SN -

JOURNAL OF TRANSPORT

".II'.'
iy,
ALIET

.....

ISSUE 1, 2025 vol. 2
E-ISSN: 2181-2438
ISSN:3060-5164

RESEARCH, INNOVATION, RESULTS



TOSHKENT DAVLAT
'I r TRANSPORT UNIVERSITETI
Tashkent state

transport university

JOURNAL OF TRANSPORT

RESEARCH. INNOVATION. RESULTS

E-ISSN: 2181-2438
ISSN: 3060-5164

VOLUME 2, ISSUE 1
MARCH, 2025

[=] 4 [=]

[=] 2%

jot.tstu.uz



TASHKENT STATE TRANSPORT UNIVERSITY

JOURNAL OF TRANSPORT
SCIENTIFIC-TECHNICAL AND SCIENTIFIC INNOVATION JOURNAL
VOLUME 2, ISSUE 1 MARCH, 2025
EDITOR-IN-CHIEF
SAID S. SHAUMAROV
Professor, Doctor of Sciences in Technics, Tashkent State Transport University
Deputy Chief Editor

Miraziz M. Talipov
Doctor of Philosophy in Technical Sciences, Tashkent State Transport University

The “Journal of Transport” established by Tashkent State Transport University (TSTU),
IS a prestigious scientific-technical and innovation-focused publication aimed at disseminating
cutting-edge research and applied studies in the field of transport and related disciplines. Located
at Temiryo‘lchilar Street, 1, office 465, Tashkent, Uzbekistan (100167), the journal operates as a
dynamic platform for both national and international academic and professional communities.
Submissions and inquiries can be directed to the editorial office via email at jot@tstu.uz.

The Journal of Transport showcases groundbreaking scientific and applied research
conducted by transport-oriented universities, higher educational institutions, research centers, and
institutes both within the Republic of Uzbekistan and globally. Recognized for its academic rigor,
the journal is included in the prestigious list of scientific publications endorsed by the decree of
the Presidium of the Higher Attestation Commission No. 353/3 dated April 6, 2024. This inclusion
signifies its role as a vital repository for publishing primary scientific findings from doctoral
dissertations, including Doctor of Philosophy (PhD) and Doctor of Science (DSc) candidates in
the technical and economic sciences.

Published quarterly, the journal provides a broad spectrum of high-quality research articles
across diverse areas, including but not limited to:

Economics of Transport

Transport Process Organization and Logistics

Rolling Stock and Train Traction

Research, Design, and Construction of Railways, Highways, and Airfields, including
Technology

Technosphere Safety

Power Supply, Electric Rolling Stock, Automation and Telemechanics, Radio Engineering
and Communications

Technological Machinery and Equipment

Geodesy and Geoinformatics

Automotive Service

Air Traffic Control and Aircraft Maintenance

Traffic Organizatsion

Railway and Road Operations

The journal benefits from its official recognition under Certificate No. 1150 issued by the
Information and Mass Communications Agency, functioning under the Administration of the
President of the Republic of Uzbekistan. With its E-ISSN 2181-2438, ISSN 3060-5164 the
publication upholds international standards of quality and accessibility.

Avrticles are published in Uzbek, Russian, and English, ensuring a wide-reaching audience
and fostering cross-cultural academic exchange. As a beacon of academic excellence, the "Journal
of Transport"” continues to serve as a vital conduit for knowledge dissemination, collaboration, and
innovation in the transport sector and related fields.

jot.tstu.uz Research, Innovation, Results |



mailto:jot@tstu.uz

Journal of Transport

ISSN: 2181-2438 Volume:2|Issue:1|2025

Numerical Simulation of the spatial distribution of temperature fields in

Abstract:

Keywords:

spring elements of freight wagons of railway transport

S.N. Absattarov®? N.K. Tursunov®P
1Tashkent state transport university, Tashkent, Uzbekistan

The article presents a numerical simulation of the spatial distribution of temperature fields in the spring
elements of freight wagons of railway transport during heat treatment. The use of modern CAE systems
such as ANSYS has made it possible to analyze thermal processes in real time, which ensures precise
control of technological parameters. The simulation aims to optimize heating and cooling modes,
minimize internal stresses and deformations, and identify areas of potential defects. The paper considers
the parameters of a spring made of 60X2HFA grade steel, performs a transient thermal analysis, and
determines the optimal conditions for achieving the required mechanical properties. The simulation
results show that it takes about 900 seconds to reach a quenching temperature of 880°C with a bar
diameter of 30 mm, while the temperature difference between the surface and the core of the product is
1.25 ° C, which indicates minimal internal stresses.

temperature field, heat flow, thermal conductivity, quenching, gradient

AKTHUBHOI'O

YucjeHHoe MOJCJIUPOBAHMUE MPOCTPAHCTBEHHOT0 pacnipeacJj1ecHusA
TEMIIEPATYPHBIX noJjieii B NMPYKUHHBIX 3JIEMCHTAX I'PY30BbIX BATOHOB

KEJIC3HOAOPOKHOI'O TPAHCIIOPTA

A6carrapos C.H.1©? Typcynos H.K.1©P

TamxkenTCKMI TOCY 1apCTBEHHBIN TPaHCIIOPTHBIN YHUBEPCHUTET, TamkenT, Y36eKucTan

AHHOTALUA:

KroueBnie ciioBa:

1. BBenenue (s

PazButne COBPEMEHHBIX TEXHOJIOI'HI HEBO3MOXKHO 0e3
HUCIOJIb30BaHUsA

B crarke MpECTAaBICHO YHCICHHOE MOJCIHPOBAHME IPOCTPAHCTBEHHOTO  PACIIpEeNeICHUS
TEMIIEPaTyPHBIX IOJIeil B MPYXUHHBIX 3JIEMEHTaX IPY30BBIX BarOHOB XKEJIE3HOJIOPOXKHOTO TPAHCIOPTA
B Tpolecce TepMuaeckoit 0opadorku. Mcnons3osanue coBpemeHHbIX CAE-cuctem, Taknx kak ANSY'S,
HO3BOJIMJIO TIPOBECTH aHAJIM3 TEIUIOBBIX IPOLIECCOB B PEXUME PEaTbHOr0 BPEMEHH, YTO 00ecrednBaeT
TOYHOE yIIpaBJICHUE TEXHOJIOTHYECKUMH apameTpamMu. MoiepoBaHye HallpaBiieHo Ha ONTHMU3ALUI0
PEeXKHMMOB HarpeBa M OXJIKACHHs, MUHIMHU3ALUIO BHYTPEHHUX HANpPsHKEHUH 1 AeopManuii, a Takoke Ha
BBIIBJICHHE 30H TMOTEHIMANBHBIX Je(deKkToB. B paboTe paccMOTpeHBI IapaMeTphl NMPYXHHBI U3 CTaH
mapku 60C2X DA, mpoBeieH epeX0oaHbIN TETIOBOM aHAIN3 U OTIPeeTICHbl ONTHMAIBLHBIC YCIOBUS IS
JOCTHKEHHUS TPeOyEeMBbIX MEXaHHMYECKUX CBOMCTB. Pe3ysbTaThl MOJEIUPOBAHHS MOKA3bIBAIOT, YTO IS
TOCTIDKeHUs TemriepaTypbl 3akanku 880°C ¢ nnamerpom mpyTka 30 MM Tpebyercs okono 900 cexyH,
TIPH 5TOM TIepernaj] TEMIepaTyp MEKIY MOBEPXHOCTHIO H CEpIEeBUHOI m3aenus coctapiser 1,25 °C, gato
CBHJIETENBCTBYET O MUHUMAJIBHBIX BHYTPEHHNX HAIPSDKCHUSX.

TeMIIepaTypHOE MOoJIe, TEIUIOBOI ITOTOK, TEIUIONPOBOIHOCTD, 3aKAJIKa, TPAJHEHT

gactHocTH, ANSYS), mnpexacraBnsercs Hauboiee
00OCHOBAaHHBIM, TOCKOJIBKY MO3BOJISET MOJCIMPOBATH U
aHAIN3UPOBATh TEMIIEPATYPHBIE MOJIS B MPY)KHUHE B PEIKIME

MECTOJ10B YUCJICHHOT'O Pp€aIbHOTO BPEMEHU, obecrmeunBasl TeEM caMbIM Oojiee

MOJICIUPOBAHUsI, KOTOpble HIpalOT KIIOUEBYIO pOJb B
MIPOEKTUPOBAHUY U ONITUMM3ALIUHU TIpolieccoB. B HacTosee
BpeMsI OIIEHKa TEMIIepaTypHBIX PEXHMOB B IpoOILEcce
TIPOMU3BOJICTBA TIPY>KUH OCYIIECTBIISETCS
TIPENMYIIECTBEHHO Ha OCHOBE aHAIN3a MHKPOCTPYKTYPHBIX
XapaKTepHCTHK MITH(OB, MOTYISHHBIX MOCIE 3aBEPIICHUS
BCEX 3TAIOB TEXHOJIOrHYecKkoro mnporecca [1, 2]. OcHoBHas
npobjeMa 3aKIIO4YaeTcss B OTCYTCTBHHM BO3MOXXHOCTH
IOPSIMOTO HM3MEpPEeHUus M  KOHTPOJIL  TeMIepaTypHOro
pacrpeneseHus B NPYXHHE Ha KaKI0W crtagun oOpaboTKu
[3]. B cBs3u ¢ 3TUM NpUMEHEHHE COBPEMEHHBIX METOJIOB
KOMITBIOTEPHOTO WHXKHHHUPHHTA, Takux kak CAE-cucTemsl
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TOYHOE YNpPAaBJIEHUE TEXHOJOTMYECKHUMHU NapameTrpamu (4,
5].

UYucnennoe MOJIETIPOBaHHE pacnpeieneHus
TEeMIEpaTypHbIX MOJed B MpyxkHHaX (puc. 1) rpy3oBbIX
BaroHOB B TMPOIECCE TEPMHIECKOH 0O0pabOTKM CIyKUT
KITIOYEBBIM HHCTPYMEHTOM UL ONITHMH3AIIH
TEXHOJIOTHIECKHX PEKHIMOB U OO0ECIIEUeHUSI BBICOKHX
IKCIUTYyaTAI[HOHHBIX XapaKTepHCTHK wm3femnit [6]. OnHo
MO3BOJISIET MIPOTHO3HPOBATH TeMIIepaTypHoe
pactpeniesieHne, MUHUMU3UPYs BHYTPEHHHE HaNPsDKEHUS U
nedopmanyu, ONpeAeNsATh ONTHMAJbHBIE —IapaMeTphl
HarpeBa W OXJAXICHUSA JUIl JOCTIDKEHHA TpeOyeMbIX
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MEXaHHYECKHX CBOMCTB M MHKPOCTPYKTYPBI, a TaKKe
BBISBIATh 30HBI IIOTCHIUAJBHBIX NE(EKTOB, TAKUX Kak
TpELIMHbl Wik KopobieHnue. KpoMe Toro, MoaeianpoBaHue
COKpaIIlaeT 3aTpaThl Ha SKCIIePUMEHTAIBHbIE HCCIICIOBAHMUS
W TO3BOJSCT AaHAIW3UPOBAaTh  BIMSHHEC  Pa3IMYHBIX
mapaMeTpoB TEpMOOOPaOOTKH, CHOCOOCTBYSI pa3zpaboTKe
6osee 3(h(EeKTUBHBIX U SKOHOMHYIHBIX TEXHOJIOTHIA [7].

Puc. 1. KoMILIeKT HAPYKHBIX NPYKHH PECCOPHOIO
NO/JBeIINBAHUS

Takum  00pa3oM,  4YHCIEHHOE  MOJENHPOBAHHE
pacrpeneneHuss TEMIEPAaTYPHBIX IOJeH B NPYXXHHAX BO
BpeMs TEPMHYECKOH 0OpabOTKM SBISETCS KIFOUEBBIM
HHCTPYMCHTOM JUISi TOBBILICHUS Ka4yecTBa MPOILYKIHUH,
CHIDKCHMS TIPOM3BOJCTBEHHBIX M3ICPKCK M oOecredeHus
CTaOMIIBHOCTH TEXHOJIOTHYECKUX MPOLIECCOB.

Leabio gannHoii paGoTsl sBisieTcsl paspaboTka |
NMpPUMEHEHNe  YWCICHHOM  MoJenu Uil aHaIu3a
MIPOCTPAHCTBEHHOTO  paclpeleleHuss  TeMIIepaTypHBIX
noyieil B TPYXKUHHBIX DJIEMEHTaX T'PY30BBIX BaroHOB C
LEJbI0 OLIGHKH HX TEPMOMEXAaHHYECKOTO IOBEICHHS B
mpolecce  Harpepa  MOJ  3aKalKy, — ONTHMM3ALUN
KOHCTPYKTHBHBIX TapaMeTPOB U MOBBIICHHS HAISKHOCTH B
YCIIOBHSIX AKCILTyaTallMOHHBIX HATPY30K.

2. MeTO}_IO.]'IOFI/Iﬂ HCCJIea0BaHUA

Iloctpoerne 3D-moneny BBIMOJHEHO B MPOTPAMMHOM
npoxykre Autodesk Inventor Professional B pasmene
TIPOEKTHPOBAHUST TPYKUHBI cxkaThs. COTTacHO dYepTexy
9597.50.002% B kadecTBEe BXOAHBIX MMAPAMETPOB CITYIKHIIH:
JUIMHAa TIPY’)KMHBI B CBOOOJHOM COCTOSIHHHM, IHaMeETp
HPOBOJIOKY, HapyXXHbIH JHaMeTp MPYXHHBI, KOJINYECTBO
pabouMX BHUTKOB, 3HAUEHUs HArpys3oK, a TaKXkKe CBOIcTBa
Martepuana HPYXHUHBL. I[IpyXMHA M3rOTOBJICHA M3 CTaJH
Mmapku 60C2X®DA, XxuMuuecknii cOCTaB KOTOPOH yKa3aH Ha
pucyHke 2. Pe3ynpTaThl pacueTa CBHIETENBCTBYIOT O
KOPPEKTHOCTU BXOAHBIX mapameTpoB. IlepeuncieHHble
TapaMeTpsl TIPUBECHBI B Tabnuie 1 u
MIPOWJUTIOCTPUPOBAHBl HA PHCYHKE 3 B OKHE IreHepaTropa
KOMIOHEHTOB MPYXUHBI CKaTHUsI.

@Jeprex cocTaBleH KOHCTpyKTopckuM otaenom OI'K JIT
«JIM3», 1. TalkeHT.
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Tabéauna 1
Bxoanbie napamMeTpsbl /151 HOCTPOEHHUS TeOMeTPHHU
NPYKUHBI
JlniHa Ipy>KHHBI B CBOOOJHOM COCTOSIHUH Lo, MM 249
Juamerp npoBonoku d, MM 30
HapyxHb1it fuamerp npyxussl D, Mm 200
KonnuecTBo pabourx BUTKOB, HIT 4
MunumasbHas Harpyska, KH 9,5
MakcumManbHast Harpy3ka, KH 29
Pabouas Harpyska, kH 19,58
IIpexexn mpodHOCTH IpH pacTskerHun’, MITa 1810
JlonycTumble HanpsbKEeHHs Ipy KpydeHuu, MITa 863

Moayis ynpyroctu nmosepxsocty, I'Tla 80

IT10THOCT, KI/M® 7850
KomyecTBo 10 KaTHIX BUTKOB € KaXKI0M 0,25
CTOPOHBI
KonudectBo oTHUTH(OBAHHBIX BUTKOB € KaXKI0U 0,75
CTOPOHBI
<02% o
<025% 0,56..0,64 %
04.0.7%
0,1..0.2% —-'
14.18%
09..12%
= ¥Yraepog * Kpemmmi Xpom ®Bamagmid  ® Mapramen ® Huxeae =Mens

Puc. 2. Xumuuecknii cocras craju Mmapku 60C2XDA
(conep:xkanue S u P He npebimaer 0,025 % no
otaeabHocTn) corsacuno T'OCT 14959-79

AHanm3 TeMIepaTypHOTo IO TPOBOAUIICS C HOMOIIBIO
CAE nporpammer  ANSYS B mnoxpcucreme Transient
Thermal. Tlepexonmsiii TtemioBoit awmamus (Transient
Thermal  Analysis)  npexacrasiaser  cobOH  MeTOA
UCCIICZIOBAaHUS,  ITO3BOJISIIOIIMH  OLICHHUTh  BPEMEHHYIO
OUHAMUKY TEIUIOBBIX IPOLIECCOB B  CHCTEME HpH
BO3/ICHCTBUM MOCTOSHHBIX M IEPEMEHHBIX TPAHUYHBIX
ycioBuid. JlaHHBIN aHaIM3 AaeT BOBMOXKHOCTH ONPENEIHTh
BPEMEHHOI MHTEpBal, HEOOXOMUMBIA Uil JTOCTYIKEHUS
CTAllMOHAPHOTO TEIUIOBOTO COCTOSIHUS CHCTEMBI, a TAKXKe
HPOIODKUTENBHOCTD HOJICPIKaHHS €€ IKCIUTyaTallHOHHBIX
napaMeTpoB. B ciyuae IepeMeHHBIX IPaHHYHBIX YCIOBHit
QHAJIM3 MO3BOJISIET BBISBHTH XapaKTep TEIUIOBOTO OTKIIMKA
CHCTEMBI M €r0 3aBHCUMOCTb OT BPEMEHHBIX HM3MEHEHHUit
BHEIITHUX BO3JEHCTBHIHA.

1020,206 Hm 2‘
s !—y

3
{8 A
LR I ”
| A [ o
1 i £ 1
Py @ [ & *
9500,000 H E ¥ 8 Ed
g =
: ;j
29000,000
40805,007 H T l J | 1
a) 4

PTIpeses MPOYHOCTH TPH PACTSKEHHH COOTBETCTBYET PEKUMY
3akanku ¢ 880 °C B Maciie ¢ MocieayonM oTiyckoM npu 450
°C
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Vanepenve X &
¥ PesynbTates wsHeperi
Miapmansrce.. 249,000 um
Yron 0,00 rpan

¥ Bubop 1 (Tpams)

Nepumerp 834,849 mm
Mnowage 10186,764 mM?
¥ Buibop 2 (Fpanb)

NepumeTp 834,840 MM

Mnouaz 10186,790 mm*

» [lononHiTenshe napamerp

6)
Puc. 3. IlTapameTpsl, HCHOJIb3yeMble AJIs1
¢opmMupoBaHus reoMeTpuUecKoii MOIEH NPYKUHBI:
a) OKHO TeHepaTopa KOMIOHEHTOB IPY KUHbI CHKaTUs
(pe3yJbTaT pacueTa «MOJ0KUTCIBHBIN);

0) cxema HarpyxeHus 1 upposas 3D-Monens npyKUHBI
CKaTHS
J171s1 TOCTOBEPHOCTH Pe3yIbTaTOB pacueTa pa3Mep CeTKH
coctasisul 2 MM (puc. 4). HauanbHas TeMneparypa u3aenist
1o ymordanuto pasHa 22 °C. lns cramu 60C2XDA Harpes
TI0J1 3aKaJIKy ocymiecTBisiercs npu Temmneparype 880 °C [8],
YTO SIBJISIETCS KOHEUHOM TeMIepaTypoi Ipy>KUHBI.

200,00 {mm) z
]

50,00 150,00
Puc. 4. IMNOpTHPOBAHHAS F€OMETPHS NPYKUHBI U
BHU3YAJIBHBI 0CMOTP PABHOMEPHOCTH CETKH

B ycmoBumsx, korma Teruonepenada HpPOUCXOAUT
HOCPEACTBOM TEILIONPOBOJHOCTH, INPOLECC TEII000MeHa
OIUCHIBAETCS CIIEeAYIOIUM ¢ GepeHIATBHEIM
ypaBHEHHEM:

aT aT 8T>

pc(E+vx§+vy@+sz
_ 4 a (K 8T>
=0 ox\ ¥ ox

+ d (K 6T)
ay\' 7 dy

+ a (K 6T)
0z\ %0z

IrJie p — IIOTHOCTh, KT/M5;
¢ — ynenbHas TeruoemMkocts, [/ (kr - K);
T — Temneparypa, K; t — Bpems, c;

)
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K, Ky, K, — IpOBOIMMOCTb DJIEMEHTA B HANPABICHHUAX
x,yuz,Br/(M"K);

Q¢ — MOILHOCTb TCIUIOBBIACICHHUS Ha eINHHLLY 00beMa,
Br/Mm3;

Vy, Vy, U, — CKOPOCTb IIEPEHOCA TEIVIA B HANPABIECHUAX
X,y 4zM/c.

I'paHndHBle  yCHOBHS ~ 3aJalOTCS  KOHBEKTHBHBIM
TEMI000MEHOM Ha OBEPXHOCTU B COOTBETCTBUH C 3aKOHOM
oxnaxaeHus Herorona:

q

Z = hf(Ts —Tp) (2)
riae q/A — TemnoBoii oTok, Jx/c;
hy — ko duument Temtonepenayn, Br/(m? - K);

Ts — Temmeparypa Ha MOBEpXHOCTH u3uenus, K;
T}, — oObeMHas Temmeparypa, K.

3. Pe3yabTaThl M 00Cy:KIeHUS

Ha pucynkax 5 u 6 mnokasaHbl paclpeeneHus
TEeMIlepaTypsl 110 CEUYEHHMIO W3jenus. Temmepartypa
noBepxHocTH 4epe3 1000 cexynn cocraBmser 892 °C.
Ilepemanx  Temmepartyp  MeXAy  INOBEPXHOCTBIO U
cepaueBuHOi m3menus cocrasimser 1,25 °C. Iockombky
nepernaj TeMIepaTyp HEBEIUK, BHyTPEHHUE HAPSDKCHUS B
npolecce HarpeBa MUHUMAJIbHBI. AHAIN3UPYS 3aBUCUMOCTh
TeMIlepaTypsl OT BpeMeHH HarpeBa (puc. 6), MOXXHO
YCTaHOBUTb, YTO JUISI JOCTIDKEHUS TEMIIEpaTyphl 3aKaJKh
880 °C ¢ mmamerpom mpytka 30 MM motpebyercs = 900
cexyHn (15 mun).

200,00 (mm)

5000 15000 |
Puc. 5. Pacnipenenenne TeMnepaTypsl o cedeHHI0
NMpyTKa

W0

Temneparypa, °C

00

20 —i—TeMneparypa cepauesHHsl
—+—TeMnepatypa NoaePXHOCTH

wig ~o~Temnepatypa neun

] 0 0 10 400 5m a0 0 800 900 w00

Bpema, cex
Puc. 6. 3aBucumocTh TEMIepaTypsbl OT BpeMEeHHu
Harpesa
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1 ) 200,00 (mm)
[ Eaaaa— S|

0,0018409
L 0,0012277
0,00061442

1,183%e-6 Min

6)

Puc. 7. O0mmii TeNJI0BOM NMOTOK:
a) pacrpejielieHie TEMIOBOro MOTOKA MO CEYEHHIO MPYTKA
MPY>KUHBI; 0) IMHUK TETUIOBOTO TIOTOKA, HAMTPABJIEHHBIE
BHYTpPb H3JICIHS

180000,00

16000000 o

140000,00 o

12000000 o

100000,00 o

60000,00 4

Tennasaii norok, Br/u?

60000,00

4000000

20000,00 o

0,00

0 00 200 300 400 500

Bpenn, cex
Puc. 8 3aBHCHMOCTB TENJI0BOr0 MOTOKA OT BPeMeHH
HarpeBa

Ha pucynkax 6 u 7 moka3zaHbl pacrpeneeHns 00Iero
TEIUIOBOTO IOTOKA IO CEUEHHI0 IpyTKa. Tak Kak HpH
HarpeBe TeMmIeparypa IOBEPXHOCTH BBbIIIE, 4YE€M B
CEep/LEBUHE, TO TEIUIO IEPEeHOCHTCS BIIIYOb H3AEINHS.
3HaueHHe TeMJIOBOro IMOTOKAa C YBEIMYEHHEM BPEMEHU
Harpesa IIaJaeT, TaKk Kak B Hayaje HarpeBa pasHULA
TEMIIEpaTyp MeEXIy MOBEPXHOCTBIO M  CEp/LEBHHOMN
MaKcHManbHa, TOATOMY TEINIOBOH IMOTOK HanmOousImid. ITo

600 700 800 %00
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Mepe IporpeBa MaTepuaia 3Ta pa3HUIA YMEHBLIAETCS, YTO
MIPUBOJUT K CHIYKCHHIO TEIIOBOTO MOTOKA.

4. 3akjouyeHue

1. OnTumu3anus pexXUMOB HarpeBa Mokasana, u4To AJIs
JOCTIDKEHUsT TemiepaTypbl 3akanku 880 °C B mpyxuHe
nuamerpoM 30 MM TpeOyercst okono 900 cexyunm (15
MuHyT). Ilpm 9TOM mepemajg TeMHeparyp MeXTy
MOBEPXHOCTBIO U cepAaLeBuHoON coctasusier 1,25 °C, yto
CBHJIETEIBCTBYET O  pPaBHOMEPHOM  Mporpese U
MUHAMAJIGHBIX BHYTPEHHUX HAIPSKCHHSX.

2. TernoBoi#i MOTOK MakCHUMaJIeH B HayaJlbHBIH NEpHOL
HarpeBsa, KOT/la pa3HUIIa TEMIIEPATyp MEXKIY HOBEPXHOCTIO
M cepAueBHHOl HamOonpmas. C TeyeHHEM BpeMEHU
TENJIOBOI NMOTOK YMEHBIIAETCS 10 MEpe BBIPAaBHUBAHUS
TeMIIepaTypsl BHYTPH MaTepHaa.

3. HUcnome3zoBanme CAE-cuctem (ANSYS) s
MOJICIUPOBAHMSI TEIUIOBBIX IPOLIECCOB MO3BOJISET TOYHO
YIPaBISATh TEXHOJOTHYECKHMH IapaMeTpaMHM, COKpamaTh

3aTpaThl Ha O9KCIEPUMEHTAJbHBIE HCCICNOBaHHSA U
paspabareiBate  Gonmee  3((EKTUBHBIE  TEXHOJIOTHH
TepMOOOpabOTKH.
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