ) onpeAeJIReTCH KaK 6znzseltsoe cna6o senpepHBHoe oT06pa~ea11e npocTpaHCTBaS(JR~)xl) 

B KHO~BCTBO (Beorp8HH'I6HHHX) onep8TOpOB C 06~elt 06JI8CT~ onpeAeJieHHH B rHAb6epTOBOK npOCT­

p8HCTBe !Jl B8KTOpoB COCTORHHit/3/ • 

IIpeAn'onaraeTCH, 'ITO B :J( ;lleltcnyeT ysnapsoe npe;IICT8BJI8HH e rpynnH IIyaHKape ISL. (2., c), 
06JI8A81l~ee BAHBCTBBBHHK HHB8p118HTHHK B8KYYJIHHII B8K!Opoll 10). 88~08 npeo6p880B8HIIR nonR. 

IIU8eT BIIA 

(I.I) 

ue 't<{a.,A} = w.(A-•(A) (x-ct)) , a A (A) - npeo6paaoB8HIIl .nopesua, onpeAe.nReuoe pa-

B6HCTBOII 

A6rA* = 6v·A~(A) (1.2) 

( 60 - 2 X 2 8AHBII'!H8R !18Tp11U8i f!>j , j " 1,2,3 - 118TpHUJ>I ilay.lll). 

B Cllny Tp8HCXRUHOHHOit HHB8pH8HTHOCTII :ziBYXTO'le'IH8R ~YHKUIIR ( ~.e. B8KYYIIHOe O~A8HHe 

(I.3) 

cneKTpa.nbHaH ~YHKUHH K 1 '/' ( ~ j f ; ~ ) 
'ITO onepaTOp SHeprHII-IIKllYAbCH Y:ziOBJieTBOpHeT CIIXbHOKy yc.nOBH~ cne!Tp8J1bROCTH (c 118CCOBOit 

!/ilpiiii6'18BIIH npi!BeAeHH B KOHUe pa6o!H. 
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!.101 BCIO;ny OyJI.eM ~crroJI:&3• 1B8T:& l!.JIH Herrpi!BO,lUII(biX npel!.CT8BJIBHI!iil rpynn01 S L (2 ,C) o6oaHa­

'18HIIli/ [ k. > c] =X ' rJI.e k- ljeJioe IIJII! llOJiyiJ,eJioe t!I!CJIO, c - npOII3BOJ!l>HOe KOJ.If!JIBKCHOe 

'HlCJIO (Mil rJI8BHOl! ceplll! JH lT8pHiiX npeJI.CT8BJIBHI!It C t!IICW II.HI!II.0/
4
/) • IlyCT:& IIOJ!fl \f (x ) f) 

l1 tj'(x; 1) npeoopaayiJTCfl n > Henpl!BOlJ.I!IIW rrpeJI.CT8BJJBHI!flll. .X 1 l! X1 ; TorJI.a MO&Ho Ct!JtTaT:&, 

'ITO BeKTopbl f E :£)_11 , ff E- :D-x.'l. npeo6pasyllTCfl cooTBeTcTBeHHO no rrpeJI.CTaBJJeHH!!M T.x
1 

11 T-x~. . 
0CHOBHW peayJI:&T8TOII pi60T!i HBJIHeTCfl H8XO"lJ.eHI!e 061!1ero Blll!.8 ClleKTpaJI:&HOl! ljJJHKljllll 

K ( U.; f j g) , paccwaTpllB8 'lii.Oit K8K HerrpepbiBH!ilt TpiiJII!HeilHbllt ljiyHK!1liOH8JI HalJ.3/ 

.D(V-t.) X :D-x, X ~-l.t. , Yli.OBl!eTBOPflllii\IIl! JCl!OBliD JlopeHI1-HHB8pl18HTHOCTI!: 

(1.4) 

Cpel!.CTBOII B pemeHilll 3TOI! 38 ~8'111 HBIIJ!Cfl YCT<;HOBJieHHbllt B ;ztOllOl!HBHl!ll A J130li.OJ$13M lle:;.;ny ~~X 
-rrpoc Tp8HC TBOII. HBllpepbiBHiiX 1JI!HBI!M ljiyH~IlOH8JIOB H8:zt :D-x - H llpOCTp8HCTBOII. til 1, Oli.HO­

pO;ztHhiX (HHJI.eKca X ) o6o6n eHHhiX if!YHKIU!II B AByMepaoll KOIIDJieitcaoll o6nacTJI ~ •<C.t.'fo}. SroT 

1!30110pif!ll3ll. f103BOJif!eT H8XOl!.Y.Tl> p83HOrO pDli.B flOJ!l!JIIIHBIIHble JIOpeH!l,-l!HB8p118HTBble if!YHKI1l!OH8Jibl C 

llOII.OIJil>ll TeXHHKl! 0606IJIBHHiiX ljiyHKijlll!. 

3aJI.aqa cBeJiac:o K aaxo~:zteHKil o6o61!1eHHolt if!YBit!U!H K(p;z;w-)~D{~xC1 x C1),yJI.oBJieT­

BOPHDI!Iell Bbllll!C8HHW HHllle ycJIOBJ1flll. (2.~), (2~3).001!lee pemeHIIB,B!ITeitaDI!leB 1!3 T_eopeiW 2,f,HeTpi!­

BJ18JI:&HO np11 ycnoBKII, ecn~k 1 ~k~-uenoe 'lHCllo, H oJI.H08H8'1Bo onpeJI.eliRB!CH if!YBKUHell 3 (~;~) € 
f: ~'(1R~xE-1,1]) 1 a~BI!Cfl.ell OT AByx IIHB8pJU!.HTOB 1 CoCTBBliBHHiiX 118 p' :l, 'W" 

• 'I .. lz,t~/!. -(~)~!ZtW'l 1 

z,ez · W}. w-
(1.5) 

B p83lf.BJIB 3 llbl 113Yt!8BI 6oJiee llOAp06BO ;ztByxTo'lB'IHliB if!YHKIUIB KOBB'lBO-KOIIDOHBHTBiiX llOJiell. 

3JI.eCl> llli o6o61!laell BH8JII!3 M~:T/6 • 7 I Ha CJiyt!all 'cnHHOpHiiX JiopeHU-HHB8pH8HTHliX o6o61!1eHHiiX il>YHK­

UHII·K(xl 0Ka3b!BaeTCI!, 'ITO Tl .Kite ljlyHK1111H npeJI.CTBBHIIbl B BII,IIB KOBB'lHOit Cyl!ll.li KOB8pii8HTHblX no-

JIHHOII.OB oT X (IIJIII oT ~[ ), yi!Hol:eHHiiX Ha L! -IIHBBPHBBTH!ie CKBJiflpHae o6o61!leHHlie 

il>YHKUHII (B nonHOII 8H8JIOrllll CO cny~ae11 Clll!HOpHbiX 8HaJil!TI4'leCKHX if)yHKUHR, paCCIIOTpeBHliX B/S/, 

§ 4). 3TOT 8H8JIII3 ll03BOJif!e ~ CBBCTII rrpo6JI€11Y orrpeABliBHHft CllHHOpH!iX ~YHKIU!lt rpiiH8 nocpe,IICTBOII. 

ljlyHK!1HII .YaRTII8H8 K COOTBeT•:TBYDI!lell pemeHH00 38A8'lef
9

/ Allft CK8liHpHiiX noJielt. 

l:! § 4 llli BliBOAJ<IM paaJI lllBHIIe AByxTO'lB'IHOR il>YHKUIIII ITO i1Ap811 C onpeABJI€.HHW CllHHOI! II Ha­

XOAIIII Heo6XOAIIII.lie II ,IIOCTBT>~Hlie yCJIOBHft H8 poeT K03if!ta!UieBTOB 3TOrO paaJIOllBHIIR. JCROBBB 
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noJIO:illTeJI:&Holl orrpe,lleJieHHOCTll (B Clly'lae apMI!TOBO conpi! .. WHHIDC noJiel! 1 Y.liOBJieTBOplleTCII aBTO­

MBTH'IeCKH 3JieYeHT8pHHMH ll,llpaY~. 

2, 0Cill!lll! Bl!,l! I:HBBpi!BHTHOil ABYXTO'Ie\IHOll \IJYHKL\1111 B llMflYlll>CHOII npoc"pBHCTBe 

2.!. JllliJ/11>epeHUl18lll>H811 \l)OpM8 yCllOBIIII KOBBPII8HTHOCTII 

B Clll!Y 1130I.!Op¢ll3118 lle.>,l!y ~:X (:!pocTpaHC~OII, CO!!pll:ieHH!ill 1: l)_1 ) H i!pOCTp8HCTBOII 

rix 074HOpO.<\HIDC OOOCill!eHHb!X \I!YHKUl111 B OCil!BCTH C.2. (C!.I, ,liOITOl!HeHI!e A), !.IHQ;,:eCTBO (Henpep!lB­

HIDC) TplllliiHellHIDC \I!YHKUI!OHanoB Hail D(V+) x ~-X, x ~-l..r. 11Sc MOJXPHO MHor..ecny o,liHopo,l!­

HIDC Tpnmmet.Hblx wYHKIUloHanoB Kc u ; 1= ; G) ua.~~ D(~) x D(~,_) x D(~) c IIH,l!eRcauH oA­

HopoAHocTI! X1 , 11 • o:bl Mo .• eM couocTaEHT:& c cjJyHKIIHOHaJioM 1\ ll,liJ>O 

K ( p; z ; w) E D' (V+ ~ C, I( c2.) , {2.1) 

OOJia,l!aDmee CBOllCTBOM OAHOpG,liHOCTH 

K ( ~ol.l/1 .r:::- Lot! /1 c,-1 c ·t i (~e,oc,+K,ac..} K , 
p;{f;·t Z;v91 e w)=91 ·p1" ·e · ~~;l;w),<~.~J 

( f; >0 , Xj = [lcj,Cj]) . 

YcnoBue nopeHU-HKBBpMaHTHOC!H WYHKUHOHaJia K c nouom:&» H,llpa aanHCb!BaeTcH: 

A€SL(2.,C) (2.3) 

A T' 
(a,llec:& l S A 1 ). nepenHmeu (2.3) B HHWHHHTH3HII8lll>HOII wopue. H811 YAOCiHO BY6CTO 4-

B6K!Op8 /J JIBeCTH 5pMH!OBY MBTPHUY ! : 

( 
p'+~l 

P'·'~l 
Yp8BH8HHe (!,2) OSK&qae! 

pt-ip")· = 
~·- p3 

~ =Aj.A1
• 

( p lli) 

C ITOYO!Ill>ll 118Tpll!Ui ..e 6y,llyml!lt KOHYC ~ 38ITHCblB86TCll 

V+={_e: Pt1>o. P"·Pu-IP1"1">o}. 
llapaueTpHayeu KOUITJ!8KCHYD MB!pHuy A 

5 
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B OKpeCTHOCTII 8/II'!Hlll\bl A I rpynrrbl Sl.. (2,C)rrap8MeTp8Mll a.11 ' a,2. II tl.~,, . JlwjJ·~epCHU•1PYH 
(2.3) ITO 3TI'!M rrap8MeTp8ll II IIX KOMITJI8KC!!illl COilpH.f.el!H!lll B T04K8 A = I, f!OJiy'!aeM JU!H K( p; 2) 

'W") 6 ,lll'l,P<JiepeaulHlJLbHbiX ypaBH8Hl1ll. Bb11111!118!l 4 113 Hl1X (110JIY4CH!fL!e .l(l1<P<JiepeHL\11pOB8Hfi8M flO a12.· 

C{.tt , iu, , aLl ) , n JClWJI:CKY 0Hl1 CO,llep.;~aT BCIO IIH<jJOpMat\1'!10 0 JIOpOHL\-11HB8pl18HTHOC'l'il: 

( he>.<. 1.. 
r -c ~ et 

( al(ec:c a. = I i!JII! 2, 

0 
)DeC 

I 

(2.6) 

I = 3-a; CYJ.IMilpoBaHI!e 11,11eT no~ oT I .z~o 2), 

(2.7) 

I - _. 
2.2. I'IHBapllaHTHaH pyHKL\l H 1!3 D (V=t xC1 X ([:J-¢yHKL\l!i! aJire6paut~eCKIIX l!HBap;aHTOB 

Mbl uai\,lloM cHa'laJia '6111ee pemPHHe ypllll'WHi!ll (2 .6), (2. 7) 6ea HcnoJI:c3oBaHllH yeJiOBi!li o.z;­

nopoAHOc;'fl!. ~aKI'!M 00p83< !.1 1 pe3yJI:CTHT 3TOPO nyHKTB ITpiU.I8HI!M I( HtlKOTOpot.ly I(JIHCCy npliBO,llllllblX 

rrp~;~eTR1lneHHll SiAl,(.). 
i:a ,E, t t Y · ·oC;TCJBl!M H838Bl!Cf!llb18 l!HBapl!3HTbl rpyll!lbl dpeodpa30B3Hl1~ (£..; l j 'W")--+ 

~ (A _e A\ z A_, , ;v- A ') : 

7: '"' ( P J L ;J J.et f, 
(2.8) 

Kor.z~a r.ep!"!1.8HH!ole ( p i ~ ; w- ) lkJ8Hi!10TCH B v+ X c1 X c.'!.' V.HBapi!a!!Tbl npo6erallT o6.~ac:r:c 
{(-r;v;s,t)J ==lR~ X R~ X c2 (:no cnCi\Y<':'r ~·; liUJIO~ll'reJI:CHu:l UdfiP..'(~JieHH<l<.:TII 148TPIII\bl ).. ll 

TO]f(JIP,<'T'flP, !sl1
-t It['-:::: :lj ~ · W'j>,Wo ). lJToCiii ~P0'13B8CTl1 perym'lpHYJl R!llleHy nepe~~eR!IbllC B 

K( f i:!,; W" ), ri:Ci.l\C'l'11J;1ll 1" 10ieCTEO ~xC1xd:1 B P:<;re 00'l'>IJI\V'l8!1llR o6Jiacrelt Ql' B KOTOpoll 

w-1 + 0 , 11 02 , B ''"~ 1pn;t 'W1 '# 0. BBA/l,IJ'.! f!j:fn(>fT'•o:,x.:: :J1 : 

(_e;z;w) -(r; v; s,t; p11
; p1

\ ~ = 'W"1 + .t' w;. '(=a~~..! 'Wi) 
P" 

( WL3 ·w;_ -'HJ ,.. ::1'1'1:!2' .;;:,·· .... -'W'~ ), c •·'·'. •,, r:'' 

(2.9) 



'[' € 1R~ . v E Rt ) ( s. t) f e-2. . 
1E<C1 ;lf€-JR1}· 

· ·r"' c•· ''lilt' .•.r•.~o· o·,.., .. ,oJJ· :<;J:JP. 1'12. ~! Oo~ J.'i'l J' v t-'~v - • ~ ~ 

f2. 

( p ; l ; w) - ( t' i v i s, t ; ?u; p 12
' ; ~ '= 'Wi + ~~,· 'W'1 (... rA. .,, 'lv't ) 

- p 
(2.!0) 

OTOO)l~l .<JC1' 02 H.9 COOl3CTCTBJ'IJll\CC •mo.'CCTBO 02. 

I 

Jl e!!. M a 2.1. ~.!c .• ~J\Y nyoUTJ!ITIIC'J'BOM l(>yHlW,v!il K f.D(Oj) ( i = 1, .2.) 11 npocTpaHCTBoM 

:::.'Hi\1\Ul Kj (T; v; s 't; pjj; p11
; t)) tf (t)) E- J)' ( nj) IlE pl!O)l,l!lll!llJC 110 'f (COOTBCTCT-

Bei:Ho, tf I ) C f!C[Hlil;I\OM 2 Jr: , Cyi:l('C~'B:YCT J.I30MOpljJil3!.! 

K ( K / jj 11 (1) (') 
_£ i 2; ·w-) ;;;;; j ~ T; V; S, t ; f ; f ; 7 ; tf ) (2.II) 

( repcMCHHb!C B :lpOBOi.! '18CTI! (2,Il) O!lpC)l,OJICHN B (2,8)-(2,10)), 

,llOK83UTCJ!hCTBll STOll Jie~:Mbl ;I\8HO B ;I\O!IOJIHCH!111 ]), 

00;I\CTBB11M TC!!eph (2.ll) ;1\JIH CJiy'I8R 00JISCTI1 0! B ypaBHCHI!l IIHB8pi18HTHOCTI1 (2,6),(2,7), 

!lOCJ(QJihKY l!HB8pl!SHTN (2,8) 8ETOIA3TI11JCCKII YJl.OBJICTBOpHlOT STill! yp;. BHCH11flll, ,liOCTSTO'IHO y'll!T!l­

B3.TI. :JpOll3BO,l\JiblG OT KI TOJJJ\KO flO P ft , p U, , pll·;: PJI 
1 
1 1 ~ 1 'f , l'lc!lOJil>8YH (2,!I), 

rrepeimrneu (2,6) ;z;JJHct"1 11 (2.7) MH li=1: 

'OKt =o. 
opu 

(2,!2) 

00;1\CTaBJIHH (2,ll) B (2.6) Tlpll a. = 2 11 YI!I!TNBaR (~.12), 11Meeu: 
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pt' ( ";) K1 _ 
or11 

(2.13) 

-aK1 Pz., 
("Vl·~ 

t,lf h'-1 h'-l ,. b£i B 
TaK lt3K KI He 3aJ3,,CY.T OT (" , 1 J TO Bblpa,~eH:!H npH pa3llll'IHbiX CTCl18H!!X / " / 

11 .. , 
(2,13) paBH!i HyJIII. YllllTil!afl, qTO B paccllaTpV.Baeuoit OOJIBCTl! p # 0, "'.l. # 0, l1p1iXO,!IIO! K 

ypaBHSHll!llol: 

AHaJIOI'JJ'IHO 1!3 (2. 7) np 1 «. = 2 B8XOJlllll 

'D K1 
~=o) 

q!Q BUecTe c (2,12), (2.14) ~aeT 

o K1 ---
'bp11 

.J...& = a~~= dK', = oK, =a~, = aK, = 0 . 
a ~ « o p tl ' p;:. ~ ~ ~ ~ ~ 'f 

(2.15) 

ilOCil'Oll:&Ry OOJI8C1'l> n1 Biffiyltlla flO rrepelteBHHI( p1f , ptf 1 1 1 'f (ITpl! qBnrol!Jl0118H­

HHX T , V , S , t ) , ycJioBEe (2.15) BJie'!eT sa coCioi! cyll\ecTliOBaHme i{lyHKI{IIII 

'X,_(-r:;v;s,t) ED'(Ji'xR.txC2.) Ta.Jtot1,'1'1'0 

K1 ('t"; Vi: ,i; p•, f>z.\ 1,1f) = Xl-r>v; s,t-) B .0.1, 

l!liJI ,qTO TO iS, ~:(.e~ l j'W) = ~('f:~ Vj S,t) B 01 , 

AmuioJ:'lf'HIOe paccy:;, IE';lme rr Jli!.BON1 T ua.e x ~HilllU )2< 't' ; V ; S , t ) , 
li'D'IOpatl COlill8,118e'l' c i( l ; ~ ; W ) B ~· C J!.pyro~ C'?OJlOF.b:, B:8...li,liiiJI o6o61!e11B8.1! fi11t1¥U1 

'.tj ( j = 1,2) orrpe,~~e;rre:ra o~3!!al!HO "aHaqeu-." ll: ( p ; .2-; W ) B RepecelleRifll 01 /l 0,_ 
(locKom.ey oTo6pa.oeiD!e V.8) <.£ ~ ~ ; W ) ...., ( 7: ; V ; S , f: ) nepeBO,llHT 01 fl 01 118 

+ + ..... 
BCil o6J!8Cn. R1 x R:1 x Lt.), aaa11sT, !li = !l2 = 1 • til n;:axo,llllll K Te<Jpelle: 



I - ,.... 
TEOPElAA 2.I. HcRKaR o6o6llleHHaR ri!YHKU11R K( p ; l.; 'W"') ED (V.,.x.C1 xC1),y.D.OBJieTBopRro-

lll8R YCJIOBJ.!IO (2 ,3), MO:itCT 6biTD 38llii!C8HII B Bli.D,e: 

K ( p; l ; w) =X (-r, v; s, t) , (2.16) 

r1J;e r. v • s • t -IIHBapi!IIHTbl (2,8) II 1(, E D'(lR.t xlR.t xf.t>• 

3 a II e q a H .II e, Mbl He nepeX01J;IIM K C.lllllleTpii'IHblll OTHOC.I!TeJI:&HO ~ t W" nepeMeHHblll: 

K = Zj.'i, V= WtW, 'k = UW, t = 2}?, W , nocKOJI:&Iy aaueHa ( 't:, V, S ,t) 
-+('te.=~(\S\l+ltl'), V, f.r.t) CHHrynllpHa (np.ll S"' 0 RK0611!H ee piiBeH HYJIIO), 

2,3, CnzqaR HenpHBO.D.HIIbiX npeACTIIBJieHHR SL(2,C), 0AHOp2AHble .IIH!IIp.llaHTHble o6o6meHHble 

~ 

llpe.ztCT6BJieHHe (2,16) llOSBOJIHeT yCJIOBHe 01!;110p0.D,HOCT.II (2,2) 3111 HC6T:& B BH.D,e: 

IV i ("t +.C. a.) /L 
J'I.('C; p.~,v; vp,p, e s 

.r:-:. i(fl/.,-ftl.,)/t. 
'ftPa. e t-) • 

c,-1 c -1 ~ ( K,c(, + JC,o(.) '11' 
= f1 ·~2."' .e., .1\.(t:;v;s,t) 1 

IIJIH, 'ITO TO :re, 

~ Lc( ~~ 
.1\.(t'if,Vjfe S,f~ t) 

c
1
-t c..,-e, i(tr.,·fl..+lt.·~> If/' ) = 0 . 0 . t, . .1\, (t . v . s i . J Jt > J I ) (2.17) 

r.zte kt = k 1 :t k, . (2.18) 

0'1eBJ.1)J,HO, 'ITO Hl'HJ1ICB06 pemeHI1e (2,17) B03MOJIQIO JIIIW:& npl! YCJI< Bill!: let -U8JlbiC 'IIICJI8 

(B CIIJIY OAH03H<i'IHOCTI! 1{), 

l-ICITOJI.&3yeM yCJIOBl!e O)J,HOpO)J,HOCTII! (2,17) flO OTHOWeHJ.!IO K 0 t :l.t. ; C 3TO~i L(eJ!:&IO llllC.ll.eM 

H I + t _. :I 0 

(: :D (1R1 xR1 ~<4:~,): 

'1(,(-r; v;s 1 t) = uc1-
1·vc'- 1

· H (-c; s,t) 
1 

(2.19) 

\silL+ ltl" 
rA•J W 2 V (H8110MHI!:d, 'ITO 1l p8CCM3Tpi!Bc!fJMOt! 06JJaCTill 1, V' f!OJIO:itiiTCJl1!!U, 1'8!( 

t;·;:o ;·YH'{"''" j-j ,ll.e~c·rBwreJtl>HO Oll['~.nenAI!fl (2.19); OH!JHe ;<aBII!CI1TOT V B cn.~y (2.L7)).C 

ll!JV(Id\,hrJ H y\.:-:ro:--~ .. tc Ol4ffOPQft.HOG'l'~ ~.-.t1:r.;T npoc~ryJQ rj/..iiJr·.tJ: 

H(r·,~t~"'-s, ~e;pt) = eik.+"' eik..f H('r:;s,t). (2.2Uj 

') 



nepeMeHIBIX 

('t>0,-1~\1~1) (2.21) 

npe~'l'lllll!E!BIIe 

(2.22) 

!JIB roro, 'IT0(%1 Rpi1,{81'1> TO'Illldl CllliCJI Jp8BH6lllll) (2.22) :UH 0606111BHHOl! :!JYHKllllll 

H ( 't' ; S , t ) , llbl .liOJilll!! 1 6y;D.EIII OT uap!J;OBCKIIX o6o6111eHHbiX \IIY!I~JI ( CBHSBHHWC c o TKPl:ITOit 

06JI8CTHl :JBK.IIII,l(OBa npOCT >8HCTB8)nepel!TI! K HOBOMY KJI8CCY 0606111eHHbiX ~yHKJU!il. qT06bl ynpoc­

'riiTI. 38.118'1Y, BH8'1aJie pact :MOTpllll CliJ'I8ll, KOI';J.8 H< 'f: t S , t ) He 38BHCI!T OT 'f: , l!JieHHO: 

onneu corpyx!JPY npocTpa11cna XJc...k_ o6o6111eHIIIiX q,ya~a <Pcs,i-) f ])'(f.tl. y,~tOBlleTBopa-
•IUIX yCJIOBU O,!I,HOpO;ZI.HOCII'II ftll8 (2.~0). J!J111 3TOro BB€)16111 HenpeJlHBHOe OT06pa:aeHJI6 ~lr.,Jt.. 

F ( s. t) _,. u lc~ A:_ ()I) = ( tR. k.+ IL F) ( v) = 

u JS . i.,: (2.23) 

= t r ,.3.,'t I . .t .. I .i' t' ~ t.'lt_,. F('" 1;l1 ~-· ... .,-y t;-.J ,~,) 
npocTp8HCD8 .D(~s.) lUI opocTp8HC1'110 xlt.k. OCHOBilltt WKIUII 'Ut.lt_ (Y) :UAII 

1_ V Jk.l/1 ( 1 +Y)IIU/.2. 
'Wt+k- (Y) '=- ( 1-) · T V(V), 

r;J.e 1l ( Y) -6ecxoaeuc-lii)(J)epe~pye118J! \llpll~ll aa oTp&Re 

X l.lt.. · 8C7eCDe~~Ha tt5paao• onpeAeJllleroa o•euol c.an~~ot 

{2.24) 

(-1,1] • i'ODO.IO l'IIH Jl 

DO.IYHOpK 

I'U It lt.l = sup I rl" ~()1)1 
+ ll -U\1~1 A \1 • 

loEO ,lOJSallan {aaul)l'II'IHo 'JOlly, lEillt ycftB~JJUCa •aOIIoPIIf• D~ • d_x B )!;ouo:~­
s&- .1), 'IW .;.Q&H \[lyB tOll ~(S .. ~) E- ~ Jt.lf.. Dp&AQ'f-8 B DAB 

~('tN e.'--. ,_.;1·r'Y ti~) = e')t+" tik., fk~lt- ()1) (~.25) 

c fIt It E X~ k • Pa 3BHCTBO no&l!llaeTOa B cxeiiJI)IIIeM CllliClle: 
+ - + -

IO 



jj CBOil O'lepe,ll:& 116I'KO BH,lleT:&, 'l:TO llpoCTpaHCTBO x~.~~. H301DpqlHO 5)1 
- npoCTpaHCT­

By, COilpHl!eHHOIIY C npocTpaHCTBOil f} ::::1 !> ( [-f > 1]) 6eCKOH8'1HO-,liH\IJI%Je peHll,l!pyeiiHX i!JYHKJUilt Ha 

OTpeaKe [-1,1) · (3'1'0 llpOCTpaHCTBO OllHCaHO B,IJ;OilOJIH6HHK JI);IIIIeHao; KalK,l\01\ g(II)E ~I 

f X I "lr 
COilOCTBB1IHeTCH Jt Jr. ()l)f .. L 110 npaBH;ny: 6C1III 'U,/t It ('ll)f ... I.L ~ npe;llCTaBJieHa B Bll-

+ - "'~"- .. - n.._~t. 
Ae (2.24), TO: 

(2.27) 

0npe;lle1IeHHYJJ TaKHII o6pa3011 f Jt./t _ ( )1) 6y)lell 3811HCb1BaT:& B Bll,lle: 

f ( (1_y )-lrt .. l/2. ( 1 +Y )-lk.l/2. 
lt~k- )I) = -1- . -2.- . ~ (ll). (2.28) 

I + ..._ 
flpHIIeHHH aToT peayn:&TaT K !fC( 't'; S, t ) E- J) (1R 1 x(('2.) , y.lJ;oB:neTBOPHIDlllelt (2.20), 

llbl (c yqeTOII (2.16),(2.I9))npHXOAH!l K C116)lymllleA Teopelle, )lBDllleA C6111HA BIIA H;llpa HHB8pHaHT­

HOI'O aenpep~o~saoro TpHJIHHel!aoro I%JyBKIUIOHa:na HBA 1) ('f+) x ~-' 
1 

X 'D-x.t.. 
I - ...... 

TEOPEMA 2.2. ~HBapllaHTHaa K( p; 2 ; w-) E-]) (~ xC1x<Ct)1iAOB:neTBOPRDlllaH ycnoBHD 

O)lHOpo;llHOCTI! (2.17), OTJUI'l:Ha ~'r HY1IH 1IIIm:& npH ll61IOII k1 -k~, II II~ eeT Bll)l 

K ( ( _)c1-f ( _)c.~,-1 (/C+II(. L/c.a P> l; w) = z~2 · Wt'W . e. · e r ,.. 

( 
1-Y )-lktlf.t. ( 1+)) )-IJt.l/1.. ( 

I( -2.- . -y- ·lJ ':',ll), 

(2.29) 

r11e o(. , } , )) onpe,lle:neHbl B (2.21), (2.8): 

\l!Wl" (1)"'/Hw/ 1 

ti.::. wr,q (uw) fl.= Mo (:l bW") V = _- ' ·- (2.30) 
d •r ' ~ > ~2·~)~ 

~('l'; J)) f ~~ ('JR! X [-1,1]) - 3TO llpOCTPBHl TBO, COilpl'lleHHOe C 

~('R.tx[-11 1])a:O(Rj}0l)([-1,1]) - npOCTJlliHCTBOM 6eCKOH8'1HO )!Hrjl\IJepeHll,l!-

pyellbiX IPYHKIUIII B no:noce lRt X [-1,1] c KollnaKTH!ill ao• HTeJiell, ·CHaCilleHHblll ec-

TeCTBeHHOit 'r0110.BOI'H61 ; 

(
i-")-llctl/.2.(1+'11 )-/lt.I/L 

f('t'> )I) !i -,; · T · ~ ( 1:"; '11) -aenpepbiBIHA JIHHei!Hiilt tlJYHKIU!OHBJI 

Ha)l D(lRt;) ~ X k+k.· 

8 a II e 'I a H II e. flpe;llCT8BR6HHe (2.29) ~Op!18JI:&HO TO~BCTBeH~O lblpalleHH~ (1.14) B/I/, 
I.. ll.l K( )='~.b-)c,-k,-1( -,,C.,·Jt,-1 )!ttl! -.11t h( 2 ) 

BlolllHCaHHOIIY ,li1IH T\ 1 ~ 1'1-t : ~;!; 'W' -\.""_,; :1 . W' .ftW'J i! E,.,. (!J W'/ - pI.., J 

H cooTBeTcTByeor h('t")li)=(Wrlt+ (I.:J!rlt- 1(r;'Y); 

II 



3. AByxTO'IS'IHUe WYHKgHH KOHe'IHO-KOMITOHeHTHUX none~ 

3 .I. i<lHBapllaHTHue o6o611!e HHUe !)iyHKgHII F (X.; If) 

Cnyt~a~ KoHe'!HoMepau:: rrpe,!ICT8BJI8HII~ 5 L (2., C) HBJIHeTCH crre!1118lll>HW c;nyqaeM Hamero 

p8CCMOTpeHIIH rrpe,!IU,llyl!lei'O p88,lle;na. llMeHHO; eCJIH - C -/ k.l -!18JIOe ITOJIOlltl!T8lll>H08 1JIICJIO, TO 

rrpe.z~cT8BJieHIIe X: ( lt, c.] rrpiiBO.!IHliiO (cu/21), rrpll'lell MBOllteCTBO O.!IHOpo.ZIHUX rroJIIIHOMOB oT 

.l , 2' OClpaayeT IIHB8plllHTH06 KOH6'1H01116pH06 IIO,!IITp0CTp8HCTBO B ;t B d. 'X • 0'18BII,!IHO, 'ITO 

llp6,!1U,lly!J1116 peayJil>T8Tii (BK;if0'18H llp6,!1CT8BJI8HII8 (2,29)) CUpaB8.ZIJII!Bii II .ZIJIH 8TOI'O IIHB8pllaHTHOI'O 

rro.z~rrpocTpaHcTBa. Uenl> aT>ro paa.z~ena - .!18Tl> 6onee ,lleTaJil>HH~ aHanua .ZIBYXT01J8'1HO~ ~YHK!11111 B 

aTou cnyqae, 11crro_:::E>aya !ro oc>:_:oHTeJI:E>cTBo, 'ITO F., 'I' {xi l; v) 11 K'f'f (p; z; wj -rro­

JIIIHOMhl 110 Z , ~ , W" , 'l'r. Mii He Cly,lleM IICITOJil>80B8T:& YCJIOBI!H ClleKTp8JI:bHOCTII II H8il,li8U 

oeil!lllll BII.ZIIIHBapllaHTHOro ~rHKQl!OHaJia Ha.ZI D(JR't)xfz.
1

lC Ex~.· Teu caMHM c>y.z~eT orrl!ca-

aa KOB8p118HTH8H cTpyKTypa ,!IByxTO'Ie'IHHX !pyHKI11!~ K8K B p - , TaK 11 B X -11pocTpaHCTBe, 'ITO 

IT08BOJIIIT H8M 011pe,lleJIIIT:b llill'II!HH!i8 ~YHK!11111 rpiiH8 110 ,!IByxTO'I8'1Hiilll ~YHKI11!HM Ya~TM8H8 ( 3.3). 

Oelii'IHO KOHe'!aouepHHe 11pe.z~cTBBJieHI!fl .S L (.2,C)o6oaHa'laDT uapo~ !18JIUX I!JIH 110JIY!1eJiux He-

OTPII!18TeJil>HUX 'II!C8Jl (i,j) , CBR88HHUX C 118po~ [k,c] 110Cp8,!1CTBOU 

2i = C+k.-1 2.j = c-k.-1. (3.I) 

Xopomo 118Be0TBQ, 'ITO llpHMOe llp0118B8,!18HIIe .ZIBYX (H611pi!BO.!IIIMiiX) KOH6'1HOM6pHUX 11pe,!ICT8B­

ll8HIIll (1. 1, j1) II ('i~o, jl.) p83JI8I'86TCfl B 11pHMYJO CYMMY Hellpi!BO.!IIIMUX: 

i1 ... (t. 
(1.1, f,) X (~J.,jl.) : 2:_ 

1 =I 11-iJ.I 

J1+J1 
I:_ 

j = fjl-jll 
( i ,j) 

(3.2) 

noaTOMY 118Y'I8HI!8 .ZIBYXTO'Ie• HOll ~YHKI11!11 F (:X) z; w) KOH8'1HO-KOMI10H8HTHUX IIOJiell CBO,lll!TCH K 

H8XOllt,li6HI!D!pyHKill!H f=(x: !;) $ f=(i,j) {X;l;) CO CBO~CTB8MI!: 

a) F(x) l;)E·D''JR") 110 rrepellleHHoll X 

6) i=(:JC; ~) - O)!!OpO,!IHii~ IIOJIIIHOM CT6116HI! (2.i,2.j) IIO I18p8M6Tp8M t; ,\; (l;fC.t.}, 
B) F (A~ A*;~~ = F(~; ~A) A €-SL{2,C). (3.3) 

,lle~CTBYR KaK B n. 2.1, HBXO.lll!M ,!IJIR F( X; I;) 6 .Zill~~epeH!1118JJl>HhiX ypaBHeHI!~: 

I2 



(X Q.C !. lt - ~.. 1.. ) ~ (% j t) = 0 I 

1.% i)~ .. 

(:t.CA .!.. . - ~· :!... ) F(x; s)=O I 

axel ' C)~· 
(HH~eKca B (3.4) rrpo6eraDT Te Me 3HB"leHHH, 'ITO H B (2.6),(2.7) : 

[ ' \ c ~ . X II. ·('t'3 )11 • 0~cl 
[ :to.f ('rs )j C. 'Oox ~~,i 

- ~a('ts)/ 

~~ (1:J)4 A 

2._ J F(x ;?;) =' 
'se 

-a_ ] F{x; s) ==- ::> 
ni 

liTO BC~ HH~eKCaK B ypBBHeHHHX (3.5) rrpOH3BOAHTCH CyMMHpoBBHHe )T I ~0 2; 1;3 
MBTPHt<a: '[~ = (~ -~) ). 

KoBapHaHTHBH cTpyKTypa F(:x;~) MOllteT 6an onHcaHa Clie,!zyiOilii'M o6paaou. 

(3.4) 

(3,5) 

.2 X ,Z-

T e o p e M a 3. I. llm6aR HHBapHaHTHaR o6o61l(eHHBH i!IYHKt<HH F(x; l;), y~oBJieTBopRDII(BH ycJio­

BHRM 8)-B), ~O.KeT 6aTD 38llHC8H8 

F(:x.;s) = cr:j (;~f./J F(:x.) = 
= {,·1· (l; ox ~ )1

j T(x) 
........, I 

(3.6) 

(3. 7) 

r;~e f= (:t.) (COOTB. 7' (:t.) )-JIOp8HU.-11HB8pi18HTHBR CK8JIRpH8R 060611(• HH8fl tlJYHKIJ.Ilfl 113 ]) 
1 (R4). 

JlJIR ~aHHOil F(x; I;) ¢YHKU.HR F(:t) (paBHo KaK H T(x.) ) 'npe~eJieHa c TO"'HOCT:&Il ~o 
(2 j -!) llp0113BOJ!l>HOR llOCTORHHOII. EOJiee TO"'HO, eCJU! Fo {:x.) -q ICTHOe pemeHIIB (3.6), TO 06-

mee pemeHHe 11ueeT BH~ l.j-1 

F= (x) = F;,{x) + 2.. cit {ax)lt i(:x). 
/t=o 

JloKU38T8Jll>CTBO 3TOR Teopeua ~BHO B ~OITOJIHeHHH B. 

(3.8) 

3.2. KoBapHBHTHBR cTpyKTypa 8BlXTO"le"'HOR pyHKUMH AAR KOHe"'HOMlpH!iX rrpe~cTaBneHHR 

J1ycT:& KOB8pH8HTH8H ~BYXTO"le"'HBR \llYHKU.Hfl {: ( :1. ) ;j! ; 'W) f!BJ!H8TCR O~HOpO~Hlill ITOJ!HH0-

11011 no L, i H "ff'1 w- CTeiTeHH ( 2. L 1 , 2. j 1 ) I! ( .2 i,z , J. j,_ ) COOTBeTCTBeHHO. ~CITOJI:&'!yH 
p83J!OM8HHe (3.2) H TeopeMy 3.!, Mli MOllt8M H8llHC8T:& 

F ( ) " (i) ( i,j,; ids) ( ) 
:r;i!;W' =L. <.ln. :X;.Z;'W 

ft. 
• F='n. 'x) I (3.9) 

I3 



r~e fJ,. -llHBapl!aHTHbllt rroni!HOll cTeneHII It no 2 11 Toll lite cTerreHH, 'ITO ll F , no oc­

Tani>HbiM nepBIIBHHbiM ll COC TBBTCTBYK>IJIIII\ cnaraeMOIIy ( 1",j) B npaBOit 'IBCTil (3,<!) np11 t = J = 
: IL/.t; ~ (:r)-nopeHU'-11HB8p¥ BHTHbiB 060Cil!IBHHble rpyHKUilll, CJ'MIIIlpOBBHilB B (3 .9) np01!3BO~IlTCH ITO 

MHO'ileCTBY 

11.0=2.111.4x{li1-i1 1, lj1- iLIJ ~ n = n0 +2.k ~ 2.milt {i1-ti.t, j1 •j1 ~, (5.10) 

r~e k " 0,1, , , • , k: ~ •t>.X , TBK 'ITO lt. np11HilM8BT JlllCiO TOJll>KO 'IBTHble, Jli!CiO TOJ!l>KO He'leT-

Hble 3H8'18HIIH. (HanOIIHIIM: P M0.1tBT CibiTl> HeTpi1Bil8Jil>HO TOJll>KO B TOM CJly'IBe, eCJlll i 1 - £.2. 
JII1CiO O)IHOBpBIIBHHO UBJlble, JlllCiO ITOJlYUBJlble), 

CTBH~apTHblllll MBT0)18lll Tlpi!BB)IBHilH IlpHIIOrO Ilp01l3BB)IBHIIH KOHe<IHOIIepHbiX npe)ICT8B.i1BHIII! 

(H8IIpi!Mep, rrpoue~ypolt CI!IIIBTp1138UIII! 11 8HTIICI!MIIeTp1!38Uilll flHra) rronyqaeM BblpSl!tBHilB AnH nOJll!-

(iJ. 
HOM8 VI'\ · 

X 

CJ'MMI!p0B8HI1B 3~BCl> rrpOil3l 0~11TCH no BCBM UBJlblll HeOTPilUBTBJll>HbiM f1 , /'1. , 9t , r 1. , AnR 

KOTOpbiX 

flycn I = i 1- -i .2. v J = j,- it, >I Mbl npe~rronolKI!M .ll.i1H onpr..I~eneHHOCTI!, 'ITO I ~ I J I 
(~pyr;:e B03\lOl!!HOCTil pac•;y '!TpllB3lOTCf! 8H8.i10N'IHO), JOJJO"KW.l .~'!.ll:O€ q2.: ~ 

1 
( q,: M./2., - J- q J 

p1 = I+ J + ~ , ~ L -= .t /J.. - I- ~) ; p33.11Bl1Y.B 11 YMHOcK11B JJhlpol!teJme ~llf! ~ Ha 

((x)t j:Z£-W"i2.) "!1-I :: :cnoJI.o3oBaB (5.~),-·bl nony<tl1~< 

p~i,j,;i, ~\::c; :I!;W") = (('x)l.th-l (:1:£w-/iL(HW")j,+Jz-I x 

.J I' (I-fl+J) 
( - . + ( - -J p ' ( I 

',:l!~.e) z:;w) %-I K;, (3.ii) 



r.lle 
z ~ ~ . w- x w + 1 z x w 11 

_ z ~ i · w ~-w -+ 1 1 ~ w 11 

'K = (x)1 I uw\ 1 = z~ 2 · 'W"Z.,.. l z~wl 1 

P (ec.,~) 
n, - [JOJII!HOM ilKOCh!: a 

(3. 12) 

' 
n. 

Pt·~\rv) = L. (n;"'-) (~:~)(\-f)' ec;i )n-,. (3. !3) 

'=o 
OTMeTIIM, 'ITO cnpaBe.Z\JJIIBa rpop~yJJa, aHaJJorii'IH8H (3.~). ecJJII aaMeH: n X 

HeM,'ITU F (:x. j 2; w-) TpiiBII8JJ:bHa, eCJJII MHO:KeCTBO [rt.} B (3.10) JycTo.) 

H3 1_ , (flO,Z\'18pK­
D% 

5.3. flp11l!OlK8HII8 K onpe,l!eJJeHIIIO npii'IIIHHb!X i!JyHKl)lll! rpl!H8 .Z\l!H np011:~~ 

C[JI!HOpHbiX [JOJieA 

flyCT:b 'f II r -JJOK8JJ:bHbl8 KOH8'1HO-KOM[JOH8HTHbl8 ITOJJH, npeoo la3yiOU(ll8CH COOTB8TCTB8HHO 

ITO npe.Z\CT3Bli8HIIHM ( i 1 0 J'1 ) II ( 'lz. 0 J.L) rpynnbl J!Op8Hl)3 ('1TOC5hl HI pBCCM3Tp11B3T:b TpiiB113l!:bHbl8 

.Z\BYXTO'Ie'!Hhle r!JYHKlJIIII, C5y;~~eM C'IIITBT:b, 'ITO paSHOCT:b MelKJl.Y I= t' 1 -1.t, 11 J=j1 -j.t eCT:b ueJJoe 

'Ill CliO). Haw a sa,Z\8'18 - noKasan cyll\eCTBOB8HIIe JJopeHU-IIHBapl!aHTHoi npii'IIIHHOII r!JYHKllllll, onpe,l1e­

JJeHHDII T8K: 

G'f'/' ( x; l; w-) = F'f'l' (:x.; z; w) = (o ltf(x;,_; l)·t(':x.lt; w) } (3.14-) 

G'f'l' (x; l i w-) = ~· Frf (-x; 1; w) 

7 = (- 1) .t k, ( = ( -1/k,) 

llpll X.'> 0. 

np11 X'< o 1 

}cct. =. (,~-f ... , (){.: f, L. (3.!5) 

Mbl BOCllOJJ:bSyeMCH pe]1yK1)1!ell (~.2), (3.9) II paCCMOTpMM CHaqa; a npiiB8,Z\8HHYIO Sa,llaqy. 

flycT:b l=;(:x;~;) 11 FJ.{:t;l;)- .Z\Be oC5o611\eHHhle <PYHKllllll, Y.Z\OB:eTBOpHIOII\118 ycJJOBMHM a)-B) 

n. 3.I. np11 i ... j = n.;!l- , 11 nycn 

TaK8H 7 '1TO 

F(x;s)-= F1(:x.;l?) 
F (:x.; s) = Fi(x; s) 

llpl1 

npl1 

15 

llpll (xl< o. (3. 16) 

X E- CV:. =1Rlj'V..} 
X ~ CV'_ =- ev: , (3.17) 



C aTol! ~:~enll Hcnom,ayell np~,llcT8BneHIIe (3.6) AnR Fe~. ( .x; 1;;) : 

o(. = t, .1, • (3.18) 

r,lle Fo~. (x) -nopeHI:(-IIHBlpii8HTHble CK8JIRPHllle o<lo<lllleHHhle if>YHKI:IIIII, 

llpll (x/<o. 
(3.19) 

T8KI!II o<lp830M, 38.!18'18 CBeJI8CI> K pemeHHOI!/9/ npo<lne11e cymecTBOB8HIIR ~yHKI:IIIII F ( :Jt) J 

YAOBJieTBOPRD!llel! 

F(x) = F~ (x) np11 X' 6lt j (3.20) 

' ' i 
cymecTBOBBHIIe Taxon IIHBap~aHTHOA ~YHKI:IIIII F(X)_, Bll.llHO 113 TOro, '!To (3.20), 6n8rO.ll8PR 

(3.19),onpe,ZteJIRilT IIHB8piiBH~HYil· 0606lllBHHYil if>YHKI:(IIIl Bit~ S Jl~'{0] j B Cllny npe,llJIOSBHIIR 

B.1 (.llOI!OJIHBHI!e B) OHB MOl! lT 6biTD npo,lloJIJKeHa nopeai:(-IIHBBpiiBHTHhlll o6p830II .llO if>YHKI:IIIII BJ>'(R,.). 

PacclloTpllll no,llpo6aee :ny11all, KOr.lla Fc~.(X;!;)E-S'(JR,.) (no nepelleHHOII X ) 11 

B STOll cnY'Iae AnR F.,.(x; ~) 11 l=(:x; ~) y.llo6ao npe,llcTaBneHIIB (3.7): 

F-. (:~e; ~) = (l:; ~ ~ t "ret {x.) 

~ (x) = (~ ~a.~)"' 7' (x). 

> o( : 1, ,2. I 

(3.21) 

(3.22) 

~YHKI:Iilll 'fe(.(x.) 11 T(x) onpe.lleneHbl npe,llcTBBneHIIIIIIII (3.22) c TO'IHOCTI>Il .zto npollaBoni>aoro 

I!OJIIIHOIIB OT (:xi· CTelleHII n-1. HeTpy,ZIHO y6e.ll11Tl>CR, 'ITO rrc( (x) II T(x.) IIOlEI!O I!O,ll0-

6pau TBK, '1'1'0 

"J"(x):~{:~e) np11 X E'lJ:.. (3.23) 

YCnOBIIB (3.21) 1!03BOnleT yCTpBHIITl> DOni!HOMIIBJII>HYil aeonpe.zteJieHHOCTl> B Bhl<lope if>yHKI:(IIII 

'1' .C. II 'r B llpe;llCT8BJIBH, Ill (3 .22) C llOIIOllll>ll yCJIOBI!ll SKCDOHBHI:(IIBJ!l>HOrO y6lliBBHIIll if>YHKI:IIIII 

'rol. (~) Dpll 60Jil>IDIIX npoc ~p8HCTBeHHO-DO;ll06HhiX aprylleHT~X: 
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rra(. (x) = h ((-x.h rrpll (x./'< 0 ; h (7:)- 0 rrpll "--.... • (3.24) 

,....., . - n..-
.l(ellcmTeJLbHo, Fo~.(Pi~)~ (-tl;j~) 7'01..(?) · Bc~:ny(3.2I) To~.(/') 
MOiKHO Bbl6p8T:b T8K 1 I!TO SW.ff 7'1,2. C v; , Tor}la Bb!ITOJIHVITCH yCJIOB te (3.24). (3TO CJie.l(yeT 113 

Teopeuu ApaKvt, Xenrra, PIOann/10/, a TaJcKe 11a rrpel\cTaBJI8HIIH MH aH !JIIITIII!HOii np11 'l"&(x)'<o 

ljlyHKI\1111 h ( 'l") : 

(:x/<0 ; SUpf !' C [f, oo). ). 

Jlerpy)(HO ITOKU3aTb,4TO )\OCTII'-lb y0LIB81!l'lll(YlK8 He 3KCITOHCHI\l18JlbHOI'O) M >iKH0 1 8Clll1 H8JIOJKI1Tb HB 

F=O(. (pi~) CiOJICe CJI8Cible, 1!811 (3.21), yCJIOBIIfl H8 HOCl!T8llb: 

sw.pp (3.25) 

IT pi! ,l(OITOJIHVIT8JlbHOM npe.l([JOJIO.K8HVII!: 'f;,_(p;~) M8pbl B 1R. 'f KOTOpble paBHbl HyJIIO 

.l(llfl TOI!KII f = 0 (ITOCJ!e}\Hee MO:~eT Db!Tb HapymeHO TOJ!bKO npll 11.::0 ). 

Tenepb H8TPYAHO pewi!Tb OCil!lYIO 38;li.81!Y orrpe.l(eJieHI!fl 11HB8pi18HTHO!i ljiyHKI\1111 rpi!H8 1 YAOBJieT­

BOpRIOI!leli (3.14). ~CITOJib3YH (3.~) C ITOMOI!lblO Bbllli8ITpi!B8;zJ.eHHblX apryMel TOB 1 ITOJIYI!88!1: 

Gn. (:l) ) (3 .26) 

r;n.e G/1. (x) -
onpe;n.eJIRJOT G'f '/' 

1 L+ - 11HB8pi18HTHble cKanHpHble oCioCil!leHHble ljiy; Kl\1111. YpaBHeHIIH (3.14) 

C TOI!HOCTb!O .!(0 np01!3BOJ!bHOli llHB8pll8HTHOll OCiOII!l8HHOll ljiyHK!\1111 C HOCII-

TeJieM B HyJie. ,l(aJKe 8CJ!Il oTOT np01!8BOJ! 381jJIIKCilpOB8H 1 COOTHOW8HI1e (: .26) He orrpe;n.eJIHeT 

o;n.Ho3HB'IHO ljiyHKi.\l'lvt G/1. (x) ( Gn. onpe;n.eneHa c TOI!HOCTI>JO ;n.o noJIIHOMa oT (z)1.. cTeneHI! 

n- I). KaK 11 Bblme, !W Mo.KeM ycTpaHI1Tb ny aeo;n.H03HB'IHOCTI> (B ~ eop1111 c ycJIOBileM crreKT-

paJibHOCTII), rroTpeCioBaB, I!TOCibl G/1. (x.) CTpeMIIJII!Cb K HYJIIO rrp11 (.)().t--oo. 

4. Pa3JIO:Keaue 8BYXTOI!ei!Hb!X !IJYHK!JIIli ao cm!Hy 

flycTI. J( 'f" ll J( 'f' -ITO.l(ITpOCTpaHC TB8 B I'IIJibCiepTOBOM npoc TpBHC Tl e COCTOHHIIIi 1 HBJ!HIOilli18CH 

3aMbiK8HI1€M JII!HeilHOM OCiOJIO'lKI1 B8KTOpOB TIIITa 
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'T'oe. (x) = h (cxh rrp11 (x)"-< o ; h ('r:)- o rrp11 'Z"'-- oo . (3.24) 

,....., . - It ,....., 
JleilcTBI!Tenl>Ho, Fo~.(p;~)~ (-L !:;}~) 'T'ct.{f) · B c~ny (3.21) 'T'C(. (J>) 
MO:KHO Bb16p8Tl> TaR, '!TO SUp}> rr1,2. C v; , Tor;n,a Bhi!IOJIHl1TCH JCJIOE~e (3.24). (3TO CJie,llyeT 113 

Teopeubl Apa1m , XeniTa, PJOann/10/, a TaR~e 113 npe;n,cTaBneHIIH .liJlll aH lJIIITII'!Hoil rrpl! 'l" li (x)'<o 

cpyHK!\1111 h ( 'l") : 

(x/<0 ; swj>f> > c [f• oo). ). 

ileTpy,I\HO !IOK838Tb, liTO ,1\0CTll'lh yOIJBiliiiiH (y~e He 3KCITOHCH!\vlRJll>HOPO) M J:KHO, CCJIII H8JIOJKI.!Tl> H8 

Fo(. (p; s) 6once CJI8Cible, '!eM (3.21), ycJIOBIIll H8 HOC!1Tenl>: 

(3.25) 

ITpll ;li,OITOJIHl!TeJil>HOM rrpe,li!IOJIO.K8HIIII: F:t(p;~) Mepbl B 1R 4 , KOTOphle paBHbl HJJIIO 

,1\JIH TO'IKII f = Q (ITOCJle)l,HCe MO:~eT 6b!Tl> HapyweHO TOJll>KO llpll /1.=0 ), 

Tenepl> HeTpy)l.HO pewl!Tl> o6my10 aa:z~aqy onpe;~~eneHl!H l1HBapllaHTHoi1 l]}yHK!\1111 rpl!Ha, y)l.OBJieT­

BOpRJOweil (3.14). ~CITOJI:b3JR (3.~) C !10110~1>10 Bbllll8llpliB8)l,eHHbiX apryMe!TOB, !IOJIY1.!8eM: 

r:n.e Gn. (x) -
orrpel\eJIHIOT Gtp'f 

G,_ (::) ) (3.26) 

L1 
+ - IIHBapl!aHTHhle cKanRpHble oCioCiweHHhle WYIK!\1111. YpaBHeHl!R (3.14) 

c T04HOCTl>IO 110 rrpoii3BOJil>HOil IIHBapl!aHTHOil oCiolweHHOil WYHK!\llll c HOOII-

TeJieM B HyJie. ]la~e 8CJ!ll ::!TOT llp0113BOJI 38WliKCllpOB8H, COOTHOW8Hl!e (\.26) He Ollpe)l.eJil!eT 

o:n.HoaHa'!HO WYHKi\1111 G,_ (x) ( Gn. onpel\eJieHa c TO'lHOCTbiO 110 no IIIHOMa oT (x).t CTeneHII 

n - I). KaK II Bhlwe, Mbl MO.KCM ycTpalll!Tb 3TY HeO,liH03H8l!HOCTb (E reopllll c YCJIOBIIeM crreRT­

p8JlbHOCTII), rroTpe6oBaB, l!TOCibl Gn. (:x.) CTpeMIIJil!Cb K HYJIJO np11 (;~).t--oo. 

4. Paano:!eHIIe 1\BYXTO'Ie'!Hhlx !j!yHK!jllll no cni!HY 

J1yCTb X 'f. 11 J( 'f -ITOI\llpocTpBHCTBB B riiJI:b6epTOBOM llpOCTpBHCT Je COCTORHllil, RBJlfiiOil!lleCl! 

38Mb!K8HII€M JliiH8ilHOU o60JIO'!Kll BCRTOpOB Tl1!18 
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3C, = 7£.,. (l x.,. (4.2) 

YHI!Tapaoe 11peACTBBneJ:He u ( Cl • A) KBaHTOBO!IeXBHHI!eCKOI! rpynnbl nyaHKape (YliOBneTBOpR­

JJIIIee (I.I) )0 BOOC!IIIe rOBOpR npi!BO;l!HIIO B :1£1 , PaanolteHI!e 1£, HS Henpi!BO;llH!Ible HHB8p1!8HTHble 

nO.llnpOCTpBHCTBS BneqeT 38 COC!OI! ClleKTpan~HOe rrpe.liCTBBneHI!e llnR liBYXTOI!ei!HOII ~yHKU111! 1 OC!06-

11181JIIlee xopomo 1!3BecTHOe n1 'e.llcTaBneHI!efii/. 

nycu 'f II '/' npeoc •paayiJTCH COOTBeTCTBeHHO no 11pe.liCTBBneHI!RII 

S/.. {2.,C) (ci!I!Taev lt1 - k,_ uenblll 'II!Cnou), Tor.lla npe,llcTaBneHHe 

[k 11 C1 ] H [Ita, Czl 
U(a, A) npocTo 

npi!BOliHIIO B X t ' TSK 'IT< 

X,= s r X""' J.osC"'), nit • 
(4.3) 

r.lle It= nua.x { l1t1i,IJC1 1}, 11 ~s (m) - nono][I!Ten~Hble 11epbl Ha (o,oo) • Ka:Qoe senpHBo;zu~uoe 
nO.llnpocTp8HCTBO :Kift.S 11: 0110~80 npOCTpSHCTBy KB8llp8TI!'IHO IIHTerpllpyelolbiX (no Bblni!CSHHOII 

aue11epe)~yHKUHII 'f'ms(p;~) uarl!nepe!onoll.lle {p: (Jl/'=ML,~'>o},KoTOpble 
HBnHilTCH OliHOpO,liHblloll! nOnll! 01181111 no ~ f (:.2. CTeneHI! 2$ , CKanHpHOe npo1!3BelleHHe B 1tms 
38li8HO TSK: 

r.lle 

Pa3JIO:ieHI10( 4, J) BB< ,ll;HT COOTBeTCTDl!e Kalit,liOrO B8KTOpa ~ X 1 BeKTOp-<;JyHKUllll, 

(3aBIICRUl8A OT m,S) 

<PCm.,s) =Ems <P E 1tm.s , TaK 11To 

<<P.~> = L J <Em,4>, El?lsY'>ms d~sCrn.). 
s ~ ~~ 

B •wcTHocTH, ·~bl 6yAeM nvtca l':O 

rla Tp3HCJ1HUI:Oht!Oti l!HB3!Ji13n rHUCT~ H«XO,l\I!M 

<P ms ( P ; I; i 1.< i f) = U ( P )· J!!, ( P ; ~ ; f ) , 

IS 

(4.5) 

('+.6) 

(4.7) 

(4,8) 

(4.9) 



tlJ ( ) ..... ( ) .,C.t) ( ) (4.IO) r~~~., p; s., "'~a = v- ~ -4\.,.., p; ~;;' . 
(J) ..,. (J. ' 

~yHKJlHOH81!8J( ztAf (~;~;/j)cooTBeTCTBYJl'l I'IHB8PH8BTHb!e Mp8 .J\./Ils ( />; ~; !) • KOTOVJe 

!IB1IIIIOTC!I Oc50c511!eHHWI'I lj}yHKJlH!I:ll'l no ! 1 O;lli!Opo,llHIIIIH HH,lleKC8 [/tj, ( j]. Y1ll!ITI>IB811 1 1l'l0 ~Ill$ -

o,llaopoAHI>IIt nonHHOM no~ (cTeneuM 2S ), 111>1 BSXOJll'lll, 1lTO ~~~¢() 'l01IDKO npl'l S-/ltj/=O,t,.~, 
M B aToll cnyqae 

(j) (") - C· -S-f s•ltJ S+lt· 
Xm.s(~;~;!)=A~·(i).J)J (~.fi) (l;tl) "J, (4.II) 

((4,II) - 1l8CTHI>IIt cxyqalt (2.29) AXIl nap~>~ npe,llC'l8BneBI'IIt 

(S,S+1] H [Jtj,Cj] npH (~)t= m1 ). 

ITO,llCT8BXII!I ((4.9-(4,II) B CK8XIIpBoe npOHBBe,lleBHe (4,4)1 nony~HII BKJ18,ll O'l1£tAS B HBBS­

pHSB'lHOe IIJlPO (2,29): 

~+ ( -a ,.., a )1s 
Knu(~;~;w-)= Bills· m(P) ~ P71 t; 11 

c,-s-t c.._-s-1 5 It s+k •+It s k 
l( (!_Ei) (w-,fw) (~e~)- '(lJ~) '(~; twf "(~,e w) - ". 

AeltCTBYII T8K Xe 1 K8K B BI>IBO,lle (3.II), noxyqaeu ,llXII 3XelleHT8pE~X HHB8pH8BTBI>IX H,llep 

cxeJlYOII!ee Bl>lpaxeHHe (Axa cnyqa11 k 1 ~ \lt.L \ ) : 

K ( r-+ c1-lt1-t c,~.-lt1 -f 
ms Pil;w) =Cm.s·om(r)(2,ti) (w},w) x 

(4.!2) 

( ) k,+k.,~.( -)lt,-lt.a. P.(k,+lt.,,lt,-lt ... )() 
x ~t'W ~JW S-k, )} ' 

r.lle )I )Ia eTCH (2.29). P~"'·~)('ll)-noJII'IHO!lbl RKoc5H H Cm.s = mJ(Hkt)(.ts)! (s+k,) !(s-It,)! BillS. 

V!aBapHSHTHoe ll.liPO (2,29) Yo•eT c5b!TD pa3noxeao no aneueaTapa&u !IJlpaM (4.!2): 

K(~;liW") = L J Km.s(~;:t;w) d~5 (m.). (4.!3) 
S~k. 

JTO paaxo~eHHe COOTBeTCTByeT CJie,llyJJII!elly npe,llCT8B1!8Hllll ,llJIII '('t';;J) (ell, (2,29)): 

s 
Q {" ; )I) = L. "s c -r:) · P 1t t (.,) , 
d s~ It d • 

(4.14) 

It = tri.Q.X. { l1t11) lit,/} ) l =- k,·k~. 
It 

(4.I5) 

I9 



a 

= i l-ie 1 f(s -It)! ( s + k:)! 
YTs-t)! (S+l)! 

(4, 16) 

111. =s-It I o(: k-t·l, ,.: It- f. (4.17) 

8aMeTl!M, qTo npe,!\CTaBneHv.e 4.14) cnpBe,!\nvcBO .l(]!H Be ex It,, It,~, (a He To "1Ko ,!\nH k.1 ~) k..r. )). 
Mb! noKaKeM B ,!\orronHeHI1 .D. , q1•o K3'~)(oe pscnpe,l\enm!l1e ~(v) E- !)

1
([-1,1]) Mo (8T 

6b1T1 pa3JIO~eHo B pRI\ Tl!na ( -.14) c K031jJ:jJlll(MCHT3Ml! ~s noJIHHOMl1ani>Horo pacTa (no S ). 

B HaweM cnyqae ~('!:;Y) E i'(lR~ x [-1,1]) aaB:.rCHT TBKKe oT 'T , 11 paano(cHHe (4.14) 

l1MCeT CMb!C]! TOri\8 l! TOnhKO TOri\3, KOr.l(3 .lOCJICi\OBaTeJihHOCTh 0006UiC!lHblX :jlyHKUl!il ~S (7:) f 

E ]) '( JR+1 ) s nonl!HO~I1 mhHo orpaHl!qeHa no lT.e., KOr.l(a 

Cs (-u) = ( <Js (7:), 1< (t')) 

q;1C.10B3H rrocne.l(OB3T8]!1HOCT:b CTeneHHOro pacTa (no $ ) np11 mo6ol1 :pyHI(l\1111 U (7:") E-D(JRT)). 

3 a M e q a H 11 e. .1\ByXTO leqHaH WYHKl(l!H 3pMl!TOBO-conpH:WHHb1X ll0]!ei1 rr:x:J) l! cptxJJ= f{:x;fl 
(cooTBeTcTBYIO!IlaH 11Hi1eKcaM I k1 ,c.1.J = [- k1,c1] =[lt,c] ) y,!\oBneTBOpHeT ycnoBl!IO nono:KII­

TeJihHocTI1: K (-u if ;f) -~0 np11 moooil ueoTpl!l(8TeJLbHOL1 U (~) E :D(V+) vl modOil 

f E j)_ X. Vla Bblwenpl!Bei\eH 10ro paceM a TpeHl!H cnel(yeT, qTo l(nH ero BbiiiO:rHeHI'IH Heo6xOI\11MO 11 

i\OCT3TOqiJO, .qTOOhl g S ('t') IBJ!fl]!3C:O ll0]!0:~l1T81lhHO~ OOOO!IleHHOI! •jJyliKl(11etl 113 .D 1 
( 1Ri) ( T. e. 

l10]!0'KI'IT8]!1HOH Mepotl H3 (0, oo) ). Eonee OCl!llO MO::\HO 110K333Th, qTo 0000ll\8HHb1C C:jJepl!qeCKHC 

'PYHKl\1111 P~t ()I) (s=)ll,)t/+1 1 ••• ) !lBnHIOTCH nepa3nOKI1MhiMI1 aJieMeHTapHbiMI1 B KoHyce Ql 
IIO]!O:K11Te]!:OHO-Onpei\8]!eHHb1X lji IHKl(l!tl H3 0Tpe3K8 

f()l) 113 !) 
1 

(CM. ,1\0ilOJIH !HUe .IJ.) I1pl!H31(]!8iKI1T 

[ -1,1] • npl! 3TOM Mbl roBOpl!M 0 qTo ijlyHKl(l!!l 

Gt . 8C]!I1 

( f(v:, UoU (v>) ~ o (4.18) 

1\]!fl ]11000~ jlyHKl\1111 u (2) IlpOCTp3HCTB3 l 08CKOH8'-!H0-,!\11tlJJ1CpeHl(l1pyeMb1X ljiyHKl(l!tl H3 81\11HI1q­

HOtl C•~epe .a B 1\ByMepHOM COMl1JieKCHOM IlpOCTpaHCTBe; B (4.18) 

Ill ( i 2l Cl.'l.4('1W) ( • • ) 
{Uoq}){V) = ( 1 ~vr J e (] d )1-~i!wi .. -IHWj<') X 

x q~(~) '\J(w) J.w(l) rJ.w(w) 
ec Th IWMfT03!1l(l1H 3]!8M8HTOB H3 l , rrepeBO,!LH!Ijall l X l B !) . 

~ o rr o n H e H 11 e A. !\lOMOP!jJI13M M8.KAY 
~I 
..ux I -

l! llO.l\IIPOCTpaHCTBOM B .D (((:.2.) 
-~nHopoAHhiX ooo6meHHb1X dJyHKU110 VIH.!\eKca -X _ 

A. I. Kpa•rKoe Olll1C3HI1e !ellpl1BOI\11Mb!X npc.ncTnBneHl!iA S L {Z,C) B npocTpaHcTae 0.1\HOpOI\-

HbiX WYHl(l(Ut/
21. 
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!yeTI, ~'X. -npoCTJ;aHcTBO O.liH03Ha<!HLIX 6ecKoHe'IHO-.!IWM!epeHl\llP: euux IPYHKI\llll KO~JnneKcHo­
ro B8KTOp3 :l =:(z. 'z ... ) E- ~,o;n.Hopo;n.HbiX llH/\CKC3 X= [It, c]: 

f(fi z) = f'-'·f(!> 
f ( t,;ot.t.r. z) = e'lt". f("l) 

np11 mo6blx f > 0 , 
(A.I) 

llpll B8l!l8CTB8HHI X 0(.. 

0!1H03H8'1HOCTl> WYHKI\llll ilpc;n.ilonarCJeT, 'ITO ~- 1\CJioe IIJIIl !IOJIY!Ienoe; e.- npo113BOJil>Hoe Ko:~uJieKc­

Hoe 'IIICJIO, ~l- l!O.riHOe C'IBTI!Oe HOpt!llpOB8HHOe llpOCTpaHCTBO CO C< eTHOil CvlCTeMOll IlOJIYHOpM: 

llfll ~ = sup 
Ill= 1 

r;n.e 

JTO 1lp8;li.CTilBJI8HI18 H8IlpllBO;li.VIIIO B ~;( TOr;n.a l'l TOJ!l>KO TOr.l(a, Kor;n.a napa [ lc 1 C] He y;li.OBJI8T­

B0pR8T Hll O;li.HOMY ll3 COOTHOID8H111l 

C -lit! : 1, .2, 1 •'" 

-c-lltl = 1,2., ... 

12! 
B 3TI1X IICKJIIO'IIlTeJil>HbiX cny'laRx npe/\CT3BJieHlle X rrpllBO.l(IIMO, 110 He nonHOCTDIJ. 

(A.4.a) 

{A,4.<5) 

B CJIY'I88 (A,4a) rrpocTp8HCTBO ~X, co;n.ep'KI!T KOH8'1HOl4epHoe HHB8pl11 HTHOe IlO;ll.fl")lOCTpaHCTBO 0.1(-

HOpO.l(HI>X flOJillHOI!OB no Z H 2. Bo Be ex cny'!aRx, Kpoue (A.4), 111 e,llcTaBJieHllR X ll -X 
3KBilB8JI8HTHbl/~/. 

A.2. OToOpa.>eHile .D(C,) Ha :D'X. 11 ero corrpR:KeHHoe 

Orrpe.l(eJIHM JIHHei!Hoe Henpepr>BHoe oTo6pallteHIIe Ix rrpocTpaHCTJ a lilBapl\a ocHoBH~>x ilJYHK-

l\1111 F (z) E D(E1) Ha :Dx : 
00 Jj ltS'l" ioc.;s -~- c _i/t"' 

f(~)=(IxF)(l)-=± Sy rJ.«-F([ft ·z)·f e <A.sJ 
0 0 

liTOO!> y<5e.l(I1Tl>CR, 'ITO 00pa30II ])(~)rrpll OT06pa:~eHIUI (A.5) HBJIR8TCR BCe rrpocTpaHCTBO :Dx 1 

Br><5epeM h. ( ~) E .D (lR~) , ;D.JIR KOTOpoll 

.. J 
2:Jr r f h(~) = 1. (A.6) 

0 

2! 



Ji.Jill BC!!KOil f(l) f :Dt. Mbl MOlKeM YK838Tl> 

F(l) = f{'l)·h(lz!~;) E.D(~), (A. 7) 

TBKYI>,t!TO f = Ix F. 
I 

CorrocTaBI!M c Ka.x~l.ll ~ ljlyHKl\IIOHaJioM 'f (: ~X 
h. It ,_ 

aneMeHT 'i'= Ix f E-:D(d:.t) 
ITO lj>Oj)MyJie! 

C<P,F.' =(<f,IxF) , F E-.D(f'.t). (A.aJ 
JlerKD llpoBep!!eTCll, t!TO "llpe~eJieHHbll! ra~ lj)yHKI1110H8JI <l? llpi!H8M8llti!T llpOCTpaHCTBy d -'t. 
o606!11eHHblX ljiyHKI111lil 118 .D'(~),o;liHOpO,llHblX IIH,lleKca - X=[- k '- c] : ,l{Jlll JII06oro a={f /'-12. 

;F.( ) -C-1 -Lkoc.A;() 
'±' cu~ = f e '*' '! . 

(A.9) 

Jl.el!c TBI!TeJI:&HO, 

(<f>(tu), F(2)) = f2:(4)(z), F(!)) =~-'"(If, Ix F(!:)) = 

= fc-1 e-.:lco (tp, Ix F(!)) = fc-1 e_\/c.tJ( (<P) F). 

floKal!teM, t!TO rrpeo61 ,aaoBaHI!e I; ocymecTBJil!eT 1!30MOplj)ll3!1 Mellt;I~y ~~ 11 d _X. Mu 

yllle rroKaaanll, t!TO KalK,llOIY c.pE$)~ cooTBeTCTByeT <P =I~ !pf: d_x,.-Tenep:& HaM noHa;llo-

61!TCl! JI8MM8. 

A; I -
JI e If If a A.I. 1\aJK,llaL o6oO!IIeHH8!! !J!YHKI111ll 'i' f 1) ( q:,.L) J Y.llOBJieTBDPlllll!IIBR ycnoBI!I> 

O~HOpD;liHOCTII (A.~), o0p<!II88TCfl B HYlll> Ha liO,llllpOCTpaHCTBe 

~ X = f F (:c) f ]) ( i' !1. ) : ( I '1. F) ( 't) = 0 } ~A.ll~ 

5/ 
(T.e. Ha Hy1!:&-llpOCTp3HC' Be OT06p3>K8HI1fl (A.:>)), )J.OKa3aTell:CCTBO • jj Clllly (A.~) 1\lll! JIJ06b!X 

OCHOBHb!X WYHKl\llli F{:t)) G('l) E]) (~) I!Meeu TOii~CCTBO (Hi!:i(e a= If ti"'f£): 

f 1
·( ¢>('!), 1: (r)·G-(.~ )) (= ~-( <P(~z), F(~2)·G-(l))) -

=f-c~-dtoe. (~(:C), F(a..l)-G-(e)). (A.I2) 

llpOI!HTerpMpy<::M oOe t!3CTI1 (A.I2) liO Jdtt da.l = t olp t:J.oc. flpl! 3TOM llp8BYKl t!8CT:c MOl!t-
,f., 1 ,...._-

HO li0Hl1M8T:c !(3[( peayJI:CT[; npl1UeHeH11!! 060011\eHHOil WYHKl\1111 H ( '1. j a)='±' ( 1.) )( J f D (<I:, x([ 1) 
K ocHaBHOll F ( l)- G( ~t) ; a·Hanorl1t!Hb!il CMb!Cll 11MeeT npaBaR qacr:c. B CllllY KOMMyTaTI1B-

HOCTll !ipHMO!'O np0~3Be.l(ef ~~~ pacnpe)ler.elii1W ilOllYt!l!M: 

,, 
'·'-



( <P(:e), F(~)· J G( f):: dot.) = 
= ( cf>('l), G ('!)·(Ix F)(l)). 

(A.I3) 

IloJJaraH a,lleC]) G(z)=h(11.l1
),r;n.e h(~)- TaKaH lite, KBK B (A.1.), rroJiyqaeu AJJH JJI!l6olt 

F E ~X ( <P) F) = 0 ' 'ITO ;D.OK83JiB8eT JI8MIIY. 

Mla JJellllfi cJJe;n.yeT, 'ITO ,llJJH JII!doll <P E- d _X cy!lleCTByeT m :HeiiHfill il!YHKLIIIOHBJI Cf 
H8,ll :D X TBKOit I 'ITO 

(cp,f) = (<f>,F)' eCJIII f = Ix F. (A.I4) 

(lleuua A.I rroKaaHBaeT, 'ITO (~,F) He aaBIICIIT oT BHdopa F , YilOJ JieTBOPHil!llero I X F = f j 

il!YHKl.IIIOHaJI cp orrpe,lleJJeH Ha BCell l} X , rrocKOJI])Ky o6pa3 .D ( ([ ~) rrp11 rrpeo6pa30B8Hilll 

I X coBrra,llaeT c :Dt. ) HerrpepHBHocu <f cJie.llyeT 113 061Jll!X ~ eopeu. OHa TBKllte ot~eBII,llHa 
113 410puyJifi 

(<f,f) : (cp(~), h(l!l.t)·J{l)) 
1 

(A.IS) 

r,lle h(f) BlidpaHa, K8K B (A.6). MlTBK, cp ~ ;n~, I 

Ilpe,llcTaBJJeHIIe (A.3) SL(2.,C) B ll:t rropO:K,llaeT rrpe,llCTBBJieHIIe T'x, B ;D~ : 

11aouoP4!11a11 I; Mellt;D.y :D~ 11 d_x rroaBoJIHeT orrpe,lleJIIIT]) npeilCTBBJieH 1e SL (2., C) TaK;,ce B d.x: 

~-+<f>A =I;'r;(A)Cf (cp=(I;~f 1 ~). (A.I7) 

IICIIOJI])3YH (A.8) II (A.I6) , l!OJiyqaell 

(~A(!), F(l)) = Cr; (M<f, Ix F)= (<p, 'rx 'A"') Ix F)= 

= (tp, (Ix F)('lA.1J) = (~(~), F(lA- 1
)) =(<I>(~ A>. F(!J), 

T.e. <;PA (2) = <P(zA). 
TaK orrpe,118JI8HHOC ITP81\CT8BJI8HIIe s L (2,C) ; d_x. eCTb rrp0,110JII.(8Hil8 II] •8,11CT8BllCHilfl rr_ X ) 
orrpe,lleJJeHHoro (A.3) B :D-x. 



4 0 IT 0 n H e H H e E. 4oKaaaTenbCTBO neMMH 2.! 

qT00H rrpOBBpHTb 38KCHHOCTb ITepeXO.l\8 K rrepeMBHHHM (2,8)-(2,!0) H8H6onee ITpOCTHM CITOCO­

OoM, 6yAeM AenaTb aaueHy nepeueHHiiX B HeCKOnbKO aTarroB, OrpaHHqHMCl! o6cyllt,lleHHeu OAHoro CJJy­

qal! (oTo6pa:i\eHHll 01 =V+ <C1"C1 ><~ (~+O)Ha fl 1 ). 

0T00p8l.t8HHB 
J.t .lf 

( .e i :! i 1Y) _.. ( .e i ~ = 11 + f, :lz.) 2.t. ; ~ = 'W1 + :If "W'.t ) ~) 
B38HMHO-O.l\H03HaqHo H Oec~JHeqHO-AH~epe~Hpyeuo rrepeBOAHT 01 Ha 01 c l!KOOHaHou I. 

4anee, p8CCIIOTpHM (E38HI4HO-O,l\H03H8qHYJO , C 00 
) 38lleHY rrepelleHHiiX: 

- - . 2. L a(s,s;t,tl _,£_s,t> 1- .t(1'- (b) _)1 .. -a. 
o(. -)- o'»Z) -(p)· pH+~w1w1 =(p)·(w_e'lt")>O. 

l;,l;,i!'.&,Z.z. ·"'' .& pu 
YqHTblBBll, '!To 'Wi * 0 B o1 , rronol.tHu 

'Wi: ? ~Lf i ~ > 0 I - oQ < 'f < 00 • 

8To rroaBonaeT ycTaHOBHTb ~aouopwHau uellt,lly npocTpaHCTBOII o6oO~eHHb!X WYHK~~ 

(:- D'(01) H rrpocTpaHcrnou o6o6UieHH!iX WYHKll.H~ 
V ( I ...,_ + K i ; s . +: , 1 . ~, cr > E ]) c v+ x a:2. x a:1 x JR1 x 1R 1) J 

rrepHOAHqHiiX rro (/) c nepHOAOM 2.1r (cu/15/, rn. 4). 
1 u. 

HaKoHen., c.11enaeu rrocneAH~~(perynllpHy~)aaueHy rrepeMeHHHX. BMecTo p BBOAHM 

t' = f'·pu- fl''·fJii s (~)J. H v = p''~f +;,fa. a 'W"~ii' 
BMBCTO ~ 

( ~11> p'U., pt1 j SIt ) 1 j 't I~) - (T j V j S If) p fi > p.!1 j ?; <f)' 

Mb! rrpHXO,ZUlM, T8KHM o6p83Cil, K rrpOCTp8HCTBy ])'( n,), 'ITO AOK83b!B88T JJBIIIIY 2,1, 

4 0 IT 0 JJ H e H H e B. JO!!!Bll 1))01!18 KOB8PII8HTHOI! CniiHOpHO~ 000011!BHHOII i))YHK~II (,z!OK838-

TBJJbCTBO TeOpeMb! 3,!) 

J1 eM II a B.!. IlyCTb F(:X. i \;) YAOBJJeTBopaeT yCJJOBIIllll Teopellbl 3.1. Tor,l\8 CYJi16CTByeT 

(11 eAHHCTBeHHa rrp11i=j) 1apa l1HB8pl!aHTHiiX o6o6UieHHb!X WYHKI.IHII f:t {7:) E J)'(1R1) ,coBITBAa-

JOUIIIX rrp11 'r < 0 11 cBaae llHiiX c F (X;~) np11 rroKOJllll 
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,_. 
F(x;!;) =(t;~i;):J·f.t(Cx)1)·~ij )IJ!fl (Bl) 

3)1ec:& qt+ = IR4 'y_ qJ-_ = - '!)'+ . (B2) 

;no K a 3 a T e JI :& c T B o. M11 orpaHI1'111MCH paccuoTpeHI!eM F(::r. ~)B q}f. B CIIJIY (3.3) 

)IOCTaTO'IHO ~OKa3aT:&(B.I) B 06JiaCTH 

T8K KaK 

X= {X~ 1R4 

qj+= u ~ 1\ JK. 
IIEL~o 

flocKOJI:&Ky F(x;~) -nOJIHHOM no ~ 11 ~ , HeT HYII,Zlbl C'IHT8TI> ~ npc6eraJOIIIIIMC.'I.,)IOCTaToq-

HO orpaHI1'1HTl> I; HeKOTOpOll 06JI8CT:&!J Q , 11 B Ka'!eCTBe TaKOBOll Y:Z!l6HO Bb16paT:& 

(B.4) 

KaK H B n. 2.I, 4-BeKTop X OTO)I()ICCTBJIHeM c apMI1TOBOll MaTpHuel! X . flp11 il>HKCHPOBaH-

HOM napaMeTpe ~ E Q B o606!11eHHoll il>YHK!.\1111 F( :X.; t;) MOlltHO nep lllTH K nepeMeHHbiM 

..,.()1. - 2!(l.l.ttl( . VI' ~ = X 
1 
'I(:/;~~, X j X =.X A HeTpy:ZUIO y6e)ll1Tl>OH, 'ITO B paCCM8Tp !B88110ll 00JI8CTH :X~ JA., 

I; E Q npeo6pa3oBaHHe nepeMeHHbiX B3ai!MHO o;zu~oaHaquo, C 
00 

c l!K J6llaHoM 

o ('r, u) 

fiO)ICTaBJillll 

= - (x"· ~6 3 ~ + x 3. ~6'.i;) < o 

F(~i ~;) = G(u,-c > ~u ~) 
B )lllrprpepeHUHaJI:&Hble ypaBH8lll111 (3 .4), TIOJiy'!aell 

x.u. ()G- l; 'dG - o 
ax 12• 

1 - ' 1~,2. 

x'' oG- ~ ilG- - 0 oxtt 1 "0~,- ) 

x"' ocr x·u oG-
oX !2. 

- oxt' 
oG 

~~ 0 ~1 + 0, 

X. .I. I -ocr X 12. o c;. 
-ox.t 1 ax 11 

- ocr + ~.1 --= = 0. 
0 l;'.t, 

PaccMaTpi'!BaeM (B.S) KaK JII!HellHyJO CIICTeMy 6 ypaBH8HIIii OTHOCIIT8JII>l!O OG-
6XI.?.' 

Ee )leTepMI1HaHT 

25 
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(:x.'"~.?.i;.t- ~·· ~,i;1) (I)~~)= 

=:- (t"·!;6'3~+X 3 !;60 ~) • ~~~ 

B paCCKaTpHBaeuoa o6naCTI (B3), (B4) He paBeH HynD; cne~OBBTenbHO, BCB npOH3BO~HUe OT c; 
1& 11 -

no .X 1 X 
1 
~ 1 I; p8BH l HYnll. ll03TOKy ,lUll! )IOCTBTO'IHO Manol! OI:peCTHOCTH npOll3BOnbHOlt TO'I-

IU! ( ~~ ~ C•>) €- X II. Q cymecTByer ~ (o) ( t"'; t.t) TaKa!!, 'ITO 

G ('I:') 1( ' X, ... ; 1;) = '(O) ( 7:"j l<)' 
T.e. 

K (X; I;) = '(o) {(xi'; ~ ~ ~) · (B.6) 

C ~pyrolt CTOpOHU, llJ'OlleC ~:eaf(l.,i;): {:tf•'Z",i;!~:l(:Po}-o)IHOpO~HOe npOCTpaHCTBO OTHOCllTBJJb­

HO rpynn~o~ npeo6paao:eaHHI! (~.~)-(AI;A~IfA"1) C JM, .UononHeHHe r), noaTolly HS (3,3), (B.6) 

cne~eT, '1'1'0 '(")('t';k.) He SaBHCHT OT TO'IKH (X{D~ 1;(0~, T,e, CY!IlBCTByeT j {'f:'j U) l; 

E .D'(J, lC'Dt~) TBKBll, 'ITO 

F(l; ~;) = '((x)a.; ;~ i;). (B.7) 

Fl. ti - 1j 
YcJJOBHe O.llHOPO.llHOCTJ .z~aeT t.X ;A "t;) :::.X ().) F(x i~).IIJIR nJD6oro nounnencnoro .A , 

OTKY.z\8 ,.('t'·,~ot)=o n]ll irjB ~(t';~ot)=U,.t~f+('C)npH i•j. llpe)IC'l'BBJIBHHe(B,l) 

~OKaaaHO• 11a cnpaBe,liJ!l!BOC 'I'll npe~CT8BJI8Hlle (B,I) B '14/) 'It cne~yeT f + ('r) • f _ (T) 
,lUll! '1:' < 0. STo ~OKB3h!Bae~ neuuy. 

KaK cne.li.CTBHe, noJIY' aew : np11 X :F 0 

.2." 
F(x; ~;) =(~~i;) 3·F(:x.), (B.8) 

F (x.) E- :D'(if't) s D' (lRlt' fo}) 11 

I= (x.) = f~ ((x)'-) npH .X f ~. 
Cne~JIIIlll 1118I'OK 6y)l~; HBXOl!~BHl!e IIHBapllaHTHliX <liYHKIJ,IIIt C HOCI!TeneK {:X. • 0 J . 

Jl e K K a B,2. l=(x;~) y~oBneT:eopaeT YCJJOBIIIII.I Teopellhl 3.1 I! supp F(.x;~;) == {x=o}) 
'fOI')I.a .t • /'1 

!=(:t;~;) = (~x~)J L.. cit (o)lt o(:x..) 
- lt.:lJ 

ll o K a a a T e n h c T :e ..Q. TaR KBK F cocpe~oTo'!eHa B Hyne, 

. ,; .. 
') 

OHa 11p11HBAJI8JI[lf'l' 

(B.9) 

S'(R~tL 
11 ee ~yphe- npeo6paso:eaHl!e - nonHHOM no f , pa:SHO KaK 1'1 no ~, 'c; . ~8 yCJIOBI'IH IIHBapHaHT-

HOC'l'll (H neliKU B,I) nerKO HBXO~HK M 

F(p)~) =· (~,e~)'"i I 
IC=o 

(B,IO) 
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(~ !t ~) (~_e~)=o, (~ ~ ~) (/l)1 = 2.· ~Jii) (B. II) 

(B.I2) 

'l8XO,lUIII 

(~ ~ i; /" [LP/·] rt = o ::p. n. > k. , 

(~ !r ~t t(~)1t= ( :)-2.~- (~ P~tk~t(·lt -,..._ It~ k., (B.I3) 

T8K 'ITO 

'ITO 3~BIBBJILHTJG (B.9~ 

<rop:.1ym1 (3.6) TeopeML: (3.I) - :tpocToe cne;;oTBIIe JieMIA B.I, B.i 11 CJieo.liJ!!::tero npeMo­

zeHIIR, Bhl'l'f"!(aiOJ~ero >ra aHmr::3a ropJII·:HrP 11 Pyca ( 171 ,§8; ·~M., ': '!GCjHocc::~, 1\0I<a:J·,·,·:JJLbCTBo 

TeopeMhl 8.1). 

n p e A ll o _lit e H 11 e B. I. Ka .:,!J,af! c~ta.llf!PHaH .llope~-MHBavnaai'llaH ?YBY.~lH F (x.) ~ D'(a..,{o}) 
IIOllte! OiwJ. rrpo,JIOA.Ie&a ._ ltopeHJ<-MHBapHWtftiOll o6o6111eHHOli 1JyHKIU114 In D'CR.J. 

'l'lOCiw }.IOKaaan (3.7), a~eTIIM cHallana, uo ,1\Jlll F(x.·,t;) E 51 (Rlj) (3.7) nol!y>~a-
eTCll nJ)*eBeBHeu (3.6) K ilJyp:~~e-rrpeo6paao:aaBBJJ AJlj! F(:x; ~). B J6me1! cnyqee (MH 

F"(x;l;) f D'(R,.)) rronolll!u l=(x~l;) = F"1 (x;'-;) + ~J.{x;~;) 
c F1 (:x.;·~;) = c~.((:q1)·F(x; ~;) , F,_(x.~ !;)= [1-:-oc((::l)]. F{x;5)) 

rAe Ci.. (T) f 1)('l1) • ct. (rr:) = 1 llp!! l't'l< 1. 
llcnonaylf (3.6). 81!8JBill rop,lll!Hra-Pyca (171, § 8), HeTpy.lUIO y5e,l4MTI>CR, 'l'l'O F1 (x;~)r: 

E S'(lR~t), T8K 'ITO ,IIJ!H F1 cnpane,l\JIIIBO rrpe.n;cTaBJICIDlC T!lna (3.7 1. qT06· .. :Jl• ··c,~g, ~·ro 
F.t. IIOJ!eT 6ioiT:b aan•caaa B BH.D.e (3.7), llbl HCITOJLb3ytlll cBollcna Hoc rTeJ!I! F2 l'L''.n:ecTaa 

(B.II),(B.I2), KOtop&e 1103:BO.Bllll'f ,l!,.lf! ABBBOII f_. (t") f ])1('11), Bt:'!eaa10mell rrp11 Iii< 1 J 

HaiTI! h ± (•r:) f l>'('R,) c T611 :~>e cBOIIcn<lll, -Talt qro 

rrplt .X :FO. 

3TO JIOKa3hiBaeT npe.n;cTaaneHMe (3.7). Ilpoll3BOJI a Bbl6ope ljlyHK!1Kll F'(c)) T(x) 
(3,7) c~eAYeT ¥.3 ro~ecra (ll.l?)-(ll,l3). 
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I o n o n H e H ~ e r. Op61!Tbl rpynrr01 SL<z ,J) B npocTpaHcTBe 

3a.z~a.zlll'.l Ha :.lilO.,cc•rc { (~,:e) 
npeo6pasoBaHHU: 

p f lR~ = lRlf'{o}, l f ~1..= (;',' {o} } rpyany 

A E S L {2., c) cr .I) 

(a,llecz, A (A) -<lpuo6pl2JE8Hl1H JiopcHua). 

Ha6op IIHB8pl18HTHUX 1 fHKL\Uii { ID ' ( p ~ )} · TJ • ;=f, ... ,N !!830BOM nomlb!M, CCBII Ml!O.WCTB8 

m={(p,:a): !fj(p,l)=const, f=1, ... ,tJj (7.2) 

HBBHIOTCH O,llliOpO,llHhll.!ll npoc rpaHC TB811H rpy11IIbl npcoup830B8Hill1 (I'.l), T, e, , CCBH ,1.\BH ITpOil3BOBI>-

HO~ TO'IKI1 (p,l)EOO't cyrqeCTByeT A f:SL(2.,C)> TaKoe,l!TO (p,l)=(A(A)j,ctA-1
), 

r,lle (', «) -mo6all \PHKCil >OB8HHaH TO'!Ka Ha SJn , llcRKBR uHBapi!BHTHWI (jlyHKL\IIH na T,. 1< ~t 
HBBR8TCR <_PyHKL\IIGH ITOBHOrO H860p8 llHB3pl18HTOB, KO'rOpbl~ Mbl C06HpfleMCH 0Iill08T!>, 

Ut!CBII,liHO, 'ITO ljJyHKl\111 

cr .3) 

HBl!HIOTCH HHB8pii8HT8!dll llpecupa30B8HIItl (P,l), l'aOCMOTpllM pn3ni!I!Hbi'J cny'ISII B 3GBI!CilMOCTil OT 

Tilii8 ITOBeplCHOCTil (p)l: Cltt.St B OT,lleni>HOCTII, 

I. (p) 1 >0. 
B aTOM Cnyt~ae H860p (r,4) HBBHOTCH ITOBHb!M. J(cOC'l'Bl!TeJ!I>HO, ITJCTI> ( f>, ~) - ITpOilo-

BOBI>HSH TO'!K8 m , ( ~11. -o!q.e,i\t:;BCHO B (1'-2) C N='J.,), ll !~8'1~CTBC TO'lKil (1,«)~911 
B03!>'.18ll 

~=sftr~.·{if;·(1,o,o,o), a=~·(1,o). 
Ol.!J~;:,:;Ho, cy· .. :ccT~ycT B f$L{.Z.,C),~·;,;;,J·3,Y'l'c' p:A(B)~. TorM 

(E,:l)::: (Bjf..B*, z'E-1
) 1 r·,,,, l'=zB , liP£.4'-'M "" f,_(,,l')=12(<f,a.} 

CF'O!\JC< lrl1 = [t~./'-, ~~'"""r, cy"''·';.: .. ~I· V E SU(2.) C SL (l,C), y.~oJJnoTBo-
t'''"'·:;:c puBeJw'l'JsaM: ;t==VJV*, ~ 1=-aV- 1• •J.>·'l '\= B·V, 1:cJiyq~~!:: 

I. 0 1:, i ':}T 



'U(«.) = (1)01 01 1). 

nycT.b ( f>, l) E- 91\ , TOP,I.\8 p, 1<(1:) - 1130Tp0!1Hl>l8 BeKTOpl>l, llpH'I8U 

P·'IA.(!) = ,. 'k{et) , Sf"' r = s1" 1 ". s1, .-t"(~) = ~,., -w•rAJ. 
0\!eBM,I.\no, cyn\eCT1lyeT nopeHu-npeoOp8BOB8HIIe 1\ (8) : p= I (8)9 , 'M{~) = 1\ (B) W (lit.}, 

TaK \!TO ( ~' 2-) =(1\(8)' 1 l
18-1

) 1 rrpK'Iell tt.{! 1
) = 'U(Z8)=1\(8"1)1t{l)'"l((ll). 

OTCIO,I.\8 H8XO,!II111 l 1
: 

I iot 
l :::e ·t{. B3HB 

l!OI!Yl!88M: 
1\ (V) ~ :. 'f I l I= Q, v _,_ 

Tenepi> HCHO, 'ITO npeollp830B8HIIe A= B·V o6JI8,!18eT CBOifCTBOU (r.3) 

0) 1:Jfi = o. 
B STOll CI!Yll8e p ll 'k{'l) -OpTOPOH8JL&IIl>l8 IISO'I'p0llllli8 4-BeK'll: p&, CJieN)118fl!JIHG 1 eB11 

KOl!Jllll!eapHl>l, 11 i!X OTHOWCHlle- llOpeHU-IIIIB8pii8HT! 

J!OK838T8lll>CTBO llOIIHO'I'III H800pa { tf1 1 'f 2. > lf?> J '1'8KOBO 1:8, InK B CJIY'I88 lr: ,a) C '1'01 

pa3HilUe0., 'ITO B K8'18CTB8 ~ CI!8AJ8'1' B3ll'!'l. , : y3 ' ( 1, 0 J 01 f). 

1. (~)t<o. 
a) !).i'f:o. 
Ha6op 11HB8pii8HTOB (r,4) llOJIBwl. BoSI>MeM Ha IIHO~eC'I'BC ~ (r.2) 'I'Ol!Ky! 

,= -StJn.1,_·ll'f11· (o,o,o,1), cc. =VIf1 ((1,0):, 

'k{~)= lfJ./'(110)011). 

,ltuee ;J!;ellc!!!yeu, !t8.IC B CJiytree :a,a). 

6) l,Pi :o. 
B a'fOIII cxyqae llHOieC'I'BO M :. { (p;i:) : 1(1 = ~ < 0, 'f.z. =0 J ae llUBC~fi OABopo,¥11t 

!!poCofp8HCT!IOU, 'iTOOb! yOe,!IIIUCR B 3'1'011 1 paCC.UO'I'pall H8 Jl TO'llcy (n
1 

11.) : 

( 
~·d. ( 

~ :::; V- 'f1 ' 0 I 11 0 J 0) J Q.. = t, 1 1 0) ; 
-w.(a.):::. (1,0,0,1). (r.s) 

J!erKo npoBepi!Tl>, 'ITO ,lV!R Jlll6ol! (f,_'i) f .M CJiflCCTByeT B (:SL(l. c)) Taxoe,li'I'O 

p=A(B)'J, u(l) =A (8) u(a). (r.6) 



~oJrocml ~=(1 1 0) , ·ror)J.alla 'U(l) = /1.(8) u(a.) = 
= 1\ (B) 1A.{~) = 'K {4 B- 1

) cJieAJ'eT, q~·o 

z = e'~ ~ (p,"A), 0'.7) 

r)J.e ~ (p.~) = l a-'. o·.d) 

a onpe.llcJieHa 'He c)J.IlHCTBeHHbiM o6paaou) B (r.6). 

p=/\(1\)q, 

l re~IOJi13YH (r.6)-(r.s;, l!GpCnM!lltM (r.9): 

1\(&)p =1\(A)q, e'"f 
llJ!ll, c IIOMOc(!AD MaTpllill V = 8- 1A, 

~ v-1 e 1 (o~.-p) l 

V = ... I , () f>).t = ( e ~·o1.)· .t. 
!le'J']JY.ll.HO llpOBOpll !:b, 'ITO (r.IO) JJ03MO:KHO (Jillt:!:C) !l!m ._ t. 

I;TUJ!O 6biT:o, TO'IKY (' Z.) f Mror.na H roJI:cKo ror.11.u MOliCHo coc.n.HHliTb c TO'!Koli (r.~·,), Iwr"'" 

( 
i! ' ) .2. io<. J. 

-g(,~'l) = (e ) j = 1,2. 

0 TCiJJi,U n pllXO.ll.llM !\ BliBC 7J.Y, 'ITO 

= ( z· )t tf'S (pi Z.) l;j (p, ~) . I 
J = 1, 2. 

f!BJ!HCTCR IIHB8j)l'!8HTOM, ~OTIOJ!HRIO!!\IlM ~1 ll 'f2.. )1.0 ~OJ!HO!'O, 

n 0 II 0 Jl H e H ll B n. Bu),8 I8Hl'le o606!l\Cl!Hb1X ij!ym 1.\llii !18 0Tpe3Ke r -1 ,l) tte pea pai\U 

no nOJ!l1HOM8M flK061! 

06oaHa'lllM nocpe.n.c'BOII $)([-1,1)):: SJ llj)OCTp8HCTBO 6CCKOHC4HO-)J.Il~pepel!Ul'lpye-

llbiX ljlyHKUl'l~ f (Y) 
JiyHOpM: 

H<l OTpC3K6 [- 1,1] C TOIIOJIO!'v.el.J, 011pC.ll.8Jielll!Ol1 C'IBTHOil C!ICT8MOJ.1 no-

lt.=0,1, ... <n.r) 

6y.n.eu HK'Ke !1CrJOJ!:b30B8Tl> o603HU\ICHlle II f n.) 
{ P~"'~~)('ll) J ::

0 
- nocJie.n.oBaTeJII>HocTI> TIOJII1HoMoB R1w6!1/IG/, opToroHaJil>HbiX c 
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Be co" ( 1; )1 )0(.· ( 1 ! )I >' [ ] ( ) m ~ ~ HaorpeaKe -I,I OG,~>-1: 

Haweil 38,l\81!et.i HBJIHLTC!I ,l\OK838TBJI:bCTBO TeopeMtl, 

T e o p e 11 a .U. I. BC!!KBH ododl!lBHH8ll WYHKU!!R T ( 'J) E $) 
1 rrpe.z~cTaBl!Ma B Bll.l\8 CXO.l\11-

ft\./ 
werOCR B ~ Pll.l\8 

~ ~ ~ ) M rr ('11) = L u,.. (1 ;_'~~)-~ 1~)1) . p~O(.·~ (\1) = L U.n.. rtL (Y)) 
n2o ft•o 

tn. (v) = ( 1 ~)It' ( 1 ~v ) ~ p ~et.·P\v) 
IPYHKI.\l!OHaJI H8.l\ 5) , onpe.z~enRBMtlll l!HTerpanoM 

4 

(tn, 1 f)= J T:n("Y) f(Y) dv, 
-1 

a 

(.il.3) 

'll!CJIOB8l! IIOCJIB.l\OB8TBJI:bHOC Tb CTBflBHHOrO poeT a; l!OCJIB.l\HBB 03H81!8E T CYJ\BCTBOB8HI!8 KOHCT8HT A, 

V' ,TF.I.fUfX:,\ITG 

M H8000pOT,BCl!K8!1 ~l!CJIOB8ll fl0CJI8,l\OB8TBJI:bHOCT:b CT8!18HHOro pOCT8 31,l\88T !10 QapMyJie ()1,3) He­

_npeptlBI!bllt IPYHKUI!OH8JI Ha.z\ J) . 
Teope11a ,li,OK83b1B88TC!I C flOMOil\.bJJ pe3yJI:bT8TOB np!!!IOrO I! o6pa• Horo 8H8JII!30B KOHCTpyKT>IB-

HO~ reop1111 IPYHKU!!ll/I? I. !1ycn f ~ $). 06oaHa'll11.1 

E,. (f) = Cn.f ll f(~)- P""(~)JI 1\ ... o, •... (.l\.4) 

r.z~e HllliCHllll rpaHJ> 6epeTcR no BCeBoawoltHW noJII!HOIIa!l Pn. (v) creJ eHI! ~ n.. l1a Knaccl!'!ecKoll 

Teopellbl ]l'[8KCOH8 (/l?/, n,5,I.5) C1l81\YP'r: 

E ( -('t+!) 
n f)~ oc~ n. a.t+f (f), 't=0,1, ... n>'!:. (.l\.5) 

CX.'t -KOHCTaHTbl, aaBIICffl~l!e TOJI:bKO oT 'L ), 11 1 cne,ll,oBaTenl>HO 1 ,li,JIR JID6ol! j E S) 

't=0,1, ... (,U.6) 

:1oP.a u;M, 'iTO C~C'l'PM'i nOJIJHO!''l 

{~'t(f)J:=o, 
~o (f)= '~o (f), 
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(JJ..I). To, 'ITO (.l\.7) 118:ii:CpllpyeTcR (Jl,I), c Ol!eBvi;nnocnio CC'.elJSeT VJ3 (.l.l.6). 'iTo<lN ;noKaaan 

K8MOp8~11D B 06p8THJD CTO~JHy, BOCf!OnhSyeMCR TeopeMO" }\3R~Ka 6/ (/IS/, TeopeMa 3; CM, T3K­

-,_JI7 I. u ,2,6 .3 ): 

flycn ;nnR ilJYHK~Hti ;~(II) Ha OTpeaKe [ -I,I} nplll HeKoTopbiX 't,N,O(. ('r.,N=D,1 ... ,D<tl.<fJ 

cymecTByeT KOHCTaHTa M 1'f) 1 ·raKaR, 'ITO np11 JIDCloll 11. > N cymecTByeT noJIII!iOM Pfl ('))) 
CTCUCHII ~ 11. C ycnOBHell 

Tor;~~a f("J) 1111eeT 

sup 
-U'II ~1 

(.l\.8) 

(.l.l.9) 

( 8,ll,eCh A 't /tl , Y 't /II -KOHCT8HT~>, SB.BHCRU\IIe Ton:~>Ko oT 'l:, N, o<. ) • 
i I D ' -(1.H1), 

Tiycn sa;naHo ~eJioe 'lli(JIO 't~1. CornacHo (.l\.6) npH11.>2:r. fn(f)~n •~:r..,(f)-riJ.t· 
BoaDMell B Ka'!eCTBe Pn. (~) noni!HOII Hauny'lmero npu6JII!.~ei!Ilfl ;AJIH f(Y): 

• \ f(v)- Pn.(v)l ~:En (f) ~ «l't .n.-{thf) l2.'t11 (f)~ 

~ «u · .& H~1 (f) [ ( k V 1-v" f .. Va. + ( ~ )2 (u 'A> J , 11. >.tt. 

J\nR f~ f) BblllOnHeHO (.l\.8), 11, 3H8'111T, 

(Jl.IO) 

KpoMe Toro, C( 0 (f)= I. (f,'. 11TaK, Cl!CTelllbl no;IyHOJlM (.li.I) 11 (.l\.7) aKl!I!BaJieHTHbl, 

COf!OCT8BHM K8"lt;l(00 WYlll(LIIII f f SJ KOSij)(pll~rleHTbl <llyphe, COOTBCTCTEYKJU\He UOCJIC;I\OB8-

T8JlhHOCTH f!OJIIIHOIIOB HK06H: f 

f,. = < P;:'',), .~ > = J ( 1i fC 1 ~v / p~·Ph,>f(;)J.v= 
(.li.II) 

HaM f!OH8;1106RTCR CJie.zlYKJlliiiC O~IHKII ;liJ!H llOJiliHOIIOB flK06H/l6/: 

\P~"'·P.)(v)l ~ A1 ·(1+n.),1 
(.l\~!2) 

h-1\1 1 p~·-~>~l>)\ ~ A.t·(1+n.)''-, (.l\,!3) 

-HeKOTOpble f!OCTOHHHbiC, 
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Y1lV.7b!Jl[lll OJl1'Ul'OH8Ji:bHOCTh pl"-(ct.,~) ~ (n.-1) , ll0l!Y1l38M 

C IlOMO!.(:Oil (]1 • 12) OL\CHI\:f ,llllf! fIt : 

\fol ~ t,~ ·llfll (lt. 14) 

\h\ = \<P~'.a>, f)\= \<P~"'·~), 

~ ?o~.,f! · su.p J p<~-~> ('))) \· E~~.. 1 (f)~ A'. (1+n) '' · E,.,_ 1 (f) (lt.IS) 
-1 ~ Y$1 

(:JT-Cc:b Pn_ 1 (y) - llOJIH!IO!A !1811.11Y'lll'ero IlpH6JIIUteHI1ff ,llllf! f{'Y) ), llJ ()(,15),(},.6) mr.n-

H01 1JTO If,\ ::0~.;nRJOT 6t<CTpEe Jlll6ot: CTeiTeHII It '11, 3H81JIIT, (c ;:ii''roM Ul.I3)) r·,i( 

f. fit· h.~' . p~-fo) (y) 
K;O 

paBHOI.!epHO CXOf,l!TCH K H8ilpepb1BHOll rPJH!!Ullll !1 (y) , TaR !!8!!, !!pOMe TO!'O, OH CXO,l\11TCH B 

0!'81\HCM c f(v) , TO f1 (v) ::: f(v). 
Terq;r. .1v:a llllHY.MallbHbiX OTKJJOH8HI111 f n. {j) IIMeeM: 

(t\.16) 

AH8JJO!'Il1JHO' 

00 

~o (f) ~ A'L · L. lf~e! ( 1-+ ~t) 1~ 
IC.=o 

(J\.17) 

OL\eHRil (J(.I4)-(il.17) no3BOilHilT aal!.11!!.)1J11Tl>, 1JTO CHCTella nonyHopM (A,''), a, 3Ha1JI1T, ll ()1,.1), 

3KBI1B8.118HTHa C~C.l\YIOme~: 

{ C't (f)Joz:o := { S~f [(1+n)'t )f,.IJ] oo . 
n~o 't=o 

(ll.18) 

Terre ph HCHo, 'ITO BCHRill! .llllHei!Hblll. HenpephiBHhlll lPYHI<UllOHa.ll Ha.n :!) llM88T Bll,l\: 

00 00 

( 1\ f) = L ul\-fn. = L U.n · ( t n , f) , 
n=o n=o 

(lt.19) 

- IlOCJl'' ,ll0B8 T8ll:OHOCTD CT8I18HHO!'O pOeTS, a pH.l\ B (J(. 19) 36C0Jll!.)THO CXO,l\1! TCH. 

TeopcMa .noRa3aHa. 
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DPHIIEIIAHHll 

I. Ec:n11 yc:nos11e cneHrpa:ni>HOCTII HeBbmo:nHeHo, To ;zJ.BYXTO'Ie'IHaH ljiyHKUllH CiecKoHe'IHO-KoMno­

HearHiiX no;nef,l, nO-Bll;ll.I!IIOM f, oCi;na;zJ,aeT Cio;nee CJIOAtHOil CTpyKTypo\1; H8 3TO, B 'laCTHOCTI!, yKaabi­

B86T ;zJ.OnO:nHeHlle r. 

2, ITapa 'X. : ( n 1 , na.) , I!CnO:ni>ayellaH B/2/, COOTHOCI!TCR C [ ~~ C] nocpe;zJ.CTBOII 

n.1• c +k. '1'\1. = c- k. l:;ne;zJ.y/21. Mbl pea:nl!ayeu npe;zJ.CT8B1!CHI!e T 'X B npocTpaHCTBe ~X 
o;zJ.Hopo;zJ.HbiX (I!H;zJ.eKca X ) liecKoHe'IHO ;ll.I!W\IJepemmpyeMbiX ,pyHKU1!11 B Kolln:neKcHol1 oCinacTII (no;zJ.­

poCiHell 011, B ;zJ.ono:nHeHIIII A:. Tor;zJ.a B conpa'lteHHOM npocTpaHCTBe ;D~ Mbl 1111ee11 (/2/) npe;zJ.­

CTaBneHI!e rr; :::> rr_,., 
3, ITpe;zJ,no:no~eHI!e, 'lTC nona - onepaTopHble oCioCi~eHHble IPYHKWII! y11epeHuoro pacTa, noaBo­

:naer paccua'rpi!Ban K (t.t f; 1) KaK IPYHKUIIOHa:n aa;zJ. Cio:nee wl!pOKIIM npocTpaHcTBou 

S(V+) x :D-x
1
X ~-lz.·.llMee, 11a TpaacnauHoaaol! IIHBapl!aHTHocTII c:ne;zJ.yeT, 'ITO K (p; f;!)­

uepa no p, 0,llHaKO HI!KaKH C ;zJ,On01!HIITe1!I>HbiX Tpy,llHOCTell He B03HIIKaeT, eCJIII paCCII8Tp11B8Tl> 

npoCi:neuy B Cio:nee oCi~ell IPOP!e, npi!HRTOII B TeKcTe; B 'laCTHOCTII, aro noaso:nReT BK1!D'IIITI> B 

paccuoTpeHlle nona .n~a!W>ef5.'. 

4, 0THOCIIT81!l>HO onpe~;neHIIR II 11poCTel1m11X CBOI1CTB npRMOrO IIHTerpaJia rii~I>CiepTOBbiX npO­

CTp8HCTB cu./!4/ (rJI, I, § 4), 

5.B .llOKaaareni>CTBe neltllbl A.l Mbl socnonbaosanll~b_aprylleHrauH ApaKII B ero aHanHae:nopeHU-IIHBapll­

aHTHbiX oOoCi~eHHbiX IPYHKUIIII (/!3/ , p. 272, :neuua 2). Ebl;no Obi IIHTepecao yTO'IHIITI> ero JloKa­

aareJII>CTBO :ne11ubl 2: ApaKII npe;zJ.nonon~n, 'ITO npo~asoJII>HaR \IJYHKUIIR f{x) E-J>(JR-\l),Ciy.lly'lll 

"pa311838HHOI1" no rpynne J!opHU8 ( T.e. ljiyHKUI!H f(x): f f(I\:X.) r/.1\ ) CTaHOBI!TCR Mylll>TIIn:nll:ta­

TOpOM B D(lR'tn~ JTo Aellc rsHTe:ni>HO TaK ;zJ.JIH f (x) , HOCIITe:ni> KOTOpolt He coneollilr H8Q8Jia 

KOOp,lli!HaT; BOOCil!le ![8 f('X.) !OI'IeT CibiTl> CI!HryJIRpHOII B HY1le (noaTOMY TOll,JleCTBO (F,I~I~i. ~ r.JI\): 
:(F S f·(II"1,).!A) B npe;zJ,en;R-.eo ,BOOCili\e roBopa,ae IIMOeT CMbiCJ!8i O,!IH8KO ,!IOCTaTO'IHO 110K838U, 

'IAI<R 
'ITO ,!IJIH paCCif8TpliB8eMbiX f II 3 OHO Ciy,lleT Cllp8B8,!1JIIIBO) • 

6, Mbl nepewapllynllposaJIII reopeuy AaH.llbiKa B y;zJ.oCiaou AJIH aac Bll;zJ.e, 
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