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7151 O/THOTO KJIACY €BOJIOIIHHUX CUHTYJISIPHUX PiBHSHD

IIpedcmasneno axademixom HAH Yipainu M.O. I[lepecmioxom

Bemanoeneno pose’ssnicmo neiokanwioi 6azamomouxosoi 3a uacom 3a0aui 0Nt e6OMOUILIHUX PIBHAHD 13 NCe600-
beccenesumu onepamopam HeCKiHuenHozo NOPAOKY 3 NOYAMK0BOH YMOBOK), KA € eLeMEHMOM NPOCMOPY Y3a2a -
HEeHUX PYHKUIL muny po3noodinie y eunaokxy, Koau HeloKaIbia 6azamomoukosa Yymoea micmums ncesdobeccenesi
onepamopu.

Kmouosi crosa: neiokanvia 6azamomoukosa 3a 4acom 3adaud, eeoouilini piensanis, ncesdodupepenuyianvnui
onepamop, 31i4eHH0-HOPMOBAHULL NPOCMID.

OpHuM i3 MOKJINBUX y3araabHeHb 3amadi Kot € HesokasmbHa 6araTOTOYKOBA 32 YaCOM 3371444,

m
KOs yMoBa u(t, ") |,_o= g 3aMIHIOETBCSI YMOBOIO ZOLku(t, ) ]t:tk:g, nety=0,1{,....t,} <(0,T],
k=0
{0y, 04,...,0,,} cR, me N — dikcopani uncna (akmo oy =1, oy =...=a,, =0, To Maemo, oye-
BUIHO, 3aMa4dy Korri), mpu 11boMy BKa3aHa yMOBa TPAKTYETHCSI B KIACUYHOMY PO3yMiHHI abo B
cmabKoMy ceHci, SIKio g — ysaragbHeHa ¢dyukilis. HesokampHi 3a vacoM 3a1a4i HaJIEKaTh 110
HeJIOKAJIbHUX KPaoOBUX 3a/1a4 I/ PIBHSAHD 3 YaCTUHHUMU MOXiAHUMU. Taki 3a/1aui BUHUKAIOTD Y
MOJIeJTIOBaHHI 6araThoX TPOIECIB Ta 3a/1a4 PAKTUKU KPAHOBUMH 3a/la4uaMi [IJisl PiBHSIHB 3 4ac-
TUHHUMM MTOXiTHUMU 3 HEJIOKAJIbHUMU YMOBaMU (ZIUB., Hapukiazi, [1—9]).
Y it po6OTi OCTIKY€ETHCS HEJTOKaIbHAa 6araTOTOYKOBA 32 YaCOM 3a/1a4a JIJisT €BOJIIOI THOTO
piBHsiHHS du /ot + [(A)u(t)=0,1e f(A) — nceBmoaubepeHIiaTbHI OTTepaTOp “HECKIHYEHHOTO

MOPSZIKY BUTJISTY ZCkAk, e A=F§1[aFB |, a=a(c) — cumBox oneparopa A, FBv , FB_1 —
A% v A%
k=0
npsiMe Ta obeprene neperBoperts beccerst; f(A) i€ B TOKAJIBHO OIYKJIOMY TIPOCTOPI, SIKWiT €

MIPOEKTUBHOIO TPAHUIIEIO TIEBHUX 3/1IY€HHO-HOPMOBAHUX MPOCTOPiB. [Ipr 0OMekeHHSIX Ha PYHK-
il f Ta a, sIKi y3araJbHIOIOTH BIIOMY yMOBY “mapabosigHocTi” /i piBHSAHB TapaboJiaHOTO
tuiy, onepatop f(A) nogaerbes y surismi f(A)= ng[f(a)FB ], o610 f(A) Takox € mceBao-
mdepeHIiianbHUM (TICEBIOOECCENEBIM ) OIIEPATOPOM 3 CHMBOJIOM f(a). Henokasibha 6aratorou-
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KOBa 32 9aCOM yMOBA JIJisl BKa3aHOTO PiBHSHHSI TAaKOX MIiCTUTDH TCEBIOOeCCeeBi omepaTopu
By, ke {l,...,m}. BcranosiieHo BiacTuBOCTI (hyHZAMEHTAIBHOTO PO3B’sI3KY TaKOI 3a/1aui, J0Be/ie-
HO PO3B’SI3HICTH 3a/1a4i Y BUIAJKY, KOJU g € €JeMEHTOM IIPOCTOPY OCHOBHUX (YHKIIIN abo
IPOCTOPY, TOTOJIOTIYHO CHPSKEHOTO 3 HUM; 3HAiIeHo aHagiTHdHe 300pakeHHsI PO3B'SI3KY.
3ayBaxkumo, 1110 B miparisix [10, 11] gocrimkera HesokambHa 6araTOTOYKOBA 32 YACOM 3aj1a4a JJist
3a3HAYEHOTO PIBHSHHS y BUIAJIKY, KOJIM Bi/IIOBI[HA yMOBA He MiCTHTB IceBrobeccesieBi onepa-
topu (To6t0, By, =1, ke {l,...,m}).

1. IIpocropu ocHOBHUX Ta y3araibHeHux (yHkmiii. Hexait y — ¢ikcoBaHe 4ucio 3 MHO-
xuHn (1, +0)\{2,3,4,...}, v — dikcoBane uncmio 3 MHOXUHU {3/2, 5/2, 7/2, ...}, py=2v+1,
Yo =1+[Y]+ Dy, M(x):=1+|x|, xe R,

s —(Yn+k
®:={pe C*(R): | Dio(x) |<cp (1| x ) ™ kez,), @= limpro,,

p—veo

ne ®,, pel,, — GaHaxiB TPOCTIP BiZIHOCHO HOPMU

p 3 —
o, =sup S M@0 | Dro)]}, e @, pez,,
xeR | k=0

ne 0<e<1 — dixcosanuii mapamerp.

CumBoJsioM @ 1MO3HAYMMO CYKYITHICTh yCiX MapHUX (QYHKIIIH 3 TpocTopy @ 3 BiJIMOBIIHOIO
Tomotori€ero. [leil mpocTip Ha3uBaTHMEMO OCHOBHIM, & 00 eJIEMEHTH — OCHOBHUMU (DYHKIISIMU.
Y npocTopi ¢ BU3HAUEHA OTIEpallis y3araJbHEHOTO 3CyBY apryMEHTY Tf, sKa BIATIOBIZIa€ omepa-
topy Beccenst B, = d? Jdc* +v+Da~ld Jdx , v>—-1/2:

T
Tf(p(x) =b, j@(\/xQ +E2 —2xEcosm)sin?odw, ¢e®,
0

ne b, =T(v+1)/(T(1/2)T(v+1/2)). Ila onepauis € HecKiHueHHO AdePeHILIHOBHOIO B IIPOC-
topi @ [12]. Hacaigytoun [13], 3ropTky ABOX (hyHKITiH 3 TpocTopy @ BuUzHAUMMO (hOPMYJIOI0

(9*w) ()= [Tro(x)y(E)E™dE,
0
Ha dyHkigx 3 mpoctopy & BUBHAYEHE nepetrBopeHHd beccesst

Fy [01(8)= F5l91(8) = Jo(x)jy (x&)x™ " dx, e d,
0

ne j, —HopmosaHa dyukuis beccemns. [Ipu ibomy Fgz[@] — napna, oOmesxeHa, HerepepsHa Ha R
¢ynxkig. [ami BractuBocTi hyHKITIH 3 TPOCTOPY y= Fy [(i)] HaBejieHi B nipaiti [12].

CumBosiOM (ci))' MMO3HAYUMO TIPOCTIP YCiX JIHIHHUX HellepepBHUX (PYHKITIOHAJIB, 3a/laHNUX
Ha @, 31 crabkoio 36ikHicTO. EneMentn 3 ((i))' Ha3WBATUMEMO y3araJibHEHUMU (DYHKITIIMU.
Y npocTopi & BHU3HAYCHA olnepallisl y3araJbHeHOI'0 3CyBY apIyMeHTY, TOMY 3TOPTKY y3arajbHe-

HOi yHKIHT f € (qo))’ 3 OCHOBHOIO (DYHKITI€I0 33/1aMO (hOPMYJIOI0
(F*O)(x)=(fe, Te0 (1)) = (/. TE Q). 9ed,
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npu oMy [ *@ € HecKiHYeHHO AudepeHIriiioBHO Ha R (yHKIlE0, OCKIIBbKE omepaltist y3a-
TaJIbHEHOTO 3CYBY apryMeHTY HeCKiHYeHHO MudepeHIliiioBHa B IPOCTOPi @ [12] (TyT( fg, Tx&(p(x))
mo3Havae Jifo (pyHkiionansa f Ha Tf(p(x) AK (DYHKIN0 aprymeHty & ).

Ockinbku Fg 1[(p] € @, SAKIIO Qe ¥, 10 neperBopeHHst beccestst ysaranbHeHOT (QyHKIIT [ € (qo))’
BusHaunmo Tak: (Fz| f], @) =(f, FB_1[(p]>, Vo e . I3 Bractusocreil TinifiHoCTi if HemepepBHOCTi
(dynkiionana f Ta meperBopertst Beccesst (IpstMoro Ta 06€PHEHOT0) BUTIIMBAE JIHIWHICTD 1 He-
nepepBHicTb yHKIioHaNA Fg| f], BU3HAU€HOTO HA IPOCTOPI OCHOBHUX (QYHKIIH Fp [(i)] .

Sxmo f e (qo))’, [*oe o, Yoe &, Ta i3 CIHiBBiAHOMICHHS ®; =0 mpu j — co 3a TONOMOTIEI0
IPOCTOPY & BUILINBAE CIIBBIHOIIEHHS [ * @ ; — 0 mpu J — °° 3a TOIOJIOTI€0 TPOCTOPY @, TO
(yHkIitionan f Ha3WBa€eThCs 3ropTyBadeM y mpocTopi & . Hamasi kimac ycix 3ropTyBaviB y mpo-
cTopi @ mosHadatuMeMo cuMBOJIOM (d+) . B [14] moseneno, 1mo skuo f € (d«)", To ans mo-
BistbHOI yHKIIIT @ € @ npaBuibHolo € hopmyna Fglf*o]=Fz[f] Fzlo], upu mwsomy Fplf] —
MYJIBTUILJIIKATOP Y TPOCTOPI @ .

Hexait a: R —[0,) — HenepepsHa, mapHa Ha R (YHKILiST, OHOPITHA TTOPSIAKY Y, TOOTO
a(hx)=A"a(x), A>0, axa:

1) neckinyenno audepenitiiioBna npu x #0;

2) 11 moXiHi 3a/I0BOJIBHSIOTH YMOBY

. k —k.

VkeN 3¢, >0 Vawe R\{0}: [Dia(x)|<c;|x [

3) icuyiots craui ¢, ¢y >0, 0>y Taxi, mo

¢ x[' <a() <G (+[x %), G>c¢), reR
(1pukaazom Takoi pyHKIii Moxke caysxkut Gyukiisa a(x) =[x V).

Buzimmmo kiac HeckiHueHHO audepeHninoBaux GyHKiin f(x)= zckxk , xe R, 3a momo-

k=0
MOTOIO SIKUX MOKHA OY/IyBaTH 1ceBaobecceseBi omepaTopu HeCKiHU€HHOTO MOPSI/IKY BUTJISILY
f(A)= chAk, ne A= F]§1[aFB] — nceBgobeccenieBrii onepaTop, mobypoBaHuii 3a GYHKIIEO-
k=0

cUMBOJIOM a. IIpu 11bOMY BBaskaTHMeMO, 1110 orieparop f(A) BuU3HAYEHUI KOPEKTHO B IIPOCTOPI
@, SIKIO /11 KOKHOT OCHOBHOI (DYHKIIIT @ € @ P

S0 @) = Y ep(Aro) (@)
k=0

300pakac JessKky OCHOBHY (DYHKIIIIO 3 IIPOCTOPY . Hacaigyiouu [15], mpumnyctumo, 1o GhyHK-
1ist f nomnyckae aHariTHYHe TIPOIOBKEHHST Y BCIO KOMILIEKCHY TIIOMIMHY 1 33/10BOJIbHSIE YMOBU:

(a) Vke Z, 3p, >0 3b,>0 VaeR:|Dif(x)|<by(1+]x )7k
~ 7 ['Y]+V+3/2—A0

) <= ,
© P < S eves/2) !
D1y, p; — crami 3 ymonu (a), S=v+3/2+[y]le N, 6 — crana s ymonu 3;

Aj € (0,1) — dikcoBanuii napamerp, foo' =max{pg, Pi,---» P} Py

(8) Ve>0 3¢, >0 Vz=x+iye C: | f(2)|<c.(1+]x )"0 exple|y /18l Py — CTana 3 yMOBH
(2), [S] — [[iJIa YACTHHA YUCIA O ;

(r) Iy >0 VaeR: f(x)=PBy|x].

Y mpari [15] BctaHOBJIEHO, 110 3 BUKOHAHHSIM BKasaHUX yMOB orepatop f(A) BU3HayeHMI
KOPEKTHO, € JIIHIHHUM 1 HelIEPEPBHUM Y TIPOCTOPI o, npu bomy f(A)=Fg 1[ f(a)Fg].
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2. HesokaibHa 6araTroTo4KoBa 3a 4acoOM 3azaya. /[Jis1 eBOJIOIIIHOrO PIBHAHHSI

?{—L:+f(A)u=0, (t,x)e (0,T]xR, =Q, ey

e f(A) — oneparop, 10Oy I0BaHUI ¥ 1. 1, PO3TJITHEMO HEJIOKAIbHY 6araTOTOUKOBY 32 YaCOM 3a/iady

m
Mu(t")‘t:O _z MkBku(t’ ) ’t:tk: o, (pE(i)’ (2)
k=1
neme N {u, iy, ..., 1, € (0,+0),{t, ..., ¢, } ©(0,T] — dikcoBani mapameTpu, ty <ty <...<t, <7,
Bi,..., B, — ncesnobecceesi oneparopu, nobyaosani 3a GyHkuismu by, ..., b,, BiANOBiAHO, SIKi
3a/I0BOJIBHSIIOTH YMOBH, aHastoriuni ymoBam 1—3311. 1, acame by, : R —[0,0), ke {l,..., m}, — ne-
nepepBHi, napHi Ha R GyHKIi, HeckiHueHHO AudepenItiioBHi Tpu x # 0, OHOPIIHI TOPSIKY
B, >1 Binnosigno, By <Py <...<B,, <y (y>1 — nopanox oxnopigHocti GyHKIii a ) Taki, mo:

1) Vhe{l,...,m} Vse N 3d,, >0 Vae R\{0}: | Diby(x)|<dj | PH;

2 ke {l,...,m) oy, 8, >0 6y >0y, Yee R\ (=1 1): oy |x Pk <by(x)<ay | ok
I3 HaBeseHUX OOMEKEHD BUILINBAE, 110 QYHKILIT by, ..., b, € MyJIBTUILIIKATOPAMU B IIPOCTOPI
®,a By,..., B, — niHiiini HenepepsHi oniepaToOpy B IIbOMY IIPOCTOPI. BBaskaeMo Takox, 1o

A
coy Loy

. .
M>A2uk, A=max{l,L,...,L,,0,...,0,,}, L,=—1
b1 Bocots

, kefl,...,m},

e ¢ — crajga3ymosu 3,a f, — crana3 ymoBu 2311 1.
3a 7onoMororo TepeTBopeHHs beccesd 3HaX0MMMO, IO KJIAaCUIHWIA PO3B’s130K U € C 1((0, T, ®)
3amadi (1), (2) mae BuTsan

u(t, x) = TTEG(t, D)OE©EAE=G (1, 1) p(x), (¢, x)eQ,
0

ne G(t, x)=Fz'[Q(t,0)] (%),
—1

m
Q(t, 0) = exp{~tf (a(o))}| u— Y Wb (o) exp{~t. f(a(o)} | .
k=1
3ayBaxumo, 1o i3 oomexenb Ha GyHkuii a, f, by,...,b, BUNINBAIOTL HEPIBHOCTI: SK-
mo o>=1, 10
b(o) __oylol" _ oy
Botra(o) ~ Botpcy lol' Botrco

b(G)exp{~,/(a (o))} < =L, <A, ke{l,...m};

ko 0<6 <1, 1o by(6)expi—t,f(a(c))} <by(c)<dy |0 Pk <oy <A
OTtxe,

w— > by (0)exp{-t;f(a(o))} >u—-AY 1, >0, ce(0,).
k=1 k=1
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m
YV touni 6=0 maemo p— Z“kbk (O)e‘tkf(a(()))

k=1

=u>0. Toxi

-1
n—= Zukbk (G) exp {_tkf(a(c))}] >0, oe [0’ +o0),
k=1

PU IHOMY
m » {m .
w-> Hebp(o)e W) _ “(1 _Ezukbk (c)e /(@) J
k=1 k=t

m m
1 S e (G)e—zkf(a(c)) < A Si, <1, 620,
= M=t

CxopucTaBmmch OCTAHHBOIO HEPIBHICTIO TA MOJTHOMIaIbHOIO (hOPMYJIOI0, 3HAUIEMO, TITO

k=1 r=0 k=1

1 .
n . oo m
. Zukbk (G)e—ka(a(G)) ] _ & Z“—r (Z“kbk (G)e—tkf(a(c)) ] _

< - r r! - 7, —t
=S Y e VN b, (o)e Y =
r=0

|
Aoty =1 Bie Tyt

= ¥ 7,

= Zu—(rn) z MZ’F (©)... b;m (G)e—(t1r1+...+tmrm )f(a(c)).
!
r=0 :

.. A, =T 71!"' Tm

3Bijcu gicTaemo 300paskeHHs st pyHKIL G :

ut m
Y el Gouw,

nl..r,

- 1
Gt,x)=3 =5
r=0

7‘1+,..+rm=r

1€

G~(7u+ t,x)=c, J‘b:1 (0)... b;m ((5)e—(kﬂ)f(a(ﬁ))]-V (GX)G2V+1d(5,
0

A=t +...+t,1,, G(t x) — dyngamentanbuuii po3s’a3ok sagavi Komi a4 pisnsanns (1), g
SIKOTO MPABWJIBHUMH € TaKi OI[iHKY, oTpuMaHi B [ 15]:

DG (2, 1)< ot (1| [y 0, e,

e o, =(8p, +7)mg, my=v+3/2+[y]+s, >7 — cranaz ymosu 33 1. 1, P, =max{p,..., P},
Pioeess P, — crtaui 3 ymoBu (), o, >0 He 3anexxkuthb Bij ¢. CKOPUCTABUIMCH BJIACTUBOCTAMMU
¢byukuiit f, a, by,...,b,,, BcranoBmoemo, mo G (¢, x) € HerepepBHO ANDEPEHIIII0OBHOIO HA I1PO-
Mizkky (0,7 dynkiieo (mpu dikcoBanomy x€ R) i HeckiHueHHO AMdEPEHITIHOBHOIO DYHK-

mieto aprymenty x (npu ¢ikcoBanomy te€ (0,7T]). Ominku dhynkiii G ta ii TOXiHUX 3a apry-
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MEHTOM x (3 BU/IJIEHOIO TIPU IbOMY 3JI€SKHICTIO BiJl TapaMeTpa ¢ ) Aaf0ThCs B HUKUEHABee-

HOMY TBEp/I’KEHH.
Jlema 1. /[ns pynxuii G(t, x) ma i noxionux (3a aminnoio X ) npasuivHumu € OuiHKu

|DSG(t, x)| < et D/ 11+ | x [y V0™ te0,T"], T" =min{t, T}, (3)
xeR, seZ,, vy =2v+2+[y], =0, +(y+o,)o—-[y], a=v+3/2+[7],

o = Sl;a-owow, ko |o|>1,
“ akmo |ol<1, 620,

by =max{pq,..., Py}, 0€ Py,-., Py — CMANL 3 ymosu (), 8>y — cmana 3 ymosu 3, cmana c, >0
He 3anexcums 610 t .

3aysaxcenns 1. 13 oninok (3) noxigaux ¢yHkIii G BUNIUBaE, 1Mo npu kKoskaoMy te (0, T
dynkiia G, g9k GyHKIg apryMenTy X, € eJIeMEHTOM IPOCTOPY o.

Jlema 2. IIpasunvrumu € meepoxrces.

1. Qynxyis G(t,-), te (0,T], ax abcmpaxmna pynxyis napamempa t is snauennsmu 6 npo-
cmopi &), Jugepenuyjitiosna 3a t .

a aG(t,) ° N/
2. —(g*G(t,))=g*—27L v .
at(g t,))=g ” ge(d)

3. Y npocmopi (®)" cnpasdxcyromvcs eparnuuni cnieionowenHsi:

m
a) Wlim G(t,-) = Yy lim ByG (,) =8
t—+0 k=1 1%

m
6) wlim o(t,)= Yy, lim Byo(t, ) =g,
t—+0 k=1 1o

de o(t,x)=g*G(t,x), ge(qo)*)’, (t,x)e Q.

4. Qynxuyin G(t,-) 3adosonvnse piensanus (1).

I3 TBepKeHHS 3 6 sieMu 2 icTaEMO, 1110 st PiBHSAHHS (1) HEJIOKAJIbHY 7 -TOYKOBY 32 YaCOM
3aj1auy MOKHA CTaBUTH TakK. 3HalTh pynkiio u(t,-)eC 1((0, T, &)) , STKA € PO3B’SI3KOM PiBHSHHSI
(1) i 3a10BOJIBHSIE YMOBY

Mt Yo =Y By (6 ) o, = 8 g (@4, (4)
k=1

Yy TOMY CEHCl, 1110

m
Wlimu(t,)— Y Mg lim Bu(t, )= g, ge(d+),

t—+0 k=1 (Y

Jie TPaHulli PO3IIALa0ThCs B IPOCTOpi (@)’ (mapamMeTpu W, Wy, ..., Ky, by ... by » 3TOBOTIBHSIOTH
yMOBH, chopMyJIboBaHi paniiie). OCHOBHUII pe3yJibTaT MiCTUTh TaKe TBEPKEHHSI.
Teopema. 3adaua (1), (4) € Kopexmno po36°a3H010, PO36’A30K 300PANCYEMBCS Y BULNADL

u(t,x)=g*G(t,x), (t,x)e Q, u(t,") e d npu xoxcnomy te (0,T].
ISSN 1025-6415. Jlonos. Hay,. axad. nayx Yxp. 2018. Ne 5 13
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HEJIOKAJIbHAA MHOTOTOYEUYHAA 11O BPEMEHU 3AJTAHA
JIJIT OJTHOTO KJIACCA 9BOJIIOIIMOHHBIX CUHTYJIAPHBIX YPABHEHUN

YcranoBiieHa pa3pernuMocThb HeJTOKAJIbHOI MHOTOTOYEUHOH 110 BPEMEHU 33/1aui /7151 9BOJIIOIIMOHHBIX YPAaBHEHUH
¢ TIceBI0OECCENEBBIMHU OTTEPATOPaMi GECKOHEUHOTO MOPSIIKA C HAYATbHBIM YCTOBUEM, SIBJISTIOTIINMCST 9JIEMEHTOM
pocTpancTBa 0600IEeHHBIX (PYHKIMIA THIIA PACTIPEeIeHNH B clydae, Korjia HeJIOKalbHOe MHOTOTOYEYHOE YCJI0-
BHE COMIEPKUT TICEBI0OECCETEBBIE OMIEPATOPBL.

Kntoueevle cnosa: neiokaivias MHO20MOYEUHAsl NO BPEMEHU 3A0aUd, IB0OUUONHIBIE YPAGHEHUL, NCesdodupde-
PEHUUATLHDLIL ONePAmOop, CUEMHO -HOPMUPOBAHHOE NPOCMPAHCMEO.

V.V. Gorodetskii, O.V. Martynyuk

Yuriy Fedkovych Chernivtsi National University
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ANONLOCAL PROBLEM MULTIPOINT BY TIME
FOR ONE CLASS OF EVOLUTIONARY SINGULAR EQUATIONS

The solvability of a nonlocal problem multipoint by time for evolutionary equations with pseudo-Bessel infini-
te-order operators with an initial condition that is an element of the space of generalized functions of the
distribution type is established in the case where the nonlocal multipoint condition contains pseudo-Bessel
operators.

Keywords: nonlocal problem multipoint by time, evolutionary equations, pseudodif ferential operator, countably
normed space.
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