MIHICTEPCTBO OCBITU I HAYKU, MOJIOAI TA CIIOPTY YKPAIHU

JIOHBACBKA JEPKABHA MAIIIMHOBYIIBHA AKAJEMIS

3ATBEPJI)KEHO:
Ha 3acimanni Buenoi pagu
I'osoBa Buenoi panu
Pexrop AJIMA
B.A.®enopinos

(mipmnuc, iHimiany, npi3BUIIe)

[Ipotokon Ne BT 2012 p.

(mpoTtokoI, HOMep, 1aTa)

HABYAJIBHA ITPOT'PAMA JUCLUITJIIHU
Teopis npoiieciB 3BaproBaHHS
J1J1s1 HanpsAMIB MATOTOBKH (CHEIIaIbHOCTEH):

6.050504 “3BaproBanHs”
(cnemianbHOCTI “TE€XHOJIOTIS Ta yCTATKyBaHHS 3BApPIOBAHHS )

Jlexan daxynbrery [Iporpamy pekomeH10BaHO Kadenporo
MarunoOyaiBHUN O1T3B
(Ha3Ba (akynbTeTy) (na3Ba kadenpu)
I'puns O.T. [Ipotokomn Ne BIJl 20 p.

(miammc, iHimiany, npi3BuIIe) (mmpoTokoI1, HOMEp, 1aTa)

3aBigyBau kadenpu _ OiT3B

(na3Ba kadenpu)

Maxkapenko H.O

(mignuc, iHiniamy, npi3BuIIe)

Kpamaropcek, 2012



|. 3BATAJIBHI BIIOMOCTI

Juctumina “Teopist mpolieciB 3BaproBaHHs’ € 0a3010 JJIsl BUBYCHHS 1HIIUX JUCIUILTIH,
10 BITHOCSTHCS JI0 UKITY MpodeciiHO-OpieHTOBaHUX. B Hill 3akiazeH] 3HaHHS 3 TEPMOIMHAMI-
KU Ta TEIUIOBUX MPOIIECIB 3BapIOBaHHS, 3HAHHS SBUII 1 IPOIIECIB, SKi BUHUKAIOTH 1 MMPOTIKAIOThH B
3BapIOBAIBHIN ITy31 Ta IHIIMX JPKEpeliaX TEIUIOTH, 10 BUKOPUCTOBYIOTHCS TPU 3BaplOBaHHI, a
TaKOXX THX, 110 MPOTIKAIOTh B METAlax 3BapHUX IIBIB 1 30HI TepMiyHoro BIuBy (3TB), B muia-
Kax Ta MK ¢azamu. 3HauHe micie B «Teopii mporieciB 3BaproBaHHs» 3aiiMae KpUCTaIizaiis Me-
TaJIiB MIPH 3BapIOBAaHHI Ta YTBOPEHHS TPILMH Ta MOP, SIK 11 HACTIIOK.

Jana nucnurutiHa 0a3yeThCsl HA 3HAHHSAX Ta MPAKTHYHUX HABUYKaX, IO OJEPXaHi MpH
BUBYCHHI (DyHIaMEHTAIbHUX AMCUUILIIH: X1Misl, BUIA MAaTEMaTHKa, METAJIO3HABCTBO 1 TepMiuHa
00po0OKa MeTaiB, TEXHOJIOTI KOHCTPYKIIMHUX MaTepiajiiB, OCHOBH OOPOOKH METATIB.

L1i 3HaHHA BUKOPUCTOBYIOTHCS B MOJJAIBLIIOMY IIPU BUBYEHHI TAKUX AUCHUILTIIH, SK:

- «3BaplOBaHHs TUIABJICHHSAM», B po3aiii «Jledextn 3BapHUX 3’€HAHB)» BUKOPUCTOBY-
IOTHCS 3HAHHS 110 TEOPii YTBOPEHHS XOJOJHHUX Ta TapsiuuX TpimuHi, nop. B po3aini «3BaproBan-
HSl JISTOBAaHUX CTaJICi» BUKOPHCTOBYIOThCS 3HaHHS «Teopii 3BaproBalbHUX MPOIIECIBY 3 BIUIMBY
TEPMIYHHUX IMKJIIB HA BIACTHBOCTI METAITy 30HH TEPMIYHOTO BIUIMBY. TyT BaXXJIMBUM € BH3Ha-
YEeHHSI CepeIHbOT Ta KPUTHUYHOI IIBUIKOCTI OXOJOKEHHsI 3BapHUX 3’€qHaHb. B po3ainax «3Ba-
proBaibHI MaTepianny, « TeXHOOTis 3BapIOBaHHS JIETOBAHUX CTajei», « TeXHOIOoTis 3BaproBaH-
HS1 KOJIbOPOBHX METaliBy, « Te€XHOJIOTIsl 3BaprOBaHHS B OCOOJIMBUX YMOBaxX» 1 IHIIUX BUKOPHCTO-
BYIOThCS 3HaHHS 3 «Teopil mpoleciB 3BaproBaHHM» B 00JaCTI PO3UYMHEHHS Ta3iB B METalIaX Ta iX
BILJIMB Ha BJIACTUBOCTI LIUX METAJIiB.

- «[IpoekTyBaHHA 3BapHHX KOHCTPYKUii», «HampyxkeHHs Ta nedopmaris B 3BapHUX
KOHCTPYKLISAX», «3BaproBaHHs TUCKOM», «CrienialbHi METOIU 3BaproBaHHA», «CydacHl MaTepi-
QI Ta TEXHOJIOTiS HaruIaBlIeHHA», «KiHeTHKa MeTanypriiHHX MpOIEeciB MpHU 3BapIOBaHHI» Ta
IHIIIUX BUKOPUCTOBYIOTHCS TAaKOXK 3HaHHs 3 «Teopil mpolieciB 3BaprOBaHH» 110 TEOMETPUIHOMY
NPEeCTaBICHHIO, KPUCTAJI3allii MeTalliB, ONTUMI3allisl PSKUMIB 3BaplOBaHHS, PO3YMHEHHIO Ta3iB
B MeTaJllaX, YTBOPEHHIO PO3YMHIB B MeTajax 1 IUlaKaxX, padiHyBaHHS MeTally LIBIB IJIAKAMU Ta
1HIIE.

Merta i 3aBIaHHA TMCHMILTIHA

Mera BuBUYeHHs AucuUIUTiHY “Teopis mpolieciB 3BaploBaHHs” MOJIATAE B TOMY, 1100 Maii-
OyTHi (paxiBii HaOyIM B CHCTEMAaTHU30BaHii MOCIIIOBHOCTI 3HaHb OCHOB TEPMOJIMHAMIKH, KiHE-
THUKH TIPOIIECIB, 110 MOKJIMBI MTPH 3BApPIOBaHHI, OCHOB TeIUIONEpeaadl 1 po3paxyHKiB TeIionepe-
Jladi MpHU 3BapIOBaHHI METAJOKOHCTPYKIIH Ta X OXOJOKEHHI, YMIHHS TBOPYO MHIiAXOJUTH 10
BUPIIIEHHS 0araTOCTOPOHHIX 3ajjady TEXHOJIOTIYHUX MPOIECIB 3BapIOBAaHHS T4 KOHCTPYIOBaHHS
3BapHUX BHPOOiIB. EKOIIOTiYHMI TEXHONOTIYHMNA Mpolec Ta ONTUMAaIbHY 3BapHY KOHCTPYKIIiIO
MOYXHO OTPHMATH, SIKIIO BMITH JJOCUTh TOYHO BH3HAYUTH 33aXOIM YTBOPEHHS TPIIIMH B IIBaX i
3TB, nependaunTy yMOBHU 3BapIOBaHHS, 3a SKUX IMONEPEIKY€ETHCSl yTBOPEHHS MOp B MeTall 3Ba-
PHHX IIBiB, TOHWKYETHCS PO3UYMHHICTH ra3iB Ta yTBOPEHHS HEMETAJIEBHX BKIOYEHb. [Ipu Bu-
BYEHHI JUCLUIUIIHU CTY/AE€HTH HaOyBalOTh HABHUUYKU BECTH PO3PaXypHKU PEKUMIB 3BaprOBaHHS,
IUIONII MEPETUHY 3BapHUX LIBIB, TemrepaTypHoro nosis B 3TB Ta iHme.

3aauero AUCHUILIIHY SIBJISETHCS PO3BUTOK 3HaHb T4 HABUYOK BUKOPHUCTaHHS TEOPETUY-
HUX 3HaHb, HAOYTHX B MPOIECi BUBYEHHS MOIMEPEAHIX KYpCIB, AJIS IIUPOKOTO BIPOBAKEHHS
TEOPETUYHOI'0 aHajii3y 1 mepeadadyeHHs B BUPOOHHUUY JisUIbHICTh. ['0OJIOBHOIO 33aauero AUCIUII-
JHH € 3aKITaJIeHHS TEOPETUIHUX OCHOB ISl TIOAAJIBIIIOTO BHBUEHHS MPOQECIHHO-CIIPSIMOBaHUX
JUCILIUILTIH.

BuBuenHs aucuuiiing nepeadavae npua0aHHs CTYACHTaMU 3HAHHS:

OCHOBHHX 3aKOHIB TEPMOINHAMIKH;

KIHETHUKH 1epediry (pi3uko-XiMiuHUX MPOILIECIB;

PIBHOBAru uX MpPOIECiB B TOMOTEHHUX Ta T€TEPOT€HUX CUCTEMAX;



OCHOB TEIUIONepeiadi, METOAIB PIillIEHHS 3arajlbHOr0 TU(EPEHIIHHOTO PIBHSAHHS TEIIO-

MPOBIAHOCTI;

HOHATTS] TEPMIUYHOTO LUKy 3BaprOBaHHs. BHU3HAYeHHS MaKCUMalbHOI TeMIepaTypu Te-

PMIYHOTO IUKITY JJI1 OKPEMHX CIIOCO01B 3BapIOBAHHS;

PO3paxyHKY MPOJTYKTHBHOCTI PO3ILIABICHHS €ICKTPOLLY;

PO3paxyHKy IapaMeTpiB 30HH POTUIABICHHS;

PO3paxyHKy e(eKTHBHOCTI MPOIUIABJICHHS OCHOBHOT'O METAIY;

PO3paxyHKY IIBHKOCTI OXOJIO/DKCHHS TOYKH 3BapHOTO 3’ €THAHHS,

PO3paxyHKY IIBUIKOCTI 3BapIOBAHHS PI3HUX BUJIIB IIBIB.

3aXO0JIiB I10 MOMEPEHKCHHIO YTBOPEHHS TapsuuX Ta XOJOJHHUX TPIIIUH;

3ax0/IiB MO MONEPEKEHHIO IOPOYTBOPEHHS ITPH 3BAPIOBAHHI;

METO/IB padiHyBaHHS METAJly 3BapHUX IIIBIB;

3aXO0/IiB [0 3MEHIIICHHIO 30HH TEPMIYHOTO BIUIHBY;

BMIiHHS T1OMPATH 3BApPIOBAJIbHI MaTepiaau 3TiHO 3 MaTepiajlaMy 3BapHOI KOHCTPYKIIii.
CTyneHT MOBUHEH BMITH:

pO3paxoByBaTH MOTPiOHI PIBHOBAr JIs MPOIIECIB, 110 MPOTIKAIOTh B pi3HUX (a3ax Ta

MIXK HAMU,

BHU3HAUUTHU MOXJIUBICTH Mepediry peakiiii Ta ii Hampsm;
CXEeMaTH3yBaTH Pi3HI KOHKPETHI MPOLIECH 3BAPIOBAHHA JUIS PILICHHS 3arajbHOTO U e-

PEHIIIMHOTO PiIBHSIHHS TEIUIONPOBIAHOCTI;

POOHUTH PO3paxyHOK Pi3HUX MapaMeTPiB MPOIECy TeIUIonepeaadi npyu 3BaprOBaHHI;
CTaBUTH 3a/1a4i 1 MPOBOJUTH JOCIIIDKEHHS B 00JIaCTI TEPMOJAMHAMIKH 1 TETUIONEpe/1ayi.
BU3HAYHUTHU CTAOUIBHICTH JYTOBOTO MPOIECY Ta 3aCO0U 11 MOKPAICHHS;

BU3HAYHUTH BOJIbTAMIICPHY XapaKTEPUCTUKY JYTH, MiAiOpaT BOJILTAMIIEPHY XapaKTepHC-

TUKY JDKEpelia )KUBJICHHS, sika 0 3a0e3revyBana onTuMalibHy CTa0iIbHICTh IPOIIECY;

HHUM;

BU3HAYMUTH BIUIMB MAarHiTHUX I10JIIB HA {yTOBUH NPOILIEC;
BU3HAYHUTHU BUJ] IEPEHECEHHS METAJly Yepe3 TYrOBHM MPOMIXKOK Ta 3aCOOM PerysItOBaHHS

OIIHUTH OKUCITIOBAIBHY 3JJaTHICTH IIUIAKIB, 800 OKPEMUX OKCHJIIB;

OLIIHUTH PO3KUCIIOBAIBbHY CXUIBHICTh OKPEMUX XIMIYHUX €JIEMEHTIB;

BU3HAYUTHU CXWJIBHICTh METATY JIO 3BAPIOBAHHS,

3HAWTH 3aX0/IM TIOTIEPEIKEHHS TapsiunX Ta XOJOIHUX TPIIIKH 1 TOp B 3BapHUX IIBAX;
pO3paxyBaTH CKJIaJ] HAaIlJIaBICHOT'O METaJly 3a BIIOMUMU KOEe(ilLi€EHTaMH [IEPEXO/Y;
pO3paxyBaTy KUCIOTHICTh 3BAPIOBATILHOTO HIIIAKY;

ONTHMI3yBaTH CKJIa/I 3BAPIOBALHOTO IIIJIAKY;

BHU3HAUYUTHU BUMOTH I110/I0 3BaPIOBATILHO-TEXHOJIOTTYHUX BIACTUBOCTEH IUIAKIB.

Po3nonin HaB4aIbHUX TOAWH 3a TPUMECTpPaMH 1 BUJIM HABYAIBHUX TOJMH BIJIMOBIIHO JI0

poOourX HaBUAIBHUX IUIaHIB MpUBeeHi B Ta0m. 1.1.



Tabmus 1.1 — Po3noia HaBYAIBHOTO Yacy

Po3nonin 3a Tpumectpamu Ta
B BUIAMU 3aHITh
3 S| E £ CPC Bun nigcym-
®opma HaBUaH- | = = > 2 o Y
s 5 x| & r:g b S| s 2| & 2 o | > KOBOTO KOHT
=S = 2| S|/ 88|E8| §|2Eem pomo
~ ) Q| 5| o E 2|18 80
= = =) ¥ M 15} = =
[ (> 7
5 |25]1 90 18 | 18 4 50 14 MK
Jlenna 6 |25 1 90 27 | 9 9 6 39 10 1CIIUT
7 |45 1] 162 | 60 | 15| 15 6 66 12 icuT
KypcoBa po6ora| 7 |10 1 36 15 4 17 nud.3amK
Jenna 9 120]1 72 18 | 9 9 4 36 10 MK
IIPUCKOPEHA 10 |30] 2 | 108 | 45 | 15 6 42 16 1ICIUT
Kypcosa po6ora| 10 | 10| 1 36 15 4 17 ud.3aiK
3aouia 7 140 1| 144 | 20 | 8 4 4 1108| 20 3aJiK
9 |55]2 ] 198 | 20 |12 | 4 6 |156| 24 ICIUT
Kypcosa po6ora| 10 | 10| 1 36 12 4 20 ud.3aiK
3ao4Ha 10 [25] 1 90 12 | 4 4 4 66 18 3aliK
MIPUCKOpEHa 12 |35 2| 126 | 16 | 8 4 6 92 20 icruT
KypcoBa po6ora| 12 |10]| 1 36 12 4 20 nud.3amK
11 3SMICT HABYAJIBHOI'O MATEPIAJIY
Ne mo- | Ne .
HaiimenyBanHs po3- Ne . .
Oynst | po3- - h HaiimenyBaHHS TeM TUCHMILIIHU
iy JIUTIB TUCLUUIUTIHUA TeM
Mo- 1 | Enextpuuna 3Ba- | 1.1 | EnexrpuuHna 3BaproBajibHa jayra Ta razoBe IO-
AyJb pIOBajIbHA Ayra AyM’s SIK JDKepesa TEIJIOTH IpU 3BapIOBaHHI.
1 Hogi 3BaproBasibHi Jpkepena TeIIoTH
1.2 | loni3auis ra3iB B po3psAHOMY HNPOMIKKY. EMi-
Cisl €JIEKTPOHIB 13 KaTO/y B 3BaprOBajIbHIN 1y3l.
1.3 | BonbpTaMiepHi XapaKTEpUCTHKH 3BaprOBAJIbHOI
nyru. Jlyra Ha ¢popcoBaHoMy pexumi. CTUCHY-
Ta 3BaproBajibHa Jyra, abo mia3MoBa Jayra.
1.4 | 3BaproBasibHa Ayra 3MiHHOTO CTpyMy. Meronu
MIJBULIEHHS. CTAaOUIBHOCTI TyroBOIO PO3PALY
IIPU 3BapIOBaHHI Ha 3MIHHOMY CTPYMI.
1.5 | [lepenecenHs Mmerany 4yepe3 AyroBUM INpoMi-
xoK. Cuity, 110 AIF0Th Ha KPAILIIO €JIEKTPOHO-
T'O MeTay, [0 BUCUTh Ha TOPIIi EIEKTPOIY.
1.6 | ®i3uunHi Oporecu B yroBoMy po3psiai. Teruio-
BHI1 OajaHC €HEPriid B IyTOBOMY PO3PS/II.
1.7 | MaruitoriipoiuHamMika 3BaplOBaJIbHOI JYTH.
BrnuB MarHiTHUX MONIB Ta (EepoOMarHiTHUX
Mac Ha 3BaproBaibHY Ayry. Jlyra sika oGepra-
€THCA.




Po3paxynku Termio-
BHX IpouleciB MNpH
3BapOBaHHI

2.1

[TonsarTs temmneparypHoro mojs. ['pamieHT Te-
MrepaTyp. 3akoH TeruionpoBigHocTi Dyp'e.
TennooOmin 3 moBepxHi Tijd. KOHBEKTUBHUH 1
teriooOMin. KoedimieHT TemmonpoBiTHOCTI.
Woro 3anexHicTh Bix NpUpoaH MaTepiany i Te-
MIepaTypH.

2.2

3aranpHe audepeHIiianbHe PIBHSIHHSI TEIUION-
poBigHoCTi. KpaeBi Ta mo4yaTkoBi YMOBH ISt
HOT0 pillieHHS TP 3BaproBaHHI. MeToI JKepet
1 HOro BUKOPHCTaHHS U PO3PaXyHKIiB TEIIO-
BHX TIOJIIB OKPEMHUX BUIMAJIKIB 3BAPIOBAHHS.

2.3

Cxemu Ti, IO HArpiBarOTHCS TIPH 3BapIOBaHHI.
3ocepekeHi MUTTEBI JpKepena TerioTH. Pos-
pPaxyHOK MEXEBOI TeMIepaTypH TPU BUKOPHUC-
TaHHI TakuWxX JoKepen. llpuHIMI HakIaIeHHS
Temreparyp. BIUIMB pexuMiB 3BaprOBaHHS 1
Tem0(i3UNYHUX BIACTUBOCTEH MarepiaiiB Ha
posnoain Temmeparyp. Cxemu 3BaprOBaJbHHUX
nporneciB. Etanu TermnonepenaBanHs. Teriosi
BJIACTUBOCTI 3BapPIOBAIIBHOT JIyTH

24

3BaproBaiibHa [yra, SK JDKEPEJO HarpiBaHHS.
Jis pyxauBOro Jpkepena Ha HamiBHECKIHYCHE
Tino. PyxoMme Ta mBHIKOpYyXOME JKEpeso Tel-
JIOTU TOCTIHHOI MOTYXHOCTI MPU HAIIABJICHHI
BaJIMKa Ha MacHWBHE TiJIO Ta NMPH 3BapIOBaHHI
JIMCTIB BCTUK 3 MOBHUM IIpOIUIaBJIeHHSIM Po3-
PaxyHOK TPaHUYHOI TEMIIEpaTypH MPH aBTOMa-
TUYHOMY HaIlJIaBJIEHH] BaJIMKa HA MACHUBHE T1J10
Ta TPU aBTOMATUYHOMY 3BapIOBAHHIO JIUCTIB
BCTHK 3 TIOBHUM IIPOIUIABIICHHSM.

2.5

Tepmiuauii nukia. MakcuManbHa TeMIiepaTypa
TEPMIYHOTO LUKITY. PO3paxyHOK MakCUMallbHOI
TEMIEpaTypyu TEPMIYHOTO IUKIY IpU aBTOMa-
TUYHOMY HAIlIaBJICHH] BaJIMKA HA MAaCUBHE TLJIO
Ta TpU ABTOMATUYHOMY 3BaprOBaHH1 JIMCTIB
BCTHK.

2.6

OOrpyHTyBaHHS HOHATTS Ta PO3PaxXyHKH MHT-
TEBOI HIBUAKOCTI OXOJIOJKEHHS METaly 3Bap-
Hux mBiB Ta 3TB. Po3paxyHok MUTTEBOI i ce-
PEAHBOI MIBUIKOCTI OXOJIOKEHHS IIPU aBTOMa-
TUYHOMY HaIlJIaBJIEHH] BaJIMKa HA MACUBHE T1JIO
Ta TpU aBTOMATUYHOMY 3BaprOBaHH!1 JIHMCTIB
BCTUK 3 IIOBHUM IIpPOILIABIECHHAM. Po3paxyHku
KPUTHUYHOI HIBUAKOCTI OXOJOJDKEHHS MeTaly
3BapHUX 3’ €/IHaHb.




2.7

[1naBneHHS OCHOBHOTO METally IpU 3BaproBaH-
Hi. Po3paxyHkn mapaMeTpiB 3BaprOBaJIbHOL
BaHHU IPH aBTOMAaTUYHOMY HAIlJIaBJICHHI Ba-
JMKa HAa MAacHMBHE TJIO Ta aBTOMAaTHYHOMY 3Ba-
pIOBaHHI JIMCTIB BCTUK 3 TOBHIM iX MpOIUIaB-
JEeHHSIM. PO3paxyHOK JOBXHHH 3BAPHOBAIBHOT
BaHHU. EdexTuBHICTh Mpolecy MpoIIaBiIeHHS.
Busnauenna KKJI mnpouecy nporuiaBiaeHHs.
BusnaueHHs 11011 MporiaBIeHHS.

2.8

[TnaBnenHs enekTpomgHoro Mmerary. Judepen-
LiaJlbHEe PIBHSHHS HArpiBaHHS €JIEKTpoja 3Ba-
proBanbHOIO nyroto npu PJI3. HarpiBanns ene-
KTpOoJia CTPYMOM TIpY aBTOMAaTUYHOMY M Harli-
BaBTOMAaTHYHOMY 3BapIOBAaHHI.

2.9

[TpoayKTUBHICTE MpOIIECy PO3IUIABICHHS 1 Ha-
maBiaeHHs. KoedimieHTH po3IuUTaBiIeHHS 1 Ha-
TUTABIICHHS.

2.10

HepiBHOMIpHICTh PO3IUIABICHHS  €JIEKTPOJA.
Po3paxyHKM IUIOII HaIIaBJICHHS Ta MPOILIAB-
7eHHs. Po3paxyHKM IIBHUAKOCTI 3BaprOBaHHS
mBiB Tuny [ 1 I

KonTposnsna poboTa.

OcHoBHIi 3aKOHH
TePMOAUHAMIKH

3.1

TepmoauHaMiyHe BH3HAUEHHS 3BApIOBAaHHS Ta
cropigHeHux TexHojorii. Ilepmmii 3akoH Tep-
MoaMHAMikK. MOro MOHATTS, OGUMCIIEHHS Ta
BHKOPHCTAaHHS. [30XxopuuHi 1 1300apuyHi mpo-
necn. EHTanemis sk TemmeparypHa (YHKIIiS.
3akoH ['ecca.

3.2

Hpyruii 3akoH TepmoauHamiku. ExTpomnis Ta ii
oOuncnenHs. TepMoaWHaMiYHI TOTEHIIATH.
3anexHicTh eHeprii ['160ca Bij TeMieparypH.

Kinernka mnponecis
B TIOMOreHHHX Ta
reTeporeHHux Cuc-
TeMax

4.1

PiBHOBara ¢i3uko — ximiuHUX cucreM. BuzHa-
YEeHHsI PIBHOBAaru B TOMOTCHHUX CHUCTEMaXx, PO-
3paxyHKHM MOCTiHHOI piBHOBaru. PiBHSHHS 130-
TEPMH peaxilii.

4.2

PiBHOBara B rereporeHHux cucremax. IIpo mo-
CSTHEHHs pIBHOBaru mnpu 3BaproBaHHi. [Ipun-
LU PYXJIMBOCTI piBHOBaru. BusHadeHi 3ako-
HOMIPHOCTI pO3paxyHKIB IOCTINHOI piBHOBaru
B OJTHOPIAHOMY Ta 6araToa3HOMY CEpEIOBHILL.

B3aemopin rasis 3
MeTaJloM TpH 3Ba-
PIOBaHHi.

5.1

Po3uuHHICTH ra3iB B MeTalll 3BapHUX IIBIB B
nporieci 3BaproBaHHS. PO34MHHICTH aTOMapHO-
IO Ta MOJICKYJISIPHOTO BOJHIO.

5.2

Po34MHHICTH a30Ty B MeTajiax MpU 3BapIOBaHHI.
BriB a30Ty Ha BIIACTHBOCTI METaly 3BapHHUX
miBiB. JleHiTpariis MeTany 3BapHUX IIBIB B MPO-
11eci 3BaprOBaHHS.

5.3

Po3unHHICTh KHCHIO B MeTallaX MpH 3BaplOBaH-
Hi. Jxepena kuCHIO mpU 3BaplOBaHHI. Bruus
KHCHIO Ha BIACTHBOCTI METAJIiB 3BAPHUX IIBIB.




5.4

OKHCIICHHST MeTally Ta30IMoAiIOHMM KHCHEM.
[IpyxHICTh icomiamii OKCUIIB YUCTHUX METAIIIB
Ta B pO3YMHAX.

5.5

PoskucmoBaiibHa 31aTHICTh JIETYIOUHX €JIEMEH-
TiB. ['padiku B.1.JlsTI0Ba 114 OLIHKK PO3KHC-
JIOBaJIbHOI 3aTHOCTI €JIEMEHTIB TMpHU 3Bapro-
BaHHI ctaned. JudysiiiHe po3kucieHHs. Po3-
KHUCIICHHS METaly 3a JOMOMOIOK KHCIUX Ta
OCHOBHHX IIUIAKIB.

5.6

BumnapoByBaHHsST MeTaJliB TpU 3BaplOBaHHI.
[TpyXHiCTH Mapy YUCTOTO METaly Ta METAly B
pO3uuHi.

KontponsHa poboTa.

6 |Kpucraaizamis mera-
ay 3BapIOBAJIbHOL
BaHHHU.

6.1

[Tponiecn mepBuHHOI KpHUcTamizamii merana. Je-
(heKTH EPBUHHOI KPUCTAITI3aIlii.

6.2

TexHoJOriYHA MPOYHICTH 3BapHUX 3’€IHAHb. ['a-
pAYl TPIIIUHHA.

6.3

BropunHa kpucTamizaiis 3BapHUX 3’€HaHb. Jle-
(dbekT BTOpPHHHOI KpucTamizamii. XoJoaHi Tpi-
IMHH.

6.4

Bronus TepmoaedopmaiiitHoro mukia 3Bapro-
BaHHS Ha CTPYKTYpPY Ta BJIACTHBOCTI MeTaja B
3BapHUX 3’ €JIHAHHSX.

7 |3BaproBaJibHi HLIAKH.
Ix B3aemonis 3 mera-
JIOM  3BaplOBAJIbHOI
BaHHH

7.1

3BaproBasibHI nUIakH. IX (yHKIIT, BIacTUBOCTI,
CTPYKTypa 1 B3aEMOJIisl 3 METaJIOM 3BapIOBATLHOT
BaHHU 1 IIBIB.

7.2

®i3uuHi BIACTUBOCTI 3BApIOBATBHUX IIJIAKIB.
TemmnepaTypa I1aBJIeHHS 3BapIOBATBHUX IUIAKIB.
HlinpHicTs nUIAKy. B'SI3KicTh  3BaproBaIbHHUX
nakiB. BinginpHicTh mimaky. MeToAu OIIHKHU
BIIJTIITBHOCTI IIJTAKOBOI KOPKH.

7.3

Ckiaz 3BaproBaJIbHUX LIUIAKiB. B3aemonist mera-
Jy 1 IJIaKy NpY 3BaproBaHHI.

7.4

Pa¢inyBaHHs MeTaly 3BaplOBaJIbHUX IIIBiB.

7.5

JleryBanHsl MeTany 3BaploBaJIbHUX MLIBIB. MeTo-
JIM JIETYBaHHS MeTally 3BapHUX IBiB. BuzHaueH-
Hs KOe(IIIE€HTIB NEPEX0y XIMIYHUX €JIEMEHTIB B
MeTaJl 3BapHMX WIBIB IpPU PI3HUX cllocobax 3Ba-
PIOBAHHS.

KontposnbHa poboTa.

III ITPUBJIN3HA TEMATUKA ITIPAKTUYHUX 3AHATDH

MeToro MpakTHYHUX 3aHATh € OBOJIOIIHHS METOJaMH MPOBEIACHHS PO3PaXyHKIB PO3YHH-
HOCTI Ta3iB IpHU 3BapIOBaHHI B MeTali 3BaplOBaJIbHOI BaHHU Ta Ha CTaJlii Kparmeib, HOro oKHc-
JICHHSI Ta PO3KMCIIEHHS, 3BaplOBAJIbHOI 3JaTHOCTI Ta BU3HAYEHHSI HAINpPSMKIB METaTypriftHUX

MPOIIECiB Ta MOXIJIMBOCTEH 1X mepeoiry.

TemaTyka MpaKTHYHUX 3aHATH BKIIIOYAE:
- pO3paxyHKHU piBHOBa)XHOI PO3UYMHHOCTI ra3iB MpH 3BapIOBaHHI;
- pO3paxyHKH KOHLEHTpalli pO3UMHIB METATIB 3 YpaxyBaHHSM iX BIPOBAKEHHS MpHU

3BapIOBaHHi;



- pO3paxyHKH MPYXHOCTI OKCHIB METAJIB, 110 3HAXOIATHCS B PO3UYHUHI,;

- pO3paxyHKH PO3KHCITIOBAJILHOI 3/TATHOCTI JICTYFOUMX €JIEMEHTIB;

- pO3paxyHKH TeMIepaTypHOi 3aliexHOCTI eHeprii ['100ca MOXIMBUX METaTypriiftHIX
MIPOIIECIB;

- pO3paxyHKH 3BaprOBAJILHOI 3JaTHOCTI CTaJIel, CXMJIBHUX JI0 TapTyBaHHS;

- pO3paxyHOK METaJlypriiHUX MPOIECiB, IO MPOTIKAIOTH Mk (a3aMH IPU 3BAPIOBAHHI.

IV IPUBJIM3HUMN NEPEJIIK IABOPATOPHUX POBIT

Mertoro BUKOHaHHS 1a00paTOPHUX pOOIT € HAOYTTS CTYJEHTaMU HaBHKIB BUMIPIOBaHHS
napaMeTpiB MPOIECy 3BaplOBaHHS, SKi BOHM PO3PaXxOBYIOTh Ha MPAKTUYHUX 3aHATT:X. [lepenik
1ab0opaTOPHUX POOIT HACTYITHHM:

Moayas 1

JlabopaTopHa po6ota Nel. J/I)xepena eHeprii npu 3BapioBaHHi. EnexTpuyna 3BaproBajibHa
nyra — 4 TOJIMHHU.

JlaGopaTopna po6ota Ne2. JlocmipKeHHST TyTOBOTO PO3PSIAY 3MIHHOTO CTpyMy — 2 TOIH-

HU
Jlaboparopua po6ota Ne3. JlocimkeHHsI AYTOBOTO pO3psiAy MOCTifHOTO CTpymMy — 4 To-
JTHH.
Jlaboparopua po6ota Ned. JlocniTKeHHs eTaCTUYHOCTI JyrOBOTO PO3pALy — 4 TOJUHHU.
JIaboparopHa po6ota Ne5. JlocimiKeHHsI IEPEHECEHHS eJICKTPOIHOr0 MeTairy — 4 ronu-
HU.

Moayas 2

Jlaboparopna pobota Neb. JlociKeHHs TeMJIOBUX XapaKTEPUCTUK 3BapIOBAIbLHOL YTy —
4 roguHU.

Jlaboparopua pobota Ne7. JlochmimKkeHHs MPOIJIABICHHS METaly MPH JAYTOBOMY 3Bapio-
BaHHI — 2 TOJIMHHU.

Jlaboparopua po6oTa Ne8. JlochimkeHHs MpOAYKTUBHOCTI MPOLIECY HArpiBaHHs Ta IJIaB-
JICHHS €JIEKTPOY IPH TyTOBOMY 3BapIOBaHHi. — 3 TOAWHHU.

Moayas 3

Jlaboparopra pooota Ne9. JlocimiIxKeHHs CTIHKOCTI CTalli 0 BUHUKHEHHS XOJIOTHUX
TPIMIKH — 4 TOAMHU.

Jlaboparopna po6ota Nel0. [locaiakeHHss IPUUUH YTBOPEHHS MO IPU aBTOMaTHUYHOMY
3BapIOBaHHI MiJ1 (II0COM — 3 TOAUHHU.

JlaGopaTtopna po6ota Nell. JlociimkeHHs 3BaprOBaATLHO-TEXHOJIOTTYHUX BJIACTUBOCTEN
3BapIOBAIbHUX IIIJIAKiB — 4 TOAMHH.

JlaGopatopna po6ota Nel2. BrumB jerytounx eleMeHTiB Ha MeXaHIuHI XapaKTePUCTUKH
IBa — 4 TOIUHU.

V IHAUBIAYAJIBHI CEMECTPOBI 3ABJAHHSA

Merta 1HAMBIAYaNbHOTO 3aBAAaHHS NOJATa€ B MOTIMOJIEHHI, y3aralbHEHHI Ta 3aKpiIUIeHI
3HaHb, 5Kl CTYACHTH OJIepKaji B MPOILEeCi HAaBUYAHHS, a TAKOX BMIHHS BUKOPHUCTOBYBATH iX Ha
MIPaKTHIII.

Jlnist caMOCTIHHOTO BUBYEHHS MTPOTMIOHYETHCS:

ITo po3niny 1. IIpoBecTn cxemaTusalliro OKpeMHX CIIOCO0IB 3BapIOBaHHSI.

[To po3miny 2. Buznauenns enepriii ['160ca 1 ['enbMromnpiia ast peakiliii 3riJHO 3 METO-
JTMYHUME BKa3iBKaMU JIJTsl BAKOHAHHS 1HAWBITya bHHUX 3aBIaHb.

[TpoBecTn po3paxyHKH MHUTTEBOI CEPEIHBOI Ta KPUTHYHOI MIBUJKOCTI OXOJOKEHHS TO-
YK 3BAPHOTO 3’ €HAHHS JUTsI KOHKPETHUX YMOB 3BAPIOBAHHS Ta OXOJIOKEHHS.

[TpoBecTr po3paxyHKH MIBUIKOCTI 3BapIOBAHHS PI3HUX THUIIIB IIBIB.



ITo pozainy 3. PozpaxyBatu HanpsiMOK nepediry peakiiii B 3aJJaHUX YMOBaX.

[To po3ainy 4. Po3paxyBaru moCTiifHI piBHOBAry, 1o MpOTIKalTh B Pi3HUX (a3ax i ymo-
Bax.

OOrpyHTYBaTH PYXOMICTh PIBHOBAard Ha MPHUKJIAII JUCOINAIi OJHOATOMHOTO Ta JBOXa-
TOMHOTO Ta3iB. BrmuB karanizaTopiB Ha piBHOBary (i3MKO-XiMIYHHX IPOLECIB 1 HA MOBHOTY iX
nepeoiry.

[To po3miny 5. Po3paxyBaru XiMIYHHMIA CKJIaJ PO3YMHY O BIIOMHX MPYKHOCTSIX YHUCTUX
METaJliB.

[To po3niny 6. Po3paxyHKH MEKOBOi TEMIEpaTypu IJIsi Py4HOTO TyrOBOTO 3BApPIOBAHHSA
JMCTIB BCTHUK 3 TOBHUM ITPOIIABICHHSM.

[To pozainy 7. CymicHUI aHami3 OCHOBHOCTEH 3BaplOBAJIbHUX IILJIAKiB, OJCPKaHUX PO3-
Pa3yHKOBUM LUISIXOM IO Pi3HUX (opMyiax.

VI KOHTPOJIBHI POBOTH

Mera KOHTPOJIBHHX pOOIT — MEpeBIpEeHHS MiATOTOBKU CTYACHTIB 3 TIEBHUX PO3JLUIIB PO-
00401 HaBYaJIbHOI IPOrpamMH.

KonTponbai po6otu Nel, 2, 3 BUKOHYIOTBCS MiCTsl BUBYEHHS BiAMOBIIHUX PO3ILIIB MPO-
rpamu (IMBHCH TEMAaTUYHHI IJIaH).

[TnanyeTncs mpoBeaeHHS 3 KOHTPOIbHUX pPoOiT. KOHTpOsBbHI 3aBaHHS HA KOXKHY KOHT-
poabHY poOOTY HaBeJeHI B JOJATKY 1.

VII METOJHWYHI BKA3IBKH

[Ipn BUBYEHHI JaHOi HABUAIBHOI JUCHUILUTIHM HEOOXiTHO 3BEPHYTH yBary Ha iH>KEHep-
HUHM TiAXiA 0 piNIeHHS pO3PaxyHKOBHX 3a/a4 Ta PO3YMIHHS MEXaHi3MiB BUHUKHEHHS SBUIIL.
HeoO0xiaHO0 yMOBOIO YCIIITHOTO BUPIIIEHHS MUTAHHS € BUKOPUCTAHHS 3aKOHIB KIHETUKH IMPO-
IIECIB JUTS pO3paxXyHKy OKPEMUX 3ajad MI0JI0 Tepediry peakiliii, a TaKokK Teruionepeaad, 1eTalb-
HUI aHaJli3 eJIEMEHTIB SIBMII, BIUIUB HANpy>Ke€Hb, HABAaHTAXXEHb, YUCTOTH METally, TEMIIEpaTypH
Ta 1HIII.

HaouHicTh HaBYabHUX 3aHATH MOBUHHA 3a0€3Me4yBaTHCh PO3AATKOBUM Ta LIIOCTPATHB-
HUM MaTepialaMu.

IlepcneKTUBHUM € BUKOPUCTAHHS KOMIT TEPHOI TEXHIKH NP BUKJIAJaHHI OKPEMHUX PO3.i-
JIB IpOrpamu.

JU1s KOHTPOJIIO MOTOYHOI YCHIIIHOCTI CTYJEHTIB Ta CHPUSHHSA iX PUTMIYHOI poOOTH Ha
IPOTA31 CEMECTPY HPOIMOHYETHCS JTOTPUMYBATUCh HACTYIMHOTO TPUMECTPOBOTO Tpadiky, KUK
3HAXOJUTHCA B 10JIATKY.

OniHIOBaHHS 3HaHb CTY/AEHTIB MPOBOJUTHCS 32 PEUTHUHIOBOIO CTOOAIBHOI CHCTEMHOIO.
i 6amu HaOUPaIOTHCS CTYJIEHTOM y XOi 37a4i 000B’I3KOBUX Ta JI0OJaTKOBUX KOHTPOJHHUX 3a-
xoJiB. lJi1 OTpUMaHHs IOMYCKY A0 ICOUTY CTYJEHT IOBUHEH HAOpaTH HEe MEHIIe 55 OaliB.

VIl HABYAJIBHO-METOANYHI MATEPIAJIN
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9. boryukuit A.A. Metoanueckue yka3aHusi K IPaKTUYECKUM 3aHSITHUSIM 10 JTUCIUTIIMHE
«Teopus cBapounbIx npouecco» - Kpamaropck: JIII'MA, 2003.— 60 ¢

10. borymkuit A.A. Metoauyeckue yKkazaHus K KypcoBoi padore 1o aucuurumne «Teo-
pus CBapOUHbIX IponeccoBy - Kpamatopek: [II'MA, 2003.— 24 c.

11. boryupkuii A.A. MeToau4Hi BKa3iBKH JIO0 KypcoBOi pobotu 3 auctuiuiinu «Teopist
3BaprOBaJILHUX IporeciBy - Kpamaropeek: JJIMA, 2001.— 24 c.

12. boryukuii A.A. Metoauyeckue yka3zaHus K KypcoBoil pabote 1o auciuiuinHe «Teo-
pus CBapOUHbIX IporeccoBy - Kpamatopek: [II'MA, 2003.— 24 c.
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Honmartok 1
KoHTpoJibHi 32aB1aHHA HA KOHTPOJILHY po0oTy Nel mo po3ainy 1:

BapianT 1

1. Ionizamis igeanpHuX rasiB. [lorenmian ioHizamii. Meroau ionisamii. PiBaaaus Cara.
lonizaris cymimiB rasis.

2. @13U4HI MPOIECH B KAaTOIHIN Ta aHOIHIN 00IacTsIX.

BapianT 2

1. BrmB MarHiTHUX MOJIiB HA JYTY.

2. Cwn, O AIF0Th HA KPAIUTIO €JIEKTPOTHOTO METaNy, siIka BUCUTh Ha TOPIIi €JICKTPOAIY.

Bapianr 3

1. 3BaproBaHHs Ha nepeMiHHOMY cTpyMi. MeTtoau crabinmizauii Iyrd Ha MepeMiHHOMY
CTPYMI.

2. Ewicis enexkTpoHiB 3 karony. TepMoeneKTpoHHA Ta aBTOCIEKTPOHHA EMICisl.

BapianTt 4

1. ®i3uuHi mporecu B poO3psAHOMY IPOMIKKY 3BaplOBalbHOT Ayru. TemmoBwii OamaHc
TyTH.

2. Metoau perynoBaHHS MEPEHECEHHSM Kparelb eJIeKTPOIHOTO METAITy Yepe3 po3psi-
HUW TTPOMIKOK.

BapianT 5

1. BoubTamiepHi XapaKTEpUCTHKH 3BapIOBATIbHOT JIyTH.

2. BrumB pexxuMiB 3BaproBaHHS Ha MEPEHOC EICKTPOJTHOTO METAITY.

KoHTpoJibHi 3aB1aHHA HA KOHTPOJIbHY podoTty Ne2 no po3aiiam 2, 3, ta 4:

Bapianr 1

1. Po3paxyHOK 30HM NPOIUIABICHHS OCHOBHOIO MeTaily. Po3paxyHOK JOBKHMHH 3BaproBa-

JHHOT BaHHH TPU aBTOMAaTHYHOMY HAIUIABJICHHI BaJMKa Ha MAacCHUBHE TJIO 1 aBTOMAaTHY-

HOMY 3BapIOBaHHI JIUCTIB BCTUK

2. llepmnii MOYaTOK TePMOANHAMIKU. BHYTpinIHS eHepris.

BapianT 2

1. Tepmiunuii 1ukia. Po3paxyHOK MakcHMaiabHOI TEMIEpaTypu TEPMIYHOIO IUKIY MpU
aBTOMAaTHMYHOMY HAaIlJIaBJICHHI BaJMKa Ha MAacHBHE TUJIO 1 aBTOMAaTWYHOMY 3BaplOBaHHI JIUCTIB
BCTHK.

2. [lpyruit 3akoH TepMoanHamiku. EnTpormis.

Bapiant 3

1. Po3paxyHOK MHUTTEBO] i cepelHbOi HIBUIKOCTI OXOJIOKEHHS METaJly 3BapHUX IIBIB.

2. PiBHOBara B reTeporeHHUX CHCTeMaXx.

BapianT 4

1. Cxemu Tin, siKi HarpiBarOThCs. CxeMu JpKepes HarpiBaHHS.

2. PiBHOBara (i3uKo - XiMiYHUX cUcTeM. PiBHOBara B rOMOT'€HHI| cHCTeM.

Bapiant 5

1. ITpoayKTHBHICTb MpoLIeCy pO3IIaBIeHHS 1 Haru1aBleHHA. KoedilieHTn po3miaBieHHs
1 HaTUIaBJIEHHS.

2. XiMiyHa CHOPiAHEHICTh KOMIIOHEHTIB peakiii. 3anexHicTb eHeprii [106ca Bix Temre-
parypw.

Bapianr 6

1. EpexTuBHicTh nporiecy nporuiasieHHs. Buznauenns repmiunoro KK/I 3BaproBanHs

2. [3oxopuuHi Ta i300apuyHi mpouecu. EHTanbmis.



Bapiant 7

1. Jlis pyxJIMBOTO JKEpera Ha HalmBHECKIHYCHE TUI0. Po3paxyHOK IpaHMYHOI TeMIiepa-
TYpH NPH aBTOMAaTUYHOMY HAIUIABJICHHI BaJMKa HA MACHUBHE TIJIO i aBTOMAaTUYHOMY 3BaprOBaH-
HIO JIMCTIB BCTHK 3 TIOBHUM IPOILJIABICHHSIM.

2. Tepmoaunamiuni norenuianu. Enepris ['1066ca i I'enbm-Ionbia.

KoHTpoJibHi 3aB1aHHA HA KOHTPOJIbHY podoTty Ne3 mo po3ainam 5, 6 Ta 7:

BapianT 1

1. Teopis yrBOopeHHs rapsuux TpinuH. KpucTamizaliiiHi Ta MoiiroHizamiiHi rapsdi Tpi-
mHA. MeXaHi3M 1X yTBOPEHHS.

2. PaginyBaHHs MeTaly 3BapHUX LIBIB 3BapIOBAJIbLHUMH IIJIAKaMH.

BapianTt 2

1. Po34rHHICTS BOJHIO B METaJIl 3BapHUX IIIBIB.

2. ®i3uuHi BIACTUBOCTI 3BapIOBAJHLHUX IIUIAKIB.

BapianTt 3

1. PO34MHHICTh KHCHIO B METaJlaX MPH 3BaplOBaHHI. BIUIMB KOHIEHTpamii po3YNHEHOTO
KHCHIO Ha BJIAaCTUBOCTI METAJiB.

2. Cxyaz 3BaproBaJIbHUX IIIaKiB. B3aemoist MeTairy i IjIaKy mpu 3BaprOBaHH1

BapianT 4

1. OxucneHHs MeTay ra3onoaioHuM KucHeM. IIpyKHICTh qucorianii OKCHIiB METAIiB.

2. JleryBaHHS MeTally 3BapHUX LIBIB.

Bapiant 5

1. Teopis yrBOpeHHs mop npu 3BaproBaHHi. ETanu nmopoyrBopeHHs. MexaHi3M yTBOpEH-
Hs TIOp. MeTou nmonepeKeH s op P 3BapIOBaHHI.

2. 3BapioBasibHi MTaKK. IX QyHKII{, BIAaCTMBOCTI, CTPYKTYpa i B3a€MOJIis 3 METAIIOM 3Ba-
PIOBAJILHOT BAaHHH 1 IIBIB.

BapianT 6

1. Po3unHHICTh 30Ty B METaJIi 3BapHUX IIBIB. BIUIMB KOHIIEHTpAIlii PO3YHHEHOTO a30Ty
Ha BJIACTUBOCTI METaIB.

2. MeTtoau TonepeKeHHsT YTBOPEHHS TapsiuuX TPIIIWH. BIIIMB OKpeMux eneMeHTIB Ha
YTBOPEHHS rapsyuXx TPILIHH.

BapianT 7

1. Po3kucintoBasabHa 3/1aTHICTB JIETYIOUHX €JI€MEHTIB.

2. Teopis yTBOpEeHHS XOJIIOMHUX TPIIMH. MexaHi3M YTBOPEHHS XOJOIHHUX TpimuH. Me-
TOJIU TONEPEIKEHHS XOJIOAHUX TPILIUH.



