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1 3AI'AJIBHI NMOJIOKEHHS

B mux BKaziBKax BUKJIAJEHI METOJIUKH JJA0OPATOPHUX POOIT 3 TepMiU-
HOi 00pOOKHK METaiB 1 CIUIABIB, XapaKTep 1 3MICT SIKMX M110paHi BiAMOBII-
HO 10 Aaitodoi mporpamu. Lline 1abopaTopHOro MpakTHKyMy: O3HAHOMHUTH
CTYJICHTIB 3 OCHOBHHUMH TPUHOMaMH TEePMIUHOI OOpPOOKH, JaTH iM MOXKIIU-
BICTh OJIEpKaTh HABUYKU MPOBEJICHHS HANOLIbII PO3NOBCIOIKEHUX BUJIIB TE-
PMIYHOI OOpOOKH, HABYMTH CTYACHTIB Yy3araJbHIOBaTH OTPUMAaH1 €KCIEPH-
MEHTaJIbHI JIaH1 IUISIXOM CKJIaJlaHHs TaOnauIlh, mo0ymoBu rpadikiB 1 aiar-
paM, CKJIaJlaTy 3BITH, pOOUTH BUCHOBKH 1 3aKJIFOYEHHS 32 JITEPATYPHUMHU 1
EKCIIEpUMEHTAIbHUMHU TaHUMU. B pe3ynbTari mpoBeeHOro 1abopaTopHOro
MPAKTUKYMy CTYJIEHTH MPAKTUYHO OJIEPXKYIOTh JaHi MpO BIUTUB TEPMIUHOI
00pOOKH Ha CTPYKTYPY 1 BJIACTUBOCTI HAMOLIBII PO3MOBCIOIPKEHUX KOHCTPY-
KIIIMHUX 1 IHCTPYMEHTAIBHUX CTaJICH.

JlaGopaTopHi poOOTH BUKOHYIOTHCS B JIaOopaTopisx kadeapu MeTajo-
3HaBCTBA 1 TEPMIYHOI OOPOOKH 1 0a3yIOThCSI HA TEOPETUYHUX MOJIOKECHHIX
KYpCY, @ TaK0’X HayKOBHUX Ipalsix, U0 MPOBOAATHCA y IIUX Ja00OpaTopisix.
JlaGopaTopHHil TPAKTUKYM BHUKOHYETHCS MIATPYHOI0 CTYJCHTIB y KUJIBKO-
CT1 He Outbin 12 YosioBik mijg Oe3mocepeiHIiM KEPiBHUIITBOM BUKIIagava.

Jlo BUKOHAHHS Ja0OpaTOPHUX POOIT JIOMYyCKAIOThCA CTYICHTH, 3Ha-
HOMI 3 METOJMKOIO BUKOHAHHS POOOTH, KOHCTPYKIIIEIO i OCOOIMBOCTAMU
eKCIUTyaralli JJabOpaTopHUX TEPMIUHUX TeUel 1 MpuiajiB, 0 BUKOPUC-
TOBYIOTHCS Y JTaOOPAaTOPHOMY TMPaKTUKYMi, TOPSIAKOM POOOTH Ha HHX, 1
TIJIBKU TPU HASIBHOCTI KOPOTKOTO KOHCIEKTY METOJWKH BHUKOHAHHS PO-
0otu. ['OTOBHICTH CTYJICHTIB JO BUKOHAHHS J1aDOpaTOpHOi poOOTU yCTa-
HOBJIIOETHCS] BUKJIa1a4u€M IUIIXOM YCHOT'O ONMUTYBAHHS 1 MPOrPAMOBAHOTO
KOHTPOJIIO0 3HAaHb CTYJEHTOM BIAMOBITHOTO PO3JALTY TEOPETHIHOTO KYpPCY.
KoeH cTyJieHT nipu ckiIajaHHi i opOopMIIEHHI 3BITY IOBUHHUM BUSIBIISITU
MaKCHMYM CaMOCTIMHOCTI, 1HII[IaTUBH 1 TBOPYOCTI.

[Tpu BuKOHAHHI TJAOOPATOPHOTO MPAKTUKYMY BapTO JOTPUMYBATHU HACTY-
ITH1 MpaBUIIa TEXHIKA OC3IEKH:

1.1 3abopoHsiETHCA CaMOBIILHO BMHUKATH 1 BUMUKATH TEPMIYHI Tey,
MIPUJIAJIA ¥ 1HIIIE YCTaTKyBaHHS J1a00paTopii.

1.2 3aBaHTakyBaTu 3pa3Ky B TEPMIiUHI M€Ul, a TAKOK BUBAHTAXKYBAaTH 3
HUX 3pa3ku TpeOa TUIbKU NP BIIKITIOYSHUX Bl €IEKTPUYHOI MEPEKI MeYax.

1.3 'V nepion 6e3mnocepesHLOr0 BUKOHAHHS TEPMIUHUX OTepaliiil y mne-
4i JI03BOJIAE€THCS MPAIFOBATH JIBOM CTYAEHTaM: OAWH 3 HUX BUKOHYE OIle-
partiii TepMidHO1 0OpOOKH, a APYTHIL - BIIKPUBAE 1 3aKPUBAE KPHUIIIKY TI€ul.



1.4. 3a00pOHSETHCSI BCTAHOBIIIOBATH Ha TEPMIYHI M€Yl Ta BUIIPOOYBaIbHI
npusiaid, CTOPOHHI MIPEAMETH, a TAaKOXK YINaTy NpUIagu ¥ yCTaTKyBaHHS,
10 HE BIIHOCSITHCS /10 JJAHO1 J1Ja0OpaTopHOi poOOTH.

[TpakTiyH1 3aHATTS 32 KypCOM 3B's3aHi 3 pO3POOKOI0 TEXHOJIOTIT TepMiy-
HOi 0OpOOKM KOHKpETHHMX jAetaieil. JIjisg pillleHHs TOCTaBICHUX Yy 3aBJIaHH1
3a71a4 CTYICHT BUKOPUCTOBYE Tpadhiky TEXHOJOTTYHUX PEKUMIB TEPMOOOPOO-
KU, SIK1 IPEJICTABJICH] y [IMX METOJIMYHUX BKa31BKaX, 1110 BiIOMBAIOTh peaibHi
TEXHOJIOTTYH1 MTPOLIECH, IO 3aCTOCOBYIOTHCSI TOJIOBHUM YUHOM Y TEPMIYHUX Y

KOBAJIbCHKO-TIPECOBUX 11€XaX 3aBOJIB BaKkoro mammuHoOymyBanHs (HKM3,
CKM3, K3BC).

2 JJABOPATOPHA POBOTA Ne 1

BU3HAYEHHA AYCTEHITHOI'O 3EPHA B CTAJII
2.1 tinb podoTu

BuBunTH MeTO/M BUSBICHHS ayCTEHITHOTO 3€pHA B CTali, BH3HAYUTH
CMaIKOEMHE 3€PHO KOHCTPYKITIMHMX 1 IHCTPYMEHTAIbHUX CTaJICH.

2.2 KopoTki TeopeTH4Hi BiIOMOCTI

[Tpu HarpiBaHHI CTajlu B 1HTEpBaJl Temreparyp Biag Ac; 10 Acz (Acm)
YTBOPUTKCS AyCTEHIT 3 (PEPUTHO-TIEPIITHOI (TIEPIITHO-IIEMEHTUTHOI) CyMIIIIL.
[Tpu nesnaunomy neperpisi (20...30 C°) Buie Touku Acz (Acm) yTBOPUTHCS
BEJIMKA KUIBKICTh APIOHUX (TIOYATKOBUX) 3epeH aycTeHiTy. [loganbie Harpi-
BaHHSI CyNPOBOIKYETHCS POCTOM AyCTEHITHOTO 3€pHA. IHTEHCUBHICTH POCTY
3epHa B CTa MPH ii IEPETPiBl 3aJICKUTH BIJ XIMIYHOTO CKJIaTy, a TAKOX BiJl
MeTaTypriiiHux (akTopiB, 30Kpema BiJl crioco0y po3kuciieHHs. CTali, y SKuxX
ayCTEHITHE 3€pPHO POCTE BXKE MPH 3HAYHOMY IEPETPiBl BUIIE KPUTHUIHUX Te-
MIIEpaTyp, HA3UBAIOTHCS CHAJIKOBO TpyOo3epHUCTUMH. CTami, y SKUX 3€pPHO
IHTEHCHBHO POCTE TUIbKU MPHU 3HAYHOMY IEPErpiBl, HA3UBAIOTHCS CIIAJIKOBO
npioHo3epuuctTuMu. CriaikoeMHe (MPUPOJHE) 3€PHO XapaKTepHU3ye 37aT-
HICTB JI0 POCTY 3€pHa ayCTEHITY. 3€pHO, 1110 Ma€ CTajb B Pe3yJibTaTi Harpi-
BaHHS JI0 JJaHOI TeMIIepaTypH, Ha3UBAKOTh JIIMCHUM 3epHOM. BennunHa miii-
CHOTO 3€pHa € PEe3yJIbTaTOM CYKYITHOCTI METOJy BUIUIABKH CTai, rapsdyoi i
XOJIOJTHOI MEXAHIYHOT 1 TEPMIYHOT OOPOOKH.

CriaIKOeEMHE 3epHO € TEXHOJIOTTYHOI XapaKTEPUCTUKOIO 1 BU3HAYAETHCS
CHEIIaIbHIMU METOAaMH. Y 3aJIeKHOCTI BT XIMIYHOTO CKJIaly CTajied i1CHYy€
KiJIbKa CITOCO01B BUSBJICHHS CIIaJIKOEMHOI'O 3€pHA B CTaJII:



- JUIsI MaJIOBYTJICIIEBOT CTaJll pO3MIp 3€pHA BU3HAYAIOTH 3a KapOigHOIO
CITKOIO, IO yTBOPWJIACS HA TPAHMIIl 3€pEH ayCTEHITY MPH HaBYTJICIFOBAHHI
(MeTo/1 IIeMEeHTalll1);

- I JIETOBAHOI 1 CepeIHhOBYTIICIICBOI CTAJll pO3MIp 3€pHA BU3HAUA-
ETHCS 3a CITKOIO OKHCIIIB, II0 YTBOPHJIMCSI B MPOIIECI OKUCITIOBAHHS (METOJ
OKHCITFOBAHHS!);

- i1 JTO€BTEKTOIMHOI CTajl - 3a CITKOIO (epuTy, 110 BIZOKPEMHBCS
Ha TPaHUIll KOJUIIHLOTO ayCTEHITHOTO 3epHa MPU OXOJIOMKEHHI (METO] HOp-
MaJtizartii).

BemuuuHy 3epHa BU3HAYAIOTh 11 MIKPOCKOIIOM OJJHUM 3 HACTYITHHUX Me-
TO/IIB:

a) BI3yaJbHUM MOPIBHSIHHIM BUIMMMX i MIKPOCKOIIOM 3€pEH 3 €Ta-
JIOHHUMH 300payKSHHSIMHU ITIKAJT;

0) mipaxyHKOM KUTBKOCTI 3€pEeH, 1110 MPUXOIATHCS Ha OJIMHUIIIO ITOBEPXHI1
nunda;

B) BUMIPOM CEPETHHOTO YMOBHOI'O JIlaMETpa 3€PEH UM KIJIbKOCTI 3€PEH Y
1 mv° .
2.3 Marepiayim, 00J1aJHAHHS TA TPUIAIIS

JIJis BUKOHaHHSI POOOTHM HEOOXiJHI: 3pa3Ku CTajeil, HarpiBaJibHI Ieui,
MeTastorpadidHi MIKpOCKOIH, K JJIs 3aBaHTaXEHHS 3pa3KiB y MY 1 BU-
BaHTAXXEHHS 1X, MaTeplaiau sl IPUrOTyBaHHS MIKpOULUTi(IB, peaKTUBU IS
TpaBiieHHS (4% -HUM PO3UMH A30THOI KUCJIOTH B €THJIOBOMY CHUPTI), (PiIbT-
pYBaJIbHHI Mamip, BaTa, 00€KT-MIKpPOMETp, OKYJSIp-MIKpoMeTp, 15%-Hwuii
CIUPTOBUM PO3UMH COJISIHOI KUCIIOTH.

2.4 Xix podotu

2.4.1 BusiBJjIeHHsI 3¢pHA ayCTEHITY METOI0M OKMCJIIOBAHHSA

1 TlpuroryBatu Mikponutidu 3 000X TOPINB JOCTIHKYBAHOTO [WITHIPH-
YHOI'O 3pa3ka (He TpaBUTH).

2 3aBaHTaXWTH 3pa3Ku B Mi4, HArpity Ao temneparypu 930 °C, 1 BuTpu-
matu npoTsiroM 30 XB 3 MOMEHTY Tipua0anHs miv4to, Temneparypu 930 °C mi-
CJIs1 TIOCAJTKH 3Pa3KiB.

[MPOCTEXUWTH, LIOBb ITOJITIPOBAHA TIOBEPXHS HE TOPKAJIA-
Cs TIOY T1EYL.

3 Tlicas BUTPUMKH OCTYAWTH 3pa3KH Ha MOBITP1 1 3HOBY MPUTOTYBATH
Mikpountid. 3innndysaru Tpeda MiHIMATIBHUH 11ap, 00 HE BUIAIUTH IILTKOM
CITKY OKHCITIB.



4 TlpotpaBuru Mikpountid 15%-HUM CIUPTOBUM PO3YUHOM COJISTHOI KHC-
JIOTH.

5 Tlo ciTiil OKUCTIB BUBHAYMTH BEJIMYMHY 3€pHA ayCTEHITY 3a METOJIU-
KO0, BUKJIQJICHOIO Y TTiapo3aum 2.5.

2.4.2 BusiBJIeHHsI 3epHa ayCTEHITy MeTOI0M HATPiBaHHA
(HopMmaJti3aitii)

1 ¥V Harpity no temneparypu 930 C° mid 3aBaHTaXUTU 3pa3Ku 1 BUTPU-
MaTy poTsroM 30 XBUJIMH 3 MOMEHTY MIPUI0AHHS MYYIO 33/IJaHOI TeMIIepary-
U TTICIIS 3aBaHTAKEHHS 3Pa3KiB.

2 Tlicst BATPUMKU OCTYJIUTH 3Pa3KK Ha MOBITI.

3 TlpuroryBatu Mikponutig i mpoTpaBUTH HOro B 4%-HOMY CITUPTOBOMY
PO3UMHI a30THOI KUCJIOTH.

4 3a ciTkoro (hepuTy (JIOEBTEKTOIIHA CTaJIb) UM [IEMEHTUTY (3a€BTEKTOI/I-
Ha CTaJlb) BU3HAYUTHY BEJIMUMHY 3€PHA ayCTEHITY 32 METOJIMKOIO, BUKJIA/ICHOIO Y
miapo3 i 2.5.

2.4.3 BusiBJ/IeHHSI 3¢pHA ayCTEHITY METOI0M HABYIJICHIOBAHHS

1 TlomicTuTH 3pa3ku y METaJICBUMA TICHAJT 3 TBEPAUM KapOIOPH3aTOPOM,
3aBAHTAXXUTH TIEHAJI 31 3pa3kaMu y 114, Harpity Ao temreparypu 930°C i Bu-
TPUMATH TIPOTATOM 2 T, TTOTIM 3pa3KH B TMEHANI TIOBLIHHO OXOJIOJUTH Pa3oM 3
MIYYIO.

2 TIlicms ocTaTOYHOIO OCTUTaHHS 3Pa3KiB MPUTOTYBaTH MIKpoILIid, IIpo-
TpaBUTH 4%0-HUM CIIUPTOBUM PO3YHHOM a30THOI KHCJIOTH.

3 3a kap6iaHOIO CITKOIO (1MOOIM3y MOBEPXHI TOCIIIKEHUX 3pa3KiB) BU-

3HAYUTH BEJIUYMHY 3€pHA ayCTEHITY 3a METOMKON0, BUKJIAICHOIO B ITLAPO3ILI
2.5.

2.5 Xix po0oTu 3 BU3HAYEHHSA BeJIMYMHM 3€PHA aYCTEHITY

2.5.1 MeToa nOpiBHSIHHS 3 €TAJIOHHOIO IIKAJIOK)
1 ITigroryBatu MetanorpadiyHuil MIKpOCKOI 1O poOOTH MpH 301IbIIICH-
Hi 100" (103BONAETHLCS TAKOXK 1HIIE 301IBIICHHS).
2 Insxom meperisiay Beiei mionii nuiida 1 mopiBHSIHHS BUJIMMUX Ha
nutidi 3epeH 3 eTAIOHHUMU 300pKEHHSIMU BU3HAYUTH Oall 3epHa.
3V Bunajky, sIKIIO PO3MIISIAHHS CTPYKTYPH i MIKPOCKOIIOM ITPOBO/IU-
nocs He npH 30UIbmenHi 100", Bu3HaunTH 0aj 3€pHA, KOPUCTYIOUUCH Ja-
HUMHM, IPUBEICHUMU B Ta0m.2.1.



Taomurs 2.1

30u1b- Howmep 3epHa (6ai)

IICHHS
00 | 1 |2 | 3 |4 |5 |6 |78 |9 10]11]12
200 | - - 1123|456 |78 910
400 | - - - - 112 |3 |4 |5 |6 |7]|38

2.5.2 Metoa BUMipy cepeHBOr0 YMOBHOIO JiaMeTpa 3epHa

1 BusHauuTu 1iHy noaiiky E, 3a 1ormoMororo 00'eKT-MikpoMeTpa.

2 JlocmimkyBaHuii nuti) HOMICTUTH Ha MPEIMETHAN CTOJIMK MIKPOCKOIIA.

VY noBUILHO 0OpaHOMY TOJII BU3HAUMTH CEpENiHIM (3a A1aMeTpoM) po3Mip
KOXKHOT'O 3€pHa B TMOJIUIKaxX CITKUA okysspa. [loaibHy oneparrito 3poOutu Ha
HACTYMHOMY I1oui 1 T.J1. Bumipu 3podutu B 50 nomsix 3opy. OTpruMani pe3yiib-
TaTh BUMIPY 3aHECTH B TabO. 2.2.

3 Po3spaxyBatu cepe/iHiii JiameTp 3epHa 3a (popmyIioro

D cp —= T )
2m
ne d - giameTp 3epHa B KOXKHIM I'pyIIl B IMOAUIKAX OKYJISPHOT IIKAJIH
m - 9uCIIo 3epeH (JuB. Ta0J1.2.2).

Ta0mur 2.2
JliameTp 3epeH B mojutkax okyi|l 2 3 : . . 20
Yucio 3epeH, m
Bignocna gacrorta, %

CepenHiit 1iaMeTp 3epHa BUBHAUYUTH 3 BUpas3y

DCD - DCD EC.Ev
ne E. . - 11iHa MOUIKM CITKU TeJIeeKpaHa.
4 PospaxyBatu cepeHIO IIIOITY 3epHa 3a (hOpMYIIOI0

.Y md?

Fep=
4.3 m

. . . 2.
5 Po3paxyBary KUIbKICTB 3€peH Ha ol 1 MM :




NcD e
Feo
6 BuznauuTu 6a1 3epHa 1 3 hopMyu
N,=82",
lg N -1g8
3BIIKUA n=
Ig 2

7 TlopiBasHHSM oTpuManuX gaamx N, , F,, un d,, i3 naHuMu Taom.
2.3 (ACT 5639-65) Bu3Hauntu 6aja (HoMep) 3epHa

Tadomurs 2.3
bait ze- Cepenns miola Kinekicts 3e- | Cepennst ki- | Cepeniit
pHa 3epHa, PEH Ha IIoNT 1| JBKICTb 3e- | JiaMeTp
(HOMED) o MM’ per B i/ | 3epHa, mm
1 0,040... 0,080 12. .24 64 0,250
2 0,020... 0,040 24... 48 179 0,177
3 0,0 10... 0,020 48... 96 512 0,125
4 0,005... 0,010 96... 192 1446 0,088
5 0,0025... 0,005 192...384 4096 0,060
6 0,00 125... 0,0025 384... 768 11417 0,041
7 0,000625... 0,00 125 768. ..1536 32768 0,031
8 0,0003 12...0,000625 | 1536... 3072 92160 0,022
9 0,000156. ..0,000312 | 3072...6144 262144 0,015
10 10,0000478...0,000 156 | 6144...12288 | 737280 0,012

8 Pesynbraty BU3HAUCHHS BEJIMUMHU 3€pPHA 3aHECTH B Ta0/.2.4.

Taomira.2.4
Ho- | Metox | Po3paxyHKoBI mapaMeTpu po3Mipy 3epHa bai 3epna
x)ei 1113;11;{2;1 Cepemrst |Uncmo  3e-| CepenHiii mi- |3a po3pa- | Bizyans-
.| myoma 3ep- [peH Ha IUTO0-| ameTp 3€pHA, |XYHKOM
ska. | poswipy | MMZP Eﬂlmz e”TPMMP YHK HO
3epHa ’

1

2

3




2.6 3micr 3BiTY

3BIT MOBUHHUIN MICTUTH: Ha3BYy pOOOTH 1 ii I[UJTb, KOPOTKI TEOPETHYHI Bi-
JIOMOCTI, X1JT poOOTH, & TAKOXK HACTYITHI pe3y/IbTaTy eKCIIEPUMEHTIB:

a) XIMIYHHI CKJIaJ1 TOCTI/PKEHHUX CTaleH;

0) pe3yJIbTaTh PO3PaxyHKIB 3 BU3HAUYEHHS LIHU TIOJIUTKH OKYJISIPHOT IIIKAJIH;

B) 3apHCOBKH MIKPOCTPYKTYP 3pa3KiB 1 pe3yJbTaTH Bi3yalbHOIO BU3HAUCH-
HSI BEJIMUMHU 36pHA METOIOM TTOPIBHSHHS;

T') JIaHl BUMIPHU CEPETHHOTO IaMETpa y BUTIISI Ta0. 2.2;

1) IaHl y BUTTISII Ta0.2.4;

€) BUCHOBKH IPO CMAJIKOEMHY 3€PHHCTICTB JOCIIHKEHUX CTaJICH.

3 JIABOPATOPHA POBOTA Ne 2

EKCIIEPUMEHTAJIbHE BU3HAYEHHSI KPUTUYHOI
HIBUJIKOCTI TI'APTYBAHHSA

3.1 i podon

BuBYHMTH BIUIMB MIBHAKOCTI O€3YNMMHHOTO OXOJIO/PKECHHS CTalll Ha ii
CTPYKTYPY 1 BJIACTMBOCTI; YCTAHOBUTH 3B'SI30K MK OCOOJTMBOCTSMHU PO3MAIy
MIEPEOXOJIOKEHOTO ayCTEHITY, MIKPOCTPYKTYPOIO 1 BIACTUBOCTSIMU CTaJTI.

3.2 KopoTki TeopeTH4Hi BiioMOCTi

KputnuHa mBHIKICTE TapTyBaHHS - 1€ HAHMEHIIA MIBUAKICTH OXOJIO-
JDKEHHS, TIPU SKI BECh ayCTEHIT MEPEOXOJIOKYEThCA 0 TOYKH TOYATKY
MapTEHCUTHOTO MepeTBOpeHHs. ['padiuHa KpuBa, 110 BIAMOBIIAE KPUTHIHIN
IIBUJIKOCTI TapTyBaHHS, IHTEPIPETYEThCS TOTUYHOO JIO KPUBOI 130TEPMIYHO-
r'0 PO3Maay ayCTeHITy OUIA 1 BUTHHY. SIKIIO NMPUITYCTUTH, 110 OXOJIOKEHHS
[P TapTyBaHHI IIPSIMO MPOMOpIIiHE JorapudMy Jacy, TO B KoopauHaTax t i
lg7 (t - Temneparypa, 7— d9ac) mporec OX0JI0KSHHS BU3HAYAETHCS TIPSIMOIO 1
KPUTUYHOIO IIBUAKICTIO FapTyBaHHS

Vi (3.1)

ne A, - remneparypa, HarpiBaHus , C;
ty - TemIiepaTypa HalMEHIIIOl CTIMKOCTI TIEPEOXO0JIOIKEHOTO ayCTEHITY;
Ty - Yac HaAMMEHIIIOI CTIMKOCTI IEPEOXOJIOJHKEHOT O ayCTEHITY.



3.3 Marepiayim, 00J1aJHAHHS TA IPUJIAIS

JI1st BUKOHAHHS poOOTH HEOOXIIHI: 3pa3Ku cTalll Y8, HarpiBayibHi Ie-
4i, 0a4uKku 3 TpaHC(HOPMATOPHOIO OJIi€r0, BOAO, 10%-HUM BOJSHUM pPO3YH-
HOM TIoBapeHoi coui; TBepaoMip TK; TemeMikpockomn; abpasuBHUN KPYyT 1 Ma-
mip; peakTUB AJIsl TpaBJieHHs MIKpoUTi(hiB (4% - HUM pO3YMH a30THOI KHUCIIO-
TH).

3.4 Xix poooTun

1 3pasku craji MOMICTUTH B TEPMIUHY iy, HArpity 10 TeMIIEpaTypu
850... 870 C°. Ilicna 30iry KOJabopy 3pa3Ka 3 KOJIbOPOM PO3KAPIOBAHHS MY-
(e nedl npu3HaYMTH BUTPUMKY TpuBaticTio 10 xB. 3adikcyBaTu yac Harpi-
BaHHSI.

2 Ilicnst BUTPUMKHU OJIUH 3pa30K IIBUJIKO MEPEHECTH B EMHICTh 3 Mac-
JIOM, APYTHH — B PO3YMH Y BOJI1 TTIOBAPEHOI COJI, TPETIH - y BOY, YETBEPTHUH -
BUJIATH HA TOBITPS, I’ ATUN 3pa30K MEPEHECTH B IHIIY T4, HArpiTy J0 TE€M-
nepatypu 850 C°, a MIOCTUI 3aJIMIIIUTH B TI€l, J€ BIIOYBaIOCs HarpiBaHHSI.

3 Bci 3pazku (6 1IT) 3aIUIIUTH 10 TIOBHOTO OCTUIaHHS, MICHIS YOro 3a-
YUCTUTH 3pa3Ku JIO METAJIEBOTO OJMCKY, BUMIPSITU TBEPIICTh 3a PokBenom
(HRC). ITpuroryBatu MikpoI1iuti(hi BABUUTH 1 3aMaAITFOBATH CTPYKTYPY.

4 Pe3ynpTaTel BAMIPY 1 TOCIIHKEHHS CTPYKTYpY BHECTH B Ta0. 3.1.

Tabmuns. 3.1.
TBEPJIICTD Mixkpo-
Homep | YMoBu  oxo010- CTpYK-
3paska | xenHs3paskie | HRC |HRC | HRC |HRC |HB | Typa
1 2 3 |cep |[cep
1 PazoM 3 miuyro
9 Pazom 3 miudro i
TT1ICTY>KyBaHHSIM
3 Ha noBitpi
4 VY macni
3) VY Bogi
6 VY cononiii BojIl




3.5 [1o0y10Ba TEPMOKIHETUYHOI iarpamMu po3namy
MEePE0X0JIOZKEHOI'0 AYCTEHITY

1 TloOGynmyBaTu cuctemy KoopawHaT "Temriieparypa (BiCh OpAHMHAT) -
gac 0X0J0pKeHHs (Bich adcruc)". Macmrad (6akaHuii): TeMiiepaTypa
100 C° B 1 MM, yac 0xonomxeHHs - | XBy 5 MM.

2 Hanectu ropuzoHTaIbHY JIiHIIO, IO BIAMIOBiAaE TemnepaTypi Ac; Ta
AC3.

3 TloOynyBaty KpuB1 OXOJIOMKEHHS (Bia Temriepatypu HarpiBaHHs 850°C),

CKOPHCTABIIHCh €KCIIEPUMEHTATHHUMH JaHUMH, OTPHIMaHUMHU B Jabopartopii
(Tabm. 3.2).

Tabmmrg. 3.2
YMoBH Temmeparypa 3paszka °C, yepe3 4ac BiJl MOYaTKy 0XOJI0-
OXOJIOIKCHH:A JOKECHHA, XB
05 ] 10 | 20 | 40 [ 70 | 100 [ 150 [ 250

Pa3oM 3 Tiguio 846 | 842 | 834 | 818 | 794 | 770 | 730 | 650
Pasomsmertios g0 | ga1 | 815 | 775 | 718 | 660 | 560 | 360
MACTY>KYBaHHAM
Ha nositpi 825 | 800 | 750 | 650 | 500 | 350 | 100 | 20
Y Macri 805 | 760 | 675 | 500 | 235 | 20 | 20 | 20
Y Bomi 700 | 400 | 20 | 20 | 20 | 20 | 20 | 20
¥ ColloHOMy 300 | 20 | 20 | 20 | 20 | 20 | 20 | 20
CepeaoBUILI1

4 Ha ko>kHI! KpUBI OXOJIOJKEHHSI BIJI3HAYMTH TOUYKH, [0 XapaAKTEPH-
3yIOTh TEMIIEpaTypy MOYaTKy po3Maay ayCTEHITY 1 4ac 0 MoYaTKy po3mnajy,
BIATIOBITHO TEMITEPATypy KIHIIA PO3MATy ayCTEHITY 1 Yac po3maay MpH 0X0JI0-
JOKEHHI 3 3aJIaHOr0 MIBUKICTIO. HeoOXiHi1 1aH1 B3ty 3 Ta0I1. 3.3 (pe3ysibTaTti
OTpHIMaHi B Jlabopatopii).

5 Ha ocHoOBI MikpoaHayi3y, BUMIPIOBaHHS TBEPJIOCTI 3’ €JHATH OTPUMaH1
TOYKH Ha KPUBHUX OXOJIOKEHHS IIABHUMH JIIHISIMUA OJJHAKOBHX TEPETBOPEHb.
['padiuHo BU3HAUMTH TEMITEpaTypy HAMMEHIIIO! CTIMKOCTI TIEPEOX0I0HKEHOTO
ayCTeHiTy t; Ta yac HaliMEHIIOI CTIHKOCTI MePEOXO0JIOPKEHOTO ayCTEHITY 7, .
3a MU 1aHuMH 3a popmyiioro (3.1) migpaxyBaTh KPUTUYHY IIBUJIKICT rap-
TYBaHHSI.



Tabmmi 3.3

YMoBu oxono- | [louarok posnany aycrenity | Kineln posmnaty aycTeHi-
JKYBaHHSA Temmneparypa, °C | Yac, xB | Temneparypa, | Yac, xB
PazoM 3 miu4ro 710 16 650 24
Pazom 3 miuuto 3 700 8 600 13
M1JICTY>KyBaHHSIM
Ha nosiTpi 650 4 500 [
VY macni 600 3 400 5
VY Bomi 500 0,7 220 1,5
Y conoHOMY cepe- 200 0,5 - -
JIOBHIII
3.6 3micT 3BIiTY

3BIT IOBUHEH MICTUTH: Ha3By pOOOTH 1 il 1LJIb, KOPOTKI TEOPETHYHI Bi-
JIOMOCTI, X1 pOOOTH, a TAKOK HACTYITHI PE3yJIbTaTH EKCIICPUMEHTIB:
a) naxi 3a Taom. 3.1;
0) mo0Oy10BaHy TEPMOKIHETHUHY JllarpaMy po3maay IepeoX0na0HKeHO-
r'O ayCTEHITY;
B) pe3yJIbTaTH PO3PAXyHKY KPUTHIHOT IIBUIKOCTI TapTyBaHHS;
T) XIMIYHHHA CKJIaJ JOCIIKYBAHOI CTaTl.

4 TJABOPATOPHA POBOTA Ne3

BU3HAYEHHS ONTUMAJIBHOI TEMIIEPATYPU
I'APTYBAHHSA CTAJII

4.1 Hinb podoTn
BusHaunTH BIUTMB TeMIlepaTypy HarpiBaHHs Ha TBEPIICTh 3arapTOBaHOI
CTaJIl 13 PI3HUM BMICTOM BYTJICITIO; OJICP’KaTH HABMUKA BUKOHAHHS TapTyBaHHI.

4.2 KopoTtki TeopeTH4Hi BitoMOCTi
["apTyBaHHSIM HA3WBAETHCS HArpIBaHHS JI0 TEMIIEpaTypu BUIIE KPUTHY-
HOi, BUTPUMKA JJIsl 3aBeplICHHS (ha30BUX MEPETBOPEHb 1 HACTYITHE OXOJIO-
JDKEHHS 31 MIBUAKICTIO BUIIE KPUTUYHOI. HallBayXTUBIIIUM MTapaMeTpOM TeX-
HOJIOT'1i TapTyBaHHS € TeMIIepaTypa HarpiBaHHS.
TemnepaTypa HarpiBaHHs Il TapTyBaHHS 3ajJCKUTh BT XIMIYHOTO
CKJIaJy 1, y MepIly uepry, Bij BMICTY B Hiil Byruielto. [Ipu Bubopi temmepa-



TYpH HarpiBaHHS I TapTYBaHHS BapTO BpaxyBaTH HEOOX1THICTh OICPyKaHHS
HANOLIBII BUCOKOI TBEPIOCTI B 3arapTOBaHIM CTaJIl.

K10 AOEBTEKTOIMHY CTallb 3 BUXIIHOI CTPYKTYpPOIO MepiiT-pepiT
HArpiTU HWKYE KPUTUYHOI ACq, TO CTPYKTYpa nepiiT-heppit 30epekeTbCst
1 TCJIS IIBUIKOTO OXOJIOMHKEHHS. TaKa TEXHOJIOrS BJIACTUBOCTI CTaJIl HE 3Mi-
HUTb.

VY 10eBTEKTOIIHIN CTalll, HArpiTiil BUILE Acy, alle HIK4Ye Acs, MCIS rap-
TyBaHHSI MOPSJ] 3 MAPTECHCUTOM 30€peKyThCs IUISIHKU (epiTa, 1110 HE 3a3HAIH
MIEPETBOPEHHS B ayCTEHIT IpH HarpiBaHH1. [IpucyTHICT (epiTa 3HIKYE TBE-
PAICTH CTai MICIsl TAPTYBaHHA 1 il MEXaHIYHI BJIACTUBOCTI ITICTIS BIJIITYCKY.

HarpiBanHs crasi Buille Acz BUKJIMYE YTBOPEHHS ayCTEHITY 1 MICIISI 0XO-
JIOJKEHHS 31 MIBUIKICTIO BUITE KPUTUYHOI BUHUKHE MapTeHCUT. HarpiBanus
JIOEBTEKTOITHOT CTall 3HAYHO BHIIEC AC3 BUKIIMKAE PICT 3€pHA ayCTEHITY, IO
NpUBEC 10 YTBOPEHHS MPHU OXOJIO/HKEHHI KPYIMHOTOJIYATOr0 MapTEHCHTY,
301IBIIICHHIO BMICTY 3aJIMIITKOBOTO ayCTEHITYy. Taka CTpyKTypa HECIIPHUSITIII-
BO BIUIMBA€E Ha BJIACTUBOCTI cTam. OTxe, HarpiBaHHs ISl TapTyBaHHS JIOCBTE-
KTOIJTHUX CTaJie MOBUHHO MpoxoauTy Tpoxu Buille (Ha 20..40 °C) Acs.

3aeBTEKTOI/IHI CTalIl TaKOX HEJOIIJILHO HArpiBaTH HIKYE ACq, TOMY 1110
TaKe HarpiBaHHs HE BUKJIMKAE CTPYKTYPHUX MEPETBOPEHH 1 HE 3MIHUTH BJa-
CTHUBOCTEH cTaii. HarpiBaHHsS 3a€BTEKTOIMHUX CTaJe 10 TEMIIEpaTyp, BHUIIC
Acy 1 HIKYE AC,,, TPUBEE IO YTBOPEHHS B CTPYKTYPI1 3arapToBaHoOi CTajIl Map-
TEHCUTY 1 HA/IJIMIIIKOBOTO IIEMEHTUTY. Taka cTpykTypa 3abe3neuye OubIll BU-
COKY TBEPIICTh y TIOPIBHSHHI 3 TIEFO, 10 OJICP)KYETHCS MPHY rapTyBaHHI 3 Ha-
IpIBaHHSIM BHUIIIE AC,,, TOOTO B 00JIACTI OJTHOPITHOTO ayCTeHITy. B pe3ynbrari
TAKOro OUIbIII BHUCOKOIO HArpiBaHHS CTalb OJCPXKYE CTPYKTYpY KpPYITHO-
roJI49acToro MapTEeHCUTY O€3 IIEMEHTUTY, ajie 3 MiJIBUIICHOI KIJIBKICTIO 3aJI1-
IIIKOBOT'O ayCTEHITY. LIeMeHTUT Mae OUTBII BUCOKY TBEPAICTh, YUM MApTEHCHUT,
MIPUCYTHICTh AYCTEHITY 3HIKYE TBEPICTh. OT ke, TeMIiepaTypa rapTyBaHHSI 3a-
€BTEKTOITHUX cTajiel nmpu3HadaeThes Ha Ha 20..40 °C puie Ac;.

4.3 Marepiajan, 00J1aJHAHHS TA IPUJIAIS

J1711 BUKOHAHHS POOOTH HEOOX1THI: 3pa3KH JijIsl BUIPOOYBAHHS JOEBTEKTO-
imHO1 (cTasib 45) 1 3aeBTeKTOiIHOT (CTanmb Y 13) crasnel, HarpiBaibHI Medi, KTilil
JUTSI 3aBaHTAKEHHSI 3pa3KiB Yy Mid 1 iX BUBAHTaKEHHS, 0a4OK 3 BOJOK0, HaXK/1a-
YHUI mamip, abpa3zuBHuii kpyr, TBepAaomip TK 1 TIIL.

4.4 Xin podooT

1 ¥V meui, nonepennso Harpiti g0 Temmepatyp 650, 700, 750, 800, 850,
900, 950 °C, 3aBaHTaKUTH 3PA3KH.



2 Ilicns mpuadaHHs 3pa3kaMy KOJIbOPY PO3KApIOBAHHS CTIHOK T4l MpH-
3HAYUTH BUTPUMKY IIPOTATOM 7 XB.

3 Tlo 3aKiHYEHHIO BUTPUMKH 3pa3ku (110 OJTHOMY) HIBUJIKO NIEPEHECTHU B
0a4oK 3 BojI0r0 1 BuTpuMaTu y BoAl 10... 15 XB, micist 40ro 3pa3Ku BUTATTH, TO-
PIIEBY MOBEPXHIO 3aUMCTUTH Ha aOpa3sMBHOMY KPYy3i JO METAJIEBOTO OIMCKY 1
BUMIPSITH TBEPJICTH 3a I0NOMOTroro TBepaomipa TK.

4 Pe3ynbpTaTu BUMIPIOBAHHS TBEPJIOCTI (TpU BUMIPH Ha KOXKHOMY 3pa-
3Ky) 3aHECTH B Tao.4.1.

5 V¥V pesynbrari Bumipy tBepaocTi HRCg, (cepemHst 3 TppOX BUMIpIB)
MIPEJICTABUTH ii TpadIgHO B 3aJIXKHOCTI BiJT TEMITEPATypH HArpIBAHHSI.

6 3pobuty aHal3 X0y KPHUBOI BUMIPIOBAHHS TBEPJIOCTI B 3aJI€XKHOCTI
BIJ] TEMIIEPATYpPH rapTyBAHHS JIOCTI/HKEHUX CTAJICH.

Tadonuis 4.1
Temmepatypa TBepaicTh micis rapTyBaHHs
HarpiBaHHs, Cranb 10EBTEKTOITHA Crasnb 3aeBTEKTOIHA
°C HRCg | HRCg | HRC; | HRCg; | HRC:; | HRG | HRC:, | HRCy
1 2 3 cp 1 2 3 cep
650
700
750
800
850
900
4.5 3micr 3BiTY

3BIT MOBUHEH MICTUTH: Ha3By POOOTH 1 i 1UJIb, KOPOTKI TEOPETUYHI Bi-
JIOMOCTI, X1JT poOOTH, a TAKOXK HACTYITHI pe3yJIbTaTH EKCIIEPUMEHTIB:

a) naHi 3a Ta0.4.1;

0) XIMIYHMI CKJIaJI TOCIIHKCHUX CTaICH;

B) rpacdiku 3MiHH TBEPAOCTI B 3aJICKHOCTI BT TEMIIEPATypH HAarpiBaHHS
JUTSI TApTYBaHHSI;

I') BUCHOBOK IIPO JIOIUIBHY TEMIIEPATypy HArpiBaHHsS JJisl TapTyBaHHS
JOEBTEKTOIHUX CTAJICH.



5 JJABOPATOPHA POBOTA Ne 4

BILIMB MOIEPEJHBOI TEPMIYHOI OFPOBKH HA
MEXAHIYHI BJJACTUBOCTI TA MIKPOCTPYKTYPY
TAPSTUOJE®OPMOBAHOI CTAJII

5.1 Hinb podoTn

BuBunTH BIUIMB Binany 1 HOpMali3allii Ha MEeXaHi4Hl BJIACTUBOCTI 1 Mi-
KPOCTPYKTYPY JIOEBTEKTOITHOT CTaJIl MICIISA KyBaHHS.

5.2 Koportki TeopeTnyHi BiioMocCTi

VY pesynbrati raps4uoi 00poOKH cTalmi TUCKOM psiji JeeKTIB JIUTOI CTall
YCYBA€ThCSI, OJJHAK BUHUKAIOTH JIESIKI OCOOJIMBOCTI, 1110 3HIKYIOTh BJIACTHUBO-
cTi rapsraoiechopMoBaHoi ctaji. Taka cTajgbh 4acTo Ma€e KpyIHE 3€pHO, Xapak-
TEPUBYETHCS CTPYKTYPHOIO HEOJTHOPIIHICTIO. B yMOBaxX mpucKopeHOro oxo-
JIOJKCHHS Tapsdo7eopMOBaHa CTajlb BOJIOAIE MIABUIICHOK TBEPIICTIO, Y
3B'SI3KY 3 YAM TIOTIPIITY€ETHCS 0OPOOIIFOBAHICTh 3arOTOBOK Pi3aHHSM, Y 3ar0TO-
BKaX HEPIIKO 30€piratoThCsi BACOKI BHYTPIIITHI HAIPY>KEHHSI.

Jly1a 3a0e3mnedeHHs: CTPYKTYPHOI OJTHOPITHOCTI 1 YCYHEHHSI BII3BHAYCHUX
0COONIMBOCTEM Tapsiuo/iehOpMOBaHy CTajlb IMIAIOTh TMOMEPEAHINH TepMid-
H1ii 00poOIIl - BiANATY Y4 HOpMaJIi3allii 3 METO MOAPIOHIOBAHHS 3€pHA, 3HST-
TSI BHYTPIIIHIX HAIMIPY>KeHb, 3HMHKEHHS TBEP/IOCTI Ta TOJIMIIIEHHS 00po0IFOBa-
HOCTI Pi3aHHSM.

[ToapiOHIOBaHHS 3€pHA B CTAJISX TPYHTYETHCSA HA Ol S Y MPOIIEC] TIepe-
KpHrcTaizailii, TOOTO 00yMOBIIOETHCS ATOTPOIIYHUM TEPEXO0J0M 1 YTBOPEH-
HSIM TIPH IIOMY JPIOHUX 3€peH. Y CTaJISAX JTOCBTEKTOITHUX OCTATOYHE MEPET-

BOPEHHSI Ol S Y BIIOYBA€ThCs MpU NEPEXOAL 32 TOUKU Acz TOOTO MICIS MO-
BHOT'O MEPETBOPEHHS BCIi€T CTPYKTYPH CTalll B ayCTEHIT 1 BUKIIOYEHHS (Depu-
Ty. O4eBUIHO, OTPUMAHUN TIPU 1LOMY AYCTEHIT CTaHe JPiOHO3EPHUCTUM, 1
MIPU HACTYITHOMY OXOJIOJDKEHHI CTaJIb 3aIUIITUTHCS TEX APIOHO3EPHUCTOIO.

HeoOxi1HOI0 yMOBOIO ISl 30€peKEHHS B ayCTEHITI APIOHOTO 3epHa €
HE3Ha4YHe TIEpeBUIIICHHS TOUkU Acs (Ha 30...50 °).

[Tonepemust TepMooOpodKa rapsuoae)OpMOBAHOI CTAJIl MOJIATAE Y HACTY-
THOMY:

- y HarpiBaHHi ctaii 10 Temneparypu Ha 30..50° Buile Touku Acs.

- BUTPHUMIII JI0 TIOBHOTO TIEPEXOTy BCI€i CTPYKTYPH B ayCTEHIT;

- HACTYITHOMY OXOJIO/PKE€HHI a00 pa3oM 3 miu4io (Bianai), abo Ha CIio-
KIMHOMY TIOBITp1 (HOpMaJTi3ariis).

5.3. Marepiaiiu, 00J1aJHAHHS TA MPUIIAIA



JIs11 BUKOHAHHS poOOTH HEOOX1/THI: JOCTIKYBaH1 3pa3ku (MapKy CTall,
1 11 XIMIYHUHN CKJIaJ] TIOBIIOMJIsiE BUKJIAa4), HArpiBajabH1 Medi, KTl JJIsl TO-
CaJIKu 3pa3KiB y MiY 1 BUBAHTAXEHHS iX, NUTI(QYBATLHUN MAMip, peakTUB JTHS
TPaBJICHHSA 3pa3KiB 3 METOI0 BHSIBICHHS MIKPOCTPYKTYpH, BHUIPOOYBaJibHA

MammHa IM-4P, MOMOTOK, KepH, INTaHTEHIUPKYJb, MUIIMETPOBHUM Tarip
(550x600 mm), TBepaoMip TK.

5.4 Xin podotu

1 BuzHauuTH pexkrM TEPMOOOPOOKH:

a) Temrepatypa HarpiBanus - t ;- Ac3+(30...50°)C;

0) yac HarpiBaHHsI YCTAHOBHUTHU 3 PO3paxyHKy 1XB Ha 1 MM MakCHUMaJIbHO-
ro JilaMeTpa 3paska;

B) Yac BUTPUMKH JOPIBHIOE TIOJIBOEHOMY Yacy HarpiBaHHSI.

2 3pa3ky 3aBaHTAXKUTHU B PO3ITPITY 10 33/1aHOI TEMIIEPATYPH Ty

3 Ilicnig BUKOHAHHS pexXuMy TepMooOpoOkH (11.1) yacTuHy 3pa3kiB BUa-
TH Ha TIOBITPsI, YaCTHHY - OCTYAUTH Pa30M 3 TIUYIO.

4 BUBYMTH BIACTHUBOCTI CTaJIl TTICJISI TEPMIYHOT OOPOOKH IIIJISTXOM BHITPO-
OyBaHHS 3pa3KIB HA PO3TITaHHS, TBEP/ICTh 1 BU3HAUYCHHS MIKPOCTPYKTYPH, JIs
4Oro:

a) 3pa3Ku, MiFaHl TepMIuHiil 00pOOITl, 3aUMCTUTH HAKIAYHUM TAriepoM 10
BUJIAJICHHSI OKAJTMHU;

0) 3ampaBUTH MITIMETPOBUN Mamip y BUNPOOyBajdbHy MamuHy [M-4P
JUIS1 3alUCY Jilarpam po3TAraHHS;

B) BUMIPSITU JIlaMETP 3pa3zka B TPhOX Mepepizax y ABOX B3AEMHO TEPIICH -
KyJISIpHHMX HanpsMkax. OTpuMaHe HaliMEHIIe 3HaYeHHS aiamerpa dy 3anvcaTu
B Ta0:1. 5.1, Po3paxysaru mionty nepetuny Fo;

T') IipaxyBaTy PO3paxyHKOBY JOBKHUHY lg =5 do, 00MEKUTH PO3paxyHKO-
BY JIOBXKHHY 3pa3Ka JBOMa HETJIMOOKUMU KEPHEHHSIMU;

Tabmuus 5.1

@ikcamist | Po3mipu 10 BunpoOyBaHHsI Po3mipu micist BUImpoOyBaHHs
3paska

7
do, mm | lo, um Form dy mm 1, v Fram

1) YCTAaHOBUTH 3pa30K Y BUIIPOOYBAIbHY MAaIlIMHY, BKIFOUHUTH €JIEKTPOIBHU-
ryH (MiCsl IEPEBIPKU BUKJIAJIAYEM SIKOCTI YCTAHOBKH 3pa3ka) 1 BECTH CIIO-
CTEPEKEHHS 3a MPOLIECOM BUIMPOOYBaHHS, YKIIFOUMBIIM TONEPEIHBO 3aIli-
CYIOUYMI TIPUCTPI BUIPOOYBATBHOI MAIIIHH;



€) MiCTIsl PO3PUBY 3pazka OOWBI MOTO YaCTHHU BUMHSATHU 3 3aTHUCKIB, 3HATH
JiarpaMHUI Tamip, BAMIPHTH JiameTp 3pas3ka O; y micii po3puBy. Po3paxy-
BaTu 1oty nepetuHy Fp. Ckiaactu oOWJIBI MOJOBUHKH BUIIPOOYBAHOTO
3pa3Ka i BUMIPSATH BiJICTaHb MK KepHeHHsAMH ;. Pe3yibTaTi Bumipy 3armca-
TH B Ta011.5.1;
) pO3paxyBaTH MEXaHI4H1 BJIACTUBOCTI JIOCIIIKYBaHOI CTaIl.
YMOBHa rpaHulIg TEKy4OCTi
Py,
002 = -
Fo
ne Fo - mouarkoBa IuIola MONEePeYHOro Nepepizy 3pazka, MM;
Py - HaBaHTa)XEHHS1, BU3HAYAIOTh, SIK [TOKa3aHO Ha Maj.5.1.
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Mastonok 5.1- Cxema BU3HaYEHHS] HABAHTAKEHHSI Ha JllarpamMi pO3TATaHHS

Bin Touku C Binknactu Biapizok CA, piBamid 0,2% po3paxyHKOBOI JTOB-
KUHU 3pa3ka (3 ypaxyBaHHSIM MaciiTaOy giarpamu). 3 TOUKU A TPOBECTH Ji-
Hit0 AB, napanensHy niHii CK. OpavHara Touku B Bu3zHavae Py.

TumaacoBuit omip
P
OBz
Fo
ne Pp— HailOLIbIle HaBaHTaKEHHS, 1110 MepeayBajio pyiHYBaHHIO 3paska, H.
BigHOoCHE 11010BXEHHS



ne l; - nomkuHA PoOOYOI YAaCTHHM 3pa3ka (MK KEPHCHHSM ) IICIIS BH-
poOyBaHHS,

lo - noBxuHA poOOUOl YacTHHM 3pa3Ka (MK KEPHEHHSM) 10 BHIIPOOY-
BaHHSI.

BigHocHe 3ByXKeHHSI

ne Fo - mioia nomnepedyHoro nepepizy 3paska JIo BUIIPOOYBaHHS;
F. -moma momepeyHoro nepepisy B mmiIl (auB. Tabm. 5.1);

1) Ha TOJIIBKaX 3pa3KiB MICJIs PO3PUBY 3aUMCTUTH Ha IUTI(PYyBaTLHOMY Kpy3i
"mucky" 1 BU3HAUMTU TBEPICTh HRA;

K) Ha TOPIIEBHUX MMOBEPXHAX 3pa3KiB BUTOTOBUTH IUTI(DU, BUBUMTH 1 OXapaK-
TEpU3yBaTl MIKPOCTPYKTYpPY 1O 1 MICIS TEPMIYHOI OOpoOKU. 3amalrtoBaTH
CTPYKTYPY, IO CIIOCTEPITAETHCS, BU3HAYUTH BEJIMUMHY 3€pHA 32 CTaHIAPTHOIO
nikasoro. OTpumani pe3ysIbTaTy 3aHECTH B TaOM.. 5.2,

Tabmmi 5.2
Map- Homep |Bun  Tep-| Mexaniuni BractuBocti | X@PaKTEPUCTHKA MIKPO-
Ka  [3pa3ka |MooOpoO- CTPYKTYypH
crat . HRB|gg |ov, |8 | | Crpyxrypsi |bar
Ma % CKJIQJIOBl  (3epHa
5. 5 3micr 3BiTY
3BIT HOBUHHUI MICTUTH:

a) Ha3By pOOOTH 1 i 1[1JIb, KOPOTKI TEOPETUYHI BIIOMOCTI, X1 POOOTH, €CKi3

3pa3Ka;

0) peKMMH TEpMOOOPOOKH Y BUTTISIAL TpadiKiB;

B) ;aHi 3a Tabm.5.115.2;

T) IaHi 3 PO3paxyHKy MEXaHIYHUX BIaCTUBOCTEU CTaII:

1) 3aPUCOBKH MIKPOCTPYKTYP CTal A0 1 MICJIsE TEpMOOOPOOKH;

€) BUCHOBKH TIPO BIUIMB BiTaTy 1 HOpMaJli3alii Ha MeXaHI4Hi BIACTUBOC-
Tl 1 MIKpOCTPYKTYpY ropsiue(popMoBaHoi CTa.



6 JIABOPATOPHA POBOTA Ne 5

BU3HAYEHHSA ITPOI'APTOBAHOCTI CTAJII METOAOM
TOPHEBOI'O I'APTYBAHHA

6.1 Llisb podoTn
BuBunTH MeTOM TOPIIEBOrO rapTyBaHHS MPpY BUIIPOOYBaHI CTajll Ha TPO-
rapTOBaHICTh; HOCIIUTH BIUIMB XIMIYHOTO CKJIay Ha MPOrapTOBaHICTh KOHC-
TPYKIIIHOI CTaJI.

6.2 KopoTtki TeopeTu4Hi BitoMocTi

[Ti1 mporapTOBaHICTIO CTaJll PO3YMIEThCS TJIMOMHA MPOHUKHEHHS 3arap-
TOBaHOi 30HM. [IporapToBaHICTh 3aJI€KUTH Bl KPUTUYIHOI IIBHJIKOCTI TapTy-
BaHHS V,,. Yum meHie Vg, , TuM OUTBIIA mporapToBaHiCTh ctail. [Iporapro-
BaHICTh BU3HAYAETHLCS SIK BIJICTAHb BiJl MOBEPXHI JIeTall J0 IIapy 3 HariBMap-
TEHCUTHOIO CTpYKTYpoto (50% maptencuty 1 50% tpoctuty). TBepaicTh Ha-
MIBMapPTEHCUTHOI 30HU 3AJICKUTH BiJl BMICTY BYTJICITIO 1 BU3HAYAETHCS 3a Ta0-
mmuero 6.1

Taomar 6.1
Bwmict Byriterito, % 035|040 | 045 | 0,50 | 0,55 | 0,60 | 0,70 | 0,80
Teepuicte HRC, Ha-
MBMAapTEHCUTHOI 30-
HU

40 | 42 | 45 | 47 | 48 | 49 | 50 | 58

Mertoa TopreBoro 3arapryBanHs cranaaptu3oBanuii (JICT 5657-69),
MIPOBOJIMTHLCS Ha CIICIabHIM YCTaHOBIII, 0 3a0e3Meuye CTaHAapTHI YMOBH
#uBJieHHA. CyTHICTh BUIIPOOYBAHHS MOJIATAE Y HArpiBaHHI 3pa3ka CTaH1apT-
HOi (OopMH IO TEeMIIepaTypy TapTyBaHHs, BATPUMKH HOTO 1 HACTYITHOMY Tap-
TYBaHHIO [IUIIXOM OXOJIO/DKEHHS CTPYMEHEM BOJTH 3 TOPLISL.

3a pe3yibTaTaMu BHUMIPIOBAHHSI TBEPJOCTI B3JIOBXK YTBOPIOKOYOI CY-
JISITh TIPO TIPOTapTOBAHICTb.

XapakTepuCTUKaMH TPOTrapTOBAHOCTI €:

a) BIACTaHb B1JI TOPISA 3pa3Ka y370BXK HOTro yTBOPIOKOYOI JI0 30HU 3
HaIlIBMapTEHCUTHOIO CTPYKTYPOIO - XapaKTePUCTUIHA BIICTaHb X;

0) kpuTHUHUK J1ameTp Dy, 110 BJIsI€ COO0I0 HANOLTBIIMIA TlaMeTp Mpy-
TKa CTaJIl, 10 MPOXKAPIOETHCS HACKPI3b. Dy, BU3HAYAETHCS 3@ XapaKTePUCTUY-
HOIO BIJICTAHHIO 32 JOMIOMOT00 HoMorpamu biantepa M.E



6.3 Marepiaau, 00/1aJHAHHS TA PUJIAIIS

JI)1st BUKOHaHHS poOOTH HEOOX1THI: CTAaHAAPTHI 3pa3Kd, YCTAaHOBKA IS
TOPIIEBOTO TapTyBaHHs, HArPiBAJIbHI TI€Yi, KIIII JTHS 3aBAHTAKEHHSI 3pa3KiB y
MY 1 BUBAHTAXKEHHSA iX, HAXAa4He Tounio, TBepaomip TK, Homorpama M.E.
bnanrepa, mHiika.

VYcranoBka jy1st rapTyBaHHs (Mall. 6.1).

OCHOBHMMH €JIEMEHTaMHU YCTAaHOBKHM € KPOHINTEHH 13 HACTaHOBHOIO
[1ai00¥0 1 COILIO.

YMOBHM 3arapTyBaHHsI CTaHIapTHI:

- remneparypa Boau - 10...25°C;

- miameTp coruia 12,5 mM;

- BIZICTaHb BiJ] TOPIIS, 3pa3ka 10 coma - 12,5 mm;

- BUCOTA BUTBHOTO CTPYMEHS BOJIM (JI0 YCTAaHOBKH 3pa3ka) - 65 Mm.
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L
‘ 3pazok
>
& Lo
T— i e
S
fre]
w2
& 8
o fﬁ
-~ - NN Y4 - Y
= RSN W2 -
—
< 2 !
=
S ‘é C 2125
—
m 5 OIJIO ] -

Mantonok 6.1— Cxema yCTaHOBKH JIJIs rTapTyBaHHsI 3pa3KiB

[Tepen BUNpoOyBaHHSIM BapTO 3pOOUTH MEPEBIPKY 1 pEryIHOBAHHS MPU-
CTPOIO (BUCOTY BUIBHOTO CTPYMEHS BOJIH).



6.4 Xin podoTu

1 BuzHauuTH TeMIiepaTypy HarpiBaHHS I1i] TapTyBaHHS
t,= Ac;+ (30..50) °C,

ne Acz - KpUTUYHA TeMIIepaTypa Ui JOCTiKyBaHUX cTael (IIOB1IOMIIS€E BU-
KJ1a/1a4).

2 3pa3ku 3aBaHTaxuTU y 4. Yac ButpuMku 10 XB 3 MOMEHTY, KOJIH
KOJIIp 3pa3Ka 301KUTHCS 3 KOJIbOPOM PO3KAPIOBAHHS CTIHOK TIeHl.

3 Ilicnst HarpiBaHHS 1 BUTPUMKH 3pa30K IIBUJIKO (3a yac He Outb § ¢)
MIEPEHOCSTh y TapTIBHY YCTaHOBKY. [IIBUIIKICTh OXOJIO/KEHHS 3pa3ka y pI3HUX
Toukax Oyje pi3HO. Bins Topis, 0 rapTyeThcs, BOHA BIIOBIIAE OXOJIO-
pkerHio v Bogi (600 °C/c), a Ha iHIIOMy KiHIL - MIBHIKOCTI OXOJOMKCHHS Ha
nositpi (2 °C/c). Yac oxonomkerHs He MeHm 10 Xs.

4 Tlicris MOBHOTO OXOJOJKEHHS 10 TIOBXKHKHI 3Pa3KiB 3aUUCTUTH CMYXK-
Ky (JiucKy) mmpuHoto 1,5...2 MM, BUMIpsiTH TBEpicTb 3a Pokseniom (mkaina C):
MIEPIINI BUMIP 3pOOUTH Ha BIJICTaH1 1,5 MM BiJI TOpILIA, Aaii 4epe3 KOXKHI
1,5...4,5 MM - Ha moBxkuHl 15.. .50 Mm.

5 BuMipsity BiicTaHb Mk BiiouTkaMu. Pe3ynbraTu 3aHectu B Ta0J1.6.2.

6 IloOymyBatu (y macmiTadi) rpadik 3MiHH TBEPAOCTI Yy 3aJI€KHOCTI Bif
BificTaH1 Bia Topil. Kopuctyrounch qanumu Tadi1.6.1 1 3Hat04n BMICT BYTJIE-
1[I0 B JOCTIPKEHIA CTajl, BUBHAYUTU TBEPJICTh HAIMIBMAPTEHCUTHOI 30HHU.
BusnauuTu BijicTaHb BiJl TOPIS A0 HAIIBMApTECHCUTHOI 30HU - XapaKTEPUCTH-
YHa BIJICTaHb X.

Tabmurs 6.2
Pesynbrati BUMipy TBEpAOCTI 110 YTBOPIOIOUiH 3pa3ka 3 BYTJICIICBOI CTalll
Bincrans Big TOpIis, 110

TapTyETHCS, MM

Trepaicts, HRC

PesyneTatu BUMipy TBEpPAOCTI IO YTBOPIOIOUIN 3pa3Ka 3 JIETOBaHOI CTal

Bincrans Big TOpIIs, 110
TapTYEThCS, MM
Teepaicts, HRC

7 3a BeMMYMHOIO X, KOPUCTAIOYUCh HOMOTPAMOKO MPOrapTOBAHOCTI
bnantepa M.E., BU3HaUUTH MIBUJIKICTH OXOJIOPKEHHS Y LIEHTpP1 JCTalll, a Ta-
KO peaTbHUN KPUTHUYHUMN JiaMeTp MPpY OXOJIOKEHHI 11 y BOJI1, MacJIi 1 Ha TTo-
BITp1. KiTt04 /10 KOpUCTYBaHHS HOMOTPaMOIO NOKa3aHUi Ha MaJL.6.2.



XapakTepruCcTUYHA BiJICTaHb X1

dopma Tina

Po3mip, MM BianoBiab
Mamonok 6.2 - Cxema BU3Ha4€HHS MPOrapTOBAHOCTI CTaJICH 32 HOMOIPaMOIO
M.E. biianTepa

Ha mixani BapTo 3HAWTH BIJCTaHb /10 HAIBMAPTEHCUTHOI 30HU (Xapa-
KTEPUCTUYHA BIICTaHb) X, Ky OyJIO BU3HAYEHO JIOCIIITHUM ITUISIXOM Ha CTaH-
JTApPTHOMY 3pa3Ky JIaHoOi cTail. Bijx 3Hai1eHoi TOUkH X OITyCTUTH TIEPIICHIUKY-
JSIp 70 JiHIi "ineanbHe oxonomkeHHs". Bix Touku nmepetuHy 1 mpoBecTy ropu-
30HTAJILHY JIHIIO 70 TEPeTUHY 3 JIHIEI0, M0 BIAMNOBIAAE 3aJaHOMY OXOJIO-
JLKYHOUOMY CcepesIoBHIIY (BOJia, MiHEpaibHa Macio, NoBiTps). Bix Touku ne-
PETHHY 2 OMYCTUTH TIEPICHIUKYIISP 10 mKamm "Gopma Tima" (ams Tijga odpa-
HO1 (hOpMU, HATIPUKIIAJ, [IWJIHAPA). Y TOUIll MEPETUHY 3 €0 MIKAIO0 YUTa-
TH BIJIIOBI/Ib: JlaMETp Ti1a 33J1aHoi (hOpMHU B MUTIMETpAX, 1110 Ma€ B LIEHTPI Ha-
MIBMApTEHCUTHY CTPYKTYpY D,, 1 Bucotry H. Pe3ynbratu BU3HA4Y€HHS MPO-
rapTOBaHOCTI 3amucaTy B TaoO. 6.3.

6.5 3micr 3BiTY

3BIT NOBUHHUI MICTUTHU: Ha3BY pOOOTH 1 ii 1UJIb, KOPOTKI TEOPETUYHI
BIJIOMOCTI, X1JT pPOOOTH, @ TAKOK HACTYTIHI €KCIIEPUMEHTAIIbHI JIaHI:
a) MapKy 1 XIMIYHHM CKJIaJ] TOCTIKEHNUX CTaJICH;
0) ecKi3 3pa3Ka, 110 rapTy€eThCS;
B) CXEMH Y BUIJISAI ManL6.116.2;
r) rpadik TEXHOJIOT1i TEPMOOOPOOKH;



TabGmus 6.3

MaKCI/'IMaJIFHI/II\//I po3Mip 1miHApa Dy, MM, o Mae y
Xapaxtepy- [ICHTPi HAIIBMAPTCHCUTHY 30HY IIPH rapTyBaHHi

Cranb | cridHa BiI- V Bomi V macri Ha nositpi
CTaHb, MM | [ H H H H H
--=01{---=10{---=0,1|---=10|---=0,1|---=10
Dy D D D KD Dy
Byrie-
1eBa
JleroBa-
Ha

1) rpadik 3MIHM TBEPAOCTI B 3aJIKHOCTI BiJl BIJICTaHI BiJl TOPII, IO TapTy-
€TBCSL;

€) pe3ysbTaTu 3a Ta011.6.2 1 6.3;
K) BUCHOBKH MPO TPOTapTOBAHICTh JOCIIHKEHUX CTaJICH.

7 JIABOPATOPHA POBOTA Ne 6
TEPMIYHA OBPOBKA KOHCTPYKIIHHUX CTAJIEA

7.1 llisib podoTn

OCBOITH MIPAKTUKY TEPMIYHOI OOPOOKHU CTalli: BUBUMTH BIUIUB OCHOBHHUX
napaMeTpiB TEXHOJIOTIi Ha TBEPAICTh 1 MIKPOCTPYKTYPY KOHCTPYKITIMHOT CTaJTI.

7.2 KopoTki TeopeTH4Hi BitoMOCTi

KoHCTpyKIIiiiHI cTajii MOXYTh MIJAAaBaTUCS YOTUPHOM OCHOBHUM BH-
JaM TEpMIYHOI 00pOOKU: BiANaly, HOpMaJli3allii, TapTyBaHHIO 1 BIJIIIYCKY.
Haii611p111 BUCOKHH KOMIUIEKC MEXaHIYHHX BJIACTHBOCTEH KOHCTPYKIIIMHUX
CTaJIel TOCSTAEThCSI TAPTYBAHHSIM 3 HACTYITHUM BIJIITYCKOM.

7.3 Marepiajm, 00/1aJHAHHS TA NPUJIAIS

JIyisi BUKOHaHHS poOOTH HEOOXIJIHI: 3pa3Ku JJi1 BUIIPOOYBaHHS, HArpiBa-
JBHI Tedl, 0aYKy 3 OXOJIODKYIOUUM CepeIoBUILEM (BOJIOIO 1 MIHEpPAIIbHUM
MacjoM), KJIIII JiJi BUBAHTAXKEHHS 3pa3KiB 3 T€Ul, MIKPOCKOII, TBEPAOMIpH,
HaXKJIAuHUH narip, nutidyBaTbHUNA KPYT.




7.4 Xin podoTu

7.4.1 Busuenns ennugy ui6UOKOCmi 0X01004CEHHA HA 671ACMUBOCHI
cmani

1 VYcraHoBuTH TeMmepaTypHUM PEXUM HarpiBaHHs 3pa3KiB JJIsi BUKO-
HaHHS BiJINATy, HOpMaIi3allii 1 3arapTyBaHHSI:

- Temreparypa HarpiBaHHs t = Ac3 +(30...50)°C, ne AC; BepxHS KpUTU-
YHA TOYKa JOCTIIKYBAHOI CTaJli, BU3HAYUTH 3a JIOBIIKOBOIO JIITEPATypOIO;

- Yac HarpiBaHHS - BU3HAUMTH 3 pO3paxyHKy 1,5 xB Ha 1 MM giamerpa
3pasKa;

- TPUBAIICTh BUTPUMKH - YCTAHOBUTH PIBHY ITOJIOBHI Yacy HarpiBaHHSI.

TpuBasicTe BUTPUMKHM 3pa3KiB y MeUl BiIpaxOBYyBaTH BiJl MOMEHTY 30i-
T'y KOJIBOPY 3Pa3KiB 3 KOJIBOPOM PO3KaprOBaHHS My e meyi.

2 Ha nBox-TpbOX 3pa3kax (3 BUAUICHHX JJIsi BUKOHAHHS pOOOTH) BH-
MIpSTH TBEpAICTh 3a PokBenom (3a mkanow B). Orpumanuii pe3ynbraT
nepeBecTy Ha HB (3a TabauIpsvmy).

3 VY miu, HarpiTy A0 HEOOXIHOI TEMIIEPATYPH 3aBAHTAXKUTU BCl 3pa3KH.
HarpiBanHs 1 BUTPUMKY 3pa3KiB MPOBOJUTH BIAMOBIIHO 110 1.1. BuzHauu-
T (aKTUIHUN Yac BUTPUMKH (11 MOOYI0BH Tpadika perKuMy TepMooOpo-
OKmM).

4 Tlicnst BUTPUMKH YacTUHY 3pa3KiB MIBUJKO MEPEHECTU B Oak 3 BO-
JI010, YaCTUHY - Y 0aK 3 MacjoM, YaCTUHY - BUJIATH Ha TOBITPS, a PEIITY -
3QIMIINATH JJ1 OXOJIOPKEHHS pa3oM 3 miudro. [Ipu oxomomkeHH1 y Bojl 1 Ma-
CJI1 3pa3Ky EHEPriiHO MepeMIIaTi NpoTaroM 2...3 C.

5 Tlicna oXoJ0MKEeHHS 3pa3Ky 3a4MCTUTH Ha abpa3uBHOMY Kpy3i (710
TIOSIBM METAJICBOT'O OJIHCKY).

6 Buwmipstu tBepicTh 3a PokBenom (mkana C) HE MEHII, HIXK Y JIBOX
Toukax. Pe3ynpraTi BU3HAYEeHHS TBEPIOCTI 3aHECTH B Tab. 7.1.

7 TloOymyBatu giarpamy BIUTMBY IIBHJKOCTI OXOJIOJPKEHHS HA TBEP-
nicthb craii. 1o oci opauHaT BiakiIagaTh TBEpAICTh 3a bpinenem (y mMaciira-
01), a o0 oci a0CITUC - MBUAKICTb OXOJIOPKEHHS (JaHl MPO IIBUIKICTH OXOJIO-
JOKEHHS B3STH 3 Ta0J1.7.2).

1.4.2 Bnaue eionycky na enacmueocmi cmani

1 3araproBani y Boji 3pa3ku BUIPOOYBaTH Ha TBEPIICTh 3a PokBenoM 1y
BUIIQJIKy OTPUMaHHSI 33JI0BUTbHKX pe3yibTariB rapryBanHs (HRC 50...55) mia-
JIaTH BITITYCKY.

2 Biamyck nposectu npu temneparypax 200, 400, 650 °C. Yac Burpu-
MKH IIpY KOkHiHM Temmepatypi 30 xB.

3 'V miy, Harpity A0 33JaHO0i TEMIIEpaTypH BIIITYCKY, 3aBaHTAKUTH 3PA3KU
1 BUTpUMAaTH TpU MOCTIMHIN Temmeparypi 30 XB.



Tabmmrs 7.1

Temne- [Yac, xa. OXOHOIDKY: Harime- TBepnicTb
Jl;flg[ %?rypq? ?S{- %II/-I_ Ilggmcfp O |YBaHT ?gp_ [Ticis TepMooOpOOKH
BAHHS, (gap- MO |pvo-
oC B |aiar T%J%oesm Mo- . [HRC [HRC[HRCHB
OKIL 1 2 | cep.
1 Pazom 3
I
2 Ha noBiTpi
3 VY macmi
4 VY Bomi
Tabms 7.2
Oxonokyroue HIBUIKICTH OXOJIO/KEHHSI B IHTEpBAJTL TEMITEPATYP
CEePEIOBUILIC 650. . 550 °Clc
Pazom 3 miyuro 0,5
Ha noBitpi 150
VY macmi 30
VY Bomi 600

4 Tlicnst BATPUMKH 3pa3Ku OCTYIUTH Ha MOBITPL, 3aUMCTUTH Ha a0pa3uB-
HOMY Kpy3l JI0 MOSIBU METAJIEBOro OJIMCKY, BUMIPUTH TBEPIICTh 3a PokBenom
(mkasya 3) HE MEHII YMM Y JIBOX TOYKaxX (J03BOJIIETHCS TAKOXK BUMIPSTH TBEP-
JCTh 3a bpinenem).

5 Otpumani pe3yJibTaTh BUMIPIOBaHHS TBEPAOCTI 3aHECTH B Tab1.7.3.

6 Ha miacraBi pe3ynabTariB AoCHiay MoOyayBaTH Tpadik y KOOpAUHATAX
"TBEpIICTh (10 OC1 Op/IMHAT) - TeMIIepaTypa BIIYCKY (1o oci adciuc)". Ha 1po-
My Tpadiky moKa3aTH sSKICHO, y SKOMY HaIPsIMKY 3MIHIOEThCS TIPH BIJIITYCKY Me-
”Ka MIITHOCTI 1 BIJTHOCHE TIO/IOBKEHHSI CTaJII.

7.4.3 Mikpocmpykmypa mepmiuHo o0poo1eHoi KOHCMPYKUIHOT cmati
1 31 3pa3kiB micis ycix BUAIB TEPMIYHOI OOpOOKH MPUTOTYBATH MIK-
pouwtidu, miaAmaTi iX TpaBiICHHIO B 4%-HOMY CIIMPTOBOMY PO3UMHI a30THO1
KHUCJIOTH 1 CTPYKTYPY BUBUYMTH IT11 MIKPOCKOIIOM.




Tabms 7.3

Temmnepa- | Yacgu- | Oxono- | Tepmicts mi- | TBepmicTh micis BIUTYCKY
Ne | TypaHa- | Tpumky, | JUKYIOHe | - ClA rapTy-  Hp STHRETHRC [HB
IpiBaHHS, XB cepezo- BAHHS, 1 5 ce
°C BUIIIE HRC P
200 30 [oBiTps
2 400 30 [oBiTps
3 650 30 [loBiTps

2 3amanioBaTi 1 0XapakTepu3yBaTH CTPYKTYPY BCIX JOCIIIKEHUX 3pa-
3KIB CTaJll, 3BEPTAI0YM OCOOJIMBY yBary Ha opmy 1 po3Mmipu 3epeH. Pesynbra-
TH OL[IHKUA MIKPOCTPYKTYPH MIPEJACTABUTH Y BUIJISII Ta0d. 7.4.

Tabmua 7.4
Mapka | Bwmicr enemeHTiB, %
crai

HarimeHnyBaHHs
OTPUMAHOL
CIPYKTYpH

Bun repmooOpooku

Bigman

Hopwmarmizariis
["apTyBanHs y BOJI

["apryBanHs B Maci

["apTyBaHHs + BIITyCK
mpu t =200°C

[apTyBaHHA + BiIMyCK
npu t=400°C

[apTyBaHHA + BIAMyCK
npu t=650°C

7.5 3mict 3BiTY

3BIT MOBMHEH MICTUTHU: HA3BY POOOTH 1 11 1[iJIb, KOPOTKI TEOPETUYHI Bi-
JIOMOCTI, X171 poOOTH, @ TAKOXK HACTYITHI PE3yJIbTaTH EKCIICPUMEHTIB:
a) pO3PaxyHKH ISl BA3HAYCHHS PEKMMIB HAarpiBaHHS 3 METOIO BiIaly,
HOpMaJTi3allii 1 TapTyBaHHS;
0) akTHuHI PEKUMHU TEPMOOOPOOKH y BUTTIsIII TpadiKiB;
B) JaH1 3a Ta0:1.7.1, 7.3, 7.4;



I') llarpaMy BIUIMBY IIBHUKOCTI OXOJIOKEHHS Ha TBEPAICTh CTaJll;
1) Tpadik BIUTMBY TEMIIEpaTypH BIIITYyCKY 3arapTOBaHOI CTasll Ha ii TBEp-
JICTB;
€) 3apPUCOBKH MIKPOCTPYKTYP 3pa3KiB MICTs BCIX JOCTIKCHUX BHIIIB TEp-
MI9HOT 00poOKHM (y Kojax miamerpom 35..40 MM) 3 BHCHOBKaMH IO KOXHIM

CIPYKTYPL.
8 IABOPATOPHA POGOTA Ne 7

CTPYKTYPA 1 BIACTUBOCTI TIOBEPXHEBUX I1IAPIB
NETAJIEW, ITAHUX IIEMEHTAILI

8.1 Llisb podoTH

BUBUMTH MIKPOCTPYKTYpY MOBEPXHEBUX IIApiB JETANCH, MiJaHUX IIe-
MEHTAIIIi; OIIHUTH XapaKTep PO3MOAUTy BYIJCIIO, BU3HAYUTH BIUIUB ITICIIS-
IIEMEHTAIIHHOT TEPMIYHOI 0OpOOKU Ha TBEPAICTH JICTAICH.

8.2 KopoTki TeopeTn4Hi BinoMocCTi

[lemeHTali€r0 HA3UBAETHCS MPOLIEC HACUYEHHS MIOBEPXHEBOTO 1Iapy BY-
riierieM. OCHOBHOIO METOIO IIEMEHTAIIIT € OIepKaHHs TBEPJI01 1 3HOCOCTINKO1
MOBEPXHI, IO JAOCATAETHCS 30aradyeHHsIM TOBEPXHEBOI'O APy BYIJICLEM JI0
kourneHrparii 0,8...1,1% 1 HacTynHUM raptyBaHHAM. |71 11IeMeHTarii 3acTo-
COBYIOTh MAJIOBYTJICIEBI CTaIl, 1110 MicTATh 10 0,2% C.

[lemeHTaIIiiHUIA TIIap Ma€ MEPEMIHHY KOHIICHTPAILI0 BYTJICIIO MO TOB-
IIVHI, 1110 YOYBa€ BiJ] MOBEPXHI JI0 CEPIEBUHU BUPOOY. Y 3B'A3KY 3 LIUM MICIIS
TIOBUTLHOTO OXOJIO/PKEHHS Y CTPYKTYP1 IIEMEHTOBAHOTO IIIapy MOKHA PO3pi-
3HUTH (B1Jl TIOBEPXHI JI0 CEPIICBUHU) TPU 30HU: 3a€BTEKTOIAHY, 1110 CKJIaja-
€THCS 3 MEPIIITY 1 BTOPUHHUX KapOiJliB, €BTEKTOIIHY, 110 CKJIAJAETHCS 3 O
HOTO MEPIITY 1 IOEBTEKTOIIHY, 0 CKIAIAEThCs 3 TIepaiTy 1 pepury. 3a TOB-
HMHY (MTMOMHY) [IEMEHTOBAHOTO Iapy MPUMMAETHCS CyMa BCIX TPHOX 3a3Ha-
YEHUX 30H.

[lemeHTaIlisl CTBOPIOE TUTBKU CIPHUATIUBUMA PO3IMOIIT BYTJICIIO, OJTHAK
HEOOX1IHI BJIACTMBOCTI 1IEMEHTOBAaHI BUPOOM OTPUMAIOTh TIIBKHU ITICIS OCTa-
TOYHOI TEPMIYHOI OOPOOKH - TapTyBaHHSI 1 HACTYITHOT'O HU3bKOTEMIIEPATYPHOTO

BIIITYCKY.



8.3 Marepiaju, 00J1aJHAHHS TA IPUIIAIS

JIiis BUKOHaHHS POOOTH HEOOXiIHI: 3pa3Ki MaJIOBYTJICIIEBOI CTall JI0 i
TiCJIg HEMEHTAIll1, MIKpouuTihu 3pa3KiB Miciis EMEHTAllli, HarpiBajbHI Ie-
gi, TBepaomip TK, MiKpocKoI, KT JIsl 3aBaHTaKEHHS 3pa3KiB y MY 1 1X
BHBAaHTA)XCHHS, IIITIPYBATBLHUMN KPYT, OKYJISIP-MIKPOMET], 00'EKT-MIKPOMETD.

8.4 Xin poooTn
1 Bumipsiti TBEpAICTh 3pa3KiB, MiJIJAaHKUX 1 HE TTaHUX [IeMeHTailii. Pe-
3yJIbTaTH BUMIPIOBAHHS TBEP/IOCTI 3aHECTH B TaOII. 8.1.

Ta0mrg 8.1

Teepaicts, HRC

No JI0 TapTyBaHHS 3Pa3KiB TTCJISt rapTyBaHHS 3pa3KiB

Il | ge[IeMEHTOBAaHl | [IEMEHTOBAHI | HEIIEMEHTOBAaHI | I[IEMEHTOBAHI

HAa TI0-|B Ha TI0-B HA TIO-B Ha TI0-|B
BEpXHI |[ICHTP1 |BEPXHI |[ICHTP1 |BEpXHI |[ICHTP1 |BEpXHI |IIEHTPI

o b~ ownN

2 llemeHTOBaHI 1 HEIIEMEHTOBAHI 3pa3KH 3aBAaHTAXXUTH B 114, MOIEpe-
IHBO HarpiTy 1o Temneparypu 850...860 °C.

3 Ilicns 30iry KOapopy 3pa3kiB 1 CTIHOK poOOYOro MpOCTOpY Iedi
MPU3HAYNTH BUTPUMKY TPUBAIICTIO 5 XB.

4 Tlicns 3aKiHYCHHS BATPUMKH BC1 3Pa3KH IIIBUIKO OXOJIOJIUTH Y BO/I.

5 3a4rcTUTH MOBEPXHI 3pa3KiB (3 TOPI 1 [0 YTBOPIOIOYiif) 10 MeTae-
BOro OyiMcky 1 3HoBY BuMipsith TBepaicTb HRC. Pe3synbraTi 3anectu B Tad.
8.1.

6 BuBuMTH MIKPOCTPYKTYpY 3pa3KiB, MIJAHUX IIEMEHTAIll (3pa3ku 3
MIPEJICTABIICHOT KOJEKIT MiKponutiiB) 6e3 rapTyBaHHS Bij IOBEPXHI BCepe-
JHY. 3aMaJIlOBaTH 1 0XapaKTepU3yBaTH MIKPOCTPYKTYpPY MOBEPXHEBUX, Iie-
PEXITHUX 1 MEHTpaAJbHUX IIapiB. BU3HaUWTH rMMOWHY IIeMEeHTallii 10 Tmep-
KX 3epeH (PepUTy 1 3arajibHy 3a JIOIMIOMOI'0I0 OKYJIsIpa-MiKpoMeTpa 1 00'€KT-
MIKpPOMETA.



7 CchopMysroBaTH BUCHOBKH PO OCOOJIMBOCTI MIKPOCTPYKTYPH 1 BJIa-
CTHBOCTI TTOBEPXHEBUX IIAPIB 1IEMEHTOBAHUX BUPOOIB MICIS TEPMIYHOI 00-
POOKH.

8.5 3micr 3BiTY

3BIT NOBUHEH MICTUTHU: Ha3By POOOTH 1 1i 1[iJIb, KOPOTKI TEOPETUYHI Bi-
JIOMOCTI, X1JT POOOTH, a TAKOX HACTYIIHI PE3yJIbTaTH €KCIIEPUMEHTIB:

a) MapKy JOCHIPKEHOT CTai 1 ii XIMIYHUHN CKIIa/T;

6) pe3yJIbTaTH eKCIIEPUMEHTIB 3a Ta01.8.1;

B) 3apHCOBKH MIKPOCTPYKTYp 3pa3KiB, MiJIaHUX IIeMeHTallli (y Kojax Ji-
ametpom 35...40 MM) 3 BUCHOBKaMH;

T') BUCHOBKH MPO MIKPOCTPYKTYPY LIEMEHTOBAHOI CTaJIl 1 BIUIUB IICISIIEME-
HTAIIITHOT TEpMIYHOT 0OpOOKH Ha TBEP/IICTh MOBEPXHEBUX 1 IEHTPAILHUX IIapIB.

9 JABOPATOPHA POBOTA Ne 8

JIOCJIUKEHHSA BIUIMBY PEKPUCTAJIBALIMHOIO BI-
AMNAJTY HA CTPYKTYPY 1 BJJACTUBOCTI
XOJOJHOAE®OPMOBAHOI BYIVIEHEBOI CTAJII

9.1 I podoTH

BuBunTH BIUMB TeMIIEpaTypy HarpiBaHHs Ha CTPYKTYPY 1 BJIAaCTUBOCTI XO-
J0HO/1e()OPMOBAHOI CTalll, EKCIIEPUMEHTANTHHO BU3HAYMTH TEMIIEpATypy Moyar-
Ky peKpHCTaJTi3aITii.

9.2 KopoTki TeopeTH4Hi BiTOMOCTi

VY pe3ynbTari X0JI0AHO1 IUIaCTUYHOI Jiehopmaliii B MeTalli BUHUKAIOTh 3HAYHI
CTPYKTYpHi 3MiHH. UnM OibIlia BeruuHa J1ehOpMYHOUOro HaIPYKEHHS, THM
OUIBII CTPYKTYpHi 3MiHU. HalBaXITUBIIIIUM TPAKTUYHUM HACITIJIKOM ILIacTHY-
Hoi Aedopmariii € 3MiITHEHH MeTamiB. [Iporiec 3MilHEHHSI 11 €10 TIaCTUIHOT
nedopmalii Ha3uBaeTbesl HakIeroM. [1iIBUIIYIOTECS MEka TEKyJOCTl, MeXa Mi-
ITHOCTI 1 TBEPJICTh 1 OJJHOYACHO 3HWKYETHCS IIACTHMYHICTH MeTary. OCHOBHA
MIpUYXHA 3MIITHEHHS METalTy 00yMOBJIeHa 301IBIIICHHSIM TIepEeKpydyBaHb MPOC-
TOPOBHUX TparT, MiABUIIICHHAM IIUTHHOCTI JUCITOKaItii. be3mamHo opieHToBaHI KpHc-
TaJM i Ji€r0 aedopmaltii MoBEpTarOThCs OCSIMU HAMOUIBIIIOT MIITHOCTI Y3/I0BXK
HAIPsSMKY JiehopMarii.

Take 3aKoHOMIpHE KpHCTaTIorpadiyHe OpIEHTYBAHHS 3ePEH OACPKAJIO Ha3BY
TEKCTYPH.



Criau 3py1ieHb BUSIBIISIFOTBCS Ha 3epHAX METATY Y BUTJISII JIHINA KOB3aHHSL.
31 30UTbILIEHHSIM CTyTIeHsI Jiepopmaltii KUTbKICTb JiHINA KOB3aHHS 30LTBIITYEThHCS.

[Tnactuyno neopMoBaHUl METall 3HAXOAUTHCSA B CTPYKTYPHO-HECTIMKOMY
cTaHi. SIK TUIbKA aTOMH 3700yBalOTh JOCTATHIO PYXJIMBICTh BHACTIIOK IiJIBH-
IIICHHST TEMITEPATYPH, TIOUNHAIOTHCS TIPOIIECH BIAMMOYMHKY, TIOMITOHI3al] 1 peK-
pucTanizatiii. HaiiOuTbII1 MOMITHO BIACTUBOCTI 3MIHIOIOTHCS B PE3YJIbTaTl pEKPU-
craJ3arti.

MinimasbHa aOCOJTFOTHA TeMIIepaTypa peKpucTaiizariii 3a A.A. bouBapom

T,=KT,
ne T, - abCoMmoTHA TeMIiepaTypa IUIaBJIeHHS METaY;
K - koedimi€eHT, 110 3aJIeKUTh BiJl CTYTICHS YUCTOTH METay.

B pe3ynbTati pekpucTamizaliii CriocTepiracTbesi 3HKEHHS MEXK1 MIITHOCTI,
IpaHUIll TEKy4OCTi 1 TBEpAOCTI HaKjenaHoro Metaiy. Ilpu 1poMy 3pocTae rmiac-
TUYHICTh, 3MIHIOETHCS MIKPOCTPYKTYpa.

[licna pekpucTamzaiiii MeTaja CKIaJa€ThCsl 3 HOBHUX PIBHOOCHHX 3€pEH.
Benuuunna pekpuctamzaiifHiX 3epeH 3aIeKUTh Bijl TEMIIEpaTypy HarpiBaHHS i
CTyTIEHSI TIONEPE/IHBOI Jieopmaltii. 3 MIABUILEHHSIM TEMIEpaTypu MPUCKOPO-
10ThCS TUy31iiHI TPOIIECH, 10 BUKIIMKAE PICT 3epeH. TepMiuHa 0OpoOka Je-
(opMOBaHOTO METaTy M CIUIaBY, MPH SIKOMY TOJIOBHHM ITPOLIECOM € PEKPHC-
Taji3alls, Ha3UBAEThCS PEeKpUCTATI3AIHUM BiAnaaoM. Taky oOpoOKy 3acTo-
COBYIOTB ITICJISI XOJIOJTHOI OOPOOKH THCKOM.

9.3 Marepiajm, 00/ 1aJHAHHS TA MPUJIAIS

Jl7ia BUKOHaHHA poOOTH HEeoOXiaHi: 3pa3ku ctam CT3 aedopMoBaHi Ha
50...60%, tBepmomip TK, meramorpadiuni MIKpOCKONH, HarpiBajbHI IIevi,
nutiyBaTbHUNA HAITIp.

9.4 Xix podooTn

I 3pazku micis nedopmartii B mexax 50...60% (y 3BiTi Harucatu (akTu-
YHUI CTyMiHb JedopMallii) 3aBaHTaKUTH B TI€Ul, METaJI HarpiT J0 TeMIiepa-
typu 200, 400, 600 1 700 °C, oguH 3pa30K HE HArpiBaTH, 3AJMIITUTH JII KOHT-
poJtIO.

2 Ilicnst 3aBaHTaXEHHS 3pa3KiB 1 IOCSTHEHHS B €Yl 3a/1aHO1 TeMIiepaTy-
pY BUTPUMATH 3pa3KH B Tiedl 15 XB, MOTIM OCTYAUTH iX Ha MOBITpi. OHY MO-
BEPXHIO 3pa3Kka 3a4UCTUTH Ha HAKIAYHOMY TOUMIII O METAJIEBOTO OJIUCKY.

3 Bumipsitu TBepicTh 32 PokBenoM (mkana B) 1 pe3ynbTatu 3aHecTH B
Tabm. 9.1.

4 BuBYMTH 1 OXapaKTepU3yBaTH MIKPOCTPYKTYPY, IO CIIOCTEPIracThCA,
3amamoBatH ii. [ToOyayBatu rpadik, 10 MmoKaszye 3MiHy TBEPAOCTI XOJIOIHO-



1e(OpMOBAHOTO METaTy B 3aJICKHOCTI BiJl TEMIIEpaTypH HarpiBaHH:I, 1 BKa3a-
TH NMPUOJN3HY TeMIIepaTypy MoYaTKy peKpHucTami3allii Ha MiacTaBl OTprUMa-
HUX PE3yJIbTATIB 1 pO3paxyHKy 3a popmyioo A.A. bousapa.

Taommg 9.1

No | Crynins ne- |Temniepa- | TBepaicth 3a PokBenom, (Cepenns TBep-

/o | popmariii, % |Typa Harpi- HRB nicth 3a PokBe-
BaHHs1, °C | 1 11 |{mom, HRB.,

1

2

3

4

3)

9.5 3micT 3BIiTY

3BIT MOBUHEH MICTUTH: Ha3BYy POOOTH 1 i 1ILJIb, KOPOTKI TEOPETUYHI BiJIO-
MOCTI, X1/ pOOOTH, a TAKOX HACTYIIHI pe3yJIbTaTH €KCTICPUMEHTIB:
a) EKCIIepUMEHTaITbH1 J1aH1 3a Ta011.9.1;
0) rpadik 3MiHH TBEpJOCTi AehOPMOBAHOIO METaIy B 3aJICKHOCTI Bij
TEMIIEPATypU HarPIBaHHS;
B) 3aPUCOBKH MIKPOCTPYKTYP;
I) pe3y/bTaTh TEOPETUYHOTO 1 EKCTIEPUMEHTAIILHOTO BU3HAYECHHS IOpOTa
PEKpUCTATI3ALIII:
1) BUCHOBKHM TIPO BIUTMB PEKPHUCTANIZALIMHOIO BIANATY Ha CTPYKTYpY 1
BJIACTUBOCTI JI6POPMOBAHOI CTAJI.

10 JIABOPATOPHA POBOTA Ne 9

IBOTEPMIYHE T'APTYBAHHSI CTAJIEN

10.1 Llisb podoTH

BuBuuTH BIUIMB 130T€PMIYHOTO TapTyBaHHS Ha CTPYKTYPY 1 BIACTH-
BOCTI CTajeH.

10.2 KopoTki TeopeTr4Hi BizoMOCTI

CyTHICTb 130T€pMIYHOTO TapTyBaHHA MOJSTAE B TOMY, 1110 HArpiTy A0
BU3HAYEHUX TEMIEepaTyp A€Tallb, 3aHyPIOIOTh Y CEPEIOBUILIE [T TapTyBaHHS



1 BUTPUMYIOTh Y HBOMY CTUIBKH Yacy, 00 YCTUTIIO 3aKIHYMTHUCS 130TepPMIYHE
TICPETBOPEHHSI AyCTEHITY.

3BUUYAlfHO TeMIieparypa 130T€pPMIYHOI BUTPUMKUA TMPU3HAYAETHCS Ha
30...50 °C Brme TEMITEpATypH MTOYATKY MAPTEHCUTHOTO nepeTBopeHHs (M +
30... 50 °C).

TpuBasicTh BUTPUMKH B CEPEIOBUIII I TapTyBaHHs BU3HAYAETHCS Ya-
COM TIEPETBOPEHHS ayCTEHITY TIPH JaHId TeMmrepaTypi - ii 3HaXOAITh 3a Jiar-
paMolo 130TEPMIYHOTO PO3Maay aycTeHiTy Juisl naHoi cram (man.l10.1). Oxo-
JIOJKEHHSI MICTSl 130TEPMIYHOI BUTPUMKHU TIPOBOJISATH HA TMOBITPi. Bigmyck He
MOTPIOHUM, 1110 € BAKIMBOIO TIEPEBArOI0 IIHOTO CIIOCO0Y TEPMOOOPOOKH.

1 - rapTyBaHHS B OJJTHOMY OXOJIOJDKYBadi; 2 - IepepuBYacTe TapTyBaHHS Y IBOX
Cepe/IOBUINAX; 3 - CTYMIHYACTE rapTyBaHHs; 4 - 130TepMIYHE TrapTyBaHHS

Mamonok 10.1 - KpuBi 0X0J10/pKeHHS 171 PI3HUX CITIOCOOIB TapTyBaHHS,
HAHECEHI Ha Jiiarpamy 130TepMIYHOTO pO3MajTy ayCTEeHITY

VY pe3ynbTari 130TepMIYHOTO TapTyBaHHSI YTBOPUTHCS CTPYKTypa OCHHIT,
3a0€3Meuy€eThCsl HEOOX1THA TBEP/ICTh 1 MIJBUILEHA B'S3KICTh, Jedopmarlis
NPAKTUYHO BIJICYTHSI. OCTaHHE OOYMOBJIEHO THUM, IIO TIEpE]] MEPETBOPEHHSIM
BUPIBHIOETHCS TEMITEpATypa 3a BCIM MepepizoM BUPOOY 1 MepeTBOPEHHS Bij-
OyBarOThCS MPU TOCTIMHIN TeMIiepaTypl Y BIACYTHOCTI TEPMIYHUX HAmpy-
#eHb. CTPYKTYpHI HaIpy>K€HHsSI MPU TNEPETBOPEHHI ayCTEHITY B OCHHIT
3HAYHO MEHIII, HiK y BUTIAJIKY IIEPETBOPEHHSI yCTEHITY B MAPTCHCHT.

[3oTepmiuHe rapTyBaHHS NMPU3HAYAETHCS HaiuacTiiie /sl BUpOOiB 3 Be-
JIMKUM BiJHOIICHHSIM JIOBXWHU JI0 J1aMETPy UM TOBIIMHU (3 1 OUTBIN), AJIA



SKUX 3BUYaiiHE TapTyBaHHS HA MApTEHCUT MPUBOAUTH JI0 3HAUHUX KOPOO-
JeHb. [30TepMivHE TapTyBaHHS 3aCTOCOBYETHCS TaKOXK IPH TEPMOOOPOOII
IpoTy 3 ByrieneBux crajueit 45, 50, 55, 60, 65, Y7, V8, mo nigaroTbes Ha-
CTYIMHIN X0NoHIM ractuyHii aedopmartii. CtpykTypa copOiT, 10 MpH 1HO-
My BUXOJIUTH, JI03BOJIE MIPOBOIUTH AePOpMALIiIO 3 BEIUKUMH CTYICHSIMH,
1110 HEMO>KJIUBO TIPY 3BUYAlHINA (PepUTHO-TIEPIITHINA CTPYKTYPI.

[3oTepMiuHE TapTyBaHHS, IO 3aCTOCOBYETHCS MPHU TEPMIdHIN 00poOIIi
JpOTY, HA3UBAETHCS MTATCHTYBAHHSIM.

10.3 Marepiaumn, 00J1aTHAHHS TA PAIAIIS

JIs11 BUKOHaHHS poOOTH HEOOX1IHI: 3pa3ku 31 ctaim 6517, medi 11 Ha-
IpIBaHHS M1/ TapTyBaHHS 1 MY AJIs1 130TepMIYHOI BUTpUMKH T1pH 350...400 "C
B po3iuiaBiieHid ceitpi NaNOz un nyry NaOH, enekTpoIuiiTka, 0auku 3 BO-

JIOF0 JJIs KUTI'SITIHHS 1 TPOMHUBAHHS 3pa3KiB, MUTI(PyBAILHUI Martip, TBEPAOMIP
TK.

10.4 Xix podoTu

1 3pasku 3i cTam 651" B KUIBKOCTI 3 IIT 3aBaHTAKUTH B MY MPU TEMIIe-
partypi 850 °C 1 Butpumatu ipotsiroM 5...10 xB.

2 OctynuTy 3pa3ku B po3iniaBieHii cemtpi (Jiyry) npu 400 °C Ha npo-
Ts131 3...5 XB, MICIIS 9OTO OCTYIUTH 3pa3KH Ha MOBITP1 MPOTSIrom 5...10 xB.

3 Tlpokun'stTutu 3arapToBaHi 3pa3kd y Boal mpotsroM S..10 xB mis
OYMIIIEHHS TTOBEPXHI 3pPa3KiB BiJl CENITPU YU JIYTY.

4 Tlicst Kur'sSITiHHS 3pa3Ku IPOMUTH B XOJIOAHIN BOI 1 MPOCYIIHTH.

5 IpocyiieHi 3pa3ku 3a4UCTUTH 1 3aMIPSATH TBEPAICT 3a PokBenom. Pe-
3yJbTaTH JOCIIKEHb 3aHecTH B Tao. 10.1.

Taomrs 10.1
Pexxum HarpiBy mij ra-| PexuM i3otepmiuHoi | TBEpiCTb MIiCs 130Te-
PTYBaHHS BUTPUMKH PMIYHOTO rapTyBaHHS,
Ne HRC
I | Temmepa- | Burpumka,| Temnepa- |Butpumvka,| | I | H | Cp
Typa, °C XB Typa, °C XB
1
2
3

6 BurotoButu Mikpouuiig i BABYUUTH MIKPOCTPYKTYPY MICIIsl 130TEpMiU-
HOT'O rapTyBaHHSL.



10.5 3micr 3BiTY
3BIT MOBUHEH MICTUTU: Ha3BY pOOOTH 1 i1 L1JIb, KOPOTKI TEOPETUYHI BII0O-
MOCTI, X1J1 p0OOTH, a TAKOK HACTYITHI PE3yJIbTaTH EKCIICPUMEHTY:
a) TaH1 eKcriepruMeHTy 1o Tabm. 10.1;
0) 3apHCOBKY MIKDOCTPYKTYPH;
B) BUCHOBKH, 1110 MOSICHIOIOTB XapaKTep 3MIHM TBEPJIOCTI 1 CTPYKTYpH MICIS
130TEPMIYHOTO 3arapTyBaHHS.

11 TABOPATOPHA POBOTA Ne 10

BIL'IUB TEMIIEPATYPU BUIITYCKY HA YJIAPHY B'SIBKICTh
3ATAPTOBAHOI KOHCTPYKIIMHOI CTAJII

11.1 i1 podoTn

ExcriepuMeHTaIbHO YCTAaHOBUTH 3MiHY YIApHOI B'SI3KOCTI 3arapTOBAHOI
CTaJIl B 3aJIOKHOCTI Bif] TEMIIepaTypH HarpiBaHHS MPH BIIITYCKY.

11.2 Kopotki TeopernuHi BiIoMOCTI

TepmooOpoOKy, 110 ToJTae B HArpiBaHHI 3arapTOBAHOI CTajl JI0 TeMIiepa-
TYPU HIDKYE KPUTUIHOI 41 Ha3WBaroTh BiamyckoM. [Ipu Bimmycky BinOyBarOThCs
CKJIaJIHI MPOIIECH, 110 BIUIMBAIOTH HA YCi BJIACTUBOCTI CTalll, MPUYOMY MOBHOTA
IIUX TICPETBOPEHB 1 3MiHA BIIACTMBOCTEHN 3aieXkarh Bl TeMIIEpaTypy BIAITYCKY,
TPUBAJIOCTI BUTPUMKH 1, Y MEHIIIM Mepi, BiJ IIBUAKOCTI OXOJIOMKEHHS TIPH BiJI-
mycKy. Oco0JIMBO CHITLHO BIUIMBAE TEMIIeparypa BiIITycKy. 3 MiBUIIICHHSIM TeM-
riepaTypy BIAIYCKY 3HIDKYIOTHCSI TBEPAICTh 3arapTOBaHOI CTajli, THMYacOBHI
oImip, MeXa TEKy4dOCTi, ajie¢ CHJIBHO IABUIIYIOTHCS BITHOCHE TOJOBXKEHHS 1
3BYEHHSI 1 0OCOOJIMBO yAapHa B's3KICTh. Lle MOsSCHIOETHCSI 3MEHIIIEHHSIM BMiC-
Ty BYIJICITIO B O-PO34YHHI, IOPYIIEHHSIM KOT€PEHTHOCTI Ha MEX1 MK KapOiia-
MH 1 0-(ha30r0, PO3BUTKOM Y Hil CITOYATKy MPOIIECIB MOBEPHEHHS, a TPH BHCO-
Kiii TemrepaTypl — peKpUCTATI3ALIIELD, & TAKOXK KOATYJISIIER0 KapOiTiB.

11.3 Marepiaym, 00/1aJHAHHSI TA TPUIAIIS

JIi11 BUKOHaHHS POOOTH HEOOX1/THI: 3pa3Ku I BUIIPOOYBAaHHS Ha yJIapHY
B's13kicTh (3pasku 10x10x55 mm quB 3 U- 00pa3HUM HAJ(pi30M) y KUTBKOCTI HE
MEHIII 5 1T, HarpiBaJIbHI MMeyi, KM [ 3aBaHTaKEHHS 3pa3KiB y M4 1 iX BUBa-
HTaKeHHsI, 0a40K 3 MacJIoM, HaKIauHU Tamip, TBepaoMip TK, MasTHUKOBHI KO-
niep MK-30, Mikpockor.

11.4 Xix podoTu



1 YcraHoBUTH TEMJIOBHI PEKUM HArpiBaHHS, 3pa3KiB JjI1 BUKOHAHHS TapTy-
BaHHST:

- TemriepaTtypa HarpiBaHHs ty = Acs + (30...50)°, ne Acs - BepXHsI KpUTHIHA
TOYKA JIOCHI/PKYBAHOI CTalll, BA3HAYMTH 34 JIOBIAKOBOIO JITEPATypOrO, IaH1 3aITH-
cati B Ta0n. 11.1;

- Yac HarpiBaHHS - BU3HAYUTHU 3 PO3PaxyHKy 1,5 XB Ha 1 ymm TOBIIMHM 3pa3-

Ka;
- TPUBATICTh BUTPUMKH - YCTAHOBUTH PIBHY ITOJIOBHHI Yacy HarpiBaHHS;
- OXOJIO/PKEHHS y Macii (y Boj1).
Taom 11.1
Mapka Bwmict enemeHnris, % Kputnuni Touku

cram | C | M | Si S P Cr | Ni Acy Acs

2 Y mi4, Harpity 0 HeOOXIHOI TeMIIEpaTypH, 3aBAHTAKUTU BCl 3Pa3KH.
HarpiBaHHs 1 BUTpUMKY 3pa3KiB MPOBOAWTH BIAMOBITHO 10 M. 1. BusHauntu
(bakTUUHUI Yac BUTPUMKH (Ju1s1 oOy10BU rpadika TepMOOOpPOOKH), BiH JOPIB-
HIOE Yacy BiJl MOMEHTY 3aBAHTAKEHHS 3Pa3KiB y MY JJO MOMEHTY, KOJIA KOJIIP
3pa3KiB 301KUTHCS 3 KOJILOPOM PO3KAPIOBAHHS CTIHOK MYy(]erts medi.

3 Tlicnst BUTPUMKY 3pa3Ku 10 OHOMY TEepPEeHeCTH B OaK I rapTyBaHHSL
3pazkul B piiuHi 1711 rapTyBaHHs ButpumyBatu 20...25 ¢, ipy 1IbOMY 3pa3oK 1H-
TEHCUBHO TTOTOMTYBATH Y PIIKOMY CEPEIOBHIIIL.

4 Tlicnst 0XOJIOKEHHS 3pa3Ky 3aUMCTUTH HAXKTAYHUM TIariepoM JI0 Me-
TaJICBOTO OJIMCKY.

5 Ha 3paskax Bumiputu TBepaictb HRCg B 2...3 Toukax. Pesynsratu Bu-
MIpPIOBaHHSI TBEPAOCTI 3aHecT B Ta0i. 11.2. OnuH 3pa3oK 3aMIIUTH SIK KOHTPO-
JIbHUA.

Tabmm 11.2
Trepaicts HRCg VY napna B' si3kicTh, MJ1K/ M

Mapka

TICIS | TICHA BIAMYCKY TIPH TEM- | TICHS | MICHIS BIAMYCKY TP TEM-
crani

rapry- neparypi, °C rapry- niepatypi, °C
Banng | 100 | 200 | 400 | 650 | Banus | 100 | 200 | 400 | 650

6 Ilpoectu BiITyCK 3arapToBaHUX 3pa3KiB. JIJIs IIbOTO OJIMH 3pa30K MiCs
rapTyBaHHs TIOMICTUTH B Ty 3 Temrieparypoto 100°C, npyruii 3 Temneparyporo
200°C, TpeTiit - 3 Temmeparyporo 400°C, a yeTBepTHil - 3 TEMIIEPATypOIO
650°C. TpuBanicts BUTpUMKHU 30 XB 3 MOMEHTY MOCa 1K 3paskiB. [licis BuTpu-
MKH 3pa3Ky OCTYIUTH Ha TOBITPI.



7 Bingmy1ieHi 3pa3Ku Micis MOBHOTO OXOJIOJKSHHS 3aUMCTUTH HaXK/1ad-
HUM TariepoM JI0 METAJIeBOT0 OJIFCKY, BUMIPUTH TBEPICTh 3a PokBemom (1kana
C) He meHII yuM y 1BoxX Toukax. Cepenne 3HaueHHst TBepaocTi HRC 3aHecTH B
Tabm. 11.2.

8 IlimroromneHi 3pa3ku BUMPOOYyBaTH Ha yJapHY B'SI3KICTH Ha KOIIPi
MK-30. Pe3ynbraTu 3ammcary B Ta0u. 11.2.

9 Ha nincrasi pe3ysbTaTiB AOCIIIIB MOOYIyBaTh rpadik y KOOpAUHATAX
"TBepAICTh" (11O OC1 OpJMHAT) - "TemrepaTypa BiImycky' (1o oci abcIc), a Ta-
KOX Jpyruil rpadik y KoopauHaTax "ynapHa B's3KicTh' (IO OCi OpAMHAT) -
"TemmepaTypa Biamycky" (1o oci adCImc).

10 Tlicns BurpoOyBaHHS HA OJHIN MOJIOBUHIN YAAPHUX 3Pa3KiB NPUTOTY-
BaTU MIKpPOILTI(DU, BUBYUTH MIKPOCTPYKTYpY. 3aMaTIOBATH 1 OXapaKTepu3yBaTH
CTPYKTYPY BCIX TOCTIHKEHUX 3pa3KiB CTaJIl.

11.5 3micr 3BiTY

3BIT MOBUHHUWA MICTUTH: Ha3By POOOTH 1 1 IUJIb, KOPOTKI TEOPETUYHI
BIJIOMOCTI, X171 pOOOTH, a TAKOXK HACTYITHI PE3yJIbTaTH €KCIICPUMEHTY:

a) pPO3paxyHK{ 3 BU3HAUEHHS PEKUMIB HarpiBaHHS 1 BUTPUMKH TpY Ha-
IpIBaHHI JIJIsl TAPTYBAHHS,;

0) pakTUYHI peKXUMU TapTyBaHHS 1 BIITYCKY Y BUTJIsII TpadiKis;

B) rpadikd BIUIMBY TEMIIEpaTypH BIAMYCKy Ha TBEPAICTH 1 yHAapHY B'Si3-
KICTb;

I') 3apUCOBKHM MIKPOCTPYKTYP 3pa3KiB MICJsI YCIX BUIIB TEPMOOOPOOKH
(rapTyBaHHS 1 TapTyBaHHS 3 HACTYITHUM BIJITYCKOM), a TAKO>K BUCHOBKH 10
KOXKHIM MIKPOCTPYKTYPI;

J) BUCHOBKHM IO JO BIUIMBY TEMIIEPATypH BIJMYCKY Ha TBEPHIICTH 1
yAapHY B'SI3KICTh KOHCTPYKITIMHOT 3arapTOBaHOI CTaIl.

12 JIABOPATOPHA POBOTA Ne 11

OKHUCJ/IEHHA TA OBE3BYIVIELHIOBAHHA CTAJIBHUX
JETAJIEH ITIPU AYCTEHITU3ALI

12.1 L1 podoTn
BuBunty MeTomy BU3HAUEHHS TVIMOWHU OOE3BYIJICIILOBAHOIO APy MpHU

HarpiBaHHi CTaji MeTaorpadiyHIM CIIocOOOM, BCTAHOBUTH BIUIMB TEMITEPaTy-
Y HarpiBaHHsI 1 TPUBATIOCTI BUTPUMKH HA MPOIIECH 00E3BYTIICIIFOBAHHSI.



12.2 KopoTki TeopeTruHi BiIoMOCTi

HarpiBanus ctai 10 BUCOKHMX TeMIepaTryp Ipy TepMidHiid o0poOiri, abo
JUTSL Tapsi90i 0OPOOKHM THICKOM, CYIPOBOKYETHCS OKHCIICHHSIM Ta 00€3BYTIIC-
1roBaHHIM. OKHUCIIEHHS B1I0YBAa€ThCSl BHACIJIOK B3AaEMOJIil METaTy 3 OKHCIIIO-
BAILHUM CEPEIOBHILIEM T1€Ul 1 CYTPOBOPKYETHCSI YTBOPESHHSIM OKaIMHHU (OKHC-
iB). OOe3BYTTICLIIOBAHHS 3 TI€T 5K MPUYMHU MPOSIBIISIETHCS Y BUTOPAHHI BYTJICIIO
3 TIOBEPXHEBUX I11apiB 3arOTOBKHU.

O0e3ByTIICIIIOBaHHS CTaIl MPUBOANTE JIO 3HIKCHHS MEXaHIYHUX BJIACTH-
BOCTEH, KOPOOJIEHHIO BUPOOIB, MOSIB1 TPIITMH MPH HACTYITHUX OMEPaIIisIX TepMi-
4yHOi 00pOoOKH. OCOOJIMBO CHIILHO 3HMXKYETHCS OIIp BTOMIICHOCTI AeTaned 3
00e3ByTJIeIIbOBaHUM IapoM. OKHCICHHS 1 00€3BYIJICIIOBAaHHS TPUBOIUTD JI0
30UTBIIICHHS TIPUITYCKIB HA MEXaHIYHY 00pPOOKY, /10 TIEPEBOIY METAITy B CTPYXK-
Ky.

[HTEHCHBHICTH OKHCIIEHHS Ta 00E3BYTJICITFOBAHHS CTaNl 3aJIeKaTh BiJ Te-
PMIHY BUTPUMKH, TEMIIEPATypH HarpiBaHHSA, THCKY B POOOYOMY IPOCTOpI Ha-
IpIBAJTLHOI 1€Y1, MIFICOCY MOBITPS B M4, KOe(illieHTa BUTPATH MOBITPS HA TO-
PIHHS MajIMBa, COPTY CIIAFOBAHOTO MaJMBa, CKIaIy CTal, KOHCTPYKII TOILIH-
BOCITATFOFOYUX TIPUCTPOIB.

Po3pi3HSIOTH /1Bl 30HU 00E€3BYTJICIIFOBAHHSI:

- 30Ha ITOBHOTO 00E3BYTJICIIOBAHHS JIO CTPYKTYPH YHUCTOTO (Pepurty;

- 30Ha YaCTKOBOT'O 00E3BYTJICITFOBAHHSI.

30Ha MOBHOTO OOE3BYIVICIIOBAHHS — 11 BIJICTaHb Bij] MOBEPXHI 3pazka
(meTas) A0 MepIIrX 3epeH MEePIITY.

30Ha YaCTKOBOTO 0OE3BYIJICIFOBAHHS — II€ BIJICTaHb BiJI MOBEPXHI J0 OC-
HOBHO1 (BUXIJIHOI) CTPYKTypY CTaji. 3arajibHa MMOWHA OOE3BYTJICIIOBAHHS
CKJIQIA€ThCS 13 CyMH 30HU TTOBHOTO Ta YaCTKOBOTO 00e3ByTIIeItoBaHHs. [ mnou-
HYy 00€3BYTJICIIFOBAaHHS BUPAKAIOTh Y MiJliMeTpax ado y MPOLIEHTaX JI0 TOBIIMHU
BUPOOY.

12.3 Marepiaiau, 00J1aJHAHHS Ta NPUIAIS

JIiis BUKOHAHHST POOOTH HEOOX1IHI: My(elbHl €JIeKTPUYHI Iedi OIopy,
3pa3Ky CTalll, MIKPOCKOII, peakTUB I TpaBieHHs ctail (4% - Huil po3uuH
a30THOI KHUCIOTH Yy chupti) nondyBaibHUM —mamip, nutidyBaIbHO-
TOJTIPYBaJIbHUM CTAHOK.



12.4 Xix podooru

JlocnipkeHi 3pa3Kku CTalll B KUTLKOCTI 9 IIT MOMICTUTUA Y My(ETbHY €1eK-
Tpomiy (00epeXHO, JTOTPUMYBATH TPABHII TEXHIKM OE3IEKH) 1 POBECTH Harpi-
BaHHS 3a pe3yJibTaTaMu, yKa3aHuMH B Tao0. 12.1

Tabmmr 12.1
Temmneparypa Ha- Yac BUTpUMKH, XB
rpisanst, °C 15 30 45
750 3pa3ok No 1 3pa3ok No 2 3pa3ok Ne 3
800 3pazok No 4 3pazok No 5 3pa3ok Ne 6
850 3pazok Ne 7 3pa3ok Ne 8 3pazok Ne 9

TexHika HarpiBaHHS Taka: IMICIS JOCSATHEHHS 3a7aHOl TeMIlepaTypu mep-
M 3pa30K BHUTATAETHCS 3 Tedl uepe3 15 XB, Apyruid — dyepe3 HacTymHi 15 xB,
TpeTii — uepe3 HacTymHi 15 xB. OX0J0/[KeHHS 3pa3KiB MPOBOIUTH HA TIOBITPI.

[Ticis 0X0J0/pKEHHS TOPLIEBI MOBEPXHI 3pa3KiB 3iluTihyBaTy 3a JOMOMO-
roro T yBaILHOTO KpyTa Ha CIIeliaTbHOMY CTaHKY, TIPH [IbOMY CJI1JT BUTATUTH
map y mexkax 1,5...2 mm. [IpuroryBatu Mikporutig Ta BAKOHATH MOTo TPaBJICH-
Hs1 B 4%-HOMY PO34MHI a30THOI KUCJIOTH y ciupTi. [IpuroroBanuii Mikpormutidg
BUBYMTH M7 MIKPOCKOTIOM.KOpHCTYIOUNCh OOEKT-MIKPOMETPOM, BUMIPSTH
rMOuHY 00e3ByIIIeItoBaHHs. CTPYKTYpy MOBEPXHEBOIO IIApy 3aMaliOBaTU y
kpy3i giamerpom 35...40 mm. ChopmyimroBatu BUCHOBKU. Pe3ynbTaty BUMIPIO-
BaHb 3amucaTy B Tadm. 12.2

Tabmas 12.2

No Temneparypa | TpuBanicts | ['mOuHa 00€3BYTNICIILOBAHOIO HIAPY

3pa3Ka | HarpiBaHHs, | BUTPHMKH, | IIOBHE OOE3BYyIJIe- | 3arajibHa IJIHOH-
°c XB [IIOBAHHS Ha

1 750 15

2 750 30

3 750 45

4 800 15

5 800 30

6 800 45

I 850 15

8 850 30

9 850 45




3a pe3ysbraraMy BUMIpIOBaHb MOOYMyBaTH rpadiku 3a1eKHOCTI MTMOWHU
00E3BYTJICITFOBAHHS BiJT TEMIIEpaTypHy HArpiBaHHS MMPH TIOCTIMHIN BUTPUMIT (TpH
KPHUBHX) Ta TEPMIHY BUTPUMKH TIPU MOCTIAHIN TeMIiepaTypi (1€ TpU KPUBI).

12.4 3mict 3BiTY

3BIT IOBUHEH MICTUTU: Ha3BY POOOTH, 11 METY, KOPOTKI TEOPETUYHI BiO-
MOCTI, X171 poOOTH, AaH1 y BUIIIsiAl Ta0.12.1 Ta 12.2, 3apuCcOBKH MIKPOCTPYKTYP,
rpadiky, 10 XapaKTepU3yIOTh 3AJICKHICTh 00S3BYTJICLIIOBAHHS Bij] TEMIIEpaTy-
pH 1 TEpMIHY BUTPUMKH, BUCHOBKH.

13 IIPAKTUYHI 3AHATTA

PO3POBKA TEXHOJIOI 1l TEPMIYHOI OGPOBKH TUITIOBUX
JAETAJIEU IHCTPYKTUBHI MATEPIAJIN)

13.1 Lliib NPaKTUYHUX 3AHATH

OneprkaTy HABUYKU PO3POOKH TEXHOJIOT1T TEpMIYHOI 0OpOOKHM JieTaneit Ta
IHCTPYMEHTIB JyIs 3a0e3MedeHHs] HeOOXITHMX MEXaHIYHMX BJIACTUBOCTEH, 3a-
JTAHUX TEXHIYHUMU YMOBAMHU KPECJICHHS (3aBIaHHIM).

13.2 3micT IPAKTUYHHUX 3AHATH

[HnuBiAyanpHE 3aBAaHHS HA MPAKTHYHY PO3POOKY TEXHOJIOTII TEpMid-
HOT OOPOOKH CKJIaJIa€ThCs 3 HAMMEHYBaHHS JIETaJll 3 BKa3iBKOIO OCHOBHHUX Ta-
OapUTHUX PO3MIpIB, HEOOXITHUX JIJII BCTAHOBJICHHS IapaMeTpPiB TEXHOJIOT1l
TEPMIUHOT OOpOOKH. 3aBIaHHs BKIIIOYAE TAKOXK PSI/T BUXITHUX TAHUX (TEXHIYHI
YMOBH KPECJICHHS):
- MaTepian Aetati (MapKy craii);
- Macy JeTalll;
- HeOOX1IHI MEXaHIYHI BJIACTUBOCTI.
[Ipy BUKOHAHHI 1HAWBIAYAIHHOTO 3aBJAHHS CTYJCHT BHUPIIIYE 3a/1adl,
aHAJIOTIYHI PO3B'S3YBaHUM IIEXOBHUMH TEXHOJIOTAMU TEPMIUHHX BIIIIJICHb
KOBaJIbCHKO-TIPECOBUX 1I€XIB UM TEPMIYHUX BIILICHb.



13.3 MeToanKa BUKOHAHHS MPAKTUYHOT0 3aBJaHHS
(po3po0KM TeXHOJI0Tii TEPMiYHOI 00POOKH)

OTpuMaBIIM 1HIUBITyaTbHE 3aBAaHHS HEOOX1THO:

1 BuBuuTH KOH(QIrypalito aeTaii, BU3HAUUTH HAHOUTBII BaXJIMBI rada-
PUTHI pO3MIpPH, IO BIUIMBAIOTH HA MPOILIEC HArpiBaHHS (JIlaMeTp Tepepi3iB, To-
BIIIMHA CTIHOK, IOBKMHA JETalIl, HASIBHICTh PI3KHX MIEPEXO/IIB).

2 O3HAHOMHUTHCH 3 HEOOXITHUMU MEXAHIYHUMHU BIIACTUBOCTSIMI.

3 YcTaHOBUTH BHUAM TOMEPETHLOI TEPMOOOPOOKH: ISl 3arOTOBOK 3
KOHCTPYKIUIMHUX CTaJiel 3 BpaxyBaHHIM (PIOKEHOUYYTIMBOCTI 1 MOXJIMBOCTI
00pOoOKU Pi3aHHSIM, IS 3aTOTOBOK 3 IHCTPYMEHTAJILHUX CTaJIeH - 3 BpaxyBaH-
HSM MOJKJTUBOCTI OOpPOOKH Pi3aHHAM 1 MIATOTOBKA CTPYKTYPH JIO OCTaTOYHOI
TEPMIYHOT OOPOOKH.

4 YCTaHOBUTH BHJI OCTATOYHOI TEPMIUHOI OOPOOKH Jyis 3a0e3neUeHHS
MOTPIOHUX MEXaHIYHUX BJIACTUBOCTEH.

5 Po3poOuTH TEXHOJOTII0 MONEPEIHBOL 1 OCTATOUHOI TEPMIUHOI 0OPOOKHU
3ajaHoi Aetat. i1 Bubopy TemMrepaTypHO-4acOBHX MapaMeTpiB TEPMOOOpO0-
KU PEKOMEHIYEThCS BUKOPHCTOBYBATH KEPIBHI MaTeplaid, BHUKJIAJCHI Y METO-
quaHOMY TIociOHMKY “Kype nekiiit 3 quctmruiiag “TepMiyna oOpoOka MeTa-
JiB” B TaOJHUIIX 1 cxeMax’’ (po3ain “MeTaio3HaBCTBO).

6 Po3pobuty MapuipyT pyxy 3aroTOBKH IO IIEXaX.

7 TlpencraBuTtu y BUrJsiAl rpadika 3 BKa3iBKOK TeMIIEpaTypHO-YaCOBUX
napaMeTpiB JUII KOHKPETHO PO3POOTIOBATIBHOI JETalll PO3pOOJIEHY TEXHOJIO-
IO TMOMEPETHBOI 1 OCTATOYHOI TEPMOOOPOOKH, a TAKOK MapIIPYTHY TEXHOJO-
TIO.

13.4 3micr 3BiTY

[To xoxkHIN geta, i sIKOi po3po0sieHa TEXHOJIOTIS TEPMIYHOI 0OpOOKHU
3BIT MOBUHEH MICTUTH:

- €CKI3 JIeTaJll 3 BKa31BKOIO TEXHIYHUX YMOB,

- MapKy CTaJll 3 BKa31BKOK BMICTY OCHOBHHUX €JIEMEHTIB;

- TEXHOJIOT1IO TTOTIEPEHROI TEPMOOOPOOKH Y BUTIISAAI Tpadika 3 BKa3iB-
KO KOHKPETHUX (11 pO3pOOIIOBAIILHOT JIeTali) TeMIEepaTypHO-4YaCcOBUX T1a-
pameTpis;

- O0TpyHTYBaHHS OOPAHOI TEXHOJIOTI Y BUIIIAI KOPOTKOTO OITUCY;

-TEXHOJIOT1I0 OCTaTOYHOI TEPMOOOpPOOKM y BHUTISAAlI Tpadika 1 ii
OOTpYHTYBaHHSI;

- MapUIPYT PyXy 3arOTOBKU, MIOYMHAIOYH 3 3arOTIBEIBHOTO 1IEXY;

- KOHTPOJIb SIKOCTI;

- OITUC OCTaTOYHOI MIKPOCTPYKTYPU METAITy 3arOTOBKH.



CIIUCOK PEKOMEH/IOBAHOI JIITEPATYPU

1 Hogikog 1. I. Teopist TepmiuHOi 00poOKu MeTamiB. - M.: MeTaiypris,
1978.-332c.

2 Haranos b. C. Tepmiuna o6poOka metamiB. - KuiB: Buma mxona, 1980.
- 287 c.

3 I'ynseB A. I1. Merano3HaBcTBO. - 6 B, -M.: Metamypris, 1988. - 647 c.

4 CoxonoB K. H., Koporuu 1. K. Texnomoris TepMigHOi 00p0oOKH 1 IIpoe-
KTYBaHHS TepMIYHKX 11eXiB. — M.: Mertanypris. 1988, 384 c.



1 3araIbHi TOTOMKEHHS .....vvuceeresesesesessesssssesssssssssssssssssssssssssssssssesssessssssessssssesseses 3
2 JlaboparopHa poOota 1. Bu3Ha4eHHs ayCTEHITHOrO 3¢pHa B CTaI ........... 4
3 JlabopatopHa po0ora 2. EkcriepiMeHTaIbHe BU3HAYCHHS

KPUTUYHOI IIIBUIKOCT] TAPTYBAHHST .....ovvovvenreensesnssessssssssssssssssssssssssssssssssnsssssenns 9
4 JlaboparopHa po6ota 3. Bu3HaueHHsI ONTUMaIbHOI TeMIIepaTypr
TAPTYBAHHST CTAIIL c.vvvvvrveresveessesssssssssssssssssssssssssssssssssssssssssssssssnsssss sssssssssssssssssssssnns 12

5 Ha60paT0pHa poboTa 4. Brumms nonepeHpo1 TepMidHOT 00poOKy Ha
MEXaHIYH1 BIACTHBOCTI 1 MIKPOCTPYKTYPY rapstaoiedopMoBaHoi cTai ..... 15
6 JlaboparopHa poOoTa 5. BusHaueHHsI porapToBaHOCTI CTai
METOJIOM TOPILICBOTO TAPTYBAHHSI ......voverrvsrersesssessssssssssssssssnssssssssssssssssssnssens 19

7 Jlabopatopra po0oTa 6. Tepmiuta 00poOKa KOHCTPYKIIHHIX CTAIICH ... 23

8 Ha60paT0pHa pobora 7. CprKrypa 1 BIACTUBOCTI ITOBEPXHEBHUX IIIapiB
JETAIEH, MIIIAHNIX HEMEHTALIL ..ou.veoveeeeeeeeeecesesesensessessessesssssssssssssssssssessesssasens 27

9 Ha60paT0pHa pobora 8. I[ocnmxceHH;I BIUIMBY PEKPHUCTAII3AIIHOTO
BIATIATy Ha CTPYKTYPY 1 BIACTUBOCTI XOJOAHOAE(HOPMOBAHOL BYIICLICBOI

10 JlaboparopHa po6oTa 9. [30TEpMITHE FAPTYBAHHS CTATICH «....cvvvvvvvveveennnns 31

11 Ha60paTopHa poobota 10. BB TemmiepaTypu BiIITyCKy Ha YIapHY
B'SIBKICTD 3aTAPTOBAHOL CTAML ......vovvereeverrersensessesaesessessessesassassessesssssssessesssssens

12 Jlaboparopna po6ota 11. OkucaeHHs Ta 00e3BYIIICIIFOBAHHS CTAITLHIX

JTETATCH TIPU AYCTCHITHBAIIIL. . .uvvvvrrurrrrrrrrrrereeeeeeeeeeeeereeeeeeeeeaeeeens 36
13 HpaKqui 3aHATT. Po3po0OKa TeXHOIOr i TepMIYHOI 0OPOOKH TUIIOBUX
JieTanei (1HcrpyKH/IBH1 MaTeplaﬂH) ................................................................. 39

CrcoK peKOMEHJIOBaHOI JIiTeparypy

Y4u0oBe BUIaHHSI

MeTtoanuHi BKa31BKH
10 naboparopHux poOit 3 kypey "TEPMIYHA OBPObKA METAJIIB"

JJIs CTyIeHTIB crierianbHocTi 7.090403 “JIuBapHe BUpOOHULITBO™
ta 7.090404 "OO6pobka MeTaliB THCKOM"
Vxmagaai:benkin Muxaiino SIkoBud,
PynboB BikTop IBaHOBHY

Penakrop: €ppomina Hartamis Bomoaumupisaa

ITiam. go apyky ®dopmar 60x84/16.  OdceTHuil ApyK.
YMOB. IpyK. apK. OOiK.-BUT.apK. Tupax 50 mpum.
3aka3 No

JIJIMA, 84313, m. Kpamaropchk, By:1. [1IkaguHoBa, 72



	Затверджено на засіданні кафедри
	Краматорськ 2002
	4  ЛАБОРАТОРНА РОБОТА № 3
	5 ЛАБОРАТОРНА РОБОТА № 4
	Таблиця 5.1


	7 ЛАБОРАТОРНА РОБОТА № 6


