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JOCJIKEHHSA CTPYKTYPU 3BAPHUX 3'€IHAHb

BCTYII

Kpucranizamiss 3BapHOro miBa MPOTiKae B XapaKTEPHUX YMOBaXx,
cepenmHsl WIBHJIKICTh KpHCTamizalii JOPIBHIOE MIBUIKOCTI 3BaplOBaHHS.
[Ipouec mepBHHHOI KpUCTami3allii MOYMHAETHCS MICHSI MPOCYBaHHS TYTH
B3JIOBXK I1IBa 1 MPUIMHEHHS il Jii HA JaHy JIUISHKY 3BapIOBajbHOI BaHHHU.
Pigkuii MeTanm KpHCTami3yeThCsi B HAampsMKy, 3BOPOTHOMY BiJBEICHHS
TerJia 3 OCHOBHOTO MeTally, TOOTO BiJl CTIHOK BaHHH JI0 IIeHTpY. [lo Mexax
PO3ILIABJICHHS. ~ YTBOPIOKOTBhCS ~ 3arajibHi  KPUCTAJIITH  OCHOBHOTO 1
HAIUTaBJICHOT0 MeTajly, 1o 3a0e3rneuye iX CYHUIBHICTh 1 MIIHICTh 3B'SI30K.
Jnist 3BapHOro 1Ba, SIK 1 JUIS JIATOTO METally, XapakTepHa CXHIBHICTH J0
YTBOPEHHS CTOBMYACTOI CTPYKTYPHU. PiCT CTOBMUACTHX KPUCTAJIITIB CIIPHSIE
BUTICHEHHIO IIUTAKOBMX 1 Ta30BHUX BKIIOYeHb. [lepBMHHA KpucTamizamis
IBa TMPOTIKAE TaK CaMo, SK B 3JIMBKaX 1 BHIMBKAax, TMEPIOJUYHO
XBHJIENTONIOHO. B mBax, 0coOiaMBO OTHOMPOXiJHUX, MOKIIMBE YTBOPEHHS
30HM JIKBalii, TOOTO HEPIBHOMIpHE pO3TAllyBaHHS eIEeMEHTIB Ta
IIKIJJTMBUX JIOMIIOK. BoHa mocna0iiroe By3bKi IIBH, Tak SK 30HA JIKBAIIii y
HUX 3HAaXOAWTHCA B HEHTpi mBa. MeHII Hebe3MedHa i30J1Iisl B IIHUPOKUX
1IBax, SIKi MalOTh MKMPHHY Oinblie rmuouan B 1,5 1 Oinbiie pasiB, Tak K y
HUX 30Ha JIKBalil po3TamioBaHa Yy BepxHiii 4yactuHi. [lepBuHHA
KpHCTali3alis MPOTiKae MIBUIAKO y 3B'A3KY 3 IHTEHCHBHUM OXOJIOKEHHAM
PO3IUIABICHOTO MeETaly 1 3aKiHUyeTbcs JJIsl HU3BKOBYTJELEBOi cram 3
MOHWKEHHSM TEMIIepaTypH BiJl MOMEHTY TMOYaTKy KpUCTai3allii BChoro Ha
20-30 °C. Le BignoBigae temneparypi 1510-1480° C. Ilicns 3akiH4eHHS
MEPBUHHOI KpUCTaJIi3allii MeTan HaOyBa€ ayCTCHITHY CTPYKTYPY B Mexax
MEpBUHHUX CTOBMYACTHX KpHCTANiTiB. [IpM mNoAanbmIOMy TMOHHMKEHHI
TeMIepaTypu CTPYKTYpHI 3MiHM B CTali HE CIOCTEpiratoThes (st
HU3bKOByTJeneBoi crami) go 850-900° C, micns 4YOro MOYMHAIOTHCS
HACTYITHI CTPYKTYPHI 3MiHH, 3BaHi BTOPHHHOIO KPHCTATI3aIi€l0.
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1 META POBOTH

[IpoBectn noOCHiPKEHHS] CTPYKTYpH IIBiB, BHKOHAHHX PI3HUMH
crnoco0aMu 3BaplOBaHHA Ta CTPYKTYpH 30H TEPMIYHOTO BIUIMBY, BiIMITHTH
XapaKTepHi JTUITHKH.

2 3ATAJIBHI BITOMOCTI
2.1 CTpykTypa 3BapHHX HIBiB

[Tpu 3BaproBaHHI METOAAMH TUIABJICHHS 3BapHUI [IOB YTBOPIOETHCS 3
ENIEKTPOTHOr0, MPHUCATHOTO ¥ PO3IJIaBICHOTO OCHOBHOrO Merany. OTxe,
XIMIYHUH CKJIa]] HAIIABJICHOT'O METaly BU3HAYAETHCS CKJIAJIOM M YaCTKOMO
y4dacTi B YTBOPEHHI IIBa 3a3HavyeHHX MarepiamiB. [Ipu mpomy XiMidyHHHA
CKJIaJ] OKPEMHUX IIIBIB MOXKE BiZIpi3HATHCA.

B cBoto 4epry, XiMiuHMIA CKJIa]l IIBa BIUTMBAE HAa XapakTep CTPYKTYP,
a TAaKO)XK Ha MEXaHiYHi Ta iHII BIACTHBOCTI HAILUIABIEHOTO MeETaly. 3MiHH
HIBUJIKOCTI OXOJIOMKEHHS, sIKi BIUIMBAalOTh Ha CTPYKTYpPY W BJIaCTHBOCTI
1IBa, JOCATAIOTBCS, HANpPHKIAA, 32 paxyHOK 3MiH JIHIAHOI eHeprii
3BapioBaHHA a00 NUISIXOM MOMNEepPEeIHbOro MigirpiBaHHS 3BapIOBAHUX
JeTajeH.

Posrisinemo, Hampukiag, CTPYKTYpY IIBiB, BHUKOHaHHX pPyYHHM
JIYTOBUM 3BaprOBaHHSM, Y 3aXMCHUX Ta3zaX, aBTOMATHYHHM 3BapIOBaHHIM
i (GIrocoM, a TAKOK Ta30BHUM 3BapIOBAHHSIM.

[lpu 3BaproBaHHI IUIABJICHHSM 3BapHUI IIOB Ma€ CTPYKTYpy 3
SCKPaBO BHPAXKEHOI CTOBMYACTOIO OynoBoio. CTOBMYACTI KPUCTAIITH
CKJIQJIAIOTHCS 3 OKPEMUX TPyl AeHApuTiB (puc. 2.1).

UYepes Te, 1m0 miomuHy nurida nepepizytoTs ISHIPUTH i pPI3HUMH
KyTamu, ix OymoBa, sKy BHIHO Mia Mikpockonom, pisHa. Ilopsinm 3
OBaJILHOKO (POPMOIO 3yCTPIYAIOThCS JCHIPUTHU JJOBracTol (hopMH.

Jluta cTpykTypa 3BapHHX IIBiB, Yy TMOpIBHSHHI 31 CTPYKTYpOIO
CTaJIEBOr'0 JIUTTSI, BIAPI3HAETHCS JPIOHO3EPHUCTICTIO, BHACHIJOK TOTO, IO
MpH 3BaplOBaHHI PO3IJIABISAETHCS MOPIBHSIHO HEBEIMKUH 00'€eM MeTany,
SIKMI TTiCTIS 3BapIOBaHHS OXOJIOIKYETHCS 3 BETMKOIO IIBUAKICTIO.

MexaHi4H1 BJACTHBOCTI IIBA, BAKOHAHOTO €ICKTPOJIaMH, JIOCTATHHO
BHCOKI.
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03 08 24%C

Pucynok 21 - Ey}IOBa 30H TEPMIYHOTO BIUIMBY TpH 3BapIOBaHHI
BYTJIELIEBOI cTai

2.1.1 3BaproBanns ejgexrpoaom Cs-08I'2C B 3axucHHX razax

[Tpu 3BaproBaHHi y 3aXMCHHX ra3ax MIBUAKICTH OXOJOKEHHS IIBa
Benrka. Tomy 1moB HaOyBae NpiOHO3EPHUCTY MEPIITHY OyAOBY, IpH SKii
CTOBITYACTICTh BUPaXKEHA CIIA0KO.

Uepes Te, 110 MpU 3BapIOBaHHI Iyra i po3IIaBICHUI MeTal HaliiHO
3aXUIIIEHI, y MPOIeCci 3BaplOBaHHS HE BiI0OYBA€ThCS BUTOPAHHS BYTJICIIO Ta
IHIIIMX EIEMEHTIB 1 HACUYEHHS MeTally, razamu 3 atMochepu. LlloB He Mae
BKJIFOUCHb HITPHUJIIB ¥ OKHCIB, aje 1HOJI CIIOCTEPIra€ThCs MOPHUCTICTb.
UYepes BiAMIHHOCTI y XIMIYHOMY CKJIaJi IIBa i OCHOBHOTO METaly Mexa
OIJIABJICHHA BUAULIETBCS Pi3K0. MexaHi4HI BJIACTUBOCTI TakKoro InBa
3aJI0BLTBHI.
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2.1.2 3paproBaHHS MOKPHUTUM €JI€KTPOAOM

[Ipu 3BaproBaHHI €NEKTPOIOM 3 MOKPUTTSIM 3BaproBaJibHa Ayra u
PO3ILIABJICHUI MeTaJl MatoTh 3axucT. [LIBUAKICTh 0XOJIOJKEHHS IIBa OyJie
HEBEJTMKOI0, 33 PaXYHOK IPUCYTHOCTI Ha IMOBEPXHI IIBY IILTAKY.

[Mo6nu3y miHii crutaBIeHHS! CIIOCTEPIraroThCsl CTOBMYACTI 3€pHA 3
BIIMaHIITEATOBOIO Oy10BOK0. [IpH CIOBLIbHEHIH MIBUAKOCTI OXOJIOMKEHHS
OTPUMYIOTECS OLTBII CTAaOUIBHI CTPYKTYpH 3 MEHII BHSBICHUM OpPIEHTY-
BaHHSM JICHPHTIB 1 OUIBII OKPYTIIOK0 (opMoro 3epeH (puc. 2.1).

Meran mBa, SK MPaBUIIO, HE MICTUTh OyAb-KHX BKJIHOYCHB. JIiHis
CIUTABJICHHS Pi3KO HE BUIUISETHCS. XIMIYHUN CKJIaJ] HAIJIABJICHOTO METaly
BHU3HAYAETHCS CKIIAJOM EIEKTPOIHOro MeTany. [Ipu 3BapioBaHHI HE3HAYHE
BUTOPSIHHS JACSKUX CIEMEHTIB Y MBI IOMOBHIOETHCS 338 PaXyHOK JIETYBaHHS
gyepe3 oOMa3Ky. [Ipu 3BaproBaHHI MaJOBYTJIEIIEBUX CTalled CTPYKTypa IBa
CKJIAZIAE€THCSI 3 PIBHOMIPHO PO3MOALICHUX 3epeH (epuTy i mepmity. 3epHa
MeTally y MBI Ha0yBalOTh 3HAYHO MEHII PO3MIpH, SIKIIO IIOB JICrOBaHUM
BaHAIEM, TUTAHOM, aJIFOMIHIEM, MOJIIOIEHOM 1 1H.

2.1.3 ABTOMaTHYHE 3BapIOBAHHS

Ilpu aBTOMaTW4YHOMY 3BaproBaHHI mif ¢urocoM ayra W
pO3IUIaBieHHH MeTal HaAiiHO 3aXWIIEHI BiJ 30BHIIIHBOTO BILTUBY
nlakoM. HarumaBieHuit Meran  Bigpi3HAETbCA —OUTBIIOID  YHCTOTOIO.
IBuAKICT OXONOMXKEHHS LIBa MEHIIE, HDK MPH 3BapIOBaHHI MOKPUTHM
EIIEKTPOJIOM.

Jnst CTpyKTypH LIBa XapaKTepHa pi3KO BHSIBIIEHA CTOBIYACTICTH 3
BiIMaHIITEATOBOIO Oy10BOIO 3epHa. [lepriTy B cTpyKkTypi mBa Oinblie, HiX
MpH 3BapIOBaHHI MOKPUTHUM €NEKTPOJIOM, Yepe3 Te, IO BUTOpaHHS BYyTJe-
IO MpH aBTOMATUYHOMY 3BapIOBaHHI MiHiManbHe. BkiroueHb HITpHUAIB,
OKCHUJIIB HE CIIocTepiraeThesi. Mexa CIuiaBieHHs JIel0 PO3MHUTA.

3aBsKU OUTBININA YUCTOTI HAIUIABJIEHOTO METATy, a TAKOX OLIBIIIH
OJTHOPIHOCTI MIBa 3a XIMIYHUM CKJIAJOM. MeEXaHi4HI BJIACTHBOCTI
HATJIaBJICHOT0 METally JJOCTaTHBO BUCOKI.
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2.1.4T a30Be 3BapIOBaHHsI

[Ipu razoBomy 3BapiOBaHHI Ma€ Miclle BEIWKUN TEperpiB Merany
IBa Ta CIIOBUIbHEHE HOT'0 OXONOIKEHHSI.

CTpykTypa Merajqy IBa XapaKTepH3YEThCS KPYMHO3EPHUCTOIO
OyZ0BOIO 3 JiISHKaMH BigMmaHIuTeAra. HemeramiuHUX 1 OKHUCHUX
BKITIOUEHb, SIK [TPABUIIO, MAJIO.

[lpu 3BaproBaHHI BIAHOBHHM TIOJIyM'SSM BiIOYBA€THCS HACHUYCHHS
HAIJIABJICHOTO MeTalxy BYIJIEeM i B CTPYKTypi IIBa CHOCTEPIraeThes
MifIBHIEHA KiMbKicTh TepmiTy. [Ipyn 3BapioBaHHI OKHCHUM TIOJYyM'SM
IHTEHCHBHO BHIOpAa€ BYIJIEUb, y PE3yJbTaTi B CTPYKTYpi IIBa MepeBa)kae
¢eput. [Ipu HOpManbHOMY TIOTYM'T Oye hepuTo-epiiTHa CTPYKTYpa.

Ilpu posrnsimaHHi CTPYKTYpH HE CHiA POOUTH MOCHIIIHOTO
3BOPOTHOIO BHCHOBKY. SKIIO Yy MBI Oarato ¢epuTy, TO 3BaproBaHHs
00OB'SI3KOBO MPOBOJMIIOCS OKHCHUM TIONyM'siM. Benmuka KinbKicTh Qeputy
y MBI CIOCTEPIra€Thesl YacTilie BCHOro MpY 3BaplOBaHHI i3 3aCTOCYBaHHIM
MAaJIOBYTJIEIIEBOTO MPHCAAHOTO APOTY.

JlocTaTHs 4HCTOTa HAIUIABJICHOTO METaly A03BOJISIE OTPHUMYBATH
MIPH Ta30BOMY 3BapIOBaHHI 3aJ0BIIbHI MEXaHIYHI BJACTHBOCTI IIBA.

2.2 30Ha TepMiYHOr0 BIUIUBY

OcHoOBHHIA MeTal MOOJIN3Y IIBa HATPIBAETHCS Y TPOIIECi 3BAPIOBAHHS
710 BUCOKHX TeMIlepaTyp.

Oxpemi BiIpi3KM 30HU HAarpiBalOTbcd A0 PI3HUX TeMIEpaTyp.
HaiiGinbiioMy HarpiBy migarOThcs IUISHKH 1m0o0au3y mBa. [lo Mipi
Bi[IaJICHHS BiJ 1IBa TeMIepaTypa HarpiBy MeTalxy IIOCTYIOBO
3MEHIIIYEThCS 1 Ha JISSKil BiJICTaHI BOHA MaTHMe BHUXiTHE (10 3BaprOBaHHS)
3Ha4yeHHs. [Ipu oxonomkeHHI Ticis 3BaploBaHHS B MeTalli BiIOyBaroThCs
CTPYKTYpPHI 3MiHH, SIKi BUKIIUKAIOTh, BIJMOBIIHO, 3MiHU HOT0 MEXaHIYHUX
BiacTuBocTel. Ll YacTMHAa OCHOBHOTO MeETajly Ha3MBAETHCS 30HOIO
TepMiYHOTrO BILUTUBY (puc. 2.1).

CTpyKTypHi 3MiHM PI3HHX BIAPI3KiB 30HM  BHU3HAYAIOTHCS
MaKCHUMaJIbHOIO TEMIIEpaTypol0 HarpiBy JaHoi TOYKM MeTaly, 4YacoM
BUTPUMKH TMPH LIl TemrepaTypi H momanbliol MIBUIKOCTI OXOJOIKEHHS.
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3a3HaveHi ¢axTopu, B CBOIO 4epry, 3ajekaThb BiJ MaTepially # po3MipiB
JeTani, a TakoX BiA crnoco0y K ymoB 3BapioBaHHsA. Opi€HTOBHO MOXHA
BBaXKaTH, [0 IIUPHUHA 30HH TEPMIYHOTO BIUIUBY CKJIaJiac:

Y, Tpu 3BapIOBaHHI B CEPEOBHUIIII 3aXHCHUX Ta3iB 2...3 MM,

Y4 Tpu 3BapIOBaHHI SKICHUM eNeKTpoIoM 4...6 MM;

Y, mpum aBTOMaTHYHOMY 3BaproBaHHi mif ¢itocom 4...10 mm;

% npu razoBomy 3BaproBanHi 20...30 MM.

Ilpu 3BaproBaHHI MaJOBYIJIEHEBUX CTallei B 30HI TEpMId4HOIO
BIUIMBY PO3PI3HSIOTH TaKi AiUIsHKH (puc. 2.1) 3aJIe)KHOCTI Bijl TeMIiepaTypH
HarpiBy,  HEMOBHOTO  pO3IUIABIICHHS,  MEperpiBy,  HopMalizalii,
pekpucTaizaii.

2.2.1 Biapi3ox HeMOBHOTO PO3ILIABJIEHHS

Meran BiApi3Ky HarpiBaeTbcsi 0 TeMIepaTyp MOYaTKy U KIiHLS
IIaBleHHs. Binpi3ok € mepexiZHUM Bil HamIaBIeHOr0 MeTany M0
OCHOBHOT'O u Mae HE3HAYHI po3mipH, XapaKTepU3yeThCS
KpYIHO3epHHUCTicTIO. [lim MIiKpPOCKONIOM CIIOCTEpIra€Thcsi AOCHTH UiTKa
Meka mBa (miHis crutaBimeHHs). CTpykTypa (epHTO-TiepiiTHa, 3epHa
(depuTy BETUKI.

2.2.2 Biapizok neperpiBy

Ha npomy Bimpi3Ky HarpiB jgocsrae TeMmIiepaTypH, OJIH3BKOi 10
TEMIIEpaTypH TUIaBJICHHS. BHACIIZOK 1bOTO TYT BiOYBA€THCS PICT 3€pEH,
0 MPHU3BOAMTH [0 3HIDKEHHS IUIACTHYHMX BJACTHBOCTEH MeTamy.
Crpykrypa dhepuTHO-TIepITiTHA.

2.2.3 Binpizok Hopmasmizamii

TyT Meran HarpiBaeThcs MPH 3BAPIOBaHHI TPOXU BHIINEC KPUTUIHOL
TOUKH Acs, 3Bu4aiiHo (Acs + 50° C), 1o BianoBigae temmepaTypi HarpiBy
MeTally Jyis 3arapTyBaHHs a00 HopMaJTi3allii.
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3BUYaliHI MIBUAKOCTI  OXOJOMKEHHS I[hOr0  BIIPI3Ky  micis
3BapIOBaHHSA 3iCTaBJiEHI 31 MIBHJAKOCTSAMH OXOJNO/KEHHS MeTajly MpH
HopMatizailii. ToMy npoiiec nmepekpucTatizailii boro BipizKy MPUBEIE 10
noapiOHeHHs1 3epeH Mmerany. [lig yac po3rIsiAaHHs IBOTO BiAPI3KY Mix
MIKpPOCKOIIOM ~CIIOCTEPIra€Tbcsi PpiBHOBICHA JpiOHO3EpHHCTA MEpJIiTHA
CTpyKTypa. MeTan 3 Takolo CHPUSATIMBOK CTPYKTYpPOIO Ma€ BHCOKi
MeXaHiuHi BIACTHBOCTi, fAKI YacTO Kpaile BIACTHBOCTEH OCHOBHOI'O
MeTany.

2.2.4 Biapi3ox HemoBHOI MepeKkpucTATi3amii

TemnepaTypa HarpiBy mbOro BIiJpi3Ky 3HAXOIUTHCS Yy MEXaxX Bij
TOYKH Acy 10 ToUkH Acz (mpubmusHo Bix 723 qo 900° a1 MamoByTieneBol
crami). MeTajq TyT MiIIA€ThCS TUTBKM YaCTKOBIH TepekpucTaizaiii i
CTPYKTypa OTPUMYEThCS JIOCHUTH CBoepigHoto. JIpiOHi 3epHa depury i
MepIiTy, SAKi MPOWIUIM TepeKpUCTai3aliio, PO3TAIIOBYIOTHCS 3BUYANHO
HaBKOJIO CTapuxX, OUIBII KPYMHUX 3epeH (Qepury, M0 HEe 3a3HAIM
MepeKpUCTaITi3allii.

MexaHiyHi BJIACTHBOCTI MeTally, SKHH CKIaJa€Thcd 3 PIi3KO
PI3HOMaHITHUX 32 PO3MIpaMHu 3epeH, 3HHIKEHI.

2.2.5 Biapizok pexpucramizamii

Meran HarpiBaetbest B Mexax Bin 450 qo 500° C o touku Acy, npu
TaKiii TeMIiepaTypi MOXKe BiIOyBaTHCS pEKpHUCTaIi3allis 3epeH QepuTy, sKa
NPOXOJUTh TUIBKA Yy TOMY BHIIAJKY, SIKIIO OCHOBHHMH MeTayl Tepen
3BapIOBaHHAM ITi/IaBaBCs TUNIACTUYHIN 1edopmalii.

CyTHICTh SIBUIIIA PEKPUCTAIII3AIli 3aKIOYAETHCA B TOMY, L0 TPHU
BKa3aHOMY HarpiBi iime pict 3epeH ¢deputry, moapiOHEHUX y pe3yibTari
nornepeanboi mactTuyHoi gedopmanii. Tomy sBuie pekpucranmizamnii He
CIIOCTEpIraeThCsl y JHTOMY MeTani. B pesymbraTi pekpuctamizamii
CTPYKTYpa BIpi3Ky, SKUH pPO3MIIAIAETHCS, CKIAJA€ThCS 3 PIBHOBICHUX
3epeH Qeputy 1 mepiity. MexaHiuHI BJACTHBOCTI IICIs PeKpUCTamizaiii
BiZTHOBJIIOIOTBCSI 1 JOCATAIOTh PiBHS, IKU OyB 0 TacTU4HOI Aedopmarrii.

[pare3naTHICTh 3BapHUX 3'€IHAHb 3aJICKUTh HE TUIBKH Bijl CKJIATY

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



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

11

HATJIaBJIEHOr0 MeTally, HOro sIKocTel, BiACYTHOCTI y HbOMY IOP, TPIlllUH,
HEMETAJIEBUX BKIIOYECHb Ta IHMIMX Ae(EKTiB, a H TaKoXK 1 Bill CTPYKTYpH
HATJIaBJICHOTO i OCHOBHOTO METally B 30Hi TEPMiYHOTO BIUIMBY W pO3Mipy
3epeH. 3BapHi 3'€IHAHHS 3 TAKUX CTalled eKCITyaTyIOThCs, SIK IpaBmiio, 6e3
MOJIANBIIIOT 0OPOOKH.

Bupo6u 3 ByrieneBux i HU3bKOJIErOBAHUX CTajel YyTJIMBI 10 TEp-
MIYHOT'0 UKy 3BaptoBaHHs. LIIBHKEe 0XOJIOMKEHHS 3 BUCOKUX TEMIIepa-
Typ HarpiBy, XapakTepHe Jisi 3BaplOBaHHS Ta HAIUIABJICHHS, TPU3BOIUTH
70 YTBOPEHHsI 3arapTOBaHMX CTPYKTYp y HalJlaBIeHOMY MeTaimi i
KOJIOIIOBHOI 30HI. Y pe3ynbTaTi MiIBUIIYETHCS TBEPAICTh METaly IIBa i
OCHOBHOTO Me€TaJly B 30HI TEpMIYHOrO BIUIMBY, 3pPOCTA€ KPUXKICTh
3BapHOrO 3'€IHAHHS 1 BTPAYaEThCS MOr0 37aTHICTh CHPUIMATH JUHAMIYHI
HABaHTaKEHHS.

JAnist BiTHOBJIGHHS TTOYaTKOBOT CTPYKTYPHU ¥ BIacCTUBOCTEH MeTaly B
KOJIOIIOBHUH 30Hi, MiIBUIIEHHS TUIACTHYHHUX BJIACTUBOCTEH HAIUIABICHOT'O
MeTally HeoOXigHa TepMiyHa oOpoOka (Hopmalti3ailis, BiAIYCK, Bijrian)
3'eIHaHb MICII 3BapIOBAHHS.

B 3anexnocti Bifg rabaputiB BUpoOy MPOBOAUTHCS ab0 3araibHUi
Bianan y nevi (mpu Maiux po3Mipax BUpoOy), a0 MICIEBHI - HUIIXOM
HarpiBy IIBa B 30HI TEPMIYHOTO BIIMBY Ta30BUMH MaJbHUKaMH. 3pinka
MOBEpX IIBAa HAIJIABISAETHCS TaK 3BaHUM BigMaJeHUl BalWK, MpH
HaKJIaJaHHI SKOTO BIACTHBOCTI MeTaly TPOXH TMOKPaIIylOThCs 3aBISKH
YaCTKOBOMY TI€PETBOPIOBAHHIO 3arapTOBaHHX CTPYKTYp Y CTPYKTYpH
Bimainy.

3 MATEPIAJIU, IHCTPYMEHT, IPUJIA/INA,
OBJATHAHHA

3.1 3eaproBasbHi apotu CB-08 ta CB-08['2C, enextpomun AHO-4,
¢droc AH-348A a6o AH-60; 3axuchuii raz COy;

3.2 IInactuHM 3 MaJIOBYTJICIICBOI CTAJII;

3.3 3BaproBasibHEe 00JIaJHAHHS:

- TIOCT TSl PYYHOTO TyTOBOTO 3BAPIOBAHHS,

- aBTOMaTH4HA rojoBka A-1416, mocT ajis ra3oBOro 3BaprOBaHHS,
noct 3BaproBaHHs y COy;
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3.4 Mikpockon MI'M-7,
3.5 O6nanHanHA it MaTepiaiy Ui BUTOTOBIICHHS MIKpOILTi(iB.

4 TIOPAOK MPOBEJJEHHA JABOPATOPHOI
POBOTH

4.1 3poOuTH HaTJIaBJICHHS B OJMH MIap Ha miacTuHy i3 cranu CT.3:
- nporom CB-08I'2C B cepenonuii COy;

- sskicHuM enexTpoaoM (AHO-4);

- nporom CB-08 mix drocom AH-348;

- nporom CB-08 3a 10MOMOI0I0 MOCTY ISl TA30BOI0 3BAPIOBAHHS;
4.2 BiapizaTu 3pa3ku HaIUIaBJieHb 3aBA0BkKU L = 20 mm.

4.3 BUTOTOBUTH MIKpOILTi(H.

4.4 JlocnmianTh MIKpOCTPYKTYPH IIBIB 1 30HU TEPMIYHOTO BILTUBY.
4.5 3pobuTH aHaIi3 pe3yabTaTiB.

5 3MICT 3BITY

5.1 OnucaTy TEXHOIOTIIO ¥ BKa3aTh PEKUM HaILTaBICHHS
5.2 OnucaTu ipoIiec BUTOTOBJICHHS 3Pa3KiB.

5.33pobuTH eckizu CTpyKTyp.

5.4 Anaiz oTpuMaHuX JaHUX 1 3arajibHi BUCHOBKHU.

6 KOHTPOJIBHI 3AIIMTAHHSA

3BaprOBaHICTh CTaJICH.

Kpucranizauis merany miBa.

laps4i TpilMHYM y WBi i 30HI TEPMIYHOTO BILTUBY.

3anac nedopmarniiiiHol 3MIaTHOCTI MeTay IIBa.

OcHOBHI MipH 3an00iraHHst TapsYuX TPIMIKH.

CrpykTypHi 3amo0iraHHs y IBi H 30HI TEPMIYHOI'O BIUIHBY

ourwdpE
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BYIJICHIEBHX CTaJIed MPH 3BapIOBaHHI.

7. XoJoAHI TPIIMHYU B METaJli IIBa 1 30HI TEPMIYHOT'O BILUIUBY.

8. 3oHa TepMiuHOTrO BIUIHBY.

9. CrpykTypa MeTaty Ha BiJIpi3Ky HEITOBHOT'O PO3IIIABJICHHS.

10. Crpykrypa MeTany Ha BiIpi3Ky MeperpiBy.

11. Crpykrypa MeTairy Ha BiIpi3Ky HOpMaJi3aiii.

12.CtpykTypa MeTany Ha BiIpi3Ky HEMOBHOI MepeKpUCTaIi3aiii.

13. Crpykrypa MeTairy Ha BiIpi3Ky peKpHcTaizallii.

14. 3mina TBepAOCTI METay B 30HI TEPMiIYHOT'O BILIUBY.

15. 3miHa ymapHOi B'A3KOCTI MeTajly B 30HI TEPMIYHOTO BILTUBY.

16. BigmaHIITEeNTOBA CTPYKTYpa Y IBi B 30HI TEPMIYHOT'O BILJIMBY.

17. BruiuB BOIHIO Ha YTBOPEHHS XOJNOJHHMX TPIMIMH MpH
3BapIOBaHHI.

18. BruiuB MapTEHCUTY Ha YTBOPEHHS XOJOAHMUX TPIIIMH TpPH
3BapIOBaHHI.

19. CrinbHU# BIUIMB CIpKHM, MapraHmio ¥ BYTJIEHIO Ha YTBOPEHHS
TPILIMH y METai MIBa.

20.3BaproBaHICTh BYTJICIIEBUX CTaNEH.

7 BKA3IBKH 3 TEXHIKH BE3IIEKH

7.1 Jlo nabGopaTopHHX pOOIT OMyCKAIOTHCS CTYIEHTH IiCIs
THCTPYKTaKy 3 OXOPOHH Tpalli Ta MOXKeXHOT 0e3MeKH.

7.2 3a00poHSEThCS BMUKATH EICKTPUYHI MPHIaAd Ta OOJaJHaHHS
0e3 103BOJTY 3aBiAyI0Y0ro JIabopaTopiero abo BUKIIAqava.

7.3 Y Bumaaky BUSBIECHHS HECHpaBHOCTEW OOJaIHAHHA CTYACHT
MOBMHEH  HEraifHO  TOBIJOMUTH  BHKJIajgadya a0o  3aBigylo4yoro
naboparopiero.

7.4 Y BUmMagKy BUHUKHEHHS MOXEKI a00 MOpa3Ku eleKTPHYHUM
CTPYMOM CTYJCHTH IOBWUHHI JiTH Yy BUINOBIAHOCTI i3 3aTBEpXKESHUMHU
THCTPYKIISIMH 3 OXOPOHH Tpalli Ta MOXKEKHOT 0e3MeKH.
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