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3AT'AJIBHI TIOJIOKEHHSA

Kypc “Tepmiuna 00poOka MeTalliB” € OAHIEI 3 MPODUIIOIOUNX JTUC-
IUIUTIH MATOTOBKU 1HXKEHEPIB-TEXHOJIOTIB 31 cherianbHocTl “O6podka
MeTajliB TUCKOM. Y Ccy4acHOMY MaIlMHOOYJIyBaHHI POJib TEPMIUHOI 00-
pPOOKHM JTy’e BEJIMKA 1 3 KOKHUM POKOM ii 3HAYECHHS B MAIIMHOOY /1yBaHHI1
3pocTae. 3HayHa KUIBKICTh CTaIbHUX BUPOOIB MIAAAETHCA TEPMIUHINA 00-
poOIIl K Ha CTaAll 3aroTiBEILHUX IMPOIECIB, TaK 1 HA CTajii OCTaTOYHOI
00poOKH. 3MEHIIICHHs] MacH MallliH, EKOHOMHAa BUTpaTa METaliB B KOHC-
TPYKUISIX, BUP0OOAX, IHCTPYMEHTAaX MPHU OJTHOYACHOMY MOJIMIIEHHI 1X KO-
CTI MOe OyTH 3IMCHEHO NpPH YMOBI MPUJIAHHS METaly ONTHUMAaJbHUX
BiacTuBOCTe. Lle gocsraerbes , B mepiry 4epry, IpaBUIbHOIO TEPMIYHOIO
00pooxkoro. [Ilupoke BpoBaIKeHHSI TEPMIUHOI OOPOOKU B MPAKTUKY Me-
TaJypriiHOro 1 MamMHOOYAIBHOIO BUPOOHMIITBA, MPOBEJICHHS MPOIIECIB
TEpMIYHOI 0OpOOKM Ha 0a3l CydyacHUX JOCSITHEHb HAYKH 1 MPAKTUKHU 3 Me-
TOI0 OTPUMAaHHS ONTHUMAJIbLHHUX BJIACTUBOCTEH METaiB — OCHOBHHMM IUISIX
BUPIIICHHS 3aj]1a4l MIJBUIICHHS HAaIMHOCTI 1 JOBFOBIYHOCTI JeTajied Ma-
IIIMH, €KOHOMIi METaJliB Ta €HEPropeCypcCiB.

BaxxnuBuMm ¢GakTOpoM 3aCBOEHHSI MPOTPAMHOTO MaTepiany JUCITUTI-
JIIHU, 110 BUBYAETHCA, € CaMOCTIHA poOoTa. BoHa BkiItouae camocTiiiHe
BHUBYCHHS TEOPETUYHOI YACTUHU KYpPCY IIJISAXOM BHKOPUCTAHHSA MIAPYYHU-
KiB 1 KOHCIEKTY JEKIii, mpuaOaHHs HABUKIB CAMOCTIMHOTO BUPIIIECHHS
IH)KEHEePHUX 3a/1a4 Ha OCHOBI 3HAHb TEOPETHYHHX IOJIOKEHBb KypCy Ta BH-
KOHaHHS JIA0OpaTOPHO-NIPAKTUYHUX 3aBJaHb. [{I METOAMYHI BKAa31BKU Ha-
MpaBJicHI Ha IOJICTIICHHS 3aCBOEHHS Kypcy. BOHUW CKiIamaroThes 3 JTBOX
yacTHH. B mepiriii yacTuHi1 HaBeJIeH1 TEMU JICKIIIH, K1 YUTAIOThCS CTYJICH-
TaM 3a JaHUM KypCOM, BUKJIAJEHO 3MICT KOHOI JIEKIIi1 3 BKa31BKOIO JIiTe-
paTypu AJisl CAMOCTIMHOTO MPOPOOJICHHS Ta MOTJIUOICHHS 3HaHb.

Jlpyra yacTuHa METOJAMYHUX BKa31BOK MICTUThH MEPEJIK TeM Mporpa-
MOBAaHUX KOHTPOJIB, MPOBEACHHS SKUX 3IMCHIOETHCS BHUKIJIAJauyeM 3a
crieriaibHUM rpadikoM. Ilo KoXHiHi Temi IporpaMoOBaHOr0 KOHTPOJIIO
BKa3aHl TeMH JIEKIN JJIs BIAMOBIAHOI MIATOTOBKH. J[pyra yacTWHa METO-
TUYHUX BKA31BOK MICTHUTh TEKCTH 1HAMBIIYyaJbHHUX 3aBJIaHb, 110 BHUIAIOTh-
Csi CTyJEHTaM SIK po3paxyHkoBo-rpadiuni podotu (PI'P). V 3aBmanusx
OpuijieHa yBara PEKOMEHJAIlisIM 3 BHKOPHUCTAHHS JII PO3pPaxyHKIB
[TEOM.



1 3MICT JUCHUAIIJIITHHU

1.1 HaiiMmeHyBaHHSA TeM, 00CHAT 3aHATH B rOJIMHAX

Tabmuisg 1 — Butsar 3 HaB4aapHOI MporpamMu

No HaiimenyBaHHs TEMU ['onvH Ha BUBYCHHS
TeMU BCHO |y TOMY YHUCIII
ro JIEKITH | 1abop.

1 2 3 4 5
Beryn., CyTHICTH 1 TpU3HAYEHHS TEepMid-
HOi OOpOOKM B METaNypriiiHIid Ta Mallu-

01 | HOoOymiBHIN mnpomucioBocTi. Kmacudika-| 1 1 -
i BHUIIB TepMooOpoOku. ExoJsoriuni
npoosemu. [lutanus eHepro3oepeKeHHs
[Iportecu, 1m0 BiAOYBaIOTHCSA y CTajl MPH

02 | moBiTbHOMY HarpiBaHHI. YTBOpeHHs ayc-| 9 1 8
TEHITY
3epHO B cTajii. BB BeIM4MHM 3€pHA ay-

03 | creHiTy Ha MEeXaHIYHI 1 TEXHOJIOTIYHI Bia-| 6 2 4
CTHUBOCTI CTaJl
[lepeTBOpeHHs, 110 BIAOYBAIOTHCS B CTall

04 |TPH MOBUIBHOMY OXOJIOJKEHHI. MexaHi3M 1 1 i
1 KIHETHKa pO3Maay IepeoXO0yI0KEHOTO
ayCTEHITY
[lepeTBOpeHHs y cTalli, 0 BiAOYBaIOTHCS
npu Oe3nepepBHOMY OXOJIOJKEHHI. Map-

05 | TeHCuTHE MepeTBOpPEeHHA y cTaiasix. Mexa-| 1 1 -
HI3M 1 KIHETHKA TIPOMDKHOTO TEePETBOPEH-
HsI

06 TGXHOHorig BiJIMaTy, BUIW 1 MPU3HAYCHHS. 5 1 4
IlepBuHHA 1 BTOpHHHA TEPMOOOPOOKa

07 Ho.pMaJIi:;au.is{ cTall. EK.OHOMi‘-IHa edexTu- 1 1 i
BHICTh. Bubip napamerpin

08 rapTYIiaHHﬂ ctaii. Bubip mapameTpiB Tex- 5 1 4
HOJIOT'11

09 T.eXHOJIOFig BiﬂHYCKy. BignyckHa kpux- 5 1 4
KICTh, TEOPIsI CTAPIHHS

10 [ToBepxHeBI MeToau TrapTyBaHHS. Tepmo- 1 1 i

MexaHluHa 00poOKa cTai 1 CIIaBiB




[Tponosxenns Tabaui 1

1 2 3 4 5
3arayibHi 3aKOHOMIPHOCTI X1MIKO-
11 | TepmiuHOi 00poOKuU ctami. TexHosorisa me-| 3 1 2
MeHTaril
12 | TexHomnoris a30TyBaHHS Ta I[laHyBaHHS 1 1 -
13 Ckunan, Teplequa o6po§1<a. Ta BJIACTUBOCTI 5 1 4
KOHCTPYKIIITHUX MaTepiaiiB
Cknan, TepMmiuHa 00poOKa Ta BIACTUBOCTI
IHCTPYMEHTAIBHUX 1 IITAMIOBUX CTaJICH.
14 | TepmooOpoOKa TEIIOCTIMKUX Ta Kapomi- | 4 2 2
nmHux crajgeid. TepmooOpoOka cCIiaBiB
AIFOMIHIIO
Bceroro 48 16 32

1.2 3micT TemM, peKOMEHI0BaHA JiiTepaTypa

Tema 01. Beryn. CyTHICTB 1 IPU3HAYEHHS TEPMIYHOT 0OpOOKHU B Me-
TaNypriiiHiid Ta MamMHOOYAIBHIN mpomucioBocTi. Knacudikaiisi BUAIB
TepMo0oOpoOKku. Exonoriuni npo6aemu. [Iutanus enepro3zoepexeHHs.

[Ipenmet TepmiuHOi 00pOOKHU. IcTOPIst pO3BUTKY TEPMOOOPOOKH.

3nauenHs poOit ILII. Anocosa, JI.K.UepHOBa — OCHOBOIIOJIOKHUKIB
HayKU Npo TepMiuHy 00poOKky crani. CTpykTypa kypey. Ll ta 3agaul Ky-
pcy 1 0or0 3B 430K 3 THIIMMH AUCHUIUTIHAMU. POk TepMidHOT 0OpOOKH Y
B1THOIIICHH1 3HM>KEHHS MAaCH, IMJABUIICHHS JIOBMOBIYHOCTI Ta SIKOCTI BUPO-
01B, €KOHOMIi MaTepianiB, MiJBUILCHHS €()EKTUBHOCTI BUPOOHHUIITBA, KO-
HOMIi TETUJIOHOCIIB.

Exosoriyni npo0jeMu 1 0XOpoHa HaBKOJMIIIHLOTO CEPEOBUILA: OC-
HOBHI BUJM IIKIJJIMBUX BUKUIIB, CYIyTHI TEpMOOOPOOIIi, 3aCO0M 3HUKEH-
Hs 1X IIKIJJIMBOI J1i Ha MOBITpsHUI OaceiiH. OXopoHa HAaBKOJHUIIHBOIO Ce-
peaoBUIIa — 3a/1a4a JIEPKABHOI Bary.

Jliteparypa [1, ¢.99-126; 6, ¢.3-10]

Tema 02. ITpouecu, mo BiAOYBalOTHCA y CTal NPU MOBUIBHOMY Ha-
rpiBaHHI. Y TBOPEHHS aAyCTEHITY.

CyTtHicTh TepMOOOpOOKH. OCHOBHI €JIE€MEHTH TEXHOJOT1i: HarpiBaH-
Hs, BUTPUMKA, OXOJIOJIKEHHS. 3B’SI30K TEXHOJIOT1i TEPMOOOPOOKH 3 iar-
paMoIO CTaHy 3aJ1130BYTJICLIEBUX CIIABIB.




[leperBopeHHsT (hepUTO-TIEPIITHOI CYMIIl B ayCTEHIT 1 KiHETHKa
nporiecy. ['oMoreHnizariis aycteHiTy. BB BUXigHO1 CTPYKTYpPH, YMOB PO-
3KHMCJICHHS Ta CKJaJy CTalll HA YTBOPEHHS ayCTEHITY 1 po3Mipu HOro 3ep-
Ha. [lepeTBOpeHHs nepiiTy mpu Oe3repepBHOMY HarpiBaHHI.

Jliteparypa [5, ¢.7-6; 6, ¢.100-136]

Tema 03. 3epHo B craini. BriuB BeIMYMHU 3€pHA ayCTEHITY Ha Me-
XaHIYHI 1 TEXHOJIOT1YHI BJIACTUBOCTI CTaJl.

3epHO ayCTEHITY, OCHOBHI BU3HAYEHHS: CIIaJIKOBO JIPIOHO- Ta KpyM-
HO3epHHCTA cTami. DI3UYHA MPUPOJIa CXMWIHHOCTI 3€pHA ayCTEHITY 10 POC-
Ty.

CnocoOu Bu3HaueHHs BenuuuHU 3epHa 3a JCT. BruuB XimMiuHOTO
CKJIaJy, CIoco0y BUIUIABKM Ha CXWJIBHICTh 3€pHA ayCTEHITY 0 POCTY.
BruiiB BenuuuHU 3epHa HA TEXHOJIOTTYHI 1 MEXaHI4HI BIacTUBOCTI. JlilicHe
3epHo crtaui. [leperpis 1 nepesiamnai.

Jliteparypa [3, ¢.232-243, 47-54]

Tema 04. IleperBopeHHs, IO BIAOYBAIOTHCS B CTall MPHU MOBUIHHO-
My OXOJIOJKeHHI. MexaH13M 1 KIHEeTHKa po3Maay Mepeox0IoPKEHOT0 ayc-
TEHITY.

3aranbHa TEOpPiss po3Hady TIEPEOXOJOIKEHOTO ayCTEHITY, BIUJIUB
CTyIEHIO TiepeoxoJiokeHHs. KiHeMaTtrka 1 MexXaHi3M MEepEeTBOPECHHS Tie-
PEOXO0JIOIKEHOT0 ayCTEHITY y TEPIITHIN 1 mpoMiXHINA AUIsiHKaX. Jliarpama
130T€pMIYHOTO PO3May TEPEOXOIO0KEHOT0 ayCTEHITY, ii mo0ymnoBa, Teo-
peTuyHa 3Ha4uMiICcTh. CTpYyKTypa MPOAYKTIB MEPETBOPEHHS 1 iX BIACTUBO-
cti. ®akropy, 110 BIUIMBAIOTH HA MEXaHI3M 1 KIHETHUKY PO3May MEepeoXxo-
nojkeHoro aycteHity. Po6otu I'ynsieBa O.11., INapaina O.1. [liarpama i130-
TEPMIYHOI'0 PO3Maay ayCTEHITY J0- 1 3a€BTEKTOIIHUX CTaJIeH, JIeTOBaHUX
CTaJIeu.

Jlitrepatypa [6, ¢.136-146]

Tema 05. IlepeTBopeHHS y cTaumi, IO BiAOYBaIOThCS MpU Oe3mepep-
BHOMY OXOJIOJI’KEHHI. MapTeHCUTHE NIEPETBOPEHHS y cTaIsIX. MexaHI3M 1
KiHeTHKa TPOMIDXKHOT'O TIEPETBOPEHHSI.

3aranbHa Teopis neperBopenHs. Podotu I'.B. Kypatomosa. CTpyk-
Typa 1 BJIAaCTHBOCTI MapTEHCHUTY. MeXaHI3M MEPETBOPEHHs ayCTEHITY B
mapTeHcuT. [Ipupoma MapTeHcury.

KineTrnka mepeTBOpeHHs ayCTEHITY B MapTeHCUT. MapTeHCUTHA nia-
rpama, octaTtounuit aycteHiT. Cralimizaimisi OCTaTOYHOTO AayCTEHITY.



BB yMOB OXOJOJKEHHS Ha TMEPETBOPEHHS ayCTEHITY B MapTEHCHT.
BB mBuakocti 6e3nepepBHOro oxosomxeHHs. Po6otu B.JI. CamgoBch-
Koro. BrnuB ckiagy cTaii Ta TEXHOJOTIYHUX (PAKTOpiB HAa KPUTHUUYHY
IIBUJIKICTh TapTyBaHHSA. TEepMOKIHETHYHI JlarpaMu MEPETBOPEHHS aycCTe-
HITY, 1X MPaKTUYHE 3HAYEHHS MpU TepMooOpoOIi. BrauB Byriero 1 Jie-

T'YIOUHUX €JIEMEHTIB Ha 130TePMIYHUM pO3I1ajl ayCTEHITY.
Jliteparypa [5, ¢.76-88; 6, c.181-227]

Tema 06. TexHonoris Bianaity, BUAW 1 npuzHadueHHA. [lepBuHHA i
BTOPHMHHA TEPMOOOpOOKa.

Texnomnorist TepmooOpoOku. Buau ta meta Bianany. Biaman 112 po-
1y, ix ocoonuBocTI. [IpuHIUnM BHOOPY OCHOBHUX MapaMeTPiB TEXHOJIOTTII.
Knacudikariis cram 3a ¢pnokenouytnuBicTio. [loBHMI Bianman cTam, Ipu3-
Ha4yeHHs, pexxuMu. HemoBHMI Biaman cTanii, TpU3HAYCHHS, PEXKUMU. [30-
TEPMIYHUI BiANaa CTajll, MpU3HAYEHHs], pexxuMu. CBiTiuil Bianan. Pexu-
MU BiJnajdy KpyIHHUX MOKOBOK. Bimman crampHoro nutBa. HuszbkoTemrie-
patypHuiil Binnan. Bignan Ha 3epHucTuil nepait. Biaman xonoanoaedop-
MOBAHOI cTaJll. BIuMB BiANany Ha CTPYKTYPY 1 MEXaHiI4H1 BJIACTUBOCTI ra-
psiuo1epOpMOBAHOT CTaI.

EKoOJOriuHI acneKkTu: TEeNJIOBUIIICHHS, BIUIMB Ha HABKOJIMIIIHE cepe-
JOBULIE. 3aX0U 3HWKEHHS TEIUIOBUALIEHb. CIOCOOM €KOHOMHOI BUTpPATH
najauBa.

Jliteparypa [6, ¢.27-92, 146-156]

Tema 07. Hopwmamnizamisa crani. ExoHoMiuHa edekTuBHICTh. Bubip
napaMmeTpiB.

Busnauenns omepariiii Hopmamizaiii. dakTopu, 10 BIUIMBAIOTH Ha
pe3yJibTaTu HOpMallizallii ctaii. BriuB Hopmanizailii Ha CTPYKTypy 1 Me-
XaHIYHI BJIACTUBOCTI CTaJll, MOPIBHSAHHS HOpMai3aiii 3 BiamaaioM. EKOHO-
MiuHa e(peKTUBHICTh HOpMai3allii.

OOnanHaHHs IJIg Bianany 1 HopMmanizamii. OKuclIeHHsS 1 00e3BYyTrJie-
[[IOBaHHA cTalli. 3aXUCcHI aTMochepu, O€30KUCTIOBAJIbHE HArpiBaHHSI.

HedexTu, 10 BUHUKAIOTh MPU BiAnaidi Ta HopMami3alii (o0e3ByTJie-
[[IOBaHHS, IEpErpiB, MepeBiIna, KOPOOJIEHHS ).

Jliteparypa [5, ¢.291-294]

Tema 08. T'aptyBanns craini. Bubip mapameTpiB TE€XHOJOTTII.
Busnauenus omepariii raptyBaHHsa. DakTopH, 10 BHU3HAYAIOTH pe-
3ynabTaTu raptyBaHHs. IIBUAKICTH 1 TeMmepaTypa HarpiBaHHS IiJ 3arap-



TyBaHHA. [IIBUAKICTH OXOJOJKEHHS 1 XapaKTEPUCTHUKA OXOJOIKYHOUHMX
CEepEeZIOBHUIL, TOHATTS PO iAcalbHUM OXO0J0/KyBad. Jlepopmartis crami
npu 3arapTyBaHHi. [IporaptoBaHiCcTh 1 3arapToBaHICTh CTaji. Bruius npo-
rapToBaHOCTI Ha CTPYKTYPY 1 BIactuBocTi ctaii, cxema O.IL.I'ynsesa. Pi3-
HOBHJIHOCTI TapTyBaHHs. [IOHATTS mpo oNTUMaNbHUM CHOCIO rapTyBaHHS,
BIUIUB CKJany i popmu neraneit. TexHoJOris 1 Taly3b 3aCTOCYBaHHS: rap-
TyBaHHS B OJIHOMY OXOJIOJKyBadi, TapTyBaHHS y JBOX CEpEeIAOBHIIAX,
CTPYMEHEBE rapTyBaHHsI, TapTYBaHHS 3 CAMOBIIIYCKOM, CTYITIHYATE Tap-
TyBaHHS, 130TepMiuHe rapTyBaHHsA. [IoHATTS 1 ramy3b 3aCTOCyBaHHSI 0€3-
nedopmariiHoro rapryBanHs. ['apryBanHs Ha cTaOLIbHI po3Mipu. OOpo0-
Ka XO0JIOJIOM.

Jliteparypa [4, ¢.262-272]

Tema 09. TexHonoris BiAnycKy. BiimyckHa KpUXKICTh, TEOpIsS CTa-
pIHHSL.

BusnauenHs onepariii BiAmycky ctam. Teopis BiAMycKy cTali, YOTH-
pU TEepeTBOpPEHHA, (I3MYHA CYTHICTh MEPETBOPEHb, IO MPOTIKAIOTh.
BB TeMnepaTtypu BIANYCKY Ha CTPYKTYpPY 1 MEXaHiI4H1 BJACTUBOCTI 3a-
raptoBaHoi ctaii. TepmiuHe nominimeHHs. KpuxkicTs cTaini npu BIAMYCKY.
O6opoTHa 1 HEOOOPOTHA KPUXKOCTI.

CrapinHs cruiaBiB Ha OCHOBI 3ai3a. Teopist crapinHs. BcTaHOBIEHHS
pexumy Biamycky. OOnagHaHHs JJIsl HarpiBy IiJl TapTyBaHHS Ta BIAMYCK
ctani. JledbexTu, 1110 BUHUKAIOTh IPU TapTyBaHHI 1 BIAMYCcKy. PoboTu ykpa-
THCBKMX BUEHHUX Y Tally3l yJIOCKOHAJEHHS TEXHOJIOT1l KOHKPETHUX BHIIB
TepMooOpoOku. Pobotu kadenpu merano3nascra I/ IMA.

Jliteparypa [6, ¢.303-333]

Tema 10. IloBepxHeBI METOU rapTyBaHHs. TepMomexaHiuHa 0Opoo-
Ka CTall 1 CIIJIaBiB.

CyTHICTh 1 MpU3HAYEHHS MMOBEPXHEBOTO TapTyBaHHs, Kiacuikallis
Meto/iB. [ToBepxHEeBe rapTyBaHHs MPU HArpiBaHHI y CBUHIIEBUX BaHHaX.
[Tomym’siHe moBepxHEBe rapTyBaHHs. [loBepxHEBe rapTyBaHHs MPU Harpi-
BaHHI B ejekTpouiTi. KontakTHe HarpiBaHHs. ['apTyBaHHs MpU HarpiBaHH1
CTpyMaMu BHCOKOi yacToTu. CrocoOu 1HAYKIIIMHOTO HarpiBaHHS IS IT1-
7€l MeTaI000pOOKH.

BB mapameTpiB iHAYKIIHHOTO HarpiBaHHS Ha CTPYKTYpy 1 Mexa-
HIYHI BJIACTUBOCTI 3arapToBaHoi cTaji. HampykeHHsT B IOBEPXHEBO 3ara-
proBaHiii crani. Omip BroMjeHOCTI. JliarpamMa JOMyCTUMHUX Ta MEpeBax-
HUX PEKUMIB MPY BUCOKOYACTOTHOMY HarpiBaHHI miJ rapTyBaHHs. [lepe-



Baru Ta HEJIOJIKHM 1HAYKIIIHHOTO TapTyBaHHsS. ['apTyBaHHsS 3 HarpiBaHHs
Ja3€pOM.

Cytaicte TMO-cnonydeHHs m1acTUYHO1 Aedopmariii cram 3 ii rap-
TyBaHHAM. Di3ndHa CyTHICTH 3MIIHEHHA. J[Ba 3ac00M TepMOMEXaHIYHOI
00po0Oku — BUcokoTemnepaTypHa o0pooka (BTMO) ta Hu3bpkoTEMIIEPATY-
pHa o0pobka (HTMO). MexaHiko-TepmiuHa 0OpoOKa crai.

Mapdopminr (nedpopmariiis mapreHcuty). [IpakTrka TepMoMexaHiy-
HOTO 3MIITHEHHSI.

Jlitepatypa [5, ¢.298-323, 333-361]

Tema 11. 3aranbHi 3aKOHOMIPHOCT1 XIMIKO-T€PMIYHOI 0OPOOKH CTa-
ni. TexHosoris neMeHTarii.

BusHaueHHs omeparuiii XiMiKO-TepMidHOI 0OpoOku ctami. 3araibHi
3aKOHOMIPHOCTI TU(y31HHUX TpolLIeciB, Teopis sABull. byjgoBa nudy3iiHo-
ro mapy 3 BpaxyBaHHSIM JllarpaMu CTaHy.

[emenrariisi crani. BB temnepaTypu, TpUBaJOCTI LEMEHTAIlll i
BMICTY B CTajl JIETYIOUHMX €JIEMEHTIB Ha pe3yJbTatu nemeHtauii. Cranab
JUTA IIeEMeHTalli.

TBepai, piaki Ta razonoaioH1 kapOropuszaTopu. [IpakTika nmpoBeaeH-
Hs neMeHTarlii. O061agHaHHs, 10 3aCTOCOBYETHCS.

Tepmiuna 06poOka remeHToBaHuX BUpPoOiB. CTpyKTypa 1 BIaCTUBOC-
T1 IIeMeHTOBaHOi cTaji. OCHOBHI MIKIIJIMBOCTI, 1110 BUHUKAIOTh MPH LIEMe-
HTallli, 0XOpPOHA HABKOJIMUIIHHOTO CEPEAOBUIIIA.

Jlitrepatypa [6, ¢.361-368; 4, ¢. 207-320]

Tema 12. TexHoNOTis @30TyBaHHS Ta I[laHyBaHHS.

XiMi3M mpoliecy a3oTyBaHHsA. BiactuBocTi a3oToBaHoro mapy. Cra-
7 71 a30TyBaHHSA. AHTHKOPO3iHE a30TyBaHHS. A30TyBaHHsI JISTOBAHOI
CTajl 3 METOI MOBEpXHEBOro 3MilHEeHHs. [[OpiBHSIHHSA a30TyBaHHS 1 Iie-
MEHTAIIli K TBOX METO/IIB XIMIKO-TEPMIYHOI 0OPOOKH.

[{ianyBanns crtani. CTpyKTypa 1 BJACTUBOCTI LiiaHOBaHO1 ctajii. Hu-
3bKOTEMIIEpaTypHE I[laHyBaHHS B PIIKUX, FA30BUX 1 TBEPAUX CEPEIOBU-
nrax. [{ianyBaHHs IHCTpyMeHTaJIbHUX cTaliel. TexHika Oe3meKku.

EKoJIOriyH1 acriekTy: OCHOBHI IIKIIJIUBOCTI, 1110 BUHUKAIOTh MPU BU-
KOHAaHHI a30TyBaHHA Ta I[laHyBaHHSA. MeETOAM 3HUKEHHS HETaTHUBHOTO

BIUTMBY ITUX IIK1JIMBOCTEN HA MOBITPSHUI OaceiH.
Jlitepatypa [4, ¢.320-330]



Tema 13. Cknan, TepmiuHa oOpoOKa Ta BIACTUBOCTI KOHCTPYKIIIi-
HUX MaTepiais.

BuMoru, 1o npen’sBISIOTBCS 10 KOHCTPYKLIMHUX cTanei. KoHc-
TPYKILIMHI CTami, 10 IEMEHTYIOThCSA. YMOBHU €KCIUTyararlii BUPOOiB, 110
IIEMEHTYIOThCSA 1 BUMOTH, IO TpPEI ABISIOTHCS 10 HUX. KOHCTpYKIIiiHI
CTajll, 110 MOJIMINYIOThCA. BuOIp MOJimImeHoi crtaji B 3aJeKHOCTI BIJ
YMOB HaBaHTaXEHHsI, MIITHOCTI, 110 BUMAaraeTbCs, Ta mepepizy BUPOOy.

ByrneneBi KOHCTPYKLIMHI cTaii, X CKJajJ, BIACTUBOCTI, TepMiduHA
00poOka. OCcoOJMBOCTI TEPMIUYHOI OOPOOKHM KyBaJbHUX CTajed, y TOMY
YUCJI XPOMHUCTHX, XPOMOHIKEJICBUX, XPOMOHIKEIbMOIIOACHOBUX Ta 1H-
UX KOHCTPYKILIMHUX craneid. TepmiuHa oOpoOka pecopHO-TIPYKUHHUX
CTajel, BUCOKO MapraHIleBUX JIUTUX cTanieid. JlehekTu jeropaHux craiei,
(d1okeHu Ta 3ax0au O0pOTHOU.

Jliteparypa [3, ¢.364-411]

Tema 14. Cxnan, TepmiuHa 00poOKa Ta BIIACTUBOCTI IHCTPYMEHTAJIb-
HUX 1 IITaMNoBUX cTaneil. TepmMooOpoOKa TEMIOCTIMKUX Ta KAPOMIIHUX
cranei. TepMooOpoOKa CIJIaBiB ATFOMIHIIO.

Bumoru, 1o npej’siBAsSioThCs 10 IHCTPYMEHTAIBHUX CTajliel, BUXO-
Js19U 3 YMOB poOoTH 1HCTpyMeHTy. Ckiiajl, TepMiuHa 00poOKa, BIACTUBOC-
Tl BYIJIELEBUX 1 JIETOBAHUX I1HCTPYMEHTAIbHUX cTaned. [IBuakopixydi
CTajl, JIUTI CTajdl, MITAMIOBI cTam JJs Ae)OpMyBaHHS METaldy B XOJIOJI-
HOMY CTaHi Ta aJis 1e(OpMyBaHHS B rapsidOMy CTaHI.

YMoBu poboTu ctami. XKapomillHiCTh, YEPBOHOCTINKICTh, TEPMOCTIN-
KiCTh, B’SI3KICTh, MPOTAPTOBAHICTh, BIAMYCKHA KPUXKICTh. 3JIMMAEMICThH
cTayiel nys rapsuux mramiiB. Ctali, o 3aCTOCOBYIOThCS, TPAKTUKA TEP-
MigHOT 00poOKu. TBep/i ciiaBu: JHUTI 1 MeTajgokepaMiuHi. Bumoru, 1o
npej’ IBISIIOTHCS 10 TEIJIOCTIMKUX JKapOMIIHUX cTajiel 1 cruiaBiB. O1liHka
KAPOMIITHUX BJIACTUBOCTEH, BIUIMB CTPYKTYPH 1 CKJIay Ha KapOMIIHICTb.
Knacudikariis sxapoMiniHux martepiaiiB. [lepmiTHI Ta MapTEHCUTHI Kapo-
MirH1 ctam. JIuTi cram. Hepxkairoul cTajii. XpOMHUCTI HEp)KaBirodi CTal.
XpoMoHiKeJeBl HepkaBirodi ctami. Kucimoroctiiiki crani 1 crutaBu. Tepmo-

00po0OKa CrjIaBiB aJFOMIHIIO.
Jliteparypa [3, c.411-447, 448-49]

1.3 OcHoBHa i 10AaTKOBA JIiTepaTypa
1 I'ynaes A.I1. MetamnoBenenue. — M.: Meramunyprus, 1986. - 483 c.
2 HoBukoB W.W. Teopust Tepmudeckot oOpadOTKu MeTalioB. — M.:
Mertamnyprus, 1978. - 391 c.



3 I'ynse A.Il. Tepmuueckas obpabotka cramm. — M.: Mamrus,
1960. - 495 c.

4 Jlaxtun KO.M. MetaioBejieHne U TepMuueckas oopadborka. — M.:
Mertamnyprus, 1986. - 471 c.

5 I'ynseB A.I1. MetannoBenenue. — M.: Merannyprust, 1978. - 647 c.

6 HosukoB N.H., 3axapoB M.B. Tepmuueckas o0paboTka MeTaJIOB
U CIIaBoB. — M.: MetannypusnarensctBo, 1962. - 429 c.

7 JluBmmmn b.I'., Kpanommn B.C., Jluneuxuit .JI. ®usndeckue
CBOMCTBA METAJJIOB | cIjiaBoB. — M.: Metamnyprus, 1980. - 320 c.

8 HartanoB b.C. Tepmuueckass oOpaboTka MetaiuioB. - Kues: Buiia
mkoJa, 1980. - 288 c.

2 CAMOCTIVHA POBOTA CTYJEHTIB

2.1 Temn nporpamoBaHoro (0esMamuHHOT0) KOHTPOJII0 (ITK)
TAa HOMEPa TeM, [0 BKJIKYEeHI B JTaHUH KOHTPOJIb

Tabmug 2 — Temu nporpaMoBaHOTO KOHTPOJTIO

Ne 11K, nepenik tewm, HalimeHnyBaHHS TEM IPOrPaMOBAHOTO
BKJIFOUeHUX B 1K KOHTPOJTIO
1 2
I1K 3; “Bximauit” koHTpOoJb | /liarpama cTaHy 3aJ1i30BYTJICIIEBUX CIIJIABIB
I1K 20; 01,02,03 IlepeTBOpeHHS B CTajl IIPU HAarpiBaHHI
I1K 24; 04,05 [lepeTBOpeHHS B CTaJIl IPU OXOJIOKEHHI
IK 31: 06,07 Hongpez[Hﬂ T.epM.qua 00poOka ctami (Bif-
naJi 1 HopMaJizaris)
I1K 25; 08,09 I"apTyBaHHS 1 BIANMYCK CTall
IIK 29; 10,11,12 XiMiKO-TepMidyHa 00poOKa Ta MOBEPXHEBE
rapTyBaHHS
I1K 30; 13,14 Tepmiuna 00poOka KOHCTPYKIIHHUX, 1H-
CTPYMEHTAJIbHUX 1 ITAMIIOBUX CTaJel

2.2 Temu Ta 3MicT 3aBAaHb
po3paxyHkoBo-rpadiunux pooit (PI'P)

2.2.1 Po3paxyukoeo-cpagiuna poooma 1.1
Tema: IlepeTBOpPEHHS B CTaJsIX MPU HArpiBaHHI (YTBOPEHHS ayCTEHITY)
3micm 3a80anHA




Ha ocHOBI poBeIeHUX EKCIIEPUMEHTIB, PE3YyJIbTATH SIKUX CKJIA/Ial0Th
1HIWBIyanbH1 3aBIaHHs (Tadd. 3):

1) po3paxyBatu koe(dillleHTH MaTeMaTU4YHOI Mojeni (pIBHSHHA pe-
rpecii), 1o 3B’sA3y€ TeMIMepaTypy Ta Yac 130TE€PMIYHOI BUTPUMKHU BiJ TO-
4aTKy 1 10 KIHI[S TIEPETBOPEHHS MEPJIITY B ayCTEHIT y 3aJaHii CTajl, a Ta-
KO’K 1OTr0 TOMOTI'€HI3aIll];

2) noOynyBaTH JliarpaMy 130T€pMIYHOTO YTBOPEHHS ayCTEHITY 3aja-
HOT CTaJTi, KOPUCTYIOYUCh OTPUMAaHUMHU PETPECUBHUMH PIBHSIHHIMU;

3) BCTAaHOBUTH BIUJIMB IIBUAKOCTI O€3MEPEPBHOTO HArpiBaHHs CTall
(V1, V), V3 — nuB. Tabi. 3) Ha TeMIiepaTypy IOYaTKy IEPETBOPEHHS Iep-
JITY B ayCTEHIT, TEMIIEpaTypy KiHIIA I[LOTO TIEPETBOPEHHS, a TAKOXK TEM-
repaTypy roMoreHisaiii ayCTeHiTy;

4) copmyrOBaTH BUCHOBKH.

1 Anzopumm piwwennsn nocmaenenux 3aoay ¢ PI'P 1.1
[Ipy yTBOpEeHHI ayCTEHITY B 130TEpPMIYHUX YMOBaX 3aJICKHICTh MIXK
TEMIIEPaTyPOIO Ta YaCOM YTBOPEHHS aYCTEHITY OMUCYETHCSA PIBHIHHAM
t=A-r" %, (1)

ne t — remneparypa 130TepMIUYHOI BUTPUMKH, °’c;

T - 4ac JI0 MoYaTKy abo KiHIISI yTBOPEHHS ayCTEHITY;

A 1 o - mocTiitHI KOeIIiEHTH, K1 OOYMCIIOI0Th Ha OCHOBI JJAaHUX 1H/IH-
BiIyaJIbHOTO 3aBJIaHHS.

Memoouka po3paxyHKy wiykanux Koegivuiecnmie Ai o
1.1 IIponorapudpmyemo piBHsIHHS (1), OTpUMaemMo
lgt=IgA- algr . (2)
1.2 Beenemo no3nauenss: Igt =y; IgA =a, - a =Db; lgr=x, Toxui
piBHSIHHS (2) mpuiimMe BHU
y=a+ bx . (3)
1.3 ®opmymna (3) Bupaxae npsmy Jiniro. [llykani koedimienTn a i b
O0OYHMCITIOIThH CITIOCOOOM HaMEHIIUX KBaApaTiB 3a (hopMyiamu:

n n n
Q%ﬁh—;ﬁ_%h
b= I= I= 1= : 4
- 2 (4)
NXXx—| 2%
i=1 i=1




Tabmuis 3 — 3MicT IHAMBIAYaIbHUX 3aBAaHb IS TOOYI0OBH AlarpaMu 130TEPMIYHOTO
yTBOpeHHs aycTeHity (mo PI'P 2.2.1)

Jlani 11 BWBYCHHS BIUIMBY
ExcnepuMeHnTanbHi JaH1 i TOOYAOBH JllarpaMu 130TEPMIUHO- | IBUJIKOCTI O€3MepepBHOroO Ha-
ro YTBOPEHHS ayCTEHITY CTaJl rpiBaHHSA Ha MPOIECH ayCTEHi-
TH3aI1
No Mapga TeMnepg- IHIty6auiﬁ- CymapHuii 3aruanb- Yac no 3a- | [Touar- LTBuaKoCTi Harpi-
Bap. |crami Typa  i30-Hui mepion [4ac (mns | Huil  yac BEPUICHHS |KoBa Te-f . =" 0n .
TepMiyHO1 |(4ac A0 mo- | 3aBeplieH- | yTBOpEeH- | rOMOreHi- |mmeparty- ’
BUTPUMKH, | 4aTKy mepe-|Hs mepeT-|Hs  ayc-|3amii  ayc- | pa Harpi-
°C X0y BOPCHHS TEHITy, ¢ | TeHiTy, C | BaHHS, °C V4 V, \VA
II>A), c I[I>A), c
1 2 3 4 5 6 / 8 9 10 11
800 6 12 500 9000
820 / 6 100 2000
1 35X 840 2 4 40 500 700 021 04| 06
860 1,5 2,8 20 200
880 1,0 2,0 10 100
780 11 30 4000 100000
810 4 8 200 4000
2 40X 830 2,3 5 70 1000 650 0,151 0,35 | 0,55
850 1,8 3 28 300
870 1,2 2,5 15 150




ITpogoBxkeHHs TabauI 3

2 3 4 5 6 [ 8 9 10 11
790 3 15 50 5000
800 2 9 30 1800
30M 820 1,3 5 18 300 680 03] 05 ] 07
840 0,8 2,8 10 120
880 0,3 1,6 4 40
780 5 20 1000 100000
800 2 8 70 2000
30XI'T 820 1,3 4,2 20 300 710 021107 ] 10
840 0,9 2,5 13 110
880 0,4 1,9 7 50
790 3 15 300 50000
810 1,8 6 40 800
40MH 830 1,0 3 18 200 690 01] 06 | 08
860 0,6 2 8 70
880 0,4 1,7 7 50
820 11 25 200 20000
830 8 20 150 5000
45X20 840 6,5 13 80 900 670 005 04 | 0,6
850 S 9 50 500
860 4 / 35 320




ITpogoBxxeHHs TabauI 3

1 2 3 4 5 6 [ 8 9 10 11
760 15 600 4000 60000
780 S 130 1000 7000

7 60C2 800 2 45 380 1800 650 011]102] 03
840 1 9 75 380
880 0,6 4 22 120
750 30 2000 10500 200000
790 3 80 600 4000

8 60172 800 2 45 380 1800 640 02 1025] 0,35
850 0,9 / 50 300
870 0,8 4,5 30 180
740 60 1000 10000 40000
760 8 60 600 2100

9 65C2 800 1 2,5 22 110 640 0,12 | 0,16 | 0,25
840 0,5 1,0 4,5 18
880 0,3 0,7 1,8 6
780 3 15 70 15000
800 1,8 / 16 5000

10 N 820 1,0 4 12 900 630 01 1]012] 0,15
840 0,7 2,1 / 45
880 0,4 1,0 2,8 25




ITpogoBxxeHHs TabauI 3

1 2 3 4 5 6 [ 8 9 10 11
760 2,2 140 3000 100000
780 1,2 12 150 10000

11 V8 800 0,8 4 28 1000 640 0,15 0,20 | 0,25
840 0,55 1,6 3,3 40
880 0,41 0,8 2,0 15
740 35 250 1500 5000
760 6 30 180 750

12 45 800 0,7 3 18 80 650 0,121 0,13 | 0,3
840 0,3 1,0 5 22
880 0,2 0,7 2,5 12
750 10 60 350 1200
770 3 15 90 350

13 50 790 1 5 30 120 660 0,151 0,18 | 0,25
810 0,5 2 12 50
860 0,2 0,7 3,2 15
740 30 100 200 800
780 0,8 3,2 10 40

14 60 820 0,3 1,1 4 18 670 0,12 | 0,20 | 0,25
870 0,25 0,85 3 12
880 0,18 0,7 2,2 10




ITpogoBxxeHHs TabauI 3

1 2 3 4 5 6 7 8 o | 10 [ 11
750 6 22 60 200
770 15 5.5 18 60

15 | 65 790 0.6 2.2 7 28 630 | 010/ 015] 018
830 0.25 1.0 35 15
860 0.2 0.7 25 10
760 22 1100 20000 | 60000
780 2 70 800 4000

16 | sox 820 0.3 2 20 100 690 | 005 008|015
840 0.25 0.9 6 26
860 0,18 05 2 10
720 320 1600 5000 29000
1050 760 40 210 1000 4000

17 [ A 780 10 60 300 1100 660 | 01| 03| 06
840 18 7 32 160
880 1.2 5 20 70
730 1000 5000 20000 | 70000
750 80 500 2000 8000

18 45ijsz 790 6 35 180 700 670 | 02 | 04 | 05
840 18 7 32 160
870 13 5 20 80




ITpogoBxxeHHs TabauI 3

1 2 3 4 5 6 [ 8 9 10 11

730 110 1000 6000 20000
770 S 23 120 1000

19 | 60C2H2 800 1,6 6 30 280 680 03] 06 | 0,7
840 0,9 3 12 100
880 0,6 2,5 0,9 75
740 45 300 2200 10500
760 9 45 270 2000

20 | 70C3® 790 2 8 40 350 690 041]105] 08
810 1,3 4,8 20 180
860 0,8 2,1 9 80
730 200 7000 10800 45000
750 26 120 900 9000

21 35172 770 3 23 130 1600 700 0511 03] 02
790 2,2 10 45 500
840 1,3 4,3 15 100
740 45 900 5000 20800
780 3 16 80 800

22 | 45172 800 2 / 30 310 710 06 | 02 ] 04
840 1,4 4,3 14 100
860 1,1 3,8 11 80




ITpogoBxxeHHs TabauI 3

1 2 3 4 5 6 [ 8 9 10 11
738 108 1500 20000 50000
750 25 120 800 4500

23 | 20XH3 780 S 23 100 750 650 0,15 | 0,40 | 0,55
820 1,8 8 28 210
860 1,3 5,5 18 150
740 70 550 5000 20000
760 14 70 35 2500

24 | 25XH3 800 2,8 12 43 360 660 0,20 | 0,35 | 0,45
820 1,8 8 27 210
860 1,3 5,7 18 150
730 60 1000 10500 30000
760 7 55 450 4200

25 | 5XHB 780 3 25 180 1800 670 0,251 0,30 | 0,40
820 1,6 9 60 750
880 0,8 5 35 550
740 30 300 3000 20000
770 4,5 35 260 2800

26 | SXHT 790 2,2 18 120 1400 680 0,30 | 0,25 | 0,35
810 1,5 10 /3 900
860 1,0 6 45 200




ITpogoBxxeHHs TabauI 3

1 2 3 4 5 6 [ 8 9 10 11
730 200 900 4100 28000
750 40 190 900 6700

27 | 40X2HD 770 15 70 400 3000 690 0,351 0,20 | 0,5
820 2,5 17 90 850
860 1,2 6 42 500
730 180 400 2700 6000
750 12 55 420 1600

28 | 40X2H3 780 2 8 75 280 700 0,40 | 0,15 | 0,60
820 0,7 2 18 55
860 0,5 1,1 8 26
730 50 200 1100 6000
760 6 30 150 650

29 | 38XMIO 800 1,6 5 25 100 660 0051 01| 04
840 0,8 1,4 / 32
880 0,55 0,8 2,2 10
740 22 100 600 3000
770 4 18 75 350

30 | 38XDA 810 1,4 3 18 70 670 0,081 0,15| 0,5
830 0,9 1,8 10 40
870 0,6 0,9 3 15




ITpogoBxxeHHs TabauI 3

1 2 3 4 5 6 [ 8 9 19 11
730 500 1000 5400 20100
750 20 160 1000 5000

31 | 40XI2P 790 1 8 58 400 680 0,1 1]018] 0,55
830 0,4 1,8 8 50
870 0,3 1,1 4 10
740 150 500 2800 10200
760 7 75 480 2700

32 | 40XTP 800 0,7 4,5 30 200 690 0,12 | 0,20 | 0,60
840 0,4 1,3 6,2 40
880 0,3 1,0 1,4 32
740 400 1000 2500 5400
760 120 400 1000 2100

33 40H 800 28 100 200 850 700 0,14 | 0,22 | 0,65
840 7,5 40 140 400
880 2,8 18 65 200
730 900 2000 5000 10000
750 200 550 1400 3000

34| 40H3 790 40 150 400 900 710 0,16 | 0,25 | 0,70
830 10 50 180 450
870 3,2 20 80 250




ITpogoBxxeHHs TabauI 3

1 2 3 4 5 6 [ 8 9 10 11

740 50 300 2800 10200
760 S 50 600 3600

35| 40HS 780 1,4 13 200 1400 715 0,18 | 0,28 | 0,80
820 0,4 0,9 38 350
860 0,3 1,0 13 140
740 45 300 2800 10200
750 14 100 1100 6000

36 | 20X2 790 0,8 / 140 900 650 011] 0,7 | 0,2
830 0,4 1,5 28 280
870 0,3 0,9 11 105
735 150 1500 10000 9000
755 22 100 600 3500

37| 45X3 775 7 38 180 1000 660 02]106 ] 04
835 0,9 5,5 25 190
875 0,4 2,5 12 100
740 75 550 4000 30000
780 5,5 50 150 900

38 55X 820 1,4 7,5 35 250 670 03]105] 01
840 0,8 5 22 180
880 0,4 2,2 10 90




ITpogoBxxeHHs TabauI 3

1 2 3 4 5 6 [ 8 9 10 11

730 300 3000 6000 10800
750 20 180 700 4500

39| 55C2 770 4 30 180 1500 680 041106 | 03
810 0,5 3,5 20 250
860 0,2 1,0 5,5 60
740 80 600 2500 10000
780 2 18 100 900

40 | 45B3 800 0,7 5,5 35 380 690 051104 ] 02
840 0,25 1,4 8 100
860 0,2 1,0 5,5 60
730 28 105 380 2800
750 6,5 40 108 900

41 | 45BS5 770 2,5 18 60 520 700 06 | 03] 05
810 0,7 6,9 28 250
860 0,3 3,4 18 180
740 17 75 210 1800
760 4,5 28 90 710

42 40T 800 1,0 8 32 300 710 0,71021] 04
840 0,4 4,2 20 190
870 0,2 3 18 160




ITpogoBxxeHHs TabauI 3

1 2 3 4 5 6 [ 8 9 10 11

730 1500 10000 40000 80000
750 40 200 10000 30000

43 55172 790 1 40 300 3800 640 0,7 1007] 04
830 0,3 3 40 500
870 0,25 0,9 10 100
740 350 6000 20200 55000
760 10 800 550 18000

44 | 6512 780 1,5 100 900 6000 650 06 | 01| 03
820 0,35 4,5 70 800
860 0,25 1,3 14 150
730 800 3000 5500 10900
750 28 290 1000 4000

45 500 770 3,2 32 210 1000 660 05102 ] 06
810 0,55 2,8 28 140
850 0,28 1,0 9 40
740 150 1000 2600 9000
760 9 90 500 2000

46 | 40M3 780 1,8 16 140 550 670 041 03] 06
820 0,4 2 20 90
860 0,25 0,85 7,9 35




ITpogoBxxeHHs TabauI 3

1 2 3 4 5 6 [ 8 9 10 11

750 600 6000 9000 10900
770 70 550 1900 4600

471 45M5 790 17 110 520 1700 680 03] 04 ] 06
830 4 23 103 450
870 1,9 8 40 200
740 10000 20000 40000 4500
760 180 1600 4000 8000

48 50M 780 30 250 900 2600 690 02105 ] 07
840 2,8 17 80 350
880 1,6 / 30 180
730 170 540 1300 2500
750 20 80 300 800

49 | 50XO 770 4,7 24 100 380 700 01] 06 | 05
830 0,55 2 14 70
870 0,35 1,2 / 38
740 55 200 700 1600
760 10 45 190 560

50| 50I'M 780 2,8 15 70 280 710 0,071 0,7 | 04
820 0,65 2,8 18 80
860 0,4 1,3 8 40




a=1=L _pi=l (5)
n n

7€ 1 — YMCIIO JOCTIAHUX JaHUX 1HIUBITYyaIbHOTO 3aBIaHHS.

1.4 Ha migcrasi n. 1.2 3 Bupasy IgA = g, MOTEHITIIOIOYH Pe3yJIbTaTH
pPO3paxyHKIB 3a Gopmysioro (5), BU3BHAYUMO YHUCIIOBE 3Ha4eHHA A. 3 BUpa-
3y - @ =D, 3 po3paxyHkiB 3a GopmyIoro (4) BU3HAUUMO YHCIIOBE 3HAUCHHSI
a.

1.5 Marouu BuuHciieH1 3HaUeHHSI A 1 ¢, 3alUIIEeMO OCTaTOYHUI BU-
pa3 maremMaTuyHOi Mozemi 3a (Gopmynoro (1) 3 YMCIOBUMHU 3HAUYEHHSIMU
Koe(imieHTiB 4 1 ¢ .

1.6 Taki po3paxyHKH BUKOHYBATH I JaHUX TaOJ. 3 JJI1 YOTHPHOX
BUITAIKIB:

- TI0YaTKy Mepexojy MEPIITy B ayCTEHIT;

- KIHIIS [IepEeXO/y MEPIITY B ayCTEHIT;

- 3aBEpIIEHHS YTBOPEHHS ayCTEHITY;

- 3aBepIIEHHS rOMOTEH13alIii.

[IpumiTka: po3paxyHKu 3 BUSHAYEHHS KOE(IIIEHTIB perpecii JocTaT-

HBO CKJIQJIHI, TOMY CTYJICHTY PEKOMEHIYEThCS Il PO3PaXyHKH BUKO-

HyBath 3 BUKOpucTaHHsM [TEOM. Jlng uporo HEOOXIJTHO CKJIACTH

BIIMOBIJIHY ITporpamy. 3pa3oK Takoi mporpamu € Ha Kadepi.

2 Ilobyooea diazpamu ymeopenHs aycmeHimy

2.1 IloOyayBaTu HamiBIOTapu(PpMIUHY CUCTEMY KOOPIUHAT: BiCh Op-
JMHAT (TeMIieparypa y °C) y pIBHOMIpHOMY MaciiTadi, Bichk abciuc (4ac y
CEeKYyHJ1aX) y Jorapu(MiuHiil CUCTEML.

2.2 3o00pa3utu rpadiuHO piBHAHHS perpecii, oTpuMani B 1.1.5 po3-
TIIBHO JJISI TPhOX IPOIIECIB: MOYATKY YTBOPEHHS ayCTEHITY, KIHIIS HMOTO
YTBOPEHHSI Ta KiHLS roMoreHizaiii. J[js mporo 3agaBat JOBUIBHO BiApPi3-
KM 4acy B CEKyHJlaX, MIJICTABUTU B OTPUMAaHE PIBHSHHS Ta MigpaxyBaTu
BIJINOBIIHY TeMIepaTypy. 3’€IHABIIM MJABHUMU JIIHISIMU BiIMIYEHI TOY-
KM, OTPUMAEMO JlarpaMy 130T€pMIYHOTO YTBOPEHHs aycTeHiTy. HaHecTu
TaKOX TEMIIEPATYPY A1 3 TOBIIKOBOI JITEpATypH JJIsl 3aJaHO1 CTall.

2.3  VYci OuIgHKA OTPUMAHOI JiarpamMu MO3HAYMTH BiATOBITHUMHU
CTPYKTYPHUMHM CKJIAJIOBUMHU.

3 Bcmanosiennsa 6niaugy uiuOKoCcmi 6e3nepepenozo
HazpisaHHsA HA RPoOyecu aycmeHimu3ayii



3.1 Hanectn Ha moOyaoBaHy aiarpamy i30T€pPMIYHOTO YTBOPEHHS
ayCTEHITY 3aJlaHl B 3aBJaHHI IIBUJKOCTI Oe3mepepBHOro HarpiBanHs (Vi,
V5, V3). Jlnsg uporo Juisi KOXKHOI 13 3aJlaHUX IIBUJAKOCTEH IIiJipaxyBaTu
MUTTEBY TeMIIEpaTypy CTajl depe3 JOBUILHO BHOpaHUM BIIPI30K Yacy 3a
dbopmynoro

tmum - tnou + (ViT)1
ne t,,, — moyaTKoBa TeMrepaTypa HarpiBaHHs, 3ajaHa y rpadi 8 tadi. 3;
V; - mBHAKICTh HArpiBaHHS, IO PO3TIIAAAEThCS (BiAMOBIAHO rpadu 9,
10, 11 Tabm. 3);
7 - IOBUTHHO B3SITUM BIJPI30K YaCy B CEKyHJaX.

PexoMeHmy€eThbCs TipaxyBaTu S...6 MUTTEBUX TeMIepaTyp, BIAMITH-
BIIIM iX BIJIMOBIIHMMHU TOYKAMH Ha JilarpaMi i30T€pMIYHOTO YTBOPEHHS ay-
CTEHITY. 3’€HABIIM TOYKH TUIABHOIO JIHIEIO, OTPUMAEMO rpadidHe 30-
OpaXKeHHS MIBUIKOCTI HarpiBaHHS.

3.2 3HalTH TOYKU NMEPETUHY JIHINA MIBUJIKOCTEH HArPIBAHHS 3 JIIHIs-
MU JlarpaMi Ta 3pOOWTH BIAMOBIAHI BUCHOBKH PO BILUIMB IIBUIKOCTI
Oe3nepepBHOTO HarpiBaHHS Ha MPOIECH ayCTEHITU3AIII].

2.2.2 Po3paxyHkoBo— rpagiuna pooora Ne 1.2
Tema: Ilepemeopenns 6 cmaniax npu 0Xo0100:4ceHHi

3micm 3a80anHA

1 Bukpecautu cTporo y mMacmradi jilarpamy 130T€pMIYHOTO PO3Maay
ayCTEHITy CTaJi, 3a/1aH01 y 1HMBiyaJbHOMY 3aBJlaHHI, Ta BKa3aTH CTPYK-
TYpHI CKJIaJ0B1, Y BCIX JAUISHKAX Jlarpamu.

2 HanecTu Ha HakpecieHy jAlarpamy JiHIi IIBUJIKOCTI O€3yNMUHHOIO
OXOJIOMKEHHS, 110 XapaKTepu3yTh, Vi 1 V, (3a1aHl B 1HAUBIAYyAIbHOMY
3aBJaHH1) BiJl TEMIIEPATyPH tHarp,=Ac3+(20)0C (SIKIIIO CTaJIb TOCBTEKTOIIHA)
4y tHarp=Acm+200C (skmo cranb 3aeBTekToinHa). g rpadigHoro 300pa-
’KEHHsI IIBUJIKOCTEN OXOJIOJKEHHS Vi 1 V), BU3HAUUTH MUTTEBY TeMIIepa-
TYPY twur 32 POPMYJIOFO

tMI/IT:tHan- (VI ’ T) )
€ tyrp — TEMIIEPATypa HAIPIBaHHH, OC;
V; — 3amana mBKHaKicTh oxonomkenns (Vq i V,), °Clc;
T - JOBUIBHO OOpaHUM BIJIPI30K Yacy Ha OCi aOCHMC y CeKyHax.

PexoMenayeThcsl migpaxyBaTu 5...6 MHUTTEBUX TeMIIEpaTyp 1 OTpUMaHi

3HAYCHHS HAHECTH Y BUJII TOYOK Ha JiiarpamMy 130T€pMIYHOI0 po3MHajay ayc-



TEHITY. 3'€JHABIIIU TJIAaBHOIO JIIHIEIO BIA3HAYEHI TOYKH, OJIEPKUMO rpadik
IIBUAKOCT] OXOJIOKEHHS.
3 IIpu KOXKHIM IMIBUAKOCTI OXOJIOIXKEHHS
- 3HAWUTH TeMIepaTypy MOoYaTKy 1 KiHI MEePETBOPEHHS ayCTCHITY;
MOSICHUTHU MOXOJIPKEHHS IIUX TeMIEpaTyp;
- Ha3BaTH KIHIEBY MIKPOCTPYKTYpPY, III0 YTBOPUTHCS, 1 300pa3uTH ii
CXEMaTUYHO; TO3HAYUTHU CTPYKTYPHI CKIIAJIOBI;
- BKa3aTH TBEPJICTh CTaJI MICJS OXOJOMHKEHHS 31 MBUAKOCTIMU
Vi1V,
- JaTU TOSCHEHHS IIePeTBOPEHb, IO BiAOYyBalOTHCS, 300pa3uTH
CXEMaTUYHO KIHIIEBY CTPYKTYpPY CTalll Ta PO3XOJKEHHS Y CTPYK-
Typl 1 BIACTUBOCTAX CTaJll.
4 BU3HAYUTHU YMCIIOBE 3HAYCHHS KPUTHUYHOI IIBUIKOCTI TapTyBaHHSI.
5 BuszHaunTH XapakTep CTPYKTYPH 1 OPIEHTOBAHY TBEPAICTh CTalll MPHU
iBOT%pMi‘-IHOMy po3najl aycTeHiTy uiei ctam npu temmneparypax 400, 500,
600 "C.

3MICT IHAUBIIyaIbHUX 3aBJAaHb HaBEICHHUH B Ta0JI. 4.



Tabnuis 4 — InauBinyaneHi 3aBaanHs g0 PI'P 1.2

[HIBuakicTh 0XO-

[HIBuakicTh OXO-

Ne Mapka JIOJKEHHS, No Mapxka
: : JOIKEHHS, Tpaj/c
Bap. cTajl rpaj/c Bap. cTaii
V, V, V, V,
1 45 1,95 62 26 35M 1,6 55
2 70 2,1 105 27 40M3 0,07 24
3 Y9 2,0 100 28 45M5 0,02 47
4 12H3 0,015 3,5 29 50M 0,06 31
5 40H3 0,25 37 30 15XD 0,025 35
6 20X 0,5 35 31 40XD 0,22 22
/ 35X2 0,075 11 32 50XD 0,21 21
8 45X 0,1 30 33 90X D 0,30 7
9 45X3 0,03 4,5 34 X120 0,03 0,6
10 | EX9KI15 0,06 0,4 35 50I'M 0,01 10
11 HIX15 0,02 20 36 12X2H3 0,06 44
12 90X 0,3 28 37 12XH4 0,12 34
13 55C2 10 50 38 | 20X2H2M | 0,009 34
14 70C3 0,23 3,3 39 20XH?2 0,06 38
15 45B3 0,008 36 40 20XH3 0,01 205
16 45B5 2,4 240 41 30XH3 0,1 0,4
17 P9 0,007 0,9 42 40XH 1,0 50
18 3512 0,02 21 43 | 40X2H3 0,09 1,3
19 40T 2,05 100 44 | 40X2HO® 0,9 19
20 45172 2,0 100 45 SXHB 0,02 0,4
21 55T 0,9 36 46 18XT 0,02 37
22 5512 1,75 88 47 40XT 0,15 10
23 651" 0,7 30 48 40XT'P 0,15 30
24 6512 0,17 4,3 49 5XT'T 0,01 2,0
25 50D 2,2 110 50 XBT 0,08 50




2.2.3 Po3paxynkoBo-rpadiuna podora Ne 2
Tema: Texnonocia mepmiunoi 00poOKu memanesux eupooie

3micm 3a60aHHA
1 Po3pobutu pexuMu nonepeaHboi 1 0CTaTOYHOI TePMIYHOT 0OpOOKHU
neTajel, 3aJaHuX B 1HAWBIAyaIbHOMY 3aBaaHH1 (Tabn. 5) mmsa 3abesrie-
YeHHs1 00roBOpeHux BiaacTuBocTel. [Ipu BUKOHAHHI 3aBIaHHS:
a) 1Sl CTAJICBUX JICTaJICH:
- BKa3aTH CKJIaJ CTajl, BUXOJSYM 3 MApOYHOTO MO3HAYCHHS, ii SKICTh,
CTPYKTYPHHUHU KJIac y piIBHOBR)XHOMY CTaHi, 3arajbHe MPU3HAUYCHHS;
- OINKCATU MEPETBOPEHHS, IO MPOTIKAOTH MPU HArpiBaHHI, BUTPUMIIL 1
OXOJIOKEHHI Ha CTaJli 0CTaTOYHOI TEPMOOOPOOKH;
- YKa3aTH MIKPOCTPYKTYPY CTaJll Ha MOBEPXHI Ta y CEPLIEBUHI JETAJIL;
0) 1715l eTaliei 3 YaByHy:
- BUXOJISIYM 3 MApPOYHOTO MO3HAYCHHS BKAa3aTH BHUJ YaBYHY, MOT0 MeXa-
HIYH1 BIACTUBOCTI, PopMy rpadity;
- OTNMCATH MEPETBOPEHHS, 110 MPOTIKAIOTh Ha CTall 0XOJIOKESHHS;
B) JJI JIeTaliel 3 KOJIbOPOBUX CILJIABIB:
- YKa3aTHu CKJIaJl CIUIABY;
- OXapakTepu3yBaTU MEPETBOPEHHS, IO MPOTIKAIOTh NMPU HArpiBaHHI,
BUTPUMIII Ta OXOJIOJPKCHHI.
VYci BUaM TEXHOJIOT1i TepMIYHOT OOPOOKH MPEACTABIATH y BUTJISI rpa-
¢ika B KOOpAHHATaX «TeMreparypa, C — dac, I».

2 CucreMa MapKyBaHHSI METATIB 1 CILJIABiB.

JI71s1 KOSKHOTO 3 JIECSTH MapoOK CILJIaBiB, 3aJlaHUX B Ta0J1. 6, BKa3aTu:

- Ha3BY CILIABY;

- XIMIYHUH CKJIaJ] CIUIaBy (SIKILO 1€ MOJIMBO, BUXOASIYU 3 MAPOYHOTO
MO3HAYECHHS, HE MPUOIrawyuu J0 MiAPYYHHKIB 200 JOBIJIKOBOI JIITEpaTy-
pH);

- JUIsl CTalll yKa3aTu CTPYKTYpHUH KJac y BIANAJIEHOMY CTaHI, SIKICTb,
CIOCIO PO3KHUCIICHHS, 3arajibHE MPU3HAYCHHS, BIHOIICHHS 10 TEPMOOO-
poOKu;

- Il YaBYHY BKa3aTH MEXaHIYHI BJIACTUBOCTI, BUXOJAYHU 3 MAPOUYHOIO
MO3HAYEHHS, BKa3aTU Takox GopMy rpadiry;

- JUTsI CIIaBIB Ha OCHOBI1 MiJIl BKa3aTHU CIIOCOOM BUTOTOBJICHHS 3arOTOB-
KH.



Tabmumsg 5 - IaauBigyanbHI 3aBAaHHS Ha PO3POOKY TEXHOJOTII
TepMidHOI 0OpOOKH BUPOOIB 13 CTalll, YaBYHY Ta KOJILOPOBUX METATIB

(mo3HaueHHsA: ) — JiaMeTp AeTai, A - TOBIIMHA JIETaIi)

[OcHoBHwMi [ToTpiOH1
No HaiimenyBanHs rabapur- : BJIACTHUBOCTI
: - Marepian
Bap. aeranl HUM PO3- Ha nose- | B cepue-
Mip, MM pXHi BHHI
1 2 3 4 5 6
1.1 MiTuuk mamuuuauii | @50 P985 63...64 | 63...64
HRC HRC
1.2 Cranuau mpokat-| A300 30J1- 11 }160...170 |160...170
1 |Horo crany HB HB
1.3 BygisesbHi kotonu @100 Cu10 143...229 |143...229
' HB HB
1.4 Yeps’stunmit Bineus | 70 Brgj?ﬂ(fig-l 90HB | 90HB
2.1 lllecrepus A30 20X2H2M [|58..62 HR | 35...36
HRC
2.2 CranuHa cTaHKa AT0 C440 170...241 | 170..241
2 HB HB
2.3 XomgoBe KOJIECO A60 40I°J1 385..400 | 229..241
HB HB
2.4 Jluctu Al6 16 105HB | 105 HB
3.1 Bich @250 34XH2M | 30...35 | 30...35
HRC HRC
3.2 3y0uaTte Kojeco AT0 35IJI-11 | 200..220 | 200..220
3 HB HB
3.3 Jletam BoAstHOI $50*20 Cu24 143..229 | 143..229
apMaTypu HB HB
3.4 llInmanroyTtu A5 16 45 HB 45 HB
4.1 IleBpoHHa 1IECTE- 58...62 | 30...35
pHA A40 20XH3A HRC HRC
. |$p1170X6 285...290 |285...290
4 | 4.2 bapaban rioagkuit 5 35J1-11 HB HB
: 163...229 ]163...229
4.3 Koxyx TypO1HH A100 C4y32 HB HB




[TpogoBxeHnHs TabaMIl 5

2 3 4 5 6
4.4 Ctpiarepu A8 16 105HB 105HB
o 43...46 | 43...46
5.1 Topciiinuii Ban @30 60C2A HRC HRC
310...320 |310...320
5.2 Crakan @640x160 |35XMJI-1I 1B 1B
170...241 |170...241
5.3 KonocHuku @50 CU40 1B 1B
5.4 JlonxepoHu AT J[16 105HB 105HB
280...320 |280...320
6.1 Ban @250 40X2H3 1B 1B
6.0 K @1050x |35XT2CJI- | 40...42 | 40...42
-4 ROIEe0 TR 250 ] HRC HRC
: 197...269 |197...269
6.3 BunuBHwUII A50 BY60-2 1B 1B
6.4 CuiioBi Kapkacu A10 116 105HB 105HB
62...64 | 62...64
7.1 Cepaiio @h25 P18 HRC HRC
38XT2CJI- | 42...45 | 42...45
7.2 3ybuare koneco  |p1370x360 I HRC HRC
.. 229...269 [229...269
7.3 IlopiHeBi KiTbIls Al10 BY70-3 1B HB
74 Kysos mawtacemx 16 105HB | 105HB
aBTOMOO1JTIB
55...56 ]180...190
8.1 Pomuk @60 45 HRC HB
45...50 ]269...302
8.2 3ybuare kosneco  |H1400x400 | 40XMJI HRC HB
. 197...269 |197...269
8.3 XKonob pyaauii JAG10) BY60-2 1B HB
8.4 Tpyom ¢100/90 AB 95 HB 95 HB
280...300 |280...300
9.1 Ban — mectepHs 400 40X 1B HB
9.2 Koneco mumiHapu- i 140...160 |140...160
e $480x90 35J1-11 1B HB




[TpogoBxeHHs TabIMIN 5

1 2 3 4 5 6
. 197...269 |197...269
] 9.3 T'o;10BKaA M3EIB A40 BY60-2 1B HB
94 Hongm I'BUHTIB Be- A8 AB 95 B 95 HB
PTOIBLOTIB
58...60 | 58...60
10.1 ITmamka Al15 9XC HRC HRC
1o | 102 1ixis daconmii ? 19%0"30 35)-1l | 192HB | 192 HB
163...229 |163...229
10.3 dudyzop A30 Cy32 1B HB
10.4 Pamu A5 AB 95 HB 95 HB
11.1 Bunka mepemuka- 38...48 | 38...48
ua A40 3512 HRC | HRC
11.2 3y6uroBatuii Bi-| ¢3000x A5TT-111 45...55 | 45...55
11 |Heus 400 HRC HRC
. . 163...229 |163...229
11.3 Kym minH1B @2 Cy32 1B HB
11.4 JIepi A2 AB 30 HB 30 HB
. . P 100 950...100 | 30...35
12.1 I'imp3a nuniHapa Dranl50 38XMIOA 0 HV HRC
55...60 |220...260
15 12.2 3y6iroBate koseco |p670x200 | 40XJI-II HRC HB
12.3 Jlomari apoGome- i 197...229 |197...229
B A30 BY60-2 HB HB
12.4 O0mmuBKa J11TaKiB A2 B95 150 HB | 150 HB
, 58...62 28...32
13.1 Yepn’sk @80 15XD HRC HRC
13.2 Mydrta crymninuac- |p425x490 220...260 |220...260
35J1-11
13 |12 0 HB HB
13.3 IlpoBoaku copto- 60...62 |170...241
BUX CTaHIB A100 CH44 HRC HB
13.4 bymiseibhl KoHe-f - o B9S 150HB | 150HB
TPYKIIi
o . 40...45 | 40...45
14 | 14.1 ®pukmiitHuil AUCK A40 V8 HRC HRC




[TpogoBxeHHs TabIMIN 5

1 2 3 4 5 6
: 45...55 1220...280
14.2 ectepus koniuHa | 520x120 HOXMII-1I HRC 1B
45...50 |197...269
14 | 14.3 [1Iaex minHa A40 BY60-2 HRC 1B
iﬁf Mnnsurynest pa- - \q AK6 | 105HB | 105HB
56...58 | 32...35
15.1 [Maneus @30 18XT'T HRC HRC
15.2 Koneco mumiHapu- i 45...55 1220...260
15 | ame $2200x435 [40XCJI-1I HRC 1B
15.3 Kanasnizariiiai 170...229 1170...229
Tpy6u $250/200 CY35 1B 1B
15.4 KpunpuaTtka Al1,5 AKG6 105HB 105HB
16.1 IlpyxuHa muIiHI- 45...48 45...48
— $30 €2 1 Hre | HRe
16.2 Koneco muiinapu- i 45...55 |240...280
16 | e $2350x560 [40XTJI-II HRC HB
380...400 1380...400
16.3 MaxoBHK @$800x100 | BU&0-3 HB HB
16.4 bangaxi Barouis A5 AKS 135HB 135HB
44...46 | 44...46
17.1 Pecopa A10 60C2M2 HRC HRC
220...260 |220...260
17 17.2 Brynka @1100x700 |40XTJI-11 HB HB
143...229 |143...229
17.3 Kopryc 3acyBKH A40 CY24 HB HB
17.4 TopmHi @60 AK4-1 120HB 120HB
38XMIO [980...100 | 38...40
18.1 Komep A80 A 0 HV HRC
18.2 O6Goiima crymiHuYa- $1570x500 |40XTTI-11 220...260 |220...260
18 cTa HB HB
197...269 |197...269
18.3 Kpuika koprmyca A15 BY60-2 HB HB
18.4 Tonoswit mumna-| g AK4-1 | 120HB | 120HB

piB




[TpogoBxeHHs TabIMIN 5

1 2 3 4 5 6
35...38 | 35...38
19.1 Banoxk ¢300 40XHMA HRC HRC
19.1 Baxiib @$930x160 BSXMJII-II 260...280 |260...280
19 HB HB
480...490 1480...490
19.3 biok @$300x40 | BU60-2 1B 1B
19.4 Jlonariu xomnpe-1 5 g AK4-1 | 1208B | 120HB
COpiB
61...62 61...62
20.1 [la6ep A35 YI2A HRC HRC
. 38XI2CJI |185...200 1185...200
20 20.2 HamiBmydTa @$250x100 1l 1B HB
. 163...170 }163...170
20.3 Kopmyc i3o0aTopa A25 K435-10 1B HB
20.4 O0muBKa iTaka A2 AK4-1 120HB 120HB
241...255 |241...255
21.1 Koneco Barouue A80 65 1B HB
241...255 |241...255
’ 21.2 Kopnyc penykropa |p2630x470 [40XHJI-II 1B HB
21.3 byniBenbH1 KOJO- 143...229 |143...229
. ¢200 CU28 1B HB
21.4 ITmutn Al15 AMT5S 60 HB 60 HB
: 58...60 | 58...60
22.1 llecTepHi A60 20XH3A HRC HRC
34XH2M |265...285 |265...285
- 22.2 TInaHka Imiocka $3500x310 11 1B HB
223 dyHTaMeHTHI 143...229 |143...229
IUTUTHU A300 CH28 HB HB
22.4 baku i OEH3UHY Al5 AMTI3 60 HB 60 HB
. 44...46 | 44...46
23.1 Bics ¢180 38XI2C HRC HRC
. 38XI2CJI |1170...185 |170...185
23 |23.2 Kunbe @$400x300 Il 1B HB
170...241 |170...241
23.3 CranuHa cTaHka A100 C440 1B HB




[TpogoBxeHHs TabIMIN 5

1 2 3 4 5 6
23 | 23.4 Tpy6Gomnposoau Al,5 AMr3 | 60HB | 60HB
55...56 ]180...190
24.1 Banuk @40 40 HRC HB
. 30XH3JI- | 48...55 }220...230
Y 24.2 Cextop paconnuit | h400x600 " HRC HB
170...241 1170...241
24.3 biok nBuryHa A20 CY44 1B HB
24.4 Bitpaxi A2,5 AMr2 60 HB 60 HB
25.1 TlopmneBuii ma- $60 18X2H4B | 60...62 | 34...35
JIENb A HRC HRC
. 185...195 |185...195
o 25.2 llIkiB @200x300 | 40XJI-11 1B HB
. 170...229 |170...229
25.3 IlopHi ¢180 CU36 1B HB
25.4 Tleperopoaku Al5 AM11 55 HB 55 HB
30...32 | 30...32
26.1 Imynxep @320 38XBIOA HRC HRC
. 38XI2CIJI |265...285 |265...285
” 26.2 HamiBmydra @$500x600 Il 1B HB
26.3 Jn3enpHI LMIIHI- 170...229 |170...229
. @$160x100 CY36 1B HB
26.4 BikonH1 pamu A2 AMIg 55 HB 55 HB
65...66 | 65...66
27.1 IIpoTsxka ¢100 P18®2 HRC HRC
. 185...200 |185...200
”7 27.2 landa dirypna @$500x540 | 35XJI-1I 1B HB
27.3 KoniHyatui Ban 49...55 ]187...255
TTU3EITS ¢60 BH50-2 HRC HB
27.4 lormm @30 AMro6 70 HB 70 HB
58...60 | 35...36
. 28.1 Banuk @70 20X2H4A HRC HRC
135...140 |135...140
28.2 IllaboTt $2800x500 | 25JI-11 1B HB




[TpogoBxeHHs TaOIUIA 5

1 2 3 4 5 6
: 35...45 | 35...45
28 28.3 Kpuniku nuiisapa A30 BY60-2 HRC HRC
28.4 EnemenTu midri A5 AMr6 70 HB 70 HB
65...66 | 65...66
29.1 ®pe3a A60 P10K5®5 HRC HRC
135...145 |135...140
29 29.2 baba kormpa @930 25JI-11 1B 1B
221...241 |221...241
29.3 TpaBepca npeca A300 BU80-3 1B 1B
29.4 lllornu cynen @40 AMrS5 70 HB 70 HB
0.1 Banox  rapuoif g0, 55X | 285HB | 285 HB
ITPOKATKH
30.2 Moaymka H400x500 40XHMUJI |265...285 |265...285
30 -11 HB HB
: 55...60 |229...241
30.3 [IpokaTH1 BaJIKA @500 BU100-4 HRC HB
: 70...80 | 70...80
30.4 Pamu BaroHis AS AMr6 1B HB
o 255...285 |255...285
31.1 HamiBBich ¢280 40XHDA 1B HB
31.2 MaxoBuk @100x200 | SOJI-II 175, 185 1175...185
31 HB HB
: 197...269 |197...269
31.3 Kopmyc HacociB A30 BY60-2 1B HB
50...55 | 50...55
31.4 Kpumiku A45 AJI2 1B HB
32.1 Huniaap riapasii- 55...60 28...42
YHUM $100/50 15X HRC HRC
32.2 CranuHa A400 25J1-11 135...1451135...145
39 HB HB
: 229...241 1229...241
32.3 Bentumi A15 BU80-3 1B HB
32.4 Kopmyc kommpe- 70...75 | 70...75
copis A20 AJl4 1B HR




[TpogoBxeHHs TabIMIN 5

= 2 3 4 5 6
33.1 IImymxep Hacoca @40 38XMIOA 988 .ﬁéOO 3|2-le5
33.2 Enementn rizpo- 40XHMJI- [200...220 [200...220

3 §§p36 iﬁa Te i - ” 163HB170 163HB170
oa PP PONE s | kuss10 [ -
;33; yBHJiEKH waningpis | o All4 701.{.].375 701.{.].375
34.0 Ban—mecrepns | 640 | 40XH  [F00 500|205 500

N 232 Syomomamit B ggo0xa00 | x| P02 [
343 Crymims 0o | kw31 163}.1.].3185 1631.{.]:3)185
34.4 Kaptep nBuryHa Al10 AJI4 70}'1']'375 70|;|']'375
35.1 Bics 250 |40X2HMA | 9250 | 9250

. ;gli Jlomati rimpoTy- ABOO 35X 5|5_|Rg8 185H.].3190
353 Kproku 280 | Ku4ss 2411.{.].3269 241H.é269
35.4 Apmarypa ¢25 AJT7 60}-1-]-365 GOH.B65
36.1 Ilectephs 30 | 1axmsa | Oh0f | Sl
36.2 ThnacTum 5500x200 | PSXT2CTI- [260...285 [260...285

> 36.3 Cxob A4O quslo_ A 241}.1.].3271 241&.].3271

| HB HB
36.4 Kponmreitn AS0 amr | IS 0T

. 37.1 3ybuare Koaeco A90 45 4EIR(532 18O|;|-]§190

37.2 KusntbHUK $400x25 |30XH3TI-II 53‘@' (5:8 17OH'1§18O




[TpogoBxeHHs TaOIMIA 5

1 2 3 4 5 6
37.3 Mydtu A50 KY33-8 163...241 1163...241
37 HB HB
. 05...98 95...98
37.4 IopmrHi @150 AJIl 1B 1B
38.1 Cramecka 110 ae- 55...56 55...56
peBy ALS YA HRC | HRC
38.2 llInex mns micky | ¢300x25 |30XH3JI-1I 55...58 |170...150
38 HRC HB
38.3 Buika kapaaHHO- 269...285 |269...285
ro Bana A4S KH60-3 [ g HB
38.4 T'0JI0BKH ITWITIH/- 90...95 90...95
pIB IBUTYHA AL0 AJll HB HB
58...60 58...60
39.1 3y6uare koneco A30 I18XI'T HRC HRC
39.2 XpecTtoBuHa @50 30XH3JI-11 °8...60 [241...269
39 HRC HB
39.3 Busnka kapaaHHO- 269...285 |269...285
ro Baja A30 KH60-3 HB HB
50...55 50...55
39.4 MacinonoMIin A15 MJI5 1B 1B
62...64 50...54
40.1 ramo @35 V10A HRC HRC
40.2 lxiBu $200x60 | 40XTJI-1I 348...342 (348...342
40 HB HB
40.3 Poauku Ja”HIIO- 48...52 1269...285
r'iB KOHBEEPA ¢80 KH63-2 HRC HB
40.4 Tpy6u A5 HA}KfO'l' SOHB | 80HB
41.1 Mituuk crirocap- 61...63 | 61...63
i ¢10 YHA 1 "vre | HRC
41.2 KouBeepHuit 0Oa- 35...38 | 35...38
" paba ¢300 40XMJI-11 HRC HRC
41.3 ['abMOBI KOJIOI- 48...52 48...52
o A40 KY63-2 HRC HRC
414 TaWku HATUCK- H400 JIAZKMu- |160...165 |160...165
HUX TBUHTIB 60-3-2 HB HB




[TpogoBxeHHs TabIMIN 5

1 2 3 4 5 6

60...62 60...62

42.1 Inamxka A20 XI'3CB® HRC HRC
42.2 Jleram eneBatopa ) 55...60 | 35...38

42 JUISL TI0J1a4i TICKY ¢120 30XMII-II HRC HRC
42.3 Pamiatop oma- 143...229 |143...229

JICHHS al2 CH28 HB HB
42.4 Yepm’sauHl TBUH- 5180 JIAZKMu6- |160...165 |160...165

TH 3-2 HB HB
62...64 62...64

43.1 Haounoxk A8 V13A HRC HRC
43L2 Banox mpokart- $500 50XDILII 302...341 |302...341

43 HUUN HB HB
. 187...255 |187...255

43.3 KpoH1ITeH Al15 CY32-52 1B HB
90...95 90...95

43.4 Brynku A20 JIKC80-3-3 1B HB
44.1 TlopmHeBUM ITU- 59...62 30...35

JTHIP ¢20 12XH3A HRC HRC
44.2 3youarte koneco |$p2000x400 | 45XJI-11 48...50 (180...190

44 HRC HB
. 163...241 |163...241

443 11IkiB ¢$100x30 | KY37-12 1B HB
bpO®-6,5- | 90...95 90...95

44 .4 TlpyxxuHu @10 0,15 1B HB
. 45...48 45...48

45.1 Kapnanuuii Bai ¢80 60C2A HRC HRC
45.2 I11adoT moJioTa A500 25J1-11 135...1451135...145

45 HB HB
453 IHemenTariini 143...229 |143...229

SIIIIUKU A40 CH30 HB HB
70...75 70...75

45.4 MemOpanu 0,5 bpOI14-3 1B HB
46.1 BonouunbHa n0- 63...64 | 63...64

46 | K2 A30 XM “hre | HRC
165...185 |165...185

46.2 TpaBepca npeca A400 35JI-11 1B HB




[TpogoBxeHHs TabIMIN 5

1 2 3 4 5 6
46.3 I'upi @60 CU28 143}'1']'3229 143|;|']'3229
46
46.4 IlinmIMIHUKU ¢300 Bp(z)g_][-(;-4- 62}'1']'365 62|;|']:3)65
47.1 Ponuk ¢100 12X2H3A 63R 22 3|5_|R38
47.2 CtanrHa MOJIOTa A350 35JI-11 1651'{']'3185 165|;|']§185
47 .
47.3 KosiHuatuii Bal 950...100 }269...285
JIBUTYHA P40 BA80-3 0 HB HB
47.4 Yepp’dauHe KoJie- bpOIIC4- | 62...65 | 62...65
co $A00x30 {447 HB HB
48.1 3enkep @60 P9 6|{|Rgs 6|1_|R33
48.2 Humiaap monota | p800x600 | 35XJI-II 1851'{']'3195 185|;|']:3)195
48
48.3 BenTumi A12 K437-12 163}'1']'3229 163|;|']:3)229
48.4 TlpoBosoka s 390...395 [390...395
NPYKUH P bpb2 HB HB
49.1 KynabKu miaMINI- 62...63 | 62...63
HHUKA $10 XI5 HRC HRC
49.2 IlnacTuHYaCTUU 185...195 |185...195
49 | RHBHIbHHK A200 35X HB HB
49.3 Kopnyc peayk- i 241...269 |241...269
ropa Al15 BU45-5 1B HB
49.4 Tpe6umii reunT | $900x10 BT6 C’ﬁ;ﬁ[go G;fggo
50.1 [Ipociunmii 52...64 | 52...64
IITaMII $100 X12M HRC HRC
50.2 ek @$40x10 20XJI-11 SaR 25 185H']'3200
50
50.3 Kopmnyc penyk- 170...241 |170...241
ropa Al5 Cu48 1B HB
50.4 O6muBKa MOPCh- op=1070
KUX CyJEH A0 BT14 MITa




Tabnuis 6 - BapianTu 1HIMBITyadbHUX 3aBIaHb 3 CHCTEMH MapKyBaHHS

0 Cnnasu
Bap| 1 2 3 4 5 6 7 8 9 10
1 Ct0 |[10mc| 30XI'CA | PI8K5®D2 | X12M CY30 J140Mr1 1,5 AK1 | MA14 | T30K4
2 |bCrtlxn| 35 AC40 VI13A IX6 KY45-6 bpAXH 10-4-4 | AJI5 | MJI9 | BT5-1
3 |Crlkno | 10 |18X2H4MA | X12d1 P9 CY35s JI30M12C2 AK6 | MA19 | T15K6
4 BCrlcno| 65 42X DOM V10A P6M2®3 | BU42-12 bp03111205 AJI32 | BTS5S BK3
5 | Ct2nc |10k ACI10 X6MOD P6M3 C440 JI96 AK3 | MJI2 | T14K8
6 |bCt2mnc| 40 AC20 V13 111X9 KY50-4 JIK&3-3 AJI6 | MJI12 | BTI8
7 | Ct3nc (15km| 12X2H4A | 50XHM POD2 C4u45 bp010 AK4 | MJI13 | T5K10
8 BCt2kn|l 70 | 30XH2B® V10 P6MSKS | BUY50-7 |BpAXKMnl0-3-1,5| AJI19 | BT18 | BK4
9 | Crdkn |16mc| 25XI'M 50XHB PIK5 KY30-6 | bpOIICH3-7-5-1 | AJI2 | MJI4 | T6K12
10 |bCt3nc| 45 | ALI30XH VI2A 110I'13JI| Bu60-2 bpKMi3-1 AJ127 | BT22 TT7K12
11 BCt3cn| 75 | X18H8MT VI9A IIxX15 KY56-4 JI90 AmIIl | Mr96 | BT6
12 | Ct5nc | 15 30XI'T XBCI' P18 CUl10 JI68 AMTI2 | Mr95 | BK6
13 | BCT0 | 20 |38XH3IM®DA XBTI' P9K10 KY33-8 JI86 All4 | MJI5 | OT4
14 | Ctb6em | 25 50X 40X2B5M |P10K5d5 Culg bpOIIC5-5-5 Mr90 | Amr6 | BT14
15 bCt4kn| 30 Al2 90XC P12 KY35-10 JI60 AJI9 | MA1 | BTI5
16 bCt5mc| 50 0912C V12 X12 CUl15s BbpA7 1 MJI8 | OT4-1
17 |bCt6cn| 55 X12M VI11A |IIX15CI'| K4Y37-12 JIA77-2 B95 | MA2 | BK6
18 BCt4nc| 60 ACl4 XB4 B1 CY20 bpO®6,5-0,15 16 | MJI15 | T60OK6
19 BCt5cn 80 | 30XH3A Vi1l P18d2 BY80-2 JII40C2 B96 |BT1-0| BKS8
20 BCrlkno| 85 2512C V9 20X13 CY25 bpAMn9-2 AJI3 | MAS5 | BT3-1
21 |Ct2kn | 05 40XH A40T P14d14 | KU80-1.5 M1 AJI11 |BT1-00| TT8K6
22 |bCrlnc| 08 A20 P6M5 12X13 | BU100-2 BbpAS5 AMrl | MJI15 | BK2




[Tponosxenns Tabauil 6

No CntaBu

Bap.| 1 2 3 4 5 6 7 8 9 10
23 [BCr2cm| 08km | 40X A35 P18D2M | KU60-3 | BpKHI-3 AJI8 | MJI6 |TT10KS
24 | Cr3nc | 05k | 70T V8A 30X13 |BY120-2| Bp010d1 AJI12 | MJI10 | BK20
25 |BCt2kn| 08mc | A30 V7 40X13 | K4Y63-2 | BpOll4-3 AJI7 | MAI1l | BK30
26 | 08xm |35JI11] JI96 | bpOd-6-1 | CU18 X12 27CT [IMI154 HA};M' J116
27 | V8 10 | 40I2-J1 J190 CU21 XT 35XA AJI2 | AMr7 Bp_agc“
28 | 15X | X9 10xn 35XIECH' BpOl4-3 | X12M 35CT HAl\g'lo' AJl | BK3
29 | 15XH | 20X X9 15 40XTJI-111| JI80 |[BpOLICH3-7-5-1 X09 | CU24 | AMu3
30 | 15XT2 [20XH| 25X V11 20 110T'13JI| BpOIIC3-12-5 | CU25 | 90X HA1_>K160'
31| Cr0 [20XI'2] 25XH 30X V12 25 25XdJI-11 CY30 Jgﬂf‘i BpgiCS
32 | CY35 [MCt0| 25XI2 30XH 35X V13 30 3055?1' JIC59-1 Bﬁfﬁc
33 | CY40 B%‘:X{ BCrl 30XI2 35XH 40X V8A 35 22(1(?1 JIK80-3
34 |16XHC AUC-1 Epﬁl;m' Crl 35XTI2 40XH 45X YOA 40 3OX1HH'
35 [BY50-2| 8X3 | 38XIOA | JIC80-3 Crlkn | 40XI2 45XH 50X | YIOA | 45




[Tponosxenns Tabauil 6

No CrutaBu
Bap.| 1 2 3 4 5 6 7 8 9 10
36 |BU60-2| 9XC | 38XMIOA BPAZI_%{IO' HKC380'3' Crlmc 45XT2 50XH | 55X | V11A
37 |BU70-3| 40XDA 6XC 38XC HMﬁ“z' MCrlxn | BpKMu3-1 | 50XI2 | 55XH | 60X
3g |BY80-3 B_gf)?L_IS(_j{I BK6 4XC 50XDA | Bpb2 J170 BCrlmc | 55XT2 | 60XH
BU100-
39 4 BpA5 BK10 35412 85X D 583 BpC30 J162 |BCrlkn| 60XI2
40 quo' T5K10 | AOM3-1 | 20XIC 3X2B8 588 BpAg{_l\f“m A40T |JIK80-3 20X£H4
41 |BY45-5| bpMn5 | TI14K8 15X2£H2T 4X8B2 BH BCr3xkn | 18XI'T 3051(;212(3 HI%(_::?O-
BU38- bpKMu3- 30XTI2 | JIMuC5
42 17 1 T30K4 M1 AKY-1 XB5 B16 40XI'T | ™14 8.9.9
BU42- 25X2I° | JImuOC
43 19 BpKH1-3| 50JI-11 T60KS5 M4 AKU2 4XB2C BC6 | 11hTA | 5800
44 |AUB-1| BpB2 | 35J1-111 | TTI0KS |[25XT2TA|40XHMA| XBT 5XB2C BK‘QM Hg/_[g_)fs
45 K‘i? BpKnl BC I10C30 AJI3 ISXiH“B OXBI' | 5XHM | JI311 HA%/”O'




46

50

BCt5nc

40I'CJI-11

65X

JIA-
AKM1166-3-

bK2

K435-10

5XI'M

1012

I[1OC30




[Tponosxenns Tabauil 6

No CruiaBu

Bap. 1 2 3 4 5 6 7 8 9 10

48 | 70XT2 | 15X2H | V13A 55 CrSkn | 35CHJI-11 | TIOC50 | KU33-8 |30XI2C HMZ%(S}
49 BCt2mc| 75XI2C | 20X2H | 30XI'C 65 20XT'TJI | TIMII36 | 12I"2A | KU50-4 | JIC59-1
50 | bpC30 |[MC12knn| C12 65XI2C | 25X2H 70 12XM® | I[TIOC90 | IIMII48 | KY63-2




3arabHI TIOTIOMKECHHS ...vveeererreeerireeeaereeestreesnnreessnreeesnsseeessnseessnseees
1 3MICT JUCHHTIIIHY «..vvvvveeeeeerieeeesnnrreeeeessnnseesessssnseeessssnsnnessensssseeess
1.1 HaitmeHnyBaHHS TeM, 0OCST 3aHATh B TOJTUHAX ......c.vveeeneneen..
1.2 3MiCT TeM, PEKOMEHOBAHA ITEPATYPAccceeeerrreeeererrereeennne
1.3 OCHOBHA 1 1OJATKOBA JITEPATYPA....evvvrerreeeeeeeianererrrreeaaeeannnns
2 CaMOCTIHHA POOOTA CTYHACHTIB.....eeeeeeeerreeeeesnrraeeeesserreeeeessseseeaeans
2.1 Temu mporpamoBanoro (6e3 mamuHHOT0) KOHTpOoJIt0 (ITK)
Ta HOMEpa TeM, 1110 BKJIIOUCHI B JaHUN KOHTPOJIb ................
2.2 Temwu Ta 3MICT 3aBIaHb PO3PaxXyHKOBO-TpaiyHUX POOIT
(PITP) et e
2.2.1 Po3paxynkoBo-rpadiuna podota 1.1. IlepeTBopeHHs
B CTAISIX TPH HATPIBAHHI.....eveeeeierieeeeeeiireeeeeerreeaeennns
2.2.2 PospaxyHkoBo-Tpadiuna pobota 1.2. [TepeTBopeHHs
B CTQJISAIX MPU OXOJOIAKEHHI.....eevvvvviireeeeeeeeiirrreereeaeaanns
2.2.3 PozpaxynkoBo-rpadiuna podota 2. TexHosoris
TEPMIYHOT OOPOOKU METAIEBUX BUPOOIB........oveeeneneenns



METO/JNYHI BKA3IBKHA

Ta 1HAMBIIyaJbHI 3aBJaHHS 10 CAMOCTIHHOI poOOTH
3 Kypcy «TepmiuHa 00poOKa MeTaiB
JJIs1 CTYIeHTIB crierianbHocTi 7.090403 “JIuBapHe BUpOOHULITBO™
17.090404 «O6poOKa MeTajIiB TUCKOMY

Yknanau benkin Muxaiino SkoBuu
Penakrop €promina Haranis BononumupisHa
[liam. 1o ApyKy dopmat 60x84/16
3aka3 Ne Odcernuii npyk
YM. IpyK. apk. O06:1.-BHI. apK. Tupax 50 npum.

JNJIMA.84313, m. KpamaTopchk, Byi. Illkaninosa, 72
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