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NPEJUCJTOBHE

B 1975 r. memenxuit maremaruk 3. Tlpécmopd (S. Prossdorf
[43:1]) BmepBble wHCCIEAOBAT ANMMPOKCHMALMOHHBIE CBOWCTBA CYMM
Oypee u cpeanux Derepa TPUTOHOMETPHUCCKUX PAAOB Pypre Hempe-
PBIBHBIX 277 -NEPUOAUYCCKUX (DYHKUMI B TAK HA3ZBIBACMBIX T&IIBACPO-
BBIX ITPOCTPAHCTBAX, B KOTOPBIX METPHKA YUHTHIBACT KAK MAKCHMAIIbHBIC
3HAYCHHSA TAaK W TIAJKOCTHBIC XAPAKTEPHCTHKH 3JIEMEHTOB 3THX IIPO-
CTPAHCTB.

I'émpaepOBBI MPOCTPAHCTBA ABJAKOTCA KIACCHYCCKHAM NPHMEPOM
(D)YHKIIMOHATBHBIX IIPOCTPAHCTB, HA KOTOPBIX XOPOIIO HILTIOCTPHPYIOT-
Cs, HANPUMEpP, IOHATHS TCOPHH IIKAJN OAHAXOBBIX NMPOCTPAHCTB. [Ipo-
cTpaHcTBa ['énpaepa ABIAOTCA MPOMEKYTOUHBIMH MEKAY HPOCTPAH-
CTBOM HETIPEPBIBHBIX HA HEKOTOPOM OTpe3Ke (PYHKIHUIT U IMPOCTPAHCTBOM
BCEX HEIPEPHIBHO AU (PEPCHIMPYEMBIX HA 3TOM KE OTPE3KE (DYHKIIHH.

['énpaepoBbl MPOCTPAHCTBA HMEIOT IMHPOKOC NMPUMCHEHHE H B
TCOPUH CHHTYJIAPHBIX HHTCTPANBHBIX YPaBHEHWl. B 3THX mpocTpaH-
CTBaX, WX OOOOIICHMAX JOKA3BIBAIOTCSA TEOPEMBI CYIICCTBOBAHUS H
€IWHCTBCHHOCTH PCHICHHS, YCTAHABIMBAIOTCH CKOPOCTH CXOJHUMOCTH
TMPUOIKECHHBIX PEIICHUH COOTBETCTBYIOIMX CHHIYJLIPHBIX HHTETPAJh-
HBIX YPaBHCHHH B TEIBACPOBON METPHKE, YCTAHABIHMBAIOTCS OLCHKH
OCTATKOB KBAJPAaTYPHBIX ITPOIICCCOB IS CHHIYJUIPHBIX HHTETPANOB, a
TaKKE W3YYAIOTCS CBOMCTBA CHHTYJLIPHBIX ONEPATOPOB M PA3PEIINMOCTh
CHHTYJUIPHBIX HHTCTPANbHBIX VPAaBHCHHH B 3THX IIPOCTPAHCTBAX
([10], [43:2]).

Kak m3BecTHO, T€16A¢POBBI POCTPAHCTBA SIBILIFOTCS HHBAPHUAHT-
HBIMH  OTHOCHTEIBHO  CHHIYJSIPHBIX  omeparopos.  Hampmmep,
W.N. TTpusanos [44] aoka3a, 4T0 CHHIYJLIPHBIH OTIEPaTOP

1 7% s—Xx
Au:—gj;u(s)cthds

SABIICTCA OTPAHHYCHHBIM B HCKOTOPBIX TEIBICPOBBIX NMPOCTPAHCTBAX.
H K. Bapu u C.b. Creukus [4:1,2], [5] ommpascs Ha OUCHKY

a)(Au l)<C I—Z-)d J-a)(u )dz'



rae C=const, o(u;7) = sup P(%)—u(%)|—wmme&
i —xpf<z
—TTEX) Xy ST

TMPSPBHIBHOCTH (PYHKIHH 24 () , kKoTopas Obpu1a moayucHa A. 3urMyHIOM

(A. Zugmund [22:1]), moxa3ain HHBAPHAHTHOCTH MPOCTPAHCTB [ ¢mbacpa
OTHOCHTENBHO onieparopa A .

B Hame# kHHTE TEJIBICPOBEI MPOCTPAHCTBA M HX 000OIICHHUS pac-
CMAaTPHBAIOTCS B CBA3H C BOIPOCAMH MPHOMKCHUS (PYHKIUI M CyMMHU-
poBaHus psxoB Oypbe B 3TUX MPOCTPAHCTBAX.

B Teopuu pAooB, Kak XOPOIIO H3BECTHO, KPOME CXOTUMOCTH PAia

o0

Zan B OOBIMHOM CMBICJIC, PACCMATPUBACTCA CXOOUMOCTDH JTHHCHHBIX
n=0
CpCaAHNX

U, = Za,(:’)Sk,
k=0

KOTOPBIC 06p330BaHI>I U3 MOCICAOBATCIBHOCTH TACTHBIX CYMM {Sn} C

k,n=0,1,2,... Tony-

a n
IOMOIIBIO YHCJIOBOM MATPHIBI & :"a,g )|

>
YCHHAA TAKAM 00Pa30M HOCICIOBATCILHOCTD {U n} OTIPEACIHICT OJUH
W3 THHCHHBIX METOJOB CYMMHPOBAHHA PAROB. Ecom mocieaoBartelib-

o0
HOCTH {U n} CXOOUTCA, TO PAX Z Cln HA3bIBACTCA CYMMHPYEMBIM CO-
n=0

OTBETCTBYIOIIMM METOAOM. METoJ CYMMHPOBAHHUS HA3BIBACTCA PEry-
mpabM, ecm w3 S, — § cneayer, uro u U , — S . B naneHeiimem B
Ka4eCTBE MPHOKAOIINX arperaToB PacCMaTPHBAOTCS TPUTOHOMETPH-
yeckne TommHOMBI U/ ( ya ,0() , TOPO’KTAEMbIC PA3NMHYHBIMH (X -
METOJAMH  CYMMHpPOBAHHS TPHTOHOMETPHHCCKHX psamoB  Dypse
Qyuxmmit f .

[Nopsimkom TIPUOTIKCHUS JJIEMEHTA f METOA0M

U, =U, ( I ) B HCKOTOPOM (DYHKIHOHAIBHOM HOPMHPOBAHHOM

npoCTpaHcTBE X HASBIBAKOT MEPY CKOPOCTH CXOJMMOCTH MOCIEI0BA-

temsrocTH U/, k f B METpHKE 3TOro MPOCTPAHCTBA. DTO 03HAYAET, UTO

6



Z|S (f)| =In(n+1),

7 IILanrl

TOrJA KAK B PaBHOMEPHOI HopMme mpocrpadcrBa ', kak m3BecTHO ([1],
cM. Taoke [30:3]), JaHHAs BEIMYHHA OTPAHUYCHA OTHOCUTEIBHO 71 .

B 3axmr0uuTEI5HON YETBEPTOH IJIABE MCCICAYIOTCA AIIPOKCHMA-
ITUOHHEBIC CBOMCTBA HCKOTOPBIX HHTCTPAJIBHBIX ONEPATOPOB, B TOM THUCIIC

oneparopos Tuma Oecifepa, B OOOOIICHHBIX TIEILACPOBLIX U L »"

TETIBICPOBBIX MMPOCTPAHCTBAXH WX MOAM(DHKAIIHSIX.

ABTOp 01aTOAAPCH MPCHIOJABATCIIO Ka(eaphl MPHKIATHOW MaTe-
maruku U uHpopMmaruku AI'Y Cycanne OnyapaosHe YOIOKSH 3a CyIie-
CTBCHHYI) IIOMOIIb B NMOATOTOBKC JJICKTPOHHOTO BAPHAHTA KHHUIH, 4
TaKKe KOJUICTaM, NMPUHHMABIIHM Y4aCTHE B OOCYKICHHH ITOIYYCHHbIX
Pe3yIbTaTOB HA HAYYHBIX CEMHUHAPAX, CAMITO3MYMAaX U KOH(EPEHITHAX.

Cyxym, 2018 P. Jlacypus
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I'JIABA 1
OBOBLIEHHBIE I'EJBAEPOBbBI IIPOCTPAHCTBA

B maHHOH riaBe pacCMATPHBAKOTCA H3BECTHBIC CBOMCTBA MOAYJICH
HENPEPBIBHOCTU pasmuuHblx mopsakos ([5],[10], [11], [12], [34], [54],
[56]), a Tarke BBOIATCA W M3YYAKOTCS HCKOTOPBIC CBOWCTBA 0OOOMICH-

HBIX TETBACPOBBIX U L , “TEIBICPOBBIX MPOCTPAHCTB M HX MOMH(HKa-

k([ 10]. [12]-[14]).

§1.1. Moayu HenpepBIBHOCTH M HX NMPOCTEHIIIHE CBOHCTBA

Iycts C (a,b) — MPOCTPAHCTBO HEMPEPHIBHBIX HA CETMEHTE
[a,b] dysxmmit f ¢ ropmoi

IA=171er.s, = sup |7 ()

Jnst pysxuuun f e C (a,b) HA30BEM MOJYJIEM HETPEPHIBHOCTH
MEPBOTO TIOPAIKA HITH JKE TMPOCTO MOYJIEM HETPEPHIBHOCTH BEIHYHHY
w (u) = (f,u) , ONpEACICHHYHO Ha [O,b —a] C TOMOIIBIO

paBeHCTBA

a)(u):a)(f;u)::ajxggh‘f(x+h)—f(x)

0<h=<u

5 1.1

HITH, YTO TO 5K CAMOE,

w(f;u):|x§J:1|£)u |f(x1)—f(x1)|. (1.1")
xll,xzzefa,b]

OT1Cr0a, B YaCTHOCTH, CIICAYET, YTO

|f(x+h)—f(x)|£a)(h), x+he[a,b],
[f ()= f (=) <o —x]), x.x, e[a.b]

(1.2)

12



3TO ONPEACIICHUE OCTACTCA CIPABCITUBBIM U J11 OCCKOHCYHOTO
npoMekyTRa R = (—oo, oo) OPH YCIIOBHH, YTO (DYHKIUHS SIBJBICTCS PaB-
HOMEpPHO HempepbiBHOH Ha R .

Hpumep 1. ITycTs f(x) =ax+b, x € R. Toraa npu xasaom
u=>0

—00<x <00
0<h=u

o(u)= sup |a(x+h)+b—ax—b|: sup |ah| = |a|u.
0<h<u

Hpumep 2. Tlycts f(x):sinx, xeR. Torma mpu

cos| X +— [sin—
2 2

kakmom U =0

a)(u): sup |sin(x+h)—sinx|:2 sup

—00=<CX <00 —00=<C X0
0<h=<u as<h=zu
. u
. h 2sin—, u<m,
2 sup [sin—| =
0<h=<u

2, u=>m.

2

! " o
Sameuanne. [lycme U u 1" — n06vie Oge mouxu Ha Oelicmesu-

menshoit ocu R . Tax xax cpeou movex euoa
"=1"+2km, keZ=4{0,+1,42,%3,..}
Hatidemcs no KpaiiHeti Mepe 00HA MOYKA "=t"+ 2k072' makas, 4mo

=t

< 7, mo ona ecaxoit 2JT -nepuooueckoil HenpepuleHotl QyHK-

yuu f npu mobom U =1
o ()= sup |7 ()~ (1) = sup |7 (7) =1 (") = ().

U, C1e008amesbHo, O 8CAKON MAKOL PYHKYUY @ (u) 6ydem nocmosi-

Hoti npu 6cex U =TT .

W3 onpenencrutit (1.1), (1.1") 1 (1.2) Moay 11 HCIPSPBIBHOCTH BBI-
TEKAKOT CICAYIOIUE CBOMCTBA:

1) a)(f;O):O;

2) o ( ya ;u) SIBILIETCSI HEYOBIBAOIIEH (PyHKIUCH OT U ;

13



3) o ( 1 u) TOJIyaJJUTHBHA, T.C.
a)(f;u1 +u2) Sa)(f;ul)+a)(f;u2).
B camoMm aene, mycTh X; M X, — moObIe YuCHIa M3 [a,b] TaKue,
4TO |x1 —x2| <wu,+u,, tne 0<u,+u, <b—a. JAna onpenenenro-

CTH NPEANONOKHM, uT0 X; < X, Torma X, —X, —U, <U, u
|f(x1)—f(x2)|S|f(x1)—f(x1+u1)|+|f(x1+ul)—f(x2)|£
Sup |f(tl)_f(lz)|+|t5?|£’ [/ (1)—1 (1)) =

[a 12|24
ast t,<h ast t,<h

o(fu)+o(f,u,).

4) a)(f,u) €CTh HEMPEPHIBHAA N0 U (PyHKIHA HA [O,b—a].
TO CBOHCTBO CIICAYCT U3 CBOMCTBA 3).
Onpenenenne 1.1.1. Qynxyus @ (u) (O <u<h,=5b —a)

Ha3b18aemcs MOOVIeM HenpepblgHOCHI, eCliil OHA YOoeaemeopaem Yeao-
suam 1)—4).

[TycTs () (u) —  MOAynb  HempepeBHOCTH.  Torma

a)(a)u):a)(u)

B camomM aene, o OnpeacacHUI0

o(o;u)= sup |o(u)-o(u,)|= sup a)(|u1—u2|)£a)(u).

|u1 —u2|£u i —u2|£u
C apyroi CTOpOHSL,
a)(a);u) Za)(u)—a)(O) = a)(u),
T.C. @ (a); u) = (u) .
JUTa maTbHEHTIHX TeNIeH HAM TIOHATOOUTCS.

Jlemma 1.1.1. Ecnu neybvigarouyas u HenpepuleHas Ha [O, b— a]

PYHKYUA Q maxoea, 4mo (D(O) =0, (o(u) / U He go3pacmaem, mo @

ABJIAEMCA MO@yﬂ@M HENpEepbIGHOCU.

14



JoxazareancrBo. CooTHomeHus 1), 2) u4) 111 (? BBHIIOTHCHBI

o(n) ol tm) o)

HC BO3pacTacT, TO
u u, +u, u

o ycnosuto. Eciu

0 <u <u, +u, u, 3nauwr,

¢(”2+”1)+u (/)(u2+ul)<
U, +u Yo,

2
1

(/)(u2 +”1) <u,

u, ¢(u2)+

" =o(u,)+o(u),

2
YTO M TPEOOBAIOCH TOKA3ATh.

Hpumep 3. Bce ¢ymkuum Buma AMu” (uZO), e

M =const >0 u 0 <o <1, saprsroTCA MOIYTAME HETIPEPHIBHOCTH.
Hpumep 4. Tlpu 0 < <1 Pynxmus

0, u=0
1 )
=" In— 0,e
a)(u) u nu, ue(,e ),
L, uze’
ae

SIBTAIETCSL MOAY JIEM HENMPEPBHIBHOCTH.
TlepeitaeM k JaabHEHIIEMY PaCCMOTPEHHUIO CBOWCTB MOAYJICH He-
MPEPBIBHOCTH.

5) Ecmu a)(u) SBIACTCA MOJYJEM HENMPEPBIBHOCTH, TO MPH JIFO-
oom €N
3TO0 HCPABCHCTBO CICAYCT U3 3).

6) Ecmu a)(u) SBIACTCA MOJYJEM HENPEPBIBHOCTH, TO IPHU

u <u,

(”(”2)<2(”(”1) (13)
u,  u '

2 1

15



JokazarenscrBo. Io ycmosuto U, =U, + O, tae & = 0. Iloz-

oepem 7 € N rax, urobsr (n—l)u1 <o <nu,. Torga B cuny 3) u 5)

HMCCM
a)(uz):a)(ul+a)<a)(ul)+a)(a)<a)(u1)+ a)(nul)
u, wt+o  uto uta oy u1+(n—l)ul_

a)(ul)+na)(ul) Sza)(ul).

u

1 1 1

Orcroma u creayer (1.3).

7) Ecmu a)(u) SBIACTCS ~ MOAYJEM  HENPEPBIBHOCTH U
a)(u)z 0, Vue[O,b—a]

a)(b—a)u
2(b-a) "

a)(u)z

B camomMm meme,

w(b—a)zw[ub;aJs[b_a+1Ja)(u):

U

b—a u b—a
» [l+b_aJa)(u)£72a)(u), ue[O,b—a].

8) ITpu mobom A >0 u 111 MOGOr0 MOZYIA HENPEPHIBHOCTH (0
CIPABEITHBO HEPABCHCTBO

a)(ﬂu) < (ﬂ+l)a)(u).
JoxazaresaberBo. Tak kak A = [ﬂ] +a, Toe [/1] — menad

wacteumcna A, 0 < <1, 1o B cuny 5) u 3) mmeen:
o(u)=o (([/1] + a)u) <o ([ﬂ]u) +o(au) <
[ﬂ]a)(u)+a)(u) < (ﬂ+l)a)(u).

Jlemma 1.1.2. Fciu © a8r5emcs Mooyiiem HenpepuigHOChit, Mo
1 175
Ea)(u)ﬁ—_[a)(l)dtga)(u) (1.4)
u
0

JokaszaresberBo. IIyCTh (0 — MOAYIh HENPEPBIBHOCTH. Tak Kak
16



Jw(l)dt< ()u a)(u)
a)(u)—iza)(t)dt:iz{a)(u)—a)(t)}dts
%Ia)(u—t)dtziza)(r)dr,

TO

Lo(u)<=[o()dr
2 us
CootHommeHus (1.4) noka3aHBL
Jemma 1.1.3. Ecnu a)(u) A6IAEMC MOOYTEM HENPEPLIBHOCIM,
mo cnpaeeaﬂueo HepageHcmeo

Im(z)dz< Im(z)dz+ Im(z)dz (15)

0

xX+y

20e 0<x,y,x+y<h,.

Joxasaresbcrso. [omarat B (1.5) Y = X, umeem

(o+1)x ox
[ o(na  [o()d
0 ——= 0 - +£a)(z)dz. (15
Cnpasenmusocts xe (1.5°) cneayer u3 Toro, uro QpyHKIUIL
x (a+1)x
W(x):jw(z)mlj ()i —— [ o(r)di
0 0 a+l

npu X =0 paBHA HyJIHO | ABIACTCA HEYOBIBAXOMIEH.
HmeeT MECTO TaKOE YTBEP/KICHHE.
Teopema 1.1.1. Fcmu @ ecmv MOOyb HenpepulBHOCU, MO

dyHKyus
* 175
) (u) = —Ja)(t)dt
us
Makdice echs MOOYJIb HeNnpepblGHOCHIU.

17



JokaszareancrBo. Iloms3ysace HepaBeHCTBOM (1.4), moayuaem,
qTo

limo” (u) 0.

u—0
B cuny jemmsr 1.1.2 (a)* (u))' >0.1e. @ (u) — HEYOBIBAIO-

maq pyHKumsa. HenpepsIBHOCTD @ (u) oueBHIHA. [10JIyaAIUTHBHOCTD

BBITCKACT U3 JeMMbI 1.1.3.
Onpenenenne 1.1.2. /lge nHeompuyamenvhnvie yukyuy @ u Y/

(O <u < ho) Hazwleaiomes ciabo KEUSANCHIMHBIMU ((o =y ) eciu

evgecmayiom wucia O <m, M < oo makue, umo
<9
(1) <M Vue(0,h)]
" (w)
W3 HepasencTra (1.4) creayer, 4To €Cu (O SABIETCA MOAYJIEM
HEMPEPBIBHOCTH, TO

w*(u):ﬂw(z)dz

3KBHBAJICHTHA (V.
Jlemma 1.1.4. Fciu 0 ecmb moOyb HenpepuigHOCH U

Jw( )dt<oo

0
mo cnpaeedﬂueo HepaeeHcmeo

x+y X ¥y

I Ma’tﬁf®dt+[ﬂdt. (1.6)
o 1 o ! o !

Ora n1eMMa I0Ka3bIBACTCA aHAIOIM4YHO JemmMe 1.1.3.
Onpenenenne 1.1.3. Qyuxyus @ Hasvigaemcs nowmu 03pac-

maioweti (noumu yowigaiouiet) Ha [O,ho], ecnu Ona moberx Uy < U, us

[O, ho] cywecmayem nocmosnnas C >0 maxas, umo

(o(ul) SCgo(uz) ((o(uz) Squ(ul)).
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OrveruM, uto ecmu M > (o(u) >a>0 (O <u Sho), TO OHA

nouty BospacTaromas. B srom ciyuae C = — . U3 mepasenctsa (1.3)
o

o(u)

U

CIIeqyeT, ITO eCNd @ (u) — MOJYJb HEMPEPHIBHOCTH, TO — 1mo-

yry yObBaromad Gpynkimsa. Eciu @ (u) =y (u) TO W3 IOYTH BO3Pac-

TaHus (yObIBaHUS) QYHKIMSA (P (u ) BBITEKACT MIOYTH BO3pAcTaHHE (YObI-

BaHue) QyHKOUH |/ .
Jlemma 1.1.5. /{12 mozo umobvr ( Gvina noumu eo3pacmarouyeti

(yovisatoweti), HeobxooumMo u OOCmamoyHo, 4mobvl oHa 6OwvLia cnabo
oKeueanenmua Heybvieaiowyeil (Hegospacmaroweti) PyHKyuu.

Jdoxasaremscrso.  IlycTs (o(u) = w(u) e (u)
neyowBaromas (pyrkmus. Toraa cymectsyer C; u C, Taxume, uto
Cy(u)<o(u)<Cy(u), ue (O,ho].
Tycrs U, <u,. Torma

o (u,) <Cop (u,) <Cp () < C, @

1

IlycTs Temeps (P MOYTH BO3PACTAET, T.€. MPH 0< u, <u, < ho

(o(ul) < qu(uz).
Paccmorpum yrKITHFO I/ (u) = sup (/)(77). ScHo, uTOo | HE
0<n=u

yObIBaCT H C(p(u)Zgu(u). W3 ompeaencHusa |/ cCrnemyer, dUToO

W (u) = (o(u) . IToaTomy

YO < oy <u o).

Crao ObITh, () IKBHBAJICHTHA HEyObIBarOLICH (D)YHKIMH 1/ .
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§1.2. Kinace P u ero ocHoBHbIE cBOJiCTBA

Onpenenenne 1.2.1. byoem cosopums, umo QyHxyus @ npunao-
nexcum xnaccy P, ecnu ona onpeoenena 6 [O, ho] U yoosnemaopsen
Venosuam:

) lime(u)=0;
LZ) u—>0 (0( ) ’
6.) () TIOYTH BO3PACTACT,;

6) SUp——— Iﬂdt—A <00
u>0 ¢(7/l)

o(1)
) su —d —B <0,
o (o(u)j

ITpuBeaeM OCHOBHbIE CBOlicTBa (pyHKIui k1acca P :

1) Ecmm ¢ P, 10 MOYTH YOBIBAET,

2) Ecmu @pe®, 10 cymectyror O<ea, [ <1 rakme, uro

(1) o (1)

TIOYTH BO3pacTacT, a

TOYTH yOBIBaCT.

1 ’ lﬁ
1
3) Ecu ¢oe®, 01 cd
o(1)
4) Tlpw BRIMOJHCHHH YCJIOBHH a) W O) YCIOBHA B) M T') 3KBHBA-

JICHTHBI YCJOBHIO:
0) cymectByeT noctosanas C > 1, Takas, uro

Cu
1<11m¢( )Slm(D( ) <C.
>0 (o(u) u—0 (o(u)
Ormetum, uto Kiace Qynxumit P wusyyanca B padotax [4:1,2],
[51. [32].
Cgoticta 1)-4) ycranosmenst H. K. Bapu u C.b. Creuxunbm ([5]).

TMpumepamu (QYHKIMH, NpHHAMISKAIUX Kaaccy (ynkmmit P
CIIy’KaT creayonmme (pyHKIMH:

) e(r)=1", 0<a<l,

20



JokaszaresberBo. Tak Kak () HOYTH BO3PACTAET, TO, B CHIY
aemmsbl 1.2.1, |/ mouru Bo3pacraeT. C Apyroif CTOpOHBL AIA (P Cylue-
creytor moctosaabie 0 < O, <6, <1, R, R, > 0 Takmue, uro

Ru® < (o(u) <Ru%.
Torma

limw(u) =0.

u—>0

Ipu mexotopom C, >1 mma (P BemonHAeTCS ycnoBHe 0). M3

ol
C1aboi SKBHBANCHTHOCTH () H Imdl CIIETYHOT HEPABEHCTBA
0
h h
C,+In—- A +1In "
o(Cu) 7 ! Cou _ w (Cou) B o(Cou) 7 ! Cyu

o (u) A¢+1n5 v e(w) C¢+ln&,

U

u
a OTCEOJA — BBIIOJHAMOCTD YCIIOBHS O) A |/ .

§1.3. Moaysin HenpepbIBHOCTH BBICOKHX NMOPSIAKOB

TTpuBeIEM ONPENETEHUE H BAYKHEHIINE CBOMCTBA K -0 PasHOCTH

U k-Of CAMMETPHYHOM PA3HOCTH (yHKIHH f (em., Hamp., [11],
[54], [56]).

Onpenenenne 1.3.1. [Iyemo gyuxyus | onpedenena na cee-

Menme [Cl,b]. Tozoa ona mobozo namypaienozo k, k€ N u mobeix

xe [a,b] u h>0 maxux, ymo X+khe [Cl,b], k -oii pasnocmuio

¢yHKLﬂ/H/l f 8 mMovyKe X ¢ utazom h Hassleaenica eejiuduna

A’,jf(x)::iz:(—l)kj(fjf(xﬂh), 6.

anpu X € (Cl,b) u h >0 maxux, umo

25



kh kh
a<x——<x+—<b,
2 2

k -oit cummempuunoti pazsnocmuio — eenuuuna
. * ik
Apf(x)= Z(—l)k ! ( j [x—%Jrth
=0

A’;f[x—k—zhj. G.1)

CBo¥icTBa k -BIX PA3HOCTEIA.
1. Tlpu mo6eix j, k€ N

A f(x) = A AL ] (). (3.2)
JIeHCTBATEIBHO, TAK KAK IIpu moboM k£ € N (em. (3.1))

N [ALS ()= AL (3 h) -8 () -
S0 b ]S (-
S0 L reem-Sen (Freem -

[x+(k+1)h]+2( 1) K j (iﬂx

f(erlh)Jr(—l)k+1 f(x)=

fj;(_l)k” (" “j F(xvil)=A 7 (x).
A”kf(x) —A [Aizu—lf] (x) —A {Az [A’;*J’zf]}(x) =
A [A2f](x) = A {A1 (A2 ()=
M A ()= = A AL F (%),
2. TIpu mobwix k,n e N
26
































































































































































































































































































ECE

2o (n)

B
1 n—1 T 1=
+— 0| — <
HH;( [kHD }

(o)

(o))

1 n—-1 . T 17%
e =) }

1-£
7
,2

B
7 .
®,2 |f

f

1-£

1 n—1 [ T J 7
+— 0| — . 6.9
n+le k+1

ComocraBmas oneHky (60.9) ¢ (6.8), mpHXOAHM K YTBSP:KICHHIO

TEeOpeMsI 2.6.3.
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TJIABA 3
ANTIPOKCUMALMS M TPYIIIBI OTKJIOHEHUI
PSIIOB ®YPBE B OBOBIIEHHBIX

L ,-TEJBJEPOBBIX ITIPOCTPAHCTBAX

B naHHOH riaBe yCTAHABIMBAIOTCS AHATIOTH PE3YIbTATOB IJIABHI 2

Ha cy4ai 0600mEnHBIX 1,  “TEIBICPOBEIX MPOCTPAHCTB M HX MOM(H-

KaUH, a TalKe PACCMATPHBAIOTCH AINPOKCHMAINHOHHBIE CBOMCTBA
yl

cpennnx Kapamarer K~ psanos ®ypee u HX CONpshKEHHBIX. OTMETHM,

4TO 0COGCHHOCTH [, -METPHKH IIpH 1 < p <%0 31ech He yuuTHIBaKOTCH,

TIPH 3TOM PE3YIBTATHI (DOPMY THPYFOTCS IPH BCEX 3HAYCHHAX P > 1.

§3.1. Annpoxcumauus: pynxuuii K 4 -cpeqHuMH psigos Pypoe

U HX CONMPSIKEHHbIX B [, , ~T€JIbIePOBBIX MPOCTPAHCTBAX

1. IMonoxxum
H,,={reL, [r(+0)-r0l, <KW, K=K(7)}

Ipocrpancteo  H, ( p=21, O<a< 1) spuserca B -

MPOCTPAHCTBOM OTHOCHTEJILHO HOPMBI

f o+t _f .
floo=\f JrsupH ( ) ()H”, o >0, (1.1)
LA

171, =[/1

Metpuky ||||a ) OyneM HasbiBaTh 1, , “TEéMbCPOBOii HOpMOH. Ha

7 a=0.

OCHOBAHHUH HCPABCHCTBA

I71,, <) "I,

3aKJIFOYACM, YTO
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n—-1
sin[%ﬂr ij—sinl(n)l:O(t3 lnn), (1.14)

k=0

3 n—-1
cos(thrZij—cosl(n)l:O(l3lnn). (1.15)
k=0
Joxka3areiLcTBO. MBI HMEEM

n-1
sin[thrZij—sinl(n)l < . (L.16)
2 i

Gwzzzekj—l(n)z

3aMeTHM, ITO

Asint
0<——"— <1,
Acost+n

ecan O<f§%I/IkZl.CJ‘IGI[OBaTeJ'IBHO,BCJ'Iy‘{ae, KOT/a O<Z££,
[ Asint jl Asint
6, =1g - +
Acost+k Acost+k
[ Asint At }{ A M }r At
Acost+k Acost+k Acost+k A+k| A+k
. 3 3
0 [&j vol—C |,
Acost+k Acost+k
3
0 1 N At _
(Acost+k)(A+k) | A+k
tY z3 £ u
0 (—j O| = |+O| — |[+——=
k k k) A+k
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R(n,t+h)—R(n,t)=hR'(n,t+&h) =

O()h(t+ER)R(n,1+ER)Inn =

0<& <], h<t<Z.

O 1 Z—Atzlnn
(e -

2

Orcroma u creayeT cootHoneHue (1.20).
3. [lepeiaéM K TOKA3ATEILCTBY Teopemsl 3.1.1.
Hcnons3y4 (1.3) 1 MPUHATHIC BRIIIC 0003HAYUCHHA, TIOTyIacM

r()

K, (fix)= s 2)2{ }ﬂkSk (f:x)=

r(rn(j)l){ }1 { [o,()D, (z)dz}

POl S e - 212 are 1)

0 251n—
2

Orcrozma cienyer, uro

L(x) =K (f:)-f ()= ]2 O g (e az

0 2s1n—
2

T
Badukcupyem S Takoe, uto 0 <O < Z ,unycth ¥ #0 . Torma

Ha ocHoBaHuu (1.21)

L (y+u)-L,(y)= ﬂj (’) K, (r)dr =

0 251n—
2
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E(P+Q+R)::[1+[2+[3. (1.22)
VA

ITpumeHsst HepaBeHCTBO MUHKOBCKOTO, 13 (1.22) Haxoaum

|, <Ial, + %], <15l

Janee, B cuiny 0000MEHHOTO HEPABEHCTBA MHHKOBCKOTO

bld
ale

1

dx} < T{i|f(x,y)|r dx}rdy, 1<r <o,

—
1], = f G, fslfl) (1.23)
2.1, = f ||G(f)|| 2s1n (124)
bl =2 flowl [z o
e h=——

I(n)
Bamermm, uyro ecmu O0< B<a <l u feHa)p, TO I

O<t<muu=#0
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1 1
—=+=0
{ZSiné t} Ok

npuMeHsist cooTHoIIeHUE (1.26) u oueHky (1.9) nemmsi 3.1.3, HaxoauM

s b
J = O[|M|ﬂ J'Zaﬂﬂemz]nndtj _ OL%} (1.30)
. Inn

Hanee,

[6 @)

)
J:}[ |l| p|R(n,l)sinl(n)t|dl:

h 2h S5

(T_ﬁj‘h Sj'h j" |()|| |R(n l)s1nl(n)t|dt (L3D)

TMpowussoas 3ameny [ Ha £+ /A BO BTOPOM HHTETPAIIE, TIOJY UMM

Zfll |(|)||

|R (n l) s1nl(n)l| dt —

jIIG(
. |r+A
+h |G

T |(;|)"p |R(n,1)sin! (n)t|dt. (132)

S

|R(n l+h)sml(n)l|dt—

Hs3 (1 31) u (1.32) Haxogum

G(1), |G (z+n)
2J = ! |t| | (n, )| TMPR( t+h |sml t|dt+

2O

I |Z| p|R(n,l)sinl(n)l|dt—
h
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HG

4

Bceaeacrsue (1.26) u cootHomenus (1.8) memmel 3.1.3 noayyaem

ﬁzh |u|ﬁ
M =0l |y jz”‘*ﬁ*dz =0| | a3
A (lnn)

S+h
N — O{|u|ﬁ I szﬁleAtzlnnde —
S

s
O(|u|ﬂ eA’”“”):OL%}, (135)
rac A — HCKOTOPOC MOJIOKUTCIBHOC TUCIIO.

Hanee,
[ ()], -lo@+n)|
t

s
g

2R (n, l)sinl(n)ta’t +

()

(R (n,l) —R(n,l +h))Tpsinl(n)Zdt +

3 Gy O,

j[%_ j||G(l+h)|| R(n,t+h)sinl(n)dt =

L+L,+L,. (1.36)

ITpu nomomu oueHOK (1.26) U COOTHOIWECHUHN
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s Inlnn
(nn)™”

B cuny (1.26), cootnomenus (1.8) memmsr 3.1.3 U COOTHOIIECHHUS
(1.14) memmbl 3.1.4 moxyyum

I" ()”P R(n z){s n@H:Zinj—sinl(n)z}dz:

J =0 |y| , 0<B<ac<l. (1.40)

s B
O[|u|ﬂlnn_[t”‘ﬂ”eA’zm"dtj:O Lﬂﬂ . (14D
A (lnn)

O6veaunaa coornomeHus (1.27)—(1.32), (1.40) u (1.41), mpuxo-
JIUM K TOMY, YTO

s Inlnn
(Inn)™" ) (42
0<p<a<l.
13 (1.42) crexyer
sup _ lnlnif ’
w20 lu’ (nn)™” (1.43)
0<p<a<l.

Slcro, uro npu ycnosun f € H

ap MOTO0HBIM 00Pa30M MOy -

HacTCA OIICHKA

( )" Inlnn

nn)*

Cnemosarenbao, conoctasaa (1.43) u (1.44) mpuxoauM K OLICHKS
(1.6). Teopema 3.1.1 mokazana.

IlepeitaeMm k pokasareancrBy Teopemsbl 3.1.2, Mcnonssys (1.4) u
TIPHUHATHIC paHee 0003HAYCHUS, OyIeM UMETh

O<a<l. (1.44)

2
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]2; (f;x) = F{n(j)ﬂ) Z:Z ﬂ’kgk (f;x) =

_§IT (Z)LF{n(j)l) > :Z A'D, (z)}dz =

%I\Px(z)ir(rn(j kz Zl"[)k (z)}dz_
2w, 0 S o e Lare
)

_%fwx(z)ﬁn(z)m Fanyr2f= 20 (a

2s1n—
2

ITosTomy

L (x) =K’ (f;x)—f‘(x,h):

ZjoronZ B0 o

2s1n—
2

T
IMycts 0< 0 < T x# y. Toraa Ha ocnosauuu (1.45) 3amm-

meM IPEACTABICHUC

L (y+u)—L~(y):
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20e O (1) — eenuuuna, pasromepro ozpanuvennas no 1=0,1,... u

3asucsauas, 8006ue 2080psi, Om f > P, ,B, n.
Teopema 3.2.2. IIycmo snemenmut mampuysl . yooenemeops-
rom yenosusm (2.2). Tozoa ecru O0< <1 <1, mo ona moboii gymx-

yuu fEHa),p CHw*)p, p =1, uonaecex n=1,2,... cnpaseonugo

COOMHOULEHUE
(o> )
U —O 1 ~ L
o, ) o s

ofpa) P

0

CootromeHue (2.3) 1 (2.4) SBISAFOTCS aHAJIOTAMH OLCHOK (2.2.5),
(2.2.6) COOTBETCTBEHHO.

=

AL 2.4)

n
r=k

Teopema 3.2.3. IIycmo snemenmot mampuysl . yooenemeops-

rom  yenogusm  (2.2), 0< ,B <N <l u mooyr menpepvignocmu

a)( 7 Z) Gyuxyuu | yooenemeopsiem ycnoeuio
jz (0(r:),) e o(H;p,z(u)), u—> 01,

0e H ;p ) (u) — Hexomopas HeoOMpUYAMenbHas Ha (O, T ] yHryus.
Toz0a ecnu fEHw,p CHw* » p =1, mo ona ecex n=0,1,... uve-

em Mecmo COOmMHOULeHUue
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=

00~ =00) 20~y

XEY

1-£
l 7 n T
LY s ag m[ | 25
{[Q[WFID kzz(; ‘ }Hl’% n+l1 (23)

Fecnu, Kpome moeo,

(u)du (szl’g (r)) t — 0+, (2.6)
HU” (f) me —O(l) s< 5@0 —~ (‘x_y‘) %

XEY

IE)U} 2.7)
k=0

) (@(x- )
v, (-1, =00) sf:?@WX

T
el e

[Ipu A0KA3aTCIBECTBE COOTBETCTBYIOIIUX TCOPEM OYACM MOJB30-
BAThCA JOKA3AHHBIMH BBINIC JIeMMaMu 2.2.1 m2.2.2.
2, Joka3areancTBo Teopembl 3.2.1. HeoOxoamMo OLCHHTH Be-

TITIHHY
G (- -G (-
G0, =IG.] + sup [6. ()G, (-,

—00<X, J<00 a)* (l_x — y|)
Xzy
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{kz(; Aﬂlgn)|Hl(pg)[

1Y

»

k=0

2.9)






1Y (2, 0)+ 1) (1, ). 2.13)

B cuny HepaBeHCTB

0 (1) =0, (1)), <40 (f:]x =), <4Ko (jx—]).

0,..()-0,., ()] <40(f1), <4Ko()). @1

we K=K(f).

: 2t V4
sint >—, 0<f{<—, (2.15)
V4 2

a TAKKe HEPABEHCTBA |Sin t | <t,0<t<
= i (n) . 1
/1,5 )s1n[k+—Jl
k=0 2
(1) (1)

0. (-0, "o —o.,

x,y)=0(1 )I s1n(z/2) L ntdt =

))g ( (ﬁjjg . 2.17)

Ha ocnoBanuu cooTHomeHus (2.15) memmbl 2.2.2, HEPABEHCTBA
MuHKOBCKOTO (2.12) ¥ COOTHOIICHUH (2 14) Haxoaum

1<2;(x,y):0(1):f( ‘)) ( (£:1))

, I3 KOTOPOTO CICAYCT,
n+l

YTO

=0(nt), (2.16)

MOJIy4aeM

v
177 7

O(l)( (|x y
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1-£
AAL

l n
r=0 ko[ [k“‘le ’ (2.18)

)Y

0<p<n<l.

O1)(o(|x-

ITpunumas Bo BHUMaHHE cooTHOWEHUS (2.17) u (2.18), u3 (2.13)
TOJIy4aeM

c\h

= 0(1)(@(]x- )" x

(o) gl | o

JIerko BHACTD, YTO

1-£

O(l){[ [n+1D R
St | e

ConocraBmis cootrHomeHus (2.19) u (2.20) u3 (2.9) OKOHYIATEITb-
HO MOJTy4aeM

n

G, o(l)%g@mx
(ofs)) gl )

JoxazarencTBo Teopemsbl 3.2.2. OTIpaBsieMcsl OT COOTHOIIE-
Hus (2.13). B cuny HepaseHeTs (2.15), (2.16) Haxoaum
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JIerko BHACTD, YTO

nllp

::O(D[Q[Z%TJ+
AL

Z": m(Zk) kzﬂ:gr(n) +Za)[%jz j (2.23)

’a

O0venuaaa cootHomenna (2.21)—(2.23) ¢ (2.13), nmpuxoauMm x
TpeOyeMOMY COOTHOTICHHUIO (2.4).
JokazareabctBo  Teopembl  3.2.3. OICHHM  BCITHYHHBI

I }SZL (x,y), i1=1,2, comepxammecs B cooTHomenun (2.13). B cuiy

cooTHowmeHul (2.14)—(2.16) Haxoaum

1, (x.y)=0()(o(|x-y

El-N

) n!( o(f3t), )lgdz =

))% ( [ﬁDlg . (2.24)

YunrsiBag cooTHomeHUE (2.15) B temMme 2.2.2 U yCIIOBUE TEOPE-
MBI, TIOJIy4aeM

O(l)( (|x y

=

B n

U3
B n
)) e 1'3[”"‘1} &2
Paccy»xnad aHanoruiHO

= O(l){[a) [ﬁnlﬁ + kno AL H, [ﬁ}} (2.26)

O0veannaa oucHkH (2.24)—(2.26) u (2.13) mpuxoauM K COOTHO-
meHuto (2.5).

ai(e(rn,)
k Zz

wH

1 (x.3)=0(1)(e(]x-

o)(@(jx—y

nllp
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Jlokaxem oueHky (2.7). Iomaras, kak u panee, O, = Z|A/1k|,
=0

rae O, < 7T, OyAeM UMETh

il -0, 0),
2 I sin(7/2)

0

S A sin (k+1/2) | dr =

k=0

1 (% 2 e (D=0, ()], ,
ZL‘!-jL;[} Sn(12) [ko )sm(k+l/2)tjdt:

1) (%) + 1) (x.3). @.27)

C y4eToMm HepaBeHCTBA

"sin(k+1/2) <1,

cootHomeHua (2.13) memmbr 2.2.1, a Taxxe cooTHomeHud (2.14) u
(2.15) nony4yaem

11 (x.)=00) (0 (- 5))' |

O(l)(a)( —

))% Z":| AL
k=0

S
T\ k=0

j. (2.28)

ITpuHuMas BO BHHMAHHUE YCIOBHE TeOpeMbI 3.2.3, a TakKe Hepa-
BeHCTBO (2.15) B nemme 2.2.2, HAXOTUM
1-£
( o), )

1 (%) =00)] (o))’
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ecu 0SB <n<1, mo ona moboii gyuxyuu feH,, CHw*)p,

P21, uonaecex n=0,1,... umeem mecmo coomnowenue

. :O(l), sup Mx

5
o<x,y<o (D ( X — y‘)

XEY

1Y 1YY
— I — . 232
[”[MD ” ;[”[MD ¢

B cmyuae, xorma sneMeHTHI Matpumsl A Bospactaror mo £
OLCHKA (2.32) ycTaHOBJICHA B [26:2].

o, ()7

B JaIbHEHIIEM CUHTACM, uTO VA >0
(#) — (»)
H, (Au)—O(Hy (u)) u—0+.
Caeacrue 3.2.2. ITycmo anemenmor mampuyvt /N yooenemeo-

parom yerosuam (2.2) u, xpome moeo, ﬂn :(ﬁ.,gn)) € HBVS . IIyems,

oanee, 0 < F<n <1 u mooyne nenpepeignocmu @ ( fit )p QyHryuu

f yooenemsopaem  ycrosuro  meopemuvr  2.2.3.  Toeoa  ecnu

feH, cH. , p2l, mo o ecex n=0,1,... umeem mecmo
P @, p

COOMHOULEHUE

=

:0(1)7 s<up MX

&
o<x,y<o (D (X—y‘)
x£y

1-£
Q[LJ + A H?) [LJ i (2.33)
n+l 7\ n+1

ecyiu, Kpome mozo, geinoangemcs yciogue (2.6), mo

|, ()1

|0, (£)-71

B
@.p

—
@ .p
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YCTIOBHE IS a)( fo,h) yIoMaHyTOE Bhime. Jlamee, paccykaasd, KaKk H

TPH TOKA3ATCIILCTBE TCOPEMEI 3.2 .4 TIOay4IacM TPCOYCMYHO OLICHKY.

4. TlpuBeneM emg OAHY OIEHKY BETHYHHBI ”Un ( f )— f

o\ p’
JOTOJHSIOIYI0 NPCAbIAYIIHE OLEHKH M SB/SIOLYIOCS aHAJIOrOM
OIICHKH 2.2.54.

/1,5’” k=0,.,n-1,

s

Teopema  3.2.5. [Ilycme A:‘

n=12,..., — beckoneunas mpeyzonsnas mMampuya noIONCUMENLHIX

yycen, aNeMeHmbl KOMOpoti YO08nemeopaom ycaosuiam (2.2) u, xpome
mozo, ﬂ,gn) Sﬂ,ﬁﬂ k,n=0,1,.... Tocoa ecru 0< <1 <1, mo ona
moboil gymxyuu  f € Hw)p CHw* » p=1, ona xancooeo ne N

umeent Mecmno CoOoOnHoueHue

(o(x-2)"

0.(7)=11,,=00) s =0

x£y
1
1-£ A

"In (1 +nAl" ) + 27y (o (Y k))lf% . (2.43)

k=1

o)

20e O(l) — BeJIUYUHA, PABHOMEPHO O2pAHUYEHHAd NO N & N Uu zasu-

cawas, 8000ue 2080psi, oM f P, ,8 n, [?J — yenas 4acme 4uc-

JoxazareancrBo. C yuetoM 00OOIICHHOTO HEpaBeHCTBA MUH-

KOBCKOTO H TOTO, YTO (n + l) /1}5") >1 6ynem umets

G, (-+x)=G, (-+y)], <
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=)

oo ()0, ()], ‘z M}dz

sin(#/2)
b A ysin(k+1/2)|
[}[ '[ I[ } Pres ” ‘z sin(1/2) i =
Ly (x4 T (6 0)+ 1) (%), (2.44)

B cuiy HepaseHeTB (2.14), (2.15) Haxoaum

7(1) 1F B
)2 o).
 sin (& + 1/2
¢r+x (Z) ¢T+y (Z ﬁ

O(l)( ‘x y

)ﬁl( o(f; )) [Z(;gé”)kz‘jdl:
)i (o(70),)

))i{”[f;ﬁlj .

) ﬁ

q\h

O(l)( |x y

O(l)(a) (|x -y

= [

( (/1,5”)))1" . (2.45)

<1, t € R, BceacTBue HEPABEHCTB

O(l)( (|x %

sin [k + l}l
2

ITockombky

(2.14) Haxogum
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Tlowsaruo, uro

1

§A‘H
E

(I

G,

n

)= o(1) (a)(/lign)))ln (l+nl£"))+/1£") (a) (l/k)) (2.49)

=1

x5

B cuny (2.48) u (2.49) nomyuyaem cootHomeHue (2.43). Teopema
JIOKa3aHa.

§3.3. JInneiinbie cpeanne cymm @ypbe B MogH(GHIHPOBAHHBIX

L , “T&JIb1ePOBBIX MPOCTPAHCTBAX

1 Tyers Aj f(x):=f(x+h)+ f(x=h)—2f(x) - sr0-

past CHMMETPUYHAS PA3HOCTD U

o, (f;l)p = Osig”Aif"p : (3.1)

Bemnuuna (3.1) ompeaensieT MHTErpaibHbIL MOAYAb TNIAJKOCTH

dynxman w3 L »
Ilycrs, manee @ () TOJTOKATCTIFHAL W HCYOBIBAOIAS (DYHKIHSA

HA TPOMEIKYTKE (0,00) u H

@,p2 Hm,p,z (O> 277) — MPOCTPAHCTBO

H3MEPUMBIX 277 -MIEPHOTMYCCKHX (DYHKIMH, YIOBICTBOPSIOIIHX YCIIO-
BHIO

AZ
L

o o (h) 02

C HOpMOi1
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|4.71,

... =1/ +sp (3.3)
I7L,,.. =IA1, sup

AnanormdHO noKazarensCTBY mpednoxeHms 1.4.1 (oM. Takke

[14]) MOkHO TIOKA3aTh, YTO H .2 ABIACTCA B -npocrpancTeoM oTHO-
CUTEIbHO HOpMBI (3.3) ¢ moayHopmMoii (3.2). U3 cieacteus 1.6.1 BbITeka-
€T, YT0 eClH a)(l)—l rie O<a <1, 10 H o.p > TIPHIEM

HOPMBI B 3THX MPOCTPAHCTBAX 3KBUBAJICHTHEIL.
Hamomuum (cMm. §1.1.6), 4TO ecim CYIIECTBYET MOCIEAOBATEb-

h
nocts uncen {4} —0 taxas, wro A '@ (h)—>0, 1o Brmovenne

feH

Hmeet MeCTO ClieAyrOIUI aHATIOT TEOPEMBI 2.2.6.

wopn> T 71 =1,2, Breuérycnoue f =0, 1< p<o0.
Teopema 3.3.1. ITycmu snemenmor mampuyst I\ yoosnemeopsem

yenosuam 2.2. Toeoa ecniu O< B<n <1, mo ona moboii ynxyuu
feH

wop2 CH o2 CNpaseonuso coomHoueHue

- O(l)sup( (h})l)” X

.

[“(ﬁﬁﬁ*fﬂ el | on

neN,

20e O(l) — GeJIUYUHA, PABHOMEPHO OCPpAHUYEHHA 110 N U 3a8UCAULAA,

8006u4@ 2080pst, om f P ,3 n.
Caencreue 3.3.1. IIyeme 0< B <a <2. Tozoa ona moboi

@yuxyuu [ € H op2 P 21, cnpaseonusevt coomnowenus
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Sr(fos2] | d,}
O()(w (k) {[w[%jj
Bl

h>0, 0<p<p<l

AHATOTHYHO 9TOMY HAXOOHUM

v, (r)-A1, =
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1-£ 1-£

l 7 n n 1 7

ool — || DAY o] —

( ) n+l ,ZZO: kzz(; k+1

OTtcroma, BCICACTBHC OMPSACACHHSA HOPMEI (3.3), OKOHYATCIBHO

nosy4daeM (3.4).

Teopema mokasaHa.

2. TlpuBeneM aHajgor teopeMmbl 3.2.4 B Ciydac NpPOCTPAHCTB

p=>1.

H

@,p.2°
Teopema 3.3.2. [lycme senuuuna a)() a67Aemecsa MooyemM He-

npepvigHocmit, yooeiemeoparowaa yeaosuo (2.2.64), a o () — noJio-

JHCUMENILHASL U 803DPACAIONAS HA (O, OO) Gyvuryua. Toeoa cywecmayem

Qymryua f, € [‘[w)p)2 C Hw*,p,z’ p 21, maxas, umo

> Binf (o(t)) (a)[ : Dlﬁ,

=0 " (h) n+1

[0, (1)~ 1

B
@ .p,

20e 0L B <n <2, B -nexomopas nonoscumensnas nocmosuuas.

JIOKA3aTEILCTRO. Cornacuo L , -anaznory TEOPEMBI
CH. Beprmreiina  madimercs  Qymxums  f, € L .. p=1, o
T
E ( /o )p = a)[—lJ Hpuvenss teopemy H mns pyrxmmm f) u
n—+
ciysas m=2, p =1, 6yaem umers
A2
18 (-0, . E(),
sup : > B,
o0 o’ (h) *[ r J
a) -

n+1

=

TN

n+l






G, (7.A)] =

0(1) f%w&jmdt , (3.20)
1 50

Taxum obpazom, B cuny (3.20) mveeMm

|46, (7.8, =

5y Ai R 5 Ai )
0(1){de,+5njud,}

2
0 5, !

c\u

o) (@(h))

£ £
7 7

{I( (f ))7 5[%1} (3.21)

Bceneacreue cootnomenus (2.13) nmemmsr 2.2.1 u ycaosus (3.12)
TOJIy4aeM

436, (£.0)] = 0(1)(o(h))" x

(Bl (o)}

Ilpomomkas aHANOTMYHO OLCHHUBATH COOTHOWEHHE (3.20), Haxo-
JTAM
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Caeacrue 3.3.2. ITycmo anemenmor mampuyvt N yooenemeo-

paom ycaosuam (2.2) u, Kpome mozo, ﬂn :(ﬁ.,gn))eHB VS . Tozoa

ecu 0< B<n <2, mo ona mobou gymeyun feH, < H .

® ,p2’

< 1, U 0Jisl gcex = ... UMmeem mMecmo COOmHouierHue
>1,u0 n=0,1,

1YY R\
— | +a — . 3.24
[”[MD " ;[”[MD o

Caeacrue 3.3.3. [Tycmo anemenmor mampuyvt N yooenemeo-

0,(1)- 11, -0

parom yeroeuam (2.2) u, xpome moeo, ﬂn :(ﬁ.,gn)) € HBVS . Iyems,
oanee, 0 < B <1 <2 u mooyne anadoxocmu @, (f;l)p gyuxyuu |
yoogremeopsiem ycaoguro (3.12). Toeoa ecnu fEHa),p,Z CHw*,p,z’

P =1, moonaecex n=0,1,... cnpaseonuso coomnomenue

‘ = O(l)sup ( (h))

o (k)

1-£
o A E L (3.25)
n+l1 » \n+l

ecyi, Kpome mozo, geinoangemces yciogue (3.14), mo

[, () -1

()11

a)p2

a)p2

o e, o



U,(£)-1]..

a)p2

4

O(I)Shl;lg) (Z(?})l;” {ﬂ( 'H' p;) (ﬁ}} (3.27)

Caeacreue 3.3.4. [Tycmo anemenmor mampuyvt N yooenemeo-

paiom yeoiosuim (2.2) u, Kpome mozo, ﬂn e RBVS . Ilycme, oanee,
0< B <n <2 umooyns anaokocmu @, (f;l) @yuxyuu | yooene-
meopsem ycaosuio (3.12). Tozoa ecru feprz Hw*,p,z’ mo on

gcex I’Z:O,l,...

U,(f)-1]..

a)p2

1-£
1 ! T
— ANHP | 2 3.28
{[w[nHD A (328

ecyi, Kpome mozo, geinoangemces yciogue (3.14), mo

Un(f)—fHa,*,p,Z=0(1)Shl§g>(w((,1; THIP(A). 329)

4

h))" 5
=O()sw (25(2 an ) o

CootHomeHue (3.24)—(3.30) ABAAFOTCA MHTCTPAIBGHBIMH AHAJIO-
ramu o1eHOK (2.2.83)—(2.2.90).

U,(f)-1]..

a)p2
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O(Na, (v)(o(jx- ))gﬂa{ﬁn P

vel, neN,.

20e O(l) — 8eJIUYUHA, PABHOMEPHO OcpaHu4ernHad no n, X, y, Vv u

sagucamas, 80obue 2080ps, om f , ,3 , N, p.
JorazareanbcTBo. [lomssyace odosnaucHmamu (1.3) u (1.5) 3a-
MHIIEM TIPEICTABICHHE

P, (f3x)= %I(ox (1) D, (r)at.

Tornma

HY(f3x,,0)=

IA

nil- Z“k )~ f [0 ()=, (1) |D, (1)t

ﬁi% (V)%I[%x ()= 0., (1) |D, (r)dr| +

L5 a2 [l ()0, ]2 0]

n+l
b4
1) (f2x.)+ 150 (f2x. ). 4.3)
ITpuHrMas BO BHUMAHUE HEPABEHCTBO
0o ()= 0., (D] < 4K0 ([ —1), (44

U OLEHKY |Dk (Z )| <k+1, n<k<2n, a racke 0600meHHOE Hepa-

BEHCTBO MHMHKOBCKOTO (2.7), HAX0UM

1 (f:x,9)<

T n+1
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2n el
Zak (v) I
k=n 0

0 ()= 0., (1), Dy (1)dr =

O(l)iak (v)zla) (b))t =0(1)er, (Vo (5 —3]). 45

Janee Bocmoyib3yeMcs NpeACTaBACHUEM sapa Jupuxje B BUIC

D,(t)= sinnt | 1 cos nt.
ZZgi 2
2
C y4eTOM 3TOTO PABEHCTBA TMOIYYACM
CACESIE
t t
! I [(oﬂx( ) q)ﬂy( )}Zak (v) sin ktd|| +
n+l T 5 tg r
2 r
l Drix Dy {
1 7[_[[ 4 ) a )}Zak(v)cosktd =
p
15, (35 0)+ 1 (f22.9). (4.6)

Bcenencteue HepaBeHCTBA
!
2tg—2>1, 0<1<r,
2
mpeoOpa3oBaHust Ade:

Sa ]

cootHonreHuA (4.4) 1 0000IEHHOTO HEPABEHCTBAM MHHKOBCKOTO MOy -

@, (1 ) %y ),

<2rna, (v) t,

qacMm

5 nn=0 5 )|

(V) dt =
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roe I, ( f )p — BEIMYHHA HAMJYYIICTO MPHOIMKCHHS TPHTOHOMETPH-
YeCKHMH MOIMHOMAMM INOPSAKA HE BbIIE /2 B HPOCTPaHCTBe L b
p >1. Ha ocroBannu (4.10)—(4.12) nosy4aem
() ( £ —
H"(f:x,y,0)=01)e,(V)E, (f)p. (4.13)
B cuiy ke HepaBeHcTBa JlikekcoHa ([56, . 274])

E,(f), SK(p)w[f;ﬁJ . pzl,

p

u3 (4.13) HaxoauMm

HE,}Q (f:x,y.0)=0()a, (v)w[f)ﬁ} =

NpHHAMAA BO BEHUMAaRuE, uto | € H o.p

O()e, (V)Q[LJ (4.14)

n+l

CnemoBarenbHO, 00BCAHHAA COOTHOINCHUA (4.9) m (4.14), OKOH-
YATSIBHO MOIYYacM

H (o) = (O (o 0.0)) (H)(fx.v.e0)

0(1)a, (v) (o ()’ (Q[LD

n+l

1-£
n p—

Jlemma 3.4.1 mokaszana.
2. OCHOBHOE YTBEpP)KIACHHC MAHHOTO Maparpada comepKuTCSI B
CICaYIOLICH TeopeMe.

Teopema 3.4.1. [ieme 0<[B<n<l u a= (ocn (v))
neN,, — nocredosamensrocms neompuyamenvvrx GyHKyUil, 1ego3-
pacmarowan no NE€ N npu xaxcoom guxcuposannom velV R,
Tozoa ona moboti gynxyuu f € Hw)p C Hw*)p, p =1, umeem mecmo

COOMHOULEHUE
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= >

(o(=A)"

x- )

_0 1 A
O
X£y

{(n+l)a (v)[ [MDI/'};
RUCEE | P

eoe O(l) — eenuuuna, pagromepno ozpanuuennaino R€ Ny, velV u

sagucauas, goobuje 208ops, om f 2 ,3 n.

JoxazareancrBo. OICHNM BEMYUHY

)+
hﬁ") (f;z'+x)—h£") (f;r+y)H
sup . L (4.16)
,ooj%)};@o w (‘X — y‘)

me feH, n0<f<n<l p=l

B cuiy nemmsi 3.4.1 Haxoaum

||h£n) (f;r+x)—h£n) (f;r+y)||p =

(V)[pk (f;T+x)_pk

> Z o, (V) o (fir+x)- 0. (f T+y)]

v=0%=2"n

1
2" n

> o, (V) p(frr+x)—p (fit+Y) ]

v
2'n+1,5,

2(2vn+1)

r
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0(1){ (v)nja) (/1) dt+a, (v )j o:(/: )sz}
Orcrona

Zak (") P (A2 )

n+lkn

4

O(l){ ,(V)n J Aifz dt +o (v)jMdz}.

B cuity cOOTHOIICHUH
o, (83131) =4|Air] =0(M)a(h)

HAX0 UM

Zak (V) Py (Aif)

n+li

=0(V)a,(v)o(h), p=1. @22
Iycts Teneps P = 1. Toraa Ha OCHOBAaHHM HEPABEHCTBA

Z“k (v) s (f)

n+lkn

<Ka,(v)E,(f),, K=const,

=0, ()L, (1),

MoJIy4aeM

Zak (V) Py (Aif)

n+li=

o (1) Z . (v) o
Ecmu ke p > 1, 10 B cuty Hepasenctsa M. Pucca

2 (N, =K, (f),. K,=K(p).

HAX0 UM

Zak (V) Py (Aif)

n+li-,

=0()a, (V)E,(1),:

e p>1.
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BcrencTere H3BECTHOTO MHTETPAJIBHOTO HEPABEHCTBA JIKEKCOHA-
Tumana ([56, ¢. 274], mpu k = 2 HH. Axmesepa [3]):

En(f)pgckwk[f;ﬁJ , pzl, Ck:C(k)>

p

rae @, ( 7 -)p — MHTETPANBHBIA MOYJIb HEMPEPBHIBHOCTH K -TO MOPAI-

Ka, mpu k =2, o moboit Gyuxmun f € H, ) nonyuaem, uro

Zak (V) Pr (Aif)

n+li

oNe,(v)o, [f;ﬁ} =0()ea,(v)o [ﬁ} (4.23)

Cootromrenue (4.22) B couerannu ¢ (4.23) gaer HaMm Tpedyemoe
cooTHowmeHue 4.21, YeM U 3aBEPIIACTCS JOKA3ATEIbCTBO JEMMBI 3.5.2.

Teopema 3.4.2. IIyemv 0L [B<n<2 u o= (ocn (v))

p

neN,, — nocredosamensrocms neompuyamenvvrx GyHKyuil, 1ego3-
pacmarowai no 1€ No npu kaxcoom Quxcuposannom vel < R.

Tozoa ona mobozo Qynxyuu | € H

>
0.p.2 CHw*,p,z’ p =1, umeem

MeECmO COOMHOUEHUE

- O(l)sup ( ((i)z;

(n+1)a, (v)[ [nHDIQ

Zak(v)[ [n+1lel ,neN,, (4.24)

20e O(l) — GeqUdUHd, PAGHOMEPHO OCPpAHUYEHHAd NOo nENO, vV u

saeucana, 8006u4@ 2080psi, om f s ,3 ,Hup.
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JoxazareancrBo. OICHIM BEMYUHY

[ (1)

B cuiy npeapiay et ieMMbl

Aihén) (f)"p = kﬁ:ak (v) Pr (Aif) -

a)p2

© 21+1 n

Z Z a, (V) Pr (Aif)

i=0 k=2'n

r

21+1 n

Z a, (V) Py (Aif) <

i
k=2"n P

. .
> (2 n+1)21_n+1

i=0

Z(z n+1)

i=0

PYa— Z a, (V)pk (Aif)

2'n+

r

0(1)(w ()" {Za ) zm[ [
oo {(nﬂ)a oo -

2Za (2 n+l)[ [2;11+1D1}

1-£
7

oo {(nﬂ)a o35+

Zak (v)[ [kHDlﬁ} (4.25)

TMpurEvas BO BHEMAHEE, uT0 nipw yenosun | € H 22
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[ ( f)”p = 0(1)x

{(n+l)a (v)[[ D+§ak(v)m[ J} 426

¢ yueroM oucHKH (4.25) u (4.26) nonyuyaem cooTHOIeHHUE (4.24), yeM u
3aBEPIIACTCS JOKA3ATEABCTBO TEOpEMBI 3.4.2.
IIpuBeaeM yTBEPIKACHUSA, SABILIIOLIHECA aHATOTaMu TeopeM 2.2.4

u2.3.3 ang cnyqas mpoctpancts H, n H, .
Teopema 3.4.3. Ilycms gemuuna @ () aenaemcs MoOyeM He-
npepvigHocmi, yoognemgopaowas yciroguro (2.2.52), o () — noJjio-

JHCUMENIbHASL U 803PACMAOWAs HA (0,00) Gyvuxyus. Ilycms, Oanee,

= (O{k (V)), k S NO’ — HOCNIeO008aAMENbHOCHb HeompuyamelbHblx

QyHKYU, YO08NEMBOPAIOUAs YCA0BUIM

ak(v):O, k>n+1, vel,

Zn:ak (v):l, vel.
k=0

4.27)

Toeoa cymecmayem PyHKyus fo eH o.p O KOMOpoTi uMeem Mecmo
HepageHcmao

kzn;ak QA N >K1£g(w(2; ( [nHDIH’

20e 0< f<n <1, K — nexomopas nonoxcumensnas nocmosmHas.

JokazareancrBo. B cuny yceaosuit (4.27), ¢ y4éTOM TOTO, 4TO

(=
E"(fo)” _w[nJrl

j HAXOIHM

(e ()
= o' (h) )
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b (1305, 0)
e o' (h) -

:
PR INCID) o[ ;5]
) ( ) w0 o (h) n+1
Kak u B TeopeMe 3.2.4 MOKa3BIBACTCA, UTO fo eH o.p Teopema
3.4.3 mokaszana.

3. Teopema 3.4.4. [Iycmv genuiinbvi a)() o () yooenemso-

paiom yenoguam meopemvl 2.2.7 u O = (Otn (V)) keN 0. — hociiedo-
8aMENILHOCIb HEOMPUYAMETbHBIX QYVHKYUL, YO0BIEMEOPIIOUUX Y CIOBU-

am (4.27). Tozoa cyujecmayem QpyHkyus fo S H o.p2 Maxas, 4mo

grmic] o)

JloKa3aTensCTBO 3TOH TEOPEMBI OMHUPACTCS HA HCMOJIb30BAHHE

teopemst H st ciyuass m =2, p > 1, a tarore Ha oueHky (3.6).

a)*,p,Z

§3.5. Cpennue @eiiepa B MOAHPHLIHPOBAHHOM
L, -rénappeposom npocTpancTse

1. Lenrro HacTOsmEro maparpad)a IBIACTCA YCTAHOBIICHHC aHA-
JOTOB pe3yibTaToB §2.2.6 m caydas MOIH(HUIIMPOBAHHBIX 0000MICH-

HbIX [ -TETb1epOBBIX POCTPARCTB, TAe P = 1, 1.e. ana mpocTpancTe

:{feLp:|fw

2 <),

rac

i,
RN P AN

|/
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o () — MONOKUTEIbHAS U HEYOBIBAKOIIAL HA (O, +oo) (yHKIH.

AmnayoroM TeopeMsl 2.6.1 SBIICTCA CACAYIOMEE YTBCP/KICHHS.
Teopema 3.5.1. ITyems 0 < <1 <2. Tozda ona moboii ¢ynx-

yuu feH

op2 H S p2 P =1, cnpageonueo nepasencmeo

B
SR sup —(a) (h))” X
h>0

o' (h)

,(N)-1,,. <IN, 2

w*,p,Z

1-£ 1-£
[ T J 7 l n-1 [ T J 7
Xyl @O —— +— | — . (5.1)
n+l n+tle k+1

Amnamoru Teopem 2.6.2 1 2.6.3 BRITIIAAT CICAYIOIIHM 00pa3oM.
Teopema 3.5.2. ([57, c. 225)) [na moboii gynryun feLp,

p 2> 1, umeent Mecmo HepageHcmeo

o, (1)1, <

1 pia 1 & pia
—w — | +t— > o —— . 52
2{ Z(f n+ll n+14< Z(f k+ll} ©-2)

Teopema 3.3.3. Ilyems 0 < B <1 <2. Tozoa ona moboii hynx-
yuu feH

w,p,2

cH o UMeem mecmo oyenka
2.

NG
o, ()1, 325;35M\f .2

o' (h)

T 17% 1 n-1 T 17%
—_ +— —_ ) 5.3
[w[nHD n+1kz(;[w[k+1D 63
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2. JokaszareancrBo Teopemsl 3.5.1. B cuny oueHku (5.2) ¢ yué-

TOM TOTO, 4TO (0, (f;l)p S4||f||p, p =1, ana moboit QyHKIEHM

feH

0.p.2 cH o2 OyaeM HMETh

47| f

f

o)
it o)
o5 slelE) e

CornacHo oucHKaM (5.3), (5.4) HaxoxmuM, UTO

) & (0()°
Ir- <f>w{ e <h>}

(o)) o) |

r

LS4

n+l=
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o (h)

(S

Teopema 3.5.1 nokaszana.
JokazareancTBo Teopembl 3.5.2. B crmry 0000meHHOTO HEpa-
BECHCTBA MHUHKOBCKOTO (2.12) 6yaeM UMETh

o, ()=, =

—I

£
I o(h))’
1#1.... {zzﬁ 1+zshu£>( (") }x

ST

F, (z)dz =17 4P (5.5)

rac

A, f - Bropas cHUMMeTpHMHAS PA3HOCTb. B CHITy BO3pACTAHHS BEIMMH-

HbI a)2 (f,')p HAXOJHM, YTO
[fp)gla)z[f;ij , p=1 (5.6)
2 n+l),

Paccykmas kak W mpH J0KA3ATCIBCTBE OHCHKH (2.6.7), Oymem
HMCTb

S s

2sin® —
2
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1 &5 dt
A <
z(n+1) "ij; ’f‘p sin? -
2
[ T j =odt
o, f; <
7z‘(n+l),; Z[f k+1 P[Zsinzé

2(n+1)z [ j p=1 (5:7)

Ha ocnoBanum HepaeeHCTB (5.6) u (5.7) u3 (5.5) mpuxogum K
(5.1) u aoKa3aTeNBCTBY TEOPEMBI 3.5.2.

Haxonen nepeiiaeM k JOKA3aTeJILCTBY Teopemsbl 3.5.3.

OreHUM 0Ty HOPMY

(5.8)

o, ()1, —SUP

me feH, ,cH

,p.2 & p2"

CormacHO CBOMCTBAM HHTCTPANBHOTO MOAYIS TJIAJKOCTH

0, (f> ')p
o, (830), <483,
o,(831:1) <40, (f:1),.

a TaKKC HCPABCHCTBA

|457], <IA1,,,.. @ (h).

HA OCHOBAHUH OLECHKH (5.2) moay4yacMm

/(. (1)), <
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1 12 VA 1 n-l ;o T
—o, | A fi— | +—=) o,| A fi—— | =
2{ 2[ ’ n+ll n+1; 2[ W k+1l}

B
fla),p,Z X

1-£ 1-£
)] glelds))
) + @ : (5.9)
n+l n+les k+1

Bcemencreue oueHkH (5.9) u3 (5.8) momyuaeM TpeOyeMyHO OLICHKY
(5.3). Teopema 3.5.3 mokazaHa.
B saxmouceHuHE 3TOH TIIABHI OTMCTHM, YTO HCKOTOPBIC BOIIPOCHI

TEOPUH TPUOIKEHHA 27T -HEPHOMYECKUX (DYHKIHIA B POCTPAHCTBAX
L, . c yuérom ocobernoctn L, -MeTpuku npn 1< p <0, uznosxeHsl B

moHorpadpuu M.®. Tumana [57].
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Crano ObITh, COMOCTABILLI CKa3aHHOE C TeopeMoH 4.1.1, moxyua-
€M TaKOC YTBCPIKICHIC.

Teopema 4.1.2. [Iyems 0 < f <o <1 u¢() — npeobpasosa-

Hue Oypwe a0pa muna Detiepa K () ocpanHuieHHOT sapuayuy Ha ecell

ocu. Tozoa ona  moboi 27 -nepuoouueckoi QyHryuu

feH, (R) cH. (]R)
"f_Fn (f)”w*(R) -

o0 sm LML)

20e O(l) — 8EJIUHYUHA, PABHOMEPHO OcpAHUYEHRAL NO nu 3asucanid,

soobuge 20680psi, oM f S Hw (R) ﬁ n.
2. loxasareqsCcTro TeopeMmsl 4.1.1. TTomoxxum

8, (x)=6,(fsx) =F,(f:x)—f (%),
5ﬂ(x>y):51(f;x>y) 3:51(35)_51()/),
0. (1) =/ (x+1)+ f(x—1)~27 ().

C yuéroM CBOMCTB a) u B) sAapa K (x) MOKEM 3alucaTh Hpea-

CTABJIICHUA

5,(x)= ﬂzqox (1)K (A1),

5, (x.y) = ZI[QX (1)- o, (1) | & (Ar)d =
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O Sy |

{IO J[(”x ()-o, (Z):|K(/1Z)dt+

A

A j L. (1) -0, (1) | K (A)di =T (x,)+ T (x.9). (16)

1
A

O0603HauHM

i (x.y)= j 0, (1) -0, (1) |K (r)dt,

Ja(xy)= /1?[% (1)-o, (1) | K (4r)at.

Taxum o0paszom,

V(5 y) =i, (x,9)+ /. (x.9). (1.7)

U3 onpe nenenus muoxkectsa /1) (R) BBITCKAET, UTO

(x=21).

2. (1)-0, (f)|34w(f;f)S4La)(t), L=L(f). 8

Torma Ha OCHOBAHHH CBOMCTBA ) Agpa K (x) H HCPABEHCTB

(1.8), r[onyqaeM

|’z (x.y )|

By

O(l)( |x y lj; (fz)

)

236



O(l)(a) (|x -y

el -
))% (a) [%Dl . (1.9)

Bcneacreue cpotictsa d) sipa, MpUHEMAs BO BHUMAHUE OTPAHH-

YECHHOCTD f () u (1.8), Haxoaum

2. (1)=0,(1)

=™

O(1) (a) (|x —y

1-£
7

I3
7

. ()= 0, (1)

TACSYIE ﬂT K (A1)|dt =

) Aflo.(0)-0, (0] F -2

1 (t12) B
l —
ll—g -ﬁ (a) (‘x_y)) B

o0fs(r2) bt

O(l)(a) (%Dlg (o(x-31))"- (1.10)

Comocrasmstst cootHonreHus (1.7), (1.9) u (1.10), momyuaem
1-£
NN
JY (x,y)‘ = O(l)(a) (|x—y )) (a) (ED , (L1

rac O(l) — BCJIMYHUHA, PABHOMCPHO OTPAHUICHHAA ITO ﬂy .

O(l)(a) (|x —y

=™

o(1)

3 [

) =

S

Jlance, Bcnencreue cpoiictBa d) sapa K (x) cormacHo (1.8)

HMCCM
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I8 ()| =01 (0 (v—) )%j olf: ’) i

))5 %j(a) Gﬂg du. (1.12)

Bceaeactsue cootnommenuit (1.6), (1.11) u (1.12) umeem

5, (x.3) = 0()(@(x—))" ~

() 5] )

Orcroma

E31-Y

5. (x.)
7002215@0&) (‘X y‘)

SOR O
) oo

e O(l) — BENIHYHHA, PABHOMEPHO OTPAHMYCHHAS IO A ¥ 3aBHCAIIAA,

BooOme rosopst, ot f € H (R) B.n.

o) sp 202)

7oo<xy<oo (0] (‘X y‘)
X#y

X

o0 s EEA
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Jlerxo BHAETH, UTO
1¢ (1
=2 (x)||C(R) = O(l)zfa)[ﬂdu. (1.14)
1

Bceneacrsue (1.13) u (1.14) okoOHYATEABHO MOIYYAEM

5, (x.y)
O A B = e

X#Y

oq) sup ) li(w[lelgdu ,

Ed
wenyen @ (x—y\) A u
x£y

BT

0<pB<n<l.

Teopema 4.1.1 noka3ana.

§4.2. MoandunupoBaHHbIe HHTErPAJIBHBIE ONEPATOPbI

B 00001weHHbIX [ , “T&IbAEPOBLIX NPOCTPAHCTBAX

1. B narHOM maparpade ompeacsitoTesa MOTH(PHIHPOBAHHBIC HH-
TErpajibHBIE ONEPATOPhl B MPOCTPAHCTBE Lp = Lp (]R) p=1. Yera-

HABJIUBACTCA CKOPOCTH CXOAHUMOCTH TAKHX ONCPATOPOB B COOTBCTCTBY-

romeit merpuke. [ToxydeHHBIE pe3yIbTaThl MPHUMEHAIOTCH U K CHHTYJIAP-
HBIM OMEPATOPaM.

Mycte meN u{O} u 1< p<ow. OOCo3naumm yepe3
L(pm) = L(pm)(R) MHOKeCTBO Beex f € L, mpomsBommbie KOTOPBIX
VAR A ...,f(m) Take mpuHaziexkar k L, . Hopma B L(pm) onpee-

JHETCS IPH HOMOIIH PABECHCTBA ||f||pm = ||f||p, L(;) = Lp )
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Onpeneaenme 4.2.1. ([38]) Iyems f € L, meN,, p=1.

Onpeodenum c8oticmeo MOOUPUYUPOBAHHBIX UHMESPANLHBIX ONEPAMOPO8
npu nomMowuu hopmyel

P =4Oy ko
20e XER u A >0.
B wacTHOCTH, F/w(f;-):Fﬂ(f;-) aw fel,.

OueBHIHO, YTO PaBSHCTBO (2.1)MOKET OBITH MCPCIHCAHO B CIIC-
JYIOLICM BHJIC:

F, (f:x) :Z . I D(t+x)'K (At)dt

AT KAAKAOTO feL(;"),XERH/1>O.

Eciamn BBINOJHAECTCS yCIOBUE K (—x) =K (x) H 119 KaKIOTo
Jj=0,12,.. . m

Tuj |K(u)|du < 00,

0

Torga ama (ukcuposansoro M€ N U{O} u A >0 wmaterpan (2.1)
(m)

SABISCTCA THHCHHEIM omepatopom aeficteyromv L, B L, (cm. 3ame-
YaHHE 2).

Ilycts Temeps @ ( f 5 ) MOJAYJIb HCIIPCPBIBHOCTH B L ps T
a)(f;l)p = sup ||A
0<hs<t

, 1=0,

Tac Ahf(x):f(erh)—f(x).

Kax u npesxxne H Sy H . (R) MHOKECTBO BCEX (DY HKIIHIA

felL, (1 <p< oo) , VOBIETBOPSIONIAX YCIOBHIO
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0,
W

h=0 &)(

rae o (Z ) — HeyObIBaromas U monoxurenbuas npu [ >0 Qynxmms, ¢

HOPMOH

|| WS,

171, =171, +s ) e2)
Hycrs me N, n 1< p <oo. O6osnaunm yepe3 H i)m)p MHOKE-
cTBO BCex f EHm*,p npomssoansie xotopeix f', 7, .. f ™) pu-

Hagneskar H o Hopma 8 H i)'”)p ONpECIIETCA MPH HOMOLIH PABCH-

crBa (2.2), T.e. oA feHi}n)L, MBI HMEEM ”f”wpm = ||f||wp B
(0)

yactioctd H'. =H . .
®".p @"p

IlycTs, kak U mpekae,

5. (1) =8, (/)= (£:5) 1 (),
8, (x+hx)=6,(fix+hx)=6,(x+h)-5,(x),

o ()= f(x+1)+ f(x—=1)=21(x).

Teneps copMyTHPYEM OCHOBHBIC PE3YJIBTATHI JAHHOTO Mapa-
rpada, yctanosiacHHBIC B padore P.H. Moxamatpa u b. 3ona [38], sBua-

rommecst [, -ananoravu pesysTatos §4.1.

Teopema 4.2.1. [lycms s10po K() onepamopa Fﬂ (f,) yoo-

gremeopiaem YyCioguiaM
o K(—x)=K(x),
D [K(x)dx=1.
R
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2 sup ‘K(x)‘ <0,

—1<x<1

n  sup x* |K(x)| <o

—00=CX<C00

Ecnu 0<pB<n<l, mo oma  moboi  gyukyuu
feH,, Hw*)p (l <p< OO) u ona mobozo A >1 umeem mecmo

Cﬂ@dleu;@@ COONMHOUtLerue

lF=r,, =

O(l)s}gg%{%i[m GDlﬁ du}, 2.3)

1

eoe O(l) — GeNUYUHA, PABHOMEPHO O2PAHUYEHHAR 1O A U 3a8UCAUAS,
8000 2080ps, OM fEHw)p, £.n.

3ameuanune 1. Coyyait p = o0 cogepxutcs B §4.1.

Teopema 4.2.2. IIyeme 0< B <n <1, A2 A4, >0 u cnpaseo-
nuewl yenosus a)—c) ona aopa K () Ecnu

o0

Iu|K(u)| du < o, .4)

0

em Mecmo COOmMHOULeHUue

BT

mo ona moboit gynxyuu | € H,,A c Hw*)p (1 <p< oo) ume-
(< ()

[, o S (o )]

3ameuanue 2. [ycte mMeN, 1< p<oo u Bemomusercs

ycaosue a). Ecnu ot moboro j =0,1,2,.. .m
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Tuj |K (u)|du < o0, @.5)

0

TO AN Kasaod Pyuxuun [ € L(pm) uA>0

- 0 . ||f(f) )
|| A,m (f)"p o (l)jz(;]'T

Boree Toro, ecmu f € H(T) A>0, 10

J)
£ (O —o<1>z" T

Teopema 4.2.3. Ilyems 0< B <n<1, meN, A>24,>0 u

aopo K () yoosnemeopsem ycrosuim a), b). Ecmu ona xaxcoozo

j=12,..m+1

Tuj | ()| due < =0, 2.6)

0

mo ona moboii ymxyuu € H i)mlz cH i)m)p (1 <p< oo) cnpasedu-

o(|H)) 1 Y}
V=), :0(1)1‘15(5(/16 #olz))

IMonaras a)(t):l“, a)*(l):lﬁ, 0<pf<n<l, n=a u

= [

MPEeIBIIYIIAX TEOPEM HOJIYYaeM CICAYIOMSE Y TBEPIKICHHE.

Caencreue 4.2.1. Ilyems 0< B <o <1 u a0po K () yooene-

meopsem yciosusm a)—d). Tozoa ona moboit gymxyuu € H op

( p=z l) u ons mobozo A >1 cnpaseonuest coommoutenus
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0() 7", a-p<l,

InA

_F =
Hf ﬂ(f)“ﬁ,p 0(1)7’ a—ﬂzl.

Caencreue 4.2.2. Ilyems 0< B <o <1, A>24,>0 u aopo

K () Yooenemeopsaem ycnosuam a)—c). Ecnu

Tu|K(u)|du < 00,
0

mo ona moboti gynxyuu | € Ha)p (l <p< oo) UMeem Mecmo Coom-

HoOuteHue

| =2, =o@ma”.

Caencreue 4.2.3. Ilyeme 0< B <a <1, meN, A>24,>0

u aopo K () yoosnemeopsem ycaoguam a), b). Ecau ona xaxcoozo

j=12,  m+1
]?uj |K(u)|du < o,

0
mo ona moboii ynxyuu | € Hl(xmlz (l <p< oo)
|7 =F..( f)||ﬁ)p =0()A" ",

2. TlepeiineM K KOHKPETHBIM PEATH3AIMAM HMPUBEICHHBIX BBIIIC

teopem. ITycts sapo K () TMOMHMO YCIOBHH a)—d), emé ya0BICTBOPS-
€T YCIOBHIO OTPaHMYICHHOCTU BapHallMK HA BCel ocu. Toraa, eciam f ()

aBaseTca 27T - NEPUOANYECKOM (yHkuueit u3 L , C oM Pypee

S[f]= Z & (f)e"™,
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