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JITHIVHI TIOIIEPEYHUKN KJIACIB S;”GB IMEPIOONY-
HUX ®YHKIIIN BATATHOX 3MIHHUX

Obtained here are the order estimates of linear widths of the classes S;%QB of
periodic functions of many variables in the space Lq for1 <p <2, p/(p—1) <
g< oo and 2 <p<q<oo.

Ompumaro nopadkosi OUIHKY AIHITHUT NONEPEYHUKIS KAACIE S;Z,QB nepiodu-
Hux Pynryid 6azamoox sminnux y npocmopi Lg npu 1l <p <2, p/(p—1) <
qg<ooma2<p<qg<oo.

Bceryn. Y poboti ocaiiKyeThCs TOBEIIHKA JIIHIMHUX TONIEPEITHUKIB

. Q . .

knacie S’y B y npocropi Ly y Bunagkax 1 <p < 2, p/lp—1)<g<ooi

2 < p < q < 00. [eranpinte mpo 1e MoBa Oyze #iTu mi3Hime, a Cro9aTKy
HaBEIEMO OCHOBHI TO3HAYEHHS Ta O3HATEHHS.

Hexait R?, d > 1, — d-BumipHuii eBKJIimiB IpoCTip 3 ereMeHTaMu
X = (wh“'axd)a y = (yla“'ayd)7 (X7Y) = T1 + ...+ Td¥yd i Lp(ﬂ-d)a
Mg = H?Zl[O,Q’/TL — OpoCTip 27-IepIOANYHUX 38 KOXKHOIO 3MIHHOIO i

cyMoBHEX y creneti p, 1 < p < oo (BIANOBLAHO CyTTEBO OOMEKEHUX
npu p = 00), Ha Ky6i mg dyukuiit f(x) = f(z1,...,24), HOPMa B TKOMY
BU3HAYAETHCS TAKMM THHOM:

1/p
||pr(m>||f||p<(27r)d / If(X)I”dX>  1<p<oo,

1|2 (may = [ flloo = esssup [ f(x)].

XETq

Hani 11 3py<HocTelt mo3HadeHb 3aMicTs Ly (my) 6ymemo mucatu Ly,
" 0
Hexait f € L, ne

© H.B. Hepep’auko, O.I. Yepemmmmuuceka, 2015
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2T

L)={feLy,: /f(x)dg;jzo, j=1,d}.

0

Hns f € Lg, 1 < p < 00, PO3MIITHEMO PI3HUIIO MIEPIIOTO MOPAAKY IO

j-i#t 3miumHit 3 KpoKOM h:
Ahvjf(x) = f(:El, ...,%j_l, £Ej + h,l’j+1, ...,Id) — f(X),
i BusHaUMMO pisHumo nopsaiaky [ € N
l
—_—~
l _
Ay f(x) =D Ly f(x)

Mo 3MiHHI# T; 3 KPOKOM h.

BayBazkuMo, 110 1T TAKOXK MOYKHA O3HAYUTH 32 JIOIIOMOI'OK PiBHOCTI

l
Alhd»f(x) = Z(—l)linclnf(xl, s L1, %5+ nh, Tjt1, ...,xd).

n=0
d

Toni mimana pisuung wopsaaky 1 = (I,...,0), [ € N, 3 BekropHEM
KpokoM h = (hq, ..., hg) O3HAYAETHCSA HACTYIHUM YUHOM

ALf(X) = Agzl,l T Alhd,df(x)~

ITosnaunmo

RL={teR’: t; >0, j=1,d}

ima f e Lg ite Ri 03HAUYNMO MIITaHUN MOJIy/Ib HEIEPEPBHOCTI IO-
panaky 1 3rigmo 3 dpopmysoro

Q(ft)p= sup _ [IALFC)lp.

|hjl<t;,j=1.d

Hexait Q(t) = Q(t1, ..., tg) — dyHKuis TUIy MIIIAHOIO MOJLYJIsl Helre-
d

. A .
pepsHocti nopsaky 1 = (I,...,1), | € N, ro6ro dbynkuia Q(t) Busnauena
Ha R‘i 1 3a/I0BOJIBHSIE TaKi YMOBU:
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1) Qt) >0,¢; >0, =1,diQ(t) =0, sxmo [[%

j=1ti =0;

2) Q(t) me cuajae no KoxKuiit 3minwiit t; > 0, j = 1,d;

l
3) Q(maty,...,mgtq) < C4 <H?_1 mj) Qt), mj €N, j=1,d,

4) Q(t) menmepepsua npu t; > 0, j = 1,d.
Muoxknny Takux dyskiii 2 mosnadumo depe3 V4. Y Bunagxy d = 1
oynemo timcatun ;.

Jauti 6ymemo BBakaTu, mo §) TaKOXK HaJeKHUTh MHOKmHaM SS9 i
Sl,q- IIpn d = 1 6ynemo mmcaTn BigmosigHo S i 5.

Bynemo roBopurm, mo mesix'emua dyskmiz ¢ € S a > 0, gKimo
dyukuis ¢(7)/7% Maike 3pocrae, TOOTO iCHye Taka He3aJeXKHa Bl T1
i 75 crana Cy > 0, mo

@(21) <y 90(22)
T1 Ta

, 0<m <.

Hesin’emna dyukmis ¢ € S;, sakmo icaye v, 0 < 7 < [, Take 1o
dyukuis o(7)/77 Mmaiizke cruanae, To6TO icCHYE Taka He3aJIeXKHA B T1 1
79 crasa Cg > 0, 1mo

T T.
W(;) > 03@(,»/2)
1 T2

, 0<m <.

VYmoBa HaIeKHOCTI DYHKIT 10 MHOXKUHU 5] PO3TJISIIAIACA BIEPIIIE
C. B. Creukinum [1], a ymoBa nasexnocti dbyHKUIT 10 MHOXKHHE S*
Gyna seegena no anasorii H. K. Bapi i C. B. Creukinum [2|. Hagani mu
Oyaemo HasuBaTh 1i ymMoBu yMoBaMmu Bapi-Creukina.

Bymemo BBazkaru, mo € S%? (simmosigmo Q € Si.d), FAKIIO
Qt1, ..., tq) 1x dbyukiia 3aminnol t;, j = 1, d, opu nosinbHux ¢ikcoBaHIX
3HAYEHHAX IHINUX 3MIHHUX t;, © # j, HAJEXKUTb MHOKUHI S (BiAmoBigHO
MHOXKHUHI S7).

Tlozrauanmo <I>d71 =" 4N Sond N Sy1,q. lIpu d = 1 6ynemo nmcaru P, ;.

[e%

. .en . d
Hagememo masti npukiiaj yHKINT, sika HAJIEKUTh MHOXKUHI O al

d . . [—
1T £ log (1), 4> 0.5 =T
Q(t) =77 d
0, I t; =0,
j=1
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e a<r; <l,j=1,d, alogs (t) = max{log,(t),1}.
Hexait Q € @i)l il <p,0 < oo, Tomi min Kitacom GyHKIMH SS,QB
Gyzemo posymirn [3]:

S;?,GB ={felLy: ||f||s§3’93 <1},

Je
0 4 1/6
(I(Q}(}{;t))ﬁ de”> , 1<6 <00,
1flls2,8 =14\ 7=t
’ Ql(fxt)p =
sup Q) 0 = oo.
t>0

BayBazKUMO, 1O y BUIMAJKY KO T = (11, ...,74), 0 < 1; <, j =1,d,
1Q(t) = H;l:l t;j KJIacn SZ%B criBIagaloTh 3 anajoramu Kiacis Becosa
St ¢ B, siki posrsmamucs y poborax [4] i [5]. Kpim Toro mpu 6 = oo kiracu

SiooB = SpH € Binomuvn ananoramu xiacis Hikosbenkoro [6]. Kiacn
SgOOB = SZ?H posrisnanucs y pobori M.M. Ilycrosoiitosa [7].

Hai HaMm 3py4uHO Oyl KOPUCTYBATHUCS O3HAYEHHSM KJIACIB SZ?,GB B
JIeIo 1HIITOMY BUTJISII].

I s € NY uepes p(8) TTO3HAYNMO IJIMHOKUHY I[IJIOYMCIIOBOT PEIiT-
kn Z% purnamy

p(s) ={keZ: 2571 < |k;| < 2%, j =1,d}.

IMoknaxemo gt f € Lg

0s(fx) = > e, xe R,
kep(s)
Jie f(k) = (2m)~¢ [ f(t)e iRVt — koedinientn Pyp’e dbynxii f.
T4
Orxke, sixkmo 1 < p < o0, 1 <60 < 00 i ) — zamana yHKIA

3 MHOKUHHI @i |, TO 3 TOYHICTIO JIO aOCOMIOTHUX CTAJIUX KJIach SI?QB
; ;

MOKHA O3HAYUTH HACTYIHUM IHHOM [3]:

stom={f € 13: lsg,p <1},
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Je
%
) (zw(zsnws(ﬂnﬁ ) SR
1fllse, 5 = o ()l .
o W7 0 = OO,

Tyt i magam Q(27%) = Q(27°1,...,27%), 5; €N, j =1,d.
Hageiene o3nadenns Kaacis S QﬂB MOYKHA PO3MOBCIOJIUTH 1 Ha KpaiiHi
Bunagxu p = 1,00, gemo sugosminusmm B (1) "6aoxu" d5(f).
IMosuaaumo uepes Vi, (t), m € N, t € R, aupo Base Ilyccena

m 2m—1
2m — k
Vm(t)=1+2ZCOS]€t+2 < — )coskt.
k=1 k=m+1

Koxnomy Bextopy s € N¢ mocrasumo y BifmosimicTs mosinom
d
As(x) = [[(Vars (%) = Vs 1 (%)), x € RY,
j=1

i s byskmii f € Lg PO3IJISTHEMO OIIEPATOP BULY

As(f,x) = f* Ay(x), xeRY,

7 ki

. . . d
ne” x” — oneparris 3roprku. Tomi mpu 1 < p, 8 <ocoifde Q5

sta8={7 e L, Iflsp,m <1},
Je

3
S Al ) 1<,

= S
I£llsg, IA(DIl,
Sup 9(275) 9

(2)

6 = co.

Basznauumo, 1o pisaocrti (2) upu 1 < 6 < oo Gyiau orpumani B pobori
[8], @ mpu 8 = co — y pobori [7].
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SayBaxKuMo, 110 ¥ PobOTi OYIyTh PO3IJISIATUCS KJIACH SEQB 3 byHK-
miero € crieriabHOrO BUrIsay. Hexait w — 3amana MYHKITS OaHIET 3MiH-
noi 3 muoxkunu @, ;. Iokmanemo

Q(t) :w(ﬁtj>, t € RL.
j=1

3po3yMisio, MO TaKUM YUHOM 3ajaHa QyHKIsS () Oymae HajgexkaTw 10
MHOXKWHU <I>i 1-

HepefmeMb Terep JI0 O3HAYEHHS JIOC/IPKYBAHUX AMPOKCUMATUBHUX
XapaKTEPUCTHUK.

Hexait W — nenTpaibHO-cHMETPpUYHA MHOXKUHA B OAHAXOBOMY IIPO-
cropi X, Lin,, (X ) — MHOXKMHA BCIX JHHIAHUX IIPOCTOPIB Ly, HpocTopy
X, poamipHictb sikux He Ginbrna Hixk m, L(X, L,,) — MHOXuHA JiiHil-
HUX OIEPATOPIB, sIKi BigoOpakatoTh Bech npocTip X y Horo mijmpocTip
L,, € Lin,,(X). Toxi siniiinuii nonepeunuxk muoxuau W B rpocropi X
03HAYAETHCS 3TiIHO 3 (HOPMYIIO0

(W, X) Lo €Lt (X) ACL(X. L) fory If — Afllx

[MousTrs miniitHoro momepeunuk Oyso BBegene B.M. TuxomupoBum
y 1960 p. [9]. 3 icropiero gociimKeHHs JHHIAHUX IIONEPEUHUKIB MOXK-
Ha osHafiomuTuca B poborax E.M. Taaeesa [10, 11] Ta A.C. Pomanoka
[12-14] Ta y monOorpadisax [15], [16] B sikux TaKOXK MICTHTHCS JeTajbHA
6ibJtiorpadist.

IIpu onepzkanHi OMIHOK 3HU3Y JIHITHUX TONEPEYHUKIB KJIaciB S&eB
OyIeMO KOPHUCTYBATHCS BiZIOMAMH OIIHKAMHU KOJMOTOPOBCHKUX TIOIIEPEY-
HUKIB JINCKPETHUX MHOXKUH. Haramaemo, 1o KoJMOrOpOBCHKUM TIOIIEPEY-
HUKOM IEHTPAJTbHO-CUMETPUIHOT MHOKUHE W GanaxoBoro mpoctopy X
HA3WBa€ThCs BeananHa [17]

A (W, X) = inf inf — .
WX) =l sup Il f —ullx

Jlerxko 6auuTH, 110 3TiIHO 3 O3HAYEHHSIMU JIIHIHHOTO i KOJIMOTOPOBCH-
KOT'O IIOIIEPEYHUKIB MA€ MiCIle HEPIBHICTH

din (W, X) < A (W, X). (3)
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Orpumani pesysibraru OyeMo (OPMYJIIOBATH Yy T€PMiHAX IOPSIIKO-
BUX CIIiBBigHOIIEHb. ByemMo BBaxKaTH, mo Mjisi JBOX HEBIT'€MHUX BEJIU-
unH A i B 3anuc A < B oznauae, mo icuyors koucrantu Cy, Cs > 0
taki, mo C4A < B < (C5A. Banucu A < B abo A > B, 03HAa4YaOTh,
mo C¢A < Bi B < C;A, Cs,C7 > 0, Bignosigno. Bci koHcranTu
C;, i=1,2,.., gki 6yayTb 3ycTpidaTucs y pobOTi, MOXKYTb 3aJI€KATH
JIMIIIE BiJl TUX TapaMeTpiB, IO BXOJATH B O3HAYEHHS KJIACY, METPUKH, B
AKil OIIHIOETHCS MOXHOKa HAGIMKEHHs, Ta po3MipHocTi mpocTopy RY.

Jomomixkui pesynbrartu. [lepen dbopMysmoBaHHSM OCHOBHHX pe-
3yJIbTATIB HABE/IEMO TBEP/KEHHSI, sIKi OyIeMO BUKOPUCTOBYBATH IIPU IX
JIOBEIE€HHI.

Hexail [}, 03Haa€ NpOCTIp BCEMOXKIIMBUX YHOPSIIKOBAHUX CHCTEM 3 1
JIHCHUX YuCes, HOpMA B SKOMY O3HAYAETHCS TAKUM THHOM

n %
" (zw) C l<pens
I =

j=1
max |z], p = oo,
i By = {x:|x[[ix <1} — opummana xyas B IboMy IPOCTOPI.
Teopema A [18]. Hezati m <n, 1 <p < 2 < g < oo,
Todi

+2 > L

1.1
P g

1_1 . 11 m
A (B, 1) =< max{nq »,min{l, nam i’} 1-— n} .
BayBaxkumo, M0 y BUNAIAKY p = 1, ¢ > 2 Bignosigamii 10 Teopemu A
PE3YJILTAT BHILIUBAE 13 TBEPIAZKEHHS IIPO KOJIMOTOPOBCHLKHIA TTOMEPETHIK
oxTaenpa B B mpocropi Iy, seranosyienoro B.C. Kamuamnwm [19].
Yepes T (p(s)) nosnaunmo MHOKUHY GYHKIINA f BULIsLY

flx)= Z et %)

kep(s)

Jie ¢k — JOBLIbHI Yuca.
Teopema B [20]. Misic npocmopom mpuzoHoMempuaHuz noiiHomie

. (1) . ; ) . .
T (p(s)) i npocmopom R? icHye i3omopPizm, Axul cmasums Y 6idno-
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sidnicm @y | € T(p(s)) cenmop 8,7 = {fu(r;)} € B2V

)= > ad®™ 1=T1d n=(£l,..,£1) e RY,
signk;=n;

7= (72275, ., w2275y, G =1,2,..,2% 7 i =1,d

)

1 NPU YbOMY MAE MICUE CNIGEIOHOWEHHSA
1F Ol = 2_(8’1)/p\|5sfjl|zg<5»1>7 p € (1,00).

IIpu d = 1 Teopema B € Bimomorw Tteopemoro MaprmakeBrYa-
Surmynja npo guckperusamio [21, c. 46].

Teopema B ( Jlirrisyna-Ileni) [22]. Hexati f € L,, 1 < p < oo.
Todi ichyromo dodamni cmani Cg i Cy maxi, wo

Csllflly < H (Z |5s(f,~)|2>1/2

4k HACTIIOK 3 O3HAYEeHHs JIHINHOTO molepedHnKa, Teopemu B i Teo-
pemu Jlirraeyga-Ileni y pobori [10] 3anmcano HACTyIIHe TBEPZKEHHSL.

Jema A. Hexatiis € N i f € T(p(s)), ms € Zy, mg < 25V, xuo
1< p,q <00, mo ichye atnitnut onepamop A, : T(p(s)) — T (p(s)),
POBMIPHICTD 00AACTE 3HAYEHD AKO020 HE NEPESUULYE My, T MAKUT, W0

< Goll flp-

p

(s,1) (s,1) s _
1 = Ao fllg = A, (B 02726020 |

Jlema B [23, ¢.25]. Hexzati 1 < p < g < oo i f € L,. Todi mae micye
CNi66IOHOULEHHA

q
£ <> <|5S(f, .)|p2<s,1><1/p1/q>> .

JIema B [10]. Hexati 1 < q < o0, g1 = max{q,2}, g2 = min{g, 2}.
Todi

(Z 6s(f,.)||31)1/m <| S

1/!12
< (Z ||6s<f,~>||32) |
q S
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Teopema I' [24]. Hezatin; €N, j =1,d, i

t(x) = Z ae!®¥ | x e RY,

[kj|<n;

cx — 006iABHI YUCAQ.
Todi npu 1 < g < p < 00 BUKOHYEMDCA HEPIBHICTND

d
1/qg—1
I, < 22 T nl/* V71t (4)

j=1

Hepienicts (4) nosenena C.M. HikonbebkuM i Mae Ha3By "HepiBHICTH
pisHux Merpuk". ¥V Bunaiaky d = 11 p = oo BiAIOBiIHY HEPIBHICTH JOBIB
. Hxkekcon [25].

Hexaii 3noBy X — Ganaxoswmii mpocrip 1 A — geska miaMHOXKHMHA,
poro mpoctopy. [ossapoio muoxkunaun A C X GyjieMo Ha3WBATHA HACTYIIHY
MHOYXKUHY y CIpsizKeHoMy mpocTtopi X *:

A° ={z" € X" : |(z,2")| < 1Vz € X},

ze (x,x*) — 3nadenns JiniiiHoro MOyHKIIOHALY T* HA €JIEeMEeHTI .

Teopema I [26]. Hexali BX i BY — odunuuni kyai 6 banaxrosux
npocmopax X 1Y eidnosiono, (BX)°, (BY)® — noaapu yux mmodcum,
a npocmip Y* exaadenuti 6 npocmip X. Todi

Am((BY)?, X) = A ((BX)®,Y).

SayBaxkumo, mo ko X — HOpPMOBaHWiA mpocrip (He GaHaxoBwil),
TO O3HAYEHHs MOJIsApH 1 Teopema JI MaioTh Jero iHmmilt BUrsL. Binbimn
JIETAIBHO 3 MM IUTAHHSIMHI MOYKHA O3HalloMuTHCS y poboTax [26] 1 [27].
Yepes 17", 1 < p,q < 00, n,m € N, Gynemo nosnayaTn HOPMOBa-
HUIT TPOCTIp ejieMeHTiB 3 mpocTtopy R™, HOpMa B sIKOMY O3HAYAETHCS

HaCTyHHI/IM YUHOM
m q/p\ 1/q
<Z < > mk|p> > , 1<p,q< oo,
s=1 \keEAg

[BS

n,m
lp,q

1/p
max ( > |xk|p) , q = 0o,

1<s<m \ geA,
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e Ay = {k e N:(s—1)n <k < sn}, s = 1,m. Bignosimno, B/ =
{x: [[x[lypm < 1} — ommmrana xyna B npoctopi [, 3ayBazkumo, 1o
Iz =0 g, 1< p < o0,

Teopema E [28|. Hexait N < mn/2. Todi ichye dodamma cmana Crg
Maxa, wWo cnpasediuei HepieHOCI

Vl1oglogm

logm

Crom < dn (B, lpy") < m.
Ty i nani nix log Oymemo po3ymitu Jsiorapudm 3a 0OCHOBOIO 2.

3. OcHoBHi pesyabratu. Mae Micie HacTymHA

Teopema 1. Hexaii 1 <p <2, p <qg< oo, del/p+1/p =1, a
Pynxyin Qt) = w(H;l:l t;), dew e Oy, a>1—1/q, I € N. Todi npu
q < 0 < 0o mae micye nopadkose cniceIoHOUWENHA

log logm

e w(27™)2m(/2-1/@) (=D (5-3) « Ai(S94B, Ly) <

p

< w(2—m)2m(1/2—1/q)m(d—1)(%—% ’ (5)
de M =< 2mmd-1,
Zlosedennsn. BeranoBuMo criodaTKy OIMHKY 3BepXy. 3agamo M € N
i mi6epemo m € N Tak, mo6 Bukonysazacs ymosa 2™me1 =< M.
s s € N? noknazemo

261, (s,1) <m,
me =
S [2m+B(m—(s,1))L (57 1) >m,

ne 8 > 0 — 1oBUIbHE JOCTATHBO MaJie YKCJIO, 3HAYEHHS KOO MU yTOY-
HUMO II3HIINIE.

Iokaxemo, mo Y, ms < M. Cupasai
seNd

stg Z o(s:1) 4 Z gm+B(m—(s,1)) _

seNd (s,1)<m (s,1)>m

:i Z 2(5,1)+2m+/3mz Z 9—B(s:1)
J=1(s

,1)=j5 j>m (s,1)=j
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:igj PR P A Y (6)
j ' (s,1)=j

3 (6) orpuMyeMo
m
Z ms < szjdfl 4 2m+5m Z 27Bjjd71 <
seNd j=1 ji>m
< 2mmd71 4 2m+,3m2fﬁmmd71 -~ 2mmd71 = M.

Hexait f — moBinbaa dyHKIiA 3 KIacy SZS}}GB . Yepes A s moznaanmo
JIiHiliHKIT ontepaTop panry M, skuil mie Ha f 3a GOPMYJIOI0

AMf = ZAms5S(f)?

zie oneparopu A, Bu3HadeHi 3rigHo 3 MO0 A.
Ouinnmo mami mopmy ||f — A fl|4- Hocninosmo 3acTocyBaBmu reMy
B 3 zaminoro inzekca p na p’ i memy A, 6ynemo maru

If = Anfllg <
, a\ /9
<<< > <5s(f)—Amsés(f)|p,2(s71)(l/p 1/q)> > <
(S,l)>m
a\ 1/
s —_ (s,1) (s,1)
<<< Z <2( D (1/p 1/‘1)||5s(f)Hp>\ms(B§ ’112:’ )> ) — 7.
(S,l))m

Bpaxysagmmm, mo 3riggo 3 Teopemoo A mpu mg < 201 mae wicre
CIiBBIiTHOIIIEHHS
PICEOIICR DN
/\ms(Bp s Ly ) =<

= max { 26101/’ =1/p) min{1 2(5’1)/”/m71/2} 1— s Lo
) i S 2(571) —
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< max{2ED/P=1/p) 9GP —1/2, 1 ms)} < 26V/P =12,

2(s,1

MIPOIOBKUMO OIUHKY J1 TAKUM THHOM:

a\ 1/aq
T < Z <2(s,1)(1/p1/q)||§s(f)||p2(s,1)/p msl/2> > _

(s,1)>m

a\ /4
(X (e sl ) ) =
(

s,1)>m

[ligcraBuBmm B Jo 3aMiCTh Mg IX 3HAYEHHSI, OyJIeMO MaTH

a\ 1/q
j2<< Z <2(S71)(1_1/Q)”5S(f)p2—m/2—ﬂ/2(m—(s,1)))) _

(s,1)>m

q\ 1/q
Zm/223m/2< Z (2(5,1)(11/q+ﬁ/2)||5s(f)||p)) =

(s,1)>m

— 27m/2275m/2 X

q\ 1/q
x( Z (2(s,1)(1—1/q+6/2)w(2—(s,1))w—l(2—(s71))||5s(f)||p>) =
(

_ 2—m/22—6m/2 %

e (a1t1/g-p2yw@TED) e o
(2 (zenensesn SR D e gl,) ) =

(s,1)>m

Ockinbku w € @44, a > 1—1/¢, To upu (s,1) > m Gyzne BUKOHyBa-
THUCh TIOPSIJIKOBA HEPIBHICTH
w2~®Y) w(@m)

2—(s,)a < 9—-ma -’

BpaxyBaBmu ocranne CHiBBiTHOIIIEHHS, OTPUMAEMO

T < o—m/29-pm/2@(2")

Q—ma



JImiting nonepeurury KAacte S;S;ZA@B - 13

a\ /g
x( Z (2—(571)(a—1+1/q—5/2)w—1(2—(571))”55(]0)p) > =Tu
(

s,1)>m

Hasi sBubepemo napamerp 3 ymou o — 1+ 1/¢ — /2 > 0 (ue
MOXKJIMBO 3pOOUTH, OCKIIBKU 3a yMOBOIO Teopemu « > 1 — 1/q). Toni
3acTocyBaBIu 70 J4 HepiBHicTh [enbaepa

1/

1/r
Z|akbk§<2|ak|r> (Zbkr) C r+1 =1,
k k k

ze ag, by — noBinbHI Yncia, 3 mapamerpom r = /g, orpumaeMo

(2™ 1/6
j4<2—m/22—5m/2< Z w—9(2‘<571>)||5s(f)||§> X

9—ma
(s,1)>m

6—q

X( ) 2—<s,1><a—1+1/q—5/2);’z) e

(s,1)>m

—m/2 7Bm/2w(2im)
R B RaCar e TS

6—q

—(s.1)(a—14+1/g-8/2) 24\
x(z Z 2 a g ) <

Jj>m(s,1)=j

27777,(1

6—g
< 2—m/22—ﬁm/2w(2 m) ( Z 2—j(a71+1/q76/2)99f‘1q Z 1) 0q .
i>m (s:1)=j
Bpaxosytoun cribsigaormenHs (7), IPOJOBKUMO OIGHKY J4:

0—q

2-m . a e
o < 2-m/2g-Bm/20 ") ( S gt/ jd1> -

92—ma
j>m

< 9-m/29-8m2@02") o ma-141/0-58/2) ) (- 1)(1/a-1/0) _

2—ma

— (2 my2m(/21/) (1) (1 /a=1/0),
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TakuM YMHOM, BPAXOBYIOUM OTPUMAHy HODPSJIKOBY HEPiBHICTH
If = Anrfllg < w(2™™)2m(/2=1/a), (d=1)(1/a=1/6)

3TiJIHO 3 O3HAYEHHSM JIIHIITHOTO TOTIEPEIHNKA OTPUMYEMO OIIHKY 3BEPXY
y cuiBsigaomenni (5).

[epeitemo Temep /10 BCTAHOBJIEHHST OIIHKN 3HU3Y. 3ayBasKUMO, 10
OCKUIbKM Tipu p < 2 Ma€ Miclle BKJIQJIEHHS S’QGB D) ng,eB’ TO 11
JIOCTATHBO BCTAaHOBUTH i Bunajgky p = 2. Hgs M € N pubepe-
Mo unciao m € N TakuM YMHOM, OO BHUKOHYBAJIOCS CITBBiIHOIIEHHS

2mmd=l < M i ximekicTs enmementis mmoxmEn Q,, = |J p(s), me
SEO,

O = {s € N%: (s,1) = m}, Gy1a me Menmra Hix 2M.
ITosnaunmo depes 7T, MHOXKUHY DYHKILi

Tm:{f:f: Z 5s(f)}

SEO,,

i mexait P, omepaTop OPTOTOHAJLHOTO MPOEKTYBAHHA HA ITI0 MHOXKWUHY.
Toni 3rizHo 3 0O3HAYEHHAM JIHIHOTO MTOTEPEIHUKA

A (S59B, Lg) = Ani(S56B N T, Ly). (8)
3 inmoro 60Ky, g t € Tr,
If = tlg = 1P (f = Ollg = 1P f — tllg- (9)
Bpaxysasmu (8) i (9), orpumaemo
A (8598, L) = A (S56B N Ty Lg N Trn). (10)
st pyskiii f € SggB N T 3rigHO 3 Teopemow B Oyiaemo maTu
/6

1
s, = ( 3 w @ eDanig) =

SEOQ,,

. 1/6
= (T e ey, ) -

SEO,,
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2(s:1) 0/2\ 1/6
_w1(2m)2m/2< > (Z |6Sfj2) ) . (11)
SEO,, j=1

Brimmo 3 (11) f € SSQB N T, Tomi i TIbKE TOMI, KOJIU
H5Sfj||l§7:,\@m\ < w(27™)2m/2, Tyr i gani mix |N| Gymemo posymirm
Kianicfb eneMedTiB MHOKUHA 1. OTKe oguHUYHIN KyJii 3 SSQB N T
CTABUTHCS y BimmoBimHicTs Kyis pagiyca Cpiw™1(27™)27™/2 Cy > 0,
3 TIPOCTOPY lg;’lg’”l.

3 immoi cropoun mug f € Ly N Ty, BUKOPUCTOBYIOYX IIOCJIiZOBHO
semy B i Teopemy B, moxxemo 3anucartu

1/q
1= | S s > (S 1snng) =
SEO, q SEO,

, /g 201 o\ Ve

<( X s ) =X Y asr) L a2
$€EOMm B $€0,, j=1
I3 (12) Bumusae, mo Mixx HopMamu GYHKIIH i3 Ly N 7, 1 HopMamu
BIJIMOBITHIX €JI€MEHTIB 3 lﬁ Om| BUKOHYETHCS CITiBBITHOIIIEHHS

- g > 279 - 2 1€ (13)

Taxkum aurOM, 3rigHo 3 (10), (11) i (13) 6ymemo maTu
At (8598, Lg) > A (S8 B N T, Ly N Tr) >

> w(z—m)Qm(lﬂ—l/q)/\M(Bg’;,leml , lim‘em‘). (14)

Hami HAM 3HAMOOJATHCS EsKi CIIBBIITHOIIEHHsS. 3 HEPIBHOCTI PO
cepeJiHE cTereneBe DyIeMO MaTh

1O~ ljomi < 11+ lljom -
6 [eS)
3Bijcu Mae MicIle HEepiBHICTH

- Dl somi < 1O 721l - 2 i,
2,0 2,00
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a OT2Ke 1 BKJIaJICHHS
10, |*1/9B ")|Om| CB27’L7|®m| (15)

3 ixmoro 6OKy, 3HOBY 2K TaKW 3a HEPIBHICTIO IIPO CEPETHE CTEICHERE,
OymeMo MaTh

|- Hll‘;’)m‘ = |- ||l|1@m\|@m|1/q717 qg=1.
Bpaxysapmu TakoxK, mo npu q < 0o
- Mz = A1 Mz

OTpUMaEMO
R R e (16)

IIpuitngsimum 10 yBaru BifioMi CITiBBiTHOITEHHS

<l§§,|em|> _ 2nenl (Zg;'yeml) S 2menl, (17)

3I‘i;[‘HO 3 OBHAQYEHHAM IIOJIAPU MHOXKHNHU 6y;[‘eMO MaTu

2™, |©m ‘ 2", |Om 2™, |Om 7@711.
(32,1' ) =By Jon, <BOO,1| ') o By ol (18)

3 (17), (18), Teopemu I Ta 03HAUEHHS JIHIHOIO MOIIEPEUHUKA OTPH-
MYEMO

o
2™, |Om| 7|@m\ 2", |Om| 2", Om| ) _
Am(BZ,oo 7l ) )\m BQ,l ’loo,l -

=Am(<B§:i'@m') ,zgf’{*'@m'> > An(BZO Zi0nly (1)

3 (14), Buxopucrosyioun (15), (16) i (19), 6ymxemo maTn

A (S59B, Lg) > Ay (S$9B N Towy Ly N Tr) >

>>w(2—m)2m(1/2 l/q))\ (B ™ 1Om| lg ‘@m‘)
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> w(2—m)2m(1/2—1/q)|@m|l/q—1/0—1/\M(ng;,]|@m|’li:,l\@m\) >

> w(z—m)Qm(l/Q—l/Q) |6m|1/q_1/0_1>\M(ij;‘@m‘7 ZSZJ@ml). (20)

Bukopucrasim nepisnicrs (3) Ta reopemy E| i3 cuisigmomenns (20)
OTPUMAEMO

M (8598 L) >
> w(2—7n)2m(1/2—1/q)|@m‘1/q—1/9—1dM(B%:;J|@m|’ l;"ll"@m') >

> w<2"”>2m“/2‘”q>@m|1/q-1/9-1|em|m.

Ockinbxn 3i ciBimromenws (7) pumumsae, o |6,,| < m?~1, To ocra-

HIO OIIHKY ITPOJIOBXKMMO HACTYITHUM YHUHOM
e (12— _ _1/0 V1oglogmd—1
At (S B, Ly) > w(2™)2m1/2= @)y (d=D(1/a=1/6) ogmd T

> w(27m)2m(1/2*1/q)m(d71)(1/q71/9) M
logm

)

e M =< 2mmd-1,

Orninky 3HKM3Y, a PA30M 3 HEIO i TeopeMy JOBEJICHO.

Teopema 2. Hexali 2 < p < q < 00, a Pynruyis Q(t) = w(H?Zl ti),
dew € Dy, a>1/p—1/q,1 € N. Todi npu q < 0 < 00 mae micye
nopadko6e cniseioHoOwWeHHA

v/log logmw

o m (Q—W)Qm(l/p—l/q)m(d—l)(l/q—l/e) < )\M(S:?,OB7L(I) <

< w(Qfm)Qm(l/Pfl/q)m(dfl)(l/qfl/e)’ (21)

de M = 2mmd=1,

Zosedenns. Ouinka 3Bepxy B (21) BUIIMBAE 3 OIIHOK HAGIUKEHHSI
dyHKIIIN 3 K1aciB Sg ¢ B Ix cxiggacro rinep6osiaanmu cymamu Pyp’e [3],
TOOTO MMOJIIHOMAMU BULJISILY

San(f,x) =Y &(fix),

(s,1)<m
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e Qm = U p(s) — cximuacro rimepGosiunmit xpect i umcmo m
(s,1)<m
Hifgi6paso TakuM YmHOM, 106 M =< 2Mmd—1
st BeraHoBJeHs B (21) OIIHKY 3HU3Y CKOPHCTAEMOCS PE3YIIbTATAME
teopemu 1. Hexaii f € SXQB, 2 < p < o0. Toui 3 Teopemu I' 6yaemo maTu

1/6
1/6
(Zw (2-GD)2 (5,1)(1/2_1/p>0|5s(f)||§> =

1/6
< (T OIAIE) =1l

ze Qp(t) = wy H;l:l t; ), wi(r) = w(r)rt/27YP — bynxnisa 3 MEOKIHT

Dy is1s 01 = a+(1/2-1/p) > 1/2 - 1/q.
3Bijgcu Mae Miclle BKJIAICHHS

Sy4B C Sy B. (22)

OckisbKu oniHka 3HU3Y B TeopeMmi 1 € crpase uBoro i st o > 1/2—
1/q, To Bukopucrasum (22), (5) i o3madenHsa JiHifiHOrO MONEpEYHUKA,
OymeMo MaTu

A (SyoB, Lg) > A (S35 B, Lg) >
d-1)(1/q—1/0) V1oglogm _

> wl(2—m)2m(1/2—1/q) (
logm

_w(2_m)2m(1/P—1/q) (d—1)(1/q—1/8) V10Oglogm loglogm
logm

Teopemy oBesEHO.
Ha zaBepriments poboTn HABEIEMO ,LLeHKi 3ayBaKEeHHSI.
SayBaxkenns 1. [Tpu Q(t) = Hd [t 1y >0, j = 1,d, pesynbrarn

_] Y
TeopeM 1 i 2 BcTaHOBJIEHO y pOOOTI [729]
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3ayBakenuss 2. IlopsiakoBi OIIHKKM JHHIAHUX IIONEPEYHUKIB
A M(S;H ,Ly) Iyist criBBigHOIIEHD MiXK IapaMeTpaMi p Ta ¢, PO3IVISHY-
Tux y Teopemax 112, orpumano y pobori [11]. Ha xinacu SZS,)H BimoBi tHi
pesysbraru Oysiu nomupeni y pobori [30]. Tlpu npomy st mux Kiacis
dbynxiiit, Tak camo Ak i mra kacis Sy o B (Bianosimo SZ%B), BEpXHS
i HUKHS OUIHKM BiapisHsAtOTHCA Ha "Jjiorapudpmivnnii" mMHOXKHUK. [jist
TixX ke piq a2 < 6 < ¢ BIaJoCs BCTAHOBUTU TOYHI 38 IHOPSIIKOM

. e . . L
OIIHKM JIHIHHUX MOIEPEeIHUKIB /\M(SpyaB,Lq) [13], a Takox JiHiftHAX

: Q

nonepeannkis Ay (S, B, Lg) [31].

3ayBakents 3. [Ipu d = 1 BijjoMi TOYHI 3a MOPSIKOM OIIHKY JIiHIH-
HUX IIOIIEPEYHUKIB KJIaciB S§9B g 1 < 0 < oo

QMM 1 <p<2,p <q< oo,

23
QM—Y)MYP=1/4, 2 < p<q< oo (23)

/\M(Sz?,ea Lq) =

ITpu 2 < 0 < g oniuky (23) Gysno orpumano y pobori [31], npu Bcix
immx 6 — y po6ori [32] . [l kaacis Sy 4B npu 1 < 0 < oo simmosimmi
MOPSIIKOB OIIHKK BCTAHOBJIEHO y pobori [14], mpu § = co — y poGori
[11].
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