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OB OIIEHKAX MOJIVJIE I'VIAIKOCTHU ®YHKITUAN
C IPEOBPA30OBAHHBIM PSI/IOM ®YPHE

Cepreii }FO. Tuxonon
Communicated by Miroljub Jevtié¢

PE3IOME. B pabore paccmarpusaiorcs yHKIMKA U3 IPOCTPAHCTBA Ly, Takue
aTo mx npeobpa3zosanubie psagsl @ypre (B 9aCTHOCTH, JPOOHBIE IPOM3BOLHBIE
B cMbIcsie Beiins) mpunaasekar Lp. IIoydeHBI OLEHKH MOMYJIS [JIAJKOCTH
ApOOHOTO MOpsAaKa Mpeobpa3oBaHHOrO psga Pypbe Yepe3 MOAYJIH IVIAJKOCTH
caMoit pynknuu. IIpuBemeHBI YTBEPKAEHUS, MOKA3BIBAIOIINE TOYHOCTH STHX
OIIEHOK Ha HEKOTOPHIX KJaccax (PYHKIUM.

1. BBegenune

IIycrs Ly, (1 < p < 00) — IPOCTPAHCTBO BCEX 27-TEPHOSUICCKIAX U3MEPUMBIX

byukuuit f(z) ¢ mopmoit || f|l, = ( 027r |f(m)|pda:)1/p < 00. OmnpenemuM Moaysb
rnagkoctu pyukuuu f(x) nopsiaka 8 (8 € Ry) cnenyromum obpas3om:

i(_l)uﬂ(ﬂ_ 1) (/8_ v+ 1)

v!

wp(f;t)p = sup f@+(B-v)h)

|h|<t

v=0 p

Bynem 3amuceiBars psag @ypwe dbyaxkuuu f(z) B hopme

f(z) ~ % + i(ancosnx + by sinnx) = ZAk(SL').

n=1 k=0

Torma o(f,\) — npeoOpa30BaHHbIA C HOMOIIBIO IOCIEAOBATENBHOCTH {A,} Dsin
®ypoe dynrkmun f(z), Te. o(f,A) = 300 A\pAn(z). Yepes f(7)(z), r > 0, obo-
3HauMM r-yio npoussonyio Beitis dynkuun f(z). Ecm f()(z) € L,, 1 < p < oo,
TO MOXKHO CUUTATh, 4TO €e psig Dypbe ectb o(f, A), rue A, = n'.

Bamuce I1(f,8) < Ix(f,0), osnagaer, uro cymecrsyer koucranta C > 0, He
3aBucsmas or f u OoT §, HO, OBITH MOKET, 3aBUCSAIIAsl OT JPYTUX MapaMeTpOB,
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u takas, aro I1(f,8) < CL(f,§). Ecm ommospemenno I (f,d) < L(f,0) n
Il(f76) < I2(f76)7 TO MuUIIyT Il(f76) = IZ(fa(s)

ONPEAENEHUE. Dyurius (t) Ha3bIBAETCS IOYTH BO3PACTAOIIEH (COOTBET-
CTBEHHO, TIouTH yObIBatomei) ma (a,b), ecim OHA TONOXKUTENbHA, U3MEPUMa, Ha
(a,b) m must mobBIx a < t; < t2 < b CyImIECTBYET He 3ABUCAMAS OT HUX MOJIOXKH-
TesibHAs KOHCTaHTa C, Takas 9TO BHIIOJHSETCs HepaBeHCTBO ¥(t1) < Cp(ts) (coor-
BeTcTBEeHHO, ¢(t1) = Cy(t2)).

B pa6ore [1] npusonsiTcs onenku wg( f ), t)p depe3 wiyg(f,t)p mpu dbukcupo-
BaHHbIX k u 3 s cnyqaes: (a) r =k, b)r=k—e (0<e<k), (¢)r=k+e
0<e<p).

B paGore [2] BMECTO MOCHEIOBATENBHOCTH A, = 7 9TO COOTBETCTBYET
ciyqaio (b)) pacemorpeno ee obobmenue: A, = ¢(1/n), rue dyuxmusa ¢(t) obranaer
HEKOTOPBIMH CBONCTBAMHU ¥ JIOKA3AHBI CJIEAYIOIIIE TEOPEMBbIL:

k—e (

TEOPEMA Al. ITyemv 1 < p < 00, 0 < § < min(2,p) u nycms k1,3 > 0, a
MOHOMONHAA Pynryus p(t) ydossemeopaem cAeOYOUWUM YCAOBUAM:
(1) Jey > 0, maroe wmo ()t nowmu yomeaem na (0,1),
(2) ez > 0, maroe wmo p(t)t¥* =2 noumu eospacmaem na (0,1).

Ecau dna f € Ly svinoaneno ycaosue

1
@
/ wkl_;’_ﬁ f, ) dt<007
0

mo cywecmeyem Gynryus P € Ly, umerowas pad Pypve o(f, ), 2de A, = p(1/n),
u Oan aobozo § € (0,1/2] enpasedauso nepasencmeo

1 ] 1/6
(1. 0)y < %“/WT%ﬁ%Mﬂﬂ)m+/wmhmﬂﬁmﬁ}-

t
] 0

TEOPEMA A2. ITyemv 1 < p < 00, max(2,p) < 7 < 00, nyemsv k1,3 > 0,
a monomonnas Gynkyus (t) ydosaemeopsaem ycaosuam (1) u (2) meopemo, Al.
Ecau dan f € Ly pad o(f,N), 2de A, = o(1/n), ecmo pad Pypve nexomopod
Pynryuu Y € Ly, mo dan aobozo § € (0,1/2] cnpasediueo nepasencmeo

1 . ) - 1/7
ap(8,0)y 3 {W/¢pr%%¢mww/%9%wmwﬂ -
4

0

B mannoii pabore 1oty denbl 00001eH s OLEHOK MOLYJIsl TJIAAKOCTH JJisl CIIy 9asi
(©).

TeEoPEMA Bl. ITyems 1<p<oo, 0<0<min(2,p), max(2,p) <7 <00, nycms
ka2, B >0, a monomonnas gynryus o(t) ydosiemeopsem cAeoYOUUM YCAOBUAM:
(1) 31 > 0, makoe wmo ¢(t)t*>+°1 nowmu ybweaem na (0,1),

(2) Jeo > 0, maroe umo (t)t*2TF=*2 noumu sozpacmaem na (0,1).
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Ecau f € Lp, u evinoaneno ycaosue

1
0
t
/ QOT()wzerﬁ(f, t)pdt < 00,
0

mo cywecmeyem pynryus Y € Ly, umerowas pad Pypve o(f, ), 2de A, = p(1/n),
u das amobozo & € (0,1/2] cnpasedauso nepaserncmeo

(1)

1 - (ka-t8)7—1 1/7
{6(k2+[3)7' T / (¢,t)pdt} <<{

)

) T 1/
/wt wz2+ﬁ(f,t)pdt} i
0

TEOPEMA B2. ITyem» 1 < p < 00, 0 < 6 < min(2,p), max(2,p) < 7 < oo,
nyems ka2, 8 > 0, a monomonnas gynxyus o(t) ydosaemeopaem ycaosuam (1),
(2) meopemvs Bl. Ecau dan f € L, pad o(f,N), ade A\, = ¢(1/n), ecmv pad
Dypve nexomopot Pynryuu ¢ € L,, mo das awobozo § € (0,1/2] cnpasedaueo
HEPABEHCMNE0

(2)
1/6 s

1 1/7
t—(k2+ﬂ)9—1 T(t .
{6(’“2+5)0<p9(5)/T(t)wg’(%t)pdt > /(pt( )wkzw(f’t)z)dt :

5 0

3AMEYAHUE 1. B wactaom ciyuae, xorma dbyamusa ¢(t) = ¢t7, r > 0, n,
COOTBETCTBEHHO, A\, = n”, yTBepxKaeuusi, coorBercraymomue Teopemam Al u A2
(mns cnyuasi v < k) u Teopemam Bl u B2 (ms cnyuas k < r < k+ 3), conepxarcs
B pabore [1].

3AMEYAHME 2. BeipakeHust, KOTOPbIE CTOSAT B JIEBBIX 9ACTAX HEPaBeHCTB (1)
u (2), HesIb3sT OMHOBPEMEHHO 3aMeHuTb HA Wi (Y, d)p.

O Tounoctu Teopem Bl u B2 rosopsit cienyromue yTBepKISHUS:

YTBEPXKIEHUE 1. Ecau gynxyusa f(z) € Ly, (1 < p < 00) umeem pad Pypve
> | G5, COSNT € K6a3uMOHOMOHHMY KopPuyuenmamu, m.e. Iy > 0, maxoe wmo
an,n~ 7 10, mo ymeepocdenus Teopem Bl u B2 cnpasedaiusv. npu 3amene ycaosud
0 < 6 €< min(2,p), max(2,p) < 7 < 00 Ha yeaosus 0 < 0 < p, p < 7 < 0.

YTBEPXKIEHUE 2. Ecau gynxyua f(x) € L, (1 < p < 00) umeem pad Pypve
2211 ancos2™x, a, = 0, mo ymeepoicdenus Teopem Bl u B2 cnpasedausvr npu
samene yeaosud 0 < 6 < min(2,p), max(2,p) < 7 < 00 Ha yeaosua 0 < 0 < 2,
2<T17< .

2. BcecnomorarennHEBIe pe3yyibTaThbl

JIEMMA 1. [3] ITyemw a,, = 0, A, > 0. Tozda das a0bozo p > 1:

ZA (Z%)p < gAh"’aﬁ(gAu)p,

v=1
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o0 oo P oo n p
b. Z/\H<Zay) < ZA;Pag<Z,\V) :
n=1 v=n n=1 v=1
JIEMMA 2. [4] Ecau ¢pynryua f € L, (1 < p < o0) u wucaa B,r > 0, 7 =
max(2,p), 8 = min(2,p), mo npu ecex § € (0,1/2] cnpasediuso nepasencmaeo:
1 1/7 1

1/6
(5“ / t“”‘le+r(f7t)pdt> K wg(f,0), < (5‘” / t‘ﬁ”‘lwf}+r(f,t)pdt> :

[ [

JIEMMA 3. [2] Ecau dymnxuyusa f(x) € L, (1 < p < 00) umeem pad Pypve
»

>0 | AR COSNT € KBAZUMOHOMOHHOLMY KoPPuyuenmamu, m.e. Iy > 0, maroe wmo
apn~" 10, mo

(a) ¥Ymeepocdenue Teopemn Al cnpasedauso npu s3amene ycaosus 0 < 6 <
min(2,p) #a ycaosue 0 < 6 < p,

(b) Ymeeporcdenue Teopemv, A2 cnpasedauso npu 3amene ycaosua max(2,p) <
T < 00 Ha Yycaosue p X T < 00.

JIEMMA 4. [2] Ecau dymxyua f(z) € L, (1 < p < 00) umeem pad Pypve
> an o827z, an > 0, mo

(a) ¥Ymeeporcdenue Teopemvs Al cnpasedauso npu 3amene ycaosus 0 < 6 <
min(2,p) xa yeaosue 0 < 6 < 2,

(b) Ymeeporcdernue Teopemvr A2 cnpasediuso npu 3amene ycaosus max(2,p) <
T < 00 Ha yeaosue 2 < T < 00.

3. HokasarennctBo Teopemsnr B1

IIpexne Bcero 3amernm, 4T0, Tak Kak HYHKIUS p(t) yIOBIETBOPSIET YCIOBUSIM
(1) u (2) reopemsr B1, To ona ynosnersopsier ycsiosusim (1) u (2) Teopembr Al ¢
napamerpom ki = ko + . Takxke, ucnonb3yst yciosus (1) u (2), MOXKHO MOKa3aTh,
9TO 715 O6OTO0 8§ > () BBITIOJIHEHBI COOTHOIIEHWSI:

1 1/n 1/n
(3) n_kls / t_klsﬂ vn_kZS / t_kzsﬂ ~ / 1 ﬂ ~ 1
p°(t) t @o(t) t e (t) t ~ ¢*(1/n)
1/n 0 1/2n

HeiicTBuTEIEHO, HAIPUMED, TOKAKEM, U9TO

1/n X
Y N
) e(t) t  ¢*(1/n)
N3 yenormit (1) u (2) caenyer, uro 0 < g1 n 0 < g3 < 3. Torma crpaBenauBLI
HEPABEHCTBA,

1/n

/ iherds s nk2s
-— <K / T — L —;
pot) ¢ ¢*(1/n) t o (1/n)

1/n

1/n

—kos ka+(B3—e2)s kas
/t ’ ﬂ>>u/t(ﬁ—62)s% >>L
0

p°(t) t @*(1/n) @*(1/n)’



OB OIIEHKAX MOAVJIE#R I'NTAAKOCTHW ®YHKIIUIA... 125

Taxum 00pa3oM, MOXKHO IPUMEHHTDL TeopeMy Al, KOTOpas yTBEpPKIaeT CymeCcTBO-
BaHue mpunasyiexkameit L, byukimu ¢ ¢ psgom @ypee o(f,A), roe A, = ¢(1/n),
U BBITIOJIHEHWE CJierytomero nepasencTtsa, (Vv € N):

wi (¥, 1/2%)p

1 1/2¥ /6
< {2uﬁa / <p9t(t)t Bo, k1+ﬂ(f7 t)pdt + / @wzﬁg(f,t)pdt}
1/2v 0
(4) 1/2" ) 7/0 T/0
<<{ / SOT(t)wfiﬁg(f,t)pdt} {Zcp (25) kﬁ-ﬂ(f’ 2§) }
0 &=

y /6
_ 1 1
+ {2 po E 2559809(2—5)@1214-[3 (f; 2—5)1)} =:I11 + s + I13.
=1

Bribepem HaTypasbHOE N, Takoe uTo 2" < § < 27"+, Torma

1 1/7
—(k2+B8)7—1
Lo {awzwww) / tiwz;w,t)pdt}
5

©7(t)
_pl1/2m) [ G 2vrliatd) 5(v.5) "
- 2n(k2+ﬁ) (pr(l/Qu)wﬁ ’21/ » .

Onenum [ (:Bepxy C y4eToM HepaBeHCTBa (4).

n vT /T
0(1/27) [ = 2v7(h2t0) v
I< Z on(ka+8) { Z WIU =t In1 + sy + Ios3.

Ucnonb3ys ycnoBue (3) u CBORCTBO MOJYJIsi [JIAIKOCTH, TIOJIyIUM

5 o) 1/6 b o) 1/6
Iy I K {/(pTwﬁﬁg(f,t)pdt} < {/wTwz2+ﬁ(fat)pdt} .

0 0

Hasnee mocnenosarensHo npumensist gemmy 1(b), yciosue (3) u gemmy 2, oneHuMm
122.

Iy <
12" | & 1N s 2vr(ka+B) \1—7/0 f Y &7 (ka+B)\7/? T
2n(k£+ {; “kitp f’2V) T(2_")<90T(1/2")) (;W(l/%)) }
< B St ) 0} ol o),

5, , 1/6
< {/(pt( )wzz-i-,@(f: t)Pdt} .
0
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Teneps onenum o3, ncnonn3ys aemmy 1(a) u ycaosue (3).

o(1/27)
9n(k2+06)

n vrks . erks \T/0) YT
% {;w’zﬁﬁ (f’ %)p¢7(217)2uﬂ7(¢r2(1/2v))1 (EZ <pr2(1/2£)) }

/T
0(1/27) [ & 1\ ortiars) |
NG Zw’zﬁﬁ(f’z_v) 2

v=0 P

I K

HOCJIe,ILHee BBIDAXKEHUE MBI y2Ke€ OI€EHUBAJIU BBIIIE.

Urak,
) 1/6
ot
I« {/q’bT()w,ﬁﬁﬁ(f,t)pdt} .
0

Teopema moka3aHa.

4. HokasateabcTBo Teopembl B2

Tak kak yHKIMs Y(t) yrosiaersopsier ycaosusiM (1) u (2), TO MOXKHO TOKa3aTh,
97O 11 060ro § > 0 BemosHeHb! cootHomenus (k; = ka2 + 5):

1/n 1/n
(5) e [ EDpsar [ E < ram)
0 1/2n

Ananornano nokazareancrBy Teopemsr B1, ncnosssyst Teopemy A2 ¢ A, = ¢(1/n)
u ky = ks + 3, 10JIly4uM CIPABEJIMBOCTD CJIEAYIONIEr0 HEPABEHCTBA!

1 ’ g r 1/7
wa(h, 8), > {5ﬂr/<P (t)tﬂTw,:l+ﬂ(f,t)pdt+/wT(ﬂwzl+ﬁ(f,t)pdt}
)

t
0

F (1) v

) > { | E s, t)pdt} -
0
Hapsny c mepaBercrBom (6), HaM MOHAIOOUTCST HEPABEHCTBO
1

(7 wk1+ﬁ(f7 ) < mwﬂ (¥, 6)1) nrs 6 € (0, 1/2]

Hokaxewm (7), momb3ysch mepaBeHCTBOM (6), CBOHCTBAMEH MOMYJIS TJIAIKOCTA M
ycnosuem (1) vHa dysrmmio ¢(t).
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& 1/7
o (t t<k1+ﬁ)f Wi 48(frt)p
5(1,0)p > {/ (v P dt
0

5 1/7
wk1+ﬁ(f7 6) T ki+8)r—1
> Tﬂp O ()R AT gy
0

(f,0) / v
W, 5 T e1)T —ko—e1)T—
> klgkﬁl-i-ﬁ p{(p (@)gfteten /t(klw Y ldt}

0

> wiy+5(f,0)p(0).

Bribepem HaTypambHOe 1, Takoe uto 2-" < § < 27711, Torma, npumenss HepaseH-
cTBO (5) U jteMMy 2, MOJIyIUM

9 oo
[ £tz 0 (F)ia(s ),

0
v

Z 9 (kat5)6 0 (f l) )T/g
£=1 BT
1 /0
9t (k2+6)80 6 +ﬂ(f’2_€)p>

/6
Z 96 (ks +0)0,,0 +B<f, 25) > Tt L.

E=n+1

< j{: @ 1/2

2U(k2+ﬁ)7'

WMS

@7 1/2”
2V(k2+ﬂ)

p7(1/2")
< Z 2u(k2+ﬁ)r (
)

/\

Ouenka J; mpou3BOAMTCs ¢ MOMOIIBIO HepaBeHeTs (5) u (7):

907(1/211)( ™ ou(ka+B)0 6( 1) )T/o-

2n(k2+ﬁ)7’ ¢T(1/2u) wﬁ ) 2_u »

st TOoro, 9To6BI OLEHUTD Ja, BOCIONb3yeMCs JeMMoil 1 u HepasencTsoM (6).

Ja <<Z<P (21V)Wk1+ﬁ(f’ 2,,) <<w[3<1/1, ")

Takum 00pa3oM, OJyYaeM IETOYKY HEepaBEHCTB

§ 1/7
T(t
{/90 t( )w,:ﬁﬁ(f, t),,dt} L (J1+ )T
0

1 1/6
t*(k2+ﬂ)971
< {5(k2+ﬁ)9906(6)/T@wg(¢’t)pdt} .
[

J1 K
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Teopema noka3zaHa.

VYrBepxkaenus 1 u 2 HO0Ka3bIBAIOTCS TEXKE MeToIamu, 910 u teopembl Bl u B2,
TOSBKO BMECTO Teopem Al m A2 HanO uCnoab30BaTE TeMMy 3 (71 JOKA3ATENbCTBA
Yreepxaenus 1) u nemmy 4 (mns moka3aTenbCTBa Y TBEPKACHUS 2).

AgsTtop BeIpazkaer dmarogapuocTs mpodeccopy M. K. IToramoBy 3a BHuMaHue K
pabore.
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