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OIHOPIIHA 3AJTAYA 3 JIOKAJIBHIMU KPATOBIMUI
VMOBAMMU HA TPAHUII CMVYTU J1JISI PIBHAHHA 13
YACTUHHUMMU MOXIIHNMU JPYTOT'0 IIOPAIKY 3A YACOM

We investigate a homogeneous problem for partial differential equation with two variables of second
order in one (time) variable in which the boundary conditions on a strip bound are set, and
generally infinite order in another (spatial) variable. We find the conditions of existence of only
trivial solution of the problem. In case when those conditions are violated, we specify a method of
constructing non-trivial solutions.

HocmimzkeHo omHOPIAHY 33434y /s PIBHAHHS 13 YaCTHHHUMH TTOXITHHMHK 3 JBOMA 3MIHHUMH IPY-
roro HOPsIKY 3a OzHi€0 (4acoBoI0) 3MIHHOO, 3a SIKOK 33/IaHO KPAMOBl yMOBU HA IDAHUI CMYIH,
Ta 3arajIoM HeCKIHYeHHOTO TOPAMKY 34 IHIIOK (TPOCTOPOBOID) 3MIHHO0. 3HANIEHO YMOBHU 1CHYBAH-
Hsl JIUITIE TPUBIAJBHOIO PO3B’SI3KY 33/a4l, & y BUMAJKY X HEBUKOHAHHS BKA3aHO Criocib mobymnosu
HETPUBIAJBHUX 11 PO3B’sA3KiB.

Beryn. 3agaqi 3 ganumu Ha rpaHuil o0jacTi, 30KpeMa CMyTH, Jjs audepenti-
aJIbHUX PIBHSHD 13 YACTUHHUMM TOXIJTHUMHU € HEKOPEKTHUMH KPalOBUMHU 3a/iada-
vu [1,9,10]. TIpukaagamu Takux 3aga9 € 3a/a9a JiJisi PIBHSHHS KOJINBAHb CTPYHH

> _ 22 U(t,z)=0 R\ {0 1
ﬁ_a@ (7‘T>_ RS \{ }7 ()

3 ymoBamu /lipixie
U(va):¢1($)7 U(h7$):902(x)7 h >0, (2)

Ta 3aja4a Jyis piBastabg (1) 3 ymoBamu Heiimana

0D =), o (ha)= () 3)

Ha rpanuni vacosoi emyru S, = {(t,z) € R*: ¢ € (0,h), = € R}. Hexopexruictsb
sazaq (1), (2) Ta (1), (3) 3yMOBIIOETHCS THM, IO sijipa MUX 3a/1a49, TOOTO MHOKHHU
HETPUBIAILHUX PO3B’A3KIB BiIIMMOBIIHUX OJHOPIIHUX 334, He € nmopoxkuimu. Herpu-
BlaJIbHUMU PO3B’si3kaMu piBHstHHS (1), 110 3310BOJILHAOTH OJHOPIIHI yMoBH Jlipix/ie
Ta omHOpigHi ymoBu Heiimana Ha rpanumi Sy, € OYHKINI BULIAILY

kt k
Uy (t, ) :sin%sin %,
wkt . wkx
Uk (t’x)_COSTSHlﬁ? /{:GN,

Bi/I1IOB1IHO.
Orxke, aKTyaJIbHUM € THUTAHHS JIOCJIIKeHHs] PO3B’sI3KiB OJHOPIIHUX 33724 3
OLIBIN 3araJJbHIMHU YMOBAMU Ha TPAHUIN 9acoBOI CMyru Sp Ta JJIsl 3araJbHIIoOro
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nudepeHniaIbHOro piBHAHHS — Au(EepPeHIiaJIbHOr0 PiBHIHHS 13 YaCTUHHUMHE IIOX1/I-
HUMH JPYTOro HMOPAIKY 3a YacOM i 3arajioM HeCKIHYEeHHOTO HMOPAJIKY 3a MPOCTOPO-
BOIO 3MiHHOIO. [IuTanuio 100y 108U HETPpUBIAJILHUX PO3B’43KIB OJIHIET 3 TAKUX 33124
3a JI0NOMOroI0 i epeHIiaabHO-CUMBOJIBHOTO MeToy [4,6] 3 ymoBamu ipixiie npu-
cBsiaena nipaig [3]. Meroauky Bukopucrauust audepeHIiaabHO-CHMBOIBLHOTO METOLY
JJTs1 TIOOY/IOBH €JIEMEHTIB si/ipa 33141 3 HeJIOKAJIBHOI YMOBOIO 3allPOIIOHOBAHO B [5].
Bamauy Tumy /lipixie y emysi Sy, mis gudepeHiiaabHOro piBHSHHS, OJHOPIIHOTO 33
OPsIKOM TihepeHIIOBAHHS, JTOCTiZKeHO B [8].

1. @opmy roBaHHg 3a7avi. Y JaHiil mpari J0CTiIKYEThCI MHOKIHA PO3B’ a3~
KiB OJHOPIAHOIO PiBHAHHS

o 9 U 9\ U B
L(a?%>(]<t7$):?+2a<%)E—Fb(%)U—O, tE(O,h),.ﬂ?ER,

(4)

IO 33,I0BOJIBHSAIOTH KpailoBi yMOBH Ha TPAHUIN CMyTH S),

0 0\ oU
llU(t,l‘) = Al (%) U(O,l‘) + AQ <%) E(O,x) = 0,

LU (t,2) = By (%) U(h,x) + B (%) %—g(h, r)=0, z€R, ”

e a (%), b (6%) — JIOBLIbHI gudepeHniajbHl BUpa3u 3 jificHumu KoedimieHTamu

. . 0 o 0 oy
CKIITeHHOrO 360 HECKIH'ICHHOTr0 HOpH,ILKy,.A'l (m), B, (81,), As ((%), By (890) JIH-
depeHmiagIbal TOMIHOME 3 JificHEME KOedIiieHTaMM.

Hanani BBazkaemo, mo cumsosn a (v), b(v), Ay (v), By (v), Ay (v), B (v) Big-
noBiiHux judepenniaabaux Bupasis s v € C € uimvu yuknisvu. Axmio a (v),
b(v) — moyiiHOMH, TO MO3HAYUMO depe3 p, € Z, Ta p, € Z, X CTeneHi, a TaKOkK
BBAYKATUMEMO, 1110 P, = 00, Py = 00, AKIo a (), b(v) He € moaiHOMaMu, KpiM TOrO,

AT () +A5(E) #0, BY (&) + B3 (§) #0 mnar £ € R.

SayBaxkeuud 1. /[ito dudepenuyiarvrozo supasy c (%) 3 UYLAUM CUMBONOM
o0
c(v) = E !, c¢; €R,
J=0

Ha Heckinuenno dugepenyitiosny na R dynxyiro U = U(x) posymiemo magk:

d A
C (%) U = ZOCJ‘%.

Onnopiguaa 3ama4da (4), (5), oueBuHO, Mae TpUBiaAbHUI PO3B’A30K. Y Iiii mparii
BKaKeMO YMOBH Ha JudepeHIjiajibii BUPa3u a ({%), b (8%) Ta BIJAMOBIIHI BUPa3W B
yMoBax (5), 3a AKUX iCHYy€ JinIIe TpUBiaJIbHINA PO3B’A30K 3a/1a4i, & TAKOK Y BHIIAKY
iCHYBaHHS HETPHUBIAJBLHOTO 11 PO3B’43KYy 3HAiIEMO eJeMeHTH sIpa 3a JOMOMOTO0
nudepeHIiaTbHO-CUMBOJIBHOTO METOJTY.

2. OcHOBHI pe3yabTaTu.

2.1. Po3p’a3HicTb 3amadi. Posrisinemo 3Buvaiine audepeHiiajibie pPiBHSIHHS
d [ d? d
L Tl T(t,v) = p7oi 2a(1/)a +b(v) | T(t,v) =0, veC, (6)
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100 3. M. HUTPEBUY, O. M. MAJTAHYYK

sKe MOOY/J0BAHO HA OCHOBI DIBHSIHHS 13 YACTHHHUME TOXiTHUME (4).
QyHKIIT BATISTY

To(t,v) = e~ {a(V)W +ch [t D(l/):| } ,
Ti(t,v) = e"@W)?

B akux D (v) = a® (v) — b(v) (4D (v) — muckpuminanT noninoma L(A,v) = A? +
2a(v)A + b(v)), yrBoprooTh HOpMaJibHy (byHJIAMEHTAIbHY CUCTEMY DO3B’S3KiB PiB-
HsiaHst (6), TOOTO € HOro po3B’si3KaMu 1 3a/10BOJILHAIOTH TaKi MOYATKOBI YMOBH

dT dr
Ty (0,v) = 1, d—t‘)(o,y):o, Ty (0,v) = 0, d—tl(o,u):L
BayBakenns 2. Ockisvku a(v), b(v) — yiai dynkuii, mo sa meopemoro Ily-
ankape ([11], c. 59) dynruii Ty (t,v), T1 (t,v) sueasdy (7) € wirumu PGyrryiamu
emocosno napamempa v. 3okpema, axuo D (1) = 0, mo L\, 1) = (A + a(w))? i

To (t,vg) = e Lo (o)t + 1}, Ty (t, 1) = te @00,

Iopadok p viauzx cmocoswo v gynkuid Ty (t,v), Ti (t,v) susnauaromos (|2], c. 83)
34 CIMENEHAMU Dg MaA Dy OUPEPEHUIANDHUT NONHOMIE (8%), b (a%) 3a opmyroto
p = max{pa, pp/2 } . Kpim moeo, 6sascaemo, wo p = 00, AKU0 P, = 00 abo pp = 0.

BanumemMo BU3HATHIK BUTJISILY (XapaKTepUCTHIHWI BU3HAYHWK 3a1a4i (4), (5)):

o llTo(t, V) l1T1<t, V)

A (V) o lgTo(t, V) lng (t, V)

_ Ai(v) As(v)
B (v)To(h,v) + Bo(v)Ty' (h,v)  Bi(v)Ti(h,v) + Be(v)Ty (h,v)|’
TOOTO
A (v) = A (v) [Bi(v)Ti(h,v) + Bo(v) TV (h,v)] = -
—Ay(v) [B1(v)To(h, v) + B (V)T (b, v)].
dxmo B (5) Ay (6%) =1B (8

1 &) =1, A, (6%) =0, By (3%) = 0, TO OTPUMYEMO
ymoBu /[ipixse i Busnaunuk A (

) HAaOy/1e BULJISIILY
sh [h D(l/)]

AW) =T (h,v)=e®h
) = Ti (h.0) 5

Hus Ay (Z) =0, Bi(£) =0, A2 (2) =1, By (2) = 1 zanaua (4),(5) €
sazavero Heiimana i Busnadnuk A (1) mae BUDIIsI
sh [h D(l/)i|

A®W)=-Ty (h,v) = e *W"
) = =Ty (h.1) o

b(v).
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dxmo B (5) Al(%) =1, Bl(@%) =1, Az(%) = p € R, BQ(%) =7 € R, 10

OTPUMYEMO KpaiioBi yMOBH TPETHOTO pojy i BusHauHUK A () HaGy/e BULJISILY:

A(”):T1<hvy)+’yT1/(h7V)_B[T()(hﬂ/)—i_fyTO/(hay)]:

sh [hy/D(V]]

D(v)

|
o

[1—a () (8+7) + Brb(v)] +ch [A/D V)] (v - )

Jl1st xapakTepucTuIHOro BusHadnnka A (V) € MOXKJIMBUME TPU BUNAJIKH:

1) A(v)#0 Vv eC;

2) A(v) =0;

3) P={vreC: A(v)=0} # @, npuuomy P # C.

Hocaimmo y 1iit crarTi Juiie nepiii jBa BUIAKHU.

2.1.1. Bunmagmok A (v) #0 Vv e C.

Hosenemo, mo 3amaqa (4),(5) masa (t,z) € (0,h) x Ry knaci mianx dynkuiif
Mag€ JIUIle TpUBiaJbHUIl po3B’sa30K. Ilpumycrumo nporuiexue, mo B S, iCHyE HeHY-
aboBuil minmit poss’s3ok U(t, x) pisustaug (4), mo 3anososbuste ymosn LU (t, z) =
LU(t,z) = 0. Hosnauumo U(0,z) = ¢(z), 9(0,2) = (z), roai ¢(z), ¥(z) ~
il dyskiii. 3anumemo el po3s’s3ok 3aga4i (4), (5) 3rigHo 3 gudepeniiaabHO-
cnmBobHIM MetosoM ([6], ¢. 106]) stk po3s’si3ok 3amaqi Komri 3 mouarkosmvn ja-

HUMH © Ta :
+ 9 {T (t,v) e”x}
=0 v A

Ult,z) = (%) {To (t,v) ew}

Ockinbku Tp (t,v) ta T} (t,v) € ninumu 3a v GYHKIISIMA TOPSIKY P, TO TPHUITYC-
Kaemo, mo 1im GyHKIii ¢(x), ¥ (z) maors ,cupszkerunit” ([7], ¢. 316) mo p mopsaok
q, 0610 ¢ =p/(p—1) ma 1l <p<oo,q=oco mnap<1,qg=1 g p = oo.

3 ymoB LU (t,x) = LU (t,x) = 0 B S}, 01epKYEMO OJHOPIAHY CHCTEMY DIBHAHB
{ v (35) {0 To (t,v)} o + ¥ (5) {e 0T (tv)} g = 0, o)
() (e LTo (t.v)} oo + 9 (5) {e LT (2, V)}’y 0o =0.

v=0

I[Tokazkemo, 1m0 cucrema (9) Mae Juine TpuBiaabHuUil po3s’sa30K ¢ () = Y (z) = 0.
CHpaBﬂi Ha Hepmy TOTOXKHICTH cucTemu (9) moieMo audepeHIiaIbHIM BUPA30M

LTt 2) = Bl( LT (hy 2) + Bo(2)Th/ (h, £), na apyry Toroxuicrs sianosimmo

BI/IpaBOM LT(t, ax) A1(57), nicais woro Big nepiroi ToToxHOCTI BigHiMeMo ApyTYy.

O epKITMO
(@)

Ockinbku A(v) — nina dynkuis, npuaomy A (v) #0 Vv € C, o dyukis ﬁ
€ TakoxkK 1iI0t0. [lojisgBIIM HAa OCTAHHIO TOTOXKHICTH JU(epeHIiaJibHUM BUPA30OM

A( ] oTPmAENO
’ <%) {e A(ly) ‘A(V)}
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3Biaku Maemo ¢ () {e"}|,_, = 0 abo ¢ (z) = 0.

[[iIKOM aHAJIONiYHO, MOJISBINA HA MEPITy TOTOXKHICTH cuctemu (9) mudepenii-
anbauM Bupasom —lTy(t, %) i ma apyry roroxuicrs Bupasom [Ty (t, %), a 1moTiM
JIOIABIIN OTPUMAaHI TOTOXKHOCTI, orpumyemo, mo ¥ () = 0. Maemo TOTOXKHICTD
U(t,x) =0, sska TpOTUPIUATH NPUIYIIEHHIO TIPO HETPUBIAJBHICTL PO3B’A3KY 3a1a4i

(4), (5).

IMpuknan 1. Poss’azamu 6 obaacmi Sy, 3adauy

(% ta <(%))2U(t, ) =0, (10)

U(0,2) = U(h,z) = 0. (11)

Pose’azanna. 3anaua (10), (11) e zanaugeo (4),(5), B axiit b(v) = a?(v),
D(v)=0,A4,(v)=1, A3 (v) =0, By (v) =1, By(v) =0.

HopwmasbHa dyHjaMerTa bHa CHCTeMa PO3B’I3KiB PiBHSIHHS (% + a(y))QT(t, v) =
0 (muB. 3ayBazKeHHsI 2) M€ BHIJISII:

To(t,v) = e {a (W)t + 1}, Ti(t,v) = te ),
XapakTepUCTHYHNN BUSHAYHUK 3314l € TaKUM:
A (v) =T (h,v) = he *W",

Ockinbku A(v) # 0 qos Vv € C, ro 3azaqa (10), (11) y kaaci niaunx dbyukuiii mae
JIVTITe HYJIBOBUI PO3B’SI30K, TOOTO S/PO 3a/1adi € MOPOKHIM.

IMpuknan 2. V cmysi S1 snatimu pose’asku pieHAHHA

PG (30 U(t,z) =0, te(0:1), z€R (12)
ot2  “otox oz e T ’
Wo 3a0080ALHAIOMG HA 2DAHULT CMY2U YMOBU
ou ou
U(,z) — = (0,2) =0, U(l,z)+—(1,2) =0, ze€R. (13)
ot ot
Pose’sazanns. lana 3amgaqa € 3amadeo (4),(5), B axiii a (v) = —v, b(v) =

—2v—1,D(w)=(w+1)" A(¥)=1, 4w =-1,B(»)=1 B () =1
B nanomy Bunajiky

sh{t(v+1)]

b [t + 1)
v+1 ’

To(t,v) = e < —
o(t,v) G{V o

+ch[t(v + 1)]} , Ti(t,v)=e

Busuaunuk A () Mae BULJISII:

1 -1

AR+ T (Ly) T L)+ T (Ly)| ~

=Ty (L,v)+ TV (1,v) +To(1,v) + Ty (1,v) = 2e* .

Ockinbku A(v) # 0 s Yv € C, 1o 3amaqa (12), (13) y kaaci niaux dbyHKIii
Mag JINIe HYJIbOBHiIl PO3B’30K, TOOTO sIIPO 3a74a4i € MOPOYKHIM.
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2.1.2. Bunagok A(v) = 0. 3 ypaxysanuam (8) Maemo

A1<I/) [Bl(l/)Tl(h, V) + BQ(V)Tll(h, V)] — AQ(V) [Bl<l/)To(h, V) + BQ(V)TO/(}L, V)] =0.
(14)
Hosenemo, mo aapo 3anadi (4), (5) mua (t,z) € (0,h) xR y kuaci nianx dyuxiuiit
He € TIOPOKHIM, TPUIOMY BKaXKeMO BUTJIS/L €JIEeMEHTIB s/ipa.
Biamnosiano g0 audepeHIiiaabHO-CUMBOJILHOIO METOLY HeTpHUBia bHI 1L pO3B’sI3-
K1 3a7a4i (4), (5) myKaeMo y BUIVISL PO3B’SI3KY

T (%) {7 (t,v) e}

piBHsiHHS (4) 3 1OBiIBHUME HEBIIOMUMH ILIUMH BYHKIHSIMA @, 1) MOPSAKY (.
Baysaxumo, mo Gynkuii Ao (v)Th (¢, v) e"®, A1 (v)T1 (t,v) e’ € uiaumn, K i yHK-
uii Ty (t,v), Ty (t,v), npEdoMy TOrO K HOPSIKY P.
3 nepmroi ymoBu (5) OTPUMAEMO CITIBBITHOIICHHS:

0= 4, ((%) U(0,2) + A, (0%) %—[Z(O,x) =

_ (%) {4 awe}|  +v (%) {Aw)aawery|

_ {gp (%) 4y (%)} [ aeer)]| = (%) Ay (%) o) +u(@),

3BiKN 0+ 1) € ker(A1Ay), To6To ¢ (2) + ¢ () = w(x), ne w € ker(A;Ay). Ockinbku
w, Y, w — i ¢yukmnii, To Y + ¢ = w ma C.

Jpyra ymoBa (5) BHKOHYETHCs, 30KpeMa, KOJU W HAJEKHUTH O IiIMHOKIHU
ker(A;)Nker(Asz) muozkunu ker(A; As). Cupasui, BukopucroByoun Torozxuicts (14)
i ToroxkHiCTh P = — + w Ha C Maemo:

[As(v) By (v)Th (h,v) + Ay (V) Bo(v) Ty (h, V)] e”x}

v=0

Ut,z) = (a%) {AQ(V)TO (t,v) ew}

v=0

v=0

(A, () By(W)T (b, v) + Ay () Boa(0)TY (h, )] evw}

= {(p (%) + <(%)] {Ag(u) [B1(v)Ty (h,v) + Ba(v)Ty (h,v)] e”x} =
_y (% {Az(y) [B() Ty (h, v) + Bo() Ty (h, v)] evx} =0
Ockinbku
w (%) {Al(y)Tl (t,v) e"x} = 0,
To HerpuBiabHi Himl po3s’sa3ku 3agadi (4), (5) MoXKHA 3HARTH y BUIVISAAL
U(t,z) = (%) {14007 tv) = )T vy en}| (15)

Hayk. Bicuuk Y:kropox ya-ry, 2015, un. Ne2 (27)



104 3. M. HUTPEBUY, O. M. MAJTAHYYK

Y dopmyri (15) ¢ — moBinbHa mita GyHKIiA, M0 Ma€ ,COpsiKeHnii” MOpsI0K 10
nopsaaky 1inoi dbyukuii [As(v)To (t,v) — A1 (v)Th (t,v)] .

Baysakennsd 3. I[ina pyrruia [As(v)Ty (t,v) — A1 ()T (t,v)] € mae nopadox
P, npuvomy p' < p. YV eunadky p' = 1 na Pynruito ¢ moocna naksadamu 3nawro
caabwl ymosu — aamicms ii yisocmi documo sumazamu il wenepepenoi dugepeniyi-
tiosrocmi do deskozo nopadky 6 obaacmi R (due. dani npuriadu 3-6).

Ipukaan 3. Poss’asamu y cmysi Sy 3adany

Gon(@) (on(@eea-n o

Ay (%) [U(O,x) - %—[tj((),:r)] 0, B (%) [U(h,m) . %—[tj(h,@} 0. (17)

Pose’aszannsa. Jana 3amada € 3amaqero (4),(5), B axiit b(v) = —1 — 2a(v),
Bi(v) = =Ba(v), Ai(v) = —Ax(v), Ai(v) #0, Bi(v) #0.

Hopmanbaa dyngaMeHTa bia cucTeMa po3B I3KiB PiBHSIHHS

d—2+2a(y)i+(—1—2a(u)) T(t,v)=0
dt? dt T
Ma€ BUTJISIT

2a (y) +14+ e—2(a(u)+1)t . 1 — e—2(a(1/)+1)t .
e, Ty (t,v) =
2a (v) +2 2a (v)+2

T() (t, V) =

Xapakrepucrnunuii Buznaaauk A(v) sazadi (16), (17) € raknm:

A(v)= A (v)B(v) [Ty (h,v) — Ty (h,v) + Ty (h,v) — To (h,v)] =

= A (v)B(v) e_“(”)hM [(1+a v))? =D v)].
D (v)
Ockinbku D (1) = (1 +a (v))*, o A (v) = 0.
3 dopmyau (15) omepkyemo
Ult,z) =g (%) {FAWTtv) = AT ()] e } =

— <§> {0 @) + T }|

= (a%) { [— Ay (v)e'] ew} = (a%) { N Al(,,)em}

[opsiiok p’ winoi dyuxuii —A; (v)et™* nopisnioe 1 (aus. 3aysaxenns 3). Ocran-
HIO (DYHKIIIO0 MOYKHA 3alUCATH Y BUTJIsI/I

Ut,z) = —A, <€%> o (8%) {6t+mc}
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3 ypaxyBaHHIM (HOPMYJIH © (8%) {e"”} ,—o = w(x) maa uinoi dysxuil ¢(z)
po3B’sa30K 3a1a4i (16), (17) nabysae BursiLy

Ult,z) = —e'A, (%) o (x).

Iosnauumo —A; (2) ¢ (z) = ¢1(z), Toxi

Ul(t,x) =c'p (7).

Ocraunns dpopmysia Bu3Hadae po3s’si30k 3aaadi (16), (17), ae ¢ — noBinbHA ABiUl
HenepepsHO qudepenniiiopna na R dynxmisa, TooTo ¢; € C*(R). fdapo niei 3amaqi
€ HECKIHY€HHOBUMIPDHUM.

IMpuknan 4. 3natimu pose’a3or JudepentyiasvHo-PyYHKUIOHANOHO20 DIGHAHHA

0? 9,
ﬁU(t,x)+2aU(t,x+1)+2U(t,x+1)—U(t,:c)—O, (18)
W0 3a0060NDHAE HA 2PAHUYT CMYy2U Sy YMOBU
oUu ou
U(0,x) + E(O’@ =0, U(h,x)+ W(h’ x) = 0. (19)

Pose’azanns. Tudepeniianbao-dyHKiionanbhe piBasnusg (18) mogamo y Bu-
[JIST TAKOTO AU epeHIiaJbHOTO PIBHAHHS HECKIHUYEHHOTO TOPSIKY

0? 2 0 o
[ﬁ + 208+ (2eaz - 1)} U(t,z) = 0.

Bamaqa (18), (19) € 3amaqero (4), (5), B skiit a (V) =€”, b(v) =2¢" -1, A; (v) =
Ay(v)=1, Bi(v)=By(v) =1, D(v) = (e — 1)2.
Hopmanbaa dyngaMeHTa bHa cucTeMa po3B I3KiB PiBHSIHHS

& +2”d+(2”—1) T (t,v)=0
FTET ¢ V=

Ma€ BUTJIST
2¢V — 1 — 6—2(@”—1)1& 1 — e—2(e”—1)t

T () = ———¢ "
e ) =—m =y

Xapakrepucrnunuii Buznaauuk A(v) sazadi (18), (19) € raknm:

Aw) =T (h,v)+ Ty (h,v) — Ty (h,v) — To' (h,v) =

s [h\/D (y)] o
=e T[(e -1)"=D(v)].

Ockinpku D (v) = (¥ —1)*, o A (v) = 0.
3a dopmysoro (15) Mmaemo

v=0

0 (ta) = () { ote.0) - Tie )
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o (L) )

Ak 6auumo dyukuii Tp (¢, v
nopsiaKy, oxuak bynkiis [To
(nuB. 3ayBazkeHHS 3).

Orke, po3B’s30K 3a1a4i (18), (19) mabyBae BurIsSI LY

v=0

)ta Ty (t,v) € uiauvu 3a v QYHKIISIMI HECKIHU€HHOTO
V) —11(t,v)|e = e Ma€ IepInuil ODOPSaIOoK
(t,v) = Th(t,v)] e e puii 1op

Ut,z)=e"p(x),

Jie ¢ — JOBLIbHA JBiUl HemepepBHO audepenmniiiopHa Ha R dyHKINg, TOOTO ¢ €
C?(R). dapo miei 3a1a4i € HeCKIHUEHHOBUMIPHUM.

IMpukaan 5. V cmysi Sy poss’ssamu sadawy

0? 02 02
{@HataxJ”(H@)}U(t’x):O’ (20)
aU(0,z) + ﬁ%—(j(o, r)=0, aU(rz)+ ﬂaa—[j(w, r)=0, a, el (21)

Pose’asanna. Jana sanaqa e sanaqero (4),(5), B akiit a (v) = v, b(v) = 2 +1,
h:']r, Al(”) =, AQ(V) :Ba BI(V) = Q, BQ(V) :67 D(V) = _15 Oé2+52 7&0

Hopwmaabhua dynmamMerTaabHa cucTeMa po3B sI3KiB PIBHSIHHSA

d—2+21/i—|—(1+l/2) T(t,v)=0
d? dt e
Ma€ BHUIVIA

Ty (t,v) = e " [usint +cost], Ti(t,v)=e ' sint,

a XapaKTepUCTHIHUIN BU3HAYHWK 3a/1a4l € TAKUM:

A(u):‘ o b

=TV R, —TV
e Be

Herpusianbhi po3s’s3ku 3agadi (20), (21) mrykaemo y surasam (15):

Ult,e) = (%) { 18Tt v) = oTi (1, v)] e }

v=0
= (g) { ((Bv — a)sint + [ cost) e”x_”t}
? 8V VZO‘
3 ypaxyBaHHAM (hopMy.T
0 0 ,
(o) (W= et o () o]y = v

JIIsE HIOT (PYHKIIT ¢, OTPUMYEMO
Ut,z) = Bp(x —t)cost — ap(x —t)sint + B¢’ (x — t) sint,
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IpUYOMy B ocTaHHiil (hopMmy.Ii JocTaTHbO BBazKaTu, o ¢ € C3(R). fapo uiei 3amaqi
€ HeCKiHYeHHOBHMIPHHUM.

Baysaxumo, mo st « = 0, f = 1 ymosu (21) € ymoBamu Heiimana y cmysi,
To/i HeTpuBlaTbHUMHI pO3B’s3kamu 3ajad4i (20), (21) Oyxyrs dyHKIIT

U(t,z) = p(x —t)cost + ¢'(x — t)sint,

ae o € C3(R).

dArmo x o =1, § =0, To maemo 3ama4dy /lipix/ie, HeTpuBiaIbHUME PO3B’sI3Ka-
Mu gKoi € Taki dynknii U(t, ) = @(z — t)sint, ge ¢ € C*(R) (takuii pesyabrar
orpumano y |[3|).

Ipukaazn 6. YV cmysi S, poss’asamu 3adawy

0*U 0\ oU 2k? o 0
aU(0,x) + ﬁaa—(t](O,x) =0, aU(h,x)+ /Baa—(t](h,x) =0, a, fE€R, (23)
de o + 3% £ 0.

Pose’azanns. 3agaaa (20),(21) € vacrkoBuM BuiaJKoM 3aa4i (22), (23) st
k=1,h=m, a(v)=vr. dna 3agaqi (22), (23) maemo

ha (v)sin T kt sin T
TO (t, I/) — efa(ll)t { ( 72_1{: h + cos 7Th : T1 (t, y) _ hefa(u)tﬂ-—kh

XapaKTepUCTUIHUN BU3HAYHUK 337129l Ma€ BUTJILA;

Av) = e—‘I(”)hhsm—k[jrk] (oé2 — 2afa (v) + 3 <a2 (v) + 7TW)) = 0.

T h?

Hlykatoun merpusiaiabui po3s’s3ku 3amaqi (22),(23) y suraai (15) ans k € N
OTPUMYEMO

h sin W—m )
U(t, z) = —kh 0 (_) {efa(u)th (Ba (v) - @) }

T ov

+3 Cos%kt (%) {e—a(u)t-i-ux}

Poss’szku (24) Oynyrs miummu po3s’siskaMu 3ajgadi (22), (23), SKmo ¢ € miiomo
dbyHKII€I0, TOPAIOK ( AKOI Mae Taki oomexenns ([7], c. 316):

1) ¢ =1, akmo a (v) He € noniHoMoM (p, = 00);

2) 1<q<pf_1 < 2, gkmio 2 < p, < o0;

3) ¢ = 00, saxmo p, < 1, 10610 @ (V) — ainilina GyHkiis.

st yiniiinotl dyukuii a (v) = Av + B, e A, B € R, orpumyemo HeTpuBiajibHi
KJIaCH4IHi po3B’si3km 3amad4i (22), (23) y Bursiai

_l’_
=0 (24)

I/ZO'
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Uk (t, x) =

h sin Tkt

P | (BAG! (5 — AD)+ 5 (B - ) (e — D)} + Beos T e - A1)

7k

e k €N, pe C3(R).

Bucuosku. /loBeseHo, 1o siapo 3aa4i (4), (5) y dacosiii cMy3i € mopoxHiM y

Kjacl nimmx yHKIi, 9Kio xapakrepucTudauii BusHadauk A(v) € BiaMiHHEM Bif
ayas gy Beix v € C. dxmo x A(v) = 0, To 91po 33129l € HeCKIHUeHHOBUMIPHUM 1
BU3HAYAETHCS KJIACOM ILTUX a60 HerepepBHO AudepeHItiHOBHIX JI0 JeIKOTO MOPSIKY
Ha R dynkniit. s gocipkens BukopucTano audepeHniajbHO-CUMBOJIbHANR METOI.

Y nepcrneKkTuBl HIKABUMHA € JTOCJIIZKEHHS 11010 3HAXOAKEHHA PO3B’ A3KIB TaKOI 2K
b 17 Pl A 1O, 1, p

3aja4i y gacosiit eMysi auist Bunaxy, Koan maoxnaa P ={v € C: A(v) =0} # @
i me 36iraerbea 3 C, a Takoxk anasoriumnoi 3agadi y uacosomy mapi (¢, z) € RS, ne

t€[0,h], z € R, s € N\ {1}.
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