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CREATING SOFTWARE FOR ANALYSIS OF THE UNSTEADY
THERMAL STATE OF A ROD WHICH IS EXPOSED TO THE
SIMULTANEOUS PRESENCE OF A LOCAL INSULATION,
THERMAL TRANSFER, AND HEAT FLUX

A. K. Kudaykulov, A. A. Tashev

Institute of information and computing technology
050010, Almaty, Republic of Kazakhstan

The bearing element of a strategic equipment is a rod of limited length and variable cross-section. Most
of them are exposed to certain types of heat sources. To ensure reliable operation of this equipment,
it is necessary to know the change of the thermal physical characteristics of the rod along the length
and time.

Defining the distribution law of the thermal characteristics of the rod with limited length, which
is exposed to heterogeneous types of heat, is the basis for the study of the thermo-strained deformed
state of structural rod elements of power plants, internal combustion engines, and hydrogen engines.
To determine the temperature distribution law along the length of the rod with limited length and
constant cross section, many scientists use a finite element method. In particular, they consider the
established problem to determine the temperature field along the length of the horizontal rod with the
insulated side surface, limited length and a constant cross-section. The heat transfer coefficient and
ambient temperature are considered constant.

Some of the work investigates the process of heat conduction in the core elements of nuclear power
plants based on the finite element method.

Many authors also consider the effect of temperature on the deformation of the investigated element,
during which they can also analytically calculate the temperature distribution law along the length
of the rod with insulated lateral surface, and the left end is exposed to the heat flux and the right
end is exposed to the heat exchange with the environment. In addition, in this work, we determine
the temperature field along the length of the horizontal rod with constant cross section. At the same
time, the left end is exposed to the constant temperature, and the remaining surface of the core is
exposed to the heat exchange with the environment. The results obtained agree well with practical
results. Most of the authors use the energy conservation law in combination with variation methods to
study the process of heat exchange between the deformable shell and the surrounding liquid. And here
we developed application packages that use modern tools of programming to solve this problem. We
can say that these packages, in a certain sense, are universal and user-friendly. Also, in this work, we
study the different ways to define the non-stationary fields of temperature distribution in cylindrical
rods which are exposed to laser heat sources. The obtained results can be used in the study of no
stationary thermal processes in the rod with the laser heat source. Also, in this work, we are dealing
with computational methods, algorithms and software package for the study of steady-state thermal
stress — strain state of a rod with limited length and constant cross section, which is exposed to the
local heat flow, temperature, thermal exchange, and the availability of local insulation is considered as
well. In addition, for each of the considered problem, we successfully identified regularities. For some
problems, we determined the steady-state temperature fields, the components of strain and stress and
the displacement field. We obtained equations to calculate the elongation and axial compressive force.
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Also, investigated the convergence of the studied method and the accuracy of the numerical results.
In contrast to the above works, in this paper, we consider the development of methods, computational
algorithms, and programs based on the energy conservation law to study the steady thermal stress
and strain state of the horizontal rod with constant cross section. For this task, we first defined the
distribution law of temperature along the length of the rod. Further, if one end of the rod is firmly
fixed and the other end is free, we can calculate the elongation depending on existing heat sources,
physical and geometric characteristics of the rod, taking into account the presence of insulation. In the
case of pinching both ends of the studied core, we can calculate the axial compressive force, taking into
account the real factors. It also determines the distribution law of all the components of deformations
and stresses. The study revealed some patterns of the process. It should be noted that programs
developed in Delphi and Python proved to be effective and user-friendly.

The paper proposes a computational algorithm and method to determine thermo physical
characteristics of the rod with limited length and variable cross- section in time. They are based on
fundamental laws of energy conservation. The numerical solutions of the problem have been successfully
achieved.

Key words: heat flow, the radius of the cross section, a heat source, the length of the rod,
thermal conductivity, heat transfer.
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YK 539.3

Hecyiue ssieMeHTB MHOIUX CTPATErndecKuX 00OPY/IOBAHUI ABJSIOTCS CTEPXKHAMEU OIPAHUYEHHOM
JUIMHBI ¥ TIEPEMEHHOIO ITOMEPEYHOI0 CEYEHUHA. DOJbIIMHCTBO M3 HUX HCHBITHIBACT BO3ICHCTBUA
OIIpeJIeJIEHHBIX BUJOB MCTOYHUKOB Teria. [y obecriedenus HaJIeKHOI paboThl 3TUX 000pyIOBa-
HUM HEOOXOJUMO 3HATH U3MEHEHWNE TeIIOMPUNIECKIX XaPAKTEPUCTUK CTEPIXKHS 0 JJTUHE CTEPIKHST
u 1o Bpemenu. B pabore mpemiararoTcs BBIYUCIUTENLHBIN AJTOPUTM W METOJ JJIs OMPEeIeTEHUI
TemMopU3NIeCKIX XaPAKTEPUCTHK CTEPKHS OrPAHMIEHHOHN JIJTUHBI U MEPEMEHHOTO TIOMEPETHOT0 Ce-
ueHust Mo BpeMenu. OHM OCHOBAHBI HA (DYHIAMEHTAIBHBIX 3aKOHAX coXpanenus suepruu. [lomydaeno
YUCJIEHHOE pellleHue 3aa49H.

Kurodesbie ciioBa: TemioBoil MOTOK, PAINYC CeUeHNsT, NICTOTHAKN TeIlTa, AJIUHa CTEPKHS, Tel-
JIOIIPOBOHOCTD, TEILI00OMEH.

Beegenne. Ompesiesienne 3aKOHOB PACHPEICTCHAS TeIMIOGMU3NICCKAX XaPAKTEPUCTUK
CTepKHS OTPAHMYEHHON JITMHBI TIPH BO3ACHCTBIH PA3HOPOIHBIX BHJIOB TEILTA SIBJISETCS OCHO-
BOI MCCJIeI0BAHKS TEePMO-HAIPAKEHHOrO JIe(DOPMUPOBAHHOT'O COCTOSHUS HECYIIUX CTEPKHEBBIX
IJIEMEHTOB 3HEePreTu41eCKux yCTanOBOK, ,ZLBI/IFaTeJIeI;‘I BHYTpeHHETr O CropaHud U BOAOPOAHBIX ABH-
raresieit. B ¢Bga3m ¢ 3TUM onpejiesieHueM TOJIsi TeMIEPATyP B TBEPALIX J1e(DOPMUPYEMBIX TeIaxX
3aHUMAIOTC MHOTHe BHIHbIe ydenbie [1-3|. B [4-5] ma ocHoBe MeToja KOHEYHBIX 7€MEHTOB
OmpeJie/ieH 3aKOH PACIPEICTeHUs TeMIepaTypbl MO JJIHHE CTEPXKHS OMPAHHYCHHON [JIMHBI W
IIOCTOSIHHOTO cevenus. B uacrnocru, B pabore [5] paccmarpuBaercs penieHue yCraHOBHBILEH-
Cs 331490 110 OIPEJIEJEHHIO MO/ TEMIIEPATYDBI 110 JJINHE TEILIOU30JIMPOBAHHOIO 10 GOKOBOI
IMOBEPXHOCTU T'OPU3OHTAJIBHOI'O CTEPZKHA OFpaHquHHOﬁ JAJUHBI U ITOCTOAHHOT'O IMOIIEPEYHOTO
cedenusd. IIpu 9TOM Ha TIOMAIB HOMEPEYHOTO CEUCHHS ¢ JIEBOIO KOHIIA MOIBOJUTCSA MOTOK TeIl-
J1a ¢ MOCTOSTHHO MHTEHCHBHOCTBIO, & HA TIPABOM KOHIIE IPOMCXOTUT KOHBEKTUBHBIN TEIIOOOMEH
¢ okpyzxartorieii cpenoii. I1pu aTom KoadpdunmenT TemmoodbMena U TeMIEpaTypa OKpY:KaoIei
CpeJIbl CYUTAIOTCS TTOCTOSHHBIMA. B [6] paccMoTrpeHo BiusiHue TeMmueparypbl Ha JedOpManuio
HCCIEYeMOro djeMenTa. Tam Ke aHAIMTHUYECKH MOJYYeH 3aKOH DACIPEIENEHUs TEeMIepaTy-
PbI 0 JITAHE CTEPIKHsA, KOrja OOKOBasi MOBEPXHOCTH CTEPZKHS TEILIOM30IMPOBAHA, JEBBIH KO-
HETl HAXOJUTCS 1O BO3/IEHCTBIEM TEIIOBOrO MOTOKA, a Ha MPABOM MPOMCXOIUT TEILTOOOMEH ¢
OKpyzKalomieii cpeoii. Kpome Toro, paccMaTpuBaercs 3aj1ava ONpeeJeHust MOl TeMIepaTyp
110 JIJTMHE TOPU30HTAIBHOIO CTEDXKHSI IIOCTOSIHHOTO NOTIEPEYHOro cevenus. [Ipu 9rom Ha JieBbiii
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TOpPEI MOIAeTCS MOCTOSTHHAST TEMIEPATYPa, a Ha OCTABIINXCS TTOBEPXHOCTSIX CTEPYKHS MPOWC-
XOJUT TEILIOOOMEH ¢ OKpyzKatorieil cpejoit. [losydennble pe3yabTaTbl XOPOIIO COIVIACYIOTCS C
pesyabraramu, noaydenubivu B [7-9]. B [10] Ha ocHOBe 3akoHA COXpaHeHWs SHEPIUU Bapha-
IMUOHHBIM METOIOM OIIPeIesIeTCs IPOIece TeILIo0bMeHa MexK 1y aehopMupyeMoii 060109KOoi 1
OKpyzKaoIeii kuakocrbio. B [11] Ha ocHOBe METO/a KOHEUHBIX JIEMEHTOB HUCCJIELYeTCsT POIECC
TEMJIOIIPOBOAHOCTH B CTEPZKHEBBLIX dJIeMEHTaX AJePHBIX HEePreTHYeCKUX YCTaHOBOK. Tal\/l Ke
MPUBOJINTCA OMUCAHWE MMaKeTa MPUKJIQJTHBIX MTPOrpaMM, pa3paboTaHHBIX HA 0a3e COBPEMEHHBIX
UHCTPYMEHTAJIbHBIX CPEJICTB IPOrPAMMHUPOBAHUS, KOTOPbIe OPHEHTHPOBAHbI Ha pEIeHUe pac-
cMaTpHUBaeMbIX 3ajad. JleificTrBuTeibHO, pa3zpabaTbiBaeMblil TAKET B OIPEIETeHHOM CMBICTIE SB-
JISIeTCsl Y HIUBEPCATBHBIM, yI00HBIM Jist osib3oBaTeseii. B [12] uccenyercst necranuonapuoe mo-
Jie paclpeeeHnus TeMIeparTyp B NUJIUHIPAYECKUX CTEPXKHAX IIPU BO3JAeiiCTBUN JIa3ePHBIX HC-
TOYHUKOB TeIlJIa. HOﬂyquHbIe B pa60Te pPe3yJabTaThl MO2KHO UCIIOJIB30BAaThH IMPHU UCCJICI0BaAHUN
HECTAIIMOHAPHBIX TEMIEPATYPHBIX IPOIECCOB B CTEPKHE IPU HAJUYHUH JA3€PHBIX UCTOYHHKOB
reria. B [13-16] paceMaTpuBalOTCs BBIYUCIUTENbHBIE METO/IBI, AJTOPUTMBI U MAKET MPUKJIIA]I-
HBIX IIPOI'PaMM JJid HUCCJIEJOBaAHUA YCTaHOBUBIIECIOCA TepMO—HaHpH}KeHHO—,ZLerOpMI/IpOBaHHOFO
COCTOAHUA CTEPZKHA OFpaHI/ILIeHHOﬁ AJUHBI U ITOCTOAHHOT'O IIOIIEePEYIHOro ceueHud 1nmpu BOS,ZLGIU/I—
CTBHUH JIOKaJIbHBIX TEIJIOBBIX IIOTOKOB, TEMIIEPDATYP, TeHJIOO6MeHOB, a TaK2>Ke C Yy4eTOM HaJIU41InudA
JIOKAJIBHBIX Teron3o idnuit. 1lpu sroM j1id KaxK o paccMaTpuBaeMoil 3a/1a9i BBIABJICHBI COOT-
BETCTBYIOIIUE 3aKOHOMEPHOCTHU. 1T HEKOTOPBIX 3a1a49 ONPEJIE/ISIOTCI YCTAHOBUBIIHECS TOJIST
TeMIepaTyp, COCTABIAOMME AehopMaIuy U HaIpsIzKeHHsI, a TaK:Ke moje nepeMernennii. [Tosry-
YeHbl BblIpazKeHUA AJid BBIYUCJICHHUA BECJINYUHBI YAJHUHEHHUA M BOSHUKAKOIIErO OCEBOI'0 C2KUMalo-
orero ycuJjined. TaM 7Ke nuccjeJ0BaHbl CXOAMMOCTb ME€TOJa U TOYHOCTDH HOJIYYEHHBIX YHCJIEHHBIX
pe3yabTaToB. B oTimvuum oT BBHIMIEYKA3aHHBIX PadOT, B JAHHOH paboTe paccMaTpuUBaeTcs pas-
paboTKa METOJ/IOB, BLIYHCIUTEILHBIX aJCOPUTMOB M IIPOTPAMM, OCHOBAaHHBIX HAa 3aKOHE COXpa-
HEHUs SHEPIuu, sl UCCIAETOBAHUS YCTAHOBUBIIEIOCS T€PMO-HAPSIKEHHO-TeOPMIPOBAHHOTO
COCTOSIHUSI TOPU3OHTAIBHOTO CTEPKHSI MOCTOSIHHOTO cevdenus. [l 9Toit 3amadn cHavdaa ompe-
JIEJISIeTCST 3aKOH PACIPEIeIeHIsT TeMIIePATyPhI 10 JinHe cTep:kHs. Jlaree, B caydae ecan OuH
KOHEI[ CTEPKHS KEeCTKO 3allleMJIeH, a JIpyroii ¢BoOOIEH, BLIYUCILIETCI €ro y/IJIMHEHHEe B 3aBH-
CUMOCTH OT JIEUCTBYIOMUX UCTOYHUKOB TEILIa, (PU3MIECKUX U TeOMETPUICCKUX XaPAKTEPUCTHK
CTEPKHA € YIeTOM HAJUUYNA TEIIOM30JdInK. B ciydae 3amemienns 060uX KOHIIOB HCCJIeLye-
MOTO CTEPZKHS OIIPEJIE/ISIeTCS BeININHA BOZHUKAIOIIETO OCEBOTO CZKUMAIOIIET0 YCUIUSL C YIeTOM
peabaBIX (bakTopoB. [Ipw 5TOM TakKe OMpejie/ieH 3aKOH PACIPEIEIeHIsT BCEX COCTABIAIOIINX
necdopmanyit u Hanpsikenus. [Ipu uccieoBaHUE BBISABIEHBI HEKOTOPHIE 3aKOHOMEPHOCTH TPO-
necca. CiiejlyeT OTMeTHTL, 4TO paspadborannbie nporpamMMmbl Ha Delphi m Python oxaszauch
3P OEKTUBHBIME B YIOOHBIMHU /I TIOJIH30BATEIS.

ITocranoBka 3agaum. PaccMaTpuBaeTcss TOPH3OHTAJNBHBIN CTepKeHb uHON [ [cMm]
(puc. 1), H3rOTOBJIECHHBINH U3 YKAPOIPOUHOIO MATEPHAIA, ILIONAb MOMEPEYHOT0 CeUeHUsT KO-
Toporo ecrb S [em? [=const. Topusonrajibuas och (X Halpap/ieHa cjieBa HAIIPABO U COBIAIAET
C OCBIO MCCJIEyEMOTO CTeP KHSA. Uepe3 mpaBbliil TOPer] CTePKHSI MPOUCXOIUT TEILTOOOMEH ¢ OKPY-
JKaroreil cpejoii, a 60KoBas MOBEPXHOCTDb CTEPXKHA TEILION30/1upoBata. TeMieparypa oKpyxKa-

toreit cpesibt Th, (°C') = const, koadbdunuent Temnoobmena h (CM]E’—TC) = const. Ha neBsrii Toperr
CTepXKHS MOJIBEIeH TEIJIOBOH MOTOK ¢ MHTEHCHBHOCTBIO ( (C]fd—g = const.

3ajada 3aKJII0YaeTCS B ONpeJleleHNH HEeYCTAHOBUBIIETOCS COCTOSHUS TeMIepaTyp W BCexX
COCTABJIAIONIUX JlePOPMAILUK, HAIIPSAZKEHUST, & TAKKe BEJIMYUH yIJIMHEHUS CTeP2KHS U BO3HUKA-
IOIIET0 OCEBOTO YCHJIHSL.

Pemtenne 3agaum. [Ipu penienun 3a/a49u UCHOAb3YEM JBa 3JIEMEHTA CTEPIKHS.
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Puc. 1. Pacuernasa cxema

st perienus MOCTAB/JICHHON 3a/1a91 CHAYaJIa OLPEJIE/IeM 3aKOH Paclpe/iesieHus TeMIepa-
typ [1] BapmanmonabiM MeTogoM. Berancanm dbyHKIpoHa

K, (0T oT
1= /V[ > <a_) e
rae

fv D ( 8;1:) dV — 4JacThb TelLta, KOTOpasl YXOAUT Ha MOBLINEHNE BHYTPEHHEH SHEPIUN;
fV TdV — 9JIeH, YUYUTHIBAIONNNA HECTAIMOHAPHOCTD 3a/1a49H;

f qT dS — KOJIMYECTBO MOCTYIIAIOIIET0 TeIlIa,;

f 53 lh T — T,.)?dS — Ko/m4ecTBO Tellla, YXOAAIIero 4epes IoBePXHOCTh CTePHKHSL.
BILer BBEJIEHBI CJIeIYIONIEe 0D03HATCHHSI:

T — remneparypa (°);

A — KO3 durnmenT reMieparypornpoBOIHOCTH ( e )i

K., — xko3ddunuerT TermionpoBoIHOCTH MATEPUAIa (CM.T0)3

Temmeparypy T crep:kus aaunoit L ¢ remmeparypavu Ha kKonax (77,7) anmpoKCcuMupyeM
JIMHEHHO CJIeyIonuM 0O6pa30M:

v + / {qT + %h(T — 1| ds, (1)
S

T — T1 . T
Th—-T, L
Torna temmeparypa BuyTpu unrepsaia (17,T,) mveer Bu:
T = (1 - —) T+ T 2
L) @)

[TpeoGpasyem Bbipazkenue (1) mias cTepKHS:

1—/ Koo (0T
1_v 2 \Ox

Beipaskenue |, ¢ qTdS st 1eBoro Topa CTEPAHS UMeeT BUJL:

wad
2L

K5
2L

dV = (TE — 20Ty + T) (Ty —2T3T5 + T3).  (3)

S
IToToK Temra Ha NPaBOM KOHIIC CTEPKHSA PaBeH
1 hS
I — / ST = ToedS = "2 (T} = UTToe 4+ T2). (5)
S

Hecraunonapnas wacrs [, AL TdV nmeer sun;
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_ASL (0T, oy, Ty 0T
L="= (QET1+2 o Lt o Tt Tl) +
ASL (0T, dTy Ty oT;
T (QWTﬁZ a Bt Bty TQ) - (6)

Huddepennupysa dbyuknuonan [ mo mepemenubiM 17, T u T3 u npupaBHEBas K HYJIIO,
HOJIy4uM cucremy JuddepeHnuaibHbiX ypaBHEeHUH:

210 oy KeoS — KuuS 0
)\S—L 1 41 X ﬁ + _@ QKIQS _ Ku2S %
0 ik L TWs ks ”
012 & 0 —HeS Kol 4 pgy
T —qS
()= o | @
T3 hST,.

asee, Hciob3ys pellieHne JAHHON cucTeMbl ruddepeHITNaJIbHbIX YPABHEHHH, OTIeHNBaeM
CJIEJIYIONIIe HEYCTAHOBUBIIIEECs] TEILTO(MU3NICCKIE XapAKTePUCTHKU cTepxkHs [15]:

— VajmHeHue cTepKHd B 3aBucuMocTd 0T 1'(x), KOTOpast OUpeiessiercs: Kak
— 14 JUHEHHOro Caydad:

¢ al
ar= [ aT(@yir = ST+ 1)) (s)
0
— JJI KBAAPATHIHOTO CJIydas:
¢ al
Al = [ aT(x)dx = 7(7} +4T; + Ty). 9)
0
— OceBoe TepMuueckoe ycuine R:
AlES
R=——. (10)
14
— TepMo-ypyroe HaIpsSzKeHHE O
R ALE
0=73 i (11)
— Tepmo-ynpyrag gedopMmanud e:
o Al
=4 7 (12)
— Temmneparypuas gedopmarust e (x):
ep(z) = —aT(x). (13)
— TemneparypHoe Hanpsizkenue or (T):
or(x) = Eer(x). (14)

— Yupyras gedopmarys &, (x):
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Puc. 3. Monyns ais dopMupoBaHusi HCXOTHBIX JAHHBIX
er(x) = e —er(x). (15)

ITporpammHuoe obecnneuenue. /I penienus paccMaTrpuBaeMoil 3a/1a4u pa3padoTana mpo-
rpaMMa ¢ UCTIOJIB30BAaHNEM WHTErPUPOBAHHOTO cpejcTBa nporpammupoBanns DELPHI. Ocros-
HOIl uHTepdeiic TporpaMMbl IOKa3aH HA PHUC. 2.

[Iporpamma mo3BojseT (GpoOpMHPOBATH HCXOIHBIE JAHHBIEC, YTO OCYIIECTBJISAETCS BBHIOOPOM
onmuu ,, PopMUPOBaHUE UCXOJHBIX JAHHBIX® (puC. 3).

3/1eCh MOXKHO 33IaTh UCXO/HBIE JIAHHBIE: BEIOPATH HOMEPA HETEILION30/INPOBAHHBIX JJIEMEH-
TOB; 33J[aTh YCJAOBHS JIJI JIEBOTO W MPABOTO KOHIA CTEPZXKHSA, a TaKKe JAHHbIE JJIsi BHYTPEH-
HUX MCTOYHUKOB Teria. [locae Haxkarust Ha KHONKY ,, [losyunts CJIVY dopMmupyercs cucrema
OOBIKHOBEHHBIX Ju(depeHInaJ bHbIX YpaBHEHUA.

aJee, mpu BEIOOpE ONIUH ,, Pelltenne cranuoHapHoit 3a1a4u’ 13 OCHOBHOI'O MEHIO TOJIyYaeM
CTAI[MOHAPHOE peltieHne 3a1auu (puc. 4).

Hecranuonapuoe perrerne moaydaercs npu Beibope ommun ,, Meron Pynre—Kyrra“ us oc-
HOBHOIO MeHIO (puc. b), /e n300pazkeHbl rpaduKn H3MEHeHHsT TeMIIEPATYPbI 110 BPEMEHH.
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Yr0o0bI TOCMOTPETH H3MEHEHUE JIPYTUX TEIIOPU3NIECKUX XapAKTePUCTUK 110 BPEMEHHU, Bbl-

Gupaem onnuio ,, I'paduku mo t“ 0ocHOBHOTO MeHIO (puc. 6), a [0 JjInHe CTepKH — ,, Pe3yibraTsl
o x“ (puc. 7).

Ha puc. 6-7 M0XKHO BBIOpaTh TeILIOMUINIECKIE XapPAKTEPUCTUKU CTeP:KHsI, KOTOPBIe HAC
HHTEPECYIOT.

s perienus 3a7a4u C UCMOJIb30BAHUEM Pa3pabOTAHHON MPOTrPaMMbl OBLIN HCIOJJIH30BAHBI
CJIeIVIOTIE UCXOHBIE JIAaHHbBIE:

B B B
L=75cm; q=—150 —TQ; kye = 75 TO; h =10 QTO;
cM CM - cm? -

Toe =40 °C; r=1cwM;

1
S=mr =ncm?;, P=2mr=2rcMm; «=0,0000125 ok

Pemenne HecTanunonapuoii 3ajadu (7) npu JUHEHHON allpOKCAMAIUY sl JIBYX SJEMEHTOB
npejcTaBjieHo Ha puc. 8.

CranmoHapHbIM peleHueM 3Toit 3axadn aiagorces 17 = 70°C, Ty = 62,5°C' u T3 = 55°C.

Jlajiee, 3nas TeMIepaTypy CTEPKHsI, OIPEIe/IgeM BCe COCTABIAIONNE nepOpMauu, Hanpsi-
JKEHWd, BEJINYNHY VJUIMHEHUA CTEPyKHHA, & TaKyKe BOZHUKAIOIIEEe OCEBOE YCUIANE B 3aBUCHUMOCTH
ot Bpemenu 1o dopmyaam (9)—(15).

Wsmenenune yaIuHEeHHs 110 BpEMEHH IMOKa3aHO Ha puc. 9.

Ws3menenne oceBOro TepMUYECKOTO YCUINA 1O BpeMeHH IToKa3aHo Ha puc. 10.

N3menenune TepMOyIpPyroro HalpsizKeHUs 110 BpeMeHHU 110Ka3aHo Ha puc. 11.

N3menenune Tepmoynpyroit gedopmaliuu 1o BpeMeHH MMOKa3aHo Ha puc. 12.

N3menenune TeMiepaTypHOro HANpPsyKEHUs O BpeMeHU TIOKa3aHo Ha puc. 13.

Wsmenenune yupyroit aedpopMaluu o BpeMeHH MOKa3aHo Ha pHc.14.

Wsmenenune ynpyroro HalmpsizKeHHs 110 BpeMeHH — Ha puc. 15.

Pe3yﬂbTaTbI IpuMEHEeHud HIPEeIJIO2KEHHOI'O 110/4X0/Ja, OCHOBAHHOI'O Ha (byH,ZLaMeHTaﬂbHOM
3aKOHE COXpaHEHHA 3SHEepIruun, MAdJjJd pelleHund KOHKPETHOI'O IpuMeEpa ITOKa3blBaloT, YTO €ero
MO2KHO MCHOJIB30BaTh IIPpH peEIleHnn aKTyaJIbHbBIX HHXKEHEPHBIX 3aJa4 pa3H0171 CJIOZKHOCTH.
OTHU pellleHust XapaKTepPU3yIoTcd MOBBIIIEHHON TOYHOCTBIO M aJ€KBATHOCTBHIO, YTO MO3BOJISET
pemarhb MPaKTHYeCKH JIoOble 3aJladd, CBA3aHHbIE C OIpeJeJIeHHeM TePMOMEeXaHHIeCKOro
COCTOSIHUS CTEPKHS.

Crmcok jimrepaTypbl
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. Air Force Inst. of Technology Wrights Patterson Air Force base. Dayton, Ohio, 1965.
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. FunGg Y. C. Foundations of Solid Mechanics, Prentice-Hall, Englewood Cliffs, N. J., 1965.
. KRIETH F. Principles of Heat Transfer, 3-rd ed. Index Educational Publishers, N. Y., 1977.
. HUEBNER K. H. The Finite Element Method for Engineers. Wiley, N. Y., 1975.

. HARRY J. Segerlind Applied Finite Element Analysis. N. Y., 1976.

8. VIsSER W. Finite Element Method for Determination of Non-Stationary Temperature
Distribution and Thermal Deformations, Proc. Conf. on Matrix Methods in Structural Mechanics,
Air Force Inst. of Technology Wrights Patterson Air Force base. Dayton, Ohio, 1965.

9. CoNTE S. D. Elementary Numerical Analysis. McGray-Hill, N. Y., 1965.

10. KrEYSzIG E. Advanced Engineering Mathematics. 3-rd ed., Wiley, N. Y., 1972.

11. WiLLiaMms P. W. Numerical Computation. Nelson, Don Mill, Can., 1972.
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13. GASPAR JR., MOREIRA M. L., DEsAMPAIO P. A. B. Temperature Distribution Fuel Rods:
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KJIaJHasd MaTeMaTuKa ¥ Mexanuka“ B 1973 r. B
1979 r. 3amUTHI KaHIUJATCKYIO JUCCEPTAITUI B
MTY um. M. B. Jlomonocosa. B 1992 r. zammrmi
IokTopekyio mo crenuaabHocTu 01.02.07 — | Me-
XAHWKA CBHIIYYWX TeJ, TPYHTOB W TOPHBIX MOPOI”
B Uucturyre ruapogunamukun CO PAH. JlokTop
(hU3MKO-MATEMATHIECKUX HAYK, IIPOgeccop, akKa-
nemuk MexkmyHapo/iHol akagemuu nHdopMaTU3a-
WU, JeHCTBUTEIbHBIN UJIeH BCEMUPHOTO O0IIECTBA,
UH2KEHEPOB-HeDTIHUKOB.

NzBectrblil yueHwliit B 00/1aCTH MEXAHWKH Jle-
dopMupyemMoro TBEPAOrO Tejia U T'eOMEXaHUKH.
Astop 6omee 110 mayumbix crareit m 9 MOHOTpA-
duit, 3 KOTOpLIX 2 MoHOrpadUu H3TAHLI B AH-
VI, YIOCTOEH 30JI0TOH MeJIaJn UMEHN aKa eMu-
ka 2K. C. Epxamnosa. [logrorosur 13 KangmaaTos
n 2 pokropa Hayk. B 2009 rojgy mporesn Hayd-
HYI CTaxKupoBKy B UHCTUTyTE rujponuHaMuKu
um. M. A. JTaspentresa CO PAH. Tlog pykoBo-
creoMm ujeH-koppecnongenta PAH B. 1. Aununa,
MPOBEJ CEPUI0 SKCIEPUMEHTOB [0 OIPEIETEHUI0
MTPOYHOCTHBIX XaPaKTEPUCTUK HECYIIUX JIEMEH-
TOB JleTaTeabHbIX anmmnaparos. Jxa AO , KazTpan-
cOirr
HECYTINX 3JEMEHTOB HedyTeHArPEeBATE/bHBIX yCTa~
woBok. CoBmectro ¢ AO HUN | KacnuitmyHaii-
raz“ pazpaboras npoekT obycrpoiicTBa HeTIHBIX
1 HeTera3oBbIX MECTOPOXK/IEHNI C Y4€TOM OIITH-
MaJIbHBIX PEKUMOB PabOThl OCHOBHBIX TEXHOJIOTH-

BBITIOJIHUJI PaCYe€T Ha TEePpMOIPOYHOCTH

9eCKHUX arperaroB W KOHCTPYKIUH, HOATOTOBKHA U
TPAHCIIOPTUPOBKY HedTH, ra3a U IJIACTOBON BOILI.

Asnstercss wrenom obbeannennoro (MMMarr,
KasHY) moKTOpCKOro AmccepTanmoHHOrO COBETA
O/1 14A.01.08.
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computational algorithms, methods and complex
application programs for computers emulation and
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Anarbai Kudaykulov has lectured at abroad in
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At present the directs the priority research
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doctoral students.
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Tame A3zar ApunoBuy
OKOHYMJI (DAKY/JIBTET yIIpaBJje-
HUY M [PUKJIALHON MaTeMa-
du3uKo-
TEeXHUYIECKOr0 mHcTuTyTa B 1975
rory. B 1985 romy 3ammTnia
KAHIUIATCKYIO JINCCEPTAINIO 110
cnenmmangpaocTn  05.13.02, a B
1995 roay 3amUTHI JOKTOPCKYIO TIO CITEIUAJIb-
woctu 05.13.06 8 HITO ,,Kubepueruxka® ¢ BII AH
Y3CCP. C 1975 ronma paboran B obJylacTu mpo-
rpamvuposanugd. B 1985 rogy on cran 3aB. mabo-
paropueit HUW ,, Anropurm® HITO |, Kubeprermka

[13

TUKH  MOCKOBCKOTO

Mo TpodIeMaM MCCICTOBAHNS 3eMIATPICEHMIA,
B HaCTOsIIEe BpeMsl SBJISIETC TJIABHBIM HayTHBIM
corpyaaukoMm MuCTHTYTa MHGOPMAITMOHHBIX U BbI-
quCUTeNbHBIX TexHosornil (Pecrybsmka Kazax-
craH, I. Anva-Ara).

Nm omybaukoBano cebimre 80 pabor B Ta-
KHX 00JIaCTAX KaK pacipeiesieHre U mepepacipe-
JIeJIeHe PeCypcoB B YCJIOBUSX HEOMPETETeHHO-
CTH, SKCIEPTHBIE CHCTEMBI, OCHOBAHHBIE HA IIPO-
AYKOVWOHHBIX MTPABUJJIaX W Ha HEYETKUX MHOXKe-
CTBaX, CEHCMOJIOTUY, NapaJUIeJbHOE BLIYHUCIEHHE,
obadnas TeXHOJIOrnsd, TporpammupoBanme. Ero
TeKYIIIUe HCCJIEI0BATENbLCKIE MHTEPEChl BKJIIOYA-
IOT TEXHOJIOTHUH IIaPAJIJICIBHBIX BbI‘{I/ICﬂQHI/Iﬁ, A3bI-
KU IIPOrDAMMUPOBAHNs, BKJIIOYAs MapaJsesbHoe,
9KCIIEPTHBIE CHUCTEMBI, ONMTUMAJBHOE PACTIpesesie-
HUEe U IlepepaclpejieieHne pecypcoB. B mannoe
BpeMst ocHOBHbIM npoekToM A.A. Tamesa sBjis-
eTCsT UCCIETOBAHNE TEPMOPUINIECKAK XaPAKTEPH-
CTUK PA3IUYHBIX MATEPUAJIOB M TTPOTPAMMUPOBa-
HHUEC.
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After finishing the high school in 1969 he
entered and then in 1975 graduated from the
Moscow physical-technical Institute majoring in
automatic control Systems.

In 1984 he defended his thesis on the specialty
05.13.02 — the systems theory, automatic control
and regulation, and systems analysis.

In 1995 he defended his doctoral thesis on
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