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IIPO PO3B’A3HICTDb MIMIAHOT 3ATAYI JIJIS MOJIEJIBLHOI'O
HIBJITHIVTHOT'O IIAPABOJITYHOTO PIBHSTHHSI
3 MIOKA3HUKOM HEJIHIAHOCTI g(z,t) > 2 + 2

OJuter BYT'PIN

JIveigcvrutl Haytonasvrul yrwieepcumem iment learna Ppanka,
eys. Yuieepcumemcoxa, 1, JIveis, 79000
e-mail: ol _buhrii@i.ua

Hocaimxkeno mimany 3amady [lipixie nnag piBHaHHS
ue — Au+ g, ) |ul* %0 = f(x,t)

y nmmiHApraHii obnacti 3 R;jl. 3a ymosu q(z,t) > qo > 2 + % JI0BeIeHO
iCHyBaHHS CJTAOKOTO PO3B’si3Ky TIi€l 3a1adi.

Karowoet caosa: wHeniniiine mapabosivne piBHSHHS, MilIaHa 3a7atda, 3MiH-
HUI TTOKA3HUK HEMHIHHOCTI, y3araabHeni mpoctopu Jlebera, crmabkuii po3s’s-
30K, dyukiis ['pina.

1. Beryn. Mu OpofioBKyeMo JOCTiKeHHsT 3a1adi, posriasiHyTol B [1], [2]. He-
xait T > 0, n € N — dikcoani uncna, 2 C R™ — obmexkena obaactb 3 mexeo 0,
T={ts)eR?|0<s<t<T}H A={(2,t,&,5) eR™"™?2 |2 €Q, £€Q, (t,5) € T},
Qo,r = Q x (0,T]. Posrasinemo 3ana4y

up — Au + g(m,t)|u|q<w’t)_2u = f(z,t), (x,t) € Qor, (1)
ulaaxo,r) = 0, (2)
ult=0 = uo (), (3)

e Au = Uy, 2y + Uzyzy + - .. + Ugyz, — OTeparop Jlamnaca, g, q, f, uo — medxi yHKIIII

IcHyBanHs po3p’s3Ky 3a1a4i (1)-(3) 3a yMOBH, KOJIM 3MIHHUI MOKA3HUK HeTiHIHHOCT
piBHsAHHSA — DYHKIA ¢ — 3370BOJbHsE yMOBY ¢(z,t) < 2 noBegeno y [1]. Bianosinny 3a-
Jlady 3 HEOIHODITHOI KPaiioBow yMOBOWO 3amicTb (2) Bupyeno y [2]. Sanaul ams napabo-
JIIYHUX PIBHAHB 31 3MIHHUMU ITOKA3HUKAMU HEJIIHIHOCT] PO3IVISIHYTO TAKOXK , HAIIPUKJIAJ,
y [3]-[6]. Jeranbruii orssin siTepaTypu 3a TEMATHKOI CTATTI MOXKHA 3HalTH y [1].

Mera Haimol npar — JOBECTH ICHYBaHHs y3araJbHEHOro po3s’s3ky samadi (1)-(3) y
BUNAIKY q(z,t) > 2.

© Byrpiit O., 2014
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2. ®opmyJOBaHHSI OCHOBHMX pe3yabraTiB. [lis dopMmymoBanns pesynbrary
BBeseMO HeoOxinui mosuavennda. JIns kool objacti @ C R™ (m € N) gepes L£(Q)
MO3HAMMMO MHOKUHY BCix BuMipHAX 3a Jleberom mimmuoxkun @), a yepes ML(Q) — mHO-
JKuHy BCix dynkmii v @ Q — R, Bumipmmx crocosro L£(Q). Hexait LP(Q) (p > 1) —
crangaprauii upoctrip Jlebera (aus. [7, c. 37]) 3 HopMOIO

1/p
lus 2@l += ( [ o) ay) "
Q
WmP(Q) (m €N, p>1) — upocrip Cobonera (mus. |7, c. 44]) 3 HOpMOO

1/p
lus w2 (@) = (D2 12w L7@F)
la]<m
Y punagky Q@ = (a,b) C R nmcarumemo LP(a,b) samicts LP((a,b)), a mpu Q = Q
BYKHMBATHMEMO [TO3HAUEHHS

ullp := llw; L2, [lullm.p = [lus WTP(Q)]]. (4)

Amnagoriuno, gk B |7, c. 145], Gymemo y pasi norpebu posrsimarn dynkmio v = u(x,t),
(x,t) € Qo.1, K DyHKIIO, KA KOXKHOMY MoMeHTy uacy t € (0,T) crapurh y BiANOBII-
Hicrs dynkiio 3vinnol £ € Q i mucarumenmo u(t) 3amicrs u(-,t). Yepes LF(0,T; LP (1))
(k> 1, p > 1) mosnaunmo cranmapTHuii mpoctip Jlebera (muB. [7, c. 154]) 3 HOpMOIO

lullsar = s 22052 @]| = ( [ hutolfy ar) ™ 5
0

Hexait C(**) — xzac Jlini rineproBepxoHb y mpocropi R”, mo Binmosinae mesikiit byukii
w: Ry — Ry (aus., nanpukian, [2, c. 32-33]). [Ipunycrumo, 1o BUKOHYIOTHCST YMOBU:

(E): 092 € C(2w),

(G): g € ML(Qo1), |g(z,t)| < g° < +00 maite ausa Beix (z,t) € Qo r;

(Q): ¢ € ML(Qor), 2 < qo < ¢° < +00, ze

qo = essinf q(wz,t), ¢° := esssup q(z,t);
(z,t)€Qo,T (z,t)€Qo, T

(UF): up € LP(QY), f € L*(0,T; LP(R2)), ne p > 1 Ta 2 > 1 — bikcosani gucia.

Hexait G — dynkuia Ipina (qus. [8, c. 1118]) mimanoi 3ama«i

ug — Au = h(z,t), (z,t) € Qor,  uloaxjo,r] =0, ul=o=0. (6)

Baypaxumo (qus. Teopemy 2.8 3 [9, c. 136]), wo upu Bukonanui ymosu (E) raka dynkuis
G icHye i 3a10BOJTBHSIE HA A OIIHKY

2

ntlol . lz—¢l
D2 G(z,t,&,8)| < My (t—s)" 2 e M7=, o] <2, (7)
ne My, Ms > 0 — cragi; o — MyJaBTHIHAEKC, T8, (DOPMYILY 3TOPTKU
G(z,t,&, ) = / G(z,t,y,7)G(y,7,&, 5) dy, T € (s,1). (8)
Q

Ockinbku rosiopra gactuna (1) mae crani koedinieHTH, TO MOKHA JIOBECTH, IO

Gz, t+ 785 +7)=6(x,1,§s), 7€(0,T—1). (9)
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Anasoriuno sk B [1] momaMo o3HaYeHHS PO3B’SI3KY HAIIOT 33241

Osnavenns 1. Caabrum (ysazasvrenum) poss’askom sadawi (1)-(8) nasusamumemo
maky Pynxuiro v € L*(0,7; LP(Q)), axa matioce dan scixz (x,t) € Qor 3a00604bHAE

PIBHICTD
u(:z:,t):/ (x,t,&,0)ug(€ dE—l—// z, Vf(&,s) deds —

/ / (2,1, 5)g(&, 5)[ulE, 5)|7€)"2u(E, 5) déds. (10)

Sxwo T = T, mo pose’asox nazusamumemo 2aobasonum. Ipu 7 € (0,T) pose’aszox
HA3UBAMUMEMO AOKAALHUM.

OcHoBHUI pe3yIbTAT TPAI — HACTYITHA TeopeMa.

Teopema 1. Hezai eunouywmbm ymosu (E), (G), suxonyemovca ymosa (Q) 3i cma-
aumu qo i q°, npuwomy 2+ % < qo < ¢° < +oo G ymosa (UF) 3i cmasumu p > 1,

%€ (¢° —1,p). Srwpo, 000am7€060, p>2(°—1)?2 x€ [ijﬁf(oqgi)l), n(q%;l:Z))’ mo miwa-
na 3adawa (1)-(3) mae caabruil poss’asox u € L*(0,7; LP(QY)) npu suxonanni odwici 3

YMO8:

1) 7 €(0,T] € documo Mmarum (AoKaALHUT PO36°A30%K);
2) nopmu ug ¢ LP(2) ma f ¢ L*(0,T;LP(QN)) e docums marumu (2r0barvrui
PO3G’A30K OAA MAMUT BUTIOHUL daHu).

Teopema 1 nomwuproe pesyabraru npani [10] Ha BUNAIOK PIBHSAHDL 31 3MIHHUMU 110-
Ka3HUKAME HeJHIAHOCTI. 1T TOBEIEHHS TOIXAHO y migposmini 4. Jlesxi monmomixkHi TBep-
JPKEHHSI MICTUTB TpeTilt miapo3/i miel mparti.

3. Honomixwi pakTu. Hexait X — neaxuit HopMosanuii mpocTip 3 mopmoro ||+ X ||,
BCcX, A: X —X.

Osnauenns 2. Onepamop A Hazusaemvea cmuckom na muoocuni B (dus. [11, c. 380]),
AKWO icnye maka cmana (Koedivienm cmucry) D € (0,1), wo dar eciz x,y € B suxo-
nyemocea oyinka ||Az — Ay; X|| < Dl|lz — y; X||.

Jlns moBemenus TeopemMu 1 KOPUCTYBATUMEMOCST TAKUM TBEDIZKEHHSIM.
Teepaxkenns 1. (Teopema 3 [11, c. 381]). Hexatt X — 6anaxie npocmip, B C X -
samrnena muoorcuna, A: X — X — onepamop, axui sadososvnac ymosu: 1) A(B) C B;
2) A — emuck na B 3 woegivienmom cmucky D. Todi onepamop A mac ¢ B eduny
nepyzomy mouxy . Kpim mozo, axwo xo € B ma xj := Azj_1, j € N, mo:

i)VjeN:z; €B;

i) x; — x* ¢ npocmopi X ;

]4)00
i)V j € N: ||z — 2% X|| < =5 || Az — 0; X]|.
Has Toro, o6 Bukopucraru TBepiKenus 1, nogamo pisuicrs (10) y Burasamni

u = Au, (11)
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ne A — nesikuit oneparop. Jlyist 3py9HOCTI BBEIEMO TOMATKOBI MO3HaYeHHs. Po3rigneMo
JBOMAapaMeTPHYHy ciM’o siniitHux inTerpasbuux omeparopis {Z(t,s)} e, ciM'io He-
ninifinux oneparopis Hemunproro {A (t)}te[g,ﬂ i mimifinmit inTerpanbHuii oneparop Jo
TaKi, 110

(Z(t, s)v)(z) := /G(:c,t,f, syp(€)ds, z€Q, (t,8)eT, (12)
Q
N (t)v)(z) == gz, t)|v(x)| 1@V 20(z), ze€Q, tel0,T], (13)

(o)) i= (Z,00) (@) = [ 6ot & 000(e) de. (@6) € Qore (1)
Q
ae v — ¢yukiig 3minnoi ©. Hexait miniftauit inTerpanpuunii oneparop J Takwuii:
¢ ¢
(Tw)(x,t) == / (Z(t, 9)w(s)) (w) ds = / / G(a,t,&, s)w(E, s) déds, (x,1) € Qor. (15)
0 0 Q

Tyr w — dynkuis sminnux (z,t). Hexaii cim’s eementis {2o(t)}ieo,7) € Takomo, mo
(20()) () == (Jouo)(x, 1) + (T f)(@,t), =€, te][0,T], (16)
Je ug i f B3sro 3 ymosu (UF). ApryMeHT & 4acTo OIyCKaTHMEMO, & O3HAYEHHS BBEIEHUX
orieparopis (06JaCTh BUSHAYEHHS 1 T.JI.) yTOYHUMO JaJIi.
3posywmino, mo (11) 36iractsea 3 (10), Ao
t
(Au)(t) :== 20(t) — /I(t, )N (s)u(s) ds, t€[0,T]. (17)
0
Jlast 3pygHOCTI MOTPIOHI HAM 1Al 9MC/IOBl TIepeTBOPEHHS TMOJAHO Y BUTJISL JIEMH.

JIema 1. Hezai wucaa qo, ¢°, v i p 3adosoavuaroms ymosu 2 < qo < ¢° < +oo,
1<r<p<+oo;

2 pr n
= — 0 , == —2); 18
wim = P (Qanr £p), b= G a2 (18)
Pynryii o i 8 03naveno mak:
n/l 1 )
g y =), ) Z 13 19
(rop2) =5 (o= ). s (19)
(51— 2
B(s1,52) = "(5218 ), §1>2, sy> 1. (20)
2

Hezxati maxooic v > 2 — gixcosane wucao. Todi suxonyomsea maxi meeportcents:
1) o(r,p) 20, 3= ;505 > 0 mpur # p, B¢, r) =220, 8(y,p) < B(v,7);

2) ¢ > 1 modi i miavku modi, Koau qo > 2 +

3) axwop>r>2(¢°—1), mo0<o(rp) < Ollma%>q0—1;
4) p > ¢ modi i miavku modi, xoau B(q°,p) € (0,1);

5) p>r(y—1) modi i miavku modi, xoau B(vy,p)x < 1;

6) B(v,p)se = B(vy,r)x— (v —2);
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) 2p(¢°—1 2
T) axuwo p > %(qo —1)2ire [%(qo - 1), q(%l)’ mo x € [pr(,?(qo,)l)a n(qop,Q))'

Josedenna. 1) TBepaKeHHS bOrO MYHKTY OYEBUIHE.

2) Taxi nepisrocti exsiBasnentri: ¢ > 1, 2 (g0 —2) > 1, g0 — 2> 2, g9 > 2+ 2.

3) 3posymisio, 110 mpu p > T OTpUMAEMO HepiBHOCTI > > 0, ¢ > 0 i ToMy, Bpaxo-
ByIOUH piBHiCTB 3 myHKTY 1, oninku o (7, p) < —— Ta 2 > ¢° — 1 € exBiBasenTHIMM.

q°—1
Ockinbkn r > 2(¢° — 1), 0 7 > ”(q(;(_q%)ﬁ‘g;_l) =9 gz:;, sokpema r > ¢. Toni
1_ -2 1 1
r o -1 ¢ (®—1)

Orxke,

s=i-h dwol). oY e

Tomy asa BCIX A0mATHUX P, TOOTO 1 A P > 7 OIEPKYEMO

@ -1 1 (0_1)<1 1):1 @ -1 q0_1:2_q0 @ -1

> — —(q - — = - — + + =
P 0 ¢ T o ¢ r ¢ r
2—¢° @ -1 2 -1
= /0 =——+ .
5(q° —2) r n r

[MoninueImy OTpUMaHy HepiBHicTb Ha ¢ — 1 > 0, OTpUMaEMO TaKe:
1 - 2 n 1 2 - 1 1 1 - n (1 1) (r,p)
-> -4 -, ——> ==, —— > —(-=—) =0(r,p).
p- n@-1) r n@-1)"r p ¢@-1"2\r p P
4) TepazKeHHs [HOrO IMYHKTY OYEBHIHE.
5) 3posymisio, o p > 7 i M0 HACTYIHI HEPIBHOCTI eKBiBaJIEHTHI
r(y—2 n(y—2) 2 pr
p>r(y=1), p-r>r(y-2), 1> 0=2) _nb-22 p
p—r 2p np—r

= B(v,p).

6) Ockinbku

80np) + ol —2) = M B 4 B (L Dy -

n(y — 2 n(y —2 n(y —2 n(y —2
_ny=2) nh-2 nly=2 _nl ):ﬁ(%r),
2p 2r 2p 2r
10 3 nynkry 1 unmsae dopmyna B(v,p) + = (v — 2) = B(v, 7).

7) 3posymino, mo s = 2 le — 3pocraroda GyHKIig 3a r. Toxi
-

n

2 P 2p 2p(¢° — 1)
n

L 2 -n o1

Hr=g(q0-1) =

) N qul
2 D _ 2p
%‘7':(]0}11 - I; _1 - ’]’L(qU—Z)’

q0—1
3BiJAKHM 1 BUILIMBAE TBEP/IKEHHS HAIIOTO IIYyHKTY.
Jlemy moBeaeHoO. O

OTpumaemMo JiesiKi BIACTUBOCT] BBEIEHUX OMEPATOPIB.
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JIema 2. Hexatli gynryia G € ML(A) sadosoavrae ouinky (7), A € [1,4+00) — ircosare
YUCAO,

Jg (.t 5) = / D2 Gl t, 6 s) e, TE(Ets) = / D2 Gl t,€,5) N d, (21)
Q Q

(z,6,€,8) € A, a — myavmuindexc. Todi icnye maxa cmana A1(N) > 0, wo das 6ciz «
(lal <2) i daa sciz (z,,€,s) € A suronyromoea ouinKy
Mi(N) Jo A (N)

. ol p ol (22)
(t—s)2 MDDz 2 (t—s)2 MDA

IN

Je <

Josedenns. BukopucroByiouu oninky (7) ta 36libimBIiim 06JacThb inrerpyBantg 3 2 10

R™, omepxumo
M Capalz=€
Jo < 1 e MaA 55— de.
A (t ))\ n+|a|
— S 2 R»

3pobubmu 3aminy sminnux € ~ 1, ge £ = o + ]f/[;f\ n, d€ = ( ]’i;;\)" dn, onepxuMo
A n
J;\’ S Ml / (t - S)z e_ln‘2 dn _ <%1(/\) ,
(t— S)AEQMR” (MaX)2 (t— s)g(x—1)+@A
qe M1 (N) = M7 (ﬁz)\)% Hpyry oninky 3 (22) 3 riew camono cramow #1(\) orpuMyemo
anaJioriuno. Jlemy moBemeHo. O

Baysaxkumo, mo y Buna Ky |« = 0 oniaxu (22) orpumano y semi 2 |1, ¢. 83|. Temep
JOBEeMO aHAJIOT TiBTPYMOBOI BAACTHUBOCTI JIJIsT BBEIEHUX OMEPATOPIB.

JIema 3. Hexat dymruia G € ML(A) sadosoavnse pienocmi (7)-(9), cim’s onepamopie
{Z(t,5)}t,s)eT 03nauena y (12). Todi dnn sciz (t1,51) € T, (t2,52) € T (t2 € (0,T —1t1),
s2 € (0,t1 + t2 — s1)) suKoHyembes pienicms

I(t1+t2,$1+52) :I(tl,sl)OI(tQ,Sg). (23)
Josederns. Bukopucrapmm (8) (3ayBakumo, mo 7 = $1 + ta € (81 + S2,t1 + t2), 60

s1 < t1, $2 < t2), (9) ta reopemy Dy6ini, orpumaemo

Z(t1 +t2, 51+ s2)v = /G(Iﬂfl +t9,&, 81 + s2)v(€) dE =
Q

:/(/G(x7t1 +t27y781 —‘rtQ)G(ZU,Sl +t27£a81+82) dy)’l)(é-) d§:

Q Q

= /(/ G(x, t1,y, $1)G(y, t2, &, s2) dy)v(f) d§ =

Q Q
— [ et ( [ 60t 6 52) 0(6) de) dy
Q Q

Tonty (Z(t1 + ta, 51 + s2)0)(x) = (I(th s1) (Z(ts, SQ)v)(y)) (z) i nemy noBeero. O
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ﬂﬂﬂ JOBEIECHHA HaCTyHHOI JIEMU MU HOTp66yBaTI/IMeMO TaKOr'o TBEPI>KCHHA.

TBep,szeHHﬂ 2. (Teopema 3 [12, c. 293]). Axwo m € N, 02 € C™ ma 1 < ¢1 <

< gy < +00, a: (qi1 — qz) < 1, mo icnye cmana C(q1,q2,m) > 0 maxa, wo iz 6cix
v € W™ (Q) sukonyemnvea (dus. nosnavenns (4)) nepienicms Coboaesa
[[0llgs < C(ars a2, m) [[0][5,.q, [10]]g, " (24)
SayBa;KuMO TaKOXK, 1O AJist BCix A > 0, 11, ..., 7m € R BUKOHY€THCS OLIHKA
Im A+t < mA(max )Y <mA(mlt ) (25)
1<j<m

JIema 4. Hexai ¢ynxuyin G € ML(A) sadosoavnac ouinky (7), cim’s onepamopie
{Z(t,5)}(t,s)eT 03mavena y (12), o — dymxuyia 3 (19), 1 < p1 < pa < +o0. Todi dax
eciz (t,8) € T ainitinuti onepamop Z(t,s) : LP1(Q) — LP2(Q) e obmesicenum (momy i
nenepeperum). Kpim mozo, icnye cmana Mo(p1,p2) > 0 maxa, wo das sciz v € LP(Q)
ma (t,8) € T euxonyemuvcsa HepieHicmb

IZ(t, 8)vllp, < [[0]]ps - (26)

Hepisnicms (26) suronyemuves maxooic npu p1 = pe2 = 1.

///2(171»172)
(t— 3)“(1’1-}72)

Josedennsa. s noBenenus jgemu nqocrarubo gqosecru (26). Hexaii cnouarky p1 = pa = 1.
Tomi 3 Teopemu Py6ini Ta ominku (22) 3 « =01 A = 1 orpumaemo Take:

zte.spll: = [| [ oot 9p0(6) de] o < [ ([ 16ta.t.€.9)] 1000 de) i =
Q Q Q Q

- /(/|G<x,t,as>\ o) ()] dé < 4(1) [ 1o©)] d =41 o]
Q Q
st Beix (¢, s) € T Hexait nami p; € (1,400), p) = pfil (robTo p%—}-i =1),v € LP(Q),

(t,s) € T. PosrnanemMo Tpu BAIAIKH.
1. IIpunycTuMo CrouaTKy, o pa = p1. Jia spyunocti nosuaunmo Iy :=||Z(t, s)vl|p, .
Bukopuctapmmu HepiBricTh l'enbepa, onepKumMo

= /‘/ (2,1,€, ) dg‘ do <
< / | / |c\i|c\p%\v\ e[ < / ( / q df)%( / ol ol de) de. (27
Q Q Q Q Q

Bukopucrasim (22) 3« = 01 A = 1, piBaicTs 2—,1 = p1 —1 1a reopemy Dybini, OTPUMAEMO
AN / / (61,6, [o(©)]* de) da =
— [ ()" /(/ (6.1, €.5)] ) [o(©)]P* dE < | (DI o],

Q
3BIIKH ¥ Odep:KyeMO (26) 30(p1,p1) =0, Ma(p1,p2) = #1(1).
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2. Hexaii Teniep p2 € (p1, +00) i, kpiM Toro, o(p1, p2) < 1. s 3pydHOCTI TO3HAUUMO
= ||Z(t, 8)v||p,. Tomi 3 omiuku (24) gna a = o(p1,p2), M = 2, q1 = p1, ¢2 = D2
OTPUMAEMO, IO

I, < C(pl,pz, 2) HI(t, S)UHU(pl’pQ)HI(L s)v||11)1—<7(11171)2) —

2,p1
o(p1,p2)
Clprp22) (Y IDETt)ollsy) T Tt )l @ P = Clpr.pa,2) x
jal<2
o(p1,p2) 1-0o(p1,p2)
Z/‘/D"Gxtf, dg] m /‘/mt{, df‘ dx) ne

la|<2 g
BaCTocyBaBmH /10 HadABHUX TYT IHTerpajlbHUX BHPA31B II€PETBODEHHS THILY (27), orpu-
MAa€EMO TaKe:
o(p1,p2)

I, < C(p1,pa, DS \d& D26 v dg) da)
2 < C(p1,p2,2 a|<29// G / G| v ) ) X
1—0o(p1,p2
y (/(/|c| dg)p’l(/mmw de) dx) e
Q Q Q

Tomy 3 (22) mnsa A = 1, pisHocri % = p; — 1 Ta Teopemu Py6ini BUMLIUBAE, 110
1

o(p1,p2)

I, < C(p1,p2,2 (Z/ 4 ‘a‘ pl 1 /|Dac||v\m dg) d:c) P

[a]<2 G

1-0(p1,p2)
([ (A / Gllol de) o) 7 =
Q

s D/ [ )45

laj<2 (t — 8)

1—0(p1,p2)
//G\|v|”1d§ da:) ne o

Q

U(le)
1 ;
(Y /|v | /|D“G| dr) de) "
(1 -5 0D

|a]<2
x ( / [o(€) [P ( / iq| dz) dg)l i m).
Q

Q
Toui 3u0BY 3 (22) mag A = 1 omepKUMO, 110

I <Gy (Z ;/h}(fﬂpl (Al‘)al) df)g(p[il)m) X

o]
al<2 (t—s) 7 7Y (t—s)2
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/W le%(n 61”%W”:

p}i’Pz) 1 U(Z)plmz)
1 1
-a(¥ — ,al /\ ) de) /|v o de) -

laj<2 ( zh

U(:thz)

:@Hvupl(z ) T (29)

laj<2 (t—s) 2P
Ockinpru |a| <2, s <t <T, 10

1 (t—s5)0-'5m (t— 5= 5hm pa-l5he
= = <
P P e R N

Bukopucrasiiu ugo oninky ra (25), 3 (28) onepKuMo OUIHKY

lof o(p1,p2) o(p1,p2)
A R e e Colv||p, a-lgh a
I, < CZHUHZH ( Z (t _ S)pl ) = (t _ s)a(pl,pz) ( Z T 2 pl) =
| <2 la|<2
o(p1,p2)
Cs][v]], o, \TE _ Cullvllp

( +f+1) ) og)

ne craga Cy > 0 He 3amexkuth Bif ¢, s,v,T. OTxke, Mu oTpuMain OWIHKY (26) 31 cTamon
Mo (p1,p2), 9Ka 3anekuTh Big T, mpore € 0OMEKEHOI0 1 BIJIOKPEMJIEHOIO BiJl HYJIS TIPU
T — +0 (e MM BUKODHCTOBYBATHMEMO JIAJI).

3. Hexait Temep ps € (p1,+00) 1 o(p1,p2) > 1. Ockinbku o(p, q) ‘ —‘> 0, To inTep-
p—al—
BaJl (p1,p2) MOKHA PO3OUTH HA k 9aCTHH Tak: p1 = 1o < 11 < ... < Tp—1 < Tk = D2,

o(rj—1,7;) <1, j=1,k. 3 Burnsany dbyskuii o BuLIMBaE, WO

P1 5 p1 — -1 WAL
= (t— S)U(Phpz) (T +T2 + 1) = (t— S)U(P17P2)

0'(7‘(],7"1) +U(T1,T2) + +0’(7"k,1,7’k) = O'(’f‘(),’f'k) = O'(pl,pg).

Tomy, Bukopucrasiiu (hopMyiay (23) i BiKe HOBEIEHUI YaCTUHHWE BUNAIOK OMIHKH (26)
[Tl TIOKA3HUKIB 7'j_1, T'j, ONEPIKUMO TAKe:

t s S
)l = Il =|[T(5 4ot g g+t 1 )ef| =
t s t s Mo (Ti—1,7k) t s t s
—z(=, 2 o...0z(%,2 < LA P il
(g) e o2(p7)v L= ‘ (kk) Z(p5) Feer
k k-1
< ///2(7’1@7177”16)///2(7“1%277”16—1)HI<E f) oI(E f) <
- (t_TS)O'(Tk—l77‘k)+‘7(7'k—21'7'k—1) Lk Lk v re_s T
k2
< %2(7"/’@—177%)%2(7"1@—277"1@—1)'~--'<//2(7"0;7”1)|| [ M(p1,p2) o]
- (FTS)U(TIC—I77'k:)+0'(7’k,—2,Tk—l)“ruﬁ‘rO'(T’OA,’l“l) Ullro = (t_s)o'(p17p2) Ullp1s
e Mo(p1,p2) = k7P Ay (ri_y,ri) Mo(Th—2,Th-1) - - .. - Ma(T0,T1). O

3aysaoicenna 1. 3a meBHUX yMOB aHaJsor oniHku (26) orpuMmarno y [12, c. 293].
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JIema 5. Hezaii dynwuia G € ML(A) 3adosoavhnae (7), onepamop Jo o3naueno y (14),
o — Ppynxuyia 3 (19), 1 < p; < py < 400, o(p1,p2) <1, 7 € (0,T]. Todi sinitinui inmea-
paavruti onepamop Jo : LP1(Q) — LH(0,7; LP2(Q)) e obmescenum (momy i nenepepe-
HUM), FKUO BUKOHYEMBCA 00na 3 ymos: 1) po =p1, p > 1; 2) pa > p1, p € [1, m),
Kpim mozo, ichye maxa nezasesicna 610 T cmaaa Lo(p1,p2) > 0, wo das eciz v € LP(Q)

BUKOHYEMDBCA OUIHKG

1_
1To0 I er < ZLo(pr,p2) 77772 o], (30)
npuoMyY %L —o(p1,p2) > 0.

Jlosedenna. Hexail py,ps Taxi sx y dopmymosanni gemu, p > 1, 7 € (0,T], v € LP1(Q),

I3 == ||Jovl|}, ..~ Bukopucrapmm (26) ma s = 0 (ue 3akonno, 60 p1 < pa), oJepKyeMmo,
o
AM2(p1,p2
I = / T 00l dt < /( L2, ) = oo, ) LI, (1)
T dt

e Iy = V¥ Bunanxy 1 orpumaemo, mo o(pi,p1) = 0, Tomy Iy = fOT dt =T

0 to(pi,p2)p”
Fl=olp1,p2)p

IS BCIX . Y BUIAAKY 2 3 BUOOPY (@ BUILIHBAE, MO o (p1, po )i < 1, Tomy Iy = e o R

B ofox Bunaskax semy goseneHo, 6o (30) sumnusae 3 (31).
st momabmmx moTped HAra aeMO TaKe TBEPIZKEHHSI.

TBepmxenns 3. (Teopema 202 3 [17, c. 179]). Hxwo k > 1, mo

b d d b )
/]/h(t,s) ds]kdtg [/ ‘/|h(t,s)\kdt‘E ds}’“.

JIema 6. Hezxati pynxuia G € ML(A) sadososvnac (7), onepamop J osnaueno y (15),

— ynruia 3 (19), 1 < p1 < ps < +o0, o(p1,p2) < 1, 7 € (0,T]. Todi ainitirut
inmezpaavhuii onepamop J : L*(0,7; LP1 () — L*(0,7; LP2(2)) € obmesicernum (momy
i HENEPEPBHUM), AKULD BUKOHYEMBCA 00HAE 3 YyMmo6: 1) pa =p1, A > 1, u > 1; 2) pa > p1,
A>1, pel, W)' Kpim mozo, icnye nesanreorcra 60 7 cmana £ (p1,p2; A, p) > 0

maxa, wo daa eciz v € L0, T; LP1 (1)) eunouyembc,ﬂ ouimca
1Tl r < 201,23 A, )T B E S (32)
NPUHOMY % —o(p1,p2) > 0.

Josedenna. Hexali p1,ps Taki ax y dopvymosanni gemmn, A > 1, p > 1, 7 € (0,7,
v e LM0,7; LP (), I5 == || Twl|4, . .. Toni

I = /H/ (t, $)w(s) ds dt<//||Its ()|, ds]” di =

0

- / [ xe Iz D), ds| at
0

0
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ae
1, t>s,
o ={ g 120 (33)

BukopucTtaBmnm OIIHKY 3 TBEpAKeHHS 3, OIEPKAMO

Iy < /\/ T, syw(s)I dsz/)/nzts

Bukopucrasmmu omiaky (26) (ue 3aKOHHO, 60 0 < J(pl,pg) < 1), orpumaemo, 1o

14
]

///2 (p1,p2) woE o H
Iy < / ] (@l ) ] as]” =
I Eaq”
= L ta(pr. o)l / (), ol ] (34)
0
ne Ig = f; (t_g)cffﬁ Y Bunagky 1 ogepxyemo, mo o(p2,p2) = 0, Tomy Ig = fST dt =

=7 —s < 7T mag BCix p. Y Bunaaky 2 3 BuGopy p BUILIHBAE, MO 0(p1,p2)u < 1, Tomy
Fl=o(p1,p2)n
Is =

T=oGrpa)n - B 000x Bunmajikax 3 (34) orprMaemMo OIHKY

nw
I < C5Tl_a(pl7p2)“ {/ Hw(s)le ds} 7 (35)
0

e crana Cys > 0 He 3aJeXKuTh Big v, T.

ITpu A = 1 ouinka (35) 36iracrhes 3 (3 ) ko A > 1, To, Bukopucrasmu y (35)
mepiBHicTh [enbaepa 3 mokasaukamu A > 1, 1 > 1, 0IepKUMO TaKe:
1,7 a-l
Is < 057-1—0(p17p2)u[(/ Hw(S)Hfg\l dS) ’ (/ dS) A } < Cy - o(pr.p2)ut25L #||w||p1,)\7'7

0

3Biaku 1 Bumiusae (32). Jlemy noseeHo. O

3aysaoicenna 2. Amasor onjuku (30) 3 A = p; = pe orpumano y Jemi 1 3 [2, c. 34],
a ouinku (32) 3 A\ = u = p; = po — y zemi 2 3 [2, c. 35]. BayBakuMo TakOXK, IO HA
BiaMiHYy Bin semm 4, TBepIzKeHHA JeM 6 1 5 He MOXKHa OTpuMaTH npu o(pp,p2) > 1
3aMpPOIIOHOBAHUM TYT METO/IOM, 00 iHTerpasnu Iy, Ig 3 10BEIEHHS IUX JIeM € PO30iKHUMU
Jns Beix p > 1.

Temep HarajgaeMo AeKiJbKa OMiHOK.
Sayeasicenna 3. dxuo ¢ > 2, 1o 3 reopemu 1 [13, c. 2] mug Beix &, 1 € R onepxkyemo, mo
-2 -2 2— -2
HEIT™2E = 1" | < (¢ = 1)2779(|¢[ + In))*~7I€ —nl. (36)
IIpu posrasiai piBHAHD 31 3MIHHUMH TOKA3HUKAMHU HETIHIHHOCTI BHHHUKAE mOoTpeda
OPAaIOBATH 3 y3arajbHeHuMu pocropamu JleGera, saki Buepiue BeegeHo y [14] (meaxi
ixui Baacrusocti BuBueno y [15]). Hexait @ C R™ (m € N) — obmezkena 061acTh,

p € ML(Q), po:=essinfp(y), p’:=esssupp(y). (37)
yeQ yeQ
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Vsaramsrerny npocropou Jlebera LP(Y) (Q) na3upaerhes MHOKHHA, TaKuX (DyHKIIH
v e ML(Q), ana axix py (v, Q) < +00, 1e

)= / [o(y) P dy.
Q

Crepury npumyctamo, mo 1 < pg < p® < 4o00. Toai neit mpocrip € (aus. [15, ¢. 599, 600])
pedieKCUBHUM GAHAXOBUM MMPOCTOPOM CTOCOBHO HOpME JItokcemOypra,

|Jo; LPO(Q)]| == inf{\A >0 : p,(v/\,Q) < 1}.

Kpim Toro, BUKOHyIOTHCs HerepepsHi Braagenns LPW) (Q) ¢ L™W)(Q), sxmo p(y) > r(y)
(muB. [15, c. 599-600]).

OcobnuBocti y3arasbaeHnx mpocropis Jlebera, 30KpemMa BUTJIAN HOPMH B HUX, 3Y-
MOBJTIOIOTH IIEBHY CHeIudiKy iHTerpaJbHUX OIIHOK y TaKux mpocropax. Haramaemo y3a-
rapHeny HepismicTh Tempaepa (mue. [16, c. 175]): mms Beix dywskuii v € LPW)(Q) Ta

ve L'0(Q), ne pl(y) = ;2% (tobro 1/p(y) + 1/p'(y) = 1) maiixe ana peix y € Q,

/Iu y)l dy < 2|lu; PO(Q)]] - [|o; X P(Q)]]- (38)

Cnpasa B (38) HagBHUIT MHOKHUK 2, sikoro Hemae npu p(y) = const. Kpim roro, nassui
B (38) HOpMU, B3ara/i Kaykydu, He JOPIBHIOIOTH CTerneHeBuM (DYHKIIAM BiJ BIAIOBIIHUX
inrerpasis. s 3pygnocti, 30kpeMa BUKOpucTanHg (38), BBEIEMO J0JATKOBI O3HAYEH-

ug. Oueparopom JlaBpenioka Hazsemo Bimobpaxenns ML(Q) S p N Sp € ML(Q), sixe
JIi€ 3a MTPaBUJIOM

sPo, s €0,1]

Vpe ML :Sy(s) = ’ B 39

PEMLQ): Sy =4 5 DT (39)

ne wmena po, p° GyayioTs A p 3a npasuiaoM (37). O6TacTio BU3HAMEHHS omepaTopa S

€ MHOXKHUHA CyTTEBO obMmexkenux dbyukiii 3 ML(Q). Ilpore MU BUKOPUCTOBYBATUMEMO

3HAYEHHSI 1IHOI'O OMEpaTopa Juine Ha HeBim emuux dyHKmigx. [IpuHariTHo 3ayBaxKmuMo,
1/p°

s s €[0,1],

mo S1/p(s) = { Sl/poj s> 1, npu po > 0.

Bayeaoicenna 4. (Jlema 1[5, c. 168], saypawenns 3.1 [6, c. 453]). Slkmo p, po, p° B34TO 3
(37), 1 < po < p° < +00, TO BUKOHYIOTHCS TaKi OIIHKH:

1) [[o; L@ < S1/5(pp(v, Q) D7 p(v, Q) < 003
2) pp(v, Q) < Sp(lfv; LPYI(Q)|]) mpw ||v; LPW(Q)]] < oo

Hacrymni eemenTapri BiacTrBOCT onepaTopa S mMomaMo y BUTIISAL JIEMH.
Jlema 7. Hexati S — onepamop 3 (39), p,po,p° 63amo 3 (37), 0 < pg < p° < +00. Todi:

s,
1) dpynxuia Ry 3 s = S,(s) € Ry monomonno necnadna i nenepepena, S,(0) = 0;

2) [S ( )] Sp(sr) = Spr<3)7 s>0,7r>0;
3) Sp(sr) < Sp(s)Sp(r), s 20, r > 0;
4) Sp(s1+...4+5m) < mpo(Sp(Sl) + ...+ Sp(Sm)), 1,825+, 8m >0, meN,
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Josedenna. 1), 2) TBepazKeHHs IUX NYHKTIB OYEBUJIHI.

3) dkiio s = 7, TO TBEPIKEHHS IbOrO MYHKTY BUILIMBAE 3 MYHKTY 2 I(€i JeMu.
Jani, He 3MEHITYI0YA 3aratbHOCT], TPUMYCTAMO, WO § < 7. OTpuMaeMo Take:
akmo s < 1 < 1, To Sp(sr) = (sr)P0 = sPorPo = S,(s5)S,(r);
akmo 1 < s < r, to Sp(sr) = (sr)P’ = sP'r?’ = Sp(8)Sp(r);
akmo § < 1 < r, To orpumaemo Sp(sr) = (sr)P’ = sp"rp" < gporp” = Sp(s)Sy(r) npm
sr > 1 it onepmuMo Sy (sr) = (sr)P0 = sPorPo < sporp” = Sp(8)Sp(r) mpn sr < 1.

4) Hexait m € N, s1,89,..., Sy, > 0. He 3meH1uyoun 3araibHOCTI HPUILYCTUMO, IO
s1 = max{s1, S2,...,Sn}. ToMy, BUKOPHCTABIIN Pe3yJAbTATH MyHKTIB 1 Ta 3 Iiel gemu,
OTPUMAEMO

Sp(s14 -+ 8m) < Sp(ms1) < Sp(m)S,y(s1) =mP Sp(s1) < mP (Sp(s1) + ...+ Sp(sm)),

IO 1 JOBOAWTE TREPJIPKEHHS TTYHKTY 1 JIeMy. O

Hosenemo nesiki esiementapui Biacrusocti oneparopis Hemunpkoro 3 (13).

Jlema 8. Hezati euxonyiomvea ymosu (G), (Q), qo i ¢° — emani 3 ymosu (Q), S -
onepamop 3 dopmyau (39), {N(t)}icpo,r) — cim’sa onepamopis 3 (13), § € (0,1]. Axwo
p € [¢°+9—1,+00), mo icnye maxa cmana N (p, qo,q°), wo daa eciz v,w € LP(Q) ma
t €10, sukonyemocs oyinka

IN ()0 = N()wlln < AP, g0, a")[v = wllp Sg—2([[0]] + [Jwl]p), (40)

de h = > 1 (emana N (p,qo,q°) ne saresrcums 6id §).

0+5 1
Josedenna. 3 ymos (G), go > 2 ma HepiHocti (36) oTpHMaeMo

B(t) = [W(e)0 = Ol <10°1" [ [1o(@)[1 20(a) - Jufa) 10 2u(z)| " do <

Q

h(q(z,t)—2)
<101 [ I(atat) = 21O (ofa)| + ()
Q

lo(z) — w(@)|" do <
h(q(x,t)—2)
gcﬁ<a>/(|v\+|w|) T wh dz, e, T).
Q

p
ne Cs(0) = |g°(q° — 1)22%|d"+0-1_ Hexait C7 := sup Cg(d). 3posymino, mo crama
5€f0,1]

C7 > 0 3asexkuth TitpKH Bix ¢°, p, qo, ¢°.

0 —
Bukopwucrasimu uepisaicTh 'ebaepa 3 MOKa3HHKAMHE gig_& >1,¢°4+6—-1>1,3
[IOIIePEAHBOI HEPIBHOCTI Ta BULMISAY h OAEpPrKHMO

p(g(z,t)—=2) ¢"+5—-1 p(q +5—1) L
D<o [l T T ) e [l dr) TFT | (41)

ne z(x) = Jv(z)| + |w(z)], = € Q.



IIPO PO3B’SI3HICTH MIMITAHOI 3AJAYI A1 MOAEJILHOTO ...
ISSN 2078-3744. Bicuux JlpsiB. yu-1y. Cepist mex.-mar. 2014. Bunyck 79 25

Ockinbku 0 > 0, TO g(x t2)+52 > qq_2+5 > 1 maiizke nis BCix (x t) € Qo 1. Tomy 3 y3a-

q 0_9246
R e Er

raJbHeHol HepisHOCTI Lenbaepa mist obaacti ) i MOKa3HUKIB
BUILJINBAE OIIIHKA,

O_
q(:l f)

plg(z,t)—2) plg®)—2)  ¢°—2+6 q° =245
/v 0 < 2 o2 L0 )] LT ()] =

p(q(t) 2) —2+5
= Cs(0)||z "—249 ; Lq(” 2Dl

ze (CKOpHUCTaeMOCst TYT OIHKaMHu 3 3ayBaskenHs 4 mug obaacti ) ta jemMor 7)

q° =246
Co(0) 1= 21 LTI £ 25, s (0215 (1)) =

q+6 q¢°—q+s
é

210" =2+5 . |Q| € [0, 1],

= 25(40—g+8)/(a°-2+0)(|92]) = P —qo+3
210 =26 Q] > 1,
ne || — mipa Jlebera B R™ obmacti §2. 3 Burngany dyukiii Cg(d) BUILIMBaE, O YUCIO

Cy := sup Cy() zamosombasie omiakm 0 < Cy < +00. 3posymino takoxk, mo Cy He
5€(0,1)

3aJIeKUTH Bi 6. ToMy, BUKOPUCTABIIHN 3ayBasKeHHsT 4 Ta, JIeMy 7, OIepKUMO
p(g(t)—Q)
Is(t) < Gy g B (Pq _2+5(Z @’-2+0 ;Q)) = CoS(g-2)/(4"2+9) (/ |2()[? dz) =
Q

q—2

= CoS(g—2)/(¢2—2+5) (I[2][})-

[MincraBupmu ueit Bupas y (41), 3 seMu 7 OTPUMAEMO TaKe:

q0—2+5 - 1
I7(t) < Cq|Ig(t)| "+5-1 (/ lv —wl|? dm) ¢+l <
Q
q072+§
q0+5—1||v Hq +5 1 _

< C7|C9S(g—2)/(q0—2+5) (|12][5)

o—
= C1oSp(a-2)/@+5-1)(12llp) [0 = wllf 7 = CroSnig-a (Il o] + ] [p)[v — w][s <

1 h
< CroSaia—2)(Iollp + ol = wilh = (ClySa-a(llvlly + [wllp)lo = wlly)

3Blaku 1 Bumuiusae oninka (40). Jlemy noseseno. O

Jlema 9. Hexati suxonyiomoves ymosu (G), (Q), qo i ¢° — cmani 3 ymosu (Q), S —
onepamop 3 (39), dynxyis G € ML(A) sadosorvrse oyinxy (7), {Z(L,5)},s)eT 634M0
3 (12), {N(t)}icjo,r) osnaueno 6 (13), o — dywwuia 3 (19), B — Pynxyia 3 (20). Txwo
pe (-1, +oo) ft € (o, +00), mo icnye mawa cmana As(p, 90,q°, 1) > 0, wo das
scix (t,s) € T i T €0, T] BUKOHYEMBCA OUIHKG

% ) ) 0?
|I@ﬁxwwﬂv—AMﬂwﬂus(t_jaﬁgi;ﬁm|v—wmswaavu+|wu» (42)
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npuromy B(q°,p) — o(p,p) = 0.

Josedenns. ITloznaunmo uepes Iy aiBy uacruny sepisuocri (42). Hexait p, p raki sik y
dbopmymosanni nemu. Tomi 3 (23) orpumaemo, 1m0

t 1 t t
b= (G5 5+5) WEOv=N@w| =[[2(5.5) (5. 5)Winp-New)|

m

Ockimeru p > ¢° — 1, 70 p > ¢° — 1+ § nna seix gocnts Mamux 6 € (0,1]. Hexait

h:= ﬁ. Tonmi 1 > ﬁ > h > 113 oniuku (26) ays p1 := h, pa = p (U0 3aKOHHO),
MaTHMEMO
%Q(hvﬂ’) l s
I < (=it | (505 )N o = N (43)
ae
0 0
_n/qg+6—1 1\ mn/g+6-2+1 1y
0(h7/1)—2( P u)_Z( P u)_
0
ng +6—2 nsl 1 0
S S N T (e — : 44
2 +2(p u) B(g" +0,p) —olp,p) >0 (44)
Kpiwm Toro, 3 (26) ayist p2 = p1 := h (rozi o(h, h) = 1) marnmewmo
t s
[2(5: 3) W = N(Dpw)|| < Aah DIV ()0 = N ()l (45)

[Migcrasusmm (44) i (45) B (43), 01epKUMO TaKe:

C11(9)

I9 (t - S)ﬁ(q0+5’p

IN

e N () — N (s,

e
C11(8) o= 280D =0Wn) g1 (, )ty (B, h) =

n ¢°+6-2
— 99 —o(u.p) p
2 p %Q(qo_'_é_l,u)%l(l).

3 surnsany .#> summusae, mo Ci1(d) € obmexkenow mpu 6 — +0. Tomy, 3acTocyBaBImH

210 npaBoi yactunu 1iel HepiBaocti oujnky (40) 3 semu 8, orpumaemo

012JV1(p7 q0, qO)
(t — 5)P(@°+d.p)—o(p.p)

Iy < [lv = wllp Sg—2([|v]lp + [[wl]lp), (46)

ne crana Cpp He 3amexuth Big §. Ockiabkn crama A1 (p,qo, ") Tex He 3aIe:KUTH Bif
§iB(q°+d,p) 5—+>0ﬂ(q0,p), 10, cupsamypasmu B (46) 6 — 40, orpumaemo (42). Jlemy
—

JOBEIEHO. O
Jlema 10. Hezati euxonyromoca ymosu (G), (Q), qo i ¢° — cmani 3 ymosu (Q), S —
onepamop 3 (39), A — 3 (17), B — dymxyia 3 (20). Sxwo r > max{%(¢" — 1),1}, p >

max{r(¢® — 1),1}, wucao » ezamo 3 (18), mo icnye cmana </ (r,p) > 0 maka, wo daa
eciz 7 € (0,T) i v,w € L*(0,7; LP(Q)) sukonyemves ouinka

— 0 r
1AV = Aw]|p e, < 7 (r,p) TP o — w7 Sqa(0lposer + |[w]lpeir). (47)
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[Hosedenns. Hexait BukonyoThes npumyinennst jtemu, [1o(t) = ||(Av)(t) — (Aw)(2)]]p,
t € 10,7]. Toni

t

ho(t) = [|- [ 25N (6)es) = Nyl ds]| <
0

t
< / ‘ ‘I(t, 8) (N (s)v(s) — N(s)w(s))” ds.
) P
Bukopucraemo ominky (42) nas p = p. Ile MoxkHa 3pO6I/ITI/I 6or>1,p> r(qofl) >q'—1
ta g’ >q0>2,¢"—1>1,1> i, (p.p) =0,
OTEPIKIMO

t T
AM3(p, 0, 4°,p x(t,s
IlO(t) < /MIM(S) ds = ///3(]37 (IO,QO,P)/@_E)MZO’MIM(S) ds,
0 0

ne X B3gaTo 3 (33),

L1(s) = [v(s) = w(s)llp Sq—2([[v(s)llp + [[w(s)llp), s € (0,2). (48)

Hexatt I12 := [|Av — Aw||, .. Bpaxosyioun nanti mosHaueHHs Ta OTPUMaHi OIHKH,
OZICPIKAMO TaKe:

I —/Iho( )[* dt < |As(p, q0,4°, D) I”/‘/i)hl( )ds‘ dt.

t — g)B(d%p)
0

BI/IKOpI/ICTOByIO‘II/I OI_LIHKy 3 TBepAKEeHHHA 3 MaTHMeMO, IO

Ly < |#s5(p, q0,4°, D) /’/ qup |I11(s dt’ ds} =

&\H

Fa
= |‘%3(p7 qo0,4 7p /Ill ‘ / ‘_ 5 B(‘I J})%‘ dS:I . (49)
3pobumo iesKi mepeTBOPEHHs. OCKmbKI/I p> T(q —1), To 3 myHKTy 5 semu 1 BHILIMBAE,
mo B(q°,p)s < 1. Tomy 3 mynkTy 6 memu 1

T

/ dt _ (tf S)lfﬁ(qo,p)u t=r _ (7. _ S)lfﬁ(qo,p)z - Tlfﬁ(qo,p);{ B
(t—s)pex 1=B(¢"p)x |-,  1=B(¢"p)x ~ 1-p(qp)x
F1=B(a" )5+ (¢"~2) 74" =1=B(q%r)

T B0 (-2 0 1B
Buxopucrasmu (48) i (50), 3 oninku (49) orpumaemo Taxe:

T

|%3(p7 QO7qO7p)‘% 0_1— 0 1) ”
he € S e T f e as] =

0
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= Gy 1P| / lo(s) = w(s)lly Sy2( oy + [[w()]],) ds]

Tomy 3 mepisrocri I'enbiepa 3 nokaznukamu » > 1, —*5 > 1 onepxumo

I15 < Cp371 0—1-8(q°r) %

C

x/| (s)lly ds /\Sq Sy + @) as] L 6
0

Hosa (18 = (9l ot s 5 € 0.7),

S (s | €0 > 1), B={se(07) | () <1,

Ockinbku p > r(q - 1) >r > 2(¢" — 1), ro (mus. myskr 3 nemn 1) s > ¢° — 1. Tomy

x—1

> 1, orpuMaemMo

=g+
q _2 q[J 2 %—q0+1
[]sistcin| ds—/|< ds < /|< ) as) T fas) 7T <
A A
(¢° —2)% 2—q°+1
<G L0, )| =T =T (52)
Anagioriuny (52) ouiHKy OTpI/IMaGMO i st iHTerpaﬂa mo B
2);4 »x—qo+1
/ Sq-a(Cl)| 7 ds = / &) 5 s < G| T (5)

3 ominok (52), (53) i mepirocri rpukyTHUKa B L* (0, 7) BUIIMBaE, MO

/]sq ) ”;‘(1 ds = /"sq_g(g(s))]’il der/’Sq_g(C(s))‘%Zl ds <
A

0—2)3  3—¢° )% x— q0+1

B (¢°=2) °+1 o
<GLF0,7)|[ =T 7 =T +|¢; L7(0, T)H el

ﬁ s2—q°+1 »x—qo+1
< [SeaiG L ID| T (7T 4T ) <

ﬁ( x—q°+1 %*q0+1)

S T x—1 +T x—1

Sq—2([[v]
Toxi 3 (51) i oninku Ty (25) MaTUMEMO, IO

0 0 ..
Iig < Cpyrd —1-8(q"r)>

poer T W] [p,5e.7)

i 0
(T;c—q +1 4 T%—qg—i-l) —_

X o = wll5 s | Sa—2([[0llp,e, + l[wllp,s2,7)

Py, T

= Cy(1+ T 0) =B +0m)5 | _ gy |

p,,T

Sq—2([[v]

3eicu i BuumBae oujnka (47) 31 crasuoro, gka 3anexxuts Big 1 i Binokpemiiena Bij Hysis
npu T — +0 (11e MU BUKOPUCTOBYBATHMEMO JaJi). JleMy TOBeIeHo. O

poe,T T [[w] p,%ﬁ)
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> 2(¢°—1). Hpuiime-

Mo nosinbre 7 € [2(q° — 1), 745 P+ ). Hexaii 5, ¢ B3aT0 3 (18) a dbyukuii o, § -3 (19), (20).

4. JoBeaeHHH TeopeMI/I 1. Hexaii p > %(qo—l)z. Tomi qop_l

2p(q° *1) 2p
2p—n(q°—1)’ n(¢°-2)

Bukopucraemo semy 1. 3 nyHKTy 7 MaTUMeMO, IO E [ ). Ipuiitmemo

MaKCHMaJbHe »* = % . Ockinbku g > 2+ 2, To 3 MyHKTY 2 BUILIHBAE OLiHKA
¢ > 1. Orxke, »* < p. Kpim TOFO
n n n
p>5(° =12 > -1) > S(¢" - 2),

2 2 2
10610 >* > 1 Ta p > 2(¢° — 2) > ¢ > 1. 3 mynkry 3 Ta ymOBH

=) < 560 - 1)
, Cl=(¢g —1
pro— 5@ —1).p
BumuBae, mo »x > ¢° — 1. Orke, uuciaa p i s, 9Ki 3a10BOABHAIOTH YMOBU TeopeMu 1,
icuyors. Kpim toro, mymkr 4 i ymosa r > 2(¢° — 1) > ¢ o3na4aiors, mo

B¢’ r) < 1. (54)
Ockinbku r < qo’%l, 10 p > 1r(q° — 1) i 3 nmynkry 5 orpumaemo, mo 3(q", p)» < 1.

n. o
“(° -1
re |5 =1

Hoseznemo, 1o oneparop A 3 (17) 3agoBonbhsie ymosu TBepazenns 1. Hexail € > 0,
7 € (0,T] — moBinbHI umcna,

Ber ={v:(0,7) = LP(Q) | |[vllpsr < e}

[puiivemo foBinbHe v € B, . Ta BUKOpHCTaeMo OmiHKy (47) 3 mum v Ta 3 w = 0. Ile
3aKOHHO, 60 MU IIOWHO AOBEH, 30KPEMa, IO I Ta P 3aJ0BOJbHAIOTH yMOBH jemu 10.
3riano 3 (17) onepxumo pisnictb (A0)(t) = 2zo(t) ana Beix t € [0,T], ae 2o B3aTo 3 (16),
a romy (47) nabyne Burisiy

0
|4V = 20|lp e < (r,p) TP 0] e e Sqa ([0l e, r) < 7 (r,p) 7708, (o).
Kpint 1070, (LAY — 2ol p e = [140]lper — 120l - Tomy
o
||~AUHP,%,T < ||ZU||p,%,T + 0157—1_5((1 77)55q72(5)7 (55)

ne nonarHa craga Ciy He 3aJeKuTh Bix ug, f, v, T, €.
3 ouinok (30), (32) must p1 = pa = p, A = p = 3¢ (WO 3aKOHHO) OJIEPKUMO TAKE:

1 _
120l]p,5e.r < [|Tov0llpseir + 1T fllpser < Lo(p, )T a(p’p)”uOHp +

1_ x—1 1
+ 2L (p,p; 30, 5)7% TP [l = CroT* o] lp + Crr7||flp,sers (56)

e nonarHi crami Chg Ta Cir He 3amekaTh Bix ug, f,v, T, .
Orox, 3 (55) 1 (56) orpumaemo ouiHKy

1 _ 0
[[AV|[p,5e,r < Cr67#||uollp + Cre7|| fllp,oer + Cyst! ple 1”)55(1_2(5)_

[Ipunycrumo, 110
luolly <& [Ifllpr < (57)

Toni ymosa A(B: ;) C Be,; BUKOHYETbCH, AKIIO

0167’?62 + 0177'62 + 0157'175((10’7”)65(1_2(6) <g,
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TOOTO, KON
0167'%6 + Ci77e + 0157’17ﬁ(q0’r)5q—2(5) =L (58)

Tenep npuitmMemo 10BinbHL v, w € B, ; Ta BUKOPHCTAEMO OIIHKY (47) i nemy 7

a0
1AV = Aw]lp,se,r <  (r,p) 777D S o (|[0]lp,seyr + 1[10]]p,se, )0 = ] lpyser <

< Do = wllpse,r

ne D =27 "24/(r,p) TI*B(QU’T)S(I_Q(s). 8posywmiso, mo oneparop A € cruckom Ha B -,
akmo D < 1, Tobro, Koau

24" 2.0/ (r,p) 71PN () < 1. (59)

Miacymyemo orpumani Hamu dhakTu. Ao BuKoHyoThest ominku (58), (59), To ome-
parop A 3aJ0BObHSAE YMOBU TBEPKEHHS 1, TOMy Ma€ HEPYXOMY TOYKY — PO3B’S30K
piBuganua (11). Ouinkn (58), (59) (Bpaxosyioun (57), (54) ta myHKT 1 jemu 7) BHKO-
HYIOTbCs 3a OJIHIE€] 3 TAKMX YMOB:

1) mst poBinbHEX ug € LP(QY), f € L*(0,T; LP(12)) eubupaemo € > 0 TakuM BeJH-
KuM, MO0 BUKOHyBanuca Hepisrocti (57), a morim eubupaemo 7 € (0,7 Takum
MasmM, 1106 BukonyBasucs ouinku (58), (59); roai Maemo JoKaibHUI PO3B’sI30K
418 BCiX ug 1 f;

2) ans 3aganoro 7T (Tousnime qya 7 = T') Bubupaemo € > 0 TaKuM MajiuM, o6 BUKO-
HyBasucs oinku (58), (59), a morim BubUpaemo uy € LP(Q), f € L*(0,T; LP(Q2))
TaKuM, 11100 BUKOHYBaJsuCa HepiBHOCTL (57); TOAl MaeMo riobabHuil po3B 30K
(11), B3arani Kaxy4u, Juine Ajs TUX g 1 f, 9Kl MAOTh Majy HOPMY.

Teopemy 1 nomemeno.

3aysaoicenns 5. Pesyabrarn Teopemu 1 MOMKHA TIOMWPHUTH HA APYTY i TpeTio Mimami
3amadi 171t pipHsAHHS (1) Ta Horo ysarajihbHEHb.

5. BucHoBku. 3HaiiieHo YMOBH iCHYBaHHS CIaOKOTO PO3B’SI3KY TepInol MirmaHoi
3amadi s nisgiHifHOTO mapabosivuHoro pisHsAHHES (1) 31 3MIHHUM TOKa3HUKOM HeJriHif-
. . : n 0
nocri. Heit noxkasHuk 3a10BosbHgAE uie ymMosy (Q) 3i cramuvu 2+ § < qo < ¢° < +o00.

CIIMCOK BUKOPUCTAHOT JIITEPATYPU

1. Byepit O. Ilpo icuyBanHs c1abKoro po3s’a3Ky MinraHol 3aa4i [ig MOIEIBHOrO MiB/IiHIHHO-
ro napabosivHOro pisHsHHg 31 3MiHHMM crenenem Heninifinocri / O. Byepid // Bicu. JIbsis.
yu-Ty. Cep. Mex.-mar. — 2011. — Bum. 75. — C. 79-90.

2. Buhrii O. On solvability of model nonhomogeneous problems for semilinear parabolic equa-
tions with variable exponents of nonlinearity / O. Byepiti // Bica. JIbsis. ym-Ty. Cep.
mex.-mat. — 2012. — Bun. 77. — C. 29-40.

3. Antontsev S. Nonlinear PDEs in Sobolev spaces with variable exponents / S. Antontsev,
S. Shmarev // Preprint CMAF Pre-2013-015 (2013).

4. Boxaesao M. Mimana 3amada 1jid einTUIHO-TIAPAOO/IYHIX AHI30TPOHUX PIBHAHD BHIAX
HOPsiAKIB 31 3MiHHEMEU nOKa3HuKaMu HesiHiluocti / M. Boxaso // Bicu. JIbsis. yu-Ty. Cep.
mex.-mar. — 2013. — Bun. 78. — C. 14-26.

5.  Byepii O.M. Ckinuennicts gacy crabimizamii po3s’a3ky HesiHifHOT mapabositHol Bapiariii-
HOI HepiBHOCTI 3i 3MiHHUM cTeneneM Heminifinocri / O.M. Byepitd // Marem. crymii. — 2005.
—T. 24, Ne2. — C. 167-172.



IIPO PO3B’SI3HICTH MIMITAHOI 3AJAYI A1 MOAEJILHOTO ...
ISSN 2078-3744. Bicuux JlpsiB. yu-1y. Cepist mex.-mar. 2014. Bunyck 79 31

6.

10.

11.

12.

13.

14.

15.

16.

17.

Mashiyev R.A. Existence of solutions of the parabolic variational inequality with variable
exponent of nonlinearity / R.A. Mashiyev, O.M. Buhrii //J. Math. Anal. Appl. — 2011. —
Vol. 377. — P. 450-463.

Taesckut X. Henuueiinele omeparopHble ypaBHEHHS U OllepaTOpHBIE AuddepeHmaIbube
ypasuerns /| X. [aescxuti, K. I'pezep, K. 3azapuac. — M.: Mup. — 1978. — 336 c.
Maremarmaeckas samukiaoneusa. B 5 v. / I'n. pex. 1. M. Bunorpagos. — T. 1. — M.: Co-
BeTcKasd sHImKIoneus, 1984. — 1140 c.

Mamituyx M.I. TlapaGomiani Ta enxintuani kpa#iosl 3amaqi 3 ocobmusocravm. /| M.I. Ma-
mituyx. — Yepuismi: pyt, 2003.

Giga Yo. Solutions for semilinear parabolic tquations in LP and regularity of weak solutions
of the Navier-Stokes system / Yo. Giga //J. Diff. Equat. — 1986. — Vol. 61. — P. 186-212.
Tpenoeun B.A. @yaknmonansubiii anamus / B.A. Tpenozun. — M.: ©U3MATJINT, 2002. —
488 c.

Weissler F.B. Semilinear evolution equations in Banach spaces / F.B. Weissler //J. Func.
Anal. - 1979. - Vol. 32. - P. 277-296.

Bystrém J. Sharp constants for some inequalities connected to the p-Laplace operator
/ J. Bystrém // Journal of inequalities in Pure and Applied Mathematics. — 2005. — Vol. 6,
Issue 2. — Article 56. — P. 1-8. — M., 1948. — 456 c.

Orlicz W. Uber Konjugierte Exponentenfolgen / W. Orlicz // Studia Mathematica (Lwow).
—1931. - Vol. 3. — P. 200-211.

Kovdcik O. On spaces LP™) and W) / O. Kovdcik, J. Rakosnik // Czechoslovak Math.
J. - 1991. — 41 (116). - P. 592-618.

Fan X. Existence and multiplicity of solutions for p(z)-Laplacian equations in R™ / X. Fan,
X. Han //Nonlinear Analysis. — 2004. — Vol. 59. — P. 173-188.

Xapou I''T. Hepasenctea / I.I. Xapdu, Jowc.E. JTummavsyd, I. Hoaua — M., 1948. — 456 c.

Cmamma: naditiwaa do pedaxuii 16.01.201)
nputnama do dpyxy 28.02.201/

ON SOLVABILITY OF INITIAL-BOUNDARY VALUE PROBLEM

FOR MODEL SEMILINEAR PARABOLIC EQUATION
WITH EXPONENT OF NONLINEARITY g(z,t) > 2 —1—%

Oleh BUHRII

Tvan Franko National University of Luviv,
Universytetska Str., 1, Lviv, 79000
e-mail: ol _buhrii@i.ua

The initial-boundary value Dirichlet problem for the equation

ue — Au+ g, 1) |ul* %0 = f(x,1)

is considered in a cylinder domain of R;H,'l The existence of a mild solution to
the problem is proved provided the condition g(z,t) > go > 2+ 2 holds.
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O PA3PEIIIMMOCTU CMEITTAHHON 3AJIAYN
JTIJIA MOJIEJIBHOT'O TIAPABOJIMYECKOI'O YPABHEHU A
C MOKA3ATEJIEM HEJIMHENHOCTU q(z,t) > 2 + 2
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Wccnenosana cmemmannas 3amaga Jupuxiie 11 ypaBHEHUS
w — Au+ g(x, 0)|u|T@ 2y = f(x,t)
B mummHApITeckoit obmactn w3 R TIpn yemosmm q(z,t) > qo > 2 + 2
JIOKA3aHO CYNIECTBOBAHUE CIa00r0 penieHus 3TOH 3a1a49M.
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