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O61asa xapakTepucTuka paboTbt

AKTyaJIbHOCTb T€MbI. [Iuccepranuonnas pabora nocnsm.iena u3y-
YEHMIO BECOBBIX MPOCTPAHCTB FAPMOHMYECKMX M rojioMopdubix dyHK-
nuil, 3aJJaHHBIX B eJUHUYHOM nojukpyre u mape mn3 C", a rakxke B
[OJIYIIPOCTPAHCTBE M eauHUIHOM mape n3 R". Bee dynkimonansubie
NPOCTPaHCTBAa, PACCMOTPEHHbIE B HACTOsAIIEH pabore, B IPUHIUIIE BO3-
HUKJII ¥ PA3BUJINCh U3 KJIACCHYECKOIl Teopun KJjaccoB Xapgau H”. Oc-
HoBomnoJjaraomue paboret Xapau, Jlurrasyna, ®. Pucca, M. Pucca,
Ceré, Cmupuosa, Ilpusasosa, Beprmana, 6parses HeBansmuna u nx
ocJjie/10BaTesNIeil BBISBUJIM Ty BayXHYIO POJIb, KaKyIO UIPAIOT KJIACCHI
Xapau n ux 06o0IIeHns] B Pa3iMIHbIX BOIPOCAX FAPMOHUYECKOTO aHa-
Jn3a, TPAHUYHBIX CBOWCTB (DYHKIUII, TEOPUHM CTEMNEHHLIX PsJIOB U Psi-
noB Pypbe, JINHEHHBIX 0IIePATOPOB, IKCTPEMAJIBHBIX U AlIIPOKCHMAIIN-
oHHBIX 3a7a4d. B 1920-30-x rozax B paborax Beprmamna [47|, Xapan,
Jurrasypa, e ([53]-[56], [61]), Surmynzma [39] u apyrux Bo3HHK-
JI AHAJIOTY 1 0600IIEeHsI KJIACCOB Xap/u, B KOTOPBIX JIJIsI TOJIOMOPdh-
HBIX B euHITYHOM Kpyre ) ¢byHKIMiT paBHOMEpPHasi HOpMa 3aMeHsIeTCsl
MHTErPaJIbHOI HOPMOIi, 0GBIYHO ¢ HEKOTOPBIM BecoMm. Bo3HukaioT npo-
crpancrBa Beprmana n npocrpancrsa H(p, ¢, «), h(p, . o) co cmemannoii
HOPMOIi.

Hacrosmiasi paGora JileKUT B pycJie KJACCHYECKOIO0 HAIPABJICHIIS
TEOPUH MPOCTPAHCTB Xap/y U BKJIIOYAET CJECAYIOUIMEe OCHOBHBIE TEMbL:

1) nepasencrsa JIntruByma—IIsmm;

2) nakyHapHble psiabl B H(p, g, @) n CMeXHBIX Kilaccax;

3) uHTerpajbHbIEe IIpPEJCTABJIEHUs] M NpoeKuuu tuna Beprmana B
h(p.q.a);

4) MakcUMaslbHbIe TeopeMbl Tuna Xapau—JInrTisyga B npoctpan-
crBax Beprmana h(p, p,a);

5) MHTErpAaJIbHBIE ONEPATOPBI I HPOU3BOAHBIE B Ji(p. . (1) M CMEIKHBIX
KJIACCAX;

6) MHTerpaJibHble MPEJACTABIEHNUs] I FAPMOHIYECKOEe COIpPSYKeHNEe B
h(p.q.a), BKIO4Yast Kjaccol h(p.q.w) ¢ ropa3ao osiee obuuMu Becanu,
YeM TPa/JNIIIOHHBIE CTElEHHbIE I PeryJisapHble BecoBble (hyHKIINII.

Hapanay ¢ kimaccamu h(p, g, ) co cMelnaHHoOl HOPMOIi, aHAJOTHYHBIE
BOITPOCHI N3y YeHbl TAKIKE B BECOBBIX MPOCTpaHCTBaxX Xapau, Bepraana,
Xapaun-Cobonesa, JInnmmna—Becosa, Jlopenua, Biioxa, BMO.

3a nocieanne 60 jger BecOMblil BKJIAJ B Pa3BHTHE yKA3aHHBIX IPO-
crpanctB BHecs Jxxpbamsia, @aert, Teiibsicon, Creiin, Popesin, Py-
auH, XaBuHcoH. XaBuH, Jiopen, IIlunzac, Buasamc, Crosut u apyrue,
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cv. ux paborel B Crnncke simreparypbl. Hmelores 6osiee coBpesernbie
paboTbl, B TOM YMCJie 1 MOHOrpaduu, pe3yjibTaTbl KOTOPbIX CYIIECTBEH-
HO HCIIOJIL30BAJIMCH U ObLIM Pa3BUTLI B HacTosel pabore: Bilacko. Op-
tera, ®abpera, [upena, Ilenaec, INasiaosuu, Vesruy, Cresuu. Koiid-
man, Pox6epr, Bearpyc, Byp6ea, Jlioknur, Akcaep, Xexenmaanm, Ko-
pendmom, 2Ky, ?Kao, IIu, Mnao, Pen, JIu, Byn, Yoii, Kun, Kgpon,
ILInpéccur, opuebex, Bepuireiin, IInpokos, Asekcanapos. [Ilavo-
saH, Ayjackapi u Japyrue, cM. nx paborsl B Cnncke jmmreparypbl IHUC-
cepranmu u aBropedepara. g

Ilennp paboTsl.

1) Tosyuuts HOBble HepaBeHcTBa (TUnA) JInrrasyma—ITsiur:

2) xapaKTepu30BaTh JaKyHapHbIe Psijibl B H(p. ¢, ) 1 cMEIKHBIX K.Iac-
cax;

3) BbIBECTH UHTErpaJibHbIE NPEJICTABJICHUS BMeECTe C IPOeKIMAMU
tuna Beprmana B h(p.q, a);

4) noka3aTb MaKCHMaJlbHble TeopeMbl Tuna Xapau—J/Iurriasyia B
kaaccax Beprmana h(p, p, a);

5) N3yYnTh AECTBUS MHTEIPAJIBbHBIX OIIEPATOPOB U IIPOU3BOJIHbLIE B
h(p.q, ) 1 CMEXKHBIX KJlaccax;

6) nOKa3aTh OrpaHNYEHHOCTD (TIJIIOPH)rapMOHMYECKOTO CONPSIYKeHNs
B h(p, q,a), BKnouas Kyaccel h(p. q,w) ¢ ropasao 6osree obmuMu Becamm,
YeM TPaJUIMOHHbIE CTeIleHHbIe BeCOBbIe (DYHKIIIMN.

MeToibl ccjieJoBaHus. [IpuMeHsoTcs B OCHOBHOM METOIbI KOM-
[1JIEKCHOI'0, TAPMOHNYECKOT0 U (PYHKIMOHAIBLHOIO aHAJIM3a.

Hayuynasa HoOBu3HA. Bce pe3ybTaThl JUCCepTalMu ABJISAIOTCS HO-
BbIMU.

IIpakTnyeckas u TeopernveckKas HEHHOCTb. Pabora nocur
TeopeTHyUecKuil XxapakTep, ee pe3yJIbTaTbl MOTyT OBbITh IPUMEHEeHbI B 3a-
nagax Teopun (yHIUIT OJHOrO U HECKOJTbKUX KOMILJIEKCHBIX IIepeMeH-
HBIX, TEOPMH ONEPATOPOB, PTAPMOHUYECKOro, (PYHKIMOHAJILHOrO, KBa-
TepHUMOHHOTrO aHaym3a, anammsa Kmnddopaa u ap.

Anpobanusi paboThbl. OcHoBHBIE PE3yJILTATH ANCCEPTAINY 0K~
AbIBanCh Ha ceMmuHapax kKadeapol Boiciieit maremaTukn husniecko-
ro ¢axyiaprera ET'Y, na cemunapax b Mucruryre maremaruku un ¢u-
suxku Bayxays Yuusepcurera (Beiimap, lepmannst) n B Texnnueckom
Vuusepcurere, Uucruryre npukiaajanoro anamusa (PpaiiGepr, Fepma-
Hust), a TakyKe Ha MexyHapojnbix Kondepenumsix ISAAC n NATO
Workshop, Epesan, 2002 r.; Mathematics in Armenia, Advances and
Perspectives, Ilaxxazzop, 2003 r.; Harmonic Analysis and Approx. III,
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IHaxxkanzop, 2005 r.; Kondepennun, nocsamennoii 100-jeruro co aus
poxkaennsa akanemuka A. [llarunsna, Epesan, 2006 r.; Kondepenmun,
nocesimenHoit 80-1ermio co aus poxaenns akaaemuka C. Meprenasina,
Epesan, 2008 r.; Harmonic Analysis and Approx. IV, Ilaxkanzop, 2008
r.; Kondepennuu, nocssimennoii 90-neruio ocnoanus EI'Y, Epesan,
2009 r.

ITy6aukanumn. OcHoBHBIE Pe3yJsbTaThl JMCCEPTAIMH OMyGJMKOBa-
Hel B paborax aBropa [1]-[36].
Crpykrypa u 0o6bem paboThl. uccepranusi M3JoKeHa Ha 222

CTpaAHUIAX ¥ COCTOUT U3 BBEJIEHMs, CEMU IJIaB M CHUCKA JIUTEPaTyphl,
coaepakaiero 282 Ha3BaHWs.

Copnepxanue paboTbl

ITycte U™ = {2z = (21,...,2a) €C" : |2j| < 1,1 £ j < n} — eauHMYHBIH
nmosukpyr npocrpancTsa C*, u T" = {w = (wy,...,w,) €C" : Jw;| =1,1 <
j < n} — n-mepHbrit Top (ocroB mosmkpyra). B mosukpyre U™ Gyaem
paccmarpuBaTh n-rapmonnyeckue YHKIMA, T.e. (DYHKIUU, TapMOHU-
yeckme 1o KaXKJoi IepeMeHHOIf 2; B OT/IeJIbHOCTH.

Hyerhi[2 =40)5: ¢ €t e Ile dri— dry - dfp e 7C & (11015 - 45 TnCn)-
Yepes Z" 0603HaYUM MHOYKECTBO BCEX MYJILTHUHIEKCOB 1m = (my, . . ., my,)
C HEOTPUIATEIbHBIMU IeJILIMEA KOOpAUHATAMU Mj € Z,. CunTas Tak>Ke,
gro q € R, a = (ay, . . ., ), TOJIOXKIM

o firen (3 -(2)" ()"

s dbyskuuu f(z) = f(rw),r € I",w € T", 3agannoit B U", BBeseM B
paccmorpenue oneparop D* = D npobuoro mHTerpoauddepennmupo-
BaHug Pumana—JInyBuuIsi OTHOCUTEIILHO IIepeMeHHoi r € [:

4,.0

D) = s [ = stz D“f(z>:<-§;) D)5 (2,
Df(z) =r°D™%f(2),  D*f(2) = D*{r*f ()},

rae s > i s dei e s <y L < =i

O603naunm gepe3 h(U™) (1 H(U™)) MHOYXKECTBO BCeX 7i-TapMOHUYECKUX
(cooTB. ronomopdHbIx) pyrkuuii B U". dns namepumoii B U" dynkinn
f(z) = f(rw) ee uHTErpasbLHBIE CPEJIHUE 3AIMIIEM KakK

My(f;7) = |F M pprmgmy 7= (1oeees

rae I" = [0,1)",dm, — Mepa Jlebera na 1", HopMUpOBaHHAasl TakK, YTOObI
m,(T") = 1. Knacc n-rapmonnveckux (romomopdubix) dynknmii f(z),

n

o
e = ¥,

b

z=r1w e U",

ra)iedl L0 < psucs:
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st Koropbix || f|lme = sup My(f;7) < +00, ecTb 0ObI'iHOE POCTPAHCTBO
rel™

Xapau h? {coors. HP).

*  KsasmHOpMUpOBaHHOe IpocTpaHcTso L(p,q, ) (0 < pgq< o0, a=
(o ,a,,)) — 3T0 MHOXKecTBO Tex dyHKuuMil f(z), N3MEPUMBIX B I1OJIN-
kpyre U™, isi KOTOPBIX KOHEYHA KBasMHOpPMa

/H(l — )0 M3 (fir) [ [ drs
; i

I fllpge = § N\in 31

ess sup H(l — 1) My(f;7),
j=1

reln

1/q

Ecau qos kaxgoro j € [L,n], (1—7r)*My(uw;r)=0(l) mpum r; — 17, TO
CKayKeM, 9TO n-rapMoHHMYecKasi (PyHKIus u(z) NPUHAJIEKUT MAJIOMy
npocrpascTBy ho(p, 00, ).

O6o3nauuM moampocTpancrBa L(p,q,«), cocrosiiue U3 n-rapMOHU-
YeCKMX MJIM TOoJOMOPMHBIX PyHKIuMIA,

h(p,q,a) = h(U™) N L(p, g, a),
H(p,q,0) = H{U")N L(p,q, ),
Ho(p, 00, a) = H(U™) N hy(p, 00, ).

IIpocTpancrsa co cMemaHHoil Hopmoii H(p, ¢, ) BrepBble NOIBUINCE B
paborax Xapau n JIurtisyza [53]-[56], n usyuanuce B Jasbheiimem B
paGorax [40], [41], [48], [50], [51], [52], [64], [65], [69], [70], [71], [72],
(73], [74], [75].

Ipu p = ¢ < oo mpocrpancrsa h(p,q,a) u H(p,q, (v) COBHIAJAIOT C
M3BECTHBIMHA BECOBBIMH IpOCTpaHcTBamMu Beprmana, a npu ¢ = oo I0-
JlydaeM BecOBbI€ IIPOCTPAHCTBA Xap/u.

B Inase 1 Mb1 0606maem kiaccudeckue LP—Hepasencrsa JlurtiByna—
JREN
lg(Allee = 1flle, 1 <p<o0, 1)

rae

1 1/2
.q(f>(9)=(/0 (1—r)|f'(re"°)|2dr) T )

f(z) — ronomopdnasi pyHKIMs B €AMHATHOM Kpyre D, cm. [61], [39,
. XIV].

Jlurrasysa [60, IIpobiema 28, c.43] BricKa3all Npe/NoJIoKeHne o Cnpa-
peuimBocty LP-nepasencts (1) aus g-pynxiun (2) B ciryuae aByX KOM-
[LJIEKCHBIX TIEPEMEHHBIX U BBIPa3WJ1 Jkejanue oboiitnch Ges "mrockux"
KOMILIEKCHBIX METO/IOB.
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Jast 3agannoit 8 U™ dynkumun f(z) m mapamerpos «; > 0(1 < j < n),
0 < ¢ < 00 onpesesium g-pyuknuio Tuna JInrrasyna—IIsan:

V7 g
ga(f)(w) = (/I(l g T)aq—l‘Daf(““”qdr) , 0<g<oo,

esssup (1 — r)%|D* f(rw)],

q = 00.
TEI"

Jlerko Bugers, uro npn ¢ =2 u a = (1,1,..
BETCTBYIOT KJIACCUMYIECKOil g-dyHKnum (2).

., 1) ara dynxkuus coor-
Teopema 1. Ilycte a; > 0(1<j<n),1<p<oo,2<qg<oo,nu(z)—
unrerpay Ilyaccona dynxkmuu f € LP(T"). Toraa

9g.0(w)llze < C(p, g, 2, n)|| |-

Ecim, k Tomy ke, dpynkuus u(z) romomopdna B U™, To mus aoboro
p > 0 cnpaBeVIMBO HEPABEHCTBO

90,0 ()l < C(p, g, @, n)llul a5

Teopemai2: i Hycreiay: >0l . <ig <inlpdo<p <icoy0i< g <2, u(2)
— n-rapmoHnYeckasi pyHkuust B U™ Takasi, 910 g,.(u) € L?(T™). Torma
u(z) sBasiercst maTerpajgom Ilyaccona cpoeii rpanmyanoit dynkmun f €
LP(T™), npu4eM MMeeT MeCTO HepaBeHCTBO

e < Clp, g, @, n)lIggalu)l

Lr-

Hpun = 2,¢qg=2a = (1,1) Teopemst 1 1 2 gaOT yTBEepAUTEILHBIII
orBer Ha Bonpoc JInrrasyaa [60, IIpoGuaema 28, ¢.39,43]. Baxso, 4ro
Hallle JI0Ka3aTeJbCTBO CBOOOJIHO OT KOMILIEKCHBIX METOJ0B M MOYKET
OBITh YCIIEIIIHO PAaCIpOCTpaHeHo Ha japyrue ciaydaun. B ImaBe 1 nmouty-
4YeHbl TakyKe Jpyrue pasHoBuauHoctu Teopem 1 m 2.

B I'maBe 2 xapakTepn30BaHbl JIJAKYHAPHbIE CTEIIEHHbIE PsiJIbI B Pas3-
JIMYHBIX IIPOCTPAHCTBAX rOJIOMOPMHBIX DYHKIUA B MOJTUKPYTE.

IMociiefoBaTEIbHOCT HATYPANBHBIX 4uces {my}7., Ha3bIBAeTCs Ja-
KyHapHoii (mo Ajamapy), ecim CyIIecTByeT MmocrosiHHasi A > | takasi.
9TO %%‘ > X s Beex. k=0, 13% ... . CoOoTBEeTCTBYIOMIMIT CTEITEHHOI Pl
HasbiBaercs JJakyHapHbiM. Kiaccnyaeckas: reopema [lsmm (em. [39. Tur.5.
Teop.8.20]) xapakTepu3yeT JIaKyHapHbIE Psi/ibl B IPOCTPAHCTBAX Xap/iil
u yTBepyk/iaet, 4ro rojiomopdHas B D dbyukuus f(z2), 3aganHas cxo/s-
UMCsT JIAKYHapHBIM psiiom f(z) = Zf:o arz"*, IpUHAIEIKUT KJaccy




Xapau HP piasi mo6oro p, 0 < p < 00, TOr/Ia H TOJILKO TOr/la, KOr/ja
{ax} € (*. .Bousee Toro, cOOTBETCTBYIONINE HOPMbI 3K BUBAJICHTHbI:

A 1/2

e = [ S Jael®

k=0
Mp1 pacnpocrpanuiu pesyJabrar [Isim Ha ciry4vail noJimkpyra u 3arem
060061IIIM ero, NoJIyYnuB Xapakrepusauu 6oJjiee oGIMX BECOBBIX IIPO-
CTPAHCTB roJiIoMopdHBIX B NOJNKpyre dyHKmii.
o0 .
Teopema 3. Ilycrs {Tn’J-kJ}k o =120, 7) — NPOU3BOJILHBIE JIAKY-
=
HapHble IocJjieoBaTeJbHocT, N f(2) — rojomopdnasn B U" dynkims,
3a/laHHAsl CXOASIIIIMMCSI JIAKYHapPHbIM PsI/I0M

flz) = Z PRI N g ze U™
keZy

Torpa ans mo6oro p, 0 < p < 0o, MyHKIUSA [ NPUHANIEKUAT KJacCy
Xapaun HP Torja m TOJILKO TOr/Ja, Korja {ar} € (%. Bouee TOTr'0, COOTBET-
CTBYIOIIIE€ HOPMBI 9KBUBAJIEHTHDI:

1/2
2
Cilfllr < | 3 lowsl’ | < CollFllae,

kezn
rae nocrosinnbie Cp, Cy > 0 He3aBUCUMBI OT f.
Teopema 4. Tlycrs {mjy,},_, (i =1,2,...,n) — NPOU3BOIbHBIE JaKy-

=
HapHBIE IIOCJIeOBATENBHOCTH, & = (Q1,...,0y), a; > 0, u f(z) — romo-
Mopduas dyukus B U", 3ajaHHas CXOAAIMMCH JIAKYHAPHBIM Psi/IOM

f(z) = Z akl...knzinl'kl g z::"n,kn‘ zeUm (3)
kezn

Toraa ciieayoiiue yTBepKAeHnsl PaBHOCUIIBHBI:

(@)  f(2) € H(co0,0,a);

(b) f(z) € H(p, o0, a) Juist Hekoroporo  p € (0,00);
() f(2) € H(p,00,a) AJIs1 BCex p € (0, 00);
(d) sup o e 00

kezy ml:,llsl oy _”nn,k,.
BouJiee Toro, coorBercTByIONME€ HOPMbI SKBUBAJIEHTHBI:
|a|
~ N sup —m—————.
el 20 2 o

. 8
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Crnenymonjasi TeopemMa JaeT XapaKTePUCTHUKY JIAKyHADHBIX PA/IOB B
MpOCTPaHCTBAX CO CMelIaHHOII HOpMoii, kiaccax Becosa u psajga Apy-

THX. 3

Teopema 5. Ilycrs {mj‘kj}:’_o (j = 1,2,...,n) — npou3BoOJILHBIE Ja-
=

KyHapHbIe TocJieIoBaTesbHOCTH, 0 < ¢ < 00, a = (ay,...,ay), o > 0,

B=(Br-..,Bn), B €R, m f(z) — ronomopdnas bynknusa s U", 3ajan-
Hasl CXOAAImMMcsl JakyHapHbIM psizom (3). Torpa caepyromme yTBep-
JKJeHUs] PABHOCUJILHBI:

(@) D°f(2) € H(oo,q,0);

(b) DIf(2) € H(p,q,a) ans Hekoroporo p € (0,00);
() D°f(z) € H(p,q, @) AN Beex p € (0,00);
q
|ak, . k.|
(@) - — <00,
kezZ:';, mg:: Ba . 1n£::n Bn)a

Boaee TOIr'0, COOTBETCTBYIOIINE HOPMBbI 3KBUBAJICHTHBI:

1/q

q
3 i 8 o Iak ok
”D f”oo‘q.a Zid ”D f”p.q.a e E (a1-P1)q l (@n—Bn)q
kezn M, A

B I'lmaBe 3 MbI McCJIeyeM B OCHOBHOM omepaTopsl Tuna Beprmana n
BOCIIPOM3BO/ISIIIUE MHTErpajbHble (DOPMYJIbI N-rapMOHNYECKUX (DYyHK-
muit B eguaunydHoM noJsukpyre U" C C". OrpaHm4eHHOCTH IIPOEKTO-
POB ¥ JIpyruX ornepaTropoB Tuna Beprmana mojydeHa B IPOCTPaHCTBAX
h(p,q, ) co cmemanHoil HOpMOii 1 npocTpaHcTBax Becosa.

N3yyaerca Takye HeoObIYHOE sIBJEHUE, IPUCYIIee TOJIBKO (n-)rapmo-
HIYecKnM KJiaccaM h(p, ¢, a). B orimuane o rosioMopdHbIX IPOCTPAHCTB
H(p,q,c), mpu 0 < p < 1 npocrpancrBa h(p,q, ) He SIBISIOTCS TPUBU-
ATBbHBIMH IIPU HEKOTOPBIX MYJIBTHHHJEKCaX & = (ay,...,Qp) C HENoJo-
skuresnbHbiMu «; < 0. IlogydeHbl TOYHBIE yCJIOBHA HA WHJIEKCBI, IIPU
KOTOPBIX npocrpaHcTBa h(p, q, ) SBISAIOTCS HETPHBHAJIBLHBIMU. f1po
IlyaccoHa B MOJIMKpPyTe

ABJISIETCsl XOPOIINM IIPUMePOM HeTpuBHalbHOi dyukumu u3 h(p.g.a) c
a; < 0.
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