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HUCIOJIb30BAHUE HESAIBHOM YNCJEHHOM CXEMBI
TPEXMEPHOI'O YPABHEHMUS TEIIJIOIPOBOJHOCTH
B 3AJIAYAX OITUMU3BAIIMA TEPMAUYECKOM OBPABOTKH

JokT. pus.-mat. Hayk, npod. YNUKO A. H., acn. BOPO3/IUH A. C.

Benopyccxuii nayuonanvhulii mexnuyeckutl yHusepcumen

OnHOM U3 BaXHEHIINX 3a7a4 B TEXHOJIOTHU TEPMUICCKON 00pabOTKH SIBIISI-
€TCs1 BBIOOp PSKMMOB HarpeBa 3arotoBok [1]. B HacrosIiee BpemMs HCITONB30Ba-
HUE YHUCIICHHBIX METOJOB MPU pacueTe PEKUMOB HArpeBa MPaKTUYSCKH HE MPo-
BOAMUTCA HM3-3a OTCYTCTBUA CIICHUAJIBHBIX IPOTPaMMHBIX CPEACTB Ha IPECAIIPU-
stusix. JJI1 pacuera TeMIepaTypHBIX ITOJIEH IS 3aroTOBOK IPOCTOH (opMBI
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B YCJOBHUSIX CTaLMOHAPHOTO TEMIIEPATYPHOTO IOJISI MEYHOM cpeasl MOTYT HC-
MOJIb30BAThCSI IByMEPHBIE MOJIENIN, HO JJIsl IPOMBILIICHHBIX 00BEKTOB CIIOXKHOI
MPOCTPAHCTBEHHON KOH(UTyparyuy CHIIBHO yTPOIIEHHBIE JIByMEpPHBIE amIpOK-
CHUMAaIlM HETPUTOJHbI, U pacyeThl MPOBOJATCS Ha OCHOBE 3MIUPUYECKUX (Hop-
MyJ1, 3a4aCTyI0 CIIPaBEJIUBBIX TOJIbKO JJI Y3KOW IPYIIIbI 3ar0TOBOK. IIpu 3TOM,
KakK npaBujio, HC YUYUTBIBAIOTCA MPOCTPAHCTBECHHAA KOH(I)I/II‘ypaHI/ISI I€4u, I10JI0-
KCHUE HarpeBaTelbHbIX 3JIEMEHTOB B HEW M TMHAMUYECKUI XapakTep TeMIiepa-
TYpPHOTO MOJIsl HArpeBaloIIed cpeabl. Y CIOXKHSET pelleHre MPoOIeMbl U CIIOCo0
YKJIagKW 3aroToBOK Ha MOAJOHEBI, YTO Tpe6yeT CIICIUAJIbHOT'O y4Y€Ta B pacucT-
HBIX Qopmynax. [lepeyricienHbIe BhIlIe IPOOIEMbI IPUBOAAT K TOMY, YTO YacToO
NPY TPOBEJCHUU TEPMHUUECKOH 00pabOTKH 3arOTOBOK CIO0KHOW KOH(UTYpaluu
B TeYax MPOMBIIIICHHOTO MPOM3BOICTBA HAOII0JaeTCsl BHICOKHH YPOBEHb Opaka
W3-32 UCIIOJIb30BaHMS YIPOILICHHBIX METO/IOB PaciyeTa PeXHUMOB TEpMOoOpadoT-
ku. [ToaToMy MozenupoBaHUe MPOLIECCOB HATPEBa ISl 3aTOTOBOK CIIOXKHOM Mpo-
CTPaHCTBEHHOM KOH(UIypally B yCIOBUSAX HECTALIMOHAPHOIO TEMIEPATyPHOTO
TOJISl IEYHON Cpellbl SBJISETCS OOHOM M3 aKTyaJIbHBIX 337a4 B TEOPUHU TEXHOJO-
THYECKOT0 Mpolecca TepMUIECKOi 00padOTKH 3aroTOBOK.

Ienpro HacTosme padoOTHI ABISIETCS pa3pabOTKa MaTeMaTH4ecKOM MOJen
npolecca TepMUIECKOil 00pabOTKH 3ar0TOBOK € YYETOM HX MPOCTPAHCTBEHHOTO
MOJIOKEHUS B [I€YM Ha OCHOBE YHCIIEHHOTO MOJICIMPOBAHHSI.

B kauectBe 00BbeKTa MccaenoBaHUs ObLIa BhIOpaHa OTJIMBKA «IIJIMTA IpoOs-
1as», U3roTaBIMBacMas Ha OJHOM M3 NMPOMBIIUICHHBIX MPEINpUSITHH peciyO-
nuku. B xadectBe Matepuana ucnonb3oBanu ctans 110 I'13JI. Tpynnocts on-
TUMH3aLUU PEKUMOB HarpeBa BHIODaHHON OTJIMBKU CBSI3aHA C MPOCTPAHCTBEH-
HOW YKJIaJAKOH IUIMT Ha TEJIEKKH M KOH(Hrypauueil pabodero mpocTpaHCTBa
neyu.

Maremarrdeckass MOJENb 3a/]a4ud [OCTPOEHA Ha CJIEAYIOIIUX MpenrnosoxKe-
HUSX:

e TINIMTHI U TCJICKKA CHHUTAKOTCA U3IOTOBJICHHBIMH U3 OJHOI'O M TOT'O K€ Ma-
Tepuasa 1 paccCMaTpUBAIOTCS KaK OHO LeJIoe (Jlajiee — 3ar0TOBKA);

o TEMIIEPATypHOE II0JIC TEYHOH CpPEeAbl CUUTAETCS OAHOPOIHBIM B KaXKIbIi
MOMEHT Harpesa.

Jis 9MCIEHHBIX PacdyeTOB TEPMUYECKUX IPOLIECCOB OBUIM HCIIOIb30BaHbBI
MaTeMaTHYeCKHe MOJEH, OCHOBAaHHBIC HA YPaBHEHMU TEIUIONPOBOAHOCTH,
uMeromeM Bup [2—4]:

oD = S (MG )+ S *DSD)+ LD L], xrzre0: ()

I(x, y, z, 0) = flx, y, 2),

rae c(T) — dyakmus Terroemkocty, Jbx/(kr - K); p(7) — GyHKINS IOTHOCTH,
kr/m’; A(T) — dbynkums TeronpoBograoctH, Br/(m - K); Q (0<x<X,0<y <Y,
0 <z <Z, 0 <1<{)— npocTpaHCTBEHHO-BpEMEHHas 00aacTs pacueta; f{x, y, z) —
(YHKLUS HAYaJIBHOTO pacIpee]IeHNs] TeMIepaTyphl.

Ypasuenue (1) Ob110 TpeoOpa3zoBaHO CACAYIOMUM 00pa3OM:

o oT\ _onT) oT o°T .
a(“naj = Tax ox MDD
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Kl oT\_oMD oT o°T .
Gy[k(n 5)/) o 5}/”‘(7-) oy~

o oT\ _oNT) oT o°T
a—z(’m E) =2z oz " MDoz

[Ipenmnonarasi, 9T0 Ha CETOYHOM 3JIEMEHTE TEIIONPOBOJHOCTh MOCTOSHHA,
MOYKHO 3aITHCaTh:
OMT OMT OMT
Ox oy 0z

—0.

B »TOoM ciyuae mpu 3aJaHHOM CeTKe IEpBbIe 3JIEMEHTHl TPEICTaBICHHBIX
KOMITOHEHT YpPaBHEHHSI TEIUIONPOBOAHOCTH CTAHOBATCS] PAaBHBIMHU HYJIO (TeMIle-
paTypa U TEIUIONPOBOJIHOCTh Ha YPOBHE CETOUHOI'O AJIEMEHTa OJMHAKOBHI B CH-
Jy UCTIONIb3YEMOTO METOAA, 1a U ¢ (pu3nuecKux cooOpaskeHuil — rpaiueHT TeM-
nepaTyp U TEIUIONPOBOAHOCTH CTPEMUTCS K HYJIIO Ha 3JieMeHTe ceTku). Creayer
OTMETHUTh, YTO Takas (opMa MO3BOJSAET yUECTh 3aBHCUMOCTH TEIIONPOBOAHO-
cTH 00BeKTa OT Temreparypsl. B aToMm cirydae ypasaenue (1) Tpanchopmupyer-

csl B popmy

oT o’T o*T o°T
C(T)P(T)E= T PR o7 il RP z,1eQ. )

B kauectBe IrpaHUYHBIX yCJ'IOBI/Iﬁ B MOJCJIN HCIIOJb30BaJIN YCIOBHA | poaa,
IMPUMCHACMBIC K T'paHUIC «II€YHad Cpe€la — 3aroToBKa» CJICAYIOUICTO BUAA:

G, 1) = (),

rae G — MOBepXHOCTHBIN CIIOM HarpeBaeMoro oobekTa; [W(t) — GyHKIHS, OIHCHI-
BaloIas TEIUIOBOE B3aMMOJAEWCTBHE MEXIy Cpeloil pabodero mpocTpaHCTBa
MeYM ¥ MOBEPXHOCTHIO 3arOTOBKH, OMpE/eiisieMas peKUMOM TEPMHUYECKOW 00-
paboTkm.

UwncneHHoe perieHne ypaBHeHHS (2) OCYMIECTBISIIIN SKOHOMUYHBIM JIOKAITb-
HO-OJJHOMEPHBIM MeToqioM [5]. Jms 3Toro B A€KapTOBOM CHUCTEME KOOpIUHAT
BBEJIH MTPOCTPAHCTBEHHO-BPEMEHHYIO CETKY BUA!

xi=ih (i=0,1,...,N,);
yJ:.]hy (]:0: layNy)a
n=kh (k=0,1,...,N.);
u=1Ih, (1=0,1,...,N).

[lo nByxcnoitHoMy 1mabaoHy ajst ypaBHeHHs (1) cocTaBieHa CUMMETpUYHAS
HesiBHAs pa3HOCTHAsA CXeMa

+1 [
Zgk Tk 7 u; = %(AX +A,+ AZ)( [+ ufﬂ(), 3)

rie ull]k =T (xl., Vs zk,t,) — npoekuusa QyHkuuu 7(x;, ¥j, Zk, T;) Ha IPOCTPAHCTBO

CETOYHOHN (pYHKIINH,
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1 BBCJICHBI PA3HOCTHBIC OIICPATOPHI:

A, =M(l/ — 2+ "f—lﬂ();

x"ik +1jk
7,
a(uy,)
L Nk ( i )
Ajuy = e Wijr1k _Zuzjk + Uy )
y
a(uy,)
_ ijk l
Az“yk T ( Uit +1 2”yk +”y‘k71)-

z

HecMoTpst Ha TO, YTO HESIBHBIE CXEMBI YCTOHUMBHI MIPH JIIOOBIX TPOCTPAHCT-
BEHHO-BPEMEHHBIX 11arax, UCIOJb30BaHUE UX B YMCTOM BHJE U1 TPEXMEPHBIX
YpaBHEHHH HeLeleco00pa3Ho U3-3a 00beMa BEIYUCIUTEIbHON paboThl. [ToaTomy
JanbHellIee pelleHne ypaBHeHHUs (3) OCYLIECTBISIM METOAOM PaclICIICHUS.
BBenu Tpu npoMexyTOUHBIX BpeMEHHBIX ci10s. Ha kaxmoMm BpeMeHHOM cjoe B
NpaBOM 4aCTH MCXOJIHOro ypaBHeHus (3) BMecTo A, + A, + A; moacrasuimm A,,
A, 1 A; COOTBETCTBEHHO:

vV, —V I+1 1)
X —
P Ax(vx +v.);
T
1+1 !
Voo —y 1
vy v
h, 2
I+ 1
vi© =y 1
= = Az(vi+ +vi),
h
T
I 1+, I 1+, I+1 _ 1+
v)r ”yk: Vy=Ve s Vo=V gy =V, ®)]

rie vl 1 (p =x, y, z) — peleHHe 3a1aUn HA IPOMEKYTOUHOM BPEMEHHOM CIIOE.

Kaxxnoe pasHocTtHOE ypaBHEeHHE cHUCTeMBI (4) mpejacTaBisieT coO0OH OJHO-
MEpPHYIO HESIBHYIO CHMMETPHUYHYIO CXEMY, JUISl PEIIEHUS] KOTOPOH MCITOIb30BaIH
MEeTOJ IPOroHKH [6]. JImst aToro Kaxmoe ypaBHeHue u3 (4) mepenucany B KaHO-
HUYECKOM BHUJIE:

axi1—bx; +cxiny=d;, i=(1,2,..,N,—1) (a1 =cn1=0), (6)
rIe

X; :vl+1z l:(09 lth)9 ai:_l;

! P

b 2+ ! 1
;= s =1
' aiv; ’;ZT

= =24 ).

Jlerko 3aMeTuTh, YTO JOCTATOYHOE YCIOBHE YCTOWYMBOCTH METOJA IPOTOH-
K1 |b,| 2|31|+|c;| I ypaBHeHus (6) BoinmonHsAeTcs. Permenne cucremsl (6) ompe-

JIENSIeTCS TI0 PeKYPPEHTHOMY BBIPAKSHHIO
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X = YiXinn + B, 1= (Ni= 1, Ni=2, ..., 1),

rne v; ¥ f; — Koo PUIHUEHTEHI.

st onipeienieHusT HEU3BECTHBIX KOY(PMHUITUEHTOR V; | [3; HICTIONB3YIOTCSI Clie-
IYIOIUE peKyppeHTHBIE (pOpMYITHL:

Ya = By = Py -0,
b —ay, b —ay;

BxonHpIMM JaHHBIMH JUTS TIPEACTABICHHON MOJENTH SBISIFOTCS MPOCTPAHCT-
BEeHHas KOH(HTypaIlys HarpeBaeMOW 3aroTOBKH, TEIUIO(U3NYECKHE CBOICTBA
MaTepuana 3aroTOBKU M MMEYHON Cpebl M peKUM Harpesa.

Ha 0a3e KOHEYHO-PAa3HOCTHOM aNMPOKCUMAIIUH MTPEICTABICHHOW MaTeMaTH-
YeCKOW MOJIETH M KJIETOYHO-aBTOMATHOTO MOJXoja ObLT pa3paboTaH Mporpam-
MHBIH MOJTyJIb 711 KOMIIbIoTepHOU cucteMsl «IIpoTepm-1u» [6].

DopMUpOBaHUE KIETOYHO-aBTOMAaTHOM MOJIENH JUJISl PELLICHUS TOCTABICHHON
3aJla4d MIPOBOAMIIOCH B HECKOJIBKO 3TanoB. Ha mepBoM 3Tarme Oblia mocTpoeHa
reoMeTpudeckas MOJENb IeYN U TeJIeKKH ¢ IuTaMu. Ha BTopom 3Tamne Ha reo-
METPHUYECKOE ONHMCAHUE MOJEINPYeMOro 0ObeKTa HaKJIa bIBajlach CETKa C pas-
Mepamu siueiiku h, = h, = h,= h = 0,020 M, 103BoIMBIIAs TOCTPOUTH KJIETOUHO-
aBTOMATHYIO MOJEINb UCCIIEAyeMOTro 00BeKTa M Harpesarouleid cpeabl. Pazmepst
KJIETOYHOM MOJEHM TOJYYUINCh CIEAYIOIUMu: 165 L0298 kekok. OG-
mee yucao snemeHToB 1649340. U3 mux 1198112 xnerok — mevHas cpena,
451228 — Tl U Tenexka. [locTpoeHue KIeTOYHO-aBTOMATHOW MOJIENH Tpe-
OyeT 3amaHus TUCKPETHOCTH pa30MEeHHS M 3aTeM HJET B aBTOMATHYECKOM pe-
xume. Jlanee kaxxaoMy 3J€MEHTY KOMIBIOTEpHON MOenH (KJIeTKe) MpUCBanBa-
JIMCh MapaMeTphl, XapaKTepH3yIolre TemIo(hU3nIecKue CBOWCTBA MaTepHAIOB
3arOTOBKM M HarpeBalollleil Cpelibl, COOTBETCTBYIOIINE peaibHON Mojenu. Ha
KJIETOYHO-aBTOMATHYIO MOJENb MEPEHECEHBl U HavyaJbHBIE COCTOSHUS OOBEKTa
MOJIEJTMPOBAHUA U CPEbI.

Ha 3aBepiatoiieM 3Tane Ha MOCTPOCHHOM KJIETOYHO-aBTOMATHOM MOJETH
neun Obun 3aduKcupoBaHbl 19 KOHTPONBHBIX TOYEK (BUPTYaJIbHBIX TEPMOIAP):
0JlHA TOYKa — B 00J1aCTH paboyero MpocTpaHCTBa Mevr U 18 Touek — B CTaNbHBIX
mmTax. TakuM 00pa3oM, Ha KOKAYIO TUIHTY MPUXOAUIOCh 1o 3 Touku. Kommm
9KpaHOB KoMmmbloTepHOW cucteMsl «IIpoTepM-1H» ¢ HMpOAOIABHBIM CEYEHHEM
IUTAT ¥ TEJNEXKH, a TAK)KE PACIIONIOKEHUEM KOHTPOJBHBIX TOYEK IPEICTaBICHBI
Ha puc. la, 0.

BxonHpIMM mapameTpamMu IS BBIYMCIIUTENBHBIX 3KCIIEPUMEHTOB SIBIIAIMCH
MPOCTPAaHCTBEHHBIH IIar, TeMIepaTypHast KpHUBasi pekiuMa HarpeBa, TeTuiopu3u-
YecKhe CBOWCTBA IUIHT, TEJIEXKKH U MeYHOH atMocdepsl. HauanpHas Temmepary-
pa TeJEeKKHU U TUIMT NpuHUManack paBHoi ) = 50 °C. Temnodusnyeckue xapax-
TEPUCTHKH JJIsl MaTeprala IJIAT ¥ TEJIC)KKH MPUBEACHBI B Ta0I. 1.

B mpouecce KOMIMBIOTEPHOTO MOIEIHPOBAHUS WH(POPMAIUS O TeMIIepaType
B KOHTPOJIGHBIX TOYKAaX COXPaHSJIACh B TEKCTOBBIA (haiyl Ui MOCIEAYIOIIETO
ananm3a. [locieayromuii aHaM3 TEKCTOBBIX (ailyIoB POU3BOAMIICS KaK BCTPO-
S€HHBIMH CpEICTBaMHU ITaKeTa MOJEIHMPOBAHWA, TaK W Tporpammon Microsoft
Excel. lns moctpoenust 3D mozeneit pacnpeieieHns: TeMIepaTypHbBIX TOJIEH 110
BceMy 00beMy MoOZAenupyeMoro oOBeKTa MONHas WH(GOPMAIUS O COCTOSHHH
o0BeKTa B ONpe/eiIeHHbIe MOMEHTH BPEMEHH COXPaHsIach B IBOMYHBINA (haiii.
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MoOMEHTHI BPEMEHH AJIsl COXPaHEHHsI OMHAPHBIX AaHHBIX PACCUMTHIBAINCH TaK,
9TOOBl B TEUEHHE BBIYMCIUTENBHOTO SKCHEpUMEHTa coxpaHuiaoch 30 Kaapos
(MOMEHTaNBPHBIX CHUMKOB COCTOSIHHS MOJENH B ONpe/esieHHbIE MOMEHTHI Bpe-
MEHHM) Yepe3 paBHbIC NMPOMEXYTKH BpeMeHH. JlanbHeilmas Bu3yanu3auus Kaji-
POB NpoBOAMIIACH BCTpOeHHBIMHU cpencTBamMu «IIpoTepm-11».

a

Puc. 1. Kommsrotepras 3D mMozens TepMooOpabaTbiBaeMoro 00bekTa (6 CTATbHBIX TUTHT U TENIEK-
Ka): a — OOBEKT U CeKyIlas INIOCKOCTh; O — pacroloXKeHne KOHTPOJIBHBIX TOUEK B 0OBEKTE MOJe-
JIMPOBAHUA U B IIPOCTPAHCTBE II€4N
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Tabruya 1
Tennoduznyeckue cpoiicrea craau 110 I'13J1

Temmneparypa ¢, °C
20 | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000
c, Jok/(xr - °C)| 512 | 512 | 533 | 533 | 542 | 554 | 571 | 580 | 588 | 596 —
A, Br/(M-°C) | 15 15 16 18 19 21 22 24 25 27 27
p, Kr/m® 7839 7817 | 7786 | 7752 | 7714 | 7676 | 7638 | 7600 | 7852 | — —

[Tapamerp

[Ipu npoBeneHNH UCCIIEIOBAHNS UCTIOIB30BAM TPH PEXKUMa Harpena:

1. Pexxum 1 — 0a30BEIN peXXuM Harpena, 3ajaBaeMblii aBTOMAaTHIECKAM yCT-
polictBoM B meud. IIponomkuTensHOCTh TepMOOOPAOOTKY O AaHHBIM PEXUMA
cocrapiszet 21 1 (75600 c¢).

2. Pexxum 2 — omudpoBaHHBIE JaHHBIE OHOM M3 TepMOIap IeYH IpH Harpe-
B€ M0 pexumy 1.

3. Pexum 3 — mMoauuIUpOBaHHBINA pexuM. [IpomomKuTensHOCTh HarpeBa
0 TaHHOMY pexxumy coctapisieT 18 4 (64800 c).

BrruncnurensHble 3KCIIEPUMEHTHI MpoBOAMWINCE Ha OBM co crienyromumu
xapaktepuctukamu: Pentium-1V 3,0 I'u, 1 I'6 O3V, Windows XP SP2. Pacuer
KaKA0T0o UX pexuMoB 3aHuMan 70-80 MuH MammHHOTO BpemeHHu. Jlanee mpen-
CTaBJICHBI Pe3yJIbTaThl BHIYUCIUTENBHBIX 3KCTIepUMeHTOB. Ha puc. 2 nzobpaxe-
HBI TEMIIEpaTypHO-BpEMEHHBIE TUarpaMMbl, WILTIOCTPUPYIOIINE JTUHAMUKY MaK-
CHUMAaJIbHBIX Pa3HOCTEH TeMIepaTyp MEXIy LIEHTPOM IUTUTH U ee KpasMu. BeI-
YHCIIEHHE Pa3HOCTH TeMIIepaTyp MpOBOANUIOCE O (hopMyIie

A]ff:max(l]}l—T/zl, |7}'1_7}3|)’ (3)
rae j — nomep wwatsl (B, C, D, E, F, G).
25 AT, °C

—o—1
—a—3
—o—3
—o—1
——2
—o—3
—o—1
——2
—e—3

Bpewms, 4

0 ] 10 15 20

Puc. 2. 3aBucumocts AT OT BpeMEHH ISl IUTAT HArPEBAEMOro 00BEKTA MPH Pa3IHYHBIX PEKUMAX
HarpeBa: a—pexum 1,6 —2;B—3; 1 —mumtet Bu G;2-Cu F;3—-DuE
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3nauenue napamerpa AT; NMOKa3pIBacT YPOBEHb TI'DAJMEHTOB TEMIIEPATYD,
pa3BHBaeMBIX B 3aroToBKax. PexkomeHmyercs, 4TOOBI B Ipollecce TepmMooOpa-
OOTKM MaKCUMyM pa3HOCTH Temmeparyp He npesbiman 30 °C.

[To mpencraBieHHBIM AUAarpaMMaM BHHO, YTO BCE TPH PEKUMA yIOBIECTBO-
pSAIOT NTaHHOMY oOrpaHuueHuio. [lpudeM MakcuManabHOE 3HAYCHHE PA3HOCTH
TeMriepaTyp s pexkumoB 2 u 3 Ha 10 °C mensbIre, yeM s peskuma 1 (6a30Bo-
To peKuMa HarpeBa MpeIpusTus).

21.]15[ BU3YAJILHOTO KOHTPOJIAA CTCIIEHU HNPOTPETOCTH 3arOTOBKHM HaMH OLILIIO
MPEIIOKEHO HCIIONIb30BaTh €Ile OAWH MapaMeTp, XapaKTepu3yIOMHKA TpoIiecc
HarpeBa 3arOTOBKH: YaCTOTHOE PACIPE/ICICHUE DJIEMEHTOB (KJIETOK) IUTUTHI IO
a0COIOTHOMY 3HAYEHUIO PAa3HOCTH TEMIIEPaTyp MEXKIY SJIEMEHTOM IUIUTHl H
Temrepatrypoil medHoir atmoctepsl. COOTBETCTBYIOIINE pacHpeleNeHUs IS
OIMUCBIBAEMBIX TCPMUUCCKUX PEIKUMOB NPCACTABJIICHBI Ha pHUC. 3.
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Puc. 3. YactoTHOE pacripesiesieHne JIeMEHTOB (KJISTOK) 3aroToBKH 1o napamerpy AT (pa3HOCTB
MEX/y TeMIIepaTypoii HJIEMEHTa 3ar0TOBKH M TEMIIEPaTypOil eyHOl aTMocgepsl) VISl IOCIIeHe-
ro TakTa HarpeBa: a —MWHTHL Bu G; 6 —Cu F;B—Du E; 1 —pexum 1;2-2;3 -3
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BumHo, 9yTOo MO maHHOMY TOKa3areiro pekuM | obecrednBaeT HAWITYYIITHHA
HarpeB IUIAT (TemIepaTypsl Becex kieTok inT B, C, F'u G coBnaaaroT ¢ TeMIe-
paTypoil HarpeBaroiieil cpezpl), a pexuM 2 — Hauxyamwmii. Takxe Ha puc. 3B
MOXHO BUJAETb, UTO MPHU BCEX peKUMax Harpesa miuThl D u E mporpeBaroTcs
XyX€ OCTaJbHBIX. Pe3ylbTaThl KOMIIBIOTEPHOTO MOJETUPOBAHUS IO3BOJISIOT
clIeNnath BBIBOJ: JaHHBIN 3 dekT cBs3aH ¢ TeM, YTO H3-3a KOHCTPYKTHUBHBIX OCO-
OCHHOCTEW TeNIe)KKHU IeHTPAIbHbIC TUINTHI D 1 E UMEIOT KOHTaKT C MaCCUBHOU
OIIOpOY B BHJIE TPAIIEINH, PACTIONIOKEHHOM B LICHTpPE TeJeKKH (puc. 10).

Ha puc. 4 npencraBieHsl TeMepaTypHO-BpEMEHHBIE 3aBUCUMOCTH JIJIS 1IEH-
TPOB UCCIIEYEMBIX IIUT KOMIIBIOTEPHON MOJIEIH MPU HATPEBE MO pekuMamM 1, 2
u 3 coorBercTBeHHO. Ha rpadukax myHKTHPHOH JNHHUEH MOKa3aHO U3MEHEHUE
TeMIEpaTypbl MEYHON CPEeJIbl, YTO COBNAJAET C TEMIIEPATYPHOU KPUBOM HarpeBa
JUIS COOTBETCTBYIOILIETO PEXXKHUMA.
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Puc. 4. TemnepaTypHO-BpEeMEHHbIE 3aBUCHMOCTH ISl IEHTPOB IUTUT NIPU Pa3INYHBIX PEKUMAX
HarpeBa: a — pexum 1; 6 —2; B—3; 1 —meus; 2 —mwmutet B, C, F, G; 3 - D, E
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JlommomHuTENEHO, HA TIPEJCTABICHHBIX JUarpaMMmax CepbhIM IIBETOM 0003Ha-
YeHa TeMIIepaTypHO-BpeMEHHas O0JacTb ONTHMAalIbHOTO TEMIEpaTypHOTO pe-
kuMma 11 3akanku cranu mapku 110 ['13J1. IlpencraBneHHBIE TeMIIEpaTypHO-
BPEMEHHBIE 3aBUCUMOCTH MO3BOJISIOT HAITISIHO OLEHUTh, KaK U3MEHAETCS TEM-
MepaTypHoe MoJie Uik HeHTPOB IIUT. Cle0BaTeNbHO, MOXKHO MPEINOI0KUTh,
YTO MOJWU(UIIMPOBAHHBIA PEXKUM TEPMHUECKOH 00pabOTKH, MPENIOKECHHBIN B
pabote, Hanbonee OJM30K K O0JIACTH ONTHUMAIBLHOTO HarpeBa. Takke Ha Tpe-
CTaBJICHHBIX TpauKax BUIHO, YTO PEXKHUM 2 HanboJjee JAajneK oT 00JacTH ONTH-
MaJbHOTO HarpeBa.
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Puc. 5. IIpocTpaHCTBEHHOE pacHpeiesieHue TEMIIEPATyphl B OJHOM U3 CEYEHHUH MOJEIUPYEMOro
00BEeKTa NPH Pa3IHIHBIX PEKMMaxX HarpeBa M B Pa3IMYHBIC MOMEHTHI BPEMEHH: a — PeXuM 1,
t=1474,6-1,t=203u;8—-2,t1=7u;r—-2,t=189u; n—3,1=12,6 4;e—3,71=18u

Ha puc. 5 npeacrasieHsl mosst TeMneparyp Ui TOBEPXHOCTH U paccMaTpH-
BaeMOT0 CEUeHHUS OTIMBKU «IUIMTa APOOsAIIas» B pa3Hble MOMEHTHl BPEMEHH
Harpesa U Ipu passInYHbIX pekKUMax Harpesa. B HuHel yacTu pucyHKa NpuBe-
JIeHa TeMIIepaTypHO-IIBETOBAs IIKaia, MO3BOJIAIONIAs BU3YaJbHO OIEHHUTH pac-
MpeJieieHne TeMIepaTtyp. AHaIU3UPys MBETOBYIO TaMMY MMOJNyYeHHBIX MOJeH
TEMIIEpaTyp, MOXKHO JIETKO 3aMEeTHTh, YTO JUISI BCEX PEKHMOB HarpeBa MeHee
BCETO HArPEBAIOTCS IICHTPAJIbHBIC TUINTHI, IPHYEM HanboJiee X0JI0AHbIe 001acTH
COOTBETCTBYIOT MECTaM KOHTAKTa TUIUT C TPAIelHueBUIHON OMOPOH W OCHOBA-
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HUEM TEJEXKH. AHAJIOTHYHO M3-32 KOHTAKTa HIDKHUX YacTed KpalHHUX IUTUT
(B u G) c ocHOBaHMEM TeNEKKH HAOIIOAAI0TCs TPoOJIeMBl ¢ UX HarpeBoM. Oco-
OEHHO YeTKO 3TO BUJIHO Ha PHUC. 5B U .

BBIBOJ

Taxkum 00pazoM, MPOBEICHHBIM KOMITHIOTEPHBIN aHaIU3 Ipollecca Harpesa
IpyNNbl OTIMBOK IMOKAa3bIBAET, YTO paclpeAeeHHs IMoyiel TemrepaTyp, WHTe-
TpaJIbHBIC XapaKTCPUCTUKHU W BPEMCHHBLIC 3aBUCHUMOCTH, I10JIy4acMbI€ B IIPO-
rpaMMmHOM T1akete «[IpoTepm-1H», MOTYT OBITH MCIIOB30BAHBI I OOHAPYIKE-
HUA BO3MOKHBIX IPUYUH HEAOTPEBA U HYTCﬁ €ro JUKBHUAAIIMH U TAaKXKEC IJIA I10-
WCKa ONTHUMAJbHBIX BapHaHTOB TEPMHUYECKOW 00pabOTKH 3aroTOBOK IPO-
W3BOJILHOH MPOCTPAHCTBEHHONW KOH(HUIypalHuu B YCIOBHSAX HECTalMOHAPHOTO
TEeMIIepaTypHOro MoJjisl HarpeBatomeil cpeasl. Komnbrotepasie 3D u3o0paxkeHus
[OJIEW TEMIIEPATYP MO3BOJISIEOT OLEHUTh COCTOSIHME MOJEIU U JHHAMHKY IIPO-
Hecca, «yBUAETH» 00JacTH BO3MOXKHBIX HEJIOTPEBOB U MEperpeBoB. Pe3ynpTarhl
MPOBCACHHBIX BBIYUCIUTCIBHBIX 3KCICPUMCEHTOB IMO3BOJIWIN NPEAJIOKHUTL HO-
BBl PEKUM HarpeBa M BBIPa0OTaTh PEKOMEHIAINH 10 TEPMHIYECKOil 00padoTKe
3aroTOBOK, MoJTydaeMbIX Ha npeanpusatun PYIIII «I'panut».
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