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HMuceprarniitna poOoTa TMpUCBSYEHA JIOCIIIKEHHIO OCOOJMBOCTEH  Ta
3aKOHOMIPHOCTEH €JEKTPOILJIAKOBOI TUTEIbHOI TUIABKM HEOPUKETOBAHOI CTaJIeBOi
CTPYXKH, po3poOii e(OEeKTUBHOI TEXHOJIOTI MEepepOOKH CTPYKKH HKAPOMILHHUX
CIUIaBIB 1 HEPXAaBIIOUOi CTaJli Ta JOCIIDKEHHIO SKOCTI OTPUMAHUX 3JIUTKIB 13
BIJIXO/[IB METAITy.

Ha ocHOBI aHamidy pi3HUX BUIIB EJIEKTPOLUIAKOBOI MEpEepOoOKH MeETajaeBol
CTPYXKKA BH3HAYEHO, IO HAMKpaIlll TEXHIKO-€KOHOMIYHI MOKa3HUKH Ma€ CIIbHA
IUTaBKa HEOPUKETOBAHOI CTPYXKKU Ta BUTPATHOTO €JEKTPOAY 3 KYCKOBOTO OpyXTy B
SJICKTPOIUTIAKOBIN TUTeIbHIN Tiedi. Bu3HaueHo onTrMalbHI TE€OMETPUYHI MapaMeTpu
CJICKTPOIUTAKOBOT TUTEIBHOI TJIABKM CTPYKKHM Ta BHUKOHAHO aHai3 MOBEHAIHKU
TUTAHy Ta QIIOMIHIIO TPHU EJEKTPOIUIAKOBIM IUIaBIl >KapOMILHUX CIUIaBIB Ta
HEpKaBitouoi crTaimi 3 BUKOpHCTaHHsAM 1wuiaky AH-295. Po3pobieHo ocHOBH
TEXHOJIOT1i esiekTponuiakoBoi ThurenbHoi wiaBku (ELLITIT) neOpukeToBaHOi CTPYKKH.
[loka3zaHo BHCOKY SKICTh METally, IO OTPUMYETHCS TPU EJICKTPOILIAKOBIN
nepepoOIli CTPYKKU KAPOMIITHUX CIIJIaBIB Ta HEPKABIIOUOI CTaTI.

VY mepuiomy po3aini BiA3HAYEHO BAXJIMBICTh PELMKIIIHTY CTaJ€BOI CTPYKKH,
0COOJIMBO BHCOKOJIETOBaHOI, €HEPro- Ta pecypco30epexeHHsl, a TaKOXK 3MEHIICHHS
3a0pyIHEHHSI HABKOJIMIIIHBOTO CEepeoBHUIAa. BUKOHAHO aHalli3 ICHYIOUMX TEXHOJIOT1i
nepepoOKr MeTaneBUX BIJIXOMAIB 1 MOKa3aHl MPOOJEeMHU IUJIABKU CTAbHOI CTPYKKH B
TPaAUIIIHHUX €IEKTPOIYTOBUX Ta IHAYKIIMHUX TMe4YaX, y TOMY YHCI HEOOXITHICThH
OpuKeTyBaHHS CTPY)KKH, 3HAUHUI BUTAp METATy Ta OKUCIICHHS JIETYIOUUX €JIEMEHTIB.
HaBeneno mpukiagu 3acTOCYBaHHS €JIEKTPOIUIAKOBUX TEXHOJIOTIH ISl TepepoOKu

CTaJIEBOI CTPY)KKH y OpHUKETOBaHOMY Ta HEOPHKETOBAaHOMY BHIVISII, MOKa3aHO
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nepeBar Ta MEpPCIEeKTUBHICTh TAaKOro BUIY IUIABKU JUIsl PEUUKIIHTY CTPYXKKH
BHCOKOJIETOBAHUX CTaJieH Ta CIJIaBiB.

VY npyroMmy po3aini oOrpyHTOBAHO BHOIp BUXIIHMX METalIB Ta IUIAKIB IS
NPOBEACHHS JOCIIPKEHb 3 EJNEKTPOILIAKOBOI MepepoOKH CTPYKKH, HaBEIEHO iX
XapaKTEPUCTUKU Ta XIMIYHUN CKJIAJ, @HO OIKMC BHKOPUCTAHOTO OOJagHAHHS, Ta
HABEJICHO METOIUKH MPOBEJCHHS €KCIIEPUMEHTIB.

Y TpeTbOMy pO3AUTI HABEACHO pPE3YJIbTAaTH EKCIEPUMEHTIB 3 IMepepoOKu
OpUKeTOBaHOI Ta HEOPUKETOBAHOI CTPY>KKH PI3HUMHU METOJAMU — €JIEKTPOIILIIAKOBOIO
maskoro (EILIT), ingykuiiiHoro TurensHoro mnaskoro (ITIT) ta EILTIL. ITokasaHo,
10 HaliMEeHII MUToMi BUTpaTu enekrpoeneprii 0,55-0,65 kBt ron/kr ta HaiiblabIia
npoaykTuBHICTE mporiecy 130-160 kr/rog Oymm Tpu  COUTBHIN  TUIaBII
HEOpUKETOBAHOI CTPY)KKHM Ta BHUTPATHOIO €JEKTPOAY 3 KYCKOBOIO OpyXTy B
CJICKTPOIIAKOBIM THUTENbHIA medl eMHicTio 120 kr. BukoHaHO AOCHIPKEHHS 3
BU3HAYECHHS BAXIMBOrO il po3poOku texHonorii ELTII nmapamerpa — BIUUMBY
BIJIHOIICHHS JiaMeTpa eNeKTPo/a, 10 MePeryIaBiIseThCs, 10 MlaMeTPy IUIABHIBHOTO
MIPOCTOPY Ha KUIBKICTh MEPEIIaBIIOBAHOI CTPYKKH 1 BCTAHOBJICHO, 1110 MaKCHUMajlbHa
KUIBKICTh CTPYKKH TIEPEpOOJISIETbCSI TIPU  CTYIEHI 3allOBHEHHS TUIABHJIBHOTO
npocropy Bix 0,45 no 0,6. Ilokazano, mo npu EIITII BHacHiIOK TUIaBKU CTPYKKH Y
mrapi noraky 6e3 KOHTakTy 3 atMocheporo BTpaTH Ha BHTap CTaHOBIATH 2,0-2,5 %
TOJJIOBHUM YHHOM 3a paxyHOK BHUTOPSHHS CTOPOHHIX JIOMIIIOK Ta 3aJMIIKIB
3Ma3yBaJIbHO-0XO0JIOXKYBAJIbHOT P1ANHHU.

VY yeTBepTOMY pO3/1JIi BAKOHAHO TEPMOJUHAMIYHUAN aHAJ13 MOBEIIHKNA TUTAHY
IpU eJEKTPOILIAKOBIHN MJIABLI CTaIEBOT CTPYKKHU 3 BUKOpUCTaHHAM Itaky AH-295.
[Tokazano, mo mpu Temmeparypi 1600 °C 3 po3paxyHKy pIBHOBaKHUW CTaH IO
TUTany, npu koHmneHTpaiii B ctani 12X18H10T 0,8 % Ti, nHactae npu BMICTI B nutaii
AH-295 6mu3bko 5 % TiO,. ExkcnepuMeHTanbHO BuU3HadyeHO, 110 B ymoBax EIIITII
cram 12X18HI10T 3 BukopuctanusMm nuiaky AH-295 nns 30epexeHHS BMICTY B
meTaii 0,7-0,8 % Ti HeoOxigHo BBoauTH B 1iak 8 % TiO,. Bu3naueHo, 1mo nuroma

esniekTporpoBiaHicTy nutaky AH-295 3 po6aBkamu 8 % TiO, nmpu 1600 °C €



HaWOJIMKYOK 70 MUTOMOI eJIeKTporpoBiaHOCTI nutaky AH®-6, npu nmopiBHSHHI 31
HUTaKaMH, SIK1 IUPOKO 3acTocoByeThes mpu ELLIT.

Y m’aroMy po3aial HaBEIEHO pe3yibTaTH IepepoOKH 3a Po3po0JICHOIO
TEXHOJIOTIEI0 B €JIEKTPOIIAKOBIA TUTENbHIN eyl eMHICTIO 120 KT HeOpuKeTOBaHOT
CTPY’KKHU >KapOMIITHUX CIUTaBiB Ha Hikelnesid ocHoBl E1602 ta EI4376 1 HepxaBiro4oi
ctami 12X18HI10T. ITpu mnaBmi ctpyxku craBy EI602 3acTtocoByBaBes mutak AH-
295, craBy EI437B, 3 MeTor0 BHMKIIOUEHHS BTpaT 13 METaly TUTaHy, B IIJIaK
nogaBaiock 3 % TiO,, a Hepkasirouoi ctaim — 8 % TiO,. IlokazaHo, 1m0 XiMIYHHI
CKJIaJ] BUIUIABJICHUX CIUIaBIB Ta CTaji, B TOMY 4YHCJIl 3a BMICTOM THUTaHy Ta
IIOMIHIIO, BIJMOBIJAIOTH BUMOTaM TEXHIYHMX YMOB Ha JaHI MapKud MeTamy.
Buxonani Ha 3aBoji «3opsi»-«Mammpoekt» MeTrajgorpadiydi JOCTIKEHHS Ta
BUNPOOYBAHHS MEXaHIYHMX BJIACTHUBOCTEM MOKA3aJd BUCOKY SKICTh apOMILIHUX
HIKEJIEBUX CIUIABIB, OTPUMAHUX EJEKTPOILLJIAKOBOIO THUIEIbHOK IUIABKOK 31
CTPYXKHU. 3 OTpUMAaHOTO Mpu TuiaBii cTpyxku ctam 12X18HI10T merany orpumano
JOCJTITHO-TIPOMHUCIIOBY TMAPTII0 JIMTUX 3arOTOBOK Y BHUIJISAI TOBCTOCTIHHUX ILIUT
po3mipom 360x400x65...100 MM, 3 SKUX BUTOTOBJICHO HOXI JJISL 3HSATTS Tpata MpH
KOHTaKTHO-CTUKOBOMY 3BapIOBaHHI PEHOK peWKO3BapIOBAIIBHUMHU MamnHamMu K922,
K930 ta K950. HocmikeHHsT sIKOCTI HEp KaBir0YOl CTalll MOKa3ajao, M0 MeTall MpH
CJICKTPOIUTAKOBINA TUTENbHINA TUIAaBIl padiHyeTbCs B CIPKH, Ta3iB 1 HEMETATIYHUX
JIOMIIIOK, 3a XIMIYHHM CKJIQJIOM 1 MEXaHIYHUMHU BJIACTUBOCTSIMH ITOBHICTIO
BIJIMOBIa€ BUMOTaM, II10 JI0 HbOTO MPeJ IBIISTIOTHCS.

Bukonani MOCHIDKEHHST JO3BOJIIIA PO3POOUTH €(PEKTUBHY TEXHOJIOTIIO
nepepoOKH CTPYKKH IKAPOMIIHUX CIJIaBIB Ta HEPXkKaBilOyoi CTajali METOI0M
CJICKTPOIUTIAKOBOT TUTENBHOI TUIABKU, SIKA € €KOHOMIYHO JOIIJIBHOIO 1 JO3BOJISE
OTPUMYBATH SKICHUH MeTas MPUAATHUH JJI1 BHKOPUCTAHHS 3a TIPU3HAYCHHSIM.

Kntouosi cnosa: cTpykka, pEeHUKIIHT, €JIEKTPOIUIAKOBA IJIaBKa, *KapOMII[HI
CIUTaBH, HEp)KaBiloya CTallb, TUTaH, TEPMOJIIHAMWUYHA piBHOBara padiHyBaHHS,

XIMIYHHUH CKJIaJl, MEXaHIYHI BJIACTUBOCTI.



ABSTRACT

Veretilnyk O.V. Recycling of non-briquetted chips of heat-resistant alloys
and stainless steel by electroslag crucible melting method - Qualification
scientific work in the form of a manuscript.

Dissertation for the degree of Doctor of Philosophy in the specialty 136
“Metallurgy” (13 — Mechanical Engineering) — E.O. Paton Institute of Electric
Welding of the National Academy of Sciences of Ukraine, Kyiv, 2025.

The dissertation is devoted to the study of the features and regularities of
electroslag crucible melting of non-briquetted steel shavings, the development of an
effective technology for processing shavings of heat-resistant alloys and stainless
steel, and the study of the quality of the ingots obtained from metal waste.

Based on the analysis of various types of electroslag metal shavings
processing, it was determined that the best technical and economic indicators are
achieved by the joint melting of non-briquetted shavings and a consumable electrode
from lump scrap in an electroslag crucible furnace. The optimal geometric parameters
of electroslag crucible melting of shavings were determined and the behavior of
titanium and aluminum during electroslag melting of heat-resistant alloys and
stainless steel using AN-295 slag was analyzed. The basics of the technology of
electroslag crucible melting (ESCM) of non-briquetted shavings were developed. The
high quality of the metal obtained during electroslag processing of heat-resistant
alloys and stainless steel shavings was shown.

The first section notes the importance of recycling steel shavings, especially
high-alloyed ones, energy and resource saving, as well as reducing environmental
pollution. An analysis of existing technologies for processing metal waste was
performed and the problems of melting steel shavings in traditional electric arc and
induction furnaces were shown, including the need for briquetting shavings,
significant burnout of metal, and oxidation of alloying elements. Examples of
electroslag technologies usage for processing steel shavings in briquetted and non-
briquetted form were given, and the advantages and prospects of this type of melting
for recycling shavings of high-alloy steels and alloys were shown.



The second section provides data on the methodology for conducting
experiments and research on electroslag processing of shavings, on a description of
the equipment used, the content and characteristics of the steels, alloys and slags
used.

The third section provides the results of experiments on the processing of
briquetted and non-briquetted shavings by various methods - ESM, ICM, and ESCM.
It is shown that the lowest specific electricity consumption of 0.55-0.65 kWh/kg and
the highest process productivity of 130-160 kg/h were obtained with the joint melting
of non-briquetted shavings and a consumable electrode from lump scrap in an
electroslag crucible furnace with a capacity of 120 kg. A study was carried out to
determine the parameter important for the development of ESCM technology - the
influence of the ratio of the electrode being remelted diameter to the diameter of the
melting space on the amount of remelted shavings and it was established that the
maximum amount of shavings is processed at a degree of filling of the melting space
from 0.45 to 0.6. It is shown that in ESCM, due to the melting of shavings in a slag
layer without contact with the atmosphere, the losses on burnout are 2.0-2.5 %,
mainly due to the burnout of foreign impurities and residues of the lubricating and
cooling fluid.

In the fourth section, a thermodynamic analysis of the titanium behavior during
electroslag melting of steel shavings using AN-295 slag was performed. It was shown
that at a temperature of 1600 °C, the equilibrium state for titanium, with a
concentration of 0.8 % Ti in steel 18Cr10NiTi, occurs when the content of about 5%
TiO, in the AN-295 slag. It was experimentally determined that in conditions of
ESCM of steel 18Cr10NiTi using AN-295 slag, in order to maintain the content of
0.7-0.8 % Ti in the metal, it is necessary to introduce 8% TiO, into the slag. It was
determined that the specific electrical conductivity of AN-295 slag with additives of
8 % TiO, at 1600 °C is close to the specific electrical conductivity of ANF-6 slag,
which is widely used in ESM.

The fifth section presents the results of processing using the developed
technology in an electroslag crucible furnace with a capacity of 120 kg of non-
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briquetted shavings of heat-resistant alloys on a nickel base EI602 and EI437B and
stainless steel 18Cr10NiTi. When melting shavings of alloy EI1602, slag AN-295 was
used, for alloy EI437B, in order to eliminate losses of titanium from metal, 3 % TiO,
was added to the slag, and for stainless steel — 8 % TiO,. It was shown that the
chemical composition of the melted alloys and steel, including the content of titanium
and aluminum, meet the requirements of the technical conditions for these metal
grades. Metallographic studies and tests of mechanical properties performed at the
"Zorya-Mashproekt” plant showed the high quality of heat-resistant nickel alloys
obtained by electroslag crucible melting from shavings. From the metal obtained by
melting 18Cr10NiTi steel shavings, a pilot-industrial batch of cast billets in the form
of thick-walled plates measuring 360x400x65...100 mm was obtained, from which
knives were made for removing burrs during resistance butt welding of rails using rail
welding machines K922, K930 and K950.

The study of the quality of stainless steel showed that the metal is refined from
sulfur, gases, and non-metallic impurities during electroslag crucible melting, and it's
chemical composition and mechanical properties fully meet the requirements
imposed on it.

The research conducted allowed us to develop an effective technology for
processing shavings of heat-resistant alloys and stainless steel using the electroslag
crucible melting method, which is economically feasible and allows us to obtain
high-quality metal suitable for use for its intended purpose.

Keywords: chips, recycling, electroslag melting, heat-resistant alloys, stainless
steel, titanium, thermodynamic equilibrium, refining, chemical composition,

mechanical properties.
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BCTYII

AKTyalbHICTHL TeMH. Ha ChOTONHINIHIA JE€Hb OJHUM 3 BaXJIHBUX IIISXIB
€HEpro- Ta pecypco30epeKeHHS € MakCUMalibHe Ta e(QEeKTHUBHE 3alydeHHS Y
BUPOOHUIITBO PI3HOMAHITHUX BIAXOJIIB, y TOMY UHCJI METaJEBUX, SIKI yTBOPIOIOTHCSA
Ha CTaJisIX BUTOTOBJEHHS Ta 0OpoOkM Meramompoaykiii. Lle Takok BaxMBO 1 3
€KOJIOTIYHOI TOUYKY 30Dy, TaK SIK TP MepepoOIll TaKUX BIIXOJIB MHUHAETHCS CTais
BUIOOYTKY pyau Ta ii 30araueHHsi, KOJU YTBOPIOETHCS BEIUKA KUTBKICTh IIKIITHBUX
BUKUJIB, SIK1 3a0pyAHIOIOTh HABKOJIMIIIHE CEPEIOBHUIILIE.

Cepen pi3HMX BUIIB METaJEBUX BIAXOAIB OCOOJIMBE MICIIE MOCIA€ CTPYXKKA,
fKa TPEJICTaBIIsI€ OCOONMBY CKJIAIHICTh Il NEPEpOOKH, IO MOB'A3aHO 3 MAaJIOKO
HACUITHOIO 11 IIUIBHICTIO, HASBHICTIO Ha TMOBEPXHI B3aUIIKIB 3Ma3yBajbHO-
oxoio/KyBalibHOI  piiuHr (3OP) 1 OKCHIHOI IUTIBKM, a TaKOX IIiJBUILEHOIO
3a0pyAHEHICTIO CTOPOHHIMU JOMIIIKAMHU.

Pi3HO1 CTPY>KKH Yy CBITI YTBOPIOETHCS MIJIBHOHHM TOHH, Y TOMY YHCII CTPYKKH
HalOUIbII MOLIMPEHOr0 KOHCTPYKILIMHOrO Matepiany - crail. MOoIuBI BTpaTH
CTaJIEBOI CTPYKKU Ha CTajisix 300Dy, MiATOTOBKH, TPAHCIIOPTYBAHHS Ta MEPEPOOKU
OIIHIOIOTh Yy CBITOBIM EKOHOMIIll JIeCATKAMU MIIBIPAIB JojapiB Ha pik. Tomy
3aBJIaHHSl BUSBICHHS MOXIMBUX O00JIACTEl BHKOPUCTAHHS CTAJ€BOi CTPYKKH Ta
PO3pOOKH ePEKTUBHUX TEXHOJIOTIH il peHMKIIIHTY HaleXaTh IO OJIHIET 13 3arajlbHUX
po0sIeM CBITOBOT €KOHOMIKHU Ta €KOJOTTIi.

JI1si pelMKIMHTY 1 TIOBEPHEHHS Y BUPOOHUIITBO HANOUIBI MPUBAOIUBUMHU 3
eKOHOMIYHOI TOYKH 30py € JIETOBaHI 1 BUCOKOJIETOBaHi CTaJl 1 CIUIaBH, 1[0 MAIOTh Y
CBOEMY CKJIQJIl TaKl IIHHI JIETYIOY1 €JIEMEHTH K HIKEJb, XpOM, MOJIIOJIeH, BOJb(pam,
H1001#, BaHamii 1 iH. Cepel BHCOKOJIETOBAHHUX CTajJCH ONHUMHU 13 CaMHX ITHPOKO
3aCTOCOBYBAHMX B PI3HUX Tally3sfX IPOMHUCIOBOCTI € HEp)KaBilodl CTajll THITY
12X18H10, mo maroth y cBoemy ckianl nopsaaky 10 % nikemo ta 18 % xpomy,
BUPOOHUIITBO SIKUX Y CBIT1 3 KO)KHUM POKOM 30UIbIIYETHCA 1 B JaHUH "ac nocsirae 60
MJTH TOHH Ha PiK.

KpiMm HepkaBito4oi cTaii BeluMka KUTbKICTh Hikemto, 50-70 %, MICTHUTBhCS B

YKaPOMIITHUX CIUIaBaX Ha OCHOBI Hikemro. JKapoMillHi X CIUIaBH HA CHOTOIHINIHIN
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JI€Hb € J0CUThb NeIIUTHUMHU 1 foporuMu. [ToB'sa3aHo 11e a00 3 HEBEJIUKUMU 3aracamu
pYya iX CKJIaJ0BUX y 3€MHIN Kopi, a00 3 TPYJOMICTKHM MPOIECOM iX OTpUMAaHHS.
Tomy nuTaHHs nepepoOKH, pallioOHATIBLHOTO Ta OUIBII TOBHOTO BUKOPUCTAHHS PI3HOTO
BUJy TaKkuX BHCOKOJIETOBAHMX CTajeil 1 CIUIaBIB € TyK€ aKTyalbHHUMH MPOTATOM
OCTaHHIX JECATUIITh.

[lepepoOka crTaneBoi CTPYKKM B HIMPOKO PO3MOBCIOKEHUX Y METaIyprii
JYTOBHUX Ta IHAYKIIAHUX MeYax BUMarae ii 000B'I3KOBOro OpHKETyBaHHA. AJie HaBITh
3a IJIABKK OPUKETOBAHOI CTPY>KKH BTPATH HA BUTap CTaHOBIATH 10 10 %, 30kpema 3a
pPaxyHOK OKHCJIEHHsI, 1HO/l MOBHOTO, I[IHHUX JIETYIOUUX KOMIOHEHTIB. OTpuMaHUii
IIPU LIbOMY METaJl MAa€ HU3bKY SIKICTb BHACIIJIOK IMIJBUILEHOTO BMICTY HEMETAIEBUX
BKJIFOUEHbD 1 ra3iB.

JoOpe BiIOMI JOCHTH BHCOKI padiHyrO4l MOKJIMBOCTI €JIEKTPOLUUIAKOBOTO
nepernyaBy, y TOMy YHCIi KOJM MOBa #ie MO BHUIAJICHHS 3 METaly HEMETAJIEBHX 1
3a0pyAHIOIOUUX JIOMIIIOK, 1110 0COOJIMBO BayKJIMBO MpH IJIaBLi cTpyXKu. [lepeBaroro
AJIEKTPOIIJIAKOBOI TUTABKM TAKOX € HU3BKUW BUTAp OCHOBHOTO METANy 1 JIETYIOUUX
CJIEMEHTIB. BaXIMBHM € TakoXX 1 Te, IO eJIEeKTPOIILIAKOBl TEXHOJIOTII JTO3BOISIOThH
3MIICHIOBATH TUTABKY METAJIEBOI CTPYXKKH K B OPUKETOBAHOMY BUTJIAII, Tak 1 6e3 ii
NONEePEeTHHOT0 OPUKETYBAHHS.

3a3HayeHi repeBaru CBiI4aTh MPO MEePCHEKTUBHICT €IEKTPOILIAKOBOI IJIABKU
JUIS. PELMKJIIIHTY CTalieBoi CTpykKku. Cepea pi3HUX eNEeKTPOUUIaKOBUX TEXHOJIOTIN
0COOJIMBY YBary 3acilyTOBY€ METOJ| €JIEKTPOLLIAKOBOI TUIENbHOI IUIaBKH, SKUN
no30aBiieHNN 0aratbOX HEMOJIKIB IUIABKU CTPYXKHA Y BOJOOXOJOIKYBaHOMY
Kpucranizaropi. BiH Moxxe OyTH HOCUTh €PEKTUBHUM JUIsl PEHUKIIHTY CTalleBOi
CTPYXKH, OJHAK MOTpeOye OUIBII JOCKOHAJIOTO BHUBYEHHS OCOOIMBOCTEN Ta
MOJKJIMBOCTEH HOTO 3aCTOCYBaHHSI HA TTPAKTHIII.

3B's130K po0OTH 3 HAYKOBHMHM MNPOrpamMaMu, IJIaHaAMH, TemaMu. Pobora
Oyrna BHKOHAHa BIiJMOBITHO /IO TJIAHIB HAYKOBO-JOCIHITHUX Ta TOCIOJAPUYUX POOIT,
Kl BHKOHYBaJuCchb Yy Bigaum «Ilma3smoBo-nuiakoBoi Mertamyprii»  [HCTUTYTY
enekrpo3BaptoBanHs M. €.0. Ilatona HAH Vkpainu, B saxux aBTop OpaB

oesmocepenHo  ydactb. A came: "JlocmipkeHHS TIPOIECIB  TUIABJIICHHS — Ta
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KpUcTali3alii MeTajly TMpH IUIa3MOBO-IYTrOBiil Ta €JIEKTPOILIAKOBIA BHUILIABIII
37IUBKIB 13 BIIXOJIB TYTOIUIABKHX, BHCOKOPEAKIIIHHUX 1 KApPOMIITHUX METAIliB Ta
CIUIaBIB 1 IUIa3MOBO-IHIYKI[IHHOMY BHPOIIYBaHHI KPYHOHUX MPOLIILOBAHUX
MOHOKpPHCTaITIB Bosb(ppamy Ta momioaeny" (2018-2020 pp., Ne n/p 0118U100514; Ne
1.6.2.1.20.1); ,.BumnaBka i3 BigxoxiB cram 12X18HIOT gocimigHux Hep)KaBIrOUUX
BIINIMBOK 1 JOCIII)KCHHSI BIUIMBY TEXHOJIOTIYHUX TapaMeTpiB Ha SKICTh MeTary"
(Hdorosip Ne 515 Bix 08.01.2020 p.).

MeTta poOGorm Ta 3aaadi gociigzkeHHs. MeTor pPoOOTH € JOCHIIKCHHS
TEXHOJIOTIYHUX Ta METAITYPriMHUX OCOOIUBOCTEN MEPEPOOKU CTPYKKH >KAPOMIITHUX
CIUIaBIB 1 HEPKABIIOYOi CTall CIOCOOOM €JIEKTPOLUIAKOBOI TUTEJIbHOI MIaBKH. [l
JIOCSITHEHHSI TIOCTABJICHOI METU B JIMCEPTalliiiHIi poO0TI Oysi0 HEOOXITHO BUPIIIUTH
HACTYITHI 3a7a4i:

— BUKOHATH aHaJ13 ICHYIOUHUX METO/IIB MepEepOOKH METANCBO1 CTPYKKHU, Y TOMY
YHCJIi 3 BUCOKOJIETOBAHUX CTaJIeH Ta CIUIABIB;

— OUIHUTH TEXHIKO-€KOHOMIYHI TMOKa3HUKHA PI3HUX EJIEKTPOILIAKOBHX
TEXHOJIOT1# MepepoOKH METAJIEBOI CTPYKKH, BUOPATH HAHOUIBII JOIIIBHHIA,

— BCTAQHOBUTH BIUIMB F€OMETPUYHUX MMAPAMETPIB €JIIEKTPOILIAKOBOI TUTEIBHOI
neyi Ta CTPYMOIIIIBIIHOTO €JIEKTPO/Ia Ha YMOBH IJIABKU HEOPUKETOBAHOI CTPYKKU;

— BHUKOHATH TEPMOJMHAMIYHHMM aHaji3 Ta JOCHIDKEHHS TIEPEpO3MOalTy
tutany Ta amominito npu EIITII 31 mmakom AH-295 ctpykku HepxkaBirodoi cTai 1
HIKEJICBUX KapPOMIITHUX CIIJIaBiB,;

— JIOCIITUTH BIUIMB BMICTY oOKcuay TuTany B uwuiaui AH-295 Ha
€JICKTPOIPOBIIHICTh IIJIAKOBOTO PO3ILJIABY;

— 3 ypaxyBaHHSM BHUKOHAHUX JOCIHI/DKEHb YJOCKOHAIMTH TEXHOJOTIYHI
PEXUMHU, Y TOMY YHCII CKJIaJ IUIAKy Ta E€JICKTPUYHI TapaMmeTpu Tpolecy, NpH
EIITII xapoMillHUX 1 HEp>KaBIlOUMX CTaJIel Ta CIUIaBIB;

— JMOCHIAWTH SIKICTh MeETaly, OTPUMAHOTO CIIOCOOOM  EJIeKTPOIIIAKOBOI
TUTENbHOI MIaBku kapominHux cmiasiB EI602 ta EI437b 1 HepkaBitouoi craini

12X18H10T.
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O0'exkT A0CTiIKEeHHsI: TEXHOJIOTIYHUM TPOIEC €JEeKTPOIIAKOBOI TUTEIHHOL
TUTABKH JKapOMIIIHUX CIIABIB 1 HEPXKaBIIOYOi CTAJII.

Ilpeamer aoCHigKeHHSI: CICKTPOMETANypriiHi sBHUINA, OCOOJMBOCTI  Ta
3aKOHOMIPHOCTI TPH EJNEKTPOILIAKOBIA TUTENbHIA TJIABILI CTPYXKKH KapOMIITHUX
cruiaBiB E1602 ta EI437b ta Hepkasitouoi ctami 12X18HIO0T.

Metoau  pociixkeHHsi. [l BUpIIIGHHS — TOCTAaBJICHUX  3aB/aHb
BUKOPHCTOBYBQJIM AaHAMITUYHI, PO3PAaXyHKOBI Ta EKCIEPHUMEHTadbHI METOAU
JOCITIKeHb. XIMIYHUH CKJIaJl METaIiB, BMICT T'a3iB, MeTajgorpadiuHi JOCIKEHHS Ta
MEXaHIUHl BJIACTMBOCTI 3IMCHIOBAIM 13 3aCTOCYBaHHSM CTaHIAPTHUX METO/IIB
BU3HAYECHHS LMX MOKa3HUKIB. OTpUMaHl €KCHEpPHUMEHTAIbHI JaHl 00poOisum 3
BUKOPHUCTAHHSM CTaTUCTUYHUX METO/IIB.

HaykoBa HOBH3HA OTpPUMAaHMX pe3yJbTaTiB. JlochipKeHHS 0COOIMBOCTEH
€JIEKTPOLUIAKOBOI ~TUTENbHOI IUIABKM HEOPUKETOBAHOI CTPYXKH JI03BOJIMJIO
OTpUMAaTH HOBI JIaH1, K1 MAalOTh MTPAKTUYHE Ta HAYKOBE 3HAYEHHS, Y TOMY YHCIII:

— BHEpIIE EKCHEPUMEHTAIbHO BU3HAYEHO BIUIMB CIIBBIJHOLIEHHA MIX
J1aMEeTPOM BHUTPATHOTO €JIEKTPOJia 1 PO3MIpOM IUIaBHJIBHOTO MPOCTOPY HAa yYMOBHU
TIJIaBJICHHS HEOPUKETOBAHOI CTPYKKH Ta BCTAHOBJICHO, II0 MaKCHMAJIBHE 3aTy4YCHHS
CTPY>KKH Ha IUIaBKY, IO CTaHOBUTH Osm3bko 50 % Bij 3arajibHOi Macu IUIaBKH,
JOCSTAETHCS MPU YKa3aHOMY cIliBBigHomeHH1 Bif 0,5 1o 0,56;

— BIEPIIC TEPMOIMHAMIYHUMHU PO3paxXyHKaMH OOIPYHTOBAHO Ta IMPAKTHIHO
NIATBEPKEHO, 110 MpU  elekTpouutakoBid tuaBmi cram  12X18HIOT 3
BUKOpucTaHHAM Twiaky AH-295 mis 30epekeHHs] B MeTan KOHIEHTpAIlil TUTaHy B
MeXax, 10 BUMAararThCs TEXHIYHUMH YMOBAaMH, HEOOXIJHO BBOJWUTH B IUIAK BiJ 5
10 8 % TiOy;

— BIEpIlle BU3HAYCHO BIUIMB JO0ABOK OKCHUIY TUTAaHY Ha €JIEKTPONPOBIIHICTh
uaky AH-295 ta Bcranosieno, 1o nuiak AH-295 + 8 % TiO, npu temneparypi
1600 °C mae nutoMy enekTpornpoBigHicTh 0,95 Omtem™, axa € 6Gmusbko0 110
MUTOMOI €JIEKTPONPOBIAHOCTI mUpoko 3acTtocoByBanoro mpu EIIT mmaky AH®-6,

. o 1
y SIKOTO 11e¥ MMOKa3HUK 3HaxXoauThes Ha piBHi 1,1-1,2 OM ™ -cm ™.
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I[IpakTuyHe 3HAYeHHS OTPUMaHUX pe3yabTaTiB. Ha mijcraBi mpoBeneHUx
JOCTIKEHb PO3pO0JICHO OCHOBU TEXHOJIOTIYHOTO TMPOLECY MEePEepPOOKU CTPYKKH
YKapOMIIHMX CILJIaBiB Ta HEPKaBIFOYOI CTaJl CLIOCOOOM €JIEeKTPOIIIaKOBOI TUTEIbHOI
IUTaBKU. Y TOMY YMCIIi BU3HAUY€H1 BUMOTH JI0 TEOMETPUYHHUX MapaMeTpiB IIaBUIBHOT
€MHOCTI (TUTJIS1) 1 BHUTPATHOTO €NEKTpoja JUisl 3a0e3MedYeHHs MaKCUMajIbHOTO
3a]ly4€HHsSI CTPY)KKM Ha IUIaBKY, a TaKOXX BHUMOTM IIOJO CKIany IMIIaKy s
BUKIIIOUEHHSI BTpaT THUTaHy 3 Metany. JlochmiaHo-BupOOHHUYE BHUMPOOYBaHHS Ha
nignpuemctBax JI1 HBKIT «3ops-Mammpoekr» ta Il «3BaproBanns tuckom HTK
IE3 im. €.0. [Tatona» meTaity, OTpUMAHOTO 31 CTPYKKH xkapoMiiHuX criaBiB EI602 1
EI437b ta Hepxkagitoyoi ctami 12X18HI0T, miarBepKyrOTh BUCOKY MOTO SIKICTh 1
MPUAATHICTD JIJIs1 BUKOPUCTAHHS B OCHOBHOMY BUPOOHUIITBI.

OcoOucTnii BHecok 3700yBava. 3a Oe€3MOCEPETHBOIO YUYaCTIO aBTOpPA
MPOBEJICHO KOMIUIEKC EKCIIEPUMEHTAIBFHUX 1 PO3PaXyHKOBHUX JOCHIIKEHb 3 METOIO
BU3HAUEHHS OCOOJMBOCTEH MpPOLECY EJNEKTPOLUIAKOBOI TUTENbHOI  IJIaBKU
HEKOMITAKTOBAHOI CTPYKKH >KapOMIIHUX CIUIaBIB 1 HepkaBitouoi craimi. Hum Ha
OCHOB1 aHAJITHYHOTO OISy CHOpMYJILOBAHO METY Ta 3aaadl poOOTH, PO3POOIICHO
METOJMKY TIPOBEACHHS EKCIEPUMEHTIB, SKi OyJlo TMPOBEAECHO TMpPU HOro
oe3nocepeHii yyacTi. ABTOp caMOCTIHHO 0OpoOJIsiB OTpUMaHi AaHl Ta 00rOBOPIOBaB
pe3yabTaTH 3 HAayKOBUM KEpPIBHUKOM 3 METOK YAOCKOHAJIECHHS JIOCHIKEHb Ta
JOCSITHEHHST MeTH poOoTH. VY myOJikaiisix, HIATOTOBIEHUX Y CIIBaBTOPCTBI,
MEepPeBAXHO HWOMY HAJCKHUTh OOTPYHTYBaHHS  aKTyaJbHOCTI THUX YW 1HIIMX
JOCITIIKEHb, O0poOKa Ta OOTrOBOpPEHHS pE3yJbTaTiB EKCIEPUMEHTIB, a TaKOX
3p00JIeHI BUCHOBKH.

Anpobania pesyabtatiB aucepranii. OCHOBHI HAayKOBl1 IIOJOXKEHHS Ta
pe3yJbTaTh JAMCEpTAIliiHOi poOOTH JIOMOBIJAIUCH Ta OOrOBOPIOBAINCHL Ha
MDKHApPOJHUX HAyKOBO-TEXHIYHUX KOHGepeHisnx «llepcrnekTuBHI TEXHOJIOT],
MaTepianu i o0alHaHHs Yy TUBApHOMY BUPOOHUIITBI», KpamaTopchk, 21-24 BepecHs
2021p. Ta «HoBi maTepianu 1 TexHOJIOTIi B MammmHOOy1yBaHH1», Kuis, 2023 p.

Iy6aikanii. Ilo Temi agucepraimii y CHIBaBTOPCTBI OmyOJikoBaHO 7

JIPYKOBaHUX Tpailb, B TOMY YMCJ1 OJJHA Y BUJIAHHI, 5IKA 1IHAEKCY€ETHCS B MIKHAPOTHUX
15



HAayKOMETPpUYHMX O0azax gaHuX SCOPUS, 4 y BITYM3HSHUX (DAXOBUX HAYKOBUX
NEPIOANYHUX BHUAAHHAX Ta 2 Te3W Yy 30ipHHKAX MDKHAPOAHMX HAYyKOBO-TEXHIUHUX
KOH(EpEeHIIIH.

Crpykrypa ii o0csar podoru. J(ucepraiiitna poOoTa CKIaJa€ThCS 13 BCTYIY, 5
1 2 nonmatkiB. Bona BukianeHa Ha 123 cropinkax, BkiIrodaroun 23 Tabmuii ta 41

PUCYHOK.
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PO31J1 1
PELHUKJIIHI' METAJIEBUX BIAXO/IB — BA’KJIMBA CKJIAJJOBA
PECYPCO3BEPEXEHHS

1.1. Buau jJerkoBaroBux cTajeBHX BiIXoaiB i crmocoOH IX MiArOTOBKH.

Ha cporomguimuiii AeHb OAHMM 3 BaXJIMBUX IIISXIB E€HEPro- Ta
pecypco30epekeHHsI € MaKCUMallbHe Ta €(EeKTUBHE 3aly4deHHS Y BHUPOOHUIITBO
PI3HOMAHITHUX BIJXOIB, y TOMY YHCI METJIEBHX, SIKI YTBOPIOIOTHCS Ha CTadisX
BUTOTOBJICHHS Ta OOpoOKH MeTaionpoaykilii. Ile TakoX BaXJIMBO 1 3 €KOJIOTTYHOI
TOYKH 30Dy, TaK SIK MPHU MepepoOill TaKUX BIJIXOAIB OMUHAETHCSA CTalis BUIOOYTKY
pyau Ta ii 30arayeHHs, KOJIM YTBOPIOETHCS BEJIMKA KUIBKICTh MIKIJJIMBUX BUKHIIB, SIKI
3a0pyIHIOIOTh HABKOJIUIIIHE CEPEOBUILIE.

BHacmiok MUPOKOr0 BUKOPHCTAHHS B PI3HUX Taidy3sSX MIPOMHUCIOBOCTI
METaJeBUX BUPOOIB BIOYBAETHCS YTBOPEHHS 3HAUHOI KIJIBKOCTI OpyXTy 1 BIIXOIB.
MeraneBuii 10M yTBOPIOETHCS B pe3yibTaTi MPUPOJHOTO 3HOCY JAETajeil MalluH 1
YCTaTKyBaHHS, a BIAXOAW - MPHU PO3JIMBAaHHI METay B JIMBapHHUX Liexax (MpUOyTKH,
JITHUKH, 3HIMAHHS, BEJIMKI 3aTBEpAUIl OpWM3KK 1 T. 1.), @ TaKOX MPU MEXaHIuHIN
00poOr11i 1 06poOIIl THCKOM 3aroToBOK 1 HamiBaOpukariB. Sk MpaBUIIO OCTaHHI - 11€
HEKOMITAKTH1 MaTepiajiy y BUIIAI CTPYXKKH, IpIOHMX OOPI3KIB, YIAMKIB 1 T.II.

[Ilo crocyeThcss HEKOMITAKTHHUX BIAXOMIB, TO Ce€pell HUX OCOOJIMBE MICIIE
3aiiMae cTpykka. MerasieBa CTpy>KKa yTBOPIOIOTHCS y MPOLECl BUPOOHUIITBA BUPOOIB
Ta neranei i3 3arotoBok. CTpyXKa € YacTUHKaMU METally, SIKi BIIOKpEeMJIEH1 Bij
3aroTOBKM B TMporieci (pe3epyBaHHs, CBEpIUIIHHS, pi3aHHS a0o0 I1HIIUX BHUIB
MeTanoo0poOku. [i Ha pi3sHUX CcTalisiX METaT000pPOOKH YTBOPIOETHCS JOCHUThH BEJIUKA
KimpKicTh [1, 2, 6, 8]. Tak koedilieHT BUKOPHUCTaHHS HEP)KaBIIOYMX CTalici Ha
METaJIo00pOOHUX  MiANpUEMCTBaX Hepiako ckiagae 0,5..0,7, a  3aquIIoK,
37IOLTBIIIOTO CTPYKKA, oTparisie y Biaxoau [12].

Cepen pi3HHUX BHJIB METaJeBUX BIIXOJIB CaMe CTPYXKKa TMPEACTABIISIE
OCOOJIMBY CKJIQJHICTh JIsI TMEepepoOKH, IO TMOB'SA3aHO 3 1 MaJiol0 HACHUITHOIO

IIUIBHICTIO, HAABHICTIO HA TMOBEPXHI 3aJMIIKIB 3Ma3yBaJbHO-0XOJOKYBaIbHOI
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pinuan  (30OP) 1 okcuaHOI TUTIBKM, a TaKOX 3 IIJBUIICHOI 3a0pyaHEHICTIO
CTOPOHHIMH AoMimKkamu [3].

3asie’kHO BiJ] cIoco0y OOpOOKM CTajeBUX 3aroTOBOK — (hpe3epHOi, TOKAPHOT
ab0 CBEpMIMIBHOI Ta 1X TEXHOJIOTIYHUX OCOOMMBOCTEH (WIBUAKICTH, KYT pi3y,
MaTepial pikKydoi KPOMKH Ta 1H), a TaKOX MEXaHIYHUX BIIACTUBOCTEH MeTaly,
CTpY’KKa MOK€ MAaTHU PI3HUHN BUIJISAA. 3a3BUYall CTPYKKY KIacU(IKYIOTh HA YOTHPU
OCHOBHI BuaM, siKy me B 1870 3ampomonyBaB I. A. Tume: cTpyxka 3muBHa (a),
CKOJIFOBaHHS a0o cyriioboBa (0), enemMeHTHa (B), 1 Haasomy (T), sIKi yMOBHO TTOKa3aHi
Ha puc. 1.1 [4].

EnementHa ctpyxka (puc. 1.1 B) siBisie co00r0 He MOB'A3aH1 Mk COOO0IO yac-
TUHKH MeETaly, 0 3pi3al0ThCs, 1 HaWYacTillle BOHA YTBOPIOEThCA MpU 0OpOoOIIi CcTa-
Jiel 3HMKEHOI TUTACTUYHOCTI 1 MPU BEJIUKUX TOBIIMHAX 3P13yBaHOTO IIapy. Y TBOPEH-
HSl Takol CTPYKKHU B1IOYBa€eThCA TaKOXK IMPHU CEPEAHIX 3HAUYECHHAX MEpPEIHIX KYTIB 1

MIBUKOCTEHN pi3aHHs, III0 BUKOPUCTOBYIOTHCS Y BUPOOHUYUX YMOBAX.

e wes. s - e grh

Puc. 1.1. Buau MetasieBoi CTPY»KKH.

CrpyxKka, 0 CKIATaeThes 3 AehOPMOBAHUX 1 B3AEMHO 3pPYIICHUX €JIEMEHTIB,
JIOCUTh MIIHO 3'€JHAHUX TIO TUIOLIMHAX CKOJIOBAHHS, YTBOPIOIOYM CYIIJIBHY CTPIUKY

3 SICKpaBO BUPAKEHUMH 3a3yOpHHAMH, HA3UBAETHCS CYTII000BOIO, CTYMIHYACTOIO a0
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ckomoBaHHs (puc. 1.1 6). Bona Hepiko yTBOPIOE TBUHTOBI BUTKH OLIBIIOTO YH
MEHIIIOTO JTiaMeTpa.

[Ipu pizaHHI MUIACTUYHUX METAIIB 3 BEJIUKUMHU IIBUJIKOCTSAMHU PI3aHHS 1 MPH
3pi3aHHI MIapy CEepelHIX 1 MaJuX TOBUIMH IUIaCTUYHA Aedopmaliis MeTaiy, 1o 3piza-
€ThCS, MPOTIKAE OUTBII PIBHOMIPHO 1 MOB'SI3aHI 3 HEIO BHYTPIIIHI HAMIPYTH TEXK PO3-
MOAUISIOTHCS ORI PIBHOMIPHO 1O BChOMY jedhopMoBaHOMY 00’eMy. ToMy BiJICYTHI
YMOBH, JJISl TEPIOJUYHO TMOBTOPIOBAHUX Yepe3 PiBHI IHTEPBAIM POOOUYOro MUIAXY
pi31s, HAPOCTaHb HAIPYTH, IO MPU3BOJAATH /10 YTBOPEHHS CTPYKKH CKOJIOBaHHS.
CrpyXkKa, 110 YTBOPIOETHCS B IIbOMY BUIIQJIKy, Hal4acTillle Ma€ BUIJISLA Oe3nepepB-
HOI CTpIYKM 0€3 BUAMMUX 3a3yOpuH 1 BUCTYMIB. CTPYKKH TaKOro THUIy HA3WBAKOTHCS
3nuBHUMH (puc. 1.1 a).

[Ipu pi3aHHI KPUXKUX METANIB, HAIPUKJIAA, TAKUX K YaBYHHU, OPOH3HU, 0COO-
JIMBO TBEP/Il CTaJl Ta CIUIABH, YTBOPEHHS €IEMEHTHOI CTPYKKH Ta 3TUBHUX CTPYKOK
IPAaKTUYHO HE crnocrepiraeThes. Kpuxki meTtanu mija Ai€r0 CUIM, 10 PO3BUBAETHCSA
JIE30M PI3Is, HAAJIAMYIOThCS 1 pyHHYIOTBCS, YTBOPIOIOUHM APiOHI yJIaMKH, IIIMATOUYKH
HaWpPI3HOMaHITHIIUX (GOpPM 1 pO3MipiB, MOBHICTIO BIOKPEMJICHI OJMH BiJ OIHOTO.
CTpy’XKKH TaKOTO TUITy Ha3UBaIOThCS CTPYKKaMmu Hajiomy (puc. 1.1 1).

30BHIIIHIN BUIJIA CTPYKKH MEBHOIO MIPOIO XapaKTEpHU3ye Mpouec AePopMy-
BaHHS Ta pyHHYBaHHS, 10 BiAOYBalOTHCS MPH pi3aHHI PI3HUX MaTepiaiiB Ta 3a pi3-

HUX YMOB 0OpOOKH.

Ha MeTanooOpoOHuX NiANpUeMCTBaX MPHU Pi3aHHI KOHCTPYKIIMHUX MaTepiasliB
MOXXYTh YTBOPIOBATHUCSI PI3HOTO BUAY CTPYKKH, Y TOMY YHCII Taki, sIKI HAa BUIJIS]
3HAYHO BIJIPI3HSIOTHCSA Bl MPUUHATOI Kiacudikaimii. MokHa nuiie BiI3HAYUTH, 11O
Ha BUIJISAJ CTPYXKKHU BIUIMBAE MJIACTUYHICTh METaIy, 110 00poOsieThes. 31 301IbLICH-
HSIM TUIACTUYHOCTI 301IbIIYETHCS MMOBIPHICTh YTBOPEHHS 3JIMBHOI CTPYKKH, PiflIe
CTYIIHYACTOI Ta PIKO €IEMEHTHOI — 1 HaBIAKH.

VY tabaumi 1.1 HaBeneHO JaH1 MO0 HACUITHOI MIITLHOCTI PI3HUX BHIIIB CTPYIK-

KM, 3 IKMX BUJIHO, III0 HaBITh HalApiOHIIIA €JIEMEHTHA CTPYXKKa Oyze nmpu 30epiranHi
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3aiimaTu o0csr Maike B 10 pa3iB OuIbIIe, HIXK TBEPAUN METall, a 3JIMBHA CTPYXKKa I11e

npuOJIM3HO B 5 pa3iB Oinbie [1].

Ta6auus 1.1. Hacunna uiiibpHICTh Pi3HUX BUIIIB CTPYKKU

Ne i/ Buj cranbHOT CTPYXKH Hacumnna minabHICTB,
im
1 EnemeHTHa cTpyXKa (KpUXTa, IIMATOYKH
3HATOrO METAILY, IO HE 3BUBAIOTHCS B 10-15

CHipaJIbHI KiJIBIs)

2 EnemeHTHa KOMKOIIO/1I0HA CTPYKKa 0,4-0,7
3 CripanpHa (Cyriio06oBa) cTpyxka y popmi 0,3-0,6
THYYKOT0 MpyTa ad0 NpyKUHU
4 3nMBHA CTPYKKa (BEJIMKI CIIpaibHI Ta OJTHO-
1apoBi BUTKHU TiepeTuHoM 40-60 MM2, OJTHO- 0,1-0,25

IapOB1 BUTKHU 11A0I€N0110HOTO BUTIISAY Jlia-
MeTpoMm 1,0 M 1 OLIbIIIe, TyXKi KITYOKH)

Burnsig 1 dopMa cTpyKKHM BU3HA4Ya€ METOIU ii 30MpaHHsA, 30€piraHHs Ta IMo-
nanbinoi oOpoOku. OCHOBHMM METOJOM TOINEPEIHBOI MIAITOTOBKU CTPYXXKU € i
npoOJieHHsT (MOApiOHEHHs) SIK JJISI MiJBUIIEHHS HACUIHOI UIUIBHOCTI, TaK 1 IS
3pYYHOCTI MOAAIBIIOTO OPUKETYyBaHHS uu neperuiaBy. [Ipu nboMy CTpy)Ka HaAJIOMy
abo eJeMEeHTHA y BUTJISI/I IIMATOYKIB, CETMEHTIB, KiJI€I[b, KOPOTKUX 3aBUTKIB 3a3BH-
Yail He BUMarae nmoApiOHEHHs nepes] NepepoOKO0 TUM YU THITUM CITOCOOOM. A 3JIMB-
HY Ta CETMEHTHY B)Ke Tepej 30epiraHHsM y KOHTEHHepax Hjisi 3MEHIIEHHS iX Po3-
MipiB OaxkaHo ApoOuTH. IIpuyomy 3anexHO BiJ CTaHy CTPYXKH 3aCTOCOBYIOTHCS
PI3HOTO THITY CTPY>KKOJPOOWIIKH: HOKOB1, pOTOpHI, MOJOTKOBI 1 T.n. Hampukian,
Cyr;io0oBa CTpyXKa MOXE po3jJaMyBaTUCS Ha (parMeHTH MPU TEPTi BUTKIB MIXK
co0oro B OapabaHi, o0 o0epTaeTbes. A ISl 3TUBHOI CTPYXKKU a00 CTPYKKHU KOMKO-
no110HOT HEOOX1THO BUKOPUCTOBYBATH CIICIIAJIbHI OJTHO 1 IBOBAJIKOBI HOXKOBI JIPO-

OWJIKU-1LIpeiepH, SIKi OyAyTh ii po3puBaTH 1 KpUUTH (puc.1.2).
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Puc. 1.2. Bux HOXOBUX JpOOMIIOK 1J1st TOAPIOHEHHS CTAJIEBOI CTPYKKH.

Pi3HOMaHITHOT CTPY>KKH Y CBITI YTBOPIOETHCS MUIBMOHU TOHH, Y TOMY YHCI1
CTPY)KKH HaAMOIIBII MOMMPEHOT0 KOHCTPYKIIMHOTO Martepiany - craimi. MoxinBi
BTpAaTH CTaJIeBOi CTPY)XKKM Ha CTalisiX 300py, MATOTOBKH, TPAHCIOPTYBaHHS Ta
NepepoOKH OIIHIOIOTh Y CBITOBIA €KOHOMII JECATKAMH MIJTBAPAIB IOJNApiB Ha PiK.
Tomy 3aBnaHHs BHUSIBICHHS MOXJIMBUX 00JIaCT€ BUKOPUCTAHHS CTAJIEBOi CTPYKKH
Ta po3poO0KH edEeKTUBHUX TEXHOJOTIH ii PElUUKIIHTY HaleXaTh 10 OJHIEl 13

3araJibHUX MPOOIEM CBITOBOI EKOHOMIKH Ta €KOJIOT11.

1.2. Icnyrwoui ciocoOu nepepodKn MeTaeBOi CTPYKKHU.

1.2.1. IIpoGsiemn nepepoOKH MeTajJeBOI CTPYKKH B JYIOBHX Ta
IHAYKIIHUX Mevax.

[Ipu mnepepoOii CTPYX KM OCHOBHMM METOJOM — IMEPeryiaBOM, B SIKOCTI
IJIAaBWJIBHUX arperaTiB CTOCOBHO BIJIXO/AIB HAWMOMIMPEHIMMNX KOHCTPYKIIHHUX
MaTepiajiiB — CTajlel 1 CIUIaBiB Ha 3aji3HIN 1 HIKEJEeBll OCHOBI, BUKOPUCTOBYIOTHCS
IIMPOKO PO3MOBCIOKEHI B MeTanyprii ayrosi cranermnaBwibHi nedi (ACII) abo
iaykuivial turensHi nedi (ITID). IlnmaBka cTpykku ayroBuM abo 1HAYKI[IHHUM
METOJIJaMU MalOTh CBOi OCOOJIMBOCTI Ta MOXKJIUBOCTI.

[Ipu mnaBii CTPYKKH B Cy4YaCHUX BEIMKOBAHTAXHUX AYTrOBUX IE€YaX €MHICTIO

50 1 Oinmplie TOHH 1i B HE JApOOJIGHOMY BHIJIS/I 3a3BU4Yail 3aBaHTaXyKOTh B IIiY,

21



NPUAABIIOIOYM MAaCHUBHUM IIAPOM KPYIMHOKYCKOBOT'O OpYyXTy, IO PO3TAIIOBYETHCS
3BepXy. TakuM UMHOM 3MEHINYIOTh 00'e€M, AKHIl 3aiiMae CTPyXkKa, 1 3MEHIIYIOTh
KOHTAaKT 3 BUCOKOTEMIIEPATYpHUMH JyraMu, 1100 3MEHIIUTH BTpAaTU Ha BUrap. Tum
He MeHmI, udepe3 3actocyBaHHs B Takux J[ICII kucHeBOoro myTTsi BinOyBaeThCs
3HAYHUW BUTAp CTPYXKKH, 32 JAesskuMH maHnuMu a0 30 % Bij mogaHoi KUTBKOCTI Ha
miaBky [7]. KpiMm Toro, 13 cTpy:XKKu BUTOpsi€ OLIbIlIa YaCTUHA JIETYIOUHX €JIEMEHTIB.
TakuM 4YMHOM TMEpPepoOIAETHCS HAa BEIMKUX METANYPridHHUX 1 MamrHOOYAIBHUX
MIJMPUEMCTBAX BJacHA CTPY’KKA, II0 HAKOMHYYETHCS MPH BUPOOHHUIN MisUTBHOCTI.
He3Bakatoun Ha 3HA4YHMIA BHUrap, EKOHOMIYHO I1I€ BHUIIPaBJAaHO, TOMY IO
BUKJIIOYAIOTBCA  BUTpPATH Ha JpOOJIGHHS CTPYXKH, 11 OpHKETyBaHHS Ta
TPaHCHOPTYBaHHS Ha CHEIllali30BaHe MIANPUEMCTBO 3 TEPEPOOKH TaKOro BHUIY
BIJIXO/I1B.

Ha HeBenukux mignpreMCTBax 13 AYTOBUMH IE€YaMH MaJIoro TOHHaxy Big 0,5
70 5 TOHH, Y TOMY YHCJI TOCTIHHOTO CTPpyMYy, CTPYXKY JUIsl TIepeIuiaBy HEOOX1THO
IpoOuTH Ta OPEKUTYBATH I MEXaHI30BaHOTO 3aBaHTAXCHHSI B TUIABMIIBHUMN arperar
Ta 3HWKEHHS BTpaT Ha Burap. [IpoTe 1 B 1[bOMy BHIaJIKy O€3MOBOPOTHI BTpATH 3a
paxyHOK OKHCJICHHS Ta BHUIIAPOBYBAHHS MeTady B 30H1 [1i €JEKTPUYHUX IyT Y
CepeIHbOMY CTaHOBJIATH He MeHIe 10 % [7].

AHaJIOT14H1 TPOOJIEeMH BUHMKAIOTH 1 MiJ 9ac 1HAYKIIHHOT IEPEPOOKH CTPYKKH.
[ImaBka HacWUMoOM y HEOPHKETOBAaHOMY BHWIJISIII MOXKIJIMBA JIMINE 3 3aTUIICHHAM
YaCTHHM P1JIKOTO METAy y Tedi, TaK 3BaHOro «0osioTay. Kpim Toro, 1151 MOKIMBOCTI
3aBaHTAKCHHS B MY BEJIMKA KpPy4deHa CTPY)KKa MOBWHHA TIJaBATHCS JPOOJICHHIO.
3BakarouM Ha Te, MO0 CTPY)XKKa Ma€ PO3BHHEHY IMOBEPXHIO, BOHA TOTAaHO TOHE B
piakoMmy MeTaini 1 1i HeoOX1HO MEPIOJUYHO 3aHYpPIOBATH, MO CYTi, 3alITOBXYBaTH B
miy. A 1€ MaJio TOro, IO TPYAOMICTKUM MPOIIEC, TPU3BOIUTH A0 301JIBIICHHS Yacy
IUJIaBKH 1 TOJAATKOBUX BUTPAT €JIEKTPOCHEPTii.

Brpatu Ha BuTap mpM 1HAYKIIAHINA TUTaBII CTPYKKUA HUXKYE, HK TIPU TYTOBIM
IJIaBIl, ajie THM HE€ MEHII JOCUTh BHCOKI - A0 10 %. Hailtyactime, sik mokasye
BUPOOHMYA TIPAKTHKA, TMPSME BUKOPHCTAHHS JEMICBOi HU3BKOSKICHOI IIUXTH -

CTPYIKKH PO3CHUIIOM B IVIABHJIbHUX II€YaX JIMBAPHHUX I_[eXiB MMPpU3BOANTH 10 3HUKCHHA
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BCIX TE€XHIKOCKOHOMIYHUX TMOKa3HUKIB IUIABKH 1 MEPEBUIIYE BUTOAY BiJ 3HUKEHHS
BapTOCTl IIUXTH. AHAJIOTIUHI pPe3yJbTaTH OJEPXKYIOTh 1 €IeKTpOMEeTalypriiHi
nianpueMcTBna [9].

Tomy s mepermaBy B JICIT abo ITII cTpyxky HE0OXiTHO KOMMAKTyBaTH
(OpukeTyBaTH, MaKeTyBaTH) U1 TOTO, 00 YHUKHYTH MiABUIICHOTO BUTapy B 30HI
i yrd, MIJBUIIATHA CTYHiHb 3alOBHEHHS IUIABWJIBHOTO MPOCTOPY IMeuer 1
MOJICTTLUTH MPOBEACHHS MPOLIECY MIaBKH.

3alie’kHO BiJl CKIIAQy 1 BUIY CTPYKKH MOXYTh 3aCTOCOBYBATHCSl Pi3HI BUIU
KoMnakTyBaHHs [1]. B oaHuMX Bumaakax JOCTaTHBO XOJIOJHOTO IPECYBAHHS,
HaNpUKIAJ, TpPd KOMIIAKTYBaHHI CTPYXKH 3 MaJlOJIETOBaHOI, HHU3BKO 1
CPEIHBOBYIJICLIEBOI cTall. B 1HIIMX BUMaAKaxX 3 METOIO OTPUMAHHS JOCUTh LIUIBHUX
OpUKeTIB HEOOXIAHWI MIIIrpiB MaTepialy 13 3aCTOCYBAHHS CIELaJbHUX BUIIB
HarpiBy JJisl HaJaHHS KOMY JOCTaTHBOI riacTuyHocTi [10, 11].

XoJioaHe OpUKETYyBaHHS, K MPaBUJIO, 3A1MCHIOIOTh Y 3aKpUTUX MaTpULAx 0e3
Oyap-sSKuX 3B’s3ytouux. JlJisi OTpUMaHHS IIUIBHOTO OpPUKETY 13 CTaleBOi CTPYKKHU
HEOOXIZHO CTBOPHTH B Ipec-kamepi (MaTpuii) mpeca Tuck moHan 2500 krc/cM’, a
JUIS 9aBYHHOI CTPYXKH — moHax 3500—4500 krc/cm®. THM He MEHIN, TyCTHHA, IO
JOCATAEThCA, HE nepeBunrye 5,0-5,5 Kr/CM3, o Maixke B 1,5 pa3u HUKYE TYCTUHH
TBEPJIOTO METaTy. XOJIOAHI OpPUKETH MOXKYTh MaTh HHM3bKY MEXaHIYHY MIIHICTH 1
JeTKO pyWHYBaTHCS B TPOLECI TPAHCIOPTYBaHHS Ta 3aBaHTaxeHHs. HemoctatHs
HIUTHHICTh OPHUKETIB € MPUYMHOI0 TOTO, IO OKHCHI Ta3d MPOHUKAIOTH YCEPEAUHY
OpHUKETY 1, TUM CaMHM, 301JIbIIYIOTh CTYIIIHb OKUCHEHHS METaIy.

["apsiue OpukeTyBaHHS 3IMCHIOETHCS JJIsl MIABUILCHHS IIIIBHOCTI OPUKETIB 1
BunamoBanHs 3anumkiB 30P. Jlng miporo apoOieHy CTpYXKy HarpiBaroTh 10 750—
800 °C y kaMepHuX a00 IIaXTHUX MeYax 1 NOTIM MOAAI0Th Ha ITpec OpUKETYBaHHS.

OcTaHHIM YacoM g HarpiBaHHs CTPYXKH HaOyBalOTh MOIIMPEHHS OLIbII
e¢(eKTUBHI pOTaIiitHl TIeul 3 BicCI0 OOepTaHHS, IO HAXUIAETHCSI, B SKHX
3a0e3MeuyeThCsl NETVIeNOAIOHMN pyX HarpiBalouux 1 BIOXOJALIMX Tra3iB Ta

CKOPOUYYETHCS Yac IOCSATHEHHS MaTepiaioM HeoOxiaHoi TeMmneparypu [13].
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B pe3ynbrari mnpecyBaHHS CTPY>KKM B TapsyoMy CTaHi 3a 30epekeHHs
BeJIMUMHUA TUCKY B Mexax 300-350 MlIla rycruna 3pocrae mno 7250 kr/M° (st
CTaJIeBOI CTPYXKH). BIIMOBIAHO 3MEHIIYETHCS TMOPUCTICTH OPHUKETY, 3pOCTAalOTh
TEIUIONPOBIIHICTh Ta MIIHICTE (62,3—78,2 MIla), 1m0 Ba)XIMBO MpHU MeperviaBiIeHH]
Ta TpaHCTOpTyBaHHi. Jleo MeHIa rycTuHa OpUKeTIB 3 YaBYHHOT CTpYXKH (10 6500
kr/M°), TpoTe MIlHICTh, CTIHKICTH NPOTH ymapiB Ta IHON [apaMeTpH TaKOXK
1 ABUIIYIOTHCS.

[{in1 Ha OpUKETHU XOJOHOTO MPECYBAaHHS 31 CTAJEBOI Ta YaBYHHOI CTPYXKKH Y
2-2,5 pa3u BHUI, HDK CTPY>KKH PO3CUIIOM, a rapsiuoro mnpecyBaHHs y 2—3 pasu
JOpOK4Ye 3a XxoJioaHe npecyBaHHs [1]. OCHOBHY 4acTKy B COOIBapTOCTI rapsA4ux Ta
XOJIOMHUX OpHUKETIB CTAHOBIATH eHeproButpartu. JIiHii OpuKeTyBaHHSA 3aiiMaloTh
BEJIMKI BUpOOHUYI Tuionll, MatoTh HU3bkuii KK/I. ITpu nupomy npen'siBistoThCsl BUCOKI
BUMOTH [0 MIATOTOBKH CTPYXKKH TEpeA MPECyBaHHSIM IO TPaHYyJIOMETPHIHOMY
CKJIaJy 1 CTYNEHIO 3a0py/IHEHOCTI CTOPOHHIMU JOMIIIKAMHU.

bpukern raps4oro mpecyBaHHs 3aJ0BOJIBHSIOTH B OCHOBHOMY BHMOTaM JJis
NOJajibIIO] TUIAaBKH, ajie X BapTICTh CTOCOBHO HEIOPOrMX MAaJOJEeroBaHUX CTajien
3HAXOJMUTHCS HA PIBHI 3 BAPTICTIO IEPBUHHUX METATIB, & IKICTh 1M MOCTYIAETHCA, 110
pOOUTH BUKOPUCTAHHS rapsuuxX OpUKETIB HEPEHTAOEIbHHM.

["a3oBe HarpiBaHHs [JIsi rapsdoro OpHUKETyBaHHS, OCOOJMBO TPH BUCOKHUX
TeMIlepaTypax, B Tiil 4K 1HUIIHA Mipl CYIPOBOJKY€ETbCS HE TIIbKM BUTapOM METaly,
ajie 1 TOTIPHICHHSM Moro skocti. ToMmy is JOpPOTUX BHUCOKOJIETOBAHUX 1
BHUCOKOMIITHUX CTaJiel, PEeUUKIIHT SKUX CHPSIMOBAHHMU HA OTPUMAHHA HE MPOCTO
IIMXTOBOi 3arOTOBKH, a Mapo4yHOrO0 MeTaly, 3acTOCOBYIOThCS 1HIN METOAU
HarpiBaHHsA. Y  JiTeparypl HaWdJacTile 3rajyeThCsi  €IEKTPOIMITYJIbCHHM,
eJNIeKTPO(PI3NYHUI Ta €IEKTPOTePMIYHUN MeTOoAM mpecyBaHHs cTpyxku [10,11]. ¥V
HUX HAarpiBaHHs CTPYXKH KOPOTKOYACHHMH IMITyJibcaMd a00 OUIblI TPUBAIUMU
UKJIAMH TIOE€JHYEThCS 3 MpolecoM mpecyBaHHsA. [Ipu 11poMy OTpuUMYIOTBCS abo
OKpeMi OpuKkeTH, abo0 JOBrOMIpPHI 3aroTOBKM JUIsl MOJAJBIIOTO TEpersiaBy,

HANPUKIIAJ, eIEKTPOIIPOMEHEBOT0 a00 eNeKTpoLuIakoBoro [14].
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He3Baxkatouu Ha TOpOTOBU3HY BUTOTOBJIEHHS 31 CTPYXKKH OPHUKETIB, MEPEIUIaB
ix y meuax JICII Ta ITII no3Bossi€e TOMIMIIATHA BCl TEXHIKO-€KOHOMIYHI MOKA3HUKH
IUIaBKU Ta CYTTEBO 3HU3UTH BTpATH MeTany Ha Burap. [Iporte, 1 mpu BUKOpUCTaHHI
OpUKETOBAHOI CTPYXKH 3aJMIIAIOTBCS MPOOJIEMU 3 SAKICTIO MeETaly BHACIHiJIOK
MiJBUIIEHOTO BMICTY B HBOMY HEMETaJIeBHX BKJIIOUYeHb 1 rasiB. lle Bumarae
MIPOBENICHHS I0JJaTKOBUX omepalliil padiHyBaHHS, a IPU ICTOTHUX BTpaTax JIETYIOUUX
€JIEMEHTIB, IO OCOOJIMBO BiJ0YBA€ThCS MpPH IUIABILI B EIEKTPOAYTOBHX IMeYax, 1
nosieryBanHs. Lle, y cBolo 4epry, BUMarae HasiBHOCTI JOJATKOBOTO OOJIaHAHHS Ta
MIPU3BOJIUTH J0 301IBIIEHHS TPYIOMICTKOCTI IepeITy BIIXOMIIB, ITiABUIIIEHHS BUTPAT
MaTtepialiiB Ta EHEPrOPECypCiB.

Btpatu poporux Jerywoumx €JIeMEHTIB, THUM OLIbIIe 13 BUTpaTaMu Ha
OpUKETYBaHHS, CTaBUTh MiJl MUTAaHHA €KOHOMIYHY JOLIJIBHY MHEPEepOOKH CTPYKKHU
BHUCOKoJeropanux ctainei ta crasiB y nedax JCII ta ITII. binemr toro, y JACII ta
Bikputux ITIl TOpakTUYHO HEMOXJIMBO TUIABUTH  METalIM, IO MICTATh
BHCOKOPEAKIIIMHI €JIeMEHTH, Taki SK XpOM, BaHaJii, HIOO1H, TUTaH, aJTIOMIHINA Ta
HU3KY 1HIINX, 3B)KAIOYU Ha iX IHTEHCUBHE OKUCIICHHS Ta 3HaYHI BTPATH.

Tomy BemyThCcsi poOOTH Ta AOCTIHKEHHS 3 TMOIIYKY HOBHUX, €(EKTHUBHININX
METO/IIB MEPEPOOKU CTaNIeBOi CTPYKKH, OCOOJIMBO BHUCOKOJEroBaHoi. Tak y poOoTi
[15] BuKOHaHa OllIHKA BUTapy Xpomy IpH mepepolirl crpyxku craimi 10X18HIJI y
BIJIKpUTIA 1HAYKIIMHINA Medl, B AYroBid Medl MOCTIMHOIO CTpyMy, B JyroBii medi 3
MO/IaueIo aproHy 4Yepe3 OChOBUHM OTBIp y rpadiTOBOMY €JIEKTPO/Ii 1 B AYTOBiH medi 13
3aCTOCYBaHHSIM aproHy B SIKOCTI IJIa3MOYTBOPIOIOYOTO Ta3y Ta IUIa3MaTpOHIB 3
BOJIb()PAMOBUM KATOHOM.

HaBeneni y tabn. 1.2 pe3ynbTaTu MOKa3yloTh, 110 HaWOUIbIII BTPATU XPOMY
B1I0YBAIOThCS MPH IHAYKIIHHIN MJIaBLl — Yy MeTalll 3anuiaerbes o6ausbko 10 % Cr
npu 18,5 % y Buxianil crpyxui. IlIBuame 3a Bce Takuil BUCOKHMI BUTap XpOMy
MOSICHIOETHCS IPOBEACHHSIM IUIABOK 0€3 BUKOPUCTAHHS MOKPUBHOIO LITAKY, Ta IIe U
y meyl 3 KuciauM (yrepyBaHHsAM. BABidl MeHIl BTpaTh XpoMy NP TyroBii TUIaBIi 1
HEBEJIMKI TpU [JyroBid, a MO CyTl IJIa3MOBIM, IUIaBIl, $Ka MPOBOAMUTHCA 13

3aCTOCYBaHHSAM 3axXUCHOTo razy. Tomy aBTopu, [UIsi 30epiraHHsl CKIagy CTall
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10X18H9JI B mexax MapoyHOIro, B SKOCTI paIlllOHAIBHUX PEKOMEHIYIOTh JBa

OCTaHH1 BaplaHTHU TIABKU CTPYKKH.

Tadoauus 1.2. Brpatu xpomy npu pizHuX MeToaax miaBku ctaim 10X 18HIJI

NoNe
BapianTtu mnaBku CTpyXKu Brpatu xpomy, % aoc.
/T
1 [HaykmiiiHa BigKpUTa MY 8,7—-10,9
5 JlyroBa ni4 moCTIMHOTO CTPYMY 3 Ipa(iTOBUM 48
EIIEKTPOIOM ’
JlyroBa mi4 moCTItHOTO CTPyMY 3 TTOAA4EIO
3 aproHy uepe3 0OCbOBUH OTBIp y rpadiToBOMY 1,4
eIEKTPOIl
4 JlyroBa mi4 moCTIHHOTO CTPYMY 3 IJIa3MaTPOHOM 192
3 BOJIb()PAMOBUM KaTOJIOM Ta [O/IAYEI0 apTrOHY ’

3 TOYKHM 30py 3amoOiraHHs OKHUCHEHHS METalliB MpU iX IUIABI[l HAWO1IbII
e(eKTUBHUM € BUKOPUCTAaHHA BakyymMHOi Metanyprii. lle BakyyMHO-1HIyKIliliHA
(BIIT), Bakyymuo-ayrosa (BJIIT) Ta enekrponHo-npomenesa (EIIII) meroau niaBku.
OpHak nmaHi TpoIeCH JOpOri Ta iX BUKOPUCTAHHS ISl MEPEepOOKH HEKOMIMAKTHHX
JIpiIOHOUCTIEPCHUX BIJIXOJIB, TI€T K CTPYXKH, 4acTo HeMoxkiuBe. Kpim Toro, mpu
BAaKyyMHIN MJIaBIi BIAOYBA€ThCSI IHTEHCUBHE BUIIAPOBYBAHHS €JIEMEHTIB 3 BUCOKOIO
IPYXXHICTIO MTapy, 30KpeMa XpoMmy.

ToMy IOLIIBHUM € BUKOPUCTAHHS OUIbII MPOTPECUBHUX TEXHOJIOTIN 3JaTHUX
MIOJTIMIIIATH SIK €KOHOMIYHI MOKA3HUKH TUTABKH BITXO[IB, TaK 1 SIKICTh OJIEPKYBAaHOI
Metanonpoaykiii. Cepea uX TEXHOJIOT1 MOXHA BUIUIUTH TEXHOJIOTIT K1 3aCHOBaHI1

Ha 3aCTOCYBaHHI €JIEKTPOLIIAKOBOTO JKEPEN HarpiBYy.

1.2.2. EneKkTponLIaKoBi T€XHOJIOTII MepepoOKH CTAJIEBOI CTPYKKH.
JloOpe BimOMi JOCUTH BHCOKI padiHyiOdi MOXKIMBOCTI €JIEKTPOLLIAKOBOI

IUIaBKHU, Y TOMY YuClIl KOJIM MOBa 1591 (] IIpOo BUAAJIICHHA 3 ME€TAaly HEMCTAJICBUX 1
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3a0pyIHIOIOYUX JIOMILIOK, 0 0COOJIMBO BaXKJIMBO IpH IJIaBLI CTPYXKKU. Butpatu Ha
CJICKTPOIUTAKOBUH TEpeIyiaB 3aBIsIKU MPOCTOTI 1 HAMIMHOCTI OO0JaHAHHS B KUIbKa
pa3iB HIXX4Yl B TIOPIBHSHHI 3 €JIEKTPOHHO-IIPOMEHEBOIO 1 IIJIA3MOBO-IYT'OBOIO
IUTaBKaMU. 3 OISy Ha 1€ eJEKTPOILUIaKOBUU MEperiaB y pi3HUX BapiaHTax OyB
BUKOPHUCTAHUU JJI IEPEPOOKH CTATEBOI CTPYKKH.

Tak y pobGotax [14,16] mnpuBeneHi daHl EJIEKTPOILIAKOBOTO TEPEIUIaBy
ctpyxku cramed 12X18HIOT ta crmaBy EIN609. 3 ornsigy Ha Te, MmO CTpPyXKa 3
MOAIOHUX BHCOKOJIETOBAaHUX HEPIKABIIOUMX, JKAPOMIIIHUX CTajiel 1 CIUIaBIB BaXKKO
HiIa€ThbCsl OpUKETYBAaHHIO, BUTpaTHI enekTpoau aiamerpom 100 MM oTpumyBaiiu
KOIAKTYBAHHAM CTPYXKKHM IiJI CTPYMOM cCIocoOoM, omucanum B podotax [11,17].
[leperuiaB BiOyBaBcs B KpucTaiizaTtop aiameTpom 170 MM 3 BUKOPUCTAHHSIM CYMIIII
nuiakiB AH®-6 ta AH-295. Otpumanuii Takum metogom Mertan 3iauTkis ELLIT mo
XIMIYHOMY CKJaJy Ta MEXaHIYHHUM BJACTHUBOCTSM IOBHICTIO BIJNOBIJaB BUMOTaM
TEXHIYHMX yMOB Ha I cruiaBu. OJHAaK 3acTOCYBaHHS CHEIIaJbHUX METO/IIB
KOMIaKTyBaHHSI BUMarae BIAMOBIAHOTO OOJagHAHHS, JOJATKOBUX MaTepialbHUX Ta
CHEPreTUYHUX BUTPAT 1 HE 3aBXKIU MOKE OYTH €KOHOMIYHO JIOILJIBHHM.

B Toii e Jac eNeKTpOIUIakoBl TEXHOJIOTIi TO3BOJISIOTh 3A1MCHIOBATH TJIABKY
METaaeBOl CTPYKKH 0e3 Ti MONEPEIHbOro OpHKeTyBaHHs. [PYHTYIOTHCS BOHHM Ha
TOMY, 110 KO’KHA YacCTKa CTPY>KKH Ma€ PO3BUHEHY ILJIOINIY MOBEPXHI MPHU MOPIBHIHO
HeBeNnuKii ii ToBwmMHI. [le 3a0e3nmedye MIBUIAKE PpO3IIIABIECHHS CTPYXKUA MpU
MOMAaJaHHl B PIAKANA IIJIAK, 110 Ma€ TEeMIIepaTypy BHUIIE TEMIIepaTypy IUIABJICHHS
MeTany. MaTemaTHdHe MOJICTIOBAHHS Ta HATYPHI €KCIIEPUMEHTH TMOKa3aju, 10 Mpu
XapaKTEepHUX JJIs1 €JIEKTPOILIAKOBOTO Mpoliecy Temmeparypax mmaky 1650-1750 °C
yac IUIaBJICHHS CTPY>KKHM Y IIJIAKOBIM BaHHI CTAHOBHUTH KUIbKA CEKYH], a CEpeIHs
MacoBa IIBHJAKICTh IIJIABKM HE HWXKYE, HDK MIBUJKICTh IUIABKH CYLUIBHOTO
MetanieBoro enektpoaa B nedax EIIIT npubausHo Takoro camoro po3mipy [18,19].

[Tpu enexTponuIakoBiii MIaBI{l HEKOMITAKTHOI MUXTH Y BUTJISAL CTPYKKH IS
MNIATPUMKM  €JIEKTPOIJIAKOBOIO MPOIECY HEOOXIAHO BiJ JKEpesa KUBJIEHHS

(TpancdopmaTopa) A0 IIIAKy MIJBOAUTH €NEKTPUUYHUN CTPYM. SIK CTpyMOIIiIB1THUHN
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€JIEMEHT HallyacTillle BAKOPUCTOBYIOTh TpadiTOBaHUM €JIEKTPO/] 1 MPOILEC MeperiaBy

3MIIUCHIOETRCS TaK, SIK MOKa3aHo Ha puc. 1.3.

AN

Puc. 1.3. Cxema eneKkTponniakoBoi MIaBKU CTPYKKH 3 BUKOPUCTAHHSIM
HEBUTPATHOTO €JIEKTPOa B BOJOOXOJIO0)KYBAaHOMY KpUCTaIi3aTopi:

1 — OyHKep; 2 — HEBUTPATHUI €JIEKTPOJ;

3 — BOJIOOXOJIOJPKYBAHHM KpUCTallizaTop; 4 — IJIaKOBA BaHHA;

5 — MmeTanieBa BaHHa, 6 — M1JJIOH.

VY niteparypi € BIZOMOCTI TpO MEpepoOKy 3a BUIICHABEICHOK CXEMOIO
CTPY)XKH pi3HUX crajeii. Tak B po6ori [20] HaBOOWUTHCS TPHKIAA TEPEPOOKH
CTpyXKu ctasii POMS B kpucrtanizaropax aiamerpom 125 1 150 MM 3 BUKOpUCTaHHSM
B SKOCTI CTpyMomiiBoAy TpaditoBux enekTpomiB miamerpom 40 1 50 wmwm.
Bigsnagaerncst, mo 3a XIMIYHUM CKJIaJ0M BHUILIABIEHHUII METaj BIAMOBIAA€ BUMOraM

Ha CTaJlb JJaHOi Mapku. MeXaHiuHl BJIACTHMBOCTI 1 CTIMKICTh (ppe3, BUTOTOBICHUX 3
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OTPUMAHUX 3aroTOBOK, BHUIII B TMOPIBHSHHI 3 AaHAJOTIYHUMH [OKa3HUKaAMU
IHCTPYMEHTY, BHUTOTOBJICHOTO 31 CTaJjll MPOMHUCIOBOTO BUPOOHUIITBA. [losicHIOETHCS
11e, Ha IyMKY aBTOPIB, OUIbIII TOHKOIO KapOigHOIO CTPYKTyporo Merany 3nuTkiB EIIT
1 fioro padinyBanusam npu EN-munaBii.

Ha HoBokpamaTopcbkoMy MAaIIMHOOYAIBHOMY 3aBOAl Oyl0 BHUIPOOYBaHO
texnosorito EIIII crpyxku xpomo-Hikenb-BodbppamoBoi crami EI961 [21]. Ilpu
IOMY B SIKOCTI HEBUTPATHOTO EJIEKTPOJa BUKOPHUCTOBYBAJIU MOPOKHHUCTY CTAJlbHY
TpyOy 3 rpaditoBuM HakiHedHUKOM @ 250 mm. B enexrposai nepeadayeHo oTBip, B
SKOMY PO3MIILLY€ETbCS JIOTOK. [3 OyHKepa 3a JOMOMOIOI0 IIHEKOBOI Iojayl 4depes
JOTOK B CEpEeaUHY €NIeKTpoJa HEMEPEepBHO IMOJAETHCS PO3MUIBYEHA CTPYXKKa 3
HacunmHoro  macoro  0,8...0,9 r/lem’. Cama  IUIaBKa B1IOyBa€ThCA B
BOJIOOXOJIOPKYBAaHOMY MIJIHOMY KpucTtamizatopi @ 305 mm. B skocTi mI1akoBoi
ckJ1aoBoi BUukopuctoByBasin cymim AH®D-6 (65%) 1 AH-291 (35%). Takuii dmroc
MaB OUIBIIMNA €NEeKTpUYHUN omip Ta 3abe3ledyyBaB MIIBUIIEHHS TeMIEpaTypu
nutakoBoi BaHHU Ha 50...70 °C 1 61111 BUCOKY IIBUAKICTH T1aBKH (3,5...4,0 Kr/XB) B
MOPIBHSHHI 3 TUIABKOIO 3 BUKOPUCTAHHAM TUTbKHM nutaky AH®-6. MakpocTpykrypa
MOJIOBKHBOTO  TEepepidy OTPUMAHMUX 3JUTKIB XapaKTEPHU3YEThCS  BIICYTHICTIO
30HAJIBHOI JKBalii S, P, NUIaKOBUX BKIIIOYEHBb Ta HEPO3IUIABICHOI CTPYXKHU. [IuToMi
BUTpaTH enekrpoeneprii ckinanmu 1500 kBt roa/t npu nuromux Butparax durocy 100
KI/T.

Takox Oynu TIpOBENEHI JOCTIIHKEHHS TEXHOJIOTiI MepepoOKH MeTajaeBol
CTPY’KKH TOJIOBHA BIAMIHHICTh $KOi TNOJSra€ y BUKOPUCTAHHI IMOPOXKHUCTOTO
rpa¢iTOBAHOTO €JIEKTPOJia, IO JO03BOJISE€ TOJAaBAaTU CTPYXKKY Oe3mocepeaHhO B
LCHTPaJIbHY, HAMOLIBII PO3ITPITY 30HY NITaKOBOT BaHHHU (puc. 1.4).

[linkpecaoeThes, 10 3alpoONOHOBAaHA TEXHOJOTIYHA CXeMa Ma€ HaCTYIMHI
mepeBaru Tmepel KIACMYHOK 0araToCTaAiifHOI0 CXEMOIO TMEpeIuIaBy CTPYXKKH 3
BUKOPUCTAHHSM JIyTOBOi CTaJIeTIaBUIBHOT MeYi:

- 3MEHIICHUI BUTap METaJy 1 JEryIoUuX €JIE€MEHTIB;

- CKOpOY€Ha KIJIBKICTh CTa/l1ii OTpPUMaHHS KIHIIEBOTO METay;

- 3MEHILEHHS BUTPAT €EKTPUYHOT €HEeprii;
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- MOXKJTUBICTh TIEPEPOOKH CTPYKKH O€3M0CEePEIHhO Ha MIANMPUEMCTBAX, JI€ BOHA

YTBOPIOETHCS.
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Puc. 1.4 — Cxema EIIIT HeKOMITaKTHUX BIIXO/A1B 3 BUKOPHUCTAHHSIM
MI0JIOT'O HEBUTPATHOTO E€JIEKTPOJA!

1 - MexaHi3M NepeMillleHHs eIEKTPoa; 2 — KpUCTaNi3aTop; 3 — MiJJI0H;
4 — OyHKep JUIs IUXTOBUX MaTepialiB; 5 — 103atop; 6 — eNeKTPONpUBI;
7 — BOpPOHKA; 8 — IIHEKOBUH >KUBUJIHHUK;

9 — nonuit HeBUTpATHUH eNeKTPo; 10 —mKepeno KUBICHHS.

OTpuMaHi 3JIMTKU MaJld OJTHOPIAHY IIUIbHY CTPYKTYPY, BKIIOUEHHS y BUTJISIL
HEPO3IJIAaBICHUX YaCTUHOK CTPYKKHM a00 LUTaKy Oyju BIACYTHI, Bi3yaJIbHO BOHH HE
BIJIPI3HSUIMCS  BIJl 3JMTKIB OTPUMAHMX MEpPEIyIlaBOM 3BUYAWHOIO CTaJIEBOTO
€JIEKTPOJIa.

BumenaBeneni mNpUKIaaM  CBiYaTh, IO €JICKTPOIIUIAKOBA IUIaBKa 3

BUKOPUCTAHHSAM HEBUTPATHOTO CTPYMOMIABIAHOTO rpadiTOBAHOTO €JIEKTpoJa €
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OJHUM 3 €(EeKTUBHHUX CIOCOOIB MEPEpOOKH METaIeBOi CTPYXKU. OaHAK B LOMY
BUMAAKYy ICHye HeOe3leka HaBYIJICIIOBAHHA MeTally, Ska 0araTo B 4YOMYy
BU3HAYAETHCS CKJIAJOM CTPYXKKH 1 LIJIAKy, 110 MEPEIUIaBisiioTh, 1 TEMIEPATypPOIO
OCTaHHBOTO [23].

e Bim3HAYAETHCS 1 B JOCITIKEHHSX, OMMMCAHUX BHUIIE, A€ MAKPECIIOETHCS, 110
OJIHUM 3 HEJIOJIKIB 3aCTOCYBaHHS HEBUTPATHOTO TpadiTOBAHOrO €JIEeKTpoJa €
301IbIIEHHST BMICTY BYIJICHIO B MeTanui 3nuBKa. [lokasaHo, 1o mpu meperiasi
ctpykku ctam 35XI'CA mig mmakamu AH®-6, AH-29 1 AH®-32, BmicT Byriero
BUSIBUBCA MPUWHATHUM TUIBKM TpU BUKOopucTaHHI nuiaky AH®-32. B upomy
BUIMAJKY XIMIYHHMI aHaji3 MeTaly 3JUTKa I0Ka3aB MOro MOBHY BIJIMOBIIHICT
ximiyHOMY ckiaay ctam 35XT'CA 3 BMICTOM BYTIJICIHIO B MEXaxX BUMOT CTaHAApPTy
JUISL JaHOT MapKH CTalll.

Tomy npu nepepoOIll CTPYKKHU 3 CEPEIHbO, a TUM OLIbIIE HU3BKOBYTJIEIEBUX
CTaJIel 1 CIUIaBiB 3aCTOCYBaHHs TpaiTOBAHOrO CTPYMOINIJIBOJA ISl 31MCHEHHS
eJICKTPOIIIJIAKOBOTO Tpollecy HebakaHe, a Haifdactime mpocto BukmoudeHe. o
CTOCYETHCSI  BHUKOPHUCTAHHS  3aMICTh HHUX  METQJIEBUX  BOJIOOXOJIOHKYBAHHUX
CJIEKTPOJIIB, TO MiJaHI, MOJIOAeHOBI abo KomOiHOBaHI (MiIb-BoJibPpam) iX
HaKiHEYHUKH, 30KpeMa TakKi SK 3aCTOCOBYBAIMCS TPH TEpepoOIll CTPYXKKHA 3
cynepcruiaBiB B pob6otri [24], B Till YW 1HImIKA Mipl PO3YMHSIOTHCA B IIUIAIl,
3a0pyIHIOIOYM MeTall, M0 MepemaBisierbess. OcoOMMBO TPH JOCUTh BHUCOKHX
TeMIiepaTypax Mmpolecy, HeoOXiqHUX I €(peKTUBHOI TUTABKH CTPYKKH. TOOTO BOHH
MarTh 0OMEXEHHUI pecypc poOOTH 1 KpiM TOT0, Ha OXOJIO/PKCHHS TaKUX €JIEKTPO/IIB
BTpauaeTbes 10 40 % Teruia, 110 BUAUIIETHCS B HIJIAIL.

J1o pi3HOBHIY €IEKTPOIIIAKOBOT TUTABKU 3 HEBUTPATHUM BOJI00XOJIOKYBaHUM
eJIeKTpOoI0oM MOkHa BigHecTu 1 mpouec EIIT B crpymoniaBigHOMY KpHUCTalli3aTopi
(CIIK), ne (QyHKIII0O HEBUTPATHOTO €JEKTPOJA BHUKOHYE CTPYMOMIABIIHA CEKIis
KpucTaiizatopa. Y pobotax [25-27] HaBOAATHCS AaHi MPO BUKOPHUCTAHHS TaKOTO
KpHUCTagizaropa uisl IUIaBKU B 1Iapl MIJIaKy Pi3HOI HEKOMITAKTHOI AUCKPETHOI IINXTH
- CcTaneBoi 1 MIJHOI CTPYXKKH, BIIXOAIB HIBUAKOPI3aJbHUX CTajel, IIamiB

abpa3uBHOI 3a4KCcTKH (pHcC. 1.5).
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Puc. 1.5 — Cxema EIIIT HeKOMITaKTHUX BIIXOMAIB Y CTPYMOITiABITHOMY
KpHUCTaII3aTOopi:
1 - ctpymomniiBiiHA CEKIisl KPUCTAII3ATOPA;

2 — (hopMmyroua cekIlisg KpucrajaizaTopa; 3 — OyHkep; 4 — IIUTaKoBa BaHHA;
5 — MeTasieBa BaHHA; 6 — 3JIMTOK; 7 - MIIOH.

[lepeBarorw mnepepoOKM 3a TAaKOK CXEMOK METAJIEBOI CTPYKKH € HASIBHICTh
BUTBHOTO JI3€pKajia IUIAKOBOI BaHHU, IO TOJIETIIYE MOJady IIUXTH HA TUIABKY, 1
BIJICYTHICTh KOJIOHU JJISI KPITUICHHS 1 TIEPEMIIIEHHSI CTPYMOMIABITHOTO €JIEKTpOoa.
Opmnak Takui KpucTaidizaTop Habarato CKjIajHIIIe 1 JOpOoXKYEe 3BUYAHHOIO 1 MJIaBKa 3
HOTO BHUKOPHCTAHHSM XapaKTEPU3YETHCS IMIIBUIICHOIO BUTPATOI EJIEKTPOEHEPTIi.
KpiMm TOro, B KOHCTpYKIIii MOJIOHOTO KpHCTali3aTopa 3 METOI0 3aro0iraHHs epo3ii
MOBEPXHI CTPYMOMPOBIJIHOT CEKI[li, 0 KOHTAKTy€ 31 ILJIAKOM, MepeadadyaeThes
YCTaHOBKA 3aXMCHOTO TPaiTOBOrO KUIbI. A 11e MOXKe OyTH KepesoM HeOaXaHOTOo
HaBYIJICLIOBaHHA MeTany, 1o neperiabisierbes. OcobnuBictio Elll-nponecy B

CTPYMOITIIBITHOMY KpPHCTaI3aToOpi € TMepeBaXHUI HarpiB mnepudepii MUIaKoBOI
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BaHHU. BHACI0K 1I,OTO MpH 30UIBIICHH] JIaMeTpa KpUCTali3aropa, HampukKkiaa s
TOTO, 100 30UMBIIUTA TPOMYKTUBHICTh IUIABKH, IIEHTpalibHAa 0O0JACTh IIAKOBOI
BaHHU MaTHUMeE BIJHOCHO HHU3bKY TEMIEpaTypy, 10 YCKIAIHIOE TIJIABJIICHHS IIMXTH B
A 30Hl.

Jlnst BUKITIOUEHHS 3a0pyIHEHHS METally, IO IMEepeIIaBIseThCs, MaTepiaaoM
CTPYMOIT/IBITHOTO HEBUTPATHOTO €JEKTPOJia aBTOPH MATEHTY [28] 3ampomnoHyBaIu
Croci®d  ENEKTPOINUIAKOBOI TJIABKM  HEKOMITAKTHHX  METAJICBUX  BIAXOIB 3

BUKOPHCTAHHSM BUTPATHOTO eyiekTpoaa (puc. 1.6).

Puc. 1.6 — Cxema EIIII HEKOMITAKTHUX BiIXOMIB 3 BUKOPHUCTAHHSIM
BUTPATHOTO €JICKTPO/A:

1 - OyHKEp C mMHUXTOI0; 2 — XK0JI00; 3 — MpOMiKHA BOPOHKA; 4 — 103aTOD;
5 — BOPOHKa; 6 — BUTPATHUI €JIEKTPOJI; 7 — IKEPEIO )KUBJICHHS,

8 — kpucTami3arop.

ButpatHuii enextpon Moke OyTH BUTOTOBJICHUW PI3HUMU CIocoO0aMH B
3aJIEKHOCT1 BIJ] MOXJIMBOCTEW MIANPUEMCTBA, 1€ OyJe peasi3oByBaTHCS MOA10HA
cxema NepepoOKr MeTalieBOi CTPYKKU. Hampukiaz, 3BaproBaHHSM BiMOBIIHOTO 32
po3MipaMu JIOMy 3 MeETally Ti€i X Mapku. ABTOpH 3a3HAYEHOTO TATEHTY

B1/I3HAYAIOTh, 110 MPHU MepepoOIll CTPYKKHU IIBUAKOPI3aIbHOI cTaiai POMS KiabKicTh
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ii cranoBwia 10 60-70 % Bix 3arayibHOI Macu MeTaly, IO TeperviaBisBes. [Ipu
FOMY OTPHMAaHI 3JIMTKH XapaKTEPHU3yIOThCS BIACYTHICTIO NE(EKTIB JKBAIIIHOTO
MOXOKEHHSI, IIUIbHOI0 0€371e()eKTHOI0 MAaKpOCTPYKTYyporo. ToOTo, 3arpornoHoBaHui
meton EIIIT HekoMmakTHUX BIIXOIB MIO3BOJISIE OTPUMYBATH I1HCTPYMEHTAIBHY
CTallb, SIKa MOBHICTIO BIJMOBIJAa€ BCIM BUMOTaM, IO MPEA'SIBISIOTHCS A0 CEPIMHOT
MPOYKIIIi.

OcTaHHii 3 PO3MVIAHYTHX BapiaHTIB €JICKTPOILIAKOBOI IJIABKM HEKOMITAKTHUX
MarepiajiB € HalOUIbII TPUJATHUM JJIA TEepepoOKH METalleBOoi CTPYXKKH 3
BHUCOKOJIETOBAHOI HEP>KaBIIOYOi CTadl 1 PI3HUX KAPOMIIHMUX cIuiaBiB. OmHaK 1 114
TEXHOJIOT14, SIK 1 BC1 MOMEPEHI, 1110 nepeadadaroTh MIABKY B BOJOOXO0JIOIKYBAHOMY
KpHUCTAJII3aToOpl 3 OTPUMAHHSM 3JIMTKA, MAIOTh PsJi 0COOIMBOCTEN 1 0OMexeHb. [1o-
mepie, He BHUKIIOYAETHCS MOXIJIMBICTH IOMAJaHHS B TOPIBHSAHO HEBEJIHUKY 32
00CsSITOM MeTalieBy BaHHY CTPYXKH, 1[0 HE MOBHICTIO PO3ILJIaBWIACH, & 1€ TipIie -
3aHOCUTH 3 COOOI0 YacTHHKM Iiaky. Hampukian, BHAcmiloK NOMagaHHS B IIUXTY
OKpeMHMX OUIBIIMX IO TOBIIHMHI €JIEMEHTIB, abd0 CTPYXKH, WIUIBHO CKPYYEHOI Y
BIJIHOCHO BEIMKHUMA KIyOOK, a00 K HasBHOCTI CIUICTEHHX MiX C000I0 (hparMeHTiB.
[To-npyre, yckiaaHIOETHCS TUIaBKa METaTy, III0 MAa€ B CBOEMY CKJIaJll €JIEMEHTH, SIKI
MaloTh BHCOKY CHOpIJHEHICTh A0 KucHi. JloOpe Bimomo, mo B mpouect EIIIT
BiJIOYBAETHCSI BUTAP TUTAHY 1 YACTKOBO XPOMY, SIKUMH JIETYIOTh 0arato Hep>KaBilounx
1 )KapoMIIHUX cTajeil. A mpu nepepoOIll CTPYKKU TAaKOi CTajl BTPATH 3a3HAYEHHMX
€JIEMEHTIB 3pOCTAIOTh Yepe3 BUCOKI TEMIIepaTypH IUIaKy, HEOOX1THUX JIJISl IIIBUIKOTO
IUTABJICHHSI HEKOMMAKTHOI MMXTH. [losieryBanHss TUTAaHOM (PEepOTUTAHOM) 1 XpPOMOM
(pepoxpoMom) B HEOOXIHIN KUIBKOCTI MO X0y IJIABKM HE TapaHTyE PIBHOMIPHOTO
pPO3MOMUTY IUX €JIEMEHTIB MO BHUCOTI 1 MEPETHUHY BUILIABIIOBAHUX 3TUTKIB. BiibI
TOrO, ICHY€ He0Oe3MeKa JIOKAIHHOTO CKYITYEHHSI TaKUX J00aBOK.

KpiM MeramypridiHux € 1 TEXHOJIOT1YHI CKJIaJHOUI TUIABKUA CTPYXKKH 3a
BapiaHTOM, TMoOKa3aHoMmy Ha puc. 1.6. CmpaBa B TOMy, IO TpH TOMAJaHHI B
MJIABWJIBHUM TIPOCTIP CTPYXKKA B TOMY UM 1HIIIOMY MICII MOK€ OJTHOYaCHO TOPKATHUCS
eJIEKTpOJia, IO TEeperyaBsieTbcs, 1 CTIHKM KpucTamizaropa. lle mpusBoauts 10

BUHUKHEHHS MIKPOAYT, IO CYHIPOBOKYIOTHCS J€CTAa0LII3AIlEI0 eIEKTPOIIIaKOBOTO
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nporecy 1 HeOe3MeKOow MiJBUILIEHOT0 3HOCY CTIHKM KpHUCTalli3aropa ax g0 ii
nporany. HeoOXiHO TakKoX BiJ3HAYATH 3HAYHI BUTPATH BOJIU HA OXOJIOJKEHHS
KpHUCTaIi3aTopa, a TAaKOX ICTOTHI BTpaTH TeIjia 3 I1I€I0 BOJOI0, IO BEIYTh [0
30UTBITICHHST TUTOMHUX BUTPAT €JICKTPOCHEPTI Ha TJIABKY.

Bcix mepepaxoBaHMX BHIIE HEJOJTIKIB 1 OOMEXEHb MM030aBICHUN MPOIIEC
€JIEKTPOLUIAKOBOI TJIAaBKU B (yTEpOBaHId €MHOCTI - €JEKTPOIIJIAaKOBAa THUTEJIbHA
miaBka (EIITII). 3a3nadeHa eNeKTpONUIAKOBA TEXHOJIOTIS 3HAWIIIA HIUPOKE
MOIIMPEHHST K pa3 Uil MepepoOKH PI3HUX MeTalleBUX BiaxodiB. Tak 13
3aCTOCYBaHHSIM TpadiTOBAHUX EJEKTPOJIIB B SKOCTI CTPYMOIABOY 1 TpadiToBOro
TUTJISL B SIKOCTI TUIABUJILHOI €MHOCTI YCIIIIIHO MEPETUIaBIsSIOThCS BIAXOAU MIJHHUX 1
IIOMIHIEBUX CIUIABIB y BUTJISML CTPYKKH, ClUKM 1 ApiOHuX mmatkiB [29, 30] (puc.
1.7 a). binbim Toro, po3po0JieHI TEXHOJIOT BUIUIABKM 3 MIJHUX BIIXOJIB MIJIHUX
CIUIaBIB ILUISIXOM BBEACHHS JIETYIOUMX 100aBOK B MetaneBy BanHy [31]. ELITII
JO3BOJISIE  3JIMCHIOBAaTH  TMOJIOHE JIETYBaHHS MPAKTUYHO 0€3  O0OMEXEHb.
Bim3HavaeTbcst BUCOKA SIKICTh OJIEP’KYBAHOTO MPH IIBOMY METay, IO JOCATAETHCS 3a

PaxyHOK #oro padiHyBaHHS UTAKOM.
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Puc. 1.7 — TexHonoriyHa cxema eJIeKTPOIIAKOBOI TUTEIHHOI IIJIaBKH B
rpadiToBiii (a) Ta pyTepoBaHiii (0) EMHOCTI:
1 — OyHKkep; 2 — HEeBUTpATHUH €JIEKTPO/; 3 — IMOJOBUN CTPYMOBIJIBI;
4 — BOTHETPUBKUM TUTEIIb; 5 — TpadiTOBUI THUTET.
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Opnak 3acTOCyBaHHS Ipa(iTOBOrO THUIJISI BUKIIOYEHO TMpU  IUIABII
HU3bKOBYTJICIIEBUX CTajeil uepe3 HEeMHHyYe PO3UMHEHHS ByTJelio B merani. Ta i
npu TUTaBIN BHCOKOBYTJICLIEBHX BaJIKOBHUX, IHCTPYMEHTAJIbHHUX,
HMIAPUKOMIAMIMITHUKOBUX a00 IMIBUIKOPI3AIbHUX CTaJeil TaKoK MOXeE BinOyBaTHcs iX
HaByIJClIOBaHHA. ToMy TIpH e€NeKTPOLUIAKOBIM THTENbHIA TUIaBLl CTalel
BUKOPUCTOBYETHCS THIeJb, (yTEPOBAHUI BOIHETPUBKOIO IieTIor0 (puc. 1.7 0).

EnektporiakoBa TUreiabHa IiIaBKa BUKOPHCTOBYBaJIacss aBTopaMu poOiT [33]
npu nepepoOui cTpykku 3 xkapominHoro cmiapy XH70BMTHO® (EI617). Turens
dbyTepyBaBcsi XpOMOMAarHe3uToBow I1erioro Mapku [IM-1, BukopucTtoByBanacs
cymimn nuiakiB AH®-6 1 AH-291, a B AKOCTI HEBUTPATHOIO €JIEKTPOJAA CIYKHUIU
BOJIb(pamMoBi, MOTiIOIEHOBI a00 TpadiToBl CTPHOKHI. Y TPOLEC] TUIABKU METal He
PO3KUCITIOBAIM 1 HEe JeryBaiu. Ilicns 3akiHYEHHS TUIABKU PIIKUNA METasl 3JMBAaBCS B
MeTajeBUi KOKiIb. HaBOASATHCS pe3ynbTaTi XIMIYHOTO CKJIaay OTPUMAHOr0 METAly 1
Horo mexaHiuHi BIacTUBOCTI. [Ipu 11bOMy HE aKIIEHTY€TbCA yBara Ha 3MiHI BMICTY
TAX YW IHIIAX €JEMEHTIB, TOMY IO BWIUIABJICHI TaKUM YHHOM BHUJIMBKH
BUKOPUCTOBYBAJIKCS B SIKOCTI IMMXTOBUX 3arOoTOBOK MPH MOJAJIBIIKM TIJIaBIi B
IHayKidauX nedax. [Ipore 3 HaBeIGHNX JaHWX BUIUIMBAE, 110 BMICT TUTaHY B METaI
3MEHILYEThCS Maibke B JBa pasu, amtoMiHiio Ha 25-30 %, a xpomy, Bojdb(ppamy,
MoumiOneny 1 BaHafito npubmm3no Ha 10 %. Tomy B pasi orpumanus npu EIITII
BiJIpady MapO4YHOTO MeTally HEOOXIJTHO BXKMBATH 3aXOMIB II0JI0 3HIKEHHS TaKUX
BTpAaT IPH ILJIaBIIl, a TP HEOOXITHOCTI MPOBOJAUTH JOJETYBaHHS. ABTOPH IIUX POOIT
CTBEPUKYIOTh, 110 TaKa CXeMa 3aJly4eHHs y BUPOOHUITBO CTPYXKH JIO3BOJIAE 3a
pPaxyHOK 3MEHILIEHHS BTpaT Ha OKHUCIIOBaHHsS (Burap) 3Hu3uTH Ha 15-20 %
BUPOOHUY1 BUTPATH.

OnHak BUKOPHCTaHHS HEBUTPATHUX CTPYMOMIABOMIB MOXKE TIPHUBECTH,
HATPUKIIA], 10 CYTTEBOTO HABYTJICHIOBAaHHS METAITY, SIKE HE MOXKE OYTH YCYHYTO MpH
IHOYKIIAHIA TU1aBIll, Xi0a 10 3a pPaxyHOK pPO3BENCHHS YHCTHMH 110 BYTJICITIO
MIMXTOBUMH MatepiasiaMu. ToMy, SK 3a3Hauyanocsi BUIIE, IJIS MEpeIuiaBy HU3BKO 1
CepeIHBbOBYIJICIIEBUX, @  YacOM  HaBITh 1  BHCOKOBYIJICLIEBUX  CTaJiei

eJIEKTPOIIJIAKOBHI Mpoliec He0OX1AHO 3A1MCHIOBATH BUTPATHUM E€JIEKTPOIOM.
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€ BIIOMOCTI, 110 TaK YWHATH 1 HAa OJHOMY 3 MIANPUEMCTB YKpaiHu Ae 31
CTPYKKH ITaMIioBoi ctaii 4X5SM®PC nuisxoM XO0JO0JHOTO MPECYBaHHS OTPUMYIOTh
BUTPATHI €JEKTPOJH, SKI MOTIM MEPEIUIaBISIOTECS B €JIEKTPOLIIAKOBIN THUTeIbHIM
neui. [Ipy mpoMy A0JaTKOBO CTPYKKY B Mpoliecl IUIaBKH HE JO0JAl0Th. Y pasi
HEOOXIMHOCTI XIMIYHMM CKJIaJ HAKOMUYEHOTO0 B THUIJII METaly KOPUTYETHCS
MpucagKkaMu BIAMOBITHUX (PepocCIiaBiB 1 MOTIM MeTajl 3JIMBAEThCA B KOKUIb [35]. 3
OTPUMAHUX 3arOTOBOK BHUTOTOBJISSIFOTHCS HOBI JIUTI INITAMITH, CTIMKICTh SIKMX BHIIEC
CTIMKOCTI KOBaHHUX IIITAMIIIB, SIK1 IMOCTABIIAIOTHCS crieriai30BaHuMU
M1ITPUEMCTBAMHU.

Taka cxeMa nepepoOKU CTPY>KKU MOXKJIMBA B pa3l OTPUMaHHA JOCUTH HIUTBHUX
1 MIIHUX EJICKTPOJIB, IO IMOTPIOHO HE TUIBKM I 3amoOiraHHs iX IOJIOMKH B
npoleci IUIaBKU, ajie 1 sl 3a0€3MEeYEHHs XOpOIIOi MPOBIAHOCTI €IEKTPUYHOTO
CTpyMy.

Bukonanuii anami3 crnocoOiB 1 TEXHOJOTIH MEpepoOKH METaJeBOi CTPYKKH
MoKa3ye, IO HaWKpaill YMOBHM [Jis IJIaBKKM TOAIOHUX JIETKOBAaroBUX BIJIXOJIB
CTBOPIOIOTHCSI TIPY BUKOPUCTAHHI EJIEKTPOIUIAKOBOTO JiKEpesia HarpiBy. Y IbOMY
BUMAJAKY TOPIBHSHO 3 TPAJAUIIIHHUMH METOJAMH IUJIaBKH B JIYTOBUX Ta 1HAYKIIHHUX
neJyax TaKuil METO/I TUTAaBKW MA€ HACTYIIHI TIEPEBary:

- HU3BKUW BUTAp OCHOBHOT'O METAly 1 JIETYIOUMX EJIEMEHTIB, IO B JIEIKHX
BUMAJKaX BUKJIIOUAE HEOOX1IHICTh JOJAATKOBOIO JIETYBAaHHSI CIUIABIB MPU MEPETUIaBi;

- MOJIMBICTB TIEPETIaBy METaJIB 3 BUCOKOIO XIMIYHOIO aKTUBHICTIO;

- padiHyBaHHS METaTy IIJTAKOM BiJI HEMETAJIEBUX JOMIIIOK 1 Ta3iB;

-  MOXJIUBICTb, TMpPU HEOOXITHOCTI, IPOBOJMUTH OIeEpalii J0JaTKOBOIO
JeryBaHHS Ta MOAU]DIKYBaHHS METaJy IiJ] Yac IIaBKU;

- MpOCTOTa B OOCIYroBYyBaHHI, MOOUIBHICTh 1 BIJIHOCHO HEBHCOKA BapTICTh
CJIICKTPOILIAKOBUX YCTAHOBOK y IMOPIBHSHHI 3 IHITMMH TUTABMIIBHAMH arperaTamm.

3a3HayeHl TepeBard CBIT4aTh TIPO TEPCHEKTUBHICTh EIEKTPOIIIAKOBUX
TEXHOJIOT1M JJI PeUUKIIHTY CTaJeBOI CTPY>KKH Ta HEOOX1IHICTh OUIBII TOCKOHAJIOTO

BHUBYCHHSI 0COOJIMBOCTEN Ta MOKIIMBOCTEH 11 3aCTOCYBaHHS Ha MIPAKTHIII.
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BMCHOBKUA

1. OnHMM 3 BaXIIMBUX IUISIXIB €HEPTO- Ta PECypco30epexeHHs € MaKCUMAaJIbHE
Ta e(peKTUBHE 3aJy4YCHHS y BUPOOHHUIITBO PI3HOMAHITHUX BIJIXOJIB, y TOMY YMCII
HANOUTBII MOIIUPEHOTO KOHCTPYKIIMHOTO MaTepially — CTall, Kl yTBOPIOIOTHCS Ha
CTaJlIIX BUTOTOBJICHHS Ta OOPOOKU METAIONPOTYKITIi.

2. Cepen crTajeBUX BIAXOJIB OCOOJMBE MICIIe 3aliMae CTPYXKKa, SKOi y CBITI
YTBOPIOETHCSI Ha CTaisIX BUTOTOBJIEHHS Ta OOPOOKM METATOMPOAYKIII MITbHOHU
TOHH Ha pik. CTpyXKa MpeacTaBiisie OCOOJMBY CKIAMHICTh JIS MEPEpOOKH, IO
MOB'A3aHO 3 MAJIOI0 HACUITHOKO ii MIUIBHICTIO, HASIBHICTIO Ha IMOBEPXHI 3aJIMUIIKIB
3MalllyBaJbHO-0X0JOIKYBadbHOT piauHu (30P) 1 OKCHAHOI IUIIBKH, a TakoX 3
M1JBUIIEHOIO 3a0pYy/THEHICTIO CTOPOHHIMU JIOMIIIIKaMHU.

3. Ins peuukiiHry Ta TOBEPHEHHS Y BHUPOOHUITBO OCOOJMBY LIHHICTb
CTaHOBJISITH JIETOBAaHI Ta BHCOKOJETOBaHI CTajl Ta CIUIaBH, IO MAalOTh y CBOEMY
CKJIaJIl TakKl I[iHHI JIETYI0Ul €JIEMEHTH SIK HIKEJb, XpOM, MOJTI0OJIeH, BobhpaM, HI001H,
BaHaJIIM Ta 1H.

4. Brpatu Ha BUTap MPU TUIABI OPUKETOBAHOI CTAJIEBOI CTPY>KKH B IyTOBHX 1
IHAYKIIAHUX Tiedax jgocsirae 10 %, y Tomy 4YuCal 3a paxyHOK OKHUCIEHHS
BUCOKOPEAKIIMHUX JIETYIOUMX KOMIIOHEHTIB, XpOMY, BaHajil0, HiI00il0, THUTaHY,
amoMiHiio Ta 1H. OnepKyBaHHI TPH I[bOMY METaJl MAa€ HU3bKY SKICTh BHACIHIJIOK
M1JIBUIIICHOTO BMICTY HEMETaJIEBUX BKJIIOUCHB 1 T'a3iB.

5. lns mepepoOku OpuKeTOBAHOI Ta HEOPUKETOBAHOI CTPYXKH MOXKYTh
3aCTOCOBYBAaTUCh €JIEKTPOIIAKOBI TEXHOJOTIi, 3a SKUX MeTal IUIaBUThCA 0e3
KOHTAaKTY 3 HaBKOJMIIHBOIO aTMoc(eporo Ta padiHyeTbes Bl HeOax)aHUX JOMIIIOK.
Cepen HuX HaAMOUIBII TEPCHEKTUBHOIO € EJIEKTPOIUIAKOBA THUTENIbHA TIIJIaBKa
HEOpPUKETOBAHOI CTPY)XKH, sika 1M030aBjieHa 0araTbOX HEIOJIKIB €JIEKTPOIILIAKOBOT

IJIaBKU HEOPUKETOBAHOI CTPYKKH Y BOJI0OXOJIO)KYBAHOMY KPUCTATI3aTOPI.
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PO3/11 2
METOJINKA MTPOBEJEHHS EKCHEPUMEHTIB I JOCJIJUKEHD,
OBJIAJTHAHHS I MATEPIAJIN.

2.1. Buxigni maTepiaju i m1akoyTBopoOOyi.

JUis peumuKkiIiHry 1 TOBEPHEHHS Yy BUPOOHHUIITBO HaWMPHUBAOIUBIIIUMU 3
E€KOHOMIYHOI TOYKH 30pYy € JIETOBaHi 1 BUCOKOJIETOBAHI CTali i CIJIaBH, IO MAalOTh Y
CBOEMY CKJIQJIl Taki I[IHHI JIETYIOUl €JIEMEHTHU 5K HIKeJIb, XpOM, MOJII0/IeH, BOJIb(pam,
H1001H, BaHafii Ta iH. Cepel BUCOKOJETOBAHUX CTaJIe OJJHUMHU 3 HAHO1IBII ITUPOKO
3aCTOCOBYBAaHMX B PI3HHX Taly3sX MPOMHUCIOBOCTI € HEp)KaBiloyul cTali,
BUPOOHMIITBO SIKUX y CBITI 3 KOXKHUM POKOM 301IBIIYETHCSA 1 B JaHUM yac gocsarae 60
MJIH TOHH Ha pik. HailOuIbll MOMMPEHOI0 HEPKaBIOYOI0 CTAII0 € XPOMOHIKENIEBa
ctanb Ty X18H10, y Tomy uncii crabumizoBana tTutaHoMm — 12X18H10T. s cranb
0yM3bKa 3a XiMiuHUM ckJiaoM 1o ctam ASI 321 3a crangaprom CIITA ASTM A240.

3a paXyHOK ONTHMAaJIbHOTO BMICTY BYIJICLIO 1 TUTaHy, KM 3B'si3y€ BUIBHUUI
ByTJICIIb Ta 3amobirae yTBOPEHHIO KapOiJiB XpoMy Ha MekaxX 3epeH, CTaOuI3yruH
MIKpOCTPYKTYpYy Marepiany, ctainb 12X18HI10T criiika 10 MIKXKPUCTANIITHOI KOpPO3ii
Ta 3aCTOCOBYETHCS SIK JIJIi BUPOOIB y KPUOTEHHIN TEXHIIll, TaK 1 P BUTOTOBJICHHI
KAPOCTIMKUX JieTanei Ta By3iiB. PekoMeH0BaHa TeMiiepaTypa BUKOPUCTAHHS CTalll
Bil MiHyc 196 no mmoc 800 °C. KpiM CTIMKOCTI 0 OKUCIEHHS MEpPEeBaror Crall
12X18H10T € cTabibHICTh BIACTUBOCTEH, TOCUTh BUCOKA MIITHICTh, 3BapIOBAHICT,
Jierka oOpoOIIOBaHICTh SIK TUCKOM, TaK 1 MEXaHIYHO.

3aBAsSKA CBOIM YHIKaJIbHUM SKICHUM XapaKTePUCTHKaAM CTalb JAaHOT MapKH
MO’KE€ BUKOPHUCTOBYBATHChH y PI3HHUX c(epax BUPOOHHUIITBA — XapyoOBiid, MOPCHKIi,
XIMIYHIH, (papMarieBTUUHIN, MamuHOOYA1BHINM, HA(TOBINA Ta MaJTUBHO-CHEPTeTUIHIN
raimy3sx MPOMHCIOBOCTI.

Mupoke 3actocyBanHs crami 12X18H10T 3ymoBmioe yTBOpPEHHS BEIHKOI
KUIBKOCTI 11 BIZXOAIB, Y TOMY YHCIl CTPY)XKH, IO MOTpedye mnepepoOKku i3
30epekeHHSIM yCiX ii BmacTuBocTel. Tomy HepxkaBiroua ctanmb Mapku 12X18HI10T

Oyna BuOpaHa B SKOCTI BHUXIJTHOTO Marepiayly JJisg TPOBEACHHS JOCHIIKEHb 3 il

39



PELUKIIIHTY.

OnnuM 3 TOJOBHUX Jeryrounx eiemeHtiB ctaimi 12X18H10T kpim xpomy €
HIKEJIb, BMICT SIKOTO CTaHOBHUTH Bi 9 1o 11 %. Hikenb BiAHOCATH 10 CTpaTeriyHUX
METaJiB 3a Oo0CsATaMU CIIOKMBAaHHS Ta BHUPOOHMIITBA SKOTO CYASTh PO PIBEHb
pO3BUTKY Kpainu. lleii MeTan BUKOPUCTOBYETHCS Y BUPOOHHUIITBI JIETOBAHOI CTajl Ta
CIUIaBIB HA MOT0 OCHOBI, BHCOKOTEXHOJIOTIYHIM MEIUIIMHI, EJIEKTPOTEXHII,
CyIHOOYTyBaHHI, XIMIYHIN MPOMHUCIOBOCTI Ta BIMCHKOBINA TEXHIIT.

KpiM HepkaBito4oi cTaji 3Ha4Ha KUIbKICTh Hikento, 50-70 %, MICTUThCS B
JKapOMIITHUX CIUIaBaX Ha OCHOBI Hikemro. JKapoMmiliHi K CIUIaBM Ha ChOTOJIHIIIHIN
JeHb € JocuTh AehIIUTHUMU Ta Jnoporumu. Ilop's3aHo 1e abo 3 HEBEIUKUMU
3armacamMu pya iX CKJIaJOBHX Y 3€MHIA KOpi, a00 3 TPYAOMICTKHUM IPOIIECOM IX
OTpUMaHHsA. Y TOW >K€ dYac BIOXOOW 3 TaKUX CIUIaBiB, IO YTBOPIOIOTHCSA Ha
MINPUEMCTBAX METAIYPTiiiHOT Ta METaJI000pPOOHOI MPOMUCIOBOCTI, CTAHOBIATH
BEJIMYE3HY MaTepialbHy LIHHICTh, OCKUIBKH € Ba)KJIMBUM JIOJAaTKOBUM CHUPOBHHHUM
JokepesioM. ToMy MUTaHHS TNEpPepoOKH, pallOHAIBHOTO Ta OUIbII [OBHOTO
BUKOPHUCTAHHS PI3HOTO BHJIY TAaKUX MarepiaiiB € IyKe aKTyallbHUMH MPOTATOM
OCTaHHIX JIECATHIITh.

Benuka KITBKICTh CIUIaBIB, MIO MICTSITh HIKENb, 3aCTOCOBYEThCS Ha
nignpuemctl JI1 HBKID «3ops-Mammnpoekr», M. MukonaiB mpu BHUTOTOBJICHHI
JIOTIATOK Ta 1HIIMX JAeTajield Ta30BUX TYypOIH MOPCHKOIO Ta 3arajlbHOIMPOMHUCIOBOTO
3actocyBaHHs. B VYkpaiHi BUpPOOHUIITBO TakWX CIUIABIB BiJICYyTHE, TOMY CKJIQJTHO
NEPEOLIHUTH BaXJIMBICTh MOBTOPHOTO 3aJy4eHHS Y BUPOOHHUITBO CIUIaBIB HA HOTrO
OCHOBI JIJI1 YKpaiHCbKOi eKkOoHOMikM. HamMu nmnpu mpoBeAeHHI JOCTITHUX
EKCIIEPUMEHTAIBPHUX TUIABOK BUKOPHCTOBYBAJACh CTPY)KKa >KapOMIITHUX CIUIaBiB
XH75MBTHO (E1602) 1 XH77TIOP (EI437b), sixa yTBOproBajacsi Ha MiANPUEMCTBI
JIT HBKT' «3ops-Mammnpoexr».

Ha puc. 2.1 npuBeneHo 30BHINIHIA BUA CTPYKKH >KaPOMIIIHUX CIIJIaBiB, sIKa
BUKOPHCTOBYBAJIACh y JaHil poOoTH. [lepBuHHA CTpyKKa y 3aJ€KHOCTI BiJl Crioco0y
MeXaHI4YHOi 00poOku Oyna pi3HMX BHIIB, y TOMY 4YHCII 3JIHMBHA, TOMY Ha

MIPUEMCTBI TTiIaBaiacs moApiOHEHHIO Ha POTAIiHIN JpOOMIBHIN YCTaHOBIII.
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Puc. 2.1. 30BHIIIHIN BUIIISIA CTPYKKH JKaPOMIITHUX CILJIABIB.

Ximiuanii ckian xapominaux crasiB EI602 1 EI437b naBeneno B Taom. 2.1.
Ile BucokoseroBaHi HIKEJIEBI CIUIaBH, 3 BHCOKOIO CTIHKICTIO JI0 arpeCHMBHUX
CEPEIOBHUII, Y TOMY YHCII MPU BUCOKHUX Temmeparypax. PoOoua Temmeparypa mms
neraneit, sBurotoBieHnx 3 ElI437b, nocsrae 750 °C, nng pgeranedl BUTOTOBJICHUX 3
EI602 - 950 °C. 3actocyBaHHS X CIUIaBiB O0YMOBJICHE MOKJIMBICTIO MPAIIOBATH B
CKJIaJIHUX YMOBaXx, Jie OTpiOHA CTIMKICTh JO MEXaHIYHUX HAaBAaHTAXKEHb, TEPMIUYHOTO
BIUTMBY Ta XIMIYHO aKTMBHUX pe4yOBHH. [[aHI CIJIaBU 3aCTOCOBYIOTHCS B OaraTrbox
MIPOMUCIIOBUX Taly3siX, BKIKOYAIOUU €HEPreTUKY, MOPChKe OyIIBHUITBO, XIMIUYHY Ta
dapmaleBTHUHY, MalIMHOOYAIBHY Ta Ha)TOra3oBy, aBialliiiHy Ta pakeTHO-KOCMIYHY

MIPOMHUCIIOBOCTI.
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Ta6mauus 2.1. XiMiyHUN CKJIa] BUXITHUX KapOMIITHUX CIUIaBIB

Bwmict enemenTiB, % Mac.
Mapka cruiaBy
Fe| C Si | Mn| Ni Cr Ti | Al | Mo| Nb
El437b Io| Ho | Ho | Ho| 70-| 19- | 2,4-| 0,6-
04| 774
I'OCT 5632-72 1,0/ 0,07 | 0,6 22 | 28| 1,0
EI1602 Ho| Ho | Mo | Ho|68,5- 19- |0,35-0,35-|1,8-| 0,9-
04| 77,6 0,75 0,75} 2,3| 1,3
I'OCT 5632-72 30/ 01| 0,8 22

Oxpim >xapominnux craBiB EI437b 1 EI602 B maniii poOOTI MpOBOIMIKCH

JTOCTIDKYBaHHSA 3 aycTeHITHOI HepkaBirouoi ctam 12X18HI10T, ximiuaui ckiaj sKoi

HaBeleHO B (Ta0s.2.2), a 30BHINIHIA BUIISAJ CTPYXKKH, SIKa BUKOPHUCTOBYBAajach y

po0oTI MpUBEICHO Ha puc. 2.2.

Ta6auus 2.2. XiMiuHUNA CKJIaJT HEP>KaBIIOYOi CTal

Mapxka crami

Bwmict ememenTiB, % mac.

Fe Si | Mn | Ni Cr Ti S P Cu

12X18HIOT Ocuo- Jo | o | Mo Io Jlo Jlo
HCTY 9-11(17-19 | 5C-0.8 0035

12344:2005 Ba (0.12| 0.8 | 2.0 0,02 0.3
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Puc. 2.2. 30BHILIHINA BUNIA CTPYKKHA HEPHKABIFOUOI CTaII.

OmHuM 13 KJIIOYOBHX  MarepiajiiB, SKI  BHUKOPUCTOBYIOTbCA  IPH
EJICKTPOIIIAKOBOMY TE€periaBi, € QUIroC, SIKUI CITYKUTh JHKEPETIoM Teria, 3a0e3nedye
nepenavdy Temia 1 padiHyBaHHS METaNliB, SKI TeperuiaBistoTbes. Doc Biairpae
BOXXJIMBY pOJib Y (POPMYBaHHI BIACTUBOCTEH OAEPKYBAaHOTO METally, 3a0e3Meuyoun
CTaOUIBHICTh TEXHOJIOTTYHOTO TPOIECY Ta YUCTOTY po3muiaBy. Bin 3axurae po3rian
Bl KOHTAaKTy 3 arMoc(eporo IMeyi, 3aXMINaiyd po3IUIaB BiJ 3a0pyIHEHHS Ta
MIHIMI3yIOUd YTBOPEHHSI OKCHJIB, a/K€ NUIAKOBA BaHHA 3amo0irae KOHTAKTY
PO3IUIABJIICHOTO METaly 3 KUCHEeM MoBiTps. Diroc BUBOAUTH HeOa)kaHI HEMeTaleBi
BKJIFOUEHHS (OKCUIH, CYIb(i1) 3 METaIly, 3B'sI3yI0UM 1X Y BUIVISA/I LIJIAKy, 1[0 3HAYHO
HiABUILYE YUCTOTY Ta SKICTh MeTady. Takok MpaBWIbHO TiAiOpaHuil ¢uiroc crpuse
BUJIAJICHHIO Ta31B 3 METAY, 1110 MIHIMI3y€ PU3UK YTBOPEHHS TIOP.

Jly)xe BaXIUBO Tiepel] BUKOPUCTAHHSIM DPETENbHO MPOCYITyBaTH (iIroc s
BUJIAJICHHS BOJIOTH, OCKUIBKH HasiBHICTH BOJIOTH MOXKE CIIPUUMHUTH T'a30yTBOPEHHS Y

MeTalIl.
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[Tpu BubGOp1 darocy ana ELLIT icHyrOTh KOPCTKI OOMEXKEHHSI 10 TeMIiepaTypi
riaBieHHs. Temneparypa IiaBieHHS (uitocy Mae OyTH HUKYOKO 3a TEMIIEpaTypy
IUIABJICHHS METAJIIB, 10 MEPETIABIISIFOTHCS.

[Ile oaHIED BAXKIMBOIO XapaKTEPUCTHUKOIO IIUIAKOBOTO PO3IUIABY € HOTo
ryctuHa. Big pi3HMII TYCTUHM IIJAKOBOTO 1 METaJeBOro pPO3ILIABIB 3aJICKUTh
IIBUJIKICTh X PO3AUICHHS B piAKOMY cTaHl. Uum OulbIa Isl pi3HULSI, TUM Kpallle,
yepe3 3MEHILEHHsI BIPOTIIHOCTI 3alUTyTyBaHHs ILJIAKy B MeTall 1 3a0pyIHEHHS
OCTaHHBOTO. ['ycTHHa (Quitocy BiAIrpae BaKJIUBY POjib, TOMY IO BOHA BIUIMBA€E Ha
B3a€EMOJIIIO 3 METAJIOM 1 3[aTHICTh (DIFOCY BUAAISITH HEMETAJICB] BKIIFOUCHHS.

JI1st AOCIIIIHUX TUTABOK, SIKI MIPOBOJMIIMCH B IaHIM poOOTI, BAKOPUCTOBYBAIHCS
droc AH-295, a6o cymim ¢urociB AHD-6 Ta AH-295 y cnisBigHomenHi 1:1 (tadm.
2.3). Bubip nux ¢uirociB NOSACHIOEThCS HEOOXIAHICTIO 3a0€3MEeUeHHS MEBHUX (D13UKO-
XIMIYHUX BJIACTUBOCTEH Uil 31MCHEHHS TOTO YW IHILOTO BHIY €JIEKTPOILIAKOBOI

IIJTaBKH.

Ta6auus 2.3. XimMiuyHul cKi1aa BUXiTHUX (IIFOCIB

Mapka Bwmict koMnoneHTiB, % Mac.

bmocy [ CaF, [ ALOs] CaO | SiO, | MgO| C [Fe,0f S | P | TiO,

OcHo- | 23-31| o8| Mo - Ho | Jo| Ho | Mo | Mo

AH®D-6
Ba 2.5 0.1 | 0.5]0.05(/0.02| 0.05
11-17 | 49-56| 26-31| [lo 2.5| o6 | Jdo | Ho | Ho | Ho | Mo

AH-295

0.1 | 0.5|0.05|0.02] 0.05

®topua kaneuito (CaF,) y nmx mutakax 3a0esnedye HU3BKY TeMIlEpaTypy
IUTaBJIGHHS 1 XOpoWly TeKyuicTh muiakoBoi cuctemu, CaO mnpuiimMae ydacTh y
padinyBaHHI MeTally, 3B’s3yBaHHI OKCHUJAHUX BKJIIOUEHBb 1 PEryJOBaHHI OCHOBHOCTI

nuiakiB, SiO; MiABUINYE MEXaHIYHY MIIHICTh IUIAKOBOI IUTIBKM 1 IOKPAILy€e
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3MOuyBaHICTh MeTany, a Al,O3 € ampoTepHUM OKCHIOM 1 CIIYKUTh TOJIOBHUM YHMHOM
JUISL PETYIIIOBaHHS €IEKTPUYHOTO OIMOPY IIJIAKOBOTO PO3ILIABY.
Bapro 3aznaunth, mo ¢uarocu AH-295 1 AH®-6 mupoko BUKOPUCTOBYIOTHCS

JUIS TIEpeTIaBy HIKEJIEBUX CIUIaBiB, KOHCTPYKIIMHHUX Ta IHCTPYMEHTAIbHHUX CTaJICH.

2.2. O01afHaAHHA 1JIA IVIABKH METAJIEBOI CTPYKKH

TexHoyoOriss  PEeUUKIIHTY  HEKOMIIAKTHHUX  METaJleBUX  BIAXOJIB  Mae€
3a0e3neuyBatu BupimeHds craHgaptanx mius EINIT 3agad, Takux $K BHCOKa
IPOJYKTUBHICTh IUIABKH, BIJHOCHO HE3HAYHI BUTPATH €JIEKTPOCHEPrii, YHUKHEHHS
BUTApy XIMIYHUX EJIEMEHTIB CIUIaBIB, BUCOKA CTYIIHb padiHyBaHHS CIUIABIB BiJl
HEMETAJEBUX BKJIIOYEHb 1 Ta3iB. s LBbOro BaXKIMBO MNPaBHIBHO MiAiOpaTu
TEXHOJIOTIYHE 00JIaIHAHHS 1 TEXHOJIOT1YHI ITapaMeTPH MPOIIEeCy.

B nepmomy posnun gucepTaiiitHoi podoTu Oylio AOBEACHO, L0 HAMOUIBII
NPUAATHUM 1 €)EKTUBHUM CITIOCOOOM MEPEIIaBy HEKOMIIAKTHUX METaJIeBUX BIIXO/1B
3 BUCOKOJIETOBAHOI HEPKaBIFOYOi CTalll 1 PI3HUX KAPOMIIHUX CIUIaBIB MOXE OyTH
€JICKTPOLIAKOBA TUIaBKa B (PyTepOBaH1i TUTEIIbHIN reyl.

st eKCHepUMEHTAIbHUX JIOCHIKEHb PEUMKIIHTY CTPYKKH HEpIKaBIrO4Oi
crami 12X18HI0T 1 oxapomimaux cmiaBiB  EI602 1  EI437b  wmeromom
CJIEKTPOIIJIAKOBOI ~ THUTEJIbHOI IUTaBKM Oyla CTBOpEHa JOCIiAHO-TIPOMHUCIIOBA
ycTaHOBKa Ha 0a3i amapaty A-550, cxema siKOi HaBelleHa Ha puC. 2.3, a 30BHIIIHIN
BUTJISI HA puC. 2.4.

Amnapar A-550 ckimagaeTbcsi 3 KOJIOHM 6 13 MEXaHI3MOM BEPTHUKAIBbHOTO
MEePEMIIIICHHST E€JIEKTPOy, MPUBIIHOT KApETKHU, €JIEKTPOJOTpUMada 1 CTaHWHU, B
CepelrHl SKOi 3HAXOAWTHCS IMyCKOpETyNIoBalbHA amaparypa. llepemimeHHs
eJIEKTPO/Ia 3JIACHIOETHCS EJIEKTPOJABUTYHOM MOCTIMHOTO CTPyMy 3a JOIIOMOTONO
T'BUHTOBOTO MPUBOJY.

Butpatamii MeTaneBudl €JIEKTPOJ CIY)XHTh CTPYMOIIIBOJOM, 1 OKpiM
HAKOIMWYEHHS PIKOTO METAIEBOrO PO3IUIaBY MOTPIOCH JUIsl pO3ILJIABIICHHS 1 HArPiBY
nutakoBoi BaHHHU. Jlo eJeKTpody Tia €qHYEThCS OIUH 13 BOJOOXOJIOKYBaHHX

CUJIOBUX KaOEIIiB.
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Puc. 2.3. Cxema yCTaHOBKM €JEKTPOIUIAKOBOI TUTEIBHOI TIJIABKU:

1 — turens; 2 — piakuil MmeTan; 3 — NUIaKOBa BaHHA; 4 — BUTPATHUN METaJIeBUI
eJIEKTPO; S — MeTaJieBa CTPYXkKa; 6 — KOJIOHA 3 MEXaHI3MOM MepeMilEHHS
eJEKTPOAY; 7 — Ta30BIJIBIA; 8 — JHKEPENIO AKUBJICHHS.

O6uaBa  BOJOOXOJIOMKYBaHI ~ CHJIOBI  KaOedl — MIAKIIOYAIOTBCS /10
3BaproBaiibHOTO TpaHcopmartopa TIIIC-3000/1. Jlns 3abe3nedeHHsT HEOOX1THOT
HANpPYTd MOXXYTh BUKOPUCTOBYBAaTHChH JiBa jpkepena eiekrpoeneprii TLIC-3000/1,
3’€IHAHUX TOCIHIIOBHO, KOXKEH 3 SIKMX Ma€ I’SITh CTYNEHIB PEryIlOBaHHs HANpyru B
miamasodi Big 27 no 46 B.

Takox po3pobiieHa ycTaHOBKa BKJIIOYA€E B ce0€ MOBOPOTHY IUIABHIIbBHY €MHICTh

(TUrens) 1 cUCTEMY BOJOOXOJOIXKEHHS MIJIIOHY TUTJIA Ta KaOeiB.
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Puc. 2.4. 30BHimHIN BUTIA €IESKTPOILIAKOBOT TUTEIHHOT TIEY1 IS TUIABKH
HEKOMITAKTHUX B1JIXO/1B HEPKABIIOUOT CTaJIl TA KAPOMIIIHUX CIUIABIB.

CriiikicTh, BapTicTh 1 JAeIUTHICT, MarteplaimiB s (pyTepyBaHHS
TJIABUIIBHOTO TPOCTOPY € TOCUTH BAXITUBUMU (HhaKTOPaMHU.

B mpomeci enexkTpomiakoBOi THTENBHOI TUIAaBKH (yTepiBKa TEYeH MOXKE
pyWHYBATHCS Yyepe3 XIMIYHUN 1 TEPMIYHHUM BIUIMB METAJICBUX 1 UTAKOBUX PO3IJIABIB.

HaiiOinpmmii  XiMiyHUNA 1 TepMIYHUM BIUIMB (yTepiBKa 3a3HA€ Ha pPIBHI
[IJJAKOBOTO TOSICY, OCOOMUBO SKINO B CKJIJ IUIAKY BXOASTH €JIEMEHTH 3 BHCOKOIO
XIMIYHOIO akTUBHICTIO. [lo/1IOHMIT HeraTUBHUM BIUTUB NMPU3BOJIUTH 0 PYyHMHYBaHHS
dbyTepiBKH, yepes 110 ii MaTepial MoTparuisie B IIJIAKOBUHM 1 MeTaieBui po3ruiasu. Lle
MO’K€ MPU3BECTH JO0 TOrO, IO CKJIAJ IIJAKOBOTO 1 METAJEBOTO PO3IUIABIB MOXYTh
CYTTEBO 3MIHIOBATHCh.

Skimo y ckian cruiaBy, SKUA TEPeriaBise€TbCsl, BXOAATh XIMIUHI €JIEMEHTH

aKTUBHIII, HK €JIEMEHTH, SIKI BXOJSATh J0 CKIaay GyTepiBKH, €IEeMEHTHU 3 (PyTepiBKU
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OyIyTh BIJHOBIIOBATUCh 1 TMEPEXOJAWTH B METAJEBUN pO3ILIaB, 3a0pyAHIOIYH
OCTaHHIH.

[ToTeHmiitHa 3MiHA XIMIYHOTO CKJIaay NUIaKy TaKoXX € HeOakaHow uepes
NOpYIIEHHS CTa01IbHOCTI IPOIIECY.

Hait6inem nommpenumu s EHITII e rpadiToBani, maMoTHI Ta MarHe3UTOB1
byTepiBKHU.

['paditoBani ¢yTepiBKH € NOCUTH CTIMKUMHU MO BITHOLIECHHIO 7O NITAKOBHX
pO3IUIaBiB, NPOTE TMpPU IXHHOMY BHUKOPHUCTAHHI ICHYe HeOe3leKka CyTTEBOTO
HaByrenoBanug metainy. Tomy aiis EILITIT Bukopucranns rpaditoBanoi GyTepiBKu
gacTo HeOakaHe, a B HaIIOMYy BHIIaJKy B3araji BHKJIIOYEHE Yepe3 >KOPCTKI
OOME>KEHHS 10 BMICTY BYTJIEIIO B IOCHII)KyBaHUX CIUIaBaXx.

[MamoTHa (yTepiBKa XapaKTEPHU3YEThCSI HHU3BKOIO TEILIONPOBIIHICTIO, IO
JI0O3BOJIIE 3HAYHO 3MEHIIYBATH TEIUIOBI BTpaTH, aje il CTIHKICTh JO BHUCOKUX
TeMIepaTyp He Jyxe Benuka Tta He nepesuirye 1600 - 1700 °C. Kpim Toro, mamMoTHa
erja, ska Ma€ y CBOEMY CKiajai Oarato kuciioro okcuay SiO, A0CHTH HIBUAKO
PYHHYETBCS TiJ €10 OCHOBHUX IIJAKIB, SIKUMH € IIIJAKH, [0 3aCTOCOBYIOTHCS B
SJIEKTPOIUTAKOBUX TEXHOJIOT15IX.

MarunesutoBa  (mepukiazoBa) (QyTepiBKa  XapaKTEPU3YEThCS  BUIIOIO
TETJIONPOBITHICTIO, HIK IIAMOTHA, MTPOTE BU3HAYAIHLHUM (PAKTOPOM € HAJI3BUYAITHO
BHCOKAa TEeMIlepaTypHa CTIMKICTh MepIIoi, L0 J03BOJIIE BUKOPUCTOBYBATH ii B
YMOBaX €KCTPEMaJIbHO BUCOKHX TeMIiepatyp. TemmnepaTypHa CTIHKICTh MarHe3UTOBOT
dytepiBku nocsirae 2000 - 2300 °C. Tomy came Taka pyTepiBka IIaBUIHBHOI EMHOCTI
Oyna oOpaHa JJis MPOBEACHHS €KCIEPUMEHTIB 1 JOCIIKEHb O E€JIEKTPOIIAKOBIN
TUTENBHIN TUIABIl CTPYXKKH KAPOMIIHUX CIJIABIB Ta HEp)KaBitouoi ctami. Turens Mas
IJIaBUJIBHUEM TpocTip nepetuHoM 240x240 MM 1 po3paxoByBaBCs HA HAKOMUYEHHS Y
HboMY 70 120 KT pigkoro merany (puc.2.5).

[Ipyn enmekTpolUIaKOBOMY TMeperyiaBi 1 TEXHOJOTii Ha WOro OCHOBI JIs
3MIACHEHHS  €NEKTPOIUIAKOBOTO  TpoIecy  mepeadadaeTbcsi  BUKOPHCTAHHS
CHELIaIbHOTO CTPYMOIIJABIAHOTO €JeKTpoay. Bin Moxke OyTH HEBUTpaTHHM,

HaTMpuKiIad, rpadiToBUi a00 BOIOOXOJIOMKYBAHUA METAJICBHM, 00 BUTPATHUM, SIKAN
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IUTABUTHCS Y 1IJIaIli. BUTpaTHU# eNeKTpo 31 CTPYKKH JIJIsl BAKOHYBAaHHS JTOCIiIKEHb
BUTOTOBJSUIM JIBOMa METOJAaMH: LUISIXOM IJIaBKU CTPY)KKH B IHAYKUIWHIA Tedi 3
pO37IMBOM MeTany B crajeBy TpyOy (puc. 2.6), abo mpecyBaHHSIM CTPYXKHU 3
eJIEKTPOHATPIBOM (TIiJ CTPYMOM).

Y nmepmomy BHMNaIKy BHKOPHUCTOBYBajach JiabopaTopHa IHAYKIIMHA M4
emHicTiO 30 KT, sIKa OCHallleHa BUCOKOYacTOTHUM TenepaTtopom BITU-10 000/100, y
npyromy — ctBopena B IE3 im. €.0. [latoHa cmemiasibHa yCTaHOBKA, CXeMa SKOI

HaBeJseHa Ha puc. 2.7. [11,17].

Puc. 2.5. 30BHIMIHINA BUTJISL IVIABUJILHOI €EMHOCTI,
(byTepoBaHOi NEPUKIA30BOIO LETIIOK0.

[IpecyBaHHSI CTPYKH Ha Iiii YCTAHOBII 3IIHCHIOBAJIOCS 3 €JIEKTPOHATPIBOM
(EJIEKTPOTEPMIYHUM METOOM), IO JTO3BOJISAE MIJBUIIUTH TUIACTUYHICTH MaTtepiany,

110 KOMIAKTY€ThCS, 1 ICTOTHO (Ha 2 MOPSAIKN) 3MEHIIUTH 3yCHILIS TIPECyBaHHS.
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Puc. 2.6. 30BHIIIHIN BUTIIA IHAYKLUIHHOT YCTAHOBKH 3 PO3JTUBHUM
HPUCTPOEM IS TUITABKU METaJIeBOi CTPY>KKH Ta OTPUMaHHS
BUTPATHUX €JICKTPO/IIB.

[TepeBaroro gaHOT TEXHOJIOTII € MOXKJIMBICTh OTPUMAaHHS JOBTOMIPHHUX 1 BEJIUKO
rabapuTHUX 3arOTOBOK, TakK SIK MPOIEC peaTi3yeThbcsl B MPOXIAHIN MaTpHIll, a CTPYM
H1ABOJUTECS O€3MOCEePEHbO Ha 3ar0TOBKY, 1110 B CBOIO YEPr'y CKOPOUYy€E €HEPreTHUHI

BTpatu 1 masuirye KKJ[ nporecy npecyBaHHs.
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Puc. 2.7. Cxema ycTaHOBKH JJIs1 OTPUMAHHS 13 METaJIEBO1 CTPYKKHU
cripecoBaHuX BUTpaTHUX enekTpoiB st EILTII metomom
CJIEKTPOTEPMIYHOTO OPUKETYBAHUSA:

1 - rigpoummiHap; 2 - JOTOK JUIS TI0/1a4l CTPYKKH; 3 - ITyaHCOH;

4 - mpox1JHa MaTPHULIS; S - CTPYMOINIIBOM;

6 - 3KOMITAKTOBaHA 3aroTOBKa; 7 - IITOK.

PozirpiB mopiiit BiiOyBaeThCs y /iBa €Talu: Ha MEPIIOMY — 0 TeMIepaTypu
JecopOIIii 1 BUTIApOBYBAHHS 31 CTPY>KKU BOJIOTH, Ta3iB 1 3Ma3yBajIbHO-0XO0JI0KYIOUO]
piIMHU, HAa JpyroMy — JO TeMIlepaTypu Tapsdoi aedopmariii marepiany, IO
MIPECYETHCA.

Takuit pexum 3a0e3neyye OYHUIIECHHS CTPYKKH BiJl OPraHIYHUX 3aJUIIKIB
MexXaHIYHOI OOpOOKH, IO 3HI)KYE BHUTPAaTH Ha TNepepoOKy (BUTpAaTH Ha XiM.
pPEaKTUBH, TEPUTOPIS MiJ IPOMHUBKY 1 CYHIKY CTPY>KKH), @ TAKOK BUHUKHEHHSI P1AKO1
¢da3u B 30HaX KOHTAKTIB CTPYXKHU, IO 30LIBIIY€E TUIACTHYHICTh Ta MPU3BOIUTH JI0

YTBOPEHHSI IILJIbHOT IPECOBAHOI 3arOTOBKHU.
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BaxxiuBuM € Te, 110 31 3MEHIIEHHSIM TPaHyJIOMETPUYHOTO CKJIAay OYIb-SIKOTO
METaJIEBOr0 Martepiaiy, 30UIbIIYEThCA IIUIBHICT 3KOMIIAKTOBAHUX 3aroTOBOK, IO
MOYKHA TOSICHUTH HAsABHICTIO OUIBINIOI KUIBKOCTI TOUOK KOHTAKTY MiX YacTKaMH, 110
B CBOIO 4Yepry MPU3BOAUTH 10 OUIbII e(EeKTHUBHOIO MPOTPIBY 1 JOKAIHHOTO
PO3IUTaBJICHHS TPU KOMITAKTYBaHHI.

JIns oTpuMaHHS BUTPATHUX €JEKTPOIIB CTPYKKa HE IMPOMHUBATUMETHCA 1 HE
ounnryBaTumeThcss Bim 30P, a Bigpa3dy MiagaBaTUMEThCS TMPECyBaHHIO, 3
OTpUMaHHsM 3aroToBok miamerpom 100 mMm 1 gomxkuuoro g0 1000 mm. Ilporec

3MIICHIOBATUMETHCS TPHU BITHOCHO HEBEJIIMKUX 3yCUIUISX MpecyBaHHs (10 2,5 MIIa).

2.3. MeToauka npoBeieHHS eKCIIEPUMEHTIB i JOCTiIKeHb.

3 METOI BHU3HAUEHHS MOKJIMBOCTEM 1 OCOONMBOCTEM pI3HUX CIOCOOIB
nepepoOKU CTPYKKH KAPOMIIIHUX CIUIaBIB 1 HEPHKaBilOYOi CTalll MPOBOAUTUMYThHCA
eKCIIEPUMEHTH 3a HACTYIHOI0 METOIUKOI0. JlOoCmiKyBaTUMYThCSI TPU OCHOBHI
BapiaHTH IJIABKU CTPYKKH:

1. EnekTponuiakoBuii mepersiaB 'y BOJOOXOJIOKYBAaHOMY KPHCTaIi3aTopi
niamerpoM 170 MM crnpecoBaHUX 31 CTPYKKH BHUIIEOMHCAHUM €JIEKTPOTEPMIYHUM
METO/I0M BUTPATHUX eJeKTpoaiB AlameTpoM 100 MMm. B SIKOCTI NUIaKOYTBOPIOIOUKX B
[IUX EKCIIEPUMEHTaX BUKOPUCTOBYBaTHUMEThCs cywmimn ¢utociB AHD-6 1 AH-295 B
KUIbKOCT1 3-4 Kr y crniBBigHomeHH1 1:1. IIpouec miaaBky moYMHATUMETHCS METOA0M
“TBEpAOro CTapTy’, KOJM BUTPATHHUM EJIEKTPOJ Yepe3 CTPYMONPOBIIHUMA (IIrOC
3aMHUKA€ThCS Ha MIJJIOH, @ B KpucTaiizarop 3acumaerbes Guroc AH®D-6 B KUIBKOCTI
100-200 rp. ITicas upboro MOJAETHCS HANpPYyTa >KUBJICHHS 1 3 MOYATKOM IUIaBICHHS
darocy B KpHCTaII3aToOp MOJAETHCS pemTa Bke (irocoBoi cymimn. BinOyBaeThcs
CJIEKTPOIIJIAKOBUIM ~ TIEperyiaB  BUTPATHOTO  eleKkTpona 3  (GopmMyBaHHAM B
kpucranizaropi 3nutka ELIIT.

2. [mgykiiina miaBka B medi eMHICTIO 30 KT CTPY>KKH y BUTJISAII OpPUKETIB,
OTPUMAHHUX KOMIAKTYBaHHIM THM K€ €JICKTPOTEPMIYHIM METOAOM. A TaKOX IUTaBKa
y 1iil meui HeOpuKeToBaHOi cTpyXKU. [Ipu miaBii OpUKETIB y MiY 3aBaHTAXKY€EThCS
ONMU3bKO TMOJOBMHM MAacH CaJKH 1 MOTIM y MIpy IUJIaBJCHHS MeETaly B M4
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3aBAHTAXKYETHCS peITa caaku y BUINSAL OpukeTiB. Ilicis po3riaBieHHS BCIX
OpHUKETIB PIAKUI MeTan yepe3 MPOMIKHUK K0JI00 3MTMBAETHCS B Ty UM 1HIILY (opmy,
K 1€ 3a3Ha4eHo Ha puc. 2.6. [Ipu nepepoOIii HeOpPUKETOBAHOT CTPYKHU Meplla MIaBKa
MOYMHAETHCS 13 3aBaHTaKEHHS B TUTreNdb OMu3bko 10 Kr OpHKETOBAHOI CTPYXKKHU 1
MIiCJIsT PO3IUIABICHHS IIMX OPUKETIB B MIY MOCTYIOBO 3aBAaHTAXKYETHCA CTPYXKKa 0
MOBHOTO 3alOBHEHHS TUTJIA PO3IUIABICHUM MeTalioM. Piakuii MeTan nepiioi miaBku
3TTUBAETHCS HE B IOBHOMY 00CA31, B TUIJII 3IMIIAETHCS OT0 YacTUHA, TPUOIU3HO Y4,
1 TMOTIM Ha IbOMY «OOJIOTI» PIAKOrO0 MeETaldy IOYHMHAEThCS Jpyra IUIaBKa 13
3aBaHTAXCHHSAM B IHAYKI[IHHY M4 HEOPUKETOBAHOI CTpYXKuW. HacTymHi miaBku
HEOPHUKETOBAHOI CTPYKKH 3IHCHIOIOTHCA TaK CaMO.

3. [InaBka OpuUKETOBaHOI Ta HEOPUKETOBAHOI CTPYXKKH B EIEKTPOIILIAKOBIM
TUTEIBHIN TeYl 3 BUKOPUCTAHHSIM B SIKOCTI IUTaKoyTBOprotouoro ¢iatocy AH-295 B
KkibKocTi 8-10 kr. [IpoBOoAsATHCS MIaBKU a00 BUTPATHOTO ejiekTpoja aiamerpom 100
MM, OTPUMAaHOIO KOMIIAKTyBaHHSAM IiJ CTPYMOM CTpPYXKH, a0o0 eJeKTpoja
niametpoMm 130 MM, BUTOTOBJIEHOTO 31 3JMTKIB, OTPUMAHUX IPU IUIABLI CTPY>KKHU B
IHIYKIIAHIA TUTENbHIN Te4i, ad0 BUTPATHOTO EJIEKTPOJa 3 KYyCKOBOTO OpyXTy, a
TaKO’XX CIIiJIbHA IJIABKa BUTPATHOTO €JIeKTpoja 1 HeOpruKeToBaHOi cTpykKu. [Iporiec y
BCIX TUIaBKaxX IMOYMHAETHCS METOJIOM «TBEPAOTrO CTapTy» UUIIXOM 3aMUKaHHS
CTPYMOMIIBITHOTO €JIEKTPOJa Ha JOHHUM CTPYMOIIIJIBI/I TI€Yl, 3aBAHTAXEHHS BCHOTO
HEOOXITHOTO IIJIAKy B THUTEJb 3 MOJAJBIIO MOAAYet0 Hanpyru Ha eiektpon. [lpu
CHUIBHIN IJIABII BUTPATHOTO €JEKTPOJIa 1 CTPYKKHU OCTAHHS 3aBaHTAXKYETHCS B MY
miciasi  TOBHOTO — HAaBENEHHS  IIJJAKOBOi  BaHHM  (IIOBHOTO  PO3IUIABJICHHS
[IJIAKOYTBOPIOIOUMX MaTEPialliB).

[lin wyac mpoBeACHHS EKCIEPUMEHTIB (IKCYIOThCS EJIEKTPUYHI IMapaMeTpH
IUTABOK, BUTpATa EJIEKTPOCHeprii Ta MPOAYKTHBHICTh TMEpeIuIaBy 3 TOJaJIbIIOI0
OLIIHKOIO TEXHIKO-€KOHOMIYHUX [MOKAa3HUKIB PI3HUX BHUAIB MEPEPOOKH CTPYKKH.
Tako OIIHIOETHCS SIKICTh METAITy, OJIEP>KaHOTO B €KCIIEPUMEHTAX.

B nmopankmomy, BpaxoBylOUM ~omucaHi B po3Auni 1 MOMKIIMBOCTI
€JIEKTPOIIJIAKOBOI THUTENIbHOI IUIaBKH, MPOBOIATHCA IOCTIIKEHHS 3 TMepepoOKu

HEOPUKETOBAHOI CTPY)KKH camMe MM CcrmocoOoM. BHBUYAKOTHCS TEXHOJOTIYHI Ta
53



METaJIypriiiHi OCOOJMBOCTI MPOLIECY, Y TOMY YHCJl BIUIUB CTYNEHS 3allOBHEHHS
IUTABIJIBHOTO MPOCTOPY Ha XapakTep IUIaBICHHS CTPYKKM Ta TOBEIiHKa
BHUCOKOAKTUBHUX €JIEMEHTIB, 110 MICTATHCS B MeTall. OLIHIOIOTECS BTPAaTH METaly
Ha BHUrap Ta BIAMOBIAHICTh XIMIYHOTO CKJIAJy BHUIUIABICHOTO 13 CTPYXKH METay
BUMOTaM TEXHIYHHUX yMOB. [IpoBonsaThcs MeTanorpadiuni TOCTIKEHHS OTPUMAHOTO
MeTaly Ta BUIIpoOyBaHHS Oro MEXaHIYHUX BJIACTUBOCTEM.

JInsi KOHTpOJIIO TeMIepaTypd NUIAKy 1 MeTally MiJ 4ac IUIaBOK OynyTh
BUKOPHCTOBYBATHChH BOJb(PpamM-peHINOBI TepMmomapu, Mif’ €IHaHl 10 CaMOIHCHOTO
npunany KCIT4.

XIMIYHMM CKJIaJl METajdy BH3HAUaTUMEThCA 3a JIONOMOIOI0 CIEKTPAIBLHOIO
aHanizy Ha emiciiiHomy crnektpomerpt JADC - 10M. Jlnsg mporo mia yac IUTaBKU
CHellaJbHUMU TMPOOHMISIMU BIAOMPATUMYThCS MpOOU pIIKOrO Merany, abo K
BUPI3aTUMETHCS 3pa30K 13 OTPUMAHOTO BUJIMBKA.

XiMIYHUHA ~ CKJIaJi  IIUTAKy ~ BU3HAYaTUMEThCS  HA  PEHTICHIBCHKOMY
dbnyopecuentHomy cniekrpomerpi UNIQUE 2 ¢ipmu Philips. Iyist iboro ananoriyHo
BIIOMpaTuMyThcs Mpobu mijx vac 1uiaBku. KinneBy npoOy MoXHa BITKOJIOTH Bij
LIBHOTO IIMAaTKa IIIJIaKy, YTBOPEHOIO MICJIs 3JIUBY PO3ILIABY.

OxpiM TOro OyAe BU3HAYATUCh EJIEKTPONPOBIAHICTh HUIAKY Ta BIUIMB OKCHUIY
TATaHy Ha  €JIeKTpompoBimHICTH  nwiaky  AH-295.  EnekrpomnpoBiiHICTb
BHU3HAUaTUMEThC 3a MeTonoM Konbpayilia, BUMIPIOIOYM E€IEKTPUUYHHUA OMIp MIiX
JIBOMa €JIEKTPOJIaMH, 3aHYPEHUMHU B PIIUHY.

Otpumanuii Metan Oyae MOCTIIHKEHO Ha MEXaHIYHI BJIACTUBOCTI. Y BUMAIKY
Hepkasitoyoi crtami 12X18HI10T 3pa3kum OyayTh AOCHIJKEHI MICHS TEPMIYHOI
00po0Oku (HarpiBy g0 1050-1100 ° C i oxonomkeHnHs y Boji). MexaHi4H1 BIaCTUBOCTI
MeTajy, Takl K MeXa TUIMHHOCTI 1 OMip PO3pHUBY OYyIyTh AOCIHIJKEHI HA MPHUIIAJi
[I/IM 10, a mo 3pyiiHOBaHUM 3pa3KaM BHUMIPIOBATUMETHCS BIAHOCHE IMOJIOBXKEHHS 1
3By)KeHHs.  J[s  BHU3Ha4YeHHs  yJapHOi  B’A3KOCTI  BHUKOPHCTOBYBAaTHMETbHCS
MaaTHukoBui konep 2010KH-30.

B orpuManux 3paskax Takok Oyme AOCIHIIKEHO BMICT rasiB, a came KHCHIO i

BO/IHIO Ha razoanaiizaropi RH-2 ¢gipmu LECO.
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BMCHOBKUA

1. O6rpyHTOBaHO BHOIp IS TPOBEACHHS IOCIIIKEHb Yy SIKOCTI BUXIJIHUX
METaJlIB >KapOMIITHUX CIUIaBIB Ha HikesneBi ocHoBi Mapok EI437b 1 EI602 Ta
HepykaBirouoi ctam 12X18H10T. A B sIKOCTI IIJJAKOYTBOPIOIOYHMX MaTepialiiB MIJIaKiB
mapok AH-295 1 AHO-6.

2. Ha 6a31 ycraHoBku A-550 CTBOPEHO  JOCIHIJHO-IIPOMHUCIIOBY
CJICKTPOIUIAKOBY YCTAHOBKY JUISI €KCIIEPUMEHTAILHUX JOCHTIKEHB, SKa BKJIIOYAE B
cebe TUTeNbHY MIY 3 MEXaHI3MOM OOepTaHHsA, pOo3paxoBaHy Ha IuiaBKky 120 kr
MeTaiy.

3. BusHaueHo onTuManbHUN Marepian (QyTepiBKM IUIABUJIBHOTO IMPOCTOPY
CJICKTPOIIUIAKOBOT THTEJIbHOI Teul - JJIS MPOBEICHHS JOCTITHUX IUIABOK BHUOpaHO
MEPUKIIA30BY (MarHe3uTOBY) ILErNTy, SKa XapaKTEPU3YEThCS BHUCOKOK XIMIYHOKO
CTIMKICTIO, MEXaHIYHOIO MIITHICTIO Ta CTIHKICTIO 0 BUCOKUX TeMIEpaTyp.

4. BuzHaueHI METOJIUKH IIPOBEJCHHS EKCIIEPUMEHTIB 1 JOCIIIHKEHb IIO
nepepoOIll CTPYKKHU KApOMIIHUX CIUIABIB 1 HEPXKABIIOUOI CTaJl PI3HUMH METOAaMHU —
EHIIT npecoBanoro 31 ctpyxku enekrpoay, ITII GpukeroBanoi i HEOpUKETOBAHOI
ctpyxku, EIITII npecoBaHoro 31 CTpYyXKH €NEKTPOAY Ta CHIJIBHOI TUIaBKU

BUTPATHOTO €JIEKTPOAY 1 HEOPUKETOBAHOT CTPYKKHU.
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PO311J1 3
JOCIIKEHHSA TEXHIKO-EKOHOMIYHHUX ITOKA3HUKIB
PEIIUKJITHTY CTPYKKH JKAPOMIITHUX CILTABIB 1 HEPKABIIOUOI
CTAJII

3.1. KoMmnakTyBaHHS CTPYKKH i CTPYMOM.

Y wMeranyprii B SKOCTI IUIaBHJIBHUX arperaTiB HaWOLIbIIOrO MOIIUPEHHS
HaOyIM eNeKTPOAyroBi Ta IHAYKLiMHI meui. [Ipu mepepobui cTpyKku B MOIIOHHX
neyax il HeoOX1JHO TOoNePEeHHO KOMIAKTYBaTH (OpUKETYBaTH) 3 METOI 3MEHIIICHHS
IIpU TUIABIIl BTPAT HA BUTAP, @ TAKOXK 3PYYHOCTI TPAHCTIOPTYBAHHS 1 3aBaHTAXKECHHSI B
IUIaBUJIBHUM arperar. ICHyloTh pi3HI CITOCOOM KOMIAKTYBAaHHS CTPYKKH, CEpel SIKUX
HANOUIBII MPOCTUM € METOJ XOJOJIHOTrO MpecyBaHHA. OAHAK CTPY’KKa HEP)KaBlIOYOi
CTayl 1 0COOJMBO KAPOMIIHOI, 3 OIJISAY Ha BUCOKY MILHICTH 1 MPYXKHICTh, BaKKO
MIJTA€THCS. XOJIOJHOMY MPECYBAHHIO 1 JJIS OTPUMAHHS 3 HUX MIIHUX OpUKETIB
HEOOX1THO 3A1MCHIOBATH KOMIIAKTYBAaHHS 3 HArPIBaHHIM MaTepiany.

Hamu na5a mpoBeneHHsSI MOPIBHSUIBHUX JOCHIJKEHb 3 MNEPEepOOKU CTPYKKHU
JKAPOMIIIHMX  CIUIaBiB 1 HEp)KaBiloyoi CcTayi B OpPUKETOBAHOMY  BHUIJISIII
3MIACHIOBANIOCST X KOMIAKTyBaHHS METOJIOM HAmiBOE3NEePEPBHOTO Trapsvyoro
npecyBaHHS M7 cTpyMoM, po3pobsienuM B [E3 im. €.0. Ilatona [17,37]. CyTh mporo
METOJy MOJISITa€ y IMOE€IHAaHHI MPOLIECY MPECYBaHHS 3 EIEKTPUYHUM HarpiBaHHSIM
MeTaily. Take TMO€THAHHS JO3BOJIAE€ TMIABUINUTH IJIACTUYHICTh Marepialy, Mo
KOMITaKTY€ThCS B CIICLIAIbHIM MaTPHIIl, 1 ICTOTHO (HA J[Ba TIOPSAJKK) B TTOPIBHSHHI 3
XOJIOJTHUM MPECyBaHHIM 3MEHIIUTHA TUTOMUN THUCK MPU MPECYBaHHI.

TexHomoriuna cxemMa OTPUMAaHHS CKOMIIAKTOBAHOI 3aroTOBKH Tepemdadae
HU3KY MOCIIJJOBHUX OIEpariiii:

— 3aBaHTaXCHHS MOPIIii HEKOMIIAKTHOT IIMXTH B MaTPHIIIO;

— monepeaHe CTUCHEHHS (YUIIJIbHEHHS) Ta €JIEKTPOHArpIB YCI€l MOPIIT IMHUXTH
1o temreparyp y mexax (0,5...0,8) temneparypu miaBieHHs (y JOKaJbHUX TOYKAX
TeMIepaTypa MEePEBHIIY€E TEMIIEPATYPY TUIABJICHHS METaly);

— 0CaJIKy Ta MPUBAPIOBAHHSI MOPITIi IO paHiIe CIPECOBaHOI Mach abo 3aTpaBKU

(Ha crapTi);
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— IPOLITOBXYBaHHSI MOPIIiT pa30M 13 3ar0TOBKOIO a00 3aTPaBKOIO BHU3;

— TIHOM ITyaHCOHa.

[Ticnst uporo ije MOBTOPEHHs OMepaliid 10 JAOCATHEHHS TOTOBOTO BUPOOY
(3aroTOBKH) 3a7aHOT JOBXKUHHU, 11 OXOJOIKEHHS Ta BUITYYEHHS.

TakuM YMHOM, B pe3ynbTaTi psiAy MOCTIAOBHUX IMKIIB BUXOAWTH MIIHA
3BapeHO-CIPECOBaHA 3ar0TOBKA, B SAKIH OKpeMi €JIeMEHTH (YaCTKH Ta MOPIIii IIHUXTH)
3'eqHaHl MK COOOI0 TPECYBaHHSIM TICHS MOMEPEIHBOTO OIUIABIICHHS B MICISIX iX
KOHTaKTY.

VY po6oTi BUKOPUCTOBYBANACS CTPYXKKa MIAIPUEMCTBA «30psi»-«MalmpoekT
(M. MuxkonaiB). CTpyXKKa >XapOMII[HUX CIUIaBIB SBJ€ COOOK OKpPEMiI BUTHYTI
JYCOYKU TOBIIUHOIO B cepenubomy 0,5-1,0 mm 1 goBxkuHo0 a0 50 MM, a CTpy>KKa
HEP>KaBIIOYO1 CTaJll TPOXM TOHINA, ajie OUIbII 3arHyTa, ak A0 3TOPTaHHS B KUIbILE, A
TaKOXX Yy BHIVISII KPYyYeHHX CTpidok. Ilepeq KOMMAaKTyBaHHSM CTPYXKKa
nojipiOHIOBaNacs 10 po3Mipy 15-25 MM, Tak K IpU OMHCAHOMY CITOCOO1 PECYBaHHS
31 30LIBIIEHHSM JTOBKUHU CTPY>KKH 3HMXKYETHCS IIIJIBHICTD 1 MILIHICTh OJIEPKYBaHUX
OpHUKETIB-3aroTOBOK. 3 JOCBIy KOMIAKTYBaHHS CTPYXKHU PI3HUX PO3MIpIB OyIio
BCTAHOBJICHO, L0 /ISl OTPUMAaHHs TYCTHMHM NPECOBAHMUX 3aroTOBOK He Hinkue 50 %
T'YCTHHU JINTOTO METATy JIOBXKHUHA CTPY)KKH MOBUHHA OyTH MeHtie 20-25 mm [17].

KoMmrmakTyBaHHSI CTpYKKM  3MIMCHIOBAJOCS 3 OTPUMaHHSM  3aroTOBOK
niametrpom 100 mm 1 3aBaoBxku 800-1200 mm (puc. 3.1), a Takok OKpeMHUX OPUKETIB
TOT0 caMoro jaiamerpa Ta ToBuHO Bif 30 10 50 mMm. (Puc. 3.2).

[Ipn OpukeTyBaHHI CTPYXKKH KApPOMIIIHUX CIUIABIiB Maca MOPIiA MeTaly, 110
3aBaHTAXKYBAJIUCH JUJIs IpecyBaHHs, craHoBuia 420-450 rp. Yac npecyBaHHS Takoil
nopirii CTPY>KKH cTaHOBUB 12-15 ¢ mpu Hampy3i Ha maxepedni kuBieHHs 8 B 1 ctpymi
10-12 xA. Burtpara enekTpoeHeprii 3a Takoi TeXHOJIOT1i npecyBaHHs ckiana 1,1-1,4
kB-rona/kr. I'ycTuHa OpUKETIB Ta 3arOTOBOK cTaHOBWJA BiJ 55 10 60 % Bij rycTUHH

JIUTOTO METAIY.
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Puc. 3.1. Bun 3arotoBku giamerpom 100 MM, CKOMITaKTOBaHO1
EJIEKTPOTEPMIYHUM CIIOCOOOM 13 CTPYKKH.

i .=

Fi
{
Puc. 3.2. Bun 6pukeTiB, CKOMIIAKTOBAaHUX €JIEKTPOTEPMIYHUM
CIIOCOOOM 31 CTPYKKH.

Pexxumu KOMIAKTyBaHHS CTPYKKM HEp)KaBIlOYOi CTajll dYepe3 MeHIy ii
TBEPAICTD 1 IPYKHICTh MOPIBHSAHO 31 CTPY’KKOIO JKapOMILIHUX CIUIaBIB OyJU 1HIIUMHU.
[Tpu npuban3HO Takii xe Maci nopiiit (440-480 rp.) yac mpecyBaHHs CTAHOBUB BiJl 5
no 7 ¢ mpu Hampy3l Ha Jokepeni kuBieHHS 14-16 B 1 ctpymi 13-14 xA. Burpata
enextpoeHeprii ckiana Big 0,7 7o 0,9 kB-Toju/kr, a rycTMHA MPECOBAHUX 3ar0TOBOK

OyJa MpUOIM3HO TAKOIO XK, SIK 1 3aTOTOBOK, OTPUMAHMX 3 KapOMIITHOT CTPYIKKH.
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3 MeTO OLIHKA MOXJHMBOCTEH pI3HUX BHUIIB MEperjiaBy CTPYKKH
BHCOKOJIETOBAHUX J>KapOMILIHUX CIUJIaBiB 1 HepkaBiioyoi crTami Oynau MpoBenaeH1
JOCIIJIKEHHS 1 eKCTIEPUMEHTH 32 TEXHOJIOTIYHUMH BapiaHTaMH, OMHC SKHX HaBEIECHO

HMXYC.

3.2. EnexkrponuiakoBuii nepeniaB Ta iHAyKIiiHA NJaBKa KOMIIAKTOBAaHOI
CTPYKKH.

OTpuMaHi TpeCcyBaHHSIM MiJA CTPyMOM enekTpoau pgiametpom 100 mm
neperutaBisuiica metogom EHIIT Ha ycranoBui A-550 y kpucramizaTopi JiaMeTpoM
175 MM 3 oTpuMaHHSM 37IUTKIB Macor 35-60 kr (puc. 3.3). Ilpu nupoMy B SIKOCTI

[IJIAKOYTBOPIOIOYMX BUKOPUCTOBYBaH cymim ¢urociB AHD-6 1 AH-295.

Puc. 3.3. Cxema nepepoOku ctpyxkku metogom EIIII:
1-tipec-dopma; 2-cTpyxKKa; 3-eJIeKTPOI, CIPECOBAHUI
31 CTpYKKH; 4-kpucrtanizatop; S-3nuBok EIIIT.

bpukeTn 31 CTpyXKHM TeperiaBisuiics B IHAYKUIHHIN TurenpHid nedi (ITII)

emuicTio 30 kr (puc. 3.4).
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Puc. 3.4. Cxema nepepoOKu MPecoBaHOi CTPYKKHU B IHIYKIIIAHIN 1eyi:
1-ipec-popma; 2-cTpykka; 3-OpuKeT, CIPECOBAHUH 13 CTPYKKH;
4-igmykmiitHa mia; 5-3mutok ITTI.

Kpim Toro, mpoBoammucs JOCHITHI TUTAaBKA B IHAYKIIIAHIA — TIedi
HEOpPUKETOBAHOI CTPYKKH. A TaKOX MOBTOPHUI MEperiaB BUIIABICHUX 13 OPUKETIB

3JIMTKIB 32 CX€MaMH, ToKa3aHUMHU Ha puc 3.5 1a 3.6.

Puc. 3.5. Cxema nepepoOKu HENPEeCOBAHOI CTPYKKU B IHAYKIIMHIN TIeyi:
S-1HAYKIIHHA mi4; 6-cTpyxKa; 7-3muBok ITII.

JonaTkoBi  BIJOMOCTI  IIOJ0  €KCIIEPUMEHTIB  3a  BHIIECONMHUCAHUMU

TEXHOJIOTIYHUMHU cXeMaMH HaBeneHl B Ta0m. 3.1.
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Puc. 3.6. Cxema noBropHoro neperaBy 3nutka [TII B iHxykiiiHii neui.

Ta6auus 3.1. J[ani ekciepumeHTIB 3 nepepoOku cTpykku metonamu ELLII ta ITIT

Bapiantu Maca
IUIABKU Mapka metany [louaTkoBuii Matepian IUIaBKH, Bun nnaBku
CTPYKKHU KT
XH75MBTHO KommakroBanuii
1 35-42 EIIT
(EI602) SJIEKTPO]T
XH77THOP KommakroBanuii
2 38-40 EIIT
(EI437B) SJICKTPO]T
XH75MBTHO KommakToBani
3 29-31 ITII
(E1602) OpukeTn
XH77TIOP
4 Crpyxka 29-31 ITIT
(EI437B)
XH77THOP 3mutok ITII 31
3) 29-31 ITII
(EI437B) CTPY>KKH
KommakroBanuii
6 12X18H10T 35-62 EIIIT
€JIEKTPO.

Hactynmaum etamoMm gociipkeHb OyJiM €KCTIEPUMEHTH 3 TEPEIUIaBy CTPYKKH

YKapOMIITHUX CIIJIaBiB Ta HEPKABIFOYOI CTANl B €JICKTPOIUIAKOBIN TUTEIIbHIN TMeyl.
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3.3. IlepepoOka CTPYKKHM METOAOM €JEKTPOULIAKOBOI THUIeJIbHOI IJIABKH
(ELLTII).

3.3.1. Po3pooka ocHoB TexHosorii EHITII cTpykku Hep:kaBilo4oi cTaJji Ta
’KAPOMILIHUX CILIABIB.

Jljis eKcriepuMEHTAIbHUX JOCHIKEHb 3 MEepepoOKH CTPY>KKH HEp:KaBirO4Oi
CTajl 1 ’apoOMIITHUX CIUIaBiB Oyjia CTBOpEHa JOCIiTHO-TIPOMUCIIOBA YCTaHOBKA, 110
BKIIIOYae B cebe nBa jpkepena skuBiaeHHs TLIC 3000/1, 3'eqHaHuX TOCIITOBHO,
KoJoHy Tuny A-550 3 MexaHI3MOM KpIIUJICHHS Ta TIEPEMIIICHHS €eJEeKTPOo/a,
dbyTepoBaHy NEPHUKIA30BOIO IIETJIOI0 IMOBOPOTHY IUIABWIIBHY €MHICTH (THUTEIb) 3
JTOHHUM CTPYMOITIIBOJIOM, BOJIOOXOJIO/IKYBaH1 Kabenl Ta CUCTEMHU
BOJI00XOJIOJIPKEHHS IMIJIJIOHY TUTJIS Ta KaOeiB.

B enexTpoluIakoBUX TEXHOJOTISAX JJIs 3OIMCHEHHS eJIEKTPOILIAKOBOIO
IpoLIECy 1 HArpiBy IUIAKOBOI BaHHU J0 HEOOXIJTHUX TEMIIEPATYP BUKOPUCTOBYETHCS
CHeIiajJbHUN CTPYMOMIABIJ - BUTPAaTHUNA a00 HEBUTpATHUU enekTpona. Husbkuii
BMICT BYIJICLHIO B CTPYXI, 10 BUKOPHUCTOBYBAJach, YHEMOKIMBHUB 3aCTOCYBaHHS
JUISL CTPYMOITIIBOZY Ta 3AIMCHEHHS EJIEKTPOIIIAKOBOTO IMPOIIECY HEBUTPATHOTO
rpadiTOBaHOrO  €JEKTpOoJia. 3acCTOCYBaHHS HEBUTPATHUX BOJIOOXOJIOKYBAHHUX
METaJeBUX €JEKTPOJIB, KPIM JOJATKOBUX BHUTPAT Ha iX EKCIUIyaTallll0 Ta BUTPAT
TelJja Ha OXOJIOPKCHHS, TMPAKTUYHO HEMUHYyYe TIOB'si3aHe 3 HeOaKaHUM
PO3YMHEHHSM B Till YW 1HIIIA MIpi Marepiady HaKIHEYHHKA B ILJall 1 MOMaJaHHIM
Woro B wMetan, 1o TneperaBnserbes  [24, 38]. Tomy mpu  mepepoOir
HU3BKOBYTJIEIIEBOTO METajly BHUHHKA€ HEOOXIAHICTh BUKOPHUCTAaHHS BUTPATHOTO
METaJIeBOro enekrpona. Bpaxosyroum, mo npu EIITII Hemae KOpCTKUX BUMOT 3a
T€OMETPUYHUMHU TIapaMeTpaMy CTPYMOIMIJBITHOTO €JIEKTPOJa, BIH MOXe OyTu
BUTOTOBJICHUW 3BaplOBaHHAM 3 pI3HOTO 3a pO3MIpaMHM IIMAaTKOBOIO OpyXTy
XIMIYHOTO CKJIay, BIJMOBIAHOTO J0 CKJIAAy CTPYXKKH, IO mepepodiseTbes. Ado 3a
BIJICYTHOCTI OpyXTy MONEPEIHHO OTPUMAHUN TUM YU IHIIAM METOJIOM, HANPHUKIAI,
IUIaBKOKO CTPYXKKM B IHAYKIIHHIA TUrenbHid meui. Takum dyuHOM, mepepoOka

CTPY’KKH HEp)KaBllOYOi CTajl Ta KapOMIIHHUX CIUIaBiB Tmepeadayae OAHOYACHY
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MJIaBKy B €JICKTPOIILJIAKOBIA TUTEIBHINA T€Ul BUTPATHOTO €JIEKTPOJIa 1 CTPYKKH, 5K

MOKa3aHo Ha puc. 3.7.
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Puc. 3.7. Texnosnoriudi cxemu nepepoOku cTpyxkku metogom EHITIT:
6 — cTpyXKa; 7 — BUTpAaTHUN MeTaJeBUl eaekTpo; 10 — Turens;
11 — BUTpaTHUI METaNEBUH €IEKTPO, 3BAPEHUH 13 KyCKOBUX BIAXOIB.

EdekTuBHICTD Oyb-KOI TEXHOJIOTII 0araTo B 4OMY 3aJIEKUTh BiJl MIPABUIBHO
BUOpaHUX TMapaMeTpiB TEXHOJOTIYHOro mpoiecy. CTOCOBHO MEpepoOKH MeETalleBOi
CTPY’KKH METOJIOM EJIEKTPOILIAKOBOI TUTEIHHOI TUTABKM OCHOBHHMH TapaMeTpaMH,
Kl BUMaraji yTOYHEHHS 1 onTumizaiii, Oyiau eJeKTpUYHI XapaKTePUCTUKH
€JIEKTPOLUIAKOBOIO MPOLECY 1 CHIBBIAHOLIEHHS MIX T€OMETPUYHUMHU PO3MIpaMu
MJIABWJIBHOI €EMHOCTI 1 CTPYMOITIIBITHOTO €JIEKTPO/Ia.

Ctpym 1 Hampyra, siKi MIABOASTHCA JO IJIAKOBOI BaHHM, Oarato B 4OMY
BU3HAYAIOTBCA  CKJIAJIOM  [UIAKy, 110  BUKOPUCTOBYETbCA, Ta  MOro
CJIEKTPOIIPOBIAHICTIO. B po0OTI BHKOPUCTOBYBABCS CIEHIAIIBHO PO3POOJIECHUN ISt
CJIICKTPOIIIAKOBO1 TUTeIbHOI IUIaBKu (hirroc Mmapku AH-295, ckian sKoro HaBeIeHO B
po3nuti 2. BiH, myis 3MEHIIEHHA XIMIYHOT B3a€MOJIi 3 MaTepiajJoM THUTIS —
MEePUKIA30BOI0 (MAarHe3WTOBOIO) IIETJIOI0 HAa OCHOBI OKCHJy MAarHir0, MICTHTh
MOPIBHSHO HEBEJIMKY KUIBKICTh (PTOPUAY KaJbllito, OOMEXEHY KUIbKICTh KHCJIOIrO
OKCHUIY KPEMHII0 1 BUCOKHI BMICT HEHTPabHOIO OKCUAY antoMiHito. [lopiBHSIHO 31
nutakamu ass EIIT 13 BMictom gropuny kaneiito 30, 40 1 HaBits 70 %, nutak AH-

295 Mae BUCOKHUM EJIEKTPUYHHUHN OMip, 110 BUKIMKAE HEOOXITHICTh MiJ 4Yac HOro
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BUKOPUCTAHHS MIJBOAUTH JI0 IIJAKOBOI BaHHU BHILYy HANpyry. 3 ypaxyBaHHSM
HasBHUX B Jitepatypi nanux [39, 40], onTUManpHOIO UIS EJIEKTPOIIAKOBUX
TUTEIBHUX Teuel eMmHicTio 0 200-300 xr MeTany € Hampyra Ha IIJIaKOBiH BaHHI
omuszpko 50 B. Jlns mopiBusuHs npu ELIII B kpucramizaTopi 3 TaKMMHU MIHPOKO
po3noBciokeHuMu  purocamu - sk AH®-6, AH®-28, AH®-32 3a3Buuait
BUKOpPUCTOBY€EThCs Harpyra 40-45 B. Tomy B Hamriii poOOTi BUKOPUCTOBYBAJIUCS B
SAKOCT1 JpKepena xkuBjeHHs 1Ba Tpanchopmatopu TIIIC-3000/1, migkmroueHUX
napajiefibHO OJIMH JI0 OJTHOTO JIJISi MOXKJIMBOCTI pOOOTH Ha OUIbII BUCOKUX Hampyrax,
HIX 3a0e3meuye OJJuH Takuil TpaHchopmaTop.

[Ilo cTocyeThCs TE€OMETPUYHUX PO3MIPIB CTPYMOMIABIAHOTO €JIeKTpoAa 1
IUIABMJIBHOTO TPOCTOPY, iX CIHIBBIIHOIICHHS HEOOXiIHO BUOUpATH 3 YMOBHU
JOCATHEHHSI MAaKCHUMAalIbHO MOXIJIMBOTO 3aJy4YeHHs CTPYXKH B TeperuiaB. ToOTo
JOCSITHEHHSI MaKCHUMAaJIbHOI KIJTBKOCTI CTPYXKH, Ky MOXHA NEpEepoOHMTH IMiJl Yac
MIPOBENICHHSI OJTHIET TUTABKHU.

[Tpu xknacuynomy EIIIT BimHOIIEHHS AiameTpa BUTPATHOTO enekTpoaa (de;) 10
BHYTPILNIHBOIO Aiamerpy kpuctanizatopa (D,,) 3a3Buyaii cranoButs Big 0,7 mo 0,8.
Taka cTymiHb 3amoOBHEHHS Tiepepidy IIABUIBHOI €MHOCTI (KpuCTali3aTopa)
BUKJIMKAHA HEOOXIJTHICTIO 3a0e3MEeUeHHs XOpOUIoi SIKOCTI MOBEPXHI 3JMBKA Ta
3MEHIIICHHS] BTpPAT TeIjla BUIPOMIHIOBAHHSM 13 BIJIKPUTOTO JA3€pKaja IIAKOBOi
BaHHU. OCTaHHE BAXJIMBE 3 TOYKHU 30pYy 3HIKCHHS MUTOMUX BHTPAT €IEKTPOSHEPTii
Ha TIEPeTIaB.

HesBakatouu Ha Te, M0 MPHU €ICKTPOUUIAKOBIA THTEIbHIN TUIABII 3JIUTOK HE
dbopMy€eThCSl, Takl K CIHIBBIIHOIIEHHS MDK TEPETUHOM IEPEeIIaBIF0BAHOTO
eJIEKTpoJa 1 TepepizoM MmiaBwibHOT emHOCTI (D;) mpuiimarotscst 1 mipu EILTTI,
TOJJOBHUM YHWHOM JUIS 3MCHIIEHHS BTpaT TeIUIa BUIPOMIHIOBaHHsAM. [lpu
BUTOTOBJICHHI BUTPATHOTO €JEKTPOJa 3 KyCKOBOTO OpyXTy HWOro 30HMparoTh TaKOXK
BUXOJISIYA 3 TOro, IO HWOro cepemHi miamerp Oyme Onuspko 0,7 miametpa
MJIaBWJIBHOI €EMHOCTI.

VY BUMaaKy X CHUIBHOI TJIaBKH BUTPATHOTO €JIEKTPOAA 1 CTPYKKH, OCTaHHS

MOTAE€THCSI B 3a30p MDK €JIEKTPOJOM 1 CTIHKOIO TJIABMJIBLHOI €MHOCTI. 301IbIICHHS
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IJIOII IBOTO 3a30py (BLIBHOTO J3€pKaja IUIAKOBOI BaHHHM) 1 TUM CaMUM ILJIOIII
KOHTaKTy CTPYXKM 3 IIJJAKOBOIO BAHHOIO 3@ paxyHOK 3MEHIICHHSA Mepepizy
BUTPATHOTO eJeKTpoaa (BIAMOBIIHO 1 CHIBBIAHOIICHHS JiaMeTpa eJeKTpoja 0
JiaMeTpa IUIaBUJIBHOTO TMPOCTOPY) TMOBUHHO CHPHUATH 30UIBIIEHHIO MAacOBOi
MIBUKOCTI TUTaBIEHHS CTPYKkH. [lpu 1poMy BakJInMBO, M0 Take 301IbIICHHS
BiIKpUTOI (BUTBHOI) TmoOBepxHI nwiakoBoi BaHHM npu EILITII crpyxku He
NPU3BOJUTUME IO CYTTEBOTO 3OLIBIICHHA BTPAT BUIPOMIHIOBAHHSM, TOMY IO
MOBEPXHS 1IJIaKy MOKPUBAETHCS MIAPOM CTPYKKHU, IO MOAAETHCS HA MIIABKY.

[IpoTe 3MeHIIIEHHS Ti1aMeTpa BUTPATHOTO €JIEKTPOia 1 301UIbIIECHHS BIJICTaH1 BiJ
HBOTO JI0 CTIHKA THUIJII MOXE IPU3BECTH [0 3aXOJOKyBaHHS mepudepiiitHux
MUISHOK IIUIAKOBOI BaHHU 1 3MEHIIEHHS B I[1if 30HI MacoOBOI IIBHUIKOCTI ILJIaBJICHHS
CTpYXKHd. JIJIsl MABUINECHHS] TEMIEPAaTypH MIJAKOBOI BaHHM IMOOJM3Y CTIHKU THUTJISA
NoTpiOHAa 3MIHA EJIEKTPUYHUX XapaKTEPUCTUK MPOLECY, 30KpeMa I1JBUILEHHS
HAlpyrd IUIaBKU. A 1€ Bejae JO0 MIABUIICHHS TEeMIepaTypu IIUIAKOBOI BaHHU,
O0COOJIMBO MiJ €JIEKTPOJOM, Ta MAacCOBOI IIBUAKOCTI MOTO TJIaBJICHHS. Y pe3yJbTari,
HE3Ba)Kal0YM Ha 3O0UTBIICHHS IUIONI 3ITKHEHHS CTPYXKKH 3 METalloM, MOXJIMBE
3MEHIIICHHS CITIBBITHOIICHHS KUIBKOCTI CTPYXKKH, W10 TIE€PEIUIaBISI€TbCS, 0
KUJIBKOCTI MEPEIIaBIlOBAHOTO0 METAJIEBOTO €JIEKTPOIA.

JIst yTOYHEHHS BIUTUBY T'€OMETPUYHMX MapaMeTpiB BUTPATHOTO €JEKTpoja 1
TUTENBHOI T€4Yl Ha YMOBHM IIE€peIulaBy CTPYKKM Oyja TpoBeAeHa cepis
eKCIIEPUMEHTIB. 3 1L1€}0 METOIO JJIsi CIPOILEHHS BUTOTOBJICHHS Ta 3MEHIICHHS Macu
MeTajy, M0 MeperIaBiIsSeThCs, 3 BOCBMH CTaHIAPTHUX TEPUKIA30BUX IETJIMH, 5K
MoKa3aHo Ha puc. 3.8, Oyja BUIOTOBJIEHA HEBEJIMKAa TUTEIbHA MY 3 pO3MipaMu
miaBwibHOrO mpoctopy 160x160 mm (puc.3.9). [IHuie TUris, 3HOBY K Tak Jis
CIPOLIEHHS! BUTOTOBJICHHS TUIJISL, SIBJISLIO COOOI0 CTPYMOITPOBIAHY I'padiTOBY ILIUTY.

JlocniHl TJIaBKU MPOBOJMIIM 3 BUKOPUCTAHHAM CTpyKku ctam 12X18HIOT
npibnoi dpakmii Ta mutaky AH-295. 3aranpHa maca Merany, IO TEpeTUIaBIIsBCS,
craHoBmwia 20-25 Kkr mnpu KUIbKOCTI mumaky 2,5 kr. B ekcnepumenrtax
BUKOPHCTOBYBAJIKCS BUTPATHI €IEKTPOAM KpyTJioro mepepidy aiamerpom 60, 70, 80,

90, 100 1 110 mm. J[ln8 KOXXHOTO THUIOPO3MIPY €JIEKTPOMAIB MPOBOIMINCS
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HIOHAaWMEHIIIE TPH MJIaBKU. BUKOHYBaNMCS BOHU 32 TEXHOJIOTIEIO «PIKOTO CTAPTY» 13
3aJIMBKOIO PIKOTO BHUILIABICHOIO MIJIaKy B TUresb. CTpy)KKa MojaBaiacs Ha IIIaBKy

BiI[p&By ITICJIS 3aJITMBAHHS IIIJIaKy B TUI'CJIb TA IIOYATKY CIICKTPOIIJIAKOBOTO ITPOLCCY.
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Puc. 3.8. KpecieHHst TUTENIbHOT Tl 1711 TPOBEICHHS IOCIII>KEHb,
macmTab 1:5.
Puc. 3.9. 30BHiIIHIN BUTISAI TUTEIBHOT TISY1 1)1 POBEICHHS JOCIIIKCHbD.
Pe3ynbpTatn BUKOHAHMX €KCIEPUMEHTIB HaBeAeHO y Tabu. 3.2 Ta Ha puc. 3.10.
SAx BummmMBae 3 OTPUMAHUX JaHUX, HAWOUIBbIIA KUIBKICTh CTPYXKKH, IO
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NEPpCIlIaBIIAETLCA, I10 BiIIHOH_IeHHI-O a0 KIJTBKOCTI NEPLCIIaBIIOBAHOTO BHUTPATHOTI'O

eJIeKTposia JnocsiraeTbesl mpu roro maiamerpi 80 1 90 mm. 3Biacu MoxkHA 3poOUTH

BHUCHOBOK, II0 HaWKpall yMOBH Jis MEPEpPOOKH METAeBOi CTPYKKH METOJ0M

CJICKTPOIIJIAKOBOI TUTENIbHOT ITUTABKM CTBOPIOIOTHCS TPW BIJHOIIEHHI JiamMeTpa

eJIEKTpOJia 0 MPUBEICHOTO AiaMeTpy IIaBMWJIBHOTO mpoctopy (turis) Big 0,5 g0

0,56.

Ta6imus 3.2. BoomB reoMeTpHYHUX MapaMeTpiB BUTPATHOTO EJIEKTponaa 1

TJIABWJIBHOT €EMHOCT1 Ha KUIBKICTh CTPYKKH, 110 TIEPEPOOIIAETHCS

BigHo1eHHs KUIBKOCTI
Hiamerp |BigHomeHHs | Maca ImeperuiaBieHoro | CTPYXKKH JIO 3arajbHOi MacH
CJIEKTpOJIa den/ D, MeTary, KT HeperIaBIeHOro MeTaiy, %
dey, MM Mac.
Enextpona | Crpyxkn | B nmaBkax Cepenne

12,2 8,6 41,3

60 0,375 12,7 8,7 40,8 42,2
13,4 10.7 44,6
10,3 13,5 46,6

70 0,4375 9,8 14,7 56,2 52,5
10.1 11,9 53.9
9,7 12,5 53,2
8,9 12,1 57,6

80 0,5 9,8 14,1 59,1 58,6
9,9 15,1 60,5
9,6 12,9 57,3
9,8 13,4 57,8

90 0,56 9,3 14,5 60,7 58,7
10,1 13,7 57,4
9,7 13,8 58,8
10,7 13,4 55,7

100 0,625 10,6 13,7 56,4 55,2
10,0 11,6 53,6
12,6 10,7 45,8

110 0,69 11,9 12,0 50,4 48,5
12,1 11,7 49,2
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Puc. 3.10. 3anexHicTh Mi>k CTYIIEHEM 3aIIOBHEHHSI JIABHJIBHOTO
MPOCTOPY 1 KUIBKICTIO CTPYKKH, 110 neperiaBisieTbes npu EIITILL

3.3.2. IlopiBHsUIbHI NMOKAa3HUKU PI3HUX CHOCO0IB mepepodOKH MeTaieBoi
CTPYKKH.

[3 BpaxyBaHHSIM BHIIIEHABEICHUX PE3YJIbTATIB MPOBOJIUIKCS TOCIHIKEHHS 3
OLIIHKMA TEXHIKO-€KOHOMIYHUX TMOKa3HUKIB MEpepoOKH CTPYXKKH 31 CIUIaBIB
XH75MBTIO (E1602) Ta 12X18H10T y cTBOpeHiii eneKTPOILIaKOBIM TUTEIBHIN TIedl
eMHICTIO 120 Kr piIKOTO MeTajay 1 TMOPIBHSAHHSA IHUX TOKa3HUKIB 3 JaHUMH IO
nepepoOiri cTpykku MetojgoM EIIIT B kpuctamizatopi 1 B IHAYKIIHHIA TUTEJIbHIN
neyi.

JlocniHl MaaBKU TPOBOAWIM HACTYITHUM YMHOM. 3a JIOIOMOTO0 BUTPATHOTO
eJIIeKTpoJa, Mo Mae mpuBeneHuid miametp Bix 120 go 140 mm, orpumanoro abo
JUBApHUM METOJOM, a00 3BapIOBAHHSIM KYCKOBOTO JIOMY, 33 CXEMOIO «TBEpIOro
CTapTy» Yy THUIJII HaBOJuWjacsa IutakoBa BaHHa 13 (urocy AH-295. Ilicns moBHOrO
PO3IMIIaBJICHHS UIAKOYTBOPIOIOYUX Ta AOCATHEHHS MOTPIOHOI TeMIlepaTypH IUIaKy B

TUTeJIb MEPIOJUYHO T0aBajach CTpykka [5]. 3milicHioBasach KOMOIHOBaHa IJIaBKa
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BUTPATHOTO DJJIEKTpOAa 1 CTpyXkH. Ilicis TOBHOTO CIUTaBJIIGHHS BHUTPATHOTO
CJICKTPO/1a HAKOTIMYCHUH B THIJI PIJKAN METaJl 37TMBABCS B BUJIMBHUITIO [22].
TexHoMOr1YH1 JaHl TPOBEACHUX EKCIIEPUMEHTIB 3 TEePepOoOKH CTPYKKH

merooM EITII nvaBeneno B tadi. 3.3.

Taoauus 3.3. Jlani ekciepuMeHTIB 3 nepepooku cTpykku MmetogoM EILITII

BapianTu .
raskn | Mapka Merary HO‘{aTK(?BHH Maca Maca Bun
Matepian CTPYXKH, K TIJIaBKH, KT'| TIJIAaBKU
CTPY)KKHU
- XH75MBTHO 3mutok ITII 31 50-60
(E1602) CTPYKKH o i EIIITI
3mutok ITII 31
XH75MBTHO CTPYXKKH 3
8 (E1602) OIABAHHAM 30-31 62-64 EHITII
CTPY>KKH
3mutok ITII 31
g | XH7SMBTIO CTPYKKH 3 60-61 | 118-120 | EILTI
OJaBaHHIM
(E1602) CTPYXKH
10 12X18H10T Enextpon i3 60-90 | ELUTII
KYCKOBOT'O OpYyXTY
Enexrpon 13
11 12X18H10T |KYyCKOBOro Opyxry 3 33-34 70-73 ELITIIT
OJaBaHHIM
CTPYKKH
Enextpon i3
12 12X18H10T |KYyCKOBOTro OpyxTy 3 60-61,5 120-122 ELITII
JIOJaBaHHAM
CTPYXKKH

[Tpu anamizi pe3yiabTaTiB IEPEPOOKH METAIECBOI CTPYKKH PI3HHUMH CIIOCOOAMH
y eIy Yepry OI[iHIOBAJIUCS iX OCHOBHI TEXHIKO-€KOHOMIUHI MOKa3HUKU. Takumu €
BUTpATa €JICKTPOCHEPTIi Ta MPOTYKTUBHICTb.

VY3aranpHeH1 MOKa3HUKHU MUTOMUX BUTPAT €IEKTPOCHEPTii, MPOAYKTUBHOCTI Ta
OLIIHKU SIKOCTI OTPMMAHOT'0 METally JJIs Pi3HUX BapiaHTIB IUIABOK HABEJIEHI B TaOJI.
3.4. CTOCOBHO  €JEKTPOLLIAKOBOIO  INEPEIUIaBy  BpPAaXOBYBAJIHUCS  BUTPATU

€JIEKTPOCHEPTii NpH BUTOTOBJIEHHI BUTPATHOTO €JIEKTPOJIa KOMITAKTYBaHHSIM
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CTPYKKH TiJ cTpyMoM (Bapiantu 1, 2, 6). [Ipu iHaykiiiiHii 1aaBii OpUKETIB TaKOX
BpPaxoOBYBAJIUCA BUTPATH EJNEKTPOCHEPTrii Ha iX BUTOTOBJCHHS, a TP MOJBIHHIN
IHIYKIIMHIN 1aBIi (BapiaHT 5) HaBEeHI JIaHl CYMapHHUX BUTPAT €JICKTPOCHEPTIT [UX
nBox twiaBok. [Ipm EILITII 3 BUKOPUCTaHHSAM Yy SIKOCTI BHUTPATHOTO €IEKTPOJa
37UTKIB, OTpUMaHUX IiaBkoio cTpykku B ITII (Bapiantu 7 Ta 8), BpaxoByBasucs

BUTPATH €JIEKTPOCHEPTIi HA 111 TJIABKHU.

Taoauns 3.4. [Toka3HUKN Pi3HUX BUIIB IEPEPOOKH CTPYIKKH BUCOKOJICTOBAHUX
cTajieil 1 CIIaBiB

. [Turomi BUTpaTn :
Bapiantu [IpoayKTUBHICTH MakpocTtpykrypa
IJIABKU CTPYIKKHU CACKIPOCHEPTIL, Bk, P KI/TOJT MeTay
q, KBt rog/kr > '
1 2,4-2.8 55-60 [ipHa
2 2,5-2,8 55-60 JlobOpa
3 1,7-2,1 55-60 TopucTicTh
4 0,65-0,75 45-50 IopucTicTs
5 1,35-1,5 55-65 Hewmerasnesi
BKJIFOUEHHS
6 2,1-2,3 60-65 [IinpHa
7 1,7-1,75 90-105 [inbHa
8 1,5-1,6 120-125 [IinpHa
9 1,4-1,5 120-135 [IinpHa
10 0,70-0,75 100-110 [inbHa
11 0,60-0,65 125-130 [inbHa
12 0,55-0,65 150-160 HlinpHa

[Ipumitka. [IuToma BuTpaTa enekTpoeHeprii po3paxoBaHa 0e3 ypaxyBaHHS
BTpPaT Y KOPOTKil Mepexi Ta JKepesi >KUBJICHHS.

Ak 1 chmig Oyno O4iKyBaTH, 3 OTJISAYy Ha 3HA4YHI €HEPrOBUTPATH Ha MPOLEC
OpukeryBaHHs CTpyXku g crpymom (1,1-1,4 xBt-rom/kr mns crmmasiB EI602 1
EI437b Ta 0,7-0,9 kBt roa/kr mnsa cram 12X18H10T), a Takok eIeKTpOILIaKOBHMA

neperyiaB B KpUCTalizatopi, mo oxojomkyerbes (1,2-1,4 xB-roma/kr), HanOiIbII
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MATOMI BUTpaTH €JeKTpoeHeprii Oynu mpu IlaBkax 3a Bapiantamu 1, 2 1 6. A
HallMEHII - TpU TIUIaBLI HEOPUKETOBAHOI CTPYXKKM B IHAYKUIHHIA medl 1
CJICKTPOLUTAKOBIA TUTENbHIN TUIABII 3 BUKOPUCTaHHSIM €JEKTPOoJa 3 KYCKOBOIO
opyxty (Bapiantu 4 Ta 11, 12). Onnak 3mutku, orpumani 3 metany [TII, sk mpasuio,
Manu BHYTpimHI Jedektn y Buriaal nopysatocti (puc 3.11). Tineku micns
MOBTOPHOTO iX NeperiaBy B IHAYKIIMHIA medli BOHM MOTJIM OyTH MpUAATHI AJis
MOJIaJbIIOT0 BUKOpUCTaHHS. [IpoTe, sIKiCTh MeTaldy MpU TaKOMy BapiaHTI IJIaBKU
MOCTYyIanacs sIKOCTI MeTally, [0 OyB BHUIUIABJICHUNA B €JIEKTPOLUIAKOBIA TUTeIbHIN
neyi 3 aHajoriyHux 3nuTkiB, orpuManux ITII. [o crtocyerhcs mmaBku B ITII
OpHUKETIB, TO OTpUMaHi B IbOMY BHUMAAKY 3JTUBKH TaKOX MOXYTh OyTH ypaxkeHi
opamu, ajie 3HauHO MEHILOK MIPOI0, MOPIBHSIHO 31 3JIMBKAMU, OTPUMAHUMH IpU

IUTaBIll HEOPUKETOBAHOI CTPYKKH.

Puc. 3.11. Bug nonepeunoro nepepisy 3autka [TI1, Buniasnenoro i3
HEOPUKETOBAHOT CTPYKKHU.

[Ipu coineHii EIITII BuTpaTHOro eneKTpofa 1 CTPYKKH JIOCATAETHCS

MaKcHMajbHa MPOAYKTUBHICTH mpouecy (Bapiantu 8,9 i 11, 12), sxka Ha 25-40 %
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BUIIIC B TMOPIBHSAHHI 3 IJIABKOIO TUIBKM BUTPATHOIO eyekTponaa (Bapiantu 7 1 10).
binbm Toro, cTpyXka, 1Mo MOAAETHCS Ha TJIABKY, 3MEHIITYE TEIJIOBE HABAHTAKCHHS
Ha CTIHKW THUIJISI, 3aBISIKM 4YOMY B KUJIbKa pa3iB MIABUIIYETHCA CTIMKICTh HOTO
BOTHETPHUBKOI (PyTEPIBKH.

KinpKkicTh CTpYXKH, IIO0 JOJA€ThCs Ha IIaBKy, nocsrana 100 % Big macu
METajeBOi 3aroTOBKH, 110 TepemiaBisiiack. ToOTo wMaca CTpyXKKH, WO
nepepoossiace nipu EIITII B meui emuicTio 120 kr, mpu CTymneHi 3amoBHEHHS
IUIABMJIBHOTO ~ MPOCTOPY  BUTpPaTHUM  €NEKTPOJOM, sIKa TMpU  TPOBEJCHHI
BUIIICONMCAHUX CKCIIEPUMEHTIB KoauBajgaca B Mexax 0,48 - 0,57, cranoBuia
omm3bko 50 % Bix Macu Belei maBku. L{e MeHie, Hik OyJi0 B €KCIIEpUMEHTaX Y Ieul
emHicTiO 25 KT (puc. 3.10), Koau mpoliec MOYUHABCS METOJIOM «PiJIKOTO CTapTy» 1 HE
Oy710 BUTpaT MEPEIUIaBIIOBAaHOTO E€IEKTPOIa Ha HABEJCHHS IUTAKOBOI BaHHHU. Y pasi
3aCTOCYBaHHS IPH IUIABKAX Yy Medl eMHICTIO 120 KT «p1IKOro CTapTy» CIiJl OYIKyBaTH
HE MEHIIOI KUTBKOCTI CTPYKKH, SIKY MOKHA MEpepoOUTH 3a OJHY IJIaBKY.

[IpoBeneHi eKCIEPUMEHTH II0JI0 PI3HUX BHUJIIB MEPEPOOKH CTPYKKHU MOKA3aIH,
0 HaWKpaIIOK 3 TOYKH 30py TEXHIKO-€KOHOMIYHHMX TMOKa3HUKIB € TEXHOJOTIS
CJICKTPOIIUIAKOBO1 TIJIABKH B THTEJIbHIM 1€l BUTPATHOTO €JIEKTPO/aa, CHOPMOBAHOTO 3
KYCKOBHX BIJIXOJIiB, Ta OJHOYACHUM JIOJIaBAaHHSIM CTPYKKH B MPOIIECi TUTABKH.

[Ipu BimCyTHOCTI KYCKOBOTO OpyXTy BHUTpPAaTHHUN €JIEKTPOA JOILLIBHO
oTpuMyBatu 3 Metany, BuiuiaBieHoro B EIITII. Toxi npu cmiBBiIHOIIEHHI Macu
BUTPATHOTO €JICKTPOJa 10 Macu CTPYXKKH, IO MeperiaBisieTscs, sk 1 : 1 muromi
BUTPATH EJIEKTPOCHEPTii Ha MEepepoOKy CTPYKKH TOJIBOIOIOTHCS 1, 3 ypaxyBaHHSIM
YMOB E€KCIEPUMEHTIB, 10 TMPOBOAWINCH, OyayTh ckjiagatu Onuszpko 1,1-1,3
kBT rog/kr. [lns mopiBHsSHHA B po0OoTi [33] HaBOASATHCA MaHi MO0 TMEPEPOOKH
CTPYKKH >KapoOMIIHOTO cIulaBy Ha HikeneBiit ocHoBi EI617 (XH70BMTHO®)
merogoM EIITII, ame 3 BHUKOPHUCTAHHSAM HEBUTPATHOIO e€leKTpoAa. Burpartu
SJIEKTPOCHEPT1i, 3TITHO 3 HABEIECHWMHU B 11 POOOTI JaHWUMU, NMPU TAKOMY BapiaHTI
miaBku ckianaroTh 1,4-1,8 kBr-rou/kr, a mpoayktuBHicth 120-140 kr/rox. Jlani
IIOKA3HUKKA OJIM3bKI [0 THUX, 10 MAlOTh MICIE B HAIIUX JOCIIUKEHHIX 13

BUKOPHUCTAHHSAM JIMTOTO BUTPATHOTO €JIEKTPOJAA, OTPUMAHOTO 31 CTPYXKKH, ajie Npu
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IIbOMY TIOBHICTIO BHKJIIOUAETHCS 3a0pyIHEHHS METally MaTepialioM HEBUTPATHOTO
eJIEKTPO/Ia.

KpiMm TexHIKO-€KOHOMIYHUX TIOKa3HUKIB Yy TIPOBEICHUX JOCIIKCHHSIX
OLIIHIOBAJIUCA BTPATH METAIly MPHU PI3HUX BapiaHTax MepepoOKU CTPYKKHU. 3BaKatOun
Ha T€, M0 CTPYKKHU HIKEJIEBUX >KapOMIITHUX CIIaBiB OyJjia 0OMeKeHa KUIbKICTh, JaHl
PO BTPATH METay HaWOUIBII penpe3eHTaTUBHUMU OyJIH TIPU y3araJdbHEHHI BEJIHUKOT

KIJIbKOCTI €KCIICPUMEHTIB 3 HEPIKaBIFOUOK CTPYKKOIO (Tadu. 3.5).

Tabauua 3.5. Brpatu MeTany mpu pisHUX BUAAX MEPEPOOKU CTPYKKH
cram 12X18H10T

Bapranh Brpartu merany,
TABKH Crnioci6 nmepepoOKu CTPYKKH % srac
CTPYXKKH ° ’

1 EIUTII, koMmakTOBaHUM €IEKTPO 1-2

2 ITTI, komnakToBaHi OpUKETH 3-5

3 ITTI, cTpyxxka 4-7

4 EIITII enextpona i3 KyCKOBOTO

OpyXTy 3 1OIaBaHHSIM CTPYKKH 2-25

VY Tabnuii 3.5 HaBeAECHO 3arajibHi BTPATHU METay 1]l Yac NepepoOKH CTPYKKHU.
Bouu MOXyTh ckiamaTucs 3 BUTapy (OKUCICHHS) TUX YM IHIIUX EJIEMEHTIB, IO
BXOJISITh IO CKJIaJy METally, BTpaT Yy JINTHUKOBIM CHCTEMI TIPU PO3JIMBI BUILIABJICHOTO
MeTajdy B Ty 4d 1HITY (OpMy, a TaKOX MPH BITHOBJICHHI OKCHUIHOI IJIIBKH, SIKa B
SKIACh KUIBKOCTI MOKe OyTH Ha MOBEepxHI CTpyxku. Kpim Toro, Ha moBepxHi
CTPYKKH MOXYTh OyTH 3aJHIIKH BOJIOTM Ta 3Ma3yBaJbHO-OXOJOKYIOUOI PiAMHU
(30P).

[3 HaBeneHWX MaHWUX BHJIHO, IO HAWMEHII BTpaTH MeTamy Oymu mpu
CJICKTPOIIIAKOBOMY TI€peIljiaBl CKOMITAKTOBAHOTO €JICKTPOJa, a HAWOUIbIN - TpHU
IHAYKLIMHIA maaBmi cTpykku. L{poro cmig Oyno ouikyBaTd, TOMYy LIO0 caMeé Mpu
TPEThOMY BapiaHTi MEPEePOOKH CTPYKKH MeTaj HaHOUIbIIE CXUIbHHUM 10 KOHTAKTy 3
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HaBKOJIMIITHLOI0 aTMocdeporo. Kpim Toro, mpu iHAYKIIHHIN MIaBii OyJau BTpaTH B
IPOMIKHOMY O0J1001, KM BUKOPUCTOBYBABCS MPH MEPETUBI PIAKOTO METaly 3 Meul
y BIWJIMBHULIIO.

BrnacHe kaxxyuu, BTpaTaMu MeTajy sIK TAKUMHU, 13 3arajbHUX BTpAT € BUTap Ta
BTpaTH B JTUTHUKOBIHM cuCcTeMI1. 3MEHIITUTH OCTaHHI MOXKJIMBO 33 PAaXyHOK ONTHMi3alii
IPOLECY PO3JIMBKH, HAIPUKIIAL, PO3JIMBATH META O€3M0CEPEAHBO 3 IHAYKLIHHOT a00
eJIEKTPOIIJIAKOBOI TUTENIbHOT Tedl B Ty uM iHmy (opmy. OgHak mpu 1HIYKIIHHIN
IJIaBIIl OpraHi3yBaTH Take posnuBaHHsA Tmpobiemarnuno. Ilpu EIITII npwu
MO>KJIMBOCTI KpiIJIeHHS! ()OpMHU J10 3IMBHOI'O HOCKA THUIJIA, SIK 1€ MOKAa3aHO Ha pHC.
3.12, BTpaTy B IUTHUKOBIA CUCTEMI BUKJIIOYAIOTHCS.

JUis 3HWKEHHsS BTpaT Ha BUrap y IMeplly dYepry HEOOXIJTHO BUKIIOYUTU
KOHTaKT METally, L0 IUIABUTBCS, 3 HABKOJMIIHBOK aTtMocdeporo. Ilpu EILIII Ta
EIITII meTan miaBUThCS y IMIApl MEPErpiTOro HUIAKY, TOOTO HE KOHTAKTYIOUM 3
KHCHEM MoBITps. OHAK KUCEHb MICTUTHCS B LIUIAKaX, SIK1 SIBISIOTH COO0I0 OKCHUHO-

dropunHuii posminaB. ToMy BTpaTu JIETYIOUHMX €JIEMEHTIB MOXYTh OyTH Mpu

SN

B3a€EMO/IiT METaJTy 31 IIJTAKOM.

|

Puc. 3.12. Cxema elIeKTpOILIaKOBOI TUTEIbHOT IIJIaBKH 3 MEPETUBOM

MeTaiy 3 rneul y popmy.

OnHi€l0 3 mepeBar €JIeKTPOLUIAKOBOI THUIENIbHOI IJIABKU € MOJKIIMBICTh
NPOBEJCHHS AKTHUBHUX METAIYpPridiHUX 3axXO0liB JUid padiHyBaHHS MeTaldy, HOro
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PO3KHCIICHHSI Ta JOJETYBaHHS, a TaKOX 3amobiraHHs abo KOMIICHCAIlisl BUTapy
jgeryrounx eneMeHTiB. [Ipu miaBil >KapOMIIIHUX CIUIaBIB Ta HEpP)KaBIIOUOi cTaii
0COOJIMBOI yBaru BHUMAara€ BHBYCHHS IIOBCJIHKM TUTaHy Ta aJlfOMIHIIO, SIKI MpHU
SJICKTPOIUTAKOBIH IJIABIII MOKYTh OKHCIIOBATUCSI KOMIIOHCHTAMH IIJIAKy Ta X BMICT
MOK€ BUXOIUTH 32 MEXI BUMOT TEXHIYHMX YMOB Ha XIMIYHHI CKJIaJ OTPUMAaHOTO

MeTany.
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BMUCHOBKUA

1. BukoHaHi €KCHEPUMEHTH 3 KOMIIAKTYBaHHS CTPYKKH JKapOMIITHUX
HIKEJICBUX CIUIAaBIB Ta HEPIKaBilOUOi CTaji MiJ CTpyMoM. Bu3HadeHo, IO MUTOMI
BUTpAaTH eJIEeKTpoeHeprii Ha OpukeryBaHHs cTpyxku cmiaBiB EI602 1 EI437b
cknagaroth 1,1-1,4 kBt roa/kr, a miug crami 12X18H10T — 0,7-0,9 kBt ron/kr.

2. BukoHaH1, CTOCOBHO CIUJIBHOI IJIABKM BUTPATHOTO €JIEKTPOAa 1 CTPYX KU B
CJIEKTPOILJIAKOBIN THUreJIbHIN Tedi, JOCTIPKEHHS BIUIUBY CTYHEHS 3allOBHEHHS
IJIABMJIBHOTO TIPOCTOPY MEPEIUIABIIOBAHUM €JIEKTPOJOM Ha KIUIBKICTh CTPYXKKH, LIO0
NeperuIaBisieTbcsi.  BCTaHOBIEHO, 10  MaKCHUMallbHa  KUIBKICTh  CTPYXKKH
nepepoOsieTbes mpu cryneni 3anoBaenns 0,5 — 0,56.

3. BUKOHaHO €KCIIEpUMEHTH 3 MEepepoOKH OpUKETOBAHOI Ta HEOPUKETOBAHOI
ctpykku pisaumu Mmerogamu — EIII, ITIT ta EILITII. IToka3zaHo, mo HaiMeHII
nuTomi  BUTpatu  enekrpoeneprii  0,55-0,65 kBrrom/kr Ta  HalOuLIbIIA
NpOAYKTUBHICT,  mpomecy 130-160 kr/rom Oynmum mnpu  COUTBHIA  TIIaBII
HEOpUKETOBAHOI CTPY)KKHM Ta BHUTPATHOTO €NEKTpoJa 3 KYCKOBOTO OpyxXTy B
CJICKTPOIUTAKOBIN TUTEIbHIN meui eMHicTiO 120 K.

4. Tlokazano, mo mnpu EIITII BHacmimok Toro, mo IJIaBKa CTPYKKHU
BiIOyBaeThCcsl y IIapi muiaky Oe3 KOHTakTy 3 aTMoc(eporo, BTpaTh Ha BUTAp
CTaHOBJIATH 2,0-2,5 % TOJIOBHUM YMHOM 32 PaXyHOK BUTOPSIHHS CTOPOHHIX JOMIIIOK

Ta 3aJIMIIKIB 3Ma3yBAJIbHO-0XO0JIOKYBAJIbHOI PIAMHHU.
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PO3/11 4
METAJIYPTTAHI OCOBJIMBOCTI EJEKTPOLLIAKOBOI IIJIABKH
HEPYKABIIOYOI CTAJI TA ")KAPOMILIHUX CILJIABIB

OKpIM TEXHIKO-€KOHOMIYHUX TIepeBar MpHU EJIEKTPOILIAKOBINA THUTENIbHINI
IUTaBIIl, SIK YK€ BIAMIYaNOCh, € MOXJIMBICTh MPOBEACHHS aKTUBHUX METATypriiHHX
3aXO0J[IB 3 METOI0 3amo0iraHHs ab0 KOMIIGHCAIlll BUTApy JIETYIOUUX €JIeMEHTIB. JIJis
3aCTOCYBAaHHS Ha MPAKTHIN TUX YW 1HIIMX TEXHOJIOTTYHUX ONEpalliid, HalmpaBIeHUX Ha
30€peKEHHST XIMIYHOIO CKJIaJly MeTally, HEOOXigHI JaHi Tpo OCOOIMBOCTI 1
3aKOHOMIPHOCTI TMOBEIIHKHU JIETYIOUMX €JIEMEHTIB Y KOHKPETHOMY TEXHOJOTIYHOMY
npoteci. ToMy HacCTynmHHI eTan poOiIT 3 PEUUKIIITY CTPYKKHU KapOMII[HUX CIUIaBiB Ta
HepKaBirouoi  crajgi  OyB  MNPUCBAYEHUM  JOCHIDKEHHSM  BHINE3TaaHUX

3aKOHOMIPHOCTEH.

4.1. TepmoguHaMiuyHUii aHAJI3 NOBEJIHKHM THUTAHY Ta AJIOMIHIIO NpH
€JIEKTPOIIAKOBIN IUIABII KAPOMIIHUX HiKeJeBUX CILUIABIB Ta HePKABIIOYOI
CTAaJIi.

B yMoBax enekTponutakoBUX MEperyiaBHUX TPOIECIB MeTall TJIaBUTHCA B
TOBIII IIJTAKOBOTO PO3IJIaBy, HE KOHTAKTYIOYH 3 HAaBKOJHUIITHBOIO aTMocdeporo. Tomy
Ha BIJIMIHY BiJ IUIaBKH B I1HAYKIIHHINA Tedi, a TUM OUIbIIE B €JICKTPOIYTOBiH,
0€3MOBOPOTH1 BTPATH METATY 32 PAXyHOK HOTO OKMCJICHHSI KHCHEM MOBITPS BiICYTHI.
[IpoTte, sik 100Ope BiOMO 3 TEOpii Ta MPAKTUKHU E€JIEKTPOILIAKOBOIO IMEpeIliaBy, 3a
HAsIBHOCTI y CKJIaJll METaly, 10 MEePEIUIaBIIs€ThCS, €IEMEHTIB 3 BUCOKOIO aKTUBHICTIO
(BUCOKOIO CIOPIAHEHICTIO /10 KMCHIO), BMICT X MO€ 3MIHUTHCS y O1K 3MEHILIEHHS
[41,42].

OCHOBOIO MEepeBaXKHOI OUIBIIOCTI MITAKiB, MO 3acTocoByrOThcs mpu EIIIL, €
okcuaHo-propuana cucrema CaF, — CaO — Al,O3 — SiO,. V Bukopuctanux B poOOTi
KAPOMIITHUX CIUIaBaX 1 HEpP)KaBilOYWid CTajli BHCOKOAKTUBHUMHU €JIEMEHTAMH €
aIOMIHIN 1 TUTaH. BOHU € BITHOBHMKAaMM 1O BIIHOIIEHHIO /0 OKCHIY KPEMHIIO Ta

OKCHJTy 3aJ113a, SIK1 MICTAThCS B IIJIAIll, 1 MOXKYTh BCTYIIATU 3 HUMHU Y PEaKIii:
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A[AI] + 3(SiO,) = 2(Al,0,) + 3[Si] (4.1)

[Ti] + (SiOy) = (TiO,) + [Si] (4.2)
2[Al] + 3(FeO) = (Al,O3) + 3[Fe] 4.3)
[Ti] + 2(FeO) = (TiO,) + 2[Fe] (4.4)

B pesynpTari amioMmiHii 1 THUTaH NEPEeXOJiTh y MUIAK, yTBOPIOIOYH TaM
BI/IMOBIIHI OKCHJIM, a KPEMHIM, K 1 3aj1i30, PO3YUHSAIOTHCA y MeTam. ToMy mpu
CJIEKTPOIIJIAKOBOMY TI€periaBl MeTajiB, JIETOBAHUX €JIEMEHTaMH 3 BHCOKOIO
CHOPLAHEHICTIO JO KHCHIO, BUKOPHUCTOBYIOTh ULUIAKM 3 MIHIMAJIBHO MOKJIUBUM
BMICTOM OKCHJIB, SIKI MOXYTh OyTH BIJIHOBJICHI ITUMHU €JIeMEHTaMu. TakuMu e,
Hanpukiaz, garocu Mapku AHD-111, AH®-6 1 Bukopucranuii y Hamiid poOoTi uiroc
AH-295.

[Tpu ELIII 3acTocoByrOTbCs IUIaBiIeHI (UIFOCH, TOOTO OTpPUMAaHI IJIABKOIO
BUXIJTHUX IIUXTOBUX KOMIIOHEHTIB B €JEKTPOJYTOBIM (IIOCOIIaBWIIBHIA eyl 3
BUKOPUCTAHHSAM B SIKOCTI CTPYMOIIIBOAIB TpadiTU30BaHUX eNeKTpoiB. [Ipu mpomy
OKCHUJ 3ajli3a JIErKO BIJHOBIIOETHCS BYIJIEHEM E€IEKTPOAIB 1 MOro BMICT Y
BUILIaBIIEHOMY (itoci JocuTh HU3bkuii, He Oumbine 0,5 % wmac. Kpemnesem 3a
TEMIIEpATypHUX YMOB, SIKI MarOTh MICIIe IiJl Yac BHUIUIABKH QIIIOCY, SIKIO 1
BIJIHOBJIIOETHCA BYIJIELIEM, TO HE3HAayHO. ToMy 3a paxyHOK MII00pY MIMXTOBHUX
KOMIIOHEHTIB 3 HU3bKHUM BMICTOM KPEMHE3EMY JI0MararoThCsi BUMOT TEXHIUHUX YMOB
Ha 3rajiaHi Bulle QIrocH, B IKMX MOBUHHO OyTH He Outbiie 2,5 % OKCHUIY KPEMHIIO.

HeBaxko miagpaxyBartu, 10 IIPU Macl MeTajly, U0 MEPEeIUIaBiIseThCs B HALIUX
ymoBax npu EIITII, 120 kr, cniBBiHOIIEHHI Mac MeTaity a0 nutaky 10:1 1 BMicTy B
nuiaini 2 % mac. SiO; BTpaTu allOMiHIIO Ta TUTAHY 3a paXyHOK repeOiry peakiiii 4.1
Ta 4.2 MOXYTh CTaHOBUTHU Onm3bko 144 ta 192 rp. BianmoBigHO. Y IIbOMY BUIAIKY,
HalpuKiIad, MNpud BuUxigHoMmy BwmicTi TtuTany 0,6 % wmac. B wMeranmi, IO
NEePeTIaBisIETbCs, HOT0 BMICT MOXKE 3HU3WTHCSA TIIBKM 32 PaxyHOK BiTHOBIICHHS
kpemHito 10 0,44 % Mmac. Aje 3a HasBHOCTI B METaJll aJIFOMIHIIO, IKHI € CUIbHIIINM
BIJIHOBHUKOM Y MOPIBHSIHHI 3 TUTAHOM, BTPAaTH OCTAaHHBOTO MOXKYTh OyTH HabaraTo
HokIMH. CTaHEThCS 1€ 3a paxyHOK IMepeBaXHOTO mepediry peakmii 4.1 3

BIJIMOBITHUMHU BTpaTaMU aJTFOMIHIIO.
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Crni 3a3HaYUTH, 110 MPU €IEKTPOIIIAKOBIHM TUTABIIl B3a€EMOJIi MK METAJIOM 1
IIakoM He oOMexyeThes peakiisimu 4.1 — 4.4. 'V MacooOMiHHUX mpoiiecax 6epyThb
y4acTh YCI KOMIIOHEHTH Ta €JIEMEHTH KOHTaKTyro4uux ¢as. A pe3yiabTaTH B3aEMOJii
3aJIeKaTh BiJl CKJIaAy METaly Ta IIIAKy, a TAKOXK TeMIEepaTypHUX yMOB MiaBku. Kpim
TOTO, HEOOXITHO PO3YMITH, 110 B PEATbHUX YMOBAaX IUIAK KOHTAKTY€ 3 aTMOC(HEpOoro,
IO MICTUTh KUCEHb, SKUU MOXKE PO3UMHATUCA Yy ILIAIl. A 1€ MOXE MPU3BECTH 0
JI0JTATKOBOTO BUTapy BUCOKOAKTUBHUX €JICMEHTIB.

[IpoGsiemi 3amobiraHHs BTpaTaM ajlOMIHIIO Ta TUTaHy IPHU €JIEeKTPOIIaKOBii
IJIaBI[l MPUCBSYCHO BEIUKY KIIBKICTH poOiT. BOHM mpoBOAMIMCS SK HA MOYATKY
mmpokoro ocBoeHHs1 TexHomorii EILIT [43-45], Tak 1 mpOAOBXKYIOTECS B Cy4acHUX
ymoBax [46-49]. CnpaBa B TOMy, IO PO3LIMPIOETHCS HOMEHKJIATypa MeETally, IO
NEPETUIABIISIETHCS, 3MIHIOIOTHCS CKJIAIM 1IIJIAKiB, CTBOPIOIOTHCS] HOB1 €JEKTPOIIIAKOBI
TEXHOJIOT1i Ta YCTaHOBKM. TOMYy 1 BHUKOHYIOTHCS BIANOBIIHI JOCIHIJKEHHS, 100
YHUKHYTH BIIOpaKyBaHHS 32 XIMIYHUM CKJIAJIOM BUIUIABICHOTO METAIy.

[IpakTM4HO BC1 JOCHIDKEHHS 3 JIaHOI TEMH CTOCYIOThCS KJIACUYHOTO
NeperuiaBy BUTPATHUX E€JIEKTPOJIIB 3 IMOCTYNMOBUM 3aTBEPAIHHIM METAIy IO XOIY
IUIABKK Y BOJIOOXOJIOJKYBAHOMY KpHUCTai3aTopi. 3a3HAYa€ThCS HEOOXITHICTh
BUKJIFOYEHHS 31 CKJIaJy BHUKOPUCTOBYBAHMX IIJAKIB OKCHUIIB 3 HHU3BKOIO
CHIOPITHEHICTIO JI0 KHUCHIO, TTPOMOHYETHCS BUKOPUCTOBYBATH BUTPATHI €NEKTPOIM 3
M1JBUIIICHUM BMICTOM TUTaHY 1 aIIOMIHIIO JJI1 OTPUMAHHS 3JIMBKA 3 HEOOXITHUM iX
BMICTOM. BaXXJIMBUM € 3aXHUCT IUIABWJIBHOTO TMPOCTOPY BiJl HABKOJIUIIHBOI
atMocdepu. Y psiii poOIT MPOMOHYETHCS JUIsl 3aI00ITaHHS BUTAPy TUTAHY BBOJWUTH B
IIJIAK OKCHJ TUTaHY.

dyHIaMeHTalbHI JAOCTI/DKCHHS TMOBEIIHKKM THTAHY Ta allfOMIHII0 y CHCTEMI
metan-uak npu EHIIT HikeneBux cynepcruiaBiB mpoBeau KOPEHChKi BUeHI. Y CBOIA
poboTi [46] BOHM AJi CIJIaBIB HIKEJIIO 3 PI3HUM BMICTOM aIOMIHIIO Ta TUTaHY
OTPUMAaJI BaXKJIMBI 3aJI€KHOCTI PIBHOBAXKHOT'O BMICTY OKCH/IIB JIOMIHIIO Ta TUTaHy
y 1uiai BiJl BMICTY IIMX €JIE€MEHTIB Ta iX CIIBBIJIHOIIEHHS y BUX1JIHOMY CIuIaBl. Tum

caMHM, SIK CTBEpPDKYIOTh aBTOPH pPOOOTH, BOHHU 3a0e3leuyBalii KOPUTYBaHHSIM
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CKJIaJly IIJIaKy 30epekeHHs antoMiHito 1 TuTany B 120 kr 3mutky EIIII 3 HikeneBux
CYIIepCIIIaBiB Ha PIBHI BMICTY IIUX €JIEMEHTIB B €JIEKTPO/II, IO MTEePEIIaBIsBCA.

TuM He MeHII, BUKOPUCTAHHS pPe3yJbTaTiB JaHOT poOOTHU ISl OLIHKU BTpaT
amomiito Ta tutany npu ELLTII xapominmHuX cruiaBiB, IO 3aCTOCOBYBAJUCS B
HAIIUX JIOCHIUKEHHSIX, MOXE TMPU3BECTU J0 TMOMUIKOBUX pe3ynbpTaTiB. CrnpaBa B
TOMY, 110 B €KCIIEPUMEHTaxX 3 PO3MOJUTY IIMX €JEMEHTIB MK IIJaKOM 1 METajJoM
BUKOPHCTOBYBAJINCA HE KOHKPETHI MapOUHi HIKEJIEB1 CIUIaBU, @ MOJEIIbHI CIUIaBH, 10
CKJIAJal0ThCsd 3 OCHOBM (HiKeN0) 3 nobaBkamu 2,5 % wmac. BYIJIEHIO Ta PI3HUMHU
KOHIICHTpAIlISIMA aTiOMiHII0O Ta TUTaHy [46]. Takuii BUCOKUI BMICT BYIUICIIO OYB
OOyMOBIIEHHI THM, M0 €KCIEPUMEHTH 3IIMCHIOBAIHNCS 3 BUKOPHCTAHHSIM
rpadiTOBOro TUTJIS, B SKUH BCTAHOBIIOBAIUCS QJIYHAOBI TUTJIl 3 BUIIPOOOBYBAHUMU
METaJOM Ta IUIAKOM, 1 iICHyBaJla MOKJIMBICTh MHomajaHHsa rpadity B metain. Kpim
TOT0, BAKOPUCTOBYBAJIMCS MOJIeNbHI nutaku cuctemu CaF, — CaO — Al,O3 — TiO; 6e3
OKCHUJy KPEMHIIO, IKUI Y peaIbHUX YMOBAX BIJIIrPa€ BAXKIIMBY POJIb y aHAJII30BAaHOMY
nporieci. BMmict dropuay kanbiito y nux mojaeabHux nuiakax OyB Big 30 mo 50 %
Mac., OKCUay KanbIito Bix 25 1o 40 % wmac., okcuay anmoMinito Big 15 mo 25 % mac.,
a okcuay tutany Big 1 1o 30 % mac.

3 Ti€l X NPUYMHM - CYTTEBOI BIAMIHHOCTI CKJaJy ULUIAKIB, HE MOXHa
ckopucTaTucs 1 manumu podotu [47], nmpucesiuenoi koutposto Al 1 Ti mpu ELLIT
HepxkaBitouoi crami mapku 1Cr21Ni5Ti. Bmict amominito B miid crani Oys 0,04-0,05
% wmac., a Tutany 0,5-0,6% mac., 110 TPaKTUYHO TAKUM Ke, K y HEPKABIIOYOi CTal
12X18H10T.

OcHOBHA BIAMIHHICTB Yy CKJIaJll IIAKIB, K1 BUKOpHUcTOBYIOThCS mipu ELLTII, €
Hwkunit BMmicT CaF,, ik y nwutakax ans EIIL. [losicHioeThest 1€ HEOOX1IHICTIO
OOMEKEHHS arpecMBHOIO BIUIMBY (TOpUAY Kalbllit0o Ha (yTEepiBKY IJIABUIbHOI
emHocTi. Kpim Toro, st miABUIIEHHS €IEKTPUYHOIO OMOPY IUIAKOBOI BAaHHU 1 TUM
caMUM TeMIEPaTypH 1 MBUAKOCTI IJIABKH, ITUTAKH, 10 3aCTOCOBYIOThCs 1yisi EILITTI,
MICTSTh MIABUILIEHY KUIBKICTh OKCHUIY allfoMiHII0. Tak, y BHUKOpPUCTAaHOMY HaMH
nutami AH-295 kinpKicTh GTOPUIY KaNbIlilo 3HAXOAUTHCSA B Mexkax Bix 11 mo 17 %

mac., a npu EIIIT BukoprcToByrOThCS IITIaku 3 BMICTOM (QTOpHIy Kaibiito Bi 30 10
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95 % mac. BMICT okculy ajqtOMiHIIO 3T1IHO 3 TEXHIYHUMM BUMoramu B nuiami AH-
295 mae 6ytu B Mexax 49-56 % mac., y Toit uac sik y nurakax amst ELLIT BMicT mporo
KOMIIOHEHTA 3a3BHuail He nepesuirye 30 % mac.

Taka BiamiHHICTH y XiMiuHuX ckiamax nwiakiB EIITIT ta EIIIT Bu3nagae i
BIIMIHHICTh y TIOBENIHIII THUTaHy Ta AQIIOMIHIIO TIpPU TIUIABIIl METATIB MU
cnocobamu. e yckiagHioe, po 1o WIUIocs BUIE, BAKOPUCTAHHS MOBHOIO MipOIO
po3pobnenux crocoBHo EIIII 3axo/iB 11010 KOHTPOIIO BMICTY BHCOKOPEAKIIHHIX
€JIEMEHTIB Y MeTali, 10 BUILIABISEThCA. ToMy OyB BUKOHAHWUU TEPMOJIUHAMIUHUNA
aHaJIi3 Mepepo3noIUTy €JIEMEHTIB B CUCTEMI IIJIAK-METall CTOCOBHO YMOB, III0 MalOTh
MICLIE [P €JIEKTPOUUIAKOBIN TUTEJIbHIN IJIABIII.

[Ipu anamizi nmoBemiHku amoMmiHito Ta Tutany npu EUITII sxapominHux
CIUIaBIB Ta HEPKaBIIOYOI CTall CKOPUCTAEMOCS PEAKIIE€I0 B3aeMOOOMIHY (4.5) mux
€JIEMEHTIB, SIKa 10 CYTI € CyMOIo peakiii 4.1 Ta 4.2.

4[Al] + 3(TiO,) = 2(Al,03) + 3[Ti] (4.5)

JInst po3paxyHKIB 32 y4acTIO PO3YMHIB, IKUMH B HallOMY BUIAJKY € PIAKUN
MeTaJl 1 pIIKUI IUTaK, He0OX1/1H1 TaH1 I10JI0 aKTUBHOCTEH €JIEMEHTIB Ta KOMITOHCHTIB
y (azax, mo KoHTakTyrTh. [llog0 MeTany, To B gaHMil 4ac BOHU BH3HAYAIOTHCS 13
3aCTOCYBaHHSAM CIEUIAIBHUX MporpaM. 3a BIACYTHOCTI TaKUX MPOrpaM aKTHUBHICTb
PO3UYMHEHUX Y METalli €JIEMEHTIB PO3PaxOBYIOTh 3 BHUKOPHCTAHHSIM HAasSBHUX Y
JiTepaTypl JaHUX MapamMeTpiB  B3aeMOAll, SIKI BpaxOBYIOTh B3a€MOBIUIMB
KOMITOHEHTIB PO3YMHY Ha iX TEPMOAMHAMIYHI XapaKTEPUCTUKH.

[Iporpamu nJisi BU3HAYEHHS aKTUBHOCTI QJIIOMIHIIO 1 TUTaHy B HIKEJIEBUX
CIUIaBaX, BPaxOBYIOYHM, 110 BOHM MEHII MOILIMPEH] 1 HalyacTillle MaloTh CIelialbHe
OPU3HAUEHHS, y HAIIOMY PO3MOPS/DKEHHI Oynu BIACYTHI. TakoX y JOCTYIHIN
JiTepaTypi BIACYTHI HaiiHI JaHl MPO mapamMeTpu B3a€MO/IIT /TSl HIKEJIEBUX CILJIABIB,
TUM Ta4e CKJIaHOIeroBaHuX. ToMy KUIbKICHUN TEPMOJUHAMIUHHMM aHATI3 JIJIs TAKUX
CIUTaBiB BUKOHATH CKJIaJHO. MOKHA JIMIIE BII3HAYUTH, 110 BUCOKHM BMICT OKCHUIY
amominiio B nwiani AH-295 nepemkomkatuMe mnepexoay alloMIHIIO 3 MeTaly B
IUIaK 1 Horo BTpaTH KO 1 OyAyTh, TO MOBUHHI OyTH HE3HAYHUMH. Y TOH Ke yac

JIOCUTHh BUCOKHI BMICT allFOMiHit0 B qociimxyBaHux cruiaBax E1602 ta E14375b Oyne,
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y pa3l OKHUCJIEHHS THUTaHy 3 YTBOPEHHSM Yy MUIAlll OKCUIY TUTaHy, CHPUSITH

BiqHOBICHHIO T10,, TOOTO MEpEeNKO/PKaTH BUTapy THTaHy 3 MeTaiy. bimemn toro,

A0JaBaHHA B IIIJIAK OKCHUAY TUTAHY MOXKC IIPU3BECTHU OO0 301JIbIIICHHS BMiCTy TUTAHY B

metani. [Ipo me cBiquath gani podotu [46], 3rigHO 3 SKUMU MPU BUTPUMII CIUIABY

Hikelro 3 BMicToM 0,7 % mac. Al Ta 0,8 % mac. Ti mig nuiakom i3 BMictoM T10, 15 %

Mac. y piIBHOB&KHOMY CTaH1 BMICT TUTaHy B MeTaJi 30ubmuBes 10 1,4 % mac.

Ha BimMiHy BiJ HIKEJIEBUX CIUIaBiB, HEpXKaBiioya CTalb JOCUThH J0OpEe BUBUCHA

1 € TmepeBipeHl TepMOJWHAMIYHI JaHl Tpo ii BiacTuBOCTI. [l BHU3HAYEHHS

aktuBHOCTI enemeHTiB ctami 12X18H10T BuxopucTOBYBaau MIUPOKO MOUIUPEHY

nporpamy «Termo-Calc»y. ¥V T1abn. 4.1 HaBeneHO JaHi pPO3paxyHKy 3a III€IO

IPOrpamMor0 aKTUBHOCTI OCHOBHHX eJieMeHTIB npu Temmepatypi 1873K (1600°C).

Taouauuda 4.1. AKTUBHICTH, OCHOBHUX eJieMeHTIB B ctaii 12X18H10T

Ckman 1 Ckmaz 2 Ckman 3

Bwmict AXKTHUBHICTD Bwmict AXTHUBHICTD Bwmicrt AKTHUBHICTbH
€JIEMCHTA, €JIEMCHTA, €JIEMCHTA,

% Mac. % Mmac. % Mac.
C | 01 1,95-10°> | C |01 1,89-10° | C 01| 186107
Si | 0,7 42107 Si |07 3,8-10° | Si 0,7 | 395107
Mn | 1,8 1,35-10° | Mn | 1,8 1,36:10% [ Mn | 1,8 | 1,37:107
Cr | 18 1,76:10% | cr | 18 1,78:10° | Cr 18 1,78-10*
Ni | 10 7,27-10° | Ni | 10 7,34:10° | Ni 10 7,36:10™
Ti | 05 | 4,74-10* | Ti | 07 6,71-10* | Ti | 08| 8,80-10*
Al 004 | 064-10° | Al 0,04 | 0,62:10*° | Al | 0,04] 0,60-10*

HeoOxigHi 11 po3paxyHKIB JaHl IIOAO AKTUBHOCTI KOMIIOHEHTIB IIIAKYy

BU3HAYAJIA METOJOM, OMNHCaHUM Yy poOoTi [50], B sKil NUIAKOBUN PO3ILIaB

PO3IrILAa€TbCA AK AACPHA MaTpULA 3 KOJIEKTHBI30BaHOIO CHCTEMOIO eJ'IeKTpOHiB.

Pospaxynku

3a

TaKOI0  MCTOAHNKOIO

OBHICTIO

3a0e31eyeHi

YHUCCIIBHUMU
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CHEPreTHYHUMHU  TMapaMeTpamMu  eJIeMeHTIB ();), HEOOXIMHMMH IS  OIIHKHU
aKTUBHOCTEW. BilMOBITHO 10 1IHOTO METOY:
ag = Caha, (4.6)

JIe A4 - aKTUBHICTh €JIEMEHTA A IUIAKOBOTO PO3ILIABY;

C, - IOBHA aHANIITUYHA KOHIIEHTPAILIisl €JIEeMEeHTa A, BUpaXXeHa B

aTOMHHX YaCTKax;

¢4 - aToMHUI KOe(]ilIEHT aKTUBHOCTI1 eJIeMeHTa A.

VY dopmymi (4.6) 3HaUeHHS aTOMHOTO KoediIlieHTa aKTHUBHOCTI BH3HAYAETHCS
eHeprieto  oOMiHYy  (3MIIIyBaHHS) CKJIAQJIOBHX  IIUIAKOBOTO  PO3IUIaBy,  iX
KOHIICHTPAITIEI0 Ta TEMIIEPaTypoOIO0 1 pPO3PaxOBYETHCA 3a JAHUMH CHEPTeTUYHUX
napamMeTpiB eJeMeHTIB ();).

Hani cknany nutaky AH-295 3 pizaum BmictoM TiO,, sikuii BBOAMTBCS IS
OILIIHKY MOTO BIUTMBY Ha MEPEPO3NOIiTI TUTAHY MK IIIJIAKOM 1 METaJIOM, 1 pO3paxyHKy
32 METOJUKOIO, 10 OMUCYETHCS, AKTUBHOCT1 €JIEMEHTIB 1 KOMIIOHEHTIB IIUX IUIAKIB

npu temneparypi 1873K (1600°C), naBeneni B Ta0. 4.2 ta 4.3.

Taoauuda 4.2. Cxiaa nuiakis

Bwmict, % mac.
[Imax CaF, Al,O; CaO TiO, I\/IgO
1 15 52,3 30,1 0,1 2,5
14 51,4 29,1 3 2,5
14 50,3 28,2 5 2,5
13,4 49,1 27 8 2,5

BN

Taoauus 4.3. AKTUBHICTS €JIEMEHTIB 1 KOMIOHEHTIB B ruiami AH-295

AXKTHUBHICTB
[1Inax _ -
Ca Al Ti Mg F O TiO, A|203
1 10,4095 | 0,5701 0,71-107 0,0362 | 0,2208 | 0,8976 0,572-10°| 0,235
2 10,3952 |0,5638 | 0,0214 | 0,0364 | 0,2070 | 0,9049 | 0,0175 |(0,2355
3 10,3880 | 0,5565 | 0,0328 | 0,0366 | 0,2068 | 0,9052 | 0,0269 | 0,230
4 10,3735 0,5491 | 0,0577 | 0,0358 | 0,1929 | 0,9122 | 0,048 |0,2288
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3riIHO 3 HaBeJAeHMMH B pobOoTi [51] maHMMHM 3MiHA CTaHAAPTHOI BUIBHOI

eHeprii peaxirii (4.5), HaMMUCaHO1 Y BUTJISII

4/3[Al] + (TiOy) = 2/3(Al,03) + [Ti] (4.6)
piBHa!
AG® = — 188 200 + 32,33 T JI/Mo0Ib 4.7)
KoncranTa piBHoBaru (K) peakitii (4.6)
ot

JI€ Qg1 0,)~ AKTHBHICTH OKCHUIIY AIIFOMIHIIO B [IIIAIL];

A(rip,) — AKTUBHICTb OKCHJly TUTaHy B LIJIAILII;

Ay gy — AKTUBHICTH THTaHy 1 alIOMiHIIO B METalli,

3 (4.8) BuIIMBae, 10 PIBHOBAXHY AKTUBHICTh OKCHUJY THUTaHy B CHUCTEMI

MCTaJI-IlJIaK MOJKHA BU3HAYUTH 3 BUPaA3y:

2/3
— Ya1203)'Yri] (4 9)
ATio) = T B .
[Al]

KoHcTtanTa piBHOBarm peakiiiii TMoB'si3aHa 13 3MIHOK BUIBHOI €HEprii
3aJIeKHICTIO:
AG’ = —RT-InK (4.10)
ne R — yHiBepcanibHa ra3oBa MocTiiiHa, BoHa opiBHIOE 8,314 Jlx/Monb:T.
I3 (4.10) orpumyemo InK = — AG” RT a6o IgK = — AG%/2,303-RT.
[lincraBnsitoun oOuucieHne 13 piBHIHHA (4.7) s Temmneparypu 1873K

sHadeHHs AG® MOJKHA BH3HAUNTH BennunHy K:

—-188200+32,33T _ —188200+32,33:1873 _
IgK = = = 3,55. (4.11)
2.303:RT 2.303:8,314:1873

3Biacu K =3 548.

B npomy Bumnanaky npu enekrpornuiakosiit miasii ctam 12X18HI0T i3 BMmicTom
amominito 0,04 % mac. s 30epexxenns B metaii 0,8 % TuTaHy aKTUBHICTH OKCHILY

TUTaHy B 1ALl BIAMOBIIHO A0 piBHSAHHS (4.9) Mae OyTu

2/3
a Qs qa—4
— (Al203)"4[Ti] _— 0,235-8,87% _
a(rio,) ~ ka'l? = Jea8024 0,0243. (4.12)
Al
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3a ganumu Ta6n. 4.3 npu BMmicti B mwiami AH-295 3, 5 ta 8 % wmac. TiO;
aKTUBHICTh IILOTO OKCHAY cTaHOoBUTH Biamoimao 0,0175; 0,0269 ta 0,048. TobTO
oTpuMaHa 3a piBHIHHAM (4.12) po3paxyHKOBa aKTHBHICTb OKCHUJy THTaHy OJM3bKa
710 Takoi mpu BMicTi B tiari 5 % mac. TiO,.

TakuM 4yMHOM, BUKOHAHWI TEPMOAMHAMIUYHUN aHajl3 TMOBEIIHKM THTAHY Ta
QITFOMIHII0O CTOCOBHO €JIeKTpoIniakoBoi maBku ctaii 12X18HI10T 3 BukopuctanHsIM
nuaky AH-295 mokasye, 1o Jj1s1 BUKITIOYSHHs] BTPAT TUTaHy HEOOXi1THO BBOJWUTHU B
nuiak omm3pko 5 % wmac. okcuay TUTaHy. [[ns mepeBipkM Ta YTOYHEHHS ILIBOTO
BHUCHOBKY OyJIM MPOBEJIEH! €KCIIEPUMEHTH 3 KOHTPOJIEM BMICTY TUTAaHY B METalll Ta

roro okcuay B nutani npu EIITII HepxkaBirouoi cTai.

4.2. JlocaigaeHHs1 PO3NOALTY THUTAHY MiK NUIAKOM Ta MeTAJIOM MpPH
EIITII nepxaBirouoi craJi.

ExcniepyMeHTH IPOBOAMIM IUISAXOM IUIABKM BUTPATHUX €JIEKTPOJIB 31 CTall
12X18H10T miamerpom 80 MM BHUpOOHUIITBA 3aBoAy «JlHimpocmencTtanby y
¢dbyTepoBaHiil MAarHE3UTOBOIO IIETJIOK TUIABHIIbHIN €éMHOCTI niepeTuHoM 160x160 MM,
sKa paHille BUKOPUCTOBYBAJacsl Ul JIOCHIPKEHHSI BIUIMBY CTYIIE€HS 3allOBHEHHS
IUIaBUJIBHOTO MPOCTOPY Ha KIIBKICTh MEPEIUIaBIIOBAHOI CTPYKKU (po3ain 3). B
SKOCT1 IIJIAKOYTBOPIOIOYOTO BUKOpUCTOBYBaIM (itoc mapku AH-295 BupoOHuiTBa
Hikomonschkoro ¢epocmiaBHOTO 3aBoay. Maca Mertady, WIO TEpEIUIaBIIsBCS,
ctaHOBWJIa 15 Kr, a Maca nuiaky — 2 Kr.

XiIMIYHHMM CKJIaJ]] BAKOPUCTOBYBAHOI B €KCIIEPUMEHTAX CTalli HaBEJECHO B TaOII.

4.4, a XIMIYHMH CKJIaJI IUIaKIB - B Ta0II. 4.5.

Taoauuga 4.4. Ximiyauii ckiaag ctant 12X18H10T

Bwmict, % Mac.
C Cr | Ni | Mn | Si Ti Al S O
0,11183| 98 | 1,6 | 0,65|0,73 | 0,04 | 0,02 | 0,0045
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Taboauusa 4.5. Ximiuauii ckian nutaky AH-295

Bwicrt, % mac.
[MInax CaF, A|203 CaO T|02 MgO S|02
1 14,8 51,6 29,1 0,05 2,8 1,6
2 14,3 50,4 28,5 3 2,8 1,6
3 14 50,3 28,2 5 2,7 1,55
4 13,4 49,1 27,0 8 2,6 1,5
Y mporeci eJIeKTPOIUIaKOBOI IUIABKM BIIOMpanu TpodW MeTanmy Jjs

BU3HAYCHHA BMiCTy THUTAHy 1 HpO6I/I J1aKy 1JId BU3HAYCHHA BMiCTy OKCHUAY THUTAHY.
Pe3y.]'IBTaTI/I, y3aFaHBHeHi 34 TPbOMA-40THPMaA CKCIICPUMCHTAMU IJIs1 KOKHOI'O CKIIaly

IIaKy, HaBeJleH1 Ha puc. 4.1 ta 4.2.

Ti, %
09 -
B
—
. 3
D.Z T T T 1
o 5 10 15 20
T, ¥B

Puc. 4.1. 3miHa BMICTYy TUTaHY y METaJl.
1,2,3 14 — HOMepa 1IIaKiB.
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— 4
— Y
15 20

T, xB

Puc. 4.2. 3mina BMICTYy OKCUy TUTaHY B IILIAIIL.
1,2,3 14 — HOMepa IIIIaKiB.

Sk BUIHO 3 OTPpUMaHUX JaHUX, B YMOBaX IPOBEIECHUX EKCIIEPUMEHTIB 3a
BIJICYTHOCTI JT0OABKM OKCHJly THUTaHy B IIIJIAK BMICT THUTaHy B MeTalll 3HW)KYETHCSA
npakTu4Ho BBivi, 3 0,73 10 0,35 % wmac. [lpu nomaBanui o nuiaky TiO, BTpatu
TUTaHy 3 METally 3MEHIIYIOThCS. BiAMOBIAHO 10 TEPMOAMHAMIYHUX PO3PAXyHKIB IIPH
BMICTI OKCHJly TUTaHy B mmiaii 5 % Mac. pIBHOBOKHUW BMICT TUTaHy y MeTalli
ctaHoBuTh 0,8 % Mac. OnHaK B yMOBax €KCIIEPUMEHTIB MIPHU BBEACHHI B LIJIaK TaKOl
kubkocTi TiO, BTpaTu TUTaHy BiOyBajIuCs 1 HOTO BMICT BCTAHOBIIOBABCS Ha PiBHI
0,65 % mMac.

[TosicHrOEThCST 1€, HA Hamly OyMKy, MAi€l0 1aBoX uuHHHKIB. [lo-meprue,
HAsSBHICTIO B TIIAlll OKCHUIY KPEMHIIO, BHACIIJOK YOro MpOTiKae peakdis (4.2) 3
BTpaTaMu TUTaHy 13 MeTaiy. Lle miaTBep/KyIOTh JaHl €KCIIEPUMEHTIB, MIJl Yac SKUX
B1JI0yBaIOCs pi3Ke 3HUKEHHS BMICTY TUTAHY B METaJl Y NEpIlll MEepIOAH IJIABKH.

[To-npyre, TemmepaTypHUMH yMOBamH. TepMoauHaMiuHI PO3paxyHKH Oyiu
npoBenieHl Juis Temrnepatypu nuiaky 1 metany 1873K (1600°C). B peanbuux ymoBax
€JIEKTPOIIAKOBOI IUIaBKM TeMmIleparypa Huiaky 3a3sudail Ha 50-100 ° Bume 3a
temrneparypy merany. Kpim Toro, temmneparypa HepiBHOMIpHAa B 00’€Mi IIJIaKOBOi
BaHHM. BoHa Mae MakcUMallbHI 3HAQUEHHs TMiJ €JEKTPOJIOM, IO IUIABUTHCS, 1
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MiHIMaJIbHI 10 i mepudepii. BukoHaHi mija yac NpoBeIeHHS €KCIEPUMEHTIB BUMIPH
MOKa3aJd, 1110 TeMreparypa nuiaky oyna o6auspko 1650 °C. A sk mokazaHo B poOOTi
[46] 31 30imbmieHHsM Temneparypuux ymoB EIIl  HikeneBHUX CIUIaBIB IS
30epekeHHs 3a7]aHOr0 BMICTY TUTaHy B METajl HEOOXiTHO BBOJUTH B LITAK OLIBIIY
KUTBKICTh OKCUIY TUTaHY.

[li nBa pakTOopu BH3HAUWIIM, IO B YMOBaX CEKCIEPUMEHTIB BUXIJHUM BMICT
TUTaHy B MeTalll 30epiraBcsi mpu BMICTI OKCHAy TUTaHy B muiami 8 % mac. binbie
TOTO, B IIbOMY BUIAAKY B JCSKUX E€KCIIEPUMEHTaX CIOCTEpIranocs HaBITh HEBEIUKE
301JIBIIIEHHS] BMICTY TUTAHY B METAJICB1N BaHHI.

VY mporeci NMpPOBEACHHX EKCHEPUMEHTIB, KpIM TUTaHy, BHU3HAYaBCS BMICT
amoMiHiio B MeTani. OTpuMaHi JJaHl HaBeJeHO Ha puc. 4.3.

Al, %
0,08 -

0,07
0,05

0,05

0,04

0,03 -

0,02 T T T 1

T, ¥B

Puc. 4.3. 3miHa BMICTYy aJIFOMIHIIO B METAJII.
1,2,3 14 — HOMepa 1IIaKiB.

SIK BUAHO 3 OCTAHHBOTO PHUCYHKY, KOHLIEHTpAllisl ajJlOMiHIIO B MeTall
3MIHIOETHCA HE3HAYHO, OCOOJIMBO NP BBEJICHHI B IINIAK OKCUAY TUTaHY. AJIOMIHIN Yy
crani 12X18H10T He € neryrounM €JIeMEHTOM Ta BMICT MOrO HE perjiaMeHTYEThCS
TEXHIYHUMH YMOBaMHU Ha IIei Mmetan. BpaxoByrouu 1€, a TakoXX JaHi MPOBEICHUX
eKCIIEPUMEHTIB, OyAb-IKHX TEXHOJIOTITYHUX 3aXOJIB II0J0 KOPUTYBaHHS BMICTY

TFOMIHIIO HE OTPIOHO.
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AHaJIOT14H1 eKCIIEpUMEHTH OyJIM BUKOHAHI MPH MepepoOIll CTPYKKH HIKETIEBUX
cruaBiB E1602 ta EI437b. [lpu upoMy sIK BUTpAaTHUN CTPYMOIIIIBITHUI €IEKTPOT
BUKOPUCTOBYBAJIKCS 3JIUBKHU JIIaMETPOM 75-85 MM, OTpUMaHI IJIAaBKOIO CTPYKKH ITUX
CIUIaBIB B 1HIYKIIAHINA TUTENbHIN Meyl. Y JOCTIKEHHAX 3acTOCOBYBaBcs muiak AH-
295 6e3 100aBOK A0 HHOTO OKCHUY TUTAHY.

AHaJli3 MOBEIIHKM TUTAaHY 1 aJIOMIHIIO MOKa3aB, 10 B YMOBaX IPOBEIACHUX
EKCIIEPUMEHTIB BMICT IIUX €JIEMEHTIB 3MIHIOETHCS HE3HAYHO 1 B OJIEP)KYBAHOMY
MeTajl 3HaXOJUThCS B MEKAaX BUMOT TEXHIUHUX YMOB Ha PO3TJIIHYTI MapKu METaly.
Tineku B okpemuXx IUIaBKax cTpykku ciiaBy El437b croctepiraBcst HeBeTMKUN
BUTAp TUTaHy 1 ioro BmicT OyB Ha 0,1 — 0,2 % Hux4e Bia HeoOxiaHOrO. [IprunHoIO
I[OTO € TOPIBHAHO BHUCOKHMM BMICT THUTaHy y uboMy cmiasi (2,4 — 2,8 %) i,
BIJIMOBIJHO, BUCOKA MOTO aKTUBHICTh y MeTami. KpiM TOro, MOrio OyTH TUMYacoBe
N1JBUILIEHHS TEMIIEPATypH IIIAKY, SIKa Y MOPIBHIHO HEBEIMKIN 32 00CATOM HUTAKOBIN
BaHHI MO€ 3MIHIOBATHUCS HABITh IIPH KOJIMBaHHSIX Hanpyru B Mmepexi 380 B, Bif sikoi
KUBUTHCSI MIYHUNA TpaHCchOpMaTop. A TakKOoX, HANpPUKIAL, Yepe3 3aHWKEHY
HIBUJIKICTD MOJa4l CTPYKKHU Ha TUIABKY.

[Ipn BUKOpPHCTaHHI BEJMKOI IJIABUJIBLHOI €MHOCTI 1 OUIBIIOT TEII0BOi
1HEPILIHOCTI NUIAKOBOI BaHHM MOKJIMBI KOPOTKOYACHI, 3 TUX YM IHIIUX HPHUYUH,
3MIHM TEXHOJIOTTYHHMX MapaMeTpiB MPOIeCy, Kl He OyAyTh MPU3BOJUTH 0 ICTOTHOI
3MIHM Temmeparypd LUlaKy. THM He MEHII, HaJxajdl Opu MNepepoOdll CTPYKKU
Hikeneporo criaBy EI437b B enekTpornuiakoBiil TUrenbHIN medi emHicTio 120 kr
MeTaiy nepeadadaeThess Bukopructanus nutaky AH-295 3 no6askoro 3% TiO..

[Ifo crocyeTbcsi mepepoOku CTpykkuW HepkaBirodoi cram 12X18HIO0T,
BUKOHAHI TEPMOJAMHAMIYHUI aHam3 Ta eKCIePUMEHTH TOKa3yloTh, IO s
3ano0iraHHsl BTpaTaM TUTaHy 3 MeTaly HeoOXiaHo BBoauTH B nutak AH-2955 -8 %
Mac. OKCHIy TUTaHy. Taka 3MiHa CKIaAy IUIAKy MOXE TMPU3BECTH IO 3MiHH HOTO
(bI3UYHUX BIACTUBOCTEH, 30KpeMa €IEKTPOIIPOBITHOCTI.

EnektpomakoBa 1uiaBka 0a3yeThCsi Ha EJIEKTPOIIJIAKOBOMY TMPOIEC, KOJN
OpU MPOXOKEHHI EJIEKTPUYHOTO CTPyMy uepe3 pO3IUIaB IIJIaKy BUIUISIETHCA

JbxoyneBe — Temno,  KUIBKICTb ~ SKOro  0araTo B 4YOMY  BU3HAYaeThCA
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CJIEKTPOIPOBIAHICTIO IIaky. ToMy BOHa Mae OyTM B TMEBHHX MeXax JUis
3a0e3neyeHHss  CTaOUIbHOTO — mepediry  eJIeKTPOIUIaKOBOTO  Mpolecy — Ta
TEeMIIepaTypHUX YMOB IJIABKH.

3aHaATO BHCOKA EIEKTPONPOBIAHICT MOXKE NPU3BECTH JO KOPOTKOTO
3aMHUKaHHS MK €JIEKTPOJIOM, IO IUIABUTHCSA, 1 METaJeBOI0 BaHHOIO. A 3aHaITO
HU3bKA EJEKTPONPOBIIHICTh MOXE TMEPEeBECTH MPOLEC 3 EJIEKTPOIJIaKOBOIO B
JYTOIITAKOBHH 3 HemependauyBaHUM BUTapoM METaldy, OCOOJIMBO WOTO CKJIAJ0BUX,
10 JIETKO OKHUCIIIOIOTHCS, 30KpEMa TUTAHY.

Ha enexTpornpoBiAHICTh NIJIAKy BIUIMBA€ BMICT Ta CIIBBIAHOIIEHHS B HbOMY
KOMIIOHEHTIB, 110 CHPHUSIOTh MIiABUIIEHHIO a00 3HIKEHHIO IbOr0 IOKA3HUKA.
[Tpumipom, dTopua KaNbIlil0 CHEIiabHO BBOAUTHCS B OKCHUIHUN pO3ILIaB, TOOTO
UIaK, Mo cKiIamaeThes 3 pizaux okcuuiB (Al,Oz, CaO, SiO, ta iH), IS MiABUIICHHS
€JIEKTPOIPOBIAHOCTI MUIAKY. 3 JITEPATypHUX JAHUX [0 BUIUIABLI 3 UIBMEHITY
TUTAHOBOI'O LUIAKY B1JIOMO, L0 30arayeHHs LIJIAKOBOIO PO3IUIABY OKCHUIOM THUTaHY
MPU3BOJUTH J10 30UIBIIEHHS HOTO €JeKTPONpoBiAHOCTI [52]. BimoMocTi mpo BIUIMB
OKCUJy TUTaHy Ha mpoBiaHICTh nuiaky AH-295 iacythi. Tomy mns po3poOku
TEXHOJIOT1i MepepoOKHu CTPYKKH HepxkaBitouoi crami metogom JIITIT neobximHo
OyJ10 BU3HAUUTH BIUIUB AOOABOK OKCHAY TUTaHy Ha €JIEKTPONPOBIAHICTD mimaky AH-
295.

4.3. JlocaigkeHHs1 BILIMBY BMICTY OKCHY THTAHY HA €JIEKTPONPOBIAHICTH
mutaky AH-295.

EnexTponpoBigHICT, NIIAaKiB BHU3HAYAIW 3a CTaHAAPTHOIO METOHKOIO,
onucaHol y pobOoti [53]. 3acHoBaHa BOHa Ha BHUMIpl 3a MetojaoM Kombpayiia
SJIEKTPOOTIOPY MIXK JBOMA EJEKTPOJaMH, 3aHypeHUMHU B pinuny. [lpuctpiit nms
JOCITIKEHHS €JIEKTPONPOBITHOCTI 32 IIMM METOJIOM BKJIFOYA€E JIBA OCHOBHI €JIEMEHTH
- CNIEKTPOJIITUYHY KOMIPKY, /1€ 3HAXOAUTHCSA TUTENh 3 PIAKUM IIIAKOM, EICKTPOJIH,
JTATYMK TEMIIepaTypy 1 BUMIPIOBAIbHY amapaTypy. [Ipu Bubopi marepiany TUTIIS Ta
CJIEKTPOJIB EJIEKTPOJITUYHOI KOMIPKM 3BEpTA€ThCA YyBara Ha iX CTIMKICTh 10
BI1THOIIIEHHIO bi o) KOPO31HO-arpecuBHOI il [IJIAKOBUX pO3IIaBIB,

CJIEKTPOIIPOBIAHICTh SKUX HEOOX1THO BU3HAYATH.
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JocnimkeHHs: 3A1MCHIOBATIMCS HA CTBOPEHIM B IHCTUTYTI €IEKTPO3BaprOBaHHS
iM. €. O. [laToHa ycTaHOBIII [T BU3HAYCHHS €JICKTPOIPOBIAHOCTI PIAKUX IUIAKIB 1
durociB, cxeMa sIKoi HaBeeHa Ha puc. 4.4 [54].

YcTaHOBKa YKOMITJIEKTOBaHa TpadiToBOIO HarpiBajibHOIO miuyio onopy [IBII-2
31 3BaproBasibHUM TpaHcpopmaTopom TCIHI-500, enekTpo- Ta TEMIOBUMIPIOBAIHHOIO
arapaTyporo, a TaKOXX EJEKTPOJITHYHOK KOMIpKOro. LI KoMipka ckiiajaeTrbes 3
MOJIIOZICHOBOTO THUTJIS, B SIKOMY pO3IUIABIISIETHCS 1 HArpiBaeTbcs IIJIAK, JBOX
MOJIIOACHOBUX €JICKTPOMAIB AiamMeTpoM 1,5 MM, 130JbOBaHMX OJWH BIJlT OJHOTO
AIyHIOBUMHU TpyOOUKaMH, MDK SKUMH B 3aXMCHOMY aJyHJOBOMY YOXJI
pPO3TaIIOBaHM CIail BOJIb(paM-peHIEBOT TEPMOIIAPH.

VY cxeMy KOMIIEHCALIHHOTO MOCTY BXOJSTh TPU Mara3MHU ONOPY 3 MEXKaMHU
BuMiproBanHs onopy Big 0,01 1o 10 000 Om Ta mara3un emHocTi. [[aH1 BUMiIpIOBaHHS
¢dikcyroThCcs ocumiorpagoM 1 MOTIM OOpOOJISIIOTBECA 3a JTONOMOIOK KOMIT'HOTEpa.
OTpuMaHuii miJ Yac BHUMIPIOBaHb OIp IIJIAKy I€pepaxoBye€ThbCcsl Ha MOro

€JIEKTPOIPOBIAHICTb.

220 B i 6

™5

Puc. 4.4. Cxema yCTaHOBKH JJIs1 BUMIPIOBAaHHS €JIEKTPOTIPOBITHOCTI
PO3IUIABICHOTO MIJIAKY:
1-rpadiToBuii HarpiBHUK; 2-MOJ10I€HOBUI TUTEIIb; 3-TepMOoTIapa;
4-eJIeKTpOIM; S-3BYKOBHI TeHepaTop; 6-Mara3uH ornopiB; /-ocuuiiorpad.

91



JocnimpxyBanucsa miaku 3 gobaBkamu y ¢moc AH-295 tpu, n'sate, BiciM 1

JIBaHAIIATh BIJICOTKIB OKCHTy TUTaHy. Pe3ynbTaTtu 10CiKeHb HaBeeHo y Tab. 4.6

Ta Ha puc. 4.5 14.6.

Taboauusa 4.6. PesynpTaTd BUMIpIOBaHHS eJEKTpomnpoBigHocTi muiaky AH-295 3

PI3HHM BMICTOM OKCHIY TUTaHY

0% TiO, 3% TiO, 5% TiO, 8% TiO, 12 % TiO,
t,°C poom™nm [t,°C ppom™ ™™ [t °C ppom™ M [t,°C fom™ M [t, °C |y, om™m™
. :
1610 | 33,97 (1607 | 34,11 |1600 | 57,01 (1605 | 95.12 (1603 | 96,15
1557 | 31,83 (1576 | 32,22 |1569 | 56,24 |1555 | 94.87 |1560 | 95.04
1504 | 29,67 (1489 | 29,20 |1511 | 56,14 |1511 | 93,60 (1533 | 94,97
1482 | 25,17 (1482 | 26,55 |1504 | 55,26 |1504 | 92,07 |1526 | 91,58
1468 | 23,76 (1468 | 25,60 |1489 | 55,45 (1468 | 93,73 |1511 | 93,18
1453 | 23,76 |1453 | 25,72 |1475 | 56,14 |1453 | 91,31 (1497 | 95,42
1439 | 21,84 |1439 | 25,09 |1446 | 54,69 |1432 | 89,76 (1482 | 89,77
1361 | 21,45 (1425 | 24,73 |1425 | 52,23 (1411 | 77,57 |1468 | 83,19
1347 | 20,91 |1411 | 24,05 |1411 | 51,16 |1396 | 75,42 (1439 | 77,32
1340 | 16,79 |1396 | 22,00 |1396 | 51,57 |1382 | 72,11 (1425 | 70,47
1333 | 14,94 (1382 | 18,74 1382 | 51,99 (1368 | 77,89 |1411 | 76,76
1312 | 14,09 |1368 | 16,43 |1368 | 51,88 |1354 | 64,42 (1382 | 53,67
1298 | 12,94 |1354 | 1494 (1354 | 50,42 (1340 | 71,10 (1361 | 48,80
1284 | 11,92 (1340 | 13,29 1340 | 47,27 |1326 | 66,76 (1340 | 45,57
1326 | 11,23 |1326 | 42,30 (1312 | 62,93 (1326 | 42,51
1312 | 9,59 1312 | 40,76 |1298 | 58,41 (1312 | 39,59
1298 | 7,71 1298 | 38,00 1298 | 40,78
1284 | 6,20 1284 | 36,40
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Puc. 4.5. BruiuB BMiCcTy OKCHTy TUTAHY HAa TUTOMY

CJIEKTPOIIPOBIAHICTS nTaky AH-295.
o OM -1 'CM_I

1,2

1- 4

0,8 -

0.6 - ——
0,4
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1
u T T 1
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t, °C

Puc. 4.6. BrimuB TemnepaTypu Ha MUTOMY €JI€KTPOIPOBIIHICTh
nutaky AH-295 3 pizHUM BMICTOM OKCHUy TUTAHY.

1- mutak AH-295; 2 - AH-295+3 % TiO,; 3- AH-295+5 % TiO,; 4 - AH-295+8
% TiOy; 5 - AH-295+12 % TiO,.
Bukonasi 1ociipKeH s oKa3ad, 1o npu BBeaeHHi 3 % TiO; B nutak AH-295

€JIEKTPOIPOBIAHICTh IUIAKOBOTO PO3IUIABY HE3HAYHO 30UblyeThcs. BBenenus 5 %
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TiO, nmpu3BOAWTH 0 CYTTEBOro, y 2-3 pasu, MIABHUIICHHS EJICKTPOIPOBIIHOCTI
nuiaky. Tak npu 1400 °C nutoma enexkTpoIrpoBiiHICTh cTaHAapTHOTO nuaky AH-295
cknagae O0mmsbko 0,2 0M'1-CM'1, TO TIPH BMICTI B 1IbOMY IuIaii 5 % OKCHUIy TUTaHY
BOHa 3poctae a0 0,5 oMmtem?, a npu 1600 °C Biamosiguo 3 0,3 oM™ -em™ o maiixke
0,6 om™em™.

[Ile nmpakTU4HO BABIYI B MOpiBHSHHI 31 nutakoM 3 5 % TiO, 30iablIyeThCs
eJIeKTponpoBiAHicTh Tipu BBeneHHI 8 % TiO, B mutak AH-295. B ocraHHBOMY
Bumaaky npu 1600 °C mmToMa enekTpompoBimmicts mocsrae 0,95 om™-em™
[Tpubnu3HO Taky K EJIEKTPOMPOBITHICTH 3a M€l TemMmepaTypud Mae€ 1 IUIaK, II0
mictuth 12 % TiO,. OpHak Npu 1IOMY CHOCTEPITa€ThCsl CHIIbHE TUMOBHUIUICHHS 3
noBepxHi muiaky. Cxoxke Ha Te, 0 MPU IUX KOHIEHTPAISAX OKCUY TUTAHY B IILIaIll
YTBOPIOIOTHCA Yy 3HAYHUX KUIBKOCTSIX CIIOJIYKH 3 HHU3BKOIO MPYXKHICTIO Mapu, SKi
BUITAPOBYIOTHCH.

Ha puc. 4.7 naBeneHo /uisi HOPIBHSIHHS JJaH1 €JIEKTPOIPOBITHOCTI CTaHAAPTHUX
nuiakiB s EILNIT mapku AH®-6, AH®-8, AH®-21 [39], ximiuHMi CKIax SIKUX
HaBeleHo B Tab. 4.7, ta AH-295 3 8 % TiO,. lllnaku AH®-6 i AH®-8 Bubpani mis
MOPIBHSIHHSA B SIKOCTI TOIMYJISIPHUX MUIAKIB, IO ITUPOKO BUKOPUCTOBYIOTHCS TPH
EIIIT 1 He MIcTATh Y cBoeMy ckiaal okcuay TutaHy. [lnak AH®-21 takox mupoxo

3actocoByeThes mpu EILI, ane B fioro ckiazmi npucytHii TiO,.

Taoaunsa 4.7. XiMIYHAN CKJIaJ IIIJIAKIB

NoNe Mapka Bwicr, % wmac.
/o IaKy CaF, CaO Al,O4 Sio,
1 AH®D-6 OcHoBa <8 23-31 <25
2 AH®-8 50-60 15-20 24-30 ---
3 AH®-21 45-55 --- 20-30 |21-28 TiO,

[IpuBepTae  yBary xapakTep 3MIHM TpU  BHUCOKHX  TeMIlepaTypax

€JIEKTPOTPOBIAHOCTI UIAKIB, IO MICTATh OKCHJ TUTaHy. Ha BiqmiHy Bif HIakiB 6e3
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TiO, enextpornpoBinnicte nutakie AH®-21 ta AH-295 + 8 % 3i 30iIblIeHHIM
temneparypu Bix 1500 no 1600 ©C 3miHtoeThest He3HAUYHO. Le € Hacmigkom Toro, 110
nutaku 6e3 TiO, MaroTh 10HHWKM THI MPOBIAHOCTI, @ OKCUJ TUTaHY, 110 BBOJUTHCS B
IJIAK, SIK IO peyl 1 OKCHJI 3aJ1i3a, Ma€ €JICKTPOHHUN THUII MPOBIAHOCTI. A €IeKTpOHHA

IPOBIHICTh, HA BIIMIHY BiJI i0HHOT, Ma€e cabKy TeMIlepaTypHy 3aJeKHiCTh [52].

1300 1400 1500 1600
t. °C

Puc. 4.7. ITuToma eneKTponpoBiIHICTh IIJIAKIB:
1-AH 295 3 Bmictom 8 % TiO,; 2-AH®-6; 3-AH®D-21; 4-AHD-8.

3 nmanux Ha puc. 4.7 BUIHO, IO elIeKTporpoBiaHicTs maky AH-295 3 8 %
TiO, mpu Temmeparypi 1600 °C (0,95 om™:cm™) € GIH3BKOI0 [0 AHATOTIYHOTO
nokasuuka y muaky AH®-6 (1,2 om™-em™). ITntomMa enekTponpoBigHICTh iHIIMX
TaKOX IIMPOKO BUKopucToBYyBaHuX nutakiB Ay EIUIL, takux sk AH®-111, AHD-28
ta AH®-32 nabararo puma i mpu 1600 °C craHoBUTh Bix 4 10 6 om oM™ [39, 42].
BpaxoByroun Bume ckaszane, npu EIITII mepkaBitouoi ctaigi 3 BUKOPHUCTAHHAM
naky AH-295 3 8 % TiO, HeoOXiHO 3aCTOCOBYBAaTH EJCKTPUYHI PEIKUMH,
OpPIEHTYIOYMCh Ha Taki, M0 MarTh MICIE TMPHU EJIEKTPOILIAKOBOMY TIpoIeci 3
BUKOpucTaHHAM 1uiaky AH®D-6. Tomy, OpIBHSHO 3 MJIaBKaMU >KapOMIIHUX CIUIaBIB
3 BUKOpUCTAHHSAM uuncToro nuiaky AH-295 a6o 3 nonaBanHsM 3 % OKCHIy TUTaHY,
pu 1epepoOIll CTPYKKH HEPKABIFOUOI CTai HEOOXITHO MPOIEC 3AIHCHIOBATH MPHU
0111 HU3BKINM HAMpYy3i 1 IpH OUIBIIIN CHITI CTPYMY.
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BMUCHOBKUA

1. BuzHaueHa po3paxyHKOBUMHU METOJaMH aKTUBHICTh TUTaHY Ta aJTIOMIHIIO B
Hepxkasitouiid crami 12X18HI10T ta akTtuBHOCTI KOMIOHEHTIB y mmiami AH-295 1
BUKOHAHO TEPMOJMHAMIYHUN aHalli3 PO3MOJUTY IMX E€JIEMEHTIB MK IIIAKOBOIO Ta
MeTajeBoro (hazamu.

2. TepMoaMHAMIYHUMH PO3paxyHKaMH IMOKa3aHO, 10 npu Temreparypi 1600
°C piBHOBa)XHHUU cTaH Mo TuUTaHy npu BMmicTi B ctaii 12X18H10T 0,8 % Ti nactae
npu BMicTi B utani AH-295 6museko 5 % Ti0O.,.

3. PospobieHa MeToAuMKa, CTBOPEHO OOJIaJHaHHS Ta  MPOBEICHO
eKCIIEpUMEHTaJIbHE TOCHIJKEHHs noBeaiHku tTutany npu ELITII nepxagirodoi craii
Ta KapOMIIHKUX CILJIaBiB HA HiKEJIEB1M OCHOBI.

4. Beranosineno, mo npu EHITIT crani 12X18H10T 3 Buxigaum 3mictom 0,7-
0,8 % mac. Ti1 3 BukopuctanusaMm nutaky AH-295, mo mictute 5 % okcuny TUTaHy,
BMICT TUTaHy B MeTall 3HWKYyeThes 10 0,6%. Ilpu Bukopuctanui maky 3 8 % TiO,
BMICT TUTaHy B Me€TaJl 30€piraeTbCsa Ha BUXITHOMY PiBHI.

5. Tlokazano, mo mnpu EIITII xapomimuux crnasie EI602 1 El437b 3
BUKOpUCTaHHAM Iaky AH-295 BMicT TUTaHy Ta agtOMiHIIO B METajll 3HAXOJAUTHCS B
MeXax BUMOT TEXHIYHMX YMOB Ha JIOCHIII)KYBaHI MApKH METAIy.

6. Bukonano gocnipkeHHs eneKTponpoBigHocTi nuiaky AH-295 13 BmicTom
OKCUJly TUTaHy TpH, M'sITh, BICIM Ta JBAHAAIATH BiJCOTKIB. Bu3HadueHo, 1110 mUTOMA
enextponpoBiaHicTh 1uiaky AH-295 + 8 % TiO; mpu 1600 °C € 0au3bKOIO 10

MUTOMOI eNleKTponpoBinHOCTI nutaky AH®D-6.
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PO3J1J1 5
JOCJIIKEHHSA AKOCTI METAJIY, OTPUMAHOI'O ITPU INEPEPOBIII
CTPYKKHU METOJ0OM EJIEKTPOILILJIAKOBOI
TUT'EJIbHOI IIIABKU
Paniime BUKOHAaHMMH JOCTIDKEHHSMH Oyja TOKa3aHa MOXIIUBICTh Ta
e(EeKTUBHICTh MEpPEepPOOKH HEOPUKETOBAHOI CTPY>KKHM BHCOKOJIETOBAaHUX CTallel
METOJIOM 1ii CHUJIIbHOI IJIaBKM 3 BHUTPATHUM €JEKTPOJAOM B E€IEKTPOIIAKOBIN
TUTENIBHIM T1edi. bynu BU3HAUE€HI OCHOBM TEXHOJIOTii, BIAMOBIIHO JO SKHX
IPOBOAMIIUCS IUIABKU CTPYXKKM JKapOMILHUX CIUIaBIB Ta HEpPKaBIIOUOl cTam y
CTBOPEHIM yCTaHOBIIl, III0 OCHAIllEHA IJIAaBWJIBbHOI €MHICTIO Ha 120 Kkr piakoro
MeTaly. YTOYHIOBAJIUCS TEXHOJOIIYHI IapaMeTpu Mpouecy Ta JOCIIKyBanacs

AKICTh METaTy, OTPUMAHOI0 aHAT130BaHUM METOOM.

5.1. SIkicTh MeTasly, BUILIABJIEHOIO 3i CTPYKKH KAPOMILHMX HiKeJeBHX
cruiasiB E1602 ta EI4376.

3BaXkKalouu Ha BIJCYTHICTh KYCKOBHX BIJIXOJIIB CIOYATKYy BUTpPAaTHI MeETajleBl
CICKTPOAM, SKI HEOOXITHI JUJIs 3JIMCHEHHS  CJIEKTPOIIIAKOBOTO  IPOIIECY,
OTPUMYBAJIM NMUISIXOM MEPeIiaBy CTPY>KKHU B 1HAYKIIIHHINA €4l 3 OTPUMAHHSAM JTUTHX
3aroToBoK AiameTpoM 120-130 mM. B nogansioMy BUTpaTHI €1EKTPOIU BIITTUBAIH 3
Metaiy, BuriasieHoro B meui EIITII.

ExcriepuMeHTH MpOBOJIMIIMCS HACTYMHUM 4MHOM (puc. 5.1). ¥V dyrepoBaniii
NEPUKIA30BOI0 LEIIIOK IUIaBMWiIbHIA eMmHOCTI (1) micTkicTio 10 120 Kr pigkoro
MeTajgy 3a JIOMOMOTOK0 METAJeBOTO eJeKTpoaa (2), MIKIIYEHOTO 10 JDKepela
KuBJieHHs (3), HaBoAwMIacs muIakoBa BaHHa (4) 31 naky AH-295 B kiibkocti 8-10
kr. [liciss mOBHOrO pO3MJIABIEHHS IIJaKy OAHOYACHO 3 IUIABJIEHHAM BUTPATHOTO
€JIeKTpOJa B THUTeNlb TOCTYNOBO TNonaBanaca crpyxkka (5). Ilicis moBHOrO
CIUIABJICHHS BUTPATHOTO €JIEKTPOJa HAKONMMYEHUW y TUINI piakuil mertan (6)
3JIMBABCSl Y BUJIMBHUIIIO 3 OTPUMAHHIM KPYTJIUX 37IUTKIB faiamerpom 200 mm (puc.

5.2). I1naBku poBOAMIIM 3 BUKOpUCTaHHAM 1iaky AH-295 y kinbkocti 8-10 kr. [pu

97



nepepoOini cTpyxku 31 cruiaBy EI437b, BpaxoByrouu HaBeleHi B po3nuii 4 naHi, B
nuiak gqoaaBaiu 3 % OKCUly TUTaHY.

B pexumi sikuii BcTaHOBHUBCS (TICJISI HABEJACHHS IIJIAKOBOI BaHHU B IMPOIIECi
IUTABKM CTPY>KKH) €JIEKTPUYHI MapamMeTpd, BHUXOAAYM 3 JIOCHIJIB MOMEpPEeAHIX
eKCIIEPUMEHTIB, MiATPUMYBAJINCs Ha HACTYHOMY pIBHI: Hampyra Ha JKepeni
kupieHHs 52-54 B, crpym mmaBku  1,6-1,8 kA. Ilpu TakomMy pexumi
SJICKTPOIIAKOBOTO TIPOIIECY 1 BITHOIICHHI TMEpepidy BUTPATHOTO EJIEKTPOJa 0
nepepizy  IUIaBWJIBHOTO  mpocTopy  (ctymeHs 3amoBHeHHs) 0,50 — 0,55

3a0e31evuyBasiocsi PiIBHOMIPHE IUIABJICHHS CTPYKKH MO BC1H IO MIJTAKOBOT BAaHHHU.

-
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8=T |

1/

N

Puc. 5.1. Cxema crijibHOT €IEKTPOIIIAKOBOT TUTEIHHOT TNIABKU

CTPYKKHU 1 BUTPATHOTO €JICKTPOIA:

1-BorHeTpuBKa lierjia; 2-MeTajaeBa BaHHa; 3-1IIJJaKOBA BaHHA,
4-BUTpATHUN METAJIEBUN €NEKTPOI; S-CTPYKKA;

6-K0JIOHHA 3 MEXaH13MOM KPIIUICHHS Ta IEPEMIIICHHS €JIEKTPO/Ia;
7-1Kepeno KuBjieHHs (TpaHcdopMmarop).
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JaHi 3 KIUIBKICTIO MeTajy, IO IMeperviaBiIsIBCA, 1 TEXHIKO-€KOHOMIYHUMU

IMOKa3HUKAMH [UIaBOK HaBeAeH] B Ta0aud 5.1.

Ta6auus 5.1. [Noxazuuku EHITII cTpyKKH skapOMIITHUX CILIaBiB

Ne | Cmnas Maca merany, Kr q, kBT rog/kr P, xr/ron

n/m Enextpon Crpyxxka
1 58, 4 60,9 0,53 157,2
2 61,0 56,4 0,48 170,5
3 | EI437b 59,9 60,4 0,50 148,6
4 61,3 61,7 0,51 156,1
5 61,0 60, 5 0,49 140,5
6 60,5 60,8 0,53 131,0
7 59,6 54,2 0,55 1414
8 E1602 60,0 56,3 0,53 145,0
9 61,7 62,5 0,49 150,3
10 56,8 61,0 0,52 145,6

Puc. 5.2. 30BHIiIIHIN BUTIISA 3TUTKA, BUILIABIIEHOTO 31 CTPYKKH 3KapOMIITHOTO

CILJIaBY, 1 IIUTAKOBOI IIATKH.
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VY BCiX TPOBENECHUX IUIaBKaX KUIBKICTh CTPYKKH cTaHOBWia Bif 48 mo 52 %
3araJlbHOI MacW MeTaly, IO TeperuiaBisBcs. ToOTo Oyina Takorw K, SK 1 B
MOTIEPEIHBO MPOBEACHUX EKCIIEPUMEHTax (po3aia 3).

[Tpu BUpOOHHUIITBI XKAPOMIITHUX CIIJIaBIB OCHOBHOIO YMOBOIO I 3a0€31MeueHHs
CIIy’)kOOBUX BIACTHBOCTEH BHPOOIB, IO BUTOTOBJISIOTHCS 3 HUX, € JIOTPUMaHHS
XIMIYHOTO CKJIJy BIATIOBIHO O BUMOT TEXHIYHUX YMOB Ha Ti 4H 1HII Mapku. Tomy
3 TOJIOBHOI Ta JIOHHOI YaCTHH 3JIUTKIB BUPI3AJINCS 3pa3KH JIsl CIIEKTPATBHOTO aHATI3Y
Ta 3 TPHOX PIBHIB 10 BUCOTI BIIOUpANacsa CTPY>KKa JIJIi BABHAYEHHS BMICTY BYTJICIIIO
Ta CIpKU B METaJl.

YcepeaHeHi gaHi BMICTY JIETYIOUMX Ta JOMINIKOBUX €JIEMEHTIB, B OTPUMaHUX

€JICKTPOIIIAKOBOIO TUTEILHOIO TaBKolo criaBax EI602 1 E14376, naBeneni B Tad.

5.2.

Tabauua 5.2. XiMIYHUN CKIIaJ] KapPOMIITHUX CIIJIaBiB

Bwmicr, % mac.
CmyaB| Meran | C Si | Mn | Ni Cr Ti Al | W | Mo | Nb | Fe S P
o | 0097045+ 030-[746- [ 19,6-| 0,41-[ 0,56-0,01-] 1,7- | 0,85- [0,3-{ 0,005-] 0,014-
EI 0,10] 0.65| 038|758 | 20.4| 0555 | 066 0,02| 21 | 1.2 | 10| 0007 0,017
602 [ocT | <0.1] <0.8 | <0.4 | Ocn. [19-22| 0.35-| 0.35-| —- | 1.8- |0,9-1,3/<3.0{<0.012| <0,02
5632-72 075 | 0.75 23
0,065 05- | 0.2- | 74.0-| 20.1-| 2.4- | 08- [0,01-]0,01-| — |0.6-| 0.004-0,012-
pr [ EHT V007 | 06 | 04 | 771] 211 26, | 09 | 002|004 08| 0,006 | 0,014
4376 [FocT | <07 | <0.6| <04 | Ocw. | 19- | 24 | 0,6- | — | — | — |<1,0/<0,007|<0,015
5632-72 22 | 28 | 1,0

JlaHi XiMIYHOTO aHaJi3y CBiA4aTh, 110 BMICT JIETYIOUUX HIKEIb €JIEMEHTIB, Y
TOMY YMCJIl TUTaHY 1 aTIOMiHII0, 3HaXOIUThCS B Mexkax, oOymosieHux ['OCT 5632-
72 Ha IOCHIKYyBaHI MapKH >KapOMIIHUX CIUIaBiB. 3aBISKH padiHyBaHHIO METAIy
IIUTAKOM BMICT CIpKH, 0c0o0JIMBO B cruiaBl EI602, cyTTeBO HMXKUMIA BiJl JOIMYCTUMOTO.
BiamoBinHo meran, BuruiaBiaeHuil 31 ctpykku meromom EITII, marume wmentmry

KIJBKICTh Cy.]'II)(I)iI[HI/IX HEMCETAJICBUX BK/IKOYCHB, IO MA€ IMO3UTHUBHO ITO3HAYUTHUCA HaA
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CITY’)KOOBUX BJIACTHBOCTSIX BUPOOIB 13 TAKOTO OYHUIIEHOTO BiJ HEOaKaHUX JTOMIIIOK
CILIaBY.

3/IMBKM, OTpUMaH1 31 CTPYXKH HIKEJIEBUX >KApOMIIIHUX CIUIaBiB, OyIIO
BIJIIPABICHO Ha 3aBOJ «30ops»-«MammpoekT», 1e MeTal NPOUIIOB J0JaTKOBI
MeTanorpadiyHi Ta MeXaHiuyHI BUIPOOYyBaHHA. 3TiAHO 3 3aBOJACHKMMHU JIaHUMU
(domatok 1) mocmiiHa mapTis MeTally, OTPUMaHa EJIEKTPOIUIAKOBOIO THUTEIbHOIO
1aBKoIo 31 cTpykku cruiaBiB E1602 1 EI437h, 3a XiMIYHUM CKIIaA0OM, CTPYKTYPOIO 1
MEXaHIYHUMH BJIACTUBOCTSMHU BIJIOBIAAa€ BUMOTraM TEXHIYHMX YMOB Ha III MapKu
MeTamy.

BpaxoBytoun, 1mo sxapomiiHi HikesneBi cmiaBu tumny El602 Tta EI437b B
VYkpaini He BUPOOJISIIOTHCS, PEHUKIIIHT BUPOOHUYMX BIAXOIIB TAKUX METAIIB, Y TOMY
YUCH1 CTPYXKKH, € BaXJHMBUM HE JMIIE JJs poOOTH MIAOPHEMCTBA «30ps»-
«MamrmpoekT», a ¥ IHIIKUX MIAIPUEMCTB, IO CHOKMUBAIOTh MOAIOHI JOPOTOBAPTICHI
CIUTaBU. Y 3B'3Ky 3 IIUM TEXHOJIOTiSl EJIEKTPOLUIAKOBOI THUTEIbHOI ITUIABKU Ta
nepepoOKH CTPYKKH >KapOMIIIHUX CIUIABIB, 110 J03BOJISIE 3 HU3bKOCOPTHUX BIJXO/IIB

OTPUMYBATH SIKICHHI MCTaJ, MOKC MaTH BCIIMKC HAPOAHO-TOCIIOAAPCHKC 3HAYCHH.

5.2. SdkicTtb MeTany, BHIUIABJICHOIO i3 CTPYKKH HEPXKaBilO4O0i cradi
12X18H10T.

[Tepepobka cTpyxku HepkaBirouoi ctaimi 12X18H10T takox 3miiicHIOBanacs B
€JIEKTPOLUIAKOBIA THUrenpHIA mnedl eMmHicTIo Ha 120 kxr wmerany. [lpu upomy
BUTPATHUHN €JEKTPOJ MOBHICTIO BUTOTOBIISIBCSA 3 PI3HMX IIMAaTKOBHX BiaxoxdiB. Ha
puc. 5.3 y SKOCTI MpUKIALy MOKa3aHUM BUJ €JIEKTPOJIIB, OTPUMAHUX 3BAPIOBAHHSIM
pI3HUX BiampainpoBaHux geraneit 31 cram 12X18H10T, a wa puc. 5.4 Bua
€JIEKTPOLUIAKOBO]I IVIABKU 3 BUKOPUCTAHHSM TAKOTO €JIEKTPOY.

YV mmak AH-295 nns BUKIIOYEHHS BTpaT TUTaHy 3 MeETaly, 3CIAHO 3
OTPUMaHUMH HaMU JaHUMH PO PO3MOJLI LBOrO €JIeMEHTa MK IIJIAKOM 1 CTaJUTIO
12X18H10T, BBomunmu 8 % TiO,. BHachigok mporo Oyio 3MIHEHO €JIEKTPHUYHI
napaMmeTpu miaBku. Hampyry, mopiBHSIHO 3 IJIABKOIO HIKEIEBHUX CIUIABIB, 3HU3UIIU 10

44-46, a cwiry cTpyMmy MiaBkud 30uUtemmnu 10 2,0-2,2 kA. Taki mapamerpu
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3a0e3neuyBajid  CTIHKMH PEXUM EJICKTPOIIIAKOBOTO TMPOIECY Ta PIBHOMIpPHE

IPOrpiBaHHA IAKOBOT BAaHHH.

™

Puc. 5.3. 30BHIMIHINA BUTJIS] €IEKTPOAIB 13 KyckoBoro Opyxty ans ELITIL.
OTpuMaHuil CHOUIBHOIO IUIABKOIO BHUTPATHOTO €JIEKTPOJa Ta CTPYKKH

HAKOMMYEHUN B TUIJ PIAKUHA MeTajd 3JIMBAaBCS pPa3oM 31 HUIAKOM B KPYTiy

BUJIMBHHUIIIO 3 OTPUMAHHAM 37UTKIB AiameTpoM 200 MM a0 B IPSIMOKYTHY METAJICBY
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dbopMy 3 OTpPUMAHHSIM IUIOCKUX 3aroTOBOK Y BUIJIAMlI IUIMT PO3MipaMu
360x400x65...100 mMm (puc. 5.5).

[lnuTy BiyMBamu y paMkax BUKOHaHHs jnoroopy 3 JII , ImkenepHuii nmeHTp
3BaproBanHs TuckoM HTK® IE3 im. €.0. IlaToHa Ha BUTOTOBIEHHS 3 Marepiaiy

3amoBHUKa (KyckoBuil OpyxT 1 cTpyx)ka ctam 12X18H10T) Takoro Buay 3aroToBOK.

Puc. 5.4. IInaBka B TUrebHIN Me4l BATPATHOTO €JIEKTPOY 3 KYCKOBHUX

B1JIXO/1B.
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Puc. 5.5. 30BHiIIHINM BUTIISA TUIOCKOT 3aTOTOBKU Ta 3JTUTKA OTPUMAHUX 3
HEepKaB1r0YO1 CTaJl.

VY3aranpHeH1 pe3yJbTaTh BUTpAT €JIEKTPOCHEPrii Ta MPOJyKTUBHOCTI Mij] Yac
IIPOBE/ICHHSI IJIABOK HaBeACHO y Tabmuill 5.3.

Ta6auusa 5.3. [Hokazuuku EIITII cTpykku HepaBiro4oi cTal

Ne Maca merainy, Kr g,
IJIABOK Enexrpon Crpyxka | kBrrog/kr | P, xr/roxn
1 53,2 54,2 0,58 136,6
2 69,5 70,3 0,55 150,5
3 62,3 59,4 0,54 149,6
4 58,6 60,1 0,56 152,1
S) 61,0 62, 2 0,52 155,5
6 57,5 55,8 0,58 141,0
7 59,6 60,2 0,55 1454
8 60,3 59,3 0,53 145,0

[Ipumitka. [IuToma BuTpaTa enekTpoeHeprii po3paxoBana 0e3 ypaxyBaHHS
BTpPAT Y KOPOTKil Mepexi Ta JuKepeli >KUBJICHHS.

KinbkicTe cTpykku, 1mo neperanisuiack, npu EILTII nepxkasitouoi crani
craHoBmwiIa Omm3bko 50 % BiJ 3arajibHOI Macu MeTaly, 1o neperuiaBisBcs. [lpu
1IbOMY HEOOXiJHO BpaxoBYBaTH, IO y CTApPTOBUIA MEPiOJ MPU HABEICHHI IIIAKOBOI
BaHHU CTPY’KKa HE ToJiaBajacs Ha IJIaBKy. Y IIeH MmepioJl CIUIaBIsSETHCS MPUOIN3HO
25-30 % wmacu MetaneBoro enekTpoaa. Hanpukinaz, y muiasmi Ne 7 cTpykKy movanu
MO/IaBaTH y M4, KOJU CIUTaBUIOCA 18,5 Kr MeTaneBoro enekrpoaa 3 BUXITHUX 59,6

kr. [TotiMm mipu mnasii 41,1 xr enexkrpona, 1o 3aauIMBCs, 0yio neperasieHo 60,2
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KI' CTPYKKH, a00 0513bK0 60 % Bij 3arajgpbHOI KUIBKOCTI METaly, 110 MeperiaBisaBcs
B Iepioj] mojavi cTpyKku. ToOTO MOKHA 301IBIINTH CTYIIHb 3AIyY€HHS CTPYXKKH Ha
nepepoOKy, 3aCTOCOBYIOUM TaKi TEXHOJOTIUHI MPUHOMH, K «PIAKUNA cTapT» abo
CIOYaTKy BUKOPHUCTOBYIOUHM JUIS HABEACHHS IIUIAKOBOI BAaHHM HEBUTPATHUHN
eJIEKTPOJI, 3 MOAAIBIIOI HOr0 3aMiHOI0 Ha METaJeBU, SIKUN MEPerIaBIsITUMETHCS.
[Ipu onTrMi3allii BCIX MapaMeTpiB TEXHOJIOTTYHOTO MPOIECY, BKIFOYAIOUH MBUAKICTh
nojiayi CTPYKKM B M4, KUIBKICTh CTPYXKH, IIO 3ay4a€ThCSl Ha IUIABKY, IIJIKOM
MO>KJIMBO AoBecTH 110 70 % Bij 3arajabHOT MacH IJIaBKU.

3rifHo 3 OTPUMAHMMHM JAaHUMU TpU mepepolili B  PO3TISHYTIH
€JICKTPOLUIAKOBIM TUTEIbHIN MEUl CTPYKKU HEPKABIIOUOi cTalll B KuIbKkocTi 49-51 %
BiJl 3arajJibHOi MAacH IUIaBKM THTOMa BHUTpaTa eJIeKTpoeHeprii (q) CTaHOBUTH B
cepenuboMy 0,54 kBT-ron/kr, a npoaykTuBHICTh nepemnaBy (P) 148 kr/ron. Ananis
PI3HHX METOMIB MEepepOoOKH CTAIbHOI CTPYXKKH IOKa3ye, MO0 MpH OUIbII BUCOKIN
NpOayKTUBHOCTI BuTpaTa enektpoeHeprii npu EILITII 3naxomutbess Ha piBHI
AHAJIOTIYHOTO MMOKA3HUKA TPY 1HIYKIIIHHIA TUTeIbHIN TuTaBii [55].

Kopurysanns cxmany nutaky AH-295 nuisixom BBenenHs B Hboro 8 % TiO;
IIJTKOM ce0e BUMpaBaano. BMicT TUTaHy B MeTall MPUAATHUX 3arOTOBOK (TUJIUT), SIK 1
IHIIUX eJleMeHTIB (Tabu. 5.4), OyB y Mexkax, 110 BiJIMOBIAI0Th TEXHIYHUM yMOBaM Ha
HepkaBitouy cranb Mapku 12X18HI10T (Tabn.2.2).

Ta6auusa 5.4. XiMiuyHu# ckiag MeTany

5 Bwmicr, % mac.
aroTOBKa Fe C Si |Mn| Ni| Cr | Ti S P | Cu
Smro © 200 1 1y - oma [0,085) 0,61 | 1,03 | 11,2] 16,9 | 1,21 0,005(0,034] 0,24
MM, h =200 MM
oK © 200 | oy oa [0,073] 0,60 1,09 | 10,1 | 17,3 | 0,790,005(0,035| 0,23
MM, h =400 MM
Smroi © 2001 1y oma [0,074] 0,52 | 1,38 | 11,5| 17.4 | 0,93 [0,004/0,032] 0,34
MM, h =425 mm
ITnnTa 1
360x400xcs | OCHORa| 0.1 |0,5811,34| 9.2 17,5 | 0,57 |0,004/0,024| 0,29
ITnuTa 2
360x400x100 | O10P | 00910531 0.9 1101 17,5 10,6510,00410,029) 0,20
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[Tpu amnamizi mamx ximigHoro ckiamxy wetamy EIITII mpuBeprae yBary
HU3BKUN BMICT CIPKH y MeTall efekTponuiakoBoi BuriaBku — 0,004...0,005 % (taba.
5.4), a Takoxx KuCHIO 1 BojmHIO (Tabmn. 5.5). Lle € pesymbrarom padinyrouoi Ta

3aXMCHOI1 i1 IIJIaKy.

Taoauus 5.5. Bmict rasiB y metaini

Bwmict y 3pa3zkax, ppm

Enevent 1 2 3 4 5 6 7 8

Kucenp 43 39 33 48 32 33 36 44

Bonens 3,5 2,9 3,9 4,1 4,2 3,0 4,2 4,0

BincyTHicTh BTpar 3 MeTany THUTaHy 1 IJIaBKa CTPYXKH Yy IIapi Hutaky 0e3
KOHTaKTy 3 aTMOoc(eporo J03BoJIMIa JOCITTH MIHIMAJIBHUX 3HAYEHb BTPAT HA BUTAp.
Tomy BTpaTH Ha BUrap y mpoBEJCHHX IUIaBKax Oyiu MiHIMalbHI 1 cTaHOBHIN 1-2 %
32 paxXyHOK BUTOPSIHHS CTOPOHHIX JOMINIOK Ta 3aJUIIKIB 3Ma3yBaJbHO-
OXOJIOJKYBaJIbHOT piguHu [32].

3 IJIMT, OTPUMAHUX MpHU MepepoOLl OpyXTy Ta CTPYKKH HEp:KaBilOuOl CTall,
MiCAs CTaHJIApPTHOI TEpMIYHOI OOpOOKM, siKa ToJisArajia y 3arapTyBaHHI IMiCIs
HarpiBands 1o 1050-1100 °C y Boxai, Oyno BifgiOpaHO 3pa3ku Uil MEXaHIYHUX
BUNPOOyBaHb. SIK BHUJIHO 3 HaBeJCHUX Yy Taba. 5.6 MaHMX MIIHICHI BJIACTHBOCTI
MeTaiy (6, Ta Gg o) CYTTEBO MEPEBUIIYIOTh BUMOTH ISl IMTUX BUPOOIB TOBIIUHOIO 710
100 mm (JICTY 8781:2018) Ta 3HaxX0AsIThCS HA PiBHI BUMOT, III0 BUCYBAIOTHCS 0

TOBCTOCTIHHUX MOKOBOK [32, 34].

106



Tabauus 5.6. MexaHi4uHI BJIACTUBOCTI METAITy

T punp.| Mexa | Tumacosmii Binnoche BinHocHe ?,HaPHa
[nura | omurOCT, |Omip pospusy,| TOHOE” SByKEHH| o
°C G- MII 5. MII JKEHHS, I KCU,
0,2 a B> a 6, % » Y, 70 KI[)K/CMz
1 20 | 230-232 | 528-542 6163 | 69-70 | 182-184
2 20 231-239 517-527 61-71 71-73 | 176-197
3 20 | 236249 | 551597 | 6364 | 9-77 | 261-273
JICTY
8781:2018 20 196 441 25 32 60
BuiauBKH 31 cTal
I'OCT 25054-
81 IlokoBkU 3
Kopo3iitHo- 20 196 510 38 52 —
CTIKHX CTalIel
1 CIIaB1B

A mnactuyHi BiactuBocTi (0, v 1 KCU) y nBa-Tpu pa3u nepeBUIyIOTh BUMOTH
TEXHIYHUX yYMOB HE TUIBKH Ha JIUTI, a W KOBaHI TOBCTOCTiHHI mokoBku [36]. Lle
CBITYUTh TPO BUCOKY SKICTh MeTalmy, o BurmaBiserbes npu EIITIL 1o
JOCSITAETHCS SIK 32 PaxXyHOK MOro padiHyBaHHS, Tak 1 32 paXyHOK CTBOPEHHSI yMOB
3aTBEP/IIHHSA, TPU SKUX BUKIIOYAETHCS YTBOPEHHS B JIMTIH 3arotoBil Je(eKTiB
YCaJKOBOTO Ta JIKBAI[ITHOTO TOXOKEHHS 1 HOPMY€EThCS OJTHOPIIHA IPIOHO3EPHUCTA

CTpYKTypa meTany (puc. 5.6).
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Puc. 5.6. MakpocTpyKkTypa IUTUTH 3 METAITY, OTPUMAHOTO €JIEKTPOILIAKOBOIO

TUTE€JILHOIO IJIaBKOIO BiaxomaiB craim 12X18H10T.

3 IOCHIAHO-TTPOMHUCIIOBOT MAPTIi INIOCKKUX JUTUX 3aroToBok ctaii 12X18H10T,
OTPUMAHMX TIPH EJIEKTPOILIAKOBIN MEepepoOIli CTPYKKU, BUTOTOBIIEHI HOXI1 (puc. 5.7)
TUTSL 3HATTS Tpata (puc. 5.8) mMpu KOHTAaKTHO-CTHKOBOMY 3BapioBaHHI periok. Hoxki
Oynu mocTaBieH1 Ha peiiko3BaproBainbHl Mamau K922, K930 ta K950 BupoOHUIITBA
NI «3BaproBanus Tuckom» HTK IE3 im. €.0 [Tatona HAHY”.

BuxonaHi MOCHIKEHHS TOKAa3yIOTh, IO TEXHOJOTIS TMEPEIUiaBy CTPYKKU
HEP)KABIIOUOT CTaJli B  EJIEKTPOIUIAKOBIM THUreNnpHIA T4l TMPEeCTaBISEThCS
C€KOHOMIYHO JIOIITPHOI0, OCOOJIMBO 11 OTPUMAHHS HECTaHAAPTHUX JIMTHX
3arOTOBOK BHCOKOi SIKOCTIi. | miAmpueMcTBa, 1O CHEMiaNi3yl0ThCd Ha BUTOTOBJICHHI
BUpPOOIB 3 HEPXKaBIOUO1 CTaii, MOXYyTh BHUKOpucTOoByBatu Meton EIITII mns
NepepoOKU CTPYKKH, L0 YTBOPIOETHCS, 3 TMOBEPHEHHSIM OTPUMAHOIO METaly B

OCHOBHE BUPOOHUIITBO.

108



Puc. 5.8. Bun rpata miciiss KOHTaKTHO-CTUKOBOTO 3BapIOBAaHHS PEHOK.
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BMUCHOBKU

1. YV cTBOpeHil eNneKTpPOLUTaKOBIM TUrenbHIM medi emHicTio 120 kr 3a
PO3pOOJICHOI0 TEXHOJIOTIEI0 TMPOBEACHI EKCIEPUMEHTU 3 TMeperiaBy CTPYKKH
xapomiHuX cruiaBiB Ha HikeneBiit ocHoBi EI602 1 EI437b 1 nepxasitouoi craii
12X18HI0T.

2. Ilpu mepepobui crpyxku criaBy EI602 3acrocoByBaBcs nutak AH-295, a
npu nepepodui cruapy EI437b 3 MeTor0 yHEMOXKIIMBIEHHSI BTpaT THUTaHY 3 METaly
3actocoByBaBcs nutak AH-295 3 pgob6aBkamu 3 % TiO,. Iloka3zaHo, 1m0 BMICT
XIMIYHUX €JIEMEHTIB y BUILIaBICHUX 31 cTpykku cruiaBax EI602 ta EI437b, B Tomy
YHUCJII1 32 BMICTOM TUTaHy Ta aJIIOMIHIIO, 3HAXOIUTHCS B MEXaxX BUMOT Ha 1X XIMIYHUHN
CKJIaJ.

3. IIpoBeneHi Ha 3aBoJI «30psa»-«MalmpoekT» MetanorpadiuHl JOCTIIKEHHS
Ta MEXaHIYHl BUIPOOYBaHHSA IIOKA3aldM, IO 32 CTPYKTYpPOIO 1 MEXaHIYHUMH
BJACTUBOCTSIMU MeETal 3JIUTKIB, OTPUMAHUX EJIEKTPOILIAKOBOIO THUIEIbHOIO
MJIABKOIO, 31 CTPYKKHU >xkapoMiniHux ciiaBiB EI602 ta EI437b BianoBigae BuMoram
TEXHIYHUX YMOB Ha IIl MapKu METaIy.

4. 3 MeTor BUKIIIOYEHHS BTpaT TUTAHy CKOPWUIOBAHMW CKJIAJ IUIAKy HpU
EHITII ctpyxxu Hepkasirouoi ctam 12X18HI0T, y crangaptauii nutak AH-295
Beogmiiocs 8 % TiO,. 3 orsay Ha e I 3a0e3nedeHHsT CTaO0lIbHOTO MPOTIKAHHS
€JICKTPOIIIAKOBOTO TPOILIECY 3MIHEHHM, TMOPIBHSHO 3 IUIaBKaMHM >KapOMIIHUX
CIUIaBIB, €JICKTPUYHUMA PEKUM — 3HHHKEHO HAIPYTy Ta 301IBIIEHO CTPYM IUIaBKH.

5. Ilokazano, mo Ximiuamii ckmax oTpumanoi metogom EIITII cram
12X18H10T BignoBigae BUMOraM TEXHIYHUX YMOB Ha I[10 MapKy Metany. [Ipu npomy
MeTas padiHy€eThCs B CIpKM Ta Ma€ HU3BKUM BMICT Ta3iB.

6. BunpoOyBaHHS JIUTUX AT TOBIIKUHOIO 65-100 MM, OTpUMaHUX 31 CTPYKKH
Ta OpyxTy HepxkaBirodoi ctami wmeroaom EITII, mokazamu, mo 3a BciMma
MOKa3HWKAMHU MEXaHI4YHI BJIACTUBOCTI METally CYTTEBO MEPEBUIIYIOTh BUMOTH IJIs
JUTUX BUPOOIB TOBIMHOK a0 100 MM Ta 3HaXOIAThCS HA PIBHI BHUMOT, IO

BHCYBAIOTHCS 10 TOBCTOCTIHHUX MOKOBOK (JICTY 8781:2018).
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7. 3 JOCHIAHO-TIPOMMCIIOBOI MapTii IJIOCKMX JIMTUX 3aroTOBOK CTalll
12X18HI0T, oTpuMaHux MpH €IEKTPOILIAKOBINA mepepoOIli CTPY>KKH, BUTOTOBIICHI
HOXI JJI 3HATTA TIpara NpU KOHTAaKTHO-CTUKOBOMY 3BapIOBaHHI  PEMOK
periko3BaproBaibHUMHU MamrHamu K922, K930 ta K950.

8. BuzHayeHo, 110 TEXHOJOTIS MEepPepOoOKH CTPYKKHU >KapOMIIIHUX CILIaBIB Ta
HEP’KaBIIOUOI CTajll METOJIOM €JIEKTPOLIAKOBOI TUIEJIbHOI IUIABKH 3a MUTOMHUMHU
BUTpaTaMH €JEKTPOEHEPrii Ta MPOAYKTHUBHICTIO TMPEACTABISETHCS EKOHOMIYHO
JOLIJIBHOIO 1 103BOJISIE OTPUMYBATH SIKICHUM METaJl IPUIATHUH 111 BUKOPUCTAHHS 32

IMIPU3HAYCHHIM.
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3AT'AJIBHI BUCHOBKHM

1. Ha ocHOBI BHKOHAaHOTO aHaJi3y ICHYIOUMX METOJIIB MEpPepoOKH METaleBOl
CTPYXKH, y TOMY YHCJIi 3 BHCOKOJIETOBAaHMX CTajeil Ta CIUIaBiB MOKa3aHO, IO
NEPCIIEKTUBHUMH ISl MEePepOoOKH OpUKETOBAHOI Ta HEOPHKETOBAHOI CTPYKKH €
CJICKTPOILJIAKOBl TEXHOJIOTi, MPH SKAX MeTal IUIaBUThCA 0O€3 KOHTaKTy 3
HaBKOJIMIITHLOIO0 aTMOoc(eporo Ta padiHyeThCS Bl HEOaKaHUX JOMIIIOK.

2. O6rpyHTOBaHO BUOIp B SKOCTI BUXIIHUX >XKapoMinHux ciuiaBiB XH77THOP
(EI437B) 1 XH75MBTHO (EI602), nepxagitouoi ctam 12X18HI0T ta mmaky AH-
295 nus NpoBEJIEHHS €KCIIEPUMEHTIB IO PEUUKIIIHTY CTPYKKH LIUX METANIIB METOJIOM
eJIEKTPOIIaKOBOrO TeperiaBy. CTBOPEHO OOJaJHaHHS Ta PO3POOJIECHO METOAMKY
IPOBEJCHHS J10CIIIIKEHb.

3. BUKOHaHO €KCIIEpUMEHTH 3 MepepoOKH OpPHKETOBAHOI Ta HEOPUKETOBAHOI
ctpykku pisaumu Merogamu — EIII, ITIT ta EILITIIL. [Toka3zaHo, mo HalMeHI
nuTtomMi  BUTpatu  enektpoeneprii  0,55-0,65 kBrrom/kr Ta  HalOUIbIIA
OpoAyKTUBHICT,  mporiecy 130-160 kr/rom Oynmu mnpu  COUIBHIA — TUIaBIN
HEOpPUKETOBAHOI CTPY>KKU Ta BUTPATHOTO €JIEKTPOJa 3 KyCKOBOI'O OPYXTy CIOCOOOM
eJIeKTponutakoBoi TureabHoi miaBku (EILTII).

4. BukoHaHl JOCHI/DKCHHS CIUIBHOI TIUIABKM BUTPATHOTO METAJIEBOTO
CJIEKTPOy 1 HEOPUKETOBAHOI CTPYKKHU B EJEKTPOIIAKOBIM THUTENbHIA Medl Ta
BU3HAUEHO BIUIMB CTYINEHS 3alOBHEHHS IUJIABMJIBHOTO MPOCTOPY BUTPATHUM
€JIEKTPOJIOM Ha KUIBKICTh CTPYKKH, L0 MeperuiaBiseTscsi. BcraHoBieHo, 110
MaKCUMaJbHa KIJTBKICTh CTPY)KKH TEPEpOoOSIEThCS MpU CTymneHi 3amoBHEHHS 0,5 —
0,56.

5. TepMoauHaMiYHUMH  pO3paxyHKamMH IIOKa3aHO, 10 B  yMOBax
enekTpouutakoBoi T1uiaBku crami  12X18HIOT 3 Bmicrom Tutany 0,8 % 1
temmnepatyporo 1600 °C piBHOBaOXKHMI CTaH MO TUTAaHY HACTa€ MPU BMICTI B IUIAIll
AH-295 oOmuseko 5 % TiO,. EKCHepUMEHTaIbHO BCTAHOBJICHO, IO IPH
enekTpouutakoBii miasul crani 12X18H10T 3 Bukopuctanusm nuiaky AH-295 nns
30epekeHHs B MeTajll KOHIIEHTpAIlil TATaHy B MeXaX, PerjJaMeHTOBAHUX TEeXHIYHUMHU

OBaMH, HEOOXITHO BBOAMTH B IIak Bix 5 10 8 % Ti0,.
yM
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6. BukoHaHO IOCHIPKEHHS €JIEeKTpOInpoBiHOCTI nuiaky AH-295 13 BMicTOM
OKCHJly TUTaHy TpH, II'ATh, BICIM Ta JABAHALATH BIACOTKIB. Bu3HaueHo, 0 muTOoMa
enexkTponpoBiaHicTh 1wiaky AH-295 + 8 % TiO; mpu 1600 °C € Gau3bKOIO 10
nuTOMO1  enekTponpoBigHocTi 1mmaky AH®-6 cepexg mpiakiB, MO IIMPOKO
3actocoByroThes npu EIIII.

7. 3 ypaxyBaHHAM JOCIHIJKEHb TEPEepO3NOALTYy THUTaHy MIXK METAaJEeBOIO 1
IIUTAaKOBOO (Da3zaMu Ta eJeKTporpoBigHOCTI nmaky AH-295 3 momaBaHHSM y HBOTO
TiO, yaOCKOHAIEHO TEXHOJOTIYHI PEKHMH, Yy TOMY YHCII CKIaa IIaKy Ta
enekTpuuHi mapametpu mpoiecy npu ELLTII xapominHux 1 Hep>KaBiroUMX CTaliel Ta
CIJIaBIB.

8. BukoHaHO JOCHIKEHHS SKOCTI MeETally, OTPHMAHOTO CIOCOOOM
CJICKTPOIIAKOBOT THUTeNbHOI IaBku cTpyxku cmiaBie XH77TIHOP (EI437B) i
XH75MBTHO (EI1602) Ta nepxkagitouoi ctani 12X18HI10T, moka3aHo, 1mo 3a Bcima
MOKa3HUKaMHU, Y TOMY YHCII 32 XIMIYHUM CKJIaJIOM Ta MEXaHIYHUMU BIIACTUBOCTSIMU,
BiH BIJITIOB1/Ia€ BUMOTaM TE€XHIYHUX YMOB Ha JaH1 MapKu METay.

9. BuzHadeHo, 1110 TEXHOJOTIS MEPEPOOKH CTPYKKU KAPOMIIIHUX CIUIaBIB Ta
HEP)KaBIIOYOT CTaJi METOJIOM EJIEKTPOIJIAKOBOI TUTENIbHOI IJIABKH 32 MUTOMHUMH
BUTpaTaMU E€JEKTPOEHEPrii Ta NPOAYKTUBHICTIO TMPEACTABISETHCS EKOHOMIYHO
JIOIITHHOIO 1 JI03BOJISIE OTPUMYBATHU SKICHUN MeTajl MPUIATHUN SISl BUKOPUCTAHHS 32
npu3zHayeHHsM. OTpuUMaHl akTU JIOCHIAHO-TPOMMCIOBOTO BUNpoOyBaHHs Bix JIII
«HIIO «3opsa-Mammpoekt» Ta I IHI3T «HTK IE3 im. €.0. I[larona HAH

VYkpaiawny, sKi 11€ MiITBEPHKYIOTh.
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«3ATBEPDKVIO» «3ATBEPDKVYIO»

Iepmmit 3acry;mm< ,reHQanLHoro 3acrt. nupektopa [E3
24 =iy € € O. ITatona

JIOCJIiTHO - BnpOGHquFS“BuﬂpﬁEyBaHHH

AKT CKJIaJIeHO Mpo Te, MO [HCTUTYTOM eleKTpO3BaploBaHHs MPOBEIEHHUI
00’e€MHHMH KOMILTeKC poGIiT 3 BU3HAYEHHsS TEXHOJOTil yTHii3awii CTPYXKHU i3
XKAPOMILIHUX Ta KOPO3iHHOCTIMKMX MapoK CIUIaBiB, SIKi € BiAXONaMM BUPOGHMLTBA
Ha JIIT HBKI" «3ops»-«Mammpoekt.

1. BunpoOysaHi HacTymHi cXeMH MepepoOKH CTPYXKKHM CIUTaBiB Mapok
DU602 Ta DU4378, a came:

1.1. IlpecyBanHs CTPY>XKHM B BHTPaTHi enekTpojw i ix meperas ( EILIT ta
ITAIT) y BOnooXxonomKyBaHUX KpPHCTAI3aTOpaX i OTPHMMAHHSM 2JIUTKIB.

1.2. TlpecyBaHHs CTpYyXKM B BHTPaTHIi €NEKTPOAM 3 [OJAJIBIIMM
BUKOPHCTAaHHSIM OCTAHHIX NPH eNeKTPOILIAKOBiH TurensHi# miasmi (ELITII) 3
PO3JIMBKOIO MeTany B JMBapHi GOpMu i OTpUMaHHAM BiUMBOK. [Ipu mBOMYy Imix
4ac IUIaBKH J0JAaTKOBO BBOAWTH B ULIaKOBY BaHHY 10 50 % CTpYXKH Bif
3arajbHOI Macy BUILIABJIEHOTO METANY iIeHTHYHOTO XiMi4HOTO CKITay.

1.3. EHITII enextponis, 3BapeHHX i3 KOMIIAKTHUX Bi/IXO/iB, TAKHX SIK KyCKH
i 00pisi meTany, BinmpanpoBaHi i BiIGpakoBaHi AeTani 3 JONABAaHHSM B IUIABKY
CTPYXKH TOIO X XIMIYHOro cKiamy B KinbkocTi n0 70 % Bix 3arajipHOi MacH
BUILIABJIEHOTO METay.

2. Haif6inpIn MepCreKTUBHOI Ta JOLIIFHOIO 3 eKOHOMIYHOT TOYKU 30py €
nepepoOka meTaneBoi cTpyXku Merogom EIITII BurtpatHOro eJIeKTpo/a,
OTPUMaHOro THM abo0 iHIIMM crocoGoM, 3 JOJAaBAHHAM B IUIABKY CTPYXKKH B

KinbkocTi 50-70 % Bin 3aranbHOi Mac BUILIaBNeHOro MeTany. Ilpu LIbOMY MaiiKe
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BJBiYi 30iNBIIYEThCS NPOLYKTHUBHICTh TUTABKM TP 3HIKEHi MUTOMHX BUTpaT

enekrpoeneprii Ha 40-50 % nopiBHAHO 3 IIABKOIO OJTHOTO BUTPAaTHOTO €JIEKTPO.Y.

3. BiampainpoBaHO eKCIEPHUMEHTaNTbHY TEXHOJOTII0 nepepoOKU BiaxomiB

XKapoMIIHMX i KOpO3iHHOCTIMKMX criaBiB mertomom EITIT 3 JOJaBaHHSIM B

TIaBKY CTPY)KKM UHMX MeTamiB. Bumnasnena JocimigHo-mpomucioBa mapris

3HI/ITKiB, MeTall SIKHUX 3a XIMIYHUM CKJIaJIOM Ta BJIACTUBOCTSIM BiJIITOBi/la€ BUMOTaM

TV nux Mapok cruasis..

Bin JITT HBKI®
«3opsa»-«Mammpoekr»
3acT. roJIOBHOTO MeTatypra
K.T.H., JOL[EHT

I".®. MsnbHuns

Bin IE3 im. €.0. ITatona

3aB. Big Ne 20

yj.-kopp. HAHY
Dl B.O. Illanosanos
Mog. iBp. Big Ne 20
3~ O.B. Bepetinsauk
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: «3ATBEPIDKYIO» «3ATBEPDKVYIO»
3acTynHUK AUpeKTOpa

~«lE3 im. €.0. INatona HAHY »
- Agen-xop. HAH VYkpainu

Kezel 9

/Z Cv2 7 IIATIOBAJIOB B.A.

VKP

0
! -\m@uaw»\m 1
MD 0230

\ AKT
BHpo6Hquro BUIPOGYBaHHS

Kuis « » kBitHs 2021 p.

Mu, mo HmwK4Ye migmucamucs, npeJICTaBHHKﬁ JIEPKaBHOTO  ITiIIPUEMCTBA
«[mxenepHuil ueHTp 3BapioBaHHs TuckoM HTK «IE3 im. €.0.Jlatona HAH
Vkpainu» aupexrop Kpusenko B.I., 3acr. nmupekropa Ksauryk T.B. i mpeacraBruku
IE3 im. €.0. ITatona HAH Vkpainu npos. Hayk. cuisp. bikraripos ®@.K., Mo Hayk.
crisp. Beperinbuuk O.B. ckmamu ueit akr mpo e, wo B IE3 im. €.0. [latona
po3pobiieHa i peani3oBaHa TEXHOIOTS €IeKTPOILIAKOBOT nepepoOKK CTPYKKH Ta
npiGHuX BiaxomiB Hepkasirowoi cramu 12X18HI0T 3 OTPUMAHHSIM TUTOCKUX
3ar0TOBOK y BUIVISAAI INTAT po3mipamu 360x400x65...100 mw.

Jlocii/uKeHHs OTPUMAHOTO 3 BiIXOAiB MeTaly MOKa3alo, 1O 3a XiMiYHHM
CKJIaZIOM BiH BIiJIIOBiZa€ BUMOTaM TeXHIYHHX ymoB Ha ctans 12X18HI10T, a itoro
MEXaHi4Hi BJACTHBOCTI CYTTEBO IMEPEeBHMINYIOTh BHMOTH ISl JTUTHX BUPOOIB
ToBIKMHO0 10 100 MM (ACTY 8781:2018) Ta 3HaxoaaThes Ha PiBHI BEMOT, IO
BHCYBAIOTBCS 110 TOBCTOCTIHHMX IOKOBOK. Ile CBIixumTh Mpo BHCOKY sIKicTh Meray,
sIKa I0CSATaeThCs K 32 PaxXyHOK HOro padiHyBaHHs IPU €IeKTPOILLIAKOBOT ILIABII TAK
I 38 PaxyHOK BiZICYTHOCTi B JIMTiHf 3aroToBLi JMeheKTiB ycaaKoBoro i mikBalifiHOro
TIOXOKEeHHSI.

3 oTpuMaHMX IUIHT OyJd BUrOTOBIEHI HOXKI I 3HSTTS rparty, sKuit
YTBOPIOETHCS [P KOHTAKTHO-CTMKOBOMY 3BaproBaHHi peiiok. Hosi Gynu mocrasieni
Ha pelikosBapioBanbHi Mammuu K922, K930 ta K950 BHpoGHHMITBA AT
«lmxenepunit nentp 3BaproBanHs TuckomM HTK «IE3 im. €.0. ITatoma HAH
YKpaiHu» i 10Ka3au BUCOKY eKCIUTyaTauiiHy CTifikicTs y poGoTH.

Bix IE3 im. €.0. ITatona Binx JITII1 «3BaproBanus THCKOMY
@ K. Bikraripos
O.B. Beperinbauk
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