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Anomauia—3anponoHoBaHO Ta OOIPYHTOBAaHO MNPAMUIA
METOJl PO3B’SI3yBaHHSl MepIIoi 3arajibHOI KpaiioBoi 3amaui st
PIBHSIHHSI TEIJIONPOBITHOCTI B NPSAIMOKYTHUKY. B 0cHOBI qaHoro
METOlY BUKOPHCTAHO MeTO/ peayKiii, knacuanuii Mmeroq ®yp’e,
MeTo]l BjacHMX (QYHKIiI Ta BJacHMX 3HadeHb. IlepeBaroro
JAHOTO METOJY € BJIACHE MPSIMUII MeTOJ po3B’SI3yBaHHS JaHO
3a/a9i.

Abstract—A direct method for solving the first boundary
value problem for the heat equation in the rectangle was
proposed and justified. The basis of this method used a reduction
method, the classical Fourier method, method of eigenfunctions
and eigenvalues. The advantage of this method is actually a direct
method for solving this problem.

Knouoei cnoea—s3adaua Ha e1acHi 3HAUEHHS MmMa 61ACHI
dynruii, memoo @yp’e, diynxuin Koui, nodeitinuii pao @yp’e

Keywords—eigenvalue problem and their functions, Fourier
method, function Cauchy, double Fourier series

I. Bervin

IIpu po3B’s3yBaHHI HECTAIOHAPHHX 3afad  TEopii
TCIUTOTPOBIIHOCTI Y BHIAAKY, KOJH TEMIICPaTypa € (PyHKUi€0
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yacy 1 JBOX TPOCTOPOBHX KOOPAWHAT, BHHHKAIOTH 3HAYHI
Tpyaromi. B monorpadii [1] posrmamaroTeCsa aeaxi 3amadi
JBOBHMIPHOTO TCMIICPATYPHOTO MO, KO PO3B’ A3KH MOKYTh
OyTH OTpHUMAaHI METOJAMH IHTCTPANBHHUX IIEPETBOPEHb. Tam,
30KpeMa,  pPO3MIDIIAETBCS  ABOBUMIPHA — 3ajada Uit
MPAMOKYTHHKA, HA OXHIH CTOPOHI SKOTO IATPHMYETHCS
TEMIICpPaTypa, IO 3MIHFOETHCH B 4daci. HatomicTh Ha TpHOX
IHIIAX CTOPOHAX IATPHMYETHCS HyJIbOBa Temieparypa. Lt
33Ja4a O3B SI3YETHCS ILIIXOM 3ACTOCYBAHHS CKIHUCHHOTO
CHHYC — mepeTBOpeHHA Dyp’€ 3 BIANOBITHAM BHKOPHCTAHHIM
(hopMyH OOCPHCHOTO TICPCTBOPCHHS.

OcraHHIM 4YacoM BCC AKTHBHINIC IPH PO3B S3YBaHHI 3a7ad
HECTANIOHAPHOI TEIIONPOBITHOCTI 3aCTOCOBYETHCA TIPSIMHH
MCTOA, B OCHOBY AKOTO MOKJIAACHO PEAYKIIIO (3BSICHHA 33241
JO ABOX MPOCTIIHNX, aje B3a€MO3B S3aHHUX) 3 HACTYIIHHM
3aCTOCYBAaHHAM MOU(ikoBaHOTO Merony Dyp’e BIACHHX
¢yukai [1] - [4]. B manii poOoTi s iaes BUKOPHCTAHA I
PO3B’SI3YBAHHSA 3arajbHOI 3a7adi A HPAMOKYTHHKA, KOIHM
KpaiioBl YMOBH, IO 3aJCXaTh BiJ Yacy, 3aJarOThCS 0Oe3
00MEXKCHB HA BCIX HOTHPHOX HOTO CTOPOHAX.
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II. TIOCTAHOBKA 3AJIAUI TA if MATEMATHYHA MOJIEJIb

Po3rastHEMO PIBHSHHS TEIUIONMPOBLIHOCTI:

(2.2
oy

or
ot
Y IPAMOKYTHUKY /] : {0 <x<h0<y< d}
3 OYaTKOBOIO YMOBOIO:

T(x, ».0)= f(x,y) , )

KpallOBUMH YMOBAMHU T| ol

T\ 3)

Ta YMOBAMH Y3TOMKCHHA B KYTOBHX TOUYKAX MNPAMOKYTHHKA
I:{0<x<h0<y<d}:

@ 0,0) =y (0,0),¢,(d,7) =y, (0,7),

C))
?,0,0) =y, (h,0),9,(d.7) = w,(h.7)
ﬂy
p v (%9
9 Vo
! 9,00
N
0 v (57 T
Oyukniro  posmominy temmeparypu 1 (x,y,7), K

po3B 3ok 3amadi (1) - (4) 3HAHACHO y BHUIIAAI CYMH JBOX
(YHKIIH (MCTOX PEAYKLIi (TUB., HAMPHKIAL,[S]):

T(x.y.7)=U(x,y.7)+V (x,.7) . (5)

Oyuknis U (x, y,r) BH3HAYCHA SIK PO3B’SI30K KparoBoi

(xBazicramionapuoi) 3axaui Jdipixie:

2 2
AUE[gx—ljJraay—ljj:o,

Ul =7|.

3 YMOBAMH Y3TOMKEHOCTI (4) v BUTIIAML, (HAapUKIag, [6]):

= Z A4, +B sin 2L x +
= g nZq g
h
R e e e 1 .
+Z C, +D, d sin—y+
- n n d
=l sh—nh h—#
d
H (x,,7),
ne xoepimienrn A, B, C, D, obumcmootscs

HACTYITHHUM YTHHOM:

A4, :%zwz(x,r)sin%dx,
27 . THX

B, zz.([l//l(x,r)sdex,
2¢ . TRy

C, :E.!.(pz(y,r)many,

2 ¢ . TRy
D == ,T)sin—=—dy,

a Wx,y,7)=A@)xy+ B@)x+C(x)y+ D(7) - e
rapMoHiUHA (YHKOSL, sKa 3a0e3leuye BHKOHAHHI YMOB
V3TOIKEHOCT] [6] B KYTKax NPAMOKYTHHKA

I1:{0<x<h0<y<d}.

Ovuknii  A(r), B(r), C(r), D(r) 3HaxXommMmo i3 cHCTeM
PIBHSIHB:

W(0.0.7) = {D@) = 9,0.7),
D(z) =y,(0,7).
W,d,7)= {dc(f) +D(z) = (d.7),
dC(t)y+D(t) = v, (0,7).

hB(@) + D(7) = v, (h.7).

W#,0.7) = {hB(T) +D(7) = 0, (0,7).

dhA@)+hB(t)+dC(7)+ D(7) = @, (d,7),

0.0 = {dhA(T) +hB(2) +dC(0) + D(z) =y, (h.7).

3BIAKH OOCPKYEMO:

0.0 +y,(0.7)
2

_ ) +9,0,0) -9 (0.7) —y,(0.7)
2h ’

D(r) =

>

B(@)
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¢ (d.7)+y,(0.0) -9 0,7) —y,(0,7)

(/V =
) 7
A(T) - (pz(d:T) + ll/z(h,T) _Wl(h:T) _(pz(O:T) +
2hd
L2029+, (0.9) - @ (d, 1) ~y,(0,7)
2hd '
Oyukuipo  V(x,y,7) 3HaliieHO i3 HEOJHOPIAHOTO
PIBHSHHS TEILTIONMPOBITHOCTI:
. aNV _ou (6)
ot dt
13 KpaHOBUMH YMOBaMHU:
V. =0 (7

Ta MOIAaTKOBOX YMOBOIO:

ar
Vx.p.0)= f(x.y)-Uxy.0)=p(x.»). (&)

(6) — (8) - xIacwyHA MiMmMAHA 324344 AT (PyHKOIL V(x, y,r).
Po3B’s13ku1 BiAMOBITHOT OAHOPIAHOT KPaHoBOi 3amadi;
oV

—=anv, V. =0

3HAWJCHO METOJOM BIACHUX (PYHKIIH Ta BIACHUX 3HAYCHB
(amB. Hanpukaz, [6]). li BIACHI 3HAYCHHS:
T 2 m 2 T 2n 2
= +—— meN,ne N,
dZ

For =T

a BIAMOBITHI BIACHI (DYHKII:
. Tm_ . 7N
v, =sin—x-sin—y.
h d
Oyukuis V (x,y.7), 1k po3s ok (6) — (8), 3HaiiacHa y

BUIUIIOI PO3BHHCHHA B PAA 3a BIACHUMH (DYHKIIAMH HA
BJIACHI 3HAYCHHS:

Vix,y,7)= Ztmn () sin%xsin%y , C)

al,, (7) - dynxuii mo wacy 7. Ji1s iX 3HAXOIKCHHS, MCIA
mizcTaHoBKA (9) B (6), OJEp)KyeMO HECKIHUCHHY CYKYITHICTB

Au(epeHLiaTbHIX PIBHAHB MEPLIOro mopsiaky i £, (T ) :
L@+ al, L, (T) = -, (@), 10)

4 e0U(x,y,7) . Tm . Tn
e o (1) =— || ——=—-sin—xsin— ydxdy .
(T dhg 2. p - ydxdy

TMouarkosa ymoBa amst dyuxuit f, (7):

4 (0) =0, (1n
ae @, — xoe(iuieHTH noABIHHOTO pagy Pyp’e 3a CHCTEMORO

BIACHUX (DYHKILiH {sin %x-sin % y} ana ynxuii (8),

TOOTO
4 . Tm . TR
=— X, V) sin — x sin — ydxdy .
Poan dhg(p( » P’ — yaxdy

Po3B’s3xum cykymrocTi 3aqa41 Kommi (10), (11) MaroTh BUTIAA;

—aﬂ(rZ—ZZ+Z—ZZ)1: A —aﬂ(rZ—ZZ+Z—ZZ)(1:—S)
t.(T)=@, e - Ie a,, (s)ds .

0

BHUCHOBKH

3anmpomoHOBaHA Ta OOTpyHTOBaHA (hOpMaTbHA CXEMa
3aCTOCYBAHHA TPAMOTO METOAY PO3B A3YBaHHA IEpIIol
3arajabHOI KpaHoBOi 3a1a4l Ul PIBHAHHS TEILIONMPOBITHOCTI B
MPAMOKYTHHUKY.

3amaua po3B’A3aHA B HAWOILNBIN 3arajibHIH MMOCTAHOBIN 3
HCHYJIbOBHMH KpPAHOBHMH YMOBAMH HA BCIX YOTHPHOX
CTOPOHAX TPAMOKYTHHKA. PO3B 30K OTPHMAHO y BHIJIAI
pAniB B ABHIH QopMmi.

3anpomoHOBAaHA CXeMa ©O¢3 YCKIAOHCHb MOXKE OyTH
MOIIMPCHA HA BUMAAKH KPaHOBHUX YMOB JAPYrOro Ta TPETHOTO
poay abo Oyap-fkuX KOMOIHAIIH TAaKHX YMOB HA Pi3HHX
CTOPOHAX TMPSIMOKYTHHKA.

JIITEPATYPA REFERENCES

[1] JIsixoB A. B. Teopus temnonpoBogHocTH. — Mocksa. — 1967. — 559 c.

[2] Tammit P.M., ITazen O.}O. OOmue kpaeBble 3ajJaudl Uil YpaBHCHHS
TCIUIONPOBOJHOCTH ¢ KYCOUHO-HETIPepPhIBHBIMH  KOO(DHUIMEHTAMH /
Tamuit PM., Ilazen O.10.// HWmxeHepHO-pU3HUSCKUd KypHaI
Harmmonamsao#t Akagemuu benapycun. — 2016. - Tom 89, Ne 2. — C.350-
361.

[3] Tamiii P.M. BusHaueHHs TeIUIOOOMiHY B HECKIHUCHHIM IUMTI 3
JTUCKPETHO-HeTlepepBHUM posmoiioM Temta/ Tamiit P.M., Kyciit M.L.,
Taszen O.}O.// TloxexHa Gesnmeka. 36. Hayk. mp. 2012. - Ne20. — C.20-
26.

[4] Tamiii P.M. 3arampHa mepma Kpaiiopa 3ajaua JUIA PIBHAHHS
TEILIOTIPOBITHOCTI 3 KYCKOBO-3MiHHHMH Koeduientamu/ Tariii P.M.,
Braciii O.0., Cractok M.O.// BicHHK HaIliOHAJLHOTO YHiBEPCHTETY
«JIpBiBCHKA MOJITeXHIKA» (i3.-MaT. Hayku. — 2014, -Ne804. — C.64-69.

[5] Tuxonor A.-H., Camapckuii A.A. YpaBHEHHS MaTeMaTHUCSCKON QU3HKH.
M.: Hayka,1977. — 735 c.

[6] Tlomoxiii I'M. PieusHHs MaTeMaTiuHOi (dizuky, K.: 1959.

215



