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Karo4dosi ciioBa:

KpalioBa repiofnyHa 3ajaqa, He30y-
pEHe pIBHSIHHSL, BIIaCTUBOCTI
PO3B’SI3Ky, ONIEPaTOPHUIT METOI.

Jo mporo wacy acuMnToTHYHUMH Metomamu KpmroBa—boromo6oBa—
Murtpornosbcbkoro—MoceeHKoBa  JTOCHIIPKYBAIUCS TinepOotiyHi  piB-
HSIHHS APYTOTO MOPSIIKY 3 MAIUM [TapaMeTpOM & Yy NpaBiil YacTHHI IpU
yMoBi, kosti He3Oypere (& =0) piBHSHHS Ma€e po3B’SI30K y BUTIISL TPH-
roHOMeTpH4HOro psaxy Dyp’e. i )k MeTOIM 3 NPUITYLICHHSM MaJU3HH
rapaMeTpa & JIO3BOJIWIIM OyAyBaTH HaOMMKEHHH PO3B’A30K KparoBOl
nepioquYHOI 3aayi Ui TinepOoiYHOTO PIBHSHHS JPYroro MOpsAKY,
IpaBa YaCTHHA SIKOTO MICTUTh MM MapaMeTp & , JliBa YaCTHHA — YTBO-
peHa onepaTopoM lamambepa. Y mporieci TOCIiIKeHHS JIOT19HO BHHUKAE
3alUTaHHs, NpU sAKMX yMmoBax He3Oypene (&=0) piBusHHS Mae
PO3B’SI30K y BUIJISIi TPUrOHOMETpUYHOTO psity Dyp e. Ix BcraHoBIEHHIO
MIPUCBsYEHA JlaHa po0oTa.

VY mepiit yacTuHI poOOTH PO3TITHYTO He30ypeHe piBHAHHS, V JiBii ya-
CTHHI 5IKOTO € oneparop [damambepa, y mpaBiif yacTuHI — JOBUTbHA PyH-

xuis f(X,t).3 BuKOpUCTaHHS olepaTOpHOTO MeTORY N00Y10BaHO (op-
MaJIbHUH PO3B 30K BKa3aHOTO PiBHSAHHA. OOIPYHTOBAHO PSJ TEOpEM i
JIeM, SIKi BCTAaHOBJIOIOTh YMOBH ICHYBaHHS KJIACHYHOT'O PO3B’SI3KY Kpa-
HOBOI 277 -TIepioqUYHOT 110 3MiHHIM X 3a/1a4i 171st He30YPEHOTO PiBHSIHHSL.
IIpu 1LOMY BU3HAYEHO KOHKPETHHH Kinac Gpynkmii f (X, t) , Y IKOMY BKa-
3aHa BHIIE 33Jada Mae KIACHYHMN pO3B’sI30K. BunineHo mixkiac ¢pyHk-
uiit f(X,t),y skomy KiacuuHuil po3B’ 30K NOCTABIIEHOT 3a1a4i € Hemap-
HOIO (YHKIII€I0, a, OTKeE, 3 BpaXyBaHHAM 277 -[IepPioIHIHOCTI pO3KiIaia-
€TbCSl Y TPUTOHOMETPUYHUN psig Dyp’e MO CHHYCAaX.

OTpuMaHi pe3yibTaTH JAl0Th MOXJIMBICTh MOOYAYyBaTH HAOIMIKCHHN
PO3B 130K KBa3IiHIHOT KpaloBOI 277 -1epioAMYHOI 110 3MiHHIM X 3axaui
UL TinepOOTiYHOTO PIBHSHHS IPYrOro MOPSIIKY, MPaBa YaCTHUHA SIKOTO €
oyukuin F (X,t, u) 3 MIUM ITapaMeTpoM & . Y Ipyrii 4acTuHi poOOTH
HaBEJCHO CXeMy MOOY0BH HAOIMKEHOTO PO3B’°sI3Ky. SIK HyIh0BE HAOIH-
JKEHHsI B35TO 300paKeHHs KIIACHYHOIO PO3B’SI3KY KpaioBoi 27 -mepio-
JMYHOT 110 3MIHHIH X 3ajad4i Ajist He30ypeHOTo PiBHSIHHS, BCTAHOBJIEHOTO
B TIEPIIIii YaCTHHI POOOTH.
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Until now the hyperbolic second order equations with small parameter ¢
in right side have been researched by asymptotic methods of Krylov—Bo-
holiubov—Mytropolskyi—Moseienkov provided that undisturbed (& =0)
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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 f (x,t) . 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,t) in which the above prob-

lem 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 27 -periodic in x problem for a hyper-
bolic second order equation right side of which is a function &F (x, t, 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 -mepioanuna 3amada
JUIsL TinepOOIIYHOTO PIBHSHHS JAPYroro Imo-
PAIKY BUIITISIILY

u,—a’u, = Au+ef (X,t,u,ut,ux), (1) Meroxy Dyp’e [3] 3HaXoxATH PO3B’A30K piB-
u(0,t)=u(z,t)=0,
u(x,t+27)=u(xt)

ske ogepxyerbes 3 (1), ko € =0, 3 TUMH X
KpaiioBumH ymoBamu (2). Jlani, mpumyckarouu,

110 (ak)2—1>0, k=12,3,..., 32 1OTIOMOTOI0

HSHHSA (5) y BUTTISAII pay

@) u(x,t,0)=
3) (6)

JOCTIDKyBalach y JESIKOMY MPSMOKYTHUKY
I[l; = {O <X<7m0<t< 27[} ACUMIITOTHYHUMU
meromamu [1,2] y wnpunymeHHi, o i
PO3B’SA30K iCHYE 1 300paxkaeTbes psom Pyp’e

u(x,t,g)zizk (t,&)sinkx, (4)

KU aBTOMAaTHYHO 3aJI0BOJIbHAE KpaoBUM
ymoBaM (2). Lle noB’g3aHo 3 TUM, 110 OCHOBHA
i71es 3aCTOCYBaHHS ACUMITOTHYHHX METOJIiB
JUI pO3B’sI3aHHs KpaioBoi 27 -nepioguyHOi
no t 3amaui (1)—(3) monsirae y BUKOpUCTaHHI
teopii psaaiB Dyp’e [3, 4]. Ak BigoMo, 118 10C-
JipKeHHs piBHAHHA (1) ciovaTky po3risaaiThb
He30ypeHe pIBHAHHS

u, —a’u, = Au, (5)

XX

Dizuko-mamemamuyni HAyKu

(A cosat+B,sine,t)sinkx,
k=1
ne @ =4/(ak)’~2 - wactoTn HopMaTBHUX

KomuBaHb, A 1 B, — cram BennuuHu. Beaxa-

04, 110 Y 3B 53Ky 3 MAJIM3HOIO MapaMeTpa &
(dbopMHU KOJTMBaHb HOPMaJIbHUX TOHIB ITPHU HasIB-
HocTi 30ypeHHs (£ #0) 3 BEJIMKOI TOYHICTIO
BHU3HAUaThCS TUMHU K BJIACHUMU (PYHKIISIMHU
sinkx, po3B’s30k 30ypeHoro piBHsHHSA (1) nry-
KatoTh y Burisiai psaay @yp’e (4), ne z, (t, g) —
¢bynkuii, ki moTpidHO Bu3HaunTU. Came Taki
KPOKH JTOCII/DKEHHSI TIPOITOHYBAIIUCS Y MUHY-
nomy ctomiTTi [5—10] nmpu BUBUEHHI KpalOBUX
27 -niepioguuHux 1o { 3amay 11t pi3HUX BUTIB
rinepOoIYHUX PIBHSIHb Ta CUCTEM.
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ITocTanoBKka npodJjemu. Y naniii po6orti
3alpONIOHOBaHa HOBA IIOCTaHOBKAa KpaHoBOl
27 -miepioguYHOl 1O 3MIHHIM X 3ajmadi s
O1TBIII 3aTaJILHOTO TiNEPOOTIYHOTO PIBHSIHHS

U, —a’u, =g(xt)+eF(x,tu). (7)

CrniouaTky po3risgaeTbCcs KpaioBa 27 -Tie-
pioguuHa Mo X 3ajava Juis JiHIHOTO HEOaHO-
PiIHOTO PIBHSHHS BUTIISAY

=f(xt), xeR, 0<t<T, (8)
u(x,0)=u(x,7)=0, xeR, 9
u(x+2z,t)=u(xt), (x,t)e Rx[0,T] (10)

1 JIOCHIJKY€ETBCS, JUISI SIKOTO KJacy (YHKIIH
f (x,t) icHye po3B’sI30K, 11O BOJIOZLI€ BIACTHBI-
crio U(—x,t)=-u(x

omeparopa, 10 MOPOJKYE TaHUU PO3B’A30K,
MOKAa3aHO, SIK MOYKHA OyayBaTH MOCTi0OBHI Ha-
OJIM KEHHS pPO3B’SA3KY KpaloBoi 27 -miepioand-
HOT 0 X 3ajJ1a4i JAJIg KBa3UTHIHHOTO PIBHSHHS

,t). Jlani 3a JOomoMororo

u, —a’u, =&F (x,t,u).

JIJ1st TIbOTO BUKOPHCTOBYIOTBCS TaKi Mpoc-
TOpH 1 KJIacH (PyHKITii:

C — mpoctip GyHKIIH ABOX 3MIHHHX X 1
t, HenepepBHUX i 0OMEKeHHX HA R X [O,T] ,

C** — mpoctip Qynkuiit UeC Takux, mo
DDlueC;

Gy — npocrip GyHKILiH 1BOX 3MiHHHX X 1
t, HerepepBHuX i oOMexeHnx Ha Rx[0,T] pa-
30M i3 moxiaHorw no X, G C c’;

Q,, — npocrip Gynkuiit f(x,t), sxi 3amo-
BOJIBHSIOTE Ha RX [O,T] CHIBBIIHOIIECHHS
f(x+27z,1t)=f(xt);

L(X,Y) — npocrtip niniiiux i 06MeKeHIX

BigoOpaxenb X B Y .

={ff(xt)=f(x+zt)=f(x,7-t)=f(x+27,1)}.
K, :{f f(xt)=f(x+z,t)=f(x,7-t)=—F(-x,t)=f (x+27r,t)}.

YmoBH po3B’si3HOCTI JiHiliHOI 3agaui t
(8)-(10). Posrmsmemo dynkuito U, (X,t), Bu- T Aza dz f(n,7)dn. (13)
0 X—a(zr-7
3HA4YEHY OIepaTopoM P, TaKUM YHHOM: . )
CrnipaBeyinB1 TBEPAKEHHSI.
u, (x,t)=(P,f)(x,t)= .
X Jemal  Sxmo ¢ynkuin  f(xt)e
=(Laf)(xlt)+(L(a f))(x't)’ M 6:NQx, to pysuin u, (x.t) = (L, f)(x1)
t x+a(t—-r
(L f)(xt) ——sz’ .[ f(n,7)dn+ € YACTUHHHMM KJIACHYHHM (uan(x,t)ecz’z)
( x-a(tr) pO3B’s13KOM piBHAHHS (8).
1 = A 7) HoBenenns. OOuucaumo Big GyHKIIT
+£.!.drx+a.([t ) f(m.z)dn, (12) Uy, (%t)=(L,f)(x,t) wactuuui noximui mo
x+ar JPYyroro MOpsIIKY BKIIOYHO. BpaxoByroun ¢o-
(Laf jdr j 77 T d77 — pmyny (12), 3Haxoaumo
1 t x+a(t-7) 1 z x-a(t-7)
(Laf)(x,t):—_[dr [ fmo)dp+—=[dr [ f(nr)dy
4a 0 x-a(t-7) 4a t x+a(t-7)
t
(L, F)(xt) :4%?[ x+a(t-7),7)+ f(x-a(t-z),7))dr+

+4iaj (—f (X—a(t—r),r)— f (X+a(t—r),1))dr;
W=4—2j (f (X+a(t—z'),2')— f (X—a(t—r),z'))dz'Jr

0
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T

+4—:;'[ (f(x—a(t—r),r)— f (X+a(t—r),r))dz'.

t

Bsenemo no3HaueHHs:

Marnmemo

%Ha‘c(ﬂ”)_a‘c(“)jdﬂzf( )=

>jd1+;} [“gﬁ’ﬂ_“gyjdf;

t

op
t
= f(xt)+EI A (ar) oH(fr
44 oa op
o* (L, f)(x t)_ij- of (a,r) of (Bt
o dai | oa op
OTtxe,
2 2
PO LB,
ot OX
Jlemy 1 noBeneHo.
Jomnomizkna Jsema. Hexail ¢yHKmisa
K (x,t,7) Bu3HA4YeHa iHTETpaNOM
x+b(t,7)
K(xt7)= f(n,7)dn. (14)

x—b(t,r)

Toxi anst koxHOI 27 -miepioguuHol Mo X (yH-
kuii f(x,t)eCNQ;, pynkuis K(x,t,7) e Ta-

KOX 27 -TIepIOJAMYHOIO 110 X .
JoBenenns. Crpaszi, Ha mijacTtaBi ¢op-
mynu (14) 3Haxoaumo
x+27+b(t,7)
K(x+27,t,7)= I

x+27-b(t,7)

f(n,7)dny =

a e o3Havae, wo Qpynkuis K (X,t,7) — 27 -me-
piognuna no X, sxwo ¢ysxuis f(x,t) —

27 -TiepiouYHA 1O X .
JloOMiXKHY JIEMY JTOBEICHO.
Teopema 1. fxmo ¢yHkis

eCNQ;,, To dynkuis U, (

f(X,t)e

x,t)=(P,f)(xt),

Dizuko-mamemamuyni HAyKu

’ )]dr+4—1a;f Laf

) dte)),,

op e

BHU3HaueHa (opmynoro (11), 3a10BONIBHSE Kpa-
fioBuM ymoBam (9) 1 ymoBi nepioguanocti (10).

JoBenennsi. Cripapji, 3riHO 3 JOMOMIX-
HOIO JIEMOIO IIEPEKOHYEMOCS Yy BUKOHAHHI
ymoBu (10). Jlami na migcrtasi ¢opmyn (11)—
(13) nepeBipumo BUKOHAHHS YMOB (9):

u, (x,0)=(P,f)(x0)=
= (L, F)(x,0)+ (E f)(x 0)=

X+ar

:—Idr j

X—ar

(n,7)dn-

——Idr_[

X—ar

u, (x,7

777 dry 0, VxeR;

)=(R.F)(x7)=
X,7z')+(|:af)(x,7z'):

Teopemy 1 noBezneHo.
Teopema 2. Slxmo ¢yHKUIA

f(X,t)e

€ G; N Q,, i BUKOHYETbCS yMOBa

o* (L. f)(xt)

7 =0 V(xt)eRx[0T], (15)
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o dynkuis U, (X,t)=(P,f)(xt) e vactunanm
KJIACHYHUM (ua (x,t)e C2’2) PO3B’A3KOM Kpa-

foBoi 27 -mepioauuHoi o X 3amaudi (8)—(10).
JloBenenns. 3rinHo 3 TeopemMoro 1 ¢GyHK-
wist u, (x,t)=(P, f)(xt
(9)-(10). BpaxoByroun TBepuKeHHs jJemH 1 i
YMOBU TEOpeMH 2, JOBEIAEMO, IO (QYHKIs

u, (x,t)=(P,f)(xt
(8). CpaBni, 0OYUCITIOIOYM YaCTUHHI MOXITHI
dynkuii u, (X,t), maemo
O(P,f)(x,t / N _
%z(gf)t(x,t)%gf)t(x,t),
82 Paf X,t " ~ "
%:(Laf)tt (X’t)+(Laf)n (x,t)=

=(Lf), (xt). (16)

[Ipu 3HAXOPKEHHI APYroi YacTUHHOI MO-
XigHoi (Pa f )n” (X,t) dyuxuii (P, f)(x,t) spa-
XOBAHO TOM (DaKT, 1o PyHKIIis (I:af )(X,t) -

) 3aJI0BOJIbHSIE YMOBaM

) 3aHOBONBHSE PIBHSHHIO

HIHO 3aJIeXKHa BiJ aprymeHty t, Tomy mpyra
”

YaCTUHHA MOXIJTHA (I:a f )tt (X,t) TOTOXKHO JIO-
PIBHIOE HYJIEBI1, TOOTO
o (L, f)(xt)
atZ
bepyun no yBaru BukoHaHHs ymoBH (15)
TEOpEeMH 2, 3HaXOAMMO HACTYIHI IMOXi/IHi:

0. (17)

o(R.1)(xt) _a(Lf)(x1) , A(LF)(x),
OX OX OX ’
az(Pafz(x,t):az(Lafz)(x,t). 8)

OX OX

Orxe, BpaxoBytoun ¢opmynu (16) 1 (18),
OJIEPKUMO

* (P f)(xt) ~

P (RO

ot? OX?
_az(Laf)(X’t) _ Zaz(Laf)(X’t)
B ot? Ox? '

Ha ocHoBi TBepiKeHHS J1eMH | oTpUMyeMO

RN PR
o ox* -
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u, (x,t)=

KIIaCHYHUM pO3B,5I3KOM

a 1e mo  (QyHKIisA

=(R,f)(xt) e
27 -nepioguunoi mo X 3amaui (8)—(10), a
dynxuisn z, (X,t) :(I:af )(X,t) IIPY BUKOHAHHI

ymoB (15), (17) € po3B’s13Kk0M OAHOPITHOTO PiB-
HSHHSI

O3HayYae,

Teopemy 2 noBesneHo.
3ayBaxennsi. [[ng ocrtaTo4yHOro 3’scCy-
BaHHS YMOB pO3B’s13HOCTI 3a1a4i (8)—(10) 3amu-

waeThesl BCTaHoBUTH Kiac dymkuiii  f (X,t),

TSl IKOTO BUKOHY€EThCSI yMoBa (15).

DyHKIIiI0 Za(x,t):(faf)(x,t) 3anu-
LIEMO TaK:
- t t
Cf)(xt)=—2=— ——5(x), (19
(18- T 0 o0, 9
e
Idrj 777 dn; (20)
z x+a(z:r)
s(x)=[dz [ f(pr)dp. (20)
0 Xa(ﬂ'r)

3uaiinemo noxinny ¢yskuii 7 (X). Ha oc-
HOBI1 hopmynu (20) oxepxyeMo

}/'(X):T (f(x+ar,r)— f (X—ar,r))dr =

Tf(x ar,7)dr. (22)

0

X+ar r d

O'—»N

VY npyromy iHTerpaii piBHocTi (22) 3po-
OuMo 3aMiHy 3MiHHOI 7=7—0, dr=-d6,
7 <60 <0. Toni piBHICTH (22) 3aIUIIETHCS TaK:

7'(x) ='[ f(x+ar,7)dr—
0

—If(x+a9—a;r,;r—9)d0.

0

(23)

PiBHiCTB
(24)

BUKOHYETHCS TO1 1 TIIBKU TO1, KOJIM PIBHICTh
(23) nopiBHtoe HyneBi. Lle MoxIHBO, KONH

a=2k-1 keN

7'(x)=0, VxeR

(25)
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1y Kiaci QyHKIii
={f:f(xt)=f(x+7z1t)=

=f(x,7-t)= f(x+27z,t)}. (26)

SIK110 BUKOHYIOTBCSI yMOBH (25) 1 (26), TO
Ha OCHOBI piBHOCTI (23) OTpUMyEMO
7' (x) :J. f(x+ar,7)dr—
0

Va

[ f(x+a0,0)do=0, vxeR

0

(27)

7(x)=const=A, VxeR. (28)

5'(X):I f (X+a(7r—r),z')dr—

:I f (X+a(72'—z'),r)dr—

O =

=]§ f (X+a(7z—r),r)dr—]§ f (x+a

f(x+a(z-

r),r)dr—

Il
O =3
O ey N

=|f(x+a(z-

O'—»N

Otxe,

5(x)=const=B, VxeR. (30)

Tenep Ha mijcTaBi 10BeACHUX piBHOCTEH (28),
(30) 1 piBHOCTI (19) OmEpKYEMO
T—t t

L f)(xt)=—=—A-——B. (31
( ¢ )(X ) dar dar (1)

CripaBe/I/InBe TBEPKEHHS.

Teopema 3. ko ¢ynkuin  f(xt)e
e Gs NK,, To dynkuis

u, (x,t)=(P,f)(x,t)=
—t t
=(L,f)(xt)-Z—A-—B
( : )(X ) dar dar

e

={f cf(xt)=f(x+xzt)=f(x7-1)=

TO CIPaBE/JINBI TBEPIKEHHS.
Teopema 4. Slkmo ¢ynxuin  f(xt)e

eGr NK,, T0  (yHKIIisA U, (x,t)=
=(Paff)(x,t)z(Laf)(x,t) e mpu a=2k-1,

Dizuko-mamemamuyni HAyKu

AHaJOTIYHO 3HAXOUMO MOXITHY

5'(x)=;|j (f(x+a(z—z),7)-
—f (X—a(ﬂ'—l’) r))dr=

]Ef X+a7z r )dz'—
0

_If(x_a(ﬁ—r),r)df. (29)

VY npyromy iHTerpaii piBHocTi (29) npoBe-

JIeMo 3aMiHy 3MiHHOT 7 =7 —6. [lpu BHKO-
HaHHI yMOB (25) 1 (26) MaeMo

[f(x-a0,7-0)do=
0

f(X+a(7z—(9)—a7z,7z—(9)d6’:

(7—0)—(2k-1)z,7—6)dO =

f(x+a(7z—6’)+7r,7r—6’)d9=

) z‘)dr—? f (X+a(7r—t9),0)dt950, vxeR.

A= Idr I (n,7)dn = const;
e x+a(7rT 7)
B =Jdr f (17,7)dn = const
0 x-a(z—7)

npu a=2k—-1, keN, € yacTUHHUM KIacuy-
HUM (ua (x,t)e CZ'Z) PO3B’A3KOM KpaioBoi

27 -nepioauuHoi 1Mo X 3aaauyi (8)—(10).
JloBenennst 6a3yeTbcs Ha TOMY (haKTi, 110
. ~ m—t t
kit (L, f)(x,t)=——A—-——B 3a-
by ( )( ) dar dar
JOBOJNBHSIE YMOBI (15) Teopemu 2 1 € po3B’si3-
KOM OJIHOpifHOrO piBHAHHA UJ —a’u’ =0.

SIKI10 po3rIsiHEMO Ki1ac (PYHKITIH

—f (=x.t)=f (x+27,t)}, (32)

k e N po3B’si3kOM KpaiioBOi 27 -IIepioAnIHOT
o X 3a1a4i (8)—(10).
JloBeneHHs.

f (X,t) eK,,

MaeEMO

Crpagni,
Ha ocHOBI opmyn (20) 1 (21)

TaK SAK
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A=y(0)=0, B=5(0)=0. Teopema 5. Slkmo ¢ynkuin f(xt)e
3BiICH BWIUIMBAE, IO (I:af)(x,t)EO, eGiNK,, TO Qynxuis u, (x,t)=
v(xt)eRx[0,T], a omke u,(xt)(xt)= =(Pf)(xt)=(Lf)(xt) sanopomsmse i
(P f)(x.t)=(L f)(x.t ; _ KpaioBHM yMOBaM
. ( a )( ) ( a )( ) € pO3B .HBKOM Kpa (Pa‘f)(O,t):(Pa‘f)(ﬁ,t)zo,
foBoi 27 -nepioanynoi mo X 3amaui (8)—(10).
Teopemy 4 noBeneHo. ro6to (L, f)(0,t) =(L,f)(7,t)=0.
JoBenennss. Ha ocHoBi ¢opmymn (12)
OTPUMYEMO
1 t - -a(t-7)
(Lf)Otz—J.dr j mdm—jdr j f(n,7)dn=0;
4a 0 a(t— a(t-z)
1 t a( r—a(t-7)
(L.f)(m1) ——jdr j (n.7 df]+—_[dr I f(n.7)dn=
4a 0 r-a(t-r t r+a(t-r)
1t a(t-r) r  —at-r)
:4—aodr_a(.t[ ; f (ﬂ+y,r)dy+4—ajdr (tJ:T) f(z+y7)dy=
1 a(t-7) —a(t-7)
:Ejdr J:T VT d7/+—J'd2' (tJ.T) f(}/,f)d}/:O.
Teopemy 5 noBeneHo. _ _ _(p- 33
JloBeaeMoO i€ OJHY BIACTUBICTH (YHKIIi (Pa f)( xt) (Pa f)(x,t). (33)
(P f)(xt)=(L,f)(xt) 3 popmyrmu (12) onepaxyemo
1 t —x+a(t-7) 1= —x-a(t-7)
(P f)(—xt)=(Lf)(—xt)=—[dr [ f(no)dp+—[de [ f(nr)dn=
4a 0 —x-a(t-7) 4a t —x+a(t-1)
1 t x—a(t-7) 1 . x+a(t-7
B _E'([drxﬁi(tr) f (_yir)dy_g'!.drxa(tr f (_j/’r)d}/ )
1 t x+a(t-7) ( ) 1 . x-a(t-7) ( )
=——|dr f(y,7)dy——|dr f(y,7)dy=
4a 0 x-a(t-7) 4a t x+a(t-7)
1 t x+a(t-7) 1% x—a(t-7)
=—| —|d f(y,7)dy+—|d f(y,r)dy [=—(P, f)(x1).
4a£ Txa!t,) (r.r)dy +4a! TM(L) (re)dy J==(R 1))
Orke, mpn f(xt)eK;  Qynkuis Teopema 6. Sxmo ¢ynxuis  f(x,t)e
u;(x,t)(x,t):(Pa‘f )(x,t) e HemapHoto o X, €GN K, To po3B’s30k kpaitoBoi 27 -mepio-
TOOTO BUKOHY€EThCSI yMoBa (33). amanoi mo X 3azmadi (8)—(10) u, (X,t)(x,t)=

Bnactusicts (33) noBeaeHo. _ ( P f )(X, t) = ( L, f )(x,t) PO3KIIAJA€ThCA Y
Tenep MoXkHA, BUKOPHCTOBYIOUH TEOPEMY * :
CrexnoBa [3, c.115], chopmymopatn TBep- TPHTOHOMETPHYHMH psii DPyp’e BUTIALY (4)
JPKEHHS IIPO PO3KIAL Kl (HemapHol LT © .
Dyp’e. Pop ysti (senaproi) y p u(x,t)=> z,(t,0)sinkx. (34)
k=1

TakuMm 4MHOM, MM 3HANILIN Ki1ac QyHKIINH

K., sfKkuil 103BoJsi€ BUPIMIUTU IpoOieMy ic-
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HYBaHHS 1 pO3KJIaly po3B’s3Ky KpailoBoO1 JiHiH-
HOl 27 -mepiognuHoi mo X 3amadi (8)—(10) y
pan Oyp’e.

IToOynoBa Ha0/IMAKEHOT0 PO3B’A3KY KBa-
3is1iHiiiHOT KpaiioBol 27-nepioanyHoI MO X 3a-
naui. Po3riisineMo kpaitoBy 277 -nepiognyHy mo
X 3a1auy

U, —a’u, =eF(x,t,u), (35)
u(x,0)=u(xt)=0, (36)
u(x+2z,t)=u(xt), (37)

IPY TAKOMY IPUIYIICHHI: ISl KOXKHOT (PyHKIIIT
u(x,t)e K cxamspua pynxuis F (X,t, u (X,t))
npaBoi YacTUHHM piBHAHHA (35) 3a10BOJIBHSE
ymosi F(x,t,u(x,t))ekK;.

[Ilo60 Bka3zaHe MpHIYIIEHHS BHUKOHYBa-
J0Cs, HaM TOTPIOHO JOBECTH JBI BIACTHBOCTI

oreparopa :
1) (L f)(z+xt)=(Lf)(xt);

2) (L, f)(xz~t)=(L,f)(x1).
JloBenemo mepiry BJIACTUBICTh. Bukopwuc-
ToBYyIoud (hopmyiy (12), onep:xkyemo

t 7r+X+a(t—7)

(L) (rext)=-c[dr [ f(n.r)dn+
4a 0 z+x-a(t-1)
1 T z+x-a(t-7)
4—I I f(n,7)dn=
t z+x+a(t-7)
1 t x+a(t-r)
=—|dr (m+y,7)dy+
43.'!). X— aJ.t (t-7) 4 ) ’
1% x—a(t-7)
+— dr (m+y,7)dy =(L,f)(xt).
t x+a(t-7)

Bnacrusicts 1) noBenena.
Ha ocHoBi wie€i x popmynu (12) noBeaemo
JIpyTy BiacTuBicTh. Maemo

z-t  x+a(z-t-r)
(L) (xa-t)=— [dr [ f(ne)dy+
4a 0 x-a(zr-t-7)
1 ]{ X—a(].—t—r) ( )
+— | dr f(n,7)dn.
4a -t x+a(z-t-7)

3poOumMo y naHiil piBHOCTI 3aMiHY 3MiHHO{
7 =7 — 6. OTpuMaemo

Dizuko-mamemamuyni HAyKu

t x+a(—t— 9)
(L f)(x 7t =——jd9 [ f(rx-0)dn-
x-a(~t-0)
1 0 x—-a(-t-0)
—-—1|dé f(n,7-0)dn=
48‘.!. x+a(jt€) ( )
1 t x+a(t-0)
-~ [de f(n,0)dn+
48‘.([ x—a([—&) ( )
1= x-a(t-6)
+4—jd9 f(n,0)dn=(L,f)(xt).
at x+a(t-0)

Orxe, sxkmo ¢ynkuin f(x,t)e K, 10
(Lf)(xt)eK;.

Toni BuOupaemo JOBUIBHY  (YHKIIIO
f(x,t)e K, i3aHy1b0Be HAGIMKCHHS [IPUH-

MaeMO (PYHKIIiFO

()= (L, F)(x ) K,
u, (x,t) = &(L,F [up])(x.t),
u, (x,t)=&(LF[y])(x.t),
u; (x.t) =e(LF[u,])(xt),
u, (x,t)=&(L,F[u])(xt), n=1,23,..,
ne Flu,]=F(xtu,(xt)),neN.
3ayBaXMMO, IO BCl  HaOJIMKEHHS
u,(x,t)e K; Ha ocHOBi BiacTMBOCTi Omepa-
Topa L,.
BucnoBku. 1. JlocmimkeHo — KpailoBy

27 -TIepioIMYHY 3a/ady JJIsl JTIHIHHOTO HEeoJ-
HOPIJTHOTO TiMepOOIIUHOr0 PIBHSIHHS APYroro
HOPS/IKY, JiBa YacTHHA sikoro omepatop Jla-
nambepa 6°/ot> —a’o®/ox? .

2. BcranoneHo kiac GpyHKIIiH JBOX 3MiH-

aux f (X,t) , ISl IKUX 1CHYy€ YaCTUHHUM KIa-

CHYHUH PO3B’SI30K BKa3aHOI 3ajadi.

3. Bunineno migkinac 3HalaEHOTO Kiacy, y
SIKOMY KJIACHYHUH PO3B 30K KpaioBoi 27 -11e-
PIOAMYHOI TIO X 3a/1a4i JAJIT HEOAHOPITHOTO Ti-
nepOOIIYHOrO PIBHSAHHS € HENMapHOI (YyHK-
LI€10.

4. 3arponoHOBaHO CXeMY I0OYI0BH MOCITi-
JIOBHUX HaOJIMKEHb PO3B’ 3Ky KBa3UTIHIMHOI
KpaioBOi 27 -mepioguyHol o X 3ajadi.
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