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IlepBas kpaeBasi 3a1a4a 1Jisl YypaBHEHUS TEILUIONPOBOJIHOCTH
¢ HArpy3Koi apooHoro nopsiaka. Il

B crarbe paccMoTpena nepBast KpaeBasi 3a/1a4a JUIsl Harpy)XKeHHOTO ypaBHEHUS TEIUIONPOBOAHOCTH B YETBEP-
TH IUI0cKOocTH. HarpykeHHoe cilaraeMoe — Clie/l IPOU3BOJHON JPOOHOT0 MOpsiika HA MHOTOOOpasHu x = 7.
Pemenne 3aaun cBOAUTCS K MCCIIE0BAaHUIO 0COOOr0 HHTErPaIbHOTO YpaBHEHUs! BonsTeppa BTOporo poaa ¢
HEC)KUMaeMbIM s7ipoM. PerieHne XapakTepuCTHUECKOTO YPaBHEHHUSI METOJIOM PETYNSPU3alUy 0Ka3ajIo0, 4To

ocoboe MHTerpanbHOe ypaBHEeHHEe BonbTeppa HMeeT HEelycTol CIeKTp IpH % <P <1. [oka3aHa Teopema o

CyHICCTBOBAHUU HETPUBHUAJIBHOI'O PCIICHUSA 0[[HOp0Z[H0171 KpaeBoﬁ 3aJa4u B HeOrpaHPI‘IeHHOﬁ o0JacTu.

Kniouesvie cnosa: Harpy>xeHHOE ypaBHEHHUE, ApoOHast IPOU3BOAHAs, 0c000€ HHTErpajIbHOE ypaBHEHHE Boirb-
Teppa, HETPUBUAIILHOE PELLICHUE.

Kpaesble 3a1aun 11 HarpyKEHHOT'O YPaBHEHHUS TEILIONPOBOJHOCTH MCCIIEN0BAINCH MHOTUMH aBTOpa-
1
mu [1-10]. Jannas pabota siBisiercst npoaoibkeHreM padotsl [11]. B ciyuae 3 :5 XapaKTEPUCTHYECKUM

ypaBHEHHUEM IS ITOJTHOTO HHTErpalibHOTO ypaBHeHus (10) Oynet

KO- [k (O = g0), (an

rae k, (¢ ’C)—;
N

JlaHHOE WHTErpajbHOE YpaBHEHHE BO3HHMKACT, HANPUMEDP, MPHU PEIICHUN PA3IUYHBIX KPaceBBIX 3a/1ad
JUISL BRIpOXKAaronuxcs quddepeHnanbHbpIX YpaBHEHNH, KOTIa YaCTh TPAHUIIBI O0JIACTH 33J[aHUsT ypaBHEHUSI
0CBOOOXKICHA OT TpaHWYIHBIX ycioBui [12]. B [13] ucciemoBan BOIpoc 0 CIEKTPE B pa3pelIuMOCTH YpaBHE-
Hud (11) mpu ycnoBusix A€ C u t € R, =(0,+00). [l COOTBETCTBYIOLIETO OAHOPOAHOIO YpaBHEHUS

W)= [k, u() =0 (12
TEO

CIpaBe/THBa
Teopema 2 [13]. Anst VA, pu ReA >0, ogHOpOmHOE MHTETrpaibHOE ypaBHeHHE (12) (HapsIy ¢ TpUBH-
QJIBHBIM) UMEET HETPUBHATBHOE PEIICHUE BU/IA
w()=C-1",

IIpH 3TOM y*(K) OIpENENACTCS U3 TPAHCLIEHIEHTHOIO YPaBHEHUSA
A o~
A(y)=1 —;k(v),

roe Rey>-—1, lg(y) = B(%,y + lj; B(p,q) — Oera-pynkuusa. Eciu ke ReA <0, To oqHOPOAHOE ypaBHEHHE

(12) uMeeT TOJIbKO TPUBUAIBHOE PEIICHUE.
Teneps HalijieM 4acTHOE pElICHHWE HEOJHOPOHOrO MHTerpaibHOro ypaBHeHus (11). Beenem 0603Ha-
YeHUE

k
I(y)= —&. (13)
k'(v)
Oto BenmurHa, oOpaTHas JorapupmMuueckon nponusBonHord yHkuuu k(y). Ecmu ReA >0, To wacrt-
Hoe pemieHue ypasuenus (11) MoxkHO 3amucaTth B BUIE
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MO =gO+1() [t Dg()dx,

rae
7
pry

r(t,t)=

Ecmu ke ReA <0, To pemenne ypaBHenus (12) Oyaer umMeTs BUI

0

L o ,CY/(
HO) = g0+ [0 —e (@,
0 k=1
e Y, =v, +ivey, k=1,2,..,— Hym byukuun A(y) :1—&1:7(«/), PacCIOJIOKEHHBIE B IOIYILUIOCKOCTH
s

Rey<-1.
3HauuT, CIIpaBeInBa

Teopema 3. [13]. Jnsa moGoit dyuxkumu g(¢) (e - g(¢) € L,(0,+00)) HEOIHOPOJHOE HHTErPAIbHOE
ypasuenue (12) umeer pemwenne p(t) (e -p(z) € L, (0,+%))

Y *
. g(t)dt+ct’ , ecmu Red >0;

un =g+ ¢ +]

T
tY

0

—g(1)dr, ecmu Rek <0.

,CY

w0 =g+ [ 2160 -

0
0 k=1 th

Teneps ypaBaenue (10) nepenuiem B BUae

}\‘ t t
u(z)—;!k,, (t,OR(dr —fz(t)—x!k% (DR,

e «:ri(ﬂ% p(1357. ¢
%7 3p\e—1) T 27474 4Ai-v) )

t
Kak oTtmeueHo BhlIe, 1imjk3 (t,7)dt=0.
t—0 5 A

rIae

B cuny toro, uto sapo k% (t,T) sBHsIeTCS peryspHBIM (MMeeT caadyio 0COOEHHOCTB), TO, UCTIONbB3YS
2
TEOPHIO BO3MYIICHUI TMHEHHBIX ONEPAaTOPOB, MOIyYHM CIEIYIOIEee YTBEPKICHHE.

Teopema 4. Jlns wmuterpansHoro ypasHeHus (10) B mpoctpanctBe (3) dim{ker(Ky)}zo, ecnu
2

ReA <0, ecin ReA >0, To dim{ker(Ky)} =1.
2

Taxum oOpazom, s 3anaum (1)—(2) Oyzaet cripaBeniuBa
Teopema 5. KpaeBas 3amaua (1)—(2) mpu ReA >0 sBusieTcss HeTepeBoil ¢ mHaekcom 1. Ecmam xe
ReA <0, To 3amaua (1)—~(2) umeeT equHCTBEHHOE perieHue B (3).

IlepeiineM Temepp K Caydaro %< B<1. XapakTepUCTHUECKUM HHTEIPANbHBIM ypaBHEHHUEM,
COOTBETCTBYIOIINM ypaBHEHUIO (6), OyIeT claenyroniee ypaBHeHHE:
t
WO ~A[ K, (6 umde = g(0), t>0, (14)
0

rIe
1 1

Jr-r(1-p) -7 (15)

K, (t,t)=
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3ameuanue 1. OctaBuiascs 4actb saupa K, ;(7,7), KOTOPYIo 00603HAUMM
1 P 33-B4- t
KK(t,T)Z : 3/ 2172 19_, Ba Ba 5
2n - IG-P) (t-1)> 2727 27 4r-n1)

Oyzer uMeTh c1a0yro0 0COOEHHOCTh TIpU () < T < f < 0,
Hcmons3ys onepaTop ApoOHOT0 HHTETPUPOBaHUs, ypaBHeHUe (14) MOXKHO 3amucaTh B BUIE

) 1 -
H(f)Zm't—g‘thzu(t)s (16)
WK Ke
1 Jn-ra-
0 = LD a7
1
Ecnu x 06enum vactsiM ypasHeHus (16) npumenum onepatop D, 2, To ¢ yueToM cooTHoueHus (17) momydum
r’(1- 1
P (0 =D, {t—p D, m(t)}. ()
[Ipeobpasyem mmpaByro 9acThb paBeHCTBa (18):
[ drt M(E_,)
2 2
f oD, 2u(t) = {ﬁ oD, u(t)} N {M— j

1 h dt ||r €
[ d =
S Py el (e

t @ -B
:lju(i)dijt_s \/;(1 +2) 0P -(z +%) dz =

() a4 oo e

Pen 1
Jé E[I—B,—;l;l—éju@)da.
2 t
3HAYUT, OKOHYATENBHO, PABEHCTBO (18) HIPUMET BUJ

I’1-p) py Q)
T.[B/.u(t)ZI [ -B. ,,1——jrﬁ%dr. (19)

OyHKIUA

1
© (I_B)k(j k
Fl(l—B%;l;l—;j=szk(l—;j _

THUIIEPreOMETPUUYCCKHIA PsiI, KOTOPBIN ABJISCTCS aHAIMTHYCCKON (DYHKIMEH U aOCOFOTHO CXOAUTCS JIs BCEX
0<t<t.

1
JnaVvte[0,¢] mpu > <P <1 maHHas runepreoMeTpuueckas GyHKIUS MOHOTOHHO YOBIBa€T U CIpaBes-

1 T F(B_;j

K unrerpany B paBenctse (19) npumenum 0000IIeHHYIO TeopeMy 0 cpe;[HeM TOTIIA

M . tﬁ’*y u(t) = ( -B, ,1,1 _ %) J‘ M(T)

2
A 1:9[0'[

JIUBBI OLICHKH
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HIJIA )K€ UMECM

LA=B) g o FRE)
PO u(t) = j % dr, (20)

rae b(0,p) = (1 B,— 11—9) 0<0<1.5(0,B) = (1 B,— 11—9); 0<0<1,0=const.

Huddepenuupys o6e yactu paBercrsa (20), noxyunm cienymomee AuddepeHnraibHoe ypaBHEHHUE:

2. B+
u'(t)—[w- 1 / J (o),

rra-py «*

peIIeHnEM KOTOpOro OymeT

_o L el A0OP) 1
Hoo(0)=C exp{ TR tml}- @D

HaﬁZ[CM YaCTHOC PCHICHUEC HCOAHOPOAHOTO ypaBHeHI/I}I (14) KOTOpOC npeaACTaBUM B CICAYIOMICM BUJC!

7\‘ 2
n) = Ta-p) \/—,3 oD, [u(t)]+g(t) (22)
Uin
oD, o) =P B 5 e - g (1)),

1
[Tpumenum oneparop D, > K COOTHOLIEHUIO (22) U C y4ETOM MOCIETHErO PABEHCTBA MOIy4UM

ra-p
A

ra-py = "

HOBTOpﬂ}I BBIKJIAJIKU, IPOBCACHHBIC JIsI COOTBECTCTBYIOIICTO OJHOPOJHOTO YPABHCHUA, 6yz[eM HUMCTb

LOB 1%y gap- U021t

o 2% 1 |
(W) - g(0)~ D, *[g()]= — D Z{tiﬁoD,Z[u(t)]}-

B ru@)
=b(0,B)- ! ﬁdt.

Huddepenupys 006e yacTu 3TOr0 PaBEHCTBA M0 TIEPEMEHHON ¢, CBEIEM €ro K clenyrolieMy auddepeHIu-
ATHPHOMY YPaBHCHUIO OTHOCUTEIIEHO UCKOMOU (pyHKIHH U(7) :

o [ 1 Bl
W) [ oy | H0=80. (23)
rac
_ B+/ 2
2= /[ g+ m I D >[g(1)] }

3Ha4YnT, YaCTHOE pelIeHue ypaBHeHus (23) OyaeT UMeTh BT

w, (1) =g(1) + . .D, [g()] +

A
t
r(-p)
wap-n TP xp{— Atﬁe/ﬁ)} £§(r)-exp[ A0P | 4

rac
A?-b(0,B)
4,(0,B)= > ; 24
- (25—1)-F(1—B) @9
A
g(t)= / -g(0)+ T B) / oD, [g(t)] (25)
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MepBas kpaeBas 3ajava...

Takxum 00pa3oM, CTIpaBeITUBO CIEIYIOIICe
Ymeeporcoenue. Ecmm muis dyskimu g(t) BBITIOJIHEHO yCIOBUE

0 .
exp[ %} g(t) e L, (0,+0), (26)

rae g:(t) OTIpefieIsieTCS COOTHOIIEHHEM (25), TO CHUHTYIIIpHOE HHTETrpajibHOe ypaBHeHHe (14) nmeeT obee
pelieHue Buaa

A
) = g(t)+F(1 B) P0D, [g0] +

+2p-1) %(/B) p{ Az(ﬁe/ﬁ)} [ (%) exp{ A P)} du+
(B 0,
FO exp {_ Aktgﬁlﬁ)}’

rie QyHKIMS §(t) MIPUHAJUIEKUT Kiaccy (26) u onpenensiercs U3 COOTHOIIEHUs (25).
Jly1st MOITHOTO MHTETPATLHOTO ypaBHEHU (6), B cuily 3ameuanus 1, Oyner cipaBeanBa

1
Teopema 5. Ilpn §< B<1, VAeC, nns CHHTYISAPHOTO MHTErpaJIbHOTO ypaBHeHMs Tuia Bombreppa

(6) B kacce pyHKIMH

(2B-DI*(1-P)
rae M (0,00) — xiacc orpanndeHHbIX Ha (0,+00) QyHKIMNA
dimKer(K, ) =1.

t+(B+%) -exp{ A% -b(0,B) }‘H(t) e M(0,0), (27)

1
Takum 06pa3oM, OKOHUATENBHO, Juig 3a1auu (1)—(2) B ciryuae 5 <B<1 cmpaBeminBa

Teopema 6. KpaeBas 3amaua (1)~(2) mpm %<B<l, VA eC, B xinacce (3) sBIsIeTCS HETEPEBOM

C MHACKCOM, PaBHBIM 1.
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BeJimekTi :KyKTeJreH *KblLIyoTKI3riITIK Tenaeyi ymin oipinmi merrik ecem. 11

Makanaza Ka3bIKTBIH IIUPETiHAE JKYKTENreH JKbUTYOTKI3TIIUTIK TeHAeyl YIuiH OipiHII MIeTTIK ecem
KapacThIpblIFaH. MyH/aFbl JKYKTEII€H KOCBUIFBIII X =/ CBI3bIFBIHAA — OOJIIEK PeTTi TYBIHIBIHBIH i3i.
Ecenriy mremimi ChIFbUIMAiTBHIH ©3€KTi €KiHII TeKTi BojbTeppa epekiie WHTErpanablK TeHACYiH 3epTTeyre
kenTipinai. CumarraManslk TEHACYIHIH LICMIIMIMEH peryispusanusuiay omiCiH mnaimanaubin, Bosbreppa

epeKIlie HHTerpaAbIK TeHICYiHIH %SB<1 Gonmranga 6oc emec CrHekTpi 0ap eKeHi KepCeTiIreH.

lexrenmereH obipicTa GIPTEKTI IIETTIK €CeNTiH TPUBHAIIBI eMec LICIIiMiHIH 0ap eKeHi Typasibl TeopeMa
JOIETICH L.

S.A.Iskakov, M.I.Ramazanov, I.A.Ivanov

The first boundary problem for heat conduction equation
with a load of fractional order. 11

In this paper we consider the first boundary value problem for a loaded heat conduction equation in a quarter
plane. A loaded summand is the trace of the derivative of fractional order on the manifold x =¢. Solving of
the problem is reduced to the study of singular Volterra integral equation of the second kind with incompress-
ible kernel. Using the regularization method by solution of the characteristic equation it is shown that the sin-
gular Volterra integral equation have the non-empty spectrum a % <B <1. Theorem on the existence of a

nontrivial solution of the homogeneous boundary value problem in an unbounded domain is proved.
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