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Tom 150 1968 r.

HCCINENOBAHHE NUHAMUKU HATPEBA CTAJIbHbBIX U3AEJUHA

B. B. CAJIOMATOB, A. A. TOPJIOINOB

(ITpeacraBieda kadeApo¥l KOTMOCTPOEHHS H KOTEJbHBIX YCTAHOBOK)

CocTaBieHne ONTHMaJbHLIX DeXHMHBIX KapT Harpesa CTaJbHLIX 3aro-
TOBOK H CJHTKOB BO3MOXKHO JIHUIb NPH HAMHUHH TOYHOH MH(DOPMALHH O KH-
HETHKe MIPOTEKAIOUIMX B 5TOM CJyuyae npoleccoB. Kak npaBu/ao, HHXKEHePHad
NpakTHKa He BCerja pacnoJqaraer AOCTATOYHO NOJHBIM OOBEMOM JOCTOBep-
HBIX JaHHBIX 110 QU3HYECKHM H TEXHOJOrHMUECKUM llapaMeTpaM, N03TOMY npu-
XOJTHTCS OI'DaHHYKBATHCS HEKOTOPOH AHCKPETHOH HH(pOpMalHeH, N0 aHaAU3Y
KOTOPOH OOLIYHO fesaeTcsd 3aKJIOUSHHE O KauecTBe HATpeBa.

HccnenoBanne TennodH3nKH B3aMMOCBA3aHHON CHCTEMBI—MeETaJJypri-
yeckKas MNeyb-MeTaJJyl ABJASETCS BeCbMa CJOXKHOH NMpobJaemoit, Koropas npii
H3yYeHHH pacnajaercss Ha ABE CAMOCTOATE/IbHble 3a4ayl: BHEIUHIOW, B KOTO-
poi aHaJU3HDPYETCHA dhopMHpPOBaHHe YCJOBHH TensoobOMena, U BHYTPeHHIOIO,
B KOTOPOH par~MaTpHBAIOTCS 3aKOHOMEPHOCTH TemjolnepeHoca BHYTPH HA-
FPEBAEMOro H3/IeNUs NPH 3a/aHNOM TeN0BOM NOTOKe Ha IPAHMYHOH MOBEpX-
Hoctu, CosnareslbHO OTpPaHHYMBAfACh pPaCCMOTPEHHEM TOJIBKO BHYTDeHHeH
3ajlauyH, KaK HanboJiee OTBETCTBEHHOH C TOUYKH 3PeHHs MOJiyueHHs] KauecTBeH-
HOro MeTajijla, NPakTHKAa Harpeba B KauecTBe ONOPHBIX [I0OKasaTedel onpene-
JieT: Bpemsl HAarpesa 3aroTOBKH, BeJHYHMHY MaKCHMaJbHOH Pa3HOCTH TeM-
neparyp no CeYyeHHO CJAMTKA H MOMEHT €e HACTYMJeHH .

3aBbimieHHe HOPM BPeMEHH HarpeBa CHHXKAeT BO3MOXKHYIO IIPOH3BOIH-
TeJbHOCTb Meyedl U yBeJUydBaeT pacxoj TonjuBa. Hesnanue Benuunn makcu-
MaJIbHOH PasHOCTH TeMIepaTyp MO CeYeHHI0 3arOTCBKH W (UKCHPOBAHHOTO
MOMEHTa ee HaCTYMJIeHHA NPUBOAHUT K HENPaBUJILHOMY Ha3HAYEHHIO PEKHMA
Harpesa, OMacHoOro B OTHAE/NbHBEIX CJAyduasX ¢ TOYKH 3DEHHS BO3HUKAIOUIUX
TeMIepaTypHbIX HATIPAXKCHHUH,

ITu MokasaTeqH MOTYT CTaThb ONpEeNeNSIOUUMH JHIIb NP TAKUX METO-
Jlax pacuera TeMNnepaTypKOro MoJsi, KOTOpble YUYHUTHIBAIOT JLOCTATOUHO TOUHO
He TOJIbKO YCJIOBHA HarpeBa (TeMlepaTypa BHeIHeH Cpejbl, HaJHuHe JYUH-
CTOrO0 H KOHBEKTHBHOIO TENJOBOTO IIOTOKAa), HO U SIBJEHHS, NPOHCXOASLLHE
B CaMOM HarpepaeMom teJe (M3MeHeHHe TeNJI0(PU3HUECKHX XaAPAKTEPHCTHK,
HaJ/JMuHe CTPVKTYPHBIX NpeBpallleHHil).

Hacrosias pa6ota npoBOAMTCS MOJK YIJIOM TEOPETHYECKOro HCC/e0Ba-
HHSl IHHAMMKXA HarpeBa CTAJbHbLIX H3JEJHH ¢ 1eJblo NOJyueHHs NOCTATOYHO
IIPOCTOTO M HAJEXKHOro MeTOAa pacueTa yKasaHHBIX mokKasatesef.

M3pecTHD, yTo B HACTOsILLEe BPeMs NOKa He CYLIECTBYeT aHAJHTHUECKHX
3aBHCUMOCTEHl MO pacyeTy HECTallHOHAPHOTO pacnpefesieHHst TeMOepaTyp
B TeJax C NepeMeHHBLIMH TelJIOQH3HYECKHUMI XapaKTEePHCTHKAMU H (a30BbI-
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MH [peBpallleHUsIMH, MOABEPrHYTHIX ONHOBPEMEHHOMY BO3JEHCTBHIO pajHa-
IHH H KOHBeKUlHH. TpyAHOCTb 3leCh COCTOUT B TOM, UTO &HaJH3HpyeMas 3a-
Za4a TeNJoNpPOBOTHOCTH OTHOCHTCA K KJacCy ABaxKAbl HelHHeHHbIX. [ToaTomy
pelleHHe TAaKOTO pojJa 3aJayd BO3MOKHO JIHLIb C [OMOIULIO YHCJIEHHBIX Me-
TO/OB. ' _

Hamn Takas 3amaua pelajsach Ha 3JEKTPOHHO-BEIYHCAUTEAbHOH MallH-
He «Munck-1» {1). I[Toayden oGmEpHBIA YKC/AOBOH MaTepHaJd NO TeMnepaTyp-
HbIM NOJIIM NPH Harpese H3AeJUil M3 CTAJd YIVIEPOAHCTOTO H ayCTEHHTHOrO
THNA B (HOpMe MIACTHHBI M LMJAMHADPA TPH 3aAaHHH B IUHPOKHX Npekesax

PEeKHMHBIX 1aDaMeTPOB.
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Puc. 1. 3aBHcuMOCTL BpeMEHH Harpepa Puc. 2. 3aBHCHMOCTD BpeMeHH
H3JeJHH H3 YIVIEPOAHCTHIX  CTallel OT Harpesa H3AenMHH H3  cranef
KpurepreB 0, Sk u Bi/Sk n1s ueor- ayCTEHHTHOrO THIA OT KpuTe-
panuueHHoH 1sactHHh (ABG = 0,012). pueB Oy, Sk u Bi/Sk gnsa wneor-
paHHuYeHHOH mAACTHHEL (AQ =
==0,012).
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Puc. 3. 3aBHcHMOCTL BpeMeHH Harpena Prc. 4. 3aBuciMocTb BpeMenu
H3Jlenuil W3 YrJIepONHCTHIX CTajedl OT HarpeBa wm3geauMii M3 cranefl
kputepues 8y, Sk u Bi/Sk mas Gec- ayCTEHUTHOFO THIA OT KpHTe-
KOHeUHOro uHJAHHApa (AO =0,012). pues @, Sk # Bi/Sk nna 6Gec-
KOHeyHoro uuaugapa (AG =
=(,012).

OO6BbeKTHBHEIM KpHTEDHEM KOHIla HarpeBa SIB/IseTCSl Pa3HOCTh TeMiepa-
TYp no cedyeHHio u3zeausa. Jasg Kaxncl onepalud o6pabGoOTKH 3aroToBOK
H CJHTKOB CyLIeCTBYeT Onpeje/ieHHass MaKcuMaJbHasl BeJAHYHHA JOMYCTHMOH
CTeneHd HepaBHOMEDHOCZTH mporpeBa. 3Hasg KOJHUECTBEHHYIO CBfI3b BPEMEHH
KOHHA Harpesa OT kputepHeB ©,, Sk, Bi/Sk npu 3amaunoii Bennuune crene-
HM HepaBHOMEDEOCTH TeMIepaTyp 10 CeYeHHIO MeTaJJa, YAaeTcs NOCTPOUTH
pacuetHble nguarpaMmmbl. Ha puc. 1, 2, 3, 4 nipeacran/ieHbl TakHe 32BHCHMO-
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CTH TIC pacueTy BPEMeHH HarpeBa Tes, KOTOpPble MPAaKTHYECKH MOCYT OhlTh
HOPHHATBHl KaK HEOrpaHWYEHHble NJIACTHHBL U OGECKOHEYHBble LHHHAPDI,

Kak BHIHO M3 mpHBe/leHHbIX Ipa(UKOB BeJUYnHa Kpurepus Fo, coorBet-
CTBYyiOUlasi KOHIlY Harpesa, npeTepneBaeT CyLieCTBEHHble H3MEHEHHUS A0 3Ha-
yeHHs Sk =1 s usjeqnii U3 yraepoaucToi u sHayeHHss Sk =2—wu3 aycre-
HHTHOH cTa/jd. 3a npenelaMH 3TUX 3HaueHHHd kpHuTepus Sk nHabumoaaercs
caboe M3MeHeHHe aHaJIH3UPyeMOH BesHUHHB FO OT. KpuTepHeB BHeLIHEro
TenoobMeHa.

KoHBeKkTHBHAs1 COCTABAAIOILAS TEMJIOBOIO OTOKA YCKOPSET HarpeB H3-
AEMHH ¢ U3MEHSIIOIIMMUCA TelJo(pH3HYECKHMH XapPaKTEPHCTHKAMU TeM HH-~
TEHCHBHEE, 4YeM MeHblle BeJVYHHA pajHallioHHOro KpuTepus Sk. OxpHako
HDH pacueTax HMeeT CMEICT NPUHHMATD €e BO BUHMAHHE B TOM CJyuae, ecJaH
\3HayeHHus Kpurtepus Sk He Gogee | WM 2 COOTBETCTBEHHO A CJAHTKOB H 3a-
TOTOBOK H3 CTaJH YIVIEPOJUCTOTO H aYCTEHHTHOIO THIIA.
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Puc. 5. M3meHeHHe MakcHMAJbHON pPasHOCTH TEeMAEPATyp, M0 CEYeHHIO H3aenusd
H3 YIepOAHCTEIX crasjeil ot kpurepres @y, Sk u Bi/Sk jasa Heorpanuuenuof
NAACTHHE M LIHJIHHApA.

Uro KacaeTcd BAHAHNHA Op Ha KOHEI[ HArpeBa, TO MOMKHO OTMETHTh Npak-
THYECKH JIHHEHHOE YMeHbllieHne BeJMUurHbl kpuTepus Fy kouua narpesa c Boa-
pacranueM @, O0pM OAHHX H Tex ke anayenusx Sk u Bi/Sk.
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Prc. 6. Mamenenne MakcHManuHOfl Pa3sHOCTH TEMMEPATYD IO CEYCHHIO H3ASTHST
H3 crajefi ayCTEHHTHOrQ THNA OT Kputepens @, Sk W Bi/Sk Ana weorpauu-
YeHHOH OJIaCTHHBL M WHJIHHAPA,

Jns HazHaueHHs1 6e30mMacHOTO peXHMa HarpeBa, KAK YKa3biBaJocCh BhI-
1Ie, ONpexelIsiionlyIo pojib Ipael BeJHUHHA MAKCHMaJbHOH Pa3HOCTH TeMIe-
paTtyp mo ceueHHio MeTasia. B CBA3K ¢ TPYJHOCTSMH HENOCPEACTBEHHOTO H3-
MepEeHHsl 3TOro MapaMerpa B IPOH3BOJACTBEHHBIX YCJOBHAX MOABJAETCS He-
00X0AMMOCTb 3apaHee HMeTb NpeAcCTaBJeHHe O BeduunHe A®, U MOMeHTe
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€e JIOCTHIKeHHs IIPH PasJIHUHBIX pekuMax HarpeBa. Pacrnosaras 4ucJOBbIMM
JaHHBIMH 110 TEMNIEPATYPHLIM [OJIAM B HarpeBaeMbIX H3/eJAHSIX, MOXKHO ycTa-
HOBHTb KOJIHYeCTBEHHBIe 3aBHCHMOCTH AO@, oT KpuTepHeB 0y, Sk u Bi/Sk.
Takie 3aBUCHMOCTH NpeicTaBJ/JeHb HA pHC. 5 H 6.

Ha ocnoBe ananusa nosyuenHnlX pe3yJbTaTOB MOXKHO KOHCTATHPOBATD,
YTO MPHY HarpesBe 3aroTOBOK H CJHTKOB C H3MEHSIOIHMHCS TEPMHYECKHMMH
K03 pHIlHEHTaMH BeJHYHHA MAKCHMaJbHOH Pa3HOCTH TEMNEPATYp MpH MPo-
YMX PaBHBIX YC/JAOBHAX HHBAPHAHTHA IO OTHOIIEHHIO K ¢opMe H3je/Hs. Xa-
PaKTepHO, 4TO Ta »Ke Oco0eHHOCTb Hal/101aeTcs NpPH pacdeTe HarpeBa
H3/IeJHI C TIOCTOSIHHBIMH TeNJO(QHU3HYEeCKHMH Xapaktepuctukamu [2]. ITosTo-
My pHC. 5, 6 MOXKHO HCIOJb30BaTh KakK ISt HEOrpaHHYEHHOH IIACTHHSBI,
TaK H JJs1 OeCKOHEeYHOro UHJIHHApA.

s usnenunit u3 cranelt ayCcTeHUTHOrO THNa HAGMOAZETCSA JHHeHHasA 3a-
BHCHMOCTb A® , oT Oy, a AJa U3JeJNil U3 YIJEPOAUCTOH CTaJH 3Ta 3aKOHO-
MEeDHOCTb HACTYNaerT Npu 3HaueHUusX kputepus Sk Gouabiis 4.

3nauenna AO, 7TpPH OLHEAKOBLHIX KpUTepHAX Oy H SK HaxoasaTcs B JH-
HeflHOH ¢cBA3H ¢ orkolledneM Bi/Sk.
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Ta  HacrymaeHus A® . or

MeHTa HacTymjeHHs A® . or
KpHTepHeB BHEHWIHErQ TemIg-

KpDHTEpHECB BHEUIHEro Tenao-

obmMeHa aAng  GeCKOHEYHOro obuena gaa  GeckoHeuxHoro
LHWJIHHAPA H3 YrJIepOJHCTHIX LMJIHMHEpA H3 crajelf aycre-
cradneii. HUTHOTO THOA.

[N

3Has BeJWUYMHBl KPHTSDUEB BHEIUHEro TemIooOMeHa, MOMEHT HacTymJie-
HHSl MAKCHMAJIbHOH PA3HOCTHU TeMMIepaTyp MO CEUEHHIO CAHTKOB omnpenensier-
cs no puc, 7, 8, 9, 10, UccenoBanue nokasblBaeT, UTO MOMEHT JOCTHXKEHHS
A© ,, He olMHAKOB HJs Tea pa3HOH GopMbl M MaTepHaJga. Tak, npu nporpese
fJIACTHHEl M3 CTaJdHd AayCTEHHTHOTO THOA OH HacTynaer MPH 3HAYEHHAX
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Fo=0,07 +~ 0,3; a nasa nuauuapa —npuFo=10,05 + 0,2 B npenenax uame-
Henns Kputepusa Sk = 0,6—4. [1pu HarpeBe H3AeHil U3 YIJEPOAUCTON CTadH
BpeMms HacTynJeHHs A®, JexuT B npeienas Fo=0,1-+0,6 u Fo=0,1 +0,55
COOTBETCTBEHHO /ISl MJACTHHbB M LHJIHHADA [PH M3MEHEHHM KpHTEpHS
Sk=10,25 + 2.

Hlast mMarepualZiop M3 YIJIEDOAHCTOH CTaJd IPH 3HAUEHHAX KPUTEPHS
Sk < 0,75 npunuunuaneHo A® , KaxoLUTCS B 30HE UIACTHUECKHX AedopMa-
IH{,HO TaK KakK HauboJbLIYI0 OMACHOCTh AJS CIVIOUIHOCTH MeTajla Ipej-
CTaBJSIeT HauaJibHasA CTaJusA HarpeBa, KOrjga MartepHad eule obaajgaer ynpy-
PHMH CBOHCTBAMHM, TO B KayecTBe ONpeIeNsdIOlled BeJAHUHHbBI HEOOXOAHUMO
OpaTb MaKcHMaJbHYIO Da3sHOCTbE TeMIeEpPaTyp N0 CEUeHHIO, BO3HHKAIOLIYIO
HMeHHO B 3TO# 3o03e. Puc. 7 0 9 nocTpoeHbl ¢ Y4eTOM 3TOro 06CTOATEIbCTBA.

Brisoabl

1. Briepsbie Ha 6a3e o6IMPHOTO YHCJIOBOIO MaTepHasa Mo TeMOepaTyp-
HBIM MOJISIM JaeTcsl aHa/n3 JNUHAMHKY HarpeBa CTaJbHBIX H3LEJNHA ¢ mepe-
MEHHBIMH TENIOQU3HUECKEMH XapaKTepHCTHKAMU H CTPYKTYPHBIMH Tpe-
BpaUIEHHSAMH, POTPEBACMbIX COBMECTHO PafHaliell U KOHBeKIHel.

2. Ilpeanaraercsi HH)KeHepHAas METOAMKA OMNpefeaelus BaKHBIX JJIS
MPAaKTHKH MOKa3alesed: BpEMeHH HarpeBa, MAKCUMaJbHOH Pa3HOCTH TeMme-
paTyp md CEeYeHHIO CTAJIBHBIX H3JEJHH H MOMEHTA ee JOCTHIKEHHS.

OCHOBHBIE OBO3HAYEHUYI

Fo, — xpurepuii ®ypbe, COOTBETCTBYIOUINA MOMEHTY HACTYIVICHHS MaKCH-
MaJIbHOH PAa3HOCTH TeMIIepaTyp IO CEYCHHIO H3AeJHS;

AB, — makcHManbHAas PA3HOCTH TEMIEPATYP MO CEUEHHIO H3JLeNHS;

A® — cTenens HepaBHOMEPHOCTH MPOTPEBA TeJ, PaBHAS PA3HOCTH TeMnepa-
Typ NOBEPXHOCTH H leHTpa H3[e/Hsl B KOHIlE HarpeBa.
OcranbHble 0603HaUeHHs] OGUIEN PUHSTEL.
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