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MG DAU

1. LICH SU VAN DE VA LY DO CHON DE TAI
Mot trong nhing van dé cot 16i cua gidi tich diéu hoa 1a nghién ctu tinh bi
chan cia cac toan tit T trén mot s6 khong gian ham va mot s6 khong gian ham
suy rong

T flly < Clfllx, (1)

v6i C' 1a hang s6 ndo do6, X, Y 1a hai khong gian ham hodc ham suy rong véi
chuan tuong tng 1a || - [|x; || - ||y. Day la cau héi xuat hién mot cich tu nhién
trong cac nghién ciu vé gidi tich, 1y thuyét ham, phuong trinh dao ham riéng.
Chang han, ta xét toan ti Riesz J, cho béi cong thiic hinh thiic

@ = [ Ay 2

Voi 1 <p < £vag= 7% thi J, bi chan tit LP(RY) vao LI(R?). Mot ép dung
truc tiép két qua nay 1a dinh 1y nhung Sobolev-Gagliardo-Nirenberg: khong gian
WhP(R?) duge nhing lien tuc vao trong LI(RY), v6i 1 < p < ¢ < p*, trong d6
111

prp A

Mot trong nhing doéi tuong nghién ctitu chinh clia luan 4n nay 1a nghién ctiu
(1) cho mot 16p toan ti tich phan va giao hoan tit ctia ching. Lép todn ti nay
chita dung hodc c6 moi lien hé mat thiét véi nhidu toan tit co dién quan trong
nhu toan tit Hardy, toan ti cuc dai Calder6on, toan tit Riemann-Lioville trén
duong thang, trudng hop mot chidu ciia toan ti J, néi trén. Cac uée luong dang
(1) khi d6 van thuong goi 1a bat dang thitc Hardy. Ve lich stt, bat dang thiic tich
phan Hardy va dang roi rac cua né ra doi khoang nhitng nam 1920, lién quan
dén tinh lién tuc ctia toan ti trung binh Hardy gitta cac khong gian LP. Mot
trong nhitng dong luc chinh dan téi cac két qua d6 duge xuat phat tit bat dang
thitc Hilbert. Nha toan hoc Hilbert, trong khi nghién citu nghiém ctia mot so
phuong trinh tich phan, dan téi bai toan nghién citu tinh hoi tu cta chudi kép

oo 00 mbn
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. Trong bai bao niam 1915 cua minh Hardy da chi ra sy hoi



2 X > x aman
tu cia chudi > >
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- nAn N - An 2
> A 2(7),

tuong duong véi sy hoi tu cia hai chudi sau

trong d6 A,, = a1 + --- + a,. T day dan t6i dang tich phan clia két qua nay
chinh 1a: néu mot ham f thuoc LP(R"), v6i 1 < p < oo thi Hf cing thuoc
LP(R™), trong do6

Hiw) = [ 1o 3)

Nam 1920 G. Hardy da dua ra bat dang thic tich phan sau day

0/00(313 /Ox f(t)dt)pdx < (%)p/ooo 7(x)dz. (1)

voi 1 < p < oo, f 1a ham do duge khong am trén (0, 00), va hang s6 -2 1a s6
nhé nhat thod man.

Toan tit Hardy 14 mot truong hop riéng ctia 16p toan tit Hausdorff, xuat hién
trong cac bai toan nghién ctu tinh kha tong cho chudi sb, chudi luy thita véi
cic cong trinh mang tinh nén moéng cia Siskakis va ctia Liflyand-Moéricz. Trén
truong thuc, toan tt Hausdorff c6 dang sau

Hoa(F)(@) = [ ®(u)f (@A) du 5)

R4

v6i @ 1a ham do dugce trén RY vi A = A(u) = (a;;(u)) 1a ma tran cap d x d’ trong
d6 a;j(u) 1a ham do duge theo bién u. Dac biét, khi ®(u) = xp17(u), A(u) = u
thi He 4 tré thanh toan tu Hardy co dién nhu da dé cap & tren.

Mot cau héi tu nhién dat ra, véi cac khong gian X, Y ndo va véi cac diéu kién
nao cta ¢, ma tran A thi (1) ding v6i T = He 4. Hon nita, khi d6 thi hang s6
tot nhat C trong (1) 1a bao nhiéu? Cau héi thi nhat tir lau da thu hut sy quan
tam ctia nhieu nha toan hoc trén thé giéi va c6 thé chi ra mot sé két qua gan
day cia K. Andersen, E. Liflyand, F. Moricz, D.S. Fan. Tuy nhién céc diéu kién
can ve tinh bi chan duge dua ra chua han 1a diéu kién da va cau héi vé hing s6
tot nhat trong moi truong hop dé déu khong dé tra 10i. V6i cau héi thi hai ve
viéc xac dinh hdng s6 tot nhat trong cac uée luong dang (1) cho cac 16p toan t
trung binh c6 hai huéng: Thit nhat 1a cho 16p toan ti trung binh trén hinh cau
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Grafakos va Lacey ching minh dugc rang chuan L? ctia H bang Ll Mot sb
p —_
cong trinh nghién ctu tiép theo lién quan clia cac tac gid nhu Lin, Fu, Lu....

Thit hai, d6i v6i 16p toan ti trung binh doc theo cung tham s6 cho bdi dang

wﬂwzﬁfmwww 7)

Day 1a 16p toan tit c6 nhiéu ting dung cao trong 1y thuyét toan ti, phuong trinh
vi phan dao ham riéng, béi né chita nhiéu toan ti co dien nhu toan ti Abel,
Rieman-Liouville, toan tit Hardy, toan tit cuc dai Calderén. Nam 2001, J. Xiao
cong bé mot két qua mang tinh dot pha: Uy bi chan tren LY(R?) khi va chi khi
fol t%dzb(t)dt hitu han. Hon nta,
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Tuong tu, Uy bi chan trong BMO khi va chi khi fol Y (t)dt hitu han va khi dé

1
Uyl Brmora)—ByO®RY :/0 W (t)dt. (9)

Nam 2009, duya trén phuong phap nghién cttu cho cac giao hoan tit ciia Calderén-
Coifmann-Weiss, cac tac gia Fu, Liu vd Lu chiing minh rang [M,, Uy] bi chan
trong LY(R?) véi moi b € BMO(R?) khi va chi khi
1
/ t=99(t) log %dt < 0.
0

O day M, 1a toan t& nhan M, (f) = bf. Két qua nay cho théy ring giao hoan ti
cua Uy la "ki di hon" so v6i Uy,

Hai két qua nén tang néi trén 1a dong luc cho nhiéu nghién citu sau nay cho
16p toan ti Uy. Day cling la huéng nghién cttu chinh ma tac gia lua chon trong
luan an nay: nghién ctu cac uée luong chuan cho toan tit da tuyén tinh c6 dang

qg(?ﬂmA;P@ﬁﬁ@mnOwwﬁ. (10

sau
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Truong hop m = n = 1, Chuong vad Hung tim ra dugc diéu kién can va du
(v6i didu kien thich hgp tren s(t)) ctia ¢ dé dam béo tinh bi chan cta U,

,S
cac giao hoan ti clia né trong LP va BMO vé6i trong thuan nhat. Chuan cia

va

toan ti tuong tng ciing duge tim ra. Mot diéu kién can ctia trong dé giao hoan
tt [Ms, Uy 5] bi chdn trong LP cing duge dua ra. Trong trudng hop khong gian
Herz, nam 2016, Chuong, Hung va Duong dua ra mot diéu kién can cho tinh bi
chén ctia giao hoan t khi b thudc khong gian Lipschitz. Hung va Ky dua ra cac
tieu chuan de U}"2 bi chan it L2 (R?) x -+ x L& (RY) vao LE(R?) va bi chan
tir Brr (Rd) X -+ X BPmAm (Rd) vao BPH (Rd) . Hon nita chuan ciia toan tu
trong tung truong hop ciing duge chi ra.

Tuy nhién cac tiéu chuan ve tinh bi chan, chuan cta U$§ cling giao hoan tu
cua no6 trén cac khong gian loai Herz chua dugc nghién citu truée do. Cac khong
gian loai Herz bén canh la nhitng md rong tu nhién cta cac khong gian Lebesgue,
con cé vai tro quan trong trong phét trien 1y thuyét ham. Chang han, cac ham
phan ti Taibleson-Weiss, dong vai tro quan trong trong 1y thuyét cac khong gian
Hardy, thuoc khong gian loai Herz. Viéc thiét lap cac tinh chat bi chan va udc
luong chuan trén khong gian loai Herz doi hoi phai thay doi phuong phap tiép

can so v6i cac két qua da biét trén cac khong gian Lebesgue hay tam Morrey.

Cac phan tich tong quan trén day dan ching to6i dén viéc nghién cttu cau hoi
vé tinh bi chan va chuan ctia toan tit trong (10) tit tich cac khong gian loai Herz
vd Morrey-Herz v6i trong luy thita. Ching toi cling dit van dé nghién citu giao
hoan tit clia U;”g; trén tich cac khong gian Morrey-Herz. Nhitng két qua nghién
cttu dat dugde, duge chung toi cong bo trong bai bao s6 3, trong danh muc cong
trinh lién quan dén luan 4n, va dugce trinh bay trong chuong 4 ctia Luan an nay.

Giai tich trén truong sd6 p—adic hay trén cac nhém Heisenberg dudc quan tam
va phét trién manh trong nhitng nam gan day. Trong dé tai nay, ching t6i lua
chon nghién citu mot s6 két qua cta giai tich diéu hoa trén trudng dia phuong
ma cu thé ¢ day la cac toan ti trung binh loai Hardy trén trudng so p—adic.
Nam 2006, Rim va Lee phat trién cac két qua ctia J. Xiao cho toan t trung binh
Hardy p—adic c6 dang sau

ULf(a) = | fleyu, (1)

v6i 1) 1a ham khong am xac dinh trén vanh s6 nguyén p—adic. Nam 2014, tac gia

H.D. Hung phat trién két qua ctia Rim va Lee cho 16p toan tit p—adic Hardy-
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Cesaro Ug’ ., trong cac khong gian vdi trong luy thua, trong do
Uy o f(x) = . (s(t)x) p(t)dt, (12)

Bén canh cac két qua vé tinh bi chdn, chuan cia Uy s trén khong gian p—adic
Lebesgue va BMO c6 trong, tac gia chi ra dudec mot hé qua vé su hoi tu cla
chuoi kép trén trucng thirc nhu sau

1/r 1/r

© ) r 0
Z <Z Tt Bk yk> < Z:CS (Z yk> . (13)
JEZ \k=0 JEL k=0

V61 (7)) jez v& (Yr)k>0 1a hai day s6 khong am, § 1a s6 nguyén khong am tuy y
va véi bat k¥ 1 < r < oo. Két quéd nay cho ta thay moi lién heé gita giai tich
p-adic va giai tich thuc, viéc nghién ctu giai tich p—adic mang lai mot cong cu dé
nghién cttu gidi tich trén truong thuc. Tuong tu két qua trong truong thuc, Wu
va Fu(2017)tim ra duge cac dieu kién can va du cho tinh bi chan ctia Uy, trong
khong gian Morrey p—adic Lq’)‘(Qg), khong gian Morrey tam p—adic B‘V‘(Qg)
va CBM Oq’A(Qg). Hon nita chuan toan t tuong ting cho cac trusng hop ciing
dugc tim ra.

Theo huéng nay ching toi dat bai toan phat trien cac két qua ctia Wu va
Fu(2017) cho 16p toan tit U?” s V01 cac khong gian tuong tng c6 trong luy thira.
Dya trén cong trinh ctia Fu va cong sy(2015), Hung, Ky(2015), Chuong va
Duong(20116) ching toi xay dung 16p toan tit da tuyén tinh p—adic gan véi
toan tu Upjs. Chung toi nghién ctu cac két qua ma Hung, Ky, Fu, Lu, Gong,
Yuan dat duogc trong truong hop thuc, cho trudng sé6 p—adic.

2. MUC DPiCH - POI TUGNG - PHAM VI NGHIEN CUU

Luan an tap trung nghién citu toan tit Hardy-Cesaro, toan ti da tuyén tinh
Hardy-Cesaro va cac giao hoan tit cua ching trong cac khong gian ham trén
truong thuc va p—adic, cu thé nhu sau:

e No6i dung 1: Uéc luong chuan clia toan tit p-adic Hardy-Cesaro cé trong va
giao hoan t1 trén cac khong gian p-adic kieu Morrey c6 trong.

e No6i dung 2: Uéc lugng chuan ciia toan ti da tuyén tinh p-adic Hardy-
Cesaro c6 trong trén cac khong gian ham p-adic:

e N6i dung 3: Ué6c luong chuan ciia toan ti da tuyén tinh Hardy-Cesaro va
giao hoan t1t trén tich cac khong gian Herz thuan nhat c6 trong, Morrey-Herz

c6 trong thuan nhat.



3. PHUONG PHAP NGHIEN CcUU

Dé nghién cttu chuan ctia toan tit Hardy-Cesaro cé trong, toan tit da tuyén
tinh Hardy-Cesaro c6 trong trén truong thuc hay p-adic va giao hoan ti cua
né trén cac khong gian p—adic kieu Morrey cé trong, tich cac khéng gian kieu
Herz,.... chiung toi da st dung luge do nghién citu sin c6 trén giai tich thuc, gidi
tich p-adic, Iy thuyét toan tit, bat dang thiic Holder, bat dang thiic Minkowski,
cac bat dang thic. Hon nita dé danh gia tinh bi chin clia giao hoan ti clia toan
ti p—adic Hardy-Cesaro cé trong ching toi sit dung phuong phap bién thuc ciia

Coifman.

4. CAU TRUC CUA LUAN AN
Ngoai phan Md dau, Két luan, Danh muc cong trinh da cong bd va Tai lieu

tham khéo, luan an duogc chia lam boén chuong:

e Chuong 1: Kién thic chuan bi.

e Chuong 2: Toadan tu p-adic Hardy-Cesaro va giao hoan tu trén cdc khong
gian kieu Morrey .

e Chuong 3: Todn ti da tuyén tinh p-adic Hardy-Cesaro va giao hodn ti trén
mot so khong gian ham p-adic.

e Chuong 4: Todn ti da tuyén tinh Hardy-Cesaro va giao hodn ti trén tich
cac khong gian loar Herz.



Chuong 1

KIEN THUC CHUAN BI

Trong chuong nay ching toi trinh bay mot s6 kién thitc chuan bi, bao gom:
Ly thuyét s6 p-adic, do do va tich phan trén trudng p-adic, cic khong gian ham
va mot vai vi du vé cac ham chon, cac bat ding thitc Holder, Minkowski va mot
s6 dinh li thuong dung.

1.1. Trudng cac s6 p—adic

Trong phan nay, ching t6i nhac lai mot so khai niém vé s6 p-adic, chuan

p-adic, trudng cac s6 p-adic v mot s6 tinh chat.
1.2. Do do va tich phan trong Qg

Trong phan nay, ching t6i nhic lai cac kién thitc co ban vé do do va tich
phan trong giai tich p-adic va moét vai vi du.

1.3. Cac khong gian ham

Trong phan nay, ching toi nhic lai mot s6 khong gian ham can dung trong
luan an nhu: Khong gian Lebesgue, khong gian Herz, khong gian Morrey-Herz,
khong gian BMO, khong gian Morrey trén truong thuc va p-adic va mot s6 vi du
minh hoa, cidc bat dang thiic Holder, Minkowski va mot sé dinh 1i thuong ding



Chuong 2

TOAN TU P-ADIC HARDY-CESARO VA GIAO HOAN TU
TREN CAC KHONG GIAN KIEU MOREY

Noi dung ctia chuong nay 1a nghién ctu chuan cia toan ti p-adic Hardy-
Cesaro trén cac khong gian kieu Morrey. Dau tién ching toi diat van dé nghién
citu bai toan. Dé gidi quyét bai toan, ching t6i van dung ¥ tudng ciia phuong
phap bién thuc doéi véi cac toan ti tich phan Hardy, mot s6 két qua co ban vé
giai tich diéu hoa trén truong p—adic, két hop danh gia théng qua cac bat dang
thic Minkowski, Holder va viec xay dung ham th@ dé c6 bat dang thic ngugc.
Cudi cuing dya theo phuong phap ctia Coifman-Rochberg-Weiss(1976) chiung toi
tim dugc mot diéu kien can vad mot dieu kien du ctia ham trong (t) dé giao
hoan tit clia toan ti nay bi chin trén cac khong gian p-adic tam Morrey véi bieu

trung trong khoéng gian p-adic tam BMO c6 trong.
No6i dung cua chuong nay la dua trén bai bao 1. trong danh muc cong trinh
da cong bo.

2.1. Dit van dé

Bai toan ma ching téi quan tam & day 1a nghién ctu chuan cta toan ti
Hardy-Cesaro Ui,s trong cac khong gian Morrey trén trudsng p—adic.

2.2. Chuan cta toan ti U?  trén cac khong gian kiéu Morrey

Dinh nghia 2.1. Cho s : Z7 — Q, va ¢ : Z; — R, la cac ham do dugc va
W : Qg — R 1a ham kha tich dia phuong. Toan ti p—adic Hardy-Cesaro véi
trong Ul . dugc xac dinh nhu sau

Uy,of () = . f(s(t)z)p(t)dt (2.1)

trong d6 f 1a ham do duge QY. Ta ki hieu U}, thay cho U}, khi s(t) = t.

Dinh nghia 2.2. V6i a > —d, ta ki higu WP 1a tap gom tat ca cdc ham khong
am, kha tich dia phuong w tren Qf sao cho w(tz) = |t|5w(x) véi moi x € QY va
teQyval< [q w(@)dr < oo.



9

DPinh 1i 2.1. Cho 1 < ¢ < o0, —5 < X\ <0 la cdc s6 thuc. Cho 1 la mot ham
khong am, do dugc tren Zy. Khi dé cdic meénh de sau la tuong duong

(1) A= [ s\ p(t)dt hawu han.
Z;

(2) Uy, bi chan trén LZNQY).

(3) Uy, bi chan trén BIA (QF).

Hon ntta khi do,

_ p
LENQE)—LEN Q) H v

U’ = A. 2.2
H " B () B2 () A 22)
Nhan xét 2.1. Khi s(t) =t va w = 1, ta thu dugc két qua clia Dinh 1y 2.1 va
2.3 ctia Fu, Wu(2017). Luu y rang cac dinh 1y 2.1 va 2.3 ctia Fu, Wu(2017) chi
dua ra két luan véi 1 < ¢, trong khi d6 Dinh 1 2.1 chi ra tiéu chuan bi chin ca

trong truong hgp g = 1.

Hé qua 2.1. Todn ti SP khong bi chan trong LY(Q,) va trong BY(Q,), vdi
—1<A<0.

Nhan xét 2.2. Truong hop A = —é, khong gian Bff‘ (Qg) va, L& (Qg) tré thanh
LY (Qg), mac du ching minh duge st dung trong Dinh Iy 2.1 khong con dung
nita, tuy nhién theo két qué ctia Dinh 1y 3.1 ctia Hung(2014), thi két luan cla
Dinh 1y vin dang nhung phéi bo sung them mot diéu kien ki thuat [s(t)], > [¢]]
v6i t € Z (c6 the xem Dinh 1y 3.1 trong chwong 3).

Bay gio chiing t6i sé dua ra mot 4p dung minh hoa cho két qua trén vao nghién
citu nghiém cua cac phuong trinh gia vi phan p—adic. Xét bai toan Cauchy sau

D%+ a(|x|p)u = f(Jz|,), z€Q,
u(0) = 0,

trong d6 a, f 1 cAc ham lién tuc, ham can tim v = u(|z|) 13 ham ban kinh. Dé
nghién citu tinh giai duge ciia bai toan trén, nam 2014, A. Kochubei xét nghiém
u c6 dang u = RP(v), trong d6 RP c6 dang

1—p

RU@) =gy [ (el i) Sy

v6i f la ham kha tich dia phuong trén Q,. Toan ti R’ la nghich dao phai

cia D® trén khong gian cac ham hang dia phuong, c6 vai tro nhu toan ti tich
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phan ham Riemann-Lioville trén truong thye. Xét 1g(t) = 11__5:1 1 -t va
¥1(t) = (1 — 1) thi
2| R f(2) = Uy, f(z) — Uy, f().
Hé qua 2.2. Gz’dsﬁ’()<oz<1vd1§q<oovd—%<)\<0. Khi do R zac
dinh nhu la mot todn ti bi chan tw L9(Qp) vao L9 (x|, *dx, Q).

Dinh 1i 2.2. Néu g, X la cdc 56 thuc théa man 1 < g < 00,0 < X < 4 thi U},
bi chan trén CBMOE;/\ (Qg) khi va chi khi A la htu han. Hon nia,

Uy o

CBMO%(Q¢)—CBMOGN(Qf) — A. (2.3)
2.3. Giao hoan t1r cua toan tuw p—adic Hardy-Cesaro
2.3.1. Céc giao hoan ti va bo dé bo trg

Giao hoan ti cia toan tit Uf; , dugc dua ra bdi Hung(2014) xac dinh nhu sau

Dinh nghia 2.3. Cho ¢ : Z* — [0,00),s : Z* — Q,, b la ham kha tich dia
phuong trén @g, f: Qg — C la ham do dugc. Giao hoan tit ctua toan tit p-adic
Hardy-Cesaro c6 trong U? Z dugc dinh nghia nhu sau:

Upaf () = | Fs(®))(b(x) = b(s(t)2))ib(t)dt. (2.4)

Bo dé 2.1. Gid st ring b la ham thuge C BM Q%A (@g) va v, la cdac s6 nguyeén.
Gia st A € R sao ch())\gé, l<qg<oovaweW,, vita > —d. Khi do ta co

A A
bwa - bBW/,w < CAdera ‘7/ — 7 HbHCBMOg’>‘ max{w (BV) y W (BW/) }.

K7 hiéu
1 néu A =0
(d+a)lnp- 22\ néu A0

|p(d+a)>\_1| |

C\ —

2.3.2. Cac két qua chinh

Dinh 1i 2.3. Cho q, q1, ¢ la cdc 56 thic sao cho 1 < g < ¢ < o0, é = %%—qlz Va
—qil <A <0. Chos:Zy— Qpla ham do dugc sao cho s(t) # 0 hau khap noi
vdi t € 7y, w € WE. Gid sit rang b € CBMOZ (@g). Néu ci A, B hiu han thi
giao hoan tu Up”l; xac dinh nhw mot toan t bi chan tw Bg}’A (Qg) VG0 Bgf‘ (Qg).
Nguoc lai néu Uf;:g la by chan tu Bf}’A (Qg) VG0 BC({;A (Qg) thi B, hiu han. Ta ki
hiéu

B = - ‘S(t)‘(d+a)>\ ) “ng ‘S(t)‘p‘ ) w(t)dta (25)

p
P
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VaQ

Bo= || Is@)l""" log, s(®)l, - v(t)d (2.6)
Hon nta,
H]B()HB‘%A Qd
w p ,b
) B. | Wbllcamorsap IVE s ez ()

HfoHBE,l’A(@g)
< (2A+p"B) - [bllcparon (o)

Vi log, |s(t)], 1a s0 nguyeén véi bat ky ¢t € Z5. Do do |s(t)|, # 1 hau khap
noi trén Z; thi B > A. Mat khac néu |s(t)[, > 1 hau khap noi véi ¢ € Z; hoac
5(t)|, < 1 hau khap noi v6i t € Zy thi B, = B. Diéu d6 suy ra h¢ qua sau.

Hé qua 2.3. Cho q, q1, 2 la cdc s thuc sao cho 1 < g < q1 < 00, % = (]1_14_(]% Va
—qil <A <0. Cho s :Zy— Qp la ham do dugc théa man |s(t)|, > 1 hau khap
noi t € Zy hodc | (t)]p < 1 hau khdp noi vdi t € Z5. Néuw b € CBMOZ (QY) thi
g1a.0 hoan t Up’s xac dinh nhu mot toan tw by chan tu BE}’A (Qg) VG0 Bg;A (Qg)

khi va chi khi B hitu han.

Nhan xét 2.3. Nhu ta da biét, giao hoan ti cia toan tit Hardy néi chung "ki
di hon" so véi toan tit Hardy tuong ting. Diéu nay ciing khong ngoai 1& trong
truong hop khong gian tam Morrey. Thuc té, khi |s(t)|, < 1 v6i hau khdp noi
t € Zy thi B hitu han kéo theo A hitu han. Mat khac, vi du sau day chi ra A
hitu han néi chung khong the suy ra B < oo.

That vay. ch t 1 thi — 0.
at vay, chon s(t) = pt, ¥(t) = ip t|1+(d+a)A(logp |pt|p)27 1A <00, B=oc

Dth24C%1<q<m<a;;——+———<A<O——<M<OO<

Aoy < % va A = A1+ Aa. Cho s : Z; — Q, la ham do dugc sao cho s(t) # 0 hau
khap noi, w € WE. Néu C hitu han thi vdi bat ky b € C’BMOZ?’M(@;Z), giao hodn
ti tuong ing Up’l; bi chan tu 33}’/\1(@2) VGO BL%’A(@]‘;Z) va ta co

b o
Uy o iran < 2FP700n) - C bl epaom g

) day cy, la hang so6 duge zdc dinh nhu trong trong Bo de 2.1 va

€ = [ ma{L, |s(2)[ P Ys() P - flog [s(2) | w(t)d
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Chuong 3

TOAN TU DA TUYEN TiNH P-ADIC HARDY-CESARO
VA GIAO HOAN TU TREN MOT SO KHONG GIAN HAM P-ADIC

Trong chuong nay ching t6i nghién cu cac tiéu chuan cho tinh bi chan
va chuan ciia toan tit da tuyén tinh p-adic Hardy-Cesaro trén tich cac khéng
gian Lebesgue v tich céc khong gian kieu Morrey. Luge do chitng minh céc két
qua ching toi stt dung 6 day dudc phat trien tit luge do da dude st dung trong
chuong trude, két hop véi cac phuong phap dude stt dung trong nghién citu cac
toan tit da tuyén tinh trén trudng thuc hay trén cac nhém compact dia phuong.
Bai toan tuong ting dat cho giao hoan ti ctia toan tu p-adic Hardy-Cesaro ciing
dugc ching t6i nghién cttu trong chuwong nay. Phuong phap nghién cttu ¢ day do
la van dung phuong phap ciia Coifman, Rochberg, Weiss(1976) trong nghién cttu
toan tu giao hoan tit cho tich phan ki di, toan tit cuc dai, ... Bén canh do, chung
toi sé di thiét 1ap danh gia dao dong gitta trung binh ctia hai ham thuoc CBMO,
tit d6 thiét lap cac danh gia LP cho cac toan t tich phan loai trung binh. Diém
khac biet ¢ day chinh 1& d6i véi cac toan ti tich phan ki di, ta thuong thong qua
bat dang thic John-Nirenberg, thi 6 day ching toi danh gia truc tiép théng qua
cac bat dang thitc tich phan Minkowski va Hélder.

No6i dung cua chuong nay la dua trén bai bao 2. trong danh muc cong trinh
da cong bo.

3.1. Dat bai toan

Dua vao cac phan tich nhu trong phan mé dau, chuong nay ching toi nghién
cttu toan ti da tuyén tinh Hardy-Cesaro cé trong phién ban p-adic trén cac khong
gian ham phién ban p-adic.

3.2. Chuan ciia toan ti da tuyén tinh p-adic Hardy-Cesaro trén tich cac khong
gian Lebesgue va tich cac khong gian kiéu Morrey

Dé chiing minh cac két qua chinh ching toi can mot s6 khai niém v bo de

quan trong sau.
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3.2.1. Mot s6 khai niém va bo dé
Chung toi gidi thieu va nghién ctta phién ban p-adic clia toan tit da tuyén tinh
Hardy-Cesaro c6 trong dinh nghia nhu sau:

Dinh nghia 3.1. Cho m,n 1& cac s6 nguyén duong va ¢ : (Z;)n — [0; +00),
T = (51,...,5m) : (Z;)n — Q' 1a cac ham do dugce. Toan tit da tuyén tinh

i3 N / 7m,n / 3 P Zy° ? / N
—adic Hardy-Cesaro c6 trong U”S" xac dinh déi véi vector ctia cac ham do
S 7

dugce 7 = (f1,.--, fm) : Qg — C™ , dugce dinh nghia nhu sau

UV (fry oo fn)(2) = § mfk sp(t)x) | ¥(t)dt, (3.1)
P () /@;) (H <<>>> (1

véi 8 = (815 -5 Sm)-

Nhan xét 3.1. Khim =n =1, Ui’%’n trg thanh Uy , da duge nghién ctu béi
Hung(2014).

Trong chuong nay, néu khong phat biéu dé cap dén thi ta luon gia thiét

q, o, ¢, aj lacacso thue, 1 < g <oo0,1<g; <oo,a; >—dvéimdij=1,...,m
h
sao cho | | |
— = — e — (3.2)
q q1 dm
va
Q Q)
05:24_...4_(]__ (3_3)
q1 dm
Cho cac ham trong wy € WE Jk=1,...,m. Dat
m. g
w(z) = ngk (%), (3.4)
k=1

khi d6 ta c6 w € WE.

Dinh nghia 3.2. Cho cac ham trong wy € W? |k = 1,...,m. Ta noi rang
(w1, ..., wp) théa man dieu kien W2, néu
m
w(So) = [T wil(So). (3.5)
k=1
Vi du 3.1. Cho céc ham trong wy € Wk = 1,...,m véi wi(z) = |z|)* v6i
k=1,...,mthi (wi,...,wy,) théa man dicu kien W2,
Trong toan bo chuong nay, sq, ..., S, la cac ham do dugc tu (Z;)n vao Q, va

ta ki hicu béi & la vecto (8151 8m)-
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Bo dé dudi day 1a mot vi du cho ham thuoc khong gian L[, (Qf).
Bo6 dé 3.1. Chow € W,,a > —d va v > 0. Khi dé, cac ham
0 néu |x|, <1

fry(@) = _dte_ L

[z, © 7

W(SO) 1/r
L;,(Qg) — (1 _ pr/vz) > 0.

3.2.2. Cac két qua chinh

néu |x|, > 1.

thuoe L1,(Q2) vi || fro)

Cac két qua chinh ctia muc nay 1a cac Dinh 1y 3.1, 3.2, 3.3.

Dinh 1i 3.1. Gid thiét rang (wy, . .., wy) théa man dieu kién W% va ton tai mot
hing s6 B > 0 théa man |sy(t1,. .. ta)|, = min{|t1|0,... [t,[0} ding vdi moi

k=1,...,mwvavdi(t1,...,t,) € (Zz)n hau khdp noi. Khi dé ton tai mot hang
so6 C sao cho bat dang thic sau

T2 (s Fdl sy < cﬂumm (3.6)

diung vdi bat ky ham do dugc fi,. .., fm khi va chi khi

d+0lk

A= /Z* H\sk ()t < oo (3.7)

Hon nta,
— A.

‘ Up,m .
L} (Qd)x--x LT (Q4)

8

Nhan xét 3.2. V6i m = n = 1 ta nhan dugc Dinh 1y 3.1 ctia Hung(2014). Luu
¥ rang bat dang thiic (13) cho hai diy s6 thic khong am, 14 hé qua triec tiép cia
Dinh 1y 3.1 ctia Hung(2014).

Dinh 1i 3.2. Cho 1 < q,q;, < 00, A\, g, A\ la cdc so théa man (3.2), (3.3) sao
cho —qik <M <O0wdi k=1,...,m. Gid st ring (w1, ...,wy) théa man diéu
kien W=, Dat

d—|—041 d—FCkm

Ny e
dra T T I,

\ = A
Gid thiét rang

_ . s (d+ax) Ak 00 '
B /(Z;)nkﬂlm(t)!p b(t)dt < oo, (3.8)



va
1+>\qu.

(w( H , (3.9)

vdi By la hinh cau {z € Q% : |z|, § 1}. Ton tai mot hang so C sao cho bat
dang thic sau

m
U (Frs o fdll g ny < CTT I Fell s (3.10)
k=1
ding vdi bat ky ham cdac do dugc fi,. .., fm. Hon nia hang so tot nhat C' trong

(3.10) bang B.

Dinh 1i 3.3. Cho q, qi:, \, o, M\, la cde s6 théa man cdc dieu kién nhu trong Dinh
ly 8.2 va cac dieu kién (3.2), (3.3) cing dugc théa man. Gid st rang (wy, -+ , W)
théa man diéu kién W%. Khi do Ui%”n dugc xac dinh nhu mot toan t¢ bi chan
tu Bgll’h(@g) X e X BQm”\m(Qd) VA0 Bq”\((@d). Hon nia,

U5 = B. (3.11)

‘ ‘Bql Al (Qd)x ><qu Am (@d)_>Bq A(@d)

Nhan xét 3.3. Truong hgp m = n = 1 tu Dinh 1y 3.2 va 3.3 ta thu dugc Dinh
I 2.1 trong chuong 2 cta luan an nay.

3.3. Tinh bi chin ctia giao hoan tit ciia toan ti song tuyén tinh Hardy- Cesaro

c6 trong

Trén trudng p—adic, giao hoan tit clia toan ti tich phan kieu Hardy da ducc
nghién cttu bdi cac tac gia nhu Fu, Lu, Wu, Chuong, Hung,.... O day chung toi
ciing nghién cttu giao hoan tif clia toan ti song tuyén tinh p-adic Hardy- Cesaro
¢ trong U P2 ’_> v6i bieu trung trong CMOY (Qd)

3.3.1. Cac giao hoan tit va bo dé bo tro

Chung toi dinh nghia ciia giao hoan ti clia toan ti song tuyén tinh p-adic
Hardy- Cesaro c6 trong nhu sau:
Dinh nghia 3.3. Chon € N, ¢ : (Z;)n — 10,00), 81, S : (Z;)n — Qp, b1, by, 12
cac ham kha tich dia phuong trén Qg va f1, fo : Qg — C la cac ham do dugc.
Giao hoan tit clia toan tit song tuyén tinh p-adic Hardy- Cesaro c6 trong U 5%
dugc dinh nghia nhu sau:

UPT (1)) =
2
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/ (Hs () >¢(t)dt. (3.13)

/ (H |55, (t d+ak ) <H ‘logp Sk(t)p> Y (t)dt. (3.14)
k=1

Nhan xét 3.4. Dy < oo khong suy ra Cy < 00.

Nhan xét 3.5. Nguoc lai, Co < oo cling khong suy ra duge Dy < o0.

3.3.2. Cac két qua chinh
Dinh 1i 3.4. Cho 1 < ¢ < g, < 00,1 < py <00, —>- < N <0,k =1,2 sao cho

1 1 1 1 1
- =4+ — 4+ —+ —,
q q1 g2 P11 P2

Q+q Q+q

va A = A\ + \o. Gid thiét rang w(x) = wi' ™ rwy? o= el e

va
1—|—>\qu

2
> st %%

(i) Néu ci Co va Dy hitw han thi vdi bit ky cdc ham b = (b, by) € CBMOP (Q%) x
_> . . .
CBMOZ Q) khi do UP™? bj chan tit B4 (QY) x BE(QY) vao BINQY).

%
(ii) Néu vdi bit ki b = (b, bs) € CBMOL(QY) x CBMOR(QY), UM b
chan tu Bgll”\l(Qg) X Bg;& (Q) vao Bf{;A(Qg) thi Dy hitu han.

Hé qua 3.1. Letl < g < q. < 00,1 <pk<oo,—pik<)\k<0,k:1,2 sao cho

1 1 1 1 1

=

9 @ 92 Pp1 P2
va A = N\ + \y. Hon nia gid thiét rang |sg(t)], > 1 hkn vdi t i (Z;)n hodc
sp®)|, < 1 hkn véi t € (23)" véi méi k = 1,2. Khi d6 UP™" bi chan ti
s ()] p ’ ¥,
Bg}l’Al(Qg) X B%A?(@g) VGO Bg”\(@g) néu va chi néu Dy hitu han.

That vay, vi |z|, > 1 nén |z|, > p, do d6 ta c6 Dy > (logp) Cy. Vay hé qua
3.1 dugc suy ra truc tiép tit Dinh 1y 3.4.
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Chuong 4

TOAN TU DA TUYEN TiNH HARDY-CESARO
VA GIAO HOAN TU TREN TICH CAC KHONG GIAN LOAI HERZ

Trong chuong nay ching toi nghién ctu toan tit da tuyén tinh Hardy-Cesaro
trén tich cac khong gian Herz va tich cidc khong gian Morrey-Herz. Dau tién
ching toi dit van dé nghién cttu bai toan. Tiép theo sit dung phuong phap cua
Xia0(2001) va da duge van dung trong nhiéu cong trinh khac nhau nhu Fu, Wu,
Hung, Ky..., cac ki thuat tit gidi tich da tuyén tinh, ching toi thu dudc tinh bi
chian ctia toan ti da tuyén tinh Hardy-Cesaro trén tich cac khong gian Herz va
tich cac khong gian Morrey-Herz. Cudi cing dua vao phuong phap bién thuc cia
Coifman-Rochberg-Weiss(1976), phuong phap danh gia trong giai tich da tuyén
tinh, va lugc do nghién ctu da dude hinh thanh ctia Fu, Gong, Lu, Yawn,... v&
dac biét cia Hung, Ky, chung t6i chitng minh giao hoan tit ctia toan ti nay bi
chan tit tich cidc khong gian tam Morrey vao khong gian tam Morrey véi bieu
trung trong khong gian Lipschitz.

Noi dung cua chuong nay la dua trén bai bao 3. trong danh muc cong trinh
da cong bo.
4.1. Dat van de

Bai toan dit ra la nghién ctiu toan tit da tuyén tinh Hardy-Cesaro cé trong
trén tich cac khong gian Herz va khong gian Morrey-Herz.

Duéi day 1a dinh nghia toan ti da tuyén tinh Hardy-Cesaro c6 trong duge dua
ra béi Hung va Ky(2015)

Cho m,n € N,¢ : [0,1]" — [0,00), S1,...,8m : [0,1]" — R la cidc ham do
dugce. Toan tit da tuyén tinh Hardy-Cesaro cé trong U$§, duoc dinh nghia béi

s (1)@= [ (Tt i m

[0,1]"

VO = (frree s fo)s B = (51, 5m).
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4.2. Tinh bi chin cta toan tit da tuyén tinh Hardy-Cesaro trén tich cac khong

gian Herz va Morrey-Herz.
4.2.1. Mot s6 khai niém va bo dé

Chitng t6i nhic lai dinh nghia ctia 16p ham trong thuan nhat gisi thieu bdi
Chuong va Hung(2014).

Dinh nghia 4.1. Cho v 1a mot s6 thuc bat ky. Dat W, 1a tap tat ca cdc ham
w xac dinh trén R?, 14 cadc ham do dugc théa man w(z) > 0 hau khip nai véi

r € R0 < [w(y)do(y) < oo, va ham thuan nhat tuyet ddi bac ~y, nghia la
Sd
w(tz) = |t w(x), véi moi t € R\ {0}, z € RY.

Cha y rang W = (J W, chia tat cd cdc ham trong lay thia w(z) = |z|.
Y

Dé cho thuan tién ching t6i dua ra vai ki hiéu chung cho cd muc nay. Cho
B > 0,v,a,a1,...,0,, 1a cac so thuc, y1,...,%m > —d, 0 < p < 00, 1 <
q<oo,1§pi,qi<oovéiz':1,...,mvé)\)\1,.. )\ >Oth6amén
_ 1 1 1 1 l

a1 + g+ - oy = ,pl+ + - +pm—p,q1+ L. Tt =

B2 o A Dok A = A Sd—{fceRd 7] = 1)

NI a,

S; = 22 Cac ham w; thudc vao 16p W,, v6imoit=1,...,m, dat

E)
_ Hwﬁ(g;)_ (4.2)

V6i cach dinh nghia ctia w nhu trén ta thiy w € W,

Bo6 dé 4.1. Cho p > 1 va (fy)r>1 la cdc ham khong am va do duogc trén [0, 1]".
Khi do ta co

p

i( 0.1]" fk(t)dt)p = / (i fzf(t)>1/pdt

k=1 o k=1
B6 dé 4.2. Néu f € MKSNw) thi || Fxellgw < 25N Fllyen )
4.2.2. Cac két qua chinh
Dinh 1i 4.1. (i) Cho s1(t), ..., 8n(t) # 0 hau khap noi trong [0, 1]" va

A= f (Hs@-u)“@d??“%) Y(t)dt < oo. (43)
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Gid st rang 1 < p < 0o hodc 0 < p < 1 va it nhat mot trong sé cac i, ..., A\
la duong thi

1023 iz < Carz A Ty o (4.4)
i=1
(o)
(™ /
I (2"“_/\’“' +1) neuw 1 <p<oo
_ ) k=1
C%’Y =) 22 o | — Ak | £ N
WH(Qk k‘|‘1) neu 0<p<1 ’UCI,A>O.
\ k=1
(ii) Nguoc lai cho 0 < p < 00, 0 < A\; < 00 vo”’z'z' = 1,...,m. Gid su rang
U¢7—> dugc xdc dinh nhu mot toan ti bi chan tu H MKg“ql (w;) vao MKgf;J’\(w)
thi (4.3) ding va
m > .
| ‘Z’?HHIMKSE Hw) = MEpg(w) — b DE)X’ (4.5)
(o)
D B ilj—ll(Q)\ipi_l)l/Pi (1_2—q(>\—a))1/q iﬁl(%()\i_&i))l/% (W(Sd))l/q
E’Y S vy ﬁ(l—Q—qi(/\z‘—ai))l/qi - @O ﬁ(wfi(Sd))l/qi.
1=1 1=1

Dinh 1i 4.2. (i) Néu 1 < p < oo, s51(t), ..., sm(t) # 0 hau khap noi trong [0, 1]"

v / (H »

[0,1]»

) Y(t)dt < oo, (4.6)

thi

|’U$§>(7)Hkgm(w) <A -] <2|ak| + 1) 1] 1fill geaimi o) (4.7)
1=1

k=1

ii) Gid st rang |s;(t1,...,t,)| > min tﬁ,...,tﬁ voit=1,....mva U3 b
1 n

Y, s
chan tu ] quz‘,i’pi (wi) vao qu"p(w) thi (4.6) ding va
i=1
m,n > .
(1% —>HHK%pz( VKR () As - B3, (4.8)
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Nhan xét 4.1. Khi oy = -+ = o, = 0 ta thu duge tinh bi chan va chuan
ciia toan tit da tuyén tinh Hardy-Cesaro trén tich cac khong gian Lebesgue.
Tuy nhién cac két qua nay khong tot bang cac két qua da thu duge ctia Hung,
Ky(2015). Trong Dinh 1i 3.1 ctia Hung, Ky(2015) chi ra ring chuan ctia U$§ tue

m dtvi .
L2l x - x LPm vao L chinh xac bang [ ( |si(t)] . Z) Y (t)dt.
[0,1]7 \i=1

Nhan xét 4.2. T két qua ctia Dinh 1y 4.2 ching ta suy ra, trong truong hop ton
tai hing s6 duong 8 sao cho |s;(t1,...,¢,)| > min{t),... .t} véii=1,....,m
(lvu ¥ trusng hop toan tit H,) thi diéu kién nay ty dong dugc thod man), thi

m . )
U$§ duoe xac dinh nhu mot toan ti bi chin ti Hl MK}‘};’Q)ZV (w;) vao MKg;]/\ (w)
1=

thi dieu kién can va du 1 As hitu han. Hé qua nay, chita hai két qua 1& Dinh 1y
5 va Dinh 1y 6 cia Gong, Fu va Ma(2014), hon nita dé thu duge diéu kién can,
cac tac gia phai gid thiét oy = - =, P1 = - = P VA Q1 =+ = @, tuy
nhién két qua ctia chung toi khong can c6 gia thiét d6. Tuong tu nhu vay cho
két qua ciia Morrey-Herz, cac két qué ctia ching toi thu duge trong Dinh 1y 4.1
1a thuc sy lam manh cac két qua trude dé cia Gong, Fu va Ma.

Nhan xét 4.3. Dinh 1y 4.1 xem xét ca truong hop khi 0 < p < 1, ¥ tudng tiép
can truong hop nay duge ching t6i tham khao tit cong trinh ctia J. Kuang(2008),
trong d6 tac gid danh gid chuan cta toén tit Vi, trong khong gian Herz. Chinh
vi vay két qua ciia ching toi 1& mé rong hon va manh hon véi két qué tuong tdng
thu duge ctia Gong, Fu, Ma(2014) va 1a mé rong cho truong hop da tuyén tinh
cua cac cong trinh ctia Kuang, Liu, Fu, Chuong, Duong,....

4.3. Giao hoan ti ctia toan ti da tuyén tinh Hardy-Cesaro

Giao hoan tit clia toan tit da tuyén tinh Hardy-Cesaro U$§>, theo nghia cua
Coifmann-Rochberg-Weiss, dugc xac dinh nhu sau
%

vps? (1)@= [ (H fi <sk<t>x>> (H (bs() — by <sk<t>x>>> ()t

[0,1] k=1
(4.9)

Duya theo ¥ tudng ctia Tang, Xue, Zhou(2011), chiing t6i s& xem xét cac bicu
trung thuoc 16p ham Lipschitz, xac dinh nhu sau
Dinh nghia 4.2. Gia stt ring 0 < § < 1. Khong gian Lipschitz Lip”(R") la tap
tat ca cac ham f : R" — C sao cho

f(z) — f(y)|

fllzins@mny :==  sup < 0. (4.10)
H H p (R ) $7yE]Rn,x7gy ’ZE . ylﬁ
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4.3.1. Cac két qua chinh

Dinhli4.3.Choozl->—d,1§q§q1~<oo,0§n,1§p¢<oo,0<5i<1,
0<f8<,0< A, A< 1lwgii=1,....m, « = ay + - —l—Ozm> —d, B =
Bite +Bm A=t Ay, t =L Lopal =Ly Ly Ly g L
Gida thiét rang b; € Lip” va w; thaa man (4 2) voir = 1,....,m. Cdc ham

$1(t),. .., $m(t) # 0 hau khap noi t € [0,1]" sao cho

— ’+>\ -
/011 <HS )

% .
thi giao hodn tit U2 wic dinh nhu todn ti bi chan tit MK (wi) x -+ X
MK (wy) vao MEKSMNw) khi 0 <p <1 wva A >0 hojc khi 1 < p < co va
A > 0. Gid thiét rang

1 — si(t) ) Y (t)dt < 0. (4.11)

04—04—252 ZCH_% (4.12)

1=1 Ti

%
Khim=n=1w =1, s1(t) =t thi U;’%b = U%, ta thu dugc két qua sau:

Hé qua 4.1. Cho ¢ : [0;1] — [0;00) la ham do duge, 0 < B < 1, b € Lip’(R?),
1 <q <q <oo. Néu

A= / M8 (1 Pt < oo (4.13)

thi U;Z bi chan tu MK;}}J vio MK ydi ap=as+ 0 +d (— — i)

p,q2 ’ q2 q1

Nhan xét 4.4. Trong Tang, Xue, Zhou(2011), dé thu dugc tinh bi chan clia Ui

tr MK vao Mng‘q’ , cac tac gid can diéu kién du doi v6i ham 1) 1a:

C - / ) ()it < oo.

Tuy nhien v6i 0 < ¢ < 1 thi A < C. That vay, chon ¥(t) = W
— A\ — (;il = 1 suy ra C = oo nhung A < oo. Vay két qua ching toi thu dugc
tot hon so véi két qua cua Tang, Xue, Zhou.
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KET LUAN VA KIEN NGHI

1. Két qua dat dudc

Trong luan an nay chiing té6i da nghién cttu tinh bi chan cua toan tit loai Hardy
va giao hoan ti clia né trén mot s6 khong gian ham. Luan an da dat duogce cac

ket qua sau:

e Tim dugc chuan clia toan tit p-adic Hardy-Cesaro c6 trong trén Lf{;/\(@g),
BA (Qg) va CM Of{;’\ (@g). Dong thoi dua ra mot diéu kién can va mot dieu
kién dﬁAdéi v6i (t) de UP Z bi chan tren BZ* (QY) véi bicu trung trong
CMOL™ (QY).

e Tim dudc chuan clia toan ti da tuyén tinh p-adic Hardy-Cesaro c6 trong
trén tich cac khong gian LZ(QY), LENQI) va BIA (Qf). Dong thoi dua ra
duge mot diéu kién can va mot diéu kien da doi véi ¢ (t) dé giao hoan tit bi
chan trén tich cac khong gian BL‘{;A (Qg) v6i bieu trung trong CM Och”\ (Qg).

e Dua ra mot dieu kién can va mot dieu kien du doi véi 16p ham trong ()
dé cho toan tit da tuyén tinh Hardy-Cesaro cé trong bi chin trén tich cac
khong gian M Kgf’qA(w), K{*P(w). Hon nita ching t6i ciing dua ra duge mot
dieu kién can doi véi ¢(t) de giao hoan tit ctia ching bi chan trén tich céc
khong gian M Kgf’qA(w) v6i biéu trung trong Lip”®(RY).

2. Kién nghi mot s6 van de nghién ciu tiép theo

Bén canh cac két qua da dat ducc trong luan an, mot sé6 van dé md lien

quan can dudc tiép tuc nghién citu:

e Nghién citu chuan ctia toan tit da tuyén tinh Hardy-Cesaro cé trong trén tich
cac khong gian kieu Herz thuan nhat, khong thuan nhat cé trong, va giao

hoan ti clia no trén tich cac khong gian Morrey-Herz thuan nhat c6 trong.

e Nghién citu chuan ciia toan tit da tuyén tinh p-adic Hardy-Cesaro c6 trong
trén tich cac khong gian p-adic kieu Herz thuan nhat, khéng thuan nhat cé
trong, va giao hoan ti ctia né trén tich cac khong gian p-adic Morrey-Herz
thuan nhat cé trong.
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