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[Inactuueckas nedopmanuss MeTauila M €ro TepMHuueckas o0paboTka
BBITIOJIHSIIOTCSL TIPM  BBICOKMX TEMIIepaTypax B HarpeBaTelIbHBIX YCTPOWMCTBAX.
OCHOBHBIMM arperaTaMu, B KOTOPBIX BbIJIEsieMas TEIJIOTa PaCXOyeTCs JIJIsi HarpeBa
MeTaJia, IBJISIOTCS IICYH.

Ileun HaXOJsT HIAPOKOE MIPUMEHECHHUE B TOpSTINX exax
MaIlIMHOCTPOUTEIBHBIX 3aBOJIOB: KYy3HEUHO-IIITAMIIOBBIX, TEPMUUYECKUX, JTUTCUHBIX U
JIPYTUX OTPACieil TPOMBIIIJICHHOCTH.

Harper wmeramna B Ky3HEUHO-IITAMIOBOYHOM IIPOM3BOJICTBE — OJHA U3
BAXHEUIINX MPOU3BOACTBEHHBIX OIEpALMM, LEIbI0, KOTOPOU SBISETCA IMOIYYCHHE
HEO0OXOIUMBIX MEXaHMUECKHUX XapaKTePUCTHK MeTaljia Iiepel 00pabOTKOM J1aBIICHUEM.
OT npaBWILHON OpraHu3aly U BHITIOJHEHUS MPOIlecca HarpeBa METaslia 3aBUCHUT HE
TOJBKO KayeCTBO IMOKOBOK, HO M MPOM3BOJAUTEIBHOCTH OCHOBHOTO KY3HEYHOTO
000py0OBaHUs, CTOMKOCTh INTAMIIOB, a TakK)Xe JKOHOMHS MeETalljla M TOIUTMBHO-
HYHEPTrETUUECKUX PECYPCOB.

Harper Meranna Teraom, MOJydYeHHBIM 3a CUET CKUTaHUS TOIUIMBA B paboueit
KaMepe HarpeBaTeIbHOTO YCTPOMCTBA, 0Opa3yeT IpyIlly IUIaMEHHOIro HarpeBa (Wid
HarpeBa B IUIJaMEHHBIX mMedax). HarpeB meramia TEmjaoMm, IMOJYyYEHHBIM 3a CUET
npeoOpa3oBaHusl ANCKTPUUCCKONM DHEPTUM, 00pa3yeT TpyIly »dJeKTpoHarpeBa. B
CBOIO OdYepedb KaxkJas M3 BbINIEyKa3aHHBIX TPYII JEIUTCS HAa OKUCIUTEIbHBIA U
0€30KHUCIUTEIBbHBIN Mpoliecchl. TakuM 00pa3oM, COBPEMEHHBIC MAIIMHOCTPOUTEIILHBIC
3aBOJIbI  pacroJiaraloT  pa3HOOOpa3HBIMU  HarpeBaTelbHBIMU  YCTPONCTBaMH,
YJOBJICTBOPSIIONIMMU BCE TPEOOBAHMS TEXHOJOTUM Mpou3BojacTBa. OgHako Haubosee
IIMPOKOE PACHpPOCTPaHEHHWE B Ky3HEUHO-IITAMIOBOYHOM IPOU3BOJICTBE MOJIYUHII
MJJAMEHHBIM HarpeB ¢ €ro OOJBIIMM MHOT000Opa3veM HarpeBaTebHBIX YCTPOMCTB

(meueit) 3a cyeT CBOEW YHHMBEPCATBLHOCTH W TMPOCTOTHI OOCITYKMBaHUS. IJTO U



HEYJUBUTEIIBHO, NOCKOJIBKY HAayKa O Il€4ax WM Ie€YHas TEIUIOTEXHHKA Ipouuia
CJIOKHBIN ITyTh Pa3BUTHSL.

OCHOBOIIOJIOKHUKOM HayKW MEYHOW TEIIOTEXHUKH siBisieTcss M.B.JlomoHOCOB,
chOpMYJTUPOBABIIMKM 3aKOH COXPAHEHHWS SHEPrUM M JABIIUK CTPOroe HaydHOe
000OCHOBaHWE MPUYMH JBWKEHHS Ta3oB B reuyax. JlanbHeilliee pa3BUTHE TEOpUU
JBI)KCHUSI Ta30B CBA3aHO ¢ uMMeHamu yueHbix [[.bepnymmu, O. PeitHonbaca, JI.
[TpanaTnsa, H.E.KykoBckoro. Hambosnee KpymHBIM BKJIaJg B pa3BUTHE IEYHOM
termotexuuku caenan B.E. I'pym-I'pyxkumaiino, koTopelii pa3paborain OCHOBHBIE
MOJIOKEHUS TUAPABINYECKON TEOPHUH MEYEH, IOy YNBIIEN BCEMUPHOE IPU3HAHHUE.

B Hacrosiee BpeMsi Ha MAlIMHOCTPOUTENBHBIX 3aBOJAX HAXOAAT MPUMEHEHUE
BECbMa MEpPCIEKTUBHBIE YCTAHOBKM — TI€YM CKOPOCTHOIO OE30KUCIUTEIBHOIO
HarpeBa. Kpome TOro, mupoKo NPUMEHSIOT 3JEKTPOKOHTAKTHBIA M WHIYKIIUOHHBIM
HarpeB, YTO CIIOCOOCTBYET YJIYUIICHHIO IPOLIECCa HAarpeBa, MEXaHu3alus 3arpy3Ku 1

BBITPY3KH 3aTOTOBOK, ABTOMAaTUYECKOE YIIPaBJICHHUE MTPOLIECCOM HarpeBa.

Tonnueo. Obuue nonamus o monauee

B Ky3HEYHO-IITAMIOBOYHBIX 1I€XaX MHUPOKOE MPUMEHEHUE HAIIUINA MJIAMEHHBIE
Me4u, MPEeCTaBISAIoNMEe COO0N CIOXKHBIM TEIUIOBOM arperar, B KOTOPOM MPOTEKAIOT
JBa TIpollecca: — IMPOLECC MOJy4YeHUs TeIula OT TOPEHHs TOIUIMBA W IPOLECC
nepesayu NoJIy4YEHHOTO TEIIa HArpeBaeMOMY METAJLIY .

[Ipu sTOM Ha mpoliecC HarpeBa CYIIECTBEHHO BIIMAIOT CBOMCTBA TOILIMBA,
MPUMEHSEMOTO ISl TNTAMEHHBIX MeUed U CI0CO0 €ro CHKUTaHus.

TormnrBOM Ha3bIBA€TCA TOPHOYEE BEIIECTBO, BBIACIAIONIEE IPU CrOPAHUH
3HAYUTEIPHOE KOJIMYECTBO TEIUIOTHI M HCIOJIb3YeMO€ KaK HCTOYHUK IOIYUYCHHUS
TeII0BOM SHeprun. K TOMIMBY NpeabsSBIsSIOTCS CISTYIONINE OCHOBHBIE TPEOOBAHUS:
— JIOCTaTOYHO OO0JbIIOE KOJMYECTBO TEIUIOBOM DSHEPrUH, BBIACISAIOIICHCS MpU
CKUTaHUU Ha €IMHUITY MACChl WJIU 00BhEMA;

— ra3000pa3HOCTh IPOYKTOB TOPEHUS;

— yA00CTBO 100BIYM, TPAHCTIOPTUPOBAHUS U XPAHEHHUS;



— 0€30MacHOCTh MPOAYKTOB TOpPEHUS JJs  OOCIY>XMBAIOIIETO IEpPCOHANa,
000pyIOBaHUS U OKPYKAIOIEH Cpeibl.

Bce atum TpeboBaHMSIM OTBEYAIOT BEMICCTBA OPTaHUYECKOTO TIPOUCXOKICHUSI.
[Io arperaTHOMy COCTOSIHMIO TOIUIMBO MOXET OBITb TBEPJOE, JKHUIKOE U
ra3oo0pa3zHoe; MO TMPOUCXOXKIEHUI0O U CIMOCcO0y MOOBIMM — €CTECTBEHHOE W
UCKYCCTBEHHOE, HIDKE TMpeACTaBlicHa Talnuia oOmeld KiacCuPUKAud BUIOB

TOILIMBA I10 arp€raTHOMYy COCTOAHHUIO.

Tabnuma 1
O6mas kinaccupukalys TOIUIMBA M0 arperaTHOMY COCTOSIHUIO
ArperatHoe [TpoucxoxaeHue TOmInBa
COCTOSIHUE €CTECTBEHHOE HMCKYCCTBEHHBIE
TBepnoe HpoBa, Topd, Oypbiii yromb, | JIpeBeCHBI yromb, KOKC, IOIYKOKC,

rOpIOYMe CJIaHIbl, KAMEHHBIN | OpUKETHI, MBUIEBUIHOE TOILJIMBO
yTOJib, aHTPALUT
Kunxoe Hedtp beH3uH, KepocuH, cOJIIPOBOE MacIo,
Ma3yT, JU3ENbHOE TOIUIMBO U JApYyrue
MIPOYKTBI nepepadoTKu He(TH,
KaMEHHOYTOJIbHasE CMoOJia, CJIaHIIEBOE
MacJio, COUpPT

["a3o06pa3znoe | Ilpupoxansiii (ecrecTBeHHbIN) | KOKCOBBIN, CBETUIBHBIN, HEDTAHOMH,
Y TIONTyTHBIN (HE(QTAHOI) ra3bl | FeHEPATOPHBIH, JIOMEHHBI, ras
NIOJIYKOKCOBAHUS U APYTHE ra3bl.

EcTecTBEHHBIM TONJIMBOM HAa3bIBAIOT TOIUIMUBO, KOTOPOE HCMOJB3YIOT B TOM
BHJIC, B KAKOM OHO CYIIIECTBYET B MpUpojAe (KaMEHHBIA Yrojib, HEPTh, TPUPOIHBII
ras).

TomnuBo, MOJYYEHHOE W3 €CTECTBEHHOrO, MyTeM MepepadOTKH, HA3bIBAIOT
HCKYCCTBEHHBIM (Ma3yT, KOKCOBBIN U JIOMEHHBIH Ta3bl).

CoctaB TOIUIMBA OMPEAENSIOT TEXHUYECKUM M SJEMEHTAPHBIM aHaJIM30M.
TexHuyeckuii aHaau3 OOBIYHO NPOBOJAT B 3aBOJICKUMX YCIOBUAX W TIPU ITOM
ONPEAEISAIOT IPOLUECHTHOE COAEPKAHUE CEPBI, BJIArd W 30ibI B TOIUmMBe. lIpm
AJIEMEHTAPHOM AaHAJIU3€, KOTOPBIM MPOBOJUTCS B CHEHUAIBHBIX XUMHUYECKUX
71a00paTOPHUAX MOCIE TEXHUYECKOTO, OMPEEISIOT COJepKaHue yriepoa, BOJopoaa,

KHUCJIOpOJda B TOILIIMBC.



TBepaoe u )KHUJIKOE TOIIMBO — 3TO BEUIECTBA OPraHUYECKOIO MPOUCXOKIAECHUS,
COCTOSILIIME M3 YIVIepoJa W BoAOpoJa (MPEACTaBISIOT CaMyl IIEHHYH 4YacTh
TOIUIMBA), CEPbI, KUCIOPOJA, a30Ta, HAXOIAIIMXCS B BHUJE CIOXKHBIX XHUMHYECKUX
coenuHeHuid. [lo MMUMO yKa3aHHBIX 3JIEMEHTOB, COCTABISIOIIMX TOPIOYYIO0 Maccy
TOIIMBA, B HEM eCTh Oayiact — 310 30ja (A) u Biara (W ), KOTOpbIE CHHIKAIOT
IPOLIEHTHOE COJAEPKAHUE TOPIOYMX COCTABJISIOIIMX TOIUIMBA, a CJIEJOBATENIBHO, U
LEHHOCTh TOTUIMBA B LIEJIOM.

B coOTBETCTBUM C 3JIEMEHTAPHBIM COCTAaBOM B TBEPAOM MU KUIKOM TOILJIMBE
pa3MyaoT TOPIOYYI0, CyXyI0 W pabodyl0 Maccy TOIUIMBA, KOTOpble 0003HAYAIOTCS
MH/IEKCOM, COOTBETCTBYIOIIMM MEPBOI OyKkBe Ha3BaHUS Macchl TouMBa. CymMMapHOe
COAEpKaHUE IEMEHTOB Kaxa0ro uujaekca pasHo 100% mo macce. Hanmpumep, cocta
TOIUIMBA I10 TOPOYEN Macce:

C°+H +O0 + N +5° =100%.

['oproueit Maccol Ha3bIBAIOT TOIUIMBO, JUIIEHHOE Biard M 30Jbl. Cyxon
Maccoil Ha3bIBAIOT TOIUIMBO, OCBOOOKIEHHOE OT BJAaru IyTE€M BBICYIIMBAHUSA MpU
temriepatype 105 — 110°C. Ilox paboueit Mmaccoil MOHMMAIOT TOIUIMBO, COAEpIKAILIEE
Bce cocrapistone. [lepecyer cocraBa TBEpIOrO M MKUAKOTO TOIUIMBA M3 OJHOU

MaccChl B IPYTYIO BBITIOTHSAETCS 110 popmyiam [7].
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rae X7; X% X° — MpPOUEHT Kakoro-iubo 3JeMeHTa COOTBETCTBEHHO B paboueid,
CyXOM, TOproYEerd Macce TOTIJINBA;
A”;W P — TIpOIIEHT 30JIbl U BJIard B TOILIUBE.

Bce aneMeHThI TBEpI0TO U KHUIKOTO TOTUIMBA MOKHO Pa3/IeINTh Ha TOPIOYHE
(C”;P?;S”) n Heroprouue coctassrornue (O°;N°; AP;WP).

["a3000pa3HOe TOIIMBO MpEICTAaBISIET COO0M CMECh TOPIOUMX Ta30B U BOJISIHBIX

MapoB.



K roprouum razam, BXOJSIIAM B COCTaB ra3000pa3HOIo TOILIMBA, OTHOCSTCS:
okuch yraepona ( CO), Bonopon ( H,), metaH (CH,), 60jee TsSHKeNble YIiIeBOAOPOIbI
— 9TaH, MporaH, OyTaH u Jp., cepoBomopon ( H,S);

K Heropro4mm razam — azot (N,), kucimopon (0O,), AByokuch cepsl (SO,),
Biara (H,0).

XUMHYECKHI COCTaB ra3000pa3HOr0 TOIUIMBA OOBIYHO XapaKTePH3YeTCs
COJICpP)KAaHUEM OT/ICNIBHBIX COCTABJSIFOIIMX B OOBEMHBIX IPOICHTaX B CyXOM Tas3e.
["a3000pa3Hoe TOMIMBO MOKET OBITh cyxoe W BiaxHoe. CojepkaHue Bllard B Tasze

(ero BJIIa)KHOCTH) 3aBUCUT OT TEMIIEPATYPBHI.

Tennoma czopanus.
OCHOBHBIM CBOMCTBOM TOIUIMBA IIPU €ro MCIOJB30BAaHUM JJI TOJYUYCHHS
TEIUIOBOM JHEPrUMU SIBIAECTCA TEIJIOTa CropaHusd. TemiaoToul cropaHus TOILIMBA
HA3bIBAETCA KOJWYECTBO TEIUIA, BBIACIMBIICTOCA MPH IIOJHOM CTOPAHWUU €IUHUILIBI

MaCChbl HJIN O6T>€Ma TorimBa. Temiora cr OpaHHu:A O603H&“I&CTC5I Q HU3MCPACTCA B
ke /) pnn K;ZIOV ..
Ke M

B 3aBucuMoOcCTH OT arperaTHOro COCTOSIHMSL BJard B IPOAYKTAX TOPEHHUS
pa3IMYaroT BBHICIIYI0O U HU3LIYIO TEIJIOTY CrOpaHusl TOIUIMBA. BwICiied TerioToi

cropanus (Q/) Ha3bIBAIOT KOJUYECTBO TEIIA, KOTOPOE BBIACISACTCS MPH CTOPaHUU

€IMHUIIBI KOJINYECTBA TOIUIMBA, IPU MIPEBPALIEHUH BOASIHBIX MTAPOB, COACPKALINXCS
B IIPOAYKTax CrOpaHus, B KUAKOCTb. Ha mpakTuke He ynaeTcs OXJIaAUTh MPOLYKThI
CrOpaHHUsl 10 MOJHOM KOHJEHCALUM, U TIO3TOMY BBEIAEHO ITOHATHE HU3LIECH TEIUIOTHI
cropanusi. CBsi3b MEXAYy HH3LIEM W BBICHIEM TEIUIOTOM CrOpPaHUs OIPEHEISETCS
dbopmyroii [1]
Q) =Q/—(9H” +W "),

rie (OH +WP) — 3aTparsl TEIUIOTHI HA UCITAPEHUE CYMMapHOM BJIArH.

OOblYHO B IUIAMEHHBIX [€4ax TeMIeparypa Tra30B 3HAUUTEIIHO BBILIE
TEMIIEPATYPbl KOHJICHCAIIUU BOJISHBIX ITAPOB U TOATOMY OCHOBHOM XapaKTEPUCTUKOU

TOIUIMBA CUMTAOT HHU3MYIO TCIUIOTY CrOpaHus. CYH_IGCTByeT ABa MCTOJa



ONPEICNICHUS TEIJIOTHI CTOPAHUS: IKCIIEPUMEHTAIBHBIA U PACUETHBIN, €CIIU U3BECTECH
AJIIEMEHTAPHBIN COCTaB TOILIMBA.

B mepBom ciydae oOnpenensroT SKCHEPUMEHTAIBHOE KOJUYECTBO TEIUIOTHI,
BBIJICJIUBILICHCA TPU TOPEHUM OIPEACIICHHOTO KojudecTBa Temina. g 3Toro
UCIOJIB3YIOT MPUOOPHI, KOTOPBIE HA3BIBAIOT KAIOPUMEMPAMU.

JIy1st BRICTIIEH TETJIOTHI CrOpaHus, KJK/Kr:

Q? =339,1C” +1256 H* —108,8(S” — 0") (1)

Jliis Hu31IeH TertoThl cropanus, KJDk/Kr:

Q/ =339,1C” +1256 H" +108,8(S"~ 0" )~ 25,1(9H" +W"). (2)

Temnora cropanuss ra3oo0pa3HOro TOIUIMBA ompeaesercs mno (opmyie,
MOCTPOEHHOM 10 TOMY %€ npuHIMIY, 4To U ¢popmyna J[.M.Menneneesa [1].

Q? =127C0O+108H, +358CH,, + 640C,H, + 915C,H, +1190C,H,, +1465C,H,, + 234H,S  (2)

rone 127, 108; 358; 640; 915; 1190; 1465; 234 — »s10 TemioBbie 3(PHEKTHI
COOTBETCTBYIOIMX COCTABIIAIOMNUX, OTHECEeHHBIX K 0,01 M raza, xJIx.

Temnnora cropanus ra3000pa3HOro TOIIMBA, pacCUMTAaHHAs 10 popMyJie, Bceraa
HECKOJIbKO HWKE JIEUCTBUTEIBLHOM, TaK KaK COAEpXKalllhecs B ra3e MPUMECH JAr0T
JIOTIOJIHUTENIbHOE TEeIlIo [3].

PaznuyHoe TOMIMBO MMEET pa3Hylo TemIoTy cropanus. [loatoMy aJist cpaBHEHUS

TEIUIOBOM IIEHHOCTH PA3JIMYHOrO TOIUIMBA BBEJAEHO MOHATHE — "YCIIOBHOE' TOIUIMBO,

10JT KOTOPBIM IOJIpa3yMeBacM TOIUTMBO C TEIUIOTOW CTOpaHUs: Q7 :29330"?27"’% 2

OTHOIIIEHUE TEIJIOTHI CTOPAHMs JAHHOTO TOIUIMBA K TEIJIOTE CrOpaHus "yCJIOBHOTO"

TOIININBA HA3bIBACTCA K&J’IOpPIIZHI::IM OKBHUBAJICHTOM TOILJIMBA.

Q;

9,
Qy.m.

YeMm OoJbllle BEIWYMHA SKBHBAJICHTA, TEM 0OJiee IIEHHBIM SIBIISICTCS TOTLIUBO.
TormBo, HCIOJIb3yeMOe B TUIAMEHHBIX Ie4ax JiJisi HarpeBa 3aroTOBOK MOJ KOBKY H
HITAMIIOBKY, JOJDKHO OTBEYAThH CICAYIONIMM TPEOOBAHHSIM:

— y10OCTBO CHKUTaHMUS;

— o0OecrieueHue TpeOyeMOoro TeMIepaTypHOTo peKuMa HarpeBa,



— o0ecreueHne BhICOKON MPOU3BOJUTEILHOCTH MIEUH.

OtuM TpeboBaHUSAM HauOoJiee MOJHO OTBEYAIOT >KHIKOE M Tra3000pa3zHoe
ToruBa. TBEPIOE TOIIIMBO MPUMEHSICTCS B YCIOBUSAX HEOOIBINX Ky3HHUII.

N3 Xuakoro TOIUIMBAa B KY3HEUHBIX HArpeBaTENIbHBIX I€YaxX CHKUTAIOT B
OCHOBHOM Ma3yT, IMOJYYUBIIUN I[IUPOKOE TPUMEHEHUE BCIECACTBUE BBICOKOU
TEIUIOThl CrOpaHusi, yJ00CTBa COKMIaHusi M OBICTPOrO JOCTHIKEHHS HEOOXOIUMOM
TeMnepaTypsl HarpeBa Metaya [1].

MasyT sBsieTcs pe3ysbTaToM IMeperoHkn HedTu. Beixomx masyta w3z HedTH
nocturaer 65%. CoctaB Ma3zyTa, MHOJYYEHHOIO U3 pPa3IUYHBIX COPTOB HEQTH,
IPUMEPHO OJIMHAKOBBIN: yriiepoaa coaepxkurca 86 — 87%, Bogopona 12 — 13% u
oamacra 1,2—1,5%. Ilo comepkaHuio cepwl, Ma3yT, NEIUTCS HA MaJOCEPHUCTHIN
(<0,5%), cepuuctoiii (0,5 — 1,0%) u BoIcOkOocepHucThii (>1,0%). B ocHoOBHYO
KJIaCCU(PUKAIMI0O Ma3yTOB IIOJIOKEHA BA3KOCTb, KOTOpPAs OINpENeNsIeTcs NpH
temneparype 50, 80 u 100°C B rpamycax ycloBHOM BSA3KOCTH (B Tpaaycax IO
OHriepy). 3a YCIOBHYIO BSI3KOCTh NPUHMMAaeM OTHOIICHHE BPEMEHU HCTEUYCHUS
uepe3 TapupoBaHHoe oTBepcTHe 200cM® TaHHOM KUAKOCTH K BPEMEHH BHITCKAHHS
Toro >ke komuuyectBa Boawsl mpu 20°C. Ilo comepkanuio mapadunHa, KOTOPBIMA

koJjeonercs ot 1,5 no 15%, ma3yt nenurcs Ha 6 mapok (20; 40; 60; 80; 100; 200).

Tabmuua Ne 2
Knaccudukanus mazyra
XapakTepucTuka Mapka mazyra

40 100 200 MII

Venosras BsaskocTs pu 50 °C, "BY 5...8 13...15,5| 6,5...9,5 |[8...16
(mpu 100 °C)
Temnepatypa Benbluku,°C 90 110 140 110
Temneparypa 3acteiBanus, °C 10 25 35 25

Mapky 03HA4arT NPEIEIbHYI BSI3KOCTh JAHHOIO MaszyTa IpH TeMIlepaType
50°C. Jlns HOpPMAaNbHOTO COKMTaHHs Ma3yTa YCJIOBHas BSI3KOCTb JOJDKHA OBITh B
npenenax ot 5 1o 15 (B 3aBucumoctu ot GpopcyHkn). [loaromy 11 nosrydyeHus Takou

BJA3KOCTHU MA3yT 00s13aTEJILHO Ppa3orpeBaroT.




["a3000pa3Hoe TOIUIMBO SBJSETCS HAauOOJee KEIMaeMbIM, TaK KaK OHO JIydlle
NEPEMENIMBAETCS C BO3yXOM, YI0OHO TPAaHCIOPTUPYETCS, MPOLIE B 00CTyKMBAaHUU
U peryJIMpOBaHUH, YIyUIlIaeT YCIOBUS TPYAA.

PasznuyaroT mpupoIHbIi Ta3 U UCKYCCTBEHHBIE Ta3bl, K KOTOPBIM OTHOCSITCS TPOTYKThI
razudukanuu TBEPJOro TOIUIMBA, a TAKXKE Ta3bl, MOJydarolIHecs Kak MOOOYHbIC
IPOAYKTHI METAJUTY PrUYECKOTO MMPOU3BOJICTBA.

[IpupoaHblii ra3 100bIBAIOT U3 YUCTHIX TA30BbIX MECTOPOXKICHUIN WIH BMECTE C
He(dThI0 (MOMyTHBIA ra3). OCHOBHOW TOpIOYEH COCTAaBJISIONICH SBISIETCS METaH
(CHa), comepkanue KoToporo noxoaut o 95 - 98%. [lomyTHble rassl MOMHMO
MeTaHa CojepKaT U OoJiee THKEIbIC YIIIEBOJOPOIbL: dTaH, IPoMaH, OyTaH U IpyTue B
HEOOJIBIIOM KOJIMYECTBE.

M3 HCKYCCTBEHHBIX Tra30B B KY3HEUHOM IIPOM3BOJICTBE Hauboyiee YacTo
IIPUMEHSIIOT KOKCOBAJIBHBIA U JJOMEHHBIN Ta3bl. KOKCOBaJIBHBIN a3 MOIY4YaeTCsl IpU
nepepaboTke KaMEHHOTO YISl Ha KOKC M SIBISIETCS] Kak Obl TOOOYHBIM MPOTYKTOM.
BBIXOJ KOKCOBAIBHOTO Ta3a W3 ONHOM TOHHBI Yy cocraBisier g0 330 Mo,
Xumunueckuit coctaB: 50—55%H,; 20—15% CHa;, 7-6,5% CO; 2—2,5% COy; 7-8%
N». Temnora cropanust KOKCOBaJIbHOIO T'a3a MPUMEPHO B 4 pasza OoJbllie JOMEHHOTO
rasa.

JIOMCHHBIN, W KOJIONTHWKOBBIM, Ta3 SBISACTCS MOOOYHBIM MPOAYKTOM IPHU
MOJTYYeHUH YyTyHa B JTIOMEeHHBIX nedax. OH coctouT u3 9-16% CO,; 26-30% CO; 1-
2,5% Hp; 0,2-0,5% CHa; 56-60% N,. M3-3a HU3KOM TEMIOTHI CrOpPaHUS W BBICOKOM
TOKCUYHOCTM 3TOT Tra3 HKOHOMHYECKM HEBBITOJHO TIepelaBaTb Ha OoJbLINE

pacCTOAHUA U IIOTOMY €I'O UCIIOJIB3YIOT 110 MCCTY ITPOU3BOACTBA.

Ipouecc zopenua monnuea
l'opennem  Ha3pIBaeTCSs  MOpOLECC  OBICTPOTO  OKHUCJIEHUS  TOPIOYUX
COCTABJISIIOIIMX  TOIJIMBA, MIPOTEKAOLINI C OOJIBIIION CKOPOCTBIO U
COTPOBOXKIAIOIIMICS  BBIJICJICHUEM TEIUIa, KOTOPOE O0OECIeunBacT BBICOKYIO
TeMmreparypy npoayktoB ropenust [1, 2, 5]. OkucnureneM B MPOLECCE TOPECHUS

SBIISIETCSl KUCTIOPO BO3ayXa. BeieeHHOE TEII0 KOHJASHCUPYETCS B Ta3000pa3HbIX



INPOAYKTaX TOpPEHHUs, KOTOpbIE SBISIOTCS MEpeJaTYMKaMu TEIUla HarpeBacMoMy
METaJuly U CTEHKaM IeYHu.

['opeHue TOIIMBAa OYEHB CIIOXKHBIA IMPOLECC, COCTOSIINA W3 COBOKYITHOCTH
(bU3NYECKUX U XUMUYECKUX SIBIICHUN TaKUX, KaK:

— HarpeB TOIUIMBA JI0O TEMIEPAaTyphl BOCIJIAMEHEHUS C OJHOBPEMEHHBIM
pa3NoXKeHNEM U BbIJICTICHUEM ra3000pa3HbIX BEIIECTB;

— CMEIIIEHUE TOIIMBA U MPOJIYKTOB €r0 TEPMUUYECKOTO PA3I0KEHUS BO3LyXOM;

— OKHCJIEHUE TOPIOYMX COCTABJISIOIIMX TOIUIMBA KHCIOPOAOM C OZHOBPEMEHHBIM
TEMJI000MEHOM KaK BHYTPH 30HBI TOPEHUS, TAK U C OKPYIKAIOIIECH CPeNIoi;

— yJajeHue MPOayKTOB TOPEHUS, HATPETHIX JI0 BEICOKUX TEMIIEPATYP.

XVWMHUYECKUE PEAKLUHU, MPOTEKAIOIUE NPU TOPEHUH TOIJIMBA, MOTYT OBITh
TOMOTEHHBIE, KOrJja TOIUIUBO U OKUCIHUTENb B OJMHAKOBOM (Pa30BOM COCTOSIHMM, U
TeTepOreHHbIE, KOTJJa KOMIIOHEHTHI B pa3JIMYHbIX (pazax.

l'openne TomnuBa MOKET ObITh JU(PPY3MOHHBIM U KUHEeTHUecKuM. [Ipum
Tu(p(y3MOHHOM TOPEHHM TMPOLECC CMEUICHUS TOPIOYHMX COCTaBISIIOUIMX C
OKHCIIUTEIEM M COOCTBEHHO IIPOLECC TOPEHHsI IMPOTEKAIOT OJHOBPEMEHHO.
Omnpenensromiel  CKOPOCTBIO  SIBISIETCS  BeIMYMHA  cKopoctd  nuddysum.
Judbdy3rnonHoe ropeHue - 370 TOpeHre TBEPIOTO U KUIKOTO TOTIIUBA.

[Ipy KHMHETUYECKOM TOPEHUHM TMPOLECC TOPEHHS] MPOUCXOAUT B 00BEME
MIPEIBAPUTENILHO MOJYYEHHOW ra3oBO3AYLIHOW cMecu. Omnpenensitonieil CKopocThiO0 B
TOM CJy4yae SBISIETCS BEJIMYMHA CKOPOCTH XHUMHUYECKOIO B3aMMOJICHCTBHUS.
Kunemarnueckoe ropeHue Ha0Ir01aeTcsl IPU CXKUTaHUU Ta3000pa3HOTO TOILIMBA.
['operne cmecH TOIUIMBA M BO3AyXa BO3MOYKHO TOJBKO IIPH OIPENEIEHHOM HX
cocTosiHUU. B HacTosIee Bpemsi CyIIeCTBYET IBE€ OCHOBHbIE TEOPUH BOCIUIAMEHEHUS
Y TOPEHUS TOTUIMBA - TEIIOBAs U LIETTHAsI.

CornacHo TemioBOi TEOpHH, BOCIUIAMEHEHUE M TOPEHUE TOIUIMBA CBS3aHBI C
npoleccaMy pacipocTpaHeHus Tema. [Iporecc ropenus, BOZHUKAIOMIUNA B pe3yJibTaTe
MECTHOTO BOCIUIAMEHEHHS, PACIPOCTPaHIETCS IO BCEM Macce CMECH TOIUIMBA H
BO3JlyXa C  ONpeAeNIEHHOM  CKOpOCThbIO,  Onarojaps  mepenade  TerJia

TCIUIOIIPOBOIHOCTBIO OT 30HBI I'OPCHU K emé HE BOCILUIAMEHMBIIICHCS YaCTH CMECH.



[lennast Teopusi, HE OTpULAA BIHUSHUA TEIUIOBOTO COCTOSIHUS CHCTEMBI
"TOIUIMBO - BO31yX'", OOBSICHSIET MPOLIECCHl TOPEHUS U BOCIIJIAMEHEHUS KUHEMATUKOU
HEenHbIX peakiuid. CorjlacHO 3TOM TEOpUH, TOPEHUE TOIUIMBA MPEACTABISET LEMHYIO
PEaKIUIO C PA3BETBIEHHBIMU LICTIIMH, KOTJ]Aa KaK/1asi aKTUBHASL MOJIEKYJIa TOPOKIAET
Pl HOBBIX AaKTHUBHBIX IIEHTPOB, YCKOPAIOIIMX XOJ peakuuid. [ns mnpumepa
paccMOTPUM TOPEHHME BOAOPOJA, CYMMApHYIO PEAKLIUIO KOTOPOTO MOXHO 3aIMCaTh
ypaBHEHHEM [6]:

2H,+0,=2H,0.

B peiicTBUTENBHOCTH TOpPEHHE MPOTEKAEeT MO CIEAYIOLEH cXeMme: MoJeKysa
BOJIOPOJIa, CTAJIKHUBASCh C KAKOW-TMOO aKTHMBHOM MOJIEKYJIOH, pacranaercss Ha JBa
aToMa BOJOPOJia. ATOMapHbBINA BOJIOPO, pearupys ¢ MOJIEKYJION KUCIopoaa, 00pa3yeT
rugpokcun (OH) u atoM kwuciopoma. ATOM KHCIOpPOJAA, BCTyHash B PEAKLHIO C
MOJIEKYJION Bojopona, obOpasyeT mnpu 3ToM ruapokcun (OH) u aTtom Bomopoja.
I'uapokcun (OH), crankuBasich ¢ MOJIEKYJION BOJIOPOJia, pearupyer ¢ Heu, oOpaszys
mousiekyity HoO (BoasiHorO mapa) U cBOOOAHBIA aTOM BOAOpoja. Takum 00paszom,
KaXJIbI aTOM BOJIOPO/Ia MOPOXKAAET B UTOT€ TPU HOBBIX CBOOOHBIX aTOMa BOJAOPOAA
U JIB€ KOHEYHBIC MOJICKYJIbI BOJASIHOTO mapa. OOpa3oBaBiIvecs TPU aKTUBHBIX aToMa
BOJIOpOJia HAUMHAIOT PearupoBaTh MO TOM K€ IENHU, T.€. B TPH pa3a YCKOPSSA XO.
peakuuu U T. J. Ilpm TakoM XOJe peakluu MPAKTUYECKH MIHOBEHHO
pacmnpoCTPaHSIOTCS IO BCEMY O0BEMY.

['openue okucu yriepoja W yriaeBOAOPOAOB MAET Tak ke ¢ 00pa30BaHUEM.
MIPOMEKYTOUHBIX MPOAYKTOB, KaK U PA3BETBIEHHBIC LIETIHBIE PEAKIUU, HO TaK Kak
BOJIOPOJI, OKUCh yIJIepoAa W YIJIEBOAOPOAbI SBISIIOTCS OCHOBHBIMH TOPIOUYHMH
COCTABJISIIOUIMMH T'a3000pa3HOTO TOIUIMBA, TO U TFOPEHUE TOIUIMBA HOCUT B LEJIOM
LIETTHOM XapaKTep.

[Ipouiecc BocIlaMeHEHUs1 BCerAa MPEAIecTBYeT TOpeHuio. MUHUMabHAs
TeMIiepaTypa, IpH KOTOPOM CMeECh BOCILJIaMEHSIETCS, Ha3bIBAe€TCsA TeMIlepaTypou
BocIiuilaMeHeHus1. COrjlacHO TEIJIOBOM TEOpPUM TOPEHUS! TOIIMBA, TEMIIEPATypOil
BOCIUIAMEHEHUSI CUUTACTCS Ta, MPU KOTOPOH KOJMYECTBO TEIjia, BBIACISIONIETOCS B

pe3yJIbTaTC OKHCJICHHA COCTABJIAIOIIUX TOIJIMBA, OoJbIIIe WIIM paBHO KOJIMYCCTBY



TEIUIa, OTAABAEMOI0 B OKpyXkarouiee npocTpaHcTBO. C MO3UIMM LEMHON TEOpHH
rOpEHUs], TOILUIMBO BOCIUIAMEHSIETCS] NIPU TaKOM CKOPOCTHU IIEMHOW peakIuH, KOrnaa
KOJIMYECTBO BO3HUKAIOLIUX IENel O0JIbIIE WU PaBHO KOJIMUYECTBY IIENei 0OphIBa.

TemnepaTypa BoOCIUITaMEHEHHMsSI 3aBUCUT OT (U3WYECKHMX CBOWCTB rasa,
MPOMOPIMM MEXKIY T'a30M U OKHCIUTENIEM U OT MOTeph B OKpy»Karolryro cpeay. He
BCSKAsl CMECh ra3a C OKMCIMTENIEM CIIOCOOHA BOCIUIAMEHATHCSA. CylIECTBYIOT BEPXHUIA
U HIDKHUM TIpeleNibl KOHIEHTPAllMM TOpSYMX Ta30B B CMECH C BO3AYyXOM U
KHCIopoaoM. BHe »3TuX 1mpeaenoB cMecb He BocmuiameHsercs. llpenensl
BOCIUJITAMEHEHUSI TIPU YBEIMUYEHUHM TEMIIEPATypbl CMECU 3HAYUTENLHO PaCIIUPSIOTCS,
T.€. €CJIM CMECh HE TOPUT B XOJIOAHOM COCTOSIHUH, TO MOYKET JIETKO 3aroperbcs B
cllydae €€ IMOJOTpeBa. 3HAaHUE NPEJCIOB BOCIUIAMEHEHUS MO3BOJISIET CYIUTh O
BO3MOYKHOCTH B3pbIBa Fa30BO3AYLIHON CMECU Y MPUHUMATh MEPHI K MPEAOTBPAILICHUIO
B3PBIBOB IIPH Pa3KUTAHUU T€Ueh, PEMOHTHBIX pabOT Ha Ta30MPOBOIAX U T.1.

[Iponecc ropeHwusi, BO3HHUKAIOMIMK B PE3YyJbTATE MECTHOIO BOCIUIAMEHEHUS,
pacrpocTpaHsieTcsl MO BCEH Macce CMECH TOIUIMBA M BO3AyXa C OMNpPEACTIEHHOU
CKOpPOCTBIO0, Os1arosiaps nepeaaye TerJia TeIIONPOBOAHOCTHIO OT 30HbI TOPEHHUS K €Il
HE BOCIUIAMEHHUBIIENCS 4YacTH CMECH. IJTa CKOPOCTh HAa3bIBAETCA CKOPOCTHIO
pacrpoCTpaHEeHHs IIJIAMEHH, KOTOpas 3aBUCUT OT TEIUIOThl CrOpaHHsl TOILUIWBA,
TETJIONPOBOAHOCTH, TEIUIOEMKOCTH, HAYaJIbHOW TEMIIepaTypbl CMECH Ta3a U BO3/IyXa,
TEMIIEpaTypbl BOCIUIAMEHEHUS TOILJIMBA U CPETHEN TEMITEpaTypbl MPOAYKTOB TOPEHUS.
Bonbiioe BausiHuEe Ha CKOPOCTH TOPEHUS OKA3bIBAET M30BITOK WJIM HEJIOCTATOK BO3AyXa
B Ta30BO3AYIIHOM CMECH W TemIepaTypa MOoJ0rpeBa cMmecH. Tak yBeIUYeHHUE
TEMIIEpAaTypbl MOJAOTPEBA CMECH NPUBOJUT K YBEIMUYEHHUIO CKOPOCTH TOPEHUS.
CKOpOCTh pacrpoCTpaHeHusl IJIaMEeHU HEOOXO0IMMO YUUTHIBATh MPU KOHCTPYHUPOBAHUU
ra30BbIX TOPEJIOK C BHYTPEHHUM CMEIIEHUEM T'a3a U BO3yXa.

['openue TommBa MpOTEKaeT HOPMAJILHO JIMIIb MPH OMPEACIEHHBIX YCIOBUIX:
JIOCTATOYHOM KOJIMYECTBE BO3/yXa, MOCTYNAIOIIETO B 04Yar TOPEHUsl, U TOIepKaHUS
TeMIeparypbl ropeHus. Uem MeHbIlie M30BITOK BO3/yXa MPH TOPEHUHU, TEM MEHBIIE

oOpa3yeTcsi TpPOAYyKTOB TOpPEHUs, a CIIeJOBaTeNIbHO, BBIIE TeMIeparypa M



WHTECHCHBHEE TeIulonepenaya. Pa3mudaroT JBa BHJa TOPEHHUS TOILIMBA: IOJIHOE H
HEIOJIHOE.
Tabnuua Ne 3

KoHneHTpanonHsie mpeensl BOCIUIAMEHEHHS CMECEH TOPIOYHX Ta30B C BO3yXOM
(6e3 mpeaBapUTEIHLHOTO MOI0TPEBRA)

['a3 [IpenenbHOE coiepkaHre rOproYero raza B %
Hwuxnee Bepxnee
Boznopon 4,1 75
Oxkwuchk yriaepoaa 12,5 75
MeTtaun 5,3 14
KoxcoBebrii ras 5,6 30,4
[Ipupoanslii ra3 4 13

[ToyHBIM TOPEHHEM Ha3BIBAIOT MPOIIECC, MPH KOTOPOM TOPIOUNE COCTABIISIONINE
TOTUTMBA CTOPAIOT M BBIICIISAIOT MPH ATOM TEILIO IMOJTHOCTHIO.

KonuyectBo BO3myxa, HEOOXOAUMOE [IJIsi TIOJHOTO TOPEHHS TOIUIUBA,
HA3bIBACTCS TEOPETHUECKHM pacxomoM Bo3ayxa. OpHaKo Ha MPAKTHKE PACXOJd
BO3/lyXa, HEOOXOAUMBIM JJIi TIOJIHOTO TOPEHUS TOIUIMBA, BCErJa MPEBBIIIACT
TEOPETUYECKUU.

HemonapIM TOpeHHMEM HA3bIBAE€TCA TPOIECC, TMPU KOTOPOM TOPIOYHE
COCTABJISIFOIIME TOIJIMBA CrOPAIOT HEMOJHOCTHIO C 00Opa30BaHUEM OKHCH YIJIepoja
(CO), a ipu conmepxkanuu CO ot 3% u Gosee nmossisercss Bogopon (Hz). HenomHoe
rOpEHUe TOTUIMBA MOXKET SIBIIATHCS CJIEJICTBUEM HE TOJIBKO HEJ0CTAaTKa BO3/lyXa, HO U

IIJIOXOTO €ro MepeMEIINBaHus ¢ TOTUIMBOM [2,7].




Jlexknus Ne 2
Ilhan nekuuu:
Pacuem  copenus  monnuea.  Cowcueanue  dncuoxkoco  monauga.  Cowcueanue
2a3000pa3H020 MONIUBA.
IIpu pacuére ropeHus TOIUIMBA OMPEACIISAIOTCS: TEIJIOTa CrOpaHUs TOIJIWBA;
KOJIMYECTBO BO3yXa, HEOOXOIUMOTO JIJIsI CKUTAHUS SANHUITBI TOILINBA; KOJMIECTBO

U COCTaB MPOAYKTOB rOpPEeHHUs (ILIMOBBIX T'a30B); TEMIIEpATypa rOPEHUsI TOILINBA.

Ta6nuia Ne 4
TeopeTnveckue TeMIepaTypbl TOPSHHS TOTUIMBA B 3aBUCHMOCTH OT YCIIOBUH €r0 COKUTaHUS.
Bun torunBa u Teopernueckas temneparypa (°C) nmpu mogorpese Bo3ayxa
K03 dUIreHT 0 200 400
pacxojia BO3IyXa o.
Masyt 1,1 1840 1960 1965
1,2 1825 1930 1940
1,3 1800 1890 1895
[Tpuponnbii
ras 1,05 1020 2020 2030
1,1 1860 1970 1980
1,2 1740 1880 1890

TeroTty cropanus TOIUIMBA MOXHO OMNPEIETUTh IO OSMIUPUYECKUM
3aBUCUMOCTSIM. [[s1 TBEPAOrO W JKMIKOTO TOIJIMBA TEIUIOTa CrOPaHHsl OOBIYHO
onpenensercs no gopmyisie [.M.Menneneesa (1). Jlng razoo6pa3Horo ToOIMBa Mo
dbopmyre (2).

Haumensbiiee konmmyecTBO BO3AyXa, HEOOXOJUMOE, COTJIACHO pacueTa, s
MIOJIHOTO CTOPAHUS €AMHUIIBI TOTUIMBA JJAHHOTO COCTaBa, HA3bIBACTCSI TEOPETUUECKUM
pacxonoM Bo3ayxa. TeopeTndeckoe KOJUYECTBO BO3JyXa MNPUOIMKEHHO MOXKHO
OIPENIEINTh B 3aBUCUMOCTH OT TEIUIOTHI CTOPaHUsl JAaHHOTO TOIUTMBA MO (hopmyiam
[1]:

JUTSE TBEPIOTO M YKHMJIKOTO TOTLIMBA.
L, =1.01-10°Q" +0.5 (1)
L, =85-10"-Q" +20

JJIA ra3006pa3H0ro TOILINBA.




L, =1.09-10°-Q’ —0.25 ()

OngHako JOCTHTHYTh IOJIHOTO CTOpPAaHMsl TOIUIMBA C  TEOPETUYECKH
HEOOXOJUMBIM KOJIMUYECTBOM BO3/yXa JOCTaTOUYHO TPYJIHO M MO3TOMY IIPU T'OPEHUU
TOTIMBA MPUXOAUTCS BBOJAUTH BO3/AyXa OOJIBIIE, YeM 3TO TPeOyeTCs TEOPETUUECKH.
N30bITOK BO3ayXa HEOOXOAMM JUIsl JYYIIEr0 CMEUICHHUs TOIUIMBA C BO3AYXOM, TaK
KaK 4eM JIydllle CMEIIEHUE TOIUIMBA C BO3yXOM, TEM MOJHEE U OBICTPEE MPOTEKAET
IIPOLECC TOPEHHs, a CJIENOBATEIbHO, W OOJbIIE BBIACIUTCS TEIUIA B EIUHULYY
BPEMEHHU, U TEM BBIILIE TEMIIEpATypa.

OTHOmIEHNE NEUCTBUTEIBHOIO KOJWYECTBA BO3Ayxa L, , BBEAEHHOTO B

HarpeBaTelIbHOE YCTPOMCTBO, K TEOPETHUYECKOMY KOJMYECTBY BoO3ayxa L

m

Ha3bIBAETCS KO3PPUIMEHTOM U30BITKA BO3yXa U 0003HAYaeTCA «, .

KoadunmenT n3dsiTka BO3ayXa 3aBUCUT OT arperaTHOro COCTOSIHUS TOILIMBA,
KOHCTPYKIUMU TOIUIMBOCIKHMIAIOIIET0 YCTPOMCTBA (TOpENKM WM (POPCYHKH) U
TEMIEpaTypbl BO3yXa U TOIIMBa. ['a3000pa3HOe TOIUIMBO Jierye NepeMENINBAETCs C
BO3J[yXOM, YE€M KUAKOE M TBEpIOE TOIUIMBO. [[0ATOMY NpH CKUraHWU KUJIKOTO H
TBEPIOTrO TOIUIMBA TpeOyeTcss OonbIuii M30bITOK BoO3myxa. [is razooOpaszHoro
TormBa kod(ddunment n3bbiTka Bozayxa cocrasiser 1,05 — 1,15; ans xuakoro —
1,15 - 1,35; mns tBepaoro — 1,3 — 1,6. 3Has TeopeTHUecKn HEOOXOAMMOE KOJTMIECTBO
BO3yXxa H 3HaueHue KodpQuimeHnta u30bITKa BO3AyXa, JIETKO OMPENeTUTh
JIEUCTBUTEIBHBINA PAaCX0/l BO3AyXa.

KonuyecTBO MpoAyKTOB TOpeHUs (ABIMOBBIX Ta30B) MOXHO MPHUOIMKEHHO
ONPENENNTh B 3aBUCUMOCTH OT TEIUIOTHI CTOPAaHMs TOIIMBA U TEOPETHYECKOIO
pacxoja Bo3ayxa 1o ¢opmysam [1]:

JUTSE TBEPJIOTO U SKHUJIKOTO TOTLIMBA!
V. =8910°Q° +(a, 1)L, +1.65 V. =111-10"-QF +(a, 1)L,
JUJIsl Ta3000pa3HOI0 TOILIMBA:

V.=114.10".Q" +(a, 1)L, +0.25



[IpomyKThl TOpEeHUs MPEACTABIAIOT COOOM CMECh CyXHX T'a30B M BOASIHBIX ITapOB.
OOBEM CyxuX ra3oB MpEICTaBIsIET COOOW CyMMy OOBEMOB MPOAYKTOB TOPEHUS
KOKJIOM roprodeil COCTaBISIOIIECH TOIUIMBA M 00bEMA HM30BITOYHOIO KOJUYECTBA
BO3/yXa.

Temnepatypa ropeHus a000ro TOIUIMBA HENOCTOSIHHA U HU3MEHsETCAd B
3aBUCUMOCTH OT YCJIOBUH TOpPEHUs: KOJMYECTBA MOJBOAMMOrO  BO31yXa,
TEMIIEpaTypbl BO3AyXa M TOIUIMBA, YYAaCTBYIOLIUX B FOPEHHMH, KauecTBa MOJTOTOBKH
ToruBa.  [IpuHATO  paznuyare  TpU ~ TEMOEpPATypbl  TOPEHHsS]  TOIUIMBA!
KAIoOpUMempuieckyro, meopemuyecKkyto U 0eucmeumenbHyio.

Kanopumerpryeckoil Ha3bIBaeTCs TeMIeparypa, 10 KOTOpOW HarpeBaluch Obl
MPOYKTHI OJTHOTO CrOPaHus, €Clid Obl BCE TEIJIO TOILIMBA U BO3AYyXa MOILIO TOJIBKO
Ha HUX HarpeBaHHe, T.€. TEMIEparypa, MOJIydalollascs MpU TFOpeHUuu 0e3 MOoTepb.

Kanopumerpuueckas TeMneparypa ropeHus TOIIMBa onpeaensercs mo ¢popmyie [1]

¢ QA +a),
‘ CZVZ ’

rae q7 =C,t, — QuU3MUECKOe TEMIO TOILINBA;
q? =C,t,L, — ¢pusHyecKoe TEIIO BO31yXa;
C,;C,;C, - (u3nmyeckoe TEMIOEMKOCTh TOIUIMBA M BO3[yXa IpU TeMIepaType

MOJOTPEBA U CPEIHSSA TEIIIOEMKOCTD JBIMOBBIX I'a30B COOTBETCTBEHHO
TeopeTnyeckas Temmneparypa MOJy4aeTcs TOT/d, KOTJa YYHUTHIBAKOTCS MOTEPHU
TEIUIOTHl HAa YaCTUYHYKO AUCCOLMAlUI0 CO, U H,O B NIPOAYKTax CropaHus, T.c.
TeOpeTUYecKasl TeMIeparypa NpelCTaBlseT co0Ooi Temrmeparypy, IO KOTOPOM
Harpeuch Obl MPOAYKTHI CTOpPaHUs, €CJid Obl Ha HAIPEB MOILIO BCE TEILI0, BBEAEHHOE
B TOMNKY, 32 BBIYETOM IMOTEPh OT XHMMHUYECKOTO Hemoxora [7]. [eldcTBUTENbHON
TEMIIepaTypoil Ha3bIBaeTCsl TemIeparypa B paboyeM MPOCTPAHCTBE II€4d, T.€.
TEMIIEpaTypa COOTBETCTBYIOIIAsi TOPEHHI0 B  pealibHbIX ycioBusix. CBs3b
JICUCTBUTEIIBHON TEeMIEPATypbl C KaJOPUMETPUUYECKOM JaéT IMHUPOMETPUYECKUN

ko3 durment [11]



r7e 7 — MUPOMETPUUECKHUI KO3 (PULIUEHT.

BenuunHa mHPOMETPUYECKOrO KOA(PQHIMEHTa 3aBUCHT OT KOHCTPYKLUH U
pexxnMa pabotel meun u umeet 3Hadenus 0,6 — 0,8 [3].

W3  BeimenpuBenaHHBIX  (GOPMYJ, OYCBHIHO, YTO JUISL  yBEIHUCHHS
TeMIIepaTypbl TOPEHHs TOILIMBAa HEOOXOIMMO MOJOTPEBaTh BO3AYX WM TOMIIHMBO. Ha
YBEIMUCHUE  TEMIIEPATYypbhl  TOPEHHUsS]  CYIIECTBEHHO  BIHMSET  MPUMCHCHHUE

COBCPIICHHBIX TOINIMBOCKHUTAIOIINX YCTpOﬁCTB, HCKIIIOYaIomuX HCA0XKOI' TOITJIMBA.

Corcucanue HcuoKo2o monauea

[Ipu ucnonp30BaHMM TOIUIMBA B HarpeBaTENIbHBIX YCTPOMCTBaX MPUMEHSIOT
JIBa CII0CO0A €ro CKUTaHus: CJI0€BOM U (haKeIbHBII.

CrnoeBoe ropeHue MPOUCXOTUT MPH COKUTAHUU TBEPAOTO TOIUIMBA, KOTAA €ro
CJION TIPOIyBAET BO3yX B TOMKE MJIaAMEHHOM MeUHu.

dakenbHOE TOPEHHE XapaKTEPHO MM KHIKOTO U ra3000pa3HOro TOTUIWBA,
KOI'/Ia CMECh TOIUIMBA C BO3JYXOM BJyBAaeTCSl B TONKY W CrOpaeT B 30HE, UMEIOIICH
dbopmy dakemna. daken MpencTaBisieT COOOW TOPSAIIYIO CTPYIO Trasa, HMEIOIIYIO
reoMeTpuieckyro ¢GopMy H OIpeneseHHYIO HampaBieHHOocTh. Korma momepeunbie
pa3Mepbl paboyero MPOCTPAHCTBA TMEYM JOCTATOYHO BEJIHMKH IO CPABHEHHUIO C
pa3mepamu  (akena, Qaken HaszbiBaeTcsl CBoOOOAHBIM. Eciam creHku pabodero
MPOCTPAHCTBA OTPAHUYMBAIOT PA3BUTHE TOMEPEYHBIX pa3MepoB Qakena, TO TaKOU
(aken Ha3bIBAETCS OTPAHUYCHHBIM.

[Ipomecc cxxuranus >KMIKOTO TOIUTMBA (Ma3yTa) COCTOWT U3 ITyJIbBEpU3AIIHH,
UCTIAPEHUS U TEPMHUYECKOTO PA3I0KEHUS KUIKOTO TOIUTMBA, CMEIICHHS TTOJTyYEeHHBIX
IPOAYKTOB C BO3yXOM, BOCINIAMEHEHHSI CMECH M COOCTBEHHOT'O TOPEHUH.

3amavya myiabBepuzaluu  (pacmbUICHUS)  3aKIOYAETCs B YBEJIMYCHUH
MOBEPXHOCTU  COMPHUKOCHOBEHUS JKUJIKOCTH C BO3AYXOM, T.e. €CIH Hax
MTOBEPXHOCTBIO JIBHIKETCS BO3IYIIHBIA TIOTOK, TO BCJCACTBHEC TPCHUS MEKIY
MOBEPXHOCTBHIO JKUJIKOCTH M BO3JyXa IMPOUCXOJUT OTPHIB OTIEIHHBIX YaCTHYCK

JKUJIKOCTH OT OCHOBHOM €€ macchl. OJHaKo 5TO MOXKET MPOUCXOJUTH MPHU



OIpEeNIeJICHHON CKOPOCTH JIBHYKEHHS BO3AYIIHOTO IMOTOKA M YEM BBIIIE CKOPOCTh, TEM
WHTCHCHBHEE OyAeT MPOTEeKaTh OTPHIB YACTHUEK KUIKOCTH C TOBEPXHOCTH.
Pacnpiiennpii  TakuM  00pa3oM  Ma3yT B BHJAE KOHYCOOOpa3HOTO TOTOKa
BOpachiBaeTcsi B paboyee MPOCTPAHCTBO MEYU. ITOT MOTOK, COCTOSIIMA M3 CMecU
MENpUAlIMX KaleJeK Ma3zyTa C BO3AyXOM, 3a CUeT TeIUIOTHl B pabouem
IPOCTPAHCTBE, OBICTPO MPOrpPEBACTCs, Ma3zyT UcMapseTcs. UeM TOHbIIE MPOU3BEIECHO
pacmbpUIeHHE Ma3yTa, TEM HHTCHCHBHEE Oy/IeT ero NCIapeHue.

Crnoit mpoayKTOB HCIApEeHHsT Ma3yTa BOCIUIAMEHSIETCS, U BO3HHMKAeT 30HA
ropeHusi, Kotopasi oOpasyer ¢aken. daken mpencTaBisieT coO0H MyTh TOPEHUS
TOIUIMBA, MO3TOMY €ro JJIMHA ONPEAENAeTCs IMPOU3BEACHUEM CpPEAHEH CKOpPOCTU
JBVKCHHSI TOPAIIUX YACTHI] TOIUIMBA Ha BpeMs MX TropeHus. CKOpOCTb JBMKEHHS
rOpALIMX YacTHIl 3aBUCUT OT ad’pOJMHAMHUYECKHX CBOWCTB (pakena, KOTOpbIE
OTIPENIENAIOTCS AUAMETPOM COTUIa (POPCYHKU M CKOPOCTHIO PACTIBLICHHUSL.

JInist pacnibUIeHUsT Ma3yTa, MEPEMEIINBAaHUS €r0 ¢ BO3AYXOM H IMOJIa4d CMECH B
paboyee MPOCTPAHCTBO MEUM HCIOJIB3YIOT CIIELUaIbHBIE YCTPOMCTBA - (HOPCYHKH.
[Ipr TOHKOM pacHbUICHUH Ma3yTa W WHTCHCHUBHOM MEPEMEIINBAHUU €Tr0 Kamelb C
BO3JyXOM MPOUCXOJUT FOPEHUE Ma3zyTa ¢ oOpa3zoBaHueM ¢akena HeOOIbIION ITTHBI.
[Tpu rpyOoM pacmbpUIeHHH M IJIOXOM IEepeMEIIMBaHUM, O0Opa30BaBLIMECS KpYIHbIE
KalUli Ma3yTa HE YCIEBAIOT HCHApUTHCS, B pe3yibTaTe MO Mepe MpOTpeBaHUS
HaOI0AaeTCsl TEPMUYECKHUM paciaj yriieBOJIOPOI0OB, BXOIAIIMX B COCTaB Ma3yTa. JTo
MPUBOJUT K 00Pa30BaHUIO CAKUCTOTO YIIIepoaa B pOpME XJIOMBEB, KOTOPHIE MEJIEHHO
CrOparoT, YTO NPUBOAMT K 3aMEUICHUIO TOPEHMs, YBEJIMUEHUIO JUIMHBI (akena,
NOTEPSIM OT XMMHYECKOM HEMOJIHOTHI rOpeHust (KOMNTALIee IUlaMsi) M MOHMKEHUIO
TEMIEPaTyphl B paboyeM MPOCTPAHCTBE MEUH.

@DOpCYHKH pacHbUIIOT JKUIKOE TOIUIMBO (Ma3yT) CHKATbIM BO3AYXOM WU
napom. Bozaymisbie popcyHKH B 3aBHCUMOCTH OT CTETICHH JABJICHUS BO3/IyXa JENSATCS
Ha (GOPCYHKH HU3KOTO M BHICOKOTO JIABJICHHUSL.

I  puMeHAIOT Takke MeXaHM4ecKHe (OPCYHKH, B KOTOPBIX Ma3yT MOJAETCS MOJ
JIABJICHUEM, W PACHbUIMBAHUE TPOM3BOAMTCSA 3a CUET DHEPTUHU JaBICHUS Ma3yTa U

1EeHTPOOeKHBIX cuil. [IpuHIIMIUanbEHBIE cCXeMbI (HOPCYHOK MTOKa3aHbl HA puUC. 1 1 2.
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Puc.1 ®opcyHka ¢ peryaupyemMbIM TPpUOOBHIIHBIM COIUIOM: 1 — BO3IYyXOBOJ
HOJIOTPETOr0 BO3/AyXa, 2 — IMOep mojaud BO3JayXa, 3— Kopmyc (QOopcyHkH, 4 —

Ma3yTHOC COILIIO, 5 — BEeHTHJIb nmoga4d masyra.
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Puc.2.  JIByxcrynenuatas d¢opcyHka: l—kopmyc, 2—dumaHerny KperuieHwus,
3—KOHMYECKUU BBIXOJA, 4— CMECUTENb BTOPOW CTYIEeHH, 5— maiida peryaupoBKU
nmojayd BO3ayxa, 6— Ma3yTHOE COIUIO, 7— CMECUTENIb MEPBOM CTEIECHH,
8—pacnbumnTeNh TEpBOM  CTymeHW, 9— BeHTWib, 10— TiIra mnepemMenieHus
peryJIMpOBOYHOM 11ai0bI

K ¢dopcynkam HU3KOTO MaBJIeHHS OTHOCSTCS (OPCYHKH, paboTaromue ¢
nanenueM 3 —6 klla. CkopocTh wucTedueHHs BO3ayxa H3 cora (OPCYHKH
kojebnercsa ot 60 1o 75 m/c. Macca Bo3nyxa, mojaBaeMoro B (pOpCyHKy, AOJHKHA

COOTBCTCTBOBATL KOJIIMYCCTBY BO3AYyXa, Tpe6yeMor0 AJIs1 TOPCHHA TOIIJIMBA. I[J'ISI



MIPABUJIBHOTO COKUTaHUS MazyTa (DOPCYHKA JTODKHA COXPAHATH TOCTOSTHHYIO CKOPOCTh
pacnbUIeHUs] TPU Pa3HBIX peXuMax padoThl, 0o0ecrneyrBaTh XOpOIIEe CMEIICHHE
Ma3zyTa C BO3JYXOM M BBICOKO€ MCIOJIb30BAHUE HHEPTUU BO3IYIIHOIO MOTOKA. DTH
OCHOBHBIE TIOJIO)KEHUS 3aJI0KEHBI B MHOTOYHMCICHHBIX KOHCTPYKIHUSX (OPCYHOK
HU3KOTO JIaBJICHUS.

K ¢opcyHkam BBICOKOTO HaBICHHUS OTHOCATCS (POPCYHKH, paboTaronue c
napienreM mapa 500 — 1500 xIla u naBnenuem kommpeccopHoro Bozayxa 600 - 800
klla. CymecTBeHHOE paznuune Mexay GOpCyHKaMHU BBICOKOTO M HU3KOTO JaBJICHUS
3aKJIFOYAETCS] HE TOJIBKO B JIABJICHUM PACHBUIMTENS, HO U B KOJMYECTBE BO3/IYyXa,
pacxoayemoro Ha pacrnbuieHue. B ¢dopcyHkax BBICOKOTO JaBieHHs Osarojmaps
OOJIBIION M MOCTOSIHHOM CKOPOCTU pacmlblieHus, nocturaromeid g0 300 M/c, pacxon
BO3/yXa JUIsl pacIbUICHUS 3HAYUTEILHO MEHbIIIE, YeM (POPCYHOK HU3KOTO JIaBJICHUS U
coctaBisier 8§ — 12% oT koiMuecTBa BO3IyXa HEOOXOAUMOro JJjisi ropenus.[3].
OctanbHOM BO3AyX (BTOPUYHBIM) HEOOXOAMMBIA [UJIsI TOPEHMS, WHXKEKTHPYETCS
(moxcaceiBaeTcsi) M3 aTMocepbl WIM TMOAAETCs BEHTWISTOpoM. Mcmonb3oBaHue
(OpCYHOK BBICOKOIO JIaBJIEHUS MO3BOJISIET BTOPUYHBIM BO3yX MMOAOrpeBaTh A0 Oosee
BBICOKOM TeMITepaTyphl, YTO CIIOCOOCTBYET YJIYUIIICHHUIO MPOIIECCa TOPEHUSI.

O6wnmue KOHCTPYKIMUA (QOpPCyHOK 3arpynHser wux BbiOOp. Ilpu BbIOOpE
(GOpCYHOK HEOOXOIUMO TPHUACPKUBATHCS OCHOBHOIO TIOJIOKEHHUS sl HarpeBa
MeTajuia - He HarpeBath MeTaiul (pakeraoM. BeImoaHeHUs: 9TOTO yCIOBUS TIPU HarpeBe
B KY3HEYHBIX Me4Yax Jierdye NOOUThCA, MpUMeEHssT (HOPCYHKH HU3KOro aaBicHus. B
OOJBIINX TIeYaX, UMEIOUX (POopKaMepy, XOPOIIHe pe3yabTaThl B pab0Te MOKA3bIBAIOT
(bOpCyHKH BBICOKOTO JIABJICHUS.

CnoXHOCTh Mpolecca pachbUIEHUS HE JAaeT BO3MOXKHOCTH IMPOU3BOAUTH
TOYHBIA pacueT (opcyHOK. Pa3mep BBIXOIHOTO OTBEPCTHSI BO3AYLIHOW HACaIKH
COOTBETCTBEHHO KOJIMYECTBY PACIBUIMBAIOLIETO BO3/IyXa U CKOPOCTU €r0 UCTEUEHUS
NpUOIMKEHHO onpesensercs no gopmyram [1]:

JuTst GOPCYHKH HUZKOTO JABICHUS:



U1 POPCYHOK BBICOKOTO IABJICHUS:

d=149 Q
P,

rae Q— pacxoja MaszyTa,

p — JIaBJICHHE BO3/ayXa B (OPCYHKE;

a — OTHOIIEHHE KOJUYECTBa BO3yXa, HAYLIETO Ha paclbUIeHHE K 00ImmeMy
KOJIMYECTBY BO3/1yXa, HIYLIETO HA TOPEHUE;

k — KO3(pGUIMEHT TPOU3BOAUTEIBHOCTH PaBHBIM 35 1i1s1 pocThiX GOpCyHOK U 38
TUs1 GOPCYHOK C BHYTPEHHUM PaCIbUICHUEM;

p, — aOCOJIIOTHOE JIaBJICHHUE.

Corcucanue 2azooopaznozo monauea
['a3000pa3Hoe TOMIMBO sBIsieTCs HauOoyiee YHOOHBIM JUIsl CXKUTaHUS B
HarpeBaTelIbHBIX YCTPOMCTBAX, TaK Kak JIETKas CMEIIMBAEMOCTh I'a3a ¢ BO3JIYXOM U
BO3MOXHOCTB TTOJIOTPEBA CO3/Ial0T HanOoJiee OJIarONPHUATHBIC YCIOBHS JIJIST TOPCHHSL.
["a3000pa3Hoe TOIIMBO Cxkuraercs ¢akenbHbIM criocoboM. Ha pucynkax 3.4,5

MMPCACTABJICHBI CXCMbI I'OPCJIOK TJIA CXKUT'aHUWA ra3006pa3H0r0 TOIIJINBA.

Puc.4. I'a30Bas ropesika npeaBapuTeIbHOIO CMETNBAHUS
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Puc.5. TI'azomasyTHbIe ropenku
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Puc. 6. Cxema daxkena s ra3000pa3HOro TormBa [6]

B — Bo3ayx; I —ras; I,II,11l — 3061 npoaykTOB ropenus.

Crpys raza, BbITEKArollas U3 COIUIA, IIEPEMEIIMBACTCA CO CTPYEW BO3IyXa U
npeBpauiaeTcs B 30HE 1 B CMECh raza ¢ BO3IyXOM. JTa CMECh B 30HE 2 HarpeBaeTcCs
70 TemrepaTypbl BOCIIaMEHEHHs. B 30He 3 MNPOUCXOAUT MPOLECC AKTUBHOTO
ropeHusi. 30Ha TOPEeHHs] OOBIYHO OTPBIBAETCA OT COIUIA TOPEIKM Ha Kakoe-TO
pacCTOSIHME a , CBS3AHHOE CO BpPEMEHEM IpPOrpeBa CMECU J0 TEMIEPaTypbl
BocruiaMeHeHus. Konpurypauus u jyivHa Qaxena 3aBUCUT B OCHOBHOM OT YCJIOBHIA
nepeMemrBanysa. YeM HMHTEHCUBHEE NPOTEKAET NPOLIECC INEPEMEIIMBAHUSA ras3a ¢
BO3/1yXOM, TEM KOpou€e U ropsyee (ake.

CnocoObl cokMraHus raza 3aBUCST OT OCOOCHHOCTEW MX MOBEACHMS B MPOIECCE
ropenusa. [lo »Tomy mpu3Haky Ta3bl JEIATCA HA TEIUIOYCTOWYMBBIE U
TEIUIOHEY CTONYUBBIE.

K TennoycroiumBbeIM Ta3am OTHOCATCSA Ta3bl, COAEpPIKAIIUE BOAOPOI M OKHUCH
yriiepoaa (reHepaTopHbIi raz). binaromapsi TEMI0yCTOMYUBOCTH BOJAOPOAA U OKHCH

yrjepojla Takue Ta3bl COXPAHSAIOT CBOKO MOJEKYJISPHYIO CTPYKTYpy B IMpoliecce



rOpeHus, T.e. HE MOJBEpraloTCsi paclagy Ha aTOMapHbIM BOAOPOJ, YIVIEPOI H
KHUCJIOPOJ.

OTtHolleHue ra3za K TOM WM WHOW TpymIe CYIIECTBEHHO BIUSET HA pa3BUTHE
MPOIIECCA TOPEHUS B LIEJIOM U OMNPEAECISIET TEXHHKY CHKUTAaHUS U KOHCTPYKIUIO
ropenku. Tak, 0OpU CKUTaHUM TEIUIOHEYCTOWYMBOTO MPUPOJHOIO Tasza Mpu
pa3lieNbHOM TIOABOAE Ta3a W BO3AyXa B pabodee MPOCTPAHCTBO IE€YM TOpPEHHE
MPOTEKAET TOJIBKO B MECTaX KOHTaKTa Ta30BOr0 W BO3IYIIHOTO IOTOKOB, T.€.
FOpEeHUe MPOTEKAET HENOCTAaTOUHO ObIcTpo. IIpu :3TOM MeraH, co aepxamuiics B
ra3e, MporpeBasich, MOJABEpracrTcs pacnaay Ha Boaopon u yriaepon. I[locnennuit
BBIICJISIETCS] B BUJIE MEJIKMX YaCTUYEK (CaXKUCTBIN yTaepo1), KOTOpbie, HarpeBasch J10
BBICOKOM  TEMIEpaTypbl, CIOCOOCTBYIOT OOpa30BaHUIO  SIPKO  CBETSILETOCS
HENPO3pavyHoro IiaMeHu. Tako mpolecc Ha3bIBAETCS IJIAMEHHBIM TOPEHHUEM.

[Ipu npeaBapUTEIbHOM CMEMIEHUH MTPUPOJHOrO ra3a ¢ BO3AyXOM, T.€. KOIrja B
paboyee MNPOCTPAHCTBO M€Y IIOCTYMAET Ta30BO3JYIIHAs CMECh, HaOIIOAAeTCs
OecIylaMeHHOE TOPEHUE, TaK KaK B 3TOM CIy4yae FOpEHUE MPOTEKAET OJHOBPEMEHHO
BO BcEM o00béMe cmecu, 0e3 pacmaga MeTaHa, MPAKTUYECKH MIHOBEHHO,
3aKaHYMBASICh Y YCThs FOPEJIKU, U IMIPOCTPAHCTBO MEUYM 3AMOJHAETCS PACKAIEHHBIMU
IIPO3PAYHBIMU ITPOAYKTAMU FOPEHUS C BBICOKOW TEMIIEPATYPOMU.

Ecnn  cxwuraerca TemioyCTOMYMBBIM Tra3, TO HE3aBUCMMO OT crocoba
CMEIICHUS Ta3a C BO3AyXOM Hablto1aeTcs OecriiaMeHHOe TOpeHue.

Mexay STUMH KpaHMMH TOJOXEHHUSIMU (IUIAMEHHOE W OecruiaMeHHOe
TOpPEHHE), ONPEICISIOMIUMU XapakTep TOPEHUs, MOTYT OBITb MPOMEXYTOUHBIE
MOJIO’KEHUS], 00YCIIOBIIEHHBIE COCTABOM C)KUTA€MOI'0 ra3a U KauecTBa CMEILIEHHs Ta3a
C BO3QYyXOM, TMpU OBTOM IuUlaMsi OyIeT pa3IUYyHOM CTENEeHH CBETUMOCTHU
(mpo3paunocTtn) [7].

[Ipouecc cxuranus razoo0pa3HOro TOIUIMBA OCYIIECTBISETCS C IMOMOIIBIO
CHEUATbHBIX YCTPOWCTB - TOPENIOK, KOTOPbIE MOKHO KJIacCU(PUIUPOBATh MO JIBYM
MpU3HAKaAM:

— TI0 MECTY CMELIEHUS ra3a U BO3yXa;

— IIO AaBJICHHIO ra3a.



B 3aBruCcHMOCTH OT MeCTa CMEIICHHUS Ta3a ¢ BO3LyXOM TOPEIKHA MOTYT OBITh:

— BHENIHEro CMEIIEeHMs, Korja B paboyee MPOCTPAHCTBO MOCTYMAIOT paslielibHbIe
MIOTOKH ra3a 1 Bo3ayxa U cMeceoOpa30BaHUE IPOUCXOIUT BHE TOPEIIKU;

— BHYTPEHHETO  CMEIIECHUs, KOrja cMmeceoOpa3oBaHHE  IPOUCXOAUT WIH
MOJTHOCTBIO BHYTPH TOPEIKH WIIH YaCTUYHO;

— MPEIBAPUTEIIBHOTO CMENIEHUS B CHEIUAJIbHBIX CMECUTENSAX JO0 MOCTYIUICHUS B
TOpEJIKY.

[To naBneHWIo ra3a TOPETKH MOTYT OBITh HU3KOTO M BBICOKOTO JaBJICHHUS.
['openku ¢ BHEIIHMM M BHYTPEHHHUM CMENICHHWEM ra3a U BO3JyXa OTHOCITCS K
ropejakaM HU3KOTO JaBiieHus. B Hux ra3 nomaercs moja nasienuem ao 0,02 ar, a
Bo31yx — 10 0,03 ar.

l'openku ¢ mpenBapuTENbHBIM CMEIIEHHUEM Ta3a C BO3AYXOM OTHOCATCA K
ropeJikaM BBICOKOTO JiaBiicHus. OHM paboTaroT ¢ JaBjieHHeM rasa jo 1,5 at.[6].

['openku ¢ BHYyTPEHHUM CMEUIEHUEM raza W Bo3jJyXa JaloT KOPOTKHUMl (aken u
MOPTOMY UWX HWHOTJAa Ha3bIBAIOT OeCIUlaMeHHbIMU. [Openku ¢ BHEUIHUM W
MpeABAPUTEIILHBIM CMEIICHUEM ra3a U BO3/lyXa JAl0T CPABHUTENIBHO JJIMHHBIA (Dakesn
— UX Ha3bIBAIOT MJIAMEHHBIMU.

Boibop ropenku s CKMraHusi razoo0pa3HOrO TOIUIMBA OO0YCIaBIMBAETCS
B3aMMOCBSI3bI0 TEXHOJIOTUYECKHUX, IKCILTYyaTal[MOHHBIX U SKOHOMUYECKUX YCIOBUH.
[Ipn mpoeKkTHUpOBaHWM HArPEBATENIbHBIX IeUel OOBIYHO BBHIOMPAIOT (OPCYHKH U
TOpEJIKH, UCTI0JIb3YSl HOPMAJIM30BAHHBIE UX PAABI MO KaTajoram [4, 14]. B Hactosiee
BpEMsl  3alpellaeTcsl HCHOJb30BAHHE  TOIUIMBOCKHUTAIOIIMX  YCTPOMCTB, HE

MpomcaAmMnuX rocy1apCTBECHHOC UCIIbITAHUC.

Jekmus Ne 3

Il1an Jeknuu:
lsuoicenue 2azos 6 pabouem npocmpancmee. Omeood ObIMOBLIX 2d308 U3
HazpesamenbHo2o ycmpoticmea. OcHosHble cnocobwl nepedadu mena. Tenioobmen 6
pabouem npocmparcmee nedu. Jlsudicenue 2az08 6 pabouem NpPoCmMpaHcmee

HazpesamelbHOo20 ycmpoﬁcmea



[Ipu coxuranum TOmIMBa OOpa3yloTCA MPOAYKTHI TOpPEHHs (JABIMOBBIE Ta3bl),
KOTOpbIE SBJISIFIOTCS OCHOBHBIMHM TEIUIOHOCUTENsIMU. OT Xapakrepa UX JIBUKCHHS
3aBUCAT paclpesiesieHne TeMIeparypbl W JaBlieHHA B pabodYeM MpPOCTPAHCTBE
HArpeBaTeIbHOr0 yCTPOMCTBA, WHTEHCUBHOCTh TEIUIOOOMEHA, T.e. XapakTep
JNBIDKEHUS JIBIMOBBIX Ta30B BO MHOTOM OIpEAEN€T CTENEeHb IOJIE3HOTO
UCTONBb30BaHUsI  TEIUIa, KAadyecTBO HArpeBa MeTallla U MPOU3BOJIUTEIIBHOCTD
HarpeBarenbHOro ycrpoicta [1]. Takum oOpa3om, ropeHue TOIUIMBA U JABH)KCHHE
JBIMOBBIX Ta30B — ATO OCHOBHBIE (DAKTOPHI, OT KOTOPBIX 3aBHCHUT TeIUioBas paboTa
HarpeBaTesIbHOTO YCTpoWcTBa. [IBMKEHHME Tra3oB B HarpeBaTelbHBIX YCTPOMCTBaX
MOJKET OBITh CBOOO/IHBIM (€CTECTBEHHBIM) U BBIHYK/ICHHBIM.

CB0oOOIHOE MBIKEHHE Ta30B B I€YaX MPOWCXOJUT Ha OCHOBE Pa3HOCTU
yIEIbHBIX BECOB TIa30B BCJEICTBUE PA3HOCTH TEMIIEPATyp B Pa3IMUHBIX TOYKaX
pabouero  mpoctpanctBa.  CBoOOJHOE ~ JABMXKEHHE  Ta3oB  HaOJrogaeTcs
NPEUMYIIECTBEHHO B IE€YaX C CaMOTATOW, paOOTAIOIMIMX Ha TBEPIOM TOIUIMBE, T.C.
KOTJa BO3/yX IMOJAETCA U3 aTMOC(EPHI MO KOJOCHUKOBYIO PEILIETKY €CTECTBEHHBIM
HaropoM [6]. Uem Oomblie pa3HOCTh TEMIEpPATyp B OTIECIBbHBIX YaCTAX MNEUHOU
CHCTEMBI, TEM OO0JIbIIIE TEOMETPUUECKHE HAMTOPHI ¥ TEM UHTEHCUBHEE JIBUYKEHUE Ta30B.
Cxema TEYHOH YCTaHOBKHM CO CBOOOJHBIM [JBIKEHHEM TIa30B, paboTaromias Ha

TBEPAOM TOILIMBE, TOKa3aHa Ha puc. /

Boaayx
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Puc.7. Cxema ne4Hoi yCTaHOBKH C €CTECTBEHHBIM JIBH)KEHUEM ra30B

[Tpu pabote neun Bce pabouee MPOCTPAHCTBO 3aMOJHEHO MPOTYKTAMU TOPEHUS
TOTUTMBA, KOTOPBIE HEMPEPHIBHO ABMKYTCS M3 TOMKU 1 B pabouyio kamepy 2, oTcroaa

yepe3 KaHajibl 3 B MOJ MOJOBYH Kamepy 4 u Mo JIbIMOoXony 5 uepe3 TpyOy O B



atmocdepy. Takoe ABWKEHHE Ta30B BO3HHKAeT Ojarojmaps Hamopy, KOTOPBIN
oOpasyeTcst cTonbamMM Ta30B 3a CYET PA3HOCTU MX TeMmmepaTyp W BbICOT. s
HOpPMaJIbHOW pabOThl NE€YH HEOOXOAMMO IIOJIHOE PAaBHOMEPHOE 3allOJIHEHHE €€
paboueii KaMepbl, YTO BO MHOI'OM 3aBUCHUT OT MPABUIIBHOTO PACIIONIOKEHUS KaHAJIOB.
Ecnu B camMOM HarpeBaTeIbHOM YCTPOWCTBE JIBUKEHHE ra30B MPOMUCXOJIUT 3a CYET
€CTECTBEHHOI'O HAIlopa, TO 3a IE€YbI0 B JBIMOXOJI€ JBHUYKEHHE JBIMOBBIX TIa30B
IPOUCXOAUT 3a CUET pa3psKEHUs], CO3aBaeMOro JbIMOBOM TpyOoil. Tsara co3naercs
JIBIMOBOW TPyOOW BCJIEICTBHE TOrO, YTO TOpSYME ra3bl B HEW JIEr4e OKPYKAOIIErO
aTMOoc(hepHOro BO3/lyXa U MO3TOMY IOJHUMAIOTCA 110 TpyOe BBEPX U BHIOPACHIBAIOTCS
B aTMoc(epy; BHU3Y TPYObI 3TO BBI3BIBAECT Pa3psHKEHUE, KOTOPOE OyAeT TeM OoJblie,
YyeM BbllIE TpyOa U TeMiiepaTypa JbIMOBBIX T'a30B [6].

Opnako B OOJNBIIMHCTBE COBPEMEHHBIX HAarpeBaTelbHBIX  YCTPONCTB
IPOUCXOIUT TPUHYAUTEIbHOE (BBIHYKIEHHOE) JBUKEHHE Ta30B, CO3[aBAEMOE
CTPYSIMHU, BBIXOISIIUMHU U3 TOpesiok ((hOpPCYyHOK), a Takke Pa3sHOCTHIO JaBJICHUI
ra3oB, KOTOpasi CO3/1a€TCsl BEHTUISITOPOM, IbIMOBOM TPyOOH HIIU ABIMOCOCOM.

BbIHYX/I€HHOE JABMKEHUE Ta30B OTJIMYAETCA OT CBOOOJHOIO HE TOJBKO IO
IPUYMHAM, BBI3BIBAIOLIUM €ro, HO U MO CBOeMy pexumy u ¢opme. Ilpu manbix
CKOPOCTSIX Ta30BbIil MOTOK COCTOMT KakK Obl M3 OTAENBHBIX CTPYEK, ABMXKYIIMXCS
napajjielbHo  Ipyr Apyry. Takoe JABMKEHUE HaA3bIBa€TCAd  JIAMUHAPHBIM.
Habmronaercss oHO mpu CBOOOJHOM JBMKEHUHM Ta3oB B II€4ax U COINPOBOXKIACTCA
HE3HAYUTENIbHBIM CMEIIEHHEM ra3oBoil cpeabl 3a cuerT Auddysuu. [Ipu Oonbimx
CKOpOCTSIX JBI)KEHUE CTAHOBUTCS OECHOpSAOYHBIM, BUXPEOOpa3HbIM M HA3bIBACTCS
TypOyneHTHbIM. [Ipu TypOyleHTHOM pexuMe CMEUIeHHE MPOTEKAeT HHEPTUYHO He
TOJIBKO 3a cueT AU y3uu, HO U TypOyJIEHTHOCTH.

[Ipy BBIHYXIEHHOM JBI)KEHHH Ta30B aTtMocdepa pabouero MmpocTpaHCTBA
HarpeBaTesIbHOI0 YCTPOWCTBA MPUOOpPETaeT JBUKEHHWE, UHTEHCUBHOCTH KOTOPOIO
3aBUCUT OT COOTHOUIEHHUS pa3MepoB paboyel Kamepbl U CTPyH, HAIlpaBIICHUS ee,
pacrosoxeHus: ropesiok (POopCyHOK), CKOPOCTH CTPYH.

IIpu Gonbiiom oObemMe pabouelt KaMephbl HarpeBaTelbHOIO YCTPOMCTBA, KOTJa

pa3Mepsl (TIoTepeyHoe CEYCHHE) CTPYH Tra30B HEBEIWKH MO CPAaBHEHUIO C KaMEPOH,



HaOroaeTcst pe3ko ouepueHHas ¢opma crpyu. [lpu BbIXOAE CTpyH U3 TOpEIKU
(popcyHku), Mo Mepe ee yaaiaeHusi OT COIUIa, CKOPOCTh CTPYH YMEHBIIAeTCs, a
IJIOIIAIb IONIEPEYHOrO CEUYEHMS YBEIMYMBACTCA. TaKoe M3MEHEHME, MPOUCXOMAIIEE
CO CTpyeH, OOBIICHSIETCS IEHCTBUEM CHJI TPEHHSI TOBEPXHOCTHOTO CJOS IBHXKYIIETOCs
MIOTOKA C OKpY Karollel HEMOJABHKHOU cpenoi. CKOPOCTh UCTEUYEHHUS CTPYH IO €€
CCUCHHMIO HEOJMHAKOBAasl. BHEMHMN CIOW JABWXKETCA € MEHBIIEH CKOPOCTBIO.
BcnenctBue 3Toro BHEIHUE CI0OM OyIyT OTBETBISTHCS OT CTPYU U MEepeMenaThes K
MECTy €€ BBIXOJAa M3 COIUIA, T.€. TyJa, IJ€ BO3HUKACT IOHM)KCHHOE [IaBJICHUE.
ATMocdepa HarpeBaTeJIbHOIO YCTPONCTBA MPUOOPETAET NBUXKEHUE, UHTEHCUBHOCTD
KOTOPOI'O 3aBUCUT OT COOTHOLIEHHUS pa3MepoB paboueil kamepbl U cTpyd. Takum
o0Opa3om, pazMmepbl paboyeil Kamepbl JOJDKHBI ObITh TAKMMH, YTOOBI BCS aTMocgepa

1eyu OblIa B JABHUKXCHHNU.

HAYANLHLI Y9ACTOK | OCHOEHOH VHACTOR

Vimax=1v1l Vnax-=wo
ot} -

PucvHOK 8 - CXeMa IBHAEHHA IA20B B CEODOJHOM IPOCTPAaHCTBE

Baxxunoe 3maueHue i1 Oojlee HMHTEHCHUBHOIO [BVO)KEHHS Ta30B IIEYHOU
aTMoc(epbl HMeEeT pacmnoyiokeHue ropenok (popcynok). Ha puc. 9 mnokazansi

BO3MOYKHBIE BAPUAHTHI PACTIONIOKEHUS TOPEIOK ((POPCYHOK).
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Puc.9 Cxema nBWXeHUS Ta30B B 3aBUCHUMOCTH OT PACHOJOXKEHHS TOPENOK WIIU
dhopcyHOK

[Ipu HU3KOM pacmnojiokeHUUu ropeiok (popcyHok) Oyner MpouCcXoaUuTh He-
PaBHOMEPHBII HArpeB MeTasIa BCIAEACTBUE MPSAMOro AeicTBus (akena. [Ipu BeiIcOKOM
pacnoJyioc)keHuu ropenok (hopcyHok) (cMm. puc.9,0) ra3oBblil IOTOK HE HArpeBaETCs
MOJIHOCTBI0, TaK KaK YXOJWT MPSMO B JBIMOXOJl, U TPOUCXOIUT TIOBBIMICHHOE
paspsbKeHHMe Ha MOy Te4Yd U, CJEJA0BaTEeNbHO, IOJICOC XOJOJHOTO BO3/IyXa.
ParnronanbHBIM pacronoxkeHueM ropeiok ((popcyHOK) SIBISETCS MX PACIOJIOKEHUE
MOCepeANHE BBICOTHI pabodero mpocTpaHcTBa medu (cM. puc.9,B).

Ha naBuwxenue armocdepsl B paboyeM MPOCTPAHCTBE HArpeBaTEIBHOTO
YCTPOWCTBA OKa3bIBa€T, M CKOPOCTh HCTEUYCHUS CTpyH. Uem BBIIIE CKOPOCTh
WUCTEUYCHUS CTPYH, TEM HWHTEHCHUBHEE ¢¢ IUPKysusa. OTHAKO ¢ yBEIHYECHUEM
CKOPOCTHU CTPYH PE3KO IMOBBIIIAETCS Pa3HOCTH JAABJICHUM O JJIMHE pabouel KaMephl,
a 9TO MOXXET MPUBECTU K OTPUIIATSIIBHOMY JaBJICHUIO HA MOy MEUH.

Kak mokaseiBaeT mpakTuka, A XOpoliel paboTel meyr HeoOX0IUMO, YTOObI
JIaBJICHHME Ha MOy IMeUr ObLIO HECKOJIBKO BBIIIE aTMOC(EepHOro, T.€. Ieub padoTaia C
"MOJIOKUTENBHBIM IaBJICHUEM', @ IABJICHUE HA MOAY MEYU PACTET MPOMOPIHUOHAIBHO
CKOPOCTH HCTEYCHHsS CTpyH. Takum o0pa3om, MaBjieHWE Ha TOJy IeYHd MOXKHO
pEeryJIupoBaTh CKOPOCTHIO UCTEUCHUS CTPYH.

B HarpeBaTenpHBIX YCTpOMCTBaX ¢ paboyuMu KamMepaMHu OTHOCHUTEIHLHO
HeOOoIbIIOr0 00BEMa NBUKEHHUE Ta30B PE3KO HM3MEHSETCS, TaK KaKk Ha OJIM3KOM
paccTtossHUM OT corula (Gopma CTpyd OBICTpO HapyliaeTcs, W oO0Ias KapTuHa

YCTaHOBUBIIIETOCS JBMKEHUS TTEUYHOM aTMOC(hephl HE MOAMAETCsT pacueTy.



Omeo0 0bIMOo6bIX 2a306 U3 HAZPEBAMETIbHOZ20 YCHPOUCHEA

B ocHOBe nMHaMHKM Ta30B JIEKAT ypaBHEHUS HEPA3pPhIBHOCTH IMOTOKA ra3a U
JBIKEHUS TA30B. Y paBHEHHUE HEPA3PHIBHOCTH JIJIS IBYX JIOOBIX CEYECHUH TTOTOKA rasa
uMmeer Buj [6]:

pRe = p,F0,;
TA€ p,; 0, — IUNIOTHOCTb ra3a B 1-M U 2-M CEYCHUSIX;
F,;F, — IJIOIIAI1 CCUCHUH;
@,;w, — CKOPOCTHU UCTEYEHUS ra30BOr0 IOTOKA.

Ecnu npeneOpedsb M3MEHEHHEM TIJIOTHOCTH T'a3a U MPHUHATH MPUOTHKEHHO, YTO
IUIOTHOCTh Ta3a Uil JBYX CEUEHUMM IIOTOKAa paBHA, TO COIJIACHO 3aKOHY
HEPA3pbIBHOCTU JBWXCHUS MPOU3BEICHUE IUIOMIAAM IIONEPEYHOTO CEUYCHUS Ha
CPEIHIOI0 CKOPOCTH IMMOTOKA €CTh BEJIMYMHA TOCTOSIHHAS U PaBHAs pacxoy:

Fao =F,0, =V, =Const;
rae V., — CeKYHIHBIA pacXxoJ] ra30BOU CPEIBI.

TOFI[EI CpCAHAA CKOPOCTh ABUIKCHU I'a3d B JIFOOOM CCUEHHU IMOTOKA 6y,Z[€T paBHa [7]

Takum 00pa3om, 3aKOH HEPA3PBIBHOCTU MOTOKA Ia3a CBSA3BIBAET JIBA MMapaMeTpa
JBHKEHUS: IUIOIIAJb MOIMEPEYHOr0 CEeYeHUs U CKOpocTh. OHAKO B NEPEMEHHOM
CEUCHHUH M3MEHseTcs U JaBiieHue. g pacuéra HeoOXOAMMOro JIaBjIeHHs B pabodyeM
MPOCTPAHCTBE HArpeBaTEIbHOTO YCTPOMCTBA TMpU JIBMOKEHMU Ta30B B HEM C
OTHOCHUTENIBHO HEOOJIBIION CKOPOCTHhIO MPUMEHUMO YpaBHEHHUE ABMKEHUS Ui MOTOKA

peanbHOTO Ta3a (ypaBHeHue bepuyim): [1]

2

2
M=Zz,o+P2+a)2p+h
2q 2q

Z,p+P +

nom

rae Z,p;Z,p — TEOMETPUYECKUE HAMNOPBl, BBIPAKAIOMINE DHEPIUI0 TOJIOKEHUS,

OTHeCeHHYI0 K 1 M3 gBmKyIIerocs rasa, Ui EPBOrO M BTOPOTO CEUEHUS KAHAJIOB;

P;;P, — CTaTUYECKHME WM MbE30METPUUYECKUE HAMOPBI, BHIPAKAIOIINE SHEPTHUIO

JIaBJICHUSI;
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— AMHaAMHUYCCKHUC WJIM CKOPOCTHBIC HAIIOPbI, BbIPAKAOIMINC KMHCTUYCCKYIO

SHEPTHIO;

h om  HOTCPA HAIIOpa Ha IPCOOOJICHUC COHpOTHBJ’ICHHﬁ JABHKCHHIO I'a30B HaA IIYTH OT

n
IIEPBOTO 10 BTOPOTO CEYEHUS KaHaJIa.

[IpuBeneHHOE ypaBHEHUE MOXET OBITh MPUMEHEHO TOJBKO ISl YIACTKOB C
OTHOCHUTEIILHO HEOOJIBIIINM U3MEHEHHEM TEMITEPATYPHI.

[ToTtepssHHBIN HAMIOP OMNPENEISIETCA KaK CyMMa ITOTE€Ph HAMIOPOB HA TPEHUE ra3a
O CTEHKHM KaHalla, MECTHbIC COINPOTHUBIICHUS (MOTEpU JIaBJICHUS HAa MOBOPOTaX, B
CY)KCHHMSX W pacIIMpeHHUsX, mubepax, 3acJOHKax U T.JI.), a TakKKe T€OMETPUUYCCKUM
HAIIop:

Nom =N, +h,. +h,

[lorepu naBieHUsT HA TPEHHUE IO JJIMHE MNPSIMOJUHEWHOTO YYacTKAa PAaBHbI
pPa3HOCTA TIOTCHIMAJBbHOW SHEPrUM B HAYaJIbHOM W KOHEYHOM CEUYCHHSIX,
oOpasyrolieicss BCJICACTBUE TPEHHS O CTCHKM KaHaja. OTH TIOTEPH  IIPSMO
MPONOPLUOHAIBHBI JUIMHE Y4YaCTKa, CKOPOCTHOMY HANoOpy M IUIOTHOCTH Tras3a |
0o0OpaTHO MTPOMOPLUHOHAIBHBI THAPABINYECKOMY JUaMEeTpy. MaTeMaTUuecKd HTO

BbIpakaetcs Gopmynont Hapceu [3]:

A-Lo’p
hpp ="
d-2g
rne A — Kod(pUIMEHT TpeHus, 3aBUCAIUMNA OT Kpurtepus PeitHompaca wu

LIEPOXOBATOCTH CTEHOK KaHana: UId KUPHNUYHBIX CTEHOK A=0.03-0.05, mua
MeTtaummueckux A =0.02-0.04;
L — qirHa BRIOPAHHOTO YYaCTKa;

d — NpUBEACHHBIN TUAPABINYECCKAN IUaMETp KaHaJIa.

[ToTtepu naBieHus, CBSI3aHHBIE C TIPEOJOJIEHUEM MECTHBIX COMPOTUBIICHUM,
3aBHUCST OT CKOPOCTHOT'O Haropa u 0COOCHHOCTEH MECTHOTO COMPOTUBIICHUS [7]

_ kAL’ p,(L+ B1)
MC d Zg !




riae «,— Ko3((UIMEHT MECTHOTO CONPOTUBIICHUS;
B — TemnepaTypHbId KO3pUIIUEHT 00bEMHOTO PaCIINPEHUS;
t — cpenHsist TemnepaTypa ra3oBoil Cpeibl.

Koa¢dduimentr MecTHOro COnpoOTHUBIECHUS 3aBUCUT OT: BHJA MECTHOIO
COIIPOTHUBIICHUS, TE€OMETPUUECKUX pPa3MEpPOB, CTENEHH OTKPBITUS, KpUTEpUs
PeitHonb/ca (B HEKOTOPBIX CITydasix).

[Torepu reoMeTpuUECcKOro JaBJeHUs, CBI3aHHbBIE C OIyCKAaHUEM IOpsiUYUX T'a30B
BHU3 Ha ri1youny H, onpenenstorcs mo ¢popmyse [7]:

h.=H(p, - £,)9;
TI€ p,;p;, - COOTBETCTBEHHO INIOTHOCTH aTMOC(EPHOTO BO3/lyXa U JIBIMOBBIX I'a30B.

IloTepu naBneHUs HA TPEHUE U MECTHBIE CONPOTHBIICHHS CKJIAIbIBACTCA B
COOTBETCTBUM C IPUHLUIOM HAJIOXKEHHUS MOTEPb, T.€. MOTEPU HANopa B KaHaie
paBHBI apUPMETHUECKON CyMMe 000MX BUJOB MOTEPb.

CoBpeMeHHbIE HarpeBaTelbHbIE YCTPOMCTBA pabOTAIOT C MNPUHYAUTEIbHBIM
IBUKEHUEM Ta30B, KOTOPOE OCYILECTBIISIETCS JABIEHUEM, CO3/1aBAEMbIM I'OPEIKAMHU
win  (QopcyHKamMH. OTOrO JaBJICHUS BIIOJIHE JOCTATOYHO [UISl TIPEOIOJICHUs
CONMPOTHUBJIECHUS ABM>KEHUS Ta30B. [103TOMy BMOJIHE TOCTATOYHO PacCUUTATh TOJIBKO
Ty 4acTh HarpeBaTeIbHON YCTAaHOBKH, KOTOPAsi OTBOJUT ABIMOBBIE Ia3bl U3 pabouyero
IPOCTPAHCTBA: CEYEHHE ra30BbIX KaHAJIOB B MOy pabouell KaMephl; AIMOXOAa, T1e
ra3bl IBHOKYTCS 3@ CUET pa3psKEHUS, CO3/1aBaEMOTro IbIMOBOM TPYOOH.

CeueHne ra3oBbIX KaHAJIOB B MOy ME€YH U CEYEHUE JBIMOXOJI0OB ONPEIEISAIOTCS
UCXOJI U3 CPEAHEH, MPUBEAECHHON K HOPMaJbHBIM YCJIOBHSIM, CKOPOCTH JIBIMOBBIX

ra3oB 1o popmyse:

rae f— IIomans cedeHus KaHaIoB MU JAbIMOX0/a, M2,
V, — KOJMYECTBO JBIMOBBIX TIa30B, YXOJAIIMX 4Yepe3 KaHAIbl MM JBIMOXOJ
(cekyHAHBI pacxon), M°/c;

o — CpCAHsd MPUBCACHHAA K HOPMAJIbHBIM YCJIOBUSM CKOPOCTDb IBIMOBLIX I'a30B, Mm/c.
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Puc.10. /IBm>keHune ra3oB B BO3yXOBOAAX

IIpu ecTecTBEHHOMN TATre€ CKOPOCTh JBHMKEHUS JABIMOBBIX I'a30B NPUHHMAIOT B
KaHanax noja neuu — 3...4 m/c, B apiMoxonax — 2...3 M/c. CedeHue y OCHOBAHMUS
JBIMOBOM TPYOBI ONpeAeNAeTCsl HCXOASl U3 CKOPOCTH JIBIMOBBIX T'a30B B HEM, PABHOM
2,5..3 m/c. BeicoTy TpyOBl B MEpBOM NPUONMKEHUH NPUHUMAIOT PAaBHOW 2-TH
IyaMeTpam TpyObl y OCHOBaHUS WU ONpeAessitoT o ¢popmyne Jlanre [1]:

4.1
T

H =15 +10m

rac fo — IuIomaab IOIICPCUYHOIO0 CCUCHUA TPY6I>I Y OCHOBAHHUAI.

Onnako Tpy0Oa momkHA OBITH BBICOTOM HE MeHee 16 M. J[piIMOBBIE TPyOBI
MOTYT OBITh KHPIIMYHBIC, METaJUIMYECKHe, Kelie300eToHHbIe. Kupnudaabeie TPyObI
UMEIOT KOHYCO0Opa3Hywo (opMy (auamerp y ycThsi TpyObl B 1,5 pasa MeHbIle
nuametrpa y ocHoBanus). OHM Oojiee JONATOBEYHBIE, HO M Oojiee goporue. Bricora
JBIMOBBIX TPYO ISl HArpeBaTeIbHBIX Meueil 00praHO paBHa 30 — 70 M B 3aBHCHUMOCTH
oT MomHOCTH Tieur. OCHOBHOE Ha3HA4Y€HUE JABIMOBOM TPYOBI — CO3/1aTh pa3psuKEHUE
(TsIry), HEOOXOAMMOE JIJIsi OTBOJIA MTPOIYKTOB TOPEHUS TOTUTHBA. 3HAsI BHICOTY TPYOBI
U TONB3YSACh YpaBHCHHEM bepHy/UM, MpH yCIIOBHH, YTO TEMIlepaTypa B TpyoOe
MOCTOSTHHA M paBHA CPEIHEMY 3HAYCHHUIO TEMIIEPATyphbl JBIMOBBIX Ta30B BHHU3Y H
BBEpXY TPYOBI, onpeiensieM pa3psbKeHre, co3iaBaemMoe TpyOooi, mo ¢popmyiie [1]:

2 2 2 2
a)chp_'_a)lpcp_h

AP=H, —Py) ;
mp (IDK pr) Zg Zg nom

Kaxk BUJIHO H3 (I)OpMYJ'H)I, OCHOBHOC BJIMAHUC HA BCIIMYMUHY TATU OKA3bIBAIOT

BbICOTA pr6BI H Pa3HOCTDb IVIOTHOCTEHU BO3ayXa U JbIMOBLIX I'a30B.



Ecnu AbIMOBast pr6a OTBOJUT ABIMOBBIC I'a3bl OT HCCKOJIBKHX Heqeﬁ, ro €€

pacuyeT MPOMU3BOAHTCA II0 HaI/I6OJIBHICMy HGOGXOI{I/IMOMY pPaspsAKCHHUIO, a HE IIO

CyMME Pa3psKEHNUN BCEX IEYEH.
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Puc. 11 — Cxema nBmKeHus Ta30B B JAbIMOBON TpyOe; A. Kupnuunas npimoBas
TpyOa: 1-gpyHnament; 2-3a3eMieHue; 3-CTBOI; 4- CTSKHBIC KOJIBIIA;
5-TOKOOTBOJIAIINMA Kabeab; 6-cBeTodopHas IJIOIIAAKa; 7-MOHUSTIPUEMHHUK;
8-tdbyTepoBka; 9-moaBoasIIHIA OOPOB,

b. I'paduk ms onpenenenus BeicoTl H apiMoBO# TpyOBI (Ah —pazpsikenue).
Temmneparypa IpolyKTOB TOPEHUS 110 BHICOTE

Pazpsikenue, co3maBaemMoe JBLIMOBOM TpyOOM, OKa3bIBAET CYIIECTBEHHOE
BIIMSIHUE HA IPOU3BOAUTENBHOCTh HArpeBaTENIbHOIO YCTpOMCTBA. Tak Kak s
HarpeBa MeTajuia TpeOyroTcs OIpeleNIeHHbIE 3aTpaThl TOIUIMBA, TO JABIMOBOW MYTh
JOJDKEH HMETh ONPEIEICHHYI0 MPOIMYCKHYI CIOCOOHOCTh. JlOMOJHUTENBHO
MOBBICUTH IPOU3BOAUTEIBHOCTD II€YM MOXKHO B TOM CJIy4ae, KOI/1a eyb UMEET 3arac
Taru. [loaToMy nAeHCTBUTENbHOE pa3psKEHHE, KOTOpOe AOJDKHA co3AaTh Tpyoda,
npuHUMaeTcs Bbile pacuetHoro Ha 10-20 %.

B orTmenpHBIX cilydasx s OTBOAA JbIMOBBIX TIa30B OT HarpeBaTeIbHBIX
YCTPOMCTB NMPUMEHSIOT HCKYCCTBEHHYIO TATY, KOTOpash MOXET ObITh MPSMOW WM

KOCBEHHOU. B 9TOM ciydae BeicOoTa TpyOBI HE UTPAET OOJBION POIIH.



IIpy mpsMoM TAre OBIMOBBIE Tasbl M3  JABIMOXOJA  3aCachIBAKOTCS
HEMOCPEICTBEHHO BEHTUJISATOPOM (IBIMOCOCOM) M BBIOPACHIBAIOTCS B  PSAAOM
CTOSIIITYIO JBIMOBYIO TPYOY.

[Ipy KOCBEHHOU TAre B JABIMOBYIO TpyOy uepe3 KOHMYECKYIO Hacajaky
BIyBaeTCsl BEHTWIATOPOM BO31yX. biarogapsi KOHMUECKON HacaJke BO3AyX IOCTyHaeT
B TpyOy ¢ OOJBIIOI CKOPOCTHIO, YBIEKasi 32 COOOM ABIMOBBIC Ta3bl. VIcKycCTBEHHAS
TAra OOBIYHO MPUMEHSETCS B TE€X ClIyyasX, KOTrJa JbIMOBas TpyOa He JaeT Hy»KHOTO

pa3psHKCHHUS.

OcHogHble cnocoobl nepedauu mena

[Ipomecc Temonepenayn, T.€. TMPOIECC PACHPOCTPAHEHHUS B IMPOCTPAHCTBE
TEIJIOBOM SHEPTUHU SBISICTCS OJHHUM M3 OCHOBHBIX ITPOIIECCOB, MPOUCXOJISIINX B
HarpeBaTeNIbHBIX YCTPOMCTBax. PacmpocTpaHeHre TEIUIOBON HSHEPTUU CBSA3aHO C
pacmpeneseHueM TEMIEpaTypbl B IMPOCTPAHCTBE WM C TEMIIEPATyPHBIM ITOJIEM.
TeMneparypHoe Mmojie MOXKET HU3MEHSAThCA HE TOJIBKO B IPOCTPAHCTBE, HO U BO
BpeMeHHU. Takoe 1moJie Ha3pIBaeTCs HECTAIIMOHAPHBIM HIIH HEYCTAaHOBUBIIIMMCS.

Temnmo, kKak W BCSIKH BHUJ SHEPTUM, PACIPOCTPAHSECTCS B HAIPABICHUU OT
OoJjiee BBICOKOTO TMOTEHIMAda K Ooyiee Hu3koMmy. KoimuecTBOo Terura, KOTOpoe
nepemaéress B TEMIEPAaTYpHOM TIOJie B KaKOM-JTMOO HaIpaBiICHUHM, Ha3bIBACTCS
TEIIJIOBBIM IMTOTOKOM M UMEET pa3MepHOCTh BT /M.

[Tpomecchl Temonepenayn M TETUIOOOMEHA, TMPOUCXOAAIINE B IPHUPOIC
BOOOIIIC ¥ B HArpeBaTeNIbHBIX YCTPOHMCTBaX B YaCTHOCTH, OYCHBb CIOXKHBI. C IIEIBIO
VIOPOIICHUS WX HW3YYCHHS BBEJACHO IOHATHE O TPEX BHAAX TEIUIONEpEIauH:
W3JIydCHUEM, KOHBEKIMEH W TEIJIONMPOBOAHOCTBIO, KaXABIH W3 KOTOPBIX HMEET
CBOIO IPUPOJTY M MEXAHU3M IepeHOca Tera.

TerutoBoe W3MydYeHUE MPEACTABISICT COOOW MPOIECC PACIPOCTPAHCHHS Terlia
MOCPEJICTBOM TIEpPEeaul DHEPTUU DJICKTPOMATHUTHBIMH BOJIHAMH YEpe3 Ta30BYIO
CpeIly WJIH BaKyyM.

KoHnBekIueit Ha3pIBaeTCs MEPEHOC TEIUIOTHI OT 00JIee HArpeToro Teja K MeHee

Harpe€rtomy B pPE3YJbTATC ABWKCHHUA TCIIJIOHOCUTCIIA (I[BIMOBBIX ra3oB, BO31yXa,



KUIKOCTH). VHTEHCHMBHOCTHh TEIJI0OOOMEHAa KOHBEKITMEH 3aBHCHT OT CKOPOCTH H
XapakTepa IBWKEHUS TETJIOHOCHUTEIIS.

TennonpoBOAHOCTH — 3TO MPOIIECC MepeIavu Teria OT 0oJiee TOPSAICH JYacTh
Tejaa K 0oJiee XOJOIHOM 3a CUET YBEIIMUYCHUS WHTCHCUBHOCTH TEIUIOBBIX KOJICOaHMM
MEHEE HarpeThIX YacTHI[ Tejda TPH WX B3aUMOJICHCTBHHM ¢ 0oJiee HarpeThIMH
YaCTHIIAMH.

TeroBoe u3mydeHHe CBOMCTBEHHO BCEM TelaM M KaXKJ0€ U3 HUX HM3ITydacT
DPHEPTHIO B OKpYXalomee MpocTpaHcTBO. [Ipu momagaHuu Ha Jpyrue Tema dTa
DHEPrus YaCTUYHO IIOTJIONIACTCS, YACTHYHO OTPAXKACTCSd W YaCTUYHO IPOXOJHT
CKBO3b TeNlo. YacTh JIyYUCTON HHEPIrHH, KOTOpas IOTJIOIIACTCS TEJOM, CHOBa
IpeBpaIIaeTcs B TEIUIOBYIO SHEPIHI0. DHEPTHUs, KOTOpas OTpaKaeTcs, MOIagaeT Ha
JIpyTyue Teina W IorJionaercs uMu. To ke camMoe MPOHMCXOJUT M C TOM DHEPTHEH,
KOTOpasl TMPOXOJUT CKBO3b Telo. TakuM oOpa3oM, TOCie psijgaa TOTJIONICHUHA
u3ydaeMasi SHEPTHs MOJHOCTBIO PaCHpEesIeTcs MEXIY OKPYKAIOMUMH TETaMH.
CrnemoBaTelIbHO, KaXK/10€ TEJIO HE TOJBKO HEMPEPHIBHO H3JIy4YaeT, HO U HEMPEPHIBHO
MOTJIONIACT JIyYHCTYIO JHEpPruto. B pesynapTaTe STHUX IMPOIECCOB, CBS3aHHBIX C
JTBOWHBIM TPEBpAIICHHEM JHEPTUHM, W OCYIICCTBISACTCS MPOLECC JyYHCTOrO
Ter1ooOMeHa.

N3 Bcero konmuectBa momagaronieii Ha Tenmo sHepruu Q dwacth e€ Qa -
norJionmaercs, 4actb Qk — oTpakaeTcs M 4acTh Q, MPOXOJMT CKBO3b Teno. Ha
OCHOBAHHWH 3aKOHA COXPaHEHHUs SHEPTUH 3anumeM | 1]

Qa+Qr +Qp =Q
[Tonenus paBeHCTBO Ha Q, TOTyYHM:
A+R+D=1
rje A — morjomareabHas CIIOCOOHOCTD Tea;
R — oTpakarenbHas CITOCOOHOCTH TeEIa;

D - IIPO3pPavYHOCThb TECJIa K TCIIJIOBBIM JIydaM.



B npupone Het Ten ¢ abCOoNMIOTHBIME CBOMCTBAMU; JJIS PEaTbHBIX TE 3HAYCHUS
A, R, D Bcerma Oombllie HyJS W MEHbIIE eAWHUIIBI. Tena, morjomaTeabHas
CIIOCOOHOCTh KOTOPBIX MEHbIIE eMUHULIBI (A < 1), Ha3BIBAIOTCS CEPHIMMU.

KonuuecTBO mydmrcTOl SHEpPryuu, MPOXOJAIICH dYepe3 MOBEPXHOCTh Tella B
SAUHUILY BPEMEHH, Ha3bIBACTCS TEIIJIOBBIM ITOTOKOM HJIM MOIITHOCTBIO U3 TyUYCHHS

( Q ). Jlyuwmctpiii MOTOK, OTHECEHHBIM K CIWHHUIIEC ITOBEPXHOCTH, HAa3bIBACTCS

TUTOTHOCTBIO M3JTyUCHHSI MJIH U3JTy4aTesIbHON CIIOCOOHOCTHIO (&) T.€.

&E=—=
F

Cornacno 3akony Ctedana - bosbiimMaHa, SHEprus U3MTy4eHUs: a0COMIOTHO YEPHOTO

Tena onpeaesiercs mo dhopmye [1]:

T
E,=C,(—)
» =% o)

rae C, =5,7 Br/(M?K?*) — ko> puimeHT n3irydenns abCoI0THO YEPHOTO TEIA;
T — Temmeparypa Tena B rpagycax o Kenspuny.

Kak BuAHO U3 (OPMYIBI, C MOBBIIIEHUEM TEMIEPATYPhl MHTEHCHBHOCTD
U3ITyYEHUs pacTET BeCbMa OBICTPO.

3akon Credana - BonblMaHa NpUMEHUM I ONPENEIICHUS SHEPITUH M3TyYCHHS
M CEPBIX TEJ, IIPUYEM BMECTO KOO (HIMEHTA M3/ TydeHNs YEPHOTO TENA B YPABHEHHE
BXOAUT KOX()(PHUIMEHT U3IydeHHsi Ceporo Teia C, KOTOPHIA 3aBHCHT OT CTENEHH
YEpPHOTHI JAHHOTO TENA.

CTeNeHbI0 YepPHOTHI CEPOTO TeJA HA3BIBAETCS COOTHONIEHUE DHEPIUH M3JTyYEHUS
U JIAHHOW TEMIIEPATyPe CEPOro Teja K SHEPIUM M3JIydeHHs aOCONIOTHO YEPHOTO

TCIIAa:

C
E=—
C,

Takum 00pa3om, CTENEHb YEPHOTHI MOKA3BIBACT, KAKYIO JIOJI0 OT DHEPTUU
U3ITyYCHHs] YEPHOTO Tela COCTABIISICT SHEPT S U3TyUYCHHSI TAaHHOTO Teja. ['a3bl Takke
00Jaar0T CBOMCTBAMM M3JydaTh M IOTJIOIIATh JYYHCTYH SHEPTHUIO0, 0COOCHHO
MHoToatoMHbie ra3el (CO; H;, O; SO, u jap.), BXOAAIIHE B COCTaB ICYHOM

atMocdepbl. B oTirume oT TBEPABIX TeJ T'a3bl U3YyYalOT U MOTJIOMIAIOT YHEPTUIO HE



MOBEPXHOCTHIO, @ BCEM 00BEMOM, TaK KaK MOJIEKYJIbI Ta3a HaXOASATCS APyT OT Apyra
Ha paccTosiHUM. VI3ayueHue W MOTJIOIIEHHE ra30B UMEET U30MpaTesibHbI XapakTep,
T.. TOIJIOIIAIOT W H3IY4YaloT D3HEPrui0 JIMIIb B ONPEIEIEHHOM HWHTEpBAJE.
N3nyyarenbHass CHOCOOHOCTh Ta30B OMNPENEISETCS TaKKe CTENEHbIO YEPHOTHI.
CreneHb 4YepHOTHI raza sBisieTcs (YHKUMEH TeMIepaTyphl raza W IpPOU3BEICHUS
NapiyaJbHOrO JAaBJCHUS Ha TOJIIMHY Ta30Boro mnoToka. Temmeparypa u
napiyaibHOe JaBJeHUE OOBIYHO U3BECTHBI M3 pacu€Ta TOPEHUs TOIUIMBA.

DddexTrBHAS TOMIMHA TA30BOTO CIIOS ONMpeAesieTcs o hopmyie:

_AM
v T
rie; M — IIomans MoIepevHoro ceueHus pabodeil KaMepsl edn, M2,
A — nepuMetp ceueHus: paboueil Kamepbl MeUu, M.
3Has CTENEeHb YEPHOTHl IIE€YHBIX Ta30B, MOXHO OIPENEIUTh DHEPTHUIO

u3IyueHus raza no gopmyse [1]

T
= C _ 4;
Q. =¢. 0(100)

KoHBeknusl Bcerga cBsi3aHa C JIBMOKEHHEM TEIUIOHOCHUTENS, KOTOPOE MOXKET
ObITh BBI3BAHO JIMOO BHEUIHUMHU CHUJIaMH, JHOO HaJIM4YMEeM MOJbEMHON CHIIBI,
BO3HUKAIOIIEW BCJIEACTBUE PA3HOCTH IJIOTHOCTEM HATPETHIX M XOJIOJHBIX YaCTHLI.
KoHBeKkTUBHBIN TENMI000MEH 3aBUCUT OT XapakTepa JABMXKEHMsI Cpellbl M Tela, UX
TEIJIOPU3NYECKUX CBOMCTB, TEMIIEpaTyphbl, a TaKKe OT T'€OMETPUUYECKON (POpMBI
KaHaJja TeYeHHs UM 00TeKaeMoro Teja.

TermooOMeH MexX]ly MOBEPXHOCTHIO TBEPIOTO Tea U JBMXKYUIUMCS MOTOKOM
IIPY BO3JECHCTBUM HA MOTOK BHEIIHUX CHJI HA3bIBAETCS BBIHYKJACHHON KOHBEKIMEH.
Ecnu TemnooOMeH NMpOMCXOAMUT MOJ BIUSHUEM PAa3HOCTH IUIOTHOCTEH HArpeThiX U
XOJIOZHBIX YaCTHUIl, TO €ro Ha3bIBaIOT CBOOOAHOW KOHBeKUHEH. OOBIMHO MEpPEeHOC
TEIUIOThl OCYILIECTBISIETCS BBIHY)KJIEHHOW M CBOOOJHOW KOHBeKIMeW. BrusHue
nepBoi OyaeT TeM 0oJibIie, 4eM 00JIbIle CKOPOCTh BHIHYKIEHHOTO TBUKECHHUS.

KonuyecTBo TemioThl, nepeaBaeMoe KOHBEKIMEH, OnpeiesieTcs o Gpopmyie
Herorona - Puxmana:

Q=aft.-t,)F



rie o — KodQDHUIHMEHT MPOMOPIMOHATIBHOCTH, Ha3bIBaEMbIM Kod(duImeHTOM
TEIUTONIEpeIaH;

t ;t,— COOTBETCTBEHHO TEMIIEpaTypa ra30BOro OTOKAa M TEMIIEpaTypa MOBEPXHOCTU

MOTOKA;
F— moBepxHoCTh Tena.

Kosddumment termsonepegaun — 3TO KOJMYECTBO TeIUIa, IepegaBaeMoe
MOBEPXHOCTHI0O B OJMH 4Yac MpH pasHOCTH Temmeparyp B omuH rTpamyc (1°C).
3HaueHus 3Toro KodhduireHTa MOryT KojiebaTbesi B IIMPOKOM JHAIa30He.

[Ipu ompeneneHWr KOJMYECTBA TEIUIOTHI, TIEPEIaBacMOT0 KOHBEKIIHEH,
OCHOBHYIO TPYJIHOCTh MPEIACTaBIseT pacu€T KodhdUIMEeHTa Terulonepeaaun,
KOTOPBIN 3aBUCUT OT OOJIBIIOTO YuCia (haKTOPOB, OMPEAEISIONUX MPOIIECC B LIETIOM;
BOKHEHIIIMMH W3 HUX SBIISTFOTCSI TEMIIEPATyPHBIN HANIOP, CKOPOCTH JIBHKEHHSI CPEIBI U
Teriou3NYeCKue CBOMCTBa Marepuana. Haubonee HaleXHBIM TyTEM IS
ompeneneHus KodpuimenTa Teronepeaadn ABIsSETCS IKCICPUMEHTATBHBIA METO/
Ha 0aze MOJICTIMPOBAHMSI U TEOpHH Mo100us. KputepnansHoe ypaBHEHUE THITA:

Nu=f(Fo; Re; Pe; G2; P2J 3)
MpEACTaBIsieT CcOoOOWM  pellleHue 3aJayud [0  OmpeleieHutr0  Kod(duireHTa
TeIUIonepeaud KOHBEKTUBHOTO TeruiooOMeHa B obmieM Buze. B ypaBuenuu (3) Ny,
Fo; Re; Pe; G2; P2- 0006miennsIe uncina wim kpurepun Hyccenpra, @ypre, Pelinobaca,
[Texne, I'pacroda, IIpanaris.

st onpenenenus kodp@uimeHTa TeIUIonepeay 4acTo HCHOIB3YIOT U
smnupudeckue popmynsl [1, 14].

[lepemaua Temia TEMJIOMPOBOJHOCTHIO TPOUCXOIUT TJIaBHBIM 00pa3oM B
TBEPIBIX TEJaX, KOTJla B HUX BO3HUKAET pPa3HOCTh Temmeparyp. COBOKYIMHOCTH
3HAaUCHUW TEMIEpaTypbl B pacCMaTpUBAcMbIii MOMEHT BPEMEHH I BCEX TOYCK
o0BéMa HarpeBaeMoro Tejla Ha3bIBACTCS TEMIEPATypHBIM MOJieM. TemmeparypHoe
MOJIE  XapaKTEpHU3yeTCs HAJIMYHEM HW30TCPMHUYECKUX IMOBEPXHOCTEH, KOTOpPBIC
MOJIyJarOTCS TIPH COSAWHEHUM BCEX TOYCK Tela, HMMCKIOIIUX OJHYy W Ty IXKe

TeMriepatypy. M3oTepMuyeckue MOBEPXHOCTH HENPEPHIBHBI U HE IEPECEKaroTCs



MexIy coboii. Hanbomnpmuii nepemna reMnepaTypbl Ha €AUHUIYY JAJTUHBI TPOUCXOIUT
B HAIIPABJICHUU NIEPIICHIUKYJIIPHOM K H30TEPMUYECKON TOBEPXHOCTH.

Heobxoanmoe yciaoBue paciipocTpaHEHuUs TEIUIOThI — HAJIMYKE B TeJle Pa3HOCTU
TeMriepaTyp. IIIOTHOCTE TEIJIOBOrO MOTOKA, IEPEJABAEMOI0 TEILIONPOBOAHOCTHIO,

omnpezenseTcs 3akoHoM bro - dypre:

q=-2%;
dx’

dt .
[ -~ TeMICPATYPHHIM IPafMEeHT, — LOKA3HBACT NPHPAMEHHE TEMICPATYPEI HA
X

€MHUILY PACCTOSIHUA B HAIIPaBJIECHWE HOPMAJIU K H30TEPMUYECKON MOBEPXHOCTH;

A — K03hOUIIMEHT TEIUIONPOBOJHOCTH — TMOKa3bIBAaET KOJIMYECTBO TeILIa,
nepezaBaeMoro B 1 yac yepe3 HOBEPXHOCTH MIOMAAbI0 B 1 M2, depe3 ToNmuHy B 1 M
IIpH pasHocTu temiiepatyp B 1°C.

B Teopuu TemnonpoBOAHOCTH pa3MYAOT JBa cliydas MEpeladd Terjia — B
HECTaIlMOHAPHOM (HEYCTAaHOBHBIIIEMCSI)) M B CTallMOHApPHOM (YCTaHOBHBIIIEMCS)
MOTOKE Teruia. B HecTallmoHapHOM TOTOKE TeIia TeMIlepaTypa B OTIEJbHBIX TOYKAX
MU3MEHAETCS BO BpEMEHH. B cTamoHapHOM MOTOKE TEIjla TeMIepaTypa B KaxKIOu
TOYKE HarpeBaeMoro TeJjia OCTAETCs MOCTOSSHHOM BO BPEMEHU.

JIro0olt ciyuail pacnpOCTpaHEHHs TeIia TEIJIONPOBOJHOCTBIO BBIPAKAETCS
obmm nuddepeHnmranbHbIM ypaBHeHueM Oypre:

ot ot 0t 0%
—=al 5+
or ox~ oy° oz

rae a — Kod(pUIIMEHT TEMIIEPaTypPOIPOBOTHOCTH.
Pemienne ypaBHEHHUsI TEIJIOMPOBOJHOCTH B KaXXJIOM KOHKPETHOM Cllydae
MO3BOJISIET OMNPEJCIUTh TMOTPEOHOE KOJIMYECTBO TeIjila M MPOAOKUTEIBHOCTD

HarpeBa W3ACIUA pa3nuyHoOl (OpMBI, a TakkKe HUX TeMIepaTypHOE Ioje, T.e.

pacupeacsICHUC TEMIICPATYP MO TOJIHUHE CCUHCHUA U3 ACIINA.

Tennooomen ¢ padbouem npocmpancmee neuu
Paccmotpennsie Tpu criocoba mepenayn Teria B peajbHBIX YCIOBHSIX Harpena

MCTallla MPCACTABIIAIOT B COBOKYIIHOCTH CIIOKHBIM TEIUIOOOMEH B CHUCTEME,



COCTOSIIIIMIA W3 JBIMOBBIX Ta30B, KJIAJIKH, HArp€Ba€MOro MeTajjla M 3aBUCSIIANA OT
MHoOrux ¢akropoB. Ha puc. 12 nokasana cxema TemjooOMEHa B HarpeBaTEIbHOM
YCTPOWCTBE.

TERILIMIDOBEOJHOCTE

LB ayaeane

3 K OHBEKIIHA

- T ETLIOTIPOE 070 ¢ TE

Puc. 12. Cxema Temoo6meHa B paboyeil kamepe HarpeBaTeIbHOr0 YCTPOMCTBA

Tak kak TeriooOMeH B HarpeBaTelbHBIX YCTPOMCTBaX HE BCerjaa NojdacTcs
TOYHOMY MAaT€MAaTHUYECKOMY pacy€Ty, TO JOMyCKaeTcs psi  YHpPOLICHU,
MO3BOJISIOIIMX MPUOIMKEHHO OMNPEIEITUTh KOJUYECTBO TEIUIa, BOCHPUHUMAEMOE
IOBEPXHOCTBIO HarpeBaeMoro Merauia. K 3Tum 1onyeHusiM OTHOCSATCSL:
— TeMIlepaTypa Ta30B OJIMHAKOBa BO BCEM 00BbEME pabodero MpOCTPAHCTBA BO
BPEMEHU;
— TeMIepaTypa NOBEPXHOCTH METAJUIA U KIIAJKU BE3/I€ OJJMHAKOBA U MOCTOSHHA;
— IUIOTHOCTh JIYYUCTBIX IOTOKOB, OTPaKEHHBIX OT CTE€H, KaK W OT Marepuaia,
paBHOMEpHA I10 BCEH TOBEPXHOCTH;
— TOTJIOIIATeNbHAsg CIOCOOHOCTh Ta3a MO OTHOUIEHUI0O K COOCTBEHHOMY U
OTpaXKEHHOMY M3JIyUYEHUIO OJIMHAKOBA IO BCEM HAIIPABJICHUSM;
— CTEeINEeHb YEPHOTHI ra3a OTHOCUTCS K TEMIIEpaType ra3oB, a HE TEMIEpaType CTEH
WM MaTepuana.

Torma ¢ y4€ToM MNPHUHATHIX AOMYIIEHUH KOJWYECTBO TeIJia, MOJIYyYEHHOE

MOBEPXHOCTHIO HATrPEBAaEMOT0 MeTaJlIa, onpeaesnseTcs mo ¢popmyiie [1].

T T
=C =) —(—=2)IF,, +a, (t. -t )F,,;
Q e.m..\t[(loo) (100) ] ¢ aK(Z .M) g

rae C,. ., — KOd(POUIMEHT H3ITyYeHUS MEXIY IBIMOBBIMH Ta3aMU, MOBEPXHOCTHIO

Kam

KIIAIKK 1 ITIOBCPXHOCTHIO MCTAJLJIA,



T;t, — Temreparypa AbIMOBBIX ra3os, °K u °C;

T

M

t, — Temreparypa nosepxtHoctu Metamia, K u °C;,
a, — Kod(puImeHT Teruionepeaaun KOHBEKIMEH;

F,, — 9QdeKTrBHas TEMIOBOCTIPUHMMAIOLIAS TIOBEPXHOCTH METAILIA.

B ¢opmyne mepBblii wieH ypaBHEHHS BbIpaXKaeT KOJIMYECTBO TEIUIa,
IIEpEeIaBacMOe Ha IIOBEPXHOCTh MeETaUla M3JIYyYEHUEM, a BTOPOM — TEIUIO,
IIepeIaBacMOe KOHBEKIIUEH.

KomnyecTBo Temma, meperaBacMoO€  HAarpeBaeéMOMYy  METAIULY, MOJKHO
OIIPEAEIUTH 0 YIPOIIEHHON (opMyJie, BRIpaXKaroIlel 3aKOH U3JIy4Y€HHUs], CBECHHBIN
K 3aKOHaM KOHBEKIIMH:

Q=a,,t -t),F,
rae «,, — NpUBEACHHbIM KOA()(PUIMEHT Terioneperiayd KOHBEKIMEH C Y4YEeTOM
W3JIyYECHUS.

JUis  npuOIMIKEHHOTO — ONpENENeHHUs  NMPUBEACHHOTO KO3 (UIUEHTA

TEIUIONEepEeSauy CYUIECTBYIOT IMIUpHUEcKre (popmyiibl U rpaduku. Tak, mpu HarpeBe

CTAJIbHBIX 3aI'OTOBOK B KaMepHBIX reyax.
T \s .
a,.. =0.09(—)° +(10+15);
100
B MCTOANYCCKHUX IICHAX, pa6OTaIOH_[I/IX Ha rase.

a,. =50+0.3(t 700)

B ClIy4dac IIpu CBCACHHMHN KOHBCKIHH K 3aKOHAM H3JIYUYCHHA KOJIMYCCTBO TCILIA

orpezensiercs 1no ¢popmyie:

. T T
=C . I -(2)'1,F
Q z.m.,u[(loo) (100) ]cp ¢
rne C,., — UPUBENECHHLINH KOX()OHUIKMEHT TEIUIONEPENaYd H3IyYEHUEM C YUETOM
KOHBCKIIUH.

Crnenyetr OTMETUTh, YTO MPHU BBICOKUX TEMIIEpaTypax B padouyeM MpOCTPAHCTBE
HarpeBaemoro ycrporcrsa Bbime 1200°C KoM4uecTBO TeIIa, NEPEIaBaAEMOe METAILTY

uznmydenneM, coctaBisier 1o 85 — 90 %. Ilpm Hm3kux Temmeparypax B pabodeit



kamepe Hmke 700°C KOJMYECTBO TeEIUIa, MNEPEJaBaAEMOr0 METaly KOHBEKIHUEH,

MOKET OBITh PpaBHO M AaXKE 0O0JIBIIIC KOJIMYECTBA TCIlJ1a, IEpEeaaBacMoOro U3JIyUCHUCM.

Jexknus Ne 4
Il1an Jeknuu:
Haepes memanna. Aenenus, npoucxooswue 6 memainne npu Hazpese. OCHOBHbIe

xapakmepucmukKu Hacpeea memaiila

Harpes merania

OCHOBHOE Ha3HAYEHWE HArpeBa IMepe] KOBKOM M IITAMIIOBKOW 3aKIIFOYAETCS B
TOM, YTOOBI UI3MEHUTh MEXaHUUYECKHE CBOMCTBA MeTaJlI1a, UTO OYy/IeT ClIOCOOCTBOBATH
OoJiee JydilleMy MPOTEKAHHUIO MPOIECCOB KOBKM M TOPSYEH IITAMIIOBKH, TaK Kak
IUTACTUYHOCTh METaJlla C TOBBIIIEHUEM TEMIIEPATyphl  YBEJIMYMBACTCH, A
COIPOTHUBJIEHUE JIeHOPMUPOBAHUIO MOHUkKaeTca mpuMmepHo B 10 - 15 pas, yem npu
XoJIogHOM JepopMupoBanru. B 3TOM 3akimiouaeTrcs OCHOBHOE IPEUMYIIECTBO
ropsiueii o0paboOTKM METa/UIOB JaBJeHHEM Iiepe]; XoJjJoaHOou. ITokoBKa BBICOKOTO
Ka4yecTBa II0JIy4aeTCsl TOJbKO MPU IPABUIBHOM HAarpeBe MeTamuia - 3TO KOrjaa
3aroTOBKA HArpeBaeTCsl PABHOMEPHO CO BCEX CTOPOH C OMPEAECICHHON CKOPOCTHIO 10

ONPEAEICHHON TEMIIEPATYPHI U C MUHUMAJIbHBIMU ITOTEPSMU HA yrap.

ABJieHus, mpoucxXoAsIUe B MeTaJLJIe IPU HATPeBe

Harper wmetannma mnpencraBiser CcOOOW  CIOXKHBIM KOMIUIEKC —SIBICHUH,
npoucxomamux B MeTtamie. OH  CONMPOBOXKIAETCS HW3MEHEHUEM CTPYKTYPHI,
bu3MYeCKuX W MEXaHWYeCKMX  CBOWCTB  MeETa/ula,  OKHUCJICHHEM U
00e3yTiIepo)KMBaHUEM, TEPETPEBOM U TEPEKOroM. ParroHanbHBIA HarpeB MeTasuia
MO>KHO BBITIOJIHUTH TOJIBKO B TOM CJIy4dae, KOTJa U3BECTHBI SABJICHUS, TPOTEKAIOIINE B
HEM IIPU Harpese.

N3menenune crpoenus metamia. CTajlb 1 MHOTHME JAPYTUE€ METAJJIbl U CIJIABbI

HMCIOT KPUCTAJUIMYCCKOC CTPOCHHUC, T.C. €TI0 aTOMBI PACIIOJIOKCHBI B OIIPCACIICHHOM



nopsiike, 00pa3yss MPOCTPAHCTBEHHYIO  ATOMHO-KPUCTALTMYECKYIO  PEIIETKY,

XapaKTCPHYIO OAJI1 KaXXKJA0ro Mcerajlja M CIljlaBa. B 3aBucumoctn ot TEMIICPATYPhI

Harp€Ba aTroMbl MOI'YT MCHATb CBOC PACIIOJOXKCHHMEC B PCHICTKEC, YTO IIPHUBOIMT K

N3MCHCHUIO CTPOCHHA, T.C. K

CTPYKTYPHBIM

o0yclaBiIMBarOIIMM U3MEHEHUE €ro CBOMCTB. TeMriepaTypa, pu KOTOPOH MPOUCXOAST

NpPEBpALLCHUAM  METaia,
CTPYKTYpPHBIE MIPEBPAIICHNUS, HA3bIBACTCS KPUTHUECKON TeMITepaTypoil.

B yrmepoaucThix cTansx MMEETCs JIB€ KPUTUYECKHE TOYKM - HMKHAA U
BEPXHSS: HWKHSAA COOTBETCTBYET Temmeparype 723°C [12]; BepXHsAs 3aBUCHT OT
COJIEpKaHUsl yIIIepoaa.

[Ipy HarpeBe cramu m0 HIKHeH KputHdeckoi Touku (t = 723°C) aromsrl
JKeje3a pacroyiaraioTcs B Hel, o0pa3ysi 00bEMHO LEHTPUPOBAHHYIO pemieTky. [Ipu
HarpeBe CTalu JI0 BEPXHEW KPUTHUUECKONW TOYKM MPOMCXOJIUT MEperpynmnupoBKa
aTOMOB Keje3a ¢ OOpa30BaHHMEM TIPAHELEHTPUPOBAHHOW KyOMUYECKOH pElIeTKH.
PacrnonosxeHne aToMoB jKeJie3a B MTPOCTPAHCTBEHHOM PEIIETKE OKAa3bIBAET BIMSHHUE HA
XapakTep pasMeIlleHUs YIJIepoAa, 4YTO OIpeneiser CTpykTypy cramu. [lpu
pa3MeLIEHUH YIJIepoJa B MPOCTPAHCTBEHHOM pEIIETKE XKeje3a CPeAr aTOMOB YIIIEpOa

00pa3yeT C KeIe30M TBEPABIM pacTBOP.
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PactBOp yrnepona B « — Fe Ha3bpIBaeTcsi (PeppUTOM; OH IUIACTHMYEH U XOPOLIO

MMpOBOOUT TCILIO. PaCTBOP yriiepoaa B 7/—Fe Ha3bIBACTCA ayCTCHHUTOM; OH Oouee

TBEpABIH, 4YeM (eppuT, HO IOCTATOYHO IUIACTHYECH, XOpOIIo aedopmMupyercs u
npoBoauT Terwio. [InoTHoCcTh aycTrenuTa Oonbiie depputa. YTaepoa MOXKET OBITh
XMUMHYECKH CBSI3aH C jKee30M, 00pa3ys kapoun xeiesa ( FeC), KOTOpBI Ha3bIBACTCSI
HEMEHTUTOM. lleMeHTUT Xpynkui, ONpuaaéT CTad TBEPJIOCTh U IUIOXO MPOBOJUT
tero. Cmech eppura ¢ IeMEHTUTOM, cocrtosimias u3 xene3a u 0,83 % yriepona,
HA3bIBAETCS MEPIUTOM.

N3meHeHne CTPyKTypbl CTald pPa3IMYHOTO COCTaBa B 3aBUCUMOCTH OT

TEeMIIepaTyphl ONPEACIACTCS TMarpaMMoi COCTOSIHUS "Kene30 - yriepon" (puc.0).

Kak BugHO W3 AuarpaMmbl, CTPYKTYpHBIE MpPEBpaIlCHUS B YIJIEPOJMCTHIX
CTaJIsIX IIPU HArpeBE MPOUCXOAT B MPEAEIaxX TEMIEpaTyp MEXIY HIKHEN U BEpXHEN
KPUTHUYECKUMH TOUKAMHU.

PaccMoTpuM u3MEHEHUE CTPYKTYphl MpU HAarpeBe CTalIM C COAEPKAHUEM
yraepoga 1o 0,8%. CTpykTypa TakuxX CTajiel COCTOMT W3 mepiuTa u deppura,
KOTOpPBIE COXpaHAIOTCS A0 TeMmrepaTypbl 723°C, mpu 3TOM KOJIMYECTBEHHOE
COOTHOIIIEHWE TiepauTa W  (¢eppura HECKOIbKO u3MeHsaeTcs (ImepiuT B
HE3HAYUTEJIbHOM KOJIMYECTBE TMpPU TOBBIIICHUH TEMIEpaTypbl pacTBOpSiETCS B
dbeppute). Ilpu HarpeBe cTamyd HECKOJIBKO BBIIIC HIKHEH KPUTHYECKON TOUYKH
MEPJIUT MEPEXOAUT B ayCTEHUT, T.€. YACTh aTOMOB XkeJe3a, KOTOPbIe EPBOHAYATIBHO
BXOJIWJIM B COCTaB INEPJIUTA, MEHSAIOT CBOIO KPUCTAIOTPAPUUECKYIO PEHIETKY
00BEMHO IIEHTPUPOBAHHOTO Ky0a Ha rpaHEIEHTPUPOBAHHYIO, MPUOOPETast MpU STOM
CIOCOOHOCTB PacTBOPSATH YIJIEPOI U UEMEHTHUT, (PEPPUT e OCTaeTcsl 0€3 U3MEHEHUI.
Takum o00pa3oMm, TIpu TeMmreparypax, KOTOpPbIE HECKOJBbKO BBIIIE HIDKHEH
KPUTHYECKON TOYKH, CTPYKTypa HU3MEHSETCS: CTalb YK€ COCTOMT W3 ayCTCHUTa U
dbepputa. [Ipu nanpHeieM HarpeBe GpeppuT MOCTEIIEHHO PACTBOPSIETCS B ayCTEHUTE,
T.e. TPOUCXOAUT JajbHEeHee mnpeBpamieHue o-Fe B y-Fe. 3Ortor mpouecc

3aKaHUYMBAETCS TIPU TEMIIEpPaType BEPXHEU KPUTHUECKON TOUKU. Takum oOpa3om, pH



HarpeBe /0 TeMIEepaTyphl BbIIIE BEpXHEW KPUTHUECKON TOUKM CTallb MPHOOpETaeTt
ayCTEHUTHYIO CTPYKTYDpY.

C yBemnuenuem yruepoga B crtanu g0 0,83% Temmeparypa BepXHe
kputnueckoi Touku nagaet ot 800°C no 723°C, a 3aTeM pe3KO BO3pacCTaeT.
CTpyKTypHBbIE MpEBpALLEHUS CTAaa OOpaTUMBI, T.€. MPHU OXJIAKICHUHU CTalIHd, OHU
IIPOTEKAIOT MOCIIEIOBATENBHO B 0OPAaTHOM MOPSJIKE.

Cnenyer OTMETHTb, YTO HE BCE CTaJld NpPU HarpeBe, MPETEPHEBAIOT
CTPYKTYpHbIE TpeBpamieHus. K TakuMm cTajasiM OTHOCATCA CTaJd ayCTEHHUTHOIO
KJ1acca.

[Ipn HarpeBe cTanell NPOUCXOAUT H3MEHEHUE HX (U3UUYECKUX CBOWCTB
(mapametpoB). K  ¢usmueckuM mapamerpaMm, —BIMSIONMM ~ Ha  Ipolecc
pacmpocTpaHeHUs] TeIUla B 3arOTOBKE OTHOCSATCS: TEIUIONPOBOAHOCTH ( A4 ),
Terocoiepxkanue (i), TEIOEMKOCTh (C), TIIOTHOCTH (p), a Takke KOIPPUIIMEHTHI,
COCTAaBJICHHBIE W3 3TUX BEJIWYUH - KOIDPUIMEHT TeMIlepaTypOnpOBOJHOCTH (a ) U
K03 PUIMeHT TepMOUHEpLIUH (B).

KoaduimeHnT TemaonpoBOAHOCTH XapaKTEPU3YET CIOCOOHOCTh MeTajlia
OPOBOANUTH TEIJIO, KOTOpas CBsi3aHa C KOJeOaTeIbHBbIM JIBUKEHHUEM MOJIEKYI,
pacrojokeHHUEM aTOMOB B KPHUCTaNIMYECKOW pemérke U JJIMHOM CBOOOIHOTO MyTH
AJIEKTPOHOB. TemIonpoBOHOCTh YHMCTBIX METAIJIOB M CIUIAaBOB HeoauHakoBa. [lo
CPaBHEHHIO CO CIJIABAMH YMCTBIE METAJUIbI 00J1a/1at0T OOJIBIIEH TEMIONPOBOJHOCTHIO.
Copeprkanuecs: B CIUlaBax MPUMECH UCKAXKAIOT PACIOJI0KEHUE aTOMOB B PEIIETKE U
TEM CaMbIM YMEHBIIAIOT TEIUIONPOBOJIHOCTb.

VY 4UCTBIX METAJJIOB M YIVIEPOAMCTBIX CTAJIEN TEIUIONPOBOJHOCTD C ITOBBIIEHHEM
temmeparypsl 10 900°C mnonmxkaercs, a Bbiue 900°C HECKONBKO BO3pacTacrt.
KoaddurueHT TennonpoBoJHOCTH BICOKOJIETHPOBAHHBIX CTalel, a TaKkKe CIJIABOB
LBETHBIX METAJUIOB NPHU MOBBIIMIEHUH TEMIIEPaTypbl HECKOJbKO YBEJIMYMBAETCS.
3aBUCMMOCTh  KO3(@UIMEHTa  TEIUIONPOBOJHOCTH  OT  TeMIeparypbl B
NENCTBUTENBHOCTU OYEHB CIIOKHAsA, IO3TOMY MpHU pacyéTax, B LEJAX YIPOIIEHHUs, €€
NPUHUMAIOT TNpsAMOiUHEHOW. Koa(p(duUUeHT TermonpoBOAHOCTH MpU KaKOU-TO

TEMIIEPATYPE MOKET OBITH IPUOIMKEHHO onpeieeH mo dpopmyse [1]:



rae 4, — koadduiuent rerwonpoBoaHocTy npu 0°C;
t — remnepartypa, °C;
6 — BEeIIMUMHA, XapaKTepu3ylolllas YBEINYCHUE UM YMEHbBIICHUE TEILIONPOBOIHOCTH
B 3aBUCHUMOCTH OT TeMIIepaTypbl, OTHECEHHAS K OJTHOMY T'PajycCy.
Koaddumuent TtemmonpoBogHOCTH METaUIOB W CIUIABOB, a TakKXkKe UX
3aBHCHMOCTH OT TEMIIEPATypPhbl HAXOAT OOBIYHO OMBITHBIM ITyTEM.
TenaonpoBOHOCTh OKa3bIBaeT OOJIBIIIOEC 3HAYCHHE Ha IMPOIECC Harpena.
Mertamn HarpeBaeTcss TeM OBbICTpee, HYE€M BBHIIIE €ro TEIJIONPOBOJAHOCTh, T.C.
TEIUIONPOBOJHOCTh OMPEACISACT CKOPOCTh PACHPOCTPAaHEHMS TEIJla B MeETaie, a
OTCIO/Ia, CIIEA0BATEILHO, IPOIOJKUTEILHOCTS HArPeBa.
TennoconepxaHueM JAHHOTO Tejla Ha3bIBAETCS KOJWYECTBO TeIula, KOTOPOE

HE0OXOUMO TepeaaTh €My, YTOObl MOBBICUTH ero Temmepatypy ot 0°C no maHHOU

TEMITepaTypbl
i =GCgt;

rae G — macca Tena, Kr;

t — remneparypa °C;

C, - KO3(D(HUIMEHT NPOMOPIHOHATBHOCTH, Ha3bIBAEMBIH  CPEIHEH yICIbHON

TEIUIOEMKOCTHIO B mipeaenax temneparyp ot 0 °C mo t.
[Ipu OeckoHEYHO MaJoil pa3sHOCTH Temmeparyp dt OeCKOHEYHO MajioM
WU3MEHEHUH Tertocoepkanus di st Teja Maccoil B 1 Kr, BEIMYMHA TETUIOEMKOCTH

MOJKET OBITh BBIPAKECHA:

DTy BENWYMHY NPHUHATO HA3bIBaTh MCTHUHHOW TEMIOEMKOCTBIO NPHU JTaHHOMN
TeMIIeparype.

TennoéMKoCTh METAIOB M CIUIABOB 3aBUCHUT B OOIIEM cCllyyae OT JaBJICHHS,
XUMHYECKOTO cOCTaBa marepuana v Temmeparypsl. [Ipu uccienoBanuum mporecca
HarpeBa MeTajula pacCMaTpPUBAIOT TOJBKO XMMHWYECKHMH COCTaB U TEMIIEPATYPHYIO

3aBUCUMOCTD TEIIOEMKOCTH.



C mnoBbIIIEHUEM COJIEpKAaHUS yIyiepoJa TEIIOEMKOCTh moBbimaercs. C
noBbiieHueM temneparypsl 10 1000 °C temnoéMkocth Bo3pacrtaet, a Bbime 1000°C
HECKOJIbKO TIOHMXkaeTca. HauOosblllero 3HA4YeHUS TEIIOEMKOCTh JOCTUTAET B
00JJaCTH CTPYKTYpPHBIX MPEBpAIIeHHUM, TaKk KaK MEpexojJ M3 OJHOI0 COCTOSHUS B
npyroe TpeOyeT 3aTpar Temjga. YeM BbIlIE TEIUIOEMKOCTh MeETalljia, TeM OOJIbIIe
BPEMEHHU U TEILIa HAJI0 3aTPaTUTh Ha €r0 HArpPeB.

Ha npouecc HarpeBa Meraimia BIMSET €ro IIOTHOCTh. C  yBEIMYEHHEM
MJIOTHOCTA BO3pPACTa€T KOJMYECTBO TEMJa, MOTJIONIEHHOTO OJHUM M TEM K€
00BbEMOM HArpeBaeMoro Tena, CIeI0BaTEeNIbHO, YBEIMYMBAETCS MPOJOJIKUTEIHHOCTD
HarpeBa. C poCTOM TeMmepaTypbl HarpeBa IUIOTHOCTh HArpeBaeMoro MeTaiia
MOHUKAETCS.

CriocobHOCTh MeTasia MPOBOJUTh TEIUIO OMPEICISIETCS TEILIONPOBOIHOCTHIO.
OnHako MpU HEYCTAHOBUBILEMCS TEIJIOBOM COCTOSSHUM OCHOBHYIO POJIb HUIPacT
KO3((OULIMEHT TeMIEepaTypOnpOBOJHOCTH, TAK KaK TEIUIO HAarpeBacMoro Merajia
pacrpocTpaHseTCsl C MOBEPXHOCTH BO BHYTPh HE MTHOBEHHO, a C OINPEACIIEHHOU
CKOPOCTBIO, 3aBUCSIIEH OT TEMIIEPATypPOIPOBOAHOCTH JAHHOTO METAJLIA.

Bennuuna kosdduimenta TeMrepaTyponpOBOJHOCTH — OMPEACISIETCS 10
dbopmye [12]:

o=—;
Cp

B o0meM cnyyae C TOBBIIIEHHEM TEMIEpPaTyphl TEMIIEPATYPONPOBOIHOCTh
MeTasuIoB NoHMxkaercd. OgHako B 00J1aCTH KPUTHUECKUX TeMIlepaTyp KO3(p(ULUEeHT
TEMIIEPaTypPONPOBOJHOCTH MOKET CUIIBHO MEHATHCS BCIEACTBUAE PE3KOT0 N3MEHEHHUS
VCTUHHOW TETUIOEMKOCTH METAJIJIOB.

B HekoTOphIX Ciyyasx IpH pacueTe Mpouecca HarpeBa MeTajuia MPUXOIUTCS
MOJIb30BaThCA TaK Ha3bIBAEMbIM KOI(DPUIIMEHTOM TEPMOUHEPLIMH, KOTOPBIM
aBigeTcss (QYyHKUHMEW TEIUIONPOBOJHOCTH, TEIUJIOEMKOCTH M IJIOTHOCTH H

onpenensiercs no popmyine [12]:

6 =+JACp;



C moBbIIeHHEM TeMITEpaTypbl KOAPGUITUESHT TEPMOUHEPITUH YTICPOIUCTHIX U
MaJIOJIETUPOBAHHBIX CTalIel U3MEHSIETCS B HEOOBIINX Mpeeiax.

B mnpouecce HarpeBa meTtaiyia MPOUCXOAUT HM3MEHEHHE €r0 MEXaHUYECKHX
cBoiicTB. C moBsilieHHEeM Temnepatypsl Boilie 550°C yriepoaucTbie CTall TePSIOT
YOpPyTHe CBOMCTBA, YMEHBIIAETCS CONPOTHBICHHUE ACPOPMUPOBAHUIO, MOBBIIIACTCS
MJIACTUYHOCTh. J[JIsI HEKOTOPBIX CTajeil XapaKTEepHO MOHUKEHHE IUIACTUYHOCTHU B
unrepBaiie temieparyp 200 - 300°C, 4TO COOTBETCTBYET TaK Ha3bIBAEMOMY SIBJICHUIO
CUHEIIOMKOCTH. B HEKOTOpBIX ciydasx cleayeT MpUHUMATh BO BHUMAaHHE
BO3MOXKHOE TOHWKEHUE IUJJACTUYHOCTH CTId B HMHTEpBAaX KPUTHYECKHUX
TEMIEPATYP.

Harper wmetamna sBiseTcs MPOIECCOM HE TOJBKO (PU3NYECKUM, HO U
XUMUYECKUM, TaK KaK Tra3bl MEeYHOM arMmocepbl MpU BBICOKOM TeMIieparype
BCTYMAIOT B aKTHMBHOE B3aWMOJICUCTBUE C METa/NIOM. B pe3ynbrare mpoucXoauT
OKHCJICHUE KeJie3a, UTO MMPUBOJIUT K MOTEPSAM METaslia.

CymHocTh  mpoumecca  OKUCIEHUS — 3aKIIYaeTcd B XUMHUYECKOM
B3aMMOJICHCTBUU KeJjie3a ¢ OKUCISIONIMMHU Ta3aMu (KUCIOPOIOM, YTIEKUCIBIM Ta30oM,
CEpHUCTBIM Ta30M, BOASHBIM Tapom). Kene3o o6iamaeT OOJBIIMM CPOJCTBOM C
KHCJIOPOJOM U BCIICJICTBHE ITOTO JIETKO coeAauHseTcs ¢ HuM, obpasys FeO, Fes0,,
Fe;03. Oxucnenre MeTauia mpeacTasiseT codoii porrece qud@y3un aToMOB KHCIOpOIa
yepe3 ciIoM okucia Metaia u 1ud@dy3uu aToMOB MeTalljla Yepe3 CJION OKKCIIa Ha ero
Hapy>XHYI0 MOBEPXHOCTh. OJIHAKO MPHU OKHUCICHUH OCHOBHYIO POJIb UTPAET IMPOIIECC
mubdy3un aToMoB jkene3a Hapyxky. CHapyXu oOpaszyercs BBICIIMN OKHCEN Kele3a
Fe,0Os, a 3areM o yObIBarommm creneHsm okuciaeHus Fes04 u FeO.

[Ipomniecc OKuMCIEHUS HAYMHAETCA C TOBEPXHOCTH MeETallla W TMOCTEIEHHO
pacnpocTpaHsieTcsi BriayOb, MpUYeM 10 Mepe YAAJICHUS OT TOBEPXHOCTH COJICPKAHHE
KHCJIOpOoJa B OKUCIIax yMmeHbinaercs. IIpu Bbicokux Temriieparypax (Boime 1000°C)
MIPOUCXOJUT OBICTPOE OKHUCIEHHME >KeJe3a, COMPOBOXKIAIOUIEECS YTONILEHUEM CIIOS
OKaJIMHBI Ha TMOBEPXHOCTHM MeTaia. PacnpocTpaHEeHUIO OKHCIICHUSI JKeje3a C
MOBEPXHOCTH BIIIyOb CIIOCOOCTBYET HEMPEPHIBHOE OTAEICHUE OKAIMHBI U OOHAXEHHE

IIOBCPXHOCTHU Harpe€BacMoro METallia, KOTOPOC BBI3bIBACTCs pas3in4nucm



K02 (PHUIMEHTOB pacIIMpeHns OKAJIMHBI U keje3a. Kpome 3Toro BosHOM map aenaeT
OKAJIMHY PBIXJION U JIETKO OTIACIMMOM.

Ha mpaktuke pasnuuaror yrap mo BeCy, MOBEPXHOCTHBIM yrap, CKOpPOCTb
OKHUCJIEHUS U TOJILIHUHY OKaJUHBI.

[Ton BecoBbIM yrapoM MOHMUMAKT OTHOLIEHWE KOJMYECTBA METAILIA,
OKMCJIEHHOTO B MpPOLECCE HarpeBa, BBIPAXKEHHOE B IPOIEHTaX K  €ro
MEPBOHAYAIIBHOMY BECY.

[ToBEepXHOCTHBIA yrap - 3TO KOJWYECTBO OKHCIICHUS METaJlIa, OTHECEHHOE K
€AMHULE TOBEPXHOCTH HATPEBAEMOTIO TENA.

CKOpOCTh OKHUCJIEHHS - 3TO OTHOIIEHUE MOBEPXHOCTHOTO yrapa KO BpPEMEHU
HarpeBa. TONIMHY CI0SI OKAJIMHBI C TIOBEPXHOCTHBIM YTapOM CBS3BIBAIOT CIEAYIOIIEH
dbopmymoii [12]:

a

_ ny .
S(m - ’
pox gFe

e a, — IOBEPXHOCTHBIN yrap;
0,. — INIOTHOCTh OKAJIMHBI;
gr, — CpelIHEee coepkKaHHUe JKeJe3a B OKaIMHE.

VYrap wMetasma 3aBUCUT OT MHOTMX  (DaKTOpOB: TeMIepaTypbl U
IPOAOKUTEIBLHOCTH, HAarpeBa, cocTaBa MeuyHO aTMoc(depsl, BUIa TOIUIMBA, MAPKU
cTayiv, GOpMBI M pa3Mepa 3aroTOBKH, COCTOSIHUSI [IOBEPXHOCTH.

[Tpu HU3KKMX Temneparypax g0 650°C okucieHue xkejae3a IPOTEKaeT MEJIEHHO
Y MPAKTUYECKOTO 3HA4eHUs He nMeeT. CKOPOCTh OKHUCIIEHHSI PE3KO IMOBBIIIAETCS C
pPOCTOM TeMIepaTypbl W HauOONBIIEr0 3HAYEHHUS JOCTUTAeT MpU TEMIIepaTypax,
nopsiaka 1300°C.

VYrap mMeramia HaxoAWUTCA B NPSIMOWM 3aBUCUMOCTH OT TPOJOJIKUTEIBHOCTU
HarpeBa: 4eM MpOoJIOJKUTENIbHEN HAarpeB, TeM OOJIblIEe yrap.

CyliecTBeHHOE BIIMSHHE Ha yrap MeTajla oOKa3blBaeT IieuHas armocdepa,
onpezensemMas XMMUYECKUM COCTAaBOM TOIUIMBA, KO3 (UIIMEHTOM pacxoa Bo3ayXxa U
COBEPILIEHCTBOM KOHCTPYKLHMHU TOIUIMBOCKUTAIOIINX YCTPOWCTB, KOTOpas MOXET

OBITh OKHCIIMTEIFHOW, HEUTpPAJIbHOM WM BOCCTaHOBUTENbHOW. [lpm cCxxuranum



TOILJIMBA C M30BITKOM BO3/yXa MeyHas atMocdepa OyAeT OKUCIUTENbHAas!, U MPOLECC
OKHUCJIEHUSI METaJlJla MPOTEKAET JOCTaTOYHO MHTEHCUBHO. [IpM HENMOJHOM ropeHuu
TOILTMBA B pabodeM MPOCTPAaHCTBE MeUr 00pa3yeTcsi BOCCTAaHOBUTEIbHAsI aTMoc(depa,
KOTOpasi MPaKTUYECKHU MOJTHOCTHIO HCKIIIOYAET yrap MeTajia.

VYrap meramia 3aBUCUT U OT XUMHYECKOTO COCTaBa METAJIa - C MOBBIIIEHUEM
COJIEp>KaHUs yIJIepo/ia IOTEPH HA yrap YMEHBILIAOTCS.

HarpeB cramu g0 BBICOKOW TemmepaTypbl Hapsiy C MPOLECCOM OKHCIICHHS
CONMPOBOXKJIAETCA  00E3yIJIEpOKUBAHUEM  IOBEPXHOCTHBIX  CJIOEB  (YaCTUYHOE
BBITOpaHHe yriiepoja) Metaiiia. [yorna 06e3yriaepoKeHHOro Caos TOCTUTAET 2 MM.
O0e3yriepokuBaHue MPOUCXOAUT 3a CUET BOJASHBIX IApOB, a 3aTEM IO CTENEHU
akTuBHOCTH cruenytor CQO,, O, H>, BCTynawmme B PEAKIHI0 C YIIIEPOJOM,
HaXOJSAIIUMCS B BHUJIE XHUMHUYECKOro coenuHeHusi ¢ xenesom (FesC). B nauane
HarpeBa CKOpOCTbh 00€3yIJIEpOKMBAHUS BBILIE, a 3aTeM 3aMeisieTcs. Y nmpu BBICOKUX
temneparypax mnopsaka 1000°C  mpouecc  00€3yIJIEpOXKUBaHUSA — IPOTEKAET
3HAYUTEIBHO MEJUIEHHEE, YeM Ipoliecc okucieHnus. Ha npouecc o6e3yriepoxuBanus
OKa3bIBaIOT BIUSHUE: aTMOC(epa Meur, TeMIiepaTypa 1 XuMudeckuid coctaB crainu. C
HOBBIIICHHEM TEMIepaTyphl TIIyOHHAa O00€3yTJepOKEHHOIO CJOS YBETUYHUBAETCS.
Craiin  BBICOKOYIJIEPOJUCTBIE MOJBEPraloTCs 00€3yIrJIepOKMBaHUIO OOJbIIe, YeM
HU3KOYTJIEPOAUCTHIE.

OO6e3yriepokMBaHue MeTaula MPUBOAUT K TOHMKEHHIO MEXaHMYECKHX
CBOMCTB, KOpOOJEHUIO W3IENHI, TMOABICHUIO TPEIIUH TMpU MOCIEeAyoEen
TepMUYECKO 00paboTKe.

HarpeB cranu Bblllle KPUTHUECKOH TOUYKH CONPOBOXKIAETCS OBICTPBIM POCTOM
e€ 3épeH. UeM BblIlIe TeMIepaTypa U MPOIOJKUTEILHOCTh HATPEBA, TEM UHTEHCHBHEE
IIPOTEKAET POCT 3EPEH. ITO SBJICHUE HA3BIBAECTCS IIEPETPEBOM.

[leperpeB moHM)XaeT KaueCTBO MOKOBOK, TaK KAaK KPYIHOE 3€pHO B Hauale
KOBKH IIPH OJJTHUX M TE€X K€ YCIOBUAX NPUAAET MOKOBKE KPYMHO3EPHUCTOE CTPOCHHUE.
CKJIOHHOCTB CTaJIM K IIEPErpeBY 3aBUCUT OT XUMHUYECKOTO COCTABA.

CrpykTypa neperpeTou cTajiu MOXKET ObITb BOCCTAHOBJIEHA ITYOOKOW KOBKOM

U COOTBETCTBYIOLIEH TepMUUEeCKoi 00paboTKOiA.



[Ipy nOBBIIEHMM TEMIEpPAaTypbl HarpeBa CTaIM OJM3KOM K TeMIeparype
IUIABJICHUS, TIOMMMO POCTA 3€PEH INPOUCXOAUT OKHUCICHHE METajlla HE TOJBKO C
MOBEPXHOCTH, HO M BHYTPH 10 I'PaHULaM 3EPEH ¢ YACTUYHBIM MX OIJIABJIEHUEM 3a CUET
mipdy3un  kuciaopona. Takoe sBIeHHE Ha3bIBacTCs MepekoroM. B pesynbrate
IIEPEKOra CBA3b MEKAY 3€pHAMU HapylLIaeTCs HACTOJBKO, YTO 3arOTOBKA B IPOLECCE
iactTuueckoit  aedopmarnum  paspymaerca. Ilepexor sBiseTcs, Kak IpaBuiIo,

PE3YJIbTATOM HAPYIICHUA TCXHOJIOTMH HAI'PCBA.

OcCHOBHBIE XapaKTePUCTHKN HATPeBa MeTaJLlIa

HarpeB Meramna OOBIYHO XapaKTEpU3YETCsl CKOPOCTbIO, TEMIIEPATypod H
MPOIOJKUTETBHOCTBIO.

CKOpOCTBIO HarpeBa Ha3bIBAETCSl YBEJIMYEHHUE TEMIEpaTypbl 3aroTOBKH 3a
eIMHUIy BpPEMEHH; OHa 3aBHCHUT OT MHOTHUX (AKTOPOB: (PUIUYECKUX CBOHCTB
MaTtepuana; pa3MepoB U (POpMBI 3arOTOBKH; CIIOCOOA PACHOJIOKEHHSI 3arOTOBKU B
HarpeBaTeJIbHOM YCTPOICTBE; TeMIIepaTypbl B paboueM MpOCTPaHCTBE.

HpI/I Harp€BC€ CTaJbHBIX 3aroTOBOK CJIICAYCT pasindaTb ()onycme/wwo nu

MEXHUYECKU BO3MONCHYIO CKOpOoCcmu Hazpesa.

Jlormyckaemasi CKOpOCTb HarpeBa OIPEIEISIETCS BEJIMYMHOM TEPMHUYECKHX
(TeMmepaTypHbIX) HaANpsHKEHUA M IUIACTMYHOCTBIO  HArpeBaeMoro MeTasuia.
BenmnunHa TepMUYECKHUX HAINPSDHKEHUN 3aBUCHT OT TEMIIEPATypPHOrO TPaJveHTa IIo
CEUEHUIO 3ar0TOBKH, PABHOMEPHOCTH HarpeBa, TEMIIEpATypbl B paboyeM MpOCTPaHCTBE
B MOMEHT 3arpy3KH 3arOTOBKH.

N3BecTHO, YTO MeTaul NpU HarpeBe pacmupsiercs. IloBepXHOCTHBIE cion
METaJuIa, HarpeThble 10 00JIee BEICOKOM TEMIIEPATYPBI, PACIIUPSOTCS OombIe. OgHaKo
paclIMpeHne NOBEPXHOCTHBIX CIIOEB CHEPKUBAECTCS COCEAHUMHU BHYTPEHHUMH
CJIOSIMH, KOTOPbIE TIPH 3TOM OYyJIyT pacTATMBATHCS 3a CUET pACIIMPEHUS] HAPYKHBIX.
B pe3ynbrare Takoro B3aMMOJEWUCTBHSI HApY)KHbIE CIOM OYIyT MCHBITHIBATH
C)KMMAIOIIME HAIPSDKEHMS, a BHYTPEHHUE CJIOM - PACTATMBAIOLIME HANPSHKEHHS.

Takoro poja HanpsHKEHUs: Ha3bIBAIOTCA TEPMUUYECKUMU (TemnepaTypHbiMK) [12]. Uem



OO0JbIlIE pa3sHHILA TEMIEPATYp B Pa3IMYHBIX YacTSAX MaTepuala 3aroTOBKH, T.€. YEM
OoJIbIIIe TEMIIEPATyPHBIN TPATUEHT, TEM OOJIbIIE TEPMUUYECKUE HATIPSHKCHHUS.

[Ipn OonpmION pa3HOCTH TEMIIEpaTyp BHYTPHM MeETaula TeMIIepaTypHbIE
HaIpPsHKEHUSI MOTYT HACTOJIBKO BO3PACTH, UTO 3TO MPUBEAET K 00pa30BaHUIO TPEIIUH
BHYTpH 3arotoBku. Harpes metasmia HeoOX0AMMO BECTH HE TOJIBKO C ONPEIeTEHHOM
CKOpPOCTBIO, HO M 10 BO3MOXHOCTHM PaBHOMEPHO CO BceX cTopoH. Ilpu
HEpPaBHOMEPHOM HAarpeBe YacTh 3aroTOBKM, OOpallleHHas K IUIaMeHHW, OyJer
HarpeBaThCsi OBICTpEE, BCJIEACTBHE YEro OISTh MOSABISIOTCS TEMIIEpaTypHBIC
HaNPSDKEHUSI, KOTOPBIE CTAHYT MPUYMHON 00pa30BaHMs TPEIIUH B METAILJIE.

CkopocTh HarpeBa MeTajlyla BO MHOTOM 3aBUCUT U OT TEMIIEpaTypbl B pabouem
IIPOCTPAHCTBE MEYU MPHU 3arpy3Ke, OCOOEHHO MPH 3arpy3Ke XOJOJHBIX WA KPYITHBIX
3arotoBoK. lIlocakeHHbIE B I€Yb C BBICOKOM TEMIIEPATYpPOU CIUTKH WJIM 3arOTOBKH
Osaronapsi OOJIBIION Pa3HOCTU TEMIIEpaTyp MEYM M METaula MOJy4YaroT Kak Obl
TEeMIIEpaTypHBIA yJap, T.€. IPOUCXOIUT ObICTPOE HArpEBaHUE MMOBEPXHOCTHBIX CIIOEB,
B TO BpPEMs KaK BHYTPEHHHE CJIOHW MMEIOT HHU3KYIO TEMIIEPATypy, a CIEJOBATEIBHO,
BO3HUKAIOT TEMIEpAaTypHbIE HANpsKEHHs, KOTOpPblE MOTYT HPUBECTH K
00pa30BaHMIO TPEIINH B 3arOTOBKE. B CBsA3M € 3TUM JoIyckaemas CKOpOCTh Harpena
0OyCIIaBIMBAETCSl BEJIMYMHON TEPMHUYECKUX HAMpPsHKEHUH, OCOOECHHO B TEPBBIN
NEepUOJl HarpeBa, KOrja MeTajul HaxoIuTCs eml€é B YNPYroM COCTOSIHUHU, T.€. B
uHrtepBaie temmneparyp ot 0°C no 750°C.

I[Ipu poctwxenun temmeparypsl 750°C  HaOmonmaeTcss 3HAYUTEIBHOE
NOBBIIICHUE ITUIACTUYHOCTU CTAJIA, U MMOATOMY HAarpeB MOXXHO BECTH C TEXHUYECKU
BO3MOXKHOM CKOpPOCTBIO, HE OIacasch 00pa30BaHus TPEUIMH. TeXHUUECKH BO3MOXKHAs
CKOPOCTb HarpeBa 3aBUCHUT, B MEPBYIO O4Yepeb, OT TEMIEPATYPHOIO HAMopa, T.€. OT
pa3HOCTH TemrepaTyp B pabodeM MPOCTPAaHCTBE MEYM M KOHEUHOH TemrepaTypsl
HarpeBaeMou 3aroToBKH, KOTopas AoJkHa cocTaBisaTh 100 — 150°C.

Ilog  TemmepaTypoil HarpeBa MeTayla MOJPA3yMEBAIOT  KOHEYHYIO
TEMIIEpaTypy MOBEPXHOCTH CJIWTKAa WA 3arOTOBKM B MOMEHT HX BBIIAYU U3
HarpeBaTesIbHOTro ycTpoicTBa. [Ipu 3TOM HEOOXOUMO YUUTHIBATH HEPABHOMEPHOCTD

HarpeBa, ONpeAesieMyIO IEPENnagoM TEMIIEPATYP MO CEUEHUIO, IEPUMETPY U JJIMHE



3arOTOBKM WJIM CcIOuTKA. JlomyckaemMas HEpaBHOMEPHOCTh HarpeBa CBsi3aHa C
OCOOEHHOCTSIMU TE€XHOJOTUYECKOTO MPOIECcca, ISl KOTOPOTO MPOU3BOJUTCS HArpeB
Marepuania.

JUisi monmydeHHsT TOKOBOK BBICOKOIO KayecTBa HEOOXOJUMO MPaBUILHO
HA3HAUUTh TEMIEpaTypy HarpeBa, 00ECIeuMBAIONIYI0 HAMOOJBIIYIO TUIACTUYHOCTD
MaTepuana.

OO6nacth TeMmmepaTyp, HpH KOTOPBIX MaTepual HaxoAuTcs B Haubojee
MJJACTUYHOM COCTOSIHUM U UMEET HAWMEHbIIEE COMPOTUBJICHUE AeHOPMUPOBAHUIO,
HA3bIBACTCSI TEMIIEPATypPHBIM WHTEPBAJIOM KOBKM W IITAMIOBKU. TeMIiepaTypHBIi
MHTEpBaJ KOBKU U IITAMIIOBKH MPEJCTaBIsET cO00i 00JIacTh TeMIepaTyp OT Havaia
70 KOHIIa KOBKM WJIM IITAMIIOBKM U JIOJDKEH OOecrednBaTh OAHO(A3HOE COCTOSIHHE
MeTajula Ha MPOTSDKEHMHM BCEro mepuoja ruiactudeckod aedopmanuu. [Ipu koBke
WJIM IITaMIIOBKE HU3KOYTJIEPOAUCTHIX CTAJIE BOBMOXKHO OKOHYaHUE 00pabOTKU Mpu
TEMIIEpaType, COOTBETCTBYIOIIECH JBYX(a3HOMY COCTOSIHHIO, TaK KaK 3TH CTajH
00J1a1at0T TOCTAaTOYHOMU TJIACTUYHOCTBIO TIpU TeMIiepaType nopsiaka 750°C.

Pasnmuyaror onmumanvhviy 1 mexnonocuuecku Heobxooumbvly TEMIIEPATypPHBIE

WHTEPBAJIBI KOBKU U IITAMIIOBKH.

Texnonoeuuecku HeoOX0OUMbl WHTEPBAJl KOBOYHBIX TeMIlepaTyp Bceraa
JIEKUT B MPEJEIax ONTUMAIbHOTO TEMIIEPATYPHOTO NHTEPBAJIA.

Onmumanvhvlti  memnepamypHvlii.  uHmepéans  KOBKM W IITaMIIOBKH
ONpeneNsIETCd TeMIEepaTypaMHi Hadala U KOHUA KOBKM WJIM IITAMIIOBKH, KOTOPBIE
YCTaHABJIMBAIOTCSL PA3JEIbHO HAa OCHOBAHMM KOHKPETHBIX IAHHBIX O IIOBEJCHUU
MeTaJljla PU PA3INYHBIX TemrepaTypax. OQHAKO TOYHO YCTaHOBUTH 3TH TEMIIEPATYPHI
MOXXHO JIMIIb MPH HAIUMYMM JAHHBIX O METalle C  METaJUlypru4ecKOu,
METAJUIOBEIYECKON, OKCIUIyaTallMOHHOM TouyeKk 3peHus. Ilostomy ykassIBaroT
OPHUEHTHPOBOYHBIE TEMIIEPaTyphl Hadaja M KOHUA KOBKM M IITAMIIOBKH, KOTOPBIE
3aTeM MOJUIeKAT YTOUHEHHUI0, UCXO/I U3 KOHKPETHBIX OOCTOSTEIIBCTB.

TexHonornyecku HEOOXOAUMBIN MHTEpBAJl TEeMIEpaTyp KOBKU M IITAMIIOBKH
OTpeENsIeTCs] BpEMEHEM, HEOOXOAMMBIM JIJIs1 BHIMOJIHEHUS! JAHHOW onepanuu uiu eé

qacCTH.



TemneparypHblii MHTEpBal KOBKM M INTAMIIOBKM CTAJId 3aBHCHT OT €€
XUMHUYECKOTO COCTaBa M COCTOSIHUS (CIMTOK WK JAeOpMHPOBAHHAS 3aroTOBKA) U
MMEET BEPXHUN U HUKHUU ITpeaes.

[log BepXxHMM MpeAesioM CIEIyeT MOHUMATh MAaKCUMAaJIbHO JIOIYCTUMYIO
TEMIIEpATypy HarpeBa MeTajula, a HE TEMIIEpaTypy Hadyala KOBKM WM IITAMIIOBKH.
Omnpenensierca npeaesn U3 CIeAyNMX COOOpPaXEHUI: CTPEMJIEHHEM NOBBICUTH €ro
JUISL yITydlieHus: AepOopMUPYEMOCTH MarTepHalia, YMEHbIIEHUS YCWIHMS U pacxoja
Hepruu Ha o0paboOTKy; HEOOXOAWMOCTb CHHIKEHHS €ro B CBS3U C TEM, YTO C
MOBBIIICHUEM TEMIIEpaTypbl BO3PACTAET OKAITMHOOOPAa30BaHUE U 00€3yTIIepOKUBaHHE
IIOBEPXHOCTHOTO CJIOSI.

[Ipy Ha3HaueHUM HUKHErO Npenesia TeMIEPAaTypHOro WHTEpBaja KOBKH U
IITAMIIOBKM HCXOJAT M3 CTPEMJICHUS OKOHYUTh OOpabdOTKy IpH TeMIleparype,
o0ecrieunBarolIell  yMEHBIIEHUE ONacHOCTM  oOpa3zoBaHus TpemuH. (OaHaKo
HEOOXOMMO CUUTATHCS HE TOJIBKO C MAPKOW CTajd, HO U ¢ 00bEMOM, U Ka4e€CTBOM
00paOOTKM TOKOBKH, CIOCOOOM OXJaXIEHHUs, a Takke ¢ TpeOOBaHUSIMH K
MEXAHUYECKUM CBOMCTBAM METAJUIA C YUETOM XapaKTepa SKCIUTyaTalluy IE€TalH.

JUist  yraepoaucThIX — CTalied  TEOPETHYECKOM OCHOBOM TIpH  BBIOOpE
TEMIIEPATypHOIO  WHTEpBAJla KOBKM M  INTAMIIOBKM  SBJIETCS  Juarpamma
HKEJEe30yTIEePOIUCThIX ciuiaBoB. Ha puc. 6 mokazana o01acTh KOBOYHBIX TEMIEPATYP
yIJIEPOAUCThIX cTane. Kak BUAHO U3 AuarpaMMbl, MAaKCHUMAaJbHBIM WHTEPBAI
KOBOYHBIX TEMIEpATyp I HHU3KOYTJIEpPOAUCTHIX craner coctasisieT 600°C, mus
9BTEeKTOMIHBIX cTasieil — 450 — 400°C, miug 3adBTekTonanbIx crtanein — 200 — 250°C,
I BBICOKOJIETUPOBAHHBIX cTanel — nopsiaka 100 —150°C.

TemneparypHble HMHTEpBaJibl KOBKM M  IITAaMIOBKM Uil  Haubosee
pacnpoCTpaHEHHBIX MapOK CTajd JIaHbl B COOTBETCTBYIOLIMX CIIpaBOYHMKaxX. Jlnd
CTaJIel U CIUIABOB, HOBBIX MAPOK ONTUMAJIbHBIE TEMIEPATypbl KOBKH WM IITAMIOBKU

yCTaHABJIMBAIOTCSA TI0 Pe3yJIbTaTaM KOMIUIEKCHBIX UCTbITaHui [11].



Jlekusa Ne 5
Il1an Jeknuu:
IIpooonxcumenvrocmo nacpesa. Pexcum naepesa. Cnocobvi 3awumel mMemauiia oOm

okucnenus. Oxnaxcoenue memasia

HarpeB 3arotoBok 1moj KOBKY WJIM IITAMIIOBKY B OOIEM Cllydae CBOAMUTCS K
OTIPE/ICNICHUIO  MPOJOJIKUTEILHOCTY HarpeBa d3TUX 3aroTOBOK /IO  3aJaHHOU
Temreparypbl. Takum 00pa3om, MPOJOIKUTETFHOCTh HAarpeBa — 3TO BpPEMsi, KOTOPOE
HEOOXOJMMO JJII HarpeBa IO 3aJaHHOMY PEXKUMY J0 TpeOyeMoW TeMIlepaTyphl.
[IpoOmKUTENBHOCT HAarpeBa HEMOCPEICTBEHHO CBSI3aHA C MPOU3BOAMTEIIBHOCTHIO
HarpeBaTeILHOTO YCTPOMCTBA: YEM MEHBIIE MTPOIOJKUTEIIBHOCTh HAarpeBa, TEM BhIIIE
MPOU3BOUTEILHOCTh HAPEBATEIBLHOTO YCTPOUCTBA TP MPOUYUX PABHBIX YCIOBHUSIX.
[Ipo10KUTENFHOCTh HarpeBa MeTalljla 3aBUCUT OT MHOTHX (haKTOPOB: MapKu CTajH;
(GOpMBI M T€OMETPUYECKHX Pa3MEPOB 3aroTOBKH; CIOcOo0a YKIAaJKH 3aroTOBOK Ha
nojay Te4yH; TeIoQU3nYecKux CBOMCTB Marepuaia; TeMIeparypbl padouyero
MIPOCTPAHCTBA HArpeBaTENbHOTO YCTPOMCTBA M KOHEYHOW TEMIIEpaTypbl HarpeBa
Metauia. CBsi3b MEXIY MEPEUUCICHHBIMU (DAKTOpaMH BEChbMa CJIOXKHAS, U TTOITOMY
OTIpe/ICJICHHE TMPOJIOJDKUTEILHOCTH HarpeBa TpeOyeT THIATENBHOTO aHaiu3a B
Ka)XJIOM KOHKPETHOM CJTydae.

[Ipu Harpese Ten B 3aBUCUMOCTHU OT Iepenaga TeEMIEpaTyp Mo UX CEYEHUIO OHU
MOTYT OBITH pazfeneHsl Ha "ToHkue" U "maccuBHble" Tena. [Ipu HarpeBe TOHKOTO
TeJda Pa3HOCTh TEMIEPATyp MO CEYEHHI0 OYEHb Maja M €0 MOXHO NpeHeOpedb,
CUMTAas1, YTO B KaXK/IbIi MOMEHT I10 BCE Macce OHA paBHA TEMIIEPAType MOBEPXHOCTH.
Harpes ToHKOTr0 Tena onpeaensercs Terionepeiadeii Ha MOBEpXHOCTH Tela.

HarpeB MaccHBHBIX TeJl MPOUCXOIUT MPU HATUYUHM 3HAYUTEIBLHOTO Mepenaaa
TEMIEPaTyp MEXKIy MOBEPXHOCTHIO M ILEHTPOM M TO3TOMY IIPU pacyeTe HarpeBa
HEOOXOJAMMO YUUTHIBATH HE TOJILKO MPOIIECC TEIuIonepeaauyd Ha MOBEPXHOCTh, HO U

IIPOLIECC PACIPOCTPAHECHUS TEILIA BHYTPb TEJIA.



FpaHI/Iua MCKAY TOHKMMH WM MACCHUBHBIMH TCJIAMU OIIPCACIIACTCA KPUTCPUCM
BI/IO, IMOKAa3bIBAIOIKMM COOTHOIICHHUEC MCKAY KOJIHUYCCTBOM TCIIJIa, ITOJYYCHHOIO

IMOBCPXHOCTHIO TCJIA, U KOJIMYCCTBOM TCILIA, OTBCACHHOI'O BO BHYTPb!:

a, S

BI — J+K

A

rie «,, — TNpUBEACHHBIM KOA(DHUIMEHT Teruionepenadyd KOHBEKIMEH C y4eToM

A+K

U3JTy4EHUs] KOHBEKLIMEN Ha TOBEPXHOCTH TENIA;
S — monoBHMHA TOJNIIMHBI TUIACTUHBI (Wiu R-paamyc ummuazapa), oOorpeBaeMoil ¢
00eux CTOPOH OAMHAKOBO; A -KO3(p(PUIMEHT TEMIONPOBOIHOCTH MaTepHaa.

Uem Oousbiie kputepuit buo, Tem wMaccuBHee Teno. Teoperuueckue u
OKCIIEPUMEHTAIbHBIC JTaHHBIE TOKA3bIBAIOT, YTO MACCHUBHBIMHU SIBISIOTCS Tena, y

KOTOpBIX Kputepuit buo mpu Harpese paBeH uiu 6ombiie 0,5, a TOHKUMH, Y KOTOPBIX
kputepuii buo ne mpessimaer 0,25. Murepsan 3Hauenuit 0,25< B; <0,5

IpPEJICTaBISIET NEPEXOJHYI0 00JacTh, KOTOPYIO MpPH TOYHOM pacuere OTHOCAT K
MAacCCHUBHBIM TeJIaM, a TIpU MPUOTIKEHHOM - K TOHKUM. JleneHne Ten Ha TOHKWE U
MAaCCUBHBIC SIBJISIETCS YCIOBHBIM, TaK KaK OJHO U TO K€ TEJIO TPU HarpeBe B Cpelie ¢
HU3KOM TemrepaTypoidl MOXKET ObITh OTHECEHO K TOHKHM TejlaM, a IpU Harpese B
cpefie ¢ BBICOKOM TeMIlepaTypoil - K MAaCCHBHBIM.

Pemenue 3amauum o0 HarpeBe TOHKHX TeJl MpPHU IMOCTOSHHOM TemIepaType B
HarpeBaTelIbHOM ycTpoiicTBe OblIo BbioHEHO b. B. Crapkom. uddepenmansroe

yYpaBHEHUE, OTpaXKarollee IPOLECC HarpeBa TaAKUX Tell, umeeT Bun [11].
0. ... F,pdt = gedz;

rae q,,,, — TEeIUIOBOM MOTOK Ha MOBEPXHOCTH METAJLIA;

F,, — 5pdexkTnBHAs TEMIOBOCTIPUHUMAIOLIAS IOBEPXHOCTE;

g — Macca Harp€BacMoro Merasiia,

C — TCIIJIOEMKOCTB,
7 — IIPOAOJDKHUTCIIbHOCTD HAI'PCBa,

t— TeMmeparypa Harpesa.



BenuunHa TEmIOBOrO MOTOKA MOXKET MMETh pa3jiIniHbIC 3HAYCHUSA B
3aBUCHMOCTH OT CHOC00a nepeaadn TCILia. HOI[CT&BJIHSI 3HA4YCHHUA TCIIIIOBOTO
IIOTOKa, IIpU IMepcaadc TCIIa Ha IMOBCPXHOCTb HArpe€BacMoOro TCjia II0 3aKOHaM
KOHBCKIIMHK C YYCTOM H3JIYUCHHA, B OCHOBHOC I[I/I(i)(bepeHHI/IaHBHOG YPaBHCHUC U

peliasi ero OTHOCHTEJILHO TIPOJIOJDKUTEIIBHOCTH HarpeBa, noiay4yuM [12]:

VCIO .In tn _t:; .

T = .
F (j)afz+;< tn _t’l/t

>

OTO ypaBHEHHME MOKa3bIBAET, YTO MPOJOJDKUTEIBHOCTh HAarpeBa TaKUX TN
IpSIMO TIPOIOPIIMOHATILHO JIMHEHHOMY pa3Mepy Tena, 00beMHON TeIIoeMKocTH (cp),
jgorapu(My OTHOIIEHHUS HAYaJbHOM M KOHEYHOM PAa3HOCTH TEMIIEpaTyp U oOpaTHO
POMOPIMOHAIBHO KO3(P(ULMEHTY TEIUIONEpeaaun KOHBEKIIUU C YYETOM U3TyUYEHUS.
KoaddunmenT temmonepeaaun oObIYHO OMPEIEIICTCS 110 SMIIMPUIESCKUM (hopMyJiaMm
v u3 rpadukos [11].

Amnanornysble (HOpMyJIbl TOTYYEHbI Ui ONPEAENICHHUs] IPOJOJDKUTENIbHOCTU
HarpeBa TOHKUX TeJl U MPHU TEIUIOBOM MOTOKE MOJAYMHSAIONICICS 3aKOHAM HU3JTy4EHUSI.
Otu (opMyIbl Aar0T 00Jiee TOUHOE 3HAYEHUE MPOAOKUTEIILHOCTH HarpeBa, HO OHU
OYEHb IPOMO3/IKH.

HarpeB TOHKHX TeJl MOXKET OCYILLIECTBIISITbCS U NPU IEPEMEHHON TEMIIEPATYpE B
HarpeBaTelbHOM ycTpoiicTBe. Eciu TtemmepaTtypa B paboueM MpPOCTPAHCTBE
U3MEHSETCsI 110 JIMHEHOMY 3aKOHY

Ecnu Temneparypa nedn MEHSIETCSI BO BPEMEHM O KaKOM-TO KPUBOM, 3aMEHSIS
KPUBYIO OTpPE3KaMHM MPSIMbIX, MOXKHO BECTH pacyeT HarpeBa TOHKOTO Teja IO BBIIIE
npeioXKeHHoU (popmyiie.

[Ipouiecc HarpeBa MacCUBHBIX TeN (KPYIHBIX 3arOTOBOK U CIIUTKOB) SIBJISIETCS
OoJiee CIIOXKHBIM, M €T0 pacueThl OCHOBaHbI Ha pemieHud auddepeHnnanT-HOTO
ypaBHEHUS TEIJIONPOBOAHOCTH (ypaBHEeHUsS Dypbe).

ot o’t 0t 0%
—=a +—+
ot x> oy* o0z’

[Ipu HecrauvoHapHOM TeMmmeparypHoM Tojie ypaBHeHue Dypse s

OJHOMCPHOI'O TCIIOBOI'O ITIOTOKA, IIPUHUMAA BUJ



ot 0%t
o=
ot ox?
uMeet psij peuieHuit. [loaromy Ni1st osydeHus OJJHO3HAYHOTO pelIeHUs HE0OXO0AMMO
3HATh HaYaJbHBIC U TPAHUYHBIE YCIOBUSI.
HavanbHbIMU yCIIOBUSIMM HA3BIBAIOTCS paCIpeACliCHUs] TEMIIEPATyphl B Telie B
KaKOH-1100 MOMEHT BpeMeHHU (0OBIYHO B HaYaJIbHBIA MOMEHT), TIPH
r=0=t=t =const
I'pannynbiMM  (WJIM TIOBEPXHOCTHBIMU) YCJIOBHUSIMU HA3bIBAIOTCSA YCIOBUA,
XapaKTepU3yrolrue U3MEHEHHE TEeMIIepaTypbl Ha MOBEPXHOCTH TeJla WM TEIJIOBOE
B3aHMOJICHMCTBUE TIOBEPXHOCTH Tella C OKpyXawlueh cpenoud. Paznmnuaror
CJIETyIOLME TPAHUYHBIC YCIIOBHSI:
®  TIEPBOTrO pOJia - €CIW 33JaHO paCIpe]eJICHUE TEMIIEpaTypbl Ha MOBEPXHOCTU

Tesa Kak (PYHKIUS KOOPINHATHI BPEMCHH;
®  BTOPOro poja - €ClId M3BECTHA BEJIMYMHA TEIJIOBOIO MOTOKA HA MOBEPXHOCTH

Tena,
®  TPEThEro pojia - eciiv 3aJaHa TeMIlepaTypa Cpeibl, OKpy>Karolen Telo, U 3aKoH

TeI1I000MeHa MEXKTy TOBEPXHOCTHIO TeJla U OKPY Karollen cpeoil.

Jlns  ompeseneHuss TMPOMOJDKUTEIBHOCTH HAarpeBa MAacCCHBHBIX — 3arOTOBOK
npeioxkena ¢opmyna [16], monydeHHass W3 ypaBHEHUS TEIJIOMPOBOJHOCTU B
MIPETONIOKEHNH, YTO TeMIepaTypa MOBEPXHOCTH TeJla U3MEHSIETCS MO JTUHEHHOMY
3aKOHY:

_ DS (1~ 1)
oAt

T

rae @ - ko3¢ duieHT GopMbl 3aroTOBKU, onpeaesseTcs no taouuie [1];
S = ud — pacyeTHasl TONIIMHA HAarPEBaeMOTO TEJa;
d — meficTBUTEbHAS TOJIIIMHA TEla,
4 — Kodh(UIMEHT, YYUTHIBAIOIIMM HEPaBHOMEPHOCTh HarpeBa 3aroTOBKH,
00YyCIIOBJICHHOTO PACIIOJIOKECHUEM €€ Ha MOy TIeYH;
a — KO3 PUITMEHT TeMIepaTypOIpOBOIHOCTH;

At — KOHEYHasi pa3HOCTh TeMIIepaTyp MOBEPXHOCTH U IIEHTPA HarpeBaeMoi 3arOTOBKH.



Ecnn HarpeB oOCylmIecTBAS€TCS C BBUIEPKKOW B KOHIE Ipolecca, TO
MPOJOJKUTENBHOCTD BBIIEPKKHU onpeensercs no ¢hopmysne [1]:

SZ
T=e—,
(04

rie e — Kod(pPUUMEHT, 3aBUCAIIMA OT CTENECHU BbIPABHUBAHUS TEMIIEPATYp IO
CEUCHMIO; onpeenseTcs no rpaduky[1].

['padoananuruueckuii metoy pacuera [17] NpomOIKUTENBHOCTH HarpeBa
MAacCCHUBHBIX Te€l (CIMTKOB) W3 YIVIEPOJMCTOM CTadud BEAETCS Ha OCHOBE
KpUTEpPUAIbHBIX  YPAaBHEHHI, KOTOpbIE TIPUBEIECHBI B BHJIE HOMOIPAMM,
paspabotannbix J[.B. bynpunsiM. Ha ocu opauHaT 3TMX HOMOTpaMM OTKJIaJbIBAE€TCA
TEMIEpATypHbIA KpuTepud Q , a Ha ocu abcuucc - kpurepuii Dypse (Fo) B
3aBUCUMOCTH OT BEJINYMHBI Kputepus bro. TeMrepaTypHslid KPpUTEPUM ONIPENEIISIETCS

JUIA IOBEPXHOCTU Q, M 1eHTpa Q, .

Q _ tn _t;; .
t,—t,
raet — Temreparypa B pabodeM IMpOCTPAaHCTBE MEYH.

CymHOCTB pacuera 3aKI04aeTcs B CIEAYIOIIEM: ONPEAEISAOT Kpurepuil buo n
TEMIIEPATYPHBIA KPUTEPUM HA MOBEPXHOCTHM HArpeBaeMou 3aroToBku. Ilo HuM ¢
IIOMOLIBK0 HOMOIPAMMBI ONPEAEIAIOT Kputepuil Pyppe. 3areM 1O H3BECTHBIM
kpurepusiMm buo m @ypbe OnpeAensroT TeMmIepaTypHbId KPUTEPUN Ui LIEHTPA
3arOTOBKHM, IIOTOM TEMIIEpaTypy LIEHTpa 3aroTOBKH, Pa3HOCTb TEMIIEparyp, IOCIE
4ero CpenHIo Ttemmeparypy. g cpenHen TeMmieparypbl CIMTKA WM 3arOTOBKH
OINPENEIAT  TEIUIONPOBOJHOCTh, TEIJIOEMKOCTh, KOI(Q(QUIMEHT TeMIepaTypo-

npoBoauMocTH. [1o kputeputo ypre onpenensroT MPoI0KUTEIFHOCTD HarpeBa:
2
T=F, S—;
a
JIist TOoro 4toOBI TOTPENTHOCTHh pacyeTa OblIa KaKk MOXKHO MEHbINE, BECh
TIEpUOJ/T HarpeBa JIENAT Ha OTACIbHBIC TEMIIEpaTypHBIC MEPHOABI, PacdeT IPH ITOM
BEIyT JUISl KQXKJIOTO TIeproJia oTaeinbHo. O0IIast mpoaoKUTEILHOCTh HarpeBa paBHa

CymMMm¢e HpOI[OJ'I)I(I/ITeJ'IBHOCTeﬁ BCCX IICPUOOOB.



PaccMOTpeHHBIE TEOPETMYECKME METOJbl pacuera HarpeBa MACCHBHBIX Tell
UCXOAAT U3 IIOCTOSHCTBA TEMIIEPATypbl Cpenbl - TeMIepaTypel B pabouem
IPOCTPAHCTBE HArpeBaTeNIbHOTO ycTpoicTBa. Ha mpakTke B OOJNBIIMHCTBE CIy4YacB
TeMIeparypa B paboueM MpOCTPAHCTBE MEHSETCS, T.€. HArPEB CIUTKOB U 3arOTOBOK
[0J1 KOBKY M IITaMIIOBKY 3HAUUTENBbHO Yallle ObIBACT IIPHU NEPEMEHHOMN TeMIlepaType
neyr. MeTopl pacyeTa, IpUMEHsEMbIE IPU IEPEMEHHOM TeMIIEpaType MeUr, aBTOPbI
paboThl [3] peKOMEHIYIOT pa3JeIUTh Ha JIBE€ FPYIIIbL:

e  [epBas IpyIa - U3BECTEH 3aKOH U3MEHEHUS TEMIIEPATYPbI [IEUYN BO BPEMEHU;
e  BTOpas Ipymmna - 3aJlaH PeKUM U3MEHEHUS TEMIIEPATyphl TIOBEPXHOCTHU U IIEHTpa

HarpeBaeMoro Tela.

[Ipu pemieHnyn 3aaad MepBOM IPYIIBI BCE BpEMs HarpeBa JESAT HAa HECKOJIBKO
YYaCTKOB M TEMIIEpaTypy Me€Yh B KaXKJOM YYacTKE NPUHUMAIOT MOCTOSHHON WU
PAaBHOM CpelHEMY 3HAYEHMIO, T.€. IJIABHYIO KPUBYIO 3aMEHSIOT JIOMAaHHON KPHUBOW.
3areM OmNpeAesal0T TeMIepaTypy MOBEPXHOCTH M IIEHTPa 3aroTOBKH JJIA Ka)JI0ro
y4acTKa Kak IPH HarpeBe MAaCCHBHBIX 3arOTOBOK C IOCTOSIHHOW TeMIepaTypoil B
pabodeM MpOCTPAHCTBE HArpeBaTENIbHOTO YycTpoicTBa. IlomyueHHble pe3ynbTaThl
HAHOCST Ha TpaduK TakuM o0pa3oM, 4TOOBI HAYAJIO OTPE3Ka KPUBOM MOCIIETYIOIIETO
ydacTKa COOTBETCTBOBAJIO TEMIIEpPaType IOBEPXHOCTH M LIEHTpa Tejla B KOHIIE
npenpiaymero  yyactka. COEIUHUB  TOYKM, TOMYyYuM TpaduKk HU3MEHEHUs
TEeMIlepaTypbl MOBEPXHOCTH M LEHTpPa 3aroTOBKM IO BPEMEHU MPHU TEPEMEHHOM
TeMmIepaType B pabodeM MpOCTPAHCTBE MEYH.

CymHocTh peneHus 3a1ad BTOPOM Ipynnbl CBOJUTCSA K CIEAYIOLIEMY: rpapuk
U3MEHEHUs TeMIIEPaTypbl IOBEPXHOCTH HArpeBaeMoro Tejia pa3douBaroT Ha MEPUOIBL,
a 3aTeM I KaXJ0ro Mepuoja, UCIoNb3ys ypaBHEHUS M Tpaduku JUisl pacdera
HarpeBa TeJ MPU M3MEHEHUM TEeMIIepaTypbl MOBEPXHOCTU MO JIMHEWHOMY 3aKOHY,
OIpPEENSIEM TEMIEPATYPY B LEHTPE 3arOTOBKM M U3MEHEHHUE TEIUIOBOIO MOTOKA, 110
KOTOpPOMY OIlpesieNiseM TeMieparypy neud. [lo MojgydeHHbIM JaHHBIM CTPOUM
KpUBbIE U3MEHEHHUsI TEMIIEpaTyphbl B LIEHTPE 3aroTOBKU M TEMIEpaTypbl B paboueM

MPOCTPAHCTBE MeYH, 00ECIICYNBAIOIIEH 3a/IaHHbBIN PEKUM Harpena.



Pexxum wHarpeBa - 23T0 Tpaduk U3MEHEHHs TeMIleparypel B pabodem
MIPOCTPAHCTBE HArPEBATEIIBHOIO YCTPOMCTBA U METaJIa B IPOLIECCE HArPEBA.

B nonsarue "pexum  HarpeBa'  BXOIAT:  HAUANbHAS ~ MeMnepamypa
HA2pesamenbHo20 YCMPOUCMEa U Ha2peeaemo20 Memaiid, KOAu4ecmeo uHmepeaios
Hazpesa U CKOpPOCMb HA2peda 8 KadxiCOOM UHmMep8aie, KOHEeUHAs memMnepamypa
Hazpeea U OONYcKaemasi HepasHOMEPHOCMb Hacpesd;, NpPOOOIHCUMENbHOCHb
Kaxc0020 uHmepsana u oowas npoooJiCUmelbHOCMyb Hazpeda; memMnepamypHulil u
MeNnI0801 pexcum padbomsl HA2pesamebHO20 YCMPOLUCMEd.

Pexxrm HarpeBa CIMTKOB M 3arOTOBOK YCTAHABJIMBAIOT B 3aBUCUMOCTH OT
dbu3uYecKuX CBOMCTB MaTepuana, (OpMbl U Pa3MEPOB CIUTKOB M 3aroTOBOK,
HAa4aJIbHOW TeMIEepaTypbl, a TaKXe TUIA W KOHCTPYKUMHA HArpeBaTeIbHOIO
ycTporictBa. OCHOBOW BBIOPAaHHOTO PpEXKHMMa HarpeBa SIBISIETCS MaKCHUMAalIbHO
JoIycKaemas CKOPOCTh Harpesa, KOTOpas o0ecreunBaeT BBICOKYIO
MIPOU3BOJAUTEIIBHOCTh HArPEBATEIBHOTO YCTPOMCTBA HAPSAIY C BBICOKUM Kay€CTBOM
Harpesa py MUHUMAJIbHOU 3aTpaTe TEINIOBOW SHEPTUH.

[Ipu HarpeBe Moj KOBKY M IITAMIIOBKY MOHO MPUMEHSTh OJHOCTYIICHYATBIN,
JIBYXCTYIICHYaTbIA U TPEXCTYIIEHYATBIN PEKUMBI.

Oonocmynenuamolii  pedicum — npeononazaem HOCHMOAHHYIO — MeMnepamypy
Ha2peeamenbHo20 YCmpoucmea 6 meyenue 6ce2o Hazpesa. IIpoIoIKUTENBHOCTD
HarpeBa ONpENENSeTCS PAa3HOCThIO TeMIeparyp B pabodyeM MPOCTPAHCTBE U
MMOBEPXHOCTH HAarpeBaeMoro Merajia B KOHIle HarpeBa. OQHOCTYIEHYaThIil HATPEB HE
MIO3BOJISIET PETYJIMPOBATH TEMIIEPATYPY IO CEUEHUIO U MTOATOMY €0 NMPUMEHSIOT MPU
HarpeBe MEJKUX U CPEJHUX 3aroTOBOK, pACIHOJIOKEHHBIX HA IMOQy II€Yd B
ONPEIETIEHHOM TOPSIIKE.

Heyxcmynenuamsiti  pedxcum cocmoum u3 08yX nepuooos — Hazpesa U
evloepocku. B mepBoM mepuoje MPOUCXOAMT HArpeB CIUTKA MM 3arOTOBKH 0
TpeOyeMoil TemrepaTypbl Ha MX TMOBEPXHOCTU;, BO BTOPOM IMEPUOAEC MPOUCXOIUT
BBIPABHUBAHUE TEMIIEPATYPHI 110 CEUEHUIO U MACCE MPU MOCTOSSTHHOW TEMIIEpATYpE Ha

MOBEPXHOCTH.



OTOT peXuM NPUMEHSETCS NPH HAarpeBe MaKeTOB JIUCTOB, NMPYTKOB, MEJKHX
3aroTOBOK Ha MOJIIOHAX (B HaBall), HEOOJIBIINX U CPEAHUX CIUTKOB U3 YTIEPOAUCTON
CTaJld B KaMEPHBIX TeYax, a TaKKe MpU HarpeBe HEOOJBIINX CIUTKOB U 3aTOTOBOK B
METOOUYECKHX TeYax.

Tpexcmynenuamolii Hacpes 6KaOUAEm NEPUOObl MeONeHHO20 U YCKOPEHHO20
Hacpesa u evioepowcku. I1epBblil MEepUoa XapaKTEPHU3YEeTCs] MEMJIEHHBIM NOIbEMOM
TEMIIEPATYPBIL, OIIPEIEIIEMON JOITYCKAEMOM CKOPOCTBIO HArPEBa, U 3aKaHUYUBAECTCS MIPU
[IEpexole MeTaula B IUIACTUYECKOE COCTOssHME. Bropon mepuon - nepuon
(GOpCUPOBAHHOTO HarpeBa, OOYCIOBJICHHBI TEXHUYECKH BO3MOXKHON CKOPOCTBIO
Harpesa Merauia. TpeTuid Nepuoj - MEpUOJ BBIICPKKH TaKOW XKe, KaKk W IIpH
JNBYXCTYIIEHYATOM  pPEXUME, OTIMYAIOLIIMNCA TIOCTOSHHOM WM  HECKOJBKO
CHIDKAIoUlelcsa TemmepaTypol B pabodyeM IPOCTPAHCTBE HArpeBaTENIbHOTO
YCTPOMCTBA K KOHIY MpoOLEcca. DTOT PEKUM IMPUMEHSIOT MPU HArpEBE KPYIHBIX U
CPEAHUX CIUTKOB W3 YIJIEPOJWCTOW W JIETUPOBAHHOW CTajl€d B METOAUYECKUX WU
KAMEpHBIX I1eYax.

HarpeB CIMTKOB M3 BBICOKOYTJIEPOAUCTBIX M BBICOKOJETMPOBAHHBIX CTaJICH
npegaycMarpuBaeT 0ojiee CIIOKHBIE PEKUMBI - YEThIpeX-, MATUCTYIEHYaTbie U Oolee,
CBSI3aHHBIE C U3MEHEHNEM MEXaHUYECKHX CBOMCTB M CTPYKTYpPbl METajlIa B IPOLECCe
Harpesa.

Hcxons U3 BBIIIEU3IIOKEHHOIO CIEIYET, YTO HAarpeB MOJ KOBKY M IITAMIIOBKY
MOKET OBITh pa3JeieH Ha HarpeB MEJIKUX U CPEJHMX 3arOTOBOK B KAMEPHBIX IeYax,
HarpeB KpPYIHBIX 3arOTOBOK M CIIMTKOB B KaMEPHBIX II€4axX, HArpeB CIUTKOB U

KPYIIHBIX 3aI'OTOBOK B MCTOAUYCCKHUX U ITOJIYMCTOANYCCKHUX IICUaX.

Ilpakmuka nazpega 3a20mo60K nOO KOGKY U WIMAMNOGKY
[Ipouiecc HarpeBa o1 KOBKY M IITAMIIOBKY JOJIKEH OOecrieunBaTh MOTyYEHUE
TpeOyeMol Temneparypbl M pPaBHOMEPHOTO paCIpeAelieHus €€ 10 CEUYEHUIO
HarpeBaeMoro Tea.
HarpeB Menkux u cpeIHHMX 3aroTOBOK B KaMEPHBIX Me€Yax C IMOCTOSHHOMN

TeMIepaTypoil MMeeT OOJbIIoe PaCIpPOCTpaHEHHE B Ky3HEYHO-IITAMIOBOYHBIX



nexax. Pacder HarpeBa B 3TOM cilydae MOKHO BECTH IO (opMyJiaMm JjIsi TOHKHX Tel.
OnHako B TPakTUKE MIMPOKO TMPUMEHSIOTCS SMIHUpUYecKkue GopMysbl s
MPUOIMXKEHHOTO OMpEACNICHUs MPOAOJKUTENLHOCTH HarpeBa. llpu HarpeBe B
KaMepHbIX mnedax c¢ Ttemmneparypoid 1300 — 1350°C 3aroroBok u3 Malio - H
CPEIHEYTJIePOIUCTRIX CTalled mnpumeHsercs ¢opmyna, npeninoxxkennas H.H.

J1oOpOXOTOBBIM:
r =10xD"*;

rae D — nuameTrp uiau TOJIIMHA 3aTOTOBKH, M;
K— KO3(QPULIHUEHT, YYUTHIBAIOIINN BIUSHIE B3aUMHOTO PACIOJI0KEHHUS 3arOTOBOK Ha
noay neuu [12].

Koaddunment 3arpy3ku moja oOKa3blBa€T CYIIECTBEHHOE BIUSHUE Ha
IIPOJIOJKATEIBHOCTh HArpeBa U MPOU3BOAUTEIBHOCTh HAIPEBATEIBHOIO YCTPOMCTBA.
[Tpu manom kos¢¢uuueHTe 3arpys3kd, Korja 3aroTOBKH YJIOXKEHbl Ha IMOAYy Ha
OOJBIIOM PACCTOSIHUM JIPYT OT Jpyra, MpOJOHKUTEIbHOCTh HarpeBa COKpauaercs,
HO 3aTO YMEHBUIAETCS W MNPOU3BOAUTEIIBHOCTh HArpeBaTENIbHOIO YCTPOMCTBA.
[ToaToMy HeoOXonMMO BbIOMpPAaTh KO3PQPUUMEHT 3arpy3kd TaKoWl, YTOOBI
oOecreynBanach J0CTaTOYHAS MPOU3BOJUTEIBLHOCTh HArpeBaTENIbHOIO YCTPOUCTBA.
[Ipouecc HarpeBa KpYNHBIX 3aroTOBOK M CIMTKOB NOJ KOBKY M IITaMIIOBKY B
KaMEpHBIX Meyax sBJseTca 00yee CI0KHBIM, YEM HAarpeB MEJIKUX 3arO0TOBOK, TAK Kak
C YBEIMYEHHEM pa3MEpPOB HArpeBaeMoil 3aroTOBKH YBEIMYHMBAETCA Pa3HOCTH
TEMIIEPATYpP MO CEYEHHIO, M MOSBISAETCS ONACHOCTh BO3HHKHOBEHHUS TPELIUH 32
CUET MOSBJICHUS TEMIIEPATYPHBIX HANPSIKEHUH. DTa OMACHOCTh OCOOEHHO BEIUKa
IIPU HarpeBe CIHUTKOB, TaK KaK MeTalyl CIWTKa HeogHopoleH. Kpome Ttoro, B
CJIIMTKAaX BO3MOKHBI OCTATOYHBIC HAMPSHKEHUS, BO3ZHUKAIOUIUE MPU 3aTBEPACBAHUU
U OXJIAXJEHUU cIuTKa. B CBA3W ¢ 3TUM mosiBWIIach HEOOXOIMMOCTH YydeTa
TEeMIEPATyPHbIX HAIMpPsDKEHUN MPH pacdeTe Mpoliecca HarpeBa, 0COOCHHO B IMEPBBIH
nepuon. Pemas coBMectHO auddepeHManbHble YpaBHEHUSI YIPYTOCTH €
ypaBHEHHEM IMepeaaun Temia TtenonpoBogHocthio, H.FO. Talin nomyuwnn
BBIpQXEHUS U1 ONpPEACJICHUST MaKCUMAIbHBIX TEMIIEPATypHbIX  HaNpsHKEHU,

ITIO3BOJIUBIIINEC IMPpOBOJHTH pacdeT Impomecca HarpeBa KPYIHBIX 3aroTOBOK M



CIIUTKOB C YYETOM TeMIEepaTypHBIX HANpsKEHH Ha MEpBOM Nepuoie HarpeBa. m
OBLIIM MpeIOKEHBI (HOPMYJIBI Il OMpEAEIeHUsT MPOAOJKUTEILHOCTH HarpeBa B
KaXJIOM TEpPUOJIE MPU TPEXCTYIIEHYATOM pexkume [9].

HarpeB kpymHBIX 3aroTOBOK M CIMTKOB MOJ] KOBKY MOET OCYILIECTBIIATHCS B
METOJAMYECKUX U TIOJyMETOIMYECKUX Mevax. [lo TemneparypHoMy pexxuMy 3TH Medu
JeNndTcs Ha JABYX30HHBIE U Tpex30HHbIE. Pabodee MpOCTPaHCTBO JABYX30HHBIX
METOAMYECKUX Te4ell JensiTcs Ha METOJMYECKYI YacTh (MOJOTrpeBaTeNbHYIO
KaMepy), B KOTOpOil Temreparypa MOJAHUMAETCS M0 XOAy MEepPeMELIeHUs MeTaia OT
TEMIEPaTyphbl YXOASIIUX Tra30B 10 TEMIIEpaTypbl CIEAYIONICH 30HbI, TaK HAa3bIBAEMOI
CBApOYHOM Kamepbl (WM 30HBI BBICOKMX TemmepaTyp). B 3aBucumoctu ot
PAacTIONIOKEHUS TOTUTMBOCKUTAIOIINX YCTPONCTB B CBAPOYHON 30HE MOKET OBITh JINOO
IIOCTOSIHHAsI TemIiepaTrypa, Ju0o0 cHmkaromascs. B nepBoM ciydae obecrieunBaeTcst
Oonpmmii  TeruioBoM  Hamop-mopsiaka 100 —  150°C.  Bonbimoe BiMsiHME Ha
TEMIIEpaTypHBIA HAOp OKa3bIBAa€T OTHOCHUTENbHAS JJMHA CBapOYHOM 30HBI. UeMm oHa
Oosbilie, TeM OOJIbIIIE TEMIEpPaTypHbIA HAOp W TEM MEHbIIE BpeMs Harpena
3aroToBOK. [IpoIOKUTEIPHOCT, HArpeBa B METOJMYECKON MMeud MPUOIMKEHHO
MOKHO ompesienuTh 1o popmyne, npennoxxkennon H.FO. Taiiem [9]:

7=(7+0,05S)S, mun
A€ S — TOJIIMHA 3aTrOTOBKH, CM.

HarpeB KpymHBIX CIWUTKOB OOBIYHO TIPOM3BOAMUTCS B  TPEX30HHBIX
METOJMYECKUX TeYax, HWMEIOINUX HarpeBaTeIbHYI0 KaMepy, KaMepy BBICOKHX
TeMmmeparyp, Tae TemmeparypHblii Hamop coctaBmsier 200 — 250°C u kamepy
BBIJICPKKHA, B KOTOPOM TIPOMCXOIUT BBIPABHUBAHHE TEMIIEpATyp IO CEUEHUIO
HarpeBaeMoro ciuTka. HaumOosee 1enecooOpa3HO B TPEX30HHBIX METOAMYECKUX
nevax HarpeBaTh CIIUTKU W3 JIETUPOBAHHBIX CTaJIeH, TaK Kak Uil HUX Tpedyercs Oosee

TOYHBIN HarpeB.



Cnocoovl 3auumsl Memana Om OKUCIEeHUA U 00e3Y2N1ePOHCUBAHUS NPU HAZPese

Harper meTamia moja KOBKY WIJIM IITAMITIOBKY COIPOBOXKIACTCS HEKOTOPHIMHU
OTPHUIIATEIHHBIMY SIBJICHUSIMU TaKWMH, KaK OKHCJICHHE U 00e3yriepoKWBaHHE
MTOBEPXHOCTH HarpEBacMbIX 3arOTOBOK.

JIJIs TIOJTHOHM MJTM YaCTUYHOM 3aIllUThI MMOBEPXHOCTH HArpeBacMOro MeTailjia OT
OKHUCJICHHS ¥ 00€3yTJIEpOKHUBAHUS TPUMEHSIOT CIIOCOOBI, KOTOPHIE MOYKHO Pa3aeiuTh
Ha JBE TPYMIIHL.

[lepByro Tpymnmy COCTAaBJISIOT pAa3IMYHBIC TMPUEMBI  OOCIY)XMBaHUS U
SKCILTyaTalli HarpeBaTeNbHBIX IMedeil. K HUM OTHOCATCS: YIYYIICHHE YCIOBHM
CKUTAHMS TOILUIMBA; YIIYUIICHUE OOCTYKUBAHUSA U AKCIUTyaTaIldy TIeUYei; CKOPOCTHOM
Harpes.

JIroboe TOImIMBO, MpPUMEHSEMOEe [IJIi HarpeBa, HEOOXOIUMO CXKHUraTh C
MHUHHAMAJIGHBIM M30BITKOM BO3/yXa, T.€. MUHUMAJIBHBIM COJEPKaHHEM CBOOOJIHOTO
KHCIIOpOJa B MPOAYKTAaX TOPEHUS, YTO CIIOCOOCTBYET YMEHBIIIEHUIO yrapa MeTaia.
MepamMu yIydIIeHHS YCJIOBUH CKHTaHMs JKHUJIKOTO TOIUIMBA SIBJISIOTCS BBIOOP
HaWIydIiero Tuma (GOpPCYHOK, OYHUCTKA W TIOJOTPEB Ma3yTa, MPUMCHEHHE IS
CKUTaHMUSl TOIUIMBA MOAOrpeToro Bozayxa a0 temmeparypsl 300 -400°C. Ilpu
C)KUTAaHUM Ta3000pa3HOTO TOIIMBA PEKOMEHAYETCS IPUMEHSTh OecIiylaMeHHbIS
TOPEJIKY C TIPEIBAPUTEILHBIM CMEIICHUEM ra3a U BO3/1yXa, MOJOTPEB BO3IyXa 3a CUCT
HCITOJIB30BAHMS TEIIA YXOASIINX JbIMOBBIX Ta30B.

Hanmuume B paboueil kamepe HarpeBaTeIbLHOTO YCTPOWCTBA Pa3psHKCHHUS Ha
MOy MEYH COMPOBOKIACTCS YBEIMUCHUEM COJICPKAHUS CBOOOIHOTO KUCIIOPO/Ia, YTO
CIIOCOOCTBYET HWHTCHCHUBHOCTH OKHCIeHUs MeTauia. CaMbiM 3¢ (EKTHBHBIM
criocoboM OOpbOBI € TOJCOCOM XOJIOJAHOTO BO3AyXa SBISETCS aBTOMATHYECKOE
peryJIupoBaHue JaBiCHUS B paboueM mpocTpaHCTBe meun. [lpm sKcruryaTaruu
HarpeBaTeIbHBIX YCTPOUCTB CICAYET 0OpalaTh BHUMAHUE Ha Ka4eCTBO M COCTOSIHHEC
OTHEYTOPHOH KJIAAKW W TEIIOM30Jaud. [100KUTENbHOE BIMSHUE HA COKpAICHUE
yrapa MeTajljla OKa3blBaeT U aBTOMATH3AIlUsl TEIJIOBOTO peXHMa pPabOThI

HAarpeBaTeIbHOTO YCTPOMUCTBA.



O¢pdexTuBHBIM cr1ocoO0M OOPHOBI C TOTEPSIMU METallIa B OKAIMHY SIBISETCS
CKOPOCTHOM HarpeB, CYIIHOCTb KOTOPOTO 3aKJII0YaeTcs B MOJJEpKaHUU BO BpeMs
HarpeBa TemreparypHoro Hamopa g0 300 - 400°C, 3a cu€r yero BpeMsi Harpea
cokpamaerca B 2 - 4 paza. CKOpOCTHOM HarpeB OCYIIECTBIISIETCSI B IOJHOCTBIO
MEXaHU3WPOBAHHBIX U aBTOMATU3UPOBAHHBIX HArPEBATENbHBIX YCTPOHUCTBAX.

Onnako 5(h(EeKTUBHOCTH CMOCOOOB 3alUTHI METa/Ia OT OKHUCICHUS W
00e3yriepoKMBaHUsl MEPBOM TPYNIbl HEBEJIMKA, T.€. MOTEPH MeTaljla B JydlleM
CJIy4ae COKpAILAIOTCs BABOE.

CniocoObl 60pBOBI ¢ yrapom, OTHECEHHBIE KO BTOPOM TrpyIie, OTIMYalOTCS
Oompiieit 3p(HEeKTUBHOCTHIO, TaK KaK OHU IMO3BOJISIOT YCTPAHUTH yTap MOJIHOCTHIO
WIK CBECTH €ro K MuHHMyMy. K HHUM OTHOCATCA: HarpeB MeTala B
BOCCTAaHOBUTEIBHOM MEYHON aTMochepe; OE30KUCTUTENbHBIA HAarpeB B My(eIbHbIX
nevyax C MCMHOJIb30BAaHMEM 3alUTHBIX Ta30BBIX CpPEI; HArpeB ¢ MPUMEHEHHEM
3aIIATHBIX TOKPBITHH.

OddexTuBHBIM cIOCOO0OM OOPHOBI C OKUCICHHUEM MeETajula SIBISIETCS HArpeB
MeTaJlJla B OTKPBITHIX Ie€Yax C BOCCTaHOBUTENBHOU aTMocdepoit. CylIHOCTb 3TOTO
mporiecca 3akirodaeTcs B cieayromeM [11]: B 0ObIYHBIX HarpeBaTeIbHBIX Ie4Yax, HO
YAaCTUYHO BHJIOM3MEHEHHBIX B KOHCTPYKTMBHOM OTHOIIEHHH, HCKYCCTBEHHO
CO3/Ial0T YCJIOBHUS JUISI HETIOJIHOTO TOPEHMsI TOIUIMBA C TaKUM pPacu€ToM, 4yTOOBI B
cocTaBe mpotyKToB roperus 610 ot 10 10 14% CO u 12% H,. [IpoaykTel ropeHus
C TaKUM COJAEpKaHHEM OKHCH yIJepoJa M BOJOpOJAa TMPU OTCYTCTBHUH BO3IyXa
CO3/IAI0T YCIOBUS JUIsi O€30KUCIUTEILHOTO Harpesa. J[Jis moayyeHuss He0OXO0IUMBIX
TEMIIepaTyp HarpeBa MeTajlyla U YCTpaHEHHUS OTPUIATEIHHOTO BJIMSHHUS Ha Pacxojl
TOTUTMBA XUMHUYECKOW HEIMOJHOTHI TOPCHHS MPOIYKTHI TOPEHUS HAIMPABISIOTCS B
CrenuaibHble KaMepbl Ha JOXHTraHue. B 3Tu kamepsl momaércs BO3IYyX B
KOJIMYECTBE, HEOOXOIMMOM JTsI TIOJTHOTO CKUTAHUS OKUCH yTiiepoja U Bomopoxaa. B
pe3ynbTare TeMiepaTrypa npoaykToB ropenus noseimaercs 10 1400 — 1600°C. 3atem
JTBIMOBBIE Ta3bl C BBICOKOW TEMIIEPATYpOW HAMpaBISIOT B pPEreHEpaTophl, B
KOTOPBIX 3a CUET TeIja YXOSIIIUX Ta30B MOJOTPEBAIOT BO3AYX, PACXOIyEeMbIH Ha

HEIOJIHOE TOpeHHe TOIUIMBa, A0 Bbicokux temnepatyp 1000 - 1100°C. Bsicokas



TeMIlepaTypa Bo3ayxa, 110/1aBaeMoro B pabodee MPOCTPAHCTBO, CO3/IAET YCIOBHSI JIsI
MOJTyYEHHUS BBICOKMX pabouux TemMIeparTyp.

be3okucnuTensHbI MPoIlece HarpeBa B My(eIbHBIX JITAMEHHBIX MTeYaX OCHOBAH
Ha TPUMEHECHHHM Ta30BBIX KOHTPOJHMPYEMBIX Cpell, OOJagaroluX 3allUTHBIMH
CBOMCTBaMHU OT OKUCJICHHS U 00e3yriiepokuBaHus. COCTaB 3allIUTHBIX T'a30B MOXKET
OBITh CaMbIii pa3HOOOPA3HBIM B 3aBUCUMOCTH OT HEMOJIHOTO COKMTAaHUS Pa3IMYHBIX
BUJIOB TOIUIMBA. {151 mosydeHus: 0€30KUCIUTEIBHOTO HarpeBa HeoOXoaumMo padodee
MMPOCTPAHCTBO MEYM 3aMOJHUTh HEUTPAIIBHBIM Ta30M M Ha NPOTSIKEHUU BCETO
neproja HarpeBa Mo IepKUBaTh IPUHATHIA COCTaB aTMOC(EPHI.

YMeHbllleHHe yrapa MeTajlyla MOXET OBbIThb JOCTUTHYTO ITyTEeM NPHUMEHEHHS
3alIUTHBIX TTOKPBITHI, HAHECEHHBIX HA IMOBEPXHOCTh 3aroTOBOK. DTHU MOKPBITUS
3AIIMIINAIOT TTOBEPXHOCTh METaula OT OKHCICHHUS M O00€3yIJICpOKHWBAHUS IIPU
BBICOKMX TeEMIIEparypax. B KadyecTBe 3alIMTHBIX MOKPBITUNA MPUMEHSIOT >KUIKOE
CTEKJIO U JINTHH.

3amuTHas oOMa3ka U3 CTEKJIa MPUTOTaBIMBACTCS B BUJIE CTEKIITHHOM CyCIIEH3UU
Ha BOJHOM WJIM CIIMPTOBOM PAaCTBOPE U HAHOCUTCS TOHKHUM CJIOEM Ha MOBEPXHOCTh
XOJIOJHOW 3arOoTOBKH. TOHKHHN CJIOM PACIUIABJICHHOIO CTEKJIa HE TOJBKO 3alUINAECT
MMOBEPXHOCTH 3arOTOBKH, HO Y CIIY’KUT XOPOIIEH CMA3KOH MPH IITAMITOBKE.

[Ipn HarpeBe 3aroTOBOK C 3alIMTOM MOBEPXHOCTH METAJIa OKUCIAMHU JIUTHUS B
aTMoc(epy HarpeBaTeIbLHOTO YCTPOWCTBA BBOJSAT Iaphl JIMTHS, KOTOPBIC AKTHBHO
B3aUMOJICUCTBYIOT ¢ (O, CO,, H,O um pap., o06pasys okuch Jnutus. OKUCH JUTHS
KOHJICHCUPYETCSl Ha TIOBEPXHOCTH Oo0Jiee XOJOJHOW 3aroTOBKH, 00pa3ys 3aluTHOE

ITOKPBITHE.

Oxnascoenue memanna
OxnaxaeHne MeTalla HauyuHAeTCs C MOMEHTa BBIAAYM 3arOTOBKH U3
HarpeBaTeIbHOTO YCTPOWCTBA M MPOAOJKACTCS B MPOIECCE KOBKU WIIM IITAMIIOBKH,
OpuyeM JI0 TEMIEepaTypbl KOHIA KOBKM MM IITAMIOBKHM OHO MPOUCXOIUT
MOCTENEHHO, a mociie 00paboTKK JaBiieHneM — 0ojiee MHTEHCUBHO JI0 TEMIIEPaTyphl

OKPYKaIIIEro IpOCTpaHCTBAa. [IpOMOIKUTENBHOCTh OXJAXIACHHUS MeETajla B



MPOIIECCE KOBKM WJIM IITAMIIOBKH OMNPEAESeTCS MPOJOTIKUTEILHOCTBIO CaMOro
nporiecca o06paboTku. Bo Bpemsi oxiyiakaeHHs MOKOBOK B pe3yJibTaTe Mepenaaa
TeMIepaTyp MeXAy LEHTPOM M TOBEPXHOCTbIO BO3HHUKAIOT BHYTPEHHHUE
HarnpspkeHus. Yem ObICTpee MPOUCXOIUT MPOIECC OXIKIACHUS, TeM OOJIbIIE TIeperna
TeMIiepaTyp, U TeM OoJbllle MOXKET OBITh BEJIMYMHA BHYTPEHHHMX HAaIPsSIKEHUH.
OcraTtouHble  HAmpsHKEHUST  MOTYT  BO3HUKHYTh  BCJIEICTBUE  CTPYKTYPHBIX
MPEBpAIICHUN, MPOUCXOISIINX MPH OXJIAKICHUH.

HempaBunbHoe OXJTaXIeHHE MOKOBOK MOXXET MPUBECTH K HMX KOPOOJICHHIO,
MMOBEPXHOCTHOM TBEPAOCTH, a TIPU OYEHb OBICTPOM OXJIAKICHHUHM - K 0Opa30BaHUIO
TPEUIMH KaK BHYTPEHHUX, TAK U IOBEPXHOCTHBIX.

BriGop cmocoba oxiaxaeHusi MOKOBOK CJEAYET MPOU3BOJIUTH HCXOMAS U3
MapKH U CBOMCTB cTalu. [I0OKOBKM M3 HU3KOYTIEPOAUCTHIX CTANIE HE3aBUCUMO OT UX
pa3MEpOB MOKHO OXJIaJuTh Ha BO3JlyXe, HE MpuOeras HU K KaKUM CPEICTBaM,
HaIlpaBJIEHHBIM Ha 3aMelJieHue IMpoiiecca oxiaxaeHus. OXJaxieHue MOKOBOK U3
BBICOKOYIJIEPOAUCTBIX M JIETUPOBAHHBIX CTaJlEd CIEAyeT MPOU3BOAUTH Ha
CTeUTaKaxX, B IITA0ENsIX, SIIMKaX C MEeCKOM, He0OOTrpeBaeMbIX KOJOAIaX, XOPOIIO
W30JMPOBAHHBIX OT OKpY>Karouen cpenbl. [IoKOBKM M3 BBICOKOJIETUPOBAHHBIX CTAJIEH
OXJIQAXJAIOT B  CHEHHAIbHBIX  OTAIUIMBAEMBIX  KOJOJLUAX WM BMECTE C
HarpeBaTeIbHbIM  YCTPOMCTBOM. 3aMeJJICHHOE OXJIaXJEHHWE HEOO0XOIUMO B
WHTEpPBAJIAX TEMIIEPATYP CTPYKTYPHBIX PEBPALICHUN.

Pacuér npomoKUTEIbHOCTH OXJIaXKACHUS TTOKOBOK Ha BO3JIyX€ BEIYT MO TOM XKe

METOJUKE, UTO U UX HArpeB, T.€. C YU4ETOM "TOHKUX" U "MacCUBHBIX" TeIl.

Jlekus Ne 6
Ilnan nexnuu:
Haepesamenvuvie ycmpovicmea u mpebosanus, npeovasisiemvie K Hum. Hx
knaccughukayus. Kamepmuvie neuu. Ycmpoticmeo u ux paboma. Knaccuguxayus

KamepHuvlx neyetl. Memoouueckue neyu.



HATPEBATEJIBHBIE YCTPOMCTBA

K cpencream HarpeBa Merayuia OTHOCSTCS HarpeBaTElIbHBbIE YCTPOWCTBA, C
MTOMOII[BI0 KOTOPBIX OCYIIECTBIIAECTCS HATPEB 3ar0TOBOK U UX TPAHCIIOPTUPOBAHUE.

HarpeBarenbHo€ yCTpPOMCTBO — 3TO YCTPOWCTBO, B KOTOPOM B pE€3yJIbTaTe
rOpeHusi TOIUIMBA WM MpeoOpa3oBaHUs DSJIEKTPOIHEPTUU BBIACISAETCS TEIUIOTa,
ucrosnb3zyemasi Uil HarpeBa Metaiia. OHO  SIBASETCS  OJAHOBPEMEHHO H
TEXHOJOTHUYECKUM alllapaTtoM U YHEPTETUYECKUM ycTporcTBOM. K HarpeBaTenbHbIM
YCTPOWCTBAM TPEIBSABIAIOTCS CIAEAYIOIMIUNE OCHOBHBIE TPeOOBAaHMsS: BBICOKAsS
MPOU3BOJIUTEIIBHOCTh IPU  3aJaHHBIX TEXHOJOTMYECKUX YCJIOBUSIX HArpeBa;
MUHHUMAJIbHBIN YAENBbHBIM Pacxo]l TOIUIMBA; YHUBEPCAIBHOCTb, T.€. BO3MOKHOCTH
M3MEHEHHS COPTAMEHTa HarpeBaeMbIX 3arOTOBOK; HAIMYKME MEXaHU3AIUU 3arpy3KU U
BBITPY3KH H3IENHI; BO3MOKHOCTh aBTOMATHYECKOTO YIPABICHHUS TEIUIOBOM
paboToif; MpOCTOTa U OE30MACHOCTh OOCTYKHUBAHUSI.

Bce narpeBaTenbHbIe YCTPOICTBA, TPUMEHSIEMbIE B MAIIIMHOCTPOSHUH, MOYKHO
KiaccuuimpoBatb 1O TPEM OCHOBHBIM TMPU3HAKAM: KO UCMOYHUKY MeENnad,
MemMnepamypHomy U MmexHoI02ULECKOMY PEHCUMAM.

[To ucTouHMKY Teria HarpeBaTesbHbIE YCTPOMCTBA NOAPA3ACISAIOTCS Ha
niamenHvle, padoTaIMe Ha TBEPAOM, >KUIKOM, Ta3000pa3HOM TOIUIMBAX M
NeKmpuyecKue.

[To TeMniepaTypHOMY pEKUMY HArpeBaTelIbHbIE YCTPOICTBA JIENSATCS HA JIBA KJlacca:
HazpesamenbHble YCMPOUCMEa ¢ NOCMOSHHOU memMnepamypou 6 pabouem
npocmpancmee;

HazpesamenvHvle YCMPOUCMEA ¢ NEPEeMEHHOU memnepamypou 6 pabouem
npocmpancmee.

TemneparypHblii  peXHM  ONpEAeNseT KOHCTPYKTHUBHBIE  OCOOCHHOCTH
HarpeBaTesIbHBIX YCTPOUCTB. Tak, K MEepBOMY KJIACCYy OTHOCSTCS KaMEpHBIE TeuH, a
KO BTOPOMY — METOJUYECKHUE U TTOJIyMETOINYECKHUE TICUH.

ITo TexHOJMIOTMUECKOMY MPU3HAKY HArpeBaTeNIbHbIC YCTPOMCTBA MOAPA3ACIISIIOT
Ha TEYU OObIKHOBEHHO20 Hazcpesd, 0Ee30KUCTUMENbHO20 U MAI0OKUCIUMENbHO2O0

Haepesa. K medam OE30KMCIUTENHHOTO HAarpeBa OTHOCATCS IE€UYH, B KOTOPBIX yrap



Metamia coctasiisier 0 — 0,3 % oT Macchl 3aroTOBKH. B MalOOKHCIUTENBLHBIX ITeUax
yrap Merama cocrasisier oT 0,3 go 0,7%. MHOXECTBO Apyrux NPU3HAKOB
KJIacCU(DMKAITMY HArPEBATEIbHBIX YCTPOUCTB UMEIOT BTOPOCTENICHHOE 3HAUCHHUE.

Kamepnbie nmeun. KamepHas neub — 3TO HarpeBaresibHOE YCTPOWCTBO, B KOTOPOM
TeMIieparypa B Jt000i Touke pabodero MpoCTpaHCTBAa B JAHHBI MOMEHT BpPEMEHH
NpuUMepHO ojuHakoBas. OHU JIOCTATOYHO YHUBEPCAJbHBI, MPOCTHI IO CBOEH
KOHCTPYKIIMH, YIOOHBI B OOCIIYy>KMBaHUHU; pabOTalOT B OCHOBHOM Ha >KUIKOM U

razoo6pasHom toruuse. Ha puc. 12 npeacrasiena kamepHasi HarpeBaTeIbHas Meyb.
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Puc. 12. Kamepnas HarpeBaTenbHas Medb

OCHOBHBIMM DJIEMEHTAMU KaMEpPHOW Me4M SBISIOTCS: Kapkac, hymeposka,

noo, €800, ObIMOBblE KAHAIbL U ObIMOX0ObI, PypHUMYPA.

dyTepoBka TpencTaBisieT coboil pabouyro kamepy (pabodee MPOCTPAHCTRO),
KOTOpas COCTOMT M3 I0Jia, CBOAa M CTCHOK. [lom - 3TO HIKHSSA YacTh IeYH, Ha
KOTOpOH pa3MeNialoT HarpeBacMbie 3aroToBku. OH TOABEpraeTcs IaBICHHUIO
HArpeBaTeNIbHBIX 3aroTOBOK, yJapaM, XHMHYECKOMY BO3JCHCTBHUIO OKAJIWHBI U

HOIJIaKOB. HOBTOMy oA BBIKJIAABIBAIOT M3 BBICOKOIIPOYHOI'O OTHCYIIOPHOI'O KHPIIM4YaA



tommuaOW B mpeaenax 200 - 700 MM B 3aBHCHMOCTH OT pa3MepoB pabodero
NpPOCTpAaHCTBA U Temmeparypbl meud. Pabodee mNpoCTpaHCTBO T€YH CBEPXY
MIEPEKPBIBAECTCSA CBOJAOM, KOTOPBIA OKa3bIBAET CYUIECTBEHHOE BJIMSHUE HAa IPOLECC
HarpeBa, TaK Kak OBICTPO HAarpeBaeTCs M HENPEPHIBHO H3JIydaeT TEIio Ha
HarpeBaemblie 3aroToBKU. [[0 KOHCTPYKIIMU CBOJABI OBIBAIOT MJIOCKHE M apOYHBIE.
JInst Ky3HEUHBIX MeYe MPUMEHSIOT MPEUMYIECTBEHHO apOYHBIE CBOJIBI. ApPOYHBII
CBOJI TIPEJICTABIIAET COOOM apKy € MOCTOSHHBIM PaJinycoM KpuBH3HBI. OHU MPOCTHI
0 KOHCTPYKLUHWH, HAJAEKHBI B JKCIUIyaTalud, HO TpeOyloT o00sA3aTeIbHOIO
MIPUMEHEHUSI Kapkaca sl BOCIPUATHS TOpU30HTalIbHOM cuibl. Kianka cBona
BBITIOJTHSETCS U3 MPSAMOr0 M KIMHOBOrO Kupnuya. /[ yMeHbUIEHHUS MOTEPh Teruia
CBOJIBI XOPOIIO TEIION30aupyIoTCcs. CTEHBl HArpeBaTENbHBIX IE€YEH COCTOAT W3
BHYTpPEHHEH (OTHEYNOpHOI) M BHENIHEH (TEIUIOM30JAIMOHHON) Kianku. [Ipuuém
KKJIBIA CJIOM BBIKJIAJBIBACTCS CaMOCTOATENbHO. [Ipu KiIagke cTeH BhICOTOM Oosiee
1,5 m orHeymopHasi 4acTh KJIQJKH COCIUHSICTCS C BHEIIHUM CJIOEM IOCPEACTBOM
BBIITYCKOB OTHEYTIOPHOT'O KUPIIUYA B HAPYKHBIN CIIOH.

JIbIMOXO/IbI B HarpeBaTENIbHBIX YCTPOUCTBAX CIyKaT JIJIsi OTBOJA JILIMOBBIX Ta30B U3
paboyero mMpocTpaHCTBa B JBIMOBYIO TpyOy WJIM TOJI 30HT HaJ Meubio. J[bIMOXObI
CTPOSITCA OOBIYHO B CHCTEMAaX OOJIBIIUX CTAIIMOHAPHBIX MIEYEH.

dypHUTYpa - OTO METAUIMYECKHUE YacTH, BXOASAIIME B  KOHCTPYKIHIO
HarpeBaTeNIbHBIX TEYeil: 3aCIIOHKH, MOIBEMHBIE MEXaHU3MBbI, 3aJIBIXKKH, TUOEPHI U
T.1I.

KamepHnbie meum MOTryT OBITH C IEPUOJUYCCKONW W HENPEPHIBHON 3arpy3koit
3aroTOBOK B pabouee MPOCTPaHCTBO. B CcBOI0O ouepear KaMepHbIE T€YH C
MEPUOIMYECKON 3arpy3KOM JIENISITCA Ha OYKOBBIE, IIECJIEBbIC, ITIEYN CO CTAllMOHAPHBIM
MOJOM, T€YH C BBIIBU>KHBIM T1OJIOM.

OuKOBbIE TI€UM TPEAHA3HAYCHBI JJI1 HarpeBa KOHIIOB 3arOTOBOK JWAMETPOM A0 25
MM TI0J] BBICQJIKy. BBIMOTHSAIOTCS OHU B BUJE KaMephl, B CTEHKaX KOTOPOH UMEIOTCS
KPYTJIbl€ WU MPSIMOYTOJbHBIE OTBEPCTHUS JJIsl 3arPy3KH 3aroTOBOK. OUKOBBIE €YU
MOT'YT OBITh CTAIIMOHAPHBIC U NMOBOPOTHBIEC. B cTanmoHapHbIX meyax padbouas kamepa

UMEET MPSAMOYTOJILHYIO (hOpMY, B KOTOPOH C OJTHOW CTOPOHBI YCTaHABIMBAIOT TOPEIIKH



(opcyHKH), a OCTaNbHBIE CTEHKHU CIIy>KaT sl 3arpy3ku. Bo Bpammarommxcs medax
TOpEJKY yCTaHABIMBAKOT CHU3Y WM CBepXy. IIpoM3BOAMTENBHOCTh OYKOBBIX IEYEH
JIOCTaTOYHO BBICOKAsi, HO KO3(Q(PUIIMEHT MOJE3HOTrO ACHCTBUA OYEHb HU3KHUU
nopsiaka 10%.

[[leneBpie me4Yn NPUMEHSIOTCSA Uil HAarpeBa KOHLIOB JIJIMHHBIX MPYTKOB M IUTAHT
nuameTpoM 10 80 MM moj1 Beicaaky Ha I'KM.

[{eneBbie IeYM BBHIMOIHSAIOTCS B CBAPHBIX KOXKYXaxX, UMEIOT MPSMOYTOJILHOIO (hopMmy.
B oxHOM U3 MIMHHBIX CTOPOH YCTpPamBaeTCS HEBBICOKOE OKHO 0€3 3aCIIOHKH (IIEh)
JUISL 3arpy3Kd 3aroTOBOK. ['Opesiku ycTaHaBiIMBAaIOTCS MO OOKOBBIM cTeHKam. Jljis
3allMTHl OOCITY’KUBAIOIIETO TEPCOHANIa OT W3IyYEeHMs IIEelIb CHA0XaeTcs BOJSHOU
3aBecoi. [IpoayKThl ropeHus: yaaiasitoTCs MOJ BBITSKHOW 30HT. DTH MEYH YJIOOHBI
TE€M, 4TO MX MOXHO nepeHocuTh. KIIJ] meneBbix meuel Takke HEBBICOK - MOPSAKa
12%.

KamepHsbie meun co CTalMoOHapHBIM MOJOM MOYKHO Pa3/IeliuTh HA Majble, CPEIHUE U
KpyIHbIe. Malible KaMepHbIE NeYH ¢ MmIomaaso noga 0,3 -1,5 M? ciyskaT s Harpesa
MO/l KOBKY M IITAMIIOBKY 3aroToBOK BecoM 10 1,5 - 2,0 kr. Yame Bcero 3tu nedu
00OpyAyIOTCS  peKymneparopaMu, O0O0ECIeYMBAIONIMMH  TOJOTPEB  BO3AyXa 10
temnepaTypbl 350 - 400°C. Otu neyn umeroT 10BoJbHO Bbicokui KIIJ - mopsaka
25%.

CpeHue KaMEpHbIE T4 UMEIOT IUIoanb moja 1,5 - 5 M? u npeiHasHa4eHbl i
HarpeBa 3aroToBOK Maccou oT 2 1o 15 kr. Knaaky nedeil BBIIOJIHSIOT Yalle BCEro B
KECTKUX Kapkacax. JTU M€Y MOTYT UMETh HECKOJIbKO 3arpy304HBIX OKOH, OTBOJ
JTBIMOBBIX Ta30B B HHUX MOXET OBITh TOJ 30HT WJIA B JIBIMOBYIO TpyoOy,
OOCITY’>KMBAIOIIIyl0  HECKOJIbKO medei. Yamie mneun HSTOro Tuma  JIeNaroT
JBYXKaMEPHBIMH, YTOOBI TTOBBICUTH UX TPOU3BOIUTEIHLHOCTb.

Bonblye KaMepHble Nevn (C IUIOIAabio moja 6onee 5 M%) MPUMEHSIOTCS I Harpesa
KPYIHBIX 3aTOTOBOK M CIIUTKOB MOJ KOBKY. CTPOSIT 3T ME€YM B )KECTKUX KapKacax Ha
MacCUBHBIX (pyHIameHnTax. [IpomayKTbl ropeHusi OTBOAATCS Yepe3 JBIMOBYIO TpyoOy.

[leun oOOpyIOBaHBI HECKOJIBKUMHU 3arpy30YHBIMU OKHAMH OOJIBIIMX PAa3MEPOB C



(GyTepOBaHHBIMHU BOJOOXJIAKIAIONUMH 3aCIIOHKAMU, TMOABEM U OITyCKAaHUE KOTOPBIX
MEXaHU3UPOBaHbI C TOMOLIBIO MTHEBMATUYECKUX WJIU THAPABINYECKUX LIWJIMH]IPOB.
KamepHble meud C BBIIBWKHBIM TOJIOM MpeAHa3HAYEHBI I HarpeBa KPYMHBIX
CIIMTKOB M 3aroTOBOK ITOJ KOBKYy. [IpenMyIlliecTBOM 3THX Ie€uel MO CPAaBHEHUIO C
OOJBIIMMH CTAIIMOHAPHBIMU KaMEPHBIMU TE€YaMH SIBJISIETCS yJIOOCTBO 3arpy3ku U
BBITPY3KM HArpeThiX CIUTKOB M 3aroToBOK. [lo pacronokeHuto mojaa medyd MOTyT
ObITh TYNUKOBBIE, KOT/Ia MOJI BBIJBUTACTCS B OJHY CTOPOHY, U NMPOXOJHBIE - TOJ
BbIJIBUTaeTCsl B 00€ CTOPOHBI. [leun ¢ BBIIBUKHBIM MOJOM B OOJIBIIIMHCTBE CIIy4YacB
paboTaroT C OTBOJIOM JBIMOBBIX Ta30B B ILIMOBYIO TPYOY.

MexaHU3upOBaHHBIE KAMEPHBIE II€YM C HENPEPBIBHOM 3arpy3Kol JensATcs Ha
MPOXOJIHBIE, TOJKATEJbHbIC, MEpPEKaTHhIE C HAKJIOHHBIM IIOJAOM, KapyCelbHBIE,
KOHBEWEpHbIE, C MararouM nogaoM. OCHOBHBIM Ha3HAYEHUEM 3THX IE€UEH SIBIISIETCS
YMEHBIIIEHHE TPYJIOEMKOCTH IIpollecca HarpeBa W oOOecredeHus OIpeaeaEHHOTO
pexuMa pabOThl OCHOBHOTO KY3HEUHOTO OOOpYyJOBaHHUS. 3aroTOBKM B IeUax
MepeMEeNIatoTcss OT MeCTa 3arpy3Kd K MECTy BbIJa4M Pa3IMYHbIMU criocoOamu. 3a
BpeMs MepeMelIeHUsI OHU HarpeBaroTCs /10 3aJITaHHOU TeMIepaTyphl.

[leun ¢ HAKJIOHHBIM MOJOM MPUMEHSIOTCS [ HarpeBa UUIUHIPUYECKUX 3arO0TOBOK
nrameTpoM Ooinee 40 MM u jgmuHOM g0 600 MM TOJA IITAMIOBKY. 3arOTOBKH
W3BJICKAIOTCS U3 MEUU CHEIUaTIbHBIM MEXaHU3MOM, MO3BOJISIIOIIUM CKAaThIBATHCS UM
110 OJHOM K MECTY BBIJIAUH.

TonkarenbHble KaMEpHbIE I€UM TMPUMEHSIOTCS [IJIi HarpeBa KBaJpaTHBIX W
NpSIMOYTOJIbHBIX 3aroToBOK. Ileun ¢ mararomuM MOJ0M NpeAHa3HAYEHbl JIs
HarpeBa JIMCTOBOrO, MOJIOCOBOIO M JIJIMHHOTO COpPTOBOro Mmarepuana. Ileum c
OOKOBBIMU KOHBEWepaMH TMO3BOJISIIOT HArpeBaTh KOHIbI 3arOTOBOK IOJ BBICAJIKY.
KapycenbHble meun OpUMEHSIOT JUIsl HAarpeBa IOJ IITAMIIOBKY 3arOoTOBOK CaMoi
pa3IUyHON POPMBI.

K MexaHU3upoBaHHBIM KaMEpPHBIM Me4YaM OTHOCSTCS U MEeYd CKOPOCTHOTO Harpema,
KOTOpbIe paboOTal0T CO 3HAYMTENIbHBIM TeMiiepaTypHbiM Hamopom (10 400°C). Onu

npeaHazHaudCHbI AJIA HAarp€Ba MCJIKHUX 3arOTOBOK IO IITAMIIOBKY



Bpems HarpeBa B 3THX me4ax CTPOTO PErIaMeHTHPOBAHO BO M30eKaHUE TIeperpeBa u
nepexxora. Yrap Metajjia B 3TUX medax B 1,5 - 2 paza MeHbllIe, YeM B OOBIYHBIX
KaMEpHBIX neyvax. Termno yXoasiux JbIMOBBIX Ia30B UCMOJIB3YIOT B peKyIepaTopax,
TaK KaK TeMIlepaTypa UX O4eHb BbIicoKa - mopsaka 1350 -1450°C.

B mensix yMeHbllIeHUsI MOTEPh METalsla OT OKUCJIEHHUS MPU HArpeBe MOJ KOBKY U

HITAMIOBKY IPUMEHSIOT KaMEpPHBIE NIeYH O€30KUCIUTENBLHOIO Harpesa (puc. 8).
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Cxema KaMepHO neun 0€30KUCINTENBHOTIO HarpeBa

PaGouee mpocTpaHCTBO TeYM pa3leieHO Ha JBE KaMephbl CIEHUATbHBIM CBOJIOM,
M3TOTOBJICHHBIM W3 TEIJIOMPOBOJSIIETO MaTepuala - kapoopynaa. HuxHss kamepa
CIIYUT JUIsl HarpeBa MeTalla B BOCCTAHOBHUTEIHLHOU atMocdepe, KOTopast Co3MaéTcs
MyTEM HETOJHOTO CKUTaHUsl TOIIMBA. [IpOoMyKThl HEMOTHOTO CKWUTaHMS TOIUIMBA T10
CIECHUAJIBHBIM KaHajlaM M3 HWKHEW Kamepbl MONajaloT B BEpXHIOK. biaromaps
ropssueMy BO3IyXy, IOJaBA€MOMY TIO TPYOOIPOBOMY, MPOUCXOJIUT JTOKUTAHUE
TOTUIMBA, COMPOBOXKJIAIOIIEECS BBIACICHHEM OOJBIIOr0 KOJIMYEeCTBA TeIia ¢

noBeilieHreM Temmeparypsl 4o 1300 - 1500°C. BcenenctBrue BBICOKOW TeMIIEpaTypbl



KapOOpYHAOBBIA CBOJl OBICTPO HArpeBaeTCs W W3JIy4aeT TEIUI0 Ha 3aroTOBKH,
pacnojiO)KeHHbIE HAa TOJAYy HIDKHEH KaMmepbl, HarpeBass HMX JI0 HEO0O0XOIuMOoMn
TeMriepaTypel. B medax O€30KHCIUTENBHOIO HarpeBa OOS3aTENIbHBIM —YCIOBUEM
SBJIETCA MOJIEP>)KAHUE HA TIOTy TOJIOKUTEIBHOTO TABJICHUSI.

Metonuueckre U MOJIYMETOAUYECKHE TIEYM — 3TO HarpeBaTelbHbIE YCTPONCTBA, B
KOTOPBIX PEXKHUM TO 30HaM pPab0Yero MpPOCTPAHCTBA SIBISIETCS ITOCTOSHHBIM, a
HarpeBacMble 3arOTOBKM HENPEPBIBHO TnepeMemaroTcss. OOHOM U3  OCHOBHBIX
O0COOCHHOCTEN METOJUUYECKUX MeUEH SBISETCS MPOTUBOTOUHbBIC IBUXKEHUS JHIMOBBIX
ra3oB U MeTayuia. MeTtoanueckue neur UMEIOT BBITSHYTYIO B JUIMHY GopMy padodero
MPOCTPAHCTBA, MPH dYeM OTHOIIEHWE [UIMHBI TMoJa K IIUpuHEe paBHO 6:1.
[TonymeTroauueckue HarpeBaTebHBIC IMEUM B OTIUYUE OT METOJUYECKUX HMEIOT
YKOPOUECHHYIO OTHOCHUTENIbHYIO JUIMHY, KoTOpas coctaBisieT 4:1. K npenmyiiectBam
METOJUYECKUX M  TOJYMETOJUYECKUX TMe4Yel OTHOCIATCS Ooyiee  BBICOKas

IIPOU3BOIUTEIIBHOCTD, PABHOMEPHBIN HArpeB U BoICOKUM Tepmuueckui KII/I.

~

I T T I I T I ~ |

mooo i - <

~

[lo TemnoBoMy M TeMmIepaTypHOMY pexuMaM U (opme pabodero MnpoCcTpaHCTBa

METOJUYECKHUE TIeYH OBIBAIOT JIBYX30HHBIC U TPEX30HHKIE (puc. 9).

Puc. 9. Cxema Tpex30HHOW METOIMYECKON €YU

B 1ByX30HHBIX meuyax OOBIYHO HMMEIOTCS JBE€ TEMIEPATypHbIE  30HBL:
nojorpeBareiabHas kaMmepa (MeToau4ecKkas 4acTh), B KOTOpOW TeMreparypa rneud, (1o
XOJly MeTajuia) MOAHUMAETCS OT TeMIIEpaTyphbl YXOMSIIUX ra3oB 0 TEMIEpaTyphbl
CJIEyIOIIEN 30HBI, U CBApO4YHas KaMepa (30Ha BBICOKMX TEMIEpPATyp), B KOTOPOU
TeMneparypa nouytu nocrosHHa u Ha 100 - 150 °C Beime TtemnepaTypsl HarpeBa
Metaia. JIByx30HHbIE TMeud OOBIYHO UCIOIB3YIOTCS JJI HarpeBa CpeaHuX

3aroTOBOK N MCJIKHX CJIIMTKOB.



HarpeB kpyIlHBIX CIUTKOB M 3arOTOBOK MPOU3BOJST B TPEX30HHBIX METOJUYECKUX
reyax, UMEIIINX TPU TEMIIEPATYPHBIE 30HBI: MOAOTPEBATEIBHYIO KAMEPY, Kamepy
BBICOKUX TEMIIEPATyp, B KoTopoil Temneparypa Ha 200 -250°C Brllie TeMIiepaTyphl
HarpeBaeMoro MeTrasia, 1 KaMepy BBIIEPKKH, MPETHa3HAYEHHYO JIJISl BBIDABHUBAHUS
TEMIIEPATYp IO CEYEHUIO HATPEBAEMOIO CIMTKA WM 3arOTOBKU IPU TEMIIEPATYPE,
HE3HAYUTEIBHO MPEBBIIIAONIEH TEMIIEPATYPY HarpeBa MeTasuia.

B nensix moBeIIEHUS TPOU3BOAUTEIBHOCTH, CHIXKEHUSI HEPABHOMEPHOCTH HAarpeBa U
YMEHBILICHUSI yrapa MeTaula JABYX30HHBIE M TPEX30HHBIE METOAUYECKHE II€YU
CTPOSITCS C HUKHUM 000OTPEBOM.

CymiecTByrone KOHCTPYKIMM METOJUYECKUX M IMOJYMETOAUYECKUX Iedel
OTJIMYAIOTCS OOJBIIUM Pa3HOOOpA3UEM.

Jlexunst Ne 7

[Inan nekuuu: Martepuanbl, IPUMEHIEMBIE JJIs1 CTPOUTENIBCTBA MEYEH.

OCHOBBI TEIUIOBON pabOThl HarpeBaTENbHBIX YCTPONCTB. OCHOBHBIE MOKAa3aTelu
paboThI TIECUH.

Marepuansl, HPUMEHSIEMbIE JISI CTPOUTEIBCTBA MEUEH

HarpeBatenbHble ycTpoiicTBa paboTaloT B KpailHE HEOIAronpHUSTHBIX YCIOBUSX:
pE3KOE€ H3MEHEHHE TeMIEeparyp, Kilajka I0JBEPracTcs IaBJICHUIO HArpeBaeMbIX
3aroTOBOK, yJapaM IpH 3arpy3ke, pa3pyllarolieMy AEHCTBUIO OKaJWHBI M IIUIAKA.
Bce 510 mpenbsBiseT TOBBINICHHbIE TpeOOBaHUS K MarepuajgaMm, M3 KOTOPBIX
M3TOTaBIINBAIOTCS HarpeBaTeIIbHbIC YCTPOMCTBA. Jns CTPOUTEIIBCTBA
HarpeBaTeNIbHbIX II€Y€H MCIOJIb3YIOTCA OTHEYIIOPHBIE, TEIUIOU3OJALUOHHBIE U
OOIIECTPOUTEIHHBIE MATEPUAIIBI.

OrHeynopHelMM MaTepuajaMd (OrHEyNnopaMHu) Ha3bIBAIOTCS HEMETANINYECKHE
CTPOUTEIBHBIE MaTepUalibl CIOCOOHBIE MPOTHBOCTOSATH BO3JACHCTBUIO BBICOKHX
TeMmneparyp W (U3UKO-XMMHUYECKHUM TIpolleccaM, MPOTEKAIOIMIMM TP ITUX
temrieparypax. OrHEynopsl NMpeAHa3HAYEHBI JJIi MU3TOTOBJICHHUS BHYTPEHHETO CIIOS
paboyero mpoCcTpaHCTBA HArpeBaTEIBHOTO yCTpoicTBa. Mcxons U3 yciaoBuil paboThI
HarpeBaTeIbHON MeYu, OTHEYNOPBI JOJKHBI OBITh JOCTATOYHO MPOYHBIMU, 00JaAaTh

BBICOKOW TEMIEpaTypord pacIiijiaBICHUsS, MPOTHBOCTOATH PE3KUM KOJIEOAHUSIM



TEMIIepaTyp, pa3pylIaIIEeMy BO3JECHCTBUI0 OKaJMHbl W [UIAKA, COXPAHSTH
IOCTOSIHCTBO ~ 00beMa. MHOTOYMCIEHHOCTh TPEOOBAaHMHM M CHOXKHOCTh  MX
BBIIIOJIHEHHS 00YCJIOBMIIM CO3/IaHME OOJIBIIOTO YMCia Pa3IMUYHbIX BUJIOB OTHEYIOpa.
[ToaToMy mpaBWIBHBIA BBIOOP OTHEYIIOpa JUIsl CTPOUTENBCTBA HArpeBaTEIBHOIO
YCTPONCTBAa BO MHOT'OM OIIPEAEIISET YCIeX ero padoThl.

Or"eynopHsle  MaTepHallbl  XapaKTEpPU3YIOTCA pabounMH U (PU3NYECKUMH
cBoiictBamMu. K pabounM CBOHCTBaAM OTHOCSTCS: OIHEYHNOPHOCTb, MEXaHHYECKas
MIPOYHOCTH, JAeopManus TOJ HArpy3KOH, TEPMOCTOHMKOCTh, IUIAKOYCTONYHBOCTD,
MOCTOSTHCTBO 00BbEMa.

OTrHEeynopHOCTH - 3TO CHOCOOHOCTh OTHEYTIOPOB MIPOTUBOCTOATH JEHCTBUIO BHICOKUX
temnepaTyp. OTHEyHOpPHOCTh 3aBUCUT TO XHMHKO-MHUHEPAJIOIHYECKOIO COCTaBa
OorsHeynopa. B 3aBUCMMOCTH OT TeMIEpaTypsl OIUIABJICHUS OTHEYIIOPHI AENATCS Ha 3
rpynnsl: oraeynopsl (1580 - 1770°C), Beicokoorneynopusie (1700 - 2000°C),
BbiciIel orHeynopHoctu (6osnee 2000°C). TepMOCTOMKOCTh - 3TO CHOCOOHOCTH
OTHEYIIOPOB BbIACPKUBATh KOJeOaHUs TEMIIEpaTyp HE pa3pyllasich, T.e. HE 00pa3ys
TPEILYH.

CrocoOHOCTh  OTHEYNOpPOB  CONPOTHUBIIATHCA  PA3pPYyLICHUIO OT XUMHYECKOIO
BO3JCHCTBUS ~ OKaJlUMHBI, IIJJAKOB W  IEYHOM  aTMocdepbl  Ha3bIBaeTcs
[IIAKOYCTOMYMBOCTh. Hanbosiee MHTEHCHBHO OTHEYNOPHI pa3pylIalOTCA HUIAKaMU
pU BbICOKHUX Temmneparypax (Boie 1200°C).

K ¢usnyeckum cBOMCTBAM OTHEYNOPOB OTHOCSTCS: TEIUIOMPOBOIHOCTb, IOPUCTOCTH,
ra30IPOHULIAEMOCTb U JIp.

[TopucTocTh - 3TO OTHOLIEHHE OOBEMa IMyCTOTHl KO BCEMY OOBEMY OTrHEYNOPHOTO
uznienusi. [lopucTocTs BbIpaykaeTcsi B IPOLEHTaX U KOJIeOJeTCs B IIMPOKHUX Mpeienax.
["a30mpoHHIIaeMOCTh - CIOCOOHOCTh OTHEYIOPOB MPONycKaTh ra3. OHa 3aBUCHUT OT
IPUPOABLl OTHEYNOPHOrO Marepuana, ero oOpabOTKH, TeMIlepaTypbl W J1aBJICHUA.
["a30mpoHUIIaEMOCTh HAXOAUTCS B IPSIMOM 3aBUCUMOCTH OT IMOPUCTOCTH OTHEYIOpA.
Orsaeynopsl SBISIOTCA IJIOXUMHU NPOBOAHUKAMHU TeIUIa. TerIonpoBOIHOCTh 3aBUCUT
OT BUJA OTHEYIOpa, ero TeMrnepaTypsl U NOpUcTOCTH. C MOBBILLIEHUEM TEMIIEPATYPbI

TCILIOIIPOBOJHOCTD OOJIBLIIIMHCTBA OTHCYIIOPOB CHHUIKACTCA.



HeoOxoaumo oTMeTUTh, 4TO Bce paboune U (pu3MUecKue CBOWCTBA OTHEYIOPOB
pernamentupoBanbl 'OCTamu.

[To dbopme orHeymopsl NEisATCS Ha HOPMAJIbHBIM KHUPIWY, KIWHOBOW W (haCOHHBIC
U3JIETIHSL.

B 3aBHCHMOCTH OT XMMHUKO-MHUHEPAJIOTHYECKOTO COCTaBa OTHEYNOPHI MOTYT OBITh:
KHCJIbIe, B KOTOPBIX IpeoOianaeT Kuciblid okucen (SiOz); OCHOBHBIC, B KOTOPBIX

npeobsagaer ocHoBHOM okucen ( Al,O, ); HeWTpanbHBIC, KOIZa KHUCIBIM OKHCEeI

HEUTpaJIN3yeTCsl OCHOBHBIM, TO €CTh coctosume u3 SiO; u A1,03; nanuddepeHTHbIC
- HE MMEIOUIME HU KUCIBIX, HU OCHOBHBIX CBOMCTB (XPOMHUCTBIC, YIJIEPOJIUCTHIC, U
ap.).

Hnst QyTepoBKM  HarpeBaTelIbHBIX  YCTPONCTB  MPUMEHSIOTCS — CIEIYIOIIHE
OTHEYIIOPHBIE U3JIEHS: IIAMOTHBIE, JUHACOBBIC, MATHE3UTOBBIE, TAIIBKOBBIE U JIP.
[IlaMOTHBIM KHpOUY CaMblii  PACIPOCTPAHEHHBIM  OTHEYIIOPHBIM  MaTepuall,
coaepkammii okuch amoMuHus (A1,03) u kpemueseM (SiO;), UMeEeT CBETIIOKEITHIN
LBET U PABHOMEPHBIN 36pHUCTBIN U3JIOM. [10 OTHEYIOPHOCTH IETUTCS HA TPH Kjlacca.
Pasmsruaercst mpu temrieparype 1360°C, o0nanaer BHICOKOH TEPMOCTOMKOCTHIO, HO
HU3KOHN IJIAKOYCTOMYMBOCTBIO. [IpuMeHsieTcsi maMOTHBIA KUpNHUY ISl (PyTEPOBKH
CTEHOK, CBOJIOB HAIpeBATENIbHBIX MEUeH, TbIMOXOJIOB, TLIMOBBIX TPYO.

JIuHACOBBIM KUPNUY M3rOTABJIMBAIOT IyTEM OOKWUra ChIplla W3 KBapIUTa,
cozepikamiero He Mmeree 94 - 95% oxucu kpemuus (SiOz). OH Oesoro wiM cierka
JKEITOBAaTOr0 1IBETa, B H3JIOME€ BUJHBI 3€pHAa KBapua. FiMeeT BBICOKYIO
OTHEYIIOPHOCTh, AchopMalldio TOJA HArpy3KoH, JOCTaTOYHO CTOMKHN K KHUCIbIM
nulakaMm. Hepocratku - OoIbIlloe  yBENIWYEHUE JIMHEHHBIX pa3MepoB, ILIOXas
CTOMKOCTh K OCHOBHBIM OKHCIJIaM. [IpHMMEHSIOT B OTAENBHBIX CIydasx Uil KIaJKu
TOMNKH, CBOJA U CTEHOK CBAapOYHBIX KaMep METOJIMYECKUX U MOITYMETOJUYECKUX
IICYEH.

* Marse3uToBbIM KUPIUY U3TOTABIMBAIOT U3 MarHesuta (MaOs), KOTOpblii BHaYase
oOxwurator s ynanenus COo, a 3aTeM, 000XKEHHYIO MacCy, COCTOSIIYIO U3 OKUCH
MarHusi (MaO), pa3maniblBalOT, CMENIMBAIOT C OTHEYHNOPHON TJIMHOW M MOJy4aroT

cMech Uil (POPMOBKHM KHpIinya. MarHe3suToBbld KUPIUY UMEET TEMHO-KOPUYHEBBIN



BET, 0071a/1aeT BHICOKOM OTHEYCTONYMBOCTBIO, XOPOIIEH XUMHUYECKONH CTOUKOCTBIO.
K Hemocratkam cienyeT OTHECTH HHU3KYI0 TEPMOCTOMKOCTb, 3HAYUTEIBHOE
pacmMpeHre oobema, paspyuiatoniee aeicreue Ha mamort. [IpumMensercs s Kiaaku
OTBETCTBEHHBIX 3JIEMEHTOB pab0yero NpOCTPaHCTBA B 30HAX BBHICOKUX TEMIIEpaTyp U
1oJa HarpeBaTEIbHBIX YCTPOUCTB.

TanpKOBBIM KUPNHUY BHINWJIMBAKOT U3 €CTECTBEHHOI'O TAJbKOBOIO KaMHSA, a 3aTEM
noaseprator o0xury. OH o001amaeT BBICOKOM OTrHEYCTOMYMBOCTBIO, XOPOIIEH
XUMHAYECKON cToikocThio. [Ipumensiercs s (yTepoBKHM TMoJa HarpeBaTeIbHBIX
YCTPOWCTB.

XPpOMUTOBBIA KHUPNHUY HU3TOTABIMBAIOT M3 XPOMUCTOro XkenesHska. OoOsangaer
BBICOKOM ~ OTHEYIOPHOCTBIO, TEPMOYCTOMYMBOCTBIO, IOCTOSIHCTBOM  OOBEMa.
[Ipumensiercs  ans  (QyTEepOBKM  TOMOYHBIX  KaMep, KIAJKd CTE€H CBOJOB
BBICOKOTEMIIEPATYPHBIX IIEYEN CKOPOCTHOTO HATrpeBa.

KapOopyH/I0BbIil KUpIHY TOJYyYalOT U3 CMECH YUCTOrO KBapla M KOKCa IyTEM
0o0paboTKHM B 3nekTpudyeckux nedax. OO0nanaeT BBICOKOM OTHEYNOPHOCTHIO,
IIPOYHOCTBIO, TEIUIOCTOMKOCTBIO, TOBBIIIEHHON TEILUIONPOBOAHOCTHIO. [Ipumensercs
JUIs ~ WU3TOTOBJIEHWS  Mydesel, HarpeBaTelbHBIX  3JIEMEHTOB  3JIEKTporeyeit
COIIPOTHUBIICHHUS.

Jns yMmMeHbIIEHHsI TEIUIOBBIX MOTEPHh HAPYKHBIE CTEHBI, CBOJBI HArpeBaTEIbHBIX
YCTPOWCTB BBIIIOJHAIOT M3 TEIUIOM3OJIALMOHHBIX MATEpUAIOB, KOTOPBIE TOJIKHBI
o0janath HU3KOW TEIIONPOBOAHOCTHIO, JOCTATOYHON TEMIOYCTOMYMBOCTBIO U
HEOOIbIIUM 00bEeMHBIM BecoM. K TEmIou30isIIMOHHBIM MaTepuaiaM OTHOCSTCS:
JIETKOBECHBIE OTHEYNOPBI, TEIUIOU3OJIIUOHHBIA KUPIIWY, LIJIAKOBBIE W 30JIbHBIE
3aCBHINIKM, KeIe300€TOoH, MIIakoBas Bara, acOecT. lllnakoBble W 30JbHBIE 3aCHINKH
IIPUMEHSIOT TOJIBKO I N30JIILHUHA CBOJOB HAIPEBATEIbHBIX YCTPONCTB.

Kpome TErIon30/sIMOHHBIX MAaTepuajgoB MpPU CTPOUTENBCTBE HArpeBATEIbHBIX
YCTPOMCTB UCHOJB3YIOT U OOIIECTPOUTENbHbIE MaTepUalIbl: YEPHbIE METAIIIbI B BUJIE
COPTOBOTO M JIUCTOBOTO MPOKATAa, CTPOUTEIIbHBIN KUPINY, OYTOBBIM KaMEHb, TPaBUil,
MECOK, eMEHT. [lecok mpuMeHsIeTCs AJI PUTOTOBIIEHUS PA3JIMYHBIX PACTBOPOB IS

KJIaAKHU IICYH. PﬂCTBOpI)I 10 CBOCMY COCTAaBy U CBOMCTBaM JOJI2KHBI OBITH OAMHAaKOBBI C



TEMH MaTepuajlaMi, U3 KOTOPBIX CTPOHUTCSA Nedb. B 3aBUCMMOCTH OT Ha3HAuEHHS
pacTBopa OmnpeneNnseTcs ero CocTas.

OcHOBBI TEIIOBOW pabOTHI HAarpeBaTEIbHBIX YCTPOUCTB

« Jns aHanmm3a TemIOBOM pabOTHI HArpeBaTEILHOTO YCTPOMCTBA U OMpEICICHHUS
OCHOBHBIX TOKa3aTeliel CIIyKUT TerioBoi Oananc. TeruioBoit O6anaHc coCTaBiseTCs,
UCXOJsl W3 PaBEHCTBA MPHUXOMSIIETO TeIia B IMeYb OT OTACIbHBIX MCTOUYHHUKOB H

CYMMBI pacxXoqyCeMoOro TCIuia B IIC4Uu, T. €.:

Qup = Qpac

[Tpuxondmas 4YacTe TEIUIOBOTO OanaHca  CKJIAJbIBA€TCd U3 CIEAYIOIIUX
COCTABJIAIOLINX

1. Temuio, Moxy4eHHOE B pE3yJbTaTe FOPEHUS TOILIUBA:

Q,=8,-Q

rac B; - pacxona TOILIMBaA (qame BCCI'0 MCKOMas BGJ'II/I‘-II/IHa); Qf - TCIINIOTA CTOpAaHHA

TOTUTHBA.
2. Tenno, BHOCHMMOE TMOJOTPETHIM BO3AYXOM ((hU3UYECKOE TEIIO BO3IyXa):
Qe :Bm .Cs .ts ’ Ld

I'me ¢, - cpemHsst TEMJIOEMKOCTh BO3JyXa IpU TEMIeparype IMojorpena; t, -

8

TeMIIEpaTypa NOAOTPEBA BO3AYyXa; L, AEMCTBUTENBHBIN PAacXo BO3AyXa HA €AUHUILY
CKUTaeMOT0 TOILUIVBA.

3. Tenno, BHOCUMOE NOAOTPETHIM TOIIMBOM ((PU3NYECKOE TEIIIO TOTUIUBA):
Q,=B,-c, -t

I'me ¢, - cpemHss TEIUIOEMKOCTh TOIUIMBA IPU TEMIIEpAaType MOAOrpeBa; tm -
TEMIIEpaTypa MoAO0rpeBa TOIJIUBA.

Temnno, BeLIEIAONIEECS IIPU yTape MeTaJlIa:

Q,., =5652-G-§

I'me G - BecoBas MPOU3BOIUTEIBHOCTD [IEYM; O - yrap MeTaula B IPOLICHTaX.
PacxoHast yacTh Tem1oBoro OajxaHca HarpeBaTeIbHOIO YCTPOMCTBA CKIIAbIBACTCS U3

CICAYIOINX COCTABJIAIOIINX:



KonudecTBO MOJIE3HO HCMOIB30BAHHOTO Temia (TEIJI0 WCTPAYCHHOE Ha HarpeB
MeTasla)

Q =G-(c, t, -¢c, L,

rae G- Macca HarpeBaeMoro metaiia (BecoBasi MPOU3BOIUTEIBHOCTh MEUH); ¢ ;Cl -

CpeIHssA TEIUIOEMKOCTh METAJUIa TP KOHEYHOM M HAa4yaJbHOM TEMIIEpAType HArpeBa;

t;t’ - KOHeYHas U Ha4yaJlbHas TEMIIepaTypa HarpeBaeMoro MeTauia.

b
2. Ilorepu Tema ¢ yXoasImKUMH AbIMOBBIMU T'a3aMH:

Q,=B,-c, -t -V,

rae V, - KOJIMYECTBO JBIMOBBIX Ta30B IIPX CTOPAHUM €IUHULIBI TOIUIMBA; ¢, - CPEAHASL

TEIIOEMKOCTh JbIMOBBIX Ia30B; t.- Temneparypa JIbIMOBBIX T'a30B.
3. [loTepu Temia OT XMMUYECKOW HETIOIHOTHI TOPEHUS KHUAKOTO I ra3000pa3HOro
TOIUIMBA WIA MEXaHUYECKON HEMOJHOTHI TOPEHUS TBEPAOTO TOIUIMBA!
Q=m-B,-Q/
r7ie M - IPOLEHT MOTEPH OT TEIIOTHI CTOPaHMs TOIUIMBA NpU ropeHuu. [Ipuaumaercs
10 5%.
4. Tlotepu Temia B OKpPY’Karollee MPOCTPAHCTBO CKIAABIBAIOTCS M3 IOTEPh Yepes3
KJIaJIKy, OTKPBITUE OKHAa W NOTEPh C OXJIAXKIAIOUIEH BOAOW: IMOTEpPU TEIJIa 4Yepes3
KJIQJIKy TI€UH:

s =K-F,
I'ne K - ko3@duuueHT Temionepenaynd TEIIONPOBOJHOCTBIO Yepe3 CBOJ, MO/,

CTEHKH INeuu; F, -cymMMa IUIOIIaaed cBoja, IoJa, CTEHOK medu; t ;t, - pasHOCTh

TEMIIEPATYp BHYTPHU U CHAPYXKU I1€YH;

[ToTepu Tera U3MydyeHUEM Yepe3 OKHa!
T
Q=C,-F -t f (—
4 0 o 100)
rae C, - Ko3QpPUUUEHT U3TyuyeHus: abCOIIOTHO YEpHOro Tena, Fok - iomanb OKHa;
7 - BpeMs, KOrJa OTKPBITO OKHO; f - MOmpaBOYHBIN KOA(h(UIIMEHT Ha MMOTEPU TETIa

B CaMOM OKHE€ B 3aBHCHMOCTH OT TOJIIIMHBI CTCHKH, T - TEMIICpATypa IICYH 110

KenbBuHy;



[ToTepu Temnna ¢ oxna)xaaromen BoIo!
QZ =D- C@oz) ’ (t2 _tl)

I'me D- pacxox OXJaXJarole BOIbBI;, C,,— TEIUIOEMKOCTb BOABL, (t, —t)—

800
Pa3HOCTh TEMIIEPATYP, BBIXOASAIIECH U BXOISIIEH BOJIBI.

5. HOTCpI/I TCILIa HA pa30rpcB KIIAAKHU IIPHU HCYCTAHOBUBIICMCA PCIKHUME!

— VK.’Z ) pK}Z ) CK."I ) (t:'l _t:}l)

pas

Qs

I'ne Vi. - 00beM KIAJIKW; pPki- IVIOTHOCTh MaTepualia KJIAJAKU; Cyxy TEIIOEMKOCTh

Marepuana kimaaku, (t;,—t') - ycpeaHEHHas pa3HOCTb KOHEYHOW W HAYAIbHOU
TEMIIEPATYPBI KIAJAKHU 7 ,,, - IPOJOILKUTEIBHOCTL PA30rpeBa KIIaJIKH.

0. Heyurennsle morepu Terwia, K KOTOPbIM OTHOCSTCA MOTEPU 4Yepe3 (POpCyHOUHbBIE
OTBEPCTHS, HEIUIOTHOCTH 3aKpBITUA 3aCIOHOK M Ap., npuHuMarrcs 1o 10% ot
TEIIOThI CTOPAHUs PACXOAYEMOT0 TOILJIMBA.

[locne ompeneneHrs BCeX COCTABISIOIMIMX MPUXOAALIET0 M PACXOIyeMOro Teruia i
IOJICTAHOBKM MX B YpaBHEHHsS TEIUIOBOTO OajlaHCa MOXHO HaWTH pacxoj TOILIMBA
WM BBITIOJIHATh QHAJINA3 TEIJIOBBIX MOTEPh JUIS YAYUYIIEHUS UCIIOJIb30BaHUs TOIUIMBA U
paboThl HArPEBATEIBLHOTO YCTPONUCTBA B IIEJIOM.

OCHOBHBIE MTOKa3aTeNu padoThl eUn

K OCHOBHBIM TMOKa3aTeslsiM pabOThl HArpeBaTENIbHBIX YCTPONCTB OTHOCSATCA:
IPOU3BOJAUTENILHOCTb, YJEAbHBIA PACXOJ TOINIMBA M KOI()PUIMEHT MOJIE3HOTO
JEUCTBUS.

[Ipou3BOAUTENBHOCT, ~ HArpeBaTEeIbHOIO  yCTPOMCTBA  ONpENENSETCSs  BECOM
HarpeBaeMoro MeTasia ¥ pacCUMThIBaeTCs 1o hopMyIie:

Kno() ) Fm)() ) g
f-r

G=

I'ne K,,, - koaduimeHT 3arpy3ku nojaa neuu; Fneo - miomaas nojaa neyu; g ~ macca
HarpeBaTeIbHON 3ar0TOBKU; f - MpOEKILKs HarpeBaeMol 3aroTOBKH Ha MO/ Me4H; 7 -

MpOoAOJIZKUTCIbHOCTE HAarpeBa.



OpHako, JUIsi CpaBHUTEIBHOM OIICHKHM PAaOOThI HArpeBaTENbHBIX IeUel CIY>KUT

yAac€iabHasd IPOU3BOAUTCIIBHOCTL WM HAIIPSKCHHOCTL IOoAd IICYH, KOTOpasd

onpeaAcACTCA OTHOIICHUCM !

HamnpskeHHOCTBh 1Ofa Medn - 3TO KOJWYECTBO METAJIA, HAIPEBAEMOI'O0 Ha OJHOM
KBaJpaTHOM MeTpe IUIOLIAI1 [10a IIeYH 3a OJUH Yac.

BenuunHa HanpspKEHHOCTH TMOJa TEYM SBISETCS OMpeAesstomuM (akTopoM Mpu
OLIEHKE SKOHOMHMYHOCTH PabOThl HArpeBaTEIbHOTO YCTPONCTBA.

BropbiM BaxHBIM TMOKa3aTejaeM pabdOThl HArpeBaTENbHOTO YCTPOMCTBA SIBIISAETCA
pacxol TOIUIMBA, KOTOPBIM 3aBUCHUT OT KOHCTPYKLMH I€YH, HANPSKEHHOCTH IOAA,
CTEIIEHU HCIIOIb30BaHUsA TEIlIa yXOAAMX ra30B. IlokasaTenem ucronb3oBaHus Teria
B HarpeBaTEJIbHbIX YCTPOMCTBAX SIBISIETCA YAEIbHBIM pacxoja TOmIMBa (YCIOBHOTO

TOTUIMBA), KOTOPHBIN onpenensiercs no Gopmyiie:

_ Bm Qf

b=
Q-G

rae Q,, - TEIIoTa CropaHus yCJIOBHOIO TOILIMBA, KoTOpas paBHa 29330 K/[x/kr.

Paznmuuatotr ynensHBIM pacxon TommBa "HeTrto" u "OpyTTo". YaenbHBIA pacxon
TOIUIMBA "HETTO" - 3TO pacxoj TOIUIMBA MPU YCTAHOBUBLIEMCS peXUME PabOThI
HarpeBaTeNbHOIO YCTpPOWCTBa, T.e. 0e€3 ydera pacxola TOIUIMBA Ha Pa3orpes,
XO0JIOCTYI0 pabory mneudn. OH TO3BOJSIET CpPaBHMBaTh B TEMJIOTEXHHUYECKOM
OTHOIIIEHUHU PA3IMYHbIE HAIPEBATEIbHbIE YCTPOUCTBA OJJMHAKOBOI'O HA3HAUYCHHS.

VY nenbHbIN pacxo] ToruBa "OpyTTO" MO3BOJSET OIEHUTH SKOHOMUYHOCTH PAa0OTHI B
peanbHbIX YCIOBUAX AKCILTyaTalllu, T.€. YUYUTBIBAET BECh Ipolecc padoTsl neun. [Ipu
XOopolel opraHu3anuu paboThl B Ky3HEYHOM II€XE€ YACNbHBINM pacxoj TOIUIMBA
"OpyTTO" HE JOHKEH MPEBBINIATH YACIbHBIA PACX0] TOIIMBA "HETTO" OOJBINE YeM
Ha 30% [1].

CyliecTBeHHOE BIUSHHUE HA YACJNBbHBIN pacxXo]] TOIJIMBA OKAa3bIBAET HANPSKEHHOCTD
noaa. C yBelIMYEeHUEM HaAMpPsHKEHHOCTH MOJa MeYd YMEHbIIASTCSl yIeNbHbIN pacxon

TOIIJINBA.



Koaddumuent monesHoro neHCTBUS HArpeBaTeIbHOTO yCTPOWCTBA (TEPMUUYECKUIN)
€CThb OTHOILIECHHE KOJIMYECTBA TEIUIA, MOJYYEHHOIO METAIIOM K KOJIMYECTBY TEIUIA,

IMOJIYYCHHOT'O B PC3YJIbTATC CKUTAHUA TOIIJINBA:

Qn

3naueHus kod3duirenTa nojae3Horo AEHCTBHUS KOAEOMIOTCSA B IIMPOKHUX Mpeieiax B

]7:

3aBUCUMOCTH OT Pa3MEpPOB M OCOOCHHOCTH HArpeBaTENIbHOTO YCTPOICTBA, YCIOBHUMH
ero skcruryatanmu. KITJ nns kamepHbix neueid kosieOnercs ot 8 go 20%, a
METOJAUYECKHUX U MOoJiyMeToaudeckux - ot 15 go 40%.

Jlexumst Ne 8

[Inan nexuun: OCHOBBI MPOEKTUPOBAHUS HArpEeBATEIbHBIX YCTPOUCTB. [loBbINICHHE

3¢ (HEKTUBHOCTH pabOTHI HATPEBATEIIBHBIX YCTPOUCTB.

OCHOBBI NPOEKTUPOBAHUS HATPEBATEIBHBIX YCTPOUCTB

CoBpeMeHHOE HarpeBaTeIbHOE YCTPOMCTBO MPEACTABISIET COOON CIIOKHBIM TEILIIOBOM
arperart, COCTOSIIIUHA W3 COOCTBEHHO HArpeBaTEIbHOM IE€UM U BCIIOMOTATEIbHBIX
YCTPOMCTB 117151 ee 00CTy>KuBaHusl. [ TaBHas 4yacTh HArpeBaTeIbHOTO YCTPOUCTBA - ATO
pabouasi Kkamepa, TJ€ OCYIIECTBIsAETCS HarpeB Meramia. [loatomy mipu
MPOEKTUPOBAHUM HArPEBATEJILHOTO YCTPOUCTBA HEOOXOIUMO YUUTHIBATH CIICTYIONTUE
OCHOBHBIE TTOJIOKECHMUS:

BO-TIEPBBIX, HArpe€B 3aroTOBOK MOJ KOBKY M IITaMIIOBKY OJIMH U3 OTBETCTBEHHBIX
ATaIOB B MOJYYEHUH KaY€CTBEHHBIX IIOKOBOK;

BO-BTOPBIX, HEOOXOJIMMO HE TOJIBKO pa3OupaThCsi B KOHCTPYKIIMH HArpeBaTeIbHOTO
YCTPOMCTBA, HO ¥ XOPOIIIO 3HATh MPOTEKAIOIINE B HEM MTPOLECCHI.

[IpaBunbHBI  BBIOOP BHOBH TPOSKTHPYEMOTO HArpeBaTebHOTO yCTPONCTBA
OTIPENICNIICT CTENEeHb MCIOJIb30BAHUS OCHOBHOTO KY3HEUHOIO OO0OpYIAOBaHUS.
[TosToMy mpu BBIOOpE KOHCTPYKIIMM HArpeBaTeIbHOTO YCTPOMCTBA pPEIIAIONIUMU
dbakTopamu SBISIOTCS: CIOCOO M3TOTOBIICHUS TOKOBOK; XapakTep MPOU3BOICTBA; BU/T

HarpeBaeMoro Marepuaia, ero oopma u pa3Mepbl; BUI SHEPTOHOCHTEIIS.



Tak B HHIUBUAYAJIBHOM H MEIKOCEPUMHOM MPOU3BOJCTBAX, TIJE€ OCHOBHBIM
TEXHOJIOTUYECKUM IIPOLIECCOM  SIBJIAETCS KOBKA, HArpeBaTEJIbHbIE YCTPOWCTBA
TOJDKHBI 00J1a1aTh YHUBEPCAIBHOCTHIO, TaK KaK pa3Mepbl U (HOPMBI HArpeBaeMbIX
3aroTOBOK M3MEHAIOTCS B IIMPOKUX Mpenenax. Hanbosee monHo 3TUM TpeOOBaHUAM
OTBEYAET KaMepHas Ie4yb, OJHAKO, NEPUOJUYHOCTh 3arpy3Kd B KaKOH-TO CTEIICHH
CHIKaeT 3(pPEeKTUBHOCT, OCHOBHOTO Ky3HEYHOTO 00OpymoBaHus. B ciydae HarpeBa
KPYMHBIX 3arOTOBOK U CIIMTKOB 1€J1I€CO00pa3HO YCTAaHABIUBATh METOIMYECKUE TIEUH.

B kpymnHocepuifHOM U MacCOBOM IMPOU3BOACTBAaX, I7I€ OCHOBHBIM TE€XHOJIOTUYECKUM
MPOIIECCOM SIBIISIETCS. TOpsidasl IITaMIOBKA, NMPUMEHSIIOT MEXaHU3UPOBAHHBIE, KaK
KaMEpHbIE, TaK M METOJUYECKHE HarpeBaTebHbIE Meud. Tak, mpU IITaMIIOBKE Ha
['KM HarpeB 3aroTOBOK W MPYTKOB II€JI€COOOPa3HO OCYIIECTBIATH B IIEIEBBIX U
OUYKOBBIX WJIM MEXAHU3UPOBAHHBIX [1€YaX KOHBEUEPHOTO TUIIA.

MHoroo0pa3ue TEXHOJOTMYECKUX MPOIECCOB M3TOTOBJICHHUS IMOKOBOK TpeOyeT B
KKJIOM KOHKPETHOM Cilydyae MHAWBUYAIBLHOTO MOJXO0Ja K BBIOOPY KOHCTPYKIIUU
HarpeBaTEIbHOTO YCTPOMCTBA.

[Tocne BbIOOpa KOHCTPYKIMHM HArpeBaTElIbHOTO YCTPOMCTBA BBIMOJHIETCS €ro
pacuer. Jlyisi BBIMOJHEHHS pacyeTa HEOOXOAUMO 3aJaHue, KOTOPOE JIOJDKHO
BKJIIOYATh: MPOU3BOJUTEIBLHOCTh Te4YM B (Kr/4ac) WM KOJUYECTBO 3arOTOBOK
HarpeBaeMbIX B Yac; MapKy MaTepuaja HarpeBaeMbIX 3aroTOBOK, UX Maccy U
pa3Mephbl; TEMIEpPATypy HarpeBa METaJlia; BUJl TOIINBA.

Pacder  HarpeBaTenbHOTO YCTpOMCTBA BBINIOJIHAETCS B cienyromen
MOCJEA0BATEIbHOCTH:

1. Pacuer mpormecca TOpeHHsl TOIUIMBAa C ONPEACICHUEM KOJIWYECTBA M COCTaBa
MPOJYKTOB TOPEHUs, TeMIIepaTypbl TOPEHUs] TOIIMBA W aHaJIW3a BO3MOXXHOCTHU
WCIOJIb30BAaHUsl JTAHHOTO TOIUIMBA JJIA HarpeBa MeTaia, T.e. 00ecleurBaeT JiH
JTAHHOE TOIIMBO HEOOXOUMYIO TeMIIEpaTypy HarpeBaeMoMy MaTepuaiy;

PacueT nmpomomKUTENbHOCTH HarpeBa 3aroToBoK. [[isi 3Toro HeoOXOIMMO 3HATH
coco0 pa3MeIIeHHs] 3aroTOBOK Ha TOJYy HarpeBaTelbHOTO YCTPOWCTBA U

TeI0(U3NUECKHUE CBOIICTBA HArPEBAEMOI'0 MaTeprasa. 3aTeM OIPENEIsieM KPUTEPUH



bro m ucxoxs w3 3TOro 3HAYCHWS, BHIOMPAEM HEOOXOIMMYIO METOIUKY pacuera
MPOJIOJKUTENILHOCTH HarpeBa M Mepernajia TeMIepaTyphl 0 CEYEHHUIO 3ar0TOBKHY;
OmnpeneneHue pasMepoB padoOyYero MPOCTPAHCTBA HArpeBAaTEbHOIO YCTPOWCTBA.
Pabouast kamepa HOKHA YIOBJIETBOPSATH JBYM OCHOBHBIM TPEOOBaHUSAM; JUIMHA U
HIMPHUHA TI0/Ia JOJDKHBI OOecrneunBaTh 3aJaHHYIO MPOU3BOJIUTEIBLHOCTh, @ BHICOTA
JOJKHA OBITh TaKoOW, 4YTOOBI 00ECIeYyMBajOCh IIOJHOE CrOpaHHe TOIUIMBA U
WHTEHCHUBHBIN TEIIOOOMEH MEXK]y JbIMOBBIMHU T'a3aMH M HarpeBa€MbIM METAJLIOM.
Pasmepsl moja meunm 3aBUCAT OT MPOJOKHUTENBHOCTH HArpeBa, W IMOITOMY IIO
3aJlaHHOM  TMPOM3BOAMTEIIBHOCTH U PACCUYUTAHHOM  TPOJOJDKUTEIBHOCTU
OTIpENIENAETCs] KOJMYECTBO 3ar0TOBOK, OJJHOBPEMEHHO HaXOAAIuXCcs B ey [1]:

[To BeMMCIICHHON MMPUHE W JUIMHE OMPEAEssieTCs IJIOMAab MM0/Ia HarpeBaTeIbHOTO
ycTpoiictBa. BricoTy pabodero mnpocTpaHCTBAa HAarpeBaTENbHOIO yCTpPOMCTBA
HaxoauM 1o gopmyJe [15]:

H=H +h,

['ne H,- BbIcOTa pabOYero NpoCTPaHCTBA HAJ| 3arOTOBKAMHU, KOTOpask ONpPEEseTcs B
3aBHCHUMOCTH OT IIUPUHBI MT0J1a ¥ TEMIIEPATy Pl IBIMOBBIX Ta30B:

H, =0.001-(0.6+0.05- B) -t,

h_. - BeICOTA 3arOTOBKH; AJIAA DUJINHAPHUYCCKHUX 34aI'OTOBOK paBHA JUAMCTPY.

sa
4. CocraBiieHHE 3CKHA3a HArPEBATEILHOIO YCTPOICTBA C YKa3aHUEM TOJIIIUHBI KIIAJIKU
noja, CTEH W CBOJIa; ra0apUTHBIX pPa3MEpPOB IME4YH; BHIOPAHHBIX OTHEYMOPHBIX U
TEIUIOU30JSIMMOHHBIX MartepuanioB. Ha 3cKu3e ykas3bpIBalOTCA MECTa PACHOJIOKEHHS
TOTUIMBOCKHUTAIOIIUX YCTPOHUCTB, paOOUMX M KAHTOBOYHBIX OKOH, KAHAJIOB JIJIsl OTBOJIA
MPOAYKTOB ropeHus. KpomMe 3Toro ykasplBaercsi THUII W MECTO YCTAHOBKH
pEKyIeparopa WM pereHeparopa U HaHOCSATCSA AJIEMEHTHI KapKaca HarpeBaTelIbHOTO
YCTPOMCTBA.

Pacuer TemioBoro 6anaHca HarpeBaTEIbHOTO YCTPONUCTBA, KOTOPHI HEOOXOAUM JIS
ONPENEIICHUS pacX0/1a TOTUIUBA.

OmnpeneneHne OCHOBHBIX MOKa3aTesel paboThl HAarpeBaTeIbHOIO YCTPOMCTRA.

Bri6op Tuma KOHTPOJIBHO-U3MEPHUTENIBHBIX M PErYJIUPYIOMUX TPHOOPOB U CXEM

ABTOMATUKH.



[Ipy npoekTHpoBaHUM HEOOXOAMMO TMPEITyCMOTPETh YHOOCTBO OOCITYXMBAaHUS U
yopaBiieHus: paboTOil HarpeBaTeIbHOIO YCTPOWMCTBA, a TaKKe MEpPHI MO TEXHUKE
0€30MacHOCTH.

[ToBbiienne 3 PexkTuBHOCTH PabOTHI HATPEBATEIBHBIX YCTPOUCTB

OddexTuBHOCTH paboThI HarpeBaTesIbHOTO yCTpOWCTBA CBsI3aHa C
MPOU3BOAUTENLHOCThIO,  TEIUIOBBIM  KO()QHUIIMEHTOM  MOJNE3HOro  JACHCTBUS,
yAEIbHBIM PAcX0J0M TOIUIMBA U YMEHbIIIEHUEM MOTEPh METAJLJIa Ha yrap.
[ToBbiienne 3G ¢GEKTUBHOCTH  TEIIOBOM  pabOThl  HarpeBaTelbHBIX —YCTPOWCTB
BO3MOYKHO 32 CUET COKpAIICHUS! HEPOU3BOUTEIBHBIX MPOIECCOB, MOACPHU3AIUU U
3aMEHbI YCTAPEBIIMX TOIUIMBOCKHUTAIOIINX YCTPOWCTB, aBTOMATU3ALNH, YITy4YIlICHUS
TEIUION30JSILMU U TJIaBHBIM OOpa3oM OCYILECTBICHHUS PEKyNepaluyd U yTHIW3ALHUH
TeIUIa YXOASAIIUX JBIMOBBIX ra3oB [17].

Temno yxomdmux ABIMOBBIX Ta30B MOXKET ObITh YTUJIM3UPOBAHO B PAa3IMYHBIX
TEIJIOUCIIONB3YIOIIMX YCTPOMCTBAX: pEKyleparopax, pereHeparopax, KOTiax -
YTUJIN3AaTOpax, BOAOHATPEBATEISIX.

B  HarpeBarenpHbIX  YCTpPOWCTBaX Ky3HEYHO-IUITAMIIOBOYHOI'O  MPOU3BOJICTBA
UCIIOJIB3YIOTCS. B OCHOBHOM PEKYIIEpaTOphl, IMO3BOJSIOIIME 3a CYET II0JI0TpEBa
BO3/lyXa, MOCTYNAIOLIEr0 HAa TOPEHUE TOIUIMBA, COKPaTUTh pPacxoj] TOIUIMBA,
COBEpLIEHCTBOBAaTh TEXHOJIOTMIO HAarpeBa MeTajla, YMEHbIIas yrap, U HECKOJIbKO
YIIYYIIUTh BO3AYIIHYIO aTMOc(epy Ha padounx MecTax.

PexyniepaTopsl - 3T0 TEMJIO0OMEHHBIE anmapaThl WM YCTPOMCTBA C HEMPEPHIBHBIM
JNBUKEHUEM JIBIMOBBIX Ta30B YE€pE3 CHCTEMY KAaHAJIOB, & 4Ye€pe3 JPYIYK CHCTEMY
KaHaJOB TEUYeT TEIUIOBOCTIPUHUMAIOIIMN TOTOK (BO3MyX WM TOIuBO). Ilepemaua
TEIa OT OJHOTO JBWXKYILIErocs TIMOTOKAa K JPYrOMy OCYILECTBIIETCS 4Yepes3
paznensonlyto creHky. [lo Marepuany M3roTOBJIEHHS PEKYINEpaTopbl MOTYT OBITh
KepaMUYECKUMH M METANIMYeCKMMU. B Kepamuueckux pexkymneparopax MOJ0TpeB
BO3ayxa ocymiecTtBisercs Ao temnepatypsl 800 - 1100°C, a B MeTaLTUYECKUX [0
temnepatypbl 600 - 800°C. OnHako TPUMEHEHHE KEPaMHUYECKUX PEKYIEepaToOpoOB

HCCKOJIBKO OTpaHHNYCHO HU3-3a HHU3KOM ra30MIOTHOCTH U UX I'pOMO3AKOCTH.



[Tpu mostorpese Bo3ayxa A0 temreparypsbl He Boile 350 - 400°C pekynepaTopbl MOKHO
M3rOTaBIMBATh U3 CEPOro UyryHa WM yriaepoauctoil cra ju. Ilpu Gonee BBICOKMX
temneparypax (600 - 800"C) mnomorpeBa pekylepaTopbl HW3TOTaBIUBAIOT U3
KapomnpouHbIX craneld. bnarogaps BbeICOKOMY KO3(pQUIMEHTY Termjonepenayu,
METAIMYECKUE  PEKyNepaTopbl  KOMIIAKTHBI, TE€PMETUYHBI, YTO  IO3BOJISET
UCIOJIb30BaTh WX M Ui mojorpeBa TomuBa. Kpome TOro, Merajuimueckue
peKynepaTopbl MOXHO IPUMEHSATh B HAarpeBaTENIbHBIX YCTPOMCTBAaX C HU3KOU
TeMIEpaTypou yXoasamux IbIMOBBIX ra3oB (500 -600°C), yto pacmmpsier 001acTh
UX IPUMEHEHMS.

[To KOHCTPYKLIMH METAJJIMUYECKUE PEKYNepaTopbl MOXKHO Kilaccu(uuIUpoBaTh Ha
TpyOuaThle, UTOJIbYAThIE, TUIIA TEPMOOJIOK, pagualMOHHbIE.

TpyOuaTele pekymnepaTopbl HW3TOTAaBIMBAIOTCA W3 [IAJKUX CTAJIbHBIX TpYyO
auameTpom ot 15 mo 100 MM ¢ TommuHOM cTeHku 2 - 5 MM. [logorpeBaeMslii BO3yx
B HHUX JBIXKETCA BHYTpU TpyO, a ABIMHBIE Tra3bl - CHAPYKU. Y CTAHABIMBAIOT ITH
peKyIepaTopbl Ha KPYIIHBIX HarpeBaTeNbHBIX I€4aX, OHU IPOCTHI B U3TOTOBJICHUH,

HCA0POry, JICTKO JOCTYIIHBI 1JIs1 3aMCHBI.

OCHOBHBIM 3JIEMEHTOM UTOJIbYATOTO pEKyIlepaTopa SBISIETCS 4YyryHHas TpyoOa
OBAJILHOTO CEYEHHUSI C HAPY>KHBIMU U BHYTPEHHUMU uriamu (puc.10).

Puc.10. Tpy6a uronp4yatoro pekymneparopa

Bozayx aBuxeTcst BHyTpH TpyOBbl, a IIMOBBIE T'a3bl OMBIBAIOT TPYOYy CHapy»Ku. TpyObl
HOpPMaJIN30BaHbl U BbllycKatoTcs nnuHou 880, 1135 u 1640 mm. [IByXcTpoHHHE
UT0JIbYAThIe TPYOBbl BBINYCKAIOTCS ABYX THUIOB: 17.5 u 28, 4TO COOTBETCTBYET

PACCTOSIHAIO MEXIY OCAMM MIJI Ha HApPY>KHOW CTOPOHE, KOHCTPYKIIUS BHYTPEHHEMN



UTOJILYATON TMOBEPXHOCTH OJMHAKOBAs IJisi BceX THMOB TpyO. M3 TpyO cobumparot
BHauaje CEeKIHH, a 3aTeM M3 CeKUuid cobuparorT pekymnepatop. Cekuus, uepes
KOTOPYIO BO3IyX MPOXOJHUT OJWH pa3, Ha3biBaeTcs "xomoM". Beibop uncna "xomoB"
UTOJIbYATOr0 peKylepaTopa ONpelessieTcsl JaBlICHHEM JyThs, TeMIIepaTypoun
MOJOTPEBA BO3AYyXa U BO3MOKHOCTBbIO KOMIIAKTHOTO coenuHeHus: Tpyo. Urombuarteie
pEeKyTepaTopbl MOTYT OBITH OJTHO-, IBYX-, TPEX- M YETHIPEXXOJ0BBIMH. J[7151 HarpeBa
Bo3nyxa 70 200°C oObIMHO HCMONB3YIOT OAHOXOJOBOWM HUTOJbUYATBHIM pEeKymnepaTop.
OCHOBHBIM HEJOCTATKOM HTIOJbYATHIX PEKYNEePaTOpPOB SIBISIETCS HEAOCTATOYHAs
repMETUYHOCTh, BO3pacTarolas ¢ yBEJIUYEHUEM KOJMYecTBa TpyO B HHX.
VYcTaHaBIMBAaIOT UX B METOJAMYECKUX U MOJYMETOJUYECKHX IedyaxX, paOdoTalonuX C
OTHOCUTEJILHO HEBBICOKOM TEMITepaTypol yXOAIIUX IBIMOBBIX T'a30B.

Pekymiepatopsl Tuna TepMOOJIOK MPEACTABISAIOT COOON MPOCTPAHCTBEHHYIO PEIIETKY
CTAILHBIX TPYyO muameTpoM 12 - 18 MM (s Bo3ayxa) u 25 - 30 MM (111 TBIMOBBIX
ra3oB), MPOCTPAHCTBO MEXKAY KOTOPHIMU 3aJUTO 4YyryHOM. MoHOJIUTHAs
KOHCTPYKITUSI TEPMOOJIOKa 00ECIIEUUBAET IOCTATOYHYIO Ta30TIOTHOCTD, OJTHAKO, OHA
oOnmagaer OosbLION OTHOCHUTENbHOM Maccoi. Iloaromy pekymnepaTopsl THIa
TEpMOOJIOK yCTaHABIMBAIOT HA MAJIBIX KAMEPHBIX TeYax C TeMIIEPaTypoul JbIMOBBIX
ra3oB nopsaka 1200 -1300°C.

Panuanmonnsie pexynepaTopbl MO0 KOHCTPYKIIUK MOTYT OBITh III€JIEBBIE U TPyOUaThie
[17]. LleneBble paiuallMOHHBIE PEKYNEPATOPbl COCTOAT U3 ABYX KOHIEHTPHUYECKHUX
HUJIUHIPOB. BHYTpEHHHMI UWIWHIP W3rOTABIMBAIOT M3 >KAPOCTOMKUX CTaliel, a
HapY>KHBIN - U3 YIIEpOaUCThIX (puc. 11).

JIpIMOBBIE Ta3bl, TPOXOJS M0 BHYTPEHHEMY IIMUIMHIPY co ckopocTthio 0,5-20 w/c,
HarpeBarOT CTEHKY M3JIyY€HHEM M KOHBEKIIUEH, a OHA U3TydaeT TEIUIO Ha Hapy KHbII
murHap. Bosmyx nBmkercs co ckopocThio 20 - 40 M/c B KOJBIIEBOW IETH MEXKIY
BHYTPEHHHUM M HAPY>KHBIM IWIMHAPAMHU U HArpeBaeTCs TOJBKO 3a CYET KOHBEKIIMH.
[MIupuna xombueBor menn ot 10 mo 70 mm. Ha koHumax pekymneparopa
YCTaHABIMBAIOTCSI KOPOOKH, Yepe3 OHY U3 KOTOPHIX MOIBOIUTCS XOJOIHBINA BO3YX,
a 4epe3 APYryw OTBOAUTCSA HarpeThli Bo3ayX. OCHOBHBIM MPEUMYIIECTBOM

paIualMOHHBIX PCKYIICPATOPOB ABJEICTCA TO, YTO OHHU CITOCOOHBI AJINTCIIBHOC BPCM:A



AKCILUTYaTUPOBAThCSl MPU BBICOKMX TeMIlepaTypax NpoAyKToB ropenus (mo 1400 -
1500°C) u momorpeBath Bo3ayx a0 800°C u Ooisee. IlosTomy paauanoHHBIC
pEeKyInepaTopbl UCMONB3YIOTCS B HArpeBaTeNIbHBIX MedaX C BBICOKOW TemmepaTypoi
YXOSIINX JIMOBBIX Ta30B.

Oddext TemmoBoil pabOThl PEKyNEpPaTUBHBIX HArpeBaTENIbHBIX Meuel BO MHOIOM
OTIPEICNIACTCS MPABUILHBIM BBIOOPOM THIA peKyliepaTopa U MECTOM €Tr0 YCTaHOBKH.
Br16op pekynepartopa ornpenessiercs pa3MepaMyi HarpeBaTelIbHOTO YCTPOMCTBA U €ro
KOHCTPYKTUBHBIMU ~ OCOOCHHOCTSIMH,  ONPEICIAIONMMUA  MECTO  YCTaHOBKH,
TEeMIIepaTypoil HarpeBa BO3/lyXa U BUJOM TOIUIMBA. MeCTO yCTaHOBKH peKyIepaTopa
OMPENIEIIAECTCS CUCTEMOM OTBOJA ABIMOBBIX I'a30B U HATPEBATEIBHOTO YCTPOKCTBA.
Pacuer pexkynepaTtopa B 00IIeM ciiydae CBOJUTCS K OINPEIEICHUIO MOBEPXHOCTHU
HarpeBa. VCXOOHBIMUM AaHHBIMHM I pacdeTa peKyIleparopa SBISIOTCSA: 4acOBOM
pacxona TormBa B,,; KOIMYECTBO HArpeBaeMoro BO3JyXa; TeMIlepaTypa BO3/yxa
HayallbHasg M KOHEYHAas; KOJHMYECTBO JIBIMOBBIX Ta30B; TeMIlepaTypa ra3oB IMpHU
BBIXOJIE W3 HarpeBarelbHOro ycTporcTtBa [loBepXHOCTh HarpeBa peKyleparopa
omnpeaensercs o Gopmye [1]:

__Q
KAt

['me Q - KOIMYECTBO TeIIa, IEPEJABaEMOI0 BO3IyXy B PEKYIIEPATOPE; K -

cpenHuid Ko3PUIMEHT Temonepenayu; At - cpeanss jorapupmuyeckas pa3HOCTb
TEMIIEPaTyp.

KomnoHOBKa 37€MEHTOB B peKylepaTope NpeACTaBiIseT co00il KOHCTPYKTOPCKYIO

3a/1ayy, KOTOpasi IOJKHA PElaThCsl C yYETOM KOHKPETHBIX YCIIOBHM.

Jlexmsg Ne 9
[Inan nekuu. DIEeKTpOHArpeEB — CYIIHOCTh Ipolecca. [IpenmyiiecTBa U HEJOCTATKH
anekTpoHarpeBa. O61acTe nMpuMeHeHus.. HarpeB B medyax aJIeKTPOCONPOTHBICHHS.

Harpes B anekrposure.

SJIEKTPOHATPEB U DJIEKTPUUECKUE HATPEBATEJIBHBIE YVCTPONCTBA



DJNEeKTpoHarpeB METAJUIOB - 3TO OAWMH M3 IPOIPECCUBHBIX METOJOB Harpesa,
COOTBETCTBYIOIIMN  JOCTMKEHHUIO JIy4IIMX IOKa3aTeseld paboTbl OCHOBHOI'O
Ky3HEUHO-TIPECCOBOrO0  00opynoBanus. IIpu 3TOM 3HAYUTENBHO YIYUIIAKOTCS
YCIJIOBUS TPY/a U NOBBIIIAETCS KyJIbTypa IPOU3BOJICTBA.

[TpuMeHeHne IeKTpUYEeCKON SHEPTUH 1711 HarpeBa MeTajuloB Hadanock ¢ 1803 rona,
Korja Oblna omyOJiMkoBaHa paboTa pycckoro akaaemuka B.B. Ilerposa. OngHako B
TO BpeMsi B YCJIOBHMSIX HE3HAYUTEJIBbHOW BBIPAOOTKH DSJIEKTPOIHEPIUU HE OBUIO
BO3MOKHOCTEN JUIsl IPOMBILUIEHHOTO PAa3BUTHSA dJIEKTpOoHArpesa. M ToJIbKo BO BTOpOU
nojioBuHe XX BeKa CTaJl0O BO3MOXHBIM HCIOJIb30BAHUE 3JIEKTPUUYECKON SHEPIUU B
Pa3IMYHBIX JJEKTPOTEPMHUYECKHUX IIpOLEccaX, B TOM 4YHCIE€ MU B Ky3HEYHO-
HITAMIIOBOYHOM MPOHU3BOJICTBE.

[IpuMeHeHne 3IIEKTPOHArpEBATENbHBIX YCTPOUCTB U1 HAarpeBa 3arOTOBKU I0J KOBKY
Y IITAMIIOBKY OOYCIJIOBJIEHO PSAIOM MPEUMYLIECTB AJIEKTPOHArPEBa:

COKpAIllEeHHE MPOJOJKUTETLHOCTH Harpena, 3HAYUTEIBHOE CHU)KCHHE
OKaJINHOOOPA30BaHUA U OTCYTCTBHE 00€3yTIIEPOKUBAHNUS;

yIIy4llIeHHE KauecTBa (pPaBHOMEPHOCTH ) HarpeBa;

BO3MOXKHOCTh 00JIee TOYHOI'O PEryJUPOBaHUsI TEMIIEPATYPHOTO PeKrMMa M Ipolecca
Harpesa B LIEJIOM;

BO3MOXKHOCTh  IOJy4Y€HUSI B paboyeM MpOCTpAHCTBE J000il  aTMocdepsl
(HeUTpanbHON, BOCCTAHOBUTEILHOM);

BBICOKUH KOA()(PHUIIMEHT MOJIE3HOTO ACHCTBUSL YCTAaHOBOK;

- yMEHbILIEHUE Ta0apUTHBIX pa3MEpOB HAarpeBaTeNbHBIX YCTPOWCTB, YTO
IPUBOJUT K COKPAILLEHUIO POU3BOACTBEHHBIX IIJIOIIAIEH;

- JErKOCTh ~MEXaHW3allMi M aBTOMAaTH3allMM yNpaBJI€HHUS padboOTON Bcei
YCTaHOBKH.

Ha3BanHble mpeumyllecTBa 3JIEKTPOHArpeBa MpOSIBISIOTCS B PA3IMYHOM CTETEHH B
3aBUCUMOCTH OT croco0a >JeKTpoHarpeBa, pa3MepoB M Marepuaja 3aroTOBOK.
OnHako HarpeB B 3JIEKTPOHArpeBaTENbHBIX YCTAHOBKAaX OOXOIHUTCS JOPOKE, YeM B

IJIAMEHHBIX MeYaX M3-3a BICOKOW CTOMMOCTH BHGKTPHHCCKOﬁ OHCPIrUu.



B nacrosiiiee Bpemsi B Ky3HEUHOM MPOM3BOJICTBE HAMOOJEE IMIMPOKO HCIOJIB3YIOTCA
CJIeIyIOLIME CIOCOOBI KOCBEHHOTO M CKBO3HOT'O AJIEKTPOHArpeBa:

HAarpeB B DJIEKTPUUECKUX I1€YaxX CONPOTUBIICHMUS;

HarpeB B AJIEKTPOJIUTE;

AIEKTPOKOHTAKTHBIN HArpeB;

WHYKIIMOHHBIA HarpeB.

Harpes B 3JIeKTpHUECKUX NI€Yax COMPOTUBIICHUS

B anexTpudeckux Iedax CONPOTUBIICHUS METANJI HATPEBAETCHA 3a CYET Iepelayu
TEIUIa OT HArpEeBaTEIbHBIX AJIEMEHTOB U KIIAJIKU I€YH U3JIyYEHUEM, 4 BBIPABHUBAHUE
TEMIIEPATYpPbl 110 CEYEHHUIO 3arOTOBOK IIPOMCXOJMT 3a CYET TEIUIONPOBOJAHOCTU
METaJIJIa, T.€. MPOLECCHl HATPEBA B JJIEKTPUYECKHUX I1€YaX CONPOTUBIICHUS CXOIHBI C
MPOIIECCAMH HArpeBa B IUIAMEHHBIX NIeYax.

DJIEKTPUYECKNE TE€YN COIPOTUBJIEHUS IMOJIYyYWIA IIUPOKOE PACHPOCTPAHECHUE IS
HarpeBa CTaJbHBIX M3JENHN MOJ TEPMHUYECKYI0 00pabOTKYy M LIBETHBIX METAJUIOB W
CIUIABOB MO/  MOCJHEIYIOIIyI0 IUIACTHUeCKyl JedopManuio  (IpeccoBaHHE,
mTamMnoBKy). OCHOBHBIMH TPEUMYIIECTBAMHU AJIEKTPOIIEUEe KOCBEHHOT'O HarpeBa
ABJISIIOTCS:  BO3MOXXHOCTh  PAaBHOMEPHOIO HAarpeBa IpU  COOTBETCTBYIOIIEM
pacroyioXKeHUH  HarpeBaTelbHBIX  AJIEMEHTOB;  yJI0OCTBO  aBTOMAaTUYECKOTO
pPEryJIMpOBaHUsl TEMIIEPATYPHOIO PEKMMA; BO3MOXKHOCTb MPUMEHEHHS 3allMTHBIX
aTMocgep U CpelICTB MEXaHU3allMU 3arpy3Kd, BbIJJaUd U MEPEMEIIECHUs 3aTOTOBOK B
neyd. OJOHAKO OTU TE€YM HMEIOT pPsIi  HEJOCTaTKOB TaKHWX, KakK 3aTparhbl
AIIEKTPOPHEPTMM HAa pa30rpeB I€Yd; OTHOCUTENbHO HHU3KHM KO3P(ULIHEHT
MOJIE3HOTO JEUCTBUS IO CPABHEHUIO C UHIYKIIMOHHBIM ¥ KOHTAKTHBIM HarpeBOM.
DNeKTpUYecKas dHEprusi B Iedax COMPOTUBIIEHUS MpeolOpazyercs B TEIUIOBYIO C
MOMOILBIO HarpeBaTebHbIX AJIEMEHTOB. HarpeBarenbHbie AIIEMEHTHI
M3TOTaBIIMBAIOTCS u3 METAJUTNYECKHX, METAIITIOKEPAMHUYECKUX U
KapOUJIOKPEMHUEBBIX MaTEPUAJIOB.

Mertannuyeckue >3JIeKTpOHArpeBaTelIbHbIE 3JIEMEHThl W3TOTaBIMBAIOT W3 CILIABOB,
MMEIOIIUX BBICOKOE JJIEKTPUYECKOE COMPOTUBIEHHWE - HUXPOMBI (C paboueit

temriepatypoit 800 - 1100°C). Ilo KOHCTPYKITUU ATH JIEMEHTHI MOTYT OBITH B BHUJIE



COUpaJId, W3TOTOBJIEHHONW W3 TPOBOJOKKA JuamerpoM 3-15 ™M, wunm
3Ur3aroo0pa3Hble U3 JICHTHI TOJIUHON Oonee 1 MM u mupuHoil 1o 10 ToMIIMH.
JuameTp cnupanu, IIar, BBICOTY 3HUI3aroB BBIOMpaeM M3 COOOpaKEHUU HX
MEXaHUYECKOM TpOYHOCTH TMpu paboued TeMmiiepaType U  paluOHAIbHOM
pa3MelleHud Ha BHYTPEHHEH TMOBEPXHOCTH KJIQAKU TMedd. J[ns HuxpoMmoBoi
IIPOBOJIOKH OTHOIIECHHWE JHWaMeTpa CHOUPATU K JUAMETPy IPOBOJOKH CIEIYET
npuHUMaTh He Oonee 6-8, a mnsa dexpaneit - 4 - 6. lllar cnupanu npuHUMaeTCs
paBHBIM [IPUMEPHO J1Ba AUAMETPA MPOBOJIOKH.

MertannokepaMuyeckue HarpeBaTeld W3TOTABIMBAIOT W3 AMCHIMINIA MOJHO/EeHA
(MoSi;). HopmanbHblii  MHTEpBaJl pabodyMx TEMIEpaTyp OSTHX HarpeBaTelei
cocraBisier 1400 - 1450°C. MakcumanbHO I0MyCcTUMAasi TEMIIEPATYpa MOXKET OBITh 10
1700°C. C noBbIlLIEHUEM TEMIEPATYPHI HATPEBATEISI OT HOPMAIBHON TEMIIEpaTyphl U
BBIIIIE DJIEKTPUUECKOE COMPOTUBIIEHUE BO3pacTaeT B 12 pas.

Kapounkpemuuenbie (kapOopyHaoBbie) HarpeBatenmu (SIC) HCIONB3yIOTCS TPH
temriepatype neun He Bbime 1400°C, 4To COOTBETCTBYET TEMIIEpaType HarpeBaTems
1450 - 1500 °C. ITlpu HarpeBe YIEIbHOE DJICKTPUYECKOE COMPOTHBICHHE DTHUX
HarpeBatesiel cHmkaercs. OTpHuIlaTeIbHOEe CBOWCTBO KapOOpyHAA - 3TO CKIOHHOCTH
K CTAPEHUIO, UTO MPUBOJNT K YBEJIMUYECHHUIO COMPOTUBIICHUS.

[0 KOHCTPYKIIMM 3JIEKTPOINEUYH CONMPOTUBIEHUS caMble pazHoOOpa3Hbie. OqHAKO UX
MOXXHO KJaccu(uimpoBaTh 1O TEMIlepaType HarpeBa: HHU3KOTEMIIEpaTypHbIC
(<700°C ), cpenneremneparypusie (700 1250°C), BBICOKOTEMIIEPATYPHBIE
(6onbme 1250°C). B Ky3HEYHOM IIPOM3BOJCTBE 4Yallle NPUMEHSETCSA CPEIHE- U
BBICOKOTEMIIEPATYpPHBIE AJEKTponedu. B 3Tux medax Ttemionepenadya MpPOUCXOAUT
IJIaBHBIM 00pa30M 3a CUET U3ITyYEHHUS.

CpenneremMnepaTypHbI€ AJIEKTPONEYU BBIMOJHSIIOT ¢ METAIMYECKUMU DJIEMEHTAMHU
COMPOTHUBJICHUSI B BHJEC IMPOBOJIOYHBIX crupajged wuin JeHTbl. OHU  OBIBAIOT
KaMepHble, IIaXTHble M MpoxojHbie. [IpoxomHple MOTyT OBITH TOJKATEIbHBIC,
KOHBEWEpHBIE, C BpalaromuMcs moaoM. Vcronb3yroTest 3TH 3JIEKTPOIEYH 1Jis HarpeBa

3aroTOBOK U CJIMTKOB M3 IIBECTHBIX MECTAJIJIOB U CIIJIaBOB IIO[ 06pa60TI<y JaBJICHHUCM.



BrIicokoTeMnIepaTypHbI€ DJJIEKTPOIIEYN BBINNOJHAIT € METALIOKEPAMUYECKUMUA U
KapOOpyHIOBbIMU HarpeBareasiMu. Ileun MoryT ObITh Kak KaMEpHBIMHM, TaK U
METOJMYECKUMH U padoTaTh C 3alIMIIEHHONW aTMocdepoil. BricokoTeMmneparypHbie
IEKTPONCYH MPUMEHSIOTCS I HarpeBa MEJIKUX M CPEAHUX CTAIBHBIX 3arOTOBOK
IIOJI TOPSAYYIO IITAMIIOBKY.

Pacyer aneKTpUYECKUX I€Ye CONPOTUBIICHHs BKIIIOYAET OIPEACICHUE DPA3MEPOB
paboyero MpoCTPAHCTBA, TEIUIOBOM MOIIHOCTH IE€YM M pa3Mep HarpeBaTelbHbIX
JJIEMEHTOB.

Pasmeprl moja 3J€KTponedM OINpEAestoTCs MO TeM ke (opMysiaM, 4TO U JUIs
IIJJAMEHHBIX [1€YEH.

MoOIIHOCTB IEKTPONEYN HAXOAUM IO popMyJIe:

N=Q,. K xBr,
I'ne Q,, - oOmwmi pacxoJ Tema, KOTOPHIM ONpPEAENAeTCs ITyTEM COCTaBJICHHSA

TEIUIOBOTO OalaHca IIeYu:

Pacuer »51eMEHTOB CONPOTHBIICHUS SBISETCS OCHOBHOM 4YacThlO  pacdeTa
IEKTPUYECKON TI€YH COMPOTHBICHUSA. VCXOAHBIMH BeTWYMHAMHU JJII pacyeTra
HarpeBaTeNIbHBIX JJIEMEHTOB SBJISIOTCS MOITHOCTH JJICKTPOIICUH; HAIPSIKCHHUE
MUATAIOIICH CEeTH, TeMmIepaTypa HarpeBa MeTaia, KOJIMYecTBO (a3 wm Tpymi
HarpeBaTeNIbHBIX JJICMEHTOB, a TAaK)KE CXeMma BKIIIOUCHHUS HarpeBaTenei. MeTtoanka
pacdeTa HarpeBaTelIel dJEKTPOIeUYei COMPOTUBIICHUS COCTOUT B CJICAYIOIIEM:

ONpCACIIAI0OT MOITHOCTD, ITPUXOJAIIYIOCSA Ha OAWH 3JICMCHT!

HaxXOIiT peaJIbHYIO YACIbHYIO TIOBEPXHOCTHYHO MOIIHOCTh HarpeBa-

W =a-W,,

rac Wu - UACAJIbHAs1 yI[eJ'IBHaH IMOBCPXHOCTHASA MOIMHOCTh HAa HArp€BaHUC, KOTOpaAa
OIIpCACILICTCA 110 I‘pa(I)I/IKaM B 3aBHCUMOCTH OT MCTalllla, CTCIICHHU YCPHOTHI
MOBEPXHOCTH M TEMIEpPATyphl HArpeBa; a - KO3(PQPULUEHT, KOTOPBIA 3aBUCUT OT
Marepuanga HarpeBaTesied, KOHCTPYKLIMM W pa3MEUICHHUs HarpeBaTeled B II€UH,

TeMIlepaTypbl HarpeBa.



3ateM BBIOMpPAIOT MaTepHal HAarpeBaTENbHOTO 3JEMEHTa M €r0 XapaKTEPUCTUKHU -
YJAEIbHOE CONPOTUBIICHUE NPU MAKCUMAJIbHOM Temneparype. Takum oOpa3om, 3Has
BCE IapaMeTpbl, MOXHO OINpPEACIUTh AuaMeTp (WIW TOJIMUHY) U JJIUHY
HarpeBaTeJCH.

Harpes B asiekTpoauTe

Jlngs  wHarpeBa  3aroTOBOK  meped  0OpabOTKOM  JaBIE€HHUEM  HCIOJB3YIOT
AIIEKTPOJIUTUUYECKUE (COJISIHBIE) BaHHBI. [[pyMHIIMIT HarpeBa MeTa1a TaKUM CIIOCOOOM

3aKJroyaeTcs B caeayomnieM (puc. 12).

L

e ]

Puc. 12. Cxema HarpeBa 3aroTOBKH B DJIEKTPOJIUTE

B Banny 1 ¢ 35eKTpoMTOM 2, B KQUECTBE KOTOPOTO MCIOIB3YKOTCS PACTBOPBI COJIEH
(xmopuctoro 6apust BaCl, u xmopuctoro Harpuss NaCl), momemaercst HarpeBaemast
3aroTOBKa 3, SIBJSIOIIASACS KaToJIOM. AHOAOM - coenuaibHblil snektpon 4. Ilpu
MPOMYCKAHUKM Yepe3 JJIEKTPOJUT TOKAa HEOOXOAMMOW IUIOTHOCTU JOCTHIaeTcs
CPaBHUTEJIHHO OBICTPBIN HArPEB 3arOTOBOK B PACIUIABJICHHOM pPAacTBOPE COJIEH.

[IpoTekanue 4epe3 3JIEKTPOJUT MOCTOSSHHOrO Toka HampstkeHuem 200 - 250 B
COMPOBOXKIAETCS BBIJICJICHUEM HA MMOBEPXHOCTH 3ar0TOBKM ra3000pa3HOro BOJIOpOa,

MIPOBOJUMOCTh KOTOPOTO HHUXKE MPOBOJUMOCTU DJIEKTPOJIUTA, YTO CIOCOOCTBYET



MOBBIIICHHOMY BBIICTICHUIO TEIJla B Tra3oBoi O0O0JIOUKE, a CIeAOBaTeIbHO, U B
3aroTOBKE.

DO(ddexTuBHBI HAarpeB 3aroTOBKM JOCTHTAETCS 3a CYET TOTO, YTO €€ IUIOMmaib
3HAYUTELHO MEHBIIE IJIOIAJAN aHOJa, CJIEA0BATENbHO, MJIOTHOCTh TOKA B 3arOTOBKE
Oyner Oosblne, TeMmiepaTypa U CKOPOCTb HarpeBa 3aBUCUT OT COCTaBa U
KOHLIEHTpalMu  3JIEKTPOJIUTA, €ro TEeMIEpPaTypbl, BEJIMYMHBI I[OJBOJUMOIO
HaIPsDKEHMsI, COOTHOIICHMSI IIOBEPXHOCTEN KaTo/1a U aHOIa.

VYCTaHOBJIEHO, YTO HWHTEHCUBHOCTh HAarpeBa 3aroTOBKM  YBEJIMYUBAETCS C
MOBBIIICHUEM TEMIEpaTypbl 3eKTpoiauta oT 25° mo 50°C ; npu JanbHEWIIeM
MOBBIIICHUU TEMIIEpaTypbl MHTEHCUBHOCTh HarpeBa He yBenunuuBaercs [loatomy
OOBIYHO TEeMIlepaTypa 3JIEKTpoJauTa nojnepxkupaercs B mpenenax 30 - 50°C c
TOYHOCTHIO S - 10 °C crennanbHON cucTeMoi oxnaxaeHus. Eciau KoHIeHTpaius u
TEeMIIepaTypa AJIEKTPOJIUTA MOIAECPKUBAIOTCS MOCTOSHHBIMU, TO PEXUM Harpena
pEryaupyeTcs 3a cHeT MOJIBOJUMOTO HAPSLKEHUS M IPOAOJKUTEIBHOCTU HAarpeBa.
Ou4eBuHO, UTO A0 33JaHHOUN TEMIIEPATyphbl HATPEBAETCS Ta YACTh 3arOTOBKH, KOTOpast
MOTPY’KAETCS B AJIEKTPOJIUT (HEMOrpykaemMasi 4acTh 3arOTOBKHA HAarpeBaeTCs 3a CUET
TEIUIONEPENAYM  TEIUIONPOBOJHOCTBI0O M HMEET MEHBUIYIO TEMIIEparypy). OTO
MO3BOJISIET OCYIIECTBIIATh MECTHBIM HAarpeB KOHIIOB 3aroTOBKH . TopleBasi 4acTb
NOTPY’KEHHOM 3aroTOBKM B DJJIEKTPOJMUT TMoOABepraercs 0ojee HHTEHCUBHOMY
HarpeBy 3a cueT OoJbIlIe TUIOTHOCTH TOKa, YTO MOXET TMPUBECTH K
HEPAaBHOMEPHOMY HAarpeBy 3aroToBkd. C yBEJIMUYEHUEM JJIMHBI HArpeBaeMoOW YacTH
HEPaBHOMEPHOCTh HArpeBa CTAHOBUTCSA CYUIECTBEHHOW W [JIsl YCTPAHEHUS HTOTO
SBJICHUS IPUMEHSIOT HAarPEB C SKPaHUPOBAHHEM. B KauecTBe 3KpaHOB MCHOJIb3YOTCS
M30JISIIIMOHHBIE MaTepualbl (OrHEeynopbl, (Ppropomiact). DKpaHUPOBAHUE MO3BOJISET
BBIPABHUBATH TEMIIEPATypy HarpeBa Kak Mpu OONbIION TITyOWHE MOTPYKEHHS, TaK U
IIPU HarpeBe 3aroTOBOK CIOXKHOU POPMBI.

HarpeB 3aroToBOK MOKET OCYIIECTBISATHCS B COJISIHBIX 3JIEKTPOINEYax MEPEeMEHHOIrO
TOKa. B HHMX 3aroToBKa HarpeBaeTCs B PACIUIABJICHHOM JJIEKTPOJIUTE, TEMIIepaTypa
kotoporo pgocturaer 1300°C 3a cuer NPOXOXKICHUS DICKTPUUECKOro Toka. B

3aBUCUMOCTHU OT KOHCTPYKIIMU W MOIIHOCTH IICYMU ITPHUHUMACTCS OI[HO(I)EBHEUI NI



TpexdaszHas cxema NHUTAaHUS TMEPEMEHHBIM TOKOM. OJEKTPOMAbI, K KOTOPBIM
MOJIBOJIUTCS HAIIPSKEHUE, BBOASTCS B BaHHY 4epe3 (PyTepoBKy.

OmHako HarpeB 3aroTOBOK B JJIGKTPOJIUTE W COJITHBIX TI€4aX HWMEET sl
HEJIOCTATKOB: TMOBBIIICHHBIA YIEIbHBIA PAacXo] DJIEKTPOIHEPTUU HA ECAUHUILY
HarpeBacMoro MeTasuia; HU3Kasi CTOMKOCTh AJIEKTPOJIOB.

HecMoTpss Ha HemocTaTKum 3TOT CIOCOO HarpeBa IMPUMEHSETCS B Ky3HEUHO-
IITAMIOBOYHOM  TPOU3BOJCTBE OCOOCHHO TMpU HArpeBe HHCTPYMEHTAJIbHBIX,
YKAPOTPOYHBIX U JPYTHUX CICIHATBHBIX CTaJIeH, TaK KaK 00ECIeUnBAET MPAKTHUCCKH
0E30KUCITUTENbHBIA HATPEB, BHICOKYIO CKOPOCTh M PABHOMEPHOCTh Harpena, MJIeHKa
COJISHOTO PacTBOpa Ha 3aroTOBKE MPEIOXPaHSAET €€ OT OKUCIEHHUS HE TOJBKO MpU
HarpeBe, HO U IPH Tepeaye K OCHOBHOMY Ky3HEUHOMY 000PYIOBaHHIO U 00paboTKe
JABJICHUEM, CPAaBHUTEIBHO MIPOCTON KOHTPOJIb TEMIIEPATyPhl U MPOIOKUTEIEHOCTH
HarpeBa, BO3MOXKHOCTh aBTOMATH3AIMH 110,191 U BBEITPY3KH 3arOTOBOK.

Jlexmust Ne 10

[lnan  nmekuuu:  DJNEKTPOKOHTAKTHBIM  HArpeB  —  CYIIHOCTh  IpoIlecca.
DIIEKTPOKOTTAKTHBIC YCTAHOBKH M MX KjaccUUKarusa. PacueT 31eKTpOKOHTaKTHOTO
HarpeBa. MHAYKIIMOHHBIA HarpeB — CYIIHOCTh Tmporiecca. OCHOBHBIE 3JIEMEHTHI
WHIYKIIMOHHOM yCTaHOBKU. BpIOOp cmocoba HarpeBa 3aroTOBOK TMOJA KOBKY U
IITAMIIOBKY

DJIEKTPOKOHTAKTHBIA HArpeB

3a mocyeIHre ToAbl TOCTAaTOYHO MIMPOKOE MPUMEHEHHE B Ky3HEUHO-IIITAMIIOBOYHOM
MPOU3BOJCTBE  TOJYYHJI METOJ, CKBO3HOTO JJIEKTPOKOHTAKTHOTO  Harpena.
DNEKTPOKOHTAKTHBIN HArpeB - 3TO TEXHOJOTHYECKUN MPOIECC CKBO3HOTO HarpeBa
3arOTOBKH 3a CUET TEIUIOBOW YHEPTHUH MPOTEKAIOIIETO M0 METAITY JICKTPUIECKOTO
Toka. KommuecTBO Temia, BBIACIHMBIIETOCS B 3arOTOBKE B COOTBETCTBHHU C
3akoHOM JIkoyns-Jlenna, MoxeT ObITh ONpeaeIeHO

o ¢opmyiie [1]:

Q=I1°-R-7

I'ne | - cuna toka, A; R- conportuBiienne 3arotroBku, OM; 7 - TPOJIOHKUTEIHLHOCTh

Harpesa, C.



Cxema YCTAHOBKH JJIA KOHTAKTHOTO JJICKTPOHArpcBa 3aroTOBOK IIOJ IITAMIIOBKY

MokaszaHa Ha puc. 13,

Puc.13. CxeMa yCTaHOBKHM 3JICKTPOKOHTakTHOro HarpeBa [l1]: 1 - KoHTakThl; 2 -

3aroToBKa; 3 - TpaHchopmarop; 4 - MOIBOISIIAE TIPOBOA

YcTraHoBKa MUTAETCS TMEPEMEHHBIM TOKOM MPOMBIINUIEHHONW 4YacTOThl. [Ipumenenune
TpaHcopmaTopa MO3BOJSET PETYIMPOBATh U MONIy4YaTh TpeOyeMoe HalpshKEeHUE Ha
HarpeBaeMoi 3aroToBKE MpU OOJIBIIUX 3HAYECHUSX CHUJIBI TOKa B HeW. 3ajgaHHas
TEeMIIEpaTypa 3aroTOBKU HU3MeEpsieTCsl (POTOMUPOMETPOM U MPHU JTOCTHKEHUHU €€, TOK
aBTOMATUYECKH  OTKiIrouvaercsa. llocime  HarpeBa  3arotoBka  CHEUHUAIBHBIM
MIPUCIIOCOOJICHUEM BBITAJTKMBAETCS U3 KOHTAKTOB [22].

B 3aBucumoctu oT TpeOyeMol MpOU3BOIUTEIHPHOCTH AIEKTPOKOHTAKTHAS YCTAHOBKA
MOXET OBITh MHOTOIO3UIIMOHHON C TIOCJIEAOBATEIbHBIM WM TapauieIbHBIM
BKJIFOUYEHHEM 3arOTOBOK B HArpeBaTeNbHYIO LEMb [ 18].

TexHuueckn 1eecO00pa3HO  MPUMEHSATh YCTAHOBKM C  TOCJEIOBATEIbHBIM

BKIIIOUCHHUEM HArpCBaTCIbHBIX HOSI/II_II/Iﬁ B ICIIb, TaK KaK IIPpOHCCC HarpeBa JICTKO



nojjaeTcs aproMarusanuu. Kpome Toro, Takue Harpy3ku Ha KOHTaKThl 3HAUUTEIIBHO
MEHBIIIE, YEM MPU APYTUX CXEeMaX BKIIOUCHMUSI.

[Ipy  SIEKTPOKOHTAKTHOM  HArpeB€  HE3aBUCUMO OT  CXEMbl  BKIIFOUEHUSA
HarpeBaTeNIbHBIX MO3UIUK OOJBINIOE 3HAYCHHWE MMEET YHCIO KOHTAaKTOB WJIM TOYEK
MIOJIBOJIa TOKA K Ka)KJIOMY KOHILy HarpeBacMOM 3aroTOBKH, TaK KaK BEJIMYMHA TOKOU
Harpy3Kd OKa3bIBaeT CYIIECTBEHHOE BIMSHHE Ha Tpoliecc HarpeBa .YUem Ooiblme
TOYEK I1OJIBOJIa TOKA K 3arOTOBKE, TEM JIYUIIIE TEXHOJOTMYECKHUE ITOKa3aTeIn Harpena.
DONEeKTPOKOHTAKTHBIA HArpeB MPUMEHSETCS B KPYIMHOCEPUMHOM M MacCOBOM
MIPOM3BOJICTBE IIPU HArpeBe IMPYTKOBOro Marepuana guameTrpom g0 70 MM u
OTHOIIICHHEM JIJIMHBI K KBaJIpaTy JAMaMeTpa 3arOoTOBKHM PAaBHBIM U OOJBIIE €IUMHUIIBI.
K HemoctaTtkam 3TOro HarpeBa OTHOCSIT TPYJIHOCTh B JOCTHKECHUU PABHOMEPHOTO
HarpeBa KOHIIOB 3arOTOBOK, 3aaThIX B MEIHBIC WM MEIHO-IPaUTOBBIC KOHTAKTHI
[15].

Ha mnpouecc 31€KTpOKOHTAKTHOIO HarpeBa CYUIECTBEHHOE BIIMSHHUE OKAa3bIBAIOT
MarHuTHasg IPOHULAEMOCTh W YAEIbHOE 3JJIEKTPOCOINPOTUBICHUE HArPEBAEMOTO
MaTrepuanga, TaK KaK OHU BIHSIOT Ha JJIEKTPOCONPOTUBICHHUE 3arOTOBKH, a
CJICJIOBATEJIbHO, U Ha KOJIMYECTBO TEIUIA, BBIICIMBIIETOCS B HEW MPHU MPOXOKICHUN
TOKA.

BrnusitHue MarHUTHOM TPOHUIIAEMOCTH OOBACHSETCA CICAYIOIIMM:  TOJIIMHA
IMOBEPXHOCTHOI'O CJIOSI 3arOTOBKHM, B KOTOPOM KOHILICHTPUPYETCA TOK, TEM MEHBIIIE,
yeM 0oJibllle MarHUTHAs MPOHUIIAeMOCTh. OOBIUHO TOJIIKMHA MOBEPXHOCTHOTO CJIOS,
10 KOTOPOMY HJIET TOK, paBHA TITyOMHE MPOHUKHOBEHMS TOKA:

['myOnHa MPOHWKHOBEHMSI TOKA 3aBUCHT OT YJICIBHOTO 3JIEKTOPCONPOTHUBIICHHUS M
MAarHUTHOM MPOHHUIIAEMOCTH, KOTOpPbIC, B CBOKO OYEpPEAb, 3aBUCIT OT TEMIIEPATYPHI.
Tak, mpu AOCTaTOYHO BBICOKUX Temmeparypax (OJu3KuX K TemIleparype MoTepu
METaJJIOM MAarHUTHBIX CBOWCTB) MarHUTHas MPOHMUIIAEMOCTb YMEHBIIIACTCS, B TO
BpEeMs KaK VYJACJIBHOE DSJIEKTPOCONPOTUBIECHUE YTIJEPOAMUCTBIX CTAIEH  PE3KO
BO3PacCTaeT ¢ POCTOM TEMIIEPATYPHI.

[Ipr >IEKTPOKOHTAKTHOM HAarpeBe 3aroTOBKA HArpeBaeTCsi HEPABHOMEPHO MO

CEUECHUIO. DTO CBSI3aHO C HCPABHOMCPHOCTBIO PACHPCACICHHA IICPEMCHHOIO TOKaA



BCJIEZICTBHE TTOBEPXHOCTHOTO d(PdeKTa, T.e. MIOTHOCTh TOKA MO0 CEYEHUIO 3arOTOBKU
HEOJIMHAKOBAsST M M3MEHSETCS B 3aBUCHUMOCTH OT TemrepaTypsl. TommuHa
MOBEPXHOCTHOTO CJIOSI, TI0 KOTOPOMY HJIET TOK, paBHa TJIyOMHE MPOHUKHOBEHUS
Toka. B Hawame HarpeBa TOK COCPEIOTOYEH B TOHKOM IOBEPXHOCTHOM CJIOE,
KOTOPBI B pe3yibTarTe 3HAYUTEIHHOW TUIOTHOCTH TOKa OBICTPO HArpeBaeTcs, a
BHYTPEHHSSI 30HA 3arOTOBKH OCTAE€TCS XOJIOJHOH, T.€. BO3HHKAET 3HAYMUTEIHHBIN
nepernay TemmepaTyp. C TIOBBIIIGHHEM TEMIIEpaTypbl Bo3pacTaeT TIIyOuHa
MIPOHUKHOBEHUS TOKA, YTO MPUBOJIUT K 00JIee paBHOMEPHOMY PACIIPEICICHUIO TOKA
10 CEYCHUIO M, KPOME TOTO, TEIUIOTa OT HArpeToro MOBEPXHOCTHOTO CJIOS 33 CYUET
TEIJIONPOBOJHOCTU TepeaaeTcsi B Ooliee IIyOOKHE CIOW 3aroToBKU. B pesynbrate
TeMIIepaTypa BHYTPEHHEH 30HBI OBICTPO BO3pACTACT U CPABHUBACTCS C TEMIIEPATYpOit
MOBEPXHOCTHOTO cj0s. OYeBUIHO, PA3HOCTh TEMIIEpPATyp MO CEYEHUIO 3arOTOBKHU
CHJIbHEE CKa3bIBACTCS C YBEIWYCHHUEM JUaMeTpa 3aroTOBKH, TMPU IOBBIIICHUU
YACIBbHON TEIJIOBOW SHEPTHH W YMEHBIIEHUHU MPOIOJDKATEILHOCTH HarpeBa. Takum
o0pa3oM  JONYCTUMBIA  Tepenaj — Temmeparyp  oOyclaBIMBaeT  CKOPOCTh
AJIEKTPOKOHTAKTHOTO Harpena.

[Ipu >7EKTPOKOHTAKTHOM HArpeBe HEPaBHOMEPHOCThH PACIIPEICIICHUSI TEMIIEPaTyphI
HaOJIIOaeTCsl HE TOJBKO IO CEYEHUIO 3arOTOBKH, HO W M0 ee jmuHe. Kak mpasuio,
CpEHSS YacTh 3aTOTOBKM HAarpeBaeTCsl paBHOMEPHO, a TEMITepaTypa €€ KOHIIOB i MECT
MO/ KOHTaKTaMU 3HAYUTENIBHO OTJIMYAeTCd OT CpenHed wacTu. Pacmpenesnenue
TEMITepaTyphl MO JUIMHE 3arOTOBKH 3aBUCHUT OT MaTepuana W pa3MepoB 3aroTOBKH;
MaTepuana, (OpMbl M KadecTBa OOpPaOOTKH TOBEPXHOCTH KOHTAKTOB; YCHIIUSA
OpKUMa W HHTCHCUBHOCTU OXJIQXKJCHUS KOHTAKTOB; PACMOJOKEHUS KOHIIOB
3arOTOBKH B 3QKMUMHBIX KOHTaKTaX. [[OBBIICHHE COMPOTUBIICHUS U INIOTHOCTH TOKA B
KOHTaKTHOM 30HE, a CJIeI0BATEIbHO, BhIICJICHUE TEIUIOTHI TI0]T KOHTAKTaAMH TIPUBOJUT
K TIOBBIIICHUIO TEMIIEPATyphl KOHIIOB 3arOTOBKHM M BBI3BIBACT HEOOXOIUMOCTH
WHTCHCHBHOTO OXJTKICHUS KOHTaKTOJIepKaTeleH, KOTOpPHIC JIOJIKHBI
W3TOTABJIUBATHCS M3 MATEPHAIOB C BBICOKHM KOA(D(OUIIMEHTOM TETUIOMPOBOIHOCTH.

YBenuuenue JaBJICHHMA Ha KOHTAKTBI MW ITOBBINICHHUC YHCTOTHI COIMPHUKACAIOIMIUXCA



MOBEPXHOCTEW KOHTAKTAa M 3aroTOBKM MNPUBOASAT K CHUXEHUIO TEeMIEpaTyphbl B
KOHTAKTHOM 30HE.

Takum 00pa3oM, SJIEKTPOMATHUTHBIE XapPAKTEPUCTHKHA HArpEeBaeMbBIX 3aroTOBOK
OKa3bIBAIOT BIIMSHHUE HA PEKUM HArpesa.

O PeKTUBHOCTD ANEKTPOKOHTAKTHOIO HArpeBa BO MHOTOM 3aBUCHUT OT KOHCTPYKIIHH
YCTAaHOBKM U €€ XapaKTEPUCTHK, KOTOphIE JCNATCS Ha DSJIEKTPUYECKUE U
TEXHOJIOTUYECKHE.

K snekTpudeckuM XapaKTepUCTHUKAM 3JIEKTPOKOHTAKTHBIX YCTAHOBOK OTHOCSITCS:
MOIIHOCTh HAarpeBacMoOil yCTAHOBKHM; CHJIA TOKa B HAarpy3Ke: HaNpsHDKEHUE Ha
Harpy3ke © Kod3(QPUIMEHT MOIIHOCTA. MOIIHOCTh HarpeBaeMoil yCTaHOBKHU
OMPENICTAIOT U3 YCIOBUS PABEHCTBA TEIUIOBOM SHEPTUHU, HEOOXOJUMOM /Ji1 HarpeBa
Macchl MeTajia 10 3aJaHHON TeMIEepaTypbl, U TEIUIOBOW SHEPTHH 3JIEKTPUYECKOTO
TOKa, BbienasieMod B Heil. IlonHas MomHOCTh, mOTpedssiemMass U3  CETU
AIIEKTPOKOHTAKTHOW YCTAaHOBKOW, MOXKET OBITh omnpeesieHa no popmyse [18]:
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3MeHeHHe MOIIHOCTM B  IMPOLIECCE HArpeBa  OMNpPENEsieTcs  3aBUCUMOCTBIO
TEIJIOEMKOCTH M 3JIEKTPOCOMPOTUBIICHUSI HArPEBAEMOTO METalljla OT TeMIIEPaTyphl.
Pa3zHuiia 3HaueHUN MEXy HA4YAIbHOM MU KOHEYHOW MOIIHOCTBIO B MPOLIECCE HArpeBa
3aBUCUT KaK OT BHJa HArpeBaeMoro marepuaja, pasMepoB 3arOTOBKA U BPEMEHHU
HarpeBa, Tak U OT PeKKMMa HarpeBa u yucia Mo3UIUid YCTaHOBKHU.

[Ipu 27eKTPOKOHTAKTHOM HAarpeBe cujia TOKa, MOoTpedssieMas U3 CETH, U CUjla TOKa,
IIPOTEKAIOIIET0 M0 HarpeBaeMoil 3aroToBKe, pa3inyHbl. i1 HaJaeKHOCTH PadOThI
YCTAaHOBKHU TIPHU 3aJJaHHON MPOU3BOJUTEILHOCTH HEOOXOIUMO CTPEMHTHCS K TOMY,
yT0oOBI 00a TOKa OBLIM MUHMMaNbHBIC. CHlla TOKa B HArpEeBaeMOM 3aroTOBKE JOJDKHA
ObITh OoOJIbIlIE TMPU MUHUMAIBHOM TOKE, moTpedisemMoM wu3 cetu. Cuna Toka
CYIIIECTBEHHO HM3MEHSETCS B TPOIECCEe HArpeBa, OCOOCHHO HAa OJHOMO3WUIIMOHHBIX
yCTaHOBKax, MPUYEM B Hauajie HarpeBa OHa UMEET HauboJiblliee 3HaueHue. PazHuia

MEXJY HA4aJbHOW M KOHEYHOM CHJIOM TOKa 3aBUCUT OT IIONEPEYHOTO CEUCHUS



HarpeBaeMou 3aroTOBKH, KOHCTPYKTUBHOTO YCTPOMCTBA JIEKTPUYECKOW BTOPUYHOU
LIEH, a TAK)KE OT KOHCTPYKLMH TpaHcpopmaropa.

Jlnst HarpeBa 3aroTOBKM C 3a/JIaHHOM CKOPOCTBIO M MPOHM3BOAMUTEIBHOCTBIO K HEM
JOJDKHO OBITh TOJBEACHO ONPEIEICHHOE AJIEKTPUYECKOE HANpsKEHUE, 3HAUCHHE
KOTOpPOTO0 3aBUCUT OT (PU3MUECKHUX MapaMeTpoB MaTepuana, IeOMETPUUYECKUX
pa3MepoB 3arOTOBKHM U MPOJOJDKUTENBHOCTH HarpeBa. HanpskeHne yBenuuuBaeTcs K
KOHIly HarpeBa IIpU POCTE YAEIBHOTO J3JIEKTPOCONPOTUBIEHUA. B TO ke Bpems
HaIpPSOKEHUE HAa HArpy3Ke MPONOPLHOHAIBHO [JIMHE 3arOTOBKM W HE 3aBUCUT OT
HONEPEYHOr0 CEYEeHMs. 3a CUeT IOBBIIICHUS HaNpsKEHUsT Ha 3aroToBKe 0Oe3
YBEIUYECHUSI CWJIBI TOKA MOXHO CYIIECTBEHHO IIOBBICUTH HPOU3BOJMUTEIBHOCTH
AIEKTPOKOHTAKTHOW YCTaHOBKH.

KoapduireHT MOUIHOCTH SBISETCS BaXXHBIM TEXHUYECKUM IIOKa3aTelieM BCel
YCTAaHOBKH, TaK KaK OH XapaKTEepU3yeT €€ C DHEPreTUYECKON TOUKM 3pEeHHs, U
3aBUCUT OT OOJIBIIOTO uYHucia (PAKTOPOB HE TOJBKO (U3UYECKOro, HO U
KOHCTPYKTHBHOTO XapakTepa, TO €CTh: THUIA 3arOTOBKH, THNA KOHCTPYKIUU
CHJIOBOTO TpaHC(HOpPMATOpa, KOHCTPYKLUUU YCTAaHOBKH, OCOOCHHO €€ 3JIEKTPUUYECKOU

gactd. KoadpuimmeHT MOIMHOCTH JIEKTPOKOHTAKTHON YCTAHOBKH OIPEISsSeTCs 10
dbopmyie [18]:
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KoadduimeHT MOIHOCTH NOBBIIAETCS K KOHILy HarpeBa U U3MeEHseTcd B OOJIbIIUX
npesenax TeM ObICTpee, YeM MEHBIIIE MTOTEPEUHbIe Pa3Mephbl HarpeBaeMoOM 3arOTOBKH.
K OCHOBHBIM TEXHOJIOTMYECKUM NapaMETPOM 3JIEKTPOKOHTAKTHBIX YCTaHOBOK
OTHOCATCS: CKOPOCTb HarpeBa, MPOU3BOAUTENBHOCTb, KOAI(PPHUIMEHT MOJE3HOTO
JEUCTBUS.

CkopocTh HarpeBa 3aroTOBOK IMpPHU  JJIEKTPOKOHTAKTHOM  HAarpeBe HMeEeT
OTpEENCHHBINA MPEJeN, KOTOPBIA 3aBUCUT OT JIONYCKAEMOTo Iepemnajga TeMiepaTyp
[0 CEYEHUI0 M JUIMHE HarpeBacMoOW 3aroTOBKH, T.€. HEPAaBHOMEPHOCTH Harpesa.
TemriepaTypHbIi MEPENA MO0 CEUEHUIO U JJIMHE HArPEBAEMOM 3arOTOBKHU 3aBUCUT OT

MHOI'UX (I)aKTOpOBZ QJICKTPOMAIrHUTHBIX W TCINIOBBIX XAPAKTCPUCTHK 3aI'OTOBKH,



CUJIbI TOKA JABJICHHUSI HA KOHTAKThI, TUIIA U MAaT€pPUaJIOB KOHTAKTAa, NHTEHCUBHOCTH
WX OXJIQXKJICHUS U OCTOSTHUS KOHTAKTHBIX MOBEPXHOCTEH.

[Tpon3BOAUTENBHOCTD ANEKTPOKOHTAKTHBIX YCTAHOBOK 3aBUCHUT OT YHMCJIA IO3ULIUHI B
yCTaHOBKE, BPEMEHHU HarpeBa 3aroTOBKM M BPEMEHH, 3aTPAYMBAEMOr0 Ha ONEPALUIO
3aMEHbI HAarpeToOl 3ar0TOBKHU XOJIOHOM.

Koadduiment none3Horo AEMCTBHS yCTaHOBKU MOXHO MPEACTaBUTH CIIEAYIOIIUM
obpazom [19]:
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Jlns BbIOOpa M O3KCIUTyaTalldd dSJIEKTPOKOHTAKTHBIX HArpeBaTelIbHbIX YCTaHOBOK
JIOCTATOYHO BOCIOJIb30BaThCA 3aBUCUMOCTBIO 00mero KIIJ[ oT oTHOIIEHUs AITUHBI
HarpeBaeMoi 3arOTOBKH K KBaJIpaTy €ro JuaMeTpa. Y CTAHOBKH 3JIEKTPOKOHTAKTHOTO
HarpeBa, NPUMEHSEMbIE B MAIIMHOCTPOEHUHU, MOKHO KJIacCU(UUIUPOBATH MO TPEM
INpU3HAKaM: IO DJJIEKTPUYECKHMM CXE€MaM; [0 TEXHOJIOTMYECKH Ipoleccam,
OCYLIECTBIISIEMBIM Ha HUX; [10 KOHCTPYKTUBHOMY YCTPOWCTBY.

[lo 3MEeKTpUYECKUM CXeMaM 3JIEKTPOKOHTAKTHBIE HAarpeBaTeNIbHbIE YCTAHOBKU MOTYT
ObITh OnHO(a3Hble M Tpexdasuble. Ilpu onHoda3HONM cxeme Harpy3kod TaKuX
YCTaHOBOK MOJKET OBbITh OJJHA 3arOTOBKa WM HECKOJBKO 3arOoTOBOK, BKIIIOYEHHBIX
MOCJIEIOBATEIBHO U COCTOSIIIUX U3 JBYX U 00Jiee HarpeBaeMbIX 30H 3arOTOBKH.
OJNEeKTPOKOHTAKTHbIE Tpex(a3zHble YETHIPEXIO3ULMOHHbIE YCTAaHOBKH, Harpy3Ky
KOTOPBIX COCTaBJISIET YETHIPE HArpEBAEMBIX 3arOTOBKH, OAHA U3 KOTOPBIX CITY>KHUT
HYJIEBBIM MTPOBOJIOM MPU COEAMHEHUM OCTAIbHBIX TPEX B 3BE3/y, HAXOJAT LIUPOKOE
IPUMEHEHUE B Ppa3JIMYHBIX OTPAC/SIX MAIIMHOCTPOEHUs. B 3THUX ycCTaHOBKax
nepBrUYHas 0OMOTKa TpaHchopMaTopa MOXKET ObITh COSIMHEHA KaK B 3BE3]ly, TaK U B
TpeyroibHUK. [lo kakoil cxeme BKIIOYATH TPaHCHOPMATOP 3ABUCUT OT THUIIA
HarpeBaeMbIX 3aroTOBOK. BaxkHO 4TOOBI ycTaHOBKA oOecrevnBajia IUPOKUE MPEIEIIb
peryJMpoBaHus BTOPUYHOTO HANPsHKEHMs TpaHc(opmaTopa.

[To TexHOJOTrMYEeCKOMY MPOIECCY JJIEKTPOKOHTAKTHBIE YCTAHOBKM MOTYT OBITh

pa3aeiieHbl Ha YEThIPE TPYIIIIHI.



K mepBoii rpymnme OTHOCITCS YCTaHOBKH 00OCOOJICHHOTO HarpeBa, T.€. YCTaHOBKH,
rJie TPOUCXOIUT TOJIbKO HarpeB 3aroToBOK, a Tocieayrolias o0padoTka uX
MPOJIOJIKAETCSA HA IPYTOM 000pYIOBAaHUH.

BTtopyto rpy1iny cocTaBisitOT YCTaHOBKH, B KOTOPBIX OIepallds HarpeBa COBMEIeHa
C MocJieayolie 06paboTKOM JaBieHUEM, HO cMellleHa BO BpeMeHu. K aToit rpyrime
OTHOCSITCSL TIOJIyaBTOMAThl [IJIi W3TOTOBJIEHHUSI KOJICHYAThIX BaJIOB KOMOANHOB,
IIBEHHBIX MaluH [18].

K Tperbeili rpymnme OTHOCATCS YCTAHOBKH, B KOTOPBIX OIEpald Harpena
COBMEIIIAIOTCS C OmeparusiMu 00pabOTKHU JTaBJICHUEM B MPOCTpPaHCTBE U BpeMeHHU. K
ATOM IrpyNIe OTHOCITCS 3JIEKTPOBBICAIOYHBIC MAIIIMHBI.

YeTBepTylo Tpynmy COCTaBIAIOT YCTAaHOBKM HEMNPEpPHIBHOTO HarpeBa 0e3
BBIKJIIOUCHUA TOKAa MpPH JBW)KEHUM HarpeBaeMol 3aroTOBKM B HEMHOJBHKHO
3aKpEIJICHHBIX KOHTaKTaX.

[Io KOHCTPYKTMBHOMY YCTPOMCTBY JJICKTPOKOHTAKHBbIE YCTAHOBKH MOTYT OBITh
CaMbIMH Pa3HOOOpa3HBIMH, B KOTOPBIX B PA3JUYHOM COYCTAHUU IPUMCHSIIOTCS
ANEKTPUUYECKUE CXEMBI U TEXHOJIOTHYECKHE MPOIECCHI.

PacyeT 9JEKTPOKOHTAKTHBIX  HarpeBaTeIbHBIX  YCTAHOBOK  3aKJIIOYaeTCs B
ONpPEACICHUN TMPOJOKUTEIBHOCTA HarpeBa 3aroTOBOK, IPOU3BOJAUTEIIHLHOCTH
YCTAHOBKH, TMapaMeTpoOB, HEOOXOAUMBIX Il TMOJA00pa WM KOHCTPYHPOBAHUS
CHUJIOBOTO TpaHchopMaropa.

WcxonHbIMU JTaHHBIMHU JJIs pacueTa SIBJSIIOTCSA: MaTephall M pa3Mephbl 3aroTOBOK,
MOJJIEXKAIIUX HArpeBy; TEMIIEpaTypa HarpeBa 3aroTOBOK; JOMYCKaeMOE BpeMsl 1mays3,
PEXKUM pabOThl YCTAaHOBKHU M HAIPSOKCHUS CETH, ITUTAIOIICH ee.

[1poa0MIKUTENLHOCTh HarpeBa 3aroTOBOK:
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rae d- quamMeTp 3aroTOBKH B M; C - CPEIHSS TEIUIOEMKOCTh MeTalljla MPHU 3aJJaHHOU
TeMIepaType HarpeBa; p - IUIOTHOCTh MeTajlia 3arotoBku; lyx u |, - KOHeuHas u

HadaJlbHas1 TCEMIICpAaTypa HarpeBa, N - omnrumaiabHas QJICKTPHUYICCKAasds MOIIHOCTDH



noABoAMMAas K  3aroToBke (mpuHuMaercs paBHod 16.7 - 25  kBr).

HpOI/ISBO,Z[I/ITGJIBHOCTI) BJICKTpOKOHTaKTHOﬁ YCTAaHOBKU:
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TAE I - YUCIIO NO3UIMKA YCTAHOBKH; T,, - BPEMs, 3aTPAYEHHOE HAa ONEPALNIO 3aMEHBI
HArpeToOM 3arOTOBKH XOJIOIHOM.

HcxomupiMu TIapamMeTpamMu, HEOOXOTUMBIMH JUIS TIOA0Opa WM KOHCTPYHPOBAHMS
CHJIOBOTO TpaHchopmaropa, SBISIOTCS MOITHOCTh TpaHcopmaTtopa W CpeaHee
HanpsKEeHUE, OJBOIMMOE K 3arOTOBKE.

PacdeTHast MOIIIHOCTB CHIJIOBOTO TpaHCOpMaTopa:
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Bennuuna CpEaAHCTO HAIIPSIKCHHSA, ITIOABOJUMOTO K 3aIrOTOBKC!

oy 707

T,
[Tocne BBINIOJIHAEMbIX pacyeToB IPOU3BOAUTC KOHCTPYHPOBaHUE
3JIEKTPOKOHTAKTHOM YCTAaHOBKH U pa3padaThIBAETCsl TEXHUUECKAsI XapaKTePU CTUKA.
NHIyKIIMOHHBIN HarpeB
[Ipy HMHIYKUMOHHOM CHOCOOE€ 3aroTOBKM HArpeBarOTCs 3a CUET BBEICHUS Terula
HEIOCPEICTBEHHO B METAJUIE NPH IMPOXOXKICHHH 110 HEMY JJIEKTPHUYECKOIO TOKa,
KOTOPBIN MEpelaeTcs 3a CUET SBJIECHUS AIEKTPOMATHUTHON UHIYKIIMH.
[Iponiecc MHAYKIMOHHOTO HAarpeBa 3aKJIIOYAETCsS B CIEAYIOIIEM: €CIM IPOBOJHUK
(3arOTOBKY) TOMECTUTh BHYTPH KAaTyHUIKU (MHIYKTOpa), IO BHUTKaM KOTOPOHU
IIPOTEKAET MEPEMEHHBI TOK, TO CO3[aBa€MO€ KaTyIIKOW MEePEMEHHOE MarHUTHOE
nojie OyJeT MPOXOAUTH Yepe3 3aroTOBKY, MHAYKTUPYS B HEHM 3JIEKTPOIBHUTAIOLIYIO
cuity (3.1.¢). Ilon medicTBueM 3.71.C. B 3arOTOBKE MOTEYET NEPEMEHHBIN TOK, KOTOPBIN
BBI30OBET HarpeB 3aroTOBKU B COOTBETCTBUHU € 3aKOHOM Jlxkoyis-JleHua, nmpuyem Bce
HE00X0IMMOE ISl HarpeBa TEII0 BOZHUKAET B CAaMOM 3arOTOBKE.
IIepemeHHBIN TOK KaK B UHIYKTOPE, TaK U B HArPEBAEMOM 3arOTOBKE PACIPEIEIIACTCA
[0 CEUYEHUI0 HepaBHOMEpHO. [IMOTHOCTH TOKa MMeeT HamOoJblliee 3HaUE€HUE Ha HMX

MMOBCPXHOCTU H CIIAAACT K MNOCHTPY. YeM BbIIIE YacTOTa TOKa, TEM 6BICTpee



CHUKAETCSl MJIOTHOCTh TOKA OT MOBEPXHOCTU K LEHTPY. Eciam ycloBHO cuuTaTh, 4TO
BCSI DHEPrusl BBIAEISETCA B OMNPENEIICHHOM CIIOE€, TOJIIWHY KOTOPOIO Ha3bIBAKOT
IyOMHOW TMPOHWKHOBEHUS TOKA, TO €r0 BEJIMYMHA B HHAYKTOPE W HArpeBaeMOM
3aroToBKe OyJIeT pa3iu4yHa M 3aBUCUT OT YJAEIbHOTO 3JEKTPOCONPOTUBICHHUS,
MAarHUTHOW MPOHUIIAEMOCTH U YaCTOTHI TOKA.

B To ke BpeMs B mpouecce HarpeBa 3aroTOBOK IPOUCXOJUT WU3MEHEHUE MAarHUTHOU
MIPOHUIIAEMOCTA U YJEIBHOTO 3JIEKTPOCOIPOTUBIICHUS MaTepHallia 3arotoBka. Tak,
MarHuTHasi MMPOHUIIAEMOCTh MaTepuaia 3aBUCUT OT TEMIIEpaTypbl U HAMPSHKEHHOCTH
MarHuTHOro mnosisi. C poCTOM HAaNpsHKEHHOCTH MArHUTHOTO TIOJISI MAarHWTHAsS
MIPOHUIIAEMOCTh CHauajia ObICTPO BO3pACTaET, JOCTUTash MAKCUMYyMa, a 3aTeM PEe3KO
najgaet. [lpu yBenuuenuu remmeparypst 10 600 - 700 C MarautHas MpOHUIIAEMOCTh
OCTaeTCsl HEM3MEHHOM, a ipu TeMrneparype okoiio 800 C pe3ko cnagaert [21].
VYaenbHOE 3JIEKTPOCONPOTUBIEHUE OONBIIMHCTBA METAUIOB C  yBEIMYEHHUEM
TEMIIEpaTypbl BO3PACTAET B HECKOJIBKO Pa3s.

Takum 00pa3oM, CyMMapHOE BJIHMSHUE W3MEHEHHsS MAarHUTHOW MPOHMUIIAEMOCTU U
YAEIBHOTO 3JIEKTPOCONPOTHUBIICHHS CKa3bIBAETCS HA TIIyOMHE MPOHUKHOBEHMS TOKa,
KOTOpasi YBEJIMYHMBAETCS B HECKOJIBKO pa3. Bce 3TO BBI3BIBAET U COOTBETCTBYIOIIEE
pacrpeaereHue TEMIEPATyPhl IO CEUEHHIO 3arOTOBKHU.

CyuiecTBeHHOE BJIMSIHUE HA DHEPreTMYECKUe IapaMeTpbl HarpeBa U €ro
MIPOU3BOJIUTEIIBHOCTh OKA3bIBAE€T YACTOTA TOKA, OT KOTOPOM 3aBUCHUT JIEKTPUUECKUIA
KII/I uaaykTopa u Bpemsi Harpesa.

OCHOBHBIM MapaMETPOM, OMPEACIAIONIUM BBIOOP YACTOTHI SIBIISIETCS OTHOIICHUE
JMaMeTpa 3arOTOBKH K TJTyOMHE MPOHUKHOBEHHUS TOKA.

J{n1s1 OOBIYHBIX CTAJIBHBIX 3aTOTOBOK, HArPETHIX /10 KOBOUHBIX TEMIIEpaTyp, IIyoruHa

NPOHUKHOBEHHS TOKa MOXET ObITh onpezescHa mo Gopmyie [20]:
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[IpakTuecku  MOXXHO  CUMTaTh, YTO  BBIOOP  YAaCTOTHI  TOKa  OyjaeT
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YHOBHCTBOPHTCHBHBIﬁ, CCJIM OTHOHICHHC AHMaMCTpa 3darOTOBKH K FJ'IY6I/IHG

NPOHUKHOBEHUS] TOKa Oyner nexarb B mnpeaenax 2,5...6. Ilonb3ysdach 53Tum



COOTHOIICHUCM, MOXHO OHIPCACINTb IPCACIIbI uenecoo6pa3Hor0 IMPUMCHCHUA
CTaHAApPTHBIX YaCTOT TOKA JJId HHAYKIOHMOHHOTO HArp€Ba MUJIMHAPHUYCCKUX 3arOTOBOK

C pPa3JIMYHBIMU IHAMETPAMHU, KOTOPbIE IPUBEACHBI B TAOJIHIIE.

Yacrora 1000 [8000 {4000 |2500 11000 {500 (50
HMuametrp (18- |21- |32- [39- |60- [88- |50 wu

_________ AN AOD a9 [eYe] ANr aANN —_—

BpCMSI, HGO6XOIII/IMO€ HJIs1 Harpe€Ba CTAJIbHBIX 3dI'OTOBOK OO KOBOYHBIX TCMIICPATYP,

3aBUCUT OT JMaMETpPa HArpeBacMOM 3arOTOBKM M YaCTOTHI TOKA U OMPEAEISAETCS IO
rpadukam [9].

[Ipomecc HarpeBa MeTajuia MHAYKIMOHHBIM CIIOCOOOM MOKHO paccMaTpHUBaTh Kak
HarpeB MeTallla, PACMOJIOKEHHOIO B Mpejenax TIyOMHbI IPOHUKHOBEHHUS TOKa,
MIPOMCXOISIIMNA HEMOCPEICTBEHHO 32 CUET MPOXO’KJICHUSI TOKa U HarpeBa MeTaiia,
pPacCIoOJIOKEHHOTO B LIEHTPE 3arOoTOBKM, 3a CYET TEIUIONPOBOJHOCTA  OT
MMOBEPXHOCTHBIX CJIOCB. YMEHBIIICHUE BPEMEHU HarpeBa MOXKET OBITh JOCTHUTHYTO 3a
CYET COKpAILICHUSI HarpeBa MTyOUHHBIX CJIOEB 3aTOTOBKHU, a 3TO BEJET K YBEIUUYCHUIO
nepenaga TEMIIEPATYp MO CEUYEHUIO 3aroTOBKW, KOTOPBIA TIPU HArpeBe MO/
MITaMIOBKY MOXeT ObITh He 6osiee 100°C.

NHAyKIMOHHBIN HarpeB TOKaMH IMOBBIIIEHHON YaCTOThI UCIOJIB3YETCS ISl HarpeBa
CTaJIbHBIX 3arOTOBOK TJIABHBIM 00pa3oM IUIUHIAPHYECKON (POPMBI MO IITAMIIOBKY
B KPYNMHOCEPUIHOM ¥ MacCOBOM IMPOM3BOJACTBaX. OJTO CBS3aHO C PAJIOM
MPEUMYIIECTB MHIAYKIIMOHHOTO HAarpeBa MO CPaBHEHUIO C IJIAMECHHBIM HAarpeBOM:
OoJplliasi CKOPOCTh HarpeBa, COKpaIllalolias BpeMs HarpeBa B HECKOJBKO pas;
3HAYUTEIbHOE YMEHBIICHHE OKAIMHOOOPA30BaHUsI, KOTOPOE COCTaBIISICT j cpeaHeM
10 1% OT Macchl HarpeBaeMoro MeTajljia; KOMIIAKTHOCTh YCTAHOBOK M BO3MOKHOCTD
BCTPAaWBAaHUs HArpeBa B 30HY IITAMIIOBOTO MPOCTPAHCTBA, YJIyYIIAKOIIUE YCIOBHUS
TpyZa.

K HemocTtaTkaM HMHAYKIIMOHHOTO HarpeBa MOKHO OTHECTH 3HAYUTEJIbHBIC
KalmuTaJdbHbIE 3aTpaThl HA OCHOBHOE O0OOpyJOBaHHUE, OOJBIIYIO CIOXKHOCThb, a B

HEKOTOPBIX CJIy4yasX HEBO3MOXKHOCTh HarpeBa 3aroToBoK (haCOHHOTO TIpoQuIs.



[Ipocrenmas cxema MUHAYKIHOHHOIO HAIPEBATEIBHOTO YCTPOMCTBA, MPEACTABICHHAS
Ha puc. 14, coctout u3 UHAYKTOpa 1, B KOTOPOM MPOU3BOJUTCS HArPEB 3ar0OTOBOK 2;
BBICOKOYACTOTHOTO TpaHcopMaTopa 3; KOHIEHCATOpHOU Oatapeu 4; reHepartopa 5,
00EeCIIeUnBAIOIIErO MUTAHUE YCTAHOBKH; KOMIUIEKTa M3MEPUTEIbHBIX IpHOOpPOB 6;

TOKOIIPOBOJIOB 7.

Puc. 14. CxemMa HHIYKIIMOHHOTO HarpeBaTeIbHOTO YCTPOMCTBA

NHRyKTOp SABISIETCA OCHOBHBIM JJIEMEHTOM HWHAYKLUMOHHOTO HarpeBa H
IpeJCTaBIsIeT cOO0M arperar, COCTOSIIUN U3 MHAYKTUPYIOIIEro MpoBoda (MeIHOU
TpyOKH), HAaBUTOIO B BHJI€ CIHPAIM WIM HHBIM OOpa3oM B 3aBUCUMOCTH OT
Ha3Ha4YeHUsl; QyTEPOBKHU, HAMIPABIISIOMINX U PACHPEAECIUTEIbHBIX KOJIOAOK BOISHOTO
oxyaxzaeHusa. (OCHOBHbIE IapaMETpbl HMHAYKTOpPA MOXHO  pa3leliuThb HAa
T€OMETPUYECKHUE U DHEPTETUUECKNE, KOTOPBIE TECHO B3aUMOCBSI3aHBI.

K reomerpruyeckuMm mapaMerpamM HHIYKTOpa OTHOCSTCS BHYTPEHHUW JUAaMETP
COUpaii W pa3Mepbl CEUeHUs €€ TPyOKH. ODHEpPreTHYecKMMH mapameTpamMu
MHYKTOpa SBIISIIOTCS HANPSIKEHHUE HA 3aKUMax CIUpald, MOTpeliseMas MOIIHOCTD
npyu JaHHOM HanpspkeHud, KIIJ[ mHAykTOpa M yAEenpHBIA pacXoi JIEKTPOIHEPIHH,
KOTOpBIE B OOJIBIICH CTENEHU 3aBUCAT OT TEIIOPU3NYECKUX CBOWCTB HArpeBaeMoro
MeTasula, BPEMEHH HAarpeBa, a CIeA0BaTeNIbHO, U MPOU3BOAUTENBHOCTU. B npakTuke
HarpeBa MoJ ITaMIOBKY MPUMEHSIOTCS HHAYKTOPbI CaMOW pa3aTuyHON (OPMBI.
Konnencatopnast Oatapes CIy>XUT JJIs1 TIOBBIIMICHUS KOd(PQUIMEHTa MOITHOCTH
yYCTaHOBKHM. EcCIM HMHIYKTOp BBINOJHAET POJIb CBOCOOPA3HOrO aKKyMYyJATOpPa
AIIEKTPOMArHUTHOM 3HEpruu, TO OaTtapes KOHACHCATOPOB SIBISETCA HAKOMUTEJIEM
AJIEKTpOCTaTHUeCKOW  dHepruu. [IpuMeHeHue  KOHJIEHCATOpHOW  Oarapen B
MHAYKIMOHHOM HarpeBaresie 0OecreurBaeT IOBBIIICHNE HOMHHAJIbHOW aKTHUBHOU
MOIIIHOCTH T€HepaTopa, YTO B 3HAUUTEIbHOM CTENEHW MOBBIMIAET KO3 UIIMEHT

MI0JIC3HOTO JICHCTBUS BCEH HarpeBaTeIbHON ycTaHOBKH [1].



BricokogacToTHbIe TpaHC()OPMATOPHI IPUMEHSIOTCS B MHIYKIIMOHHBIX YCTAaHOBKAaX M
MpeAHa3HA4YEeHbl JJIsI W3MEHEHHs HaIpsDKEHHs, MOABOAUMOIO K HMHAYKTOpy. B
MPAKTUKE WHIYKIIMOHHOTO HAarpeBa HCIOJB3YIOTCS —aBTOTpaHCHOPMATOPHI |
MOHIDKAIONINE TpaHCHOPMATOPHI.

ABToTpanchopMaTopsl  00€CIIEUMBAIOT TOJHOE WM CTYNEHYaTOoe HW3MEHEHHE
HaIpPSHKEHUS. U TEM CaMbIM PETYJIUPOBAHHUE MOITHOCTH, MOTPEOISIEMON MHAYKTOPOM.
OHU NpUMEHAIOTCS TOTNa, KOrja TpeOyeTcs MEHSATh TeMI MOoJayd 3aroTOBOK K
OCHOBHOMY KYy3HEUHOMY O0OpYAOBAHUIO.

[Tonmxkaromue TpanchopMaTOpbl MPUMEHSIIOTCS B TEX CIydasiX, KOT/la HalpshKeHUe Ha
WHIYKTOpE JOJDKHO OBITh HIDKE HAIpSOKEHUS Ha MUTAIIMX IIWHAX. [akas
HEOOXOAMMOCTh BO3HHMKAET, KOTJa PacyeTHOE YUCIO BUTKOB HE YKJIAJbIBACTCS B
UHIYKTOpE 3adaHHOW nnmuHbl. [loHmwkarommii TpancpopmaTop He obOecreurBaeT
W3MEHEHUS HaIPSKEHUSI Ha BBIXOJIE.

B KOMIUIEKT U3MEpPUTENbHBIX MPUOOPOB BXOJIUT BHICOKOYACTOTHAS ammaparypa s
KOHTPOJISI TOKa, HANpsDKEHUS U MOIIHOCTH, MOJBOJMUMBIX K HHAYKTOPY, a TaKKe
ammaparypa JUisi M3MEpPEHHs] 4acTOThl ToOKa TeHepatopa. Kpome »storo B
WHIYKIIMOHHBIX YCTAHOBKAX MPUMEHSIIOTCS MPUOOPHI JJIsi U3MEPEHUSI TeMIIepaTyphl
HarpeBaeMou 3aroTOBKH - TEPMOIIAPhI U (OTOMUPOMETPHI.

TokornpoBoAbl, TMpeAHA3HAUYCHHBIC JJII TMEpeaaud  dAJICKTPUUECKOM  DHEpruu
MOBBIIIEHHOW 4YacTOTbl OT TEHeparopa K HWHIYKTOPY, BBINOJHAIOTCS W3
MHOTOKWJIBHOTO KaOessl WM MEeTaUIMYecKux (MeIHbIX) muH. [Ipu ncnoap3o0BaHuU
MOJIOCOBBIX TOKOIPOBOJOB TOJIIIMHA TOJIOC J0JDKHA ObITh He MeHee 1,5..1,6
rITyOMHBI TPOHUKHOBEHUS TOKA paboveil 4acTOTHI.

[Togaya 3aroToBOK B MHAYKTOP M M3BJIEUEHHE HMX TOCIE HAarpeBa MPOU3BOIUTCS C
MOMOINIBI0 CHEUUAIIbHBIX ABTOMATHYECKH YIIPABISIEMBIX MEXAHU3MOB, K KOTOPBIM
OTHOCSATCS  Pa3JIMYHOTO  BHUAA  TOJIKATEIM, 3arpy304Hble  YCTpPOMICTBA W
pUCTIOCOOJIEHHUS JIJIs1 BbIIA4YM 3aTOTOBOK U3 HarpeBaTeei.

[IpuniunuanbHO JFO00OM WHAYKIIMOHHBIM HArpeBaTellb MPEACTABISIET COOOM
MeTaJTnyeckui 1mkad, B HWKHEM YacTH KOTOPOTO 4Yallle BCEro pacroJiararoT

KOHJIEHCATOPHYIO 0aTapero, a B BEPXHEH - HHAYKTOP U MEXaHU3M MOJIa4l 3ar0TOBOK.



B HmwxkHeli 00KkOBOM dacTu mikada pacrosiararT anmaparypy yOpaBJICHHS, a B
BEPXHEH MMOJOBUHE - U3MEPUTEIBHYIO U KOHTPOJBHYIO.

B 3aBucumocTM OT pexXHMa HarpeBa HMHIYKIMOHHBIE HArpeBaTelNH JEsATCS Ha
HarpeBaTeiii METOJUYECKOTO U IEPUOIUYECKOTO JEHCTBUSL.

B Merommyecknx WHAYKUMOHHBIX HArpeBaTelsiX B HHIYKTOPE HArpeBacTcCs
OTHOBPEMEHHO HECKOJIBKO 3aroTOBOK, IIOCIEIOBATENIBHO IIEPEMEIIAEMBIX 110
HaIIPaBJISIIOIIAM YE€pe3 ONPEAEIICHHbIE UHTEPBaJbl BpeMeHU. [Ipu cmeHe 3aroToBok
UHIYKTOp HE OTKIIOYaeTcs. Pa3sHOBMAHOCTBIO HarpeBaresned METOAUYECKOTO
JEACTBHUSI SIBJISIFOTCSI TPOXOJHBIE HArPEBATENM, B KOTOPBIX 3arOTOBKA B BHJIE NPYTKa
WJIU IITAHTY HEMPEPBIBHO WIIHA MPEPBIBUCTO MPOXOIUT YEPE3 UHAYKTOP.

B HarpeBatensix NepUOAMYECKOTrO JCHCTBUS B WMHIYKTOPE HArpeBaeTcsi OJHA WIH
HECKOJIBKO 3aroTOBOK, [Ipy cMeHe 3aroToBOK MHIYKTOP OTKJIFOYAETCS.

PacueT WHAYKIIMOHHBIX HAarpeBaTEIbHBIX YCTPOHCTB CBOAUTCS K ONPEIEICHUIO
MOIIIHOCTA U THIIA TE€HEpaTopa, pa3MEepoOB W YHUCIAa BUTKOB HHAYKTOpA, CEUYECHHS
TpyOKM MHIYKTOpa, a TaKKe PEAKTUBHOM MOIMHOCTH M KOJUYeCcTBAa OaHOK
KOH/IEHCATOpOB. MeToauka pacyera WHAYKIMOHHBIX HarpeBaTeIbHBIX YCTPOMCTB
H3JI0’)KeHa B pabore [1].

BbIbOP CIIOCOBA HAT'PEBA 3AT'OTOBOK I10/l KOBKY U LLITAMIIOBKY
Beibop cmocoba M CpeAcTB HarpeBa MeTajia MOJ KOBKY M IUTAMIIOBKY SIBJISETCS
JIOCTAaTOYHO  CJIOKHOM  3amauei, TpeOyromei ydera BCeX  KOHKPETHBIX
TEXHOJIOTUYECKUX MCXOJHBIX JAHHBIX U MECTHBIX YCJoBHil. B o0miem ciydae BBIOOD
palMoHAILHOTO Coco0a HarpeBa OMpPEIEIIIOT TEXHOJIOIMUECKUE UCXOIHbIE JaHHBIE,
HPHEPrOHOCHUTENIb U TEXHUKO-IKOHOMHYECKHE TMOKa3aTesid padOThl HarpeBaTeIbHOTO
YCTpPOMCTBA.

WcxonHpiMu  TaHHBIMH JUTISI BBIOOpa cIocoOa HarpeBa SIBISIOTCS: CBEACHHUS O
HarpeBaeMbIX 3aroToBKax (Marepuan, BHJI M pa3Mepbl 3aroTOBKH); TOJ0Bas
nporpamma; TpeOOBaHMS K MEXaHHU3allMd W aBTOMAaTH3allMM CpPEJICTB Harpena;
CBEJCHHUS 00 DSHEPrOHOCUTENSIX (BUABI HHEPrOHOCUTENEH, KOTOpbIE MOTYT OBITh

HCIIOJB30BaHbI, UX CTOI/IMOCTB).



Metoauka BbiOOpa crocoba HarpeBa 3aroTOBOK IO/ KOBKY U IITaMIIOBKY CBOJHUTCS K
OIpEeIEJICHUIO TUIIa HAarpeBaTeIbHOTO yCTpoiicTBa. /s sToro:

yCTaHaBIIMBAETCSl TUI MPOU3BOJCTBA AJI JAHHOW TPYIIIHI 3aTOTOBOK; MO TabIUIlam
JUIE  COOTBETCTBYIOIIETO THIA MPOU3BOJACTBA M JAPYTUM HCXOAHBIM JIaHHBIM
OIpeeNIsieTCsl HarpeBaTeIbHOE YCTPOWCTBO IS KaKJOTO U3 BO3MOXHBIX BHJOB
HHEPrOHOCUTEIIS;

- [0 pYKOBOAAIIMM MatepuanaMm [23] BbIOMpaioTcs pasMepbl HarpeBaTeIbHON
YCTAaHOBKHM ISl 3aJaHHOW TPOU3BOJUTEIBHOCTH U Pa3MEPOB  HarpeBaeMbIX
3arOTOBOK.

Ecnu npu BeIOOpE OKaXeTCsl €TUHCTBEHHBIIN TUIT HarpeBaTEIbHOTO YCTPOUCTBA, TO HA
TOM BBIOOp cIOcoOa HarpeBa 3aroTOBOK MOJl KOBKY M IITAMIIOBKY 3aKaHYMBAETCH.
B cnyuae, korja nis HarpeBa 3aroTOBOK IOJI KOBKY M IITaMIIOBKY MOAXOJAT JIBa
WIM HECKOJIBKO THIIOB HAarpeBaTENbHBIX YCTPOWCTB, HEOOXOAMMO B KadecTBe
OKOHYATENIbHOTO pEUICHUs] BBIOMPATh HArpeBaTeIbHOE YCTPOWCTBO C IYUYIIMMHU
HPKOHOMHUYECKHMH IOKa3aTeasiMu. B KauecTBe KpuTepuss MNPUHUMAETCS CyMMa
npuUBEICHHBIX 3aTpaT. HarpeBaTenbHOe ycTpoiicTBO OyneT Hambojee BBITOJHO TO,
rze 3Ta cymma Oy/ieT HauMEHbILEH.

CymMma TpHBEIEHHBIX 3aTpaT CKJIAJbIBaeTCd M3 KaNUTAIbHBIX 3aTpaT U
ce0eCTOMMOCTH HarpeBa 3aroTOBOK.

KanuranbHble 3arpaTbl B Ky3HEUHO-IITAMIOBOYHOM IPOU3BOJICTBE COCTOSAT U3
CTOMMOCTH  W3TOTOBJICHHMS  HArpeBaTeNbHBIX  yCTAHOBOK,  BKJIIOYas  BCE
BCIIOMOTaTeIbHOE 000pyAOBaHUE, CTOMMOCTH TPAHCIIOPTUPOBAHUS O00OPYIOBaHUS K
MECTY YCTaHOBKU U €r0 MOHTaX.

CebecToMMOCTh HarpeBa ONpEJENseTcsl Kak CyMMa »JHEPreTMYecKux 3arpar,
CBSI3aHHBIX C HMCMOJb30BAaHMEM HHEPrOHOCHUTENS ISl OCYIIECTBIEHHUS Ipolecca, U
TEXHOJOTHYECKHX 3aTpar.

DHepreTUyYecKkue 3arpaTbhl NPEACTABISIOT CO00M CTOMMOCTH JHEPrOHOCHTENS,
HEOOXOMMOT0 JUIsl HarpeBa eMHUIIBI MacChl MeTaJljIa.

B TexHonmornueckue 3aTpaThl BXOAST CIEAYIONIUE CTaThH pacxo/ia: 3apadoTHas 1iiaTa

HarpeBaJblIMKOB, CTOMMOCTL BO3AyXd, BOJbI JJIA pa6OTI)I HaneBaTeHBHOﬁ



YCTAHOBKH, aMOPTHU3ALMOHHBIC OTYHCJICHUSA, CTOMMOCTb MCTAJlIa, ITOTCPAHHOTO Ha

OKaJIMHY B MPOLUECCCE HArp€Ba, CTOMMOCTL PEMOHTA HArp€BaTCJIbHOT'O O60py,ZIOBaHI/ISI.

Pacuer crarteit pacxoaa TCXHOJOTMYCCKHUX 3aTpaT BBIMMOJHAIOTCA B COOTBECTCTBHUU C

METOJIMKOM, MpeIJI0KEHHOU B padote [23].
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