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Yepuisenbkuit Hamionaabauii yaisepcuret iMeni FOpia ®enpkoBuua,

HEJIOKAJIbBHA 3AJAYA AIPIXJIE OJIL ITAPABOJITYHUX
IICEBAOJVN®EPEHIIIAJIbBHNX PIBHAHDb 3 HEI'VJIAJIKMIMU
CMBOJIAMMUA

Bceranosmena TeopemMa Ipo po3B’sSI3HICTH HETOKAJLHOI IBOTOYOKOBOI 3a4adi 1151 TapaboIiaHmx
IceBAOaN(pEPEHITIATBHIX PIBHSIHD 3 HEMVIAIKUMHA CHMBOJIAMH.

We prove a theorem on the solvability of a nonlocal two-point problem for parabolic pseudodi-

fferential equations with nonsmooth symbols.

B cepeauni MWHYJIOrO CTOJIITTSI CHHTE3
OaraTOBUMIpHMX  CHHIYJAPHUX  IHTerpaJib-
HUX PIiBHAHb Ta pIiBHIHbL 3 YaCTUHHUMU
IMOXiTHUMHU MPHU3BIB 0 MOHATTI iHTErpo-
mudepennianbaoro oneparopa (Kambmepow,
BurmyHjt), 1o € JiHifiHOIO  KOMOiHAIIETO
YaCTUHHUX IOXIAHUX 3 KoedilmieHTamum —
CUHTYJISIDHUMH  IHTErPaJIbHUMU  OIEpaTo-
pamu. CucremMaTndHe TOCJIIKEHHS TaKUX
olepaTopiB IPHU3BEIO A0 3MIHH Teopil, B pe-
3yJIbTaTi 9oro neperBopenus Pyp’e BUTICHUIO
CHHTYJSIpHI 1HTerpaju, a caMi OIepaTopu
movyaJii  Ha3WBATHCA  ICEeBIOAUMEpeHIiaib-
unmu.  IlceBnoaudepenianpai  omepaTopn
XapaKTepu3ylThCd CBOIM CHMBOJIOM aHAJIO-
rivHo TOMy, sK JiudpepeHiiajibii onepaTopu
XapaKTepU3yIThCS CBOEID XapaKTEePUCTUIHOIO
dopmoro.

Ha rtenepinmiit vac 3madHux pe3y/ibTariB
JocArHyTo 'y Teopil 3amadi Komri ta kpaiio-
BHUX 3aJa4 JJIsd IICeBaoandepeHIiaIbHuX piB-
HAHb Ta CHUCTEM TaKuX piBHAHL. lle Teopis
eMNTHIHNX PIBHAHL Y 3rOPTKaX y MPOCTOpax
CoboseBa-Cmobomenpbkoro ta ii 3acToCyBaHHA
JIO JIOCJIJIZKEHHS 3araJibHUX MINIAHUX 33a/1a4
y HHJIIHAPUIHUX 00/1acTdX Jijisi napabo/iaHux
PIBHSHB 1 cuCTEM DPiBHSHB 13 YJACTUHHUMMU I10-
xigamvu (M.C. Arpanosuy, M.J. Bummux, I'.1.
Eckin); kopekTHa po3B’s3uicThb 3ama4i Ko y
npoctopax CoboJsieBa Ta ix anaJorax s [1JIP
3 aHAMITHIHEMEI cHMBoJaMu B obnacti G C
R™ (FO.A. Ty6uncobKuii); TeopeMu mpo po3s’s-
3HICTH Au(epeHIiaTLHO-0IePATOPHUX PIBHIHD
y 1iKaJ/i 0aHaxOBUX IPOCTOPIB IIJIUX EKCIIO-

HEHI[IaTbHOTO THUITY BEKTOPIB olepaTopa piB-
HAHHS, SIKi JI03BOJISIIOTDH JIOBECTH PO3B’sI3HICTH
samaui Komri gng [11P 3 aHAJITHYHIMHI CUM-
soamu (91.B. Pammno, C.P. Ymapos); Teo-
pig TrpaHMYHHX 3HAYEHL PO3B’ga3KiB abcTpa-
KTHUX JIudepeHIiajibHO-0OlEePATOPHUX PIBHIAHD
(M.JI. Topbauyk, B.I, Topbauyk Ta ixui 1mo-
CJIJIOBHUKN); KJIacu aHaJiTHaHuX Ha R cum-
BOJIIB TICeBI0IM(EPEHIIIIOBAHHS 3 XapaKTepHU-
MU I cTeleHeBUX (DYHKITN BJIACTUBOCTIMHU
Ta TEOpeMH IPO KOPEKTHY PpO3B’d3HICTH 3a-
naui Komri jgna Bigmosigumx IIIP Ta cucrem
PIBHSIHBb 3 TOYATKOBUMHU YMOBAMH B TPOCTO-
pax JleGera (anonchki matemaruku M.Harace,
P.liukai, I1.Iymywmi); kiacu eaunocri 3aa4i
Komi jis cucrem piBHSHB y 3ropTKax, dKi €
nceBao g epeHiaJIbHIMIA CUCTEMaMU 3 11U~
vu anamiTnaanmu cuvposiavu (B.I. T'ypesny)
Ta iH.

Y reopii 3ajaui Komri s napadosiiaamx
ncepnoaudepenianbaux pisasap (IIIIIP) 3
[1J1O, mobyoBaHUMH 338 TOYKOBO-HETIAIKUAMHE
OJTHOPITHUMHU CHMBOJIAMH, BiJIOMI pe3yTbTaTh
PO CTPYKTYPY Ta OIIHKHU (hyHIaMEHTATbHIX
po3s’askis 3aga4i Komi (PP3K). 3a gomomo-
IOl IUX Pe3yJIbTaTiB O/IePKYEThCH 300pazke-
HHs PO3B’SI3KY y BuIJIs/l iHTerpasa [lyacco-
Ha, JOCJiIZKeH] 9KICHI BJIACTUBOCTI PO3B SI3KiB
[IIIJIP Ta cucreM TakuxX pIiBHSHBL (30KpeMa,
HOBE/IIHKA PO3B’I3KiB IIPH HEOOMEXKEHOMY 3pO-
CTaHHI 9acOBOI 3MIHHOI, IX HeBi €MHICTh, T€O-
pemu tumy JliyBinis). Bigzaaunmo mpu 1mbo-
My, mo acumnroruka OP3K maa takumx pis-
HsIHb BKE He € eKCIIOHEHI1aJIbHOIO, SIK Y BUIIAJI-
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Ky mapaboiTHUX PiBHSHDb 3 YaCTHHHUMH TOXi-
JHuMH, a creneneBoto. Lli pedysbrarn € Hay-
KOBUM Ha/I0AHHSIM PsI/ly BITUYU3HAHUX Ta 3apy-
Oizkaux MarTemaTukis, 30kpema, C./1. Eiigenn-
mana i 9I.M. [pins (gki nepimuvn BU3HATHIH
[ITT/10 3 HerjmaJkuMu CUMBOJIAME 1 PO3TOYa-
JIN JocaimkeHHda 3as1a4di Kol s BiamoBia-
uux [ITI/IP), M.B. @enoproka, A.H. Kouy6es,
B.B. T'opozemnnskoro, B.A. JlitoBuenka ta iH.

VY3aranpaenaaM 3asa4di Kol € HeoKab-
Ha OGararorodkoBa 3a 4dacoMm 3ajada. Jlocsi-
JIZKEHHSIM HeJIOKaJIbHUX KpailoBUX 3a/1a4 y pi-
3HUX acleKTax 3aiimajocs 6araTo Maremaru-
KiB, BUKOPHWCTOBYIOUW TPW IHOMY PIi3HI Me-
romu ta migxomu (O.0. [esin, B.K. Poman-
ko, C.I. Kpeita, B.M. Bopok, B.I1. [Tramnuxk,
O.A. Camapcokuii, B.I. Hecanin Ta in.). Ogep-
JKaHl BayKJIWBI pe3yTbTaTH MO0 MOCTAHOBKM,
KOPEKTHOI PO3B’g3HOCTI Ta 100y I0BU PO3B’s3-
KiB, JIOCJIJIZKEHHS MUTAHHS 3aJI€?KHOCTI Xapa-
KTepy PO3B’s3HOCTI 33124 BiJl MOBEIIHKU CHM-
BOJIIB oriepariiif, copMyaIboBaHi YMOBU pery-
JIAPHOCT1 Ta HEPEeryJIpHOCTI KpailoBUX YMOB
JUISl  BaKJIMBHX BHIAJKIB audepeHIiaaIbHO-
OTIePATOPHUX PiBHSHbD.

Ha croronni HesokaJbHI 6AraTroTOYKOBI 3a
4acoM 3a/iadi Jijis eBOJIIOLIHHUX IICEeBOOaM-
depeHmiaabHUX PiBHAHD HE J0CTLIKeHl. To-
MY PO3IJIsiHEMO HeJoKaJbHy 3ajaqdy Jlipixie
JUIST TapaboJIigHuX  TIceBIoandepeHIiaabHIX
PIBHSHD 3 HEIVIQIKKUMU CHMBOJIAMH.

1. IToctanoBKa HeJOKaJbHOI 3a4a4i Ta
dopmyna aasg po3B’g3Ky.

Hexait T'> 0, 4 > 1, 5 > 0, v > 0 — yucjosi
napamerpu, 11 = {(¢, z) ) 0<t<T,zeR"}
[Tpunyctumo, mo cumBonr A: R™ — C 3amo-
BOJIbHAE YMOBU

a) Vo € R", |o| = 1 Jap > 0: Re A(0) >
ag > 0;

6) Vo € R", 7&0 :(ael,...,aen),
|ae|<NN>2( + [v]) 3DFA(0) ACN > 0:

|Dg| < CNIUIW_'BE‘;

B) Ve > 0,Vx e R" 3C > 035,0 < <
v—¢edp: R* 5 R, p € C(R™):

()] < C(1+ J])s
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r) Ve >0, V(t,z) e 1 3C >0,3<y—¢
Af: T =R, feC(l):

[f(t,2)] < C(L+a])?,

fit, )| <Clz—y|*, 0<A<1.
I — R ¢ys-

[Toznauumo wepe3 u:
kiito, v € C} x S(R™), F,.[u(t,z)](t,0),
F ! [v(t,0)](t,x) — Binnosinme npsame i obep-
Hene neperpopennsa Pyp’e GyHKIT U,

Ayu(t,z) = F 2 [A(0) Fasolult, )], (t,2) €

ncepnogudepenmianbua onepamnist  (I110) 3
cmvposiom A: R" — R. dxmio u € C;;P]H(H),
[v] — mina gwactuna v > 1, To ITIJIO A, Bu3nade-
Ha B [1,2] i TpakTyeThCs SIK IinepcuHry/isipHa
inrerpasbaa oneparis (I'CIO).

Posriisinemo kpaitoBy 3aaa4dy

f(t, @),

pu(t, )|i=o = u(t, )|i=r + (),

u(t, ) +Au(t, x) =
(1)

r € R",

(2)
e A, — T1110 3 cuvBosom A(o).

Posp’sa30k 3azmaui (1), (2) dopmanbao mIy-
KaEMO 3a JI01I0MOroio neperpopenns Oyp’e 1o
IIPOCTOPOBUX 3MIHHHX, TOMY JIOJIATKOBO IIPH-
nyctumo, mo GbyHKmT u, f, ¢ JA0MycKamTh
1ie NepeTBopeHHst, npu 1boMy Fiu_.[f(t, )]
f(t,0), Fosolo(z)] = &(0). Ulyxatoun poss’s-
30K 3asa4i (1), (2) y Burasni

-

u(t,r) = F 5, [v(t,0)](t2), (¢
onepxnmo ars v: 11 — RY taky 3amaqy

vi(t, o) + A(o)(t,0) = f(t,0), (t,0)ell,
(4)

o€ R"
(5)

Posp’s130k 3a1a4i (4), (5) nabyBae BurisLy

K X
p— exp{—A(0)T}

z) e ll, (3)

po(t, o)|i=o = u(t, o)|i=r + ¢(0),

v(t, o, p) =

t

X /exp{—A(a)(t - T)}f(T, o)dr+

0

1
p—exp{—A(o)T} /
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exp{A(0)t}
p—exp{—A(c)T’}
(t,o) eIl u>1.
[Tigcrasusmu (6) B (3) orpumaemo dhopmy-
Jy Juist po3B’s3ky 3azadi (1), (2):

x f(1,0)dr + p(o), (6)

u(t, , p) = (27?)_“/exp{i(x,a)}v(t,0, p)do =

o [ DA E(0) explir, 0))
-0 [ i—ep{- AT}

exp{i(x,0)} "
pn—exp{—A(o)T}

]Rn

+p(2m)™" /

t

<{ / exp{~A(0)(t — )} f(r,0)dr }do+

0

+(2m) / -

T

x{ /exp{—A(a)(T +t—1)}f(, U)dT}dO‘,
t o

exp{i(z,0)}
—exp{—A(0)T}

(t,x ell), p> 1.
Bpesemo no3HaueHHs

Gt T,z p) = (27)" / expli(z, o) —A(o)t} x
X (p — exp{—A(0)T}) " do,
(t,z) eI, p>1,

(8)

hz/Gwﬂx—ame&, (9)

R

(t,z) eIl u>1,

= /dT/G<t - T, T,I‘ - 57 :U’)f(7—7 g)dg,
0 R”
(10)
(t,z) e ll,pu>1,
T

h:/ﬁﬁ/Gawi—nﬂx—QMﬂnaﬁ,

o (11)

(t,x) e ,pu>1,

ne G Buznauena dpopmyrion (8).
Toui dopmyiia (7) nabysae BurJisijLy

u(t,z) = I + ply + I,

ne I; (j =1,2,3) susznaueni dpopmymnamu (9) —
(11) BignosimHO.

2. Hocaimkennsda BJjaacTtuBocTeit dpyH-
kil G ta agil Ha Hel audepeHiaabHIX
Ta nceBaoaudepeHIiaIbHNX onepairiii

Ockinbku 0 € R™, Vtg > 01t >t

|exp{i(z, o) — A(0)t}H(p—exp{—A(o)T})~"
< exp{—A(o)to}(u —1)7",

o s jgoslibHol emyru {(t,x) [ty < t <

T,z € R"}, tp > 0 inrerpan (8) 36iracrbes
piBHOMipHO, TOoMY dyHKIs G € HEenepepBHOIO
B IL

Anaoriauao  10BOAUTHCS A epeHIiiioB-
HicTh 1o ¢ i x dyukmil G. Posrisnemo, nampu-
KJIa I, Mepury moxigny mo t. PopMaJbHO HpOo-
qudepennioBasuy (8) mig 3HAKOM iHTErpasa
JicTaHEeMO BHpa3

—A(o) expli(z,0)—A(0)t}(n—exp{—A(c)T})""

MOAYJIb AKOT'O OHiHIOGTbCH BEJINYIUNHOIO

A(a) exp{—A(o)(ty—e) } exp{—A(o)e}(u—1)"",
0<e<ty.

Ockimbkn Vo € R™ de > 0 rtake, 1mo
|A(0) exp{—A(0)(to — €)}| < C, To MmaxKopan-
Toto € inTerposna dyukuisg exp{—A(o)e}. Or-
JKe, iHTerpas moxiaHol Bij (8) 36iraeTbest pi-
HOMIPHO 1 TOMY HOXiJHY MOKHA 3aCTOCYBaTH
i 3HaKOM IHTerpaJia.

[Tposeaemo ominky ¢yukmii G Ta 11 moxi-
ganx. OueBugno, mo Vo € R™, Vu > 1

(1 — exp{=A(0)T}) ™" =

= (1= p exp{—A(0)T}) ! =
= > M exp{-A(0)kT},

G(t, T, z, ) :Z,u MIGo(t + KT, x), (12)
k=0
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(t,x) € 11,

ne
Go(t + kT, .I) =
= (27?)_”/exp{i(x, o) — A(o)(t + kT)}do,
R
(13)
(t,x) € 11,
Go(t, r) — dynramenTaabauii po3B 30K BUXi-

JTHOTO PIBHSHHS, JIJIsI SKOTO BIDHUMU € OIIHKHI
(muB. [1-3]) mpm v > O:

|DEGo(t,2)] < Caat (7 + [a]) 7D (14)

(t,x) €11,
|DFGo(t, )| < C(tl/7 + |z])” (n+7) (15)
(t,z) € IL.
Tomi
|DFG Tz, )| <
> pF(t + KT
< 2 T Fy e (G0 €T
(16)
‘%G(aw,u)! < ;u"‘f‘l[m KT)'7 4
+z|]7 ) (¢ x) e I (17)
OckinbKu
O (1.7, = — 24, A (o) x
x exp{—A(o)t}(n — exp{—A(0)T})~"], (18)
(t,z) € 11,
AG(t, Ty, 1) = F, L [A(0) %
x exp{—A(0)t}(n — exp{—A(0)T})""], (19)

(t,x) € 11, 1o 3 (18), (19) orpumyemo, 110

(g + AOG(t,T,x,u) =0, (t,x)ell,u>0.
(20)

Hnsa A(o) = |o| ug piBuicTb mepeBipseThCst

Oe3mocepeHbO.
Bipnoio € piBHICTH

— @

/G<t7T7 y L — yalu/)dy =

Rn

(t,x) e I, pu> 1.

sika BurumBae 3 pisaocti (20) (|1, crop. 919],
[2]) Ta (12). Bpaxosyioun (17) i3 (21) orpuma-
€MO, IO

0G
Rn

Ominka (16) 3a6e3mneuye 36iKHICTH iHTErpa-
ais (9) — (11) st 3pocraiyux creneHeso GyH-
K1iit ¢ (ymoBa B)) ta f (ymosa r)).

3. Hocaim>keHHs BJjacTuBocTeii (hyH-
KIIil © Ta ail Ha Hel audepeHmiaJIbHuX Ta
nceBaoauepeHniaIbHNX oneparii

Dyukiiist u, pusHavena pisuictio (7), € cy-
MOIO TPBLOX JIOJAHKIB. Po3risgHeMo KoxKeH J0-
JaHOK OoKpemo. Iurterpan [y (9) BusHaveHwmit
s (t,x) € I, p > 1, iforo Mmozxxua audepenti-
1oBans 110 ¢ i 3acrocoBysaru g0 nporo IIJIO A,
i 3HAKOM iHTerpaJja. 3aKOHHICTH TAKUX OIe-
pariii 3abe3nedyernes oninkavu ¢yukiii G, 11
noxignux i A,G (14) — (19). Bpaxosyoun (20)
OTPUMAEMO, TITO

0
<at A )Il(t,x, T,u)=0.  (23)

Posrsinemo Iy, Busnavennit Bupasom (10) i

3a1uieMo foro y Buridj

t

Lt e, T, ) = / dr / Golt—r, o~ f(r,€)de +

0 R

t
—I—/dT/,u_k_IZGo(t—f—kT—T,m—g)x
0 Rn k=1

X f(1,8)d§ = Iy + Iy

IcnyBanus noxigaoi 1o ¢ i dpopmyiia

(24)

0
aIQO(tu z, T7 M) =

t

:/dT/GO(t—r,x—E)[f(ﬂf)—

0 Rmr
—f(rx))ds + f(t,x), (t,x)€ll,  (25)
noeeneni B [4, 5] (nmuB. takox dbopmyry (31)

is [1]).
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Bipnoto € dopmyna

0
ey T, 1) =
ot 21(t,$, 7#’)

t oo
:/dT/Zuk_lGo(t+kT—T,x—§)x
0 Rrn k=1

<H(r st [ 3 u Gk - f(r )i
o k=1

26
(t,x) € 1L 20

Posrisinemo I3, BusHadennii Bupazom (11).
Anamoriuno, gk gas I, moxigay Big dyHKIil
I3 o t MozKHa 00YHUCTIOBATH 3a (DOPMYJIOIO T0-
XiAHOI BiJ iHTerpaJa, 3aJe2KHOrO BiJI IapaMe-
Tpa t y BAMAJIKY, KOJH MeKi iHTerpaja TaKoxk
3aJiezkKaTh Bij nboro napamerpa t. Tomy

T
0
a]g(t,x,T, M) = /dTX

t

/Zuk 1—G0 1+ +t—7,2—-E)X

><f(7',§)d§—/Zu‘k_lGo(T(l+k),x—§)x
g k=1

x f(7,€)dg, (27)

O6’enuyroun (25) — (27) micramemo Taxwuit
BUPA3 JJId MOXIHOT 110 ¢ JIBOX OCTAHHIX JI0/IaH-
KiB i3 (7):

(t,x) € IL.

T
/,L[2+[3 dTx
/
X/Z,ukgGo(t—i—kT T,x—&) f(1,8)d{+
k=1

+/dr/%Go(t—ﬂx—i)[f(ﬂf)—

—f(r,x)|d§ + f(t,x), (t,z)€ell (28)

g posenenns dbopmyan (28) 10cuTh BU-
JLIMTH J1BA TAKUX OKPEMUX TBEPJIZKCHHS.

Teepmxxkeuna 1. Hexaii

G, T,z

+> Gt + KTz — §),

k=1
0<t<T,xeR"EER" |ul >1,

a yHKIis
¢
/LIZ(t7x7T7/1') =K dr
/
x/G@—nTx—§MNﬂO%=
Rn

_ / i / Golt — 7,0 — €)f(r, €)de+
0 Rn

—i—/dT/ZukGo(t—l—kT—T,x—f)f(T, £)d¢ =
0 Rn k=1

= Ioo(t, @) + In(t, 2, T, ).

Toxi mnas 06’emHOro morenmiaJa [y BipHOIO €
dopmyia

8[20(t,x) . / 19)
T—/dT/aGo(t—T,l'—f)X
0 R™
X(f(r,&) — f(r,x))d + f(t,x).

Hosenennsd. [Ipu 6 > 0 posrisinemo pyH-
KIIiFO

t—0
Iy = /dT/Go(t—T,x—f)f(T,f)df,
0 Rn

HOXIJAHA 110 T Bl gKOI O0OYMCJIIOETHCA 3a BlJ1O-
MOI0 (POPMYJIOIO

—[20 /dT/a GO

+/G0(t—(t—9),x

Rn

— S (1,8)dE+
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sKa HaOyBa€ BUTJISITY -0 N N
SO/(t—T)_l—’_’YdT:Ol(t—T)W =
—120 /dT/8 Gol(t —&§)x ’

0
x(f(r,8) — f(r,2))dé+ OTxke, B IbOMY iHTETrPaJIi MOXKHA, TIEPEXOU-
i 10 rpanumni npu 6 — 0. Tomy
+ [ Gulb.o— )1t~ 0.0)de.
Rn

= CL (05 — 7).

t—6

0—0

) 0
1 TpeThoro J0MaHKa MAae€MO, IO lim dT/ EGO(t—ﬂ r=&)(f(1,&)—f(7,z))d§ =
0 n

t

tiw [ Gol6,z = f(t ~ 6,6)d€ = F(t. ).
N = [ [ SGt—r.e-9s(r. s

Cupasi, A
/Gg(@,x—g)f(t—ag)dgz /Go(Q,x—f)x OckiTbKH
. . [ Golt—rx -y = 1.
X(f(t—0,8) = f(t—0,2))d + f(t — 0, ). o
fIKmo mpoBecTu 3aMiHy 3MIiHHUX T; — & =
z0Y7, i € {1,...,n}, To mpaBa 4yacTuHa Ha- d
Oy/1e BUIJISILY / EGO(t T f)df =0,
R’I’L
/Go(l +2)(f(t— 0,2 — 20"7)— TO JAPYIuil JIOJAHOK JIOPIBHIOE HYJIIO JJIsA JIO-
R BibHOTO 6 > 0.
(= 0,2))dz+ f(E—6.2). Tsepmkeuusa 2. Bipnoio € taka ¢popmyia
I3 memepepBHOCTI (yHKINT f 1O mpOCTOPO- o /
BUX 3MiHHUX z;, ¢ € {l,...,n}, BUIHBAaE, afm(t T) = /dTX
o st goBiabaux dikcosanux (t,z) € Ilp, 0

z € R" i mua gosinbaOrO € > 0 icHYE 044 -
take, mo |f(t — 0,z — 20") — f(t — 0,z)| < ¢,
skiio [20Y/7| < 6. Orxe, rpanuns BipHA.

s mepmioro JoJjanka MaeMo, 1o

"o ST GO T e — € f (1 €)e,
S

0<t<txeR"

/Zu —Got—l—kT T, —&) f(7,8)dé+

R -

—f(7, x))df" < MOKIUBICTH TOWIEHHOTO Au(epeHIioBaH-
Hs psijly 3a0e31e4ye€ThbCs OLIHKOI IOX1IHUX
|z — & d o :
< [ dr d¢ < —Go(t + kT — 1,2 — &), k > 1, i piBHOMIp-
<o [Tt g% )

HOTO 30iKHICTIO PAJTY, CKJIaJEHOTO 3 MOXITHHUX.

o Ny IR O6’eanyroun (27) i rBepKennst 1 — 3 orpu-
(t—7)7 (%) d(z — §) MAa€eMo, 0 BIpHOIO € piBHicTH (28).

/ dr / o—el \"T (t— 7)1/ < Tpeba Bcranosutu dopmyny maa mii ['CI

0 Re <1+( )1/w> D¢ na dbyukuii I, I3 i3 dopmyaun (7). IIpu
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MIBOMY CJIiJT PO3PI3HATH BHMAJIOK ¢ < Y 1 BHU-
HaJI0K @ = . Y HEepIIOMY BHUIIAKY MOXKHA 3a-
crocoByBatu ['Cl Dg Ge3nocepeguno mij 3Ha-
KOM iHTerpaja, a B JPyroMy BHIIAJKy Tpeba
CTBOPIOBATH CleIialbHy (hOPMYILy, siKa BUMa-
rae pogyminas I'Cl DY ax rpannmi npu € — 0
DQ E"

OCKLIbKH A§ nie 10 apryMeHTy ., BiJT IKOTO
3asieKuTh QyHKIig G, TO cnoYaTKy Tpeba BH-
suntu gio I'CI DG na dyukmnio G. as mporo
tpeba Maru oninky ALG upu |h| < (¢ — p)'/?
ra upu |h] > ( — )/,

BpaxoBytoun pi3Hi 300parkeHHs 9 CKiH-
YeHHUX pi3HUNL Ta OmiHky (16) orpmmaemo,
mwo npu maaux h (3okpema, npu |h| < (& —
1)) BipHoto € nepisnictn

(LGN Tz )] < OB S e
k=0
l
t+ kT

8 Z; t+ KT) 1 |z — Gy uh|[rra+t

(29)
a mpu Besmkux h (30kpema, mpu |h| > (t —
1)) orpumaemo, 1mo

(LG0T )] <Ot
k=0

: t+ kT

D T E e =R

(30)

BayBakumo, 1o orinka (29) 3abesnedye
36ixkuicte ['CI DEG upm |h| < 1, a (30)
— ijioro 36ixkuicTe nmpu |h| > 1. Boun ichy-
10T, gkmo cuMBos 11710 a(o) mae rmaakictsb
N = 2n+2[y]+ 1. Toxi rnaaxicts G 10piBHIOE
N—=2n—1[y],v > 1; upu 0 < v < 1 cumBou
BBayKAE€ThCs HECKIHYCHHO TJIAJIKUM 10 IPOCTO-
POBUX 3MIHHUX.

I3 mux orninok Ta Treopemu Pyoini npu v < 7y
orpumyemo, 1o I'CI D& I5(t, x, 1) € abcomoTHo
3012KHUII 1 floro MOzKHA 3aCTOCOBYBATH ITiJT 3HA-
KOM IHTerpaJa

(Do) (t, x, i) =

t

_ / dr / Galt—7,T,a—&, p) f(r,€)dE, (31)

0 R"”

e
D{G =Gq=(2m)™" / Q(0) exp{i(z,0)—

—A(o)t}(p — exp{—A(c)T}) 'do,
(t,x) e I, > 1.

(32)

Kopucryouuch (4) MOKHA HEPEKOHATUCS,
o dopmyia (31) € BipHOIO J1U151 11010 HEmap-
HOrO @ < 7y 1 mapuoi xapakrepuctuku 2. 3a-
YBasKIMO, IO KOJIH 33 cuMBojiom Ay (o) 6yy-
Batu cumBon (o), To Q(o) = Ay(o), o € R™,
ne A, — cumBoa [1J10 mopsaxy omHOpiaHOCTI
a < 7. Tyr I'CI Dg 3 xapaktepuctukoio 2
€ OLIBII IIUPIINM OIIePATOPOM 1 HOro CHMBOJI
BU3HAYAETHCS (hOPMYIOI0

(r,6) = / (1~ expigh})'

><Q< ‘ZOdh

Posrianemo Tenep I'CI mopaaxy 7 3 cuMBo-
nom (o). dxmro IT1/10 mobynosanmii 3a cum-
sosiom A, (0), 1o Qo) = A,(0). Honarkoso
Tpeba mpumyckarn, mo (2(0) Mae npu o # 0
N > 2n + 2[y] + 1 HenepepBHUX NOXiTHUX,
Ako v > 1, abo € HeckinuenHo judepeniii-
ifioaoto dynkniero npu 0 < v < 1, Qo) # 0
npu o # 0 i

IDEQ(0)| < Calo ™.

Okpemo posrigHeMo BUIAIOK mimoro . Tomi
LpY HelapHoMy 7y 1 uaphiii xapakrepucruni 2
He € noJjiinomMoM 110 o. [Ipuimycrumo, 1o B po3-
KJIa 1l 3a chepuaHIMU rapMOHIKaMU

0o 02y

[Q Z Z C121/ u}/él/ w 7

v=0 pu=1

’U‘ =1,

koedimientn Cy,,, = 0, akmo v = 2 + 2v + 2k,
k=0,1,2,.... dxmo Q € nosinomom 10 o,
TO Teil BUIIAI0K HE PO3TJIsiIA€THCs, 00 BiH OXO-
IJTIOETHCS TEOPI€r0 napaboiuyHux JaudepeHiri-
aJbHUX DiBHSHB [6,7].
3ayBazkuMo TaKOXK,
G(t,T,x, ;1) BU3HAYAETHCH

111 (0 byHKITIST
pisuictio  (12)
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aepe3 Go(t + kT, x) i3 (13). Toxi I i3 dbopmy-
qu (10) 3anucyemo y Buruisii

t

L=y pwhtt [dr | Go(t +kT — 7,0 —&)x
X f(7,§)dg

i mpu 3acrocysauni DY), 10 Iy perynsipusamnii
MOTpedYE MepIIuil 10 IaHOK

t

i/dTRn/ Go(t — 7,2 = &) f(7,8)d§ = I,

0

a y10 Beix pemrrn gopankis I'CI DY) moxkna 3a-
crocyBaTu 0e310CepPe/IHbO 111l 3HAKOM 1HTerpa-
JIa.

Teopema 5. Illpu nepeparosanur suwe ymo-

sax na (o) I'CI DLI, ichye 6 cenci ymosroi

a6ioicnocmi [1, dopmyaa (6), cmop. 911] i

t

ﬂ%&):i/ﬁ%le@—ﬂx—@x

0

X(f(7.8) = f(r,2))ds+

t

#3 ot far
k=1

0

< / Goalt — 7+ KT,z — €) f(r.€)de,  (33)
J

a I'CI D I3 icnye 6 seunatinomy cenci i

T
u%g)z/ﬁt/GmT+t—nﬂx—&uv
t R

(34)
Xf(Tug)d§7 (t,l’) GH“LL> L.
HoBenenns. Hexait 0 < § < 1 i nmo3naun-
MO
. t—0
th= [ dr [ Golt—ra -5 o
0 Re

I3 (29) i (30) BummBae abCcoMOTHA 30iKHICTH
['CI D15, i dbopmyia

t—0

/dTR[DgGO(t—T,x—g)x

0

Dgz]go =

x f(r,§)d¢.
I3 dopmynu (2) 3 ypaxysanus (29), (30) Bu-
/DgGo(t, €)d¢ = 0. Bipuoro € Ta-

RTL
KO2K OIIIHKa

IJIKBAE, 110

D Golt—1,2=¢)| < Cl(t=)"Ho—¢]]7" .
(35)

Toi
t—0

/dTX

0

Dnggo =

« [ DaGalt = .0~ )15 ) — S(r e

I3 oninku (35) i ymoBu 1) BuinBae 36iKHiCTH
OCTaHHIX 1HTEerpaJis.
Ocranus popmyia OKa3ye, MO PiIBHOMIPHO
no r € R”
YT lim TP
0—0

Jlo ycix inmux gogaHkiB GyHKIN [ 1 10 yeix
JofdaHKiB GyHKINI I3 MoxkHA 3acTocyBaTn ['CI
D/, 6e3mnocepeiHbo Mij 3HAKOM iHTerpasa, 60
s DOG(t — 7 4+ KT,z — &) BipHow € oninka
(35), se y upasiii yactuni samicrs (t — 7)Y7
cain nucaru (t — 7 + kT)Y7, k > 1. Teopema
JIOBEJIHA.

[Ipukjaiu

1. /IBoToukoBa 3ama4a. Hexaii t > 0, x €
R; T >0, u, v — uncna,

w(t, x) + Aqu(t,x) = f(t,z), t>0,z€R,
(36)
pult, 2)|i=o = vu(t, z)|=r + ¢(z),  (37)
reR pu>0v>0,
e
Avu(t,z) = F 2 [lo] Foosolu(t, )], (38)

t>0,0 Rz eR
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¢ I1J10 3 cumBosIOM |0|, BU3HAYEHU JHIIIe Ha w>v,t>0xeR

craHuX (PyHKIISIX 10 T, a0 [8] Mpu mpomy st t > 0, 2 € R, u > v

2 Apu(t G(t, T, x;p,v) 2 0, a Taxox
Avu(t,z) = — lim %dh, (39)
m e~ 00
e 11 k
slhlsr / G, T, z;u,v)de = —— <Z> X
t>0,z R, e T MM
Apu(t,x) = u(t, z+h)—u(t, x). dxmo u(t, ) = o0
C,10 ApC =0iB(39) A;C = 0 B KJIaCHIHOMY y / t+ kT =
cerci, a B (38) — B ceHci Teopii y3araabHeHUX (t + kT)% + 22
dyHKII. >
Dopmyna g po3B’a3Ky 3aaadi (36), (37 1 1
pMYyZa 1A P y 3anaui (36), (37) :_Z(> B W)
1 Y -y
U(t,l‘) = / G(t,T,JJ — & s V)@(g)dg—i- Hexait @(x) = (4, f(t’ ,1') = (5. Toni

migcrasuBmn (41) B (40) i BpaxoByroun (42),
OTPUMAEMO BUPa3 /I PO3B’sa3Ky 3aaui (36),

r 37
+u/d7/G(t—T,T7fc—§;uw)f(ﬂ§)d§+ 37
0 0o u(t,x) _ Cl —|—M Cgt 4 C’g(T‘—?f)l/7
I e p—v pw—v p—v
+u/d7/G(T+t—T,T,$—§;;L,V)f(T,f)df, t>0,zeR,
He3aJexkHuit Big x, abo
(40) .
Ae - —
i ult, x) u_y(cﬁ((u Vt+UT)), (43)
exp{—|o|t +ixo}
G(t,T,z;p,v :/ do. t>0,z R
tmmr) = | o lolT)

-0 [Tepesipsiemo, mo dyuknis u i3 (43) €
po3B’sa3koM 3ajadi (36), (37).

Ockinbku v
1 OcKlIbKH i Csy, Ayju = 0 (u me 3aie-
1 — vexp{—|o|T} - Kuth Bix ), f = Cy, TO DiBHsIHHSI, OY€BHJIHO,
3aJ0BOJIbHAETHCA B KJIACHMYHOMY CEHCI, SKIIO
1 & k I110 (38) maymaunrhes sk ['CI (39).
- ; Z (ﬁ) exp{—|o|kT}, [TepeBipsieMO BUKOHAHHST HEJIOKAJIBHOT YMO-
h=0 u (37). Ockinbku
To 8] p
Lo pu(t, z)|i=o = MT(C' —1+CT -v)
G<t7 T7 ru,v)= — ( )
T :
v
%0 vult z)li=r + Cr = 210+ (= )T+
X / exp{izo — |o|(t + kT') }do =
—00 +I/T)CQ] + Cl == %(Cl + CQVT),
11 (_)k t+ kT 7 (41) TO JiBA YACTHHA (37) 36iraeThcsa 3 11 mpaBoO
Copm —\p/) (t+kT) + 2? H4aCTUHOIO.
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Bucnosku. 1. ¢xmo piasung (36) omHo-
piaue, rooro f(t,x) = 0, o npu p(x) = C4
po3B’s130K 3a/1a4i (36), (37) 3anucyerbes y Bu-
LUIsLId

Cy

u(t,z) = , t>0,xeR,u>v>0,
[—v

1 € BeIMINHOIO CTAJIO, 3aJeXKHOI BT 4 1 Vv,
> v >0.Ilpu p = v psag (41) posbiracrbes
SIK TapMOHIfiHuI psijt, a upu p < v psaj (41) €
po30izkHUM cTeneneBuM psjom. Tomy 3ajgaqda
(36), (37) po3B’si3Ky He Ma€. 3HAK U 3AJEKHUThH
Bizx 3naky (.

2. dkmo piBagnasg (36) wHeomHOpigHE i
o(x) = Cy, f(t,x) = Cy, To pu pu > v 3a-
nada (36), (37) mae equnuii po3B’s30K, sAKMif
samucyersest y sursai (43). pu p < v 3axa-
qa (36), (37) po3B’s3Ky He Mae.

3. Ipu p>v>0,t>0,ze€ R, C; >0,
Cy > 0 posp’s;3ku 060X 33124 (OJHOPIAHOL i
HEOJIHODPIIHOT) € HeBiI'€MHUMH.

Ipu p > v > 0, C; = Cy = 0 po3B’430K
u(t, T) € TOTOKHUM HYJIEM.

Ipu p > v >0, C; <0, Cy <0 maemo, 1o
u(t,x) <O0.

dAxmo p > v > 0, C; i Cy pi3HEX 3HAKIB
raki, mo Cy + vCyT =0, 1o u(t,z) = Cat i He
3asiekuth Big Cf.

2. 3agaui kepyBauud. 3azada 1. 3na-
TH Take 3HAYEHHS MapameTpa [ig, 100 y MO-
MeHT dYacy to npu 3amanux Cp, Cy, vk, tg,
1 < k < m, BesimunHa © JOPIBHIOBAJIA Ug.

Binnosinp.

1 m
__ 1 (¢ C
1o uo—c2t0( 1+uo;uk+ +

—|—2 Z Vk(tk — to)) .
k=1

Anasoriaao MoxKyTh OyTH po3B’sd3aHi Taki 3a-
mai.

Bamaua 2. 3naiitu Take 3Hadenns C;, mob
y MOMEHT 4acy to npu 3ajaHux [ig, C3, Vg, tg
BeJIMUMHA U = Ug, ¢ = 1, ] = 2,1 =2, 5 =1,
1<k<m.

3amaua 3. 3HaiiTu TakKuii MOMEHT Yacy tg,
mo6 npu 3aganux Cp, Cy, g, Vg, tr, 1 < k <
m, BeJINYUHA U = Ug.
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