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MAPABQJIHK THITIATH TEHTTAMA YUYH BHPHHYH APAJTALI MACAJTAHH
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This article provides information on the solution of the first mived problem with homogeneous and
inhomogeneous boundary conditions for a parabolic equation, as well as on the proof of the existence and
unigueness of the solution. In the programs “Partial Differential equations™ (for mathematical education)
“Differential eguations and equations of mathematical physies” (for applied mathematics and compuler
science), attention is removed fo the method of separating variables for solving mived problems in the heat
transfer equation. The article describes how to sofve these problems in this way and what fo pay attention to
when solving such problems.

Key words: parabolic eguations, homogeneous eguations, inhomogeneous eguations, method of
separation of variables, fimctional series, convergence of serfes, uniform convergence.
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Macanasnur s¥imwmmmn. Tanabanapra smaresars §HIHka TeHrmaManapira g§Aanras apanam
MACANAHH FIrapyBYHAAPHH APaTHIn Yoyl (Dypee yoynH) GHnaH eqdin napaboiMk THNIAMH TeHTIAMATa
EYHHNTaH apanam Macananap MHCOMHIA KVpCaTHIras.

Jactnah Gup suHcmE nNapadondk THOZAGH TEHrIaMa y4yd OHpHHYH Yerapapdii MacanasnHr
EYIHAHIN Ba eHHTHIIEHN FPrasasis.

Kyfinnarn
o 2 azﬂ
=a 2 (1)
ot ox

Tenrmamann D coxana kapaiinuk. Bysna D= {{I._,i'] D<x<ll<t< T}

G¥nran TVFpH THPTOVPHAKIH COXA.
1-Macana. (1) renrmamaminr C(D) s
cHHjra TerHu §¥nran
U, =0, u,=0 g T]
gerapapiii pa
0 [ | x |
“|:.u = ¢(x) (3)

GOULIAHFHY WAPTIAPHH KAHOATIAHTHPYEYH e4HMH TOMHICHH.

byuna ?J(I:l ipyHELHA yanykeHs, Gfnak-03nak yanykcHs XocHnara sra 6¥nud
P0)=p() =0

IAPTHH KAHOATIAHTHPATH.

I-Macanauuur e, by sMacananin vpee yovil 0inad eqaniis. (1) Tedrnasani aliHad HOATa
TeHr O¥nmaran pa (2) yerapasdil WAPTNAPHH KAHOATIAHTHPYEYH eYHMHHE

u(x,t)= X(0)T(0) @
EVpHHHIIHAA Hanafives. MaremaTHk QHIHKAHHHT rHNepOONHE THOIOATH TEHrIaManapHra sViinnran
apanam Macana equmi xas (4) e¥punmnna wananans. Tanabanapra myera YTHHOP KapaTHIl 3ApyPIHIHHE
TYVIIVHTHPHE, MABIYHH YYEVPPOE TYIIYHHINT TMAH Tafidpnaiivma.
by epoa X{I) Hi dakat X ra, T(!'] HH 3ca dakar t ra Gormux nef xpeobnaiivmn. (4) waHr Yur

ToMOHIHHH (1) TEHTIaMATATH H(.JC, 1!') HHHr {puura onub Gopud kVinb
XOT' () =a'T() X "(x)
Exn
' _X')_
a’T() X(x)
Tenrmukea ra GYnasms. Oxupri TesrmkHrer san Tomoun X ra, YHr Tomosm T ra Gormuk amac.
T'(1) X"(x)
T X(x)

Jemak, suggopnapHrar xap Gupi X ra xau, # ra xam GoFIHK JMac, SLHE yIap

Yarapmac. By ¥arapsacus — A OpKANH BenrHnab
T _X'(x)_
a'T(t) X(x)

ara 0¥ namis. Bywnan aca
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T{I}+HEAT(I)=0 (5)
X"(x)+AX(x)=0 (6)

xocHn Kunamus. Bynapian Gupn dakar X ra GornmE yHKIHSHH, HEKHHYHCH 3ca (akat [
DOFIHE YHKUHAHH §2 HYHra ONaH.
(2) maprra sipa X{I} frvakipa
X(0)=0, X()=0 (7
MAPTHH KAHOATTAHTHPATH.
Byuna A NapaMETPHHHT IYHAAA KHAMATIAPHHN TONHI Kepakkd, Ov knifiMariapaa (6) Tenrnasa (7)

MAPTIAPHH KAHOATIAHTHPYRYH Hongad dapkan equmra ara Oyncud. (by epna tanafanap ramepoomm
THIJATH TEHTNAMa V4yH kyiinorad apanam sacana Yprasmoradga xas [Irypa-JIHVBHAD MacanacHHH

CYHIITAH. )

(6) TeHTHAMAHKHE VMYMHI edHME i-t:ﬂ, A=0 sm i:-ﬂ OYnummra kapad Typmeda GYnamm,
MIYHIHT YIYH Y4Ta XOTHH anoXHIa-anoXaaa Kapaism.

] A < 6¥aran xon. byvega (6) TEHrIAMAHKHT YMVMHET e4HMH
—=ix
X(x)= c:lﬂ"‘fE +c,e

EVpuHHma 6¥nagm. bywga ©°y sa ©; nap HxTHEpHIA Yarapmacap.
(7) werapassii IWAPTIAPTa ACOCAH

T -z

om0, G FCET
O¥nany. bynman ¢y =c:=0 Jlemak X{I] =0
2) j--lﬁf.urn.u X0, bBynpa (6) TEHrIAMAHHHT YMYMHE edHME
X(x)=¢, +e,x

wipuEnma OV naum. (7) serapasnii maprnapra kipa =0 c:={ pa X(I) =0
3 A =0 b¥aran xou. byaga (6) TeHrnasasmEr yMysii eqns

X(x)= clcasﬁx + ¢, sin sz
EVpHHHIA B nagu. (7) YerapasHii WApTNApra acocaH

=0 cz8in m =)
Bus C; 0 nefives ake X0n1a X{I) =0 OF b konagn Jemak

sin+/Al =0
1.1

Tn
ﬂ.:':m - ATAT—— n=123, ..

II
. m
Jesiak, Xx [t‘} =smn TI ¥ nann. A= rl_ o¥nranna (5) TeHrTAMAHRHT VaynMHil edisi

dzﬂ' zﬂzl'

T.(H)=ae °

VpHHHIa 6¥nagm, Oy epga a, EXTHEPRI Farapaac koaduHuent.
[ywnai kuomd, woradépiii FarapMac a, coRmap yayH
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ar m
I
u(x,f)=a e " sm TI ®)
dryrsia (1) Tenrnasann sa (2) MAPTIAPHNE KAHOATIAH THPAE.
2 ﬂ'ii'f::
_ i

uﬂ(x,r}—zfz"e sin—x

= : ©

EATOP XaM (1) TeHrnaMasH Ba (1) WAPTIAPHE KAHOATIAHTHPATH. JHIH (9) KaTopHl (3) [WAPTHH XaM
DasapHIHH TAnah KHIAMHT, FEHH

N . Jm
u(x,0)=@(x)= Zaﬂ sin Tx (10)
n=l

(10) garop -??[I} dryvHEIHAHTHT (ﬂ..f} opanHk cHeyciapn b¥inga Dypee kaTopira SEliHIMacHIaH
wiopatEp. Yuuur koadupinesTrapy

2 ¢ . m
a, =?gﬂx}sm Txdr ()

deopayina OHnaH anMEnasagd. Jwam (9) garop (1), (2). (3) MACANAHMHT XaMMa APTIAPHHH
DamapHnHe  EVpeatamis. Bywuar yave (9) kartop OGnnan  wdogananrad H(I,ﬂ (YHENHAHHHT
AudpepeHUHANNAHYBYHTHIHHE Ba {ﬂ X< f.,." = ﬂ} CONANA TEHTTAMAHH KAHOATNAHTHPHD, x=(,

x=1 . I={} yerapanapaa VanykCcH: IKaAHNHIHEA KYpcatHin kepak. Arap (9) sarop skmAmanryead 6Fmab,
vHH X OFiiH4a HKKH MapTa, { OViindga GHp MapTa xamua-xan madudepenipannam MysMkind 6¥nca | Oy katop
(1) TeHrnaMaHH KAHOATIAHTHPAMH.

Xap xaunaii [ 2 1 >0 yayn kyiinzars

a0 o 2
;gun(x,f) | ;%un(x,f)

KATOPNADP TEKHC AKHHAANATH Ba KyITHIAMH TEHICHATHENAD YpHHIH

=E (—m] M, <.|a|.(ﬂ]z Rulk
ot I ] I
Arap [P()| < M 6yaca.

o, < 2| &) sin 2" 205 < 201

O¥nanu ea r=t YuYH

< M(ET 'E{$]:j

Xywmm mryeail

153



PEDAGOGIK MAHORAT 1(77) 2021

2 amY

Ju m -[—] '

<M | = | el
e

TEHTCHANHEIAPHN OIAMEI.

¥uyman onranna Kyisaarg

3

s (7)ot

ax’ ot [
Daxonap VpHHEIH Ba VIDGY
S =S a0
n=| n=l

MAKOPAHT KATOPHHHT AKAEIAHIHEE Texmupanins. Janambep anosarura k¥pa

fm a,,,(1) _ ]_n‘lv(n_l_l]l | E‘[T]:f:!njl}! =1_T“(1 +l]26_[?]:[zu+|]; _o
a, () n E{T] Wt n

Bynapnas (9) karopusn Wi 2 { >0 yuyd scTanradua Xaqma-xan guddepe Humannam MysMEs HIHHHE

iypcaragd. (9) karop OHNAH AHHENAHTAH u(x.1) drvakuna (1) TeHrNAMaHH EAHOATNAHTHpALH. §
uxTrépuii OYnrams yaye Oy soynoxazanap wxraEpuii >0 yave xam Ypuaana, ysmail cwomb, ox)
(YHELHA YyATYKCHT Ba OVIAKIH YUTYECHI XOCHIara sra 6§nuo, ;D(m = ﬂ, ;i?“] =0 Offnca, v xonma (9)
KATOp Xap kaHpad t=0 na yiIyvkcHI GVHKIMSHH aHuknaign. (9) katop (2), (3) wapTiapeu
KAHOATIAHTHPHIIHHH KVPCATHIN KMANHH 3Mac.

Taxain KrnasHs.
DHOH werapasdii WAPTIAP HONMA TeHT OYIMAral AnHH

U _,=vi(@0), ul_ =) (12)

xonHH kVpamuz, 6y epra B (r) . !&"1(7) DepinTal dyvHkIAnap. by Macana kyiiigariya:

2-Macana. (1) vewrnasander (12) werapamdil  maprhapHd  Ba  (3)  GomNAHFEY  APTHE
KAHOATIAHTHPVEYH e9HMH TOMHICHH.

2-Macanasuur eqaanm, (1) resrnamasnur (12) mapriapil EAHOATIAHTHPYEYH S4HMHHH

u[x,.’)z ii‘; [r)sin %x

=l
KATOP KYpPHEHIIALA Winaiisms, GyHaa
i
j‘;(f):%!u(x,f}sm %xcir (13)

(13) mHTErpanHn HEkH Mapra O¥naknal HHTErpaLIaivE:
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[ u(x,fy=u sin 2 xdv=dv ‘
4 =

du=wu {x,1) -,-'=--Lcusﬂ.t
b I

uixi)=sx cos 2 xdx=dv

2 I m | t1  m . I
T )=~ —u(x,l)—cos—x| + | —cos—xu (x.0)dx|= =
f[ m i o 'Em i } i =u., F=LSJIIIE.I:'
am
i 2 =2
=E - —u(x.t)cos— +LS]IIEXE ‘: zj—ﬂ I’:sin. M ax | =
) o M e T°RT g ox )
= 2[—iu(! r}ccnsm:+iu(0 r}+Lsm m@—LSﬁl Jm'_Du (0,r)—
! m m m ox !

- -f, !gx!: 5[[]% d:l E[% u(ﬂﬁf}—{—l}nu{fﬁr]]—

1* (8% . m 2 i
—?IIHE ! ESM Txdx:| = ;[H{ﬂ,?} —=(=1) HU*I}]—

I =2
2 5 J'a—!:sin T xdx

: Ox !

H(-Ig IJ dryuiaa (1) Tenrnasann ga (12) uempanuﬁ [MAPTIAPHE KAHOATIAHTHPTAHE YIVH
I
u . m
7,0 =20y 0l [ Fsn S o
D (13) wogann # G¥iinqa nu¢¢ep-enunmma.ﬁmm.
206u . m
T'(t)=—=| —sin —xdx
0=7 J,‘ a (1)

(14) TeHrnHEIArH HETErpan YpHHEra yHEHr KaiivaTann (15) nan g§iin,
T:, (t) oMb HeHT IAPHHN AHHETaRMIEY

2 f’
L= [w.m (=1)w, (1)~ :}]

rm{ ]mLhWMM{nwﬂ

NoCHT 0¥ ma.
By TeHrnaMans yaMyMeil eqani Kyiingars e¥puHnmna 6¥namm:

L=e {T] | C,t l?:i__?ﬂ!j'e‘[T] r('ﬁﬂ{r] ~(-1)'w, {r}d{f})

byepma €, = TH(U]
(3) WapTHH KAHOATAAHTHPHIN Y4YH
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u(x,0) = i:-'; (0)sin %x = o(x)

TEHTTEK Dasapinamnnd Tanab sinasins. [esak,

|
T.(0)=c, = %J'@msin 2 dx

I}
IMyenail kamad (1), (3), (12) Macananuer equse Kyiintare sVpasmmnia o nanm:
-]
.
u{x,f)=ZT#{£]sm —x (16)
n=l f
Oy epaa

I

ulx,t)= ge{$]-l[§'!p{r)sm—xdx+ 2ma’ I { ] (f,yl[r)— [—l}"yrz[r}dr) sin ?x

Xynoca., Ywdy smakonana derapasdii wapriap OHp sHHCOH Ba OHp #HHCIH Ofnmaran xomnma
HOCHENHE ¥TRAIYBUAHNHE TeHIMAMAcHra KYViiHAray OHpHHYH derapaBdii (apanam) MacanaHH eqHil YCylH
eipcatingm. Byuma 2-sacanamd eqwmna dasen Yrom ssapadanna Framdmma  sasoiidm  STHNagHras
yevIIaH Domka Veyn KYpCaTHaras.

XycycHii xocHnand gudepepeHuman Tedrnamanap (MaresmatHy QHIHKA TeHrnaManapi) qadaHe
VemmHmaa Tanabanapiad  KyWid  sMadTHEEN  ukpoam,  gvkyp Onnem, Gomka  gannap  Gioad
HHTETPALHACHHE TVIIHHHINHE Tanal KHIaIH.

Macananapii eddml mapadHura seTHOOp Depcak, Oyia Tanabanap MATEMATHE AHAMHI, OLIHE
AuipepeHIEAn TeHrIaManap GaHIApHHHHT MARTYMOTIAPEAH GOofi1anaHHIHEa TVFPH KenaiH.
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