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OBIIAS XAPAKTEPUCTHUKA PABOTbBI

AKTyasbHOCTBH pa0doThI. [Ipor3BoACTBO pe3nHOTeXHIYeCKuX m3aenuii (PTH)
HMeeT yCTOHUYMBYIO TEHACHIUIO K YBEINYEHHIO. B CBSI3M ¢ 9THM BO3HHKaeT HeoO-
XOIUMOCTb MOJEPHH3AIMU YCTapeBIIEro U CO3JaHUs HOBOTO OOOPYNOBAaHUS, BBI-
ITyCKAIOIIEr0 KauyeCTBEHHYIO IPOAYKIUIO C HAMMEHBIIMMH H3JeP>KKaMU IIPOU3BOJI-
CTBa.

HanGonee wacto PTU m3roraBIMBaroTCss METOIOM TOPSYETO IIPECCOBAHMS.
Jls MX ByJNKaHHM3aIlMM B METAJUIMUECKUX Ipecc-(GopMax MPUMEHSIOT B OCHOBHOM
THIPaBINYECKUE BYJIKAHM3ALMOHHBIE IPECCHl C MHAYKIMOHHBEIMH HarpeBaTeNbHbI-
MH JIEMCHTaMH.

KagectBo PTU Bo MHOrOM onpesiensiercss paBHOMEPHOCTBIO TEMIIEPAaTypPHOTO T10-
111 B 00beMe m3nenus. Ha paBHOMEPHOCTB OIS OKa3bIBAIOT BIIMSIHIE MHOTOYHCIICHHEIS
¢akropsl. [Ipexne Beero, 9T0 mapameTpsl mpecc-(hopMbl, CHCTEMEI ¢ 000rpeBa 1 BHEII-
HETo TEIUIOOOMEHA, a TaKKe PACIONOKeHHe Ipecc-(GOpMBI Ha IOBEPXHOCTH ILUIUTHI,
TerIo(pU3nYeCcKie CBOWCTBA MATEPUANIOB IUIUTHI M Npecc-(QOpMbI, ITapaMeTPbl CUCTEMbI
aBromarudeckoro ynpasiennst (CAY) TemnepaTypoil HarpeBaTeIbHbIX IUIHT.

3agaun MOJAETMPOBAHUS HECTALIMOHAPHOTO HarpeBa CUCTEMbI IIMTa—IIpecc-
(opma—u3enue NpeACTaBISIIOT 0COOYIO CIIOKHOCTD B CBSI3H C TEM, YTO MX HEOOXO-
MO paccMaTpUBaTh KaK TPEXMEPHBIE, C yYETOM HEIMHEWHBIX 3aBUCHMOCTEH
CBOMCTB MaTepuanoB OT TemnepaTypbl. [Io 3TON mpuuMHE penieHue MPUKIAIHBIX
3a71a4 MPOEKTUPOBAHUS U pacyeTa IEMEHTOB MPECCOBOT0 000PYIOBAHHS C HCIOJb-
30BaHHEM COBPEMEHHBIX METOJ0B MAaTEMAaTHYECKOTO MOJEIMPOBAHHS M BBIYMCIIH-
TEJILHOTO 3KCIEPUMEHTA SIBIISIETCS aKTyalbHBIM.

PaGora  BBIMONHsAMace B paMKax [ 'OCymapCTBEHHOIO  KOHTpakTa
Ne 02.740.11.0624 Metopl, aaropuT™Mbl ¥ IpOrpaMMHOE obecrieueHue pa3pador-
KH BUPTYaJIbHBIX MOJIENel TEXHUYECKHX OOBEKTOB Ul 00ydeHHs CNELHATHCTOB U
CO31aHUsI NPUKIAIHBIX HH(GOPMALMOHHBIX CHCTEM» (eepalbHOil LeneBoil npo-
rpamMmbl «HaydHble U Hay4qHO-TIEZJATOTUUECKUE KaJpbl HHHOBALMOHHON Poccun» Ha
2009 — 2013 0x1p1.

O0BbeKkTOM HCCIe0BAHUSI B paboTe SBISIOTCS HECTAI[MOHApHBIE TEIUIOBBIE
MIPOLIECCHl B JIEMEHTaX BYJIKaHH3AHMOHHBIX IPECCOB C MHIYKIMOHHBIM CHOCOO0OM
Harpesa.

IIpeqveToM mMcciIeIOBaHHMSI SIBISIIOTCS MAaTeMaTHYECKOE MOJEIHPOBAHUE
Iporecca HeCTAOHAPHOTO HarpeBa IUINT, Ipecc-(hopM U ByIKaHH3YEMBIX U3/1SIIUH
B YCJIOBUSIX BHEIIHETO TEIUIOOOMEHA; METO/IbI pacyeTa M ONTHMH3AIMH I1apaMeTpoB
HarpeBaTeIbHBIX IUIHT.

Iensro padoTsI sBISIETCS Pa3pabOTKa METOVK TEIUIOBBIX PACYETOB, METOIOB
MIPOEKTHPOBAHUS U ONTUMHU3AIUY WHIYKIIMOHHBIX HAarpeBaTeNbHBIX IUTHT IPECCOB,
OCYIIECTBISIIOIIX Tporiecc Byakanu3anun PTU B merayummueckux npecc-opmax B
COOTBETCTBUH C TPEOOBAHUSIMHU TEXHOJIOTHIECKOTO PETrJIAMCHTA, a TakKe HMCCIENO-
BaHue YpdexTuBHOCTH MTpecc-GopM. s TOCTHKEHHS NN HE0OXO0IIMO:

— OCYIIECTBHUTH IIOCTAHOBKY 3aJladll TEIUIOBOTO pacdeTa WHIYKIMOHHOH Ha-
rpeBaTeNbHON IUINTHI BYJIKaHU3AI[MOHHOTO Mpecca;

— pa3paboTaTh MaTEMAaTHYECKYIO MOJIE/b HarpeBa IUIUTHI B YCIOBUIX BHEII-
HETO TEII000MeHa,

— pa3paboTaTh MaTeMaTHYECKYyIO0 MOJENb Harpesa IUIUT, Ipecc-hopM U u3-
JIEUi B yCIIOBUSIX BHEIITHETO TETIO0OMEHaA;



— OCYIIECTBHUTH BBHIOOpP METOAA PEIICHHS ypaBHEHHH MaTeMaTHIECKUX MO-
neneit ¥ pa3paboTaTh METOJMKY TEIUIOBOTO pacyeTa TeMIIepaTypHBIX MoJiel HHIyK-
LOHHBIX HarpeBaTeNIbHBIX IUIUT IPEeccoB JuIs u3rotoBienus PTU;

— pa3paboTaTe METOAWKY OLEHKH 3(PQeKTHBHOCTH mpecc-pOopM Ul U3ro-
tosienuss PTU u cucreMs! ux o6orpesa Ha ByJIKaHU3ALHOHHOM IIPECCE;

— OCYWIECTBHUTH (HOPMAIM30BAHHYIO ITIOCTAHOBKY M Pa3pabOTaTh METOIUKY
peleHns 3aaui ONTUMU3ALUHN KOHCTPYKTUBHBIX M IKCIUTyaTalHOHHBIX XapaKTepu-
CTHK TIJIUTHI.

Hayunas HoBU3HA

1. Paspaborana maTemaTHueckass MOJENb HECTAI[MOHAPHOTO Ipollecca HH-
JYKIIMOHHOTO HarpeBa OJMHOYHOM IUTHTHI BYJKaHHM3AIlMOHHOTO IMpecca C y4eToM
aBTOMATHYECKOTO PETYIUPOBaHMs paboueil TemIeparypbl, KOTOpas YYUTHIBAeT
3aBUCHMOCTH MOIIHOCTEH MHAYKTOPOB M KO3()(HUIIMEHTOB BHEIIHETO TEII000MeHa
OT ycnoBuil HarpeBa. AEKBaTHOCTb MOJENHU MOATBEPKAEHA CPAaBHEHUEM PE3yIIbTa-
TOB PEIIEHUS] MOJIENH C PE3YNIbTaTaMH MPOMBIIIEHHOTO SKCIIEpUMEHTA.

2. Pa3paborana MareMaTH4eckass MOJENb HECTALMOHAPHOIO Ipolecca Ha-
rpeBa CHUCTEMbl MHIYKLHOHHAs HarpeBaTeibHas miamra—tpecc-¢popma—PTU, Bnep-
BbIE NTO3BOJIAIOLIAS ONPENENATh TemrneparypHoe nosie B PTU B npouecce BysikaHu-
3allMM M BBIABIATH HEOOXOJMMOCTh U3MEHEHHs MapaMeTpoB Npecc-popM U Harpe-
BaTebHBIX ILINT, a Takke CAY TemnepaTypoil BylIKaHU3aLHU.

3. Pazpaborana meroxnka oueHkH 3((GEKTUBHOCTH Ipecc-(hopM IS U3ro-
topnenuss PTM Ha ByJkaHH3aIMOHHOM IIpecce, OCHOBAHHAsh Ha MaTeMaTHYeCKOit
MOJIENN CTallMOHAPHOTO HarpeBa OJMHOYHOM Ipecc-(hOpPMBI B YCIOBHSAX BHELIHETO
TEIIO00MEHA, IO3BOJIAIONIAS OLIEHWBATH BIMSHHE KOHCTPYKIMH Ipecc-popM Ha
PaBHOMEPHOCTH TEMIIEPATYPHOTO MOJIS B U3AEIUSIX.

4. IlocraBieHa U pelleHa 3aJada ONTHMH3AIMHU [TapaMeTPOB HarpeBaTeIbHON
IUTUTHI BYJIKAaHU3AI[HOHHOTO IIpecca, IpelycMaTpHBaloas MHHIMHU3AMHUIO Hepera-
Jla TEMIIEPaTyp 10 pabodeil HOBEPXHOCTH ILUIUTHI, METOJ[ pELIeHHsT KOTOPOH OCHOBAaH
Ha ITOCTPOEHHH, NPOBEPKE aJCKBATHOCTH H ITOUCKE YKCTPEMyMa MOBEPXHOCTU OT-
KJIMKA KPUTEPHST ONTHMAIEHOCTH.

MeToanka nccjeJ0BaHUS OCHOBAaHA HA HCIIOIb30BAHMU METOJJOB MaTeMaTH-
YEeCKOTO MOJIEIMPOBAHMS M ONTUMU3ALUM, CUCTEMHOTO aHAIN3a W IIAHHPOBAHHS
JKCIICpHMEHTA.

IIpakTnyeckne pe3yabTaTsl padorsl. [IpakTHdeckas 3HaUUMOCTH pabOTHI
OTIPEAENAETCS] BO3MOKHOCTBIO HCTIONb30BAHHS Pa3pabOTaHHBIX METOUK AT pacue-
Ta CYyMIECTBYIOIIMX M MPOEKTHPOBAHHSA HOBBIX IIMT NpeccoB. CaMOCTOSTENbHYIO
MPaKTUYECKYI0 3HAUUMOCTh UMEIOT CIEYIOLINE PE3YIbTaThl PaObOThI:

1. TIpeutoxxeHs! TOAX0/BI K IPOSKTHPOBAHUIO HOBBIX M OLCHKE 3 {EKTUBHO-
CTH CYILIECTBYIOLIMX HarpeBaTEIbHBIX IIJINT:

— UHTEeTpanbHbIA, NpeaycMaTpHUBaIONIMi (HOPMUPOBAHUE PABHOMEPHOTO
TEeMIIEpPaTypHOTO MOJIs Ha Bcel paboueil MOBEPXHOCTHU IIUTHI;

— nuddepeHunanbHbI, MperycMaTpuBaomuil GopMUPOBaHUE JIOKATBHBIX
TEMIIepaTypHBIX 30H Ha pabodell MOBEPXHOCTH IUIUTHI C Y4€TOM I'€OMETPHU H3r0-
TaBJIMBAEMbIX Ha MIPecce U3/ISIIHH;

— KOMIUICKCHBIH, TpegycMarpuBarommi (opmupoBanue TpeOyeMoro Tem-
IIepaTypHOTo T0JIs B 00beMe U3/IeNHs B IIPOLiecce BYJIKaHU3aIWH, B OCHOBE KOTOPO-
IO JIOKUT MOJIETHPOBAHUE HECTAI[MOHAPHBIX IPOIECCOB HArpeBa CHCTEMBI MHIYK-
IMOHHAas HarpeBaTeNbHasl IMTa—Tpecc-popma—PTU.
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2. Coznana 6ubnmroTeKa TBEpAOTENBHEIX Mojeiel npecc-popm PTU mist kom-
IUIEKTAI[MN HaCOCHBIX ycTaHOBOK 3A0 «3aBox TamGoBHnoaMMepMa» U HCcie0Ba-
Ha UX 3G PEKTUBHOCTD.

3. IlpemioxeHHass METOANKA ONTUMU3AIUH KOHCTPYKTHBHBIX U PEKUMHBIX
XapaKTepUCTUK HArpeBaTeNIbHOW IUIUTH MPUMEHEHa JUIl ONTUMM3AINU KOHCTPYK-
LMY HarpeBaTeNbHBIX IUIAT IpeccoB, BeimyckaeMbIx 3A0 «BaBox TamboBmoanmep-
Mari» U ucnonbdyeMbix OAO «APTU-3aBoa», r. Tam6oB.

Anpodanusi padoTbl. OCHOBHBIC MOJIOXKEHUS AUCCEPTALUU JOKIAJbIBAIUNCH U
00CY>KTaTNCh Ha MEKyHAPOIHBIX KOHPEPEHIISX: «ACHEKThl HOOC(hepHOH Oe30macHo-
CTH B IIPHOPUTETHBIX HATIPABJICHUSX JEATENBHOCTH YesioBeka» (Tambos, 2010), &are-
MAaTHYECKHEe METO/bI B TeXHUKe U TexHonormsix» (Caparos, 2010;ITen3a, 2011;Bosro-
rpag, 2012), dudopmanroHHble cucTeMbl U TexHonorun» (Mocksa, 2012);Ha Bcepoc-
cuiickux KoH(pepeHmsIx: «CoBpeMeHHbIe TBepo(a3HbIe TEXHOIOTHN: TEOPHs], IIPaKTH-
Ka U MHHOBAIMOHHBIH MeHepkMeHT» (Tambos, 2009), &IpoBeeHne HayYHBIX UCCIIEIO-
BaHUI B 00NacTd MH(OPMALMOHHO-TENICKOMMYHHUKAIMOHHBIX TeXHOJOrHiD» (MockBa,
2010), &IpoBe/icHre HAy4IHBIX HCCIIEAOBaHHM B 00IacTH 00pabOTKH, XpaHEHHs, Tiepe-
naun U 3amuTel nHbopMarmu» (Mocksa, 2011). HekoTopbie pe3ysbTaThl AMCCEPTALIN
SKCIIOHMPOBAJIMCh Ha Bcepoccuiickoll BBICTaBKE HAyYHO-TEXHMYECKOTO TBOPYECTBA
mononexu (Mocksa, 2009).

IMy6ankanuu. [To MatepranaM nccienoBaHMit omyoIMKoBaHo 12 meyaTHBIX pa-
00T, cpenu HUX 4 CTaThH B )KypHajax, pekoMeHaoBaHHbIX BAK mns mybnmukanuu pe-
3y/bTaTOB KaHIUAATCKUX U JOKTOPCKMX AMCCEpPTaLHi, 7 TE3UCOB JOKIAJ0B Ha BCEpOC-
CHICKHX M MEXIYHapOIHBIX Hay4HO-TEXHHYECKHX KOH(pepeHIusX, 1 cBuneTenscTso o
peructpauuy mporpammsl st O9BM.

CrpykTypa u 00bem padorbl. J{uccepramms uznokeHa Ha 147 ctpaHuiax oc-
HOBHOT'O TEKCTa U COCTOUT W3 BBEJICHMS, YETBIPEX IJIaB, BBIBOJOB, CIMCKA JIMTEPATYPhI
(127 HarmeHOBaHHMIT) M PHIIOKEHHUI.

COJEP/KAHUE PABOTBI

Bo BBegeHnn 060CHOBaHA aKTyalbHOCTh TEMBI AMCCEPTALUH, CHOPMYIHPO-
BaHbI IIEJIM M 3a7a4d paboThl, MOKa3aHa HayyHas HOBM3HA U IIpaKTHYecKas IIeH-
HOCTb PE3yJbTaTOB, MPUBEIEHBI CTPYKTypa AUCCEPTALMM U MepedeHb BOMPOCOB,
paccMaTpHBaeMBIX B IllaBax.

B mepBoii riaBe naHo omucaHue KOHCTPYKIMH BYJKaHHM3allMOHHOTO IIpecca
quist u3rotonenust PTH, cHaGXeHHOrO IIMTaMU ¢ MHIYKIMOHHBIMU HarpeBaTellb-
HBIMH 371eMeHTaMH. [IpoBeneH cpaBHUTENBHBIM aHAIU3 CMOCOOOB HarpeBa ILTUT
MIPECCOB, aHAIHM3 CYIMIECTBYIOMIUX METOJOB pacdyeTa YCTPOHCTB HHAYKLHOHHOTO
Harpesa.

PaccmoTpensl BOIpOCH MPOEKTUPOBAHUS IUIUT. JlaHa MCTOpHYecKas CIpaBKa
Pa3BUTHS OCHOBHBIX IPEACTABICHHH 00 WHIYKIMOHHOM HAarpeBe M METOIaX ero
pacuera. IlpuBoxmsiTcss MaHHBIE 00 OCHOBHBIX COBPEMEHHBIX CHCTEMax TEIUIOBBIX
pacdeToB. OTMEUYEH UX OCHOBHOW HENOCTATOK, 3aKIIOYAIOIIUICS B HEJOCTYITHOCTH
JUTSL TTOJIB30BATEISI METOJMK M aJITOPUTMOB PELISHHS 3a1ad.

Bompocsl npoekTnpoBaHHsT HarpeBaTENbHBIX IUIUT PACCMOTPEHBI C yIETOM
MIPOTEKaHMs IIpoIlecca BYyJIKaHH3aLHU. [IpoaHaN3UPOBAHO BIMSHHE TEMIIEPATYpHI
BYJKAaHH3AI[MM Ha aKTHBHOCTH YCKOPHTENEH M CBOWCTBA IOJIydaeMBIX pe3uH. Pac-
CMOTPEHBI OCOOCHHOCTH MPOEKTHPOBAHUS 000pymoBaHMs A1 ByikaHusanuu PTU
IIPY HU3KUX U BBICOKUX TeMImepaTrypax. [IpoaHann3upoBaHbl COBpEMEHHbIE TCHIEH-
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UM B MPOEKTHPOBAHMH HArpeBaTEIbHBIX IUIUT C MO3UIMH JHEProcOepexKeHus.
CchopMyIHnpoBaHbI 3312491 HCCIIEJOBAHUS.

Bropasi riiaBa colep)KUT MaTeMaTHIECKYIO (POPMYITMPOBKY U alTOPUTMBI pellre-
HHMS 33124 pacyeTa TEMIIEPATypHOTo MOl Ha OBEPXHOCTH OJMHOYHOM TIIUTHI, MOIEIH-
pOBaHMs HarpeBa IIUTHI pecca ¢ yuerom CAY Temneparypoid IUTHTHL.

IIpouecc HarpeBa OAMHOYHON MHIYKLMOHHOW IUIMTHI OMMCHIBAETCS TPEXMEP-
HBIM HECTalHOHApHBIM JAU((PepeHINaIbHBIM YPaBHEHHEM TEIUIONPOBOAHOCTH B
YaCTHBIX TIPOU3BOAHBIX!

0T(x %21 _ [0°T(x %21, °T(x %21, °T(x %21 |, d%Y%2T,)
at x? ay? 972 cPs

)

rae T(X, Y, Z, T) — Temreparypa IUIHTHI B TOUKE ee 00beMa ¢ KoopauHatamu (X, Y, 2) B

MOMEHT BPEMEHH T; & = AJCys — KOIDDHUIMEHT TeMIIepaTypoInpoOBOJHOCTH MaTe-

prana mmTsl (M7c); As — TEIIONPOBOAHOCTS MaTepuana mwintsl (Br/m-K); cs — Ter-

noemxocTh Matepuana mwintst (x/kr-K); ps — II0THOCTS MaTepuana minThl (kr/v);
hsl

Ty =To(D) = hislj‘-” T(% Y,z 1)dxdydz — cpeansis Temneparypa IUIMTHI B MO-
000

Qoj, ecau (x Y, z)I]vj,j =1..,ni

ment Bpemenn T (°C); o(x vy, 2) = — 3aBUCH-

0, muaue
MOCTb HHTEGHCHBHOCTH BHYTPCHHHX TCIUIOBBIACICHHH OT KOOPOWHAT M CpEIHEi
Temneparypsl minThl (Bt/MY); Gpj — YACHbHas MOIIHOCTH j-ro WHIYKTOpa MpH

cpenHeii Temnepatype miHThI, BT/M>; V; —06beM, B KOTOPOM BBIJIEISETCS MOIIHOCTD
j-ro mugykTOpa (M°); Ni — YHCIIO0 HHAYKTOPOB [UIHTHL
HavanbHoe ycioBue i petenus ypasaenuns (1):
T(xy,20) =Ty, 2)(
rae To —Temiieparypa OKpysKaromero Bosayxa, °C.
Jl1s ydeTa BHEIIHEro Terioo0MeHa HCIOb3YTCs rpaHnydHble ycnous (I'Y)
3 pona:

)\% —0(1(T O, vy,z71) —TO) =0, )\% +0(2(T(I, Y,2,7) —TO) =0,
AL(’;’S' 20 o (Tx0,27)-T,) =0, A2 TXS2T) T(’;SZ'T) ray(Txs21)-T,)=0,
)\w —ag(TOY01) - Ty) =0, Aw rag(TOoy,h 1) -T,) =0.

(&)
Taxum o0pa3zoMm, MaTeMaTH4ecKas MOJENb HarpeBa OJUHOYHOHN IIUTHI B YCIJIO-
BUSIX BHEIITHETO TEIUI00OMEHA MOKET OBITh IIPE/ICTABIICHA B BUJIC CUCTEMBI YPaBHEHHI
(1) — (3).Peruenue 310# CHCTEMBI OCIIOKHSIETCS HEJIMHEHHBIM H3MCHEHHUEM BO BpEMe-
HH MOIIHOCTEH MHIyKTOpoB Qij ¥ K03)dHUUHEHTOB TeIIOOTAAYH 1, Oy, ..., O, OT
MOBEPXHOCTEH UTHL. [103TOMY OBLTH BBEACHBI CIICAYIOIINE JOMYIICHHS.



1. KoahduimeHTsl TEMIO0TAa4H OT BCEX MOBEPXHOCTEH IUIMTHI U 3HAYCHHUS
MOIL[HOCTE#l HHAYKTOPOB HE 3aBHCST OT TEMIIEPATYphl B IpEAesiax HEKOTOPBIX HH-
TEpPBAJIIOB BPEMEHH, KOTOPbIC Ha3BaHbI PACYCTHBIMH.

2. Jlns onpefeneHus 3HAYCHHI MOLIHOCTEH TEIUIOBBIICICHUIT HCTIOIB3YeT s
METO/IMKa, OCHOBAaHHAs Ha SKCIICPHMEHTAJIbHBIX HCCICHOBAHUIX HMHIYKIHOHHOIO
Harpesa (eppoOMarHuTHO# CTasu.

3. TemsoBbIICICHHE OCYLIECTBILSICTCS PABHOMEPHO BO BCEM 00BEME 11a3a 0.1
KKl MHIYKTOpP, XapaKTepPUCTHKH KOTOPOTO COOTBETCTBYIOT CBOWCTBAM Mate-
pHaa IIATHL.

C y4eToM JOmyIIeHUH 3a/Ja4ya pacpoCTpaHEeHHs Teula B IUIUTE NMPU (QUKCH-
POBAHHBIX 3HAYECHHUAX O, Op,..., O U Qij pemaercs MHOrOKpaTHO, T.€. HOCIEI0BA-
TENBHO HAXOJUITCS PELICHUS IJIS PacueTHBIX HHTEPBAJIOB BPEMEHH, B KOTOPBIX 3TH
napamMeTpbl MOXKHO CYMTaTh KOHCTaHTaMH. IIpH 3TOM Ha4albHBIM YCIOBHEM IS
BCEX pEILUCHHI, KpoMe MepBoro, OyldeT TeMIepaTypHOe IOJe IUIUThI, COOTBETCT-
BYIOII[CE MOMEHTY OKOHYaHUSI HPEIbIIYLIEr0 HHTEpBaia BPEMCHH.

B kauectBe mMeroja pemieHns 3agaun (1) — (3)Ucnonp30BaH METOA KOHEYHBIX
UHTErpaibHbIX mpeobpasoBanuii (MKUII). YcTaHOBIEGHO, YTO i peau3aldu
TEIUIOBOTO pacyeTa MHAYKIHMOHHBIX HarpeBaTenbHBIX IIUT cormacHo MKUII pas-
HHIA MEXIY NMPEABIAYIIUM U TOCISAYIOINM 3HAYCHUAMH KO3()(GUIMEHTOB TEIIO-
OTIa4M M MOIHOCTeH HHAYKTOpoB B 20% onTumansHa.

Jnst mpoBepku agekBarHocTH Mozein (1) — (3) ucmonb30BaHbI PE3yIbTATHI
JKcrepuMenTa, npoBefeHHOro B OAO «APTU-3aBoa», r. Tam60B, KOTOPBIA npea-
noJyiarajl U3MEpeHHe TEeMIIepaTypbl IUIMTHI B NPOLECCE HArpeBa C MOMOLIBIO He-
CKOJIKHX TEpMOIIap: 10 yriaM M B LEHTpe pabouell MOBEPXHOCTH IUIUTHI. Pe3yib-
Tarel 4yucieHHoro pemenus 3agaud (1) — (3) ¢ momompro MKUIT st rutktsr
500%x410 mm cpeaneii MOIIHOCTEIO 5,35 KBT U MX CpaBHEHHE C IKCIEPHMEHTAIb-
HBIMH JIaHHBIMH IS TEMIEPaTypbl KOHTPOJIBHOH TepMoIaphl MoKa3aHsl Ha puc. 1.

CormocraBieHHe PacuyeTHBIX W IKCICPHUMEHTANbHBIX JaHHBIX (puc. 1) oTHO-
curcst kK uHTepBany 0 — 1968c (MMEHHO 3a 3TO BpeMsl Temiieparypa KOHTPOJIbHOM
TepMoIIaphl B 3KkcrepuMenTe pocruraet 3HadeHus 170 T). MakcumalibHOE OTKIIO-
HEHME PACYCTHBIX IaHHBIX OT TEMIICPATYpbl KOHTPOJBHOH TEpMOIIapbl COCTABHIIO
meHee 5 °C. PesynbraThl M3MEpeHHs] MOLIHOCTH ILUIMTBHI B XOJ€ 3KCIICPUMEHTa B
CPaBHEHHMH C PACUYCTHBIMU 3HAYCHHSMHM IIPEACTABICHBI Ha puc. 2. ITorpemHocTsb
pacuera MOLIIHOCTH HHAYKTOPOB He npeBbicuia 3%.
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Puc. 2. CpaBHeHHe pe3yIbTaTOB

Puc. 1. CpaBHeHHe pe3yJbTATOB peLICHUSs U3MEpPEeHHUsI U pacyera
3agaun (1) — (3)c AaHHBIMH YKCIIEPUMEHTA 151 3aBHCHMOCTH MOUIHOCTH IUTHTBI
TeMIepaTypbl KOHTPOJILHOI TepMonapbI 0T TeMIepaTypbl



W3 janubix puc. 1 2 MOXKHO CHENAaTh BBIBO, YTO PE3YJIBTATHI PEIICHHUS CHC-
TeMbl ypaBHeHHH (1) — (3)c moMolpio MeToIuKH, ocHOBaHHOM Ha MKUII, ynosie-
TBOPHTENIBHO COINIACYIOTCSA C JAHHBIMH DKCIIEPHMEHTA, POBEAEHHOTO B YCIOBHAX
PEATBLHOTO TPOU3BOICTBA.

B nporecce HarpeBa peryiMpoBaHUe TEMIIEPATYPHI IUTUT OCYIIECTBISETCS MO
JIBYXIIO3UIIMOHHOMY 3aKOHY Ha OCHOBE U3MEPEHHS TEMIIEPATYPHI IUIUT ¢ MOMOLIBIO
TepMorap. YIpaBIsOIIUM BO3JIEHCTBUEM SBJIAETCS MOLIHOCTE HHIYKTOPOB!

Q'j stensors Tdown;

Qii +Taown < TsensorS Ty D Msensor >0;
Qi = &« @
! dT,
O' Tdown < Tsensor— T D Zensor< O
T

0, -l—sensor> Tup'

rae Tsensor— TemnepaTypa koHTponbHOH Tepmonapsl, °C; Ty, Tgown — BepXHUH M
HIDKHHUH TIpeIeNTbl cpabaThIBaHHs PETYISITOpa COOTBETCTBEHHO, °C.

CootHourenue (4) Urpaet BaXHYIO POJb B MPOLECCE PETYIHPOBAHHS TEMIIe-
parypsl WwinThl. IMEHHO coBMeCTHOE peruenue ypasuenuii (1) — (4)mo3Bossier Mo-
JeNUPOBaTh MPOLIECC HArPeBa IUTUT HE TOJIBKO B HAYAIBHBIN IIEPHOI BPEMEHH, HO U
B Han0oJIee BAXKHBIN MIEPHO/I PEryJISIPHOTO (CTAIIMOHAPHOTO) HArpeBa.

B kauectBe mMerona peurenust 3agaun (1) — (4)uCmonb30BajIcs METO KOHEU-
HbIX d5eMeHToB (MKD). BbUo ycTaHOBIEHO, YTO ISl IPOBEICHUS YHCICHHBIX pac-
YeTOB 3HAYCHHE PACUCTHOTO IIara 10 BPEMEHH AT = 2 ¢ SIBISIETCS ONITHMAIBbHBIM.

Pesynbratel yncieHHoro pemenus 3agaun (1) — (4) wst e 500x410 mm
cpenneit MonHOCThIO 5,35KBT 1 MX cpaBHEHHE ¢ IKCIIEPUMEHTATBHBIMA JaHHBIMA
IUISL TEMIIEpaTyp KOHTPONBbHOM (kpuBasi 1) M meHTpanbHOU (KpHBast 2) TepMmomnap B
HavaJbHBIN TIePHOJ HArpeBa MoKa3aHbl Ha puc. 3. COOTBETCTBYIONINE UM JKCIIEPH-
MEHTAIbHBIC 3HAYCHUS UL KOHTPOJBHON TEPMOIAphl MPEACTABICHBI B BUAC HPS-
MOYTOJIbHBIX MapKepOB, Ui LICHTPAIbHON — B BUAE TPEYTONBHBIX MapKEePOB.

W3 maHHBIX pHC. 3 CIELYeT, YTO CPEAHss OIIMOKA 32 BECh PACCMATPHUBACMBbII
MepHOJ Il KOHTPOJIBHOW TepMonapsl coctaBmia 6,6%, 11 neHrpansHoit — 6,9%.
OrMeTHM, 49TO MO Mepe MporpeBa IUTMTHI, HAYMHAs ¢ MOMeHTa Bpemenn 1470 c,
OTKJIOHEHHE TEeMITepaTyp He mpeBbimaeT 2% st KOHTPOIbHOM TepMorapsl 1 3%
Ui eHTpatbHOM. Takum 00pa3oM, MOXHO CHeNaTh BBIBOJ, YTO Ul HAYAIBHOTO
MepHo/ia HAarpeBa PacueTHBIC JAHHbIE TEMITEPATYp ISl 00EHX TEPMOIIap YAOBIETBO-
PHTEIBHO COTIIACYIOTCS C IKCIIEPUMEHTAIEHBIMU.

Ha puc. 4 npencTaBieHo CpaBHEHHE PACUCTHBIX 3HAYCHHM (KpUBas 2) C IKC-
nepuMeHTanbHBIMU (KpuBast 1) 3HAYEHUSAMH TEMIIEpaTyp KOHTPOJIBHOI TepMOIaphI
B TEUCHHE PEryIIPHOro pexxnMa Harpea. U3 maHHBIX puc. 4 cienyer, 9to rpadux
pacyeTHBIX 3HaYeHU Temmeparyp (KpuBas 2) OTIHYAETCS OT rpaduKa SKCIepHMEH-
TaNbHBIX 3HaueHHd (kpuBas 1) Toibko mo ¢ase. IIpu 3TOM oTcTaBanme mo (ase
pacUeTHON KPHUBOM OT IKCIIEPUMEHTANTBHON B cpefneM coctaisieT 34 c. st pac-
CMaTpPUBAEMBIX MHTEPBAIOB BPEMEHH NaHHAs OMIMOKA SIBJSICTCS HE3HAYUTENHHOM.
MO3KHO ClIe1aTh BBIBOJ, YTO PE3YJIBTAThl YHCICHHOTO pelieHust ypaBaenuil (1) — (4)
YAOBIIETBOPUTEIBLHO COTIACYIOTCS € IKCIIEPUMEHTAIBHBIMU TaHHBIMH.
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Puc. 4. Temneparypa KOHTPOJILHO! TepMONapbI B pery isipHoM pexknme, °C:
1 —skcnepuMeHT; 2 —pacyer

B Tperbeii riiaBe paccMaTpuBaeTCs HCIOIb30BaHUE Pa3pabOTaHHBIX MaTeMa-
TUYECKUX MOJIENEN JUIsl MOCTAHOBKU U PELICHMs 3a]ay MPOEKTUPOBAHHS M pacuera
3JIEMEHTOB IIPECCOBOT0 000PYIOBAHMS.

Ipu paspaboTke MeTOaa pEeLICHUs 3a/lad ONTHMH3AIUM KOHCTPYKTUBHBIX H
PEKUMHBIX XapaKTepPUCTUK HarpeBaTeIbHOW IUIUTHI B KAaueCTBE KPUTEPHS ONTH-
MaJIbHOCTH TIPEUIOKEHO HCIIOJIB30BaTh CPEIHEKBAJPAaTUIHOE OTKIOHEHHE TeMIIe-
patypsl pabodeii MIOBEPXHOCTH OT TPpeOyeMoil TeMIiepaTypsl:

1 Q& .
A=— 3 Top=Tap)?- (5)

p=1g=1




Bei6op kpurepust (5) oObsicHSETCS TEM, Y4TO PAaBHOMEPHOE TEMIICPaTypHOE
OJIE TUTMT JJOJDKHO OOecIednBaTh PaBHOMEPHBIH MPOrPEB JIEMEHTOB mpecc-hopm
U, KaK CIEeACTBUE, NOJIyYeHUE paBHOMEpHOro TemneparypHoro noius B PTH. Iloka-
3aHO, YTO MOCTPOECHHE YHUBEPCATBHOH IJIsl BCEX THIOB IUTHT M MHIYKTOPOB METO-
JIUKY ONTHMH3AI[MU HEOOXOJMMO OCYIIECTBUTh HA OCHOBE MOJEIHPOBAHUS HarpeBa
OJUHOYHOM IUIUTHI.

Tlocmanoeky 3a0ayu ONTUMHU3ALUM MOXHO NPEJCTaBUTh CIEAYIOLIMM 00pa-
30M. HeoOxoauMo Juist HHIYKIIMOHHON HAarpeBaTeNbHOH IIMTHI MIPU 33aHHBIX T'E€0-
METPUYECKHUX pa3Mepax; MaTepualie IJIMTHI, KPBIIIKK U MpOBOJa MHIYKTOPOB,; Ta-
paMeTpax NEKTPUUIECKON ceTH, AUaMeTpe MPOBOJA MHAYKTOPOB HAWTH KOHCTPYK-
tusHsle (|, §, XG, YG, 7, bj, ) u pexumusie (Tq p(X, ¥, h + hk 1), Qi) xapakrepu-
CTHKH, TaKHe, YTO KPUTEPHH ONTUMANbHOCTH JOCTUTAET MMUHHMAIbHOTO 3HAYECHHS
MIPY BBITIOJIHEHUU YCIOBUHM M OTpaHUYEHUM MaTEMAaTUYECKOW MOJIENH.

Meroavka oNTUMU3ALUK BKIIOYaeT TpH dTana. Ha nepeom smane nposoantcs
cepHs BBIYMCIUTENBHBIX SKCIEPHMEHTOB Ha JIETEPMUHHPOBAHHOI MaTeMaTHUECKOM
Mozenu Harpea wmThl (1) — (3)B cOOTBETCTBUM € TEOpHEH IUIAHUPOBAHUS SKCIIC-
puMeHTa. {1 3TOro OCYIIECTBIIEH BBIOOp MEPEMEHHON M (PAKTOPOB COCTOSHHS,
MPOU3BE/ICHA OLIEHKA 00J1aCTH ONpesieneH s (HakTopoB, BEIOOP HyJIEBBIX YPOBHEI
9KCIIEPUMEHTAIBHOTO TIJIaHa.

Bmopoii sman — MOCTPOCHHE MOBEPXHOCTH OTKIHKA (3aBHCHMOCTH, CBSI3BI-
BaloOLIEil BapbUpyeMble NMEPEMEHHbBIC C KPUTEPHEM ONTHUMAJBHOCTH) IO JKCIEpH-
MEHTAJIbHBIM JJAHHBIM 1 TIPOBEPKA JOCTOBEPHOCTH ANNPOKCUMAIHH.

Jlnst anmpoKcUManuK PacueTHBIX JaHHBIX 0OOCHOBAH BHIOOP KBaAPAaTHYHOTO
MOJIMHOMA, OCYILECTBIIEH BbIOOp Merona LU-pasnoxenus. [nsg npoBepku agexBat-
HOCTH aNNpOKCHMAIMU HCIIOIb30BaH METOJ PErPECCHOHHOIO aHaNN3a Pe3ylbTaToB
BBIYHCITUTENILHOTO 3KCIIEPUMEHTA.

Haxoxnenne BapbHpyeMBIX NEPEMEHHBIX, COOTBETCTBYIOIIMX 3KCTPEMyMY
MOBEPXHOCTHU OTKJIMKA U SBILSTIOIINXCS peNICHHEM 3aJadyl ONTHMH3AIIH, OCYIECTB-
JsIeTCS HA mpembem 9mane. Y CTAHOBICHO, YTO JUIS PELICHHS 3TOW 3amadd Ipes-
MOYTUTEJIFHO WCHOJB30BAaHHE METOJa IPSMOro IIOMCKa C BO3BPAaTOM, KOTOPBIH
obecnieyrBaeT HAXOXKICHUE IKCTpEMyMa IIpU JII00OH HadaabHOW TOUYKE MOHCKA H
OTJIMYACTCS] HU3KOH TyBCTBUTEIBHOCTHIO K BEIOODY ImIara.

Pe3ynbTaThl YHCICHHBIX Pac4eToOB cucTeMbl ypaBHeHui (1) — (4)u ux cpaBHe-
HHE C HKCIEPHMCHTAIBHBIMH JaHHBIMH MO3BOJIIOT IEPEHTH K 3TaIly MOJAESIHPOBa-
HUS IIpOIlecca HarpeBa MHOTOITAXKHOTO Ipecca. JJJIs1 9Toro BBeIEHbI JOITYIICHHUSL.

1. Temnossle 3¢dexTs! Bynkannzannu PTY He3HAUUTENBHEI, 1 UMH MOXKHO
peHeOpedb.

2. Mexy BceMH 3JIeMEHTaMH Ipecc-(pOopM M HM3JEIHIMH, a TaKKe MEXIy
ITyaHCOHaMH, MaTPHI[AMU M HarpeBaTeIbHBIMH IIUTAMH MMEET MECTO HJeaNbHBIH
TEIJIOBOI KOHTAKT.

Cucremy (1) — (4) He06XOIUMO IOTIOIHUTH YPABHEHUSIMU PACIPOCTPAHEHUS
TEIIa B 2JIEMEHTaX Ipecc-popM M H3IEeITIHAK:

%_)\m 0Ty , 0°Ty , 07Ty,
a-[- axz ayz 622

PrCm =0,m=12...Nous ®
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2 2 2
0Ty, 0Ty N 0Ty . 0Ty

P oo Mo 2 ay? 0z

prpC = 01 = 121 T r]products (7)
rae Tm= T(Xmy Ymr Zm)y Ky Yme Zm) LQn — TeMmepatypHoe none mnpecc-popm, °C;
Qp — 00beM dIeMEeHTOB Ipecc-GopM; Nyos — CyMMapHOE KOJIMYECTBO Ipecc-popm
Ha Beex aTaxax mpecca; T = T(Xp, Yipr Zp)s Kipr Yipr Zp) UQqp — TemmepaTypHOE
noje B maaemusx, °C; Qp — 00beM PTH; Nyrogucts— 0O KOITHYECTBO M3JETHE BO
BceX mpecc-popmax.

B kauectse I'Y st (6) 1 (7) MCTIONB3YFOTCS CIGYIOIIIE COOTHOIICHHSL:

— PaBEHCTBO TEIUIOBBIX IOTOKOB HA IPaHHMIIEe MeX Ty Ipecc-popmamu u PTU:

aTmb = aTrp-b A aTmb =A aTrp-b “A aTmb =A aTrp-b (8)
m p + 'm p » A'm p '
(64 0X oy oy 0z 0z
e Tmp= T(Xn.p Ymb Zm.n) — TEMIIEPATYPHOE MOJI€ DIIEMEHTOB Mpecc-PpopM Ha rpa-
HUIE ¢ M3ACIHMAMY, Trpp = T(Xpb Yipbr Zp.p) — TEMIEPATypHOE IONE M3IACIUH Ha
TPaHULE € BIEMEHTaMu Tpecc-popm; (Xm.b: Ym.b Zm.b)Uva (er.bv Yip.br er.b)UQrp -
MHOXECTBO TOYCK, MPUHANICIKAIIUX IJICMECHTAM Hpecc-(l)opM U U34CIUAM COOTBECT-
CTBCHHO, Ha UX I'PAaHUILIC paslleﬂa;
— PaBEHCTBO TEIUIOBBIX MOTOKOB MEX/Ty dJIEMEHTaMH Ipecc-hopm:

A

aTm.b3 = aTmb4 . aTm.b3 = aTmb4 . aTm.b3 = aTmb4 (9)
ox ox oy dy = oz 9z '

e (Xmigs Ym.t8s Zn.tg)s Kim.ots Yot Zi.w) Q2 — MHOKECTBO TOUEK, PHHAICHKAIITHX
MaTpHIaM U ITyaHCOHAM COOTBETCTBEHHO, HA MX IPAHHUIIEC KOHTAKTA,;

— PaBEHCTBO TEIUIOBBIX MOTOKOB MEXAy pabodeil MOBEPXHOCTHIO IUIUTHI U
Matpuei nmpecc-popm:

A 0T A anl.bZ Y 0T _ A anl.bZ ‘A 0T _ A

m — s 1 A'm — s » A\m -
0x 0x oy oy 0z
pl=1,.., Nplatens

rae (Xm.ts Ymtor Zmen) 0 Qe Korbzs Y plbzs Zpiie) 0 Q — MHOXKECTBO TOYEK, MPHHAL-
JIeKAIMX MaTPHIAM rpecc-GopM u pabounuM MOBEPXHOCTSIM ILUTHT COOTBETCTBEHHO,
Ha MX IPaHULE KOHTAKTA; Mpjatens— YHCIIO IUIHT TIPECCA;

— PaBEHCTBO TEIUIOBBIX MIOTOKOB MEXIy KPBILIKOM HArPEBATEIILHOM TUIUTHI H ITy-
aHCOHOM Ipecc-(hopM:

Moy _y Toin .y 0Ty _y oin. ) OTowp _
ox Soax ™ oy Sy '™ oz
e (Xm.is Y.t Zmie) 0 Qe Korbt Y plots Zpipr) 0 Q — MHOKECTBO TOUEK, NpUHA-
JIEKAIUX MyaHCOHAM Tpecc-GpopM M KPBIIIKaM IUTHT COOTBETCTBEHHO, Ha MX Tpa-
Hune koHrakra. OtmeruM, yto I'Y (8) — (11)3ammcansl juisi OJHOTHE3IHBIX IIpecc-
dopwm;
— KOHBEKTHBHBIH TEIUIOBO# MOTOK Oy ¢ OT BHELITHKX ITOBEPXHOCTEH mpecc-hopm B

OKPYKAIOLIMI BO3yX:

(10)

0T 12
S 0 ’

11)

aT
A plbl ,
m S az

Umc = O me (TO _Tms): 12)
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rae Tms= T(Xm.s Ym.s Zm.9 — CPEAHSSI TEMIIepaTypa BHEIIHUX IIOBEPXHOCTEH MaTpH-
bl ¥ IyaHcoHa npecc-¢popmsel, K; om e — KO3QOUIMEHT CTECHEHHOH TeIooTaauH
OT TIOBEPXHOCTEN Mpecc-(popM B OKPYKAIOIINiT BO3AYX, Br/M*K;

— JIyYHCTBIH TEIUIOBOW MOTOK Qm, OT OOKOBBIX MOBEpXHOCTEW mpecc-hopM B
OKPYXKAaIOIUI BO31yX:

Omr = smo-(TO4 _Tr‘rts)’ (13)
rJie €y — CTENeHb YepHOTH IOBEPXHOCTH AeTaieil mpecc-gopmsr; ¢ = 5,6 71078 —
nocrosinHast Credana—bonbimana, Br/mM’K*,

TakuM 00pa3oM, MaTeMaTHYECKYyI0 MOJICNIb HarpeBa MHOTO3TaXXHOIO mpecca
MOJXKHO IPEACTaBUTH B BHIE cucTeMbl ypaBHenuil (1) — (4), (6) — (13)B kauectBe
METO/1a pelieHns 3ToH 3a1a4un ucrnonas3zosad MKO.

JlononHuTensHO Oblia NPe/JIoKeHa METOIMKA OLEHKH 3()(EKTUBHOCTH Ipecc-
¢dopm. Ona npeamonaraer peuierne ypasuenuii (6), (7)mpu I'V (8), (9), (12), (13)
IPH JOIYIIEHUH MOCTOSHCTBA MU PAaBHOMEPHOCTH TE€MIEPaTyphbl I'PEIOIHUX IUIUT Ha
HPOTSKEHUH BCETO LIUKJIa HArpeBa, KOTOPOE MOXKET ObITh BHIPAXKEHO B BUJIE:

Trot = bz = Thr s (14)

rae Ty, —3aaHHas TeMreparypa HOBEpXHOCTH HarpesarteabHO! miuthl, °C.

Jannoe 'Y BOCIpOM3BOAMT HIEATM3HPOBAHHBIE YCIOBHS HarpeBa IIpecc-
dopm, noaromy pewenne 3ana4un (6) — (9), (12) — (14}103B0NHUT OLCHUTD BIUSHHE
reoMeTpHH Ipecc-(popM Ha PaBHOMEPHOCTH TeMIlepaTypHoro nois B ooseme PTU.
B kauecTBe MeToza pemeHns JaHHOH 3agauu ucnons3oBan MKD.

B uerBepToil ri1aBe npeacTaBiIeHbl PE3YJIbTAThl NPAKTUYECKOW pean3aluu
pa3pabOTaHHBIX METOJMK pacyeTa.

C npumeHeHHEM pa3pabOTAHHOH METOIMKH OCYLIECTBJICHA MOJACPHU3ALMA
IUTUTBl YENIOCTHOTO mpecca pasmepamu 1120<700 MM cpenHeil MOLIHOCTBIO
14,5xBrt, ucnons3yemoit Ha 3A0 «BaBon TamboBmomMMepMann». Bputi nomydeHst
ClIeyIOIUe pe3yabTaThl. AOGCONIOTHOE OTKJIOHCHUE TEMIIEpaTypHI 10 pabouei mo-
BEPXHOCTHU IUIMTHl YMEHBINMIOCH Ha 58%, cpeHeKBagpaTHIHOE OTKIOHEHHE TEM-
nepatypsl —Ha 70%,cpenHee OTKIOHEHHE TeMIlepaTypsl —Ha 75%.

[IpuBeneHO omnMcaHHe ABTOMATH3MPOBAHHOIO J1a0OPATOPHOTO IMPAKTUKYMa
U3YYCHHUs pacyeTa WHAYKLHUOHHBIX HAarpeBaTeNbHbIX IUINT. JaHHBIA NpaKTUKYM
HCToJIb3yeTcs B yueOHbIX Hensix Ha kapenpe AIITO TT'TVY.

I[IpencTaBieHbl pe3ynbTaThl MOJEIMPOBaHKS IIPOLIECCa HATPEBa IUINT U pecc-
¢dopm. Ha ocHoBe aHanu3a CymiecTBYIOIMX TPEOOBAaHNH K HArpeBaTEIbHbIM IUIUTaM
MIPECCOB MPEIOKEHBI K PACCMOTPEHHUIO TPH MOAX0AA K IPOSKTHPOBAHHIO TIJIHT:

1) unmeepanvroiii n00X00, IPH KOTOPOM HEOOXOAUMO MOJTyICHHE PABHOMED-
HOTO TEeMIIEPaTYPHOTO IOJIs Ha Bcel paboueli MOBEPXHOCTH IIHTHI;

2) ouphepernyuanvreiti n00xod, KOTOPHIi 3aKiI04acTcss B (OPMUPOBAHHH JIO-
KaJIbHBIX TEMIIEPAaTypHBIX 30H Ha pabouell MOBEPXHOCTHU ILUIUTHI C YYETOM I'€OMET-
pYU 1 CBOMCTB M3rOTAaBIMBAEMbIX Ha IPECCE U3ENINH;

3) KomnnexcHblll Memod, 3aKTIOYAIOLINIACS B IPOSKTHPOBAHUH ILTUT HA OCHO-
BE€ MOJIEIIMPOBAHUS MPOIIECCa COBMECTHOTO HAarpeBa IUIUT, Hpecc-(popM M BYJIKaHU-
3yeMBIX M3IENUH, IPH KOTOPOM IIEJBI0 SIBIISIETCS IOJMyYeHHE 3aJJaHHOTO TeMIlepa-
TYPHOTO II0JIS B 00BEME U3/ISITHH.
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OCHOBHBIE MOJIOKEHUS U 0COOCHHOCTH IIPEAIaraeMbIX CII0cO00B paccMOTpe-
HBI Ha TIPEMeEpe MPOEKTUPOBAHUS HArpeBaTEIbHON IUIUTHI IS IPOU3BOJICTBA PE3H-
HOBBIX NPOKJIaZoK. B kauecTBe 6a30BOH KOHCTPYKLIMH HUCIIOJIB30BaHA IPOMBILIICH-
Has IUTMTA, CIpOeKTUpoBaHHas U npumMensiemas Ha 3AO «BaBoa TamboBmoanmep-
Manr». Pasmepsr mmntsr 600600 MM, cpenusis MomHOCTs 6,5 KBT. I'padmku mme-
HEHUS] MUHUMAJIBHOM, CpeIHEN M MAaKCUMaJIbHOW TEMIIEpaTyp M3IEIHs B TEUECHHUE Iie-
pHozia ByJIKaHU3AIUK MOKa3aHbI HA puC. 5.
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Puc 5. Pesyabrarsl pemenns 3agaun (1) — (14):
makcumanbHas (1), cpenusst (2) u munumanbHas (3) Temneparypa PTU B Teuenue nepuona
ByJKaHu3auu, °C

YcTaHOBIIEHO, YTO MHTErPATBHBIA ITOJIX0]] IeIecCO00pa3Ho HCIONIB30BaTh MIPH
H3rOTOBJICHUM MPOAYKIHMH, UMEIOLICH COM3MEPUMBIC C IUIUTaMU IIPecca pa3Mepsl;
IIPY HCIIOJIb30BaHUM Ipecc-(hopM C MPOCTOH KOHGUrypanued U IJIsi H3rOTOBICHHS
HemaccuBHbIX PTHU.

ITpumeHeHue nuddepeHInaIbHOTO M0AX01a ONTUMANIBHO TPU MTPOU3BOJICTBE
MOCTOSTHHOTO aCCOPTUMEHTA NPOAYKLUUH. B 3TOM citydae ero nmpuMeHeHue 1Mo3BoIs-
€T YyMEHBIIHUTh CyMMapHYIO MOIHOCTb ILIUT.

Hcnonp3oBaHne KOMIIJIEKCHOTO MOAXOJa HEOOXOIUMO MPH H3TOTOBICHUH
PTH co cnoxHOM reoMeTpHell B MacCHBHBIX IIpecc-(popMmax, a Takke B OCOOBIX
ciydasix, Koraa HeoOxoauMa HMH(opMaIms o TeMIepaType H3Jelus B Ipolecce
BYJIKAaHU3ALUH.

IpuBenens! pe3ynbTaThl pacueToB IO HCCIENOBAHUIO S(P(EKTHBHOCTH IIpecc-
¢dopm st nsrotonenust PTU, ncnonb3yeMbIX 171 KOMIUIEKTAIMH HACOCHBIX YCTaHO-
BOK. IIoka3aHO, UTO MCTIOIb30BAHUE HArPEBATENbHBIX IUIUT C PABHOMEPHBIM TeMIIe-
paTypHBIM MOJIEM TO pabouell MOBEPXHOCTH HE SABIAETCS ONTHUMAIBHBIM C TOUKH
3pEHHUs MOJIy4eHHUs PaBHOMEPHBIX I0Jiei B 00beMe ByJlKaHu3yeMoro uznenus. s
YMEHBIIEHUS] TEMIIEPATypHOTO IrpaJHeHTa 110 CEYEeHUIO U3 MpeAnouTHTENbHES
HCTIOJIb30BATh IUIMTHI C HEPAaBHOMEPHBIM TEMIIEpaTypHBIM MOJIEM 110 padouel mo-
BEPXHOCTH, KOTOpBIE 00eCHEeYnBAIOT 30HHBIA 000TpeB. DTO OCOOEHHO aKTyalbHO
st ipecc-popm PTU co cnoxxHoOl reomerpueli n HeOONBIION TOBEPXHOCTHIO KOH-
TaKTa MEXIY JeTaJsIMU IIpecc-(OpMBIL.
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IToka3aHo, 4TO MPU MPOSKTUPOBAHUK HOBBIX KOHCTPYKLHH mpecc-GopM mere-
coo06pasHo peurats ypasuerus (6) — (9), (12) — (14} uenbro ONTUMH3ALKH TEMIIE-
paTypHOTO MOJIS B BYJKAHU3YEMOM H3/IEIIHH.

Jst narpeBarensHON mmThl 500x410 MM ¢ IpSIMOYTOJIBHBIME HHIYKTOpaMU
(Ne 1) u muter 600600 MM ¢ KOHIIGHTpUYECKMMH HHIYKTOpamu (Ne 2) Ha ocHOBe
pa3pabOTaHHOW METOJMKH pElLIeHAa 3aJaya ONPENENICHUS ONTUMAJIBHBIX KOHCTPYK-
THUBHBIX U P&KUMHBIX XapaKTepUCTHUK. Pe3ynbraTsl cBeeHbI B Tabu. 1.

1. Pe3yabTaThl pemenust 3a1a4i ONTHMHA3AIHH

HavansHoe OnTumanbHOe
KoHcerpykuus mimThbt Ilepemennas
3HAYCHHE 3HAYCHHE
500 Qi, Br 1250 1100
l1, MM 172 215
m m S, MM 127 165
XC1, MM 123 100
! 3
i YCi, MM 101 128
XCr ‘ ‘
600 Qiy, Br 3280 3276
Qiy, Br 1505 1483
Qi3, Br 1140 1131
Qis, Br 614 564, 5
o I e l1, MM 521 550
- {’ s I, MM 378 400
I3, MM 250 280
14, MM 116 139,7

[Mepenan Temneparyp mno padoueit moBepxHoctu muthl Ne 1 cocrasuin 9,4 T,
wiutel Ne 2 — 7,7 €. Tlocne ontumusanuu 3ToT napamerp st mwintbl Ne 1 cocra-
B 4,1C, st umutel Ne 2 — 3,6 €.

OCHOBHBIE BbIBOJIbI U1 PE3YJIBTATbBI

1. Paspaborana matemaTuueckass MOJENb HECTAI[MOHApHOTO IIpoIlecca WH-
IYKIIMOHHOTO HAarpeBa OJMHOYHOM IUTHTHI BYJIKaHM3AIIMOHHOTO Ipecca C y4eToM
aBTOMATHYECKOTO pETYINpOBaHMs pabodueil TemIepaTypbl, KOTOpas YYUTHIBAET
3aBHCHMOCTH MOIIHOCTEH MHAYKTOPOB M KO3()(UIIMEHTOB BHEIIHETO TEII000MeHa
OT YCJIOBM Harpesa.

2. Pazpaborana MareMaTH4eckass MOJENb HECTALMOHAPHOIO Ipolecca Ha-
rpeBa CHCTeMbl MHAYKIMOHHAs miuta—ipecc-¢popma—PTH, mo3Bossitomnias ompese-
JSITH TemrepatypHoe 1ojie B PTU B mponecce ByJIKaHU3aUH.

3. Pazpaborana meTomuka OLEHKH S(P(PEKTHBHOCTH Ipecc-(popM Ul H3To-
toBneHuss PTM Ha ByJKaHU3aIMOHHOM IIpecce, OCHOBAHHAsh Ha MaTeMaTH4eCKOit
MOJIENN CTalMOHAPHOTO HarpeBa OJMHOYHOH Ipecc-(hOpPMBI B YCIIOBHSAX BHEIIHETO
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TEIIO00MEHA, IO3BOJIAIONIAs OLIEHWBATH BIMSHHE KOHCTPYKIMH Ipecc-popM Ha
PaBHOMEPHOCTh TEMIIEPATYPHOT'O MO B U3AENHUSIX.

4. TlocTaBneHa u pellieHa 3a/ja4a ONTHMH3ALIN TapaMeTPOB HarpeBaTeIbHOM
IUTITH] BYJIKaHU3AI[MOHHOTO IIpecca, MpeTycMaTpHBaroNias MUHIMHU3ALHUIO Mepemna-
Jla TEMIIEpaTyp 1o paboueil MOBEPXHOCTH ILTUTHI, METO]| pELIIEHHs] KOTOPOH OCHOBAaH
Ha ITOCTPOEHHH, NPOBEPKE a/JICKBATHOCTH H ITOHUCKE SKCTPEMyMa MOBEPXHOCTU OT-
KJIMKA KPUTEPHST ONTHMAIEHOCTH.

5. IIpemtoxeHs! MOIXOAbI K IPOSKTHPOBAHHUIO HOBBIX U OLeHKE d(deKTHBHO-
CTH CYLIECTBYIOIIMX HAarpeBaTEIbHBIX IIAT:

— UHTeTpanbHbI, NpeaycMaTpHUBaIONMi (HOPMUPOBAHUE PABHOMEPHOTO
TEMIIEpPaTypHOTO MOJIs Ha Bcel paboueil MOBEPXHOCTHU IJIUTHI;

— nuddepeHunanbHbIi, MperycMaTpuBaomui GopMHUPOBAHUE JIOKATBHBIX
TeMIIEpaTypHBIX 30H Ha pabodeil MOBEPXHOCTH IUIUTHI C Y4€TOM I'€OMETPHU H3r0-
TaBJIMBAEMBIX Ha MPECCE U3MENUIA;

— KOMIUIEKCHBIH, TpegycMaTpuBaronmii Gopmuposanue TpeOyeMoro Tem-
MEpaTypHOTo MOl B 00beMe U3/eHs B MPOIiecce BYNKaHU3aIMH, B OCHOBE KOTOPO-
IO JIOKUT MOJEIHPOBAHHE HECTAI[MOHAPHBIX IPOIECCOB HArpeBa CHCTEMBI MHIYK-
LMOHHAas HarpeBaTeNbHasl InTa—Tpecc-popma—PTU.

6. IIpemnokeHHas METOIMKA MIPUMEHEHA JUIS ONTUMHU3AIUH KOHCTPYKTHBHBIX
U PEeXHMMHBIX XapaKTepPUCTUK HArpeBaTeNbHBIX IUIUT, BEITyckaeMbix 3AO <«3aBox
Tam6oBnoaumepmam» 1 ucrnonbzyeMelx OAO «APTU-3aBon», r. Tam60B. DKxoHO-
MHYecKuii 3Q(HEeKT OT MprMEeHEeHHst METOAMKY oneHnBaeTcs B 350ThIC. p.
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