MiHicTepcTBO OCBITH Ta HAYKH, MOJIOZi Ta CIOPTY Y KpPaiHH

Jlonbacbka qepkaBHA MAIIMHOOY/IIBHA aKaxeMist

METO/HYHI BKA3IBKH
10 KYPCOBOI PO0OTH 3 JUCUUILIIHA
«TEOPISI 3BBAPIOBAJIBHUX ITPOLECIB»

JJISE CTYJEHTIB creniajbHOCTI « TexHo0J10r1l | yCTaATKYBaHHA
3BAPIOBaHHD) YCiX (OpM HABYAHHS

3aTBEPIKEHO

Ha 3aciganHi kadenpu OiT3B,
npotokon Ne20 Bix 5.06.2012 p.

KpamaTtopcebk 2012



VJIK 621.791

MeTtoauyHi BKa3iBKM J10 KypCOBOi POOOTH 3 JAUCIUILIIHU
“Teopist 3BaprOBAJIbHUX MPOIECIB” JIs CTYACHTIB CHEIaJbHOCTI
“TexHoJIOTTi 1 yCTaTKyBaHHS 3BaplOBaHHs’ yciX popM HaBYaHHS /
V. boryupkuit O.A.. — Kpamaropesk: JJIMA, 2012. - c

B MeTonnyHNX BKa3iBKax HaBEACHO METY, 3aJaud Ta TeMaTu-
Ky poOiT, BapiaHTH 3aBJIaHb Ta BUMOTH 10 0(OPMIICHHS KypCOBOi
poboTHn

Yknanau boryuskuii O.A., noi.

Biamn. 3a Bumyck Makapenko H.A.
24/2002. ITian. no apyky ®dopmat 60x84/16.
OdcerHuii npyk. YM. ApyK. apk. OOJIK. — BUA. apK. Tupax

JJIMA. 84313, m. Kpamaropcrk, By [llkaginosa, 74



1 OcHOBHI YMOBHI N03HAYEHHS

T - TeMmmeparypa TBepHoro tina, 'C;

T - gac, c;

X,¥Y,Z - npsaMokyTHi KOOPMHATH PyXOMOT CHCTEMH, M;

R - MPOCTOPOBUH pajiyc-BEKTOp, BIJCTaHb TOYKHU BiJl MOYATKy PyXOMOi
2_~\/2 2 2
cuctemu koopaunatr, R =X+Y+Z° u;
r - TUIOCKUH pajiiyc- BEKTOP €JIEMEHTa PyXOMOTO OIS (s MJIACTHHU) Bif

2_~\/2 2
nouatky koopmuHar, F*=X"+V¥* w;
Ik - MEPICHANKYJISAP 3 aHATI30BaHOI TOYKM Ha BICH MEpPEMIIICHHS Keperia
. 2 _~N72 2
HarpiBanus, 7y =Y +7°, um;

Ju=—Mu ..U 1 - €PEKTHBHA TEIUIOBA MOTYKHICTB JuKepena, Br;

Nu - epexruBHMit KKJ]I HarpiBaHHs MeTaiy, 1110 3BapPIOETHCS;

I3 - CWJIa 3BapIOBAJILHOTO CTPyMYy, A;

U I - 3HQUEHHSI HAPYTH Ha Jy31 IPH 3BaproBaHHI, B;

V3]3 - BUAKICTH 3BapIOBaHHS, M/T;

0 - TOBIIMHA 3BAPIOBAHOI IUIACTUHU, M;

Th - MaKCUMaJIbHa TemIepaTypa ToukH, °C;

Iy - Yac HaCTaHHs MaKCUMaJIbHOI TEMIIEpaTypH, C;

Tc - TeMIepaTypa HaBKOJHUIIHBOTO CepeloBUIIa, I0YaTKOBA TeMIepaTypa Ti-

Ta, TeMIeparypa MonepeaIHbporo mimirpisy, ‘C;
Wkp - mBuakicTs (KpHTHYHA) OXOIOMKEHHS, IPpaj/c;

Ko(U) -dyukuis Beccens Bix ysABHOrO aprymeHTy IPyroro poay HyJIbOBOIO
MOPSJIKY, TAOJIUYHUN PO3MID;

cy - 06'eMHa TeILIOEMHICT MeTany, /M rpax;

A - Koe(DIiIIeHT TEeTUIONPOBITHOCTI, BT/M-Tpaz;

a=A CY -xoedili€HT TeMIepaTypoIpOBIIHOCTI, M2/c;
B=2o/ C’Yf) -koediI[ieHT TeMIepaTypoBi[Iadi IIACTHHY, C
o - KoeIIiEAT TEIUIOBIIaYl, BT/MZ-rpaz[;

\|12(p2,1:), \|13(p3,1:) - Koe(diIlieHT TeIUIOHACHYCHHS JUIS IUIACTHHH 1
HaniBHECKIHYEHHOTIO TIJIa;



2
T, =1,(V,," /4a+B) -0e3po3MipHi KpuTepii

BIJICTaHI 1 Yacy JjIsl IJIOCKOTO MPOIIeCy MOIMPEHHS TeIlia Bl JIHIKHOTO JKepena,
10 MEPEMIITY€EThCS B IJIACTHHI;

V2t - 0e3po3MipHI KpUTEpii BIICTaHI 1 4acy Il TPOCTOPOBOTO
— V3BlH
T3 T 4a

MIPOIIECY MOIMUPEHHS TeIIa TOYKOBOTO JKepera, M0 MepeMilry-
€THCS 10 TTIOBEPXHI HAIMIBHECKIHUECHOTO TiJIa.



2 3arajibHi MOJIOKEHHS

KypcoBa pobGora 3 gucuumuiiau «Teopis 3BaproBaJbHUX IPOIECIBY
BUKOHYEThCA  CTyACHTaMHu  cCreuianbHocTi  “TexHomyoris 1  ycTaTKyBaHHS
3BaproBaHHA JACHHOiI ()OpMH HABUYaHHS B IIOCTOMY CEMECTpi 1 3a04HOi (popmu
HaBYaHHA - Yy zeB’saroMy. KypcoBa po0OoTa € 3aKIIOYHUM €TarmoM OCBOEHHS
«Teopii 3BaproBanmpHUX TporeciBy (T3I1). Boma morpebye 3acTocyBaHHS
TEOPETUYHUX TIOJIOKEHb KYypCy Il MPAKTHYHOTO aHaJli3y KOHKPETHHX YMOB
3BapIOBAHHS 3 METOIO ONTHMI3AIlil YMOB 1 MTApaMETPIB PEKUMY.

AbcomoTHa OIBIIICTE METOAIB 1 3aC001B 3BapIOBaHHS B HAlll Yac MOB'sI3aHa
3 MICIICBUM HarpiBaHHAM 1 OXOJIO/DKEHHSIM Marepialy, IO 3BaprOETHCA.
[IpoGnemu, oOyMOBIEHI TEIUIOBUMHU TMpOLIECaMH, IO BiAOyBalOTbCA MpHU
3BaplOBaHHI, HaWBAXJUBIIII B CY4aCHOMY 3BaprOBaJbHOMY BHPOOHUIITBI.
BiamoBigHo 10 110TO BelMKa YacTHHA 3aBJaHb 0 KypCOBiii poOOTI BUKOPHUCTOBYE
MOJIOKEHHST po3auTy «TersoBi mpoiecu npu 3BaproBanH» aucturuiing T3I1 abo
okpemoi auctuiuiing « TepMoanHaMika 1 TeTUIOBI MpOIecH Mpu 3BaproBanH». Lli
METOJMYHI BKa31BKM CKJIQJEHl JIJIs TMOJIETHIEHHS CaMOCTIMHOI poOOTH Han
3aBJIAHHSIMU KypPCOBHX POOIT, OB'I3aHUX 13 PO3PaXyHKOM TEIIJIOBUX MPOIIECIB.

KypcoBa po6ota 3 T3II Ta 3amadi  1HIIUX PO3JAUIIB JUCIHUIUIIHA BUIA€THCS
BUKJIa/layaMU B 1HAMBIAYaJbHOMY HOPSAIKY 3a IHIIMMHU METOJAMYHUMH YKa31BKaMHU.
BcTaHOBIIEHHA 3aKOHOMIPHOCTEW MPOTIKAHHSA TEIUIOBUX MPOLECIB Y BHPOOI1, 110
3BapIOETHCS, JIUIIE THCTPYMEHT ISl aHali3y YTBOPEHHSI 30HU TEPMIYHOIO BILIUBY
JUTSL KOHKPETHUX CTaJled 3a XIMIYHUM CKJIaJIoM, po3MipaMu, Ta Gopmoro. CTyIeHTH
BU3HAYAIOTh TPOTSHKHICTH OKPEMHX 30H, IO BIUIMBAIOTh HAa SKICTh 3'€THAHHSA,
pPO3paxoOBYIOTh  pO3MIpH  30H TNPOIUIABIICHHS, IIBUAKOCTI  OXOJOKECHHS
BU3HAYCHUX TOYOK, BU3HAUAIOTH 1 aHATI3YIOTh CTPYKTYPH pPO3MAaay ayCTEHITY B
JTAHUX YMOBAaX, OIIHIOIOTH 3BapIOBAHICTH 13 TOTJIAY MOKJIUBOCTI yTBOPEHHS
XOJIOMHUX TPIMMH Ta iH.  TakuM YMHOM, [IJII BHKOHAHHS KYpPCOBOi pOOOTH
BUKOPHCTOBYIOTBCSI 3HAHHS 1 HaBUYKHM 3 JHUCIUIUIIH: «MarepiaJo3HaBCTBO 1
TEXHOJIOT1sl KOHCTPYKIIMHUX MartepiamniBy, «TepMoauHaMika 1 TETUIOBI IpoliecH
3BaprOBaHH», « Teopis 3BaprOBaIBLHUX MPOIIECIBY.

Y pobGoti o6'emucra po3paxyHkKoBa dYacThHa. [IpoBOAUTH PO3paxXyHKHU
JIOLIIBHO 3 3aCTOCYBAHHSM MIKPOKAJIBKYJIATOPIB 13 HAMMPOCTIIMMU MPOTPaMaMHU.
YactuHa 3aBJaHb BUKOHYEThCS 3 3acTocyBaHHSIM EOM y 004YMCIIIOBAIBHOMY
LEHTP1 aKajemii.



3 Merta, 3a1a4i i TeMaTHKa POOIT

3.1 Mema «ypcosoi pobomu - HABYUTH CTYICHTIB 3BaprOBAIBLHOI
CHEILIaIbHOCTI 3aCTOCOBYBaTH TMOJOXKEHHS  Kypcy «Teopis 3BaproBalbHHUX
IPOIIECiBY JI0 PO3B’sI3aHHS MPAKTHYHUX MUTAaHb 3BAPIOBAIILHOTO BUPOOHHMIITBA.

3.2 3a0aua pobomu

3.2.1 3a 3anmpornoHOBAaHMMU yMOBaMHU 3BaplOBaHHS (XIMIYHMM CcKiIam 1
pO3Mipu MaTepiaiy, 110 3BaplOEThCs, MapaMETPU PEKUMY: CUJa 3BAPIOBAIBHOIO
ctpymy — l3p, A; Hanpyra na nysi - U, B; mBuakicts 3BapioBanns - V3p, M/T)
BUOpaTH 1 OOTPYHTYBATH PO3PaXyHKOBY CXEMY PO3IOALITY TEMIIEPATYPHOTO MOJIS.

3.2.2 PospaxyBaTu po3mojia TEMIIEPaTyp y31OBK oci IIBa 1 Ha JEIKOMY
BuJaneHH1 Bix Hei. [1oOyayBaTu KpuBi po3MOLITy TEMIIEpaTyp Ha OAHOMY Tpadiky
B koopauHartax (T, °C; X, Y) ams PO3paxOBAHUX TOYOK.

3.2.3 3a KpUBMMH DO3MOALTY TEMIEpPATyp Y3IOBXK OCl mIBa rpadidHuM
nepebyayBaHHAM OfepiKaTh i3oTepmu Temmepatyp 200, 600, 800,1350 °C ma
MOBEPXHI BUPOOY, 1110 3BAPIOETHCS.

3.24 3a isorepmoro T = 1350°C (m.3.2.3.) rpadiuo BH3HAYHTH
KOOPJAMHATH TOYKH 3BAPHOTO 3'€IHAHHS, III0 HArpiBa€ThCS 10 13500C.BiIIHOBiIIHO
710 00paHOi CXeMH po3paxyBaTH 1 OOyAyBaTH TEPMIYHUM LIUKJI JAHOT TOYKH.

3.2.5 OgHaiioMuTHCA 3 NpUHAOMaMU pO3paxyHKy TeMmIeparyp Tuia, IIo
3BapIOETHCS, B TEpioJ TeIuioHacuyeHHs. Po3paxyBatu 1 moOyayBaTu Tpadiku
pO3MOAUTYy TeMmmepaTyp Yy MONEpEeYHOMY IMEpPEeTHHI Tijla MpU TPaAaHUYHOMY
TEMIIEpaTypHOMY IOJI1 1 Ha ABOX PI3HOMAHITHUX CTa/IisX MEP10ay TEIUIOHACUYEHHS
(3a iHgMBiAyasbHUM 3aBAaHHsAM). [lOpiBHATH 1 mpoaHami3yBaTH OTpHUMaHi
pe3yabTaTH.

3.2.6 llpuiimarouu uisi CHOPOLUEHHS JOKEPENIO HarpiBaHHsS, IO LIBUIKO
pyXxaeTrbcsi (BIAMOBIIHO JO TOYKOBUX a0o0 JIHIMHUX), pO3paxyBaTd PO3MOALT
MaKCUMaJbHUX TeMIIepaTyp y MONEPEeYHOMY IMEPETHHI 30HW TEPMIYHOTO BIUIMBY
3BApHOrO 3'€THAHHS.

3.2.7 BukopuctoByrouH iH(pOpMAII0O MPO PO3NOJALT MaKCUMaIbHUX
TeMIiepaTyp y 30H1 TepmiuHoro BIunBy (3TB), giarpamy cTany «3aii30-ByrJjienby i
XIMIYHUW CKJIaJ] METaly, IO 3BapIOEThCS, BU3HAYUTH MPOTKHICTH OKPEMHX
ninsiHok 3TB y manux ymoBax (y MeTpax): OUISTHKA HETIOBHOTO PO3TUIABIIIOBAHHS,
KpPYIHOTO 3€pHa, HopMati3allii i 1H.

3.2.8 BusnHauutu KiHUEBY cTpykTypy Touku 3TB, mo HarpiBaerbcs a0
1350°C, BHKOPHCTOBYIOUH TepMiuHmii I UK (11.3.2.4.) TOUKH i TePMOKIHETHUHY
JiarpaMmy AJid 3a1aHOi MapKH CTali.

3.2.9 IlpoBectu (3a yKa3iBKOIO BHUKIaJaya) TEOPETUUHHUI pPO3PaXyHOK
JESTKUX PO3MIpiB 3BApPHOTO 3'€THAHHS: JOBXWHH, IUPUHHA, 00’ €My BaHHU, TUIOIII
NPOIUIABJICHHS, TUIONII  HAIUIaBIeHHS Ta  1H.,, T[pPUAMAIOYW  JHKEpeo
MIBUAKOPYXOMHM, a TUIO IO 3BapIOETHCS - MACUBHHUM (CXeMa HamiBHECKIHYEHOTO
Ti71a) 800 HECKIHEUHOIO IMJIACTUHOIO.



3.2.10 OOpaBiu onHY 31 CX€M - HAIUIABJICHHS BaJKa HA MAacHUBHE TLJIO a0o
OJIHOIIPOXiJHE 3BapOBaHHS JIUCTIB BCTUK - TMPOBECTH (I TOYOK 3BapPHOTO
3'€THaHHS, 3aJ]aHUX  KEPIBHUKOM) pO3paXyHOK MHTTEBHX  IIBUIAKOCTEH
OXOJIOJPKCHHS 1 TIOPIBHATH iX 13 JIONMYCTUMOIO JJIA JIaHOi MapKu CTajiil. 3poOuTH
BHCHOBOK PO MOYKJIMBE TPIIIIMHOYTBOPCHHS.

3.3 Temamuxa pobim

3.3.1 3aBmanHs I1HAWBIAyadbHI, pO3paxoBaHI HAa BUKOHAHHSI OJHUM
CTyAeHTOM. BapiaHTu 3aBlaHb OXOIUIIOIOTH TPU OCHOBHI PO3PaxyHKOBI CXEMHU
TEIUIOBOTO TOJS B TeOopii MOLIMPEHHS TEeIUla MpH 3BaplOBaHHI: PyXOMe TOUYKOBE
mxepeno (PTJ), mo aie Ha MOBEpXHI HAMIBHECKIHEYHOTO T1JIa; MIBUIKOPYXOME Ha
MOBEPXHI HAMIBHECKIHEYHOTO TiIa TMOTy)XHEe ToukoBe sxeperno (LHIIT/);
MIBUKOPYXOME Y IUIACTHHI MOTY>KHE JiHiiHe mxepeno (ILTIT).

Koxxauit 13 BapiaHTIB BIJPI3HAETHCS CBOIMH BUXITHUMH J@HUMH:
pO3MipaMH Tija 10 3BapIOETHCS, 3aJaHUMU ITapaMeTpaMy PEKUMY 3BapIOBaHHS.

3.3.2 3aBnaHHS BUIAETHCSA CTYACHTY Ha CICHialbHOMY OJaHKY 3 YKa31BKOIO
XiMCKJIaly Marepiaiy, 10 3BaproeTbes, mapamerpiB pexumy (lsg, Uy , Vsp),
3pa3KoBOro  (PEKOMEJOBAaHOTO JJisi OOYMCIICHb) 3HAYCHHS €(heKTUBHOTO
Koe(imieHTa KOpucHOi aii ayru (tabm. 1-3), yMOB pO3paxyHKy pO3MOALLY
TEMIEpaTyp y NepioJ TEIUIOHACUYEHHs, TOBIIMHM IlacTUHU. Ha OnaHky
BKa3y€eThCsl TEPMIH BUKOHAHHS KypcoBOi poOOTH, AaTU BHUJA4l 3aBJAHHS, 3aXUCTY
poooTH.

3.3.3 Kpim TemnoBux po3paxyHKiB, y KypcoBiii poOOTi ( B OCHOBHOMY, IS
CTYACHTIB JIeHHOi (hOpMM HaBYAHHS) MOKYTh IIPOIIOHYBATHCS 3aBJIaHHS 32 1HILIUX
po3aumB Kypcy «Teopis 3BaproBaJibHMX TMpolieciBy»: «/[xepena 3BaprOBaJIbHOTO
HarpiBaHHs», «MeTtanypriiiHi npouecu 3BaproBaHHsS» Ta 1H. [lpu npomy poOssTH
PO3paxyHOK CKJIaay ra3oBoi (a3u Iyr MpH JMCOLaIlil ras3iB, Npy 3BapOBaHHI B
ra3oBux cymimax. Po3paxoByroTh CTyMiHb 10HI3allli ra30Boi a3y 3 ypaxyBaHHIM
BUIIAPIB METANIB 1 Ha L1 OCHOBI BU3HAYAIOTh TaKi MapaMeTpH AYTH, K HIUIbHICTh
TOKY, TEMIIEpATypy CTOBIIA AYTH, 1 OyIyIOTh BOJbTAMIIEPHY XapaKTEPUCTUKY IYTH.
Po3paxoByroTh po1iecu OKUCIIFOBAHHS METaly IIBa B 3aJI€KHOCTI BiJl CKJIady rasiB
1 MeTary, BU3HAYal0Th PO3KUCITIOBAIBHY CIPOMOKHICTh €JIEMEHTIB Y BU3HAYCHHUX
yMOBaxX 3BaplOBaHHS 1 BUOUpAIOTh 3BaproBajibHI Marepianu. Po3paxyHKOBUM
[IUIIXOM OIIHIOIOTH BTPaTH €JIEMEHTIB Ha BUMAp 13 0araTOKOMIIOHEHTHOTO CKJIaay
CJICKTPOJHOTO MeTally. 3a3HaueHI poOOTH BHUKOHYIOTHCS 3a CHEIlaJbHUMHU
METOJMKAMHU 13 BUKOPHCTAHHSIM JICKI[IHHOTO MaTepiany 3 aucruruiinu “Teopis
3BapIOBAJILHUX MPOLIECIB” MPH 1HIUBITYyaTbHUX KOHCYJIbTAIISX.

3.3.4 ¥ kypcoBiii poOOTI B SKOCTI METally, 110 3BAPIOETHCS, TependadeHi
TITBKM HU3BKOBYTJIELEB], HU3BKOJIETOBaHI, KOHCTPYKIIMHI Ta 1HCTPYMEHTaJbHI
ctam. Ternodi3nyHi BIACTUBOCTI CTali, IO PEKOMEHAYIOThCS [JIsl pO3pPaxyHKIB,
npuBeneHi B 1omaTtky A. 3a mMX yMOB MOXKHA 3a/aBaTHUCA 3HAUYCHHSIMH
epexktuBHoro KKJI 3BaproBanHs, npuBeneHumMuy B Tad. 1...3.



Tabmur 1 - YMoBH 3aBaaHb 15 cxeMu «Pyxome ToukoBe HKepesnoy»

Eﬂ;ﬁzp I35, A | Up,B Nu [[IBuAKicTh 3BaprOBaHHs, V3g, M/T
1 100 20 06 | 3 - - - - - - - - - - -
2 120 20 06 | 3| 35| - - - - - - - - - -
3 140 22 | 065 3| 35| 4 - - - - - - - - -
4 160 22 | 065 3| 35| 4| 45| - - - - - - - -
5 180 24 | 065| 3| 35| 4| 45| 5 - - - - - - -
6 200 24 07| 3| 35| 4| 45| 5 | 55| - - - - - -
7 220 24 0,7 - 35| 4| 45| 5 | 55| 6 - - - - -
8 240 26 0,7 | - - 4 | 45| 5 | 55| 6 | 65| - - - -
9 260 26 0,7 | - - - 145 5 | 55| 6 | 65| 7 - - -
10 280 26 | 0,75 | - - - - 5|55 6 | 65| 7| 75| - -
11 300 28 | 0,75 | - - - - - 55| 6 | 65| 7| 75| 8 -
12 320 28 | 0,75 | - - - - - - 6 | 65| 7| 75| 8| 85
13 340 28 | 0,75 | - - - - - - - 65| 7| 75| 8| 85




Tabmuis 2 - YMoBu 3aBaanb 1 cxeMu «lIIBuaKOpyXoMe MOTYKHE TOUKOBE JHKEPEIIO»

pHH(;\;I(Zp | iB’ Lg[, Nu IIBunKicTs 3BaproBanus, V3, M/T
1 600 34 | 0,75 | 15 - - - - - - - - - - - -
2 650 36 | 0,75 | 15175 - - - - - - - - - - -
3 700 36 | 0,75 | 15175 20| - - - - - - - - - -
4 750 38 | 0,8 15(175| 201|225 |- - - - - - - - -
5 800 38 | 0,8 15(175| 20225 | 25 - - - - - - - -
6 850 40 | 0,8 15(1175| 20(225| 25|27,5] - - - - - - -
7 900 40 | 0,85 | - |175| 20|225| 25|275| 30 |- - - - - -
8 950 42 | 0,85 | - - 20225 25|275| 30325 - - - - -
9 1000 | 42 | 0,85 - - 225 251275] 301325| 35|- - - -
10 1050 | 44 | 0,85 - - - 2512751 30(325| 35(375|- |- -
11 1100 | 44 | 0,9 - - - - 12751 30(325| 35375 40| - -
12 1150 | 46 | 0,9 - - |- - |- 30325 | 35375 40| 425 | -
13 1200 | 46 | 0,9 - - - - - - 1325 35[375| 40| 425 | 45




Tabmuis 3 - YMoBu 3aBaanb 1 cxemu “ [IBugkopyxoMme moTy»He JiHIMHE HKepesto”

};ZII\:E: IzB’ UBI[’ MSM Nu [IBuaxicTs 3BaproBanus, Vg, M/T

1 600 34 |10 |08 |36] | - =]~ ]~ [~]—<[=]= [=]~7T-=
2 650 36 | 10 08 [36]38] - |- |-1]-—- |- 1=1]-=T]-=1-1-
3 700 36 | 10 |08 |36]38] 40| — | - | - | = | === | ===
4 750 38 | 11 | 085 | 36| 38| 40| 42| — | — | = | - | - | - | ===
S 800 38 | 11 085 | 36| 38| 40| 42| 44| - | - | - | - | == | = | - | --
6 850 40 | 11 085 (36| 38| 40| 42| 44|46 | - | - | - | - | - | - | --
/ 900 40 | 12 09 | --|38|40| 42| 44| 46 | 48| - | - | - | - | - | --
8 950 42 | 12 0,9 - | - 40| 42| 44| 46 | 48| 50| -- | -- — | - -
9 1000 |42 |12 |09 |- |- |-~ |42 44|46 |48]50|52] — |~ |- |-
10 1050 | 44 |13 | 095 | — | - | — | - | 44| 46 | 48| 50| 52|54 | — | - | -
11 1100 44 | 13 09 | - |- |- |-]|-—- |46 | 48| 50| 52|54 |5| - | --
12 1150 46 | 14 09 | - | - | - |- | - |- 48| 50| 52| 54 | 56| 58| --
13 1200 46 | 14 09 | - | - | - |- | - |- -- | 50| 52|54 | 56| 58| 60
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4 OQ0cHr i 3MicT KYpcoOBOI po00TH

TemnnoBi po3paxyHKH OOMEXEHI TAKUMH OCHOBHUMHU CXEMaMHU:

4.1 PTJl - ToukoBe JKEpeno TMOCTIMHOI MOTYKHOCTI, IO PYyXa€eThCs
OPSIMOJIIHIMHO 3 TOCTIHHOIO MIBHAKICTIO O TOBEPXHI HAaIiBHECKIYEHHOTO Tia.
Cxema PT/] 3acTocoByeTbCs AJi JOCTIKEHHSI TEMIIEPATypHUX MOJIIB [IPU PYYHOMY
IYyrOBOMY 3BaplOBaHHI MAaCHBHUX BUpPOOiB. PiBHSHHS TpaHMYHOTO CTaHy IMPOLECY
NOLIMPEHHs] TeIJia, BiJHECEHE N0 pyxoMoi cucreMu koopauHat (ii moyatok
3’€JTHaHHUM 13 JKEPEIOM HarpiBaHHs), Ma€ BU/]I

q V
T =—" exp(——=(x+R
(RX) >R P 2a ( ) (1)

ne X - abciuca aHalli30BaHOi TOYKU B PyXOMil CUCTEMI.

JI71st TO4OK, po3TalllOBaHUX MoNepel AyTr (TO3UTUBHA MiBBICh) OPAMHATH «X»
MMO3UTHBHI, HA HETaTUBHIN MiBBICI -HECTATHBHI.

[IBuAKICTH TIEpEeMIIICHHS JKeperia HarpiBaHHs 1 MOTO MOTYXKHICTh HEBEJIMKa,
TEIJIO MOIIUPIOEThCs nonepen Ayru. CTymiHb BUTATHYTOCTI TEMIEPATYPHOTO IMOJIS
BU3HAYAETHCSI HE aAOCOJIOTHUM PO3MIPOM IIBHUIKOCTI, a CKIQJHUM IapaMeTpoM
Vsg/a. [ToBepxuesi 13oTtepmu Big PTJl - oBanbHI 3aMKHYTI KpHBI, YCYHYTI IIOJO
JpKepena yOoiK TMPOTHIICKHUN MEpEeMIlIeHHI0. 3a Tyroi0 MIBUAKICTH 3BAPIOBAHHS HE
BIJIMBae Ha (GopMmy 130TepM. [30TepMHU HU3BKUX TEMIEPATyp Yy MOPIBHSAHHI 3
BUCOKMMHU OUThIN BUTATHYTI. [lpu HaOmkeHH1 0 Micis Ail pKepesna (3a CXeMOo
BOHO 30CEpeIDKEHE Yy TOdYIll) TeMmrepaTypa TOYOK Tiia mBHUAKO pocte i mpu R—0
T—co. Ilpu po3paxyHKy pO3MOALTY TeMIEpaTyp Ha MOBEPXHI BUPOOY Y3I0BXK OCI
OX, tooTo 3anexnocti T=f(X), cmouarky npuiimaroTs y = 0, OTIM HaJIalOTh y JesKi
3HaYeHHs. 3a 3HAYCHHSIM MaKCHMaJbHUX TEMIepaTyp pO3PaxXyHOK 3BHUYANHO
JOBOJSATH JO TeMIeparypu TMaBieHHs Tpy. YcepenwHi BaHHM HE MOXKHA
pO3paxoByBaTH TeMIepaTrypHi mojs 3a ¢opmynoro (1). PesynpTatu po3paxyHKy
NOJAI0Th y TaOJIMYHOMY BHJIl 1 Ha OKpeMomy pucyHKy (puc.l)*. [ns sikicHOi
no6yosu rpadikie puc.] He06XixHO, 106 Mixk Try i 200 °C Ha rimmi 0xoIomKeHHSs
Oysno He MeHie 10 3HaUeHb TeMIiepaTypH, Ha TUIII HarpiBaHHS - .

TepMiUyHUNA UK OKPEMUX TOYOK (3aJIEKHICTh T=f(t)), MOKHa MO0y MyBaTH,
3a TOAAHHSAM JO TIEPEPAXyHKY KPUBUX T=f(X), 3a TMOJAHHSAM iX B IHIIOMY
mamtab0i.[lpy  11bOoMy BHKOPHCTOBYEThCS 3anexkHicTh t=X/V3p. IlepepaxyHok

npuaatauii 1 npu y =0 1 npu y#0. HeTrouHOCTI BUHMKAIOTh Yepe3 Te, 10 aHATITUIHO
HE MOXKHA OZIEp>KaTh TEMIIEpaTypy TOUKH, piBHY HYII0. {11 OOy 10BH TEPMIYHOTO

* TyT 1 1ani MaroThCsl HAa yBa31 pPUCYHKH, BUKOHYBaH1 CAMUMHU CTYJI€HTaMHU.



IIUKITy 32 MOYaTOK KOOPJAMHAT BapTO 3aCTOCOBYBATH JIEAKI 3HAUCHHS TEMIIEPATyp
(20...10°C) y s3amexHocti Bix HeobXimHOI TouHOCTI. Y  KypcoBiii po6oti
PO3PaxOBYEThCS 1 OYAY€EThCS TEPMIYHUM LUK — JUISI TOYKH, IO HArpiBa€ThCs [0
1350 °C. Tepmiunmii UK 306paxyoTh Ha pHC. 4.

[ToBepxHeBi 130TepMH (pHIC.2) YTBOPIOIOTHCS TpadiyHUM TNepeOyTyBaHHIM
nanux puc.l. [Ipu iboMy HEOOX1THO CTEKHUTH , MO0 JJIs KOXKHOI 130Te€pMH KUIBKICTh
Touok ckimagama 8...10. Skmo ix MeHIme, BapTO IOMOBHUTH PO3PaxyHKOBI JIaHi
MPOMIKHUMH TPY HOBUX 3HAYCHHSIX Y.

JI1s1 po3paxyHKy MakCHMANbHHX TeMmieparyp Touok (I y cxemi PT]I nHemae
AHAJTITHYHOTO BUpa3y. Voro olepXyloTh TAKMM YHHOM: a) BEAyTh PO3PaXyHOK 3a
cxemoto IIIIT/[; ©) OynyrOTh «IIMATOYKK» TEPMIYHUX IUKIIB [JIsi 3HAYEHb
NeKinpKoX HeraTmBHHUX «X» («Y» 3amaHo, “X” - npuiiMaoTh piBEEM 0), [
BU3HAYAIOTH 13 Tpadika; B) BUKOPUCTOBYIOTH cHelliadbHl HoMorpamu [1, ¢.460]

1 meromuky [1, c.463]. Tm y TOYKax, BigmaiaeHux Big oci OX, mocaraeTrbcs HE B
MOMEHT TPOXO/DKECHHS AYTH 4epe3 IUIOMUHY TEPICHANKYIIPHY OCi 3BapIOBAHHS, a

JeKUIbKa mi3Hime. YuM fgani Touka Bijf OCl MEPEeMIIIEHHS, TUM HUXYe Tm 1 OlIBIIIE

{m. IIpu BUKOHAHHI KypcoBOi poOOTH 3HAUYEHHS MaKCHMAJILHHUX TEMIIEPATYp MOKHA
Bu3Havyatu 3a popmynamu st cxemu IIIIT/. TloeqnaBimm Ha OJHOMY PHUCYHKY
(puc.5) Tm:f(y), 1 giarpamy ‘3amizo-Byriens”’ (momatok E), BuU3HaAYaroTh
MPOTSHKHICTh HAWOLIBI XapaKTepHUX JIJITHOK HABKOJIOMIOBHOI 30HU. Po3mipu 30H
BU3HAUYaAIOTh JBa pa3u: 3a KUIbKICTIO ByTJIeHIO B crTaii (mogatok b), a Takox 3a
€KB1BaJJIECHTHOMHM YTPUMaHHSIM ByTJIeHio [2]:

M M, N, 2
n Cr+V Mg ,+Cu+£)%’ (2)
5 4 15 13 2

C,=(C+

ne C, Mn, V...- BIICOTKOBHI1 BMICT €JIEMEHTA B CTaJll. Y TPUMaHHS Mijli BPaXOBYIOTh
mpu Cu = 0,5%, a pocdopy npu P = 0,05%.
BusHaueHHs TeMTepaTypy TOUKM B Hepioj TeMIoHACHYeHHS 1y pobnaTs i3
nepeyMOBU

T =yT , 3
HWHp ®)

ne Thp - Temmeparypa aHami3oBaHO! TOYKH TIPH CTalIOMy TeMIIEPAaTypHOMY TIOJi,
dbopmymna (1).

) — Koe(DIIi€HT TEIUIOHACHYCHHS JI1 TOYKOBOrO a0o0 JIHIMHOTO JKEpen,
(momatku BiT).



KoedimieHT TeTruioHacHYeHHsT PO3PaxoOBYIOTh 3a YacoM TEIJIOHACHYCHHS
(uacom nii mxepena ty), Vsp, KOOPAMHATOK TOYKH, TEILIODI3HUHUMHU BIACTHBOCTIMU
MeTary

tH =L/ VgB, (4)

ne L - nopxwuna mBa Ha MOMEHT po3paxyHKY.
Po3paxyHKoBI AaHi MO PO3MOAULY TeMIepaTyp y TIOMNEpPeuyHOMY MEpeTHHI

3BapIOBAJIbHOIO 3'€IHAHHS T:f(y) JUIsl TPAHUYHOTO TEMIIEpaTypHOro MO MpHU
JBOX TIepiogax TerioHacuyeHHs npu L=10 1 50 MM npuBoasThCA TaOJIMYHO 1 Ha
rpadikax puc. 3.

Binomo, mo cTpykTypa 1 BJIaCTHUBOCTI 3BApHOTO 3'€HAHHS 3aJIeKaTh BiJl
IIBUKOCTI PO3MAaly ayCTEHITY, [0 BHU3HAYAETHCS IMIBUAKICTIO OXOJIOJKEHHS JaHOI
TouKH. Y po6OTi CTPYKTYpPy BH3HAYAIOTH 33 TOUYKOIO, 110 HarpiaeThes 10 1350°C. Ha
puC.6 CIONy4aroTh JlarpamMy 130T€PMIYHOTO poO3Magy ayCTeHITy CTajl, 1o
3BapIOETHCS, 1 TUIKY OXOJIOKEHHSI TEPMIYHOTO HIUKIY (puc.4), IO TI03BOJISIE 3pOOUTH
BHCHOBOK PO MOJIMBICTb YTBOPEHHSI XOJIOAHUX TPIIIMH B KIHLIEBIH CTPYKTYPI.

4.2 IIIITH - noTy’HE TOYKOBE JHKEPEJIO MOCTIMHOI MOTYKHOCTI, 110 IIBUIKO
pPYXa€eThCsi, MPSIMOJIHIKHO 3 TIOCTIHHOIO IIBHJAKICTIO Ha TOBEPXHI HaIiBH
eckinueHHoro Tima. Cxema IHIIT/J[ 3acrocoByerbcst  aiii  JOCIHIKEHHS
TEMIIEpAaTypHUX TMOJIB TpPH aBTOMATUYHOMY JyrOBOMY 3BaplOBaHHI MAaCHBHHUX
BUPOOIB. PIBHSAHHS rpaHUYHOTrO CTaHy MPOIECY MOIIUPEHHS TEIia Ma€ BU/T

T(yo,zo,t)— M exp— (Y, +2,°)/4at), (5)

ne t -yac 13 MOMEHTY MepeTUHAHHS JHPKepesIoM Teruia TuionHu Y07 3
aHaJ130BaHOIO TOYKOIO;
Yo 1Zy - HEpyXOMi TOUYKH, MMOB's13aH1 3 BUPOOOM, BOHU HE BIAPI3HAIOTHCS Bl
PYXJIMBUX TOUOK Y 17 .

Tomy it po3paxyHKy MO>KHa BUKOPUCTOBYBAaTH popMyity (5) y Buai

T(r,,t)= 22—70( exp(-r 2V3B [ 4ax) (6)

B octannbomy piBHsHHI 3po0ieHa 3amina Vig t = X.
Cxema IIITJ] po3pobneHa ans crenu(igHOTO TEMIEPATypHOTO TOJIS, IO

HacTynmae mnpu (, —> 0 i Uy >0, JxepesioM MOIIMPEHHS TeIla MOKHA

3HEBAKUTH, 3MEpeIy, BHACIIZOK BHCOKOI IIBHAKOCTI TEPEMIIIEHHS, TEIUIO0 He
NOIIUPIOETHCS. [30TepMU BUTATHYTI ¥ y OUIbIIIA CBOIM 4acTHHI PIBHOODKHI OJIHA



omuii. Ile mokaszye, mo mms cxemu [IIT][ xapakTepHmii TEMIOBIABIT
NEPIICHIUKYIISIPHO JI0 OCI 3BApIOBaHHS. Y caMOMY JKEpeli 130TepMH 3JMBAIOThHCS, 32
JDKEpPEJIOM - CHUJIBHO BUTSATHYTI ¥ BY3bKi. Ha mpakTuili HaBiTh TIpH TYXKE BEIUKHX
MIBUIKOCTSX TEIUIO TMOIIUPIOETHCS MEPHCHIUKYISIPHO TiMBKU MOOIU3Y IIBA, TOMY
O1IBII TOYHI PO3PaXyHKU TEMIEPaTyp - MOPYY 13 IIIBOM.

BigzHaunmo nesiki 0cOOIMBOCTI pO3paxyHKY B MOpIBHSHHI 31 cxemoro PT/I.
Po3nonin Temmeparyp 1 TepMiuHI IIMKJIM TOYOK PO3PaXxOBYIOTh O€3MOCEPEIHBO 3a
piBHSHHSIMU (5) 1 (6). MakcuManbHi TeMIIepaTypu B TOYKAX, 3aIaHUX KOOPJAHMHATAMHU

Y i Z Bu3Hauaoth 3a Gopmy1oro (7). A uac HacTaHHS | 1y 3a hopmyioo (8)

T __0,368q, (7)
M) BoV,onrf

2 (8)

[Ipn po3paxyHKy Temmeparyp y MONEPEYHOMY MEPEeTUHI IIBa i JABOX
MOMEHTIB MEpioJly TEIUIOHACHUYEHHS 3HAXOAATh JIBAa PO3MOJLIM TeMIlepaTyp 1 JJis
IPAHUYHOTO TEMIIEPATYPHOTO MOJIA.

VY iHmMX po3paxyHKax BapTO JOTPUMYBATHUCS TMOCIHIJIOBHOCTI, OIMUCAaHOI B
pozniii 4.1.

4.3 HIUII - nmotyxHe JiHIAHE JHKEPENo CTaloi MOTYKHOCTI, 10 IIBUAKO
pPYXa€eThCsl 3 TMOCTIMHOW MmBHUAKICTIO Ha Tuiactuni. Cxema I 3actocoByeThes
JUISL  AOCTI/DKCHHS TeMIEpaTypHUX TMOJIB, TMPU aBTOMAaTUYHOMY JTyTOBOMY
3BapIOBaHHI IJIACTUH BCTHUK 3a OJIMH MpOXiJ. PIBHSHHA IpaHUYHOrO CTaHy MPOIECY
MOIIMPEHHS TEeIjia Ma€ BUJ

9)

q Ve
Toon = 5 exp(—=2
Yol v s Ayt 4at

ne b - BpaxoBye 3HMKEHHS TEMIIEpaTypu 3a pPAaXyHOK TEIUIOBIAAa4l OOKOBUX
MOBEPXOHb, KOE(DILIEHT TEIUIOBIAaul IUIACTUHM; JJIA TpyOUX PO3PAaXyHKIB MOKHA
npuiimatu b = 0;
VYo - KooOpauHAaTa 3HAXOJKEHHS JHKepesia Teria, Yo= Y.
XapakTep Mpollecy MOMIMPEHHS TeIla aHAJOTIYHUN OMHCAHOMY JJIsi CXEMHU
LOTIT B macuBHOMYy BUpOOi. TepMiuyHUN IIMKI PO3paxoBYIOTH 13 BHUpazy (9).

—bt),

Posnozain teMriepaTyp oAepKyrOTh IpH 3aMiHl X = V3Bt :

MakcumanbHi TeMIepaTypy BU3Ha4aoTh 3a hopmyioro (10)



0,484q 1_%)

miyo) = (10)
Y9V eyd2y, . 2a

MakcuMainbHi TeMmeparypyd 3 BUITQJICHHSAM BiJ IUIOIIMHU TEPEMIIICHHS
JoKepena yOyBalOTh TOBUIBHIIIE, HIXK Tm JUIS HamiBHECKIHUYGHHOro Tijga. Yac

HacTaHHA U, 3HaXOmATH i3 po3B’sA3aHHS KBaxpaTHOTO piBHAHHS (11)
t oy (11)
2
te +-2-=2=0
2b 4ab

S Bumoru 10 opopmMiIeHHs

KypcoBa poboTa ckiamaerbcs 3 pO3PaxyHKOBO-IOSICHIOBAIBHOI 3aIUCKH,
Ta0JIHIIb 1 PUCYHKIB.

5.1 Pa3paxyHKOBO-NOSICHIOBaJIbHA 3allUCKa NPU HABYAIBHOMY INPOEKTYBAaHHI
o0'eqHye B coOl JIBa TEXHOJIOTIYHMX JOKYMEHTH: IMOSICHIOBAJIbHY 3alUCKy 1
pPO3paxyHKH.

5.1.1 Po3paxyHKOBO-TIOSICHIOBAJIbHY 3alUCKy O(GOPMIISIIOTH PYKOIUCHUM
CrIocOOOM Ha OJIHIM CTOpPOHI apKyury namnepy (popmaty A4 13 HaHECEHHSM Ha HbOMY
pPaMKH.

5.1.2 Ilpm odopmMieHHI JNHCTIB 3alUCKU PEKOMEHAYEThCS BUTPUMYBATHU
BIJICTaHb BiJl BEpXHBOTO 200 HMXKHBOT'O PSAKa TEKCTY A0 Kparo JIUCTA HE MeHIe 15
MM 10 TOPU30HTaNi: Ha MOYaTKy psAJIKa HE MEHIE 25 MM, HalpHUKIHII — 8 MM BIj
Kpar JIMCTA. 3aroJIOBKM MOBHHHI OyTH MOKJIMBO CTHCIMMH, BIJMOBIIATA 3MICTY
3aMKMCKH, 3alCyBaTHUCA MPOMUCHUMHU OykBamMu. TOuKy HANpUKIHII 3arojioBKa HE
CTaBJIATb.

[Tepenocu ciiB He omycKaroThes. [TiKpecroBaTh 3arooBKA He MOXkHA. M1k
3aroJIOBKaMu 1 TEKCTOM TOBUHHO OyTu He MeHme 10 MM, MK OCTaHHIM PSIIKOM
TEKCTy 1 HACTyIHUM 3arojJioBKOM - He MeHme 15 MM. CKOpoOYeHHs CIliB
npunyckatoTbes Biamosimao g0 JIEPXKXCTAHJAPTy 7.12-77 i y3Bu4aeni (i T.1., i
T.I., Ta 1H.).

5.1.3 CropiHKH 3amuCKu HyMEPYIOTh apadchkuMu tudpamu. [loainu nmoBuHHI
MaTu MOPSAAKOBY HyMepaliio (apaOcbkuMmMu mudpamMu) KpiM BHCHOBKA 1 BCTYIY.
LmrocTpanii (Tabauil, puCyHKH, CXEMHU), PO3TAILIOBAaHI HA OKPEMHUX apKyIllax, BXOJIATh
y 3arajbHy HyMeparlio.

LmrocTpaiii po3TaimoByOTh MICHA TEPIIOTO IXHBOTO TEKCTOBOTO HArayBaHHS.

5.1.4 PexoMeHAy€eThCS Taka MOOYA0Ba 3aHCKU:

TutynbHul 1uct (nonarok J1).

bnank 3aBnanus (y Hymepariito He BXOJISTh )



Beryn (o0rpyHTyBaHHS BHOOPY PO3paxyHKOBOI CXEMH, MOSICHEHHS IEPiOJIiB
TEIJIOBOTO MOJIsl, BIUTMBU TEIJIOBUX MPOIIECIB HA (hOpMYyBaHHS 3BApHOTO 3'€AHAHHS Ta
1H.)

1 Po3paxyHOK TeMIIepaTypHOT'O MOJIs TPAHUYHOIO CTaHy MO BiCl EPEMIIICHHS
mxepena HarpiBaHHs (puc.l). [ToOymoBa moBepxHeBHX 130TepM (y JaHUN PO3aLI
BKJIIOUWTH Tab.1, 1 puc.2)

2 TlopiBHAHHS TeMmImeparyp TOYOK Tijja B TMeEpioJl TEIUIOHACHUYCHHS 1
TPAHUYHOTO TEMIIEpaTypHOro noJis (Tadi.2, Tabdmn.3, puc.3)

3 Po3paxyHOK TepMiYHOr0 LHUKIy TO4kH, Harpitoi go T=1350°C (rabm.4,
puc.4)

4 Po3paxyHOK pO3MOALTYy MAaKCHMalbHUX TemrmepaTyp. BusHaueHHsS
poTsHKHOCTI AustHOK 3TB (Tabin.5, puc.)S).

5 BusHaueHHs CTPYKTypU METaly, 1110 3BapPIOETHCS, IO TOUIIl, 1110 HArpiBAETHCS
10 T=1350 °C (puc. 6).

BucHoBKHM (HE mepepaxyBaHHsS BHKOHAHOTO B poOOTI, a HAYKOBI BUCHOBKH 1
pPEKOMEH/IaIlli MPaAaKTUYHOTO 3aCTOCYBaHHS PE3yJIbTATIB)

[lepenik mocuiIaHb

5.1.5 PospaxyHku 1 moOymoBa TpadikiB BUKOHYIOTHCS Ha KOMM'IOTEpl 3
3actocyBaHHsAM MnakeTiB npukiaaaaux rnporpam EXCEL, MathCad 1 1.

5.1.6 PospaxyHkoBy (opmysly 3amucyloTh 13 TOCHJIAHHSM Ha JKepero,
HYMEpPYIOTh apaOCbKUMHU LU(paMH, HOMEp CTaBJIATH 13 MPaBOi CTOPOHHU JIUCTA HA
piBHI (popMysH B Kpyriux Ayxkkax. [1in popmyoro npuBoasate po3mudppoByBaHHS ii
CUMBOJIIB: KOXXHMM CHUMBOJ TPUBOJATH 13 HOBOIO psJIKa, MOCHIJOBHICTH - 3a
dbopmyIioro, Mepiuid psAIOK MOYMHAETHCS 31 CJIoBa «e» 0€3 JABOKpamnku. Y Mexax
3aMrucKu (POPMYJIM HE TIOBTOPIOIOTHCS, PO3MIU(GPOBYBAHHS CHUMBOJY JA€THCS OJUH
pas.

3BuYaitHO HaBOAATH (GOpMYJTy, 3amuc il 3 MIJCTaBICHUMU PO3MIpamH,
3HAUEHHA IIYKaHOTO po3Mmipy (abo HaBeIeHHs pe3yibTaTiB y BuAl Tadmwii). [lpu
MOCWJIaHHI B TEKCTI Ha (POpMyIy JArOTh ii HOMEp Y KPYIJIUX AYXKKaX, HAMPUKIa],
«... y bopmymi (11)».

5.1.7 TlocunanHsa Ha JiTepaTypHE HKEPEIo B TEKCTI HOMEPYIOTh 32 CIUCKOM
JITEpaTypu, YKIAJIGHWA Yy KBaJapaTHI AYXKKH, TpU HEOOXITHOCTI 3 YKa31BKOIO
CTOpIHKM JpKepena, Hanpukian: [1, c¢.75]. Cnomcoxk oQopMIsOTh 3TigHO 3
JNEPXCTAHIIAPTom 7.1-76.

5.2 Tabnuil MOBMHHI MaTH HACKpI3HY HYMEpalil apaOChKUMH LUdpamu.
KoxHa Tabnuis Mae TeMaTUYHUNA 3arojIOBOK. Y JIIBOMY BEPXHbOMY KYTKY TaOJIHII
nepes 3arojJiOBKOM pO3MIILYIOTh Hanuc «Tabmung...» 13 ykasziBkoro Homepa. [lpu
NepeHoci Ha 1HOIl CTOPIHKM HaJ dYacTMHamMu TaOmuii numryTh: «lIpomoBixkeHHs
tabmuill 4». ['pada «Ne m.m” y TaOGIMIIO0 HE BKIIOYAETHCS. TEKCT y rooBIl TaOauIll
Moke Oytw Timbku B 1 a0o 2 psinku. [lominsTé royioBKy TaOMHIN MO JiaroHaii He
JOMYCKAEThCS. Y  TEKCTI 3amUCKH  TIOCWJIAHHS Ha TaOJIWII0 Jal0ThCs 31
CKOPOYEHHSIMU: ... y TaOI. 5».

5.3 Bci puCyHKHM BUKOHYIOTh Ha MIJTIMETPIBI[I YOPHUM OJIIBIIEM 3a JOITOMOI'0I0
KpecIsIpChKux 1HCTpyMeHTIB. @opmMat pucyHkiB A3 a6o A4 6e3 opopMIIECHHS paMKH.



Pucynku pnaroTh Ha OKpeMHX JIMCTaxX, IO PO3MIMIEHI MO TeKcTy. HymepytoTh
MOCJIIJIOBHO B MeXax KypcoBoi poOoTH. KoXHUI pPUCYHOK TMOBUHHUNA MICTUTH
TeMaTHUYHE HaMEHYBaHHS, a IIPH HEOOXITHOCTI - 1 MOSICHIOIOY a1 (IApHUCYHKOBHIA
TekcT). [locunanHs B TEKCTI HA PUCYHKH MPUBOJIATH 13 CKOpOUEHHM: «Puc.1».

5.3.1 Jlnst kypcoBoi poOOTH 3 TEIUIOBUX MPOIECIB MOKHA PEKOMEHIyBaTH TaKl
HalilMEHYBaHHS PUCYHKIB:

Pucynok 1 - TemmepaTypHe 1oJie TPAaHUYHOTO CTaHy MpHU pPycl TOYKOBOIO
(JIHIAHOTO 1 MOTYXKHOTO, IMIBUIKOPYXOMOTO TOYKOBOT'O Ta 1H.) JKepesa Ha MOBEPXHIi
HaIIBHECKIHYEHOTO Tija (y HECKIHYEHIN TUIaCTHH1).

Pucynox 2 - I3otepmu 200, 600, 800, 1350°C na MMOBEPXHI HAIBHECKIHYEHOTO
Tija (HECKIHYEHOT IUTACTHHH ).

Pucynok 3 - Posmonin TemmepaTyp y TNOINEpPEYHOMY IMEPETHHI IBa TNpHU
MOCTITHOMY TEeMITepaTypHOMY IOJ1 ¥ Y TIepioJT TeMJIOHACHYCHHS.

Prcyrok 4 - TepMiuHHMi UK TOYOK, 10 HarpiBatoteest 10 1350°C.

Pucynox 5 - Buznauenus npotskHOCTI AuUsHOK 3TB.

Pucynok 6 - BusHaueHHs CTPYKTYpH 1 BJIaCTUBOCTEN METaIly, 110 3BApIOETHCH,
10 TOYIIl, 110 HarpiBaeTbes a0 1350 oC.

Ha pucynkax oOOB'S3KOBO IMO3HAYAIOTh OKpeMUW Tpadik, TEPMIYHUN UK,
MOJIOKEHHS 130T€pMH, MTPOMIXKHI ToOya0BH. Ha puc.2 npumyckaioTh BUKOPUCTAHHS
PI3HOMAaHITHUX MaciuTadiB mo oci X 1 Y.

6 BukoHaHH4 i 3axucT podoTHn

6.1 Ilo poGoTi BuCTaBNIsAE€ThCS TuEepEHITIHOBaHA OIIHKA. 3aBIaHHS BHUIA€THCS
Ha |-My TH)KHI TOTOYHOTO CEMECTPY Ha IOJATKOBOMY 3aHSTTI.

6.2 3axucT KypcoBoi poOOTH mependadyeHUud 3a TpU THXKHI 0 MOYATKY
ex3ameHarliinoi cecii. [Ipu 3axucTi Ha KOMICii pO3IIIAIal0Th TMEPEBIpeHy pooOoTy,
BPaxOBYIOTh 3ayBa)KCHHSI.

6.3 YV xpurepii OIIIHKM BKJIIOYAIOTh. CBOEYACHICTH OJICPXKAHHS 3aBIaHHS 1
3aXHCT POOOTH; BIABIIYBaHHS KOHCYJIBTAIlI; SKICTh BIAMOBIAECH Ha 3aXHCTI,
3arajibHUM piBEHb 3HAHD 3 JTUCITUTLIIHHU.
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Homatox A

Temnnodi13udH1 KOHCTAaHTH METAJIIB 1 CIUIABIB, PEKOMEHAOBAHUX JJISI OOJIIKY

.. O6’emua temn- | KoedimienT
Temnepaty- | Koedimient Te- .
. ) . JIOEMKICTB TeMIIepaTy-
Martepian pa IIaBjcH- | IUIOMPOBIAHOCTI 0 ;
ast, °C A, Br/m'K CYI% ’ POTPOBLTHOL
’ ’ Tox/m™ K i a-10”, Mm°/c
HusbkoByriernesi
1 HU3BKOJIETOBaHI1 1500 41,9 4.8 8,7
cTa
Hepaapiioi aye- | g4, 25,1 4,2 6,0
TEHITHI CTall
Mins 1100 376,0 3,9 96,0
Crirasu amowmi- 650 251,2 2,7 93,0
HIIO
TexHlYHMA TUTAH 1660 16,7 3,3 5,0

Ilpumimka: 111 HABUAJTBLHOTO PO3PAXYHKY MaTepiajiiB pEKOMEHY€EThCS PUIMAaTH
BeJTHIMHY KoedilieHTa Temosiamadi o = 60 Br/v’rpa.




Honatok b
XiMIYHUH CKJIaJl METAITy

Ho | Mapka crami XiMIYHUH cknax, %o

11\]4/65 C Si Mn | Cr Cu V | Ni | Mo
1 Cranpe BCT3xn 0,14 | 0,07 | 0,30 | 0,30 | 0,30 - 10,30 | -
2 Crans BC13nc 0,14 | 0,05 | 0,05 | 0,30 | 0,30 - 10,30 | -
3 Cranp 20 nc 0,17 | 0,05 | 0,35 | 0,25 | 0,25 - 10,25 -
4 Crans 35 0,36 | 0,27 | 0,66 | 0,21 | 0,22 - - -
5 Crannb 45 0,44 | 0,22 | 0,66 | 0,15 - 0,02 - -
6 Crans 55 0,52 | 0,17 | 0,50 | 0,25 | 0,25 - 10,25 -
7 Cranp 20X 0,17 | 0,17 | 0,50 | 070 | 0,30 - 10,30 | -
8 Cramp 35X 0,35 | 0,23 | 0,65 | 1,11 - - 10,23| -
9 Crans 40X 0,36 | 0,17 | 0,50 | 070 | 0,30 - 10,30 | -
10 | Cranp 45X 044 | 0,22 | 0,8 | 1,04 - - 10,26 | -
11 | Crans50X 046 | 0,17 | 0,50 | 070 | 0,30 - 10,30 | -
12 | Crans40I’ 0,37 | 0,17 | 0,70 | 030 | 0,30 - 10,30 | -
13 | Cranp 4512 041 (017 | 14 | 0,30 | 0,30 - 10,30 | -
14 | Cranp 18XI'T 017 | 0,17 | 0,8 | 1,00 | 0,30 - 10,30 | -
15 | Cranp 15 XD 0,12 | 0,17 | 0,40 | 0,8 | 0,30 - 10,30 | -
16 | Crans 40XC 0,37 | 1,20 | 0,30 | 1,30 | 0,30 - 10,30 | -
17 | Crans 35XM 032 | 0,17 | 0,40 | 0,80 | 0,30 - 10,3010,15
18 | Crans 12XH3A 0,09 | 0,27 | 0,3 0,6 | 0,30 - 10,75 -
19 | Crans 18X2H4BA | 0,14 | 0,17 | 0,25 | 1,35 | 0,30 - 4,0 -
20 | Cramp 15XM 011 | 0,17 | 04 0,8 | 0,30 - 10,3010,40
21 | Cranp HIX15 0,9 0,17 | 0,2 | 1,30 | 0,25 - 10,30 | -
22 | Cramp 55C2 0,52 15 | 0,20 | 0,30 | 0,20 - 10,25 -
23 | Cramp V7 066 | 0,17 | 0,17 | 0,20 | 0,25 - 10,25 | -
24 | Cramp Y9A 0,86 | 0,17 | 0,17 | 0,20 | 0,20 - 10,20 -
25 | Cramp V12A 1,16 | 0,17 | 0,17 | 0,20 | 0,20 - 10,20 -
26 | Cramp XBI' 0,9 | 0,10 | 0,80 | 0,50 | 0,30 - 10,35| -
27 | Crams P9 0,85 | <05 | <05 | 3,8 04 | 23|04 -
28 | Cramb P18 0,73 | <05 | <05 | 3,8 05 [ 10|04 -
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Jlogatok [

3pa3oKk TUTYIBHOTO JIUCTA

MiHicTepCcTBO OCBITH 1 HAYKH, MOJIOAI Ta CIOPTY Y KpaiHu
JlonGachKa AepkaBHa MAIMHOOYAIBHA aKaJaeMis

KA®EJIPA «OBJIAJHAHHA I TEXHOJIOIIT
3BAPIOBAJIBHOI'O BUPOBHHUL][TBA»

KYPCOBA POBOTA

3 qucaIiiHA « TEOPISI 3BBAPFOBAJIBHUX ITPOILIECIB»

Poznin :  TemnoBi mporiecy mpu 3BaproBaHH1
MertanypriitHi mpoliecu 3BaproBaHHS
JI>xepena 3BaproBajIbHOrO HarpiBy

BAPIAHT
Bukonag: cT.rpynu 3B
(miammc) ILLB.
KepiBHuk: (mocazna)
(mianuc) ILLb.
Kpamaropcrk 2012
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