MIHICTEPCTBO OCBITH I HAYKH YKPAITHHU
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MeroauuHi BKa3iBKM J0 BHKOHaHHS JlabopaTtopHoi pobotu Ne 9
«JlocnmipKeHHsT TpoIlecy JIeryBaHHS MeTaja LIBa MPH aBTOMATHUYHOMY
3BapIOBaHHI i (Qarocom» 3 AMCHUILTIHY ,, Teopis mporeciB 3BaproBaHHs"
st cryneHtiB creniansHocTi 131 |, [Ipuxiagna mexanika” ycix ¢opm
HaBuanHs /Y. O.€. KamycrsH, P.A. KynukoBcbkuii. — 3amopixoks:
3HTYVY, 2017. - 10c.

Yxnanau: O.€. KanyctsH, cT. BUKIagay;

P.A. KynukoBCcbKu#, KaHI. TEXH. HAYK, JIOLIEHT
Pentenzent: M.FO. Ocirios, kaH1. TEXH. HAYK, JIOIECHT
Penaxtop: I.I1. ABepuenko

Bimmosinaneawii 3a Bumyck: O.€. Karycrsa

3aTBEpIKEHO
Ha 3aciganni kapenpu OT3B
[Mporokon Ne 3 Bix 27.03.2017

3aTBepIKEHO
Ha 3aciganai HMK [d®d
[Mporokon Ne 3 Bix 15.04.2017
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1 META POBOTH

HocnmiauT  mporec  pO3KUCIIOBAaHHS  NpPU  aBTOMAaTHYHOMY
3BapIOBaHHI i Oe3MapraHIeBUMH Ta BHCOKOMAapTraHIIeBUMHU (IIIOCAMH.

2 3ATAJIBHI BIJOMOCTI

[Tpu aBTOMaTHYHOMY 3BaplOBaHHI MiJl IaBJIEHUM (DIFOCOM MPOLECH
PO3KHCIICHHSI Ta JIETyBaHHS MOXYTh BiIOyBaTHUCS TUIBKH 32 PaxyHOK
OOMIHHMX peakIliii MOMiK MeTajoM 1 IUIAKOM, Yepe3 Te, M0 IJIaBUIIbHI
(rocH TPEACTaBISIOTh CUCTEMY CKJIQIHUX CHIIIKATIB 200 aJIlOMOCHIIIKATIB
1 HE MICTATh BUIBHUX METAJIB, SK PO3KUCIIIOBAYIB 0CAJKYIOYOT Jii.

Omioc AH-348A mae Oinbin kucioTHui xapakrep HiX AH - 20
(tabm. 2.1).

Tabmuns 2.1 - Ckiang  3BaproBabHUX — IUIABJICHUX  (IIIOCIB

I'OCT 9087-81), mac. %

daroc SiO,/MnO [CaO MgO Al,03|Na,O+ [CaF; |[Fe,03|< S |< P
K,O
AH-348A |41,0-|134,0- |6,5 |50 |45 |- 4,0- (20 10,15/|0,12
44,0 38,0 55
AH-20C |19,0-|0,5 3,0- [9,0- |27,0- |2,0-3,0|25,0-|1,0 ]0,08|0,05
24,0 9,0 (13,0|32,0 33,0

30UIbIICHHS] BMICTY B HAIUIABJICHOMY METalli MapraHilo Ta KpeMHilo
MpH aBTOMAaTUYHOMY 3BaprOBaHHI mijJ (Ir0COM BigOyBaeThCs 32 PAXyHOK
OOMIHHMX peakIliii MK nurakoM i MeranoMm. KoHIleHTpailis B Meraii Ta
IUIaIl 3B's13aHi MK COOOI0 MEBHOO 3AJICKHICTIO, 3T1THO 3aKOHY PO3MOALTY.
[Ipouec Moke OyTH BHpa)XXCHWH y3arabHEHOIO KOHCTAHTOIO PiBHOBArH.
PiBHOBaXkHa KOHIIGHTpAIIiSl MAPTaHIIIO:

[Mn] = K(MnO)/(FeO) (2.1)
Bmict Maprasimo B MeTalli  30UIBIIYETHCS 3 IMIIBUIICHHSIM

TeMIepaTypu, 3i 30UIbIIEHHAM KoHUeHTpamii MnO y mupiami Ta 3i
3MEHIIICHHSIM Yy IUIalli KoHmeHTpaiii FeO.
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Tepexia Maprauifio y MeTai 3aTpPUMYEThCS MTPH KUCIIHX IITaKax, 110
Mictate Hamuimok SiO,ab0 TiO, Tak sk MnO yreoproBatume 3 SiO,
MIIH] COIi:

(MnO) + (SIOy) = (MnSIO;) - Tedpoir (2.2
2(MnO) + (SIO,) = (MN,SIO,) - pomoHiT (2.3

Kucni mmaku 38's3ytore FEO Ta MOXyTh OyTH, Yy BiJHOLIEHHI J0
cTaji i IHIIUX CIUIaBiB, PO3KUCIIIOBAYAMHU:

uutak — 2(FeO) + (SiO,) = (Fe;SiO,)
1 - haenit (2.9)
meran — [FeQ]

Cknan ¢mrocy AH-348A cTBOpIOE CIPUATINBI YMOBHU TS TIEPEXOAY
Maprasifio B MeTall.

[pouec neryBaHHs KpeMHIEM iCTOTHO HE BiPi3HAETHCA BiJ MpoOLIECy
JieTyBaHHSl MapraHiieM. PiBHOBaKHHMI CTaH BH3HA4YaeThCs y3arajibHEHOIO
KOHCTaHTOIO PIBHOBArH:

[Si]Ks = [Si] (FeO)*/ (SiO2) = f(T) (2.5)
abo
[Si] = Kg (Si0,)/ (FeO)? (2.6)

Bmict kpemHit0 B Merani 30UIBIIYETHCA 3 IMIIBUIICHHSIM
TeMmneparypH, 3 ninBuineHHsIM BMicty SIO, Ha 3meHmenHs FeO y nurari.
KpemHiii mepexoanTs y HamIaBJIeHHI MeTall Kpalle 3 KHUCIHUX IUIaKiB uepes3
Te, 1m0 30uThimeHHs BMicTy CaO i MNO B OCHOBHUX IIIIaKax MPU3BOJIUTH
no yrBopeHHs crikux cuiikatiB (CaSiO; i MnSiOgz), mo 3HWKYIOTh
akTuBHicTh SIO,.

Poskucnenns Meraiy IBa MOJETIIYETbCS THM, IO B 3BapIOBAJIbHIN
30Hi BiIOyBa€ThCs pi3Ka 3MiHa TeMIepaTypH i TOMy, piBHOBara o00OpOTHHX
peakiil 3MilyeThcs y OiK yTBOPEHHS CHITIKATIB.

[Mpubnusnuii  po3monmin  TemmepaTypd TpU  aBTOMATHYHOMY
3BapIOBaHHi IiJ (III0OCOM TIOKa3aHO Ha pUCYHKY 2.1.
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1 - enexTpomHHil APIT; 2 — MOMArOYi POJMKH; 3 - KOHTAKT, IO KOB3a€; 4 - ¢uIroc;
5 — nmeranp; 6 — ra3oBWil myxup; 7 - pO3IUIABICHUN Meran; 8 — po3maBieHuN (HIroc;
9 - mos; 10 - mmakoBa Kipka

Pucynok 2.1 - Cxema mipoliecy 3BaproBaHHs i1 (irrocoM
ITpu Bucokux Temmnepatypax (=~ 2000° C) 31iliCHIOIOTBCS peaKiIii:

[MnO] + [Fe] = [Mn] + (FeO) (2.7)
(FeO gacTkoBoO iiae y 1uiaK),
(SIO,) + [Fe] =[Si] + (FeO) (2.8)
(FeO gacTkoBoO iiae y 1uiaK).
Ili peakmii BigOyBaroThCA HaA TOPI EIEKTPOJA, Yy Kparwisix
SIIEKTPOJIHOrO METAJTy 1 B MIEPEHINM YaCTHHI BaHHU.
Ilpu Ttemmeparypax, OMU3BKHMX /[0 TeMIIEpaTypH KpHCTali3allii,
nepediraroTh peakuii:
[Mn] + [FeO] = [MnO) + Fe (2.9)
[Si] + 2[FeQ] = (SIO,) + Fe (2.20)

MnO i SO, mepexomaTh y nuiak ab0 YTBOPIOIOTH MUIAKOBI
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BKPAIUICHHS CKJIAJIHOI CIIOJIYKH.

Taxum YHWHOM, 3aBAJKH KUCIUM NIUJIaKaM, IO 3B|§I3yIOTI) YaCTUHY
3aKUCY 3ajli3a y IUIaK, MapraHelb i KPEeMHIl He TUIbKH PO3KUCISIOTH
MeTal, aJle 1 4aCTKOBO HOro JIETYIOTb.

3 KOHTPOJIBHI BAIUTAHHA AJ51
CAMOIIEPEBIPKHM I KOHTPOJIIO
HNIATOTOBJEHOCTI CTYAEHTIB 10 POBOTH

Y TBOpeHH:I 30HU IJIaBJICHHS TPU lyTOBOMY 3BapIOBaHHI.

YMOBU yTBOpPEHHS LIBA.

Po3mipu 3BaproBalibHOT BaHHH.

TpuBamicte TiepeOyBaHHST MeTaldy 3BaplOBAIbHOI BaHHH Y
pizkomy craHi.

pPODPE

5. Temneparypa Meramy B 30HI [UIaBIEHHS @pPH IyrOBOMY
3BapIOBaHHI.

6. YacTku yd4acTi OCHOBHOTO 1 MpPHCaJHOTO METaly B YTBOPEHHI
1IBA.

7. BuxinHa KOHIIGHTpAIlisl €IEMEHTIB y 30HI IUIaBJICHHS Ta IX
aHaJIITHYHA KOHIIEHTPAIIid y HIBi.

8. MeranypriiiHa ponb i 3arajibHa KiIacudikamis QIrociB.

9. Peakuis KkpemHil0 TIpU 3BapIOBaHHI BYIJICHEBOI CTali TiX
¢rocomM.

10.Peakitis Maprasiro IpH 3BaprOBaHHI BYIJICNEBOI CTaml Iif
¢rocomM.

11.CninpHuid  mepeOir peakuiii KpeMHIl0O 1 MapraHmi Opu
3BapIOBaHHI BYTJICLIEBOT CTaI ITi]T (hITFOCOM.

12.KpemHe-MapraHieBifHOBHUH  TpolleC  MpH  3BaprOBaHHI
BYTJICIICBOI CTaJIi TTijT (DIIFOCOM.

13.Peakist Cipkyl IpH 3BapIOBaHHI BYTJICIIEBOT CTai il (IIOCOM.

14.Peaxuiss ¢ochopy mnpu 3BaprOBaHHI BYIJICNEBOI CTaml Iif
¢rocomM.

15.PanionanbHi KOMITO3HIIi1 ¢mrocis pu 3BaplOBaHHI
MaJIOBYTJICIIEBOT CTaJI.

16.®nrocu A7s 3BaprOBaHHS JIETOBaHUX CTaNEH.
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17. ®nrocu ass Ta30BOr0 3BapIOBAHHS MAJIOBYTJIELIEBOT CTalI.
18. ®nrocu ans 3BaprOBaHHS ATIOMIHIIO.

19. Ckunan ¢mrocy AH-348A (I'OCT 9087-81).

20. Cxnan darocy AH-20.

21. Cknan enexrposaroro apoty C-08 (TOCT 2246-70).

4 MATEPIAJIA, IHCTPYMEHT, IPUJIAIMU,
OBJATHAHHA

1. InactuHa 3 HU3BKOBYTIIENEeBOI cTami (Tadi. 4.1).

2. Crtunockor.

3. Cranesa 1miTka

4. 3paproBajibHa aBTOMAaTH4HA ToJioBka A-1416.

5. ®aroc AH-348A a6o AH-60.

6. dmoc AH-20.

7. Enexrpoanwuii npit CB-08 @ 3 mm (tadm. 4.1).

8. Jxepeno KUBJICHHS

Tabmuns 4.1 - XimiuHud  CKjiajJ  3BapIOBajbHUX  JPOTIB
(TOCT 2246-70) ta musbkoByraenesoi cram (JICTY 2651-2005), mac. %

N He Oinbie
HaiimenyBanHs C Mn S CrINi TS P 1AL
Cg-08 <0,1 |0,35-0,60| 0,03 |0,15/0,30/0,04|0,04|0,01
Cs - 08A <0,1 ]0,35-0,60| 0,03 |0,12|0,25/0,03|0,03|0,01
C 0,14-0,22| 0,40-0,65| 0,12- |0,30{0,30|0,05| 0,04 |0,06

tans BCt 3 cn 0.30

5 BKA3IBKH 3 TEXHIKHU BE3IIEKHA

1. Jlo nabGopaTopHUX POOIT JIOMYCKAIOTHCA CTYACHTH  ITICIS
THCTPYKTaXXy 3 OXOPOHH TMpaIli Ta MOKEKHOI OE3IeKH.

2. 3abopoHsETbCS BMHUKATH EICKTPUYHI MPHIaAWd Ta OOJaJHaHHS
0e3 103BOJTY 3aBiAy0Y0ro JJabopaTopiero abo BUKIIAqava.

3. V BUMaAKy BUSBICHHS HENONAIO0K OOJaJHAHHSA CTYACHT MYCHTh
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HEraifHO MOBIJIOMHUTH BHKJIaJlaua a0do0 3aBigyr0doro jgadopaTopiero.

4. 'V Bumajaky BUHUKHEHHS MOXeXi a00 Ypa)KeHHS eNCKTPUUIHUM
CTPYMOM CTYJCHTH IOBWHHI JiATH Yy BIUIMOBIAHOCTI i3 3aTBEpXKESHUMHU
THCTPYKIISIMH 3 OXOPOHH Tpalli Ta MOXKEKHOT 0e3MeKH.

6 MOPAJOK MPOBEJIEHHS JABOPATOPHOI
POBOTH

1. BuBYHMTH KOHCTPYKLiIO i MPHHIMUN Jii aBTOMAaTH4YHOI T'OJOBKH.
[Tix kepiBHUILITBOM BHKJIagaya MPOBECTH MPOOHE HATJIABIICHHS.

2. TlpoBectn HaruiaBiieHHsS Baiumka 3aBnoBxkku 40..50 mMm Ha
miactuny min (aocom AH-348A 1 oumctuTH 1 Big UUIAKy ICHS
OXOJIO/IKEHHsI, 3aTaBpyBaTH. BimpizaTn 4acTUHY eNeKTPOTHOTrO IpOTy i3
3aCTHUIIION0 Kparuielo Ha KiHIi. O0epeXHO OUUCTUTH KPAIUTIO Bijl LIJIaKYy.

3. Tosroputu aocnix HamnasieHnas mig ¢iarocom AH-20.

4. JlocmiauTy 3a JIOTIOMOTOI0 CIIEKTPajIbHOTO aHaji3y, JITyBaHHS
HAIJIaBKM MapraHieM, [pH 3BapioBaHHI IMiJ Pi3HOMaHITHHUMH (IIOcamu
HACTYITHUX MaTepiaiiB:

1) ocHOBHHUII MeTaT;

2) eneKTpOoAHUIL IPIT;

3)Kparuts po3IIaBIeHOr0 METAy Ha TOPIli eTeKTPOAHOTO APOTY
npu 3BaproBanHi mif giocom AH-348A;

4) te came nipu 3BaproBanHi 1 ¢arocom AH-20;

5) meran, HartaBneHuit min gparocom AH-348A;

6) mera, HaruaBieHui mix drocom AH-20.

3anectu g0 3BiTy 3a ¢opmoro Tabmuii 6.1 pesynabratu
CHEKTPAJIBHOIO aHAJII3y Ta MOJATH MOSICHEHHS yCiM 3MiHAM CKJIaJy Kparuti
1 MeTany IBa.
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Tabmuns 6.1 - PesynbraTi CEKTPaJbHOTO aHAII3Y

Ne | HocnimxyBaHuii 00'eKT

BwMicT Mapranmro npu HaruiaBJIeHHi, Mac.
gact. % i ¢irocoM

AH-348A

AH-20

Kparus Ha TopIi
eIEKTPOIHOI O JPOTY

Enextponnuii npit Ce-08A

[Tnactuna 31 crani B Cr.3

albhlw| =

Hannasnenuii Mmeran

7 3MICT 3BITY

1. Tema Ta MeTa poOOTH.

2. KopoTki BiIOMOCTi Mpo Mpolec JIEryBaHHsS MeTaly IIBa MpH

aBTOMAaTHYHOMY 3BapIOBaHHi i (QIrocoMm.
3. Onuc gocaiais.
4. JleranpHUi aHATI3 OTPUMAaHUX PE3yIbTATIB.
5. 3anoBHeHa Tab. 6.1.
6. BucHoOBKY 110 pOOOTI.
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