BeBeneHne MaTteMaTmnyeckoe n KOMMNbIOTEPHOE MOAE/IMPOBaHME NMPU pelleHnin 3aaay
Tenson MmaccoobmeHa no3eosseT Hanbonee 3hPEKTNBHO NOJIy4aTb pe3ybTaThbl B
yucnosonm n rpaguydeckon opmax [1]. Mpwn pewweHnn obpaTHbIX 3a4ay OHO,
MPaKTUYeCKU, HE NMeeT aNlbTepHaATMBbI, T.K. aHaNIMTUYeCKMe MeToabl, B BONbLUMHCTBE
cnydaeB Masno npurogHsl [2], [3]. ObpaTHble 3a4a4M C TOYKN 3PEHNA MaTEMATNYECKON
hOPMYIMPOBKN HEKOPPEKTHLI, 4TO TpebyeT AONONHUTENbHbLIX YCUIUA ONS NONYy4YEeHUS
pe3synbTaTa. KoMNblOTEPHOE MOAe/IMPOBaHME NMO3BOASET, BO MHOMOM, MOMOYb B
peweHnn npobnemsbl. B cTaTbe NpuBoasaTCs pe3dynbTaThl paboTel No pa3paboTke n
MCMNOJIb30BAHMIO KOMMbIOTEPHON MOAENN AN OLEHKUN MHTEHCUBHOCTU TENJI0BOro
MOTOKa NMpu 3aJaHHbIX 3HAYEHUSAX TeMNepaTypbl B HEKOTOPOWN TOYKe Tena,
y4acTByloLWEero B npouecce tensoobmeHa. Mogenb BktoYaeT B cebsd HECKONIbKO
PYHKUMOHANbHbLIX MoAyNeN C YHUPNLNPOBAHHBLIM NMHTepdencoM. OCHOBHbLIM
3/IEMEHTOM €€ CTPYKTYpPbl ABNSAETCA MOAY/1b PeLeHNa NPAMON 3a[4a4n, 4TO CBSA3AaHO C
0CO6EHHOCTAMUM TEXHOIOM NN pELLEHNS BCEN 3a4a4M B LLe/IOM. DKCNepuMeHTasibHas
4acTb PeweHne npsamon 3agaym TensoobmMeHa B HacTosLLEE BPEMSA UMEET Ba)KHOe
npuknagHoe 3HavyeHue [4], [5]. PeweHne obpaTHoOM 3aga4m TpebyeT MHOMOKPaTHOro
MOBTOPEHUSA NpoLecca BbIMOJHEHNS OCHOBHOIMO MOAY NS, KOTOPbIN hopMunpyeT
OMNOpHbIE TOYKM ONa nocnenyowen paspaboTkm perpecCMoHHON Mogenn npouecca.
CyTb pelleHuns npsaMon 3agadm CoOCTONT B MONCKE KOPHEN ypaBHEHUS
TenJonpoBOAHOCTM NPU 3a4aHHbIX Ha4YalbHbIX N FPAaHUYHbIX yciioBuax [6]. Mo
OOCTVXXEHNIO CTAaLMOHAPHOI0 COCTOSAHNA FEHEPUPYIOLLUA MOAYTb KOMMNbIOTEPHOM
MoZesnin co3faeT BO3MYLLEeHMe TenJioBoro NoToka, KOTopoe onpenenseT HOBble
rnapamMeTpbl Ha4Ya/IbHOr0 U FPaHNYHbIX YCA0BUA. Moay b pelleHns NnpaMon 3agadm
opMuMpyeT antopbl TeMNepaTyp Kak PyHKLNIO BpEMEHN B CEYEeHUN Tena,
yyYacTBytoLLero B TernsioobmMeHe, B Ka4eCTBE KOTOPOro MOXXHO MCMNOJ/Ib30BaTb
HeKOTopble CTaHAapTHbIE POPMbI: NAACTUHA, LNAMHAP, Wwap. MaTeMaTnyeckas
MoZeslb pelleHnsa NpsaMon 3agayum Bkao4YaeT B cebsa ypaBHEHME TenonpoBOAHOCTH
npu Nepuoanveckmnx NMMMynbCHbIX N3MEHEeHUsAX TEeMNJI0BOro NOTOKa, Harpesatuwero
naacTuUHy. PaccMOTpuUM pelleHne 3aga4du gns cnydas, Korga njJoTHOCTb TEnJ0BOro
MOTOKa M3MeHseTCcsa No Nnapabonn4yeckoMy 3aKOHY 3a KOPOTKUN MPOMEXYTOK
BpeMeHu: . (1) PeweHne ypaBHEeHNS TENJOMNPOBOAHOCTU OJ19 TOYKU, PACnOSIOKEHHOWN
Ha MOBEPXHOCTM NPU N3MEHSAILWEMCS TEMNJIOBOM NOTOKE NpuUHMUMaeT Bua: rge MN(x) -
raMmma-gpyHKLUMSA, KOTopas MoXXeT ObITb Bbl4YUC/IEHA HA OCHOBE, HaNpmuMep, aJiropuTMa
CTunpnuHra B kavecTBe 6e3pa3mMepHOro BpEMEHN B 3TOWN MOOENN 3a4aeTCA KpUTEepUn
dypbe: t = Fo = at/R2. (2) Pe3ynbTaTbl MOAENMPOBAHUA OS89 C/y4vas
KpaTKOBpeMeHHOro Bo3mylleHms tmax = 0,07, To = 200 oC, gmax = 500 BT/(M2),
npomn3sseneHue l.r.c = 42 (Bt/(M2.K))2.c nokasaHbl Ha puc. 1. AHann3 pewweHns
MoKasbIBaeT, 4TO NpPU MMMYJIbCHOM BO3MYLLEHNX C aMMJINTY 40N TEMNJI0BOr0 NOTOKA
500 BT/(M2), C HEKOTOpPbLIM CABUIOM MO (pa3e NPoNCXoaNT POCT TemnepaTypsbl
MOBEPXHOCTU MO OTHOLUEHUIO K Ha4YalbHOW TemnepaType ao 77,5 rpafycos.
CoBrnageHue peleHns 3agadm C U3BeCTHbIM NpodusieM TeMnepaTypbl NPaKTUYECKN



O3Ha4YaeT noJly4eHmne NCKoOMoro pesysibTaTta. Takum obpa3om, pelieHne BO3MOXXHO Ha
OCHOBE MHOIMOKpPaTHbIX NTepaunn C NCNoJib30BaHMUEM pe3yJsibTaToB reHepauum
HayvaJiIbHbIX N FPAHMNYHbIX YC/I0OBUI 3a4atoLero Mogyas n o4Horo u3 noaAxoasLmx
MeTo40B NpnbnXXeHunsa (Xopa, KacaTeslbHbIX, 30J10TOr0 cevyeHnsa n gp.). Puc. 1
FpadhmK M3MEHEHUA NAOTHOCTW TENJIOBOro NoToka (1) n TemnepaTypsbl (2) BO BpeEMEHHU
B paboTe npegnaraetcsa 3aMeHUTb NpoLEecc nocsaenoBaTesibHbIX NPpUbAnXeHnin Ha
peweHne 3a4a4n perpecCMoHHOro aHaansa. B pexxnme nMMTauMOHHOI O
MOOe/IMPOBaHNA 3a4aloWmn MoLY /b KOMMbIOTEPHOW MOOEsN N reHepupyeT no
onpeneneHHoOMY aJiropuTMy CTaH4apPTHbIe BO3MYLWEHNA pa3HOW MHTEHCUBHOCTMW.
Moaynb pewieHus NpaMONn 3a4a4vun nojsly4aeT COOTBETCTBYOWME peweHnsa. Ha ocHoBe
pe3ysibTaTOB UMUTALUMOHHOI0 MoAeNnpoBaHuUsa Mmoayab 0bpaboTkm paspabaTbeiBaeT
perpecCcMoHHy0 Moaesib, KOTopas UCNob3yeTca A9 OLLEHKN WHTEHCUBHOCTU
TennoobmeHa. ECnm AOCTaTOYHO ONbLITHONO MaTepuasa CywecTByeT BO3MOXHOCTb
npoBeneHns NOJIHOLEHHOr0 perpecCMOHHOro aHasansa, B TOM 4Yucie C OLLEeHKON
afeKBaTHOCTN Moaesin. PaccMOTpuM pelleHue cnegytouien 3agadyn. Ha sHewwHen
MOBEPXHOCTU KEPaAaMMYECKOWN NJIOCKOM NAACTUHbI YCTAaHOBJIEH JAaTUYUK 019 NU3MepeHuns
TeMnepaTypbl. X0N04HOE TeNOo C NOCTOAHHbIM pacnpeneneHmemM TemnepaTypsbl Mo
TOJILMNHE NOMEeLLaeTCa B ropsaYvyo BO3AYLLHYIO cpeny. [pouecc Harpesa NoBepxXHOCTU
Tena PUKCNpyeTcsa BO BpeMeHU C NOMOLLbIO YCTaHOBJIEHHOIO JaTyMKa TeMrnepaTypbl.
KoadhdpunumeHT TennoobmeHa asnseTca noabmnpaemon senn4nHon. 3aaaBas
BO3MYLLEHNSA TEeNJIOBOro NoToka rno onpeaeneHHoOMy 3aKoHY, B IAHHOM cJly4ae no
napabonn4eckomMy, OCHOBHOW MOAY b NOJSlyHYaeT HECKOJIbKO PeLUeHNin NPaMon 3a4a4un
B opMe pacnpenesieHns TemMnepaTyp No ToJWnHEe B pa3Hble MOMEHTbI BpeMeHu. Ha
puC. 2 NoKa3saHbl FpaMKn N3MeHEHNSA TeMrnepaTypbl Ha MOBEPXHOCTU MPU pa3INYHbIX
3HaYeHnax KoapdpuruneHTa TennoobmeHa, Nosy4YeHHble B pe3syibTaTe MMUTaUWOHHOIO
MooenunpoBaHuda. N'pacpukn 1, 3 n 4 nony4veHol B xoae mogennposaHus. 'padpuk 2
MOCTPOEH Mo pe3y/ibTaTaM U3MepeHuin TemnepaTypbl 4AaTYNKOM, PACMOSIOKEHHBLIM Ha
MoOBEPXHOCTU. PelueHne obpaTHOM 3a4a4n BbINOAHAETCA MoaynemM obpaboTkm Ha
OCHOBE perpeccmMoHHOro aHanamnsa. OH pa3pabaTbiBaeT perpecCuoHHbIe Mogenn ons
Ka)XOoW TOYKM B (popMe NMosIMHOMA, KOTopble CBA3bIBAOT TeMnepaTypy Ha
MOBEPXHOCTU N KO3(pPUUMeHT TennoobmeHa B pa3Hble MOMEHTbI BpeMeHU. Puc. 2
fpahnKn naMmeHeHnsa TemMnepaTypbl BO BPEMEHWN A1 NOBEPXHOCTU MAaCTUHbI NpU
pPa3INYHbIX 3HAaYEeHNAX KoahdpuumeHTa TennoobmeHa: 1 - 100 BT/(m.0C), 2 81,3
BT/(M.0C), 3 - 50 BT/(M.0C), 4 - 5 BT/(M.0C) PewieHune 3aga4n ansa TOHEK KPUBOW 2 Ha
OCHOBe MoJesnin gaeT cpefHee 3HavYeHmne KoadpduumneHTa TennoobmeHa 81,3
BT/(M.0C). Onucnepcusa pesynbtatoB paBHa 0,479 (BT/(M.0C))2. Moaynb 06paboTku
NMPOWU3BOAUT NPOBEPKY afeKBAaTHOCTUN perpecCMoHHON Moaesin Ha OCHOBE
CTaHOAPTHON TEXHOJIOM MM perpeccuoHHoOro aHanmsa. lmcnepcms BOCNPonN3BoANMOCTH
TeMnepaTyp, pacCYMTaHHasA NO OTKJIOHEHNSAM 3TUX Nap 3HavYeHun cocTtasnsaeT 8,98.
Oncnepcua TemnepaTyp, Noay4yeHHas no pa3bpocy pesynbTaToB MOOEIMPOBAHUS
paBHa 9,22. lNpoBepka 0A4HOPOLAHOCTM OUCNEPCUN, BbIMOJIHEHHAA Ha OCHOBE



NCNONb30BaHMA KpuTepusa duiiepa rnokasbiBaeT, YTO Npu ypoBHe 3Ha4dmmocTum 0,05
pa3paboTaHHaa Moaenb NO3BONASAET aAeKBATHO OMUCLIBAaTb M3yYaeMbln npouecc. Ha
OCHOBE pPacCMOTPEHHOro MeToZa MOXXHO NOCTPOUTb KaslopumMeTp, NO3BOJIAIOLLNNA
onpenensaTb KOIPPUUNEHT TernsioobMeHa B pa3/IMyHbIX CEYEHMAX annapaTa,
peann3yroLwero KOHBEKTUBHbIN TernoobMeH. [laTynk n3rotaBanmBaeTca U3 Mmatepumana
CO CTabunbHbIMKN TENNOPUINYECKUMN CBONCTBAMUN B MHTEpPECYOLWEM gunarnasoHe
TeMnepaTyp. Bo3myuweHre NAOTHOCTU TEMJI0BOro NOTOKa 3a4aeTcs B CTyneH4YaToun
hopmMe. KoMnbloTepHasa NnporpaMmma rnpousBoanT BblHUCTIEHUSA C NCMOJIb30BaHUEM
MaTeMaTMYeCKON Moaenun, 3anncaHHom B 6espasmepHon popme. B ee ocHOBY
MOJIOXKEHOo pa3noxeHne gudpdepeHumanbHOro ypasBHeHUs TernJonpoBoAHOCTU o4
paccMaTpuBaEMbIX FPAHUYHbIX U HaYasibHbIX YC/IOBUW B TPUTOHOMETPUYECKNI pag
dypbe: rae UK - KOHCTaHTbl MHTErpnpoBaHUs, KOTOpble onpenensatoTca MeTo40oM
nocnepnoBaTesibHbIX MPUBAVXKEHNN, KaK TOYKUN nepeceyeHmns rpadukos QyHKLNI (purc.
3). Touka nepecevyeHUs rpaduka pyHKLUN ctg N NPsSAMON JaeT KOHCTaHTY
WHTerpnpoBaHusa Npu TekyLem 4yneHe psaga i. NpencrtaBneHHbln 34ech pag dypbe
XOpPOLUO CXOAUTCS, Y4TO MO3BOJISAET OrPaHNYNTbLCA HEBONbLLUNM KOIMYECTBOM €ro
4yneHoB. Puc. 3 - MosCHEHUSA K aNropuTMy BblYUCNEHUSA KOHCTAHT UHTErpmpoBaHus;
rMoKa3saHbl pe3yibTaTbl 4719 NepPBbIX TPEX YEHOB pSAAa, KakK TOYKUN nepecevyeHuns
rpacgukos ctg m n m /Bi B ka4yecTBe npumepa noka>kem pesynbTaTbl paboTbl C
KaJlOpUMETPOM M3 3JIEKTPOTEXHNYECKON MenN, KOTOPbIN yCTaHaB/IMBaeTCA B
ONCKPETHbIN CJION N3 MHEPTHOro Matepunana. PesynbTaTbl U3MEPEHUN N
MOLOe/IMPOBaHMA NoKa3aHbl Ha puc. 4. B annapaTe co3faeTcsa CTyneH4yaToe
BO3MYLLEHMNE TEMJOBOro NoTokKa. POCT TeMnepaTypbl TEMNJIOHOCUTENS,
3a(PKCMpPOBaHHbIM TEPMONAPON, NPU TaKOM BO3MYLLEHUN ToXe 6/IN30K K
cTyneH4aTon oopMme (KpmuBas 1). Tepmonapa, yCTaHOBJIEHHAs Ha BHYTPEHHEN
TEenJaon30/JIMPOBAHHON NOBEPXHOCTWN KanopumeTpa, pukcupyeT bonee nnaBHbIN poCcT
TemnepaTypsbl (Kpueas 2). Kpueasa 3 oTtobparkaeT pe3ysibTaTbl UMUTALMOHHOIO
MOOEeIMPOBaHUA NpU pelleHnmn obpaTHoOM 3aga4um TensioobMeHa C NOMOLLbIO
KOMMNbIOTEPHOW MOLENN, KOTOPbIE MOJIyYeHbl ON4 C/lyHasa Hanayywero npnbanmxeHums.
ITOT CnyyYanm onpenenseT pe3ynbTaT peweHns 3agadm - KoaphunumneHT TennoobmeHa,
3Ha4YeHmne KOToporo asasa npocuns TemnepaTtyp, U3SMEPEHHOro TepmMonapomn
cocTasnseT Bennynny 9,62 B1/(mM.0C). Puc. 4 PesynbTaTbl U3MepeHUn u
MoesIMpoBaHnA B hopMe rpapuka nsmMeHeHUsa TeMmnepaTtypbl: 1 - TensoHocuTens, 2 -
B LEHTpe KaJZlopuMeTpa Uu3MepeHHas, 3 - B LeHTpe KaJlopmMeTpa pacCcHMTaHHas
3aknyveHne Takmm obpasomMm, pe3ynbTaTbl paboTbl MOKa3bIBAIOT, YTO pPeELUEHNE
obpaTHOM 3apa4n TennoobmMeHa MoXXeT 6bITb BbIMOJIHEHO C MOMOLLbIO KOMMbIOTEPHON
MoAenu, BKaYatouwen B ceba moaynm peleHmnsa NnpsaMon 3agadn, reHepaumnm
CTaHOAPTHbIX BO3MYyLLEHUN 1 obpabaTbiBalowero Moay s, OCHOBAHHOINO Ha peLlueHun
3a[la4n perpecCcMoHHOro aHanumsa. KomnelotepHas Mogesb nmeeT ya06HbIN
nosb30oBaTeNIbCKUN NHTepdenc, BKaYatowmm MacTepa BBoga NCXOAHbIX AAaHHbIX,
010K BU3yasn3auum pesysibTaTOB PacyeToB, a TakXXe cpefcTBa aBTOMAaTU3NPOBAHHOWN



MOArOTOBKN TEKCTa OTYETa Ha OCHOBE 3KCMopTa AaHHbIX B pabo4vyto KHUMY
TabnmyHoro npoueccopa ¢ nomoublo AxtiveX-texHonormm. B kayectse nepcnekTmns
pPa3BUTUA KOMMbIOTEPHON MOAEIN MOXXHO OTMETUTb BO3MOXXHOCTb AOMNOJIHEHUSA
Mo4yNna BBOAA OAaHHbIX CpeacTBaMmM aBTOMATUYECKOro CHUTbIBAHUA NOKa3aHUN
TepMonap HenocpeaCcTBEHHO B KOMMbIOTEP. DTO noTpebyeT NoAKIOYEHUS
OOMOJSIHUTESIbHOIO 3/1EKTPOHHOr0 060pYyAO0BaHNA N HEKOTOPOIr0 N3MEHEHNS
nporpamMmmHoro obecnevyeHus.



