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P2-3085 
Xopy)I{Hli C.C. 

K IIOCTpOOHlliO 8KCHOM8TH'IeCKOli TeOpHH HerrepeHOpMHpyeMbiX 
B38HMO.IleliCTBHJI:. 

1 • HerrepeaopMHpyeMble II011SJ KaK aaa1Il!:TH'IecKHe 
<jlyHKIIHOH8nbl 

C<jlopMynHpoaaH <jlopManH3M yali:TM8HOBCKoro aKCHOMaTH'IecKoro 
rro.ttxo.tta .ttnst cny'last aerrepeHOpMHpyeMbiX B3BHMO.ttelicTaHli. Hccne.tto
aaHbl paanH'IHble KpHTepHH aerrepeaopMHpyeMOCTH TeOpHH. Hall:.tteao H 

npoaaa1Il!:3HpoBaHo ocna6neaHoe ycnoaHe noKanbHOCTH, Bbmonasnomee
cst a aerrepeaopMHpyeMbiX TeopHSIX. 

fipenpHHT 015'118llHHeHHOro HHCTHTyTa Sl.t{epHbiX HCCne.llOBBHHii. 

lly15sa, 1966 • 

Khoruzhy s. S. P2-3085 

On the Construction of an Axiomatic Theory of Non-
renormalized Interactions I. Nonrenormalized Fields 
as Analytic Functionals 

Formalism of the Wightman axiomatic approach is formu
lated for the case of nonrenormalized interactions. Various 
criteria of nonrenormaliz.a.bility of the theory are investigated. 
A weakened locality condition, which is fulfilled in nonrenor
malized theories, is found and analysed. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1966. 
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1. HenepeHopMHpyeMble noJJSI KaK aHaJIHTH'leCKHe 

I}JyHKI.\HOHaJibl 



§ }. 0 KpHTepHH aerrepeaopMHpyeMOCTH 

8 0630pHbiX pa60T8X 8KCHOM8TRqecKoro HarrpaaneHHSI B KBSHTOBOH TeOpRH ITQ-

/1,2/ 
ng Y*6 He pa3 OTMeqanOCb ( CM., HSITpHMep, ) , 'ITO B TSK H83biB86MbiX Herre-

peaopMHpyeMbiX TeOpHSIX M8TpHqHbie 3fl6M6HTbl JlOllYCKSIOT 3KCITOIJGHUH8flhHbl.li. pOCT 

B HMnynbCHOM npOCTpaHCTBe, H llO 3TOl! npH'IHHe OHH Jl0fl)!{Hbl gan51TbCSI o6o6meHHbi

MH <jlyHKUHSIMR, Jl6HCTBYIOIIlHMH Ha OCHOBHbiX <jlyHKUHSlX C KOMITSKTHbiM HOCRT6fl6M 

B HMllYflhCHOM rrpOCTp8HCTBe (rrpOCTp8HCTBO Dp ). TipH 3TOM RX ~ypbe-o6pa3W 

o6o6meHHbl6 <jlyHKUHII B KOH<jlRrypaUHOHHOM ITpOCTp8HCTB6 - 6yJlyT 8H8n!ITR'I6CKHMH 

<jlyHKUHOH8fl8MH - o6o6meHHbiMH <jlyHKUHSIMH H8Jl ITpOCTp8HCTBOM Z U6flb!X 8H8flH

THqecKHX <jlyaKuaA orrpeueneaaoro Knacca. XoTSI yqeT sToro o6cToSITenbCTBa, Ka3a

nocb 6w, COBepweHHO He06XO/lHM )lnSI llOHHMSHHSI M8T6M8TH'I6CKOl! npHpOJlbl Herrepe-

HOpMHpyeMbiX B38HMOJl6HCTBHi! - JlO CHX ITOp HH B 8KCHOM8THqecKOM HarrpaBneHltH, 

HH, H8CKOnhKO HSM H3B6CTHO, B narp8H)!{6BOM ll0JlXOJl6 He rrp6/lllpHHIIM8flOCb CKOnbKQ-

HH6yllh CIICT6M8TH'I6CKHX llOITbiTOK Tp8KTOB8Tb HenepeHOpMRpyeMWS TSOpHH C YK838H

HOH TOqKH 3p6HHSI. (Bnpo'IeM, OTJl6nhHbl6 BOITpOCbl paCCM8TpHBanHCb CO CXOJlHbiX 

/3-7/ 
ll03HUHH B pa60T8X ) • Tiocne)lOBSTenhHO ITpOB6CTH TSKYIO Tp8KTOBKY, OTrrpaang-

SICb OT HCXOJlHbiX ITOfl0)!{6HHi! yaHTMSHOBCKOro 8KCHOM8THqecKOrO ITOJlXOJl8, H BKniO

qi!Tb TaM C8Mb1M B ero op6aTy HerrepeHOpMHpyeMbie TeOpRI! ganseTCSI U6flbl0 HSCTOSI-

well. pa6oTbi. 

l1CXO):IHblMH aenH'!HHSMH TeOpi!H SIBflSIIOTCSI B Jl8HHOM ITOJlX0!19 rel!3eR6eprOBl>I 

nong A(f) H cooTseTCTBYIOIIlHe HM yail:TMSHOBCKHe <jlyHKUHH W(f)= <A
0
,f> 0 

TI03TOMY npe)!(Jle BCero HSM He06XOilHM KpRTepHH, KOTOpbil! Bblpa)!{Sn 6bi CBOHC~O 

aenepeaopMHpyeMOCTH Teopaa a TepMaaax :!!Tax aenaq11a. KaK Y*S yrroMaaanocb, B 

K8'!6CTB6 TSKOro KpHTepag 6e3 OC06eHHbiX 06Cy)!(Jl6HHi! YK83b!B810T 06bi'!HO 

K p 11 T e p 11 A A : yallTMaHOBCKHe <jlyRKUHH W (f) B HMnynbCHOM rrpOCTpaR-

CTBe cyTh o6o6meHHbie <jlyHKUHH Hall rrpocTpaacTBOM D P 
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OnsaKo smnsieTCSI a priori naneKO Be O'IeBH!lHbiM, 'ITO 3 TOT KpHTepHH Bbi!le-

nsieT B TO'IHOCTH TOT )Ke KnBCC TeOpHli, 'ITO II HH)KeCne,nyiOIJIHH rrepT yp68UH OHHbill 

KpHTeps l!, KOTopbili cnylKHT onaoapeMesso onpenenesseM senepesopMHpyeMoli Teopss. 

K p sTep 11li B : qscno pa3ni!'IBbiX npi!MHTHBHO pacxonS!IllHXCSI naarpaMM TeopHH 

B03MyiJieHHfl S!BnSieTCSI 6eCKOHe'IHbiM. 

.[lng ycTanoaneHHH caH3el\ Me)Kny (,A) ll: (B) paccMoTpHM aapsmy C HHMJ[ 

KpHTe pHil: senepeHOpMHpyeMOCTH, npHHBTbili B BKCHOMBTH'IeCKOM TIOAXOAe 6oroni06o

/8/ 
aa- Meaaeneaa-f1onsaasoaa • 

K p l! T e p H l! E: MaTpH'IHbte aneMeHTbt S -MaTpHUbi (ao BCSIKOM cnyqae, He-

KOTOpbte H3 HHX) He o6nB!lBIOT KOHe'IHbiMH HHAeKC8MH p0CT8 TIO HMTiynbC8M ( T,e, SIB-

nSIIOTCSl, HHa'Ie t'oaopSI, o6o6meHIIbiMH ljlyHKUHSIMll: a npocTpascTae Do ). 

KaK Mbl TIOKBlKeM B HBCTOS!Jllel\ pa6oTe , TeOpHH, BbiAenSieMbie KpHTepHeM (A), 

o6naA810T S - MaTpHnel!:, M8TpH'IHbie aneMeHTbl KOTOpOli TBKlKe cyTh o6o6meBHble 

ljlyHKUHH a npocTpaBCTBe D P • CneAoBaTenhHO, H3 (A) BbiTeKaeT (E). C Apyroli 

CTOpOHbi, ecna OITpeAenHTb yaliTMBHOBCKHe ljlyHKUHI! AnSI T eOpHH, YAOBneTBOpS!IOIJiel! 

!<pH TepH JO (E), TO OHH , O'IeBHAHO, TBKlKe 6ynyT o6o6meHHbiMH tPYHKUll:SIMll H8A DP 

TeM C8MbiM, H3 (E) cneAyeT (A), ll: o6a KpBTepll:H BTIOnBe TO)KAeCTBeBHbl • 

4To6bi AOKB38Th nanee 11x coananesse c (B), Tpe6yeTcSI ycTBHOBHTh : 1) e c nR 

TeOpHH YAOBneTBOpSieT (B) , T.e. B psmy T e opll:ll: B03MymeHll: ft HalinyTCSI qneHbl CO 

CKOnb yrOABO BbiCOKOl! HBrrepeA 38A8HHOH CTeTieHbiO pOCTB (o6 3KBHBSneHTHOCTll: 

/B/ 
3TOI'0 CBOllcTBB KpHTepll:!O (B) - CM. , § 28) , T O H CyMM8 PHAB He 6yneT o6-

nanaTb orpaHH'IeHJIOli cTerreHhiO poeTs. 2) B pa3nO)KeHHll: Teopll:H B03Mymessli nnSI 

MaTpii'IHb!X aneMeHTOB TeOpHH, YAOBneTBOpSIIOIJieli (6), HBliAyTCSI qneHbl C n106oi!: 

Hanepen 3BABHHoli CTerreHhiO poeTs. 

06mee AOK838TenbCTBO yTaep)KAeHHSI (1) HeH36e)KHO AOn)KHO 38Tp8I'HB8Tb 

npo6neMbl CXOAHMOCTH pSIAB TeOpHH B03MyDleHll:H H B03MOlKHOCTH pemeHHH C OCo-

6eHHOCTb!O ITO K OHCTBHTe CBSI3ll:, f1o3TOMY OHO BPM nll: BbiTIOnBHNIO B BBCTOSIIJiee 

apeMSI, XOTS! AnSI HeKOTOpb!X KOHKpeTBbiX TeOpHll Y T Bep)KAeHHe ( 1) ll: YABnOCb yCTil-

/ 4 7 I 
HOBHTb ' • 4TO lKe KBCBeTC!l (2), T O 3TO yTaeplKAeHHe HeCnOlKHO AOK838Tb B paM-

KBX nonxoaa Eoroni06oaa-MeAaeaeaa-ITonsaasoaa. PaccMOTPHM, sanpll:Mep, oass H3 

HH3Dli!X MBTp!PIHblX aneMeHTOB: 

8 J(x) 
< --;;-:;:----() > ~ v (x,y)~O(x-y) < [J(x),j(y)] > +A (x,y)= 

u'f' y 0 2 0 2 

4 

v* 
2 

+ A 2 

rae BH3DlHli 'TOKOTIOA06Hb!H 

V * , 8 o6o6meHH8SI ljlyHKUHS 
2 

TIBAe HHSI apryMeHTOB 

v 
2 

(x, y) = O(x-y) 

Cornacso npaasnaM aapsauJ 

< 0\j(x) \v: 

CneAOBaTenbso, pa3nolKesHe 

r 
2 

I. gn r (n) 

n 2 

B .HAHO oTciOna, 'ITO ecna HE 

r < n) 6yAeT HMeTb. HeorpaHH'I· 
2 

cnyqae). YTaeplKnesse {2) A 

KpoMe Toro OTMeTHM, 

HHAeKca pocTa y acex MaTpE 

Hb!X aneMeHTOB C HeOTpHUB' 

KpHT e psi! eme 6onee nps6na > 

MOlKeM CKa3aTb: coanaaeaHe 

HOCTb!O }:10 OTCyTCTBHSI peru• 

3 TOM CMbiCne Mbl 6yAeM Hl 

T eOpHH, 

3 a Me 'I a s H e • Cymec'I 

pseM (A), SIBnHHCh eme 6or 

T8KHX TeOpHSIX ylKe, '19M Up( 

c Tao D 
0 

(a) , R T,u.). ITpa ~ 

K8K YKB3bJB8eT lllpoep B 'I 

HHKBKOli ljJH3ll:'IeCKOH pea nh 

nnocKll:X aonH. 



M, 'ITO 3TOT KpHTepHil Bbine-

:nenyroma l'l rrepTyp6 auHOHHbiil 

.t aerrepeaopMapyeMoli Te opaa. 

CXOnBlllllXC!I naarpaMM T eopBH 

lCCMOTpHM aaplllly C HHMll 

ra"!eCKOM nouxone Eoronrooo-

HUb! (BO BCHKOM cnyqae , He

IOCTa ITO llMITylibCaM (T.e. HB-

;TpaaCTBe D 
0 

) • 

BbrnenSieMbie KpaTepaeM (A), 

;J Ol! TaKlKe CyTb OOOOlUeHHble 

A) BbiTeKaeT (E). C npyroli 

liTH TeopaH, ynoBneTBOpSiromei! 

l eHa biMH ~YHKUHHMH Han D P • 

rrona e TOlKnecTaeaabi. 

~eoyeTCH ycTaHOBHTb: 1) ecnB 

MyweaaA aal!uyTcH qneHw c o 

p OCTa (o6 3KBHBan eHTHOCTH 

a cyMMa pS!Ila ae 6yneT of5-

~HHH TeOpHH B03 MylUeHHli nnH 

i ) , aaii}lyTCH qneHbl C nroooil 

30elKHO JlOlilKHO 3aTp8I'HB8Tb 

303M O>KHOCTH pemeHI!H C OCD-

liH BhlliOliHBN!O B HaCTOBlUee 

•P JKn eaae ( 1) 11 ynanocb yeTi!-

11e aecnoJKHO noKa3 aTb B paM-

::CMOTpHM, aanpiiMep, O.llllff H3 

A 
2 

( x, y ) = v~ + A 
2 

rne HH3WHli 'TOKOITOnOOHb!l! orrepaTop• A 
2 

HMeeT Ty lKe CTell&Hl> pOCTa, 'ITO H 

v* , a oooomeHHaH ~YHKUHH v* 
2 2 

He oonanaeT HeOnH03Ha"!HOCTb!O B TO'lKaX COB-

rraneHHH apryMeHTOB 

v
2
(x,y)=fl(x-y) ~ < OIJ(x)v><viJ(y)IO>-(x-+y)+A • 

" 2 

CornacHo rrpaBHnaM BapaauHoHaoro ua¢$epeHIIHPOB81U!SI B uouxoue Eoromoooaa• 

CneuoBaTenbHO, pa31IOlKeHHe TeOpHH B03MYIUeHHH nnH v 2 ( x, y) oyueT HMeTb Ban: 

r 
2 

r In) 

2 
=fl(x-y)~ ~ 

" J 

v(J) v 1n-J) "'~ A .: A,. 
V • II II y ...-

B .Hnao oTc rona, 'ITO ecna HeT oomero orpaaa'leHHH cTeneHa pacTa acex A " , TO 

r c" > oyneT aMeTb. HeorpaHH"!eHHyro cTerreHh poeT a (a orpaHa"!eHHyro - B rrpoTHBHOM 
2 

cnyqae). YTBeplKneaae (2) noKaaaao. 

KpoMe Taro OTMeTaM, 'ITO as upeurronolKeHHH o cymecTBOBaaaa KOHe'laoro 

HHneKCa pOCTa y BCeX MaTpll'IHbiX 31IeMeHTOB BhlTeKaeT KOHe'lHOCTb 'lHCna MaTpH"!
/8/ 

Hhix sneMeHTOB c HeOTPKUaTerrbHbiMH HH.IleKCaM.H pacTa , "!eM ooronroooacKal!: 

KpaTepHl! eme oonee npaonnlKaeTCH K KpaTeparo Teopaa B03MymeHRl! • . OKoa"!aTenbHO 

MOlKeM cKaaaTb: coBnaneaae Tpex paccMoTpeaHbiX KpRTepaea ycTaaoaneao c ,.o'l

HOCTbJO no OTCYTCTBHH pemeaal! C OCOOeHHOCTbiO UO KOHCT8HTe CBS!3H. VIMeHHO B 

3TOM CMbiCrre Mbl oyueM Ha3b!B8Tb .llanee (A) KpHTeplleM HenepeaopM.HpyeMOCTH 

Teopall. 

3aMe'laHae. CymecTByeT JUiacc TeopJrli, KOTopbie a:e oxaaTwBaJOTCH Kpa:Te

paeM (A), S!BliHBCb eme oonee CRHI"yrrHpHhlM.H. I1pOCTpaHCTBO OCHOBHblX ~YHKUHil B 

TaKax TeopaSIX y>Ke, qeM upocTpaHCTBO D 0 (aanpHMep, 3To MO>KeT OhiTb rrpoc11JaH-

) 14.1 
CTBO 0 

0 
(a) , H T.n. • I1pHMepb! TaKI!X Teopal! MOryT Ob!Tb UOCTpoeaw • 0nHaKO, 

KaK yKa3biBaeT lllpoep B Toll JKe paoOTe, BCe 1'a:K.He TeOpHH ae COOTBeTCTBYIOT 

HHKBKOll ~H3H'leCKol'l peanbHOCTR, xoo a HH"X aenb3n nQcTpoHTb cocToHHRil THna 

rrnoCKHX aonll. 
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§ 2. npoeTpaueTsa auanaTH'!eeKHX ¢yHKUHH. AHanaTH'!eeKHe ~YHKUHOH8nbl 

, npoeTpase Tsa auannTH<JeeKHX tPYH KUHtl 

Mbt SHLIHM, 'ITO MaTeMaTaqeeKHM annapaToM aKeHOMBTII'!eeKofi TeopHH uenepe

uopMHpyeMbiX S38HMOLieileTSHH LIOnlKH8 eny)!{HTb TeOpHH <jlyHKUHOHanos S naHeHHb!X 

Tononorli'!eeKax npocTpaueTsax auani!Tif'JPeKiiX cpynKI.tHfi .• Buono TBKlKe, 'ITO naH6onee 

BillKHbiM 113 T8KHX npOeTpaaeTs HSHTeH ):1/IH Hamefi TeOpHH npoeTpaneTSO OeHOSHhiX 

cpyHKUiit1, cpypbe-o6pa3hl KOTOpb!X 1IpHH8):1ne)!{8T IIpOeTpttHeTsy D(R 
0

) , eoeTOHllieM)' 

1!3 seex 6eeKOHe'IHO ):lllcpQJepeHUHpyeMhiX <jlyHKUH H e KOMII8KTHbiM HOeHTeneM, 3TO eeTb 

n /10/ 
npoeTpaneTso Z (C ) , KOTopoe e onep)I(HT see uenhie ananaTH'!eeKHe cpyHKUHII 

1/;( z), ynosneTsopmomae aepaseaeTsaMH: 

I z .u c z ) 1 
< C k ( w ) e a ( W) I Im Z I (1) 

rne 
k i: 1 k:n 

7 = ( z 1 •• • z n ) ; z = z 
1 

••• z n ; I I m z I = I Im z 
1 
I + ... + I Im z n I, ( 2') 

ToiiO/IOI'H'!eeKII npoeTpaHeTSO Z (Cn) smnHeTeH HHLIYKTHSHb!M npenenoM B Y3K OM 

/11/ " (a) n 
eMbie/le eeMeHeTS8 e'!eTHD-HOpMHpOBaHHb!X npoeTp8HeTB Z ( C ) , B KOTOp b!X 

TononorHH MolKeT 6biTb 3anaua eneny10meil e '!eTHoli noenenosaTellbHoeTbiO HOpM: 

II"' II p = sup 
zEe",k<p 

I z t "' c z >I e -at lm zi 

"" 
(3) 

3TO 03H8'18eT, 'ITO noenenosa TenbHOeTb <jlyHKUHH I,Pv(z) l,o/JVEZ(C
0

) C'IHT8eTeH 
n 

ex onHweileH K 0 s z ( c ) 

HOMY H TOMY JKe 
{a) n 

Z (C ) 

Torna H TOnhKO Torna, eena see 

"'" II B HeM 

npauanneJKaT on

/ 3 / 
eXOLIHTeH K 0 ITO ero TOnonOI'HH 

nono6uo npoeTpaueTsaM S 11 D , npoeTpa ueTBO Z Hnepuo: npHMoe npoH3-

seneHHe Z(C) nnoTno S Z (C n) , H K8)!(Liblil: noniiHefiHbiA ~YHKUIIOH8n B Z ( C ) 

HB/IHeTeH OLIHOSpeMeHHO nHHefiHhiM <jlyHKUHOHanOM S eOOTSeTeTsyiOmeM Z (Cn) 

<l>yuK•UHH H3 Z ( C n ) , paCeM8TpiiS8eMhle IIpH Sell{e eTseHHbiX 3H8'1eHHRX apryMeHTOS, 

nplinanne*aT npoe TpaueTsy Wsapua S( R n) , o6pa3yH B HeM nnOTuoe MHO)!(eeTso. 

B eweeTse HHhle npeo6pa30S8HHH <l>ypbe sTHX cpyHKnHA eoeTaBnHIOT npocTpaneTso D 
/ 12 / 

KOTOpoe T8K)!(e nnOTHO S S , HO HHrne He nepeeeKaeTCH e Z ( , eTp, 220). 

no3TOM)' S z HeT HH OLIHOfi cpyHKUHII e KOMII8KTHbiM HOeHTeneM, II,S qaeTHOeTH, 

H3 cpyHKUHfi sToro npoeTpaueTBa uenb3H noeTpOHTb pa36aeHHH enaHBUhl. MynbTHrrna

KaTopaMH (T,e. <jJyHKUHHMH , YMHO)!(eHHe H8 KOTOpble He BbiBOLIHT 38 npenenbl eooT

seTeTSYIOll!ei'O npoeTpaHeTS8) HB/ISIIOTe H S npoeTp8HeTse Z uenhie 8H8nHTII'!eeKIIe 

I 
m b lim Z I 

¢YHKUHH, IIOLI'IIIHHIOmHee SI HepaseHeTsaM: o/1 ( z ) I < C m ( 1 + I z I ) e . 

6 

KpoMe npoeTpaaeTna 

npocTpaucTna cpyuxuall:, ron 

seweeTBeHHOM HnH KOMrr/le K 

npoeTpaaeTS8 06bl'!HO eTpOII 

I'O/IOMOP<bBhlX tPYHKUHH H 
/ 13-15 / 

H8 K8)!(LI0M KOMU8KTe 

H Z ( C ") C H ( C n ) • H ( C n 

THIIOS, Ee/lll G - OTKpb!TOE 

ua G , MOlKHO HanenaTh Ta~ 

cnenyiOmefi e'!eTnoA noeneno: 

""' 
(I K PI - aeKoTopaH noeneno 

n ono6uo H(C"), H(G) 

/ 13/ 
eTSOM THU8 F ) , 

B pHne npo6neM naM 1 

KHYTOe MBOJKeeTBO ( G = G ) 

MHOlKeeTS8MH 38LI8HIIH 888/ll 

o6nanaeT 6onee eno*HOH e· 

TH'IeeKIIMH cpyHKUIIHMII H8 

lKOCTSO BCeX OTKpb!TbiX MHO 

6yneM H83biS8Tb 3KSHS8/leH1 

CoOTseTeTByiOmae Knaeehi : 

U H(V),Ba3hisa!OTeil <jlyBK 
v eOG 

OTKpbiTO, TO T8K8H npoueny 

onpeneneaaoMy o6hi'IBhiM oe 

MeHHM8 TeopeMa 0 enaBeT; 

eKHe <jlyHKUHH tPBKTH'!eeKH m 

OKpeeTHOeTII G ). npoeTp. 

rHeA IIHLIYKTasaoro npeneJ 

Cornaeuo sToli Tononoru11, 

exonHmelieg K 0, eena eym 

OeT8IOTeH 8H8/IHTH'!eeKHMII 



8liHTK''!9CKHe !jlyRKUHOHBIIbi 

KHX cPYH KIIHfi 

aOM8TH'I9CKOH TeOpHH Henepe

H! !jlyHKUHOHBIIOB B IIHHeHHbiX 

• BIH\HO TBKJKe, 'ITO Ha116onee 

OpHH npOCTp8HCTaO OCHOBHbiX 

t.IHC TBY D(Rn) , COCTOffiUeMY 

18KTHbiM HOCHTeneM. 3TO eCTb 

·IIble 8H81IHTH'IeCKHe QJYHKUHH 

lm Z I (1) 

I Im z I I + ... + I Im z n I. ( 2") 

KTHaHb!M npeAeiiOM B Y3KOM 

)8HCTB Z( 
0 1

( C n ) , B KOTOpb!X 

ocnenoaaT e iibHOCTbJO HOpM: 

(S) 

(z) }, I/J
11

EZ(Cn) C'!HT89TCSI 

m ace 1/1
0 

npHHanneJKaT on-

/ 3/ 
) ero TOUOIIOI"'HH 

ao Z smepao: npSIMoe npoH3 -

IHHeii&hlll !jlyHKUHORan a Z (C) 

COOTaeTCTayromeM Z ( C n) 

2HHbiX 3H8~9HHHX apryMeHTOB, 

a a HeM UIIOTHOe MHOlKeCTBO. 

ocTaBnHJOT npocTpaacTso D 
/ 12 / 

K89TCH C Z ( , CTp. 220). 

M HOCHTeneM, H, B "!8CTHOCTH, 

36aeBHH enHHRUhi. MyiibTannH-

i e BbiBOAHT 38 npenellbl COOT-

rae Z uenbie aaanHTH'!eCKHe 

( I l m) biimZI 
n 1 + z e . 

KpoMe npocTpaRCTBa Z(C
0

) B nanhHe~eM aaM aeOAROKpaTRO noaano6gTCH 

npOCTpBHCTBH !jlyHKIIHil, I"'OIIOMOp!j!HbiX He H8 BCeM C , RO Ra HeKOTOpOM ero 

aemecTaeRHOM HIIH KOMnneKCHOM aHanHTH~eCKOM noAMHoroo6p~aaa G • TaKae 

npOCTp8HCTB8 06hl~HO CTpOHIIHCb He H3 Z , HO H3 6onee UpOCTOI"'O UpOCTp8HCTB8 

ronOMOPdJHhiX !jlyHKitHil H , CH86lKeHHOI"'O TOUOIIOI"'HeH P8BHOM9PHOil CXOAHMOCTH 

/13-15/ 
H8 K8lKAOM KOMU8KT9 f1oHHTHO, 'ITO T8K8H TOUOIIOI"'HH c na6ee TOIIOIIOI"'HH Z , 

H Z(Cn) C H(Cn) H(C
0

)BKIIIO~ae'P a ce6H uenhie QJYHKUHH m o6wx nopsmKoa H 

Tan oa. Ecna G OTKPhiToe MHOlKecTao, TO npocTpaHcTao <i>YHKIIHA, ronoMOP<i>HhiX 

HB G , MOlKHO H8A91IHTb TBKOH JKe TOnonoraei!, KOT Opyro 6yneM 

c nenyromei! c'!eTHOH nocnenoaaT enbHOCTb JO HOpM: 

sup I .;, < • > I . (4) 
Z C K 

0 

(I K PI - HeKoTopaH 

IT ono6HO H (C n). 
/ 13/ 

nocnenoaaTenbROCTb KoMnaKToa, noKpbiBaromaH G ; K 
0 

C K 
0 

+ , ) • 

H{G) 6yneT nonHhiM MeTpH'IeCKHM npocTpaHCTBOM (npocTpaa-

CTBOM THUB F ) • 

B psme npo6neM aaM npaneTCH paccMaTpaaaTb T BKlKe cnyqaa, Korna G- aaM-

KHYTOe MHOlK9CTBO ( G = G ) • f1ocKOIIbKY TBKHe G He HBIIHIOTCH ecTeCTBeHHbiMH 

MHOlKeCTB8MH 38A8RHH 8R81IHTH'I.eCKOK QJYRKUHH, npocTp8HCTBO H(G) B 8TOM cnyqae 

o6nanaeT 6onee CIIOlKHOK CTpyKTypofi. Ero s neMeHTbl H83b!BHIOTCH IIOK81IbH O 8H81IH-

TH'I9CKHMH QJyRKUHHMH R8 G H CTpOHTCH cnenyromHM o6pa30M. f1yCTb fl G -MHc>-

JKecTao acex OTKpbiThiX MHOlKeCTB, coneplKamax G • .D.ae cpyHKIUm f, gE U H '(V) 

/16 / v_EOc; 
6yneM H83biB8Tb SKBHaaneHTHbiMH , ecna HX CyJKeHHSI H8 MHOlK9CTBO G paBHbl. 

CoOTaeTCTayromae Knacchi sKaa a a neaTHOCTH, &a KOTOphie paa6aaaeTCH o6'benaHeaae 

U H(V),HB3hiBBIOTCH cjlyHKIIHHMH, noKanhBO a&anHTH'IeCKHMH ga G. (Ecna G 
v EO a 

OT KpbiTO, TO T8K8 H npouenypa npHBOAHT K npOCTp 8HCTBY , KOTOp oe H30MOp!j!HO H (G), 

onpeneneHHOMy o6hi"!BhiM o6paaOM. Bo acex cny"'aHX, Korna K MBOJKecTsy G npa-

MeHHM8 TeopeMa 0 aAHHCTBeRHOCTH 8H81IHTH"!eCKOH !jlyBKUHH, IIOK81IbHO 8H81IHTH~e

CKHe QJYHKUHH !jlaKTH'!eCKH SlBIISl!OTCH llpOCTO QJYHKUHHMH, 8H81IHTH'I9CKHMH B HeKOTOpOH 

OKpeCTHOCTH G ). ITpOCTPBHCTBO TBKJIX <i>YRKUHll H (G) MOlKHO HBUeiiHTb TOUOIIc>-

rHeH HHAYKTHBHOI"'O npenena nocnenoBaTe nbHOCTH npOCTp8HCTB Tll:liB 
F /17,18!. 

Cornac&o sToi! Tononoraa, nocnen osaTenbHOCTb !jlyHKUall: g
11 

( z) E H (G) aaahiaaeTcn 

CXOAHmeiiCH K 0, eCIIH cyme CTByeT o6naCTb G' :J G B KOTOpoi! ace QJYHKUHH g 11 

OCTBIOTCH 8H81IHTH'!eCKHMH H p8BHOM9pHO CTpeMSITCH K 0. f1 p OCTp8HCTBO H (G) He-

7 



MeTpaayeMO, HO, HeCMOTpSI Hll 3TO, aenpepb!BHOCTb 1Il'!Hel1Hb!X !jlyHKUBOH8110B B HeM 

MO)I{HO npOBepHTb, HCUOnh3YH 11Hlllb C'Ie THbl 8 ITOCile)lOBaTellbHOCTH ero 311eMeHTOB. 

8 Hawelt T eOpHH, rAe HCXOJlHbiM SIBI1He'l'CSI n p OCTp8HCTBO Z (Cn) , !jlyHKUHOHllnh-

Hoe npocTpaHcTBO Hall o6nac~ G C C ecTeCTBeHHO onpeJlellBTb K8K TIPOCTP8HCTBO 

cjlyHKUHH , KOTOpbie B 06118CTH G YJlOBileTBOpSIIOT TeM )l{e Tpe60B8HHSIM, 'ITO H cjly!IK-

n 
uaa a a npocTpaacTaa Z ( C ) • CoOTae TCTaeaao, JlllH npoaaaollbHOro OTKPbiToro MHO-

)l{eCT Ba G C C npocTpaHcTBOM Z ( G ) H830BeM npOCTp8HCTBO BCeX ¢yHKUBlt, KQ-

TOpbte ananHTH'IHbi B G , o6na)laJOT nepBbiM aKcnon e auaan b HhiM nopSIJlKOM pocTa 

H8 6eCKOHe'IHOCTH ( eCilH oo E G ) , H y6b!B8JOT no B ellleCTBeHHOlt OCH 6hiCTpee 11J0-

6ofi c TeneHH ( ecna oo RE-G ) • TioJlo6ao Z ( C n ) , KB}I{JlOe npocTpaHCTB O Z (G) 6yJleT 

HHJlYKTHBHbiM npe)lellOM B Y3KOM CMbiCile CeMeikT Bll C 'I8 TBQ-HOpMHpOB8HHbiX npo-

(a) 
CTpaHCTB Z (G), TOHOilOrHSI KOTOp'o!X onpeJl811SI8TCSI CI18JlYJOBtelt CHCT8!.-!0H HOpM: 

k -a llm zl 
II"' II = sup I z "' < z J I e • c s) 

p z c (.: 
k < p 

Ecna G aaMKHyT oe MHO)I{eCTao, TO npocTpaHCTBO noKanbHO ananaTa'IeCKHX ¢yaK-

UHii Z ( G ) CT pOHM 110 o6paauy H (G) , HO HCXOJlSI Tenepb H3 npOCTp8HCTB8 U Z(D\ 

Tononorasr Z (G) 6yneT, oqeaanHo, Tononoraeil 
oEOG 

UBOMHOPO HHJlYKTHBIIOrO npenena 
(a) 

npocTpaHCTB Z (D): 

Z (G)= lim lim 
(a) 

Z (D). 
(6) 

D:)G 

HeTpynHo noKaaaTb, 'ITO, Korna G -orpaaaqeaaoe MHO)I{eCTBo, Tononorag (5) 

3KBHB811eHTH8 TOTIOilOPBH paBHOMepHOi'I CXOJlHMOCTH Hll Kll)I{.UOM KOMnaKTe, rrpaaanne-

)1{811IOM 
. /4,5/ 

lleltCT BH T GilbHO, B CHny G 

k -al !m Z I 
II c/J II = sup I z "' < z > I e 

P ZEG 

k < p 

x sup I c/J ( z ) I ~ C sup · I c/J ( • ) I 
ZEG ZEG 

k 
< sup I z I 
- ZEG 

k < p 

-allm Z I 
e x 

C sup I c/J ( z ) I . 
Z E K v 

3necb C- KoacTaaTa, ae aaaacSl!IlaH OT c/J ,H K v- aeKOTOphlll KOMnaKT. To'IHO 

TaK >Ke MO)I{HO noK83aTb, 'ITO II c/JII ~ C' sup I c/J ( z) I 
P ZEK 

( rAe K npBH8)ll19-

~<HT T OMY )l{e noKpbiTH JO MHO)I{eCTBa G , 'ITO • I! K v ), H 3KBHB8118HTHOCTb o6eHX 

cacTeM HOPM noKaaaaa. TeM caMbiM, a cnyqae orpanaqeasoro MHO)I{eCTBa G 

npocTpanCTBa Z ( G) II H ( G) COBTI8Jl8IDT TIO sanacy !jlyHKUH H . 

8 

n. AaanBTH' 

OnpeJlene aae 1. (Onpe 

AaanHTH'IeCKHM !jlyHKUB 

6yneM Ha3biB8Tb aneMeHT np 

!jlyHKUHlt, 8H811HTH'IeCKBX (ar. 

MHO)I{eCTao) aa G 

Cornacao peaynhTaTaM 

SIBiliDOTCSI 8H811HTH'IeCKHMH QJY 

CTpaacTae Mbi 6yneM acnont 

1101 
nero rrpocTpaacTaa ( T. 

ae SIBilSIJOTCSI COBepllleHHblMH, 

JlBIOT. 

HangeTcH cymecTaeaa 

MOM rrpocTpaacTae o6o6meaa 

CSI11IHeCSI He KO BC8MY rrpOCT 

aofi, 1Il'!6o aeorpaliH'teaaoll 

noa rrpouenypa TaKoro Bbi!len 

UBB He MOryT o6p81ll8TbCSI B 

HOCHT811SI JlllSI 8H81IHTH'Ie CKOJ 

Mbr, cneJlySI HJleSIM MapTaac 

Orrpeneneaae 2 • ( Onp· 

CTp8HCTBe Z ) • 

Ey.a.eM roaopHTh, 'ITO • 

TelleM 38MKHYTOe MHO)I{eC TB 

H8 npOCTpBHCTBe 110K8nhHO t 

KHX nanbaellll!Hx rrponon)l{eHH 

Cornacao a TOMY orrpen• 

HOCHTenh B MH0)1{9CTBe G C ( 

/20/ 
EbinO UOK838HO ' 'ITO B 

JlyKTHBHbiM npe)lei18M B yaK< 

TononoraSI npoeKTHBHoro npe 

x) 
Mbr 6yueM nonbaoa ~ 

HeCKOilbKO p83HHTCSI OT T8KC 



lel!:Hb!X ¢YHKUROH8110B B HeM 

tTenbHOCTR ero sneMeHTOB. 

'ICTBO Z ( C n) , ¢YHKUHOH81tb-

!p e aenaTb K8K ITPOCTP8HCTBO 

~ Tpe60B8HRHM, "'TO R 4JyHK-

H3B01lbHOf'O OTKPbiTOPO MHO-

rp8HCTBO BC eX ¢yHKURJ!:, KD-

IUR81lbHbiM ITOpHAKOM pOCT8 

!CTBeHHOJ!: OCR 6biCTpee mo-

npocTpaHCTB o Z (G) 6yneT 

!9THD-HOpMHpOB8HHbiX rrpo

:nenyromeli CHCT9MOH ROpM: 

(5) 

81lbHO 8H81lRTR"'eCKHX ¢yaK-

, H3 npocTpaHCTBa U Z(D) 
oEDG 

> HHUYKTRBHOrO npeaena 

(6) 

MHOJKecTBo, Tononora51 (5) 

JKAOM KOMII8KTe, npRH8Ane-

kl -allmzl e x 

/l(z)!. 

aeKoTopwli KoMnaKT. Toq.Ho 

( rae K npKaaane-

, R 3KBRB8119HTHOCTb OfieHX 

"!eHHoro MHOJKeCTB8 G 

¢yrrKuaii. 

x) 
Onpeaene HHe 1. (Onpeaeneaae aaanaTaqecKoro ¢yaKuaoaana) 

AaanRT!fqecKRM ¢yHKUROHanoM, onpeaeneHHblM aa MHOJKeCTBe G c en • Mbl 

6yaeM H83b!B8Tb sneMeHT UpOCTp8HCTB8, ABOHCTBeHHOPO K8KOMy- na6o npOCTpaHCTBY 

4JyHKUHH, 8H81lRTHqeCKHX (HnR JKe 110K81lbHO 8H81lHTH"'eCKHX1 ecna 

MHOJKeCTBO) H8 G 

G -aaMKayToe 

Cor nacHo peaynhTaTaM § 1, o6o6menHbie ¢yaKuaa aenepe aopMapyeMbiX Te opal! 

HB11HIOTC51 ananHTB"'eCKRMB <jlyHKUliOHanaMB as npocTpaHCTBa Z'(Cn) • B aTOM npo-

CTpaHCTBe Mbl 6yneM acrronh30fl8Th, KaK npasano, cna6yro Tononoraro conpRJKeR-

/10/ 
Horo rrpocTpaacTaa ( T, 2, § 5). TiocKolthKY rrpocTpaacTaa D a Z ~ F[ D 1 

He 51B1151IDTC51 COBepmeHabiMR, TO cna6a51 H Cl!ltbH851 TOIT0110PH51 B Z'(Cn) ae COBTI8-

naiOT. 

5J:Bn51eTC 51 cymeCTB9 HHO B8JKHbiM AJJSI ¢a3R"!eCKHX uenel!:, qTofib l B BCTI01lb3ye-

MOM TlpOCTp8HCTBe o6o6meaab!X 4JyHKUHJ!: MOlKHO 6b!110 Bb!Ae1151Tb 4JyHKUHOH81lbl, OTHD-

C 51WReC51 He KO BCeMy rrpOCTp8HCTBy CK811S!pOB, HO K orrpeaeneaaol!: ero OrpaHH"'eB

HOJ!:, na6o HeorpaHBqeaaol!: o6nacTa • .Un51 rrpocTpaHCTBa aaanaTH"'eCKRX cjlyHKUROHa-

1108 rrpoueaypa T8KOPO Bb!A9119HR51 OTHIDAb He TpRBR81lbH8, ITOCKOitbKY OCHOBHbl9 4JyRK

URR Be MOPyT o6paW8TbC51 B 0 H8 MHOJKeCTB8X Heayn eaoll M9pbl R 06bi"'H0f'O IIOB51TH51 

HOCRTenSI A1151 8H8nRTRqecKoro ¢YHKUROaana c¢OPMY11Rp0B8Tb H91lb351. BMeCTO aero 

/17/ /19/ 
Mbi, cneayR RA951M MapTaao , anepBbie B , aaeaeM cneayromee . 

Orrpeaeneaae 2 . (Onpeaeneaae aocaTena aaanaTa"'ecKoro ¢yaKuaoaana B npo

CTpaacTBe Z ) • 

EyJJ.eM f'OBOpRTh, "'TO 8B81lRTR"'9CKRl!: 4JyBKUROHan F C Z'(Cn) RMeeT CBORM HOCR

TeneM aaMKHyToe MBOJKec TBO G , ecnR F aorrycKaeT aerrpepbiBHOe rrpoa onJKeaae 

H8 UpOCTp8HCTBe 1lOK81tbHO aaanHTR"'9CKRX 4JyHKUHJ!: Z (G) 

KHX A81lbael!:max npOA01llK9HRH. 

R He AOIIyCK8eT HRKB-

Cornacao aTOMY onpeaeneHHro, ¢yaKuaoaan B npocTpaacTae z (C n) , aMeromal!: 

HOCHTe1Ib B MH0)1{9CTBe G ( C n t 6yll.eT" 9neM9HTOM npOCTPBHCTBS Z ' (G-) C 7.' ( C n) . 

/20/ 
Ebmo aoxasaao , "'TO B rrpocTpaacTaax Tana H ' ( G ), Z ' ( G ) , corrpHJKeHHbiX K RH-

AYKTHBHhiM rrpeaenaM B yaKOM CMbiCne rrpocTpaacTB Tana F , MOJKeT 6biTh BBeAeaa 

Torronorag rrpoeKTRBHoro rrpeaena: ecna H (G) ~ !.!.!!)_ H (D) 
D::>G 

, TO H'( G) ~ lim H '(D). -D::>G 

x) / 15-18 / 
Mbl 6yaeM nonb30BSThC51 o6menpHH51Tol! TepMRHono rael! , KOTopa51 

HeCKOJlbKO p83HHTC51 OT T8KOBOl! r e nb¢8HA8 R illH110B8 / !Q / 

g 



CoOTBeTcTeeaao, rrpocTpaHCTBa Tana Z'(G) nonycKaKYr TononoraJO neoilaoro rrpoeKTHB

aoro rrpenena rrpocTpaacTB Z'
1 
al(D) • 

llpH BCeX cyrueCTBeHHbiX OTllH'IHHX, OTpB>KBIOWHX CIIeUHtPHKy TeOpHH l'OllOMOptjl

HhiX tPYHKUHH, O!IpeneneHHB 2 ECe >Ke JlO H3BeCTHOH CT9IT9HH pOJlCTBeHHO 06bi'IBOMy: 

o6a OHH OTpB>KBIOT TOT <jlaKT, 'ITO 06o6rueHHBH dJyHKUHH C HOCIIT9lleM B JlB HHOM MHQ

)!,eCTBe 38BIICHT OT JIOB9Jl9HHH OCHODHhiX tjJyHKUHl! TOllbKO D OKpeCTHOCTH STOrO MHQ

)heCTDB. flerKo yeaneTb, 'ITO onpeneneaae 2 s KeauaneHTHO cnenyJOmeMy ocaoBROMY 

CBOi!CTBY o6bi'IHOI'O JIOH5!THH HOCI'IT911H: nBHellHbil! HerrpephlBHbll! cpyHKUHOHBll FE ell' (R), 

HMeiomal! HOCHT9llb B MBO>K9CTBe T , o6nanaeT HenpepblBBbiM pacruapeHHeM 88 rrpo-

CTpBHCTBO BCeX cpyHKUHH, COBII8Jl810I!IIIX B T C cpyHKUHHMH H3 ell ( R ) (ell (R)- npo-

H3BOllbHOe !IpOCTpBHCTBO OCHOBHbiX cpyi!KUHl! H8Jl !I Oil eM BemeCTBBHHbiX 'IHCen) . Tpe -

60B8HHH, IIp9Jl'b5!BllH9Mbie K 06bi'IHOMY IIOHIITHIO ROCHTel15!, He .IIC"!epiTbiB8IOTC5! 3THM 

CBOllcTBOM. 0JlHBKO ITOCl19JlHerO BCe >Ke OK83biB8eTC 5! JlOCTBTO'!RbiM, 'IT 06hl Renepe

HOpMHpyeMbie Teopaa o6nanana onpeneneaHhiMH (xOTH a 6onee cna6hiMH cpasaaTellb

ao C rrepeHOpMRpyeMblM c ny'!BeM) CBOliCTBBMH l10K8llb80CTH. 

§ 3. nocTynaThl aerrepeao pMRpyeMol! Teopaa 

OnpenenHM Tenepb OCHOBHOl! 0 6'b9ET BKCBOMBTB'!eCKOH Henepe a opMBpyeMOl! T eo-

pHil - KB8HTOB8HROe rel!aea6eprOBO none HBJl ITpOCTpaHCTBOM Z ( C) OCHOBII'DIX 

/21' 
<jlyHKUHll, II CcpOpMyll!!pyeM AllH TBKOl! TeOpHII CBCTeMy ITOCT yiiaTOB YallTMBHB • 

I . Onpeneneaae npocTpaHCTBa cocTORHal! H orrepa·ropa rel!aea6eprosa rronR 

HayqaeTC H TeopHH onaoro ael!Tpanbaoro CKal15JPHoro noiiR A c aeayneeo ll Mac

coli. fellaea6eproso none A(f) e cTb orrepaTopaoaaa'!HBII o6o6meaaa5! tPYRKUHH san 

llpOCTpaHCTBOM Z(C
4

) , T.e. AIIH scex fE.Z, A(f) = < A,f> ecTb Reorpaaa'!eRHbill 

onepaTop B rHlib6epTOBOM !IpOCTpBHCTBe BeKTOpOB COCT05!HHH J( , H (ell, A (f) IJI) 

c ell, 'I' E J( 

ncJ< 
eCTb o6o6rueHJI85! cpyRKIIHH B Z ( C 

4
) 

, aa KOTopoll onpeneneJI A ( f) JlJ15! BCeX 

• CymecTBYeT o6maR o6nacTb 

~ 
f E Z (C ) • 8Ta o6nacTb l'IH-

ael!aa a rrnOTaa B J< , A(f) D c D . nocneJlRHM ycnosaeM o6ecne'!HsaeTcll cyme.

CTBOBaHHe O>KIIABBHil (IJI, A ( f 
1

) o o o A ( fn) IJI) llJIH BCex ljl H3 D , KBK IIOJII!llHHeA-

RhlX ¢yaKuaoHanos B Z ( C 
4

) • EnaroJlapll !lAepHOCTH Z , 3TH O)Kanamur onaospe-

Meaao HBnlllOTCH llHHel!HblMH tjJyJIKIIHOHBJIBMH B COOTBeTC'l'ByromeM !IpOCTpaRCT:Be 

~n 
Z ( C ) a norrycKaJOT o603Ha'!eJiae ~ '1', A ( z 

1 
) o o o A( z n) '11 ). 

10 

llpe>KJle 'IBM nepeXOJ:U 

'ITO y>Ke CBMB <jJOpMynHpOBK 

Cornacao nocTynaTy I , noi 

UHOI!Bllbl, B none CK811HpOB 

p83HTb 11pOCTp8HCTBeHHQ-Bp 

UHOHHBH, nopeauoea H CPT 

H Jlp. OK83biB8eTCH B03MO>K 

TeMSTH'!BCKOfi npouenyphl. 

11Hp0B8Tb JlllSI BIIBlll!TH'!eCKOI 

CTBeHHO-Bp9M9HHOrO XapaK 

paccMaTpH BBTb Hapi!JlY c o• 

HH'!eHHH BeiU9CTBeHHOfi o6nl 

U!IH H3 !IpOCTpaHCTBB illsa: 

CTpBHCTBO, KOTOpOe Mbl 6~ 

CTBeHHblMII npeo6pa30B8HH 5I 

llOCKOllbKY S' llllOTHO B 

CTBO G' , o6nanaJOIUee • 

cpy HKUHOHana FEZ' HE 

<F(z),l/J(z)> 

3nccb < F, 1/1-:> a ( F*, ¢) 

CTpBHCTBBX Z II S ) 

llpenno>KeHHe I. 

¢yHKuaoaan F* , onr 

MO)K9T 6bl'rb 0JlH03H8'1HO 

.Uoi<aaaTenbCTBO 

.UOCTBTO'Ulb!M ( H HeO( 

H8118 B llpOCTp8HCTB9 C Br 

B npocTpaHCTBe illsapua, l 

MHO>KeCTBe 1\JyHI<UHW 0 Y! MCe! 

( R) 

i<F*,.U ) 



monormo uaollaoro npoeKTHB-

:ueuucpuKy T eopuu ronoMopq,... 

!lleHI! poaCTBeHHO 05bi'IHOMy: 

C HOCI!T eneM B aa HHOM MHo-

0 B OKpeCTBOCTH 9 TOrO MHQ-

ITHO cneayiOllieMy aCHOBJiaM)' 

:lbiBHbill cpyHKuHaHan F E-4>'(R), 

h!EIHhiM p SCill.l!peHHeM HS npo-

l.I!IIMB .1!3 4> (R) ( 4> (R)- npo

BerneCTBeHHbiX qacen). Tpe-

Jlii, He BC'leprrbiBS!OTCII 9TIIM 

laCTaTa'IHbiM, 'IT 05bl Henepe-

6anee cna5biMH CpSBHBTellb-

)CTI!, 

TeapBB 

:Ko$1 aenepeHopMupyeMafi Teo

>SHCTBOM Z (C) OCHaBIIDIX 

1211 
' nOCT ynaTOB Y SfiTMaJIS , 

apa·ropa refi3ea5epr aBa nang 

1ra nang A c HeHyneBoll Mac

:aaSI a5a5meaaaSI ¢yHKUHII aaa 

(A, f > ecTb Heorpaauqeaabil! 

)CTaiiiiHP. }{ • B ( 4>, A (f) IJI J 

• CymecTBYeT a5mag a5nacTh 

4 
f E Z ( C ) • 3Ta o5nacTb nu-

>BBeM o5ecne"'..!BaeTcn ·cyme .. 

H3 0 , KSK nanHnBHeA-

Z , 8TH a)I(Hl(SH.I!SI aaHaB]!le-

'BeTCTByiOrneM npocTpanc-rae 

z) 11' ). 

Dpe:>Kae "'!eM nepexoa.I!Tb K apyrHM nOCT ynaTaM, o 5paTHM BHHMaHI!e Ha TO, 

'ITO y:>Ke CaMS cpOpMynHpOBKS .I!X 51BmleTCSI npo5neMOfi B CTpOruuefiCSI HSM.I! TeOpH.I!, 

CornacHo nocTynaT y I , nong .11 .I!X BaKyyMHbTe o:>~mnaHH51 cy·rb aHanHTII'IeCKHe cpyHK

unonanbr, a none cKanRpoB nnH TSK.I!X o5-heKTOB 0GT' , C , a He R • DoaTOMy BhT-

p83HTb npOCTpSHCTBeHHD-BpeMeHHble CBOHCTBS 9 TOH TeOpHB - TSKHe , KSK TPSHCnSI

U.I!OHH851, nopeHuoBa 11 CPT -HHBapHaHTHOCTh, noKanbHOCTh H cna5ag noKanhHOCTh, 

H ap, OK83biBSeTCSI B03MO:>KHbiM Jl.l!llib ROCBeHHO, nocoeaCTBOM HeTPHBHS,,bHOH MS

TeMST.I!'leCKOfi npoueaypb!, YIMeHHO, KS:>KabiH pa3, Koraa HSM IIOTpe5yeTCSI Ccp0pMy-

11.1!pOB8T b anSI SHSJI.I!TI!'IeCKOrO cpyHKUHOHSna FE; Z' KSKOe-nu5o ycnOB.I!e npOCTpSH

CTBeHHO-BpeMeHHOro xapaKTepa, 5yaeM nocTynaTh c neayiOIUHM o5pa30M. EyaeM 

paCCMSTpHBSTb HSPSIAY C OCHOBHblM.I! cpyHKU.I!IIM.I! t/J(x+ iy)E-Z(C) TSK:>Ke .I!X orpa

H.I!'IeHHII BerneCTBeHHOH o5naCTb!O - 'cneabr " : rP(R)(x):r/i(x-ily)j , 3TO cyTh cpyHK-
v=CI 

ll.l!ll 113 IlpOCTpSHCTBS llJBapua, o5pa3y!OU11!e B HeM nnOTHOe MHO:>KeCTBO (noanpo-

cTpaHCTBO, KOTop oe Mbi 5yaeM o5o3HS'lSTh qepe3 Z I " ) .1! IIBJ1 IIJOlll.I!CC II Berne-

CTBe HHbiM.I! npea5p830B8H.I!IIM.I! ¢ypbe - cpyHKUHfi C KaMnSKTIIb!M HOC.I!Te neM, nanee, 

nOCKOJ1hKy S' nnaTHa B Z' , TO B Z cymeCTByeT BC!Oay nnOTHOe MHO:>Ke-

CTBO G' , o5naaaiOIUee cneayiOU1HM CBOlkTBOM, nnSI Ka:>!(aOrO aa<anHT H'IeCKOrO 

<PY HKUHOHana FEZ' ualiaeTCSI o 5o5menHaSI <jlyHKUHSI F* E- S' TSKSSI, "'ITO 

anSI BCeX rP E- Z. (7) 

3aCCb < F,I/J '5 B ( f*, cp) - o503HS'!eH.I!II <jlyHKU.I!OB8110B, CaOTBeTCTBeHHO, B npO-

CTpllHCTBSX Z B S ) noKa:>KeM 

Dpeano:>KeHHe 1. 

<PyHKUHaHan F* , arrpeaeneHHh!H cornacao ( 7) Ha nnoTHaM MHa:>KeCTBe Z IRE S, 
MO:>KeT 5hl'rh aano3HS'IHO n nenpephiBno aooupenenen na Bee npocTpancTBO S 

naKS38TenbCTBO 

nacTSTa"'!HblM (a Heo5XO!ll!Mb!M) ycnOB.I!eM Henpepb!BHaCT.I! i1HHei.\ua ra cpyHKUH<>-

Hans B 11pOCTp8HCTBe C BbmanaeHHOH !-ofi SKC .I!OMafi C"'!eTHaCTll, ll, B q.:J CTHOCTH, 

B npOCTpSHCTBe llJBapua, IIBllSieTCII era arpSHH"'eJ!HaCTb HS KS:>KAOM OrpSHBqeHHOM 

MHO:>Kec-rne cpyHKuai1, VI MeeM: 

( R) 
I ( F*, w ) I= I< F, t/J ·,I 

ll 



rJle F=f- 1 [F]ED'.~=~1 [<b)ED ( ~- orrepaTop rrpeo6paaosaaasr Jlarrnaca). 

TiocKOJibKY F KaK o6o6n teHH851 <jlyaKuHn B rrpocTpaacTse D ecTb. aerrpepb!BHbili 

<jlyRKU!IOH811, TO OTC IOUB 

I (F*~I/! 1 R~ I ~C II 1/1 11m' Jl1ISI scex W E D [ U ) 1 O,R 

r ne D ( U O, R ) - OI'pBH!I'leHHOe MHOlKSCTBO B UpOCTp8RCTB9 D ( MROlKaCTBO C 
00 

-<jlyHK-

uali c HOCHTeneM B wape U IJ, R ) 1 11 II II m- aeKOTopasr aopMa B llpOCTpBHCTBe 

Wsapua. OrrepaTop <l>ypbe nepesoni!T orpauaqeaabie MROJKeCTBB 113 D B orpaaa-

'!eHHbie MHOJKeCTBa H3 Z I R n rrosTOMY 

I CF*~.P 1 Rl)l·<c'I\.P 1 Rlll' 
- m 

{8) 

TiocKonbKY orpaHn'leHHbie MROJKeCTBa B Z I R SIB1ISIIOTCSI OJlHOBpeMeHHO OI'p8RH'I9H-

HbiMll MHOlKeCTBBMH B S H Z I R rrnOTHO s S 1 TO OKOH'IaTe1IbHO H3 {8) HMeeM: 

J ( F*~¢)J ~ C'J\ ¢11m' 

Jl1151 scex ¢ H3 rrpoH3B01lbHoro orpaan'!eaaoro MHoJKeCTBa B rrpocTpaHCTBe Wsapua. 

TioeLI110lK9HHe Jl0K838HO, 

OrrpeJleneHHe 3, EyJleM rosopBTb 1 'ITO aaa1JHTH'I9CKBl!: <jlyHKUHORan FE Z'(Cn) 

06118Jl89T JlBHRblM llpOCTpBHCTBeHHD-BpeMeHHbiM CBOliCTBBM (1IOK81IbHOCTbl0 1 1IOp9HU

HHB8pH8HTHOCTbiO n Jlp,) 1 ecna 3THM csoHCTBOM o6naJlaeT B o6bi'!HOM CMbicne <jlyaK

UHOHan F* C S'(Rn),CBH38HHblli COOTHOIII9HH9M (7) C 8HA1IHTII'19CKHMH <jlyHKUHOH81!8MH W3 c: 
3TO orrpeneneRHe HOCHT HeCK01lbKO <jlopM81IbHbiH XapaKTep 1 liOCK01lbKY ORO ante 

He na e T 51BHOlf X8p8KTepB38UHll K118CC8 BH81IHTH'IeCKHX <jlyHKUHOH8110B 1 YJlOB119TBOpHIO

uti!X JlBHHOMY <jlH3H'I9CKOMY yCJIOBHIO, 0JlHBKO CO?THOWeHHSI (7) JlOCTBTO'IHO Jl1151 pe

W9HH51 TBKOH 38Jl8'1H B KBlKJlOM KORKpeTROM CJIY'!Be, 

Tip0Jl011lKHM <jlopMY11HpOBKy liOCTynaTOB 1 ll01lb3YBCb JlBHHblM Ollp9Jl9119HHeM. 

n . PenSITHBHCTCKBB HHB8pH8HTHOCTb, CymeCTBOBBHHe I! 9JlHHCTBeHHOCTb 

BBKyyMB 

B ranb6epTOBOM npocTpaacTBe TeopaH H Jl9liCTByeT YHHTapaoe rrpeJlCTBB1!e-

Hl!e rpyllllbl nyaHKape u (a, A) I A ELI+ • CymeCTByeT 9JlHHCTBeHHbiH BSKTOp 0. I PIH

aapHBHTHblH OTHOCHT91lbll0 BC9X onepaTOpOB llpeJlCTBB119HHH: 

U (a 1 A) (Jl = (Jl
1 0

, A ) ; U (a 1 A ) DC D 
(9) 

U(a 1 A)!1=!1; !1ED. 
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I 

'IT06bi II01IY'Il1Tb COOTB9TCTB~ 

BBKYYMHbiX OlK!IULlHHli, socrro; 

CTBH!I C Half Tpe60B8Hlle pe. 

YaliTMaaa Bbipa3HTC51 ycnos. 

<W 1 1/1 > = ( W* 

(R) ( R) -1 
<l>yHKUll51 1/1

1 
A=<b (A (x 

a, ) .0 

noMop<jlaol\ <jlyHKUllll 1/1
1 

a , A/ z 

( W *~ </. 

'ITO B COBOKYITHOCTH C (JQ) 

< WI v 

HCKOM yiO <jlopMy11HpOBKY Tpe6c 

<jlyHKU!IOH8118 W • Cornac 

W(Az 0 + ~ 

nnR scex semecTBeHHb!X a 

Tio1Ib3yRCb 8H8111!TH'IH OC' 

BO'!Hb!X orpaHH'!eHHBX CyuteC T 

JlOKB)I(SM CH8'18118 1 'lTC 

TBKJKe OTHOCHT91lbHO 11106biX 

TipeJl110JKenae 2, 

Ecn11 < w ( z 

(rJle z -a=(z
0
-a; ... zn-aY 

<W(Z) 1 "(z-b)-I/J(z) > =0 

JloK838T91lbCTBO, 

BBHJlY 1/1 ( z ~b)C Z p 

"' ( 2 

paBHOM~pHO CXOJlHTCH BO BC 

TBKlK9 H B TOII0110I'HH llpOC'I 



rrpeo6pa3osaHHn narrnaca). 

Tae D ecTb- aerrpepbiBHbiii 

00 

.e D ( MHOlKeCTBO C -tPYHK-

lSI HOpMa B npOCTp8HCTB9 

)lKeCTB8 1!3 D a orpaaa-

(8) 

~ OAHOBpeMeHHO orp8HH'IeH

K OH'18T9 nhHO 1!3 (8) HMeeM: 

·aa a rrpocTpaacTae Waapna. 

:Kali tPYHKUHOHan FE Z'(Cn) 

9 M (nOK8JibHOCTbiO, nopeHU

r a o6bi'IHOM CMbicne <!>YHK

ecKHMH ljlyaKnaouanaMH W3 G: 
paKTep, UOCKOJibKY OBO eme 

"HKUHOH8JIOB, YAOBJI9TBOpS!!o

HS! (7) AOCT8TO'IHO AJIS! pe-

naaabiM onpeneneaaeM. 

IRe H eAHBCTB9HHOCTb 

lYeT yaaTapaoe npencTaane

ICTBeHBblli BeKTOP 0. , liB-

(9) 

J 

4T00bl ITOJIY'IHTb COOTB9TCTBYIOIUHfi 38KOH rrpeo6pal!CeHHSI AJISI onepaTOpOB UOliSI II IIX 

BBKYYMHbiX OlKHAllHHII, BOCITOnh3yeMCSI BbiWec<!>opMynHpOBBHHOfi CXeMOII , B COOTBeT

CTBHH C Hell TpeOOB8HHe pennTH B HCTCKOfi HHB8p1!8HTHOCTH npOH3BOnhHOH tPYHKUHR 

YaiiTMaHa Bbipa3HTCn ycnoaH eM: 

{R) {RJ 
< W,r/l > =(W *,t]; ) = ( W*, r/1 ) 

{a' i\) 
(10 ) 

<PyHKUHSI r/J{{RJA=<f}Rl(i\-
1

(x -a) ••• A-1
(x -a)E Z \R I! SIBJISieTCSI cneAOM l"o-

a, ) .0 n 
- -1 

JIOMOPtPHOII tPYHKUHH r/J{a,A/z)= r/J(A (x 0 - a+ iy
0

) i. .. ) 0o9TOMY 

* { R ) ) 
(W, r/1 A = < W,r/1 A > , 

{a, : \} (a, ) 

'ITO B COBOKYITHOCTH C (10) ABeT: 

( 11) 

HCKOMyiO <!>opMynapOBKY Tpe60B8HHSI penHTHBHCTCKOII HHB4p1!8HTHOCTH 8H8nHTH'!eCKOl"O 

tPYHKUHOHana W • Cornacuo nocTynaTy 1, aoaMOlKBa sKBKBaneaTaan 3aiiHcb: 

W(Az 
0
+a; ... A zn+ll)=W(z

0 
•• • z) 

( 11 ') 

AJISI acex aemecTaeHHblX a a A E L 1. 
0onb3yS!Cb 8H8JIHTH'IHOCTb !O OCHOBHblX tPYHKUHfi, HeTpyAHO npH HeKOTOpblX ):1008-

BO'IHbiX orpaHI!'!eHHS!X cyiUeCTBeHHO yCHJIHTb ITOJiy'leHHbie YCJIOBHS!, 

lloKalKeM caaqana, 'ITO 1!3 ( 11) cneJlyeT HHB8pR aHTHOCTb <l>YHKilHH YaiiTMalla 

T8KlKe OTHOCHT9JibHO JIIOObiX KOMUJieKCBbiX TpaHCJIS!UHH h = a + I b 

OpennoJKeHae 2. 

Ecna 
< W(z ),r/l(z -a)-r/J(z) > =0 

(12) 

(rne z -a=(z
0
-a; ... zn-a)) JlJISI sce x semeCTBeHHblX a H scex r/J EZ, TO a 

< W(z) , "(z-b)-r/J(•) > =0 Ann scex KOMnneKCBbiX b 

JlOK838TenhCTBO, 

BsaJJ.y r/J ( z ~b) c Z pnn Tslinopa 

a 
r/J(z-h)= I. .J!_ r/J{a)(z) 

Q = 0 ~! 

paBBOMepHO CXOAIITCSI BO BC9H h -ITJIOCKOCTH, npH'IeM CXOJJ.IIMOCTb II.MeeT M9CTd> 

T8KlKe H B TOllOJIOl"HH npOCTp8HCTB8 Z (
1101 

1 T, 1, CTp, 178), 009TOMy-

13 



h a (a) 
<W(z),l/l(z-h)-'I'J(z)>= ~ - < W(z),l/1 (z)> 

q=l Q! (13) 

3aecb npaaa!l 'IBCTh - c Ten eHHofl p!!a c 'IHcneHHbiMH Koa<jJ<jJHUHeHTaMH, paaHOMepHo 

CXOUHUli!HCH 1>0 BCe!l h -nnOCKOCTI!, npu 3TOM Ha BeUleCTBeHHOH OCH h -li1JOCKOCTH, 

c-ornac 1w (12), (13), 6yaeM HMeTb: 

< W( z), 1/1 ( z- a) - 1/1 ( z) > ; ~<W(z),l/1 1 a 1 (z)> =0. 
q =I q! (14) 

OnuaKo cyMMa CTenennoro pHna BHyTpu Kpyra ero cxor~HMOCTH ( B HaweM cnyqae -

BO aceil nnocKOCTii) npeacTaBnHeT ananHTH'IeCKYIO ¢YHKUHIO. CornacHo ( 14), aT a 

cPYHKUII51 o6pamaeTCSI B 0 HB a cefl BeUleCTBOHHOH OCH 11, CJieliOB8Te1JbHO, OHB TO:>KUe

CTRB HHO paBHa 0. npen1lO:>KeHHe liOKa3aHO. 

CnencTal!e I. 

B npocTpaHCTBe Z caepTKa C OCHOBHOll <jJyHK!tHeH SIB1l51eTC51 He T01lbKO 6ec-

!(0He4H O J:IH<jJ<jlepeHUHpyeMoi1, HO I! aH81li!TI!'IeCKOH <jlyHKUUei1 CBOero apryMBHTa. 

CJtenc TnH e 2. 

¢ynKUIIH YaflTMana <jlaKTn'IeCKI! 3BBHCSIT T01lhKO OT pa3HOCTefi TpaHC1lSIUHOHHo-

HIIBapHaHTHblX n e peMeHH blX: W=W(z -z ; ... z -z ). 
0 1 n -1 n 

YTO :>Ke KaCaeTCSI CBOllCTB nopeHU-I!HBBpl!aHTHOCTI!, TO MO:>KHO UOKa3aTb cne-

JlyiOUJee yTBep:>KUeHI!e, <jlaKTH'IeCKH SIB1JSIIOUleeC>I pa<::npOCTpaHeHHeM 1!3BeCTHOH 1JeMMbl 

X Y ~. /22/ "' • "' onna- anTMaHa C 8Ha1JI!TH'IeCKI!X ~YHKUI!I! Ha aHa1li!TH'IeCKI!e ~yHKUI!OHa1Jhl B 

npOCTpaHCTBe Z 

npeU1JO)Ke JII! e 3, 

EcnH ycnoaHe HHBBPHBHTHOCTH 

v 
aHanHTH'IHbl no A, A p. 

TI!'IecKaH <jlyHKUii!l A 1 

CTBe napaMeTpOB A1 

MepHO CXO}:ISIUlHlic!l B N' 

Myny, aHa1lOI'I!'IHYIO ( 13): 

a H. 

B 0 

) • F 

< W(z).x(A 

CornacHo (11), npu acex aen 

nocK01lhKY OR B COOTBeTCTBy 

<jJyHKUI!IO A , 3aK1liO'I8eM 

OTHOCI!Te1lbHO KOMnneKCHblX 

'ho6bl paCUlHp!!Tb N 

liOCTpOHM Henpepb!BHY!O nOCJ 

coenHneaayiO A c enaHH'i 

TaKasr Kpi!Bal! MO>KeT 5b!Th n 

CTell. np11 HeKOTOpOM }:IOCTa" 

<W(z), 1/J( 

CoaepweHHO· aRanorH'IH• 

nepb, 'ITO }:11JH HeKOTOpOrO 

< W(z),l/1( / 

B B11LIY A ( t 1 ) f. ( t k) = A ( t 
1 

< W ( z ), tb (A -J z)- tb ( z) > = 0 (15) < W(t),\ 

HMeeT MecTo nnH acex A C L ~ 11 tb E- z , TO oHo 6yneT BbmonHSIThCSI TaKJKe H nnH 

mo6biX KOMnneKCHbiX npeo6pa3oaaHHH flopeHua A E l! + 

CTBeHIIhlX npeo6pa30BaHI!H flopeHua). 

( rpynna KOMnneKCHhiX co6-

lloKa3aT e1JbCTBO 6yneT KOM61!HaUI!ell }:IOK83aTe1lbCTBa npeUblllYUlero npeU1JOll<eHI!SI C 

o6bi'IHblM aoKa3a Te1lhCTBOM neMMbl Xonna-YailTMaHa. 

B neKoTopoil OKpecTHOCTI! eaHHI!'IHoro npeo6pa3oBaHaH N C l!... MOJKHO aaec

TH J<aHOHH'IeC .<I!e KOOpUI!HaTbl (A 1 ·· .A,) ( C
6 

TaKHe, 'ITO npeo6pa30BBHIISIM 1!3 L ~ 
5ynyT cooTaeTcTaoaaTb aewecTaeHHbie 3 Ha'!eHHSI A 1 ¢yHKUHII 1/1 (A -I z) = x (A,z) 

14 

-./ 

B HTore KO!Ie'Il1oro 'IIICna Tl 

< W(z), <b(A-1
z)> 

npeanoJKeHIIe 3 }:IOKa3aHO. 

3aMe'Iaane 1. 

Pe3ynhTBTbi rrpennoJK 

npOCTpaHCTBaX I'01JOMOp<jJHh!X 

HblX cPYHKUI!ll He 5hinl! llCliOJI: 



(a) 
o/1 ( z) > • 

( 13) 

K031jJ!jJHUHeHTaMH, paBHOMepHO 

UeCTBeHHOfi OCH h -IInOCKOCTH, 

( 14) 

:OJ.lHMOCTH ( B HarneM cnyqae -

:PYHKUIIIO. Cor nacHo ( 14), aT a 

11, cnenoaaTenbHO, oHa TOlKAe-

UHeH HB!IHeTC SI He TOllbKO 6ec-

•uHew caoero apryMeHTa . 

OT pa3ROCTeH TpaHCnSIUHOHHQ-

). 

::TH , TO MOlKHO AOKa3aTb Cne-

>CTpaa eHHeM H3 BeCTHOfi neMMbl 

l Ha!IHTH"'eCKHe ljJyHKUHOH8llbl B 

(15) 

)leT Bb!IIOnHHTbCSI T8K)Ke H AnSI 

( rpynna KOMnneKCHbiX co6-

npeAbiAYlllero npeAnmi<eHHH c 

OB8HHSI N C 2 .._ MOlKHO BBeC

:TO npeo6paa oaaHHHM aa L ~ 

• <l>yHKUHH o/1 ( A- 1 z )=: x (A,z) 

v 
aHanaTH'lHbi no A, A P. aaanaTH'lHbi no A 1 , a, cnenonaTenbHO, X (A,JI) - aaanH-

TH'leCKaSJ ljJyHKUliSJ A 1 B o6naCTH N' (o6pa3 OKpeCTHOCTH N B npoC'rpaa-

CTBe napaMeTpoa A1 ) • P aanaraSJ X (A, z) B pS!A MaKnopeaa no A , paaao-

Mepao cxonSJli!HllCSJ a N' , a TaKlKe cxonmualicn a Tononoraa Z , rrony~M ljlop-

Myny, aaanoraqayiO ( 13): 

"" A q q 
< W(z).x(A,z)-x(z) >= L -<W(z),D, x( A,z)i >. 

q= I q! " A= o 

Cornacao ( 11), rrpa acex aemecTBeHHbiX aaa'leHHSIX A ~ N' 9TOT pS!A CXOAHTCH K Q, 

TIOCKO!IbKy Oil B COOTBeTCTBYIOll!eM Kpyre CXOAHMOCTH npeACT8B!IH9T aU8llHTlr'l:eC'Ky10 

<jJyHKUHIO A , aaKniO'!aeM oTCIOna, 'ITO ljJyaKuaa YaliTMaaa 5ynyT aasapHaRTHbi 

OTHOCHTenbHO KOMIIneKCHbiX rrpeo6pa30Baaal!. nopeaua H3 N C ~ .._ 

'IT06bi pacli!HpHTb N no ace!! rpymrbi f.._ , nnSJ npoa3BOJlhHoro A E f 
rrocTpOHM aerrpepbiBHYIO rrocneAoBaTenbaoCTb rrpeo6paaoaaaHf;\ - 'KpHBYI0 6 I A (t) 1, 

coenaaeaayiO A c enaaH'!HbiM npeo6paaosaaaeM: A(O )a 1, A(l) • A, A( tlG ~~ . 

TaKaS! KpHBaSI MO)KeT 6bTTb rroKpbiTa KOHe'lHbiM 'lHcnoM rrepeKpuTBaiOmHXCSJ oKpecTHo-

CTeli. Tip a aeKOTopoM nocTaTO'IHO Man oM t = t • , A ( t k) E N H, KBK Mbl BHAena, 

-1 ,. 
< w < z >, "'<A < t k > z > > = < w·c 2 >, "' < z > > . 

CoaeprneH-HO· aaanorH'IHO AOKaaaTenhCTBY aTotl ljJopMyllbT MO:>KHO noKaaaTb Te

nepb , 'ITO Ann HGKOTOporo A (t J )EN 

< W(z),o/J(A(t 
1
)-

1 A(tt)-1z)>=<W(z),o/f(A(tt)-1 z) > . 

BBHAY 
/22/ 

aMeeM yJKe: 

B HTOre KOlle'liiOro '!Hcna TaKI!X maroa nony'!HM Tpe6yeMbi li peaynbTaT: 

<W(z),tb(A-
1
z)>=< W(z),<b(z) > nnn acex A Ef +. 

TipennmKeaae 3 AOKaaaao. 

3aMe'laliae 1. 

PeaynbTaTbi npeAnOJKellali 2 H 3 cnpasennaBbi AnH ljJyHKUHOHanoa a ni06biX 

IIpOCTp8HCTB8X ronOMOpljJHhlX ljJyHKUHli, a60 orpaHH'leHllSI Ha IIOpHAOK pOCTa OCHOB

Hb!X ljJyaKual! ae 6bina acnonbaoaaHbi B noKaaaTenbCTaax. EnHHCTBeHHoe (a aeCbMa 
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cna6oe) orpaaa'leHHe c neuyromee: pS!Jl Talinopa unSI ocaoaHbiX !jlyHKIUI:f! non>KeH cxo-

UHTbC S! T8K>Ke no TOnOnOI'HH COOTaeTCTayromero npOCTpaHCTaa, 

3aMe'laHae ~. 

OocTynaT Tp8HCnHUHOHHOH HHaapHa HTHOCTH COaMeCTHM He C nro6biM H npeunono-

>KeHRS!MH 0 abi6ope npOCTpaHCTaa OCHOaHbiX !jlyHKUHH. TaK, onepaTOp TpaHClimtHH 

U(a, 1) He MO>KeT 6hiTh onpenenea Haa npocTpaHCTaoM D (a) a T.n. 

III Cne KTpanbHOCTh (a canbHoli ¢opMe) 

OnepaTop TpaacnSIUali U (a, 1) = T (a) o6nana eT cneKTpanbHbiM paano>KeHH·eM: 

T(a )=fe '•• dE (p), ( 16) 

rue E - rmoTpauaTenhHB H npoeKTOpH03HB'lHBSI Mepa. HoCIITenh E ynoaneTaopSI-

eT ycnoa11ro: 
- + 

supp E C I p = 0 l U V ll • (17) 

npll'leM C06CTaeHHOe 3H8'leHHe p = 0 

C06CTaeHHbiM aeKTOpOM 51BnSieTCS! aaKyyM 

He ab!pO>KUeHO, 

o.. • v+ 
H COOTaeTCTayJOmHM eMY 

a ( 17) e CTb 38MbiK8HHe 
ll 

• aepxHeil non hi w r11nep6onoHua I p 
2 

- p 
2 > ll 

2 l 
0 -

00CKOnhKY E - npocTo onepaTop 

a J{ , 8 He onepaTOpH03H8'lH851 o6o6meHH8S! dJyHKUHS!, TO nOCTynaT cneKTP81IhHGCTH 

IJ.On >KeH paaHO abinOliHSITbCS! a nro6biX Tp8HCnSIIlHOHHo-ll!Ia8pH8HTHbiX nepeHOpMapye-

MbiX a HenepeHopMapyeMbiX TeOpiiSIX. 

IV • I1ono>KaTelihHaSI onpeneneHHOCTh 

MeTpiiKII a I'Hnb6epTOaOM npOCTpaHCTae COCTOSIHHH: 

( ¢, (Jl*) ~ 0 unSI acex Cl> E J(. (18) 

nonarag a ( 18) Cl> = n A (f I) n H c y'leTOM S!llepHOCTH z HaXOAH.M, 'iTO 

npSIMbiM cneiJ.CTaHe~=(ls) ganSieTcSI: tPYHKUHH YaliTMaaa cyTh MynhTHITliHKBTHaHo

nono >KHTe lihHbie HenpepblBHbie tPYHKUHOH81Ibl a Z 

W(<f> x¢*) > 0 AnSI scex <1> E z . 

V. I10liHOT8 (aenpHBOIJ.HMOCTb) IIOliSI 

CIICTe Ma onepaTopoa I A( f) l , I'IJ.e f npo6eraeT ace tPYHKUHR as Z , SIB-

nSieTCSI ITOliHOli: a }( : ecna [ e, A(fl)=0AliSI BCeX f H3 Z , TO e -a 1. 
• /23/ B Teopaa , acxoiJ.mueli H3 o6o6meHHbiX tPYHKUHII yMepeHHoro pocTa, ProaneM 

6brn uoKaaaa cneiJ.yroma:lt cymecTaeHHbi:lt peaynhTaT. 
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TeopeMa. Ecna none A 

e:lt a npocTpaHcTae S a nouq 

MOCTh A(<f>) 8KaHa8JieHTH8 UHK 

anre6pw Rl A(</>)l. 

HeTpyuHo noKaaaTh, 'ITO 

pyeMbiX TeopHSIX. Cornacao Ya 

6hi HeKOTOpbil!: onpeueneHHbiM 

uonycKan 6hi npeo6pa3oaaHae: : 

CH H3 </> T8K: cjlypbe-o6pa3bl 

npocTpaHCTae - yMHO>KaiDTcSI 

cneKTpe ( HOCHTelib Mepbl E 

cneKTpa: 

= q; = h¢ h ( 

B aame M cnyqae </> E D • ~ 

6biTh abr6paHa 113 Knacca Mym 

TeM caMbiM none aa ¢YHKUH! 

51BnSieTCS! KOppeKTHbiM, nOCKOJ 

Hanoa. B ocTalihHOM uoKa3aTe: 

'laS! 6ea aaMeaeHali. 

OocTynaTy HellpHaOUHMO< 

saneHTH8SI cjlopMynapOaKa: 

aaKyyM !1 SIBnSieTCS! rr: 

MH8JlhHOH anre6pbl IIOliS! A ( </>) 

VI 

KaK a3aecTHO, unSI ¢opM 

IJ.S!TCSI Ha6niDIJ.8eMble, OTHOCSIW 

K orrpeiJ.eneaaoli, orpaHa'leHHOH 

Ha6nronaeMbie, noKanaaoaaHHbi 

KOBCKOI'O ) 
0 

II 06bt'lHOM aapaaH 

HHS! COOTaeTCTBYIDWHX orrepaT 



:HOBHb!X <jJyHK!Ui li A On>KeH CXQ-

08HCTB8, 

:THM He c mo6btM H np e anono

• TaK, onepaTo p T paacnsmall 

oOM D (a) H T . rr . 

<jJop M e ) 

Cl19KT p8JJbHblM p a 3JJO>K9 Hil9 M: 

( 16 ) 

• HocHTenb E yno s n e Tsop SJ-

(17 ) 

IO, H COOTB9 T C TBYIO!llllM 9 MY 

B ( 17) e CTb 3 8MbiK8HilEt 

onbKY E - rrp o cTo onep a T op 

TO UOC T y n a T Cl19KTP8JJbHGCTil 

lHB8p118 HT HbiX nepeBOpM Hpye-

HHOCT h 

( 18 ) 

ROCT H z HaXOlULM, 'ITO 

HB CYT b MynbTHIInHKBTH BHO-

>X cp E Z • 

IIOJJSI 

t9T see <jlyHKUill! H3 Z , HB

l: H3 z . TO e E a 1. 

~peaa or o pocTa , P 10sn eM
1231 

TeopeMa . Ecna none A(</>) smnsmTCH onepaTopaoaa aqaol! o6o6meaaoll !jlyaKUH-

ell s npocTpaacTse S 11 IIOU'lHHSJeTCSJ rrocTynaTaM I , II IU , T O aenpHsonH-

MOCTb A(cp) 3KBHB8JJeHTH8 UHKnH'lHOCTil B8KYYM8 f) 

anre6pb! R! A (</>)l. 

OTHOCIITenbHO orrepaTOpHOli 

HeTpyaao rroKa3aTb, 'ITO sTa TeopeMa P10sng HMeeT MecTo 11 B aenepeaopMH-

11/ 
pyeMhiX TeopHSJX. Cornacao Yai!.TMBBY , nnSI ee noKa3aTeJJbCTsa aocTaTO'lHO, 'ITo-

6hJ aeKOTOpbill onpeneneaabiM o6pa3oM nocTpoeHHbill noJJ.HBOM no A(</>)- P [A(</>)) 

norrycKan 6hr rrpeo6pa3osaaHe: P ... ~ = P [ A ( $) l . rne !jlyaKUHH J,' rronyqaJOT

CSJ H3 cp TSK: !jlypbe-o6p83b! !jlyHKUHH cp - OCHOBHbte ¢YHKUHH cp B IIMIIYllbCHOM 

IIpOCTp8HCTBe - yMHO>K8!0TCSI H8 <jlyBKUI!!O h(p) , KOTOp8S1 p8BH8 

Cl19KTpe ( HOCHTeJJb Mepbl E ) II Q - B T0'1K8X OTpHUBTenbi!Ol"'O llnH Henpepb!BBOI"'O 

cneKTpa: 

h ( p) = 
( 19) 

B aameM cnyqae <P ED • ¢>yHKIUISI h (p) , o6nana10rnaH cso>iCTBOM LIB), Mo>KeT 
,, ,, 

6btTb Bbt6paaa H3 Knacca MynhTHIInHKaTopos B D , H Mbi rrony•mM: cp E- 0; q, E z. 
TeM caMbiM none aa <jlyHKUHSIX c:P 6yaeT onpeneneao, 11 npeo6pa3osaalle P ... f 
smnHeTCH KOppeKTHbiM, IIOCKOJJbKY lie Bb!BOUIIT 113 KnaCC8 8H8n11Tll'I9CKHX <jJyHKUHQ

HBnOB, B oCTBJJbHOM noKa3aTenhCTBO TeopeMhi P10sJJSI coxparureTCH nnH aamero cny

'IBH 6e3 H3M9H9Hilli, 

f1ocTyJJaTy HeiipiiBOUHMOCTH IIOJJSI M0)1(9T 6biTh UBHB Terreph Cll9UYIOIJ\8H 3KBII-

B8Jl9HTH8H <jlopMyJJ.HpOBK8: 

BBKYYM fl SIBJJSieTCH UIIKJJH'I9CKHM B9KTOpOM B }{ OTHOCifTenbHO IIOni!HQ-

MHBJibaoi!. anre6pbr nonH A ( ¢ ) . 

VI • noKaJJbHOCTb 

KaK 113B9CTHO, n n H <jlo pMynllpOBKil noKallbHb!X CBOlicTB cjli!3H'l9CKOH TeOpllH BBQ

l1SITCSI aa6nJOJ:l89Mbie, OTHOCH!llii9CSI n1160 K T O'!K9 (s KnBCCII'l9CKIIX T90PIIHX). nH60 

K orrpeneneaaoil , orpaaa'!eaaoi!. HnH aeorpaaaqeaaoil, o6naCTH rrpocTpaHCTsa-speMeHH. 

Ha6n JOaaeMbt e , noKaJJII30BaHabre s aaaaoii o6nacTII G C M M -!JPOCTPBHCTBO MHli-

KOBCKOro ) 
1 

B 0 6bi'!HOM B 8pii8IITe 8KCHOM8TH'I9CKOI"'O l10UX0l18 CTpOSITCSI KBK 388'19-

HHSI COOTB9T CTBYIO!llllX OIIepaTOpH03H8'lHbiX <jlyHKUII OHaJJOB H8 OCHOBHbiX <jlyHKUIIHX C 
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HOCHTenSIMH, saxmo'IeHHbtMH B G • B HallleM cnyqae HOCHTenb oCHOBHOH <I>YHKUHB 

COBII8}l8eT nt!60 C HY11eM, na60 CO BCeM C 
4 

n , H YK838HHbiH IIYTb Henparonea. 

C 3 THM CB5138Hbl Ue118BlllHeC51 HeOUHOKp8THO 
/3,9/ 

\ HBIIPHMep, ) c6nB)I{eltHSI Henepe-

HOpMHpyeMb!X H He110K811bHblX TeOpHfi. 

OnaaKo, TeM He MeHee, c<j>opMym!pOBBHHaSI HBMH cxeMa OIIHCBHHSI npocTpaH

CTBeHHo-BpeMeHHbiX CBOikTB HenepeHOpMBpyeMb!X TeOpBH IIpHMeHBM8 B K CBOHCTBY 

noKonhHOCTB. Oaa He naeT B03MO)I{HOCTB aenocpencTseHHO nocTpoaTb noKa11h.Hbie 

na6mo naeMbte, ao see *e nossonSieT noKasaTh, 'ITO <jlyHKUHH Yal!TMaaa MoryT ynos-

neTBOpSITb HeKOTOpb!M Tpe60B8HHSIM, SIBnSIIOillHMCSI IlpSIMbiMH 8H8110raMH nOK811bHOCTH. 

KaK cnencTBHe 3Toro, oKa3btsaeTC51, 'ITO see HenepeaopMapyeMbte TeopHH o5nanaroT 

BeCbM8 OCna6neHHb!MH 110K811bHblMH CBOJ!CTBHMH, HO OTHro)lb He BCe H3 HHX SIB•lSiroTC51 

He110K811bHblMH B TO'IHOM CMbiCne. 

.Ung npHMeHelfHSI B paMKax Halllefi cxeMbi Mbi c<jlopMYnHpyeM o6bt'Il!oe ycno-

sae noKanbHOCTH KaK Tpe6osaHHe K HOCHTenro <I>YHKUHH YaATMaaa. 11MeHHO, ecnH 

W(X .•• x )E S' (H11H b' ), TO CBOJ!CTBO nOKOnhHOCTH Bblpa)!{OeTCSI K8K CHMMeTpH'I-
0 n 

HOCTb W(x
0 

••• x.) BO B38HMHO npOCTp8HCTBeHHO-IIOJl06HbiX TO'IKOX: 

W (x .. x . . x .. x )-W(x . . x .. x .. x )ecna 
0 1 J n 0 J 1 n 

(x-x) 2 <0. 
1 J -

B CMbtcne TeopBH o6o6meaHbiX <I>YHKUBl!: (20) osaaqaeT: 

ecna f( x - x ) = 0 
0 n 

(W(x
0 

•• x), f(x .. x ... x .. x )-f(x .. x .. x .. x ).)=0, 
n 2 0 1 J n 0 j 1 n 

IlpH (x
1
-x

1
) > Q , H fES HnH, 'ITO TO )1{8 

4(n+1) 2 4(n -
supp [ A ( i j) W ( x .•• x ) l = ! ( x ... x ) E R ; ( x - x ) > 0 I = R - 1~ V 

0 n 0 n 1J-
(21) 

( A(lj) - onepaTop aHTHCHMMeTpasauHH no rrepeMeHHbiM x 
1 

H x 
1 

). Haa6onee 

yno6HOH nng ll811bHeftmero HB11SieTCSI aaanorB'IH8SI \21) <jlopMynHpOBK8 noKanbHOCTB 

nnSI <jlyHKUBH Yai!:TMaHa F(x
0 

•• x)"'A(O, .. n)W(x
0 
••• x) 

M8TpB30B8HHOi!: ITO BCeM apryMeHTBM: 

, II011HOCTbro 8HTHCHM-

supp F (X 
0 

•• X ) =! ( x
0 

•• X) E R 4 
( n + ll; ( x

1
- X 

1
+ 

1
) ~ 0,1=0, .. n-11 = V 4 n. (22) 

3anaqa o $oPMYnHPOBK& csoRCTBa noKanbHOCTB aaanHTB'IeCKoro WYHKUBOHana 

W(z
0 
••• z.) MO*eT 6btTb Tenepb nocTasneHa B cnenyromeM sane. BsonaM non-

nocTbro aHTHCHMMeTpasosaHHbtl!: aHanaTaqecKal!: <jlynKuaoaan F ( z 
0 

•• z ) = A ( 0 •. n) 
W(z .. z) " 

0 n 
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H 'COOTBeTCTBeHHbtli• eMY I 

CTBa Wsapua. Ha F* H8Jll 

< F (z0 ..• z
0

), ,P(z
0 

•• z
0

)>= (F 

supp 

<l>opMynbt (23), (24 ) -

SIBHYro xapaKTPH38UHro K118C 

q,opMynaMH. Cornacao § 2, 

BeTCTByroT B TeOpHH 8H811HT 

pwe npOCTp8HCTB8 110K811bHC 

HO IlpHBOJlHTb K paClllHp eHH 

'-IT06bi HOMTH 3 TO p8ClllHpeJ 

1. Bbtpa3HM (24) Ta: 

npOCTp8HCTB8 S(R) Ha He 

2. B npocTpaHCTBe S ( 

nonycKaroT nponon*eHae B K 

ronoMop<jJHbiX <jlyHKUHl!: ( npc 

S(R),S(V),Z\R H Z\v 

S( V) -

z I R c 

OTKyna: 

Z \R 

OCHOBHOe Tpe60B8HHe K 

3. nonb3yBCb COOTHOll 

neneHa Jl11SI BCeX <jlyBKUBi!: 1/;
1 

CTBOM Z (C) HB IlpOCTpaHC 

11HTH'I8CKBMH npOll011)!{8HBHMJ 

1 • .Una onpeneneHHB n 

CTBOM o6o6meHHhlX <jlyHKUBH 

/24/ 
TeopeMa 

nycTb G - <jlyHKUBOHf 

n!IpHOM MHO)I{eCTBe T • To 



!e HOCHTenh OCHOBHOft ~YHKUHH 

YKaaaaabili: nvTh aenparo.ttea. 
/3 ,9/ 

rep, } c6mnKeHHSI aenepe-

MH CX9M8 OUHC8HHSI npOCTpaa

Opalf UpHM9HHM8 H K CBOlfCTBy 

TBeHHO llOCTPOHTb nOK8JlbHbl9 

yHKUIIH YaliTMaaa MoryT YAOB-

IMblMII 8H8110P8MH HOK8llbHOCTH. 

IOPMIIpyeMhie Teopaa o6nanaiOT 

'HIOUb He BCe 83 HHX SIB•ISIIOTC SI 

c!jlopM)'napyeM o6br'Uloe ycno

uaa YaiiTMaaa. 11Meaao, ecna 

Bblp8)1{8eTCSI K8K CHMMeTpH"'

QOOHb!X TO"!Kax: 

r: 

. x
1 

•• x
1 

•• x) )~ 0, 
111111, "'TO TO )l{e 

ilbiM x a x 
1 

). Haa6onee 

!jlopMynBpOBK8 HOK81lbHOCTH 

, UOllHOCTb!O 8HTHCHM-

~ 0,!~0, .. n-11~ V 4n. 
(22) 

8H8nBTB"'eCKOr 0 WYHKUBOHana 

lenyromeM BHAe. BBOUHM non-

a 'cooTBeTCTBeHHbiit • eM)' a CMhiCne ~opMynhi (7 1 ~yaKuaoaan F* aa npocTpaa-

CTBa Wsapua. Ha F* aanaraeM ycnoaae noKanbaocTa a sa.tte (22): 

Ft;;;G' (23) 

(24) 

¢>op My1lbl (23), (24) - HeSIBH8 SI cPOPMY1111POBK8 YCUOBIISI llOK81lbHOCTII. 0TblllleM 

SIBHYIO X8P8KTPII38UIIIO Kl18CC8 8H81111TII"!eCKIIX dJYHKUHOH8110B, BbiAenSieMoro 3TIIMH 

qJOpMynaMa. Cornacao § 2, csoli:cTaaM aocaTenSI aemeCTBeHHbiX !jlyaKnaoaanoa cooT

BeTCTBYIOT B TeOpBH 8881111TH"'eCKIIX cPYHKUIIOH8110B CBOlfCTB8 p8ClllllpeHHSI H8 HeKOTo

pble UpOCTp8HCTB8 110K81lbHO 8H811HTII"!eCKHX ~Y HKUIIlf. no3TOM)' yCUOBIIe (24} AOmK-

HO UpiiBOAHTb K pacmap eHHIO npOCTp8HCTB8 OCHOBHblX cPYHKUHlf cPYHKUHOH8118 F 

'-IToobi aali:TII a T o pacmapeaae, nocTynaM cne.ttyromaM o6paaoM. 

I. B brpaaaM (24) TBK )l{e, KaK csoftcTBO pacmapeaag ~yaKuaoaana F* c 

npocTpaacTaa S(R) aa aeKoTopoe npocTpaa cTao S(V) 

2. B npocTpaacTae S (V) swnenaM nonnpocTpaacTao Tex ¢yaKuaft, KOTOpbie 

nonycKaiOT nponon)l{enae a KOMnneKcayro o6nacTb, srnnmicb, TBKHM o6paaoM, cnenaMB 

ronoMop¢HhiX ~yaKuali ( npocTpaacTao Z I v ) • npa a ToM Me:lKAY npoc TpaacTBBMB 

S(R),S(V),ZIR a Zl v U01l)I{Hbl BblllOUHS!TbCSI COOTHOllieHHSI: 

ZIRc S(R); Z lv c S(V), 

- ocaoaaoe Tpe6osaaae K acKOMOMY rrpocTpaaCTBY Z I v 

3. nonb3YS!Cb COOTHOllieHHeM (23) • B KOTODOM ITD8B8SI "18CTb OVnP.T V)I{P. nnnP-

neneaa nnSI scex cjlyaKnaft t/tc Rl E Zl :> Zl nponon)I{HM cjlyaKuaoaan F c npocTpaa-v R 

CTBOM Z (C) aa npocTpaaCTBO Z IV+ 1 A aap.naTa"!eCKBX ~YHKuall, Siansnomaxcg aaa-

naTa"'eCKBMB nponon:lKeaaSIMH cjlyaKuaA aa Z lv 

1 • .llnn onpe.QeneBBSI npocTpaacTaa S ( V) 

CTBOM OOOomeHHbiX !jlyHKUHli yMepeaaoro pOCTa. 

/24/ 
TeopeMa 

BOCUOJlb3yeMCSI cne.ttyiOII1HM CBOA-

nyCTb G - cPYHKUHOH811 B UpOCTp8HCTBe illaapna, BMeiOmall: HOCHT9Hb B pery-

nSipaoM MIIO:lKeCTBe T • Tor.tta G npencTaBnReTCSI B aa.Qe: 
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G (X) ,; l: D ,8 [ (1 + I X l)m 1--,8 (X) J. 
I,BI-:_m (26) 

rne IL,a(x) - He KoTopbre (KoMnneKCHbre) Mepbr P anoaa c HOCHTen5!MH B T, KOHeq-

Hbie Ha R " (fl d!J.
8

(x) I <oo ), m ?._0 - HeKoTopoe uenoe qHcno. 

DOCKOTibKY CBeTOBOli KOHyC V - perynSipHOe MHO*eCTBO, TO B CHTiy (24),(26). 

(F*, ¢)= l: fDa¢(x 0 . . x )dr (x ... x n ) 
lal<m n a 0 

nng scex ¢ E S (27) 

(nnH yno6cTaa Mbi nepewna K MepaM cTeneHHoro pocTa r a ) • DOCKOTibKY 311eCb 

HocuTena scex Mep r a 38KniO'ieHbl B V , TO HHTerpanbi B npasoll '18CTH (27) 

6ynyT TBK*e cymeCTBOB8Tb llTIH BCeX C 
00 

-cpyHKUHll cp , y6hiB810lUHX 6biCTpee 

mo6ol!: CT eneHH so apeMeH.H-nono6HbiX HanpaBJieHHRX. (DpocTpaHcTao T8KHX cpyHK

UHli H o6o3HB'lHM qepe3 S(V) ) • noaToMy ¢opMyna (27) onpenenHeT co6o10 Henpe-

pbiBHOe paCWHpe HHe cpyHKUHOH8Tl8 F* c npocTpaHcTaa S(R) aa S(V). S(V)- nHHell-

HOe C'leTHQ-HOpMHpOB8HHOe npOCTp8HCTBO, B KOTOpOM 

nyiOmell nocnenoaaTenhHOCTbiO aopM: 

( V) 

II ¢ 11. , e 
•. e 1 J 
l: supp I x D ¢ ( x) 1. 

1, J x E-v 

TOTIOTIOT'HIO 3811811HM cne-

(28) 

T aKHM o6pa30M HBPMY c (:.!4), ewe onaoll SKBHBaneHTHoll cjlopMynRposKoll noKanh-

HOCTH HBT15!eTCH: <)JyHKUHOHan F* = A(O .. n) W ( x
0

• • • X
0

) o6nanaeT aenpepbiB-

HblM TIPOilOTI*eHHeM H8 TipOCTPBHCTBO S (V) 

2. HalineM Tenepb llOTIOTIHHTe nbHbie ycnOBH5!, TipH KOTOpb!X <)JyHKUHH H3 S (V) 

o6nanaiOT 8H8TIHTH'leCKHM npOJ:IOTI*eHHeM HB ace C 4 
( n+ l) • DOCKOTibKY TIOJ:ITIPOCTPBH

CTBO TaKHX cjlyHKUHll I Zl v c S (V) HrpaeT TOT1bKO npoMe*YTO'lHYIO poT1b a HamRx 

paCCY*neHHRX, Mbl He 6yneM 38HHM8TbCH TIO/lp06HhlM OUHC8HHeM ero CTpyKTypbi. 

YKa*eM TOT1bKo, qTo, KaK H B cnyqae npocTpaHCTBa Z I R , cjlyHKUHH H3 Z I v 

MOT'yT 6biTb HBHO OX8p8KTepH30B8Hbl TOTibKO B TepMHH8X CBOHX <jlypbe-06pa30B. 

11MeHHo, <)JyHKUHH H3 Z I" cyTb npeo6paaoaaHH5! <l>ypbe-¢yHKUHli Knacca Coo , 

HOCHTenH KOTOpbiX OT'p8HH'teHbl BO speMeHH-IIOJ:t06HbiX H81Ip8BT1eHHRX (npOCTp8HCTld0 

D I v ) • BaRny oqeaHnHoro 0 lv ::> D (R) 6yneT H Z I v = F[DI v] ::> Z I R • AHanorR'!HO, 

H3 DlvCS(V) cnenyeT Zl vC S(V) H ycnoBH5! (25) BbmonaeHhi. 

Me*nY rrpocTpaHCTBaMH S(V), D I v HZ I v HMeiOT MecTo TO'IHO TBKHe )l(e 

COOTHOWeHH5!, KBK H B 06bi'IHOll TpOliKe npOCTp8HCTB S 0 H Z TaK, o6a 
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rrpocTpaacTaa Zl '! H D I v 

COCTOHT TIHillb H3 T O*AeCTB 

Z I v y6brBaiOT 6brcTpee n106< 

THM T8K*e, qTo D I v BKnro 

MH , OT'p8HH'leHHblMH CO CTOpC 

aopmoT ycnoaHo: supp gC V + 

B 0). 3TH cpyHKUHH IWOTHbl 

3. HaKoHeu , nponon*a : 

HOCTb, Mbl TIOTIY'lHM UpOCTp8. 

MOpcjJHblX B UHTIHHApH'leCKOH < 

*BIUHX B v , 3TH cjlyHKUHH 

o6pa3oBaHHR ~ypbe-nannaca 

IOTC5! cpyHKUHSIMH 1-ro TIOp5!11l 

H aKoHeu, nocKonbKY H3 onpE 

S ( V) paccMaTpHBBIOTC5! Han 

38MKHyTOe MHO*eCTBO, H Z 

mn1. T eM caMbiM OHO npHHE 

B § 2, H Mbl MO*eM 38TIHCc 

HeTpynHo noKa3aTb Te 

pH!OIUHH yCnOBHIO T10K8nhHOC"I 

HHeM Ha Z ( V +I R) • B o3MOX 

aeHCTBOM (23). HenpepbiB~ 

8H8TIOT'H'lHO llOK838TeTibCTB: 

K8)1(J:IQM OT'p8HH'leHHOM MH 

TaKHM o6pa3oM o6bi'll 

He rrepeHOpMHpyeMOH TeOpHH 

F(z
0 

• • z )= A(O . . n) W (z
0 

... z 
4(n+l), 

Z(C J Ha npocTpaHCTB 

Bb!p83HTb 3 TOT pe3ynbT8T I 

OKOH'l8TenbHO ccpopMynHpOBl 

OrrpeneneHRe 4. 

EyneM rosopHTh, qTo 

eTC5! ycnOBHe TIOK8TlbHOCTH, 



(26) 

1 c HOCHTenSIMH B T , KOBe'!-

oe '!Reno. 

)!{9CTBO, TO B CHny (24), (26). 

ecex ¢ E S (27) 

ra r a ) • ITOCKOnhKY 3A9Cb 

3rpanhr B npaBoll '!aCTa (27) 

¢ y6hiB810IIIHX 6hiCTpee 

(flpoCTp8HCTBO TBKHX !jlyHK-

7) onpeAenHeT co6oro aenpe

S(R) Ha S(V). S(V)- naaell-

TOITOnOrHIO 38A8AHM cne-

(28) 

'BOll cjJopMynapOBKOll ITOK8nh

o6n8Jl89T HenpepbiB-

I KOTOpb!X tPYHKUHH H3 S (V) 

• floCKOnhKY ITOAITPOCTPBH-

tM9)!{YTO'lHYIO penh B H8IIIHX 

OllHC8HHeM ero CTpyKTyphi. 

I z I R • tPYHKUHH H3 z I v 

IH8X CBOHX tjlypbe-06pa30B. 

·pbe-ljlyaKnall Knacca C 

:anpaBneHHHX (npocTpaHCT~O 

r[DI v l ::> z I R • AaanorH'lHO, 

,rnonaeabl. 

3T MeCTO TO'IHO T8KHe )!{e 

s D H z TaK, o6a 

rrpocTpaacTBa Zl ~ H D I v rrnoTHbi B S (V) , OAHBKO ax BSBHMHoe nepeceqeaae 

cocTO«T nallib as TO)!{AeCTBeaaoro aynH. EnaroAapH Z I" C S (V) , tPYHKUHH as 

z I v y6hiBBIOT 6biCTpee nro6oll cTeneHH BO BpeMeHa-noAo6HhiX aanpaBneHHSIX. OrMe

THM TBK)!{e, 'ITO D I v BKniO'laeT B ce6H BB)!{Hbrll Knacc C -ljlyaKuall c HOCHTenH-

/25/ 
MH, orpaHH'l9HHbiMH CO CTOpOHbl KOHyCa V (HOCHTeiTH TBKHX ljlyHK~HH YAOBITeT-

BOpSIIOT ycnOBHO: supp gC V + U O, R 

B 0). 3TH tjlyHKUHH IWOTHbi B t'lv 

, rAe U O, R - III8 p p8AHYC8 R C neHTpOM 

3. HaKoaeu, npoAon)!{aH !jlyHKUHH npocTpancTBa Z I" B KOMUneKCHYIO ITITOT-

aoCTh , Mbi nony'IHM npocTpaHCTBO Z I v +, R 

MOptjJHbiX B UHITHHApH'leCKOH o6naCTH V + i R 

, COCTOrunee H3 !jlyHKUHll 1/J ( z), rono-

• B BeiiieCTBeHHbiX nanpaBneHHHX, ne-

)!{amax B V , 9TH tjlynKUHH y6biBBIOT, O'leBHAHO, 6hiCTpee mo6oll cTenena. KaK npe

o6paaoBaHHH ~ypbe-flannaca !jlyHKUHH H3 Dlv , B KOMrrneKCHOH o6naCTH OHH SIBITSI

IOTCSI cjJyHKUHSIMH 1-ro rrOpSIAKB pOCTa: lzki/J(z)\ <Ceallmzl JliTSI BCeX ZEV+I~ . 
HaKOHeU, UOCKOITbKY H3 onpeAeneHHSI npoCTpaHCTB8 S ( V) cneAyeT, 'ITO !jlyHKUHH H3 

S ( V) paccMaTpHBBIOTCH HBA aaMKHYTbiM KoaycoM V , aaKmoqaeM, 'ITO V +! R 

aaMKHyToe MHO)!{eCTBO, H Z I v + 
1 

R - npocTpaHCTBO noKanbHO aaanaTaqecKHX !jlyaK

uali. TeM caMbiM oao npaHaAne)!{HT Knaccy npocTpaHCTB Z (G) , BBe AeHHbiX HBMH 

B § 2, a Mhi MO)!{eM aanacaTh: ZIV+tf'=Z(V+iR). 

HeTpyAHO AOKaaaTb Tenepb, 'ITO aaanHTH'leCKHll ljlyHKUHOHan F , YAOBneTBO-

pSiromall ycnoBHIO noKanhHOCTH B BRAe (23), (24), o6nanaeT aenpepbiBHhiM pacnmpe

naeM Ha Z(V+IR). BoaMO)!{HOCTh pacmapenHH F na Z(V+IR) rapanTapyeTCSI pa

BeHCTBOM (23). HenpepbiBHOCTb aToro paclliapenasr MO)!{HO AOKaaaTb nonaocTbiO 

auanorH'lHO AOKaaa T enbCTBY npeAno)!{eHHH 1, ycTaHOBHB orpaaaqennoCTb F aa 

K8)!{AOM orpaHa'leHHOM MHO)!{eCTBe H3 Z ( V + .R) 

TaKHM o6pa30M 06bi'lHOMy Tpe60B8HHIO ITOK8IThHOCTH (22) COOTBeTCTByeT B 

HerrepeHOpMHpyeMoll TeOpHH CBOliCTBO rrpOAOIT)!{HMOCTH 8H8ITHTH'leCKOrO ljlyHKUHOHana 

F(z
0 
.. zn)=A( 0 .. n)W(z

0 
... zn) C HCXO,.HOrO npOCTpaHCTBa OCHOBHbiX !)lyHKUIIll 

Z ( C 
4 

( n+ 
1

) na npocTpancTBO Z ( V + i R) • ITonbSySICb onpeAenenaeM 2, Mbi MO)!{eM 

Bb!p83HTb 9 TOT pe3ynhT8.T B TepMHHBX HOCHTensr 8H8ITHTH'leCKOrO ljlyHKUHOHana, H 

OKOH'l8TenbHO CtjJOpMynHpOB8Tb. 

OnpeAeneHae 4. 

EyAeM roBopaTh, 'ITO B HenepeuopMapyeMoll yaliTMBHOBCKoll Teopaa BhmonHH

eTCH ycnoBae noKanbHOCTH, ecna nonHOCTbiO BHTHCHMMeTpaaoBaHnhre !jlyHKUHR YaliT-
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MaHa F(z2.. ... z) 

o6naCTH V + l R : 

HMeJOT HOCHTE>J1b ( B CMbiClle onpeAelleHIH! 2) B llHliHHApHqecKOll 

supp F ( z 
0 
.. zJc V + i R. (:.!9) 

KaK HCHO 1!3 BhiBOAa sTOPO ycnoBHSI, OHO non)!{HO o6nanaTb o6hi'lHbiM ¢H3aqecKI!M 

cone p>KaHneM rrocTynaTa nmtallbHOCTH: Bbipa31!Tb He3aBHCHMOCTb APY~' oT npyPa ABYX 

B03MymeHHli, noKanH30B8HHhrx BO B3ai!MHO npocTpaHCTBeHHO- nono6HbiX o6naC'!'SIX. Oo

HaKo, IIOC KOJJbKY J10K8llbHOCTb B IIOliHOM CMb!CJJe Tenepb 06J18A8eT JJI!Wb 'coOTBeT-

CT Be HHhili" !jlyHKUIIOHan F* , TO cnenyeT Q)!{HAaTb, 'lTO 31'0 $H3H'leCKOe COAep)!{a-

HH e rr e peAae TCH yCnOBI!eM (29) He CTOJJb IIOJJHO, KaK 06bi'lHOli $OpMyJJHPOBKOli (22). 

M br rrmca >Ke M B nanbHeifweM, 'lTO 3 THM ycnoBHeM, nellcTBHTellbHO, o6ecne'lHBaeTCSI 

JJHlllb qaCTh liOKaJJbHb!X CDOliCTB, HMeJOWHX MeCTO B rrepeHOpMHpyeMb!X T eOpi!S!X, 

EyA y'lH Ol'p8 HH'leHHeM Ha HOC HTeJJb aHanHTH'leCKOI'O <jlyHKUHOHana, Tpe6oBaHHe 

liOKaJJbHOCTII AOli)!{HQ OpHOBp e MeHHO S!BliS!TbCS! orpaHH'leHHeM H8 CTerreHb pOCT8 el'O 

npeo6pa3 oBa HHSI ~ypbe-EopenSI. ITpocTellwHli npHMep CHTyauHH - TeopeMa ITaneSI

BHHe pa-lliBapua. fipeACTaBliS!eT ljJH31!'le CKHll HHTepec, HallAS! 3TH O!'paHH'leHHS!, A8Tb 

S!B HyJO X8p8KTepH38UHIO KJ18CC8 liOK8J1bHb!X H HeJJOK8J1bHblX HeoepeHOpMHpyeMb!X 

T e OpHll. 3TO, 0AH8KO, - 3 8A8'l8 3 H8'lHTellbHOll M8T9MaTH'l9CKOfi CJJO)!{HOCTH. 

BBHAY oPpaHH'leHHll, Hana Pae MhiX pasMepaMH CTaTbH, o6cy)!{AeHae MeHee c ywe-

CTBeHHb!X IIOCTyllaTOB llpHMIITIIBHOH 11pH'lHHHOCTII II aHaliHTH'lHOC TII BaKyyMa, a TaK

)!{ e a HanH3 oCHOBHbrx cn e ACTBHif a s CHCTeMhi rrocTynaToB YaliTMaHa 6ynyT A8Hbl 

H8MH B Apy POll pa6oTe, 

P e w e HH e M MHOI'IIX MaTe MaTH'le CKHX rrpo6neM HacToSime ll pa6oThi aBTop o6SI3aB 

MHOPO'lHCne HHbiM nnonoTBOpHbiM AHCKy c caSIM c B.C. BnaAHMHpOBbiM, ABTOP Bbipa-

)!{ 8 e T Pny 6oKyiO 6nal'OA8pHOCTb T8K)!{e M,K, f1onRB8HOBy 3a IIOCTOS!HHb!ll RHTepec 
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