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I. B aeueaae 

Cpeua ocHoBHbiX nocT ynaTOB noKanbHoii KBBH TOBoi'! TeopMM non>I cymec TBe Hnoe 

MeCTO 38HMM8eT n peuno nOli<e HH e 0 XapaKTepe o6o6IUeH Hb!X <jlyHKUHI1, K8KOBbiMII f!B -

llSIIOTCH K08<jJ<jlnuneHTH bie tPYHKUIHI B p83i10li<eHHH S - M8 T p l!U bl flO HOpM8iibHbiM 

Ill 
npoH3BeueHHHM onepa TopoB nonn HiiH cpynKUHn Ba i'ITM a H a B ero aKCHOMaTII'I ecKOM 

n ouxoue
121

• 3To npeunonolKeHHe CBH38HO c onpeuene1meM noKanbHbiX caoikTB o6o6-

meHHbiX <jly HKUHi! . H aM KBlf<eTCH , 'ITO aaxmoe npocTpaHcTao o 6o6meHHbiX <jlyHKUHi'! 

yMepeHHOrO pOCT8, CT8BWee T p8llHUHOHH biM npH paCCMOTpeHHH K BllHT ODOII T eopH H 

flOl!>I, 6biJIO Bbi6paHO flOTOMy, 'ITO 3)leCb ITOHf!Tlie l!OK8l!bHOCTH 0606!UeHHOI1 cpyHK -

UHH BBOUH T CH Han6onec npOCTbiM H ecTeCTBeHI!biM o6p830M . 0UH8KO 38 nocneunee 

BpeMH CT8110BI!TCH Bee 6onee ~ICHbiM , 'ITO 9 TO npOCTp8HCTBO He Bcerua HDllHeTCH 

8}leKB81'HLIM annapaTOM. 0K838JJOCb , 'ITO Kl18CC i10K8llbHb!X 0 606!UeHI! b!X tPY HKUl!lf 

MOlf<eT 6biTb 3Ha'ln T enbHO pacwnpeH . H a116onee cyu!eCTBeHHhie pe3yllbT8 T bi n aToi1 

/ 3/ / 4 / 
o6nacTn 6binH nony'IeHbi Mei!MaHoM H LllKa¢<jle • C ymecTaenHo, 'ITO n pa6oTax 

9 TH X 3BTO pOD rnaBHOe MeCTO 38 HHMaeT onpeuen emre C8MHX flOH HTHH M H l( p 0 n pH

'IHHHOCTH y MeiiMana H cTporofi no Ka nbHO CT H y Ll lKa ¢¢e. B 38BHCM 

MOCTH OT BBOJlHMhiX onpeueneHHfi 9 TH 8BTOpb! ITOlly'l8lOT pa3l!H'IHb!e Kl18CCbl OCHOB

H hiX H o 6 o !;)meHH hiX <jlyHKUHH. Hue>I M et!M 8H8 H Llll<ai!J<jle COCTOHT B TOM, 'IT06hi Bbi6 -

p 8 Tb •MHHHMBl!bHoe• npocTpancTBO ocHOBH biX IPYHKUHii. 3To 0 3 Ha'!aeT cneuyromee . 

E c nH BBOUHTCH K8KOe-TO Onpeuenel!He i10K8llbHOCTH , TO H8 "MHHHM8llbHOM" npOCT

p8HCTBe OCHOBHbiX QJyHKUH!f UOl!li<Hbi 6b!Tb OnpeneneUbl TOllbKO T 8KHe 0 6o6me HH b i e 

I!JynKU , KOTOpbie yuoaneTaopHroT aaeuennoMy onpene neHHlO. Llpyrue li<e o6o6meH 

H bie ~lYHKUHH He )lOllJKHbl 6biTb Onpeuen eUbl H8 BCeM l!pOCTp8HCTBe OCHOBH biX tPYHK 

UHif . Tpe6onanne "MHHMManLHOC TH " IT03BOnH e T rrony'IHTb H3 a Toro 'IHCTO MaTeMa

TH'IecKoro Tpe60B8UHH, BbiTeK8lQWero l!HU!b 113 Onpe uene HHH i10K8l!bHbi X CBOikTB 

o6o 6meHUhiX <jlyHKUHii, BBli<Hbie ¢n3H 'JeCKHe c n encTBHH (CPT - T e opeMa, T e opeMa 
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0 flOK8flbHO H KOMMyTBTHBHOC TH, X8p8KTepe n oaeaeHHR 8MnnHTya H8 6eCKOaeqHOCTH 

no SHeprHH H T.a.). 

B bi6op •MHHHMBflhHoro• npoc TpaacTaa OCHOBHbiX <I>YHKUHA uenHKOM onpaaaaa, 

ecnH Mbl npaaep*HB8eMCR 8KCHOM8THqeCKOrO noaxoaa B KB8 HTOBOfi T eOpHH nong H 

XOTHM H3 C8Mb!X 06IUHX Tpe60B8HHi\ BbiBeCTlf pRa <!>H3HqeCKHX cneacTBHfi. 

Ecna *e Mbi npnaep*aaaeMcR aHHBMHqecKoH KapTHHhi B KBBHToaofi T e opaa 

nonR ( 3 aecb HMeeTCR B BHay, HanpHMep, nocTpOeHHe pRaa TeOpHH B03My1UeHHfi 

anR S -M8TpHUbl no 38a 8 HHOMy narp8H*H8Hy B38HMOaeHCTBHR ), TO !13 C8MOrO 

aHH8M!fqeCKOrO OnHC8HHSI B38HMOaei\CTBHSI aOn*HO Bb!TeK8Tb , K8KOe npOCTp8HCTBO 

OCHOBHb!X H o6o6meHHbiX <!>yHKUlfH aon*HO 6b!Tb Bbl6p8HO AnSI KOppeKTHOrO onHC8-

HHSI K8pTHHbl B38lfMO):lef!CTBHSI. 

n pa 3TOM B38HMoaeHCTBHe MO*eT lf He 6b!Tb nOK8flbHb!M. OaHBKO B H8CTOSI-

mee BpeMSI HeT XOpomero onpeae neHHSI penSITHBHCTCKH-HHB8pH8HTHOfi HenOKBnbHOfi 

C BSI3H Me*aY onepaTopa MH KBBHToaoi\ TeopHH nonH. B aaaaofi pa6oTe Mbl nonbiTa

eMCSI t:l8Tb T 8KOe onpeaenemre. llnSI STOrO Mbl Bb!SICHHM npOCT p8H CTBe HHO-BpeMeH

Hble CBOHCTB8 penSITHBHCTCKH -HHB8pH 8HT HbiX o6o6meHHb!X <I> Y HKUlfH BHaa 

c 
fj(<) ( X - X ') , ( 1.1) K(x-x') = '2: 

n=O 

{""2;;)! on 

a2 a 2 a 2 a 2 
rae 0 = - ~ + ~+TxT+ (1';2, anSI pa3n HqHb!X nocneaoaaTenbHOcTefi I c _ I . 

0 I 2 3 
E yaeM pa3nHqaTh B03MO*HOCTH 

.!..._ 

fim I c In = 0 • ( 1.2) 
n-+ oo 

__!_ 

fimlc
0

1°=f
2

<oo 
n-+oo 
I I 

fim I c I-;;- a oo 
n n-+oo 

-.-1 c n -;;-
Lim \ • 0, 
n-+oo (2n)! 

c I 
fim I _n_ \-;-=a 2<oo 

n-ooo ( 2n) ! 

( 1.3) 

( 1.4) 

( 1.5) 

B § 2 Mbl onHllleM OCHOBHO!':i Knac c <I>YHKU!fi\ H aaJlHM onpeaeneHHe HOCHTenSI 

o6o6meHHbiX <!>yHKUHfi; B §§ 3-6 6yayT p8CCMOTpeHbl o6o6meHHbie <!>yHKUHH BHJl8 

(1.1) anSI nocnenoaaTenbaoc Te fi i c 1 , yao ane TaopSI!OlUHX ycnoBHSIM ( 1. 2-5). 
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2. OcHOBHOH Knacc ¢YHKUBH 

B Ka'!eCTBe Knacca OCHOBHbiX ¢yHKUBii Bbl6epeM npocTpaHCTBO :S acex 

ne nbiX tPYHKUBH f(z) " f(z 0 , z 1 , Z 2 , z 
3 

OT 4 nepeMeHHbiX 

z" (z
0 

,z
1 

,z ,z
8

)=(z
0
,il. B npocTpaHCTae S onpeuennM cncTeMy HOPM no 

¢opMynaM 

II fllmcmax l f{z) l. (2.1) 

I•, I< m 

EyueM roaopBTb, 'ITO nocneuoaaTenbHOCTb ¢YHKUHI1 f 1 ( z), ... , f" ( z ) , .. rue 

n p a B B n b H 0 C X 0 Jl B T C SI, ecnB OHa CXOJlHTCSI paBHOMepHO B 

mo6o11 KOHe'!HOll o6nacTn aemecTaeHHbiX 3 Ha'!eHn fl apryMeHTOB ( x 
0

, x 
1

• x 
2 

• x 
3 

) • 

ilnSI Hac 6yueT aamHa 

!leMMa 

Ecnn nocneuoaaTenbHOCTb f ( z) ~ .Z orpaHn'leHa no HopMe II f n II m 

flOCTOSIHHOJ.l M n npaannbHO cxoui!TCSI, TO ee npeuen 1 ( z) Tat:me npi!Haune-

l!<HT npocTpaHCTBy Z B !'!MeeT HOpMy, He npeBOCXOJlSIIUYIO M . 

3Ta neMMa «BnHeTCH HHO H <!JopMynHpOBKOH TeopeMbl BnTann 0 CXOUHMOCTH 

'( /5/ ) nocneUOBaTenbHOCTB 8H8fll'!TB'!e CKHX tPYHKUHlf CM., HanpHMep, , 

noaToMy aaeueHHble HOpMbt cornacoaaHbt , a npocTpaHCTBo Z nonHoe " 

coaepweHHoe. 

ilaunM ewe ouHo 

0 n p e u e n e H n e 

nocne}lOBaTenbHOCTb f ( z )~ Z CXOJlHTC SI B o6naCTB G ( C 4 , ecnn oHa 

CXOJli!TCSI paBHOMepHO B 3aMKHYTOH o6naCTB G 

npocTp8HCTBO He3aMKHyTO OTHOCBTenbHO 3TOI"O onpeueneHBSI CXOJlB-

MOCTB. OuHaKo c ero noMOillbiO Mbl uauHM Hnme upyroe onpeueneHHe noHHTBH 

HOCBTenH tPYHKUHOHana Ha npoCTp8HCTBe Z 
npoCTpaHCTBO BCeX HHHel1HbiX Henpepb!BH blX tPYHKUBOHanoB, onpeueneHHbiX 

Ha npocTpancTae OCHOBHbiX tPYHKUBH Z o6o3Ha'IBM q epe3 Z'. 5IBHbiH auu Ta-

KOI"O tyHKUHOHana MomeT 6hlTb HaiiueH cornacHo o6hl'!HOii npoueuype 
/6,7/ 

(F',f) = jf(z)di'F' (z), ( 2.2) 
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rne p. F ( z) -KoMnneKcHaSI anon He annHTIIBH8SI Mepa B o6nacTH I z J I < m . 3Ta 

cpopMyna npH scesoaMO>KHbiX m naeT o6mHli BHll nHaeiiaoro aenpepbtBHoro 

cpyHKUHOHana HB npOCTpBH CTBe S 
llnS! nanbHelirnero HBM 6yneT cymecTBeHHO BBeCTH HOHSITHe HOCHTenSI cpyHK

/8,9 / 
uHoHana F . Mbt nanHM cneny10mee 

0 n p e n e n e H H e 

06naCTb G C C HB3 b!BaeTCSI HOCI!TeneM cpyHKUHOHana F ~ Z' • ecnH 

3TOT cpyHKUIIOHBn F MO>KeT 6biTb Henpepb!BHO pBCWHpeH HB npOCTpBHCTBO cpyHK-

Ullli Z ( G) , BHBmiTI!'IeCKIIX B 3BMKHYTOli o6naCTH G . EcnH o6naCTb G SIBnSI-

e TCSI HpOH3BOnbHO Manoli OKpecTHOCTblO KBKOii-nH60 TO'IKH Z = ( Z O, Z !' Z ~· Z 
3
), TO 

cpyHKUliOHBn HB3btBBeTCSI nOKBnbHbiM , 

!1a naHHbiX onpeneneHHli cnenyeT, 'ITO ecnH HOCHTenb cpyHKUHOHana F coc-

To nnH n106011 nocnenosaTenbHOCTH r n ( z l ~ Z cxo-penoTo'Ien B o6nacTII G 

USirneflCSI K H)'niO B G nocnenosaTenhHOCTb 'IHCen ( F , r n l TBK>Ke CXOUHTCSI K 

HyniO. 

3, noKBnbHb!e o6o6meHHble cpyHKUHH 

PaccMoTpHM o6o6meHHbte cpyHKUHH ( 1.1), rne K03<jXjl!fuHeHTbi 

BOpS! lOT npenenbHOMy COOTHOWeHH!O ( 1.2). 

PaccMoTpHM cpyllKUHOilan 

(K,£l(x)mfd 4 x'K(x-x ')r(x'l=I 
n•O 

c n 
O" Hxl 

(2 n) ! 

c ynosneT-

(3.1) 

BocnonbayeMCSI cnenyiOrnHM HHTerpanhHbiM npencTasneaHeM nnH onepaTopa 0 : 

a 

0"=<- a
2 

~+ 
•o 

a2 
---aiT)" 

2n 
2 

-;;r 
n! ( n + 2) ! 

(2n)! 

6 

= a f d• P (i P _a __ + P __ a __ l 2n; 

• ax
0 

ax• (3.2) 

I 

fim I a_ 1--;;- = I (3.3) ..... 



HaTerpapoaaBHe B (3.2) npoBO.IlBTC!I no eBJtnanoay '19TbipexMepuoMy wapy 

p2 • p 2 + p 2 + p 2 + p 2 • p 2 + p 2 ~ I . 
1 2 a 4 4 

BaaneM .llanee ~YRKUB~ KOMnneKCRoro nepeMeauoro ~ 

~ 2n +I 

(3.4) 

Ha ycnoaai! ( 1.2) a ( 3.3) cne.llyeT, 'ITO IV < ~ l HMeeT cywecTBeHHy~ OC06eRHOCTb 

npH ~- 0. npyrHX OC06eHHOCTeA B nl!OCKOCTH KOMnneKCHOro nepeMeRHOrO ~ 

OH8 He HMeeT. noaTOMY 

e a ----2 1r I (3.5) 

r,lle HRTerpBpOB8HHe npOBO,IlHTC!I no l!OOOMY 38MKHyTOMy KOHTypy, OXB8TbtBa~we-

My TO'IKY ~ a 0. Hcnonb3y!l npe.llCTaBneHH!I ( 3.2) H ( 3.5), . ~yHKUHOH81l ( 3.1) 

<K , r><x> .I 1 
a..O (2D)! 

.,_l_.r. /: I:J 4}: ~· a .. an .: ). 
2

,
1 

.,.d.,IV(.,l d p0 ~--;;!(ip 4 -;r;-0 +p"""JT)I(x 0 
p2sl -

B nocne.llHeM paaeucTBe cyMMHpoaauHe npoBO.IlHTC!I no seeM n , nocKOllbKY HH-

Terpan no p OT He'leTHbiX CTeneHeA ( i p _aa + p _i_j TO>KAeCTBe HHO pa-
4 •o a; 

aea uyn~. 3aMeqa!l aanee, 'ITO B (3.6) CTOHT onepaTop caaHra no apr y M e HTaM 

nony'IHM 

<K.Il!xJ--1- . ~ d~w<~> f d 4 pf(x +ip
4

e . -: +"Pe>. 
2111 p ~~~ 0 

(3.7) 

Oony'-!eHHOe Bbtpa>KeHHe XOpOWO onpeaene Ho, noC KOllbKy f <;. Z · 

T 8K K8K IV ( ~ ) HMee T OC06eHHOCTb l!Hllib B TO'IKe ( = 0, HHTerpHpOB8-

7 



HHe no ( MO)KHO npOBOllHTb no KOHTypy C npOH3BOITbHb!M panHyCOM. no3TOMy 

cjJyHKUHOHBIT ( 3, 7) MO)KeT 6b!Tb Henpepb!BHO pacmHpeH 88 npOCTp8HCTBO OCHOBHb!X 

cjJyHKUHfi, 8H8ITHTH'IeCKHX B TO'!Ke X a (X 0 , -; ) • 0TciOna cnenyeT, 'ITO o6o6mea-

Hbie cjJyHKUHH aHna ( 1,1) c ycnoaHeM ( 1,2), cornacao aameMy onpeneneBHIO, SIBITSI-

!OTCSI ITOK8ITbHblMH. 

npeo6pa3oaaHHe <l>ypbe o6o6meaaoll. cjJyHKilHH ( 1.1) 3anHCbiBaeTcSI a aane 

(3.8) 

K(p~)ai' 
nBO 

e • (2;";)1 ( p ~ )•. 

<l>yHKUHSI K ( p 2 ) SIBITSieTCSI uenofi 8H8ITHTH'IeCKOH cjJyHKUHeH ITOpS!llK8 y < -t-
B ITITOCKOCTH KOMITITeKCHOrO nepeMeHHOrO p 

2 
T.e. 

K(p2ll<etv'IP21 (3.9) 

lliTSI npOH3BOITbHb!X l > 0 . 
/6/ 

H3 TeopHH uenbiX cjlyaKuHfi (eM., aanpHMep, ) R3aecT-

HO, 'ITO lliTSI TBKHX ~lyHKUHfi He cymeCTByeT HH OllHOrO HanpaaneHHSI B KOMITneKCHOfi 

ITITOCKOCTH p 2 , BllOITb KOTOpOrO OHH MOriTH 6b! y6b!B8Tb, 3TO 03H8'18eT, 'ITO 

3 TH cjJyHKUHH He MOry T HrpaTb pODb cjJyHKUHil. o6pe3aHHSI npH ITOCTpoeHHH TeopHH 

B0 3 M y meaHii nnSI 5 -MaTpHUbl, eCITH Mbl XOTHM K8K-TO HCITOITb30B8Tb KB83HITO-

l<BITbll b llt npOH3BOIT, npH ITOCTpOeHHH KOacPcPHilHeHTHblX cjJyHKUHfi B p83ITO)KeHHH 5 

MaTpHU bl ITO HOpM8ITbHb!M npOH3BeneHHSIM 8CHMnTOTH'IeCKHX nonell, 

"MHHHMBITbHblM* npocTpaHCTBOM OCHOBHblX cjJyHKUHll, H8 KOTOpOM onpene-

ne H bl ITHillb KB83 HITOK8ITbHb!e o6o6llleHHb!e cjJyHKUHH THna ( 1,1) C yt;:ITOBHeM ( 1,2), 

6 y n e T n p OCT pa HC TBO Z O cjJyHKUHll, 8H8ITHTH'IeCKHX no K8)Kll0My CBOeMy apryMeHTy 

z = x + i y a aeKoTopoA nonoce 1 y I < d rne d 38BHCSIT OT cPYHKUHH 
j j j j - j j 

r H M ory T 6biTb npoH3BOITbHhiMH aenH'IHHBMH. He cymecTayeT HHKaKoA cPHKCH-

p o a aHHO i i nonocbi I y J I ~ d 
0 

• rne 6biiTH 6bi aHanHTH'IHbi ace r ~ Z 
0 

• 

n y 'IHITH, TAKHM o 6pa3 oM, p e nSITHBHCTCKoe o6o6meaH e Knacca MeAMaHa 

4. HenoKanbHbie o6o6meHHbie cjlyHKUHH 

c 

Mbi no

/ 3/ 

P accMoT p H M Tene pb o6o6meHHbie <jlyHKUHH ( 1.1), rne KoacjlcjJHuHeHTb! e 

YUO B I! C'TBO J,$!10T n peHei!b HO MY C OOTHO!U e HHIO ( 1.3), rne f -HeKOTOpb! i i napaMeTp, 
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PaccMoTpHM ljlyexnuoaan (K,Il (x), .ll11ll aero cnpasennusa «jlopMyna (3.1). Boc

nonbayeMcll HHTerpanbHbiM npenc TaBneHBeM . (3.2) H BBeneM «jlyHKilHIO Wf( e) 
KOMnneKCHoro nepeMeHHoro e no cjlopMyne (3.4). B paccMaTpHBaeMOM cny'lae 

H3 ycnOBHil (1.3) H (3.3) cnenyeT, 'ITO «jlyHKUBll Wf(e) aaanHTH'IH8 B nnoCKOCTB 

KOMnneKCHoro e BHe Kpyra I e I - f • a BHyTpH aToro Kpyra OHa BMeeT K81tHe

TO OC06eHHOCTH, nono~eaue KOTOpblX aaBHCBT OT KOHKpeTHOro BHil8 KOa«jl«j>HnHeHTOB 

(4.1) 

nosTopllll BbJKnanKH npenblllYIIIero naparpa«jla, nony'IBM nmr «jlyaKuuoaana ( 1.1) c 

ycnosueM ( 1.3) npencTasneaue 

(K,I)(xl•-2-
1-. -~dtWf(tl f d 4 pl(x

0
+ip

4 
t,x .. +ptl . 

1T 1 ltt>f p~$1 

(4.2) 

nonyqeaaoe Bblpa~eaue xopomo orrpeneneao aa Knacce ocaoBHbtX «jlyaKunA .S 

noKa~eM, 'ITO npencTaBneHHe (4.2) penl!THBHCTCKH-KOB8pH8HTHO Ha 

HaM He06XOilHMO noKaaaTb, 'ITO HHTerpan B ( 4.2) no qeTb!peXMepaoMy eBKflHilOBY 

npocTpaHCTBY KOB8pBaHTeH ~pH npeo6pa30B8HUH KOOpllHHa T H3 OllHOpOilHOU rpynnbl 

flopeaua, T.e. 

f d 4 p(A (x +p e>. 
OJ J J 

p~ "£.1 
I\{3J (x + p e >> -

J 

a f d
4 

p I(AOJ XJ +poe. I\{3J X + Pf3e>. 
p~ $1 

(4.3) 

rne 1\ -npencTaBneuue onaoponao il rpynnbt flopeaua L. CyMMHposaaue n po-

sonuTCll no i c (0,1,2,3),u npHHliTO o6oaaaqeuue p 0 •i p 
4 

a {3=1,2,3. 

fl106oe A ~ L MOll<eT 6htTb npencTasneao B sune 1\ • 1\ 
1 

A 
2 

1\ 
3 

, rne 

1\ 
1 

H 1\ 
3
-o6bt'IHbre spameaull, a 1\ 

2 
-'IBCToe npeo6paaoBBHHe flopeaua 

snonb Tpu-ocu. HaTerpan B ( 4,3), oqesunao, KOBBpnaaTeH oTuocnTenbHO spa me

ann B TpeXMepHOM eBKnHilOBOM llpOCTp8HCT Be. noaTOMy HaM llOCTBTO'IHO flOK838Tb 
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KOBapHaHTHOCTb npencTaBneHHSI ( 4.2) npH 'IHCTOM npeo6pa30B8HHH nope~ma A~ . 

Torna cooiHorneHHe ( 4.3) nepenHrneTCR cnenyiOmHM o 6paa0M: 

f d 4p l((x
0 

+ip 4 q)eh0 +(x
3

+p
8
qlsh0,x

1 
+p 1 q,x~+p~q,(x 0 +ip4qlsh0+(x 3 +p3 $chtll

P~~~ 

a f d p I ( X O Ch 0 + X a sh 0 + j p 4 .; , X I + p l , X ~ + p ~ q , X O sh 0 + X B Ch 0 + p 8 .; ) , 

p~5_1 

(4.4) 

rne th 0. _v __ , f <I q\ < f + t. B nnocKoCTH ( p , p
8

) nepelineM K nonRpHbiM Koop-
e • 

llHH8T8M p 
4 

• f Cos </> , p 
8 

• r sin </> , TO rna nng neBOM '18CTH COOTHOllleHHSI 

( 4.4) nony'IHM 

~ tr I 
fd</> fdrrffdp dp l(x'+irqeos(</>+i0),x +p q,x +p q,x'+rqsin(</>+iO )), 

o o I~ 0 II ~~8 

p~+p~$.1- ~ 

rne 

c x ch 0 + x sh 0 
0 0 8 

' X ax sh 0 + 
0 

ch 0 
8 

(4.5) 

nocKOnhKY <jlyHKUHSI I ( z O' z I , z 
2 

, z 
3 

) - uenaSI no apryMeHT8M Z , TO OH8 6yneT 

uenoli no KOMnneKCHOMY apryMeHTy </> · npH 3TOM nonHHTerpanbH8SI QJyHKUHSI 

nepHonH'IH8 Bnonh BemeCTBeHHOM OCH B nnOCKOCTH KOMnneKCHOrO </> c nepHo-

noM 2 rr noaTOMy B HHTerpane (4.5) KOHTYP HHTerpHpOB8HHSI no </> OT 0 

no 2 tr MOlKeT 6b!Tb cnBHHyT H8 n1060e 'IHCTO MHHMOe 'IHCnO, T.e. 

2tr t0+2tr 
f d</>A(</>)af d<jJA(</>) 

2tr 
fd<jJA(¢-iO), 

(4 .6) 

IU 

rne qepea A ( </> l o6oaHa'leHa nonHHTerpanhHaSI <jlyHKUHSI B ( 4.5). 3na'IHT, npa BaSI 

'18CTb B ( 4.4) paBH8 neBOH '18CTH, H Harne yTBepJKneHHe noK838HO. 

06pa THMCSI Tenepb K npocTp8HCTBeHHO-BpeMeHHbiM CBOliCTB8M o6o6meHHOA 

<jlyHKUHH K ( x - x ') B ( 4. 2). <l>yHKUHOHan ( 4.2) MOJKeT 6b1Th p8ClliHpeH C COX-

paHeHHeM penRTHBHCTcKoli KoeapHaHTHOCTH Ha npocTpaHCTBO <jlyHKuHli Z< G f ( x l l , 

ananHTH'IHbiX B aaMKHyToli o6nacTH G f ( x) , rne z '~ Gf (x), ecnH 
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I < • (4.7) 

rae (z '-x )~ • (z '-X )~- (; '-; )~ . nepeceqeHHe o6naCTH 
0 0 

c e < x 1 c aei!cT-

BHTenbRhlM npocTpaHCTBOM n• HBnHeTCH rnnep6onOHaOM 

- e 2 ~ < x ; - x o 1 ~ - < : ·-~x 1
2 ~ e ~ 

(4.8) 

3Ta o6nacTb B npocTpaHCTBe n• 6ecKoHe'IHa n HMeeT 6ecKoHe'IHbiil 4-o6'beM. 

Cl>yRKUHOHan ( 4.2) MO>KHO paCU!HpHTb Ha eme 6onee !UHpOKHil Knac c tPYHKUHi!. 

3aMeTHM, 'ITO Mbl noKa3anH, 'ITO Ha Knacce I c;. Z ( G f ( x)) 

( 4.2) MO>KHO 3anHCaTb B cneayiO!UHX 3KBHBaneHTHblX <jlopMaX: 

npeacTaBneHHe 

(K,Il(xl ---1-IJidewe<elJ d
4
pl(x +Apel. 

2rri 

1e1 >f p2:st 

(4.9) 

rae A- A ( 0, ¢ ,1/J l - HeKoTopoe npeacTaBneHHe oaHopoaHoil rpynnbl nopeHua, 

(} -nope HUOBCKHH yron, ¢ H 1/J - eBKnHaOBbl yrnbl. EcnH Mbl 3aaaaHMCH 

KaKHM-nH60 onpeaeneHHbiM npeac TaBneHHeM C tPHKCHpOBBHHbiMH napaMeTpaMH 

0 , ¢ 11 rjJ , To anH aaHHoro A ( (} , ¢ , 1/J l tPYHKUHOH8n ( 4.9) MC.>KeT 

6biTb pacumpeu HB Knacc <jlyHKUHH I , aHanHTH'IeCKHX B o6n8CTH 

(4.10) 

To'!Ka npnHaane>KHT o6nacTH G f ( (}, ¢. 1/J ; x npn (} - ¢ • rjJ c 0 , 

ecnn 

I • o , - o I 2 + I -; , - ; I~~ e 2 • 

( 4.11) 

B cnyqae npoH3BOnbnbiX 0 , </> H 1/J o6nacTb Gp_(0,¢,1/J; xl nonyqaeTCH H3 o6-

nacTn ( 4.11) npeo6pa30BaHHeM nopeHua. l1Hb1MH cnoBaMH, o6nacTb G e ((} .</> ,1/J; X) 

npeacTaBnHeT co6oll B cnyqae (} - ¢ • tJ: • 0 
map, a npH npOH3BOnbHbiX 
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() , ¢ n .,V-3nnnncon KOTOpbtii uennKoM nel!<HT BHYTPII rnnep6ononna G f 

(4.6). 06paTllM BHHM8HHe H8 TO, 'ITO o6naCTb G f ( (), cp , if! ; x ) AnSI K8li<-

Ab1X 0 , cp n if! orpann'!ena, npll'leM 4-o6'beM scex o6nacTel! G f((J, cp,if!;xl 

OAHH8KOB, orpaHH'IeH II nponopUIIOHaneH f 4 
• 

H TaK, nnH KalKA oro oTnenbnoro npencTasnennH A ~'YHKunouan ( 4, 9) pac-

wnpHeTCSI H8 RpOCTpa HCTBO OCHOBHbiX <jlyHKUHfi S ( G f ((} • cp • if! I X)) ::J S ( G f (X)) ) Z . 

CnenosaTenbHO, nocnTeneM <jlyuxuuouana ( 1.1) c ycnoBIIeM ( 1.3) RBnHeTcn ue

KOTopaH orpaHH'!eHH851 o6naCTb G f ( () • rP • r/J I x ) ( G f (X) · 

Mbt Mornn 6bt nocTynnTb uecxonbKO nna'le. Bbt6paB nocnenosaTenbHOCTb 

I • ( z l <;. S , cxonnwyiOCSI K nyn10 B G f ( (), cp, if!; x l l nerKo nony'IHTb, 'ITO 

f im ()(,I ) ( x) a 0 , T,e. HOCHTeneM o6o6meHHOfi <jlyHKUHH )( ( x - X ') S!BnS!eTCSI ... .,. n 

o6nacTb G f ( 0, ¢ , if! ; x ) C G f ( x) • 

LlpyrHMII cnosaMn, paccMaTpllsaeMbte o6o6weuuble t)lyHKUHH o6nana10T cnenyiO

IIIHM CBOfiCTBOM, fl106y10 <jlyHKilHIO I (X), OTnii'IHYIO OT nynH B K8KOI1-nH60 orp8HH-

qeuuol! o6nacTn npocTpaHcTBa-speMeHH G C R4 
f 

OHH nepeBOASIT B <jlyHKilHIO 

F(x)a(K,f){x), 
, 

KOTOpan OTnH'IH8 OT HynSI nHWb B HeCKOnbKO 6onbWel! 

or paR n 'I e H H o II o6nacTH npocTpancTBa-speMeHH G F • G 
1 

+ lJ G 
1 npn'leM 

o6nacTb lJ G 1 or p a H 11 "e H a 11 ueniiKOM neli<IIT BHyTpll o6nacTn G rf , Ta-

Koii, 'ITO x G- G rf , ecnn -fa<£{x-y)a ~fa, rne y '- G 
1

• npn 3TOM <jlopMa 

3TOI! 'pa3M838 RHOI!' o6naCTH G F 38BHCHT TOnbKO OT xapaKTepa noBe)leHHSI 

<jlyHKilHH f (X) B Gr 

¢H3H'IeCKH 3TO 03 H8'18eT cneAyiOIIIee, nycTb HMeeTCSI HeKOTOpOe none 

¢(x), KOTOpOe B03HIIKaeT H 38TeM HC'Ie3aeT B K8KOI!-TO orpaHH'IeHHOfi o6naCTH 

npoCTJ?B HCTBa G 1 
Torna BnHS!HIIe 3Toro HMnynbca nonH, 6naronapSI '<jlyaKunn 

pacnpOCTpaReHHSI' )( ( x- x ') CKal!<eTCSI ni!Wb B HeKOTOpOil OrpaHH'IeHHOil o6naCTH, 

'!eTbtpeXMepRblll 06'beM KOTOpOI! KOHe'leH H KOT0p8S1 uenHKOM neli<HT BHyTpH o6naCTH 

G rf ¢opM8 o6naCTH BnHSIHHSI 38BHCHT TOnbKO OT 'MHKpo<jlopMbl' HMnynbC8 

non~ <JI (X) • 

npeo6pa30B8HHe ¢ypbe o6o6meHHOI1 tPYHKUHH ( 1.1) C ycnoaneM ( 1.3), KOTO

poe 38nHCbiBaeTCSI a anne ( 3.8), nanHeTCSI uen011 auaniiTnqecKoll <jlynKunel! nopS!ll-

K8 I ,-- H THna a nnocKocTn KoMnneKcuoro nepeMeuuoro p a , T.e. 

I K (p2ll <e <f+nv'\P2\ 
(4.12) 
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AnSI mo6 oro l > 0, LlnSI T B KHX <jl y HKUHfi MQ)KeT cymeCTBOBBTb nHWb OliHO HBflpBB-

n e 'lHe B KOMnneK C HOil nnOCK OCTH P~ , BAOnb KOTOporo OHM y6biBB!OT . 0o9TOMy 

OHH MOryT Hrp8 Tb pOnb <jlyHKUHfi o6pe 38HHSI npH flOCT p oeHHH TeopHH B03MyweHHfi 

I 101 
AnSI 5 -MBTpHUbl • 

• MHHHM8nbHbiM" npocT p BHC TBOM OCHOBHblX <jlyHKUHfi , HB KOTOpOM onpe a e neHbl 

nHWb HenoKanbH b!e o6o6meHHbte <jlyHKUHH THUB ( 1.1) C ycnOBHeM ( 1.3), 6y11eT 

npOCTpB HCTBO );; f <jlyHKUHfi, B HBn HTH'leCKHX ·B o 6naCTH r f , rae z '-7, f' f • ecnH 

5. Cymec1·seHHO HenoKanbHbie o6o6meHHbte 

<jlyHKUHH 

(4. 13) 

06pa THMCSI Tene p b K nocneaosaTenbHOCTSIM I c n I, yAosneTBOpSIIOWHM ycnoBHIO 

( 1.4). Mbt or p aHH'iHMCSI Hcc n e aosasHeM TOnbKO TBKHX nocneAOBaTenbHOCTe il, AnSI 

W TOp b! X KO a<jl<PHUH e HTbl C n 

n p o 6 n eMbl MOMe HTOB; 

B e m eC TBe HH bl H SIBnSIIOTCSI p e WeHHSIMH c n e A y iOll!efi 

00 

a c - f u ~n d a ( u) , 
n n 0 

( 5.1) 

r ae K0 3<jl<PHUH e HTbl onpe Ae m iiOTC SI <jlopMyno J1 ( 3,3 ) , a a ( u l -semec TBeHHBSJ a 
n 

MOHOTOHHO B 0 3 p8 C T B !OWB SI <jl y HKU H SI , MO)KHO UOK838Tb, 'iTO B 3 TOM c n y qae K09<jl<PH -

UHeHTbl C n BcerAa YllOBi!eTBOpSI!OT ( 1.4 ) , 

B oc n o nba o s aBWHCb cpo pM y nofi ( 5.1 ) H npoBOilSI BbiKnaAKH , K8K 3TO 6 bmo cAena -

HO pa Hee , M O)K HQ A il S! ¢ y HKU H O Ha n a ( K , f )(x) <jlopMBnbHO HBflHCBTb npeAC T B Bne uHe 

rae 

(K. r l ( x > = f 
0 

a( u ) f d 4 p f(x
0

+ ip 
4
u,; +pul 

p2< I 

- f d • p v < p 2 l r < x 
0 

+ i p • • x"' + p"' l . 

13 
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2 v (p ) = .L d q ( u) 

yp2 •• (5.3) 

Oo ycnoDHJO V (p 2) OTnii'IHO OT uynsr DCJOAY• Hcao, 'ITO STOT t!JyHKUHOH811, D006-

me rosopH, ae onpenenea aa aameM npocTpaacTse o c aonHbiX t!JyaKuall Z . Heo6-

xonnMo COriiBCOB8Tb CKOpOCTb y6 biBaHHSI t!JyHKUHH V ( p 2 ) H nopHAOK pOCTB 

f(z)C- S npa I z I .. oo TaK, 'IT06bi HHTerpan B ( 5.2) cxonuncH. OycTb Mbi Bbi6-

pann Tarme npocTpaHcTBo Zv 'ITO t!JyuKuaouan (5.2) cymecTayeT. Torna, O'le-

BHAHO, aTOT TYHKuaoaan HBnHeTcSI cymecTseuao uenoKanbHbiM, T. ~. oa aKBHsanea-

TeH HHTerpanbHOMY onepaTopy C HApOM, OTIIK'IHblM OT HYIISI BO BCeM npOCTpaHCTBe-

speMeaa. 

OnaaKo MOmHo roaopHTb, 'ITO t!JyHKuaouan (5.2) x a paKTepaayeTcH aeKoTOpoll 

•aneMeaTapaoll nnaaoll f • a ae KoTopoM npa6numeaaoM CMbrcne. Mbr HMeeM a 

BRAY cne AyJOmee. OycTb !jlyaKilHSI r ( x l 

G I cR. . Torna t!JyHKUHOHan ( K • r) (X) 

OTiiH'IHB OT aynSI B He KOTOpofi o6naCTH 

B (5,2) OTiiH'IeH OT HYIISI BO BCeM 

npocTpaacTse R 4 0AHBKO, ecnH t!JyHKUHH V ( p2), SIBnSIJOIUBSICSI SillpOM HHTerpanb-

Horo onepaTopa a ( 5.2), y6braaeT npH p 2 .. oo • AOCTBTO'IHO 6biCT[JO•, 8 o6nBCTb, 

rAe V(p 2 ) •aaMeTao• OTIIH'IHO OT HYIISI, XBpBKTepaayeTCSI HeKOTOpoii a<jxpeKTHBHOli 

AIIHHOfi f , TO MOmHO rOBJpHTb, 'ITO o6o6tneHHBH !jlyHKUHSI J( (X - x ' ) nepeBOllHT 

o6nacTb G 1 • rne r ( x l ./ o B 6onee UIHpOKyJO o6naCTb G If , rae !jlyRKUHOHBII 

(K. f Hxl 3BMeTRO OTiiH'IeH OT Hynsr, B B OCTBilbRbiX TO'IKBX R 4 oa npn6na-

3HTeilbHO paBeH HynJO, T,e. Mbl 6yAeM B K8KOM-TO CMbiCIIe HMeTb cnyqaii, pac

CMOTp~ HHbili aaMH a npen.hrAytneM naparpa!jle. BoaaaKaeT aonpoc, 'ITO TaKoe •noc

TaTo'lao 6 biCTpoe" y6 biBBHHe ¢ yHKUHH V (~ l? KaK MaTeMaTH'IeCKH c!jlopMynupoBBTb 

npn6numeaaoe noHHTRe • an e MeuTapao ii AnHHbi f • ? 

B ¢aa aKe npaaHTO C'IHTBTb, 'ITO •noc TaTo'IHO 6 brc TpbrM• y6brsaaue M HsnSie TcH 

SKCflOH e HUHBilbHOO y6biB8 HH e , T.e . tP YHKUHH V (p 
2

) y6biB8eT AOCTBTO'IHO 6biCTpO, ec-

IIH OHB yAOBneTBOpHe T npe Ae ilbHOMy COOTHOUieHHJO: 

f i mV(p 2 ) e a( yp"'iJN 
p 2-+ 00 ~ 0 

(5.4) 

npa aeKo Topb!X a > 0 u N > 0. 0 6br•mo C'IHTaeTcH , 'ITO np n N I y6brsaaae 

n o c Ta Toqao x o pow ee. 
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Mbt p8CCMOTpHM K!I8CCbl T8KHX tjlyHKUHOHa!IOB ( 5 . 2), Jl!ISI KOTOpb!X tjlyHKUHSI 

V ( p ~ l ynosneTBOpS!eT ( 5.4) npH neKoTopoM N ~ I H npOH3BO!IbHblX a > 0. 

OnpenenHM npocTpaHCTBO ocnoBHbtX tPYHKUHli S N • EyneM rosopHTb , 'ITO 

tPYHKUHSI ( ( z 0 ' z I ' z 2 • z 8 } npHHa)l!Ie>KHT npocTpaHCTBy _2 N ( S , ecnH oHa 

SIBIISieTC!I uenoi! aHaiiHTK'leCKOH tPYHKUHeii no Ka>KJlOMy apryMeHTy zl ( j = 0, I, 2, 3} 

ITOp!!JlK8 pOCTa MeHbllie N T . e. 

en I Hzo. z I • z 2. Zg} I 
0. (5.5) 

BbtnenHM erne npocTpaHcTsoZ.,.. = UN Z N scex uenb!X QJyHKUHli KoneqHoro 

nop!!llKa pacTa. lln11 Ka>KJlOii I ( z l G- Zoo scerna naiineTC!I TaKoe N > 0 , 

swnonneno npenenbnoe cooTnomeHHe (5. 5). 

Bee Te uenbte cjlyHKUHH £ ( z l , 

3 
l£(zll:::. Cexpl :£ 

J=O 

KOTOpble YllOBIIeTBOp!!IOT HepaBeHCTBy 

11 

'ITO 

(5. 6) 

npH neKoTopbiX nono>KHTeiibHbiX b, C A l H {3 l , no onpeneneHHJO npHnanne-

b ( I 81) b 
>KaT Knaccy Z b eM. • Knacc Z b !!BmteTC!I nonnpocTpancTBOM npocTpaH -

CTBB 2 
N 

npH sN Knacc z b 
~ b neTpHBHanen npH b > I . 

TeopeMa annpOKCHMaUHK. nycTb </>(x} - KyCO'lHO - nenpepb!BHaSI, orpaHH'leH-

HaS! H aOCO!IIOTHO HHTerpHpyeMaSI cPYHKUHSI Ha R 4 llnH IIIOOOr o l > 0 </lyHKUHIO 

</> (x} MO>KHO paBHOMepHO C TO'IHOCTb!O JlO 

f(xl t;;,Z (N >I ) . 
N 

Bb16epeM TaKyro £ ( z l G- Z: C Z N 

H HOpMHpOBaHa CIIeJly!OlliHM o5pa30M: 

nocTpOHM ITOCIIeJlOBaTe!IbHOCTb cPYHKUHii 

= I . 

annpOKCHMHpOB8Tb cPYHKUHeli 

KOTopa!! aemecTBeHHa np11 x G- n • 

( X 

v 
Q __ l_ f( 

v 4 

__;x::._:_;;x;___ } • 
(5.7) 

rne V- HeKOTOpblii nono>KKTeiibHbnl napaMeTp. K a>Knot1 </> ( x l . ynooneTaopSiromeli 

YCIIOBHSIM TeopeMbl, !IOCT.:tBHM D COOTBeTCTDHe cpyHKUHIO 
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rp (x) 
1/ 

J d 4 (x -x') rp(x ') . 
1/ 

(5.8) 

Ill/ 
11cnonb3YH nanee o6bi"1Hble MeTOllbl MaTeMaTH"!ecKoro aHanHaa (eM., HanpHMep , ) , 

nerKO nOK838Tb, "'TO </J..,(z) ~ £N H nn!l mo6oro t > o 

T 8KOP 1/ 
0 

•<To n n!l v < v BblilOnHeHO 

lr/>(x )- r/>..,(x ll < t 

acerna Hai1neTC!I 

(5. 9) 

paBHOMepHO BO BCeX TO"!K8X Henpepb!BHOCTH <jlyHKUHH rp ( x) • 8 B TO"'K8X pa3pb!B8 

rp(x-O)+p(x +O) - ¢ (xll<t . 
2 v 

(5.9a) 

3THM T eopeMa UOnHOCTbJO LlOK83biB8eTC!I . 

Ha npocTpaHcTae S N onpeneneHbl cpyHKUHOHanbl K B ( 5. 2), nns1 KOTOpb!X 

COOTBeT C TB yJOU{He <jlyHKUHU V (p 
2 

) y6b!B8JOT He Menneuuee 3KCHOHeH T b l nOp!!UK8 

N , T . e . BCerna HB!"tneTC!I T8KOe "'HCnO A > 0 , '{TO 

f i~1 V ( p 2 ) e A ( V p2) N 

p .. , =0 
(5.10) 

nonyqnM orpaHH"!eHUe H8 poeT KO:a<jl<jJHUHeHTOB (5.1). 11a (5.10) cnenyeT, 

'{TO cymecTByJOT T8KH e '{H Cna c > 0 H a > 0, '{TO 

V(u 2 )< G- e 
N 

Torna n n!l K034ltPHUHeHTOB en nonyqHM OUeHKy npn LlOCT8TO'{HO 6onbWUX n: 

c 
n 

J u 
2 

n da ( u) I= I { d u ( 2 n + 4) u 
2 

n +3 V ( u 
2 

) I ~ 
0 0 

:5 (2n + 4) C J d 0 u ~n +3 
0 

- auN 
e 

(2n +4) C 

~a~ 
r< 2 n + 4 

- N-- ) . 

( 5. 11) 

(5.12) 

3necb Mb< nponHTerpnponanu onuH paa no "'BCT!IM . 3To coo T HoweHue MO)!<HO aann -

C8 Tb HHaqe: 
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fim 

n-+ oo 

\ Cn 

_l_ 
n 

~ 
D N 

< 00 • ( 5.13) 

H a npocTpaucTBe Z.., 6ynyT onpenen eHbi nHmh Te <jlyuKuHouan hi, nnSI KOTo 

pbiX <jlyHKUHSI V (p 
2

) y6biB88T 6biCTpee ni060H 3KCfiO H8HTb! KOH8'-!HOrO nopS!JlKB, T.e. 

c ..;~t 
fim V ( p 2 l e = 0 
p 2-+ 00 

n n SI m o6oro N. 
p 2 

H a npHMep, V (p
2 l= exp !- e l . Y cnoBue ua Ko a<P<I>HuHeHT bi c 

aanumeTcSI Torna B BHne 

fim 

n -+oo 0 

nnSI npOH3 BOnhHOrO f > 0 · 

KaKOBbl CBOHCTBB <jlyHKUHH V (p 
2

) ? .[!anHM 

0 n p e n e n e H H e 

( 5.14) 

( 5.15) 

E yneM roBopHTh, '-ITO <jlyHKUH SI V(p
2 l npu6nH3HTenhHO cocpenoTO'-!eHa B o6nac -

H 

napaMeTp 

C TO'-IHOCTbiO f , ecnH OHB llOCTB TO'-IHO 6biCTpO y6biB88T npH p 2
-+oo 

f d 4pV(p 2) = !, 

jfd 4 
pV(p

2 l\<t. 
p 2> f2 

HM88T CMbiCn p83Mepa o6naCTH, BH8 KOTOpOH <jlyHKUHSI V ( p 2 
) 

( 5.16) 

npu6nH3HTenhHO paBHa uyn10. BBeneM o6oa uaqeuue 

npu p 2 ~ f 2 

Hama 3Bll8'-18 COCTOHT B TOM, '-IT06bi fiOK838Tb, MO>KHO nH B <jlyHKUHOHBnBX 
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( 5.2) 3aMeHHTb <jlyHKUHIO V(p 2 ) !18 Vf ( p
2 

) , T . e . MO)!(!IO n H C'll1T8Tb paCCM8T-

pHBaeMbie <jlyHKUHOH8J1bl B K8KOM -TO 1IpH6J1H)!(eHHH HenOK8J1b!lbiMH C 3J1eMeHT8pHOH 

lliTHHOi'r f). KBK 3TO' 6binO HCCnenOB8HO B naparpa<jle 4 . 

n pe)!(ne BCero KOCHeMCII <jlH3H'!eCKOr O CMbiCJ18 HCCnenyeMblX <jlyHKUHOH8J10B. 

<l>yHKUHH OCHOBHOrO KJ18CC8 Ofll1Cb!B8IOT HeKOT Opbl e pacnpeneneHHII <jlH3l1'IeCKHX Be

JlH'IHH , HanpHMep , ITOIT51 Hn H 3apHUOB, HITH ITpOCTO aMUJ1HTyny HeKOTOporo <jl H3H'Ie 

CKOrO COCTOHHHH . 3TH pacnpeneneHHil 38UaiOTCH B BeineCTBeHHOM ITpOCTpaHCTBe -

BpeMeHH R 
4 

H OIIHCbiBaiOTCil <jlyHKllHHMH , 06bJ'IHO orpa H H '!eHHbiMH B R 
4 

· 

<l>yHKUHOH8J1, HJIH 0606lUeHHaH <jlyHKUHH, HMeeT CMbJC IT onepaTopa pacnpOCTpaHeHHil, 

CBH38HHoro c nnaa MHKoA npouecca . Hac HHTepecyiOT npocTpaHcTaenao-ape MeHawe 

CBOiic T B8 <jlyHKUHOHana K ( x- x '), II03TOMy HaM CnenyeT Bbi6paTb HeKOTOpyiO <jly n K-

U I! !O rp ( x) , OTITH'IHyiO OT H YJlll B HeKOTOpOI1 06naCTH G C fl 4 I! IIOCMOTpeTb, 

rne B npOCTp81ICTBe fl 
4 

6yneT OTITH'!Ha OT HYITII <!JyHKUHil rp ( x) = ( K, </>) ( x) . 

TaK K8K B HDWHX npo cTpaHCTBaX OCHODHWX <jlyHKUHA OTCyTCTByiOT ¢HHHTHWe <jlyHK-

llHH, Mbl BbJ6epe M IIOCnenoBaTeiTbHOCTb cjlyiiKJ.(Hii </> V (X) npnHanne)!(amnx HaweMy 

UpOCTpaHCTBy H C 38Ua HHOii CTeiTeHb!O TO'IHOCTH annpOKCIIMHpyiOlUHX rp ( x ) . np11 -

MeHHM K <jlyHKUHAM ¢ (x) 
v 

K: <jlyHKUHOII8J1 

<Jl (X) 
v 

f(K,f )(x-x')rp(x')d 4 Jr (x - x')rp(x')d 4 x', 

r ( x l 
v 

v 

( K • f )(X) 
v 

v 

Jd 4
p V(p

2
)f (x + 

v 0 
p -; +p.. ) . 

(5. 18) 

(5.1 9) 

3necb I v ( x ) Bbi6HpaeTcH TaKH M )!(e o6pa3oM, KaK H np11 fif)Ka3aTenbCTBe TeopeMbi 

annpoKCHMaUHII . O <JeBHUHo, HaM nocTaTO'IHO u ccn eLIOI38 Tb caoAcTna <jlyHKllHI1 

fV(x ) , npel!<)le Bcero OTMeTHM, 'ITO 

f d 4 F'v(x - x 'l=fd 4
pV(p

2 )=I 

11 a e 3aBHCH T o T v . O r paHH'IHMCH paccMoT peHH eM npocTpaHcT Ba 

no MonyniO ~'YHKllHIO r ) x ) Korna 
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f(x ) C- zb (b < N ) : 
b 

c
..:>N 

(5. 20) 

OueHHM 



.. 
+p >I~ 

( 5.21) 
,; 

( 2 .. 2)--, 

_I __ ex pi-~.;___ -1 
" 

4 e 

Ou eHKa HaH6one'N npocTo nony<Jae TcH, Korna N > 2 · BocnonbaonaBJU HCb uopaneH -

2 .. 2 ~ I IN Nl lsi IN CTBoM(p
4 

+P ) ~ p
4 

+ Jp
1

l + P.z+ P
8

• nony•mM 

F" 
v 

( x ) I < C ex p I - I __ x_o_ l b 

VAO 

A ( _f __ ) II ( -: ) 
v 

(5.22) 

" I 00 P. N p b " 00 " " b 
A(-L-)=-fdp exp l- 1--1 +1--1 1=2-'-Jdtexpl-t "+(-'-)t b I , (5.23) 

V V 4 f vf30 II O 11{3 0 

- ~ p N - ( I -r-' - 1 + 
j=l 

_ ,L . . ,....+_P_~-- 1 b J J . 

IIA; 

(5.24) 

napaMeTp v HM eeT npoCTO ii CMbJCn . Ecnu Ql)"HKUII<I r (X) npu6mi3 11TenbHO cocpc -

n oTo'!eua s o6nacTII I x l I < A l ( j = 0,1,2,3 ) n CMbicne onpeaonoHnn ( 5. 10), To 

¢yHKUIISI f) x) 6yaeT npn5nii31!Tenuno c ocpef.\o ToYeHa n o6nacTH I x l I < v A1 

fl OriW BHneTb, 'ITO Q'YHKUIH! II ( : ) oyf.\eT npi!Dnii3HTOflbiiO cocpeJlOTO'IeHB B 

o6naCTll I X j I ~ v A j + r 
11 aneMe HTapHon nnunon 

T. e . BfiOnHe MOlKHO C'IIITBTb tPYHKUHOHan HenOI<anbHb!M 

O u HaKo cnoli<Hee neno o6cTOHT n c nyyae npe MCHHon Koopu HHa T bi . K o r na 

< v f3 • Torna A ( __ e_) ~ I 
0 v 

X b 
nH e TCSI Q'YHKUI!eiiN~"P I - I ~I l . Korna ll<e e > v f3 0 • TO 

e N- b 1 < 1 ~ exp[cons t (--) H pBCCTOI!Hl!e, HB KOTOpOM F11 X 38 MeTHO nanaeT, 
v b 

6yueT nopSinKa I x ,I" C( __L_) ~ T .e. npH nocTaTO'IHO Man bJX 11 
v I ' l 

11 y6bJBB JI!Ie no I •ol nonnocTbiO o npene -

A(-e->~ 
v 

3TO paCCT05!-

HHe 6yneT nocTaTO'IHO 6onbWHM. nonyyaeTCSI cnenyiO!IlBil KapTIIHa. EcnH • aneMeH-

TapnaSI n ni!Ha" He npenoc xonuT aaMe THo 11{3 0 • TO cjly HKUHOHan K anomie 

MOlKHO C'II!TBTb HenOKBnbHbiM C aneMeHT8pHOrl lllllli!Oii £ , ecn11 ll<e v J3 0 
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38MeTHO MeHblUe f , TO 061l8CTb, rae <jlyHKUHIO F V (X) CneayeT C'IHT8Tb OTilH'I -

HOU OT HynH, yme B OCHOBHOM onpeaenHeTCH napaMeTpOM V , B He f . 

Mo)!<HO naTb cneay10ruee o6oHcHeHne nonyqeHHOMy peaynbTaTy. nycTb ¢ ( x) 

onncbJBaeT HeKoTopoe <jluauqecKoe pacnpeaeneHHe nonH Hnn aapHaoB, HanpHMep. 

K ( x- x ') HMeeT CMblCil QlyHKUiili pacnpOCTpaHeHnH Hllli <jlyHKUHii BllHHHiiH, CBH38H 

HOU c HellOK81lbHOCTbiO B38HMoaefiCTBHH. nycTb HellOK81lbHOCTb xapaKTepuayeTCH 

l!eKOTOpOfl 3 1leMel!T8pHOH anHH011 f · Toraa, no ijmaH'!ecKoMy CMbrcny, TO'IHOCTb, 

C KOTOpou :Jaaa HO pacnpeneneHne rP ( x) B llpOCTp8HCTBe-BpeMeHH, He aonmHO 

npeBbllU8Tb 31leMeHTapHyiO annHy f · no3TOMy, ecnH B llpHpoae Cyl!leCTl'yeT 31le -

MeJJTLlpH8H illlHH8 1i <jlH3H'!eCKH HeB03MOmHO p831lH'IHTb paCCTOHBHH, 38MeTHO 

MeHblUHe Mbl He aonmHbl aenBTb HllKBKOro p831lH'IHH Memay <jlH3H'!eCKHMH pac-

npeaenemiHMH rP (X) 1i rP V ( x) anH aOCTBTO'IHO M81lb!X v . An 3TOM cnyqae 

MOmHO yTBepmaaTb, 'ITO paCCM8TpiiB8eMbie <jlyHKUiiOfl81lbl HBilHIOTCSI HellOK81lbflblMH 

c a n eMe HTapnofl nnnHofi 

A Ha noru'!Hbie ouermn Mom no caenaTb 11 anSI rrpocTpanc Tna Z.:., . B aToM cny-

qae llOilOmeane OK83biB8eTCH 6onee 6narOilplfHTHbiM, llOTOMy 'ITO paCCTOHHHe, HB 

f 
KOTOpOM <jlyHKUHH F V ( x) 3aMeTHO naaae T, 6yaeT nopHaKa ., f L ( -V-) • rae L( u)-

MeaneHHO MeHHIOlllBHCH <jlyHKUHH THil8 fn U Hllli fn fn u . 

npeo6pa30B8mie <Pypbe 0606l!leHHOH <jlyHKUHII ( l.J) C yCilOBHeM ( 1.4) HBilSI-

e TCH uenolf ananHTH'!ecKolf <jlyHKuneil mo6oro nopHaKa. Ecnn K ~ Z ~ 

l<N<oo 
__ N __ 

K. ( P 2 l I ~ c exp I a ( v I P 2 I 
N- 1 

l . 

Ecnn K ~ Z' TO 
00 

IK(p 2 l,SCexpla(ylp 2 1 l
1

+f l 

npn npoii3BOilbHblX f > 0 . C H a -HeKOTOpble llOCTOSIHHb!e. 

To npn 

(5.25) 

(5.26) 

• MnHHM811bHblM• npOCTpa HCTBOM OCHOBHbiX ~'YHKUHfi, H8 KOTOpOM onpeaeneHbl 

llHlUb 0606l!leHHbie cpyHKUHII, ami KOTOpbl X V (p 
2

) y6biB8eT 6bJCTpee mo6ofi 3KCilO 

neHTbl KOHe'!HOrO llOpHaKa, 6yneT llpOCTpaHCTBO Uellb!X cpyHKUHH Zoo , 8 B Clly-

qae <jlyHKunr1 V ( p 2 ) , y6biBBJOlllHX KBK aKcnoHeHTbi nopHaKa N - npocTpaHcT-

BO SN 
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HaKoaeu , 

lll810T <jlyHKUHH 

tPYHKUHfi, f18 K 

B npeaCT8D11eE 

T.e. V(p 2 ).,e-

He 6yaeT uenc 

HMeTb K8KHe-'i 

rae A -HeKo 

<j>opM<jl8KTOpOB 

HJHJ, STO H8HX: 

CTBYJOlll8SI <jlyHK 

6eHHOCTH <jlopM 

YHHT8pHOCTH 

Cll8CTH yHH T8p. 

HaM Kam< 

llpOCTp8HCTB 

HOif HellOK811bHC 

crrpaaeaHHBbi n 

B8pH8HTHOCTH, 

qae nenoKanbnc 

llpyrHMH 

HbiX o6o6mennb 

aHMOCTeil: B pa: 

BOilpOCOM 5!BTIHI 

B cnyqae npoc· 

I 10/ 
peaeneao 



y-

5) 

!6) 

HaKoHeu, paccMOTpHM rrocneJlHHI"r cnyqa fr, Koraa K03<j:x!JHuHeHTbi c o6o6-

maiOT <jlyHKUHH ( 1.1), yllOB!IeT130pS!IOT yC!IOBHIO ( 1.5). n poCTp8HCTBOM OCHOBHb!X 

<!'YHKUHfi, Ha KOTOpOM O!!peaerreHbl 9TH <!JyHKUHOHal!bl, 6yJleT ,2 I • <l>yHK U HSI V(p 
2

) 

B !!peJlCTaB!IeHHH <jlyHKUHOHana ( 5.2) y6b!B88T, KaK l!HHefiHaSI 9KC!IOH8HTa !!0 /(), 

T . e. V (p 2 ),. e - ay p2 !!pH 60llbWHX p 2 . npeo6pa30BaHHe <l>ypbe <jlyHKUHOHB!Ia ylKe 

He 6yaeT uenofi <jlyHKUHefi a rrnocKOCTH p 2 Ha-aa ycnoBHH ( 1.5). K( p 2 l 6yoeT 

HMeTb KaKH e -TO OC06eHHOCTH B KOM!Il!eKCHO W lll!OCKOCTH p
2

, Ha!!pHMep, 

(5.27) 

rae A -aeKOTOpbifi rrapaMeTp. 06b i'IHO TaKHe <jlyHKUHH Bbi6HpaiOTCH a Ka<JecTne 

/12/ 
<jlopM<jlaKTOpOB !!pH l!OCTpOeHHH Hel!OK8llbHOI1 TeOpHH l!Ol!SI • C HaWei< TO'IKH 3pe-

HHSI, 9TO HaHXyJlWHfi Bbi60p <jlopM<jlaKTopa, liOCKO!IbKy, C OJlHOi! CTOpOHbl, COOTBeT

CTBYIOillaH <jlyHKUHSI V( p 2 ) y6biBaeT H8HMeaee 6biCTpO, a , C Jlpyrofi CTOpOHbl , OCO-

6eHHOCTH <jlopM<jlaKTOpa B KOM!Il!8 KCHOfi lll!OCKOCTH p 2 !!pRBO)l>1 T K HapyweHHIO 

YHHTapHOCTH 5 - MaTpHUbl T 80pHH, H H806XOJlHMbl crreuHal!bHbl8 !!pH8Mbl, 'IT06bi 

crracTH yHHTapHOCTb. 

3 a K n 10 q e n H e 

HaM K alKe TcH, 

""e, 
'ITO paCCMOTp8HHbl8 H8l!OKal!bHbie o6o6meHH bl8 <jlyHKUHH H3 

!!pOCTpaHCTB ~ I )laiOT pa3yMHOe !!p8JlC T DB!I8HHe Jlll>1 B03MOlK-"'' ,(, 
N 

H 

HOW H8l!OK8 llbHOH !!pHpOJlbl KBaHTOBOi! T eOpHH l!Ol!SI. 6 b ll!O 6bl HHTepeCHO !!p0!38pi!Tb, 

cnpaaeanHBbi nH BalKHbie TeopeMbi a KCHOMaTHKH, TaKHe, KaK TeopeMa o CPT -HH

aapHaHTHOCTH, !IOK8l!bHOi! KOMMyTaTHBHOCTH H CBSI3H Cl!HHa CO CTaTHCTHKOi! B Cl!y 

qae He!IOK8llbHOI1 KB8HTOBO Ji TeOpHH !lOllS! B H3l!OlK8HHOM Bb!W8 CMbiC!Ie. 

ilpyrHMH B8lKHblM BO!!pOCOM SIB!ISI8TCH B03MOlKHOCTb HC!IO!Ib30BaHHSI H8l!OK8llb

Hb!X o6o6weHHbiX <jlyHKUHfi BHJla ( 1.1) Jll!SI ycTpaHeHHSI Y ll bTpa<jJHO!I8 TOBb! X pacxo-

)lHMOCTei! B p83l!OlK8HHH S - MaTpHUbl l!O T 80pHH B03MYili8HHi! . 3 aecb rnaBH blM 

BO!!pOCOM >IB !ISI 8 TCSI !!p06rreMa O!!peJleneHHSI !IpOH3B8Jl8HHSI JlByX o6o6meHHblX <jlyHKUHi! . 

B cnyqae !!pOCTpaHCTBa zf' T aKoe !!pOH3Be)leHHe MOlKeT 6b!Tb 0JlH03H8'1HO orr -

ItO/ 
peaeneno 
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B 3aKmo'!eHlfe BbtpalKa!O rny6oK y!O 6naroaapHOCTb npo<f>eccopy n.YI.onoxHH

ueay H YI.T. Toaopoay aa o6cylKneHHH. 
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