MIHICTEPCTBO OCBITH I HAYKH YKPAITHHU
3anopi3bKkuii HANIOHAJBLHUN TeXHiYHUN yHiBepcHuTeT

METOJANYHI BKA3IBKH
1o tabopaTtopHoi podoTu Ne 1
3 uctruTiay «OCHOBHU Teopii HanIaBIeHHsD TS CTY/ICHTIB OCBITHBOT
nporpamMu «BiHOBJICHHS Ta MiBUIICHHS 3HOCOCTIMKOCTI JAeTaneH i
KOHCTPYKIIi#» 5151 BCIX ()OpM HABYAHHST

2016
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MeronuuHi BKa3iBKu 70 jabopatopHoi podotu Ne 1 3 aucuuruiiHu
“OcHoBH Teopil HaruIaBiIeHHS” [UIS CTYACHTIB OCBITHBOI MpOrpaMu
«BiTHOBNIEHHA Ta MiIBUIIEHHS 3HOCOCTIHKOCTI JeTalied i KOHCTPYKIIiH»
st Beix ¢opm HaBuanusa /Y. O.€. Kanycrsn — 3anopiioks: 3HTY,
2016.-10c.

Yxnanau: O.€. Kanyctas, cT. BUKiagad

Pentenzent: M.IO. Ocinos, kaHJ. TeXH. HAYK, JOICHT
Penaxtop: I.I1. ABepuenko

Bimmosinaneawii 3a Bumyck: O.€. Karyctsa

3aTBEpIKEHO
Ha 3aciganni kadenpu OT3B
IIporokon Ne 8 Bix 1.06.2016

3aTBepIKEHO
Ha 3aciganai HMK [d®d
ITporoxon Ne 10 Bix 21.06.2016
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JOCJIIIAKEHHA 3MIHU CKJIALY METAJIY HIBA
IIPU EJEKTPOAYI'OBOMY 3BAPIOBAHHI

1 META POBOTH

BuBueHHs MeTanyprifiHuX OCOOJIMBOCTEH TEPEeXOoJy MapraHIio B
HaTUIaBJICHU MeTajl MpH 3BapioBaHHI eleKkTpojaMu Oe3 MOKPHUTTS, i3
KpEeHISTHIUM TIOKPHUTTSIM 1 €IEKTPOIaMH 3 TOKPUTTAM PYTHUIIOBOTO THITY.

2 3ATAJIBHI BIJOMOCTI

Cxema mporiecy 3BaplOBaHHS MOKPHUTHM EIEKTPOAOM IMOSCHIOETHCS
pucyakom 2.1.

1 - crepikeHb; 2 - IOKPUTTS; 3 - TA30IUIAKOBHN 3aXUCT; 4 - MeTal 3BapIOBAIBHOL
BaHHU; 5 - BAIMK HAIIaBIEHOr0 MeTaly; 6 - IIakoBa Kipka.

Pucynok 2.1 - 3BaproBaHHs IOKPUTUM €IEKTPOIOM

v nporeci PYYHOTO ENIEKTPOIyTOBOTO 3BapIOBAHHS
HU3BKOBYTJICIIEBOI CTali BiOYBa€Tbcs OKHMCIEHHS MeTaly Npuh HOro
B3a€EMOIi 3 HABKOJMINHIM  cepefoBuiieM. OKHCIIOBaHHS  MOXE
BiOyBaTHCS 32 TAKOKO PEAKLIEIO:

2[Fe] + O, — 2[FeO] (2.1)

3akuc 3aimiza, pPO3YMHEHHH B PIIKOMY MeETali, OKHUCIIOBATUME
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KOMITOHEHTH CTalli: KpeMHil, MapraHenp i ByTJIelb.

[Si] + 2FeO —2Fe+ SIO,, (2.2
[Mn] + FeO — Fe+ MnO, (2.3)
[C] + FeO — Fe+[CQ]? (2.9

3MEHILIEHHST HasBHOCTI B CTali KPEMHil0, MapraHmio 1 BYIJIELIO
3HMKYE MEXaHiYHI BJIACTHBOCTI HAIUIABJICHOI'O METally Ta CBiAYUTH IMPO
OKHCJIEHHS METaJly I1IBa, IIle OiTBII MOTiPIIYIOUH IIi BIACTHBOCTI.

Jlis ofiep)KaHHs HAIUIABJICHOTO METaly, PIBHOMIIIHOTO 3 OCHOBHHM,
3aCTOCOBYIOTBCSl SIKiCHI €JIeKTpOAM, BUTOTOBIEHI 3 Apory CB-08, C-08A
(tabm. 2.1) i cremianbHUX MOKPHUTH, KOMIIOHEHTH SKHX BHKOHYIOTh TaKi

GyHKIIT:
Tabmunss 2.1 - XimiuHuWH  CKjiIaJ  3BapOBajbHUX  JPOTIB
(TOCT 2246-70) ta musbkoByraenesoi cram (JICTY 2651-2005), mac. %
HaiimenyBanHs C Mn - He §1n1>1ue
Si Cr| Ni| S P | Al
Cs-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
0,14-0,22| 0,40-0,65| 0,12- {0,30(0,30{0,05| 0,04 {0,06
Crans BCt 3cnn 0,30

2.1 Tonizyroui kommonentn (CaCOj, K>CO3 Ta iH.) MaroTh i0HH 3
MaJIM MOTEHIIIaJIoM 10Hi3alii i cTabiNi3yroTh AyTOBHHA PO3PSI.

2.2 llInakoyTBOPIOIOYi KOMIOHEHTH YTBOPIOIOTH MiJl 4ac MJIaBJICHHS
olaKk 1 THAM CaMHM  i30JIOFOTh  MeTaj BiJ UWIKiUIMBOTO BILIMBY
HABKONMUIIHBOI aTMmocepu. Kpim Toro, BOHM BCTymamoTh B OOMiHHI
peaKIlii, peryJioruu CKiIal METaly y 3BaproBaJibHINA BaHHI.

[I1ak0yTBOPIOIOYMMH KOMIIOHEHTAMH €:

IMOJILOBUH IIIIAT - K,0-Al,05-6S10,
Kpeiaa, MapMyp - CaCOg
IUTABUKOBHIA IITTIAT - CaF,

IiCOK - S0,

reMaTUuT - FeO;
Maprasiiesa pyaa - MO,

TUTaHOBUI KOHIleHTpaT - FEO-TiO,
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pyTHI - TiO,
Ta 1HIIII.

[Iporec OOMIHHMX peakiliii MK [UIAKOM 1 METajioM MOXe OyTu
BUPQOKEHUH  y3aralibHEHOIO  KOHCTAHTOK  piBHOBard  (HAmpUKIAL,
MapraHifio), BPaxOBYIOYH, 10 KOHIIEHTpAIlisl B MeTaji Ta IUIali 3B'A3aHi
MK cO0O0I0 3T1THO 3aKOHY PO3IOILTY HACTYITHUM CIiBBIIHOLIEHHSIM:

Kwun = [MnN](FeO)/(MnO) = f(T) (2.5
abo
[Mn] = Ky (MNO) / (FeO) (2.6)

3BiJIcCM BHIUIMBAE, M0 BMICT MAapraHIl0 y HAIUIABJICHOMY MeTai
3aJIOKUTH BiJl TEMIIEpaTypH 1 KOHIIGHTpAIlli y IUIalli OKHCIB 3aii3a Ta
Maprasilio.

TakuMm YHHOM B METaJT MOXE NEPEXOTUTH 1 KPEMHiM.

2.3 T'azoyTBOpIOIOYI KOMIOHEHTH - Kpeiaa, MapMmyp, KpOXMaib,
JeKCTPUH Ta 1H. OpraHiuHi PEYOBHHH, MpPU CBOEMY pO3KJIalaHHi abo
OKHCJICHHI y TIpoIleci 3BaprOBaHHs, BUIUISIOTH BEIIMKY KUIBKICTh Ta3iB
(romoBHUM ynHOM COy) 1 BUTICHSIIOTH TOBITpPS i3 30HH 3BapPIOBAHHSI.

2.4 Jleryto4i Ta pO3KHCIIOIOYi KOMIIOHEHTH TPEACTAaBIAIOTH COO0I0
¢depocyiaBy @00 YUCTI MeTald, SKI MMiJ Yac IUIABJICHHS TOKPUTTS
PO3UYMHSIOTHCS B MeTaji 1mBa a0 BiJIHOBIIOIOTH OKHCH, BiAIrpalo4ud poib
PO3KHUCITIOBAYIB.

Hanpukman, xpemHid i3  Qepocuminito, pO3YHHSIOYHCH B
SIIEKTPOJTHOMY MaTepiajii pO3KUCITIOE HOro:

[Si] + 2[Fe0] <> 2Fe+ (SIOy) 2.7)

KpewmHiii i3 ¢epocuminis, TOTpAIUIAIOYH Y IIUTAK, BiJHOBIIOE 3aJi30
13 3aKUCY 3aJTi3a Ta MapraHelb i3 3aKHCy MapraHiio:

[Si] + 2[MnO] < 2[Mn] + (SiO,) (2.8

2.5 3B's3yBasbHI KOMIIOHEHTH - SK TMPaBWIO, 1€ PIIKEe CKIIO
(NaO-SiO,), sixe npu 3BaprOBaHHI IEPEXOIUTD Y IILIAK.
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Takum 4MHOM, MIPH 3BapIOBaHHI SKICHUMH €JIEKTPOJaMH MeTa IIBa
MiATa€ThCS PO3KHCICHHIO Ta JIETYBAaHHIO 1 3BapHe 3'¢lHaHHS HaOyBae
MOTPIOHUX MEXaHIYHUX BIACTUBOCTEH.

3 MATEPIAJIU, IHCTPYMEHT, IPUJIA/INA,
OBJATHAHHA

3.1TlnacTuHa 3 HU3BKOBYTJICIEBOT cTai (Tadu. 2.1).

3.2 Crunockor.
3.3Tloct py4HOTr0 AYroBOIr'0 3BapIOBAHHS.
3.4 Enextpoau AHO-4 i 3 kpeiinsaaum nmokpurtsam (tadm. 3.1).
3.5 «I"omi» enexrpoau (6e3 mokpurts) (tadm. 2.1).
3.6 CrasneBa miiTka
3.7 Cknaj eneKTpoJHUX TOKPUTTIB, Mac. %o
Tab6muns 3.1 - Cxiaja enekTpoAHUX OKPUTTIB, Mac. %

Enextp HaiimenyBanHs
oau CaCO;3|TiO, |Cnro|CaF,|Ma |FeMn |FeSi |FeTi |uemo |Fe
na THE J03a  |MOpOII
3UT OK
AHO-4 |- 44 |24 |- 15 |15 - 2 15-20
YOHU |53 - - 18 |- |2 3 |15 |- -
13/45

4 TIOPAOK MPOBEJJEHHA JABOPATOPHOI
POBOTH

4.1 3poOuTy poOHE HATUIABIICHHS ITi]] KEPIBHUIITBOM BUKJIa1a4a.

4.2. 3pobuTn HaruiaBiieHHs 3-X BaiuKiB 3aBAoBxkKku 1o 40-50 MM Ha
TUTACTHHY TPhOMa BUAAMU eNeKTpoiB. [l03HAUYNTH TaBpOM KOXXHHI BaJIvK,
o6 Hazjam ix He cruryTaTH. [IoBepXHIO OUMCTUTH Bill IILTAKY.

4.3 JlocniauTy 3MIiHM CKJIaJy METaJy METOJIOM CIEKTPaIbHOro
3-X BHUKOpPHUCTaHUX
enektpomi (25-30 MM) 3 KparuisMd ¥ BH3HAYMTH HA CTHJIOCKOITI BMICT

aHamizy. s dboro BimpyOaT 3yOMIIOM KiHII
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MapraHI[i0 B TAKMX MaTepiaiax:

a) OCHOBHOMY MeTaJli;

0) HarIaBIi;

B) y KpaIuli Ha KiHIli eJICKTPOLY.

r) 03 MOKPHTTS;

1) 3 KPEHASHUM TIOKPUTTSIM;

Pesynbratn ananizy nomatu 3a opmoro tadi. 4.1.

Tabmuns 4.1 - PesynbraTi CEKTPaJIbHOTO aHAII3Y
Bwmict mMapraHIfio npu HariaBiIeHHI, Mac.

yact. %
Hamnnasnenuit Kpamns Ha Topi
MeTal ENEKTPOLY

Ne | HocnimxyBaHuit 00'eKT

Enexrpon;
- 0e3 IOKpHTTS
- 3 nokpurtsim AHO-4
- 3 KpEUIHUM IOKPUTTSM
Enextponnuii crepxeHb
[Tnactuna 3i crami

AW

5 3MICT 3BITY

Omnwmc mociifiB Ta aHajii3 pe3ynbTaTiB, sKi XapaKTepH3YyIOTh 3MiHH
CKJIaJly METally Kpaiuli Ta IIBa y TOPIBHSHHI 3 EICKTPOIHUM JPOTOM 1
OCHOBHHMM METaJIOM.

6 KOHTPOJIBHI 3AIIMTAHHSA

6.1 MakcumanbHa poOoTa [K Mipa XIMIYHOI CHOpPiTHEHOCTI
€JIEMEHTIB.

6.2 3aKkoH iFOUMX Mac JUIsi TOMOT@HHUX CHCTEM.

6.3 TepmonnHamMiuHi yMOBH piBHOBAarH.

6.4 3aKkoH [if0UMX Mac JUI TeTePOreHHUX CHCTEM.

6.5 «JI0Bri» Ta «KOPOTKI>» IIUIAKH.
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6.6 YTBOpEHHS OKHCIB ITPH 3BapIOBaHHI.

6.7 B's3kicTh piAKHX Ti. 3alIeKHICTh B'I3KOCTI Bijl TeMIIepaTypH.

6.8 [IpyxHicTh AucoLianii OKHCIB K Mipa XiMI4HOT CHOPiITHEHOCTI
€JIEMEHTIB JI0 KUCHIO.

6.9 3akoH po3MoOALTY PEUYOBHH Y HE 3MIITYBaHUX PO3UNHAX.

6.10 PozramyBaTu eneMEeHTH PO3KHCIIOBAa4Ya B Psj 3a CTyMEHEM
XiMigHOI criopiaHeHocti 10 kucHio (mpu t = 2000° C).

6.11 3MiHM CTyNeHIO XIMi4HOI CHOPIIHEHOCTI eNeMEHTIB Yy
3aJIeXHOCTI BiJl TEMITEPaTypH.

6.12 TIlpyxHicTh aucoIliallii KOMITOHEHTIB, SKi 3HaXOIAThCH Y
PO3UMHI.

6.13 OkucieHHsI eIEeMEHTIB, M0 3HAXOIAThCSA y PO3UMHI Y BHUMAJKY,
KOJTM 1X OKMCH HE PO3YMHHI Hi B MeTaJli, Hi y HIIalli.

6.14 OkucieHHsI €IEeMEHTIB, SIKi 3HAXOJAThCS Y PO3UMHI Y BUMAJKY,
KOJTM 1X OKMCH PO3YHMHHI Y IIlTalli, ajie He PO3YMHHI B MeTalli.

6.15 Cruag enextponis AHO-4.

6.16 Cxuag enextponaHoro apoty Cs-08A.

6.17 Knacudikariist e71eKTpOoIiB 3arajJbHOr0 MpU3HAYCHHS.

6.18 Meranypriiini mpolecH TpWU 3BapIOBaHHI  EIEKTPOJAMH
PYAHOKHCIIOTO THITY.

6.19 3axwucHa Ta Jierytoda Jist e1eKTPOAHUX MOKPUTTIB.

6.20 Knacudikaiiss KOMIIOHEHTIB, $Ki  3aCTOCOBYIOTH  JJisi
ENEeKTPOTHIX TTOKPHUTTIB.

7 BKA3IBKH 3 TEXHIKH BE3IIEKH

7.1 o nabopaTopHHX pOOIT IOMYCKAIOTHCS CTYACHTH IMICIs
THCTPYKTaKy 3 OXOPOHH Tpalli Ta MOXKEeXHOT Oe3MeKH.

7.2 3a00pOHSEThCS BMUKATH EICKTPUYHI MPHIAAd Ta OOJaJHaHHS
0e3 103BOJTY 3aBiAy0Y0ro JJabopaTopiero abo BUKIIAaava.

7.3 YV BuNajKy BUSBJICHHS HEMONAIOK OOJaJHAHHS CTYJICHT
MOBUHEH  HEraifHO  TOBIJOMUTH  BHKJIagadya a0o  3aBigylo4yoro
naboparopiero.

7.4 Y BumnaaKky BUHUKHEHHS TOXEXi a00 MOpa3K eleKTPHYHUM
CTPYMOM CTYJCHTH TIOBHUHHI JISTH Y BIANOBIJHOCTI 3 3aTBEPIKCHUMHU
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IHCTPYKLISIMH 3 OXOPOHI IIparil Ta II HOI O€3IIeKH.
y 1 mpatti Ta MoXkexHoi 6e3nex

JITEPATYPA
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