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OLLEHMBAHME HEOMPEAEJIEHHOCTU U3MEPEHUA TEMMEPATYPHbIX MNOJEX

TIposedenv uccnedosanus Mamemamuyeckux Mooeiell memMnepamypHuix noeti ¢ HympeHHUMU UCMOYHUKAMU
menia. Haiioenvl wucnennvle peuwienuss 3a0ay 6 KOHEUYHOMEPHOM HPOCMPAHCMEe ¢ npuMeHeHuem areopumma Kpan-
ka—Hukoncona. Buinonanenvl uucientvle paciemsl U HOCHPOEHO memnepaniyproe pacnpedenenue. [Iposedenvt uz-
Mepenus memnepamyp 60 epems npoyecca TL{O KOHCMPYKYUOHHBIX 97EMEHMO8 U NOCPOEHbl meMnepamypHoe
pacnpedenenue. Bvinonnen pacuem neonpedenennocmu usmepenutl memnepamyp ¢ nomowvio nupomempa. C yye-
MOM HeOnpeOeIeHHOCHL UBMePEHUs. NPOBEOeH CPAGHUMENbHBIN AHAIU3 PACHEMHbIX 3HAYECHUL MeMnepanyp, nouy-
YEHHBIX C NOMOUWBIO MOOETLHO20 NOOX00d U ANNAPAMYPHBIX UIMEPEHUL.

Knwuesvie cnosa: namemamuuecxas Moaeflb, YUCTEeHHDILL IKCnepumenm, memnepamypHsle noJiAi, Heonpede—

JEHHOCMb U3MEpPeHULl.

MocTaHOBKa Npo6neMmbl

[Ipu mpoeKTUpOBaHWUHM CHCTEM YNpaBJIECHHs IPO-
eccaMu TepMmouukiandeckoi oopadorku (TL[O) B mo-
POIIKOBOM METAJLTyprud HEO0O0XOIUMO TpeaycMaTpH-
BaTh TUIATENLHBIA KOHTPOJIb TEMIIEPATYPHBIX PEKHMOB.
[Monyuuts MHpOPMALMIO O TEMIEPATYPHBIX paclpese-
JICHUSIX B OTXKUT'AEMBIX HM3JIENHAX MOXXHO KaK SMIHPH-
YECKUM, C TIOMOIIBIO HEMOCPEICTBEHHBIX W3MEpPEHUH,
TaK U PacCYETHBIM IyTEM, HCIIOIb3Yys COOTBETCTBYIO-
e MaTeMaTHYeCKUEe MOZEIH M aHAJTH3HUPYs MOTy4eH-
HBIE PE3YIIbTATHI.

Tepmormkindyeckass o0paboTKa NpPENCTaBISIET CO-
0oii TIpolecC TEPMUUYECKOrO BO3JEHCTBUS, OCYIIECTB-
JISIEMOI'0 TIOCPECTBOM HETPEPBIBHOTO IMKIMYECKOTO
W3MEHEHHsI TEMITEPATYPhl U COMPOBOXKIAIOIIETOCS MHO-
TOKPaTHBIMU CTPYKTYPHBIMH WJIHM (Da30BBIMH TpeBpa-
LIEHUsIMU B 00pabaThIBAEMOM Matepualie IIpH HarpeBax
U OXJIXICHHUAX C 3aJlaHHOM CKOpoCThI0. Takas oOpa-
00TKa TO3BOJISIET TONy4YaTh HEoOXoAuMBble (U3HKO-
MexXaHU4YecKue cBoicTBa Mmeramia[l].

B pa6orax [1 — 3] He MPOBOIWIOCH CpaBHEHUE
TEMIIEPaTYPHBIX MOJIEH MOJYyYEeHHBIX PACUETHBIM ITyTEM
W JaHHBIX W3MEPEHUs C IOMOUIBI0 HM3MEPUTENbHBIX
npuOOpOB /ISl OLEHKH KadecTBa PacueToB U OLEHKH
BJIMSIHHS BHEITHUX (DaKTOPOB Ha PE3YJbTATHl 3aMEPOB.

Lenpto paboThl sBIsIETCS aHaMU3 (TOYHOCTH) MO-
Jy4eHHBIX pacyeToB TEMIEPAaTypHOro Mojis MO MaTe-
MaTHYECKOW MOJEIH TIpolecca  TEPMOIMKIMYECKOM
o6pabotku merayuioB (TL[O) ¢ BHYTpeHHUMH HCTOYHU-
KaMu TeIula IyTeM CPaBHEHUS YHCIEHHBIX 3KCIIEpH-
MEHTOB C pe3ylbTaTaMU 3aMEepOB TEMIIEPATyphl IPH
BBINOJTHEHUN HATYPHBIX SKCIIEPUMEHTOB.

Peanumsauua moaenbHoOro nogxonaa

Meran4ecKuii crep)keHb JIIMHOW L nmnmmHapu-
4yecKkol (OpMBI paccMaTpHBaeTcsi B BHIEC KOHEYHOM
W30TPOIHON O00JIACTH C TIOCTOSIHHBIMH TeIutopu3uye-

CKUMH XapaKTepUCTHKaMH M mNapamerpamu. Paccmart-
puBaeTcs MareMmaThdeckas MOJENb TeMIepaTypHOIro
OIS HMITMHIIPUYECKON 00JIacTH, B KOTOPOH JEHCTBYIOT
NIEpEeMEHHbIE  BHYTpPEHHUE HCTOYHUKHM  TeIllia,
W(t,T) BbI3BaHHBIE TIPOXOXKAEHHEM DIIEKTPHYECKOTO
TOKa uepe3 crepkeHb. C MaTeMaTHYeCKOM TOYKH 3pe-
HUS OIpeNieNIeHue TEeMIIEPaTypHOIro MOJs MPUBOAUT K
PELIEHUIO HEOAHOPOAHOIO YPaBHEHUS TEMIONPOBOAHO-
CTH C IEPEMEHHBIMU KPaeBBIMH YCIIOBUSMH U (DYHKIIHU-
el HCTOYHHUKA B ypaBHEHUU
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Kpaessie ycnoBus (3) u (4) BEIOMpArOTCSA B 3aBU-
CHMOCTH OT TOTO, KaK BO3JCHCTBYET TEIUIOBOW MOTOK
Ha KOHIIBI 3aTOTOBKH.
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[TonydeHHYIO CHCTEMY pellacM HUTEPaIMOHHBIM
MeronoMm [4, 5].

YuceHHbIC pacueThl MPOBOIAMINCH C UCIOIh30Ba-
HHEM pa3pabOTaHHOW KOMIIBIOTEPHOH MPOrpaMMBI.

Pe3ynbTatbl 3KCNEPHMMEHTOB

UucneHHbIe pacyeThl TEMIIEpaTypHBIX MoJIeH 1 Ha-
TypHBIE dKcnepuMeHThl npoueccoB TIO npoBoaunucek
UL U3JeTIMH U3 KeJe3a ¢ TeIIO(pU3NIECKUMH XapaKTe-
pUCTHKaMU MaTepuana M IapaMeTpaMH Ipolecca

KT k/x Bt
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L =0,25m; HagansHOi Temmeparypoil T, =270°K wu
BPEMEHEM OJTHOTO TepMoLuKna ty =60 c .

W3mepeHus temmnepaTyp MpOBOAWINCH MHPOMET-
poM c ucuesaromeil HuThI0 Hakaita «IIpomuHb-M» BO
BpeMms mporiecca TIIO KOHCTPYKIIMOHHBIX 3JIEMEHTOB
BOJISHBIX HACOCOB HAa TOCYIAPCTBEHHOM INPERNpPUATHH
«/HXeHepHBIM IIeHTp TBEpABIX CIUIaBOBY» «CBETKep-
MeT» MUHHCTEpCTBA NPOMBIIUIEHHON MOIUTUKU YK-
pausbl. TexHHYecKHe XapaKTEPUCTHKU MHPOMeETpa:
mMepsiemMas temnepatypa — 900 — 1400 °C; auckper-
HOCTh u3Mepenus — 1 °C; npenen A0myckaeMoro 3Haue-
HUSI OCHOBHOM morpemHocth — 14 °C; mpenen aomyc-
KaeMOro 3HAa4YeHHUs CPEeIHEero KBaJpaTHYECKOro OTKIO-
HEHUs CIy4alHOM cocTaBisoNIed OCHOBHOM IMorpem-
HoctH — 2,5 °C.

PacuerHble 3HaueHMs TeMIepaTypel BO BpeMs
THO Obutn nonydeHs! A1 GYHKIMA HCTOYHUKA TeIlia

fll (t) , mpu KOTOPOI OIUH TEPMOLMKI COCTOUT U3 ABYX

(a3 — morbeMa U CHMYKEHHSI TEMITEPATYphI 32 CUET YBe-
JIMYEHUS 1 YMEHBIIEHHS ASHCTBYIONIEH CUIIBI TOKA.
Pe3ynbTaThl CpaBHEHUSI YHMCIEHHBIX PAcyeTOB U 3aMe-
poB npuBezaeHs! B Tabnuue 1. [Tockonbky 3aMepsl Tpo-
BOJIMJIICH MHOTOKPATHO B Ta0JIHIle IPUBENIEHO CpEeIHEe
apuMeTHuecKoe 3HaYeHHe n3MepeHus TeMmeparyp. 13
MOJIYYEHHOT0 psifa HAONMIONEHWI OBbUIM HMCKIFOYEHBI
3HAYeHUS, KOTOphIE OTIMYAINUCH OT MOJENIBHOIO 3Ha-
yenus 6onee yem Ha 20%. Ha rpaduxke puc. 1, 2 uzo-
OpakeHbl TeMIlepaTypHbIE pPacIpeieiIeHHs], MOIyYeH-
HBIE B pe3yJIbTaTe pacueTa U U3MEPEHHs TeMIIepaTyphl
¢ omoibto nmupomerpa «IIlpoMuHs-M».
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Tabmuna 1
Pe3ysbTaThl CpaBHEHUSI YHCIEHHBIX PACYETOB U 3aMEPOB
JnurensHOCTH MpO- Temmneparypa Temmneparypa [onHslit pe3yabTat
11ecca, MUH. pacuernas, 'K u3mepenns, K HU3MEPEHUs A =Ty~ Thacy
0 270 270 270+ 8 0+8
20 306,2 306 306+ 7 —0,2+7
40 342,5 353 353+ 6 10,5+ 6
60 404,8 401 4016 -3,826
80 4537 468 468+ 5 143+5
100 476,8 491 491+ 4 142+ 4
120 4814 465 465+ 5 -16,4+5
140 525,3 541 5414 15,7t 4
160 613,8 632 632+3 18,2+3
180 668,7 682 682+3 13,3+£3
200 643,1 656 656+ 3 129+3
220 624,5 617 6174 -7,5+4
240 728.,9 739 739+3 10,1£3
260 824,7 841 8413 16,3+3
280 767,6 783 783+3 15,4+3
300 725,4 740 740+ 3 14,6+ 3
320 757,6 773 773+3 15,4+3
340 904,5 919 919+2 145£2
360 953,3 967 967+ 2 13,7£2
380 826,3 838 838+ 3 11,73
400 756,1 737 737+3 -19,1+3
420 934,8 949 949+ 2 142+2
440 1073,6 1090 1090+ 2 16,4+2
460 928,5 943 943+ 2 145£2
480 824,5 809 809+ 3 —15,5+3
500 892.,4 905 905+ 2 12,62
520 1103,3 1120 1120+ 2 16,7£2
535 1181,8 1200 1200+ 2 182+2
1200 1400
1100
1000 / 1200
900 1000 A
AVAY;
> 700 800 /\\/& \V,
600 i /\/
600
500 b /\/
400 400
300 /
200
2000 100 200 300 400 500 600
t, sec 0
Puc. 1. PacueTHoe TeMIiepaTypHO€E pacrpe/ieieHue R A

miLz="%

UYro0ObI OoJiee TOYHO OLICHUTD aJIEKBATHOCTD MOJIEITH
3HAYCHUSAM H3MEPCHHUH PACCUMTHIBATIACH PACHIMPEHHAS
HEOIIpeIelIeHHOCTh [6, 7]. PacueTHble 3HaueHHs TeMIie-
paTypbl ¥ 3HAYCHUS, TIOIYYCHHBIC TIPU M3MEPEHUH TEM-
nepaTypsl BO BpeMs TexHonorudeckoi omeparuu T1O,
OTJIMYAOTCS JAPYr OT JAPyra B JIOMYCTHMBIX TPaHUIAX
MOTPELIHOCTH YCTPOMCTBAa M3MEpEHHs. JTO CBHAETENb-
CTBYET O BBICOKOM TOYHOCTH ITIOCTPOCHHOM MOJIENHN U ee
aJICKBATHOCTH arapaTypHbIM H3MEPEHHUSIM.

Puc. 2. 3ameps! TeMmiepatypsl s Z = Y2

BeiBOAbI

Hcnons3oBaHue HEONpPEIENeHHOCTH U3MEpPEHHS I10-
3BOJISIET aJIeKBAaTHO OLEHUTh COOTBETCTBHE MaTeMaTHye-
CKOM MOJENMH PealbHOMY TEXHOJIOIMYECKOMY MpOLEccy.
INocTpoeHHast MoJens MOXKET OBITH HCIONB30BaHA ISt
MPOEKTHPOBAHMS ABTOMATH3UPOBAHHBIX CHCTEM YIIpaBJie-
HUS TIPOLIECCaMU TepMOOOPaOOTKH B TIOPOIIKOBOH MeTa-
nypruu. IlomydeHHble pe3ynbTaThl IO3BOJIOT pa3pabo-
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TaTh MPOrPaMMHOE OOeCTICUEHHE IS HAXOXKICHHS OITH-
MAJILHBIX TTapaMETPOB TMPOIECCa TEPMUICCKON 00paboTKH
JUISL CHCTEM yTipaBjieHus. BBeneHue B CHCTEMY yrpasJie-
HUSI OJTOKA YIHUTHIBAOIIETO HEOMPEASICHHOCTh U3MEPEHHSI
MO3BONUT OOJIee TOYHO BECTH PErYIMPOBAHKE TEMIIEPATy-
PBI BO BpeMs TEXHOJIOTHYECKOTO TIPOIecca.
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OLIHFOBAHHS! HEBU3BHAYEHOCTI BUMIPFOBAHb TEMIMEPATYPHHUX MOJIIB

B.I1. JIswenko, T.A. I'puroposa

IIpogedeni docniddicenns mamemamuynux mMooenel memMnepamypHux nouie 3 6HympiHimu 0dxceperamu menia. 3natioemi
yucenvHi piients 3a0ay y CKinyeHHOMIpHOMY npocmopi i3 3acmocysanuam ancopummy Kpanka—Huxoncona. Bukonani uucenvmi
pospaxynku i hobyoosano memnepamypruil po3nooin. Ilposedeni eumipiosannss memnepamyp nio yac npoyecy TLO xoncmpyx-
yilinux enemenmia i no6yoosano memnepamypruii po3nooii. Buxonano po3paxynox HeguzHaueHocmi GUMIpIo8ans memMnepamyp
3a 00NOM0O2010 nipomempa. 3 YpaxyeanHsaM HeGU3HAYEHOCI GUMIPIOBANHS NPOGEOEHO NOPIGHANLHUL AHANI3 PO3PAXYHKOBUX 3HA-
YeHb memMnepamyp, OMpUMaHUx 3a 00NOMO2010 MOOENbHO20 NiOX00y | anapamypHux 8UMIpIO6aHb.

Knrouosi cnosa: mamemamuuna mooensv, wucenbHuil ekcnepumenm, memMnepamypHi nojis, HeUHAYEHICIMb BUMIPIOBAHb.

UNCERTAINTY OF MEASUREMENT OF THE TEMPERATURE FIELDS ESTIMATION
V.P. Lyashenko, T.A. Grigorova

Researches of mathematical models of temperature fields with the internal sources of heat are conducted . The numeral so-
lution of problems are found at finite-dimensional space with the use of Krank—Nicolson algorithm. Numeral calculations are
executed and the temperature distributing is built. Measurements of temperatures are conducted during the thermocyclic treat-
ment process of construction elements and built temperature distribution. The calculation of uncertainty of measurement of tem-
peratures is executed by a pyrometer. Consideration the uncertainty of measurement the comparative analysis of calculation

values of temperatures, got by model approach and apparatus measurements is conducted.
Keywords: mathematical model, numeral experiment, temperature fields, uncertainty of measurement.
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