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PA3PABOTKA NMPOFPAMMbI PACYETA

TEMIMEPATYPHbIX HAMPSXEHMA B ®YTEPOBKAX
BbICOKOTEMIEPATYPHbIX ATPErATOB

B nacmosweill emamse npueodumea onucanlc pazpadomannoil
npozpamMMsl diA pacyéma MEMNEPAMYPHLIX HANPANCCHIN, GOFHUKAOWIX
¢ gymeposkax sulcokomemnepamyprsix azpezamos. Hexoduwiii xod
NpozpaMMEOZ0 obecneyeHIA, paspabomantozo 6 cpede Delphi, nanucau
na aseike ObjectPascal, umo noseoracm ucnolb3osams NPEZPaMMHbLII
NPOJVKI Ha MAIOMOWHNBIX NEPCONATBHBLY KOMALIOMEPAX I MEPMUHATAX.
HFEJJPH.'ILHU AOZE0AAC pACCHIMBEOME MEMACPOMYVDHEIE HOAA B
PyMEPosKU NPH HECMAYUOHAPHLIX PENCUMAX, 8 MAKNCE GOSHUKAIOWUE
mMeMRCpamyprsic Hanpaxcenua. [To pesyismamam pacyémos npozpamma
CHponm :pm;‘fumu JAGHCUHMOCHY MEMAepAMyDb oM GREMEHN W
MEMRCPAMYPHBIX HANPAXCCHUN om spemcni. Bsod maxozo nauaisnozo
napaMempa, KaK MeMAEPamypa GHYMPCHNCH NoscpXHocmu ymepoeiu
MOXCEM Hpﬂumﬂﬂumhcﬂ QEMeMamuYeciy -rﬂ_p“ FecoCHIU CROpGCIH
pasozpeca Ha yeacmie) u GPYVHHVIO (018 Kadcdozo MOMCHMA GPEMEHL),
YUMo NOIEOIAC ROAVHAME PAYUOHATLHBIC ZPaduKl pasospesa azpecamoc.

Ruouecewic cioea. MEMNCPAMYPREC HANPANMOCHIA, MOMCMAMEYECRoC
Modeauposanue, Qymepoeka.
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BBEITEHHE
MeToan MOZeTHpPOBAHHA MHEPOKO NPHMEHAITCA IM4 HCCIeJOBAHHA
TEMIEPATyPHEIX OOIeH B TeMOTEeXHOMOTHIeCKHY arperartax. OHH OO3BOIAIOT
OpOrHOIHPOBATE TeIIOBOe cocToAHHe BTV, ee XapakTepHCTHEH, OOpelendd
JHATCHHA TEMICPATYPDHRX moJeH ¢ MOMOIIBbH) BHYHCIHTEIbHOH TEeXHHEKH.
Hcnoap2va 9HCASHHEE MeTOJE peIlleHHA MOXKHO VIHTHEATE BIHAHHE
PATHIHEIX $AKTOPOE Ha paclpeleleHHe TEMIEPATYP, TOI A KaK OOpeelIcHHE
ITHX NapaMeTpPOE AHATHTHIECKHMH METOTAMH TacTO CO3AeT HepalpellHMEIE
TPYIHOCTH.
B obmeM ciydae TemnoBoe cocToAHHe BTY MaTeMaTHYeCKH ONHCEIBAESTCA
CIeTYIOMHM YPaBHEHHE TENMOOpPOBOIHOCTH [1]:

+; | 1@)- —||— (1)

Jnd JansHeHIIeTo TOCTPOSHEA MATEMATHIECKOH MOAETH TeIIIOBOH paboTE
EBICOKOTEMIIEPATYPHEIX arPETATOR (B HAIIEM CIy9ae — CTANEePa3THEOTHEH KOBIT )

HEODXOOHMO MPHEECTH TAK HA3LIBAEMEIE VCIOBHA OJHOIHATHOCTH. HATANEHEIE
H TPaHHYIHEIE YCIOBHA. B KadecTBe rpaHHYHEIX YCIOBHH I7I4 pacCMaTPHBAEMEIX
YCIOBHH NPHHATH CIeIVIIIHE. HA BHYTPeHHeH H BHEIIHeH MOBEPXHOCTH
$¥TepOBEH — I'PaHHYHEIE VCIOBHA 3 poJa (TeMIOeparypa IpelimeH Cpems).
HauaneHEIE VCIOBHA — 3aJaHHE TEMIEPaTy Pl 10 CeMeHHI QY TepORKH.

OCHOBHAAM YACTD
JamEmeM VpaEHeHHe TeIIONPoBOTHOCTH (1), B 0JHOMEPHOH IOCTAHOBEE C
VEETOM Ha9ANBHEIX VCIOBHH, CIeTVIOMIHEM 00pazon:

2
ET=;1':-1 Ff 0<x=l (2)
at ox”

Jnq pemenHs DOCTABAEHHOH 33a7a<H BHOepeM HEABHVID MIECTHTOYETHY K
CXeMy, SRIAMyKCcA abcoMTHO YCcTOHYIHBOH. CHCTeMa THHEHHEIX
aATe0paH9ecKHY YPABHEHHH, COOTBETCTIBYVIIHEX HEeABHOH IMEeCTHTOYETIHOH
CXeMe pelaeTcd MeTogoM nporoskH [2]. PopMyasl 114 pacdeTa DporoHOTHEIX
K03 dHOHEHTOR cIeTyVIOMHE:
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TeMmepaTypa Dpagoro TPAHHTHOTO V3Ia HAXOAHTCE DO dopMyIe:

pra _[L=f -0+ L5+ 7T +2-5- T + 5,)
3 1+f-(1+b-a,)

: (4)

[Tocne HaXOEIEHHA TEMIEPATYPE B IPAEOM TPAHHTHOM V37Ie, HepeMEeIIaich
IO CeTEE, CIIPARA HANEEO, ONPEIeNA0TCA 3HATCHHA TeMIOePATyp 0o dopMyie:

T, Tovel a2 a )

CozzaHHe pacdI€THOrO KOMIIEKCA HA OCHOBE MaTeMAaTHYECKOH MOJelIH
TENIoBOoH pa®oTel VTEpPOBKH MO3BOAHT BECTH NPOIECC pa3orperRa C
MAKCHMATEHEIMHE CEOPOCTAMHE, BOZHHEAKTTHE TEMIIepaTy PHEIE HAPCKEHHA IIPH
KOTOPEIX He NpPeBRIIAT Npelela IPoIHOCTH MAaTEpHAIOE.

Jna pazpaboTiH H ( YHETHOHEPOBAHHA NPOEKTHPY eMOH CHCTEME] TPedyeTcs
omepaOHOHHAA cHcTeMa ceMelcTBa Windows. B kadecTeEe mporpaMMHOIO
CpelcTBa pEeaNHalHHE BEIOpaHA cpela pazpaboTkH Embarcadero RAD Studio
XFE10 professional. TanHad cpea pazpadoTEH NpHIOKEHHH 14 paboaHy rpynn
MO3BOIAET ORICTPO cO3TABaTE IpHnoxeHsHd 14 [TK, Android g 105,

Embarcadero RAD Studio XE10 - 370 KoMOIeKCHOE pelleHHe 414 OEICTpoH
pazpaboTkE npEIoEeHHH Windows, NET, ped-mpHETOXKeHHH H IpHIOKEHHH
0az mappex. RAD Studio XE moggepxmsaer HOBEIE QVHKIHE A9 NOBHIIEHH
OPOHIBOIHTEIRHOCTH MPHIOK EHHH, ONTHMH2ANHH paipadoTKH H YCKOpPEeHHA
Oponecca co3ZaHua MOIMMHEIX npaaoxeHHH Windows, NET H pe0-mpHIoKeHHA.

Hamaame MTHPOKOTO Had OPa KOMIIOHCHTOB IMO3BOIMACT PEATHIOBATD 3404TH
XpaHeHHA H 00pad0oTEH JaHHEX B KIHEHT-CepBePHEIE 0azax JaHHuX. Fmbarcadero
RAD Studio XE10 professional mozponger pazpadaTHBare OporpaMMHOE
ofecnederHe native-mprroxeHHH 111 Windows, Mac, 105 B Android 5a Daze
eIHHOI0 HCXOoAHOTo Koda. Kpoue Toro, BrOpaHHAA cpeda pazpaborks Delphi.
HMed HHIKHE CHCTEMHEIE TPeOOBAHHA NPHIOKEHHH, [03BOIAET HCOOJIBIOBATE
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OpOTpaMMHEIH NPOAYKT Ea MATOMONHHEY NDEPCOHANBHEIN KOMOBIOTEPAX H
TEpMHHATAX.

HcexogHEeE Ko mporpaMMHEOro obecnedeHHd. pazpadoTaHHOTO B Ccpele
Delphi, Hanucas Ha s3pike ObjectPascal, oCHOER KOTOpOr0 MpPEeNOJATCHA B
CcpeqHeH MEOIe, HATAUTEHEIX KVpcaX koanel®a H BY3a, 910 yopomaeT moHCK
pazpaboTIHEA B CTVIas Heo0XoJHMOCTH Jopa00TER IpoTpaMMEOro 0DecIeTeHH.

Bonpoc aETOMATHIANHH OCTPO CTOHT B MHOOH OTPAacHH. NporpaMMHOE
oDecmededHe DOIBOASET OPOBECTH BREYHCIHTZILHHE H AHATHIANHOHHEE
OpPOLECcCH. KOTOPEIE B OOIBIIHHCTBE CIYYaeE HERO3IMOXKHE B BRINOIHEHHH
TEMORCKOM 323 KOPOTEOS ROEMA H © RRICOKOH TOTHOCTRID

[Tporpanoda TIHC mozeomgeT MpoBecTH BEMACISHEE MacCHEA TEMIIEPATVPH
Hampa#eHdd. biarogaps seeMozHocTE Dogemodeand K COM-nopty Tepummana
H1H [IK. PazpaboTka HMEET DOTEHITHAT MOTHQHKAIHE B CIOPOHY IOMyIeHHA
AKTYATBHHX HCXOIHEIX JAHAIEX HANPAMYO ¢ arperata. [{HxnmarnocTs anropHET™a
BEITECIEHHHA M03BOMIET AHATHIHPOBATE €70 PEIVABTATHEl E IMPOrHOIHPOBATE
rpadHx AIMCHCHHA TCMOCPATYpPH H HANPASCHHA B ONpcIcicHHOM BpCMCHHOM
OTpe3ke, MOJeTHPYI paboTy arperata. JaHHAg MoTHQHKAIHA MOIBOJHT
OpeJyIpelHTs KPHTHIECKHE TPAHHIH NepeMeHIEIX H HIMEHHTE OapaMeTpel
pabOoTH arperaTa Bo E30eEaHHE TOIOMEH H ABapEHHOH CHTVAITHH.

J1g paboTel ¢ mporpaMMoH TpebyeTca IBAEIE KIHKHYTE HA daiix TEIS.
exe. [IpH zamycke OporpaMMEl TOIBI0BATENH OTKPEIBAETCA HAYATBHOE OKEQ
(pHCYHOK 1) molponf0MIee BEECTH HCXOJHEE JAaHHEIE B MON4 COOTBETCTEEHED
OVEBEHHEIM 0D0IHATEHHAM.

=5 - -
I s B L e et Beseesee 1-—
Peidgh s FEMWRTATE! | FpawacT | g O
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e ri 2 LE] Te TS " LES ra -
T YIRU=ELa) bl HOUSL BN R s AE SEd N MRS SETRGAHE FRATCT TR 0AEIN
l -'||'|-\!:I ES 5 RLEAR ALY WE MY 9TME ST IR TEIEIRr 668 TTRE ML ST
Yo & 79N 1BE34D WA, OTIEIT IO ISANT NOLGTA4 AR08 PA10AIATT TDLA4TSAl e M
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Pucveor 1 — OcHOEHOS OKHO OpOTpaMMEL
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Tak %e npE HaBeJeHHH Kypcopa Ha [Oole BBOJA JaHHEIX, BHHIY OKHA
OporpaMME]l NOSRIAETCA COODMEHHE ¢ OMHCAHHEM [eeBoT0 3HAIEHHA IepeMeHHOH.

Beog Takoro Ha9anBHOTO IIapaMeTpa, Kak TeMIOepaTypa BEYTpPeHHeH
MOBEPXHOCTH QYTEPOBKH MOXKET IPOHIBOJHTECA ABTOMATHIECKH (IIPH BBEIEHHH
CKOPOCTH pPa3orpeRa Ha YIACTKe) H BPYVIHYIO (1714 Ka#I0T0 MOMEHTA BEpEMEHH),
9T0 MO3BOIAET HOAYVIATE PATHOHATIEHEIE TPAQHKH palorpeBa arperaTos.

Jna Hagana pacdeTa HeoOXoIHMO KIHKHYTE Ha KHONKY «PaccuHTaTey . Jamee
OpoTpaMMa BEIYHCIAET IHAYEHHA TEMOEPAaTyp H HaOpAkeHHH mo dopMynaM
(3—5) 3amHCEIBAA pe3VABTATH B TAOMHIE.

Hanee mporpaMmMa COCTaBIAeT IpadHKH TeMOepaTyp H HAaOpAEeHHH IO
DAaHHEIM Pe3yIETATaM, DOIBOMAINHE HEOTPAHHIEHHO NPHOIHEATE H 0TIANATE
rpadHEK, a TAkOKe COXPAHATE Kak H200pakeHHe HA VCTPOHCTRO.

Ha pucyHEe 2 mokazaH npEMep rpadHEa pocTa TeMOEpATYPEL

1E33 84 E

|

B EF

i L L A L

PacyHOK 2 — ['padHEK poCTa TeMIIepaTypPE B HIPONECCe pazorpeBa

BbIBOIEL
Taknm obpazoM, I14 YI0OCTEA MOAEI0BAHHA PalpabOTaHHOH METOIHKOH
OBTa pa3zpadoTaHa OI0K-CXeMa H KOMOBIOTepHAdA Oporpamia. HoxogHed Kox
OporpaMMHOTO obecnedeHHA, pazpaboraEHoro B cpege Delphi, HanHcaH Ha
a3uke ObjectPascal, 9T0 mo3B0AAeT HCIOIBIOBATE OPOTPaMMHEH IPOIYKT Ha
MATOMOMIHEX NePCOHATEHEX KOMIOBIOTEPAX H TEPMHEHATAY.

CITHCOK HCIIOJIB30BAHHBIX HCTOYHHKOB

1 Muxees, M. A., Muxeera, H. M. OcHoBH Tennonepegads. — H3T. 2—e,
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Byr mMaxarada Xo2aps McMucpamypaisl azpezammaposiy
pymeposkalapeinda nalida boAamelH MEMICPAMYPAIbK KEPHEVIED
ccebi ywrH 23ipicHzen bazdapramansiy cunammamacs: Bepinedi. Delphi
opMacslHoa SFIPACHIEH NPOZPAMMATEIK ¥cabde kmaydsly dacmankel
kodst Object Pascal mininde xcazwnzan, bynr npozpammanss; eHimdi
MeMer Kyammbi ¥eeKe KOMRLIOMEPIEP MEX MEPMUNaATIdapda natidaranyaa
MYMEIHAIK bepedi. Bazdaprama cmayuoHapiby eMec d¥cazdaii
xezindesl gymepoenadazel MEMREPAMYPATLIE picm epdl, CONBLMEN
xamap naida HolamulN MEMAEPAMYPAIbik KEPHEYIEpdi coenmeyze
MYMRindix bepedi. Ecenmepdiy namusceel bollbinuia bazdaprama
MEMNEPAMYPAHLIY VAKBNIKG JHCIHE MEMREPaAmMypansis KepHeyiepoiy
VaKslmKka maveaoitiziniy zpaguzin Kypacmueipadsl. dymeposxarsiy
ColpmMELl Beminiy MEMIEPAMYPAck CUAKMBI Bacmanksi napamcmpoiy
cHZIZLIVI asmomammel mypde {yreckidezi Fovlawimy cbiidamdsl 2sin
CHIE3Y KEFIHOE) Heane KoaMeH (apBip yarxsim MoMcHmi Yuiis) icke acsipsita
aradel, BY1 azpezammaposl HCLLTBIMYOsIY PAYHOHATDL! Zpaguimepin
aiy2a MyMKiHOIK bepedi.
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This article describes the developed program for calculating the
iemperature stresses that arize in the lining of high-temperature ageregates.
The source code of the software developed in the Delphi environment is
written in ObjectPascal, which allows you to use the software on low-power
personal computers and terminals. The program allows calculating the

emperature fields in the lining under non-stationary conditions, as well
as the resulting temperature stresses. Based on the results of calculations,
the program builds plots of temperature versus time and temperature
stresses versus time. Input of such an initial parameter as the temperature
of the internal surface of the lining can be made automatically {with the
wmtroduction of the heating speed at the site) and manually (for cach moment
of time), which allows us to obtain rational schedules for heating the uniis.
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