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1. Baeneoe. YcnoBHe MaltpoDpR'IliBBocTR 

KaJt xopomo RaBecTao, ocaoaaoA TPYllBOCThJO B JtBaBToBOA TeopRR nons, casaaaaoA c 

.DOCTpoeHR8M paanolKaHRR T80pRR B03MymeaRA llnS S -MaTpRDbl DO R3B8CTHOMY narpaHJKHa-

By CHCT8Mbl JtBaHTOBaHHbiX noneA, SBnR9TCR npo6neMa YCTpaH9HRS yn&TpaljiRoneTOBbiX pacxo

llRMOCTaA. BbinR npennpRHRTbl MHOro'lllcneaable noDbiTKR npeononeT& STy TpynaocT&,oTJta

aaBmRCio OT DpRIDlRDa nOJtan&HOCTR BaaRMOllQACTBHR, JtaK STO BD9pBbl9 6blnO Dp9)11f0JK9HO 

BaTarRBbiM/ 
11

• OnaaJto aenoJtan~oaoA JtBaHTOBOA Teopaa nons npucyma Maorae TPYIIHOCTH, H 

B aacroamee apeMH, l!:aK saM JtaJKeTcR, oaa 11ane1ta eme oT caoero aaaepmeaHHx/. HacTos

maR pa6oTa TaltlKQ OTHOCRTC!I It 'IHCny DODblTOit ycTpaHHTh yn&TpaljlaoneTOBbJQ paCXOIIHMOCTH 

B TeOpRH DyTeM BB9li9HHR aenoJtan&HOCTH B narpaHlKH88 BaaHMOII9ACTBHS. 

KaJt 88M lt8JK9TCS, OIIHOA H3 OCHOBHbiX TPYIIHOCTeA DpH DOCTp09HHH H9nOK8nhHOA T90pHR 

DOns RBnS9TCR ljlopMynRpOBKa DpHIDlHDa MaltpoDpR~HHHOCTH S -MaTpHilbl. XoTs HMeJOTcs 

HHTYRTRBHbiQ coo6palKeHRH, ~TO aK8Y3!ln&HhiA CHraan IIOnlKeB llOCTaTO~HO 6bJCTpo 3aTyXaT& C 

pOCTOM BpeM9HH HnH paCCTOSHHS, eme He cljlopMynRpoBaHO llOCTaTO~HO ~eTKoe Tp96oBaBHe 88 

. 181 
DOB9119HR9 S -MaTpHObl, Kalt &TO C)lenaao B cny~ae MHKpODpH~HHHOCTH • 

HaM KaJKeTcs, ~TO paayMHbJM Tpe6oaaaReM MaKponpH~HHHOCTH, aaicnallbJBaeMbiM aa 

/8/ 
S -MaTpHny, 6bllf0 6bl Clf911YIOD!99 o6o6meaHe ycnoBHS MHKponpH~RHHOCTH • nycTh 

cf>(x) -<>neparop nons. Tor11a 

xx/ 
S -MaTpHDa IIOnJKBa YIIOBn9TBOpSTh CJJ911Y'<>I!I9MY 

ycnOBHIO 

( 1.1) 

x/CM. o6aop no aenoK81floBOA KBaHTOBOA TeopHH nona121 

xx/ /8/ + 
3aM9TRM, ~o,Jt81t Cn911Y9T H3 BbJBO)Ia YCHOBHB npH~RBHOCTH B , eCnR SS 41 

He MaCCOBOA o6ono~KH, B ycnoBHR DpR~HHHOCTH DOSBnS9TCS s-' , a ae S+ • 
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BHe o6nacTeil G H Gr , rt~e 

G: xo~ Y o• (x-y)
2
>0 -npaqaaaaa o6nacT&, ( 1.2) 

Gr: -ta ~(x-y)a'>..f 2 -HenpHqHHH8H o6118CT& ( 1.3) 

3nec& HM99T CM&IC11 '3119M8HT8pHOft' 11.11HHblo 

npH 3TOM He06XOII.HMO H8110)1(]1Tb eme II.Ofi011HHT811bH08 Tpe6oBaHH8, qTo6bi Bb!p8lKeHH9 

( 1,1) B 06118CTH G f 6bi1IO 6bi nponopnaoHan&HO T&KHM penHTHBHcTcKu~aasapHaHTHbiM 

o6o6meHHbiM <!>yHKilHHM Af (x- Y), KOTOpbie 0611811.811B 6bi cnenyiOillBM CBOIICTBOM, ni06hie 

<fJyHKilHH f(x) t OT1JHqHbie OT Hy11H B K8KOft-1JB60 orpaHBqeHHOil 06118CTR npOCTp8HCTB8-Bpe-

M8HR G f , OHR nepeBOII.R11R 6bi B <fJyHKilBH F(x)=fdyAf (x-y)f(y) OT11Hq-

Hbl8 OT HY11SI 11RWb B H8CK011bKO 6on&meil orp8HHq8HHOil 06118CTB npocTp8HCTB8-BpeMeHH 

G F= G 1+ 8 G 1 , npaqeM o6nacT& 8Gt orpaHHqeHa H nenRKOM neJKRT BHYTPH 

o6nacTR G tf , TeKoA, qTo x ~ G 1t , ecna -P 2 ~ (X - y ) 2!: f 2 rne y EG
1

• 

npa 3TOM <jlopMa STOli 'pa3M838HHOII' o6nacTH G, li.OnlKHB 38BHC8Tb T011bKO OT XAp8KTe-

pa noseneHHH <fJyHKilHH f(x) s o6nacTH G 1 • 

Ta~toe onpeneneHHe M&KponpuquHHOCTB HaM npeacTaBnaeTcH sec&Ma ynonneTsopuTen&

HhiM, fiOCK011bKy ORO pe11HTRBHCTCKH HHB8pH8HTHO H CB060II.HO OT 06bJqHbiX B03p8lKeHHft, qTo 

38BHCBMOCTb Bblp8lK8HHH ( 1,1) BHe npRqRHHOil 06118CTH G ( 1,2) OT HHTepnana 0 a (x- y )2 

II.OfiyCK88T cymeCTBOB8HR8 8Kay3811bHbiX CHrH8110B Hft CK011b yrOII.HO 6on&WHX paCCTOHHHHX, 

KaK .noKaaaHo HHlKe, TaitHe o6o6meHH&Ie <f!yHKilHH cymecTsyiOT, OnHaKo HaM He ynanoc& 

YII.OBneTBOpHT& c<flopMy11HpOB8HHOMY Tpe6oB8HRIO M8KponpHqRHHOCTR B nonHOil Mepe, 0K838-

noc&, qTo npH nocTpoeHRH paanolKeHBH S -M8TpHilbl no KOHCT8HT8 CBII3H C ysenaqeaHeM 

nop1111.K8 TeopHH B03Mylll8HHil HenpRqRHHftH o6n&CTb G f pacmupaeTca, II.OCTRraa senaqJ{Hbi 

G Cn-l )f s n-oM nopanKe, 3To oaaaqaeT, qTo B npenene nonaoro pana S -MaTpHna, 

CTpOro rosopH, He YII.OBneTBOplleT c<flopMynHpOB8HHOMy YC1IOBRIO npaqRHHOCTH, 

011.H8KO <fJH3HqeCKR 381l.ftqy MOlKHO nOCT8BHTb T8KHM o6p830M, qT06bi CTeneHb Hapyme

HHH npaqHHHOCTH H8XOII.Hn8Cb B paMK8X 06biqHbiX Tpe60B8HHil 9 npell.'hHBnHeMbiX K HenOK811b

HbiM TeOpHHM, neACTBBT811bHO, HftM HB06XOII.HMO nOCTpOHTb no 118rp8HlKR8HY CRCT9Mbl KB8HTO-

saHH&IX noneil S -M8TpRily B BRII.9 pH11.8 TeOpHR B03MylllBHHil no ~ KOHCT8HTe CBH3H, 

nonqepKHeM, Mbl RHTepecyeMCII ~ piiii.OM TeOpHH B03MyiUeHHII, 0 CBOIICTBaX scero p1111.8 

B nenoM B paMK8X COBpeMeHHbiX MeTOII.OB HHqero CK838Tb H911b311, noaTOMy MOlKHO noTpe-

6oB8T&0 qTo6hl H&pyWBHH& npHqRHHOCTH, npOHCXOII.HIUee Hft MaKpOCKOnHqecKHX p8CCTOIIHRHX 

H onHCbiB89M08 Bb!CWHMH nopHII.KftMH TeopHH B03MYill9HHil, 6bl110 acqea&IOID9 M81JO, 

neiiCTBHTe1J&HO, B 06biqHOI! He1IOK811bHOil T&OpHH Tpe6yeTCH, qTo6bi aenpuqHHH&III 1 
, 

4 

• 

CHrsan&I 38TYXftnR II.OCT8TOqBo 6&ICTp0 CO speMeHeM BnH C paCCTOIIHHeM 

e-At rne A - RMnyn&e o6peaaHHII, B cnyqae, aanpuMep, cna 

rt~e o6&IqHo Bbt6upaeTCll A • 100 fall, 11.n11 speMeH nopllt~Ka &TOMH~ 
-18 -1 t • 10 celt • 1 as , BnBRHBe Henpaqassoro curaana Kpallae M~ nnB 

•espl -10 111 • nocMOTpBM, qTO npORCXOII.BT B paCCM8TpHB88MOil C 

T80pBB C paanOlK8BHeM S -MaTpHilbl no ManoA KOHCT&HTe csaaa, Caoi 

6ble B38BMOII.eilcTBBII. ManbiM napaMeTpoM p1111.a Teopaa soaMymeaail s ~ 

c11 senB'iBBa Gl-
2 

, rne G - KOHCTaBTa cna6blx BSaHMoneilcTBHA, 
-2 

nnHIIa. EcTeCTBeBBO npennonaraT&, '!TO Gl < 1 • nycT&, HanpHMep, 

pymeBR8 DpR'iBBHOCTH Bft paCCTOIIHBIIX nopHII.Kft 8TOMB&IX p83M8pOB 6yAe~ 
r 11 · 

piiii.KB TeOpBH B03Mylll8BHII D '" r '" 10 , 8C11B Bb16p&Tb0 K8K H p~ 
-8 - -2 -1 

Ka paaMepa aTowa r • 10 cM• 1 as , a l • 10 fan • 3HaqHT, se; 

38HHOrO C HanpHqHHB&IM noseneBHeM H8 paCCTOSIHBl!X nop1111.K8 8TOMBhlll.?l 

-2..11 11 L • (Gf J .. esp I -10 I T,e, cTon& lKB Mana, Kelt u s o6b:qao nonycTH.,.I . ' 

K811bB&IX T80pHII, 

TaitHM o6paaoM, npennonaraeMall cxeMa nocTpoeaHII Henoitan&Holl 

neACTBBII ,xapaKTepH3YIOillRXCH Manoll KOHCT8HTOII CBII3H, K8K H8M npeii.C1 

<fJH3Bq8CKII npBeMneMOil. 

B aacTOHmell pa6oTe 6yneT paccMoTpeao 11.n11 npocToTbl onHoKoMno 

KBaHTosaasoe none. 06o6meuae npellnaraeMoll nponenyp&I sa <flepMHOHBC 

npasuanaan&B&IMH TPYilHOCTIINR. B § 2 6onee qeTxo c<flopMynaposaaa 

6Rp88TCll ItnaCC H8nOK8n&H&Ill. onepeTOpOB, B § 4 H3yq&IOTCH CBOIICTB8 Kl 

o6o6IUeHH&Ill. <fJyBKilHII, B § 5 npOBOilHTCll nOCTpo8BR8 pllll8 TeOpBH B03M~ 

M8Tpllll&I0 B § 8 nOK83biBaeTCll, qTQ S -M8TpHil8 yBHT8pBa, a B § 7 

pli8T c4»opNynHpoBaBHOMY yC110BHJO DpBqBBBOCTB, 

.1# 

2. noc'raaosita aalla'lll 

BylleN paccwaTpHBaT& OllBOKONDoHeBTHoe c~tanRpaoe none 

narpaBlKH8HOM B38HMOII.8IICTBHll cnell.yiO!llero BBII.8: 

L(x)•L 0 (z)+L 1 (x). 

,P(x), 1 

31leC& L
0 

(x) - oC5bJqBblll narpaB)I(]IftB cso6ot~soro non11, a L
1 

(x) 0 

cTBHe nonH ,P(x) • B cnyqae oC5bJq&oil noltan&aoll TeopuH non11 narpa1 

l!Bn118TCll B8KOTOpbiM nonRHOMOM OT nonll ¢(x), H8Dpuwep, L 1 (x)•l 
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Gf , rAe 

~ y O• (x-y)
2

>0 -npH~HHH8B o6naCT&, ( 1.2) 

-f2 ~(x-y)2'>..f 2 -aenpH~HHHaa o6nacT& ( 1.3) 

btcn "aneMeHTapnoA" nnHHhi. 

•AHMO HBnOlKHT& eme AOnOnHHTen&HOe Tpe60B8HH9 0 ~TOiibl Bblp8lKeHHe 

6blnO 6bl nponopUHOHBn&HO T8KHM penaTHBHCTCKH'-RHB8pH8HTHbiM 

Af (x- y), KOTOpb19 o6neA8nR libl CneAYIOntHM CBOIICTBOM, n106b1e 

~Hble OT HynH B K8KOfi-nR60 orp8HH~eHHOI! o6naCTH npocTp8HCTB8-Bpe-

BOARnH libl B «J>yHKUHH F(x)=fdyAf (x-y)f{y) OTnR~-

ecxon&KO 6on&mell orp8HH~eHHOII o6naCTR npOCTp8HCTBa-BpeMeHR 

npH~eM o6nacT& BG 1 orpaaa~eaa H nenuxoM nelKHT sayTpH 

f 2 2 • 2 11, ~To xE-G 1t • ecna - ~(x-y) :;:, , rne yEG
1

• 

'paaMaaaaaoll' o6nacTH G, noltJKHa aasaceTb Ton&xo oT xApaKTe

f(x) s o6nacTH G 1 • 

IRe M8KponpH~HHHOCTH HaM npenCTHBnaeTCH B9C&Ma YAOBneTBOpHTen&

enBTHBIICTCKH HHB8pH8HTHO H CB060AHO OT 06bi~Hb1X BOapalKeHHI!, ~TO 

a (1,1) BHe npH~HHHOII o6necTH G ( 1,2) oT HHTepsana e ~ (x- y ) 2 

He 8Kayaan&Hb1X CHrHSnOB H8 CKOn& yrOAHO 6on&IIIHX paCCTOBHHBX, 

lKe, Taxae o6o6meHHble «<>YHKIIHH cymecTByiOT, Onaaxo HaM ae ynanoc& 

aposaaaoMy Tpe6osaHRJO MaxponpR~HHHOCTH B nonaoll Mepe, Oxaaa-

RR paanOlK&HHB S -M8TpHUbl no KOHCT8HTe CBB3R C ysenH~eHR&M 
9HRI! HenpR~RHHaa o6n8CT& G f pacmHpHeTca, nocTaraa senH~lfHbl 

nxe, 3To oaaa~aeT, ~To B npenene nonaoro pana S -MaTpana, 

neTBopaeT c«J>opMynRpOB8HHOMy ycnOBRIO npH~HHHOCTH, 

38Aa~y MOlKHO nOcTaBHT& TaKRM 06pa30M 0 ~T06bl CTenea& Hapyme

Rnac& B paMxax o6bJ~HblX Tpe6osaaall, npeA'baBna&MblX K aenoxan&

ITen&ao, HaM aeo6XOAHMO nocTpOHT& no narpeH}I(HSHY CHCT9Mbl KB8HTO

TpHny B BRAe pane TeOpHH B03MyllleHHI! no .!l!.AD.2JL KOHCT8HTe CBa3H, 

cyeMca TOn&KO paAOM TeOpHR B03Mynt&HHII, 0 CBOIICTB8X BCero pHna 

9MeHHblX MeTOAOB HH~ero CK838T& Hen&3a, noaTOMy MOJKHO noTpe

Re npR~HHHOCTH, npOHCXOAalllee H8 M8KpOCKOUH~eCKHX p8CCTOaHHaX 

H nopaAK8MH TeopHH BOaMyllleHHII, 6bJnO RC~9381011Xe Mano, 

06bi~HOI! Henoxan&HOI! TeopRR Tpe6yeTca, ~T06bl aenpR~HHHble 

4 

• 

CHrBanbl 38TYX8llll AOCT8TO'IHO liblCTpO CO BpeM&H&M HnH C p8CCTOBHR&M
0 

H8UpRMep
0 

KflK 

e-At rne A - RMnyn&c olipeaaaas, B cny'lae, aanpaMep, cnalibJX saaHMonellcTBRII, 

rAe olibi~Bo Bb115apaeTcs A • 100 ras, nns speMea nopsnxa aTOMHbiX paaMepos, T,e, 
-18 -1 

nna t•.10 cex • 1 aB , BnHBBRe aenpH~RBHoro caraana xpallae Mano, HMeaao : 
11 

• ezpl -10 I • nocMoTpHM, ~TO npoacxoAHT B paccMaTpRsaeMoll cxeMe aenoxan&aoA 

T80pRH C paanolK&HR&M S -MaTpRilbl no Manoll KOHcTaHTe cssaa, Caosa paccMOTpHM cna-

6ble B38HNOAellcTBRB. ManbiM napaMeTpoN psna Teopua BOaMymeaaA B aTOM cny~ae ssnseT

cs senR'IHHa Gl-
2 

, rAe G - KOHCTaaTa cnaliblx saaaMonellcTBHA, l -aneMeaTapaaa 
~ 2 

nnaaa. EcTecTseaao npeAnonaraT&, ~TO Gl < 1 • nycT&, aanpaMep, Gl - = e -• • Ha-

pymeBRe npH'IHBHOCTH B8 p8CCTOIIHRBX DOPSIAK8 8TOMHbiX j:>a3MepoB liyaeT onHCbiBaT&CII B no-

PIIAJte TeOpHR B03Mynteaall 

Ita p83Mepa 8TOM8 r" 10-8 

r 11 
D " r " 10 , ecnH Bbl6paT&, Kalt H paHee, B&IIH~HHY nopsn-

- -2 -1 
eM• 1 as , a l • 10 ras • 3aa~HT, sena~RHa a«<>«!>exTa, cs11-

3aBROrO C ReDpH~RHRbiM nOBeA9BH9M Ha paCCTOSIRHBX nopBAKa 8TOMHbiX,6yneT nopsnxa 

-a... Ill 
• (Gf } "ezpf -JO T,e, CTOn& JKe Mana, ltalt R B 06b:~HO nonyCTHMbiX BapHaHTaX aeno-

' 
xan&RbiX TeOpHII, 

TaJtHM o6paaoM, npennonaraeMall cxeMa nocTpoeaus aenoxan&aoll TeopHR nns saauMo

nellcTBHII,xapaxTepuayJOntHXCB ManoA KOHCT8RTOI! CBB3H 0 KBK H8M npenCT8BnBeTCB, BBnBeTCII 

«J>H3R'I8CKR npReMn&MOI!. 

B aacTOameA palioTe 6yneT paccMoTpeao nns npocTOTbl onaoxoMnoaeaTaoe cxanspaoe 

KBBI!Tosaaaoe none, 06o6meaae npe,QnaraeMoll npone.11ypb1 aa «J>epMHoaaoe none ae cssaaao c 

JJPRBIIRDR811&Bb1MR TPYAROCTBMR, B § 2 6onee ~eTxo c«J>opMynaposaaa aa.11a~a, B § 3 Bbl-

6Rp88TCSI KII8CC aenoxan&RbiX onepeTOpOB, B § 4 Ray~SIOTCB CBOIICTB8 Kn8CCOB OCHOBHblX R 

o6o6nt8RRbiX «J>yRKIIRII0 B § 5 npOBO,IIHTCSI noCTpo8RH8 pB,118 T80pRR B03MYnt8HRli .llnB s 
M8Tpllllb1 0 B § 6 DOK83biB88TCSI0 ~TO S -M8TpHil8 YHRT8pR8 0 8 B § 7, 'ITO ORB ynoBn&TBO-

pS18T *puynRpOBBHHOMY ycnOBRIO npR'IRRROCTR, 

;. 

2, noc·T8HOBK8 38.11a'IR 

By.11eN paccuaTpRBBT& O.IIROKOMnoaeaTaoe cKanapaoe none 

narp8RlKR8ROM B38RMO.Q8IICTBHSI cneAyJOntero BR.Qe: 

L(z)•L 0 (z)+L1 (z), 

¢(X), KOTOpOe OnRCbiBB&TCB 

(2,1) 

3,Qec& L 0 (z) - olibi'IR&IA narpaR}I(RaH csolionaoro nona, a L 1 (z) OnRCbiB88T C8MOA&li-

CTBH8 nOllll </>(z) , B Cny'l88 Olibi'IHOII ROK8li&HOII T&OpRR non11 narp8HlKR8H B38RMO.Qei!CTBHSI 

SIBnii&TCB R8,KOTOpbiM UOliRROMOM OT DOnSI </>(z), aanpRMep, L
1 

(z)•g¢ 4 (z), 

5 



I 

Mbi 6yAeM paccMaTpHBBTb cneAyromyro aaAa'ly. 6yAeM C'IHTBTb, 'ITO B narpaHlKHBH Baa-

HMOilellcTBIHI BXOilHT ae none cp (x) , a none ~ (x), onpeAeneaaoe cneAyroiUHM oopaaoM: 

rAe 

~ (X)~ f d y A (X - y ) cp ( y ) • A (0 z) cp (X) , 

(.) 
A(x-y)•A(0z>B (x-y), 

A (Q)- HeltOTOpbiil onepaTOp OT 
a 2 a 2 a2 a 2 0--------

z ax2 ax 2. ax 2 ax·2 
0 I 2 l 

(2.2) 

(2.3) 

npoBelleM HeKOTOpbie npeoop830B8HHH, <l>opMBnbHO S -M8TpH~y MOlKRO 38nHC8Tb B 

BRAS T -npoaaBelleBaH: 

S = Texp ( -If d x L 1 ( x) I , {2.4) 

rAe L
1 

(X) Tenepb HBnHeTCH nonHHOMOM OT nonH lfl (X) , RaiJpHMep, L I (X) • 1 ~ 4 
( x) , 

PaanolKHM S -MaTpHUY B p!ill no ltOHCT8HTe CBH3H I a nepeitAeM 1t N -npoaaseAe-

HHIO onepaTopoB nonH ~(x) cornacao TeopeMe BaKa, rAe noll xpoaonoruqecJtoi! csepTJtoll 

onepaTOpOB ¢ ( x) oyJleM nOHHM8Tb T81t R83biB8SMOe 'BHitOBO T -npoaaBeAeaae': 

....--. 
De (x- y )~<I> (x)~ (y)• A (Qz> A <0 t cf> (x )</> (y)= 

{2.5) 

=A (Q)A(0y)A c (x- y) =-1-f d
4
p[ AC-p

2
)] 

2 
etp( z-y) 

(?.rr)4i p 2 -m 1 +i< 

TaKHM oopaaoM, Mbi nony'IHM no cTpyKType OObi'IHbiil pHil Teopaa B03Mymeaall c eAHHCTBeH

HbiM OTnH'IH~M, 'ITO 06bi'IHbie npH'IHHHble ljlyHitUHH CKBnHpHOro nonH 38MeHHIOTCH H8 d.lyHKUHH 

{2.5). 

nocT>lBHM cneJlyromyro 38/lB'Iy. MolKHO nH T8K noAo6p8Tb onepaTOpbl A([) • 'ITOObl 

<jl~HKUHR [ A( -p 2) 1 ~ Hrpana ponb TYHit~HH 06pe38HHH, HnH ¢opM¢8KTOp8 B pHJly TeopHH 

B03MyWeHHii, T,e,, 'IT06bi CXOilHnHCb HHTerpanbi, COOTBSTCTBYIOWHe ni06biM rpa<jJaM <l>ei!HM8-

H8, H 6binH BbiUOnHSHbl Tpe60B8HHH yHHT8pHOCTH H npH'IHHHOCTH ,aaKn81lbiBaeMbie H8 S 

M8TpHUY TSOpHH ? 

3, CBoilcTBa onepaTopoB A <n> 
npacTynHM K H3y'leHHIO CB0!1cTB onepaTOpOB A (C) , 6yJleM C'IHT8Tb 0 'ITO ·on"!!J8;0ph! 

A([]) MOlKHO npeJlCT8BHTb B BHAe 6eCKOHS'IHOro p!iil8 no CTeneHRM r-,, 

6 • 

·\ ,, 
'f 

A<O>- f .5!_ on. 
n•O (2n)l 

Torlla ljlypbe-o6paa sTOro onepaTopa aanaweTcR B BRAe: 

.. c 
A(z)• I -•-z "; 

-o(2n)! 
z = -p 2 • 

KaltRM Tpe60B8RHHM llOnlKR8 yllOBneTBOpHTb ¢yaK~RH A(-p 1
) ? npe)I(Jle BC 

A(-p1 ), p8CCM8TpHB8eM8R K8lt ¢yHitURH ltOMnneKCHOil nepeMeHHOit S•• 

6b1Tb ~enol!, nocJtonbXy nto6bie oco6eaaocTR ljlyaJt~RR A { -p 
2

) npa KOB~"'I 
K DOBBn8BBIO llODODRRTenbHbiX aeljJH3R"'eCKRX OC008BHOCTeA y 8MDnRTJil ~R 
COB, 8 8TO 03H8"188T, 'ITO S -M8TpH~8 TeOpHH Be 6yll8T yHHT8pBOI, 

HTaJt, ljlyalt~HR A(z) B (3.2) - IienaH. 6yAeM paanH'IBTb TpR B03M 

(I) 

(U) 

(IU) 

... 

I 

u;;;-lc 1-;;-•0, 
ft ... OII D 

I 

- " lim lc I •Const<oo, 
n .. oo n 

I 

lim lc 1
7 

="' 
n-+ 01 n 

PaccMoTpHM B03MOlKHOCTb ( 1). B TOM cnyqae <!>yaKUHR A (z) 
1 

<!>yRit~HRMH KORe'IHOrO nopRillt8 pOCT8 Y < 2 , T,e, 

\A(z)\<fi•IY (y<-}l. 

SIE 

rAe 8 -R8ltOTOp08 DODOlKHT8nbR08 'IHCnO, npaMepOM T81tRX ljly&lt~Hil RE 

MaTTar-ne<l><l>nepa: 

.. •" 
Ea(z)=n:of(an+ 1) npu a> 2 • 
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cMaTpHBaT& cneay10WYIO aaJlB'<Y• EyaeM C'IHTaT&, 'ITO B narpaKJKHaH saa-

ae none </>(x), a none <ll(x), onpeaeneaaoe cnellYIOWHM o6paaoM: 

<l>(x)=fdyA(x-y)tf>(y )=A<O.> </>(x), 

0 
(4) 

A(x-y)=A( .)8 (x-y). 

pbrll onepaTOp OT 
aa aa aa aa 

0~-------
• ax2 ax 2. ax 2 ax·2 

0 I 2 ~ 

(2.2) 

(2.3) 

TOphte npeo6pa30B8HHSI, <f>opMallbKO S -MaTpHlly MOlKHO 3anHC8Tb B 

S = Texp I -if d x L 1 ( x) I , (2.4) 

BllSieTCSI nonHHOMOM OT nonsr ()> (X) , HanpHMep, L t (X) • g <ll 4 ( x) , 

TpHUY B pHa no KOHCTBHTe CBSI3H g a nepeiineM K N -npoaaseae-

sr ell ( x) cornacao TeopeMe BaKa, rae noa xpoaonoraqecEoll CBepTEoll 

6yaeM noHHMaTb TaK H83hiBaeMOe 'BHKOBO T -npoaaaeneaae': 

.--.. 
Dc(x -y )=<I> (x)<ll (y)• A (Q.) A (Q ;</>(x )</> (y)= 

(2,5) 

=A (Q)A(0Y>Ac (x _ y )=-1-f d
4

p[ AC.:_p
2

)] 
2 

8
lp( z-yl 

(?.~r)4 i p 2 -m 2 +i• 

nony'IHM no CTpyKType 06ht'IHhtli psra TeOpHH B03Mymeaall C et~HHCTBeH-

6ht'IHble npH'IHKHble <!JyHKUHH CK81lHpHOrO nonsr 38MeHSIIOTCSI HB <!JyHKtlHH 

YIOWYIO aaaaqy, Mo)KHO na TaK noao6paTb onepa'I'Opht A(Co) , 'IT06bt 

Hrpana pOilb TYHKllHH o6pe38HHSI, HllH ¢opM<jJaKTOpa B psray TeopHH 

06bt CXOaHIIIICb HHTerpallbl, COOTBeTCTBYIOWHe llOObiM rpatjlaM <f>eiiHMa-

hl Tpe6oBaHHH YKHTapHOCTH H npH'IHHHOCTHtHaKnaahtBaeMhte Ha S 

3, CsollcTBa onepaTopos A (n) 

yqena10 cno,kTB onepaTopon A <C> • EyaeM C'IHTaTb, otTo ·onepaTOphr 

CTRBHTb B BHile 5ecKOHe'IHOrO pSI/lS ITO CTGITeHRM r-1: 

6 

• 

I 
l 

A<D>= i ~On. 
n•O (2n)l 

Toraa 'yp&e-o6paa sTOro onepaTopa a~nameTCsr B Bane: 

.. c 
A(z)= I-•-z"· 

-o(2n)! ' 
z = -p 2 • 

(3.1) 

(3.2) 

KaKHM Tpe60B8HHAM AOillKH8 YAOBneTBOpRTh ¢yHKllRR A(-p 2 ) ? npe)KJ:le BC8rO OTM8TRM, 'ITO 

A(-p2 
), p8CCM8TpRB8eM8R X8K ¢yHKURR KOMnneKCHOII nepeMeRHOII Z=-p 1 

A01llKH8 

6h1Th ll81lOII1 llOCKOilhKY n106hte ocofSeRROCTB ljlyRKUBB A ( -p 
2

) npB KOHe'IHbiX p
2 

npRBeAYT 

K llORBn8RBm tl01lOIIRRT81lhHbiX H8,H3B'teCKBX OC068BHOCTell y 8MnllRTYA 'R3B't8CKHX npo!leC-

COB1 8 STO 03H8't8eT1 'ITO S -M8TpRll8 'l'eOpHR He 6yneT yHRTapaoll, 

HTaK, ljlyHKllRR A(z) B ( 3.2) - nenaR, EyaeM paana-taT& TpB B03MO)KHOCTB: 

(I) 

(D) 

(In) 

I 

'jj;"lc 1;;--o, 
n-+oa D 

I - ;;-
lim I c I • Const < .. 

n-+ eo n 

I 

lim I C I 0 

=oo 
n -to a. n 

"' 
PaccMOTPRM B03MOlKHOCT& (1), B TOM cny'lae ljlyHKllHR ·'(z) 

1 
ljlyHXllHRMH KOHe'IHOro llOpSIAK8 pOCT8 )' < 2 , T,e, 

IA(z)l<fl•ly (y<f), 

(3.8) 

RBnAIOTCSI UellhlMH 

(3.4) 

rae a -HeKOTOpoe nonO)KHTen&HOe 'IHCIIO, npaMepOM T8KBX $yHKllHII ABnAeTCSI ljlyHKUHA 

MaTTar-ne¢$nepa: 

.. :r• 
Ea(z)·.:or(an+l) npH a> 2 , 

'.•' 
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/4/ 
Hs TeOpBB nen~x ~YBXDBI (CNOTpB0 sanpBNep, ) B3BeCTH00 ~TO ADB TBXBX ~YBKDBI ae 

cymecTByeT BB OABoro sanpaaneaas B xoMnnexcRol nnocxocTB z , BAO~ xoTOporo oRa 

Norna tl~ yti~BATb, CneAOB8TenbR00 ORB se NoryT B~DOnBBTb ponb ~YBKDBII otlpe38BBS 0 B C 

BX DONODtbJO Rell!o3B CAensTb II:ORe~BOII TeOpBIO B03NymeRBII, 

/5/ 
C Apyroll CTOpOR~, MOlKRO DOK838Tb0 otlotlmaa pesynbT8T~ patiOTbl MeiiM8R8 sa pe-

nsTBBBCTCXBII cny~all, ~o onepaTOp~ A <0>, y KOTOp~x KoscM!auaeRT~ c yAosneTsops-

" 
JOT ycnoBBJO ( S.S. I ) , asnsJOTCB noxan••~wa, T,e. , rpytlo rosopa, noseAeaae onepaTOpa no-

DB ~ (11) B TO~Xe 11 38BBCBT OT DOBeA&BBB ODepaTOpa DODB o/>(11) TOnbXO B SeDOCp&A-

CTBeBSOA OXJ?ecTSOCTB TO~B 11 • CTporoe M8T8M8TB~8CII:Oe nocTpoeSB& tl~no tl&l cneAyJO-

IItlfMo Otlotlmess~e ~BKDBB (2,3) ODpeAenBIOTCII B BBniiiOTCB noxanbS&lMif sa xnacce OCSOB-

B~X ~ySKDBII c 0. ~YSXIIBB OCBOBBOro xnacca f(ll) otlnaAaiOT cneAyJODtBMB CBOIICTBANB: 

1) X8lKli8B f(11)• f(11
0

, ll
1

, 11
2

,11
3

) asanBTB~SB DO XBlKliONy apryMeSTY 11 J B S&XOTO-

poA nonoce o, BOKpyr &eDteCTB&SSOII OCB1 T,e, B nonoce I Im 11 1 I < d 1 , rAe 

d f 38BBCRT OT ~ySKDBR f( 11); 2) ~YBKDRB f(x) B Bee ee DpOR3BOAS~8 orpaRR~es~ 

Oneparop~ nona o/>(11) ae npa-B 0 f; 3) ~YBKDBR f(11) y6~saiOT npa Z.J ... ±oo • 
SAAnelKaT xnaccy CO • 0AS8XO Beer As MOlKBO BBeCTB nponeAypy secot5CTB8SSOrO npeAen&-

soro nepexoAa, T.e. BB&CTB Tax seKoTOp~e onepaTop~ nons ¢ t ( 11), ~To npa nJOtloM t > 0 

of>t ( z) E- C O ~ R 38TeM paccMaTpRB8Tb npeAeDbS~A nepexoA t .. 0 , OnpeAenRB cooTBeT-

CTBYIODtRM o6p830M CXOARMOCTb B DpoCTp8RCTBe OCSOBS~X ~yliKURA, MOlKKO 38TeM YTBeplK

A8Th1 ~0 otlot5DteHR8S ~YHltDRS A(11-y) B (2,8), RDR onepaTOp&l A(0) B (2,2) SIBDSIJOT-

ell noxan&RbiMll, 

HTax, M~ nony~una, ~To sen&ss nocTpoHTb TeopHIO eoaMymeauA 6es yn&TpacjlaoneTOBblX 

pBCXOARMOCTeA, BBOAS B narpAHlKHBS B38RMOAellcTBHS BMeCTO nons ¢ (11) nOK8DbH09 none 

~ ( 11) • 

poeTs 

B cny~ae (n) 
1 y• 2, T.e. 

cjlyKKDRR A (z) SBnSIOTCS uenblMH cjlyHKUHSIMH II:ORe~soro nopSAXB 

IA(z)IS:tay\.f (3.5) 

nns T8KHX cjlyHKUHA MOlK9T cymeCTBOB8Tb nHWb OAHO S8Dp8BD9HH9 B KOMDneKCHOA DnOCKOCTH 

Z t BAOnb KOTOporo ORR y6biB810To HHlK9 Mbl 6yAeM DOApo6HO HCCn9AOB8Tb HM9HHO 9TOT 

cny~aA, 

we 

B cny~ae 
y-~ 

2 

• 

(lll)cjlyHXUHH 

• T.e. 

A(z) SBnSJOTCS U9nbiMR cjlyHKUHSMH, DOJ?SJlOK XOTOJ?biX Bbl-

I A(z) 1 <fh<i•IJ 
' 

(3.6) 

8 

I' 

·~,,!~, 
I' 

I· 

j 
~· 

•' 

rAe h(lal)- H&XOTOpas DOnOliOIT9DbHBSI<jlyHKUHS, DpH~eM h(lzl)>alziiH 
I zl.... R npoasaonbH~X t > 0 • Y Taxax ljlyaxnall MoryT cymecTBOBsTb 

B KOTOPblX ORB y6~BaiOT npa I zl .... , Tax ~TO ax MOlKRO 6blno tlbl BbJ6pa1 

ljlyaxnHII o6p&38HBII R DOCTpOBTb C RX DOMODtblO XORe~HyJO B yHBTBpHyiO TeC 

0AR8XO MOlKHO DOX838Tb ( Mbl H9 tlyAeM H8 9TOM OCT8H8BnBB8TbCB) 1 ~TO DC 

pbl ~ (11) ylKe ae 6yAyT B aTOM cny~ae nox~S~MB1 T,e, DOBeAeHBe or 

~(11) B TOUe 11 6yAeT onpeAensTbcR noBeAeHBeM onepaTopa nons of>( 11 ] 

npocTpaacTB&, Hs~MB cnoBaMH1 ARcf>4lepeauaan&Shlll onepaTop A(0) B (8,3 

SA C8MOM Aene BSTerpsnbHblM onepaTOpOM, HAJ?O KOTOporo OTDR~HO OT ayn 

DpoCTpBHCTBe, noaTOMY ycnOBBIO npB~RSSOCTR TAKAS T80pBB He 6yAeT YAOB 

4, 0CHOBHOA xnacc «l!vHKUHA H o6o6meHRble cl>:yaxgp 

ByaeM paccMaTpHBBTb Taxae o6ot5meRHbie ljlyaxuaa 

(4) 
A>.(x-y)• A>.<O.>B tz-y), 

ADS KOTOpblX onepaTOp A A (0) TRna ( 8,8 II ) MOlK9T 6biTb np9ACT8Bn9R B 

RnR 

1p a .. a 
0 

4 o·a+P-
A>.( )• f d pa(p 2)t "o a1 

>. . 
=(2~r)2 f df3f32a(f32)~ 

p2 <.\2 

a 
A>.<C>= f d• ( 2 Poa;:-+~"P-f,-

p2<>.2· pap )f o • .. = (2~r)2 J df3f3 2a(f3 2) .l.!j 
0 

3AeC& DOA p noHHM89TCS ~9Tblp9XM9pHblfl eBKnRJlOB B9XTOp p2 = p 2 + p 2 ~ 
0 1 

8 (p 2 ) - H9KOTOJ?8S HHTerpHpyeMaS <jlyHKUHS OT p 2 , J I (z) - ljlyRKUHS 

H9KOTOfjbii! napaMeTp, HM9JOWBA CMbiCD • 9n9M9HT8pHoA" llDHRbi, KAK 6ylleT 

B nan&aef!weM Mbi 6yaeM roeopHTb, ~To onepaTopbi A>. ( 0> npaaan~ 

HDR THny (B), eCnH ORR np9JlCTaBnSIOTCS COOTB9TCTBeHHO B BHJle (4,2a) 

3anaweM onepaTOpbi ( 4,2) B HMnyn&cHoM npeacTaeneaaa 

2 2>. -
A;..(-p )•(2~r) Jd/3{32 a({32) Jd{JV-p2) (Tan A), 

y-p2 

9 



/4/ 
'YHKDBII ( CWOTpB0 RaDpBMep, ) B3HCTRO, 'lTO JlRH TaKBX ljlyRXUBII Be 

oro aanpasneRBH B xownnexcaoll nnocxocTR :1 , IIJlOlDt KOTOporo ORB 

CneJloBaTeii&Ro, ORB ae MoryT BhlnonBBT& pon~a ljlyRXUBit ol5peaa.a&R0 • c 

SJ C)lenaT& KORe'lROA TeOpRIO B03MYIUeBBII, 

/5/ 
os&r, MOJKRO noxaaaT&, otloiSmaR peayn&TaT&r patlOTbl MeiiMaRa sa pe-

A, 'lTO oneparophl A <0>, y xorop&rx xoscjlljlauaeaThl c yJloBneTBOpR
a 

) 1 SJBRRIOTCR IIOKaii&RhiMB1 T,e, o rpytlo l"'OBOpR0 nOBeJl8.BBe OUepaTOpa no-

Z 3aBHCBT OT noBe)l8HBR OnepaTOpa nORSJ ~(z) rom.xo B seuocpeJl-

B TO'lXB z • CTporoe MaTer.laTR'l&CKoe nocTpoea&e tlhlno tlhl cneJlyJO-

yRKUBB (2.3) OllpeJl811RIOTCR B RBnRIOTCSJ IIOXaR&BhiMB Ba KllaCC8 OCBOB

~YRKUBB OCBOBHOI"'O xnacca f(z) Otlna)laJOT Clle)lyJOIUBWB CBOACTBaMB: 

f ( zo • z •• z 2. z 3 ) asanRTB'IRa no xali(JlOMy apryMeBTY Z J 8 B8KOTO-

soxpyr semecTseaaoa oca, T.e, B nonoce lim z 1 I < d 1 , l"'Jle 

YHKURR f( x); 2) ljlyRXIlRR f(z) 

f( z) yfihiBAJOT npa XJ-+ ±oo • 
B BCe ee npOR3BOABhle orpaRR'leHhl 

OnepaTophl nonR ~(z) se npa-

Co , 0A&aKO BCerAa MOJXHO BBeCTR npoUeJlypy &ecotlCTBeBHOI"'O npe)lellb-

BBeCTR TaX H8KOTOpbre onepaTOpbl nOIIR 

aTeM paCCMaTpRBaT& npe)lellbHbiA nepeXOA 

rpf (z) 1 'lTO llpll RJOtloM f> 0 

, ... 0 • OnpeAenRB cooT&eT-

CXOJlHMOCTI> B npoCTpaHCTBe OCHOBHhiX ljlyHKURA, MOlKHO 3aTeM yTBeplK

aH ljlyaxuHH A(x-y) B (2.3), HIIH onepaTop&r A(0) B (2.2) RBRRJOT-

'IHIIH, 'lTO Hellb3H IIOCTpORTI> TeOpliJO B03MYID9HHA fiea YIII>Tpa$HOIIeTOBhiX 

•AH B narpaBlKH8R B38HMOJleiiCTBHH BMeCTO nOIIH cp ( z) IIOK8111>HOe none 

$yHKURH A (z) RBIIHIOTCH nellhiMH ljlyHXUHRMH XOHe'lHOI"'O IIOpHAxa 

I A(z)l$:fayl-f (3,5) 

MOlll:eT cymeCTBOB8Tio IIHillb OAHO sanpasneHHe B XOMIIIIeXCHOA DIIOCXOCTH 

0 OHH yfihiB810T, HHlll:e Mbl 6y)leM IIOApOfiHO HCCIIeAOB8Tb RMeHHO 9TOT 

)$yHKUHH A ( Z) HBIIHIOTCH Uellb!MH ljlyHKUHHMH, IIOpHJlDK XOTOpblX Bbl-

:e. 

I A(z) 1 <fh!l•ll . (3.6) 

8 • 

j!.: 

t' 
ol 

~~ 

( 

l 
'~t 

!l.+f 
r)le h(l:rl)- H81tOTOp8R nOIIOJXHTeii&HaSJ cPYHXUHH, npH'leM h(l:rl)>alzl llpR 

I zl.... a npo•aaonbHhiX t > 0 • Y TaxHx cjlyRitllHA MoryT cymecTsoBaT& uenble cexrophl, 

B xoTop&rx OBII ,YI'lhiBaJOT np11 I zl .... , Tax 'lTO HX MOlKRO fihlno 6hl Bhl6paT& B xa'lecT&e 

cjlyHXURII ofipeaaRRR H IIOCTpOBTb C HX nOMOIUI>IO KORe'IRyiO R YHIIT8pHyJO TeOpBJO B03MyiUeBRII, 

0)lRaKO MOlKHD noKa3aT& ( Mbl He tlyJleW Ha 9TOM OCT8H8BnBBaT&CSJ) 0 'lTO noneB&re onepaTO-

phi 41 (z) ylll:e He fiYAYT B 9TOM CIIY'I88 IIO:X8m.BhiMB1 T,e, IIDBeJleRB8 onepeTOpa ROUSJ 

4l(z) B TO'l:Xe ll tlyAeT onpeA811HTI>CH DOBe)l8HB8M onepaTopa nonSJ ~ ( ll) BO BC8M Z 

npocTpascTBe, HRhiMB cno&aMH, nHcl>cjlepesuaan&Rhlll onepaTop A( 0> B ( 3.3. m ) RBnSJeTcR 

Ba CaMOM Jl8118 HBTerpan&HhiM onepaTopoM, RJlpO XOTOporo OTIIH'lBO OT HYIIR BO BC&M z 

llpOCTpaHCTBe. no9TOMy YCIIOBRJO llpR'IRHHOCTR TaXaH TeOpiiH He tlyAeT YAOBIIeTBOpHTb, 

4. Ocaosaoll xnacc cJ>ysxgaA H otlo6meHshle cJ>ysxgaa 

ByAeM paccMaTpHBaTb TartRe ol'lotlmeaa&re ljlyHKURH 

(4) 
A>,(z-y)•A>.CO.>B (z-y), (4.1) 

IIIIH KOTOpblX OllepaTOp A A (Q) THna ( 3,3 II ) MOlKeT tlb!Tb npencTasnes B BRae: 

HIIH 

rp.L+ .. a 
A>. (Q)• f d 4 p a(p 2)t 

0 a.o p a1 
p'?! <>.2 

a a 

>. 
=(2rr) 2 fdf:lf:l 2a(f:l 2) 1r({:ly[])(4,2a) 

o vO • 

A,.<C>= f d• < 2 Poa;-+~"Pr 
p2 <>.2 pa p )f o • =(2rr)2 J df:lf:l 2a(f:l 2 ) l!lf:lv'-0> ,(4,26) 

J; 0 y-[1 

3necb non p nOHHMaeTCR '18TbrpexMepHbiJ! 8BKIIHJlOB B8KTOp p2 =p2+p2+p2+p2 
0 

0 I 2 3 
a (p 2

)- aertoTopaH HHTerpHpyeMaH cpyHKUHH oT p 2 , J 1 (z) - cPYHKUHH BeccenR, >. 

H8KOTOp&rll napaMeTp, HM8101UHII CMbiCII 'sneMeHT8pHol!' JliiHHhi, Kart fiyneT BHJlHO HHlK8, 

B Jlan&sel!meM Mbi 6yneM rosopHTb, 'ITO onepaTopbt A>. <0> npHHAJlllelll:aT TRny (A) 

HIIH THIIy (B), ecnH OHH npencT8BIIRIOTCH COOTBeTCTBeHHO B BHJle (4,2a) HIIH (4,26), 

3anHill8M onepaTOpbi ( 4,2) B HMllYIIbCHOM 11p8JlCT!lBIIOHHH 

2 2 >. -
A>. (-p )•(2rr) fdf:lf/ a ({32) Jd{JV-p2) (THII A), (4.3a) 

y'-p2 
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2 
2 

A J ({3-,-~-
AA(-p )•(211') fdf3{32a({32) I v p ) 

0 yp I . 
(TBD B). (4.~6) 

06p&TBM BBBM&HBe aa cnellyiOIIlee, EcnB onepaTOp AA(0)npaaannelKBT TBDy A, TO cPYJIXIlBR 

I 2 2 AA(-p ) y6biB8eT npa p -+-oo B pacTeT npa P -++oo • Ecna JKe onepaTop AA<D> 

npaaannelKHT Tany B, TO cPYIIKUBR AA(-p
2

) y6biBaeT npa p 
2

-++oo a pacTeT npa 

p2 

npBCTyDBM K aayqeHBIO CBOIICTB cPYRKUBII OCHOBROrO Kl!8CC81 KOTOp~ll B ll8l!bR91111leM 

ISyneM o6oaaaqaTb qepe3 D • a J:l!8CC o6o6meRHbiX cPYRKuBA - qepea D' •. npelK!le Bcero 

noTpeiSyeM, qTo6bi .pyaxuaa ocaosaoro J:nacca f(x)• f(x 0 , t)• f(x 00 x1 , x 2, li 3) 6~na ae

mecTseaawMB a y6~B8l!B aa 6ecJ:oaeqaocTB J:aJ: aeJ:oTOp&H o6paTR8R cTenea& nonaaoMa, Ha 

OCHOBROM DpOCTp8HCTB8 cPYHJ:UBII llOlllKRbl 6biTb OllH03H8qRO 0Upell9li9Hbl <!JyHKUROH8llbl 

(A A • f)= f d y A A (X - y ) f ( y) = A A ( 0 X) f (X ) = 

(4,4a) 

f 
4 • 1> 1 a .. a 1 - 4 1 .... 

=
2 

j pa(p exp ip 0 -;--+P~ f(x)• 
2

f 
2

d pa(p )f(x0 +ip 0 ,x+p), 
p ~A ux o ux p ~A 

(AA,f)• J d
4
pa(/)exp(p0 -f--+ip-#,.-lf(x)• 

pi 'S_AI "x ax 

(4.46) 

4 2 ~ ~ 

1 
[ 

1
d pa(p )f(x

0
+p

0
, x+lp) 

P ~A 

EcnR DOTp960B8Th1 qTofSbi <!JyHJtllROH8l!bl (AA, f) B (4,4a) R (4,46) 6bll!R OllR03H8qftO onpe-

aeneHbl B 111060il CHCTeMe JtOOpllBHaT, DOllyqeRHOII R3 RCXOIIROII npeo6paaosaaReM nope Hila, R 

npa ni06oA senRqRRe napaMeTpa A ,-TO OTC101l8 Cl!ellyeT, qTO B JtaqecTB9 cPYHitURII OCHOB-

Roro xnacca Reo6xollRMO s~6paTh <!JyHKilRR f(x 0 , ~) , HBl!RIOWRecR aaaqeaRHMB aa semecTBeR-

aol! OCR uel!blX aaanRTRqecJtRX cPYHitllBII f(z0 o Z I o Z 2 , Z 3 ) DO K8lKilOMY apryMSHTY 

zo,zt,z2,z3. 

ByJleM B llallbH9IIIIl9M cq&TaTb 1 qTO Jtl!aCC OCHOBHblX cPYHKURII COCTORT R3 nel!b!X <!JyHJt-

URI! f(z) ' KOTOpb!e y6biBafoT BllOllh l!I060rO H8UpaBl!eRBSI B Dl!OCKOCTR z sae nonoc~ 

IRe z I < d , rae d - aeJtoTopoe qRcno, T,e, 

lim f(z)=O npR IRezl>d. (4.5) 
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npRB&IleM DpRM9p T8J:OII <!JyHKURR: 

3aec& f(z)-o(.l.) 
z 

oo duCoauz 
f(z)·[ r(pu+l) 

B o6nacTn IRe z I>.!.. 
p 

llpB z~eo 

C«PopMyl!RpyeM OKOHqaT9llbHO OUpellel!eHHe npo~p8HCTB8 0 OCHOBHW 

1. KalK!laR f(x) aa D asnaeTCR uenoll aaanRT&qecJtol! cPYBJ:uaeA 1 

. MY apryMeaTy x
1 

, yaOBneTBOpHIOIIleA ycnoBBIO (4,5), rae d soo6me rc 

cPYHitURR f (x), 

2. KalK!laR f (ll) H3 0 aemeCTBeHH8 aa BemeCTB9HHOII OCR H y61 

X l -+ ± oo 
1 

Jt8Jt &eltOTOpaH o6paTHaR CTeD9Hh DOl!RHOMa, 

3, nocnellOBaTenhHOCTh ljlyHKilHII f., (x) B3 0 CXOIIHTCR K HYIIIO B 1 

G , ecna see cPYHJtllRR nocneaoBSTellhHOCTR pasaoMepao cTpeMRTCR K IIJll 
I 

llns aani>aellmero aaM cymecTseaao aaaTh noxanhHbte csoi!CTBS o6o6 

A A (x- y ) , JlnR B~HCBeHRR l!OKallhHblX CBOIICTB o6o6meHHWX cPYHKilHII HE 

cPYHKURH OCHOBHOrO Kl!8CC8
1
liOK8l!H30B8HHWe B H9J:O~Opoll orpaaaqe&HOII 06 

paHCTBa una npocTo s oanoll xaxoA-nR6o ToqJte. Taxux cPYHKilHII aeT B Jtl!e 

MOlKHO Bb!6paTb TaKyiO DOCl!CilOBaT&llhHOCTh 

Dp91l9l!bHaH cPYRitllRR 

l f (x, y) I , 
II 

f(x,y)•lim f11 (x.,y) 
11-+0 

rae Jt&lK!laR f 
II 

ylKe ae npHHallnelKRT xnaccy D R pasaa ayn10 lll!R scex Toqex x-/y. Ec 

BaTh cPYHKilRR f11 (x,y) yCl!OBR9M 

ii 
fd 4 xf

11
(x,y)•l, 

TO BBOIIHMaR DOCl!ellOB8T9l!bHOCTh aaaT Up91lCTaBl!eHH9 8 - cPYRitUBR B 

aaMR Kneece «PyaxuaA. B xaqecTBe npaMepa TaJtofi nocnenosaT&llhHOCTR M 

f
11

(x,y)•f
11

(x-y)= rl _1._ f(.!l..=...lL) 
J•O Ill Ill ' 

rae noll 11 
UOHRMaeTCR qeTbip9 &e3aBHCBMblX DOl!OlKHTei!bH~X napaM9TI 

COOTBeTCTB8HHO KalK!lOMy X J t a f(z)E 0 H yaosneTBOpReT ycno1 
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2 2 ~ J ({3-'_2_ 
A~{-p )•{2rr) fdf3(3

2
a({3

2
) I v P ) (TRn B). (4.~6) 

0 VP 2 

a cnenytomee. EcnB onepaTop A~{0)npasanneli<BT TBny A, To ljlymntHB 

2 2 E pH p -+- .. H pacTeT npH P -+ + oo • cna lKe onepaTop A~ <0) 
TO ljlyHKUBB A~ { -p 

2 
) y6b!B89T npB P 

2
-+ + 00 H p8CT9T npH 

y~eHHIO CBOACTB ljlyHKUHA OCROBHOrO Knacca, KOTOpbiA B nan&ael!meM 

pe3 D • a xnacc o6o6meRBbiX ljlyHKilHA - ~epe3 D' •. npelk,[le Bcero 

RKilHH ocaoBaoro xnacca f{x)= f{x 0 , t)a f{x 00 x1 , x 2, x 3) 6LinB Be-

na sa 6ecxoae~HOCTB xax sexoTOpas o6paTaas CTenes& nonBBOMa. Ha 

Be ljlyuxuaA nonlKHbi obiT& onao3Ha~Ho onpeneneBbi ljlyaxuuosanbi 

fdyA~{x-y)f{y)=A~CO) f{x)= 

(4.4a) 

4 ·., 1. a .. a 1 > l 4 s .... 
2 / f- pa(p exp tp 0 -a +P-::=ra f(x • 

2 2
d pa(p )f(x0 +ip 0,x+p), 

~~ X O X p _). 

)• f d
4
pa(p

2
)exp!p

0
-aa +ip--#..-lf(x)• 

pi s_~2 X ax 

4 2 ~ ~ 
• 2 { 1 d pa(p )f(x

0
+p

0
, x+lp) 

p <:.~ 

(4,46) 

TOObl <f!yHKUHOHanbi {A~. f) B (4,4a) S (4,46) ObiJIH O.[lH03Ha~SO onpe-

'T9Me KOOp.[lHHaT, nony~eBHOA H3 HCXOllHOl! npeo6pa30BaSH9M nop9Hll8t H 

napaMeTpa ~ ,-TO OTCIOlla CJI9llY9T0 ~TO B K8~9CTB9 ljlyBKilHl! OCHOB-

HMO BbiOpaT& ljlyHKilHH f(x 0 ,1) , BBnBtolllH9CB 3B8~9SHBMB sa B911l9CTB9H-

TB~9CKHX ljlyHKilHA f(z0 , Z I, Z 
2 

o Z 
3 

) no K8lk.[lOMy apryMeHTY 

eAW9M C~HTaT&1 ~TO Knacc OCHOBHbiX ljlyRKilBA COCTOHT H3 ll9JlbiX ljlyBK-

y6LIB8lOT Bnon& nto6oro aanpaenesaa B nnocxocTs 

d - aexoTopoe ~Reno, T.e. 

lim f {z) = 0 npu IRezl>d. 
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z BBe nonocbl 

(4.5) 

i~ 

}' 
f 

~ 
'k, 

''· , .. 
-~ 
j) 
~; 

' 1 

npHB9ll9M npBM9p T8KOA ljlyBKUBH: 

3nec& f(z)-o(..l) B o6nacTD 
z 

IRezi>!!.. 
p 

DpB Z-+oo 

CljlopMynupyeM oxoa~aTen&HO onpeneneHHe npo~paacTBa D ocsoBHbiX ljlyHKilHA. 

1, Kalk.[la& f(x) B3 D aBnHeTCB nenoA aaanRTH~ecxoA ljlyaxnueA no KSll<llOMY cBoe-

.·My apryMeHTy x
1 

, ynoeneTeoparomeA ycnoBHto (4,5), rne d 

ljlyHKilBB f {x), 

Boo6me roBopa, 38BHCBT OT 

2, KalkllaB f(z) H3 0 B9tn9CTB9HH8 H8 BetneCTB9HHOl! OCR H y6biB89T npH 

X l -+ ± oo , K8K H9KOTOpaH 00p8TH8B CTeneH& nOJIHHOMa, 

3, nocnenoBaTen&HOCTb ljlyHKUHA fn (x) B3 0 CXOllRTCB K HYJIIO B H9KOTOpol! 0008CTH 

G , ecnu Bee ljlyaxnHH nocnenoBaT&n&aocTH paBHOMepao cTpeMBTCH K aynto B G • 

.llna ll8JlbH9l!Wero H8M CYIIl9CTB9HHO 3HaT& noxan&Bbi9 CBOl!CTB8 OOOOIR9HHbiX ljlyHKilRA 

A A (x- y ) , .llna Bb!HCH9RHB JIOK8JlbHbiX CBOliCTB OOOOIR9HRbiX ljlyHKUHA R900XOllHMO HM9Tb 

ljlyHKilBH OCHOBHOrO Knacca,nOK8JIH30B8HHb19 B H9KOTOpol! orpaHH~9HHOl! OOJI8CTH X -npoCT

paHCTB8 ana npocTo B onuol! xaxol!-na6o To~xe. Taxax ljlyaxnuA seT B xnacce D • Onsaxo 

MOlKHO Bbi6paT& Taxyto nocneAoBaTen&HOCT& I f
11 

(x, Y) I, rne xalk.[laB f
11 

(x, Y )6- D , 

npenen&HaH ljlyHKUHH 

f{x,y)•llm f 11 (x,y) 
II-+ 0 

a 

(4.6) 

ylke ae npuaanneli<HT xnaccy D H paBBa aynro nna Bcex To~ex x-ly. Ecnu eme aopMHpo-

BaT& of>yHKilHH f 11 (X 1 y) ycnOBB9M 

"' 
f d 

4 
X f

11 
(X 1 y ) • 1 1 (4.7) 

To BBonHMaH nocnenoBaTen&socT& naeT npencTaeneaue 8 - I!JyHKURH B paCCM8TpHBaeMOM 

aaMH xnacce ljlyaxnul!, B xa~ecTBe npaMepa Taxoll nocnenoBaTen&HOCTH MOlkHO Bbt6paT& 

f11 (x,y)•f11 (x-y)• rl....!... f(.!.J...=....I.L), 
J•O Ill Ill 

(4.8) 

rne non II nOHHM89TCB ~9Tblpe He3aBHCHMbiX nonolKBT9JibHbiX napaMeTpa II O 1 11 1 1 ~ 2 0 11 3 

cooTBeTcTeeuao KSll<llOMy x
1 

, a f(z)E 0 H ynoBneTBopaeT ycnoBHlO (4,7), Torna 

11 
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lim fv(x-y)•B(x-y) , 
v .. 0 

(4.9) 

PaccMoTpBM nocnenosaTen&BOCTb 

&v(x-y)-fd
4 

x'AA (x-x') fv(x'-y)-AA(Dx>fv(x-y), (4.10) 

rae BOA ljlyBitUBeA fv(x-y) llOHBM8eM (4,8),nocMOTpBM, rAe <!JyHKUBII &(x-y)alim g (x-y) 
Jl .. 0 Jl 

OT11B'IH8 OT Hyl111 0 ecnB V ~a:, fv (X- Y) • 0 llpB IICeX X., Y • 

CH8'18l18 BccnenyeM CBOACTB8 onepaTOpoB AA(0) THil8 (A). Jln11 npOCTOTbl nonOlKHM 

Y • 0, nony'IBM 

4 
g(x)• lim g (x)•lim .j d.z pa(p 2)f ,~(x 0 +ip 0 ,l+i/). V-+ 0 V V-+ Op <A 

(4.11) 

3necb MOlKHO nepeATB K npeaeny v 1 -v2 •v 3 =0 CornacHo (4,9) nony'IBM: 

g ( x) • lim 6 (A 2 - ~ 2 
) 

vo -+0 

-./A2 -~2 
_[__ dp a(i2+p2)_l_f(xo+lpo >· 

_/\2 -+2 ° 0 11 11 -v 1\ -:a: 0 0 

(4,12) 

Corn&CHO CBOACTBY (4,6) ljlyHKUBA OCHOBHOrO Kl18CC8 

0KOH'I8TenbHO: 

lim -l.r(~)=O nmr scex x
0
.,to, 

"o ... o vo vo 

g(x)• lim g11 (x)=0 
11-+ 0 

(4.13) 

.. 2 2 
BHe o6naCTB x 0 • 0, X <A • i1T8K, Mbl nony'IHnH, 'ITO npH neACTBBH onepaTopa AA(0) 

Tllna (A) sa nocneaoBaTen&HOCTb I f11 (x- y) I , npeaenbH811 <jlyHKilHH KOTopoA cocpeaoTO'Ie

Ha B TO 'IKe x. y , nonyqaeM apyry10 nocnenoBaTenbHOCTb I g
11 

( x - y) I , npenenbHa!l ljlysx

UHII KOTOpolt cocpeAOTO'IeHa B HeKOTOpOA orpaHH'IeHHOA npOCT~8HCTBeHHO-IlOI10flHOA o6naCTH 

G A ( X0 • YO ; ; • Y + p, rae p 2 
< A 

2 
) BOKpyr TO'IICB Y , 'ieTbipeXMepHb!lt Ofl'beM STOlt 

o6nacTB paseH ayn10, 

PaccMOTpHM Tenepb nocnenoBST911bHOCTb (4,10) B cnyqae, xorna onepaTOp A <D> 

npBH8AilelKHT TBily (5), J1MeeM 

&(x)• lim f d
4

pa(p 
2
)f (x +p , l+iit). 

V-+Op2<A2 11 0 0 
(4.14) 
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3necb MOlKBO nepeATH x npeaeny v 0 • 0, CornacHo (4,9), nony'IBM 

1 ( :r) = lim 6(A 2 - :r: ) f djh ( :r 
2
+ p 2) ~ _!_ f( .!.L.!.!.e...L ) 

v
1 

,v
2

, v
3 

... o -+2 \.2 2 o J=l v1 v 1 p <" -zo 

CornaCHO CBOACTBY (4,5), 

3 
lim 11 -l.t( XJ+ipJ 

vt•":t"3-4(1l•1 vl vl )=0 
111111 scex 1-IO 

0KOH'I8TellbHO: 

r;(x)·11 ~S:, g11 (x)•O 

BH8 o6nacTB X~ <A 
2 

, 

.. 
:r • 0. Mbl nony'IHnB, 'ITO !leAcTBHe onepaTopa AA ( 

nocneAOB8TenbHOCTb I fv ( x- y ) I npBBOilHT K nocneaosaTenbHOCTH l1 

JlellbH8SI $yHKUBSI KOTOpOit OT11H'IH8 OT Hyllll B orpaHH'IeHHOA BpeMeHH-IlOJl06J 
2 s- ~ .. 

G (x
0
•y

0
+r, rile r <A ; x•y) soxpyr TC'IKH y. 'ieTbipexMepH 

o6nacTH TBKlKe pasea nyn~. 

CymecTseaHo oTMeTHTb, 'ITO cymecTsyJOT pa3nB'IHbie nocne!loBaTenbH< 

CXOI1SiliiH8CSI K 8 -<jlyHKUBB, Talfi)BbiMH 6yllyT ace nocne!loBaTenbHOCTH, K 

ny'IHTb H3 ( 4,8) npeo6pa3oBaHHHMH nopeHna. KaJKAaH TaKasr nocnenosaTem 

BBH Ha Hee onepaTopa AA ( 0> 6y!leT nepexollBTb 11 HOBYJO nocnellOBaTeJtb 

CSI It ljlyHKUBB, OTilH'IIIOA OT HYllSI B orpaHHif8HHOA o6naCTH, CBSI38HHOA COO 

o6pa30B8HH8M nopeHua c p6naCTb~. nony'leHHOA JlllSI nocnellOB8TenbHOCTH I 

paHB'!eHHble o6nacTH, nony'leHHbie H3 pa3llH'IHbiX nocneaosaTellbHocTeA I f 

IIHYT~H runep60ll0Bil8: 

2 2 2 
-A ~(x-y) ~A • 

TaKBM o6pa3oM, ljJH3B'!ecxHA CMhiCll o6o6meHI!hiX ljlynKuHA AA (:r- y) 

nycTb HMeeTCSI H9KOTOpOe none </>(x) I KOTOpOe B03HHK8eT H 38TeM HC'II .. 
MeHH y 

0 
B TO'IKe npoCT'JSHCTBa y • Tor!la BllHIIHHe aToro HMnynbca 

'ljlyHKUBH pacnpoCTpaHeHHII' AA(x-y), CK8JK8TCSI B HeltO'!'Opolt orp8HH'19f 

TblpexMepHbiA Ofl'beM KOTOpolt paBeH HYlliO H KOTOp8ll uenHKOM neJKHT BHYTP 

(4,17), «<lopM8 Ofll18CTH BnBSIHHll 6yaeT 3SBHCeTb OT 'MHKpo<!JopMbl' BMilYllb 
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lim f.,(x-y)=8(x-y). 
" ~ 0 

(4.9) 

cneAOBSTenhBOCTb 

g.,(x-y)=fd
4 

x'A>. (x-x')f.,(x'-y)·A,~.<Oz>f.,(x-y), (4.10) 

V (X- y)• nOHHMSeM (4.8) .nocMOTpHMo rAe 4JyHKilHSI g(x-y) • Jim g (x- y) 
v .. 0 Jl 

1111 v ~"l, f., ( x- y) = 0 np11 acex x -1 y • 

yeM cBOliCTBS onepsTOpOB A,1. (0) THns (A) • .llnH npOCTOTbl nO/IOlKHM 

4 
g(x)= lim g (x)= lim .J ~ pa(p 2 )f _,(x

0
+ip 

0
, l+p). 

v~ o " v~ op <>. 
(4.11) 

'H K npeAeny v
1
=v

2
=v

3
=0 Cornacao (4.9) nony'IHM: 

..;>.2 _-;_2 
8(>.2- ~2) ..J._ dpoa(x2+p2)...l.fc"o+ipa >· 

.....;>.2_-;_2 o "o "a 
g(x)• lim 

110 ... 0 
(4.12) 

(4.6) ljlyaxnHll ocaoeaoro xnaccs lim ..l...r(~)-0 AIIH acex x ./0 
v

0
-+ov 0 v

0 
o • 

g(x)= lim 
v .. o 

&v(x)=O (4.13) 

12 <A 2. 11Tax, Mbi nony'IHnH, 'ITO npu nellcTaRH onepaTopa A ,1. ( 0> 
aaTen~oaocTb I f., (x- y) I , npenenbHaH <flyHKilHH xoTopoll cocpeaoToqe

nonyqaeM apyry10 nocnertoaaTellbHOCTb I g., ( x- y) I , npeaenbHSH ljlysx-

O'leHa a HeKOTOpOJ! orpaHH'IeHHOJ! npOCTpSHCTaeHHO-nOJl06HOll 06/ISCTH 
.. -+2 2 
p o rAe p < ,\ ) aOKpyr TO'IKR y • lfeTbipexMepHbiJI 06'heM STOll 

epb nocneaoBaTenbHOCTb (4.10) a cnyqae, xorna onepaTOp A CO> 

). HMeeM 

g(x )• lim 
v .. o f d

4 
pa(p 

2
)f (x +p ,1+ip). 

p2<>.2 v 0 0 
(4.14) 

12 
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3AeCb MOlKHO nepeliTR K npeAeny v 0 • 0. Cornacao (4.9), nony'IRM 

g(x}= lim 8(>.2 -x;) f djh(x 2+p 2)fl..l...f(~). 
vl,v2,v3-+o -+2 A2 2 o J•lvJ vi 

p < -zo 

Cornacao caollcTay (4.6), 

3 
lim n ..l...rc liJ+ipJ 

"l'"a'"iooJ•I v1 .,1 )=0 
llnH acex 1 .;o. 

0KOH'ISTellbHO: 

g(x)·v~"l. c., (x)• 0 

(4.16) 

( 4.16) 

aae o6nacTR x: <>. 1 
, x • 0. Mbl nonyqHnH, 'ITO lleilcTaHe onepaTopa A,1. ( 0 TRna (B) aa 

nocnenoMTenhHOCTb I f., (x- y) I npuaonuT x nocneAoaaTenbHOCTH I g (x- y) 1 , npe-
v 

llSIIbHBSI ljlyHKilRSI KOTOpOJI OTIIH'IHS OT HynH a OrpaHH'IeHHOil apeMeHH-nOil06HOil o6naCTH 
' 2 s... ... .. 

G (x 0 • Yo+ r o rne r <,\ ; X • Y) aoKpyr TO'IKH Y • lfeTbipexMepHbiil 06'beM STOll 

o6nacTH TSKlKe paaea ayn~. 

. .. 
CymecTBeHHO oTMeTHTio, 'ITO cywecTayiOT pa3nH'IHbie nocnenoaaTenbHOCTH I f 

11 
(x - y ) 1 , 

CXOilH!IlReCH K 8 -¢yHKilHH. TaJrOabiMH 6ynyT ace nocneaoaaTenbHOCTH, KOTOphle MOlKHO no:-

ny'IHTb 113 (4.8) npeo6pa3oaaHHHMH nopeana. KalKilaH TaxaH nocnenoBaTen~oaocTb npa QeficT

aHH Ha aee onepaTopa A>. ( 0> 6yneT nepexollHTb a aoay10 nocneQoaaTeJJbHOCTb, cxollHIIlyiO

cH K ljlyHKilHH, OT/IH'IHOil OT HYIIH a orpaHHifeHHOil 06118CTII1 CaSI38HHOil COOTBeTCTayiOWHM npe

o6pa30a8HHeM nopeana c o6nacTb~, nonyqeaaoll lliiH nocne~oBaTenbHOCTH (4.8). Bee sTH or

paHH'IeHHble o6nacTH1 nony'leHHbJe 113 pa3/IH'IHbiX nocnelloaaTellbHOCTeil I f11 (x- y) I • nelKaT 

aHyTpH ranep6onOHil8: 

2 2 I 
->. ~(x-y) ~>. • (4.17) 

TaxHM o6pa30M, ljlH3H'Iecxall CMbiCn o6o6meHIIbiX <jlyaxuall A>. (x- y) cnellyiO!IlHA. 

nycTb HMeeTCH HeKOTOpOe none cp(x) t KOTOpOe B03HHK8eT H 38TeM HC'Ie3aeT a MOMeHT ape-

MeHH y 0 a TO 'IKe npocT'JaHCTB8 Y • Torlla anHRHHe SToro HMnyn~oca nonH, 6naroQupR 

'ljlyHKUBH pacnpOCTpaHeHHH' A,\ (x- Y) 1 CKBlKeTCH B HeKOTOpoil orpaHH'ISHHOil o6naCTH
1 

qe

TbipexMepHblll o6'beM KOTopoil paaeH HY/110 II KOTOpaH nenHKOM nelKHT aHyTpH rHnep60IIOHil8 

{4.17). cl>opMa .96/IBCTH B/IHHRHH 6yQeT 3SaHCeTb OT 'MHKpoljlopMbl" HMIIYIIbCS nonR cp(x) • 
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B aaJtmoqeaae onaweM eme o.QHO O'I8Hb B8)1(Hoe caollcTBo o6o6meHHbiX $yHKilRil ( 4,1), 

KOTOpoe OTCyTCTByeT y o6o6meHRbiX <jlyHKilRil yMepeHHOI'O nopSI.QK8 poeT&, i1M8HHO, MO)I(HO 

o.QH03H8'1HO onpe.QenKTb npoaaae.QeHHe o6o6meHHbiX $yHKUHil ( 4,1) c onepaTOpoM A A ( 0) 
BH.Q8 ( 4,2a) Hl1R ( 4,26): 

C.>,(:r-y)•-d~ i' (:r -y) A
1A'<z -y), (4.18) 

rne RH.Q81tC8MH H 2 p83l111'18IOTCSI ljlyHKilHR a 1(p 2) H a 2 (p 2), ~TOSIDIH8 nO.Q RHT8rp8110M B 

onpe.QeneHHH (4,2). 

By.~teM cTpoHTb o6o6meHHbi8 ljlyHKUHH npH noMODIB aeco6cTBeaaoro npe.Qenbaoro nepexo-

na. BaeneM npoMe)l(yTO'IHYIO perynsrpaaauHIO lll1SI o6o6meHHbiX «!>yHKuall A A ( :r - y) 

( 141 2t2 
A.>,(x-y)•......._ fd pe pz A.>,(-p )R (p ) , 

(2tr )4 

R( <e>- expl-de+i) ~+V e -ur~. 

BHil8: 

(4.19) 

(4.20) 

rile 0 < v < u < ~. Jlnsr perynHpuayiOmell $yRKUHH Rt <e> npa 6onbwax lei cnpaaelliiRBa 

OU9HK8 

I Rt <e>l•exp 1-tl el ~ +v Cos(rru- (~ + v) arg e> I . (4.21) 

11Hb1MH Cl10B8MH, Rf <e> 8H811RTII'IH8 H y6J,IB89T 6b!CT?88 ltHHellnoll aKcnoHeHTbl no I el~t 
a aepxaen nonyn~ocKoCTH KoMnnexcnon nepe~enaoll e • i1HT91'p811 (4,19) XOpOWO CXOilHT-

CH npH f >0 H onpenensreT H9KOTO?YIO tl>yaJ:UHIO A~(x-y), 

PaccMoT?HM Tenepb npoaaaenenae 

( (l)f (2)t 
C.>,(x-y)•-IA A·(x-y)~A (x-y) (4.22) 

H nOK8)1(9M, 'ITO cyll19CTByeT 11penen RpH .... o ¢yHKUHOH8118 (C~,f), r.Qe npHH81ll19-

)I(HT llpOCTp,qi!CTBY OCHOBJibiX '~'YIII(UHfi 0 , npoB81l9M H9KOTO!)bl9 •poCTble npeo6p830B8HHSI 

< c~ , f) - f l y c ~ < x - y ) f( y > - 1~.23) 

14 

• 

4 ( l)f ( 2 )f 
•-ifd yAA (x-y)A A (x-y)f(y)• 

•-ifd4pflpz f(p)fd4qA~IItq 2)A(~It((p-q) 2)' 

r.Qe 
t I 2 f 2 

A.>,(q )•A.>,(-q )R (q ) • 

nocKOltblty cf<yHKUHSI f(y) ED, TO ee ~ypbe-o6pa3 f(p) y6b!B89T Bll011b B~ 

p 6biCTpee naaellaoll aKcnoaeHTbl. B nocnellBSM HHTerpane no d4 q MOlKH 

8Bitl1HilOBOA M8TpHite, noaepHyB KORTyp HHT8rpRpOB8HRSI H8 yron .!!.. no q 
·' 2 - f no q

1
(J=1,2,3)a 38BHCRMOCTH OT TOro, K K8KOMy THny 1(A) HliH ( 

(I) 0 (II 0 onepaTOpbl A A ( ) H A A ( ) • BoaMO)I(ROCTb noaopoTa o6ecne'IR888T< 

(4.20) a (4.21) perynHpRayiOmen «<>YRKURH Rt • JlnH onpe.QeneaaocTR 6y1 
I II 0 Ill I 

A.>, ( ) a A.>, (O)npuaanne)l(aT x THny (A), Torlla nocne noaopoTa xotT: 
rr 

HHH no q 0 aa T nony'IHM: 

t 4 lpz - ~ 2 ) 
(CA,f)-fd pe f(p)~_;.>,(P , 

C~ (p 2)•f d 4qEA(t (-q~)A~ )t (-( qE-ip )2)' 

2 2 2 2 2 
l'll8 qE - 8BKl1HilOB B8ltTOp ( qE= q o+ q 1 + q 2+ q3 ) • no.QCT8Bl1SISI 

f 2 
neaae ljlyHKilHA AA(-qr;) no (4,2a)1 nony'IHM: 

f 2 4 4 2 lqEp I 
CA(p )•fd qE f d Pta 1(p 1 )f. [ 

4 I ( d p a {p2)V qE-Ip)p 
2 2 2 · IX 

p:<).2 p !<).2 

xRf (-q2)Rf (-(q -ip)2) 
E ·. E .. , 

nerKO BHil9Tb1 'ITO 31l8Cb y)l(e MO)I(liO nepeilTH K 11p81l811Y f-+0 t liOCKOltbl 

Bblp8lK9HH9 B (4,25) HHTerpapyeMO, 8 HHTerpan (4,24) 6y.QeT CXOilHTbCSI, 

llOCT8TO'IHO 6b!CTpO y6biB88T, 11MeeM: 

2 f 2 4 4 2. lq p 
CA(-p )•Ibn CA(p )•fd qEfd p 1 a 1(p 11f E 1x 

f-+0 p2<).2 
I 

l(q -lp)p I 

x f d4p a (p l)f. E 2 •(2rr)4 f d4pa (p2)a (p2)t 
2<' 2 2 2 2 2 2 I 2 

P2 ~ P <A 

0KOH'18TeltbiiO: 

(CA,f)=lim (Cl,fl•fd 4yC.>.(x-y)f(y) , 
... 0 
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ORHUI9M eme OllHO 0"19Hb B8lKH09 CBOACTBO 06o6meHHbiX cjlyHKilHit ( 4.1) 1 

y o6o6meHHbiX <jlyHKilHA yMepeaaoro nopHllKa pocTa. HMeaao, MOJKHo 

npoa3aelleHRe o6o6meHHbiX cjlyHKURA ( 4.1) c onepaTOpoM A A ( 0) 

26): 

CA(x-y)•-,i~i'(x-y)A 1t(x-y), (4.18) 

pa3 nH"'8IOTCH cjlyHKUHH a 1(p
2) H a 2 (p 2), CTOHDlH9 ROll HHT9rpanoM B 

o6o6meHHbl9 cjlyHKURH RpH ROMODlH H9C06CTB9HHOI"O npeaen&HOI"O nepexo-

perynHpR381lHIO AnH o6o6meRRbiX cjlyHKilRA A A ( x- y) BRAa: 

• 1 4 . 2 
AA(x-y)•-'- fd pe1

P' AA(-p )R'(p 2), (4.19) 
(2r)• 

R' <0- expl-de+i) lHv e -ur,, ( 4.20) 

peryn>~pR3yK>meA cjlyHKUHR R' <e> npR 6on&mHX I e1 cnpaaennnaa 

I R' <e>l-expl-•1 ~ !Hv Cos(rru-(~+v)arge)J. (4.21) 

w aHanHTH"'Ha u y6J,JBa9T 6biCT;>ee nRHellaoA sKcnoaeHTbt no I .fl ~ 
KOMRlleKCHOfi nepeM9HHOl! .f • HHTerpan (4.19) XOpOUIO CXOART-

H9KOTO;:>yJO t'lyHI:UHIO 
l 

AA(x-y). 

npoHaaeneHHe 

f (lit ( 2)l 
CA(x-y)•-1 A A (x-y)~,\ (x-y) (4.22) 

llp911911 BpH f-+ 0 <!JyHKilHOH8118 ( C~ 1 f) 
1 

1",1:(9 npuHanne-

hiX ';'YIIKUHil D • nponeaeM H9KOTO!'Jbl9 •poCTble npeo6pa30BaHHII 

(C~,f)= Jl yC~ (x-y )f(y) = (4.23) 

14 
# 

J 

4 ( I)< ( 2)f 
•-ifd yAA (x-y)A .\ (x-y)f(y)• 

•-ifd4pflpz f(p){d4qA~Iltq 2)A(~)f((p-q) 2)' 

rae 
A~(q')•AA(-q2)R' (q2) • 

nocKOllbKy tf>yRKUHH f(y) ED, TO 99 tf>yp&e-o6pa3 f(p) y6btB89T BAOllb .B9Dl9CTB9HHOA OCR 

p 6btCTpee 11HH9l!Holl SKCROH9HTbl. 8 ROC119AR9M HHTerpane RO d4 q MOlKHO nepel!TR K 

.~IIKliH,I:lOBOit M9TpRK9 1 noBepHyB KORTyp BHT9rpRpOB8HHII Ha yron f no q0 RliH Ra yron 

- f no q
1
{j=1,2,3)a 38BRCBMOCTH OT TOI"'1 K K8KOMy TRny

1
(A) HliH (B) 1 npRH8All9lK8T 

(I) 0 (2) 0 
onepaTOpbJ A A ( ) B A A ( ) • Bo3MOJKROCTb noBOpoTa o6ecne"'RBa9TCII caol!cTBOM 

(4.20) H (4.21) perynllpR3YJOill9A <!JyHKilHH R' • nn11 onp9A9119HHOCTH 6yAeM C"'HT8Tb1 'ITO 
( 11 (2). 

!I.A (0) H AA (0)npRH8llll9lK8T K TRny (A). TorAa nocne noaopoTa KORTypa RHTerpRpoBa-

rr 
HRII no q 0 Ha 'T nony"'BM: 

f 4 lpz - ..t 2 (CA,f)-fd pe f(p)~.:A(p ), (4.24) 

CX (p 2)• fd 4qEA(t (-q~)A~ )f (-( qE-ip) 2)' (4.25) 

2 2 2 2 2 
1",1:(9 QE - 9BKliH,I:lOB B9KTOp .(qE•Qo+q 1 +Q 2+q 3 ) • no,l:lCT8Bllllll B (4.25) onpene-

• 2 
neaRe cjlyHKilRA AA(-qE) no (4.2a)1 nony"'RM: 

l 2 4 4 2 lqEp I 
C,\(p )•fd qE { d Pta

1
(p

1
)l { 

p:<A2 p:<A2 

xR' (-q
2
)R'(-(q -ip) 2

) 
E E 

d
4 I (q 
P a (p 2), E-lpJp 

2 2 2 2x 
(4.26) 

# 

nerKO BH.tl9Tb1 'ITO 3,1:l9Cb YlKr:! MOJKIIO nepei1TR K np9,1:l911Y f-+0 1 nOCKOllbKY no,l:lRHT9l"p811bH09 

Bblp8lK9HH9 B (4.25) RHT91"pHpyeM0 1 8 HHT9rpan (4.24) 6yaeT CXO,I:lHTbCII, T8K K8K f(p) 

nocTaTO'IHO 6btcTpo y6biBaeT. HMeeM: 

2 • 2 4 4 2,. 1q p 
CA(-p )-lim CA(p )=fd qEfd p

1 
a

1
(p

1
Jf E 1x 

(-+0 p2<A2 
I (4.27) 

l(qE-1pJp
2 

p
0

p
0
+tt;> 

X { d 4p a (p 2)f =(2rr) 4 f d 4pa (p 2)a (p 2)t ' 
2 A2 2 2 2 2 A2 I 2 

p / p < 

0KOH'I8T9llbi!O: 

(CA,f)=lim (C_\,f)=fd 4 yCA(x-y)f(y) , (4.28) 
f-+0 
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I 

I 

rne 

C>.(x-y)•C>.(0)8(x-y), 

rne t-2.\, a onepaTop Kr<D> npHaanne>KHT 1t ToMy >Ke THny, 'ITO H , 

Mht C'IHTaeM, 'ITO onepaTop A.\ <0> HopMBpoaaH cnenyiOUlHM o6paaoM: 

c>.<D>= I d
4
pc(p

2
)expltp0 ....L+,t..L 1, 

p2<.\2 ax at 
(4.29) • A.\(-m

2
)-l. 

c(p2)·a, (p 2) a 2(p 2) • 

AaanorH'IHble cjlopMynhi nony'laiOTcSJ, ecnH o15e o15ol5meHH&Ie cjlyHJtUBB, A~) H A1~1 ,npBHallne-

) 
(I) (2) 

>KaT It THny ( B , Ecna >Ke A.\ B A.\ npHHanne>KaT It paanH'IHbiM THnaM, To BX npoBaaene-

HHe y>Ke aenaaH onpenenHTh, Talt JtaK HHK8KBM noaopoTOM KOHTypa B BHTerpane (4.25) aenh3H 

cnenaTh nonHHTerpanhHOe Bhtpa>Keaae yl5hiB81011lBM B npenene ... o • 

5. PH n TeopHH soaMymeaHA nnH S -MaTpBilbl 

Kax y>Ke roaopHnOCh BO BTOpOM napar;Jacjle, pHil TeopHH B03MYIIl6HHA llnH S -M8TpH-

Uhl ( 2.4) CTpOHTCH cor naCHO 06b!'IHOA llHarpaMMOA T6XHHKe <f>eAHM8H8, TOnhKO BM6CTO 06bi'I-

HOI! npH'IHHHOI! cjlyHltllHH HCnOnhayeTCH cjlyHKUHH ( 2,5) o 8 X -npoCTp8HCTBe M8TpH'IHbiA ane-

MeHT xaxoro-nH6o npouecca a n -oM npa6nH>KeHHH TeopHH aoaMymesHA 6yneT npencTaBnHTh-

CH CYMMOII Bblp8>K6HHA BH118: 

F(x1 , ... •"• )'• n 0 0 ( x 1 -x
1 

), 
l,j 

(5,1) 

rne H j npo6eraiOT neno'IHcneHHble 3H8'1eHHH OT 1 no n COO~B6TCTBeHHO KOHKp6THO-

My 'Bbt6opy naarpaMMbi <l>eAHMaaa. AMnnHTyna F(x
1

, .. ,, x.) B (5,1) HBnH6TCH ol5o15-

meaHoA cjlyaxuaeA H3 xnacca 

.. 

D' , nocxonaxy 

D0 (x)= ~c (x )+ Kt (x) , 

_1~f 
Ift(x)• (2w) 4 1 

4 lpz 
d Pe. 

p2-m2+if 
I[A.\(-p 2 )]2-11· 

I J 4 2 lpz O • (
2

w)4 d pKt(-p )e •IKt( )8(z), 

16 

(5.2) 

(5,3) 

AMnnHTy.na F(z1 ,;,., x
0

) HBnHeTcH HHTerpHpyeMoll Ha xnacce ocHOBH&IX q 

IlocTpoeaae cjly.pae-o6paaa aMnJIHTY.Ilbi F ( x1 , ••• , x.) B (5,1) Y.ll 

noMOIIlhiO aeco6cTaeaaoro npe.nenaHoro nepexo.na. BMecTo npH'IHRHoA ~YHR 

BB61l6M perynHpH30B8RHYIO cjlyHKUHIO: 

1 41pz 22f 
~egO (z -x ) • --*-- f --fl....»e~- [ A>.(-p ) ] R (p 2), 

c 1 2 ( 2w)4i p2-m2+if 

r.ne Rf (p 
2

) Bbi6Hp86TCH,K8K H B ( 4,20), nerKO U01{838Th, 'ITO 

limH
4

x· regD (x)f(x)=fdxD 0 (x)f(x) 
£ ..... o e 

rne f(x) ED , 

J1T8K, BMeCTO F ( x1, ... , x
0

) a ( 5, 1) paccMOTpRM perynSJpHaoaaaaoe 

F' (z , ... ,x )=nrego (x -x). 
1 n i,J c 1 J 

3anRW6M cjlyphe-o6p83 STOll cjlyHKUHH 

f 4 l(pl z,+ .. , +p z lf 
F (p

1
, ... ,p.)-fd x

1 
e " "F (x

1
, ... , x.~. 

IJepeXO.IlH K HMnyJihCHOMy,. npe!.lCTHBJieHHIO, nO/IY'IHM HHTerpan BH.Ila: 

F' (p .... ,p )=0i7) 4 /l(p + ... +p ) F'(p .... ,p ) • 
1 n 1 n 1 n 

-• 4 . [A ( 2 )2 
F <P

1 
..... P >=f ... JH d r, n 1 -kJ) R' (k 2 >. 

n I lk2-m2+i• J 
J 

3.necb .)c I - 4-HMnynhc, COOTBeTCTByiOWHA .ll8HHOA JIIIHHH B llHarpaMMe, 

no KOTOpb!M npOBO,IlHTCH HRTerpHpOB8HH6, J1HTerpan (5,10) CXO.IlHTCH UpH 

AaanHTH'Iecxae csolkTBa R' (k 2
) T8KOBbl, 'ITO B HHTerpanaX ( 5,: 

MO>KHO nosepayT& KORTyp HHTerpHposaHHH no apeMeaaoA xoMnoaeaTe P0 
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C>,(x-y)•C>,(0)8(x-y), 

c>.<D>= f d
4
pc(p

2
)explip0 a....L+;t....L I, 

p2 <>.2 x at 
(4.29) 

c(p2)=al (p 2) a 2(p 2) • 

Jlhi nony"'AJOTCSJ, ecnH o6e o6o6meaahle ojlyHKUBH, A~ 1 
a A1~1 ,npaaaAne-

(1) (2) 
CJIH JK8 A). H A ). npHH81lJI8)1(8T K p83JIH"'HhiM THD8M1 TO RX npOR3BeAe-

peaenHTb, T8K K8K HHK8KRM DOBOpOTOM KOHTypa B HHTerpane (4,25) H8Jib3R 

8JibH08 Bb!p8)1(8HR8 y6hiB810tnRM B npenene ... 0 , 

5, PSI A TeOpHH B03MytneHBA llJIR S -MaTpRilhl 

panocb BO BTOpOM napar;Ja<jle, pRA TeOpHR B03MytneHRA AJIR S -MaTpB-

cornACHO Ol'ibi"'HOii AHArpaMMOA TeXHHKe ¢>eAHM8H81 TOJibKO BM8CTO Ol'ihl"'-

llHH HCDOJib3Y8TCR ¢yHKUHR (2.5). B X -npOCTp8HCTBe M8TpH'IRbiA sne-

pouecca a n -oM npa6nH)IC8HHH Teopaa B03MymeaaA 6yAeT npeacTABnRT&-

HA sana: 

F(x1 , ... ,ll'n)"= fiD
0

(x
1
-x

1 
), 

I.J 

eraJOT U8JIO"'HCJI8HHhl8 3H8"18HHR OT 1 1(0 n 

Mbi ¢>ellaMaaa. AMnnaTyaa F(x 1, ... , xn) 

Knacca 0' ' DOCKOJI&Ky 

D0 (x)=h0 (x)+Kf(X), 

(5.1) 

COO']'BeTCTB8RHO KOBKpeTHO-

B ·(5,1) RBJIReTCR o6o6-

(5.2) 

!C. (x) = ___ 1_4·-- f 
·y (2rr) i 

4 lpz 
d Pe· 

P2 -m2+1< 
I[A>.(-p 2)J2-ll· (5.3) 

• (;,.,~fd 4pKf(-p 2)elpz •iKt(0)8(x), 

16 

#-

'I 

rne f•2A, a onepaTop Kt(0) npHH8AJie)ICBT K ToMy )ICe TRny, "'TO H onepaTop A (0) , 
>. Mbi C'IHTaeM, 'ITO onepaTop A>. <0> aopMapoaaa cne!lyJOtnHM o6paaoM: 

A>.(-m
2
)=1. (5.4) 

AMnnaTyAa F(x1 ,; • • 1 X0 ) RBJIReTCR HHTerpapyeMoll He Kneece OCHOBHblX <jlyHKUHA 0 , 

nocTpoeaae <jly.p&e-o6p838 aMnnHTYilbl F ( x1 , • • •, X
0

) a (5.1) yno6ao nponecTH c 

noMotn&IO aeco6cTaeaaoro npenenbaoro nepexona. BMecTo npaqaaaoA ~YHKilHH 

BBeAeM perynRpR3088BRYIO <jlyHKUHJO: 

rae R' (p 2) 

rile f(x) ED • 

1 41pz 22£ 
regD (x -x )•__._f--d....JllL-[A>,(-p )] R (p 2), 

c I 2 . (2rr)4i p2-m 2+ It 

BbiOHpaeTCR,K8K B B (4,20), nerKO DOIC83BTb
1 

'ITO 

limfd
4

x• regD (x)f(x)=fdx0
0

(x)f(x) 
l .... o e 

D 
0
(x) 

(5.5) 

(5.6) 

11TaK, BM8CTO F(xl'"', xn) B (5,1) paCCMOTpHM perynRpH30B8HHoe Bblpa.>Keaae: 

F' (x , ... ,x )=nrego (x -x). 
1 n t,J e t J 

(5.7) 

~ 

3anameM ojlypbe-o15pa3 9TOA <jlyHKUHH 

l 4 l(pl zl+ .. , +p z 1< 
F (p , ... ,p )•fd x

1 
e n 11 F (x

1
, ... ,x ·), 

I n n 
(5.8) 

nepeXOilR K HMnyJibCHOMy npe}lCTiiBJI8HHIO, DOJIY"'HM HHTerf>an BHA8: 

F' (p , ... ,p )=(2,-) 48(p + ... +p) F'(p, ... ,p), 
1 n 1 n l n 

(5.9) 

-· 4 [ ( 2 2 F (pl, ... ,p )=f ... flld f. n AA -kJ)) R'(k2), 
n I I J k 2-m2+ i l J 

(5.10) 

J 

3necb .)c J - 4-HMnyn&c, COOT!leTCTBYIOtnHA A8HHOA JIIIHHH B uaarpaMMe, f 
1 

- 4-HMnynbCbi, 

DO KOTOpblM DpOBOilHTCR HHTerpapOB8HHe, J1aTerpan (5,10) CXOAHTCR npa <>0, 

AaanaTH"'ecxae caollcTaa R'(k 2
) T8KOBbl 1 "'TO B HRTerpanaX (5,16) npH <>0 

MO)ICHO DOBepayTb KOHTyp HHT8rpHpOB8HHR no BpeMeHHOA KOMDOH8HTe Po aa yron f 
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-· 

HllH no npOCT'JAIICTB8HHbiM KOMIIOH8HT8M p 1 

XOTHM nony'IHTb KOH8'1Hblll npenen npH < -+0 , 

" , p
2 

, p 
3

- sa yron - 2 . 0AHaKo ecna Mbl 

TO KaKOII nOBOpOT BaM HllAO AOil8Tb1 3aBH-

CHT OT TOrO, K !'aKoMy THny, (A) HllH (B), npHH8/lll8lKHT <jlyHKUHSI A>,(-k
2

) • EcnH A>,(-ki 

npnaanneJKI{T K THny (A), T,e, A>,(-k
2
)-+0 npa k 2 -+-oo • To aeo6xonHMO 

cnenaTb nosopoT no speMeaaoil KOMnoaeaTe Po , a B cnyqae (B), T,e, Korna A.\(-k
2

) ... 0, 

npa k 2
-++oo 1 - no npocTp8RCTB8HHbiM KOMnOH8HT8M, 

nycTb 

no (f
1 

) 0 

2 
A.\(-k ) npHHAAil8JKHT THny (A) , TorAa B ( 5,10) MOlKHO noaepayTb KOHTyp 

H aaTeM nepeltTII K npeneny < • 0, nony'IHM HHTerpan no 9BKilHAOBbiM '19-

(f
1

) E' Baewaae HMnyllbCbl nceBA09BKIIHAOBbl, Ecna Tblp9XM9pHbiM HMnyllbCaM 

[A(-k
2

)]
2 =0(_!_) 

k2 
npa k 2 ..,_00 

0 TO CXO/lSITCSI HHT9rpallbl, COOTB9TCTByiOIIIH9 

mo5biM AnarpaMMaM 4>eltaMaaa, 

'lae, Korna <jlyHKUHSI A>,(-k 2
) 

AaanorH'IHO nony'laiOTCSI BbiP4JKeHHSI AnSI aMnnHTYAbl B cny

npHHaAneJKHT THny (B), 

J-fTaK, aMnnHTy/la F (p 
1
,,,,, p n) onpeAellSI9TCSI CXO/lSIIIIHMCSI HHTerpanOM H 38BHCHT 

oT cKanSipHblX npoHaBeA9HH11 nceBA09BKilHAOBbiX saemaax HMnynbcoB p , ••• , p • Ecna Mbl I n 

Tenepb BB8A9M n 9BKnH/10BblX HMnynbCOB q I' • • •, qn R BOCnOilb3Y9MCSI TeM o6CTOSIT91lb-

CTBOM, 'ITO BC9B03MOlKHbl9 CKanSipHbl9 npOH3B8A9HHSI n nC9BA09BKilH/10BbiX H n 9BKilH-

AOBbiX HMnyllbCOB 38AAIOTCSI OAHHM H T9M JKe 'IHCilOM HHBApHaHTHblX nep9M9HHblX0 a TAKJK9 

BCnOMHHM, 'ITO aMnnHTyna F(p 1, ••• ,pJS1BnSI8TCSI aHanHTH'I8CKOit <jlyHKUH9ft CBOHX HHBapH

aHTHbiX nep9M9HHbiX1 TO MO)KHO C'IHTaTb, 'ITO aMnnHTylla F (p
1
," .,pn) B (5.10) 38BHCHT OT 

n 8BKnHAOBblX B8KTOpOB q I' • • ., qn 1 a He n fiC9BA08BKilHAOBbiX, nony'I9HH09 BblpAlK9-

HRe 6yneT COBnanaTb C HCTHIIHOit aMfillHTYIIOII B 9BKilHAOBOII o6naCTH npOCT:J8HCTOOHHO-no

A06HbiX ana speMeaa-nono6HbiX saewaax HMnynbcoa, B cany eAHHCTB9HHOCTH aaanHTH'ISCKoro 

llp0/101llK8HHSI MOJKHO nony'IHTb HCTHHHYIO aMilllHTYAY F BO BCell 06naCTH H3M8H8HHH HHBA-

pHAHTHblX nepeM8HHblX nyTCM aaanHTH'I8CKOrO llp0/101llK8HHSI, 

CnenyeT aaMeTHTb, 'ITO onacaaaaSI npouenypa nonaocTbiO aKBHBaneHTHa o6bi'IHOMY Me

Tony npa paccMoTpeuHH AHarpaMM 4>eltaMaaa TeopHH ooaMymeHHII, Ecna nonoJKHTb A,\ <0> ~ 1, 

TO nony'IHM 06bi'IHhl9 BblpaJK0HHH /lllH aMn/lliTY/1 CKanHpHOII TCOpHH, 

J-fTaK, MU nony'IHilH p!!/1 TCOpHH B03MymeHH1\, CB060ilHbiii OT YllbTpa<jlaoneTOBbiX paCXO

/lHMOCTefi. npacTynHM K npoaepKe YHHTapHOCTH H npH'IHHHOCT'I nony'leHHOro p!!na. 

6, YaaTapaoCTb S -MaTpHUbl 

noKaJKeM, 'ITO llOCTpOeHHAH Ha'-!H S -MaTpHila yHHTapna B Ka)I(JlOM !10pH/lK9 TeOpHH 

B03Mjiii8HHfl Ha MaCCOBOl! o6onO'IK!< 0 T,e, BblllOilH9HO paBeHCTBO 

<a I ss+l {'i>=<al ,'l>. 
(6.1) 

18 -

rne I a> a I fj>- npoHaBOIIIoBble <jlaaa'lecxae cocTOSIHHSI, .Mbl npennonarae1 

'ITO cy!lleCTByeT cacTeMa aMJinHTYll I a, k > , xoTOpaSI auecTe c. aunnHTyll 

S1BnSI9TCSI aauxsyTol, TU 'ITO AnSI npoaaBOnJoBhiX onepaTopos A H B 

<aiABifj>•<aiAIO><OIBifj>+~fdk<aiAia,k><a,;IBifj> 
n 

H npHTOM Taxa•, 'ITO B cocTOSIHHR I D, k > HM99TCSI onpeneneBBYI HMDJ'III 

E (k). 
n 

8 X4'18CT88 TaKOI CRCT9MY Bbi6RpaeM CRCT9My COCTORBRI 

la,k>·a~ ... ..t IO>, (t + ... +k .r), 
tl k. 1 ll 

noCXOIIIoXY Mbl pa6oTaeM B TeOpRH B03Mylll9RRII, fipeAnonara8TCSI 0 'ITO COCT 

I fj > a ( 8,1) MoryT 6biTJo pa3110lK9RY no cacTeMe ( 8,3). 

nnSI llOXa38TellloCTB8 yBRT8pBOCTH B <jlopMe (6,1) IIOCT8TO'IBO IIOK438T 

161 . 
KOCCXOrO AnSI BOpMani>HbiX noporoB B DpOR3BOni>BYX llRarp8MM8X ..... 

171 
BO 6bUIO IIOK838RO aBTOpOM , T URM o6paaoM, DOCTp09BR8SI BaMR S • 

3aM8TRM
1 

'ITO ycnOBR8 yBRTapBOCTH ( 6,1) OCT4R8TCSI CnpaB81lnHBbiM1 

aH B3aRMonellcTBRSI ssecTR c~~:anapsoe ssemsee none a(x) , sanpaMep, c 

30M: 

4 2 
L

1 
(z)•g(cll (z)+cf> (x)a(z)). 

YsaTapsocTb B <jlopue ( 6,1) AIIR saaRMonellcTBHB ( 6,4) ner11:o noKaa~o~saeT 
17 

pS1nK8 TeOpHH B03Mylll8HRII, ecnH BOCIIOIIJoaOaaTJoCR peaynbT8T8MR pa60Tbl 

7, npR'IRBBOCTio S -MaTpBDY 
,. 

nnSI llpoBepKH npH'IHHHOCTH Hamel 

onepaTOpa ell( z), paccMoTpHM BbJpaJKeHHe 

S -M8TpHJlb11 KOTOp8R RBnSI8TC~ 

8 8S 5-IJ 
C(z,y)• 8'li(x) ( t;iJ(y) • 

B cny11ae noKanbaoro saaRMOAellcTBIJSI, xor11a TeopsR MRxponpR'IHHHa, one] 

/3/ ~ 
K8K R3B8CTHO 0 p8B8H HyniO npR J: < y • fiOCMOTpRM, '18MY paBeH or 

B (7,1) B p8CCM8TpHB88MOM H8MH cny'l88. 

npelKne scero noKaJKeM, 'ITO onepaT.Jpbl cll(x) B (2,2) yllo~eTBops 
nepeCT8HOBO'IRbiM 'COOTHOW8HRHM 

[cll(x 1 ),~(z 2)]=[of>(z 1),,P(z 2) l=A (x 1-x 2 ), 
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, 
HLIM KOMllOH9I!TaM p

1 
t p

2 
t p 3- H8 yron - 2 • 0JlH8KO 9Cilll Mbl 

HbiA npenen npH <-+0 , TO KaKoA noaopoT saM aano )lonaTb, aaaH-

Y THrry, (A) HnH (E), rrpHHBllneJKHT <i>YHKUH>I Ax(-k
2

) • EcnH Ax(-k1 

(A), T,e, Ax (-k 2 ) .. o npH k2o+-ot ' TO He06XOiliiMO 

apeMeHHOil KOMllOH9HT9 p
0 

, a a cnyqae (E), T,e, Korna Ax(-k
2

) .. 0, 

no npocTpaHCTB&HHbiM KOMllOH9HTBMo 

npHHBJlll9JKIIT THily (A), TorllB B ( 5,10) MOJKHO llOB&pHyTb KOHTyp 

nepei!TII K npeneny < • 0, nony'IIIM RHTerpan no 9BKilllllOBbiM '19-

caM (YJ) E. Bnema11e IIMnynbCbi nc&BllO&BKilllllOBbi, Ecna 

npH k 2 
-+-oo , TO CXO)l>ITCII IIHTerpallbi, COOTB&TCTBYJOIIIII& 

ei'iHMana. Ananorii'IHO nonyqaJOTCH Bblp~JK&HIIH nn>l aMnniiTYllbi a cny-

Ax(-k2) npHHallne JKIIT Tllny (E) • 

a F(p
1
,,,,,p

11
) onpenerr!I9TCSI CXOiliiiiiiiMCSI RHTerpanOM II 3aBIICIIT 

eneHHi1 ncen)loeBKrrHilOBbiX anemHIIX IIMnynbcoB p 
1

, ••• , p, • Ecn11 M&I 

9BK/lllllOBblX IIMnynbCOB q I' • • •, qn II BOCilOilb3Y9MC!I T9M 06CTOSIT91lb-

JKHbl9 CKan!IpHbl9 llp0113B9)l9HBII n nceB)l09BKilllllOBblX B n 9BKilll-

.naiOTC!I OllHIIM II T9M JK9 'li!CilOM IIHBBpl!aHTHblX nepeM&HHb!X0 a T8KlK9 

I!TyllB F(p 1, ••• ,p~SIBn!I9TCII BH8/li!TI!'I9CKOA <i>yHKU1!9l! CBOHX IIHBapH

TO MvlKHO C'II!TaTb 0 'ITO aMnllHTylla F (p
1
," ,,p

11
) B (5,10) 3aBIICIIT OT 

opoa q 
1
, • • •, q n , a He n llC9Bll09BK/lllll0BblX, nony'I9HH09 Bb!paJKe-

c I!CTHI!HOil BMillli!TyllOl! B eBK/li!JlOBOl! o6rraCTI! npOCT:;>aHCTOOHHO-IlO

Oil06HblX anemnHx HMnynLcon, B cHny &lli!HCTB&HHOCTH anarrHTII'Iecxoro 

ny'li!Tb HCTIIHHYIO BMlliiHTYilY F BO BCel! o6nBCTH H3M9H9HH!I IIHBB

nyTCM aHB/lHTII'l9CKOrO npOil0/llK9HHSI, 

b, 'ITO OllHCaHHaii npoueaypa IIO/lHOCTblO 3KBHBarreHTHa 06bi'lHOMY Me

R auarpaMM <l>ei1HM8H8 Teoplll! B03MyuteHHA. EcnH llO/lOJKI!Tb Ax <0> r1. 
Bb!pBJKl'HIIII ll/l!I BMII/lllTYil CKall!IpHOl! TeOpHII, 

Ill! p>lrr TCOpllll B03MyuteHHI!, CB060ilHb!l! OT yllbTpa<i>HOileTOBblX paCXO

K 1IpOB9pKe YHI!TapHOCTH II 1Ip11'li!HHOCT'< IIOilY'l91!HOrO p!Ina, 

6, YaHTapaocTb S -MaTpi!Ubi 

OCTp09HHBII Ha'ldl! S -MaTpHua yHHTapna B Kax<noM 'IOp!InKe TeopHH 

BOil o60ilO'lK~, T,e, BbliiO/lH9HO paB&HCTBO 

<al ss+l t>>=<al ,'l>. 

... 18 -
(6,1) 

rne I a> B I {3>- npoR3BOIIJoHbl& <I>113R'I8CitBe cOCTO>IHH>I, Mbl npellnonaraeM, xax o6bi'IHO, .. 
'ITO cymecTayeT cacTeMa aMDnHTYll In, k > , xoTOpa>l BMecTe c, aMnnHTYllOII aaxyyMa I 0 > 

gan>leTcR aaMKHyTOII TaK 'ITO llll>l npo•aaonJoHbiX onepaTopoa A a B 

<aiABif3>-<aiAIO><OIBif3>+IJdi<aiAia,i><a,~IBif3> .. (6,2) 

a npRTOM TaKa II, 'ITO B cocTORHRB In, k > RM89TCSI onpeneneHHYI RMilYilloC k a saepraa 

E (k). 8 K8'18CTB8 TBKOI CRCT8MW Bb16BpaeM CRCT8MY COCTOliBRI 
D 

I•, k > - .~ ... ..! I O> , (k + ... + i = t > , 
~~ ta 1 D 

(6.8) 

llOCKO/llolty Mbl pa60T88M B TeopBR B03MymeaBII. npelliiOnaraeTCll, 'ITO COCTOliRRII I a> R 

I /3> B (6.1) MoryT 6biTJ. pasnollteHbl no cacT&Me (6.8). 

nnll llOK838T8llloCTBB yRRTBpBOCTR B <i>opMe (6.1) llOCTBTO'IHO llOK838Th npaaano KyT

/6/ JtOCCitOrO llllll HOpMB/lbRblX noporoB B DpOR3BOllloBWX llRBrpaMMBX <l>eiiRMBBB, 3To CBOftCT-

17/ 
BO 6hUIO ll01t838HO aBTOpOM , TaxRM o6p830M0 DOCTp08BH8ll HBMR S -MaTpRilB yHRTBpHa, 

3aMeTRM, 'ITO ycnoBH8 YBRTBpHOCTB ( 6,1) OCT8H8TCII Cllp8B8)lllHBb!M0 8C/lll B narpaHlKH

BH B38BMOll8ICTBIIll BB8CTR CK8llllpH08 BB8lllB88 none 8 (X) , H81IpHM8p0 C/l9ll,Y'IOIIIRM o6pa-

30M: 

4 l 
L

1 
(z)•c(~ (z)+</> (z)a(z)), (6.4) 

YBBTBpHOCTb B <i>opMe (6.1) llllll B38HMOn911CTBIIll (6,4) nerxo llOKB3biB89TCll B KBlKllOM ll0-
17/ 

p11lllt8 T80pB11 B03Myut8HRII, 9Cllll BOCilOllh3008TioCll pesynbTBTBMB pa60Tbl , 

7, npu'IHHHOCTb S -MBT,£Rilb1 

Jo 

UnR npoaepltH npH'IHHHOCTH aamell 

onepaTOpB fll( z), paCCMOTpHM Bb!p8lK9HII9 

S -MBTpllllbl, KOT0p8ll 11Bn119TC!I <i>yHKilHOHBilOM OT 

s ss 5-1 
C(z,y)• S<li(x) ( Sifi(y) '• (7.1) 

B cnyqae noxanJoaoro B38HMOnellcTBIIH, xorna T80pHH MHKponpH'IIIHHa, onepaTop C( x, y) , 

/3/ ~ 
Jt8K H3B9CTHO 

0 
p8B9H HYilJO npH X<: y • nocMOTpBM, '18MY paBeH onepaTOp C ( J:, y) 

B (7,1) B paCCM8TpiiBa8MOM HBMII cnyqae, 

npeJKne acero noxaJKeM, 'ITO onepaT•:ipbi <ll(x) a (2.2) yJ:IoBneTnopiiiOT noxanbHbiM 

nepeCTBHOBO'IHhlM t:OOTHOlll8HR>IM 

[<ll(x
1
),<1l(x

2
)]=[4>(z 

1
),</>(x 2) 1= t1 (x 1-x 2 ), 

(7.2) 
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rne !J. (X 1-x 2) - 06b!'IHhlll XOMMYT8TOp cxansrpHOl"' nonsr, .llnsr STOl"' BHOBI> BOCnonb3yeMcSI 

aeco6cTB&HHhiM npenem.Hb!M nepexo.llOM, T,e, BMecTo nons cll(x) paccMoTpHM none 41
1 

(x), 

onpe;wnGHHoe cornacao cooTaoweaaJO 

cll,(x)•fd yA1(x-y)¢(y), (7,3) 

rt~e A~(x-y) 6epeTcsr cornacao (4,19), Tort~a xoMMyTaTOp (7,2) Bbi'IBcnsreTcsr cne.llyJODlBM 

o6paaoM: 

[r!l(x ),cll(x )] •lim [cll.(x
1
), ell (x )) . • 

1 t - 1 .. 0 • f I -

f ( 
=lim fd y .fd y 1 A>,(x 1 -y 1 ) A>.(x 2-y 2)[¢(y 

1
), ¢(y2 ) L-

£ .. 0 
(7,4) 

=lim [A>, (-m2
) It (m 2))2 ·ll.(x 1-x 2) •1\(x 

1
-x 

2
). 

( .. 0 

(±) 
To JKe caMoe MOJKHO cxaaa·r& a o D -4Jyaxnasrx 

c+t c+1 
D -~x 1 -x 2)=ll.- (x 

1
-x 

2
), (7.5) 

rne 'lepen !J.(±) o603H8'18Hbl COOTB8TCTBYJOillB8 $yHKilHH CX8nRpHOl"' nona, 

PaccMOTpHM Tenep& BbipaJKeaae (7,1) • Hawa S -MaTpRna (2,4) RBnR&TCR lj>ysxnao-

aanoM Ton&Xo oT onepaTopa nonsr 41 (x) • npa paanoJKeHBH 11 psrA no xoacTa8Te CBR3R & 

Mbl nony'laeM pan BRna: 

S•: ;, f d
4

x I " ,f d 
4

x,. S,.(x 1 ,, , ., X,.): cll(x 1), " <ll(x ,.) : , 

l"ll8 KOS<jxf1BUH8HTHhl8 ljlyHKUBR S,.(x 1, o .. ,x,.) nocTp08:ibl H3 UpH'IHHHOII tflyliXIlHH(2,5),xoTOpaR 

paBaa cyMMe o6bi'IHOR npH'IHHHoll lj>yaxnsa cxanspaoro nonsr s o6o6meaaoll ljlyaxnHB K1(x
1
-x 

2
) 

(eM, (5,2)), no.llCT8BRM pHil (7,5) II (7,1) B nepe!i.ll&M BROil& K N -npoR3B8Jl8HHJOo npa 

STOM ooaaaxayT o<-l -4JyaxnHR onepaTopoB nons1 <ll(x). Ho cornacRo (7,5) o<-l 

<jlyUXIlHR TO'IHO paBH8 l'l.C-l -lj>yRKnHH o6hi'IROl"O cxanspaoro nonsr ¢ (x) • noSToMy ecnR 

H8 npHHHMaT& BO BHHMaHBe o6o6meHHb18 lj>yHXIlBH Kr (X I -x 
2

) 1 Mbl nony'IHM 06b!'IB08 yCnOBH8 

MHxponpH'IRHRoCTH noxan&aoro cxanxpaoro nons, T.e, onepaTop C(x,y) 11 (7,1) paB&R 

aynJO npa 

HHe (7,1) 

... 
x<y • 

11 o6nacTH 

Ho npH aanH'IIIH o6o6we!IHblX lj>yHKilRII Kf(x
1
-x

2
) II (5,2) COOTHOW8-

ll< y 6yneT nponOpllBOH8n&HO BO BTOpoM UOpBI1X8 T80PBH 1103MYW8-

HH11 ojlyHKilRR Kf(X-y), a II 11 -oM nopilllK9 TeopRH B03MYW8HBII o6o6wesaoll cjlyBXIIBH 

BHll8! 

20 

• 

. 

. 
' ,, 
·'' 

lil 

fdt 1 ... fdt,._2K1(x-t 1)Kr(t 1-t1 ) ... Kr(t,._2-y)•Qca-~~t<•-y) 

3Q8Cb Q(,.-l)f -o6o6weBB8R cjlyRXIIBR BCcnenyeMOl"O 88MB TBna C BenR'IBBOI 

JlnBBbl f 1• (11- 1 )f Cne.llOB8Tenb80, II 11 -oM UOpR.IlK8 T80pBB B03Mywe 

C(z,y)paBe8 syn10 liRe o6nacTeA G 8 GC,.-1 lf ' l".lle 

G: z 0~y 0 , (z-y)2 ~0, 

G 22 2 2t 
1,._rtf: -(11-1) l ~(z-y) ~( 11 -1) t , 

Kax 6btno noxaaa8o 11 naparpacjle 4, nocTpoes8aB 88MB S -MaTpBila AOBl'ic:XI 

8esae axayaan&8oro cHr8ana 11 sexoTopoll orpa8&qeasoll o6~acTH, xoTopa• •e 
BHyTpB o6naCTR G(n-1) f B cjlopMa XOTOpoll 3aBRCHT OT cjlopMbl HMnyn&Q8 ~C' 
nonsr RnR cjlopMbl BOnHOBbiX naK8TOII na.llaJOiltRX '18CTRil, 

TaxaM o6paaoM, cTporo roBopsr, nnsr npnsoro psrna Teopaa B03MyweHBt 

C(z,y) B (7,1) OTnB'I8H OT RynR BCJOllYo 3TO 03HaqaeT, 'ITO nony'I8RH8B RAM 

11a ae YAOBn&TBopseT ycnoBRJO npH'IRHHOCTR, 0n8axo, xax roaopanoc& 11 nep~ 

II cnyqae B38RMO.Il8IICTBltl C ManoA X08CTaHTOII CBR3B H8pyweHR8 npR'IR8HOCTI 

p8CCTORHRRX 6yneT AOCTaTO'IRO M8nb!Mo 

8. 3 a x n 10 q e R a e 

HaM K8JK8TCR, 'ITO npeHMymeCTBO pa3BIITOI Bb!W8 CX8Mbl COCTOBT B cn&J 

U8pBhlX1 B8Cb npOH3BOn II Bb160pe cjlopMbl Ofip83aHHR H B8nH'IBRhl 'M8M8RT8p8C 
~ 

Yll8nOCb 38KnJO'IHTb B narp88JKH8R B3ai!MO.Il8iiCTBBBi BO-BTOpbiX
1 

8MnnHTY.Ilb1 ' 

npOII8CCOB R8 HM8JOT nononBRTen&HbiX OC068RHOCT811 II KOH8'1ROI 061!8CTR B3M8 

paaDT8hiX HMnya&CIIblX nepeMeHHhiX no cpaBaeHRJO c noxan&aoll Teopaell, 

B aaxnJOqeaae BblpaJKaJO rny6oxy10 6naro.llapaocT& npol!>eccopy .ll.H. Bnox 

ll8MBKy H.H. BoronJ060By, A.A. nory8oBy, .llOKTopaM <!JB3,M8T,Rayx B.B. Me.lll! 

H.T. TonopoBy aa o6cy)I(Jleaas. 

n a T e p a T y p a 

I. G.Wataghin, Zsf. Phya, •!•92(1934), 

2 • .ll.A. KnpJKHHil, Y¢lH, .§i. 39 ( 1966), 
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OC5bi'IHblll KOMMYTSTOp CKSnllpHoro nona, .llna STOrO BHOBJ. Bocnonb3yeMCfl 

nepexoaoM, T,e. BMecTo nona 41(x) paccMoTpHM none 41
1 

(x), 

COOTHOWSHBIO 

411 (x)•fd yA).Cx-y)r,6(y), (7.8) 

cornacao (4,19), Toraa KOMMyTaTop (7,2) Bbi'IBCnlleTca cne.QyJOmBM 

),41(x )] -Jim [41
1
(x

1
), 41 (x )) • 

l 2 - (-+0 f 2 -

( . 
d Ydd y2A.\(xl-yi)A.\(x2-y2)[r,6(yl),r,6(y2) L• (7.4) 

A>.(-m
2 )It (m 2)) 2 ·~(x 1 -x 2 )•,\(x 1-x 2) • 

!±) 
CK83~1'rb B 0 0 -<fJyHKUHSIX 

!±) !±) 
D (x

1
-x 

2
)=,\ (x 

1
-x 

2
), (7.5) 

COOTBeTCTBYIOIIIHe ~YHKUHB CKanllpHOro nonll, 

BbrpaJKe 1111e ( 7.1) • Haw a S -MaTpana ( 2,4) BBnlleTcll ljlyaxuao-

nonB 41 (x) • fipR paanoJKeHBH B plla no KOHCT88T8 C8SI3B g 

f d
4
x 1 .. • f d 

4
xn Sn(x 1 , , , ., x n>: «<l(x 1), .. <l>(x n): , 

<JlyHKUHB S 11 (X I, • .. ,xn ) nOCTpoeabi H3 npH'IHHHOll ~'YIIKilHH ( 2,5) 
0 

KOTOp8ll 

npH'IHRaoll ~yaxuaa cxanllpRoro non11 H o6o6meaaoll ¢yaxuaa Kt(x
1
-x

2
) 

Pllll (7,5) B (7,1) B nepe~aeM BROBb X N -npOB3BeaeRHIO, fipB 

onepaTopoa non11 <ll(x). Ho cornacao (7.5) o1- 1 

1\l-l -<I>YHKilRR o6bl'l8oro cxanBpaoro nona r,6 (x) • fioaTOMy ecnu 

o6o6meHRbre ~yaxnaa Kr ( x 1 -x 
2
) , Mbr nony'IHM o6br'laoe ycno8ae 

cxanapaoro non11, T,e. onepaTop C(x,y) 8 (7.1) pa8e8 

aanu'lna o6oC5meHHbiX <J>yaxnall Kf(x
1
-x

2
) 8 (5,2) cooT8owe-

6yaeT UpOnOpllBOH8nb80 BO BTOpoM nopa.Qxe TeopB8 B03Myllle-

a B n -oM nopiraK9 Teopaa B03Mymeuall o6o6meauoll ljlyBXIlBR 

20 

* j';~,i., ,. 
-.,: 
:a.~--· 

II 

fdt 1 , .. fdtn_2Kt(x-t 1)Kt(t 1 -t2 ) .. , Kt(tn_
2
-y)•Q

1
,._ufCx-y). (7.8) 

3Qecb Qln-l)l -oC5oC5me8aaa ljlyaxuaa BccnenyeMoro 88MB TBna c aen&'IB8oll 'sneMeRT8p8oll' 

.llnR8bl t 1•(n-1)f Cne.QoBaTenr.8o, B n -oM nopaaxe Teopaa B03Myllleaall onepaTop 

C(x,y)paae8 Hyn10 aae oC5nacTell 
G B Gln-l >l , rae 

G: x
0

1l:,y
0

, (x-y) 2 ~0, (7.7) 

G 22 2 22 
In-rtf: -(n-1) f ~(x-y) 'S_(n-1) f , (7,8) 

Kax C5brno noxaaauo B naparpaljle 4, nocTpoea8all 88MB 
S -MaTpaua aonycxaeT pacnpoc:pa-

8euae axayaan&8oro caraana B aexoTopoll orpa8B'Ie8aoll o6nacTB, xoTopaB nenuxoM nelKHT 

BHyTpR oC5nsCTH G(n-l)f 
R ljlopMa XOTOpoll 38BBCHT OT ljlopMbl HMnynr.ca HCCneayeMoro 

nonll HnH ljlopMbl BOnROBbiX naxeT08 na.Q810111HX '18CTRilo 

TaxaM o6paaoM, cTporo roaopa, an11 npnaoro pans Teopaa B03Mymeaall onepaTop 

C(x,y) B (7,1) OTnB'IeH OT Hyna BCJOay, 3TO 0388'18eT, 'ITO nony'le8ilaa 88MB S -MaTpR-

118 ue ynoaneTaopBeT ycno8RJO npH'IRH8ocTR, Oa8axo, xax roaopanocb 8 nepBoM naparpaljle, 

B cny'l88 B38RMOQellcT8HII C Msnoll K08CT8HTOII CBli3R H8pyweaae UpH'IB8HOCTH 88 60nbWHX 

paccToaaaax 6yaeT aocTsTO'I8~ Msnb!M, 

8, 3 a x n 10 'I e H a e 

HaM xaJKeTca, 'ITo upeaMymecTao paaaaToll Bblwe cxeMbl cocToBT B cneayJOmeM: ao

nepBbrx, Beer. npouaaon B Bbr6ope ljlopMbr o6peaa8aa a aena~abl • sneMeHTap8oll" anHRbl 

yaanOCb 38KniO'IHTb B narps8lKR88 B38RMoaeiiCTBHll; BO-BTOpb!x, 8MRnHTYilbl 4JB3H'IeCKHX 

npoueCCOB He HMeJOT llOUOnRHTenb8biX 0COC5e8HOCTell B ltOHe'I80II o6nsCTH B3MeHe8Ha RHB8-

pB8RT8biX HMny;}loCIIblX nepeMeH8blX no Cp8BHeRHIO C noxan&HOII Teooaell, 

B aaxnJO'Ieaae BblpaJKaJO rny6oxy10 6naroaapuocTb npo~ccopy .ll.H. Bnox8aueay, axa

aeMaxy H.H. BoronJ06oay, A.A. nory8oay, llOXTopaM <!Jaa.MaT.aayx B.B. Menaeaeay B 

H.T. Toaopoay aa o6cylK!le8aa. 
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