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HOBA IIOCTAHOBKA KPANOBOI 27-ITEPIOJJUYHOI 3AJIAYI
JIJIS TINEPBOJITYHOTI'O PIBHSIHHS JIPYTOT'O MTOPAJIKY
B ACHMIITOTHYHIN TEOPII HEJIIHIMHUX KOJIUBAHb

H.TI. Xoma', C.T. Xoma—Mormibscbkal, JI. I'. XoxsioBa2

i . . . ~ . ~ .
Teproninbeokuti HayionaabHull eKOHOMINHUL YHIgepCUmen,
2 . - . - - - . .
“Tepnonitvcokuil Hayionaibuull nedazoeiynuil yuicepcumem iMm. Borooumupa I'namioka
khoma.nadiva@gmail.com, sv_khoma@ukr.net, larvsa_khokhlova@ukr.net

Kaw4oBi ciosa: Jo unporo uyacy acumnToTHYHMMH MeToaamu Kpunosa-boromobosa

Kpaiiosa nepioguuHa 3ajada, Hes0y- Murpononscekoro-MoceeHkoBa JOCHiKyBanucs rinepboniuni pis-
peHe piBHAHHS, BIACTHBOCTI HSHHS JPYTroro NOpsaKy 3 MallUM NapaMeTpoM &£ Y npasiif yacTuHi npu
PO3B 43Ky, ONEPATOPHUIT METO. YMOBi, ko1 He30ypeHe ( & =) pIBHAHHS Ma€ PO3B 30K Y BHIIISAL TPH-

roHoMerpuynoro pary @yp’e. i & MeTOAM 3 NPHIYIICHHAM MaIHU3HH
napaMmerpa & A03BONMIM DyayBaTu HaONMKeHHH pPO3B 430K KpaloBoi
nepioan4Hoi 3agaui s rinepOoNidHOro PiBHAHHA APYTOro MOPSIKY,
paBa YaCcTHHA AKOTO MICTHTbL MMl IIapaMeTp & , JiBa YacTHHA — YTBO-
peHa oneparopom Janamdepa. ¥ mpoueci J0C/IIKEHHS IO HHO BHHHKAE
3a0UTaHHA, NPH AKHX yMoBax He3Oypene (&£=0) piBusHHA Mae
PO3B’S130K Y BHIJIALL TPHIOHOMeTpHuHOTO paty @yp’e. Ix Beranosnenuio
MpUCBAYEHA JlaHa poboTa.

VY nepiuiit wacTHHi poSOTH PO3IIIAHYTO He3DypeHe piBHAHH, Y NiBiil ya-
CTHHI sIKOro € oneparop JanamOepa, y npasiii 4acTHHI — J0BiNbHA QyH-
KLis f(x,t) . 3 BUKOPHCTAHHSA OIIEPATOPHOTO METOAY MOGYI0BAHO Qop-
MalbHHI PO3B’A30K BKa3aHOro piBHAHHA. OOIPYHTOBAHO PAI TEOPEM i
IeM, AKi BCTAHOBIIOIOTL YMOBH iCHYBaHHSA KIACHYHOIO PO3B’A3KY Kpa-
HoBoi 27 -neplogH4HOT 10 3MIHHIH X 3a/a41 Ul He30yPEeHOro PIBHAHHA.
Tpu 1bOMY BH3HAYEHO KOHKPETHHI Kitac (pyHKIiH f(\f,f} , Y AKOMY BKa-
3aHa BHILE 3a/1a4a Ma€ KIacHYHHH po3B’s130K. Buaineno migknac QpyHk-
i f(x,f) , ¥ IKOMY KJIaCH4HHIi PO3B 30K NOCTABIEHOT 3a1a4l € Hemap-
HOIO (PYHKLICIO, A, OTkE, 3 BPAaXyBaHHAM 27 -NCPIOHYHOCTI po3KIaja-
€Thes Y TpHTrOHOMeTpUYHUH psaa Dyp’e o cuHycax.

OtTpuMmaHi pe3yiabTaTH JalOTh MOXKIHBICTH NOOYNyBaTH HaOIKCHHI
pO3B’A30K KBa3iniHiifHOl kpaifoBoi 27 -nepiojH4Hoi Mo 3MiHHIA Xx 3a-
naqi Juist rinepOoIiuHOro PiBHSHHS JPYroro HOps/IKY, IpaBa 4acTHHA
AKOTO € (pyHKIIis SF()(,t,u) 3 MallHM napamerpoM & . Y Apyriil yactuni
poboru HaBejgeHO cxeMmy nobynoBu HabmukeHoro pos3s’ssky. Sk ny-
NbOBE HAOJIMIKEHHS B3SITO 300pamkeHHs KIaCHYHOro pPo3B’ 3Ky KpaioBoi
27 -nepioAM4HOT IO 3MIHHIHA X 3a1a4i [U1g He30yPEHOTO PiBHAHHS, BCTA-
HOBJICHOTO B HepiIiii 4acTuHi poGoTH.

NEW STATEMENT OF BOUNDARY-VALUE 2II-PERIODIC PROBLEM
FOR THE HYPERBOLIC SECOND ORDER EQUATION
IN THE ASYMPTOTIC THEORY OF NONLINEAR OSCILLATIONS

N. H. Khomal, S. H. Khoma-Mohylska!, L. H. Khokhlova?

‘rTemapil national economic university,
*Ternopil Volodymyr Hnatiuk national pedagogical university
khoma.nadiva@gmail.com, sv_khoma@ubkr.net, larysa_khokhlova@ufkr.net

Key words: Until now the hyperbolic second order equations with small parameter &
boundary-value periodic problem, un-  in right side have been researched by asymptotic methods of Krylov-Bo-

disturbed equation, solution properties, holiubov—Mytropolskyi-Moseienkov provided that undisturbed (&=0)
operator method.

Bicnux 3anopizokozo nayionaivnozo ynisepcumenty MNe 1, 2019
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equation had solution as trigonometric Fourier series. With the assump-
tion of the parameter & is very small these methods allow to build an
approximate solution of the boundary-value periodic problem for hyper-
bolic second order equation in which right side has small parameter &
and left side is formed by the operator of D’Alembert. In the process of
research a logical question arises under which conditions the undisturbed
(& =0) equation has solution as trigonometric Fourier series. Our work
is devoted to establishment of such conditions.

In the first part of the article we consider the undisturbed equation in the
left part of which there is the D’ Alembert operator and on the right side
there is an arbitrary function /(x,f). Using the operator method, a for-
mal solution of this equation is constructed. The theorems and lemmas
that establish the conditions for the existence of a classical solution to the
boundary-value 27 -periodic in x problem for an undisturbed equation
are proved. The specific class of functions f(x.f) in which the above
problem has a classical solution is defined. The subclass of functions in
which the classical solution to the problem is an odd function and hence
taking into account 27 -periodicity decomposes into a trigonometric sine
series is selected.

The obtained results make it possible to construct an approximate solution
to a quasilinear boundary-value 2 -periodic in x problem for a hyper-

bolic second order equation right side of which is a function &F (x, ¢, u)
with small parameter ¢ . In the second part of the article the scheme of
constructing an approximate solution is given. As a zero approximation,
we take the representation of the classical solution to the boundary-value
27 -periodic in x problem for the undisturbed equation established in the
first part of the article.

Beryn. KpaiioBa 27 -nepioguyHa 3amada
Jiis TinepOOnivHOrO pIBHSHHSA JPYTOro Mo-
PSLIKY BUTTISILY

u, —azu” = Au +3_f(xrt=u=u;’“.r)’ (l)
u(0,1)=u(7f,f)=0= @)
u(x,t+2fr) = u(x,f) 3)

JOCIIKYBaAIach y JAE€AKOMY IIPAMOKYTHUKY
[1, = {0 <x<m 0<t< 271‘} ACHMIITOTHYHHMH

Merogamu [l,2] y npunymenHi, mo ii
pPO3B 130K icHY€ 1 300paxkaetnes psagom Dyp’e

u(xstsg)zizk (t,&)sinkx, 4)

SKMHA aBTOMATH4YHO 3aJ0BOJIbHAE KDailOBUM
yMmoBaM (2). [le noB’a3aH0 3 TUM, 10 OCHOBHA

1aesi 3aCTOCYBAHHS ACUMIOTOTUYHUX METOMIB
JUIsL PO3B’A3aHHS KpaloBOl 277 -1epioguvHO]
no ¢t 3axauvi (1)—(3) mondrae y BHKOPHUCTAHHI
teopii paaie @yp’e [3, 4]. Ak Binomo, nis noc-
JHKEHHS piBHAHHS (1) CriouaTky po3risaaoTh
He30ypeHe PiBHSHHS

u, —a’u_ = Au, (5)

Dizuko-mamemamuuni Hayku

aKke onepxkyetbes 3 (1), konmu £ =0, 3 THMH XK
KpaioBuMH ymoBaMmu (2). Jlami, npunyckamnyu,

1o (akf —1>0, k=1,2,3,..., 32 I0ONOMOT010

metony ®yp’e [3] 3HaX0AATH PO3B’A30K DIB-
HsHHSA (5) v BUTJIAI1 psay

u(x,1,0)=
- , , (6)
=) (4, cosm,r+ B, sinw,t)sin kx,
k=1
e o, = (ak )2 — A — yacToTH HOpPMaNbLHHUX

KONMBaHb, A 1 B, — crani Benuunuu. Beaxa-

0YH, 110 Y 3B 53Ky 3 MAJIH3HOK IapaMeTpa &
(hopMH KOJIHBAHE HOPMAJILHUX TOHIB ITPH HASIB-
HoCTl 30ypeHHst (& # 0) 3 BEJIMKOK TOYHICTIO
BM3HAYATHCA THMH 3K BJIACHHUMH (YHKI[IIMH
sin kx, po3B’A30K 30ypeHoro piBHsHHA (1) mry-
kaiTh y Bursai paay ®yp’e (4), ne z, (t,é‘) -

dbyukuii, gki norpioHo Bu3HAyuTH. CaMe Taki
KPOKH JOCHIJKeHHS MPOIOHYBAIHCA Y MHHY-
aomy ctomitTi [5—10] npu BUBUEHHI KpalOBHX
27 -neploAMYHUX M0 f 3a1a4 IJIs1 PI3HUX BUIB
rinepOoNiYHUX PIBHSAHB T4 CHCTCM.

[MocranoBka npodaemu. Y nanid po0oTi
3alpoONOHOBAHA HOBAa IIOCTAHOBKA KpanoBOi

ISSN 2518-1785 (Online), ISSN 2413-6549 (Print)



Visnyk of Zaporizhzhya National University. Physical and Mathematical Sciences

2 -neploJiMIHOT N0 3MIHHIA X 3ajaui Juis
OB 3araabHOTO TINEepOOIIHHOrO PIBHAHHS

(7)

CnouaTky po3riasgacThes Kpaiiosa 27 -me-
ploauYHa MO X 3ajada s JIHIHHOTO HEOIHO-
PIIHOTO PIBHSIHHSI BUTJISTY

u,—a’u, = f(xt), xeR, 0<t<T, (8)
u(x,0)=u(x,7)=0, xeR, (9)
u(x+2:fr,t):u(x,t), (x,t)eRx[O,T] (10)

u,—a’u, =g (x,t)+&F (x,t,u).

1 JOCHIJPKYEThCS, Jis SKOrO Knacy QyHKIii
j‘(x,t) ICHYE PO3B’S30K, 110 BOJOJI€ BIACTH-

BICTIO U (—x, r) =—u (x, t). dami 3a 101OMOroK0

omneparopa, 10 NOPOIKYE NaHUH PO3B’A30K,
MOKa3aHo, AK MOXKHA OyayBaTH MOCIITOBHI Ha-
OnuKeHHs PO3B’A3KY KpaitoBoi 27 -mepioaud-
HOI MO0 X 3aaa4i At KBa3iiHIHHOTO piBHAHHS

91

u,—a'u, =&F (x,tu).

Jig 11bOTO BUKOPUCTOBYIOTHCSA TaKi MpoC-
TOPH 1 Kiacu HyHKIiit:

C — npoctip GyHKLiH ABOX 3MIHHHX X 1
t, HenepepBHUX 1 oOMexenux Ha R x [O,T] :

C*? — npocrtip ¢pyukniit ¥ € C Takux, mo
D'DluecC;
Gy — npoctip GyHKIii aABOX 3MIHHMX X i
t, HenepepBHHUX 1 0OMexenux Ha R x [O,T] pa-
30M i3 noxigHotw no x, Gy C 61‘0;

Q,, —npoctip pynxuiit f(x.7), ki 3am0-
BONBLHAKWTL Ha Rx [0, T] CIIIBBIHOILIEHHA
f(x+2m,t)= f(x,1);

L(X,Y) — MPOCTIp MHIHHIX 1 00MEKEHHX

BimoOpaxenr X B Y.

K, ={f-:f(x,r)zf(x+ﬂ',r)=If-(x,;r—t)zf(x+2:fr,r)}.
K, ={f:f(xt)=f(x+mt)=f(x,7—t)=—f(-x,t)= f (x+27.1)}.

¥YMmoBu po3B’sa3HocTi JiHiiHOI 3agaui
(8)—(10). Posrnsuemo ¢QyHKLIIO U, (x,r), BH-

3HAYEHY ONEpaTopoM £ TaKUM YHHOM:

u, (x.0)=(P.f)(x.1) =

=(L)(x0)+(L,f)(xe); (1)
(Lf)(r)fjdijz £ (n.2)in+

AT
(L.1)(wt)=~22far | f(n.e)dn -

t .\’+(([.r—r}

0 x—alt-7

o(LS)(xt) a

ot da
+ir (—f(x—a(t—r),
4a-
8(Laf)(x’t) — L I
ox 4a

0

Bicnuk 3anopizexozo Hayionaibnozo ynieepcumemy

ﬁjdr I f(n,7)dn +ﬁ.!‘dr

.\'+a(/r—r}

t T
——\dr (n,7)dn. 13
w{ (J) f(n.r)ydn.  (13)
CrpaBeinBl TBEPIKEHHS.
Jdema 1. SHxmo  PpyHKI(is _f(x,t) €

e Gy NQ;., ro dyukuis u,, (x,1)=(L,1)(x.t)
€ YaCTHHHHUM KIIACHYHUM (u‘m (x,r) € CH)
pO3B’A3KOM piBHSAHHSA (8).

Jdosenenns. OOuucnumo Bia byHKIil
u,, (x.1)=(L,f)(x,t) wactuuni noximmi o
JPYroro nopsaky BkI04YHO. Bpaxosyiouu ¢o-
pmyny (12), 3HaX0UMO

T .\'—a{r—r]

[ r(ne)dn,

x+aft-r)

J (£ (x+al=r).2)+ £ (x-ali=2).7)) de+
7)-f(x+a(t-7),7))dr;

.[(f(x*“(f*f)af)*f(xfa(rfr),r))err

M 1, 2019
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MaTtumemo

op

Lo [af(ﬁ,r) afg;’f)Jdﬁgf(x,r)=

= f(x0)+ 2] ylar) (hr) dr+ | Y(fr) Ylar)),,
4 oa op 4+ ap ox
PN 1 (3 ar) FBR)), 1A B Flan),
Ox da-, da op da - op ca

Omxe, Teopema 1. Sxmo ¢yukiis f(x,t) €
o (La_f')(x,t) e o’ (L“‘f'z)(x,t) _ f(x,t). eCNQ;,. 1o dynkuis u, (x,1) =(P{'2‘f')(x,t),
or Ox Bu3HadeHa Gopmymnow (11), 3aq0BonbHsE Kpa-
Jlemy 1 noseneno. HoBuM ymoBaM (9) 1 ymogri nepioguynocti (10).
Jonomizkna gnema. Hexaih  Qynxuis Jlosenennsi. Cripasi, 3rijlHO 3 JIONOMIK-

K (x,t,7) Bu3Hauena inTerpaiom

.\'+.b(l,r)

K(x,t,r) = I ‘f'(ry,r)dry.

.\'—b(l,r}

(14)

Toni nis koxHOI 27 -niepioauyHoi no x GyH-
xuii f(x,7)e CNQ;, dynkuis K (x,7,7) € Ta-
KOX 277 -TIeploJUYHOIO TI0 X .
Josenennn. Crpasji, Ha nijcrasi gop-
My (14) 3HaxoaumMo
x+2x+b(17)

K(x+27,t,7)= I

r+21r—b[!,r]

f(n.7)dy =

.\'+fJ(r‘J‘)
= _[ S(r+2m,7)dy=
.\'—b({‘r)
x+b(t.r)

= I f(r.t)dy=K(x,z1,7),

.\'7ﬁ{r.r]
a e o3nauae, o hyuxmis K (x,2,7) — 27 -ne-
ploguyHa 10 Xx, AKWO (YyHKIIA f(x,t) —

2 -nepioguyHa 1Mo x .
JonoMizHY JIeMy JOBEIEHO.

Dizurxo-mamemamuuni HAYKH

HOI0 JIEMOIO TEPEKOHYEMOCH Y BUKOHAHHI
ymoBH (10). Jdami wa migcrasi dopmyn (11)-
(13) nepeBipumMo BUKOHAHH yMOB (9):

u, (x,0)=(P,f)(x,0)=
=(L,f)(x.0)+(L,f)(x.0)=

]_ x+ar

=£Idr j f(m.7)dn—

x—ar

xtar

—%Id?x:[r f(n.7)dn=0, VxeR;
u,(x,7)=(Lf)(x.7)=
= (Laf)(x,fr)+(faf)(x,:r) =

1 z x+alr-t)

=—|dr f(n,7)dn-
4a(] .\’—a(‘[’—r}
1 T x+a(w-r)
-—[dr [ f(n.t)dn=0, vxeR.

da )

Teopemy 1 noBeneno.
Teopema 2. Sxmo ¢dyukuis

.\’—a{.rr—r)

_f'(x,t) IS

X X .
€ G, [1Q;, 1 BUKOHYETHCSA YMOBa
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az(f,a f)(x.1)

2

=0, V(x,t)eRx|0,T|, (15
= (x.)eRX[0,7], (15)

o dynkuis u, (x,1)=(P,f)(x.t) € vacruunum
KJIACHYHHM (u“(x,t)ecz‘z) PO3B’A3KOM Kpa-
HoBoi 27z -nepiogununoi no x 3agaui (8)—(10).

Hosenenns. 3rigHo 3 teopemow 1 dyHk-
uist u, (x,1) = (P,f)(x.1) 3an0BonBHSIE yMOBAM
(9)—(10). Bpaxosywuu TBepjeHHs Jiemu | 1
YMOBH TeopeMH 2, JoBejemMo, o QyHKiis
u,(x,t)=(P f)(x.t) sanosonpuse pisHAHHIO
(8). CripaBi, 06YMCITIOI0YH YaCTHHHI MOXiIHI

pynxuii u, (x,t), MaEMO

LD _ (1, 5 () (L), ()

3]

CEIED (1), )+ (L), ()=

ot I

=(L.f), (x.1). (16)

[Tpu 3HAXOMKEHHI APYroi 4acCTHHHOI TO-

xigHoi (ﬁf);;"(x,t) ¢GbyHKuii (R{f)(x,t) Bpa-
X0BaHO To# (akT, mo GyHKIIiL (Eaf)(x,t) JTi-

HIHHO 3aJIeKHa Bl apryMeHTy [, TOMYy Jipyra
"

YAaCTHHHA MOXiAHA (L“f) (x,t) TOTOKHO J0O-
I

PIBHIOE HYIIEB1, TOOTO

& (L,f)(x.1)
or’

Bepyun no yBarm BHKOHaHHA yMoBH (15)
TEOPEMH 2, 3HAXOJIMMO HACTYITHI MOX1JIHI:

o(RS) () _o(L)(xr) | AES)(x0).
ox o ox
0 (Pafz)(x,z)zo (L"'f)(l’t)_ 18)
ox ox”
Otxke, BpaxoBywouu dhopmynu (16) 1 (18),
OJIEPAKNUMO

0. (17)

O (BS)xt) L O (RS)(x0)
or ox?

L) (L))

- ot . o’ '

Ha ocHoBi TBepakeHHS 1eMHu | OTpUMyEMO

Bicnux 3anopizskozo HayionatbHozo yHigepcumemy
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(R xt) L8 (RS) (1)
A ST ALY N S G A A N /
or’ . a2 f (),
a ue osmauae, mo ¢yukuin w, (x,7)=
=(ﬂf)(x,t) €  KIACHYHUM  PO3B’SI3KOM

27 -nepioguunoi no x 3agagi (8)-(10), a
GyHkIA z, (x,t) = (faj')(x,t) MPpH BUKOHAHHI
yMoOB (15), (17) € po3B’43KOM OTHOPIAHOTO PiB-
HAHHSA
&’z ,0°z
o el
Teopemy 2 noBeneHo.

3ayBamenusi. [lna ocrarouHoro 3’scy-
BaHHS YMOB pP03B’s13HOCTI 3aaa4i (8)—(10) 3anu-

0.

IIAETbCA BCTAHOBHUTH Kiac (DYHKI[IH _f'(x,r),

[ AKOT0 BUKOHYEThCS ymMoBa (15).

DyHKLi©O z“(x,r):(zﬂf)(x,t) 3anu-
mIEMO Tak:
~ —1 t
(La_f)(x,t)=f:q—fy(x)faﬁ(x), (19)
ne
y(x)=[de [ f(nz)dn;  (20)
0 X=gr
o xta(x-7)
a(x)=jdr f(mz)dn. (@1
0 x-a(z-t)

3naitnemo nmoxinuy GyHkmil }/(x). Ha oc-

Hogi popmyiu (20) opepxyemo
j/'(x)=j (f(x+azr,7)-f(x—ar,7))dr =

0

i

[(x+az,z)dr—[ f(x—ar,7)dr. (22)

0

S —

Y apyromy iHTerpaii piBHocti (22) 3po-
GuMo 3aMiny smimHOol T=m—6, dr=-d6,
7 <8<0. Toai piBHicTs (22) 3aMHIICTLCSA TAK:

7'(x)= jf(x+ar, r)dr—
0
—J‘f(x+a9—a;r3:fr—9)d9. (23)
0
PiBnicTh

7'(x)=0, VxeR (24)

BHKOHYETBCS TO/I1 1 TUIBKH TO/I1, KOJH PIBHICTh
(23) nopieHioe HyneBl. [le MOKIMBO, KOJH

M1, 2019
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a=2k-1, keN (25) y(x):constzA, Vx eR. (28)

) _ _ AHANOTI4YHO 3HAXOIUMO MOX1IHY
1y kiaci GyHkIii -

=SS (xt)=f (x+ )= 5(x)=] (f(x+a(z-7).7)-
= f(xa—t)=f(x+270)}.  (26) ’

—f'(x—a(;r—f),r)]dr =
SAxmo BUKOHYIOTBCS yMOBH (25) 1 (26), TO ’

T

Ha OCHOBI piBHOCTI (23) OTpUMYEMO I x+a(?r r )dr—

7'(x) :]‘f(x+ ar,7)dr -

0

f.[f(xfa(;zfz),r)dr. (29)

[ f(x+a0,0)d0=0, vxeR  (7)

: Y npyromy i"nTerpani pisaocti (29) npose-

aemMo 3aminy 3minnoi 7 =7 —6. Ilpu BuKO-
HaHHI yMOB (25) 1 (26) maemo

5'(x)=]f(x+a(7{—r),r)dr—jf(x—aé',:r—g)dt9=

=;[f(xwta(:fr—r),r)dr—’If(xwta(fr—g)—aﬁ,fr—é’)dé’:

T

I
—_—
\.H
_
=
+
2
—_
2
I
=~
~—
=
~—
=
~
—_—
~
—_
=
+
=
_—
=]
>
~
—_
[
=
—
=
]
S
~—
=
o)

=;j-f(x+a(7r r),r)drf’[_f(x+a(7z79)+ﬂ,x79) de =

=jf(x+a(7z—r),r) dr—jf(x+a(7r—(9),9)d950, vxeR.

0

Otxe,
S(x)=const=B, VxeR. (30) A= Idr .[ S (n.7)dn = const
Tenep Ha nijacTaBi 10BeJeHUX piBHOCTEH (28), AL ,{ 0
(30) i pisnocri (19) onepxyemo B= Idr j f(n.7)dn = const
. T—t i 0 x—a(zr—r}
' = 4-— 31
(L“f)(x’t) dar 4 dar B G npu a=2k—1, k€N, € YJaCTHHHUM KJIacH4-
CropaBeanuBe TBEPIKEHHS. HHM (u“ (x,t) € Clz) pO3B’SI3KOM KpanoBOi
Teopema 3. Sxwo ¢yuxuin f(x.t)e 27 -nepioguunoi no x sagaui (8)—(10).
e GiNK,, 10 byukuis JloBenenns 6a3yerbes nHa Tomy akti, o
. = . T —1i t
u, (x,0)=(P.f)(x.0) = Gynuis (L, /) (x.0)=— oA B
E(Lﬂ.f')(w,r)— ﬂ—tA_ t B, qoBONbHAE yMOBI (15) Teopemu 2 i € 2033’;{3-
ar dar KOM ojHOpinHOrO piBHstHHS U, —a . =0.
ac Axuio posrngaeMo kinac QyHKIH
C={fif ()= f(x+mt)=f(x,x—t)=—f(-x,1)= f (x+27,1)}. (32)
TO CHPABEJIMB] TBEPIKCHHS. — (R[_f)(tif) = (Laf)(x,I) e upu a=2k-1,

Teopema 4. ko vk  f(x,t) € N . .
P wo  Gynku f( ’ ) k € N po3B’sa3KOM KpaitoBoi 27 -nepioJuuHoi

eGyNK, TO dyHKLis u,(x,¢)=mo x 3amaui (8)—(10).

a

Dizuxo-mamemamuini HAyKU ISSN 2518-1785 (Online), ISSN 2413-6549 (Print)
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HMosenennus Crpasai, Tak sk [ (x,t)e K,
Ha ocHOB1 dopmyin (20) 1 (21) maemo
A=7(0)=0, B=5(0)=0.
3BifCH BHIUIMBAE, IO (E”j')(x,r) =0,
V(x,t) € Rx[O,T], a omKe U, (x,t)(x,t) =
= (F::f)(x,t) = (Lﬂj')(x,t

HoBoi 27 -nepioguunoi no x 3anauqi (8)—(10).

Teopemy 4 noBescHoO.
a({—r)

(L,7)(0,6)= éllajd:r | f(q,r)dm;ajdr

a —(.r(l‘—r]

z+a(t-t)

) € po3B’s3KOM Kpa-

95

f(x,r)e
u, (x,t)=

3a/I0BOJILHAE 1

Teopema 5. Sxuwo PyHxuis

eG,NK,, TO byuxiis

=(£ 1) (v0)=(L,1)(x1)
KpaHOBUM YMOBaM

(P f)(0,0)= (P, f)(7.t) =0,
To610 (L, f)(0.2)=(L,f)(7.1)=0

Josenenusi. Ha ocuosi dopmynu (12)
OTPUMYEMO

T —a(r—r]
f(n.7)dn =0
t c.r[.f—r)

T—a(t-r)

(Laf)(fr,r)zLj‘dr I f(r;,r)dry+Lj‘dr j f(?],r)dr]=

T— a(r r)

1 afr-
4a 0 754(! 7)

' aft=r)

=Ljdr I f(r.r

4a 0 —a[r—r)

Teopemy 5 noBenecHo.

JoBeaeMo me ojgHYy BJIACTUBICTh (DYHKII

(P77 ) (o) = (LS ) (x)

—x+a(i-r)

)a’y+i_!‘dr j f(r.7

T4a(t-r)

—aft-r)

dr I fz+y.t )d;v+—_[a’r I f(z+y.t)dy =

afr-r)
7 —a(t-7)
)dy =0.
a[!—r)
(Pf,_f)(—xat) = —(R,_f)(x,t).
3 popmynu (12) onepxyemo

—.\'—(r(l‘—r)

_ 1 1%
() xt)=(Laf)(xt)==[dz [ f(ne)an+-[dr [ f(n.c)dn=
a 0 —x—a(t-t) a t —x+a(t-r)
1 1 x=alt-t1) 1 T x+a(t- r)
=1 dr\m_([ | f(—y,f)d;z/—a_!.dr “(l-, r))"(—}/,r)d}f—
x+a(t-1) x—a(t-t)
———J.df J. ;Vs d?’_—jdf f(?’aﬂdy:
x-a(t-1) t x+a(t-r)
1 ' x+a(i-1) 1 T x—a(t-t) .
= M'([dTY I[I_r)f(y,r)dy+Mj‘drw_([_ﬂf(y,r)d}f =—(Pﬂ f)(x,r).
Orxe, npu f(x,t)eK dbyHknis Teopema 6. fxuo ¢dyHKIIA f(x,t)e

ug (x,0)(x.) = (P S ) (ot
TOOTO BUKOHYETBCSA yMOBa (33).
Brnactusicts (33) noreaeno.

Tenep mMoxHa, BAKOPUCTOBYIOUH TEOpPEMY
chopMyIOBaTH TBeEp-
JUKEHHS npo po3knaa GyHkuii (HermapHoi) y psajg

CrexnoBa [3, c.115],

Dyp’e.

Bicnuk 3anopizokozo HayionaavHozo ynigepcumemy

) € HEMapHOIO 1O X,

€ G, K, TO po3B’s30K KpailoBoi 27 -mepio-
auunoi mo x 3agadl (8)—(10) u, (x,f)(x,l) =
= (Pa_f)(x,z) = (Laf)(x,t) PO3KIAJIAETLCS Y
TpuroHoMeTpuuHuil pan Pyp’e surnsany (4)

x t):izk (£,0)sinkx . (34)

Ne d, 2019
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Takum YHHOM, MU 3HAUIITK KJac PyHKIIH
K, axuii 103B0/IA€ BUPIIUTH IPOOIEMY ICHY-
BaHH 1 pO3KJIaAy PO3B’A3KY KpaloBO1 JTiHIHHOT
27 -nepioguyHoi no x 3anayi (8)—(10) y pan
Dyp’e.

IMoOyoBa HADINKEHOTO PO3B’A3KY KBA-
3iiniiiHOI KpaiioBol 2 ~-niepioaguYHOI IO X 3a-
pavi. Posrnsnemo kpaioBy 27 -mepiognday
0 X 3a7a4y

u, —azuu = SF(X,[,H), (35)
u(x,0)=u(x,1)=0, (36)
u(x+2;r,t):u(x,f), (37)

[PH TAKOMY MPUNYHISHHI: /17 KOKHOT P yHKIIT
u(x,t) € K, ckanspHa pyHKitis F(x,t,u(x,t))
[IpaBoi 4acTUHU PpiBHsIHHA (35) 3a/10BOJIbHSE
YMOBI F(x,f,u (x,z)) ek, .

[[fo6 BrazaHe mNpUNyLUICHHS BUKOHYBa-

JIocs, HaM NOTPIOHO JOBECTH AB1 BIACTHBOCTI
oreparopa :

D (L) 7+x0)=(L,f)(x1);
2) (L) (x, 7 1) = (L, /) (x.1).

JoBsenemo nepmy Bnactuicth. Bukopuc-
ToBYWOYH Gopmyny (12), onepxkyemo

1 i m+x+a(t-r)
(LS ) (7 +x0)=—dr f(m,7)dn+
4a 0 .T+.\‘7a[r7r)
1 P zx-a(t-r)
2 [d 7)dn =
" 4&['! r.r+_\-+a(f—r]f(q T) T
' x+a(r-r)
= dr I f(z+y,7)dy+

Brnactusicts 1) noseena.
Ha ocHosi mi€i x hopmynu (12) noenemo
JIPYTY BIAacTUBICTh, Maemo

i x+alm—1-71)

. 17 )
(L) wr=n)=—[ar [ r(nr)dn+
0 x—a(x—t-71)
1 T x—a(r—t-1)
+5}{J;drr+u(}.!‘_{_r]‘f (W’T)dn

3po0uMo y gaHiil piBHOCTI 3aMIHY 3MIHHOT
7= —6. Orpumaemo

Dizuxo-mamemamuini HayxKu
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1 x+al—1-6)

 4a
v—a|—i1-8)

[ r(nx-0)dn=

.\’+a(—!—9)

(L, f)(x,m—1) j.dﬂ f(n.7—-0)dn-

T

x—a(—i—H)
l 0

-——|df
4a J

L (a6
4a0

.\'—(r(r—ﬂ]

[ 7(n.0)dn=(L5)(x0)

.\'+rr(r—9)

x+a(t-8)

[ r(n.0)dn+

x—a(t-8)

T

1
+5_!d19

OTxe, sxkuo ¢yHKiis f(x,r)eK“_, TO

(Laf)(x,t) ek, .

Toni BuOUpaemo JOBINBHY (G YHKIIIIO
f(x,t) € K i3a HynboBe HAOIMKEHHS TIPHIi-
MaeMO (hyHKIIITO

u, (x,1

)=(

U, x,i‘) = .5‘(

ae F[uﬂ_]]= 1‘3‘(1',:,;4,"_1 (x,r)), neN.

3ayBaxkumo, 110 BCl HaOIUKEHHS

u,(x,t)€ K; Ha ocHOBI BiacTHBOCTI omepa-

Topa L,.

Bucnosku. 1. J{ocnimkeno  kpaioBy
27 -nepioAUYHY 3aaa4uy s JIHIHHOTO HEOM-
HOPIAHOTO TINEpPOONIYHOTO PIBHAHHS IPYroro
MOpAIKY, JiBa vacTHHA AKoro omeparop [la-
nambepa &°/or —a’d’ [ox” .

2. Bcranosneno knac ¢pyHKILIH ABOX 3MIH-
HHUX f(x,t) , IUIS AKHUX ICHYE YaCTHHHMI Kia-

CUYHUH PO3B’A30K BKa3aHOI 3a1a4i.

3. BuaisieHo migknac 3HaHIeHOIr0 Kiacy, y
SAKOMY KITACHYHHH PO3B’ 30K KpailoBoi 27 -1e-
PIOIMYHOL 1O X 3ada4l [y HEOAHOPITHOTO Ti-
mepboNIIYHOro PIBHSIHHSL € HEenapHow (PyHK-
Li€o.

4, 3anponoHOBaAHO CXEMY MOOYIOBH MOCITI-
JOBHUX HAOIHKEHL PO3B’SI3KY KBa3lMiHIHHOL
KpaitoBol 277 -epilogUYHOL 10 X 3a1adi.
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