MIHICTEPCTBO OCBITH I HAYKH YKPATHH
3anopizbKuii HAI[IOHAIBHUHN TEXHIYHUH YHIBEPCUTET

METOIUYHI BKA3IBKA
10 1abopaTopHoi podboT No3
3 qucnuIutiny “I'a3omomyMeneBa oOpoOka mpu peMOHTI” ISl CTYIeHTIB
OCBITHBOI Mporpamu «BiHOBJICHHS Ta MiABUINECHHS 3HOCOCTIHKOCTI
Jeraneil 1 KOHCTPYKIi» ycix GopMm HaBUaHHS

2016
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MeroauuHi BKa3iBkU 70 jabopaTtopHoi podoru Ne3 3 AMCHHUILIIHU
“I'azononymeHeBa 00poOKa MpWU PEMOHTI” Il CTYACHTIB OCBITHBOI
nporpaMu  <«BiHOBJICHHS Ta MIiJABUINEHHS 3HOCOCTIHKOCTI Jjeraneit 1
KOHCTPYKIIii» ycix ¢opm HaBuauus / Yri. O.€. Kanyerw, C.I1. bepexnuii.
— 3anopixoks: 3HTY, 2016 — 10 c.

VYknagaui: O.€. KanycrtsH, crapii. BUkiaaad,

C.I1. bepexxuuii, kKaHJ. TeXH. HAYK, AOICHT.
Pentenzent: A.O. lllyminoB , KaHJ. TeXH. HAYK, JOICHT
Kopekrop: L.I1. ABepuenko
Binnosinansauii 3a Buryck: O.€. Kanycrsa

3aTBepIKEHO
Ha 3aciganni kapenpu OT3B
[Ipotoxon Ne 7 Bix 26.04.2016

3aTBepIKEHO
Ha 3aciganai HMK [O®d
[Ipotokon Ne 9 Bix 12.05.2016
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4

BUBUYEHHSA TEXHOJIOTII
TA30BOTO 3BAPIOBAHHSA JTETAJIEN

BCTYII

l'a3oBe 3BaproBaHHs Jeranell - ayke NomupeHud mpouec. L{um
METOJIOM YCITIIITHO 3BapIOIOTh BYTJICIEBI, HU3BKO- 1 CEPEAHBOJICIOBAHI
CTalli, @ TAKOX JIeAKI TUIIM BHCOKOJCTOBaHUX Crayiei. SIKicTh 3BapHUX
3'¢lHaHb 3HAYHOIO MIpOI0 3ANEKHUTh Bil PEKUMIB 1 TEXHOJIOTTUHHX
0COOJIMBOCTEH BUKOHAHHS TPOLIECY.

1 3ATAJIBHI HOJIOXKEHHAA

OCHOBHI YMHHUKH, 10 BU3HAYAIOTH PEKUM T'a30BOI0 3BapPIOBAHHS -
HIBHJIKICTD 3BapIOBAaHHS, TiaMeTp MPHCAIKH, KyT HaXMIy HaKiHEYHHKa, a
TaKOX MOTYKHICTb 1 XapakTep MoayM'sl.

Haxun MyHOmITYKa DalbHUKAa MOXE 3MIHIOBATHCA B IPOIECci
3BaproBaHHA. 11[o0 kpamie migirpiBaBcs MeTan i MBUAKO YTBOPIOBAJach
3BaplOBalbHA BaHHA B IOYATKOBUH MOMEHT 3BaplOBaHHS, KyT HaXuiy
BcraHoBIOIOTE 80-90°, y mporieci 3BaproBaHHsS ONTHUMAaJIbHA BETHMYMHA
KyTa 3aJIeXHUTh BiJl TOBUIMHM CTaji W BCTaHOBIIOETBCs B Mexax 30-60°,
HaATPUKIHI 3BaploBaHHS, U Kpamloro 3aloBHEHHS KpaTepy 1 100
YHUKHYTH TIPOIATy METaly, KyT HaXHIy 3MEHIIYIOTh JO MiHIMyMY.

[MoTyxHicTh MoONyM'ss ITyXe BIUIMBa€ HA MPOAYKTHUBHICTH 1 AKIiCTh
nporecy. BoHO monmyM'ss BH3HA4YaeThCs KUIBKICTIO CHAJIOBAaHOTO 32
OJIMHUITIO Yacy TOPIOYOro ra3y i BUMIPIOETHCS B JIITpax 3a TOANUHY.

[IpakTuKOIO BCTAaHOBJEHO, IO MOTpPiOHA s 3BapIOBAHHS
HU3BKOBYTJICLIEBOI CTali MOTYXHICTh TOJNyM's TPOMOpPHidHA TOBLIMHI
MeTaJty, [0 3BAPIOETHCs, JI/TO:

V, =k-d

ne k - koedimieHT MPOMOPIIHHOCTI, MO MOPIBHIOE: Uil JIBOTO
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crnioco0y 3BaproBanus 100+130; mis npasoro - 120+150;

0 - TOBIIMHA METaly, 1110 3BAPIOETHCS, MM.

KoxxnHoMy HOMepy 3MIHHOIO HaKiHEYHHKa NalbHUKAa BiAMOBigae
CBOSI BUTpaTa alleTUJICHY, TOOTO CBOS MOTYXKHICTh MOJyM's. Buuuciusim
3a (QOpMyJIOI0 BHTpATy aleTHieHy, AOOWparoTh BiNNOBIAHUK 10 i€l
BUTPAaTH HOMEp HaKiHEUYHWKa MajbHWUKA JUIS 3BAapIOBaHHS MeTajy JaHoi
TOBIL[IHH.

Sk mpucanHuii MaTepian AJs 3BapIOBaHHS MalOBYIJICLIEBUX CTalleh
BHUKOpPUCTOBYIOTH JipoTtu CB-08, CB-08A Ta CB-10I'C niameTpoM, MM:

d :9'_9-}-1
2 2

MavtoByrieneBi crajqi MOXKHa 3BaproBaTH JBUM 1 TpaBUM
crocobam.

[Tpu npaBoMy croco0i 3BaproBaHHsI JOCATAOTh KPaIloi SIKOCTI IIIBa.
e mosicHIOETbCS THM, L0 MaJbHUKH CIPSIMOBAaHO Ha IIOB, SKHH
(hopMyeThCs; BiH Kpallle 3aXUIICHUN BiJl TIOBITPSI 1 MOBLIBHIIIE OCTUTAE.

[lpaBuit cnoci0 3abe3neuye rmMOImMI TpoOBap, TOMY HOro
3aCTOCOBYIOTH JIJISl 3BAPIOBAHHS METally 3aBTOBIIKH MTOHAT 5 MM.

3a XxapakTepoM MOAyM'ss MOXKE OyTH HOPMaJIbHUM, OKUCTIOBAIBHUM 1
HaBYTJICIIbOBAHHM.

Jlyis 3BaproBaHHS HU3bKOBYIJICIIEBOT CTaJli 3BUYAMHO 3aCTOCOBYIOTh
HOopMasibHe TonyM's npu B = 1,1+12 mio 3abe3neuyye BHUCOKY SKIiCTh
HaIUTaBJIEHOTr0 MeTany, npu f> 1,3 momyM's cTa€ OKUCITFOBAIBHUM.

SAnpo nonym'ss ckopouene i 3aroctpene. [Ipu 3BaproBaHHI TakuM
MOJyM'sIM IHTEHCHBHO BUTOpa€ BYTJIENb, IO MPU3BOAUTH AO YTBOPEHHS
ra3oBUX TNOp y IBi. BuropanHs wmapraHmio i KpemHilO CIOPUYHHIOE
YTBOPEHHS IIUTAKOBUX BKIIOYEHb W 3HWKEHHS MEXaHIYHHX BIACTHBOCTEH
1IBA.

3acTocyBaHHs HaByriienpoBaHoro monym'st (B < 1,1) 3HIKye
MPONYKTUBHICTh 3BapIOBaHHs, CIpHsIE€ HaBYIJIENbOBaHHIO BaHHU. [Ipu
BOMY PiJIKUI MeTall KNIIUTh, YTBOPIOIOYH Y IIBi ra30Bi MOPH.

Xapaktep 3BaplOBAIFHOIO TOMYM'ss BHU3HAYA€ 3BAPIOBAIBHHUK 32
30BHIIIHIM BUTIISAOM 1 PETYIIOE 32 JOTIOMOTOI0 3allipHUX BEHTHIIIB.

HusbkoneroBani KOHCTPYKIiHHI cTami 3a peakiiclo Ha TePMIYHHHA
LUK 3BapioBaHHsA MOMIOHI 10 MasoByriemeBux cranei. Terioctiiiki
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HU3bKOJIETOBaHI CTalli, a TAKOXX BHCOKOMII[HI CTaji, CXMIbHI A0 YTBOPEHHS
TapTiBHUX CTPYKTYp Wil Ai€I0 TEPMIUYHOTrO IMKIY 3BapioBaHHA. Tomy Taki
craji moTpiOHO 3BaprOBaTH HOPMAJIBHUM TOIYM'SIM 3HHIKEHOT MOTY>KHOCT1
3 BHKOPUCTAHHSIM JIPOTiB, aHAJIOTIYHMX 3a CKJIaJ0M OCHOBHOMY MeTaly,
a00 HM3BKOJIETOBAaHMX KpeMHe-MapranueBux ApotiB Tumy Cs-08['2C, Cs-
121°C ra iH.

106 3MeHImMTH WMOBIPHICTH YTBOPEHHS TapTiBHUX CTPYKTYD,
3aCTOCOBYIOTH TOMEPEeaHii 1 CyMyTHIM MiAirpiBu, NMpoTe HalWBaX4uM €
MPOIIeC Ta30BOT0 3BapIOBaHHS BUCOKOJIETOBaHHUX CTaJEH.

OCHOBHI TpyTHOIIII ra30BOT0 3BAPIOBaHHS HEPXKABIIOUHMX CTaNCH !

- BUMAJaHHSA KapOigiB XpoMy BHACHIAOK Mayioi IIBHUAKOCTI
OXOJIO/IKEHHS cTalli B iHTepBali Temmnepatyp 650+450° C, mo cnpuyuHioe
BUHUKHEHHSI MKKPHCTATITHOT KOPO3ii M Yac moJaibiioi poOOTH 3BapHUX
3'€ZIHaHb B arpECUBHUX CEPEIOBHIIAX;

- OKHCIIEHHSI CTaji B MpOIeCi 3BaplOBaHHSI 3 YTBOPEHHAM
ryouacToi Macu TyromiaBkoro okcuuay xpomy CroOs, sSKuli  Ba¥ko
BHJIAJSIETBCS HABITH 3a JIONMOMOror0 (JIIOCIB 1 4YacTo € OCepeKOM
YTBOPEHHS TPIlIMH 1 pyHHYBaHHS 3BApHOTO 3'€THAHHS,

- CXWJIBHICTD CTaJli 0 BUHUKHEHHS B Hill 3HAYHUX BHYTPIIIHIX
HaTpyr YHACHiOK HU3BKOI TEMJIOMPOBIHOCTI Ta BHUCOKOTO KoeQilieHTa
JHIKHOTO PO3IMUPEHHS.

BpaxoByroun wMmany MIBHAKICTh Ta30BOI'0 3BaplOBaHHA CTaliel
BEJIMKMX TOBIIWH, 3HAYHE PO3IrpiBaHHS METAiB B MpOLIEC 3BaploBaHHs i
Maly IIBUAKICTh OXOJOMKEHHS, 3BapIOBAHHS HEPXKaBiIOUOi cTami BETHKOi
TOBIIMHHM Ma€ JaBaTW 3HAYHO OUIblIEe BHUMAJaHHSA KapOigiB Xpomy, HiK
ayroBe 3BaptoBaHHs. [lpu 3BaproBaHHi Manux ToBIMH (11,5 Mm)
HIBHJIKOCTI Ta30BOTO 3BapiOBaHHS He Habarato HIXKYI BiJ IYyroBoro,
PO3irpiB MeTaiy MOPIiBHIHO HEBEIMKHIA 1 OT)KEe, BUTIAIaHHS KapOiiB XpOMYy
He3HauHe.

Jus po3unHenHs rmiiBku Cr,O3 MOXKHa 3acTOCOBYBaTH (IFOCH Ha
0a3i pTopucTUX coJici 1 pO3KUCITIOBAYIB.

Ilpore wHaBiTh y pa3i 3acTrocyBaHHsA (IIIOCIB, OYHIICHHS
3BapIOBAJIbHOI BAaHHM BIJl OKCHJIB XpOMY JyX€ CKJIajJHe, 10 3HAYHO
MOTIPIIYE SKICTh 3BAPHUX 3'€THAHD.

VY 3BI3Ky i3 3a3HAUEHMMH OCOOJHMBOCTSAMH Ta30BE 3BapIOBAHHS
BHCOKOJIETOBaHMX CTallel JicTano oOMeKeHe MOIIHPEHHS.
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2 META POBOTH

BuBYMTH TEXHOJOriI0 Ta30BOr0 3BaplOBaHHS HU3BKOBYTJIECLEBUX Ta
HEP)KABIIOUYMX XPOMOHIKEIICBUX CTaJICH; JOCHIAMTH BIUIMB XapaKTepy
ra303BaplOBAILHOTO MOyM'st Ta 3aCTOCYBaHHs (UIIOCIB Ha AKICTh 3BapHUX
3'€lHaHb, a TAaKOXK BIUIMB TMOTYKHOCTI TOJNYyM's Ha MPOIYKTUBHICTh
MPOIIECy Ta AKICTh 3BapHUX 3'€/IHAHb.

1
2.

3 YCTATKYBAHHA I MATEPIAJIN

ITocT razoBoro 3BaproBaHH;
[MnacTvHM 3 HHU3BKOBYTJICIEBOI CTajli Ta BHUCOKOJICTOBAHOI

crani tuny 10X18H10T 6e3 ckocy KpOMOK 3aBTOBIIKU 3-4 MM;

3.

©ooN O~

Hpit npucaguauii Cs-08, Ce-06XI9HIT;
diroc 80 % CaF, + 20 % FeTi,

IlnuTa,

MonoToK,

[Tnockoryori,

Jlemara,

CexyHaoMip.

4 MIATOTOBKA 1O POBOTH

BuBunt mpaBuna 0e3MEYHOr0 BHUKOHAHHS Ta303BapIOBAIBHUX
po0iT, BHBUMTH OCOOJIHMBOCTI Ta30BOr0 3BApIOBAHHS MaJIOBYIJICHEBUX 1
HEpIKaBIFOUMX XPOMOHIKEIEBUX CTallei.

[liaroTyBaTu 3aranbHy YacTHHY 3BITY, y IKild HABECTH Ha3By pOOOTH,
il MeTy, METOJMKY 3 TAOJIUIISIO JIJIS 3aITUCY PE3YJIbTaTIB.
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5 METOANKA BUKOHAHHSA POBOTH

BusHavyeHHs BIUIMBY XapakTepy 3BaplOBAIBHOIO MOIYM'S Ha SIKiCTh
1IBa:

1. 3ibparu aBi mmactuam 3i craigi Ct3 y cTHK i3 3a30poM 2 MM i
MPUXBATUTH 3 KiHIiB. PO3MITUTH MJIaCTUHM HA TPH PiBHI IUITHKH.

2. 3ananuTv MaJbHUK, BiIPEryITIOBATH MOMYM'sl, IPOBAPUTH TEPUIY
JUJISTHKY 11Ba.

3. BigperymtoBatn monym's 3 OUIBIIUM HAQJJIUIIKOM KHUCHIO H
MPOBAPUTH JAPYTY AUIAHKY.

4. BigperymoBaTd TOIXyM's 3 HaJUTHIIKOM alleTHIIEHY W MPOBapUTH
TPETIO AUIAHKY.

5 Onucaty mBY 3a 30BHIIIHIM BUTISI0M.

6 Posnamaty miacTHHY B3IOBXK CTHKY, OITUCATH BHSIBIICHI e eKTH.

7 Pe3ynpTaT criocTepekeHb HAJATH Y BUIJISII TaOJIHII.

Howme Xapaxkre Ouinka miBa 3a .

[Lin;IHKpI/I HOIj'IyM'SIp 30BHiIIIHHiM BUTJISIIOM Bussneni nedextu
1
2
3

BuBueHHSs 0COOMMBOCTEH 3BapIOBaHHS HEP)KABIIOUHX CTaJICH:

1. Bukonatu Y-nofioHy po3poOKy KpOMOK JIBOX TUIACTHH i3 CTaIi.

2. TlokpUTH KPOMKH IUTACTHH 1 MPHCAZHI CTEPXHI MACTOMONIOHUM
¢urocom (3a 15-20 XB. 10 3BaprOBaHHS).

3. YcTaHOBUTH TUIACTHHU BCTHK 13 3a30poM 1,5 MM 1 mpuxBaTHTH iX.

4. 3BapuTH IUIACTHHHU 13 3aCTOCYBaHHsIM (hirocy i 6e3 Qitocy B oMH
1ap HOPMaJILHUM ITOJIYM'SIM 1 OXOJIOIUTH 3BapeHi IJIACTUHU Ha TOBITPI.

5. Onucary 1mBY 3a 30BHIIIHIM BUTTISIOM.

6. PosmamaT TmIacTHHM B3MIOBX CTUKY Ta ONHCATH BHSBICHI
nedexTu.

BuBYeHHS BIUTMBY TMOTYXKHOCTI MOAyM'ss Ha TNPOAYKTHBHICTH
MpoIIeCy 3BapIOBaHHS:

1. BigperynioBaT HOpMajJbHE 3a XapakTepoM TOIyM's 3
MIHIMQJIBHOI) ~BUTPATOI0  allCTHWJICHY, TIpU SKOMY 3a0e3MeuyeThCs
HOpPMaJIbHHUHN Tiporiec TopiHHs. [ HakoHeuHrnKa Ne3 ra3oBOro najibHUKA
BUTpaTa aleTUIICHY Npu 11boMy craHoBUTUME 240+-260 11/rog.
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2. 3i6patu muactunu 3i ctani C13 min 3BaproBaHHs i 3aBapUTH iX
Mo BCi AOBXKHHI. Bu3HaunTH uac, MOTPIOHWMH UIS 3BaprOBaHHS IIBa,
BHU3HAYHMTH CEPEIHIO MIBUKICTh 3BaPIOBAHHS.
3. YCTaHOBHTH MaKCHUMaJIbHY IMOTYXHICTh MOJYyM'S AJISL IAHOTO
HOMepa HakoHeuHHMKa (Butpara anermineny 380+400 un/rom). 3Baputu
3pa3ku 3i crani CT3 1 BU3HAYUTH MIBUAKICTH 3BAPIOBaHHS.
4. Bu3HAYNTH MHTOMI BUTpPATH aleTWIEHY HA OAMHUIIO JTOBXHHH
IBa MTPH 3BAPIOBaHHI MOIYM'sIM Pi3HOT MOTYKHOCTI.
5. 3pyiiHyBaTH 3BapHi IJIACTUHU MO 3BapHOMYy IBY. OIiHUTH
HasBHICTh 1 BENMYMHY HENpPOBapy, a TaKOX IHIHX, ACPEeKTIB MpH
3BapIOBaHHI MOJIYM'SIM Pi3HOI MOTYKHOCT.

6 3SMICT 3BITY

3BiT Mae BMillyBaTH MeTy pPOOOTH, METOAWKY il MpOBEAEHHS,
3100yTi eKcllepUMEHTaNbHI 1aHi Ta BACHOBKH IIPO pOOOTY.

7 KOHTPOJIBHI 3AITUTAHH A

1. SIxi € ciocoOu ra30Boro 3BaproBaHHA? IX TepeBary i HelOMiKH.

2. Y dYoMy mMONATalOTh  TPYAHOLII Tra30BOro  3BapIOBaHHS
MAaJIOBYTJICIIEBUX CTaJIeH?

3. Sxi TpynmHOIIl TPAaIUISIOTBCS TPH 3BaplOBaHHI HEpIKaBIFOUMX
craynei?

4. Sk nibpaty peKUM Ta30BOTO 3BapIOBAHHS?

5. Sxi ¢arocn 3acTOCOBYIOTH JJisl 3BaplOBaHHS BYTJICLEBUX 1
JIETOBaHUX CTaJlel?

6. Sxi OyBaioTh geeKTH B 3BapHUX IIBaX, BUKOHAHUX PI3HUM 32
XapaKTepOM MOJIYM sIM 1 K BOHHM B3a€MOJIIIOTH 13 3BaPIOBAIIBHOI BAHHOIO?

7. Sk BIIMBA€ MOTYKHICTH MOJYM sl HA MPOAYKTUBHICTH MPOLECY
3BapIOBaHHA Ta AKICTh 3BAPHUX ILBIB ?
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8 BKA3IBKH 3 TEXHIKHM BE3IIEKHA

1. PoGoti 3 Ta30BOr0 3BaprOBaHHS BHKOHYIOTH Ha CIICIiaIbHO
00JIaJHAHOMY ITOCTI MPY BBIMKHEHIHM MICI[€Bil BUTSHKHIM BEHTHIISIIIII.

2. PoOOTH BHMKOHYIOTH TIIBKM B 3aXHCHUX OKYJISIPaX, 3aXHCHOMY
crienofis3i (xanarax i Ope3eHTOBHX (GapTyxax) Ta pyKaBUILIX.

3. Yci nerko3aiiMuCTi MaTepiaiy, BKIIIOYAIOYM 30IIUTH W KHWXKKH,
CITii mpuOpaTH 3 podOUOro Micus A0 MOYaTKy 3BapIOBAILHUX POOIT.

4. TlouyaTkoBe 3aMaOBaHHS Ta HACTPOIOBAHHS MOIYM'ss BUKOHYIOTh
iy Oe3rmocepeHiM HaTJISII0M HaB4YaJIbLHOTO MakicTpa abo tabopaHTa.

5. V¥ nporieci BuKoHaHHS po0iT Tpeba CTEKUTH, 00 (haken moaym's
He OyB CIpPSIMOBaHUN Ha JIFOJICH, IO CTOSATH MOPS, a00 JIErKO3aHMUCTI
MaTepiaiu.

6. V pa3i BUHHKHEHHsI 3BOPOTHOTO Yapy MEPEKPUTH alleTHIICHOBHHA
BEHTWJIb Ha MAJILHUKY, MOTIM KHCHEBUH, MPOJYTH MadbHUK KUCHEeM. [licis
BUJAJICHHS 3 NaJlbHUKA MPOIYKTiB BUOYXY BBIMKHYTH I0Jady aleTHUIICHY,
MiANATATH CYMIlI 1 BiIPETYTIOBATH MOTYM'sL.

7. He moxHa numaTi 3amajicHWid maabHUK 0e3 Harsiy. [lig yac
nepepB y poOOTi MalbHUK TaCHUTH.

8. Tapstui MJIACTUHU Opatu TiNBbKH TUIOCKOTYOIISIMH.
BunpoOoByBaHHsI Ha 371aM TPOBOJAMTH TiCIsI IOBHOTO iX OCTUTAHHS.

9. 3akiHuMBIIM pOOOTY, MEPEKPUTH BEHTWII Ha MaJIbHUKY 1
TPyOOIIPOBOIAX.
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