MIHICTEPCTBO OCBITH I HAYKH YKPAITHHU
3anopi3bKkuii HANIOHAJBLHUN TeXHiYHUN yHiBepcHuTeT

METOJANYHI BKA3IBKH
710 BUKOHaHHSI J1abopaTtopHoi podotu Ne 14
«JlocTimyKeHHs Ta pO3paxyHKH TEPMIYHOTO MUKITY HarpiBy Ta OCTUTaHHS
MeTasa Mpy 3BaproBaHHI»
3 JUCUUILTIHYN «Teopis MpoleciB 3BaploBaHHsD ISl CTYICHTIB
crneniansHOCTi 131 «[Ipukiiagna mexaHika» ycix popM HaBUaAHHS

2017
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MeronuuHi BKa3iBKM O BUKOHAHHS jabopaTopHoi poborn Ne 14
«JlocHiIKeHHS Ta PO3PaXyHKH TEPMIYHOI'O IHMKIY HarpiBy Ta OCTHUTAHHS
MeTana MpU 3BapiOBaHHI» 3 AUCHUILIIHE «Teopis mpoleciB 3BaproBaHHS»
st cryneHtiB cnenianbHocTi 131 «[lpuknmagna mexanika» ycix ¢opm
HaBuanHs / Yioi.: O.€. Kanycrsn, M.IO. Ocinos — 3anopixoks: 3HTY, 2017.

-10c.

VYknagaui: O.€. KamycrtsH, cT. BUKIIaaay;

MLIO. Ociros, kaH1, TEXH. HAYK, JIOLCHT

Penenzent: P.A. KynukoBChKUiA, KaHT. TEXH. HAYK, TOIEHT
Penaxtop: I.I1. ABepuenko

Bimmosinaneawii 3a Bumyck: O.€. Karycrsa

3aTBEpIKEHO
Ha 3aciganni kadenpu OT3B
[Iporokon Ne 8 Bix 27.03.2017

PexoMmeH10BaHO 10 BUAAHHS
HMK [oD
[Mporokon Ne 8 Bix 15.04.2017
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1 META POBOTH

ExcniepuMeHTanbHe BUMIpPIOBaHHS TEMIIEpaTyp NpU 3BaplOBaHHI Ha
oci mBa Ta 30HI TEPMIYHOIO BIUIMBY, OCBOEHHS PO3PaxyHKiB
temneparypaux mnoiie Ha EOM Ta ix moOynoBH Ha MJOMIMHI Ta Y
nepepizax.

2 3ATAJIBHI BIJOMOCTI

[lpu nyroBomy 3BaploBaHHI JpKEpeno Temia — eleKTpUYHa Iyra —
MEPEMIIYEThCSI  Y3JIOBXK  Kpaiok, M0 3BapiolOTh, HarpiBalo4u i
PO3IUIABISIOYN METa.

3MiHa TeMmepaTypy MijJ Yac 3BapiOBaHHS B JaHill Kparli 3BapHOTO
IBa abo KOJIOLIOBHOT 30HH HAa3MBA€THCS TePMIYHUM
HUKJIOM (HarpiBaHHs, IUIABJICHHS, 3aTBEPAIHHS il ocTHTaHHs). Perysrondn
yac HarpiBaHHsS W OCTHTaHHSA [UIIXOM BIPHOTO BHOOPY peXHMY
3BapIOBaHHSA, MOXXHA BIUIMHYTH Ha (OpPMYBaHHS CTPYKTypu miBa abo
KOJIOIIOBHOT 30HU ¥ OJIep>KaTH IIOB HEOOXIHOT SKOCTI.

OCHOBHMMHU TapaMeTpaMy PEKUMY, IO PETYIIOITh TEPMIYHHHA
IUKJT 3BapIOBaHHs, € BEJIMYMHA MOTOHHOI eHepril ayru (Q/V) i moyaTkoBa
Temreparypa merany To (Tepen 3BaproBaHHsM). 31 30UIBIIEHHSIM TOTOHHOT
eHeprii abo mo4yatkoBoi Temmeparypu MeTaiy (y BUMAIKy IMOMEPETHbOTO
HiIIrpiBy) IMBHIKICT OXOJIO/UKEHHS 3MEHIIYEThCS, IO CIPHUATINBO
BILJIMBA€ HA CTPYKTYPY ILIBA.

Ilpu 3BaproBaHHI iHTEHCHBHHWII HarpiB BiIOyBa€ThCsl B 30HAX,
NpuJeriuX 10 IuBy. besnmocepenHbo y Bici mBa 3BaploBaHHA MeTal
PO3ILIABISAETHCS 1, 3MIMIYIOUUCh 3 EIEKTPOJHUM METAJIOM, YTBOPIOE
3BaplOBaIbHY BaHHY, MeTall sKoi HarpiBaetbcsi no Temmepatyp 1900-
2000° C.

Besmocepennbo y  miHIl  CIUIABISHHSA — 3BaplOBaHMA — MeTal
HarpiBaeThCs JO TEMIICPATypH IUIABJICHHS. bBUIbII BijjiajacHi TOYKH
HArpiBarOTbCS MEHIIe. 30HM MeTany, IO HarpiBaroTbesi Bule 723°,
3a3HAIOTh CTPYKTYPHI TIEPETBOPEHHS, YTBOPIOIOYM, TaK 3BaHy, 30HY
TEpMIYHOTO BIUIMBY.

TepMmiuHMI IHKI 3BaplOBaHHsS PI3KO BiIPI3HAETHCA Bil MPOCTOrO

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

TEPMIYHOTO LUKy 3BHYaiHOI TepMiuHOi 00poOkm. TepMiuHMI LUK
3BapIOBaHHS XapaKTEPU3YETHCS:

- MBHUJIKKM HArpiBaHHSIM METally /0 TeMIIepaTypu IUIaBiIeHHS (s
TOYOK, IO JISKATh Y JIHIi CIUTaBJISIHHS);

- MaJIOIO TPHUBAJIICTIO HArpiBaHHS JJO BUCOKHX TeMIIEpaTyp;

- IIBUAKHM OXOJIO/DKEHHSIM METally Bil BHCOKHX TeMIlepaTyp 3i
3MEHILIEHHSM IIBUKOCT1 OXOJ0/PKEHHS B Mipy MaJiHHS TEMIIEpaTypH;

- 3MEHIICHHSM MaKCUMallbHOI TEMIlepaTypd HarpiBy B Mipy
BIJUTAJICHHS B OC1 IIBa.

Haiibinpmi cTpykTypHi 3MiHH, BinOyBaroTbcsi Oe3mocepenHbo Oifist
JiHIT CIUTaBNIEHHs, /1€ METaJl HArpiBa€ThCs 10 TEeMIlEpaTypH IJIaBlIeHHS. Y
IMX  TOYKax  BiIOyBa€ThCsl  3HAYHMEM  TeperpiB  Merany, IO
CYIPOBOJIKYEThCS 3POCTAHHSM 3€pPHA 1 TMOTIPIICHHSIM MEXaHIYHUX
BJIACTUBOCTEN MeTaiy.

TepMiuHMI LMK 3BaplOBaHHS 3MIHIOETBCS 31 3MIHOIO PEKUMY
3BapIOBaHHA. B OCHOBHOMY TepMIYHHIA UK 3BAPIOBAHHS 3AJICKUTh!

- Big BEJIMYMHHM MOTOHHOI eHeprii, sKa BUMIPIOETbCSA KUIBKICTIO
TEIUIa, BIJJIaHOTO 3BapIOBAJILHOMY MeETajly 1 BIHECEHOrO 10 OJWHUIL
JOBKUHH 11Ba (Kau / cM);

- BiJ TeMIiepaTypH HarpiBy Metaiy mepej HakiaJAeHHsM IIBa.

CTpyKTypHi 3MiHH MeTalxy B 30HI TEPMIYHOTO BIUIMBY 3aJieXKaTh B
OCHOBHOMY BiJl IBOX €JIEMEHTIB TEPMIYHOTO LUKy 3BApIOBAHHS:

- yacy HarpiBy BHUIIE KPHUTHYHOI TeMIIepaTypd 3pOCTaHHS 3epHa
(1110° C), sike Ha3BEMO 4acOM 3POCTaHHS 3epHa;

- Yacy OXOJIO/KEHHS B iHTepBajl TEMIlepaTyp po3naay aycTeHiTy
(720-500° C), sike HA3BEMO YaCcOM PO3MAaTy ayCTEHITY.

CyKynHICTh BIUTMBY TeMIIEpaTyp YCiX TOYOK Tila y KOHKPETHY MHTh
yacy € TemmepaTypHe monme. Moro MoxHa omMcaTH Ha IUIONMHI Ta y
nepepizax i3oTepMaMu, sIKi, y CBOIO 4epry, € Ir€OMETPHYHHMH MIiCISIMH
TOYOK piBHUX TemmepaTyp. [lapamerpu TemiiepaTypHOTo MOJIsL 3ajeXaTh
BiJl TEPMIYHOI'0 IMKIy HAarpiBy Ta OCTUTAHHS MeTaly, SKWH BIUIMBAa€E Ha
($a3oBi Ta CTPYKTYypHI TEPETBOPEHHS y MeTaji 1, SK HacliJoK, Ha
BJIACTUBOCTI 3BapHOro 3’ €qHaHHsA. J[nd TpOrHO3yBaHHA BIACTUBOCTEH
MeTanay 0coO0NMBO HEOOXiTHO 3HATH MaKCHMAJbHI TeMIlepaTypy HarpiBy i
MOJabIly MIBUJKICTh OCTHUTAHHS.

TepMiuHMI TUKIT MOXE JOCTIKYBAaTHCh SIK €KCTIEPUMEHTAIBHO 32
JOTIOMOTOI0 TepMomap i3 TOAajbIIMM 3amucoM Ha ocuuiorpad, abo
MOTEHIIIOMETP, a TaKOK MOKe OyTH pO3paxoBaHHi 3 BUKOPHCTAHHIM
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Teopil PO3MOBCIOKEHHS TEIMJIOTH Y 3BapHUX 3 €HAHHAX, PO3poOIIeHOT
akajemikoM M.M. Pukaninum.

VY nmaGopaTtopHiii poOOTi ITOCTIHKEHHS Ta PO3PaxyHKU MPOBOISTHCS
IJIsL OIHOT'O 3 PO3MOBCIOKEHUX BUMAJIKIB - OJHOIPOXIHOTO 3BaPIOBAHHS
JIUCTIB ycTUK. TeMrieparypa 1o TOBIIMHI JIMCTIB MPUIAMAEThCS MOCTIHHOIO,
a TemneparypHe noie miockum T = f(X,y,t).

2.1 ExcriepuMeHTa/IbHE BU3HAYEHHS TeMIIEPATYPH KOJIOIIOBHOI 30HI

ExcniepuMeHTanbHO TeMIiepaTypy KOJOIIOBHOT 30HH Mig4ac HarpiBy
Ta IIOAAJIBIIOIO OCTUI'aHHSA BI/IMipIOIOTb 3a J0IIOMOTIOI0 TEpMorIiap, SIKI
KapOOoBaHi 31 3BOPOTHOTO UM JIMIILOBOr0 OOKY IUIACTHHM Ha PiBHIH BiIcTaHi
Bix mBy (puc. 2.1).

Pucynok 2.1 - Cxema BCTaHOBJICHHS TEpMOIIap
Y HamoMmy BHNagKy BHKOPHCTOBYIOTBCS TEpMONapH CKIary
XPOMEIb-aJIIOMENb, SKi JI03BOJISIIOTH BUMIptoBaTH Temieparypy Big 100 no
1000° C. 3amuc 3Ha4eHb TeMIIepaTypt MPOBOIUTHCS TTOTEHI[IOMETPOM.
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2.2 TeopeTn4HHIi PO3PaXyHOK

TemriepaTypy TPaHHYHOTO CTaHy MPH 3BaplOBaHHI IUIACTHHU a0bo
TUIOCKOT'O IIapy MOXHa MPOBOAUTH 32 popMmynaMu:
- JUIsl TUTACTUHU:

Tap = [0/ (21 A-8)] €V K [r  (V2/4a?) + (0a)]; (2.0)
- JUISL TIOCKOTO 1Iapy.
Top = M[a/(2uA-8)] €V K [1VI28)] (2.2

q=nUl

a=MC,

r=+/X?+Y?,
b = 20/C,-5;

ne ( - epeKTHBHA TEMJIOBA MOTYXHICTh 3BapIOBaJIbHOI OyTH, JIX;

V - mBHKICTH 3BapIOBaHHs, CM/C;

A - KoedIilliEHT TEIUIONPOBITHOCTI, JUIS HU3LKOBYTJICIICBOI CTalli,
npuiimaemo A = 0,4 [x/cm-c-rpan;

O - TOBIIIMHA 3pa3Ka, CM;

a - koedirieHT TeMmepatyponpoBoaHocTi, a = 0,08 cm?/c ;

Ko(U) - pynxmis beccers;

I' - paJiyc-BeKTOp, CM;

b - koedimient TemmepaTypoBimmadi, I MJIACTHHH 3
HU3BKOBYTJICIIEBOI CTalIi, C )

M - koeQillieHT, AKUH BKa3ye Ha Te, IO JDKEPENIO 30CepeKEHE Ha
BEpXHIM TUIOIIMHI; WOro 3HAYEHHS MiIPaxOBYEThCS 3a HOMOTpamMaMu Y
3aJIOKHOCTI Bijl 3HaueHb kputepiiB Vo/2ara r/d (puc. 17.17, [1]);

0, - Koe(illieHT TEIUIOBIIayi; Ui HU3bKOBYTJICIEBOI cTayi npu T =
1200° C npuitmaemo a = 21-10° Jix/em?®-c-rpax (puc. 16.6, [1]);
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X - koopauHaTa mo3any jmkepena (-X), cm;

C, - mnuTOMa TEIUIOEMHICTb, JUII HHM3bKOBYIJIENEBOi craii
npuiimaemo C, = 4,9 Jx/cm>rpar;

t - wac, skuil MPOMIIOB MicHs TEepecideHHs JHKEPENoM IUIONMHH
Tepmorap, c;

2.3 Po3zpaxynku Temnepartyp na IEOM

Pozpaxynku temnepatyp Ha [IEOM mnpoBoadTscs 3a JOMOMOIOIO
¢aiina (TSP.exe).

3 KOHTPOJIBHI BAIUTAHHA AJ51
CAMOIIEPEBIPKHM I KOHTPOJIIO
HNIATOTOBJEHOCTI CTYAEHTIB 10 POBOTH

Ilo Take TemmepaTypHe mojie?
Knacudikaris TemnepaTypHUX HOIMIB.
[epioau HarpiBy Til.
ToukoBe Ta HOpMalbHO-KPYTOBE JKEPENo HarpiBy.
Knacudikanis mxepen Harpisy.
Brums pexXUMiB 3BaplOBaHHS Ha napaMmeTrpu
TEeMIepaTypHOTO MOJI.

7. BonuB Temnodi3sMYHHX XapaKTepHCTUK Ha MapaMeTpH
TeMIepaTypHOTO MOJI.

8. EdexruBnuit KKJI mpouecy 3BaproBaHHs MIaBICHHSIM

9. Meronuka  po3paxyHKiB  TeMmmepaTypu y  mepioni
TEeTJIOHACHYEHHS.

10. Metoauka po3paxyHKiB TemmepaTypu y mepioni
BUPIBHIOBAHHS TEMIIEPATYP

11. BnauB oOMeXeHOCTI poO3MIpiB TiI Ha PO3MOALI
TeMIepaTypu

oukrwNE
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4 MATEPIAJIN, IHCTPYMEHT, IPUJIAIMU,
OBJATHAHHA

[TmacTiHM 3 HU3BKOBYTIIEIEBOT CTATI.
Kpeiina.

Jlinitika 300 mMm.

[Norenuiomerp.

TepMonapu «Xxpomenb-aatoMeNb».
CexyHaoMip.

3BaproBasibHuil apTomaT AJ1C-1001.

Nogk,rwdr

5 BKA3IBKH 3 TEXHIKHW BE3IIEKHA

1. Jlo nabGopaTopHUX POOIT JIOMYCKAIOTHCA CTYACHTH  ITCIS
THCTPYKTaXXy 3 OXOPOHH TMpaIli Ta MOKEKHOI OE3IeKH.

2. 3a00poHsETbCS BMHUKATH EINEKTPUYHI MpHIAAM Ta oOiaTHaHHS
0e3 J103BOJTY 3aBiAy0Y0ro JlabopaTopiero, abo BUKIIaaava.

3. V BuUmaaKy BUSBICHHS HENONAIO0K OOJaJHAHHSA CTYACHT MYCHTh
HEraifHO MOBIJIOMUTH BHKJIaJiaua, a00 3aBiAyl040ro J1adopaTopieto.

4. YV BUmajgKy BUHUKHEHHS TOXEXi, ad0 ypakeHHS eNeKTPHYHHM
CTPYMOM CTYJICHTH IIOBHHHI JiSITH Yy BIJIOBIJHOCTI JO 3aTBEPIKECHUX
THCTPYKIi# 3 0XOPOHU TIpalli Ta MOXKEKHOI Oe3MeKH.

6 MOPAJOK MPOBEJIEHHS JABOPATOPHOI
POBOTH

6.1 Ha 3pa3ky 3 Hu3bkoByrJeneBoi craii po3mipom 200x100x20 mm
3pOOHUTH TPOIJIABICHHS BYTUIBHUM €IEKTPOAOM. 3amucaTH 3HAaueHHs
CTpYMY Ta HaIpyrH.

6.2 3a pgonoMororw MOTEHIIOMETpa 3aMipsATH MaKCHMaJbHi
TEeMIIepaTypy Ta TeMIlepaTypy TOYOK TepMomap y daci, HoOyayBaTH
sanexuicts T (1) y meperuni TepMonap. PexuMu HaluTaBiaeHHS Ha aBTOMATI
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AJIC-1001 3agae BuKIagad.

6.3 3a momoOMOror CeKkyHJIOMipa BHUMIPSITH 4ac HAIUIaBJICHHS Ta
MiipaxyBaTH MBUAKICTH JDKEpena.

6.4 3a dhopmynamu 2.1 abo 2.2 po3paxyBaTH TeMIIepaTypy TOUOK Y
MepeTrHi TepMonap, MOpPiBHATH 3 eKCIIEPUMEHTAILHUMH 3HAYCHHSIMH.

6.53a pmomomororo IIEOM pospaxyBatu Ta ToOOyIyBaTh
TEeMIlepaTypHe ToJe Ta PO3MOAUT TeMIIepaTypH y TMEpeTHHI TepMmorap
(pexuMu U pO3paxyHKIB MPUUHATH paHillle BU3HAYEHI) i MOpPIBHATH 3
eKCIIEpUMEHTAIbHO po3paxoBaHMMu 3a ¢opmynamu 2.1 abo 2.2,
3HAYEHHSMH. 3pOOMTH BUCHOBKHU.

7 3MICT 3BITY

1. HaiimenyBaHHS Ta MeTa poOOTH.

2. Cxema BCTaHOBJICHHS TepMoImap.

3. Pe3ynbTaTH BUMIpIOBaHHS PSKUMIB 3BapIOBaHHS Ta TEMIIEPATYP.

4. Po3paxyHKH TemIepartyp, 3a ¢popmynamu 2.1 abo 2.2, a Takox Ha
I[MEOM. PucyHku TeMIiepaTypHOTroO IOJIsi Ta PO3IMOALUTY TEeMIIepaTyp 1o oci
.

5. AHaJi3 3HaueHb TeMIepaTypu y Buai tabm. 7.1.

Tabnuus 7.1 — PegynpraT JOCHIPKEHb TEMIIEPATyp

No Koopnu |ExcriepumenTa |3HaueHHS 3HaYeHHS

KOHTPOJ |HaTU  |IbHE 3HAYCHHS |TeMIIepaTypu TeMIlepaTypu

bHOT TOYKH, |TEMIEpaTypH, |pO3paxoBaHe 3a po3paxoBaHe Ha

TOYKH  |CM °C dopmymnamu 2.1 a6o [ITEOM, °C
2.2,°C

6 BucHoBKkHU 110 poOOTi.

8 PEKOMEH/IOBAHA JIITEPATYPA

1. Teopernueckue ocHoBbl cBapku / [lon pen. B.B. @ponosa. - M.:
Beicmas mikona, 1970. —592 c.
2. barpsuckuii  K.B., Jobpormna 3.A., XpenoB K.K. Teopus
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CBapoOYHBIX TporieccoB. - K.: Beicmas mikona, 1976. - 423 c.

3. Ilerpos I'.JI., TymapeB A.C. Teopust cBapOYHBIX MPOIIECCOB. -
M.: Beiciias mxoia, 1977. - 487 c.

4. Cpapka B MamrHOcTpoeHuu: CripaBouHuK B 4-x Tomax / Penkon.:
I'.A. Hukonae (mpen.) u ap. - M.: Mammnoctpoenue, 1978 - T.1 / Tlox
pen. H.A. Onpmanckoro. 1978. - 504 c.
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