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AnHoTauus. Ilens. B HacTosmee BpeMs CyIIeCTBYeT LENbIH psii HE PEHICHHBIX 3a1ad IOBBIMICHUS HAASKHOCTH TPyOUaThIX
ra3oBeix HarpeBareneil (TI'H). [Tpuunnoit paznmuneix aedexkroB TI'H sBisieTcs meperpeB moBEpXHOCTH TPYObI HarpeBaTels, MpH
KOTOPOM MOTYT BO3HHUKATh Ae()OPMAIMU M HPOrapbl CTEHOK. DTH IPOLECCH BO3HHKAIOT B JIMHEIHOW YacTH XapoBBIX TPYO OT
BBICOKMX TEMIIEpaTyp Ta3oB BHYTpH TpyObl. IleperpeBbl MOTYT MOSBIATHCS Takke NPH 3allyCKe HarpeBaTeNs, NPH KOTOPOM
TeMIeparypa 3a KOPOTKUH INPOMEXYTOK BPEMEHHM MOJKET JOCTUTaTh MAKCHMAaJbHON BEJIMYUHBI, IPU 3TOM OTHOCHTEIBHO TOHKHE
CTEHKH TpYOBI IporpeBaroTcss OBICTPO M HepaBHOMepHO. Kak mokasain sSKcrnepuMeHTanbHble uccienoBanus TI'H, Oonpmme
mepenagsl UMEIOT TeMIIepaTypbl II0 IEpUMETPY HapyKHOH ITOBEpPXHOCTH TpyObl HarpeBaress. J[JIs IOBBIMICHHS TOYHOCTH
MaTeMaTHYeCKOT0 MOJICIMPOBaHMs TPYOUaTHIX Ta30BBIX HarpeBaTeliell Npeasiaraercsi yuecTb (akTop BIMSHHS PaCIpefeseHUs
TeMIeparyp MO YIJIOBOM KOOpAWHATE IIOBEPXHOCTH HarpeBatensi. Memoouka. Pabora mocBsAIeHa MAaTeMaTHIECKOMY
MOJICIMPOBAHUIO TETUIOBOTO M THAPABIMYECKOIO PEXHMMOB TPyOUYaTOro rasoBOro HarpeBareis. IIpemmaraercs, 9TO HadalbHBIA U
OCHOBHOH yJacTKM HarpeBaTess He UMEIOT TeTIOBOH M30MALUY M TEIIOBOM MOTOK IepefaeTcs Yepe3 CTeHKY TpyOsl B OKpyXKaroIee
BO3JYyIIHOE MPOCTPAaHCTBO. M3BecTHa MareMaTHdecKas MOJETb YYacTKOB, KOTOpas 3aBUCHT JHUIIb OT OJHOM NpPOAOIBHOI
KOOpPJMHATH! BJIOJb HAarpeBaTelss U COCTOMT U3 JIBYX I'PYIII YpaBHEHWH - ypaBHEHHH TeIUI0OOMEHa W ypaBHEHHMH ABYDKeHUS. [t
MOJy4eHUs] KBa3UABYMEPHOIl MaTeMaTHuecKoW MOJeNU TeMIoBOro M ruapasianueckoro pexumoB TI'H mpennaraercs ydecTb
3aBUCHMOCTh TEMIIEpaTyphbl MOBEPXHOCTH HarpeBaTessl HE TOJNBKO OT JMHEHHON, HO M OT YIJIOBOW KOOpIUHATHL. Pe3ynbmamui.
Paspaborana KBa3paByMepHasi MaTeMaTH4Yeckas MOJENb THAPABIMYECKOTO M TEIUIOBOTO PEXKHMOB Ta30BOro TpyO4aToro
HarpeBaTels, KOTopas MPeACTaBIsIeT COO0H COBOKYITHOCTh OOBIKHOBEHHBIX AH(G(EpEeHINATbHBIX YPAaBHEHHH, IIPH 3TOM ITapaMeTpsl
PSKUMOB 3aBUCSAT KaK OT JIMHEWHOW KOOPIWHATHI, TaK M YACTHYHO OT YIJIOBOH KOoOpAuHATHl. Ha ocHOBe paspa®oTaHHOW Momenn
MOXKHO peIIaTh MpsIMyIO 3aJady pacdeTa MapaMeTpoB HArpeBaTells ITyTeM YHCICHHOTO WHTeTrpHupoBaHMs. Mopens OCHOBaHa Ha
YPaBHEHHUSIX COXPAHEHMS MAcChI, IBIDKEHHS W SHEPIHH, a Takke TerioBoro OamaHca. IIpm 3ToM paccMaTpuBaimnCh JBYMEPHBII
CTaI[MOHAPHBIN TEIIOBOH M I'MIPaBINYECKUI PEXUMBL J[0CTOBEpHOCTH IByMEPHOW MaTeMaTH4eCKO MOJENIH ra30BOro TpyouaToro
Harpesarens oOecreuuBaeTcs TEM, YTO OHa pa3paboTaHa Ha OCHOBE O3KCIICPHUMEHTANIbHBIX MCCICIOBAHMH M OCHOBaHa Ha
MaTeMaTH4eCKOH MOJIeM TPYO4aTOro ra3oBOTO HarpeBartels, JAOCTOBEPHOCTb KOTOPOW 3KCIEPHMMEHTANIbHO JoKazaHa. Hayunas
nogusna. IlocTpoeHa kBa3uaByMepHass Mmaremaruueckas moaens TI'H Ha ocHOBe SKCIEpHMEHTAJbHBIX AAHHBIX pacHpeaeiIeHus
TeMIIepaTyphsl 10 MEpHUMEeTPy TPyOUaToro ra3oBOr0 HarpeBaTels B 3aBHCHMOCTH OT KOHCTPYKTHBHHX M PEXHMHHUX NapaMeTpOB.
Ilpakmuueckas 3nauumocms. VICIONB30BaHNE MOJIEIH I PAacIETOB ITOMOXKET HOBBICUTH 3()()EKTHBHOCT IPOSKTHBIX PEIICHUH H
Ka4ecTBO (DYyHKIMOHHPOBAHUS TPpyOUaToOro ra3oBoro Harpepatemns. IIpenymoxkeHHass MaTeMaTHIeCKass MOJETb MO3BOJIHUT IMPOBOANUTH
HCCIIeIOBaHus Npu pacuere HanexuHoctu TIH.

Kniouesvie cnosa: TpyOdaThle Ta30BbIe HarpeBaTeNld, HAJe)KHOCTh, KBa3HIBYMEpHAas MaTeMaThdeckas MOJeNb, CHCTeMa
ypaBHEHUI.
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AHoraniss. Mera. Huni € uinuii psin He BHpILICHHX 3a/ad MiABUINCHHS HamidHOcTi TpyOuactux razoBux HarpiBauiB (TI'H).
Ipuunnoro pizuux nedekrie TTH € meperpiB moBepxHi TpyOH HarpiBada, IpH SIKOMY MOXYTh BHHHKATH JAedopmanii i mporapu
ctiHok. Lli mpouecn BHHUKAIOTH B JIiHIMHIA YaCcTHHI jKapoOBHX TPyO BiJ BHCOKHX TeMIlepaTyp rasiB BcepeauHi TpyOu. Ileperpisu
MOXYTh 3'IBILITUCS TAaKOXX IPH 3allyCKy HarpiBada, IpH SKOMY TeMIlepaTypa 3a KOPOTKHH INIPOMDKOK dYacy MOXe JOCATaTH
MaKCHMaJbHOI BEJIWYMHM, NPH IIbOMY BiHOCHO TOHKI CTIHKH TPYOM INpOTpiBarOThCS MIBHAKO 1 HEpiBHOMIpHO. Sk mokasamm
eKCIiepUMeHTaNbHI  pocmimkenHss TT'H, Benuki mepermagy MaroTh TeMIepaTypu IO HEpHMETPY 30BHIIIHBOI MOBEpXHI TpyOH
HarpiBada. /71 MiJBHUINEHHS TOYHOCTI MAaTEMAaTHYHOTO MOJIETIOBAHHS TPYOUYaCTHX Ta30BHX HarpiBadiB IPOIOHYETHCS BpaxyBaTH
(akTOp BIUIMBY pO3MOALTY TEMIEpaTyp MO KyTOBI KOOpAMHATI IOBEpXHI HarpiBaua. Meroauka. PoGoTta mnpucesyena
MaTeMaTUYHOMY MOJICIIOBAHHIO TEIJIOBOTO 1 TiAPaBIiYHOTO PEXUMIB TpyOUacToro ra3oBoro HarpiBauda. [IpomoHyeThcs, o
MOYaTKoOBa Ta OCHOBHA IUISHKM HarpiBada HE MarOTh TEMJIOBOi 130JIALii 1 TEMJIOBHH IMOTIK MEPEAAEThCS Yepe3 CTiHKY TpyOH B
HaBKOJMIIHIK TOBITPAHUHM mpocTip. Bimoma MmarematnuHa Mozedb IUISHOK, fKa 3aJ€XHUTh JIMIIE BiJ OJHIE] MO3IOBXKHBOI
KOOpPIWMHATH Y3/I0BXK HarpiBada i CKJIaHaeThCs 3 JBOX TPYN PIBHAHb - PIBHSAHb TEIUIOOOMIHY i PIBHSAHB pyxy. [ OTpHMaHHS
KBa3iIBOBUMIPHOI MaTeMaTHYHOI MoJeni TemioBoro i rigpasimigHoro pexxuMiB TI'H mpomoHyeThcs BpaxyBaTH 3ajIeXKHICTB
TeMIlepaTypH IIOBEpXHI HarpiBaya He TUIBKM BIJ JIHIHHOI, ame ¥ Big KyToBoi koopauHatu. PesyabTaTtH. Po3pobiena
KBa3iIBOBUMIpHAa MaTeMaTHYHa MOZENb TiAPaBIiYHOTO 1 TEINIOBOTO PEXHMMIB ra30BOro TpyOdUacToro HarpiBada sBise co0OI0
CYKYITHICTD 3BHYAHUX TU(epeHIiaTbHIX PiBHSHD, IIPH [[bOMY IapaMeTpH PEXHMIB 3aJeXaTh SK BiJ JIHIHHOI KOOpIUHATH, TaK i
YacTKOBO BiJ KyTOBOi KoopauHaTH. Ha ocHOBI po3pobieHoi Mojeni MOXKHA BHPIIIYBAaTH MPsAMY 3a/ady PO3PaxyHKY MapaMeTpiB
HarpiBaya HUITXOM YHCENBHOTO iHTerpyBaHHA. MoJenb 3aCHOBaHA Ha PIBHAHHIX 30€pPEeKCHHS MacH, pyXy Ta €Heprii, a TaKox
TemwioBoro Oanancy. [Ipu mpoMy po3risaanucst TBOBUMIPHHH CTalliOHApHUW TEIUIOBHH 1 TiApaBmiyHHNA pexuMH. J0oCTOBipHICTH
JIBOBUMIpHOi MaTeMaTHYHOI MOJENI ra3oBOT0 TPyO4acTOro HarpiBada 3a0e3MedyeThCsl THM, IO BOHA PO3pPOOJICHAa Ha OCHOBI
EKCIIepUMEHTAIBHUX JOCHIKeHb Ta 3aCHOBAaHA Ha MaTEMaTHYHIH MOJENi TpyO4yacToro ra3oBOoro HarpiBada, JOCTOBIPHICTB SIKOT
eKCIlepUMeHTaIbHO JoBefeHa. HaykoBa HoBm3Ha. [loOymoBana kBasimBoBMMipHa MartemarmuHa Mopens TI'H Ha ocHOBi
EKCIIepUMEHTAIBHUX JaHUX pO3IONUTy TEMIIepaTypH MO IepUMeTpy TpyOdacToro Tra3oBOrO HarpiBaya B 3aJeKHOCTI BiX
KOHCTPYKTHBHHMX 1 peKMMHHX mapameTpiB. IIpakTtmyna 3HaumMicTb. BukopucTaHHs Mozenmi Uil po3paxyHKiB JOHOMOXYTb
MiABAIIATH €(QEeKTUBHICTh MPOEKTHUX pillleHb Ta SKICTh (PYHKIIOHYBaHHS TpyO4acTOro ra3oBOrO HarpiBada. 3ampoIlOHOBaHA
MaTeMaTHYHa MOZEINb TO3BOJIMTH IIPOBOIUTH JOCIIDKEHHS ITPU po3paxyHKy HamiliHocti TTH.
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Abstract. Purpose. Currently, there are long line of unsolved tasks of increase the reliability of the tube gas heaters (TGH). The
cause of various defects in TGH is overheating of the surface of heater. As a result the strain and burnout walls is appeared. These
processes can be in the linear part of the flame tube from the high temperature gas inside the pipe. The overheating can be arised
during starting too. The temperature can reach the maximum value in a short term. The relatively thin walls of the tube are heated
fast and unevenly. According to the experimental researches of TGH the temperature have a large fluctuant of temperature along the
perimeter of the outer surface of the heater. Is proposed to take into account the factor of influence of the temperature distribution in
the angular coordinate on the surface of the heater for increase of accuracy of mathematical modeling of tube gas heaters.
Methodology. This work is devoted to mathematical modelling of the thermal and hydraulic regimes in tube gas heater. It is offered
the beginning and main parts of the heater do not have a thermal insulation and heat flux is transmitted through the pipe wall into the
surrounding airspace. The well-known mathematical model of the parts depends on the only coordinate longitudinal position along
the heater and consists of two groups of equations such as heat transfer and motion. Is proposed to take into account the dependence
the surface temperature of the heater not only from the linear coordinate but also from the angular coordinate for getting quasi two-
dimensional mathematical model of thermal and hydraulic regimes TGH. Findings. It was developed a quasi two-dimensional
mathematical model of the hydraulic and thermal regimes of gas tube heater. There are a set of ordinary differential equations. The
parameters of regimes depend on both the linear and partly on the angular coordinate. According to the problem can solve by direct
calculation of the parameters of the heater by numerical integration. The model is based on the equations of preservation of mass,
movement and energy also on heat balance. The two dimensional stationary thermal and hydraulic regimes was calculated. Accuracy
of data of a two dimensional mathematical model of gas tube heater is proved. It is based on experimental researches of a
mathematical model of the tube gas heater. Originality. The quasi two- dimensional mathematical model TGH is constructed. It was
based on experimental researches of temperature distribution along the perimeter of the tube gas heater in dependence on the
projecting and regimes characteristics. Practical value. Using of the models for calculation results will help to improve the
efficiency of design decisions and the quality of the functioning of the tube gas heater. That model will allow the investigate of
TGH.
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BBeaenue

IloBbllIeHHEe HANEKHOCTH  TPyOUaTBIX Ta30BBIX
HarpeBateneil (TT'H), a Taxyke HpPOEKTHBIX peLIeHUH C
HarpeBaTelsIMU  SIBISeTCd  aKTyalbHOM  3amadeid.
[puunsoit pazmmuneix nedextoB TT'H wacto sBnsercs
MEpeTpeB  MOBEPXHOCTH TPyOBI HAarpeBaTelss, NpH
KOTOPOM MOTYT BO3HHKaTh JedopmManuy u TIPOrapbl
CTEHOK. OJTO BO3HHMKAaeT OT BBICOKHX TEMIIEpaTyp
OMBIBAIOIIMX Ta30B, KOTOPBIM IOABEPraeTcs JIMHEHHAs
4acTh JKapoOBBIX TPyO Harpemarteneid. [leperpeBbl MoryT
MOSIBIIATBCSL TAKXKe IIPU 3alyCKe HarpeBarens, MpH
KOTOPOM TemIeparypa 3a KOpPOTKHH TPOMEXYTOK
BPEMEHU MOXXET JIOCTUTaTh MAaKCUMaJbHOW BEJIWYMHBL,
IpU  3TOM OTHOCUTEIBHO TOHKHE CTEHKH TpYOBI
MPOTPEBaIOTCs OBICTPO ¥ HEPABHOMEPHO.

Kak mnokaszanu sKcHepHUMEHTANbHBIE HCCIEAOBAHUS
Tr'H [7], TemmepaTypsl HMEIOT OONBIINE Tepenanbl Mo
HEPUMETPY HapyKHOU MIOBEPXHOCTHU TpyOBI
HarpeBaTes. Jns MOBBIILIEHHS TOYHOCTH
MaTeMaTHIECKOTO MOJEIHPOBAHMSA TPYOUaThIX Ta30BBIX
HarpeBaTeiell IpeiaraeTcss y4ecTb (AaKTOp BIUSHUSA
pacipezeneHus TeMIeparyp 1o yrioBoi KoopJuHaTe

Heasn

CraBunace 3agada pa3paborare KBa3HIABYMECPHYIO

MaTeMaTHYECKYIO MOJEIb TI'H Ha OCHOBE
OKCIICPUMEHTAJIbHBIX JaHHBIX pacopeacjacHus
TEMIIEpaTypbl 1O MEpPUMETpy TpyO4aToro rasoBOro

HarpeBateilsd B 3aBHCHMOCTH OT KOHCTPYKTHBHUX U
PEKUMHUX TTapaMeTpoB.

MeTtoanka

Bbbin paccMOTpeH HadalnbHBIM U OCHOBHOM YYacTKH
TpyO4aToro ra3oBOTO HarpeBaTelsl, IJe IPOUCXOIMT
BBIJICICHUE TEIUIa B JBIDKYIIUICS TOTOK T'a30BO3AYIIHON
CMeCH IpU CTOpaHHUHU Ta30BOro (hakerna.

IIpennonoxum, 4TO HaYyaJIbHBIN Y4aCTOK
Harpesaressl He MMeEET TEIUIOBOM U30JIALMU U TEIIOBOI
MIOTOK TEepPEeAaeTCs uepe3 CTEHKY TPyOBI B OKpy’Karoliee
BO3YIIHOE MPOCTPAaHCTBO. MaremaTHdyeckass MOJENb
Ha4yaJbHOTO y4acTka [2] cocToMT M3 JBYX TIpymn
YpaBHCHWH - ypaBHCHHH TeIIOOOMEHa W ypaBHEHHHA
JBIDKeHUS. B 3TOM cilydae TeyeHnme M TEIIOOOMEH —
CTallMOHAPHBIE MPOLECCH U MapaMeTPhl ra30BO3IYIIHON
CMecH  3aBUCAT JIUIIb OT OJHOM  HPOAOJIBHOU
KOOPAWHATHI BIOJb HarpeBaTes.

B pabotax [4,6,10] npemmaraeTcst YrcieHHas MOICITH
ra30JMHAMHYECKAX MPOIECCOB IBYX(a3HOH cpensl B
yCTpoMcTBax paznyHOM KOH(UTYpaITiH. Hnst
MOJICIMPOBAHMSI TIPOIIECCa HCIIONB3YETCS OCpPEIHEHHAS
mo PeiHonmpacy cucrema ypaBHennii HaBpe-Ctokca. B
MIPUBEJCHHBIX YPAaBHEHMSX ra30BOM JUHAMUKU BBEAEHO
MHOTO  SMOHMPHYECKHX  KO3()(UIMEHTOB, KOTOpBIE
TPYAHO ONPEAETUTE.

Onupasice Ha pe3ynbTaTsl [3,8] i1 HadalbHOrO
ydacTKa M ypaBHEHMs TEIUIOOOMEHa M ABMKEHUS IS
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OCHOBHOT'O y‘IaCTKa, MaTeMaTI/I‘{eCKyIO MOACJIb
HAa4YaJIbHOT'O yqaCTKa MOKHO 3aucaTthb B BUJIC:
YpaBHeHUs Tem1000MeHa
dQ, :”Ddxal(T_Twi) 1)
dQ,; =7 DdXcye (T4 ~Twi )10(_8) @)
A

4Q, = 7D dx = (T~ Tuo) @3)
dQ;=~Ddxc, ¢, (T\,‘t0 — T(f )10(_8) )
dQ4 :”Ddva(Two _To) 5)
dQ, =dQ,, +dQ,, (6)
dQ, =dQ, (M
dQ, =dQ; +dQ, 8)

dlpwFC, T)=-dQ; +dQ,, mpu 0<x<L¢ (9)
dQ,/dx=Q, /S 27 - y; (X),mpu 0 < X < L (10)

dQ, -

ra3oBo3aywHoii cmecu K Tpy6e; dQ, - Temnosoit noToxk,

rae TEIUIOBOI IIOTOK, Hepez[aBaeMLIﬁ oT

HEepeaaBaeMblii  TEIUIONPOBOJHOCTBIO YEpPE3  CTEHKY
py6sr; dQ, - TemnoBoif mOTOK, mepenaBaeMmblii
W3Ty4eHHEeM OT CTeHKH TpyObl B  OKpy’Karoliee

npocrpancto, 0Q 4~ TEIUIOBOM IIOTOK, NEPENaBAEMBIN

TPYOBI
KO3 urmeHT

KOHBGKL[I/Ieﬁ OT CTCHKH B OKpYxkKarouiee

MMPOCTPAHCTBO, (7.1 - TCIIo0oTAa4YMn  OT

MOTOKa Ta30BO3JYLIHOW CMECH K CTEHKE HarpeBaTels;
&, - KOOPQUIUEHT TEIUIOOTAAYH OT HAPYKHOU CTCHKH B
OKpYXKarolee MNpOCTPaHCTBO;, | TeMIeparypa

ra3o0BO3IYIIHOM cMecH; |, - TeMImeparypa BHYTpEHHEH

T

wo

CTeHKH TPYOBHI;
TpyOs;, X -
Harpesatens; A, O - COOTBETCTBEHHO KOI(D(HIMEHT
TEMIONPOBOAHOCTH MaTepHaja CTeHKH, ToJuHa; D-

Ch

- TeMIlepaTypa HApyXKHOU CTEHKH

JIMHEHHAs KOOpAUHATa IMOBEPXHOCTHU

HapyXHbI JUaMeTp HarpeBarels; - uzobapHas

TEIUIOEMKOCTh Ta30BO3AYIIHONH cmech; Qo — oOmmwmii
TEIJIOBOM MOTOK OT CrOpaHMs FOPIOYETO raza B rOPesKe;

L; - obmas mmmHa rasoBoro dakena, Sf - ILTOIIATb
nosepxHocty (akena, Y; - paauyc (QpoHTa TropeHws,

MOTyT OBITH OINPCACIICHBI MPXU IMOMOINHU SMIHUPUYCCKUX
YpaBHEHHUM.
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YpaBHeHuUs ABUKEHUS

2

w
—A-dx/D-p7+dh-(pa—p)-g (11)

dp

do=(dp — pRdT)/RT (12)

dw=(—pwdF —wFdp)/ pF (13)

rac: p - IINIOTHOCTh l"a30BO3,HyIHHOI>i cMmecu; W — cpeHss

JIMHEIHAsi CKOPOCTb JABMI)KEHHUS Ta30BO3AYIIHONM CMECH
mo wminydaromeil Tpybe; F — miomans momepedHOTro
ceueHuss TpyOer; P, T — aOCONIOTHBIE JaBIICHHE W
TeMIIepaTypa ra30BO3LyITHOH CMECH B JAaHHOM CCUCHHHU
n3nmydaromei  Tpyos;; R ra3oBasi IOCTOSTHHa,
3aBHUCAINAs OT COCTaBa Ta30BO3IYLIHOH CMeCH IIOcie
MOJIHOTO CrOpaHMsl Troproyero rasza; dp — mepenan
JIABJICHUS TA30BO3/YIIHOM CMECH Ha yJdacTKe JUtnHo# dX;
A - xo3dduimenT Tpenus.

Jng nmonydeHusl KBa3UIBYMEPHOM MaTeMaTHUYECKOH
MOJIETIM TEIUIOBOTO W THApaBiIndeckoro pexkumon TT'H,
TIpeAsIaraeTcs paccMmaTpuBaTh 3aBUCHMOCTb
TEMITEpaTyphl MIOBEPXHOCTH HarpeBaTellsl Kak (pyHKIHIO
OT JIMHEMHOM U YIJIOBOM KOOPAMHAT:

Twi :Twi (X’ ¢)

Tuo = Two (X, 9) (14)

TO =const,

rie @ —yrnoBas KOOp/AWHATA MTOBEPXHOCTH

HarpeBarensi; T, — abconoTHas TeMIieparypa

OKpYXKalolIeH cpeibl B OTOMUTENLHOM MTOMEIICHUU.
Ucxonss w3 3aBucumoctu  (14),  pas3BuBas

9KCIIEPUMEHTANIbHBIE HCCIeI0BaHus [/], mpemioxeHo
Maremarnueckyo mojensb (1)—(13) uamenuts, a UMEHHO
TEIUIOBbIE MIOTOKH MPEJICTABUTH B BUJIE:

2

dQy =D/2 [T ~T,i(x.0)] dpdx (15
0

2z
dQ,, =%co [e[T*Thxo)] dpdao™® e
0
2z
[2 [T (00) - T2t] dp 20 (17)
0

D
d =—
Qs 5 €o

D 2z
dQ3r< :E J‘az[Two(Xiw)_To] dedx (18)
0

195

2z
DA
dQZ = E g J[Twi (X7 (0)_ Two (X7 ¢)]d¢ dx (19)
0
dQy, +dQy, =dQ, =dQ4, +dQs;,, (20)
rae & - dSbQexkTHBHas CTeNeHb 4YEPHOTHl IIpU

U3IY4YeHUU Ta30BO3IYIIHON cpeasl Ha BHYTPEHHIOIO

CTEHKY TpYyObI;, ,&, - 3(QdeKTHBHas CTEeNeHb YEPHOTHI

Marepuana HapyXHOW MOBEPXHOCTH HarpeBaTes.
3aBUCUMOCTh TWO = ((0) MOJKHO OIpEAEIUTh Ha

OCHOBE 3KCIICPUMEHTAJBHBIX HCCICIOBAHUN, HAIIPUMEP
B BHUJE:

Tuo(®) _¢(, T, D).

wo,,

(21)

Cucrema anrebpamueckux ypaBHeHuit (15)—(20)
CTAHOBUTCA 3aMKHYTOW. UMCIIEHHOE HUHTErpUPOBaHUE
cucteMbl (1)—(21) MOXHO BBINOJNHATH CJEAYIOIINM
obOpa3oM. VYpasuenue (15)—(19) MoxxHO npuBeCTH K
YPaBHEHMSIM B BHJE KOHEUHBIX Pa3HOCTEN HA MHTEpBaje
AX, OSTH ypaBHEHHS MOXHO pacCMaTpuBaTh Kak
3aMKHYTYIO CHCTEMY HEJMHEHHBIX YpaBHEHUH

T n T Iocae

OTHOCHTEIILHO  Temneparyp Ty, Woep

OMPCACIICHUA 3THUX TEMIIEPATYP MOKHO BBIYUCIHTHL BCC

COCTAaBIIAIONINE TEIUIOBBIX IOTOKOB M  YHCJIEHHO
HHTErpupoBaTh  cuctemy  ypaBHeHuit  (11)—(13),
HampuMep, MeToJoM Ditniepa.
PesyabTaTsl
Pazpaborana  kBasmaByMepHas  MaTeMaTHYECKas
MOJIETIb THU/APABIMYECKOTO M TEIUIOBOTO  PEKUMOB
ra30BOTO TpyO4aToro HarpeBares, KOTOpast

MPE/ICTABISIET COOOH COBOKYHMHOCTh OOBIKHOBEHHBIX
muddepeHInanbHbIX YpaBHEHUH, IPH 3TOM IapaMeTphl
PEKMMOB 3aBUCAT KaK OT JIMHEHHOH KOOPJIMHATHI, TaK U
YaCTUYHO OT yTJIOBOW KOOPIUHATHI.

Hayqﬂaﬂ HOBHU3HA U NTIPAKTHYECCKASA 3HAYUMOCTDH

Hcnonp3oBaHWE MOJETH ML PAcUETOB IIOMOXKET
MOBBICUTE A(PPEKTHBHOCTh IMPOEKTHBIX pPEIICHUH U
Ka4ecTBO (PYHKIIMOHHUPOBAHMUA TPyOYaTOro Ta30BOTO
Harpesares.

BruiBoABI
[ocTtpoena KBa3uJByMepHas MaTeMaTHu4yecKas
mozaens TT'H Ha oCHOBE 3KCHEPHUMEHTANbHBIX JaHHBIX
pacnpeneseHus TeMIIepaTypbl §(0) EpUMETPY

TpyO4aToro razoBOro HarpeBaTeisi B 3aBHCUMOCTH OT
KOHCTPYKTUBHHX U PEKUMHHUX I1apaMeTPOB.
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