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AIIIMAPATHO-ITIPOTPAMMHBIN KOMILJIEKC OIIEHKA
TEIIJIOBOI'O ITOJIA

VccnenoBaHsl  BO3MOXKHOCTH — IIOCTPOCHHSI  alIIapaTHO-TIIPOTPAMMHOTO  KOMILIEKca,
00ecreyrBaloIero BU3yaau3alHio MoJiei TepMUueckux neyeid. MoaepHu3alus HHCTPYMEHTApHs
1o 00paboOTKe MEPBUYHBIX CHUIHAJIOB C JATYHKOB, NPOrPECCHBHBIC MPOTPAMMHBIC CPEJICTBA H
ITOPUTMBI TIO3BOJLIIOT IIOMY4YaTh PACIPEACNCHHSI TEIUIOBOTO IIOJNS B PEXHME pPEalbHOTO
BpPEMEHH. Pe3yibTaThl OIEHKH TEIUIOBOTO IOJS HCHONB3YIOT [UIS YHPABJICHHS IIPOLECCOM
TepMO0OPabOTKHU B pexkuMe peanbHoro Bpemenu. Win.: 2. Ta6un.: 1. bubmuorp.: 16 Hass.

KnaioueBble cj0Ba: paclpeleleHHe TEIUIOBOTO IIONS, BH3YalM3alUsl IIOJNEH, PEeXUM
peabHOro BPEMEHH, alapaTHO-IPOrPaMMHBbI KOMILIEKC.

IocTanoBka mnpobaemMbl. DICKTPUYECKAN HATPEB HMEET IIHPOKOE
pacnpocTpaHeHHe B pa3IndHBIX OTpacisX HIPOMBINIICHHOCTH. [IpenmymiecTBo
9JIEKTPOHArpeBa 1o CPaBHEHUIO C HAarPeBOM B INIAMEHHBIX T1€Yax 3aKII0YacTCs
B BO3MOXXHOCTH oOecrieueHHss OOJBIINX CKOPOCTeH HarpeBa, BBICOKOH
TOYHOCTH ¥ PaBHOMEPHOCTH HAarpeBa BCIIEIICTBHE JIETKOCTH PEryJHpPOBAHMS
JJIEKTPUYECKOTO W TEMIIEPaTypHOTO pPeXHUMOB. ODddekTHBHOCTL pPabOTHI
NIEKTPUUYECKHUX TIeYel NOCTHUIraeTcs B Pe3yJibTaTe IIUPOKOTO HCIOJIB30BaHUS
CPEACTB aBTOMATH3aINN TEXHOJIOTHYECKHUX MPOIIECCOB HArpeBa.

B BBICOKOTEMIIEpATYpHOU 3JEKTPUUECKON NEYM CONPOTUBIICHUSA, IIE
JOMHUHHpPYET Tiepefadya TeIula W3JIyYeHHWEM, COUHCTBEHHBIM CII0COOOM
CO3/aHUS 3aJaHHOTO TEIUIOBOTO TONSA HAa OOBEKTE SBISIETCS TE€HEpamus
COOTBETCTBYIOIIETO TEIUIOBOTO ITOJISI Ha TIOBEPXHOCTH PabOdYero MpocTpaHCTBA
meun [1], 9To mpemompenenseT HEOOXOAUMOCTh (PUKCAIMN W3MEHEHHH ITOJIS
BO BpeMeHHU. J[JIs1 KOPPEKTHOTO YIpaBieHHs IPOLECCOM HarpeBa B Iedax,
TIOMHUMO 3a]a4¥ CIIeKEHH 3a Paclpe/IelICHueM MO TeMIIepaTyp CaMoy T1eyH,
HEOOX0ANMO YYHUTBIBAThH Xapakrep N3MEHEHUS TEeMITEpaTypbI
oOpabaTbiBaeMoro m3zaenus. Jliasi KOHTpONsS HarpeBa MeTajula HPUXOIJUTCS
HCIIONIb30BaTh N3MEPUTEINHN, KOTOPbIe 00ECIIEYMBAIOT U3MEPEHHS TEMIIEPaTyPhl
HETIOCPEIICTBEHHO Ha IMOBEPXHOCTH MeTaia [2].

HeobxoanmocTs monmydeHuss HHGOPMAIMH O TEKYIIEM paclpenciIeHUH
ITOJIST TEPMOIICYH W TIONIA 00BeKTa 00yCIaBIUBACT CTPEMIICHHE K pa3paboTke
COOTBETCTBYIOIIMX CPEJICTB OTOOPAKEHHS JAaHHBIX O XOZE€ Iporecca.

UzBecTHple pa3paboTK B 00JaCTH W3MEPEHHS IIOJIEH TeMIeparyp
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YaCTMYHO pelalT npolieMbl MOHHTOPHHIA IMOJed TepMooOpaboTKU
MeTamoB. [Ipu 3TOM peKiIaMHpyeMbIe almnapaTHO-IPOrPAMMHBIC KOMILIEKCHI,
B CIJIy O0JBIIOTO 00beMa pPelIacMbIX 3aj1a4, OTIIHYAI0TCS HEMPUEMIIEMOM TS
IIPOU3BOJCTBEHHBIX YCIOBUM CTOMMOCTBIO.

B pabote perraercst mpobiaema pa3pabOTKH HOBOTO METOIA M3MEPCHHUS
TEIUIOBbIX TOJIEM M TOCTPOEHHS HEIOPOroro amnmnaparHo-IPOrpaMMHOIO
KOMIUIEKCA 11 MOHHUTOPUHra TEIUIOBBIX TOJIEH B PpEXHUME pPEalbHOro
BpeMeHH. B TEXHHYECKOM IUIaHe CTaBUTCA 3afada HIACHTH(UKAINUU
MapaMeTpOB TEIUIOBOTO MOJISI HA 6a3¢ MUHUMAJBHBIX allapaTypHBIX 3aTpar.

AHanu3 JHMTepaTrypbl. B ynpolleHHBIX 3aJadax OLEHKH COCTOSIHHS
TETIOBOTO TOJIS MIEYH JIOITyCKACTCs, YTO TEMIEpaTypa 00bEKTa COOTBETCTBYET
yCpeAHEHHOH TeMmepaType TepMoneud. OAHAaKo pealbHbIE H3MEPEHHS
TeMIlepaTyp HarpeBaeMoro o0bekTa M IEYHOTO NMPOCTPAHCTBA B €r0 Pa3HBIX
TOUYKaxX MOKa3bIBAIOT, YTO YIOMSIHYTBIC TEMIEPaTyphl CYILIECTBEHHO pa3HATCS
MEXIy COOOH, COOTBETCTBEHHO JUIA MOJYYEHHS KOPPEKTHBIX OIICHOK I0JIS
MIPUXOIUTCS YCIOXKHATh UCIIOIB3yEeMbIe TEXHUUECKUE CPE/ICTRA.

W3BecTHB CHCTEMBI H3MEPEHHs, B KOTOPBIX OIICHKa H3MEpSIeMOro
mapameTpa IPOU3BOAMTCS 10  B3BEIIEHHBIM CHTHAJaM IHPOMETPOB,
YCTaHOBIEHHBIX B OIPEACICHHBIX TOYKAaX ME€YM M HalpaBlIEHHBIX Ha
MOBEPXHOCTh MeTa/ula. Eciu MeTaml HMEeT HEBBICOKYIO TEMIEpaTypy
OTHOCHTEJIFHO M3JIydalONIMX Ha HEro IOBepXHOCTeH (CTeH, cBoma), W
O0COOCHHO TIIpM HHM3KOH CTEMEeHH 4YEepHOTHl MeTajula, TO H3MEpEHHE
TEMIEpaTypbl IMOBEPXHOCTH MeTalyla IMUPOMETPOM HEBO3MOXKHO U3-3a
OOJIBIIION JI0JT OTPAKEHHOTO M3TY4CHHS.

Hanuuue norpemHocred M3MEpEHUNH B  pealu3alud M3MEpEHUN
TEMIIEpPAaTypbl METa/lUla, CBSA3AHHBIX C HAJIWYHMEM IOIVIOUIAIOIIECH TIa30BOU
Cpebl, BIMAHHUEM OTPaXEHHOTO M3Jy4YeHMs, HEONpPEICICHHOCTBIO CTEICHU
YEepHOTHI MeTaJlIa (OKAIHMHBI), IPUBENIO K CO3JJAHUIO IBYXIATYUKOBBIX CUCTEM
HU3MEPEHUs, COCTOAIIMX W3 NHPOMETpa, HalpaBIEHHOIO Ha IOBEPXHOCTh
MeTalia, W JaTYMKa KOPPEKTHPYIOIIETO CHTHANa (HalpuMmep, MHPOMETpa,
BH3WpOBaHHOTO Ha (QyrtepoBky) [3]. Takoit moaxonm mpexmoiaract
UCTIONIb30BAaHNE M3MEPSEeMONl MHHpoMEeTpoM S>(PQEKTUBHOM TeMIepaTyphl
KJIaJK{, 9TO JaeT BO3MOXKHOCTH IO M3MEPEHHBIM YIJIOBBIM KO3 QHIIIEHTaM
M3IY4YEHHUs], CIEKTPAIbHON CTENEHU YEpPHOTHI METala CKOPPEKTHPOBaTh Ha
OCHOBE alNPOKCHUMHUPYIOMIUX ITOJIMHOMOB TEMIIEpATypy MeTala.

IIpennaraemele  pa3HBIMH ~ aBTOPAMH  CHCTEMBI JUIS  MOCTPOCHHUSA
TEMIEPaTypHOTO TOJNA, Hapsay C JOCTUTHYTBIMH IOJIOKHTEIbHBIMU
pe3ynbTaTaMy, UMEIOT OIpE/eNICHHbIE HEOCTATKU. 3a4acTyI0 MPEJIOKEHHbIE
pelieHusl He MpeaycMaTpUBaioT paboTy B pexHMe peaJbHOro BpeMeHH [4],
1100 MMEIOT CIIMIIKOM TNeperpyKeHHBIN I 3TOro MaTeMaTHYeCKHH ammapar
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[5]. Yactp pemeHHi IS JOCTIDKEHHS pEXHMa pEaJbHOIO BPEMEHHU
OCHOBBIBAIOTCS Ha NIePETpy>KeHHOH amnmnapaTHoN JyacTH [6].

CyImecTByIOIIMe pacyeTHbBIE METOIbl B CHIY pAda HPUCYLHINX WM
HEI0CTaTKOB (rpoMO3aKOCTH BBIYUCIICHUH, Manas TOYHOCTB,
HECTAallMOHAPHOCTh MapaMeTPOB U JIP.) HE MO3BOJISIOT MMOJIY4aTh O0ObEKTHBHBIC
mapamMeTpsl  TEIIOBOTO  MOJs. VI3BeCTHBIE  ANrOPUTMBI  YTOYHEHHOTO
OTIpEZICTICHUsI TEMIIEPaTypbl MeTajula CIOXHBI M MOTYT TNPHMEHATHCS Ha
KPYIHBIX METAUTyprudeckux redax. [l HeOombImX HarpeBaTeNbHBIX U
TEPMHUYECKHX TIeUeii ¢ IHEpProcOEeperaouMy TEXHOJIOTHSIMH HCTIONB30BaHHE
JIOPOTOCTOSAIINX MHUPOMETPOB M TPOMO3AKOTO INPOTPAMMHOTO OOecTIedeHHs
MPECTABISIETCST HEJOCTATOYHO AKOHOMHYECKH 3G eKkTuBHBIM. [loaTomy mis
UACHTH(HUKAINK TIapaMEeTPOB TEIUIOBBIX TOJICH ¥ peanu3aluy 33JaHHBIX
3aKOHOB YIIPABICHUS HArpeBa/OXJIAKACHUS LENIeCOO0pPa3HO HCIOJIb30BATh
TPaIUIMOHHBIC CIIOCOOBI U3MEPEHHs TMOJIS TEeMIIeparyp mnedyu ¢ oOpaboTKoit
MOJTYYCHHBIX TaHHBIX HA OCHOBE KOMITBIOTEPHOTO MOJICITUPOBAHHUS.

Jo Hacrosmiero BpeMeHH He CQOPMHUPOBAHO YETKUX KPUTEPHEB U
MOJIXO/I0B K TOCTPOSHHIO NPOMBIIUICHHBIX AaHAIM3aTOPOB paclpeieiIeHus
TEIUIOBOTO TOJsA. BapHaHTBl yCTpPOHCTB, MO3BOJISIOMIUX CTPOHUTH TEIJIOBBHIC
TIOJISI, peaNn3yIoTca JTNO0 Il 00BEKTOB KOMIAKTHEIX TrabaputoB [7], imbo
HMEIOT HUCCIEeNOBaTeNbCKUM Xapakrep [8]. AHamu3 3KCIepUMEHTaJbHBIX
JTAHHBIX BEJETCS CHEHUATM3MPOBAHHBIM IIPOTPAMMHBIM OOECIIEYeHHEM, YTO
3HAYUTEJIBHO YBEINYNBAECT CTOMMOCTh aHAIM3aTOPOB.

Hens padoThl 3aKiirovacTcss B pa3paboTKe MeEToAa WCCICIOBAHUS
TEMJIOBBIX ~ TOJIE  HA  OCHOBE  OKCIEPHUMEHTAIBHBIX  JaHHBIX |
COOTBETCTBYIOIIETO HM3MEPUTEIBHOTO KOMIUIEKCA, MO3BOJISIONIET0 BECTH
KOHTPOJTb 32 XOJIOM TPOIecca B pealbHOM MaciTabe BpeMEHH.

ITpu 3TOM HEOOXOAUMO ONPENETUTh QPYHKIUHU, PEIIACMbIe TEXHUUECKIM
U TPOrpaMMHBIM OOECICUCHUEM KOMIUIEKCA, MOCKOJIBbKY TPaJHUIMOHHO
MOCTABIICHHAS 3ajJa4a pelraeTcs 3a CYeT YPE3MEPHOTO  YCIOKHEHHUS
MPOTrPaMMHOTO O0ecrieueHns] MO0 3a CUET HCIOJB30BAHUS IOPOTOCTOSIIUX
CPEICTB aBTOMATH3AIINH.

ITocTpoeHue annmapaTHO-NMPOrPaMMHOI0 KoMIiekca. [ peanmzanun
TIOCTABJICHHON IIEM HCCIENOBaHWK pa3paboTaH amlapaTHO-TIPOTPAMMHBINA
kommuieke (AIIK) omenkm terumoBerx moseir. Ctpykrypa AIIK BkirouaeT B
ce0st ycTpoiicTBO cOopa U mepeaadn JaHHbBIX, OIy4aeMbIX OT IOJIS TaTYHKOB,
KOTOpBIE PETHCTPHPYIOT MapaMeTpsl oObekTa. brmaromapss mporpaMMHOMY
00€eCIeueHNI0, KOTOPOE BKIIOYAeT MAaTeMaTHYECKyI0 MOJENb TEPMHUYECKUX
HPOIECCOB MEYH, OCYIIECTBILETCA MOHUTOPHHT IIpoliecca 00paboTKU MeTaia
B PEXHMeE PEalbHOTO BPEMEHH.
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Jlns HacTpolKM MOJENU pacCYMTaHHBIE 3HAYEHUs TeruioBoro moiys Ty
CPaBHUBAIOTCSI C PpEalbHO M3MEPEHHBIMH  TeMIeparypaMu Tp B
COOTBETCTBYIOIIMX TOo4YKax. [IpM HEOOXOJMMOCTH MPOU3BOJHUTCS MOACTPOUKA
BECOBBIX KOA((HUIIMEHTOB pacyeTHOW MaTpuilbl AA. DTOT HTEpalMOHHBIN
MpoIlecC TPOJOIDKAETCST 10 COBMAICHHSA PACUYETHBIX 3HAYCHHH OIS C
peanbHBIMH C 3aJaHHON TO4YHOCTBIO. B pesympTare Ha MonHTOpe AIIK
OCYILIECTBIIICTCS BU3yalM3alliisl TEIJIOBOTO MO B Macmrade pearbHOro
BpEMEHHU.

Jns MUHUMHU3aUUU BpPEMEHM BBIYMCICHUNM C TIOMOIIBIO CIOXKHOM
MaTeMaTHYECKOM MOJENH, Kakoil SBISIETCS MOJENIb TEIUIOBOTO IOJS IEYH,
MPUHUMAIOTCS CIEAYIOLIME NOMyeHus [9]:

— Tpeo0ITaJaroIyr0 poilb B (PU3UIECKUX MPOIEccax dEKTPUICSCKOHN medn
Urpaet nepejaya Teria U3JIyuyeHHeM;

— TIOBEPXHOCTH TeJl, B3aUMOAEHCTBYIOIINX B IMPOLECCAX — CEPHIE;

— MOBEPXHOCTHU TeJ ABISIOTCS An(dy3HO noriommarmumu 1 quddysHo
H3TYYaroUUMH;

- TeMmIeparypa U3ITy4deHUs HarpeBaTeNbHBIX 3JIEMEHTOB
paccMaTpuBaeTCs Kak 3aJaHHas MCXOAHAs BENMYMHA II0 OTHOLICHHMIO K
TeMIIEpaType MPOCTPaHCTBA €YU U METaIa.

IIpu paccMOTpeHUM TEIJIOBBIX MPOLECCOB B MNPOCTPAHCTBE MEUYH
ONPENEIIAIOILYIO POJIb UTPAET KOHBEKTHUBHBIN MEPEHOC TEIUIA, B TO K€ BPEMS
IIpU HarpeBe 3arOTOBKH HanOoJee CYIISCTBCHHOW SBISACTCS Ieperada Ternia
H3ITyYEHUEM.

[TporpammHOe obOecniedeHHe KOMIUIeKca OasupyeTcs Ha pelIeHHH
mddepeHmanbHbIX ypaBHEHUH TeIionpoBonHocTH. CucteMa ypaBHEHHH B
YaCTHBIX HPOMU3BOJHBIX, MO3BOJISAIONIAS OMHUCATh PACIpPOCTPAHEHHUE TEILIOBOH
SHEpPIu B MPOCTPaHCTBe, uMeeT BuA [10]

pC%—V-(kVT)=Q+h(TH—T), (1)

r7ie p — II0THOCTh; C — TEIIOEMKOCTh; T — TeMIleparypa Teja, y4acTBYIOLIEro
B TeriooOMeHe; V — rpaauent; A — k03(G(ULMEHT TerIonpoBoaHocTu; O —
SHEprus UCTOYHHKA TEIUIA; /1 — KOOQPHUIHNCHT KOHBEKTHBHOTO TEIIOOOMEHa;
T, — BHemHsA Temrieparypa. DuU3MUecKue mapaMeTpbl COOTBETCTBYIOIINX
00BEKTOB (CTCHKH, BO3IIyXa, 3aTOTOBKH) SBISIOTCS TaOJHMYHBIMU BETHYUHAMU
¥ 331al0TCS B 3aBUCHMOCTH OT TEMIICPaTYPHI.

HavaneHyto Temneparypy 3JE€MEHTOB II€Yd IPUHUMAEM DPABHOMEPHO
pacmpeneNieHHO W paBHOW TeMIlepaType OKpy)Kamolied cpeapl. ITa
TeMmIiepaTypa OINpejessieT 3HaueHHs (QU3MYECKUX I[apaMeTpoB HJIEMEHTOB
e4ur, y4acTBYIOIIUX B IIpoLeccax TEII000MeHa. rpaHI/I‘IHI)IC yCJI0BUA TIpU
YIPOUICHHOM BapHuaHTC MOJACIUPOBAHNA IPEACTABIISICM B BULEC
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o

» =q(x,y,2,1), )

rae n — HOpMallb K IPaHULE; ¢ — IUIOTHOCTh TEIJIOBOIO MOTOKA OT CTEHBI MO
KOOpJAUHATAM X, ), Z;  — BpPEMSL.

KpaeBrle ycnoBus Ui pemieHus ypaBHEHHH (OPMHUPYIOTCS U3 YCIOBHSA
OanmaHca BXOMSIIETO M HCXOMAANICTO M3ITy4eHHH. DTOT OamaHC ompepemnseTcs
pe3yIbTaToOM B3aUMOJEICTBUA KOHBEKTUBHOM U KOHJTyKTUBHOU
COCTaBJISIOIIMX NIEPEHOCcA Terlia.

Toraa st ceppix TN MOTOK U3TyUYeHUs 3alUChIBaeTCs B BUjE [9]

q=8(G—GT4), 3)

rIe € — u3jIydaTesbHas CHOCOOHOCTh mMoBepxHocTH; G — Tajalomui Ha
MOBEPXHOCTH TeJa pajualMoOHHbIN MOTOK (TIOTOK 00Iy4eHHs); G — IIOCTOSTHHAS
Credana-bonbimana; T — TeMmeparypa u3ydaroiieii MOBePXHOCTH.

WHTepecylomyo Hac TeMneparypy Ha IOBEPXHOCTH 3arOTOBKH MOXHO
ONPENENIUTh U3 MOTOKA M3myyeHus [11]

T, =T, + [O.Sq %)(ZFOM +2/3), (4)

rae 1, — TeMmmepaTypa TIIOBEPXHOCTH 3aroTOBKH; Ty,, — HadaiabHas
TeMIlepaTypa 3arOTOBKH; § — TOJIIUHA 3aTOTOBKH; [, — mapameTp Dypsbe.

Hcxons u3 npuBEAEHHBIX YPaBHEHWH, OLIEHKA IOJIEH IPOU3BOJUTCS B
CIEAyIOIIeH MOCIeA0BaTeIbHOCTH. [ KaXkJoro sjeMeHTa MoJenu (CTeHa,
BO3/AYIIHOE IPOCTPAHCTBO IIEUM, 3aroTOBKA) 3aJalOTCS COOTBETCTBYIOIINE
3Ha4YeHHs (PU3NUECKUX MapaMeTpoB (TeMIepaTypa, MIIOTHOCTh, TeINIOEMKOCTb,
TETUIONPOBOJHOCTh U T.1.). Bes obnacTe MofenupoBaHus, B COOTBETCTBUH C
NTOPUTMOM METO/a KOHEUHbIX 31eMeHToB (MKD), nenutcst Ha TpeyrosibHble
JUIi YTOYHEHWS W YCTAaHOBKM Pa3HBIX IapaMeTpoB. TakuM oOpazoMm
HEIIMHEIHbIE  3aBHCHMOCTH, OIIMCBHIBAIOIIME  MPOLECCH  TEIIO0OMEHa,
npeoOpa3yloTcss B CHCTEMY JHMHEHHBIX anreOpandeckuX JJIEMEHTOB, YTO
MIO3BOJISIET YNUCICHHO PACCUUTHIBATH 3HAUCHHS (QYHKIMH B y371ax [12].

Busyanmsanuss kagpoB TOJS  OCYHNIECTBISIETCS  LUKIMYECKH  CO
CKOPOCTBIO, KOTOPAsk ONPENeNIeTCs] IPOU3BOAUTEIBHOCTRIO BEIUUCIUTEILHOTO
ycrpoiictBa (I1K). [ToaToMy Bpemsi BBIYUCIIEHUSI OJJHOTO KaJpa BU3YyalIH3al[uu
JIOJDKHO OBITh MEHBILE MOCTOSHHBIX BPEMEHH M3MEHEHUS KPaeBbIX YCJIOBHA
MeYH.

ITocTpoeHue TemnepaTypHOTO MOJIS IEYU U 3aTOTOBKH, B COOTBETCTBHH C
npuHATBIM i TectupoBaHus AIIK anroputmoM, ocyiiecTBiasieTcs Ha
OCHOBaHMHU JaHHBIX, MOJIY4aeMBIX OT JaTYUKOB, YCTAHOBIECHHBIX Ha CTEHE
ney. DT AaHHbIE U ONPEEISIOT TPAHUYHbBIE YCIOBHUS HA CTCHKAX MEYH.
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Temmeparypa HEeYHOro MNPOCTPAHCTBA PACCUUTHIBACTCS B pe3ysbTaTe
pemens ypaBHeHHA (1). YueT BeIMYMHBI OTOKA M3IydeHus (3), HCHOIb3ys
cooTHOIIEHHE (4), MO3BOJISIET OLIEHUTh TEMIIEPAaTypy 3aroToBKH [13].

[TomyyeHne peaabHBIX 3HAYCHUN TEMIIEpaTyp B KamMepe U Ha CTEHe IevH,
JanbHe#as ux 00paboTka, 00ECICUYUBACTCS YCTPOWCTBOM CBSI3U C OOBEKTOM
(YCO), B KOTOpPOM OCYILECTBISIETCS HOpMaIU3alusi U YCUJICHUE CUTHAJIOB OT
JaTYNKOB TEMIEPATyphl. B kadecTBe JAaTYMKOB TEMIIEPATYphl HCIIOIB3YIOTCS
TEepMODJICKTpUIeckue mpeoOpazoBatemn TXA tun K, ¢ amamazoHoMm
mmeperus: —270 — 1350 °C. YCO peammzoBaHo Ha miate Arduino Leonardo
Ha Oa3e mmkpokoHTpoiuiepa (MK) ATmega32u4. Jlannas tumata umeer 20
IUQPOBHIX BBOMOB/BRIBOOB, 10 paspsoubrii AL, ammapatHas mommepskka
UART, SB, 12C [14]. Ans cornacoBaHus curHaia tepmonapsl co Bxogom AL
HCTIONIb3YETCSI MHOTOKAHAIBHBIN ONIepallOHHBIA YCUIUTENb.

C mnomomipio TporpamMmsl, Xpassmeidcs B mamsatu MK, ycrpoiicTBo
MPOBOIUT OMNPOC JAaTYMKOB TEMIIEpaTypbl U YCpeAHAET 3HA4YeHHs IO
HECKOJBKUM BBIOOpKaM Iepes ero nepenadeil B MPOMBINUICHHBIH KOMIBIOTED.
Cxema cucteMbl cOopa 1 riepenady nHpopManuy npeacTaBieHa Ha puc. 1.

Tepmonapkt | YCco
avas e =
: Arduino B
A YH : soc| MK —
ok *
. —] uss ::>- e
2 nK
]

O6Bexr

Puc. 1. Cucrema c6opa u nepenadn HHGOpMALIUH
VYH — ycunurens-nopmanuzarop; ¥ CO — ycTpoicTBOM cBsizu ¢ 00bekToM; MK —
MHKpOKOoHTposuIep Arduino; [TIK — mpoMBIIIIeHHBIH KOMITBIOTED

B kauectBe mporpaMMHOro oOecredyeHHs IS peIleHHs 3aJadu
TeII000MEHa Ha TEePCOHAILHOM KOMIBIOTEpE HCTOb3yeTcst cpena MatLab c
moKroueHHBIM K Held moxyneM PDE Tollbox, mpenHasHadeHHBIM IUIs
MPOBEJICHUS] PAaCUETOB M MOJCIUPOBAHUS (U3MYECKUX IPOIIECCOB METOJIOM
KOHEYHbIX 25ieMeHTOB [15]. Tlepenadeld maHHBIX, pacyeToOM U BHU3yajH3alueit
yIpaBisieT IporpaMMa C COOTBETCTBYIOIIMMHU (YHKLUSIMHU, OOpPMIICHHAs B
Busie M-daiina Matlab. [lpumep MonenupoBaHMsi NPOCTPAaHCTBA IEYU C
MOMEIIEHHOW 3aroTOBKOM W3 YTrJepOJUCTON CTalM MOKa3aH Ha puc. 2, rie
yepe3 X, ¥ 0003HaueHbl OCH KOOPJMHAT MEYHOTO IMPOCTPAaHCTBA, MPU 3TOM
CYMTAETCS, YTO I0JI€ [0 KOOPANHATE Z NU3MEHACTCSI HE3HAUYUTENIBHO.
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Puc. 2. Pe3ynpraTel MOgenHpOBaHUS
a)t=1,6)t=10,6)t=50,2) =100

Ha pucyHKkax mpencTaBiicHbl COCTOSHHS IICUU U 3aTOTOBKH B Pa3IUYHBIC
MOMEHTBI YCJIIOBHOTO BpeMeHH. M3 puc. 2 BHIHO, YTO ¢ TCUYCHHUEM BPEMCHU
TeMIepaTypa 3aroTOBKH, HAaxOJsIIeiics B ICYH, YpPAaBHUBACTCA C
TEMIIePaTypoil cpeapl Mmedy. XapaKTepHBIM JJIs Mpollecca HarpeBa SIBISCTCS
yMeHbIIICHHE TypOYJICHTHOCTEH TEIIIOBOTO MOJIS YU U 3arOTOBKH.

OneHka peanuzanuu MOJIEIH npu MOCTPOCHHUU OIHOTO
BU3YaIN3UPyEeMOr0 KaJpa C Pa3HbIM KOJIHYECTBOM 3JIEMEHTOB IPHBEICHBI B
TabIuIE.

Tabmmina
Pe3ysabTaThl MOJEITHPOBAHUS
Kon-Bo Kosn-Bo Bpems
Ne | Kon-Bo y3moB
CTOPOH TPEYTOJIbHUKOB MOJICITUPOBAHHSL, C
1 1421 212 2720 4,65
5561 424 10880 9,26
3 22001 848 43520 33,63

AHanu3 pe3yiabTaTOB MOJAEIMPOBAHUS IIOKa3bIBAET, YTO IUIATOM 3a
TOYHOCTb PACUETOB SIBJISICTCS MOTEPS MPOU3BOJUTEILHOCTH PACYETOB MOIEIIH.
ITosToMy ycnoBHS KOMIIPOMHCCA SIBISIOTCS MIPEAMETOM  JlabHEHIINX
uccienoBanuil. [l yBenn4eHUs TOYHOCTH M YMEHBIICHNS BPEMEHU PacueToB
MpEeIoaraeTcsl HCMob30BaTh JAaTYUKU TEIUIOBOTO IIOTOKA, YTO MO3BOJMT
KOPPEKTUPOBaTh IapaMeTpbl MOJETH 10 SKCHEPUMEHTAIbHBIM JaHHBIM,
MoJy4yaeMbIM ¢ 00beKTa. 3a7aya MOBBIIICHHS NPOU3BOJIUTEIEHOCTH PAacueToOB
IS pealu3allid MOJEIH B PEXHME PEalbHOT0 BPEMEHU O0yClaBIHBAET
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HCIIOJIB30BAaHUE AJITOPUTMOB BBICOKONPOHM3BOIUTEIBHBIX KOMIIBIOTEPHBIX
BeruucneHnid [16]. JlaHHBIM mOAXOJ TMO3BOJIMT CBECTH K MHUHHUMYMY
anmapatHyio 4dacte AIIK, mpm 3TOM coxpaHMB HEOOXOAUMYIO TOYHOCTh U
CKOPOCTb PacueToB.

BeiBoabl. lccienoBaHue BO3MOMKHOCTEH IOCTPOCHMS —AamIapaTHO-
MPOTPAMMHOTO KOMIIIEKCa, OO0ECIeUrBaIOIero BU3yaJTH3alMI0 TEMJIOBBIX
MOJIEH TEePMUYECKON IMEeYd IOKa3aJlo, YTO JUIS OCYIIECTBICHHS MOHHTOPHHTA
mporecca TepMooOpadOTKH TpeOyeTcst MOJACPHA3AIMS UMEIOIINXCS Ha PhIHKE
TEXHHYECKUX CPEACTB H3MEpeHus. B CBs3M C 3THM pa3paboTaH MeETox
M3MEPEHUS TEIUIOBBIX IIOJICH M M3MEPHUTENbHBIH KOMIUIEKC Ha €0 OCHOBE.
Hcxons w3 (GyHKIMHA, BBITOJHAEMBIX allllapaTHOH W IMPOTPaMMHON YacThIO
KOMIUIEKCa, BBITEKAIOT 3aJaddl 110 COBEPIICHCTBOBAHWIO MPOTPaMMHOTO
o0ecreyeHns: CUCTEMBI, PELICHHEe KOTOPBIX MO3BOJIUT OTCJICKUBATh AUHAMUKY
nporecca TepMOOOPaOOTKH B TIPOMBIIIIEHHBIX YCIOBHSX.
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