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A. II. CTcnaneu;, n-p qm3.-?.rnT. nayr, (Mrr-T MaTeMflTl'ITm AH Yr,panHbt, I-ureB) 

Hec1mJihKO 3aiu:e11mmii. o rrpu6mn1-.eHHH 
orrepa'l'Opa:t\HI <l>ypbe cpyHKJJ;MJf BblCOJWU: l'Jl3)l;KOCTH 

nonyqeHbl aCHMllTOTHqecKHe paBeHCTBa llJl51 Be l'XliHX r pa11e ri YKJJOHeHHfi onepa-ropos <l>ypbEI 

Ha KJJaCcaX cjJyHKUHJi ct 00 I1pH 110I1 0 JIHHTCJlbHblX llpellJ10JJO)KeHH51X Ha HX N;, ~)-Op0H3B0ll• 

Hble. 

3uafil!eff i aCHMIJTOTH4Hi piBHOCTi )1Jl51 Bepx1< i x rpaH e i\ BillXHJJeHb onepaTopiB <I>yp'e Ha [{JJacai. 

cj>yHKUill C~~oo ~a l!OllaTKOBHX YMOB Ha f x {II:·, ~)-nOXlllHi. 

By.ueM pac-.:MaTpttBaTb KJiaccb1 Lt 'ffl., BBe11e111-11,1e aBTopoM B 11, 2J. 0yGTb­

L7,, p > I . - MHo:m:ecTBO c.j.Jy m<U HH, 3a.ua HHbIX Ha BCUA 1.1.ei-fcTs1-neJibHOH ocm 
R 11 1-1.Me1ow,11x TaM K0Hetrny10 HOPMY 11·11-, , r.ue nptt pE[l, oo) 

p 

n 

II cp II" = sup ( S I cp (t + a) t dt) I/p 
P aEU 

-n 
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A di 
n II cp 11 ;;:; = II cp 11 00 = II cp ll,,i,1 = ess sup I cp (t) I, Loo = M . IlycTb, .11.aJiee, 'ljJ (v) -

¢YHKUH 51, He rrpephIBHa51 rrpn Bcex v > 0, 11 B-cjrnKcnpoBa1rnoe .11.eiicTBHTeJib-
1-IOe tIHCJIO, 

A ,,.._ "' l oo 
'ljJ (t) = % (t) = tp (t, fi) = - 1 ,j; (v) cos (vt + fin/2)dv . (1) 

rt.) 
0 

4 epe3 it o 6o3Ha•IaeTC5l l\!HO}KeCTBO cpyHI<U Hll f E 11, KOTOpble ITOtITH rrpH 

Bcex X rr pe.ncTaBJI 5l!OTC51 B BH.Ue 
00 

f (x) = A r + S cp (x + t) ~ J (t , Fi) dt = A 0 + (cp*~11 ) (x), (2) 

A 

rne A 0 - HeKOTopaH rrocT051 HHaH H rp E L 1 , a mnerpaJI ITOHHMaeTcH KaK 

npe,Qe.JJ HI-ITerpaJIOB ITO CI-IMMeTpH'-ll!bl M paCUJ l! p5110UJ.l-IMC51 npoMen,yTKaM. 

EcJIH f E Z;r H rrpH 3TOM cp E SJl . m e ~'Q - He KOTopoe ITO,llMI-!O)J< eCTBO 113 Li, 
A ~. A l 

TO ITO.JJaraeM f E L11 SJL TTonM HmKecTBa Herr_pepbIBJ!blX cjJy1m u11i'l l-1 3 L~ H 

L;t 9c o603H8 l!aIOTC5l COOTBeTCTBeH J-I0 qepe3 ct 11 c~· ffi . B n ep110.ruI •1ecKOM 

cJiyqae, T. e . Kor.11.a B (2) cj} yHK1111,1 cp ( •) 51BJI51eTc51 2n- rr ep110JJ.H l!ec1<011, MHO-

)KecTBa Lt <;Jc 11 ct <;Jc npencTaBJI5!IOT co6oi:'1 MHO)KecTBa Lt SJc H ctm, KOTO­

j)hle BBe.neHhI a BTopoM pa Hee /cM., 1-1a npnMep, !3]). <Pymrnmo er ( •) B npe.11.­

c TaBJieHHH (2) H83b1B,l IOT ('ljl, B)-npoH3BO.llHOH cpy1-1KUHH f ( •) 11 o6o3 Ha tiaIOT ft( •) 
B I 1, 41 H3 y<IaJJHCb annpoKCHMaTHBHbIe cBoi'lcrna K.JJaCCOB CWM. TaM, 

B l!8C'TI-IOCTH, npH ,llOCT3TO'IH O o6lll HX npe.n n OJIO)J<eHJIH X O (f)YHK!lH5JX ti) ( ·) 

noJJ yl!eJ-Ibl TOl!Hble no ITOPH.!lKY ouemrn !JaHJJYl!lllHX np116JJH)KeI-1H1~! cpyHKUHfl 

f E cWM noc pe.ucrnoM u eJJbl X cj1y1IKUHll 3KC HOHe I-IUH3Jlbl-IOro TH IT a H pac­

CMOTpeI-Ibl rrp116JJH)l{ e HH 51 cjiyI-lKUHll f E ct M C ITOMOUlb!O onepaTopoB c;I>ypbe 

00 

Fa (f; x) = A0 + S ft (x +- t) ;a (t) dt, (3) 

r )le ~a (t) = ,;'a (t, fi) - n p eo6pa3oBaHHe BH.Ua ( 1) cjiy1mum:1 

l'ljJ (v), O¾ V¾a -1; 
<ta(v) = tjJ(v) -lv(cr- l)!'ljJ(cr), cr-1 ¾V¾ O; 

0, v;;;,, a, 
(4) 

KO TOpble B nepHO.UHtieCKOM CJJyqae rrpH aE.N HBJIHIOTCH qacTHblMH cyMMaMH 
So- t(f; x) nop51.UKa o-1 p,1.na ct>ypbe cj:> y Hl(UHH f ( ·). 

B H3CT05l!Uet, pa6oTe paccMaTpHB3!0TC5i TaKme BeJJH'GHHbl 

Pa (f; x ) = f (x)- Fa (f: x) 

,nJIH ¢y1-mu1:11'-i f E C}fM, HO ITPH nonoJJH11TeJ1bHOM 

tiaIOIUeM CH B TOM , l!TO HX (-iv, f:l)-npo3B01l!-lble cp ( •) 

r I cp (t) I 
J It I + I dt ¾ K < =· 

- oo 

(5) 

npe.UITOJIO}KeI-11-1 H, 33KJIIO­

ITO)ll!HHeHhl ycJJOBHIO 

(6) 

no.uMHO}l(eCTBa cpyHKUHll 113 M, .!lJIH KOTOph!X BblnOJII-JeHo (6), o603 !-18l!IIM 

qepe:=i M 1 T aKIIM o6pa30M, oyneM HCCJJe,noBaTb BeJJHGHHbl (5) B CJJyqae, 

Koma fEClM 1 • 4 rn6bI ccpopMyJJHpoBaTb oc1-10B1-1b1e yTBep>K)le1m.H, BBe,neM 
pHJl 0603I-Ja1IeHHH. IloJ1om11M 

Soo = SM = {cp:cpEM, esssupjcp(t)j ¾ l } , 

S,11 , = { cp : cp E Af 1 n SM}-
JlaJJee , o603 H3 l!HM q epe3 ;)TI MI-!O)l{eCTBO BbIITYKJJblX BHII3 ITPH Bcex V > I 
11ct1e3a1ow.11x Ha 6ecK01-1 e GHOCTII cj}yHKUHH 1p (v). <PyHKumo cp E '.JR npo,noJI­

}l(HM Ha yqacTOK (0, I ) TaK, GT06bl noJJyqem-ia.H cpyHKU1151 (KOTOp)-10 no-

ISSN 0041-6053. Y,cp_ MGT. 31eypH., 1992, T. 44, M 1 139 



npe)KHeMy 6y,ueM o6o3HaqaTb qepe3 '\jJ ( • )) 6wrn uenpepbIBHa npH scex 
v > 0, cp (0) = 0 H ee 11po113so,u1rnH 'ljl' (v)= 'ljl' (v + 0) 11Me,1a orpaH11qe1rn y 10 

00 

nap11aumo Ha npoMe)l<yTKe (0, oo): V cp' (t) ~ K < oo. MHO)Kecrna Tairnx 
a 

cpyHKI..I.1-l~i 0603HaqHM qepe3 ~. 0o,IT.MHO)l<eCTB3 cpyHKUHi1 ·'Jl E ~,(, )lJIH KOTOpbIX 

1 'ljl y) dt < K < oo, (7) 
I 

o603HaqHM ,1epe3 F. B npHIIHTbJX 06031-rnqemrnx cnpase.nJIHBa cJie.ny1ow,aH 
TeopeMa. 

T eo p e M a 1. 17ycmu 1p E F u a = a (a) - npou38OAuftafl cjJyHKt.fua , H.e­
npepbt8Haa npu ecex a > I u m aKwz, 1tmo aa (a) > a 0 > 0 . Tozaa ecAu 

t E ct s M,' mo npu ecex X ER' ~ E R H a> I 

Pa(/; x) = - 'ljl(a) 
n 

s fl (x + t) sin (at/ ~n/2) dt + bJ (a; f; x), 

ma~\11~1 

zae ma= min (a (a), I) u 

I bt (a; f; x) I~ K1 (,p (a)+ Qa (a; 'ljl)), 

npulfeM. 

00 

Qa(a;'IJ) = \' 
1/a(O) 

'P (t; a) dt + f r 1 ('ljl (a) - 'ljl (a + l it)) dt 
a(a) 

u eeAulfu H. a K1 M.OJ/Cem 3a0u cemb moAbKo om cpyHKU,Uu ,p ( • ). 

(8) 

(9) 

( 10) 

Jl OK a 3 a Te JI b CT BO. 0oCKOJibKY C!SM, C C!SM, TO B CHJIY Teope­
Mbl ) H3 [ I J 

s ft (x + t) sin (at t ~n/2) dt + b: (a; f; x), ( 11) 

ma~\t\~Ma 

r,ue Ma = max (a (a), ]), v = sign (a (a) - I) H b~ (a; f; x) - BeJIH 111rna, 

,um1 KOTopoii cnpase.n.'lHBa oueHKa (9), B03MO)l(I-IO, C .11.pyroii KOl·ICTaHTOH K1-
CT03TOMY ecJIH a ( a) ~ I, TO (8) He11ocpe.11.crne1rno cJie.11.yeT H3 ( 11). 0CTaeTc51 
paccMoTp eTb cJiyqaJ:i, Kor,ua a (a) > I. Tor.ua mJ = 1 H B c1rny (11) H (6) 

p (f;x)= ,P(a) 
o n 

fl (x + t) sin (at; ~n/2) dt + b~ (a; f; x) = 

= 0 ('ljl (n)) + /JJ (a; f; x) , 

qTo H 33Ka1-1q11saeT .11.0Ka3aTe,'!bCTBO TeopeMbl I. 
Y'lHTblB3H paBeHCTBO (8) H npmrnMaH BO BI-IHM3I-IHe JIOKa:,aTe.JTbCTBO -reo­

peMbl 2 H3 [ ll, 11p11xo.11.11M I< cJie.11.y1ow,eMy yTBep,K,rr.e1-1mo. 
T e o p e M a 2. EcAu 13btlWAl-leHo ycAOl3llft meopeMbt I, mo aeAuitu!-la 

He sasucum om molfKU x E R u v o > I 13btnOAH.fletncfl pa13eficmao 

~a (Cl SMJ = 4 
2 ,p (a) In+ - 1( - + bi (a), 

n a CJ) 
( 12) 
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2ae In+ t = m ax (Int, 0) u 

b~ (a) = 0 (I) (t~ (o) + Q0 (a; tji)), (13) 

0 ( !) - ee11u<w1-ta, pae1-tOAtep1-to O2pa1-tu'ie1-t1-taJL no au no~-
Kam,no11 cpy1mu1111 cp E 917 nocTaB HM B coorneTCTBH e n a py cpy1-IKUHH ri (t) = 

= 11 ('lp; t) = tji- 1 ('\P (t/2)) H µ (t) = µ (,p; t) = t l (ri (t) - t) H l!epe3 F 0 o6o3 11a­

<111 M ITO,UMHO)J(eCTBO cj)yHI<UH11 tjJ 11 3 F, ,UJI51 I<OTOpbI X ITOljTH npH Bcex f > ] c npa­

Be,UJll•!Ba ou.e1rna I ri' (t)J :::=;; I(, r,ne K - HeKoTopa H nocTOHHHaH. tCJIH ,11 E F0 

H B J<a lJecrne a (a) B3 f!Tb BeJIHlJHHY a* (o) = µ (tp; o) /o, TO (CM . [ll, COOTHO­

w e 1me (56)) Q 0 (a*; tjJ) :::=;; K1j1 (o) 11, KpoMe Toro, ecJIH 'ljJ E F0 , TO 3a0 > 0 Ta -

1<0e , l!TO yo;;:;,. 1 6 yneT a* (o) > a0 . TTo3TOMY , noJiaraH B TeopeMe 2 a (a) = 
a* (o) = l l (ri (a) - a), np11xo,n11M I< Ta1<0My yrnepm,nemuo. 

Te o p e Ma 3. flycmb t j) E F0 • To28a ya> I cnpaee811 ueo paee1-tcmeo 

( 14) 

28e O (1) - eeAU'iUHa, paGHOAtepHO O2paHU'lel-lHGJl no (J u no ~; Y) (o) = 
= ,p- 1 (1j1 (o) /2). 

T eopeMbl 1-3 HBJIHIOTCB a HaJioraMH COOTBeTCTBYJOW.HX yrnepm,neHHH, n o-

K3 33 HHb!X B [I), ,UJI H KJI 3CCOB C)l'SM, T. e. 6e3 npe,nnoJimKe HHH (6). 8 43CTHOCTH, 

paBe HCTBO (14) HBJIHeTCH aHaJIOroM paBeHCTBa (57) 113 (1) : 

Ga (Cjf SM) = ~ tjJ (o) j ln (YJ (o)- o) I + 0 (I) 'ljJ (o), tPEF0 , ~ER . (15) 
n 

C onocTaBJIHH paBe HCTBa (14) 1-1 (1 5), BH,UHM, l!TO eCJI H BeJIHl!HHbl YJ (o) - a 
orpaHHl!eHbl CHH 3 Y HeJ<OTOpblM ITOJIO)KHTeJibHbIM ljHCJIOM , TO HX np aBbie qacTH 

no cyw.ecTBY COB IT 3Jl3l0T H Torna, ecTeCTBem10, CJie,nyeT ITOJib30B3TbCH 6oJiee 

o6w.HM paBeHCTBOM ( I 5). Ho ecJIH , I< npuMepy, 

lim (11 (a) - a)= 0, ( 16) 
a-oo 

TO, 11al!HJ-1aH c 1-1e1rnrnpo r o a 0 6yneT In+ (ri (o) - o) = 0. CTaJio 661Tb, B 

9TOM cJJyt1ae 00 (C lSM, , = O (] ) ,j: 111) 1-1, 3 ll 3 4HT, nopHmrn BeJIHlJHII ( 15) H 

( 16) cy w.ecrne1-rno pa3JIHlJHbl. 3a MeTHM, l!TO y cJIOBHe (16) BblITOJll!HeTCfl 

T0JibK0 llJlfl 0 blCTpo y6b!BaJOW.H X c\iyHJ<UHi'J '\P ( . ), onpe,neJJmow.11 x MHO>KeCTBa 

Ll r:j) ymrnH11 f (.) Bb1co 1<011 rJJam<o c TH . B 1<atJecTBe Ta1<o~'i cpymm 1m, 1-1a np11-

Mep, Mm1<1-10 B3 51Tb r:j)y 1-11<1u110 er(t)= exp(-a() , a > I, npH JJ 1060M r > I, 
nop0>1<na 10tuy10 1<JJaccb1 u eJibIX cpy m rn 11fi . (TT onpo61-1ee 06 3TOM cM . [ I - 4].) 

OT \1CH1 M em e , l JTQ B n e pH0llHlJeCK0M cJJy tJae a Ha Jior paBeHCTBa ( 14), 
n oJiylleHHbl.11 clB'ropoM B 131, HMee·1 [1 11,ll 

Gn (C l SM) = sup I/ (x) - Sn-I (f; x) I= 
fEC~SM 
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nonylletto 16.0 1.91 
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