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BCrTyn

OcoOucte 3aBaanHa 3 AUCHUIUTIHE «Teopist 3BaproBalbHUX MPOLIECIB» - OJUH 13
BHJIIB 00OB’A3KOBOi CAMOCTIMHOI 1103aayIUTOPHOT pOOOTH CTYJEHTIB, SKa nepeadaya-
€ThCSI HABYAIBHOIO MPOTPaMOIO TUCIUILITIHU.

Kypc “Teopist 3BaproBaJbHUX IPOIECiB” (TEOPETHYHI OCHOBU 3BAapIOBAaHHS),
MPUCBSYCHUN BUBYEHHIO (DI3UYHUX 1 (P13UKO—XIMIYHUX SIBHUIII, III0 TIPOTIKAKOTH IT1JT Yac
3BaplOBaHHsA MeTamiB. L gucnuruiiHa € mepriorw i OCHOBOMOJIOXKHOIO B IMATOTOBII
1HKEeHepa—3BapHHUKa. 3arajibHa Teopis 3BapIOBATIbHUX MPOLIECIB 3HAXOUTHCSA B CTaIll
PO3pPOOKHU.

Po3nin “Po3paxyHKr TETUIOBHX MPOIIECIB MPHU 3BApIOBaHHI” Ja€ MOKIUBICTH
OLIIHUTHU TPOJYKTUBHICTH MPOLIECY 3BAPIOBAHHS, BIUIMB MapaMeTpiB PeXUMY 3Bapio-
BaHHS Ha MPOTIKaHHS 3BAPIOBAIILHUX TPOIECIB, BU3HAYUTH ONTHMAJIbHI PEKUMHU 3Ba-
PIOBaHHS JJIs 3aJJaHUX BJIACTUBOCTEH METaja IIBA Ta HABKOJOMIOBHOI 30HHU.

[Ipeacrasneni B il poOOTI 3a/1a4l NOKa3ylOTh, IK MOKJIMBO BUKOPHCTOBYBATU
TEOpETUYHUI MaTepiayl Kypcy “Teopis 3BaproBaIbHUX MNPOLECIB” MPHU PO3B’A3aHHI
MPaKTUYHUX 3a/1ay, BAHUKAIOUHUX Tepe]l MpalliBHUKaMU 3BapIOBAIBHOI HAYKH 1 TEXHI-
KM B MpOIECl iX BUPOOHUYOI JISIBHOCTI HE TUIBKM B PI3HUX MIJPO3/A1IaX HAYKOBO—
JIOCITIITHOTO XapakTepy, a i y 3aBOJICHKUX yMOBaXx.

3amaul cucTeMaTrU30BaHl MO OCHOBHUM po3fijaM “Po3paxyHKH TEIIOBHX IMPO-
1IECiB MPHU 3BapIOBaHH1".

J1o po3B’s13aHHS 3a7a4 MOTPIOHO IMIJICTYIIATH ITIC]ISI BUBYEHHS BIJIMOBIIHOTO Te-
OpPETUYHOTO MaTepialy TEMH ¥ 3HAaHOMCTBA 3 JJaHUMHU METOJMYHUMH BKa31BKAMH.

[Ipy BHBYEHHI TEOPETUYHOrO MaTepiany 3 LIJUII0 MEPEBIPKA 3HAHHS MOTPIOHO
BIJIIIOBICTH Ha OCHOBHI 3alTUTaHHS, 3a3HAUYCHI JIJI KOKHOI TEMH.

3ATAJIBHI PEKOMEHJALII 11[O/10 BHEOPY OCHOBHHX
IMMAPAMETPIB PEXHUMY 3BAPIOBAHHSA

[Ipu po3B’s3aHHI 337a4 CTyACHTaM JYXe 4acTo MOTPiOHO 13 334aHOi MOTOHHOI
eHeprii (UM 3 1HIMX JaHUX) BUOpATH PEeXUMHU OYyJb—IKOTO 3 HAHOUIbII PO3MOBCIO-
JUKEHUX CIIOCO01B 3BAPIOBAHHS IIJIaBICHHSIM.

PexxnMoM 3BaproBaHHS HA3MBAETHCS CYKYITHICTb OCHOBHUX XapaKTEPHUCTHUK 3Ba-
pHOTO TIpOIeCy, M0 3a0e3MeuyloTh OTPUMYBAHHS 3BapHUX IIBIB 3aJaHUX PO3MIpIB,
dbopmu Ta SAKOCTI.

[TapameTpamu pexxuMy Py4HOTO JAYTOBOI'O 3BApIOBAHHS € JlaMETp €JIEKTpojia

de, TOJNIAPHICT Ta BETMYMHA CTPyMy 3BaproBanHs l3p, Hanpyra Ha my3i U 1. Oxpim

3a3HAYCHHUX MapaMeTPiB 4acTO HEOOXITHO 3HATH YHMCIIO TpoxoAiB NN mij yac BUKOHAH-
Hs1 0araTOIIOBHOTO 3BapHOTO IIBA, IJIOINIY MOTIEPEYHOTO TMepepi3y IiBa, 371HCHEHOTO
3a OJIMH MPOXia Fm Ta 1HIIIE.

[ToyaTKOBOIO BEIMYMHOIO IO PO3PAXYHKY ¥ BUOOPY PEKUMY 3BapIOBaHHS € TO-
BII[MHA 3BAPHUX EIEMEHTIB O MPH 3BAPIOBAHHI B CTHK ab0 KATeT 1IBa IIPH 3BapIOBaHHi
TaBpOBUX KYTOBHX 3°‘€JHAHb.



Bignosigao mo JICTY 5264-80 cTHKOBI 3°€JHaHHS TOBIIMHOIO €JIEMEHTIB, IIIO

CTHKYIOTBCS , O = 1-6 MM paisTh 3BapioBaTé 0e3 po3iieHHs Kpomok. Ilpm S >
6 MM IIIBM BUKOHYIOTBCS, SIK MPABUJIO, 13 PO3IJIEHHSIM KPOMOK 1 B JCKUJIbKa IapiB
(mpoxoiB).

InoIa MOIepeyHoro mepepisy HaIUIaBIeHOro MeTany F 3amexuts Bin Tumy
mBa (Tipy 3a1aHii ToBIwHI Jucta 3rigHo 3 JICTY 5264-80).

BusnauenHs pexxumy 3BaproBaHHS MMOYMHAIOTH 13 BHOOPY JiaMeTpa eIeKTpoa
de. [TpakTyHi pexomeHalii 3 BUOOpY JiaMeTpa €JIEKTPoJia B 3aJIEKHOCTI B1JI TOB-

mmar S un kateta K npuBe/eHi B Ta0I. 1.

Ta0mums 1

Topuyma eramt 15- | 5o | 40- | 90- | 130- | 160- | Bimem
HpH SBAPIOBAHHL B | 5 g ! 80 | 12,0 | 150 | 200 | 20
CTUK, MM

Hiametp enektpona, | 1,0- 3,0 4.0 4.0- 5,0 5,0- 6,0
MM 2,0 5,0 6,0

Karet mBa, Mm 3,0 4,0-5,0 9,0

[Hiametrp  enextpona, 3.0 40 30

MM

MakcuMalibHa IJI011a MOMNEePEYHOro Mepepidy OJHOrO MPOXOJY CTUKOBOTO IIIBa
BU3HAYAETHCS 32 EMIIPUYHUMU (HOPMYJIaMUu:
- IEPUIOTO MPOXOAY

Fui= (6 - 8)de;
- KOKHOTO HACTYITHOT'O MPOXO01y

Fi = (8-12)d..

[Tpu 3BaproBaHHI KyTOBUX Ta TaBPOBUX 3‘€IHAHB 3a OJIMH MPOXiJ BUKOHYIOTHCS
IIBM KaTETOM He OLIbIl 6 MM (TpHU 3BapeHH1 “B KyT’) 1 HE OuIbII 8 MM (MpU 3BapeHHI
“y 4oBHMK”). TakMM YMHOM, 3arajibHe YUCIO MPOXO/IB Ma€e OyTH PO3paxOBaHE 3T1THO
3 popmyIioro

_F-Fu,
|:H

[Ipu 3BaproBaHHI OaraTonpoxiJHUX CTUKOBUX LIBIB MEPIIMA Mpoxid Mae OyTu
BUKOHAHWM €JIEKTPOJOM aiameTpoM He Oibir 4,0 mM. [e moB’si3aH0 3 TUM, IO 3aCTO-

n +1
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CYBaHHS €JIEKTPOJIIB OUIBIIOTO JAlaMeTpa He I03BOJHUTH B HEOOX1HIN CTyNEeHi NpOHU-
KHYTH B TJIMOMHY pO3AiIKH KopeHs mBa. KpiM Toro, 6akaHO OoTpuMaTH Mepivi Ha-
TUTABJICHUH 1I1ap sIK MOYKHA MEHIIIOT TUTOIIII TTOTIEPEYHOTO TIepepizy.

PexoMeHayemMo sl JTaHOI MapKu €JIEKTpOoJia 3HAYCHHSI 3BAPHOTO CTPyMY, HOTO
pIJl Ta TOJSAPHICTh BUOMPATH 3TiHO 3 MACIOPTOM eJIeKTpoaa. B OiIbIIOCTI BUMMAKIB
HAJIC)KUTh BUKOPUCTOBYBATH TIOCTIHHUN CTpyM 3BOpOTHOI mojsipHOCTi. Cria 3Bapio-
BaJLHOTO CTPyMy Mae OyTH po3paxoBaHa B 3aJI€KHOCTI BiJl JiaMeTpa eJIeKTpoja Ta
JIOITyCTUMOTI'O 3HAYEHHS T'YyCTUHU CTpyMmy (TadI. 2):

7d 2
|, ="e ]
36 4 J

Tabomurg 2
Tun noKpuTTS JloTyCTHMe 3HAYCHHS TYCTUHH CTPYMY, A/MM°
JliamMeTp enekTposa, 3 4 5 6
MM
Octiosite (PTOPUCTO- | 136 195 | 100-145 | 90,0125 | 09,5120
KaJbIlI€BE)
Kucne (pytunose) 13,0-20,0 11,5-16,0 10,0-13,5 9,5-12,5

Kpim 3a3HaueHoro cnoco0y po3paxyHKy Npd NPUOIU3HUX MITpaxyHKaX BEJIU-
YUHY 3BapIOBAIIBHOIO CTPYMY MO>KHA BU3HAYUTH 3T1HO 3 EMIIIPUYHUM BUPA30M

|3B - de(20+6de)

Hanpyra Ha ):[y3iv U 1 IPH pyYHOMY JyTOBOMY 3BapIOBaHHI 3MIHIOETBCS B IIOPiB-
HSIHO BY3bKIM Mexi. Mloro BelnyuMHA BU3HAYAETHCS SK MPUEIEKTPOJHUM MaJIHHIM
HaIpyry, Tak 1 TpagieHToM cToBmna Ayru. IIpu 3BaproBaHHI CTaJe€BUMH €JIEKTPOAAMHU

U 1 = (18-30) B. Menui 3Ha4eHHs BiJNOBiIaIOTh MAIMM 3HAYEHHSAM CTPyMy i 3Ba-
pIOBaHHI B TMOJIOKEHHI, BIAMIHHOMY BiJl HWKHBOTO. [IIBUIKICTE PYyYHOTO TyroBOTO

spaproBanHsa V3p = (15-18) m/r.
['onoBHUMHU TapaMeTpaMy PEXKHUMY MEXaHI30BaHOTO 3BapIOBAaHHS METaJeBUM
TUIaBJICHUM eJIEKTpoAOM (117 (UIFOCOM 1 B CEpEAOBHILI 3aXUCHUX Ta3iB, MEPE]l yCIM B

CO,) €: miametp de, MapKa eJIeKTPOHOTO JPOTy, BUIIT enektpony Lp, 3BaproBais-
Huit ctpyM I3p, Hanpyra na mysi U JI> WIBUJIKICTh 3BapIOBaHHs V3g, BuTpara dmocy

Go(npu 3BaproBanni mix ¢irocom), Butpara CO, (IpH 3BapIOBaHHI Y BYTICKHCIOMY
rasi). [loximaumu (3aJie’KHUMU BiJl TOJIOBHUX) MapaMeTpaMH PEXUMY 3BapIOBaHHS €:

IIBUJIKICT TTOJaYl €ICKTPOIa VH, HaIpyra JiKepesna >KUBJICHHS U JI» Koe(iicHT Ha-
TUTaBIeHHS Oljj, OCHOBHHUIA yac 1.

JliameTp 3BapIoBaNbHOTO IPOTY OOHPAECTHCS B 3aICXKHOCTI BiJ TOBIIMHE O Ie-
TaJel, U0 3BapIOIOTHCS, CTYIEHsI MeXaHi3alli Ta aBToMaTH3allil Mpolecy, HasiBHOCTI
5



oOnagHaHHS, XIMIYHOTO CKJIaJy MaTepiaiy Ta psny iHmuX (axtopis. [lpu npomy ciin
naM‘saTaTv, 110 MPH MEXaHI130BaHOMY (HaINiBaBTOMATHYHOMY) 3BaplOBaHHI J1aMeTp
€JIEKTPOHOTO APOTY HE MOBUHEH MepeBeplryBatu 2 MM. OpieHTyBaJIbH1 3HAYSHHS J1-
aMeTpiB JIPOTY 3a3Ha4eH1 B Ta0. 3.

Tabmung 3

ToBumna Mera- 0,8-2,0 3,0-6,0 6,0-8,0 8,0-12,0 | 6impm 12,0
1y, MM

JliameTp emnexT- 0,8-1,2 1.2-1,6 1,4-2,0 1,6-2,5 1,6-5,0
poaa, MM

Bennuuna Buakory Lp BU3HauaeThcss MOTPIOHOIO MPOIYKTHBHICTIO HAIUIaB-
JICHHsI, BIUIMBA€ Ha CTaOUIBHICTH Tporecy U ¢GopmyBanHs miBa. [Ipu 301bIIeHH] BU-
JbOTY €JEKTPOJa MpU MOCTIMHOMY 3HAYEHHI 3BapIOBAJIBHOIO CTPYMY 30LIbIIYETHCS
KOe(DIIIEHT PO3IUIABJICHHS 32 PAXYHOK 3pOCTaHHS TEMIIEpaTypH MITITPIBY €IEKTPO/Ia.
B 3BuyaiiHMX yMOBax 3BaplOBaHHs BEJIMYMHA BUJIBOTY BU3HAYAETHCS CIIBBIIHOILICH-

msm Lg ~ (10-12)d...

[Ipu mexaHi30BaHUX croco0ax 3BaplOBaHHS METAJIEBUM JPOTOM HAJIEKUTh TO-
BOPUTHU MPO MIHIMAJIBHUM Ta MaKCUMaJIbHUN CTPYM ISl JAaHOTO JlaMeTpa eJIeKTpoja,
10 BU3HAuYa€e CTAOUIBHICTH MPOLECY 3BaproBaHHA. B 3araibHOMy BUNAAKy MakcuUMa-
JBHUM CTpyM € QYHKI[IEI0 0araTbox mapaMerpiB peXUMYy 3BaplOBaHHS Ta 3BaprOBallb-
HOTO JIAHIIIOTa: HalpyTy Ha Ay31, AlaMeTpa, BUJIbOTY Ta I'yCTOCTI Marepialy eIeKTpo-
Jla, HaXWIy 30BHIIIHBOT XapaKTEPUCTUKU JHKEpena KUBJICHHS, 1HAYKTUBHOCTI 3Baplo-
BaJIbHOTO KoJja. [Ipy IHIIMX pIBHUX YMOBAaX MOKJIMBO IMPHUBECTH Takl CIIBBIIHOIICH-
HSL:

ne de — JlaMEeTp eNEKTPOoIa, MM;
LB — BUJIIT €JICKTPOJIA, MM.

MiHIMaJIbHUIA CTPYM y MEPIIOMY MPUOIHMKEHHI MOKHA BU3HAYUTH SIK PYHKIIIFO
MIHIMaJILHO1 TYCTOCTI CTPYMY:

Imin — jminFe,

ne  F. — mmoura monepeunoro nepepisy enexrpona, MM;
jmin = 17+70/de - TIpY 3BapEHHI y BYTJIEKHCIIOMY Ta3i;

jmin=20+64/de - TIpY 3BapeHHI MiJ (JIIOCOM — MiHIMaJIbHa IyCTICTh CTPYMY,
A/Mv’



[Ipun mexaHizoBaHOMY (HamiBaBTOMAaTUYHOMY) 3BapIOBaHHI HEMOXXJIUBO BUKO-
puctands crpymy Ouibin SO00A 13-3a MIBUJIKOTO HArpiBy Jepikaka, TPYAHICTIO MOTO
KEePYBaHHSIM, a TaKOX SICKpAaBOTO BUIIPOMIHIOBaHHS JYTH (TPH 3BapIOBaHHI B 3aXHC-
HUX Ta3ax).

[Tpu 3BaproBanHi B CO; 1 mija uirocoM Hampyra Ha 1y31 3MIHIOETHCS B Jl1alla30H1
(17,5-46)B. B nepmomy npuOIMIKEHHI CITiJ KOPUCTYBATHUCS TAaKUMHU CITIBBITHOIICH-
HSIMU:

U;=20+0,05 Iz - ipu 3BapenHi B COy;
Uy=25+0,018 Isg - npu 3Bapenni nix durocom.

Js 3Bapensst B CO, 1 mig ¢uirocoM MiHIMalbHA MIBUAKICTH 3BApIOBaHHS JOPiB-
HIO€ O11st 15 m/T.

[Ipu mexaHi3oBaHOMY (HAMiBaBTOMATHYHOMY) 3BaprOBaHHI MIBUAKICTH OUIBII
50 M/T 3BapHUK HE MAa€ MOKJIMBOCTI 3/11IICHIOBATH.

Tema 1. OCHOBHI IIOHATTA TA 3AKOHHU B PO3PAXYHKAX TEII'IOBUX
ITPOLIECIB IIPH 3BAPIOBAHHI

3MICT TEMU

[TonsTrs Tepmiunoro uukiy. [Ipouecu, 1mo npoTikaroTh MPU HATPiIBI Ta 0XOJIO-
JUKEHH1 MeTany. BIUTMB TeIioBUX MPOIECiB HAa MPOAYKTUBHICTh 3BapIOBaHHA, ii €KO-
HOMIYHY €(EeKTHBHICTh, TEXHOJIOTIYHY Ta eKCIUTyaTalliiiHy MIIHICTh 3BapHOTO
3‘enHaHHA. OCHOBHI (DaKTOpH, 110 BU3HAUYAIOTh XapaKTep HArpiBy Ta OXOJIOJKEHHS
MmeTainy. [IOHATTS TEIIOBUX OCHOB 3BAPIOBAHHA SIK CKJIQJ0BOI YaCTUHU Hayku “Teopis
3BaproBajbHUX TpolieciB”. Ponb akagemika Pukanina M.M. Ta #ioro crniBpOOITHUKIB Y
pO3p00IIi TEMIOBUX OCHOB 3BApIOBAHHS.

[TousTTS TIpO TIEepenavy Teria 3a paxyHOK TEIIOMPOBIIHOCTI, KOHBEKTUBHOTO
Ta MPOMEHEBOro TEII00OMiHY. TeMiepaTypHe MoJje, 130TepMa, rpajl€eHT TeMIlepaTy-
pH, TEPMIYHUN TUKI TOUYKHU. TErIoBMICT, TEIUIOEMHICTh, 00’€MHA TEMJIOEMHICTb.

3akoH TeronpoBigHOCTI Pyp e, KOe(ILIEHT TEMIONPOBIIHOCTI, TUudepeHiiHe
PIBHSIHHS TEIJIONPOBIAHOCTI. BUXIIHI NpUITyIIEHHs 1711 BUBOAY LIbOTO piBHSHHS. Di-
3u4He MOHATTA piBHAHHA. KoedimieHT TemnepaTyponpoBoaHocTi. YacTKOBI BUNAAKU
nudepeHIIiHOTO PIBHSIHHS TeIulonpoBigHocTi. TemnmoBipmada 3 moBepxHi. [Ipupon-
HUW Ta BUMYIICHUN KOHBEKTHUBHUN TETJIOOOMIH. BH3HaueHHS MUTOMOTO KOHBEKTHB-
HOTO TETUIOBOTO TMOTOKY 3a mpaBuiioM Heiorona. KoedimieHT KOHBEKTUBHOI TEILIO-
Binmaui. [IpomeneBuit TermmooOMiH, oro npupoaa. [lonBiitHe mepeTBOpPEHHS €HEpTii
IpY TPOMEHEBOMY TETTIO00OMiHI. BU3Ha4YeHHSI TUTOMOTO TEIIOBOTO TIOTOKY BHIIPOMI-
HioBaHHs. [loBHa TemoBigaada 3 moBepxHi. [luToMuii TETI0BUIA MOTIK TOBHOT TEMJIO-
B1J1J1aul, CIIBBIJHOIIIEHHS MI>)K KOHBEKTUBHUM Ta MPOMEHEBUM TEIJIOOOMIHOM Y 3aJie-
YKHOCTI B1J] TEMIIEPATYPH HATPITOrO TiJa.



KpaiioBi yMOBH Ta METOIM PO3paxyHKY TEPMIYHOTO LUKy TOukd. [logaTkoBi
yMOBHU. ['paHuuHi yMOBU. AHAJITUYHMNA METOJ PO3B’S3aHHS 3aJad IO PO3MOBCIO-
JKEHHI TeIIa B HarpiTOMY TiJI.

Jlitepatypa [1,2,3]

MetoauyH1 BKa3iBKU 10 BUBYEHHS MaTepiaty

Heo06xi1H0 3aCBOITH CYTHICTH TEIUIOMPOBIIHOCTI, KOe]illieHTa TEIJIOTMPOBIAHO-
CTi, TEIUIOEMHOCTI, TEIJIOBMICTY, TEMIIEPATypOIIPOBOIHOCTI, TEMIIEPATypPHOTO ITOJIS,
rpajlicHTa TeMIiepaTypyu. BUBUMTH pIBHSHHS, SKi JTO3BOJSIOTh BU3HAUWUTH TEIJIOEM-
HICTh, TEMIIEPATYPOIPOBOIHICTb.

[TutanHs 17151 caMonepeBipKu

1 SIxi ¢i3uuH1 OCHOBU PO3MOBCIOHKEHHS TEIIOTH?

2 Sl BU3HAYa€eTHCSA MacoBa Ta 00‘€MHA TEIIOEMHICTh?

3 o sBNsie coOOIO TEMIepaTypHe mose?

4 Sk po3paxoBYyeTbCS IHTEHCUBHICTh PaJl1allifHOTO Ta MPOMEHEBOI0 TEIIO00OMIHY Ti-
Jia 32 HaBKOJIMIIHBOIO CEPENIOI0?

5 Konu B mpakTUYHUX PO3paxyHKaxX MOKIMBO 3HEBAXKATH IMOBEPXHEBOIO TEIIOBIIA-
qero?

6 1llo Take TemnepaTypHuUii rpaii€eHT?

7 SIk1 METOM pO3paxyHKY MPOLIECIB PO3MOBCIOIKEHHS TETJIOTH BUKOPUCTOBYIOTHCS?

Tema 2. PO3PAXYHKH TEIIV/IOBUX IIPOILIECIB IIPH HAI'PIBI TL'T
JUKEPEJIOM TEIIVIOTH

3MICT TEMH

OCHOBHI pO3paxyHKOB1 CXeMH TijIa, 110 HarpiBa€ThCs: HAIMlIBHECKIHUCHHE T1J10,
IUIOCKUM 1ap, TOHKA MJIACTUHA, CTPUIKEHbD.

MuTtTeBe 30CEpeKEHE JKEPENO: MUTTEBE TOUYEUHE JHKEPEIO, MUTTEBE IUIOCKE
JUKEPEJIO.

Bruiue o6MexeHOoCT po3MipiB Tijia HA MPOIEC PO3MOBCIOHKEHHS TETIa.

Posnoxineni ta 6e3nepepBHO Aitoul Jxepena. [Tpunnun Haknanenus. [lepioau
TEIJIOHACUYEHHS Ta BUPIBHIOBAHHS TEMIEPATyp MPHU HArpiBl T PYLIIAHUMU JKepe-
jgamu TerioTu. [ToHATTS KBa3iCTalllOHAPHOTO CTaHY.

TeruioBi XapakKTEpUCTUKHU 3BAPHOI JYTU: MOBHA MOTYKHICTh, €PEKTHUBHA TEILJIO-
NOTYXHICTh HarpiBy BupoOy. EdexktuBuuit KKJI narpiy BupoOy.

3nauenns epexkruBHoro KKJI ayis pisHux cnoco6iB 3BaproBanHs. Po3noain ten-
na ayru. Posnonin muromoro teraoBoro motoky. [louartsa misimu HarpiBy. Koedirie-
HTY 30CEpEIKEHOCTI TEIJIOBOTO MOTOKY, HOPMaJIbHO-KOJIOBE JPKEPENo, OTOHHOI eHe-
prii, MUTOMOT OTOHHOI €Heprii.

HarpiB BupoOiB pymIiifHOIO yTOI0 CBaBIHLHOI MOTYXHOCTI. CriporieHi Gpopmy-
JM JUIsL pO3PaxyHKY TEMIEpaTypy TPAaHUYHOTO CTaHy TOYKH MPHU 3BApPIOBAaHHI MOTYX-
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HOIO HIBUAKOPYIIIHHOIO Ayro0. TepMidHMil UK Ta MaKCUMalibHA TeMIIepaTypa TO4-
K1 BUpoOy. BrmuB pexxumiB 3BaproBaHHs, TEIIOPI3UYHUX BJIACTUBOCTEW METANly Ha
XapaKTEPUCTUKHU TEMIIEPATYPHUX IOJIIB TPAHUYHOIO CTaHy.

TemnoBl XapakTepUCTUKU Ta30BOr0 IMOJIyM’sl. Po3moain muToMoro TemioBOro
IOTOKY ra30BOT0 MoiyM’si. PO3paxyHKOBI CXeMM IpOLECYy HarpiBy MeTajla Ta30BUM
HOJyM ‘M JIJISl PYLIIHHOTO OJIHONOJIYMEHEBOTO MajibHUKA. MOXKIMBOCTI NPUBEIACHHS
HOPMAJIBHO-KOJIOBOI'O JDKEpesa Tellla A0 30CepeaKeHoro. @opMyin uist po3paxyHKy
TEMIEPATYPHOTO IUKITY IPU BUKOPUCTAHHI TPOCTOTO OAHOIOIYMEHEBOTO MajJbHUKA.

Jlitepatypa [1,2,3]

MeTtoandHi BKa3iBKH O BUBYCHHS MaTepiary

Heo0xiaHO 4iTKO 3°sCyBaTH MOHSATTS MPO CXEMH TiJia (HalliBHECKIHUYEHHE T1JIO,
TJIOCKHUH 1MIap, MIACTUHY, CTPHKEHB) Y 3B A3KY 31 CXEMAaTH3aIli€lo pKepelia eHeprii,
AKa 3aJIeKUTh BiJ Oro MOTY>KHOCTI, 4acy All, BUAKOCTI pyXy 1 T.1I.

HeoOxiaHo 3HaTH BU3HAa4YeHHsS €()EKTUBHOI MOTYXKHOCTI AYTH, 3arajlbHUM TeIl-
JIOBMI OasiaHC AYroBOTO po3psiay Ta GpakTopH, Bia akux 3anexutb KK qyru.

Cniag BUBYaTH BUKOPHCTAHHS PO3PaXyHKOBUX CXEM JUIsl KOHKPETHUX THUIIOBUX
BUIIAJKIB IyTOBOTO 3BAPIOBAHHS 3 LIJUIIO BU3HAYEHHS TEMIIEpaTyp Ta TEMIEPATYPHUX
0JI1B, HANPUKJIaJ, IPU HAIUIABJIEHH]! BaJMKa Ha MacHUBHE TUIO, OJHOMPOXIJHOTO 3Ba-
PIOBAHHS IIJIACTHUH y CTHUK.

[TutaHHs 17151 camoTepeBipKU

1 SIxi cxeMu T Ta JKepesl BUKOPUCTOBYIOTHCS B TEIJIOBUX PO3paXyHKax?

2 SIx1 0cOOJIMBOCTI HarpiBy MeTana e1eKTPUYHOO TyTOl0 Ta Ta30BUM HOJIYM ‘sM?

3 YUum BIpI3HAETHCA JHKEPETIO, IKE PYXA€ThCs, Bl IIBUIKOPYXaHO4OTrocs?

4 YumM BIIPI3HIIOTHCA MK COOOIO0 TOUYEUHE, JIIHIHHE Ta MIIOCKE JKepesia Tera?

5 Konu enexTpuyHa Jyra MOXE€ BBaXKATHCS: TOUYEYHUM JHKEPEIOM TeIlUla, MIOCKUM
JOKEPENIOM Teruia?

6 Sk ypaxoBy€eTbCs pO3NOAUICHHICTh JIXKEPENa TEIJIOTH B TEIJIOBUX PO3paxyHKax?

7 YoMy mipu 3BaproBaHHI rpagitoBuM enexktpoaoM edextuBHe KK/ HarpiBy BupoOy
MEHIIIe, HI)K MPY 3BapIOBaHHI CTAJIEBUM €JIEKTPOIOM?

BxaziBku 10 po3B’si3aHHS 335124

[ToTy>KHUM JKepesioM 3BHYAaHO MOKHA BBAXKATH JIyTY Y BUMAJAKYy MEXaH130Ba-
HOTO Ta aBTOMATHUYHOT'O 3BAPIOBAHHS METAJICBUM E€JIEKTPOJIOM B CEPEIOBUII 3aXUC-
HUX Ta31B M MiJ (IFOCOM.

[IBuakopyxarode JKepesio BiAMOBIAAE MIBUAKOCTSIM 3BAPIOBaHHS OUIbIT 25 M/T
(7 mm/c). [TpuitHATTS Takoi PO3PaxXyHKOBOT CXEMHU 3HAYHO CIPOIIYE PO3PAXYHOK TEM-
nepaTypHUX TOJIIB Y BUMAAKy HAIUITABKY BaJIMKa HA MAaCHBHE TLIO YU OJTHOMPOXiTHOTO
3BapIOBAaHHS IJIACTUH B CTHK.

[Ipu MexaHi130BaHOMY Ta aBTOMAaTUYHOMY 3BaprOBaHHI METAJIEBUM €JIEKTPOJIOM
PO3paxyHOK TI0 I1ii cxeMi Jlae Jo0p1 pe3yabTaTu, OJIU3bKI 10 €EKCIIEPUMEHTAbHUX.



[Ipu pyuyHomy nyroBomy 3BaproBaHHI IO IIiif cXeMi MOXHA 3 JIOCTaTHbOIO TOY-
HICTIO pO3paxyBaTH MPOIIEC OXOJIOKEHHS METally 11Ba Ta OUISIIOBHOI 30HU.

Po3B’s13aHHA 3a/1a4 1IbOTO PO3/UTY JA03BOJIAE CTYJIEHTaM YSIBUTH TPHUOIU3HI PO-
3MIpH 30H TEPMIYHOTO BIUIMBY, CTA0OLII3y€e 1X 3HAHHS TEIUIO(I3UYHUX BEIMYMH, 3Ha-
yenHs KK/ HarpiBy BUpoOy Ayroro Ta ra30BUM IOJIYM ‘SIM.

3HaueHHs TeI0(13UYHUX BEJIUYMH HABEICHI Y JOJATKy A.

YMoBH 3a51a4

1 Ha moBepxHIO MacCHBHOTO Tija 13 HEpKaBito4yoi cTalli Mia (IFOCOM HarlIaBIs-

FOTh BAIMK i3 pesxuMoM: L5 = 800 A, U 1= 32 B, V,; = 10 M/r. Bu3HaunTi Makcima-
JbHY TeMIeparypy, sika Oyne JOocArHyTa Ha MOBEpXHi JeTam Ha Biacrtani 15, 20,
25 MM Bif OCl 1IBa.

2 JIucTH 13 HU3BKOJIETOBAHOT 3arapTOBAaHOI CTaJli TOBIIMHOIO 8 MM 3BapIOIOTHCS

3a OJIMH TIPOXijl ABTOMATHYHOIO 3BAapPIOBAHHSM i3 pesknMoM: L, = 500 A, U 1= 30 B,

V., = 23 m/r. BU3HaUMTH MHPHHY 30HH, KOTPa 3HAXOAUTHCs Mixk 500-800 °C.
3 Ha moBepxHIO MacMBHOI'O CTaj€BOr0 BHPOOy aBTOMAaTUYHHM 3BapIOBaHHSIM

mig (IocoM HAMIaBNsAeThes Bamuk. CTpyM 3mimmmit. Ilapamerpu pexumy : Lo, =

=800 A, U 1= 40B, V,; = 18 m/r. BusHauuTH BiacTaHs Bix oci mBa, Ha SKii oyne no-
cArHyTa MakcuMaibHa TeMieparypa 800 °C. 3a skuii yac e BinoyaeTbes?

4 ABTOMaTHYHUM 3BaprOBAHHSM T1J] (DIIFOCOM 3BAPIOIOTHCS MJIACTUHU 3 MiJl TO-
BIIMHOIO 12 MM 3a omuH TIpoXija. PexuMm 3BaproBaHHS HpH 1boMmy: L., = 700 A,

U 1= 32 B, V., = 20 M/r. BU3HAUNTH MaKCHMAaJIbHI TEMIIEPaTypH, AKi OYIyTh TOCAT-
HyTI Ha BijacTaHi 15, 20, 30 MM Bij oci mBa.

5 Ha nmoBepxHIO MacCMUBHOTO BHpOOY 3 HEPXKaBIIOYOI CTall 31MCHIOETHCS aB-
TOMATHYHA HAIUIABJICHHS C TapameTrpamu pexumy . Lz = 800 A, U 1= 28 B,

V., =22 m/r. BusHaunTH 30Hy MOBEpXHi, sika HarpiBaeTbes Bix 400 o 800 °C.

6 311HCHIOETHCSI aBTOMAaTUYHE 3BAPIOBAHHS IUIACTUH 13 HU3BKOBYTJIEIIEBOI CTAIl
TOBIIMHOIO 14 MM 3a OJMH IPOXIJ 1 HAIUIaBJASHHS BajdKa HA MAacCUBHE TiIO 3 Ti€l X
ctani. {1 oHAaKoBOTO pexuMy 3Bapents: L, = 1000 A, U 1= 38B, V, = 28 m/r. Po-
3paxyBaTu TeMmrepaTypy noBepxHi Ha Bijctadi 30 MM Bij oci mBa. CTpyM 3MIHHUM.

7 31iCHIOETbCSI aBTOMAaTHUYHE 3BAPIOBAHHS IUIACTUH 3 ayCTEHITHOI CTajll TOB-
IIMHOIO0 12 MM 3a OJIMH MPOXiJ] 1 HAIJIaBJIEHHS] MAaCUBHOTO BUPOOY 3 Ti€l x crani. J{is
0JIHAKOBOTO PeKUMYy 3BapioBaHHsA: L5 =900 A, U 1=38B, V., = 20 m/r. Po3paxyBa-
TH IIMPUHY IUISHKE TOBEPXHi (B 000X BHMaakax), Harpitoi sumie 400 °C.

8 ABTOMATUYHUM 3BapIOBaHHAM TIiJ (DIIFOCOM 3BAPIOETHCS IUIACTHHA 3 TEXHIY-
HOTO THTAaHy TOBIIMHOI 14 MM 3a omuH mpoxia. Pexwum 3papenns: L, = 900 A,

U ~ 34 B, V., = 13 M/r. BUsHaUnTH MakcHMAaJbHi TeMIIepaTypH, sKi OymIyTh JOCAT-
HyT1 Ha BijacTaHi 20, 25, 35 MM Bij oci 1IBa.

9 Jlucty 13 Miji TOBIIMHOIO 5 MM 3BapiOIOTHCS 3a OJIMH MPOXiJ aBTOMAaTUYHUM

3BapIOBaHHSM i3 pesxumoM: L = 500 A, U 1 =30B, V,; = 18 m/r. BusHauntu mmpu-
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HY 30HH, sika 3HaxoauThes Mk 500 1 1000 °C. TeruroBimmadyero 3 MOBEPXHi 3HEXTYBa-
TH.
10 3BaproroThCs IJIACTUHM TOBIIMHOK 16 MM 13 HHU3BKOBYIJICIIEBOI CTalIl.

CTpyM 3MiHHMi. PeXxnuM aBTOMAaTHYHOTO 3BaproBaHHs: Il = 1200 A, U 1= 42 B,

V3B = 25 M/r. BuzHaunTH BiJICTaHb Bij OC1 3BapeHHs, Ha sSIKii Oyje JHOCATHyTa MakK-
cumainbHa Temmeparypa 600 °C, i gac, 3a SKui 11e Big0yaeThCsl.

11 3xaiiicHIOETECS aBTOMATHYHE 3BAPIOBAHHS B CEPEOBUII apTOHY IJIACTHUH TO-
BUIMHOIO 6 MM 3a OJMH MPOXiJ 1 HAIUIaBIEHHS MacHUBHOTO BUPOOyY 3 amtomiHito. [Ipu
MIBUKOCTI 3BapeHHs 18 M/T BU3HAUUTU €PEKTUBHY TEIUIOBY MOTYXKHICTh, MOTPIOHY
JIJISl HarpiBy MOBEPXHEBUX TOUOK, BIJAJICHUX BiJl OCI IIBa HAa BIACTaHb 25 MM JI0 TEM-
neparypu 500 °C B 0IHOMY Ta IpyroMy BHUIIAJIKY.

12 Po3paxyBaTu TEpMIYHUN IUKII B MACUBHOMY T1JI1 JJI1 TOUYKHU 3 KOOPJAMHATAMHU

Y =Z =8 MM y BUNAJKy aBTOMAaTHYHOI HAIUIABJICHHS BaJMKa HA HEPXKaBiro4dy cTajb

TOBIIMHOIO 25 MM Ha TakoMy pexumMi: L,z = 450 A, U 1= 32 B, V3B = 25 m/r. I1oby-
nyBaTH rpadik.
13 BuszHauutu MakcuMallbHy TeMIepaTypy B OuramoBHoI 30H1 (Y = Z = 10 mm)

IIPH HAIUIABJICHHI BaNMKA HAa MACHBHHII BUPI6 (S= 20 MM), SKIIO HATIABICHHS Iij
(Gar0cOM Ha HU3BKOJIETOBaHY CTallb, Mijlb Ta THUTAH 31MCHIOETHCS HA OJIHAKOBUX pe-

KuMax: Lz =450 A, UH =32 B, V4, =25 /T, de = 3 MM. 3pOoOUTH BUCHOBOK.

14 BuzHauuTu po3Mip JUISIHKM HETIOBHOI EpeKpUcTati3allii, K0 HaIlIaBJICH-
HSl HA HU3bKOBYTJIUILIEBY CTajlb TOBIIMHOIO 25 MM BUKOHYeThCS B CO, IpOTOM Jl1aMeT-
poM 2 MM Ha MaKCHUMAaJbHO JOIYCTUMOMY CTPyMl NpHU HIBUAKOCTI 3BaprOBaHHS
54 m/r.

15 Po3zpaxyBaTu po3Mip AUISSHKH TapTy npH HamasiaeHHl B CO, apoTom aiame-
TpoMm 1,2 mm Ha ctpymi 180 A, npu HanpyxenHi Ha Ay31 22 B. Crans 20XT'CA. 111Bu-
NIKICTBb HariaBJIEHHST 24 M/T.

16 Po3paxyBatu po3mip AUISSHKA HEMNOBHOIO rapTy MNpU 3BaplOBaHHI B CTHK
IUIACTUH TOBIIMHOIO 3 MM 13 ctam 40X, sKmo HariaBjieHHs 3aiiicHoeTbes B CO,

IpoToM JiameTpoM 1,2 MM 13 mBUaKicTio 18 M/r, ctpym 190 A, HanpyXeHHs Ha Ty31
22 B.

17 Po3paxyBatu TepMiuHui 1uki Touku Y = 10 MM npu 3BaproBanHi B CO; y
CTHUK IUIACTUH 13 HU3BKOBYTJIEIIEBOI CTaJl TOBIIMHOIO 3 MM, SIKIIIO 3BapPIOBAHHS ijie Ha

TakoMy pexuMi: L = 160 A, U 1= 21 B, V3B =24 Mm/T, de = 1,2 mm. TertoBigmadero
3 moBepxHi 3HexTyBaTu. [loGynyBaTu rpadik.

18 Po3paxyBatu TepMiYHHMM LMK TOYKH, PO3TAIIOBAHOI Ha BijacTadl 10 MM Bix
OCl 1IBa, MPU PYYHOMY JTYTOBOMY 3BaplOBaHHI B CTHK JIMCTIB 13 HEP)KaBIOYOi CTasl
ToBIIMHOW 3 MM. IlIBUaKICT 3BaproBanHs nopiBHIOE 15 M/T. TemnoBigmadero 3 mose-
pxHi 3HexTyBatu. [loOynyBaTu rpadik.

19 Po3paxyBatu MakCUMaJIbHY TeMIEPATypy JJI TOUYKH, PO3TAIIOBAHOI Ha BiJ-
ctani 20 MM BiJ OCI 1IBa B 30HI TEPMIYHOTO BIUIUBY, SIKIIO 3BAPIOBAHHS B CTHK ILJIAC-
THH 13 HU3BKOBYTJICIIEBOI CTall TOBIIMHOIO 12 MM 3I1HCHIOETBCA T (IIFOCOM €TIEKT-
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pPOJIOM JliaMeTpoM 3 MM Ha MakCUMAaJlIbHO JOIMYCTUMOMY CTPYMI 13 IIBUAKICTIO 64 M/T.
TemnoBimayero 3 MOBEpXHI 3HEXTYBATH.
20 IlnacTiHU 13 HU3BKOJIETOBAHOI CTajll TOBIIMHOIO 8 MM 3BapIOIOTh 13 MiAIrpi-

BoM 110 200 °C ayroBuM 3BapIOBAaHHAM IIij (IIOCOM Ha TakoMy pexuMi: L,z = 350 A,
U 1= 34 B, V3]3 = 24 m/r. KoedirieHT mOBEpXHBOI TETUIOBIIIAYH OL:2,1-10'3 I[)K/CMZ'
°C. ITobyayBaTu TepMidHuiA UK TOYKH Y = 10 MMm.

21 PospaxyBatu TepMiuyHuil nuka Toukd Y = 10 MM, sikmio 3BaproBaHHs B CO,
3iHCHIOETECS Ha TakoMy pesknMi: Ly = 450 A, Uz[ =38 B, V,; =36 m/r, do = 2 M.
OpHomnpoxi/iHe 3BapIOBaHHS B CTUK IJIACTUH TOBIIMHOIO 8 MM 13 HM3bKOBYIJICIIEBOT
craii. Koedimient remneparyposignadi by = 0,01 °C/cexk. [ToGyayBatu rpadik.

22 Bu3HAYUTH MaKCUMaJlbHYy TEMIIepaTypy 30HHU TEPMIYHOIO BILUIUBY, LIO Je-

JKUTh Ha BIJACTaHl 5 MM BiJ JIiHIT CIUIaBJICHHS MPU HAIJIaBJICHHI BaJliKa Ha MacHBHE
TLJI0, SIKIIO 3JIMCHIOETHCS PYYHE JYTOBE 3BAPIOBAHHS CJICKTPOJIOM 3 MOKPUTTIM OC-

HOBHOro Tumy miamerpy 5 MM, Vs = 10 m/r. OCHOBHMII MeTal — CTalb THITY
12X1MO.

23 PospaxyBatu TepMmiunuid nuki touku Z = 0, Y = 14,2 MM, Ipu aBTOMaTH4-
HOMY HAIUIaBJICHHI IMiJT (DJIFOCOM BaJlMKa Ha JIUCT TOBUIMHOIO 20 MM 13 HU3BKOBYTJIEIE-
BOi cTani Ha TakoMmy pexxumi: L =700 A, U 1= 38 B, V., =36 m/r.

24 Bu3HayuTH MIUPUHY JTUISHKH PEKPUCTAI3aIliil MpU PyYHOMY JAYTrOBOMY 3Ba-
pIOBaHHI TUTACTHH 13 HU3BKOBYTJIEIIEBOI CTal TOBIIMHOIO 5 MM, €JIEKTPOJOM JliaMeT-

poM 5 MM Ha HOMiHaNBHOMY cTpyMi, aKmo Vs = 14 M/r. Temnosignadero 3 OBepXHi
3HEXTYBaTH.

25 PozpaxyBatu TepmiuHui MK Touku =8 npu HamnasnenHi B CO, Bajiuka
Ha JIUCT TOBIIMHOIO 25 MM 13 HEPKaB1FOYO1 CTal, SKIIIO d| =1,2 mm, L, =200 A, U 1=
=20 B, V., = 24 w/r. TTo6ynyBati rpadik po3mnoiiny TeMepaTyp.

26 Po3paxyBaTu po3Mip 30HU TEPMIYHOIO BIUIMBY, B SIKIM BIIOYIYTbCSl CTPYK-

TYpHI 3MIHHM [IPX aBTOMAaTUYHOMY 3BapIOBaHHI ij (PJIFOCOM JIMCTIB TOBUIMHOIO 12 MM
13 ctai 20X Ha MaKCHUMAaJIbHO MOKIIMBOMY PEXHUMI, 110 33JI0BOJIbHSIE YMOBaM CTa01-

JLHOCTI TIPOIIECY, SKIIO V., = 36 wmic, de = 3 mm . TeroBiggadero 3 MOBEPXHI 3HEX-
TyBaTH.
27 Po3paxyBatu po3mip AUSTHKA HOpMai3alii Ipyu pydyHOMY AYrOBOMY 3Bapro-

BaHHi CT3 €IeKTPOIOM AiaMETPOM 5 MM Ha HOMiHAIBHOMY CTPYMI, SIKIIO O =4 MM , a
V., = 12 w/r. TemmnoBiggauero 3 IOBEPXHi 3HEXTYBATH.

28 Po3paxyBaTtu TepMmiuHuil 1k To4ku (Y = 8 MM, Z = 0) npu HanaaBJIeHH] HA
JIUCT 13 HEprKaBitouoi cTail ToBUMHOW 25 MM. [ToGynyBaTu rpadik po3noaisieHHs Te-

MrepaTypi 3a yacom. 3BapeHHs B CO,. Pexum 3BaproBaHHS: de =1,4 mm, I, =300 A,
U,=25B, V=24 wr.
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29 BuzHauuTH MakcUMalbHy TeMuepaTypy B Touui Y = 10 MM npu pydyHOoMy
JIyTOBOMY 3BapIOBaHHI JIMCTIB Y CTUK TOBIIMHOK 5 MM 13 MiJli €IE€KTPOJAOM JiaMeTPOM

5 MM Ha HOMiHAIBHOMY CTPyMi, KO Va5 = 12 M/T.

30 Bu3HauuTH MakCUMalIbHy TeMIIepaTypy AJid TOUKH, PO3TAIIOBAaHOI Ha BifcC-
TaHi 3 MM BiJ JIiHIi CIUTaBJICHHS B 30H1 TEPMIYHOTO BILTUBY, SIKILIO MPY 3BAPIOBAHHI MiJ
¢rocoM HU3BKOBYTJIEIIEBOI CTalll B CTHUK E€JIEKTPOJOM J1aMETpOM 3 MM BHUKOPHCTO-
BYIOTh MAaKCHUMAJIBHO JOMYCTUMHI CTPyM, IO 33JI0BOJIbHSIE CTIMKOCTI MPOIECY 3Ba-

proBanHs. TosumHa mucTiB 12 MM, Vs, = 60 M/r. TemoBiniadero 3 MOBEpXHi 3HEXTY-
BaTH.

31 Po3paxyBaTu po3mip JUISHKU NEPETPiBYy IpU PYYHOMY JYTrOBOMY 3BapIOBaH-
Hi EJEeKTPOJOM JiaMeTpOM 5 MM Ha HOMIHAJILHOMY CTPyMi Y BUIAJKy HaIlIaBJICHHS

BaJTHKA HA HU3BKOJIETOBAHY CTalb, AKIIO V5= 10 M/T.
32 PospaxyBaTu po3mip AUISHKA HOpMai3allii Mpu aBTOMaTUYHOMY 3BaplOBaH-
Hi B CO, Ha MaKCUMAaJIbHO JIOIIYCTUMOMY CTPYMI, SIKIIIO 3BapIOBAHHS CTAJbHUX JIMCTIB

S = 12 MM i3 HU3BKOBYIIIELIEBOT CTANli BUKOHYEThCS EIEKTPOIOM JiaMETPOM 3 MM i3
mBuKicTIO 60 M/T. TennoBigaavero 3 MOBEPXHI 3HEXTYBATH.
33 BuzHauMTH pO3Mip AUISHKHU TapTy MPHU 3BaplOBaHHI cTam 45, K110 npu Ha-

miaBmi Banuka B CO,. Pexum 3BapeHHS: de =1,2 mm, [;=180 A, U 22 B, V3B
=24 m/T.

34 PospaxyBaTtu po3Mip JUITHKH HEMOBHOI IMEpeKpHCTali3amii Mpu pydHOMY
JIyTOBOMY 3BapIOBaHHI HU3bKOBYTJICLIEBOI CTaIl €JICKTPOJOM J1aMETPOM 5 MM Ha HO-

MiHanmpHOMY cTpyMi, Ko V., = 12 M/r, 3BapioBaHHs B cTHK S = 4 MM. Terosiana-
YEI0 3 MMOBEPXHI 3HEXTYBATH.

35 JIns BUMaaKy TpaHUYHOrO TEIJIOBOTO CTaHy, OTPUMAHOTO B Pe3yJbTati Ail
TOYEYHOTO JIKEpera, 10 PYXa€eThCsl, HAa MIBHECKIHUEHHE TUI0 3: |- HU3bKOBYTJICIIEBOL
CTaJli; 2 - BUCOKOJIETOBAHOT ayCTEHITHOI CTall, po3paxyBaTH PO3IMOAUICHHS TeMIepa-
Typ Ha MOBEPXHI1 M0 NpsiMiit mapanensHiid oct OX, sika BiICTOITh Bl HEl Ha 3aJjaHy Be-
mnunHy Y. Koopaunaramu X 3amaBatucs mo oOuABl CTOpOHU Bija 0, MPpUYOMY 4acTOTa
TOYOK Ma€ OyTH BHCOKOIO B paioHI i1 JpKepela TeIUIOTH 1 HU3bKOK0 B PailoHI 0X0JI0-
mxeHHs. [ToOymyBaTu rpadik oTpuMaHoi 3ayie’KHOCTI. PO3paxyHKOBI TaHHI IPUITHATH
3 Tabum. 4.

Ta0muus 4

IToxa3uuknu Bapiaat
12 3[4 ]5]6 | 7] 809 ]10]11]12

Hotymwmets |55 511 200 | 20| 22| 23| 24| 25|27 28]29 30
JoKepena, kBT
[IIBuakicTh
HMEPEMIEH™ | 551 94/ 0302 [ 0203 (02 |03[02]|05] 03|04
Hs JOKepena,
cM/c
Y, cm 11013/ 12 1,0 |17 [ 1,8 |19 | 20| 25| 28|29 [30
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Tema 3. HAI'PIB TA IUVIABJIEHHA EJIEKTPOAHOI'O METAJIY IIPH
AYI'OBOMY 3BAPIOBAHHI

3MICT TEMH

JIBa OCHOBHHX JIKepesia HarpiBy eJeKTpojia B mpolieci 3BaproBaHHA. OCHOBHI
3aKOHOMIPHOCTI HArpiBy eJaekTpojaa cTpyMoM. OCcOOIMBOCTI HArPIBY MITYYHUX €IEKT-
pOMdIB Ta IPOTY IIPHU HEMEPEPBHIN Mo 1aui.

[Tpubnu3HUil MeTO PO3paxyHKy MPOIIECY HArpiBy eleKkTpoaa crpyMmoM. Pospa-
XYHOK T€MIIEpaTypHu HarpiBy BHUJIBOTY €JIEKTPOJia MPU MEXaHI30BaHUX CIocoOax 3Ba-
proBaHHs. Po3paxyHkoBi (popMyiu, HoMorpaMu, MOpsS0K po3paxyHky. HeoOxiaHicTh
OOMeKEeHHsI TeMIIepaTypy HarpiBy €JIeKTpoJa MpU 3BaplOBaHHI MOKPUTUMHU EJIEKTPO-
JTaMH.

TemmonoTyHiCTh, 3ampoBajKyBaHa Ayroi B enekrpon. KKJI HarpiBy enexrt-
poJia Iyroro, Moro YrnceabHa BeIMYMHa . MUTTEBA MPOAYKTUBHICTD MPOLECY PO3ILIAB-
JIEHHS eJeKTpojia. BB Temneparypu miairpiBy €JeKTpoJa MpOTIKAIOUYUM CTPYMOM
Ha MPOAYKTUBHICTH MPOIECY pO3IUIaBieHHs eyekTpona. KoedimieHT po3riaBieHHs,
HOro YrcellbHE 3HAYEHHS B PI3HUX ymMoBaxX. B3aeMo3B’s130Kk Mixk OajmaHCOM €HEprii y
MPUENIEKTPOIHUX AlssHKaX, epexktuBHUil KKJ]I HarpiBy enekrpoaa ayroro i koedirie-
HTOM po3IuiaBieHHs. HepiBHOMIpHICTH IJIaBJICHHS €JIEKTPOoJa MpU PyYHOMY JYyrOBO-
My 3BaplOBaHHI MOKPUTUMHU eJeKkTpojaMu. KoedilieHT HEepiBHOMIPHOCTI TIJIaBICHHS
eJieKTposia. MOXIHBICTh 30UIBLICHHS MPOJYKTUBHOCTI PO3IUIABICHHS €JIEKTpOJa 3a
pPaxyHOK 30UIbIIEHHSI BUJIBOTY IIPU MEXaHI30BaHUX crioco0ax 3BaproBaHHs. ['panuuHi
BEJIMYMHU CTPYMY IPU MEXaHI30BaHUX CIOCO0AX 3BAPIOBAHHS METAJIEBUM EJIEKTPO-
JIOM.

KoedimienT yTpaT: NOHATTA NPO HHOTO, YUCENbHI 3HAUYEHHS B PI3HUX YMOBAaX.
KoeditieHT BUIIaBKH, MOr0 YHUCENbHI 3HAYEHHS MIPU PI3HUX CHOCO0axX 3BaprOBaHHS.
MuTtTeBa i cepeliHs MPOYKTUBHICTh HATUIABJICHHS.

Jliteparypa [1,2,3]

MetoauyH1 BKa3iBKU 10 BUBYEHHS MaTepiaty

Heo0xi11HO 3aCBOITH pOJIb HArpiBy €JIEKTPOJa MPOXOIHKYIOUUM CTPYMOM Y MiJ-
BUILEHHI MPOAYKTUBHOCTI MPOLECIB PO3IUIABJICHHS W HAIUIABJIECHHSA, IPUYMHU OOMe-
KEHHS BEJIMYMHHU CTPYMY SIK TIPU PYYHOMY, TaK 1 IpU MEXaHI30BaHUX CHOC00ax 3Ba-
PIOBaHHS, MOMJIMBOCTI 30UIBIIIEHHS! MPOAYKTHUBHOCTI MPOIIECY 332 PaXyHOK BUKOPHUC-
TaHHS BEJIMKOT'O BUJILOTY IPH MEXaHI30BaHMX 3aco0ax 3BaplOBaHHSA. 3JHATH MaTema-
TUYHUNA 3B’S30K MK MUTTEBOIO Ta CEPEIHBOIO MPOIYKTUBHICTIO MPOLECY PO3ILIAB-
JICHHS Y HAIUIaBJICHHS.

3anuTaHHs A1 CaMOTIEPEBIPKU

1 Po3zkaxiTh Ipo TEIUIOBH OajaHC HArpiBY i TUIABJICHHSI €JIEKTPO/IA.
2 Po3kaxiTe Mpo JBI CXEMH HArpiBy EJEKTPOJHOTO METaly MPOTIKAIOYUM
CTPYMOM.
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3 UYomy 0OMEXYEThCS BEIMUMHA CTPYMY IPHU 3BapIOBaHHI MOKPUTUMH €JIEKT-
ponamu?

4 JlaiiTe BU3Ha4YeHHS KoedillieHTa PO3ILIABICHHs, HaIlJIaBIeHHSI. Po3MIpHICTD
Koe(iIieHTIB, X 3HAUYCHHS JJI AYyrOBOTO 3BapeHHs. B3aeM03B 30K MiXK KO-
edirieHTaMH.

5 Po3kaxiTh NMpo HEPIBHOMIPHICTH IIJIABJICHHSI €JICKTPO/IA.

Po3kaxiTe mpo 3axoiu MiJBUIIEHHS MPOJYKTUBHOCTI IUIABJICHHS IUTYYHUX

€JIEKTPO/IIB, IPOTY MPU MEXaHI30BaHUX CIIOCO0aX 3BapCHHSI.

7 SIxi ¢pakTOopy BIUIMBAIOTH Ha KOE(DILIEHT yTpaTH MeTaIy?

(o]

Bkas3iBku 10 po3B’si3aHHA 3a]1a4

Po3paxyHOK HarpiBy €J1eKTpoja MPOTIKAIOYUM MO HbOMY CTPYMOM CIIiJi pOOUTH
HaOMKEHUM METOJIOM YH 3 BUKOPHUCTAHHSIM HOMoOTpamu (puc. 76 [1]). 3HaueHHs Be-
muavH A, JI1 ta M g5 ApoTy 3 HU3BKOBYTJIEUEBOI YN HU3bKOJIETOBAHOI CTaJll MOYKHA
B3ATH 3 TaOIuIl (H0AaTOK A).

3a MakcUMaJIbHy TeMIIepaTypy HarpiBy JAyroro Kparui Ha KiHI eJIeKTPOay 3 HU-
3BpKOBYTIIELCBOI craii Tpeba Gpatu 2500 °C . Ile BimmoBinae TemIoBMicTy (CHTAIBIIII)
meTtary—2080-2085 JIx/r. TermmoBMIiCT MeTamy MpHU BCiX TemIiepaTypax Ciij BH3Ha-
YyaTu 3T11HO 3 rpadikom (puc. 49 [1]).

B Tux Bumaakax, KoM MpH MEXaHI30BAaHOMY 3BapIOBaHHI HE 3a/JlaHa BEJIMYHMHA
yacy [ HarpiBy enekTpona BUIILOTY MPOXOKYIOYUM CTPYMOM, TO i€ apameTp Tpe-
0a BU3HAYaTH, BUXOJSIYM 31 3HAUCHHS BIJIBOTY Ta MIBUJKOCTI MO/Ia4l €JIeKTPO/Ia.

MuTTeBa MPOAYKTUBHICTh PO3IUIABICHHS €JIEKTPOJIa BU3HAYAETHCS MIBUIKICTIO
Horo mojiayi, 1iaMeTpoM eJIeKTPO/ia, TYCTICTIO METay.

[TounHarO4YM 3 TPETHOTO KYpCY, CTYACHT - MaOyTHIM 1H)KEHEP-3BAPHUK - TTOBHU-
HEH 3HaTH, 10 KOe(IilliEHT HAIIABIIEHHS € OJJHUM 13 OCHOBHHX IMOKAa3HUKIB MPOIYK-
THUBHOCTI TIPOIIECY 3BAapEHHS W HaIJIaBJICHHS.

YMoBH 3a1a4

1 Po3paxyBatu xapaktep pO3MOAUICHHS TeMIepaTyp Ol OIUIaBJICHOTO TOPIS
€JIEKTpOJa Ha MOYaTKy TOPIHHS JYyTH Ta B KiHIII IUIaBJIeHHS, sike TpuBae 60 c. Enext-
pox 13 nokpurtsiM YOHI-13 niamerpom 5 MM, 3BapeHHS BEAEThCS HA HOMIHAJIbHOMY

cTpyMi, foBkuHa orapka 45 mm. [puitaatu To=0.
2 Po3paxyBaTu, 10 SIKOT TEMIEPATYPH HATPIETHCS €IEKTPOJ Ha BUIIBOTI, SKIIO

IpY 3BaproBaHHI Mmia ¢IOCOM Ha 3MIHHOMY CTPYMI : d.=4mv, I, =800A, L, =
= 80 MM, V;= 0,035 m/c. 3poGHTH BUCHOBOK IIPO CTifKiCTh TIPOLECY.

3 Busnauntu MuTTEBY (), Ta IuTOMY Olpy TIPOJYKTHBHICTD PO3IUIABIECHHS €JIEK-
TpoJia Mpu aBTOMaTUYHOMY 3BapioBaHHl B CO, Ha MaKCUMAaJIbHO JOMYCTUMOMY CTPY-
Mi, SIKITO iaMeTp eJleKTpoaa 3 MM , HanpykeHHs1 Ha ny3i 40 B, cTymias BUKOpUCTaH-

Hs Teria gyru e =25 % .
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4 Buznayntu MutteBy Jp Ta mutomy Olp MPOAYKTHBHICTH PO3IUIABJICHHS €IIEK-
TpOJa IpU PyYHOMY JYyTOBOMY 3BApIOBAHHI €JIEKTPOJIOM 13 MOKPUTTSIM OCHOBHOTO TH-
my AiaMeTpoM 5 MM Ha HOMIHAJIbHOMY CTPyMi, SIKIIO CTYMiHb BUKOPHCTAHHA TeEIlia

Ioyru enekTpoaoM Me = 20 %, 9ac miaBneHHa enekrpoga — 60 c.
5 BusHauuTu MHUTTEBY MPOAYKTHUBHICTH PO3IUIABICHHS €JIEKTpOAa MpPHU 3Bapio-
BaHHI MiJ (IOCOM EIEKTPOJOM JiaMeTpoM 3 MM, Ha MAaKCHUMAJIbHO JOMYCTHUMOMY

ctpyMi, sikio KKJI Bukopucranss temina gyru enexrpona MNe =25 % .
6 Bu3HauuTn TeMmnepaTypy HarpiBy €JIeKTpo/a MPOTIKAIOYHNM CTPYMOM IIPH Py-

YHOMY JyTOBOMY CTPyMi elleKTpojoM 4 MM 10 KiHus ioro mnasnenss (I = 60), axmo
3BaploBaHHA BeneThcs Ha cTpyMi 220 A. Po3paxyBaTu koedillieHT HEpIBHOMIPHOCTI
11aBjiaeHHs. 3poOUTH BUCHOBOK.

7 Po3paxyBatu, 0 SIKOi TeMIIEpaTypyu HATPIETHCS €JIEKTPOJl Ha BUIIBOTI, SIKIIO
npu 3BaptoBanHi B CO, aporom pgiamerpoMm 1,6 MM BeIMYHMHA BUIBOTY — 35 MM,
ctyMm — 330 A, HanpykeHHs Ha Ay31 —36 B, mBuakicte nogaui apory — 150 m/t. 3po-
OMTH BUCHOBOK ITPO CTIMKICTB IIPOIIECY.

8 Po3paxyBaTu xapakTep poO3NOJUIECHHS TeMIepaTyp OuIs OIUIaBIEHOTO TOPIIA
€JICKTPO/Ia Ha MOYATKYy TOPIHHS JIYTH 1 B KIHIII TUTABJICHHS, sike TpuBae 65 c. EnekTpon

i3 moxpurram tunmy YOHI-13 nmiamerpom 4 mm, |l =180 A, nosxuna orapka —

40 v, Tpuitasta To= 0.

9 BuzHauuTH, 10 AKOI TEMIIEpAaTypyu HarpieTbcsl €IEeKTPO] JlaMeTpOM 2 MM Ha
BUJILOTI IPOTIKAIOYUM CTPYMOM, SKIIO MPU aBTOMAaTUYHOMY 3BaprOBaHHI i (IOCOM
Ha moctiitHomy ctpyMi Ly = 300 A, L, =20 MM, V; = 180 m/r, To = 0°C. 3po6utu
BHCHOBOK IPO CTIHKICTB IIPOIIECY.

10 Busnayntn mutteBy J, Ta mutomy Ol, IPOAYKTUBHICTH PO3IUIABICHHS €lle-
KTpojJa JiaMeTpoM 6 MM MpU PYYHOMY IyroBOMY 3BaplOBaHHI Ha HOMIHAJIBHOMY

cTpyMi, Ko Ne =25 %, To=0 °C, yac mmaBnenus enexTposa - 60 c.

11 Bu3Haunutd, Yl PIBHOMIPHO 3IMCHIOETHCS TUIABJICHHS €ICKTPOaA JilaMeT-
pom 2 MM, sKIo npu 3BaproBanHi B CO, BenmrunHa BUILOTY 40 MM, ctpym — 700 A.

12 BusHauuTtu, 10 SIKOT TEMIEPAaTypH HArPiBAETHCS €IEKTPOI AlaMeTpoM 4 MM
MPOTIKAIOYUM CTPYMOM BeIUYHHO0 220 A, SIKIIO Yac IiaBlieHHs enekTposa - 50 c.
3BaproBaHHs py4yHE QyroBe, CTpyM 3MiHHUHN. Po3paxyBatu koedimieHT HEpiBHOMIPHO-
CT1 TIJIaBJICHHSI €JICKTPO/IA.

13 Bu3HauuTH WBUIKICTH MOJAYl €IEKTPOAa AlaMeTPOM 2 MM, SIKIIO MPU MaK-
CUMAJIbHO JIOMYCTUMOMY CTpyMi Tipu 3BaptoBaHHl B CO; Koe(dillieHT pO3IIaBIeHHS
eJIeKTpoJa JopiBHIOE 15 T/A-TOS.

14 Bu3HaunTy MIBUIKICTH MOAAUl €JIEKTPOIHOTO APOTY AlameTpoM 1,6 MM mipu

3BapIOBaHHI Ha MAKCUMAJIbHO AOIYCTUMOMY CTpyMi, SKIIO Ne =25 % .
15 Busnauntu koe(dimieHT HEpIBHOMIPHOCTI MjaBieHHs enektpona YOHI-

13/45 miamMeTpoM 5 MM TIpH py4HOMY JAyTOBOMY 3BapIOBAaHHI, AKIIO L5 = 300 A, yac
MJIaBJICHHS eynekTpoja - 50 c.
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16 BusHauuTtu 3MiHHY OTpeOy B 3BApHOMY JIPOTi MPU aBTOMATUYHOMY 3BapEH-
Hi B CO,, sKi10 yac 3BapeHHs J0piBHIOE 50 % Bia TOBXUHM 3MIHHU. 3BapeHHS 3]1iC-
HIOETBCS IPOTOM JIIaMETPOM 3 MM Ha MaKCHUMAaJbHO JOIYCTUMOMY CTpyMi, M. =25 %,
Sa00°c ~ 333 JIK/T.

17 Bu3HauMTH IBUIKICTH MOJAYl €JIEKTpoAa M1aMEeTpOM 2 MM, SIKIIO MpU
ctpyMoBi S00A 1 koedimienti BTpaT 7 % Koe(IleHT HArIaBleHHs JopiBHIOE 21,8
r/A-To.

18 Bubpatn MakCuManabHO JOMYCTHMHI CTPyM Ta BU3HAYUTH YaCOBY MPOJYK-
TUBHICTH IUJIABJICHHS €JIeKTpoa (Kilorpamax 3a TOAMHY) MPU PYYHOMY JTyTOBOMY 3Ba-

PIOBaHHI €JIEKTPOJIOM AiaMeTpoM 4 MM, akio T = 0,15, cepenns remneparypa Harpi-
0
By enekTpoaHoro crepxxns -300°C.
19 Busnaunty CTIHKICTh MPOTIKAHHS MPOLIECY TUIABJICHHS €JIeKTpoAa MpU aBTO-
MaTHYHOMY 3BaproBaHHi mix ¢umocom, sikmo mpu: o =2 mm, I, =600 A, L, =

= 60 mm, V= 360 m/r.

20 3poOuTH BUCHOBOK IPO SIKICTh 3BAPIOBAHHS Ta JIOMYCTUMICTh BUKOPUCTAHHS
cTpyMy BenuunHowo 310 A mpu pydyHOMY JAYroBOMY 3BaplOBaHHI Ha 3MIHHOMY CTPYMi
€JIEKTPOJIOM JIIaMETPOM 5 MM, SIKIIO €JIEKTPOJIHUNA CTPUKEHB Y KIHI1 HOTO IIJIaBICHHS
HarpiBaeTbCs 110 1000°C (smoooc ~ 600 J[x/r), To =0. Buznauutu koedili€eHT HEPiB-
HOMIPHOCTI TIJIaBJICHHS.

21 BusHauuTH, YU PIBHOMIPHO 3/1HCHIOETHCS TUTABJICHHS €JIEKTPO/Ia 1aMeTpOM
2 MM npu aBTOMaTUYHOMY 3BaproBaHHI B CO,, K10 HOTro BUIIT AopiBHIOE 40 MM, a
BennurHa ctpymy — 800 A.

22 BU3HAUYUTH MAaKCUMAJIBHO JOMYCTUMHI PEXKUM aBTOMATHYHOI'O 3BAPIOBAHHS

B CO, npotom fiamerpom 2 MM. HaiiTi 3Ha4€HHsI MUTTEBOI gp Ta MUTOMOI Ol TIPOJTY-
KTUBHOCTI HAIUIABJICHHS, NPU [bOMY TPUHHATH KOE(DIIEHT BTpAT MeTainy [y =
= 8 %. KKJ/] narpiBy enexrpona xyrot Me = 0,25, To=0.

23 BuzHauuTH TeMIepaTypy HarpiBy €JIeKTpoja I1aMeTpoM 2 MM IMpOTiKaro-
UM ~CTPYMOM TIIpH aBTOMaTH4YHOMY 3BapioBaHHi B CO, sxmo Lz =300 A,
Ly =40 mm, V;; = 0,06 m/c.

24 PospaxyBatu MUTTEBY {p Ta mutomy Ol MPOAYKTUBHICTH PO3IIABICHHS
eleKTPOIHOTO ApOTy miamMeTpoM | MM mpu 3BaproBanHi B CO,, sxmo I, = 300 A,
S, ~ 330 Jlx/t, enexTpona 3 MM, Hanpyra Ha ay3i 40 B, cTymiHb BUKOPHCTAHHS TeILa
ayru Ne = 25%, Mt = 0,2. BuzHaunTH MBUAKICTH 1101441 €JEKTPOIHOTO APOTY.

25 BuzHauuTH, 10 SKOI TeMIepaTypd HAarpiBa€eThCs MPU PYYHOMY IAYTrOBOMY
3BaprOBaHHI €JIEKTPOJ J1aMeTpoM 6 MM IMpHU MPOTIKAHHI MO HHOMY 3MIHHOTO CTPyMY
BenuunHOw 300 A, sikmio yac ioro tiaBienss 50 ¢, To= 0. Po3paxyBatu xoediiieHT
HEPIBHOMIPHOCTI IUIABJICHHS €JIEKTPO/IA .

26 BusHauutu Temmeparypy HarpiBy enekTpoaHoro apoty CB-0812C miamer-
pom 1,6 MM TIPOTIKAIOYUM CTPYMOM TpH aBTOMaTUYHOMY 3BapioBaHHI B CO,, SKIIO
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L, =450 A, L, =28 mm, V; = 12,4 m/c, To = 20 °C. Busnaunrtu mutTeBy §, Ta mu-

TOMY Olp TIPOJYKTHBHICTb PO3ILIABJIEHHS EIEKTPO/IA.
27 Po3paxyBaTu MIBUAKICTH MOJa4i €IEKTPOTHOTO IPOTY AiaMETPOM 2 MM, 1100
npu BenauuuHi cTpymy 200 A Matu  KoedilI€EHT PO3IUIABJICHHS  CJICKTPOAY

Op=12 r/Aron.
28 BuzHauuTu noTpiOHY KUIBKICTH €JIEKTPOJHOrO JIPOTY JiaMeTpoM 4 MM Ha
3MiHY, SIKIIO 4ac 3BaproBaHHs jaopiBHIOE 50 % Bim vacy 3MiHHM. 3BaprOBaHHS —

aBTOMaTU4HEe mia ¢uirocoM. BennumHa cTpyMy - MaKCHMallbHO JOIyCTUMA, T|e =
=25 %.

29 Po3paxyBatu, CKIJIbKH MOTPIOHO €JIEKTPOAIB 3BAPHUKY Ha 3MiHY, SKIIO 3Ba-
PIOBAaHHS 3IIACHIOETHCS €NEKTPOJaMH JliaMeTpoM 45 MM Ha HOMIHAJTBHOMY CTPYMI.

Yuctwnii yac 3BaproBanns — 40 % Bix Bciei 3mian, Oly = 9 r/ATOS, Yy =20 %. Bigaoc-
Ha Bara eyiekTpoHoro nokputta — 30 %.

30 Busnauutu, 3 KOO HMIBUAKICTIO Tpeba MOJAaBATU EJIEKTPOJHUN  JPIT
C-0812C niametpom 2 MM, 1100 TpH 3BapIOBaHHI MaTh KOE(IIIEHT HaIUIaBICHHS
16,8 r/Arton npu Benuuuni crpymy 400A .

31 Po3paxyBaTu Temneparypy HarpiBy €JIEKTpoAa MPOTIKAIOYUM CTPYMOM IO

TaKUM JaHUM : de =1,2 mm, L5 =360 A, L,=25mm, To=0, Olp =20 r/ATon.
32 Yu BinOyBaroThCs NEPIOJUYHI 3MIHU MTapaMeTpiB YTy B IPOLIECI ABTOMATH-
YHOTO 3BApIOBAaHHA MiJ (IIOCOM APOTOM jiamerpoM 3 MM, Ko L,z = 850 A,

L,=75wmm.
33 BusHauuTtH, 3 SKOH MIBUAKICTIO 3BapIOBAIBHUK IOJAE CTAJIEBUI €IICKTPO/I
JIiaMeTpoM 4 MM B 3BaplOBajJibHY BaHHY IPH PYYHOMY JYTOBOMY 3BaprOBaHHI, SKIIO

I.,,=200A, oo, =8,6 /Ao, Wy = 20 %.
34 Po3paxyBaTu 3Hau€HHs Koedilli€eHTa PO3IJIABICHHS, SKIIIO MPH 3BaprOBaHHI
B CO, nmpotom miamerpom 1,6 mm mipu ctpymi 400 A MpOAYKTUBHICTH HAIUIABICHHS

JIOPIBHIOE 6 KI/T, @ Koe(ilieHT Ha yrap Ta po30puskyBanus [y = 15 %.
35 Po3paxyBaTH, CKIJIBKHM KIJIOTpamiB €JEKTPOAIB JaiaMeTpoM 6 MM MOTpiOHO
3BapHUKY Ha 3MIHY MIPU PyYHOMY AYTOBOMY 3BAapIOBaHHI Ha HOMIHAJIBHOMY CTpyMI,

SKIIO BTPAaTH Ha yrap, po30pu3KyBaHHs Ta yrap [y = 20%, uncra ronuHa 3BaproBaH-
Ha — 50 %, BITHOIIIEHHS Baru €JICKTPOIy A0 Baru CTprxHsA — 1,45, koedilieHT HaIa-

BieHHA Ol = 10,2 r/ATon.

36 Po3paxyBaru 1o mepiniii cxemi HarpiBy po3MOAUICHHS TeMIIepaTypu Mo HU-
3bKOBYTJIELIEBOMY  €JIEKTPOJHOMY CTPHXKHIO JO PYYHOIO AYTrOBOTO 3BAPIOBAHHS,
Ty =300 K. Temmneparypy BU3HauaTH B TOUKaX 13 KOOpAUHAaTaMu npu X, piBHomy 0,1;
0,2; 0,3; 0,5; 1,0 cMm. [TobyayBatu rpadik oTpuMaHoi 3ajekHOCTI. Po3paxyHKOBI qJaHH1
OPUIHATH 3 Ta0II. 5.

37 Po3paxyBatu Mo Jpyriid cxemi HarpiBy NpUpICT TEMIEPATypu B XPOMOHIKE-
JIEBOMY €JEKTPOJHOMY APOTI BiJ MiAIrpiBY Ayroro. BusHaueHHs TeMiiepaTyp MpoBec-
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TH JUIsl TOYOK 13 KoopauHatamu mipu X, pisHomy 0,1; 0,2; 0,3; 0,5; 1,0 cm. [ToOynyBa-
TU rpadik OTPUMAaHOI 3aJ1eKHOCTI. PO3paxyHKOB1 JaHH1 IPUHUHATH 3 Ta01. 6.

Tabnuusa 5
Bapiant
[ToxazHuku
1123 |4 |5|6|7|8|9 101112
228 (8(8/8/8/5/8/8|88
Temmeparypa, K | & |8 |6 |[® | |0 [T | | |® |1 | ©
N | NN NN NN NN N NN
[Tpupict Temme-
paypmeiamizir- | 2 | |2 | |2 /8 28|88 |88
piBy enekTpoga | N NN D I BT Nt
ctpymoM, K
IBuaKICTE ILIAB- ~ | o | o P P o |~
JICHHS €JIEKTPO ~I~N NN | R | Q| B | |2 o a2
PV s s || |9 |5 |c|c|®|c|c |-
CM/XB
Tabnuusa 6
[Toka3nuku BapianT
1123|456 |7]8]9 101112
[lepakictemofa- | o (o | o (v |8 |w o |w | o |w | |o |w
qi I[pOTy, M/r (o) (00) » » — < Lo Lo © © N~ N~
Bumirt enexmpony, | o | |0 | | |0 |o |0 |x |~ | o |«
S | ®m ool m | o | N |N|N NN
MM
o |o|lo|lo|lo|lolo|lo|lo|w|o|lo
Temmeparypa SO | d | N |® | | |© |~ |© |0 | ™| S
r~ r~ r~ I~ ~ ~ ~ ~ ~ ~ N~ oo]
kpariiH, K N NN N | NN NN NN NN
MaxkcumanbHu1
NPUPICT TEMIIepa-
..k L o w|lo | w| o | wl|lo | w| o |w|o
Typusiamarpsy | 1 Q| & ([ J | J QI3 Q| R|Q|K
CTPYMOM, IIIO
npoxoauTh, K

19



Tema 4. INIABJIEHHA OCHOBHOI' O METAJ1Y IIPH 3BAPIOBAHHI.
ITPO/IYKTHUBHICTH IIPOLIECY 3BAPIOBAHHA

3MICT TEMH

OcHOBHI MapaMeTpH 3BapIOBaJIbHOI BaHHU, 30HU MPOIUIABICHHS, HAIUIABJICHHS.
Pi3ni ¢opmu mBa. Po3paxyHOK HOBXKHMHU i IIMPUHU 3BaplOBaJIbHOI BAaHHM, Yac iCHY-
BaHHS BaHHU, ITMOMHA MTPOIUIABIICHHS.

TennoBa edekTuBHICTH mpoliecy nporuiaBieHHs. Po3monin egekTuBHOI Termo-
BO1 noTyxHocTi BupoOy. [lonsarrs tepmiunoro KK/I npouecy npomnasnenss. Crnoco-
ou ¥oro BuzHavenHns, nosHoro KK/ mpomnasnenns, KK/ 3BaproBanns. [IpoxykTus-
HICTh MPOLIECy MpOoTuIaBieHHs. MOXIMBOCTI 301JIbIICHHS TUIOIII TporutaBieHHs. Cro-
coOu MiABUIICHHS MPOAYKTUBHOCTI 3BapIOBaHHs MPHU BUKOHAHHI IIBiB 3aBAAHOIO TJIHU-
OMHOIO MPOTLIABJICHHS.

HInstxu peryntoBaHHS MPOLIECIB 3BAPEHHS Ta HAIUIABJICHHS.

Jliteparypa [1,2,3]

MetoauyH1 BKa3iBKU 0 BUBUCHHIO MaTepialy

Heo0xigH0 MaT HABUYKH PO3PAXyHKOBOTO BU3HAUCHHS IIUPUHU 30HU MPOILIa-
BJICHHSI, JIOBKMHU 3BapIOBAJIbHOI BAaHHHU.

Heo0xiaH0 3HaTH OCHOBHI (pOpMYIH AJIsI TEPMIYHOTO, TOBHOTO TeroBoro KKJ|
Ipoliecy MPOIIABICHHS, BMITH BU3HAYaTH iX 3HAYEHHS 32 T€OMETPUUYHUMH PO3Mipa-
MU IIBa MPU 3aBJAHUX MapaMeTpax PeKUMy 3BApPIOBAHHS 1 pO3paxyBaTH iX 3HAYCHHS
3a MetogoM M.M.Pukanina.

Tpeba BMiTH po3paxyBaTH IUIONI HAIJIaBICHHS W MPOIUIABICHHS 32 3aJlaHUMHU
napamMeTpamMu pPEeXHUMY 3BapioBaHHS. BMiTH po3poOisaTHl 3axoau A MiABUIICHHS
MPOYKTUBHOCTI TIPOIIECY 3BApPIOBAHHS I1BA 13 3a/IaHUMHM TTapaMeTpaMH 30H MPOILJIaB-
JICHHS ¥ HarJIaBJICHHS.

[IutanHa 17151 camonepeBipKU

1 Sxkumu nmapaMeTpaMu XapaKTEPU3YETHCA 30Ha MPOILIABICHHS 7

2 3anuuiiTh po3paxyHKoOBl (HOPMYNH AJi BUSHAUYCHHS JOBXKUHU BaHHU. [Ipu Hamnas-
JICHH]1 BaJIUKa HA MAaCUBHUM BHPIO, MPU 3BapPIOBAHHI TOHKUX IJIACTHH y CTHK MOTY-
YKHUM IIBUIKOIFOUYUM JHKEPEIIOM.

3 3anuiiTh po3paxyHKoOBi (GOPMYJIH 711 BABHAUYCHHS TTapaMeTPiB 30HU MTPOTLIABICHHS
IIPU 3BapIOBaHH1 MOJIYIIHOIO IyTOk0, IO IIBUJIKO PYXAEThCS.

4 Slki napaMeTpu BU3HAYAIOTh Yac ICHYBAHHS BaHHU ?

5 Sk BIIMBa€ TeMriepaTypa OCHOBHOTO METalTy Ha pO3MipH 3BaprOBaIbHOT BAaHHU ?

6 Sk BITMBAIOTh YMOBH U MapaMeTpu PEKUMY 3BApIOBAHHS HA BEJIMYUHY TEPMIYHOTO

KKJI[ mporiiecy nporiiaBieHHs?

7 Sk mABUIIIMTH TIPOYKTUBHICTH TIPOIIECY 3BAPIOBAHHS IIIBIB, YTBOPEHUX MEPEBAKHO

3a paxyHOK IMPOIUIABIEHHS OCHOBHOT'O MeTary?
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YMoBH 3amayq

1 Po3paxyBaTu 1OBKMHH 3BaprOBajIbHUX BaHH MIPH HAIUIABJICHHI HA MACUBHE Ti-
JI0 13 HU3BKOBYTIJICIIEBOI Ta HEPIKaBIIOYOI CTaleH, aJlOMIHIIO0, MiJIl Ta TEXHIYHOTO TH-

TaHy. HamnaBneHHs BeZeThcsA Ha OfHAKOBOMY pexuMi: Iz = 800 A, UIl = 36 B.
[puitaaru edexrusnuii KKJ B ycix Bunankax ogHakosum M = 0,6.

2 Po3paxyBaTu 4ac HaXxO/DKEHHS B PiTKOMY CTaHI €JIEMEHTIB MeTally 3BaproBa-
JLHOI BaHHU TPY HAIUIABJICHHI BaJIMKa Ha MacWBHUHN BHPiO 13 HEprKaBilOUOi CTall Ta

Mizi Ha omHakoBoMmy pexumi: Lz =700 A, U 1= 30B, V,, = 22 m/r. Hpuitustu ede-
ktuBHHM KKJ]I oqHakoBuM.
3 Po3paxyBartu IUIONIY MOIMEPEYHOrO TEpepi3y IIBa MPH PYYHOMY ITYTOBOMY

3BAPIOBAHHI HU3BKOBYIJICIEBOI cTali Oy, ~1354 JIXK/I' eNeKTposoM JiaMeTpoM 6 MM
Ha HOMIHAQJIbBHOMY CTPYMIi 31 MIBUAKICTIO 12 M/T, SIKIIIO B CTHK 3BapIOIOTHCS TIJIACTUHU
TOBIIUHOIO 6 MM, Oly; = 9 T/ATO] .

4 Busnauntu nosuuii KKJI npouecy 3BapeHHS T1)3p, SKIIO IIPH 3BapIOBAHHI B
CO, Ha pexumi: Ly, = 400 A, UH = 33 B, V3]3 = 25 M/T ojeprKaHi BIAMOBITHO 10
TIJIOIINI HATUTaBJICHHS M mporuiaBieHHs 28 1 60 Mm*,

5 BusHauuTu 4acTKy y4acTi OCHOBHOTO METally B METajl IIBa, SKIIO MpH 3Ba-
proBarHi B CO, aporoM miamerpoM 1,6 MM, L5z = 400 A, U 1= 38 B, V3B = 36M/T,

Oy =201/ATon, S =8 MM. 3BaproBaHHS B CTUK 3a OJWH IIPOXI/I.

6 Po3paxyBaTu mapaMeTpu 3BaprOBaJbHOI BaHHM Ta 30HM IPOIUIABICHHS IIPU
pYYHOMY JAYrOBOMY 3BaplOBaHHI HHU3bKOBYIJIELIEBOI CTajl €IEKTPOAOM J1aMETPOM
6 MM Ha HOMiHaIBHOMY CTpyMi, Ko V5 = 12 M/T.

7 Po3paxyBaTu, CKIJIbKH KIJIOTpaMiB €JIEKTPOIIB BUTPAYAE 3BAPHUK 32 3MIHY
IIpU PYYHOMY JIyTOBOMY 3BaplOBAaHHI €JIEKTPOJIOM JiaMeTpoM 4 MM Ha HOMIHAJIbHOMY

cTpywmi, ko Oly = 9,5 r/Aton, unctuii yac 3BaproBanHs — 40 %. BigHoieHHs Baru
eJIEKTPOIY J10 Baru cTpwxHs — 1,35.
8 Busznauntu tepmiununid KKJI mpu 3BaptoBanHi B CO, OpoTOM JdiaMeTpoM

2 MM, skmo Lz =500 A, U 1= 36 B, V3B =24 Mm/r, TIola MPOIUIABJICHHS an =
= 86 MM°.

9 BusHauWTH IUIOII HATUTABJICHHS Ta MPOIUIABICHHS MPHU PYYHOMY JTyTOBOMY
3BapIOBaHHI €JEKTPOJOM JiaMeTpOM 5 MM Ha HOMIHAJIBHOMY CTPyMI, SIKIIO 3Bapro-

BAaHHS IUTACTUH TOBIIMHOK 6 MM 3MifiICHIOETBCS B CTHK, Oly = 8,5 r/ATon, V=
=15 m/T.

10 Buznauntu KKJ]I 3BaproBaHHS T3z Ta KOE(ILIEHT HAIUIABJICHHS, SKILO NPH
saproBanti 8 CO, apoToM miamerpoM 2 MM, Ly = 500 A, U 1= 36B, V,, =24 m/r,

2 2
IUTOIIA HAIUIaBJIICHHS FH = 60 MM°, TUIOIIIa IPOTUIABIICHHS an =106 mMm".
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11 Po3paxyBaTu nmapameTpH 3BaprOBaJIbHOI BAaHHU Ta 30HHU MPOIUIABIEHHS IMPU
PYYHOMY TyrOBOMY 3BapIOBaHHI CTaJll €JIEKTPOJOM JiaMeTpoM 4 MM Ha HOMIHAJIbHO-

My ctpyMi, ko Vag = 10 M/T.

12 Bubpatu pexuM 3BaproBaHHS (ISB, U H) i GarocoM, o0 OTpUMaTH KaTeT
mBa 8§ MM MpH HIBUAKOCTI 3BaproBaHHs 60 M/T, SKIO MpH JlaMeTpi eleKTpoaa 4 M,

Oy =20T1/ATOm.
13 Po3paxyBaT MIBUAKICTH PYYHOTO AYTOBOTO 3BapIOBaHHS €JIEKTPOJIOM Jlia-
METpOM 5 MM Ha HOMIHAJIBHOMY CTpyMi, 100 3a0e3medyuTH KaTeT IIBa 5 MM,

Oy = 8,5 T/Arop.

14 BuzHaunuTtu KoediieHT GOpMH 1IBa MPU aBTOMAaTUYHOMY 3BapIOBaHHI CTall
B CO, IpOTOM JiaMeTpoM 3 MM Ha MaKCHMAJIGHO JONYCTHMOMY cTpyMi, Akimo Vg =
=60 M/T.

15 BusHauutu BIJHOCHY MNIMOMHY NPOIUIABJICHHS MPU PYYHOMY JYTOBOMY
3BApIOBAHHI CTaJll €JIEKTPOAOM JlaMeTpoM 6 MM Ha HOMIHAJIBHUX pPEXUMax, SKILO

V=12 m/r.

16 BusHaunt Oly Ta 1|3 IPU aBTOMAaTUYHOMY 3BaproBaHHl B CO, 1poToM fi-

aMeTpoOM 2 MM, SIKIIIO I, =400 A, U 1= 35 B, V3B = 24 M/r, TII0IIA HaIlJIaBJICHHS

F,=28 MMZ, IUIOILA IPOIUJIABICHHS an =52 MM

17 BuzHaunutu koediieHT (GOpMHU BaHHH, SIKIIO MPU aBTOMATUYHOMY 3Baplo-
BaHHI CTall MiJ (IIOCOM €JIEKTPOJOM 1aMETPOM 3 MM Ha MAaKCHUMAaJIbHO JIOITyCTHMO-
My cTpyMi, akmo V5 = 60 M/T.

18 Po3paxyBaTu HIBUAKICTH 3BaprOBaHHS, LI00 OAepXKaTH IPU PYYHOMY Jyro-
BOMY 3BaprOBaHHI CTaJi €JIEKTPOJIOM J[1laMeTPOM 5 MM Ha HOMIHAJLHOMY CTPyMI TLIO-

11y HAIUIaBJIEHHS F. =15 MM’ , Ko Ol = 8,8 I/ATox.

19 3nHaiiTi nmapameTpu 3BaprOBAJIbHOI BAHHU Ta 30HH MPOIUIABIEHHS MPU aBTO-
MaTUYHOMY 3BaprOBaHHI CTall MiJ (IOCOM E€IEKTPOJOM JliaMeTpoM 4 MM Ha MaKCH-
MAaJIbHO JOIYyCTHMOMY CTpyMi, Km0 V5 = 60 M/T.

20 BwusHauuTH KoedilieHT (OpPMU BaHHU MPU ABTOMATUYHOMY 3BAPIOBAHHI B
CO; enexTposioM JiamMeTpoM 1,2 MM, SKIIO MpU HAIUIaBJIEHHI HAa CTaJlb HA MaKCHUMa-
JNBHO fomycTuMoMy cTpyMi V5 = 54 M/T.

21 3HalTH 4acTKy y4acTi OCHOBHOI'O METaJly B MeETal IIBa MpH HAIUIABJICHHI

SIKICHHM €JIEKTPOJIOM J[iaMETPOM 5 MM Ha HOMiHAJIBHOMY CTPyMi , AKIo Vg = 12 M/T,
Ol = 8,5 T/A'Ton, BiTHOCHA TTTMOMHA TIPOTUIABICHHS h/e = 0,3.

22 BubpaTi po3Mip BUIBOTY Ta MAKCHMAIbHO JOMycTHMi 3HaueHHs I, Ta U I
Py aBTOMAaTUYHOMY 3BaprOBaHHI CTail MiJ (JIFOCOM €JIEKTPOJIOM iaMeTpoM 4 MM.

BuznaunTy miionty HarsiaBiIeHHS, SKIO V3B =60 m/r, Ne = 0,25, Yy = 3 %.

23 BuOpaTu BeIUMYUHU MapaMeTPiB PEKUMY aBTOMATHYHOTO 3BapIOBAHHS CTai
mig (IOCOM  €NEKTPOJOM JiaMeTpoM 4 MM, 100 OJepKaTh IUIONTY HarlJIaBICHHS
F.. =30 mwm, sikimo V3B =60 m/T, Ol =20 r/ATop.
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24 BubpaTy BEIMUMHM MAKCHMabHO AomycTumux L, ta U 1 IPH 3BaprOBaHH1
nig GICcOM eNEeKTPOAOM JiaMeTpoM 2 MM. Bu3HauuTH miiolly MpOIUIABJICHHS NPHU

3BapIOBaHHI CTall B CTUK TOBIIMHOIO 10 MM, SKIIO V3B =90 M/T.
25 Po3paxyBaty TUIOINIY HAIJIABJICHHS Ta MPOIUIABJICHHS MPU PyYHOMY JTYTOBO-
My 3BaprOBaHHI CTaJll €JIEKTPOJOM AlaMeTpoM 4 MM Ha HOMIHAIBHOMY CTPYMI, SKIIO

V., = 10 M/t, Ol =20 r/A.ro; BigHOCHA TIMOUHA IPOIIIABICHHS h/e =0,3.

26 BusHauuTu napameTpH 3BaplOBaJbHOI BaHHU Ta 30HU MPOIUIABICHHS MpU
PYYHOMY TyTOBOMY 3BapIOBaHHI CTaJll €JIEKTPOJOM J1aMEeTPOM 3 MM Ha HOMIHAJIbHO-
My ctpyMi, kim0 Vag = 10 M/T.

27 Buznauntun KKJI nHamnaBnenHst Ta Ol , K110 pu 3BaptoBanHi B CO, apo-

Tom CB-08I"2C miamerpom 2 MM I, = 500 A, U 1= 36 B, V3B = 36 Mm/r, IUIOIIA Ha-

2
mnasnenus F, =45 mm° .

28 Bu3HauuTH 4acTKy y4acTi OCHOBHOT'O METajay B MeETajl IIBa MpPU PyYHOMY
JyTOBOMY 3BaprOBaHHI CTal €JIEKTPOJOM JiaMeTpoM 6 MM Ha HOMIHAJILHOMY CTPYMI,

ko Vi = 12 M/T, Oy = 8,5 r/ATox. 3BapIOBaHHS B CTHK, TOBIIMHA METATY—6 MM.
29 Bu3HauuTy MJIOILY NONEPEYHOro nepepisy mna npu 3BaproBanHi B CO; cra-

Ji TOBIIMHOIO 8 MM B CTHK ApoTOM aiameTpoMm 1,6 Mm. Pesxum 3Baprosanns: L,y =
=350 A, U, =36 B, V,; =36 m/1, O;; = 16 /ATon.

30 BubpaTu pexumM pydHoro gyrosoro 3saproBanus (I,z, U e V.. de), 100
MIpU 3BapIOBaHHI cTalll 3a0€3MeunTy KaTeT mBa 6 MM ripu Oy = 8,5 r/ATo.

31 Busnauntn KKJI 3BaproBaHHsA 1) IiA (IIFOCOM B CTHK CTaJIbHUX IUIACTHH

TOBIIMHOIO 6 MM, KO L, = 300 A, Uu =30B, 0y =12 r/ATop.
32 Po3paxyBaTu mapameTpu 3BapIOBAIbHOI BAHHU Ta 30HU MPOTUIABJICHHS MPU
aBTOMAaTUYHOMY 3BapIOBaHHI CTadl mia (IHOCOM Ha MaKCUMaJIbHO JOMYCTUMOMY

CTPYMi eNeKTpOIHUM APOTOM miamMerpom 3 MM mpH Vs = 60 M/T.

33 BcTaHOBUTH 3a€KHICTh MIXK JJOBKHMHOIO 3BapIOBAIbHOT BAaHHU Ta MOTYKHIC-
TIO JKepera IpH HAIUIABJICHHI BajluKa Ha MiBHeCKiHYeHe Tino, To= 295 K. Po3paxys-
KOBI JIaH1 TpUBEJICHI B Ta0I. 7.

34 Buznauutu tepmiunuii KKJI npouecy nponiaBieHHs OCHOBHOT'O METay s

3aaHuX yMOB. TerioBMicT ctani S, =1360 Jx/r. PospaxyHKoBi faHi npuBeseHi B
TaoJI. 8.

23



Tabmus 7

IToxazHuku Bapiant
Hwu3p-
3BaprOBaHUl | KOBYT- Huspro- AycTeHi-
JeroBaHa Mins Amominit | Turtan
MeTal Jenena THa CTalb
CTajlb
CTaJlb
[ToTyxHIiCTH 1 2 15 0,75 |1 1,5 3 5) 4 3 1 2
Kepena, 2 |4 3 [15 |2 |3 |6 |10 |8 [6 |2 |4
BT 3 |6 |45 [255 |3 45 19 15 12 9 3 6
4 8 6 3 4 6 12 20 16 12 4 8
5) 10 |7 3,75 | 5 75 |15 25 20 15 5) 10
Taomurg 8
[loka3zHukn Bapiant
1 |2 3 4 9) 6 7 8 9 10 |11 |12
[ToTyx-
et UKel 2 ) 3 | 4 |30 12|15 13| 9 | 8 | 9 |16 |75
pena, kBt
[IBuakicTh

3BapIOBaH- %’ o4,/ 06,08 1 (12211090705 |03]0,1
HS, CM/XB

IIimomma 0
MPOILJIaB- 3i 0,24 | 0,22| 1,25| 0,41 0,44| 0,41 0,34/ 0,38| 0,59| 1,7 | 0,25
JICHHS, cMm?

Tema 5. TEPMIYHHUH ITUKJI OCHOBHOI'O METAJ1Y IIPU 3BAPIOBAHHI
3MICT TEMU

TemnoBuil BIIMB JpKepen TeIula Ha OUIAIIOBHY 30HY MeETajly 3BapHOTO
3 eqHanHs . HepiBHOMIPHICTH PO3ITOIICHHS TEMIIEPATYPH Ta CTPYKTYPHHX 3MiH.

Cxema pO3MNOAUIEHHS MaKCUMaJbHHUX TEMIIEpaTyp IO Mepepidy 3BapHOTO
3 eiHanHs. OCHOBHI (pAKTOPH TEPMIiYHOTO LUKy — MIBUAKICTh OXONOKEHHS MeTaly
IpU TEMIEPATypi MIHIMAJIBHOI CTIMKOCTI ayCTEHITY, TPUBAJIICTh HArpiBy BUIIE TEMIIE-
paTypu oYaTKy iHTEHCUBHOTO 3POCTaHHS 3epHa ayCTeHITy. Bu3HaueHHs MakCUMallb-
HO JOMYCTUMOI IIBUAKOCTI OXOJIOJKEHHsI MeTainy. TopieBa npoba, BajikoBa mpobda
MBTY.

HInstxu peryntoBaHHs MMPOCTOTO TEPMIYHOTO IMKITY MPHU 3BaproBaHHi. Po3paxy-
HOK TPUBAJIOCTI HArpiBy MeTajia MpU 3BaprOBaHHI BUIIE 3aBJaHOI TeMreparypu. lnea-
JHHUW TEPMIYHHUNA IUKIT IPU 3BapIOBaHHI CTaJeH.

3aco0u 3MEHILIEHHS JUISTHKY HarpiBy 30HU TEPMIYHOTO BIUIUBY Ta WOTO KpyII-
HO3epHUCTOCTI. [lonepemkeHHs yTBOPEHHS CTPYKTYp rapTyBaHHSI B 30HI TEPMIYHOTO
BILUTUBY. PO3paxyHOK MOTOHHOI €HEprii MpHu 3BaproBaHHI, 10 3a0e3rneuye BTpUMaHHS
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PIBHOB&)KHUX CTPYKTYP Y 30HI TEPMIUYHOTO BIUIMBY. 3amO0IraHHs 3arapTOBYBaHHS Me-
TajJly B 30H1 TEPMIYHOTO BIUIMBY 32 JIOTIOMOT'OI0 MTONEPEAHBOTO Ta CYIYTHBOI'O MiIrpi-
BY.
Po3paxyHok HeoOXxigHOI TemmepaTypu miairpiBy. [loJimmeHHs CTPYKTypH 3a
PaxyHOK CKJIaTHOTO TEPMIYHOTO KTy MPH 0araTonrapoBoMy 3BaplOBaHHI.
Jlitepatypa: [1,2,3]

MeToandHi BKa3iBKH 10 BUBUEHHIO MaTepiaiy

[Ipu BUBUEHHI MaTepiajy i€l TEMH CJIiJ] OTpUMAaTH YSABICHHS PO AehEKTH, BU-
HUKaIoul B 30HI TEPMIYHOI'O BIUIMBY B PE€3YJIbTATI TEIJIOBOTO BIUIMBY 3BapIOBAJILHOTO
JDKepena HarpiBy. YMITH po3paxyBaTH MUTTEBY LIBUIKICTh OXOJIOJKEHHS B KOHKpe-
THUX YMOBaX 3BapIOBaHHS, [0 3aJaHI KPUTHYHINA IIBUIKOCTI OXOJIOJDKEHHS 3HAUTH
PEXKMMU 3BapIOBAHHS UM TEMIIEpATypy MOIMEpenHboro miairpiBy. Tpeba BmiTu po3pa-
XOBYBAaTH MapaMeTpy pexXUMy 0araToniapoBOTO 3BaplOBaHHS “JOBTUMHU” Ta “KOPOT-
KUMU JTUISTHKaMHU.

3anuTa”Hs A1 CaMONIEPEBIPKU

1 [I{o Take TepMIYHMIA LUKJII 3BAPIOBAHHSA 7

2 Ha six1 3BaproBajibHI MPOLIECH BIUIMBAE TEPMIYHUN LUKJII?

3 o Take Temneparypa MiHIMAJIbHOI CTIMKOCTI ayCTEHITY?

4 1o Take KPUTHUYHA MIBUIKICTh OXOJIOJKEHHS METaIy ?

5 SIki MarOThCS NUIAXU PETYIIOBAHHS MPOCTOr0 TEPMIYHOTO LIUKITY MTPHU 3BAPIOBaHH1?

6 Sk mo 3agaH1i MBUJIKOCTI OXOJIO/KEHHS pO3paxXyBaTH MOTOHHY €HEPT1i0?

7 Sk o 3aAaHiil LIBUJKOCTI OXOJIOJKEHHS PO3PaXyBaTH TEMIIEPATypy MONEPETHOTO
HiairpiBy?

8 ki 0coOJIMBOCTI TEPMIYHOTO BIUIMBY Ha METAJl MPU BHUKOHAHHI 3BapHHUX 3‘€/IHAHb
OaraTomapoBUMH IIBaMU Ta “JOBrUMHU’ TIJITHKAMH ?

9 B yomy cyTh 6araTomapoBOro 3BaplOBaHHS 3 BIANAIIOIOYUM BAITUKOM?

10 SIki 0cOOIMBOCTI TEPMIYHOTO BIJIMBY HAa METaj NMPU BUKOHAHHI 3BapHUX 3°‘€THAHD
OaraTonrapoBMMH IIBaMU, “KOPOTKUMH ™ JAUITHKAMU?

BxaziBku 710 po3B’si3aHHS 3a/1a4

[Ipu po3B’si3aHHI 3a/1a4 ILOTO PO3/LTY HEOOXITHO PO3PIZHATH KPUTUYHY IIIBH/I-
KICTh OXOJIOKCHHS VKp, HIDKYE KO BUKITFOYAETHCS YTBOPEHHS XOJIOIHUX TPIIIHH Ta
JOMYCTUMY IIBUJKICTH OXOJIOMKCHHS VHOH, npu sIKid 3a0e3neuyeTbes MOTPIOHUIMA
KOMITJIEKC MEXaHIYHUX XapaKTePUCTUK 3BAPHOTO 3’ €THAHHSI.

B Tux Bumagkax, Koju B yMOBaX 3ajad HE 3aCTEPEKCHA IMBHJKICTH OXOJIO-

JUKEHHS! OUIAIIOBHOT 30HM 3BapHOTO 3’€IHaHHS, 00OYMOBJIEHA TEPMIYHUM LIUKIIOM Y-
rOBOT'O 3BAPIOBAHHSA, CJIiJl CKOPUCTYBATHCS JaHUMH, HaBEIECHUMH B 10AaTKy B.

YMoBH 3a1a4

1 Po3paxyBaru, siKy TeMreparypy MONEPeIHbOTO MiAIrPiBY CJIiJl HA3HAYUTH TPU
3BaprOBaHHI MJIACTUH TOBIMMHOK 10 MM 13 ctami 55X s monepemkeHHs] YTBOPEHHS
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cTpykTyp rapTy? Pexum 3BaproBamHs min  umrocom: I = 500 A, Uz[ = 34 B,

V3B =30 m/r. KpuTnuHa mBHAKICTh 0X0JI0KeHHs pu 700 oC JOpiBHIOE 12 C/xs.

2 BusHauuTH TPUBAIICTH MEpPErpiBy MeTaly, SSIKMH 3HAXOIUTHCS MOOJIM3Y JTiHIT
CIUTABJICHHSI, TIPY HAIUIABJICHHI KyTOBOTO IIIBA Ha MAaCHBHE TIJI0O 3 HU3bKOBYTJICIIEBOI
cTau, Ko BimOyBaeThes 3BaptoBanHs B CO, aporom giamerpoM 1,4 MM Ha MakcH-

: 0
ManbHO jomyctuMoMy cTpyMi mpu Vg = 36 m/t, To= 0 °C.
3 BusHauuTH TPUBAIICTh MEPETPIBY METANy, SIKUWA 3HAXOIUTHCSA MOOIU3Y JiHIT

CIUJIaBJICHHSI, TIPH 3BapIOBaHHI B CTHK IJIACTHH TOBIIMHOIO 8 MM 13 HU3BKOBYTJIEIIEBOL
cTaii, KMo BiAOyBaeThes 3BaproBaHHsI B CO, apotoM miameTpoMm 1,6 MM Ha MakcH-

MAJIbHO JomycTHMOMY cTpyMi ipr Vg = 45 M/r, To= 0 °C.
4 Bubparu pexum 3sapioants (I,;, U I \V/. de), KOTpHUH 3a0e3neyuB Ou oje-

pJKaHHS 3BapHOrOo 3’emHambst 3i crami 30XM 6e3  TpimmH, KO O =25 MM,

V., =36 m/r, K=8 mwm, 3Bapenns B CO,, o, = 16 I/Ar.

5 BcraHoBUTH, NpU SIKOMY MiHIMaJIbHOMY 3HaY€HH1 €()EKTUBHOI TOTOHHOI €He-
prii B 3BapHOMY 3’€JIHaHHI 13 cTajl 45 HE BUHUKAE XOJOAHUX TPILIUH, AKIIO S =
=25 MMm.

6 Po3paxyBaru, uu moTpiOEH MIAITPiB MMPU HAIUIABJICHHI BaJlMKa Ha TUIACTUHY
tToBIIMHOIO 8 MM 13 ctaii 20XI'C 13 moronHoro eHepriero 6200 J[x/cm.

7 BusHauuTH, 41 moTpiOEH MmiirpiB jucra ToBmuHO0 6 MM craii 40X mpu py-
YHOMY JyTOBOMY 3BapIOBaHHI €JIEKTPOJOM JIIaMETPOM 6 MM, AKIIO MOTPIOHO oJIeprKa-
TH SIKiCHE 3BapHE 3’€[HAHHS 6e3 XOIOAHMX TPIIHH i3 MIOMEI0 HATIaBIeHHs 155 MM?,

3BapIOBaHHA B CTHK, Oy = 8,8 T/ATO/.
8 Bubparu pesxum 3Bapropanss (I, U e V. de), KOTpHii 3a0e3neunB O ojie-

prKaHHSA TUTOIII HaTUTaBJiICHHS 26 MM mpu Oly; = 15 r/Aron, V3B = 36 M/, 100 IIBH-
JIKICTh OXOJIO/PKEHHsI He TiepeBulyBaiia nonyctumy. Crans 35XIT'CA, ToBIIMHA JIMCTa
25 Mm.

9 Buxoasiuu 13 KpUTHUYHOI IMIBUAKOCTI OXOJIOKEHHS cTajl 45, 3HalTH pexuM
PYYHOTO AYTrOBOr'O 3BAPIOBAHHS B CTUK JIUCTIB TOBLUIMHOIO 8 MM.

10 ng meramy, NpUISITal04uoro 70 JiiHIi CIJIaBJIEHHS, PO3paxyBaTH TPUBAIICTh
nepeOyBaHHs TIPU TeMrepaTypax OiIbIn 1100°C, sixmo IpU 3BaplOBaHHI JIUCTIB TOB-
HIMHOIO 6 MM, 13 HU3BKOBYIJIELEBOI CTajl T[OrOHHAa €HEpris  JOpiBHIOBajia
10000 dx/cm, To= 0.

11 3uaiitu TpuBanicTh meperpiBy ctam 2317 moGnu3y JiHIT CIUIaBIEHHS MpU
3BapIOBaHHI B CTHUK JIUCTIB TOBIIMHOIO 10 MM Tmpu 3HAYE€HHI OTOHHOI €HEepTii
85000 [Ix/cMm, BBaxkatouu Ty = 0. 3poOUTH BUCHOBOK MPO MOKJIMBUN TIEPETPiB CTaI,

SAKIIO iHTEHCHUBHE 3POCTAaHHS 3epHA y 1ii€i cTai crnocrepiraerses npu U, > 10 c.

12 3naiitu TpuBanicth neperpiBy ctaii 12XH® noOnusy niHIi CrUIaBiIeHHS TPpU
HaIJIaBJIEHH1 Bajuka 3 moronHoro eneprieto 85000 [Ix/cm, BBaxkatouu To= 0. 3podutu
BHCHOBOK MPO MOXJIMBUI MEPErpiB CTall, AKIIO IHTEHCUBHE 3pOCTaHHS 3€pHA Y JAHOI

crani croctepiraeTses npu Ly > 15 c.
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13 BcraHoBuTH, MpU SIKOMY MiHIMaJIbHOMY 3HAY€HHI MOTOHHOI €Heprii mpu
3BapIOBaHHI JIUCTIB Y CTUK TOBIIMHOK 10 MM y ctam 35XI'CA He BUHMKAE XOJIOIHUX
TpiuuH, ko To= 0,

14 Sx 3MIHUTBCS MIBUJKICTh OXOJIOHKEHHS TP MIITPiB1 J10 200°C nmcriB To-
BIIMHOIO 6 MM 13 ctaii 40 nepen pydHUM JyrOBUM 3BAPIOBAHHSM €JIEKTPOIOM JiamMe-
TpoM 4 MM Ha HOMiHAIBHOMY cTpyMi, K10 V4 =1 2 M/r, Ty = 0?

15 BU3HAYUTH PEKUM pydHOro ayrosoro 3saproanHs (L, U e AV de, To),
100 3a0e3MeYnTH KaTeT MiBa 6 MM MpH TOBIIMHI TUCTIB 25 MM 13 ctani 35XI'CA, sxk-

o Oy = 8,7 1/Ar, V3B = 12 m/r. Pexxum 3BaproBaHHs MOBUHEH 3a0€3MEYUTH ONTUMA-
JbHE CTIOYYE€HHSI MEXaHIYHHUX BJIACTUBOCTEH MeTamy miBa B 3TB.
16 BuszHaunTH, Ha SKOMY pEXHUMI MOTPIOHO BUKOHYBATH Py4YHE JTyTOBE 3BapIO-

BAHHS B CTHK JUCTIB TOBIMHOIO 10 MM i3 cTaii 45, m06 mpu V45 = 10 M/t 3a6e3meun-

TH FH =20 Mm° npu Oy = 9 r/Arton. IIBUAKICTh OXOJOAKEHHSI HE TTOBUHHA TIEPEBU-
IIyBaTH KPUTHYHY.

17 Buznauutu, un notpibex miairpis crani 231" nepen pydHUM IyTOBUM 3Bapro-
BaHHSM €JIEKTPOJIOM 6 MM Ha HOMIHAJbHOMY CTPYMI, SIKIIO IPY HAIJIaBJICHHI BaJMKa
Ha IUTACTHHY TOBIIMHOK0 25 MM Vg =10 M/T.

18 BuzHaunuTu MiHIMaJIbHY I[OTOHHY €HEPril0 MpH 3BAPIOBAHHI B CTHK JIUCTIB
6 MM 13 ctam 35XM, o6 3ano0IrTd XOJI0JHUX TPILUH P 3BAPIOBaHHI.

19 3naiiTi TpuBamicts nepebysanns cram 20XI'C Buute Temmeparypu 900°C B
TOUYIIl, PO3TAILIOBaHIA MOOIU3Y JiHII CIUIABJIEHHS, SIKIIO HAIUIABJICHHS BaJlMKa 3JI1KC-
HIOETHCS 3 MOrOHHOIO eHepriero 6500 /x/cM. 3poOUTH BUCHOBOK IPO MOKJIUBUMN T1€-
perpiB  craji, SKIIO iHTEHCHBHE 3pOCTaHHs 3€pHA crocTepiraethes mpu Lp>15c,
T\nin = 500°C, To=0.

20 3uaiitu TpuBamicTh nepedysanms crami 12XH2 Bume Temmeparypu 900°C B
TOUYIIl, PO3TAIIOBaHIi MOOIN3Y JIiHII CIUTABJICHHS, SIKIIO 3BAPIOBAHHS JIUCTIB TOBIIIH-
HOIO0 6 MM Yy CTUK 3J1MCHIOETHCS 3 MOroHHOIO eHepriero 15000 JIx/cm. 3poOutu BU-
CHOBOK PO MOJIMBHI MEPErPiB CTall, SIKIIO IHTEHCUBHE 3POCTAHHS 3€pHA CIOCTEPI-
raetses ipu U, > 20 ¢, Tin = 500 °C, To = O.

21 3HaiiT TpUBAJICTh NepeOyBaHHS METaNy OLISIIOBHOI 30HU B IHTEPBAJIl TEM-
neparyp (1 =0...1100 °C), siximo 3BaproBansst crami 40X TOBIIMHOW 12 MM B CTHK
3MIIUCHIOETHCS 3 MOroHHOI0 enepriero 1000 [Ix/cM. 3poOUTH BUCHOBOK PO MOMKITHBUH
Tmeperpis craji, SKIIO iHTEHCHBHE 3pOCTAaHHsS 3epHA crocTepiraethes mpu L>15c,
Tmin=500°C, T, =0.

22 3HallTH TPUBAIICTh MEPErpiBy METaTy, pO3TAIOBAHOTO MOOIU3Y JiHIi cruia-
BJICHHS, SIKIIO B CTUK Yy cepenonuiii CO, 3BaproOThCs TIACTUHU TOBIIMHOKW 10 MM
13 HM3bKOJIETOBAHOI cTajl. PexuMm 3BaproBaHHS: V,, = 45 m/r, de =2 wmm, To =0,
CTPYM MaKCHUMAaJIbHO JIOMYCTUMUI 3 YMOB CTIHKOCTI IpOILIECY.

23 3HaiiTu TpHUBaNICTh MepedyBaHHS MeTally, PO3TAIOBAHOIO MOOIM3Y JiHIi
: 0
crutaiieHHs npu tremneparypi 1100 "C, Ao pyyHe nyroBe HaIlJIaBJICHHS BajuKa Ha
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CTaJIbHY TUIACTUHY 31HCHIOETHCS E€JIEKTPOAOM TiaMETPOM 5 MM Ha HOMIHAJIBHOMY
ctpymi Vg = 10 M/r To= 0.

24 3HaliT TPUBAJICTh MEPETpIBYy CTaidl MOOJIU3Y JIiHII CIUIaBIEHHS, SAKIIO Ha-
TUIaBJICHHS BajimKa 371HcHIOETbCsSE B CO, €NeKTpOo oM JiaMeTpoM 4 MM Ha MakcHUMa-

JNIBHO JIONYCTHMOMY CTPYMi, 3aJ0BOJNBHSIOUM yMOBaM cTifikocti mnpomecy Vg =
=90 m/t, Ty = 0.
25 Bubparn pexum 3apioanns (I, U » L0), fKkuii 3a6e3nedye oTpUMaHHs

SKICHOTO 3BapHOTO 3’€qHaHHA 3 KareTtoM K = 6 MM mipu V3B = 36 m/r. 3BaproBaHHS
mix dorocom, S =25 MM, Ol = 12,4 /A toxn, T min = 300 °C, VKp =25°C.

26 BubOpatu pexuM 3BaproBaHHS (Igg, U T To), SKUW 3a0e3reuye OTpUMaHHS
SKICHOTO 3BapHOTO 3’ €THAHHS TIPH V3B = 54 m/T, FH =20 MM°. 3BaproBaHH TJIACTUH
ToBIIMHOIO 8 MM 13 cTtami 20XI'C, Oy = 12,4 r/ATos.

27 BcranoBuTH, Npu K1 MiHIMaJIbHIA MOTOHHIN eHeprii Ha cranmi 40X He Bu-
HUKa€ XOJOHUX TPIIIMH MPY HAIIABJICHH] BaJliKa TOBIIMHOIO 25 MM, skmio T = 0.

28 3HallTH TPUBATICTH MEPErpiBy METaTy, pO3TAIIOBAHOTO NOOIU3Y JIiHII CIjia-
BJICHHS TPU aBTOMATUYHOMY 3BaplOBaHHI MiJ (PIIOCOM CTAIbHUX IJIACTUH TOBIIU-

HOIO 8 MM IIpHU V3B =36 M/T, de = 1,6 MM, 1T min = 500 OC, To= 0, BeIMUUHA CTPYMY
MaKCHUMaJbHO JOMyCTHMA .
29 3HailTh TPUBAIICTh MEPErPIBY METATY, PO3TAIIOBAHOTO NOOIU3Y JIiHII CIjia-

BJICHHS MY HAIUIABJIICHHI BaJMKa Ha JIKCT 3 V., = 54 m/r, 3BaproBaHHsl B COy,

- 0
de =2 mm, Tpyin = 500 °C, Ty = 0, Benunna CTPYMY MAaKCHUMAaJIbHO JOMYCTHUMA.
30 BusHauuTu MiHIMaJIbHY MIOTOHHY €HEpPriio, 3a0e3Meuyoun OTPUMaHHS SIKic-
HOTO 3BapHOTO 3’€JTHAHHA MPHU 3BapIOBaHHI B CTHK JIUCTIB TOBIIMHOIO 8§ MM 13 cTall,

ko V o < 6 °Cle, Tmin =600 °C, Ty = 0.

31 Bubpatu pexum 3paproBanus (L, UH, Tp) crani 30XI'CA ToBIMHOIO
25 MM, Aknii 3a6e3neuye oTpuManHs KateTy 6 MM pH Vs = 36 M/T' Ta IIBHAKOCTI
0XO0JIOLKEHHS He Oinbine 6 °C/c, sximo Oy = 15 r/Atoxn, Tmin = 500 °C.

32 Bubpatu pexum 3Baproanss (L, U e T() mucriB ToBImMHO0 8 MM i3 cTami
35, Ko npu V,, =54 m/r Tpeba 3a0e3neuuTn F.=25 MM, Oly = 14 /ATon, mBuU-

JIKICTh OXOJIO/DKCHHS HE TIOBHHHA TIepeBUIIyBaTH 16 °Cre, T min = 500 oC.

33 PospaxyBaru, mipH sIKii MIHIMAJIbHIM MOTOHHIM €HEPTii Mpy 3BaprOBaHHI B
MeTaJll I1Ba Ta OUISIIOBHOI 30HM IJIACTHH TOBIMMHOKO 12 MM i3 ctami 30, mo 3Bapro-
IOTBCSI B CTUK 3a OJMH TIPOXiJl, HE BHHUKHYTh CTPYKTYypH Tapry, SKmo To=
= 100°C.

34 Po3paxyBaTl MUTTEBY HIBHUIKICTh OXOJIOJKCHHS NMPH HAIIABJICHHI MacHB-
HOTO BHPOOY 3 TexHiunoro turany mosi T = 600 °C. Pexxum Harnasaerms: Ly, = 500A,

U,=24B, T, =200°C, V,; =26 wr.
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35 PoszpaxyBaTH, sIKy TemIepaTypy MONEPEeIHBOTO MIiAIrpiBY CIiJ HAa3HAYUTH
NP aBTOMAaTHUYHOMY HaIlJIaBJIeHHI MacuBHOro BUpoOy 31 cram 25XI'CA s oTpu-
MaHH$ 3BapHOTO 3’€THAHHSI, SKIIIO I, =800 A, U 1= 35B, V3B =12 M/T.

36 Po3paxyBatu, npu sIKiii MiHIMaJIBHIN TTOTOHHIM €HEprii B MeTajl 1mBa Ta 0i-
JISITUIOBHOI 30HU MPHU HAIUIABJIEHHI MACUBHOT'O CTAJIbHOTO BUPOOY HE BUHUKHYTh CTPY-
KTypH TapTy, SKIIO KPUTHYHA IMIBHUAKICTH OXOJOKEHHS JUIs Ili€l cTami VKp =

0 . e 0
= 8 "C/c. 3BaproBaHHs BeqeThCA 3 monepeanim miairpisom 200 “C.

37 Ha pexumi L, = 700 A, U 1= 36 B, V., = 26 M/r BexeThes 3BapIOBaHHs
IJIACTUH TOBIIMHOIO 12 MM 13 HHU3BKOJIETOBaHOI cTaii. Po3paxyBaTv MUTTEBY LIBU-
KICTh OXONIOJUKEHHs MeTany mBa 3 Temmeparypu T = 700 °C st TppOX BHMAjKiB:
a) 3BapIOBaHHs 6e3 MigirpiBy; 6) 3BaproBaHHs 3 miairpieoM 1o 100 °C; B) 3BaproBaHHs
3 migirpieom jgo 200 oC.

38 PospaxyBaTu, SKy TeMmrepaTrypy IOINEpeaHbOro MiAIrpiBy CJiJ Ha3HAYUTH
IIPU OJTHOIPOX1THOMY OJHOCTOPOHHBOMY 3BaprOBaHHI MIacTuH 13 ctani 15X12BH® y
CTUK JIJI1 OTPUMAHHS SIKICHOTO 3BApHOTO 3’€JIHAHHS, SKIIIO I, = 500 A, U 1= 24 B,

V,, =22 m/r.

29 BusHauuTH BEIMYMHY MOTOHHOT €HEprii, KOTpa 3/l1aTHa 3a0e3MeUnuTy MIBU/I-
KICTh OXOJIO/DKCHHS TIPHU TeMIeparypl HaliMeHmoi cTiiikocTi aycteHity T = 830 K B
ONTUMAJIbHOMY 1HTEepBaii W NJisl 3aJ1aHO1 CTajl MpY 3BapIOBaHHI MIBHECKIHYEHOTO Ti-
na, To =293 K.

30 BuzHauuTu TemrepaTypy MiAIrpiBy MiBHECKIHUEHOTO TiJia JJig 3a0€3MeUeHHs
MIBUIKOCTI OXOJIOJKEHHS, KA 3HAXOAUTHCS B 3aJ]aHOMY IHTEpBalll 3HAYECHbB, JJIA 3a-

3HaueHoi crami lsz = 350 A, UIL =26 B, T=2830K, n; = 0,85, V,; = 40 m/r. Po3pa-
XYHKOBI JIaHH1 IPUUHATH 3 Ta0I. 9.

Tabmums 9
[ToxazHukmu Bapiantu
_ 1 2 3 4 5 6
Mapxka cram 09172 16I'C 14XT°C 14XT12 15XCH/, 40X
Ontumalib-

HUM  1HTep-
BaJl IIBUJIKO-

creii oxomno- | 1,0-15,0 1,0-12,0 0,8-2,6 1,2-5,5 1,8-9,0 | 4,0-14,0
oxeHHs, K/c

OnTrmans-
HHM 1HTEP-
BaJyI mBuako- | 1,9-12,0 1,5-7,0 0,1-10,0 1,0-5,0 1,6-6,0 1,0-6,0
CTeM 0XO0JIo-
mokenns, K/c
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JIOJIATOK A

Tennodi13udHi cTajai METaliB Ta CIUIABIB, PEKOMEH0BaH1 JIJIsl PO3PaXyHKIB

Koedimient O0’emHa Ten- Koedimient
Temnepatypa TCILIOIPOBI/I- JIOEMHICTH TEMIIEPATypO-
Marepiain HJ}FBH@;IS’I - Cp,10° IIPOBOJIHOCTI
r Br/merpan I[)K/M30rpazx OL010'6,M2/C
Hwu3zbkoByrme-
IIEBl Ta HU3BKO- 1500 41,9 5,0 8,7
JIETOBaHl cTal
Hepwasitoui | 4154, 251 4.7 6,0
ayCTCHITHI cTajl
Mins 1100 376,0 3,9 96,0
Crnasn 650 251,2 2,7 93,0
AJTFOMIHIIO
Texuiammii 1660 16,7 2.8 6,0
TUTaH
JNOIOATOK b

3HaueHHs cTanux BennuunH A, I[l ta M

Crioci6 3Bapro- 40 0 30c/A?
BaHHS Pox crpymy A, v "C/A M, °C m, MM C/A
MexaH130BaHa, TV p— 0,37 300 2,65
MCTAJICBUM ITocTiiiaui 0,031 400 2,65
EIIEKTPOIOM
Pyuna, sxic- 3MiHHHN 0,027 240 2,9
HUM CJICKTPO- [Mocriitauii 0,024 200 2,5
IIOM
JTOJIATOK B

Kputnuni Ta 1omycTrmi MBUAKOCTI OXOJIOKEHHSI JUIs CTaJIel

Mapxka crami

V,, mpu 500°C, °C/c

Vo ipu 500°C, °C/c

35XI'CA - 6,0-2,5
40X 10 3,7-2,5
20XI'C 15 3,7-1,2
45 13 3,8-2,0
23T 22 7,0-3,0
12XH2 - 3,7-2,0
25H3 - 11,0-8,0
30XH 14 8"
15X12BM® - 20"
30 15 -
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Tema 1. OcHOBHI MOHATTS Ta 3aKOHU B pO3paxyHKax TEIMJIOBHUX MPOIIECIB
117007 83 1210) 0): T2 21 5 4 F
Tema 2. Po3paxyHKH TEIUIOBHX MPOIIECIB MPH HArpiBaHHI T JHKEPEIOoM
LS 181 (0 % GO
Tema 3. HarpiBanHs Ta MJIaBJICHHS €JIEKTPOIHOTO METATY MPU IYTOBOMY
61200 0): T2 1 1. 1 DO
Tema 4. [InaBneHHs: OCHOBHOTO MeTaly MpH 3BaproBaHHi. [Ipo1yKTHBHICTH
TIPOLIECY 3BAPIOBAHH .« .t uventettettenteeneenteteententeaneeneenneanenns
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Honatox A. TemnodizuuHi cTam MeTajaiB Ta CIUIaBIB, PEKOMEHJIOBaH1 IS
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