HECTAIIMOHAPHBIE TEMIIEPATYPHBIE IIOJIA BHYTPHU
HEOI'PAHUYEHHOI'O HWINHAPA SJJINNTHYECKOTIO CEYEHUA

Camapoe LI 11l — Taoxwcuxckuii mexnuveckuit ynusepcumem um. M.C. Ocumu

Onpenenende Temnepatypsl, 7(M,t) BHYTPH HEOQHOPOAHOTO Teja [POM3BOJIBHOM
reoMeTpUUecKoii GOpMbI CBOUTCA K PEILEHHUIO ceayomer KpacBoi 3agauu [1]:

cy %:; = div[A(M)gradT |+ W (M, 1) )
T(M,0), = FADIT(M,0] = p(M1), 2)

rae M(x,y,z) - TeKymas Touka, M, - Touka Ha NoBepxHOCTH Tena, § - rpanuua obnactu €,
W (M,t) - BHyTpeHHUH UCTOYHHK Teria,/ - TMHEHHbIH OnepaTop HyJIEBOTO WM MEpBOro MOpA/IKa,

3aJ@HHOM Ha TMOBEPXHOCTH S, A(M)- KO3p(GUUMEHT TEIIONPOBOAHOCTH, ( - yJAelbHas
TEII0EMKOCTb, - IVIOTHOCTH TENO.

aT 1
Onepatop/ MoXeT 3a1aBathes B Buae [ [T lg = |:/1(‘M) ——a(M)T(M ,I)J TPY TPAHUUHBIX
on S

> e
YCNIOBUAX TpeThero poaa, [ [TL={Z(M]—T
on |
[ [T(M)L=[T(M,t)]5 NpU IPAHHYHBIX YCIOBMAX MEPBOrO pojAa, FAE - BHEIUHWK HOpManb K
NOBEPXHOCTH §.

NpH TIpaHHYHBIX YCJIOBHUAX BTOPOTr0 poja,

Tonoxum I (M, p)= IT(V, t)exp(—pt)dt | rorpa us (1) u (2) nonydum
0

LIT(M, p)]- po(M)-T(M, p)=-F(M.p), (3)
1[rM, p)ls =5(Ms, p), 4

rac .
LT M, p); = dw|a)gradT |
F(M,p)=p(M)- f(M)+W (M, p), p=c7,

P(M, p)= | (M, t)exp(-pr)dt,
0

o«

(M, p) = [W(M,1)exp(~pi)ak.

3apaudy (3), (4) IpUBOAKMM K PELICHHIO 3a/1a4H C HYJIEBEIMU MPaHIYHBIMH YCIOBHIMU MyTEM
BBeJicHUs GyHKIUH [2]

UM, p)=T(M,p)-®(M,p), (5)
rre O(M, p) - npaxcan nuddepentmpyemas s o6nactu & GyHKUUS, yIOBRETBOPAIONIAs [PRHUIHOMY
YCJIOBHIO

1[®, ply =M, p).  (6)
OyHKLMA B(M, p) ONPENENseTes NpocTuM ToadopoM. Jns byHKUUK T(Af, p) NOTYUHM
TPaHMYHYIO 33124y
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LT M, p)]- po(M, p)=-F - L[®(M. p))+ po®(M, p),
[T, p)l; =o0.

OnpenenyB TOUHOE UK MpUOMDKEHHOE pelieHue 3a1auH (6), (7) B obnactb nzobpaxeHuit
M nepexos B 001acTh OpUrdHAJIOB, HalleM pelieHKke HCXOAHOM 3a/Jaul B BUAE
TM,nH)=®(M,n)+U(M,?).
Onpenenum nprbimxkeHHOe pelueHHe 3agauu (6), (7).
[TycTe fnaHa cHCTeMa KOOPAMHATHBIX (QYHKUHMH y, (A1),...,w, (M), YAOBIETBOPSAIOLICE

O/IHOPOJHBIM rPaHUYHEIM ycioBUaM (7), T.e. /[y, (M)]; =0-
Pewuenue Oynem uckatb B ceMeHCTBe Biaa

T.(M,p)=®(M,p)+).a,(py,(M). (8)
k=1

Kosdduumentr @, (P) onpesensercs U3 ycioBHA OPTOTOHATEHOCTH HEBA3KH &, KO BCeM

koopauHaTHEIM yHKaM |/, (M) . Dta npusoaut K chcreme BHIa

Z(A,t + B;tp)a.&(p) = Dj(P) (G=12,..n), (9
k=1

rac

4, = 4, = [[[ 20, (M)d,
B, =B, = [[[ery (M), (M)dC,
Q
D, =[[[F(M, pyy}(M)d<.
Q

[lonoxum 4T =—L[i7 ]+ U, rie A - tnbdeperuHanbHBlA onepaTop Kpaeroii 3a1auu
(6), (7). STOT ONEpaTOp MOJIONKUTENBHBIH, CE0BATENbHO, FPaHUYHaA 3aa4a AU = £+, I|U], =0,
rae f*=F + L[®]- ppd® HMeeT eanHCTBeHHOe pewenue. OTKy/a KakK CEACTBHE BHITEKAET, YTO U
KpaeBasd 3anaya (1) ¥ (2) Taike uMeer eaMHCTBEHHOe peileHue. KoopauHaTHble (yHKUMH
W (M),...,yr, (M) - THHEHHO HE3aBUCHMBI, IO3TOMY OCHOBHOM ONpEAENUTENL CHCTEMBI (9) OT/IHYEH
oT Hymo. CreoBaTeBHO, cUcTeMa (9) npu MoObIX 3HAYEHUAX @, (M, p), @,(Ms, P),..., @, (Ms, p)
BHOJIHE ONpefensioT KodbdHUUeHTs u3obpaxeHus 3, (p). Onpeaenus 3ti Ko3GYHUMEHTH M
nepexons B o0nacTb OPUIHHANOB, MOJYYHM pellieHHe HCXOJHOM 33aJa4n B BHAE

n
T(M,0)=®(Ms,0)+ Y ap, .
k=1
TakoBo o61mas uaes MeTola COBMECTHOFO MPHMEHEHHS MHTErpalbHBIX Npeobpa3oBaHuii U
OpTOrOHANIBHON MPOEKLHH,
B KauecTBe mpuMepa paccMOTPUM 3ajlayy OMpEJCNiCHWs TeMMeparypel BHYTPH
HEOrpaHUYeHHOr0 LMIHHIPA JJITHITHYECKOTO CEYEHHS.
Hcenenyem HeorpaHMYeHHSIH LMAMHIP SJIHIITHYECKOTO CeveHks, ocb M olbpasyioulas
KOTOPOro NEPNEHAUKYIAPHBIE MIOCKOCTH xQOy. [loMecTHM Havano KOOpAMHAT B LEHTpPE JLIMMCA

2 Ll
%2.+)2 —=1. Hycte W =0 wu HauanbHas Temneparypa paBHa 7,, TOTJa KpacBas 3ajaua B

6e3pa3Meprlx KOOpAHHATaxX UMCET BH]

oT(&é,n,1) 1 &°T 1 oT
__’.___=a___._+__..___‘_ ]0
ot (b2 o0& ¢ anz)' b

[7¢,m0)0 =Ty, [T(E .0k = 0(0), (11)
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2 2
i .
%, n =-if - Ge3pasMepHble koopauHaTEL [ -rpanmua o6racTi D{ Ny = _y_z >0 } b

[Mocne npumeHeHns npeobpazosanue Jlannaca 3agauu (10), (11) npusoguTcs x BUAY

oL ol -
a( 2".,7,+ 7 2)—pT(§,77,p)+7:,=0 (12)
o D ke .00

[T(f’ 1, p)]r = 5(})) (13)
Pewenne 3apauu (12), (13) niuem B Buae {3}

T p) =50+ Y @ (W(En)

2 2 2 2\ k~1
rac g/k=(1_§ _77 )(§ +7’ ) ’k=132:"',n3v/k|r=0'
PaccMmoTpuM cnenyrouue ciyyau:
a) TemnepaTypbl CTEHKH TOCTOAHHAaA 7. =7, . LOTAA OTHOCHTENbHAas M3OBLITOYHAs

paTypa B IEpBOM NPHONHKEHUH BbipaxaeTcst GopMynoi

I~ 3
0= 7= 08 ~n)em(-6F)
b Wt
r°=%(-;-’—2'+—c—2) {

6) IycTs TeMnepaTypa CTCHKH JTIHHEHHasA QyHKUMS BpEMEHH, T.€. T

cm

=T, +AT-¢r. Tornas
M npubmkeHnit nonyuum[4]:

q:nﬁlm—la-gz—nz)
q 2

—%(1—52 —)0- ) exp(—6F),
y q

1 1 N AT

B=a(;+—p, N= :
g AN ™o
o c lcm T;
B) Temneparypa  cTeHkM  5SKkcnoHeHuuanbHas  ¢YHKUMS  BpeMEHU,  T.e.

=7, + AT[1 — exp(—mt)]. Toraa nonyuum
i 2m . 3 AT-m

T(&S.n, Fy) =T, — AT l-exp(——;]—FO)__._____ .

1 5% ,
'[CXP(—F Fb)—em(—ﬁf%)J(l Wet =773);
r) Temneparypa creHkH rapMoHuyecKasd QYHKLMA BPEMEHM, T.€. T, =T, + AT -cosar , TAE

- aMIUIMTyAa KonebaHue, ., - yactora. TeMneparypa B 3TOM Cily4yae paBHa
T(&,m,F) =T, +AT - cos(PdE,)—%-%-qu exp(—6F,) —wEsin( Pd - F, —(o)kl -&2—-nd),
7

1 | 2({) t 2 2
=a(—+—), Pd ==~ F =— ’E= w” +9 o
q (b2 cz) q » ° 0 2q q

AHanoruyHele pe3ynbTarhl MOXKHO MOJIYYHTE U PU APYTHUX MONEPEYHbBIX CEYEHHAX (pOoMO,
eHT napaboJIbl, TPEYrONBHUK U JPYTHE)
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HECTAIIMOHAPHBIE TEMIIEPATYPHBIE HOJIsA BHYTPH
HEOI'PAHMYEHHOI'O TUJIMHJAPA SJUIMIITUYECKOI'O CEYEHUS.
Camapos IILILIL

Tamxukckuit Texandeckuii yuueepcurer um. M.C. Ocumu

TouHble peleHus 3a1a4M HECTAUMOHAPHOHN TEMIONPOBOAHOCTH MOCIIE NPUMEHEHHS UHTErPANBHOTO
npeoOpa3oBanus Jlaraca Ans NiacTHHL], UWIMHAPA M [Iapa U niepexo] B 06J1acTh OPUrHHANIOR LI
KOHKPETHbIX BHAOB BXOMHBIX (PYHKUMH TeMNepaTypHbIX BO3MYIUEHHH MNpupoaarcs B [5]. DTu
pelIeHMs [N MIAcTUHbl W 1apa BHIpaXKaloTCA 4Yepe3 (YHKUMOHAIBHBIE PAABl MO CHHYCaM M
KOCHHYCaM, a JJI% UM/JIMHApa-yepe3 psanbl no GyHkuusam beccens. Tako# noaxon K pelieHHAM 3a1ay
TETUIONPOBOJHOCTH M03BOJISET HAXOJUTh TEMIIEPATYPHOE IOJIE KaK JJIEMEHT (PYHKUMOHANEHOTO
MPOCTPAHCTBa, 0a3MCOM KOTOPOTO ABAAETCA CHCTEMa coOCTBEHHBIX (yHKuMi 3agaud llrypma-
JInyBunna. OfHako Aaxke 419 OJHOMEPHBIX TeJl KTaCCHYeCKUX HOPM TOUHBIE pelieHUs B ABHOM BUJIE
He Bceraa npeacraBuMsl. Jlnsg npukiaaHoi Tennodu3uKH WHTEpeC NPeCTaBIAIOT NPHOIHKEHHBIE
METOMbI, KOTOpEIE MO3BONSIOT HaXOAUTh B MPOCTOi GopMe aHATUTHYECKHE peLlCHHs B mpeaenax
A0IycTUMOM TouHOCTH. K uMcly TakMx MeTOJ0B OTHOCHTCS MPHMEHEHHE METOAA OPTOTOHAIBHOM
MPOEKLUHA HEBA3KH.

Llenecoobpa3zHOCTs NPUMEHEHHUS 3TOTO METOJIA K KITaCCHMECKUM TejiaM 00YCIOBIUBAETCA TEM, YTO
B TCOPHUH HECTALMOHAPHOMN TEIIONIPOBOJHOCTH 0OpaTHBIN TIEpeXOf K OPUrHHay 10 BpEMEHH tOT
TOYHOTO peLIeH s 3a/lauM ABNiAeTcs Hanbonee cnoxHbIM. [IpumeHenue Metoaa bybHoga-I"anepkina
N03BOJIAET OOOHTYH 3TH TPYAHOCTU M MPEANOXUTH NMPOCTON U €AMHBIH MeTO Mepexoaa B obnacts
OpHIHHAJIOB.
B nannoii pabote paccMatpuBaeTcs obwias uaes METoJa COBMECTHOTO NMPUMEHEHHS HHTErPaIbHOro
npeobpazopanus Jlamnaca W oproroHansHOW mpoekuuu. Mccieayercs TennionpoBOAHOCTL A
HEOrPaHMYEHHOr0 LMAMHIAPA DJJUIMIITHYECKOrO CEYEHHsA MpH pPa3IMYHBIX pPEXHUMax 3aJaHui
TeMIIEpaTyphbl Ha NOBEPXHOCTH Tena.

Knrouessvie cnosa: ypaBHEHHE TEIICTIPOBOIHOCTH, NIMHEHHBINA
oriepatop,6e3pa3MepHBICKOOPANHATEL, LMWIHHAP OSJIHIOTHYECKOrO CEYEHHsA, KOOPAMHATHbBIE
GyHxumy, uHTErpanbHBIe Npeobpa3oBanus, NpubmwkeHHOe peulenne, npeoGpaszosanue Jlanaca.

NONSTATIONARY TEMPERATURE FIELDS INSIDE THE UNLIMITED CYLINDER
OF THE ELLIPTIC SECTION.
Samarov Sh.Sh.
Tajik Technical University. M.S. Osimi

Exact solutions to the problem of non-stationary heat conduction after applying the integral
Laplace transform for a plate, cylinder and ball and the transition to the domain of originals for
specific types of input temperature perturbation functions are given in.

These solutions for the plate and the ball are expressed in terms of sine and cosine functional
series, and for a cylinder in terms of Bessel functions. Such an approach to solving heat conduction
problems allows us to find the temperature field as an element of the functional space, the basis of
which is the system of Eigen functions of the Sturm-Lowville problem. However, even for one-
dimensional bodies of classical forms, exact solutions in an explicit form are not always
representable. For applied thermal physics, of interest are approximate methods that allow one to find
in a simple form analytical solutions within the limits of permissible accuracy. These include the use
of the orthogonal projection of the residual.
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The expediency of applying this method to classical bodies is due to the fact that in the theory of
nonstationary thermal conductivity, the reverse transition to the original in time from the exact
problem is the most complex. The use of the Bubnov-Galerkin method makes it possible to
circumvent these difficulties and propose a simple and unified method of transition to the area of the
originals.

In this given work, we consider the general idea of the method of joint application of the integral
Laplace transform and orthogonal projection. Thermal conductivity is studied for an unlimited
cylinder of elliptic cross section under various conditions of temperature setting on the body surface.

Key words: Heat equation, linear operator, dimensionless coordinates, cylinder of elliptic section,
coordinate functions, integral transforms, approximate solution, Laplace transforms.
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