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HNPEANCIIOBHUE

VY4eOHoe mocobue npeaHasHaueHo, B OCHOBHOM, JUIsl MOATOTOBKU OakajaBpOB
no HanpasieHuto 150400.68 «Metammyprus».

ITocobue siBisieTcs pyKOBOJCTBOM IO MPAKTUYECKOMY MCIIOJB30BAaHUIO B pac-
yéTax TEOPETUYECKHUX IPEICTABICHUN, MOJyYEHHBIX NP U3YYEHHH BCETO Kypca
METaJUIypPriYeCKOro MUKia («METALTYPru4ecKue Mneun», «MeTalypruiyecKkas Ter-
JOTEXHHUKA», «HArpeBaTEJIbHbIC MEUYH», «00OpYyIOBAaHUE TEPMHUECKUX LEXOB» U
T.J.).

B kaxxnom u3 pasnenoB yueOHOTo MocoOHsi KpaTKO M3JI0KEHBI OCHOBHBIE TEO-
pETUYECKUE NPEACTABICHUS U (POPMYJIbl, IPUMEHSIEMbIE B JaJIbHEHILIEM IIpU pac-
yerax. VMcnonp3oBanue pacd€THbIX (OPMYT M METOJOB PACUETOB IPEAIOiaraet
3HaHHME OCHOB KyPCOB BBICILIEH MAaTEMATUKH, (PUIUKH U 3JEKTPOTEXHUKH.

Kpyr npumMeHnenust paccMaTpuBaeMbIX B HACTOSIIIEM MOCOOMHU METOJIOB pacuéra
OrpaHU4YeH B OCHOBHOM TEPMUYECKUM 00OPYIOBAHUEM, XOTSI OHU MOTYT OBITh HC-
II0JIb30BaHbI U JJI pacuéTa HarpeBaTeJbHbIX IeUel U OXJIaXAAI0IINUX YCTPOHCTB.

B cBs3u ¢ orpaHMueHHBIM 00BbEMOM NOCOOMSI B HETO HE BKJIIOYEHBI IIPUMEPHI
pacuéToB MO0 BCEM M3JI0KEHHBIM METOJIMKAM, a TaKXKe CIPABOYHBIC JJaHHBIE, KOTO-
pBI€ CTYAEHTBI MOTYT JIETKO HAlTU B JIUTEPATYPE.

B mocobun Takxke KpaTKO pacCMOTPEHbl OCHOBHBIE MPHUHIIMIIBI MOCTPOCHHUS
CUCTEM aBTOMAaTHUYECKOI'O PErYJIMPOBAHMS TEIIOBOIO PEXHMMa U OCHOBHBIX Mapa-
METPOB IJIAMEHHBIX I1EYEH.



OCHOBHBIE YCJUOBHBIE OBO3HAYEHUA

a — K03 OULMEHT TEMIIEPaTyPOIPOBOIHOCTH, M°/C;

B — pacxon, M/c;

C¢=5,67 B1/(M*K") — KoHCTaHTa H3ITydeHHs aGCOIIOTHO YEPHOrO TelIa;
¢ — TernoéMkocTb, JIx/(kr-K);

D, d — aunametp, M (11 MPOBOJIOKU MM);

F — IUI0mAaab TOBEPXHOCTH, CEUCHHS, M ;

f — gacrora Toka, I'1;

G — Mmacca, KT

2=9,81 M/c> — yCKOPEHHUE CUIIBI TKECTH;

h — mar mMexay BUTKamMu, MM;

H — BrICOTa, r1yOMHA, M;

I — cuma Toka, A;

L — nnuna, M;

| — myiMHA MPOBOJIOKU WJTH JIGHTHI OJTHOTO AJIEKTPUUECKOT0 HarpeBaTes, M;
m — K03 (PULHEHT MACCUBHOCTH;

N — MOUIHOCTbH TEII0BAs, dJIeKTpuueckas, BT (mpu nnaykiimoHHoMm Harpese P);
n — KOJIMYECTBO;

P — nasnenwue, 11a;

Q — KoJIMYeCcTBO TEIIOTHI, [[kK;

q — IUIOTHOCTH TEIUIOBOTO MIOTOKA, BT/M?;

R — conporuBnenne anexrpuueckoe, Om;

R — ynensHoe TemnoBoe conportusienue, K/BT;

I — IMOJIHOE TEeIUIoBoe conpoTusienue, (M K)/Br;

I — paguyc, M;

S — TommuHa CI0€B KIAJIKH, M;

T — Temneparypa 1o abcoytoTHOM mkane, K;

t — TeMriepaTypa 1o crorpaaycHoi mkaine (Lenscus), °C;

U — nanpspkenue, B;

V — 06béM, M*;

W — CKOPOCTb, M/C;

W — y/enbHas MOBEPXHOCTHAS HATPYy3Ka HarpesaTens, Br/cm’;
o — koddduupent temmooraayn, Br/(m>K);

B — TemmeparypHbii KOd()PUIUEHT HU3NIECKON BEIIMUNHBI, K';
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Y — IJIOTHOCTH, KI/M’;



€ — CTENEeHb YePHOTHI MOBEPXHOCTH MaTepHaa;
N — K03 (PULIHEHT TOJIE3HOTO NEHCTBUS;

A — xkoadunment remwtonpoBogHoctTr, B/(M-K);

K — K03 PUIIMEHT TMHaMUYeCKOU Bsi3KocTH, [la-c;
v — K03 UIMEHT KHHEMATHUECKOI BA3KOCTH, M°/C;
p — YAETBHOE 3IEKTPOCONPOTUBIEHUE, MKOM"M;

> — CyMMa, CYMMAapHOg€;

G — Hamnpspkenue, [1a;

T — BpeM, C;

® — xoapdunment quapparMupoBaHus;

(@ — YrJ10BOH KO PUITMEHT U3TyUeHNUS;

® — CTETEHb PA3BUTHUS KIIAIKU;

Bi=aS/A — uucio buo;

Fo=at/S* — uncio dypse;

Nu=oL/A (umu ad/A) — uncno Hyccenbra;
Pe=wL/a (unmu wd/ov) — umcio Iexne;

Pr=v/a — uucno Ilpanaris;

Re=Pe/Pr=wL/v (mmu wd/v) — uaucino PeitHonbca;
Gr — gucno I'pacroda.



1. PACUETHI BPEMEHMUW HATPEBA
N OXJAXKAEHUA METAJJA
INPU TEPMUYECKOH OBPABOTKE

HarpeB Meramia siBisieTcs OJHOM M3 TJIABHBIX OIEpaIuil TEPMUYECKON 00pa-
OO0TKH, XapaKTepu3yeMou TeMIIepaTypou, MPOI0JKATEILHOCTHIO HArpeBa U CKO-
POCTBIO OXJIAXKICHHUS.

[Ipo10KUTENBHOCTh HarpeBa 3aBUCHUT OT cIloco0a Mepeayu Tela HarpeBae-
MOMY M3JIEJUI0. B COOTBETCTBUU C 3TUM pa3IMyaroT JABa METOJA Harpesa: 1) mps-
MOM HarpeB — HarpeB MeTaJla BHYTPEHHUM TEIIOM, T€HEPUPYEMbIM BHYTPU U3-
nenust (3JEKTPOKOHTAKTHBIN, WHIYKIIMOHHBIN); 2) KOCBEHHBIH HArpeB — Harpen
MeTalijla BHEIIHUMHU UCTOYHUKAMH TeIula (B TOIUIUBHBIX U AJIEKTPUUECKHUX Medax,
OTKPBITHIM (PaKeIOM).

[Ipu BrIOOpE MeTOMA HArpeBa U3/AEIUNA HEOOXOIUMO YUUTHIBATh TEXHOJIOTHYE-
cKHe TpeOOBaHUs TEPMUUYECKOU 00pabOTKH U CKOPOCTH, PABHOMEPHOCTH U TOYHO-
CTH Harpesa JI0 YCTAaHOBJICHHOW TEMIIepaTyphl, a TAKKE€ SKOHOMUYECKYIO IEJIeCO-
00pa3HOCTh TPUMEHEHUS BRHIOMPAEMOro criocoba Harpesa.

B Hacrosiee Bpemsi B TEPMUYECKHUX 1I€XaX Yallle MPUMEHSAETCS] KOCBEHHBIN Ha-
IpeB B MeYax, IpU KOTOPOM MPAKTUYECKH HE OTPaHUUYMBAIOTCS pa3Mepbl U popma
uznenuit, B mupokom untepsaie (ot 100 go 1400 °C u Bbiilie) MOXKET 3a]aBaThCS
KOHEYHasi TeMIlepaTypa HarpeBa, OOECIEYMBAETCS BBICOKAs PaBHOMEPHOCTh U
TOYHOCTh HarpeBa A0 3aJJaHHOM TeMIepaTypbl, a TAaKK€ BO3MOXHA MPOAOHKH-
TeJIbHAs BbIACPKKA U3/ACIIUN MIPU 3aJJaHHOM Temreparype.

Jlist HarpeBa npu TEPMHUUYECKOW 00pabOTKe U3IENIUIA U3 CTaIU U CIUJIaBOB MPHU-
MEHSIIOTCSI KaK 2JICKTPUYECKUE, TaK U TOIUIMBHBIC Meuu. [ HarpeBa u3aenuil u3
QTFOMUHUEBBIX CIIJIABOB Yallle MPUMEHSATCS JEKTPUUECKHUE MeUU C UCKYCCTBEHHOM
HUPKYJISIIUE BO3ayXa U nieun aspoaunamuueckoro nojgorpesa (ITAIT).

1.1. TeopeTruyeckue 0OCHOBBI HArPeBa MeTaJJIa B MeYax

Ha noBepxHOCTM HarpeBaemMoro B me4yu HU3JeUsl MPOTEKAET CIOKHBIM TEIUIO-
BOIl mpoliecc, BKIOYAOMUK Bce (HOpMBbI TEIIOOOMEHA: TEIIONPOBOJIHOCTb, KOH-
BEKTUBHBIN TEIUIOOOMEH W TEIJIOBOE M3IyueHue (mydenciyckanue). OCHOBHBIMU
(dopmamu TerI000MEHa, ONPEAEIIAIOIIMMYI HAarpeB U3ENINs B Ta30BOM Cpelie Meyu,
SIBJISIFOTCSI TyYEUCITyCKaHNE M KOHBEKTUBHBIN TeruiooOMeH. [t BeICOKOTEMTIEpa-
TYPHBIX ¥ HU3KOTEMIIEPATYPHBIX TEYEH, I pa3IMIHBIX atMocdep, 3amoHSIO-
mux padboyee MPOCTPAHCTBO MeYel, JUIsl pa3HbIX CIUIABOB COOTHOILIEHWE WHTEH-
CUBHOCTEH 3TUX (POpM TEIJI000MEHA Pa3IUYHOE, YTO OTpaKAaeTCsl Ha MpoLecce Ha-
rpesa u3aeiui.

NHTeHCUBHOCTH TEMI000MEHAa MEXK/Ty TBEPJIbIM TEJIOM M OKpY>Karollel cpenoin
MPUHATO XapaKTepu30BaTh KOAIDPHUIIMEHTOM TEIUIOOTAAUNd O, C KOTOPHIM HETMO-



CPEICTBEHHO CBSI3aH YJEJIbHBIM TEIUIOBOM IMOTOK HA IOBEPXHOCTH HAarpeBaecMoro
tena . I1o 3akony HeroTona

q=0ov(tn — tnos) (1.1)

rae tpy — temnepatypa cpensl (reun), °C; tpogp — TeMneparypa NOBEpXHOCTH Ha-
rpeBaeMoro teina (u3aenus), °C.

VYuuTeiBasi CI0XHOCTh TEIUIOBOTO Ipoliecca Ha MOBEPXHOCTH HArpeBaeMoOro
u3nenusi, Ko3(PpQPUUUEHT TEeMI00TAaud CUHMTAIOT CJIOKHOW BEIMYMHOM, KOTOpas
paBHa cymme KOA((PUIIMEHTOB TEIUIOOTAAuU JTyYEUCITyCKaHUEM Ol 1 KOHBEKIIUEH
Ok-

o=0L + O . (1.2)

MeTtonbl onpesieeHust oy U Ok BBIOMPAIOTCS B 3aBUCUMOCTH OT YCJIOBUH TEIIO-
oOMeHa B meud. BenuunnHa o MEHsETCS B Mpoliecce HarpeBa U3JEIui, OJHAKO B
pacuerax IpOJOJKUTEIBHOCTH HArpeBa U3JEIUN OTU U3MEHEHUSA HE YUYUTBHIBAIOT-
Csl, ¥ IPUHUMAETCS CPEAHEE 3HAYECHUE OL.

B 3aBucHUMOCTH OT ycliOBHM TeriooOMeHa U crocoba padoThl neuu (medyu
HEMPEPHIBHOTO WJIM MEPUOJAMYECKOr0 JACHCTBUS) BOZMOXKHBI TPU MPUHIMITHAIBHO
pa3JIMYHBIX ClIy4as HarpeBa uzaeiauil. Bo-nepBbix, HarpeB
IIPU MIOCTOSIHHOW TEMIIEpAType €YU U NMIEPEMEHHOM TEIJIOBOM MOTOKE HA TIOBEPX-
HOCTH M3JeNMs. JTOT Cilydall HarpeBa XapakTepeH Ul Nedell NepHoaudecKOro
JEUCTBUA, B KOTOPBIX TEIUIO K U3JIEIINIO NIEPENAETCd B OCHOBHOM 3a CYET TEIIOBO-
r0 U3JIyYEHHUS, a TAKKE JJISI DIEKTPUUYECKUX IT€Uel C UCKYCCTBEHHOW LUPKYJIALMEN
BO3/1yxa (KOHBEKIIMOHHBIC ME€YH), UMEIOIIUX HEOOJIbIINE pa3Mephl pabovero mnpo-
CTPaHCTBA, U NeYei-BaHH. BO-BTOPBIX, HArpeB IIpU MEPEMEHHOM TEMIIEpaType Iie-
YH, HO ITIOCTOSIHHOM TEIUIOBOM ITOTOKE Ha ITOBEPXHOCTHU MU3AENHS. DTOT Cllydal Ha-
rpeBa HAOMIOAAETCA B METOAMYECKHUX Ieyax ¢ MpeodiaJaHueM TeraooOMeHa Jy-
YEUCITyCKaHUEM, a TAK)KE B I€4axX NEPUOJMYECKOTO JNEWCTBUSA IIPU PE3KOM Iajie-
HUW TEMIEPATYPhl II€YM B MOMEHT 3arpy3Kd B I€4b XOJOJHOW MAacCCUBHOW CaJKu
u3aenui. B-TtpeTpux, Harpes npu NepeMEeHHON TEMIIEpAType MNeYU U NEPEMEHHOM
TEIJIOBOM MOTOKE. Takoil mpoliecc HarpeBa XapakTepeH Il KOHBEKIIMOHHBIX Iie-
4eil, UMeroIIMX 0oJIbIIue pa3Mepbl paboyero MpoCTPaHCTBA.

Jlist pacdera mpOJOJIKUTENHHOCTH HArpeBa M3JIeJUi B MEPBOM cllydae HE00-
XOJUMO 3HaTh BEJIMYUHY KOA(PPUIUEHTA TEIUIOOTJAYM W TEeMIIepaTypy Iedd. BO
BTOPOM cCllydyae HEOOXOJUMO IpPEIBAPUTENILHO ONPEAETUTh YICJIbHbIN TEII0BON
NOTOK Ha MOBEPXHOCTU u3nenus. B Tpereem citydae yacTto 3amarorcs koddduim-
€HTOM TEIUIOOTIAaYM U 3aKOHOM M3MEHEHHUSI TEMIIEPATyPhI IIEUH.

[Tocne 3arpy3ku XOJIOHHOTO H3AENIHS B II€Yb NPOUCXOAUT MHTCHCHBHBIN Ha-
I'PEB €ro MOBEPXHOCTHBIX CIOEB. HarpeB neHTpanbHBIX CIIOEB MPOTEKAET C MEHb-
HIEH CKOPOCTBIO M3-3a TEPMUUYECKOTO CONPOTUBIICHUS n3aenus. M3sMenssace no Be-
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JMYHMHE, OH MOKET COXPAHATHCA B TEUEHHE BCETO BPEMEHH HArpeBa U3Jeiaus. JTO
3HAYUTEIIBLHO YCIIOKHSET ONPEIEIICHUE BPEMEHU HarpeBa U3eIIusl.

Bennuuna nepenajga TemMneparypsl 0 TOJNIIWHE WU3JIE€IUS 3aBUCUT OT OTHOILIE-
HUSL TEPMHUYECKOIO COINPOTHUBIICHHS HM3AENIHS K TEPMUYECKOMY COINPOTHBIICHHUIO
nepenavyn Teria K ero moBepxXHOcTH. Uem Oosblie yka3aHHOE OTHOIIEHHE, TEM
OoublIe Iepenaj TeMIepaTypsl 10 TONILIUHE u3aenusd. B Teopun TemnooomMeHna or-
HOILIEHHE BHYTPEHHEr0 TEPMHUYECKOr0 CONMPOTUBICHUS K BHEIIHEMY TEPMHUYECKO-
MY COIPOTHUBIICHHUIO HA €r0 MOBEPXHOCTH OIpeAesseTcs unciaom buo:

S/A _aS

1= ——=—

/o A~ (13)
rae S/A — BHYTpEHHEe TEPMUYECKOE CONPOTUBIICHUE U3IENHUS; S — XapaKTepHbIN
FEOMETPUYECKHUIN pa3Mep U3AeNus: I IJIACTUHBI — MOJIOBUHA €€ TOJIIUHBI HpU
JIBYCTOPDOHHEM HAarpeBe W MOJIHAS TOJIIMHA B CIy4dae OJHOCTOPOHHErO Harpena,
JUTST AJIMHIpA W 11apa — HUX PaauyChl; A — KOAQPHUIMEHT TerIonpoBOAHOCTH
MeTaia; 1/o0 — BHeIlIHee TePMUYECKOE CONTPOTUBIIEHUE; 0L — KOI(PPULMEHT Ter-
JIOOTIa4u.

Ecnu Benmuuna Bi Onu3ka K HYJIO, TO TEPMUYECKUM COMPOTUBICHUEM H3JIE-
JIMSl MOKHO TIpeHeOpedb, U €ro HarpeB ONpeesieTCs] TOJbKO BHEITHUM TEII000-
MeHOM. B 3TOM ciyuae mepemnaj TeMieparypsl [0 CEUEHHUIO HU3AENHS MOXKHO HE
YUYUTHIBATh NIPU OINPEEICHUU BPEMEHU €ro HarpeBa. Takue u3fenusi Ha3blBAKOTCA
«TOHKHMM» B TEIJIOBOM OTHOILIEHUH B OTJIMYHE OT «MACCUBHBIX», TEMIIEPATyPHbIN
neperna;j B KOTOPhIX COU3MEPUM € TEMIEPATYPHBIM HAIIOPOM Ha UX MOBEPXHOCTH.

3a yCJIOBHYIO TPAHUILy MEXIY TOHKUMH U MAaCCUBHBIMU U3JICIUSIMU NPUHUMA-
I0T TaKO€ CeYeHHe, Il KoToporo uucio buo pasuo 0,25; npu 3ToMm 3HaueHuu Bi
MaKCUMAJIBHBIW IIEperajl TEMIIEPATyphbl IO CeUeHMIO u3nenus cocrasisieT 10 % ot
pPa3HOCTH HayaldbHBIX TEMIIEpaTyp u3JIeNus ty M BHEIIHEH cpeabl, TO €CTh
At=0,1(tg—ty). Takum o6pazomM, eciu Bi < 0,25, pacdeTsl BBIMOJHSIOTCS 110 GOpMY-
JaM JiJIsi TOHKUX u3zienui, ecinu ke Bl > 0,25 — no MeTtoiuke, puUHATON 7151 Mac-
CHUBHBIX U3JICIIUM.

IIpu pacuerax NpPOAOIKUTEILHOCTH HAarpeBa H3JAeIUid HEOOXOJAMMO TaKKe
3HATh UX TEIUIO(QU3NYECKUE CBOMCTBA, MPEXKIE BCEro IVIOTHOCTH Y, YIEIbHYIO Te-
IJI0OEMKOCTh ¢ ¥ KO3((PHUIIMECHT TEIUIONPOBOAHOCTH — A. JIJIsl METaIoB M CIuIa-

BOB YKa3aHHBIE MMApaMETpbl U3MEHSIOTCS C U3MEHEHUEM Temieparypbl. OqHaKko
IIPY BBIIIOJIHEHUH NTPAKTUYECKUX PACUETOB OHU IIPUHUMAIOTCS ITOCTOSAHHBIMU. JJIs
YMEHBIIEHUS MOTPEUIHOCTH PAacueTOB CieayeT OpaTh CpellHHE B paccMmaTpuBae-
MOM MHTEpBaJIe TEMIIEpaTyp 3HAUCHUS TETIOPU3NIECKIX KOHCTAHT.



1.1.1 OcoGeHHOCTH pacyeTa CyMMapHOro ko3 dpunuenra
TEeNJI00TAAYHU B JJIEKTPUYECKUX U TOMJIMBHBIX Me4ax

Paccmotpum ompenenenne cpegHUX 3HaYCHUH KOA((UIMEHTOB TEIUIOOTIAYH
Ha ITOBEPXHOCTH U3JIEJINN, HATPEBAEMBIX B JJIEKTPUYECKHUX U TOIUIMBHBIX II€Yax.

OnekTpuueckue neuyn. B snexkTpuueckux nedax 06e3 MCKYCCTBEHHOM IHPKYJIs-
MM BO3JyXa OCHOBHBIM BHJIOM TEILJTIOOOMEHA, ONpPEACIIAIONIMM HAarpeB W3JeNuH,
ABJIIETCS TEIUIOOOMEH JyuyencnyckanueM. KOHBEKTUBHBINA TEIJI000OMEH B PE3yJib-
TaTe CBOOOJHOrO JIBUIKEHMSI BO3/yXa OKOJIO MOBEPXHOCTU HArpeBaeMoro M3JAenus
uMeeT HEeOOJIbIIYI0 MHTEHCUBHOCTh U KOA(D(UIIMEHT TEIIOOTAAuYN KOHBEKIIHEH B
HarpeBaTebHONW Kamepe IMedeil cOonpoTuBIEHUs ¢ Temreparypoil Beime 700 °C
NPUOTIKEHHO MOXeT ObITh IpuHAT paBHbM 10...15 Br/(M*K). Jltst Goee HU3KHX
TEMIEPATyp OH MOXKET ObITh OJCYUTAH MO OJHOW U3 POPMYJI, U3TOKEHHBIX HIDKE
B pa3jienie 0 KOHBEKTUBHOM TETNIOOOMEHE B TOIUIMBHBIX MeYax.

B yacTHOM ciydae npu HarpeBe M3JEIUK U3 aFOMUHUEBBIX CIUIABOB B HHU3KO-
TEMIIEpaTypPHbIX KOHBEKIIMOHHBIX I€YaxX BEJIMYMHA KO3(PPUUMEHTa TEIIo0TAaun
JyYEUCITYCKaHUEM HEBEJIMKA U3-3a MAJIOM CTENIEHU YEPHOTHI U3Aenui [6]:

Temneparypa neun, °C 100 200 300 400 500 600

o, Br/(M*K) 1,9 3,6 6,3 10,1 | 152 | 21,8

KoaddummeHT Temnoorauyn KOHBEKIMEH B ATOM cllydae UMeeT OoJbIlee 3Ha-
YEHUE ¥ MOXKET OBITh BRIYHCIICH T10 Cienytomieit hopmyre [6]:

ou=k-w"?, (1.4)

rae k — xkoaddunment, 3aBucAnuil OT TeMIepaTyphl IEUH:

Temneparypa neun, °C 100 200 300 400 500 600

k 4,81 4,19 3,74 3,37 3,20 3,09

W — CKOPOCTh BO3/YIITHOTO TTOTOKA B pabouel kKamepe reyu, m/c.
KoadduimenT temnooTnaun TydyencnyckaHiueM B OOIIEM cilydae OnpeaemsieT-
cs 1o hopmyie

4 4

T} (Tu
100) \100 15
our=Crp- , (15)
TH_TM

rae T u Ty — Texkylue 3HaueHus: TEMIEPATYP COOTBETCTBEHHO M€Y M METaslIa,
K; Cpp — npuBeeHHbIN K03PGULUHUEHT U3ITyYeHUS
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C
Coe =5 O1 ’
+7M 7_1 (16)

ey Fn\en

rae C¢=5,67 Br/(M*K") — KkoHcTanTa H3mydenus aGCONOTHO YEPHOTO TENa; £y —
CTENEHb YEPHOTHI HarpeBa€MOT0 METalia; €q — CTENEHb YEPHOTHI KIAJAKU MEYH;
Fi — TeIIOBOCIPUHIMAIOIIAS IIOBEPXHOCTh HArPEBAEMOro Metamia, M*; Fi — mo-
BEPXHOCTb HATPEBATEIHHON KaMephl MeuH, M.

[Ipu HarpeBe B CpeAHETEMIIEPATYPHBIX JJIEKTPUUYECKUX Me€4YaX C BO3AYILIHON
atmocgepoit 3nauenue Cppr2,5...3,0.

[Ipu n3mMeHeHuu TeMreparypsl B paboueil kamepe Mneuu cpeaHee 3HauYeHUe KO-
s dunreHTa TEIIO0TAAYN onpeaeseTcs mo popmylie

4 4 4 4
HP HP
_ 100) 100 [|{100) 100 (17)
an = OLH (X'.H = ’
rac OL% n Q,JI-<[ — KO:‘)(l)(bI/IHI/IeHTBI TCIUIOOTAAYN HU3JTYUYCHUCM COOTBCTCTBCHHO B

2
HayaJie ¥ B KOHIIE TEMIIEPATypHOro MHTEpBaia Harperaemoro metaia, Br/(m™K);
Ty 1 Ty — TeMmnepaTypsl COOTBETCTBEHHO I€YM M METajlla B HadaJle Harpesa,
K; Tk 1 Tvg — TemnepaTypbl COOTBETCTBEHHO II€YM M METAJIA B KOHIIE HAarpeBa,

K; CH ou CE, — i)
) [P u 1P HpI/IBeI[eHHBIe KOB(I) NI CHTBI HBqueHI/IH COOTBCTCTBCHHO B

2 14
Hayaje 1 KoHle Harpesa, BT/(m™-K").
Ecnu B mpouecce HarpeBa WM3AEnui TEMIIEpATypa B HATPEBATEIBHOU Kamepe

OCTaeTCs HECM3MEHHOM, TO
4
() (7o) () ()
100 100 100 100 (1.8)

\/(T TMH) (Tn TMK

Oy =Cpp -

[Ipu omnpeneneHun oy B M€Y C MOCTOSIHHOW TEMIIEPATYPOHM MOYKHO TAKKE
N0JIb30BaThCs (HOPMYJIOi
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i (T}
100 100 (1.9)

Mcp

rae Ty — Cpennss 3a BpeMs Harpesa remueparypa usaenus, K :
TMcp = 1/3 (tMH+2 tMK) + 273 ) (110)

rae tyy U tyx — TeMIepaTypbl U3JEIUsl COOTBETCTBEHHO B Hayaje U B KOHIIE TEM-
nepaTypHOro MHTepBayia Harpesa, °C.

Cpennsasa temneparypa Harpepaemoro meramia (Tyep) MOXKET OBITH TaKKe OI-
penencHa o dhopmyiie

4

4 4
100 2 100 100

B neuax ¢ mocrosiuHoi Temmepatypoit (700...900 °C) kospdunueHT remio-
OTJIa4YM W3TyYEeHUEM MPUOIMKEHHO MOXXHO MOJCYUTATH MO IMIUPUUIECKON (Hop-
MyJIe:

TM
o=0,03C . 1.12
Bl TP 100 ( )

TonnuBHEIE Tieud. JIpIMOBBIE Ta3bl, 3aMOJHAIONME pabouee NPOCTPAHCTBO TO-
IJIMBHOW T€YH, MEePE/IatloT TEIIO JIYYEUCITyCKaHUEM M KOHBEKIIUEW HarpeBaeMbIM
U3IENIUSIM U cTeHKaMm neuu. [locnegnHue w3nmydaroT Temio Ha u3fenus. Bece atum
MPOIIECCHI YUUTHIBAIOTCS MPU ONPeACICHUU KOd(DPUIIMeHTa TEIUIO0TIauH.

Koadunment tennoornauu paccuuThiBaeTcs no Gopmysie [6]:

4

100 100 .
O(,H=5,67 KEM ’ (1 13)
r _TMcp

rae Tr — temneparypa IbIMOBBIX Ia30B B paboueM npoctpancTse nedu, K; Ty,
— CpeaHsisl TEMIIEpaTypa HarpeBaeMoro meraima, K; €y — CTeneHb 4epHOTHI T0-

11



BepxHocTu u3nenusi; K — kodQuiiMeHT, y4uThIBarONINii B3aUMHBIE MPOIIECCHI
JYy4YEUCITyCKaHUsI ILIMOBBIX Ta30B, U3/IENHS U CTCHOK TEUH.
[To manneM I'.JI.ITomsxka, koaddunuent K Beipakaercs GopmMynoi:

(I-gp)+ o

K= 1-¢
[8M+8F(1_8M )} L

(1.14)

+®
er

I'Zle &r — CTENEHb YEPHOTHI JBIMOBBIX I'a30B, () — CTEIECHb Pa3BUTHUA KIIAJKH, €€
YHICJIEHHOE 3HAY€HHE NMPUOJIM3UTEIHbHO PaBHO OTHOLIEHHIO CYMMAapHOW BHYTpEH-
HEW MOBEPXHOCTH CTEHOK M CBOJA Ne4YM Fyp K BOCIIPMHHUMAIOIIEW TEIUIOBOE MU3Iy-
YEHHUE MMOBEPXHOCTU MeTaia Fy:

(D:FH/FM. (115)

CreneHb 4epHOTHI JILIMOBBIX T'a30B 3aBUCHUT OT UX COCTaBa. B coCTaB meuHbIX
JLIMOBBIX Ta30B B OCHOBHOM BXOHST a30T (N,), yriekucisiii raz (CO,) 1 BoASIHOM
nap (H,O).

OnHo- 1 IBYXaTOMHbBIE Ta3bl UMEIOT HUYTOKHO Mayt0 MHTEHCUBHOCTh TEILIO-
BOro uznydeHusi. [1oaTomy cTeneHb YepHOTHI JABIMOBBIX T'a30B OINpPEICIACTCS U3
BBIPAKEHUSA:

&r= €co, T B'SHzo ) (1.16)

rac 8C02 — CTCIICHb YCPHOTHI YIUVICKUCJIIOIO TI'a3d, SHZO — YCJI0BHAasA CTCIICHb

YEPHOTHI BOASHOTO Tapa; [3 — MmompaBoYHbIN KOd(h(DHUIIMEHT Ha MapIuaibHOE 1aB-
JIEHHE BOJSIHOTO Mapa.

CreneHp 4epHOTHI raza 3aBUCHT OT €T0 TEMIIEPATypPbl, MapIUATBHOTO JaBICHUS
p u cpenneit 3pPeKTUBHON ATUHBI Tyuel S,qp B pacCMaTPUBAEMOM ra30BOM O0be-
me. Bemmunna p, H/cM® (aT™) 4HCIEHHO paBHA OOBEMHOMN 0N ra3a B COCTAaBE
IPOAYKTOB ropeHus. Benmnunny S,q NpuOIMKEHHO MOXKHO ONpPEAETUTh U3 BhIpa-
KEHUSL:

4v
qu) = (0,80,9)? s M, (117)

. 3
rae V — o0beM, 3aN0JHEHHBINA M3Iy4aroIuM razoM, M”; F — miomaap Bcex cre-
2
HOK, OTPaHUYHUBAIONIUX ITOT 00BEM, M.
Jtst onpesienieHust CTEIICHH YEPHOTHL € U €y o M KO3 duLHeHTa 3 puMe-

HAIOTCS HOMOTrpammel (puc. 1.1) [6].
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MHuoxutens K B 3aBUCUMOCTH OT CTEIIEHHW YEPHOTHI IIEYHBIX I'a30B U CTEIEHU
pa3Butus knaaku npu B*=0,85 u B*=0,95, rae P*=emt+er(l—eym), MOXKHO ompene-
JUTH 10 rpaduky, npeaioxennomy J.B.bynpunsim (puc. 1.2).

Takum 00Opa3om, NpUBEACHHBIA KOIDPUIUEHT U3TyUYEeHHS Ta3a, KIaJKu U Me-
Tajja, BXOAAUN B popMyiny KOdPPUIMEHTA TEIUIOOTIAYH U3TYyUYEHUEM, 3aBUCUT
OT CTEIIEHU YEPHOTHI METAJUIA U Ta30B U CTEIIEHU Pa3BUTHSA KJIaJKU. Ero 3HaueHune
OyZAeT yBeIMYMBATHCS MPH MOBBIIMICHUU €y U €r U CTENEHU Pa3BUTHS KIaAKH (TO
€CTh IpH yBeIu4eHUH Fr; u ymenbiienun Fyy).

IIpu narpese B mmameHHbIX medax ¢ ey=0,8, £r=0,30...0,35 u ©=3,0...3,5 3Ha-
yeHnne npousBeneHus 5,67 ey K=Cryy=2,7...3,3. [Ipu HarpeBe B 3alIMTHOM aTMO-
chepe (I1C-0,6) Crxy=1.4, a nua armochepst JJA — Cryv=1,2.

NHTEeHCUBHOCTh KOHBEKTUBHOIO TEIJIOOOMEHA B pabodyeM MPOCTPAHCTBE MeUn
3aBUCUT OT CKOPOCTH JBIKEHHUS JBIMOBBIX Ta30B, a TaKXKe OT UX (PU3MUECKHX
CBOMCTB, JOPMBI U pa3MEPOB HATPEBAEMBIX U3JCINN, TEMIEPATYPhl Ta30B U KJIaJl-
ku. st cpeaHereMnepaTypHbIX N€Yel, HE UMEIOIIUX TPUHYIUTEIbHON UUPKYJIs-
LMK [IeYHO aTMOocdepbl, OH MOKeT ObITh PHHST paBHbM 10...15 B1/(M*K).

[Ipu BBIHYX)JEHHOM JBUXKEHUHM BO3/lyXa WM JILIMOBBIX ra30B B KaHajlaX B yC-
JIOBUSIX HamOoJiee XapaKkTepHOro ISl redyed TypOysleHTHOro pexxkuma Kodhduim-
€HT TEIUIOOT/Ia4d KOHBEKIIMEN paBeH [6]:

0,8
W b

(XK:Z dOT KL KHQO 5 (118)

rJIe W — CKOPOCTh JIBIDKCHHS Ta30B, M/C; d — SKBUBAJCHTHBIA IUaMETp KaHaia

4S

(I[J'ISI KaHaJIOB KPYIJIOI'O CCUCHUA d:? ,» M, 3J1CCh S — Iiomaab CCUCHUA KaHajia,

2 .
M~; P — nepumeTtp ceuenus, M); Z — KOd(PpPUIUEHT, 3aBUCAUINI OT TEMIEPATYPbI
JBIMOBBIX T'a30B, & UMEHHO:

t, °C 600 800 1000 1200 1400

Z 1,99 1,77 1,61 1,48 1,39

K — ko3¢ duiuenT, 3aBUCSIIMI OT OTHOIICHUS JIJTMHBI KaHaa L k ero nuameTpy

d:

13
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Puc. 1.1 Homorpammsl ajist onpeaenenus crenenu yepHotel CO,; (a), H,O (6) u
nomnpaBoyHOTO Koddduimenta 3 ()
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i 74
i

MHOXKATED

WA M < al
04 g — B"=0,95
- 1 ———PB*=0.85

0 02 04 06 08 gr
CreneHb YCPHOTEI IICYHBIX Ta30B

Puc. 1.2. I'padux mis pacdera maOKHTEIS K

L/d 2 5 10 15 20 30 40 50
Ki 1,40 1,24 1,14 1,09 1,07 1,04 1,02 1,00
KH20 — Kod(hpuIMeHT, BeTuYrMHa KOTOPOTO 3aBUCUT OT COJAEPKAHUS BOISHBIX

IIapOB B ABIMOBBIX I'a3daX HWJIKM BO3JYIIHOM IIOTOKC!:

H,0, % 0 2 5 10 15 20 25 30

K0 1,00 1,18 1,24 1,29 1,34 1,39 1,43 1,47

KosddumumenT tennootaaun KOHBEKLUMEH NMpHU TYypOYJIEHTHOM ABUKEHUH BO3-
JyXa WIK OPOAYKTOB CrOPaHUs B KaHajgaX MOXHO OIPENEIUTh TAKXKE C MOMOILBIO
cieayrooniel npuoImKkeHHoN hopmyibl [6]:

0,75

\%%
o = 4,42 d‘?’” , (1.19)

2
rae wo — npuseaenHas (0 °C; 1,013-105 H/M” wimm 760 MM PT.CT.) CKOPOCTH JBH-
YKEHUsI Ta30B, M/ ¢; d — SKBHUBAJICHTHBIN AMaMETP KaHaIa, M.

Ecnu u3BecTHa CKOpOCTh ra3oB w npu Temmneparype t, °C, To

oo 273 20
34t (1.20)
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JI1s1 BBIHYKICHHOTO JIBM)KCHUS Ta30B BJIOJb IIJIOCKOH MOBEPXHOCTH IPHU MPHU-
ONMMKEHHBIX pacdeTax KOG UIIMEHT TeIJI00TAaYl KOHBEKIIUEH OMpPenemnsieTcs 1o
cnenyromuM hopmynam [6]:

a) MpU CKOPOCTHU JBUXKEHUS ra3oB wy < 4,65 m/c:
JUUISL TIOJIMPOBAHHOM MOBEPXHOCTH Ok = 5,58 + 4,25 wy,
JUISL IPOKATaHHOM MOBEPXHOCTH Ok = 5,81 + 4,25 wy,
JUISL IEpOXOBATOM MOBEPXHOCTU Ok = 6,16 + 4,49 wy;

0) pu CKOPOCTH JIBHKEHUS Ta30B Wy > 4,65 m/c:

. 0,78
JUIs TTOJINPOBAHHOM MOBEPXHOCTH ok = 7,51 wy'™™,

. 0,78
JUISl IIPOKATaHHOU MTOBEPXHOCTH Ok = 7,53 wy

. 0,78
JUIS LIEPOXOBATOM MOBEPXHOCTHU Ok = 7,94 wy ™.

1.1.2. OcobennocTH onpeneneHusi KO3 puuuenta
TEeNJIONPOBOAHOCTH HEMOHOJMTHBIX 3arPy30K

Koaddumuent temmonposognoctu A, B1/(M-K), xapakrepusyrommii croco0-
HOCTb T€Jla IPOBOJAUTH TEIUIOTY, 3aBUCUT OT IPHUPOABI BEIIECTBA, €I0 CTPYKTYPHI,
TEeMIIepaTypbl U HEKOTOPBIX APYrux (akTopoB. 3HAUECHMS A Ui CTaieil pasznud-
HBIX MapOK MOKHO B35Th U3 CIIPABOYHBIX TAOJIMII.

JlJ11 HEMOHOJIUTHBIX 3arpy30K, COCTOSIIIUX U3 HECKOJBKUX CJIOEB AeTanent (py-
JIOHOB JINCTOBOT'O METaJljia, MaKETOB JIMCTOB, MPYTKOB, TPYO, HACBIITHBIX 3arPy30K
U T.I1.), IOJIb3YIOTCS MOHATHEM 3()(PEKTUBHON TEIIOMPOBOAHOCTH (A ).

IIpu onpeneneHuu Asp B HEOJHOPOJIHBIX TENAX MPUMEHSIOT 3aKOH CyMMMpPO-
BaHUs JMO0 TEPMUYECKUX CONPOTUBICHUNA — IPU TEIIOBOM IOTOKE, MEPIEHIN-
KYJISIPHOM CJIOSIM, JINOO TEIUIOBBIX MPOBOJUMOCTEN — IPU MOTOKE, MapajieIbHOM
ciosiM. Meronpl onpenenenus 3p(GEeKTUBHON TEMJIONPOBOJHOCTU Pa3IUYHbIX 3a-
Ipy30K paccMarpuBaroTes B [11].

Tax npu ompenenenuu >PGEKTUBHOIN TEMIONMPOBOJHOCTU JHCTOB (pyIio-
HOB), Y KOTOPBIX IJIOCKOCTb JIUCTOB PAacCIOJIOKEHA MEPHEHIUKYIISIPHO HalpaBiie-
HUIO TEIJIOBOTO MOTOKA, pEKOMEHAYyeTca popmyia:

Ao =

n-§, +(n-1}3,
1

}\‘1 }\“2

I7Ie N — YHUCJIO JINCTOB; O — TOJIIIMHA JINCTOB, M; A; — KO3 (HUITUEHT TEIUIONnpo-
BoJHOCTH MeTayuia jucToB, BT/(M'K); (n—1) — KoOIMYECTBO ra30BBIX MPOCIOEK
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MEX]y JINCTaMU; O; — TOJIIIMHA Ta30BOI MPOCIONKHU, M; A, — KOI(PPUIIUEHT TeT-
JIOTIPOBOAHOCTH Ta30Boil npocnoiiku, B1/(m-K).

Ilepenaua Temia depe3 ra3oBYHO MPOCIOWKY OyAE€T MPOUCXOIUTH HE TOJIBKO
TEIUIONPOBOAHOCTHIO, HO M KOHBEKIIMEH, a TakKe (0OCOOCHHO MPH BBICOKUX TEMIIe-
parypax) u3IydeHHUEeM.

Jlnst onpenenenus kodhdUMeHTa TeIONPOBOHOCTH T'a30BOM MPOCIOWKH J1a-
eTcst hopmyna:

7\4227\,1“‘4‘0(62, (1.22)
rae Ar — Kod(h(GUIMEHT TerIonpoOBOAHOCTH Ta3a, HAXOASIIET0Cs B 3a30pax MeExK-
1
ny mucramu, Br/(mK); o = 4:10°CoerpT’, Br/(M*K); emp = W; € — cTe-
8 J—

MIeHb YEPHOTHI JINCTOB.
TermonpoBOIHOCTh MAKETa JUCTOB, Y KOTOPOTO IJIOCKOCTh JIMCTOB PACHOJIO-
YKEHa IMapajijIeIbHO HAIIPaBJISHUIO TEIJIOBOTO MTOTOKA, ONIPEACIISIIOT 110 (hopMyIie:

how = ——1- 2 (1.23)

s onpenenenus 3QHEeKTUBHON TETIONPOBOIHOCTH 3arpy30K U3 JI€Talel OK-
pyraoil GopMbl MOKHO UCIIOJIb30BaTh (POPMYIY:

oY

r

Mo = Ap| 143,91 A% (1-p)-1n +

(1.24)
3,46107°-C,T°d [3p- e +(1-p)- &y ]

1+(1-p)-(1-ey)

5

TJI€ € — CTETCHb YEPHOTHI TIOPHI.
JIoist 3arpy3Kd M3 MEJIKHX M CPEIHHMX HM3ACIUNA MPOU3BOJIBLHON (DOPMBI MOKHO
MOJIb30BaThCs (POPMYIIONA:

b
l—p+

P
M Ao

Moo =
(1.25)

3HadYeHUE TOPUCTOCTU P OMPEACNSICTCS JUIsl Pa3IMYHBIX 3arpy30K JKCIIEPUMEH-
TanabHO. JJIs 3arpy3Ku B BUJIE XaOTUYECKH YJIOKEHHBIX IMMJIMHIPUYECKUX JeTalleh
mHOU [ 1 auameTtpoM d momydeHa popmyna
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p=0,326+0,148-(//d — 1,25)*"",
(1.26)
1,25<//d< 10

Ha puc. 1.3 npuBeneHsl sKkcriepuMeHTaIbHble JaHHbIE 110 A((HEKTUBHON Ter-
JIONPOBOJIHOCTH 3arpy30K U3 XaOTHYECKH YJIOKEHHBIX CTaJIbHBIX LIWJIMHAPOB pa3-
JMYHBIX Pa3MEPOB U YYTyHHBIX JeTaneil. Janapie mo 3hPpexTHBHON TErIonpoBoI-
HOCTH YIIOPSIIOYEHHO YJIOKEHHBIX MPYTKOB U TPyO nmaHbl HA puc. 1.4, a 3arpy3ox
U3 CTAJIbHBIX apoB Ha puc. 1.5 [11].

Psn manubix mo 3 (exTUBHON TEMIOMPOBOAHOCTA HEKOTOPHIX MPOMBIIIICH-
HBIX 3arpy30K MpuBeeH B Ta0d. 1.1.

IIOoCKOJIBKY B ATHX JAHHBIX OTCYTCTBYET 3aBHCUMOCTBH TEIUIONPOBOJHOCTH OT
TEMIIEPATYPbl, OHU MOTYT OBITh MCIOJIB30BaHbI TOJIBKO JIJIsl YIPOIIEHHBIX pacue-
TOB.

hag BY

12

w /

Puc. 1.3. DddexTuBHas Temio-
IPOBOJHOCTh XAOTHYECKH YJIO-
KEHHBIX IHJIMHIPOB W3 CTaJH
Cr3 u uyryHHeiX geranei. I —
d=0,026 wm, /=0,0456 m, p=0,53; 2
— d=0,015 ™, /=0,026 M, p=0,48;
3 — d=0,0058 ™, [=0,0113 wm,
p=0,45; 4 — cmech 3arpy3ok 2 u
3 (6 u 10 kr); 5 — cmech 3arpy-
30k 21 3 (10 u 6 xr); 6 — neranu
u3 Oemoro 4yyryHa, JauaMerp
d=0,04 M, qounaa /=0,02 M, BbIEM-
ka 0,02x0,02 m, BeicoTa 0,01 M,
nopucrocts 3arpysku p=0,58; 7
— munuaapel d=0,009 M, [=0,057

2 ’/%V y/ M, p=0,6; 8§ — 1O xke, [=0,062 M,

p=0,65; 9 — munuuapel U3 Cr3,

——/
. :A—/ d=0,0164 m, [=0,0351 m, p=0,46.

0 200 400 600 800 T,°C
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Puc. 1.4. TemnonpoBOIHOCTH
MAaKETOB CTaJbHBIX MPYTKOB U
Tpy0. I — mmamerp 0,002 M,
IUIOTHENIIAsA yKiaaka;, 2 — TO
xe, guametp 0,0065 m; 3 — TO
xe, nuametp 0,01 m; 4 — npyT-
ku guamerpom 0,03 M, mopwc-
tocth p=0,16; 5 — TO XK€, Aua-
merp 0,0145 ™M, nopucroctb
p=0,28; 6 — TO Xe, nUaMeTp
0,012 M, nopucrocts p=0,48; 7
— 10 xe, nuametp 0,012 m, no-
puctoctb p=0,52; 8§ — TpyOB"I,
HapyxHbli guametrp 0,028 M,
tommuHa ctenku 00,0015 m, mo-
pucrocts p=0,91; 9 — TO XK€,
HapyxHbli guamerp 0,018 M,
nopucrocts p=0,88.

1.5. DOddextuBHas TemIoONpo-

BOJIHOCTB 3arpy3Kd M3 CTaJIbHBIX IIIa-
poB. I — mapsl, crane LIX15, nua-
metrp 0,0191 m, mopucrocts p=0,4; 2
— T0 xe, auametp 0,0285 M; 3 — TO
xke, nuametp 0,0446 m
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Tabmuna 1.1
OddexTrBHAS TETUIOMPOBOIHOCTH TPOMBIIIIEHHBIX 3arpy30K [11]

3arpyska O6’beMHa;13 Ao,
macca, Kr/M Bt/(Mm-K)

HacelmHast 3arpy3ka u3 CTaabHBIX MEJIKUX 00JI-
TOB U raek nuamerpom 0,012...0,025 m 1650...1800 4,65
To ke, HO MAPUKHU CTaTbHBIE C JUAMETPOM
0,010...0,012 m 4400 .9
To ke, HO TOHKHE KOJblla 4350 7...10
CrasbHbIE JE€TAIA B METAUIMYECKOU CTPYIKKE 2000...3000 0,7...1,3
CranpHas MPOBOJIOKA B OYHTaX — 2.3
Crona cranbHbIX JUCTOB TodmuHOM 0,001 M — 0,4...0,5

1.2. Pacuer HarpeBa u3jejuii B me4ax
¢ MIOCTOSTHHOM TeMIlepaTypou

1.2.1. PacueTr BpeMeHH HArPeBa TEMJIOTEXHUYECKH «TOHKUX» U3/eJTuil

TemnepaTypa medu B MPOLIECCE HAarpeBa M3AECIUKA HE MEHSIETCS, €CJIM MOII-
HOCTbH II€YH COOTBETCTBYET PACXOJy JHEPruM Ha HArpeB u3aenuid. Tak, yCTaHOB-
JICHHAsl MOIITHOCTH M€YM B HAYAJIBHBII MOMEHT HarpeBa W3JIeJui HE JODKHA OBITH
MEHBIIE CICIYIOUIEr0 3HAYCHUS

Ny = (1,2...1,5) oF(ty = tyu)

> 1.27
10°n (1.27)

rae Ny — yCTaHOBJIEHHAsl MOIIHOCTh Ileud, KBT; F — akTuBHas NmOBEPXHOCTH
cankn m3aenmuit, M*; 1| — KIIJT neun; ty— Temneparypa neun, °C; tyy — Hadaib-
Has TeMreparypa uzaenuii, °C.

ITo mepe HarpeBa U3aennii pacXxoJ YHEPIUU B MEYN JOJIKEH YMEHBIIATHCS MIPO-
NOPLHMOHAIBHO CKOPOCTH HAarpeBa M3IEJIHHA, YTO NPAKTUYECKU OCYLIECTBISETCS
Py NOMOIIM TEPMOPEryJATOpoB. IIpu Takom ycioBHM mHpouecc HarpeBa «TOH-
KUX» W3AEIUI Tmpu mpeobiiajaHui KOHBEKTUBHOTO TEIJI0OOOMEHAa OMUCHIBACTCS
IPOCTHIM ypaBHEHUEM TEIIOBOTO OanaHca:

oF-(tg — t)-dt = Gc -dt, (1.28)

rae o — K03 UIMEHT TeII00TAaun; t — TeKyIllas TeMIepaTypa u3nenus; ty —
Temneparypa nedu, dt — sjeMeHTapHbIi MPOMeXyTOK BpemeHn; G — macca u3-
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Nenus; ¢ — YyJelibHas TEIUIOEMKOCTh H3leius; dt — sjIeMeHTapHOe U3MEHEHHE
TeMIIepaTypbl U3eNNs; F — akTuBHAsI HOBEPXHOCTb.

[Tox akTMBHOI MOBEPXHOCTHIO MOHUMAETCS MOBEPXHOCTh M3JIE€IUs, BOCIPUHHU-
MaroImiasi Terio OT BHEUIHEN cpeabl. [Ipu ciioxHoM nmpodusie HarpeBaeMoro us3je-
7Sl aKTUBHAS TIOBEPXHOCTH CUUTACTCA 1O orubaromemMy nepumerpy (puc. 1.6).

WNurerpupys ypaBuenue (1.28) B mpezenax oT HayaJbHOW TeMIIEpaTyphl U3e-
JMs tyy 10 KOHEYHOM TeMnepaTypbl U3AeIus ty, HOTyduM GOopMyly AJis Onpese-
JICHUS] BpEMEHU HarpeBa U3eius:

TH = oF ‘In tH B tMK . (1.29)
\ ‘-Cl; - (] a\‘ d
—AN Y [\
6a’ 5a? 3a?

7
7
?

)

b
T

%
7z

NN

NI

T

Puc. 1.6. AKTUBHas MOBEPXHOCTh HEKOTOPBIX U3JIETUI

®opmyna (1.29) omnpenenser NpodOKUTENBHOCTh HarpeBa M3JEIUN B Iedax C
KOHBEKTHUBHBIM TeII000MeHOM. E€ MOXHO MCHOJIB30BaTh U ISl pacueTa Harpena
U3JIENNUN B MeYax ¢ ImpeodiagaHueM TeriooOMeHa JTy4eHCITyCKaHuEeM, ONPEIeIuB
COOTBETCTBYIOIIMM 00pa3zoM Ko3dduiumenT Temnootaauu (pasaen 1.1.2). Ognako
JUISl TIeYeH ¢ TeIIO0OMEHOM JIyueHcIyckaHueM Oojiee TOYHOM siBiseTcs ¢hopmyia
b.B.Crapka, nosryueHHasi Ha OCHOBaHUU 3aKoHa u3inyuyeHus Credana—bonbiimana:

__ Ge 100 .WTM v TMHJ 10
CrpF (Ty, /100 Ty Ty )|’ (130)
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r7e T — BpeMs Harpesa, ¢; Ty — Temneparypa neun, K; Ty — KoHeuHas Temrie-
patypa 3arpy3ku, K; Tyy — HavanbHas temneparypa 3arpysku, K; G — macca 3a-
TPY3KH, KT; ¢ — yJelbHAasl TeII0eMKOCTh 3arpy3ku, Jx/(kr-K); F — TemmoBoc-
NPUHUMAIONIAs TTOBEPXHOCTh 3arpy3kn, M>; Crp — NPUBEICHHBIH KO QHUIHEHT
n3myaenus, Br/(m® K*); w — (QyHKIMS OTHOLICHNS TeMIIepaTyphl 3arpy3Ku K TeM-
neparype neuu:

Ty 1-(T/Ty) Ty
3naueHus PyHKIMH \y MOTYT OBITH OIpPENEICHBI MO rpaPuKy, H300paKEeHHOMY Ha
puc. 1.7 B 3aBUCUMOCTH OT COOTHOIIIECHUI Tym u Tan [5].

Ty Th
Ty
wiz)
J

2,0

1,6

1,2 I

/
0.8 -
0,4 Ty
Th

0 02 04 06 0309092 09810

T T
Puc. 1.7. 3aBucumocts \u[ TMJ or -4
1

JIns pacyera BpeMEHM OXJIAXKIEHUS MACCUBHBIX M3IEIUU C KputepueM buo
MeHee 4,0 MOKHO MOJIb30BaThCsl POPMYIION AJI1 TOHKUX TeJl C BBEAECHUEM IONpa-
BOYHOTO KO3 UIIMEeHTa M, 3aBUCSIIETO0 OT MACCUBHOCTU M3JETUIl U UX (OPMBIL.
®dopmyiia npuoOpeTaeT ClIeIyOUUi BU:
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TH = n-1L— ,

[TonpaBounsrii ko3pdhunuent m = 1+Bi/(k+2), rne k — xoadpdurment hopmsi,
KOTOPBIM paBeH | s miuacTuHsl, 2 11 DWIAHAPA U 3 I mapa.

IIpu pacuerax BpeMEHM HarpeBa Kak TOHKHX, TAK U MAaCCHUBHBIX M3JEIHA HYKHO
NPUHUMATh BO BHUMaHKUE CIOCO0 UX YKIIAJKU B €YU U paccTosiHUE MexX Ty HuMu. Ha
puc. 1.8 npuBenensl kKo3PPuIMEHThl Kpacp BpEMEHH HarpeBa U3IAENUil KPyIjioro u
KBAJIPaTHOT'O CEYEHHUI B 3aBUCUMOCTH OT PACIIOJIOKEHUS B IT€4H [5].

Pacnonoxxenue n3gemuii | Kpacn Pacnosnoxxenue n3aenm Kpacm

@ I 7 1
el
@

N\, 2 V7.7 7) 4

0,54 . ._05d
1.4 > 2,2
D 7 s
LX) 4.7
2d —! f |}
1,3 7 2,0
@ Z 2 A )
2

” 1,8
7 7/ 7

Puc. 1.8. Koad¢punments Bpemenu HarpeBa Kpacrr B 3aBUCUMOCTH OT pacmoioxke-
HUS U3Jeui B neun; d — quaMeTp Wid CTOpOoHa KBajapara

1.2.2. Pacuer BpeMeHHU HAIPeBa U OXJIAKACHUS TEIJIOTEXHUYECKHU
«MACCHBHBIX» M3/IeJIMH B cpejie ¢ MOCTOSIHHOM TeMIepaTypoii

Pacuer BPEMCHH HArp€Ba U OXJIAKIACHUA MACCHUBHBIX I/I3,Z[CJIPII>JI y,Z[O6HO BCCTH
110 CIICHraJIbHBIM I‘pa(l)I/IKaM, HauOoJee TOYHBIC W3 KOTOPBIX p3,3pa60TaHbI

23



J.B.bynpunbiM. OHHM COCTaBJIEHBI AJI pacyeTa BPEMEHU HarpeBa WM OXJax]e-
HUS MOBEPXHOCTU M CPEJIHEW IJIOCKOCTU IIacTuHbl (puc. 1.9), a Takxke s mo-
BEPXHOCTU U ocH nmiauHApa (puc. 1.10). I1o 3TuM rpapukam MOXKHO Takke ITyTeM
NEPEMHOKEHHUS TEMIIEPATYPHBIX KPUTEPUEB (OTHOCUTENIBHBIX TEMIIEpaTyp) Ompe-
JEUTh TEMIIEPATypPy PAa3IUYHbIX TOYEK MMOBEPXHOCTU U LIEHTPA JUCKOB, HUIUH-
POB, PU3M JIs1 JH0OOT0 MOMEHTA BPEMEHH.

ITo ocu abcuucce OTI0KEHO 3HAYEHHE HE3aBUCUMOM MEPEMEHHON — OTHOCH-
TeIbHOT0 BpeMeHu (uucia Pypbe) B jorapudMuieckoM maciirade, a mo ocu op-
JUHAT — TEeMIEPATypHbIA KpUTEpUil (OTHOCUTENIbHAS TeMIlepaTypa), IpeacTaB-
JSIOIUNA cO00M OTHONICHHE TEKYIIEH Pa3HOCTH TeMIEepaTypbl JAHHOW TOYKU U
OKpY>Karollel Cpebl K ATOM K€ pa3HOCTHU [0 Hayajla HarpeBa WK OXJIAKICHHUS:

0= tn — thos

(1.33)
KpureprnanbsHoe ypaBHEHHE IPEACTABICHO B CIEAYIOIIEM BUJE:
) tg —t oS
0 = f(Fo, Bi, ~) nmu -1 —-1OB — a—z, =05, (1.34)

at .
rae O — otHocuTenbHas Temneparypa; Fo — aucio @ypwe (F0=S—2); B1 — uuncno

. a X
buo (B1=7); S — MOJIOBHHA TONIIMHBI TJIACTHHBI; g — OTHOCHUTEJIbHAS KOOP-

JIMHATA, MOKA3bIBAOIAs [TOJ0KEHUE TOUKHU B U3/ACIIMH TOJIIMHOMN S.

[IpsiMble TUHUM HA JUArpaMMe, MEHSIOIIME CBOE HaIpaBJIEHHUE, OTHOCATCS K
pas3nTuYHBIM 3HAYCHUAM Bi; n3menusM O0NbIIIero CEYeHHs] COOTBETCTBYET OOJIbIIIEE
3HaueHue Bi, a uznenusam MeHblero ceueHusi — MeHsnlnee. [I[poMexxyTounbie 3Ha-
yenus Bi onpenensitorcs unrepnossiiueid. [lo 3nauennto Bi u 0 Ha rpaduke onpe-
nensiercst Fo, oTkyna onpenensiercst Bpems Harpesa. Jlanee no Bi u Fo no rpaduky
JUISl HarpeBa CpeHEel IMJIOCKOCTH IUIACTUHBI WM OCH LWJIMHIAPA MOXKHO OIpeje-
JIUTh OTHOCUTEIIBHYIO TEMIIEPATYPy U TEMIEpaTypy CpPeIHEW IIOCKOCTH IUIACTH-
HbI WK OCH LIWJIMHJIPA.
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1.2.3. PacueTr BpeMeHHU BbIIEPKKH J1JISl BBIDABHUBAHHUS TeMIIEPATypPbl

[Tocne nocTrxeHus 3aJaHHON TEMIEPATyPbl U3IETUIM HEOOX0AMMa BbIIEPKKA
JUIsl BBIDAaBHUBAHUSI TEMIEpaTypbl. 3aBUCUMOCTh IEpenajga TeMIepaTyp B KOHLE
HarpeBa OT IIeperasa B Hadajge HarpeBa BBIPAXKACTCA CIEAYIOLUIMMHU yPABHEHUIMU

[5]:
. at
JUIS1 TUTACTUHBI TOJIIIMHOM 2S npu - > 0,06

At

- 1,03-exp(— 2,47 %j ;

1:HA‘{

at
JUIsl HIIMHApa paauyca R mpu F > 0,08

A 1,11-exp(—5,78-a—;j .
tHAI-I R

[lepeMHOXXHB 3TH BbIPa)KEHUs, MMOJTYYUM ypaBHEHUE BbIPABHUBAHUS TeMIlepa-
TypbI B HWIMHAPE, paguyc KOToporo paseH R, a niuuna 28S:

At

a-t a-T
= 1,03 exp(— 2,47 —) 1,1 lexpt— 5,78—) =
Atuas ¥ R (1.35)

at at
= 1,1426Xp(— 2,478—2—5,78F) .

Jnsa nuunueapa, y KOTOporo paauyc paseH mimHe: 2R=2S, unu R=S, ypas-
HEHHE NPUMET CJIETYIOIIMNI BUL:

At

= 1,142-exp(— 8,25-

Aty R?

ﬂ) (1.36)

AHaIOTUYHO JJI KBaJpaTHOU MPU3MBI ceueHreM 2Sx2S u juist Kyba co CTO-
pOHOM 2S nostyyum:

At

a-T
= 1,09'6Xp(— 7,418—2j . (137)

t HAY

Pacuer BpeMenu s uznenuii pa3audHor (HopMbI MOXKET OBITH clienaH Ooliee
IPOCTBIM METOAOM — IyTeM nepemHoxkenus kodpounuentos Kr u Kr. Koaddu-
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. at
LMeHT Ky 3aBUCHT TOJIBKO OT (hOPMBI TeJIa U peACTaBiseT coboi savenne —- (L
L

— TMOJOBMHA MHHHMMAJBHOTO pa3Mmepa, a — KO3(PPHUIMEHT TeMIepaTypoIrpoBO-
HOCTH, T — BpPEMs), IIpU KOTOPOM Iiepenaj Temneparyp At=tnop—tienrra YMEHB-
maercs 10 1 % cBoero nepBoHavansHoro 3HaueHus. Kosgpduunent Ky 3aBucur or
OTHOLIEHUS Mepernaja TeMrneparyp B KOHIE HarpeBa At K €ro nepBoHayalbHOMY
3HAUYCHUIO Atyay.

Koaddummentrr Kt u Ky npusenens! B Tadin. 1.2 u 1.3 [5].

Taomuna 1.2
3nauenus kodpdunuenta K
At At At At
Atgay S Atgay f Atgay f Atgay K

0,01 1,00 0,08 0,55 0,20 0,35 0,40 0,20

0,02 0,85 0,10 0,50 0,25 0,30 0,50 0,15

0,05 0,65 0,15 0,41 0,30 0,26 — —

Tabmuma 1.3
3navenus ko3 punmenta K

[Tapanne- K, [Tapamnne- K, nmmeapel K
JICTIMIIC B JIETTUIIEIBI DxH F
Ix1x1 0,63 I1x2x2 1,25 1x5 0,81
I1x1x1,5 0,77 1x2x3 1,39 x4 0,80
Ix1x2 0,85 1x2x4 1,46 1x3 0,79
I1x1x3 0,91 1x2x5 1,49 1x2 0,74
Ix1x4 0,93 1x3x3 1,57 1x1,5 0,68
Ix1x5 0,94 1x3x4 1,67 1x1 0,56
1x1,5%1,5 0,99 1x3x5 1,71 1,5x1 0,91
1x1,5x2 1,09 1x4x4 1,79 2x1 1,18
1x1,5%3 1,21 1x4x5 1,84 3x1 1,52
1x1,5%4 1,27 1x5%5 1,88 4x1 1,76
1x1,5%5 1,29 5x1 1,88
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1.3. Onpenesenne BpeMeHH HATPeBa U3/ eJIUil
B Me4ax NMepruoanyecKoro aeiicTpus

1.3.1. HarpeB TemJ10TEXHUYECKH «TOHKHX) M31eJINH

Bpems HarpeBa TOHKOTO H3IENMUS B JJIEKTPUYECKOM IEYH NEPHUOIUYECKOTO
JEUCTBUS 3aBUCUT OT HaYaJbHOW TEMIIEpATypbl U3JEIHS U MOLUIHOCTH Ie4u (puc.
1.11).

[Ipouiecc HarpeBa pa30MBarOT Ha JBa HTana.

IIepBb1ii 3Tanm — OT Ha4ayia HarpeBa A0 JOCTMIKEHUS B Kamepe Ie4u 3aJaHHOU
TEMIIEpaTypbl — XapaKTEPU3YeTCsA TEM, YTO BCIEICTBUE HU3KOM TEMIEpaTyphbl
CaJlK1 OHa IIOTJIOIIAET BCIO BBIACIIIOLIYIOCS B KaMepe IeYH MOJIE3HYH MOILIHOCTD
U HArpeB U3ZCJIMN OCYLIECTBIACTCS IPU IIOCTOSIHHOM TEIUIOBOM IIOTOKE. Terno-
BOM IIOTOK, BOCIIPUHMMAEMBbI EIMHUIICH ITOBEPXHOCTH HArpPEBAEMBbIX HU3JEIIUU,
ompenensercs no Gpopmyie

NH B NHOT

dp = . ; (1.38)

rae N — MOWIHOCTh nevu; Npor — MOIIHOCTh TEIUIOBBIX MOTEPH Ieuu; Fy —
TETJIOBOCIIPUHUMAIOIIAS IOBEPXHOCTh U3JICIUN.
J1714 BBICOKOTEMITEpATypPHOM M€YM YPABHEHUE TEIUIONEPENAYNA IPUMET BUL:

Ty ) (Tu)

— M Br/v?
100 100 (1.39)

qm = Crp

3nech Cpp — NMpUBEIEHHBIN KOAP(ULUEHT U3ITyYESHHUS.
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m
tH = const i

A
Y

-
\\
\/

Puc. 1.11. I'paduk HarpeBa TEIJIOTEXHUYECKH TOHKOTO M3ICIHSI B MEYH Tie-
PUOUIECKOTO JCHCTBHS
KoHen nepBoro m Hayasio BTOPOro dTana XapaKTepU3YIOTCs JTOCTHKEHUEM 3a-
JTAHHOTO 3HA4YEHUs TEeMIIepaTyphbl pabodero mpocTpaHcTBa. Temmeparypa Terio-
TEXHUYECKU TOHKUX HM3JEIUA B 3TOT MOMEHT BPEMEHH B COOTBETCTBHH C (popmy-
noit (1.39) cocraiserT:

4

il =100 * ([} —dn 593 (1.40)
100)  C,

KonnuecTBo Teria BOCIPUHUMAEMOI0 U3ETIMEM 3a MIEPUOJ] IEPBOTO ATara,
qnFwmt , TA€ T) — JUIMTENBHOCTH MEPBOro 3Tana. ITo TEIJIO MOWJIET Ha HArPEB U3-

o I II
ACINA OT HAYaJIbHOU TCMIICPATYPhI tM a0 tM , IOOTOMY!

qrFmti = Ge(ty—ty) , (1.41)
H, CJICA0BATCIBbHO,
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Gce

11 1
T = (ty—tm)s C, (1.42)

an

rae G — Macca u3Jienuii; ¢ — CpeHsisl yAelIbHasl TeIJI0EMKOCTb.
Jlns ompenesieHUs: T; HEOOXOIMMO 3aJaThCsl 3HAYEHHEM TEIUIOBOIO0 MOTOKa
(qn). PaumonanbHOE MCMOIB30BaHUE MOLTHOCTH JOCTUTAETCS B TE€X CIIy4asX, KOrja

11
TEMIIepaTypa 3arpy3Kd B KOHIIE IIEpBOro Iepuona HarpeBa (ty;) cOCTaBiseT

80...90 % ot 3amaHHOI TEMIIepaTypbl HarpeBa (t{v[H .

B ciyuae, korjga u3BeCTHBI pa3Mephl €YU U HEM3BECTHA €€ MOIIHOCTh, Y/I€Jb-
HBII TEIUIOBOM MOTOK MOKHO OINPEACIUTh U3 BBIPAKCHUS:

4

T\ (TL 11 2
qn = Crip’ ﬁ - ﬁ +10<(Tn-Tyy) , B/, (1.43)

II
rac TH, TM — TEMIICpaTypa COOTBCTCTBCHHO IICHYHW U HU3ACIIMA B KOHILIC IICPBOTO

nepuojaa Harpesa, K.

[To mocTrkeHWU TEYbI0 3aJaHHOTO 3HAYEHUS TeMIIepaTyphl HAauMHAET pado-
TaTh TEPMOPETYIATOP, MOACPKUBasi €€ HEU3MEHHOM, a MmoTpedisieMas MOITHOCTD
NeYH MPU ATOM CHUXkaeTcs. Takum o0pa3oM, B TEUEHHE BTOPOTO dTara HarpeB u3-
nenuii OyeT OCYIIEeCTBIIATHCS TPU TOCTOSITHHOW TeMITepaType.

JIJist HU3KO- U cpeHETEMIIEPaTyPHBIX MeUei BpeMs HarpeBa BO BTOPOM TIEPHO-
1ie (9Tare) MOKHO PacCUMTATh IO CIIeMyIoel hopmyre:

Gce t, —ty
Ty = ‘In-L—M ¢,
2 agFy  fy - [ (1.44)

. 1 I
rae G — macca HarpeBaeMbIX M3JEIUH, KT; ty, U ty; — TeMIepaTypsl HarpeBae-

MBIX U3/IEJINI COOTBETCTBEHHO B HadaJle M KOHIIE BTOPOro nepuoaa Harpesa, °C; tp
— TeMmIeparypa Ieyd BO BTOPOM nepuojae HarpeBa, °C; ¢ — cpeaHsis yaelbHas
TEIUIOEMKOCTb 3arpy3Ku BO BTOpPOM Iepuone Harpesa, Jx/(xkr-K); oz — cymmap-
HBI KO3((UIKMEHT TemIo0TAaud BO BTOpOM mepuonae HarpeBa (mpu Tp=const),
(Bt/M*K); Fy — TeILIOBOCIPHHIMAIOMIAS TIOBEPXHOCTD 3arpy3KH, M.

JUi BBICOKOTEMIIEPATYPHBIX Ieuel (IIpu MpeodIagaHuy JIydYHuCTOro TEI1000-
MEHa) BpeMs HarpeBa Ha BTOPOM JTarle ONpeeseTcs o ciaeayouieit popmyre:
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oo Ge o [mny o
T Crpby (Ty /1000 | '\ Ty ) '\ T ) U

rae Y(T/Ty) — dyHKIMsS oTHOIIEHUST TEMIIEPATYPhl 3arpy3KHu K TeMIeparype Ie-
YH, 3HAYCHHUS] KOTOPOI MOTYT OBITh BBIUKCIICHBI 110 (hOpMYJIE:

U} L :O,25-lnm+0,5-arctg T . (1.46)
Ty 1-(T/Ty) Ty

JI1st HaXOKIeHUsI 3HAYEHUN TeMIlepaTypHON (PYHKIIUU MOXHO TaK>Ke MOJIb30BaTh-
cs rpaduikoM, IPUBEICHHBIM Ha puc. 1.7.
1.3.2. HarpeB TemJIOTEXHUYECKH «MACCHUBHBIX» U3/AeJIUI

I'paduk HarpeBa B meyax NEPUOAMYECKOTO JIEHCTBUS TEIJIOTEXHUUYECKU Mac-
CUBHBIX M3JEJIMU NpUBEaeH Ha puc. 1.12.

Kak u B mpeapiayiieM ciyyae Npouecc HarpeBa pa30oMBaeTcs Ha J1Ba MEPHOJIA:
NEPBBIN NEPHOJ — HArpeB MPHU MOCTOSSHHOM TEIJIOBOM MOTOKE, BTOPOl — Harpes
[P MOCTOSTHHOM TeMIeparype Meyu.

JUInTeNnbHOCTH IEPBOTO NepuoAa (Ipu qp = const) 17151 OECKOHEYHOMN MIACTUHBI
TONIIMHOM 2S omnpenensercs no Gpopmyie

n=1+1"=03 % + = crS (tHOB thOB), (1.47)
T OECKOHEYHOTO MIJIUHAPA paguycoM R
T=T+17 —025%2+;YR (tHOB —thOB), (1.48)
rae a=A/cy — K0d(QHUINEHT TeMIIepaTypOIPOBOIHOCTH, MY/C; T — HAYAIIBHBIH

IIEPUOJI HArpeBa, K KOHIY KOTOPOT'O B U3JEIUU YCTAHABIMBACTCS PETYJISPHBIN pe-
KAM, KOTOPBIM XapaKTEPU3YyEeTCsS MOCTOSHHBIM IEPENAFOM TEMIEPATypbl MEXIY
HOBerHOCTI)IO 151 LEHTPOM I/IBI[GJ'H/IH TO €CTh pu

At= tHOB tI_[EHTP tHOB tI_[EHTP =const; S BpeMs HarpeBa HU3IAEIUS B peEry-
JSIPHOM PEIKUME, C, tHOB, tHEHTP — TeMIIepaTypa COOTBETCTBEHHO IMOBEPXHOCTHU

N IOCHTpA U3ACJINA, KOHIIA HAYAJIBbHOI'O U HadYaJla pEeryJIsIpHOro pCiKuMma, OC tHOB

— TeMIlepaTypa MOBEPXHOCTH M3JENHs B KOHIIC IEPBOTo Meproja Harpesa, °C; vy
3
— INIOTHOCTh MeTajuia, KI/M".
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Jlns 6eCKOHEUHOM TIJIAaCTHUHBL:

thos = L27:quS/2h + tyir,  thigsrre = 0,27-qnS/2h + ty
JJ1s1 GECKOHEUHOTO MIJTHHAPA:

tIHOB = 1,5-quR2A + tyu thEHTP =0,5-quR/2A + tyy

(1

—+

+A

At

tH = const

MH

\

S}
/

T

\

Puc. 1.12. T'padux HarpeBa TEIJIOTEXHUYECKHM MACCHUBHOTO W3CIUS B
DJIEKTPUYECKON NeYU MEPUOIUYECKOTO AEHUCTBUSA

TeMHepaTypa MMOBCPXHOCTU H3ACIIHNA K KOHITY IICPBOIo IICproaa HaArpeBa Mo-
KET OBITh OIIPCACIICHA U3 BBIPAKCHUA:

4

T q

trop — tvp = 100-4 (—Hj — L 273, (1.49)
100) Cpp

[To mOCTHMXKEHNH TOBEPXHOCTHIO U3IETUS TEMIIEPATYPbI thB 3aKOHYUTCS TIEPBBII
IIepuoJ HarpeBa. B nanpHeEWIeM HarpeB M3Jeius OCYIIECTBISAETCS MPU MOCTOSH-
Holt Temrieparype neuu (T).

[IpoomKUTENBbHOCTS HArpeBa U3CIU HA BTOPOM 3TaIle T, 10 3aJaHHOW TEM-
nepaTyphl t' MOXHO ONpEeUTh ¢ oMombio rpaduxos JI.B.Bynpuna. ITpu sToM
OTHOCHUTEJIbHBIE TeMIIepaTypbl Opop U Opparp OIPEAETISAIOT U3 BBIPAKCHUI:
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II
1:l'I — 1:HOB

el_IOB = 11 b
tH B tCP
1.50
. (1.50)
0 _ ty — tHEHTP
HEHTP — = 7 »

II
m— tCP

11
rae tep — CpenHss TeMIlepaTypa U3Aeaus K KOHIly IEpPBOro nepuoja Harpesa, °C:

o 11 11
17151 OECKOHEUHOU acTuHbl top = tog— 0,7At;

17151 OECKOHEYHOT O LIMINHIPA tICIP = thB— 0,6At;

[Ipu omnpenenenuu (¢ nmomompbio rpaduxoB J[.B.byapuna) BpemeHu BTOpPOTO
nepuoja (t,) 3HaueHue KodPGuIMeHTa TeII00TAauu Oy , MOACTABISEMOTO B YHC-
70 buo, paccuuteiBaroT nmo hopmynam, npuBeAEHHBIM B pasa. 1.1.1.

Pacuér BpeMeHHn HarpeBa HACBHIMHBIX HEMOHOJUTHBIX 3arpy30K MOXET ObITh
OCYILIECTBJIEH TaK K€, KAK U MOHOJIUTHBIX, C YYETOM UX HACBITHOM IJIOTHOCTU U
9KBUBAJICHTHOT'O KO3 (UIIMEHTa TEIIIONPOBOIHOCTH .

B ciyuyae HarpeBa KOpOTKUX U3JEIUI IPU ONPEEICHUN BPEMEHH BTOPOTO I1e-
puoja cueAayer UCIOIb30BaTh METO/1 MEPEMHOKEHHS TEMIIEPATYPHBIX KPUTEPHUEB.

1.3.3. OcoGeHHOCTH pacyeTa MHOT0O30HHBIX METOAHYECKHUX Meveil

B oTnuume ot medein cajovyHOro TUMa B METOAWYECKHUX IE€YaxX TEMIIEpATypa B
KQKJIOM TOYKE HarpeBaTelIbHOW KaMepbl HEM3MEHHA BO BPEMEHM, a TeMIEpaTypa
HarpeBaeMbIX W3JIEeNui, KOTOphIE MepeMeNatoTcss B paboueil kaMepe ¢ MOMOIIbIO
CHeIUaIbHOrO YCTpoiicTBa (KOHBeMepa, poibranra M Jip.), BO3pacTaeT OT 3arpy-
304YHOr0 KOHIIA K pa3rpy304YHOMY.

C TOuYKM 3peHUs yBEIMYCHUS MPOU3BOAUTEIHLHOCTH MEUU IEIECO00pa3HO U3-
JIeNHsl HAarpeBaTh NPU TOCTOSIHHOM TemriepaType B pabouei kamepe. [lpu stom
MOIIHOCTh HarpeBaTesiedl Mo JUIMHE MeYM JOJKHA OBITh Pa3IuyHON — MaKCH-
MaJIbHOM B IMEPEIHEN 30HE, C MOCTEICHHBIM CHUKEHUEM JO MHUHUMAJIBHOTO 3Ha-
YeHUs (MOILIHOCTH XOJIOCTOTO X0/1a) Y Pa3rpy304HOro OKHa.

OpnHako, BCJIEACTBUE TPYAHOCTH MPAKTUYECKOTO BBITIOJHEHUSI JTAHHBIX YCIIO-
BHI, COBPEMEHHBIE METOJUYECKHUE MEYM, KaK MPaBWJIO, UMEIOT HE OJHY, a He-
CKOJBKO (3...4) caMOCTOSITENBHO PEryJIHPYEMbIX TEIUIOBBIX 30H. B Takux medax
MOIIIHOCTh B MEPBOM 30HE HaWOOJIbIIAs, YTO CO3/1a€T YCIOBUS I MAaKCUMAJIbHON
CKOpPOCTH HarpeBa U3IEIui, a B MOCIEAHEN, B KOTOPOU MOIITHOCTh HAIPEBATENIEH B
OCHOBHOM KOMIIEHCUPYET TEIUIOBBIC IMOTEPH MEYU, MPOUCXOAUT BBIPABHUBAHUE
TEMIIEPATypPhl IO CEYEHHUIO HATPEBAEMBIX U3/ICIIUN.
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B TpEX30HHBIX METOAMYECKUX I1€Yax MOILMHOCTH HArpeBaTeNIeH 110 30HAM OJH-
HAaKOBOM  JUIMHBI  paclpeAensioT  NPUOJU3UTEIBHO B COOTHOIICHUHU
60+30+10=100 %, a B ueTbipéx30HHBIX 40+30+20+10=100 %.

WNHorna ¢ nenpro OBICTPOro pa3orpeBa XOJOJHOM MEYH JO TEXHOJOTHMYECKOU
TEMIIEPATYPbl MOIIHOCTH IOCJIEIHEN 30HBI IO CPABHEHUIO C PACUYETHOW 3HAYM-
TEJIbHO YBEINYUBAIOT.

[Ipu yxa3aHHOM pacrpeaeseHud MOUIHOCTH IO 30HaM (U MpH 3arpy3ke oopa-
OaTbIBa€MbIX W3JIENIUN B ME€Yb MAJIBIMU MOPLUSAMHU) TEMIIEpAaTypa B HarpeBaTesb-
HOM KaMmepe yCTaHaBIMBAETCS NMPUOIM3UTENBHO OJAMHAKOBOM MO BCeW €€ AJIMHE.
3T0, B CBOIO OUYEpPE/lb, MO3BOJISAET (B MEPBOM MPUOIMKEHNN) pacdeT BpEMEHHU Ha-
IpeBa B MHOTO30HHOW METOJAMYECKON €Y BECTU TAK K€, KaK M JUIsl CiIydasi, €Clii
ObI TeMIIepaTypa B Hel Obliia TOCTOSIHHOM.

I'paduk HarpeBa TEIUIOTEXHUYECKHM MACCHUBHBIX W3JEJHI, I/le MOKa3aHO pac-
IIpEAEIICHUE MOIIHOCTH 110 30HAM U U3MEHEHHUE TEMIIEpaTypsl 110 JJIMHE HAarpeBa-
TEJIbHON Kamepsl npuBeAeH Ha puc. 1.13 [13].

Pa3mepsl pabodero npocTpaHcTBa METOJUYECKUX ME€YEH PAaCCUUTHIBAIOT, 3a/1a-
BAsICh IIPEABAPUTEIILHO UX IMPHUHOMN, C IMOCIEAYIOINUM YTOUYHEHUEM.

t, °C t .
800 et 5 = KBr/M’

.\'\_Z ------------- PR U D P il S
t : =
OB /:)\ /l /(?/ 5 60

...

600

400 — ~ 1 ; 40
/ T

- //1 :7 / T, ; 3 “ TBbIP _
200 ;_’ 7 q 20
A T T N
0 : 1 Y 1 U‘! 1 \g 0

0,0 of 0,4 0,8 1,2 1,6 2,0 24 t,u4

Puc. 1.13. I'paduik HarpeBa TEIUIOTEXHUUECKH MACCUBHOTO M3JIEIHUS B DJICKTPH-
YyeCKOM MHOTO30HHOW METOANYECKON MEeUH

BricoTy pabodero nmpocTpaHcTBa MPUHUMAIOT KOHCTPYKTHUBHO, UCXOJIS U3 Tpe-
OoBaHMII OBICTPOTO W PABHOMEPHOTO HarpeBa u3aenuid. Tak, AJig ompeseeHHs
BBICOTBHI B KOHBEMEPHBIX U TOJKATEIbHBIX Me4YaxX MPU U3BECTHOW IIMPUHE MOXKHO
MOJIB30BAThHCS MTPAKTUYECKUMHU JTAHHBIMU, TIPUBEICHHBIMU B Ta01. 1.4.
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Tabnuma 1.4
BricoTa h pabodero nmpocTpaHCTBa KOHBEHEPHBIX U TOJIKATEIIBHBIX
3aKaJIOYHBIX TIeYeH B 3aBUCIMOCTH OT UX NTUPHUHBI b

mupuHa paboyero MpocTpaHcTBa neuu b, m 0,5..0,6 | 0,8..1,2 | mo1,6

BBICOTA pabouero MpocTpaHcTBa nevyu h, M 04...0,5 | 0,5...0,55 0,6

Jlnunaa pabouero npoctpancTsa neuu L, M, onpenensiercs mo ¢popmyse [11]:
L =TIt/A, (1.51)

rae I1 — npou3BOaUTENbHOCTD MeUH, KT / 4, T — BpeMsl HarpeBa u3Aenuil, 1 (pac-
YeT BPEMEHHU HarpeBa M3ACNIUi CM. HUXKE); A — Macca 3arpy3ku, Npuxoasuascs
Ha | M JyIHBI paboYyero NpocTpaHCTBa MeYH (MMOrOHHAS 3arpy3Ka), KI/M.

B nporecce npoekTupoBaHus Me€Yd 3HaYECHUEM A 3aJal0TCs U3 YCIOBHM pas-
MEIIEeHNs U3/1eTuil Ha KOHBelepe, nmoaaoHe u 1.1. Heo6xoauMo oTMETUTH, YTO €
LEJIbIO MOJTYYEHHs] ONTUMAIbHOIO 3HAYEHUS] IOTOHHOM 3arpy3KH MPOEKTHUPYEMOH
€4yl OOBIYHO BBINOJIHSIOT HECKOJIBKO BAPUAHTOB pacyeTa.

[Ipy OpHEHTHUPOBOUHOM OMNpPEAEICHUU JUIMHBI pabodyero MpOCTPAHCTBA IMEUH
UCIOJIB3YIOT (OPMYITY

L =1II/pb, (1.52)

rae b — mmpuaa pabodyero mMpoCTpaHCTBA MEYU, M; P — YyAeJIbHAs MPOU3BOIM-
TeIBHOCTH meu, kr/(M>1). Jlist MeToxmaeckux medeii p=150...250 kr/(m*>-q).
®opmyna (1.52) cykUT TakKe IJI ONpeIeSICHUsT JeUCTBUTEIHLHOTO 3HAUYCHUS
YAEIbHON MPOU3BOAUTENBHOCTH CIPOCKTUPOBAHHOW MEYU, TO €CTh OIEHKH HC-
MoJIb30BaHUs € pabovero MpoCcTpaHCTBRa.
[Ipu u3BecTHOM OO0IIEH NMHE meun e€ pa30ouBalOT Ha TEIUIOBBIC 30HBI. [[IuHY
OTZIETTLHOM 30HBI MOKHO OTIPENETUTH 110 hopmyiie:

L3OHI)I = (23) \/E ) (153)

rae h u b — cooTBeTCTBEHHO BBICOTA U MIUPUHA PAaO0OYEro MPOCTPAHCTBA TIEUH, M.

JITMHBI OTACNBHBIX 30H MOTYT OBITh U OJJUHAKOBBIMU M PA3JTMYHBIMHU, B OCHOB-
HOM OHH BBIOMPAIOTCS UCXOJs M3 KOHCTPYKTHUBHBIX COOOpakeHui. JKemarenbHO
JUIIb, YTOOBI OHU OBLIM HE OY€Hb BEeNUKHU (1...3 M sl TOPU3OHTANBHON TeuH, a
115t BeptukanbHoi Ha 30...40 % menbiie) [11].
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[Tocne mpeaBapuTenbHOTO pacueTa BRICOTH h u ayuHbl L pabodero npocTpan-
CTBa HEOOXOIMMO TMPOBEPUTH MPABUIBLHOCTh BBIOPAHHOW IIUPUHBI b, PYKOBO-
JICTBYSICh IPAKTUYECKUMH JTAHHBIMU, TIPUBEICHHBIMU B Ta0. 1.5.

Tabmuna 1.5
[Ipaktruueckue 3HaueHus L/b
JUTSE METOIMYECKUX DJICKTPONeUel pa3InyHOro TUIA
C IyJbCH- | TOJIKATElb- . TOJIKATEIb- | TOJKATEJb-

Tun KOHBEHEpHas

PYIOIIKM IO- | Hasl 3aKaJloy- Has [IEeMEH- | Has JAByX-
neuu 3aKaJlouHas

JI0M Hast Tal[MOHHAs psaHast

L/b 3...6 4...8 4...10 10...16 5...10

Korpa 3anana kpuBasi HarpeBa U3AENIHUl BO BpDEMEHH, ONIPEICIICHUE CYMMapHO-
ro BpeMEHH MpeObIBaHUS M3JCNIUNA B Me4d U JUIMHBI nieun Ly He cocraBisger 3a-
TPYAHEHUH, TaK KaK MOCJIEIHSS CBA3aHa C BPEMEHEM HArpeBa T COOTHOIICHUEM:

LH =IIt/A ) (154)

rae II — 3aganHas npoOU3BOAUTENBLHOCTh NIEUH; A — MOrOHHAS 3arpys3Ka.

Ecnu nnvHa nedwn onpezeseHa, To €€ MOKHO pa30uTh Ha 30HBL. 1o KpuBOil Harpe-
Ba JUI1 HadyaJa M KOHIA KaXXIOW 30HBI ONPEACISIIOT TEMIIEPATypbl U3AEIUM, a 10
HUM — YJI€JIbHbIE TEIUIOBBIE ITOTOKH 30H:

cyS
JUIA TUIACTUHBL T, .. = e, (t MK — tHMH) ,
dn (1.55)
cyR
JUI DWIHHApA T, . = % - (t MK — tHMH) , (1.56)
I

IA€ (r — MOCTOSHHBIM TEIUIOBOM NOTOK 30HBI, trpvyk U v — COOTBETCTBEHHO
TEMIIEPATYPbI HOBEPXHOCTH U3JEIUM B KOHIIE U HA4YaJle TEIUIOBOU 30HBI.

DT BBIPAKEHUS IEUCTBUTEIbHBI Uil BCEX 30H, KPOME IMEPBOH, N1 KOTOPOU
JOJIKHO OBITh YYTEHO BpEeMs Ha4aJlbHOTO MIEPHOJia HAarpeBa T .

[Tonydennsie 3HaY€HUS qrp JOJKHBI OBITH TPOBEPEHBI C TOUKHU 3PEHUSI JOIYC-
TUMBIX TEMIIEPATYP MEUECH:

39



4 m
T T
qn = Crip’ (_IOHOJ - [—16\8] , Br/v, (1.57)

rae Tp — MakCUMalIbHO JOIYCTHUMAsi C TOYKM 3pE€HUSI CTOMKOCTH HarpeBaTeleu

| . .

TeMrepaTtypa neuu; Ty, — TeMnepaTypa IMOBEPXHOCTU M3JEIUN B KOHIIE AaHHON
30HBI.

MakcumalbHO JTOIyCTUMOE 3HAYEHUE TEIMJIOBOT0 TOTOKA MOXKET OBITh Ompeie-

JeHo 1o tabm. 1.6 [7].
[Tpu mpeaBapUTENBHBIX pacdyeTax TemIepaTypa Iedd MOKET MPUHUMATHCS Ha

50 °C HmKe 3HaYEHNH, PEKOMEHAYEMBIX JUIsl TEMIIEPATyp HarpeBaTee.

Tabnuma 1.6
MaxkcuManbHbIN TEIIOBOU MOTOK (rimax IIPU HATPEBE
psizia MaTepuaos, Br/m’
Craip B OKHC- Cranp B
Pabouas Tem- . . Adro-
o JINTEILHON 3al[UTHOMN Menp JlaTyHb .
nepatypa, °C MUHUI
cpene atMocdepe

800 25600 15400 23300 19600 10500
900 36000 22000 32000 28000 15000
1000 55800 30500 44200 38700 20700
1100 67500 41300 59900 52300 28100

1200 89600 54800 79700 69800 —

Korna kpuBas HarpeBa He 3ajiaHa, CTPOUM €€ Tperoaras, 4To TeMrepary-
pa IO BCEW [JIMHE IE€YM MOJJIECPKUBACTCSA MOCTOAHHOM. I 3TOro, MCronb3ys
dopmyst (1.55) u (1.56), mpeaBapuTenbHO 3aAaF0TCS OOIIEH ATMHOM MeYH, KOJH-
YECTBOM U JUIMHOM TEIUIOBBIX 30H. OmpeensieTcs yAeNbHBIN TEMIOBOW MOTOK B
nocjeaHel 30He (KOHEeYHas TeMIIepaTypa HarpeBaeMbIX M3JeIUN B KOTOPOW 3ajaa-
Ha) 110 opmyIie:

4 4
T T
ql'[301-lbl = CHP' (ﬁ) - (%J 5 BT/M27 (158)
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Uto6sl oOecreyuTh HEOOXOAMMYIO JUIMTEIBHOCTh PabOThl yCTAaHOBIICHHBIX
JJIEKTpOHArpeBaTesiei, 3HaUeHUs TEIUIOBOr0 ITOTOKA IPU pacyeTe He JTOJKHBI Ipe-
BBIIIATH 3HAYEHUH (rimax (TA0M. 1. 6) .

N3 BeIpakeHUN:

Taoms = CYS/qrr (trivk—trivm),

Taom = CYR/2qrr (trivk—trivm)
MOXHO OIIPEAEIUTH TEMIIEPATypPy NOBEPXHOCTH U3IEIUN B HaYaJle NOCIEIHEN 30-
Hbl WJIM, YTO TO K€ CaMO€, B KOHIIE NPEAbIAYyLIECH 30HbI, YTO NO3BOJUT HAUTHU
yAEJbHBIN TEMJIOBOU MOTOK 3TOM 30HBI. JlelCTBYs TakuM 00pa3oM, MOJydyaeM TeM-
Ieparypbl U3ACIUNA B KOKIOW 30HE U JOWI N0 HAYaJIbHOM TeMIlepaTypbl UX Ha-
rpeBa, CTPOMM KPUBYIO HarpeBa u3jieiauil. Eciu 4yucio 30H noiny4uTcs: ApoOHbIM (B
CJIy4ae HECOBIIAICHUS PACCUNTAHHON TEMIIEPATYPhl METAJIJIA B HAYAJIE TIEPBOM 30-
HbI), TO HAJ0 CKOPPEKTUPOBATh UX JJIMHBI B Ty WIM MHYIO CTOPOHY, @ 3aT€M IIO-
BTOPUTBH PAcyeT, HAUMHAS C MOCIEAHEN 30HBI, U MOJIYYUTh TEMIIEPATYpPhl U3IEIUN
B HAYaJI€ U KOHLE KaXJIOW 30HBI U YJIEIbHBIC TEIUIOBbIE NOTOKU. [I0 3HaUueHUAM
IIOJIyYEHHBIX TEMIIEpAaTyp CTPOUTCS KpuBas HArpeBa, ONpENeisercs JIMHA OT-
JIeJIbHBIX TEIUIOBBIX 30H, JUIMHA BCEW MeuH U olliee BpeMsl HarpeBa U3IeIHi.

3areM YTOYHSIOT NOTOHHYIO 3arpy3Ky, HaXOJST ACHCTBUTEIBHOE 3HAYEHUE

YACIbHON IPOU3BOAUTEIBHOCTH II€YN U CPABHUBAIOT €€ C PEKOMEHIyEMOM.

Crnenyetr OTMETHTbD, YTO MHOTAA TEIJIOBBIE 30HbI METOANMYECKUX AJIEKTpOIeYe
YCTaHABIIMBAIOT PABHBIMU 110 MOIIIHOCTH, HO PA3JINYHBIMU I10

JUIMHE — TEPBYIO 30HY HanOoyiee KOPOTKOMW, a MOCIEAHIO — CaMOW JJIMHHOM.
JIOCTOMHCTBOM TaKHUX II€YEH SIBISICTCS BO3MOXKHOCTh MCIOJIb30BaHUS B KaXK0M U3
TEIJTOBBIX 30H OJHOTHUITHBIX JJICKTpOHArpeBaTeseil, kabemel u JIeKTpoanmnapary-
pBIL.

B Tex ciyuwasx, korjga 3ajaHa MakCHUMaJbHO JIOMYCTUMAas CKOPOCTh HarpeBa
u3nenuil Vi, (°C/4), MaKCUMaIbHBIN yIETBHBIN TEIIOBOW MOTOK HE JTOKEH Tpe-
BOCXO/JINTh:

JUISL TWTACTUHBL qrp = VmaxCYS,
st mHAapa g = 0,5V CyR .
OOBIUHO V.« 33/1a€TCS AJISI IEPBOM 30HBI.

Ecnu 3a1an MakcuMainbHO JIOMYCTUMBIN Mepenaj TeMieparyp B uzaenuu At, To

MaKCHUMAaJIbHBIN YIeIbHBIN TEIJIOBOM MOTOK HE JOJKEH ObITh OOJIbIIE, YeM

2AAt

dp= T JUIA TUIACTUHEL U
2AAL

qp= —— AJd QWIAHAPA.

OOBIYHO At 3a1a€TCs IJI IIOCTIETHEN 30HEL.
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1.4. OcobGenHoCTH HArpeBa U3eJIUi
B KOHBEKLIIMOHHBIX MeYyax

1.4.1. HarpeB JJINHHOMEPHBIX U3/1eJIMH B 3JIEKTPHYECKHUX
KOHBEKIHMOHHBIX Me4Yax MepuoaAnYecKoro aeiicTBus

Bonbiroe KoanMuecTBO pas3iMyuHBIX JAITUHHOMEPHBIX MonydadpukatoB (mpodu-
71, TPYOBI, JIUCTHI U T.J.) U3TOTABJIMBACTCS U3 aIIOMUHUEBBIX CIUIaBOB. Jjis Tep-
MUYECKON 00pabOTKH ATUX HU3JEIUN MHUPOKOE MPUMEHEHUE HAXOMAT DJICKTpHUYe-
CKHE KOHBEKIIMOHHBIE MTECYH.

B xonBekinuonHo# neuu (puc. 1.14) npu momoinu BeHTWIsITopa [ co3gaeTcs
HUPKYJISUUs Bo3ayxa. HarpeTsiii 10 3agaHHON TeMnepaTypbl B KaMepe ¢ HarpeBa-
TEJTBLHBIMU 3JIEMEHTaMU 2 BO3JyX IOCTYMHaeT B pabouyr Kamepy J Ieuu, TAe Io-
MEIAI0TCS JIMHHOMEpPHBIE u3aenus 4. [lepemeniascey BIOIb U3I€TNUM, BO3MYILIHbBIN
NOTOK 3 HAarpeBaeT uX, a caM IPHU ATOM OXJIaxJIaeTcs. MakcuMaabHOE OXJIaX]ie-
HUE BO3/lyXa MPOUCXOJUT B HaYaJbHBIA MOMEHT, MTOCJE 3arpy3KU XOJIOJHBIX U3JIe-
nuil B mieub. [1lo Mepe HarpeBa u3nenui MOBBIIACTCA U TEMIIEPATypa BO3IYLIHOTO
notoka. ClieoBaTelbHO, TEMIIEpaTypa BO3JyXa MEHSETCS B IMPOIECCE Harpena
CaJKy JJIMHHOMEPHBIX M3JIEINI KakK 10 JiInHe pabodeil kamepsl, TaK U BO BpeMe-
HU. B pesynbpTaTe 3TOTO Mpoliecc HarpeBa M3AENUi 1O JUTMHE OyneT HepaBHOMEp-
HbIM. CKOpOCTh HarpeBa OJIMIKHETO IO HAIMPaBJICHUIO BO3AYIIHOIO MOTOKAa KOHIA
cagku OyaeT OoJiblie, 4eM JaabHEro.

[Ipu pacuere BpemMeHU HarpeBa JUIMHHOMEPHBIX HU3/IETUNA B KOHBEKIIMOHHBIX
neyax HEOoOXOJMMO ONpPEACNISITh BpeMsl HarpeBa JaJIbHETO KOHIIA CaJKH, TaK Kak
JMIIb 32 ATO BpeMs CaJKa MOJHOCTBIO Harpeercss 10 3aJaHHOM TeMIlepaTyphl.
[TpoaoKUTENHHOCTh HArpeBa MAJIbHETO0 KOHIA CAJAKUA OMPEACNSETCS C MOMOIIbIO
HOMOTpaMMbI (puc. 1.15), TOCTPOCHHOM Ha OCHOBAHMHM AHAIMTHYECKOTO PEIICHUS
3a7]a4u O HarpeBe JVIMHHOMEPHBIX U3/ B KOHBEKIIMOHHBIX Mevax [6].

[Ipu BBIMIOTHEHUU PACUYETOB C MTOMOIIBIO ATOM HOMOTPaMMBbI HEOOXOIMMO, TIPe-
’KJIe BCETro, BRIYUCINTD 3HaYeHusI Kx 1 Kr:
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Puc. 1.14. Cxema 371eKTprYECKON KOHBEKIIMOHHOW €YU
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(1.59)

rae Cp — TEImI0eMKOCTh BO3lyXa npu Temneparype neun, Jx/(kr-K); yg — miaot-
HOCTb BO3/IyXa IIPH TEMIIEpaType meur Kr/M; V — 00beM BO3IyXa, IPOXOIAIIErO
yepes ceueHue padodeil Kamephbl MeUd B €AUHUILY BPEMEHU, UM MTPOU3BOIUTEIIb-
HOCTb BEHTHIIATOPA, M"/c; Fc — MOBEPXHOCTD CaJKM ITHHHOMEPHBIX H3IEIHIL, M
t|p — TeMmmepaTypa BO3AYyIIHOTO MMOTOKA HAa BX0Jie B pabouyto kamepy, °C.

[To HOMOTrpaMMe HEOOXOIMMO HAWTH COOTBETCTBYIOIIEE 3HAUYCHHUE BEIIMUUHBI
Kt , c moMonipro KOTOpO# onpeaesisieTcsi BpeMsl HarpeBa JaJIbHEr0 KOHIIA CaJKH

TI[K :EKT , C. (160)

HpO,IIOJDKI/ITCJIBHOCTB HarpcBa OJIMKHETO KOHIA CAAKH OIIPCACIIACTCS 110 (I)OpMy.lIe

TBK — » G, (1.61)

IJI€ Tgx — BpEMsl HarpeBa OJIMXKHETO KOHIIa CaJKu, C.

Pa3nuila Bo BpeMeHHM HarpeBa JajbHEro M OJMKHETO KOHIIOB CaJKd, TO €CTh
HEPAaBHOMEPHOCTh MPOIECCa HAarpeBa CaJKh, 3aBUCUT B OCHOBHOM OT BEJIMYUHBI
Kx. Eciin Bennunna Kx < 0,1, To BpeMsi HarpeBa JajibHETO KOHIIA CaJKHU HE Mpe-
BbIIIaeT 6osee yem Ha 10 % Bpemst HarpeBa OmkHero KoHna. [Ipu npakTuueckux
pacyeTax Takod HEPaBHOMEPHOCTBIO Mpoliecca HarpeBa CajKHh, Kak MpaBUIo,
MOXHO TipeHeOpeus. CienoBarenbHo, ecu Ky < 0,1, To ¢ 1ocTaTOYHOM 11l TIpak-
THUKHU CTENEHBIO TOYHOCTH MOKHO CUUTATh, UTO MPOLIECC HATPEBA CAJTKHU IPOUCXO-
JUT TIPY TIOCTOSIHHOM TeMIlepaType BO3AYIIHOTO MOTOKAa B paboyell kamepe Meyu.
B aTom ciydyae BpeMs HarpeBa caaku omnpezaensercs Gpopmysioit (1.61).
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Ha paBHOMEPHOCTBH HarpeBa caaky JJIMHHOMEPHBIX U3/1€JIU B KOHBEKIIMOHHOU
neyu OOJIBIIOE BIMSHUE OKA3bIBAET KOJIUYECTBO M3enuil B cajike. C yBeIMYeHUEM
KOJINYECTBA M3JCIUNA PAacCTET HEPABHOMEPHOCTh MPOILIECCA MX HArpeBa, Tak Kak
YBEIIMYMBAETCS IOBEPXHOCTh CaJKH U 3HaueHue Ky.

HepaBHOMEpHOCTH Mpoliecca HarpeBa CaJaKu JUCTOB B KOHBEKIMOHHOW NEYn
3aBUCHUT OT PACCTOSIHUSI MEXAy JucTtaMu B cajake. Cajaka JTUCTOB ACIUT pabouyro
KaMmepy Ie4Yu Ha psAJl KaHAJIOB C MPAKTHUYECKH CaMOCTOSITEIbHBIMU BO3IYIIHBIMU
notokamu (puc. 1.16). BenenctBue 3Toro npu pacuere BPEMEHH HarpeBa JIMCTOB
1e1eco00pa3HO paccMaTpuBaTh HArpeB OJHOTO JIMCTA , 3AMEHUB COOTBETCTBEHHO
yacoBOi 00bEM BO3lyXa, MPOXOJAIIEIO Yepe3 pabouyio KaMmepy Ieud, 4acOBBIM
00BEMOM BO3]TyXa, MPOXOSIIET0 MEXKY IBYMsI COCETHUMU JTUCTaMH, TO €CTh

V =wybh, (1.62)

rJIe Wy — CKOPOCTh BO3AYIITHOTO MOTOKa, M/C; b — mmpuHa nucra, M; h — pac-
CTOSTHUE MEX]y JTUCTAMHU B CaJIKe, M.
B stoMm ciyuae 3Hauenne Ky onpenernsiercs Tak:

2oL

Kx=——"-, 1.63
prBWth (1.63)

rae L — nnuHa nucTta B HalpaBJIEHUWM BO3IYLIHOTO MOTOKA, M; Tak Kak C yBeJH-
yeHreM h BennumHa Ky yMeHbIIaeTcs, CHUKAETCS TaKKe HEPaBHOMEPHOCTh IMPO-
1ecca HarpeBa JIMCTOB.

Ha puc 1.16. npuBeaeHsl pe3yiabTaThl pacyeTa ¢ IOMOIIbIO HOMOTPaMMBbI (pHC.
1.15) 3aBUCHUMOCTH M€Ky BPEMEHEM HarpeBa U PacCTOSSHUEM MEXy JINCTAMU W3
JIOPAIOMUHUS: pasMmep Jimcra 4x1 M, TonmmHa 2 MM, TEMIIEpATypa HarpeBa JIMC-
ToB 495 °C, Temneparypa Bo3aymHoro notoka 500 °C, ckopocts 10 M/c [6].

PaccTostnue Mexnay nucramMu B Cajke NMpU 3aJaHHOW HEPaBHOMEPHOCTH MPO-
1[ecca HarpeBa MOXHO OTpPEENNUTh cienytomuM oopazom. [lo hopmyne (1.61) orm-
penensercs Bpemsi HarpeBa OrkHero KoHIa canku. K ero BenmumHe g00aBiseTcs
JOMyCTUMAas pa3HUIlA BO BPEMEHU HArpeBa JAJIbHErO U OJIMXKHETO KOHIIOB CA/IKU U
OmpeelisieTCsl BpeMsl HarpeBa JaJIbHETO KOHIlAa. JTO MO3BOJSIET PACCUUTATh BEJIH-
yuny K., 3atem paccuurtsiBaercsa K. [1o nonyyennsim 3nauenusm K, u K; u Homo-
rpamme Ha puc. 1.15 onpenensitor Kx, Ha OCHOBaHUM KOTOPOTO BBIYUCIISIIOT pac-
CTOSTHUE MEXY JTUCTAMH.

45



Hamnpasnenue Bo3aymHoro
MOTOKA

|
/N ! 11
Pabouas xamepa \
IICYHu 1 0
L\
£ 9 %
I Y
5 8 %
5 \ 4
= 7 %
= N
. 2 6 P,
aaKa
JHCTOB ™| A \\\
|~ 5
™ BepxHHii KOHEI[ CaJIKn
4 I I I
0 50 100 150 200 250
L/ / / / PaccrosiHue MEX/y JIMCTaMH, MM
e J— h . Zmaamd
a 4]

Puc. 1.16. Pacnionoxenue cajgku JUCTOB B KaMepe KOHBEKIIMOHHOU meuu (a) u
BJIUSIHUE PACCTOSIHUS MEX]Ty JINCTAMH Ha MPOI0JKUTEILHOCTH Harpesa (0)

2oL

h=———+. 1.64
KxCpypW, ( )

[IpuBeneHHass MeTOAMKA pacueTa MPOJOJDKUTEIBHOCTH HarpeBa CIpaBelnBa
JIMIIb TPU YCJIOBUH, €CIM TEMIIEpaTypa BO3AYIIHOTO MMOTOKA HA BXOJE B pabouyio
KaMepy Medd B IMpoliecce HarpeBa M3JENHil ocTaeTcs MOCTOAHHOW. OpHako mpu
HEJ0CTaTOYHON BEJIMYMHE YCTAHOBJIEHHON MOIIHOCTH M1€YH, @ UMEHHO, €CITU

aF(t)g — tyy) -K
N < l-e "X |, kBT,
I 103KX ( I (1.65)

TeMIiepaTypa BO3AYIIHOTO MOTOKAa Ha BXOJE€ B pabouylo KaMepy INe4H B MEepBbIN
NEepUOJ HArpeBa U3JIENINi YMEHBIIAETCA MO CPABHEHUIO C 3aaHHOM (t;5). DTO mpu-
BOJUT K YBEJIMUYECHUIO MPOJOJLKUTEIBHOCTH HArpeBa JUIMHHOMEPHBIX u3nenui. B
JAHHOM CITy4ae BpeMsl HarpeBa JIajlbHEr0 KOHIIA CAJIKU PAaBHO
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Ge(K, +AK,) _
oF ’

T = ’ (1.66)

rae BenumuuHa K. onpenensercs mo Homorpamme (puc. 1.15), a AK, — mo HOMO-
rpamme Ha puc. 1.17 [6]. [IponomkuTensHOCTh HarpeBa OJIMXKHETO KOHIIA CaIKh
ofpezensieTcs Mo cienyromen Gopmye:

_ Ge(typ —tyw)  Ge [ 10°N
103NH oF oF(t;g — typ)

TBK

-1],c. (1.67)

HarpeB JJIMHHOMCPHBIX I/IBI[GJII/Iﬁ B KOHBCKIIMOHHBIX II€HYaX MOXXHO paCCUUTATb
TaKoKC MCTOJOM KOHCYHBIX paBHOCTef/'I.

1.4.2. HarpeB usjaeJinii B MeTOAUYECKHUX MeYaX
¢ KOHBEKTHUBHBIM TeIJI000MEeHOM

B MeTtoauueckux TOIJIMBHBIX MEYax M B DJIEKTPUUYECKUX TEYaX C UCKYCCTBEH-
HOM LUPKYJISIUEN BO3AyXa HArpeB U3JEIUM MPOUCXOAUT KaK 32 CUET TEII000Me-
Ha U3IyYEHHEM, TaK M KOHBEKTHBHOTO TeruioooMeHa. OCOOEHHO BelHMKa POJib
KOHBEKTHUBHOT'O TEIJI000OMEHA B HU3KOTEMIIEPATYPHBIX KOHBEKIIMOHHBIX IeUYaXx.

[Iponecc HarpeBa u3AEIUA B METOJUYECKUX KOHBEKI[MOHHBIX I€Yax 3aBUCUT
OT CXEMbI JBMKEHUS ra3oB (BO3yXa) U HArpEBaeMbIX M3JCNIUN B pabouell Kamepe
neyn. CyllecTBYeT TPU OCHOBHbBIE CXEMbI IBUKEHHUS Ta30B U U3JIEIIUN: CXeMa Mpsi-
MOTOKa (IBHKEHHE Ta30B U U3JCJIHI B OJHOM HAIMPABJICHUH); CXeMa MPOTUBOTOKA
(BCcTpeuHOE ABUKEHHE Ta30B U U3JCNIHI) U CXeMa NEPEKPECTHOrO TOKA (JIBUKEHUE
ra3oB U U3/IeJIUN BO B3aUMHO MEPICHIUKYJISIPHBIX HAMPABICHUSX).

B neudax, paboraromnux mo cxemMaMm MNpSMOTOKa M MPOTUBOTOKA, U3MEHEHUE
TEMIIEpaTyphbl Ta30B MO JUIMHE pabouell Kamephl OINpenenseTcss TeIIo00MEeHOM
MeX Ty Tazamu u uzaenusimu (puc. 1.18) [6].

[Ipu ompeneneHnu TPOJOIDKUTEIBHOCTH HarpeBa M3ACNUA B ITHX Iedax
0OBIYHO 33Ja0TCS TeMIepaTypa ra3oB (BO3/lyxa) Ha BXoJie B pabouyro Kamepy Iie-
4u t|p, HaYaJIbHAs tyy U KOHEUHas tyx TeMIepaTypsl uznenuil. Temneparypa razoB
Ha BBIXOJ/I€ U3 pabouell KaMephl NeY OMpeNeNseTCs U3 ypaBHEHUS TEIUIOBOTO 0a-
JlaHca:

CH(tMK - tMH)
tleIX = tlB - ) 168
CpYr Vr ( )

re Cp — YJeJbHas TeIIOEMKOCTh Ta30B B neuu, J[x/(kr-K); yr — MmIoTHOCTH Ta-
3 .
30B B e4H, KI/M”; Vi — 00BbeM ra3oB, NPOXOJAIIUA B €IMHUILY BPEMEHHU 4epes
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TonepeyHoe ceyeHne paboueii Kamepsl eun, M /a; I — npou3BOIUTEIBHOCTD Ie-
4H, KT/ 4; ¢ — yAeNbHas TeIIOeMKOCTh u3nenui, [x/(kr-K).

VY CTaHOBUBIIMNCA KBAa3UCTAIMOHAPHBIN PEXUM TEIJIOOOMEHAa B paccMaTpu-
BAEMBIX II€Yax IT03BOJIAET OINPENEIUTh CPEIHIOI0 Pa3sHOCTh TEMIIEpaTyp ra3oB U
1531 (1107178

(tlB B 1:MH)_ (tlBLIX B 1:MK)
ln[(tlB —tyn) /(tig — tMK)]

(tlBBIX B tMH)_ (tlB — tMK) '
ln[(tlex o tMH ) /(tlB - 1:MK)]

IUIA CXEMBI IPSAMOTOKA Atcp =

JUISL CXEMBbI IPOTUBOTOKA Atcp =

B pesynbrare 3TOr0 BpeMs HarpeBa M3JEeNHi OnpeesieTcs CiaeayomuM oopa-
30M:

Ge(tyx — tun)
Ty = , C,
FAt, (1.69)

Trac G — macca U3CIUA, KT, F — akTuBnHas IMOBCPXHOCTb U3ACIINA, MZ.

Ananns HarpcBa WU30CIIUM B METOAUYCCKHUX KOHBCKIIMOHHBIX II€YaX ITOKAa3bIBa-
€T, YTO CXCMa IIPAMOTOKaA C TEIUIOTEXHUYECKOW TOYKHU 3pCHUA MCHCC 3(1)(1)€KTI/IBH8,,
9eM CXCMa IIPOTHUBOTOKA. B réyax, pa6OTaI-OHII/IX o0 CXCMC IIPAMOTOKA, Heo0X0-
AMa IMOBBIIMICHHAA TCMIICpPATypa I'a30B Ha BXOC B pa6oqy}0 KaMCpy IICUHU:

tig >tk + (tvk — tvr) cll
1B > tMk MK — tMH) ———— . 1.70
CpYr Vr ( )

DTO cO3/1aeT OMACHOCTh MEPErpeBa U Mepexora U3AeIuil B cIydyae U3MEHEHUS
puTMa paboThl MMEeUr, HAPUMEP MPH 3a7ePKKe MOAaun U3JSIUA B TIeUb WIH OCTa-
HOBKE KOHBeiiepa meud u T.1. CxeMa MPOTHBOTOKA OOECIICYMBACT TAKKE TOBBI-
HIEHHYIO CKOPOCTh HarpeBa U3Jeaui Mpu JaHHOM peXuMe padoThl MeYu.

Mertoauuecke KOHBEKIIMOHHBIE MEYU C MEPEKPECTHBIM TOKOM pa30MBaIOTCS
0 JVIMHE TEYH Ha PsII CAMOCTOSITEIbHBIX TEIUIOBBIX 30H (puc. 1.19) [6].

JImHa 30HBI OMPEACIISIETCSl MUPUHON Ta30BOT0 (BO3AYIIHOTO) MOTOKA, CO3/1a-
BAEMOT0 OJTHUM WJIM JBYMSI BEHTUJIATOpaMU. boibias MHTEHCUBHOCTh, BBICOKAs
TypOyJIEHTHOCTh MOTOKA 00ECIIEYMBAET MPAKTUUECKHU IMOCTOSHHYIO TEMIIEpaTypy B
30HE. YCTaHaBIMBas TeMIEpaTypy OTACIBHO B KaXJAOW 30HE, MOXXHO IMOJYYUTh
TpebdyemMoe pacnpeiesieHue TeMIepaTyphl 10 JJIMHE TTCUH.

Pacuer HarpeBa u3penuii B meyax ¢ MEPEKPECTHBIM TOKOM HEOOXOIUMO BBI-
MOJIHATH MO OTJAEIBHBIM 30HaM WJIM MO TPYNIE 30H, UMEIOIINM OJIMHAKOBYIO TE€M-
nepatypy. Tak kak TemmepaTypa razoBoro moTOKa MOCTOSIHHas, TO JJIS pacuera
HarpeBa M3JIeTUN B OTAENBHON 30HE MOXHO mpuMeHuTh Gopmyny (1.29). Ilpu
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ATOM KOHEYHas TeMmIepaTypa HarpeBa W3ACNIHi B JAaHHON 30HE NMPUHUMAETCS 3a
Ha4daJIbHYIO B CJIEAYIOLIEHN 30HE.

5,0 KXZC?DZCV/A‘ /3 /25 . /416 = //J(d
495 / P ////V(‘),6
4:0 // A % //ﬁ%i
3,5 / / A //// & OO)]
: NNV VAN
3.0 T

3, 4

225 / 7 ; é/ /? 4
y dyasz 4
s 4 4 e
1,5 / ’/////
, %7 " 4
osl A Z
’O 7 |

I L5 2 25 3 35 4 45 5 55 6

_ a- FC(tIBX — t21-!)(1 — eiKX)
- 10°-NK

Ky

Puc. 1.17. HomorpamMma 1 OmNpenesieHHs] YBEJIWYCHHs BPEMEHH Harpesa
JUIMHHOMEPHBIX WM3JEIUN U3-32 YMEHBIICHHS YCTAHOBJIEHHOM MOIIHOCTH KOH-
BEKLMOHHOU I1€Yn

1 2
T o+ o+ + T+ o+ % + + + 4+ + +
N + + + 4+ + + . s + + + 4+ + +
< Bozayx / \ Bozayx )
I I Tt | l:l [l 1 I e me—— eI | W:I
Canka Canxka
t,°C t,°C
tlBX\
Bosnyx $1 BBIX Bosayx ilsx
YLK TLK
Canaxa
Cagxka t
1BBIX
tzH tZH
=X =X
a 4]

Puc. 1.18. CxeMbl npAMOTOYHOH (@) ¥ IPOTUBOTOYHOM (6) METOIUYECKUX KOH-
BEKIIMOHHBIX T€Yell U pacupeiesieHre TeMIepaTypsl 10 UX JjiuHe. [ — Harpe-
BaTEJIbHBIC SJIEMEHTBI;, 2 — BEHTUJISATOP
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Puc. 1.19. Cxema MeToguueckoli KOHBEKIIMOHHOW MEYH C MEPEKPECTHBIM TOKOM
Y BO3MOXKHO€ pacrpeieNIieHUe TeMIepaTyphl 1o €€ JJIMHE

1.5 . Pacuer HarpeBa u3/1eJInil B ne4ax
€ KMJAKHUM TeNJIOHOCHTEeJIeM

1.5.1. Oco0eHHOCTH TEIJI000MEHA B MeYaxX-BaHHAX

Jlnst TepMuyeckoit 00pabOTKU CTaIM U IIBETHBIX CIUIABOB IMIUPOKO MPUMEHSIIOT-
Cd TMEYM C KUJKOU CPenoil, TO €CTh MEeYU-BaHHBI, B KOTOPBIX B Ka4ECTBE Harpe-
BAIOILIEH Cpeabl UCIIOIB3YIOTCS PACIJIaBJICHHBIEC COJIH, IIEJI0YM U METAJLIbI, a TaK-
’Ke Maca.

B omiimume oT nmeyen ¢ ra3oBOM CpPENOW, IPYU HArpeBe U3AEIUN B IeYax-BaHHAX
TEIJTIOOOMEH JIYYEHCITyCKaHUEM OTCYTCTBYET, TaK KaK >KHJIKHE CPeIbl MpaKTHYEC-
CKH HEMPO3payHbl Uil JTyYUCTOM 3HepruM. llepegaya teria OT KUJIKOCTH K IO-
BEPXHOCTH IOTPYKCHHOTO B HE€ M3CIHS MPOUCXOJUT IMyTeM TEIIO0OMEHa TeTl-
JIOIPOBOJHOCTHIO U KOHBEKLHEN. BeaeacTBue 3Toro MHTEHCUBHOCTh HAarpeBa W3-
JIeJIUi B Mevax-BaHHAX B HauOOJBIIEH CTENEHU 3aBUCUT OT (PU3UUYECKUX CBOICTB
JKUJIKUAX CPEIl U OT CTENIEHH X MEPEMEIINBAHUS.

@Pu3nyecKre CBOMCTBA PaCIIaBOB HEKOTOPBIX COJIEH, IEI0YEH U APYTUX KU -
KHX Cpell, MPUMEHSEMbIX B Nle4ax-BaHHAX, MpUBEEHbI B Ta0u. 1.7. 3HaueHus du-
3MYECKUX KOHCTAHT JAOTCA B 3aBUCUMOCTH OT TEMIIEPATYPHI CPEIBI.

CkopocTh HarpeBa M3Jeiuil B Ieyax-BaHHaX B 4...7 pa3 OoJbllle, 4eM B TOII-
JUBHBIX M JICKTPUUYCCKHUX TedaX. ITO CBA3AHO C BHICOKMMH 3HAYCHUSIMHU K03 DH-
AECHTA TEIJIOOTAAYM IPHU HATPEBE B PACIUIABICHHBIX COJAX, IIEJIOYaX WIM METal-
nax. PacueTHBIX METOAOB ompeaeneHus Kod(PPUIMEHTOB TEIUIOOTAauN B IeYaX-
BAHHAX HET, I03TOMY OHHM ONPEAEISAIOTCA SKCIIEPUMEHTAIBHO.
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Tabanma 1.7
DuU3NYECKrUe CBONCTBA HEKOTOPBIX KUAKUX cpell [6]

Temmnepa- IT;moTHOCTS Y Y enbHas TEIIOEM-
HaumenoBanue Typa npu Temieparype t | KOCThb Cp IIPH TEMIIEPa-
MaTepuana I1aBje- Type t
aud, °C t, °C Y, KT/M° t, °C | cp, x/(xr-K)
300 1820 300 2220
NaNO; 271 400 1740 400 2010
500 1630 550 1720
400 1820 400 1420
KNO; 335 500 1750 500 1300
600 1680 600 1210
400 1850 400 1800
NaNO; 317 500 1780 500 1720
600 1710 550 1590
Cmech 300 1940 300 1590
45% NaNO; + 218 400 1840 400 1550
55% KNO; 500 1750 500 1470
Cmech 300 1880 300 1970
45% NaNO, + 220 400 1800 400 1840
55% NaNO; 500 1730 500 1760
CMECE 200 1950 200 2010
45% NaNO, + 137 300 1870 300 1760
55% KNO, 400 1790 400 1550
500 1720 500 1470
900 1490 900 1510
Nacl 810 1000 1420 950 1470
800 1510 800 1170
Kcl 768 900 1450 900 1050
1100 3060 — —
BaCl, 960 1200 3000 — —
1300 2940 1010 570
Cwmech — — 650 790
50% BaCl, + 600 800 2650 750 750
50% CaCl, 900 2600 960 710
Cwmecn 28% NaCl 500 700 1960 550 1170
+ 72% CaCl, 850 1880 850 1130
400 1750 455 1930
NaOH 322 500 1700 505 1840
Pb 397 400 10510 400 1550
600 10270 500 1550

Cornacao paboram JI.5.BumnsakoBa, K03¢pGUIMEHTH TEIUIOOTAAUN ISl pac-
IJIABJICHHBIX COJIEW U MIEJIOYEN HAXOAATCS B MNPSIMOJIMHENMHON 3aBUCHUMOCTH OT UX
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temneparypsl. [Ipu Temneparypax IUIaBIEHHS COJIEH, UX CMECEU U LIEI0Yer KO-
3P UIUEHTHI TEIJIO0TAAYN UMEIOT MPAKTUYECKU MOCTOSIHHYIO BEJIMYUHY, PABHYIO
230...265 Br/(M*K). C NMOBBIIIEHHEM TeMIIepaTypbl KO3(PGUIMEHTH TEII00TAAYH
pactyt. Ha puc. 1.20 nmokazano uaMeHeHue ko3P (GUIIMEHTOB TEIJIOOTAauu B pac-
IJIaBAaX PA3JIMYHBIX COJIEN U IIEJIOYEN B 3aBUCMMOCTH OT MEPETPEBA UX BBHILIE TEM-
nepatypsl miasienus [6]. [Ipu 3Tom 1o ocu abCIMcC OTMEUEHBI TEMITEPATyPhI T1e-
perpesa pacIuiaBa, a 3a Ha4aJlo OTCYETa IPUHATA TEMIEPATypa IJIABJIICHUS COJIEH.

[Ipyu nmorpyXeHuu XOJIOJHBIX M3JEJIUN B BaHHY B IIE€PBBIM MOMEHT Ha UX IO-
BEPXHOCTH MOKET 00pa30BaThCi «HACTBUIb» B BHJIE KOPKHM 3aKpUCTAJNIN30BaB-
nieiics conu. TommmHa KOPKH 3aBUCUT OT TEMIIEPATYpPhl PACILIaBA, U YEM OHA BbI-
1€, TEM TOHBLIE KOPKA.

TonmuHa KOPKH 3aBUCUT TaKXKe OT TEIUIOEMKOCTH pacIulaBa, o3TOMY Haubo-
Jiee MacCUBHasl KOpKa IOJIy4aeTCsl B XJOPUCTBIX COJIAX, UMEIOIUX Oojiee HU3KYIO
TEIJI0EMKOCTh. B0O3MOKHOCTh 00pa3oBaHMsl KOPKHU 3aTBEPAEBUIETO paciiaBa Ha
MOBEPXHOCTH U3JENIMi HEOOXOJMMO MPUHUMATh BO BHHUMAHHE IMPHU pacuerax Ha-
rpeBa U3ACIIHN B IIeYax-BaHHAX.

Bo Bpemsi pacmnaBieHuss KOpKM TeMIeparypa MOBEPXHOCTU M3JENUil Oynaer
HIKE TEMIIEPATYPhI IUIABJICHUS COU. B CBS3M ¢ 3TUM CO3AAl0TCs YCIOBUS 3aMeE-
JIEHHOT'O HarpeBa M3JI€NNH, COOTBETCTBYIOIIUE MPEIBAPUTEIIBHOMY MOJIOIPEBY UX
nepen 3arpy3kod B BaHHY C BBICOKOHM Temmeparypoi. Takum oOpa3zoMm, Haluuue
KOPKH 3aTBEPAEBIIECH COJIM HA OBEPXHOCTU U3JICJIUM B MIEPBBIM IEPUOJ HArpeBa B
BaHHE IpeIoXpaHsIeT uX OT 00pa30BaHUs TPEIIMH B CBSA3H C OBICTPHIM HarpeBOM B
pacruiase.

[Ipu nmorpyXeHUM B BaHHY XOJIOAHBIX M3ACIIUNA BO3MOXHO TaKK€ 3HAUMTEIIb-
HOE TMaJieHHe TeMIlepaTyphl BCETO pacIulaBa B Cllydae HEAOCTATOYHOTO €ro 00be-
Ma. DTO MPHUBOJUT K 0Opa30BaHUIO OOJBIION «HACTHUIN» HA MOBEPXHOCTU H3JE-
JUA U CHJIBHO YBEJIMYMBAET MPOJOJKUTEIBHOCTh UX HArpeBa, TaK Kak OJHOBpE-
MEHHO C HarpeBOM HU3JeNui TpeOyeTcs MOBBIINICHHE TeMIepaTypbl paciuiaBa 10
3aJlaHHOM BeanuMHbl. Ecin jxe Macca u3enuii o OTHOLIEHUIO K 00beMy paciiiaBa
B35iITa HECOpPAa3MEPHO MaJlOi, Meub-BaHHA OKAXETCS HENOrpy>keHHOoH. B obomx
CiIyyasix MPOU3BOJIUTEILHOCTh MEUN-BaHHbI CHUXkaeTcs. CiaeaoBaresbHO, HE00XO0-
MO ONPEACIIUTH ONITUMAIbHYIO MAacCy U3JEIUM, 3arpy>KacMbIX B BaHHY.

Macca caaky U3A€NHil, COOTBETCTBYIONIAS 3aJaHHOMY CHHYKEHHIO TEMIIEPATY-
pBl paciuilaBa B MOMEHT 3arpy3Kd M3JEJHMA B BaHHY, ONPEAEIACTCA UCXOI U3
ypaBHEHUS TEIUIOBOTO OajaHCca BaHHBI:

_ CpYp VpAt

9 Kr,
ke(t— o) (1.71)
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Puc. 1.20. KoadduiimeHTs TEII00TAa49M TIPU HATPEBE B PACILIaBICHHBIX

COJISIX U LIEJI0Yax
r7e Cp — yJAeJIbHas TeIIOEMKOCTh paciiana, J[x/(kr-K); yp — MIOTHOCTH pacriuia-
Ba, KI/M’; Vp — 00BeM paciuiaBa, M’; ¢ — y/elbHas TEIIOEMKOCTh H3JCIHIA,
JIx/(xr-K); tyy — HauanpHas Temmeparypa u3aenui, °C; t — 3amaHHas Temiepa-
Typa BaHHbl, °C; At — IONMyCTHUMOE MaJieHue TeMIepaTypsl paciuiaBa, rpaa; k —
JIOJIS TeTUIa, MOJTYy4aeMOoTo U3JCIUSIMHU B Pe3yJIbTaTe CHIKEHUS TEMIIepaTyphl pac-
1aBa, OT OOIIEro KOJMYeCTBa TeIula, HEOOXOIUMOTO i HarpeBa M3aenuil (B
cpenHeM MOXHO npuHATh k=0,6...0,9).

B GonbiivHCTBE ciydaeB JOMYCTUMOE TMaJieHUe TeMIlepaTyphbl paciijiaBa B Iie-

yax-BaHHAaX IpU 3arpy3ke uzaenuid orpannunBaercs 10...30 rpan.

1.5.2. PacueTsl BpeMeHH HArPeBa M OXJIAXKIAEHUS U31eIu i
B NMeYax ¢ ;KHAKHM TeIJIOHOCHTEeJIeM

Pacuer Bpemenu HarpeBa WM OXJIAXKIACHUS U3JEINNA B PACIUIABICHHBIX COJIAX,
miesioyax, Merajyiax M maciax npousBoauTcs no rpapukam JI.B.bynapuna. Jlns
pacyeTa KO3(QGUUMEHT TEIIO0TAAYd MPUHUMAETCS CPEAHUM B MHTEpBaJe TeMIle-
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patyp ot 20 °C 1o tg, Tak *e Kak U KO3(P(UIUEHT TEIJIONPOBOIHOCTU A. 3HaYe-
HUE Kod((UIIMEeHTa TEIUIOOTJAaY MPU HArpeBe B JKUIKUX Cpelax MPHUBEACHO Ha
puc. 1.21 [5].

Kak yka3pIBasioch paHee, 0JJHa U3 OCOOCHHOCTEN Harpesa B JKUJIKHX Cpelax co-
CTOUT B TOM, YTO IIPH INOCAJKE B BaHHY 3arpy3K, UMEIOILEH TEMIEepaTypy HHKE
TOUKH 3aTBEPJICBAHUS UJIU 3aTyCTEBAHUS JKUJKOM Cpe/bl, B Ha4YaJIbHOW CTAUM Ha-
rpeBa Ha MMOBEPXHOCTHU 3arpy3KH MOSIBISAETCS CIOW 3aTBEPACBIIEH CONM WU 3aryc-
TEBLIEr0 Macia, MPUYeM TOJIIMHA CJI0s YBEJIMUMUBAETCSA C TEUYEHHUEM HEKOTOPOIo
IPOMEXYTKa BPEMEHU O MAaKCUMAJIbHOI'O 3HAUEHUS, a MOC]e JOCTHUKEHHS IO-
BEPXHOCTBIO U3JEIUNA TEMIIEpPaTypbl IUIABJICHUS KUAKOW Cpeibl YMEHbIIAETCS 10
HyJs. C yuyeToM 3TOH OCOOCHHOCTH TEIJIOOOMEH B KHAKHX CpellaX MPUHITO pac-
CMaTpUBAaTh B BUJE JIBYX IOCJIEIOBATEIHLHO MPOTEKAIOIINUX CTAIUH.

:’ KKEUI/Mz-qac-oC o, Bra.k
= 4

cﬁ p——

=t 3/ r1650
21200 7

= . 1250
= A

: 800 *1 -850
/

g %% 10

0 200 400 600 800 tg,°C
Temnieparypa BaHHbI

Puc. 1.21. KoadgduimeHT TennooTiauu npyu HarpeBe B )KUJIKUX Cpeaax.
1 — 35% NaCl + 65% KCI npu nuupkyiasuuu cpeibl B 3J€KTPOIHON BaHHE;
2 — 44% NaCl + 56% KCI npu w=0 m/mMuH; 3 — 10 )€ ipu w=4,5 M/MUH,;
4 — cBunel; 5 — 97% NaOH + 3% Na,CO; npu w=4,5 M/MHH; 6 — TO ke
pu w=0 M/muH; 7 — 90% NaNO; + 3% NaNO, + 3% KNO; + 4% NaCl;
8 — 70% NaNO; + 10% NaNO, + 9% KNO; + 11% NaCl; 9 — 65%
NaNO; + 12% NaCl + 11,5% KCI1 + 3,3% Na,CO; + 1,4% Fe;04 + 6,8%
H,O npu mexaHnueckoM nepeMenmBanuu cpefsl; /() — To ke 6e3 MexaHu-
YECKOro nepeMelnBanus cpefipl; /1 — nunuHapoBoe Maciio 52 («Bamopy)
npu w=0 m/MuH; /2 — T0 *e npu w=4,5 M/MuH; /3 — UUIUHAPOBOE MACIIO
11 (2) mpu w=0 m/mun; /4 — KCIl npu mupKyasuuu cpesibl B 3JEKTPOIHON
BanHe C—100
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Ha nepBoii ctagnu HarpeBa 3arpy3ka OKpy>kKeHa CJIOEM OTBEPACBILEH COJIU WU
3aryCTEeBIIETO Macia, MPUYEM 4eM OOJIbIIIe TOJIIUHA 3TOTO CJIOS, TEM MEHbBIIE KO-
s dunment remwtoornayu o Ha aToit ctaauu HarpeBa B pacyeT 0ObIYHO BBOJIUTCS
HEKOTOpOE CpellHee 3HaueHue KoddduimenTta TeruiooTnauu. Bropas cranus Ha-
rpeBa, MpOTEKaroasl NPy HEMOCPEICTBEHHOM KOHTAKTEe MOBEPXHOCTH U3JCIUN C
KHUAKOU cpeol, XapakTepusyercss Kod(p(UIMEHTOM TEIJIO0TAAaYH O, HE 3aBHUCS-
MM OT TeMIIEPaTypPhl 3arpy3KH, HO 3aBUCSIINM OT TEMIIEPAaTyPhl )KUIKON CPEIBI.

Hwuxe npuBoasTcs auHEHbIE 3aBUCUMOCTH KO3(DPUIIMEHTOB TEIIOOTAAYU Ol
OT TeMIIepaTypbl Neuu (ty) IpU HarpeBe METaNINYECKON 3arpy3Ky B LIUJIMHIPOBOM
Maclie ¥ B HEKOTOPBIX pacIuiaBax COJICH U MIEIOYECH.

[Ipu HarpeBe B TErKOM LMJIMHIPOBOM Maciie MapKu 2 B JUana3zoHe TEMIIEpaTyp
tn ot 60 mo 190 °C xoadduuuent Termoornauud o, uzmensercs ot 80 mo 170
Br/(m*K).

[Ipu HarpeBe B TsHKEIOM LMJIMHAPOBOM Maciie Mapku 52 («Bamop») B nuama-
3oHe Temrepatyp tg ot 100 g0 330 °C xordPuimeHT TermiooTaauu o, U3MEHSIETCS
ot 60 10 230 Br/(M>K).

[Tpu Harpese B pacmiase xiaopucrtoro kanus (KCl) B ananasone temnepatyp tn
or 770 no 870 °C ko3dduuuent temnoornaun o, uzmensercs ot 300 mo 700
Br/(m*K).

ITpu Harpese B pacmiase 44% NaCl + 56% KCl B nuana3one remmneparyp ty ot
680 mo 940 °C xoddduimeHT TermooTaaun o, udMensercs ot 550 mo 1160
Br/(M*K).

Jl7is mepBoO# cTaguy HarpeBa OIpeneieHre cpeaHero koddduimenrta TemnaooT-
Jaud o IpeCTaBiIsieT co00i 3HAUMTENBHYIO CIIOKHOCTh. [Ipy HarpeBe CTalbHBIX
U3JIETTUI MOKET OBITh UCITIOIb30BaHA MPUOIMKEHHAS 3aBUCUMOCTh

F
o =0,-015B+—1, (1.72)
\%
rie B — xoaddunment, yuuTeiBaronumi Termaopu3NuecKre CBONCTBA >KUIKOU

cpenbl: s HUIuHaApoBoro Macia B=4,0 , s pacniaBoB XJIOpUCTHIX cotiet B=1,4
U 11 paciiaBoB menouedt B=1,9; F/V — oTHomenne moBepXHOCTH 3arpy3KH K e
o6BbeMy, cM .

3areM ompenenstorcs 4ucio buo m orHocuTenbHas temmeparypa. 1lo aTum
JaHHBIM, MOJB3ysAch rpadukamu J1.B.byapuna, Haxoasat uncino @ypbe U omnpene-
JISIFOT BpEMs HarpeBa U3JCiuiu.
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1.5.3. MeToanbl pacuera BpeMeHHU HArpeBa
CTAJBHBIX U3/1eJIHii U HHCTPYMEHTA B Ne4Yax-BaHHAX

[IponomxuTensHOCTh MPeOBbIBAHUSA HArpeBacMbIX H3JIEIHM B COISIHONW BaHHE
IpU TEMIEPAType 3aKaIKH MOXKET OBITh OTpeiesicHa 1o popMmyIie:

Ts = Ten + Tebig (1.73)

rje Tty — o0lllee BpeMsl HarpeBa B MHH; Tcyp — BpPEMs CKBO3HOTO IPOrpeBa U3ze-
JIMS B MUH; Tgpy — BPEMsI HEOOXOJUMOE /7S 3aBepILICHU (Pa30BbIX IPEBpAILECHUI
B CTaJIU IIOCJIE IIPOTPEBA U3LEINS, MUH.

IIpOoAOIKUTENBHOCTD NPOTPEBa U3CAUN TPU HOJHOM IOTPYKEHUH W3NS B
BaHHY. [[py MOIHOM MOrpy’KeHUU B BaHHY NPOAOJDKUTEIBHOCTD HArpeBa U3ACIUN
IpOCTON (POPMBI JINHEWHO 3aBHCHUT OT 3HAUECHUS MX XAPAaKTEPUCTUYECKOIO pa3Me-
pa ¥ MOKET ObITh HalJIeHA U3 BbIPAKEHUS

kV
Ten = (1.74)

rae k — xoaddunment B mun/cMm; V/F — xapakrepuctudeckuii pazmep odpasiia,
PaBHBIN OTHOIICHHUIO €r0 00BbeMa KO BCEH TETUIOBOCIPUHUMAIOIIEH TTOBEPXHOCTH,
CM.

3nauenus BenuuuHbl V/F nus ten mpocTtoir popmbl MOTYT OBITh HailieHBI U3
MPOCTBIX T€OMETPUUECKIX COOTHOIIEHUH (Tab. 1.8).

Tabmuua 1.8
OTHollleHHe 00beMa Tell IPOCTO (OPMBI K UX MOBEPXHOCTH [12]
Hpunsito 3a M- Hpyrue dopmyJia a1 orpe-
Terno HUMAJIbHbIH pas- a31\fey BI, CM SJ'IC}I:II/IHI[\//F ch
Mep D unu C, cm P Ppl, ! ’
Hap Junametp — D/6
Ky6 Pebpo — D/6
i HD
CruomHoi HunameTtp Bricora H ——
LAJIUHIP 2D +4H
IIpsmas npusma ¢ Tnaverp -
MIPaBUJILHBIM MHOTO-
AHEIKOM B OCHO- BIIMCAHHOT'O Bricota H ——
p Kpyra 2D +4H
BaHUU
[Tonpt nuMHAP HapyxHsbIii BuyTpennun H(D-d)
(KOJIBII0) JTUaMeTp muametp d 2(D-d)+4H
Tonmuna ["aGapuTHbIC pas- ABC
[l;mactuHa
racTuHb! C mepel C, B, A | 2(AB+BC+ AC)
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3navyeHue kodddumnuenta k 3aBUCUT OT XMMHUYECKOr0 COCTaBa U (PU3MUCCKUX
CBOMCTB HarpeBaeMou CTaju, COCTaBa U CBOMCTB COJIEH B BaHHE U OT BBIOPAHHOU
TEMIEpaTypbl HarpeBa. JKCIEPUMEHTAIbHO HaliIeHHbIe 3HaUeHUs Ko3(dduimenrta
k nms pa3HBIX Ciy4yaeB HarpeBa IMOJ 3aKajKy MHCTPYMEHTAJIbHBIX CTallel MpHBe-
JeHsl B Ta0m. 1.9 [12].

[lepemHOXHB HaiiieHHbIE TTO OJHON M3 Gopmyn 3HayeHuss V/F u B3sThie U3
tabmuubl 1.9 3Hauenus koddpduuuenta k, mo dopmyne (1.74) nHaxonum Bpems
CKBO3HOT0 Mporpesa (Tcy) o0pasia mpocToit GopMal.

IIpu pacuyere BpeMeHU HarpeBa MHCTPYMEHTOB B pacyeT JJIsl IIaJKUX Tel BBO-
JUTCSI TIOTIpaBKa HA U3PE3aHHOCTh KaHaBKaMU (acoOHHOM padoueill 4acTH STUX UH-
CTPYMEHTOB.

Tabmuua 1.9
3HadeHue kodppumenTa k npu HarpeBe HHCTPYMEHTAJIbHBIX CTAJIEH
Tem- Kk
nepa- , MHH/CM, TIpA VY nenwrHOE BpeMsi Iporpesa
Cras Typa HarpeBe B paciijiaBax m-k B cpenax
Harpe- | 78% BaCl, +| 100% [44% NaCl+|100% | CBu | Bos-
Ba, °C | 22% NaCl* | BaCl**| 56% KCI1* | NaCl | menr | myx
yrﬂepo_ 800 12,5 —
macrasu | 850 11,3 — k. Sk
HU3KOJICe- 870 10,8 - O,9k 1,21( O,Sk e
ruposai- | 900 | 10,0 —
Has 950 8,8 —
Cpenne-
(BBICOKO- 1050 7.4
XpOME- 1100 . 6,7 . I .
1150 6,0
cTas u
Ap.)
1180 5,7
1200 5.4
Beicoko- | 1210 5,3
JIETUPO- 1220 5,1
BAaHHAas 1230 5,0
(ObicTpO- | 1240 — 4,9 — - | —
pexymas | 1250 4,8
u J1p.) 1275 4,4
1300 4,1
560 10,3%**

* [IpenBapurenbubiii mojgorpes 10 400...500 °C. ** [IpeaBapuTeabHbId MOJOTPEB
10 860...880 °C. *** Harpes npu otmycke B paciiaBe KNO;
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KonuuectBenHoe BiusiHUE 3TOrO (haKTOpa MOXKET OBITh BHIPAKEHO KOIPDUIIU-
eHTOM (HOpMBI MHCTPYMEHTa Zgp, PaBHBIM OTHOIIECHUIO BPEMEHU MPOTpPEBa WHCT-

VH )3 . .
pYMEHTa T K BPEMEHH IIPOrpeBa odpasna Ty NPOCTOM M MoJo0HOM eMy (op-
MBI, UIMEIOIIETO Te€ ke rabapuTHBIE pa3MeEpPhl, UTO U TaHHBIA HHCTPYMEHT:

NH

Z _ TCH
® = op - (1.75)

Ten

3naueHus Kod(PPuueHToB GOPMBI pa3IUYHBIX WHCTPYMEHTOB, HAarpeBaeMbIX
LETUKOM, NpuBeAeHbI B Ta0m. 1.10 [12].
YUToOBl mepelT OT BpEMEHHU MpOrpeBa 00pas3loB NPOCTOM (POPMBI K BPEMEHH

OB
nporpeBa (acOHHBIX MHCTPYMEHTOB, HEOOXOIMMO 3HAYEHUE Ty YMHOKHUTH Ha
K03 GuUIMeHT POpMBI JAHHOTO UHCTPYMEHTA Zg:

ton = Zo toy = ZokV/F (1.76)

Tabnuma 1.10
3naueHus kodddurmenta Gopmel Zq 11 Pa3TUIHBIX HHCTPYMEHTOB

HarpeBaemas yacts | Koaddurmenr

HHcTpymenTer MHCTPYMEHTA bopmbl Zg,
®pe3pl  MIIMHIPUYECKUE OTPE3HBIC, IenmuKom 0.9
HOJKH, TUIAIIKH TUTOCKHE
®pe3sl Ma30BbIC, OAHOYTIIOBEIC, JTHCKO-
BbIC TPEXCTOPOHHHE, MOTYKPYTIIbIC BbI- « 0.85
NYyKJIBIE W BOTHYTHIC, 3CHKEpHI Haca-
HBIC
®pesbl yepBsiUHBIC, PE3LOOBBIC, HACA- « 0.80

)

HBIC, TOPICBLIC HACAIHEBIC

@Dpe3bl MOAYJIBHBIE TUCKOBBIE « 0,75

Pa3BepTku pydHble MU MalIMHHBIE, MPO-

Otpe3annas
TSKKH, (pe3bl KOHIIEBbIE, METUYUKHU P 0,80
pabouas
TpyOHBIC
MeT4YuKM pyUYHbI€ Y TACUHBIC To xe 0,66
Caepna To xe 0,57
[Inamku Kpyrisle [lemmkom 0,45
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IIpOoAOIHKUTENBHOCTh IPOTrPEBA IIPU YAaCTUYHOM NOTPYKEHUM B BaHHy. Ilpum
MECTHOM HarpeBe CTEP)KHEBOI0 MHCTPYMEHTA OAWH M3 TOPLIOB HE YYacTBYET B Ha-
IrpeBe U, KpOME TOr0, HEKOTOPOE KOJWYECTBO TEIUIA OTBOAUTCS YEPE3 HENOIrpy-
YKEHHYIO B BaHHY XBOCTOBYIO 4aCTb MHCTPYMEHTA, 4TO NpuUMEpPHO B 1,27 pasa yBe-
JMYUBAET BPEMS HarpeBa 10 CPABHEHUIO C HATPEBOM IIPH IOJHOM IOTPYKEHUU B
BaHHy. JTa BenuunHa =1,27 Ha3zpiBaeTcs KOADPUIIMEHTOM 3aMeJJICHHs HAarpeBa u
YUYUTBIBAETCA MPU ONPENECIEHUN BPEMEHU HArpeBa CTEPKHEBBIX HHCTPYMEHTOB.

Ecnu oTHOIIEHWE NIMHBI HarpeBaeMon padodeil YacTu K IUaMETpPy BEIUKO, TO
MO’KHO IpeHeOpeub ujaeHoM 2D B 3HameHaTene GopMyJsibl A HUIMHAPOB U IPU-
ONMM)KEHHO TNPUHATH BPEMs IPOrpeBa CTEP)KHEBOTO HMHCTPYMEHTA MPOMOPIHO-
HaJIbHBIM €r0 JUAaMETPY. DTO MO3BOJISIET BBIPA3UTh MPOIOJKUTEIBHOCT ITPOrpeBa
B CEKyHJaX HaA MUJUIUMETP CEUECHUS.

Ecnu yaenpHyto HOpMy NporpeBa HHCTPYMEHTOB 0003HAYUTh KO3 (DUIIHEHTOM
n, TO B 00IlIEM BHJI€ BpeMs MX MPOTpeBa Tcy MOKHO BBIPA3UTh cieayromen ¢op-
MYJIOW:

n
TCH =D .%9 MHH, (177)

rjae n — ko3¢ dunuent u3 tadm. 1.11 [12].

Tabnuna 1.11
3naueHus k03P UIMeHTa N WiK yaelbHas MPOI0KUTEILHOCTh IPOrpeBa B C/MM
Pa3IUYHBIX CTEPIKHEBHIX (PaCOHHBIX MHCTPYMEHTOB

NucTpymeHT Mapka cranm

VI2A | 9XC P9 P18

Pa3BepTku pydHbi€ U MallIMHHBIE, TPOTSDK- | 11,7 10,1 4.6 4.2
KM, pe3bl KOHIIEBbIC, METUHKHU

MeT4uKH py4YHbI€ U TACUHbBIC 9,7 — 3.8 3,5

Caepiia — 7,2 3.3 3,0

[Ipu HarpeBe u3nenuii B IpUCIOCOOJICHUSX, MTOTPYKaeMbIX B COJIEBOM pacIijiaB
BMECTE C U3JICJIUSIMHU, pACUETHOE BpeMs Iporpesa ypennuupaerca Ha 20...30%.

[Ipu pabote Ha aBTOMATHYECKUX arperarax M MOTOYHBIX JUHUSAX, 0Oecreyun-
BAIOIIMX IOJOTPEB MHCTPYMEHTa M3 OBICTPOPEXYIIEH cTaau B XJopOapueBoi
BanHe npu 1050 °C, pacueTHOe BpeMsi OKOHYATEIBHOTO CKBO3HOTO MpPOrpeBa
YMEHBIIAETCS U JOJKHO NpUHUMAThCS paBHbIM 0,7...0,8 OT T¢p, onpenenseMoro
npu noporpese 10 860...880 °C.
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HDOI[OJ'DKI/ITGJ'IBHOCTI) BBIACPIKKH ITOCJIC ITPOT'PCBA HSHGHHﬁ. 3Ha4YCHUS BEIIMYU-

HBI Tppig B popmyiie (1.73), To ecTh BBIAEPKKHU TOCIIE IPOrpeBa, He0OX0AUMOM I

3aBepIeHus (pa3oBbIX MPEeBpaIleHU B CTalId MPUBEACHBI B Ta0s. 1.12.

Tabmuma 1.12
3Ha4YeHUs1 BEIMUMHBI Tppy A CTANEH PAa3INYHbIX MapOK

Mapka cranu Temnepatypa 3akanku, °C 3HAYECHUE Tppyy, MUH
Y12A 800 1,00
XBI' 830 1,62
9XC 870 1,69
XI'CB® 860 2,18
P9 1230 0,65
P18 1275 1,16
P18K5®2 1280 1,16
P1404 1250 1,64

06111&51 IIPOAOJIZKUTCIBbHOCTD HD€6BIB3,HI/ISI W3ACJINM B MeYax-BaHHAX. HO,ZICTa-

BUB B opmyiny (1.73) 3HaueHue BeauduHsl tep U3 popmyn (1.74), (1.76) u (1.77),
TIOJTYYHMM CJICIYIONINE BBIPAKCHUS ISl OTPEICICHHS 00IIero BpeMeHu mpeObIBa-

HUSI U3JICJINI B BAHHE MIPU HArpeBeE MOJ 3aKaJKYy.

Jlnst uzgenuii npoctoit (POpMbI ITPU MOTHOM MOTPYKEHUU B BAHHY:

D/

CIINIOIIHBIX HI/IHI/IHH[)OB Ty = k S — T )
z D l BbI/]
[OJIBIX NUJIUHAPOB Ty = k- ( )l TBLIJS
P 2(D — (I) + 4] v

. BH!/ N
2(BH+ B/ +H/)

IPSIMOYTOJIbHOM MPU3MBI Ty = k

J11st pacOHHBIX UHCTPYMEHTOB:
WHCTPYMEHTOB C OTBEPCTHUSIMHU, HATPEBAEMBIX MOJTHOCTHIO
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~ (D-d)
2(D—d)+4l

Tz—Zq)

+ Teb; (1.81)

IUIACTUH, HOXEW, IUIOCKUX IUIAIIEK W JPYTMX HHCTPYMEHTOB MPSAMOYTOJbHOU
(dbopMbI, HAarpeBaeMbIX MOTHOCTHIO

. BH!/
2(BH + B/ +H/)

Ty = Zok + T (1.82)

CTEPKHEBOI'O MHCTPYMEHTA, IIPH YaCTUYHOM IIOTPYKEHHUHU B BAHHY
_..n
Ty = D@ + T (1.83)

31U GOpMYIIBI U ABJISIIOTCS PACYETHBIMU; 3HaYEHUSI KOdPPUIIUEHTOB Zg, k, n 1
Tppi OIPEACIISIOTCS U3 COOTBETCTBYIOIIUX TabuuL, pazMeps! usgenus (D, d, /, Bu
H) npu Beruucnenuun no ¢popmynam (1.78) u (1.81) BeipaxaroTcst B ¢M, a 1o ¢op-
myse (1.83) — B mm.

1.6. Onpenesienne BpeMeHH OXJIAXKIEHUS 3arPy3Ku
MPHU NOCTOSIHHOM TeMIIepaType OXJIaKAalouleil cpeabl

[To TexHOJIIOTMM TEPMUUECKON 00pabOTKM YacTo TpedyeTcs OXJaxACHHUE U3JIe-
JUUA C OIPENEICHHON CKOPOCTHIO, HAIlpUMEP, IPHU OTXKUIE, HOpMAIU3alUU U 3a-
Kajke. OxJaxaeHne U3eNuil MOXKET OCYIECTBIISIThCS HAa CIIOKOMHOM BO31yXe, B
KaMepax ¢ HMCKYCCTBEHHOW LHMPKYJSLMEH BO3[yXa, B CHEIUAIBHBIX My(Qensix, B
3alUTHON aTMoc(epe WK B BAKyyMe, B KOJIOALIAX, BMECTE C HarpeBaTeJIbHOU Iie-
Ybl0 M B PA3JIMYHBIX 3aKaJIOYHBIX YCTPOMCTBAX.

Bpems oxnaxkeHust u3ieianii MOKHO pacCUMTaTh C MOMOIIBI0O METOOB, pa3pa-
OOTaHHBIX 7S ompezesieHus: BpeMeHH HarpeBa. OTHaKO pacueT OCIIOKHSAETCS TEM,
YTO OXJIXKJEHHUE 3arpy3KH MPOTEKACT C HEMPEPHIBHBIM H3MEHEHHEM TEIIOBOTO
MIOTOKA, BBIAEIAEMOTO €€ MOBEPXHOCTHI0. OTHOBPEMEHHO U3MEHSIOTCS U YCIOBUS
TEIUIOOTA4M: €CJIM B MpoIlecce HarpeBa Ko3(pPHUIMEHT TeII00TAaun OT BHYTPEH-
HEll TOBEPXHOCTH MEYH K TETUIOBOCTIPUHUMAIOIICH MOBEPXHOCTH 3arpy3KH B TEUe-
HUE OOJBIIEH YacTH BPEMEHU M3MEHsIETCS HE3HAUUTEIhHO, TO B MIPOIECCE OXIIakK-
JICHHsI OH CYIIECTBEHHO MEHSETCS C YMEHBIICHHWEM TeMIlepaTyphl 3arpy3ku. B
CBSI3H C 9TUM pacueT BPEMEHU OXJIAXKIEHHUS CIEAyeT BECTH MO OTACTHHBIM TeMIIe-
paTypHBIM MHTEpBalaM, ONpenessas JUIsl KaKIOro U3 HUX CPEJIHHUE 3HAUYEHHUS KO-
3puuueHTa TEMI00TAAYM. BenuuumHy pacyeTHOrO HHTEpBaja Ie1eco00pa3HO
BbIOMpaTh B npeaenax 50...200 °C. Uem meHbIe BeIHMYMHA PACYETHOTO UHTEPBA-
Ja, TeM TOYHEe pacuéT BpeMeHH oxyaxaeHus. [Ipu pacuere BpeMeHU OXJIaXKICHUS
U3JIEUNA Ha KKIOM TEMIIEpaTypHOM MHTEpBaje ONMpPeNesiOTCs CPEeIHUE Al HEro
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3HaYeHUs TEIUIO(U3NYECKUX CBOMCTB 3arpy3ku. Pacuer HaUMHAIOT ¢ ONpeesIeHus
Kkputepus buo.

IIpn oxnaxneHuW HU3IENUN Ha CIIOKOMHOM BO3IYyX€ MX TEMIIepaTypa U3MEHs-
€TCS BO BPEMEHM, a OCTBHIBAIOIIAS 3arpy3Ka BBIAEIAET TEIUIO M3JIyYEeHUEM U KOH-
BEKIIMEN. B 3TOM ciryyae BpeMsi OXJIKICHUSI «TOHKOW» 3arpy3Kd MOXKHO Ompene-
JIUTh, IOJIB3YsICh hopmynamu (1.44) u (1.45), B KOTOpPBIX TeMIIepaTypy ne4yu Heoo-
XOJIMMO 3aMEHHUTh TEMIIEPATYPOU BO3AyXa M YUYECTh M3MEHECHHE HAIPaBJICHUS Te-
IJIOBOTO TOTOKa. JIns ompeneneHus BpeMeHH oxnaxiaeHus maenuit no 700 °C,
KOI'Jla KOHBEKTUBHBIM TEIUIOOOMEHOM MOYKHO MpeHeOpeub, UCIIONIB3YIOT CIEAYIO-

1y hopmyny:

o Ge 100 [T (T 4
" CppF (Tg /1000 | "\ Ty Ty )| (1.54)

rae G — macca u3aenus, Kr; ¢ — CPelIHssl yJeabHas TeIUIOEMKOCTh B paCU€THOM
untTepBaie temneparyp, Jx/(kr-K); Ty — HayanbHas Temmeparypa pacueTHOTO
unrepBaina, K; Tx — koHeuHas Temriieparypa pacueTtHOro uHreppaia, K; Ty —
temrneparypa Bo3ayxa, K; Cpp — npuBesieHHbIH KO3PHUIIMEHT JTyUeUucCIyCKaHus,
Br/(m>K?).

JIns onpeneneHuss BpEMEHHM OXJIAKIICHUSI «TOHKOW» 3arpy3k 0 TEMIEPATyp
Huxe 700 °C MoxeT OBITh UCTIONIb30BaHa Clieayrorias ¢hopmyra:

T = In , C,
W F -ty (1.85)

TJIe ¢ — CPEAHsIs yaelbHas TeIUIOEMKOCTh B paCUYETHOM WHTEPBAJIC TEMIIEpaTyp,
JIx/(xr-K); ty, txk — COOTBETCTBEHHO HauyajbHasi M KOHEYHas TeMIEpaTyphl pac-
YETHOTO WHTEPBaiIa TemMmneparyp, °C; T; — BpeMs OXJIXKICHUS 3arpy3KH B pacyeT-
HOM MHTEpBaje TEMIEPATyp, C; Oy — CpeHee 3HaUeHue KOdPPUIIMEHTa TeTUI00T-
Jla4y U3JyYEHUEM U KOHBEKLIHUEN B HHTEPBAJIE TEMIIEPATYDP ty.. .1k, BT/(Mz'K).

3HayeHue cpeaHero (B MHTEpBaje TeMIeparyp ty...tx) KoadduimenTa Temio-
OTJIayu U3TyYCHUEM U KOHBEKIIUEH PACCUUTHIBAIOT MO (hopmyre:

oz = —[(a+a oy +ag)], (1.86)

1

2
H H

rone Oy, Og — KOB(i)(bI/IHI/ICHTBI TCIUIOOTAAYN HM3JTYUYCHHUCM B HaA4daJIC U KOHIIC

21, K K
pacyeTHOrO TEMIEPAaTYpPHOIO MHTEpBaa COOTBETCTBEHHO, BT/(M™K); oy, ax —

KOA((DUIIMEHTHI TEIJIOOTAa4M KOHBEKIIMEH B Havalle U KOHIIE pACYETHOTO MHTEP-
2
Bajia TeMIEpaTyp cooTBeTcTBeHHO, BT/(M™-K).
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KoaddurmenTs! TerooTnaun u3iayuyeHneM U KOHBEKIIMEH B Hayajle U B KOHIIE
PaCUYETHBIX TEMIEPATYPHBIX HHTEPBAIOB MOXHO OIPEACIUTH M0 hopMyIam:

4 4

i) (T
; 100 100 (1.87)
OLH = Llp’ D
tH _tB
T ) _(Ta)
K 100 100 (1.88)
Oy = Cmp D
tK - tB
oy =2,56"4ft, —t, , (1.89)
o = 2,56 4ft 1, (1.90)

rae ty — HavanbHasg TeMmIiiepatrypa uHTepBaia, °C; tx — KOHEUHas TeMmmeparypa
uHrepana, °C; tg — temmeparypa Bo3ayxa, °C.

BpeMst oxnaxkieHust «MacCUBHOM» 3arpy3Ku B paCY€THOM MHTEpBAJIe TeMIepa-
Typ MOXHO OIpeNeauTh ¢ nomouisio rpadukos J.B.bynpuna u npaBuna mnepe-
MHOXXCHHSI OTHOCUTEIBHBIX TeMIeparyp. BBIMOMHSS pacyeTsl, HEOOXOAUMO B
dbopmMmyrnax Temmeparypy medd 3aMEHUThb TeMIIEpaTypol BO3JyXa U YUYECTh HU3Me-
HEHHE HAMPABJICHUS TEIJIOBOTO MOTOKA. B 3TOM ciiyyae OTHOCUTENbHASA TEMIEpa-
Typa JJi MOBEPXHOCTHU (LIEHTpa) MIACTUHBI WIH [UINHApPA

te —t
0= K B ,
P— (1.91)

rae tg — temmeparypa Bo3ayxa, °C; ty, txk — COOTBETCTBEHHO HayajbHas M KO-
HEYHas TeMIepaTypbl pacueTHOro nurepnaia, °C.

Hanee no rpadukam J[.B.byapuna naxonar 3nauenne kputepusi Oypoe (Fo) u
ONPEIENSIOT BPEMsI OXJIAXKICHHS TOBEPXHOCTHU (LEHTPA) MIACTUHBI WM TWIMHAPA
B JaHHOM pacyeTHOM MHTEpBAJIe TEMIIEpaTyp:

Fo-S?
= —, (1.92)
a

rje S — IMOJOBWHA TOJIIWHEI IJIACTUHBI WM PaJARyC IWIMHIPA, M; a — Kodhdu-
IUEHT TEMIIEPATypPOIPOBOTHOCTH M3JCIHS B paCUYCTHOM WHTEpBajC TEMIIepaTyp,
M2/c.
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Kosddumment temmnepatyponpoBOAHOCTH H3JAETUS B pAacCUYECTHOM HHTEpBaJe
TEMIIEPATyp HaXOIAT, UCIIOJIb3Ysl BBIPAXKCHHUE:

= &
o’ (1.93)

rje A — CpeIHM JUIsl JaHHOTO MHTEepBalia TeMIepaTyp Ko3(p(GUUHUEHT TErIonpo-
BoHOCTH, BT/(M'K); ¢ — cpennss ynenbHasi TEMI0EMKOCTh 3arpy3Kd B paC4ETHOM
uHTepBaie Temmeparyp, Jux/(kr-K); y — IIOTHOCTD M3/IENHS, KI/M .

[TonHoe Bpems OXJIaXKIAEHHUs 3arpy3KH KaK «TOHKOM» TaK M «MACCUBHOW» Ha
CIIOKOMHOM BO3/yX€ ONpENeNsieTCss CYMMHUPOBAHHMEM BPEMEHHM OXJIAXKICHHUS I10
pacyeTHBIM TEMIIEPaTypPHBIM MHTEpBAJIaM:

1= ZTi ) (1.94)
=1

I7Ie T; — BpeMsl OXJIAKICHUS Ha 1-M y4acTKe; N — YHCIIO YYacTKOB (pacueTHBIX
TEeMIIepaTypPHBIX UHTEPBAJIOB) OXJIAXKICHUS.
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2. TEODJOBOM PACUYET
TEPMUUYECKUX NNEYEN

TeroBoil pacyeT meun CBOAMTCS K COCTaBJIEHHUIO TEIUIOBOIO OajlaHca, KOTO-
pHIi peacTaBisieT coO0M ypaBHEHHE, CBSI3bIBAIOILEE TPUXOJ U pacxo Termia. [lpu
IPOEKTUPOBAHUU €YU TEIJIOBOUW OalaHC COCTABISIOT C LIENbIO ONpPENETICHUs pac-
X0J1a TOTUIMBA (B MJIAMEHHBIX TeYax) UM MOIIHOCTH (B AJIEKTPUUYECKUX Teuax). B
ATOM CIIy4ae CTaThbU Pacxo/ia U MPUXOAa ONMPEAENSIOT PACYUETHBIM IIyTEM IO COOT-
BeTcTBYyIOmUM popmynam [4, 11, 13, 14, 16 u ap.]. TermoBoit 6anaHc AEHCTBYIO-
HIEH MEYM COCTABIISIIOT C LENbI0 ONPEACIICHUS] TEXHUKO-DKOHOMHUYECKUX IOKa3a-
Teneit e€ paboTel. B aTOM citydae craTthu O6ajlaHca MOKHO OMPENEnsaTh KaK dKCIe-
PUMEHTAIBHO, TAK U PACYETOM.

J1y1st medeii HempephIBHOTO JACUCTBUS TEIJIOBOM OajaHC OOBIYHO COCTABJISIOT HA
€AVHUILY BPEMEHH, [IJIS [TeUei MepUOoIUIECKOro AEHCTBHS — Ha BpeMs IUKIIA (WU
OTZIETILHOTO NIEPHOJa PaOOTHI).

2.1. OcHOBHBIE CTATHH TEIJIOBOI0 0AJIaHCA
TEPMUYECKHUX Meveil

[ lpuXooHBIE CTATHU.
1. Temio, nomyyaromeecs Npyu CKUTAHUU TOTUIUBA:

Qr= Q% ‘B, Br, (2.1

P 3
rae Qy — Husmas (pabouast) Temiora cropanus tomwmsa, [x/mM™ nm JDx/kr; B

3
— pacxoj TOIUIMBA, M~/C UJIH KT/C.
2. ®u3nMYecKoe TEII0, BHOCUMOE MOAOTPETHIM BO3IyXOM:

Qomzs =BVp cp ts, BT, (2.2)

riae Vg — JIeUCTBUTENBHBIN pacxo] BO3ayXa, MoAaBaeMbIi JJIs CKUTaHus | M I
1 Kr TOIJIMBA; Cg — CPEIIHSS TEINIOEMKOCTh BO37yXa (B MHTEpBajE TEMIIEpATyp
0...tg), JLx/(xr-K); tg — TemnepaTypa nmojgorpena Bosayxa, °C.

3. ®u3nYeCcKoe TEII0, BHOCUMOE MOJIOTPETHIM TOITUBOM:

Qowmz t = Ber tr, Br, (2.3)

TIe Cr — CPeOHsAA TEIUIOEMKOCTh ToIumBa (B mHTepBaie Temmeparyp O0...tr),
Jx/(xr-K); t — TemnepaTtypa nojorpesa Toruusa, °C.

JlJis TepMHUYECKUX TIeUeit TOTUIMBO HE TIOJIOTPEeBACTCs, TaK KaK MX pabodne Tem-
nepaTypsl HEBENUKH. B MPUXOMHBIX CTaThsAX TEIJIOBOTO OajaHCa TEPMUYECKHUX
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nedel He YUYUTBIBAETCS TAKXKe TEIJIO SK30TEPMHUYECKHX peakiuil u (usnueckoe
TEILIO HArpPEeBAaeMOI'0 METAJlIA, B CIIy4yae IOCAJAKH B II€Yb XOJOJAHBIX JETaJCH.

Crarpelt mpuxoa SHEPTUM B DJIEKTPUYECKOM €YU CONPOTUBIICHUS SIBIIAECTCS
TEIUIOTA, BBIACIAIOIIASACS B HAarpeBaTEIbHBIX AJIEMEHTAax, KOTOpas SBIISETCS CyM-
MO BCEX pacXOIHBIX CTaTel TEIIOBOro OanaHca MeyH.

Pacxonnble craTbu.

1. ITose3noe Temno, pacxogyeMoe Ha HarpeB MeTajlia:

Qum = Iew (tvx—tmn), BT, (2.4

rae I1 — npou3BoauTeNbHOCTD MEYH KI/C; Cy — CPEAHSIS TEIUIOEMKOCTh MeTallia
B MHTEpBaJIe TeMNeparyp oT tyy A0 tyk, Jx/(kr-K); tyy — HavanbHast Temmnepary-
pa Metaina, °C; tyx — KOHeUYHas TemiepaTypa HarpeBa metamia, °C.

Jl14 meven nepuoaMYeCcKOro AEUCTBUSA

G
Qm = T_CM (tvx — tmn), BT, (2.5)
H

rne G — Macca u3enui, Kr; Ty — BpeMs HarpeBa u3/IeJIMil B 1e4H, C.
2. Ilotepu Teria Ha HarpeB npucnocoOaeHui (tapsl) [13]:

Qr = gr ¢r (tk — tn), Br, (2.6)

rJie gr — Macca MpUCIocoOeHUH, HarpeBaeMasl B SIUHUILY BPEMEHHU; C — Cpel-
HSS TETUIOEMKOCTh METalljla MPUCIIOCOOJICHUSI B HHTEPBAIC TEMIEpaTyp OT ty IO
tx, Jox/(xr-K); ty — TemnepaTypa 3arpyaeMoro B meus npucrnocoosenus, °C; ty
— TeMIIepaTypa BBITPYKAEMOTO U3 reuu npucmnocoodsienus, °C.

3. Temnno, TepsieMoe BCIIEICTBUE TEMJIONPOBOAHOCTH KIaaku nieuu [4, 5, 13]:

Qi =2:Qpox.ct. T 2:Qroprrer. T Qcona + Quopa - (2.7)

[Torepu Temna B pe3ysbTaTe TEIUIONPOBOAHOCTH Y€pPE3 CBOJ, MO U CTEHBI IIe-
YU ONPEAEIIAIOTCA 10 YPAaBHEHUIO (IJIsI TUIOCKON MHOTOCIIOMHOM CTEHKH):

Qer= g3 N tg [ BT
R T (2.8)
ME - LF AoEy agFyap
rje tg — TeMrepatypa padodero npoctpaHcTBa neun, °C; to — Temrmeparypa OK-
pyxaromiero Bo3ayxa, °C; Sy, S, ..., S, — ToNIIMHA OTAEIBHBIX CI0EB KIAJKH, M;
A, Aoy ooty Ay — KO3 OUITMEHTHI TETUIONPOBOIHOCTH clioeB kiaaku, Bt/(m-K); Fy,
F,, ..., Fo — cpeHue pacdeTHbIe TOBEPXHOCTH CIIOEB KIAIKH, M°; Oy — K09 dH-
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LUEHT TEIUIOOTAA4Yd OT HAPY>KHOW IOBEPXHOCTH KJIAJKH IE€YU B OKPYKAIOLIYIO
2 .

cpeny, Br/(M"K). [ns Tepmuueckux medyeil og MOXKET OBITh MPUHAT PaBHBIM
2 . .

12...18 Bt/(M™K), nns snektpuueckux mneded 12, mis MmiaMeHHBIX Teuel, UMEro-

2
IIMX MEHBUIYIO TeIoByro m3omsinuio, 18 B1/(M™-K); Fyap — HapykHas moBepx-
HOCTb KJIQJIKH.

Jns uMIIMHAPUYECKON CTeHKH [4]:

Qer=7——7 f il _1t0) T BT
~In2+ —In 4.+ InHAP 4 (2.9)
10 R Y) n I, OpTyap

rje [ — BBICOTA WM JIJIMHA MIJIMHAPUYECKON CTECHKH, M; T'yap — PadyC HapyK-

HOM INOBEPXHOCTU KIAAKHU, M; Ij, I, ..., [y — PaAUyChl COOTBETCTBYIOIHUX CIJIOEB
KJIaJIKH, M.

JI1s onpeniesieHnsi CPeHUX PACUETHBIX MTOBEPXHOCTEHN KaXKI0T0 U3 CI0EB KJIaI-
ku (F, Fy, ..., F, 1 Fyap) HEOOXOAMMO MIMETH 3CKU3 (PYTEPOBKHU IE€YH, TOJIB3YSCh
KOTOPBIM. PACCUUTHIBAIOT PAa3MEPBI KAXKIOTO CIOSI, MIPUUYEM YIPOIIEHHO OHU MOTYT
OBITh HAMZICHBI MO TUArOHATBHBIM CThIKaM (puc. 2.1). 3Hasg 3Tu pa3mMepbl, MOKHO
OIICHUTH BHYTPEHHIOIO Fpy U HapykHy10 Fyap mmomaan kiaaku, a Takke IJIola-

I MEXAY OTHenbHbIMU ciosamu Fi, , Fos , ... [lamee paccUMTHIBAIOT CpEIHHE
IUIOIIAN OTJICJIbHBIX CJIOEB:

.

zZh

b2 41,

=

AR

“

tyap //l/
Zom
A \ Puc. 2.1. Dcku3 k pacu€ty noteps Teria
/ ’ TEIJIONPOBOAHOCTBIO Yepe3 CTEHKY Ie-
S2 S ] 9u

4
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Koa¢dummeHTsl TEemIonpoBOIHOCTH OTHEYIOPHBIX M TETUIOW30JISIIMOHHBIX
MaTeprajioB 0OBIYHO PACCUUTHIBAIOT 1O (popMyIie

A=a+bicp, 2.11)

rae a 1 b — nocTosiHHbIE, XapaKTepU3yIOIINe MaTepua; tcp — CpelHss TeMIiepa-
Typa cnos. CoOTBETCTBYIOUIME 3HAUYCHUA KOA()(PUIMEHTOB TEIIONPOBOIHOCTU
IIPUBEJICHBI B CIIPABOYHOM JIUTEPATYPE.

Ecnu mpussaTh TemmepaTypy BHYTPEHHEU MOBEPXHOCTH (DYTEpOBKH PaBHOM
TeMIiepaType nedd t ¥ 0003HaYUTh TEMIEPATYPY MEXKAY OTIACIbHBIMU CIOSAMH Ye-
pe3 tiz, 3, ..., th1n , @ TEMIIEPATYPy HAPYKHOM NOBEPXHOCTH KJIAAKHU €YU Yepe3
tHap, TO CPETHUE TEMIIEPATYPHI IIEPBOr0, BTOPOI'O U APYTUX CIIOEB:

typ+1t, b= Gy tits _

1= s 2 9 eee 9 tn_

2 2

tn—l,n + tHAP (2 12)
2 .

JI1st TOro, 4TOOBI OMPENEIUTh TEMIIEPATYPHI CIOEB KIIAJKU U, COOTBETCTBEHHO,
K02 (PHUIMEHTHI TETUIOMPOBOTHOCTH ITUX CJIOEB, 33Al0TCS TEMITEPaTypOil HapyK-
HOM CTEHKH TeYu U TeMIIepaTypaMu Ha rpaHulle ciioeB kiaaku. [Ipu sTom cienyer
UMETh B BUY, YTO IIpHu padoueit Temneparype 10 1000 °C u xopoiei Tenionso-
JSIUUM 3HAUYCHHE TEMITEPATyPhl BHEIIHEW CTEHKH AJIEKTPUYECKOM MeYu yCTaHaBIIH-
Baetca B peaenax 40...70 °C, a mmamennoi neuun 100...150 °C.

Janee, monb3ysach GOPMYJION, ONIPEAEIISIOT TEIIoNnoTepu uepes kinaaky. [locme
ATOTO YTOUHSIOT MOJTYyUYCHHBIC 3HAUCHUS.

TerioBble MOTEPHU YEPE3 KIAJTKY MOKHO ITPEJCTABUTh B BUJIC:

tq —t
Qxn = 0 , Br. (2.13)
R, +R,+..+ R, +Ryap
3neck Ry, Ry, ..., R, — TeIioBbie CONPOTUBIEHUS CIIOEB KIaaku; Ryap — cormpo-

THUBJICHUC ITCPCaadYC TCIJIA OT ITIOBCPXHOCTU KIIAAKHU OKPY)KaIOIHGﬁ cpeac.
HOCKOJIBKy TEILUIOBOM ITOTOK, HpOXOI[HHII/Iﬁ qepe3 KIalKy, IMOCTOAHCH, MOKHO
3aIIicCaThb:

tH_tlz tlZ_t23 tn—ln_tHAP
Qcr=——""; Qcr=—"—""=; ...; Qor=—> ,(2.14)
R, R, R

n
OTKyJ1a

ti2 = tn —QcrRi; th3 = tn —Qer(Ri+Ry) 5 ..o

2.15
tuar = tni—Qcr (R1+Ro+...+Ry). @15)
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Ecnu nonydennbie B pe3ynbTaTe MPOBEPKU TEMIIEPATYPbl OYIyT OTIUYATHCS OT
BbIOpaHHBIX He Oosee yem Ha 10 °C, To pacyeT npousBeieH npaBmibHO. Eciu pac-
XO0KJICHUE MPEBBIIIAET 3Ty BEJIUYMHY, TO 33J]al0TCSl 3HAYCHUSIMU TeMIIEPaTyp tyap,
t12, -« ta1n, OJM3KUMH K 3HAUEHUSIM, MOJTYUYEHHBIM IIPU NIPOBEPKE, U CHOBA MPO-
U3BOJIAT pacyeT U MPOBEPKY O TeX IMOp, MOKa MPOBEpPKa HE JACT XOPOILIEro COB-
najeHusl.

Crnenyet 3aMeTUTh, UTO MOTEPHU TEILJIa Yepe3 MO/l MeYH, ONUparoluica Ha QyH-
JAMEHT, MPUOIMKEHHO MOKHO CUMTATh PaBHBIMH MOTEPSM Yepe3 CTEHKY IIamMoTa
TOJNIIUHON 1 M.

4. Ilotepu Tera U3IIyYEHUEM Y€pe3 OTKPBITHIE 3arpy304YHbIE U Pa3rpy30UYHbIE
OKHA U JIPyTHE OTBEPCTHUS B (DyTEPOBKE.

Pacuer motepp Tera M3NMTy4EeHUEM B OKPYXKAIOIIYIO CPely MPOU3BOJIUTCS IO
dbopmyre:

4 4
Ty (Tg

Quyy = CpepFyrp 100 ™

-At, Br, (2.16)

r7ie € — CTENEHb YEPHOTHI M3IYUYAIONIEro Tejia (CTEHKH MeYH, MEeYHbIe ra3bl, Ha-
rpeThiii Metamn); Forg — IUI0MIa/ib MONEPEYHOro CEUCHUsS] OTBEPCTHS, M2; Th, Tg
— TEeMIleparypa COOTBETCTBEHHO II€YM M OKpYyXKarowero Bo3ayxa, K;
AT=TorKp/TopI] — A0JI1 BPEMEHH, B TEUECHHE KOTOPOTO OKHO OTKPBITO, C/C; @ —
kod(ppunmeHT aquadparMUpOBaHMS, 3aBUCSIINN OT COOTHOIICHHS ITUPUHBI U BBI-
COTBI OTBEPCTHS U OT TOJUIUHBI CTEHKH (puc. 2.2) [11].

Koaddumment nuadparmupoBanusi nasi OOBIYHBIX OKOH MOXET OBITh MPUHAT
paBHbIM npuMepHO 0,9. st ManbIX M y3KMX OTBEPCTHU B TOJICTBIX CTEHKax OH
ymenpmaercss 1o 0,5 (B pe3ysibrare yMEHbIIEHHUS yIWIa Jdydeucnyckanus). Jlis
OKOH, 3aKPBITHIX METAUTMYECKUMU dKpaHamu ¢=0,5.

Wy
4 3 ___j Puc. 2.2. KoaddunueHt
o
0.8 I auapparMUpoBaHusl  OT-
’ ,//' ,/7? 1 Bepctuii. dopma OTBep-
0.6 yale = crus: 1 — KpYyIJIOE OT-
2 / /// BEpCTHUE; 2 — KBaJApaTHOE

0.4 V///4 i oTBEpCTHE; 3 — IIPAMO-
> BAL YIOJIBHOE OTBEPCTHE IIpH
“r mupuHe okHa B=2A (A
0,2 — BbICOTAa, L — riybuna
OKHa); 4 — Yy3Kasd IIeb

0 BbIcOTOU A (B>>A).




5. IloTepu Temia BCIEACTBUE TEIUIOBBIX KOPOTKHUX 3aMbIKaHUN Qrk3, BBI3BAH-
HBIX HapyIIEHUEM CIUIOIIHOCTH M30JIALMH B TEX MECTaX, € Yepe3 KIaaKy IpoXo-
JSIT TIEPEMBIYKM U3 00Jiee TEIUIONPOBOJHBIX MaTEpPHAIOB: TEPMOIIAPHBIE TPYOKH,
BBIBO/Ibl HarpeBaTesel, HapaBIIAIOINE, OCH POJIMKOB, BBIXOSIINE U3 MEYH, 3aKa-
JIOYHBIE *KeJ00bI U T.1. B OOJBIIMHCTBE Cly4aeB 3T MOTEPU HE MOTYT OBITh TOY-
HO YUYTEHbI U UX MpUHUMAIOT 00b4HO paBHBIMU 50...100% OT moTeph TEIIOTHI Ye-
pe3 CTeHKH [4], TO ecTh

Qrx3 =(0,5...1,0)'Qcr , BT. (2.17)

6. Terto, yHocuMoe BOJOM , OXJIaXX/Iar0Ied BHYTPEHHHUE YaCTH Me4n (HaIrpas-
JSAOIME JUIS IBUKEHHS MOJIJOHOB, OCH BOJOOXJIAXAAEMBIX POJIMKOB), apMaTypy
3acjoHOK U T.1. [loTepu Temna ¢ oxiaxaarouei BoJ0i MOTYT OBITh ONpeaAeIeHbI
o gopmyie:

Qsox = Pacs (tk—tu), BT, (2.18)

rae Pg — 4JacoBoil pacxon BOIbI;, Cg — TEIJIOEMKOCTh BOBI; tyx — TeMmeparypa
BOJIbI Ha BBIXOJIC U3 OXJIAXKIaeMbIX yCTpoicTB (45...50°C); ty — Temreparypa Bo-
JIbl Ha BXOJI€ B oXJaxaaeMble ycTporictra (15...25°C).

7. 3aTpathl TeIIa Ha HarpeB KOHTPOIUPYEMOil aTMoc]ephl.

Temuto, 3aTpaunBacMoe Ha HarpeB KOHTPOIHPYEMOM atMochepbl, MOKET ObITh
OTIpEeJICNICHO 110 cieayroieit hopmyte [13]

Qat™m = qat™ Cep (t—to), BT, (2.19)

TJIe qaTM — CPEIHHIT PacXom aTMochepsl M/C; Cep — CPEMHSS 00bEMHAs TEILIO-
eMKOCTb aTMocdephl B [uanasoHe Temmepatyp ot t0 1o t, /(M K); to, tx — Ha-
yaybHas ¥ KOHEUHas TeMIiepaTypbl atmocdepsl, °C.

Jliia ompezeneHus: pacxoa 3alIUTHON aTMOC(Epbl B KAMEPHBIX AJIEKTpOIeyax
peKoMeHyeTcs smnupuyeckas popmyna [13]

JAT™ = (2,1'1_[1’6 +0,5), (2.20)

rae I1 — nmepumeTp 3arpy304HOro npoema, M.
[Ipu onpenenenun pacxoga arMmochepbl B METOAMYECKUX JICKTPOIEUaX TaKkKe
MOHO TI0JIb30BaThCs hopmyion [13]

qatm = Gk, (2.21)
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riae G — Npou3BOAUTENBLHOCTH TI€UH, KI/4; kK — yJIenpHBIN pacxoa aTMoc(ephbl Ha
CAMHUITY MACChl 3arpy3KH MeYd, KOTOPHIN TSI METOIUYECKUAX TeYeH MPUHUMAIOT
pasubm 0,1...0,15 M/xr.

WNHorma B mpakTUKE pacxoj 3allUTHOW aTMoc(epbl B AIEKTPUUYCCKUX TMedax
OMPEeAeISIOT 1o hopmyie

qatm = Vi k, (2.22)

rae Vi — 00beM pabodero MpOCTPaHCTBA MedH, M, kK — Kod(hUIHEHT, TOKa3bI-
BAIOIIMIA KpaTHOCTh OOMeHa (1)1 reyelt ¢ 00beMoM Kamepsl A0 1| M~ TpUHUMAIOT
k=10 u ', mpu GONBIINX 3HAYCHUSAX 0OBEMA IETHOM Kamepsl k=5 4 ).

8. Temo, yHOCHMOE YXOASIIMMU NPOAYKTaMu cropanus [14]:

Qrnc = BVrcernctne , BT, (2.23)

e Ve — KOJIMYeCTBO HPOIYKTOB Cropanus Ha 1 Kr uim | M TOIUIMBA TIPH HOP-
MAJIGHBIX YCIIOBHSIX, M*/KI' I M*/M’; tc — TeMIIepaTypa yXOIAIMX JIBIMOBBIX
rasos, °C; crc — TEIIOEMKOCTh YXOJSAIIUX JbIMOBBIX ra30B, x/(kr-K). 3naueHnue
Ve onpenensiercst U3 pacyéra ToOpeHust TOrMBa (cM. pazzaen 4).

JIist mpeiBapuTEIbHBIX OLEHOK PEKOMEHIYETCs] IPUHUMATh CIIEAYIOLIUE TEM-
nepaTypsl MPOAYKTOB CrOPAHUs, TOKUJAIOIIUX [1€Yb:

a) METOJMYECKHE IIeYd IIPpU XOJOJHOM IIOCaA€ YIVIEPOAMCTON CTaju:
tnc=800...900 °C;

0) MOJIyMETOUYECKHE TIE€YN U METOUYECKHE TIeUr MPH 3arpy3Ke ropsyero me-
tamia tnc=1050...1100 °C;

B) KaMEpHBIE M€Y C MOUTYYHOUN 3arpy3Koil U BBITPY3KOW M3AENIui: tpc=tvx +
(50...100) °C.

JJist aeKTpUYEeCKUX Medel JaHHasl CTaThs pacxojia He pacCUUTHIBACTCS.

9. Temno, akKyMyJIMpPOBAaHHOE KJIAJIKON (B Ieyax MEpUOJUYECKOTO JEHCTBUS)

[5]:
Qaxx = Vi yrn CKH'(tEH—tEH )/t, BT, (2.24)

3 3

rae Vi — 00beM KIIaJIKH, M; Yij — IJIOTHOCTh KJIAJKHU, KI/M”; Cyxj; — TEIJIOeM-
H K K .H

KOCTb KJIaJKH, CpeHssA B MHTEpBaNe tyy ...y, JK/(krK); tyy, tygy — cpennue

KOHEUHasl M HaYaJIbHasl TeMIeparypsl kiaaku, °C, T — nepuoj padboThl meyw, C.
CpenHoo TemIiepaTypy HaxXOJIAT MO PACHpPEICSICHUI0 TeMIepaTyphbl KIIaJKH,
OTIPEICIICHHOMY 10 METOJIy KOHEUHBIX Pa3HOCTEH.
B neyax ¢ BBIKaTHBIM MOJIOM HEOOXOIMMO YUUTHIBATh TEILI0, AKKYMYJIUPYyEMOE
TCJICIKKOM.
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10. IToTepu Temia yepes 3epKajio pacIUIaBICHHON conu (OmpeaeseTcs s Ie-
yeli-BaHH).

[lepenaua Terma yepe3 3epKajio BAaHHBI B OKPY:Kalolllee MPOCTPAHCTBO MPOUC-
XOJIUT JyYEUCITyCKaHUEeM W TIOTEPHU TeIjla MOTYT OBITh OTMpeeeHbI Mo (hopmyiie

[5]:

T, ) (T,
= CoF e e
Quzn Pryo 100 100 (2.25)
rae C=4,6 Br/(M*K) — k03((UIHEHT JTy4encrycKaHHs PACILIABICHHOMN COJIM;

Fj131 — TOBEPXHOCTb 3epKajla BAHHEI, M ¢ — KO3(QHUIHEHT 1uadparMUpOBaHHs
(ompenenserca u3 puc. 2.1); T — Temneparypa pacmiasa, K; To — Temmneparypa
OKpy»Karouen cpeapl, K.

CocTaBiicHHE TEIJIOBOr0 OajlaHca IEYH.

[IpocymmMupoBaB OTIEABHO MPHUXOAHBIE M PACXOIHBIE CTaTbHU TEIJIOBOro Oa-
naHca u npupaBHAB Qppyx = Qpacx, HOTYUNUM JJIs IFITAMEHHBIX Y€l YpaBHEHUE C
OJIHUM HEU3BECTHBIM, KOTOPBIM OyAeT pacxoa TomuBa B. Jlns snekTpuyeckux
nevyeil Qrpyx = N; N — pacueTHass MOITHOCTb €4, 3HaYEHUE KOTOPON HaXOIAT
Py CYMMHUPOBAHUHU PACXOAHBIX cTaTed TeroBoro OanaHca. [lpu pacuére Temo-
BOro 0ajaHca IIEJOYHBIX U CEMTPOBBIX NEYeil-BaHH, UCHOJIb3YEMbBIX B TEpPMHUE-
CKOM IIPOM3BOJICTBE B KaYECTBE OXJIAXKIAIOIIMX YCTPOMCTB IIPU U30TEPMHUUECKON
WIM CTYIIEHYaTOM 3aKaJIkaX, BBOAMUTCS CTAaThsl IPUXOJAA TEIUIa, BHOCUMOIO B pac-
IUIaB HarpeThiM MeTauioM. B pacxoaHol dactu OanaHca pacCUMTBHIBAIOTCS 3aTpa-
ThI TEIUIA HA OXJIAXXICHUE TUTJISI BAHHBI CIIELIMAJIBHO 1101aBAEMBIM BO31YXOM.

[Ipu pacuére TermaoBoro OanaHca Ja0OpaTOPHBIX Meuel, UCIOIb3YEMbIX, KaK
IPaBUJIO, ISl HArpeBa HEOOJIBLINX 110 Macce caJ0K, OCHOBHBIMU PacXOJHBIMH CTa-
TBSIMU SIBJISIIOTCS TOTEPU TEIUIOMPOBOIHOCTHIO uepe3 (GyTEpOBKY M Ha aKKyMYyJIs-
LU0 TEIUIa MpH pazorpese neyr. OObIYHO TEIIOBOM OallaHC Meun MPEeICTaBIsIoT B
BHJIe TaOIUIIEI (TabI. 2.1)
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Tabnunma 2.1
TennoBoit 6anaHc pabouero MpoCTpPaHCTBA MEUU

Ne CraTpu npuxoja Bt % Ne CraTbu pacxoja Bt %
/1 /1
1 | Temo, momy4en- 1 |HonesHoe Temo
HOE TP COKUTAHUU Ha HarpeB Mare-
TOILIMBA pHUaoB
| Temno, BHOCHMOE » | Temmo Ha HarpeB
MOJOTPETHIM BO3- TPaHCIIOPTUPYIO-
JTyXOM X CPEJICTB
3 3
Hroro 100 |Hroro 100

2.2. Pacxoa TonmJiMBa 1 MOIHOCTD Me4YH

Pacxon TomnuBa onpenenstor U3 ypaBHeHHUs TerioBoro Oamanca. [lomydyennoe
3HayeHue yBenuuuBaroT Ha 10...20% s medyedl HENMpEephIBHOTO JAEHUCTBUS U Ha
20...100% nms meveit mepuouyecKoro IeUCTBUS C 1EIbI0 00eCTIeYeHUs BO3MOXK-
HOCTH paboThl HA XYJIIMX COpPTaxX TOIUIMBA M oOecredeHus: (OpCUPOBAHHOIO Ha-
rpeBa Metajia. Takum oOpazom,

Buyake =k B, (2.26)

rae k=1,1...1,2 — meun HenpepwiBHOTO neicTBus; k=1,2...2,0 — meuyn nmepuoau-
YECKOro ACUCTBUSA.

JIJIs DTIEKTPUYIECKHX TeUeH yCTaHOBIEHHASI MOIIIHOCTh OMpPEeIsIeTCs o (hopMy-
e

Nycr = k Npacy , Bt (xBT), (2.27)

rae k — xosdduument 3amaca MOIIHOCTH, TPUHUMaeMblil B mpenenax 1,2...1,6
(mnsa medeit momHOCThIO BhIe 300 kBt k=1,2...1,4, momnHocTeo 100...300 kBT
k=1,3...1,5 u montHocTht0 10 100 kBT k=1,4...1,6); Npacy — 0OmIuMii pacxoy Ter-
notsl, BT (kBT).
N306BITOK YCTAaHOBJIEHHOW MOIIIHOCTH HEOOXOAUM IO CJICTYIOIIUM TPUYUHAM:
— BCJIEACTBUE KOJICOAHUS HAIIPSKEHUS B CETH,
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— H3-3a CTApPEHMSI HArPEBATEIbHBIX AIIEMEHTOB;

— B LEJISIX KOMIIEHCAIIMH BO3MOXHBIX OLIMOOK MPU pacueTe TeIIOBBIX MOTEPD;

— JUISL CO3J]aHUsl TIOBBIIIEHHOTO TEIUIOBOTO MOTOKA OT HAarpeBaTeNIbHbBIX 3Jie-
MEHTOB K M3JI€JIUSIM BO BpeMs [IEPBOT0 NEPUOIA HArpeBa (U1l CaI0YHbIX MeUei);

— U1 BO3MOYKHOCTH ()OpPCHPOBAHMS HAarpeBa M YMEHBIICHUS JIUTEIBHOCTH
paszorpeBa ne4u A0 TEXHOJIOIMYECKOW Temmeparypbl (KodpduuueHT 3amaca s
HEKOTOPBIX TUIOB MEUYe, HAPUMEp, CTEHa KOJIMAKOBOW Ne4H, TPUHUMAIOT UHO-
I71a 3HAUUTEIBHO BBILIE OOIICNPUHATHIX BEJIWYUH, U OH MOXET MUMETh 3HAUY€HUE
3...5 u naxe OobIIe).

KoaddurmenT none3Horo nelcTBus A1 TEPMUUYECKUX TIEUEH OMpeaensaeTcs mo

bopmye

n= Q—M'IOO%, (2.28)

PACX

rae Qy — Temo, uayilee Ha HarpeB Metaiia; Qpacx — CyMMapHbIE 3aTpaThl Te-
TT1a TIeYbI0 BRIOPAaHHOW KOHCTPYKIIUH.

O6wruno KIIJI TormuBHbx meueit 10...40%, a snexrpuueckux 50...80%, Ttax
KaK B TIOCJICIHUX HET MOTEPh TEIUIa C YXOAAIUMHU Ta3aMH. DJICKTPUUCCKHUE TTCUH-
BaHHbI UMerOT Oosee Hu3kuit KIIJI (30...40%) BciiencTBue 3HAYUTEIBHBIX MMOTEPh
TeIJia Yepe3 3epKajio BaHHBI.
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3. PACUET rOPEHUS TONJUBA

3.1. OcHoOBBI pacuyéTa ropeHus TOMJINBA

XHUMHUYECKAs] SHEPrusl TOIUIMBA SABJISETCA OJHUM M3 MCTOYHHUKOB MOJNYyYEHUS
Teria B MPOMBIIUICHHBIX nevyax. [Ipu cxxuranuu TorsimBa B okuciautene (B 00Jb-
IIMHCTBE CIy4yaeB 3TO KUCIOPOJ BO31yxa) 00pa3yroTcs MPOAYKThI CrOpaHusi, 00-
Ja/IaroIIre BBICOKOW TemmepaTypoil. Pacu€Tr ropeHust TormBa sBisieTcsi He00Xo-
JUMOM COCTaBHOM YacCThIO TEIUIOTEXHUYECKOTO pacy€ra MPOMBIIUIEHHBIX TUIAMEH-
HBIX Iedel. Pac4€T BBIOIHSAIOT € LEJIBIO ONIPEACIICHUS:

a) KOJIMYEeCTBA HEOOXOIUMOTIO JUIsl TOPEHHUS BO3AyXa WM OOOTalIEHHOTO KHU-
CJIOPOJIOM JYTh4;

0) KOJIMYeCcTBa U COCTaBa MPOAYKTOB CTOPaHUS;

B) TEMIIEPATypPbl TOPEHHUS.

3.1.1. Onpenenenue pacxoaa Bo3ayxa
U 000ralliéHHOT 0 KMCJIOPOAOM IYThS

B ocHoOBYy pacuera pacxoia BO3ayXa MOJIOKEHBI CTEXMOMETPUUECKUE PEaKIuu
rOPEHUs, COCTABJICHHBIE JIJI1 BCEX KOMIIOHEHTOB JAHHOTO BUAa TorunBa. [1o peak-
IIASIM TOPEHUSI COCTABJISIONIMX TOIUTMBA IPOM3BOJUM pacyeT MOTpeOHOro Teope-
THYECKOTO KOJIMYECTBa BO3JayXa JUIS COKUTAHUS TOIUIMBA, OMPEACIIsIs MOTpeOHOEe
KOJIMYECTBO KHUCJIOPOJIa JIJIsi CKUTAHUSI OTASIbHBIX COCTABISAIONIMX TOIUIMBA, a 3a-
TEM TI0 KOJMYECTBY KHCIOpPOJa PACCUUTHIBAEM TEOPETHUECKOe HEOOXOIUMOTO
BO3yXa.

Paccmotpum pacu€r Ha nmpumepe ropeHusi MPUpPOJHOro raza CIEAYIOUIETO CO-
cTaBa. 96,3% CH4, 2,82% C2H6; 0,18% C3H8; 0,07% C4H10; 0,02% C5H12; 0,11
COQ, 0,5% N2.

CocTaBUM CTEXMOMETPUUECKHE PEAKIUHM TOPEHUS TOPIOYMX KOMIIOHEHTOB TO-
TUTMBA:

CH4 + 202 —> COZ + 2H20
C2H6 + 3,502 —> 2C02 +3H20
C3H8 + 502 - 3C02 =+ 4H20
C4H1() + 6,502 —> 4C02 + 5H20
C5H12 =+ 802 —> 5C02 +6 Hzo

N3 peakmuii BumHO, uto ajs cxuranus 1 mons CHy tpebyercs 2 monsa O,; co-
orBeTrcTtBeHHO 1 Mois C,Hg — 3,5 mois Oy; 1 mons CsHg — 5 moap O,; 1 Moib
CsH;p — 6,5 Mo O, ; 1 mons CsHjy, — 8 monb O,.

[Tockonpky 1 KMOIb J1000OTO raza 3aHUMAET OAMH U TOT XK€ 0O0BEM, paBHBIM
22,4 M, IS IOTHOTO CKHTaHUs KOMIIOHEHTOB rasa TpedyeTcs:

22,4 m° CH, — 44,8 »° O,
22,4 m® C,Hg — 78,4 M O,
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224w C3Hg —> 112 m° O,
22,4 M C;H)p— 1456 ° O,
22,4 M CsHjp = 179,2 M O,.

B 100 M’ mpUpOIHOTro ra3a paccMaTPHBAEMOTO COCTABA COACPKHUTCA 96,3 M
CH,; 2,82 M C,Hg; 0,18 m° C3Hg; 0,07 M C4Hyo; 0,02 m° CsHyp; 0,15 M CO,;0,5 m°
N,. Jlu1s cxuranusi 3TuX KOMIIOHEHTOB COOTBETCTBEHHO TpeOyeTcs:

CH, — 96,32 =192,6 °
C,Hg — 2,82:3,5=9,87 v’
C3Hg — 0,18:5=09 m°
C,H,p — 0,07-6,5=0,455 M
CsHy, — 0,02:8=10,16 v,
Uroro 203,985 m° KHUCIIOpPO/Ia.

Ecnu cxxuranvie mpoucxoJuT B CYXOM BO3IyXe, TO JOJISI KHCIIOPOJia B HEM I10
o0beMy coctaBisieT 21% , a octanbhbie 79% npuxongrcs Ha a30T. Takum oOpazom
, KOIMYECTBO a30Ta B Bo3ayxe B 79/21 = 3,762 pa3a Goibiiie KOJTUIECTBA KUCIOPO-
na. TlosToMy pacxox Bo3myxa msi cxuranus 100 M’ rasa paccMaTpHBAaEMOro Co-
cTaBa OyJIeT paBeH:

Vg = 203,985 +203-3,762 = 971,37 m".

Pacuer mo cTeXMOMETpPHUECKHM PEAKIUSAM ITO3BOJIICT OMPEICTUTh HAaUuMEHb-
niee, HeoOXOAMMOE JJIs CKUTAHUSI ra3a, KOJIMYECTBO KUCIOpoJa (BO3yXa), Ha3bl-
Baemoe TeopetuueckuM (Vrgop). Ha mpakTuke s MOJHOTO CHKUTaHUS TOIIMBA
TpeOyeTCsl KOJIUYECTBO BO3/IyXa, HECKOJIBKO MPEBBIIIAIOIICE TEOPETUUECKOE U Ha-
3BIBAEMOC JIEeUCTBUTEIHHBIM pacxoioM (V zgitctaur)- OTtHomeHUE
o= Veitcteut/ Vreop Ha3bIBAIOT KO3((UIMEHTOM pacxoja BO31yXa. 3HAUCHHS O
JUTSI TOTUTHBA Pa3HBIX BUOB M TOTUIMBOCIKUTAIONIUX YCTPOWCTB HEKOTOPHIX THUIIOB
PUBEICHBI HUXKE.

["a3 B ropenkax 0e3 npeBapuTEIbHOTO CMEIICHHSI 1,10...1,15
["a3 B ropenkax ¢ npeaBapUTeIbHBIM CMEIICHUEM 1,05
Ma3zyTt 1,10...1,20
Kamennsliii 1 OyphbIil yIiii B TOIKax 1,50...1,80
C PYYHBIM 00CITy>)KUBaHHEM

Kamennslif v Oypblii yriiv B MEXaHMUECKHUX TOIKaX 1,20...1,40
ITs1meBUIHOE TOILIMBO 1,20...1,30
JIpoBa B MaXTHBIX TOMKAX 1,25...1,35

B nmocnegnee Bpems [isi HHTEHCU(UKAIIMK TPOIECCOB TOPEHUS U TEXHOJIOTHU-
YECKUX PEaKlUil MUPOKO MCTIOIb3yeTcs NyThE, oboraménnoe kuciopoaom. Oyve-
BUJTHO, YTO TIPH 00OTAIIEHUU KUCIOPOJ0oM cooTHomIeHue Ny/O; B TyThe MEHSIETCS.
Tak, mpu ucmonas3oBaHuu TyThs, coaepxkamiero 30% O,, cootHomenne N,/O, B
HEM B 00BEMHBIX enuHUIAaX cocTaBUT 70/30=2,33, 4TO MpUBEAET K YMECHBIIICHUIO
KOJIMYECTBA a30Ta.
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3.1.2. OnpeneneHue KOJIUYECTBA U COCTABA MPOAYKTOB CrOPAHMS

OmnpeneneHre KOJIMYECTBA U COCTaBa MPOJYKTOB CTOpPaHUs MPOU3BOIUTCS aHA-
JIOTUYHO OIPEAEIICHUIO KOJIMYECTBAa BO3AyXa. ECiM CokMraHue TOIUIMBA MPOUCXO-
JTUT TpU Kod(PdUIIMEHTE pacxoa Bo3ayxa o > 1, To ollee KOJIMYEeCTBO MPOIYK-
TOB cropanusi 0yner 0oJibllie, TOCKOJIbKY B HUX YBEIUYHUTCS KOJIMYECTBO a30Ta U
MOSIBUTCS W30BITOUHBIN KUCTIOPO/.

[Ipu pacuere ropeHuss HEOOXOAMMO COCTaBUTh MaTepHaJbHBIA OajaHC, orpe-
JeJisisi MacChl HCXOIHBIX BEIIECTB U 00Pa3yrOIMIUXCs IPOAYKTOB CTOPAHUS.

Pacuer mpomecca roperust BeayT Ha 100 M° ra3006pa3Horo tommea. Pacxon
BO3]lyXa, COCTaB U KOJUYECTBO MPOAYKTOB CTOPaHUs MPUPOJHOTO ra3a NpUBEACHBI
B TaoOu. 3.1.

JIns ropeHus ra3a, pacCMaTpUBaEMOI0 COCTaBa B Bo3ayxe npu o = 1,0 marepu-
aJIbHBIN OaJIaHC BBITJISIAUT CIAEAYIOIIUM 00pa3oM:

[Toctynuino:

CH,4 96,3-0,714 xr = 68,758 kr
C,Hg 2,82-1,339 kr = 3,775 kr

CsHg 0,18-1,964 xkr = 0,353 kr
C4sHio 0,07-2,589 kr = 0,181 kr
CsHi, 0,02-3,214 xr = 0,064 kr

CO, 0,15-1,904 xr = 0,294 kr

O, 203,986-1,428 kr = 291,292 kr
Nou3z Bo3ayxa  767,39-1,25 kr = 959,237 kr
N, u3 raza 0,5-1,25=0,625 kr

Hroro: 1324,579 kr

[TomyueHo:

CO, (0,15+103,01)-1,964 xr = 202,606 xr
H,O 202-0,803 kr = 162,206 kr

N, u3 Bo3ayxa 959,237 kr

N, u3 raza 0,625 xr

HUroro: 1324,674 xr

PacxoxaeHue B IpUXOIHOM M PacXOJHOM YacTAX MaTepUalbHOro OanaHca,
00yCIIOBJICHHOE HAKOILJICHUEM OIIMOKHU TMPH BBIYMCICHUSX, SBISETCS MpUEMIIe-
MBIM, IOCKOJBKY He npeBbimaet 0,1 %.
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3.1.3. OnpenesieHue TeMnepaTypbl roOpeHus

Ecnu 651 Bece Temio, BeIAEISIONIEECS IPU CTOPAHUU TOIUIMBA, MOILIO Ha HarpeB
IPOAYKTOB TOPEHHsI, TO OHO MMEJIO0 OBl TEMIIEPaTypy, KOTOpasi Ha3bIBaeTCs Kajo-
PUMETPUYECKOMU:

P
ty = Q—H, °C,
VHC - C

(3.1)

P 3
rae Qy — Temora cropanus TommBsa, kJx/M’; Vic — 00beM NIPOXYKTOB cropa-
3,3
HUs1, 00pa3yIOMIUXCS MIPU CTOPaHUU €AUHUITBI 00beMa TOITMBA, M™/M”; C — CpeIHSIA

00BbeMHas TIUIOEMKOCTh POLYKTOB cropanmst, kJ[x/(M’ rpax).
TpeOyemyro 1t pacueTa KaTOPUMETPUICCKON TEMIIEpaTyphl TOPESHHS HU3ITYIO

P
TCINIOTY CTrOpaHuA TOILIMBA QH , OIIPCACIISIEM PACUYCTHBIM ITYTCM, 3HAs TCIIJIOBLIC

2 PeKThl peakIuii TOpeHUus COCIUHEHUH, BXOIAIIUX B COCTAB TOIUIMBA M JOJHU
ATHUX COCTABJISIOIINX B rase:

ZQiXi
Po_ i _ : .
Qp = 127— (805560 - 0,963 + 1323580 - 0,0283 + (3.2)

+ 2044156 - 0,0018 + 2648745 - 0,017 ) / 22,4 = 36545,528 xJlx/M’

Jlst onpezenieHns TeMIepaTypbl BOCIOIb3YEMCsl IOHATHEM SHTAJbIINU, TIPE/-
CTaBJstOLIEH cOO0M MPOU3BEEHUE TEIUIOEMKOCTH Ha TEMIIEpaTypy:

i=ct, kKK/M. (3.3)

[TockonbKy TEMI0EMKOCTh Ira3oB sBisieTcs GyHKIUEH TeMneparypsl, a Ui Ha-
XOXKACHUS KaJOPUMETPUUYECKON TeMIepaTypbl HEOOXOIUMO 3HATh TEIJIOEMKOCTb
IPOAYKTOB CTOpaHHUs, BOCIOJIbB3YeMCS METOJOM MOCIEAO0BATEIbHBIX MPHUOIIKE-
HUM.

Haiinem sHTansnuro npoaykToB cropanus npu o=1,1:

, Qp 36545 3
lg=C-ty = = =3123,5 xJlxx/Mm
0 Ve 117 a (34)

3agaauMcst BO3MOKHOU TeEMIIEpaTypoit mpoaykToB ropenus 1900°C:
iCO2 =0,08-4634,76 = 370,78

1,0 = 0,1726:3657,85 =631,34
i, =0,01742971,30 = 51,7
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iN2 =0,722-2808,22 = 2027,53

i19()() = 3081,35
HOCKOHBKy 3HAQUCHUC i0>i1900, 3agaanuMcCs TeMHepaTypoﬁ IMPOAYKTOB I'OpCHUA
2000°C:

ico, =0,084910,51 = 392,84
1,0 = 0,1726:3889,72 = 671,37
i, =0,0174:3142,76 = 54,68
i, = 0,722:2970,25 = 2144,52

iz()()() = 3263,41
[TockonbKy 12000>19, TO JEHCTBUTEIbHAS KaJOpUMETPUUECKas TeMIlepaTypa Jie-
xuT B ipenenax 1900...2000°C u MmoxeT ObITh Hali/IeHa HHTEPIOJIAIIUCH:

t, =1900 + 312352308135 6 _1906ec.
3263,41—3081,35

3.2. Pacxoa TOIIMBA B IJIAMEHHBIX IeYax
U BHAbI TOMJIMBOCKUTAIONIUX YCTPOHCTB

Pacxojn TomnuBa B mmevyax 3aBUCUT OT THIIA, HA3HAUYEHUS M peKrUMa paboThI Ie-
YH, COCTOSIHUS KJIAIKH, €€ TeIUIOM30JIIUH, TeMIIepaTyphl Mocaja MeTaia, TeM-
nepaTypsl OJI0OTpeBa Bo3ayxXa (ra3a) 3a CUET TEIUIa OTXOASAIIUX MTPOIYKTOB Cropa-
HUS, OPTaHU3alMY Mpoliecca TerooO0MeHa, aBTOMATHU3alMK TETJIOBBIX MPOIIECCOB,
IPOU3BOAUTENHFHOCTH TIeUH U Jp. OLIEHUTh B KOJWYECTBEHHOM OTHOILICHUU BIIHS-
HUE KaXJO0ro U3 MEPEYUCICHHbIX (PAKTOPOB HA PacXo]i TOIUIMBA 3aTPyAHUTENBHO,
a 4acTo M HEBO3MOXKHO.

CyuiecTBEHHOE BIMSHUE HA PacXoJi TOIUIMBA OKa3bIBa€T MPOU3BOAUTEIBHOCTh
neuyr. C yBeIMYEHUEM MPOU3BOJIUTEILHOCTH OOIIMI pacxoja TOIUIMBA BO3PACTAET
MPUMEPHO MO JIMHEHHOMY 3aKOHY, a YACJIbHBIN pacxoi, HA000POT, YMEHBIIAETCS.

Ha puc. 3.1 nokazana 3aBUCUMOCTb yJIE€IBHOTO pacxXo/ja Teria OT IPOU3BOIU-
TEIBHOCTU HEKOTOphIX medeil [21]. XapakTtep KpHUBBIX [JIsl BCEX MEYE MPUMEPHO
onuHakoB. Takue 3aBUCUMOCTH MOTYT OBbITh MOJYYEHBI PACUETOM, HKCIEPUMEH-
TaJbHO, a TAKXK€ CTATUCTUYECKHM — IMyTEM 0OpaOOTKM SKCILTyaTallMOHHBIX JaH-
HBIX.

Cxuranue ra3o00pa3HOro TOIUIMBA OCYIIECTBIISIETCS B TOpeNkax. XapaKTepH-
CTHKa ra30rOpesIOYHBIX YCTPOMCTB Pa3iIMYHbIX THUIOB U METOJbI X pacuyéTa Hau-
oonee moapoOHo omucanbsl B [22]. TlosToMy B JaHHOM pa3zzaenie OTpaHUYUMCS
KpPaTKUM OINHCAaHWEM KOHCTPYKIHUN TOPENOK, MPUMEHSEMBIX B TEPMHUUYECKUX TIIE-
yax.
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VY nenwHbIM pacxon Termia, Mk / KT
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0 200 400 600 800 ‘;GCKag,
[Tpon3BOIUTENBHOCTD, KT'/ M 4 — METoAn4eCKasd NecYb

OCHOBHBIM TapAMETPOM TOPEJIKU SIBIAETCA CKOPOCTh I'a30BO3AYIIHON CMECH
npu e€ Beixoze. Juamerp BbixogHOro comia dyr (IMaMeTp HOCHKA TOPENKHU) SB-
asieTcst «kanudpom» ropenku. Ilo ero pasMepy kiaccu(puUUpPyIOT TOpPENKU pas-
JIMYHBIX TUIIOB U KOHCTPYKIMH. MUHUMaIbHAsA CKOPOCTh Fa30BO3AYILIHONU CTPYU B
BBIXOJTHOM CEUYEHHH JIOJKHA OBITh TAKOM, YTOOBI HE AOMYCKATh MPOCKOKA IJIAMEHU
BHYTpPb Iopenku. MakcumanbHas )K€ CKOPOCTb 3aBUCHT OT KOHCTPYKIIMM I'OPENIKH,
JaBJICHUA Ta3a U Bo3Ayxa U TpeOyeMoil JuiHbI (pakena. ['openku Bcex MHOIOYHC-
JICHHBIX KOHCTPYKLUI MOKHO Pa3Ae/INTh Ha TP OCHOBHBIX THIIA:

— 03 IIpeABapUTEILHOIO CMEIICHUS,

— C YJIYYIIEHHBIM CMELIECHUEM;

— C [IPEABAPUTEIILHBIM CMELIEHUEM.

lopenku 6€3 mpeABapUTEILHOIO CMEIIEHUS THUIIA «TPy0Oa B TpyOey.

OTH TOPENIKU XapaKTEPU3YIOTCS pa3/ieNIbHbIM MOJBOJOM raza u Bo3ayxa. Cme-
HICHHWE CTPYH ra3a u BO3Jyxa HaumHaeTcs Ha paccTossHUM 30...60 MM OT BBIXOJHO-
ro cormia. Koagdumuent pacxoma Bozayxa coctasiser o = 1,10...1,15. IIpu Takom
Ol ¥ CKUTAHUU XOJIOJHOTO ra3a C XOJIOJHBIM BO3yXOM JEHCTBUTENbHASL TEMIIEpa-
Typa neun MoxkeT cHmxkarbcs Ha 100...150°C, yto 0OycClOBIEHO COAEp)KAHUEM
OaJJTacTHOTO a30Ta B M30BITKE BO3AyXa. JpyruM HEIOCTATKOM JTaHHBIX TOPEIOK
SBJISIETCS TIPUHYJUTENbHAS ToJada BO3JlyXa U HEOOXOIUMOCTh PETyJIUPOBAHUS
COOTHOIICHHUS Ta3-BO3AYX.

[IpenmyiecTBaMu JaHHBIX TOPEJOK SBIISFOTCSA:

— IIHUPOKUE TIPEACIIBI PETYINPOBAHUS;

— OTCYTCTBHUE OMACHOCTHU MTPOCKOKA INIAMEHU BHYTPb TOPEIIKHU;
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— KOMIAKTHOCTh ¥ MaJjible TabapuThl IO CPABHEHHIO C TOPEJIKAMU C MPeABapH-
TEJIbHBIM CMEIICHUEM;

— yIan€HHOCTh 00JIACTH BBICOKHX TEMIIEpaTyp OT KJIAIKU, YTO OOYCIOBJICHO
pPacTsIHYTOCTHIO (pakena;

— BO3MOKHOCTh KOHIIEHTPUPOBAHHOTO MOABO/IA TEIIa IPU HEOOJIIIIOM YHCIIC
rOpeJIOK BBICOKOM MPOU3BOUTEILHOCTH.

l'openku «tpyba B TpyOe» HopmanuzoBaHbl CranbnpoekTom. [lpu pacuére
ATUX TOPEJIOK CIEAYET UCXOAUTh U3 CJICIYIONMIMNX MOJI0KECHUH.

1. T'openku MoryT paboTaTh NP JIaBJICHUH T'a3a, MOCTYIMAONIEro u3 ceTu. JlaB-
JIEHWE Ta3a Nepel] OTBETBIECHUEM OKOJIO FOPEJIOK MOXKHO MPUHUMATh JJIsl IPUPOJ-
Horo rasa 4...6 xlla, nug xokcosoro 1,5...2,0 xIla, nis momennoro 1,5 xI1a.

2. JlaBnenue Bo3ayxa nepep ropenakamu 2...3 klla.

3. CKopocCTh Ta3a BHYTPU T'OPEIKH HAa Y4YacTKE JO BBIXOJHOTO COIUIA MOXET
OBITH IPUMEPHO B JIBAa pa3za OoJIbIlIe, YEM CKOPOCTh B MOABOJSIIEM Ta30IMpOBO/IE,
TO ecTh 20...25 M/c.

4. OO1ee COMPOTHUBIICHUE 110 TA30BOMY HJIM BO3IYIIHOMY TPaKTy TOPEJKH CO-
crasisier 1,5...1,7 CKOPOCTHBIX N1aBJIEHUN B BBIXOJHOM CEUYEHUU COOTBETCTBEHHO
ra30BOTO COTUIA WM BO3MYIIHOW KOpoOKu. CKOpPOCTh MCTEUCHHS Tra3a W3 COIUIa
OTPEEISIOT 10 hopmyie

2p

Wpr=_[—,
s kpr

(4.5)

I7ie p — JaBJeHHe ra3a B ra3omnpoBoje mnepes ropenkoi, [la; k — xkoaddumnuenr,
paBubiii 1,5...1,7; pr — IIOTHOCTB ra3a, Kr/M°. CKOPOCTh HCTECUCHHS Ia3a U3 COIa
He J0JpKHA npeBbimath 80...100 m/c.

5. OTHOIIIEHNE BBIXOJHBIX CKOPOCTEH BO3yXa M Tra3a JIOJDKHO OBITh 1/2, HO He
menee 1/3...1/4.

6. CKOpOCTh Ta30BO3JIYLIHON CMECHM B HOCHUKE TOPEIKH MPU MAKCHUMaIbHOM

pacxojie raza u BO3IyXa MOXET COCTaBIATh 25...30 M/C, a MUHUMAaJIbHASI CKOPOCTH
4...5 m/c.

[openku ¢ yIy4ylIeHHBIM CMEIIEHUEM

['openku ¢ yiaydiIeHHBIM CMEIICHHEM MOTYT padoTaTh HAa HH3KOM JIaBJICHHUH
ras3a ¥ BO3jyxXa TaKKe KaK W TOPEJIKH ThIa «Tpyda B TpyOe». VX HemocTaTok —
HEOOXOIUMOCTh MPUHYAUTEIBHON MOAaun M PerynpoBaHue Bo3ayxa. OnacHOCTh
IIPOCKOKA IUIAMEHU BHYTPh FOPEJIKHU JIJISI HUX HECKOJIBKO BBIIIE, YEM IS TOPEIIOK
«Tpyba B TpyOe». [l mpeaynpexacHus MPOCKOKa IJIaMECHH MHUHHUMAJIbHYIO BbI-
XOJIHYIO CKOPOCTB ra30BO3AYIITHOM CMECH B HOCHKE TOPEIIKH PEKOMEHIYETCS TIPH-
HMMAaTh HE MeHee 5...8 M/c.

Bo us0exxanue oTphiBa IUIAMEHHM INPU HU3KOM TeMIeparype padodero Ipo-
CTPaHCTBA TEYM CKOPOCTh BBIJICTA CMECH M3 HOCHKA TOPEJIKH HE JOJDKHA MPEBBI-
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math wyr = 20 M/c. OnHako, eciau paboyee MPOCTPAHCTBO TEYH PACKaJICHO, TO
CKOpPOCTb MOYKHO MOBBICUTH JI0 MAaKCUMaJbHO BO3MOKHBIX IMPEIETIOB, ONpeaese-
MBIX JIOMYCTUMBIMH JIaBJICHUSIMU Ta3a U BO3/1yXa.

CnocoObl yiIydllIeHUus] CMEIICHHSI ra3a ¢ BO3JIyXOM 3aKII04aeTcsl B CIEIYIO-
ieM:

a) pa3eisItoT MMOTOKHU Ta3a U BO3/lyXa Ha MEJIKUE CTPYH, YTO YBEIUYUBAET IO-
BEPXHOCTh UX COMPUKOCHOBEHUS;

0) yBEJIMUMBAIOT MYTh U BpeMsl MIEPEMEIIMBAHUS Ta3a C BO3yXOM BHYTPH TO-
penku;

B) HaIPABJISIFOT Ta3 ¥ BO3/yX MO/ YIJIOM JAPYT K JAPYTY;

I') CO3/Ial0T 3aKpyUHBaHKUE MOTOKOB ra3a U BO3yXa.

OTU crnocoObl YIy4dIleHUs CMEIIEHUs MOJIOKEHBI B OCHOBY KOHCTPYHUPOBAHUS T'O-
PETIOK.

OCHOBHBIMH JTOCTOMHCTBAMH TOPEJIOK C YJIYYILIEHHBIM CMEIICHHEM SBIISIOTCS
yMEHBIIIEHUE JUTMHBI (haKella 1o CpaBHEHHUIO ¢ (aKeJIoM TOpesioK THUIa «Tpyda B
TpyOe» U yMeHblLIeHue Kod(ppuiumenTa pacxoja Bo3ayxa o IpU CXKUTAHUM Ta3a 10
1,05...1,10.

[Ipu pacuére ropenok ¢ yiay4lIeHHbIM CMEIICHUEM MOXHO UCXOJUTh U3 TEX e
MOJIOKEHUH, YTO U TIPH pacuére ropesiok Tuma «rpyoda B Tpyde». ['openku ¢ ymyd-
HICHHBIM CMEIIEHHEM HOpMalIn30BaHbl CTAIBIPOEKTOM U TerIonpoeKToM.

INopenku Temnmonpoekta (I'HIT) — mHorocominoBbie. OHU pacCUMTaHbl Ha CXKU-

. P 3
raHue MPUpPOTHOro rasa c Temiotoil cropanus Q=36 MJlx/m". [Ipu naBieHun

raza 2,5 klla npou3BoAUTENBLHOCTh TOPEIKH HOpMaIM30BaHa B npenenax 1,5...200
M/

TypOynentusie ropenku Cransipoexta u Teronpoekrta (I'TH) — ato ropen-
KM C 3aKpyYHMBaHUEM CTPyHU Bo3AyXxa. OHM pacCUMTaHbl Ha CKUTAHUE raza C HU3-

. o P o .
Ko TemioToit cropanus Qy=3,75...5,85 MJIx/M> 1 cpemHeil TeIIoTol cropanus

QE=5,85...9,20 MI[)K/M3. [Ipu naBmenuu rasza 2,5 klla mpou3BOOUTEIBHOCTD TO-

3
penok HopMmaiu3oBaHa B auarna3one ot 130 mo 2200 m™/4 B 3aBUCUMOCTH OT Tell-
JIOTHI cropaHus rasa. [Ipu cxxuranum rasa ¢ BBICOKOW TEIUIOTOW CrOpaHusl, HalpH-
Mep, IPUPOIHOTO Ta3a, 3TH FOPEJIKH PadOTAOT HEYAOBICTBOPHUTEIHHO.

['openky ¢ MOJHBIM MPEIBAPUTEIHHBIM CMEIICHUEM (MHKEKIIMOHHBIE TOPEIIKH )

B MHXEKITMOHHBIX TOpEIKax CMEIMICHUE Ta3a ¢ BO3IyXOM OCYIIECTBISCTCS IO
JUTHHE Ta30BO3AYIITHOTO MOTOKA OT MECTa MOCTYIJICHUS BO3AyXa B TOPEIKY JI0 BbI-
XOJTHOTO cotuia. Bo3myx B TOpelKy 3acachIBacTCs 10T BIMSHUEM HHKCKTHUPYIOMIEH
CTpyH Ta3a MPHU BBIXOJIC M3 Ta30BOTO comuta. [IpenMyrecTBa WHKEKIIMOHHBIX TO-
PEJIOK IO CPAaBHEHUIO C TOPEIKaMU PACCMOTPEHHBIX BBIIIE THIIOB CIIETYIOIINE:

a) koaddurment pacxoaa Bozayxa a=1,00...1,05;

0) 71 MHXKEKIIMOHHBIX TOPEJIOK He TpeOyeTcsl MPUHYIUTEIHHOM MOoJa4l BO3-
yXa U IPUHYIUTEITHHOU PETYIUPOBKH COOTHOIICHHS Ta3-BO3AYX;

83



B) MH)KEKIIMOHHBIE TOPEJIKM UMEIOT KOPOTKHM (pakes1, YTo 0COOCHHO BaXKHO AJIs
nedel ¢ MaJIbIM pabOYMM MPOCTPAHCTBOM.

NHXEeKIMOHHBIM TOpEJIKaM IPUCYIIH CIEYIOIUE HEAOCTATKU:

a) mpu pabOTe HA MHKEKIMOHHBIX TOPEJIKaX I 00eCeYeHHs] UX HOPMaJIbHON
paboThl HEOOXOIWMBI Ta30MOBBICUTENBHBIE CTAHLWHU, MOCKOJIBKY HaBICHUE NpPH-
poaHoro rasza AoJikHO ObITh He MeHee S0 klla, a nis nomeHHoro raza He meHee 10
klla;

0) HEBBICOKHE MPEIEbl PEryJIUPOBAHUS BCIAEACTBUE ONACHOCTH MPOCKOKA IJIa-
MEHU BHYTpPb I'OPEJIKH;

B) OrpaHMYEHHBIE TEMIIEpaTypbl IOJOTpeBa BO3AyXa WM raza M BO3/AyXa
BCJIE/ICTBUE OITACHOCTH CaMOBOCIIJIAMEHEHMSI CMECH BHYTPHU KOpITyca FOpPEKY;

') MaJIble JOIYCTUMbIE MPEEIbl U3MEHEHUS TEIUIOThI CTOPAaHUs AJIs Ta3a; MpH

P
m3MeHeHun Qy 1 rasa Ha £0,62...1,13 M/ HE0OXOAUMO MEHSTH COILIO;

1) Ipu paboTe Ha ra3e ¢ BBICOKOW TEIUIOTOM CropaHus (KOKCOBBIN, MPUPOJ-
HBII) B TYHHEJSIX TOPEJIOK Pa3BUBAIOTCSA BEChbMa BBICOKHE TEMIIEPATYphl, UTO IPHU-
BOJUT K CYXXEHUIO MPEJEIOB PETYJIUPOBAHUS U YMEHBIICHUIO CTOMKOCTH KJIAIKU
II€YX BOKPYT TOPEIIOYHOIO TYHHENSI U CAMHUX FOPEJIOK;

€) CIOKHOCTh KOHCTPYKIMH M OoJibllIMe TabapuThl TOPENIOK, YTO MHOI/IA Ipe-
MSTCTBYET UX PACIOJIOKEHHUIO B 33JJaHHBIX rabapuTax Meym.

NHXeKIMOHHBIE TOPENKU HOpMaIn30BaHbl CTadbIpPOEKTOM M MOJpa3JeiieHbI
Ha TPH THIIA:

— ropeJsiku Tuna B npenHasHaueHsl 71 padO0Thl HAa BHICOKOKAJIOPUMHBIX Ta3ax
(MpUPOIHBIN, KOKCOBBII) U XOJIOAHOM BO3/IyX€;

— ropenku Tuna H npegnazHayeHsl ais paboOThl HA HU3KOKAJIOPHHBIX Ta3ax

(Q1;=3,75...9,20 MJK/M’) ¥ XOIOZHOM BO3IYXC;

— ropenku tuna Il npennazHaveHsl a1 paOOThl HA MOJOTPETOM BO3AYXE U
MOJIOTPETOM WJIM XOJIOAHOM HU3KOKAJIOPUITHOM rase.

Pacyér MHKEKIIMOHHBIX TOPEJIOK JOCTATOYHO CI0XKeH. MeToauka pacyéra npu-
BEJICHA B CIIEHMAILHOM JIUTEpaType — Hanpumep, [17, 22].
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4. ABTOMATHU3ALNUA INTAMEHHBIX
TEPMHUYECKHUX NIEYEN

4.1. Oco0eHHOCTH TEPMUYECKHX TNeYell KAaK 00bEeKTOB
aBTOMATHYECKOI0 PeryJMpoBaHusl.

OCHOBHBIM MapaMeTPOM, KOTOPBIN XapaKTEpHU3yeT HArpEeB METaslIa, sIBJISET-
cs Ttemmeparypa. Hambonee BakHOM XapaKTepUCTHMKAa HArpeBaeMoro MeTaja
JOJIKHA OBITh TeMIepaTypa MOBEPXHOCTH HArpeBaeMoro Merajia, HO €€ KOHTPO-
JUPOBATH TPYAHO. JIJi yIipaBiaeHUs HArPEBOM MCHOJb3YIOT KOCBEHHBII METOI, pe-
TYJIUpysl TEMIEPATYPY MEUU, KOTOpasi MPEJICTABISAET COOO HEKYIO YCPEIHEHHYIO
XapaKTEPUCTUKY TEMIIEPATypPHOIO COCTOsSHUS €€ pabouero mpocrpaHcTBa. OHa
BCEria BBILIE TEMIIEPATyphl HarpeBa€MOro METaJUIa M OINPEIEISIET HAIpaBIICHUE
TEIJIOBOTO IOTOKA K CaJIKE.

OcHoBHas 3aada cucTeMbl aBToMarnueckoro peryinupoBanus (CAP) 3to cra-
Ounu3anus TeMrepaTypsl IeYd Ha ONpeesiEHHOM ypoBHE. J[s TepMudecKux Ie-
yell I0NyCKaeTcs PEryIupoBaHue TeMIepaTypsl ¢ TOYHOCTLI0 10 10°C. PasHocTs,
MEXAY MaKCUMaJIbHOM M MHHHMAJIbHOW TEMIIEpaTypaMH Ha MOBEPXHOCTU H3JIE-
nu#, He nomkHa npessiath 20°C. B psine ciydaes, mpu 0o0pabOTKe [[BETHBIX Me-
TaJUIOB U CIUIABOB, NPEIBABISIOTCS O0J€e )KECTKUE TPeOOBaHUS.

Crnenyer pa3iauyarh TakKe, O CIOKHOCTH IMOCTPOCHUSI CUCTEMbI aBTOMaTH4e-
CKOT'O PEryJIUpOBAHMS, MEYM MEPUOJUYECKOrO NEHCTBUA (KaMEpHbIE WM Ca04-
HBIE) U M€YX HEMPEPBIBHOTO EUCTBUS (POXOHbIE). B meyax HenmpepbIBHOTO JEi-
CTBHUSI METaJJl HEMPEPHIBHO MEepeMeniaeTcsi B paboueM NpOCTPaHCTBE U MOCTENEH-
HO HarpeBaeTcs. TeroBoW pPeXUM II€Ud MOCTOSHHBIN, ITOCKOIBbKY HE MEHSIOTCS
HU CTaTUYECKUE, HU JIMHAMUYECKHE XapaKTEPUCTUKU €Y, KaK 00BbEKTa peryJiu-
poBaHus. Bo3myleHHs TakXKe IOCTOSHHBI, OHM CBSI3aHbl C NEPUOAUYECKUM OT-
KpbIBAHUEM OKOH M 3arpy3Kod MeTajula, T.€. SIBJISIOTCS BO3MYLICHUSMHU IO Ha-
rpy3ke neud. [IoaToMy meuu HEnpepbIBHOTO ACHCTBUS CPABHUTEIBHO JIETKO IOJI-
JAI0TCA aBTOMAaTH3aLUU.

B neyax neproau4eckoro IeWCTBHs pa3auyaroT MepUoj HarpeBa, Korjaa Terio
pacxoayercs Ha HarpeB MeTajljla U MOKPBITUE TEIUIOBBIX MOTEPh MEYU U MEPUOJ
BBIJICPKKH, KOTJIa TEIJIO UJET TOJIBKO Ha MOKPBITHE TeIuionoTeps. Ilepexon ot ne-
puo/a HarpeBa K Mepuoly BBIACPKKHU MPOU3BOIUTCS U3MEHEHHEM TEIUIOBOM MOII-
HOCTH neud. [Ipu 3TOM MEHSI0TCA CTaTUYECKHE U OCOOCHHO TUHAMUYECKHUE XapakK-
TEPUCTUKUA O0BEKTa peryiarpoBanus. OCHOBHOE BO3MYILEHUE CBA3aHO C MEPUOAU-
YECKUM TEMIIEPATYPHBIM PEKUMOM Ieurd. OHO BHOCHUTCS PETYJIMPYIOLIUM YCTPOU-
CTBOM U Ha3bIBa€TCs BO3MYIIEHHUEM IO 3aJaHui0. Takue meuyu CioxHee, Kak 00b-
€KTbI PEryJINPOBaHUs, YEM II€UN HEIIPEPHIBHOTO JEHCTBUS.

KpynHble TepMudeckue meur OTHOCATCS K OOBEKTaM € paclpeacaéHHbIMU a-
pameTpaMu, MOCKOJIbKY TeMIleparypa sBisercs QyHKIuell paboyero npocTpaHCT-

85



Ba meyu. Takue meud pasfensioT Ha OTNEIbHBIC mennogvlie 30Hbl. Kaxnas 30Ha
UMEET CBOE MUTAaHUE M CBOIO CUCTEMY aBTOMAaTUYECKOTO PETYJIUPOBAHMS.

ABTOMAaTHYECKOE PETYIHPOBAHUE IJIAMEHHBIX TEPMHUYECKUX TeUeH HMEeT
CBOIO CIIeIU(PUKY, TTOCKOJIBKY MIOMUMO PETYJIHPOBAHUS TEMIIEPATypbl, HEOOXO0I1-
MO PETYJIMPOBATh JABJICHHUE MEYHBIX ra30B B pabodeM MPOCTPAHCTBE, PEryIUPO-
BaTh COOTHOIIICHWE TOIUIMBA W BO3AyXa, CTAOMIM3UPOBATH JABJICHUE B IOJBO/IS-
X TOIUTMBO W BO3AYX TPyOONpoBOaax. PacCMOTpHM 3TH CHCTEMBI PETYIHpPOBa-
HUs 0osee moApOOHO.

4.2. Cucrema apromaTu4deckoro peryiauposanus (CAP) remneparypbl
B padouyeM NMPOCTPAHCTBE NMeYH

s perynupoBaHusl TeMIEPATypbl UCIIOIB3YIOT PETYISATOPBI HENPEPHIBHO-
r0 M PEJEHHOro AEUCTBUA. Perysaropbl HENPEPBIBHOIO NEUCTBUS NMPUMEHSIOT B
TOM cllydae, Korjaa mpH padore nmeun e€ moTpedHasi MOIIHOCTh MEHSIETCSl B IIHUPO-
KHX IpeAesax. ITO NeYd NEPHOJUYECKOro JAEHCTBUSA, B KOTOPBIX TEIUIOBas Ha-
Ipy3Ka 3HAYUTEIIBHO MEHSETCS MPU IIEPEXO0Ie OT IIEpUoAa HarpeBa K NEPUOAy BbI-
JIEPKKH, a TAKKE HEKOTOPBIE €YU HEMPEPHIBHOTO IEUCTBUS, B KOTOPBIX 3arpy3Ka
Y BBITPY3Ka METaJUIa CO31AET 3HAYUTEIbHBIE BO3MYILICHUS.

[Ipy MCHOJIB30BaHUM PETYISATOPOB HENPEPBIBHOIO JEUCTBUS MPONOPLHOHAIb-
HBIM 3aKoH peryiupoBaHus (II-perynstTop) HE HaXOIUT MPUMEHEHHUS M3-3a HAJIU-
YUl 3HAUUTEJbHON CTaTMYECKOW OIIMOKH, BEIMYMHA KOTOPOM MEHSETCS MpU U3-
MEHEHUHU 3arpy3ku mneud. MHTerpanbHblil 3akoH peryiaupoBanusi (M-perymnsitop)
UCIIOJNB3YETCSl PEAKO, T.K. IPU 3TOM BO3HUKAET JJIMTEIbHBINA MEPEXOIHBIN IPO-
1IECC, KOTOPBIN CONMPOBOXKAACTCS OOJBIIUMHU OTKJIOHEHHUSIMHU TEMIIEpaTyphbl OT 3a-
nanusi. Hanbosee mmpoko mpuMEHsIEeTCsl IPOMOPIIMOHATLHO-UHTETPAIbHBINA 3aKOH
perynupoBanus (IIN-perynarop) B coyeTaHWH C JIEKTPUUYECKUM (U30IPOMHBIM)
perynstopoM. llpuHnunuanbHas cxema peryiaupoBanHus temmeparypel ¢ [IM-
pEryJsaTopoM npuBeleHa Ha puc.4.1.

Onekrpuueckuil [1M-perynstop paboTaeT COBMECTHO C 3JIEKTPUUYECKUM aBTO-
MaTtudeckuM noteHuuoMerpoMm (Hanpumep KCII-3), umeromnuM peocTaTHBIN 3a-
natuuk. Jlatuuk CAP — 00biyHO Tepmomnapa. C peocTaTHOro 3ajaTyuKa CUTHA
noctynaet B [IM-perynsatop. OH NpONOpLMOHAIEH BEJIMYUHE OTKIOHEHUS TEMIIE-
paTyphl OT 3agaHusi. Perynsatop (GopMupyeT 3aKOH PEeryjaHpOBaHUS U YNPaBIIAET
paboTOM UCMIOJIHUTENLHOTO MEXaHU3Ma, KOTOPBIN MepeMeniaeT 3aCIOHKY, H3MEHSS
nojavy TOIUIMBAa B ropeiiku. Cxema MNpenycMaTpuBaeT BO3MOXKHOCTb PYYHOTO
YIPaBJIEHUS PETYIUPYIOIMIMM OPraHOM C MOMOILIBK YHUBEPCAIBHOTO NEPEKITIOYA-
tens (YII) u kaonok ynpasnenus (KVY).
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Puc.4.1. Cxema aBTOMaTH4YECKOIr0 PEryJMpOBaHUsl TEMIIEpATyphbl M€YU C aBTOMa-
TUYECKUM PETYJISTOPOM HEMPEPHIBHOTO JACHCTBUS.

Ha nevax HenmpepbIBHOTO ACHCTBUSI C HEOOJIBIIUMHA BO3MYILEHUSMH MTPUMEHS-
I0T MHOI'ZIAa PEJICHHBIE PETYIATOPSI, PEAIU3YIOIINE ABYXIIO3UIIMOHHBIA 3aKOH pe-
TYJIUpOBaHuUs. 3acIOHKa Ha TPyOOIIPOBOE MPU 3TOM 3aHUMAET 2 (PUKCUPOBAHHBIX
IIOJIOJKEHMSI, KOTOPBIE COOTBETCTBYIOT MAKCUMAaJIbHOM M MHUHUMAJIBHOW IOJaye
TOIUIMBA. 3aCJIOHKA MPU 3TOM HE JIOJKHA MOJTHOCTHIO MEPEKPHIBATh MOAAYY TOM-
JMBa, BO M30€KaHHE MOTYyXaHHs FOPENOK. PerynstopoM siBiseTcs 3JI€KTPOHHBIN
MOTEHIUOMETP C MPUCTABKOM I MO3UIIMOHHOTO PEryiaupoBaHusd. JIByXmo3unu-
OHHOE PeryJrpoBaHue 00Jerdyaercs, €Ciy Meyb OTAIJIMBAETCA TOPEIKaMU UHKEK-
LMOHHOTO THIIA.

Ecnu neus pa3durta Ha HECKOJIBKO TEIUIOBBIX 30H, TO JUISl KaXKJI0M 30HBI CO3/1a-
I0T CBOIO CHCTEMY PEryJMpOBaHusl Temneparypbl. Kaxkmas cucrteMa HUMeEEeT CBOU
PEryJIATOp, HO MOYKHO MCIOJIB30BaTh U OJUH MHOTOKAHAJIBHBIN PETYISATOP K KOTO-
pOMY IEPUOINYECKH MOAKIIOYAOT PETUCTPUPYIOIINE YCTPOMUCTBA OT Pa3HBIX 30H.

4.3. PeryanpoBaHue COOTHOIICHHUS ra3-BO31yX

PerynupoBanue COOTHOIIEHUS Ta3-BO3JyX MPEIyCMOTPEHO Ha Ieyax C JABYX-
IPOBOJHBIMH TOpEJIKaMH, K KOTOPBIM MOJBOAAT T'a3 U BO3IyX. 3ajada peryiupo-
BaHUS — OJIJIEP’)KaHKE MTOCTOSTHHOTO KoddduiimenTa n3obITka BO3ayXa.

Koaddumment n30ObiTka Bo3ayxa o MOAAECPKUBACTCS HA HEOOXOJIUMOM IIO-
CTOSSHHOM ypoBHe, 00bruHO o = 1.05...1,10, mms oGecrieueHHUs SKOHOMHUYHOTO
cxuranus TormBa. MHOTHA, B Citydae co3jaHusl OC30KHCIUTEIbHBIX MEYHBIX aT-
Mocdep, TOITUBO CKUTAIOT CO 3HAYUTENbHBIM HeToCTaTKoM Bo3ayxa. Koadduim-
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eHT U30bITKa BO3ayXa mojajepkuBaetcs Ha ypoBHe o = 0,45...0.55. Ilpu aTom 06-
pasyercs atmocepa MpenoxpaHsionias OT OKHCIEHUS U 00e3yriaepoKUBaHMUs.
N3menss kodppuimeHT n30bpITka BO3AyXa, MOKHO Takxke, 00ecrneunTh Ooyee paB-
HOMEpHBIN HarpeB. [I0CKONBKY MpU M3MEHEHUH O MEHSETCS TeMIlepaTypa U KOH-
burypauus ¢akensa TOpPETOUHBIX YCTPOMCTB, peryJupOBaHHUEM 0 MOXXHO YCTpa-
HUTb MECTHBIN MEPETPEB UACITUNA.

[Ipu perynupoBaHuM 0 BEAYIIUM IOTOKOM SIBISIETCS TOIUIMBO. Perynarop
COOTHOIIIEHUS OLIEHUBAET PacXoj] TOIUIMBA, CPABHUBAET €r0 C PACXOJ0M BO3yXa U
U3MEHSIET €ro TakK, 4TOObl MOAJIEPKUBATh O MOCTOSHHBIM. Y JIOBIETBOPHUTEIBHO
KaueCTBO PETyJIMpPOBaHUS OOECIEYMBAET WHTErPAJBbHBIA 3aKOH PEryJMpoBaHUs,
pexe npumensito [11-perynaropst. [Ipu nucnonb30BaHUU AIIEKTPUUECKUX PETyIIs-
TOPOB, CXeMa PeryJMpoBaHusl UMEET cienyromui Bu (puc.4.2).

Pacxon rasa u Bo3ayxa OnpelenstoT pacxoIoMepamMu IEPEMEHHOTO Iepena-
Jla JTaBJICHUS, KOTOPBIN BKIIOUAET CY’Kalolllee yCTPOMCTBO, OeciikambHbIl qudde-
PEHIMAIbHBIM MAHOMETP U BTOPUYHBINA puOop. CUTHAI C HETO MOCTYIAET B pery-
JSITOP COOTHOIIEHUS, KOTOPBIM yrpaBisieT pab0TON HCIIOIHUTEIHHOTO MEXaHU3Ma
U TepeMelIaeT 3acjIOHKy Ha Bo3QyXxompoBoje. IIpemycMoTpeHO Takke pydHOe
yIPABJICHHE 3aCJIOHKOM C MOMOUIbIO yHUBepcaiabHoro nepexnrodarens (YII) u
kHomok ynpasinenus (KVY).
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Puc 4.2. IlpuHuunuaneHas cxema peryJUpOBaHMS COOTHOLICHMS TIa3-BO3AYX C

QJICKTPUICCKUM PETYIATOPOM C HHTCTPAJIbHBIM 3aKOHOM PCTYJIIMPOBAHNA.

Takue cuCTEMBI yCTaHABIMBAIOT NPEUMYIIECTBEHHO HA I€Yax MEPUOIAYE-
ckoro neictBus. Ha meyax HempepbhIBHOTO AEWCTBUA, C HEOOIBUIUMH KOJEOaHUS-
MU PAcXOJa raza M BO3[yXa, UCIHOJB3YIOT MEXaHHYECKOE COUJICHEHUE PEryJId-
PYIOIIKX OPTaHOB, T.€. 3aCJIOHKU COEIUHSAIOT C TIOMOIIBIO JKECTKOH Tsru (puc.4.3).
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Puc. 4.3. MexaHU4ecKkoe COYICHCHHE 3aCIOHOK mogavu rasa 1 Bo3ayxa Ha MCTO-
JAUYCCKHUX IICYaXx.

[Tpu 5TOM, KOTJ]a MCTOTHUTEIBHBIM MEXaHU3M PETYJIATOpa TEeMIIepPaTyphl
OTKPBIBAET 3aCIIOHKY IMOJAa4u T'a3a, OJTHOBPEMEHHO OTKPBIBAETCS 3aCJIOHKA MOJAaun
BO3]lyXa, YBEIUYHMBAsl €ro mojady. MexaHu4ecKoe COUJICHEHUE 3aCIIOHOK TMOJauu
ra3za v BO3yXa YJOOHO MpHU JBYXIO3UIIMOHHOM PETYJIMPOBAHUU TEMIIEPaTyphl Ha
neyax HeMpePHIBHOTO JIEHCTBHUS.

Ecnu neup pa3buta Ha HECKOIBKO TEIUIOBBIX 30H, TO JIJISl KKIOM 30HBI TIPO-
EKTUPYETCS COOCTBEHHAsI CHCTEMa aBTOMATHYECKOTO PETYIMPOBAHUS COOTHOIIE-
HUS Ta3-BO3IYX.

TouHoe perynupoBaHuEe COOTHOIICHHS Ta3-BO3AYX MOYKHO OCYIIECTBUTH Ha
OCHOBE KOHTPOJIS COCTaBa MPOJIyKTOB CTOpaHus TOIIMBA. BennuuHa o onpenenser
comepxkanue B npoaykrax cropanus O,, CO, CO,, H,O. IIpu nomHoMm cropanuu
J0CTATOYHO cleAnTh 3a cooTHomeHneM O, u CO,. [[7sg 3TOro ucmoip3yoT aBTo-
MaTHYecKue razoananu3atopbl. CoaepkaHUe dTUX Ta30B CPABHHUBAIOT C 3a/IaHHBI-
MU ¥ BBOJST COOTBETCTBYIOIIMIA CUTHAJ B PETYISITOP coOoTHOIIeHus. Ho criemyer
OTMETHTb, YTO TAKUE CUCTEMBI d(PPEKTUBHBI, HO TOPOTH.

4.4. Cucrema apTromaTnueckoro peryjauposanus (CAP) naBiaenust
B padouyeM NPOCTPAHCTBE NMeYH

YpoBeHb maBicHUs B paboueM MPOCTPAHCTBE BIMSICT HAa Ka4eCTBO HarpeBa
MeTalljla U SKOHOMUYHOCTh pa0OThI TUIAMEHHBIX Teueid. MI30bITOK /1aBIICHUS BBI3bI-
BaeT IPOPHIB (BHIOMBaHKE) MPOJAYKTOB CTOpPAHHUS Yepe3 HECIUIONTHOCTH B KIIaJKe
MIeYH B OKPY’KAIOIIYIO0 CPEay, BO3HUKAIOT JOMOJHUTEIbHBIC TETUIONOTEPH, BBI3BI-
BAIOIINE JOTOJHUTEIBHBIA PACXO] TOIUIMBA, YCKOPSET U3HOC KOHCTPYKIIMH IMeuH,
3aTpyaHseT €€ 00CITyKUBaHUE.

Paspspxenne B paboueM MpOCTPaHCTBE, HAOOOPOT, BBI3BIBACT MOJCOC XOIO/I-
HOI'0 BO31yXa, MOJACTYKUBasi HarpeBaemelil metail. [Ipu 3Tom Bo3pacraer pacxon
TOTUTMBA Ha HarpeB XOJOAHOTO Bo3mayxa. [loaTomy Hambosee pamroHaIbHBIM SIB-
JSETCSl TOAJIepKaHNEe Ha ypOBHE IMOJia TEYHM HYJIEBOTO HM30BITOYHOTO JIaBIICHUS.
Torna nox cBogoM OyieT HeOobIoe H30bITOUHOE AaBiieHue (4...100 MM BOJ.CT.).

89



JlaBiieHHe B MMeUd PETYJIUPYIOT NepeMelIeHHeM mubepa, yCTaHOBICHHOTO B
JIBIMOBOM KaHaJjie, 0 KOTOPOMY OTBOJST MPOAYKThI CTOPAHUS.

OntumanbHOE MeCTO 0TOOpa JIaBJICHUS JIJisl TIeYel HEIPEPHIBHOTO JEUCTBUS
HaXOJUTCS MOJ CBOAOM Ileud. B meuax nmepruoandeckoro aeuctBus. st KOTOpbIX
XapaKTEepHbl 3HAYUTENIbHbIE U3MEHEHUS 00BEMOB MPOAYKTOB CrOpaHusi, JaBJICHHUE
KoJieOJIeTCsl B IIMPOKUX mpezenax. [Ipu HyleBoM JaBiieHUH HA YPOBHE IM0Jia MEUH,
M30BITOYHOE JIaBJICHUE IO/ CBOJOM MOKET 3HAUUTEIBHO M3MEHAThes. [loaToMy B
neyax MepuoUYecKoro MEeUCTBUsS OTOOP JaBJICHUS II€JI€CO00pa3HO MPOU3BOIUTH
Ha YpOBHE NOJA.

NHepuMoHHOCTh MeYM NMPpU PETYJIUPOBaHUU AaBlIeHUs Maja. J[axe B KpyI-
HBIX IeYax JaBJIEHHE BO BCEX TOUKaX pabodero MpoCTPaHCTBA MPU HAJTUYUHU BO3-
MYIIEHUN BBIPABHUBAETCS OUYCHb OBICTpO. [loaTOMy meuwm He AensT Ha 30HBI U
MPEIYyCMATPUBAIOT OJHY CUCTEMY aBTOMATHYECKOIO0 PETYJIMPOBAHUS JABIICHUS Ha
1eYb.

JIna perynvpoBaHus TPUMEHSIOT UHTETPAIBHBIE PETYIATOPHI ¢ M-3aKOHOM
perynupoBanus. [Ipy UCHONB30BAHUU AIEKTPUUYECKUX PETYISITOPOB CUCTEMA aAB-
TOMATUYECKOTO PETYJIHPOBAHUS JABJICHUS B pab0o4yeM MPOCTPAHCTBE ME€UYU UMEET
BH/I, ITPEJCTABIICHHBIA Ha puc. 4.4.

’ ‘ LenonmuTenb s w
e ﬁpog_yt’rb/ .
e gt — cegoasvR I
gl |
a{/uie/o -
,&/c'maﬁa; oMM I @ Yamor1emp
‘y/asameﬁé
SI0S0HCOMHYST _]__
Emonsa 2 Smopu S EIU
y/}DﬂfﬂPﬂUﬁ ﬂ[‘ /}0“/50/0
]
H- 0824775770
S fep: anbHb&IU
NEPEKNIOYTTENS

Puc. 4.4. Cxema aBTOMaTHUYECKOT'O PETYIUPOBAHHNA NABJICHUA B IICYH

JlaBieHue naMepsiercs 0eciIKaabHBIM MaHOMETPOM, PabOTAIOIUM B Mape COo
BTOPUYHBIM MpruOopoM. CUTHANI CO BTOPUYHOTO MPUOOpa MOCTYHAET B PETYISATOP,
KOTOPBIN yrpaBisieT paboToit ucnonauTenbHoro Mmexanuzma (MM). lubep umeer
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OoJbIIIEe TA0APUTHI U MACCy, MIOATOMY MCTIOJTHUTEIBHBIA MEXaHU3M JOJIKEH 001a-
JaTh TIOCTATOYHOM MOIIHOCTHIO. CxeMa mpenycMaTpUBAET TaKKe PYYHOE YyTpaB-
JIeHUE UuOepoMm.

4.5 Cucrema apromatudeckoro peryiaupoanus (CAP) naBienus
rasza v Bo3ayxa B Tpy0OnpoBoaax

Crabunu3anus NaBieHHUS ra3a W BO3JyXa B MOJABOJAAIIUX TPyOOIpPOBOAAX
obneruyaet paboty CAP temneparypsl u CAP cooTHoleHus ra3z-Bo3ayx. KecTKkux
TpeOOBaHUII K Ka4eCTBY pEryJIHpoBaHUs He mpeabspisercs. CucreMa aBTOMaTH-
yeckoro perynupoBanus (CAP) naBneHus rasa u Bo3ayxa B TPyOOIpOBOAAaX MoO-
eT OBITh OJIHA HAa LeX WM TpyNmy neyei, XoTs HauboJjiee ONTUMAJIbHBIM CUUTA-
€TCSl YCTAaHOBKA CHCTEMBI JUIS KKIOM neuu. [[ns perynupoBaHus JaBICHUAS MOXK-
HO HCMOJIB30BATh PETYIATOPHI IPSAMOIO AEHCTBHS, HO IPUMEHSIOT JJIEKTPUYECKUE
PEryJIATOPBI C UHTErPAIBHBIM 3aKOHOM perynupoBanusa. Cxema CAP anamorndna
npeasiaymei (puc.4.5). B He€ BXoaar OeciikaibHbI MAaHOMETP, BTOPUYHBIN MPH-
00p, MHTETPAJIbHBIN PETYIISATOP U UCTIOJHUTEIBHBIN MEXaHU3M (3aCIIOHKA).
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Puc.4.5. Cxema aBTOMaTH4YECKOTO PETYJIMPOBAHUS JIaBJICHUS ra3a B TPyOOIpoBo/ie

OT160p maBieHus1 BCEra MPOU3BOAUTCS 3a 3aCIIOHKOM, peryIupyromeil 1as-
JIEHUE B TPyOONPOBOJE.

4.6. Cucrema apapuiiHON CUTHAJIM3AIMU MAJACHUSA TABJICHUS
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rasa m Bo3ayxa.

[Ipu mameHun naBiaEHMS rasa WIM BO3AyXa MOXKET MPOU30UTH IMOracaHue
ropesok, pabouyee MPOCTPAHCTBO 3aAIOJTHUTCSA Ta30M W MPOM30HIET oOpa3oBaHUe
B3pPBIBOONIACHOM CMECH. [[JI1 MCKIIIOUEHHUS] TAKUX CUTYallMil MPEIyCMOTpPEHA CHUC-
T€Ma aBAPUMHOI0 OTKJIIOUEHMS IT0Ja4yu ra3a C MOMOIIbI0 CUTHAIU3aTOpa MaJCHUS
nasnenus (CI1/IM), npuBenennoro Ha puc.4.6.

Puc.4.6. CurnanuzaTtop najieHusl J1aBiie-
Hus MemOpanubni tuna CIIJM. 1 —
MeMOpaHa; 2 — mMTOK; 3 — MpyXUHa 3a-
JlaTuMKa; 5 - BBIKJIIOYATE]Ib;, 4 - 3a1aT-
YUK.
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Cucrema BKIIIOYAeT [[Ba CUTHAIU3aTOpa MaJCHUS JABJICHUSA HA T'a30BOM U
BO3AyIIHOM TpyOompoBogax. CpabarpiBaHue JTIO00OTO U3 HUX NMPUBOAUT K TEpe-
KPBIBAaHMIO TOJJAUX ra3a JIEKTPOMArHUTHBIM KJIallaHOM M BKJIIOYEHHE CUTHAIbHBIX
JaMIl ¥ CHPEHBI, KOTOPYI0 MOKET OTKIIIOUUTH OMEepaTop C MOMOIIbI0 KHOMKU
ynpaBieHus. CxemMa aBTOMaTHUECKOTO OTKIIFOUEHUS M0Ia4yM raza K ropeKaM medn
npu MaJCHUN JaBJICHUS ra3a Wi BO3ayXa MpuBeeHa Ha puc.4.7.
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Puc.4.7. Cxema aBTOMaTH4E€CKOW OTCEUKH TMOJa4y ra3a K Me4Yd MpHU MaJCHUN J1aB-
JICHU ra3a Wik BO3yXa.

4.7. CucremMa KOHTPOJIA NAapaMeTPOB MeYH

Kpome CAP npenycmarpuBatoTcst JOMOIHUTEIBHBIE CUCTEMBI KOHTPOJIS.

Jlist 60AbIIKMX TeUel, pa3Mephl TEIUIOBBIX 30H KOTOPBIX BEIHUKH, ISl KOHTPOJISA
TEMIIEpaTyphl B IIPEAEIax OJHOM TEIUIOBOM 30HBI, YCTAHABIMBAKOT JOIOIHUTEIb-
HbIE TepMOIapbl. DTH TEpMONaphl MOAKIYAIOTCI K MHOTOTOYEYHOMY PErMCTpPH-
pyIoIeMy Npudopy WM YCTaHABIMBAIOTCS JONOJHUTENbHbBIE TPUOOPHI KOHTPOJIS
Ha IIUTE yIpaBiieHus. KpoMe TOro KOHTpOJMPYIOT AAaBJIEHUE ra3a U BO3AyXa Iie-
pel ropenkamMu, KOHTPOJIIMPYIOT pacXo ra3a U BO31yxa IOABOAUMBIX K IIEYH.

Hcnonp3yemble B HACTOSIIEE BPEMsI CXEMBI aBTOMATHYECKOIO0 PETYIUPOBAHUS
Y KOHTPOJIA ITapaMeTPOB TEIIOBOTO PEKUMa TEPMHUUYECKUX M HArpPEBATEIIbHBIX IIE-
Yel 3HAYUTEIBHO YIPOILEHBI 10 CPABHEHUIO C MPEAIaracMbIMU CXEMAMHU aBTOMa-
TUYECKOT'O BBIOOpA M yIPaBJIEHUS TEIUIOBOM HArpy3KoW NeYH, a TaKKe perysnpo-
BAaHMS MpOLECCa TOPEHUS M KAa4eCTBA MPOMYKIMHU. DTO CBSI3aHO C TEM, YTO IPO-
MBIIIJIEHHAs TI€Yb MPEACTABISIET 00BEKT, KOTOPBIA TPYAHO MOJIAETCS aBTOPErY-
JUPOBAHUIO, YTO, B CBOIO OYEPEb, CBA3AHO CO CHELM(PUKON TEXHOJIOIMH HarpeBa
U TepMHUYecKo 00paboTku Mertasuia. [loaToMy McCnonb3yemble CXeMbl MOYKHO OT-
HECTH K CXEMaM YaCTHYHOI'O aBTOMAaTHYECKOI'O PEryJIMpPOBAaHMS TEIUIOBBIX IIPO-
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LIECCOB, COIYTCTBYIOIMX HarpeBy. B 3TMx cxemax NpaKkTHYECKH OTCYTCTBYIOT
AJIEMEHTHI YIIPABJIEHUS TEIIOBOM MOIIHOCTBIO. aBTOMAaTUYECKOE YIPABICHHUE Ka-
4eCTBOM HarpeBaemMoro meramuia. Kpome Toro, peryampoBaHue MpoOLECCOM rope-
HUS TOIUIMBA HE OTBEYAET HAaM0O0JIe€ SJKOHOMHUYHOMY PEXUMY €r0 CHOKUTaHU.

OnHako OTCIOia HE CIIEAYET, YTO CYIIECTBYIOIINE CXEMbl ABTOMAaTHYECKOTO pe-
TYJMPOBaHUS U KOHTPOJS MapaMeTpPOB TEIJIOBOIO PEXHMMA MEYH HEJO0CTATOYHO
s¢dextuBHbl. HecMoTpss Ha psAl yKa3aHHBIX HEIOCTaTKOB, OHU OOJEr4armT Hu
YIIy4IIalOT BECbMa CIIOKHBIMA TMPOLIECC YIpPaBiICHUS MPOMBIIUICHHBIMUA TE€pMUYe-
CKMMH MEYaMH.
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HPUJJOXEHUA

[Tpunoxenue 1
I1.1.1. IInOoTHOCTH Y ¥ KOADPHUITUEHT TETUIOMPOBOTHOCTH A
HEKOTOPBIX METAJLJIOB U CILJIABOB [§, 9, 16]

3
Y, KT/M
7\, B / K oC
Meramn wnu cras | mpu 20°C , B1/(m°K), mpu Temmnieparype,

20 200 | 400 | 600 | 800 | 1000

Keneso 7880 72 65 53 41 30 28
Crans 08 k11 7850 66 56 45 37 29 27
Y10 7830 46 44 37 31 24 26

HwuszkonerupoBanusie cTanu

50T, 40X, 40XC 7830 49 45 40 34 27 24
HIX15, 9XC 7800 43 40 35 30 27 —
30XI'C, 20XH3A 7840 40 36 33 29 27 —
30XH3M 7830 38 36 36 32 27 28

BBICOKOJ'ICFI/IpOBaHHBIG cTajin

P18, POMS5 8690 24 27 28 27 26 28
3X13,3X2B8 8200 25 27 27 26 25 27
X18H9 7920 16 17 20 24 27 28

HBGTHBI@ MCTAJIJIbI 1 CIIJIaBbI

AroMuHUR 2700 210 | 220 | 249 — — —
JypantomMuHuii 2750 160 194 260 — — —
Menp 8940 390 | 378 | 365 | 354 | 333 —
Turtan 4540 152 | 16,3 | 17,51 | — — —
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I1.1.2. CpenHsisi TEINIOEMKOCTh HEKOTOPBIX METAJIJIOB, CTalIEel U
crutaBoB B uHTepBasie Temrepatyp oT 0 go t, °C, xJIx/(kr-K) [9, 13, 16]

Merann Temnepatypa, °C
WM CIUIaB 100 | 200 | 300 | 400 | 600 | 700 | 800 | 900 | 1000
YraepomeTsic | 4610,507|0,503(0,540[0,590( 0,620 0,695 0,695 | 0,691
cTanm
Hwuskonerupo-
BAHHBIC CTAII 0,48610,502(0,519|0,536 0,586 {0,645|0,695 (0,687 0,674
Kapocroiikue u
KapOTIPOTHBIE
CTaJu:
XPOMUCTBIC 0,469(0,486(0,507{0,53210,59910,636|0,682| — —
xpomonukenessie [0,50210,511(0,52310,5360,55310,561]0,569(0,574|0,582
ATroMUHUH 0,913{0,938(0,955(0,979|1,022| — | — | — | —
Menn 0,39410,398(0,402{0,406|0,414{0,419|0,423 (0,428 10,435
[1.1.3. CTeneHb 4epHOTHI € ISl pa3IMYHBIX MaTepuanos [§, 13]
HaumenoBanue Temneparypa, °C g
AJIFOMUHUNA TOJIMPOBAHHBIN 225...575 0,039...0,057
AJIFOMUHHI IEPOXOBATHIN 20 0,055
ATOMUHUN, OKMCIICHHBIN MpHU
0050 P 200...600 0,11..0,19
AcOecT B BUJIe KapTOHA U Oymaru 20...470 0,93...0,96
bpoH3a nosmpoBaHHas 50 0,24...0,31
bymara, HakJIeeHHasi Ha MeTaJll 20 0,92
Bona 0...100 0,95...0,963
100 0,039
700 0,070
Bonsdpam 1300 0,195
1900 0,263
3100 0,345
I'umic 20 0,903
['padut UCKyCCTBEHHBIM 1000...2800 0,77...0,83
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[Tponomxenue npunoxenus [1.1.3

HaunmenoBaunue

Temneparypa, °C g

JKeneso nmosupoBaHHOE 425...1020 0,144...0,377
Kenezo nuroe HeoOpaboTaHHOE 900...1100 0,87...0,95
Kene3o okuciaeHHoe 125...525 0,78...0,82
JKeneso ropsiuekataHoe 130 0,6
30J10TO 100...800 0,029...0,06
KBap11 11aBJIeHbIN IEPOXOBATHIN 20 0,932
Kupnnu nuHacoBblii 100 0,30

1100 0,85
Kupnuu kpacHbIi 20 0,93
Kupnud mamMoTHbIN I€pOXOBaThIN 20 0,80...0,90
Kupnuu rina3ypoBaHHbIN 1100 0,75
Kpacku aqroMuHiEBbIC 100 0,27...0,67
i(c])pBaCKI/I MAacJISTHbIC Pa3JIMYHbBIX I[BE- 100 0.92...0.96
Haf AJIOMUHHEBBIN 10 IEPOXOBA- 20 0.39
TON TOBEPXHOCTHU
Jlak ?CHBII/I AMaJsIeBbIi MO MIEPOXO- 20 0.906
BaTOW MOBEPXHOCTH
Jlak u€pHbIi OyeCTSIINM, pacibl-
JICHHBIN HA TJIAAKOU CTAJILHOU IO- 20 0,875
BEPXHOCTH
Jlak 4€pHBIN MaTOBBIN 40...95 0,96...0,98
HaTVyHHLIH npokaT HeoOpaboTaH- 20 0.06
HBIN
.HaTYHIjBIPI npokat rpy60o6pabdo- 20 0.2
TaHHbBIN
JlaTyHb ¢ TyCKJIOW MOBEPXHOCTHIO 50...350 0,22
Jlatynp, okuciiennas mpu 600°C 20...600 0,6
Menp 35neKTpoauTHIECKAs TTOJIUPO- 20...800 0,025...0,061
BaHHas
MenHblit TpoKaT ¢ OJECTAIICH MO- 20 0.072
BEPXHOCTBHIO
Menp, okuciennas npu 600°C 20...600 0,57...0,87
Menpb pacruiaBieHHas 1085...1275 0,16...0,13
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[Tponomxenue npunoxenus [1.1.3

HaumenoBanue Temneparypa, °C g

800 0,105
Monu0nen 1800 0,225

2500 0,282
Mpamop cepblii NOJIMPOBAHHBIN 20 0,93
Huxkenb ¢ 4MCTON MOBEPXHOCTHIO 225...1200 0,088...0,196
Huxenb, okuciiennsii ipu 600°C 200...600 0,37...0,48
Huxpom 125...1035 0,64...0,76
;I;xpOMOBa;{ MIPOBOJIOKA OKUCIIEH- 50..500 0.95...0.98
Oxuch amroOMUHUS 1200...1700 0,23...0,40
Oxuch Oepuiumst Oenas 1310...1650 0,22...0,23
Oxuch Oepuiuinst uépHas 1310...1650 0,82...0,89
Oxuch KanpIus 800...1300 0,2
Oxuchy Maraus 1000...1200 0,16...0,17
Oxwnch Meau 800...1100 0,66...0,54
Oxuch HUKENA 650...1255 0,59...0,86
Okuch Topus 1000...1700 0,26...0,55
Oxuch UHKA 1000...1200 0,48...0,65
OxkuCh Xpoma 800...1300 0,73...0,97
O710BO ¥ JIy»EHasi TOBEPXHOCTh 20 0,043..0,064
OjecTsInas
IlimaTnHa moaupoBaHHAs 225...625 0,054...0,104
[ImaTrHOBAs MPOBOJIOKA 500...1400 0,1...0,18
Peruii 700 0,164

1300 0,225

700 0,084
Ponnii 1600 0,15

1900 0,183
PtyTh yncras 0...100 0,09...0,12
Caxa 20...370 0,94...0,96
CBuHeII ¢ OKHCIICHHON TTOBEPXHO- 20 0.281
CTBIO
CsuHeln, okucieHHslil mpu 200°C 200 0,63
Cepebpo 4nCcTOE MOTMPOBAHHOE 20...800 0,019...0,046
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[Tponomxenue npunoxenus [1.1.3

HaumenoBanue Temneparypa, °C g
Cranp nuctoBas nummdpoBaHHAS 940...1100 0,55...0,61
Crasp, okucnennas npu 600°C 200...600 0,8
Craip OLIMHKOBaHHAs OJiecTsIas 20 0,23
Cranp OIMHKOBAHHAS OKHCJICHHAS 20 0,28
CraJsib moJiMpoBaHHast 740...1040 0,52...0,56
Crexio riagkoe 20 0,937
700 0,132
TanTtan 2500 0,267
3000 0,316
Turan 600 0,217
1200 0,286
Turan, okucieHHbid npu 500°C 500...1000 0,5...0,6
Tomnn 20 0,91
Yrons ountieHHbin (0,9% 301161) 125...625 0,81...0,79
YT0Jb B BUJIE HUTU 1045...1405 0,526
®dapdop riazypoBaHHBIH 20 0,924
Xpom 100...1100 0,08...0,26
[{MHK TEXHUYECKUI MOJUPOBAHHBIN 225...325 0,045...0,053
[{uHK, okucsieHHbld npu 400°C 400 0,11
800 0,204
[{upkoHuit 1400 0,255
1800 0,278
UyryH, okuciieHHslid npu 600°C 200...600 0,64...0,70
YyryH pacniaBJICHHbIN 1540 0,29
UyryH ¢ 06paboTaHHOI MOBEPXHO- 230...990 0.6..0.7
CTBIO
[llennak Ha Ny>KEHOM MOBEPXHOCTHU 20 0,821
[IITykatypka U3BECTKOBAas LIEPOXO- 10...90 0.91
BaTas
OMaJib, IPUILIABIEHHAs K METAJLITY 20 0,897
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[Tpunoxenue 2

I1.2.1. OcHOBHBIE TEITOPU3NUECKUE XAPAKTEPUCTUKH
OTHEYNOPHBIX U TEIJIOU30JLIMOHHBIX MaTtepuaios [7, 9, 14, 16, 27]

HanmeHnoBanue u mapka Yk, | tMakc, A, Cp,
Marepuana kr/m’ | °C Btr/m-K Jhx/xr-K
OraeynopHble MaTepHUalibl
[llamor kacca A (ITA) | 2160 | 1450 | 0,980+0,278-10°t | 879+0,41
[llamor kacca B (IIIB) | 1850 | 1400 | 0,923+0,438-10°t | 879+0,41
[ITamot-nerxkosec 11JI-1,3 | 1300 | 1400 0,442+0,535-1073-t 879+0,41-t
[ITamot-nerxkosec 11JI-1,0 | 1000 | 1300 0,520+O,349-1073-t 879+0,41-t
[llamor-nerkosec IIJI=0,9 | 900 | 1270 | 0,400+0,383-10°>t | 879+0,41
Illamot-nmerkosec IIJI-0,4 | 400 | 1150 | 0,100+0,286-10°t | 879+0,41
[HamotHo-TanbKoBEIH 600 | 1200 | 0,250+0,267-10°t | 879+0,41t
nerkosec 1IJI-0,6
fpfg’xd?;ﬁemom’m 2800 | 1500 | 2,600-0,750-10>t | 447+0,61-t
ﬁﬁg”ﬁf;‘;ﬁ“ KHpTIA 2300 | 1500 | 2,310-2,320-10°t | 768+0,25+
Kopymn K (amyrn) 3600 | 1850 | 12,20-0,860-10°t | 630+0,42-t
E%lfﬁﬂom’m JIETKOBEC 1300 | 1500 | 0,710-0,118-107t | 630+0,42t
MyJUIMTOKOPYHAOBBIN a3, _
cprms MKO, MKIT 2400 | 1550 | 1,570-0,200-10°t | 768+0,25+
ﬁ%ﬁ?m’m FICTROBEC 11300 | 1500 | 0,550-0,100-10t |  768+0,25+
MymMTOKpEMHE3EMU-- Y _
o MKPIL0.g | 800 | 1300 | 0,494-0,145-107t | 768+0,25¢
MyIMTOKpEMHE3EMU- A3, _
et serkonee MKPJL05 | 500 | 1300 | 0.214+0.145:10 ™ | 768+0.25+
Kap6opymn KA 2500 | 1450 | 23,75-10,45-10>t | 963+0,15+
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[Tponomxenue npunoxenus [1.2.1

HaumeHoBaHnue u mapka Ye | tMakc, A, Cp,
Marepuana kr/m’ | °C Bt/M-K Jx/kr-K
TCHHOI/I3J'I5H_II/IOHHI>IC MaTepI/IaJ'IBI

JluaToMuT 000XKKEHHBIA | o0 | 00 | 0.1104+0.232-10° | 900+0,02-t
B MOPOIIIKE (3aCHITIKE)
Kupma quatomutoseiit | 500 | 900 | 01054023310 %t | 900+0,02-t
J1-500
;ﬁgggq AHATONITOBEIL 1 600 | 900 | 0,132+0,233-107t | 900+0,02-¢
;ﬁggg‘l ATATOMITORRIE 1700 | 900 | 0,159+0,233-107% |  900+0,02:t
Kupnuu nenoauaToMuro- 13, .
sertt L1400 400 | 900 | 0,077+0,314-10t | 900+0,02t
Hepmu BermydeHHbI 200 | 900 | 0,060+0,186-10°t | 880+0,05-t
B HOpOIHKe
AcOecT THCTOBO 1200 | 500 | 0,157+0,221-107+t 835
AcbecT paciryIIeHHEbI 900 | 500 | 0,163+0,174-10 > 835
Au AC
Munepanbna (WIaKoBas) | 50 | 750 | 0.059+40,186-10°t | 932+0,19-t
Bata Mapku 150
Munepanbnai (Wakosas) | 0 | 750 | 0.0604+0,198-10 > | 932+0,19-
Bata Mapku 200
Munepanbnast (akosas) | 550 | 750 | 0.060+0,198-10 - | 932+0,19-t
BaTta Mapku 250
Bara kaommrosas BIB-80 | 80 | 1100 | 0,058+0,186-10 >t | 9414025
Znga kaonmrosast BIB-—\ 001 1100 | 0,058+0,186-10 7t | 941+0,25+
PynoHHBIN Ka0JIMHOBBIN 103, _
vistopman BIP. 150 150 | 1100 | 0,058+0,186:107>t | 941+0,25-t
KepamorniepnutHbie 103,
s neniin KI1-350 350 | 900 | 0,087+0,186-10 >t 920
Boiinok yranerpaduTtoBblit 0,2
BBIIH-250 250 | 2000 (B Bakyyme) 835
[IpuMeuanue: y — Kaxyliascs IUIOTHOCTb; tyaxc — MpenesibHas TeMmIepaTypa

OpUMEHEHUs; A — KO3((UIKEHT TEIUIONPOBOAHOCTH; Cp — YJEJIbHAS TEIJIOEM-
KOoCcTh; T — cpenHsis TemMneparypa ciios Mmatepuana (yTepoBKH.
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[1.2.2. CpeaHsist TEIIOEMKOCTb POCTBIX ra3os, k[x/(M”K) [10]

T, °C 0O, N, H, CO CO, H,O
0 1,3059 1,2987 1,2766 1,2992 1,5998 1,4943
100 1,3126 1,3004 1,2908 1,3017 1,7003 1,5052
200 1,3352 1,3038 1,2971 1,3071 1,7873 1,5223
300 1,3561 1,3109 1,2992 1,3167 1,8627 1,5424
400 1,3775 1,3205 1,3021 1,3289 1,9297 1,5645
500 1,3980 1,3322 1,3050 1,3427 1,9887 1,5897
600 1,4168 1,3452 1,3080 1,3574 2,0411 1,6148
700 1,4345 1,3586 1,3121 1,3720 2,0884 1,6412
800 1,4499 1,3717 1,3168 1,3862 2,1311 1,6680
900 1,4645 1,3846 1,3226 1,3996 2,1692 1,6956
1000 1,4775 1,3971 1,3289 1,4126 2,2035 1,7229
1100 1,4892 1,4089 1,3360 1,4248 2,2349 1,7501
1200 1,5006 1,4202 1,3431 1,4361 2,2639 1,7769
1300 1,5106 1,4306 1,3511 1,4465 2,2898 1,8028
1400 1,5202 1,4407 1,3590 1,4566 2,3136 1,8280
1500 1,5294 1,4499 1,3674 1,4658 2,3354 1,8527
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I1.2.3. ®usnueckue cBoicTa Bo3ayxa [10, 14, 15]

T, 7, Cp, A, a, Y%

°C ki | kIIx/(mK) | Br/(wK) | 107 M/c | 10° MP/e br

0 1,2930 1,2971 0,0243 0,188 13,23 0,705

100 0,9458 1,3004 0,0319 0,337 23,15 0,694

200 0,7457 1,3071 0,0387 0,514 34,85 0,689

300 0,6157 1,3172 0,0448 0,715 48,24 0,692

400 0,5242 1,3289 0,0505 0,930 62,95 0,697

500 0,4564 1,3427 0,0562 1,155 79,32 0,703

600 0,4041 1,3565 0,0615 1,384 96,75 0,708

700 0,3625 1,3708 0,0666 1,635 115,0 0,710

800 0,3287 1,3842 0,0720 1,885 135,5 0,714

900 0,3010 1,3976 0,0761 2,163 154,8 0,717

1000 0,2773 1,4098 0,0804 2,461 176,7 0,721

1100 0,2571 1,4215 0,0848 2,762 199,1 0,722

1200 0,2377 1,4328 0,0916 3,165 2246 0,724

1300 0,2258 1,4453 0,0961 3,415 248,1 0,726

1400 0,2110 1,4529 0,0100 3,780 275,0 0,727

[Tpumevanue: Y —IUIOTHOCTh; Cp — CPEIHSA TEIUIOEMKOCTh; A — TEIUIONPOBO/I-
HOCTb;, @ — TEMIEPATYPONPOBOJHOCTh, V — KHUHEMATUYECKasl BA3KOCTb; Pr —
yucno [Ipanarns.
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[1.2.4. ®uznyeckue cBoicTBa NpoayKToB cropanus [10, 14, 15]

T, v Cp, | A, 2 DO Pr
°C kr/m” | kx/(M-K)| Br/(mK) | 107" M7/c | 107 Mm7/c

0 1,295 1,359 0,0228 0,169 12,20 0,72
100 0,950 1,370 0,0313 0,308 21,54 0,69
200 0,748 1,381 0,0401 0,489 32,80 0,67
300 0,617 1,397 0,0484 0,698 45,41 0,65
400 0,525 1,415 0,0570 0,941 60,38 0,64
500 0,457 1,431 0,0656 1,213 76,30 0,63
600 0,405 1,448 0,0742 1,510 93,61 0,62
700 0,363 1,460 0,0827 1,843 112,1 0,61
800 0,329 1,472 0,0915 2,200 131,8 0,60
900 0,301 1,485 0,100 2,581 152,5 0,59
1000 0,275 1,498 0,109 3,014 174,3 0,58
1100 0,257 1,511 0,118 3,460 197,1 0,57
1200 0,240 1,523 0,126 3,918 221,0 0,56
1300 0,225 1,535 0,135 4,450 24,1 0,55
1400 0,212 1,548 0,144 5,010 270,5 0,54

[Tpumevanue: Y —IUIOTHOCTh; Cp — CPEIHSA TEIUIOEMKOCTh; A — TEIUIONPOBO/I-
HOCTb;, @ — TEMIEPATYPONPOBOJHOCTh, V — KHUHEMATUYECKasl BA3KOCTb; Pr —
yucno [Ipanarns.
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[1.2.5. TennoBeie 3¢ dekThl peakiuii ropenus razoB Qrop [10]

Qrop, M/Ix
Mounexynapnas
Peakuuu Macca UCXOJTHOTO IPOIYKTOB
KOMIIOHEHTOB rasa CropaHus
peaxkuu

Halkr | Ha M Ha | M
CO +0,50,=CO, 28+16=44 10,10 | 12,63 12,63
H, + 0,502 =H,0 2+16=18 119’] 1()’79 10’79
CH, +20, = 16+64=
—CO, + 2H,0 —44+36 50,06 | 35,83 11,95
CoHg+ 3,50, = 30+112=
=2C0, + 3H,0 =88+64 47,53 | 63,79 12,76
C;Hg + 50, = 44+160=
C4Hjo + 6,50, = 58+208=
=4C0, + 5H,0 —176490 45,77 | 118,67 13,19
CsHyp +80, = 72+256=
= 5C0, + 6H,0 =220+108 45,40 | 146,19 13,29
C2H4 + 302 = 284+96=
C;Hg + 4,50, = 42+144=
=3CO0, + 3H,0 —132+54 45,82 | 86,01 14,34
H,S + 1,50, = 34+48=
= S0, + 2H,0 —64+18 15,23 | 23,17 11,59
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[Tpunoxenue 3

I1.3. YcnoBusbie rpaduyeckue 0003HaAUCHUS U3MEPUTENBHBIX TpeoOpa3oBaTenei u
npuOOPOB AJISt U3MEPEHHSI U PETYIUPOBAHUS TAPAMETPOB TEPMUUECKHX TeUen

No

II.11.

VY cnoBHBIE 0003HAUYE-
HUS DJIEMEHTA CXEMBI

Hanmenosanue ane-
MEHTA CXEMBI

Tun npubopa unu pe-
ryJsiTopa

1

OT6opHOE YyCTPOKMCTBO HaB-
JIEHHUs, YPOBHs, COCTaBa

NmmynscHas TpyOka

Cyxaroriee YCTPOHCTBO
JUI U3MEPEHUS pacxoja

W3mepurenbHas auadpar-
Ma, Hanpumep JI/IH

¥

Ot0op uMmyibCa MO TEM-
neparype

Tepmomnapbl rpagynpoOBOK
II1, XA, XK u ngp.

HcnonuurenbHBIN
HHU3M BJIEKTPUYECKHI

MEXa-

BUM, M3K (M20) u np.

Bropuunelii  mpubop ¢
BCTPOCHHBIM  (eppoauHa-
MHUYECCKUM HOAaTYUKOM HIIHU
0e3 Hero

JIOCM wu ap.

<

Bropuunblii  mpubop ¢
BCTPOCHHBIM  (peppoauHa-
MHUYECKUM JIATYUKOM WIIH
0e3 Hero

BOCM wu ap.

Bropuunsiii  mpubop ¢
BCTPOCHHBIM  (peppouHa-
MUYECKUM JTaTYMKOM WM
0e3 Hero

B®CM wu ap.

=
®
<

AE

Judpmanomerp-
TATOHAMIOPO-METP C BCTPO-
eHHbIM  (eppoauHaMuYe-
CKAM JIaTYAKOM Wi 0e3
HETO

JAKO®M u np.

Hudmanomerp-
TSTOHATIOPO-METP C BCTPO-
€HHBIM  (eppoarHaMUYe-
CKUM JaTYUKOM WU 0Oe3
HEro

JIKO®OM u 1p.

10

3amaTyuK  BJIEKTPUYECKUM
JMCTaHIMOHHBIA C BCTPOCH-
HBIM  (peppPOIMHAMUIECCKUM
JTAaTYMKOM MK 0e3 HEero

JA3DM u np.
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[Tponomxenue npunoxenus 1.3

No YcaoBHbIe 0003HAUE- HaumenoBanue sne- Tun npubopa wim pe-
I1.11. HUS DJIEMEHTA CXEMBI MEHTA CXEMBbI TyJIITOpa
11 00 3agaTyuk cootHomieHust | BPM u ap.
30 ANEKTPUYECKUN C BCTPOCH-
HBIM  (heppoaHAMHYECKUM
JATYUKOM HJIH 0€3 HEero
12 Bropuunenii  mpubop ¢ | ADPCM u np.
BCTPOCHHBIM  (peppoanHa-
MHYECKHM JaTYMKOM HJIH
0e3 Hero
13 i [Torenmometp nokasel- | KCII2, KCII3, KCII14
i BaIOIINN C 3a1aTYNKOM
14 [Torenmometp nokasel- | KCII2, KCII3, KCII14
Baro-1uii 0e3 3amaTynka
15 [Torenmometp nokasel- | KCII2, KCII3, KCII14
Balo-IIUI C 3aJaTYNKOM
16 Curnanuzarop nagenus | CIIAM
JTaBIICHUS
16 ‘ Ykazareis Nom0KeHU VII, AYII u ap.
17 | =2 Mexanuueckas nepegaya
18 DIeKTpuyecKas nepeaaya
19 6 DNEeKTPUYECKUI 3BOHOK 3BOHOK TPOMKOTO 0051
20 E Knonku ynpasnenus KY
21 : YHUBEpPCATBHBIN MEPEKIIIO- VII
—@ yaTesb
22 8 CurHaipHag J1aMIia JIC
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