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OBIIAA XAPAKTEPUCTUKA PABOTDI

AKTyaqbHOCTH Tembl. Teopusi KpaeBhIX 3ajad B Kiacce
aHAIATHYCCKAX (YHKIMI 3apoimiiach B Hadale MNPOLLIONO CTOJNETHS B
TpyAax kiaccMkoB MareMarmku: I'mimnGepra, Ilyankape m Kapiemana.
OcHoBonoararone pe3yibTaTsl Teoprn Obl noiay4deHsl B 20-30 rogax B
paborax ®@.J1. ['axosa, H.W. Mycxemumsmm u UU. ITpuBanosa.

BypHoe pasButHe npoOIEMATHKM KpaeBhIX 3aJad B TEUECHHE
HOCHIEHAX JACCATIICTHH 00YCIOBIEHO MHOTOUHCICHHBIMH IPUIOKSHUIMI
B paduMYHBIX oONacTsiX MaTeMaruky, GH3UKM, MEXaHHKH U
snexTpo/MHaMUKE. CyIecTBEHHBIH BKIaJ B TEOPHIO BHECHH pabOTHI
u3BecTHEIX MareMarnkoB: YL.H. Bekya, HII. Bekya, C.I'. Muximna, 5.B.
Xeenemaze, A.B. Bunanze, M.A. Ilaarammsum, I'.C. Cumonenxo, U.B.
JlurBunayka, HE. Tosmacsma, A.Il. Conmaroa.

I'panmansie 3a1a4u [1Bapra, Puvana-I miabOepra Uit SIUTHITHIECKIX
ypaBHEHHH W cHcTeM HccienoBaHel B paborax M.H. Bekxya, HE.
Toemacsna, A.Il. ConmaroBa, A.O. babasna u apyrux aBropos. B paGorax
I'. Berepa, A. Kymapa uccienosansl 3anaun I[lIBapna m [upmxre mist
HEOHOPOAHOIO  HOJMAHATUTHYECKOTO  YPaBHEHMS M IONYYEHHI
HEOOXOMMEIE M JIOCTATOIHBIC YCIOBUS Pa3pelIMMOCTH 3THX 3a71a4, Korja
rpaHHYHBIC (YHKIMM HeNpephIBHBI Ha rIpaHmne. B paGore I'M.
AjfpanieTssHa  uccieoBaHa  3ajada  THna Pumana-IminGepra s
TOJMAHATUTHIECCKOTO YpaBHEHHSI B €IMHIYHOM Kpyre, Korjla IpaHudHbIe

1
yeIIoBHs oHMMaroTest B eMmbicie L cxommmoctn. B BeCOBOM IpOCTpaHCTBE

I (), upu n = 2, 51a 3a1a49a uccnenoBana B paGore .M. Alfpanersma.

Jucceprarmonnas pafora NOCBAINCHA H3YYEHHIO TDAHUYHBIX 3a/1ad
JUIS IONTMAHATMTHYECKUX (n-aHamTHdecknx) GYHKIMM B IONYILIOCKOCTH H B
KpyTe, KOr/Jja TpaHudHble (DYHKIUHA IPHHA/UIEKAT BECOBBIM IPOCTPAHCTBAM

1
L(p). Tlpenmonaraercs, 9T0 rpaHAYHbIE 3HAYECHUS PACCMATPHBAIOTCS B

|
cveicnie L (p) cxommmoctn. Tlomyuema Takke onHa Teopema

€/IMHCTBEHHOCTH B KJIACCE TAPMOHMYECKHUX (PYHKITUH.
Heas paborsi. HccnenoBars 3amaqy [IIBapria B NOJYIIOCKOCTH U B

Kpyre, Korja TpaHW4YHBIC YCIOBHS IIOHHMAIOTCS B CMBICIE £
cxoxmuMocTy, ¢ BecoM. Tlomyants GopMyis! o6Iero penenus OIHOPOIHON
3a71a4y U YCJIOBUS, 1IPH KOTOPLIX HEOAHOPOAHAS 3a/1a4a UMEET PEleHHE.
O0man  Meroguka  ucciejoBanms.  OcHOBHOU  ammapar,
UCTIONb3yeMbllt B paoTe, 5TO HHTErpalbHBIC IPECTARICHUS PEIICHUN

1
TPaHHYHEBIX 33/1a4 B L C BCCOM.



Hayunasi noBu3Ha. Bce pesyibrarTel JIACCEPTAlMU  SIBILTIOTCS
HOBBIMH.

Teopernveckasi W OpaKkTHYecKas 3HAYMMocTh. [lomyueHHbe
PE3YIBTATH IPE/ICTABIIIOT TEOPETHIECKHi HHTEpeC. Pe3ybTarsl i METO/IBI
MOTYT HaliTH PUMEHEHHUE IIPH W3YIEHUH IPaHMYHBIX 3a/1a4.

AnpoGauusi. OCHOBHBIE Pe3yJILTATEl JUCCEPTAINK JIOKIaIbIBATICH H
obcykIamuch Ha Hay9HBIX CeMUHapax jenapramenta matemarukn [UYA,
Ha cemmHape kapeapn uddepenmmambnbx  ypasaemuit  EIY,
Mesxtyraponuoit koHdepeHimu “OOpasoBaHue, Hayka ¥ SKOHOMHKA B
Bysax”, Epepan 2011.

Tly6mkanmun. OCHOBHEIC Pe3YJIbTaThl JMCCEPTaly OIyOIMKOBAHE! B
4 cTaThsIX, CIMCOK KOTOPHIX IPUBOUTCA B KOHIlE aBTopedepara.

CrpykTtypa u o6bem. Jluccepranys COCTOMT M3 BBEJICHUSL, TPEX IJIaB,
3aKTIOYEHMsT M CIMCKA JIATEPAaTypHl, cojepkamero 62 HauMEHOBAaHWSL

O6weM: 73 cTpaHHIIBL.
OCHOBHOE COJAEPKAHUE PABOThI

1. Jluccepranmonnasi pabora COCTOMT M3 BBEJCHHS M TpeX rias. B
nepBOM riaBe WccHedyercss TIpaHMuHas 3ajasa Tuna [lIBapna B
NOIYIUIOCKOCTH [Vl MONMAHATHTHICCKHX (GyHKImH, T. €. s Gynxumii
VJIOBJIETBOPSIOIMX YPaBHEHHIO

n
QU_(Q=0, zell*, IT' ={z;Imz > 0}, (1)
az-'ﬂ
Ilpeamonaraercs, 9TO TpaHWYHbIE (YHKIMM HPUHAIEKAT BECOBOMY

npoetparcrsy L (p), e p(x)=1/(1+| x[)* n @ - aeiicruremsroe
9HCIIO.

Iyers B, -xnace ¢ynxmmit U, onpenenenHrx Ha Bepxneif
nomymiockoetd Il KommmekcHod IwiockoetH  Z=X+iy, W
VJIOBJIETBOPSIONIAX YCIOBHIO

|U(z)|<A4|z|", Imz>y,>0, )

rae A- mocrosmuas, sasucsumas ot Y, N — nenoe uucio, saBucsiee
tospko or U .

Zapaua P. [lyers f,, kK =0,1,...,n -1, nelicraurensuosnagnnie

dymkmmm, onpexeienisie na (—o0,), rakue, wro £,V e L'(p).

© National
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ompenennts  ynxmmo U € B,
ypaBHEHHIO (1), IO TPaHMYHBIM YCIOBHAM

3U(z) )I
£ =0 k=01.n-1. (3
@/‘ 4 L (p)

Jlisa ucenenoBanus 3aa4d P HaM HEOOXOQMMO MCCIEIOBAaTh 3a/1aqy
[IBapna, a Taxke 331a4y O CKadke B KJIacce aHAIUTHYCCKHX (GyHKIumA B

Tpebyercs YIOBIETBOPSIONIYIO

Re

lim
y—0

emsiciie L () cxomamocrn:

1
feLl(p).
anamuTiaeckyio B 117 dynkmmo ¢ € B no rpanmaromy yerosuio
!vlilg [Re@(x +iy) - f(x)||L1(p) =0. )
Iyers A, -
IT"UIT, IT ={z;Imz <0}, yrosrersopsomux yciopmo
|4(2)|<4|z[", |Imz[>y, >0,
rae N nenoe uucio, sapucsimee or @, a A NOCTOAHHAA, 3aBHCAIAS OT
Yo

Bazaua P Ilyers g€ L'(p) xommuexcrosnamas dymxmms.

3agaua P Ilycrs Tpebyercs  onpexnenuts

xiacc aHammTHieckux Gymkmit  @H(Z) B

Tpebyercs onpenents Gynkmmo @ € AO 110 TPAHMIHOMY YCIOBHIO
¢ (x+iy) -4 (x-iy) - g()| ; ®)

i
rae ¢ cyxenns ynxmun @ ma IT° coorsercraeno.

lim
y—0

1 =0
L (p)

Ecm @ npomssombhas amamatmaeckas dymkmus 8 110 OIT | 1o

obosmaany @.(z) = —¢(Z) . Iiyers m=[a] u f € L' (p) . Nonoxum

(24" 7 S0 a
K(m, f,z)= g e zelIT' UIT . (6)

Slcno, uto mpu m >0 ¢ynxuma K(m, f,z) roromoppua ma
MUl u K(m, f,z)eB, npu ze€Il'. Ecm xe m<0, 10

K(m, f,z) ronomopduana IT"  UIT Toraau romko Tora, korma



[ f@@+i)di=0, k=01, ,-m-1,
nim i
[ fodtdi=o0, k=01, ,-m-1. @

Hamu yCTaHOBIMBAIOTCS CIEAYIONTHE TPEVIOKEHHS:

Teopema 1.1. Ilyers f € L'(p). Cupasemmssi creayiomme
YTBEpHKICHUS:

a) Eom @ > 0, 10 3anaua P, npu g(X) =2 f(x) mmeer pemenne
s moGot  ¢ymkmmm  f € L (p). OGmee pemenne MoOXHO
TIPEJICTABUTH B BHJE

¢(z)=K(m, f,z) + P(2), ®
rae P (z) — npousBobHEIN OTHHOM TOpSIKa 77
i m, fa} £0
m = -
m-1, {a}=0
6) Ecim @@ < 0 , 1o 3aaua P, ipu €(X) =2 f(x) nmeer pemenne
TOIZIA ¥ TOJLKO TOr/a, kora f  yaomierBopsier yciaoBuaM (7). Pemenne
npezcrasumo B Buze (8),tae P (z) = const .

Teopema 1.2. CripaBe/IMBBI CIEAYIONIHUE YTBEPKICHUS:
a) Ecm o > 0, 1O 3amaga P; uMeer pemeHde Ui JmoOOH

1
neficteurensuosnaynoli  gynkwmm  f € L' (p)n obmee pemenne
TIPEZICTABIMO B BHJIE

¢(z)=%(K(m,f,z)+K.(m,f,z))+P,;,(z), 9

I'me P,;, (2z) npomsBonbHBLIA TOIHHOM OpS/IKA 1 BHJA
P(z)=id, +idz+ .. +idzz",
npwaem A, , k = 0,1,..., 7 nelicruresbHbIe YuCTa.

6)Eciu @ < 0, TO 3anaua Py MMeeT pemenne Torla u ToJILKO Tora,
xorna f ynomieropser yciaopuaM (7). Pemenue npeactanumMo B Buie

), tne P, (z) = iA,, A, -upoussoisHoe ACHCTRHICHLIOE HHCIIO,

B naparpade 3 riaBsl 1 10Ka3bIBaIOTCS CIEAVIONHE TIPEIOKEHHUS:
Jlemma 1.1. Ilycrs - o(z)e B,,

f(x)=Rep(x)e L'(p), x € (~®,) n
Rego(x+iy)e L'(p) upu y = Yo > 0 . Torna

1 ¥,
P(z) = E(K(m,f,z) +Ku(m, f,2))+Y id,z",
k=0
rae A, - neficreurensubie yuca.

Jemma 1.2. Ilyers @ < 0, @ € B,, f(x)=Rep(x)eL(p).

Torna, ecn Re@(x +iy,)e L'(p), ¥, > 0,10 f ynoBrersopsier
yenoBusim (7), a ¢ (z) upexacraBuMa B BHiE

PATEL %(K(m,f,z)+ Ko(m, f,2))+ id,.

rae A, ~ nelicteurensnoe ynco.

B naparpade 4 riagsl 1 ncenenyeres ogHopouas 3anaqa P,

Teopema 1.3. Tlyctb @ > 0 . Torzma obee pelnenyre oHOPOIHOM
3a71a4y P MOXXHO NPe/ICTAaBUTE B BUZE

U(2)=@(2)+yp(2)+..+ ¥y '@, 1(2). (10
rage
$oC3) = My ¥ 2% i iR iy 3" 4

119 ; ! AR - DR
(pk(z)=F[1Ako+1AHz+...+1Amz =Y Cljli g ’)(z)},

J=0
upiieM A, - JelicTBUTeNbHBIE uWCAa TpH R =01 e
F=0.% i

Teopema 1.4. Ilycte ¢ < 0. Torja ofmee pemenne oHOpOHOM
3a71a4u P npe/icTaBUMO B BHJIE

U(z)=id,+id,y+..+id, ,y"",
rie A, — nelicruremnie uncna, K = 0,1,... . n—1.

B naparpade 5 riaser 1 uccnenyercs 3anaga P.
PaccmarpuBaercs ciezyrommas 3a/iaqa;




3anaua I;k. Tiyers  f*eL(p), s=0,1,...,n=k-1.

OnpenemTs penienre ypaBHenus (1) Tak, 4To6bl BHIIONHAIACH TPaHAYHEIE
YCIOBUS

k
lim Re?_l_]_(xkiy_)._f(x) =0
o L (p)
"
J
o AL ] N I
y-0 J
L (p)

Teopema 1.5, Oynkuus
Ui(2) = Y 0uo(2) + ¥ Pu(2) + 4 V014 (2).
e @ (z) onpenensercs dpopmyioit

¢k0(z) - (K(m,f,z)+K.(m,f,z)),

AD=~Gs 1)|(C,f”k'1’ A @) +..+ CET ke + j-DVigh, ().
j=0,1,.,n-k-1

SIBIACTCS PEIICHUEM 3a/fauu P, k-

Teopema 1.6. [Tycte @ > 0 . 3azada P umeer pemeHne A JHoOBIX

(byHKIIHﬁ f09 fi 2. 5oy fn-] > fk(j) & Iz1 (P) > J:O,],,n—l—k

OO1mee pemenne MOXHO IPEICTABUTE B BUJIE
U(z)=Uy(2)+U,(2),
rae U o (2) obmee pemenne oHOPOHOM 3a1a49H,
U (z2)=U,(z2)+U(2) +..+ U, (2).,
e U, (z) pemenne sazam P, .
Teopema 1.7. Ilyere a <0, Fxye Rk vpy:
j=0,1,...n=-1=%, 'k =0,1.. ,n=1. JAN S0o SroOs

3a1a9a P yMena perenne HeoOX0AMMO U A0CTaTOMHO, YTOOkI (hy HKIMK f;
YIOBJIETBOPSUIN YCIHOBISIM (7).

2. Bo Bropoif riaBe mcciieyercs rpanudHas 3ajada tana IlIsapna B

emmmnom xpyre D' ={z,|z|<1} B npocrpancree L(p) mis
ypaBHeHust

u
5_—7 =0 ze . (11)
Jlst popMyIIMpOBKY 3a/1a9¥ IPHBE/IEM ClleyIolHe 0003HAYCHNUS:
D =C\D,
p(t)= |I—t|a, teTe T={Z| =T

Iie O — IPOU3BOILHOE JEHCTBHTEILHOE TUCIIO.
1
1y = 5;! L @t-7["de].

[a]+]1, ecau a— neyenoe yucno,
¥ :{ o, ecau a— yenoe Hucio.
o p), . ecnmu a>-l,
p'(')“{|1—n|"|1—z|“-", e a<-1.
Yepes 1] obosnaeno MuokecTso nommuoMoB P(z), mopsok
KOTOpBIX He Gosbinie 7 1 Koo(UIMEHTH () YIOBIETBOPSIOT YCIOBHAM
=(-D"a,,

Bamaua S. Tlyers f,, f, € L'(p) nelicrentensuosnaunsic

¢ynximm. Halire dyuxmmo ©(z), yaoenersopsgomyio ypasaenmo (11),
110 TPAHUMHBIM YCIIOBHSIM

rlﬂx)x}n IReu(rt) - £,(0)|, =0

im [Re 24— 0

r—1-0

=0.
L(p)
B naparpade 2 rassl 2 necrneayercs sanaga S npa o > —1.

Paccvarpuaetest sazasa Ttmma Illsapma B L (p) B xiacce
aHaUTHYeCKHX (yHKIMH B clenylomell IOCTaHOBKE:  OIPE/CNIHThH




anamaTmaeckyio B D7 dynxmmo @#(Z) rtak, 4TOGH HMeENnO MecTo
IPaHUIHOE YCIIOBUE

11m ||Re g(ro) - £ ()|, e (12)
rae f(f)e L (p). Yenosue (12) MOKHO TIpe/ICTABATS B BUJIe
lim 1)+ 1) -2/, =0
lonoxkue ¢ (2)=—¢" ("), zeD , ¢ (2)=kz2), zeD'
Gynem umers ¢ (rt)=—¢ (r''t) wu, cnenosatemsuo, mocIEHEE
PABEHCTBO MPUMET BHI:
lim o Mok (13)

Ecm ¢(z) upomssonsHas amamuTmieckas o¢ymxwsa ma DT UD

nonokum @ (z)=—@#(Z ). Tak xak f — xcHcrBATENBHO3HAYHAS
dynxums, To ecmn $(z) yaowuerBopsier rpaHHIHOMY ycnosmio (13), TO

¢ (z) racke yromrersopser sTomy yeiosmo. Eem w(z) obmee

pemienue 3ana4u (13), To obmee pemenue 3a1a49u (12) MOXHO IPEACTaBAThL
B BHJIE

#E) = W@+ (2.
.~ Jlust npomssoimssoi Gyrxium f € L'(0) nonoxuy
i 1 f(oA-7) r|d‘r|
T z)I T2
; (LN ezl de
27(1+z) 7 "(r-2)

JIOKa3BIBAIOTCSI CIEYIONINE NPEIOKEHHS:
Teopema 2.1. 3agaua (12) umeer perenue A1 mobod GyHKIMN

. 2l .

(14)

f(®) e L'(p) . O6mee pemenne MOXHO IPeICTABATS B BUJIE
¢'(2) =K(f,2)+¢,(2).

rie @,(2) - obmee pemenne omopouol 3a1auu (12) 1

15)

10
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S ),
$(2) = a-z) >
P(z)eT, - npomsonbubii Mmuorouren, a K(f,z) ompenensercs

(dhopmyoit (14).
Teopema 2.2. [Tycts o > —1. Torna 3anaua S mMmeer penenue Juist

moGkX Gynximit £, f; € L'(p) oo npescTaBuMO B BHzie

u(z)=¢,(2)+z4(2). (16)
rac
4.(2) = K000 O, 5E)
z (l Z)
i B(2)
¢,(z)-K(f,,z)+(l_z)”,
P(z)eT,, j=0,1.

B maparpade 3 rmaBbl 2 uccnedyercst amaua  Smpa o <-1 u

JIOKa3BIBAETCsl CIE/YIONAs TEOpeMa:
Teopema 23. Ilycts a < -1, f,, f, €L'(p). Eciu rpanwamte

bynxwm £, u fl Y/IOBIETBOPSIOT YCIOBHSM
j'fo(’)d‘ = 0:'k =2.3,0.,|n|
i
0
IM:O, k:2,3,...,|nl’
gkl )

TO 3a71a4a S WMeeT pelleHHe W ero MOXKHO NpezcTaBuTh B Buje (16), e
&,, @, onpenemsiorcs GopMynamu
8,(2) =2 (K(f,.2)+ K (£,,2)) -2 '¢,(2) + 1B,
#,(2)=2"(K(f,,2)+ K" (f;,2))+ 4.

— JIeHCTBUTEIILHEIC YHCIIA.

rae 4. B,

11
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